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TRUMBATCHEV V;F. Dr. of Technical bciences.

MELNIKOV E.A., mining engineer, Institute 6f Mining
Affairs named after Skotchinsky A.A.
MosCow, USSR

DISTRIBUTICH OF STRESSES IN THE INTERVENING
PILLAES AT MEDIUM AND STEEFP DIPS

Nowadays both singlé—stall and stoop -~ and - room methods
are widely being put into practice for winning minerals. While
projecting those methods determinetion of their geenetrical
parameters (e.g. chamber spanning, overall sizes of pillars,
thiclmess of arch stratum and éap pillars in csse of horizon
mining) should always be given priority, because economical
indices of the particular enterprise as well as safety amining
will mostly depend upon said parameters.

When estimating the strengtii of pillsrs similar to that
of any other structure there should be determined:

1. Loads actuating on the pillars.

2. Values and character of stress distribution in pillars (
affected by the mentioned loaeds.

| 3. Strength of piliars with duc account of their stressed
condition and also strengtn charscteristios of their reck
components.
' Stressed condition of the pillars is one of the most
important factors that determine their strength in general.

It is an extreuwely difficult problem to determine the
stresses actuating inside the pillars. Therefore, the scientists
in their theoretical investigations found it necessary to
determine first the stresses in the pillars formed in the pro-

cess of round, elliptical and sletted openings, and, hence

sclution of the problem (1, 2, 3) would be considerably simpli-~
fied.

Since ehambers in the process of aining are generally
of the rectangular shape the sr 24icms obsained will have a
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ok e g. determlnabﬁpn of. the stresses actua~-

Thereforelsame experlmental methods have been found to

détermlne the intraplllar stresses. The photoelastlc method
can serve as one of them. A number of problems have been solved
due to employment of the partlcular @ethod concerning meinly
the determ;natﬂon.ﬁx stresses in theipillars when mining
gently dipped minerals (4,5) . ’?Lﬁ o

Stressed condltlon of plllars au gentle and steep dins
'1s not yet prOperly studied. SR
In the USSR such experlmenbs have been carried out, for

instance, by Borlsenko S. G (< ). dOWQVer her= th

the nnﬁluence
of side thrusts on: tne rocks have not$been teken into account.

On the basis of the analyses of the ex1sth
the stressed condltlon of undlsturbed rocks and
basis of mining data and that
can be concluded that. ‘

1. Rocks in the unmined solid masses are in the stressed
condition cbaracterLZed by the
ses in the given peint of uqe WaSblf that corresponds te the
weight of the VOVering I wlit and horlzental component depending
upon the propertles of the rocxs under con31deratlon H

2. Proceedlng from the mlh¢n‘ deta and that of lsbora-
tory measurements slde thrust fnctor for- different types of
rocks can vary within the Langs of 015,(for hard rocxs) to

ideas about
alse on the
of laboretory measurements there

Vertical component of stres-

8,

1.0 (for{soft:rec ; 7

‘ve'-tjcarrled out. expe-
‘rlmental 1nVeet;g 1;ens on" models usahg ‘the photoelastlc

method to study theplnfluence qf ths&éngle of dip, side Q*]

thrust factor and tne Shap° of villafs upon the streSOed
condition of the rock. Co ¢

e

The models’ have been manusactured of igdantlne and ’el~

lu101d i.e. optlcally;active materlals.lThe models imi,
stopp - and - room; method ‘and: 'six chamhers_h& e~been¢re

‘ ‘ced ‘with. plllars bezween them, “The re“i‘“y' £
,height h_ to! 1t w&dth b ‘
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tion ef * stressés in the pillars has been studied with the
angle of dip being 200, 45%, 60° and 90 accordlngly.

The investigations have been conducted with different
values of the side thrust in order to find the influence of
the stressed condition of the unmined rock upon the velue
aid character of stress distribution in the intervening pil-
lars. As the material the piller models and surreunding
rocks were made from is operative within the limits of elactic
deformation there should exist & linear dependency between the
loads acting on’the models and the stresses formed inside
them. '

A Therefore it turned to be BU£fiCitnt to determine expe- -
rimentally the stresses in the models with two meanings
of side thrusttfantbr, whoresa for all the other meanings to
determine their value in accordance with the Tformulae menti-
oned below. = _

Two systems of forces actuate in our case upon the
model: weight of tue materisl the model is manufectured from
and the forces of ‘the side thrust. Now using the principles
of mutual independ” ce of actlnc forces and superposition
there can be coucLu&ed fqet the stress in some point of the
model will be.

