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I .  I NTH O D {JCT I ON 

TIJe reql1irelllelJt.s for ellergy sřlvillg, ellvirollllleut prot('cl iOll alld clSSlll'cUICe of 

all delllauds for t.llP cout.iuually ill('J'pasiug poplllal.iou 'lil o\-pr 1.11(-' \Vorld hnve hpell 

enforcing underground spaces III.ilizntioll. TIJřlt is \VIly I liP problelll of' IIlIdprgr(lIIlJd 

WOl'ks st.ability aud tlJeir operřlhility řlS�WSSlIl(-'lIt is IIot IIIP qllPstioll ()f' IIlilJillg IIIill­

end deposits řllly 1110\'('. hlll. first of řl II il. is related 10 (Iw cOIIsI rllcl io" of IIlHI('rgrollnd 

s(rlld.llres (dpposit.s oj' ra\\' IIIřlterinls, f'IlPls C\1j(1 wC\stt-'S. large-sl)C\ce IIIHI('rgroll"d 

garages dc.). FollolVillg up diffPl'eul types of Stl'llCt IIrnl ilet ivi(-ies t lit' reqllirellwuls 

for solut-iou of undprgroulld stl'llct1ll'e st-řlhility a"d detPl'IIIillillg IIJP clla"ges ill t.lle 

initial st.ress st.řl(·e of I he rock IIIclSS IIřlve hecu illneřlsillg. SIICC('ssf'IiI solilI io" of 

(.bese tasks cou(.rihuI es t.o (.IIP optilllizal iou of' IIlIdergrolllld sl rllcl Ilres f'r()!1I liJe 

,-iewpoint.s of coustruc(iou, (c'COIIOIII.'· and ellvirolllllpllt protpclioll. 

Thp cous[.ruct.iou of' řllJy IIIHlergrol"Id sl I'Ilcl IIres is (Iw r(';)SOll of' hotll <illillircll i,-e 

ancl qllant.itat.ive challges of llip rock IIlřlSS ill IIIe SlllTOIIIJdillg of' I.he sl rllcl 11]'('. 

fil'st. of all t.he reasou of t.he clJ;1.lIge of' t.he iuitial stress st.ate. Tlle t-'<illilihrilllll 

st.ate of slTess is r('st.ored aud this rt-'sloraholl is c1.CCOll lpřlllied ,ril Il dť'f'Ol'lllatiollnl 

chauges ill t.he Slll'l'OIIUdillg of' (IJP IIIHlergrolllld SII'lIClllre. TIJP d(,rOl'lllal.ioll sl ress 

respOHses oft.llt' wck IIl<lSSPlIl he ohsPl'ved din'clly ill sil" Ol' predicled Oll III(-' I)clse 

of' ulJlllericlll Ol' experilllPllt.al IlIodel sollltiolls. i"l odpllillg ill geoll·cllllics eUclhlps t.o 

observe t-.lJe IIIpchřlllislllS ol' geolll(-'chclllicřll pIWIIOIII('IIIl, 10 predicl sl rpss cllallgps ;lIld 

tlteir efťect.s iH variolls [lrocesses or tlH' 1I11dprgrollud \Vork COIIst.rllcl iou. hllt ;!lso ill 

Sillllllřlted operat.iolllll coudil.ioIJs. O llrillg IIIodplli,,!?; lilI' rock IIIilSS is ]'eplacpd hy 

a lllodel wbiclt IIIllSI. fulfil all (kt ('1'1 11 i lJřllll propprtips of' )'('cd "alllral PIII-irollllw"l. 
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TI/p Sllcrp:-;:-; oľ (lip IlIod(,llillg IIIPI IlOds lirsl or;tll d( 'pPlld" Oll llip ;l('CII n1r,\' or illpl/t 
parrllllPtprs, Tlw a,h';](llagp or pll,\ 'siral IIlodl'ls cOlIsi,,'" ill l'<'illi,.,1 ir ;\lld rOlllpl,'x 
sillll!ialioll ortbe process Illal is lakillg plaCl' ill 1111' rock 1I1"SS, TI", ľorlllll\;llioll oľ 
horder collditiollS is haspcl l/I)()II 1111' prili('iplf-'s oľ pll,\'sic;d ;tild P;POllIl'lriral silllilaril,\' 
(I"':ožešllík , 198:1: Kolj()I/I,'k ('I al. 1977), Oll Ilw ollll'r 1","r1 I hl' arl\'alll a;.',,' oľ 
UI/III('I'ic;d SolUliOlIS rOllsisls ill 1111' ojH'ral i\"'II""" hy III1'all" oľ II'llirll il is jl()",.,il>lp 
10 rlu\llg(' III(' illJlIII p;lnlllll'll'r" nll<l ill IliP l'aJlidil� h� 1111''111'" or 1\'llirll il i,., I'0"sihll' 
10 "rlli('\'C' I liP reSl/liS, Tll(' 1110,,1 oh.il'rl i\'p l'I'slIll,; an' aclli,'\'C'd 11, \ ('Olllhillal iOIl oľ 
hotll of I !Jese ll1el hods, i,p, h,\' Ilw II lPI hod oľ cOlIl'led IIlo,lt-llill1-\' 

Tlle ailJl orthis \\Iork \\Ia" 10 \'eriry Ilw capahilil ,\' oľ JlII,\',.,ind III(lIl"ls to rpcord I liP 
rhallge,; ol' I lIP sl l'ess ill 1,Iw IlIod,,1 ill cOllseqlll'lIc(, ol ' IlIldl'\'p;rOIIlItI lI'ork ,;1 rl/cl 1/1'1' 
Sillll/latioll alld 10 id( 'lIliry IIIP n'liahilil,v or lrallsdllcillg alld 1'I'1-\islr"lioll ol' lIl('",,"rl'd 
sl \,psse,;, III I befilJal :-;1 ng'> III(' l'('sl/ll:-; ol' III(' ('xJlprillll'1I1 r;1I1 1)(' 1I;;l'd "" illJlIII (\;11 a 
ľor IlIa([JPIJIrLtiral IlIodpllillg, 

