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ABSTRACT 

Creep tests have been performed on sets of 

cylindrical model pillars made from potash ore mined in 

Saskatchewan. The model pillars have been subjected to 

constant axial stresses of 5000, 6000, and 7000 psi at 

constant temperatures in the range 80°F to 110°F for a 

period of time of 1000 hours. These test conditions 

represent actual mining conditions existing between 3400 

and 4500 feet depth in Saskatchewan. 

The test results indicate that the pillar 

deformation can be separated into two phases, transient 

and steady-state creep. There were no signs of tertiary 

creep occurring in any of the model pillars during the 

tests. Most of the deformation occurs in the transient 

creep phase, and it is considerably increased by an increase 

in either temperature or axial stress. Steady-state creep rate 

appears to be relatively unaffected by an increase in 

temperature or axial stress. 

For steady-state creep, which commences approximately 

200 hours after the start of the tests, the axial natural 

strain, C , could be related to the time, t, by a function 
- b of the form E=at , where a and b are constant for any 

particular temperature and axial stress. 
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CHAPTER I 

INTRODUCTION 

1.1 General 

The potash beds in Saskatchewan occur in the 

upper portion of the Prairie Evaporite Formation. This 

formation is more than 600 feet thick in places near the 

center of the basin and is of Middle Devonian age. The 

Prairie Evaporite is part of a cyclical succession vri th 

carbonates belov-1 and red dolomitic mudstones ("red beds n) 

above. Three major cycles of this type occur in the Middle 

Devonian rocks of Saskatchewan. The basin in which salt 

deposition took place extended from the northwestern corner 

of Alberta southeastv1ard across SaskatchevJan into I1anitoba, 

North Dakota and Montana. This basin is referred to as the 

Elk Point Basin and is more or less on the site of the older and 

younger williston Basin. The depth of burial of the Prairie 

Evaporite Formation increases from 3000 feet to 6000 feet 

south1-vard. 

The necessity for better Ground control when 

mining potash in Saskatche1>J"an at depths greater than the 3000 

feet now encountered will present serious problems. It will 

mean not only the design of safe mine openings, but also 

reducing the danger of seepage of water from overlying 

sediments. The necessity for reducing the extraction ratio 

must also be considered v.Ihen mining at these depths. 
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It is known that evaporites tend to deform visco

plastically when their yield point is exceeded, and this 

continues while stresses above the yield point are present. 

This type of time dependent deformation is called visco

plastic creep. The creep under stresses below the yield 

point is called viscoelastic creep. In the latter case, 

the rate of deformation is generally less than the rate of 

deformation in viscoplastic creep. 

In potash mines the stress on pillars, and hence 

their vertical convergence as a result of creep, increases 

with increasing depth, extraction ratio and temperature. 

The average vertical stress on a mine pillar can be calculated 

from the following formula (Hedley, 1967): 

~1here 

<J is 

R is 

n is 

~ is 

strata, 

the 

the 

the 

the 

cr= ~\,_\_ 
\-R 

average stress 

' 
• • • • 1 

acting on the pillar., 

extraction ratio, 

depth below surface, and 

specific weight of the overlying 

(approximately 1 psi per foot of depth). 

This relationship is true only if the deadweight of the 

overlying strata is immediately applied to the pillars. In 

fac\ due to the elasticity of these overlying strat~ it often 

takes some time for the deadweight to be applied to the 

pillars. 
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Figure 1 shows the relationship between extraction 

ratio, mining depth, and vertical stress applied on mine 

pillars. For any given conbination of stress and mining 

depth, the corresponding extraction ratio can be read directly. 

Also indicated on the figure are the approximate depths in 

Saskatchewan at which the temperatures 80°F and 110°F are 

found; these are 3400 feet and 4500 feet respectively. 

According to Heim's rule (Jaeger, 1962),the stress 

in rock materials found at any depth beneath the surface tends 

to become hydrostatic over a period of time, because 

of creep. This is particularly true for ~oplastic materials 

such as evaporites, for which the stresses will quickly 

approach a hydrostatic condition, even in the presence of 

tectonic forces. 

