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Summary

Yongduam is a rock formation on the shape of a dragon’s head. The shape
was formed when lava become solid while lava flowing out of a volcano two
million years ago. The rock with 10m in height and 30m in length is a local
natural culture property. And its academic value in geology is highly recognized.

But, this Yongduam are greatly threatened in stability from a lot of irregular
joints, and weathering by breeze and seawater. And the coast near Yongduam is
considered to have stability problems concerning falling rocks and collapse caused
by weathering, disturbance, and loosening of the slope surface. Especially mass
transportation and engineering work at nearby facilities are increasing the upper
load, which results in instability.

Considering these facts, it is important to conduct a research on the safety of
the slopes to prevent personal and economic losses that might result from slope
collapse.

Therefore this research analyzes the strength parameter by employing the
Schmidt hammer experiment to test the strength of intact rocks, which compose
the rock mass. Also, the orientation, roughness, persistence, aperture, filling, and
mechanical property of the discontinuity developed within the rock mass will be
analyzed. Finally, the stability of the slope was determined by predicting the
shape of the slope collapse using the stereographic projection, a stability analysis

method of jointed rock slope.
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Fig. 2.1 Four type of rock slope failure

(a) Circular failure, (b) Wedge failure, (c) Planar failure, (d) Toppling failure
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Fig. 2.2 Conditions of plane failure
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very ) very
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T laj-as—-180°]
P/T F1 0.15 0.40 0.70 0.85 1.00
P | B <20° 20~30° 30~35° 35~45° >45°
P F1 0.15 0.40 0.70 0.85 1.00
T F2 1 1 1 1 1
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P/T F3 0 -6 -25 -50 -60

F4 1 AbH ] 2o me} fshs HA A
Smooth ukyl 2l ¥} &= 5k
SRR Igs 2 A} P litin .
e H kAt FeSpitng Blasting 7] A= = 2
F4 15 10 8 0 -8

AshH oz ol el g YRkt weld SMRE e obd) Hoz 7.
SMR=RMRbasic+(F1xF2xF3)+F4

_13_



Table 2.2 Tentative description of SMR classes(Romana, 1993)
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Fig. 2.5 Main types of slope failure and stereoplots of structural conditions likely
to give rise to these failures
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Fig. 2.7 Wedge failure geometry
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Table 3.3 Description of weathering
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Table 4.1 Dimension of investigated area
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Table 4.2 Measured dip and dip-direction of slope with clinometer

T+ U 8 [ AN g2 Dip Dip direction
J 54 263
oo N50E / 60~80SE, 2 39 325
°TE NW J3 70 330
J4 79 008
Ji 78 026
J2 82 220
1 22 N78W | 60~80SW r o 26
J4 19 062
Ji 52 321
2 77 NBOW / 70~85NE 2 60 121
33 85 210
Ji 85 105
J2 83 202
3 37 N82E | 77NW r % 2
J4 43 230
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Table 4.3 Roughness profiles and measured JRC values

H2|| Dip/Dip A HEI| £
HE7| oA H| T

# & |direction 1271 (JRC) 2
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J4 | 79/008 | _ — 4~6
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Table 4.4 Conversion table of uniaxial compression strength

R +90° +45° 0° —45° -90°
10 51 64
11 55 69
12 59 74
13 63 79
14 68 85
15 73 92
16 78 99
17 84 106
18 90 114
19 97 122
20 70 80 103 123 131
21 76 87 111 132 141
22 82 93 119 142 151
23 88 100 128 1562 161
24 95 108 137 163 173
25 103 116 147 174 185
26 111 125 158 187 198
27 120 135 170 200 213
28 129 145 182 215 228
29 139 156 195 230 244
30 150 168 210 247 261
31 163 181 225 264 280
32 170 195 242 283 299
33 190 210 259 303 320
34 206 227 278 325 343
35 223 244 299 348 367
36 241 263 321 373 393
37 261 283 344 399 420
38 282 305 360 427 450
39 305 329 397 458 481
40 330 354 426 490 515
41 355 381 457 525 551
42 383 411 490 562 589
43 412 443 526 601 630
44 444 477 565 643 674
45 478 513 606 689 721
46 515 553 651 737 771
47 555 596 698 789 825
48 598 642 750 844 882
49 644 691 805 904 943
50 694 747 864 967 1009
51 749 805 927 1036 1079
52 808 869 995 1109 1154
53 872 938 1068 1188 1234
54 941 1013 1146 1272 1320
55 1016 1094 1230 1363 1412
56 1097 1181 1320 1459 1510
57 1184 1175 1417 1563 1615
58 1278 1376 15621 1674 1727
59 1379 1486 1632 1793 1847
60 1489 1595 1752 1920 1975
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Table 4.5 Result of schmidt hammer test

