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Preface

These proceedings contain contributions presented at the second Ph.D. Workshop of the Institute of Geonics of the
Academy of Sciences of the Czech Republic held in Ostrava on November 21, 2007.

Ph.D. training belongs among the most important activities of not only the universities but also the institutes of the
Academy of Sciences of the Czech Republic. It guarantees that the knowledge and experience in the research will be
forwarded and extended and, with some other conditions, guarantees the whole development of the research and
academic systems.

The aim of the Workshop is to bring together Ph.D. students studying and working or having their supervisors at the
Institute of Geonics AS CR. The workshop gives possibility for presentation of their work, showing the achieved
progress as well as for meeting together, getting a comparison and perhaps interconnecting some work. For the research
community, the workshop gives possibility to watch the new results and progress of the Ph.D. students. In a future, we
would like to extended this scope and invite also Ph.D. students from other institutions for enabling comparisons and
broader experience exchange.

The topics presented at the workshop reflect wide variety of problems solved at the Institute of Geonics. These

problems comprise properties of geomaterials, investigation of processes in rock mass, studying geomechanical,
geodynamical and geophysical effects, development of mathematical modeling methods and problems of environmental

geography.

I would like to thank the authors for preparing and presenting their contributions as well as the organizers and
supervisors for their involvement in the workshop preparation.

Ostrava, November 6, 2007

On behalf of the Institute of Geonics AS CR,

Prof. Radim Blaheta
director of the Institute
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Prispévek k metodice studia diverzity a funkce

ekotonovych spole¢enstev na prikladu lesnich okra

Jan Bét’ékl, Petr Halas®

u

! Geograficky vistav MU, Kotldiskd 2, 611 37, Brno, *Ustav geoniky Akademie véd Ceské republiky,

V.v.i., pobocka Brno, Drobného 28, 602 00 Brno

Abstract

The aim of this article is to summarise some of the new
information about function and biodiversity of ecotonal
societes, especially societes of forest edges. Use of a
few methods for analysing gradients of ecological
factors and plant diversity changes is showed on
examples of two transects from non-forest to forest
vegetation in Stredomoravske Karpaty Hills. We used
the Ellensberg’s values (defined for light, temperature,
continetality, moisture, soil reaction and nutrient
requirements) to find out the average ecological
requirements of individual relevés, and so tried to define
the main ecological gradients in both transects. These
results corresponds to the presumed gradients of light,
nutrients, moisture and partly also to continentality. The
method mentioned above seems to be a good device to
understand the function of plant societes on ecological
boundaries.

Keywords: Ecotone 1, Edge effect 2, Biodiversity 3,
Forest edge 4, Sampling methods 5

1 Uvod

Problematice ekotonti se v poslednich letech vénuje
stale vEétSi pozornost ze strany odbornikli rtznych
ptirodovédnych profesi. Pfi¢inou je stale se zvySujici
tlak spole¢nosti na vyuzivani krajiny, ktery zptisobuje
neustaly vznik nové utvarenych rozhrani a okraju rizné
vyuzivanych krajinnych segmentl. V krajiné, v jejiz
struktufe se ostré hranice vyznamné uplatiuji, je
z hlediska zachovani jeji rozmanitosti a ekologické
stability nezbytné porozumét funkci téchto rozhrani a
jejich roli pro distribuci rostlin a zZivo¢icht v prostoru.
Lesni okraje jsou podle naseho nazoru ve
stiedoevropském  prostoru  nejreprezentativnéj$im
piikladem ekotonovych spoleéenstev, podilejicich se
velmi vyznamné na utvafeni krajinné struktury a
ovlivityjicich  ekologickou stabilitu v regionalnim
méfitku. Cilem tohoto piispévku je upozornit na

! janek.betak@gmail.com
? halas@geonika.cz

nékteré metody studia diverzity a funkce ekotonovych
spolecenstev, a na konkrétnich piikladech ukazat pouziti
téchto metod a nastinit moznosti aplikaci ziskanych
vysledkd.

1.1 Vymezeni zakladnich pojmu

Tradi¢ni definice ekotonu je velmi §iroce koncipovana.
V pojeti Formana a Godrona (1986) je ekoton “pomérné
uzka ptechodova zona mezi dvéma spoleCenstvy”. V
novgjsi literatufe se vSak setkdme s presnéj$imi
definicemi, které zpravidla rozliSuji mezi okrajem
(“edge”) a eckotonem (“ecotone”). Podle Lidickera
(1999) lze termin ekoton pouzit tehdy, pokud na
rozhrani mezi dvéma spoleCenstvy muzeme prokazat
jejich vzajemné interakce v podobé kladného nebo
zaporného okrajového efektu (“edge influence”).
Okrajovy efekt definuje Harper et al. (2005) jako
vysledek abiotickych ¢i biotickych procest, které vedou
k zaznamenatelnym zménam ve slozeni, struktufe nebo
funkci okrajového spoleCenstva v porovnani se
spoleCenstvy na jedné ¢&i druhé strané ekologického
rozhrani. V anglicky psané literatufe se pojem “edge
influence” Casto zaménuje s pojmem “edge effect”,
ktery se zpravidla vztahuje ke zménam diverzity v
ekotonovych spolecenstvech (napt. Luczaj et Sadowska
1997). Harper et al. (2005) doporucuji vyjadfovat
velikost okrajového efektu jako (e-i)/(e+i), kde e =
hodnota méfeného parametru na okraji spoleCenstva a
i = hodnota stejného parametru uvnité spolecenstva.
Velikost okrajového efektu v tomto pojeti kolisa od -1
do +1, a je nulova, pokud okrajovy efekt neni
pozorovan. Pozitivni okrajovy efekt znamena zvyseni
hodnoty méfeného parametru na okraji spolecenstva,
negativni okrajovy efekt naopak jeji snizeni — viz obr. 1
(Luczaj et Sadowska 1997). Jinym zpusobem vyjadieni
velikosti okrajového efektu je prosty pomér hodnot
méfenych na okraji a uvnité daného spole¢enstva (napft.
Burton et al. 2002). Prostorové lze ekoton vymezit
pomoci hranic, v nichZ je okrajovy efekt statisticky



vyznamny na zvolené hladiné vyznamnosti (napf. Chen
etal. 1992).

1.2 Typy ekotonovych spolecenstev

Ekotonova spoleCenstva muizeme typizovat podle
riznych  kritérii. Pfi  Gvahdch o  kategorizaci
ekologickych rozhrani je tieba mit na paméti, ze lidska
mysl ma tendenci rozdélovat prostor na co mozna
nejjednoduseji definované ¢asti (Cadenaso et al. 2003).
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a slozitgsi. Strmé gradienty mezi prostorovymi
jednotkami  vytvofenymi lidskou mysli jsou ve
skuteCnosti vétSinou pozvolnéjsi a jejich vypovidaci
kritérii, podle kterych lze kategorizovat ekotonova
spolecenstva je jejich prostorova struktura.
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Obr. 1. Riizné kombinace okrajovych efektii
pozorovatelnych na transektech napric ekotony —
prevzato z Luczaj et Sadowska (1993)

(A- Zadny okrajovy efekt; B- kladny okrajovy efekt;
C- zaporny okrajovy efekt; D- dvojity okrajovy efekt)

Strayer et al. (2003) pouzivaji pro charakteristiku
prostorové struktury ekologickych rozhrani naptiklad
nasledujici atributy:  rozsah (ve smyslu absolutni
velikosti celé struktury), Sirka rozhrani, kontrast a
strmost rozhrani, kontinuita hranice (a potazmo cetnost
a charakter pferuseni této kontinuity) a jeji geometricky
tvar a krivolakost. Kuptikladu Hardt a Forman (1989)
ukazali, Zze sukcese postupuje rychleji podél
konkavnich ¢asti lesni hranice — tedy tam, kde bezlesi je
z vice stran obklopeno lesem — nez je tomu v mistech,
kde lesni porost vy¢niva do bezlesi, které ho z vice stran

obklopuje. K dalsim kritériim, podle nichz Strayer et al.
(2003) ekotony rozdéluje, patii jejich funkce (ve smyslu
pusobeni ekologického rozhrani na ekologické faktory
prostiedi) a dynamika. Funkéni vlastnosti ekologického
rozhrani mohou ovliviiovat toky energie v prostoru a
hodné napovédét o rychlosti a smérech Sifeni organismt
v krajin€. Procesy probihajici v ekotonech mohou
zahrnovat cdstecny prenos, transformaci, absorpci,
odraz nebo zesileni ucinku ekologickych faktort (viz
obr. 2). Porozuméni procestim probihajicim na hranicich
spolecenstev je kli€ové pro ochranatskou praxi, zejména
pro navrhovani ekologickych siti a chranénych tizemi.

Transmission (partial)

T
B

Transformation Absorption Refiection Neutral

\*\ i

Arviplification

~
Obr.2. Riizné zpiisoby piisobeni ekologického rozhrani
na ekologické faktory prostredi (podle Strayer et al.

2003) - shora: castecny prenos, transformace,
absorpce, odraz, neutrdlni rozhrani a zesileni
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Dulezité je nahlizet na ekologickd rozhrani jako na
meénici se strukturu a mit na paméti, ze v podstaté
vSechny jeho atributy se mohou v Case ménit, a Ze
souCasna podoba rozhrani je pouze docasnym
vysledkem dlouhodobé piisobicich proménlivych
faktorti. Pro popis dynamiky ekologickych rozhrani je
podle Strayera et al. (2003) rozhodujici zodpoveédét dve
otazky: (1) Je pozice, struktura a funkce hranice stabilni
v ase? (2) Jaké je stafi a jaka je historie vyvoje této
hranice? Podle odpovédi na tyto otazky mizeme
ekotony opét riznymi zpisoby kategorizovat.

1.3 Ekologické procesy a gradienty
proménnych prostredi na okraji
lesa

Na kazdém ekologickém rozhrani probihd vymeéna
energie, materialu a/nebo organismi skrze hranici dvou
navzajem sousedicich spoleéenstev (Cadenaso et al.
2003). Zpravidla jsou zde také pozorovatelné zmény v
jejich slozeni nebo struktufe (Harper et al. 2005) a
rozdily v intenzit¢ pisobeni abiotickych i biotickych
faktort. Matlack (1993) podava detailni charakteristiku
zmén ekologickych faktord prostfedi na transektech
mezi okrajem opadavého listnatého lesa a jeho
interiérem. Z jeho opakovanych méfeni vyplyva, Ze



vétSina proménnych koreluje se vzdalenosti od lesniho
okraje. Smérem do nitra lesa se snizuje vypar z pidy a
mnozstvi dopadajiciho zafeni na zemsky povrch, klesaji
hodnoty okamzitych teplot a rovnéz pokryvnost
kefového patra dosahuje nejvyssich hodnot na lesnim
okraji. Naopak vlhkost vzduchu smérem do lesa roste,
podobné jako hloubka opadu a jeho vlhkost. Kli¢ovou
roli mezi faktory prostfedi na okraji lesa hraje
dopadajici sluneéni zafeni. Na ném jsou pfimo zavislé
dal§i proménné, napf. teplota, vypar ¢i vlhkost. Podle
Matlacka (1993) miZe zoéna svysS$imi méfenymi
hodnotami slune¢niho zateni zasahovat do 10-35 metrti
od okraje lesa, a jeji Sitka odvisi pfedev$im od orientace
lesniho okraje a typu spoleenstva bezprostiedné
sousediciho s lesem. Na jizn¢ orientovanych okrajich a
v sousedstvi pole nebo louky zasahuje hloubéji do lesa,
na severnich okrajich, pfipadné¢ v sousedstvi kfovin
nebo mladého lesa je relativné tzka. Vzhledem k tomu,
ze gradienty nékterych métenych faktord zasahuji az do
vzdalenosti okolo 40-50 metrt od hranice lesa, navrhuje
Matlack (1993), aby pfi zakladani lesnich rezervaci byla
z diivodu zachovani podminek prostfedi respektovana
ur¢itd minimalni velikost uzemi a Sitka ochranného
pasma. V praxi je opakované méfeni proménnych
prosttedi na riznych mistech studovaného transektu
zpravidla metodicky 1 casové velmi naroéné.
Jednodussi je vyjadrit gradienty proménnych prostiedi
nepiimo pomoci Ellenbergovych hodnot (Ellenberg et
al. 1992), pfifazenych k jednotlivym rostlinnym druhim
vyskytujicim se ve vegetacnich snimcich na transektu
mezi dvéma studovanymi spoleCenstvy (blize viz
kapitola 3).

Hloubka okrajového efektu jednotlivych faktort
pusobicich na lesnim okraji je funkci velikosti tohoto
okrajového efektu, uhlu dopadajiciho slune¢niho zateni
a heterogenity lesniho spolecenstva (Harper et al. 2005).
Na zakladé poznatkd z literatury uvadéji stejni autofi
typy rozhrani, ve kterych bude okrajovy efekt zfetelné;si
nebo bude hrat ekologicky vyznamnou roli. Mohou to
byt naptiklad ostré lesni okraje v regionech, kde je
vysoké zastoupeni pionyrskych, exotickych nebo
invaznich druhd, vyznamné se okrajové efekty
uplatriuji v krajinach s malou heterogenitou vegeta¢niho
nebo pudniho pokryvu. Velikost okrajového efektu je
rovnéZ umérna  kontrastu  mezi  sousedicimi
spolecenstvy.

2 Metodika studia ekotonovych
spolecenstev

21 Analyza zmén struktury a slozeni
vegetace na rozhrani les - bezlesi

Z publikovanych praci riznych autord (napt. Matlack
1994; Honnay et al. 2002; Gehlhausen et al. 2000)
vyplyva, ze zakladni metodou uzivanou pro studium
zmén biodiverzity a funkce ekologickych rozhrani je
transekt vedouci pres studované rozhrani slozeny z

jednotlivych mapovacich &tvercli. Piekvapivé malo
studii se zabyvalo detailnim popisem zmén vegetace v
kontinualn¢ na sebe navazujicich mapovacich plochach
v ramci studovanych transektti. Dlouhodobé se timto
pristupem zabyvaji pfedevSim polsti autofi (Falinska
1979; Luczaj et Sadowska 1997; Orczewska et Glista
2005), jejichz prace jsou pro nas diky podobnym
pfirodnim podminkdm a typtim studovanych rozhrani
(lesni okraje) bohatym zdrojem inspiraci. Pfikladem
vhodného designu studie je napf. prace Luczaj et
Sadowska (1997). Autorky se zde zabyvaji diverzitou
riznych taxonomickych skupin (cévnaté rostliny,
houby, mechorosty) na gradientech prostedi z lesa do
bezlesi. Metodika vyzkumu spocivala v detailnim a
kontinualnim snimkovani vegetace na plochich o
velikosti 2x2 m, na liniich dlouhych 62 m (12 m
smérem do bezlesi, 50m smérem do lesa) a v 10 m
dlouhych a 4 m Sirokych pasech umisténych na rozhrani
lesa a louky kolmo na hlavni linie (viz obr. 3).
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Obr.3. Usporddani snimkii na studovanych transektech
(prrevzato z Luczaj et Sadowska, 1997)

Vysledky studie poukazuji na nardst druhové bohatosti
cévnatych rostlin na luénim okraji oproti snimkim dal
od okraje — na okraji jsou zastoupeny jak luéni druhy,
tak druhy lesnich leml a rovnéz nékteré lesni druhy
(pozitivni okrajovy efekt). Diverzita na lesnim okraji je
ale mensi nebo stejna nez uvnitt lesa — z ddvodu vysoké
pokryvnosti kefového patra zde chybi fada zastupci
bylinného podrostu a mechorostd (spiSe zaporny
okrajovy efekt). Kladny okrajovy efekt v distribuci
stromul a ket na luénim okraji je v souladu s vysledky
vétsiny praci z riznych oblasti svéta (napf. de Casenave
et al. 1995; Ranney et al. 1981). Mald pokryvnost
mechorostd  ve spoleenstvech lesnich plastd je
pravdépodobné zptsobovana vysokou pokryvnosti
kefového patra. Smérem do lesa pokryvnost mechi
nejprve strmé vzrastd (nemusi se vZdy jednat o narust



diverzity) vlivem vyfoukavani opadu a obnazovani holé
pudy (tento jev oznacuji Balcerkiewicz et Kasprowicz
/1989/ terminem ,bryofytizace®) a pozdé&ji pomalu
klesa smérem do lesniho interiéru.

Navzdory ptedpokladu, Ze zvlasteé saprofytické druhy
hub by mohly dobfe odrazet zmény ve vlhkosti pudy a
opadu na linii zlesa do bezlesi (zmény pudni vlhkosti
jsou na lesnich okrajich jest€ vyraznéji pusobicim
faktorem nez zmeény v intenzité svétla, které ovliviuji
podstatnou mérou distribuci rostlin — Matlack 1993) se
makromycety chovaly jinak nez predchozi skupiny
organismil. Zaporny okrajovy efekt byl pozorovan jak
na lu¢nim, tak i na lesnim okraji. Smérem do lesa pak
druhova bohatost hub prudce vzristd a pfiblizné od 5
metrt se jiz udrzuje na podobné urovni. Na druhé strané
vysledky autord zabyvajicich se mykosociologii rovnéz
nepotvrzuji predpokladané korelacni zavislosti mezi
fruktifikaci hub a ekologickymi proménnymi, které
zpravidla podminuji vyskyt druhii cévnatych rostlin
(napf. Lisiewska 1973).

2.2 Priipadova studie zmén
biodiverzity na prikladu dvou
transektt z lesa do bezlesi ve
stfredomoravskych Karpatech

2.21 Zakladni charakteristika prirodnich
podminek v zajmovém uzemi

Studované transekty se nachazeji v NPP Malhotky
(respektive v jejim blizkém okoli) na katastru obce
Nesovice v okrese Vyskov, ve Zdanicko-Liten¢ickém
bioregionu. NPP Malhotky pfedstavuji jednu z nejlépe
zachovalych lokalit teplomilnych stepnich lad ve
sttedomoravskych Karpatech. Oblast buduje ptevazné
jemné piscity, snadno rozpadavy vapnity fly§ zdanické
jednotky, pfekryty vrstvou sprasi. Padni pokryv tvori
pievazné kambizemni pararedziny, vazané na vapnity
substrat. Z hlediska bioty je uzemi zajimavé predevsim
svoji polohou na hranicich zapadokarpatské a
severopanonské podprovincie. Vyskytuje se zde fada
meznich karpatskych a panonskych prvki, zvlasté
bohata je nelesni flora s fadou kontinentalnich
migroelementit a floroelementll. Potencialni vegetaci
tvoii karpatské dubohabfiiny asociace Carici pilosae-
Carpinetum Neuhdusl & Neuhduslova-Novotna 1964,
které jsou pouze na nejextrémnéjSich stanovistich
nahrazeny teplomilnymi doubravami ze svazu Quercion
petraeae Zolyomi et Jakucs ex Jakucs 1960 (zejména
Potentillo albae-Quercetum Liberrt 1933), vyjimeéné i
Sipakovymi doubravami ze svazu Quercion pubescenti-
petraeae Braun-Blanquet 1932 nom. mut. propos.
(asociace Sorbo torminalis-Quercetum Svoboda et
Blazkova 1962). Podstatnou soucasti ptirozené nahradni
vegetace jsou xerotermni travinobylinné porosty,
nalezejici prevazné svazu Bromion erecti Koch 1926, na
né Casto navazuji lemova spoleCenstva svazu Geranion
sanguinei Tiixen in Miller 1961. (Culek 1996)

Pravé lemova spolecenstva tohoto svazu jsou v NPP
Malhotky velmi dobfe vyvinuta a byla predmétem
studia prvniho z transektti.

2.2.2 Transekt mezi suchym teplomilnym
travnikem (svaz Bromion erecti Koch
1926) a teplomilnou doubravou (svaz
Quercion pubescenti-petraeae Braun-
Blanquet 1932 nom. mut. propos.)

Studovany transekt se nachdazi v NPP Malhotky
v nadmoiské vysSce asi 280m n. m. na jjv.
orientovaném okraji rozvolnéné teplomilné doubravy na
mirné vypuklém svahu se sklonem asi 15°. Celkova
délka linie byla 60 metrd, 30 metrd smérem do bezlesi,
reprezentovaného vegetaci suchych travnikd svazu
Bromion erecti Koch 1926, a 30 metrd smérem do lesa
(svaz Quercion pubescenti-petraecae Braun-Blanquet
1932 nom. mut. propos.). Na rozhrani mezi témito
dvéma spolecenstvy je bohaté vyvinuta lemova vegetace
svazu Geranion sanguinei Tiixen in Miller 1961. Ve
studovaném transektu bylo zji§téno celkem 72 druht
cévnatych rostlin v 9 vegetacnich snimcich o velikosti
2x2 m, lokalizovanych v nasledujicich mistech
transektu (zaporna ¢isla vyjadifuji polohu snimku v
bezlesé ¢asti transektu): -30, -20, -10, -5, 0, 5, 10, 20 a
30m. 50 metri od okraje lesa byl zapsan lesni snimek
standardni velikosti 20x20 metri (viz obr. 4). Pouzitim
Ellenbergem pfitazenych hodnot ekologickych faktorti
k jednotlivym druhim (Ellenberg et al. 1992) a
zprumérovanim téchto hodnot pomoci programu JUICE
(Tichy 2002) jsme nepfimym zpusobem  ziskali
gradienty hlavnich ekologickych faktorti na studovaném
transektu (viz obr. 5). Ze ziskanych vysledkt vyplyva,
ze studované rozhrani vykazuje z hlediska diverzity
cévnatych rostlin oboustranny kladny okrajovy efekt.
Pocet druhd cévnatych rostlin je nejvyssi u luCnich
snimkul, smérem k okraji lesa nejprve klesa a pfiblizné
10 metri od okraje lesa za¢ina mirné vzristat. Za lesni
hranici pocet druhti mirné klesa. Dlouhodobé udrzovany
rozvolnény lesni okraj sjizni orientaci umoziiuje
existenci fadé svétlomilnych a teplomilnych druht. Obr.
5 vyjadiuje gradient ubytku dostupného svételného
zafeni ve sméru zbezlesi do lesa. Naopak pocinaje
snimkem ¢. 4 (5 m od okraje lesa smérem do bezlesi)
narustaji skokem hodnoty zivin a vlhkosti, a smérem do
lesa dale mirné rostou. Kladny okrajovy efekt byl
zaznamenan u teploty a kontinentality. Ke zdtvodnéni
téchto vysledkl by v8ak bylo zapotiebi analyzovat vétsi
pocet transektui.

2.2.3. Transekt mezi spole¢enstvem polni
kultury a spole¢enstvem karpatské
dubohabfiny asociace Carici pilosae-
Carpinetum Neuhdusl & Neuh&uslova-
Novotna 1964

Popisovany transekt se nachazi na rozhrani prosného
pole a asi 60 let staré dubohabrové pafeziny. Vzhledem
k homogenité¢ druhového slozeni polni kultury byl
transekt analyzovan pouze v délce 35m, pocinaje 4.
snimkem (jednotlivé snimky byly umisténé -30, -20, -



10, -5, 0, 5, 10, 15, 20 a 30 m od okraje lesa podobné
jako na prvnim transektu). Narozdil od transektu v NPP
Malhotky tvofi rozhrani téchto dvou spolecenstev
dlouhodobé antropogenné udrzovany ostry lesni okraj.
Celkovy pocet druhli zaznamenanych v deseti snimcich
byl 58. Hlavnim rozdilem oproti prvnimu transektu je
absence okrajového efektu upoctu druhti cévnatych
rostlin na hranici lesa. Pocet druhti v jednotlivych
snimcich smérem do lesa postupné roste (viz obr.4),
chybi zde tedy typicka ekotonova zéna (srovnej s obr.1).

O transekt 2
W transekt 1

I L
i nni
i nni
i Nl

30 20 10 5 0

hi

i

i

i
5

vzdalenost od okraje lesa

10 20 30 50

Obr.4. Pocet druhit cévnatych rostlin (svisla osa)
v jednotlivych snimcich transektii 1 a 2 (vodorovnd osa)
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Obr.5. Priimérné hodnoty ekologickych faktorii
(Ellenberg et al. 1992) pro jednotlivé snimky na
transektu ¢. 1

V ptisném  Lidckerové pojeti  (Lidicker, 1999)
nemtzeme tedy vtomto piipadé mluvit o ekotonu a
musime pouzit termin okraj (,,edge). Stejnym
zplisobem jako u prvniho transektu jsme i v tomto
piipadé ziskali gradienty ekologickych faktorti (viz
obr.6). Podobné jako na prvnim transektu je i zde patrny
gradient ubytku dostupného svételného zafeni smérem

do lesa, jednozna¢ny postupny ubytek zivin ve stejném
sméru dobfe odrazi eutrofizaci lesniho okraje na
kontaktu s polni kulturou. Ktivky pro teplotu, vlhkost a
do jisté miry i pro pddni reakci jsou v lesni Casti
transektu vyrovnané, za lesni hranici skokem bud
klesaji (vlhkost, pH) nebo rostou (teplota). K ptesnéjsi
interpretaci téchto vysledki vSak bude zapotiebi je
porovnat s vetSim mnozstvim dat.
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Obr.6. Priimérné hodnoty ekologickych faktorii
(Ellenberg et al. 1992) pro jednotlivé snimky na
transektu ¢. 2

3 Zaver

Prispévek piedklada prvni vysledky studia ekotonovych
spoleCenstev  a  nastiluje =~ moznosti  typizace
ekologickych rozhrani z hlediska jejich funkce v §ir§im
krajinném kontextu na zakladé analyzy gradienti
prostfedi a zmén druhového slozeni vegetace na
transektech spojujicich rtuzné typy bezlesé a lesni
vegetace. V textu jsme se zaméfili na popis dvou
odlisnych lesnich okraji. Na transektu mezi polni
kulturou a  karpatskou  dubohabfinou  jsme
nezaznamenali  zadny  okrajovy efekt, lemové
spoleCenstvo v tomto pfipadé je ze strany pole ostie
ohrani¢ené¢ a nema (Lidicker 1999) zékladni atributy
ekotonu. Naopak transekt mezi suchym teplomilnym
travnikem a teplomilnou doubravou vykazuje typicky
kladny okrajovy efekt. Kraj lesa je zde rozvolnény a
siroky a hosti fadu druhti typickych pro lemova
spoleCenstva. Jedna se tedy o ekoton v uz§im slova
smyslu (Lidicker 1999). Dosavadni vysledky piedlozené
v tomto ¢lanku je nutno brat jako neuplné a zatizené
chybou v disledku nedostateéného mnozstvi
sesbiranych dat. Piesto se ukazuje, ze zvolena metodika
mize byt dobrym ndastrojem pro porozuméni funkci
spolecenstev na ekologickych rozhranich.
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Computer Implementation of 4« FEM

R. Blahetal, K. Kre¢mer'
!Institute of Geonics AS CR v.v.i., Ostrava

Abstract

This paper concerns a special application of the finite
element method (FEM), which is modelling of micro-
structure of materials. This “micro” application of FEM
brings some specific features, which can be exploited in
the numerical realization and computer implementation
of the method. These features are briefly discussed in
this paper and will be further developed in a future
work.

Keywords: Microstructure, Finite Element Method,
Geomaterials, Computer Implementation

1 Introduction

Typical materials have a complicated heterogeneous
inner structure, but can be considered as piecewise
homogeneous from a certain scale. A standard volume
on this scale is called the representative volume (REV)
and modelling of problems in mechanics typically
begins with the knowledge of material behaviour of
such representative volumes. Of course, this behaviour
is determined by the inner structure and properties of
the individual constituents. Sometime, it is difficult to
determine the properties of the representative volume
directly by a measurement and in these situations the
numerical simulations based on the microstructere
modelling can be very helpful.

An example can be the question how to determine
properties of bones of human patients. A way how to
do it is to define the bone microstructure from a CT
scan, determine the properties of the matrix and liquids
constituents and compute the properties of the
representative volume by numerical simulations with
the aid of FEM, see [2], [7], [9].

On the opposite, the size of representative volumes
of a rock mass can be such big that it is impossible to
test a representative volume in laboratory. Then again
numerical simulations can be used for “upscaling”, i.e.
determining parameters of effective macroscale
mechanical behaviour, see e.g. [8].

Another interesting problems arises in design of
material (composites) or investigation of technological
problems of material preparation. The latter is also the
case of geocomposites, which are geologic materials
saturated by a polyuretan resin. The FEM simulation

' { blaheta | krecmer }@ugn.cas.cz

can be used here for answering a lot of questions how
the effective properties are sensitive to perfect filling of
microstructures by the resin, properties of resin, what
features are critical for fracturing etc.

The last problem of microstructure analysis of
geocomposites is our main application of the
microstructure analysis.

The FEM used for analysis of microstructure has a
lot of specific features as we shall see in the next
sections. In this respect we shall speak about x FEM
and describe briefly the specific features of ¢ FEM, its
application and implementation.

2 A model problem

The data describing the inner structure of geo-
composites can be determined by CT similarly to the
problems of biomechanics. There is only a difference in
the scales. For coal geo-composites, the size of REV
samples are 75mm, the CT scan define a voxel grid with
element of size about 0.3x0.3x1mm, see [10]. This
leads to the grid with 251x251%x 76 =4 725 075 nodes
and nearly 15 million degrees of freedom in the case of
elasticity.
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Figure 1: A 2D cut from a CT scan and CT values
in a selected point. A coal geocomposite.