Pillars in a potash mine may appear to be competent 

and stable immediately after excavation of the mine opening. 

However, if they are not designed properly it is possible 

for them ultimately to fail and become unable to support the 

roof after a certain period of time. At higher stresses and 

temperatures,any failure will occur earlier than at lower 

stresses and temperatures. 

The rate of convergence is the best measure of the 

competency of a mine pillar, and for predicting its failure 

after a period of time. The higher the convergence rate the 

less time it takes for a pillar to become unstable and reach 

failure. The convergence rate can also be used for comparison 
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of rates of deformation in different mines or at different 

sections of the same mine. Consequently, it is necessary 

to gain adequate knowledge of the creep characteristics of 

potash to design safe mine pillars. 

This investigation considers the effect of 

changes in stress, temperature, and time on the vertical 

convergence of model pillars made from Saskatchewan potash. 

1.2 Theoretical considerations 

The total strain that results when a rock substance 

is subjected to constant stress may be divided into four 

parts: 

(i) Instantaneous strain, 

(ii) Transient creep at a decelerating rate of strain, 

(iii) Steady-state creep at an approximately constant 

rate of strain, 

(iv) Tertiary creep at an accelerating strain rate 

followed by failure. 

The ideal creep curve for a material possessing 

viscoelastic and viscoplastic components in considerable 

amount, such as potash and rock-salt, exhibits the first 

three parts only of the total strain provided the configuration 

of the test sample is suitable (Obert, 1965). F'igure 2 is an 

idealized creep curve which shows instantaneous elastic strain, 

transient creep, and steady-state creep. Obert (1965) found 

tertiary creep occurred with only one (trona) of the three 
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evaporite rocks he tested,and then only when it was subjected 

to an axial stress in excess of 12000 psi. 

Rheological models are useful for providing a 

better grasp of the mechanics of deformation of a body 

exhibiting creep behaviour (Obert and Duvall, 1967). Creep 

phenomena in rocks have commonly been represented successfully 

by combining an elastic spring, Kelvin unit and viscous 

dashpot in series (Figure 3). This is generally known as 

the Burger's model, and the corresponding creep curve is 

shown in Figure 2. If at time t=o a constant stress is 

applied, the strain in the elastic spring is 

where 

E=-O:_o_ 
I 

.J 
• • • • 2 

E1 is the strain in the spring, 

E, is the Young's Modulus for the spring. 

The strain in the Kelvin unit is given by 

where 

' • • • • 3 

E'2. is the strain in the Kelvin unit, 

C4is the Young's Modulus for the spring in 

the Kelvin unit, and 

1, is the coefficient of viscosity for the dashpot 
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in the Kelvin unit. 

The strain in the dashpot is 

where 

• • • • Lt-

E~ is the strain in the dashpot, 

~zis the coefficient of viscosity. 

The total strain ( €.) will be the sum of the strains in the 

three different elements: 

E. -::::. E I + E. .2J + E:. .3 • • • • 5 

and 

where 

cr;/E \ is the recoverable instantaneous elastic strain, 

o;/E.:L [1 _ li: E:zi:-/3~J is the exponential recoverable 

strain (transient creep), and ~-\:- /3')2... is the non-recoverable 

strain resulting from the steady-state creep. If after some 

time t, the stress ere;, is remov.ed, there is a recovery of 

the ela.stic strain follovved by an exponential recovery of 

strain in the Kelvin unit that decreasesthe strain asymtotically 

to the permanent deformation in the dashpot. 

The strain E. dealt with above is often taken as 
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the elongation, defined as 

• • • • 7 

where 

f is the final length, 

e~ is the original length. 

In its incremental form for small strains 

• • • • 8 

(noting that compressive strains are here defined as positive). 

Equation (8) relates the change in length, re to the original 

length ~ 0 • For large strains, hov-1ever, it is more desirable 

to relate the change in length \e to the actual current 

length, ~ , so that 

• • • • 9 

The strain~ is then called the natural, or logarithmic, 

strain. Integrating over the whole change in length from 

fo to ~ gives 

• • • • 10 

Experimental studies on rocks under uniaxial and 

triaxial loading conditions have shown that by a suitable 
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adjustment of the four constants, 1'1, , '>']t. , El , and E2. , 

equation (6) can be made to fit experimental creep data 

on some viscoelastic rocks (Obert and Duvall, 1967). 

