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Abstract

Coal mine goaf areas are widely distributed in China. The old city renovation and urbanization
development in coal mine goaf areas continue to increase the demand for electricity. As a result,
more and more substations need to be built in mine goaf regions. The risk prevention and control
of settlement hazards is an important issue for the construction and disaster prevention and re-
duction of substations in coal mine goaf areas. In this study, the surface deformation mechanism
and settlement characteristic stages of coal mine goaf areas is firstly elaborated. Then, the induc-
ing factors and disaster causing mechanisms of settlement disasters in goaf substations are clari-
fied. As a result, the risk prevention and control methods of substations in coal mine goaf areas
are put forward from three aspects: controlling the reliability of the goaf survey and site evalua-
tion, controlling the quality of all links of foundation designs, and controlling the settlement mon-
itoring and maintenance during whole processes of operation. The results in this study can pro-
vide a new guidance for substation constructions and their disaster prevention and reduction
work in coal mine goaf areas.
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Figure 1. Distribution and settlement characteristics of overlying strata in coal mine goafs
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Figure 2. Typical periods of surface subsidence due to coal mining
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Table 1. Suitability appraising and classifying for substations constructed in a goaf site
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Figure 3. Evaluation model and stability type of substation foundation stability
[ 3. THRLEMREMRITFMER R HRE LR

5) AR AT T A R T 5

A7 DX AR R St T VR0 P 5 A (R ) DD M 8 % Rt PR AR T R 2 X7 o b R 28 v vl vy A
TGS A SR X R TR AR AT P 8 3 AL e BT AR MU BE BRI B2 ) 347, #% GB50007-2011 (&
FU IR T E) [10]7H5E, M5 & W AT AR TRESCPH% T S AR kv 5

1) MRAE CEIW. AR BRi K 1 B B 85 IO RMNE) [4100E, RAIEBER B0kt
B WRIARAIL PR EEE Q) 5

Ay, =<1—q)k[1—e(sg°l]] )

Rifts QORI FURHL o N FITRE, kMR ARG SN R, I 05-10; t
KA RIS TE], a.
2) T Knothe I [a] s AU AL [11],  #5(2)F0(3) 15«
s=W,,5 =W, W (t) )

W (t)=W,, (1-e) ®)

A s RA X HURFIR AR VIFALTE, ms W) ARBIFEM I ] t I 212K 25 X H 3% 2 AR I TTRR AL T,
m;: W NRZ X R RV, ms 6 ARIRVIFEE, %; t AFEEIFREGERMIEIE, a; c HHERB )T
TR [R50 525k, 1/a.

6) Zi T AR H s SR A AR 1

SR X 7 H i B Al S M AR SR 2 X RS T SRR S I TR 7 2 “ Py o B DA B 38 F Sl A 2%
SUMA TR AT 50 2R . A X A5 F il el (R ) SR RN 4 45 S b A8 TR 7 7 T % SR AT 27 A VP 0[3] [4].

B, W 3 PR, UBETIRES P RS AR A e A E 7 1 )2 R S R FE AN T

DOI: 10.12677/tdet.2022.113003 23 LT ST N


https://doi.org/10.12677/tdet.2022.113003

CiEsh

TR RIREER, ERCARERES: MEBTRES “W” SR 8 miRE 2 ETHE
FFRIRFERS, BEAAR e tEAL T I FURAS s SR TR S “ Wi w5 B -5 70 W sl fmr 85 e U B 2 F K T
JEEF KRR, JEah 2R e IR

FLUR, SR X% bl G (R ) S AN U A5 SRR T (DT R B DR 22), B 2 a5 i 5 R & 22
SREBITER[12]. A GIS B ALY E NN T 10 mm, RPN CEERITRE 2R/ 5 mm. Xt
HoAth B & AR (M) AR BT NAF A7 2 e, oA L ONFERERS R 5 H KR .

