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Abstract: Under the complex stress environment of deep high ground stress and interlayer weak interlayer (structural surface),
the deformation of the surrounding rock of composite coal (rock) roadway is severe, and the floor heave is particularly
prominent. In view of the technical difficulties in the large deformation of the floor heave in the complex region of -830
roadway in a mine, the deformation and failure characteristics of the roadway are investigated, and the failure mechanics
mechanism of the surrounding rock is analyzed. Based on the theory of slip-line field, a mechanical model for the floor heave is
established and is used to derive an explicit analytical formula for the failure radius of the floor (Ro). With the help of ZDY
borehole peeper, the development degree of damage cracks in the surrounding rock is quantified. The UDEC numerical
calculation model is established to inverse the stress of the surrounding rock, fracture development characteristics and
displacement distribution laws of composite rock roadway under the original support, and the deformation mechanism of floor
heave of composite rock roadway is comprehensively analyzed. The results show that the high ground stress, large difference in
the ultimate strength of adjacent rock, poor lithology of floor, no support or weak support of floor are the fundamental causes of
deformation of the floor heave in composite rock roadway. Considering the results of field investigation and numerical
simulation analysis, based on the control idea of “solid bottom-strong side” overall support and “strong-weak-strong” combined
bearing ring to strengthen the floor plate step by step, a combined support technology of “full-section anchor cable + precast
block inverted-arch” is proposed and applied to the repair practice of the floor heave of composite rock roadway. The field

monitoring results show that the floor heave deforms slowly until it becomes stable within 60 days of roadway repair, and the
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maximum floor heave is about 67.9 mm, which is 95% lower —

than that under the original support conditions, greatly
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reducing the possibility of repeated repair of roadway and ensuring the safe and efficient mining of coal resources in the mine.

Key words: composite rock roadway; floor heave; full-section anchor cable; precast block reverse arch; bolt-grouting combined
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Fig. 1 Comprehensive histogram of coal and rock strata
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Fig. 4 Stress characteristics of surrounding rock
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Fig. 6 Mechanical effects of stratification plane
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Table 1 Shear damage conditions of composite rock mass
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Fig. 17 Design scheme of combined support
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Fig. 18 Construction drawing of precast block reverse bottom arch
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Fig. 19 Deformation curves of convergence of surrounding rock
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-830 KT RBEE G A XBORE I LFRFCR



1708 "+ T OB % M

2022 4E

WK 20 Fros. mE 20 A7, SRA AW a R+
HlHUR JEHE” SRR K BRI R AE S L &
BIRBN BTG R R E, 7y A7 % 14
FIE SRS

6 &

EESHHF R T S 24 NI — RVITETE, SRIRES
eS8 A m B F e R SRR s T BRI S
Pt AR, HHARN IR

CU) I AR 2 SR JRAR ST 28 2 K
HEGIIR . EBH RER Y RN E SR E A
JEAR R A S B AR A SR A«

(2) BEABRRARLREN: s . BE
SR ER-HRREE . 2RSS — A — K
BB IR T — S R B I i Bl — R S 8 KA T o

(3) 121 T E A AR A IR 1, #e T
JEEAR AR R A SRR, R T — A 6 2% + T
B R SRR A SRR

(4) PN ERELH: RIE60 dJF, mAIK
FEZN 67.9 mm, LR SCYEAT FEIK 95%, FRIE
T AT RS IS AT IR e A A .

SE -

[1] AR, RER. BT RM: dE G LR HR
#t, 2004. (DONG Zhao-xing, WU Shi-liang. Shaft
engineering[M]. Xuzhou: China University of Mining &
Technology Press, 2004. (in Chinese))

[2] WAL, IRECE 125 ST R IR S R[], R 4R,
2019, 44(5): 1283 - 1305. (XIE He-ping. Research review of
the state key research development program of China: deep
rock mechanics and mining theory[J]. Journal of China Coal
Society, 2019, 44(5): 1283 - 1305. (in Chinese))

Bl £ F, £ &, KR, SO B AR A R AR
T3 E R T[] B AT K SR R, 2019, 48(6):
1197 - 1205. (WANG Qi, WANG Lei, LIU Bo-hong, et al.
Study of void characteristics and mechanical properties of
fractured surrounding rock grout[J]. Journal of China
University of Mining & Technology, 2019, 48(6):
1197 - 1205. (in Chinese))

[4] EILZE, 3% 8, KRG, 55 RIDEW N R ROFR
SRBUEE R A I [I]. BER 2R, 2014, 39(8): 1463 - 1472.
(WANG Wei-jun, YUAN Yue, YU Wei-jian, et al. Failure
mechanism of the subinclined shaft in floor under mining
influence and its control[J]. Journal of China Coal Society,

2014, 39(8): 1463 - 1472. (in Chinese))

[5] FMBEH, skIEEE, 4% W, S IREHIRES EBE AR
T RIS HE ). A 155 TR, 2000, 28(6):
1137 - 1143. (SUN Xiao-ming, ZHANG Guo-feng, CAI
Feng, et al. Asymmetric deformation mechanism within
inclined rock strata induced by excavation in deep roadway
and its controlling countermeasures[J]. Chinese Journal of
Rock Mechanics and Engineering, 2009, 28(6): 1137 - 1143.
(in Chinese))

(6] EMEAR, Mt K. BIERBALE AT FTI). R, 1994,
19(4): 343 -351. (JIANG Yao-dong, LU Shi-liang.
Investigation of mechanism of floor heave of roadwayl[J].
Journal of China Coal Society, 1994, 19(4): 343 - 351. (in
Chinese))

