
CALCULATION AND DESIGN OF UNIIERGROUND DAM'> WITH 

SPECIAL REJ.l'ERRNCE TO THEIR USE rff' ROCK-SALT 

nr.ac.techn. Peter S i t z 
Bergakademie Freiberg, German Democratic Republic 

l. }>RJ!:SENTATION OF THE PROA~ 

In the minin.g innustry dams, which can be separated into 
statir supports for bearing strain and sealing elements 
for .guaranteeing impermeability, are responsible for 
sealing o1f workir1ge against fluids and gases. Sealing 
~~inst ~ter and salt-water is necessary as a prevent­
ive measure, after an inrush of water or brine, for se­
~uring workings which are in use against thoee under 
water, and for draining ehafts.Sealing against oils, 
o:asee an.d noxious substances is naeded when underground 
,.,orkinr.;s are used for storage. In the G.D.R. in the 
last ten years, national economir requirements concer­
ningsgas storage and potash mining have ner eesitated 
the constraction of dams under very difficult conditione 
for which even world-wide no comparable designs exist. 
This paper will report about the solution of this problem. 

2, .MfALYSIS OF THE LITERAl'URE AJ!P PATENTS 

An analysis of the loo-:year old develolJilent of the cone­
ruction of cross section-seals permits the following 
r;on~lueionsa 

l. Para:nel-ahaped, truncated cone-abaped and toothed con­
structions as well as spherical calottes were used pre­
dominantly. The geometry was eetablished arbitrarily. 
'fhe geometry ~e eetabli~hed arbitrarily. The yarallel­
sbaped constructions are the moat widespread /picture 1/. 

2. The calculations require, apart from the geometry of the 
supports, a determination of the shearing stress and 
bending stress for rigidly fixed plates. Theae tw~ tin­
dings do not give an approximate reflection of the real 
stress condition and are therefore unsuitable for the 
calculation. 
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3. Ex' c'Jsi •re loadint; resulted in several rases in the de­
struction of static supports. 

In order to get sufficient impermeability additional 
measures were necessary /injec:t ions/, and absolutely 
impermeable cross section seals were only obtained in 
a few cases by using extremely long de~s. Attempts to 
seal off "arnallite and sylvinite have not been 
c:;ucc•'essful to date. 

The analysis of the literature and ~~tents, the existing 
experiences, and national economic requirements posed the 
followin'S principale problems: 

1. Appliration <f r·alculation \"thich reflects the real 
stress ~ondition in the dams, 

2, Developnent of sealing elements with sperial reference 
to use in ro~k-salt. 

i, TECHNICAL SOLUTIONS 

J,l. Assessing the dimensions of the supports 

'!'his resulted in the following problems: 

-how to arrive at a suitable model for ralculation. 
- ho1v to construct good, practirable supports. 
- ho·.v to evaluate the alteration of the initial parameters. 
- how to evaluate the influence of non-linear effects. 
- how to choose a suitable criterium of failure. 
- hmv to arrive at the necessary safety factor. 

<.inre an exact calculation of the stress is not possible 
usins:s analytical methods, the stress condition and dis­
plarement were calculated numerically. The pro~amme whirh 
was applied, and which wae performed with 12o sample ::alcu­
lations, was based on Hook's Law. Findin~ regarding the 
rork-bound supports put in place to date /they are inextri­
--ably bound to the ro~k/ showed high degrees of tensile 
stress '1'7hi•'h reach their maximum on the pressure-sifle at the 
point of contact with the rock and whirh rannot be fundamen­
tally redu~ed even by le~hening the supports. 
/Picture 2/. The result ie therefore brea~~es from the 
ro"k and fracturing. However, through the insertion bet~;een 
the support and the rock of layers free of shearing stress. 
The stress can be directed so as to .,i ve a more favourable 
stress condition. The desired triaxial rompressure stress 
rendition is rea~hed in mobile simple spherical calottes 
bv full radial loading. The maximum pressure stresses ran 
be approximately calculated thus: 

Qfiii/p: 0.70 r/t + 1.30 
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In,reasin>; the thiclmess of the ralotte t above 0.6 r to 
0. 7r is not advisable since the need for extra exra·.ration 
Ftnd more mnterial rises sharply l"thile 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
tri•ted by bending stresses due to rock pressure, by the 
diffic:ult technologiral problems in manufacturing them, 
and by the possible infavourable curved surface. 

An investi~tion into the stress condition of toothed 
supports shows, that mobile, multi-tooth supports with 
te0th between o.8r and l.Or in bength 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 a large area which increase sharply as 
the elasticit}~odulus of the rock de~reases. These tensile 
stresses can be reduced by lengthening the supports but at 
1!:; 4 r they approach asymptotically a limi t-vnlue /pi• ture 
5/. 

