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Andrzej KOWALSKI*

SURFACE SUBSIDENCE AND RATE OF ITS INCREAMENTS BASED ON MEASUREMENTS
AND THEORY

OBNIZENIA POWIERZCHNI I PREDKOSCI ICH NARASTANIA NA PODSTAWIE POMIAROW
I TEORII

The paper contains an analysis of investigations into surface subsidence above a mined longwall
coal-face. It is bascd on the results of surveys, in the context of the defined parameters of the
Budryk-Knothe theory, comparison of measured and calculated deformation values and the prediction
of the rate of the variable subsidence of the surface consequent upon face advance and stoppages, with
the use of a new general time function.

Key words: rock mass, mining with stoppagces, transicnt surface deformations, description of
phenomenon

Trescia referatu jest analiza wynikéw geodezyjnych pomiarow deformacji powicrzchni zaob-
serwowanych nad przemieszezajacymi sig frontami cksploatacyjnymi w Kopalni Wegla Kamiennego
Kazimicrz-Juliusz zc zmicnna predkoscia 1 z przerwami, ich konfrontacja z obliczonymi obnizeniami
i predko$ciami ich narastania przy zastosowaniu tcorii Budryka-Knothego i nowcej-uogolnionej tunkeji
czasu zaproponowancj przez autora (wzor 6 1 rys. 6).

Do prognozowania deformacji powicrzchni przyjmuje si¢ dotychczas najczescicj cksploatacje
prowadzona w sposob ciagly i ze statq predkoscia. W praktyce przerwy cksploatacyjne sa nicuniknione.
Sa to przerwy wynikajace gtownic z dni wolnych od pracy (soboty i nicdziele oraz innc $wigta),
technologiczne oraz nicprzewidywalne (spowodowane zagrozeniami naturalnymi wystepujacymi
w czasic cksploatacji lub awariami urzadzen). Ogolne uwagi dotyczace nickorzystnego wptywu przerw
cksploatacyjnych na deformacje goérotworu 1 powicrzchni terenu oraz powstawanic uszkodzen obick-
tow budowlanych pojawily si¢ dotychczas sporadycznic w literaturze zagranicznej 1 polskicj. Picrwsze
polskic do$wiadczenic z wptywu duzych predkoscei frontu cksploatacyjnego (v >120 m/micsiac lub
v > 6 m/dobg) na deformacjc powicrzchni przedstawiono w pracach: Kowalski (1993, 1999), Kwiatck,
Kowalski, Jedrzejee (1994), Kwiatek i in. (1997), Dubinski i in. (1999), Kowalski, Jedrzejee (2000).
Dotyczylo ono cksploatacji kopalni Staszic prowadzonej $cianami 1002 1 1003 w pokiadzic352,
z predkosciami do 12,2 m/dobg. Wynikato z nicgo, ze nicregularna predkos$c cksploatacji powoduje

* GLOWNY INSTYTUT GORNICTWA, 40-166 KATOWICE, PLAC GWARKOW 1



92

nicrcgularno$¢ narastania deformacji, wyraznic zaznaczaja si¢ wplywy przerw cksploatacji w pred-
kodci narastania deformacji, wystepuja fluktuacje deformacji w stosunku do wartosci $rednich. Wyzna-
czono opdznienic wjawniania si¢ deformacji powierzchni wystepujace od chwili wycksploatowania
clementu poktadu. Nie wystapito istotne zmnicjszenic maksymalnych deformacji nicustalonych w sto-
sunku do ustalonych.

