MODELING OF SUBSIDENCE TROUGH DISTURBANCES CAUSED BY FAULT ACTIVATION
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Abstract

Problem of fault activation due to underground mining seems to be important issue, especially when its outcrop passes urbanized
area. Mining activated fault usually manifests its presence on the surface in the shape linear discontinuous deformations. One of the most
common anomalies in such cases is ground steps, flexures or fissuresin the vicinity of fault outcrop. This work presents the author's model
that serves for prediction of ground steps or fissures creation due to fault activation. The proposed model was derived from the idea of
using modified influence function of any geometric-integral theory, taking into account the trandational impact of the fault as a function of
the horizontal distance from its outcrop. The trandational effect has been achieved by using convolution of the original influence function
with so-called “modifying function”. In considered solution, the W.Budryk-S.Knothe function has been implemented.

Abstrakt

Problém oZiveni tektonickych poruch v dasledku hlubinného dobyvani je dulezitou otazkou pro ochranu povrchu, zeiména
v pripadech, kdy se vychoz poruchy nachazi v zastavénych plochach. Aktivace poruchy se projevuje negjéastéji ve formé nespojité linedrni
deformace. NglbéznéjSi deformace tohoto typu jsou: stupné, praskliny, trhliny a ohyby, které se vyskytuji nejcastéji v bezprostiedni
blizkosti vychozu poruchy. Tento ¢lanek se zabyva charakteristikami modelu navrzeného autorem, ktery se pouziva k piredpovédi vzniku
poruch ve formé stupiiti nebo ohybu. Re3eni je zaloZzeno na my3ence pouziti modifikovanych funkci geometricko — integralni teorie.
Modifikace zahrnuje efekt prenosu vlivu pres poruchu, piicemz U¢inek je zavidy nahorizontalni vzdaenosti od vychozu. To bylo dosazeno
pouzitim konvoluce puvodni funkce vlivu, tzv. "modifikovana funkce". V daném ieSeni je vyuzito funkci vliva dle teorie W.Budryka-
S.Knothego.
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1 Introduction
The problem of tectonic faults influence on the distribution of post mining deformations was relatively rarely the subject of research
for both, in Poland and abroad. The reasons for such situation should be seen in a number of facts, namely:
the influences transfer across the fault zone is extremely difficult to study in situ,
diversity of mining - geological conditions inside the fault zone and in its close proximity makes it difficult to clearly determine the
properties of individual faults,
there are significant difficulties in determining the precise course of tectonic disturbances through the rock mass and position of their
outcrops (if they’re covered by overburden layers),
comprehensive surveysin areas of fault zones are rarely carried out. However, when performing such measurements, there are numerous
situations, where the measuring points are damaged due to discontinuous deformations. This usually results in poor quality of the
recorded deformations.
faults are aso often a natura extraction border. This leads to a situation, when there is an overlap of extraction edges in number of
seams in the area demarcated by the fault zone, which in itself may be the cause of discontinuous deformations of linear type. In such
cases, it is impossible to determine whether the resulting deformations are the effect of fault activation, either extraction edges
overlapping, or both factors simultaneoudly.
activation of the fault zone as a result of the underground extraction is a phenomenon with large share of random factor, which
complicates both: the empirical recognition of phenomena, as well as attempts to theoretical description.

2 Some views concer ning mining-activated faults behaviour derived from practical findings

T. Klenczar (Klenczar, 1952) noted that the slope of fault plane is a very
important factor which determines usually the influence range. According to his
view, the dislocation line, as the line of least resistance, limits influences propagation
(seefig. 1).

¢

The most important conclusions from A.Tyrataworks (Tyrata, 1979) are: . . &
- fault activity depends mainly on the : angle of dip, cohesion of fault zone, position ', | ~
of extraction against fault, thickness of overburden layers. Author states, that \ e
faults with angle of dip up to 26° do not activate, moreover - faults of "+" type (see T T T R R

fig. 2) have twice the activity. — ’
- discontinuous deformations occur mainly in case of absence of overburden layers.

The presence of younger cover layers causes a smoothing effect - instead of Fig.1 The deformations in the vicinity of tectonic

zones according to T. Klenczar
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ground steps, transitional forms in the shape of flexures arise. Author concludes that, if the thickness of overburden layers exceeds 5% of
the depth of extraction, ground steps are usually not present.