The voxel grid and material properties correspond-
ing to CT values enable to create a x4 FEM model
characterized by
= a very fine but uniform FE grid,
= heterogeneous inner structure,



= possibly large jumps in the material parameters.
The solution of this problem will be discussed in the
next sections.

3 The FEM analysis

The u FEM analysis can use conforming FEM method,
e.g. the linear tetrahedral FE. Then the voxels are
divided into six tetrahedral and voxel FE matrices can
be formed from the local FEM matrices corresponding
to that tetrahedra. Another possibility is to use trilinear
brick elements or nonconforming rotated trilinear brick
elements, see [2], [7], [9].

A specific feature of the voxel approach is that due
to uniform FE grid there is only a few types of the local
stiffness matrices. Under these assumptions it can be
natural to avoid the assembling of the global matrix but
create and optimize an element-by-element procedure of
matrix-vector multiplication.

Having the optimized parallelizable procedure for
matrix-vector multiplication, it is possible to solve the
arising very-large scale FEM linear algebraic systems
iteratively, by a conjugate gradient (Krylov space) type
method. This approach has a lot of additional
advantages as simple implementation, excellent
parallelizability as well as possible incomplete solution,
which can save the effort e.g. in solving nonlinear
problems or multiphysics coupling via staggered
schemes.

Thus normally, the arising systems are solved
iteratively by the conjugate gradient CG, MINRES,
GCG or another Krylov space method. Then each
iteration consists from matrix by vector multiplication,
inner products, scalar by vector multiplication and
additions of vectors. In the case of vectors decomposed
into blocks each of the mentioned operations (and
therefore also the whole iteration) is easily
parallelizable. Note that the decomposition of the
vectors can be defined through a decomposition of the
computational domain.

The remaining question is the convergence and
accelerating of the convergence by a proper
preconditioning.

4 Preconditioning strategies

We shall
strategies.

The first one is based on the displacement
decomposition — incomplete factorization, see [3], [9]
for the details. In [9], this approach with two additional
ingredients is successfully applied also to u FEM.
These ingredients are the use of nonconforming FE and
special technique for parallelization. In the paper [9],
the authors use the fully assembled matrix and do not
exploit the element-by-element approach. We will try to
use [3] more directly and in combination with the
element-by-element approach.

now describe two of preconditioning
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The displacement decomposition can be also
combined with variable preconditioner given by inner
iterations [4]. This technique which has recently
received bigger attention will be tested in combination
with the displacement decomposition.

Another possibility is to use the multilevel approach
with creating a coarse discretization for accelerating the
convergence. This coarse discretization can be used for
accelerating of the Schwarz methods [5], [6] or for
constructing an algebraic multigrid. The latter is
described in [7] and [9].

5 Multiphysics and nonlinearity

The described approach can be used not only for
computing and investigation of the mechanical
macroscopic behaviour. It can be also used for
hydrological and coupled hydro-mechanical modelling,
which is interesting for both bio and geo applications.
For computations we can use coupling via staggered
scheme and properly tuned inner iterations.

Homogenization and # FEM analysis can be also
used for solving nonlinear problems. In this case the
element-by-element approach is loosing its attractive-
ness. Instead of element wise approach we can try to
use a special factorization described in [1], which is
again capable to exploit the uniformity of the voxel grid.

6 Future work

This paper only indicates some special features of
1 FEM analysis, which will be further investigated. It is
obvious that there are a lot of possible methods, which
can be efficient for solving x# FEM systems. The future
work will concentrate on their implementation and
comparison of different approaches.

Acknowledgements

The work is supported by the project 1IET400300415 of
the Academy of Sciences of the Czech Republic and the
research plan of the Institute of Geonics AVOZ
30860518.

References

[1] O. Axelsson, I. Gustafsson, An efficient finite
element method for nonlinear diffusion problems,
Bull. Greek Math. Society, 32(1991), pp. 45-61

P. Arbenz, G. Harry van Lenthe, U. Mennel, R.
Muller and M. Sala A scalable multi-level
preconditioner for matrix-free mi-finite element
analysis of human bone structures. Int. J. Numer.
Meth. Engng. 2007 (in press)

[3]

R. Blaheta, Displacement Decomposition — Incom-
plete Factorization Preconditioning Techniques for



[3]

[7]

[9]

Linear Elasticity Problems. Numerical Linear
Algebra with Applications. 1(1994), pp. 107-128.

R. Blaheta, GPCG - generalized preconditioned
CG method and its use with non-linear and non-
symmetric displacement decomposition precondi-
tioners.  Numerical Linear Algebra  with
Applications. 9(2002), pp. 525-550

Blaheta, R., Kohut, R., Neytcheva, M., Stary, J.,
Schwarz Methods for Discrete Elliptic and
Parabolic problems with an Application to Nuclear
Waste Repository Modelling, Mathematics and
Computers in Simulation 76(2007), pp. 18-27,

R. Blaheta, P. Byczanski, R. Kohut, J. Stary,
Modelling THM Processes in Rocks with the Aid
of Parallel Computing, submitted at GeoProc 2008

I. Georgiev, J. Kraus, S. Margenov, Multilevel
algorithms for Rannacher-Turek finite element
approximation of 3D elliptic problems, RICAM
Rep. 07-21, Linz 2007

P.H.S. Kaulatilake, Joint network modelling and
some scale effects in rock masses, J. of
Geomechanics, Balkema (Rotterdam), vol.
91(1992), pp. 139-151

S. Margenov and Y. Vutov, Parallel PCG
algorithms for voxel FEM elasticity systems,
Proceedings of the International Multiconference
on Computer Science and Information Technology,
2007, pp. 379-385

[10] J. Séucka, K. Soucek, Architecture and Properties

of Geocomposite Materials with Polyurethane
Binders, Documenta Geonica, Institute of Geonics
AS CR Ostrava, 2007, 247 pp.

13



Rock Massif Changes near the Margin of Subsidence
Depression

Hana Dolezalov&
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Abstract 2 Monitoring — geodetic and

Repeated geodetic and geophysical surveying near th geophy3|cal surveying

margin of a creating subsidence depression hasrshow Gegdetic monitoring of both surface undermining
on g_fluctuanon of h_elghts of levelled points aod influences and slope movements usually means height
significant rock massif changes. The possible calise g 1yeying. Geometric levelling from centre is tharé
these changes may be found not only in progressive jis g404 accuracy the most frequent one. If thellig
stress-deformational changes due to undermining but ;o 444e repeatedly than the heights of differemtoge

also in the changing regime of the groundwater. .,y he compared and some patterns of the movements
Confrontation of the levelled height changes witle t and deformations of the surface can be found.

height of the groundwater level shows that themegof Geophysical measurements on the landslides and in
the groundwater may be a substantial cause of@irfa g hsjgence depressions usually include surface
height changes. Also the resistivity anomalies tby fgeophysical methods (geo-electrical methods, seismi

geophysical measurements can be caused by change of,ahod) geophysical methods in system bore-surface
hydro-geological regime. (seismic tomography), geophysical methods in bores
(logging methods, geo-acoustic measuring, measuring
of high-frequency electromagnet field), methods of

deformations measurements (band extensometry,
precise inclinometry).

Keywords. Subsidence depression, geophysics,
geodesy, groundwater

1 Introduction

Due to underground mining there happen significant
changes of the rock massif in the surroundingshef t  Locality Ujala lies near the town of &marovice in
exploited deposits and these changes often result i North Moravia. There were some slope deformations
movements and deformations on the surface. This detected on the slopes of this locality. Owing to
happens not only in the direct overlaying stratal an a possibility of approaching of mining influence®se
surface but the changes also reach wider area. the need to find out, whether the landslides halation

A subsidence depression is created on the surface.to a developing subsidence depression, especially
Significant physical-mechanical processes, whictuoc because the levelling done on landslides was jotned
near the margins of the subsidence depressionbean support points, whose height stability was needebet
also complicated by landslide$his situation occurred known. Monitoring has detected changes in heights o
at locality Ujala near the town ofdmarovice, and it these surface points, which led to an increasenhtidn

2.1 Geodetic surveying

led to wide geodetic and geophysical surveying. and a repeated observation of heights in this [d@jea

Size and character of surface changes can be found There was the geodetic surveying done repeatedly,
out by geodetic surveying. It gives us the inforiorat namely levelling of points stabilized on slidingsés.
about the surface condition in definite time — @fidite The method of technical levelling was chosen bexaus
stage of changes. But if we do geodetic surveying o the slope movements of these points supposed efalev
stabilized points repeatedly, we can also find smrhe centimetres were primarily to be detected and ffigs t

patterns in the process of movements and defornmsmtio the technical levelling accuracy is fully adequakbis

of the surface. But still we only state the surface levelling was joined to the height of point 59 in
condition in a certain phase of mining. What phgkic forefront of sliding slope. According to untypical
mechanical changes happen to the rock massif aatl wh behaviour of slope points” heights (they seemedduee

is their localization, we can partly state aftee thsage upwards instead of supposed fall movement), there
of geophysical methods [4]. arose the doubt about the stability of supgmint 59,

! dolezalo@ugn.cas.cz
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Figure 1: Height differences between points 59460 80-61 and inverse groundwater level

which could be influenced by undermining. And se th
levelling of points on landslides was joined totliar
points of the levelling run — point 60 and lateirmd®1.
The method of technical levelling was used agaimces
also the results of the surveying of this connegtin
levelling run showed some abnormalities, the fogas
later centred mostly on this run and the geodetic
surveying was done to observe height differences
between points of this levelling run, using the imoet of
precise levelling. Owing to local conditions, témra
accessibility and weather conditions the pointsn'are
surveyed in regular intervals.

Height differences (by both Geotest Brno and UGN)
between points 59 and 60 since 2001 are depictuned
Fig. 1. Relatively scattered values of height défeces
between points 59 and 60 can be seen. Measureésvalu
of height differences reflect on iterative and giayv
trend of several centimetre falls and subsequent
upheavals of points. And fall is always more peatéte
in time than upheaval that lasts for a longer time.

undermining. And not only the stress but also thim@
stability of points, accuracy of surveying and titwe
incongruity may have an influence on the fluctuatid
the points. But it seems that the main cause may be
found in the water regime. Observed points lie glon
watercourses so there may act river activity itself
because it may infiltrate to the rock massif behtne
banks. The points are stabilized in concrete objeetr
the river and some of them possibly aren't staddlim
sufficient depth so there is further the possipildf
influences of hydro meteorological conditions [B, 5

The most important is probably the influence of the
groundwater regime. Changes of groundwater level,
pressures and permeability lead to changes of drain
ratios. The decrease of groundwater leads to the
decrease of pore pressures in the rock massif. That
probably causes the change in the compactness of
materials of the dam and its close surroundings, in
which the support points are stabilized. These ghan
may then lead to changes in the height differences

Changes of the measured height differences between between control points. Anyway, it is possible tats

points magnify in time.

Since the changes in height differences between
points 59 and 60 were growing and denoted the still
major changes in heights of these points, therseatioe
demand of observing the height state farther natbiy
i.e. in the area farther from possible influences o
undermining, beyond the modelled margin of

subsidence depression. In 2004 there was also more

northern section of the levelling run, namely thatp
between points 60 and 61, included to the surveying

(see Fig.1). Changes in height differences between

points 59-60 and 60-61 reflect on the same tendency

There are several possible causes of such behaviour

of the support points. The upheavals may be cahged
temporary loosening of rock massif in consequerfce o
creation of vacant underground spaces in the wider
surroundings owing to undermining. So instead of
instantaneous fall there may the upheaval arifiesas

a result of stress-deformational changes of massifto
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that the regime of groundwater has an influence on
changes of heights of terrain in the area of irster@n
Fig. 1 there is the groundwater level delineateeited

to the height differences between observed pokftsr

the short period of drain sanitation at the begignof
2002, the inverted groundwater level copies thecref

the height differences.

2.2 Geophysical surveying

Geophysical surveying has been centred on the slojpe
the possible landslides. There has been a detailed
monitoring done for several years by Geotest Bans,

It contains repeated geophysical prospecting, teget
with  geodetic  surveying and  extensometric
measurements. The geophysical surveying includdd we
logging, geo-electric and seismic measurementsgintio

out the lithologic characteristics a complex of
radionuclide methods was used: Gamma logging (GL),
Gamma-gamma logging (GGL), Neutron-neutron



logging (NNL) and acoustic logging (AL). Also the
repeated measurements for
physical properties contained NNL, GGL, AL methods
including measurement of velocity attenuation.
Dynamic changes in bore were observed by repeated
measurements of geo-acoustic activity, measurenoénts
natural high-frequency electromagnetic field anelcpge
inclinometry [1].

The repeated geo-electrical measurements have
shown the existence of time-limited anomalies oa th
deep electrode array (symmetrical electrode arrily w
maximum depth reach of 10 - 15 meters). During the
measuring there was found the existence of three
anomalies though they were documented only in one
period of measuring. First such anomaly was found i
2003. Because any comparison was lacked and the
anomaly was not notable in its size, no greater
importance was attached to it by that time. Later t
measuring in the next period showed that this afpma
did not last long. But still it was a sporadic casal
therefore this fact was out of interest.

Then later when such anomaly was found on locality
Ujala-l, it caught a greater attention (see Fiqurghere
there is a relief of terrain shown in the uppert @zard
time changes of resistivity in anomaly and its
surroundings are shown in the lower part). This
anomaly lay just above the main scarp of the shallo
landslide, and therefore one of the possible exgians
was seen in creation of new tension cracks. Sinen t
a great importance was attached to such anomailigs a
other possible explanations of their existence were
looked for. Most of the solutions interfered wittetfact
that these anomalies occur only in the deep elgetro

Quaternary

array. Not a single time was any similar anomalyniid

observing changes of in the surface layers.

Third anomaly of this type was found on one of the
measured profiles on locality éBmarovice in summer
2006. This anomaly lies quite out of reach of slope
processes so the theory, that such anomalies are
connected with slope deformation due to slope
movement, proved to be groundless and therefoi® it
necessary to look for the connection with other
processes that happen inside of the rock massiy Ve
realistic seems to be the explanation that the -time
limited resistivity changes are connected with ¢fen
of groundwater regime, because various, time-vigiab
groundwater level is created in particular blocksozk
massif [2].

3 Conclusion

Near the margin of expanding subsidence depression
there was repeated geodetic surveying done andsit h
shown on untypical behaviour of observed points.
Repeated levelling has confirmed that support ledel
points show fluctuation of heights, i.e. several-
centimetre falls and upheavals. It seems that taenm
cause of these height changes may be found in the
changing groundwater regime. Repeated geo-elektrica
measurements in this area have proved the existe#fnce
resistivity anomalies that confirm that there ocstong
time-inconstant changes of physical properties
consequence of fracturing of rock massif and chage
hydro-geological regime.

in
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Zkusenosti s razbou a stabilitnim sledovanim tridy 294 225

vyztuzené technologii samostatné svornikové vyztuze

na Dole CSM ve Stonavé

Petr Dvorsky '
"OKD, DPB, a.s., Paskov

Abstract

This contribution describes progress of heading the
main gate No 294 225 for the panel No 294 205,
situated in the seam No 29b sp.l. sp.&. (648) on CSM
mine in Stonava, by using technology supporting only
with rockbolts. Authors briefly gives practice with load
measurments on rockbolts and stability observations of
this main gate during heading and subsequently during
extraction of the panel No 294 205. The emphasis
is layed on the practical aspect of execution rockbolt
support, measurements and evaluation of monitoring
results.

1 Uvod

Soucasné pouziti samostatné svornikové vyztuze je jiz
zalozeno na celosvétové zvladnuté technologii
vyztuzovani s pouzitim sofistikovanych materiald a
techniky a na propracovaném a ovéfeném systému
kontroly a monitoringu vyztuze a dulniho dila. Pii
pouziti svornikové vyztuze na Dle CSM byl aplikovan
systém Uspé§né zavedeny na Cernouhelnych dolech
ve Velké Britanii. Pouzité technické prosttedky a
zpusoby zpevnéni nadlozi aplikaci kotevnich systémut
lepenych svornikii typu AT a lanovych kotev jsou
znamé a technologicky dostupné.

2 Vybér a struéna geologicka
charakteristika lokality

Po analyze  podminek, pfizohlednéni  cCasovych
a prostorovych vazeb na ostatni hornickou c¢innost
planovanou dle dlouhodobé koncepce hornické ¢innosti,
byla jako nejvhodnéjsi shledana sloj 29b sp.1. sp.¢. (648)
v oblasti 2.a kry na zavod¢ Sever a byla vybrana tfida
294 225 v useku staniceni 431 m — 963 m. Razba tfidy
294 225 byla realizovana pod stropem sloje 29b sp.l.
sp.€. (648) s piibirkou privodnich hornin (prachovec).

Mocnost sloje se v oblasti 2.a kry pohybuje od 170
do 270 cm. Uklon sloje je relativné rovnomérny a
pohybuje se od 5° do 7°, s generdlnim smérem tklonu
k severovychodu. Hloubka wulozeni sloje v oblasti
chodby je 920 — 960 m pod povrchem.

Ptimé nadloZi sloje je tvofeno vrstvami prachovce a
sttednézrnného piskovce. Jilovec nachazejici se v
bezprostfednim podlozi vrchni ¢asti sloje 29b v.L
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prechazi do kofenového  prachovce  aje siln¢
rozpukany. V piimém podlozi sloje 29b sp.l. sp.c.
(648) je ulozen jilovec az prachovec, misty kofenovy
s mistnim vyskytem pelosideritti o mocnosti od 1 do 2
m. Pak nasleduje zpravidla nebilanéni neoznacena
slojka 642 (nebo jeji reprezentant) o mocnosti od 0,5 m
do 0,7 m. Dale do podlozi se stfidaji polohy piskovce a
prachovce azpo nejbliz§i podlozni sloj 30 (634)
v bilanénim  vyvoji, ulozenou cca 13 m
pod sloji 29b sp.1. sp.¢. (648).

Porubem 294 205 pokracuje exploatace spodnich
susskych vrstev v oblasti 2.a kry na zavodé¢ Sever.

V nadlozi chodby 294 225 (resp. plochy celého
porubu 294 205) byly vydobyty sloje 23 (1994, 1995-
1996), 24 (1996-1997, 1999-2001), 25 (1997-1998,
2001-2002), 26 (2002-2003) a 28 (2002-2003) ve
vzdalenostech 192m, 168m, 148m, 120m a46m
v mocnostech 180cm, 110cm, 180cm, 100cm a 120cm.
Méné¢ vyznamné tektonické poruchy orientované
ve sméru Z-V s amplitudou maximalné¢ 0,9 m byly
zaznamenany v zavéru razby chodby 294 225 a svym
charakterem odpovidaly doprovodné tektonice poruchy
»B.

Chodba 294 225 je situovana v oblasti, jejiz
prozkoumanost dilnimi dily jak ve sloji, tak v nad-
loznich slojich je dobra.

3 Projektovani svornikové
vyztuze

Navrh svornikové vyztuze, stabilitni posouzeni a
vypoCet parametri vyztuZze vychazel z geome-
chanického posouzeni ke stanoveni geomechanického
koeficientu RMR (Bieniawski 1989), ktery v souétu
bodovych

charakteristik horského masivu v podminkach tfidy 294
225 dosahoval hodnoty 53. To odpovida III. horninové
ttidé dle Bieniawskkého klasifikace a stale pomérné
priznivym geomechanickym podminkdm vhodnym pro
pouziti svornikové vyztuze.

Pro navrh a vypocéet parametri svornikové vyztuze
byly pouzity pevnostni vlastnosti jednotlivych
litologickych typt v nadlozi sloje.

Z provedeného odborného posouzeni a s ohledem
na to, Ze planovana razba tfidy byla situovana v asti
horského masivu bez nebezpeli otfesi a byla
orientovana téméf ve sméru hlavniho horizontalniho



napéti, byl navrzeny typ svorniku AT lepeny po celé
délce pryskytici shledan jako vhodny pro podminky
razby tiidy 294 225. Tento svornik zarucuje kvalitni
ukotveni v horninovém prostiedi, které se v celém
useku razby vyskytovalo. Minimalni unosnost svorniku
250 kN zajistuje dostatenou funkénost po celou
pozadovanou dobu Zivotnosti dilniho dila. Parametry
svornikové vyztuze a zpusob stabilizace dulniho dila
jsou popsany v dalsi kapitole tohoto prispévku.

4 Pouzita technologie a material

4.1. Zakladni udaje

e celkova délka dilniho dila - 1094m,

e podpérna vyztuz (profil 00-0-12) - Om az 430m
(K24/0,5m), 963m az 1094m (K24/0,8m),

e svornikova vyztuz a podpérna vyztuz (profil
SBR) - 430m az 546m (K24/1,0m), vysSka profilu
- 3,4m, Sitka profilu — 5,1m, strop - 7 ks svornikd
vtadé, boky-2ks svorniki vkazdém boku,
vzdalenost fad — 1,0m,

e svornikova vyztuz — 546m az 963m, vyska profilu —

3,4m, sitka profilu 4,8m, strop-7ks svornikd

v fadé, boky — 2 ks

svornikii v kazdém boku, vzdalenost fad — 1,0m,

odtézeni - TP 630,

doprava - ZD 24,

rozpojovani - razici kombajn AM 50,

mocnost sloje- 1,7 —2,7 m,

uklon diilniho dila - 3° az 6° generelné¢ k J - JV.

4.2. Technologie vyztuzovani stropu

e ocelova kotevni ty¢ systému AT (typ APB-1-k),
prumér tyce - 21,7mm, délka tyée 2400mm (pfi
vy€nivajici ¢asti zavitu z vyvrtu 100mm c¢ini délka
kotevni ty¢e ve vyvrtu 2300mm),

e lepici ampule — LOKSET HS (1 ks rychletuhnouci —
mezikruzi u kofene kotevni tyce,
1 ks pomalutuhnouci - zbyvajici ¢ast mezikruzi
kusti vyvrtu), primér ampule 24mm (Pro zalepeni
kotevni tyce po celé délce byla pouzita jedna ampule
rychletuhnouciho lepidla délky 450mm a jedna
ampule pomalutuhnouciho lepidla 800mm),

e ocelovy pramencovy kotevni prvek (typ Flexibolt),
pocet drata — 7, pramér pramence - 23mm, délka -
5000mm (pfi vycnivajici c¢asti zamku z vyvrtu
150mm ¢ini délka pramence ve vyvrtu 4850mm),

e lepici ampule — LOKSET HS (1 ks super
pomalutuhnouci — vcelém mezikruzi az k Gsti
vyvrtu), prumér ampule 25mm (Pro zalepeni
pramence Vv jeho kofenové ¢asti byla pouzita jedna
ampule super pomalutuhnouciho lepidla 2000mm).

4.3. Technologie vyztuzovani boku

e ocelova kotevni ty¢ systému AT (typ APB-1-k),
prumér ty¢e - 21,7mm, délka tyce 1500mm (pfi
vy¢nivajici ¢asti zavitu z vyvrtu 100 mm ¢ini délka
kotevni ty¢e ve vyvrtu 1400mm),

e sklolaminatova kotevni ty¢ (typ FIB 24/BO),
pramér ty¢e - 24mm, délka tyCe 1500 mm (pfi
vy¢nivajici ¢asti zavitu z vyvrtu 100mm ¢ini délka
kotevni ty¢e ve vyvrtu 1400mm),

e lepici ampule — LOKSET HS (1 ks pomalutuhnouci
— vecelém mezikruzi azk usti vyvrtu), prumeér
ampule 24mm (Pro zalepeni kotevni ty¢e po celé
délce byla pouzita jedna ampule pomalutuhnouciho
lepidla 800mm a pro zkraceni doby manipulace
pti kotveni byla u kofene pouzita jedna ,kratka*
ampule rychletuhnouciho lepidla).

Schéma rozmisténi kotevnich prvki v profilu

je znazornéno na obr. 1. Obdobné schéma vyztuzovani

bylo pouzito i ve fazi vedeni razby pouze v samostatné

svornikové vyztuzi.

5 Monitoring v prabéhu razby
tridy 294 225 a pri dobyvani
porubu 294 205

Pro sledovani stability svornikové vyztuze a
dilniho dila byly v prubéhu razby tiidy 294 225
nainstalovana do stropu a bokt dilniho dila nasledujici
zafizeni:

5.1. Extenzometry mechanické

Dvotiroviiové extenzometry pro sledovani rozsazovani
nadloznich vrstev v horizontu vyztuZzeném ocelovymi
kotvami délky 2400mm

a ve vys$§im nadlozi do vysky 5m nad stropem dtlniho
dila. Vyska kotvy ,,A“ nad stropem dilniho dila byla
2100mm a vyska kotvy ,,.B* byla 5000mm nad stropem
dilniho dila.

Ti{arovilové extenzometry pro sledovani rozsazovani
nadloznich vrstev v horizontu vyztuzeném ocelovymi
kotvami délky 2400 mm a ve vys$§im nadlozi do vysky
7 m nad stropem dllniho dila. Vyska kotvy ,,A* nad
stropem dilniho dila byla 2100 mm, vyska kotvy ,.B*
byla 4800 mm nad stropem diilniho dila a vyska kotvy
,»C“ byla 7000 mm nad stropem dulniho dila.
Dvotiroviiové extenzometry byly instalovany s rozteci
maximalné 20 m v celé délce tiidy 294 225 vyrazené
v samostatné svornikové vyztuzi. Dal§i doplikové
extenzometry byly instalovany v mistech geologické
anomalie. V mistech, kde byly instalovany doplitkové
pramencové kotvy délky 5000 mm byly instalovany
navic tfiuroviiové extenzometry. Pro zaznamenani
vychoziho stavu nadlozi chodby byly vSechny tyto
extenzometry instalovany pokud mozno co nejblize za
postupuyjici ¢elbou razby. extenzometry.



V mistech vSech dvouroviiovych extenzometri
byly zfizeny body pro méfeni svislé a vodorovné
konvergence dilniho dila.

Rutinni sledovani extenzometri bylo provadéno
vSemi zaméstnanci na vSech sménach s povinnosti hlasit
jakékoliv zjisténé zmény. Pfesny odecet na stupnicich
LAY LB a ,,C“ v milimetrech a méfeni svislé a
vodorovné konvergence se zaznamem do ,.knihy kontrol
svornikové vyztuze“ bylo provadéno po celou dobu
razby, v obdobi po vyrazeni a je dale provadéno pii
dobyvani porubu 294 205 scetnosti 1 x za tyden
zaSkolenymi zaméstnanci (inZenyr pro svornikovani,
technologové svornikovani a autorsky dozor).

23 m
0.3 m D7 m
'_ 0.1 ™ ¢ -
' /| T
0.1 m
— e
337 m

Legencin:

profil SBR

B

ocelovy svornik

lamindtovy svornik

uhelnd sloj

\

21l m

Obr.1 Schéma rozmisténi vyztuze v profilu chodby

V prubéhu razby byly provadény zkousky
pevnosti zalepeni kotev k tomuto Géelu uréenym
Htahomérem®. Zkousky byly provadény na 3%
namatkové vybranych instalovanych stropnich
svornikii a na vSech svornicich pro zavéSeni
dopravni a technologické drahy ZD 24. Navic
byly pfed zahajenim vyztuzovani svornikovou
vyztuzi a dale vpribéhu razby provedeny
tahové zkouSky na ovéfeni pevnosti vazby
svornik — lepidlo — hornina tzv. ,,pull test” dle
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Britské normy pro pouziti svornikové vyztuze.
Veskeré provedené tahové zkousky byly ve
vsech ptipadech hodnoceny jako pozitivni.

Vyvoj hodnot na stupnicich ,,A“ a ,B*
mechanickych extenzometrii je znazornén na
Obr. 2 a Obr. 3, tj. pii stavu ke dni 20.4.2007,
kdy porubni fronta porubu byla ve vzdalenosti
77m od extenzometru ¢.1 (“L” — pro porub 294
205 ¢ini 75 m.
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Obr. 2. Graf rozvolnéni nadlozi (vySka “A”) na dvouroviiovych mechanickych extenzometrech 1 — 6
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Obr. 3. Graf rozvolnéni nadlozi (vySka “B”) na dvotroviiovych mechanickych extenzometrech 1 — 6

Ke dni 20.4.2007 bylo v provozu poslednich
6 extenzometrd. Z naméfenych vysledkt lze
konstatovat, ze celkova hodnota rozvolnéni
(,,A“ + ,,B*) doposud nepiekrocila 22 mm (viz
extenzometr ¢. 4 na Obr. 2 a Obr. 3). Je nutné
podotknout, zZe prudky narist dne 13.4.2007 byl
zpisoben uvolnénim cca 15 cm mocné
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vrstvicky prachovce ve stropu chodby, ve které
je ukotvena referencni trubice extenzometru.
Toto uvolnéni bylo zplsobeno bodoveé upnutim
kotvici stojky prekladaciho zafizeni sbérného
dopravniku v tésné blizkosti extenzometru.
Mimo této ,anomalie“ nepickrocila hodnota



rozvolnéni v rovni ,,A“- 9 mm a v urovni ,,B“-
7 mm, tj. ,,A“ + ,,B“ = maximaln¢ 16 mm.

