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STANISLAW SZWEDA*

LOADINGS OF LEGS IN SECTIONS OF MECHANISED SUPPORTS BY DYNAMIC MOVEMENTS
OF ROOF AND FLOOR

OBCIAZENIA STOJAKOW SEKCJI OBUDOWY ZMECHANIZOWANEJ SPOWODOWANE
DYNAMICZNYM ODDZIALYWANIEM STROPU I SPAGU WYROBISKA

Using results of measurements of the resultant force carried by hydraulic legs and of a vertical
component of acceleration of a canopy, the sense of external loading of the section caused by the
dynamic action of the rock mass and parameters characterising changes of the force in legs opposing the
that external load was determined.

The sense of cxternal loading of the section of the mechanised support was determined assuming
that it causes a lincar motion of the canopy. This results from the initial conditions of the equation of the
canopy movement (the conditions corresponding to the initial static load) that initially senses that the
vertical component of the acceleration of the canopy and of the resultant force of the external load are
the same. It was assumed on the basis of the observations of changes of the force in the legs during
setting that in the case of dynamic movement of the rock mass on the support the average speed of the
force increasc in legs — wp , is at least 1.25 times bigger than the maximum value of wy , registered
during setting of thc section.

As aresult of the long-term measurements carried out in four longwalls, 37, recordings of dynamic
processes at different times, of forces in legs, caused by dynamic movement of the rock mass werc
registercd. In 9 cases of changes of forces in the legs were caused by external loads acting on the bases
of the section.

Looking for a rclationship between parameters characterising changes of the force in the legs and
the natural and technical conditions in situ, a clear statistical dependence between maximum force —
F,, and an initial static forcc — Fy, , was demonstrated. The dependence is valid both for changes
of force in the legs caused by an external load acting from the roof and for a load acting from the floor.
The coctticicent of load increase, K;, which characterises changes of force in the legs caused by cxternal
load acting on bases is significantly greater than that imposed on the legs by changes in roof loadings.
Also the average rate of increase of force in the legs is considerably greater in the case of an external
load acting from thc floor.

Key words: mechanised support, loadings of legs, dynamic movements of rock mass
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Przedmiotem pracy jest analiza zmian sit w stojakach sckcji obudowy zmechanizowanej spowo-
dowanych dynamicznym oddziatywaniem gorotworu. Podczas pomiaréw obciazen obudéw zmecha-
nizowanych, wykonywanych systemem ciagtym w wyrobiskach zagrozonych tapaniami, rejestrowano
rownoczes$nic dwa przebiegi czasowe:

» wypadkowc;j sity przenoszonej przez stojaki hydrauliczne,

< pionowcj sktadowej przyspieszenia stropnicy.

Sygnaty pomiarowe rejestrowano na tasmic magnetofonu pomiarowego usytuowanego na po-
wierzchni. Parametry charakteryzujace zmiany sity w stojakach, jak rownicz zwrot wywotujacego je
zewngtrznego obciazenia sckcji, wyznaczono analizujac zarejestrowanc sygnaty pomiarowe w pasmic
czgstotliwosci 0-500 Hz.

Zwrot zewngtrznego obciazenia sckcji obudowy zmechanizowancj okreslano zaktadajac, ze wy-
wotuje ono ruch postgpowy stropnicy. Z warunkéw poczatkowych réwnania ruchu stropnicy, odpo-
wiadajacych poczatkowemu statycznemu obciazeniu sekcji wynika, ze w chwili poczatkowej zwroty
sktadowej pionowcj przyspieszenia stropnicy i wypadkowej obciazenia zewngtrznego sa zgodne.
Wyrézniono dwa rodzaje obciazen zewngtrznych sekeji:

» obciazenic dziatajace od strony stropu — np. rysunki 3 i 4,

= obcigzenic dziatajace od strony spagu — np. rysunki 51 6.