However, although rheological models are useful in obtaining 

an idea of how rocks deform over a period of time, they are 

not essential in describing creep behaviour. 

Parsons and Hedley (1966) found that the creep 

behaviour of the majority of the rocks they tested could be 

approximated by a strain versus log-time relationship. 

Obert (1965) found that if the Burger's model was applied to 

evaporites then the viscosity coefficients were functions 

of stress. He found that for these rocks the strain was 

related to the pillar axial stress and time by a power function 

of the form 

• • • • 11 

where 

E is the vertical strain, 

<J is the axial stress, 

-l is the time, and 

0 n 
' 

and o< are constants. 

However, this relationship was not substantiated in the tests 

reported here. 

1.3 Summary of previous work 

Many researchers have investigated the creep 

properties of different rock types, especially plastically 



9 

behaving rocks such as rock-salt and potash. 

Obert (1965) investigated the deformational 

behaviour (creep) of simulated model pillars made from 

rock-salt, trona, and potash. The first phase of his 

investigation was to design a model pillar realistically 

related to its prototype in the mine, so that the actual 

deformation in the mine could be approximated by testing 

scale-model specimens uniaxially in the laboratory. His 

test specimens were cylindrical in shape, with central 

peripheral parts ground out with a cylindrical grinder 

so that they would represent the rooms,and the remaining 

solid parts would represent the pillars. The projecting 

upper and lower portions of the specimen represented the 

roof and floor of the mine pillars. He cemented steel 

rings around the top and bottom portions of the specimens 

to simulate the necessary lateral confining pressure that 

exists in mine roofs and floors. The steel rings also 

provided a way in which the lateral stress in the roof and 

floor of the model pillars could be calculated from the 

hoop strain measured in the rings. 

Obert suggested that although mine pillars are 

usually rectangular in section, cylindrical pillars having 

the same diameter-to-height ratio as width-to-height ratio 

of rectangular pillars, will behave in the same manner. 

The first phase of Obert's investigation indicated 

that the evaporite rocks which exhibited viscoelasticity 
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and viscoplasticity, such as rock-salt and potash, would 

tend to flow rather than fail in a brittle manner, 

provided the diameter-to-height ratio of the pillar was 

equal to or greater than 4. Tests were conducted at room 

temperature for a period of 1000 hours under axial stresses 

of 2000 to 12000 psi. His results indicated that the creep 

rate in model pillars made from rock-salt and potash 

became constant after a relatively short transient initial 

period. He found also that the creep rate varied as some 

power of the applied stress. There appeared to be a 

qualitative agreement between the results of model pillar 

tests and in situ measurements. His attempt to fit the 

model pillar data for a given rock type to Burger's 

rheological model was not successful, as already noted. 

Serata (1964) investigated the time-dependent 

deformation of pillars made from rock-salt in order to 

determine if the behaviour of the model pillar agreed with 

his mathematical theory based on continuum mechanics. 

His specimens were 5-inch cubes containing semicylindrical 

openings along the centerlines of their four sides to 

represent the mine openings. The specimens were loaded 

axially while the top and bottom portions of the models 

were confined to prevent lateral movement of the salt. 

The lateral pressure was made nearly equal to the natural 

lateral pressure expected in a formation not subjected 

to tectonic stresses. Tests were conducted on two models 



having width-to-height ratios of 10 and 16.6 and axial 

stresses of 5300 and 4300 psi respectively, at room temperature 

for a period of almost 130 days. Theoreticall~ he found that 

the total deformation of the model pillars could be separated 

into tl.nro components of viscoelastic and viscoplastic fl01H. 

Experimental results for the two different pillars showed 

reasonably good agreement with the mathematical theory if 

the logarithm of strain rate was plotted versus time. The 

linear parts of the semilogarithmic creep curves for the 

two specimens were parallel, and the rate of creep continued 

to decrease throughout the test of 130 days. 

