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Study on Subsidence Calculation Model Based on Allometric Growth
of Separated Strata in Mining Overburden

Abstract: In the sedimentary coal stratum, rock stratum exhibits layered feature and has a obvious level,
after the underground coal mining, overlying rock often produces separation strata along the level. How-
ever, due to the difference in the layers of rocks, the change of the mining process, the difference height
in the level and such factors, the rule of separated strata is extremely complex. Therefore, in this paper, by
means of experiment and simulation study found that allometric phenomenon, features and rule of sepa-
rated strata in mining overburden, the research reveals the mechanical mechanism of allometric develop-
ment of overburden separated strata, to establish its development formula based on the theory of beam in
the mechanics, analyzing the space-time law of mining subsidence and overburden separated strata, to
find the relationship between surface subsidence and allometric growth of separated strata in mining
overburden, to establish the subsidence model based on allometric growth of separated strata in mining
overburden.
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Introduction

Study on mining subsidence damage control and prevention, is conducive to the development of coal
industry in China and the stability of the ecological environment and. Separated strata is the key factor about
the theory of mining subsidence [1], studying the allometric phenomenon of separated strata in mining over-
burden, to reveal the mechanical mechanism of allometric development of overburden separated strata, can
better analysis the space-time law of mining subsidence and overburden separated strata, to establish the stra-
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tum subsidence model based on allometric growth of separated strata in mining overburden, can be able to
provide a new analytical method for the mining subsidence damage control and prevention.

The mechanical model of separated strata in mining overburden

With the coal mining, the pressure balance arch is emerged in the overburden strata above the
mined-out area, in a certain mining area, the distribution of relief and supercharging zone in the overlying
rock of mine can be regarded as the stress balance arch structure. Due to the effect of the pressure balance
arch, the weight of the overburden above the mined-out area distribute to the arch foot through the pres-
sure balance arch axis, the rock formation inside arch does not bear the load of the overburden, which
produces a layered curved sink under the effect of its own gravity stress and horizontal stress, since the
rock properties, thickness and rock height are different so that the subsidence of upper and lower strata
occurs asynchronous, when the deflection of the upper strata is smaller than the lower strata, the cata-
strophic instability will occur between the upper and lower strata, and then produce separated strata, form
separation space.

The establishment of mechanics model of strata combination. The tope roof is a number of dif-
ferent strata combination that composed by the rock formation with different properties and intensity in a
certain order [2], each rock is a plate-like structure, since the length of advancing direction of the coal
seam is much longer than the suspension length of basic roof strata trend, so the composed plate model of
roof strata can be further simplified to the composed beam model. The mechanical model of composed
rock beam is shown in Fig. 1.

Fig. 1. The mechanical model of composed rock beam. 1 —the mined-out area; 2 — key stratum;
3 —formation combination; 4 — separated strata.

Regard the rock beam as a statically indeterminate structure which fixed at each end, analyze the
stress of a rock formation in the composed rock beam and any point on the rock beam, the stress analysis
is shown in Fig. 2.
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Fig. 2. Stress analysis of the rock beam.
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The mechanical criteria of allometric development
of overburden separated strata

According to the mechanics structure model of composed rock beam, due to the differences of
subsidence deflection between two strata in the stratum, will lead to a processes of initiation, development
and closing of separated strata [3]. Take one of the separated strata in the stratum for analysis, in the range
of the boundary influence line, the lower strata where includes separated strata is supported by the bottom
of rock mass, it can be seen as a beam on elastic foundation, key stratum above the separated strata can be
seen as a statically indeterminate beam which fixed at each end, based on the mechanical model of com-
posed beam in the Fig. 3, to establish the mechanics analysis model of separated strata as shown in the
figure below.

Fig. 3. The mechanics model of the development of separated strata.

Under the action of uniformly distributed load g (including the self-weight of rock stratum and the
load passed down from overburden), set the vertical displacement of foundation beam to z(x), pressure
between the beam and foundation to p(x), by Winkle assumption can be got, the relation between the
foundation subsidence z and ground pressure p is: p=kz, where k is the resistance coefficient of founda-
tion beam, z is the subsidence deflection of foundation beam.

Take the bottom of rock beam as x-axis, the midpoint of separated strata as the origin, the direc-
tion of subsidence as z-axis, establish the coordinate system. Calculate the subsidence deflection of foun-
dation beam on the right of origin, the relationship between the subsidence deflection z, the load g and
ground pressure p can be written as flow:

4

dz
EIW:q—pzq—kz. (1)

- .. . — k . .
The flexibility characteristic value of beam is A= 2E1 » El is the flexural stiffness of founda-

tion beam, obtain the integral equation is [4]:

1= 9+e‘/3X(Clsin Ax+C, cos 1x) +e”(C,sin Ax+C, cos )
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by qualitative analysis can be know, when x approaches positive infinity, the subsidence deflection z ap-

proaches % , only when C, =C, =0, this condition is met, therefore, the formula can be changed to:

z :E+e‘/’X (C,sin Ax+C, cos AX) .