1, DESCIlII'TIOi\ Ol' THE I�:\I'EHI�II,::\'I 

r\ Ilorizolll all,v 1IIIIII('IIpd 1IIId,'rgro'llld lI'ork oľ circl!i;lr ",'cl i011 (dinllll'l lJr I (J() 111111) 
lI'a" Lllodplll,d ror pxpl'rillll'llI al pllrpO';I'''', TI\(' 1110.11'1,; 11"'1"1 I'OLI,.,I rllclpd ill ;1 1111l(1-
I'llillg,;lalld witll lhp dillll'lI,;ioll,; oľ·IKOx 1,1(jOx ILO() 111111 (lI'idlll > IPII[2,III;< Ilt'iglll), 
Tli!' IIIIIIIPI \\'ilS drivplI Iiorizolll ;111,\', l 'xCPIIi rirall,\' ľl"lllll 1111' "idl' p;lrl oľ 1111' IlIod,'llillg 
stillHI ill I, IIP heigiJI or 'JOO 111111 ahm',' il;; hollolll, \ll'lal \\'t'iglll,; 11'('1'1' 1I,;,'d ror ,'xl ,'r­
lIal loadiLll!, or t,lH' IILodpl. III 1111' 1I10dels I II<' I)('ha\'iollr oľ lilI' ILII<I('I'grolllld sl I'ILcl III'<' 
IIP;1dillg alld its iLllLllf'dialp sl/rrolllldillg dlll'ill1-\ 1111' ,'xra\';tlioll 1\ ';1" oh"I'I'\'pd, TI", 
stl'<'SS sl ale Clli1LJgl's ill difl'el'('LII di,,1 aILC"'S ill rrOL11 nlld 1}('llillll oľ pr()(','pdiLI1-\ 11I';\flillp; , 

stress dislrihutioll ;]lId I lw risl' oľ 1/1Ilo<'ldiJl1-\ "lid Imldillg ;\1'(';]'; ill a pia "" pl 'I'p(,lI­
diclIl<ll' to 1.111' IOllgitlldillal axi" oľ IILP IlIld,'r1-\rol/ll<l slrl/rlllr(' \\'prp d('tf-'l'lIliIWd, III 
11[(' 1I10dpI t.lw rock IIlass lVas sillll!ialpcI b,\' 1I10dl'l lIli\lninl. TlirPI' I\'p('" (Jľ IlIodds 
lI'prp tpsled, 

a) (\Iodel (!l:{18) \\'11I'rl' tlw rock III":-;S \\'a,.; (, oll"idl'r,'d i,.,olropic "lid 1lOllIogt'II<'OIlS , 
lil lliis ('ase lij(' Ilspd IIlOdl,1 IlIall'l'i;1i row;isll'd ol' lili' IIlixI 1/1'1' ol' IWIi10IliIP :W'1r , 

s;lIld (i7c;{ aud fal :{ C;{, 

h) Model (950:1) IVlwre I hl' rork IlIass \\,;1S rOIl"idl'l'ed Ilorizolll rtll,\' Iwd,kd, I'llrllll,d 
hy tll'O ki IIds ol' II10del lila I eri ;11. Por I Iw IIlod,,1 ('ollsl \'I/rl illll I \\'0 II I ix I III'PS \\'PI'I' ""I'd, 
Pirsl IllixllllT - tbe S<'lllll' ;1S ill poilll ;1), tlll-' SPClllld IIlo,IPI 1I1'II,'\'ial IIIPrll",II\' 
prl'pared h01l1 sr\.Jl<l !J8,(j ex alld p;\ndfille 1 ,·1 r;{, 

rl (\Iodel (9(iOL) \\'llPre I lIP \'ork IIlass II'"S Iwddpd, ll", 1-\r"dil'lIl or I II<' I,,\','\''' \\'''s 
led I/IHle\' 1111' allgle OI'LL,GO willl rpp;ard 10 tll<' IOIl1-\ill/dillal "xis oľ lll<' 11111111'1, 'J'III' 
IIsed IlIodel lllalerials \V(-'rl' 1111' sallll' a,., ill POill1 h), 

Tll<' properties ol' IIlodf-'l lIlall'l'ial \\'('1,(, illdirall,d h,\' 1111'''",., ol ' J;1!Jor;t!or\' 1111'11111.1" 
1\'llicll arp liSl/a I ill soil IIlPrll<\lIirs lI'il II I II<' l'olloll'ill1-\ 1'1,,,1 !I 1,;: 

helllollilf-' :Hl%±salJd filc;{ ±hl :{(1c 
\ '011/1111' IVpigllt T 

IIlliaxial ('olllj)l'essiou sl, rPlIgI iJ (Jl 

I,G:{ 1-\/1 '111:1 
(J,()07 \\1 1'<1 



F/(;. 1. IIlodpl st.A ud ,wd /'('!-jisl/'ill i011 dpI'i{'l' P/,pp"/,pd {'o/ '1/1f ' //Iodel pX/lP/'i//Wllt 

elAsI icily l/lodlllllS li: 
Poissou r>1lio 

co/lesioLJ ('1' 
AlJgle O{' iUI:P/'IJi-l1 ('/'i n.io " IJ!p 
sélud 08.6 % + /lél/'aflil/e 1.4 % vol "" ll' weigb I. T 

lIuiélxiéll cO//lp/'essiol/ sl'/,PU!41 II fTl elasticil.l' Illouulus E 
Poisson /'a t. io 

colJPsiou cp 
Cingle of ilJt,p /'lJal ľl'icl.iolJ 91' 