Table 2. Allowable deformation value of foundations for substation equipments [12]

2. REBINZFEMER RITE[12]

BRI DUF% B (mm) DUREZE (AL
GIS %5, WEEEE R & 200 0.002L
FA R — 0.003L
il 48 150 0.003L
AP S 200 —
SRR RS BEER % R 2 T 06 S AL B Al — 0.002L

4.3. RSP SEITHE X

1) AR FRI R T i%

L5 AT B R 2 X A SR AR T B M s A K A% v vl o S S (g ) S R A o8 B A 1 3 A e, DA S0
SR X R AN (R S AN B 2 B AL R Zh A TR IR T AR pRoR 4% X3 PRl o T s R A AE IR B, SRR
L3t TR XU S 1Y) R

FEIN T BUANA], 24 iy b K 5 Al ) 2 J2 0 B 00 = RT3 LA K HE UL 00 A5 73 7K R SO0 4 Ao 7y
TR[13]0 KA DX AL P b i EL ) Rl M 3 S UDRS E 2R R, HLRR ZOT R B s AL I, LT 7K HEL I 7
e P DR AR BER o SRS X AR R wl B R o] R L OB, B R i 0 AR 5 9

2) YRR INES 3 K AL g P

7K HE LI 7 125 02 M AR ELOE T 5 2 Hh R R 2 TR A M RIS RE SRR, T e e B LI [ 141
AR v AR A A% s AR SR B R SRR AN, i D0 ARKHEA AT e R A 2K R9Z 0. JEr et
o AR, BN, REXED M. RRui R F A E A, AR i TR SRR 1 B
AN e, ABZANSZ AR FL U 9 AU A B T, REWS SRBUMUE F B IR . Ar b At dm,  ELAT5Etk
s JE IR AR AR R

BT IR KR AR BB R AR M, SEEF M s [15]) AR 5% 2 [131 5 27 1 /K HEA AT AN 52 A48
Pl R LRI P B O, i R A (XA Rl M R O LI 75 K o AESEPR AR, JORAI R AT 17K
HEACRE B N NI BAEA G filhll . AN 53 20 IR AL B

3) MRV INE RGN 5

KAVHT BN AR HOR, F 2 SN R R ECAE T T S8 ) 2 (R SR A0 5 o R it 7 JH ] T e 5
RTRE LI EE 35 R 2 X AL s It SE ST P M I PO 65, X Sl MR AN AR T AT e A
B M AT A E B, H R A B R (IR A )k B P ol B AR A, B L S
TRERE ST, NI LA RN AR s 4 N B3 B 5T o) T T 5 T ) AR IR ), o RE T fRoR S X AR ALl
(K FIV AN 2 TR DT R IR 4 T 428, RESS . FE4%

4) SRR X AL HL IS YR AT N S 6 B

DOI: 10.12677/tdet.2022.113003 24 LT ST N


https://doi.org/10.12677/tdet.2022.113003

HHEE %

I R AT R RGO B R, BRI AR Bk A KL, WL AR AW, LA A
B R SR A3 X AR E 3 R 2R | B ML DR KR T 5 e 1 S s o (AT SR 25 [X A8 B b B kT
B A RAOAE TRZE, 7SR 2 (X M 3R 4 A5 T X I Py 1 AR T A3y . ool AL, A SR P R
VES IR, DR AR R T R KU o
5. &5i%

4 AR 2 (A8 Ll TRE S e T I AR R 2 X, X 8 R X AR vt TR &, REX EEs
TREARBERESBEEREX WL MR RIRRATE RGN, A R A X AL Rk i I
TR 9 R AN AE IR 3R o SR X AR ol TR Pl S M ART BRI B 70 1 R IR RO R, 2K
R AR Lt SR R P B I AME IR 3R, IR RO R 2 XA FE st TR el e s ) P T2 2 XU
SRR, FRENREX EEE LRI, TE R I A A R 4 X AR HL ks TRE i Y
HEE, R XY SN TSRS TR BO S IA BE DG . P IR B S IS AT e G
R SR A [X A HL ke s T S W RS T2 S LA o 2 A ) S i

