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ABSTRACT

The stability of a rock salt pitiar has been studivd uiflizing
finite olemeny calcrdalions, measurements of deformation aid
acoustic emission, and mine surveving. The pifiar is loaded by
the pressure of the overburden and by stress redistribution from
the surrounding chambers. As a pesult of this loading, the piliar
exhibited steady-state creep, The average creep rate in the pillar
is abour 3-167% 37! in lungitudinad divection. Creep of the
rock salt pillar is accompenied by emission of high frequency
aeoustic energy, which hus been monitored together with the
pillar deformation process over a fong period of time,

The finite element caleulations are based on the ADINA
computer code for non-linecr. time-dependent problems. Tha
creap vafues used for the calcuiations were derived jrom exten-
sive laboruiory experiments on rock sait.

The results of in-sftn measurements have been compared
with the resuirs of the Mme-dependent finite element calcula-
tinns and are jound o be in agreemeni. The complere analysis
of the measurevients, vilculutions und safety assessraent loads
tn the conclusior thar, af present, the pillar is stable,

INTRODUCTION

The former Asse potash and salt mine in the Federal
Republic of Germany has been operated since 1564 as a
research and development facility for the solution of
problems which are coupled with the safe disposal of ra-
dioactive wastes. General and specific engineering and
geoscientific problems are worked oa there which serve
the development of methods and processes for the final
disposal of radicactive wastes in gealogical formations.
Within the scope of these investigations, low and mediam
radioactive wastes were depasited from 1967 until 1978,
These wastes are at present still in the mine.

In view of the special use made of the B and D facility,
which, due 1o the existing legal approval regulations, is
limited at present to research projects without additional
deposition of wastes, an exlensive in site monitoring pro-
gram (Dier, [982} is being carried out with the applica-
tion of the most varied methods. At the same time, the
aim of making available appropriare monitoring methods
for inspection of the mechanical stability of the rock of
underground cavities in salt rock is being pursued.

The piflar reported on here was studied within the
scope of this compreheasive program. From the example
provided by if, evidence of pillar stability will be obtained
on the basis of engineering-gectogical and geotechnical
investigations and stability calenlations carried out in ac-
cordance with the engineering concept for the assessment
of the stability of cavities in salt (Albrecht, Meister,
Stork, Wallner, 1380).

Geolngical Situation and Mining Conditions

The Asse mine in northern Germany is situzted cn an
8-km-long ridge, about 10 km SE of Wolfenbiitiel. The
ridge strikes from NW to SE. Its core consists of Zech-
stein siratigraphic sequences that were upthrust during
the Upper Cretaceous {see Figures 1),

The greatly enlarged section shows that the southern
flank is steeply uplifted. The northern flank has a flatier
incline. In a stratigraphic assignment of the flanks m the
covering rock, it follows that compared with the southern
flank, the northern flank is move uplifted. The oldest
stratum cropping out at rhe surface is the Lower Mus-
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Figure 1. Cross Section South-Nozth

chelkalk: on the northern flank it is the Lower Buntsand-
stein. The two slopes of the covering rock are separated
by a tectonically. greatly stressed zone,

The Zechstein anticline iscif is formed mainly of rock
salt of the StaZfurt and Leine series. Above these, there
are stil] strata from the youngest Aller series. Mining of
the Leine rock salt took place in the southern flank from
19146 to 1965 at depths between 750 and 490 m. About
130 rooms were excavated on 13 levels {see Figure 2).
They have mean dimensions of 60 m fength, 40 m width
and 15 m height. Normally, there are nine chambers next
to each other on one level in the sirike direction of the
deposit. The pillar witdth between the chambers is 12.5
m. If there are cross-cuts or blind shafts in the pillar, this
width 15 20 m. Six meters were [eft between chambers one
above the other. Mining was carried out from bottom to
top. The mine was constructed using a spiral drift. The
convergence of the workings is continuing. The investi-
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gated pillar is situated in this working area. Attention is
drawn to the publication by Dlrr, Meister (1981} for its
geclogical structure.

