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otudy on Analysis for Factors Inducing the
Hwangnyeong Mountain Landslide and Analysis for

the Result of Maintenance Monitoring

Won-Jin La
Department of Applied Geology, Graduate Schoo!
Pukyong National University

Abstract

Korea Peninsula covers mountainous terrain that over 70 percent
of the total area. Annual average precipitation of Korea is 1,200
millimeters and over half annual raintall concentrate in rainy season,
from June to August. Most of the landslides occurred in rainy
season resulted from heavy rainfall.

To analyze the cause of Hwangnyecng mountain landslide, various

analyses were performed such as geology survey, in—situ investigation,
drilling, laboratory test, aerial photograph interpretation, X-ray
diffraction analysis, and slope stability analysis using Stereographic
Projection and Limit Eguilibrium methods

As the result, Hwangnyeong mountain area is consist of sedimentary

_xi_



rock which has weakness for chemical weathering and variation of
engineering properties. Three major joint sets developed at study
area and is identified as extension joints.

The result of aerial photograph interpretation show that Hwangnyeong
mountain landslide had been progressed before one year. And the
result of analyses, Hwangnyeong mountain landslide occurred with a
plane failure type which was due to increase of pore pressure
triggered by rainfall, and rock mass moved on failure zone which is
consist of illite and chlorite. Base on this result and rock properties
data, used SLOPE/W software which is application of a limit
equilibrium method. The result of the limit equilibrium method show
that safety factor Is enough when reconstruct slope has 1:2.C
gradient.

As scon as reinforcement work have completed, maintenance
monitoring was performed to estimate the slope stability. Four
inclinometer, three piezometer, four earth anchor load cell were
installed for the maintenance monitoring with automatic measurement.
One rain gauge was installed to measure the amount of rainfall. As
the result of monitoring, which was performed during after one vyear,
show steady state of slope. Especially, in this case of landslide
which was ftriggered by heavy rainfall, maintenance monitoring with
automatic system is useful for recognizing of rapidly change of pore

pressure and deformation.
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Fig. 1. Satellite image map of Mt. Hwangnyeong(2000, KOMPSAT-1
EQC+Landsat TM Band 3/2/1).
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Fig. 2. Map of Mt. Hwangnyeong. fandslide showing sliding direction, the

size of landslide and drilling sites{from Choi and Paik, 2002).
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Fig. 3. The simplified geological map of Busan(1. Alluvium: 2. Granite;
3. Gabbro; 4. Rhyolite ash flow tuff; 5. Andesitic rocks: 6. Andesitic

volcanic breccia: 7. Songdo Formation; from Kim and Yoon, 1993).



&HEH

= M OIZEReZE 2SN QU

i

CsL4 522 490 Y

iof
00

3
Hr

al

ks

Ul A

ol
Kl
uA

4

=
—

J

F 2((1983)

b A
=]

5

I

_

ak

0

N

I

mod

Ol =LIA0l Al

B2
o
i

o]
N
O
0%

X0
)
Bj

i)
a0

a

<0

S
(]
Al

ol
Kl
1oy
0lo

Py

ol
&l

wd
hl
_11.

2

F2 SAI0A]

NEL]

-
[m]

-

<l
=1

o

<
o]

OF
I
bHr

or

ok

rJ
IS

U0

s 9,

E0(ZEH

JJ
)
tH
IH

01
R
4r
reY
L]

i

ol

LK Ol

=
[—

A
a2

I

il

=)
70

Kl

nd

nJ

Wi

P0 UL

o

£ JIM

Ol

Al

P ey
[[]

o]

#0
H

ﬂ_
e}
K
Al

bt AUTHFig. 3).

ol
ol
Rl
]
Rl
o
ol

il

0.
I+
JI[d

s 2+

16)
A
I

0l
=

.

ol

<

-

ol
=

2 AL

NES

M, 3)0l

2]

ot

SHEEX]

9]

Ko

2 Aot

&t

2 H B O A

52
53
[7e)
n

Ol
fiS¢

md

[
<|
il
i}

0l
Rl
BH
o+
o
o0
Rl
A

ar



A

2.2. XI& &

_

20

-

ol

HRIA 9

2.2.1.

