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Abstract

The problem of studying values of horizontal strains occurring over the length of single sides of observation line has been raised
in the article. A particular attention has been paid to relevance of this issue in the aspect of assessments made with respect to
hazards of mining areas. Lack of knowledge of factually occurring values of horizontal strains in the aspect of commonly deter-
mined mean index values (assigned for the entire side length) in case of substantial mutual differences may result in low credibil-
ity of prepared assessments. It may also explain arising damages to facilities on lands of thus defined category of a mining area.

ODKSZTALCENIA POZIOME NA DEUGOSCI POJEDYNCZYCH BOKOW
LINII OBSERWACYJNEJ - ANALIZA PROBLEMU

Stowa kluczowe: odksztatcenie poziome, deformacje powierzchni, zagrozenie budynkow

Abstrakt

W artykule poruszono problem badania wartosci odksztatcen poziomych wystepujacych na dtugosci pojedynczych bokdw linii
obserwacyjnych. Zwrdocono szczegdlng uwage na istotnos¢ tego zagadnienia w aspekcie wykonywanych dzi$ ocen zagrozenia
terenéw gorniczych. Brak znajomosci faktycznie wystepujacych wartosci odksztatcen poziomych w aspekcie wyznaczanych
powszechnie $rednich warto$ci wskaznika (przypisywanych dla calej dlugosci boku) w przypadku ich duzych wzajemnych
rdznic moze by¢ przyczyng malej wiarygodnosci sporzadzanych ocen. Moze to wyjasnia¢ rowniez wystepowanie uszkodzen
obiektow na terenach o ustalonej w ten sposob kategorii terenu gorniczego.

horizontal strain values within the limits of sides is
relevant from the perspective of prepared assessments
of hazards of mining terrains. Currently, such assess-

1. INTRODUCTION

Commonly applied surveying methods of observa-

tion lines enable determination of deformation indica-
tors, averaged values of which are ascribed to particu-
lar lengths of line sides. At the length of a given side
(typically 24 m or 48 m) they represent thus a certain
constant level. However, distribution of indicator values
at such length is not linear, and all the more uniform.
Acquaintance with factually occurring fluctuations of

ments are based on mean values, taking into account
the possibility of so-called random dispersion. These
statistics have also been developed based on mean in-
dicator values, determined out of measurements of stan-
dard lengths of the observation line sides (Budryk and
Knothe, 1956). Lack of knowledge regarding the scope
of actual values of indicators at the site of conduction
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of surveys (location of protected facilities) might neg-
atively influence the credibility of these assessments.
Thereby, it translates into the lack of familiarity with
factual hazards, to which facilities subjected to protec-
tion might be exposed.

2. STATE OF THE ART

One of the major hazards to buildings and tech-
nical infrastructure on the terrain surface arises from
horizontal strains (NCB, 1975; Ostrowski et al., 2001;
Peng, 1992). Overview of literature in taken up sub-
ject indicates that since the end of 1960s studies have
been carried out in the scope of impact of length of
surveying bases upon the appointed values of this de-
formation indicator (Batkiewicz, 1971; Siembab, 1969;
Szpetkowski, 1969). This research meant mostly the-
oretical considerations based on experience arising at
first from surveys done in the terrain (Milewski, 1969;
Szpetkowski, 1969), and later on various equivalent
models created on this basis (Batkiewicz, 1971; Klein,
1975, 1981, 1984; Niemiec, 2012; Zych, 1991, 1993,
1998, 1999, 2010). However, they were primarily ori-
ented to optimization of surveying bases lengths in ob-
servation lines (Milewski, 1975; Pielok, 1982; Peng and
Geng, 1982; Sroka, 1990), proving the dependence of
specified horizontal strain values on length of surveying
bases, based on which they were assigned (Milewski,
1969, 1975; Stoch et al., 2014; Szpetkowski, 1969).
However, most researchers did not apply surveying bas-
es shorter than 6 m. Classic length measurement made
on short bases (up to a few meters) burdens the value of
determined indicator with too heavy bias.

