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State-of-the-art Occurrence Mechanism and Hazard Control of Mining Tremors

and Their Challenges in Chinese Coal Mines
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Abstract: With an increasing mining depth and intensity in Chinese coal mines, unprecedented frequency and
intensity of mining tremors are attracting extensive attention from the government and society. Under the
initiatives from the government and the intensive investigations, significant progress has been made in the
research and engineering practice, which greatly enhances the understanding and hazard control of the mining
tremors. This paper reviewed the state-of-the-art occurrence mechanism, damage characteristics and control of the
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mining tremors in Chinese coal mines and demonstrated their main challenges. The conclusions are as follows:
due to the complicated occurrence conditions of mining tremors, various definitions and classifications of mining
tremors have been proposed from different aspects. This paper has summarized these definitions and
classifications and defines mining tremors from special and general aspects, respectively, which classify mining
tremors in terms of phenomena and occurrence mechanisms. Because mining tremors are widespread in all mining
countries in the world, targeted mining tremor hazards prevention and control are urgently needed. Although the
research started late in China, the hazard control of mining tremors and the emergency dealing capacity have been
significantly enhanced in recent years due to the implementation of the regulations and rules from the government
for mining tremors prevention and control. It has been summarized that from the macro view, the triggering of
mining tremors is mainly induced by the coal pillar failure, roof breakage and movement and fault slip, and from
the micro view, the triggering of mining tremors mainly includes tension rupture, implosion rupture and shear
rupture. The mining-tremor-induced hazards have been surveyed in terms of source parameters, seismic wave
attenuation and seismic wave disturbances, and the methods for evaluating surface and underground damage
triggered by mining tremors have been also concluded. To achieve hazard source control and precise prevention,
the current situation of mining tremors treatment in Chinese coal mines has been outlined. At present, Chinese
coal mines, it is still far away to achieve accurate hazard source identification and full hazard control. Therefore,
to support the national strategy of deep resources development and energy security, future studies should focus on
investigating the hazard-forming mechanism, damage effect and prevention and control technologies of mining
tremors.
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Fig. 2 Classification of mining tremors

12 F BEEREHENXR

AR, FREBD T R IR R H AR
FOBTRE . SmPE RN Z4 0, A2 AR [RI AT i) 2 3 4%
AN T RKERRARE 1. AW EE L 2R
W AR, JEHME. BARME. 7
FE A o i e S5 T T LA AR P ARRAERY,
B R e AERE U B8 5 M ILRE . BT X
M. FRIE. RN RF U,
WA N HLFE AT 2y R AR M B RS R ER), B
J& T R E ) —Ff, FOULGER 24155,
K FHRIEL HiERMER 38%. BEE Y
RS Pl R RN, IER SRR
Eypilith R, JEFEHENXANSRAR, ST
= 5 ik i VA B KT ) R AR

Pk i e SR AR A AR T AR 3 ) A A

(PR RN, B 53, R A H 5
TR, & A AR S FIRR, SRS WA R
W, NGV TS, 3 B S VR S 1R 30 1 I 5 142,
B R P I W e e R AR I B bR . Bk
5T ERE XN, H i R 5 o8 R A
AR,

MRIEA BB L FE X, RV R 2
FHIE, B2 55 M0 BEEE RT3 %
KIE 2 —, WAL T BB 5 A ook i R AL ER DT
B SRR B S R R R 9% RATHESE . SR
(i i R e % SRS FE, W RE VT REE ik
Fo B4 2020-02-22 11 2 R SEIER K A et Ho R
FHilk, R4 ABET: 120 m EBERIA &, I3
EHTH R ZIES: 2019-06-19 7 M BRI T
TUEWZ R 2.3 H 58, R g i
MR FH, SFEHET 9 N, 220 m BB IR .

