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The calculation of the side pressure coefficient in conditions
of the limited stress situation

In this article the method of the side pressure coefficient determining in the conditions of limiited stress
situation is considered. Envelopes of limited stresses circles on the strength passport and the

calculation-graphical method for the side pressure coefficient determining in areas of
extending stresses is given and the comparative analysis of its results is done. It

are equal to each other.

Keywords: strength passport, Poisson’s coefficient, lateral pressure, ro
expansion, mine working.

With an increase in the depth of the underground mine wor Ein load on it increases from the weight

erable value. At a great depth of

underground mining the value of the side pressure becomes i and must be taken into account. The
adhesion and friction between the particles in the rocks ofgthe rking walls is not sufficient for them to
stand without collapsing and could serve as firm suppo arch.

The value of the side pressure will be greater, if e weaker and mine working will have a height

which will be greater. This value can be defined as the e on the retaining wall of the sliding prisms loaded
from above.

For the case of a uniform loading of prisms e will be calculated is calculated by the formula [1]:
290° — ¢

o 2 (2ho + H)Htg .

where is a height of mine workin

volume weight of rocks,#;

; ho is a reduced height of loading of prisms from above, m; v is a
e of internal resistance (friction) of rocks, deg.

In mine workings of a s .5+ bm, values of the pressure Ry is small too, but in large chambers,
tunnels and mine workin ve the considerable height, with weak and medium rocks one has to take
into account the mag the side pressure and introduce it into calculations.

Lateral rocks
e magnitude of this resultant depends mainly on a width of mine workings and a
ue of this resultant will be greater,if the side rocks will be loaded greater too.

Resea, aumer, Ritter, M.M. Protodyakonov, etc.), dealing with the side pressure questions [2],
i | itude from the conditions of sliding of the side prisms.
r ts the definition of side pressure with the forces of adhesion and friction along the slipping
efof the lateral prism. According to Ritter, a span of a arch collapse in the mine working ceiling remains
eq to the width of a mine working with the sliding of the side prisms. It is difficult to assume, since the
ocks near the upper mine workings angles seem to be the most stressed [2].
Professor M.M. Protodyakonov believes that a pressure from the ceiling of a mine working is determined
by a weight of a rock in the volume of the arch collapse, having a span which is equal to a width of a mine

working [3]. It is supposed, there are also loose, weak rocks in the walls of a mine workings and the semiprolet
000+%
2

of the arch is increased by the value where is the angle of sliding of the side prisms, 6§ = . Professor

M.M. Protodyakonov gives the following formulas for determining value a side pressure
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0
t = ytg? 2 [o(1 4 2P0y 4 o

where ¢ is an angle of a internal friction of lateral rocks, deg.; f is a fortress coefficient of a roof rock.

In reality [2] , under a parabolic load, the angle of side prisms sliding will be different, and, consequently, a
side pressure will receive a different numerical value.

The problem of determining the side pressure value is reduced to finding the position of such sliding plane
at which a side pressure on a enclosing plane will be the greatest.

According to Prokofiev’s method the inclination angle of the slip plane determines the greatest presgure on

the enclosing wall and this angle was obtained equal to § = 900+

2

In is known that with a uniformly distributed load of prisms, the point of application of a si ssure is
the center of gravity of the stress diagram, which is represented in the form of a rectangular of
this trapeze are following:

2 _ 90°—¢p,

— the upper base — yhotg® = =5-%;

— the lower base — y(ho + H)tg? = %;
if a height is equal to H.

The center of gravity of this trapeze is at a vertical distance from the lower b als T g’;bojj?,
where hg is a height of a uniformly distributed load hy equals the assume al equilibrium

arch.

A mountain pressure in underground mine workings is manifested in
direction of their outcrop. Under the influence of vertical pressure on the r
tends to move laterally, it creates a lateral pressure, which is usually,called a s

extrusion of rocks in the
massif, this mountain pressure
expansion.

According to [4], that the side pressure is defined by the followi mula
W
Ox = E’YH ot (1)
where 1—_“—H = mg is a coefficient of side expansion un ormations within elasticity

— 1 is Poisson’s coefficient;
— 7H is a vertical stress, t/m?.