(:)‘ = & ‘ +'m, GZ . 1)

- where . . : .
G u~ stress in the given . oint czsused either by the

weight proper of the melel material or the load
applied fro. outeside.:

n, - "side thrust factor
61 - stress in the same p01nt of the mo;el caused
by the side thrust forces which equal the for-

|
|
|

ces of the weight prOperf

Wlth the change of the side thrust. values in the model

and the vertical: load remalned, stresses 1n the considered

' pclnt of the*modef~w111 be._ﬂ _ i DRI ’
R U ‘* ”zezb}ﬂ{j”.i_ | 2)
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-4 =
where . .
m2 - new value of the side thrust factor,

Now bringing together voth equations (1) and (2) we

shall have
| 5, -6
(DJB = m m2 -'"‘ and ga == —-?:1-—-_--2
oy = ”‘2 | oy = o

Thus to find the value of the stresses with the umeanings
of the side thrust factor of - m, the frllowing equation should

be used _
6"\,: SJB + Ihn 6‘?‘ ’
or mn)G - (a, - o, )5 :
~ 5 = —mmm- —n- )

my - m

This wmethod can successfully be used when finding the
stresses in the models nade of igdantine since with the uethod
of investigation accepted fav .urable conditions can be created
for flat deformetion inside seii models with the side tarust
factor being one. Besides there can be every opportunity for
flat stressed condition with the side thrust factor being
0.5, | |

In this case formula 3 will be medified into:

6 =2 )8, (T-20)6 &)

As the model vss made i c¢-1ilul-id the plate with-the
cut out rooms was urif ruly stroiohed in the first an'i then
in the second hormal directiovn as a result of the applied
load. Stresses in the given point have been determined from

the eeuation G; ~|- m,ﬁ?,.
. - , | :
5y = B G

) Fig.1 illustrates the pillars and c)V(,ring “Qcks with
the s:.de ‘chrust factor values vqryir fI‘uIII C. 4 to 1 0
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cbtained as g resylt of'investigating:on:fhe models the valucs
°f the mean normal ang tangential stresses. The stresses are

The mean normal stressuof,the pillar at a flat pitch
has been taken asg a nnit. .

Fig.1 shows that the normal Pressure, actuated upon the
pPillar, is decreased with the increment of the angle _.f dip cx-
cept the case of hydrostatic pressurc in an undisturbei rock
massif 1.e. the casge when the value of the normal pressure
actuated on the pillar does not depend upon the angle of dip
and equals the full welecht of the covering rock, wherees the
Sshearing stresses constitute geroc. . |

Both the increase of the angle of dir end decrense of
the side thrust factor lead to decrease of the velue of the
normal stress upon the pillar at inclined beddings. For ing-
tance, with the angle of dip being 450'maximum decregse of
‘1oad with the side thrust factor being 0.5 ccnsitutes 25% of
the load that gould be observed in case of a gentle dip.
Accordingly, these values for the side thrust factops °f O.4
and 0.6 will be 30 ang 20 ver cent.

From Fig.1 it becomes ~bvious that maximum decrease of.
l2ad takes plece with the dip angle being 9G° i.e. when it is
two times less compered with the flet Pitch having the side
thrust fact.r ©f the order of 0.5,

Shearing stresses appe&ar in the pillars at inclincd
beddings and their values can als> be determined by the dip
angle and the value 2% the 3ide thrust factor in 2n undistur-
bed rock massif. Peak vilues f the shearing stresses are
cbtained (see the diagrom on Fig.1) with the dip engle being
45°, | |

The diagram brings the mean values of the shearing stres-
8es actuated upon the Stratification planes. Though these stresg-
Se8 are not considerable =g compared with the mean stresses
normal to the stratification plane, still under certain fav.ou-
rable cenditions they can result in shifting the pillar.
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Checking the possibility of &1stﬁrbing the iﬁ%act pii-
lars by the’sheariné.streséés can be obtained by comsarison
vf the creatéd;Sheéfipg étresseS'fhat»should be rofered to