Vysledky méfeni svislé a vodorovné
konvergence t¥idy 294 225 jsou znazornény
v grafu na Obr. 4.

e Sitka (m)
—=—vyska (m)

0,1 T T T T 1
g o o o o
D S S S S
05 T3} © © >
-0,1 1
£
-0,2
-0,3 \
-0,4 -
Stani¢eni (m)

Obr. 4. Vyvoj zmén hodnot Sifek a vysek tiidy 294225 od vyrazeni do 20.4.2007

Obdobny charakter, z hlediska stability téidy
294 225, ma i vyvoj naméfenych hodnot svislé a
vodorovné konvergence. K maximalnimu
zmeneni® §itky (az o 37 cm) doslo v mistech
kde byla sitka tfidy 5,5 m (tj. vyklenky pro
elektro zafizeni) a to jiz v obdobi po vyrazeni,
pied zahajenim dobyvani porubu 294 205. Pii

vlastnim  dobyvani  porubu nebyl ani
v bezprostiednim ptedpoli porubu zaznamenan
vyrazny narust  konvergence. V tsecich

zjisténého nartstu hodnot svislé konvergence
doslo i k vyraznéj$imu zmenSeni vysky (az o 16
cm), pficemz sohledem na vysledky méfeni
zjisténé na extenzometrech se jednalo o pohyb
poévy dulniho dila.

5.2. Extenzometry
elektroodporové

V piipadé razby tiidy 294 225 byly pouzity
Ctyfiroviiové  extenzometry  pro  méfeni
rozsazovani nadloZznich hornin ve stropu a
uhelného  pilife v bocich dilniho  dila.
Tyto extenzometry byly stejné jako mechanické
instalovany pokud mozno ihned za postupujici
Celbou razby. Méfeni mista a velikosti pohybu
ve stropu (boku) dualniho dila je provadéno
v intervalu 0 az 5000 mm nad stropem (resp.
v boku) dilniho dila ve étyfech tGrovnich (strop:
1400 mm, 2100 mm, 2700 mm, 5000 mm, bok:
1000 mm, 2000 mm, 3000 mm, 5000 mm).
Pfesnost méfeni je 0,1 mm. Informace z méfeni
slouzi ke zjisténi toho, zda strop je stabilni a
v ptipadé pohybu k uréeni mista, kde k tomuto
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pohybu dochazi. Odecitani méfeni je dalkové.
Me¢feni pohybu ve stropu (boku) tiidy 294 225
elektrickymi extenzometry je provadéno ve
stani¢enich 418 m, 447 m, 576 m a 881 m.

V soucasné dob¢& jsou tyto extenzometry
pouze ve stanieni 447 m (nefunkéni) a ve
staniceni 418 m (funkéni). Na Obr. 5 jsou
zaznamy z méfeni ve stropu ve stanicenich 447
m. Z grafl je patrné, Ze zaznamenané absolutni
hodnoty rozvolnéni nadlozi se v jednotlivych
urovnich pohybuji v fadu desetin milimetrt.

5.3. Extenzometrické svorniky

Pro méfeni osové a ohybové deformace po celé
délce svorniku jsou na standartnich vyztuznich
svornicich ve dvou drazkdch proti sobé
pfipevnéna tenzometricka cCidla, vzajemné
propojena vodi¢i vyvedenymi do konektoru u
jejich zavitové casti. Tyto svorniky jsou pak
orientované (drazky vsech svorniki jsou v jedné
roving kolmé na osu dtilniho dila) nainstalovany
v fadé jako ostatni vyztuzné prvky. Tyto fady
byly nainstalovany ve stejnych mistech jako
elektroodporové  extenzometry.  Informace
(vysledky) z méfeni jsou pouzity pro stanoveni
parametrti souvisejicich s chovanim systému
svornikové vyztuze, vetné miry deformace
svorniku, maximalniho zatiZeni a ohybového
momentu na svorniku, reakce na pohyb ve
stropu, stability zatizeni arezervy zatiZeni
svornikové vyztuze pro obdobi kdy se dostane
do vlivu pridatného napéti od postupujici
porubni fronty porubu.
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Obr.7: Zaznam méfeni zatiZzeni na

extenzometrickém svorniku “00” ve stani¢eni

576 m

6 Zavéry a poznatky

V prispévku byl struéné shrnut postup praci pfi
navrhu vyztuze a pii realizaci vyztuzovani tfidy
294 225 samostatnou svornikovou vyztuzi. Z

dosavadnich

zkuSenosti s realizaci,

monitorovanim stability vyztuze a tfidy 294
225, lze vyvodit nasledujici zavery:

V pribéhu razby a v dal§im obdobi po
vyrazeni je nezbytny soustavny monitoring
dilniho dila a svornikové vyztuze, véetné
okamzitych reakci na jakékoliv zjisténé
zmény a zpétné vazby na systém vyztuzeni
dilniho dila.

Potvrdilo se, Ze systém svornikové vyztuze
navrzeny a realizovany v prubéhu razby
tiidy 294 225 byl dostate¢né stabilni i pfi
dal$im  zatizeni  pfidatnym  napétim
pusobicim od hrany porubni fronty porubu
294 205. Maximalni zatizeni zaznamenané
na extenzometrickych  svornicich  ¢inilo
20 tun a vyskytovalo se ve vySce 0,8 m
al,5m nad stropem ddlniho dila.
Pfi postupu porubni fronty a pfi jejim
priblizovani k témto méficim svornikiim
nedoslo k vyraznému nardstu  zatizeni
svorniki.

Vyvojovy trend na vSech instalovanych
extenzometrech byl stabilni bez jakychkoliv

prudkych naristt a to ani v mistech
geologickych anomalii. Rozvolnéni
v horizontu instalovanych svornikd
nepiekro¢ilo po celou dobu  dobyvani

porubu 294 205 hodnotu 9 mm. Rozvolnéni
nad horizontem instalovanych svornikid
neptekrocilo hodnotu 7 mm. Celkovy posun
jako soucet hodnot na obou horizontech
nepiekro¢il 15 mm. Obdobny trend mél
vyvoj naméfenych hodnot svislé a
vodorovné konvergence.
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Pfi dobyvani porubu v prvnich tfech
mesicich bylo zjisténo, ze svornikova vyztuz
tiidy 294 225 je dostate¢né dimenzovana a
chodbovou sekci by bylo mozné nahradit
»klasickymi® porubnimi sekcemi, ¢imz by
doslo ke zlep$eni piimosti zalomové hrany i
v prostoru této tiidy.

Pfi dobyvani porubu je nezbytné realizovat
BTPMR do nadlozi chodby vyztuzené
v samostatné vyztuzi za ucelem usnadnéni
vyvinu  zavalu  za zdlomovou  hranou
v prostoru této chodby a snizeni pifenosu
napéti na ¢ast chodby situovanou v predpoli
porubu.

Energeticky vyznamné seismologické jevy
registrované v obdobi 1. a 2. mésice roku
2007 (faze rozvijeni porubu od vychozi
prorazky a vyvin zavalu ve vys$§im nadlozi)
a ani ostatni v dal$im obdobi dobyvani, se na
ttidé 294 225 vyztuzené samostatnou
svornikovou vyztuzi nijak neprojevily
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Settlement development of the Czech Republic border

regions from 1930 to 1950
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Abstract

The article describes population and settlement
development of Czech border regions between 1930 and
1950. The study deals with the evaluation of the process
of settlement desertion after 2 ™ World War, especially
after the expulsion of the German population from the
Czech Republic. After we analysed about 250
settlement units which were perished in these two
decades, we formulate main factors of settlement
desertion process.

Keywords: settlement, settlement desertion, border
region

1 Introduction

A big difficulty is the word meaning of border regions,
because we have many definitions of these areas, e.g. it
is an area of various scale administrative units or an area
limited according to national structure of population and
last but not least an area limited with a certain distance
from state boundary-line. (Compare e.g. Chromy 2000,
Jetabek, Dokoupil, Havli¢ek 2004, Kucera 2007, Kubes
2007). In subsequent text the border area means a
complex of administrative units authorized by the civil
service in location near the boundary line.

The main data source is confrontation of census in 1930
and 1950. The census outcome is in both cases
presented in Statistic Lexicon of Villages (Statisticky
lexikon obci v Republice ¢eskoslovenské Dil 1., II,
Statisticky lexikon obci republiky Ceskoslovenské),
which describes a list of permanently populated villages
and their settlements. The seat means populated area
with a village status or its part (settlement), more
detailed segmentation of local parts of settlements
(secluded dwellings, gamekeeper's lodges etc.) is
impossible to use for difficulty of comparison. The
defunct village can be perceived like a village or its
part, which has vanished administratively (in this
category there are not included seats linked with other
seats) or a seat permanently unpopulated on the 1st of
March 1950.

' Dvorak@geonika.cz
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2 Population development and
settlement system changes

The Czech Republic border area in the period between
1930 and 1950 went through many population changes,
what has radically changed character of this area. The
changes have reflected in area organization,
penetrability and use. The period of twenty years went
through several migration flows which are entirely
connected with historical events before World War II
(the leaving of a part of Czech nationality population
after German capturing of an area called Sudety).
During this period and particularly after it (German
nationality people resettlement, comeback of native
people and other settlement of border area from
neighbouring areas, the rest of Czechoslovakia or
abroad people). On the whole in period between 1930-
1950 the population reduced with 30.2%, that means
883.5 thousand inhabitants less. Importance of
consequences in society and landscape shows the fact
that this number is almost congruent with 2 of decrease
in the whole Czech Republic population in this period.

The reduction of population relates to the whole border
area with only exceptions of 9 regions: Brumov-Bylnice
(+0.8%), Hodonin (+1.2%), Slavi¢in (+1.4%), Hlucin
(+2.5%), Havitov (+3.0%), Uhersky Brod (+6.0%),
Ttinec (+6.5%), Jablinkov (+6.5%) and Svoboda nad
Upou (+14.4%) (see Fig. 1). Other 101 regions
decreased between 1930-1950, the count in range from
0.5% (Valasské Klobouky) to worrying 72.3%
(Kraslice). Not much visible was the depopulation in
Czech-Slovak borderland (maximum the region of
Bteclavsko 12.9%) because of low German population
density. The highest depopulation was in mountain
range region of Novohradské hory Mts., central Sumava
Mits., Cesky Les Mts. and the range of Krugné hory Mts.
Obvious reduction is noticed also in marginal regions on
Czech-Polish boundary line, mainly Sluknovsko,
Frydlantsko, Broumovsko and Osoblazsko. So huge
population decrease caused ensuant responses like
reduction of facilities, the regions became even more
marginal towards bigger seat centres, lack of job
opportunities, and these all in association with bad



agricultural conditions. The above mentioned factors
caused in further years other depopulation.

In settlement system the depopulation is manifested by
seat reduction. Some villages and settlements were
defunct immediately (concerning population and
buildings), other were affected by gradual depopulation
or got striking lower count of inhabitants or changed
their original settlement function to recreational
function. Reduction of villages was caused by several
aspects which can be devided into two categories:

» Geographical conditions and location of the
settlement

» Social conditions — economic and political
factors

Location of a settlement concerning accessibility and its
position in the settlement system as well as geographical
conditions, especially relief character, altitude and
climatic conditions meant a lot for future settlers. These
factors influence intensity of population increase,
village size and afterwards facilities, service
accessibility, job opportunities etc. In addition they
represent the limits for character and effectiveness of
agricultural production. So primarily small mountain
country seats were not settled again and after leaving of
native people have stayed dead. The main social factor
we can see in establishment of border area separating
Czechoslovakia from other countries of capitalistic
Western Europe. As a result of this political command
many villages and settlements in this several kilometres
wide area have been gradually completely cancelled
since 1948 and newly settled inhabitants were resettled
again, this time to interior of the republic. This factor
was even more significant after 1950 when we can
consider it the most important cause of seat structure
changes in this part of border area. Economy influenced
the life of villages constantly, mostly in 60s and 70s
when a lot of villages disappeared because of mining
brown coal in coalfield of Northern Bohemia.

3 Defunct settlement

Between years 1930 and 1950 vanished 251 settlement
units of the border area (see Fig. 2). It was home of
more than 38.3 thousand people. In absolute majority it
relates to German nationality (in 1930 was more than
93% of population in actual seats registered like
Germans). Size range of dead villages is various, from
the settlement Sobina (region of Rychnov nad Knéznou)
with 3 inhabitants to the village Stodilky (Susice) with
1636 inhabitants in 1930. In most cases these were
smaller seats to 200 inhabitants (almost 77.7%). Size
range of villages describes the following table (see
Table 1).

In our limited border area is village vanishing most
obvious in stretch from Nové Hrady to AS, it means
Novohradské hory Mts., Sumava Mts. and Cesky Les
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Mts. In this case few factors cumulated: these are
regions with higher altitude, with unwilling marginal
location to centres in interior of the republic, the seats
often spread exactly next to Czech-Bavarian or Czech-
Austrian boundary line, which separated socialistic and
capitalistic part of Europe, in addition most of this area
was depopulated even before World War II. Its role
holds also establishment of military training area Dobra
Voda or building the Lipno dam. Together with sizes of
the seats the settlement system presented by diffused
buildings with a lot of secluded dwellings. The most of
seats vanished within boundaries of regions Vyssi Brod
(37 seats) and Kaplice (30 seats).
In the border area next to Poland and Eastern Germany
i.e. next to socialistic countries vanished only less than
1/5 of absolute count of defunct seats. Concerned were
smaller seats on highland of Krusné hory Mts.,
Krkonose Mrts., Orlické hory Mts. and Jeseniky Mts.
The vanishing process did not affect regions between
Opava town and Cesky T&in, it is also not visible in
Czech-Slovak border area and except one seat
(Je¢menisté — region Znojmo) also in South Moravia.
Most of seats vanished because of complex of reasons,
in the process the most important reason is resettlement
of German population and no other comeback.
Generally we can devide the reasons of settlement
vanishing into 5 main categories:

» Resettlement of native German population

» Political establishment of the border area and

separating socialistic and capitalistic countries
-“IRON CURTAIN”

» Establishment of military training areas

» Mineral resources mining

» Dam building

4 Conclusion

Village cancelling or vanishing and establishing of the
border areas and military areas had also positive
aspects. Definitely it was plus for nature. In countryside
the human influence was fractional, the land use was
extensive, entrance to these large areas was often
forbidden, so many of rare plant and animal species
could be preserved and the adequate conditions for
whole ecosystems stayed saved. One proof may be
National parks — Podyji National Park and Sumava
National Park and Cesky Les landscape protected area.
Their most valuable parts were exactly in the forbidden
border area.

The settlement structure of the border area was
obviously changed between years 1930-1950, it went
through distinctive decrease of seat count, most people
cumulated in bigger seats and the seat structure became
simpler. The seat system reacted to German population
resettlement, not enough of new inhabitants came back
and significant decrease of population. The value of
many villages came down, facilities became worse and
as a result they were not attractive for living which



caused other vanishing and other seat structure
changing.

POPULATION CHANGES IN THE BORDER REGIONS (1930 - 1950)
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Figure 1. Population changes in the border regions of the Czech Republic (1930 -1950)
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Figure 2: Defunct settlement in the border regions of the Czech Repubic (1930 — 1950)

27




Population size (inhabitants) Count of units | Distribution of population (%)
1-49 69 54
50-99 63 12,5
100 - 199 63 23,6
200 - 499 48 39,9
500 and more 8 18,6

Table 1: Population size of defunct settlement units in border regions (1930-1950)
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Abstract

The project following transdisciplinary
approach comprising geographical, sociological and
environmental-psychological view of the issue is
about to be theoretically and empirically concerned
with a question of subjective perception and
construction of space and creation of territorially tied
collective identities. Using the method of mental
mapping and other behavioural-geographical,
sociological and psychosemantic methods a spatial
structure of awareness of local and regional identities,
preferences, values and attitudes will be investigated.
The factors affecting creation of subjective sense of
places and relations (identifications) with places will
be analysed and classified. The main result should be
a set of mental maps (cartographic syntheses)
delimiting and representing a model area (region) at
different spatial hierarchical levels based on selected
aspects, characteristics and subjective criteria.

1 Current state of the problem
in international and national
context

In connection with a fall of the policy of
blocks in Europe after 1989 and ensuing dynamic
liberation, extension and integration of European
space, with reduction of function of original
politically delimited borders and with regard to global
(social, economic and environmental) processes
questions of local, regional and national identities
have been becoming discussed issues and practical
problems to be solved. In a time characteristic of
perpetual change, uncertainty, fragmentation of social
life and diversity of its forms the identity of a single

! frantal@geonika.cz
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person and their embedment in social-geographical
space is getting more and more important. A number
of documents have been written (e.g. 2001 Council of
Europe statement “Looking for the elements of
European political identity”) declaring “respect for
national, regional and local identities of the EU
member states” (according to: Sindlafova, 2002: 265).
In 2001 a report “Vision of development of the Czech
Republic until 2015 was issued, which in the chapter
”National and cultural identity” suggests spontaneous
creation of national and cultural identity from bottom
up by support of communal and regional activities,
(...) or by creation of uniqueness of cities and region.
(cf. Vize rozvoje CR do roku 2015, 2000: 105).

Concept of territorially based identities is a
research subject of many scientific disciplines.
Regional and local identity is a traditional theme of
geography (Tuan, 1977, Buttimer, Seamon, 1980,
Paasi, 1986, 2003, etc.), but recently this theme is
attractive also for sociology and political science
(Hummon, 1992, Schmidt-Egner, 2002, Balsinger,
20006, etc.), history (Nobles, 1999) or environmental
psychology (Steele, 1981, Hidalgo, Hernandéz, 2001,
Auburn, Barnes, 2006). Sense of belonging can
emerge at different spatial hierarchical levels (from
place to globe) and at the same time it represents
different cognitive and behavioural consequences for
individuals and participant groups and therefore it is
possible to encounter different theoretical concepts,
terminology and methodological approaches to the
research of this issue. Regional identity is connected
with topical terms such as “social capital” or
“learning region” (Keating, 2001), high rate of
regional or local identity is connected with
effectiveness of implementation of political
programmes and social interventions (so called
regional solidarity), with environmental planning and
conservation with deliberate use of natural resources
and sustainable development (Uzzell et al., 2002,
Bonaiuto et al., 2002). In context of increasing
competition among municipalities and regions in a
sense of resource use the identity is a powerful
marketing tool enabling to attract visitors, labour



force and investments by expression of typical
distinctiveness and difference (place branding) (cf:
Anbholt, 2005).

Agreement of the fact that regional and local
identity has its importance and practical application
goes hand in hand with the problem of its empirical
appreciation. Scientific approaches of different
disciplines work this concept up under different
names, often independently of on another. There is an
agreement that it is a complex, multidimensional
concept. Extensive questionnaire surveys,
ethnographic observations or different methods of
mental (cognitive) mapping are typical methods of
empirical research of identities.

In the national context the issue of regional
and local identities is solved mainly at the level of
theoretical (e.g. Roubal, 2001, Druldk, 2001,
Sindlafova, 2002, etc.) or political considerations,
while it is most frequently connected with our EU
accession. Empirical sociological research was aimed
at the border regions (Zich, 2003, Lastovkova, 2005).
Similarly, the Czech geographical literature (e.g.
Chromy, 2000, 2006) discussed the theme in the form
of more or less “isolated” spaces (municipality, city,
microregion etc. — often in peripheral areas) and their
regional geographical characteristics. More complex
research of the Czech Republic is still missing. In
2005 Focus agency carried out representative
qualitative research (Focus, 2005) aimed at the
questions of regional identity and stereotypes towards
selected nationalities of neighbouring countries,
however this thematically narrow survey comprised
only a question of an individual’s tie to area at
different hierarchical level (quarter, municipality,
region, country, Europe). Withal foreign experience
shows (Poli¢ et al. 2000, Poli¢, Repovs, 2004) that
detailed empirical cover of wider area is feasible and
does not demand for large research team or financial
costs. It is intended to follow recent development and
knowledge, work them up and on the basis of
empirical studies to map the Czech Republic from the
point of view of subjective perception and
construction of space, awareness of local and regional
identities and related value preferences and to fill the
gap in the complex human geographical and spatial
sociological research.

2 Formulation of research
questions and objectives

Identity is considered as an expression of
two important psychological needs typical of every
human being: on one hand desire for difference and
on the other need of belonging to a higher whole.
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Local and regional identities can be considered as
territorially, politically, culturally, economically,
administratively or historically delimited identities,
whose important characteristic is connectedness to
certain space (Sindlatova, 2002). Geographical
affiliation is only one aspect of socially constructed
identity, which builds on other factors such as sex,
religion, ethnicity, social class etc., while these
sources of identity coexist and determine one another.
Social identity is regionalized and regionalizing.
Regional and local identities as forms of collective
identity represent a way, how groups of individuals
specify and identify with landscape and culture of an
area and how they perceive uniqueness of an areas
and their existence in an area. Collective identity
satisfies a number of functions, the most important
being an integration function creating awareness of
solidarity with places and member of local
community. If we want to analyse territorially related
identity, it is necessary to differentiate between two
of its aspects: the firs aspect is an identity of place —
distinctive character, personality or genius loci of
every place, which differs it from others, the second
aspect is an identification of people with this place
(sense of belonging). In the human geography these
aspects are referred to as place and locale or sense of
place and topophilia. The first aspect represents
environment, in which everyday social interactions
take place, the second aspects expresses identification
with this environment built upon living and mutual
interactions among people and place (c¢f Agnew,
Duncan, 1989). Territorial identity can be researched
as “mutual connections of psychoanalytical, social
and environmental processes, which are created and
participate in flexible relations of people with specific
physical character of places” (Gosgrove, 2001: 731).

Similarly as identities are social constructs,
places (localities, regions) are social constructs as
well. The question is, to what extent there is a
correspondence in meaning of construct of these
identities within a community and society. Incorrectly
chosen frame (e.g. administrative region delimited
outside geographical, historical, cultural, social,
economic traditions and natural integrating flows) can
bring about problems with seeking and existence of
identity of people in given areas and their identity
with given locality (quarter, municipality, city,
region) (cf Sindldfova, 2002). Therefore it is

important ~ how  geographical,  administrative
(political), socio-cultural, socio-psychological or
environmental-psychological delimitation and

structuration of localities (regions) differ. These
differences depending on the degree of identification
with a place can be significantly reflected in real
function of localities and regions, in different degree
of involvement (economic, cultural, political etc.) of



people living in a given area, in the degree of
participation and solidarity, in approach to resource
use and development strategies etc. If these localities
and region are to be viable it is worth researching for
those components attracting people, important to
them, and strengthening them.

Research problem has two basic dimensions:

(a) identity of a place /locality, region/ —
representing distinctive character of a place
differing it from others — the research will be
aimed at subjective perception of this identity and
its mental image

(b) identification of people with this place
/sense of belonging/ — the research will be aimed
at the relationship to place and interaction with
place

Research questions and partial objectives are as
follows:

What is a mental map of a given area (locality,
region)?
- Delimitation of borders of localities and regions
and their mutual relations based on subjective
perception

- Identification of position of the cores
(geographical, historical, cultural, economic etc.)
at the regional and local level

- Analysis of differences between perceived and
observed distances among regional and local
centres

- Identification of places which are within regions
and localities considered typical and attractive
(e.g. from the point of view of landscape character
and its dominants, historic events, tourism, quality
of life and environment, etc.)

- Identification and classification of factors, which
represent characteristic components of the
regional and local identity

- Analysis of external perceptions (at the
horizontal and vertical level) and their difference
from internal perceptions

- Attempt to identify and document changes in
spatial structuration of perception from the
historic point of view (comparison of present
image with images gained from historic
documents)
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To what extent people identify themselves with a
given area?

- Classification of localities and regions on the
bases of popularity and settlement preferences

- Identification and classification of factors
affecting settlement preferences

- Identification of the most frequent destinations of
short-term mobility in the region

- Classification of localities and regions based on
the degree of subjective identification and
interaction with an area (satisfaction, loyalty,
solidarity, involvement, active participation)

3 Research methodology and
supposed outcomes

Complex and relative nature of researched
problems demands transdisciplinary and
multiparadigmatical approach as far as the choice of
research strategy and methodology are concerned.
Fulfilment of partial objectives will comprise specific
procedures including both quantitative and qualitative
methods of sociological and behavioural geographical
research (mental mapping, in-depth interviews,
psychosematical projections, questionnaire surveys,
analysis of literary and cartographic documents,
statistical processing and data analysis etc.). Solution
of research problems and processing of acquired data
will be based on methods of mental mapping, which
enables to depict and represent the spatial structure of
perception, preferences, values and attitudes.

Mental map is graphical (cartographic or
schematic) representation of a person’s images of
geographical space, mostly of its quality or
organisation. Mental mapping has been intensively
developed since the 1960s mostly in Anglo-American
world in the behavioural geography, where it is
fostered by geographers, sociologists, psychologists
and wurban planners (c¢f. Matikova, Petrusek,
Vodakova et al. 1996, Drbohlav, 1991). Mental maps
can be used for application in different branches of
planning, they can contribute to prognosis of
migration flows, to strategies of regional development
etc. Concept of mental maps is worked up in the basic
levels aiming either at perception or preferences.
These approaches are connected with their founders
K. Lynch and P. Gould. The former approach
understands a mental map as “spatial image
expressing an individual’s perception of extent,
position or shape of components in selected
environment, its spatial orientation, typology etc.”
(Vozenilek, 1997:9). Map is represented by concrete
scheme or image of a part of space. The latter



approach understands a map as an image of
attractiveness, spatial preferences etc. This type is
constructed by research by transformation of verbal
or numerical information to a map (by cartograms,
isolines, anamorphoses etc.) (VozZenilek, 1997, Siwek,
Karok, 2001). Maps are constructed on the basis of
data acquired through different questionnaire surveys,
interviews  etc.  from  numerous,  spatially
differentiated and socially and demographically

specific population samples — “methodological
sociologization” (cf. Drbohlav, 1991).
From the point of view relations of

researched subjects to objective reality maps can be
divided into two groups. The first is comparative,
when it is possible to compare a map created on the
basis of subjective data with existing reality (to assess
its correctness by comparison with hard statistical
data or real geographical organisation). As an
example we can mention maps of unemployment,
religiosity, distances of different points (settlements),
administrative division etc. The second type of maps
is non-comparative. Such maps cannot be compared
with reality, for it is not possible to assess their
“correctness” or conformity to reality, since there are
no objective data on researched phenomena. As an
example we can mention maps of locality preferences
in relation to permanent residence, quality of
environment, landscape character attractiveness,
historic sites etc. This is the main field of research of
mental maps.

In the proposed project I plan to use a
combination of all above-mentioned approaches or
types of mental mapping in relation to hierarchical
level of researched area and possibilities of
comparison of researched subjective phenomena with
objective reality. Based on preliminary exploratory
surveys using qualitative methods and techniques I
will construct a complex questionnaire, which will be
used as a measure tool for extensive representative
research (quota sample) covering a larger area
(region). Besides I will carry out partial case studies
of selected localities at a lower hierarchical level
(municipality, city, protected area etc.) in order to
construct detailed perception maps of a given area.
Cartographic analysis will be carried out in GIS.
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Spatial data in mining and geology

Vlastimil Kajzar'
!Institute of Geonics AS CR, Ostrava

Abstract

This manuscript deals with methods used in modern
technics and software tools in the field of
geoinformatics  for  obtaining, processing and
presentation of spatial data in mining and geology.

Keywords: spatial data, geoinformatics, GPS, data
conversion, map outputs.

1 Introduction

Modern computer technics and their processes are more
applicable in human activities. These technics are
mostly used in the science of mining and geology. My
task here therefore is to use modern geoinformatics
processes for the work of spatial data in this scientific
section. An example of a project in which I have applied
these modern technics is GA CR — Character and
development of movements and deformations of surface
above exploited sedimentary deposits under nontrivial
geomechanical conditions — under the leadership of

RNDr. Lubomir Sta§, CSc. (Institute of Geonics AS

CR). A second project is GA CR - Digital model of

South Moravia lignite coalfield - base of representative

modern complex evaluation of coal deposit for future

exploitation project — under the leadership of doc.

RNDr. Frantisek Stanék, Ph.D. (VSB-Technical

University in Ostrava). My participation to solutions on

these projects act as the base for my dissertation work.
Problems encountered with spatial data work (data,

which are stretch to specific places in space and which
are in useful level to known position of places). [1] We
can divide to three basic phases, which are relatively
complementary and dissolve:

e Phase of purchase spatial data. Its deal with modern
technic of genuine spatial data with the use of
various surveying methods. With exception from
others. Example methods of GPS measuring or
aerial photogrammetry.

e Phase of processing of spatial data. This utilizes
modern software for work with spatial data. It solve
the practise of saving geodata, their analyses and
successive modeling of geoobjects, it can also
develop new derived input data for next processing,
it makes possible conversion for input or derived

1 .
kajzar@ugn.cas.cz
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data to common use data formats. This enables their
next processing to another software.

e Phase of presentation of spatial data. Here is the
creation of map compositions for presentation of
measured and moduled data with respect of
requirement of classic geologic documentation. It is
therefore obvious that if we are not able to present
our results to the end user in a clear and plain form,
the possibility of losing the data will be greater for
no clear interpretation.

2 Purchase of spatial data

This exists in many surveying ways on how to get
spatial data. In my work I concentrated on the section of
data obtaining with system of GPS a possibility of
obtaining data from aerial photogrammetry.

