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Analysis of Subsidence Mechanism and Development of Evaluation Program

Sung O. Choi, Yang-Sco Jeon, Eu-Sup Park, Yong-Bek Jung, Dae-Sung Chun

Abstract Surface subsidence which occurs with several reasons, such as collapse of gangway, discharge of
groundwater, compaction of weak rock mass, and tunnel excavation in shallow depth, gives rise to a serious problem
in national infra-structures. In this study, therefore, the mechanism of subsidence has been examined numerically
to overcome the passive approach on subsidence occurrence area. With many kinds of numerical studies, the major
geotechnical parameters have been selected and the weighted values Have been defined for each parameters. Also
the authors developed the numerical program which can estimate the possibility of subsidence occurrence, and
proposed the decision method for objective and quantitative guideline. It is anticipated that this research will be
helpful to establish the hazard map on subsidence region.
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Table 1. Surface subsidence trends according to the mining methods
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Mining method & subsidence trends

Tllustrations

Slant chute caving;
very irregular sinkhole type subsidence, difficult to predict
its occurrence

Sub-level caving;
stair-type subsidence in surface,
cracked zone accompanied by surface subsidence

S i,
=3

Top-slicing;
sequential subsidence from surface by tension crack,
the range of subsidence is dependent on the properties
of rock mass

| beng section
i

Cross caction through end anft

Block caving;
circular subsidence and sinkhole occurrence,
the range of subsidence is dependent on the angle of draw

o surface

Room and pillar;
sinkhole happens mainly above the intersection of room
and room,
saucer-shaped depression,
possible to continue for several years

Longwall mining;
trough in wide range,
predictable subsidence in surface,
relatively short in subsidence occurrence period
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Fig. 1. Recharge and discharge of ground water (USGS,
1999)
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Fig. 2. Schematic diagram for aquifer system explaining the
effective stress theory(USGS, 1999)

Table 2. Decision of soft ground by the N values
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Fig. 3. Present states of utilization of ground water per unit
land(KARICO, 1998)

Sandy soil Clay
. . Uniaxial compressive strength,
N relative density (%) gu(kg/emd) N value hardness
0~ 4 very loose (15) €025 <2 very weak
025 ~ 05 2 ~ 4 weak
4 ~ 10 loose (15~35)
05 ~ 1.0 4 ~ 8 moderate
10 ~ 30 moderate (35~65)
1.0 ~ 2.0 8 ~ 15 hard
30 ~ 50 fast (65~85)
50 o] A} very fast (85~ 100) 2.0 ~ 4.0 15 ~ 30 very hard
° > 4.0 > 30 extremely hard
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Table 3. Case histories on the surface subsidence and reinforcement
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Table 4. Major factors affecting the surface subsidence
classification | shape of mine cavity in-situ stress rock mass properties|  discontinuity groundwater
thickness of mine magnitude of elastic normal groundwater
cavity(M) stress modulus( £ ,,) stiffness (k%) level
depth from Poisson's ratio shear stiffness
surface(h) Kovalue (K) (v (k9
influence dth of
factors . widt ,O cohesion (¢ ,,) cohesion (¢ ;)
mine cavity(W)
friction angle friction angle
(¢ (¢
density (p)
Table 5. Input parameters for numerical analysis in FLAC
h W K E, Cm b v M
factors
(m) (m) (MPa) (MPa) ) (m)
150 40 0.5
200 60 1
input value 6,758 0.625 30 0.22 2.5
400 80 1.5
100

Fig. 5. Maximum and minimum principal stress distribution
around horizontal gangway, obtained from FLAC
analysis
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(a) Entire model

Fig. 10. Basic model for PFC analysis

Table 6. Input data for PFC analysis

(b) Zoom-in for mine cavity

shear bonding

density friction normal stiffness | shear stiffness | normal bonding
(kg/m') coeff. (N/m) (N/m) strength (N) strength (N)
rock mass 2700 0.7 1.0e8 1.0e9 1.0e7 1.0e8
- - 1.0e3 1.0e3

discontinuity - 0.0
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(a) Sm depth

(c) 15m depth

(d) 20m depth

Fig. 11. Distribution of contact force and trend of gangway collapse with its different depth

Table 7. Surface subsidence trends for different depth of mine cavity

Case effect on surface subsidence trend hanging wall
Sm depth very severe sinkhole collapse
10m depth severe sinkhole+trough collapse
15m depth weak trough partially collapse
20m depth weak trough partially split
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Table 8. Surface subsidence trends for different shape of mine cavity