W pracy analizowano tylko te fragmenty przebiegéw czasowych sygnatéow pomiarowych, ktore
spetniaja warunki:

1) poziom zakiécen sygnatu wynosi co najwyzej 20% maksymalnej wartosci sygnatu,

2) srednic tempo przyrostu sity w stojakach — wg, jest co najmnicj 1,25-krotnie wigksze od
maksymalnej wartosci wy , zarcjestrowancj podczas rozpicrania sekcji.

Warunck 2 jest rownoznaczny z zatozenicm, ze dynamiczne oddziatywanic gérotworu powoduje
intensywniejsze zmiany wartosci wypadkowej sity w stojakach niz rozpicranic sekcji, co w przypadku
wyrobisk w ktérych wykonywano pomiary oznacza, zec:

0.8(Fm - Fst p) B
wp,,,zml—”’p>0,6[MN-s I
n

W rezultacie dhugotrwatych pomiaréw prowadzonych w czterech scianach (informacje o wa-
runkach przeprowadzania pomiaréw zestawiono w tabl. 1 i 2) zarejestrowano 37 przebiegéw cza-
sowych sity w stojakach spowodowanych dynamicznym oddziatywanicm gérotworu. Zestawicnic
zarcjestrowanych przebiegéw czasowych wedtug zwrotu obciazenia zewngtrznego sekcji zawiera
tablica 3. W 18 przypadkach zmiany sity w stojakach spowodowato obciazenie zewngtrzne dziatajace
na sckcjg od stropu. Dane dotyczace tych zmian sity w stojakach zawicra tablica 4. W przypadku 10
przebicgdw czasowych sity w stojakach (tabl. 6) wyznaczenie zwrotu zewngtrznego obciazenia sekcji
na podstawic zwrotu poczatkowego przyspicszenia stropnicy nic byto mozliwe ze wzgledu na silnc
zaktécenia sygnatu przyspieszenia. Kierujac si¢ innymi przestankami (lokalizacja ognisk wstrzasow
goérotworu towarzyszacych zarcjcstrowanym zmianom sity w stojakach, pordwnanic przedziatow
zmienno$ci paramctréw charakteryzujacych zarejestrowane przebiegi czasowe — tabl. 7, itp.) przyjeto,
Ze zmiany sity w stojakach przedstawione w tablicy 6 réwniez spowodowato dziatanie obciazenia
zewngtrznego od strony stropu. W 9 przypadkach zmiany sity w stojakach spowodowato obciazenic
zewngtrzne dziatajace na spagnice sckeji (danc zawicra tabl. 5).

Poszukujac zwiazkéw pomigdzy parametrami charakteryzujacymi zmiany sity w stojakach a wa-
runkami naturalnymi i technicznymi w miejscu wykonywania pomiaréw, wykazano istnieniec wyraznej
statystycznej zaleznos$ci pomigdzy maksymalng sita — F,, a poczatkowa sita statyczng — Fop
Wystgpuje ona zaréwno dla zmian sity w stojakach spowodowanych dziataniem obcigzenia zew-
ngtrznego od strony stropu — rys. 9 i 10, réwnania (5) 1 (7) — jak tez od strony spagu — rys. 11,
réwnanic (9). W przypadku prostych regresji pokazanych na rysunkach 9, 10, 11 i poréwnanych na
rysunku 12 wspétczynnik regresji mozna utozsamiaé zc wspotczynnikiem przyrostu obciazenia K,
dcfiniowanym jako iloraz sit F,, i Fyp W przypadku zmiany sity w stojakach spowodowancj
dziatanicm obciazenia zewngtrznego na spagnice wspétczynnik przyrostu obciazenia Ky jest istotnic
wigkszy od wspétczynnika K, dla sity w stojakach wywotanej obciazeniem sckcji od stropu. Granice
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przedziatéw ufnosci wspotczynnika przyrostu obciazenia dla wyréznionych rodzajéw zmian sity
w stojakach, zbudowane na poziomic ufnosci 90%, zestawiono w tablicy 8. Réwnicez $rednic tempo
przyrostu sity w stojakach jest znacznic wigksze w przypadku dziatania obciazenia zewngtrznego
od spagu.