=HEH & A W L s gr 4+ x| (R) =d&H
ggy | TAXTEEYA gy g (esnswea]
48 | 52 | 53 | 54 | B2 25
s Sot ~ )
T 5 | 54 | 49 | a4 | ;2 | 47 i 08 ~of of
. 24 | 36 | 24 | B | 24 = =0}
Scoria % 130 28 | 34 | 3% 24~36 30 20.6 st
Table 4.6 Classification of rock masses
Mol BF 23 I HEet o o Z 3t
UZAELT
160 < 130~160 100~130 70~100 30~70
1 = AEf (MPa)
Schmidt hammer 60 < 51~60 44~51 34~44 10~34
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Fig. 4.6 Specimen before uniaxial compression test

Fig. 4.7 Specimen after uniaxial compression test
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Z 3MY dFo st A= A3 AP Schmidt hammer AT ZA3+= A==
AlgAyHET oF -59%~20% o zlo]E Holi ). o] Schmidt hammer A &<
At ¥ o] Schmidt hammer A& S %3

= 2
o agla o7 AFEE Agi YAoldt moln

Table 4.7 Result of uniaxial compression test

Schmidt hammer test Z 2 A A=At
3ANH | 43 S AFZF & A = 2 Hl 2
szn | e | T | T | e
1 A 35 367 304.24
2 B 43 630 40 80 51157
3 C 47 825 883.47
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Table 4.8 Approximate values for the

basic friction angle for different rocks
of M 9| OHEZ ¢ (°) |2 M o | OEZ ¢ (°) | o & o | OEZ ¢ (°)
v o atzet Holy
44 9 32 (xax) 31~ 3 (5ot 23 ~ 29
5 O o} M &| ol 'S;,‘I-jol-?:ll-
o 2 31 ~ 38 Mg o 33 ~ 40 TEET 29 ~ 35
o o 35 gt ot 31 ol Ap ot 27 ~ 31
L o 30 At ot 25 ~ 35 SEE 25 ~ 30
w2 o 27 ~ 31 M 9 27
uw2kA, Barton®] @2l AT FrABae okee] #AAE ol &st AHAE
=3
JCS
¢peak = JRCIOglO( ) + ¢b

B xAA e ¢, 8 AMEE ofdsh

FAgey
$rens = JR Clog, (1

S5+,

n

= 4 x 1og10(90.846/0.254) + 31 = 41.2°
714, JRC = 4 (432 =)

JCS = 927 kg/cm® = 927 x 9.8 N/em® = 927 x 104 x 9.8 Pa
= 90,846,000 Pa = 90.846 MPa

o, = 10m x 26 t/m” = 26 x 10"3 kg/m” = 26 x 9.8 x 10"3 N/m’

= 254,800 Pa = 0.254 MPa (52 $2 2§ %o 10mZ 7}4)
By, = 31° (Table 48014 Ao Hagk 54)
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Table 4.9 Typical rock properties(Hoek and Bray)

%A_-!gl Zg% E-J XHE 7t Vsat |:||.7'(|-7|-( o) EZ'FEL#'
EXY Mz g/an = kg /ot
e 224 178 40~50
ui of 128 / 0.99 30~40
g3t of sy 260 / 1. 45~50
M3 g 192/ 1 35~40
A 179 /12 35~45
gy 200 /10 30~35
A
HUY Y Y 2.56~3.04 35~45 350~550
WMol
of Al T2, Eohel AR 2.56~2.88 30~40 200~400
5 ARE s
M3t T Z0f0[E, AFY 2.40~2.88 35~45 100~300
REEETTS
At MEL ot Hot 1.76~240 25~35 10~200
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Table 4.10 Shear strength of filled discontinuities

20 2k ARZE
o M of M o AgX
q 9 c ' c ' [& &t
(kg/em2) (°) (kg/cm2) (°)
- Ruiz, Camargo
Hesis ool Zejo | Camargo,
e - N - N 24 2 - - Midea &
HEO M HR2 AN stk #Haelyt 2 ;
M eFaml BRE Wl Nieble(109)
giotfo| HELIO|ES 0.15 75 Link(110)
Hl ELIO|E e 34 09~12 12~17 - - Sindair &
MEAE 06~10 9~3 Brooker(111)
HELOER MEAY Sindair &
A SRREN 02r | 8521 03 85 Brooker(111)
Skempton &
HE oot o|AHXH Mz 2 AfE MOHH 018 12~185 0~0.03 105~16
Petley(112)
L Sindair &

HMEMY NENE | - -

HEA = 06 2 Brooker(111)
s HE B4 S Stimpson &
e o 110, ~11,
= S 10 - 250m 011~013 116 0 f=11s Walton(114)

HAE HYE Pigot &

2 A . . } .

- S o 15cm 041 143 022 7 Mackenzie(115)

@.%%} S| = K|
_ ’ MNE Sl =
5l72tM 2ot - _

9_}; :.H;:. (®E 2% P17 0 265 Brawner(116)
HEsd20 9t oE 05;'0 24;045 Rochal105)
sue | MR ¥E2E o5 BREN B omg | O ) ) Nose({17)

TOS | pxsdod, med @ aud sy, | 0 Evdokimov &

ZaE oM 3 ZHE ’ Sapegin(111)
emme ME 10 3~14 Krsmanovic S(120)

Malet 1-2cmel HE M= 05-20 | 17~21 0 13 Krsmanovic &

immolste] HE FHM& o Popovic(121)

Bl BN9| ZEHE 08 3 Salas &
oze o oeT =° ) - ~ .

