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(NTTOTTOATEANOTPTI =5:1)
STRESSED STATE OF MASSIFIES AROUND CLEANING CAMERA WITH RECTANGULAR

SECTION (RELATION OF THE PARTIES = 5:1)
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EToe; éTTOTO1 iTA ToTadaxaied; 1a0Ta 10n6acemaeee; rardyeaiey; Talal

ey; Tald1 10é aan TTaTa; T+enoiay éaiada; 61do-

The treatment chamber is the main element in the extraction of minerals by underground mining. In the arrays
around the treatment chambers, in the process of developing deposits, sudden destruction of rock masses, rock
impacts, and rock emissions into the treatment chambers often occur. These terrible events often lead to deaths
and cause huge material damage. For this reason, the determination of the stress state of the arrays around the
treatment chambers is an actual scientific and practical task.

An analytical model of the strain and strain state around chambers with a rectangular cross section was cre-
ated and tested; the problem is solved for chambers with a 5:1 aspect ratio. The processes of calculating stress
fields and the construction of stress surfaces in the Matcad software environment are performed for two variants
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of the action of forces. The first option is solved by the action of gravity when the camera is located at a depth
of y=—400m. In this case, S,=—50 MPa, Sy: — 100 MPa. In the second case, in addition to gravitational forces,
the action of the tectonic force T _=—40MPa was taken into account.

Calculations of the contour stresses show that there are occurrences of large values of compressive stresses
up to 741 MPa in two zones where the walls and roofs of the chamber are conjugated when all the columns of
rocks are 100 MPa. In the areas of the roof in its middle part there are tensile stresses reaching up to 47 MPa.
This fact indicates the massifs of rocks in the roof of the chamber the formation of vertical cracks, given the weak
resistance of rocks to stretching. With the combined actions of gravitational and tectonic forces, the magnitude
of tensile stresses decreases almost 2 times.

The presence of four concentration zones of all stress components around the chamber and tensile zones in
the middle part of the chamber roof indicate the likely destruction zones of rocks around the chamber (aspect
ratio equal to 5:1).

To predict the likely zones of rock destruction around the chambers, it is necessary to investigate with varying
depths and the ratio of the sides of the chamber

Key words: lateral strut; rocks; gravitational force; stress isolines; Cauchy type integral; conformal mapping; Muskhelishvili
method; stresses; rock bulk density; treatment chamber; elasticity; tectonic force

a&a&7ea. Toe TTAcATiTé OACOAATOSA  ROBTATTOp ToTadamaplidp 66Tédep & TaoTa

7338 TATTATOT YEATATOTI aTal+e TT- ETETHTaa — 106fdacesacsée [14; 16]. ATrasao
BACTO0 SAETTAAT OO Yasyponiy T+ef0T0A éa- 04TOee O6Te0ee ETTTEAGATTAT TAdATATIT-
14080, 6TOTONA BANTTEAZAROMY T2 Bacee+TTé 4T & ATCITeiTNoe TOTABAT T ITAT 611 Té36Ra
304874 & TAp0 dacee+T04 6TTORI08a088 &  Tatcad 6T8TUAPO SAGATEA TTHOAAGATITE ca-
8aciad0. A T8TOANAE aTA0+e eReTTadi 0o a : T T0a6 A. EeduyiTaa,
Taffead ATOT06 TTOTA ATed63 8aTA00 +afoT 61343834 [3; 8; 10].
TOTENs aia 0 iey 2E| : TTadé0  1ardy-
A0A48TH 4 i AfieaTa TTOTA ATed04

