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Abstract; In order to study the dynamic subsidence law of ground under thick alluvium,based on the
measured data,the evolution law of the surface dynamic movement parameters with the working face ad-
vancing was analyzed. The results show that the influence distance of the advance movement of surface,
the maximum subsidence velocity of surface and its lag distance increase with the increase of mining
distance of the working face. When the working face advances to about 350 m,the increase of the three
parameter values decreases and finally stabilizes at 225 m,34.5 mm/d and 124 m,respectively, there-
after, the curve of surface subsidence velocity moves forward with fixed shape and lag distance from the
working face ;based on multiple statistical analysis of mining cases in some domestic thick loose layer
mining areas,the empirical relations between the maximum surface subsidence velocity and the tangent

of its lag angle with geological mining parameters were constructed ;finally , combined with the evolution
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law of the surface dynamic movement parameters,the prediction formula of the subsidence velocity of
different points on the main cross section of the ground strike with the working face advancing to any
time was constructed. The comparison with the measured value shows that the predicted accuracy can
meet the needs of engineering practice.

Key words :thick alluvium;law of ground dynamic subsidence ; multiple linear regression ; prediction of

surface subsidence velocity
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Tab.1 Geological and mining technical parameters of 1501 working face
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Fig.1 Layout of surface movement observation station

2 MURENSITFET RSSO

2.1 EMBETIEEXHEESHT

RAEWFTERER T, AR R ENFRERR T2
TERINGFRYEN Z 51 i85 )R 1 A+ )
K, ANEUZEA Bl A5 BRI AERR TR
R AR ] B AR B R AP BRI | PR
TE T MU TT SR B 58 73 PR I i 22 7% 18— 72 B 3k
FB AAIOCHIFSE ) AT, 2 B T 2 R
RO IR FE VAR bR E XN

D

X, RGBS ) SR SRR H, A EUZ T
JERE  mk TR R R D TR ) 5 E T
KRB, m;H, R TAEE A RTE , m,
SR RN EUZ S5 T MR sh R
SEMEEE , Gt b ts
D
" 0. 28H. (2)
Ho - (1 - )H

HETR(2), 454 1501 TAET R0 TS50,
THAAS AR dt ) R SR n, =0.39, )8 THER
Oy R BIRAS 24 TR PR 45 At ) R sh F
ny=2.75, )8 TR RIPRA . £ TAEH B Y
R 2 R AR Ry e MRS TR
A —-AER R B R R R,

2.2 MREANSTIMPETUIE

HbFH shHE LR I ) 2 5 R 5 K R TS e T
A T T SR et A i DA TTC A Y iy 25 235 T IT 428 7 A Bk ]
AR T 1l 2R S SO s e R B 1 3R AR T 4t
FEA 43R 3 A~ Bt 0 R 4 0 % RO R R T
FEXTEL IR IR A BUZIRR bR BB L
SRR BRI N SO LR ST DT 0>10 mm/d
HRIZUTE BRI AR H e ST RL, A T T
A A 3 A b 3R e R DT TR IO AN R DL

- 1
" T H, - kH. (1)

R ARAAEAE, AN 2 B

36 34.50 mm/d

ol /\

27+ / A

24 \.

21F

18} \

" 10 mm/d

[—=— FoudEESENE |

o R YL/ (mm - d)
S
¥
E
K
=
—

90 * =00 20070100 0 100 200 300 400 500 600
. AR AR X B R R ULt B BRI/ m

—— TUEWIE

Hi % T YL/ mm
oL

3000 \
-3500} .

~—

[4290mm T e
-4500L
B2 IEEEXRIEFBREATHNANTNER FNEETL L

Fig. 2 The changing curve of subsidence value and sinking velocity of the

maximum subsidence point during the mining process
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Tab.2 Data summary of movement duration and subsidence value of each period of the maximum subsidence point
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Fig. 3 Relation curves between dynamic sinking parameters and the advancing distance of the working face
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Tab.3 Ground dynamic movement and deformation parameters in thick loose layer mining areas
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at different mining distances
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Fig. 5 The distribution law of subsidence velocity at different points of the main section of

the surface strike at different mining time

TAERITFR 115 d #1355 d B, = (11) 35
A5 4 Hb S ] SE T AN [A] s Ak R DT BE A A L
e s fis

