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Identification of weak units in complex goaf group based on damage
mode recognition method
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(1. School of Civil Engineering and Transportation, South China University of Technology, Guangzhou 510640, China;
2. Institute of Safety Science & Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract; In order to identify the weak units in the complex goaf group, taking the goaf of an underground
limestone mine as an example, through the construction of the discrete vibration mechanics model and the analysis
of the related influence factors of the strain change, a damage mode identification method for weak units is
innovatively proposed. The screening process is given, and its reliability is verified from two aspects: calculation
examples and practical engineering application. The research results show that the screening index of natural
frequency and strain mode can accurately identify the weak units in the goaf group. Both single-body and double-
body unit damage will cause the natural frequency discrimination index /,,(k) of the goaf group to be greater than
0, and the value of strain modal discrimination index I, (x) of the damaged area will be obviously convex. With the
degree of damage increasing, the value of I,, (k) and the peak value of I,(x) peak value are getting bigger and
bigger. Under only Bl damage conditions, the higher-order /,,(k) is more sensitive than the lower-order to reflect
the degree of damage, and the fourth-order index recognition effect is better; Under only Z6 damage conditions, the
second and fourth-order 7, (k) recognition effect is better excellent. Under Bl and Z6 damage conditions, [,,(k) is
more sensitive to the changes of Bl damage degree than Z6, and the second-order I, (k) recognition effect is
better. The results have opened up a new direction for the quantitative evaluation of the safety of the underground
goaf group.
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Fig. 1  Distribution of rock mass structure in goaf group
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Fig.2 Discrete vibration mechanics model

P 2w TS ) A B TR A% S5 280 — A ot o 153
PEICIE, 25 BB R T A 22 18] F JC B 4 ) Sk e Ak
AR AE A FE A LS JC R 3% 12, >R FH 18] 5 34 57 %
[l A T2



557 3]

FALAF, A BT BB B B 2R s DR i 8 S e L) - 89 -

HRIE 2 1 27 = 5 1 K ik B DL R B
m x n PERITZS KA R SR 25 X8l 1 - 7
M{x!| +PC{x} +Ki{x} =F (1)
A M K P C 5350 Ry 4546 T | W e
EIERERE FHICHE , F bR
% Q =PC W 154k h
M{x!| +0Q{x| +K{x| =F (2)
X Q MIBIEBH e FEFE
1 TR 28 X R 4% B R 45 20 & FR 307 A
], % AR TR 9 AR Rl , 25 B i P 2w i A 5] e
23 AR 5 R B SRR ) e A 1A
T, ReaS DX N [X e 2 A 5 R0, e oy A e A e
Ae ¥R AT, L, o7 LA Ae FRAIF R 25 X B
PATCEE BB . R TR AT ) BB A B SR S A b
AFEAR T, R (2) &S Ae™
R T VEfRRRAS 4
F =fe
(2} = 1K} e )
o RRZS KRR AR j o BB f Al
X 53 ) Ry A5 400 4 R BRI S 3L B R B
WL R 6 2R i 1 L A TR g e v ) X
(3)FRAZ(2) , LSl AR e T 17
[X} =diq] (4)
X @ N IENE FESHRE, (g} N L ABHR,
W2 (2) PEAT A B AR 4 | mT A5 R 48 X B 8 )
S AR AR A 5
(-o'M, +K, +joC,) {q} = ®f (5)
X M, K, C, 5050 R 2 X R A AR S o f i o A8
AR B AR BHJE
B (5)RAF(4) 1T
[X} =®Y @'f (6)
KPY =(-o’M, +K +joC,) ",
H P g 2 SR B AR S B 2 (R SC R R
[% e, } BERR] { X} )
dy dy
KPie, .o NIERE,y, =a, +a NIV,
K (6)RARK(T), 11
9 9
e, a7 |ox ox [P, D, '
D E I R A
a, &, d 9 D, D,
dy dy
(8)
SR TR AR A AT, X B R 2 RO W AR A i Y R
g R AR ERGR (8 ) HR A IE N AR

oD,
W ¢1L T
= Y 9
i, [ (pjf (9)
dy
B X R AR R IR N
o,
lIIx ox
= = (10)
v, o,

B (10) A (9) , A1
e =PYD'f (11)
XFC(11) SR —Fir s o3, ATA5 2R 25 DR A% 0 A8
AN Ae Bl
Ae = (WAY @' + AWY @' + WY AD")f (12)
XY, o @AY, Ay AD" f 535 H IR AR
RGN AR RS | 1 RS A ST AR |
N AR A i AR AU T SRR LR
R (12) " RUA PR, 50 Ae BYREA 4 T, 4
BRATA G MR K 3R AY, @' N 728 A3 5 W) [H 3R
AYY @' [iBELAE IR R Y, AD" far 5% i [
E
1.3 HEXZWEZRSH
TS AR Ae HAH I WA PR 4T 5007
D) IR (PAY, D), R FE R o AY,
D' =HTeR, Hb, g D" HEM; AY, ALK
i Ae BZEAL (U BIAL B AR AR BEA XN R, H
JEEAR A — MR, I, Ae FIl AY, Z [H]£F
TE—FPAE R R LA B R ESA C R
2) WAEBS (AgY @) BRI KR A
Ay Y, @' =FHFH, Hi )y, &' REE;Ag 1Y
BACK B Ae BYAR AL, HL 3 09 057 B A8 A5 A X
KFR, WL, Ae Al A ZMAFTE—F7EAT B HRITIX
B A BB R
)M (Y, AD") , LB KRN
O Y M AP = FHIR, Kby, o WEM; AP
RS Ae 12540, (H PR35 0 057 B AR B 5 A X 1
KFR T EEA A TC IR B2 |, Jo i BRI | ke
KB, B, As Tl A" EA BLHECEE
DI (f) o Ae 5 F AT HECH
L5 LTI R 2 KBE AR 52 0 [ R fAY, D'
RS P WA AR S5 1 1) 453 1 1 00, o7 AR A28 52 el [ 3%
AYY D'BENE IR 75 X N B TT 45 4 A 4 45 R
Bl o FERTX PRSI ZR A EE G 3 0% ) 48 Bk B AT 3R
) R RS DX S5 BT
1.4 EAIEIREE
B ) 23 DX S5 B OGN 1 S R A AT