- for extraction and fault location as shown in figure 2b, the disturbance appears as influence range shortening (“cut-off”) aong the
outcrop line. At the same time, reduction of subsidence past the outcrop line is balanced by an increase in subsidence in front of the fault
plane. The magnitude of deformations depends on the angle of the fault dip.

- for the extraction carried out on both sides of the fault, trough profile anomalies depend on the size and symmetry of the extraction fields
in the relation to fault location.

H. Kratsch states (Kratsch, 1983), that the nature of fault impact depends on whether the extraction is carried out in upthrown or
downthrown block, and whether the fault outcrop is covered with overburden layers. If the fault outcrop does not reach the surface, the
following situations may be distinguished:

- when extracting in the downthrown block, steps or various forms of flexures may develop on the surface,

- when extracting in the upthrown block, usually different forms of steps or fissures may be created.

- the size of ground step depends on the fault plane dip angle [a] against limit angle[g] (lower magnitude of steps if a <g, higher -
if a >g).

Some of the main conclusions reached by J.Donelly and co-authors (Donelly, 2000; Donelly, et al. 2008) read as follows :

- fault reactivation usually occurs in phases of activity, separated by periods of stability. It may continue for many weeks to years after
mining subsidence is complete, but will eventually cease,

- ground steps are restricted in distribution to the area of influence of the subsidence trough,

- reactivation ismost likely when workings are located in the footwall block,

- when fault outcrop islocated in strong, well-jointed rock, fissuring islikely to develop in addition to steps,

- geologica factors that control fault reactivation are : the prevailing and pre-existing stress field; the geological history of the fault;
geotechnical properties of the fault (friction,
cohesion and pore-fluid pressure); the proximity of

= discentaiTy 2ohs s dlseantu Ty 20
o .

the fault to the ground surface, the density and % T )
ori eptatlon of other rock mass disconti an_es, ANy r — - ”k\ I

- mining factors that control fault reactivation are : ‘}‘  -ndsturbed proie PARNGS
depth of extraction, mining works geometry, ! {f l T
horizontal distance of the workings, rate of mining, AN o . ;’,rx._l - R
extraction thickness, history and intensity of v —
m| ni ng- a) type """ foult type "+ foulk b)

Fig.2 Thedistribution of disturbances near fault outcrop accordingto A. Tyrafa
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3 Chosen theoretical models known from literature
In the work (Tyrata, 1979), Author proposed ssimplified empirical model for determination of disturbed subsidence trough profile in the
zone of activated fault outcrop w(x, ) - fig.3:

where;

w(x;.b)
DW(Xi ’bk) B

wixj )= wlx; ,b)= Dwk; by )

subsidence of a given point in case _,.; ¢ L fi.. dewd

.. . s e Lo f :'; *:45 i 5 '¥'+§
when fault isinactive, [ ﬂl =
subsidence correction coefficient R 7 o ||,
describing the anomaly due to fault W Mg |2

B . 3 ""-”‘-'.-'.-'..-'- |
activation, { |t ‘”‘“"-ifgf?.‘,, Vo il
- parameters of T.Kochmanski’'s ) [ ﬂ"“ﬁ&z»
theory, —'?“3, ¥ L i

dimensionless distance between ¢

given point location and extraction Fig.3 The sketch illustrating the rules of trough profile determination disturbed by
edge. fault activation according to A. Tyrala

Another model has been proposed by Z.Kowalczyk (Kowalczyk, 1982). It bases on some empirica findings and states that the possible
height of the ground step equalsto :

Z XH >sin(j )
D7 = ar= axg
e~ T5000(0.1d +1)
where :
a = coefficient of roof control, g = thickness of extracted seam,
H = extraction depth, d = thickness of overburden layers.
= coefficient, a :l_lz(foti@), ¢ = angle of dip of fault surface,
r = distance between extraction edge and fault line, g = limit angle,

A. Jelenski and E. Jedrzejec proposed model (1994), that bases on the differential equation describing continuity of medium:
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ﬂZ\N(X Z) ﬂ\N(X Z) 1 2 Qriginal land surface .
2z 2T '? | -

x 4p WE =
where: A ”EJV
r,= the radius of main influence range at the vertical level [Z] A Je e T B
It was assumed that fault divides the rock mass into separate blocks, so it T Y
suggests seeking of two separate solutions, with specia boundary conditions ===~ """ ‘e
aong the fault line - see figure 4. Having such assumption, solution to above = Ve
equation |eads to the following formulae : , 35

- for the left side of model (zone A in figure 4); x < x:

L
AT

Direction of extraction —

w. (x, z):_x(u‘)f_ (I )[G(x- | ,z)+qG(x+I - 2xu,z)]dl +(1- q)+(¥‘)f+(l )G(x- 1,z )dl k

A - inner zone ;
B - outer zonc
- for theright side of model (zone B in figure 4); x> X, & - discontinuity zone _
(x2)= (- a)f (1) S(x- 1 2)dl + §f. (1 )[6(x-1,2)+qG(x+1 - 2%,z )Jd = derind o “
W, (X Z)=1I1- ) X-1,Z + + X-1,Z2)+ X+l - Z . . . .
q 9 X? q & Fig.4 The disturbance of subsidence trough according to
where: A. Jelenski and E. Jedrzejec

G = Green’sfunction for the equation and boundary condition : w(x,0)=f(x),

0 = parameter, 0<60<1; 6= 0 means lack of fault activity, whereas 6 = 1 stands for full activity, which means that no influence is
transmitted through the fault line,

X, = the special horizontal coordinate of fault at given vertical level “Z".

4 Gener al description of the author’s model
The following assumptions of mining-activated fault behavior have been taken for proposed model (Scigata, 2013):

- the disturbance of subsidence trough profile takes place in the vicinity of fault outcrop up to the certain distance (x.,X,); the width of
outer and inner zones may be different (fig.5),

- the process of rock mass displacement in the vicinity of active fault zone is mostly driven aong natural slip surface, which is the fault
surface. In case of steps creation, they are directed (“thrown down™) toward location of extraction field.

- the slope of the fault surface is an important factor influencing the transmission of deformations across the discontinuity. The steeper the
slope, the more likely the dlip, that may lead to ground steps formation.
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- overburden layers, covering the fault outcrop give a “damping effect” - Y,
with thicker overburden, instead of steps, flexures may be formed on the
surface.

The proposed model was derived from the idea of using a modified
influence function [f,] of any geometric-integral theory, taking into account Inner zane puter zone

the trandational impact of the fault as a function of the horizontal distance R : surface

from its outcrop. The trandationa effect is achieved by using convolution X X X

transform of the origina influence function f; with so-called “modifying = ______ W _______J _________ Z

function” f : ’
fU (h , S) = gfl(x, S)* f2(X, S)E(h , S) , area s ares

where: B e ————
a ] .

* = convolution operator, h = new independent variable.

q L s
extraction . ( I

Using W.Budryk-S.Knothe influence function (Knothe, 1953) as f; and _
Dirac d distribution as f,, one obtains the following definition of modified F19.5 Thefaultinfluencerange at the surface level:

influence function f,, which allows to describe disturbances of trough profile Xy -limit of disturbed zone from extraction side);
2
-ph- stxs))
fU Cn 13) = a:.g x r2
where :
&(s) = parameter describing variable trandation of original influence function, r =radius of main influence range,
a = coefficient of roof contral, g = thickness of extracted deposit,

s = coordinate of given point on the surface.

Figure 6 presents the course of [f,] function along with origina Budryk-Knothe influence function [f;]. The equation of subsidence trough
profile disturbed by fault activation (for the extraction in the shape of infinite stripe defined by edges “a” and “b”) takes the form:
b w b e } 20
W(x,8) = of (X, S)dx = —MX ey’ pix 32+ &) ~dx
a " a % r 2
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and after integrati on: Yai
z fgefp - s+a9)2 o 2iplb- s+a(9)

Ws)=- w%q r : & r s \\
e g 27
2% 2 __ﬂ<

2
where: el’f() Tpoe d ) WmaX:an C 4| surface
0 :

Carbon layers

the nature of changes to trough profile. Thus, adoption of the function (s) as
the sum of two suitably parameterized functions has been proposed: N
I(8)= gy(8)(1- m)+ga(e)n o7
- g1(8), in the absence of overburden, when discontinuity may appear on the . .
surface in the form of steps, ttarir
- go(9), in case, where effect of overburden layers "suppress' the step formed R |
at the roof of Carboniferous layers and its movement towards the surface,  Fig.6 The exemplary course of modified influence

n= parameter characterizes suppressing influence of overburden layers. function f, in the zone of fault outcrop for points
Its value ranges between <0,1>, having limits with the following located at s coordinate by using proposed solution.
meaning:

§ n=0.0 - lack of overburden layers. Ground step forms on the surface.
§ n=1.0 - overburden layers have such thickness, which suppresses discontinuity, but allows to create disturbance in the form of
flexure.

