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Abstract.--Damages to surface structures and ground 
surface above abandoned mine lands have been round in many 
regions of Pennsylvania and West Virginia. Many oases of damage 
can be attributed to abandoned mine failures or some other known 
causes. However, in cases the causes cannot be easily 
identified. Twenty cases of subsidence damage to dwellings have 
been investigated. Among them fourteen cases were determined to 
be abandoned m!ne·fa!lures based on the identification 
criterion developed in this research; three cases were due to 
differential settlement; two cases were due to soil piping or 
drainage problems; and one case was due to active mine 
subsidence. 

In this paper, the procedures of investigation and 
instrumentation applied to the case studies are described, The 
damage patterns, the location of sl!bsidence epicenter and the 
severity of damage derived from the information collected are 
illustrated. The results obtained from the instrumentation such 
as the inclinometer and Sondex measurements are discussed. 
Based on those intensive case studies some general.findings and 
trends are obtained. For instance, the basements of the 
dwellings likely are subject to more severe damage than the 
upper structures. These features are also discussed in detail 
in this paper. 

INTRODUCTION 

Damages to the ground surf_ace and surface 
structures above abandoned coal mine lands have 
affected about 2 million acres in 30 states 
(Johnston and Miller, 1979). This problem appears 
to be the most severe in Pennsylvania, Illinois, 
and West Virginia (HRB - Singer, Inc. 1977), 
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App·roximately 57% of the total subsidence prone 
areas in the u.s. are located in Pennsylvania and 
West Virginia (Johnston and Miller, 1979), These 
damages can be attributed to mining-related or 
nonmining-related causes. Federal abandoned mine 
subsidence remedial program and private insurance 
companies subsidence insurance policies only take 
care of mining-related subsidence. For purposes of 
damage compensation and underground stabilization, 
it is essential to identify the real causes of the 
damages. In order to identify the real causes of 
the damages, the damaged features associated with 
each possible cause and the mechanism of each 
damage feature should be well understood. 

Twenty cases of subsidence damage to 
dwellings were investigated. Among them fourteen 
cases were due to abandoned mine failures; three 
cases were due to differential settlement of 
backfilled materials; two cases were due to soil 
piping or drainage problems and one case was due to 
active mine subsidence (Peng and Hsiung, 1986 and 
1987), Based on the subsidence features five of 
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the twenty cases were pothole subsidence and the 
remainder were sag or trough subsidence. 

In this paper the approach and procedures of 
the investigation will be briefly discussed. The 
instrumentation will be reviewed. The data from 
some of the cases will be briefly discussed. The 
damage to the ground surface and structure, the 
links between the ground movement, ground damage 
and structure damage will be discussed and 
analyzed. 

APPROACH AND PROCEDURES 

The approach and procedures for the study of 
subsidence over abandoned mine lands have been 
established by the AML subsfdence research group in 
WVU, Mining Engineering Department. Time is 
essential because the damaged conditions may be 
disturbed and the exposed features may disappear. 
Therefore, a site investigation is always the first 
step for AML subsidence research because most of 
the information must be collected from the 
subsidence site, especially during the first time 
reconnaissance. For most cases the causes, damage 
pattern, and the status of ground movement can be 
determined by the obtained information. The 
information mainly consist of six categories such 
as: (1) general information, (2) structure 
information, (3) surface condition, (4) geological 
information, (5) geom_etry and characteristics of 
the subsidence, and (6) mining activity. Each 
category will consist of several sub-categories. 
In order to make sure that a complete set of 
information can be collected a site investigation 
checklist has been developed by this research 
group. Table 1 is a site investigation checklist 
(Peng and Hsiung, 1987) which provides a guideline 
for inspectors to collect a complete set of 
information during the site reconnaissance. 

With the data collected from a site 
investigation, a hypothesis should be established 
to clear up the logic and narrow down the number of 
possible causes. In order to determine the cause 
of the damage, the cause identification system with 
an identification list (Table 2) (Lin et al., 1987; 
Peng and Hsiung, 1987) have also been developed by 
this group to evaluate the most possible cause. If 
the cause cannot be determined due to insufficient 
data, an in-depth exploration should be adopted. 

An in-depth exploration mainly consists of 
surface and subsurface measurements and 
instrumentations including surface survey, borehole 
TV camera examination, crackmeter, inclinometer and 
Sondex settlement measurements. The results can be 
used to determine the cause(s) of the damage, the 
direction and magnitude of movements, and help to 
design a better remedial program. 