MRPEA R W T, WRERATZ
P, REFATH R SRR, — /0 EreA.
"X BRI B S RO RN phifih R 2
WREMTHE, U EAER GBS, il E
WREM G BAH K, HIFEE— Ry BT
RepdhiE. g2k, BHE. BEAME. RS
ik U 2 ) 26 SRR B 3

ERIN Y S

AR = . ik LU
€3] BIRE

3 MR, AR, RS MR CR
Fig. 3 Relationship diagram of earthquake, induced

earthquake, mining tremors and rock burst

13 REAER/R

B R R AL T L IPRIE S, e KA
NSRBI BN JIIL G . 1738 4 5% [E g 7 HH A A
HEXICKAT RIS, 1872 44 v g o
Ry (Kladno) MR 24t 1 28— RA 15
RGBS 7032, 1908 18 F S /R B H i 1
R (bochcum) "X 7 | 35— AN 5 il 5 35144,
giit 1908~2022 4Bk F NH R ACE S LA A



4 fow, tEFOERIN R A F D1 2.0 HLL B
= 320 RS, FE. EPH. mMAE. EE. nE
K BERHIE DA K R %5 [ 72 A o
Hr, WP HERRIE (Bachatsky) #& KM
W IR BHEA, 2013-06-18 KA A K
B 6.1 HMT R, HREFYIRB - E); FEE
AR AR W 22 A (Witwatersrand Basin) 5RA
RIS TR N E A, 1994-10-30 KA &
KB 5.6 HIN R, HhREREGEZIUe; SEE A
(Utah). ZiAfi M (Idaho)+ PR BH /1 (Wyoming)
IR EIEANE, 1995-02-03 PRI K
AR 5.2 G BRBEAT R NS K RS )
OO B B, SR 2 ME A AT
. 1964 NN RART G A B I AT I Kead Fi

RAETNER 5.0 ZHIEa 7R, FEOZ AU,
R B mg g /R Al R /R - (Newcastle) 4 H
TR EHAE R, 1989-12-27 H-EH/REEA K
A FEY 5.6 HHREW., WS E o, 220,
L g AR SO, S S [ R R s A

5 [E A EE - (Potash) 1989-03-13 K /4F i KiE 4%
5.6 JIH R, HhRFREGEZIS; S SR e ik
W4 % (Ostrava-Karvind) HEH 1983-04-27 &
AR RERIA 10100, KL 4.5 HIENHRE,
MR FREKGREY, FEE R T I T bl U v EE

RPESCoRicE, WEREMT B KERN
2019-06-17 VY )17 5L 5.8 4%, %0 72 NERATTFK
AN R 5] T 15 A L R )

45°N Tes )
iy <H T
N;\; MLmax:5-2 y

135" W

ema W
i LJ_{j: MLmax_56
MLyax=5.0 ¢
" .

2

WM

ﬂw
o ML, —61
. ‘t 2

%G ML —58

max

180" F
Ak 43 ® M =60
MLyn=5.1 . BRFITE | 2 ® 60>M_ =50
MLax=5.6 5.0>M_=4.0

@ 4.0>M_=3.0
® 30>M. =20

(http:/linducedearthquakes.org/, https://news.ceic.ac.cn/) (1908~2022)
K4 &5k E
Fig. 4 Global distribution of mine earthquakes

FERE, RN SRR g, (B =
%%%ﬁﬂﬁﬁ%ﬁﬁa%%%ﬁﬁﬁﬁ,ﬁk

g %llﬁ :“:m\ ﬁ’%ﬁ\ %“ﬁ/I D/J\tl% Xtﬁ

BRI X 2 A S0 3%

bR TTSRA AT [ 1947 45 YR I 3.8 AT
FELLR, WA R G A I T SRR PR o v
W, 1994-05-19 KA KEH 4.2 ZWHE,
R GEZ, S N AREIAL 530 mP.