Przedmiotem analizy jest cksploatacja z zawatem stropu warstwy przystropowcj poktadu 510,
kolejno $cianami 255, 256 1 257 (rys. 1) w partii zloza, ktére dotychezas nic bylo cksploatowanc.
Gorotwor nad poktadem 510 stanowig utwory karbonskic oraz czwartorzgd. Czwartorzed ma miaz-
sz0$¢ 30-40 m. Skaty karbonskie, ze wzgledu na whasnosci ich deformowania si¢, mozna scharakte-
ryzowac jako $rednio zwigzte. Rozciaglos¢ poktadu jest w kierunku W-E, upad poktadu wynosi 4-6°.
Grubos¢ cksploatowanej warstwy wynosita Srednio 3,35 m, glgboko$¢ $rednio 435 m. Predkosci
frontu cksploatacyjnego w dni robocze wynosity do 3,75 m/dobg. W soboty, nicdzicle i $wigta
cksploatacji nic prowadzono. Srednic postepy Sciany 256 wynosity 2,3, a éciany 257 — 1,66 m/dobe
(we wszystkic dni miesiaca). Postepy frontu Sciany 257 w okresic od 6.04 do 11.06.1999 r. (odpo-
wiadajacym zaggszczonym pomiarom) przedstawiono na rysunku Sc. Diugo$é $ciany 256 wynosita
160 m, a §ciany 257 — 190 m.

Linia pomiarowa sktada si¢ z 39 punktéw rozmicszczonych w przyblizeniu wzdtuz linii prostej
w odlegtosciach co okoto 35 m (rys. 1). Na linii tej wykonywano pomiary wysoko$ciowe niwelacja
precyzyjna 1 pomiary dtugosci w nastgpujacym zakresic:

« 29 cykli obnizen i odksztatcen poziomych na catej linii pomiarowcj (punkty 301-339), w od-

stgpach od 2 tygodni do 3 miesigey,

* 67 cykli obnizen 12 punktow 317-328, w odstgpach jednego dnia od 6.04. do 11.06.1999 r.

Na rysunkach 2 i 3 przedstawiono wybranc wyniki pomiaréw, obrazujacc ustalone (asympto-
tyczne) obnizenia 1 odksztatcenia poziome wzdtuz linii, dla nastgpujacych zakresow cksploatacji:

1) po wycksploatowaniu $cian 255 1 256,

2) spowodowane cksploatacja $ciany 257,

3) sumaryczne po wycksploatowaniu §cian 255-257.

Narysunkach 4 i 5 przedstawiono wykresy obnizen (wybranych do analizy) dwoch punktow nr316
1320, usytuowanych w przyblizeniu nad $rodkami aktywnych powicrzchni $cian cksploatacyjnych
256 1 257 (po uwzglednicniu obrzeza cksploatacyjnego). Dni okresowego wystgpowania zmnicj-
szonych predko$ci narastania obnizen odpowiadaja dniom przerw w cksploatacji z opdznicnicm
1-3 dni (rys. 5b i 5¢). Wyznaczono paramectry teorii: wspotczynnik cksploatacyjny — a, parametr
gorotworu — tgp, obrzeze cksploatacyjne — p, przy zastosowaniu metody najmnicjszych kwadratow,
przez dopasowanic niceek teorctycznych do pomicrzonych, a takze wspoétczynnik proporcjonalnosci B.
Na rysunkach 2 i 3, przedstawiono pomicrzone i obliczone obnizenia i odksztatcenia poziome wyz-
naczonych dla parametrow teorii. Z poréwnania pomicrzonych i obliczonych obnizen i odksztatcen
poziomych w rejonach nad cksploatacja 1 jcj sasiedztwic wynika duza ich zgodno$¢ jakosciowa
i iloSciowa (w odnicsieniu do odksztalcen poziomych po uwzglednieniu wspétczynnika B = 0,3r).
Roznice migdzy pomierzonymi i obliczonymi deformacjami wystepuja w rejonach nad calizna, w od-
legtosciach wigkszych od 0,2 H. Identyfikujac wyznaczone wspoétczynniki czasu z predkosciami
cksploatacji, w rejonic linii pomiarowej, dla $ciany 256 — v = 2,3 m/dobg i dla §ciany 257 —
v= 1,7 m/dobg, stwicrdza si¢ ich zalczno$¢ od predkosci cksploatacji. Wyznaczono parametry nowcj-
-uogolnionej funkeji czasu (wzor 6 i rys. 6), gdzic:

t — czas uptywajacy od chwili wybrania clementu poktadu,

1 — 4 — wplywy cksploatacji clementarnej (np. jednodniowcj), ktore ujawniaja

si¢ na powicrzchni po pcwnym opoznieniu natychmiastowo,

Top — opoéznicnic ujawniania si¢ wptywow cksploatacji na powicrzchni od chwili

wybrania clementu poktadu,

c — wspotczynnik czasu.