Lomenick (1966) studied the time-dependent accelerated 

deformation of model pillars made from rock-salt at elevated 

temperatures and pressures. His models were similar to 

those of Obert; cylindrical in shape with central peripheral 

parts removed to form the pillar and surrounding rooms. He 

studied the effect of different thicknesses of salt (7/8, 2 

3, and 4 inches) at the top and bottom parts of the models 

for pillars having dimensions of L~ inches diameter and 1 inch 

height. Again, lateral constraint was provided by steel 

rings at the top and bottom portionsof the specimens. Tests 

0 0 0 0 1trere conducted at temperatures of 22.5 , 60 , 100 , and 200 C. 

for axial loads of 2000 to 10000 psi at each temperature. 

These tests showed that marked increases occur in the rates of 

deformation of salt pillars at high stresses and elevated 

temperatures. It was observed that there i~~Tas initially a high 
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rate of deformation that diminished with time. The creep 

rate vvas found to continue to decrease even after more than 

3 years of testing in one case. Lomenick proposed the 

follov1ing empirical relationship bet1r>reen pillar deformation, 

stress, temperature, and time based on the results of the 

tests: 

• • • • 12 

~:vhere 

E: is the strain rate (in./in./hr.), 

T is the absolute temperature (OK), 

o- is the average pillar stress ( . '\ pSl), and 

t is the time (hr.). 

Lomenick apparently preferred to use the elongation for his 

definition of strain, despite the large strains encountered 

in his experimental work. 

Lomenick found that there was an increase in 

deformation at a particular time if the roof and floor 

thickness was small. JLn increase in roof and floor thickness 

to twice the pillar height or greater was found to reduce 

the deformation to a fairly constant value. 



CHAPTER II 

SPECit·1EN PREPARATION AND TEST PROCEDURE 

To approximate the deformational behaviour of potash 

pillars in mines, model pillars were made with their surround-

ing rooms and roof and floor portions to simulate the 

conditions existing in mines. The test specimens used in 

this work were cylindrical in shape, with their central 

peripheral parts ground out to form the rooms. The remaining 

solid part v.ras in ten( .,_ to form the pillars. The prc\jecting upper 

and lower parts, above and below the pillar, were intended to 

represent the roof and floor respectively. Bradshaw et al 

(1964) discussed the validity of representing pillars of 

rectangular sections in mines by model pillars of cylindrical 

section. They indicated that this was a valid assumption if the 

model pillar diameter-to-height ration was equal to the width

to-height ratio of the mine pillars. 

Steel rings were cemented to the roof and floor 

portions of the specimens with epoxy resin to provide the 

necessary lateral confining pressure prevailing in the mine. 

The importance of providing this confining pressure by means 

of steel rings has been discussed by Obert (1965) and 

Lomenick (1968). Lomenick (1968) also noted that, to determine 

the stability of mine pillars composed of viscoplastic 

materials like rock-salt (or potash), it is necessary to 

simulate both the mine pillars and mine roof and floor conditions 

13 
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in the models, He added, however, that for brittle rocks 

like dolomite, the roof and floor stress conditions apparently 

do not greatly affect the deformation of the pillars. 

The vertical convergence of the model pillars 

under uniaxial loading "~Has measured between the steel rings 
0 by linear potentiometers attached 180 apart around the 

rings. Four foil-type electrical strain gauges were used 

for each sample to measure the lateral strains in the steel 

rings. Tvvo gauges ~Jere bonded to each of the steel rings 

180° apart, by using Budd GA-1 adhesive and following the 

procedure in Budd Manual I-01-9 for perfect adhesion. 

The potash specimens were all obtained from a 

single block of ore by first cutting them roughly to 

size with a chain saw. The rough blocks obtained in this 

way were then cut to their approximate shape on a band saw. 

Finally, the blocks were ground to their final dimensions 

in the grinding machine illustrated in Figure 4. This 

machine is capable of grinding the cylindrical and plane 

surfaces of the potash samples to v.Ji thin+ 0.001 inch of the 

required dimensions. All specimens were cut such that the 

axis of loading vvould be perpendicular to the bedding 

plane. 