A second working ares is situated in the Staffurt rock
salt of the anticlinal core (see Figure 1). The chambers lie
hetween the 775 and 725 m levels. From 1927 onward, 15
chambers of different sizes were constructed within {0
years. :

On the northern flank, carnallitite was mined from the
756 m level up to a depth of 712 m. Mining was termi-
nated 1 1925, All of the cavities were backfilled.

STABILITY ANALYSIS OF A ROCK SALT PILLAR

Geometry

The pillar under study is situated at the 533 m level
between chambers 4 and 5, almeost in the horizontal cen-
tre of the workings. i€ was left standing about 1956 and
thus has existed for 20 years. In the strike direction it has
a width of about 20 m, whereas perpendicular to the
strike it has an average fength of 45 m and a height of 15
m (Figure 3). At the floor level, if is cut by a drift with a
cross-section of 7 m?, ending in the south at a blind shaft
on the other side of the pillar. In addition, two entrances
of the same diameter lead to the chambers on either side.
An upward-running blind shaft and a former engine
roon: of 5 m width and up to 4 m height are {ocated on the
north side of the pillar, In 1975 a spiral drift with a cross-
section of 14 m? was opened up north of the pilfar.

Numeriezt Caleniations

FE method and ADINA code. For mathematical mod-
elling of the investigated underground construction, the
finite element method was applied, using a modified ver-
sion of the ADINA computer program (Bathe, 1978),

This is a computer program for static and dynamic dis-
placement and stress analysis of solids, structures and
fluid stracture systems. The prograr can be ased for lin-
ear and nonlinear analyses. It is based on the displace-
ment method. Anisoparametric eight-noded element was
used. The computation was made using the following
assumptions:

» plane strain

= nonlinear, total Lagrange formulation

* Von Mises’ isotropic hardening

# time increment = 10 days

» stiffness reformation and equilibrium iteration for

each time step

¢ Poisson’s ratio » = (.49,

The general purpose computer program was expanded by

a subprogram for computing the local safety factor.
Rack mechantcs model and boundary conditions, The

thermomechanical behaviour rock salt, considering the
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long term load effects, is a highly nonfinear funection of
time, siress and temperature. The viscous behaviour iy
described in general by & creep law like the Arrhenius for-
mula, expanded by a stress term (Langer 1979):

s W
R B ey [ Oc-ff 3 N
e ™ A-e tRT k\”&;"') (1)

parameters:

A == 0,18 d71, structure factor

Q = 34 MI kmob™!, activation energy

R = 8.314 kI mol~! k™', universal gas constant
n == 5, stress exponent

a = 1 MPa. normalizing value

variables:

gl MPa) = effective deviatoric stress
T(K} = temperature,

The values given for the parameters are empirical values
for steady-state creep of several types of rock sait.

‘Fhe values used for parameters in the constitutive law
for creep used for the finite clement computations arve
subject to some uncertainty and are still being conslantly
improved as a result of laboratory and in-situ investiga-
tions, The following assessment of error shows the influ-
¢nce inaceuracies in parameters A, nand ( has on deter-
mination of the creep rate when the effective stress o,y is
known.
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The differential equation for the constitutive law for
creep (1) is
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Division of eguation (2} by € and expansion of the terms
on the right then gives
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Here, the quantities dé/¢, dASA, do/n and d{Q/R)/Q/R
are the relative errors in the quantities £, A, n and Q/R.
(R is sufficiently welf known, thus d(Q/R}/Q/R =
dQ/Q).

