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Surface Deformation Monitoring of
Yixin Coal Mine Industry Square Based on GNSS

MA Fuyi, ZHANG Yu, ZHAO Xijiang, YU Wenhui
(College of Mining Engineering , Heilongjiang University of Science & Technology, Haerbin 150022, China)

Abstract ; Serious deformation threatening safety production has occurred on the surface of
Yixin Coal Mine Industrial Square in Hegang Mining Area. In this study, a deformation monito-
ring system was established to ensure the normal operation of the industrial square in its design
lifecycle, on the analysis of deformation monitoring requirements and optional technical methods
and on the high-precision global navigation satellite system (GNSS) real-time monitoring technol-
ogy. The system consists of 2 reference stations and 12 monitoring stations. Through 4-month
monitoring from August 1, 2018 to December 2, 2018, we found the surface deformation of Yixin
Coal Mine Industrial Square centered on the new auxiliary shaft and the northeast: the overall av-
erage horizontal movement to the northeast is 16, 7 mm and the average subsidence is 21. 1 mm;
the largest deformation occurred in the northeast monitoring station XY11, with a maximum hor-
izontal movement of 63. 1 mm and a maximum subsidence of 69. 8 mm.
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Fig. 1 Network shape of monitoring system
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Table 2 Coordinates of monitoring points in week 5
2018 8 27—2018 9.2C 5
X Y H S
/mm /mm /mm /mm /mm /mm /mm /mm
XY1 30 —0. 2 53 0.6 —8 6 —2.2 6.1 0. 6
XY2 0.7 0. 2 36 0.7 —10. 5 0.5 37 0.7
XY3 2.1 —0. 3 7.3 4.3 —9.0 2.1 7.6 4.3
XY4 0.7 —1L1 39 0.3 —12. 7 —0. 4 40 L1
XY5 0.6 —0. 7 34 0.7 —5 5 0.9 35 L0
XY6 3.6 3.6 0.6 0.6 —1L 7 —11. 7 3.6 3.6
XY7 L1 01 53 L8 —14. 9 —18 54 L8
XY8 0. 3 01 2.5 —0. 3 —11. 6 —3.7 2.5 0. 3
XY9 0.9 —0. 3 2.4 L2 —8 2 —1L4 2.6 L2
XY10 0 —o 4 51 10. 4 —5 8 7.8 51 11 7
XY11 9 4 37 8 7 38 —19.0 —3.9 12. 8 53
XY12 31 01 L8 —0.9 —10.0 —31 3.6 0.9
32 10 mm ,
2018 8 5 2018 11 25
X.Y.S H ; 1
Table 4 Elevation reliability analysis of monitoring stations
x .y h mx my  mh,
’ 3. H/mm H/mm /mm
3 XY5 —8 7 XY5 —2.9 5 8
Table 3 Calculation accuracy statistics XY7 —9. 4 XY7 —8 9 . 5
33
max/mm my/mm mh/mm
Max 49. 8 49. 8 49. 5
Min 01 01 01 °
Avg 12 12 L1 s
4 )] ; )
, [10] 3 3
) X Y
, 2.4 mm, S 34 mm, H
2. 2 mm,
4

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



4 s GNSS 67
331 - -
s 60.0
AX AY . AH AS _ 50.0
£ 40.0
. (XD 3 . 7
<1 30.0
, XY2,.XYS8 20.0
9 4 mm; XY4.XY5.XY6.XY7 100 04 7.5 104 58 7.2 8.1 7.1
H ’ 9 XYTXY2ZXY3 XY4XY5XY6 XY7 XY XYOXYIOXYILXYI2
° 5
XY3.XY11 10 mm., Fig. 5 Plane movement value
48 7 mm,
o .6 7 . H J12
- 487 (2. 2 mm) ’
2L 1 mm, XY5, XY9,
40
) XY12 10 mm;
£ 30
2 XY7 20. 5 mm;
20
i 04 XY1.XY2.XY3.XY6,XY11 ,
6.4 -
ey 32 27 5.3 69. 8§ mm,
0 . . . . .
XY1XY2 XY3 XY4 XY5 X 7 XY8 XY9 XY10XY11 XY12 XYTXY2 XY3 XY4 XY5 XY6 XY7 XYRXYOXYIOXY11XY12
_10 -49 46 -2.3
Pl
3 ]
Fig. 3 Movement value in the north and south direction _E
(Y) 4 . <
Y ,12
2. 4 mm, XY1io ,
; XY1,XY2,XY3, . 98
XY11 10 mm, 6
XY11, 40. 1 mm, Fig. 6 Subsidence statistics
XV12 5 I . . A—
XY11 | 40.1 EIF 3 HI5H I 307 B4 RGE Hah BaE
X Vit
XYO [ 6.1 -10F : / 1
= XY jm—,§
= XY7 ju3 6 0t ]
= XY6 |— 0 2 £
XY5 _—7 E a0k 4
XY4 p— . § =
XY3 ] 318 L | ]
Xv2 ] 16.9 — XVl
XY 1 [— 1.5 — XY2
-10 0 10 20 30 40 50 e N ]
24 Y/mm 60 F XY12 ]
4
Fig. 4 Movement value in the east and west direction 7
X Y s Fig. 7 Time series of subsidence of some monitoring stations
S , 5 o
S 3. 4 mm,
16. 7 mm, , 8 o
XY3 XYl11, , o
63. 1 mm, XY5, XY3.XY11 s
XY7.XY8.XY9 o .

