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CALCULATION AND DESIGN OF UNIERGROUND TAES WITH
SPECIAL REFERENCE TO THEIR USE I¥ ROCE-SALT
Dr.ec.techn. Peter S 1 t 2z
Bergakademie Prelberg, German Democratic Republic

1. DPHESENTATION OF THE PROBLEM

In the mining industry dams, which can be separated into
static supporis for bedring strein and sealing elements
for guaranteeing impermeability, are responsible for
gealing off workings ageinst fluids and gases, Sealing
acainst water and salt-water is necessary as a preveni-
ive measure, afier an inrush of water or brina, for se-
~uring workings which are inp uee ageinst those under
vmter, and for dreining shafte.Sealing against oils,
cages and noxicus suhstances is nseded when underground
workinss are used for storage. In the G.D.R. in the

last ten years, national economic requirements concere
ningegas storsge and potash mining have ne-essitated

the constraction of dams under very difficult conditions
for which even world-wide no comparsble designs exist,
This paper will report about the solution of this problem.

2, ANALYSIS OF THE LITERATUHE AND PATENTS

An analysie ¢f the loo-year o0ld development of the cong~
ruction of cross section-seals permits the following
conclusionssg

1. Paralipl-shaped, truncated cone-shaeped and toothed cone
structions &s well as spherical calottes were used pre-
dominantly. The geometry was established arbitrerily.

The geometry was established arbitrarily. The parallel-
shaped comstructions are the most widespread /picture 1/.

2, The calculations reguire, apart from the geometry of the
supports, & determination of the shearing stress and
bending stress for rigidly fixed plates., Theaze two tin-
dings do mot give an approximate reflection of the real
stress condition and are therefore unsuitable for the
calculation.
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3, Exressive loading resulted in several cases in the de-
struction of static supports.

4, In order to get sufficient impermeability additional
measures were neceasary /injestions/, and absolutely
impermeable cross section seals were only obtained in
a few casea by using extremely long dems. Attempts to
geal off rarnallite and sylvinite have not been
sucressful to date.

The analysis of the literature and patents, the existing
experiences, and national economic requirements posed the
following principale problems:

1. Application @ ralculation which reflects the real
stregs condition in the dams.

2. Development of sealing elements with special reference
to use in rock-salt.

3. TECHNICAL SOLUTIONS

3.1. Assessing the dimensions of {the supports
This resulted in the following problems:

how to arrive at a suitable model for ralculation,

how to construct good, practicable supports.

how to evaluate the alteration of the initial parameters.
how to eveluate the influence of non-linear effects.

how to choose a suitable criterium of failure.

how to arrive at the necessary safety factor.

[ T I |

Sinre an exact calculation of the stress is not possible
using analytical methods, the stress condition and dis-
plarement were calculated numerically. The programme whirh
wa3 applied, and which was performed with 120 sample calcu-
lations, vas based on Hook’s law. Pindings regarding the
rock-bound supports put in place to date /they are inexiri-
~ably bound to the rock/ showed high degress of tensile
atress whirh reach their maximum on the pressure-side at the
point of contact with the rock and which rannot be fundamen-
tally redu-ed even by lengthening the supports.

/Picture 2/. The result is therefore breakages from the

ro~k and fracturing. However, through the insertion between
the support and the rock of layers free of shearing stress.
The stress can be directed so as to zive a more favourable
stress condition. The desired triaxial compressure stress
rondition is reached in mobile simple spherical calottes

bv full radial loading. The maximum pressure stresses can

be approximately calculated thuss

QVIII/p = 0.70 r/t + 1.30

0
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In-reasing the thickness of the ralotte t above 0.6 r to
0.7r is not advisable since the need for extra excavation
and more material rises sharply while the reducu tion in
stress is only small /picture 3/, Partly-loaded calottes
and multiple or combined calottes show a fundamentally
worse condition of stress due to the appearance of tensile
stress /picture 4/. The use of spherical calottes is res-
trirted by bending stresses due to rock pressure, by the
difficult technologiral problems in manufacturing them,
and by the possible infavourable curved surface.