Jesli parametry funkcji czasu wyznaczane sa z pomiaréw obnizen, a w toku obliczen nic uwzgled-
niono obrzeza od strony przemieszczajacego si¢ frontu cksploatacyjnego, opdznicnic T,y skiada si¢
z czasu przcjscia frontu cksploatacyjnego na odcinku obrzeza p oraz ,whasciwego” opdznicnia. Jesli
natomiast uwzgledniono to obrzeze — 1, odzwicrcicdla ,,whasciwe™ opdznienic.
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Wyznaczone opoznicnic 1,, = 30 dni zinterpretowano na rysunkach 5b i ¢. Na rysunku 7 przedsta-
wiono obliczone predkosci obnizen punktu 320 stosujac uogdlniona funkcjg (6) dla wyznaczonych
parametrow 4 = 1,0, ¢ = 6,6 rok! i Top = 30 dni. W celu matematycznego zamodelowania fluktuacji
narastania obnizen (i deformacji) w stosunku do wartosci srednich, parametr 4 powinien wynosié¢
0 < 4 < 1. Na rysunku 8 przedstawiono obraz obliczonych predkosci obnizen dla nast¢pujacych
zatozonych parametrow funkcji (6): 4 = 0,8, ¢ = 6,6 rok™' i Top =30 dni.

Najwaznicjsze wnioski artykutu:

Wykazano, ze dla tych samych warunkow geologiczno-gorniczych wartosé wspotezynnika czasu
¢ Knothego z rownania (5) zalezy od predkosci cksploatacii.

Wykonane pomiary wykazaly wplyw przerw w cksploatacji na ksztaltowanic si¢ dcformacji
powierzchni takze dla matych predkosci frontu cksploatacyjnego, wynoszacych okoto 50 m/micsiac.
Wyznaczone teoretycznic opoéznienic 1, = 30 dni. Jesli przyjmiemy, Ze czas przcjscia wplywow
natychmiastowych przez gorotwor wynosi okoto 1-3 dni, to czas przejscia frontu cksploatacyjnego na
odcinku obrzeza p wynosi okoto 28 dni.

Stosujac uogolniona funkcjg czasu (6) do prognozowania deformacji powierzchni spowodowa-
nych cksploatacja prowadzona z przcrwami prognozuje si¢ deformacjc, ktére zgadzaja sig z pomiarami.

Artykut zostal opracowany na podstawic pomiaréw wykonanych przez pracownikéw Dzialu
Mierniczo-Geologicznego KWK Kazimierz-Juliusz Sp. z 0.0., pod kierunkicm mierniczego goérniczego
Jacka Sobczyka, za co sktadam Wykonawcom uznanie i podzickowanic.

* Stowa kluczowe: gorotwor, cksploatacja gérnicza z przerwami, nicustalonc deformacjc powierzchni,
opis zjawiska

1. Introduction

To predict surface deformation, it has been hitherto generally assumed on the basis of
mining conducted continuously and at a constant rate. In practice however, intermittent
stoppages in mining are unavoidable. These interruptions result from non-working
days (Saturdays, Sundays and other holidays), interruptions of continuous work for
technological reasons and in unforseen situations (e.g. caused by either natural hazards
occurring in the course of mining or machinery break-downs). General comments in the
question of adverse influence of interruptions to mining on the pattern and nature of
deformation of the rock mass and the ground surface, as well as damage to building
structures have occasionally been mentioned in Polish and international literature.