As one generally does sol know the sign of the relative
errors, the absolute values are used and the following es-
timate is obtained:

{
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The relarive errors in the parameters then have only a
minot influcnce on the creep rate when their coefficients
are less than 1 rhe constitutive faw for creep is then “'well
conditioned”. Here, however, with o = 16 MPa, T =
301.6 K and the previously mentioned parameter values,
one obiains

d oy 115:{35-! + 2155152 sa)

€1 A P L Q0

l.e., the creep law in the existing form is “ilf condi-
tioned,” With relative parameter errors of only 1%, er-
rets of 3.4% can occur in the creep rate. i one remem-
bers that the rock stress of 10 MPa on which the finite
clement computation is based is an approximation, then
i follows that the caleulated creep rate is only qualita-
tively correet. lndependent of the uncertaintics pre-
sented. the finite element computation, nevertheless,
provides & good overview of the distribution of sresses
and displacements in the pillar.

Sixth Internationat Symposivm on Sali, 1983Vl |

The parameters far the strength behaviour of rock salt
are obtained from triaxial rests with continnously loaded
cvlindrical samples with a diameter to length ratio of
1:2.5. 1t can be stated that the most important result of
these tests is that rock salt can react to various stresses
hoth with failure and also with marked visco-plastic de-
formations (Liedtke, Meister, 1982). The failure is
clearly recognizable in the stress-strain curve as a peak
point. This clearly oceurs during higher rates of deforma-
tion and small lateral stresses. With increasing lateral
pressure the peak point is displaced to greater amounts of
strain and with higher lateral pressures it is no longer rec-
ognizable. The testing stress at 20% styain is used for de-
termining the maximum load-bearing capacity of rock
salt samples. As extensive uniaxial and triaxial tests have
shown, the failure strength, or the bearing capacity of
rock salt, increases with a rising strain rate up to a Hmit-
ing value. This begins at a rate of deformation of about
é = 10 % 5!, Higher rates of deformation do not pro-
duce significant improvement of the failure strength or
the load-hearing capacity.

The failure or load-bearing capacity criterion is given
by the following, hyperbolic formuia:

_ tFey “+ iy .
To an -+ bg‘{ﬂ"c, + Cu} (©)

where
ap = (119, initial increase of the hyperbola
be = 0.012 1/MPa, 1/asymptote of the hyperbola
¢y = 0.65 MPa, smallest mean main stress
ay = oectahedral normal stress

"

7o = " shear stress,

The actahedral normal and shear stresses are defined as
foltows:

¥y = (i'}'; + gy T+ 0’3)."'.3

1 o % PP " v
iy Vo ~ o2 + (o — 030 + (o3 — &)

oy # gy (in the case of the triaxial tests),

Equation & applies for strain rates of ¢ = 10-4 5

The summary in Figure 4 is exemplary for alf Brazilian
uniaxial and triaxial test results of a test series with Asse
rock salt. The normal deviation amounis to o, = +1.3
MPa. This ry/0g diagram in combination with the firite
clement compntations serves for assessment of the stress
Teserves,

If the computed values He above the values in Figure 4,
then failure or unacceptedly high rates of deformation
must be taken into account in the construction con-
cerned. A possible local safety factor can be defined as
follows:

7 available (according to equation (6)) s
Ty possible (according to FE computations)

a s e
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Investigated load case. A horizontal section was se-
lected for the computation that roughly characterized the
middie of the piliar (Figure 5). Here, the one side of the
pillar is held constant and the position of the other is vari-
able,

For the numerical model, a pressure of [} MPa was
assumed as realistic. With the geometrical boundary cog-
ditions described previously, together with the rock salt
constitative law for creep, the failure criterion, the load
distribution and the mesh shown in Figure 6, the nonlin-
ear stress-deformation as a function of time was then cal-
culared,

Technival Measarement Investigations

Mine survey measnrements. The megsuring layout for
the piflar is shown in Figure 3. In the main drift, polygon
points are indicated for measuring the pillar longitudinal
displacements. The points are steel rods of 1.5 m length.
They are installed in boreholes in the roof of the drift.
The upper 10 cm of the rod are cemented into the rock.
The measurements of the distance between points are
mare at half-vearly intervals with precise sarveyor's tapes
and since 1981, by using electro optical length measure-
ment techaigues. For this purpose, a high-precision elec-
tronic tachymeter {Elta 2} made by Zeiss (Oberkochen)
was used. The corrections resulting from measuring tape
calibration, temperature effects and atmospheric condi-
tions are included in al} measurement rescits.

