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Mining activities cause horizontal and vertical movements on the earth's surface as well as in underground,
which give rise to environmental, economical, judicial and urbanization problems. These movements or dis-
placements – the results of collapsing, vertical displacement, swelling, slope change, bending and cracking –

are referred to as mining subsidence which depends on the depth and dimension of mined area, production
methods, underground operating speed, time and geological structure of area. The mining subsidence even-
tually affects the development of cities and city life by causing damages and destruction on buildings and
structures on the surface. In order to study the displacements caused by on-going mining activities, City of
Zonguldak, its town Kozlu and its near surroundings are chosen since they constitute the center for hard
coal basin in Turkey for 160 years with a population of 300 000 and an area of 80 km2.
This study details the results from a GPS Network conducted in the basin to determine the horizontal displace-
ments on the surface created by the mining activities. The displacement results obtained from this study have
been found to range from 10 to 78 mmwith 4.4 to 7.9 mm RMSE values. These results indicate that the surface
of the basin is under these effects today.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Underground mining activities are prone to cause movement in
geological strata and also on the earth's surface leading to mining
subsidence and subsidence damages (Can et al., 2011; Deck et al.,
2003; Duzgun, 2005; Kratzsch, 1983; Perski and Jura, 2003; Saeidi
et al., 2009). Fig. 1 depicts the subsidence effects resulting from oper-
ating a horizontal mining seam and its maximum subsidence (vertical
displacement), strain and horizontal displacement curves. Determin-
ing mining subsidence depends upon regional subsidence parame-
ters, underground operating speed, duration of production,
production methods, geometry of the mined area (such as dimen-
sions of opening, shape and depth) (Can et al., 2011). This initiates
damages on surface structures, utilities, buildings, farmlands, and
also disturbs the natural balance of surface, underground water re-
sources, natural and man-made surface drainage systems as well as
engineering structures such as reinforced concrete and masonry
buildings, railways and highways (Altun et al., 2010; Deck et al.,
2003; Li et al., 2010; Stecchi et al., 2009). In many European countries,
systematic subsidence investigations on underground coal mining
productions and their subsidence effects have been widely conducted

using field observations so as to reduce and control the adverse sub-
sidence effects on urbanization since 1880 (Kuşcu, 1991). Further-
more, these studies have paved the way to emerging a new
discipline called subsidence engineering specializing in five main sub-
jects which are subsidence monitoring, subsidence prediction, subsi-
dence control, material damage and subsidence laws and
regulations. Subsidence monitoring constitutes the base for the rest
of the subject topics and provides reliable and general data for the
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formation and problems created by mining subsidence. Subsidence
monitoring is conducted to determine:

• Regional subsidence parameters such as vertical and horizontal
movement of points, critical angle, subsidence inclination and hor-
izontal deformations.

• Correlation between the subsidence and geological, structural topo-
graphic features.

• Association of subsidence to underground working place and time
dependence.

• Relationship between subsidence and production methods.
• Damaging effects of subsidence on structures and utilities.

• Connections between subsidence and geometry of mined out area
(i.e. dimension of opening shape and depth).

Subsidence monitoring results also serve to:

1. test the applicability of subsidence prediction methods or other
subsidence hypothesis in the monitoring area;

2. clarify legal problems resulted from subsidence effects between
mine administration and public; and

3. determine regional subsidence parameters accurately.

Various scientists recently have conducted studies on adverse min-
ing subsidence effects, especially with regard to urbanization and
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Fig. 2. Location map of the study area (URL 1, 2011).

Fig. 3. The geological map of the study area (Alan and Aksay 2002; Citiroglu and Baysal, 2011).
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