) the normal ones with the friction faétor on the plane of
thickness being as follows: | |

&
where O - angle or friction on the plancs of weakness,
T° i '

The meenings of —-— et = 0.5 are brzught in Table 1

Ior different dip an.lcs
Table 1
d. ¢ 1C 20 | 30 49 50
T .
‘6:‘ 0 C.C87  0.176 C.248 0.310 0.333

For example, if there are clay partings in the pillar
| the value of P cen be taken zs 10°. In this case with
20" there will be 2 danges of crushing the pillar by
its displacement. ;
| The valuies of the'mean-normal and tangential stresses
} at medium dip cbtained DYy the investigations of the moedels
| are in gouod conformity with the data calculated frium the
formulae 7 and & which in turn have been deducced by méans
2% decompositicnin: the stress.s actuating on the pillar as
shown in Fig.2

. S.. -
O= FH-%e oy susi?ol ), (9
s
8 8
T=1/2(I-n) ¥ Ho---5P_ g1n 2 o (8)
. s_
where ?

§° ~ volume weight of the covering rocks
H‘ - depth of the pillar

Skp_- pillar sxposure _res

S . v ; - 'I, ‘ - :«r‘v» .‘ - K A:- B U '; ' ‘ 4'~_> . . ‘ '. . o N 01_3
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Sy - pillar sectional area
ol = angle of dip
'm -~ side thrust factor
Figa 3, 4 ard 5 illustrate the general character of
stress distributicn on the pillars the axis of which is nor-
mal to the stratification at the dip angles being 30°, 60°
and 90°. The figurcs shew the isometric lines of the maxi-
mum tengential stresses ) max  expressed in frzctions of
The data obtaincd testify that stressed condicion of the
pillars in the case of mcdere Te di; substantially differs
| from that of gentle dlp. In tae latter case o great deal
| of experiments carriéd out on.models proved vhne mean verti-
cal section of the pillar be the weakest pcint and, there-
fore, estimastion ci the Supporting stress of any pillar §5)
should proceed froem the ssid pcint. For high pillars C.8.
h/b > 1.5 (Pig.6) when the greater part of the pillar is
under conditions of uniaxial compression, e¢stimation of its
supporting strength should be proved by the uniaxial ccompres~
sion test resulss.
| With the h/b<1.5 (F1g.7) this method becomes ineffc-ti-
| ve because of good conditions for the alle ¢und, shrinkagze in
| the piller, and, therefore, the theory of pagzgﬁgaequlllbrium
l should be applied calculztin. by this the resulting load
| from the mean scction. The pillars in case of medium dip are
I loaded unevenly r=lative to Taelr axcs normal to the stre-
| tification plane. Ta. zostly 1loaded 2rts of the pillar are
those at the rouf up-:ver and nesr the soil by the 4d1p.
Mecentime the areas of a pillar near the rocof by the dip and
at the so0il uprising turn to be underloaded. Therefore the
supporting Strength of such pillars is not employed comple-
tely and especially of those which have big sizes by the
dip.
In the places .f stress c.ncertrstion with the direction
being next to vert.cal, thc -anings of horizental stresses
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seem to be almost zero. Consequently, the mgterizl of which
the pillar is made #s under conditions of uniaxial c ompres—
sicn in said places as compared with the pillsrs of a
gentle dip that possess all-round compression. 8tresses

in 2 medium dip pillar are concentrated along the line
connceting the pillar angles (Figs.3 and 4) . The presence
of such a concentration of stresses results in shesring
along the same line.

Sheering stresses in the pillar can be lessened if the
pillar sizc is increas:d.

However investigati ns carric »ut by the auth rs show
that the irregularity of pilisr I Aling with normel stresses
} does not become less at all (9).
| In conneetison with the seil sbosccent it seems t. be T

certain interest to consiier the questin I ilcaving the pile
lars tne axes r which are deveisted towards toe uprising
by a certain angle so that it gives an cpp-rtunity t. decreeasc
both concentrati-n ~f stresscs in the pillars and the shearing
i stressus. Assymetrical character f loading the pillars the
axes of which arc »n.r.al ¢. the stratificaticn appéars due
to uncven foreces of proper weizht and the side thrust appiied
te the rocx mascif, Becouse i essymetrical charactor f pil-~
ler  loading the mexiuum normsl stresses actuate °n the divec—
tiors deviated from the pillar axis at & certain angle.