A T26+TTé 6203820088 Ta+aiiTa TaTdY -SRI T 400 TOYTTOATEUTTAT Ad+aTey
®ATTTA ATAOTY TR ATOTTAT 1aMfeAa 4T Tada-  TOOMGSAARONY 4 4844 70T 10 TTEAé TaTdyea-
cTaafey 6a1450 Tac0aadony «Tardy®afiol  1eé[2; 9]
mincIyTeat calfte e1ot, & 10 JAJOUNY  ; _srior o, =0l vol T, =Tl 4 Th.
TAUa&oT1 eco+aiéy dyda 1aroadéaiée 1acé 1 Y Yoo )
caiea Taray=aiey i 430611 eTA&6ATT «T» —

Effi0d014T02801TTA ecTA0ATEA TATOYRE-  TTEA TATdy®ATeé 48y TTEOTETAETH0R O < O,
7éé a Tafifieaas aT 117480 ~afoyd cATTTE 6T-  &TOTOTA ATCTecad0 Tde ATAT&M0TT adéfioase
301 [4; 11-13; 15; 17; 18] 4Teac04ad0 Tage+e4  4023@0A0&TTTO0 feE y & ATARCT10A8HTO0 086-
eOTIA 404a8020ETITO6 TTEAé Tardyxaieé  oTie-aneed nes. Nesa 40aae0avee y TaTdAa-
038 Tac0aadT 00 0460TTe+AM6e0 TTEAE TATAY-  &ATA AA008GAGUTT ATég, 0. &. AG8GAU Taffiéaa
xAieé. TATAATITAOUD yoed TTeaé yasyaoy  cal iTé eTol. Yoe TTey Tardyeaieé yasypony
ATOSCTTOABUTAY (868 ABECET & ATOSCTIOABU-  &0aAdABATe TATATTOTATOD AeOO0ABATHE-
iTé) TOCATOSSTAATTITAON & ecTAT+@ATAOI  ABUTOS 6PAATATEE BAATTAAMGY 46y TTEOTET-
+efETats ciazaieé. TTYOoT16 NOUIAR0AOPUIGE  AETROE 6 < 0 [2; 4; 11-13; 15; 17; 18]
TT4360T04 TOAAMOAACATEY TTEAé TATEYEA- o v
86 aTe003 TTAcAT 106 ATO 100 a0daaToTe ese 0% O, , o %% 00w )
OTTTA8AE BACEE-TTAT Tacia-aiey A 6+a0Ti & o 4
A36fi0aey fieen a0aaeoasee [1; 5-7] 084acpo 848 p; = 0 — ETOSCTT0ALUTUA & dddoeeaelina
6fiTadd@aTR0ATAATEY 0aéeT TAGACTT, =0Tal P ,=p=pgfiThoadéypueaTalatiie fieed;
6+@00AAETHI ATATAROTTA 446M0a84 40aa&0a- g —4033€0a0eTTTTa 6feToaTed;
O&TTTO6 & 0480T Te+AMeed fiee. p—TETOITA0U aTOTTe 1ToTad;

A GAATOA SRRGAAGAONY 6ATAGA TYIT- 0, — e T0ATACATTAON ATOCTT0AEUTTE 0AB0T-
OATEUTTAT NA+ATey i ATTOIT@ATAT AoToTi  Te+aneré neeq.
5:1. A T. NadeT 0a6T4& T0addM0ea danfitaode- ET04a62e0 70 (2) e1apo aea
4ad0 a WTea TarTInITal Sanoyearey-neaoey ., _ . . oo gy oo gy ®)
[16]. A yoTé Rayce efrTéucéar aroracp 1T- x o x o
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aaa A=Ay,

A=y,

A —BTYOOLOAT0 ATETATAT OANTTOA;

T —0&80TTe-afeay fieed, TaTdaa8ATTAY 4T-
BECT10AGUTT;

6 — BaRfOTYTe& TO a0aTeol ATAATTE TT-
44801 TH0E AT SANATA00LAAATTAT GAT0dA 8a-
1450.