LI.) \11'" 

O '2<'1,1 

(U) 1·1 ,\ li';, 
:l/.O" 

J .·/Gg/{'111:1 
O OL \ 11'" 
1 :U) ,\11';1 

O:W() 

O.()) J ,\' 1 fl" 
:jK.:'j" 

J\r!OIJil.o/'ilJg ol' I.II P sl/'('ss rllr'''!-j('s i" I IIP //lod,'1 h"dl' ll';,;; (';I/'/'il'd 0111 h.l' s,'­
IJlicolld,IClo/, I./'Ci//sd"ct'/'s ol' t'Y/lI' '1'1\1 440/ '2 II'il/l "ollli//nl I'xI""sioll o{' L()() k!'il. 
,,], ieJ, ",,, , , , ,-,. 'IH' ,',-�, appli"d 1""1"'"],''' 1,,,1_, "" I I",i, h""-i,," " " ," " . ll,,, i "g 
th, "'odel ,-""", ",-""" tJ" 1,-, ",d ",-,>" ",." . I,,,,, led i" I IH' "'" ind pl" '" p",i "g 
t, II/'Ollgh Ibe ce"tre ol' I.lle IIIOdd st"LJd pe/'pf'udicIILt/'/.I' O" I II(> I()"gil I/di/Jal "xi" ol' 
Ille t.Lll llJel. T/Je 1.l'i-lIJsdl/cP/'s I\'('/,,, sil.llal.p d i/J lil(' "Iodpl i" " 1\,,1\' 1\'/lid, (,,,,,hles 
(·0 l' egist.el' t.lle sl·/'pss SI·al.e dl'llJges (dp/<>I'I""I i(m;;) i" 1.1", I'PI'liet! di/'I'cl il)/J. I.P. 
I'·bat Oldy ve/'tjcal st. l'essps II'P/'I' I'f-'gisll'/' ('d. Tll(' clil I Oll/rif ir 1l/1-';,sl//'iIJg PqlliplllPlrI 

(;�J 
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UNl LOG 2500 Wil.S ut-i1ized 

for t.lw 

dal,a regislrill,

iou in this syslelll of transdllcprs. 

Tbe lllodel st-and 

and addit-iOllal 

devicp prepared for t,lw 

Illodpl eX]lerilllPul is 

shown in Figure 1. 

The l1Iodels were t,f'st-ing 

models wlIich did not illlls1 ratf' auy ('()linete sitllal ion. 

Aft.er deliheration t,hat t.lle III0del scale was 1 : 100. tlw 1I10dels cOllld reprf'spul I he 

lunl1el wit.h 

1,1Ie dialllet,er ol' 10 III drivell ill the dept,h ol' HlO III IIl1ller \.lw smfilcP 

in the rock lI1ass l'orl1Jecl by IIlediulll-rigid salJdst,olles 

aud cla,yst.ol1es 

wbich wp nllJ 

find e.g. in t-he are a ol' t.he Kladllo eoal hasili (Živor et al., lD95: Vydra, lD\)'í). 

TIIP II10del t.est.s 

bad il. silllilar course for rlll lllOt!pl t,ypf's. Aft.er 

1,11P c Olllplel iOIl of 

t,lw llIodel cOllstl'1lct.iou 

aud its cOllsolidat.ioll, 

I,

llt' calihratiolJ (Jf I,he trausd\l('Pr,; \Vas 

carried out. 

in nw \Vil.y l IIent,iolled i II (KollolI t,

ek dal., nJ71'\). Tll is is ueu'SSrH\' 

for 

df'rivat.ion 

of tllt' regressive fumliolls for tlw evalllalioll ofstress slale clIallges ill Ilw 

plil.

ce of t.be 

t.rausducel' loca!ioll. Dmillg tlw IlIodcl eXlwrilllell1 I hl' ret!ist.riblltion 

of t.lle 

stress st.a,t.e 

occurrec! ill cOllseqllellce ol' tlw I.llulwl 

drivill).';. Tbal is 11'11)' 

beforf' t.he 

begiulling of t.be tlllluellillg t

.

lw illitial vallles ol' Ilw sl,r('ss sl al e \\'ere 

recorded Oll t.he 

t.ralJsducers. 

Conseql.lent.ly 

a t.IIIIIWI 

\Vas ).';radllrdl\· drivell ('1'01 1 1  tlte 

sidf' of t.he 

I1lOclellilJg st.alld. 

Rerllliugs on Ille IIwasmill).'; eqlliplllPll1 llNILOC: 2GOO 

for evaluat.ioll 

of sl',ress sl,

al,e chall).';es \Vpre carried 0111 rol' Ilit' 

Iwadiug dislallcPs 

of:lO CIll, 20 CI1l, 10 ClIl, fl Clil (lIalllt'ly 40 Clil, :\0 Clil. 2ll Clil. ll) ('III alld G ClIl for I hf' 

9:HS 1II0clel) a,lleacl of the l,rausdllccr plall('. approxilllal el.l· Oll III(-' plalle of I he 

l,ransclllcers, and 5 Clil, 15 Clil. 25 Clil (alld also :\�) Clil for I III' �)()()2 III(Hlel) afl!'r tllP 

plane of tlle t.rélllsdllcers. 