On the other hand, too long sides of observation line
(within the scope of several dozen meters) do not allow
a correct interpretation of findings due to unfavorable
averaging of indicator at these lengths (Hejmanowski
and Kwinta, 2007; Ostrowski, 1982; Popiotek and Os-
trowski, 1981; Pielok, 2005; Sopata et al., 2016). It cre-
ates serious problems to proper assessment of factual
threat to terrain surface (and facilities) resulting from
the carried out mine exploitation.

Even greater problems occur in case of forecasting
the influences of designed exploitation. Several factors
have an impact on accuracy of this type of hazard as-
sessments. The most important of them are: an applied
model of deformation process, adequacy of this model
to real conditions and the course of process as well as

the completeness and precision of assignment of model
parameter values (Kowalski, 2007). A fundamental con-
dition of reliability of the terrain surface deformation
forecast is an appropriate description of rock mass as an
environment, in which this process takes place.

It is not easy, since rock massif is characterized by
high degree of the complexity of geological structure,
both in terms of structural and mechanical properties.
Formulated models of deformation process thus far
reduce a rock massif description to one or at most to
three parameters (Knothe, 1953). In consequence, char-
acterization of rock mass becomes simplified to a large
extent, and in case of one parameter all the possible
properties, affecting the deformation process and its af-
termath are averaged.

Currently, Knothe’s model (Knothe, 1984), also
called Knothe-Budryk’s theory is mainly used in Poland
for forecasting impacts of underground mining opera-
tion. The model allows us to determine, e.g. horizontal
strains of terrain surface. As it was stated before, forecast
of strain values have a decisive effect on assessment of
the the hazard to buildings due to deformations, which
will occur in their area during the process and upon the
completion of designed mining of deposit. As findings of
many years of research in horizontal strain values show,
forecasts according to Knothe’s model are burdened
with uncertainty in range of 25+30% (Kowalski, 2007,
Popiotek, 1976; Popiotek et al., 1997; Stoch, 2005).
It is worth to emphasize that it refers to averaged indi-
cator values defined based on measurements of standard
lengths of sides of observation lines'. This uncertainty
results from the fact that the discussed model does not
allow the consideration of all relevant conditions of de-
formation process, particularly related to geomechanical
properties of the rock mass. Characterization of these
properties is reflected in model by only one parameter

! Tt results from many years of observations that very often
observed (along observation lines) deformation indicators prove
irregularities indicating existence of factors other than included
in the model. Usually, these factors are called random factors.
They are characterized, e.g. by so-called random scatter coef-
ficient. This measure is defined relying on measured values of
deformation indicator on sides of observation lines of lengths
within a few dozen meters (typically 24 m or 48 m). So appoint-
ed deformation indicator represents then a certain averaged val-
ue, ascribed to entire length of the side (constant value at entire
length of the side). Thus, the coefficient of variation does not
allow for factual indicator values of deformation, which occur
within limits of each of the sides of the observation line.
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tgP suggesting that deforming rock mass is homogeneous
and continuous (Knothe, 1984). Such premise is a great
simplification of real rock mass structure due to notable
diversification of its mechanical and structural properties.
As hitherto carried out research showed, the average (at
present commonly determined) indicator value for side
of 24 m length remarkably deviates from factually occur-
ring values within such side (Sopata et al., 2016).

3. EXTENT OF RESEARCH

Within frameworks of the subject undertaken in the
article, the works concerning studies of distribution
of horizontal strains within sides of standard lengths
(24 m and 48 m) have begun in recent years (Sopata et
al., 2016). For this purpose a special observation net-
work has been designed and a proper methodology of
observations has been developed (also related to mak-
ing a special measuring instrument). It enables us to
acquire necessary data, which after a proper elaboration
allow us to carry out the said analyses.