The first Polish experience in the field of the effects of mining at a face advance rate
of (v > 120 m/month or v > 6 m/day) on surface deformations were presented in the
papers by Kowalski (1993), Kwiatek, Kowalski, Jedrzejec (1994), Kwiatek et al. (1997).
These referred to mining being conducted, in the Staszic mine, at medium and high rates
of up to 12.2 metres per day. It was found from this, that an irregular mining rate
produces variable surface deformations, interruptions to continuous mining giving rise
to increasing rates of surface subsidence as compared with the effects due to mining at
a continuous rate without stoppages. The time-lapse between the removel of coal from
a seam and the appearance of effects at the surface has been determined (Dubinski et al.
1999; Kowalski 1999; Kowalski, Jedrzejec 2000). '

The phenomena discussed in this paper are associated with the Kazimierz-Juliusz
mine and refer to the surface deformation resulting from the extraction of a roof layer of
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Fig. 1. Scheme of mining 255-257 longwalls, location of the measuring line, and the numbers of cycles and dates of measurements

Rys. 1. Schemat eksploatacji $cian 255-257, lokalizacja linii pomiarowej oraz numery cykli i daty wykonania pomiar6w
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the thick 510 seam, the layer mined, with roof caving, consecutively by three longwalls;
Nos. 255, 256, 257 (Fig. 1). The rates of longwall face advance were 3.75 m/day during
working days, an overall average of 2.5 m per day. On Saturday, Sunday and holidays
mining operations were not conducted. Daily observations of surface subsidence above
longwall 257 specifically demonstrate the effect of the rate of advance and periodic
cessations in mining on the occurrence of transient subsidence). The parameters of
Budryk and Knothe’s theory and the relationships between the deformation indices and
data characterising the conditions of mining were determined, as well as the coefficients
of the new, generalised function of time which then were applied to predict the rate of
surface subsidence above the mining face with stoppages of production.

2. Characteristics of geological-mining conditions

The rock mass over the 510 seam is composed of Quaternary and Carboniferous
formations. The Quaternary formations have a thickness of 30 to 40 m, and consist of
sands, clays and silts. The Carboniferous rock mass above seam 510 is composed of
interleaved layers of shales and sandstones. The Carboniferous rocks, by reason of their
deformation properties, can be designated as being fairy compact. In the part of the
deposit analysed, the rock mass had not been previously disturbed by mining activities,
before mining of the 255-257 longwalls commenced. The strike of the seam is in the
W-E direction. In the N-S direction, the seam is deposited in the form of a trough, the
bottom of which is located in the vicinity of the heading between the 256 and 257
longwalls, the dip of the seam being 4-6°.

The data characterising the process of mining of 255 and 256 longwalls:

« length of longwall 255 from 55 to 150 m, and length of longwall 256 from 80

to 150 m,

« reach of longwalls: 600 and 960 m, respectively,

« thickness of seam in each longwall; up to 3.3 m,

« depth of mining below ground surface: 440 m on average,

< advances of 256 longwall over a one month period, in the vicinity of the
measuring line were from 54 to 86 m, 71.0 m in average, the average daily
advance being 2.3 m.

The data characterising the process of mining longwall 257:

» length 190 m,

e reach 1090 m, :

+ mining commenced 15 November, 1998, and was continued until 15" Septem-
ber, 2000. From March 1999 to the end of mining, the caving goaf was additio-
nally sealed by means of hydraulic filling,

» height of excavated layer; up to 3.4 m,

+ depth of mining below ground level 430 m on average,

« daily advances were from 1.25 to 3.75 m; mining was discontinued on Saturdays,
Sundays and during holidays,
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+ average longwall advance in the area of mining, in the neighbourhood of the
measuring line was 50.8 m/month, and the overall daily average including
non-working days was 1.66 m: standard deviation over the period from 6" April
to 11™ June, 1999 was +1.23 m/day (the variability index +74%).

The advances of longwall 257 in the time interval corresponding with measurements
are presented in Fig. 5c. The time of an operational day was recorded for a 24hr period
from 6.00, the mining period on Friday terminating on Saturday morning.

The process of mineral extraction using a shearer was performed continuously during
all shifts.

3. Measurements of surface deformations and their results

The measuring line consisted of 39 points distributed approximately along a straight
line at intervals of ca. 35 m (Fig. 1).