Precyzyjnicjszy opis zwiazkow pomigdzy parametrami charakteryzujacymi obserwowane zmiany
sity w stojakach a wiclkosciami opisujacymi warunki naturalnc i techniczne w wyrobisku oraz
dynamiczne oddziatywanic gérotworu wymaga przeprowadzenia dalszych pomiaréw. Dotyczy to
w szczegolnodci pomiaréw obciazen wystgpujacych w wyrobiskach zagrozonych tapaniami, pro-
wadzonych po spagu weglowym.

Stowa kluczowe: obudowa zmechanizowana, sity w stojakach, oddziatywanie dynamiczne gérotowru

1. Introduction

One of the factors which enables rational designing of new types of powered roof
supports is a determination of the parameters which characterize the loads acting on the
powered roof support unit. This problem is particularly important in the case of
constructing the roof supports designed for operation in the workings where hazards of
sudden rock movements are presented. The purpose of the measurements, carried out by
the KOMAG Center and the Mining Mechanization Institute at the Silesian Technical
University, in the workings threatened by rockfalls (Szweda 1992, 1996), has been
to determine the parameters which characterize the loads in powered roof support
units, caused by the dynamic action of a rock mass. The selected parameters, which
characterize the loads recorded during these measurements, are discussed.

Usually, when examining the dynamic action of rock mass on powered roof supports,
the phenomena occurring in the roof (like: roof vibrations, tremors, immediate roof sliding
etc.) are taken into consideration. The dynamic action can also act upwards on the unit
from the floor of the working. Some information about damage to subassemblies of
units caused by sudden movements, collected by Profaska (1998) testifies to this fact.
Analyzing the results of sudden movements, causing damage to powered roof support
units, it has been stated that in longwalls driven between the coal floor and the roof of the
seam (1.e. extracting the seam in layers) damage to the support elements has been
accompanied by floor heave in the face area and the coal falling from the face. In longwalls
mined within their entire seam thickness, beside the effects of sudden movements,
resulting in the damage of support elements, coal falling from the face has been observed
relatively frequently. Floor heave has occurred much more infrequently. However, there
are some circumstances, indicated by phenomena occurring in the floor, which can be
a cause of dynamic loads in powered roof support units. Some of these phenomena have
been described in the literature (e.g. Szuscik 1994, 1995), but to date there has been no
information about the value and the character of the dynamic loadings which these
phenomena create in acting on the unit from the floor. That is why one of the research tasks
of the measurements, discussed in the paper, has been to check whether the location of the
dynamic phenomenon which causes the change in the loading of the unit (whether in the
working roof or floor) influences the parameters which characterize these loads.
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The method of determining the sense of the external load of a powered roof support
unit and the measurement processes in the workings where a shock-loading hazard is
presented, as well as the recorded loads are discussed.

2. The method of determining the sense of the unit external load caused by the
dynamic phenomena in the rock mass

Developing the testing method, the following simplifying assumptions have been
made:

1. Anexternal dynamic load is applied to the canopy or the base of the support unit.

2. Temporary canopy movement due to the dynamic load is linear motion, taking
place in the plane perpendicular to the working roof and floor.

Generally, the measurement method consists in simultaneous recording of two time
processes:

» aresultant force transmitted by legs,

+ a vertical component of the acceleration of a selected point of the canopy.

An arrangement of sensors has been presented in Fig. 1.

The resultant force transmitted by legs has been determined by strain gauges placed
on the mechanical extension rod of the leg. A piezoelectric sensor installed inside
the canopy has determined the vertical component of the canopy’s acceleration, as close
as possible to the leg head. This location of the acceleration sensor allows the influence
of temporary canopy rotation on the value of the vertical acceleration of the canopy to be
minimised.

~L

Fig. 1. Diagram of the sensors arrangement in the unit
1 — acceleration sensor, 2 — force sensor

Rys. 1. Schemat rozmieszczenia czujnikow w sekcji
| — czujnik przyspieszenia, 2 — czujnik sity
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Measurement signals are transmitted from the workings to the surface and they are
recorded continuously. This method of recording the measurements enables loadings the
unit caused both by static and dynamic action of the rock mass to be reproduced.
Analyzing the recorded time processes, it is possible to determine the sense of the
external load of the unit, caused by dynamic phenomena in the rock mass.

