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Predmluva

Sbornik obsahuje abstrakty piispévkt 14. Workshopu doktorandt, pofadaného Ustavem geoniky
AV CR, v. v. i. v Ostravé-Porub& (UGN). Témata workshopu tradi¢né zahrnuji oblast geologie,
geografie, geotechniky, geomechaniky, geofyziky, materialového vyzkumu a numerického
modelovani. Jedna se o oblasti, v kterych UGN dlouhodobé spolupracuje s vysokymi $kolami u nas
1 v zahranici, jak na feSeni vyzkumnych projektti a priimyslovych zakézek, tak ve vychové studentt.
Nejbliz§imi akademickymi partnery UGN jsou v tomto sméru Vysoka $kola batiska — Technicka
univerzita v Ostravé, Ostravska univerzita a Masarykova univerzita Brno. Uzk4 a dlouhodoba
spolupréace probihd ale i s fadou dalsich univerzit a vysokych skol, jako je Vysoké uceni technické
v Brn¢, Univerzita Palackého v Olomouci a dalsi akademické pracoviste.

Cilem naSeho workshopu je pfedev§im vzijemné se informovat o vysledcich prace studenti
doktorského studia, ktefi jsou bud’ pfimo zapojeni do védecké ¢innosti UGN nebo s nim néjakym
zpusobem spolupracuji.

Jménem organizacniho vyboru workshopu dekuji zacastnénym doktorandkdm a doktorandim za
pfipravu a prezentaci jejich pfispévki a pieji vSem mnoho uspéchii ve védecko-vyzkumné
i pedagogické praci.

Ostrava, 5. prosince 2019

doc. Ing. Jiii S¢ucka, Ph.D.
Garant workshopu
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Numerické metody pro modelovani stacionarniho proudéni v poréznim prostredi
s trhlinami s hydro-mechanickou vazbou

Numerical methods for simulation of steady flow in fractured porous media
with hydro-mechanical coupling

Béres Michal

ABSTRAKT: Prace je motivovana dulezitosti numerické analyzy toku kapaliny v poréznich
prostiedich s vyskytem trhlin, napf. horniny v geotechnickych aplikacich. Hydro-mechanicky
model se skldda ze dvou casti. Hydraulicky model popisuje Darcyho tok v porézni matrici a
trhlinové siti (modelované jako oblast niz§i dimenze). Tok v porézni matrici a tok v trhlinové siti je
propojen tokem skrze stény trhlin. Mechanicky model popisuje elastické chovani porézni matrice
S kontaktnimi podminkami Signorini typu v mistech trhlin. Takovyto model umoziuje otevieni a
uzavieni trhliny s omezenim pomoci podminky non-penetrace. Model nezahrnuje dodate¢né
podminky na skluz mezi sténami trhlin. Kontaktni problém je feSen pomoci Lagrangeovych
multiplikatori. Numerické feSeni pouzivda doménovou dekompozici pomoci FETI (trhéani a
propojeni kone¢nych prvkl). Hydraulicky a mechanicky model je plné propojen tlakem tekutiny
V porech matrice a v trhlinach, ktery zptisobuje napéti uvniti porézniho matrice a na jeji hranici.
Naopak, mechanicky model uréuje rozevieni trhlin a nasledné hydraulickou vodivost trhlin.
Hydromechanické vazba je realizovéna iterativné pomoci Picardovskych iteraci.

ABSTRACT: The work is motivated by the importance of numerical analysis of flow in fractured
porous media, e.g. rocks in geo-engineering applications. The hydro-mechanical model is built from
two parts. The hydraulic model which describes Darcy flow in the porous matrix as well
as in fractures considered as domains of lower dimension. Both the matrix and fracture flow are
interconnected by considering the flux over the fracture walls. The mechanical model describes the
elastic behaviour of the porous matrix with Signorini type contact conditions on fractures. In this
way, it allows fracture opening and closing with the constraint on penetration. The slip effects are
not considered. The contact problem is treated by Lagrange multiplier technique and transformed
to duality formulation. The numerical solution uses a combination with FETI (finite element tearing
and interconnecting) domain decomposition method. The hydraulic and mechanical models are
fully coupled by adding the fluid pressure in the pores of the matrix and in the fractures
to the stresses inside the porous body and on its boundary, respectively. On the opposite,
the mechanical model determines the aperture of fractures and consequently the hydraulic
conductivity of fractures. The hydro-mechanical coupling is realized iteratively by a Picard type
iterative process.