TllP clJOsell I illl(' illlen';Ii alIIOIl).!; SI'prll'<1lt' pll<1ses ill whicll 

gri'ldlla.1 1.11IlllellilJg wa.

s carried 0111 \Vil"; ] 1 10111'. I I  is ('XI)('rilllelll ,,11\' I'eriiied I illIP 

sutricif'ut for fillislIillg Ilit' 

IHOC('s,.;es I rtkil1).'; place ill Ilw Illodel. Tlw I ilJiP s(Orie,. ol' 

lellsollIP Il'ic dat.a 

IVere furtlIPr processed. 

:L HES1ILTS uF THE i'vlollEL TESTS 

Tbc lIlPasured t.ellS

Olllel rie dal a for ('aell Illodel experilllPul w(-'rl' IHoeessed 1)\' Ilw 

set of prograllllllPS of TN I, TN2 rol' ealihr;ll iOIl of I rallSdIIC('rS ill III<' IIlodel ;11\(1 for 

t.lte 

i udicil t i01J ol' I,be sl,ress sl,a I e clI a I1g('S i II I I J(' IIlodel i II I I J(' p I a c(-'s of I I J(' I ra lI,;d II CPI' 

local,

iolls (VelJcovský. lI'lfdek, ]D94). Tlw cillclJlalcd vprlical slress cllall1-;es (IIIP 

ratio ol' t,lIe ealcldated st.resses 

for eacll parl iClJlar sl 

a).!;" ol' III<' 1llIllIellillp, Iril II 

regard to t,be init.ia .

l lllodel slress slal.c) 

ill Ilw rOrIl1 ol' isolillPS II'P\'(' illllsl r<1I('d. A 

cOlllplele illllst,ratioll of t,lw rise ol' all illCl'easpd slress "rea ill 1'1'0111 aud helIillll ol' 

llIe proceediug t,llullel headill� alld il. cOlJlplele illlIsl ral iOIl ol' iIICl'('as(,d (deCl'eased) 

stress sta,le ZOlles forlJlatioll after t.lw 

pass;lge ol' I IIP 1IIIIIIel Illroll!!,11 I lIP plalle ill 

which nit' l.ransclucers had heell localed, were ohl ailled. 

Tlte ratio ol' t liP in i tial st,ress sl a I p to I lIP sl ress st a I e II \pasll red fol' ('aciI IIIIIIWII i ug 

st.age 

in tbe 1I10del of �):ns type \Vllicll \Vas cOII,;lrllcled frolll OIW SOl'I ol' IIlodel 

IImt,erial 

a.

re giWII iu Pig. 2. Olll'iugsla.

ges 2. LI., \VlWII I II(' tlllllwl lwadillg I\'as ,Ill-

20 Clil aiIeacl tiIe trausdUCf'r plrllle. t,

IIP t.ralJsdllcers 

did 1 101 recoj'(kd ally sl ress sl ille 

cbanges clue t,o tUl1uellillg. In stages G. a.

nd (j., \Vlwl1 tlIP I lllluellwadill� Iras silllalpd 

in tllt' dist,allce 

of 10-GclIl a.llPad nf t,lw Iransdllcer plalle. a cOlJlplelely reglllar 

area of inrreasecl st.resses, a,

llIlosl 20 % higlter ill cOlllparisolJ wil h 1,lw illilial slrpss, 
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FIG.2. lsolines of strpss rřlt.ios (ill %) de!.pl'lllillpd Oll I.IH' basp of 

t.Pllsolllet.ric IIIPaSllrPIIIP1Jt.S for pach st. agp ol' drivillg witll 

l'Pgal'd t.o tlte illil·.irtl st.rpss st.alp: tlle �n lil Illo(kl � lVitll­

Ollt. layers 
�Ul.g{-'� 2-8: hf-'ading distalwt-'� 4Unll. :{UClIl. 20(�Hl. lUcLLl. .S I ' lU 
allearl nf the trall:-.dlln"'r pJ.'1.nf"', approxirnat {-'ly Oll I rall�d,wl"'r plallt-' 
alld .') cnl. -1.1) Clll 1)(-'lLjnd t I'an:-.dw'pr pJalI!' 
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was fOl'lllPd iu frollt. of t.be Itpadillg. III élccordélllcP lVil.11 tllpol'ptind JlrpSlllllpl iOlls 

aft.el' t.l'rtllsdllcer platlP was ('I'osspcl by tllllllel bpadiug t.lj(' slress Oll I.IIP t.lllI lIPI sidps 

illCl'PélSed alld uuder aud above t.lte IIIUIIPI df('l'PrlSP nf strpss appparpd. VVill1 I.lte 

louger dist.ance of dle t.uullel beélclillg helJiud I Itp t.nll1sclll c(-'r plallP aucl cOlIse<jIIPlllly 

longer time dist.allce frOnt t.he UIOIIIPU!. wlIPlI the 1'lIlluel lwadillg IléHI passed IIJl'(mglJ 

the transducer plrtue it was possihle t.o ohservp tll(-' dev(,lopIIIPut or tllP ;upas lVit.lt 

IllaxinlulIl vprt.ical strpssps Oll I liP sidps ol' t.IIP tllllllPJ. 1\01 ouly t.l te growl II of 

