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Abstract: The arching effect is the comprehensive performance of pressure transferr and redistribution of rock and soil mass
around the excavated area, which widely exists in the self-bearing surrounding rock of underground mining projects. Aiming at
the actual characteristics of the far-field arch shell structure outside the fractured arch of overlying strata in the mining area, the
deviation response characteristics of the principal stress vector of the rock strata under the action of mining unloading are
analyzed based on the principle of Terzaghi's soil arching effect, and by discussing the active released state of vertical pressure
and the vertical stress distribution characteristics of overlying strata under the influence of deviation of the principal stress axis,
the arching index of compressive stress of key part of the pressure arch in far-field surrounding rock is proposed. The numerical
software FLACP is used to simulate and calculate the arching law of deviated principle stress of overlying strata in the mining
area, and the results show that the deviation angle of the principal stress in the far-field surrounding rock is controlled by the
initial major principal stress, lateral pressure coefficient, shear stress increment and changing rate of principal stress difference
after mining; the deviation angle of the principal stress of rock strata decreases from the midspan to both sides of the goaf
boundary at the same horizontal position; the vertical stress of the exposed rock strata decreases with the increasing deviation
angle of the principal stress; the deviation angle of the principal stress, active pressure coefficient and peak value of arching
index at the arch top are greater than those in the arch foot region; and the rising vertical stress in the arch foot and arch waist
behaves as the bearing pressure. According to the derived mechanical criterion for releasing state of the vertical pressure in rock

strata and the arching index of compressive stress, the loading and unloading states of the far-field surrounding rock and the
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evolution characteristics of pressure arching effect under the
influence of deviation of the principal stress axis are

characterized.
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Fig. 1 Fractured arch and arch shell structure of overlying strata in

mining area
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Fig. 2 Deviation characteristics of principal stress axis of

overlying strata in mining area
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Fig. 3 Distribution characteristics of vertical shear stress of rock

strata corresponding to different deviation angles
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Fig. 4 Distribution characteristics of vertical stress concentration
factor of rock strata corresponding to different deviation angles
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Fig. 5 Redistribution of vertical stress of mining strata
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Fig. 6 Arching characteristics of deviated principal stress trace of

overlying strata caused by mining
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Fig. 7 Distribution characteristics of principal stress vector of

overlying strata
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Fig. 11 Distribution characteristics of pressure arching effect of
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PRARALRRAL, I L B R IR R X 2 Bt
TR KT %, RUVERSNEE S IBENIE R, SOk
F Ve N IR REATICE RN /S .

TAFTHERE 90 m I, EEE PRI RIX A R K
HEER X B Fen BB EIE R, SRR EEX
SRR K B A bR e T i, Rah DO g Bl T %
S AR AR s 48t SRR X35 P ) S 4K
Fl A T AR A AT HERIE AR it msh A1 He, LI
DX SR 70 7 160 1R B JEE 48R LT B A 1 vt L 77 £ v
i, SRR b T S R SR X, it
PRIGAE N T g i e JR TR o

4 & B

BT K377 5 WA B 18 IRz 37 BBl 4k 7 45 1
fiE, T Terzaghi THUSNFEE, M 7 RHESE
7R B AR S 415 R R, A R BB R
AT T RBhd R 5 2 e 77 HE S AR AE R
TR A, BB DU S5

(1) JEJZFF RN 5 78 5106 32 7710 b= A2 BY
RiJjH e, G NI RE T A A e, N
Jiw¥ A A I K E R R RENR 30 J5 B B
VAR = WS E AN b a1l I [ R =Y VR - B i A N
i Sy EH SR 25 X0 v ) A 220 ST RIS, R IX A
JZ& TN ZE AR A EE TN Y 8] 77 38 5 T 2 ) e A7 14K
2R, AR XA E 3N 2R3 A8
S 77 4 B T % £ 184 DR T HG K

(2) F L7 7 Je £ 5 e 70 25000 T4 e
KENw B R W R IR RCIRES, 30 E ) REGE A IS
DT N S A K e N N E VA= R VAN =91 ¢ i
B 15, 5 R T BN ) Bl 22 8 e A B KT R AR
K7 XYG N B R 5 2 8 1 R B 5 e s AL
BRSBTS NS X 3R X5 2 s>
i, F3NE S REEMEN TR XL FRAE .

(3) TRy a% fo R R AT M B AR N R R
RNEBNREBCRES,  FlA TR AR N T e 1 5K 28 77
RN B JI4E,  F JIHE I HE I R 4 5 OB A
T v B LN T R R R 5 SRR . B TR T
PR HTHE IS TAR e T 20104, LR X s Ht
Febrm T HEE 4R XK.