(7] SCER, T, HIKRE, & B8 BB IE R B LE]
34 EOR[T). BERSER, 2019, 44(7): 1991 - 1999. (WEN
Zhi-jie, LU lJian-yu, XIAO Qing-hua, et al. Failure
mechanism of floor heave and supporting technology of soft
rock roadway[J]. Journal of China Coal Society, 2019, 44(7):
1991 - 1999. (in Chinese))

(8] maldHh, FEXRIR. B IE XS TR S J) 2 RN (D). 22 i
TR R (HRBE AR, 2012, 32(4): 38 - 43. (GAO
Ming-zhong, JING Huan-qing. Mechanical analysis of
asymmetric floor heave of roadway[J]. Journal of Anhui
University of Science and Technology (Natural Science),
2012, 32(4): 38 - 43. (in Chinese))

(9] MR, Z0uE, FHE, & RPBIERSHLEL S 615
R RV 524 TRE¥MH, 2011, 28(1): 1-5. (BAI
Jian-biao, LI Wen-feng, WANG Xiang-yu, et al. Mechanism
of floor heave and control technology of roadway induced by
mining[J]. Journal of Mining & Safety Engineering, 2011,
28(1): 1 - 5. (in Chinese))

[10] 24, & A&, BV, 55 AR s 2
BIEREBAE R AD]. R 5% 4 TR, 2008, 25(3):
263 - 267. (AN Zhi-hai, ZHANG Nong, NI Jian-ming, et al.
Floor heave control technique for broken soft rock roadway
in Zhuxianzhuang mine[J]. Journal of Mining & Safety
Engineering, 2008, 25(3): 263 - 267. (in Chinese))

[11] W74, FRA. ERFZRE R ) VR 18 R R 75 (7).
P 224K, 2010, 35(8): 1242 - 1246. (XIE Guang-xiang,
CHANG Ju-cai. Study on overcutting-bolting &
grouting-backfilling concrete to control the floor heave of
deep mine roadway[J]. Journal of China Coal Society, 2010,
35(8): 1242 - 1246. (in Chinese))

[12] RRELE, #k A, R Wi e TS o o i R S



%9

M i, SFAEB

o a B EA A LE RS HAR 1709

[13]

[14]

[13]

[16]

PR B AL B BB R[] BOR R, 2009, 34(9):
1153 - 1159. (KANG Hong-pu, LIN Jian, WU Yong-zheng.
High pretensioned stress and intensive cable bolting
technology set in full section and application in entry affected
by dynamic pressure[J]. Journal of China Coal Society, 2009,
34(9): 1153 - 1159. (in Chinese))

0 G, ROGH, dAEEG FET D-P AR AR AN D03
AR A TE 2 v (0], hE 2 e Rk,
2014, 24(1): 103 -108. (PENG Rui, ZHAO Guang-ming,
MENG Xiang-rui. Analysis of safety of disturbed and
axisymmetric roadway under non-uniform stress field based
on D-P criterion[J]. China Safety Science Journal, 2014,
24(1): 103 - 108. (in Chinese))

A e MW, M RS TE AR R A X
“ARBERAZ " PRI ALELRT L[], R 5 22 TR AR,
2019, 36(3): 465 - 472, 481. (L1 Ji, PENG Bo, YUAN Peng.
A formation mechanism of “low resistance and slight change”
in plastic zone of butterfly leaf on the roof in deep
roadway[J]. Journal of Mining & Safety Engineering, 2019,
36(3): 465 - 472, 481. (in Chinese))

W, RONIR, BREAA, SE. SR L B TR v
TIRENREE BRI T]. AR (2R R
W ), 2021, 52(8): 2588 -2600. (FENG Fan, ZHAO
Xing-dong, CHEN Shao-jie, et al. Effect of structural plane
position on hard tunnel failure during excavation unloading
subjected to high stresses in deep level mines[J]. Journal of
Central South University (Science and Technology), 2021,
52(8): 2588 - 2600. (in Chinese))

wBH, ERIL, EoRSE, & SIS T
A R R T (0], o E % R R, 2018, 28(7):

[18] F£

116 - 121. (ZHANG Shu-kun, WANG Shu-da, WANG
Lai-gui, et al. Stability study of roadway surrounding rock
under influence of local weakening of structural plane[J].
China Safety Science Journal, 2018, 28(7): 116 - 121. (in
Chinese))

[17] BRAG/R T C, FETL N G W. ‘B4 J123EREM]. T E R 2B

TR b B Hhtt, 1981, (JAEGER J
C, COOK N G W. Fundamentals of Rock-Mechanics[M].
Translated by Institute of Mechanics, Chinese Academy of
Sciences. Beijing: Science Press, 1981. (in Chinese))

M, RPEE, IR, 55 BT RAy IS AIE
JREHLIR G B iR BB T[], Bk 2E 4, 2021, 6(3):
314 - 322. (CHENG Hui, ZHAO Hong-bao, XU Jian-feng, et
al. Study on floor heave mechanism and control technology
of roadway based on slip line field theory[J]. Journal of
Mining Science and Technology, 2021, 6(3): 314 - 322. (in
Chinese))

[19] ZHANG L Y, EINSTEIN H H. Using RQD to estimate the

deformation modulus of rock masses[J]. International Journal
of Rock Mechanics and Mining Sciences, 2004, 41(2):
337 - 341.

[20] SINGH M, RAO K S. Empirical methods to estimate the

strength of jointed rock masses[J]. Engineering Geology,

2005, 77(1/2): 127 - 137.

(217 GESIAN. R Bl 4 i (1 S BB AR BT FE (1], v FE

K2R, 2017, 46(5): 970 - 978. (HOU Chao-jiong. Key
technologies for surrounding rock control in deep roadwayl[J].
Journal of China University of Mining & Technology, 2017,
46(5): 970 - 978. (in Chinese))