The method of determination the sense of this load is shown in Fig. 2

Brt)
i}
S He

LT 7

Fig. 2. Simplified model of the powered roof support unit

z

Rys. 2. Uproszczony model sekcji obudowy zmechanizowanej

A differential equation of the unit motion treated as a mechanism with one degree of
freedom has the following form:

mz +bz +cz=P,(1)

where:
m — weight of the unit reduced in relation to the canopy,
b — coefficient of the viscous suppression,
& — coefticient of rigidity,
P,(t) — external load of the unit.

From the initial conditions, relating to the initial static load of the support unit:

2(1=0)=0

z(¢=0)=0
this results in:
mz(t=0)=P,(t=0)

so at the initial moment, the senses of the vertical component of the canopy acceleration
and of the external loads of the unit should be the same. According to the accepted
system of coordinates, the external load

P.(1=0)>0
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relating to the positive acceleration z(z=0) acts on the canopy from the roof side,

and because of the unilateral character of the ties between the unit and rocks surrounding
the load:

P,(1=0)>0

should be interpreted as the external load acting on the base from the floor side.

The force in the leg is measured independently from the measurement of the canopy
acceleration. Its value, irrespective of the sense of the unit’s external load, always
increases. In connection with this a determination of the sense of the support external
load consists in a determination of the canopy acceleration sense when the value of
the resultant force in the legs begins to increase.

The method of determining the initial acceleration of the canopy is given in Fig. 3
and 4, presenting the time processes of the force and acceleration, recorded during the
measurements carried out at longwall IV, Seam 501, at the “Wujek” Colliery.

The following noise level of the measurement signal has been assumed:

« for a signal of the resultant force in legs

oF =0MFy —Fy )

« for an acceleration signal
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Fig. 3. Force time process in the legs caused by the external load acting on the unit from the floor

Rys. 3. Przebieg czasowy sit w stojakach spowodowany obciazeniem zewngtrznym dziatajacym
na sekcje od spagu
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Fig. 4. Time process of the canopy acceleration caused by the external load acting on the unit from
the floor

Rys. 4. Przebieg czasowy przyspieszenia stropnicy spowodowany obciazeniem zewngtrznym
dziatajacym na sekcjg od spagu

It has been assumed that an initial acceleration of the canopy a, will occur at the time
t,, when the following conditions are satisfied:

la(t,)|>da (1)
F(to)>FS,’p +8F 2)
a, =a(ty)

The horizontal lines in Fig. 3 and 4 determine the limits of the signal noise levels,
however the initial acceleration of the canopy a, and F(#,) have been marked on the
diagrams by the “0” mark. In the cases under consideration a, = —5.9 m's~2, so the unit
external load is applied to the base.

An example of the legs’ loading, caused by an external force acting on the canopy of
the unit is shown in Fig. 5. The simultaneously recorded time process of the acceleration
is presented in Fig. 6.

In Fig 5. and 6 the initial resultant force in the legs — F(%,) and the initial acceleration
of the canopy a, = a(t,) have been marked by “0” (as in Fig. 3 and 4).
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Fig. 5. Force time process in the legs caused by the external load acting on the unit from the roof

Rys. 5. Przebieg czasowy sit w stojakach spowodowany obciazeniem zewngtrznym dziatajacym

na sekcje od stropu
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Fig. 6. Time process of the canopy acceleration caused by the external load acting on the unit from

the roof

Rys. 6. Przebieg czasowy przyspieszenia stropnicy spowodowany obciazeniem zewngtrznym
dziatajacym na sekcjg od stropu



245

The presented measurement method enables two groups of the unit external loads

to be distinguished:

loads applied to the canopy of the unit, which are characterized by the fact that at
the initial moment the vector of canopy acceleration has a sense directed towadrs

the floor,

loads applied to the base of the unit, which are characterized by the fact that at the
initial moment the vector of the canopy acceleration has a sense directed towards

the roof.