21 GPS

Global Positioning System (GPS) is one of the global
positioning and navigate satellite systems (GNSS). It is
a satellite radio system for determination of highly exact
estimate of 3D position and speed of motion with
further possibility of purchasing a precise time signal.
[2] GPS pursue by U.S. Army and is also widely
accessible to civil users.

In our work we use static method of GPS mapping.
This method enable us to record position in space with
millimetre precision (with basic method of measurement
we can obtain position with deviation in meters). The
duration of observation with using of technology for fast
determination of ambiguits from this method achieve
several minutes. Static method therefore need two-
frequency receiver with P code and advantageous
configuration of satellites (five to six satellites with
elevation more than 150). If pair of receivers are
realized, measurement can be in radius of several
kilometres from elected reference point. This surveying
method is usually use for thickening basics on close
fields of points and building of spatial networks of
lower precise. We can improve the precision of
measurement in laboratory during post-processing (by
using precise ephemerids downloaded from internet).

In using this method of surveying, it is necessary to
acquaint with the following terms:

e current observation on at least two points;



o sufficient large visible part of sky;
e absence of object cause multipath diffusion of
signals.

Described procedures of measurements are used for
regular gaining of information on spatial positioning, in
stabilizing points of field of points. It also serve to
recognize specific behaviour of surfaces affected by
mining activities from underground. This can be noticed
during the phase of creating and forming area of
subsidence in time and space of nontrivial geomechanic
conditions.

Reference station is used when mapping. This
station is placed above trigonometric point. For this
point we know precisely the geocentric coordinates
(ETRS-89). This point is out of range of influence of
undermine in maximum distance 2,5 kilometres from
place of survey.

Those geodetic measurements are time-knit with
beginning, processing and finishing of mining selected
coalfaces. In the north area of this mining field of
mining Dil CSM-sever act as a demarcation mining Dl
Darkov. In subject to relative historical consolidated
area are (or will be) in 36™ seam in 2006 and 2007 (or
2008 and 2009). There will be an exploitation of the two
coalfaces with length of about 180 meters. Mine coal
seam occur about 950 meters underground. The
subjected area is assign to a variable width
(1,4 - 2 meters). In about 15 % of coalface surface is the
seam affected with erosive evolution. Rock massive in
this area if formed by typical rocks of structure of
carbon mountain chain in northsilesian basin with
tafrogenneous structure.

Figure 1: Leica GPS1200.

This surveys are executed in regular months
intervals above 86 stabilized field points through the use
of surveying technic by Leica GPS1200.
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2.2 Photogrammetry

For verification of spatial evolution, shape and extend
of created subsidence, depression and detection of the
size of motion in such area, behind the Polish state
boundary, aerial photogrammetry methods are used.

Photogrammetry discipline deals with obtaining
information about real objects on the ground of analysis
of pictures (in our case only aerial pictures are used).

324000

325000 325500

Figure 2: Model of area of interest based on data from
aerial photogrammetry.

The first data we get form scanning are suitable for
the next processing. This is going to be used to execute
the beginning of mining this year. The next scanning
would be needed for the analysis of processes of
landscape change in the next year. The precision of
elevation data obtained about 10 centimetres. This
method of obtaining data with help of aerial
photogrammetry will evidently enrich and supplement
GPS surveying. Precise measurement by GPS can not
be done on all the interested area with reasons based on
lack of technical, financial and time. Therefore aerial
scanning is one possible way to detect possible
influence of ongoing mining in close Polish area.

3 Processing of spatial data

In many software exists the analysis and modeling of
geological objects. To mention one of these is the
application on Golden Software Surfer or Rockware
Rockworks. Wide spectrum of functions of work with
spatial data are offered by geographic information
systems (GIS). In this branch we find a great deal of
offer. In includes many programs from simple
applications with viewing of geodata to complex
systems. Most popular GIS product are ranked under
software of ESRI (ArcGIS, ArcView etc.).



3.1 Types of data used

In my present work, I deal mostly with processing of
types of data that are suitable for modeling of coal
deposits.

3.1.1  Grid

This type of data (grid) is suitable for modeling of coal
deposit. Grid is a matrix made up of numerical values
(cells), from which must by defined its proportion and
the proportion of elemental cell. Grids are especially
suitable for representation of geographical events,
which changes continuously in space and spatial
modeling. For example grids are used in structuring of
digital model of terrain (the value of the cell is the
elevation) It can also be use in the description of
thickness of layers, concentration of some substances in
given environment and in many other geoinformatical
focused applications as the case may be.

3.1.2 Vector data

Next type of data used for modeling coal deposit are
spatial data in vector form. Most vector data are at
disposal to their attributes, which are usually stored
alone in overview compositions (text documents,
tables).

3.2 Program system of evaluating of
coal deposits

One of software systems, provide complex outputs in
foregoing types of data is Interactive Program System
for Application of Modern Methods of Evaluation of
Coal Deposits and Their Parts at Complicated
Conditions (IPSHUL), with which is my work close-
knit. IPSHUL enables modeling of seam and subsequent
evaluation of the coal deposit by modern mathematic,
statistic, geostatistic and graphic methods, has been
elaborated. The process is based on data from deposit
database and includes text and graphic outputs. A
possibility most accurate appreciation of deposit data
for future utilization of coal, including data on deposits
by the system. [4]

Additional modules of the system enable selection of
balanced coal seam parts (i.e. intervals corresponding to
given technological-economical criteria) in particular
boreholes, creation of borehole logs and geological
cross sections.. Graphic outputs (contour maps, 3D
maps of modeled inner deposit attributes, maps of coal
reserves or resources) and final text sets of particular
variant evaluation are part of the system. One of the
modules of this software system is the modeling for the
transformation of the results to GIS environment.

3.3 Data conversion

Most graphical outputs of models of geological objects
include coal deposits) are processed by using various
software products. It is possible to plot and analyse only
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in software, in which they are developed. This can be
done without connection to other applications, which
enable their next processing. GIS software offers
extended possibilities to make various operations with
this data. Namely, to show it, edit it, query it, analyze it
and make map outputs with other events as the case may
be. The necessary precondition is the possibility of
automatic transmission of created models to GIS
environment.

Very few software for the modeling of geological
objects offers correct possibility of conversion of
modeling data to data formats, with which GIS software
can work. Therefore it is usually necessary to solve the
conversion by other techniques.

3.31

Practical conversion between particular data formats

usually proceed several basic procedures:

e Data conversion to GIS environment using
conversion functions are build-in directly in
software for modeling (export) or in GIS software
(import). This way is the simplest, but it is very
often problematic. Some programs offer for example
conversion of vector data to Shapefile data format,
which is very often used in GIS. They don’t offer
possibility for adding of attributes to this data.

e Creating of new standalone application by using one
of many development tools (for example Visual
Basic) by using of program objects. It allows simple
processing of spatial data (ESRI MapObjects). The
newly created program usually after starting and
assigning of necessary parameters make the
conversion on the designed conversion algorithm
ground. To request output format, includes joining
of appropriate components.

e Extend of previous possibility is the creating of
conversion function directly for using GIS software.
It is directly implemented in some software by the
development tools, which usually offers simple ways
of creating new functions. The advantage is the
possibility of joining new and existed functions.

The technique of conversion of foregoing data types
is described in following text.

Possibilities of data conversion

3.3.2

The structure of most data formats for saving grids is
similar. It is formed by two parts. On the top of the file
is the head. This defines the basic parameters of grid
and behind this usually follows the listing of values of
individual cells of matrix.

We usually have problems in the creating of
algorithms for transformation. For example, the
direction for the purpose of reading of grid cells, the
procedure of assigning of individual cells with
dependence on their plotting, the possibility of using of
irregular grids etc.

Some programs offer program objects for processing
of grid type files in various developing software.
Through the use of methods and properties of those

Conversion of grids



objects, it is possible to create new grids, read data files,
query for data, modify and save them (for example
object Grid of Surfer software). That makes
programmers work simpler.

3.3.3 Conversion of vector data

Vector data are relative to specific place in space
geofeatures. Conversion of each one of these three basic
types of geofeatures (point, line, polygon) is necessary
to solve separately. One common step is by conversion
of vector data in joining of geometry and attribute part
of data. Attention must also be paid in the treatment of
transmission of non-typical geofeatures (for example
island polygons). These problems can not be solved
with functions of other software. In many cases it is
necessary to make data transformation by conversion.
For example transmission of polygon layer to line layer,
re-count of coordinates to correct plot of line — moved,
type of structure of line with regard to created map
outputs.

4 Presentation of spatial data

GIS environment offer the possibility to design map
compositions by requirement to classic map geological
documentation. The map composition is defined like
deploying of basic belongings of map work on map
sheet. It depends on top purpose of the map scale,
cartographic projection, shape and size of drawing area
and format of map sheet.

The appearance of a map output depends largely on
the extend use of software application. Some products
offer complex tools for map outputs creation. They are
usually big system containing many functionable
modules (i.e. ESRI ArcGIS). In these systems is the
creation of a request for map outputs, that are trouble-
free and the output always fill the requirement. In the
event of other GIS products creation, such outputs are
usually complicated and the user in many cases can not
boycott the adjustment of data, creation of own function
or experiment. In such events, the expert is always able
to create a high quality work.

4.1 Data resources

Is used in the creation of map outputs are at disposal
raster, vector and grid data.

Raster data serve usually like map background. It
can be a map sheet of an area with planimetry,
geological map with rock type marking or aerial picture
of area. Like a map background serve grids obtaining
from previous steps.

In case of vector data, that are obtained in previous
phases by direct measurement of terrain, derived from
existing sources of by modeling on the basis of other
data (for example by generating of line of thickness and
other technological parameters of coal deposit on basis
of adequate grids). Each type of this vector geofeatures
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is necessary in defining symbols to plot geofeatures in
GIS.

Except raster and vector layers, which usually
supplement map composition legend to used layers and
symbols, graphic scale, map label and other useful map
features. In addiction to the map extend it is necessary
to design adequate scale, print size and if we don’t want
to print direct from current application is essential to
choose the suitable graphic data format for the export of
final map composition.

5 Conclusion

The possibilities of using of methods and processes of
geoinformatics to work with geodata by using modern
technology and software are varied. This article
therefore present some ways of using of geoinformatics
in mining and geological disciplines to describe
individual phases of work processes in spatial data. This
work deals with obtaining of data, cross processing and
final presentation, which reveals a wide area of
possibility for next applications.
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Problematika SDD a ODD ve vztahu k moznostem reseni

stability na prikladu Dolu Jeronym
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Abstract

This paper appears from dissertation work themed
,Problems of selected technical and economical
aspects of mines technical liquidation in ore and coal
mining conditions". Arcticle deals with aspects of old
and abandoned mining works, which in the long term
represent a controversial issue of mines technical
liquidation process. The Jeronym Mine was selected as
a sample locality of old and abandoned mine, on which
the author presents and interprets the survey
approaches and discusses the future and problems
related to accesing of this unique mining work.

Keywords: old mining works, abandoned mining
works, Jeronym Mine

1 Uvod

Pocet vSech dilnich dél, tj. starych i opusténych,
ktera se na uzemi Ceské republiky nachézi, ¢ini 14626.
Tento pocet znemoziuje detailni poznani vSech téchto
dél. Avsak ani soucasny evidenéni stav nevyhovuje
pozadavkim, které sebou pfindSi baiskd praxe.
Poznani starych dilnich dél (dale jen SDD)
a opusténych dutlnich dél (dale jen ODD) je v soucasné
dobé pouze strohého, informativniho charakteru, kdy
informaéni pfinos lze oznacit za vyhovujici, nikoliv
dostacujici. Chybi zde komplexni, uceleny zdroj
informaci, ktery by byl pfinosny a popularni nejen
v tadach banskych odbornikt, ale stal se i nastrojem
edukace $ir§iho okruhu zdjemcti o hornickou historii.
Na ptikladu Dolu Jeronym je dokladano zajisténi
tohoto dolu s wvyuzitim modernich metod, které
prispivaji k poznani tohoto dila a umoziuji rozvijet
myslenku na jeho zptistupnéni

Prestoze v odbornych kruzich je téma SDD malo
zminovano, odbornici, zabyvajici se vyhledavanim
a zajistovanim SDD, hovofi o aktudlnosti tohoto
problému. K prozatimnimu opomijeni a podceniovani
prispiva i nizky pocet havarii - propadd, uraz pfi
vniknuti do takovéhoto dila aj., coz vede k vySe

! kukutsch@ugn.cas.cz
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zminiovanému stavu. Je nutné poznamenat, ze
problematika SDD je ¢asové naro¢nd, coz vsak nelze
brat jako uspokojivou odpovéd na dany stav.
Vzrastajici Zivotni Groven, velka bytova a praimyslova
vystavba, zdjem o regionalni turistiku, to jsou otazky,
které jsou nepiimo spjaty s problematikou SDD,
protoze v kone¢ném disledku mutize dojit ke kontaktu
se SDD a vzniku havarijni situace, proto lze pozadavky
na komplexni metody prizkumu a informacni systém
s podrobnou fotodokumentaci povazovat za aktualni
a odpovidajici soucasné situaci.

2 Charakteristika a registr
starych a opusténych dulnich
del

2.1 Charakteristika SDD a ODD

Starym dilnim dilem se podle § 35 zakona
¢. 44/1988 Sb., v platném znéni (horni zakon) rozumi
ddlni dilo v podzemi, které je opusténo a jehoz pivodni
provozovatel ani jeho pravni nastupce neexistuje nebo
neni znam. Starym dulnim dilem je také opustény lom
po t&zb&é vyhrazenych nerosti, jehoz putvodni
provozovatel ani jeho pravni nastupce neexistuje nebo
neni znam (Uprava platnd od roku 2002).

Opusténym dilnim dilem se rozumi dila, ktera
jsou mimo provoz, a ktera maji svého majitele nebo
jeho pravniho nastupce.

Opusténa prizkumna dilni dila (dale jen OPDD)
se rozumi dila provozovana ze statnich prostiedkt
v ramci geologického pruzkumu, kterd nebyla po
ukonceni praci pfedana tézbé.

Ostatni  objekty (jiné), vétSinou podzemni
prostory, které byly vyrazeny za jinym ucelem nez pro
tézbu a prizkum nerostnych surovin. V ramci
jednotlivych ohlaseni mtize byt uvedeno i vice dilnich
dél (objekt).



2.1 Stav registru starych dulnich dél
k 31.12.2006

V roce 2005 byl schvalen ukol ,Revize zajisténi
starych dilnich dél“. V souvislosti s tim byly
v databazové struktufe registru SDD provedeny zmény
a upravy, které umoznily ukladani a sledovani
jednotlivych udaji v case. Na zakladé provedenych
revizi je registr SDD aktualizovan a dopliiovan o nové
ziskana data, viz. tabulka ¢. 1. Od provedeni revize
pfipadal nejvyznamnéjs§i pocet ohlaSenych objektt
v roce 2005 na oblast kladensko-rakovnické panve
a severoCeské hnédouhelné panve. Znaény pocet
ddlnich dél byl tehdy ohlaSen i na tzemi byvalého
okresu Bruntdl (jde o SDD po t&zbé zlatonosnych
a zeleznych rud). Rok 2006 se v tomto sméru jevil
oproti pfedchozim 1étim co do ohlaseni SDD jako
velmi ptiznivy.

Hromadna ohlaseni jsou evidovana az od roku 1997
a neovliviiuji pocéty objektd v tabulce ¢. 1. Teprve
v piipadé feSeni né&jakého starého dilniho dila (tzn.
zejména piifazeni soufadnic apod.) zhromadného
ohlaseni se dostane tento objekt do registru SDD pod
samostatnym ¢islem a je zahrnut i do statistického
zpracovani. Hromadna ohlaseni, ktera jsou povazovana
spiSe za informaci o existenci uréitych ddlnich dél, se
zatim tykaji tfech hlavnich oblasti. V severoceské
uhelné panvi se fesi predevS§im zajistovani starych

Sachet po tézb¢ hnédého uhli, v kladensko-rakovnické
panvi se zabezpeCuji jamy po tézbé cerného uhli
a v oblasti ostravsko-karvinského reviru je nejvétsim
problémem zabezpecovani banskych dél s vyskytem
ddlnich plynt. Obr. 1 znazoriuje ptiristky do registru
SDD do roku 2005, rok 2006 nebyl pro netplnost dat
znazornén.

2.2 Reseni starych ddlnich dél

Tabulka ¢. 2 je vztaZena pouze ke kategorii ,,staré
dalni dilo*. Ukazuje pocty nahlaSenych objekti za
jednotlivé roky a jejich rozdéleni na neproblematické®
(neohrozuji) a ,,nebezpecné® (ohrozuji). Ty jsou dale
¢lenény na dosud zabezpecena dila (zajisténo) a dosud
nerealizovana dila (nezajisténo), ktera by méla byt
feSena v budoucnu podle priority ohrozeni a finanénich
moznosti. Jde tedy o jakousi ,tabulku resti®, kde

""" polozkou je sloupec ,nezajisténo.
Zajisténa SDD jsou v této tabulce uvadéna jako
jedine¢na polozka. Pokud bylo né€které dilo v minulosti
zajistovano nékolikrat nebo po etapach (napi. Cista —
Jeronym), figuruje v tabulce jako jeden zajistény objekt
(SDD, lokalita) zapocitany k roku ohlaSeni, nehledé na
pocet akei, kdy byla lokalita zabezpecovana. Proto se
také li$i poCty zajisténych d¢l v tabulce ¢. 2.

Rok Pocet Pocet Typ dila

ohlaseni | ohlaseni objektl SDD OPDD oDD jiné
1988 31 36 4 9 0
1989 52 52 2 15 4
1990 10 10 2 0 0
1991 45 45 3 6 4
1992 75 89 5 7 6
1993 12 12 0 2 2
1994 26 28 1 5 5
1995 20 21 9 2 0
1996 42 46 1 10 7
1997 83 86 17 4 12
1998 51 52 1 2 4
1999 102 106 6 6 8
2000 105 128 114 8 2 4
2001 173 183 167 6 4 6
2002 171 176 148 19 4 5
2003 273 304 277 11 7 9
2004 346 358 338 3 9 8
2005 135 135 132 0 0
2006 138 138 121 7 5

Celkem 1890 2005 1709 106 101 89

Tab. 1: Pocet ohlasenych dtlnich dél v jednotlivych letech v obdobi

let 1988-2006

39



pocet objektl

Prirastky do registru SDD v obdobi 1988 - 2005
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Obr. 1: Prirastky do registru SDD
Rok Poéet . Ohrozuji
ohlageni | spp | Neohrozuji
Zajisténo | Nezajisténo
1988 23 4 19 0
1989 31 1" 19 1
1990 8 1 7 0
1991 32 14 18 0
1992 71 27 44 0
1993 8 1 7 0
1994 17 5 11 1
1995 9 1 8 0
1996 27 6 21 0
1997 53 8 45 0
1998 45 18 27 0
1999 85 7 76 2
2000 113 5 105 3
2001 167 17 146 4
2002 149 14 130 5
2003 278 19 216 43
2004 338 1" 167 160
2005 133 7 52 74
2006 121 8 43 70
Celkem 1708 184 1161 363

Tab. 2: Pocty zajisténych SDD

3 Definice problému
spojenych s SDD

Problém SDD a ¢astecné ODD (v oblasti
dohledavani a revizi) se aktualné¢ odviji ve dvou
rovinich — ve fazi nalezeni, ohledani, provedeni
pruzkumu na strané jedné a v zavedeni do evidence na
stran¢ druhé. Velky pocet ohlasovatelti a realizatort
zajisténi vede jiz v prvotnich krocich ke vzniku chyb
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a nepresnosti, nebot’ hloubka samotného poznani
dilniho dila neni nijak stanovena, coz vede
k diferenciaci dat. K dalsi diferenciaci dochazi na misté
evidence jednotlivych zdznami, zejména pievody
zemépisnych soufadnic mezi systémy GPS a JTSK.
Patrny je rovnéz chybéjici jednotny provadéci predpis
prizkumu a zajisténi dilnich dél, ktery by stanovoval
zjisténi zékladnich parametrii o SDD, zpUsobu jejich
zajisténi a provedeni analyzy moznych rizik
(bezpetnostni, environmentalni, hydrogeologicka aj.).



V tomto kontextu lze shledavat nedostatky tykajici
se napf. chybéjiciho zndzornéni prubéhu dulniho dila
v mapové dokumentaci, chybéjicich informacich o
délce dila, profilech, fezy dalnimi dily, hloubce pod
povrchem apod. Jsou rovnéz postradany informace
o vyskytu dilnich vod — jejich chemismu a vlivu na
ZP, zpusobu zajidténi a zejména  podrobna
fotodokumentace, kterd je vsouCasné dobé jiz
nezbytnou nutnosti.

Jak bylo uvedeno vySe, problematiku SDD lze
chapat v n€kolika rovinach. V roving, kdy jsou SDD
problematicka svym poétem a urovni prozkoumanosti
nebo tim, Ze predstavuji potencionalni bezpecnostni
riziko. Je nutné se zminit i o dal$i moznosti nahlizeni
na tento problém. Tim problémem je v souvislosti
s SDD a ODD nefizené chatrani hornickych pamatek.
Jako piiklad lze uvést Dil Jeronym v Cisté, ktery je
svym rozsahem unikatnim dokladem mistrné hornické
prace hornikil v 16. stoleti. Je unikatni nejen tim, Ze co
do rozsahu je pamatkou nejvétsi, ale i jedinou svého
druhu v CR, ktera muaze byt zpiistupnéna. Dalsi
podobné lokality oficialné neexistuji, neni vytvoien
systém evidence hornickych pamatek. Presto existuji
lokality, které se t€§i nemalému zajmu amatérskych
montanistl. V této souvislosti vyvstava otazka ochrany
vybranych SDD a jejich mozné zpfistupnéni laické
vefejnosti.

4 Experimentalni méreni na
Dole Jeronym

4.1 Distribuovany mérici systém

V historickém dulnim dile Jeronym je postupné
budovan distribuovany méfici systém, ktery umozni
méfeni seismického zatiZzeni, Grovni hladin dutlnich
vod, rozevirani puklin v horninovém masivu,
konvergenci, zmén geometrie dilniho dila (deformace
komor) a zmén tenzoru napjatosti horninového masivu.
Jako fidici jednotka se vyuziva jednodeskovy pocitaé
seizmické registraéni aparatury. Jeji komunikace
s vyhodnocovacim centrem v Ustavu geoniky AV CR
pies GSM sit’ se vyuziva také pro pfenos naméfenych
dat. Méfici systém lze podle potieby rozsifit i o méfeni
jinych veli¢in. V soucasné dobé jsou instalovana
2 ¢idla k méfeni trovni hladin vod a 2 senzory pro
méfeni rozevirani puklin v horninovém masivu
a 1 senzor pro méfeni konvergence.

4.2 Geotechnicky monitoring

Geotechnicky ~ monitoring  je v kvartalech
realizovan od roku 2001 ve &tyfech stanovenych
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terminech na méficich Urovnich
v dilnich dilech:
e konvergenéni profily v liniovych dilech —
profily P 1 — P 16;
e konvergenéni profily v prostorovych dilech
(komorach) — profily KL 1 — KL 5;
e profily irovné podzemnich vod — profily V 1

-V4.

instalovanych

Profily P 1 — P 16 byly monitorovany konvergenéni
stojkou s presnosti odecitani métenych hodnot 0,1 mm,
monitoring profilt KL 1 — KL 5 byl realizovan
laserovym dalkomérem DISTO fy. Leica s pfesnosti
I mm a uroveil hladiny podzemnich vod v profilech
V1 — V4 byla odeCitdna na stabiln¢ instalovanych
méfidlech s presnosti 0,5 cm.

V profilech V2 a V3 byla trovenn hladiny
podzemnich vod nové sledovana pomoci kontinualnich

e 2 2

— &

Obr. 2: Mérici proﬁl V4

snimacl instalovanych v profilu V2 dne 15. 3. 2006
a v profilu V3 dne 21. 4. 2006. Na obou stanovistich
byly instalovany sondy pro kontinualni méfeni vysky
hladiny vody. Jako senzor jsou pouzita ¢idla LMP331i
(JSP, s.r.0) s rozsahy 3m (V2) a 10m (V3). Vystupni
signaly se ze sond pienasi proudovymi smyckami 4-20
mA do méfici Gstiedny s funkéni jednotkou MU611.
Sondy jsou zavéSeny na neprotahujicim se zavésu
ukotveném v horniné.  Vstupy pro  snimani
atmosférického tlaku jsou od dilni atmosféry oddéleny
jemnou pryzovou membranou. Pro trvaly provoz je
v soucasnosti nastaven vzorkovaci interval 1 hodina.
Datum, ¢as méfeni a aktualni naméfené hodnoty
relativni zmény vySky hladiny vaéi pocateénimu
umisténi ¢idla jsou zapisovany do textového souboru,
ktery se telemetricky penasi ke zpracovani do UGN.

Vysledky geotechnického monitoringu jsou za rok
2006 uvedeny v tabulkach €. 3a, 3b.



Symbol a . Vysledk X~ i ke dni
gislo méfici | Datuminstalace | o). ysledky mérent ke cn!
. - merici urovne
urovne 13.10.2005 | 15.3.2006 | 18.5.2006 | 29.8.2006 | 19.10.2006
99,4 99,4 99,4 99,4 99,4
P 1 10.7.2001 cm
109,5 109,03 109,03 109,05 109,03
118,35 118,32 118,32 118,35 118,35
P2 10.7.2001 cm
83,15 83,15 83,15 83,15 83,15
79,74 79,75 79,74 79,75 79,75
P3 10.7.2001 cm
78,95 78,95 78,95 78,95 78,95
108,2 108,2 108,2 108,2 108,2
P4 10.7.2001 cm
103,7 103,7 103,7 103,7 103,7
101,4 101,4 101,4 101,4 101,4
P5 10.7.2001 cm
117,11 117,1 117,1 117,1 117,1
102,8 102,8 102,8 102,8 102,8
P6 10.7.2001 cm
123,74 123,72 123,72 123,75 123,73
79,5 79,5 79,5 79,5 79,5
P7 10.7.2001 cm
82,4 82,4 82,4 82,4 82,4
118,05 118,08 118,07 118,05 118,05
P8 10.7.2001 cm
110,74 110,7 110,7 110,7 110,7
118,76 118,77 118,77 118,75 118,75
P9 10.7.2001 cm
99,85 99,87 99,87 99,85 99,85
108,8 108,78 108,78 108,8 108,8
P10 10.7.2001 cm
96,42 96,42 96,42 96,4 96,4
99,75 99,75 99,75 99,75 99,75
P 11 17.9.2001 cm
78,2 78,2 78,2 78,2 78,2
99,76 99,75 99,76 99,76 99,76
P12 17.9.2001 cm
79,41 79,45 79,45 79,45 79,45
93,35 93,35 93,35 93,35 93,35
P13 17.9.2001 cm
76,7 76,7 76,7 76,7 76,7
P14 17.9.2001 cm
78,5 78,5 78,5 78,5 78,5
P15 17.9.2001 cm
84,4 84,4 84,4 84,4 84,4
107,2 107,15 107,15 107,15 107,15
P16 17.9.2001 cm
77,4 77,4 77,4 77,4 77,4

Tab 3a: Hodnoty profild P1-P16 v liniovych dulnich dilech (zpravidla ve dvou kolmych smérech)

Hodnoty konvergence v liniovych stavbach
i prostorovych dilech nevykazuji zddné zmény a jsou
shodné s vysledky méteni vykazanych uz v roce 2001.

Na hodnoty konvergence nemaji vliv ani
technologické operace v Dole Jeronym, trhaci prace na
blizkém lomu Krasno a provoz vozidel na blizké
komunikaci.

4.3 Hydrogeologicka situace na Dole
Jeronym z pohledu stability

Jednim z hlavnich problémid souvisejicich se
stabilitou je rovnéz hydrogeologicka situace celého
dolu. Interpretace kolisani Grovné hladiny ddlnich vod
je slozitda z divodu dneS$ni neznalosti zatopenych
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prostor, tzn. jejich prostorové situovani, velikost
(objem), hloubka a mozné vzijemné propojeni
systtmem chodeb nebo puklin. Z dosavadniho
sledovani v Dole Jeronym je ziejmé, Ze Casovy pribéh
zmén urovné hladiny dilnich vod je slozity. Systém je
ovlivnén také dal§imi faktory, pfedevS§im fyzikalnimi
vlastnostmi hornin v dilnim dile a v okolnim masivu,
zv1asté propustnosti hornin a existenci ploch ¢i zon
nespojitosti. V neposledni fadé ovliviluje chovani
dilnich vod aktualni uroveni hladiny podzemnich vod
v blizkém okoli, zptisob umélého odvodnéni a také
stavebni zdsahy do stavajicich podzemnich prostor
pfimo v dilnim dile, nebo zasahy v blizkém okoli.
Vsechny tyto faktory maji vyznamny vliv na chovani
celého systému dulnich vod.