Ing. Michal Béres

michal.beres@ugn.cas.cz

Vysoka Skola banskd - Technickéd univerzita Ostrava,
Ustav geoniky AV CR, v.v.i.
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Obor: Vypocetni a aplikovand matematika


mailto:michal.beres@ugn.cas.cz

8 Workshop doktorandti 2019 Sbornik abstraktii

Zhodnoceni vlivu endogennich a exogennich vlivii na dlouhodobou bezpeénost
hlubinného ulozisté v Ceské republice

Assessment of the endogenous and exogenous processes for the long-term safety
of the radioactive waste repository in the Czech Republic

Camfrlova Markéta

ABSTRAKT: Jaderna energie tvoii vyznamnou &ast celkové produkce energie jak v Ceské republice,
tak 1 v ostatnich rozvinutych zemich. Tyto zem¢é¢ momentalné Celi problému, jak nakladat s vysoce
uklddani HLW se jevi hlubinné ulozisté. Podle Metodického pokynu 22 ,,Pozadavky, indikatory
vhodnosti a kritéria vyberu lokalit pro umisténi hlubinného ulozisté* musi geologicka stavba tizemi
zaruCit stabilitu hlubinného ulozisté¢ na dobu 100 tisic let. Cilem vyzkumu bylo dlouhodobé
zhodnoceni geologického a klimatického vyvoje zdjmového hypotetického tizemi, které vlastnostmi
co nejvice odpovida kandidatskym lokalitam pro hlubinné ulozisté v Ceské republice, pro obdobi
bezpecnosti hlubinného ulozisté. Hodnotily se vyskyty endogennich a exogennich jevu, které by
mohly mit vliv na stabilitu lokality. Z exogennich jevi je vyzkum zaméten zejména na zhodnoceni
klimatickych jevil, kdy byly zkouméany klimatické scénafe pro uzemi stiedni Evropy — globalni
zmény klimatu, zalednéni, hloubka permafrostu a nartist CO2 pii otepleni klimatu. Dale byl
zohlednén vliv geodynamickych jevi, vliv eroze a svahovych deformaci a seismické stabilita
uzemi.

ABSTRACT: Nuclear energy accounts for a significant part of the total energy production
in the Czech Republic and in many developed and developing countries. These countries are
currently facing a problem how to deal with the high-level radioactive waste (HLW) and the spent
nuclear fuel (SNF). Deep repository is the safest option for storage of HLW. According
to the Methodological Instruction 22: Requirements, suitability indicators and site selection criteria
for location of the deep geological repository, rock environment of the area must guarantee
the stability of the deep geological repository for at least 100,000 years. The aim of the research is
a long-term evaluation of the geological and climatic changes of the hypothetical area of interest,
which corresponds to the candidate sites for deep geological repository in the Czech Republic,
for the period of long-term safety of the deep geological repository. The occurrences of endogenous
and exogenous phenomena, which could affect site stability, were evaluated. Concerning exogenous
processes, research focuses mainly on the assessment of climatic effects. The climate scenarios
for the Central Europe were examined — global climate change, glaciation, and the depth
of permafrost as well as CO2 increase. Furthermore, the influence of geodynamic phenomena,
influence of erosion and the seismic stability were considered.

Mgr. Markéta Camfrlova

marketa.camfrlova@vsb.cz

Vysoka Skola bansk&d - Technickd univerzita Ostrava
Skolitel/Recenzent: prof. Ing. Nada Rapantova, CSc.
Obor: Geotechnika
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Porovnanie dezintegracnych ucéinkov pulzujiuceho vodného prudu s pouzitim
ultrazvukového zariadenia s nominalnou hodnotou frekvencie 20 a 40 kHz

Comparison of the disintegration effects of pulsating water jet using an ultrasonic
device with a nominal frequency of 20 and 40 kHz