AT aTciésiTaaiey ea1400 a 1anfead a
se0aeTa6=— T 21480 TAROT Ta+A6UTTA TATOY-
®ATTTAATAOTY T84 Taffeaa [1; 4-7]

S=-A H+T S=-A,H:S = o)

Aeeyied Tardyzaieé of, of, 1.t 4TE804
6aT 480 6fi0aTaaceaad0fy TO0AT dasaiey 40a-
Te+1Té caaa+e aey TeTRETROE 6T6 A Toaddnoe-
41, OTOTA ETOTOTAT 1TA46&3080RY A TTIT-
Qlp ToTadazaptiaé o6Tésee [5; 16]
z=0($), ¢ = pe’ @)= R[S +a,()];

7
o(§)=2d /¢! ©)
k=1

EATTEICOY Tadaiaodd ToTadazapuridé
d6ievee d, = 0,643; d, = — 0,098; d, = — 0,038;
d,=—-0,011; R=1; §=7x/2, 1Ta&éed0ai éaia-
80 TOYTTOATEUTTAT na+aiey i ToiToareadl
AOTOTT, AATAT 5:1 (defi. 1). AddoeeasiiTa
danTTéTeATed aT1ad0 ATT0A40M04040 cia-
+afep 6 = n/2, a TOe¢TI0aéUTTA 1340 1a-
0T T6é 5 =0.
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BARTTET2AaT€4 821480 / Fig. 1. Vertical (&) and horizontal
(b) camera position
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TTOAA4EATT ¢ 40aTe+T00 6éTaeé [11-13; 15;
17; 18]

[er¢(a)]+[RF+W]*[w(a)/M]+

+ [m + M] =0, (6)
[RCo+p(0) |+[RU+¢'(0)]* @(0)/ () |+
+[R"o +y(0)]=0. )

PAGATed adafe-T06 caaas (6) & (7). Aey
TOTT@ATEE A (6) & (7) &1 440 T AM0T SaceTeaTed
I8 = [£,(0)+ 1,0}
(o)
“A0)_ o[ 0) 1 1,60 ®
o'(o)
Caanlu TaTcia+apo

(c7)=b70'7 +b,0° +b,0° +b,0;

_ CI7O'7 +6]5O'5 ""130-3 9.0 .
o*—dc*-3d,c* -5d ~7d,’

3 5 7
4,0 +4s0 +q;0 +q,0

o)= ;

Al ) 1-d,c*-3d,c* -5d ,0° -7d,c*
b, b, b b
f4(0')=*7+;+; b

TTAOTYTT04 b, € g, (k = 1...7) Trodadey-
pofy +&40a¢ d, & 4eaa

b, =d,; b, =dg +db,;

q, =1+7d.,b, +5d.b, +3d.b, +d\b,;

b, =d, +3d,b, +d\bs;

qs =7d,bs +5dsb, +3d,b;;

b =d, +3d,bs +5d;b, + db,;

q, =7d.,b; +5d.b; q,=7d.b,.

-
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| reonaay dacadedied a0oamaice & (6) o)+ w(¢)/w/(¢) |+ w()-G() = BL): (o
e (7) i 6+a0T1 Taganoe ed Troadaeaiey ATT0-
A30M0AATIT A&y ATa@TAiT & a8y AT000aTTaaT
daeie+iTaT éd03a ciataieé e10divaeTa oera G()= [b Ri+2b R, +3b5§3]ezié‘ -1y
EToé [14] To 4M&0 ganioe feadadiasga (6) e (7) } !
aorenaadi ayaité 6T1oia [b R4 2b ﬁzJeM;"z +[b 1_31]e2’5§'3'
4 5 5 >
1
J(g)_*mj[¢o(0)+FRO’]igZ—%(g) 7 . 7 L
. Aﬂ(g):zcakg ;BO(§)=ZSbk§ 5
1 (| IR d 'R k=1 Je=1
ne)- | o) o < TE N o
myl o c-¢ < AQ+efBATTOA 4 (6) & (7) 6BAATATEY TTE-
iThoup Trodadeypony 66Teveyie
1 IR do IR
J3(§)=2m._[[m+g}a_g=—g; |
’ o(6)=TRs +0,(c) wls)=T"Rs+w,(c)
1
J\g)=— - ;
(<) 2m'£[‘/’ () p vo(s) 58 TATGTAabb
1 o(o) do _ A
Js(e)=~— { IR+¢ (0)} =-Js(g)+Gils) ' .
’ 2717'! 0] O')[ 0 ] o—qg ! (p()(o-):I—‘R—FRCZHS[b; +b3;+bi+bl:|_
¢ s' ¢ ¢ ¢