An investimation into the stress condition of toothed
supports shows, that mobile, multi-tooth supports with
teeth between 0.8r and 1.0r in length and angles between

25° on the pressure-side and 15 on the other side are the
best. The main draw-back of these supports is that tensile
stresses occur over & large area which increase sharply as
the elasticityymodulus of the rock decreases. These tensile
stresses can be reduced by lengthening the supports but at
%5 4 r they approach asymptotically a limit-value /pi-ture
5/

Calrulation made on mobile truncated cone~shaped supporis
show that, allowing for favourable stress conditions and

a small amount of extra eravataons, supports with angles

of inclination between 9 and 15 are favourable., Nearly

the whole of the support has a triaxisl compressure condition
of stress; only in & small area on the circumference does
some small degree of tensile stiress show up. Using supportis
with 2 length 2 2 r multiple truncated cone shaped supports
should be used since thereby the area of the cross section
on the pressure side and hence the maximum compressive-
stress r~an be reduced, Supports with a length & 4 r bring no
improvement in the strcss condition. The stresses increase
a8 the ro~k elasticity mocdulus decrreases. The ratic between
maximum value of the compressive-stress and elasticity
modulus of the rock ~an be awnroximated using a logarhyth-
mir funection /picture &/,

In making the calculations for the support not only the
stress of the support but also the stress of the rork as
a result of excavations for the support and loading of the
support should be taken into arcount. In this respert the
use of truncated cone-shaped supports is best sin-e it
entails the lowest additional stresses.

Whereas in meny bran-hes of technolozs safety factors are
laid dowm belorehand, in underground mining it is often
left to the design engineer to establish the safety factor.
Attemps to determine the necessary safsty factor using the
theory of probability fail, because the [lurtuations ol the
parameters of ralculation are not knovm. Therefore it vaes
agreed to calculate the safety factor from partial safety
roefficients which were weighted according to their
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influence on the position of failure. Out of 19 influen-ing
rartors 12 were not taken inte a~count, either be~avae the
rtatements are verv exect, the most unfevouradble variants
or~urred or the influen~e on the position of stress ie
negligible, For trun~ated cone-shaped supports, {or example,
we arrived 8% & necessayy safety fantor of 1.9, These salety
factors are limitis; inelastic behaviour of the material
increases the actual load rapacity.

On the pasis of the calculations made as t0 stress and dis=-
placement and of the nriteria of failure and the safety far-
tors whinh wers worksd out & guideline for making the ralru-
lations of the supporte was drawn up with wich practical pro-
blems have azlrerdy been sdved,

3.2, TIMPERMEABILITY OF THE DAMS

In addition to mining, static and constructionsl factors,
spe~ial importance must be ettached to the additional
sealing measures, eapecially in the construction of imper-
meable dams in rock =alt. Since the traditional sealing
measures using injections for gas storage and potash mining
are insufficient, varisnts were developed using meschanical
rlements, sealing packe, and freezing. The use of mechanical
clemente 28 the sole gealing measure is not recommended. In
addition technological solutions were developed for menufac—
turing cross section sealsthrough freezing, and even sature-
ted and non-satursred MgCl, salt-water solutions can be
securely frozen. The appligability of this method is limited
to specrial cases or accidents in view of the expense and
effort involved. The principle of using packs for sealing
entails the insertion in front of the support of materials
with the following propertiesg

- jimpermeability with regard to the adjacent gmsecus or
fluid media,

- plasticity to guarantee sealing if the support shiTts or
the rock moves.

- resistance to ageing and corrosion.

For these purposses, as comprehensive tests have shown, clays
and bitumens are suiteble, When normal clays and salt clays
treated with salt water solution were tested for permeability,
the resulting damage to the normal clay from the salt water
solution increesed the permeability 50 to 100-fold, so that
high levels of impermeability cannot be reached using salt
lay alone. The main task for salt clay, therefore, should
be filling in cracks in the support, rock, and contact area,
Phis cementing ability of the ealt clay can be effsctively
raised by adding sand but then the permeability rises sub-
stantially. It is therefore expedient to ineert & mixture of
salt rlay and sand immediately in front of the support, fol-
lowed by a selt clay pack. 4 layer of bitumen placed on top
tie)