T X 22 % & M0 2 A T B FE R
S, RNTRE R FEOTE A, 1 1998~2003 4
BRAE T RBRKT 3.0 LMW RE 62 K, HiiK
TR 2002-01-26 KA 3.7 AR, XA
200 km?, HF 900 m 72 45 5% [X ™ # PRI,

LT ACEER & R 700 m, A2 TR
RIIBESRILTFWEZ N, 7 @I LRE

G AL

AR ELZAE 1.0 &L L, 1 1971~1986 LK
A 1.0 LA EATRR 154 K, KRR 2N 1977-04-28
KA 3.8 il iR, ARGEH 1200 km?, R4
2100m F51E 8 52 A [F 2 AR,

ERITIX 1998 SR R M 2, 2H2.5
FHULEWF EMEBEA R, £ 1998—2003 4L
KA 3.0 ZUEHE 13 K, KERN
2001-02-01 £ Fa LU 1 3.7 90 RZ D8,

B X I RIR IR 700~1 000 m, T @4
Fo IS PR B ISR R A A
FFREE M RIS, HheF e 1992 4RIk
HRA 1.5 ZULEDE 490 RIR, BKEHN
1996-04-27 KA 2.9 KA FE, HIEREEGRE,
H L1 120 m 8™ &= 255,

AR, BB R TR SR AZ T ) P 4 4
PN S T IR R DX R AR i, ) 2021



ERSCERAE T IR 2.0 KUL LA BEMS, BAE
KN 2021-06-11 ZLBRIAER™ 3.0 0778, HEARIE
R IR, (EHLTH R GRS, SRR O
JERE R 22 5| A 2 R B0, XSG 77 BB FE XS TR S s, K
SE A X BB AR 1, RAEE LR AR, I EELEL,
£ 1 AEMY X ESE

Tab. 1 Statistical table of mine tremors in typical mining areas in China

AR T HY 7 W R B T R TR R R A B
WAL R, B Kb S FU R H 45 5)
Ty F, ERAEERIR RN BT R AEAER

55 VB I 1] B KRENME W tE I
1 Jbat WESEFCYE 1994-05-19 4.2 — HOTH RS S, T AE IR 530 m
Hb TR Z VG 1200 km?, R 2 100
2 JLEEEFHY  1977-04-28 3.8 Fio 5 W1 Z4b ® . "
m HIE IR
3 U IEREHED  1998-06-12 3.6 Fra 5 Fis 22800 siimZEemsl, HF 150 m HiE R
HOTRTA 9 B 200 km?2, HF 900 m
[EAASy X -01- ) 5 Fas W12 I
4 TR G 2002-01-26 3.7 F1 5 Fas Wi Z il T
MR E =R, H T EERHBEIE
5 HIpI B IS 2001-02-01 3.7 —
TR A
] I RMSFAEE 20000417 30 7204 TAETEIRT 7 240 m,  HOTAT 2K, TR Bl oAk
AT ' M 2 37 90m WibF
; - BT DOL111.03 4.0 JE22 50~500 m [) F16 1% SR se%]; - 380m il ™=
YA = J - -
' Wr 2 ik R, 10 NEE
305 TAEMAET 7 200 m, MDA ZRE; H T2 220 m HE IR
8 & PRI 2019-06-09 2.3
W e F13 W24k R, 9 NFET-
F5009 K== X i /54 50
WA i T FS010 BELEE .
[k S L IR 2019-08-02 2. WEREX, Fy W2
9 T T LA 019-08-0 0 mﬂﬁﬁlf Wr = F3009 kISR . 7 JSEL-
" - 1SSl Ko 1407 TAEM AT /7 120 m, MR BIEGRZ, H T2 120 m @™
* ' SR i) B A P R
11 AR 2016-05-30 2.5 63 .04 TYEMHJE /7418 m HTH AR, HTFEEILE L
12 IR 2018-01-10 2.7 63 .05 LYEMH /G757 507 m HTH AR, HTFEEILE L
13 7R IR 2019-04-07 2.0 63.03 LYEMHJ/E 75189 m HTHA R, HTFEEILE L
14 IR 2021-04-22 25 63 .06 LAETHI/E77 116 m HTH AR, HTFEEILR L
15 NIRRT 2020-12-23 2.4 3302 REX A EE % MR AR RUR R, TN BE LR
y — 20200222 25 2305S LAEMAT /7 90 m,  HOIA R F F 40 120 m BHiE iR,
* hal ' FDS i 2 M 4 NFET:
104 1R LA m#E OIHE 2
17 SRS MR 2020-12-15 2.6 Hh W4, S
- SRS 300m G E, TIRE KHRALE, HTFEFERE
18 MAREZEEN  2021-03-11 3.2 K XY WREYHSHE, HTLERE
1201 R=XJG 2] 426
19 AR S EBY 2020-03.24 2.9 AR HIH AR, HTFEETLEh
m
1203 R= X JG 2 361
20 AR SEBY 2021-02-06 2.9 R HIH AR, HTFEEILEh
m
1208 R=Z X J5 /747 218
2 WEE  ARSEMT 20210820 29 R WA AR, T AR A A
m
1208 R X J5 /747 264
22 AP SR 2021-08-29 2.8 AR HIH AR, HTFEEILE Mt
m
1203 R=Z X J5 7747 338
23 AP SR 2021-10-30 2.5 AR HIH AR, HTFEEILE Mt