3. Underground measurements

Measurements of loadings of powered roof support unit, caused by the dynamic
action of rock mass, were carried out between 1992-1994 in four selected longwall
workings, where the third degree of shock hazard was presented. Detailed information
concerning the process of measurements, mining-and-geological conditions as well as
the measurement results have been enclosed in the reports from the realization of the
research project No. 9 9031 92 (Szweda 1994a). A general characteristic of the place
and the object under testing is presented below. Due to the changeability of the
mining-and-geological conditions along the longwall panel, six stages of measurements
were decided upon. The basic data, concerning the time and the place of realizing the
following stages of measurements are listed in Table 1, and the information concerning
the mining-and-geological conditions at the place of measurements is given in Table 2.

TABLE |

List of basic information characterising the time and the measurement site

TABLICA 1|

Zestawienie podstawowych informacji charakteryzujacych czas i miejsce wykonywania pomiarow

Stage of

Longwall

Roof

Mining

i R
Tmm measurements tallary (seam) control | technology e
I Shearer
I “Zabrze- N791 Shearer Influence gf the extraction
1 i i gob boundary in the seam 416
-Bielszowice (502)
1 Exslogives Influence of the extraction
P boundary in the seam 501
2 v “Wujek” v ob Shearer
! (501) &
3 v «$lask” . gob Explosives
= @14y | B p
“Porabka- 758 Hydraulic
d W Klimontéw”| (510) | backfilling| Pcarer
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TABLE 2
Basic mining and geological conditions characterising the measurements site
TABLICA 2

Podstawowe warunki geologiczno-gornicze charakteryzujace miejsce wykonywania pomiardw

o] grgel] it e [ A ionl] Kool T e

! I(\;70?21) Whuwdstons | Budstens A 1};1/\321?52 extr:j:‘tliz): rl:?(:llfnzdc:::soefffect
2| sy | S| samson] 22| iunnor | sesrsherooter
8 (41i/4) Mudstens | Mugsens i 1F5//\321(-)(§z Suppor:;?:fisz;fe?th e
V| iy e | | e

Projections of mining boundaries in the seams situated over the 502 Seam, located in
the N791 Longwall Panel are shown in Fig. 7. The location of the No. 193 unit, where the
measuring instruments were installed, has also been marked. The differentiation of three
stages of tests in the N791 Longwall was dictated by different mining conditions (mining
technology, shock prevention measures taken) and by extracting the upper section of the
longwall under the area of influence of the mining boundaries in seams Nos. 416 and 501,
respectively located 70 meters and 17 meters above the longwall face being mined.

Measurement signals were transmitted to the surface by two electrical connecting
systems and were recorded on a magnetic tape. Total time of recording of measurement
signals during all the measurement stages was 1237 hours.

The basic results of the underground measurements included the recorded changes
of the vertical canopy acceleration and the resultant loads transmitted by the hydraulic
legs. The intensity of the changes of the loading is differentiated — beginning from
quasi-static force increase in the leg caused by a slow convergence in the working,
through the changes caused by leg setting or lowering, including quick load changes
occurring during rock-bursts, blasting or other dynamic phenomena in the rock mass.

It has been assumed that the measure of the unit load intensity is the average rate of
force increase in the legs as determined from the following equation:

:O'g(Fm —Fst,p)

WE n
tn
where:
F,, — maximum force transferred through the legs during the time process of unit
loading under consideration,
Fy, , — initial static force in the legs,

t, — time of load increase, determined according to the PN-88/M-42000 Standard.
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For a further analysis only these time processes, which are characterized by a higher
than average rate of force increase in the legs than those recorded at the unit setting, have
been selected from all the recorded changes in the leg loadings. To a large extent the
setting rate depends on the pressure in the main pipeline, the cylinder diameter and the
flow resistance in the hydraulic hoses. Analyzing the results of the force measurements
in the legs, during the unit setting, it has been stated that the maximum value of the
average rate of load increase in the legs during the unit setting — (wg )5y — 1s:

az gate
The g'az g Measurement site

The 193 section

¢

"” \ \\\ \\ \ The extraction éoundary

in the 416 seam

\?.. The extraction boundary
\ in the 501 seam

—

—_

Fig. 7. Location of the measurement site in the N791 Longwall of the Seam 502

Rys. 7. Usytuowanie miejsca pomiar6w w $cianie N791 poktadu 502
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(WE )5 = 0.481 [MNs71]