[
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of the salt rlay serves to seal the overall surface of the
cross se~tion and improves the sealing of the contart
joints. Bitumens dre impervious to, and insoluble in water,
~hemirally stable, are ag-resistant,; viscous, and show no
e"fe~t of being injurous to heelth. The density and visco-
sity c~an be adapted tc the requirements using simple measures.
Bitumen with a3 low viscosity clings well to dry, dust-free
surfa~es thoush the adhesion is greater than the cohesion.
In order to avold negative effects of the ssdlmentatlon of
debris when the bitumen, beated to Bc" - g, is intro-
dured, the layers should not be more than 1) rms8., thi-k
and a new layer should not be introduced until the previ-
ous layer has cooled down to at least 65°C. The loss of
bitumen throuzh & hypotheticsl circular gep between the
support and the rock and also inte vertical crevices in
the rock mas calcwlated and conclusions drawn concerning
the neressary quantities of bitumen. Experiments into the
effectiveness of joint clay-—-bitumen packs show that this
sealing variant functions perfectly well. After squeezing
the fluid out of the clay mixture /60 -~ 200 h/ no further
leakage of the fluid was found.

In addition to freezing, variants were developed for particu-
larly difficult problems of sealing which ex~lude the appea-
rance of solubility in the area ol the support. Such a
technologiral solution contains the following partial salu-
tions fpicture 7/

1. An inert msterisl, e.g. bitumen and an over-saturated
salt-weter aclution, should be placed in front of the
support.

2. The amount of convection and diffusion should be kept
small by piling up rocks and building barricades.

3. The unsaturated salt water sclution should have the
“han~e to berome saturated.

4. Use of an over-—pressure area {illed with sili~on oil
which is inert with regard to the rock and the bitumen =ill
prevent penetration of the salt water into the area of the
aealing pecks.

5. 1In order to eleminate the possibility of solubilitv a
wmall~insulator should be introduced and fixed into radial
sealing slits.

€. Using pipes

a/ pressure is guaged, samples are taken, and secondary
anEFtIOnS of salt water are made /pipe 1/

b/ secondary injections of sealing media are made /pipe 2/
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Reproduced from best available copy



IMWA Proceedings 1982 ABCD | © International Mine Water Association 2012 | www.IMWA.info

~/ an over-pressure i3 produred /pipe /.

1. EXATPLES OF THE CONSTRUCTION OF STABLFE AND IMIERVIGUD
DAITS

The above {indings formed the basis of several sealins opera-
tions performed on cross sections. Three examples o? such
operations will be discussed.

4,1, 1Initial operation for sealing off the cross section
in mine~shafte in connection with the ronstru-tion of a
mag storage /picture 8/

Due to the high standards required when sealing off mas,
two independent sealing systems were introduced. In the
hydrauli~ system the sealing is done by means of a solu-
tion of clay and salt water under over-pressure. The fluid
pressure is transferred via sealing packs of NaCl-clay and
bitumen to the reinforred spherical calottes of ron-rete
225, which are separated by oil paper and layers of epoxide-
resin {rom the upper and lower layers of roncrete and the
ro~¥%. The -~ombined seal sonsists of a mechanical and a
hydrauli~ part. The mechanical part is composed of a steel
vlate for sealins the cross section and a steel suchion
unier hydraulic pressure which seals the area in conta~t
with the rork. The ~ircular space between the steel
~ylinder and the rock is under over-pressure from oil,
which enables the rcontact and peripheral zones to be
gealed, Cal~ulations using the new method give a per-~
missible loasding of the ¢alotte of 5,6 MPa. Owing Lo the
upper concrete layer of the calotte, however, the re-
aquired radial distribution of forces over the entire

vpper surface of the calotte is not fully reached., Cal=~
~ulations made with axial distribution of the load of

4o MPa resulted in a safety factor of 1,1 in the area of
the calotte under maximum stress. This consiruction has
fully proved itself during more than ten years in whi h

it has been operating, with the pressure in the area of the
~lay-salt water solution at 4,0 MPa. Injections for keepin=z
the salt water solution under constant pressure decreased
~ontinuously.

