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Abstract

This paper focuses on the mechanism of small surface movement and deformation of coal mining
under conglomerate stratum 3. Based on the critical stratum theory, the 110 m thick conglome-
rate stratum of no. 3 coal mining in Shandong is determined as the high key stratum. UDEC soft-
ware is used to simulate and calculate the surface subsidence and horizontal movement values of
coal mining with conglomerate layer 3, and the strata subsidence values at different heights when
conglomerate layer thickness is 50 m, 100 m, 150 m and 200 m respectively. The subsidence val-
ues of strata at different heights above and below the conglomerate layer and in the conglomerate
layer are analyzed. According to the process of energy migration in conglomerate strata affected
by mining, the function models of energy, bulk strain and tanf in conglomerate strata are estab-
lished. The results show that the volume of rock blocks in the conglomerate layer expands conti-
nuously during the movement process, which prevents the movement of rock strata from moving
to the surface. There are multiple separation spaces in the overlying rock mass in the mining
area, which bear the equivalent surface deformation and make the surface deformation value
smaller.
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2. HRAHHIERY
21 XEEHE

W ARFEE B 2 2 26 A TR EEZ PR Y &, PR E 110 m, JFRIXECR AR % 120
m. B 98 120 m )98 5 1 TR 05 ZE[10], AT BEPAN % TAFT, KRIFN 5.2 m. TRERIEEE R 45 “ i 17 .
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Figure 1. Column diagram of magmatic intrusion area
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H1 i =4~ ST 45

Em+1hr?|+li hi)/i > 7/m+1i Ei hi (5)
i=1 i=1
% b, BIFERIEZE LR EZER B E, AN ER TS, "SR E NS R8E,
SUHEATZE 7 333 m biRE AE RS, BT EME)ZE; B EME 7 ENTEZE, T
K ZE 2 M TREE U 147 m Ak, Woei)E 1A FREE 7 80 m Ak

2.2. HMRTEWHIERIL

N T W TERRE R R AL SR MR, SR ] UDEC BT 500 & BR s R MR AT AR . #2R 900 m.
76 360 m. K 1000 m. JREMIA T @SBRI, A E AR TAET, SR8 120 my B9
120 m, AEFKIEY 1000 m, HE5.2m. HALERRLA 134, FHR¥HSH Wk 17 fos.

Table 1. Rock physical and mechanical parameters

*® 1. ERYEBENFSHER

1 xR 252 20 0.01 0.3 0.3 0.13 24.3
2 i) 113 25 2.4 1.15 0.26 0.26 30.1
3 = 110 28 42 3.88 0.21 4.03 36.2
4 s 35 26 1.5 1.2 0.27 2.69 32.6
5 Y 151 25 2.4 2.25 0.25 4.04 34.4
6 Wb 31 23 15 2.8 0.28 1.4 311
7 b 36 24 2.2 2.4 0.24 6.28 35.2
8 A 21 26 1.5 0.44 0.28 1.4 32.4
9 Wb 25 23 1.8 2.8 0.26 434 31.2
10 nbE 34 25 2.4 1.15 0.22 5.68 33
11 W2 5.2 16 1.2 0.05 0.24 2.41 30.3
12 ML H 59.8 25 2.4 1.15 0.25 4.66 33.3
13 k= 35 26 1.5 1.2 0.26 3.18 32,5

TR, MR R UUEDY 3317 mm, KR BhE KG9 128.7 mm F1-128.8 mm,
KM= E SHLE s 27 fioR.

2.3. MR RISTMREA

PN B8 25 TR AR TR S 3123 A i) S A1 A BOWL I it 10 (527 SR T 0 2% CORS MLIMHA,
FISEIE R 5 DINIO3 A /K AESCGHEAT H ELAZAS WL, Sl 5 KN WT{E 9 280 mm, - s idfa 5 A A 4L
THEARYI G, BIE T SUE AR S TSR

DOI: 10.12677/me.2022.102013 106 i AR


https://doi.org/10.12677/me.2022.102013

ZRTLHE %%

-0.20
-0.40
-0.60
-0.80
-1.00

—-1.20
S-1.40

21,60

=-1.80

2,00
220
-2.40
-2.60
-2.80
-3.00
-3.20

0002 04 0608 10 12 14 1.6 18 2.0 22 24 26 28 3.0

KV B {E(m

U(m)
6.5609E-03
0.0000E+00
-2.5000E-02
-5.0000E-02
-7.5000E-02
-1.0000E-01
-1.2500E-01
-1.5000E-01
-1.7500E-01
-2.0000E-01
-2.2500E-01
-2.5000E-01
-2.7500E-01
-3.0000E-01
-3.2500E-01
-3.3172E-01