=l Al

=
=

5
2t

)

o
EOHXY (b XI=: AMEY

MG e M) S(Fig. 3)0 A

SH= 100m Ol&40IH,

30 X

IARERel

S
=

s

B

k=

EPNDNR- =

=
[y

18]

i
10{
50

0

K0
&l

oJ
i
100

HPHOR

=
[=)

O

fio

K0
wir

-

o0
Ok
0

TS

0

Ol
IH

AOTOH

<
=l
o)
iof

H1

20ILt

A
=

=
I

e

—

|

ro

D) == SR

“é”l-

04, Ol2t

]

ol
al
Ko

K|
o0
0l
A~

72 HEE(Fig. 5) FAl

<
3
o

e

an
ol

0
Rl
il

Ot=cd = A0l

ot

O
Al

¢]

N

(4

KA
oll

030
Rl
3

14

o1
4o

ol
8

H

1]

R0

ol
0
10
)
30
=
0

K-
ol

iiod
0
HO
H

o
Rl

=

1=

ol
KI0
ol
Kl
m
KU
o]
0l0

)

UM AL

£0Z

'

o
[ ]

S OICHIt

=
=

207302 Z A

T HI HOA= 2

Lo

[

Ol A

=
2=
==

JHAIH,

=
oll

ol
K0
"
0l
0

O

Kl
10}
0io

K0
o

icl
o0

U

-

ol

B
)
™

ol
[

-

ol
o}
000

CHetA CreI=S 0 A Ol

b 2l0f QUCH

S2EAS

OF

il
Ol
X0

.J.
n

Jald

0l
ar
IH

Il

WX 352 &z LI

_

ol
ol
il

ol
Ulo
K0
Bl

Kl
o}
olo

<)

I3



QF =2
ed v—

LH K

= cm

{

N

=
—

LH X

K0
ot

ol

L

oll

=

e

ol

10

-

ol

il
o0
o1
[l
ol
Ed

-

20

-

ol

ol
Rl

ke

o)
o

-

ol

0
K0

Uk

<D
<+

20
ol

K0
of

0.

i
ol

Of
K0
8D

0l

. 4) g

F

<0
ofl

0l

LH X

%0

0.

ArE Sl t
At

LH Kl

KO

LHZ &

or
[==]

Ko
1o

ol

-

ol

—_

]

o

ol

i

T EFOULH, O 2 ML

A O
D —

k

b

o
=i

oD
al
Kl

1o
0l

1
jilg

lle

{Fig. 3 b)2l &t

CAHHOZ 10 cm U2 SHE EL8

ar

Ki

F

__o;

- of

ALERDE 24

vd

fot0(Fig. 9 ¢), RU=

=1 =t
= =

2

o

ol

cmE dl 1w

0

ol
K0

i

s)

o7
K(0
ol
o)

IF
1o

IH
0

Kl

0y
0l0

Rr

)

Ko

IS

<0
ar

M

o)

‘T
=

=]
=

i

2040

=
=)

10 a,b.c).

CHFIg.

=
[m

=5 0l

il
ol
I
0

KiU

oy
0l

0l

cm WAL 10 cm el

| SHIt =

g2l 54

|.

<0
ol

A LHAE O

g4

|:(lO
= -

=l

S]]

S0l =

&t X
—/ T

ot 3t

=0 2

ol 3

70

uo

=

a

ol

ofu
o
il
au

ot
rr
il
It

0l
U
|
Kl
)
M

=]
o]l
B
)
Kl
10}
ol

U

ol
ar

I

i)

F =0l ACHFIg 7).

iod
Te)

1.

Uity
)
Ot

xr
o=
ile]

o0

)
R



Fig 5. Minor faults developed in the sedimentary rock. This slope
located in Kyungsung University opposited to the landslide siope.