m



24 ARESEEN 2021-12-20 2.6
25 AN RSN 2021-04-02 2.3
26 AN STpCY 2021-06-11 3.0

M1 1206 K25 X 164 m,
1208 KZ X G774) 70 m
PRI 103 SR 21X 126 m A RES, T BETARN
105 TAEIMIAT 7T 215 m,
NF37 Wiz ft i

WA R, T BIELRN

WA R, T RIELRN

L4 7 BiREENEER

RECTH RINEEEIE D, MRS
BT R PR IE A IE SR R . EE R LA
B AT AR T R AR 1) — e 5 T RZ B a1
R AT TAREE, DR IR E T R VA R
K5 H I HEBN AT T vA B AR AE 1k 52 £
2%,

2018 4F 2 A, EXRZANELH. FEHE
S RAR T (T — D b R ok 3 R B i T
PEREADY (AR (2018) 32 5) B, 4
HOIRBERAT L BT S Al 3 7R 1 A
K, BT R R A IS B (RS il e
JINE A IR SRS, @ fE Bk =Tt
INASLEINA AR

2020 4 5 A, EZREY 2R, FEER
RATT (STt S50 H RS B EN
R AT 12, ER AR g Hh R & P LE I 2 b o
R X8 B A KR 2.0 UL Erbili . 1

BRI, SLRR SRS BRI .

2020 4F 7 H, ALK iR WAAHE R
WACE N AE B TECE IR T Gk @
R IR AS B EALR L M2 B, ARk
AL el MR A R A R Ik A LH IE R
1B17,

2021 3 H, wrebi EfE+=maE AR
R B COTF Insm IR E a1 72 9 T
FVABEATE L) O poe, KT R K R
SR B R JIE N R I e Re R E R R 22—
HR, BRI B0 H R BUR bR

Ja, INSEATRE K H B AR QAN A A B TR

2021 4F 10 H, BN S8 B R AR
IR T T RIS, Hd e TiZ @O A3k
1L 22 A e P2k SR TR E R B RAT
B E TR RGBT R .

2021 49 H, W HEN 28R IR %
Wik 5oy . SRR Z MRS kAT T O T
— A 0 e R R AR S AL E T
PERERY (SRfEzey (2021) 76 5) 168, %3t
T3 M g — 20 0 T ok R BT RE I B
B TAERIBL AR BERE Ty, A RO T B 224
AR BT R BRI F 2 A AR R .

