24 2 Vol. 24, No.2

2004 4 EARTHQUA KE Apr. , 2004
*
1,2 3 2 2 4
1 ] 1 ]
(1. , 100036 ; 2.
, 100080; 3. , 100011;
4. , 510070)
(LURR) s
1 2 LURR , LURR ,
Northridge (1994 1 17 , M6.7, ) , Kanto (1996 9
11 , M6.6, ) 1992 8 1993 7
) 7 M>2.1 Y 5
1(v=2.9) ,
:P315 A :1000-3274(2004) 02-0025-06
[1 10]
[11] [12],[13]
[14 18] .
, ( )
) , 13
" IU GG ,
* 1 2003-04-16; : 2003-07-09
: (10232050, 40004002) ; 973 (2002CB412706) ;

(INF105 SCE2-02)
(1935) , , , 1991



26 24
[19] ,[20]
1
1992 7 , ,
MO, M2.1, M2.1 21 ( M2.0
M (t) 1992 10 24 5
M2.1 , 1993 17 8 M2.1 )
, , M2.1 8 1992 8 7 M2.1
Y
M =2
(--) (M) (- - (M)
1992-08-07 2.1 0 1993-01-29 2.1 4
1992-09-17 2.1 1 1993-02-12 2.1 5
1992-10-19 2.1 2 1993-02-17 2.1 5
1992-10-24 2.1 2 1993-02-17 2.1 5
1992-10-24 2.1 2 1993-02-17 2.1 5
1992-10-24 2.1 2 1993-02-18 2.1 5
1992-10-24 2.1 2 1993-02-18 2.1 5
1992-10-24 2.1 2 1993-02-19 2.1 5
1992-10-24 2.1 2 1993-02-19 2.1 5
1992-10-30 2.1 2 1993-02-19 2.1 5
1992-12-10 2.1 3 1993-03-06 2.1 6
1992-12-10 2.1 3 1993-03-14 2.1 6
1992-12-23 2.1 3 1993-06-19 2.1 7
1993-01-15 2.1 4 1993-06-26 2.0 7
[ M=2.0
2.0 B ]l
! [10]

x |

&

ool
1.0 - (

9 10 11 12 1 2 3 4 5 6 78
1992 1993 4F
M-t
Y (1)

, X+ X



2 27
; , Y
: Y 00 , (v>>

1) t H 1

E ’
, e
1992-09-17 1992-00-17~10-19
V
; 2} : H
0 1 : 0 i L E
8 98 9 108
19924 19924
4}
1992-10-30~12-10 1992-12-23~1993-01-15
~2L ' i i '
] E - | ;
f‘\*‘x 2 J\ A\l
. L | LV
10 11 128 0 — *
1992 19934
] 1993-02-19~03-06
1993-01-29~02-12
4
~2t : : P
I o
0 E L E 0 H H
1 28 2 38
19934 1993%
1993-03-14~06-19
4 L
N 3
3 '
! o
: ! “¢\\:
0 ! 1 1 H
3 5 6H
19934
2 7 (M=2.0) Y



28

24

Ym = N
G
, E ,“ +” 1“ _ ” , “ i”
1 1 2 4
03 % 3 1 m=5 !
Benioff
2 ., 5 Y 1
2.9 [20 22] , >90 % , 5
(1) 2 ., 7 M2.1 ., 5
(2) M2.1 ,
., MO 2.0 , M2.1
: M4.0 8.0 (911231
M2.1,
(3 , “
[1] , . [J]. , 1991, (5) : 512-518.
[2] -
[31. , 1994 |, 4(184) : 24-25.
[3] , , , . (LURR) [31.

, 1994, 37(6) : 767-775.

(2)

El/ 2

,Ymax

[4] WmH KesiHuy (Xiang-chu YIN) . Hoebii Mogxop k MporHory 3emnetpsicednid[J]. MPUPOMA, 1993,

(1) : 20-27.

[5] Xiangchu YIN, Xue Zhong Chen, Zhi-PFing Sng, et al. The Load-Unload Regponse Ratio Theory and
its Application to Earthquake Prediction Prediction[J]. Journa of Earthquake Prediction Research, 1994 ,

(3) : 325-333.