(':iss)llcgn ;(QF?ci Dat}l 'm 'ir!stala(v:e Rozmér Vysledky méfeni ke dni
urovné meriet frovhe 13.10.2005 | 15.3.2006 | 18.5.2006 | 29.8.2006 | 19.10.2006
V1 10.7.2001 cm 61,5 59 59,5 59 60,2
V2 10.7.2001 cm 0 18 -15 20 -25
V3 10.7.2001 cm 52 53,2 53,5 55 50
V4 17.9.2001 cm 28,3 28,2 28,5 29,5 28,5
KL 1 17.9.2001 cm 529,5 529,3 529,3 529,3 529,3
KL2 17.9.2001 cm 346,3 346,2 346,2 346,2 346,2
KL3 17.9.2001 cm 353,8 353,9 353,9 353,9 353,9
KL4 17.9.2001 cm 727,7 727,8 727,8 727,8 727,8
KL5 17.9.2001 cm 1080,4 1080,5 1080,5 1080,5 1080,5

Tab 3b: Urovné hladiny podzemnich vod a hodnoty profilit KL1-KL5

S ohledem na vysledky kvartalnich méfeni byla pro
kontinualni méfeni urovné hladiny dulnich vod
vybrana stanovi§té V2 a V3. Na stanovisti V2 byly jiz
z kvartalnich odeceti dokladovany vyznamné zmény,
na stanovisti V3 doslo vroce 2003 ke zna¢nému
poklesu hladiny — rychlost poklesu nebylo mozno
stanovit.

Pro obdobi biezen 2005 — fijen 2006 byla provedena
studie vlivu atmosférickych srazek na zmény vysky
hladin podzemnich vod. K této studii byly pouzity
kontinualni zdznamy pohybu hladin na stanovisti V2
a V3 a udaje z 15 km vzdalené srazkomérné stanice
v Krasném Udoli (Hydrometeorologicky ustav Plzei).
Zavéry této studie 1ze shrnout do nasledujicich bodu:

e nadhlé a vyrazné nartsty Grovné hladiny
dilnich vod zfejmé souvisi s vyznamnymi
zménami mnozstvi vod povrchovych
(mimofadné¢ vysoké Ghrny srazek, tani
velkého mnozstvi snéhové pokryvky).

e pozvolné a dlouhodobé zmény trovné hladiny
ddlnich vod neprokazuji zadnou vyznamnou
souvislost s thrny srazek na povrchu.

Nejspise jde o velmi slozity systém odtokovych
a piitokovych cest. Lze pfi tom predpokladat
nasledujici komunikace povrchovych vod do ddlniho
dila:

e  piimo pfes masiv nad dilnim dilem, naptiklad
propustné  prostfedi, pukliny, plochy
nespojitosti nebo vice ¢i méné zavalené dulni
prostory (pfedpokladané i v souCasné dobé

neznameé),
e piimd komunikace mezi rybniky a ddlnimi
prostorami  (zfejmé nepfichdzi v nasem

piipadé v tivahu),

e pfes podzemni vody, které zménou své Girovné
reaguji na mnozstvi vod povrchovych,

e  jiny zpusob komunikace dosud neuvazovany.
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Zaver

Na prikladu starych a opusténych dilnich dél byla
ve strucnosti charakterizovana jejich problematika,
ktera se tyka evidence a zajisténi. V neposledni fad¢ se
tento problém odviji i vrovin¢ vytvofeni takového
systému, ktery by vyustoval ve schopnost efektivné
rozpoznat a zajiStovat takova dilni dila, kterda jsou
nebezpeéna a ohrozuji. Cinnosti provadéné na Dole
Jeronym, ktery poslouzil jako reprezentant v této
problematice, je dokladan soubor ¢innosti, ktery by mél
byt ve veétSim ¢&i mens$i méfitku praktikovan pfi
ohledavani, revizi a zajiSténi dllnich dél. V ramci
méfeni provadénych na Dole Jeronym lze fici, Ze
z hlediska geotechnického i1 geologického nedoslo
k Zddnym extrémnim projevim v souvislosti se
zménami stability horského masivu, avSak diraz bude
i nadale kladen na trvalé sledovani seizmického
zatizeni dila. Je Zzadouci, aby se pifeslo ke
kontinualnimu sledovani co jak nejvice jevil a mohlo se
tak docilit jesté presnéjsiho poznani chovani horského
masivu. Pohyby hladiny podzemnich vod nevykazaly
tak vyznamné zmény jako v roce 2003, kdy v profilech
V3 a V4 doslo k poklesu trovné hladiny o 3 metry.
Vyse uvedend sledovani a méfeni jsou realizovana
v ramci grantu, s pomoci kterého I1ze na Dole Jeronym
roz§ifovat a uvadét do praxe nova méfici zafizeni
a techniku,a ziskavat tak nové poznatky o této lokalité,
nabyt novych zkuSenosti s méfici technikou a podilet
se na zlepSovani této techniky.

Tento piispévek vznikl vramci projektu GACR
105/06/0068.
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Priklad pouziti ultrazvukového prozarovani vzorku zuly

v laboratornich podminkach

Markéta Lednicka'

"VSB-Technical University of Ostrava, “Institute of Geonics AS CR

Abstract

This contribution describes ultrasonic measurement of
the granite specimen in laboratory conditions.
Instrumentation TICO was used for this experimental
measurement on the rock. Changes in spreading
velocities detect existence of fissure in the granite
specimen.

Keywords: ultrasonic
instrumentation TICO

measurement, granite,

1 Uvod

Utinkem vnéjsich sil dochazi ke zménam tvaru tuhych
téles, jejich velikosti a vzajemné vzdalenosti malych
¢astic v tomto télese. Jde-li o linedrni napéti, pii némz
uvazujeme napéti pouze v jednou sméru, a uvazujeme-li
téleso jednoduchého tvaru, pak mutizeme definovat
zékladni deformacni charakteristiky, jako jsou pomérné
(podélné) prodlouzeni, pomérné pricné zkraceni,
smykové posunuti, Poissonovo ¢islo, pomérné stladeni a
dalsi. Pro experimentalni stanoveni téchto charakteristik
je nezbytné znat mj. rychlost §ifeni seizmickych vin.
Podle Drouillarda a Varyho (1994) akusticko-
ultrazvukovd méfeni jsou chapana v praxi jako
nedestruktivni technika pro charakterizovani
testovaného objemu daného materidlu z pohledu k jeho
vlastnostem a defektim v ném. Podstatou je aktivni
technika umoziiujici vyuziti mechanického kmitani
k testovani vzorku nebo struktury. Vibrace prochazeji
danym objemem, jsou v ném modifikovany a nasledné
zaznamenany a interpretovany. V pfispévku budou
prezentovany prvni zku§enosti s pouzitim
ultrazvukovych méfeni pii laboratornich zkouskach.

2 Ultrazvukové vinéni

Ultrazvukem nazyvame mechanické vinéni, které uz
lidské wucho neni schopno vnimat; toto vInéni
ma frekvenci vyssi nez 20 kHz, v nékterych literarnich
zdrojich se uvadi hodnota jiz 16 kHz. Pii vyuziti

" marketa.lednicka@vsb.cz
? lednicka@ugn.cas.cz
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ultrazvukového (dale téz UZ) vinéni pro testovani a
zkoumani materialovych vlastnosti ve stavebnictvi se
vyuziva kmito¢ti nad 20 kHz. Ultrazvukové vinéni se
fidi obecnymi zakony pro kmitavy pohyb, piedevsim
Hookovym zakonem, Huyghensovym principem,
zakonem odrazu a lomu, Dopplerovym jevem,
principem interference, zdkonem o absorpci a dal§imi.
V pevnych latkach se ultrazvukové vinéni §ifi od zdroje
do okoli jako postupné vinéni podélné a pficné,
v plynech a kapalinich potom pouze jako vInéni
podélné.

Kmitani se postupné S§ifi od zdroje postupnym
pfedavanim energie z Castice na cCastici. Vznikajici
pruzné viny se S$ifi rychlostmi, které vychazi
z pruznostnich parametr@ (napf. Youngiv modul
pruznosti a Poissonovo ¢islo) a objemové hmotnosti
prostfedi.  Zakladni  vztahy  popisuyjici  Sifeni
ultrazvukového vInéni jsou stejné jako pro mechanické
kmitani (napt. Horak a Krupka, 1976, Smetana et al.,
1998). Rychlosti Sifeni podélné a pii¢né viny jsou
definovany vztahy.

_ E.(d-v)
Y=\ po. (14v).(1-2v) M
E
BTN 2 p0 (1) @

v nichZ: v, ... rychlost §ifeni podélné viny ( m.s™),
Vs ... rychlost §ifeni pfiéné viny (m.s™),
Po ... objemova hmotnost prostiedi ( kg.m™ ),
v ... Poissonovo ¢islo (-),
E ... Youngdv modul puZnosti (Pa) .

Z uvedenych vztahl plyne, ze rychlosti Sifeni vin
nezavisi na frekvenci vInéni, ale pouze na
materidlovych parametrech prostfedi. Volba frekvence

zdroje pfi méfenich tedy neovliviiuje absolutni
vysledky, ale pouze ,kvalitu“ méfeni. V daném
prostfedi dochazi ke ztratdm pienasené energie

(absorpce), coz vyznamnou mérou zavisi pravé na
kmitoctu vInéni, dale pak na vlhkosti, teploté a dalsich
parametrech. Pro horniny, které jsou nehomogenni



material, miZeme pro nizsi frekvence, tj. f ~ 100 Hz,
ofekavat Utlum fadu 102 -10° dB/m, pro vyssi
frekvence, tj. f ~ 300 kHz, je Gtlum fadu 10' -10° dB/m
(podle Hardy, 2003).

3 Nedestruktivni zkouseni
pomoci ultrazvuku a mérici
aparatura

Princip zkouSeni betonu pomoci nedestruktivni
ultrazvukové impulsové metody je definovan v normé
CSN 73 1371. Ultrazvukové impulsy jsou opakovand
vysilany do zkouSeného materidlu a nasledné
registrovany, pfi¢emz se mefi ¢as §ifeni téchto impulsa.
Pfi znalosti drahy, po které se impuls $ifi, mizeme
dopocitat impulsovou rychlost. U zkouseni betonu lze
z ultrazvukovych méfeni stanovit také vybrané
vlastnosti zkousené¢ho materidlu, napf. dynamické
moduly pruznosti, Poissonovo ¢islo, pevnost a hutnost
betonu, degradaci betonu, apod., a to podle vztahd
uvedenych v pfislusné normé. ProtoZe nasim cilem je
vyuziti této metody pfi zkouseni horninovych materiald,
je nezbytné vySe diskutované vztahy pro vypocet
dal§ich parametrG pro horninovy materidl podrobit
kritické analyze, kterd prokdze opravnénost jejich
pouziti.

Ultrazvukovou impulsovou metodou se zjistuji
rychlosti $ifeni ¢ela impulsd ultrazvukovych vin, a to
podle zdroje a zplsobu méfeni viny podélné, pficné
nebo povrchové. Cas Sifeni Gela impulsti podélnych

protilehlé (piimé méteni)
Sikmé (polopiimé méfeni)
na povrchu (nepfimé meéteni)

pfimé polopiimé

So2n
B - 4
. Rl LEe

0
=

o
;
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Obr 1: Typy méfeni podle vzajemné polohy sond

Pro provedeni ultrazvukovych méfeni mame
k dispozici prenosnou méfici aparaturu TICO firmy
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Proceq (Svycarsko), ktera je uréena ke zkouseni betonu
(detekce dutin, trhlin, zjistovani pevnosti betonu,
modulu pruznosti, stejnomérnosti zhutnéni, apod.).
Aparatura se sklada z vlastniho indika¢niho pfistroje a
paru zvukovych sond, tj. vysilace a prfijimace
ultrazvukovych impulst (obr. 2). Indikacni pfistroj je
snadno ovladatelny, data jsou zobrazovana na
digitalnim displeji, k uloZzeni nameéfenych dat slouzi
pamét’ pfistroje (az 250 hodnot), které lze nasledné
pfenést na PC. Pro kalibraci piistroje je k dispozici
kalibracni ty¢ (kovovy valecek dané délky s pfesné
definovanym c¢asem prichodu ultrazvukovych vin).
Napéjeni piistroje zajistuji tuzkové baterie.

Technické parametry aparatury TICO:

rozsah méteni 15az6550 us

rozliSeni 0,1us

velikost napétového impulsu 1 kV (pfi tiech
impulsech za sekundu)

teplotni rozsah pro méfeni -10°C az + 60°C
frekvence zvukovych sond 54 kHz nebo 24 kHz
pramér sond 50 mm

: Ultrazvukoy pfistroj TICO se zvukovymi
sondami 54 kHz (Proceq, Svycarsko)

4 Zplsob méreni

M¢fici aparatura TICO je vyrobcem uréena pro
ultrazvukovou impulsovou metodu zkous§eni betonu. Jak
jiz bylo vySe zminéno, v naSem piipadé bude tato
metoda aplikovana na jiny material — horninu. Z tohoto
divodu je jedinym sledovanym parametrem doba
prichodu ultrazvukové viny, pfi¢emz ze znalosti délky
drahy Sifeni impulsu lze dopocitat rychlost S$ifeni
impulsu. Pfi zkouSeni netypizovaného materialu
(hornina), ¢asto i v nestandardnim prostiedi (napt. dalni
dilo), vyvstavaji zasadni problémy pii méfeni, které je
nutné fesit vytvorenim nové metodiky méfeni.

Prvnim tkolem je =zajisténi dokonalého styku
méficich sond s povrchem horniny pro pienos UZ vin.
Pti kontaktu sondy s povrchem prozafovaného materialu

MM

zkresleni ¢asu prichodu UZ impulst (vznik odrazt vin



na rozhrani), pfipadné¢ Sifeni UZ vln ze sondy do
horniny viibec neumozni. Pfi UZ méfeni v laboratofi na
opracovanych vzorcich s rovaym povrchem lze vyuzit
tzv. vazaci pastu (akusticky vazebny prostiedek, je
soucasti aparaturniho vybaveni). Bohuzel pfi méfeni na
neopracovaném hrubém povrchu horniny (hrubé
opracované vzorky, meéfeni v terénu, v dulnim dile)
nelze tuto vazaci pastu pouzit (nevhodna konzistence),
proto byl dle doporuceni z literatury vyzkousSen jiny
akusticky vazebny prostfedek — plastelina (Svoboda a
Cikrle, 2007). Funkénost plasteliny jako akustického
vazebného prostfedku byla odzkouSena na vzorcich
v laboratofi a vysledky méfeni vhodnost plasteliny
potvrdily. Nejnovéjsi meéfeni byly provedeny také
s vyuzitim riznych typt silikont.

Pii laboratornim méfeni na vzorcich je mozno
aplikovat tfi zplsoby méfeni (dle vzajemné polohy
sond) — pfimé, polopfimé a nepfimé (viz obr. 1). Pfi
experimentalnim méfeni na horninovém vzorku tvaru
kvadru je vyuzivano predev§im piimé méfeni.

5 Experimentalni méreni

Pro ultrazvukové prozatfovani v laboratofi byl vybran
vzorek Zuly, ktery nam zapujéilo Oddéleni petrologie
UGN (vzorek &. 7175 z ptiruéniho skladu horninovych
vzorkil - slezska Zula, lokalita Zulové, lom Erlich). Jak
je mozné vidét na obrazku ¢.3, vzorkem zuly prochazi
vyhojena puklina, kterd by se méla projevit pfi
provadéném ultrazvukovém méteni (pfedpokladame, ze
vmist¢ poruchy se méni fyzikalni vlastnosti
prozafovaného materialu).

256 mm

256 mm 207 mm

... 50 mm

Obr 3: Vzorek zuly ¢. 7175 pro ultrazvukové
prozafovani s nazna¢enym schématem meéficich boda a
vyhojenou puklinou

5.1 Postup méreni

Jak jiz bylo uvedeno vySe, pro prozafovani mensich
vzorkli ve tvaru kvadru se vyuziva pfedev§im méfeni

ptimé. Vzorek o rozmérech cca 250 x 250 x 200 mm
(obr.3) bylo tfeba prozafit ve tfech vzajemné kolmych
smérech. Pro dostate¢né pfesné méfeni byla zvolena sit’
meéficich bodl s krokem 50 mm ve vSech tfech smérech
(vzdalenost méficich bodd 50mm odpovida priméru
kruhové ultrazvukové sondy). Schéma méticich bodu je
mozno vidét na obrazku ¢.3, sondy jsou umistény piimo
proti sob¢ (ne $ikmo). Na odvracené stran¢ vzorku byla
jedna z hran zna¢né€ nerovna a proto v jednom ze smérd
prozafovani odpadly 3 méfici body (velmi Spatny
kontakt sondy s horninou). Celkem bylo tedy provedeno
62 méfeni, coz poskytuje znaéné mnozstvi vstupnich dat
pro kone¢né vyhodnoceni.

Pti kazdém postaveni sond bylo provedeno celkem
10 méfeni pribéhového casu t, pfiCemz na jedno
primacknuti sond se zaznamenalo 5 hodnot a na druhé
primacknuti sond dal§ich 5 hodnot. Timto postupem lze
overit stabilitu naméfenych hodnot pfi opakovaném
méfeni, piipadné zjistit chybu méfeni zplsobenou
Spatnym  kontaktem sondy shorninou. Bé&hem
laboratorniho méfeni na vzorku zuly nedochazelo
k zddnému vyraznému rozptylu naméfenych hodnot, 1ze
tedy konstatovat, ze kontakt sondy s horninou byl
béhem méfeni dostatecny (pfiklad vybrané mnoziny
namétenych hodnot pribehového ¢asu t je na obr.4).
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Obr 4: Mnozina naméfenych hodnot prib&hovych ¢ast
ve vybranych péti méficich bodech (na kazdém méficim
bod¢ bylo provedeno vzdy 10 méteni)

Jako akusticky vazebny prostfedek byl pouzit
univerzalni  transparentni  silikon, ktery béhem
predeslych testovacich méfeni vykazoval stejné (misty i
lepsi) vlastnosti jako bézn¢ pouzivany akusticky
vazebny prostfedek — plastelina.

Z naméfenych hodnot priibéhovych cast t a z drahy
Siteni UZ vlny (vzdéalenost sond = vzdalenost dvojice
méficich bodi) byly dopocitany pribéhové rychlosti,
které byly nasledné vyneseny do ptivodni sité a graficky
zpracovany. Ze souboru desiti hodnot naméfenych na
jednom prozafovaném mist¢é byla pro konecné
vyhodnoceni vybrana vzdy maximalni hodnota
pribéhové rychlosti.



5.2 Vyhodnoceni méreni

Na obr.5 je zobrazeno plo$né rozdéleni maximalnich
hodnot pribéhovych rychlosti pifi ultrazvukovém
prozafovani kolmo k plose I (umisténi plochy 1 viz
obr.3). Smér prozafovani byl téméf rovnobézny se
smérem prochazejici vyhojené pukliny. Na zakladé
grafického zpracovani mulzeme fici, Ze v okoli
prochazejici pukliny dochazi k velmi rychlé zméné
prib&hovych rychlosti, pficemz nad puklinou dosahuji
prib&hové rychlosti vyssich hodnot (az 4800 m/s),
v misté pukliny dochazi k rychlému poklesu rychlosti
fadové o 300 m/s a pod puklinou dosahuji rychlosti
hodnot nejnizsich (az 4200 m/s).

m48004830
m4770-4800
m47404770
m47104740
W4680-4710
W4650-4680
m4820-4650
45904620
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045304560
0435004530
44704500
O44404470
m4410-4440
m4350-4410
m4350-4380
m4320-4350
42904320
m4260-4290
m42304260

Obr. 5: Hodnoty pribéhovych rychlosti pfi prozafovani
kolmo na plochu I (hodnoty rychlosti jsou uvadény
v m/s)

Prozafovani kolmo kplose II probihalo také
rovnobézné se smérem prochazejici vyhojené pukliny,
vysledky grafického vyhodnoceni jsou tedy velmi
podobné (obr.6). V okoli prochazejici pukliny opét
vidime rychly pokles pribéhovych rychlosti.

W47 10-4740
B 4680-4710
B 4550- 4680
0 4620-4650
0 4590-4620
O 4560-4550
0 4530-4560
045004530
O 4470-4500
O4440-4470
0 4410-4440
B 4350-4410
B 4350-4380
B 4320-4350
| 4280-4320
W 4260-4290
W 4230-4260
W 4200-4230
W 4170-4200

Obr. 6: Hodnoty pribéhovych rychlosti pfi prozafovani
kolmo na plochu II (hodnoty rychlosti jsou uvadény
v m/s)

Zcela odlisny vysledek ukazuje tieti graf —
prozafovani kolmo kplose III (obr.7). Prozafovani
probihalo viceméné kolmo k roviné probihajici pukliny,
ucinky zmény parametrti horniny v mist¢ pukliny se
tedy musely projevit ve vSech méficich bodech
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podobné. Hodnoty pribéhovych rychlosti jsou oproti
ostatnim dvéma smérim prozafovani nizsi, k zadné
vyznamné zméné rychlosti nedochazi. Graf je neuplny
z diivodu chybéjicich tfech méficich bodd v misté
nerovné hrany.

04500-4530
044704500
o4440-4470
44104440
m4380<4410
m4350-4380
m4320-4350
m4290-4320
m4260-4280
W 42304260

Obr. 7: Hodnoty prib&hovych rychlosti pfi prozafovani
kolmo na plochu III (hodnoty rychlosti jsou uvadény
v m/s)

Z uvedenych vysledkt lze fici, ze ve vzorku zuly
dochazi k vyznamné zméné prubcéhovych rychlosti UZ
vin (obr.8). Prochazejici vyhojena puklina déli vzorek
na dvé casti, znichz jedna ma vys$si hodnoty
pribéhovych rychlosti (az 4800 m/s) a druha naopak
niz§i hodnoty pribéhovych rychlosti (az 4200 m/s).
Nejrychlejs§i zmény prubehovych rychlosti nastavaji
v okoli prochazejici pukliny.
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Obr. 8: Prostorové zobrazeni vyslednych hodnot
prabéhovych rychlosti ve vSech tfech smérech
prozatovani



6 Zavér

V ptispévku je popsano jedno z testovacich méfeni
ultrazvukovou impulsovou metodou, které bylo
provedeno v laboratornich podminkach. K dispozici byl
vzorek zuly, vzorek ¢&. 7175 z pfirucniho skladu
horninovych vzorkii Oddgleni petrologic UGN.
Nasledujici vyzkumné prace budou téZ zaméfeny na
porovnani vysledkii méfeni nasi aparaturou TICO a
laboratornim  zafizenim pouzivanym na oddéleni
laboratorniho vyzkumu geomateriali (Kone¢ny et al,
2004, Konecny, 2007).
Toto  laboratorni  méfeni, které je  jednou
z experimentalnich laboratornich praci, ptedchazelo
terénnimu méfeni, které prob&hlo v historickém dilnim
dile Jeronym v Cisté u Maridnskych lazni (Kalab a
Lednicka, 2007). Béhem terénniho méfeni postupné
vyvstaly nékteré problémy, které bude tieba vyfesit.
Prvnim tkolem je najit vhodny akusticky vazebny
prostfedek, ktery by splnil v§echny pozadavky nejen pii
v dilnim dile. Dale bude nutno odzkouset nastavce na
sondy (kuzelového ¢i podobného tvaru),  jejichz
smyslem bude zmensit dotykovou plochu; povrch
horniny je misty velmi nerovny a zmenSeni dotykové
plochy by mohlo zlepSit kvalitu méfeni (zmenseni
rozptylu naméfenych hodnot).
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Anthropogenic agent — landscape change of the middle

Svratka River Valley

L. Peterkova'
'Masaryk University, Brno

Abstract

This article deals with landscape and relief changes in
the middle Svratka River Valley, specifically in
surroundings of Brno and Veverskd Bityska (NW
neighbourhood of Brno) which are conditioned due a
anthropogenic influence in last c. 225 years (let us say
in last 70 years — in 1939 began the construction of the
dam). The article is trying to characterize most
expressive changes which occur in the middle part of
the Svratka River Valley — like deforestration, growth of
built-up area, flooding of the valley, creation of the
abrasion cliffs on the banks and so on.

In this research it is used some old photos of the
valley and old maps (like 1% Military Survey) and
similar sources.

Keywords: The Svratka River, abrasion cliff, the Brno
reservoir, landscape changes, land cover changes.

1 Introduction

One part of the research of the middle Svratka River
Valley development is study of anthropogenic influence
on the relief or change of landuse and change of
landscape generally in history too. The Svratka River
(as most of Czech rivers) was used as a transportation
corridor in the past. And of course we can notice great
landscape changes mostly along big rivers, because
there is huge accumulation of people along the rivers. I
would like to locate these changes and to compare past
and present.

2 Anthropogenic influence and
landscape changes in the
middle Svratka River Valley

The place of my interest is located in the surroundings
of the Brno reservoir - in surroundings of Brno and
Veverska Bityska (NW neighbourhood of Brno). This
valley has a character of a rupture. The river cuts
sharply here to the surrounding relief of the SW part of
Bobravska vysoc¢ina Highland. This valley is influenced
by the tectonic movements in the past too (it is divided

1 . .
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into short right-angled segments and it does not run
linearly across the Bobravska vyso¢ina Higland) and is
situated on the interference between the Boskovicka
brazda Furrow and Brno masiff and near by the
boundary of two different large geological unites -
Bohemian masiff and the Carphatian fore-deep. There
are many river terraces on the slopes of the middle
Svratka River Valley - system of river terraces levels.

In the year 1939 it began with the construction of the
dam, which could divided the Svratka River Valley near
Brno, and gradual filling of the valley. In the year 1940
the construction was done, it was the begining of the
regulation of the Svratka River in this area and it
occures some changes of the relief and landscape of
course. One village (Knini¢cky) has to be moved,
because it was partly flooded.

Following figures (see Fig. 1, 2) show some changes
of landscape or the relief, which occures in last 70
years. New, actual pictures was maked according to

some photos, which were created just before the
construction of the dam started and it shows, how the
landscape was looking before this big antropogenic
intervention. Biggest changes took place just in
southeast part of the reservoir.

Figure 1: View on the valley and constructed dam
(source: Photo Collection 1939, afford by doc. Miroslav
Slezingr — VUT Brno)

On the fig. 1 we can see the character of SE part of
the valley — shallow valley with tame slopes. We can



see here also construction of the dam and on the upper
right part of the picture we can see the moved village
Kninicky.

Figure 2 shows us present status — flooded valley and
flooded village Knini¢ky. This picture cannot be
photographed from the same site as the fig. 1, because
of heavy stand. The picture is made from the dam.

Figure 2: Present view of the valley (Brno reservoir),
photo: author

The pictures show us that the changes were
relatively expressive. One of the aspects of the river
dam construction and creation of the dam lake was
formation of abrasion cliffs. The most expressive
abrasion cliffs are about 5 m high and are developed in
sediments (loess, slays). The area with largest dynamic
is located near the Osada haven (on the left bank of the
reservoir). This theme solved for example Linhart
(1954), Kratochvil (1969), Kubiek (1987) and Slezingr
(1999, 2004) already.

The most relevant reason of abrasion cliff formation
is above all right geological structure (sediments - loess,
which has column cleat), than wave produced by SE
winds (so not by dominant SW flow) and by the wave
which is produced by boat activity on the dam lake. As
a most relevant factor it appears the intensive (the flow
have to take some days) SE winds when the water level
is sufficiently high - above all after the spring snow
melting.

In my dissertation thesis I would like to compare
dynamic of the development of the abrasion cliffs in the
past and present (there is a premise that the dynamic
will decline and it will get the abrasion terminant).
Banks in some exposed places have to be protected with
some antiabrasion proceedings because of their possible
negative influence on surrounding buildings.
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3 Evaluation of the land cover
changes

Within the frame of the evaluation of the land cover
changes in interested area it was created maps which
present the changes.

Land cover taken from the maps from 1% Military
Survey (1780 — 1783) was compared with the present
status taken from the colour orthophoto pictures
(source: Czech office for surveying, mapping and
cadastre 2005). So the c. 225 year old change of the
land cover was recorded.

The change between this two settings was analysed
on the basis of change some basic layers — forests,
ground, green fields (permanent grass growth, gardens
and so on), built-up area, water area and water flows,
ways and routes — which were mutually compared in
time.

From the compare it results that the land cover
changes in the region were not so expressive. The area
of forests is similar to present forest area, but there is
deforestration of the area (because of construction of
new buildings — huts, gardens — and routes) obvious.
But because of the relatively broken relief the forests
area is hardly the same. The other land cover change
refers to change of the built-up area — it is naturally
growing (it attends to spreading of settlements
permanently). Than it occurs to change of water area
because of construction of the dam and consequently
contrariwise to reduce of the green fields area.

4 Conclusion

From the research it results the fact that during the last
c. 225 watched years it occurs some anthropogenic
conditioned changes concerning relief and landscape —
deforestration, growth built-up area, flooding of the
valley because of the dam construction, creation of
expressive abrasion cliffs and so on. We can also say
that the dynamic of the abrasion cliffs development is
relatively intensive. Large antropogenic impact has of
course the fact that the Brno reservoir is popular
recreational area for the inhabitants from the town Brno
and surroundings.

Most expressive changes of the valley have occur in
last 70 years because of the construction of the dam on
middle part of the Svratka River.
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Abstract

Rock-mantled slopes represent one of the most common
geomorphic phenomena, which may be used for
palacogeographical reconstructions, research of the
Quaternary environmental change due to climatic
oscillations and other issues of a special interest.
Authors examine two Czech regions typical of the
presence of rock-mantled slopes, however of different
origin and character of accumulations. The research
shows some significant principles of spatial distribution
of the rocky accumulations conditioned by lithology and
palacogeomorphic development of the territory. Further,
it brings the information about probable origin of these,
their geochronology and finally the differences in recent
environmental change.