J

Jsl)=3 .H%[ﬂu%(g)]}:a = . (@ b, J (b 2 J

=Ji(5)+G,(5). (3 e 3be2"‘J a(iJ
¢’ s

Tada+atu TTROTYTTO0 Adée+ei aey ad-
+@figdiey 0era ETee T0 YAiT cadaiiad ada- —a & 2
=700 0feéTaeé ia éTT10004 Toaadnoey neaas- g Y,
pueé
I'R
__ R 13
N, = R¥eP (S, +5.)/2: vo(6)=—J,(c)+G(c) . (13)
N,=R*e™ (Sy -8, +2iny)/2; Agy Trddaacaiey éTyooeoediota a, a,
a,a,a,e€€uq, a,, a, a, a;, 602&TATEA (12) TOA-
N,="N,; N,="N,; TAadagoaT TOTTNEOASUTT enéT1ad TTAOTYTT(0
_ - daéaa
N, =Re’(S,+S)/4; N,=Re™(S,-S,+2iS,)/2;
Ny = @ a4 a4 a a )
2 3 4 5 6 7 .
ca,=—N,d, —N,; ca,=—N,d;; ca; =—N,d; s 5 s s J s s
=-Nd,; |:b7al+2b7az+b5al+3a3b7 n
” 5 4 3
S 3 9
Sb,=—N,d, ~N,; Sb,=-N,d,; Sb,=-N,d,; >(14)
bya, +2a,b, +3a,
Sb7=—N4d7. _,’_(3 1 275 2 3):|
S
ET0430ae0 0éTa ET@e T0 40aie+iad of- — b b b b
éTaeé a(6) e (7) enapo aea 2% — I'R +pRer5[7+5+ 3 ++1}
7 5 3
s s ¢ ¢ S

(&) +G(E)=Ay(5)
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T5e53aT04ay ETYOOHRATON T TASTA-
TAOG ROATATYD ck TOAANH & 83406 ~af0As 65aa-
ey (14), 46241 &1 400 fiefioAT 6 @afoe 8eTaé-
6 65aaTATeé. T+RA8ATT, +0T A (4) A T5aaTé
+afioe ETYO6e6eATO0 TEe ck (k> 6) 3AATA T6&p,
&c +&AT 644080, +0T a, = 0 (k > 8). E3TT & OT4T
e1341 ayaiTé 61314 a, =0, a = b ARe?. ET-

-\ ==\ (D>

a
a

Nefodia €eidéins aeidadae-aneed

0daafaieé aey at-eneaiey ciazaieé TTnoT-
yii0o & iToaceyd Natcad [10] caréfinaadony
TOTTAG0AEUTT éTyO0e6eaioTa nenoaid éaa-
40a01Té 1a08e60 T & 44 1daaTé +anoe T . Asy
ia

208e60 1 TATGTa+aiT:
bp, =b, e’ bp, =b e’ bp, =b, """
bp, =b,-e*"*
M,, =1 M,, =0 M,, =0 M,, =0
M,, =0 My, =~bp, My, =0 My, =0
M, =-3-bp; My, =-5-bp;M,, =1
M,, =0 M,, =0 M,; =0 M,, =0
M,, =0 M,, =0 M,, =—2-bp,
M,y =0 M, =—4-bp, My, =0 M,, =0
M,, =1 M,, =0M,, =0 M,, =-bp,
M, =0 M,, =0 M,, ==3bp, M,, =0
M,,=0 M;,=0M;,=0M,,=0
M;;=1M;,=0M;;=0M;,=-2-bp,
M;,=0M;3,=0M;,=0M,,=0M,,=0
M,,=0M,;=0M,,=1 M, =-bp,
M,;=0M,,=0M,;,=0M,,=0

K1=0,1,2,3,4—-71adaiaodn oeééa.