4.2, Sealing a rross section in the shaft of a potash
mine

In the course of reopening part of a mine the salt water
level in two shafts had to be lowsred and at a depth of

~ 490 metres s cross section seal at 5,5 ilPa introduced.
Lowering the salt water level by pumping showed a sharply
rising quantity of salt water per metire lowered needin~

tn be pumped out, which was trared to a gas bubble en-losed
ir the mine. Using a surfa~e rotary driil the ges bubble

was pun tured and the release of pressure allowed the salt
rater level to be lowered to the necessary extent. The cross
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gertion seal was installied in ro-k-salt; ex-avations due
Lo ihe freshe-water layer caused the diameter of the shaflt
in the installation area to inrrease from $25 rms. to

OG0 cng. Berause of rock pressure and simple -onatruce
Lional rongiderations, treble toothed mobile support

10,5 metres high were installed at a pla~e where the
ghaft had a diasmeter of Q metres.oThe angles of the
Looth-gurfaces of 25°, 207 and 15 guaranteed that the
trajertories of the main pressure~stress ran vertically
to the surfaces of the ex~avations. The tensile stresses
weve Laken up by a cross-wise reinforrement of the air-
«ide support tooth /picture 9, 10, 11/. A soit P.V.C.
f0il pa-ed on the smoothed excavation guarantees insula-
tion of the shaft-wall and mobile stratifi-ation. Sealing
was done by a salt water~clay-bitumen park.

'e3. Serond cross section seal in mineshafts for the
~onstruction of a zas storage

Az a result of our positive experiences with the first
muni~ipal sas storage tanic another underground storage tank
g planned., To support a load of 9,5 MPa2 in rock-salt,
suadruple truanrated cone=shaped supports are installed,
7ith the first one on the pressure-side shortened. The
"inmeter of the shaft is 6,5 metres, the ‘oncrete of
~uality B 200, the concrete elasticity godulus is 2 . 10
™, the rosk elasti~ity moduius 1 . 107 WPa, and the
1nzle of inclinetion of the supports is 127, and sc the
ionzth of the supports required is 11,4 ,etres. The re-
Intively small tensile forces cccur parallel to the
support ex~avations and are taken up by reinfor-ement.
Inbile stratification is attained by a sot P.V.C. foil an

the free axial displaceability is guaranteed by light plates
ingerted on the air-side sealing is provided by a 40 cms
thieck mixture of NaCl-clay-fine sand, & 40 rms thi~k layer
of NaCl-clay and 3,25 cms., of bitumen 200 /picture 12/.

"ith 2 ro~k temperature of 27 C and using a 50-year-old stor~
n~e plant, and taking into account the sedimentation d the
7ebris, the bitumen lossg, ~lay compartion and the dish~

ned Tormation ol the surfare of the bitumen, the nere-
~nary thi ¥nesges of the se2i.7 pa kswere arranced so that

2 minimz thic'mess of the bitumen of 1 metire wos gueran-
Loed,

4
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Figure 1.
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i2.

Geometric forms of the static supports.

Lines of similer minimum main stresses @ /p
in rock-bound aspherical calottes and rock=
bound parallel-shaped supports,

Meximum pressure-stiresses & /v and material
volumes V, of mobile spherﬁ;;l calottes with
rezard to the thi-lmess of the calotte /fexcava-
tion radius r = 325 cms./.

Lines similar minimum main stresses 13 /p in
mobile, partly loaded spheriral calottes and
in multiple fully loaded spherical calottes.

Lines of similar minimum main stresses G’I/’p
in multiple~tocthed mobile supports.

Mawimum pressure-stresses @ 1 /p in mobile,
single truncated cone-ehape& Morts with dif-
ferent lenths /1/r/ and angles of inclination
/®/ in relation to the elasticity modules of
the rock /EG/.

Sealing variant in easily soluble rock-salt.

Sealing variant in s mine-shaft with sphericel
calottes for a gas storage tank,

Sealing variant in a mine-shaft with triple-
toothed dams against pressure of salt water
from below,

1. Wall of shaft

2. Rear conrrete injection

3, Drainage

4, Injection pipe

5. P,V.C. foil

6. Levelling mortar

7. Rock wall

8, Mixture of salt water-clay~sand

9, Bitumen platform

lo. 8Steel concrete plate

Support excavation insulated by FPVC foil.

Air-side reinforcement of the triple tothed
support.

Quadruple truncated cone-shaped support for very
high loads.,

1. Layer of epoxide resin 4, Light plate

2, Saltwaeter mortar 5. Wall of shaft,

3. Soft PVC /ex3 mms./
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