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Expansion patterns of plastic zone in surrounding rock of
rectangular roadway in non-uniform stress field and
equivalent circumcirble analytical method

GUO Xiaofei'”, JIN Yiwei', ZHANG Hongkai'

1. School of Energy and Mining Engineering, China University of Mining and Technology-Beijing, Beijing 100083, China;

2. Research Center of Roadway Support and Disaster Prevention Engineering in Coal Industry, Beijing 100083, China

Abstract ; Rectangular roadway is widely used in coal mine as a type of roadway section with easy exca-
vation, simple support and high space utilization. Yet it is difficult to analyze the state of its plastic
zone in the surrounding rock because of complex stress distribution. This study conducted numerical
simulation to investigate the expansion patterns of plastic zone in surrounding rock of the rectangular
roadway with different width-to-height ratio in the non-uniform stress field. The mapping between the
plastic zone shape, range and concentration position was compared with the corresponding circumcir-
ble, based on which we proposed a analytical method for the equivalent circumscribed circle of the

plastic zone in the surrounding rock of the rectangular roadway. The result show that; (D In the non-u-
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niform stress field, the shape evolution of the plastic zone in the surrounding rock of the rectangular
roadyway is consistent with that of the corresponding circumcircle roadway, exhibiting a round, oval
and butterfly shape. (2 When the width-height ratio v of a rectangular roadway is less than 2 (which
has met the actual needs of the field) , the maximum radius of the plastic zone is less than 15% of the
corresponding circumcircle roadway. Smaller v value leads to lower error between the two, and the error
approximates 0 when the v =1. (3) The butterfly leaf angle in the plastic zone of the rectangle and the corre-
sponding circumcircle roadway exhibits convergence values between 34° and 39°, and the difference between
their butterfly leaf angles is between 1° and 3° when v is less than 2. (4) When the width-height ratio v of a
rectangular roadway is less than 2 in the non-uniform stress field, the shape, range and main concentration
position of the plastic zone can be quantified using the equivalent circumscribed circle method.

Key words : butterfly plastic zone ; rectangular roadway ; non-uniform stress field ; equivalent circumcir-

ble
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Fig.1 Schematic of stress model of circular roadway in non-uniform stress field
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W5 IR A L BB P DXL S A B /N T A2 B
Bl HISUA AL T 34° ~ 390, HBERE A% 1E
i B PRI, S R OSSR L BT s B v Y
A0 e SRS RO A IR ESTENE L € e

{ELEE/N SRR D R 22 (E AL /D, S5 18 11 AR
YT ARE 5L L v=1 B, P T 22 (0
PO O AHAESE PR A 7 Hp AR S B e L R A
SRTF 2 1, B 22 20 ~3°, AT,



o

FRMEARAT ARSI Sy I ARG R A R X AL B A8 S M I B i BT 7 1% 881

90°

150°

SR ZEE/°)
=]
()

LOF 5100

270°

—— 5 miiTE&IE
—— 6 MG
—— 7 mATE&IE

—v—8 %3
30 miETEAETE

0°

330°

B 16 AER~TWETEEERHELEFHEBERL

Fig. 16 Average difference value curve of roadway characteristic radius of two sections with different dimensions

5 mA AL
—A— HMERAEE

[><)
T T T T

7 mA A S
—A— SRR A

o
T T

20°

[><)
I

0°

(c)v=T74

90° R 6 mATEAEE
2 —a— SMEH

o
[T 1T 1T 1T 7T 7177171

17 AERAEESE B ELRSRM AEN

Fig. 17 Characteristic radius of inner axis and butterfly leaf angle of two sections with different dimensions

AR M I B i M 07 VR R — R 5 g LY TR Y Y

ST ARTE HA B 38 JHE
4 %&£ it

(1) FEIEARIE 55 X P 2% 8 3 Fls 2 X
FEAE A — 2 B R IR AR BOE 3

B4, HAESIE B8 B0 22 A1, 980 X34 /N
NI TT R

(2) FETE A A 98P DX T s o X 1oz Ak
PE S TE , FLBE v W2 5 it — 258 K (HE T
RN FHTERIN (v <2) , &YX LR 22 55— K
AsHt 15% Y v ik T 1 B, PE IR —2,



882 LTI S R H9%

(3) FEEAIE 55X L A B4 38 A S X

LU Aizhong,ZHANG Luging. Complex variable function

SR A KT BE 86 S B SR, R (B A
34°~39°, M v <2 W, PIE LB B 25 S 78 2° ~

method for mechanical analysis of underground tunnel

[ M]. Beijing: Science Press,2007.