Photographs show weathered zone along fault planes.
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Fig. 6. Photomicrographs of lamination in typical alternation of
strata(sandstone and mudstone) in Mt. Hwangnyeong. Dark color is
argillaceous part(muddy). white color is arenaceous part(sandy). Scale

bar is 0.5mm.
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Fig. 7. Photomicrographs of typical tufaceosus sandstone in Mt
Hwangnyeong. Plagioclase particles replaced with calcites{(a, b, ¢) and

cement replaced with calcites{d). Scale bar is 0.5mm.
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Fig. 8. Photomicrographs of tufaceous sediments developed in M.
Hwangnyeong. a) Tufaceous sandy mudstone is studded with volcanic
olass. b) Tufaceous sandstone included feldspar({replaced with calcite) and
quartz. ¢) & d) Cherty sedimentry rock in the study area. Particles
originated from volcanic glasss(partially replaced with calcite). Scale bar

is 0.5mm.
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Fig. 9. Photographs of landslide slope. a) Panoramic view of landslide
slope. b) Failure plane exposed lower part of landslide slope. Overall
distinctive feature is relatively thin beds at landslide. Upper Beds(c) are
more thick than lower beds(d). Fine grained beds developed in more

thin beds.
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Fig. 10. Photographs of landslide slope. a) Failure plane exposed
middle part of landslide slope. Lower Beds(b, ¢) are more thick than
upper beds(d) at middie part of slope. Fine grained beds developed in

more thin beds.
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» Bedding {34)
- Fault [14]
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Equal Area
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Fig. 12. Lower hemisphere equal area projection and contour plot

of discontinuity planes in Mt. Hwangnyeoung.
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at outer circle
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{directed away from viewer}
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Fig. 13. Rosette diagram showing representative three joint sets in

Mt. Hwangnyeoung.



Fig. 14. Photograph showing calcite vein in the sedimentary rock.

-"(

Fig. 15. Exposed joint plane of outcrop. Photograph showing plume

texture.

- 22 -



Yoz FAE Aol ¢ty FES 822 =2 FH AU
= ZH SO HH HRAS2

et
orat AT KBS EXZ HEE 4 US 21o=2 oosiy g4
[= A

o
e
B

[}

05 07 | 2 3 as5g7e'? 20 30 ae50 70 'O 200 300400 700
Lol TR B | [ N AR I
very weak weak hard very hard Coates
I vner 1964
very weak weak mr(:::' | hard I very hard J Deera & Milier
very waak weak slightly slightly hard urv ex(romelv Gcclnmcal Sociaty
weak hard har har
soil =1 rock

extremsly extramaly Broch & Frankdin

weak vary weak l weak moderate ] hard I very hard I hard 1072

soil vBry Weak I vreak hare l wery hard | exiremely hard | ;';r_;;mgs

R mode- Bieniawski
sail { very weak | weak rate | hard I vary hard J 1073
slightly| mode- very ISRM
13 k 1
very weal weal weak rale hard hard 1879
1Ty T T T 171 III T 'lllIIIIE T T 1T T1TT1I1
0.5 0.7 1 2 3 4 5678 10 20 30 40650 TO 100 200 300400 700

Uniaxial compress stranglh, MPa

Fig. 16. Classifications of uniaxial compress strength of rocks.

- 23 -



=
T

d
[uil}

b

@]
==

| —
—

AN

@]

Atet A0 AFESHD

off

i

ol

At

HO

=UWHUAM E=

AL

AL
T

ioll

[=C]
=

Ae=z i

Mgt

St

S

Ol

BIE Dt

| Gt 2K ERYHE B

O

2l

o
==

®r

K-
Ju

IH

0l

OlCHTable 1).

(o

0

52 501

=
=
—/

OlEf

o
)
E

Olf
Ul

K

0.

Mo
Hr

o)
4r
K

A2,

FOL 24A128 AZ D101 A

o

1= H2

X

olglrT
=

=]

5 cm&

®f

!
7}

<Al
o
0

H
e

ol

2H QA

Cl.

=
[

F

H S e 25 Jols U2 o

[(ISRM)OH A R @

3

t21 25t0

o

W

o
7
bl

ol
Bl
5l

.

e

10

]

orsAT

AtZ &0 <ol A

ol

ISRMOUlA K

KH
=

ol

ol

—

ol

O

K
<k

o
2

s

=
N

o

oJ

)

ok

—

0l

ol
o

—_

ol

==
1o

o

SO Z20HEAHLY

=

=

Hl(poisson’s ratio)

A

==
=1

i;

X O}

HE (young's modulus),

ZF(unit weight],

ur

e}

- 24 -



Tabie 1.