Functions [g,] and [g,] are defined as :
in case of lack of overburden layers: - in case of thick overburden :

10 for s<xw _ 10 for s<xy
{fzs' W for xyE£SEO / L f,6nePS S for xESEOD _/\
(9 =i W : : R — gz(s):" gXwl 5 DU SRR
|
|
t

|
I
! S- X o T I " T nn
fz X £  for O<sf£xz I f,56ingPS2  for 0<sE Xy
i z i §Xz 5
i0 for s>xz 10 for s>xz j

fault autcrap Fault cutcrop
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where:
fz = fz(g)=k>sin(g),
g = theangle of dip for fault surface in the relation to X axis,
k = parameter endearing characteristics of the fault due to the possibility of adlip along the fault surface.

With such functions, different combinations of parameters set : {n, X,, X,, Ky, K} lead to different coursesof (s) - asitisshowninfig.7.

n=0.0 n=0.5 n=1.0
Fig.7 The course of s) function for chosen values of parameter n, taking into account asymmetrical
influence of fault zone (Xy! X, kut K;)

Putting above equations together, one obtains the following equation enabling calculation of disturbed subsidence trough profile, for
extraction in the shape of infinite stripe with boundaries <a;b>:

I & é 2 0 - ¥ <s<xy0 =] 0 - ¥ <s< X000
R &y SiN@) (- Xw) Dd 2 s 0 u
i Q(g G Kw MY W xwEsEO D - kwsn(g)siném: xwESE0 Ut
W(S) pecg ps =X terfSVP & 5. (n- 1), X 1G] Wi g -
) 2 i %roe ¢ KzSin(@)(s- xz) <G & 50 o
i g é S g O<sfxz - - kzsm(g)smém: 0<sExz =j°
& ! ;G 25 G
i g & é% 0 Xz <S<¥ g} 0 Xz <S<Y¥ %g
& ¢ 2 0 -¥<s<xyg @ 0 '¥<5<XW939-P
(o Tk, SiN@) (s- X i ! _ _apsd i
g(g g: W (i)( w) xwESEOQ © g-';' ngn(g)sm?))(: xwESEOD %—:
erngpeb s- (n- 1) K sin(g;,\(ls- %) NS de %3/
¢ g E:Z—Z 0<sExz + - kzsin(g)sin?sj 0<s£Xxz <7
¢ e P :og X2l \K
g § 1 0 Xz<s<¥ 5 & 0 Xz <S<¥ %E’b
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Having the above equation, it is quite easy to obtain the formula for calculation of subsidence for extraction field in the shape of
rectangle. In figures 8, 9 the exemplary theoretical profiles have been shown, which present the influence of fault activation in two different

situations : in case of thick overburden layers (fig.8) and lack of overburden (fig.9). It is assumed, that in real cases, parameters of the
model should be determined on the basis of surveys taken from the area of interest.

1 ’.l-"'-_
/ .
s :
A IE 3 j E
1066 e
Fig.8 The exemplary profile of subsidence trough obtained with Fig.9 The exemplary profile of subsidence trough
assumptions;  n=1.0, ku=k=50, x,=x,=150, @=70, obtained with as§umpti ons; n=0.0, k,~k,=50,
H=450 m, tgh=2.0 Xw=X=150, g=70, H=450 m, tgh=2.0

5 Conclusions

The recognition of present knowledge in the field of mining-induced fault activation points, that there is lack of complete theoretical
solutions, that enable prediction of subsidence trough disturbances in the vicinity of fault outcrop. There is also not enough detailed survey
results, that fully document creation of such disturbancesin practice.

The main goal of the research, which results are presented in this paper, there has been working out of theoretical model (Scigata,
2013), that can serve as a tool for description of post-mining subsidence trough profiles, disturbed by fault activation. Some preliminary
verifications of the model not presented here point on its practical usability. At the same time it is necessary to mention, that for predictions
purposes, it is obligatory to determine the values of model’ s parameters on the basis of proper survey results taken earlier from the area of
interest, which is not a straightforward task. Another important issue, not pointed in this paper, is the randomness of mining-induced fault
activation process. There are several cases known from practice, when fault was not activated by mining works, in spite of favorable
mining and geological conditions, or the effects on the surface were untypical.
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Further development works are planned aiming at simplifying the model, as well as its parameters recognition on the basis of survey
results.
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