30,2 =1 I YAl AR FEE 5 g A ) 5 B JL T (7] EDA, BZ2%h SRR . R3S ) S vk A Al B

L K TREIR B i A fie [ 1], & £ J12%,2018,39(12) .
(4) 37 T AR /5 B 5 S A 1 49 A —
e . . SN WANG Shaojie, LU Aizhong, ZHANG Xiaoli. Analytical

PERAFOMEIAIE BT ik, AERPARE v<2 solution for the non-circular hydraulic tunnel buried in

Ihf ’ P Ao X 7 8 A 5 9 e X SR the orthotropic rock mass[ J]. Rock and Soil Mechanics

%, SRR ALY A [ S SR XIS Ve 2018,39( 12) . 4437-4447 ,4456.

DA (8] Jltims s, BLITs, A0, 55 . AR AR IE FLiL N ) Y

SPE SR AT [J]. H  Ji 2%, 2014, 35 (9) ;2587 -
2w 2593,260.1. . . |
SHI Gaoping, ZHU Jianghong, LI Baohai, et al. Elastic

[1] Z5HEE, Tk, TR, 45 . b v 7 3% 38 W R R analysis of hole-edge stress of rectangular roadway[ J].
BB RITFEE [T]. T EH I K224, 2010, 39 Rock and Soil Mechanics, 2014, 35 (9). 2587 -
(5): 652-658. 2593,2601.

LI Guichen,ZHANG Nong, WANG Cheng, et al. Optimi- (9] AUTTW A d it s ¥, 5 . A IR SNSRI R8T
zing the section shape of roadways in high stress ground FEWT I B TR AN S W B T R R[] A D
by numerical simulation[ J]. Journal of China University %,2014,35(1) ; 175-183.

of Mining & Technology,2010,39(5) : 652-658. ZHU Jianghong, YANG Jianhui,SHI Gaoping,et al. Cal-

(2] ‘Ao, Zei e, X504, 4 . IR 5 RIE &8 ¥ culating method for conformal mapping from exterior of
XA MERECN KT 1[J]. 9 T 7 8F unit circle to exterior of cavern with arbitrary excavation
%%,2019,34(4) . 10-15. cross-section| J ]. Rock and Soil Mechanics, 2014, 35
YANG Jianan, LT Qingfeng, DENG Hongzhe, et al. Cor- (1): 175-183.
relation analysis of plastic zone between rectangular and [10] L, AL, XUDUe . 5 1~ DG PR 23 1] R JE Lk
circular tunnel ; the lateral pressure coefficient less than AR Z R RBURE[T]. ARSI TR )R,
1[J]. Mineral Engineering Research,2019,34(4) ; 10— 2021,43(4): 1-11.

15. SHEN Hang, ZHOU Hang, LIU Hanlong. Solution of

[3] ETLN . 20— 58 Wi IR % B8 A BBl = 42 il B2 complex function of rectangular hole contraction in e-
ARIFFR[T]. BERFEA ,2015,34(6) : 67-70. lastic semi-infinite space[ J]. Journal of Civil and En-
WANG Keyi. Research on optimization selection of road- vironmental Engineering,2021,43(4);: 1-11.
way cross-sectional shapes and its control technology in [11] 25000, XU EIME . 3 0 0 A5 SR ik 19 &2 728 e 405
hongyi coal mine[ J ]. Coal Technology, 2015,34 (6) : Be[J]. WAL TR R4, ARFIR,2017,34
67-70. (4): 1-4,14.

(4] SRS, XIS7 R, XL 2 45 . IRES R B 2 4% LI Xinyuan, LIU Guobin. A complex variable solution
EWTTIE AR SRS S [ V] R R A AR for rectangle pipejacking in elastic half-plane[ J]. Jour-
2F0R,2021,52(11) ; 4074-4087. nal of Hebei University of Engineering: Natural Sci-
ZHANG Jinpeng, LIU Limin, LIU Chuanxiao, et al. ence Edition,2017,34(4): 1-4,14.

Cross-section shape and coupling support of deep and [12]  HRSISR, XV BS AR, % . B T S5R0R 2 WA TE
large inclined coal and rock roadway [ J]. Journal of AE AP RALBE S [T ] R HAR,2022,41(3) ;
Central South University; Science and Technology, 10-13.

2021,52(11) : 4074-4087. ZHENG Pengqiang, LIU Yanqing, ZHAN Zhaowei,

[5] %24, ik fisE (M), SR, b, BEHF et al. Research on support optimization of rectangular
Mt ,2016. roadway based on equivalent circle method [ J]. Coal
XU Zhilun . Elasticity. [ M]. 5 ed. Beijing: Higher Technology,2022,41(3) . 10-13.