H IS B TR B i 2 P g 0 1 75
THRZEREA, T2 R Ay i3 S X I A B P B T A 1
FERISHRIZL X e , b Fe e sh AR T 3/ 0N, (i A5 0)
HIRZEREERE MK, 5350 RN & T
THmZEFA L, 38 7853 5K 3l 45 44 T T 5 22 B 1 4%
K RFBIEELS (a) BT b 2 22 M s 19 52 UAE S5
B HMEMRZE R, /TR 2N AR TR TR
T BT TAERAF RS M AR, H A 5525
FEIn) AL S R 5 Y R e 454 (BB TAE
TR ROT ARy K B A S5 M T 2 g i
W Ae , o AR R T AR TR A RARE T R
XG5 A 2B AR TR it Rl K, il A5 151 5
(a) BT b 4 2 M0 ety ST 3000 {5 3 A ¥ 3411
MTAEmE AR RS E , Ttk 550
WIE W) & BT

1A BT ER iR iR R 22 G

EARXRZE F W BTSSR AT, RS R I
T4, H AR

oo, [
h n-1
F =160 1000

v m:

K, d AFGHES LMWEZ 20 HEHEE 0,
S SRR R U, mm/d,

FHER 4 AT, 25 TAE f o3 B HE RS 115 d K
355 d B, H AT bR e 225300 R 3.9 F12.7 4
SFIR2ZE 0 14. 6% F1 7. 9% ; Y4E s T Hh <
A S O AU, e A5 30 A B Z0 R R A P
WERZE 435K 2.2 1.9, AT IR 25 Ky 8. 2% FiI
5.5% , WL TRS BE AT LA I Bldg TR FH A Bk, 3%
AT 4 57 14 A T 0 A T o 220 b 3 1) R Y
T BT AR T AN (] B s Ak ) R T A 2R
B TE FE P LA AR M SR 25 1 T 3%
H W) SR Rt — LS iR 5 R
T FE,



AR R BUZ T I R MR B S s U S BT 67

F4  TIEEEFFR A B3 5R A 0 E B B R 6 S 40 T 053E B S E S T E Rt b

Tab.4 Comparison of the actual measured value and the predicted value of the subsidence velocity at

different points of the main section of the surface strike at different mining time
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—432 3.6 0.8 -2.8 =502 1.3 0.6 -0.7
-389 2.4 0.9 -1.5 -455 0.7 1.1 0.4
-341 5.7 1.9 -3.8 -403 0.4 2.5 2.1
=291 0.8 5.0 4.2 -342 8.2 5.1 -3.1
=260 9.5 9.1 -0.4 -302 16.0 8.5 -7.5
=227 20. 8 17.1 -3.7 -246 10. 8 16.5 5.7
-182 26.2 27.1 -0.1 =202 26.0 26 0.0
-141 26.8 30.2 3.4 -172 31.8 31.5 -0.3
-101 23.7 25.0 1.3 -128 34.5 35 0.5
-60 21.0 17.1 -3.9 -66 29.4 28 -1.4
=32 13.0 10.0 -3 =23 16.0 19 3.0
-6 3.9 6.3 2.4 47 5.3 8 2.7
35 0.8 1.8 1 93 7.0 4.1 -2.9
75 3.0 1.0 -2 157 0.2 2.1 1.9
131 3.1 0.8 -2.3 211 3.4 1.0 -2.4
174 -0.1 0.5 0.6 240 0.0 0.9 0.9
230 2.1 0.5 -1.6 292 0.0 0.2 0.2
271 =2.1 0.2 2.3 344 0.0 0.1 0.1
334 -0.4 0.2 0.6 360 0.0 0.1 0.1
FrfEiR2% ¢ 3.9 FRUERZE G 2.7
AR REE F /% 14.6 AR ERE F/% 7.9
5 & @ SKIGRAL I, 24 d AN 58 53 3 U8 B3R 5845k B)

(1) EMEURT LT R G R R D2
B s AR B — o M RRaR M, BRI . b
R T YRR IR WL, A5 SR S I H] Y 3. 2%
BB R U d A RO Y 1L 2% 5 5 BRI 5 iR 1
FAXF LA, 200 o AR Bt Al Y 39. 4% 1 57. 4%
B BN R DT B0 A R U 92, 5% & 6.3% |,

(2) HuFSE [ E Wi 3 D sh SRS HE (b
FRBNT B2 BE | 5 T 10380 B2 R0 J5 B ) Bl T
AE TR AN DB 1R 1 320 4, 1 B R R 1 2 18—
PR — G2 18— o e A RLAEE 5 > A T A 1) 7 1)
AbFASTE T RSB B, 3 A5 B Bt T A 1 [l

B, 3 DNSEE IR R, 3438 381, 1% 24 T
VETH H AR 7853 R I iz 7e o0 R BT, 3 S48
2t PR 1 BRI 2%, I R A ke T
225 m 34.5 mm/d Fl 124 m; 4 TAERIF R A 5
SRR G, MR KT U K DL & e B R 5
AR — 2 B 5 B HTEFS