IllrtxiJIIUIll sl.l'pssel>. hllt. also exlplIsioll ol' tlIP ZOlJ('S iufltlPlIcpd hy I IIIIIIPI dri\'illg illlcl 

l.he ulotiou oť luaxillllllll stresses iu tllP directiOll illt.o tllP IlIass lras fOlllld. Tllis is 
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FIG. :�. !soliups ol" slress ratios (iu o/t) del('l'Illill('d Oll IIIP hase ol" 

tensolllel.l'ic IIl('aSIII'PIlIf'lIls for sl ;tgP of dl'i\'illg lI'il" I'Pgard 

t.o tlIP illil ial sl,I'f'SS st,M.e: tll(· 0!i():) I Ilodel - 1101'i;:01l1al 

layel's 
Stf'lge:-. 'l-H: Iwadillh distřUln"!'-I :Hlrlll. lU('111. 111('111. ,)('111 alw;tcl nf 
t lli-' I nUI!'-IclllCt'r pl:11 11'. iLppl'(IXillliLtt·I�' nu t rall!'-ldlH'('r plHIW itlld ,; ('III. 
1 S litl, LG Clil Iwhilld j l'illl;-..(hll't'1' plal II' 

Ci\1lsed by 1,1li' redllcillg ol" sl I'PIlp,I" ol" 1,lw rock III;\SS 1'<pli\'al('1I1 i\lId I).\' tlte I'is(' ol" 

dist,lll'hecl al'eas al'olllld Ilw 1111111('1. Tltis pro('t·ss, II'lticlt is kllOll'1I 1'1'0111 cOllsI 1'11('1 iOIl 

of' slIbsllrf'ace WOl'ks, is ver,\' Ili\l'dl,\' IIlo c!ell;t hle III IlIal 11('11,,\1 iral IIlo<"'ls, 

Silllilal' procf'sses \\'f're i l l l lsll'i l l (·d ill Pigs, :\. ;\lld ,I. ill w"irlt IIIP isolillf',", of' 

Iltf' slress stat,f' ciJa.llgt's ill tlw 1I10dpls witll IlOl'izolll;t! (1IIod('1 D�)():\) a lili derlill('c! 

(1IIodt'1 060:2) layers lVel'P dralVlI, '1'11f' illnllf'IIC(, ol' Iwddillp; Oll I lIP sila pp (Jr IIIP 

isolinf's is vel'y f'vidf'ut ill t Itis pici III'f'S, 

Tllf' difFereuces bpl,wPPIl tll<' illili;" stl'''SS slall' (Jf III(' I1I0d,,1 alld ils stn'ss slalp 

s ilo 1'1 1,\' (5 Clil) a.ft.f'l' HIP 1'\11111<>1 11(>adillg C!'oss('d I lIP I raIISdIIC(·I' plall(, f'or p<lclJ 1I1()(lel 
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F/G.4. lsoliues ofslrfc'ss ntl,ios (ill o/c) dfc'tpl'lllilwd Oll Ilw hi!Sfc' of 

tensollwt.ric IIIPř\Sllrf'IIIf'lIl's for f'Clcl, sl i!)!;p ol' drivillg I"il" 

rpgClrd 10 1,11t' illitiClI sl.rpss stCltp: tlJ(' 9()()2 Illodc'l layprs 

\Vitll 22.5° gradipl Il 
Stag;t�s 2--IU: bt>adiJlg di:-.li-Uln':-, :'>UI'tll. :2Ut'UI. IU('III. .S("III allpad nf 
t.hf! trau:-.dllcI-·r pl;uw, ilpproxiIU;df-'ly Oll t r:LlI:-.dl/t'('J' plálI(-' ;lIld S ('III. 
1.1) ('fil. 2,1) CHL �H; nll IH-'hind t ntll!-.(!Jwt-"I' plalll' 

,:.1 

type (lVit,l, lIo-layf'rs, lVil,11 IlorizOIJI  i! 1 Irl}!'rs etlld II'illl III(' lil.l·pr IIlIdc'r tll(' ř1 llgl" ol' 

22.5°) IVprp illust.raled ill Fig. ii. Tlw iuitial slrfc'ss sletlc' ill III!' 11111I1t'l :lxis 1\';lS 

1 .75 kPa in tlH' no-Iayf'rs IlJOdpl. rfc's\lf'clil'ply lK.;):l kPa ;111(1 ''''.(jK kPi! ill nllIPr 

IlIoe/f'1 types. 

For t.he sallle phase of tlle 1I10dfc'1 fc'xperillJt'llls. I,IJ(" isolillps ol' sl,rfc'ss diffprpllcps 

hetlVeell IIIOe/pl 9:l1K alld Illodpl D5(J:l, rpspc>clil'('ly IwIIVPfc'1I Illod,,1 9:)11-\ etud D(j()2, 
wpre illllst , riLted in Fig. 6.  

EVf'11 I,hough I.lw dfc'(,prlllillpd valllps of I II(" s l  rpss Oll ('etcll p;ul iClllar l,r<lIlSdllcpr 

lVere affect.ee/ wit.ll el'l'ors wl,idl IVcrp nlllsfc'd h.l· I II(-' 1101 allVilys IJPrI'c>cI C()]jl :lcl ol' 
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FIG.!j. ]soliues of tlJ(:' dilrel'eIIC(''; hel 1\"('('11 III<' illilial sll'l's,; slřlte 

oY t.he IIlodel řllld liJe slJ"J'ss slall' illdic;)ll'J! Oll liJ(' tl'řI.IIS­
ducel's for l!Je stat(' wllell 1.!Je IIIIIIH'I 1J('adillg Il'as ill l!Je 
c!ist.řlnee of :) Clil Iw!Jiud of I !Je plalw ill II 'IIieh l!Je tellso­
Illet.rie t.r<tllsc!ucers \Vere sitllélled (kl'a): 
a ) - 1I()-layer� LlInr!pl 
b) - horizont a.l I';-l.\,pr:-. IIlndt>! 
c ) - indiJl .. d laypr, IJlodd 

lIJe slIrrolJlllliug 11I<tteriallVilll Ilw IrrUlSdlJC('r alld also h.\· Il'cllllic<11 illlpossibilil\' 10 
loeale 1.lw trřlllsdllcers illt.O tlJe riglll positiou, tlw J"J'slills of liJ(' Illodel eX]lf'l'illwuts 
providecl sldlicient.ly siguifierlul illforlll<tt. ioll abolll tlJ(' pl'oc(',.;ses II'llic!J l<tkeu place 
lil liJ(" IJl0del duriug l.ulIuelliug. 

