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Formation mechanism and engineering application of the directionality of
butterfly leaf in the butterfly plastic zone of roadway rock surrounded

LI Ji',QIANG Xubo',MA Nianjie’,ZHANG Rongguang',LI Bo'

(1. School of Energy,Xi’ an University of Science and Technology ,Xi’ an 710054, China; 2. School of Energy and Mining Engineering , China University of
Mining & Technology ( Beijing) ,Beijing 100083, China )

Abstract; The classical roadway pressure theory is not applicable to the analysis of deep roadway pressure. To solve
this problem ,based on the boundary equation of plastic zone around circular hole under non-isobaric conditions and
butterfly failure theory,the cosine fourth-order implicit equation of the principal stress direction deflection angle of the
surrounding rock of circular roadway and the polar coordinate angle of a point on the boundary of the plastic zone un-
der the condition of non-hydrostatic pressure field was deduced theoretically. Then, theoretical analysis,numerical sim-
ulation, and field test were used to study the evolution law of butterfly plastic zone distribution characteristics with the

deflection of surrounding rock principal stress direction,and the formation mechanism of butterfly directionality in but-
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terfly plastic zone of roadway was revealed. The applicability of butterfly directionality in the butterfly plastic zone of
surrounding rock under different roadway section shapes ( circular, rec-tangular, arch) , the mechanical parameters of
surrounding rock (soft rock , medium hard rock, hard rock) and layered roof structure (lower soft upper hard type,
lower hard upper soft type, weak interlayer type, hard interlayer type) were analyzed. Based on this, the relationship
between butterfly directionality and the deformation and failure characteristics of surrounding rock was discussed , and
the asymmetric deformation and failure mechanism of sur-rounding rock of transport roadway in the working face of
Zhaogu No. 2 mine was studied. The results show that the butterfly leaf in the butterfly plastic zone will deflect with the
deflection of principal stress direction,and the deflection angles of the two are approximately equal. The shape of road-
way section , mechanical parameters of surrounding rock and roof structure of layered rock have no significant effect on
the directionality of butterfly leaf, and the butterfly directionality is universal. Affected by the directionality of butterfly
leaf ,the distribution characteristics of butterfly plastic zone in the roadway are consistent with the deformation and fail-
ure mode of the surrounding rock, resulting in its deformation and failure at the butterfly leaf position in the butterfly
plastic zone is more serious than that at other positions, and leading the non-uniform deformation and failure character-
istics of roadway. The failure mode of surrounding rock in the transportation roadway of working face is basically con-
sistent with that of numerically simulated plastic zone.

Key words : butterfly plastic zone ;roadway ; non-hydrostatic pressure field ;stress directions ;surrounding rock stability
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Fig.3  Comparison of the distribution of the plastic zone boundary of circular roadway rock surrounded ( Theoretical calculation)
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Table 1 Butterfly leaf position of plastic zone when principal stress deflects different angles( Theoretical calculation)

a/(°) 0 10 20 30 40 50 60 70 80 90
0,/(°) 45 35 25 15 5 355 345 335 325 315
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Table 2 Mechanical parameters of model

TR RE/ ks S BN WEE BB
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Table 3 Butterfly leaf deflection angle in plastic zone of
circular roadway ( Numerical simulation)
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Fig. 5 Distribution pattern of plastic zone in circular
roadway rock surrounded ( Numerical simulation)
Y F 0 S T5 1) K AR I B SR BB P X e 2
W =2 e e e , LA 64 £ 3 5 2107 3 77 1) ) i e £
JE LA [, SR 98 A DA BA (2 18 7 [

3 ERMTEERERES T

3.1 EEWERKITERM 7 AR 0m

FUHI, S8 5 WA B iR A RE A2
TP, NI, A5 100 23 518 i B8 T3 MR {E AR AU
AT EE DT W T TR DRGSR 98 4 DX -7 ) P ) 52
Wi, 524 T BUA Ko 12205 T5 B BRI AR A 3 A
TR TE [l i SR PR X JC I8 i B TH A BURS B
PRI , X SR 0 5 R A P IX 0 SR A T B T
SRS SRBOMER 77 2OF A (5) TR A R
JS7 377 16 A At e T B4 B84 DI 250 L T, T
6,7 7  JF M AT BE RN HEAT S Ul 7 M . A B A iE
KT 4 mx3 m; OB AR TE RS N LR 3 m, T
HRSE 6 mx3 m, HIE 6,7 WLLE B F 01



2844

www.chinacaj.net

#®

2021 4F55 46 &

—— BT [ 500
(d)

—— E RS 5 1A i 70°
(e)

7
O b o0
T T T T

20b

201
16f
12

12
161
20t

s
Z
O b~ 0
— T T T

270°

—— BN AT 1) e 90°
()

Pi=26 MPa, #=2.3, C=0.5 MPa, 9p=25° —— TN AR EME - - - SiHEIER

Ko LW E B IEX BIE T 4

Fig. 6 Theoretical calculation result of plastic zone in arched roadway

4% /m
(3] (3] (=2}

(=
T

10}
141

—— N7 AR S0°
(d)

F42/m

47
10r

[}e] N
T

90°

N

A7 |

b
D>

(L
W [
[

—— R w700

(e)

’ 0»
4 |

4 /m

(=)}

10}
14L

58] N
T T T

e A
ROER
RS2
O]

“\ LA
L g "' N T
AR

330°

240° 300°
270°
—— F R A mi%90°
()

P=26 MPa, 4=2.3, C=0.5 MPa, p=25° —— FEN TR LM - - - i@y R
FEE W7 T B T VA M X RIS T A G

Fig. 7 Theoretical calculation result of plastic zone in rectangular roadway

&7



www.chinacaj.net

59 ) A ZRAE AR Bl WO SR DX T i PR ISORIL ) e TR 2845

1] B Dt e , B4 A6 15 PR A8 1 ) SRS 8 4 DX A -]
e BEZ S %% , LD BT E A HEAR SR (R 4) o
F4 FREBEHEMREEXRHERAE (BRITH)
Table 4 Deflection angle of butterfly leaf in plastic zone of
different roadway shapes ( Theoretical calculation)
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Table 5 Numerical simulation of mechanical parameters
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Fig. 8 Distribution pattern of plastic zone in different shape of roadway
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Table 6 Deflection angle of butterfly leaf in plastic zone of

different roadway shapes ( Numerical simulation )
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Table 7 Deflection angle of butterfly leaf in plastic zone under different mechanical parameters ( Theoretical calculation)
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Fig. 10 Numerical simulation of plastic zone distribution under different mechanical parameters
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Table 8 Deflection angle of butterfly leaf in plastic zone of

different mechanical parameters ( Numerical simulation)
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Fig. 11 Plastic zone of surrounding rock of roadway under condition of layered rock roof
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Table 11 Butterfly leaf deflection angle in plastic zone

of roadway surrounding rock under roof condition of

layered strata ( numerical simulation)
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Fig. 13 Roadway location and working face layout
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Fig. 14  Non-uniform deformation characteristics of 11030 headgate
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