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Abstract: In view of the repeated - maintenance mining roadway surrounding rock that is still unable to 

meet the needs of the normal situation under the influence of mining, this paper, under the engineering 

background of belt slope in Gaokeng Coal Mine , analyzes the roadway damage characteristics and the reasons by 

using the method of theoretical analysis and field practice. Combined with the supporting principle and 

fundamental of floor heave with dynamic pressure, the reinforcement scheme in belt slope is proposed. Numerical 

simulation and field practice results show that when slope is in the condition of influence of mining in working 

face , the two ribs convergence and the roof - to - floor convergence tend to be stable over a period of time with 

the high strength support of the anchor - net - guniting - cable combined supporting method, and in this way the 

deformation of roadway has been effectively controlled. 
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1 . 1 IfHlU.R. 
n~~m~~mr§~**~~~~~~Y.~~*fi~#I~)~~tt**·~m~~~~*~# 

11J:if :tt:J]{I~)~f.3 Ji111 ~~ * , $ii m ...t¥Ur ?tJJU11l • :tt:f.3 Jilft ~ ~ ,J1~~11 m1illk~ WiiJf-~ m1il * , 
7'1~#~7J<.1JZ~r±~~~~*~· 

Jinx M~taM1>lxf~~**4#FHt&~~ 4 ~~¥F 
*fi7 Jtf)f, Jj-f)fga*= ~~ 2:i 69. 4%; gf~~~ 2:i 
2. 5% ;#-11-~~~ 2:i 5% ;JJ<~m~ 2:i 23. 1 % . 

19971f:~m~~:tE~~**-11-# _tjf** -100 m f~ 
~3I-140 m fij~f.3Jilft~m.**:i:1~fj~~1rrW~ 
~1W#4#l§.1@36 m,SY:J't*~~n[fi], ~~1W#4#1t%F 

£.F£~nffil~~. n-**ffl•~~~lkmfJ1B~x1?7f 
A;, mrB*~~*Ml'BJ ,]fg£S¥:7If'FOO*~~~n[fij' 
f{{t$Ji1t%~7'JF!i,#~~7MW~*'~tt,JtW 

~*~~EnfH JJlOO 1). 

1. 2 ~~iJi~~,~&mt~~HJT 

1. 2. 1 Jt.l!zJtJ-1'# .~. 
~~En~1'1•bl,~,ga~Jm. ~m~~~ ~1W#-!l-#SY:*~~"ffi1~7'J~ tB, 1*$it Ill ~1t%A:ff ~nr 

t~,¢,(: 

1) 1t%5¥:*~~nffiJimJIP.. ~~1W#-!I-# _t1f*fi~m**M, $Jill!~:tESY:*~~nffilr llifJlB~$1t% 
Jm~.~@I*If'Fga:!Rfil1t%~r~JE.$ili~¥U...t7f*~~*~~"ffi1NP•~:fJa~!tf~-rx. 

2)~JlitF£. 1*~#4#~~1<~:ff~t1fii~*, mr*~~~nffil, tBJmTMW~*,JtlW~JJ!~rm~ 
Jm~.W~tt:G:7'JF£,{t$Ji~00~1j\,~n[fij~1tf~t1fiiif'F,ifL~Jjj}Jlj1(~~~. 

3) ll!~t'~~m:ll!::k. g£:i:f:Xf3fil~ 2 ~~:fL~~tiga*1tJ~ ::tE~~*#4#JJ!~ll!~q:t ,:tE 2. 5 m ~pg 
1il:ii~~:G:7'1~1f ,:ti: 3. 9 -4. 2m~1il:ii,1tJ JJlimJIP.~~~. WH~7'Jt'k/tt;:XfrlW$1E~ .~~:G:7'J~ff 
~~1*~1.iir:tE 2. o m ~pg .JtB$?t~~~. 
1. 2. 2 Jt.llz.it :t+ ~ l!Sl 1t 1Jt 

~~$J11E~mzJJ~m~111~~·11:~1t?tfJT ,$ili?iit$~.±~J]{!N:ff ~r JL,¢,( = 
1) ~~*#4#!E~q:t*~~~#4~~~~JJ<~m~~ • .IItflftll!~A:ff ~7kfil~~$X1t,~1t~W1* 

~*ffil, W:tE$Jiftffl:i:ffi q:t#ii:fftl:~IW"JJ<, IZSl.IIt~%f{$Ji~it$. 
2) $Ji!E~x1f'/FitW. 1*#4#$Ji:i:f-i5::tEJJ!*&~MW*fflWi ~~JJJJf blmfJ18~j:1}'jfA;' 1EJ.5£ll/F 

~5G~~~t£1M IE~1t% ,lB:Xf rm~ .~*&**fi1ffilrt£~H1r;OO!' WJ.&JJf-¥;fj~~1*~W1*::k$?t~~:tE~ 
*&~ ~-~~-=p, f{ft~JIIJm~F!i. 

