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Abstract - Numerical analyses is using Phase 2.8 program performed study the effects of overburden properties and opening 
depth on the subsidence configurations under sub-critical condition.  The computer simulation results indicate that the 
maximum subsidence decrease with increasing roof thickness.  The maximum subsidence is constant if the roof 
thickness-to-opening width ratio are more than 0.4. The trough width decreases with increasing elastic moduli of overburden 
and decreasing opening depths. 
 
Keywords - Surface Subsidence, Trough, finite element, overburden stratum 

 
I. INTRODUCTION 
 
Surface subsidence due to underground mining can 
impact the environment and surface structures within 
the mine area [2].  In practice, the mining processes do 
not allow collapse of the underground opening, the 
overburden however may deform and move due to 
mine extraction.  In this case, the surface subsidence 
deformation does not exceed the critical point, referred 
as sub-critical condition.   
 
To minimize the adverse impacts of subsidence a 
reliable prediction is essential.  Several parameters 
affect the magnitude and extent of subsidence that 
occur due to underground mining [3]-[7].  The 
observed data and theoretical research demonstrated 
that the subsidence of underground mining is related 
with the following factors: mining depth, mining 
thickness, degree of extraction, methods of working, 
near-surface geology, physical and mechanical 
properties of overburden strata and ore seam [8-10].   
 
Overburden strata and ore seam properties is one of 
the important factors that can affect the surface 
subsidence characteristics [8].  Most researchers tried 
to correlate the subsidence characteristic (maximum 
subsidence and angle of draw) with overburden strata 
and ore seam properties for underground mining under 
sub-critical, critical, and super-critical conditions 
using physical and numerical methods [11]-[13].   
 
These are research considered the overburden strata to 
be homogenous and only one type of overburden rock.  
Multi-layers of overburden rock strata and the 
difference in their mechanical properties are not 
emphasizing as the key parameter for the study.  Even 
though numerous studies have been carried out to 
analyze and simulate the surface subsidence as 
affected by configurations of underground opening, 
rare attempt has been made to assess the effects of 
overburden properties, in particular, modulus of 
deformation (for sub-critical condition).The objective 

of this study is to determine the relationships between 
the deformation modulus (E) of the overburden with 
the subsidence components (angle of draw ) and 
subsidence magnitude (Smax)).   
 
The tasks involve performing numerical simulations 
and to determine the relationships above. The effect of 
overburden inter-layer is also studied. 
 
II. NUMERICAL SIMULATION  
 
The finite difference method program – Phase 2.8 [1] 
is used to simulate the surface subsidence profiles 
correlated with the overburden properties and 
underground opening configurations because of 
simplify of geometry creation.   
 
The results are represented in term of the maximum 
subsidence (Smax), angle of draw () and limit trough 
width (B).  The limit trough width can be readily 
derived using a predefined subsidence limit with 1% 
of the maximum subsidence.  
 
III. MESH MODELS 
 
To cover the entire range of the opening dimensions, 
over 8,000 meshes with uniform mesh and three noded 
triangles element types have been constructed to 
obtain accurate simulation results.  The analyses are 
performed in plane strain condition. The distance 
between the left and right boundaries edges from the 
center is 1010 m.   
 
The left and right boundaries are fixed in the x-axis, 
and the bottom boundary is fixed in the x, y – axis.  
The upper boundary can move freely in both 
directions, where D is the depth of opening, Smax is the 
maximum subsidence, B is the limit trough wide, is 
the angle of draw, W is the width of opening and H is 
the height of opening, t is the thickness roof of opening 
(Fig. 1). 
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Fig. 1 Variables used in numerical model simulation 

 
IV. MATERIAL PROPERTIES 
 
The influence of the variant overburden strata and roof 
thickness (ti) on surface subsidence is studied here.  
The elastic modulus and density (Table I) of the 
overburden selected in this study represent four 
different rock sequences in the northeast of Thailand 
where most salt mines have been developed.  The 
model simulation as shown in Fig.2. The average 
modulus (Eavg) and density ( avg) are calculated as 
follow: 
 