¥For the models with ol = 30" this dgviati“n in the oz

contral part of the pillsr counstituted 8‘ = 10". T~ nrove

4

i

“... ¢Toresaild statsment new models have been manuf ctured »
“he d1p snplo Lol 3CG” and the deviation of tnc pillar
=zl ar~-vir from the roorual townards the stratifidation at
snosincio of 167, Investiitions on such models showed that
... shusring stresscs in tvhe pillars have decreased by 10 ti-
~v8 8 crmpared with tne piliar l-cated no.rmal t. tue stra-—
tification, By this concentration >f stresses in the pil-

+
SO VRS

Ler aree et the roof up~-cver has also decreased and ~bvi-

«3ly brought to5 the more cven leadins .f the pillar. The
cigple compurison of Figs 3 and & is clsc indicstive of

It
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this statement, In ancther model with‘the Jame 2o it ot—
rical parameters the pillar inclinatin t.wards uprising
was already 13°, As shown in Fig.9 the pillar in such =
case is loaded more evenly and stress distributi:n here is
similar to that in the gentle dip pillars.

The required value >f the ptllar inclination towards
the plane, normal t- the stratification, can be found price-
eding from the fact thet the employment .f the pillar sup-
porting stress will nostly be effective when the resultant
of the applicd forces will actuate alcng the pillar
axis.

As it is cleer frow Fig.1C the vealue of the resultant
can be found from the followings «qustin:

' S5in o
R=m y~HOS ——————————— e {(Y)
) Psin (4 =B )
where
Sy, = rof squers per pillar
ﬁ - angle f hade .r th. normel to the stra-

| tificsti.n whicnt <quals

5 = O - aretg (mcgou (10)

The values of =n:l.s B dereniine upon the angle °f
incidence 7 Wt . oo 8ilde thrust fact rono= 0.5 are
iven in Table -,

Toble 2
js (4 10 s 2C 42 50 o0 7C 80 0O
o T 5 10 14 17 19 19 16 9 C

—— — -— - — - - e .~ T - —— —— — —— . Y > WD > . S s B 2 . T A ot ot o B .

The values of lnads calculated from formul® (Q) and
czpressed in load frectiocns «n the pililzrs ot 1l:w dips are
ziven in Table 3.
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Tzble 3
& O 10 20 30 40 50 60 70 80 90
Load 1 Q99 0.96 0.91 0.83 0.75 0.66 0.58 0.5 0.5

Stress distribution in the pillars inclined at an
angle of § as well as in the l>w dip pillars is charac-
terized By formation -f the all-round shrinkesge arcas near
~he roof and the soil. Concentration of 3tresses takes place
in the room corners whers.s stress distribution in the middle
part of the pillar with tie corrolation f the pillar height
to its width h/b > 1 5 b:¢c ..s practically even.
Thus the middle prrt »f the piller is under c¢:niitins
~»f uniaxial compression directed towards the pillar axis, .

and the strasses inside it can be determined by the firmula

‘; \(‘H --}-{-'—- Cus ’p \/' Cos? L + 1 5in2exX (11)
L) y o ’
where

Sy = ercssesectionad srea f the pillar.

The vxperimentsl stuaioss acc.omplished by the auth.rs
f the present prper snwed vt l.oaving plllars at & zedium
dip, with the oiller nxis noroel t. the stratirication, brings
t . ¥ :rmati-n f shearins strusses and intersive c.onc.atra-
ti.n f strisses. Though thi: stresses actuating n the pil-
lars ar. s.wernat decrcesed the pillers as a result of the
similar stress distributi-n wmay turn t. be less steble as
compared with the case f ¢ gentle dip. Therefore it Lis
reasneble t- leave the oillars inclined towards uprising
&t, an  angle >f B  where sStress distribution will be
sinilar t- that -f a iow di: sne.Angle of hade . f the pil-
igrs toward: uprising will be determin<d by f:roula 10 and
e value f sctuating stresses will be f.und usin- forou-
12 1% The rnethods used £or calculeti n ~f pillars &t a 1 W
dig can sueeccssiully be cm 1l od f-r,c:;culati't I tae

villers i &7 rEiT L. 2780,

Declassified in Part - Sanitized Copy Approved for Release 2014/02/07 : CIA-RDP80T00246A075500190001-3 A
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Fig.4.