T':!O different sets of model pillars vvere tested, 

having the same pillar dimensions of 6 1/2 inches in diameter 

and 1 5/8 inches in height, but different thicknesses of 

potash (1 1/8 and 2 1/e inches) above and below the pillars. 
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To reduce the influence of grain size on model pillar 

behaviour, it was considered desirable to have at least 1000 

grains in a model pillar. Model pillars having the dimensions 

mentioned above fulfil this condition. 

Steel rinss 1 inch and 2 inches in thickness 

respectively were used with the two sets of pillars. The 

ends of the roof and floor portions of the specimens were 

allowed to extend 1 1/8 inches above and below the steel rings 

so that, when they ltlere loaded, no axial stress 'tvas applied 

to the steel rings. 

In order to reduce friction between the compression 

testing machine platens and the potash sample, pairs of 

greased polythene sheets were placed between the platens 

and sample. In this way it was ensured that the potash sample 

was uniformly loaded over their plane surfaces, as recommended 

by Serata (1964) and Obert (1965). 

All tests were conducted in a temperature-controlled 

insulated room (Figure 5), equipped with a fan and heater to 

provide the uniform temperature desired. 

The first set of tests '\.'Jere conducted on samples 

having 1 1/8 inches of thickness of potash in the roof and floor 

at temperatures of approximately 80°F and 100°F lvith an 

axial stress of 5000 psi. In this set of tests two specimens 

at a time were run to determine any variation in vertical 

convergence rates from sample to sample under similar testing 

conditions. It was observed in this first series of tests 
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that there was little variation in vertical convergence 

between the specimens tested at the same axial stress and 

temperature. It was therefore concluded that potash samples 

cut from the same block "tArere reasonably uniform in their 

mechanical properties. 

The temperature of the air in the controlled 

temperature room during the first series of tests was kept 

to bet'tveen+ 0.3° F of the desired value. Hot!fever, the sample 

temperatures were always found to be a few degrees lower 

than the air temperature. In the first set of tests, the 

temperatures referred to are the air temperature inside the 

controlled temperature room, because no facilities were 

available to measure the sample temperatures continually. 

A second set of testson samples having rocf and 

floor thickness of 2 1/8 inches was conducted at sample 

temperatures of 80~ and 110° F, with axial stresses of 5000, 

6000, and 7000 psi (Figure 6). One sample was tested at a 

constant temperature for each value of axial stress. The 

tests were then repeated at the second temperature level. 

Samples having a thicker roof and floor than those in the 

first series of tests were used, since Lomenick (1968) noted 

that a thicker roof and floor would better simulate the 

actual mining conditions. In the second series of tests 

thermistors were mounted on the samples to measure their 

temperatures. The temperatures80~, and 110° F on the samples 

were kept constant throughout the test 'tvi thin+ 0. 2° F of the 
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desired value. For these tests the air temperature was always 

a few degrees higher than the sample temperature. The 

temperature of the air inside the controlled temperature room, 

together with the temperatures of the samples were recorded 

intermittently by a scanning tele-thermometer (Yellow Spring 

Instrument Company, model 47). 

Before applying the actual test loads on the 

specimens, an axial stress of 750 psi was applied to all test 

specimens for 24 hours to seat the loading platens on the 

samples. This stress was then removed for several hours and 

the base readings for the linear potentiometers and strain 

gauges were recorded immediately before applying the test 

loads. 

The duration of the tests in each case was slightly 

more than one thousand hours. 



CHAPTER III 

EQUIPMENT FOR CREEP TESTS 

All tests were conducted in an insulated room to 

keep the required temperature constant throughout the test. 

A fan vvas used to ensure a uniform temperature distribution. 

The temperature controlled room shown in Figure 7 contained 

three hydraulic compression testing machines (Soiltest 

Model CT 728). 

