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Abstract

South Korea’s mining industry was actively developed until 1980, but subsequent declining profit-
ability forced many mines to close. Most of the abandoned mines are susceptible to persistent subsi-
dence because of the length of time since mining ceased. Accurate prediction of the locations and
times of subsidence is difficult; therefore, this study aims to apply continuum analysis to past cases of
subsidence to establish a method of predicting the location and magnitude of future subsidence. The
study area is an area of OO mining located between the Yangsan fault zone and the Moryang fault
zone, in which three subsidence events occurred between 2005 and 2009. Drilling surveys and elec-
trical resistivity surveys were performed at subsidence sites determined the distribution of strata, and
through laboratory tests obtained the physico-mechanical properties of the rock. Numerical analysis of
the results found that the plastic status area includes the areas of actual subsidence and that continuum

analysis can also be used to predict the location and magnitude of subsidence caused by mine goaf.
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Fig. 1. Geological map of the study area where field surveys and sampling were conducted at four subsidence points
(modified from Lee and Kim, 1964).
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Fig. 2. Locations of subsidence areas near the OO mine.
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(a) Subsidence 1 (b) Subsidence 2 (c) Subsidence 3

Fig. 3. Photographs of areas of subsidence caused by goaf of the OO mine.

Table 1. Magnitude of subsidence near the OO mine

Subsidence area Length (m) Width (m) Depth (m)
1-A 25 8 1.5
1-B 12 6 2.5
2 7 5 2.5
3 2 1.5
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Fig. 4. Resistivity survey lines near the OO mine.
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Fig. 5. Results of resistivity surveys near the OO mine.

Table 2. Summary of resistivity surveys near the OO mine

Survey Anomaly distribution
line  Station (m) Depth (m)
RE-1  135~165

Cause

0~60 Distribution of low-resistivity zone by 0 adit (108.3 ML) from the ground surface to ~60 m depth

Line (L=30)
RE-2  120~150 040 Distribution of low-resistivity zone by 0 adit (108.3 ML) from the ground surface to ~40 m depth
Line (L=30) Distribution of little low-resistivity zone by 1 adit (70.8 ML) from ~40 m to ~80 m depth

RE-3  120~135

Line wL=15) 0~30  Distribution of low-resistivity zone by 0 adit (108.3 ML) from the ground surface to ~30 m depth
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Fig. 6. Locations of drilling survey sites near the OO mine.

Table 3. Characteristics of drilling surveys near the OO mine
No. Coordinates Elevation Drilling direction

X Y (m)

B-1 197,904.13 202,339.35 144.0 Vertical drilling
B-2 197,905.12 202,334.79 144.0 Vertical drilling
B-3 197,859.11 202,319.42 146.7 Vertical drilling
B-4 197,852.16 202,310.26 150.1 Vertical drilling
B-5 197,856.69 202,319.85 147.2 Vertical drilling
B-6 197,874.44 202,308.21 147.0 Vertical drilling
B-7 197,899.06 202,332.40 144.0 Vertical drilling
B-8 197,881.84 202,321.87 145.0 Inclined drilling
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Table 4. Results of drilling surveys near the OO mine

No. Stratum (ground level, -m) Drilling depth
Soil Weathered rock Soft rock Hard rock Distribution of cavity (m)
35.1~37.1
B-1 0.0~4.5 4.5~6.7 6.7~14.3 14.3~60.5 60.5-67.0 67.0
B-2 0.0~4.0 4.0~9.7 9.7~11.5 11.5~40.0 35.7~40.0 40.0
B-3 0.0~9.0 9.0~12.0 12.0~40.0 - - 40.0
B-4 0.0~12.0 12.0~13.4 13.4~41.9 - 40.3~41.9 41.9
B-5 0.0~12.0 12.0~12.7 12.7~42.5 - 32.4~42.5 42.5
B-6 0.0~1.0 1.0~-2.5 2.5~19.0 19.0~40.9 34.6~39.7 40.9
B-7 0.0~2.0 2.0~3.0 3.0~16.0 16.0~37.0 - 37.0
B-8 0.0~0.5 - 0.5~18.5 18.5~48.0 - 48.0
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Fig. 7. Rock quality designation (RQD) and cavities for boreholes B-1 to B-8.
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Fig. 8. Image of a cavity (depth 34.9~39.7 m) in the B-6 borehole from BIPS logging.
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Table 5. Measured physical properties and uniaxial compressive strength (UCS)

No. Depth (m) Unit weight (kN/m?) Elastic modulus (GPa) Poisson’s ratio UCS (MPa) Rock type

B-1 51.0~51.2 27.84 46.86 0.21 167.3 Hard rock
B-4 32.5~32.7 26.02 24.62 0.24 113.6 Hard rock
B-5 22.9~23.1 26.27 18.01 0.25 70.5 Soft rock

Table 6. Results of triaxial compressive tests

Triaxial compressive test

No. Depth (m) - — Rock type
Cohesion (kPa) Friction angle (°)

B-1 51.2~51.6 29.7 527 Hard rock

B-4 32.1~32.4 18.7 474 Hard rock

B-5 23.9~24.4 14.2 443 Soft rock
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Table 7. Input data for numerical analysis

Stratum Unit weight Friction angle Cohesion Elastic modulus Poisson’s ratio
(kN/m’) ) (kPa) (GPa)
Soil 19 30 0 0.03 0.4
Soft rock 24 35 1,000 1.0 0.3
Hard rock 26 40 2,000 1.5 0.25
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Fig. 9. Map showing the locations of cross sections for studying subsidence and mining distribution.
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Fig. 11-2 7}

S S A A BEE R Ui Zlolm, o] L 1sloll 4 A e A5 ST
oG] et 700 24 AR ofgt ARISH: 3704 Hgel AR 24 e 5004

Hto] 4 9] 9 9135 Bl sk, 2k A5 0] 24 AARAE Ueh b Hee dsixiete] v
= 9o Az Ae] Ak Yep s wAlsd,

Subsidence 6il]

Subsidence e
il
_ﬂ_f“,//// Subsidence / Slmj?ﬁo /élsoﬂ rock _)ﬁw /&mlg 1P
Soft rogk _// [P _/——g/ */‘:_‘\/ Hard rock Hard rock
Hard rock Soil _ — -
“ \\-B‘fr'o/ : f\ Goaf J
K\ . ) I\ \L ‘0 adit
| 0 adit Hard rock ,J\_—S\ 0 adit '—‘1_0 adit
Goaf \ —\’
oa Goaf \\\\ Goaf \\ j\\
o \ g
0 34 adit 4\1 adit =1 adit = 1 adit
I
2 adit — — 2 adit == 2 adit = 2 adit
(a) Sectiona-a' (b) Section b-b' (c) Section c—c' (d) Sectiond-d'
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Table 8. Magnitude of subsidence near the OO mine

Section Measurement Plastic zone of numerical analysis
Width (m) Depth (m) Width (m) Depth (m)
a-a' 4 2.5 10 5
b-b' 7 2.5 3 2.5
c-c' 12 1.5 20 2.5
d-d' 6.5 1.5 15 2
2
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