SEH:

[1] ARIRYE, A 2, AkEE, 2 "SRy L E S ES
PO R R B 1T, 1 R R K 5 S 4R (1 SRR 2 ),
2019, 38(1): 5-19. (SONG Zhen-qi, HAO Jian, SHI

Yong-kui, et al. Summary of connotation and development of



10

AR, S, 25 HE Nl i e S K3 S B e L s 0 BSOS A 1849

“practical mine pressure control theory”[J]. Journal of
Shandong University of Science and Technology (Natural
Science Edition), 2019, 38(1): 5 - 19. (in Chinese))

[2] SCER, SR, RIRGL, 5. RIp7 A 2R AR S E)
TP RFEHBITC]. BERFAEOR, 2019, 47(1): 57 - 6.
(WEN Zhi-jie, JING Suo-lin, SONG Zhen-qi, et al. Research
on stope spatial structure model and related dynamic disaster
control[J]. Coal Science and Technology, 2019, 47(1):
57 - 66. (in Chinese))

31 B, AT, YA LSS E RS IM]. AR
b E K22 R, 2010, (QIAN Ming-gao, SHI Ping-wu,
XU Jia-lin. Mine Pressure and Rock Formation Control[M].
Xuzhou: China University of Mining and Technology Press,
2010. (in Chinese))

[4] KEBEEN, REMH, Bk A B R HE KB
TEBE BT AL ] B K 2E 524K, 2011, 46(6):
863 - 867. (DU Xiao-li, SONG Hong-wei, CHEN lie.
Numerical simulation study on evolution characteristics of
pressure arch of surrounding rock in coal mining[J]. Journal
of China University of Mining and Technology, 2011, 46(6):
863 - 867. (in Chinese))

(51 AR, ALWENE. A 23 0 A A s 0 3t S Rt M. b
B R Tl Rk, 2012, (SONG Hong-wei, DU Xiao-li.
Pressure Arch Around Rock and Soil Cavity and Its
Characteristics[M]. Beijing: Coal Industry Press, 2012. (in
Chinese))

(6] W) e LTS AR 0 S HL e LI ) 58 0 SR AL ],
® %A, 2005, 30(3): 309-313. (XIE Guang-xiang.
Mechanical characteristics of the macroscopic stress shell of
fully mechanized caving face and its surrounding rock[J].
Journal of China Coal Society, 2005, 30(3): 309 - 313. (in
Chinese))

(7] s 2L, AR, Fe RN B A 2 R T M S SOK IS
FIWEFE[I]. KR ZER, 2009, 34(5): 605 - 609. (SHI Hong,
JIANG Fu-xing. Research on supporting pressure of
overlying strata multilayer spatial structure in full mining
stage[J]. Journal of China Coal Society, 2009, 34(5):
605 - 609. (in Chinese))

(8] BRI, &= Bk s S R0 I 74k Ak A B i O ATT
T B 2245, 2015, 46(4): 40 - 43. (YANG Zhen-guo, LI
Tie. Research on the influence of high key layer on the
evolution law of pressure arch[J]. Safety in Coal Mines, 2015,
46(4): 40 - 43. (in Chinese))

[9] HUANG Z P, BROCH E, LU M. Cavern roof stability

mechanism of arching and stabilization by rockbolting[J].
Tunnelling and Underground Space Technology, 2002, 17(3):
249 - 261.

[10] ZEWeFE, i Wi, B BB R TRRE T H R e S
JEAHEI BT (0], TR 22 22 AR (E SRR SRR, 2005, 33(3):
314 - 317. (LIANG Xiao-dan, LIU Gang, ZHAO lJian.
Determination of pressure arch in underground engineering

Journal of Hohai
University (Natural Science Edition), 2005, 33(3): 314 - 317.
(in Chinese))

[11] WANG Y C, JING H W, ZHANG Q, LUO N, YIN X.

and analysis of arch formation[J].

Prediction of collapse scope of deep-buried tunnels using

pressure arch theory[J]. Mathematical Problems in
Engineering, 2016(4): 1 - 10.

[12] BRATRE, & O, MR 55 5T 2N Bhiess B
BIE Terzaghi fazh L JE FI[J]. ‘A /1%, 2010, 31(5):
1402 - 1406. (CHEN Ruo-xi, ZHU Bin, CHEN Yun-min, et
al. Modified Terzaghi loosening earth pressure based on

Rock and Soil
Mechanics, 2010, 31(5): 1402 - 1406. (in Chinese))

[13] Btebh, BB T fA )+ IE A S i), Bt

THE2E4R, 2014, 36(9): 1714 - 1720. (LI Chun-lin. Method

principal stress axis rotation theory[J].

for calculating loosening earth pressure during construction
of shield tunnels[J]. Chinese Journal of Geotechnical
Engineering, 2014, 36(9): 1714 - 1720. (in Chinese))

(14] VET 2, R, 24, 55, 8 R ) fi e () AR
MRS TE S B AR, &+ LR, 2016, 38(5):
804 - 810. (WANG Ding-jian, TANG Hui-ming, LI
Chang-dong, et al. Research on support pressure of shallow
tunnel in soil considering deflection of principal stress[J].
Chinese Journal of Geotechnical Engineering, 2016, 38(5):
804 - 810. (in Chinese))

[15] #iF=3C, Mralsz, T30, 25 AN 58 42 g RN 3 J2=
H BN IR A%, 2018, 39(7): 2546 - 2554.
(LAI Feng-wen, CHEN Fu-quan, WAN Liang-long.
Calculation of wvertical stress of shallow foundation
considering incomplete soil arching effect[J]. Rock and Soil
Mechanics, 2018, 39(7): 2546 - 2554. (in Chinese))

[16] ZHAO Y H, WANG S R, ZOU Y F, et al. Pressure-arching
characteristics of fractured strata structure during shallow
horizontal coal mining[J]. Tehnicki Vjesnik, 2018, 25(5):
1457 - 1466.