GROUND SURFACE DAMAGES DUE TO SUBSIDENCE 

When subsidence occurs several types of ground 
damages will be induced. The most common damages 
are depressions, cave-in pits, ground cracks, and 
compression ridges. The ground depression is 
associated with trough or sag subsidence. Its 
mining-related callses are pillar and floor 
failures; non-mining-related causes are 
differential settlement on the backfilled area, 
fluid withdrawal and organic soil drainage, A 
ground depression is a gentle settlement over a 
broad area which may range from a few tens of feet 
to hundreds of feet in diameter while the depth of 
depression ranges from 2 to 4 feet for mine 
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subsidence. The depth of the depressions due to 
non-mining~related causes is relatively unknown but 
a 30-feet depression has been reported due to fluid 
withdrawal (Christian and Hirschfeld, 1974), 

The cave-in pits are most likely associated 
with potholes, sinkholes or chimney subsidences. 
Their mining-related cause is roof failure while 
the non-mining-related causes are limestone 
solution and soil piping, The newly developed 
cave-.in pi ts are likely to be steep-sided with 
straight or bell-shaped walls depending on soil 
type. The diameter of cave-in pits ranges from 2 
to 40 feet but most of them are less than 16 feet 
in mine subsidence (DuMontelle and Bauer, 1983). 
The depth of cave-in pits is about 6 to 8 feet for 
mining-related cases and the coal seams are less 
than 165 feet deep (Bauer and Hunt, 1981), For the 
non-mining-related cave-in pits, the.diameter 
ranges from a few feet to 10 thousand feet and the 
depth ranges from a few feet to 90 feet (Newton, 
1984). All the pothole subsidence cases 
investigated in this research showed that the 
diameter of the holes ranged from 2 to 19 feet; the 
depth was about 2 to 17 feet; and the coal seam was 
about 20 to 60 feet .deep (Peng and Hsiung, 1986). 

The ground cracks which occur at the margin of 
the depression and cave-in pits are the result of 
convex bending and are associated with the 
stretching of the ground surface. Generally, the 
ground cracks at the margin Of the depression and 
cave-in pits indicate the location of the maximum 
tensile strain (peng, 1987). Beyond this maximum 
tenSile strain zone, structures and ground damages 
are u·suallY minor or nonexistent. Therefore, a 
subsidence damaged area can be determined by 
locating the ground cracks. In general, ground 
cracks are wider, more abundant and extensive near 
cliffs and steep terrain than they are in flat or 
gently rolling topography. Moreover, ground cracks 
are more often located at the asphaltic pavement 
than that at soil zone since asphat is more brittle 
than soil and can take less stress. Figure 1 
shows that a ground crack was about 2 inches·wide 
across through the width of the asphaltic road but 
the crack did not develop at the soil. 

Fig. l Crack developed on the asphaltic 
road but did not develop on the 
shoulder (soil zone) 



Table t .--Subsidence Investigation Checklist, 

t. General Information 

A. Name(sl: _________________ _ 

B, Address(es): _________________ _ 

C. Location: (See Fig.) ______________ _ 

D. Date or initial occurrence ___________ _ 

E, Date or investigation _____________ _ 

2. Structure Information 

A. Background and history or the problems 

(a) History or damage ______________ _ 

(b) History or similar events In the vicinity ___ _ 

(c) Age of structure, ______________ _ 

B. Type or construction and material 

(a) Type of house: with slab __ with crawl space __ 

with full bssement ___ or partial basement __ _ 

(b) Type of construction and material: rramO ____ _ 

brick, _____ brick veneer ____ _ 

concrete block ____ stone veneer __ _ 

c. Damage description (with drawings or photographs) 

Ca) 1st Floor: ceiling, ____ rloor ____ _ 

utllity _____ .internal wall _____ _ 

external wall, ______ _ 

(b) 2nd Floor: celling, _____ ,floor ____ _ 

utility internal wall 

external wall 

(o) Basement: celling floor 

Utility internal w'1l 

external wall 

D. Drainage system (with drawing) 

(a) Downspout discharging points and conditions 

(b) Location and condition or sewage/water lines 

3. Surface Conditions 

A, Topographic features (with tophographlc map) 