Keywords: rock-mantled slopes, scree field, boulders
field, periglacial geomorphology, landscape
development, environmental change, the Ceské
sttedohoti-mts., NP Podyji

1 Introduction

Since the term “periglacial” was firstly used by Polish
geologist Walery von Lozinski at the beginning of the
20™ century for mechanical disintegration of sandstones
and their accumulations called periglacial facies (French
2007; p. 3), the slope deposits of diverse origin and
character have been studied as a major periglacial
phenomena by several authors throughout the whole
20" century. From different regions these are usually
referred to as block-fields, felsenmeer, kurums, screes
etc. While the genetic character, morphology and recent
dynamics of these significantly differ, it brought many
terminological ambiguities, which are not yet resolved.
In a most general way, these landforms could be termed
slope covers (Pawelec 2006) and, when focusing only
on those, which are formed by coarse rocky material,
they are also termed rocky accumulations, or rock-
mantled slopes to express their morphologic background
(Abrahams 1994). In this paper, we use the general term
rock-mantled slopes regarding different character of the
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accumulations in two examined regions and trying to
avoid the possible terminological misunderstandings.

The periglacial research of rock-mantled slopes in
the Czech Republic has been conducted in several
regions since the 60s of the 20" century. An overview
of the research is summarized in the Fig. 1, which also
shows the model regions examined by the authors.

In the last third of the 20™ century, the research of
rock-mantled slopes was improved considering the fact,
that especially in the temperate zone in both Alpine and
non-Alpine environment they represent a specific
terrestrial ecosystem reacting sensitively on global
(climatic) changes caused by both natural and human-
induced driving forces. General effects of global change
on terrestrial ecosystems are discussed e.g. by Canadell
et al. (2007). More specifically, the environmental
significance and change of rock-mantled slopes in the
temperate climatic zone has been studied with an
attention paid to the microclimatic and ecological
factors (Kubat et al. 2000) to the glacial floral and
faunal relics (e.g. Zacharda 2000), or to the natural and
anthropogenic forces of their change throughout the
Holocene period (Hétu, Gray 2000).

In spite of the improvement of research scopes and
methods, there are still many issues which remain to be
solved. For instance, French (2007) emphasizes
especially the significance of lithologic conditions in
formation of rock-mantled slopes; Boelhouwers and
Meiklejohn (2002) mention the specifics of climatic
conditions and the unsuitability of a simple transfer of
the Northern Hemisphere climatic model onto the
southern regions. Several other authors emphasize the
recent dynamics, or the biogeomorphic gist of
landforms dynamics (Stoffel 2005; Raska 2007). All
these aspects may by aptly expressed by Leopold’s note
(Leopold et al. 1964 in French 2007; p. 216) saying that
“the similarities of form in diverse climatic regions and
the differences of form in similar climatic environments
emphasize the need not of classification but of
understanding the interrelation of climate, lithology,
and process”. Considering the previous lines, it should
be clear, that it is not possible to study the rock-mantled
slopes only in a geomorphologic manner, but rather in a
more systemic and transdisciplinary way.



Recognizing the above mentioned problems, the
research presented in this paper is focused primarily on:
a) the principles of spatial distribution of rock-mantled
slopes in selected regions of Czechia; b) the
geochronologic analyses of their age, origin and
consecutive development and finally c) recent dynamics
and environmental change.

2 Methods

1.1 Study areas

Study areas of the research are located in regions with
different geological and geomorphologic settings within
the Bohemian Massif. Both study areas are

characterized in the Fig. 1 and Tab. 1.

@@ this paper

200 km
1

1 Ceské stfedohofi-mts. Lozek (1972); Kirchner, Cilek, Macka

(2001); Kubat (2000); Ragka (2007)

2 NP Podyji Brzak (2000)

3 Brdy-mts. Cilek, Lozek (1993)

4 NP Sumava Chabera (1954, 1955); Mentlik (2003)
5 NP Krkonose Migori (1999); Kfizek (2007)

6 Jeseniky-mts. Chabera (1956); Netopil (1956);

Czudek (1960, 1962)

Czudek, Demek, Stehlik (1961);
Kizek (2003)

Peliek (1952); Demek (1964)
Ivan (1980)

Stecl, Stecl (1966)

Fencl, Svatos (1967)

7 Hostynsko-vsetinské-mts.

8 Moravské Karpaty-mts.
9 Kohoutovicka vrch.-mts.
10 Drahanska vrch.-mts.

11 Karlovarska vrch.-mts.

Figure 1: Regional review of the research on rock-
mantled slopes in Czechia (Source: by authors)

1 Ceské stiedohofi 2 NP Podyji
Area 1265 km? 63 km?
Geomorphologic Krusnohorska Ceskomoravska
region subprovince subprovince
Lithology of rock- neovolcanic rocks metamorphic rocks
mantled slopes granites
Morphology valley slopes, cones  valley slopes
Term for material scree, boulder, boulder
stony debris
Climate*®
annual temp. 4-9°C 79°C
annual precip. 450-800 mm 450-550 mm
Position of rock- valley slopes valley slopes
mantles cones

* Climate according to Climate Atlas of Czechia (2007)

Table 1: Basic characteristics of studied regions
(Source: by authors)
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1.2 Analysis of the spatial distribution

Spatial distribution of periglacial landforms in Czechia
has been analysed by several authors in both regional
(e.g. Kiizek 2007) and national scale (e.g. Czudek
2005), while these usually appreciate the need of
relatively similar general methodical procedure, which
is followed also by authors of this paper.

The analysis of principles in spatial distribution of
rock-mantled slopes proceeds in several steps
represented by distinct methods. Firstly, it is necessary
to go through manifold literary (e.g. Brzak 2000; Kral
1966; Kubat et al. 2000; Kirchner, Cilek, Macka 2001),
map and geodatabase sources. Together with
preliminary observation these steps emerged in a
preparation of catalogue form used during the field
work to summarize the substantial information about
each location of rock-mantled slope.

The catalogue forms (lists) for the two examined
regions are similar to a large degree with a few
exceptions, which are due to other more detail aspects
emphasized in each of these regions. The form consists
of the following parts: a) location (coordinates,
geomorphologic region, etc.); b) morphology (altitude,
slope inclination, specific landforms, etc.); ¢) material
(rock type, clast size, weathering of a surface, etc.); d)
vegetation (types and distribution) and the textual or
graphical representation of a shape and general setting
of a rock-mantled slope.

Present-day, there are some 30 characterized rock-
mantled slopes in the Ceské stiedohofi-mts. of
approximately 135 identified by authors using
orthophoto maps, and proportionally slightly lower
number of characterized rock-mantled slopes in the
Podyji National Park.

After the final catalogue of rock-mantled slopes is
finished, the principles of their spatial distribution will
be assessed using statistical analyses and the
significance of each condition/factor in a spatial
distribution will be evaluated. Considering these
analyses, authors will rectify the preliminary typology
of rock-mantled slopes made for each studied region.

1.3 Geochronology

The chronologic-developmental view on the Earth
surface landforms is a primary concern to
geomorphology and was well expressed by Andrew S.
Goudie in his Global geomorphology by a note, that
geomorphology is to a significant extent a historical
science. The geochronologic assessments are necessary
for a comparison of the origin (also the age), the
consecutive development and the recent dynamics of
landforms including also the rock-mantled slopes.

Manifold tools and methods of various technological
and financial demands are used for dating of processes
related to rock-mantled slopes. The methods used in
scope of the research presented can be divided into two
groups.



(1) The first one is based on tests and analyses of
geologic material and comprises in situ tests of clast
compactness using Schmidt hammer NR type, clast
shape and size analyses, geomorphologic measurements
of morphometry and dynamics, and laboratory analyses
of particles using photomicroscope and AxioVision
4.6.3 software for microimage analyses.

Schmidt hammer tests have been widely discussed
since the 50s of the 20" century as an efficient tool of
relative dating of solid rock surfaces (for the review see
Goudie 2006). The method is based on the measurement
of strength of rock expressed by so called rebound
values (R) which are inversely related to the age of the
surface (which is represented by a degree of
weathering). Sedimentologic and geomorphologic
investigations of clasts as well as of the whole rock-
mantled slope and of its vertical sedimentary sequence
then indicate different processes taking part in a
development of the specific accumulation and forced by
diverse factors being typical of various geochronologic
periods. Laboratory analyses then enable to assess the
shape and other qualities of single particles of the
material and therefore they give information about the
degree of weathering and its type (mechanical,
chemical).

(2) The second group of geochronologic methods is
related to biological proxy indicators (e.g. Naylor,
Viles, Carter 2002). These enable the reconstruction for
shorter period than the previous ones, however the
information about age is quite more accurate. We use
especially the dendrologic methods to analyse the
frequency of rock-fall activity as an important factor of
rock-mantled slopes formation, and to evaluate the
protective  and  erosional  effects of trees.
Dendrochronologic methods, formerly used primarily
for climatic reconstructions, have found their stable
position in geomorphologic research since 70s of the
20™ century, when they were introduced by Jouko
Alestalo in Fennia journal. The assessment of rock-fall
activity has been done using the sample stem discs
taken under the frost-riven cliff and analysing the scars
at their tree-rings. The second dendrogeomorphologic
method is based on the quantification of vertical and
directional orientation of scars (cf. Stoffel 2005; Raska
2007). The last method exploiting the potential of trees
was aimed at quantification of bioprotective effects of
these at rock-mantled slopes and will be discussed in the
following chapter in detail.

1.4 Recent dynamics

As it was mentioned in the introduction, in some
localities (regions) of rock-mantled slopes their
consecutive development during the Holocene period is
probable. Several factors play the role in this
development and recent dynamics. While it is difficult
to separate the differences in significance of these
factors, it is necessary to combine more methods and to
evaluate the geosystemic gist of rock-mantled slopes
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and the consequence of dynamics in the environmental
change of these landforms (e.g. Raska, in press).

The recent dynamics, which is typical especially of
the Ceské stredohofi-mts. model region, was examined
by dendrogeomorphologic methods evaluating the
bioprotective and bioerosive effects of trees in different
distances from frost-riven cliff (up to 2, 5, 10, 20, 30
and more than 30 meters). Climate-induced activity
related to frost-thaw cycles (frost weathering, rock-fall
activity, sliding) was evaluated by identification of
specific landforms (e.g. frost-coated clast flows) and
dendrologic record of rock-fall activity.

Furthermore, the Richard Forman’s landscape
ecological patch-corridor-matrix paradigm was applied
to analyse the spatio-structural dynamics of rock-
mantled slopes and their surrounding forest vegetation.
We created an orthogonal photo-sequence of an ecotone
zone and identified the major changes in features at the
transmission between rock-mantled slope and forest
stand (% coverage, material size, presence of lichens,
mosses, woody debris, forna, flowers and trees).

3 Results

While the systematic research is still in progress, we can
only presuppose the general principles of the spatial
distribution of the rock-mantled slopes. Nevertheless,
some of these presumptions may be documented with
concrete research from parts of the research regions. In
both examined regions it seems that the morphology and
lithology play the leading role.

Palacogeomorphic  development, for instance,
preconditioned the existence of basic macro-landforms
(valleys, eroded cones) which represent the typical sites
of rock-mantled slopes, and the climatically induced
geomorphic processes then played the important role in
the weathering of solid bedrock, disintegration of
material and its transport and consecutive accumulation
at slopes.

The intensity of rock-mantled slopes formation and
their spatial frequency is also conditioned by lithology
(rock types), and tectonic features of the relief
predispose the local differences in degree of solid
bedrock disintegration. For example, in the Ceské
stiedohoti-mts. the dynamics of rocky accumulations is
conditioned, besides other factors, by clast size, which
highly corresponds with a character of frost-riven cliffs
and their heterogeneity. Frost-riven cliffs, which are
oriented parallelly with tectonic features, usually
disintegrate in a form of relatively large clasts. To the
contrary, those oriented perpendicularly to tectonic
features exhibits high heterogeneity, are suitable for
climate triggered weathering (frost-thaw cycles inside
fissures), and disintegrate in form of smaller clasts. In
the National park Podyji, the lithology plays the
significant role, too. While most of the rock-mantled
slopes are well developed on granites and gneiss, their
presence on phyllites and mica schists is poor or almost
absent.



In comparison with systematic and therefore long-
term and regional research of the spatial distribution,
geochronologic studies may be carried in model sites,
and thus enables to summarize some major results. The
probable age of the rock-mantled slopes is usually given
to relation with climatic oscillation during the last
glacial period, resp. climatic fluctuations called
Dansgaard-Oescher cycles. However, several dating
methods and their correlation proved this presumption
to be correct only to a certain degree (e.g. Cilek 2000).
Present-day, it seems to be probable, that many of such
landforms (according to the region) may be:

a) polycyclic, i.e. developed in the older as well as in
younger periods in phases conditioned by alternating
accumulative and erosional cycles;

b) influenced by intensive recent processes, i.e. their
development has continued since the Late Glacial until
now.

Furthermore, the comparison of the two studied
regions showed some significant differences in the age
and development of rock-mantled slopes. While in the
NP Podyji, these are relatively stable and were probably
formed by a short-term event, in the Ceské stiedohofi-
mts., the rock-mantled slopes are to a large degree
dynamic phenomenon with a polygenetic development
since at least the Late Glacial period. Furthermore,
Schmidt hammer tests in situ indicated the high
diversity in age of these landforms even at one single
site.

The recent dynamics and environmental change
investigated by means of various methods is can be
proved especially for the Ceské stiedohofi-mts.
Dendrogeomorphologic measurements resulted in a
typology of tree bioerosive and bioprotective effects of
four major types distinguished by Raska (2007). These
are: a) dam-like effect, b) halt effect, ¢) chaotic
bouncing effect (indicated by scars), and d) weathering
effect (weathering intensified by fallen leafs and woody
debris). These effects seem to represent beside the
climate-triggered processes (in the following text) the
major component of the transport stabilization,
transformation and denudation of material. Weathering
of solid bedrock, resp. frost-riven cliffs (i.e. origin of
material) is then due to lithologic conditions and frost-
thaw cycles (see previous paragraphs). This can be
documented with macromorphologic observation of
landforms (clast flows, sliding, etc.) as well as with
micromorphologic analyses of surface particle shape. In
the figure 2, we can see the highly differentiated particle
sample showing the slight roundness and the smaller
particle of higher roundness both taken from the similar
clast at the Plesivec hill (Ceské stfedohoti-mts.). These
two show different rate of weathering conditioned by
distinct exposure. Finally, transport of material is
intensified especially by climate-triggered processes,
and zoogeomorphic action.
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Figure 2: Weathering of clast surface particle: sampling
site Plesivec hill, Ceské stfedohofi-mts.
(Source: by authors)

4 Discussion

During the research and after the concurrent comparison
of knowledge achieved and some general remarks from
other regions made throughout the second half of the
20™ century, we determined the following maintaining
ambiguities or lacks of rigour in a scientific interest,
which should be solved and improved in the future:

a) Systematic field research using comparable list
for description is necessary, emerging into the regional
comparisons and statistical assessments (role of
lithology, etc.);

b) Process-oriented research should focus on the
intensity and factors of recent activity, especially on
chemical and climate-triggered weathering and
biogeomorphologic observations of the dynamics.
Therefore, for instance, this winter the microclimatic
measurements using MINIKIN TH Dataloggers and
their correlation with geomorphic character of sites will
be conducted.

c) The age of the rock-mantled slopes may be
studied only with appreciation of the (b) aims, of the
geosystemic and therefore polygenetic and nonlinear
gist of rock-mantled slopes, and at last of the correlation
of relative and absolute dating techniques including
Schmidt hammer measurements, sedimentary record,
dating of biological material, geomorphologic
measurements and others. However, application of these
methods is often limited by unsuitable conditions at
mostly steep and rocky slopes.

Conclusions

In the article, we deal with a geomorphologic research
of rock-mantled slopes in the model regions of the
Ceské stiedohoti-mts. and National Park Podyji. Firstly,



we focused on some general consideration on the
development of the research of these landforms in the
World and in Czechia, and of their environmental
significance. Further, using manifold methods varying
from systematic field work, geomorphologic
measurements, to relative dating and laboratory
analyses, we summarize the most important results of
the concurrent research and determine the crucial issues
for future studies.
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Wavelet solution of the direct problem of the stationary
geoelectrical field in a non-homogeneous environment
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Abstract

The contribution deals with a solution of the direct
geophysical problem for the stationary electrical field in
the non-homogeneous environment. The environment is
represented by a planar domain composed from several
subdomains, i.e. homogeneous environments with
different resistivity. The solution is based on a wavelet-
Galerkin discretization of the problem via a fictitious
domain formulation. Therefore two kinds of the
Lagrange multipliers are considered: the first one
enforces the boundary condition on the real domain
while the second one is located on interfaces of the
homogeneous environments and ensures the continuity
of the potential of the electrical field. Multilevel
structure of the wavelet spaces enables to solve
efficiently the linear systems arising from the
discretization. The numerical experiments described in
the paper confirm the efficiency of the method as well
as the agreement with the physical reality.

Galerkin

Keywords: electrical potential, wavelet,

method, fictitious domain

1 Introduction

The computation of electrical potential in an non-
homogeneous environment of terrestrial half-space is a
problem that is necessary to solve as a part of the
geoelectrical problems (see Fig.1).

|
W AN

Figure 1 : Section at terrestrial half-space

The mathematical model leads to the Laplace or
Poisson equation in the homogeneous environment
without or with sources, respectively. The values of the
potential far from sources may be conceived as zero and
therefore we obtain a Dirichlet boundary value problem
for PDE’s of elliptic type on composed domain. The
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Galerkin discretization is the suitable tool for numerical
solution such problems and the standard finite element
method (FEM) using polynomial basis functions is one
of its realizations.

The wavelet-Galerkin discretization based on the use
wavelet basis functions is an alternative to the FEM. Its
implementation is rather different due to the different
importance of the mesh in the discretization process.
The mesh in the FEM is defined as a partition of the
domain representing the environment and the basis
functions are defined on this mesh. On the other hand
the wavelet-Galerkin discretization in our approach uses
the mesh independent on the domain of the solved
PDE’s problem. The wavelets are usually introduced as
functions of one variable on a certain equidistant mesh.
The wavelets of two (and more) variables are defined
then by tensor product technique and therefore their
definition domain is the rectangle with the rectangular
mesh obtained as the cartesian product of meshes from
one variable. A natural way how to solve PDE’s
problems by means of wavelets on a general domain @
is to embed @ in a larger rectangular (fictitious)
domain €. The PDE’s problem is then solved on Q
with the boundary conditions enforced by means of a
Lagrange multiplier introduced on the boundary of @ .
Two kinds of the Lagrange multipliers are considered in
this paper. The first one enforces the boundary
condition on the domain & while the second one is
located on interfaces of the homogeneous environments
and ensures the continuity of the potential of the
electrical field.

2 Formulation of the problem
Let us consider a system of s homogeneous
environments given as non-overlapping domains
o, € R? with sufficiently smooth boundaries 7, = dw,
and with constant electrical resistivities p; (see Fig.2).
The non-homogeneous environment is represented by
the domain @ composed from @, by @ =U;_ @; with
a sufficiently smooth boundary y=0dw. We call an

interface the non-empty intersection between the
boundaries of two neighbouring different homogeneous
environments, we denote them by ©;=dw; NI,

1<j<s—1.
Finally we define ©® by O = uj;ll 61 The curent

source will be situated in the center of certain
subdomain @; and we will compute the electrical

potential in the middle of domain @ .



z

Figure 2 : System of homogeneous environments

The electrical potential # defined in @ by
u(X)=u,(X), Xe w,, 1<i<s, satisfies the following

1

equations:

1

-——Au; = f; in w, 2.1
Pi
u = 0 on ¥ 2.2)
u; = Uy, on O, 2.3)
ou ; ou ;
LA L A on ©, (2.4)
p; on; Pjs On; ‘

where 1<i<s, 1<j<s-1, f;e L’(w;) and n;denotes
the unit normal vector to ©;. Let us point out that

/; =0 in environments without electrical sources.
Before we give a weak formulation of this problem,
we first introduce the following notations:
= the constrained Sobolev space

V(a))z{v:(vl,...,vs):vi € Hl(a)i),vi =0onyny,,

ISlSs,vj =vj+10n®j,1S]Ss—l}

= the bilinear functional a,, : V(w)x V(o) — R,

N

o) =S ay 1,,7,)

i=1

(2.5)
a, (u;,v;)= 1 IVuinidx
‘ Pi s
= the linear functional b, : V(w) >R,
bw(v)z Zba), (Vz )s
i=1
(2.6)
by, (Vi): J.ﬁidx'
a)‘.

By the weak formulation of (2.1)-(2.4) we mean the
problem
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such that
Yve V(o).

Find wue V(a))
aw(u,v) = bw(v)

(Plo) {

In order to obtain an equivalent formulation of the
problem more suitable for the wavelet-Galerkin
discretization, we impose each domain @, in a large

rectangular fictitious domain €; such that @; c Q,.

Define Q by Q=U%,Q, and notice that now the
domains Q; may be overlapping . Instead of (P(@)),

we shall solve the problem on the constrained Sobolev
space

V(a),Q):{v: (v],...,vs):v,- € Hll]er

I<iss,v;=v;y on®j,1£sz—1}

(Q;)v; =0onyny,,

reading as follows:

such that
Vve V(w,Q)

Find we V(w,Q)
dg (W’ V) =bg (V)

(7(©) {

bl

where ag, by are defined by (2.5) and (2.6) replacing
@by Q. 1t is easy to show that the problem (P’(Q))
has an unique solution w and that its restriction
u=w|, solves the problem (P(@)).

Our aim is to state the problem (P’(Q)) on the
unconstrained Sobolev space

V(Q) == (vp,.vy) vy € H!

per

Q) 1<i<s}.

For this purpose, we chose the Lagrange multiplier
spaces as

1=l =l g e i)

A@)={io = (o, e 20, ): 70, € H2(O,)1< j <51}

Here H ™2 (7) denotes the dual space of H 12 (7) and
<"‘>Z is the duality pairing between these two spaces.

Finally we define
S

(Ar0), = 2 {A001),

i=1

s—1

(Zo:7)g = Z:,<’1®f WVj+ ‘Vj>®j_ ’
=
for 1, € Ay), g€ A©), ve V(Q). Introducing the

Lagrange multipliers as additional unknowns we can
rewrite the problem (P’(Q)) in the equivalent form
called the saddle-point formulation:



Find (w, Ay, A )e ) (7)x A(®) such that
v) +(Ag:v)g =bo(v) Vve V(Q)

(P(Q) aQ WV < v
(1) +{tto.w)q = OV(/‘yaﬂe)e Aly)xA(©)

The first Lagrange multiplier /1}, enforces the boundary

condition (2.2), while the second one Ay guarantees the

continuity of the electrical potential (2.3) and in weak
sense the condition (2.4).

3 Wavelet discretization

The wavelet-Galerkin discretization of the problem
(P(Q)) consists in replacing V(Q), A(}/), and A(@) by
their finite dimensional approximations associated with
wavelet functions and wavelet meshes. Therefore we
will briefly introduce the definition of the orthogonal
compactly supported wavelets and describe their basic
properties.

3.1

The scaling function ¢ is determined as unique

Scaling and wavelet spaces

solution of the equation

2N-1

=2 ) np2x-k) 3.1)
k=0

such that ¢(-

L*(R).

providing a special choice of the real numbers %, . Then

—k), ke Z is an orthogonal system in

This orthogonality property is satisfied by

the corresponding wavelet is defined by

2N-1

:\/Eng¢(2x—k)

where g, = (- l)k hyn_i_x - Both the scaling function
and the wavelet have
supp ¢ =supp y = (0,2N 1),

orthogonal in L*(R). Moreover for each me Z, we

compact
and are

support,
mutually

define the following sets of orthogonal functions

or)=2"200" k), pr()=2"yl" ),

keZ.

Now let us consider the finite interval (0,P),
PeN, P>4N-3. The scaling spaces
ym=y"(0,P) and  the  wavelet  spaces

w™ =w™(0,P) over the interval (0, P
by means of periodization:

) are introduced

k

v <ot e Ohet - e o).
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w" —{v vix de wi'(x)dp, =d" xe (0, P)}

where n=2"P=dimV" =dimW"™. It is well-known
that V" and W™, me Z form multiresolution analysis
of L?(0,P). In particular, it means that the following

relations are hold:

ym=ymtewmt yrtiwmt mez, (3.2)

ie. W™ is the orthogonal complement of V™! in
V™. As a consequence, we obtain two ways how to

express ve V'™ by the orthogonal functions ¢;" or

74
v(x)= "o (x)=D et or T (x)+ D di !
k k k

The computation of the coefficients c¢j*, d;*" from

the known c¢;' is the wavelet transform while the

reverse computation is the inverse wavelet transform.
The numerical realization is based on the formulas

-1 _ m -1 _ m
= zhl—zkcl sy = zgl—zkcl
! 1
and

m _ m—1 m—1
Ck —th—zlcl +ng—2/dl .
] 1

(3.3)
(3.4)

Introducing the vectors ¢” € R” of ¢’ and d” e R”
of d}’, the wavelet transform may be expressed more

compactly by the transform matrix M"” € R™" as

cm—l m
(dm_lJzM c .

The comparison of (3.4) and (3.3) implies that the
inverse wavelet transform is given by the transpose

matrix:
m—1
:( )[dj

Therefore the matrix M™ is orthogonal.
Definition of the scaling and the wavelet spaces over
the rectangular domain © = (0, P, )X(O, Py) is based on

3.5)

(3.6)

the tensor product of the function spaces:
y"(@)=r"(0,P,)®r"(0,P,),

wgi©)=r"(0.r)em"(0.7,),



wi(©)=w"(0,p,)®r"(0,P,)
w(@)=w"(o,p,)em"(0,P,)

Here, the all spaces have the same dimension equal to

n=n.n where n, =dim»™(0,P,),

¥
n, =dimp" (0, P, ) Similarly as in the case of the one
variable, we obtain the multiresolution analysis of

L? (@) and therefore the relations analogous to (3.2) are
hold:

rr@)=v"e)ew (e)ew ) (@)emi (o),

where the spaces on the right-hand side are mutually
The V" (e)
represented by means of the scaling function ¢ as

orthogonal. scaling space can be

V’”(@)={v:v(x,y)=Zc;Z'f,¢;T(x)¢/’”(y),

]
m _om _ m
Chtned = Chg = Chlan, X € (0,7, ),ye (07 P, )}

The wavelet spaces Wy (@), " (®) and i (©) have
an analogous representation using the wavelet . Now

the matrix of the wavelet transform M” e R™" is
given by the tensor product of the matrices

M7 eR™™ and M) e R"™™  representing the

wavelet transform in the case of the one variable, i.e.

M” =M} ®M” (3.7)

Let us point out that the wavelet transform and its
inversion are formally the same as in (3.5) and (3.6),
respectively. However, now the vectors ¢”', d"
have an inner block structure corresponding to the

tensor product definition of M”" .

3.2  Approximation of (P(Q))

The approximation of the unconstrained space V(Q) is

simple. We replace each space H;,e,(Q,-) in the

definition of V() by the scaling space V'™ (Ql- ), ie.
VQ)={y = (v )iy e V(@I < i < 5,

In order to obtain an inner approximation of V(Q),
we have to consider the scaling function ¢ with the
parameter N =3 in the Then
V™"(Q)c V(Q). Moreover, still
Wé’fl (Q), W]’,%(Q) and W{ﬁ (Q) replacing Hll)e,. (Ql)

equation (3.1).

we  introduce
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by Wy Q,), W]%(Qi) and W’ (Q,) respectively in the
definition of V(Q).

An appropriate approximation of the Lagrange
multiplier spaces A(y) and A(®) uses the wavelet

mesh. At first we show an approximation of H -1/ (){)

where y is a curve (part of a boundary) in

0=, Px)X(O, Py). The wavelets are defined on the

rectangular mesh

D"(©)=1{R,, : Ry, =" (k=1)27"k ) [2 " (1-1)27"1)

Isk<nmi<l<n,}

The rectangles intersected by y form the set

and the approximation of ¥ is given by

=y

- Rk,] .
R ,€D"(0,7)

Our approximation of H -12 ()() is defined by

A ([x) = {ﬂ.e ([x): Z,‘ R, is a constant for any R,

Ry, € Dm(@al)}

Obviously, p=dim A" ((y])=card D" (©, ) and the
basis functions of A" ([y]) are indicator functions of the
rectangles R, € D" (@, %) (equal to one inside and
zero outside of R; ;). Notice that A” (Lz)) is an external
approximation of H 2 (7). Therefore we have to
choose a appropriate approximation of the duality
pairing <"‘>Z' A natural way used below is the ? ([j{])—
scalar product denoted by (‘,')[Z] .

