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Abstract

This study is to examine the engineering characteristics of colunmar joints in Mudeugsan National
Park, a global geopark. For these purposes, physical and mechanical properties of Mudeungsan Tuff,
evaluation for the weathering degree of columnar joints, and crack behavior monitoring in columnar
joints were conducted. The physical properties of Mudeungsan tuff were 1.02% for the average
porosity, 0.38% for the average absorption, 2.69 g/cm® for the average specific gravity, and 4,948 m/s
for the average elastic wave velocity. Its mechanical properties were 337 MPa for the average uniaxial
compressive strength, 68 GPa for the average elastic modulus, 0.29 for the average Poisson’s ratio,
41.3 MPa for the average cohesion strength, and 62.8° for the average friction angle. the average
rebound Q-value of the silver Schmidt hammer for the three columnar joint blocks at the Ipseok-dae
was shown as 49.3. when this value is converted into uniaxial compressive strength, it becomes 70.5
MPa, which is about 21% of the uniaxial compression strength of Mudeungsan tuff. In addition,
according to the results of crack monitoring measurements for the three columnar joint blocks at the
Ipseok-dae, the crack behavior is less than 1 mm, so it is believed that its behavior in Ipseak-dae
columnar joints has hardly occured to date.

Keywords: Mudeungsan national park, global geopark, engineering characteritics, Mudeungsan tuff,
Ipseok-dae columnar joints
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Fig. 1. Geological map of study area.
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Fig. 3. Location map of sampling areas.

Fig. 4. Mudeungsan tuff specimens for (a) uniaxial and (b) triaxial compression tests.
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T4 Sl Bl RS mietslr] Y5l -5=-E(porosity), S5-2(absorption), H|%(specific gravity), E’f"qﬂé:—
L (elastic velocity) 5 2V S0t 3=8, S8, Hl5 = 4Pgsl7] floto] ZF Al 2ef tist 271, =5, 71X,
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for Rock Mechanics, ISRM)%} $H=aHH8519](The Korean Society for Rock Mechanics, KSRM)of|A] A5l Q=
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Fig. 5. Apparatus for measurement of initial, (a) submerged, (b) saturated and (c) dry weight, and (d) elastic wave velocity.

Table 1. Physical properties of Mudeungsan tuff

Elastic wave

. Diameter Length Porosit Absorption Specific gravit .
Specimen No. (mm) (mxit) %) y (tyrS P ( g/cflg) Y Ve(:III(:/cSl;[y
MT-1 38 79.4 0.90 0.33 2.70 4,996
MT-2 38 78.8 0.93 0.35 2.70 4,896
MT-3 38 78.9 0.93 0.34 2.70 4,838
MT-4 38 78.6 1.10 0.41 2.68 5,005
MT-5 38 78.8 1.06 0.39 2.70 4,986
MT-6 43 87.0 1.27 0.47 2.68 4,807
MT-7 43 87.3 0.79 0.29 2.70 5,261
MT-8 43 87.0 1.17 0.43 2.69 4,308
MT-9 43 87.2 1.12 0.42 2.69 5,042
MT-10 43 87.9 0.93 0.34 2.69 5,204
MT-11 43 88.0 1.07 0.40 2.69 4,584
Average 1.02 0.38 2.69 4,948

2]
FSARSSIete] o5k RS mtelslr] ffsl] YEU=A] ¥ (uniaxial compression test), A5 EA] ¥ (triaxial com-
pression test), o= Q&A@ (Brazilian test)= HAISHAT 45 2 HSASFAIR2 o1 2 A0l TRt A EAo7} 7Hs
St DAEKYOUNG TECK & TESTER MGTAFS] DTU-900HC 24, 4 S1IHAIE-S ACE ONEALS] PLT-100E R 9-&
AHESRSATt E3 ol wet ok e 9 ek 9 E HloEl = KYOWAALS] UCAM-B 28-S o]-835}o] &
Sk 203 Al Lol AeH AE SAeNksoF el e fRt-E et a]ollA] AlRISkl Q= A BEAIR O
75to] AAISHA Fig. 62 U5 R HSUFAIY, 12|31 P TS Hojert. AEUSAIY Zib=Table 2
1 AEsllom, ol & T = UehH Fig. 71 2t AS5U54 5= 262~362 MPa #91= H4f ©F337 MPa, §/7]
4= 54~74 GPa 92 Bt 9F 62 GPa, ZOF5H1=0.21~0.37 H 2 Hat 0.292 LERGTh A=05A18-S Hoek cell

& ©]8510] 2 MPaT} 4 MPa®] 591 7t 3314 F 63] 716ttt ASUSAIAT AR AaE delshd
Table 37} 2o, o] 5 T1ef & e Fig. 87} et ¥ Q1A Aol ofohd F el e+ 18.3~21.4 MPa
HOZ Wt 2F 19.1 MPa2 H At} AEE7 = 49t0] 2 MPad W 382~398 MPa 9|2 Hat 390 MPa, 4 MPa
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Fig. 6. Photographs of (a) universal test machine (UTM), (b) uniaxial compression test, (c) triaxial compression test, and
(d) Brazilian test.

