Correct Interpretation of Data for Better
Understanding of Salt Pillar Behaviour in Mines

ABSTRACT

Striking diffevences arve present between testing
procedures m Ilnboratorier und actuel nuning tro-
cedures. This has many #Hmes resulled in diffi-
culizes or errors when results of laboratory
experiments are applicd to mining conditions,

The most important factor attributing ta the dif-
ferences us that laboraiory samples are usually
being loaded whereas the salt roch surrounding «
newly created mine opening s unloaded at least in
one direction of stress. Reloading may occur when
the vverlaying strata begin to subside.

A number of erroncous conclusions bused on
lebaratory tests and unapplicable iheoretical
assump tions have been published during the past
few years. Although in sity measurements enabled
correction the theories are nevertheless sticssed in
Sfurther publications with complete disregard of
acingl conditions and contradictory underground
measurements. A number of cases vf greater com-
maon tterest will be expluined in more detail,

In conclusion, it is felt that large numbers of in
site measurements are needed for the betier under-
standing of rock salt behaviour under mining con
dittons.

INTRODUCTION

In 1940, a potush mine in Germany was de-
stroved by a rock burst. During the following
vears, at the Technieal University of Berlin, Pro-
tessor W, Schmidt did commrehensive rescarch on
salt rock behaviour under mining conditions, AMest
of his work in the Iaboratory, as well as It potash
and rock salt mines, was devoted to the reasons for
Faitures of salt pitlars,
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One of his most important findings was the an-
swer to the guestion, “Why carnallite can bekave in
two very different wavs; either deforming plasi-
cally, very easily without failure; or lailing
sbraptly by brtrle fracturve without measurable
plastic deformation?” To constant lmited loads,
carnallite  responds by plastie creep. However,
when the same carnallite is loaded or unloaded too
fast, it will fail suddenly in an explosion-like man-
ner, W, Schmidt {1943) was able 1o demonstrate
these phenomena in his [aboratory.

His conclusion was that plastic pillar deforma-
{ton in a mine s by no mesns hazardous, even
whern it results in some slabbing off the surface of 2
pillar. This slabbing is due io plastic creep of the
interior pillar which results in shortening m height,
while the pillar surface tends to remain [ull height.
Therelore, formation of slabs at the surface of a
pillar should be regarded as an indication of sate
condition with respect to a rockburst hazard in
that the pillar is deforming plasticafly. This ex-
cludes the hazard of sudden fallure {Schmndi,
19433,

These conclusions were not agreed to by other
investigarors who based their belief on converr
tioral compressive testing itn the laboratories.
Formulas were developed to caleulste allowuble
oillar loads, disregarding that there is quite 3 duter
ence between the behaviour of an clastic materidl
of known compressive strength us it is loadud, and
the removal of an elastico-plastic marerial like salt
rock out of a mass which is highly swressed by over
burden weight.

B is, of coursc, much more convenient to Com”
duct laboratory tests than to measure deformations
underground. Morcover, underground
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Correct interpretatian af Data

/ measurements are (uite time-consuming due to the

time-dependency of most deformations, It usually
takes years to get reliable results,

During the fifties counsiderable difficulties were
experienced in German potash mines. Numerous
papurs dealing with these failures have been pub-

lished, in particular in East Germany. During the
- past ten years, some Bast German writers have
-been, and still are, guite active at International

Rock Mechanics Conferences, proposing and
changing theories on rock mechanics aspects of

" potash minmng,

In 1958, Hocfer emerged with a dissertation in
which he claims to have found the exact solution

- for right pillar design in potash mines. His theory is
. based on Figure 1, in which measured pillar defor-
" mation rates arc plotted versus pillar loads, which

ate calculated from extraction rates and depths.
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Figure L. Rate of transverse extension in pillurs as « function of the
caiculated pillar load. {Hocfer, 1958-1967)

This figure states that pillar deformation rates
increase rapidly when a certain load is exceeded.