The accuracy of the linear measarements made since
1962 differs according 1o which measaring instruments
was used:

tape measurement 1962-1966: L1 mm

19656~1981: +0.5 mm,
clectro-optical distance measurement 1981-1982
with application of the potar method: = 1.3 mm.

The analysis of these measurements was made withoo!
the use of electronic data processing. The results are plot-
ted normally in displacemeni-time graphs.

Extensometer meastirements. Three extensometer ref-
erencs points were installed in each of the boreholes L 106
to monitor the transverse ¢xpansion of the pillar, These
are wire extensometers that are anchored in the rock with
expansion shell belts. The wires lead to measarement
studs in the main drift. The points lie in an approximately
harizental plage about ! m above the floor level, They are
installed in such a way that they are at a distance of 1 m
from the outer surface of the pillar as wel! as from the wall
of the main drift. This distance was chosen after & hovk
sounding of the boreholes in order to keep the influence of
the near-surface flaking cffects on the measurement to a
ntinimzm. The third point in each borehole is situated in
the middie between the other fwo anchored points. The
measuring points are checked manually every three
months with mechanical instruments,

Sixth international Symposium on Sadl, 1883—Val. |

In addition to the points in the borcholes, horizontal
driff convergence is observed by means of two extensome-
ter studs opposiie une another, As systematic investiga-
tions have shown, the measurement accuracy for the de-
termination of changes in length is about 0.05 mm.

Rod extensometers were installed in boreholes 7 and
8a, in the eastern half of the pillar at points 1 to Jand 4 to
&, respectively (Figuve 3}, The level of the points in bore-
hole 84 is almost the same as the plane of the transverse
strain reference points. Barehole 7, however, was drilled
stightly uphill. The measnring points are therefore lo-
cated 1 to 2 m above the comparison plane. The two ex-
tensometer measurenient locations are equipped with a
fong-term data acquisition system with the object of con-
tinaously obtaining information on the pillar deforma-
tion and to correlate this with simultaneously registered
acoustic emission measuremenis. The extensometer rads
are connected to inductive displacement pickups in mea-
surement heads on the wall, The output sigrals are read
by = PCM data acquisition systern and are registered on
magnetic tape above ground.

Axn tmportant factor in the accuracy of measurement at
the rod extensometer is the tolerance of the dispiacement
pickups used, Depending on the measuring range,
lengths of between 50 and 1530 mm and tolerances of
+0.2 ro =0.3 mm were determined hy calibration mea-
surements for the maximum test values. As only a part of
the measuring range has been used, the error in the mea-
surements is only a sixth of thar given above. Errors due
te the data acquisition system range from only £0.025
mm to £0.075 mm because of the high resotution of the
system (2.4 mV) at the maximum value of 5 V. Combin-
ing these two sources of errar, the error in determining
length changes is at worst £0.1 mm, at measurement
points far from the measuring heads. The inaccuracy for
measarement points near the measoring heads is about
50% less. The effect of errors assoctated with tempera-
ture variations in the vicinity of the pillar can be disre-
garded. Long-term temperature measurements confirm
this. Since 1977, an average air temperature of 3016 K
has been monitored in the drift.

Microacousitc measurements. Pillar deformation in
both horizontal dimensions is caused by creep and is ac-
companied by the emission of acoustic energy resulting
from the formation and development of fissures and ef-
fects associated with the creep mechanism. It was as-
sumed that in the case of steady-state pillar creep the
emisston of rcoustic energy is statistically constant, This
had {o be proved by measurement.