2022 4 4 H, MSEHEE. o EHE R ILFE
RATT (RFEIR “HPUH” BRG]
FRE AT (M& (2022) 30 5) 07, JRp#E R
SR S5 I A W, SR TR R SR R S 1
g

2 BT RALEEA SR IR

B3 R AE LR R 8 A R A W IR AL
AR, fa] B IR Z (0 A A e i HL e 2 F) A R
JAR. AN IR LK, &2 5H HUT A
TR RN R R AT . S H A B
W RN BT TT, B R WL Ak A AL
DI R i R O ST 1 4 5 T REAT A A A 4
2.1 7 R A Ak & AL

T R 0T 7R 2 WA AR E T T
AR5 ) B T LA L% W7 J= A s 52 i 55 J L T e SR AT
AR, —ERERS T RE e,
2,11 AR KA 7=

RREAR R A R A2 i A T AR 1 A PRl
AT RS, BEA AR R T R IA B
W A, A RN RSO g . BT,
PE eI RO P AR R RS IR . SRR AR A
RN 5 R

KEWFERM], BRI R RS
FIEIPSGR S KNS HINVIE U7y a5
(OVEIF 5215 2]l 25 56 JEAT 32 2 A SRR 1 & s
Wi, SRR RE R, AR RARR R R T
SOIR “4.8”7 TR EHIER . i e AU E R BT
FOBTERBRAEA A UL, 45 H R X g
P RRAE SCHETINOR B “ AT - QB2 7 2, MR
BRI RAGE R M Pt Sk H . £HK
A AFETITEAN AT T RE AR G X g T SR T R
ik, 15 BIFEAPHIE DX A= 3 B2 RGN 7T A
KB IIERI T K . CAT ST 5E A I
JERIEFEM X AR 5y I BN F1 R, RN 151
ALY N 737 ) R B R BE T A 72 o X R
SEPHE IR TR B E AR AR DX ISR 3 B 52 Wi AL
i, RBURZR 5 AR X RGN TR, R 51
RO RIS 2TV IE R A IX [
FEAFAEREIE A S SRR B DL, A8 IR AR TR
JEIXH AR -



DL A FERR I 2 FEAREAE SR X3 B A
AL WE G X LR B A THAR 5 5
AR AR R X AR R N R R L, 7R
S LB X 5 B SRR RS R . R,
B R A A2 A v e A B U A ) R
JIRHPIENL, X TR RS R B A
M2 o

,,,,,,,,,,,,,,,,,,,,,,,,,,,, ﬁ“,',,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,, #\,,,,,,,,,
J 777777 d—————

SEE e e

TooiooTo g .

e ——— inuiy gl e oo 3

.........

K5 AR AT R M Y
Fig. 5 Conceptual model of coal mass instability induced
mining tremors

2.1.2 Tt is sh 240 &
PEZRHIGE, K2 X B A (1) 577k
AZBIR, SIEN R E M, TREZEK
AT R, YRS, NI K TGS ) 20
RS, THAR A nis Bh 1) R Fe i R RSN : B T
VT B DI IF G HE e, ToiRR & Fe ik B A B % 7R
B, THURR 7E 25 R K s A T2, B ZE THOAR A A\ I
BE) B med g5 b e = A W s B TR
Ak s, S 2s PRI n) R, TR
BN 10 S A v 9 A LT TR, R RS BRI
RAERIVCKE, W 6(a)ffic. BE%E FER TAEMH
MIAksEHEE, TACE R R AN, TR
Bl — @ ARG A AT R RS, TR
Wi, i 6(b)FTas . THAR M I J5 S B H AR ¢
JEA W] ReTE i — AR T S5 0, MBI K
TEEEE IR, P FTi, ARa Wi
Kk, THCEZWE, dfbuin e Rkiane ks
761, 4 6(c) B « Tt 45 F B % ke T 4,
TE— 38 M N IE W] B R BUA PLBE A& [3] 57 11 % Fik
BIRFR, RIS FIFE SRS R s i
AN EE B HIRETE,  an i 6(d)FTs .