Cuha Dominik

ABSTRAKT: Predmetom Stidie bude v ramci uskutoiiovanych experimentov Specifikovanie a
vyClenenie vplyvu jednotlivych parametrov stroja a vlastnosti kvapaliny na vysledné charakteristiky
vybranych druhov dezintegrovanych materialov pomocou pulzujiuceho vodného pradu (PWJ).
Ich vzajomné kombinacie predstavuju velké mnozstvo moznych vysledkov interakcii. Doposial
zname definované erdzne §tadid zahfiajuce procesy peeningu, dezintegracie a kvapockovej erdzie
bezprostredne zavisia od pouzitych technologickych parametrov. V suvislosti s prebichajucimi
interakciami budu experimenty zamerané na fundamentalne fyzikalne veli¢iny spojené s dopadom
PWIJ na materialovy povrch (vyuast'ujuca rychlost’ a kineticka energia kvapaliny, jej teplota, tlak a
hustota, velkost’ sily generovana dopadom jednotlivych pulzov). Medzi sledované parametre stroja
a ich vplyv na vysledok interakcie budu patrit’ najma frekvencia (f = 20 kHz, 40 kHz) a vykon
ultrazvukového budenia, dizka akustickej komory, priemer a typ dyzy, ale aj rychlost’ posuvu a
zdvih dyzy nad materidlom. Nadobudnuté poznatky v ramci prace budd vypliat informa¢nu
medzeru v sicasnej literatire v suvislosti s danou problematikou.

ABSTRACT: The aim of the study will be the specification and separation of the influence
of individual machine parameters and liquid properties on the resulting characteristics of selected
types of disintegrated materials by means of the pulsating water jet (PWJ). Their combinations
represent a large number of possible interaction results. The previously defined erosion stages,
including the processes of peening, disintegration and droplet erosion, are directly related
to the technological parameters used. In relation to the ongoing interactions, the experiments will
focus onthe fundamental physical quantities associated with the PWJ impact on the material
surface (exiting velocity and kinetic energy of the liquid, its temperature, pressure and density,
the magnitude of the force generated by the impact of individual pulses). The monitored parameters
of the machine and their influence on the result of the interaction will include in particular
ultrasonic frequency (f = 20 kHz, 40 kHz) and excitation power, acoustic chamber length, nozzle
diameter and type, but also nozzle feed rate and standoff distance above the material.
The knowledge gained in the thesis will fill the information gap in the current literature in relation
to the issue.

Ing. Dominik Cuha

domink.cuha@tuke.sk

Technickd univerzita v KoSiciach - Fakulta vyrobnych technoldgii so sidlom v
PreSove

Skolitel/Recenzent: prof. Ing. Sergej Hloch, Ph.D.

Obor: Progresivne technoldgie
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Numericka realizace Bayesovské inverze s vyuzitim zastupnych modelt
Numerical realization of Bayesian inversion accelerated using surrogate models

Domesova Simona

ABSTRAKT: Tento pfispévek je motivovan problémem identifikace materidlovych parametri
Vv tlohach fizenych hydraulickymi nebo hydro-mechanickymi matematickymi modely. Vysledkem
Bayesovského pfistupu k feSeni inverznich tuloh je aposteriorni rozdéleni pravdépodobnosti
nezndmych parametrii. Vzorky z tohoto rozdéleni jsou generovany pomoci Markov chain Monte
Carlo (MCMC) metod. Je tedy nutné pribézné vyhodnocovat dopfedny model pro mnoho riznych
vstupnich parametrii. Tento proces je zrychlen pomoci neintruzivnich zastupnych modeld, kterymi
l1ze aproximovat ptesny dopfedny model; jako piiklad je uvazovana aproximace polynomy dana
znamymi vyhodnocenimi dopiedného modelu v riznych bodech. Vysledny postup pro generovani
vzorkll je zalozen na algoritmu Metropolis-Hastings se zpozdénym pfijetim (DAMH). Kazdy
navrzeny vzorek je nejprve ptedpiijat nebo zamitnut na zékladé¢ vyhodnoceni aproximovaného
aposteriorniho rozdéleni, tedy pomoci zastupného modelu. Aproximované aposteriorni rozdéleni
je pribézné zpiesnovano pomoci novych vyhodnoceni dopiedného modelu. Tento piistup
je porovnan s adaptivnim DAMH algoritmem, ktery také postupné zpfesiiuje aproximaci
aposteriorniho rozd¢leni, ale pracuje s jednim neménnym zastupnym modelem. Implementace
umoziuje paralelni béh nékolika procesti pro generovani vzorkd z aposteriorniho rozdé¢leni.
Vsechna vyhodnoceni dopfedného modelu jsou shromazdovana a pouzita k vytvofeni jednoho
sdileného zastupného modelu vyuzivaného vSemi procesy.