For the sake of simplicity, we consider that the
conforming wavelet meshes are used to discretize

(P(Q)). By this we mean that the meshes D" (Q ,-) and
D" (Qj) are identical on the non-empty intersection
Q,NQ,,
the Lagrange multiplier spaces

i# j. Now we are prepare to approximate

A" (D=1 = Oge- A € A7 (v 7 ),
1<i<s}



A" (@)= {0 = (o 1 o)) A0, € A" [0, )

1<j<s—1}

and the approximation of the problem (P(Q)) reads as
follows:

Find ( w, Ay 21@])6 v (Q)x A" ([y])x A" ([©])such that
aQ(W v)+ (ﬂ{y )+ (/1[(9] v)[e] = bQ( ) Yve V" (Q)
(1) + (101 )[O] 0 V) ey Je A" ()= A" (f0))

(P())-

The equivalent algebraic representation of (Pm (Q)) has
the following form:

Find (Wm,}.[ ],)\.fé]) R"
A"w" + Bf;’,

(P (@)

Here, A" is the stiffness matrix of the type (n, xn,)
where 7, =dim V”(Q) and Bf), Blg]
transformation matrices of the type (pan P ),
(poxn,), Py =dim A" (7)),
po =dim A”([©]). The matrix A™ has the block-
Al

are the
respectively ~ where

diagonal structure with the diagonal blocks

corresponding to the domains ;. Therefore A are

the singular matrices of the tensor product type.
However the matrix of the whole linear system in

( ’"(Q)) is regular.

4 Numerical experiments

Let us consider the non-homogeneous environment
with s=3, ie. three homogencous environments
o, =(0,9)x(0,9), o, =(9,18)x(0,9) and
o, =(18,27)x(0,9) with the resistivities p, =102,
pr=10""
domains

and p; =10°, respectively. The fictitious
Q, = (-2,11)x(-2,11),
Q, =(7,20)x(=2,11) and Q5 =(16,29)x(-2,11).

The discretization level is chosen as m =1. Hence,
the stiffness matrix A has order n»=2028 and the

are chosen as

condition number of the whole matrix in ( m(Q)) is
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estimated as 5.95-10°. The Figure 3 shows the
potentials computed for three problems with different
localization of the electrical sources occurring in the
centers of @, w, or @, respectively. The interfaces
represented by the lines x=9 and x=18 are well
visible on the all graphs.

RozloZeni potencialu uvnitf oblast w=wl+w2+w3

'8

‘—‘ -5001
10

Figure 3: Three examplés of the electrical potentials
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Problematika modelovani dynamického zatizeni

v programovém systému Plaxis 2D

Martin Stolarik'*
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Abstract

Paper deals with search study themed modelling of
dynamical load by utilize the finite element method of
Plaxis 2D programming system. In this article, four
dynamical model examples are presented, which
represent natural and technical seismicity with different
access to setting of own dynamic load into models.

Keywords: technical seismicity, dynamic load.

1 Uvod

Matematické modelovani zazivd v poslednich letech
obrovsky rozvoj a je nedilnou soucasti projektu a
realizace téméf jakékoliv stavby. Samostatnou kapitolu
tvofi modelovani geotechnickych problémt, v nichz
narozdil od klasickych pozemnich a pramyslovych
staveb modelujeme prostiedi, v némz vétsinou nezname
pfesné ani parametry stavebniho materialu (zeminy ¢i
horniny) ani pfesné geometrické uspofadani, z néhoz
vychazi geometrie modelu.

Pfispévek je zpracovan jako reSerSni studie zabyvajici
se modelovanim dynamickych w¢inkd za pouziti
programového systému Plaxis 2D [1].

2 Programovy systém Plaxis 2D
— obecna charakteristika z
hlediska moznosti modelovani
vlivi technické a pfirozené
seizmicity

Programovy systém Plaxis byl vyvinut pro statickou i
dynamickou analyzu napétodeformacniho stavu v
geotechnickych ulohach. Systém pracuje na principu
kone¢nych prvki. Dynamicky modul umoziuje fesit
ulohy tykajici se jak dynamickych vlivi v disledku
lidské Cinnosti  (technickd seizmicita), tak i1 vlivl
pfirozené seizmicity. [2]

Obecné mizeme tyto ulohy rozdélit do dvou zakladnich
skupin:

! martin.stolarik@vsb.cz
? stolarik@ugn.cas.cz
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1) Modelovani dynamickych vlivi v disledku
osamélého zdroje vibraci: Dynamicky
problém je modelovan jako axisymetricky,
viny se v tomto modelu S$ifi radialng,
analogicky jako v realné prostorové situaci.
Vibracni energie se se vzrustajici radialni
vzdalenosti od zdroje snizuje (geometrické

tlument), neni nutno zohlednovat
materidlové tlumeni.
2) Modelovani vlivu zeméteseni: Dynamické

zatizeni je v pripadé uloh tohoto typu
aplikovano podél spodni hranice modelu,
pfic¢emz smykové viny se $iii od této hranice
smérem nahoru. Tento typ duloh je
modelovan pomoci rovinného pfetvoreni,
nezahrnuje tedy geometrické tlumeni. Pro
ziskani realistickych vysledkii modelu je
nutno do vypoltu zahrnout materidlové
tlumeni.

3 Tvorba dynamického modelu

Pti tvorbé dynamického modelu je obecny postup
analogicky jako v pfipadé statické analyzy, zahrnuje
zadani geometric modelu, hrani¢nich  podminek,
generaci sit¢ a zadani pocatecnich podminek.

Zakladni parametry modelu

V zavislosti na typu feSené ulohy se voli zakladni typ
modelu (rovinné pretvofeni nebo axisymetricky model).
Do zakladniho nastaveni patii rovnéz zadani parametrti
uréujicich vysku a délku modelu, zadani gravitaéniho
zrychleni a pouzivanych fyzikalnich jednotek.

Charakteristika hrani¢nich podminek modelu
dynamického zatiZeni

Pti modelovani seizmickych vlivi je vzdy nutno do
vypoctu kromé standartnich geometrickych hrani¢nich
podminek (nejCastéji tzv. tuhd vana), omezujici na
hranici posuny v pfislusném sméru, zavést rovnéz
podminky absorbce na hranici. Bez zavedeni
absorbénich podminek by dochazelo k nerealnélmu



odrazu seizmickych vin zpét do modelu a k jejich
vzajemné interakci.

Pro axisymetricky model se tento typ hrani¢nich
podminek zadava pro pravou a spodni hranici modelu.
V ptipadé modelovani zemétifesnych jevid (rovinné
pretvoteni) se hrani¢ni podminky zadévaji na obou
bocnich a na spodni hranici modelu.

Materialové charakteristiky

V ptipadé modelovani dynamickych vlivii je nutno
kromé zakladnich charakteristik horninového prostfedi
zadat rychlosti §ifeni vin v horninovém prostfedi a
charakteristiky materidlového tlumeni (tzv. Rayleighovy
parametry tlumeni alfa a beta).

Charakteristiky dynamického zatizeni a jeho aktivace

Dynamické zatizeni muze byt v tomto vypocetnim
systému zadano:

1) Charakteristikami ~ harmonického  kmitani
(amplituda a frekvence kmitani) (Obr. 1)

Dynamic loading - Load System A

o Harmonic load multiplier

Amplitude multiplier

0.0000 >
Frequency 0.0000 3| Hz
0.0000 =

Initial phase angle

" Load multiplier from data file

[Ee]
oK Cancel

Obr. 1: Zadani dynamického zatiZzeni
charakteristikami harmonického kmitani

2) Nactenim prislusnych  ¢asovych  hodnot
posund, rychlosti, pfipadn¢ zrychleni z ASCII
souboru nebo ze souboru SMC (Obr. 2)

Dynamic loading - Displacements

" Hamonic load multiplier

1.

+ Load multiplier from data file
225a.smc Erowse...
File contents
" Displacements
" Welacities

f+ Accelerations

Cancel

Obr. 2: Zadani dynamického zatiZeni ze souboru
SMC

Kromé téchto uvedenych charakteristik se zadava
Casovy interval At, po ktery ptsobi toto dynamické
zatizeni.

MozZnosti vystupt modelovani seizmické odezvy
programovym systémem Plaxis 2D

Programovym systémem Plaxis 2D 1ze vyhodnotit:

- tvar deformované sité

- hodnoty celkovych, horizontalnich a vertikalnich
posuni

- hodnoty pietvoteni

- hodnoty totalni, horizontalni a vertikalni rychlosti

- hodnoty totalniho, horizontadlniho a vertikalniho
zrychleni

- hodnoty pérovych tlaki

- lokalizaci plastickych bodi

- kiivky casové zavislosti posuntl, rychlosti resp.
zrychleni

- ktivky pro vyhodnoceni vyvoje dynamického
zatizeni v Case

Vypocetni  systém umoziiuje animovat pribch
vypoctenych hodnot v jednotlivych casovych krocich.
(2]

4 Priklady modelovani
seizmickych vliva
programovym systémem
Plaxis 2D

4.1 Modelovani vlivu zemétieseni na
budovu

Tento piiklad ilustruje modelovani chovani ¢tyipodlazni
budovy s podsklepenim a jejiho podlozi v priub&hu
zemétieseni. Siika budovy je 6 m, délka 25m. Vyska
budovy nad trovni terénu je 12 m, sklep je hluboky 2
m. Do vypoctu je zavedeno zatizeni kazdé¢ho podlazi o
velikosti 5 kN/m?, a to prostfednictvim tihy podlahy a
stén budovy.

Jak jiz bylo uvedeno, pfi modelovani tohoto typu ulohy
je nutno predpokladat podminku rovinného pietvoreni.
Bezprostiedni podlozi budovy je tvofeno relativné
mékkymi zeminovymi vrstvami, pod touto vrstvou je jiz
pevna horninova vrstva, jejiz vliv neni v modelu
zohlednén. Samotna budova je modelovana systémem
nosnikovych elementt. Fyzikalni materidlové tlumeni je
realizovano prostfednictvim Rayleighova tlumeni

((IR: BRZO,O 1)

Na hranicich modelu jsou zadany standardni deformacni
podminky (tuha vana), standardni podminky pro
modelovani zemétieseni (tj. na spodni hranici modelu
pfedepsany horizontalni posuny o velikosti 1 ¢cm) a na
levé a pravé vertikdlni hranici modelu jsou dale
uvazovany absorbéni hranice (Obr. 3).

Dynamické zatizeni se v tomto pfipadé nacitalo ze
soubosu SMC, obsahujici zapis zrychleni. [2]



absorbéni hranice
W y
Za e A m— gy ARV
- \)
i
/ ~

Obr. 3: Geometrie modelu

Piiklady vysledkii dynamického modlelu jsou na
obrazcich 4 a 5. V grafu 1 jsou znazornény prubéhy
rychlosti a zrychleni kmitni v horizontalnim sméru v
bodech:

A-bod ve tfedu stfechy budovy

B-bod ve tfedu sklepni podlahy

C-bod na spodnim okraji modelu lezici na svislici
vedouci stfedem budovy

N/RRRTRRERERES

Obr. 4: Grafické znazornéni horizontalnich rychlosti
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Graf 1: Pribéh rychlosti kmitani v bodech A, B, C v
horizontalnim sméru

4.2 Modelovani vlivu beranéni
Stétovnicovych stén na blizké
podzemni dilo

Dalsi ptiklad se zabyva stanovenim odezvy vlivu
beranéni §tétovnicovych stén na vodovodni potrubi.
Beranéna Stétovnicova sténa délky 6 m je provedena ze
$tétovnic IlIn a je realizovana v zeminovém prostiedi,
které je charakterizovano  jilovitymi  zeminami
s prevazné vysokym stupném plasticity pod nimiz je
cca Sesti metrova Stérkova vrstva, v niz je lokalizovana
pata §tétovnicové stény. Pod touto $térkovou vrstvou je
pak opét vrstva vysoce plastickych jilt. UvaZované
ocelové vodovodni potrubi o praméru 500/8 je umisténo
v prostiedi jilovitych zemin v hloubce 0.5 m pod
povrchem ve vzdalenosti 1.5 m od $tétovnicové stény .
Beranéni Stetovnicové stény je provadéno beranidlem o
hmotnosti 3900 kg s frekvenci 2300 ot./min (tj 38 Hz) a
odpovidajici amplitudou y=12 mm.

Dynamické zatizeni beranidlem je v modelu uréeno
charakteristikami harmonického kmitani — amplitudou
F*, frekvenci kmitani f a fazovym posunem @:

F=Fsin(wt+®,), wo=2rxf

Pro uvazovany typ beranidla byla v modelu pouzita
frekvence f= 38 Hz a amplituda beranici sily F*=a m =
=2 n f)’ y m = cca 3000 kN.

Fazovy posun v této uloze nebyl uvazovéan, protoze
zavedeni fazového posunu nezplsobuje zmény a
materidlové tlumeni lze vtomto pfipadé zanedbat
(Rayleighovy koeficienty tlumeni jsou nulové).

Na zakladé dynamickych vypoéti byly vyhodnoceny
posuny (celkové, vertikalni i horizontalni), rychlosti a
zrychleni v zeminovém prostiedi a hodnoty vnitfnich
sil ve vodovodnim potrubi v jednotlivych casovych
krocich t=0.0078 s, 0.021 s, 0.026 s a 0.226 s. Prvni dva
uvedené Casové intervaly odpovidaji extrémnim
hodnotam vertikalnich posunt hlavy piloty, tieti ¢asovy
interval pak c¢asu t=1/f (t. Casovému useku
odpovidajicimu 1 razu) a posledni hodnota odpovida
celkovému casu sledovani dynamickych vlivi (za
predpokladu, ze po 1 razu bylo beranidlo vypnuto).
Casovy pribsh dynamického zatizeni je zobrazen na
obrazku 6. 3, 4]
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Obr. 6: Casovy prib&h dynamického zatizeni



Na nasledujicich obrazcich (Obr. 7 — 10) jsou
ilustrovany pfislusné hodnoty celkovych posuntt
v jednotlivych ¢asovych fazich.

P
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Obr. 10: Casovy krok t=0,226 s, u,,,,=0.067E-3 m

Obrazek 11 zobrazuje maximalni hodnoty vnitinich sil
ve vodovodnim potrubi v pribéhu dynamické analyzy a
to max. normalovou silu —-3.48 kN/m (1), max.
ohybovy moment 5.47E-3 kNm/m (2) a maximalni
pii¢nou horizontalni silu —6.21 kN/m (3).

Obr. 11: Maximalni hodnoty hodnoty vnitinich sil

4.3 Modelovani vlivu dynamickych
ucink( dopravy na mélké podzemni
dilo

Typickym piikladem technické seizmicity je dynamicky
ucinek projizdgjici kolové ¢&i  kolejové dopravy.
Nasledujici piiklad predstavuje model dynamického
zatizeni méstského kolektoru projizdgjici tramvajovou
dopravou.

Matematicky model byl vytvofen na zakladé méteni
dynamickych veli¢in od tramvajové dopravy.
Konkrétnim modelovanym pfipadem byla odezva
tramvajové dopravy na kolektor ,,Centrum® v Ostravé —
zakladni geometrie modelu je na obrazku 12.
Tramvajovym vozem, jehoz dynamické ucinky byly

zaznamenavany registracni aparaturou, byla
Ctyfnapravova, nizkopodlazni tramvajo  celkové
hmotnosti 24200 kg.

Vrstevnaté zeminové prostiedi odpovida

charakteristické geologii pro dané uzemi (Stérkové
kolejové loze, navazka a jily s nizkou az velmi vysokou
plasticitou).

Obr. 12: Geometrie modelu



Zatizeni je kombinaci statického a dynamického uc¢inku
od tramvaje. Staticky Géinek byl stanoven ze znalosti
maximalni hmotnosti ¢aste¢né obsazené tramvaje
pfipadajici na jednu napravu v hodnoté 7000kg. Z toho
statické zatizeni:

= 79909 _ 46 674N -2
1,5-1

9

_F
=
K ur¢eni dynamického zatizeni byla k dispozici data
z méfeni in-situ. Maximalni hodnoty zrychleni méfené
na povrchu nad podzemnim dilem (bod B v modelu)
byly ve sméru osy Z (svisla slozka)a neptesahly
hodnotu 0,463 m.s™. Pevladajici frekvence zrychleni se
pohybovala v rozsahu 42-68 Hz. Na osténi kolektoru
(bod E v modelu) se hodnoty zrychleni pohybovaly v
desetinach téchto hodnot.

Fazovy posun vtomto piipadé opét nebyl uvazovan.
Zbyvajici dvé neznamé (tj. silového ucinek od zrychleni
kmitani vlivem seismického pusobeni a pfislusna
frekvence) vychazeji =z parametrickych vypoctu.
Zdrojova frekvence zrychleni kmitani byla uvazovana
f=40Hz. Silovy uginek byl stanoven na 3,7 kN. Casovy
interval odpovidajici dynamickému pasobeni byl:

t=l=i=0,025s
40

f

Ovéfeni spravnosti urceni zdrojovych veli¢in bylo
uéinéno srovnanim namétfenych a vypoctenych hodnot
zrychleni kmitani v bodé B a E. Z grafu 2 vyplyva, ze
v bodé B nepiesdhlo maximalni zrychleni ve svislém
sméru hodnotu 0,5 m.s”. Zdrojové zrychleni kmitani
vbodé A, ktery se nachazi v plisobisti dynamického
zatizeni, dosahlo témét 0,9 m.s”. Graf 3 pak znazoriiuje
pribéh zrychleni kmitani ve vertikdlnim sméru v bodé
E. [5]

Aessraton is2)

Graf 2: Zavislost zrychleni kmitani na ¢ase v bodech
AaB
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Graf 3: Zavislost zrychleni kmitani na ¢ase v bod¢ E

4.4 Modelovani vlivu trhacich praci na
povrchovou zastavbu

Posledni ptiklad predstavuje model trhaci prace v mélce
pod povrchem razeného tunelu a odezvu této trhaci
prace na objekt na povrchu.

Model byl opét vytvofen na zakladé méfeni in-situ
technické seizmicity, ktera probihala v pribéhu razby
tunelu Klimkovice. Méfeni bylo provadéno na objektu
rodiného domku na povrchu v malé vzdalenosti od
probihajici razby (v modelu bod A).

Fyzikalni vlastnosti zemin a mocnosti jednotlivych
vrstev byly do modelu zadany na zakladé vysledkt IG
prizkamu a doplnény tabulkovymi hodnotami.
V modelu byly pouzity jilovce a prachovce zdravé c¢i
slabé zvétralé, droby a kvartérni vrstva tvofena jilovou
hlinou (Obr. 13).

s

A 1

Obr. .1.3: Geometrie m(-)delu

Silovy ucinek (amplituda) byl spocitan za pouziti vztahu
profesorky Fotievové pro dynamické zatizeni pg,, do
néhoz vstupuji informace z méteni.

1
pdyn=E-Kc-}'-Vp-Toz92 kPa .

Féazovy posun v tomto ptipad¢ opét nebyl uvazovan.

Na obrazcich 14 a 15 je graficky vystup pribéhd
rychlosti kmitani v bodé¢ A v horizontdlnim sméru a
vertikalnim sméru. V tabulce 1 jsou srovnany spocitané



maximalni amplitudy rychlosti kmitani vbodé A a
maximalni amplitudy rychlosti kmitani naméfené na
objektu rodinného domku pfi monitoringu. Umisténi
téchto bodi si vrealu i v matematickém modelu ve
vertikalnim fezu odpovida. [6]

A OON
Q

#

Peak 1.561 mm.s™
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Obr. 14: Prubéh rychlosti kmitani — horizontalni smér

‘‘‘‘‘‘

Peak 1.412 mm.s™

Obr. 15: Prtibéh rychlosti kmitani — vertikalni smér

amplituda rychlosti | amplituda rychlosti | amplituda rychlosti
Bod A fenitani - kmitini- | kmitani - vertikilni
hotizontalni smér |  vertikalni smér plocha/prostor
[mim.s-1] [mim.s-1] [mim.s-1]
matematicky model 1412 1.363 1383
méfeni IN-S[TU 1.7 L6 22

Tab. 1: Srovnani vysledkii matematického modelu a
méfeni in-situ

5 Zavér

V piispévku byly prezentovany celkem Cctyfi odlisné
modely dynamického zatizeni. V prvnim ptipadé se
jednalo o model pfirozené seizmicity (zemétfeseni),
vnémz bylo dynamické zatizeni do modelu
zaimplementovano pomoci souboru formatu SMC.
Tento format je uzivan U.S. Geological Survey National
Strong-motion Program pro zaznam zemétfeseni
piipadné dalSich silnych vibraci. V druhém a ctvrtém
modelu byla amplituda beranici sily resp. trhaci prace
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spoCitana podle znamych vztahti a frekvence kmitani
dodana na zakladé redlnych hodnot. V takovychto
ptipadech jde vzdy o individualni pfistup k feSenému
problému. Dal§i moznost piedstavuje teti priklad,
vnémz nebylo mozno spoéitat dynamické zatizeni
tramvajové soupravy na zakladé znamych vzorcu a bylo
nutno urcit toto zatizeni pomoci parametrické studie.
Jak jiz bylo feceno, ke kazdému modelu dynamického
zatizeni vytvareného programovym systém Plaxis 2D
metodou koneénych prvki za pouziti dynamického
mudulu je nutnu pfistupovat zcela individualné a je
nutno dodrzet pouze zakladni pravidla tvorby modelu.
Vsechny prezentované modely byly oproti realné situaci
pro potfeby matematického modelovani zjednoduseny.
Jednotlivé  vrstvy, které mély rlzny uklon a
v geologickém fezu ménici se mocnost, byly do modelt
zaimplementovany jako vrstvy vodorovné o stejné
mocnosti a byl zanedban také vliv podzemni vody.
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Tento pfispévek byl zpracovan pfi feSeni projektu
GACR 103/05/H036 ,,Analyzy spolehlivosti konstrukci,
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Algorithms for Semi-Coercive Beam Problem with a Uni-
lateral Elastic Subsoil of Winkler’s Type

Stanislav Sysala !
Institute of Geonics AS CR

Abstract

In this article, so-called "projected" and "non-
projected" algorithms for semi-coercive beam prob-
lem with a unilateral elastic subsoil of Winkler’s type
are presented. These algorithms are based on the
minimisation of the energy functional for the con-
sidered problem. In each the iteration step of the
algorithms, the linear problem with bilateral elastic
springs is solved. The convergence properties of the
algorithms are summarised and demonstrated on nu-
merical examples.

Keywords: unilateral elastic subsoil of Winkler’s
type, semi-coercive beam problem, solvability, finite
element approximation, minimisation of functional

1 Semi-coercive Problem with

Beam on Unilateral Elastic
Subsoil

In this section, the problem is formulated, the solv-
ability and the dependence of the solution on data
are summarised. Then the family of approximated
problems is defined and convergence results are de-
cribed. For more details, see the article [5].

We introduce the notation H*(Q) = WH2(Q),
k=0,1,2,3,4, for the Sobolev spaces which are de-
scribed in the book [1]. Their standard norms are de-
noted as ||.||x,2,0. The i-th seminorm, i = 0,1, ...k,
of the spaces H*(Q) are denoted as |.|; 2.o. The space
of polynomials of the k-th degree is denoted as P.

Since we will mainly use the interval 2 := (0,1) in
the remaining parts of the article, we will denote the
norms and seminorms of the Sobolev spaces H*(Q),
k =0,1,2,3,4, without the symbol € for this con-
crete choice of the interval.

The dual space to H?(2) will be denoted V* and
its norm ||.||«-

1.1 Setting of the Problem

We consider a beam of the length | with free ends
which is situated in the interval Q = (0,1), and
assume that the beam is supported by a unilat-
eral elastic subsoil in the interval Q; := (x,2,),
0 < x; < x <. Such the subsoil is active only if the
beam deflects against it. Let E, I and ¢ denote func-
tions that represent, respectively, the Young’s mod-
ulus of the beam material, the inertia moment of the
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cross-section of the beam and the stiffness coefficient
of the subsoil. The aim is to find the deflection w*
of the axes of the beam caused by the load of the
beam. The situation is depicted in Figure 1.

I

xy Ty
E=== =]

Figure 1: Scheme of the subsoiled beam with axes
orientation.

We will assume that the functions E, I, ¢ belong to
the Lebesque space L>°(€)) and there exist positive
constants Ey, Iy and g such that

E(IIJ’) Z E(Ja
q() > qo

I(x) > Iy, a.e. in Q,
a.e. in Q.

Then we can define the forms

a(vy,vy) = /Elv'llvg dx,
Q

b(vi,v2) = /qv1v2 dx
Qs

in H2() to represent the work of the inner forces
and the subsoil, respectively. The forms a,b are bi-
linear and bounded on the space H?(£).

The beam load will be represented by a functional
LeV*.

The total potential energy functional for the prob-
lem has the form

= 1 (a(v,v) +b(v™,v7)) — L(v),

OB

ve H3(Q).
The functional J is Gateaux differentiable and con-
vex on the space H?().

The variational formulation of the problem can be
written as the minimisation problem (P)

?w* e HA(Q): Jw*) < Jw) Yve H*(Q),
or equivalently as the non-linear variational equation

a(w*, v) + b((w*)",v) = L(v) Vve HXQ). (1)



Notice that for sufficiently smooth data, problem
means to solve the non-linear differential equation
of the fourth order with the homogeneous Neumann
boundary conditions.

1.2 Solvability and Stability of the
Problem

Since the beam does not have fixed ends (it is only
laid on the subsoil), the problem solvability depends
on the beam load. The existence and uniqueness of
the solution w* of the problem (P) is ensured by the
condition

Lp)<0 V¥pe P, p>0 in Q, (2)
where the polynomials p represent the rigid beam
motions for which the subsoil is not active. Notice
that the functional J is coercive if this condition
holds.

For other analyses, it will be usefull to equivalently
rewrite the condition (2) by the following way:

F<0 and z;<T <z, (3)
where F' := L(1) is the load resultant and T :=
L(z)/L(1) is the balance point of the load. The
condition (3) means that the load resultant is sit-
uated in Q4 and oriented against the subsoil, which
causes that the beam deflection activate the subsoil
on the set M C 25 with a positive one-dimensional
Lebesque measure, i.e. w* < 0 in M. In addition,
the balance point T lies in the convex closure of the
set M.

To determine the dependence of the change of the
problem (P) solution on the change of the load, we
will consider the class Ss¢,,, of the loads L € V* such
that T € (v, + 6,2, — )}, F < = < 0 and ||L]|« <
71, with respect to positive parameters 6,&,n. Then
there exists a positive constant ¢ which depends on
the loads from S;¢ ., only through the parameters
6,&,mn such that

lw} —w3ll2,2 < ¢l L1 — Lafls - VL1, La € S5, (4)
where w} = w}(L;) solve the problem (P) with re-
spect to the loads L;, i =1, 2.

Notice that if the balance point T is closed to the
end points of the subsoil or if the size of the load
resultant is small with respect to V*-norm of the
load, then the solution of the problem (P) need not
be stable with respect to the small change of the load,
since 6 — 0 or &/||L||« — O implies ¢ — +o0.

1.3 Approximation of the Problem

Let us define a partition 7,

O=xg<z1<...<2N =1,
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of the interval Q = [0,(], with the nodal points z;,
j=0,1,..., N, and with the parameters

h:= j=r{1,::<1-:->(,N(xjij,1), Romin = j:q}.i.r.l,zv(xj —x;-1).
We will assume that the partitions includes the end
points xz;, z,. of the subsoil. With respect to a positive
parameter 0, we will consider the system 7y of the
partitions 7, such that 0h < hpip.

For a partition 75, € 7Ty, we will define the function
space Vi, C H?(2) of continuously differentiable and
piecewise cubic functions.

Since the evaluation of the term b(w, ,vs),
Wh, vy € V3, cannot be computed directly due to the
non-linear term w, , an approximation of the form b
by a numerical quadrature is used. Concretely, the
same type of the numerical quadrature is used for all
the intervals (xj_1,z;) C Q5. We will assume that
the numerical quadrature is exact at least for poly-
nomials of the first degree. Then we can define the
approximation of b by the following way:

m(h)
b (v1,v2) == Z rivr(zi)ve(2i),  vi,ve € HA(Q),
i=1

where z;, 21 < 23 < ... < Zy(n), are the points of the
numerical quadratures and r; contains the products
of the stiffness coefficients and weights of the numer-
ical quadrature. With respect to the assumption on
T € Ty, it holds that there exists constants c¢1,co > 0
such that

cah <r;<ech, 1=1,2,...,m(h).

Notice that we substitute the subsoil by insulated
springs in such an approximation.
If we set

Vyi={ve H_Q(Q)| dp < N,3y1,y2,...,Y2p € Qs :
{z € Q| v (2) = 0} = Ui [y2i-1, 92il},
N > 0, then there exists positive constants ¢y, co and

cs = c3(N), which are independent on the choise of
Th, such that

[bn (u, v)|

< callglloo,a.llulli2llvll,2,
|b(viau) 7bh(viau)| <

cah||v||12]lwll1,2,
for any u,v € H*(Q), and
b(v™,u) — b (v, w)| < esh®|vl2,2]ull2,2,

for any u € H%(Q) and v € Vy.

Now, we set the approximated problem. For the
sake of simplicity, we will not consider a numerical
quadrature of the forms a and L. The approximated
problem (P) corresponding to the partition 7, € Ty
has the form

{ 2wi € Vi o Ju(wi) < Jn(vn) Vo € Vi,

Jn(vg) = %a(vh,vh) + %bh(v;, vy, ) — L(vp).