- Therefore, under high pressurcs conventional pot-

“ash mining would become almost impossible be-
. cauge pillar deformation rates would become too
“high. However, some believed this figure was based
" on wrong assumptions, When it was presented for
* the first time in 1958, it was guestioned by several

published discussions (Wiltkening, 1959 Baar,

1959). Nevertheless, it was again presented in New
- York, 1964, and Hoefer’s reply to criticism was,
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“In his opinion the laws of nature would also hold
true in salt mining.”

I certainly agree with this statement. However, I
still disagree with this figure. It has litdle in com-
mon with laws of nature. It is my concern, how-

ever, when Hoefer’s curve is referred to in subse-

guent publications. The question whether this
figure is right or wrong is by far not only an aca-
demic question, It strongly affects the economics
of potash mining. I believe it is indispensable to
anzlvze it m more detail,

Fortunately, all basic data on which this figure is
based is published in Hoefer’s dissertation (1958).
So it is possible {0 yeevaluate these data,

PILLAR DEFORMATION UNDER
VARIOUS CONDITIONS

Before Hoefer's data is reevaluated, some funda-

mentals should be recalled:
(2) High deformation rates occur immediately
after mining. Undisturbed deformations measured
shortly after mining at IMCC ( Canada), Esterhazy,
are shown in Figure 2 (after Zahary, 1965}, Total
vertical and horizontal room closare is plotted ver-
sus time. Mining depth is 3140’, initial room width
is 21', initial room height is 7.5°, The rooms are cut
by twin boring machines, resulting in an obround
cross-section,

Measuring the horizontal closure {curve H) be-
gan 2 davs after mining, measuring the vertical
closure {Vm]} started 4 days after mining.

Initial deformation rates are much higher in ver-
tical than in horizontal direction. This is due to
yoom size and room shape. Horizontal deforma-
tions are more restricted by less room height and
by the circular pillar surface than are vertical defor-
mations.

Curve Vm has been clongated to mining time
zero. This gives an idea of how much deformation
is not measured because measuring began 4 days
after mining. The actual vertical deformation since
mining is approximately by curve Va.

The total horizonial closure of a room repre-
sents the pillar extension between two rooms.

Similar pillar deformation curves have been
found by European investigators. These deforma-
tions during the first davs or weeks after mining
are not caused by loading, but by siress rclief in
one direction {rom a highly stressed mass. This was
pointed out in a conuibution to the Second
Symposium on Salt {1965).
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Figure 2. Typical room dosure curves measured at TMCC {Canada)
Ltd. (after Zahary, 1968,

¥ Horzental Room Closure,
Vit Measured Vertical Closure,
Va Approximate Vertical Clonsre since Mining.

(b} Temporary increase in pillar deformation
does not necessarily indicate increasing pillar loads.
I would like to refer to Figure 3 which is taken
from my paper presented to the Second Sympo-
sium of Salt (1965).

At points B in this figuse, one side of the respec-
tive pillars was increased in height from 2.5 to 6
meters (8.1 to 19.8'). This procedure does not in-
fluence the theoretical piltar load calculated from
overburden weight and extraction rate.

However, increasing the pillar height means in-
creasing the surface from which one direction of

stresses Is removed. This additional stress relief
causes increasing creep rates,

{c) Temporary mcrease in creep rates can also be
caused by blasting in the vicinity of a measuring
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site, Various degrees of influence of this type are
shown in Figure 4 (from Kampf{-Emden, 1856},
‘The distance up to which an influence of mining
activity on creep raies is measurable has been
found to he up to 150",

Again, I would like to emphasize in particulay
the typical course of a normal undisturbed creep
curve (Fig. 2} developing after cutting an opening
in a salt mass which is highly stressed by owver-
burden load. Measuring the deformaiions plotted
in Figore 2 began soon after mining, When open-
ings are only a few days old, the deformation rates
arc considerably higher than they are after some
weeks or after some months. The deformation
rates then may slow down to nearly zero, but they
are not dying away finally even in shallow depths
and after many years,

