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ABSTRACT -
The prediction of long-term behaviar of rock salt pillars can be based on laboratory
experiments only if the effect of difference in volume of the laboratory specimen
and of the underground pillar is firmly established. In order io establish the vol-
ume-effect for Cheshire rock salt, laboratory ckperiments were conducted in which
the effect of a volume increase of 1.000 times was observed. The logarithmic
relationship obtained by the experiments between creep rate and specimen size was

exfrapoiated to actual pillar size,

INTRODUCTION

The influcnce of size or volume of test samples un the
compressive, tensile and shear strength of rocks has been
recognized for g long time (1Y, When the volume of pris-
matic or cylindrical sample is increasing then the specific
rupture sirength {i.e. ofvolume) of the sampie is decreasing
generally. [m practice, rhis variation has to be 1aken into
consideration when the design of pillar is based on the rock
strength determined for small samples in the laboratory,
The problem of assessing the strength of pillar is compli-
cated further when the rock mass from which the piltars ane
formed exhibif time dependent behavior, e.g. rock salt pil-
fars, As far as the amhors are aware, there is no information
availahle regurding the “size—or volume effect’ on the
creep behavior of rock salt, Troxell et al (2) studied the
effect of size and shrinkage on the creep of plain and rein-
forced concrete. Their study 1% irrelevant in respect of rack
salt for obvious reasons, hence their findings are not re-
ferred to herewith. Due to lack of thearetical and empirical
work un the volume-effect on creep a research scheme was
mttiated to investigate the variation In creep behavior of rock
salt with increasing specimen size, with an aim in view o
define un extrapolation procedure for underground targe pi-
lars,

BETERMINATION OF EXPERIMENTAL
PARAMETERS

The dimenpsion of test specimens and the applied load
were sedected on considerations bused parily on mine pa-
rameters and partly on the availability snd capacity of test
equipment. Further.restriction on fest parameters were en-
forced by economic considerations, Theoretical consud-
crations in respect of maximum stress fevels prevailing in
pillars within & production panel indicated that the
maximum siress at the center of the panel is not exceeding
the 17.5 MPa level. For this reasan o slightly higher level,
21.9 MPz wus chosen 10 be imposed on lo the rock salt
blocks to be ested in the laboratory. The furgest hlock size
was deternrined by the lurgest available creep rig.

Since the width to height ratio of the piliars m the panel
werg 2-2.5, then to maintain geometrical simiarity be-
tween in situ pillars and laboratory specimens, a width to
hetght ratio of 2 was chosen.

General features of the rock salt deposit. The salt beds
in the Cheshire area occur within the Keuper Mar! Series.
The sult beds vary in thickness and quality and are separated
by layers of marl. The salt and marl beds are identified by
letters und are valled Zones. At present, only the beds
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Zone B and Zone F are mined. The crysial size in both
zones is ahout 15mm.

Preparation and dimensions of test specimens. Al-
together 34 specimens were cuat from three blocks of | x 1
* 0.5m size. Two of the blocks came from Zene F and the
third block from Zone B. Al specimens were cut dry.
Table ! shows the number and dimensions of the specimens
tested and the zonc the block came from, lican be seen from
the tabte that the ratio of volumes of the smallest and fargest
spectmen is 1,000,

METHQD OF TESTING

In every single creep rig two specimens were loaded
berween smooth stecl platens of a minimum thickness of
38mm. Whenever it was possihle the two specimens be-
longed to the two different Zones so that not only the volume
effect could be revealed but alse the differential behavier of
the two salt bed zones under identical loading condition,
The capacity range of the single loading rams varied from
S0 tons through 100, 150, 200 to 1,000 tons, The Jargest
blocks {(.221 m®) were loaded by four 5300 ton rams. The
rams were iadividually calbibrated to the reguired ol
pressure, This calibration was necessary in order t¢ avold
any discrepancy in the acteal loading because the frictipnal
fosses varied from ram to ram. To avoid loss in load and to
maintain a reasonable pressure control accumuolators were
coupled into every single hvdraulic circuit and these were
pressurized to the required levels by Nitrogen gas. Exam-