Table 2. Results of the uniaxial compression test of Mudeugnsan tuff

Specimen No. ues Youngs modulus Poisson’s ratio
(MPa) (GPa)
MT-1 362 69 0.27
MT-2 353 68 0.27
MT-3 359 72 0.35
MT-4 263 54 0.24
MT-5 352 74 0.34
MT-6 362 64 0.31
MT-7 348 60 0.37
MT-8 357 57 0.26
MT-9 262 58 0.32
MT-10 352 56 0.21
MT-11 341 55 0.25

Average 337 62 0.29




DEMSBIRL AL 4RI BaHY 4

167

o= 1 o

@ WA
S & 9
8 & &

)
a
S

S o
38 S

Unaixial Compression Stress (MPa)
3 8

IN
S
153

w
&
o

w
S
153

N
o
=3

Unaixial Compression Stress (MPa)
N
S
o

(e) MT-5
1

150 [
100 {—-----
50 ;
i
-2000 0 2000
Strain (g)

4000 60

3
S

Uniaxial Compression Strength (MPa)

2000
Strain (g)

4000

6000 8000

Uniaxial Compression Strength (MPa) Unaixial Compression Stress (MPa)

Uniaxial Compression Strength (MPa)

IN
=)
S

©
a
<3

©
S
S

)
o
<3

N
=1
S

a
<]

=)
=3

o
S

1
0 2000

4000
Strain (g)

1]
-2000

250

i I
0 2000 4000
Strain (g)

6000 8000

200 -

150 |-

100

50 (—-

O] MT-10

0
-1000

0

1000 2000 3000 40
Strain (g)

I 1
00 5000 6000

a)

Uniaxial Compression Strength (MPa) Unaixial Compression Stress (MP:

Uniaxial Compression Strength (MPa)

IN
=)
S

0
-4000

; :
-2000 0

Strain (g)

| 1
2000 4000 6000 8000

Fig. 7. Results of uniaxial compression test for the Mudeungsan tuff.
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Table 3. Results of the triaxial compression test and Brazilian test of Mudeungsan tuff
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No Triaxial compression test Brazilian test Cohesion Friction angle

’ o, (MPa) o5 (MPa) (MPa) (MPa) ©)
382 2 19.3

1 41.1 60.1
437 4 18.3
390 2 18.1

2 413 64.1
444 4 214
398 2 18.2

3 41.5 64.2
447 4 194

Average 19.1 413 62.8
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Fig. 8. Mohr-Coulomb criterion obtained from Brazilian, uniaxial and triaxial compressiontests, (a) No. 1, (b) No. 2, (c) No. 3.
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Fig. 9. Silver Schmidt hammer test at the Ipseok-dae, (a) aerial photograph, (b) measuring place, (c) field measurements.

Table 4. Reound Q-values measured by Silver Schmidt hammer at the Ipseok-dae

P-1 P-2 P-3

1 49.0 45.0 55.0

2 52.5 40.0 43.5
3 555 59.0 48.0
4 45.0 48.5 48.0
5 45.5 49.5 56.5
6 55.5 56.5 57.0
7 49.5 43.0 46.5

8 45.5 45.0 45.5

9 60.0 46.5 45.5
10 43.0 51.0 47.0
Average 50.1 48.4 493

UCS 72.5 MPa 68.5 MPa 70.5 MPa
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Fig. 10. Results of rebound Q-values by silver Schmidt hammer.
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Fig. 11. Photograph and sketch of the location of the crack pointers adhered on Ipseak-dae columnar joint, IC-1.



LEGEND
@ Place to attached gauges
Crack measurement of the shape of disk

IC-2
Joint(dip/dip direction)

871176

S

87/287

\ 04/091

80/020

LEGEND
@ Place to attached gauges
Crack measurement in the shape of disk

Joint(dip/dip direction)

78/192 §

"R
d 76/140

70/352

| dl°|EE Fig. 14 1= 2 YepJALE #E =
o

T4 7% BUHHL Q) FAFE ] 5371 FAE R E2(IC-1, 1C-2, IC-3)S AT &, 12270 G ETE](crack
3o =
<= Fig.
S1of) A

Fia. 13. Photograph and sketch of the location of the crack pointers adhered on Ipseak-dae columnar joint, IC-3
=z
= 1
pointer)E F-2H(Figs. 11~13)2 th2, YA U o] Ar|HAE o] §sto] S5t 574 A171=2019d 9E~1297}
=
=