The measurements of the level of the ground surface were performed using the
precision levelling technique. The average error in determining the subsidence of
a measured point, calculated a posteriori, was +0.45 mm. The measurements were
conducted with the use of a distance meter. The average error in determining the
dimensional change was 2 mm.
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Fig. 2. Steady-state levels of subsidence at the measuring line, induced by mining longwalls 255-257,
on the basis of measurements and calculations
1 — subsidence trough resulting from mining longwalls 255 and 256, 2 — trough caused by mining
longwall 257, 3 — total, trough — bold lines, fine lines — results of calculations

Rys. 2. Ustalone obnizenia na linii pomiarowej spowodowane eksploatacja $cian 255-257 na podstawic
pomiardw 1 obliczen
1 — niecka spowodowana eksploatacja $cian 255 1 256, 2 — niecka spowodowana eksploatacja
$ciany 257, 3 — niecka sumaryczna, linie grubsze — pomiar ci$nienia, linie ciefisze — obliczenia
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The following measurements were recorded:

» 29 cycles of subsidence and horizontal deformation along the entire measuring

line (points 301-339) over time-intervals from 2 weeks to 3 months,

« 67 cycles of subsidence of 12 points (317-328) at one-day intervals from 6t

April, 1999 to 11t June, 1999.

Figs. 2 and 3 present selected measurement ing results which represent the steady-
-state (asymptotic or final) levels of subsidence and horizontal deformations along the
line, for the following mining operations:

1) after total extraction of longwalls 255 and 256,

2) caused by mining longwall 257,

3) total, after mining out longwalls 255-257.

It follows from the graphs of subsidence and deformations (Figs. 2 and 3) that after
255 and 256 longwalls were mined out, the maximum subsidence reached 1420 mm, and
horizontal deformations were from +4.1 to —7.3 and to +3.3 mm/m, after mining out
three longwalls, 255, 256, 257, the maximum subsidence was 2220 mm, and horizontal
deformations from +5.0 to —8.6 and to +3.4 mm/m. '
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Fig. 3. Steady-state horizontal deformations caused by mining longwalls 255-257, on the basis of
measurements and calculations. Notation as in Fig. 2

Rys. 3. Ustalone odksztatcenia poziome na linii pomiarowej spowodowane eksploatacja $cian 255-257
na podstawie pomiardéw i obliczen.
Oznaczeniajak na rysunku 2

Figs. 4 and 5 present the graphs of subsidence values (taken for an analysis) of two
points, N° 316 and 320, situated approximately above the centres of active sur faces of
longwalls 256 and 257 (including the mining periphery):

- effects corresponding to mining longwall 257 are: maximum subsidence 1707 mm,

and horizontal deformations from + 4.8 to —8.3 and to +3.5 mm/m,
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Fig. 4. Subsidence of point 316 over time

Rys. 4. Obnizenia punktu 316 w czasie

* maximum trough dips are, at the southern wing 7: = 10.1 mm/m, at the northern
dip T¢ = 13.15 mm/m (compare formula (3)).
From analysis of subsidence values of point 316 over time (Fig. 4) it follows that its
subsidence on the day of passage of the face of longwall 256 front under this point was
400 mm (earlier a shorter longwall 255 was extracted) final subsidence was 1420 mm,
maximum subsidence rate was 11.9 mm/day.
From an analysis of subsidence values of point 320 over time (Fig. 5) it follows that:
+ onthe day of the passage of 257 longwall front under this point (30 April, 1999),
its subsidence was w;, = 230 mm, final subsidence was wy(d) = 1707 mm,
maximum average subsidence rate was 14,2 mm/day (Fig. 5a and b),

« daily rates of subsidence (Fig. 5b) were distinctly disparate from average values;
for example from 29t May to 11 June, 1999, the standard deviation was
d,, = 3.7 mm/day, and the variability index Mv,, = +34%.

+ Days of periodical occurrence of the reduced rates of subsidence rise correspond
with the days of interruptions in the process of mining, with the delay of 1-3 days.
(Figs. 5b and 5¢)

With the aim to check the use, in the transient deformation forecasts, of a generalised
time function (see Section 5), the results of subsidence measurements of point 320 were
applied, caused by mining longwall 257, by reason of its length and regular mode of
advance (after suitable inclusion of the mining periphery at the outward limits of the coal
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— — — time lag determined
od 6.04 do 11.06.1999 r.
a — obnizenie; b — obnizenie dobowe (pr¢dkosci obnizen); ¢ — predkosci frontu $ciany;

longwall 257 over the period from 6 April to 111 June, 1999
Rys. 5. Obnizenie i predko$é obnizen punktu 320 oraz predkosei frontu $ciany 257 w okresie

Fig. 5. Subsidence values and subsidence rates of point 320 , and mining front advance rates of
a — subsidence; b — daily subsidence (subsidence rates); ¢
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body and at the side of the goaf of longwall 256), and mainly because of an increased
regularity of mensuration at this point (daily subsidence measurements from 4th April to
11% June, 1999).

