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Abstrakt
Mechanick® vlIastnost. moSsktfch saetemenk® wmodkbd
stavebnz | 8§my

Il ngenlTrskogeologick® pomRry v okol?2 koper sko@
geotechnick® odborn2ky a stavebn? ingenlry Segi
praktickgsBtfhcbdl padmi nul ®ho stolet?2, kdy zal al
visledkT Sady geologicklch a geotechnicklch pr°-
zakl 8d&8n2m v m2stn2ch geologickldh8pomBreghoVegrf
kategorii, |ili zakl 8d8n2 n8rolnich stavebn2ch
hl adinou podzemn? vody-Di G&r$ k®hloasteks pad & kd®dh oA
fundament je zdevivhSsrmdkomemlitdx eofcleywind ho st §S2
recentn2ch moSsklch sedimentT a v prostoru girc
ingenirskogeologick®ho hlediska je to tzvalp 2 mav §
mNDkkTch moSskich sedimentT, pS2padnhD je pomoc?
hlubinn® na Y“%roveR ¥Ynosnhjg2ch vrstev gthRrkT a
Soubomo Ss kT ch sedi ment T v dkyolz28 kK capdeorvss8k ®H[ad ap S 2sset
pro aplikaci metod numerick®ho model ov&n2 na Sce
hl ubokTch stavebn2ch jam, stabilita geotechni ck
VhodnostchpobogmeéeodNDj e podlogena mini m8l n2z tektoc
geotechnicky ovhRSenou cel kovou homogenitou mas?
vyt S2dhNDn2zm a st§lou mineralogi? zeminy.

Zemina v pSirozen®m Istmatue miehl2 s mN$edpBipm &in
je tSeba pSi-stavebakRkckonemiomace vygetSit rTzn®

geotechnickimi zkougkami a | aboratornzmi met od:
navg§zat natol smbeedHBynumMehickou 2D |i 3D analTlzol
(materi 8l ov®ho) modelu v kombinaci s programy \

V geotechnick® praxi jsou pro Segen? vige zr

kter®exvxygestahoj?2 dTlegit® aspekty chovg&8&§n2 zemin,
PS2kladem mTge blt po uCypo2uvl Sonntb odvoab Sreo dzen Sum® hj oe nMjo hnr
chovg&§n2 zemin na stavovich prombDndilack, ( mapht?2,
opom2j2 dalg?2 dTlegitl faktor jako je nelinear.i

korektn?2.



Do t®t o problematiky vstupuje hypoplastickl

geomechanice. Modalnijce Xxaliagekll cha smavl a na t
vyv2jena od osmdes§8tlch | et minul ® o stolet?2. .
(vysok§8 tuhost v oboru velmi mallch pSep®@bSen2)
materi 8l ovich parametrT, jeng lze z2skat vyhodr
jej v praxi jednoduge poug2vat pSi Segen2?2 rutir

Pro % ely modelovgn2 t®mnRS 13 met rp[l ahd tuibokIi®c
hl2n ag j21 T na kFS?rgreanr2s kual inca Kooklroadjvio rnstksat a Ko pe
hypoplastickl model obohacenl o tzv. koncepci i

visledkT model oGo8unlao mboovvnl g dMbodnerBE e me o st avebn?
pTdorysu s rozmBDry stran 54,8 x 56,3 a hloubkol
v kombinaci s rozpDrami pomoc?2 vliastn2zch stropr
inklinometryviameg ch L5, L12, L17 a L27.

Laboratorn2?2 pr§8ce prob2haly na vzorku moSskT
hl oubky 3,4 m jako neporugenl. Indexov® vlastncg
Geotechnika a. s. Konsai8tlovaz®oong#y®somadS@ne m
oedometrick® zkougky byly prov8dhDny na nepor uge

odzkougeno 6 triaxi 8ln2ch vzorkT (3 neporugen®

par ametlrul] prooudgei ty 2 neporugen® a jeden rekonst.i
odzkougeno rovnhRg 6 (3 neporugen® a 3 rekonsti:t
zkouRekg2Sen? hypoplastick®ho medevoaSenkowgalkcyv
dal g2ch pRDt parametr T, kter® | ze z2skat pomoc?
zkougky, kter® vygetSuj?2 tuhost zeminy pSi mal T
jednal o o mhRSemyk adw®d yv Ipryl cvhzodruk sm pomoc?2 prvkT
vzorky byly nainstal ov§gny plrok §lhlrS?e ngn 2nmad |Te hd afed