3)$iiSY:*~~n[fiJ. *~~nffi1~5£?.!~fill~$Ji~711!~ § ~*1.tt)tr~:G:!i~~~nffiJ!N~ ,:Xfif'F 
OOxiJ(ffiiJ1~ttHW.$~1iJFnga**im =*~~nffil:~JJc%f{$Jill!~~mzJJ::k$11l~:fJa .~$Jill!~x1?1* 

-*ffW:fJafft1H.%f{$Ji!E~/F~fill~1t%it$. 

2 ~fjtjf~~~Jt 

2. 1 3U.PmtJI 
-HitW~$itx1?%:rt~::k•ll•~x1f'-*~~~•x1f'~ll~~ll.:ff~t£~111~/F~M1t%. 

1~iHt:IE~~~M·l1:, ~afx11'-*~l&A:ff )E~~~{$$,ft}f$Jill!~:ff~::k~~·1t% ,{tiWJJ.&iJ1~~ 

f-¥JJ!{. xfr~*~~nffi1~$il!W~ .t£~J ~xf~/F-Ol-Ol~JffJJilt'~~itii$~ IE~, lE-~ mfilM*~xf$Ji 
~JE·l1:~~nffi1, ~1~~~" J'G*fil!Xltl ,J'Gif:Fom" ~x1?W~l§ t~, SY:*~~nffil ~~~$Jix1? mzi*~" JIG 
IXJtlfil*WIXJtl,J'GVtfilif:WVt" ,:G:::k~~ll!t!!~*lll~~M·l1:,2-:ii~Yll!~5£1l~~1~c6 - 10 i. 

xfrff~~nffil::k~$Ji. ttttftffl-flftx1?:7fA1~t£ttl1±$Ji~1t%it$ .:tE~flftff?ZSLr, *~*ffllf* 



1t:~J?ttt,:fltil'ill9! +~ +ti\'i~,ti\'itf + IXX1 +ti\'i~,u ~- +til'i~.®xifr/J::tt-~~m*X~-
2. 2 ~m:•w. 
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2. 2. 1 ?R.#JJJ~rntwr1t ~-* 't.7r)~~fr 

~?t~~#4#~*~~nlnJatl~b'i:t~~~%t~W:.~JL.~:IJCW'"~#4#~1Rm~.m~JJ~~~Yl* 1. 

1fll.IRI1t00ff!H~,m:;*i~#4#1E~fa%JR~~:!tll00 2 -3100 5 JWffi. 
*"-1 ~* ~ :fJ ~it jf.~tt 

~m ~11!: y/(g/cm3
) tJJ'.'lt:m::I: S/GPa f*f.Rm::I: B/GPa pg--~ <P/(o) pg~j:J C/MPa t/iJ.lr51Ji'. R,/MPa 

:Yr~ 2.50 4.52 6.74 30 2.67 1. 20 

:JsJil;Jt~m 1.40 1. 34 4.33 18 1.07 0.60 

:Yr~ 2.50 4.52 6.74 31 2.67 1. 20 

m-~m 1.43 1. 38 3.98 20 1.13 0.63 

~~~ 2.44 10.22 20.87 38 4.23 1. 85 

m=~m 1.43 1. 38 3.98 20 1.13 0.63 

~~~ 2.44 10.22 20.87 37 4.23 1. 83 

JAOO 2 -3100 5 PI~, lll#13:1i1tf?;Jt~a<J7f~, ~t.f#~*~~nlnJ .~JllE~fa·f'£1Ra<Jm:1E~1$T1t:k. :fE 
I fPOO ~ ~~# ;J< 1JZ Wt~ m 10 m fftUl:-31 - 20 m Mfi 9=' , 1Blf!rx*ffhxt~J1J.Yim:;*Ji IE~~ n[fiJ B.~, J.Yim:; 
*i!E~1t%J@J~~-

S"'i>.U ll M-P<npOC!Ye 
1Ul1 ;31 Salf<t>ZZ20!-< - -X20Xle..(Q2 XO.OXI 

Y. 1.0Xle+m;' Y. OOXI 
Z: 5.ltiJe.001 l:0.000 
Dilt121&-Dll U.~ :riS 

'"' "~ 

l9~C<>n111*>g~, I"' 

11~,UllU!;A. 