4. Parameters of Budryk and Knothe’s theory determined

The parameters of the theory, determined using a classical method (i.e. by their
definition), on the basis of results of the last measuring cycle, and which depict total
steady-state subsidence, for the whole series selected for measurements, are as follows

* Mining coefficient:

a= wmax (1)
g
where:
Wmax — Mmaximum subsidence of the full trough,
g — thickness of extracted seam layer.

Assuming that the mining panel formed by 255-257 longwall causes a maximum
subsidence of the surface, being wy,x =2.22 m, and g = 3.35 m, the mining coefficient,
calculated by the formula (1), is a = 0.66.

* Rock mass parameter (dissipation of effects):

th = H Tmax (2)
Wmax
where:
H — depth of mining,
Tmax — maximum dip of the ground for the full trough, defined in the direction

perpendicular to the mining edge.

By reason of a diagonal position of the measuring line in relation to the northern
mining edge (Fig. 1), the maximum dip of the ground was determined from the
relationship:

Tmax = Te/cosg (3)

where:
& = 20° — angle between the normal to the mining edge and the measuring line.

The maximum dips of the trough are: for the southern wing Tt = Tipax = 10.1 mm/m
(as it was assumed that the mining edge, formed by longwalls 255-257, was appro-
ximately a straight line), for the northerm wing 7o = 13.8 mm/m (7' = 13.15 mm/m).
By taking H = 435 m and wp,,x = 2.22 m, the rock mass parameter is, for the southern
wing tgf} = 2.0, and for the northern wing tgf3 = 2.7.
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« Coefficient of proportionality:

k= 8pom/ €obl 4)

Assuming the measured horizontal deformations (g,,,,) and calculated (g,;), for the
determined parameters of the theory, and for B = 0.4r, as depicted in Fig. 3, the
determined coefficient £ = 0.75.

Mining periphery, determined graphically (on the basis of graph (3), Fig. 2) is, in
the vicinity of the southern edge, p = 25 m, and in the vicinity of the northern edge
p = 85 m and 55 m on the average.

Independently on the parameters given above, they were determined, for the trough
formed in consequence of mining longwall 257 (graphs 2 in Figs. 2 and 3), using the
fewest squares method, being as follows:

« mining coefficient a = 0.66 (in this longwall and partly on its extremities, the

post-mining goaf was additionally sealed with the use of dust-water mixture),

« rock mass parameter tgf3 = 2.3,

* mining periphery p = 85 m,

With the aim to make a comparison, ibn cf Figs. 2 and 3, respectively, the measured
and calculated values of subsidence and horizontal deformations for the determined
parameters of the theory are compared. The calculations were made using SZKODY
software, developed by Jedrzejec (Jedrzejec 1993). By comparing the measured and
calculated subsidence values and horizontal deformations in the regions above the
mined area and in its neighbourhood, one can see their high close correspondence in
both qualitative and quantitative terms (in relation to horizontal deformations, taking
into account the value of coefficient B = 0.3r). The differences between the measured
and calculated values occur in the areas over the rock mass, at distances greater
than 0.2H.

¢ Time coefficient ¢ (Knothe 1984):

_awat (5)
wi () —w,
where:
c — 1is a constant coefficient, independent of time,
dw/dt — rate of subsidence,
wy(f) — steady-state subsidence resulting from mining related to moment ¢,
w, — subsidence of the point at moment ¢,
t — elapsed time from starting the mining operation.