ovhNSen2 mineralogick®ho slogen2 zeminy byly pSi

jemnouf r ak ci podrcen® zeminy. RTG anallzu provedl
nerostnich zdroj T, PS2rodovhRdeck® fakulty, UK.
Na visledc2ch | aboratorn2ch zkougek se pomoc

pot Sebn® par amech ymoodeoluT .n uSreema tcrk® model ov&n2 se
PLAXIS 2D, kde byla nejprve nadefinov8na geomet
] 8my (podzemn? stDny a rozpBRry) a parametry zer

bylydoproga mu PLAXI S i mpl ementov8§ny pomoc? subrutin
3



Vzhledem k dvojrozmRrn® anallze Y% ohy musel bl

zvolen profil jdouc?2 pSes | amely pondklein?ocrhe tsrtifor
vrity pro porovngn2 visledkT.

Vipol et obou model T byl roz|ll enlDn cel kem do
respektive el astoplastick® anallzy za nedr ®nov ¢

povrchem). F8zeemVypottuedByhlycbdvwdz2 tNDgby j &§my,
vipoletn2ch f8z2 obou model T musela blt upraver
metody zn8m® jig z modelov8&§n2 tunel T NATM) pro
pagen2vjedn#tbvn2. Kombinace rTznlch b faktorT
visledky obou model T a prob2hala ve formh zphtr
reprezentovala re8Il n® podm2nky. Postup vistavby
numeri ck®ho model ovgn2 tak, aby byl vybranl typ
pogadovanlich visledkT, nejjednodugg?2, ale z8r o0\

Vistupy obou model T byly porovn8§vs&ny s vIsle

predke hypoplastick®ho modelu v jednotlivlich f §z?
inklinometrickT mi mNSen?2 mi a def or macemi podzer
model em a to jak z hlediska velikoxtTi. defpordBac?

Mohr-Coul ombova model u byl a shoda tDchto defor mac
hypoplastickl model pSedpov2d§8 mnohem re§l nhj g?2
podzemn2ch sthRDn (d2ky pSedpSivDvdel miy gngeel Ttcuhh opsS et
Naopak MohfCoul ombTv model predi kuje tyto deformace
protoge m§8 line§8§rn2 povahu a nerespektuje vige
hypoplastick®ho Gedehuvipel vurIpbnbtrabhoffat cel ou
kter® viraznhD pSisp2vaj?2 k pochopen2 dRj T prob?
j 8my a n8zornhD demonstruj?2 aspekty chovg&8n2z zemi
Model ov8n2m chovg8n?2 hdwadroskkRa swvt akoepoenrzu jb8ymya K
opr 8vnhNnost pougit?2 metod numerick®ho model ov §1
z8kl adhD regerg?2 poln2ch geotechnicklch zkougek
vzorkT zeminy b¥cehtopPlukguztadr nta®tamap ogi | nost a
numeri ck®ho model ovg&§n2 v m2stn2ch ingenlrskogec
mechanicklich viastnost?2 z8kladov® pTdy. V t®to
efektirvon?2 kn&setgen?2 mnoha geotechnicklch %l oh.



Abstract
Mechanical properties of marine sediment near Koper and numericallmgaéla deep excavation

Engineering geological conditions near the port Koper in southwestern Slovenia forces
geotechnical expertnd civil engineers to solve problems in foundation various types of objects and
purpose of the practice since the fifties of last century, when it began an intensive development of
infrastructure of the port. The results of series of geological and geatatsurveys, monitoring, and
long experience with foundation in the local geology shows that it is almost always the 3rd
geotechnical category, or foundation of complex structures in difficult geological conditions below the
water table. The entire arbalongs to AlpineDinaric tectonic area. The rock foundation is composed
of complexes of flysch sediments Eocene age at which mounted files of recent marine sediments in the
area widely submerged river valley fluvial sands and gravels. From the geoatgloint of view it is
interesting site, where most buildings were based on a layer of soft marine sediments, where it is
through the creation of special methods implemented in the establishment-téwddemdurable
layers of gravel and sand oftherive Ri gana or at the |l evel footing
near the port Koper, what the founding ground, it seems appropriate for the application of numerical
modeling techniques for solving geotechnical problems such as the formation ofitledpepstability
of geotechnical structures, settlement of various types of foundations, etc. Suitability of these methods
is based on the minimum tectonic disturbance this layer, geotechnical reviewed overall homogeneity of
the massif in the lateral an@rtical direction, grain size, poorly grained soil and mineralogy.