(3) Z56 E N B BUZT IR AH AL
WS ZR G IR SRR R NS T
TR S TAE TR SE B 5 N R 5 MR 5 KT T
TR N H 5 A IEUME 2 (8] 9 AH C 2 50 R £
JUEAE NI 4387 1) 7 245 B EAS BUZ 07 I M %
KU S 5 A IE VAR 258 A,



68 o B

¥ 5 IR 6%

(4) W BLEHES M T AR =L
I 22 i 2 1) 2 W 1A AN [] AR YT 03 B
X AT HIE T RIS VURHCS L
AT PR BRI, S T AR S T DT
BT v A A B R

S 3k

(1] BHE, Ea%, £4. B2 T IR EHEH

MHESHEAELT]. & 1 71%%,2014,35 (10) : 2958 -
2968 ,3006.
Tang Jun, Wang Jin’an, Wang Lei. Dynamic laws and
characteristics of surface movement induced by mining
under thin alluvium [ J ]. Rock and Soil Mechanics,
2014,35(10) :2958-2968 ,3006.

(2] SHPRIE, MR . KD DX DR T SR X - A 2

MR BB [T]. B 2A 4, 2016,1(2)
120-130.
Hu Zhenqi, Chen Chao. Impact of underground coal min-
ing on land ecology and its restoration in windy and
sandy region[ J]. Journal of Mining Science and Tech-
nology,2016,1(2) :120-130.

(31 RI# REH 52 . HRUTIE S A I ] R B0t 52
[J]. PELRHERE24,2009,29(3) :329-332
Zhu Guangyi, Zhu Lejun, Guo Ying. Dynamic time
function of mine subsidence [ J]. Journal of Xi’an
University of Science and Technology,2009,29(3) .
329-332.

(4] k= E&HR,AFE. TERIIESISTOHNIES >

A (] SRR BRI ST [ 0], R ABLE 4 AR 2016, 44
(4).140-145.
Zhang Bing, Cui Ximin, Hu Qingfeng. Study on normal
distributed time function model to dynamically predict
mining subsidence[ J]. Coal Science and Technology,
2016,44(4) :140-145.

[5] skix, AR . JFRUIFE SIS T # 7 BE Knothe

o 1] PR [ T]. & £ 1% ,2017,38(2)
541-548.
Zhang Bing, Cui Ximin. Optimization of segmented
Knothe time function model for dynamic prediction of
mining subsidence [ J ]. Rock and Soil Mechanics,
2017,38(2) :541-548.

(6] VR, 208, pRrgig, 4 . JRFABUZ T IR
RS IE R S R BT[], A%,
2016,37(7) :2056-2062.

Xu Guosheng, Li Dehai, Hou Defeng, et al.
Measurement and prediction of the transientsurface

movement and deformation induced by mining under

thick alluvium[ J]. Rock and Soil Mechanics,2016,37

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

(7) :2056-2062.
F/NE S BEIBRI . 2T Weibull B Ja] 41 5K
5 s ORI T]. &R0 ,2015,
44(8) .158-162.
Wang Xiaohua, Hu Haifeng, Lian Xugang. Dynamic sub-
sidence prediction method based on negative exponential
method and Weibull time sequence function[ J]. Metal
Mine,2015,44(8) :158-162.
B, R, XUSER . i i 2 TR B A
FR o i) PR RO R R [ 0], 1 J)%4,2010,31(3)
925-931.
Liu Yucheng, Cao Shugang, Liu Yanbao. Discussion on
some time functions for describing dynamic course of
surface subsidence due to mining [ J]. Rock and Soil
Mechanics,2010,31(3) :925-931.
XU, BRI, XL . Bl ) Konthe b3 T B B
] PRER[ )], M2 B%,2009,34(5) :16-17.
Liu  Yucheng, Cao Shugang, Liu Yanbao. The
improved Konthe time function for surface subsidence
[J]. Science of Surveying and Mapping, 2009, 34
(5):16-17.
XA R AT R, 45 R VTR T A A S
RBUPEBIT[T]. TL3RM5,1992,17(1) :21-24,
Liu Yejie, Chang Jiang, Cui Ximin, et al. Discussion on
spline  probability integral method for mining
subsidence prediction[ J]. Jiangsu Coal ,1992,17(1) .
21-24.
XSCH BIE R . TFRUTRE 3l S B i A A5 R e 1y
FILT]. RJEH TR 2541, 2004 ,35(4) :491-494.
Liu Wentao, Jia Xirong. Rheological model of dynamic
prediction on mining subsidence and its applications
[J]. Journal of Taiyuan University of Technology,
2004,35(4) :491-494.
AR, R AR A R T IR A 40 A1 I ) bR
MRS VR BB [T]. &+ J157,2016,37
(S1):108-116.
Li Chunyi,Gao Yongge,Cui Ximin. Progressive subsid-
ence prediction of ground surface based on the normal
distribution time function[ J]. Rock and Soil Mechan-
ics,2016,37(S1) :108-116.
BT I FE A IS, BREGBT S, 45 . Knothe 5[] PR R 240
S BT R HORSHAME S]], R 5L 2 TR
2#4%,2014,31(1) :122-126.
Hu Qingfeng, Cui Ximin, Kang Xinliang, et al. Impact
of parameter on Knothe time function and its
calculation model[ J]. Journal of Mining & Safety En-
gineering 2014 ,31(1) ;122-126.
HE A B, B, 4 B BT H ] pR A b RS
A BRIk T PR, 1999,8(6)