Education Press,2016. [13] H - K¥rfrss . BESYLER A (M. BiE. BE

(6] BZ&oh, KEkd . MR EEIR Iy 200 7 59 52748 ek BT FHFHOR R, 1980.

BIM]. dbnt. Bl et ,2007.

KASTNER H. Statics of tunnels and trenches [ M ].



o

FRHEAREAE AR I 2N H S R AR T R BRI AL B A8 S M I B i BT 7 1% 883

[14]

[15]

[16]

[17]

(18]

Shanghai ; Shanghai Scientific & Technical Publishers,
1980.

AR, TS TR, AF L RARIE [ R AR e
T YL 56 [ T]. BEpe2adR,2016,41(12)
2932-2939.

ZHAO Zhigiang, MA Nianjie, GUO Xiaofei, et al. Fall-
ing principle and support design of butterfly-failure roof
in large deformation mining roadways [ J]. Journal of
China Coal Society,2016,41(12) : 2932-2939.

A7 BN, BN, A5 . AR LA R 2
D7 PR T R ML ) B TR N [T ], R 2R R
2021,46(9) . 2838-2852.

LI Ji, QIANG Xubo, MA Nianjie, et al. Formation
mechanism and engineering application of the direc-
tionality of butterfly leaf in the butterfly plastic zone of
roadway rock surrounded[ J ]. Journal of China Coal So-
ciety,2021,46(9) ; 2838-2852.
LN B A BGE R, A5 . R EAR I R R S R
B LA AR ()], ok Bl =24 ,2017,2(2) .
137-149.

MA Nianjie, ZHAO Xidong, ZHAO Zhigiang, et al.
Conjecture about mechanism of butterfly-shape coal and
gas outburst in excavation roadway [ J]. Journal of
Mining Science and Technology, 2017, 2 (2).
137-149.

FRIGEE, wAkig, Tha R, A ARE [ E SO R B
WHYIE FPES AT [ T]. h E 8T R4, 2020, 49
(4): 646-653,660.

GUO Xiaofei, GUO Linfeng, MA Nianjie, et al. Applica-
bility analysis of the roadway butterfly failure theory
[J]. Journal of China University of Mining & Technol-
0gy ,2020,49(4) : 646-653,660.

AR SRR, T A5 L AR PR ] SR A 3
HIAE X BIR T YR ARE R AR e MR [ 1],
Bl2zae,2017,2(6) :566-575.

LI Yongen,GUO Xiaofei, MA Ji,et al. Extension char-
acteristics of the “ Butterfly-shaped” plastic zone and
stability control of deep mining roadway in Xingdong

mine[ J|. Journal of Mining Science and Technology,

[19]

[20]

[21]

(22]

(23]

2017,2(6) :566 - 575.

Lho A SRR Xk, A5 . 4 5 [ Ak WA
vl s e A AL BE R S U [ ] R 2 A
2016,41(11) : 2679-2688.

MA Nianjie, GUO Xiaofei, ZHAO Zhigiang, et al. Oc-
currence mechanisms and judging criterion on circular
tunnel butterfly rock burst in homogeneous medium
[J]. Journal of China Coal Society,2016,41 (11):
2679-2688.

e NG S AT PR STE N RS 21/ 27 N ] B
fil W5 (D] db st b ek KA (b
) ,2014.

ZHAO Zhiqiang. Study on deformation and failure
mechanism and control method of surrounding rock in
large deformation mining roadway[ D]. Beijing; China
University of Mining and Technology-Beijing,2014.
TR, oA R AR, 55 . R AR IE A B X
B — B A B R HEN [ 1] o241, 2016, 41
(8): 1871-1877.

GUO Xiaofei,MA Nianjie,ZHAO Xidong, et al. Gener-
al shapes and criterion for surrounding rock mass plas-
tic zone of round roadway[ J ]. Journal of China Coal
Society,2016,41(8) : 1871-1877.

SRR . A% T A I X 25 40 e o U e HE g T
[D]. dbxt: srEG R (dEat) ,2019.

GUO Xiaofei. Criteria for judging the shape of plastic
zone of roadway surrounding rock and its application
[ D]. Beijing: China University of Mining and Technol-
ogy-Beijing ,2019.

XIUERE  DEAR #6712, 55 . Z P Z5Em T 4 E
EREVE BT M ARAC BT IR [ )], LR A2
#2,2024,9(4) :504-518.

LIU Hongtao, ZHOU Guangdong, HAN Zijun, et al.
Stability analysis and optimization design of roadway
surrounding rock under multiple factors[ J]. Journal of
Mining Science and Technology, 2024, 9 (4 ).
504-518.

(ARG AT IRAHE)