What I would like to stress in particular is that in
Figure 2 a considerable amount of deformation has
not been measured because measuring began a few
days after mming. Had measuring begun 50 or 160

days alter mining, the respective parts in Figore 2
would be missing. Figure 2a.
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Correct interpretation of Data
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Figure 3. Pillar deformation curves affected by mining {Baar 1965).
At points B, one pillar side was increased in height from 2.5 0 6
meters {B,1° to 19.8"),

From this it is quite obvious that deformations
calculated for a period of 100 days can greatly
differ, just depending on the age of any particular
opening or pillar. Whatever deformation rate per
100 days is wanted can be obtained by just picking
a suitable time after mining for the first measure-
ment, or by selecting a relatively short period dur-
ing the early vapidly changing deformation period
and projecting the same rate for 100 days.

INCORRECT EVALUATION OF
MEASURED DEFORMATIONS

Now let us have a look at the measured pillar
deformation curves which Hoefer used for plotting
Figure 1. These curves are shown in Figure 5, each
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Figure 4. Interaction berween pillar deformation and mining activ-
ities (Kampl-Emden, 1966).
1,2.3 Pillar deformation at the respective sites.
29,21,22 Rooms mined before measurements began.,
22A Hoom mined during measuring time.
Mining sturted st dme A at line a, was discontinued at time By at
line b, and resamed at dme Ba.

point in Figure ! representing the deformation rate
calculated from the respective curve in Figure 5
{same numbers).

Regarding what is known from Figures 2, 3 and
4, it is possible to analyzc qualitatively the carves
in Figure b and explain the probable reasons for
any particular deviation from the normal course.
This is donc in Table 1.

Table §.

Characteristics of Deformation
Curves in Figure 5.

1. Regular retisf deformation curve, measurements be-
gan shortly after mining.

2. Same, excepl measurements began more days after
mining, Mining activity started approximately 50
days after meast rements hegan.

3. Regular curve, measuring bhegan approximately 50
more days after mining, compared to No. 1,
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4, Measuting began some months after mining, Mining
activity hetween 50 and 220 days caused temporary
increase in deformation.

5, Same as 4, except mining activity started 150 days
after beginning of measurements.

£. Seme as 5, except mining activity was at a greaisy

distante.

74, Regular deformation scurves, measuring starting sev-
eral manths after nening,

10-12. Regutar deformation curves, measuring starting more
than 1 year after mining.

interprated & Reported

C.A, Baar
Apri! 1969

Checking the details which are listed in Hoeler’s
disseriation strongly confirms the qualilative analy-
sis given in Table L

The quantitative differences between the 12
curves In Figure 5 can be cxplained easily when

Curve  Mine and

Na.  Site No.
1 Vi/a
2 SOLN
3 vQa/3
4 50L/3
g BL/S
] SON/3
7 BL/4
3 SON/
8  SGL/Z

1) gtn

H ROG/B

12 RO/1-3

Oepth
{Meters/Teet)

1008/3280
B15/2673
1000/3280

720/2362
850/2788
610/2001

660/2165
580/1902
7208/2362

590/1935
520/1706
37071214

Lorrect intargratation of Daty

regard is paid to the following items which are
known to affect the initial creep rates atter mining
an opening.

1. Depth below surface: The greaier the depth,
the greaier the original stresses, the greater
the initial creep rates,

2. Location with respect to outmined areas:
Along the boundaries of an area in which the
pillars are not fully loaded, the onginal
stresses {ltem 1) are increased by additional
overburden load, resulting in higher initial
creep rates.

. Pillar height: The higher a pillar, the greater
the free rock surface, the greater the initial
creep rates,

All available pertinent data is compiled in Table
1i. From this compilation the reasons for differing
deformation rates become quite obvious. There are
4 groupsy az shown in Table 111,

Table {1. Data of Curves in Figure b.