(a) Landform: flat ___ slope ___ dlp ___ l 

direction ___ natural ground ___ backflll __ 

(b) Special features (e.g. highwall, road out, creek, 

pond, etc.)·----------------

B. Soll 

(a) Type or soil. ___________ _ 

(b) Conditions of top soil: dry ___ damp __ _ 

saturated ___ coarse-grained __ _ 

medium-grained ____ fine-gralnedc__ ___ _ 

(c) Specific characteristics ________ _ 

c. Local drainage, springs, and any water problems __ _ 
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~. Geological lnfor111ation 

A. Surraoail geology 

(a) Geological map: yes(included) __ ao __ source 

Cb) Major rock type ______________ _ 

(c) structure patterns: raults ___ strike ___ dlp __ 

joints ___ strike __ dlp __ stepsc__ ___ _ 

(d) Hydrological information: elevation of watertable 

-----~status of aquifer _____ _ 

B, Borehole infor111atton 

(a) Borehole(s): yes no source~~=====-(b). Core logging: ye-,-- _"'___ source 
5. Geometry and CharacterlstTCSof the Subsidence 

A, Geometry of the subsidence 
(a). Type: sinkhole trough heave 

step ---,-rack----==- ---

(b). Size: diameter (or width) length 
depth inclination. _____ _ 

B. Location of the ground damage and the damaged Structure 

(with description, drawings and photographs, _____ _ 

c. Date or occurrence and its current status 

(a). Date of occurrence: ______________ _ 

{b). Status: stable unstable ___ unknown __ _ 
6. Mining Activity ----

A. Mining status and mining 111ethod 

(a). Status: active abandoned ___ unknown ___ _ 
date of mining ceased 

(b). Method: room and pillar '--~L'o0a0g,"•"l"l ___ _ 
Table 1 Subsidence""""fiivest!gation Chec.kllst (Cont'd) 

Strip ______ _ 

(c). Company name: _______________ _ 

a. Mine map and layout 

{a), Hap: available (attachedd) not available __ _ 
Unknown ---

{b). Mine layout: length ______ w.idth';;;;"";,:==== 
(cl. Seam: name thickness 

dept he_ ___ _ 

c. Location of mine workings vs surface subsidence and 
damaged structures (with drawing) 

Recorded by, ________ _ 

Date, ___________ _ 
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Compression ridges occur in the depression 
where the ground surface is ·subjected to concave 
bending and associated with shortening of the 
ground surface. Generally, compression ridges will· 
be located in the central part of the depression. 
The ground cracks and compression ridges sometimes 
are not visible when they are located in the soil 
zone, especially when the surface is covered by 
vegetation. Figure 2 shows a ground crack that can 
be seen in the barren ground surface but can not 
be seen in the grassy surface. Figure 3 shows the 
direction of the ground crack·change near the 
contact point of barren and grassy surfaces. 
Figure 4 shows a ground crack developed at the 
bottom and sidewall of a dug hole. The .crack did 
not reach the surface. As the results of these 
three cases demonstrated that the stress at the tip 
of the crack in propagation was less than the soil 
cohesion and roots binding forces. Crack 
propagation was either stopped or changes its 
direction to the weaker part of the soil. In 
addition, a Sf'.Ound crack may have been developed in 
the subsurface and cannot reach the ground· 
surface. Therefore, if the ground crack cannot be 
seen in the area it does not necessarily mean that 
a ground crack has not d~veloped. 

STRUCTURAL DAMAGE DUE TO SUBSIDENCE 

Structural damages due to subsidence range from 
slight to very severe. Some structUres may have a 
few hair-line cracks while others may have cracks a 
few inches wide. The damage severity is dependent 
upon (1) the types of ground surface deformation, 
(2) the type of stresses, (3) the type and size of 
structures, (4) the location of the structure with 
reference to the mine openings, (5) the material of 
the structUI'es 1 and (6) the type of foundation or 
strUcture attached to the ground. For instance, 
structures attached firmly into the ground are 
likely affected more by the ground movements. 

Fig. 2 Ground crack is stopped at the 
interface between barren and 
grassy surface shown by the 
arrow bead. 
(Blacksville Case) 
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Fig. 3 The direction of ground 
crack changes near the 
intersection of barren and 
grassy surface shown by the 
arrow heads. 
(Blacksville Case) 

Fig. 4 Ground cracks developed at the bottom and 
sidewalls Of a dug-hole but do not reach the 
sui-face. (Blacksville Case) 

Figure 5 shows that the two-story wood frame house 
was laid on the ground surface and was not 
subjected to subsidence damage even when the 
surface subsided for 4 feet. This house was 
located almost in the center of a longwall panel 
and was laid on the ground.surface without having 
basement or foundation attached into the ground. 
However, at the same panel another wood frame 
house with partial brick basement was subjected to 
damages (fig. 6) 1 although the house was located 
close to the edge of panel and the surface subsided 
for only 1 foot. 