[6] Xiangchu YIN, Can Yin, Xue Zhong Chen. The Precursor of Ingtability for Nonlinear System and Its
Application to Earthquake Prediction-the load-Unload Regponse Ratio Theory ,* Norrlinear dynamics and



29

(71

(8]

(9]

[10]

[11]
[12]

[13]
[14]

[15]
[16]
[17]
[18]

[19]

[20]
[21]

[22]

[23]

predictability of geophysica phenomena’ [J]. (eds, W. |. Naman, Gabrdov, A. M. , and Turcotte, D.
L.) , AGU Geophyscad Monograph, 1994, (83) : 55-60.

Xiang-chu YIN, Xuezhong CHEN , Zhi-ping SONG, et al. New Approach to Earthquake Prediction
The Load/ Unload Regponse Ratio (LURR) Theory[J]. PAGEOPH, 1995, 145, (3/4) : 701-715.
Xiang-chu YIN, Yucang WANG, Keyin PANG, et al. Devdopment of a New Approach to Earthquake
Prediction-Load/ unload Reponse Ratio (LURR) Theory[J]. Pure Appl Geophys, 2000, 157: 2365
2383.

Yin X C, Mora P, Peng K Y, et al. LoadUnload Regponse Ratio and Acceerating Moment/ Energy Re-
lease[J]. Criticd Region Sding and Earthquake Prediction Pure Appl Geophys, 2002, 159: 2511-
2524.

Mora P, Wang Y, Yin C, et al. Smulation of load - unload Regponse Ratio and criticad Sengtivity in the
lattice Solid Modd [J]. Pure Appl Geophys, 2002, 159: 2525-2536.

, . [3]. , 1994, 9(1) : 100-109.
. . [J]. , 1995, 6

(2) : 112- 119.

, . [M]. : , 1995, 125-131.

, , . [J]. , 1988, 4(2) : 123
124.

[3]. , 1993, 9(1) : 1-8.
[31. , 1994, (6) : 37-38.

Mcgarr A, Smpon D. A broad look at induced and triggered seismicity[ A]. in Rockbursts and Seismici-
ty in Mines[C]. edited by Laocki S, Cbowicz S, bdkema A A. Rotterdam, 1997. 385 396.

Ouillon G, Sornette D. The concept of* critical earthquakes’ goplied to mine rockbursts with time-to-fail-
ure andyds[J]. CGeophysJ Int, 2000, 143: 450-468.

: : . [J]. , 1994, (
) : 122-123.
: : . [J]. 1996, 12(3) : 269-274.
, . Foison [J]. , 1999, 15(1) : 128
138.
: : . [J]. , 1999, 19
(3) : 223-229.

, , . [3]. , 1994 , 14(6) : 34-39.



30 24

Preliminary sudy on mining induced earthquake
prediction in terms of L cading Unloading
Response Ratio (L URR)

YIN Xiang-chu*?,YIN Xurfei®, YU Hua-zheng? ,ZHAN G Hui-hui? , YAN Yu-ding*
(1. Center for Andyssand Prediction, C3B , Bejing 100036 ; 2. Nationd Key L aboratory of Nonlinear
Mechanics, Ingitute of Mechanics, CAS, Beijing 100080 ; 3. Generd Academy of Desgning and
Fanning for Water Conservancy and Hydropower , Ministry of Water Conservancy , Beijing
100011, China; 4. Guang dong Seismologicd Bureau, Guangzhou, Guangdong 510070)

Abstract : The LURR (Loading Unloading Response Ratio) isan intermediate-term earthquake
prediction approach that has shown consderable promise. High L U GG vaue usudly could be
observed prior to strong earthquakes severa mothsto a year or two 0 that it could be served as
an indicator of strong natura earthquakes. In terms of LURR severa earthquakes such as
Northridge earthquake (1994-1-17 , M6. 7, Cdifornia, USA) , Kanto earthquake (1996-9-11,
M6. 6, Jgpan) and ome earthquakes occurred in China have been success ully predicted. The
variation of L URR has been calculated ud ng the ssismic dataof Fangshan Coa Mine during the
periodfrom August 1992 to July 1993. There were 7 groups of mining induced earthquakes
with magnitude equal to or larger than 2.1, the valuesof L URR were dgnificantly larger than
1 (LURR=2.9) prior to 5 groups among the 7 groups. These results suggest that LURR
oould be served as a precurr to predict the mining induced earthquake.

Key words: Mining induced earthquakes; Mid-term prediction; Loading- U nloading Regponse
Radio (LURR)