= o
e,
J AE 7 2J5HH Table 59F 2.0,

;;E) E—’ = =— o
Z1C-1,1C-2, IC-3 FoA] 27|ZE0 2 2E] oF | mm o]5}e] ¥ 9] 27} ihasle Ao g
121 ¥ A wE o) Hsle]] 71Q1stHny | Hot S nf fAeh eajetal mebd) £, 635]0] 24 54
olHE]

%% 65] 245190t &
A 75_4—01] tq-Etr] _,_/ﬂ—z%a]
Uepgt. o]l #g] 2= o] Walo] 7]9]
H glolEths 1T o, 7] Wl w20 A5 T gba= iRttt



RSS20 UM 2ol S £ - 171

Table 5. Results of crack pointer monitoring measured at Ipseok-dae columnar joints, IC-1, IC-2, and IC-3

Columnar joints IC-1 IC-2 IC-3
Number of measurement 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
Number of crack pointer Normalized displacement (mm)
1 100 9.1 91 90 91 92 100 99 98 10.0 99 99 :10.0 10.1 10.1 10.2 10.0 10.1
2 11.0 11.2 11.2 11.1 11.1 11.2:11.0 11.2 11.2 11.2 11.1 11.2i11.0 11.0 10.8 11.0 11.1 11.0
3 120 122 123 12.1 123 12.3:12.0 12.1 122 12.0 12.1 12.1:12.0 12.0 12.1 12.0 12.0 12.1
4 13.0 13.1 133 13.1 13.1 13.2:13.0 129 129 129 129 129:13.0 13.2 13.1 13.1 13.2 13.2
5 14.0 143 143 144 143 143140 14.1 14.1 141 14.1 14.1:14.0 142 140 14.0 139 -
6 15.0 143 143 14.1 14.1 14.1 150 15.0 152 15.0 15.1 152:15.0 15.1 15.0 14.9 15.0 15.0
7 16.0 16.2 16.1 162 162 16.3:16.0 16.0 16.0 16.0 15.7 16.1:16.0 16.1 16.1 16.0 162 -
8 17.0 16.0 16.0 15.6 16.1 16.0:17.0 17.0 17.1 17.1 16.8 17.0:17.0 17.0 172 17.2 172 17.2
9 18.0 182 182 18.2 18.1 18.2 18.0 18.1 18.1 18.2 18.0 18.1
10 19.0 189 189 189 18.8 18.9 19.0 192 192 19.1 19.0 19.2
11 20.0 20.3 20.2 203 20.1 20.3 20.0 20.3 20.3 20.2 204 20.3
12 21.0 20.9 20.9 20.9 20.9 20.9
13 22.0 21.9 22.0 22.0 21.9 22.0
14 23.0 22.0 21.9 22.0 21.6 21.9
15 24.0 23.3 23.1 23.1 23.2 233
2 ‘ ! ! 1 (a)IC-1 20 ‘ ‘ ‘ ‘ ‘ ‘ 2 October November  December
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Fig. 14. Results of crack pointer monitoring measured at Ipseok-dae columnar joints, (a) IC-1, (b) IC-2, (c) IC-3.
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Bt &A= 9F 337 MPa, Bt S 9F 62 GPa, Bt TORH]= 0292 Yehdt) Bt 4dodde=
19.1 MPaS H 9.0, AZ=QF70 = 714598 2 MPa ¥ W] 390 MPa, 4 MPa 7459t ATeflofl A Bt 443 MPaS LHERITH
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U= 9 AR 0 M AR ZFR-E Mohr-Coulomb 7]50]] TeAlste] 2t Wi Rapzks: S5t Ayt gt
A2 41 3 MPa, B UEaREZES 62 805 LRt QM) ARzt o] o) %5}1452 x};qu] PR,
3] A Al EmA RS NG ATk Bk T QS 49.302, ol YEUEPT R TS 70.5
MPa= LERHT. of g2 Aot F-54heolote] 252 }%—%}E«] oF21%°] sigeict. S 141 Aok w2 el

= Hotslo] F4pe] A S Brtsl7] I QAT FAPde] 3820 e FALLIER FF0] A5 mIE =S A
g1 2, W10} 355 A | mm o5} IR A0 ek, olefel AL 1) 2475e] Wl o]
5.0 710 el kg onjaiet. AubEo 2 @A) FEAE B9 QA 2 delde] 29 A5 vl ululei
Upeh} Qg el glo] 2 BAl Gl 202 T ShAet Alnsrm = s A Anelq o 4 glko] BEAL &
$o]- e g} 71 2730 ofs) F4bd ] Erio] Eapr} o] e Aefol7] whiel 471 H<] Prlol A E5t U]
o] 1454 0 & Sflofof & A0 % AR

_4

o] b= FR (IR & g HgAM) o] Al 0 2t At He] 2| kS HoF -3 ATI(NO. 2019R1F1A1048854).
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