The coefficient of a side expansion for the @ andistress state is determined by the formula

Or

meg = —, (2)
Og
where o, is a horizontal tensmn is a vertical stress, t/m?.
In the paper [5] the bou S deformation of a rock massif for underground development of deposits

arch of natural equilibrium above a mine working. The boundaries of

are determined by the construc,
ch 1 equilibrium are defined by curved slip lines of three families.

ormation for constructing of slip lines is the rock solidity passport.
A envelope imit stresses is usually adopted in the form of known from geometry curves, namely,
of parabo e

expe

e 5] the equation of envelopes of limiting stress circles is derived on the basis of the theory of
1 oscillations, and as a result we obtain the following equation.

Tni = Ocnc(0.5€08peyc + {1 - Kemp[—((fm/am)]}tgpcm), (3)

where 0. is a limit of rocks strength for uniaxial compression, ¢/ m?; owx- Normal stress in the
region of compressive stresses, t/m?; pex is an angle of internal friction under uniaxial compression, deg.;
K = exp [0.5(1 — sinpex)]-

By the obtained equation of the envelope of the limiting stress circles, the angular, strength, linear values and
the coeflicients of the side extension are determined. Depending on the stressed state of rocks, the coordinates
of the curves of the slip lines are determined.
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According with formula (3) and Figure 1 graph-analytical by the method of calculation horizontal or and
vertical op; stresses is founded:
Op = Oni — Tnitgpi, t/m?; (4)

Os = Oni + TniClgp;, t/mz (5)

and then the coefficient of a side expansion in the region of compressive stresses is equal to
Me = (Oni — TnitgPi)/(Tni + Tnictgp;). (6)
In the zone of tensile forces the envelope of ¢ limiting stress circles is described by the parabola equation:
Tni = [p(ani + Up)]l/Qv 7)
where
p=(2-(2Vn+1)+n)o, (8)
is dimensionless quantity;

op is a normal stress on uniaxial tension, t/ m?;

Or = Tnitgpi — omi, t/m?%; (9)
Oy = Opi + Tniclgepi, t/SZ- (10)
Then the coefficient of a side expansion in the region of li d ile stresses is equal to

me = (Tnitgi — oni)/(on (11)
J’fiﬁ)r/n"
Gy
Py
(7
T
K> 0
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Figure 1. The passport of rock strength. The envelope of the limiting circles Mora

In the last case the angle of an internal friction or the angle between the tangent to the i-th limiting circle
and the horizontal line p; is equal to:
pi = arctg| £ I
2VIp/(oni + op)]

N = Ocx/0p. (13)

(12)
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In the zone of an action of tensile stresses, the envelope of Moore’s limiting circles is described by the
equation of the straight line [6]:

T = onitgp + C, (14)

where 0,,; is a normal stress on uniaxial tension or compression, t/m?2, C is a clutch.

The envelope of tensile forces is not tangent to the rectilinear envelope, the coefficient of a side expansion
mg under uniaxial tension is zero.

From Figure 2 by graphically-analytical way, described above, it is possible to obtain respectively horizontal
and vertical stresses:

Op = Opi + TSJQ@? t/mzv 5)

where the tangential stress in the zone of action of tensile stresses is defined by this formul

a
P = C — opitgp, t/m?. (16)

n

The vertical stress is found by the formula

05 = 2R; — op, t/m?, (17)

where the radius of the i-th limiting circle is in Figure 2 as follows

R; = Tni/cosp.J (18)
rt"‘f'/”a
T
|
o \
f[,'f'“v RI-
IT;%:" %z o bz, . i3 Snight
2 B2
Sp
Figure 2. The straight line envelope
stituting (18) and (15) into (17) one can obtain a vertical stress in the region of tensile forces
0n = (27ni/cosp — (0ni + TE:tgp)), t/m?. (19)

wing o and oy , it is possible to find the formula for the coefficient of a side expansion mg in the zone
of limited tensile stresses

me = (Oni + Tﬁitg@)/(%si/cosﬂ — (oni + Tfitgéo))- (20)

Due to the fact that in the extension region the limit circles are described by a rectilinear envelope of the
values of the internal friction angles, p and sliding surfaces ¢ , respectively, will be equal to the values under
uniaxial compression.
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Analytical research of rocks properties in conditions of volume stress state were carried out by calculation for
passports of the rocks strength as strong (gray sandstones o, = 8000t/m? ) as weak (siltstones o, = 185t/m?).
The envelopes of limited stress circles on the strength passport and the rectilinear envelope were compared for
the most accurate determination from the mathematical expressions of mg in figures 1 and 2 in the region of
limiting tensile stresses for various geological conditions.