Solil in its natural state is not an artificially prepared material in advance with known
characteristics. Therefore it is necessary for interaction bailding structures to investige various
aspects of the behavior of soils in situ by geotechnical testing and laboratory methods of soil
mechanics. Ideally, we can build on the results of these numerical methods, 2D and 3D analysis, in the
form of a constitutional (material) model@mbination with programs using the finite element
method (FEM).

In geotechnical practice for solving the above problems are often used numerical thatels
doesn't fully capture the important aspects of the behavior of soils, so their results maleading.

An example might be using a wé&dhown MohrCoulomb model, which disregards the dependency
behavior of soils in the state variables (stress, porosity, degree of overconsolidation, etc.). Furthermore,
neglecting other important factors such aslinearity behavior, this is not in terms of soil mechanics

totally correct.



Hypoplastic model enter into this problem, using modern knowledge of geomechanics. The
model is based on the mechanics and the critical state theory hypoplasticity, which telveinged
since the eighties of lasentury. A1 advanced model already takiato account the nonlinearitf the
behavior (high stiffness in the field of very small deformations). Since it uses the basic version of the
five material parameters, whichrche obtained by evaluating the standard laboratory tests, it can be
easily used in practice to solve routine geotechnical problems.

For moddling purposes, almost 13 meters deep pit in the highly plastic silt and clay on the
intersection KolodvorskaFerarska on the outskirts of Koper has been necessary to use enriched
hypoplastic model for soalled concept intergranular strain. The pit was to compareliimgdessults
also modeled by Moh€oulomb modellt is the foundation pit of rectangular layouithvdimensions
of 54.8 x 56.3 and depth of 12,8 m. Sheeting is carried out through the diaphragm walls in combination
with spacerdrom custom slab. Deformation of the pit walls were monitored by inclinometers in the
slats L5, L12, L17 and L27.

Laboratorywork was conducted on a sample of marine sediments, which was removed from the
site at a depth of 3.4 m as intact. Properties of soil laboratory set Arcadis Geotechnika a. s.
Consolidated undrained triaxial tests with pore pressure measurements (ClldBjlambtric tests
were performed on undisturbed and reconstituted samples. It were tested totally 6 triaxial samples (3
reconstituted and 3 intact), which was to calibrate the model parameters used 3. Oedometric samples
were also tested 6 (3 reconstitutadl 3 intact) to calibrate the resutif model were usedll six tests.
Enlargement of the hypoplastic model for the concept of intergranular strain requires five parameters,
which can be obtained using less standard laboratory tests. These are thenesssigate soll
stiffness at small and very small strain. In this work was a time measurement of shear waves passing
through the sample element by the Bender Elements equipment. On the samples of triaxial tests were
installed local deformation sensdt3/DT) for measuring small deformations. Samples were prepared
as naturally dried and then crushed to a fine fraction of soil to verify the mineralogical composition of
soil. Xr ay analysis was made by doc. PSiyandMinerd r om |
Resources, Faculty of Science, UK.

On the results of laboratory tests, using Triax program, were calibrated all the necessary
parameters of the both numerical models. Miagiwas done in 2D PLAXIS program, which was first
defining the ra¢ of geometry, the real parameters of the technical features of the pit (underground
walls and struts) and soil parameters of both models. Hypoplastic model parameters were implemented
into the program PLAXIS using subroutines, developed by #@010). Gven the twedimensional

analysis of the problem had to be the most appropriate intersection across the construction pit. It was
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elected a profile passing through the slats of the diaphragm walls L5 and L27, which were situated
inclinometer boreholes folomparison of results.