ples of testing arrangements are shown in Figures | and 2. ' Figure 1. 2,000 fon .Ere.eb tig. ' :
TABLE | ;
Specimen Dimensions and Number of Tests
Zane Number Dimensions Volume . 3
[ x H¥H m? Log,, Vol
E 2 01762 > 0.0762 x 0.038] 22512 234479
B 4 "
R 4 0.1270 = 0.1270 » 0.0635 10242 300038 g
%.
g i 01905 > 0.1905 x 0.09325 3456 .6 352865
F 2 0.254 ¥ 0.254 = 0,127 81933 391347
F 2 0.3836 x 0.3556 > 0. 1778 22483, 435188
F 2 0.4372 » 0.4572 x 0.2286 277847 4.67929
IB: i 0.762 x (.762 w 038t 2212254 534483
B Total 14
F Tatal 20

34




influence of Volume

A5,
S éﬁ; 2

Figure 3.

With the 2,000 ton-creep rig precautions have 1o be taken
to prevent eccentric loading due o mequal rising of the
pistans of the four rams.

Safety micro switches were mstalled at the four corpers
above the lower plalen and were attached to the outside”™
frame of the rig as shown in Fig. 3. Initiaily the switches

were placed at a distance of lem above the lower platen and
were connected into the control circuit of the. hydrauli
power pack. Had there been any eccenmic Iaadmg‘;
tilting of the lower platen due to the unéqual rise of the foir
pistons, the switches would bave generated a feedback sig-
nal activating a solenoid valve and switching off the hydrau-
lic power pack. .

The deformations of the blocks in the 2,000 ton creep rig
were measured by four dial gauges. These were positioned
at mid- wadth of the four sides of the specimens. At a Jater
date two bther dial gauges were mointed fo measure the
horizontal movement of the steel platen separating the two
specimens. Four transducers were also used as another in-
dependent measurement of the deformation {see Fig. 3).
The rransducers were connected to a data jogger which
scanned the output from the ransducers at certain time
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L mspa{ of ecautmns takan fo maintain consfant loading
: '{,undlt" ns af some of the hydraulic rigs 2 slight loss of
:_.:_dld occur, therefore the pressure had to be in-
creased periodically. The stress, however, was nof allowed
at any time to decrease from its original value by more than
700 kPa, The accwmulator of rig No. 12 did not function
properiy, r_ea.ultmg in loss of }oad and conseguently n:qmred
resettmg of the eil pressure every few days. Ultimately, the
test was stopped and the resnits of the deformations of two
specimens from Zones B and F had to be discarded due to
the step-like loading which distorted the results.

The hydravlic power pack which maintained constant
loud on the rig 18 functioned reasunably well, However,
there were short periods where the pressure transducers
were activated frequently, resulting in a slight increase in
stress, This in effect subjected the specimens to a kind of
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Figure 3. Clo

cyclic loading. The specimens of volume 0.0478 m?
seemed to have been sgueezed at one side more than the
other. Cracks across rock salt grains developed around 160
days after the test was initiated. ¥ is suggested that thesa
cracks were initially developed due to the flucteating mode
of stressing of the specimen. The fluctuating siresses would
he picked up by the weakest zones in the specimen resulting
in further opening and extension of cracks. This has to be
borne in mind when the results of this panicuiar test are
analyzed.

METHOD OF ANALYSIS

The time-strain relationship of 32 tests are shown from
Figure 4 to Figure {0 inclusive. Initially, the time-creep-
strain relationship was approxinzated by apower function of
the form of € = Af® where A and m are constants, € is the
creep strain and ¢ is time in days. The values of A and m for
the 32 curves were formed by the linear regression method.
For assessing the efficiency of the regression equation, dif-
ferent statistical indices were evaluated, The cocf{ficient of
correlation, (R), represents the degree of correlation be-
tween two sets of measurements. Another index is ‘‘the
coefficient of alienalion™, k. It represents the lack of corre-
lation hetween the two sets of measurements. The two in-
dices R and k are represented by a circle of radins 1.0, t.e,

K+ R =1.0
and % = (1 — RIS

Therefore when R is 1.0 then 'k’ is zero and It is imply-
ing perfect correlation. Wher R = 0.99, k = 0.14. How-
ever, when R = 0.5, then k = 0.866, ic. the degree of
relatipnship is less than that of the lack of relationship. It is
only when R = 0. 7071, then the two indices become equal.