ABSTRACT: This contribution is motivated by the identification of material parameters
in problems governed by hydraulic or hydro-mechanical forward models. The Bayesian approach
to the solution of such inverse problems results in the posterior probability distribution of unknown
parameters. Samples from this distribution are generated using Markov chain Monte Carlo
(MCMC) methods. Therefore, it is necessary to evaluate the forward model for many different input
parameters. The process is accelerated using non-intrusive surrogate models that approximate
the full forward model; as an example, polynomial approximation calculated using snapshots
obtained during the MCMC sampling is considered. The resulting sampling procedure is based
on the delayed acceptance Metropolis-Hastings algorithm (DAMH). Each proposed sample is first
pre-accepted or rejected based on an approximated posterior distribution constructed using
the surrogate model. The approximated posterior distribution is being updated using new snapshots
obtained during the sampling process. This approach is compared to the adaptive DAMH algorithm
that also updates the approximation of the posterior distribution but works with one static surrogate
model. The implementation allows several sampling processes running in parallel. Snapshots
generated in all of them are being collected and used to construct one shared surrogate model used
by all processes.

Ing. Simona Domesova

simona.domesova@vsb.cz

Vysoka Skola banskd - Technickd univerzita Ostrava,
Ustav geoniky AV CR, v.v.i.

Skolitel/Recenzent: prof. RNDr. Radim Blaheta, CSc.
Obor: Vypocetni a aplikovand matematika
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Vodni paprsek jako nastroj pro dispergaci uhlikatych nanotrubiéek ve vodném
roztoku

Water jet as atool to disperse carbon nanotubes in water solution

Foldyna Viadimir

ABSTRAKT: Uhlikaté nanotrubicky (CNTs) jsou povazovany za slibné materidly diky svym
jedinecnym vlastnostem jako je naptiklad vysoka pevnost ¢i vodivost. Jejich aplikace jsou vSak
omezené diky vnitfnim van der Waalsovym interakcim, coz vede ke shlukovani, S$patné
dispergovatelnosti a re-aglomeraci v mnoha rozpoustédlech. V poslednich letech bylo publikovano
mnoho védeckych publikaci na téma rozptylu CNTs. Pro ziskani homogenni a stabilni disperze se
Casto pouzivaji standardni metody, jako je ultrazvuk nebo mechanické michani v kombinaci
S riznymi povrchové aktivnimi latkami: dodecylsulfat sodny, deoxycholat sodny, arabskd guma,
cetyltrimethylamoniumbromid a dalsi. Tento ¢lanek je zaméfen na ziskdni homogenni disperze
CNTs ve vodném roztoku technologii vodniho paprsku. Nase experimentalni nastaveni, které
sestava z Cerpadla Kércher HD 6/18 plus, robota ABB KRB 6040, pulzniho generatoru a trysky
Hammelmann 0,3 mm. Uhlikaté nanotrubicky byly v koncentraci 0,375 hm. %. Byly pfipraveny tfi
typy vzorki. CNTs byly smichany bez povrchové aktivni latky, nizké koncentrace povrchové
aktivni latky a vysSi koncentrace povrchové aktivni latky. Z vysledkti pfedchozich experimenti
jsme pouzili superplastifikator methakryl HF. Bylo pouzité spektrum tlakii od 1 MPa do 15 MPa,
abychom zjistili, zda mé kavitace vliv na dispergaci. Celkem bylo pfipraveno vice nez 40 vzorki.
Vzorky byly udrZzovany v klidovém stavu, aby se zjistilo, zda nejsou podrobeny re-aglomeraci. Poté
byly vSechny roztoky CNTs méfeny na Malvernove nanosizéru.

ABSTRACT: Carbon nanotubes (CNTs) are considered as promising materials due to their
exceptional properties such as high strength and conductivity. Their applications have been limited
due to the effective inter-tube van der Waals interactions, which leads to clusterization, poor
dispersibility, and re-agglomeration in many solvents. In recent years was published many scientific
papers on the topic of dispersion of CNTs. For obtaining homogenous and stabile dispersion are
often used standard methods as ultrasonication or mechanical mixing, combined with various
surfactants such as sodium dodecyl sulfate, sodium deoxycholate, Arabic gum,
cetyltrimethylammonium bromide, and others. This paper is focused on obtaining a homogenous
dispersion of CNTs in water solution by water jet technology. Our experimental setup which
consists of Kédrcher HD 6/18 plus pump, ABB robot KRB 6040, Pulse Generator and Hammelmann
nozzle 0.3 mm. Carbon nanotubes were in the concentration of 0.375 wt. %. Three types of samples
were prepared. CNTs were mixed with no surfactant, low concentration of surfactant and
with a higher concentration of surfactant. From the results of previous experiments, we used
superplasticizer methacrylic HF. To obtain cavitation and non-cavitation was used a spectrum
of pressures from 1 MPa to 15MPa. In total, more than 40 samples were prepared. Samples were
kept in idle state to see if they are subject to re-agglomeration. Then all CNTs solutions were
measured on Malvern nanosizer.