Total Mining Activity  Pillar Deformatien

Piltar height Age of Room  Measuring XXX Heawy Rate as Calculated
{Meters/feet)  When Measuring Time XX Medium by Hoefer (1958}
{Bays) X  Little {Milimeters/inches;
in 100 days
3.8/2% Days 121 XXX 114/4.49
4.0/13.1 Days 103 XXX 97.1/3.82
5.5/18.0 Days 219 XXX 71.6/3.06
5.0/16.4 Weeks 180 XX 42.5/1.87"
6.5/21.3 Weeks 130 XX 33.8/1.33
8.0/28.5 Weeks 240 XX 33.0/1.30%
6.0/18.7 Manths 308 X 14.0/.55
8.0/26.2 Months 480 X 11.6/.43
5.0/16.4 Months 485 X 9.7/.38
1.5/28.7 Montihs 1245 - 4.25/.17
4,0/13.1 Years 1038 - 31712
4.0/13. Years 453 - 1.81.07

1) only to point A, Figure B
2} only after paint B, Figura %
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Table 111.
Evaiuation of Data in Table IL

Group |  Deformation rates over 3"/140 days

Curves  Measyring began shortly after mining, Heavy
13 mining activity around the messuring sites.

Measuring terminated befare initial high defor-
mation rates decreased,

Group 1! Deformastion rates hetween 17 apd 377100
days.
Curves Measurements began several weeks after mining.
4.6 Oeformations temporarily reectivated by min-
ing activity.

Group 1 parts of curves are missing.

Group \l!' Deformation retes hetween 2" and 177100
deys.

Curves Regular deformation curves, possibly indicating
79 partly reloading of pillars by subsidence.

Group 1 and Y parts of curves are missing,
Group IV Deformation rates ess than 2"/100 days.

Curves  Probably indicating full piflar loads.
1012 Group t—H1 parts of curves are missing,

tnterpreted & Reportad
£.A, Baar
April 1969

Notice that some manipulation was necessary to
obtain the listed Group Il deformation
rates: From Curve 4, the part after point A was
cut off; and [rom Curve 6, the part before point B
was cut off. This means thar these deformation
raies reflect mining activity rather than regular
creep, ‘At curve B, no cutting was necessary since
measurements were terminaied before this curve
returned Lo its regular course.

Hoefer gives no explanation for these manipula-
tions, nor of the yeasons for which these particular
12 curves were selected out of approximately 50
curves published in this dissertation. I believe he
wanted to prove that salt rock deformation under
constant load is governed by the same laws as is
metal deformation.

Curve 1 in Figure B was considered to represent
these laws. This curve shows the extension rates of
tin wires under increasing loads, indicating “‘that
the deformation rate increases slowly under low
stress, but increases very fast under higher stress,”
(Hoefer 1958, p. 22)
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Figure 5. Pillar deformation curves selected to calcuiate deformation
rates plotted i Figure 1 (Hoefer 1958).
1-12 Nambers of curves mfer to swme numbers In points In
Figare 1.
A Part of corve after this point not included in calculation
of deformation rate {Point 4, Fig. 1).
B Part of curve beforc this point not included in calculation
of deformation mte (Peint 6, Fig. 1)
IV Groups lsted in Table 1L
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In order to prove that pillar deformation 1 pot-
ash mines 35 governed by the same law, a similar
rclationship between pillar loads and deformation
raies had to be found.

However, the pillar loads were not known.
Hoefer calculated theoretical pillar loads from
depths and extraction rates. This procedure is ques-
tionable. Tt is correct only in the case that full
overburden subsidence has taken place. To achieve
full subsidence and full pillar loads, an outmined
area must be quite large, its diameter heing greater
than the depth under conditions as they normaily
prevail m potash mining areas. At the Rock Me-
chanics Conference in 1958 this particular assump-
tion of full pillar lvads was contradicted by several
discussions. {Wilkening 1958; Baar 1939)

In his reply, Hoeler claimed that his figure is
based on measured values. Their plot versus theo-
retical pilar loads results in Curve 2, Figure 6,
which surprisingly equals qualitatively the refer-
ence curve {No. 1). This similarity between the two
curves would prove that the measured pillars were
fully loaded.