S"'i>J11< 11U-P~ 

,.ll2a!S.tf<tl:ZZ20\-t - -X 20Xle..ol! X O.OXI 
Y. 1.0Xle..(Q.! Y. OOXI 
Z: S.1191e.Ql1 z 0.000 

Dilt12!&-DJ3 ll"1 :ri5 
Ji.'"9. :12 500 

P-°'"9i'> P-ffl><mit 
X l .!l&-Dl2 X QOXle.[IJ; 
Y !i!Hle-oo\ Y l.OXle-tm 
ZO.!mft.«Hl Z:ll!DJe.000 

Bloci:S1m 

1•~C<>n1111S\9~, I"' 
11m..pcm,UllU$A 

2.2.1 ?R.#JJJ~rnt#1tml-*.M:-$iJ~tfr 

~ll<1 11.l-P~ 

1'1l1."6SotfS.Zl :ro\4 

~ llO•iln 
X :;t_OXle-!l:I' X llJXll 
Y 1.0Xle-m! Y O.OXI 
Z5.IHJe.1D1 Z0.000 

Dilt12!13e-ooJ II~ l'.5 .. ~~ 
Plnl °"Jl'I. P-..l!omiit 
X t.n..-oo:z X O.OXle-llD 
Y 9.!Hle..oo1 Y 10Xle..oJO 
zo.o:oe-mo zo.o:oe-mo 

S'<op31!' 11M-P~ 

,.llZa!Salf<tl:ZZ~ - --X 20Xle..ol1 X OOXI 
Y. l.«Do..m;> Y. OOXI 
Z:5.ltiJe.001 z 0.000 
Dilt121&-Dll U."1 :ri5 

'"' "~ 
p-o..g;,. p-namiit 
Xl.!l&-oo:! X ll.OXle..OCO 
Yi.!Hlo-oo\ Y l.OXle-tDl 
ZO.!mft.«JO ZO.!DJe.000 

Bloci:S1m 

lll~C<>n111*'<J~, lno 

11~,UllUSA 

~?t~13:1i1te?;JtmfftUJ::i:J:W9='1EWa<Jlili:JJ1t1t,*ffl FLAC30 ~{4~1PA::f!PJx1?:1J::t\ra<Jx1?~*· 
:n~ 1 H:::fUJ::fix1? .:n~ 2 H:"ti\'iff ,IXXJ ,lf!1! + tt~" x1? .:n~ 3 H:"ti\'iff ,~ ,lf!1! + tt~ + til'i~" x1?, :n 
~ 4 H:"ti\'iff,IXXJ,119! + tt~ + ~JtJTmWi~x1?" a<J~1tx1?:n~. *n~x1?1*.Yi!.OO 6 ·*:n~oo~lili:JJ?t 
::{ffm1PA~*:!tll00 7 JWffi. JAOO 7 9='PJ~ .:n~ 2 9='til'itfx1ftxtl~HWIEW.ffih:fl-~a<J~#1tffl ,1Hmrtil'i 
ff*lt:fl~.xt~ff!SIEWil<J*~ft~JJ~uJ\,1.Yim:;*ioo~&JJxffJJB.~#. :n~ 3 9='Wi~x1?PJ~:k:k1Josi 

xt~WIE~il<J*~ft~jJ '~~TJ.Yi*Ji*1M~a<Jlili:JJ~~' J'jlJ~m:;:ttJm~. :n~ 4 * m:;*Jiti\'i~x1?PJ ~]!3$ 
:tl!!.~~m:;*i!E~lili:JJ ,fJEUJ:~J1mf*~~- lll#x1?#~*15ilta<J::fttJT~110, IE~a<JJJ~·f'£t~1l$1JT~#. 

