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2. Overview of study area

The study area is situated in southern Poland in Upper Silesian Coal Basin within bounda-
ries of cities of Zabrze and Bytom. „Siltech“ coal mine carries out extraction of coal seams in 
safety pillars within boundaries of „GIANT I“ mining area. It‘s constitutes about 3% of mining 
area of abondened coal mine called „Pstrowski“, which was closed in 1977. Land development 
of northern part of observation field is diverse. There are industrial structures of „Siltech“ coal 
mine in the central part of the area, structures of service companies in eastern part of the area 
and wasteland in the western part of observation field. One- and five-floor residential buildings 
are placed in the northern part of the area (Fig. 1).

Fig. 1. Site of study area

3. Mining and geological condition

„Jadwiga 2 “hard coal deposit is located in southeastern side of western part of “Bytom” 
basin which gradually changes into “Zabrska” dome. The Fig. 2 shows north-south cross-section 
acrossing “Gigant” shaft which is situated southwest of the mined out area. 

The overburden consists of Quaternary and Triassic layers with thickness from 100 m to 
130 m. Quaternary layers contain silts which form regular layers with total thickness of about 
30 m. Their thickness increases up to 55 m in eastern part of the area. Triassic layers composes 
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4. Overview of mining system

Mining system applied by “Siltech” coal mine is the excavation process of gateways driven 
in parallel order to each other leaving coal pillars between them. An optimal width of coal pillar 
makes roadway stable and reduces subsidence of terrain surface. The roadways are protected by 
steel arch support and they are excavated in perpendicular order from main entry using continous 
miners. Backfilling materials are transported by system of pipes to extracted panels. Backfilling 
body consists water and ashes in right proportion to fill excavated voids and prevent self-ignition 
of coal pillars. Long-term strength of the filler was obtained after about 28 days. The process of 
mining technology can be divided by two stages. The first stage is excavation of roadway along the 
entire lenght and the second stage is filling up of mine out area with backfilling materials (Fig. 3).

Stage II - excavation of gateway Stage II - backfilling of ggateway Stage I - exccavation of next ggateway 

Fig. 3. Scheme of mining process

In the study area mining operations were carried out continously in 509, 507, 510, 504 and 
503 seams during october of 2004 and april of 2014 (Fig. 1, Table 1). The depth of extraction and 
technology gateways ranges from 230 m to 495 m. The width and height of extraction gateways 
were respectively 5.6 m and 3.8 m. The heigth of extraction gateways had been reduced up to 
2.8 m because of thinning of west part of 509 seam. An average width of coal pillars between 
gateways was 4 m which consists 58% of coal extraction ratio.

TABLE 1

Basic geological and mining data of gateway system in Rokitnica field

Exploited 
seam

Heigth of 
exploitation [m]

Depth of 
exploitation [m] Duration of exploitation Average vertical distance 

between seams [m]
503 2.8 230 – 255 01.03.2011 – 31.05.2011 -
504 3.8 230 – 375 01.10.2008 – 30.11.2011 25
507 3.8 310 – 440 01.04.2007 – 30.04.2014 85
509 2.8/3.8 330 – 420 01.10.2004 – 30.04.2009 20
510 3.8 340 – 495 01.04.2010 – 31.12.2013 20

5. Subsidence observation in Rokitnica field

Subsidence-monitoring network was designed and established in the half of 2004. The 
observation network includes benchmarks set in structures and in the ground forming measure-
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ment lines (Fig. 4). 21 observation cycles had been carried out at semi-annual intervals during 
mining operations. Direct leveling was used to measure an elevation of benchmarks. The distance 
between observation points was surveyed by tape 50 m long.

In the years 2004-2015 the large and extensive subsidence trough was forming over extracted 
panels. The maximum vertical displacements were about 1.98 m (Fig. 5). An average slope of 
subsidence trough was 6 mm/m while locally up to 10 mm/m. The values of horizontal deforma-
tions ranged from –3.2 mm/m to +2.7 mm/m. The height increments of observation points were up 
to ±12 mm in the last two surveys. The results were within survey error. Figure 6 shows vertical 
displacements of observation point with identification number 305 in terms of time during mining 
operations and after finish of coal seams extraction with roadway system (asymptotic values).

6. Simulation of subsidence using empirical 
and numerical methods

6.1. Simulation of subsidence using empirical method

Simulation of subsidence was carried out through “back-analysis” using empirical theory 
of Knothe and Budryk (Knothe, 1984; Whittaker & Reddish, 1989).

Fig. 4. Observation net and drawn lines to determine parameters of Knothe-Budryk theory 
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Before determining parameters of the theory, three lines were drawn crossing observation 
points in order to capture the range of mining influences and maximum value of vertical dis-
placements over extracted panels in respective seams. Benchmarks in ground and in structuers 
were taken into consideration.

Fig. 5. Subsidence contours of observation points in the years 2004-2015 caused by roadway system 

Fig. 6. Vertical displacements of observation point no 305 in terms of time in the years 2004-2015
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Transversely isotropic medium is described by five elastic parameters:
• E1 – Young‘s Modulus at load in pararell direction to isotropic plane,
• E2 – Young‘s Modulus at load in perpendicular direction to isotropic plane,
• �#12 – Poisson’s ratio at load in pararell direction to isotropic plane,
• �#13 – Poisson’s ratio at load in perpendicular direction to isotropic plane,
• G13 – shear modulus perpendicular to isotropic planes.

The following assumptions were made in the model:
• boundary nodes along a plane of the model base are allowed to move only in horizontal 

direction,
• boundary nodes along lateral planes of the model are allowed to move only in vertical 

direction,
• other nodes are allowed to move in XYZ directions,
• initial stress field depends on the depth of gateways and average unit of overburden 

(vertical stress at the depth of 500 m equals 12 MPa).

The values of parameters of transversely isotropic model (columns No. 1-5) and parameters 
of Hoek-Brown failure criterion (columns No. 6-8) were set in table 3. Stages of roadway ex-

a) b)

Fig. 7. Scheme of numerical model. a) discrete model; b) extracted panels in coal seams and vertical 
displacements in rock mass

TABLE 3

Values of parameters and constants for rock layers in the numerical model

Rock layers
E1 = E2
[GPa]

E3
[GPa] �#12 = �#31

G12
[GPa]

G13
[GPa]

Compressive 
strength Rc

[MPa]

Parameter 
mb

Constant
s

1 2 3 4 5 6 7 8
quaternary layers 0.02 0.02 0.35 0.007 0.007 0.1 0.100 0.0001
triassic layers 0.165 3.3 0.20 0.069 0.156 34.0 1.016 0.0014
clay shale 0.165 3.3 0.20 0.068 0.154 35.0 0.821 0.0013
mudstone 0.255 5.1 0.20 0.106 0.238 33.0 1.249 0.0031
sandstone 0.420 8.4 0.20 0.175 0.392 45.0 2.708 0.0060
coal 0.060 1.3 0.20 0.027 0.061 14.0 0.529 0.0005
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Fig. 8. Subsidence profile along drawn line 1 according to survey, Knothe-Budryk theory 
and numerical modeling

Fig. 9. Subsidence profile along drawn line 2 according to survey, Knothe-Budryk theory 
and numerical modeling

Fig. 10. Subsidence profile along drawn line 3 according to survey, Knothe-Budryk theory 
and numerical modeling