The similarity between the two curves is indeed
surprising. Much more surprising, however, is what
is found when checking all the approximately 50
measured curves from which 12 particular ones
were selected,

All deformation rates as calculated by Hoefer
are compiled in Table IV, Most of these listed rates
cannot be considered as indicating deformation
under full pillar loads. This is clearly revealed by
the respective deformation curves which arc shown
in Hoefer’s dissertation.

In Table IV, al} valucs which obviously do not
represent pillar loads, are put in brackets and
marked:

I, When belonging 1o Group I of Table 11l
{High deformation rates shortly after mining}

I, When belonging to Group 11 of Table 11T
{Increased deformation rates due to mining
activity}

X, When corrected because partly belonging to
Group T or 1L
Values before correction are put in brackets,

Underlined values only are considered 10 be suit-
able for construction of a curve which represents
the relationship between pillar loads and deforma-
tion rates.

It is seen from Table IV that 17 measured values
were available for theoretical pillar loads over 7000
psi. They run from 4.34 to 114 mmfi00 davs. The

Correct Interpratation of Data

3 values selected to construct the wished curve are
by far the highest valucs, 114, 97.1 and 77.6. Only
this arbitrary selection, disregarding 14 values
which arc much lower, made it possible to plot the
points 1-3 of the desired curve. For theoretical
pillar loads between 6400 and 7000 psi, things
were more difficult. Seven values were availlable,
running from 8.4 to 33.8 mm/100 days. There was
no value available which would fit in between 33.8
and 77.6 mm/100G days. This difficulty was over-
come by some tailoring, simply cutting off parts of
measured curves where the deformation rates did
not fit into the desired curve. This resulted in
points 4 and 6,

There should he no question as to the scientific
value of these arbitrary procedures to find the
points 1-6 of the curve, the result is misleading.
Any wished for curve could be found by selecting
and tailonng suitable values,

CORRECT INTERPRETATION OF
PiLLAR DEFORMATION RATES

The misinterpretation does not do credit to the
valuzble information that had been collected over
years by measuremenis In several mines. The data
compiled in Table IV are believed to be quite saifi-
ctent for establishing the true relationship between
pillar loads and pillar deformation rates.

For this purpose, all values which obvicusly do
not represent deformations caused by loading must
be ehminated. The reasons for climination are
given tn Table IV, All high deformation rates ex-
ceeding the first value of 15.6 mm/100 days must
be climinated since they are caused by relief defor-
mation shortly after mining or by mining activities
in the vicinity of the respective measuring sites.

However, there are also a few very low deloima-
tion rates which have to be eliminated due to local
conditions which would not allow full pillar foad-
ing.

All suitable deformation rates are underlined in
Table TV, Only these values are plotted in Figure 6.

All these values are located in a band hetween
curves A and B, In my opinion, this band & the
most logical continuation of the course of curve 2
after approximately 3600 psi where Hoeler’s curve
turns over into a very flat course to join the criti-
cized point 1-6.

The variations within the boundaries of curves A
and B are easily explained by differences in piffar
height, in petrography and mineralogy, and in load-
ing conditions related to the extent of mined arcas
and to overburden behaviour.
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Calculated
Pillar Loads
Kgfem? fpsi

583 8290

543 1721
513

510

500 7110
480 6826
457 6198

451 8413
440 6257
420 5974

393 5589
337

355

357 5076
277 3939

Mine & No.
of Measuring
Site

Vo1

V0 2,57
VO 8-12
voa

SOl 1
B17,8
B19

SOL Sa
vl 3

SOL3
SOL 4a
SON 3
SON 4
SON Ba

B1§

B1 Ga
B1 4a
Bldb,c
S6L2

811,23
SONG
SON 1,2
BL1 3,4
BL 2

RO 6s, Thec
RO 1-4
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Table V. Measured Pillar Deformation Rates

#114# Values selected by Hoefer

*32.4% Values setected by Hoeter and manipulated
15,6  Values suitable for Figure §

(x19) Values corrected

{61.5) Values eliminsted in Figure &

Fillar REMARKS
Deformetion Rate High creep rates shortly after Mining.
{mm/100 days) Creep rates increasad by Mining.