The calculation of both models was divided into eight stages in total, and was conducted
through the plastic, respectively elastoplastic analysis, for undrained conditions (water table 1.8 m
below the surface). Calculation phasesravderived from the real phase of mining pits, but the overall
concept of computational phase of the two model
(derived from the b met hlinda NAIM tuenals) fpr cierectionof f r o m
the surround effect of mining process and propj
later proved crucial to the results of both models and takes the form of retrospective analysis in order to
best represent the simulation realistic caodd. Model building process was conducted in accordance
with the principles of numerical moldiag, so that type of model was selected as best possible to
achieve the desired results, the simplest, yet most concise as possible.

The results of both modelvere compared with results of monitoring, where a more realistic
prediction of hypoplastic model were verified in each stages. It was achieved excellent agreement
between the inclinometer measurements and deformation of diaphragm walls, predictecpbbgshigpo
model both in terms of size distortions, the shape of the curve of horizontal displacements. FThe Mohr
Coulomb model consensed less at deformations distribution. It was also shown that hypoplastic model
predicts a much more realistic deformatiorboftom of the pit and close vicinity of the diaphragm
walls (thanks to the predictions of higher stiffness at unloading and the very small strain). Conversely
Mohr-Coulomb model predicts the deformation of a much larger scale and siagsdéds lineaand
does not respect the abemwentioned aspects of the behavior of soils. Through the hypoplastic model
can be in various stages of the calculation show a number of state variables that contribute significantly
to the understanding of the processes gomghroughout the process of bracing and excavation pit and
demonstrates aspects of the behavior of soils.

Moddling the behavior of the deep pit Kolodvorska in Koper was established the legitimacy of
using the methods of numerical mddey for solvingsuch geotechnical problems. Based on the
research field geotechnical tests and laboratory tests of soil samples, the author of this paper would
point out the analogy and portability of the results of numerical modedn the local engineering
geologicalconditions in terms of stability of the mechanical properties of soils. In this context, it

appears hypoplastic model as a powerful and effective tool to solve many geotechnical problems.
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1. Pvod

Ffegen2 geotechnicklch % oh jako je zak!| §d§gn?
pozornost z hlediska rozs8hl ® komplvéhmwmo piriosit Stee
Protoj e | asto k Segen? tRNchto %l oh poug2v§&§no nume

| aboratorn2ch zkougek Nezbytnou soul|l 8st?2 t ®to e

jev2 jako silnl a oefpeokdtoit\km2o urt § s tgreo jn,u melrd crkdt mo
kompl exn?2 realitu. Pro % eln® pougit2 je potSel
K model ov§n?2 stavebn2 j8my ve specificklch

hypopl ast, i kklernmo &V PiB8os | Monbovi m model em. Numer
Kol odvorska byl sestrasz@er n2a m28ktl ra2dddh, pgpeoahladdciTic k1
geotechnicklch zkougek a provedenilch | aboratorr
Vzhl edemi ks k mgeol ogi ckT m pomRrTm se naskytla p¢

I

mechani ky zemin pro stanoven? parametrT vybran
2. C2] diplomov® pr 8ce

PS2nosem t ®t od pkée es pory§ vmdd ibd tt evrhpordemtdol veam@h ov T
nume thomode®b y ymidlIt ned2l nou soul §st?2 kagd®Zanallz
tohoto dTvodu byly prpvedonhdge ) abdoa&norjing myeg kballgad
Koperu. C2lem bylo rovebDgcrpP®PbbE&matdielbhboagnospr hift
vyzdvi hnout jeho pSednostnaps8K!| btifnpPpopouggmani
monitoringu a vistupT z obu model T

3. Lokalita Koper
3.1 Lokalizace

St udosvtaanvi@ m® @ n avc b8 2RzSkeogskthiz Kol odvorska a Fel
Koper, Slovinskqobr. ). MNDst o | eg2 na pobSed2 Kopersk®ho z§I

Terstsk®ho. Jedn§ se o historick® pS2stavn2 mhs

pS2stavu IlLnutken Kiowe% .r 0zVvo|j p S2 st aav up ozkarlaa lu jve 5d0o.