4. lJTILIZATION Ol' THE CXPEHI�Ir.;-.J'ľ 

Rr.SULT F'OH i\IATJ-IE�·IATI("'\I. MOllF:LLINC; 

The I'esults of t.ensolllel.ric 111('řlSllrPIII('lIls ill pllysical Illod('I,.; nlll IlP Illilized for 
delerllliuation ofiupllt parallJ("I(Ors for 111<tlllelllal ical lllod('l" (I'rocll;Ízka, Skořep()\'�, 
1996). 

Por the sallle Illechauieřll illld deforlllatiOllřll pl'operl ips of l IJe Ill<'dilllll. II'hich l\"f're 
used for cOllstruct.iou of lbe ph. \·sical lllodel řllId fol' tlw SřlI1Je geollJelry as pIJ. \·sicřll 
Illodel, řl IlIatbelll<tt.icrt! solul.ioll lI'řlS realii\ed. 1'!J:vsicall�' IIOII-lil1par cřllrlllatiollS 
\Vere břlsecl on generalized Molll" ('OIlIOlllh 's Law řlud f)rJlckel'-Pragel"s H,vpotlwsis 
(Proch�zka. 1997). 

lu the 111<tt.belllal.ieal 1I10del t here is řl fillrll 1III1IdlPr of přlrrlllJeI.el's p" (ll = 
1. . .. , III), IVhicIJ ent.er iuto tlJ(' C"alrlilat.iolJ. Tlw,.;e paralllelers cllarac1erize t.IJP 



EXPERIM ENTAL M O D E L L I NC i\I ETH O D� OF STRESS A N .\ LY:-;I� . . .  

a � _______ _ 

F IG .  G .  I so l i nes of st rpss d i f rerP l l r p  fo r l i l ! '  sl a k  w l le l l  I I I( -'  l u u ll P l  

"e<ld i n g  was i l l  I " p  d i s l.a l ! rp o f  'j r l l l  I w l l i l J ( 1  I l j p  p l a l l P 01' 

t! Je l .rr\llSu l l cers ( k Pa ) :  
a. )  uo-1a'ypr:-. r n o ( It .. · , I l l i l l l lS horizou t aJ la,Ver:-. I LI( l d f-,J 
L) llo-Iayers l lln c!eI t L l i n l lS '2 '2 . ::. °  �l'adipllt 1H.,v{�r:-. u ! o d d  

r o r k  l l l <lSS. Tbe c l  isnel'f' v<lI I l PS 01' vprt ira  I sl . ressps fTi" , ( i  = 1 ,  1 / ) . w l l  i e l l  \\,pre 

I ne<lS l l recl by t.e l lso l l let. r i r a l  j", ra l lscl u e f'rs i l l  1. 1 ) (> . -l i  pOi l l t s  of  t l l P  p ".\· s i r a l  I l Io d p l "  i l !  

t h e  p l a n e  p e r p e u d i c I J 1 a.r t,o ! . l I P  t I l l I l l e l  <lx is  IVl l P l j  rert a i u  Ip l Igt. h o f  I I IP  I l I u lw l  IV aR 
cl r ive l l .  were confron t ed lV i l, 1 l  I lw st.j'('SS Vn, I I I PS e a lr l l l r'tt e d  hy t l lP I I lp l  ! J o d  ol' I l l a l l I P­

I l I a t i c a .l l l lo cl e l l i u g  for col'rpsp ou d i u g  p o i l l t,s .  TIIP a i l l l  wa ,.; t o  I I li u i l l lize t bf' v a r i rll lcf'  

bet weeu b ot-ll t . b e  COl l l p l l ted a u d  t llP det.e rl l l i l l pd I'ro l l l  I lIP exp e r i l l l ('u l  v a l l l ps ; \ t  t ."e  

cot l l p arat, i ve p o i uts A i  by t, l je c hauge or SOl l l e para l l l (' l ('rs /J(\ . I I  i s  ueeessary t.o 

k now t h e u l  for I " e  I I l r'l t  l Je l l la t. i c a l  sol u  t, iou ( f'ror " iÍ.z k a .  1 5 ) !J 7 ) .  T I H'  ot l je l' p ; \ J'rll l l­
eters,  w h i c "  <ll'e c let.el' l l l i ned i l l  s i t l l  I l leaSll l'el l leuts or l a l >ora t o r.\· I· psl s .  re l l l r l.Í l lf'd  

corres p o n d ellt, w i t h  t be exppr i l l lP I J l. T I I P  i u p l l l  d a t a  p rorf'ssPc! iu  I lJ i s  lVa.\· ; t l l d  

c h a r a rf.er i z i l l g  t l w  rork I l j 'l.�S i l j  t l w  I I l a t ! t C I J l rt l i r a l  I I 10dpl  a r p  s l l i t a h lp  fo r fú rl I ier 

u t i l i z a t, i oll t .o rea l izp a spr ies 01' a.l l ,p r u a l, i vp ) 1 <\ r a l l l ( ' 1  r i r a l  1 I 1 1 1 1 1 p r i r a l  "01 1 1 1  ious fo l' I l i p  

g i ven ror k  mass w i t. b o u t  Hle IIcrpssi ty 1'0 ra rry O l l t  fl i r t I I P r  pxper i l l l e l l t s . 