In relation to the above statement it has been assumed that the unit loads, caused by
a dynamic action of the rock mass, are characterized by an average rate of force increase
in the legs, of a magnitude of at least 1.25 times higher than the maximum value of an
average rate of the force increase in the legs caused by the unit setting.

WE > 125+ (WF,n)st

wr > 0.6 [MN's71] 3)

Four cases of the rock mass dynamic action on the unit causing — instead of an
increase — a rapid decrease of the force in the legs, were recordered (Szweda 1994).
Such type of load has not been discussed in the paper, as from the support designer’s and
user’s point of view the most important loads are those which are characterized by the
increase of force in the legs.

An important factor, influencing the number of recorded dynamic loads of the
supports, includes the noises of the measurement signal. Taking into consideration the
underground conditions in which the measurements have been taken, it has been
assumed, following Hagel (1975), that those time processes of measurement signals for
which the coefficient signal/noise is greater than 5.0, can be subjected to a further
analysis. This implies that the noises of a measurement signal cannot exceed 20 percent
of the maximum recorded increase of the signal.

Finally, taking into consideration both factors mentioned above, 37 time processes of
the force in the legs are eligible for a further analysis. A determination of the initial sense
of the canopy acceleration — a, — has been possible in 27 cases of the time processes of
the canopy acceleration signals recorded simultaneously with the time processes of
the force in the legs. A number of recorded rates of acceleration are lower, as in the case
of ten recorded acceleration signals the coefficient signal/noise of which did not
exceeded 5.0. The reason for a bigger influence of noises on the acceleration process can
be found in the much higher internal resistance of the acceleration sensor (order GQ) in
comparison to the internal resistance of the force sensor (about 100 Q). A high internal
resistance of the acceleration sensor facilitates an induction of noise in the acceleration
measurement system.

The analysis of the selected parameters which characterize the indicated 37 loads of
legs caused by a dynamic action of the rock mass on the powered roof support unit, is
presented below. -

4. Characteristic of the discussed loads of legs

The objective of the analyses, presented below is to establish a relationship between
the parameters which characterize the discussed loads of the legs and the natural and



249

technical conditions existing in the working. The following physical values are the
subject of discussion:
« parameters which characterize the support static load:
F,, — initial static force in the legs,
— Fg ;— final static force in the legs;
« parameters which characterize the change of legs loadings, caused by a dynamic
movement of the rock mass:
— F,,— maximum force transferred through the legs during the time process of
unit load under discussion,
— t, — time of load increase, determined according to the PN-88/M-42000
Standard,
— Kg— coefficient of load increase, defined as a quotient of the forces F,,
and F, ),
— wp, — average rate of force increase in the legs.
Fig. 8 illustrates the relations between selected parameters which characterize the
dynamic load.
The following parameters which characterize the risk of rock-bursts, as determined
by the mine seismometric stations are also mentioned:
r — distance from the burst center to the area where the measurements have
been taken,
E — energy of burst,
€, s— energy density of the seismic transverse wave at the area of measurements.
The seismic energy density has been determined from the relations given by Dubinski
and Wierzchowska (1973):

iF ;
Fm
Fstk e
Fstp S =01Fp-Fs,p)
4
th
.4

Fig. 8. Pictorial illustration of the selected parameters characterizing the discussed legs’ loads
of the powered roof support unit

Rys. 8. Pogladowa ilustracja wybranych parametréw charakteryzujacych rozpatrywane obciazenia
stojakow sekcji obudowy zmechanizowanej






















