From k or R another useful parameter can be derived,
this parameter is the index of forecasting efficiency, 1L.F.E.
(3} and is given by:

LFE. = 100 (1 - k) = (0D (1 ~ (] — REP9)

The residuals fram the regression equation are assumed
to be normally distributed with zero mean. They are uncor-
refated and independent of each other {4). To assess the
degree of deviation from this pattern, Durbin and Warson
(5} have suggested the test:
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CHESHIRE ROCK SALT: SIZE EFFECTS CREEP TESTS)
SPEC. OIM.=0,0762X0.0762X0.0381 .4k (3X3X1.5 IN.)

VOLUME=0. 00022 CU.M. (13,5 Gt
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TIME (DRYS)

Figure 4. Creep curves.
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SPEC. OIM.=0.127X0.127X0.0635 M.

VOLUME=0.00102 CU.M. (B2.5 CU. IN.)
STRESS = 21.0 MPASCAL ,WIDTH/HEIGHT=2
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Figore 5. Creep curves.

350.0

AP R A e BB A+ s e«



384 Fifth Intarnational Symposivm on Sajt—Northern Ohio Gevlogicsi Society

8 CHESHIRE ROCK SRLT : (SIZE EFFECTS CREEP TESTS)
3 SPEC., DIM.=0.19X0.19X0.085 M. (7.5X7.5X3.75 IN.)
VOLUME=0. 00346 CU. M. (211 CU, IN.)

Qg STRESS = 21.0 MPRSCAL (3000 PSI) ,WIDTH/HEIGHT=2
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Figare 6. Creep curves.
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Figure 7. Creep curves.
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P CHESHIRE ROCK S5ALT: (SIZE EFFECTS CREEP TESTS)
SPEC. DIM.=0.306X0.356XC.178 M. (1UXIUX7 IN.]
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Figure 8, Creep curvas,
§; CHESHIRE ROCK SALT: (SIZE EFFECTS CREEP TESTS)
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TIME  {DAYS)

Fipure 9. Creep curves.
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Figure 18, Creep curves,

Durbin and Watson have tzbulated fower and upper fimits
for their statistics. If the calcelated value 1s smalier than the
lower limit, the hypothesis of non-comelation between the
residuals is rejected in favor of positive serial correlation. IF
the calculated valve is larger than the upper Hmit, the re-
siduals are random. If the statistical value lies between the
lower and the upper limits, then the test I8 inconclusive.
Also, if DWW, is greater than 2 then a special procedure,
similar 10 the one described above, applies.

During the testing of the specimens, it was usual 1o find
that the original pressure reduced after a few minutes from
the start of the test becavse the pressurized oil and nitrogen
gas started to cool down. Therefore it was necessary to resel
the pressure to the required level. In time, the heat inside the
accumulator would be the same as the environment and then
the reduction of pressure would be solely duc to the hydran-
lic leakage. For the large specimens i.e, of volume 22.5 x
1073 m®, 47,8 x 1072 m®, and 221.2 x 1077 w* the load
applied hydraulically was controlled by the power pack
through a pressure transducer, Each rig had its own power
pack and there was no need for accumutators to be coupled
into the hydraubic circuit, consequenty there was no need
for resetting of pressurz. Therefore to make the results of
the small and the large specimens comparable, it was de-
cided to analyze the data from Day 5 onwards,

Using the time function described carlier, the parameters
of the equations for the thirty-two fests are given in Table 2.
The statistical indices are aiso included in the table,

in Table 2, the spectmen number is designated so that
the first number or letter refer to the rig number, the second
fetter denotes the position of the specimen in the testing rig.
The abbreviations used in the table for the statistical param-
eters arer

- R = Coefficient of carrelation
k = Coefftcient of alenation
LF. E. = Index of forecasting efficiency
D.W. = Durhin and Watson statistics
¥ = Sum of squares of the residuals