Classification of uniaxial strength and seismic velocity

(construction  standard  specification,  suggested  Ministry  of
Construction & Transporation, Korea, 1994)
& In-situ seismic Lab Uniaxial
Group velocity seismic velacity strength
Vikm/sec) Velkm/sec) (kgf/cm®)
Weathered A 07~1.2 2.0~27 300~700
rock B 1.0~18 25~3.0 100~ 200
A 1.2~19 270~37 700~ 1,000
Soft rock ’
- B B 1.8~28 3.0~43 200500
A 19~29 3747 1,000~1,300
Moderate rock )
B B 2.8~41 4.3~57 500~ 800
A 28~42 47~58 1,300~ 1,600
Hard rock )
B over 4.1 over 5.7 over 800
Very hard .
A aver 4.2 over 5.8 over 1,600
rock
r'-rr‘\""'*\—\\ Group N
- A B

Classification

Representative

rock

gneiss, crystalline schist,
green schist, hornstone,
limestone, sandstone,
diabase, tuff, granite,
diorite, olivinite,
serpentinite rhyorite

hasalt, shale, andesite

dark schist, green schist
greenstone, shale, mud,

tuff, agglomerate

Determination

of evesight

sand or quartz part 1s rich.

rock mass i1s hard and

crystallization

sand or quartz part is poor.

Determination of classify
of 500 ~1000gr hammer

striking

thin and small fragment,
less ash creating
at hit point.
fragment flving relative

long distance

more large fragment
creating or not.
fragments flying at near
hit point.
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Rock Test Hammer
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Fig 17. Cross section of rock test hammer.
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Table 2. Rock test hammer rebound value and assumed uniaxial

compress strength

Rebound| 907 |-15° | 0° [ +45° [4a0° |p oy 1-g0° [-a5° | 00 [+457 | +90° ]
value Assumed uniaxig}l strength value Assumed uniaxi§1 strength
(kg/cm’) (kg/cm’)

10 64 61 ol 36 394 | 373 1 321 | 264 | 242
11 69 65 55 37 420 | 400 | 345 | 285 | 262
12 74 70 59 38 451 1 429 | 370 | 306 | 283
13 80 75 63 39 481 { 457 | 397 | 330 | 306
14 86 80 68 / 40 516 | 491 | 426 | 355 | 330
15 92 87 73 41 554 | 527 | 457 | 383 | 357
16 95 93 78 / 42 590 | 561 | 491 | 411 | 383
17 106 | 100 § 84 43 633 | 603 | 527 | 445 | 414
18 114 | 107 | 90 44 675 | 642 | 565 | 477 | 445
19 [ 123 | 115 | 97 45 724 | 58S | 607 | 516 | 481
20 132 1 124 | 104 | 81 71 46 772 | 740 | 6561 | 554 | 516
2] 141 § 183 | 111 | 87 76 47 828 | 788 | 699 | 598 | HH8
22 151 | 142 | 119 | 94 82 48 883 | 846 | 750 | 642 { 598
23 162 | 152 | 128 | 101 | &9 49 947 | 902 | 805 | 694 | 647
24 174 1 163 | 138 | 109 | 98 50 1010 | 968 | 864 | 745 | 694
25 186 | 175 | 148 | 117 | 104 51 1084 | 1039 | 927 | 805 | 750
28 199 1 188 | 158 | 125 | 111 52 1155 1107 | 995 | 864 | 811
27 213 ] 201 | 170 | 136 | 120 53 1239 | 1188 1 1068 | 934 | 870
28 229 | 215 | 182 | 146 | 130 o4 1321 | 12751 1147 | 1002 | 941
29 244 | 230 | 196 | 157 | 139 55 1417 | 1368 | 1231 | 1084 | 1017
30 262 | 247 | 210 | 169 | 151 56 1511 | 1458 | 1321 ] 1163 | 1099
31 281 | 265 | 226 | 182 | 163 57 1621 | 1565 | 1417 | 1257 | 1188
32 299 | 283 | 242 1 196 | 176 58 1728 | 1679 | 1521 | 1349 | 1275
33 321 | 304 | 260 1 212 | 190 59 1854 | 1790 | 1633 | 1458 | 1378
34 342 | 326 | 279 | 227 | 206 80 1976 | 1921 | 1752 [ 1565 | 1489
ab 367 | 350 | 299 | 246 | 224