- 90 - S NS D A N - ¢

5555 4%

FEAE TS 50T, BT 25 ) W 2 DX PN 2 75 A7 A P 4
FRTT R AW A7 A B SRR S

1) APRSIRE W5 AR 1, (k). 1.3 Al %,
AY AT DL R 25 IR L AR 5 1 00 . BT AY, 3
TR, Hlz(6) i, AY, R 5 A IRIIFA L,
BE T 25 48 3653 405 A 0 B9 R B B R A R 22 0k AR B
AY,, %

[M(k) :ww(k) _wnsv(k) (13)
KL, (k) S kB ARk =1,2,-,n;
(k) o,y (k) 5390 R 25 K R 454 B 4544 1Y
55k PSR

SRR it ) U e 55 BT B AT AR 2R R 1, (R B
TR, T S M 5 F S S KRR AR AR,
107 )5 25 DR 1 3R 003 kA B i AR A, T ] ) 25
HEWTZs X BE N ERAAAE — D 2 R m B R R 2
X T, BD AT REAE AR 55 BT, H 1, (k) R, #i4
FREEHOK

2) SRS HE RS AR 1, (). M 1.3 AT,
AYY @' L LS XORE AR S XT3 %S IX
PRICA R ZE R (TobR 04 ) B9 00, i TALAE
25 K BE N [ — 7 B A RER B Ae B Adp K 1Y) 56
AN EL Ae F A ZRDFA B CR R
AIRE B E AL Ay BN, B ERTAE Ay 5
KRG R R AE N A BT Al A TCie i
Z " H A IR E R,

AL, AN N A8 RS el AR 1 Agp AF o L ER
NFERR , T X H AT o W EIE . AR SCH BRI
FH I Z2 B A2 R it D B BB 285G I 1 A A 2 [
R AR R BRSO 4 o I AR R A A
XHE, bt G E ARG , T T E LA B

1) JRUREEH . XRS5 7
(¥, (x) |
VD = 2 T ) e W ()
K, (2) AT ENE F IS5 BTT N By &
JREY e Ay 1 ST VA A Y 7

2) Bge , XA AT R, OGN
A PR -4 B R] B Te A iy AR A2 A e AL, B

(14)

~ N ‘Wl)j(x)‘ =
Yy (x) = ; max | @, (x), W, (x) | )
1 - D(x) -

AP, (o) B TEERULEBUGEEH R N B2

BASKIZS D (x) (=0) FRgs MR TR
K (15) 530 (14) Hiwk, 14

AW, (x) =Wy (x) — W, (x) = A EL)

1 -D(x) O

X A, (2) FICE WG G S5 H B RT N B &
I AR 25

ik — W R R R A S R, X (16) B LA
K (15) WA B N AR E SIHEA5 1, (x) , BD
1&@=ﬁﬁ%> (17)

(17 TTLAR B, 1, (x) B N BYRE S 22 2 0m
T , A T A FH BB AR AR 22, LA 3 10001 1) R A
PERT , HBEEAS T BR TR s, W)
Iy (%) 2R3 B A B 28 XA oT el 25 X HR T 2 i 4549
(IO A ) ZE46L 4003 i i A8 AR A B, BT iF— 25 e
AR Jey 8 DX 3 ) 55 B, IR I W A R X
TARIL BB IR, 1, (o) O, U X0k A
4453 19 T 68 P A O X A ) 7 B 1 BT X,
1y () B 2 X IR 0 5 AR B K
1.5 HEBIiRTE

25 LAY HT, T I 4A R 2 DXTRE P 5 BT 4R 4
RS TR I A BN A (I 3) A4 . 1) o] DX el ik
BRI L S2 PR TR T B SR X 4k P 52)
BBHORI, 53 59035 BUR Uk 235 46 R840 245 740 9 45 B
BUSSHUE ;3) fatnit 5 B S S HRA K (13) |
(17) T3 B E IG5 34 ) S5 50 .

B X Ik #

BESHERI

| 0. Y. || 0,0 ok |
[ |

INONAGIE

=]

=3 Py

=)

A 4
[ #ERAMEL(x) |

BB A FEAE W55 2670
B3 REXHFPEBSHTHITRE

Fig.3 ldentification process of weak units in the goaf group
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Fig.4  Three-dimensional visualization of goaf of underground
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Fig.6 The first four-order natural frequency screening index of the goaf group under different damage conditions ( single-body unit)
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Fig.8 The first four-order natural frequency screening index of goaf group under different damage conditions( double-body unit)
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