F1i (AR 2E B A2 R T R R 3h SR sh U R 5T 69
58-60. [22] =789 . JF2R T 48 et 3 X b 25 AR TP 3 19 5%

[15]

[16]

[17]

[18]

[19]

(20]

(21]

Cui Ximin, Miao Xiexing,Jin Riping. Time-based com-
putation of surface movement process[ J]. China Min-
ing,1999,8(6) :58-60.

FEAY B X rh R T SR R T B 5 U B
FEFIRLT]. HERFHEHIR ,2017,45(1) :160-169.
Cui Ximin,

Deng Kazhong. Research review of

predicting theory and method for coal
subsidence[ J]. Coal Science and Technology, 2017,
45(1) :160-169.

FEA B RS . ARZAE L3718 18 TR UL R T30
ORI, 5 05,1997 ,18(4) :24-29.

Cui Ximin, Chen Zhida. The application of nonlinear

mining

geometric field in mining subsidence [ J]. Rock and
Soil Mechanics,1997,18(4) :24-29.

WO, A . T MR ST YU ] R £ F
F——E R R R [T ], A a5 T
Fi24412,2003,22(9) :1496-1499

Chang Zhanqiang, Wang Jinzhuang. Study on time func-

tion of surface subsidence: the improved Knothe time
function[ J]. Chinese Journal of Rock Mechanics and
Engineering,2003,22(9) :1496-1499.

XUPe ABABLL . 5 B ) RN Y % 3 T2 — 4R DT R
PR R [T]. 8k Br27 2241, 2019,4(5) -
384-393.
Liu Bo, Yang Weihong Prediction model and
application of three-dimensional ground surface settle-
ment induced by tunnel excavation considering time
effect[ J]. Journal of Mining Science and Technology,
2019,4(5) :384-393.

HURSE, BRI MRS DI AL B 3 B B
AR B HF S []. R A i, 2006, 31
(4):420-424.

Huang Leting, Wang Jinzhuang. Study on the three
stages and deformation velocity of dynamic surface sub-
sidence deformation [ J ]. Journal of China Coal
Society,2006,31(4) :420—-424.

BURS . MRS BV I B =B B S5 AL
[J]. L& ,2003(3) :18-20.

Huang Leting. Research on three stages and law of dy-
namic surface subsidence and deformation[J]. Mine
Surveying,2003 (3) :18-20.

FURS, B RIS VOE LR S5T5
BRG] A E T K S S 4R 2008, 37
(2):211-215.

Huang Leting, Wang Jinzhuang. Research on laws and
computational methods of dynamic surface subsidence

deformation[ J]. Journal of China University of Mining

& Technology,2008 ,37(2) :211-215.

(23]

(24]

(25]

[26]

(27]

(28]

[29]

(30]

WL)]. AR AR, 1993,12(1) 16474,
Li Dehai. Effects of the progress of the working front upon
the rate of deformations of the surface area[ J]. Journal of
Jiaozuo Mining Institute,1993,12(1) .64-74.

wgrh F 4 E R . RS B b RAT A
TUCEBETFE [J]. P E AL B A4, 198312
(4):71-82.

Deng Kazhong, Wang Jinzhuang, Xing Anshi. On pre-
dicting the surface subsidence velocity in undermining
process[ J]. Journal of China Mining Institute, 1983,
12(4) .71-82.

INARSG . P AR LI 2 1 GEORML BT T ], w1l
M4 ;1983 (1) :23-25.

Sun Shaoxian. Data processing of polyline and slash
line observation station [ J ]. Mine Surveying, 1983
(1):23-25.