Ing. Vladimir Foldyna

vladimir.foldyna@ugn.cas.cz

Vysokd §kola banskd - Technickd& univerzita Ostrava,
Ustav geoniky AV CR, v.v.i.
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PCDeflation: Vysoce vykonny deflaéni predpodminovac¢ v PETSc
PCDeflation: A High-performance Deflation Preconditioner in PETSc

Kruzik Jakub

ABSTRAKT: Mnoho problémii v inZenystvi, financich apod. vede na feSeni systému linearnich
rovnic. Iterativni Krylovovské metody predstavuji tfidu algoritmt, které se Casto nejlépe hodi
pro feseni takovychto systémi. Ptiklady dobfe zndmych metod zahrnuji sdruzené gradienty a
GMRES. Abychom urychlili konvergenci Krylovovské iteracni metody, asto potiebujeme vhodny
piredpodminiova¢. Existuje vSak také komplementarni piistup k piedpodminovani znamy jako
deflace. Deflace vyuzivad defla¢ni prostor, ktery by mél pifedstavovat pomalu konvergujici
komponenty feSeni. Deflace odstrani defla¢ni prostor z prostoru, na kterém pracuje Krylovova
iterativni metoda, a tak dale urychluje konvergenci. Tato prace predstavuje PCDeflation - nasi
vysoce vykonnou implementaci deflace jako obecného pfedpodminovace. Je k dispozici v PETSc
od verze 3.12. PETSc (Portable, Extensible Toolkit for Scientific Computation) je Siroce vyuzivana
sada datovych struktur a rutin pro Skélovatelné (paralelni) feSeni védeckych aplikaci. Mezi funkce
PCDeflation patti vicetrovitova deflace, moznost pouziti dal§iho predpodminovaé, automaticky
vypocet deflacnich prostori zaloZzenych na waveletech a agregacich, korekce hrubého problému a
efektivni feSeni hrubych problémt pomoci communication avoiding technik a relaxace presnosti.

ABSTRACT: Many problems in engineering, finance, etc. eventually leads to a solution of a system
of linear equations. The Krylov subspace iterative methods represent a class of algorithms often
best suited for the solution of such systems. Examples of well-known methods include conjugate
gradients and GMRES. In order to accelerate the convergence of a Krylov subspace iterative
method, we often need a suitable preconditioner. However, there also exists a complementary
approach to the preconditioning known as deflation. The deflation utilizes a deflation space that
should represent slowly converging components of the solution. The deflation removes (deflates)
the deflation space from the space the Krylov subspace iterative method operates on and thus
further accelerates the convergence. In this work, we present PCDeflation - our high-performance
implementation of the deflation as a general preconditioner. It is available in PETSc since version
3.12. PETSc (Portable, Extensible Toolkit for Scientific Computation) is a widely-utilized suite
of data structures and routines for the scalable (parallel) solution of scientific applications. Among
PCDeflation features are multilevel deflation, possibility to use an additional preconditioner,
automatic computation of wavelet and aggregation-based deflation spaces, coarse problem
correction, and efficient coarse problem solution employing communication avoiding techniques
and precision relaxation.

Ing. Jakub Kruzik

jakub.kruzik@ugn.cas.cz

Vysoka Skola banskd - Technickéd univerzita Ostrava,
Ustav geoniky AV CR, v.v.i.
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Block preconditioners for poroelasticity
Blokova predpodminéni pro poroelasticitu

Luber Tomas

ABSTRAKT: Biotiiv model poroelasticity je zdkladnim modelem toku tekutin v poréznim médiu.
Sestava z linearniho elastického modelu popisujiciho deformace matrice svazaného s nasycenym
tokem tekutiny popsanym Darcyho zakonem. Tento model je pomérné jednoduchy, je kvazi-
staticky a linearni, ale je schopen zachytit zajimavé chovani vyplyvajici z interakce mezi
deformacemi matrice a toku tekutiny. K numerickému modelovani téchto efektii potfebujeme
spolehlivou diskretizaci a efektivni feCe. Systémy podobné Biotpvu se také objevuji
v pfedpodminovacich pro cCasové diskretizace vySSiho fadu a linearizace v nelinearni
poromechanice. Tento pfispévek piedstavi model, ukdze nckteré specialni ptipady se znamym
analytickym feSenim, a predstavi sadou fesSicl zaloZenych na Schurové dopliicich a porovna je
na (fyzickaln¢) jednoduchém testovacim piipadé s parametry horninového materialu.