The microacoustic emission of the rock pillar was mon-
itored using a single-channel protofype system, which is
presently undergoing further development,

The borehole for acoustic emission measurements was
driiled downward from the floor of the pillar drift in the
middle of the piltar (Figure 3), The monttoring station is

R
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Figure 6. Finite Element Mesh for Stability Analysis

about 25 m from the borehole, The probe was placed at a
depth of 3 m: and fastened to the rock salt by pressing the
sharp end of the probe into the hottom of the borchole.

A piezoelectrical crystal serving as an zcoustic trans-
ducer was instailed in a borehole probe, together with a
preamplifier with a gain of 40 dB noise voltage of about
10u V. Resonance Trequencies of the transducer occur be-
tween 13 and 15 kHz and above 90 kHz.

The analysis of the acoustic emission messurements

concentrated on two aspects:

aj long-term counting of cvents
b} distribution of magnitude of signal amplitudes.

Accustic events are continuousty monitored. For analys-
ing the signal ampiitudes, the acoustic emission signals
are recorded on magnetic tape or stored on fioppy discs.
The stored signals are played back in the laboraioty.
Magnetic tape records were taken at about one-vear

intervals,

The event rate per hour Ry is calculated for analysing
the frequency of events using

_____ N

ST AL
BN

=N

where

N == number of events

At = H0 s = integrating time

R, == event rate during a period of 100 5
Ry, = event rate during a period of 1 hour.

The cumulaiive frequency of events can be caleulated for
further information. The results of this analysis give &
very good overview of the variation in event rate with
time,

The main point of the studies is the analysis of the dis-
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ribution of amphtudes. [t is well known from geophysi-
cal literature that the seismic activity of a certain area can
be described by the following law (Karnik, 1964; Ley-
decker, 1975; Fsumura, 1967

log Ny = a — 8M (9
where

Ny = eumulative {requency of magnitudes
M = magnitude of seismic cvent
w, § == empirical parameters.

The gquestion has been raised as to whether their equa-
tion is also valid for acoustic emission phenomena caused
by rock salt pillar creep. According to the laboratory in-
vestigations of hard rock hy Scholz {1968), very good cor-
relation with seismic field measutements can be con-

Cross Section A- A
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firmed. He found that the parameter 3 is mainly
influenced by the stress in the rock. Therefore, emphasis
has been placed on analysis of this parameter.

Investigation Resalts

Finite element compatations. The calcuiation of
stresses and deformations was carried out with the previ-
ously mentioned assurmptions (FE method and ADINA
code) for a period of 900 davs. No significant changes in
stress could be determined within this pericd. The largest
stresses of o, = 10 MPa on the narrow side of the piliar
decrease on rthe wider side to v, = 2 — 7 MPa, The com-
plete distribution of stress is shown in Figure 7. ln the
same figure, the creep-producing effective stress o4 for
two sections A-A and B-B are shown. In most of the pillar
area they were determined to be between 7 and 8.3 MPa.

Lross Section B -B

Figare 7. Distribution of Stresses o,; and aon

:
E
i
i
H
z
§
:
3




472

The dispiacements associated with the stress shown are
plotted in Figure 8 for the total period of 900 days. Dur-
ing the plotting of the displacements, the zero point of the
coordinate system was piaced at the pillar centre. Apart
from the compression of the pillar in the z-dimension, the
buiging out in the y-dimension is ¢learly recognizable.
The measured and computed lateral displacements for
two extensometer pairs (Ext. No. 3-4 and 5-6) in the y-
dimension are demonstrated in Figure 12, The fact that
the curves are nearly parallel indicates good agreement
between computed and measured results. 1t can be seen

Bm
VNN
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that the computed resulis zre slightly greater than the ob-
served ones. This is also true for the curves in Figure 10,
i which the displacements in the z-dimension are com-
pared for polygon points 3 and 4, These points are
roughly at the middle of the pillar and have a distance of
about 8 m from each other.