HiEx 103

(b)

1.2885E-01
1.2500E-01
1.0000E-01
7.5000E-02
5.0000E-02
2.5000E-02
0.0000E+00
-2.5000E-02
-5.0000E-02
-7.5000E-02
-1.0000E-01
-1.2500E-01
-1.2878E-01

DOI: 10.12677/me.2022.102013

107

W AR


https://doi.org/10.12677/me.2022.102013

127
0.0 0204 0.6 08 1.0 1.2 14 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0
HHE %1073

(d)
Figure 2. Numerical simulation map of surface movement of conglomerate layer.
(a) Contour of the subsidence; (b) Surface subsidence curves; (c) Contour of the
horizontal displacement; (d) Surface horizontal displacement curves
2. BNERMRBHMBEELE. @) WRTARE; (b) HRTIMHZE;
(c) MFRAKFEBHEE; (d) HRKFHBNELE

2.4. ®IE RS
NTWFETFRAFRK RIE R F 5 Z JE R MR U U2, 347 1 IR RS 73 H7
LT A4 BR 4 KCPIIERC IR L (4°) “HAE27 .

Table 2. Numerical simulation reference of influencing factors
2. FMERNEEENSE

K FKA/m K FEIm KJEI/m BRE R im
1 800 100 3.2 90
2 900 110 4.2 100
3 1000 120 5.2 110
4 1100 130 6.2 120

AL, BRI B A2 28, R, # B AR L (4%) IT T 16 ZHLI4ME
BT LSRR T R HESR bR, BIMRECCTUUE, “HAE 37 .

Table 3. Orthogonal test scheme and simulation results
3. EXRWH RRIEMER

Fe a/m b/m h/m H/m W/mm
1 1 1 1 1 143
2 1 2 2 2 273
3 1 3 3 3 269
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Continued
4 1 4 4 266
5 2 1 2 3 156
6 2 2 1 4 299
7 2 3 4 1 308
8 2 4 1 2 306
9 3 1 3 4 168
10 3 2 4 2 335
11 3 3 3 3 331
12 3 4 2 1 337
13 4 1 4 2 179
14 4 2 3 1 349
15 4 3 2 4 340
16 4 4 1 3 345

A 2270 BT FE R ) 422 ) A1 38 0 1 5 4 AR R i S IR IR — R 53, AT HE 5 IR R 7 A R R SR
X FIFR RN EIAT R “ WA 47, XS PIR BT PR, WA RE 3t 2 e PR 3K 1A e ik
Ko

Table 4. Range analysis of main controlling factors of surface subsidence

4. MRTMPAEIERRRES TR

W a/m b/m h/m H/m
W, 951 646 1093 1137
W, 1069 1256 1106 1093
W, 1171 1248 1117 1101
W, 1213 1254 1088 1073
7[1 237.75 161.5 273.25 284.25
N, 267.25 314 276.5 273.25
N, 292.75 312 279.25 275.25
W, 303.25 3135 272 268.25
R 65.5 152.5 7.25 16

W, o W, W, G RIARN TSR RTE L R EREREE 4 NP 4 YR B FUUEZ A W,

b Wy
W, o W, W, o8 4 M REK FULEZ M T R RO

=

WRIEZE 4 PIRIZEE R, BIR, > R, > Ry > Ry BE & BAZRE R KM L ST 4: KR8 > KK >
TR > RIE . WL ISR MR KR UUE AR/ 5082 T2 2 PR 2 U 5% 1Y
K, HIBEECRE R RIEDN: SR RE. REFFZRIEMRIR R, IFERK. K%,
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N T RN e S RAN A R R AR T A WA 2 T UNLEE, BRE JEBE 2 J)3% 50 m. 100 m,
150 m. 200 m #E47 4 HAMEBA LS, SHBETE TR, SRS LR F4. MIEEESMEE. %
2 S8 o3 e SR A X IE B D5 FEAE TR 170 m. 200 m. 380 m. 440 m. 550 m ALEEST WML, % 5 NASE
JE FERRE RS S AN ) o 2 A B R N Ui . FEAETHE 170 my 200 m &b 20 TR R 7, BEIETH
[l 380 M. 440 m Kb 20 THkA N, BEIETHTH 550 m Abs E 0 TaRE L7

Table 5. Table of maximum subsidence values calculated by each group of simulation experiments for different heights of
rock formations

#5 HEARUIBRHEIRSEEERATNER

BERETH 170 m  BERETOHE 200 m  BEAETN 380 m  FEAETNAE 440 m PRI 550 m

BRI 50 m 0.998 0.938 0.505 0.455 0.411
ik B8 100 m 0.995 0.935 0.463 0.414 0.347
BRiA JEE 150 m 0.993 0.932 0.369 0.328 0.291
Wk &R 200 m 0.991 0.930 0.303 0.251 0.239