Obr. 1 Lokal i {zdrojGoogld) avebn2 j 8§my
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32Geol ogi ck® pomDry

Tekt ostavbak 8 h oz § p a d n 2 (npraveSd podieiPlacerko81)

Slovinsko je zaj?2mav§ zRimDS rzis éikdteocdnpresicta® hoob | a s t

PSecho dkmjés er Soade §§P gviihroszkS®@ adn2 provoncii. Charak
jihozg8paidmgkha jSdowv &g FMaw@sploSByd.§ndvacphoshbdTl
Gorici, VipavD a Hrugevje, kde se flyg vyskytuj

kdo vBDnoval pozornost tNDmto st r jehotintenpr8tace dryktury F. |
Trnovsk®ho -Nasas HrGgegaik by mhRly blt legatTl mi
jihovichod severoz§pad. PSedpokl|l §dal, ¢ge inic#gl
pTvodn2m smhRru a pyodostsal pSeor Giclem® arpaevl ®z e
kl esaj2c?2 intenzitou tektonick® aktivity mohly
jednot ky TnovskNeahnoo sl eas aS;n DHgrniegkiuc.e PozdDj i Kpoodal i
Grad& M. Pl eni |l ar (1967).

A. Winkler pozoroval jJjin® smDr-yJWr 9t sveverjoeac
| §st-iVv a& Zihovichodn2V |$mlry Z2Rovmhwodni2 AIVp2nské
smNDry mohly blt Upgecddbedy2 rotacév v oblasti n§s
verti k8l n2 osy severovichodnhD od Gorice.

Novou koncepPicn8§Ml$ pPalskpomDr T zavedl U. Pemru
usuzovat, ¢éVDnaSosk®nS3ZpSeld® N& zpeolhoy bpyr. v n\Po vAI pb2yr
tektonick® jednotky-HfTfugocakPbovalges8&8nyg Kanbdbgst
ng§sunu, kter® byly pSesunuty smRrem k jihu. PSe
jednotky NanosHr ugi ca v PmyeZ-Vanshd snkaljc®n skmilseveru. Tyto p
charakter n8sunT smBDrem k severu.

Jelikog ani rozsah ani smBDr dislokac?2 nebyl
stanoven2 geometrick®ho vzoru t ektgdmrcikegk Isoym kd d my
stejnl smhRr a sklon svich os: 304/26. Podobn®
v nadlog2 (Trnovskl |l es) n8sunov®ho zI|lomu mezi
smRDrem k jihozPfopmderjpeeota@8ekpSevr §cenich vrste)
Buserem, ani i nterpretace A. Winklera zahrnuj 2
pSedpokl §daj2c2 nasunhrviggizc a ba uT rj readwnsokt &hko Naensoas

kor ekt n?2
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Obr. 3 Tektonick8 mapa jlO#H)oz8padn2ho Slovinska
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Obr. 4 VIivoj terci®rn2ch n§suPaeri98Mm struktur i
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Geol ogi ¢ kj®& hpooznglprayd n2 ho Sl ovi nska
(upraveno z popisu mapov ad8rsth:1p0eaDMIoe retlel, 497 | i st

DzemPhoz8padnjikob8doviEmeskall ulnhD tethydn?2mi

do eoc®nu a skl 8d8 se z v8pencT a dolomitT, netl
KS2dov® f oy nsakcle§ csaej 2v gzd kar bon§tovich faci?2, ter
kl astik. Oblasti, kde se vyskytuj2 v8pence, | sc

pokryty mocnim pTdn2m pl 8§gtNDm. KS2dohbvgkliea spodnc
vystupuj?2 pod® erodovanlch hSebenT anti kIl in§l
Sedi menty spodn?2 kS2dy jsou dobSe vyvinut® \
hrubozrnn® dolomity a dolomitick® brekcie s vel
Albu (podlem kr of os2 1 i 2) .
SvrchnokS2dov® v&8pence a dolomity obsahuj?2

byly identifikov8ny. Cenoman se skl 8d§ z tmavhD

14



kor8li Radiolites, tumeaid 3 b2t hd mhesaCnhdoddtiCa pg ¢ i
senon z gedlch v&8pencT s radiolarity a mlgi r oc

KS2da je vyvinuta ve v8pencovlich faci2ch se\
terstskok o mens k®m pl at - . Na 3 idhuarn aktod roi dizieank ® viyes 1 a
ged® v8pence Istrijsk® f8cie.