A compatison of the computed stresses with the maxi-
nizm permissible stresses {equation 7) enabled a state-
ment on the local safety factors to be made. The lines
connecting points with egual safety factors (isoasphalic
fines) provide an overview of the distribution of safety fac-
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Figare 8. Displacements after 2.5 Years
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tors (Figure 9). These iscasphalic lines are plotted for the
fast time increment.

At the northern and southern boundaries of the pil-
tar, the local safety factor of » = 3 is greater than in the
central area, where it {alls to a still satisfactory value of
i B 1.9,

Measuremenis. 1. Deformuations. Figure 10 shows the
results of pillar compression measurements over a period
of 20 years. The changes in distance between pulygon
points J 1o 4 are shown as an example, These points were
selected to permit 2 simultaneous comparison with the
compuler studies, 'The displacement curve is linear dur-
ing the entire period of measurement. From this, it can
he derived that the pillar is in a state of steady-state creep
{Langer, 1979) between palygon points 3 and 4. The long-
term, miean creep rate for this pillar area is 3.5-167°
d "t The results of the pillar displzcement measurements
using ihe two rod extensometers Mo, 7 and No. Ba
{Figure 3} confirm the longitudinal measurements in the
paratle] pillar stage. The mean creep rate measured be-
tween anchors 1 to b over a period of 3.65 years amounts
to 311070470

It can be seen in Figure 11 that the pillar compression

4T3

is not evenly distributed along the pillar axis. The dis-
placements measured between the individual polygon
points are plotted in this figure for the time since mea-
surements were begun in 1962, As the displacement mea-
surements in the piliar drift were carried out in the cross-
cut as far as shaft 2 on the north side of the pillar, the
area between the pillar and shaft 2 could zlso be moni-
tored. It is therefore clear from Figure 11 that the pillar
area between polygon points 1 and B is compressed. An
expansion zone adjoins in the northern aburment of the
pillar.

The pillar transverse deformations detecnined in sev-
eral measurement planes (Figure 3) using a rod exten-
someter are shown in Figure 12, Depending on the loca-
lion of these measurement planes, various large trans-
verse dispiacements are recognizable which, tike the pil-
tar compressions, increase linearly with time, The fargest
transverse deformation occurs at the middle of the pillar
{Est. 3 and 4}, The creep rate heve is 5.2 1075 d~ Land is
thus greater than the creep rate of the pillar compression
measured in the long term between polygon points 3 and
4, Creep rates of 291072 @™, or 0.1- 1079 8~! were
measured in the off-centre fransverse displacement mea-
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sarement cross-sections (Ext. 5 and 6 as well as 1 and 2).
Al of the measurements were made during a period of
5.562 years.

2. Acoustic emission measurements. As can be seen in
Figure 13, the accustic emission rate varies quite dis-
tinctly during the period under consideration. Mining
noise has been chiminated in the plot, thus the measured
evenis are thought to be acoustic energy emitted as a
resuft of longitudinal and transverse deformation of the
rock salt piltar. Figure 13 shews that the emission rate
curve is not a very regular one but is characierized by
many peaks appearing over a period of several days. The
reason for this behaviour is that the acoustic emission
transducer receives signals from all over the pillar, from
the more highly stressed interior part and from partly de-
stressed parts close to the surfaces of the adjacent cham-
bers or the pillar drift. As a result, it can be stated that
event rate and pillar deformation do not correspond.

The main objective of the acoustic emission studies is
the distribution of amplitudes. As an example, Figure 14

shows the results of four magnetic tape recorders. Start-
ing with formula (9} the following equarion was abtained:

log FlAAAL) = a — 200 log{A/ Ay} {10}

where

f{A/Ag} = cumulative [requency of pulses of a given
amplitude
A, = amplitude, ser at 6 dB above noise level
A = measured amplitude
4, b = empirical parameters.