/      (1) 
/      (2) 

 
when ti is thickness of rock unit from above 
calculation, the average elastic modulus is 7 GPa and 
the average rock density is 2,360 kg/m3.  The 
measurement results are presented in terms of the 
maximum subsidence (Smax) and trough width (B). 
Figure 3 compares the results obtained from the 
modelling of variant E of overburden strata (Eeach) 
with those of the modelling of average E of 
overburden (Eavg).  Two models show virtually 
identical relation (trends) between subsidence 
components and the opening configurations, 
especially when the t/w ratios are beyond 0.4. The 
maximum subsidence decreases with increasing roof 
thickness. The maximum subsidence are constant, 
when the roof thickness-to-opening width ratios are 
more than 0.4. 
 

 
Table I Estimation of average density (ave) and average 

elasticity (Eave) for the study (Fig.3). 

 
Fig. 2. Variables used in numerical model simulation 

 

 
Fig. 3 Normalized maximum subsidence as a function of 

normalize roof thickness 
 
V. EFFECT OF ELASTIC MODULUS   
 
Studying the effect of elastic modulus of overburden 
on subsidence limit characteristics has been carried 
out using a finite difference method program.  The 
elastic modulus of overburden (roof of opening (Eob’)) 
are 0.1, 0.5, 1, 5, and 10 GPa and the elastic modulus 
of ore is constant as 1 GPa. Figure 4 shows boundary 
condition for this study.  The simulations are 
performed in plane strain condition.  Figure 5 shows 
normalized maximum subsidence (Smax/H) as a 
function of normalized roof thickness (t/w) under 
various elastic modulus of ore ratios (Eob/Eob’) from 
0.1 to 10 GPa.  The results indicate that increasing of 
elastic modulus of the overburden reduce the values of 
maximum subsidence (figure5 and 6).  The 
observation also agrees reasonably well with those 
obtained by Yao et al. [8] and Sartkaew et al. [12]   

 
Fig. 4 boundary condition for simulation 
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Fig. 5 Normalized maximum subsidence as a function of 

normalize roof thickness 
 

 
Fig. 6 Normalized limit trough wide as a function of normalize 

roof thickness 
 
VI. EFFECT OF OPENING DEPTH 
 
The computer simulation is performed to investigate 
the effects of opening depth.  All cases are simulated 
under constant opening height at 8 m and opening 
width at 20 m. The depths of opening (D) are 80, 180, 
280, 380, and 480 m (Fig.7).  The results show that 
increasing of the opening depth would reduce the 
values of maximum subsidence (Fig.8 and 9).  This 
agrees with the postulation given by Singh [14] which 
suggests that under sub-critical subsidence condition 
the angles of draw tends to be constant and the 
maximum subsidence sensitive to opening height, 
depth. 

 
Fig. 7 boundary condition for simulation 

 
Fig. 8 Normalized maximum subsidence as a function of 

normalize opening depth 
 

 
Fig. 9 Normalized limit trough wide as a function of normalize 

opening depth 
 

VII. CONCLUSION 
 
From the above analysis the following conclusions can 
be draw: 
1. The maximum subsidence decreases with 

increasing roof thickness. When the roof 
thickness of opening-to-width of opening (t/W) 
are more than 0.4 times, the opening width and 
maximum subsidence will be constant. 

2. The main factor controlling the maximum 
subsidence are overburden properties and the 
opening depth, the function of elastic modulus of 
overburden to elastic modulus of ore ratio 
(Eob’/Eore). 

3. The maximum subsidence decreases with 
increasing opening depths. Conversely, 
decreasing of opening depth tend to increase the 
extent of surface subsidence. 

4. A function of elastic modulus of overburden to 
elastic modulus of ore ratio (Eob’/Eore) increase in 
the overburden tends to decrease the extent of 
subsidence at the surface.                                            
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