Figure 8 shows the schematic layout with the 

hydraulic circuit to provide constant loads. The loads on 

the samples were initially applied by using oil pumps 1, 2, 

and 3. The loads were then kept constant by using the pressure 

intensifiers operated by compressed nitrogen through individual 

pressure controllers. 

Two linear potentiometers (CIC Model 113) having 

1 inch displacement were attached to the upper steel ring of 

each specimen 180° apart to measure the vertical convergence 

between the two steel rings. A 10 volt d.c. power supply was 

used with the linear potentiometers. The voltage output of 

the linear potentiometers, which was directly proportional to 

the displacement, was read on a digital voltmeter (Digitec 

Model 201N). 

Two metal foil strain gauges mounted 180° apart on 

the centerline of each steel ring were used to record the 

lateral strains in the rings. From these the radial stress 

18 
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exerted by the roof and floor on the inner portion of the 

rings could be calculated by using the following equation 

for stresses in a thick cylinder subjected to internal 

pressure only (Timoshenko and Goodier, 1951): 

where 

c e.l '.J-- c:l2.) 
c::r, = ------- ' . . •• 13 

~ is the radial stress exerted on the inner 

part of the ring, 

E is the hoop strain measured on the ring, 

Q is the inside radius of the ring, 

b is the outside radius of the ring, and 

~ is the Young's Modulus for steel. 

To obtain the mean lateral strain for each sample, 

the average value of the readings for the four strain gauges 

was taken. The outputs of the twelve strain gauges attached 

to the steel rings were measured with a strain indicator 

(Budd model P 350) and 12 channel switch and balance unit. 



CHAPTER IV 

RESULTS AND CONCLUSIONS 

4.1 Discussion of results 

Figure 9 and 10 show tbe creep curves for model 

pillars tested at constant temperature of 80° F and 110° F 

respectively, and at various stresses. For each sample 

there is initially a high rate of convergence which decreases 

with time. This decrease in convergence rate is shown to 

continue to 1000 hours. It is observed that the degree of 

convergence increases with higher stresses and temperatures. 

It can be seen in Figures 9 and 10 that the 

transient creep phase is completed in approximately the first 

200 hours and most of the total deformation occurs in the 

transient creep phase at both temperatures. An increase in 

axial stress and temperature does not appear to play an 

importa_nt role in the steady-state creep phase, \vhereas it 

increases the transient creep considerably. There were no 

signs of tertiary creep occurring in any of the model pillars 

during the tests. 

In Figure 9, the creep curve for 7000 psi reflects 

a lower absolute convergence than expected. The reason for 

this is attributed to the degree of confinement afforded by 

the steel rings, which as will be indicated later was greater 

for this sample than for the others. 

Figures 13 and 14 show plots of natural strain 

20 



21 

versus time on log-log coordinates at 80° F and 110° F 

for different axial stress levels. At both temperatures 

after 200 hours, a straight line relationship exists between 

the log of natural strain and the log of time, which 

indicates an exponential relationship between natural strain 

and time in the steady-state creep phase. Natural strain 

was used instead of normal strain because it is more 

significant for the large strains that occur in viscoplastic 

flow. 

Straight line portions of Figure 13 and 14 can 

be expressed empirically by the following 

• • • • 14 

where 

E is the natural strain, 

t is the time, 

6 is the slope of the straight line, and 

a. is a constant. 

Both ~and b are functions of the axial stress and temperature. 

For any given axial stress and temperature condition and at any 

time the natural strain can be calculated from equation (14). 

The natural strain rate can be found by taking the time derivative 

of the function for natural strain. Because of the narrow 
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spread of temperature and pressure in these experiments it 

was found impossible to establish stress and temperature 

functions as obtained by Lomenick (1968). Values of a and b 

have been calculated for each of these tests and are given 

in the appendix. 

Figure 15 shows creep curves for four model pillars, 

with 1 1/8 inches of potash in the roof and floor, held at 

approximately 80° F and 100° F with an axial stress of 5000 

psi. It can be seen that the vertical convergence is much 

higher than for samples having a thicker roof and floor of 

potash. It appears that the pillars having a thicker roof 

and floor show less deformation than the pillars having a 

thinner roof and floor. The test which was run at 80° F was 

terminated at 300 hours because of a burst pressure gauge. 