According to the reality, subsidence in the infinity of mining boundary is zero, and the calculated
value is the deflection of subsidence between load and non-Loaded rock stratum in both cases before and

after mining. Therefore, in order to get the actual value of subsidence % should be subtracted from the

formula, so obtain the subsidence curve equation of beam on elastic foundation as flow:
z=e"(C sin Ax+C, COS AX) .

According to the boundary conditions: z/,_,=W_, =mz; %/M:O, can be obtained
X

max

C,=C,=W,

max !

in the formula, W__, is the maximum subsidence value of beam on elastic foundation, m

is the mining thickness of coal seam, is the subsidence coefficient of rock stratum.
Therefore, the curve equation of beam on elastic foundation is:

z=W_ e (sinAX+Cos1X) (x>0). )
In the same way, subsidence curve equation of beam on elastic foundation in the left side of origin is:
z=W,__e”(sinAx-cosAX) (x<0y). 3)

For the rock beam, the relationship between deflection z and the load p’is:

dfz
dx
According to the boundary conditions: z/ _,, =0; g—zlx_+d =0, so obtain the subsidence curve
M

equation of rock beam as flow:

P 2 42y2
= (x"-d?) 4
24E'1 | )

In the formula, d is the half length of the rock beam, E'l" is the flexural stiffness of rock beam,

p’ is the suffered load of rock beam.

By the formula (3) and (4) to calculate the deflection of the upper and lower rock stratum, the
width of separated strata can be obtained:
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Z=7-7 =W__e™(sin Ax+¢0os AX)- p. - (x*—d?)?

Z=1-7=W_e"(sin ix-cosﬂx)-ﬁ(x2 -d%)*(x<0). (5)

At the point of z=0, that is the half-point of beam, the deflection differences of two rock stratum is
the maximum, let Z equal to vt, the equation as flow can be obtained:

W__e77(sin A +c0s AX)- P —d?)? (6)
e 24E | :

t

Since x is a variable, as can be seen, with the passage of time, speed and time is disproportionate
relationship, therefore, the development speed of separated strata is not uniform, it show the feature of
allometric growth.

The development characteristic of mining subsidence

The surface subsidence caused by underground coal mining is a process of development gradually
with the move of overlying strata, the process of surface subsidence development over time can generally
be divided into three stages, and they are the initial stage, development stage and the attenuation stage of
the surface subsidence [5].

After the initial mining, the stress balance of overlying rock in coal seam is destroyed, overburden
began to collapse, the mined-out area move upward in the form of separation space in the overlying strata,
eventually spread to surface, make the surface subsidence and sinking speed grow from 0, surface subsid-
ence come into the initial stages; with the mining working face advancing, after the fully mining of the
stratum, a large area of surface subsidence come to appear, surface subsidence basin gradually move for-
ward, sinking speed and the surface subsidence are both developed to a larger value, the surface subsid-
ence come into the accelerated development stage at this time; when the coal seam stop mining, the sur-
face subsidence basin almost no longer move forward, the Surface subsidence come into the rapid attenu-
ation stage, in this stage, with the compaction of the rock and the closure of separated strata and fracture
in the strata caving zone, surface subsidence still has some increase, sink to stable eventually.

There are many influence factors of surface subsidence caused by mining, including coal mining
width, dip angle of coal seam, strike length of the working face (advancing distance), mining rate, and
surrounding rock properties and so on. But when for a particular working face, advancing at a constant
speed along the direction of mining, in addition to the advancing distance of working face will change,
other factors can be considered as constant [6], the settlement value of any point on the surface subsidence
basin in the process of mining, is just change along with the variation of working face advancing distance.
The working face advancing distance | is the directly scale of mining degree along strike, also has a direct
relationship with time factor. Therefore, in this paper, using working face advancing distance as a scale
that reflect the space-time relationship of surface subsidence.
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Similar Simulation Study about Mining Overburdens

Data analysis of separated strata on the simulation test. This paper simulates coal-bearing stra-
ta of mainly sandstone, study the mechanical mechanism of allometric development of overburden sepa-
rated strata, study the relationship between surface subsidence and allometric growth of mining Overbur-
dens. The mining depth of simulation is 80 m, thickness of coal seam mining is 4m, mining width is
50 m, the average bulk density of overburden of coal seam is 2.5 10 kg/cm?, the uniaxial compressive
strength is 40 MPa. The bulk density of coal is 1.4 10 kg/cm?®, the uniaxial compressive strength is
20 MPa. The geometric similarity constant of the model is 1:100. This test uses all caving mining method,
takes the natural collapse of upper strata as one excavation step. It is divided into six steps when mining
to 50 cm. The mining advancing distance of corresponding six excavation steps is 12 cm, 18 cm, 23 cm,
31 cm, 39 cm and 50 cm. With the advancing of working face, the situation of internal subsidence dam-
age of stratum is shown in the Fig. 4.

a. Initial graph without excavation b. Advancing distance 12 cm c. Advancing distance 18 cm

d. Advancing distance 23 cm e. Advancing distance 31 cm f. Advancing distance 39 cm

g. Advancing distance 50 cm h. 2h after the stop mining

Fig. 4. The internal subsidence process of stratum.