FREEYE, T . EUREARBUZ WL S R I R UL
MARSEBE S (], &7l 2 4 5 3R 4, 2015, 42
(5):50-53.

Zhang Xianni, Wang Lei. Study on mining subsidence
law of coal seam with extra-thick loose-bed thin
bedrock by measurement[ J]. Mining Safety & Envi-
ronmental Protection,2015,42(5) :50-53.

F KR, R, A FEAAEUZ TR
K MM [T]. B, 1997, 22
(1):20-23.

Wang Jinzhuang, Li yongshu, Zhou Xiong. Ground
movement caused by mining under thick alluvium[]].
Journal of China Coal Society,1997,22(1) :20-23.
BOCE, TRUL . ARUED DT E LR TR 3 5 4
PR R K AZTE AL B[ J]. B 2 4k, 1997, 22
(4):21-26.

Li Wenping, Yu Shuangzhong. Engineering geological
characteristics and mechanism of deformation due to
water loss of the soil mass at depths in Xuhuai mine
area[ J|. Journal of China Coal Society,1997,22(4) .
21-26.

ZEREIL . TRERTT 2R b 22 T B LA S 0T Jy BRI 5T
[D]. NP IE R, 2012,
VPR, SR 2, 5 . JEAEUZR T IR R
BMEBHSHIIR[T]. Bl %45 HE,2016,43
(5):70-73.

Xu Guosheng,Zhang Yanbin, Li Dehai,et al. Study on
surface  dynamic  subsidence and  deformation
parameters in area covered with thick alluvium [ ] ].
Mining Safety & Environmental Protection, 2016, 43
(5):70-73.

RGN, Bkt . JRERAHUZ S5 OT R SR R



10 R 6%
BSENTT]. B % ,2016,21(2) :22-25. Liu Yixin,Dai Huayang, Jiang Yaodong, et al. Study on
Zheng Zhigang, Teng Yonghai. Ground surface rock surface movement law above underground deep mining
strata movement parameters of thick loose strata with under thick unconsolidated overburden strata[ J]. Coal
fully mechanized top coal caving [ J]. Coal Mining Science and Technology,2013,41(5) :117-120.
Technology ,2016,21(2) :22-25. [35] SBCde, AU BREA . BN E )2 T ZRaOT
[31] SRR . EEBE TR IR ERTOT R M £ 5% 8 & TP RN AR SRR [T]. KR, 2010, 35
FUEEWTSE[J]. B I 2016 ,44(3) :27-29. (S1) :38-43.
Zhang Junyi. Study on ground movement and Guo Wenbing, Huang Chengfei, Chen Junjie. The dy-
deformation of thick seam mined by fully mechanized namic surface movement characteristics of fully mecha-
sublevel caving in Xiadian Mine[ J]. Mine Surveying, nized caving mining under thick hydrous collapsed
2016,44(3) :27-29. loose [ J]. Journal of China Coal Society, 2010, 35
[32] SW3CE, A BREA . BEESGHITRIET (S1) :38-43.
DU BEEMBETE[T]. BEHAHEHA 201,39 (4) - [36] RTIC VPR, 20, 4 . JRR RIS R 1
114-117. TR TP RIS ], A E
Guo Wenbing, Huang Chengfei, Chen Junjie. 1% ,2007,36(6) :738-742.
Observation and study on surface ground subsidence Zhu Weibing, Xu Jialin, Li Xingshang, et al. Experi-
speed of fully mechanized top coal caving mining in mental research on strip mining under village in the
thick seam[ J]. Coal Science and Technology,2011,39 condition of thick alluvium and thin bedrocks [ J].
(4).114-117. Journal of China University of Mining & Technology,
[33] o, ART98, X5t 5 . RRIEER SR RO R MR UL 2007,36(6) :738-742.
BRI 5E [T ], BER B8R, 2014, 42 [37] eAsug 27t VIR, 55 . JEAMEUZ T R m 4
(12) :106-109. RENEVUEFHERZ R [T]. BEBRHEEOR 2016,
Gao Chao, Xu Naizhong, Liu Gui, et al. Research on 44(12) :191-196.
actual measurement of surface subsidence law for Hou Defeng, Li Dehai, Xu Guosheng, et al. Impact of
fully-mechanized top coal caving in extra thick seam mining thickness on dynamic subsidence characteristics
[J]. Coal Science and Technology,2014,42(12) ; in condition of mining under thick unconsolidated
106-109. layers[ J ]. Coal Science and Technology, 2016, 44
[34]  XUSCH AP 2R, 55 . JRARHUZ KORIE T R (12) :191-196.

IR ST (], BBl R 2013, 41
(5):117-120.

(TS, Tueih)