ABSTRACT: Biot's model of poroelasticity is a basic model from a fluid flow in a porous media.
It consists of linear elastic model of the matrix material coupled with a saturated fluid flow
described by Darcy's law. This model is quite simple it is quasi-static and linear yet able to capture
interesting behavior arising from the matrix-fluid coupling. To model this effects numerically
we need a reliable discretization and efficient solvers. Systems similar to the Biot system also
appear in preconditioners for higher order time discretizations and linearizatinos in nonlinear
poromechanics. This contribution will introduce the model, show some special cases with a known
analytical solution and a present set of solvers based on the Schur complement technique and
compare their efficiency on a (physically) simple test case with rock mass material parameters.
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Strojové uceni aneb pro¢ kocka neni pes?
Machine Learning - The Truth About Cats & Dogs

Pecha Marek

ABSTRAKT: Prispévek nebude o tom, co jsou kocky a psi zac, o rozdilech mezi nimi a jak bychom
se méli o né starat. V piispévku se lehce podivame na posledni dobou ¢asto sklofiované data-driven
techniky, se kterymi se miizeme setkat napfti¢ celou Skalou védnich oborii — nevyjimaje ty geovédni.
Ku piikladu, technikami uceni bez ucitele jsme schopni podchytit skryté zavislosti mezi daty,
¢imz muzeme naptiklad detekovat rozlozeni materialti v tomografickych snimcich ¢i rozlisit kiehky
a houzevnaty lom na lomové plose. V ptipad€, ze dokdzeme rozlisit prislusnost dat, napt. jestli
na daném obrazku je kocka nebo pes, vyuzivame k sestaveni datového modelu techniky strojového
uceni s ucitelem. I kdyz se miize jevit, Ze rozlisSeni dvou domadcich mazlickli nema ve védé
své praktické vyuziti, opak je pravdou. Visualni klasifikadtory jsou testovany pro pouziti
na obecnych datovych vstupech a musi zvladnout podchytit klicové prvky ve visudlni scéné, textury
objektl, a to 1 v pfipad€, Ze jsou si objekty velice podobné. Z tohoto pohledu se jevi testovani
schopnosti visualniho klasifikatoru na uloze rozpoznani, pro¢ kocka neni pes, jako velice vhodné.

ABSTRACT: This contribution will not be about what cats and dogs are, about differences between
them, or how we may pet them. In the contribution, we will gently observe the latest buzz words -
data-driven techniques. We can meet these techniques in different scientific fields - including
geosciences as well. By using unsupervised learning techniques, we can capture hidden connections
between data samples. It is applicable in detecting material regions in CT images or distinguishing
between brittle and ductile types of fractures, for example. Further, we can exploit supervised
learning for creating data models, when memberships of data samples are available, e.g., a cat or
dog depicted in an image. Although it may seem that the capability of distinguishing these pets is
not practically usable in science, it is not true. Commonly, image context classifiers are
benchmarked for applying on general visual inputs so that they detect key parts of the visual scene,
textures of objects while they are similar. From this point of view, it makes sense to test capability
of image classifier that recognize the truth about cats & dogs.
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Monitoring vibraci pfi hutnéni podlozi pomoci raznych fyzikalnich metod
Monitoring of vibration during soil compaction using various physical methods

Pinka Miroslav

ABSTRAKT: V soucasnosti je jeden z prvotadych ukolii stavebnictvi budovani dopravni
infrastruktury. Jedna se jak o budovani novych obchvatt, tak o opravy stavajicich komunikaci, které
jsou poskozovany nadmérnou dopravni zatézi. Vzdy je ale velmi dulezité zvolit vhodnou metodu
upravy podlozi. Pfi realizaci liniovych staveb je v soucasnosti jednou z nejpouzivanéjSich metod
pro upravy podlozi hutnéni pomoci vibracnich valct. Jedna se o metodu jednoduchou, ale velmi
efektivni jak z hlediska vysledku, tak pro jeji nizkou finan¢ni naro¢nost v porovnani s jinymi
metodami. Pfi realizaci hutnéni podlozi pomoci vibra¢nich valct jsou do okolniho horninového
prostfedi prenaseny vibrace. Tyto vibrace nejsou tak velké jako pfi jinych metodach upravy podlozi,
ale 1 tak mohou zptisobit problémy naptiklad pro citlivé elektronické zatizeni, které se stale Castéji
pouzivaji i pfi stavebni ¢innosti.