Fig.2.

Fig.3.
Fig.4,
Fig.s5.

Fig.6.

Fig.9.

Fig.10C.
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DESCRIPTION TO THE DRAWINGS

Dependence of the mean normal and shearing stresses
at the pillar contact with the enclosing rocks from
the dip angle and side thrust factor.

Diagrzm of decompositicning of the forces that actua-
te upor the villar, the axle of which is normal to
the Stretification,

Distribution of stresses T’ max in the pillar with
o = 30° |

Distribution of stresses of max in she pillar with
o = 607,

Distributi.n of stresses 6 mex in the pillar with
X = 907 .

Distributi-n ~f the maximum normal stresses 671 ’

and Y 5 in the pillar with & = 0 and h/b = 2.

Distribution of the maximum normal stresses 671 ’

and 672 ir the pillar with & = o and h/b = 1,

Distribution .f stresses ‘T: max in the pillar the
axis _f which is deviated towards uprising at. an
angle of 10° with X = 307,

Distribution >f stresscs T max 1in the pillar the
axls of which is deviated towards uprising at an
angl: of 18°% with o> = 307,

Disgrsm 5t dcc:mpositivning - the forces actuated

upon the pillar, tac axis 2f which is deviated
towards uprisin., et an angle -<f J5

| , /]
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ON CLRTAIN PHYCICAI~HEGHANICAL PACTORS
DETERMINING THE RATR OF FLOTATION
by CoSoB’M’ V.J’.I!A:lnlln. IeI.Maximey

SUMMARY

susirous investigetions have shown thag with the in-
crcésce of the pulp flow rate in continuous action flota-
tion machines the time of flotationm required for a given
TCcovaery is reduced.

In the investigetioas by the authors, ana by Pogorely
thig relation has bdeen explained by the fact that with
Lie inecrease of the pulp flow rate in flotation maghi-
nes & reduction of the pulp impoverishment due to its
alxing 18 taking plese. In earlier inveatigations ecepr-
laln assumptiomns have been made in order to prove the
78lidity of this hypothesis. Im the lates$s works these
ussunptions have beem excluded.

A physiocal medel of the flotatien brocess is consid-
erad in thisg paper.

Bssed on this mvdel & genersl squetion of flotationa
48 been worked out. In order to find out the validity
~{ the assumptiem thas with the inorease of the pulp
{low rate the flotation time decresses owing to the re-
duction of the harmful influence of pulp nixing, the
+utiors consider a genersl systea of differential s qQua-
tions for the kinetics of flotatiem in an "ideal" (ab-
Stracet) mashine withous Rmixing. This system of Aiffe-~

Yentiul cquations does not contein the value for the
J &
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pulp flow rate, henee, its colution does nog dvpand on
i%. The equutions show that in order t0 obtain the re-
Ccovory requilred, 1t is nece:usary to have a fully d¢-
termined flotation time not depending upon the pulp flow
ratec. This mesns that the flotation time in machineg
witheut mixing vemains unchunged ag dlifferent ratesg of

pulp flevw.

It has been chowr by the authorg that the incresse

Of flutatliun time in lndustral wschinos is a resulsg

only due to mixing ax, othurwise, the industriel paghie

nes do mot dirrer from am "idegl® maching,

The paper ..ows t.2t at a great incrcase of the pulp
flow rate the flotat.ion Lime in a Dachino with mixing
needed for a given Fecuvery vends e the flotation time
in ¢ uschine without aigding.