[17] REZAEI M, HASSANI M F, MAIDI A. Determination of

longwall mining-induced stress using the strain energy



1850 =

+ T O

2 2021 4F

[23] P,
VAL B ARG T[], B 244, 2020, 45(8): 2728 - 2739.

[24] FFE, £X&, B

method[J]. Rock Mechanics and Rock Engineering, 2015,
48(6): 2421 - 2433.

[18] BASARIR H, OGE I F, AYDIN O. Prediction of the stresses

around main and tail gates during top coal caving by 3D

numerical analysis[J]. International Journal of Rock

Mechanics and Mining Sciences, 2015, 76: 88 - 97.

[19] XUE D J, WANG J Q, ZHAO Y W, et al. Quantitative

determination of mining-induced discontinuous stress drop in
coal[J]. International Journal of Rock Mechanics and Mining

Sciences, 2018, 111: 1 - 11.

[20] AEHETS, FEPOHT. HORME KEETTR B B3 R AL T

[7]. HEm2EdR, 2011, 36(10): 1612 - 1618. (REN Yan-fang,
QI Qing-xin. Research on stress field characteristics of
surrounding rock in shallow coal seam longwall mining[J].
Journal of China Coal Society, 2011, 36(10): 1612 - 1618.
(in Chinese))

EAN, T oW, 5kEM, 5 2R RO E A
T RGHITE AR FU D). R BLAEOR, 2016, 44(11):
18 - 23. (HUO Bin-jie, YU Bin, ZHANG Hong-wei, et al.
Study on the formation mechanism of the "arch shell" large
structure of the overlying strata in the stope with multi-layer
hard roof[J]. Coal Science and Technology, 2016, 44(11):
18 - 23. (in Chinese))

[22] XIA B W, FU Y H, ZHANG X, et al. Impact analysis of hard

roof on the morphological evolution of stress arch[J]. Journal
of Engineering Science and Technology Review, 2019, 12(1):
153 - 162.

o, R, S M SR TR s A5

(XU Zhu-he, LI Quan-sheng, LI Xiao-bin, et al. Structural
evolution of overburden and surface damage caused by
high-intensity mining with shallow depth[J]. Journal of China
Coal Society, 2020, 45(8): 2728 - 2739. (in Chinese))

A, 8 TARBAEAK TAERRS
N2 FTTRERRFAE KM (], 741k, 2020, 45(3): 876 - 888.
(WANG Jia-chen, WANG Zhao-hui, YANG Jie, et al.

(23]

[26]

[27]

(28]

Mining-induced stress rotation and its application in longwall
facewith large length in kilometer deep coal mine[J]. Journal
of China Coal Society, 2020, 45(3): 876 - 888. (in Chinese))

WA, R, X, & ORFEIFRFAE T KB
AW, 23R, 2011, 36(7): 1067 - 1074. (XIE
He-ping, ZHOU Hong-wei, LIU Jian-feng, et al. Research on
mining dynamics behavior under different mining
conditions[J]. Journal of China Coal Society, 2011, 36(7):
1067 - 1074. (in Chinese))

RARBE, 032, BRdifd, 5. A RRWTHIE I SOK IS )
LB R SR (0], ARk 2 B AR, 1984(1):
29 - 41. (SONG Zhen-qi, LIU Yi-xue, CHEN Meng-bo, et al.
Discussion on the appearance and application of supporting
pressure before and after rock beam fracture[J]. Journal of
Shandong Institute of Mining and Technology, 1984(1):
29 - 41. (in Chinese))

WRIEE A, J B K. 25 R AN R % 1 ) 68 1va) )82 A 9F 9
(M. FEY K22, 2014,43(3): 374 - 379. (CHEN
Guo-zhou, ZHOU Guo-qing. Study on vertical stress between
sliding surfaces considering soil arching effect[J]. Journal of
China University of Mining and Technology, 2014, 43(3):
374 - 379. (in Chinese))

BH, U RES, 5. Mine-by KR ZL AR+
FE 5 M) s A2 SRR ST 0], A 05 5 TR AR,
2017, 36(4): 821 - 830. (LI Jian-he, SHENG Qian, ZHU
Ze-qi, et al. Analysis of stress path and failure mode of
surrounding rock during mine-by test tunnel excavation[J].

Chinese Journal of Rock Mechanics and Engineering, 2017,

36(4): 821 - 830. (in Chinese))

(291 PESOHE, %, ZKiK. RECRIAE H N BRARRN 5

RIS ITD]. A6 %5 TRFR, 2020, 39(4):
682 - 694. (PANG Yi-hui, WANG Guo-fa, LI Bing-bing.
Stress path effect and instability process analysis of overlying
strata in deep stopes[J]. Chinese Journal of Rock Mechanics

and Engineering, 2020, 39(4):682 - 694. (in Chinese))