MS,kl = MO,k1+5 Ms,k1+5 = MO‘kl M6,k1 :Ml,k1+5

M6,k1+5 = Ml,kl M7,k1 = Mz.k1+5 M7,k1+5 = Mz,kl

MS,kl = M3,kl+5 Ms,k1+5 = M3,k1 M9,k1 =M, s

M = M04,k1

9,k1+5

ETyo6e06€aiol aey 18aaTé +afoe fiefoa-
1

MO, = cal M0, =0 MO, =ca3 MO0, =0
MO, = ca5 MO, = M0, M0, =0 M0, = MO0,
MO, =0 MO0, = MO, .

DaoATed yoTé aea
MR=M"*M, [10]. TTH&4 daz&Tey Aefiodl O Toe-
ATAST GTA-ATey 46y VTN 4200+ 106 TTAOTY -
106 & a05aeaTee:

7, = (b, - MR, +3b,-MR, +5-b, - MR, )- ")
7, =(2%b,-MR, +4b, -MR, )-¢*"*)

7, =(b7-MR, +b, -MR,)- ™

Vo= (2 *b, -MR; ) ")

s =b; -MR; )

Ci=ca+y, C,=y,Cy=ca;+y; C, =7,
Cs=cas+y, C, =ca,

= G + G + € + =
(D(p’e)_(é(pﬂ) $(p.0) ¢(p.0)y é“(pﬁyJ

—C -3.C, -5-C -7-C
@, (p.0)= L+ T =+ .
n(0:0) [:(pﬂ) 20 2000) gw)J

2.C, 12-.C,  30-C, 56~C7]
+ 9
¢(p.0)

+ +
(p.0)  (p.0)  C(p.0)
r=(5-C;-b;+3-C,-b,+7-C,-b,)

<Dpz(pu9)=( ;

r,=(5-C;-b,+7-C, -b,)
r,=0r=7-C,-b, 7, =0 7,=0

&mm{

n " I 4 Is J.e—(m)
$(p.0) ¢(p.0)  <(p.06)