The physical wmeaning of pizing his been explained on
@ Ser.vs of examples. It hus vuen chown tiat, owing to
nizing, the aveirapge Gercuntretion (for the whole Flotae
tion time) hus bean lovered im coupuricon with the na-
chines wWithout wuxing; while the r~iven goncentration
of useful mineral in vailings reumuins unachanped, It is
ihis fact that leads Lo the delay in flovation. |

Z8sentlal conclusiuns which have bien drawn fron

the paper are as follows:
The reason for tii: ruduction of ilotation time with
the ilacrease of tho pulp flow rate in continuous action

flotativn macuinoes is the reduction of ihe harmful ine

fluonce of the impoverishment of o« pigh pulp by a8 puorer
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sng dig LW mixing. ith the increaosse of the pulp flow

wntn the Llototion time is tending %o & pousible pini-
wr optimun conditiona). In prucbice it may

¢ the pulp flow rate in order
to roduce the harmful influonce of mixing, and, respect-
avely, the time of fictation. However, vhen 8 ceriain
1umit hag buen roschsed 8 farther incrsasy i the pulp

flow rave msy prove not to be cxpedient.
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NEW METHOD8 OF SULFIDE CONCENTRATE UPGRADING

SUMMARY

The first puart of the paper 1s dé2ling with the re-
sults of lesboratory research ss well as with the indus-
trial application of & flotation rrocess for sulfide cep-
per-nickel ore. New high-molecular depressors of readily
firo*-4 .1licate minerals such as carboxymethylcellulose,
ceilulose sulfurie esters and copper-smmonium solutioas
o’ cellulose, have been used. It has been shown that the
use of carboxymethylcellulose with optimum physical-chem-
1cel veriables (degree of substituticn -~ 50, degree of
pcl merization - 500), instead of the previously used &s
d:pressor - sodium silicete, permits: to increase comnsid-
ergbly the content of valuable constituents in the conscen-
Trzte, to obtain clarified tailing water without addition
of coagulants and to use it &as reclaimed water in flota-
Tien. 1. resgent consumption has bean considerably reduc-
ed too. The results of the r-uearch on the interagtion of
The cacboxymethylecellulose with the surface of sulfides
and readlly floated silicates have also been considersd.

It is shown in the second pert of this paper that the
C~iditioning of the pulp with sodium sulfide and active
¢arton proved to be most effective for the prepcration
0. sulflide lead-copper concentrates. This method ensures
a St1ilicient desorption of the collector from the sulfide
surfdice and its removal from the liquid phase of the

pulp rithout washing and dewatering.
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conditions huve been devised for the separation of
c .. per-leud concentrates containing bornite and chal-
s.~lte. Thece e&re based upon the depression of copper
minerals by a complex zinc cyanide. It has been shown
too that in order to obtain a stabls depression of cop-
per mincrals the stability of concentration of the zine-
cyanide Cowplex 1 Tlutition 1s to be ensured. This is
S achis. od bys
a) the reduction of ore and bulk concentrate sliming
Juring the preparation stage (this reduces the rate ef
the r.irnc-cyanide complex interaction with chalcocite);
V) vy & periodic uddition of the depressor every
56 minutes in the course of flotation.
Tho accomplishment of these conditions has allowed
to obtain from a bulk concentrate assaying 22 per cent
. copper and i1 pur cant of lead, a lead concentrate
wiih 00 per cent lead and 3 per cent copper content as
well as a coppoer concentrate with 25.5 per cent copper,
21 fer cent lead «t a recovery about 80 per cent lead
srnd 98 perc cert ‘opper into the respective concentrates
(o1 an initiel bulk concentrate where 40 per cent of
coppcr -re chalcocite).
“tem L of uvhe gsecond purt of this paper describes a
Separailon procecs without using cyanide, and the dezinc-
co f7€'l
A of iyad- concentrates assaying copper in form of
ile '__:; This procedure is bused upon the dcpression
0o{ _<len& by sodium snlfite (NaasQQand ferrous sulfate in

Q ..8kly scid medium. The new procedure as compared to the

¢y ~nide muthod and applied to lead~copper concentrate sepe-

33
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.
rition increases the selectivity and reduces the cost of
rineral processing. Applied %o sulfide polyneta;lic ore
‘rom some ore deposit it has ensured ths following metal-
Jur-ieal data: an increase of gold recovery by 3.2 per
>ent, of copper into a sopper soncentrate - by 8.8 per
.:nt, of zinc into a zinc conceantrate -~ by 1.9 per cent.
An upgreding of copper, as well as of lead concentré-

tes has been reached.
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