On the basis of tests at the higher temperaturesit was 

possible to extrapolate these results to 1000 hours, and the 

extrapolated curves are shown in Figure 15. 

In Figure 16 the calculated radial stresses in the 

roof and floor of the samples are plotted as a function of 

time. These curves show that the radial stress increases 

with increasing axial stress at all temperatures. For all 

axial stress conditions at 80° F, the radial stress increases 

smoothly throughout the test, but at 110° F the radial stress 

quickly reaches its asymptotic value and remains fairly 

constant at this value until the end of the test. 

In Figure 16 the radial stress curves at 5000 and 
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6000 psi and 80° F lie below the curves for 5000 and 6000 psi 

and 110° F for times less than 200 hours. For times greater 

than 500 hours, curves at 80° F lie above those at 110° F. 

This is probably because more deformation occurs in the 

transient creep phase at higher temperatures, than at lower 

temperatures. As it appears that temp·erature does not play 

an important role in the steady-state creep phase, the radial 

stress in this regime at a lower temperature does not vary 

much from that at a higher temperature. 

The radial stress versus time curve at 80° F and 

7000 psi seems to be anomalous compared with the other radial 

stress curves, as it lies well above the radial stress curve 

at 110° F and 7000 psi. This anamalous behaviour is probably 

because the steel rings were more tightly cemented to this 

particular sample than to other samples. 

The radial stress versus time curve at 80° F and 

100° F at 5000 psi axial stress for samples with 1 1/8 inches 

of potash in the roof and floor is shown in Figure 17. It can 

be seen that the radial stress for the rings of samples with 

the thinner roof and floor is much higher than for the samples 

with thicker roof and floor tested under the same conditions. 

Figures 18 and 19 show the radial stress expressed 

as a percentage of axial stress in the roof and floor plotted 

against time. At 80° F, the radial stress is between 40 to 

60 per cent of the axial stress after the first 20 hours. 

After 20 hours at 110° F, the radial stress remained constant 
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at 45 per cent of the axial stress for all samples. 

The anomalous behaviour of the radial stress for 

the sample tested at 80° F and 7000 psi is also seen in 

Figure 18. The radial stress expressed as a percentage of 

axial stress for this particular sample is considerably higher, 

55 - 60 per cent, than for other samples for which it is 

40 - 45 per cent. 

4.2 Mechanism of deformation 

McLean (1969) described Saskatchewan potash in the 

area from which the test samples were obtained in the 

following way: "Halite grains are subhedral to euhedral while 

sylvite grains are generally subhedral to anhedral. This 

suggests that sylvite is interstitial to halite. The results 

of four petro-fabric diagrams indicate that halite and sylvite 

grains have a strong preferential orientation of one L1oo) 
cleavage parallel to the bedding. A weaker preference for a 

{1ooj cleavage to parallel the dip of the bedding is also 

revealed. Evidence indicates that the observed fabric is due 

to competitive crystal growth accompanying syntectonic 

recrystallization or annealing recrystallization." 

Figures 20 and 21 show sections of the model pillars 

at 80° F and 110° F subjected to stresses of 5000 psi and 

7000 psi, to indicate the nature of crystal deformation. 

Although the exact mode of deformation is not fully understood, 

it was observed that cavity closure is caused both by lateral 
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flow of material from the pillar into the opening and by 

vertical flow from the roof and floor adjacent to the steel 

rings. The central part of the pillar resists deformation 

because it is subjected to a greater degree of confinement 

than the remainder. The areas covered with a rectangle in 

Figures 20 and 21 were enlarged and are illustrated in 

Figures 22 and 23 respectively. In Figure 23, the flow of 

material into the opening is clearly defined. It was observed 

that sylvite tended to behave in a more ductile manner than 

halite. This behaviour is illustrated in Figures 22 and 

23. 

A thin peripheral layer of potash failed by brittle 

fracture as a result of splitting due to flow in the pillars. 