;tt: § :lltil<J*~ft~JJtMl$1JT1Jo5i, ~Bl1W~#a<JJWJ IE%mtT -1'-:fl~il<J*~~;ffg, ~f* T ~Jia<J~~-



10 

xoooae..ooo xoooo 

Dill1~Ml!llll 
lncr=rnll Ang22500 

(a) 1f~ 2 xt?1* 

r-

CmarofSXX 

r-:--

\ I 

,_·~~·_·--_· -r' 

(a) 1f~-

1-"~··-~·~·-·' 
..... .. ~ 

I
~:_ .. ~ 
o.~xo•~= 

'-"~~I"' 

(b) 11~= 

,_ ...... _~,. ... __ , 
CmlllUofSZZ 

l
~-=-

o.-.oco .. o
f9oo~....-.;-.~ 

WJ'lltlld!l.1111.M 

(c) 1f~~ 

Cm11arofSXX CmlllU'ofSZZ r-- r=-

v iooooMIOI v ocm 

Otll1.206e<002 Mag l05 
inc.- AllQ22!o00 

j 

j 

~'~_-""""_· ---·-"'-~------------~ I~~~_"'-_:~_::"_·_ .. _~-----------~-

( d) 1f~D!I 

r~J7 ~ ~ ~ fJl-* ii. J'J ~ ;$" ~ m 

201s ~m30~ 



0.7

× ××

× ×



12 201s 1Fm3o ~ 

800 mm,~fiMlffmilnlr1~j4 20°g(~. 
2):frz~IXX]. :fri:~IXX]jj <P6 mm, IXXlm 80 x80 mm. :fri~IXXJ~;fE;ftt~\®f::ffflffj]om!n~r~}j4f;it_t.~3f ~ 

!J!i!i:EOO, IXXJf'aHff:E-ff)jt~y-y 100mm,m!n~r~m1r~£12 mm !m$1Xli!i!~Jrmn\t. 
3) ~tl~ll!:E. $il~~OO"MM7.k~iP~,UMm~JJJjt1£ 30 -50 mm,~tl~ll!:E. 
4)fl~x1ft.*ffl$1Xj~~~JfF,1[1£jJ17.8 mm,-ff}jt4.5 m,~B~~Wflfi!U,flfi!ij-ff)jtjjl 500 mm.~ 

*lfl~-ftm 5 ?fJ} z2350 ~~B~*E ,JY!~JJ~1I£r 100 kN. •~r:tHli*fflPJff~·11:mlJi~lf. m~unmJJfl 

~~r'aJflFREjj 2 400 mm x2 400 mm,mW~2llfl~fFjj1 ~1i3f*ffl~r~J!~,%nlt-1'-M1*,tt1ftt'~ 
~ll!:E~ur-Zl7~%;~;flifl~['a]flFREjJ 1 600 mm x2 400 mm,2 ;tlfl~Ji:ii-JER-f~;ft$1XJJ!~®*, 
ft$1Xj~-ff)jtjj 1. 8 m. 

~-------t 

k <tll7.8mm%'i~ 
L=4500; j'B]fl~Ji!E2400x2400 

4200 

0 
0 
00 

1 600 500 

<P20 mm fli'i:jf 
L=2200; j'B]fl~Ji!E800x800 

l---._....;;.<P_l 7_.8 m_m.,;,;.;ti'i'i~~-
1 "'- L=4500; fl~Ji!El 600 

mr1*~1t1ifjJf-j:HJHinltatraJttJt-ff,1JOI.Zfrr*~~~P(iij ,$it1t%B~~$Jt:*,jjf*iJEWTOO~iEffi'-fil!Jij' 

miurfi;tg1~frJ~~$,$ili&tJ.t~ 4. 2 m, ~ 3. 9 m,2013 !cf: 9 JHf:tlft~R~i&tH~>Jtxt~4#urfix1ft ,:t£$ 

it~r:ctw~, mmfUJJ~lJi~#m::1:~1-t~*· 2014 !cf: 3 JHaJi2111;lt!;murfi7f*,~4*111:E~%:i:ll[Ymtl 
OO~noo 10fUOO11 ?HJR. kAOO 10 fUOO 11 PfkAlrJIJ ,1£13Jftf17f*:iiW~ ,31'-.!Kr~tl~~Jl~;fli#ili::lt!i:* 

jj 168. 5 mm,:6:tl1W#J.!i:i:jj 119. 3 mm,{Ef.11~1t%:1:~JtEftJfm:llzl*J ,H1t%:ii~J~r~JE. 
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