(b) THUAS JE] S930 b

(&) TR KA
Vel 6 TR B INTZ 3 5 0 O s

Figure 6 Conceptual model of mining tremors induced by

overlying strata fracturing and movement
REDI LY, Tz s = R R E
PRSI R W 1) 2 20 R 2R, TR A (R
BT A AVERR T MRS BA DL K [l R R A A 7
SR R RAET TR R S TR CE 0
WrRHIE 2 R s AU, R BB R A AR
T2 5 A R R K B SRR o B e AE ST o
W A S S R RR R, KAV RAA
A S8 1) I, MR R TR Jo) B0 8 W 7 o R it
Wi WU SEPIE 45 2 WA 21 2 I R A 5
| SR AT 5 5 ML T R I = o AR TP 45
SOV JE K B2 7 R JRAEA FZ SRS T
PRI RER RN, JFIRYE St 2 s s A s 0R
P NRBEIRWIR AL ORHRE)R [Pl B RG22
3R R ARG m i B RS iE
MG, BEEiEEEEEKE “O-X” 1Y)
BT« TS LU PR 5 5 A 9 e A
LA BB 78 R T R BT TH AR 2 3 A
R A BEE S, BTG s R R E RS =
A AR B i A E %, BE
RAENVEER IS, T HERR SR AT S 2 5 s A
R 7N TGS BN R R AEHLER () B i o
2.1.3 W2 Bl 1 =
T J2 A D9 O 2 SR A e R v 3 3 A7 AE ) —
BT RIE ,  HRR AN T S 45 1 1 1 A B AR TR
WA KT, 2S5 SR 2 SRR i 3 (8] Y
HAEAE F A2 W 2 s A R S B B AR B R A1
ISE PN TS IR Cr B S VS S AT NS EV P
VR AR (I 7). AR A W2 st mT Refk
BN, AHATRE T RGBS R S R figh A e
J2 JR AR T B TR B 3 5 A W R A sh T AT e s A
B Wb 2 IR v i AN, 70 5 R B N ) B N J b
15T, BB AR ) LR W RIE R R R
TR C I J2= BRI R B ) PR IE e, 322 B



TR AR 28 55 7 A KA o 50 3 8 Wb J= 0 A 7 A
B B D W R AL B ARBIR T 2 AR

RN ) B N N S, 75 5 SRS TR
T35 JE B B MR AL, TR A 7=

005 4= 0 AN B BT T IRk, S W R B

=

i B AR SRR

74\ ‘

{1 SR S B S

iﬁﬂ"“ﬁﬁﬁﬁﬁﬁ;
eS0T

i ~

4

(c) MY Co AT T2 AE 1 i 2k B [ >R

(d)y B D: 3 E W25 A S 8 gk ak (=R

K7 TR KA i 20 5 R 2 35 A R A R

Figure7 Conceptual model of fault activation caused by coal mining activities

KEWFRY, WiRiE R AN RN H 2
JEPRE, % — 0 AR R R R T2
SRR 5 2 R R G R B 5 K F AT 2R AR
[, 2 7 RS][22 I AT R i S 4
BEREAT T M, RBUCRENFEN T LA m G b=
I, BiERAE “TEW7, RIESE . EiES
WHFE T RIS W R A2, 15 2=
B e w2 W 2 AL T B R Ae I s RN
RPN A 5K T HAEROIHT A BT R 5 R
BRA™ I 55 W7 J2 s B A 1k R I AL AR
NSRS P N I S Ui W @AY & e L (e
TR KA B T RO, AR BRI
S 390 5 J5E 5 ok W S A O RSB, OB
S RWEE AN R . RIRESFEIT AL T A
PG X R m S, R W= ) Jo) BT A%
) BT B T U0 S B R S A R
EEER . W2 SEEV T T L AR TR I
SOT KA KA AL, A5 KX i R B
FERME), FEGEXWZEE, BHIHERKE
YRR, ERHEPCUDII T ZE ST & &
FRII AN, I 4 T W= Fig R AR i) 2 W) B
WGBTS, KIS RiE s SRR
IR &1 T 5 U5 R R IR R T 7

R SCEREE TT T T RIS . BT A K L

HE) 3 S5 0T I J2 T A 5 A Ik 2 3 B R R s
EILRESLE W R IE I MENR R, HERR
RIS AN, R E 26 AR 1 & R T AL 8
K RAE S A R SR TN SR E AL
2.2 I BRI AR LS