In the cases of the higher axial stresses, a considerable 

amount of loose potash from the outermost portion of the pillars 

had accumulated in the surrounding openings by the end of the 

tests (Figures 11 and 12). However, for the test at 5000 psi 

axial stress and 80° F, the peripheral layer of the pillar 

had fractured but had not disintegrated, as indicated in 

Figure 11. 

4.3 Conclusions and recommendations 

In order to design safe mine openings with optimum 

extraction ratio, it is necessary to determine the effects of 

pillar configuration, stress, temperature, and time on the 

creep rate of mine pillars. The tests reported here for model 
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pillars at different temperatures show that there is a 

pronounced increase in transient creep with increasing axial 

stress and temperature. Creep rates are found to decrease 

continually with time, which appears to be in conflict with 

Obert's (1965) conclusion that the strain rate remains 

constant with time. However, the results of these tests are 

in agreement with measurements that have been made in salt 

mines, which show that deformation rates tend to decrease 

with time (Bradshaw et al., 1964, Hedley, 1967). 

The present experimental results also indicate 

that for mine pillars in potash having a width-to-height 

ratio of 4 or more, there will be no brittle failure (with 

consequent sudden release of energy) at temperatures as high 

as 110° F and at axial stresses as high as 7000 psi. 

In mines at higher stresses and temperatures the 

vertical convergence rate in the transient creep phase may 

be very high but this does not necessarily mean that the 

pillar will fail. Most of the total deformation will occur 

in the transient creep phase and the creep rate thereafter 

will continue to decrease. If there is no failure in the 

transient creep phase, it is very likely that the pillar will 

continue to support the roof indefinitely, provided the 

width-to-height ratio of the pillar is sufficiently large. 

It is important to bear in mind that the stability 

of the pillars will be reduced considerably if there are 

shale and clay seams present in the roof and floor, because 
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of their friction-reducing behaviour. 

A specific rheological model could not be fitted 

to the creep data obtained from the tests on model potash 

pillars. The Burger's model was found to give a qualitative 

description of the model pillar creep, but the actual 

behaviour was found empirically to be best fitted by a 

logarithmic relationship between natural strain and time for 

a constant axial stress and temperature. 

The study presented here considers the deformational 

behaviour of model pillars over a comparatively narrow range 

of axial stresses and temperatures. The following recommenda

tions are made to obtain further knowledge of the creep 

properties of Saskatchewan potash: 

1. Tests on a number of model pillars at several 

constant temperatures and over a wider range of stresses 

than the ones employed in this study; 

2. Tests on model pillars with simulated shale 

or clay seams in the roof and floor. 

An empirical relationship between stress, strain, 

time, and temperature could then be established more 

realistically. 
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Figure 4 . Grinding machine . 

Ficure 5. Temperature-controlled room , hydraulic 
control and strain measuring equipment. 
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Figure 11. Model pillars with 2 1/8-inches of potash 
in the roof and floor tested at 80°F. 
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Figure 18. Hadial stress as a percentage of axial 

stress versus time for model pillars having 2 1/8-inches 
of potash in the roof and floor at 80°F. 
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Figure 19. Radial stress as a :perce_ntage of axial 

stress versus time for model pillars having 2 1/8-inches 
of potash in the roof and floor at 110°F. 
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Figure 20. Sections of model pillars having 2 1/8-inches 
of potash in the roof and floor deform .r1 at 80°F. 
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Figure 21A. Sections of model pillars having 2 1/8-in~hes 
of potash in the roof and floor deformed at 110oF. 
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Figure 21B. Sections of model pillars having 
2 1/8-inches of potash in the roof and floor deformed 
at 110°F. 
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Figure 22. Enlarged part of section of model pillar 
te~ ,ed at 80°F and 7000 psi axial stress. 
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Figure 23. Enlarged part of section of model pillar 
tested nt 110°F and 7000 psi axial stress. 
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APPENDIX 

Temperature 

Temperature 

a b 

0.019 0.241 

0.077 0.166 

0.131 0.121 

a b 

0.091 0.144 

0.119 0.129 

0.222 0.084 

Values of coefficient a and exponent b in 
expression for natural strain: 
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