From Table 2 it is found that the parameters A and m do not
show a significant variation with specimen size. However,
the table indicates that when the specimeas belong to the
same zone, their behavior is alike when tested in a single
rig. The overall picture is that m increases as the volume of
the specimen becomes larger, implying a faster creep rate
for larger spectmens. This hecomes apparent when the
specimens of Zone F of volume 0.221 % 1§ *m* are com-
pared with the large specimens, say, of volume 0.221 m?,
i all cases the coetfictent of correlation, (R}, is quite high
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TABLEZ

Aralysis of Data According to the Equation: € = A™

524} Bays
Specimen Yalume
Nao. 107 me Aw Mg m R k IFE W, B % Y Zonwe
6.1 1.2 G976 (1214 999 0.13 7 0054 0,963 B
1. 2212 64927 0202 098 0.17 32  (0.088 0.736 B
131 2212 2.567 0366 097 0.23 4 06204 3. 85% B
15 L. 2x:.2 FEZTY O G220 097 025 4 0.033% 14,817 B
L. 1024.2 G014 G268 099 (.14 86 LLIDE i.346 B
F L. 1024.2 676 0295 098 012 87 LLIIA 2.368 8
C L 1024.2 $.002  0.257 (.99 0,12 B8 Q.19 1 886 B
AL 1024.2 7027 0.232 0.7 023 T4 015 1423 B
1L 3458.6 3,221 0265 0498 D16 R4 D.D52 2,153 B
1L, 343566 4420 0286 068 DU16 B4 0.056 1.756 B
H.L. 456 6 5082 0277 099 Q.15 B3 0,108 1,671 B
K L. M56.6 5826 0.273 059 QLIS 8% 0,190 [.599 B
30.U. 221225.4 5129 0.7 0.9 010 S0 0.0§2 JRALY; L]
6.L. 225.2 6,505 0.IR8 0.8 Ok B4 002 0.436 ¥
815 221.2 §.2%% O.1B1 O0.B8 018 BRI 0.064 [.342 F
{1.u. 2212 5.459 .48 057 025 75 007 55 F
i1 1. 221.2 §45%2 0191 098 017 83 0.080 1075 F
13 L. 22t.2 8158 0.237 098 020 &0 6] 2.329 F
15.L. 232 5178 0247 496 0280 TR (O30 7.586 F
AL 1024.2 4746 0339 099 012 B 0123 2,460 F
C L. 13242 8350 0266 099 (i3 8 0148 1.053 F
B 1124 2 53.365 0.290 099 G113 8 0160 10D F
L.L. Hi24.2 5,153 0.280 099 014 85 0123 1.633 F
H.U. 3456.6 4,089 0272 D99 014 85 0150 0.623 F
K. U, 456.6 6.011 0.268 098 @17 84 0174 1.906 F
1.U. K193.5 4,583 0.332 099 (14 & 0.063 3.676 F
J.L. %193.5 4403 0.325 099 014 B4 0060 316 F
4.4, 22483 6814 0260 0.99 014 84 0025 4,244 ¥
14.L. 224831 6.779 (.247 099 614 B4 Q.02 3.235 F
181 477847 7377 0242 099 014 85 6049 2.855 ¥
18.L 47784.7 76834 0262 099 14 RS 0.033 3.329 F
30.L. 2212254 5107 4,293 D9 13§77 0008 3062 F
%5 3 Days
LU 8143.8 4.447 0340 (099 014 R D045 5.332 F
LL. 8193.5 4,259 10.33¢4 0.8 012 B 0.044 4.878 F
14.0. 22483} 6490 0.275 G.98 0.14 BS  G.0X0 2.318 F
14 L. 224831 6477  0.260 0.99 014 B5  (.021 6.600 F
P8 47784.7 7184 0282 Q48 0183 R4 Q018 19.771 F
18 L. 47784.7 7.292 0261 Q.98 0.ts B3 4.G14 17.788 F
30,0 22012254 4 &15 Q.31 049 0.13 38 0.003 11.494 B
i L. 2212254 4870 0327 0499 010 3 0.005 4.057 F

and so is the index of forecasting efficiency. The residuals,
nowever, seem to axhibit positive serial correlation when
tested with tables given by Durbin and Watson since they
are smatler than the tabulated lower limit for a given signifi-
cance level. The number of observarions, however, in all
cases exceeds 100, which is the maximum number of obser-

vations for which the tables are compiled by Durbin and
Watson, Because the number of observations was well over
00 the tesiduals seem to be correlated according to the
suggestions of Draper and Smith (6). Ir was also found that
as the duration of the test increased, the predicted strains
became under estimated. This can be confirmed from the
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tests when the data were analyzed between 3 and 300 days,
(see Table 2). The sum of squares of residuals gets larger
and a major percentage of the error lies towards the end of
the predicted curve, presumably because the number of
readings taken is always greater at the early stuges of the test
and, as a result the regression curve is biased to satisfy the
early readings.