B R RPN LA R R IR AR R A LRI )5
YR, 5EEIERRMER UM R, =
VNI AR A DR R s,
XA RSB AR IR, TR T AR X A
M= IR 2 T 7AYo R R R AR
HARBONE S, — B sk, B R, fr 8y
AR, JEIREG R AL RO, (HEEAT 7y
RPN RS . AR DL BT DI
R R =K I HA R R WAk A AL 5 R IR
NN A7 AE B R AN LR 2, A THAR TR
BT SRR L [ SR AR S TR IZ B AT
PASK PR s BT 8 ot & v 2 ) 4 it i
HIBEIA RAS e K2 R 2 s i oA B
DIER . WiRHHEh AR 1 E D IR O

(1) TR =

KA AR 7R S A R TR R AR AR
SEL MEREE KRR AR, JF RSB Sk
BRI R . HAERIIHE N — R HE FAEAN R
AR EIT AR & N E KR AT,



WK 8. RNk IEE S 3% LR IR v 5
M FERGEE T R R A A SRR . PO EIEROK
MREIRIGAL T x Jrml b, FRRANEET/N, Wi
8(b) ;s S I I KA ARIBES x Ml +45°
7, W 8(c)s

() SKPLT R A 0

(b) P PHEHAERE (o) S BARMAERE
K 8 IR R B A

Fig. 8 Source tension rupture

(2) MR =

YRR LA R 2 B A A R e A R
TG WA X 52 HRBR A N RE BT RR R
Z & T PR RN R R ) S O R
E7 A BRI — X A R AN ER R
JE77, W 9@fin. FENTRER. BZE%R
FES = — X E 7 M 7T, BP0 ThiAR b3
WA —ANJG e T B V&) S o TR AR it i — A
770200, RGN AT NIRRT 7R . R )
BERSRE S TR R R AR, YRR 1 R
SRR AT, BRI 9(b). 9(c)FTR.

xy.2)

() PRRRA RN IR AR

3 1.0
3.0 1.0

. 26 05 0.8

. TN 22 700 4 ,.\\\\ e
1 \T ij 05 \\ 0 0.4

0.2
-3 -1.0

3 0.5
2 1.0
0.0 0.5
-1 0 0.0
y L -1 05
23 42 X y o5 1005 X

(b) P BARIMAERE () S BARMAERE
K9 RIEPNIRBERR A
Fig. 9 Source implosion rupture
(3) BIYIRERIY =
BIPIRCR I 3 T R s 8O 5 55
T A AE BT VIE MR, IF LU= shi i X a ShE
HRE R ARG . HAR R R AR ELIE AL
IR A R US4 2 el R A 35 1T
IR /AN A A5 AEL 5 1 A S 0 PR 0 48 i LR, 2 1
10(2) 7~ o 7 Bl A4 S5 AL % 3 DR B D10 T 14 75 oL
AR ERA R ZR . K& RS A, P
BRI RN R S AERE QT 10(b) TR, e K AL
MARIE SIS £45° 5 S B ECRIRIE AT
Mot e Hoadk el i _B Ik B e KB, 1005 1 Bl R+
45° WHRIEAZE, K 10(c).

(a) BIVIRA RN IR

() P BARSAERE  (b) S PARMAERE

K10 il B D) ids =

Fig. 10 Source shear rupture
BRI R 75 R A R DR AR R LA I F 7
[ WA A TR B IIRER . GIBOWICZ 4%
OSN3 W PP I I R R UL, R
BE RS R IR M= (A R IR ) B — 5 AR AL
Ve, T RER R A A W Y U R R



5172 ; MCGARR 2505 it ik — 5 F 78 K47 Bk (4
WS, IR, RSSO T S
BRI TR FE VIR 5K RS 080 8 i
BRI R KR EAT TR, RBLRA “ AR
TSR RO 78 55 2R 23 X THUAR 1B 76 % s 2Rk 4607
LA SN AW Sl 5, &I 1 81 4> 2.7 ZL LA
R R RS, KILL 87% M = e TR
TR, T AP TR AR R S i
XH R IR RN, R DU B3 [X 327K -F B
R 35 M R YRR ) 2 BN TR i s R AR
SEONRE TSR R RRTT %, WO T 2 )2
e AL NS LA INCIE S WAL LR 7] LRI E S TN
BIP)HE 0 . HE S5V 5 R AN R A B AL
= H R AR AL A B B 220, AR P R
X TGRSR T8 57 A A S A A8 2R

TR R RIS DL, FTRLRN T f#
TRV AR DL IR S BRI e, SRR =
B AR AN AR .