Calculation made on mobile trQ~cated cone-shaped supports 
show that, allowing for favourable stress renditions nnd 
a small amount of extra gxcavatbons, supports with angles 
of inclination between 9 and 15 are favourable. Nearly 
the whole of the support has a triaxial compressure condition 
of stress; only in a small area on the cireumferen•:e iloes 
some small degree of tensile stress show up. UsinG supports 
with a length~ 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~1 be reduced, Supports with a length ~ 4 r bring no 
improvement in the stress condition. The stresses increase 
as the ro"k elasticity modulus decreases. The ratio between 
naximum value of the compressive-stress and elasticity 
moriulus of the rock ran be a'l"'lroxinated using a lo~rhyth­
mir funrtion /picture 6/. 

In ma~in~ 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 loadin~ of the 
support should be taken into account. In this respert the 
use of trunrated rene-shaped supports is best sin-e it 
enlails the lowest additional stresses. 

Vfuereas in many bran,hes of technolo~r safety fartors are 
laid dm-m be:orehand, in underground minin~ it is often 
left to the desi~ engineer to establish the safety fartor. 
Attemps to determine the necessary safety factor using the 
theO"'j' of probability fail, because the fluctuations o~· the 
parameters of -alculation are not knovm. Therefore it was 
agreed to calculate the safety factor from partial sr>,fety 
coefficients whi~h were weighted according to their 
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influcnre on the position of failure. Out of 19 in!luen,in~ 
~'l''tors 12 were not taken into arrount, either bert\tlt1(' the 
~tatement~ are verv exact, the most unfevourable variante 
~r·urred or the influen~e on the position or atrese is 
n~gligible. For trun'&ted ~one-ehaped aupporte, for ~xample, 
\'II e~rrived at 11. neoenary safety :ra~tor of l, 9. 'rhue aahty 
f~Gtore are limit~l inelaati~ behaviour of the material 
in~reaaee the actual load ~apaeity. 

On the baaia o:r tho ral~ulatione made am to ntreea and dis­
plocement and or the ~:ri teria of failure a.ncl. the ill&f'!lty fo.,~­
tore whi,~h were worked out a guideline for maktn,lf the ralr·u­
laUone of the supporte was dr~Rwn up with mch practir Ill pro­
blema have already been adved. 

3. 2. IMPEmmABILIT!C OF THE DAMS 

In addition to mining, static l!l.l'ld constructional factors, 
spe"i"ll importance must be attached to the additional 
:Jealin,-, meast<res, especially in the construstion of imper­
mc:;,ble damn in rock salt. Since the traditional aealL"lg 
measures using injections for gas storage and potash mining 
are insufficient, variants were developed usL"lg mechanical 
Plements, sealing packs, and freezing. The use of mechanical 
clements as the sole sealing measure is not recommended. In 
addition ter:r.nolo,r;rical solutions were developed for manufa~­
turin~ cross section sealsthrough freezing, and even satura­
ted and non-saturared MgCl salt-water solutions can be 
securely frozen. The appli~abtli ty of this method is limited 
to sperial cases or accidents in view of the expense and 
effort involved. The prinr.iple of using packs for sealing 
entails the insertion in front of the support of materials 
with the following properties: 

- impermeability with regard to the adjacent eaeeous or 
fluid media. 

- plasticity to guarantee sealin~ if the support shi~ts or 
the rock moves. 

- resistance to ageing and corrosion. 

For these purposes, as comprehensive teste have shown, ,,lays 
and bitumens are suitable. When normal .clays and salt rlays 
treated with salt water solution were tested for permeability 1 
the resulting damage to the normal clay from the salt water 
solution increased the permeability SO to 100-fold! so that 
high levels of impermeability cannot be reached us~ salt 

lay alone. The main task for salt clay, therefore, should 
be filling in cr&C'kll in the support, rock, and contact area. 
ihis cementing ability of the salt clay can be effectively 
raised by adding sand but then the permeability rises sub­
stantially. It is therefore expedient to insert a mixture of 
:ml t rlay and sand immediately in front of the support, fol­
lo,-red by a salt clay pe.""k· A layer of bitumen plar ed on top 
l'? 
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of the salt r.lay serves to seal the overall eurfa,;e of the 
r.roes se-tion and improves the sealin" of the r.onta 0 t 
joints. Bitumenn are impervious to, and insoluble in water, 
''hernirally stable, are ag-resietant, visr.ous, and show no 
erfe·t of being injurous to heelth. The density and visco­
sity ran be adapted to the requirements using simple measures. 
Bit~~en with a low viscosity r.lin~ well to dry, dust-free 
!'lurf-'l'es thou.c;h the adhesion ie greater than the cohesion. 
In order to avoid negative effects of