ERE N BRGNP RK . HUE AR DR KB IR L 7 2 S5 2 F BT, IR SRR
2% DX 5 2% P A FL S TR S R M A B H 2 e R e VRGO R A X A i ) 52 It
PR MRS DU NI UE AR ERSOR, SIAMZ IR E A 23 B, R A e R R A H it 2 4
TR HE VLS R 2 XA ri v e e R RS (1 2% e g 7

E&UH

AT BE T A5 20 10 Bt e A R 2 7] B 350 H (PDSSIY-2022050501) A1 [ [ 7] B 44 F, ) 23 ]
RH5 70 H (SGHAPD00JJIS2000744) %5 B .

BE K

[1] AR, RERE, JkoCE. BRI X 2 A R S va B[] B AR BEE A4, 2019, 34(4): 867-880

[21 5oL, ~F-T00 0L b T e B ATLER 43 A7 B F FC[9]. 300 R 3 K2 254l (A AR B4 AR), 2014, 33(1): 54-58.

[81 HEXRZAWE LR, @Y. KA Btk K& BI85 R RRELS]. Jbat: BER Tolk Hpict:, 2017,

[4] #EE, sk, . S KR BRI L R SO AL B B ST RAR MI[M]. bt B Tolk i hicad:,
2017: 181-183.

[5] A EEERE B2 GB51044-2014 IR 2 X A £ TR EHIVES]. dba: AR IEHH-RI H ictE, 2014.
[6]1 X538, EEH, B, & RS XIEWRFR R FZE I, 0242, 2019, 50(6): 240-244.
[7]  SBSCHR. SRAFEDURA X R S M B U0 B IR 7 S B e M 40 AT [D): [ 224718 30]. dbnt: S ER K2, 2019.

[8] AEiEfR, FAREM, fEMK, 2 KX @5 IEE T Ry TRESEE o0 J]. &1 %, 2018, 39(8):
2922-2940

€1 Pz, BEDL, 2HH S AF 22T EEAIM]. Jbst e Tolk i itt, 2018.

[10] e N B FEANE A 5 A £ @1 4. GB50007-2011 F 5 R IRl 3 iU YE[S]. dbnt: o 2 50 Tolk
2011.

[11] 3KAkM®, XIELE. Knothe B [F] B £ S HAE MR A T UG FEH 1 S A [3]. Mol 2z, 2012, 28(3): 14-16

[12] HEZKEEJER. DLIT5457-2012 A% sk s S /S v ARLS]. dbat: A ETH & s it 2012,

[13] ™WER. hEEFERTRAEIM VLR [I]. b E TS 2 %, 2003(3): 18-21.

[14] skaH, BREE, AWIE, 55 SE00ER KT & G A W R [0]. TRERNER, 2012, 40(9): 73-77, 82.
[15] HHEE, BiERR. T oA ROCLFHAR B L TR MR AT FE[0]. TREHL T 24, 2020, 28(5): 1091-1098.

DOI: 10.12677/tdet.2022.113003 25 LT ST N


https://doi.org/10.12677/tdet.2022.113003

	Risk Prevention and Control of Foundation Settlement Hazards for Substations in Coal Mine Goaf Area
	Abstract
	Keywords
	1. 引言
	2. 煤矿采空区地表变形机制及沉降特征阶段
	3. 采空区变电站地基基础沉降诱发因素及致灾机理
	4. 采空区变电站地基基础沉降灾害风险预控
	4.1. 严把采空区勘测与场地评价可靠关
	4.1.1. 采空区工程勘测
	4.1.2. 采空区场地评价

	4.2. 严控基础设计各环节质量关
	4.3. 严守沉降监测与运行维护关

	5. 结语
	基金项目