HE 3 WL, BRJEAER L LA R N UTR BRI CS BRI, B T EE R T TR LT
S, AZERE LRI % m ORI TR W, Bea BEOBOR, BRha ERCE R T RSN, B
TESE R TIEA A s KRR REEIR AR HERE KRN, S IR L 2R =
I, BRE N B A 2 N UUR B SERAEM, RN, BREREER, AHWR, ARobEEIHRg: B S
ERE), AR T UUE RN, XA P R AT AL

AR R AN v 7 o e K TR U E
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Figure 3. Maximum subsidence value of overlying strata at different thicknesses of conglomerate and at different
heights from coal seams

B3 TRiFEEE. EBREFIRSELBEBEHRATINE

DOI: 10.12677/me.2022.102013 110 i AR


https://doi.org/10.12677/me.2022.102013

Vi
Sl
f
Bl

4. BREEREERST
4.1 XBEHFLOH

NTHARERZRIEE T, REEA RS AT S ZRIPRE, X R TR
Ja, TEH FO7HERE T T — AL, AR TR IRAKILER, U B AR [11] . ZALJE A g
W 7R B 2 /AR E 252~510 m. 551~692 m. 693~728 m 4b. B2 1.1~3.3 m, “FHIEEN 2.2 m,
FER X FE A MAEAEZ AR, IR B R (AR TR &, i S U R T Ul E R

/N,
42 BREBRBERENE. tang REXFE

PEEIFRRE T, FEA AR AR, 25 SRR, [F 0 A58 e R e 7%, AR i 2 Rk [12],
TERI R RS = RE R 7 1 AT I8
W =W, +W, —W, —W, —W,

s Wo—BRE E B0 = P 2

W, —E E W &l R R T

Wo—2 E AR T FE I R s

Wa— 73 2 T ER (1) BE ST #E 5

W,—#5 2 BA N AL RERE =

Tk = Re ] H UDEC 3 fish BEO A RIS 2 B ETH RIS . 3 BESBRE 2 1A EE RT 2 g ik
FERRNFERE.

FIF] UDEC #58Y, XHifk 2 2 B0 35 MJ. 39 MJ. 43 MJ. 48 MJ. 51IMJ [JfEE, A E
PRNAR K tang “Und 67 Fizw.

Table 6. The relationship table between the energy of the conglomerate layer and the volume strain and tang
6. MFeBREESHNET. tang BIXAER

AL (M) 1R AR (m) tang
35 0.1 2.6
39 0.12 25
43 0.15 2.4
48 0.18 2.4
51 0.2 2.4

N HIEIF M XN AFERREE, ~FEAARRNAR RN BEEINZHINR . tang [ R fe BB
BOR, AKIREA KR, MEeEER—EEnN, tang EAHZN.
REE SR RAR [ O0 F (RE B R ARAR X, AR RAR B ARAR y) Ay
y = 2.907*10° x2 +0.004x — 0.071
REE S tang o5 R (RE W BEARAR X, tang N REALKR y) -
y =0.001* x* —0.130x +5.480

a6 PRSNGSR AERANA., IRERRERS ang SR “ald 47 . “alE 57 fr
H
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Figure 4. The relationship between energy and volume strain
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Figure 5. The relationship between energy and tang
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5. &&ig

1) MRAERBREIRABEA RH G, BE 70 XBRITR LENCA RN REZE . B iz X 1
JERTBU, FEARE A A R R 2O R 58 R FRBREE . KIE. PIATERHITR
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ZEICH 4%

2) WL T ARFBRE R, A2 PR FUUE . BUEB R AR, B
HIERE FEEE FUEB/N, BREZE A E FIURAZIR AN B G a Zds it s ZE w2 m
WERESRE, BHEREEZ LA R TRy g g,

3) TEAH TR KRG, L L REHRRGER: BEPHESANEZAE T RTS8, 1
FEERBEAR WA T, TEAW TAERARMEB AR, A S (R R E 5.

4) B T RREJE 2R B B B Ie B, @i B SR RS E R 5 R S A
AL T HRR R AR SRR, tang [ME R ERIER, RIERRE N s T 2R 8 R A 5
HLFE

gE A, ASCIR T RRE IR E A WA R B N B AR R N TR E S AL, A
FE N 2 2T R R AE T BARMSE

EEWMHE
L ZR48 H AR 342 (ZR2020MD024) ;1L A48 H A K} 552 42 (ZR202103070165).
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