1t was decided, therefore, to follow another statistical
evaluation and the data were analyzed for the period from
100 to 200 days. The eguation chosen was the equation of a
straight line, i.2.

€= A « Bt

Thus the creep rate, instead of being evaluated from the
power law as € = Ami™ "', was taken as an average over the
period from 100 to 200 days and was represented by the
stope of the straight line, i.¢, by B. The curves shown in
Figures 4 to 10 do not invalidate the assumption of almaost a
secondary stage of creep. The constants of the equation and
the statistical parameters are given in Table 3. Confidence
intervals can be established by using the relationship given
by Smillie {7}, as:

Confidence interval (C.I} = = {C. "Vioa),

1

5 e, — ')
¥

jal

Where C =

§

e, = actual strain, ¢’ = predicted strain
§ = actual time

' is Student’s ¢ ~ distribution for (n — 2) deprees of
freedom, and n is the number of observations,

Thus from Table 3 the average creep rate for specimen
6.U is 5051 peiday. Within 953% confidence interval the
range will be 48 83 nefday-52.19 pe/day.

Table 3 shows a definite improvement prediction wise
and also in the overall statistical picture. The sum of squares
is minimal in most cases. The coefficient of alenation is
reduced leading to a better forecasting efficiency of the
equation. The Durbin-Watson statistic has also improved
and in the case of specimen L.L., the hypothesis of serial
correlation is rejected at 95% significance level. The table
also indicates that there is an apparent volume effect in the
creep rate. There is alsa a gradual increase in the creep rates
for the targest specimens as the volume is increasing from
0,221 x 107% m* to 221.2 x 10~ m?, It can be seen from
Figures 11 and 12 that there is a scatter in the creep rates for

3 CHESHIRBE ROCK SALT -SIZE EFFECT TESTS
A RY. CREEP RATES, 100-20C ORYS
= ZONE 1), WIDTH/HEIGHT = 2
E?‘ o STRESS=21300 KN/SG. K, 13000 PST
o,
"
b
CI L3
[+ S
o o
b
T
uﬂ
g i
8
0.6 94 188 3.60 3. 76 5,70 364 6,50 7.52 .46 4,40

LOG VOLUME

(LU EM.]

Figure $1.  Creep rates for the period from 100 1o 200 days as a function of log Yolvme for Zone F.
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Average Creep Rates Tor the Periods From:

369

Specimen
No.
6.1
B.E.
13.U.
50U

AH.

e
& rean

fal

DL e &
Frooade

L1

Vohie

2212
212
2212
2212

1024.2
10242
1024.2
1024.2

3456.6
3456.6
3456.6
3456.6

2212254

221.2
231.2
221.2
2212
221.2
2212

1024.2
1024.2
1024.2

1024 2

3456.6
3456.6
8193.5
§193.5

224831
22483.)