The surveys have been conducted in five regions of
the Upper Silesia. An observation network in each area
was comprised of set of two standard side lengths of
observation line (24 m) concentrated with additional
surveying points at distances of 1 m. The measurement
of 1-meter section lengths (using an aforementioned
instrument) allows to determine a value of horizontal
strain directly at each meter of each side with an accu-
racy higher than +0,1 mm/m. In addition, sections of
6 m, 12 m, 18 m, 24 m and 48 m lengths are subject to
measurements with the application of the optoelectronic
distance meter. Measurements done based on network
in each of the study areas cover between a few dozen
up to several dozen series of observations performed in
the period of a few months (time interval between se-
ries equals 1-2 weeks). Frequency and period of taking
measurement are adjusted to intensity of underground
mining excavation.

Due to extensive subject, details concerning em-
ployed research methodology as well as measuring
equipment will be described in other articles.

4. RESULTS

The results acquired during the field surveys allow
us to study the distribution of deformation indicators
(especially horizontal strains) in terms of discrepancy

of values specified based on 1-meter bases off deter-
mined averaged value, arising from classic survey-
ing (particularly determined based on measurement of
length side of 24 m). Initially, analyses of these findings
point to the possibility of occurrence of substantially
enlarged values of studied deformation indicator with-
in the limits of line sides, compared to the mean value
determined in this same place. It appears that average
horizontal strains determined based on 24 m and 48 m
bases may be even a few times smaller than factual-
ly (locally) occurring values, ascertained within these
sections. Within one of several examples of observa-
tions of distributions of relevant indicators it may be
given that strain value determined based on surveys of
base of 24 m length amounted to less than € =+2 mm/m
(average value), whereas strains on one of sections
of Im length inside this base exceeded the level of
£=+8 mm/m. In an extreme case, the value of horizontal
strain based on survey of base of 24 m length reached
about € = +4 mm/m (mean value), whereas the value of
£=+55 mm/m was recorded on one of 1-metre sections,
at the same time discontinuous deformations were not
observed. Thus, horizontal strains designated on short
bases (e.g. 1 m), significantly exceeding (at least a few
times) mean values, attributed to sides of standard length
(e.g. 24 m) determined based on distance surveys of
these sections, may be recognized as “excessive”.

The horizontal strain values obtained on this stage of
research indicate the significance of the considered topic.
For this reason, they should be analysed. The results of
this analysis will be the content of further publications.
At present, they are in the course of being prepared.

Occurrence of “excessive” (deviating not only from
those determined based on survey, but also based on
forecast) indicators values, substantially exceeding
a currently assumed level of random dispersion, may
be helpful in explanation of many noted cases of dam-
age to facilities in areas of predicted hazard to terrain
surface, particularly in places where category of a min-
ing area is in the range of the endurance of facilities.

In this respect, a specific case of damage to structure
of newly erected single-family building (Niedojadto
et al., 2016) may be proposed as a result of excessive
compressions of area surface, which occurred on a rel-
atively small area.

In spite of undertaking appropriate margins for the
forecasts of mining impacts during construction, the
building was not suitable for further use and was de-
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molished. The fact that a few neighboring buildings did
not suffer more serious damage can suggest occurrence
of “excessive” values in this site.

2. SUMMARY

Preliminary research findings presented in the arti-
cle, in the light of current conditions of mining may lead
to better and deeper recognition of currently occurring
phenomenon of deformation, which shows a high irreg-
ularity. They provide information of factually occurring
values of deformation indicators in the area (particu-
larly horizontal strains), based on which more accurate
assessments of hazard to terrain surface may be made,
characterized by greater credibility. Thereby, they also
give rise to a serious premise that a real hazard results
from a local extreme of strains, and not from their av-
erage value determined for the entire measurement sec-
tion of standard length within a few dozen meters.

The conducted research creates foundations for de-
veloping a proper and improved methodology of fore-
casting effects of deformation process, both in case of
already existing and newly raised facilities, where the
currently carried out forecast of impacts (by Knothe’s
theory), in many cases, does not reflect the actual haz-
ard of mining operations.

Thus the analysis of the subject matter presented in
the article indicates the current state and the need for
further research oriented towards more accurate deter-
mination of indicator distribution and development of
properly adjusted surveying methodology.

This subject is currently realised. In the immediate
future detailed results of the survey in the respective
research area and their analysis will be presented. They
will be conducted in the aspect of terrain and infrastruc-
ture hazard.
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