Tento piispévek pifinasi alternativni piistup k meéfeni standardni seismickou instrumentaci
a experimentalné vyvijenym interferometrickym senzorem. Cilem je zjistit zda lze novy senzor
pouzit alternativné pro potieby monitoringu vibraci. V ptispévku jsou prezentovany vinové obrazy,
frekvencni spektra a utlumové kiivky z experimentalniho méfeni dynamické odezvy horninového
prostiedi vlivem hutnéni podlozi pomoci vibracnich valci.

ABSTRACT: At present, one of the primary tasks of the construction industry is to build transport
infrastructure. This concerns both the construction of new bypasses and the repair of existing roads
that are damaged by excessive traffic load. However, it is always very important to choose
a suitable method of subsoil treatment. In the realization of linear constructions, one of the most
commonly used methods for soil subsoil treatment is currently compaction by vibratory rollers. It is
a simple method, but very effective both in terms of results and its low cost compared to other
methods. When the compaction of the subsoil is carried out by means of vibrating rollers, vibrations
are transmitted to the surrounding rock environment. These vibrations are not as great as in other
subsoil treatments, but they can still cause problems, for example, for sensitive electronic
equipment, which is increasingly used in construction operations.

This paper presents an alternative approach to measurement by standard seismic instrumentation
and experimentally developed interferometric sensor. The aim is to determine whether the new
sensor can be used alternatively for the needs of vibration monitoring. The paper presents wave
images, frequency spectra and attenuation curves from experimental measurement of dynamic
response of rock environment due to soil compaction by vibrating rollers.
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Stanoveni tensoru napjatosti metodou CCBO v podminkach pri€né anizotropniho
horninového prostredi

Determination of stress tensor using method CCBO in conditions of transversial
anisotropic rock environment

Petrlikova Alice

ABSTRAKT: Horninové prostiedi je od svého vzniku prostoupeno mnoha geologickymi zménami, které
V prubehu veékl vytvortily, vzhledem k délce lidského zivota, staticky obraz dnesni podoby. Snahou je tento
obraz matematicky popsat, aby se s nim mohlo dale pracovat pii navrhovani podzemnich konstrukci nebo
dobyvani lozisek. Napétovy stav horninového masivu je jednim ze standardné hledanych veli¢in. K jeho
dosazeni je mnohdy potteba laboratornich zkousek, terénnich méteni, matematickych vypocti, numerického
modelovani vcetné inverzni analyzy. Vysledek tohoto procesu ma svd omezeni. Jsou jimi teoretické
predpoklady, podle kterych se v celém pribehu postupuje. Isotropni, homogenni, pruzné reagujici material je
Zastym teoretickym predpokladem pii uréovani napétového stavu horninového masivu. Rada hornin viak
vykazuje vyrazny stupen anisotropie. Jsou jimi napfiklad sedimentarni horniny charakteristické plochami
vrstevnatosti, metamorfované horniny charakterizované foliaci anebo nékteré granitoidni horniny, jejichz
heterogenita miize byt reprezentovana usmérnénim jednotlivych stavebnich mineralti horniny. U takovych
hornin se da predpokladat, Ze pokud bude pfi stanovovani stavu napjatosti anisotropie zanedbana, vysledky
nebudou odpovidat stanovenym naroktim. Cilem pfispévku je predstavit metodu CCBO (Compact Conical -
End Borehole Overcoring) - metodu pro méfeni tenzoru napjatosti v horninovém masivu v anizotropnich
podminkach. Pivodni teorie, podle niz je vysledny tenzor napéti stanoven, je zaloZena na teoretickém
predpokladu izotropniho horninového prostfedi. Autorka popisuje soucasny vyvoj nové metody stanoveni
napétového stavu horninového masivu v piicné anizotropnim prostiedi. Cilem autoréiny prace je vyvinout
metodu, kterd umozni presnéjsi ureni tenzoru napéti, jenz je ve slozitych geologickych podminkach casto
obtizn€ stanovitelny.