The time coefiicients determined for points 316 and 320 are ¢ = 9.3 year!' and
¢ = 6,6 year'!. These coefficients were determined by matching the theoretical sub-
sidence curve to that measured (in the part of the measured curve which depicts the
subsidence of the surface when the mining front had moved beyond » = H ctgf), using
an algorithm developed at CMI (Kowalski et al. 2000).
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By identifying the determined time coefficient with the mining rates, in the neigh-
bourhood of the measuring line, being v = 2.3 m/day for longwall 256, and v = 1.7 m/day
for longwall 257, a dependence on the rate of mining emerges, ¢ = F(v).

5. Generalised time function and its application

The generalised time function given in the publications (Dubinski et al. 1999;
Jedrzejec 1999; Kowalski 1999, Kowalski, Jedrzejec 2000) has the form

T(1)=6(1)q(1) (6)
where the principal time function ® has the form
O(1) =1-Aexp[—c(t=1,,)] (6a)

and the auxiliary function ¢ is given by the formula

0 for t<t,, (6b)
1 for t>1

=%op

q(1) =

where:
4, ¢, t,, — coefficients of the equation that can be determined using the fewest
squares method.

7 T

exp(-c(t-1y)

1-A

Top

Fig. 6. Schematic shape of generalised time function
t — time passing from the moment of extracting a seam element; | — A — effects of an elemental
mining operation (e.g. one-day long) that manifest themselves the surface immediately, after a defined
time lag; 7, — time lag of manifestation of mining effects on the surface after extraction of a seam
element; ¢ — time coefficient

Rys. 6. Schematyczny ksztatt uogélnionej funkeji czasu
t — czas uplywajacy od chwili wybrania elementu poktadu; 1 — 4 — wplywy eksploatacji elementarnej
(np. jednodniowej), ktdre ujawniaja si¢ na powierzchni po pewnym opdZnieniu natychmiastowo;
T,y — OpOZnienie ujawniania si¢ wpltywow eksploatacji na powierzchni od chwili wybrania elementu
poktadu; ¢ — wspotczynnik czasu
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The function (6) substitutes three selected time functions:

* Knothe’s function, when: 4 = 1, 1,, = 0, ¢ is a parameter (see formula (5)),

» Zener model applied by Kwiatek (Kwiatek et al. 1997), when: Top = 0; 4, c are

parameters,

+ function of immediate influence, when (4 = 0 or ¢ = o), and Top = 0.

If the parameters of the time function are determined from measurements of sub-
sidence and,in the course of performing calculations the periphery from the moving
front side have not been included,than the delay t,,, is composed of the time of minng
front passage at the section p of the periphery and the “specific” delay.

The parameters of the time function (6) are calculated using the least squares method
(by comparing the theoretically calculated withthe subsidence values of the point
in time), according to the formula:

N m 5 ] (7)
S(A,c)zz Z[w,,(t,-;A,c)—wm-] =min

n=l =l

where: :
w,(t;4,c) — theoretical subsidence value of the n-th point in i-th measurement
with the parameters 4, ¢,

Wy — real subsidence of the n-th point in the i-th measurement,
N — number of measuring points,
m — number of measurements.

It has been assumed that the theoretical subsidence w,(t;; 4,¢) is a sum of partial
subsidence caused by extracting subsequent rectangular blocks on a dily basis; the
width (one-day front advance) and thickness may vary. In practice, the parameters of
function (6) are determined using the CMI-developed algorithm and PC program
for Windows 95/98/NT, following the formula (7), for subsequently assumed time
lags ).

Using the measured subsidence values of point 320 (over the interval from 29t
October, 1998 to 15t June, 2000), the parameters determined are as follows:

+ 4=0.9958 = 1.0,

s ¢=6.6year!,

* Tgp = 30 days.

The standard deviation of matching is J,, = 28.15 mm. In the analysed case, there is
lack of occurrence of immediate effects (parameter 1 — 4 = 0). The theoretically deter-
mined time lag t,, = 30 days, without including the pheriphery, has been interpreted in
Figs. 5Sb and c. The time of passage of the effects through the rock mass is 1-3 days, and
the time of passage of the mining front at a section p of the pheriphery is about 28 days.