'2;% Zet ol B 10 10 fo~2k Uriel(122)

ZEt ZEtnL O st e HEAO|S & 0.14~03 | 15~175 - il Schultze(124)
2z zfol| oo U= 8eme HELIO|E(RRZE R 06 14 08 ~ Eurenius(125)

E ®E L0 E)HES 0.16~02 | 75~115 ’ Underwood(116)
Hot e 10-15cm £Hel HE FM= 03~08 32 Serafim &

g ge HES 1M HE 72 61~74 | 4 - - o eral o7
FAE mot =) MEZ JIF METE 38 31 uerreiro(1
Hug MLt Zhab 2 A AE] 05 33 -
prpey— Coates, McRorie &
ﬂ(gé;jf/ EEAEO O3 4B 042~09 | 3%~38 | - - Stubbins(128)
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4.5 BHETa] WEEA}

SFEE AFAU ME Attt EE53 VIger FH shFel S AF
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Table 4.12 Result of inspection in-situ rock mass in Yongduam

g = J1 J2 J3

g g4 541263 39/325 70/330

2t A(m) 0.8~30 0.1~30 0.1~20
A&d(m) 0.7~25 0.7~25 0.7~25

A E 45 AE sy AE sy A
=M (mm) 0.1~90 0.1~90 0.1~90

s = ® 2 ® 2 =2
g5tk AUNZof~EE5ZFet | AUFA~-ESFe} | AUFA-~-ESE=
A ot ® =2 ® =2 =2
574 CHSHTAZ0 FE 0/FL 20 Scoria S0 BMEA AS
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Fig. 4.8 Photograph of foreground in the right side, Yongduam

R

Fig. 4.9 Photograph of foreground in the left side, Yongduam
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Fig. 4.11 Photograph of scoria layer weathering by seawater
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Fig. 4.13 Photograph of stratified structure to the direction flows
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Fig. 4.14 Photograph of foreground in 1 zone
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Table 4.13 Result of inspection in-situ rock mass in 1 zone
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Fig. 4.16 Photograph of overhang by irregular weathering
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Fig. 4.17 Photograph of foreground in 2 zone

Table 4.14 Result of inspection in-situ rock mass in 2 zone

3 = J1 J2 J3

g & o 52/321 60/121 85/210

2+ 4(m) 05~30 1.0~30 1.0~30

AL M(m) 1.0~20 1.0~20 1.0~20

H & 7 sy AA atss HA 8 HA
=M(mm) 1~30 1~30 1~30
A = = o=

s E M ES~HEZS | AU ~HEZI | AUES~EHEZS
x| ot T = = o=
SRS THEHFAZ0 FE 0|FD A0 Scoria S0l HMEHA UZS
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Fig. 4.19 Photograph of scoria layer of the lower part of slope in 2 zone
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Fig. 4.20 Photograph of foreground in 3 zone

Table 4.15 Result of inspection in-situ rock mass in 3 zone

3 = J1 J2 J3

g & o 85/105 83/202 89/352

2t Z(m) 1.0~20 1.0~20 1.0~20
A=A (m) 08~12 06~18 1.0~13

H & 7 sy AA asg HA 8 HA
=M (mm) 05~6.0 05~6.0 05~6.0

23 = = = o=

s E obZtE ot~ MStEsl | AUZtEst~AMEHES | A Es~AMEES]
x| s ¢ AN&H 55 ANEH 55 ANEH 55
X571y THEHFAZ0 FE 0|FD A0 Scoria S0l HMEHA UZS




Fig. 4.21 Photograph of cavity by scoria layer weathering

Fig. 4.22 Photograph of the ceiling of cavity in 3 zone
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Table 5.1 Result of stereographic projection analysis in Yongduam
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Fig. 5.1 Classification of slope stabilization methods
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Table 5.5 Slope stabilization methods, summary and application
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Table 5.6 Classification of soil slope stabilization methods

# g 2 9
AL gt} Mz
%31 (Anchor)
2YuEa (Soil Nailing)
Fato| AX|UE
(ERS) oto|2 2 e (Micro Pile)
%ﬁ
fH]2 (Gabion)
“M?E?
~ THj S
HY = FTTES
ITE
AN
EHES Hi2E
=47 =8¢

Table 5.7 Classification of rock

slope stabilization methods

O 3 4
AL 2ts) B
ZE£E (Rock Bolt)
A#3] (Anchor)
of & 74 CH22 (Dowel)
Z32|E HEY (Buttress)
#32|E (Shotcrete)
3T TS
Eu 3
FHES AMZ
SR
A x| S Ef
oE A R Of EEHA (MY
S5 2 (Ditch)
Il otef d
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