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“Mine subsidence is the downward movement of the 
ground surface due to gravity in response to a loss of 
support at mine level.  The ground surface and 
whatever is constructed upon it is supported by a 
structural system that comprises the overburden (the 
soil-mantled sequence of rock strata situated between 
ground surface and mine level), the coal pillars, and 
mine floor.  Excessive deformation or failure of one or 
more of these components over time can result in mine 
subsidence.” (Bruhn et al., 1995). 



Types of Subsidence (modified from Bruhn et al, 1978)



Trough subsidence above a longwall mined area at a 
depth of about 1,000 feet in southwest Virginia.  Note 
the sagging and deformed guide rail and replacement
of pavement.



Sinkhole filled with junk above abandoned mine in 
the Pittsburgh Coal



Trough subsidence and caving of immediate roof 
resisted by a more competent main roof



Mine Layout



Room and Pillar Mine, Pittsburgh Coal, 1920’s 



First Mined Room in Early 1900’s (modified from Gates, 1990)



Retreat Mining Practice, Pittsburgh Coal, 1920’s

(RI 3113, 1931)



Portion of Mine Map Indicating Retreat Mining



Haulageway in early 1900’s (Modified from Gates, 1990)



Potential Subsurface 
Conditions



View of fracturing possibly indicating trough 
subsidence above abandoned mine workings in the 
Pittsburgh Coal



Gob being placed into a mined area (Crowell, 1995)



Summary of Potential Subsurface Conditions



Sinkholes



Potential Height of Sinkhole Formation
(modified from Piggott and Eynon, 1977)



Troughs



Subsidence Profiles – Critical Width

(modified from Gray and Bruhn, 1984)



Subsidence Profiles – Supercritical Width

(modified from Gray and Bruhn, 1984)



Subsidence Profiles – Subcritical Width

(modified from Gray and Bruhn, 1984)



Example Calculations



Consider a site underlain by abandoned mine 
workings in the Pittsburgh Coal.  The mine map is 
available.  The following information was developed 
from a subsurface investigation



Example Calculations
• General

The mined height, m = 8 feet
The immediate floor consists of is up to 8.2 feet of underclay, which has a 
cohesion strength, C1, of 2 tsf
The immediate roof consists of claystone, and it has collapsed
The main roof is intact
The soil zone is 10 feet thick
The percentage of hard rock is 70%.

• First Mined Areas
Voids were encountered at mine level and below the main roof.  
The total overburden HT = ground surface elevation – mine roof elevation = 
1047.6 [939.6 + 8 feet] = 100.4 feet where 939.6 is the elevation of the mine 
floor from the mine map and the 8 feet is the mined height that needs to be 
added to the floor elevation to get the mine roof elevation. 

• Retreat Mined Areas
Voids were encountered below the main roof.  
The total overburden HT is 150 feet
Remnant pillars remain in retreat mined areas.



Mine Map for Example Calculation

Pw=31 ft

PL=41 ft

50 ft

55 ft

Pillar 1 Calc



Tributary Area 
Method

Where 

WE = Width of Entry

PL = Pillar Length

PW = Pillar Width

(Bruhn and Turka, 1986)



1. Calculate the Bearing Capacity of Pillar 1



1. Calculate the Bearing Capacity of Pillar 1



Punching of narrow split pillar into underclay



2. Calculate Crushing Strength of Pillar 1



3. Determine Potential Height of Sinkhole Formation



4. Determine Maximum Subsidence in the Retreat     
Mined Area



The Subsidence Factor, a

• can be 
calculated 
several ways

•is a function 
of mine width 
to depth and 
percent 
hardrock in 
overburden



4. Determine Maximum Subsidence in the Retreat     
Mined Area



5. Check Critical Width, Wc



6. Determine Subsidence Profile



Function Values for Estimating Subsidence Parameters 
Along the Trough Profile for the Negative Exponential 
Function:

• Subsidence
• Slope
• Curvature  
• Horizontal       

Displacement 
• Strain

S(x)=SMAX(fSubsidence)



Full Trough Subsidence Profile
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Comments of Subsidence Assessment
• First Mined Area

If enough pillars can fail by punching, trough subsidence 
could occur in this area.
The ground surface is just above the predicted height for 
sinkhole formation.  However, due to the caving of the 
immediate roof, the height for sinkhole formation could 
increase, since the void height (mined height, m,) has 
increased and the roof fall materials provide no support.

• Retreat Mined Area
Trough subsidence can occur, since the main roof is still 
up and remnant pillars remain.
Smax = 1.8 feet
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