3 WA A RO A SRR

IR, RS R K EARE ML,
FARITAET R AA BRI, SRR L
Ja GG O R i L S RLTR R AE S
KE, ANREESIO0EE. & (KD T
5o [AI, B R ARG/ G H T A A
REPE WL IR RCR, RRBBKIIT A —
SE I T REE AR, RN R R
FIRETE A T HEE AR S ok F . (Rl
IEM . FIERVGRT R SRR H .

BER A 5% & PD SR R B A B R R IR
TR R I A% B s D L N st % v [ 3 (R4
MBIEER . HILW A R RIES R Rah Bk
FEPRR AR RENINB EOL, RIRTUE =
FR K FEREEA: [, X0 R RO TR

IR DL R T (R SR A, i
TR R AT R .
I EBERENFEE

W RERIE ISR T EAREE. fEaE
W ORIEEE. RRL R, RS,
N8 AR A EERR T RRIR R R . Hish
TS DL Al 23D ) B AR L g 18 R ) A7 e L0
ARk, BEAE E WA HOE & WAL B — 2 e,
RN BT HEFEA W IE &, NIRED ERE
W2 B IR T HER R . HATE N T
W RRBEFS BN AANES, S48
V5152 BN T 72 B0 R (1 j2 i R B2 % H
(RIAE AR AN B o TR R 350 AR VRAR B
A2 T H A OCR R I ) S | s E
Rk, BEFA BRI % 2 85 H R KR 1) 5%
REAFIONE L,

M 0 2% 3 ) 1) ) R U S R DA R R R
V5 AR T 7 SR HhURE R AT FH SRR AE B A AR 7R
VRSB s R IR S AR AT R R A
PR RN, RAE FRIR P S AR [ 2 102,
FAESCUSIR R, MR S Ry RN A A
SRR 12 B IR A T B I DX 38R 7K
MR . BRAREEDOYIE T Brune B8, 23#7 17 T8k
W RS RAMERE IS 8N ZE, KN
R ERE T (30 AR AN SRR N T R AR S .
WL S B T R DURE 8 2R 1E T A IR 2RSS 2
BRI B ER, W REAFZM T
FERRIRIN 1 S 0] N R 9¢ F I TN TR B2 (it
PR o 7 A BRI B R R AR v X 4y Ve
R R, RFMEESIER FE MY E R
B SR AEWHENES, 1ERIENEREE T
M, WERIEEERMER, mERERE. U
PRFRFRL . 2756 T AR 7R i o vE 59, Aok
W 11 fios.

2.5x10°7  8.0x10*7 2.0x10° 8.1x10° 5x10* 30000
182194
2.2x10°1  6.4x10*{ 1.6x10° 6.5x10° 4x10* 26000
325
s 1.9x10°] 4.8x10% { 21.2x10° 4.9x10° £ |[3x10' £ 22000 «
s g . 2| ¢ =
S 81 £t &
= & E mz e &
" 1.6x10°{ "~ 3.2x10* { *8.0x10* £3.3x10°F faxi0 # 18000
1.3x10°{ 1.6x10*{ 4.0x10* 1.7x10° 1x10* 14000
6.76E8| |
5571
1.0x10° 0.0 0.0 —-J—— . 10x10® Lo 10000
R H Y 5E KGR &
| BN T P T BT

K vRRRNESE



Figl1 Source mechanics parameters of mining tremors
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Fig. 12 Effect of different factors on the energy attenuation of
shock wave
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prevention
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