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Abstract. The results of systematic instrumental observations of Earth's
surface’s subsidence which was undermined by SHM (Superior Highwall
Miners) are given. The regularities of subsidence are revealed. The
empirical relationships are established. The methodical provisions for
calculating the expected displacements and deformations of the
undermined earth's surface are given.

1 Introduction
This article presents the results of the first systematic instrumental observations in the
section of LTD “Resource” in the coal mining on Taldinskoye coal deposit concentrated
among the marginal technical and licensing boundaries. The first systematic observations
were made in finalizing seam “68”. Observation station consisted of five ground frames.
More extensive instrumental observations were made in the finalization of seam 70.

2 Materials and Methods
The thickness of seam “70” varies from 4 m to 5.7 m, with the average 4.7 m, false roof is
absent, in the immediate roof lies siltstone or sandstone with a compressive strength 44.8
MPa and 67.8 MPa respectively and unstable rock layer 1 m. In the soil of coal seam there
is siltstone formation with the compressive strength 44.8 MPa, the average dip angle is 200,
the depth of mining works is up to 108 m.
The coal deposit development of seam “70” by KGRP complex on the site of “Dumping
Deep South 2” is carried out in 2 layers. The width of the chambers, inter-chamber and
block pillars are respectively 3.5 m, 2.0 m and 5.5 m; the distance between the block pillars
is 48 m (9 cameras).
Measurements on observation stations were made by coordinate measurements with the
direct determination of coordinates in the field on the instrument's built-in electronic
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program with post-processing GPS surveying equipment in software systems “Magnet
Field” [1-3] and “Credo-DAT” [4-6].
Visual and instrumental observations have revealed that the collapse of undermined
rock mass occurred with some landing step during one day at almost maximum amount of
subsidence. The value of the shrinkage between steps of collapse is from 2 to 6% of
maximum subsidence of the array for different extent of undermining. On the Earth's
surface the cauldron appears trough displacement (subsidence), a fragment of which is
presented in Fig. 1. Under the subsequent subsidence the cauldron moves after the collapse,
almost without changing its profile. Thus, as seen in Fig. 1, there is a part of undermining
of the power lines and the road.

Fig. 1. The cauldron at the site of the first bench after the first subsidence of undermined array: 1 - the
beginning of displacement between 6 and 5 benchmarks; 2 – the cauldron near the fifth frame; 3 - the
cauldron’s profile.

On the surface of the first bench there are concentrated deformations like cracks (Fig. 2)
up to 20 cm. At the site of the second bench there is none of these deformations.

Fig. 2. Concentrated deformations of the array (cracks) at the site of the first bench in the area of the
first frame.
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Fig. 3 shows intact array on the site of the first bench, and Fig. 4 shows the fragment of
collapsed array. Directly above the workings there are visible cracks and fractures, from
which the blocks of undermined array subside. The overlying array (the side of the second
bench) subsides almost without vertical and inclined cracks.

Fig 3. The intact site of the first bench.

Fig 4. The site of the first bench in the collapse area.

The example of cauldron on the Earth's surface at the site of the first bench on the
profile line L1 in finalizing seam “70” is shown in Fig. 5.
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Fig. 5. Genesis of cauldron in finalizing seam “70”: 1 – the cauldron in the first collapse of the array;
2 – array post-subsidence between the first and second subsidences; 3 – the cauldron of array
secondary displacement; 4 - post-subsidence of the array to the next subsidence.

3 Results and Discussion
Instrumental studies showed that at different extents of array undermining, depending on
the ratio of collapse along the strike of the seam to an average depth of mining, the
maximum subsidence of the surface can be determined by formula (1), considering the ratio
of equivalent extracting capacity Ke:
(1)
η m = q0 K e mN1 N 2 cos α ;

where: m – extracting capacity of the seam, m; α – dip angle of the seam, deg.; N1 and
N2 – the rates of array’s undermining; q0 – respective value of maximum subsidence.
The ratio of equivalent extracting capacity Ke can be defined on the results of the
instrumental observations and using empirical formula (2):

Ke =
m

Bk
;
Bk + Bch

(2)

where: Bk – the width of extracting chamber, m; Bch – the width of inter-chamber pillar,

The rates of array undermining N1 and N2 are obtained for Kuzbass conditions through
approximation.
According to the results of instrumental observations the distribution function of the
Earth's surface subsidence was determined (a typical curve of subsidence, Fig. 6), in the
cauldron along the strike of the seam in the relative values given to the interval [0, 1].

Fig. 6. The distribution function of Earth's surface subsidence in the subsidence of the main section
along the strike of the formation.
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Defined function of subsidence distribution was approximated by formula (3):
𝜂𝑖

𝜂𝑚

= 𝑎0 𝑎𝑟𝑐𝑐𝑡𝑔 �𝑎1 ∙

𝑙𝑖

𝐿𝑠

+ 𝑎2 � + 𝑎3 ;

(3)

where: Ls – the cauldron of subsidence in the main section along the strike of the seam,
m; ηi , li – current values of subsidence and cauldron’s length respectively, m.
Empirical rates a0, a1, a2, a3 were defined using aggregate statistical method of the least
squares.
The cauldron across the strike was calculated using formula (4):
- for incomplete undermining: (N2< 1):
𝐷
𝐿𝑠 = ℎ𝑐 𝑐𝑡𝑔𝜑 + (𝐻𝑎𝑣 − ℎ𝑐 )𝑐𝑡𝑔𝛿 + 2,
(4)
2
- for complete undermining (N2=1):
(4)
𝐿𝑠3 = ℎ𝑐 𝑐𝑡𝑔𝜑 + (𝐻𝑎𝑣 − ℎ𝑐 )𝑐𝑡𝑔𝛿 + 𝐻𝑎𝑣 𝑐𝑡𝑔𝜓3 ;
where: Hav – the thickness of cap rock, m; ϕ = 550 – the angle of displacement for dry
and normal humidity cap rock; ϕ = 45˚ - for quicksand and water-bearing gravel; for
Kuzbass: δ = 80˚, Ψ3 = 50˚.

4 Conclusion
According to methodical provisions proposed in this paper, SIGI Institute developed the
algorithm of calculating of the Earth's surface expected displacements and deformations by
the complex of coal seams deep processing. With the accumulation of instrumental
observations the calculation algorithm will be updated.
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