Ry, \p.0)= —h -+ — 30, + =5 j (219
nlof) (J(pﬁ)‘ c(p0)  c(poy)©

0,(p.0)=¢(p,0) —d, -{(p.6) —3d;-£(p.60)" -
—5-d; .g(p’e)z -7d,

,,(0.0)=8-£(p,0) —6d,-{(p.6) -
~12d,-¢(p,60) ~10-d; - {(p.6)
0(p.0)=q,-{(p.0) +4q5-£(0.0) +q,-(0.0) +
+4,-¢(p.0)
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I 6o . TOVRATeé & TTAOBTATEA TTARSGITAOAE Ta-
0,(0.0)=74:¢(p,0)" +5:9,¢(p.0) +. TOY2ATEE A TOTASAT T 1Té ndAa4 1 atcad [10]
+3-q5-¢(p.0) +q, A0TTETATO 46V 4300 AadeATOTA A46M0aeY fies.
TA5406 2258aT10 T 436f0ace Neen 40aaéda-
£( ,0)=(bl Z(p.0)+ Q(p’e))e-@“” bee, 6TaAa 63T145a BANTTETRATA Ta 404 TA
@,(p.6) 6 =— 400 1. A yoT1 f&6+a8 S_= — 50 MT3,
0(0.0) 0,(0.0)-0(p.0)- 0, (p.6)) . S,=— 100 MTa AT aT6Ti fieo+ad 86714 46a-
fp(Ps@):[bﬁ (0.6) s ]-e e 300a08TTTO0 feé 0+0&TT A36M0aea 0&B0TTe-
Calp +&ETE fieen 0= — 40 TTa. AQTTETAT 3ai+40
®,,(p.0) TaTayeaiee a 6T10601006 0T+630 841300 o, o,
@(P»9)=mé t,. CTa-&1ey TaT8y=AT86 o, o, T, 4 044EE0A
e 6eachaapo, 0T adafe+T04 6feTaey (6) & (7)
& (p.6)= (@,2(0.0)-0,(p.0)- 00, (p.0)-@,(0.0))  aawTETypOAY i AQATETE OT+TTHOUP, TTEdED-
s (@, (0.0)) TTH0U ATA02AEYA0 T4 ATEAA 103, TTReAaTea
433 AOTEAOA NTAAd®Ad cTa+Afey eTTo6dTa0
v(.6)= B,(p.0)+ R, (p.6)~ 1(.6)-®,,(p.0) TATOyRATEE 46) AA00 AAGATOTA TaAB0RATEY
(0.0~ 8,005 R,y (0.0)-1,(0.0) 0, (p.0)-  TTOTTAT Taiieas. ETTGAI00A08Y fizel aptied
|a|6yaea|ee alnoeaaal a daelauo o1~eao ell-
- 1(p.0) @,,(0.6) 0602 AT 740 T2, & BAROYELAAPLISA cTa+aTey
v (0.6 fardyeaieé —at 47 1Ta.
(0.6)= p( 0) ETITTIA100 1a10y@aieé o, o, 1 4 84
PP ABOTAGD ETTOASTA0R0 & i eTITTIATOATe
0aBeT TABACTT, cada+a TA0ATA0S+4M6T-  TATOYRATRE o, o, T, & OLATEETAETTD 6T-
AT TTeRaTey TaToy=al ITAT & A20TOTe5TAaT- TOAeTa0a0 a0oaxapoiy OTd108aTe 1 OAGA-
TTAT ATAOTYTE6 ATESGA AT 45 A TOY I TOATEl-  Eeoasée [18]
T07 TTT883+707 f&+ATe41 A ATTOIT@aTeal
foToTi 5:1 dagaia c,+0,=0,+0, 0,—0,+2ir,,=
156145 dan+&da TTEaé Tardyxaies at- N e
6563 637400, TOTOAMO dar-a0a 11686 fa. = (0 0. +2iT )k (%)
0adeeva 1/ Table 1
ETTTTIAT00 Tardy=dieé 4 6TT060106 0T+6a0 641480 / Stress components camera contour points
5, () v, ) 5,0 5, ()

7,105%10- 0 213,288 198,332
—1,421*10°% —4,157%10°5 281,979 65,752
3,979*10% 4,444%102 741,17 738,977
—2,089*1022 —167*10% 252,375 308,554
7,105%10- 2,087°10°5 1,017 30,51
—1,09*10% 1,688*10 30,108 4,563
8,527*10 —7,683*10° % 39,078 15,205
4,263*10 —3,064*10 45,251 20,583
—0,048*10~ 5,351%10- 46,88 22,948
—2,842*10°% 0 46,957 23,496
9,948*10 —5,285*10 46,88 22,948
1,137%10°5 2,931%10-* 45,251 20,583
2,842%10° 2,176%10 39,078 15,205
—1,09*10% —1,688*10* 30,108 4,563
—5,684*10° —4,876*10% 1,017 —30,51
—2,089*102 1,67*102 252,375 308,554
8,953*10-5 3,601%10-2 74117 738,977
—1,847*10°5 —4,956*10% 281,979 265,752
4,263*10- 0 231,228 198,332
4,974%10°% 2,753*10% 281,979 65,752
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ETyo6e0e 0TO € ETTTTTaT0al Tardy=a-
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