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



68 41

lesU iz s s
XYTXY2 XY3 XY4 XYS XY6 XY7 XYR XYY XYI0XYL XY12 19
10F ’
ok N N
B el 3D D
-10F o E5afH
= —A— 5561 o 2 mm
g 201 v 8l
= - E510 s 0. 1 mm/
<] -30F <« P12
> 140 ’ 9 ° s
—40F e 316JH
* 518
—s0b s
60 \ o XY9 L XYL,
1 XY12.XY4 ;.
8 ’ o
Fig. 8 Subsidence of monitoring stations in even observation weeks —0. 6 mm/ —1 0 mm / ;
332 ,XY11
’ —3 8 mm/ °
(a) P E (b) T i A 2R
9
Fig. 9 Contour map of surface subsidence and subsidence rate
b b
3D , o
10 o s
) N
VLA /mm &
' 1
o
@
=
=
10 3D
Fig. 10 3D model of surface subsidence and subsidence trend
1 mm , 11,
, s XY8,XY7

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



4 st GNSS 69

XY6 s s 2018 11 2 ,
i)
XY11
63. 1 mm, 69. 8 mm,
2) , )
21. 14 mm,
, XY11
69. 8 mm,
3) s
11 ’ %
Fig. 11 Horizontal movement vector diagram ’ XY3
37. 8 mm,XY11 40. 1 mm,
4
2018 8 1
[1] . [D]. : ,2012.
[2] . (1. ,2019,47(4) :13-20.

WANG F Z. Research of ground movement monitor of industrial square pillar mining of Jinggezhuang[]J]. Mine Surveying.
2019,47(4) . 13-20.

(3] . . - C (1] ,2020,48(10) :158-165.
YAN Y G,SHI X B,LIU J B,et al. In-site monitoring study on relationship between movement and deformation of surface and
buildings in mining area[ J]. Coal Science and Technology,2020,48(10) :158-165.

[4] ) . [l 52014.,37(8) :200-202.
ZHANG H S,LIU H. The exploration on the methods of monitoring in coal mining subsidence[J]. Geomatics & Spatial Infor-
mation Technology,2014,37(8):200-202.

[5] . GPS [l 52013(S1) :26-28.

[6] , , , . [Jl. 52021.46(3) :32-39.
YAO W Z,XU K K,LIU J P,et al. Surface subsidence monitoring in mining area based on dislocation model[ J ]. Science of
Surveying and Mapping. 2021,46(3) :32-39.

[7] . GNSS [J]. ,2020,49(4) 535,
HU Y F. Research on the establishment of global tropospheric delay model with high precision and its applications in ground-
based GNSS techniques[ J]. Acta Geodaetica et Cartographica Sinica,2020,49(4) :535.

[8] . , , . LWR-Pettitt GNSS [rl. ,2021(5) :124-128,154.
DUAN W,WANG M, WU H, et al. Recognition and early warning of deformation information in GNSS coordinate series
based on the LWR-Pettitt method[ J]. Bulletin of Surveying and Mapping. 2021(5) ;124-128,154.

(9] . [1l. ,2013,41(82) :257-258.
SUN C K. System design of retrofit engineering for main shaft extension in Yixin Mine[]]. Coal Science and Technology.
2013,41(8S2) :257-258.

[10] . :JGJ8-2016[S]. : ,2016.

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



