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Analysis on instability deformation and burst liability of composite weak structures
WEI Hui'?

(1. Department of Mining Engineering ,Shanxi Institute of Technology,Yangquan 045000, China;
2.School of Civil Engineering , Jiangsu Ocean University , Lianyungang 222005, China)

Abstract:In order to control the stress concentration and energy accumulation in impact coal-rock mass,the concept of composite weak
structure is proposed. Based on the strength ratio and volume of the soft—hard strata, the composite degree K. ,which can pinpoint the stress
concentration and energy dissipation degree of composite weak structure, is introduced. On this basis, the RFPA numerical simulation meth-
od is used to compare and analyze the instability characteristics and stress—strain curve changes in various composite weak structures.
Weakening the impact tendency by composite weak structure from the point of view of burst liability is studied. The results show that
strength ratio and volume size are the main factors for composite weak structure to control impact energy ,the weakening stage in the process
of failure and instability of composite weak structure is the unique stage of dissipating impact energy,and the dissipation degree is closely
related to the K. The K not only change the fracture development degree ,failure form and stress—strain curve of the whole structure ,but
K is also inversely proportional to the maximum concentration stress, stress peak location and energy dissipation degree; the dissipative
effect by the composite weak structure is verified by the elastic energy index Wy, and the impact energy index K. Composite weak struc-
ture can reduce the elastic energy stored in coal-rock mass and increase the loss of dissipative energy,which can weaken the burst liability
of coal-rock ,reduce impact energy release and risk level ,and achieve the purpose to prevent and control the rockburst.

Key words :impact coal-rock mass ; composite weak structure ;stress—strain curve ;burst liability

Y5 B HA:2020-10-25 ; SRR SRR AR BOE
HEE&WE . HE AR #ILE I H (51674519) ;71908 8 524 A ARBL2A 078 % B30 H (19KIB560010)
EER N 48 #E(1989—) , B TAESBAHIN, B, E-mail:wei632986698@ 163.com

32



B M SR S A AR AT R b i 1) 1k AR AR R A 234

2021 4FE%6 9 )

0 51 T

BANA AT TR IR LA W Ain , B 1A 32 B 45
RIS, S EOEZ S TR A ARR R R RE
JEIAE 5 B2 g ) el A R b A 5 51 K o i
Pt~ b Al i B RO LR
RV AR AN TR] ) e 20 5 45 40 HA AN [ /Y L
Sr TG A I R S FEHCRRAE T R, AT LAE A
75 B e R RS b X AT o3 X S5 A Ak
B BRI RS 2 O3S E UBAT 9 55 25 5 1
BN, 2 SE RS E ] MR SRS R FRBIR
T BRI 8] A 10 T3 504, WSO e v o B
LS G e R I, B o fE R A5 4, IR BBl A
hili s AR

HAT, A V22 E W AR RS 4 i R Fe
R RE FEWCIEAT T 2O I g, Ze T
B AN TR A5 77 SRR IR B A B R A B o
i) P RS 38 5 I I TR 2 A e
HTRUR RE T -5 0 FE FCAE Bt 5 B e 1 5 2 Fry
PNTECPNE LI S T T R kR (AT
PAEPEE IR IR I i v Y RE R ORI, &5 2R
R WIREEN A DR PR R RERERE A 7 K S AE & Y
YN TRl 5 30 2 A A M S S O R AT TR
(7] RS v o AR A F) P Tl S 246 P S 0 3
At AT LR RS ARSI o A v BB PR B R 5 b {H
VE B R RS BEIR A BT JR AR B BRe e 6 P T
AR EE I 2E 5 A B8 Al 1oy Jon 280K, IR 2 R R
W RGP R RE B B A e e 2, Hoo
PERTREEOR B Y AR ft D s b 2 5 B A
E AT T SRR A S 0 PRI B0, X b
TARFSEE AL W A RS L TR RE S I AERLRE
R TR TR AL LA 5 1 AR A5 R ol
P40 2 A e A5 A B R AR AR AR AT T 20 #r,
T T AR G S5 A R 1 e h RE R FE RN
SRR 5 Ak AR AT J2 B B T T 3 4
PRAERERE X BRI VR4 T 1 Ao B, 7351 A BE
AR BRI R A AT T AT T2 B
JERT AR el e R 20

EH MR RS AL S IR R AR Y
St b AN 7 g sr 1 HAT A TR 58 55 LU il Y
B A ai . l i A R 8 4 5 S
SRS CTRIE | 0T LS5 A8 1A B9 2 AR BB IR R B i
T =R 2 AR A 3, DA ol i ) 44 £ B X B
SSZEFFERL P BE B R IT T 5T, 0 S5 55 A5 M By £
hiti b He SR A2 AT R B S R R A

1 EGBREHUREEGEFIE

1.1 SE8HEHEIE

FESE 1L TR i B v, BT A SRS I B R
KR TE AN [F] R 1o S S5 A5 B 2K, 3 3L
A A B 55 =2 3, N [ A 5 25 R B ) T
T A RS K e A SRR, R AR Al A
EES AR 4R R A S5 A A A RIRI A
SRR T R AR AR S5 R R E B ETAR T X eh il
SREARIEA T X 55 4k, 3 3k s S AR B 553 L 4] 56
R I e R K e i A b B — R 2 A
FEL i3