Case effect on surface subsidence trend hanging wall
10mx5m severe sinkhole+trough collapse
Smx5m weak possibly trough partially collapse
Smx10m moderate possibly trough and sinkhole severely collapse

(a) 10m x 5m

(¢) 5m x 10m

Fig. 12. Distribution of contact force and trend of gangway
collapse with its different shape
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factors £ ,(GPa) v ¢ .{MPa) ¢, groundwater (m)
basic model 20 0.22 1 30 -
80 0.2 - 226 50 0
60 0.23 13.7 45 -50
40 0.26 8.3 40 -100
input values 20 0.29 5.1 35 -150
2.8 0.32 3.1 30 -200
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Fig. 13. Maximum subsidence developed with the change of each parameters
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Table 10. Input parameters for discontinuum analysis
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Save [eti] i [Easte ) ) ASE S
parameters value Save a5 ] gm odel i o ats BSE
. . Brint Ctrab -
cohesion (J_cohesion) 0.1 MPa  Printar soup
A L. ° Preference T
friction angle (J_friction) 30 e
. h Bl
normal stiffness (JKN) 1.0e10 N/m L e
shear stiffness (JKS 1.0e10 N/m .
st UKS) / Fig. 14. Structure of program SEPA

Table 11. Maximum subsidence developed with the change of each parameters for discontinuity

JKN (N/m) lel0 5e10 10e10 50e10
max. subsidence (m) 0.3254 0.0958 0.0963 0.01436
JKS (N/m) lel0 5el0 10e10 50e10
max. subsidence (m) 0.3254 0.0958 0.0963 0.01436
J_cohesion (MPa) 0.1 1 10 100
max. subsidence (m) 0.3254 0.3186 0.2016 0.1902
J_friction (deg) 30 40 50 60 70
max. subsidence (m) 0.3254 0.3484 0.3568 0.3556 0.2391
J spacing (m) 10 15 20 30
max. subsidence (m) 0.3254 0.2144 0.3033 0.2057

Table 12. Sequence of major input parameters in subsidence, and its weighted value

analysis method

weighted value

[elastic modulus] > [groundwater] > [cohesion & friction angle] > [Poisson's ration]}

continuum

analysis weighted

value

- cohesion & friction angle: 0.75,
- Poisson's ratio: 0.38,

- groundwater: 4.12,

- elastic modulus: 93.38

discontinuum
analysis

[normal/shear stiffness of discontinuity] > [cohesion] > [friction angle]
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Table 13. Input and output parameters for SEPA
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Table 14 & A4 A8E AAY ZdE A&
3lo] A&t AR A, oAkl 79 RMSE(Root
mean square error)= 0.00179 mZA Bt LXPEY

Parameter Description Range Unit
X1 Overburden height, z 0 ~ 1000 m
X2 Width of cavern, W 0 ~ 1000 m
X3 Height of cavern, h 0~ 100 m
X4 K-ratio, k 0~35 -
Input X5 RMR 0~ 100 -
X6 Shear modulus(G) 0 ~ 10000 MPa
X7 Bulk modulus(K) 0 ~ 10000 MPa
X8 Cohesion, ¢ 0~ 10 MPa
X9 Friction angle, f 0~ 90 degree
Output Y1 Maximum subsidence, s 0~ 1 mv
Y2 Subsidence width, sw 0 ~ 5000 m
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Fig. 15. Results of studies on maximum subsidence as well as its range
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Table 14. Comparison between the targeted value and the predicted value

N Target ANN Output
3}
Smax (m) Srange (m) Smax (m) Srange (m)
1 0.019 250.0 0.0201 246.2
2 0.007 0.0 0.00672 0.0068
3 0.028 250.0 0.02611 249.3
4 0.016 250.0 0.01724 254.8
5 0.009 0.0 0.00763 0.021
6 0.013 117.5 0.01372 191.6
7 0.040 250.0 0.03994 250.6
8 0.011 67.5 0.01556 89.19
9 0.019 117.5 0.01889 108.3
10 0.019 87.5 0.01821 78.24
RMSE = 0.00179 24.84
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{ V= -0.06730"X.2.02687 l
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Fig. 16. Results of prediction on maximum subsidence as well as its range
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