47784.7
£7784.7

2212254

8193.5
$193.5

224831
22483 .1

477847
477847

2212254
2212254

A x 1B

2,134
1.664
1.006
2.454

i.649
1.935
1.976
t.525

1.38¢
£37)
1.228
1.679

1.578

1,293
2.093
0.949
1.724
1.548
1.203

1422
1.533
1.628

1.547

1.353
1.719

1.402
1.303

1676
1.597

1.873
1.784

1.358

1.944
1.RIS

.98}
1.842

1.564
£.388

1.859
1.645

B
pe/duy
50,51
15.62
43.40
74.48

45.33
71.55
63.34
55,06

46.05
4337
44.34
3v.83

631,68

28.55
13.24
i0.74
34.32
33.69
4378

45.7%
51.07
52.63

71.86
4039
38.67
71.58
66.31

38.81
51.62

65.26
55.10

&.13

47.06
40.34

42.84
3876

17.95
1172

49.47
46.56

c

0.822
0.314
G973
1.533

0.241

0.326
0.470
0.415
0.241

0.360
1791

0.553

0.454
0.722
0.281
0.801
0.870
0.908

0.267
0.185
0,297

0.445

0.456%
£.793

1.307
1.221

Q.554
0,491

D.617
0.613

0.219

0.892
0.733

0.278
G.259

1120
1143

0.232
0.455

TAELE 3
00— 200 Days
R k
099 0609
D97 022
.99 0.13
099 Q.2
0.99 (.04
.99 Q.03
099 0G5
099 0.05
059 0.08
0.5 0.06
099 008
.97 021
.99 0.08
0.9 009
095 020
098 (016
¢o9% D3
0.9 0.8
0.8 .11
699 003
D99 0.02
0.9 004
0.9 005
099  0.06
097 (.28
0.98 0.4}
093 0.1
0.9 005
0% 005
0% 0.06
0499 007
G99 Go2
200-. 300 Days
g.99 007
0.5 {0.07
099 G405
0.99 C.05
099 009
099 Gl
0.5  0.08
088 0,06

93
93

95
89

95
93

DW.

0.254
0.2%0
0.286
0.251
D.481
0381
G.395
0.187

0.375
0413
0.483
0.209

G.221

0.417
0.232
0.502
0.387
0,282
0.261

1.866
1.136
(.368

0.502

0.356
0.1%94

0.150
0.132

0.214
a.212

G.155
.156

0.489

1.320
6,708

C.80«
0.748
G.i34
0.188

0.894
0.309

b3 R
5.733
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Figure 12.  Creep rates for the period from 100 to 200 days as a funiction of log Volome for Zane B.

any particular volume, but the trend indicates a slightly
increasing deformation {or creep) rate with increasing vol-
ume, hoth for Zone B and Zone F salt,

THE DIFFERENTIAL BEHAVIOR OF
SPECIMENS FROM ZONES B AND F

Since one of the aims of the research was to invesiigare
the differential behavior of the specimens from Zones B and
F, the following Table 4 was extracted from Table 3 and
shows the mean creep rates ‘B’ for the period from 100 to
200 days. When a single fest is available, the value of the
creep rate is taken to represent the mean. Table 4 demon-

TABLE 4

Comparison Between the Differential Behavior of
Zone B and Zone F Salt

Yatume Zone B Zone F Percentage
% 16 T peday peeiday Bifference
0.2212 45,00 7.7 3974
1.0242 61.72 53.34 16.34
3.4568 43.40 39.78 8.34
8.1435 s 68.94 oo
32,4831 e 554 e
47 7847 e 0. 18 e
221.2254 63.4% 60.13 5.57

strates that Zone B specimens creep faster than those of
Zone F for a given votume, However, this differeatial be-
havior reduces as the specimen volume increases. These
findings are in agreement with the expectation that with
large volumes, the effects of the individual behavior of the
grains 15 reduced when the specimen volume becomes
adequately large.

Upon companng the creep rates of the specimens ). U
and 30. L {Tabie 3), it 1s found that, while the differential be-
havior amounts to 5.87% (Table 4} for the period from
100200 days, this amount remains almost the same for the
next 100 days i.e. over the period from 200 fo 300 days.
Thus it is suggested that Zone B specimens creep faster
than Zone Fspecimens by at least 3% at any instant of time.

MATHEMATICAL DESCRIPTION OF THE
VOLUME EFFECT

n order to utihize the data for extrapoiation u function has
10 be found which provides an acceptable approximation of
the expected strain rate as a functice of volume. Because
more data were avaifable for Zone F salt a logarithmic
curve was fitted wo the data which is representative of the
volume effect. The curve is shown on Fig. 11 as a full line.
Thie equation of the logaithmnic curve is:



Influence of Volume

. log V
T 00038881 + 0009387 log, V

€ (1}

where € = the creep rale in ge/day for the period 100
—200 days

and V= Volume in em®.