* |In the case of rebound value over 60,

7 = logy == 0.0307R. + 1.4016, Strength(kg/em?) = (Z x R ) x 10
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Schmidt hammer rebound test (rock-type)

DOO0 b

( kgfem? )

]

Assumed uniadial compress strength

mpact Location

Fig. 18. Distribution of assumed uniaxial compress strength

calculated from schmidt hammer rebound value of the study area.
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AZEZAE SE NEFHZO &8S, X AED 285 E3AES
= AlSHL) XigtatEl & XBBER S42 4FsiH, MAUssHE D)
Fioh AL = HFA0AM= S 3008 3FLHL AIZEI 1Y
T 2008 MM AFTI 2008 ALESIE 20, D-3 core barrel 3
HEZE NX-size(76mm) 2OIAIZE 8MAO0A AIZ=SHACHFIg. 2).

Table 3. Cocordinations and elevations of bore holes{(Fig. 2)

Coordination({TM)
Bore hole Elevation{m)
X Y
BH - 1 182738.180 209239.360 39.600
BH - 2 182926.520 208992 800 62.240
BH - 4 182954 300 208914 .500 64.700
BH -5 182983.046 208912.670 76.200
NX -1 182974600 208961.000 83.420
NX - 2 182934.686 208955.105 60.370
GW -1 182968.758 208987.279 81.850
GW -2 182897.000 208988.800 49 970
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A A

NX:1(83.420) .
gravelly clay C3V-1(81.850)
P T T Tt e e gy WeGthEMRY
BES(AY e T e T 7yqz  weathered zone won
T gravely oyl — — o~ = T i maz

47

6300
S 1 fresh rock
I 5702
-2z
: fresh rock
] 5520 58.72
e

,ﬂ
n

legend
mwmnan | greenish gray tulfacecus shale
—— geclogical boundary
B B

BH-4{83.70;

NX-Z(60.370)

legend

wsisas | greenish gray tulfaceaus shalke

—_——— geological boundary

Fig. 19. Geological cross sections showing greenish gray tuffaceous

shale layers{line A-A' & line B-8' by Fig. 2).
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3.3. &llLf AIE

2 g0 220t SAUESY SelEy L Asy 4 52 Hgt

JI RlotH HUAMES AAISIRECEH Casagrande(1942) 0t

etet E2 2K/ H(USCS: Unified Soil Classification System)0ll 28t &£

25 ¥ EEESE IS0 RASHH, 25 MEZ NHWM HEE

ot E=2Z2YAAKSF 246N
=

Mo FSMUE0U ot

Table 4. Standard test methods of soil's property(suggested by

Korea Quaiity Institute of Construction Industry)

Soil's property Standard test method
i water content KS F 2306
specific gravity KS F 2308
Laboratory liguid firit KS + 2303
soll
experiments ! plastic limit KS F 2304
!
7
grading KS F 2302
. shear test KS F 2343
l
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Table 5. Laboratory experiment results of core samples

i ) Uniaxial | young's X
Bore hole | Depth(m) unit we;ght strength | modulus DO’SS(‘mE rock type
| ta/em? (ka/em?) | (kg/em?®) | ° ratio
BH-2 |18.0-19.5 2.735 226002 13.0 x 10°| 0.27 alternated
BH-4 |13.5-155| 2.734 56501 | 1.5 x 10°| 0.10 bed
GW-1 | 8.7-8.9 2.642 2357.72 {37 x 10°| 0.23 | (sandstone
GW-1 [11.8-115 2715 1130.01 7.2 x 10°] 0.19 &
GW-1 116.2-17.7| 2745 1180.19 | 3.7 x 10°| 0.38 | mudstone)
aw-2 [15.0-165| 2774 282.50 | 1.6 x 10°| 0.18
outrock 2869 | 1008.00 |2.1 x 10°] 0.24
block
BH-1 [123-125| 2.778 47084 1.1 x 10°] 0.10 sandstone
BH-1 113.0-1327 2671 1034.87 |22 x 10°| 022
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3.3.2. XRD &4