0
the s 0dimentation of 

debris when the bitumen, heated to 8o - S'j a, is i.ntro­
durerl, the layers should not be more than l':; rme. thi--k 
and a new layer should not be introduced

0
until the previ-

ous layer has cooled down to at least 65 c. The lo!'le of 
bi tUI!!en throu~ a hypothetical circular ~p between the 
aupport and the rock and also into vertical rrevires in 
the ror.k -·~Be calculated e.nd conrlusions drawn concerning 
the ne,·eesary 'luanti ties of bitumen. Experiments into the 
effertiveness of joint rlay-bitumen p<1r·ks show that this 
sealing variant fun< tiona perferotly well, After squeezin'!; 
the fluid out of the clay m.ixtu,-e /6o - 2oo h/ no further 
lea~a~e of the fluid was found. 

In andition to freezing, \~riants were developed for particu­
larly difficult problems of sealin.<~; which ex•·lude the appea­
ran•e of solubility in the area of the support. Such a 
tec:p,.nolo~Siral solut;ion contains the following partial so.lu­
tions /picture 7/. 

l. An inert material, e.g. bitumen and an over-saturated 
salt-•JVater solution, should be placed in front of the 
support. 

2, The amount of convection and diffusion should be kept 
small ~J pilin~ up rocks and building barricades. 

3. The unsaturated salt water solution should have the 
·han~e to be•ome saturated. 

4. Use of an over-pressure area filled with sili~on oil 
'"'hi•h is inert with re~rd to the ro"k and the bitumen ..,ill 
prevent penetration of the salt water into the area of the 
sealinos packs. 

5. In order to eleminate the possibility o:'" solubility n 
~11-insulator should be introdur.ed and fixed into radial 
sealinP, slits. 

6. Usin~ pipes 

a/ pressure is ~aged, samples are taken, ~~d se"o~dary 
injertions oc salt water are made /pipe 1/ 

b/ ser?ondary injections of sealing media are made /pipe 2/ 
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··/an ovr>r-pressure is produrerl /pipP 1/. 

1. EXXU'I..ES OF THE CONSTRUCTION OF 3TABLR AND DI!TEi\VIuU"; 

"' 
The above fin<lin~ formed the basis of se;reral sealinro: opera­
tions performed on cross sections. Three examples o·· sur:h 
operations will be disr:ussed. 

4.1. Initial operation for sealing off the cross ser:tion 
in mine-shafts in connection with the ronstru-tion of a 
~s storase /picture 8/ 

Due to the hi~h standards required when sealin~ off ~s, 
t·:•o 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 parl{s of NaCl-rlay and 
bitumen to the reinfOr"'ed spherical calottes oi ronrrete 
225, which are separated by oil paper and layers of epoxide­
resin from the upper and lower layers of r·onc·rete and the 
ro·l{. The ·ombined seal sonsists of a mechani<al and a 
hydrauli· part. The merhanir:al part is composed of a steel 
ulate for sealin~ the cross section an~ a steel surhion 
,z-,ier hydraulic pressure whirh seals the area in rontart 
·.vi th the ro 0 k. The cir"ular spar:e between the steel 
rylinder and the rock is under over-pressure from oil, 
·•rhich enables the ronta<et and peripheral zones to be 
sealed, Calrulations usinrs the new method give a per­
missible loading of the <alotte of 5,6 MPa. o~in~ to the 
upper "on~rete layer of the calotte, however, the re-
nuired radial distribution of forces over the entire 
upper surfare of the calotte is not fully rear:hed. Cal­
rulations made with axial distribution of the load of 
·1.o rrra resulted in a safety factor cf 1,1 in the area of 
the r·alotte under maximun stress. This construction has 
Dilly proved itself during more than ten years in whi h 
it has been operating, with the pressure in the area of tlo.e 
"lay-salt 'vater solution at 4, 0 l,fi'n. Injections for keepin' 
the salt water solution under c-onstant pressure decreased 
'Onti.nuously, 