156 (x19) 1 & il ta 170 days.
(61.5-22.5-26.8-29.2) &N
{31.9-45.8-39.7-46-38.7) &N
#11dy t&
#9714 &I

(4.8-4.34) Tap low, not fuily loaded
16.9

(16.8) {;
#1784 &N

14 {x*32.4%) F & I eliminated

12.7 {x20.6) [ & 17 eliminatad

10 (¥21.9%) 1l eliminated

10 {x24) 1] eliminatad

(3.4 Too low, not fully leaded
#33.8B# H

(28.6) it

#13.9# Site damaged

10-10.6

#9.04

#4.3-2.9-4.2

8.7

21141 H

494324

{9.9) }

L e
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Heefer’s conclusions from the curve he had con-
structed have resulted in some concern among scic
entists dealing with potash rock deformation in
deep mines as in Saskatchewan. A correct evalua-
tion of his basic data results in Curves A and B of
Figure 6. These curves do not indicate a yield stress
above which abnormal creep rates accur in potash
rocks.

I would like to emphasize what several other
researchers have found, for example, L. Obert
(1967) and W. Dreyer (1867): If the width-to-
height ratio of a pillar is greater than approxi-
mately 4, pillar failure is excluded. These very
important {indings allow considerable extraction
rates even at depths of approximately 3500 which
sometimes is believed to be the limit for conven-
tional polash mintng.

In Saskatchewan mines, for example, pillar
heights range from 7.5" to 12", These heights re-
quire minimum pillar widths of 28" to 48 respec-
tively. Fven in the case that a safety factor of 2 is
applied, limiting the pillar width to 56" wand 96
respectively, considerable extraction rates are al-
lowable wilhout pillar tailure hazard.

1 fully agree with L. Obert’s (19675 starement:

“Because the tendency of evaporite minerals to
creep rather than fracture if the lateral constraint is
high encugh, if the width-to-height pillar ratio in
mine pillars is sutficiently lurge (4 or greater for
salt and potash}, the possibility ol a chain reaction
iype of fatlure is excluded.”

‘This statement supports what W. Schmidt reported
some 20 years previous.

OCTAHEDRAL SHEAR STRENGTH
OF SALT ROCKS

The favourable behaviour of salt rocks under
normal mining conditions is in my opinion, due to
the ability to eastlv perform stress redistiitbutions
as required by mining operations. Very low octahe-
dral shear strengths of salt rocks play an important
role allowing “plastic” envelopes or liner to de-
velop around any new cavity immediately after a
cavity iy created.

Many investigators do nod believe n low octahe-
dral shear strengths of salt and potash. Possibly
they are misled by conventional Jaboratory testing
on samples which suffered strain hardening by de-
formation before or during testing.

It is well known that the limit of elastic behav-
tour of salt samples can be raised considerably by
loading and unloading when uniaxial loads arc

applied.

Carracr fntarpretation of Data

Under triaxial stress conditions, however, as is
the case behind the surface of an underground
optening, the octahedral shear strength of salt rocks
is only very hittle influenced by strain hardening.

‘This most mmportant fact was concluded rom
pressure measurements in sealed bore holes. Some
resulis were presented to the Second Svmposium
on Salr, 1965, This conclusion was recentlv cun-
firmed by W. Drever’s {1967} caretul testing on
samples under triaxial stress: The octahedral shear
strength of rock salt under confinement was found
to be only 50 psi at 285 psiload. It increased Lo 73
psi al 3700 psi lead, Under the same loads but
without confinement it increased from 135 psi to
1750 psi.