The i s o l i nes 01' t.he d iffpreu rps Iwt wePII t, l i f' sl rpss v a l l l <'s ( IPt,<' l' I l 1 i upd  fro l l l  I he 

exper i r l lPut auu c<l lc u l itl,ed p<lrt, ly  rol' l i n par ( a ) ,  parl . ly fo l' t l ip h fl l i  i l .eral i O I l  ( h ) 

oť t. be l J J a t.bel l la l i c a l  sol l l t. iou  \Ver<' g i ve l l  O l l  I l jp F i g , 7 .  l IJ t. l j i s  r a sp t l IP I I I I I I I P I  

beael i llg d i el not p <lssed I,b rol lgh I, l ie p l al Je  w I IPrp t l it'  t. I ' <'L l I s c l ! J cer,; w('n' si t ! Ja l  t'd i u  

t,he pbysi cal I l IO Jel . l u  t,be l 1t'xt fig u l'e ( F ig .  8 .)  t lH'l'e werp I, I IP S<l l i le cast' . h l l l  fo r 

t h e  s i t.uat ioll w hen t, he  t, lI u uel I lea,d i l lg p assec l  I ll I'o llgh t, I I P  I rans d l l cpr p l a l l e .  Bo t.b 

p ict lll'es p roved obv i o u s  a p p l'ox i I t l at. i o l l  ol' t, [ j p I'f'SI t l  I s of ! J o t l l  I I le t l lods rlfler c a r r.\· i l ig 
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EXPEH I M 8NTÁ L N Í  i\.J<lD E L O VA C ' Í  M E T O D Y  A N ,\ L�' Z Y  \' ,\ P ĚT Í  

P R O  P O S O U Z E N í STA H l LI TY I ' O I l Z E: � I N í  K O N S'T ' I! ! J I'; (  I� 

VS"s t ;\Vh <'l  j ř l kp l J o k o l i \' P O d ZP I ' l l l í l l o  d í l a  j lo p i' íř i l l O I l  kI · ; t 1 i t n l i \' l l íc l l  i k V ; 1 1 I 1  i l  a l  i \'­

nícb Z l t l ě l l  l l O r ll i uovpllO p rosl i'ed í  \ . . j P h o  o ko l í .  Defol'l l l il ř l l f>  1 I ; l p ě(o\'é o d p:.l \· .\· I lO r l l i -

1l0véllO l l l its i v l I  1 l 10 lJ O I I  hýl  s l edo\"řl l l Y  p ř í l l lO i l l  s i l l l ,  I l Ph o  p i'pd(, l I l  p rogl l fJzoní l l .\· I l řI 

z i'Í.k l rtclě 1 l l l l l IPr i c kS'ch I le h o  <'xp pr i I I Je l lt.rl l l l ír h  I I I O d l' 1 0\"5;ch  řl'Š( ' l l í . 
C í l e l l l  p nlce bylo ověi·i t. schopl l osl f'Y :.l i k ;í l l l íc l l  I 1 10 l k 1 1 l  r( ' ngo\, a l  I l iI Zl 1 1<' 1 1 \' I l a p­

j <'l l osl.i v I .ě l esp I l l o d p l l l  u rl S l p d k l' l l 1  s i l l l l l l a c( '  kO I 1S I I' l I l,('(-' p o d zel l l l l í l l o d í l <'l  a zj i ,, 1  i l . 

s p o l e h l i vost s l l í l 1 1 rl 11 í  a rpgist rřlcP I l ř l l l l ěře l l .í-dl I l a pěl í .  V k01W(' I l P  [';l t, i  pr l k \' {'" I l'd k y  

eXpPl' i l l le l l l. 1 1  V y l lŽ ít.  j itko vst u p l l í  d il l  a p r o  I l l a l p l l l ř t l i clJ I l l o d e l od u í .  
P ro (lčely exp p r i l l l Pu t. 1 1  by lo 1 l l ( ) ( le lov;l l 1 o  \'od o rov l I l" raže l l l' p o d zel l l ll í  d í l o  k 1' 1 1 1 10-

vPito p l'l1řeZ l l .  N ;l I I locJelec h hy l o  s l pdov;'l uo c l lo\ ' ;í l l í  (-( ' I hy j l O dZI' l l l l l í l lo d í l n  ;1 j e l l o  

bezp r ost.řf' d n í lJO o k o l í bf>l ie l l l  nlžh\' .  B y l y  1 I l '(-ov(1Ii.v :.1 1 1 1 (' 1 1 .\' p l l vod l l í  I I ř l pj a l os l i \" 
ruzup v z d i'Í.lellost . i p i'pd i Zil posl. I I j H lj íc í  ('p l h o l l  ;1  roz l ožPlIí  l l itP(' l í a v Z l l i k  o h l as l  í 
odlehčeuí  rt p i' i t. í ŽP l l í  v rov i llě  kol l l lP k p O dP l l l P  ose p o d ze l l l ll Í l l o d í l a .  

