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W OE.75 P RRFTFRINRGIE NG, ERNE A G Fa o = 44 B 530 R IU TG AT ) A8y 3 &5
AR EREREEAN TR LR TR FEL, A T AFARE B IR 7| A 693 & E B
B RS ST AT EFIHER, EIH SR P LTS R BEE, &6
MEERG EAK iR F R A TR R B LRNEF R0 AP AR A 3R W R SR
B EACE T2, Ttk T il F A E TR ST F RHHENIRRE I3, H4E46
ANF R FRBIFEFITHESH, FFREREN, B S T I H=4 0, ZER R TR R 5
MEEAR T A e TOUBH 428 B o F 48 K 53 & & T%aﬂsﬂlikta&% B b R A A ah
RAEISHA H=4 K AFDAE S mRET AT EF 2RO R GFH ST, @it 5 2
g R TAE @ %M K AT AT AR AR R T A R TR MY TR E 5 R A 0.027,0.026,
0.039 m, A8 P2 £ 5 3 A 1.69% .1.62% 2.44% , 5% K F ik E iR £ 5 A A4.7% .6.1% .8.1% , F it
ik EH iR £ % 4 0.001 4.0.001 0.0.001 4 m/d,AB5F P2 £ 5 5 A 6.16% .4.46% .6.36% ; TR+ K
7 R A R A E A6y Titid 2 S A RS & RIER AT EF KM LTG5 ST
AAFANEETRT  FREE, T imkE, LA ERAMNE,
FEIF . T B R B TIOR3 AT R
hE 4% E.TD325.2 X EkFRAERD: A X EHS:0253-2336(2021)09-0159-08

Study on surface subsidence dynamic prediction model based on variogram

GUO Xuwei' , YANG Xiaoqin', CHAI Shuangwu',GUO Wenpeng” , LIANG Yongtu’
(1.School of Mining Engineering , Taiyuan University of Technology ,Taiyuan 030024, China;
2.China University of Petroleum—Beijing , Beijing 102249 , China)
Abstract ; Surface subsidence caused by mining of mineral resources endangers the safety of human life and property. Studying the dynamic
process of surface subsidence changes with time is of great guiding significance for preventing and controlling the deformation and destruc-
tion of surface structures in goafs. In order to accurately describe the dynamic process of surface change with time caused by mining, theo-
retical analysis and experimental verification about mining subsidence are carried out based on the variogram theory.Based on the theoreti-
cal knowledge of probability integral method to deduce the time of surface subsidence which was put into the range of the variogram. In or-
der to make the model conformed to the law of surface subsidence when described the subsidence, velcity and acceleration of the surface
point changed with time,a model using different indices was combined with the subsidence data of the four mining areas to conduct a com-
parative analysis. It was found that when the model molecular index H was 4 ,the expected sinking time was the closest to the time calculat-
ed by probability integral method,and the denominator index K was proportional to the sinking time,so the best index of the model was:
H=4 K was the value to be fitted and then a dynamic prediction model based on variogram is proposed. The result is obtained through
comparison and analysis with the measured data of the working faces in the two mining areas, it is concluded that the mean square errors of

the predicted subsidence quantity of the model are 0.027,0.026 and 0.039 m; the relative median errors are 1.69% ,1.62% and 2.44%,
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and the errors of the maximum subsidence speed are 4.7% ,6.1% and 8.1% ;the mean square errors of the surface sinking velocity are

0.001 4,0.001 0 and 0.001 4 m/d,respetively, the relative median errors are 6.16% ,4.46% ,6.36% ,respetively; the subsidence process

changes with time of goaf surface is basically consistent with the measured subsidence process. The experimental results show that model

conforms to the law of surface subsidence when it was used to describe the subsidence, velcity and acceleration and surface subsidence , and

has practical value.

Key words : variogram ; mining activity; time of surface subsidence; dynamic predictions ;surface subsidence
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Table 1 Parameters of each mine area
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Table 2 Dynamic parameters of surface subsidence

ty/d
v/(m-d') m K M/m ¢ 6/(°)
(/523/28/34)
4.5 210 4.31 3 0.54 9 88/109/129

Hor HEBWAE M I RIESE ;¢ NN ILREG 0 HIEZ
A1 520 o WD A5 F TR B ]
1) R UCTR X 72250 0.026 m, AHXF H 25
1.62% ;34 5 FUAS [A) Bf [a] R T 3t 19 3 07 1% 25 0
0.039 m, AHXT IR ZE R 2.44% , ARG S BEORH T
G3HT,23 5 S R KR D0 BE S B0 Y B ) B O A
153 d&)%5 183 d, 130 d FULT 0.682 m, HFIT
R 0.022 70 m/d;28 5 de KR UTEEE LY
AFf] BE A 183 d %8 223 d, A1 40 d FUL T
0.896 m, H: FULEEEE 4 0.022 40 m/d;34 5 Sk
TFUCEEE B R BEAES 223 d EIES 250 d, I
27 d FULT 0.594 m, H F UL A 0.022 00 m/d,
7 S RBORE R AR HE R A R KR DB R 0.023 77
m/d, 38T (18) AT TH SRR AL T 5 KR DT
(v,) G T UL v, 533425 4.7% 6.1%
8.0% , T UTE BE 5T Tk B WiioRs B UL2% 4, i F
SR B 1 7 325 1 8T 0 3 5 AR i )
PRI AFAE— E B IR 2, R UUINE T
w2 RIS SR AR,

RZEN 0.027 m, HXS RN 1.69% ;28 5 KA w= """l 100% (18)
vs
®3 232834 SR TMEXLMNESHTNEXEL
Table 3 Comparison between measured data and prediction data of subsidence at point 23,28,34
23 SRl 28 S 34 54
mhEld o e [AA]/ T Sz T [AA]/ wm % S SR [AA]/ "
ff/m ffi/m m? {E/m {&/m m? fi/m {H/m m?
30 0 0 0 0 0 0 0 0 0
62 0 0 0 0 0 0 0 0 0
88 0.010 0 0.000 100 0 0 0 0 0 0.000 081
129 0.041 0.040  0.000 001 0.038 0.002  0.000 766 0.031 0 0.000 961
153 0.198 0.239  0.001 681 0.048 0.053  0.000 030 0.050  0.005 0.002 025
183 0.880 0.836  0.001 936 0.314 0.381  0.004 500 0.138 0.119  0.000 361
223 1.450 1.521  0.005 041 1.210 1.254  0.001 900 0.706 0.811 0.011 025
250 150 157 0000720 07 P s isse ooor700 O M a0 1am coosoa OO 2
270 1.590 1.600  0.000 100 1.600 1.596  0.000 013 1.538 1.556  0.000 324
300 1.595 1.600  0.000 025 1.600 1.600 O 1.581 1.599 0.000 324
328 1.600 1.600 0 1.600 1.600 O 1.600 1.600 0
370 1.600 1.600 0 1.600 1.600 0 1.600 1.600 0
430 1.600 1.600 O 1.600 1.600 O 1.600 1.600 0
476 1.600 1.600 0 1.600 1.600 0 1.600 1.600 0
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Table 4 Comparison between measured data and prediction data of subsidence at Point 23,28 ,34
23 5 28 TR 3455
i H
m I % m I % m I %
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Fig.5 Subsidence,velocity and acceleration images at point 23
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Fig.6  Subsidence, velocity and acceleration images at point 28
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Table 5 Dynamic parameters of surface subsidence

v/(m-d™") r/m K M/m q 6/(°)

4.2 125 3 5.82 0.77 3
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Fig.8 Surface dynamic subsidence of strike line
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