X SBEH(XRD)E FEo LRE BAX| i peak pattern)©2
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OfULH. MFE A== OIHOIE ZEt=(Agate mortan)UlA CHEE 0.005mm
o A2 2HEISCH XS SIE2H0 AIEE I = 22 Rigaku 3l
A2E D/Max-2000 seriesOIX, 40kv, 20mA2| AEHUHA Target®2= Cu
2l Ao, Filter=2+ Ni, Scan Speed 2°/202 =2z 245IAL

AlgZi HR=E2 E&= =LA (chlorite)dt 22I0IE (illite)2 T4
CH =LA 2 Ze0lEE UHE FEHZV
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Fig. 21. Aerial photographs of the landslide area taken on(A: the
15th of November, 1993, B: the 19th of November, 1996, C: the
23th of November, 1897, D: the 17th of June, 1998).
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Fig. 22. Vertical failure plane occurred the first landslide.
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Fig. 24. Three slide planes of the landslide.
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Fig. 25. Photograph of the second landslide(tension cracks developed

parallel to road).

Fig. 26. Two vertical joint sets developed tension cracks in upper

drainage.
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Fig. 28. Photograph of the third landside.
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Fig. 29. Exposured slide plane(about 12° dip).
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Fig. 30. Exposured slide plane{coated with clay).
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Table 5. [nput data of limit equilibrium method modeling.

8 ¢J c'
(t/m°%) (%) t/m?)

Soil & Weathered rock 1.88 38.0 3.6
Sedimentary rock 2. 75+ 18.0%x 2.0%x

= Unit weight of sedimentary rock,

«x:. Property of clay(sliding plane)
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Rain gaug

Fig. 41. Monitoring Equipments for maintence monitoring.
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Fig. 44. Photograph of the inclinometer tube and measurement
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Fig. 51. Photograph of the piezometer sensor(vibrating wire type).

Cable

SRR

Bortonite growing

et
ps

Bentonite sealing

Sand

05 M

Piezometer ———""]

Fig. 52. Sketch showing the piezometer and installation.
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Fig. 53. Result of horizontal displacement with inclinometer(l-1,

manual measurement).

4.0 ——3m -#-5m ocae 7Moo Qe e 11m

3.0

20

Displagement (mm}

=3.0
00-07-27 00-09-25 00-11-24 01-01-23 01-03-24 01-05-23 01-07-22

Date

Fig. 54. Result of horizontal displacement with inclinometer(l-2,

manual measurement).
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Fig. 55. Result of horizontal displacement with inclinometer(i-3,

manual measurement).
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Fig. 56. Result of horizontal displacement with inclinometer{l-1,

automatic measurement).
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Fig. 57. Result of horizontal displacement with inclinometer(|-2,

automatic measurement).
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Fig. 58. Result of horizontal displacement with inclinometer(l-3,

automatic measurement).
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Fig. 59. Result of horizontal displacement with inclinometer{l-4,

manual measurement).
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Fig. 60. Result of average axial load with load cell{L—1).
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Fig. 61. Result of average axial load with load cell{L.-2).
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Fig. 62. Result of average axial load with load cell(L-3).
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Fig. 63. Result of average axial load with load cell(L-4).
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Fig. 64. Result of piezometric head with pore pressure{P-1).

5.0

S o p
L
T 50 /}\F
€
<= i
T 20
£
&
Q
& —10.0
-11.0

00-07-27 00-09-25 00-11-24 01-01-23 01-03-24 010523 O1-07-22

Cate

Fig. 65. Result of piezometric head with pore pressure(P-2).
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Fig. 66. Result of piezometric head with pore pressure(P-3).

{ mm)
[#9]
[l
=

Precipitation

o 1)

0.0
00-07-16 00-09-14 00-11-13 01-01-12 01-03-13 01-05-12 Q1-07-11

Date

Fig. 67. Histogram of precipitation in the Busan arealfrom the 16th

of July, 2000 to the 14th of August, 2001).
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