I\:Oll fr o l l t.C\ce h o d l lot. Z l l Iěu l I a pj a l.ost. i .  k l .eré hyly 1 I 1'(·P I I .\· 1 I ř1 z;Í k l a d l' 1 1 1 t- i'P l l í  u a  

jed llot l i vých t.y p e c l t  f'y z i kMl l Ích  I l lOde l lr b t- I I p 1 1 1  r a ž by 1 1 1 1WI I l ,  p rok;Íz;t1 a SCh O p l l os t  
za regist.rovrtt. i I l l rtlé Z l l lě l ly l I a pj a t.m;t. i  d a l l é  I l r l l l l O d č' l ovrl l 1 í l l l  roz d í l l l é  gt'olog i c ké 

st.a.vby p rost. ředí  ( v rst.ev l l <'I t ost. ) p ř i  j i l l il k  sIPj l l .í· c l l  p o d l l l í l l kr ) c l J .  N a l l li:>ře l lP  I l od­
l Ioty o d p o v í d aj í  t eorpt i c kÝ l I 1  p i'p d p o k l rtd l l l l '  ( )  c l l ovrí l l í  l ior l l i l l ovp l l o  p rosl ř,'d í k o l P l l 1  

o h í r k y  k l' l dlOvé l lO p r ll řpzl J .  N a  I l l o d elpc l l  s,' p o d a ř i l o  posl i 1 1 1 1 0 1 1 1. rpo logi cké c l l o\";Í l l í  
l LOr ll i uového 1 I I a l .pr i ;;í,l l l ,  kdy d o d l rí z í  k p řP llOSIJ I l l i l X i l l l ;í l l l ír l l  1 P 1 1 ) f> 1  í o d  h o k l l  o l  \"Í r k y  

d ;;í,le do I l lrts i v l l  a k rozši řov;;í,l J í  o h l rt ,; l í ov l i v lJ(: I I (� r a ž b o l l  1 1 1 1 1 P I I I . 

Ty l o  v ý s l e d k y  d rt l y  I I I O Ž 11 0St. \' v l l ž í l  exppr i l l WI J l r1 1 1 1 í l lO I I I O d p I O\ ' ;'l l l í  př i  ľOl' l l l l i l ( )\';'Í­

ní vst. l l p l l ích  p a ra.l l ll" t r lJ p ro 1 1 I il l p l l l řl l. i c kp I l l o d p I O\·;Í l l í .  
P ro sl.ej l l é  I l l PC l i rL l I i c ké řl p J-el v i'Í l' l l é  dasl l l os l i p rosl. řpd í .  k l pré hy ly  pOl l ž i l y  p ro 

k O l l s l  r l l k r i  fy z i U l l l í lJ O  1 I 1 0d e l l l  a st Pj lJ O l 1  gl'O I I I (' 1  r i i  j a ko fy :.l i k i'Í l l I í  I l lod t' l  by l o  1'('­

itl i zov;;í,u o  I l I il l.p l l l a t . i cké J-PŠPl I í  I l a  z ;'í k l rtdp I i I Je č1 1' 1 1 í l l o  v'ý' po(' 1 1 1  I I Wl o d o l l  k O I W (· I I .í- d1 
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prvků s rovi n u;' l l l  lillf'�ru Í I I I  rozdp l ell Íll1 pOSIIU IJ <l rt llel'll <lti\"ll(� Sl' z <1 1 1 1' 1 1 1 lt ÍIII zohpr­

uěuého Mo! J r-Col ! lol i J ! ) ( )Vřl Z�kOUřl rt D rllrker- P ri-tgt'roV,I" 1 ' ,I"potézy ( I ' rorllázka , I ( ) 9 7 ) ,  

D iskrétní hod noty vprtib' í l ]l k h  I I  řl pětÍ 1T;,,':: ř' , ( i  = I ,  , , " / I ) ,  k I er6 h,l" 1,1" Ilřl IllPi'P I J I' p o­

] I I O ( ' Í  tellzol lletrirkýrll  SU íllJrtČIl v Ai boderll  f'yzik .1 l ll íllO I llod e l ll I' r()\'ill<� koh l l(� k 
ose tunelll po vyrl l b á n í  jeho I I r ř ité d é l k y ,  hv ly kO l lfrout Ol'.1I1,V s IlOdllol ;\1 II i U ; lp(:;tí 

vypočt.euýnJi Illetodoll IlIiilelllrtt irkéllO Illodt'IO\'� u í pro od pov íd a,i íc í hody" ( ' í l pl J  1 
bylo iterační m  p ost,l.ljWl J 1  I Ilinil Jlal izovat rozd í l ,l' 1 I 1 ('zi z eX] J ('rilJleul I I  IJrč<,uS" l I l i  a 

nUlllerickýlll postupelll vy p o (' tel lÝ' l I l i  llOd uotallli Il<lpptí I"e SrOVlI .1 V;lr írll hod pcll :-1 i 

ZlllPllO I I  někt.erých prtralllf't,rll /1" , Osl rttll í PřlPI I Il('1 ry, IIrřPII(; z lll(" řellí i l l  "il II Il f'ho 
labo/'rttoruír l l  z kollšt'k , z tls!.aly s l lodllé s eX ] lpr i l l l f' l J l P I I I .  Třl k l o  ovpř'P I I .1 \'sl II pll í  d al řl 
c h a r a kl,t'riz u j ícÍ  hortlillOVé prosl řpd í v lllM,Pll lal irkélll I I l o d p l l i . ie IIIOŽ I I O  d á l e  1 ' ,\'lIží­

vat pro rea.lizrtci řrtdy a.l t'Pl'Ila.livuírl, para.III<'I , r i rk ,Ý r l l 1 I l 1 l 1 lf'rick,{' r l l  !'( 'šell í pro d a l l é  

IlOl'I]iuovp p rostředí bpz ul ltnosl i provád ěl, d řl lší  p x p e r i l l l P l l t y ,  

l\olll bina cÍ ob oll I l le l" o d  s vyl lž i l  íl l l  j ejidl př('dllosl í SP  podsta.1 1 1 (:;  z l ppší r<,<'í l llosl 

vS;s lecl k l l  I l lodelovállÍ. 
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