Through the simulation of coal seam excavation process, can be intuitive to observe the caving,
fracture of rock and so on when coal was mining. As the working face advancing, above the mined-out
area can be observed to produce a lot of separated strata and cracks, the growth of separated strata have to
undergo a process of initiation, development and closing. The produce and development of separated stra-
ta also have some influence between each other; they have some relationship of time and space.
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Now on the basis of simulation test, measure the changes of the length and width of one separated
strata in the process of coal mining, study allometric feature in the growing process of separated strata,
test data is shown in the following table.

The length and width of separated strata

Time away from initial cracking of
The length of separated strata /cm The width of separated strata /cm
separated strata /s
640 16.42884 0.109447
785 18.3687 0.162586
820 20.7486 0.190419
905 22.2612 0.279347
935 22.6901 0.302816
1025 22.9970 0.393069
1085 22.9971 0.196165
1135 22.9972 0.097599

Take the initial cracking time of separated strata as the origin; draw the time-varying curve graph
of length and width of separated strata, as shown in the Fig. 5, 6.
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Fig. 5. Time curve of separated
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length. Fig. 6. Time curve of separated width.

By analyzing the data from the test, we can know that the lengths and widths of separated strata
increases with time grow when separated strata in the initiation and development stage. In the closing
stages, the length of separated strata basic have no significant change, the width of separated strata gradu-
ally decreases until it is closed completely. The slope of the curve in every stage is different in the figure,
it shows that the morphological change rates of separated strata are different in the stage of initiation, de-
velopment and closing, present the form of allometric growth.

Date analysis of surface subsidence on the simulation test. When the advancing distance of the
working face is 23 cm, 50 cm and 2 hours after the stop mining, the surface subsidence curves measured
though the test are shown in the Fig. 7.
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Fig. 7. Surface subsidence curve at different times.

As can be seen, when the advancing distance was 23 cm, the surface began to sink and subsidence
increases gradually, surface subsidence was in the initial stage; when the advancing distance was 50 cm,
the value of surface subsidence was larger, the surface appeared large area of subsidence, achieved a fully
developed state; when 2 hours after the stop mining, the subsidence of surface began to weaken, maxi-
mum ground subsidence increase is smaller, surface subsidence entered a decay stage, the change of sur-
face subsidence and the growth of overburden separated strata had a greater relationship in this stage.

Through data analysis shows, when mining width was 23 cm, the maximum surface subsidence
measured through the test was 0.0006 m, converted to the actual value was 60mm, the maximum settle-
ment point appeared above the center of mined-out area; when mining width was 50 cm, the maximum
surface subsidence measured through the test was 0.0016 m, converted to the actual value was 160 mm,
the maximum settlement point moved to above the center of mined-out area along the direction of min-
ing; when 2 hours after the stop mining, surface subsidence will last for a period of time to stop, ultimate-
ly measured the maximum surface subsidence was 0.002 m, converted to the actual value was 200 mm,
had an increase compared with when the advancing distance was 50 cm, this is due to the collapse of the
lower rock, the closure of fracture and separated strata, until the broken rock natural compaction. Because
the mining width in the test is small, it fails to form a fully mining surface subsidence basin in the test
model; the flat shape doesn’t appear in the surface subsidence model.

Conclusions

1. To study the mechanical mechanism of separated strata in mining overburden development, es-
tablish the mechanical model of the composed rock beam in the stratum structure, verify the existence
mechanism of allometric growth of separated strata based on this model, and verify the allometric feature
of separated strata in mining overburden in the growth stage.

2. For the three developmental stage of surface subsidence in coal mining process, using similar
simulation test to verify. Take the advancing distance of working face as direct variable, other factors
constant, analyze the process of surface subsidence when the working face advancing, conform to the
characteristics of each stage which surface subsidence experienced. When the mining stopped, surface
subsidence enter a decay stage, at this point there are a lot of separated strata in the stratum gradually en-
ter the closing stage, lead to the maximum surface subsidence increase slowly after stop mining until the
subsidence stabilize finally.
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HUccaenoBanue HEPAaBHOMEPHOI0 OCEAAHUS MOKPbIBAIOIIEH TOJIIIH
NPH MOJA3eMHOH pa3padoTKe MeCTOPOKIeHU I

AnHoTanus: [lyrem SKCIEpUMEHTOB U MOJEIUPOBAHUS B XOJIE€ UCCIIEAOBAHUS BBISIBJICHBI 3aKOHOMEPHO-
CTH M CBOMCTBa HEPABHOMEPHOI'O OCEaHUsl MOKPHIBAIOLIEH TONIIK MPH MOA3EMHONM pa3paboTKe MeCTo-
POXKACHUMN YTJIA.

Knrouesvie cnosa: pa3neneHHble ClIOU NpU BCKPBIIIHBIX padoTax, alsIOMETPUUECKHUM POCT, OCelaHue Mo-
BEPXHOCTHBIX TPYHTOB, pacue€THast MOJIEIb.
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