~.2. Sealing a rross section in the shaft of a potash 
m1ne 

In the course of reopening part of a m.ine the salt water 
level in t'vo shafts had to be lowered o.nd at g depth of 
~ 49o metres "' eross section seal at 5, 5 tlJ'a introdu<eeC.. 
Lo\"tering the salt water level by pumpi.ng sho'I'Ted a sharply 
rising quantity of salt water per metre lowered needin~ 
tr) be pumped out, which was trared to a gas bubble en·losed 
ir the mine. Using a surfare rotary drill the ~s bubble 
·.·ras pun tured and the release of pressure allowed the salt 
"l!tter level to be lowered to the nen~ssary extent. The coross 
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sP· tion sP.o.l was insto.llcd in ro ·k-salt; ex·avntions clue 
V:- the freflh-1mter layer r·aused the cliarneter of the sh."lft 
in the installation area to inrrease from G25 rms. to 
nco cr:~s. &>·cause of ro"k pressure and sill!ple · onstruc­
~ional ronsid~rations, treble toothed mobile suuport 
10,5 Metres hi~h ·l'fere installed at a plar:e where the 
<Jhaft had a di.'ll!leter 

0
of 9

0
metres •

0
The an~les of the 

~ooth-surfares of 25 , 20 and 15 gt~ranteed that the 
trajertories of the main pressure-stress ran vertirallv 
to thE> surfae'eB of the ex··avations. The tensile stresses 
"1en• La1nm up by a rross-wise reinforrement of the air­
~ide support tooth /picture 9, 10, 11/. A soft P.v.c. 
~oil pa•ed on the smoothed exravation "\"Un.rantees in~mla­
Lion of the shaft-wall and mobile stratifirat1on. SealiniS 
·.vas done by a salt water-rlay-bi tumen pa.c·k. 

:. ), Sproncl <Toss sert1on seal in mineshafts for the 
ro!'lstruc·tion or a gas storage 

.\s a result of our positive experienres with the flrst 
:->•J.ni· ipal :;as stora~e tanl: another underf;round stora";c tank 
·ns planned, To suuport a load of 9,5 MJ'a 1n rock-salt, 
·"'IJ:tc!ruple trun°ated cone-shaped supports are install en, 
~clh the first one on the pressure-side shortened. The 
'i. 'lme·,er of the shaft is 6, 5 metres, the · one: rete of 4 "11:J.li ty B <00, the cconcrete elast~ci ty wodclius is 2 • 10 

!.1'"3. 1 the ro 0 k elctshrity moduh:s 1 • 10 ~~. and the 
-,~nlP of incl1nr1tion of the supports is 12 , and so the 
l •"n ~h of the supports re(\ui red is ll, 4 , etres. The rc­
l'ltlvely small tensile forces orcur parallel to the 
c;11pport ex<Cavations and are taken up by reinfor·ement. 
;r..,bile stratification is attained by n sot P.V.C. foil an 
~he free axial nisplareabillty is guaranteed by light plates 
inGe~te<l on the air-side sealin" is provided by a 40 ~-ms 
'.hi"'k mixture of NaCl-clay-fine san<l, a 40 ~ms thi•k ln..ver 
o[ NaCl-rlay ancl 3,25 ems. of

0
bitumen 200 /picture 12/. 

"'i th a rork temperature of 27 C and usinP, a 50-year-old stor­
~.--;e plant, and takin"; into a•rcount the se•'ime·,tation r:f the 
•'r-bris, t.r.e bittunen loss, ··l::w compv·tion anr' the clich­
'"h'lnej ~ormation o~ the S'C.rfa0 e of the bitumPn, the ne• e­
,-,~ary th.i. \messes of the sc-.'~·~1' pa kswere arrano;en RC thCJt 
' r:~inim•m thic,\.-ness of the bitumer. of l metre ~vns gue.ran-
: ~<':1, 

l }'orster, ·.v., und Sitz, P.: 
lintersuc-hun.~en zur Bcanspru-:-hun~ und GeC'taltvn-; 
von U."'lterta;;i c;en I"'ropfen und DBmmen. Neue Berfibau­
Lerhni1r 1 /lC7l/ :), S, 595-6o3 

·' Fbrster, ,.7., tmfi Sit~, P.: 
Z11m Beansp:-uchungszu3tand von Kalot ten und Pfrorren 
also unterta~ig-e Abdammungen bei U!1.teno,•hie·'lic·hcn 
Bel~Rtun~- und La~erungsbeclin~~en. Neue Ber~bau­
terhnik 3 /1973/ 11, S. 835-84·;, 75 
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1. Pa raUele Widerlager 
11 emfach parallel 

2.Verzahnte Widerlager 
21 einfach verzahnt 2 2.mehrfach verzahnt 2.3 v-torrn1g rnehrfach 

verzahnt 

3.Kegelstumpfformige Widerlager 

J1einfach kegelstumpfformig 32 mehrtach kegelstumptformig 

4. Kugelkalotten 
4.2 mehrfache Kugelkalotte 4 3 kombmierte Kugelkatotte 
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