Parameters a and b, the coefficient of correlation R,
and the average values of the event rate are summarized
in tabutar form in Figure 12, As can be seen, no signifi-
cant variation is noted for the h-value, over a period of
2.5 vears. The constant b-valtes are in accordance with
the constant creep rates for the pillar deformation.
Whether this is accidental has to be established by future
measurements,

[ A
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RECORDING MAGNETIC EVENT COEFFHIENTS GF REGRESSION NUMBER GF
DATE TAFE Mo RATE FREQUENLY DISTRIBUTION COEFRILCIENT EVENTS

tmin~ ¥ b a f N
7.25.1980 A 2.7 01134 2.3944 0,968 79
a A2 .3 00834 2.1727 4,973 £h
# AT+ 2.5 0,091 2.2308 0,954 143
7.25.186¢ B 1 2.5 0,0616 2,0527 9,91 74
B2 2.6 0.0993 2,2263 ¢.981 75
B 1+2 2.6 00781 2.190¢ 0,950 149
7.75.1980 1 2,3 06,0714 21450 4,950 &G
2 2,6 0,079 22,6010 4,987 T
£ 1+2 2.5 0,0816 2,3109 3,986 A
B 11980 A ]| 3,3 6 1043 2,5061 9,909 | 96
" o2 3.2 06,0943 23142 0,968 G2
1 1+2 3.2 35,0981 2.33%9 0,979 188
12 30 1580 61 5.0 0,0866 2.0326 0,985 a2
G2 [ 0,0897 2,5538 0,984 13%
G 1+2 LB 60842 2.2608 0,982 Y
12.22. 1981 I 1+2 1.6 0,6929 2 55594 0,961 431
12.22, 1981 K 1+2 b.4 0,0925 25070 0,960 174
12.28. 1982 L 14+2 7.9 0718 29342 4,987 440

Figure 15, Coefficients of Amplitude Frequency Disiribution

ASSESSMENT OF RESULTS OF
MEASUREMENTS AND CALCULATIONS

On the basis of numerical caleulations using a stmpte
geomechanical model, long-term deformation measure-
ments, and acoustic emission measurements over a pe-
rind of several years, it is possible to assess the bearing
capacity of the observed pillars from the engineering
point of view. In the process, one must consider that the
planes for the calenlated and observed displacements ave
not identical (Figure 3). The vertical piflar zection shows
thar a triaxtal state of stress in the intersection of the haori-
zoutal support system and the pillar is present. This leads
fo a considerable hindrance of traasverse deformation of
the piilar in this area. As the displacement measurements
could not be carried out at the level of the computation
plane for mining technology reasons, then apart from the
possibility of a better interpretation of the measurement
results, the computations provide an important supple-
ment ta the asscssment of the pillar stability and make it
possibie to determine deformations in the central area of
the pillar, which are net influenced by bridges.

Stipht differences between deformation measurements
and computation resuits are mostly traceable to the ar-
rangement of the measuring points (extensometer an-
chors} near the surfaces of the pillar, which are affected

by flaking off {sheeting), or near the surfaces of drifts, the
margins of which undergo a relaxation of stress.

From bath the available resuits of the deformation and
acoustic emission measurements and the computarions
carried out, it can be concluded that the stability of the
piltar is assured at the present time. This statement is
supported by the following findings:

* The pillar creep rate has been constant for 20 years
and is significantly less than that in unizxial labora-
tory tests which resulted in a creep failure,

* The horizontal pillar stresses are of the order of 10
MPz or less. They are relatively evenly distributed
over the pillar width and do not alter significantly
with time. The effective deviatoric stress causes
creep increases from the wider to the narrower side;
however, it does not reach values greater than 8
MPa, Creep failure is thus not to be expected,

s After 3 years of observation of the acoustic emission,
no significant change in the b-value for the ampli-
tude distribution was established.

* The visual observation of the piliar provided no indi-
cations of impending piilar failare.