For considerable mining rates currently gained in the coal mining industry in
Germany, being even over 20 m/day, and at the lengths of longwall fronts up to 300 m,
the manifestation of the effects of mining occur practically with no delay (compare:
Sroka, 1999). One can predict that with the increasing rate of mining, the time of passage
of the effectsof mining through the rock mass decreases.



under point 320

mining front
30.04.1999

12.0

i
o
(=]

dw/dt, mm/day
e ]
o

@
o

4.0
2.0
0.0
0 50 100 150 200 250 300 350 400 450
¢ days

Fig. 7. Calculated subsidence rates of 320 point affected by mining longwall 257, with the use of time
function (6) with the parameters: 4 = 1.0, 1,,, = 30 days, ¢ = 6.6 year™!

Rys. 7. Obnizenie predkosci obnizen punktu 320 pod wptywem eksploatacji $ciany 257 przy
zastosowaniu funkcji czasu (6) o parametrach: 4 = 1,0, t,, =30 dni, ¢ = 6,6 rok™!

Presented in Fig. 7 are the theoretical rates of subsidence of point 320, these being
performed using the generalised function (6) for the determined parameters 4 = 1.0,
¢ = 6.6 year! and Top = 30 days. An inverse problem to determining the parameters of
a generalised time function. By comparing the calculated subsidence rates of point
320 from Fig. 7, and measured ones (Figs. 5a, b), it follows that:

- there is a concordance between the theoretical maximum subsidence rates
(12 mm/day) and those (14.2 mm/day), and the time of their occurrence, within
220-235 days from the beginning of mining,

- there is satisfactory accordance of the calculated subsidence values (after inte-
gration) at the day of passage of the mining face under the point amounting to
273 mm with the measured 230 mm, as well as final subsidence values being
1700 mm and 1707 mm, respectively,

» no irregularities in calculations of the subsidence, consequent upon the value of
parameter 4 = 1.0 being assumed.

With the aim to perform mathematical modelling of fluctuations of subsidence rise
in relation to average values, the parameter should be 0 < 4 < 1. This has been
demonstrated in Fig. 8 where the results of calculations are presented for the assumed
parameters: 4 = 0.8, ¢ = 6.6 year ! and Top = 30 days.
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Fig. 8. Calculated subsidence rates of 320 point affected by mining longwall 257, with the use of time
function (6) with the parameters: 4 = 0.8, 1,,, = 30 days, ¢ = 6.6 year™!
Rys. 8. Obnizenie predkosci obnizen punktu 320 pod wptywem eksploatacji $ciany 257 przy
zastosowaniu funkcji czasu (6) o parametrach: 4 = 0,8, Top™ 30 dni, ¢ = 6,6 rok™!

In both examples (Figs. 7 and 8) , the identical geological and mining data were
assumed, characterising the active mining area of longwall 257, including mining
advance rates (particularly at the time it passed under the point, see Fig. 5c).

Conclusions

1. The results of measurements presented are useful both for the evaluation of surface
deformations arising as a result of mining, for the validity of control of forecasts, and the
verification of the parameters and assumptions of the deformation prediction theory.

2. It has been demonstrated, on the basis of subsidence observations, that for the
same geological-mining conditions, the value of Knothe’s parameter ¢ in equation (5)
depends on the rate of mining advance.

3. The measurements performed have shown the effect of mining stoppages on
formation of surface deformation for low mining front rates, being ca. 50 m/month. The
existence of a relationship between mining stoppages and rate of subsidence rise, has
been found. In same time periods, a decrease in the rate of subsidence rise is observed,
with the delay of 1-3 days after the process of mining has been stopped. The theo-
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retically determined delay t,, = 30 days is composed of the time of passage of the effects
through the rock mass, being 1-3 days, and time of passage of the mining front at the
section of the periphery p, being ca. 28 days. It seems that, taking the experience from
Staszic mine and that from Ruhr mines, the time of passage of the effects of mining
decreases with the increasing mining rate. It seems that, taking into account experience
from Staszic mine and mines from Ruhr coal basin, that with the increasing mining rate,
the time of passage of mining-induced effects trough the rock mass decreases.

4. Using a generalised time function (6) to predict the surface deformation resulting
from the process of mining conducted with stoppages, the predicted deformations are
being in agreement with the measurements made in situ.
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