Fig. 5 Two-story wood frame house laid on the 
surface was not damaged 

Fig, 6 A wood frame house with concrete block 
basement subjected to damage 

Damages to buildings can be divided into 
functional (structural) and cosmetic (achitecture) 
damages. The major functional damages are 
misalignment of windows, doors and walls, slanting 
floor, leakage in the roof, and breakage of utility 
lines. This type of damages may impair the 
function and usage of the structure. The major 
cosmetic damages are cracks along the mortar lines 
on the exterior and interior walls, cracks on the 
stone facing and plaster, separation of siding and 
frames, and cracks on the floor. This type of 
damages are more annoying than dangerous. Both the 
functional and cosmetic damages can occur 
separately or simultaneously based on the level of 
the damage source. For instance, a low level of 
vibration due to traffic or industry may cause 
cosmetic damage. But a high level of vibration due 
to blasting or earthquick will cause not only 
cosmetic damage but also functional damage and some 
times even cause the collapse of the structure. If 
a building have a basement, the deformation of the 
building due to subsidence most likely will be 
initiated from the foundation or basement and 
propagate upward to the upper structure. The 
foundation or the basement is likely to suffer more 
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severe damage than the rest of the building because 
the basement is directly subjected to the stresses. 
The damage are referred to the degree of the 
structure deformation not the repair cost. 

RELATIONSHIP BETWEEN GROUND DAMAGES AND 
STRUCTURAL DAMAGES 

Generally, the structural damages are 
associated with ground movements and the structures 
are assumed to move with the ground. However, 
there exists a resistance or friction, which is due 
to the weight of the strcture, between the 
structure and ground. Therefore, the ground 
movement cannot be entirely transmitted to the 
surface structures. Accordingly, several types of 
stresses such as axial, shear, and bending will be 
induced against the foundation of the structures or 
the structures directly. The axial stresses, 
either extension or compression, are caused by the 
horizontal movement. This type of stress will 
induce tensile and compressive damages to the 
structures. The shear stresses are caused by the 
friction between structure and ground. The bending 
stresses are caused by the vertical movement of the 
ground and will induce tilt and curvature damages 
to the structures. 

As discussed·earlier linear deformation is 
mainly due to nonuniform horizontal movement which 
will induce tensile and compressive damages to the 
structures. If a structure is subjected to tension 
the structure will be lengthened and open cracks 
will be induced along the joints and weak points 
such as the contact line between the windows, door 
frames and the walls. Figure 7 shows a typical 
example of tensile damag.e to concrete block walls. 

Fig. 7 Tensile Cracks developed on the concrete 
block wa11.(Peng B.Dd Hsiung, 1986; Jenkins Case) 

All the tensile cracks are uniformly developed 
along the brick faces and mortar lines because the 
brick faces and mortar lines are the weakest places 
on the brick wall. If a structure is subjected ~o 
compression the foundation walls will be buckled 
inward and induce horizontal cracks perpendicular 
to the direction of the compression along the 
mortar on the brick faces. Tensile cracks and 
buckled structures are the specific characteristics 
of tensile and compressive damages, respectively, 
Those characteristics can be used to identify the 
types of stresses which cause the damage to the 
structure. 