This study of the stability of a single rock salt piltar
must be viewed in terms of its significance to the stability
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Evaluation of Rock Sait Piliar Stability

of the whole complex of 13 levels of gallerics on the SW
flank of the Asse anticline. When this large configuration
of underground workings is considered, the tollowing
conclusions were drawn from the investigations:

1. A hypothetical creep failure of a single pillar does
noft imply the loss of stability throughout the mine.
Insizad the entire support system around the cham-
bers must be considered as a whole,

2. The supporting sysiemt of all the chambers can ex-
plain the fact that the pillar horizontal suppott sys-
tem is fess stressed than would be expected from the
overburden pressure. Computations for the mine as
a whole and in silu measurements would make it
possible to check the bearing capacity of the rock
salt structure,

Due to the special use of the Asse mine as an Rand B
facility for the final disposal of radivactive wastes of the
Federal Republic of Germany, the continuation of these
investigations is of great importance. The intention {s to
procecd by stages, taking into consideration rack struc-
tures of ever increasing size, up to simulations of the en-
tire support system for the underground workings on the
SW flank. In addition to the measurements already de-
scribed, rork stress measurements, messurements with
vertivally tustalled extensometers, ultrasonic and temper-
ature measurements at fixed points are fo be carried out.
it is also intended fo continue the computer investiga-
tions, with consideration of spatial support effcets and
larger sections of rock.

ACKNOWLEDGMENTS

This research wark was done thanks to the provision of finan-
¢ial support from the Minister for Research and Technology,
Fuderal Republic of Germany.

478

REFERENCES

Afrecht, H., D). Meister, G.-H. Stork and M, Wallner, 1978,
Zur Frage des Standsicherheitsnachweises von Hohirlumen
in Salzgesteinen, Proc, Sth knt. Symp. on Salt, Hambarg, V.
{, pp. 193-211, Cleveland, Ohin.

Bathe, K.-1. 1978, A finite element program for automatic dy-
namic incremental nonlinear analysis, MIT. Cambridge,
Mass.

Dier, K, 1982, Deformationsmessungen zur Bevrtethng der
Standsicherheit in efnem ehemaligen Salzbergwerk. V. Intee-
nationakes Symposicm fir Markscheidewesen, 19.-26. Sep-
tember 1982, Varna, Bulgarien, Band 4,

Darr, K, and D, Meister. 1981, Evaluation of pillar stability in
a salt mine, urilizing acoustic emission, mine survey and rock
deformation data. Third Conf, on Acoustic Emission/Micro-
seismic Activity in Geologie Structures und Matenials, Octo-
ber 3-7., Pennsylvania State University, Universiiy Park, Pa.

Karnik, V. 1964, Magnitede frequency relation and scismic ac-
tivity in different regions of Europe. Buil, Int. Inst. Seism.
Earthquake Eng., V. 1. 9-32.

Langer, M., 1979, Rheological behaviour of rock masses, Proc.
4th ini. Congr. on Rock Mechanics, Mommreus, V. 111, pp.
23-96,

Leydecker, G., 1975, Sewmizitétsstudien im Bereich des Pelo-
ponnes anf Grund von Prézisionsherdbestimmungen. -Dis-
sertation, Universitdt Frankfurt/Main.

Liedtke, L. and [, Meister, 1982, Stability analyss of under
ground struetures in rock salt erilizing laboratory and in-sitn
testing and numerical calcolations. Sojution Mining Re-
search Institute Meeting, October 3-6, Manchester, En-
gland,

Scholz, C. H. 1908, The frequency-magnitade relation of mi-
crofracturing and s relation to zarthquakes.-Bull, Seism,
Soe. Ant, V58, 399-417.

Tsumara, K. (1967): Deternination of earthquake magniude
from total durafion of uscitiation. Hull, Earthguake Res.
Inst., V 45, pp. 7-18.




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17