824 55 45 A0 HLAT 5 55 45 4 i R TR PR R, o
Sk (RAEE ) ) AT AR R AR S 4 S A 1, 2 AR A
B A BEA 5 s 55 450 (3R 5 J2 ) W] LABUR B A
SEF AT IR 2 K B i AR HORE X B 42 b o
e 2 = SAEH
12 EABEMEShEREEYMEE

1) SR e, 5 He i 2R FE E A 55 451
RS SRR OC R, — AR, H IR R f<
2.5 ( PSP R SR E <25 MPa) BH 2 RN A
2, BB W o /o, =2 (o, N REH 2 AT
SREE o MRS R AR SR ) Y AR
SER TR 55 (AR, B SR 2 T o A HKh
INIRE )58, BES TR R R I L R, 4540 & A=
o IR RS A) R B RR ; S R S LA R /)
VLA ES)Z T o FU 4 K, 559 )23 Xof AR 235 4 ) i 38
IR T A 25 e M ), B A0 ok 55 5 1R 285 440 119 i o
FURTFENE B RE = B OH SR 45

)RR, FERR S LB — 5 B 25 F T, 355
JEHT SRR B A R G 59 A5 A X g i AR AR
B R R AR, B S5 R T 3R Y 5 R R
R, SE e M R MR X RE B P RE RV E S &
W/ RZ RS A 2R R, RV (5 ) L i 2
SRR R R R TS, BRI SRR A Y B Bk, X R
BRI EE SR

3) AR A, B B L AR R R 2
NEBHRIN, B G 59 4510 140 32 78 55 )2 22 6] FH B 4%
fl T AR Z IR AR B B P2
PER S,
1.3 EAEMHE

A 5SS P AR T I IR 5 R P R B RN AR
FOLER, EESEER TR, 3 2 0k B 5
PRIXGE , T A3 3k N Ry 7 2 /N IR A J2 o L 43
KIE R E A HLEM , I, LIRSS AR 4

33



2021 4E55 9 1

www.chinacaj.net

49 4

ARG _E A P SR AR S B W 1, S AR B
K (sl o3 6 5245 55 45 K vh BT o B9 R A1 R/ )
BERSEATRE M LR RE TR BEA T . IR
AR ARG o A S A B AR v,
SRR A3 2 A FRR B gl B R 5 BE 400 R
Voo Vo RGRy o R, n RS A M R B Q] 1
B

B may [
W1 Z24ETE
Fig.1 Schematic of composite degree
HEWHEME RN N
[VIR1 +V,R, + - + VR,
K. =
VR
Hoph K NE B ME GV NG54
SMER, m’ s R W E A5 R IR E , MPa, B2t
(1) A5 FEE A S 45 M R B AR I DL | 5 4h
P AT s By, HAE 5 B KB B AR 25 1
FEHCh s e O AR BE RIS  AH L, AR R 2 1Y
SRASFEEAL A S AR RS TN T AR R A
LS GRE K3, NI I it 5E 2 1Y
FERRERE . G, W LI G K A28 554510 1)
AR P FFE R AR R TR

2 EARBEAHMTRAREY

it RFPA FUEAA T HA ANFE A1
A BEE T P R SR AR, T E A
JE K X HEAREE K 1 7 7 A8 K Be FEAE R 2
21 1RBIEST

IS Y484 T AE M S 8O S, i
37100200 FAE AL A%, 78 ST 50 mm x 100
mm BRI, R f T 45 S L3, 5 IR A 3
SRR 60 MPa, 355555358 B R 20 MPa, 43 51| 15 9
REGH TR DR AR A B
22 EBHAR

LHENT 6 N A S AR | 55 25 A6 43 8
K FEANAS |4 55 2540 = BE 430 0,20 .40 60,80

34

jx 100% (1)

EASEZPN Y54 A

100 mm, 74 1 H A2 5 B K 709114 0,20% , 40%
60% .80% 11 100% , HoHh K, =0 Fl K, = 100%1EH 2
AKFHARARY K =0 R JEAG wh i AR K = 100%
FoRGERPSE AR, BRI R INE 2 iR

(@ 0  (b) 20% (c) 40% (d) 60% () 80% (f) 100%
| Bk
H2 Z6BFEMTLTE
Fig.2 Comparison scheme of composite weak structure
2.3 RMLERSH
XA R G B G 55 45 AT IR e A
LA 5] F 0 F7 50 A (& 3) FRE F7 - 107 AR fh 26 (&
4), MK 3 A5 b A A 55 A A AR S 43 L 18
s, BN A FERS R (H K =0 3 K =100%) , i
AR TR IR X B2 i R, H AR AR v & A R 4R
BT BUE U A G R B R Sy DL o
AR RAE Y E A K 3R E] 80% ~ 100% i, i
PR BT BRI RARE IR | Ul B 45 R 1 S AR v R RS E

100

(@ (b) 20% (c) 40% (d) 60% (e) 80% ( 100%
H3 AEEGEENHHENUER

Fig.3 Simulation results of principal stress with

different composite degree
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