When·the ground slope changes, tilting will be 
induced on the structures. Tall structures with a 
small base, e.g., towers and chimneys are most 
sensitive to tilting. Natural ground slope will 
also affect the stability of the ground surface and 
structures when subsidence occurs. If the dip of a 
slope is consistent with the ground movement 
direction, the ground movement will be enhanced. 
on the other hand, when the dip of a slope is 
opposite from the ground movement direction, the 
ground movement will be reduced. In addition, a 
slope area may be an area prone to instability or 
landslide. Figure 8 shows the differential 
movement between the top of the soil and the top of 
the bedrock on a slope area after subsidence. The 
movement rate of the soil was about 0.07 in/month 
and·was about 0.007 in/month for the bedrock during 
the study period. The movement of the soil was 
much faster than that of the bedrock. By the time 
the soil movement reaches its tertiary stage it may 
have caused additional damages to the structures 
1oca~e4 ~o~nslope. 
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Differential movement between top ·soil and 
top of the bedrock. (Peng 8Dd Hsiung, 1987; 
Johnston Case) 
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Depending on the location of the structure in 
the depression, the structure may be subjected to 
sagging or hogging damage. Sagging and hogging are 
two different types of ground curvatures which are 
caused by .the differential settlement. Sagging is 
a negative or concave curvature. For·structures 
located on the concave area, the lower portions of 
the structures are subjected to tension and the 
upper portions are subjected to compression. As a 
result, vertical cracks with wider gaps at the 
bottom occur at the window and door frames, on the 
walls, and at the wall joints. Figure 9 shows that 
the cracks on the wall in the·bedrooms have wider 
gaps at the lower portion~ i.e., an inversed 
v-shaped crack. This crack pattern indicates that 
the structure has been subjected to sagging. 
Generally, structures which are located at or near 
the central part of the depression will be 
subjected to sagging damage. Figure 10 shows the 
relative locations of the damaged houses which were 
subjected to sagging and 0the estimated subsidence 
depression. The most specific damage character-
istics on the structure due to sagging are the 
concave bending and an inversed v-shaped crack • 
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Tensile cracks in the bedrooms d~e to 
sagging.(feng et al, 1987; Valenson Case) 

Location of the damaged houses subjected 
to sagging and subsidence depressl.o?.- · 
(Peng et al., 1987; Vale,nson Case) 
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Hogging is a positiVe or convex curvatUre: 
For structures located in the convex area, the 
upper portions of structures are subjected to more 
severe stretching than the lower portions. As a 
result, vertical cracks with wider gaps are found 
at the top of the window and door frame, on the 
wall and at the wall joint.a. Figure 11 shows a 
crack with a wider gap at the upper po~tion, i.e. a 
v-shaped crack. This crack pattern indicates that 
the structure has been subjected to hogging. In 
general, structures located at the edges or·the 
inflection point of the depression will be 
subjected to hogging damage. Figure 12 shows the 
relative location of the house which was subjected 
to hogging damage with respect to the estimated 
subsidence damage zone. The most specific damage 
characteristics on the structure due to hogging are 
the convex bending and v-shaped cra~k • 
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Fig. 11 Wall separation along window frame 
subjected to. hogging daage. 
(Peng and Hsiung, 1987i Fleming Case) 

Fig. 12 Location of the damaged house which was subjected to hogging 
and the estimated subsidence depression. 
(Peng and Hsiung, 1987; Fleming Case) 

INSTRUMENTATION AND RESULT 

In order to have a better understanding of the 
underground conditions and the real cause of the 
damages, some instrumentation such as borehole TV 
camera, crackmeter, inclinometer and Sondex 
measurements should be conducted. 

The 2-D tell-tale craokmeter and 3-D 
crackmeter can be installed at the strategic points 
on the exterior or interior walls to measure the 
changes of the crack width. The 2-D crackmeter is 
preferred because it can be installed and removed 
easily without leaving any trace on the walls. The 
measurement results from the orackmeter can be used 
to determine the movement direction and rate of 
movement. For instance, Figure 13 shows the 
horizontal and vertical measurement results using a 
2-D crackmeter installed at the Valenson subsidence 
site (Peng, et al, 1987). It demonstrates that 
both the horizontal and vertical movements were 
significant in the early stages and that total 
movements were 5 mm and 3 mm, respectively, by July 
23, 1987, After that date no movements were 
detected: The average horizontal movement was 
0.036 mm/day and the average vertical movement was 
0.022 mm/day. 
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Fig. 13 
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Results of the crackmeter measurement. 
(Peng et al., 1987; Valenson Case) 

• horlzont•I mcwernent 

10 II Q I -Tl ME, c.i.nci., rnanth 



The borehole TV camera can be used to examine 
subsurface conditions such as fracturing of the 
strate, the condition of voids and underground 
openings. In order to get a complete picture of 
the strata fracturing and voids conditions in the 
boreholes, three types of viewing attachments to 
the camera head, e.g., downhole, radial close-up, 
and spotlight right angle can be employed. If the 
area is subjected to subsidence problems, the 
horizontal, vertical and diagonal fractures can be 
observed in the borehole in the strata above the 
mined out coal seam. In addition, cave-in and roof 
fall features and mine voids can also be observed 
by the borehole TV camera. 