ABSTRACT: Since its formation, the rock environment has been permeated by many geological changes
that over the ages became a static image of today's form. The aim is to mathematically describe this image
so that it can be further used in the design of underground structures or mining deposits. The stress state
of the rock massif is one of the commonly sought quantities. To achieve this, laboratory tests, field
measurements, mathematical calculations and numerical modeling including inverse analysis, are often
needed. The outcome of this process has its limitations. These are the theoretical assumptions that need to be
followed throughout. Isotropic, homogeneous, elastically reacting material is a frequent theoretical
assumption in determining the stress state of a rock mass. However, many rocks show a significant degree
of anisotropy. They are, for example, sedimentary rocks characterized by areas of stratification, metamorphic
rocks characterized by foliation, or some granitoid rocks whose heterogeneity can be represented by
directing individual building minerals. For such rocks it can be assumed that if the state of anisotropy is
neglected in determining the state of stress, the results may not be in accordance with the stated
requirements. The aim of this paper is to introduce CCBO (Compact Conical-ended Borehole Overcoring) -
a method of measuring stress tensor in rock mass in anisotropic conditions. The original theory, by which the
resulting stress tensor is determined, is based on the assumption of an isotropic environment. In this study
the author describes her current development of a new method of determining the stress field in the
transverse anisotropic strata environment. The aim of this study is to develop methods to enable more precise
stress tensor determination that is often difficult to measure in the complex geological settings underground.

Ing. Petrlikova Alice

alice.petrlikova@ugn.cas.cz

Vysoka Skola banskd - Technickd univerzita Ostrava,
Ustav geoniky AV CR, v.v.i.

Skolitel/Recenzent: doc. Ing. Petr Konic&ek, Ph.D.
Obor: Geotechnika



Ustav geoniky AV CR, v. v. i., Ostrava 17

Analyza pérového prostoru pomoci RTG CT a Hg porozimetrie
Pore space analysis by X-ray CT and MIP

Zajicova Vendula

ABSTRAKT: Porovitost v horninach a jeji prostorova distribuce hraje dalezitou tlohu v mnoha
geotechnickych projektech, zvlasté v oblasti proudéni kapalnych a plynnych médii. Primérni pérovy
prostor muze byt tvoien pseudokulovymi pory ve vyhojenych puklinach s vyskytem sekundarnich
mikrotrhlinek, déle mize byt porovy prostor formovan siti drobnych trhlinek v mezizrnném
prostoru, popiipad¢ 1 v zrnech samotnych vzhledem ke Stépnosti jednotlivych mineralnich zrn.
Efektivni pérovy prostor pfimo ovliviluje migracni parametry mnoha rtiznych znecist'ujicich latek
V horninach. V minulém obdobi jsem se zabyvala charakterizaci pérového prostoru u granitickych
hornin. V leto$nim roce jsem se zabyvala také metamorfovanymi horninami. Pfedkladany ptispévek
se zabyva studiem porového prostoru migmatizovanych hornin odebranych z vrtného jadra v rtizné
vzdalenosti od lice vyrubu. Byla provedena analyza typu porového prostredi a velikosti port, véetné
analyzy prostorové distribuce v matrici studované horniny. Pro analyzu studii byly pouzity
vysledky z méfeni vysokotlakou rtutovou porozimetrii a rentgenové pocitatové mikro tomografie.
Rovnéz bude diskutovana petrografie pouzitych hornin. Jednalo se o priivodni horniny grafitizované
zony odebrané v jejim podlozi a pevnéjsi vlozky hornin odebrané ze samotné grafitizované zony.

ABSTRACT: Porosity in rocks and its spatial distribution play an important role in many
geotechnical projects, especially in the flow of liquid and gaseous media. The primary pore space
can be formed by pseudo-circular pores, in re-healed cracks with the occurrence of secondary
micro-cracks. In addition, the pore space can be created by a network of small cracks in the inter-
grain space or also in grains themselves due to the cleavage of individual mineral grains.
An effective pore space directly affects the migration parameters of various pollutants in rocks.
In the past, | have focused on the characterization of the pore space in granitic rocks. This year,
I have also examined metamorphic rocks. The presented contribution deals with the study of the
pore space in migmatized rocks taken from a drill core at different distances from the excavation
face. The pore space type and the pore size were analyzed, including the analysis of the pore spatial
distribution in the studied rock matrix, based on the measurement results using the high-pressure
mercury porosimetry and the X-ray computed micro-tomography. Petrography of the studied rocks
was also investigated; in particular, the associated rocks taken in underlaying rocks of the
graphitized zone and harder rock inserts taken from the graphitized zone itself.
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