(The volume is cxpressed as com?® for mathematical
convenience)

The relationship betweon volwme and strain rate was es-
1ablished for particutur conditions, i.e, for a stress level of
21 MN/of, a W/ H ratio of 2 und for a ume period berween
H00 and 200 days. In order 10 make use of this relationship
for diverging condittons a functional relationship must be
established for the conditioning parameters. In general form
this cun be written as:

; log.aV Wy
¢ = 5 O05FRRT T 0000393 Togyy v (1 B f“(‘f?) 2

The effect of siress, and the width to height rutio upon the
strain rate as a function of time was investigated by long-
term creep tests of model piflars separately (8) (9), The
equation for creep rate which was derived from the analysis
of madel pillar experiments is:

& = 15200t 1 (W) 0T 3

(or is given in MPa, tin days, and W/H is dimensionless)

Because the volume of the maodel pillars was less than
(.0021 m® hence the ahove equation canpot be extrapolated
to mine pillar sizes without taking the size effect into con-
sideration. By direct comparison of the two equations we
may conclude that the unkaown functions in equation 2 are
those expressed in equation 3, i.¢.

fity = %% flor) = o7 and £{W/H) = (WiH)377

and these can be substituted info equation 2,

The constant 1.52 in cquation 3 cannot be substituted
directly because the cqguation 2 was derived for particular
conditions, t = 150 days, o = Z1.0 MN/m® and W/H = 2,

In order to determine the constant 1o fit the measured data
the struin rate for the largest specimen, 0.221 x 107%mé,
and the conditioning parameters were substituted inta equa-
fion 3. This substiiption vielded a new constant and the
equation for sirain rate can be expressed as:

log V¥ L
{.00388%1 + 009392 log,, V

. 0.2.7 . t‘-l’;,ﬂ-} . (W’;‘H}-—ﬂ.-ﬁ?? {4}

£ =0.0414

The dimensions of the parameters are the same as before.
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The validity of this equation must be checked before it
could be used with contidence for extrapolation. For a given
undergronnd pillar the volome of the pilkar, the time elapsed
after pitlar isobation and the W/H ratio can be readily deter-
mined. The stress determination, however, i a relatively
cumberseme process which requires special skiils, sophisti-
ceted instruments and measuring technique. The smess level
in 4 pillar within & panel was deicrmined by the overcoring
technigue. The strain changes due to stress relief- on the
circumierence of a 50 mm borehele were monitored con-
tinuously during overcoring by the Talbow strain cell, and
the calculated strains were converted info stresses by muolti-
plving the sirains by a Yactor correspondmg to the in sity
Modulus of Elasticity of the rock mass. The strain cell and
technigque is described by Miller et al. ({0},

The pillars in which the in sty stress level was measured
had a W/H ratio of 2, was isolated 14 years ago and the
measured stress in the pillar was 16.2 MPa. The dimen-
sivns of the pillar were 15.24 % 15,24 x 7.62 m = 176980
* 1P em?. Substinuting these values into eguation 4:

€ = 4.4 x 1073

log,, 1.76980 x 0P -
3R.8K] x 1070 + 9302 x (0% lng,1.7698 x 10°

{'14365)--0.9&. 16‘2—4.1 v 0,477

¢ = 1.32 pefday

The strain at the center of the pillar was measured by the op-
tical deformation measurement wechnique (8) and the strain
rate in the fourteenth year of the pitlar was found to be & =
1.05 pefday, which compares favorably with the extrapo-
jated valve, T :

CONCLUSIONS

The experimental data and the favorable agreement be-
tween the measured and predicted strain rate for a salt pillar
confirms the well-grounded pressmption that the “‘vol
ume-effect” is rather small in respect of creep behavior of a
fairly homogenous rock salt mass. This is understandable
because by naure of the rock salt, cracks or weakness
planes are non-existent, or if these existad then these are
already “‘healed'” due to creep of the material. The scatter
in the resubts for small size specimens is probably due to the
uneven distribution of marl within the sample and the varia-
tion of the size of the salt grain.

Another aspect of the experiments indicate that it would
be economical to test farger size specimens in the faboratory
but less in number to obtain the representative material con-
STATHS.
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