Since the functional J;, is convex and has the
Gateaux derivative on the space V}, the problem
(Pr) can be equivalently rewritten to the nonlinear
variational equation

a(wp,, vn) + ba((wh) ™, vn) = L(va)

The existence of the problem (P}) solution is ensured
by the condition

F <0 and

Yop, € Vi, (5)

7 <T< Zm(h)s

(6)

This condition also ensures the uniqueness of the so-

lution for sufficiently small h. Notice that if the con-

dition (3) holds and the discretisation parameter h is

sufficiently small, then the condition (6) also holds.
It holds that the set

A= {ie {1,... m(h)} |wi(z) < 0}

of the active springs is non-empty. In addition, the
balance point T" belongs to the convex closure of the
points {z; i € A} }.

For the approximated problems (FP},), it holds the
following estimates and convergence result:

w* € H4(Q) N Vy,
w* € H*(Q),
w* € H*(Q),

[w* —wjll2,2 < c1h®||[w* a2
[w" — w22 < eahllw|[3,2
[w* — w22 — 0

where w* and wj, are respectively the solutions of the
problems (P) and (Py).

2 Non-projected and Projected
Algorithms

In this section, the so-called "non-projected" and
"projected" algorithms are presented as a numeri-
cal realisation of the problem (P,). The reason of
the words "projected" or "non-projected" will be ex-
plained at the end of this section. Since the uniform
convergence properties of the algorithms are sum-
marised, the algorithms are described in the func-
tional form. We will assume that the solvability con-
ditions (3) hold.

First of all, we will define the family of linear aux-
illiary problems with bilateral elastic springs and in-
troduce their uniform properties. Such the problems
will be solved in each of steps of the algorithms,
which will be presented below.

Let 7, € Ty be a partition of Q and A, C
{1,...,m(h)} be a non-empty set of indices. Let
us define the bilinear form

byt (v, v2) 1= Z rivi(zi)ve(2i), wvi,v2 € HA(Q),
€A

where the coefficients r; and the spring points z; were
described in the previous section. Let us define the
functional

1 1
J}?h (vn) = §a(vh,vh) + ibg‘h (v, vn) — L(vp).
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The corresponding linear problem (P;:‘h) with bilat-
eral elastic springs means to find wp, = wp,(Ap) € V3
such that

JiLAh(wh) < J,’?h(vh) Yop € Vg,
or equivalently

a(wp,vp) + bf’“(wh, vp) = L(vp) Yup € Vi

Notice that the problem (P;:l") has a unique so-
lution if the set A; contains at least two indices.
Therefore, it will be usefull to introduce the follow-
ing notation:

U{Ah c{1,...,m(h)} | card(Ap) > 2},

Th

J{4n c {1,....m(h)} | card(An) >

Th

A =

A, =

> min{m(h), max{2, p/h}}}, p > 0.

Notice that the parameter p means the relative num-
ber of active springs, since

Jder,e2>0: ei/h <m(h) < ca/h V1, € Ty
We will also use the notation
Ap(w) ={ie{1,...,m(h)} | v(z) < 0}.

for any 7, € Ty and v € H%(Q).

If the solvability condition (3) holds then there
exist positive constants hg and p such that for any
T € Ty, h < ho, and Aj, € A, it holds Ap(wp) € A,,
where wy, solves the problem (P;**).

We will also define the auxilliary problem (P,™)
for any partition 7, € 7y and any function vy € Vp,,
which means to find p, = pp(v) € Py such that

Jn(vn +pn) < Jn(vn +p) Vp € Py,
or equivalently
br((vn +pn)~,p) = L(p) Vp € Pr.

The problem (P,") means to solve the system of
two non-linear equations with two unknowns. The
solvability of (P;") ensures the same conditions as

for the problem (P;). Notice that the problem (P")
solves the zeroth polynomial, where wj solves the
problem (Py).

Let ¢,0 > 0. If the solvability condition (3) holds
then there exist positive constants p > 0 and hg such
that for any 7, € Ty, h < hg, and any v, € Vp,
[opl2,2 < ¢,

Ap (Uh +ph) S -Ap7

where pj, solves (P;").
Let 7, € 7y be a partition and z;, ¢ €
{1,2,...,m(h)}, be the corresponding set of springs.

Non-projected algorithm



Initialisation
wp,o0 = 0,
Apo=1{1,2,...,m(h)}.
Iteration k = 0,1, ...

An ke
Sh,k € Vi, Wh k + Sh,k solves (Ph ),
apk =arg min Jy(wp i + asp k),
0<a<1
Wh k+1 = Wh,k T Qh kSh,k,

Ap+1 = An(Wh k11)-

Projected algorithm

Initialisation

wp,0 = pr(0), pa(0) solves (PP),
Apo = Ap(wpy)-

Iteration k= 0,1, ...

Ap,
Shk € Vi, wp i + 8k solves (Ph }'k),

apk =arg min Jy(wp i + asp k),
0<a<1

Wh,k = Wh gk + O kSh k)

Phk = Pr(@nk); Ph(Dn k) solves (P, ),

Wh,k+1 = Wh,k + Dh,k»
Ap k1 = Ap(Wh k+1)-

Notice that

A
Ty (uh ki Shok) = —a(Shk, Shok) — by, " (Shok, Shk) <0

and consequently ap > 0 for s, # 0. For the
projected algorithm, it holds Jy(wp ) < Jp(Wh k).

The condition (3) ensures that there exist positive
constants p, c1, ¢z, c3 and hg such that for any 7, €
To, h < hg, and any k > 0,

Ap i A,

S

Qpg = C1,
Jn(wpp+1) <
<

lwnk — wp [|2,2

In(wn 1) — C2||3h,k||§,2a

csl[sh kll2,2

where Ap i, o i, Shk and wp,  are generated by the
projected or non-projected algorithm.

The above estimates yield that the sequences
{wh,k}r converges uniformly (with respect to suf-
ficiently small h) to the solution wj of the prob-
lem (P,) in H%(Q) for the both algorithms. More-
over, for any fix 7, there exists ko > 0 such that
Wh, ko + Sh,ky = W},

The convergence results of the algorithms hold for
parameters h < hg, for some hg. With respect to
analyses in [5], we can assume that the size of hg
depends on the stability of the problem, i.e. how
much the balance point is closed to the end points
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x;, 2, of the subsoil and how much the size of the
load resultant is relatively closed to zero.

Numerical examples shows that the algorithms
converge for almost all initial choices of Ay . How-
ever, the initial choises of A, ¢ ensured in tested ex-
amples that ay , = 1 for any k£ > 0 due to inclusions
Ap k41 C Ap k. These inclusions are shown in [3] for
a concrete choise of the load.

We can also substitute oy, by

dh,k ;= min Jh(wh’k - ash,k) (7)
a>0

in these algorithms and it is possible to show the

same convergence properties for such a modification

of the algorithms. The comparison of the algorithm

will be illustrated on numerical examples.

There are many numerical methods how to find
the values aj,, or dp,, which does not depend on
the parameter h. Here, the regula falsi method was
used.

The algorithms can also be used for coercive beam
problems with the same convergence result but with-
out the restricted assumption on the parameter h.

For an implementation of the problem (P;*) (pro-
jection step in the projected algorithm), we can use
the small modification of the non-projected algo-
rithm with the same convergence results:

Initialisation

Pho € Pr, bp(vy +pro,p) = L(p) Vpe P,

Apno = Ap(vn + phyo)-
Iteration k = 0,1, ...

. Ay N
Phk € Pry b,"" (v + Phok + Dok p) = L(p)

vp € Pl)
Qpk = arg min Jn(vn + Pk + abhk),

Dh,k+1 = Ph,k + Qh kDh k>
Anpky1 = An(vn + Phokg1)-

Let 7, € Ty be a partition and z;, r;, i €
{1,2,...,m}, be the corresponding set of springs and
coefficients of the form b;,. The algebraic form of the
problem (P) will be denoted by (P) and has the
form

tw* e R": J(w*) < J(w) Yw eR",
J(w) == %(Kw, w)p + % (D(Bw)™, (Bw)™),, —
_(f7w)n7

where n = 2N +2, u; := min{0,w;}, i =1,2,...,m,
u € R™ and K € R™™", f e R", D e R™™ and
B € R™™™ are respectively the stiffness matrix, the
load vector, the diagonal matrix containing coeffi-
cients r; and the matrix, which transforms the func-
tion values and the values of the first derivatives at
the nodal points z;, j = 0,1,..., N, onto the points
ziy © = 1,...,m. The symbol (.,.); standardly de-
notes the Euclidean scalar product in R*. The prob-
lem (IP) can be equivalently rewritten as a non-linear



system of the equations:
2w* € R": Kw* + BT"D(Bw*)™ = f.

Let the matrix R € R™*2 given by the functions
1 and z represent all polynomials from P;. Notice
that KR = 0. Let us denote G := BR € R™*? and
e:=RTf=(FFT)" € R%

The auxilliary linear problems (P,fh) and (P;")
have the following algebraical forms:

(PY) 2w =w(A) €eR": (K+ BTDAB)w = f,

where the diagonal matrix A € R™*™ represents the
set Ay, and
(P°) ?c=cv) eR*: GTD(Bv+Ge)™ =e.
Now, we explain the reason of the word "pro-
jected". Let us consider the set

A={AeR™|X<0, GTDN=¢}.

The set A is closed, convex and due to the solvability
condition (6) also non-empty and bounded in R™.
Let A € A and let

AN = {ie{1,...,m} | N <0},

Then A(M\) # 0 and the balance point T of the
load belongs to the convex closure of the points z;,
i € A(M\). Notice that the vector (Bw*)~, where w*
solves the problem (IP), belongs to the set A.

We can uniquely define the projection P of the
space R™ onto the set A with respect to the scalar
product (D.,.),, in R™:

(D= Pm),A=Pm)m <0 VAEA (8
Let v € R™ and let ¢ = c(v) € R? solve the prob-
lem (P¥). Then it can be shown that P(Bv) =
(Bu+Ge)~. Therefore, if we denote w(*) € R™ as the
vectors representing the functions wy, j, generated by
the projected algorithm, we obtain (Bw(k))’ € A.

The projected step is mainly important for unsta-
ble cases of the load. For example, if we suppose
that the balance point T is closed to the end points
x7, x, of the subsoil then the diameter of the set A is
closed to zero. Therefore, the vectors w*) are closed
to the vector w* and we can expect the better con-
vergence property for the projected algorithm than
for non-projected algorithm.

3 Numerical Examples

In this section, the convergence results of the algo-
rithms will be demonstrated on the numerical exam-
ples.

We will consider the beam of the length 1=1m with
the parameter EI = 5 % 10° Nm?2. The beam is
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supported in the interval (z;,z,), where x; = 0.1 m
and x, = 0.9 m, by the unilateral elastic subsoil
with the stiffness coefficient ¢ = 2 % 107 Nm™2. At
the end points 0,7 of the beam, we will consider the
point loads Fy and Fj, which will be specified for
the concrete examples. The interval (0,) will be
divided into 10%27, j = 2,3, ..., 8, equidistant parts.
Situation is depicted in Figure 2.

Fy le

0 0.17, T 0.9 1m

Figure 2: Scheme of the tested problem.

We use the following stopping criterion:

k
(i <e, W= f - Kuw® - BTDB(w®)~,
[1£1ln

where ¢ = 107, w(*) represents the functions wy, x
generated by the algorithms and r(*) is the residuum
at the step & in the algorithms. The symbol ||.||,, de-
notes the Euclidean norm in R™. For an approxima-
tion of the bilinear form b, the reference numerical
quadrature

[ 016 de = 0(=V3/3) + (V33

is used. The linear problems with bilateral elastic
springs are solved by the Cholesky factorisation.

In the following examples, the non-projected algo-
rithm is denoted as ALG 1, the modification of ALG
1 with &y, 1 defined by (7) is denoted as ALG 2 and
the projected algorithm is denoted as ALG 3.

Example 1

Let Fy = —5000 N and F; = —5000 N. Such a
load fulfills the solvability condition (3) and is stable,
since the balance point 77 = 0.5 m is situated in the
centre of the subsoil interval. The dependence of the
number of iterations on smoothing parameter j of
the partition is shown in Table 1.

| Bx.1]2|3]a]5]6]7]s]
ALGL 4 ]3]ala]a4]a
aLG2 [ 3|33 |3[s]4]4
acs | 3[3]s]3]3]3]3

Table 1: Numbers of iterations for Examples 1.

Notice that the numbers of iterations does not de-
pend on j and are practically the same for all of the
algorithms. The numbers of iterations for the "pro-
jected" step in ALG 3 are about four. The approx-
imated solution for j = 8, i.e. for 2560 elements, is
depicted in Figure 3.
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0.5F

0 0.2 0.4 0.6 0.8 1

Figure 3: Approximated beam deflections w for Ex-
amples 1.

Example 2

Let Fy = —5000 N and F; = —1000 N. Such a
load fulfills the solvability condition (3) and is not
too stable, since the balance point To = 0.1667 m
is closed to the end point x; of the subsoil. The
dependence of the number of iterations on smoothing
parameter j of the partition is shown in Table 2.

| Bx.2 ] 2|3]a]5]6]7]s]
act e]e]7]s]7]s]s
ALG2 |5 [5]6]6]6]6]6
ALGs [2]2]2]2]2]2]2

Table 2: Numbers of iterations for Examples 2.

Notice that the numbers of iterations does not de-
pend on j. The numbers of iterations for ALG 3 are
smaller than for ALG 1,2 which illustrates the teo-
retical results from the end of the previous section.

The approximated solution for j = 8 is depicted
in Figure 4.

4 Conclusion

The other methods of the numerical realisation of the
problem can be obtained after deriving the dual for-
mulation of the problem, see [4]. The dual problem
is a problem of convex quadratic programming with
linear constraints and it is suitable for a numerical
realisation of the problem. The vectors —\, where
A € A represent the admissible Lagrange multipliers
corresponding to the dual problem.

Other numerical methods suitable for the problem
are described in [2].
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0.5F

> -0.5F

0 0.2 0.4 0.6 0.8 1

Figure 4: Approximated beam deflections w for Ex-
amples 2.
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Lomova houzevnatost hornin a jeji m
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Abstract

This paper gives basic information about princigesl
methodology of fracture toughness measurement of
rock. Fracture toughness is a relatively new patame
in geomechanics and put a great requirements
laboratory preparation of rock specimen.
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Kli¢ova slova: Lomovad mechanika, geomechanika,
lomova houzevnatost,i¢thké poruSeni, trhlina, hnaci
sila trhliny.

1 Uvod

Horniny jako materidl pouzivany v ijmyslu maji pro
lidskou populaci velky vyznam. Kazda hornina ma
specifické mechanické, teplotni a chemické vlaginos
které ziskala &hem svého vznikuied miliony lety. Z
téchto vlastnosti se vychazfifejich vyuziti v praxi. Ri
zkoumani chovani hornin ¢ébem jejich poruSovani
pomoci geomechanickych metod Ize pozorovat vznik a
Siteni trhlin. Pro objasmi tohoto procesu poruSovani
tak k mechanice horninfigtupuje lomova mechanika
hornin.

Tématem mé ifpravované disertami prace je
studium lomové houzevnatosti hornin. Vzhledem
k tomu, Ze pisluSny vyzkum v ramciddecké vychovy
je teprve na p#atku, nelze jest poskytnout vysledky
méteni lomové houzevnatosti na horninach. Proto byla
prvni faze zamiend na studium teorie lomové
mechaniky a hlavhna gipravu zkuSebnichkeles ped
vlastnim n¢tenim.

2 Lomova mechanika

Obor tvdici zéklad pro vSechny pogdi teorie, se
nazyva linearni elastickd lomova mechanika a mimo
jiné zavedla materialové charakteristikyicKlomova
houzevnatost) a @ (hnaci sila trhliny), které
kvantifikuji houzevnatost materialu. Linearni seija
proto, Ze se iedpoklada linearni zavislost mezi
deformaci a nafiim. Lomova mechanika se zabyva
vznikem porusSeni (trhliny), hodnocenim podminek
Siteni trhlin a zakonitostmi chovani trhlin.

Pouzivd se hlawn pro prevenci katastrofickych
destrukci  vyrobk z plastovych a keramickych
materiah, ocelovych a Zelezobetonovych konstrukci.
Studium lomové mechaniky hornin ma vyznam pro
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éreni

predikci anomalnich jév v horském masivu, nap
dulnich ofesi a piitrzi, profeSeni stabilitnich probléin
apod. Teorie, kritéria a testovaci metody vIlomové
mechanice byly fwodrg rozvinuty na materialech
vyrobenych ¢lovékem (kovy, sklo, keramika, plasty,
betony) a pro zkoumani hornin jeba je pizpisobit s
ohledem na jejickiasto promanlivé vlastnosti. U plagt

a kowi jsou parametry lomovych vlastnosti £pgany
béhem technologie vyroby a pibda se snimi i i
navrhovani a posuzovani vyrobkuii ejich zkouSeni
jsou k dispozici také normy, na rozdil od hornindR
mych informaci se lomovou mechanikou u hornin v
Cesku nikdo hlou§ji nezabyva, na rozdil od zahrai
kde byly metody zkoumani lomové houzevnatosti
hornin rozvijeny od 60tych let 20. stoleti. Bylo ha
aplikacich profeSeni horskych t#s1 a nédizenych
zavah v hlubinnych dolech v Jizni Africe. [2] Od té
doby byl &inén znany pokrok v predikci nestability a
poruseni hornin na bazi lomové mechaniky a v rexn\ij
metod, ze kterych budu vychazeti gvych nétenich.

Pfi aplikaci lomové mechaniky na horninach
predpokladdme, Ze v horrinjiz existuji zarodéné
trhliny, které jsou koncentratorem rigip Za ukitych
okolnosti  dochazi vidledku pisobicich  sil
k nestabilnimu $éni trhlin. Tehdy se ¥lese uvoiuje
velké mnozZstvi energie elastické deformace, kterd j
potiebna pro tvorbu povrchu roggjici se trhliny (nebo
propojeni vice trhlin). Vznikaji plochy poruSentéteso
se rozpada. Lomova mechanika na rozdil od klasické
mechaniky nepracuje s n#pn, ale s faktorem intenzity
napsti. Neuvazuje pevnost, ale lomovou houzevnatost
(mezni faktor intenzity nagi). Protoze lomova
mechanika specificky popisuje chovani a vliv wmhli
v namahaném élese, [liSi se zkouSky lomové
houzevnatosti oddinych pevnostnich zkouSek tim, ze
vyZzaduji zkuSebni ¢tesa s pesr definovanymi
trhlinami.

3 Lomova houzevnatost

Problematikou trhlin se 2al zabyvat Grifith v roce
1920. Uxdomil si a jako prvni ukazal, Zze materialy
dosahuji nizSich hodnot pevnosti v tahu, nez bgade
predpokladat. Vysstlii to tim, Ze zny material
obsahujetrhliny (ve skuténosti to jsou také pory,
netistoty, dislokace, atd.) a na 8kéch tchto trhlin se
pak kEhem namdahani objevuji vysoké koncentrace
napsti. Pritomnost i malych trhlin ma pak zaisledek
zna&né snizeni odolnosti materialu (trhliny se mohou
nekontrolovatel& Skit). Trhlina miZze vzniknout, nebo
existujici trhlina nize rist pouze tehdy, jestlize tento



proces zpsobi, Ze celkova energie systémiistane
konstantni. Kritické podminky pro vznik lomu je ted
mozno definovat jako okamzik paétku riistu trhliny za
rovnovaznych podminek»> energie systému se némi.
[5]

Grifith odvodil vztah, ktery ukazuje vlastnost
materidlu v tom smyslu, Ze prdimou trhlinu délky 2a
v roving lIze vyjadit velikost kritického napéti o ,
kdy dojde k jejimuistu:

OcpyVarm =,/2Ey = konst.

vy - meérna povrchova energie, neboli prace ipbha
k vytvareni jednotkového povrchu trhliny.
E” - modul pruznosti

Protoze Grifithova rovnice plati pouze pro idealn
kiehké €leso, upravil v roce 1956 Irwin jeho model tak,
aby byl pouzitelny proreSeni technickych problém
Irwin definoval veléinu G jako rychlost uvdiovani
energie, ktera idstavuje energii ptbnou k velice
malému (inkrementalnimu)iptstku trhliny. Dnes se
tato veltina nazyva hnaci sila trhliny.
Grifithovu rovnici Ize interpretovat i tak, ze dejdi
k rozekghnuti trhliny, dojde zarovwe Kk jejimu
nekontrolovatelnému i&ni, neb@ rozsiujici se trhlina
se spokoji se stdle menSim #&m. Hnaci sila trhliny
(G) roste srostouci délkou trhliny ¥ipact mékkého
zagzovani a klesa s rostouci trhlinou #fgad tvrdého
zatizeni:
» Mékké zatizeni— zatizeni s konstantnintipistkem
sily
+ Tvrdé zatéZovani —
piirastkem deformace.

zatizeni s kontrolovanym

V této souvislosti

trhliny:

e Stabilni — trhlina se ne#i pokud neroste z&tna
sila

» Nestabilni — trhlina se §i samovol®&, bez nutnosti
dalSiho gitézovani

rozliSujeme dva moby #Kistu

méd III

Obréazek 1: i mady (zpisoby) prostorového
zagzovani trhliny

Levad strana Grifithovy rovnice fpdstavuje
soWwinitel intenzity napéti K, ktery je funkci
pasobiciho nafti o a poloviéni délky trhliny a.

K=a\/E

[MPa-m¥2]
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Pravd strana Grifithovy rovnice igdstavuje
materialové konstanty idedinkiehkého &lesa. Jinak
fe¢eno: k nestabilnimu &ni trhliny dojde tehdy, kdyz
K dosahne konstantni kritické hodnoty. Tato krifick
hodnota se nazyva takémova houzevnatost k a je
déna kritickou hodnotou s¢mitele intenzity napti K
na ¢ele trhliny v okamziku nestabilnihoté&ni trhliny.
[8] Parametr K, vyjatlijici faktor intenzity nagti
v bezprogtedni blizkosti Spice trhliny, uvadime
s indexem, ktery rozliSuje zeitmoédi prostorového
namahani trhliny: (viz. obr. 1)

e Namahani prostym tahem | K
« Namahani smykem 1 K
 Namahani sthem It

Hodnota lomové houzevnatosti. Ke tedy dana
dwma parametry: nominalnim n&m o a délkou
trhliny 2a. Z toho vyplyva: deso s trhlinou velikosti
2a, naméhané n&im o, se porusi tehce v okamziku,
kdy jeden z paraméir(c nebo a) dosahne takovou
hodnotu, Ze odpovidajici hodnota, rekrasi odpor
materialu proti nestabilnimuighi trhliny.

4 Meéreni lomové houzevnatosti

V sowasnosti se testovani lomové houzZevnatosti
provadi pomoci mnoha metod a nénmych typech
zkuSebnichdes. Jak uz bylo zmémo vySe, jde obvykle

o testovani materi@l vyrobenych ¢lovékem. Moje
disert&ni prace se bude zabyvat vyhradrorninami a
proto budu vychazet z metodického dogeni ISRM
pro horniny.

Navrhované metody vychazeji z médu I. Dale budou
popisovany jako metoda 1 a metoda 2. Kazda metoda
vyZaduje ukity typ zkuSebnihoélesa a jejich rozsry
je nutno pesré dodrzovat.

* Metoda 1 - bude pouzit ohybové zkuSebsieto
CB (chevron bend specimen) sefezem kolmym
k ose jadra desa. Rleso bude umisho na dvou
podprnych val€cich a tlakové zakovani zfisobi
naristani trhliny a zkuSebnéleso se fi¢né rozdli.

e Metoda 2 — zde bude pouzit kratkatgvé zkuSebni
téleso SR (short rod specimen), které mé&eza
paralelni s osou jadra. Zde se bude aplikovat ®@hov
zagzovani tak, aby se roztahly bokyreau a &leso
se podéla rozctlilo. [1]

ZkuSebni &gleso CB pouzité i metod 1 by n#lo
byt dostaténé dlouhé, aby se zbyvajici poloviny mohly
vyuzit na ¢lesa SR § testu 2. Pouziti dvou zkuSebnich
téles srozdilnymi orientacemi trhlin je inebdrEno
castym vyskytem anizotropie v horninovém materialu.
Obk¢ metody nabizeji dvtestovaci Grov#

» Testovaci Urovéd | vyZaduje pouze zaznam
maximalniho zatizenidhem testu a musi probihat,
az dojde k destrukci zkuSebnih&esa. Je k tomu
titeba z#izeni, na ®8mz Ize regulovat rychlost
zatzovani. Hodnotu lomové houzevnatosti Ize
stanovit jednoduchym vygtem, ale hodnota je to



pouze orienténi, proto je teba pouzit také testovaci
Urovai Il

» Testovaci Urovdi Il vyZaduje nefetrzité zatizeni a
meéreni deformace. Na provedeni je mnohem
sloZitgjSi a kEhem testu je nutno realizovat
minimalng ¢tyti cykly odlekteni/zatizeni.

4.1 Priprava zkuSebnicht éles

Pro vlastni nsfeni lomové houZevnatosti budou pouzita
zkuSebni dlesa ve formy jadra s pesré definovanym
zéezem. U obou metod ma ifenuty profil tvar ,V*.
Jak je patrno (obr.2), parametryigAu jsou pesré
zadany a je nutno je dodrzet. Také bude nutesp
dodrzovat stejné podminkyipripraw zkuSebnichdes

a [i jejich mgteni.

Jak jiz bylo uvedeno vySe, jsou 2 metodyiemi a
také 2 typy zkuSebnickiles s odliSnou orientaci i&zu
vici ose jadra @esa). V prvni fazi réfeni bude
vénovana pozornost metdd a proto také bude pouzit
typ zkuSebnihoétesa vhodny pro tuto metodu tj. typ
CB:

e Pramér jadra D je nutno vztdhnout k roz#ru
nejwtsiho zrna v hornihv pongru minimalré 10:1
s p'esnosti 0,1 mm.

» Délka zkuSebniho &lesa L musi byt minimals 4D

» Zé&fez musi byt umish presré ve stedu zkuSebniho
télesa &Sitka zéfezu tnesmi byt ¥tsi nez 0,03D.

» Zkazdého vzorku udiat vybrus, mikro a
makroskopicky petrograficky popis horniny, &ih
pevnost v prostém tlakay
Vzhledem k tomu, Ze vrub mé& bytiegan pesré do

pravého ahlu sigsnosti 1,9 je teba vyrobit pipravek,

ktery umozni jeho ifgsné vyezani.

h — hloubkaezu v béni strai vrubu

a — délka trhliny

O - Uhel klinu 90

a, — odstup Sgky klinu od povrchu vzorku (0,15D)

Obrazek 2: Roz#ry vyfezaného zkuSebnih&dsa pro
metodu 1
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4.2 Priprava m éreni

Testovaci zéizeni musi mit dostatrou zatzovaci
silu a musi umaiovat regulaci rychlosti z&fovani a
deformace. Ohybové testovani vyzaduje aplikaci
tlakového zatizeni. Je vhodné pouzit upinadlo,ékter
minimalizuje teci vlivy. Podle doporeni ISRM bude
pouzita konstrukce (viz obr. 3), ve které je umain
podgrnym  valékam  piidrzovanym  mkkymi
pruzinami, aby rotovaly sénem ven a udrzovaly valivy
kontakt hem testu. V satasné dob Ustav Geoniky
disponuje vhodnym &enim s dostat@ou kapacitou
zatizeni, bude vSak nutno vyrobit konstrukci
s podgrnymi val&ky pro ohybovad rm&eni a také
za'izeni pro nifeni deformace.

Dale je nutno p této metod pouzit specialni
upinaci pomcky, které umo#uji presné ustaveni
zkuSebniho desa v zatzovacim systému Konstrukce
musi byt takova, aby adjustd pomicka mohla byt

odstragna, jakmile je poloha zkuSebnihoglesa
zajis€na. [1]

V prvé fazi vyzkumu péitam s mfenimi na
testovaci Udrovni I, to je bez nd@rych nEfeni

deformaci. Po zvladnuti této faze vyzkumu seitdoi
s realizaci testovaci Gro¥nl, pro kterou budou muset
byt vytvaieny i piislusné pipravky.

F

t 4

7
&

— 5

D — pramér zkuSebnihodesa

L — délka zkuSebnihglesa (4D)

t — Sika z&ezu

F — zatiZzenidesa

S — rozestup mezi podmymi body (3,33D)
A — projektovana plocha vazu

L

o

S

<

Obrazek 3: Roz#ry zkuSebnihodlesa CB a schéma
meéieni lomové houZevnatosti metodou 1

5 Zaveér

Neustaly pokrok dosahovany v mechanice hornin ve
vyzkumu i praxi vyzaduje mimo jiné i rozvijet modér
metody zjifovani novych netradihich parametr
hornin, kam ndZzeme fadit i lomovou houZevnatost.
Cilem pipravované disertmi prace bude jednak
rozvinout néteni lomové houzevnatosti v podminkach
laboratdi Ustavu geoniky, jednak stanovit typické



hodnoty tohoto parametru na vybranych vzorcich [2] Stibor,
Redpoklada se ifnos prace jek v oblasti

hornin.
metodické , tak i faktografické.

Pod ékovani

Tento gispevek vznikl za podpory vyzkumného zém
Ustavu Geoniky AWCR: AVOZ 30860518
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