The inclinometer can be used to measure the 
horizontal ground movement by measuring the angle 
of inclination along its vertical axis of a grooved 
casing. The measurements are conducted along two 
axial directions perpendicular to each other. The 
measurement results can be used to determine the 
principal direction and magnitude of the ground 
movement. The principal movement direction is 
expected to point toward the fipicenter or center of 
the subsidence basin in the mining-related cases. 
Figures 14 and 15 show the inclinometer data from 
the Valenson case (Peng, et al, 1987), They 
indicate that the history and magnitude of the 
ground movements can be used to determine the 
prinicipal direction of movement. For instance, 
before 8routirig operation started (October 16, 
1987) the move~ents alqng A and B axes wer~· 

Fig. 15 Total displacement in B axis. 
(Peng et al. 1 1987, Valenson Case) 
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Fig,. 14 Total displacement in A axis. 
(Peng et al. 1 19~7; Valenson Case) 
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., 
continuously toward 180° i.e. negative direction • 
The principal ground·movement direction was toward 
the epicenter. After November 19, 1987 (i.e., 
completion of the grouting) the-movement along A 
axis almost stopped, especially the zone below the 
backfilled zone which was about 25 feet below 
surface. However, the movement along B axis did 
rtot stop and changed it direction to o0 or positive 
which was opposite to its original direction of 
moveffient. In addition, the backfilled zone had 
shown a significant amount of movement after the 
grouting. These phenomena indicate a potential 
problem of soil instability. 

The Sondex settlement system is designed to 
measure subsurface vertical ground movements such 
as ·settlement or heave. A probe consists of a 
radio frequency oscillator and detector circuit 
will be lowered into the casing to locate.the 
position of each sensing ring. The sensing rings 
is permanently mounted on the·casing which is 
installed in the borehole, The vertical movement 
can be determined by the change in distance between 
rings which move with the subsurface strata. ·By 
interpreting the Sondex data, the rate of 
subsurface strata movement can be determined and 
the active formation can be located. Both items 
can be used to determine the causes·of subsidence • 
For instance, if an area is subjected to subsidence 
all sensing rings will be subjected to movement • 
If an area is subjected to expansive soil 



problems, only those rings located in the soil zone 
will be affected. Figure 16 shows the measurement 
results from the Valenson site in which movement 
was about 1/2 to 1 inch for most of the rings, 
The movement for the top ring was about 1/2 inch 
and about 1 inch for the bottom ring. Since all 
the rings moved and bottom ones which were closer 
to the mined out coal seam moved more than the 
upper· ones, it is most likely that the movement was 
induced by the abandoned mine failure. 

Fig, 16 Vertical movement of the Sondex rings, 
(Peng et al,, 1987; Valenson Case) 
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In this paper the approach and the procedures 
for abandoned mine lands subsidence research are 
described. The mechanisms of the possible causes, 
the damages to the ground surface and structures, 
and the relationsh1p between the ground movement 
and structures has been explored. The methods and 
purposes of the instrumentations·are discussed. 

The most ·common damage to the ground surface 
are depressions, cave-in pits, ground cracks and 
compression ridges. There is no positive 
correlation between the dimension of the depression 
and its cause. 

Due to different degree of stress concen-
tration at the tip or at the end of the ground 
cracks, the direction of the cracks may be changed 
and the propagation of the ground cr~cks may be 
stopped. Therefore one may not be able to observe 
the ground cracks at the places where they are 
expected to ~e observed. 
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Structural damages can be divided into 
functional and cosmetic. Generally, functional 
damages are more severe·than the cosmetic ones. 
Cosmetic damage can occur alone or may occur 
simultaneously with functional damage. Generally, 
the foundation or basement will be damaged more 
severely than its upperstructure. Structure 
damage is associated with the ground movement. 
Different types of ground movement will induce 
different types of damages to the ground surface 
and structures. Different locations of the 
structures in the depression or subsidence basin 
will be subjected to different types of 
deformation. 

Sagging and hogging damages are due to the 
combination of linear and bending deformation. 
Most of the structural damages above abandoned 
mine lands are due to sagging or hogging but pure 
linear deformation is not common. The most 
specific damage characteristics on the structure 
due to sagging are the concave bending and reversed 
v-shaped crack. The convex bending and v-shaped 
crack are the specific damage characteristics due 
to hogging, By examining the damage pattern, the 
type of stresses and the damaged area can be 
located. Thses information can help people to 
identify the damage causes. 
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