Many theoreiical considerations and caleulations
arc based on octahedral shear strengths around
1000 ps1 or even up to 2000 psi. (Which had been
found by conventionai testing). Such calculations
musi be miskeading when ihe true octahedral shear

strength of salt rocks is less than 100 psi.

CONCLUSIONS

Striking differences are present between testing
procedures in laboratories and actual mining pro-
cedures, This has resulted in difficulties or crrors
when results of laboratlory experiments are applied
to mining conditions,

The most important [actor atiributing to the dif-
ferences is that laboratory samples ave usaally
being loaded, whereas the salt rock surrounding a
newly created mine opening is unloaded ai least in
one directon of siress. Reloading may occur when
the overlaying strata hegin to subside.

In conclusion, 1t is felr that more underground
measurements and correct interpretations Aarc
needed for betler understanding of sali rock behav-
iour in mines. Time is a very important faclor in
salt rock deformation.

It is ditficult in the laburatory to reproduce the
stress conditiens o which salt rock is subjected
under mining conditions and to make sure thar the
properties of a salt sample are nol changed hefore
or during testing in a laboratory.

REFERENCES

Baar, C.A,, 1959, Contribution to Discussion,
Internationa Rock Mechanics Conference.
Leipzig 1958: Discussions Vol., p. 51-55, Ber-
lin, Academie-Verlag.

———, 1959z, Potash Mining Methods must be Re-
formed: Bergbautechnik, v. 9, p. 250-260.

Bharoen..



-_erect imterpretation of Data

—emy 1964, Contribution to Discussion of K.H.

Hoefers Paper, IV lniermnaticnal Conference on
Strata ‘Control and Rock Mechanics, Columbia
University, New York, N.Y.; 1964

. , 1953, Mmsun,ments ni Rack Pressure and
-P:liar Iuaés in Deep Potash Mines: Sccond
- symposium on salt, NO.G.S., “Cleveland, Ohic,
1965. '

Drcw:r, W '{967 Dz\e'FeSt '-elism’ﬁlgensdmften
-\iamer}}rher Gesteine, Insbesondere Der Salz
“und- Kz,rbonbesteme {Properties of rocks, in par-
' muiar Sult and’ L.arbomiemus Rocks} Berhn

T Rock: IV I,ntern'
ence, Lupz.i 1958._-8(1"1:&1 Akddemle ‘vcr]ag

Pntash Mmes 117 In{ematmnai Confe:ence on
Strata Costrol and Rock Mechanics, Coluinbia
Universitv, New York N. Y 1964,

289

Mines): Paper presented at the V International
Mining Congress, Moscow, July, 1967, Published
in Bergakademie, v. 19, p. 381-389.

Kampi-Emden, G., 1956, Analysis of Strata Move-
ment Cavsed by Mining a Potash Deposit, Disser-
tation, Clausthal Mining Academy.

Obert, L., 1@6? Deformational Behaviour of

Model Pillars mad{ from Salt, Trona and Potash
Ore

Schmide, W., 1943, Gesieins-Festigkeit im Bergbau
(Rock Strmg!h under Mining Conditions): Kali,
v. 37, 8p.

Stufck U

1962, Evaluatwn of "&!ew Fmdmgs n

ey 195G, Ccimributicn to Discus',ion' in Inter-
nanoncﬁ Rock Mechanics Conference, Leipzig,
1958, T}I%LU.SS}JBIIS Vol., p. 50:61, Bexlin,
Akademie-Verlag.

Zehary, G., 1565, Rock Mechanics at International
Minerals and -Chemical Corp. (Canada)
Limited: 'ih;r-d (.a.na:han Sy mp{‘rﬂlum of Rock
Mechanics, U 5.

T A




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

