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A Study on the Evaluation Method of Subsidence Hazard by
a Diffusion Equation and its Application

Dong-Woo RYU, Joong-Ho Synn, Won-Kyong Song, Tack-Kon Kim and Joon-Young Park

Abstract Surface damage due to subsidence is an inevitable consequence of underground mining, which may be
immediate or delayed for many years. The surface damage due to abandoned underground mine is observed to
be two subsidence types such as simple sinkhole or trough formation to a large scale sliding of the ground from
with in the subsided area. An evaluation of the risk of a subsidence occurrence is vital in the areas affected by
mining subsidence. For a subsidence prediction or a risk evaluation, there has been used various methods using
empirical models, profile functions, influence functions and numerical models. In this study, a simple but efficient
evaluation method of subsidence hazard is suggested, which is based on a diffusion theory and uses just information
about geometry of caving and topography. The diffusion model has an analogous relationship with granular model
which can explain a mechanism of subsidence. The diffusion model is applied for the evaluation of subsidence
hazard in abandoned metal and coal mines. The model is found to be a simple but efficient tool because it needs
information of geometry of caving and gangway and the topography.

Key words High in-situ stress, Slabbing, Spalling, Brittle failure
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Fig. 2. Conceptual figure for stochastic model of mining
subsidence

Table 1. Influence factors of subsidence (Kim and Moon, 2001)

Beginning of caving

Development of caving

Surface subsidence

* Mechanical properties of ground
+ Groundwater flow

+ Geological structure

+ Mining method

+ Extraction ratio

* Back filling

* Mechanical properties of ground
* Groundwater flow

* Geological structure

* Bulking factor

* Extraction ratio

* Mining depth

+ Height of stope

+ Mining activity area
- Age of mine

... 8 B

Stage 1
Initial failure of roof in mined out
rooms of stable pillar layout

Stage 2
Shear failure of immediate
strata above pillars

Stage 3
Strata failure over pillars allows shear
cones to form and tendency for broken
rock to extrude/fall into mine rooms

Fig. 1. Development of general surface subsidence depression over abandoned room and pillar mine workings (Whittaker

and Reddish, 1989)
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Table 2. Analogous relationship between diffusion model
and granular model

Diffusion model Granular model
density displacement probability
diffusivity influential range
time depth
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Fig. 4. Procedures for modeling of subsidence hazard
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(a) abandoned metal mine

(b) abandoned coal mine

Fig. 5. Digital reconstruction of 3-D gangway networks

(a) abandoned metal mine (b) abandoned coal mine

Fig. 6. Construction of subsidence hazard maps
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Fig. 8. Demonstration of detailed subsidence hazard map
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