If formulas (11) and (20) are compared, the values of normal and tangential stresses and the angle of the
slip surface and internal friction are substituted then it can be obtained that they have the same significance,
and, consequently, the side pressure coefficients for rectilinear and curvilinear envelopes in the zone of liiniting
tensile stresses will be equal.

References

1 Cuecapes B.JI. Mexanuka ropubix nopox / B.JI. Cuecapes. — M.: Yruerexuzmar, 1948.%%,.303 c.

2 Humbapesuu II.M. Mexanuka ropusix nopoy / ILM. Humbapesua // OHTU-HKT oC. HayJ.-
TexH. Top.-Teos.-uedT. u31-80. — M.-JI.-I'pozusrit-HoBocubupck, 1934. — 170 c.

3 IIporoapsakonos M.M. Kperuienne ropasix BeIpabOTOK: CIIPABOYHUK 110 KAMEHH

4 Bensies H.M. Couporusiienne marepuasos / H.M. Beases. — M.: Hayka, 197 8 c.

5 Cobuenbekysnl ©. TayKbIHBICTBIH, 2KbLIZKYBIHBIH (hu3ukacs / O. 2Keskazram, 1999. —
192 6.

6 Wnpaunkass E.M. CoiicTBa rOpHBIX MOPOJ U METOJBI UX OffpelesieHust J. Unbannkas, P.U. Tenep,

E.C. Baronun, M.®. Kyuremn. — M.: Heapa, 1969. — 3927c.

M.2K. Baimanosa, [ A. Eceub6aes K. Taxanos

aviga Oyitip KbICBIM
AHBIKTAY

KNOArbITTEI OpaM CHI3BIKTAaphl CO3BLIMAJIbI KEPHEY IIeriHie
€KTIiK KepHEYIiH OpaM IeHOepiH/ie CaTbICTBIPBLIALI. KbIchuTran
JK9HE CO3BLJIFaH KEPHEY aliMarblH,
TipisireH KoHe HOTUKeJepiHi

boJica J1a, CO3BLIBIM KYIIT IHJIAFBI OYHip KBICBIM KO3 UIMEHTIHIH TeH 60JIaThIHbI AR eI IEH I,

Kiam cosdep: 6epikTik mac , [Iyaccon koaddurmenTi, KoJiieHeH KbIChIM, Tay KeHi, Mop menbepepi,
OyiipJIik KeHeiTy. BIC JKACAY.

2K, Bannanosa, ['A. Ecenbaena, /I.K. Taxanos

ger Ko3d(ddurmmeHTa 60KOBOro JIaBJeHUsI B YCJIOBUAX
ITpeIeJIbHOTO HANPSI2KEHHOTO COCTOSTHUSA

CcTaThbe pacCMOTPEH MeTOJI onpeseseHus KoddduipenTa G0KOBOro pacuopa B YCJIOBUIX MPEIeIbHOrO Ha-
MPsI?KEHHOTO cocTosiHUsI. COMOCTABIEHBI OrUOAIOIINE KPYTOB PEJEIbHBIX HAMIPSI)KEHUI Ha MACIOPTe MPOU-

CTH U IPSMOJIMHEHAsT OTUOAOIast B 00JIACTH IPEIETbHBIX PACTITUBAIONINX HATIPSIPKEHIH JIJI PA3TMIHBIX
reoJiornyeckux ycsosuii. [IpuBesien pacuerno-rpadudeckuil MeTos, onpe/iesenns: Koadduimerra 60K0BOro
pacmopa B 00JIaCTSIX CXKUMAIONIUX W PACTSITUBAIOININX HAIMPSIKEHU, TPOBEIEH CPABHUTE/BHBIN aHAN3 €ro
pesysnbraTroB. Jlokazano, ato K03dduimeHTsl OOKOBOIO PACIOpa s MPSIMOJIHHEIHON W KPUBOJIMHEHHON
OrubaloNMX B 30HE MPEJIEIbHBIX PACTAIMBAIONIUX HAIIPSI)KEHUN PABHBI.

Kmouesvie crosa: macnopt mpounoctu, koaddurment [lyaccona, momepednoe maBiieHne, TOpHAs MIOPOJA,
kpyru Mopa, 60KoBoe paciiupenue, pabora B Iaxre.
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