TmavhD ged®, viraznhD vrstevnat® v&8pence, | §st
dokonce sl adkovodn?#D§ $jTsvooud uv, y Wiart detoyg evn hd hdolc2e  a
Selovje, tyto vE§&pesncheohatolumid ofkausmielnrt2omi§nsypol el en
Di val i ( k o asQysrko® |verusrtavnyi) hoj nT mi ve spodn2ch pa

Foraminiferov® v8pence | s ocau@ dc8esn re?l med cpRad Poec ¢

zastoupen alveolinovimi, numulitovimi a operkul
eoc®nu. Eocenn? klastick® sedi menty spadaj 2, pc
eoc®nu a Mod)te Si 8ede2ho®ausvBkhgdhp2ese z kart
sl 2nT, prachovcT, VvE&pemuwmwliictho wirerk cv 8pe rd f.pe\ie

| astNj g2 v8&pnitNjg2 komponenty se sl2ny a kSeme
parti 2ch.

Kvart®r je zastoupen osypov]I mi kugely (tal us
holocenn2mi moSskimi sedimenty, eolickIimi p2sk)
%l omky pleistocenn2ho a hJoV oscnellrné hjos ak t§Sri. s PiSE k
strukturn2mi rysy v poloh8ch klasticklch uloger

V. kS2dn tvoS2 viraznou strukturn?2 jednotku \
tak® pSesmyk v Lilarie, kterl je budovge; mhbhar
mnoha stupRT je visledkem selektivn2 eroze m®ntl

15



Obr.5 Geol ogi ck§8 mapa juiphoazvemad ridulntsRNrstRA00006, k a
Plenilar, (1P gak, Gi kil

{ | A

3 | XN ] \
Legenda A 1
I . 89 7 6
KVARTER \ TB..,%T"- ‘ Y/ % 7 -
" dolomity, srchn kitda (o FA S e (/ 8 B -
|G - i % /) ViR L =
i [ & S ¥ < > %
[ -tomarossa [ -vanence.senon n V2, J o2 e (026N 5 o8 X
- tmavé éedé vapence s cockami I‘ :7 > = qvica A - i)
EI - pisek radiolaritovych brekei 5 > v i
‘ i S AT +
~tecentni moiské sedimenty, sedomodré <Imavh Sedé rudisiové vipeace — - t i z > <= g 7
3055 [0 iy ot by % s3] “v Skedenj Ricmanje F4/ 7] ‘\ /
H -svétle dedé, Hutavé, vzdcné hnédé vipence, i (Sarvola) 7/ San Dutape) 2 1
I TERCIER - paleagén conoman - turon 2 o \
~slinovce a piskovce, svichni série LR 7 i Y
rsiehdemns plevatné sedé vapence a dolomity, cenoman ¥,
piskovee s viozkami vapenatjcl tmavé bituminozai a dolomitické vapence, " Vs
a flysovych brekeil, spodni lutet spodni kiida a ce n e 4
- crustaceové a globigerinové slinovce, = el )
spodni lutet { & ) S -
Tangi i
E - globigerinové slinovee R 7
~alveolinové a numulitavé vip katet )
Il | alveolinové vapence, Debeb itk 2t
| 50— |[BE -kozinskivapenec Skm e =5,
| I ] h,
de miliolidni foraminiferové) vapence,
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Recentn?2 sedi ment (uprakenppadieOgeih et al.2987% i v u

Koperskigiz®lciey gme@dzntd@Sen® w%dol 2 Seky Ri gany
salinitouy ¢olkolvé c2643 a® dmemennoT Mol &lou cirkul a
pS2livem a dWNtzge Pt &k ® kpyuchybz) . Mor fol ogi cKk
strmim pobSeg2m, budovanim flygovimi sedi menty.
bohatlTch na fosiln2 skelety foraminifauw20a mhDkk]
40%) narTst§8 smRDrem do otevSen® | §sti z8&Ilivu. \
fluvi 8l n2ch na brakick® a mari nn?

Podle zrnitosti a |itologie jsou Ledi menty k
Obr . 6 Zon apodldzaitosti®gdorelmeenall987)

A - sediment cloge to the eoast, B - sediment in the interior of the bay, C - sediment at
entrance of the bay

E

£
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-PS2bSegn? seddanemltoub{ky nmk ®A)o 5 metr T. Skl §d§
p2sku a m®nhD neg 15% j 21 u. PrTmBDrn8 velikost zr

-Sedimenty vnitSnpsb@8stivo$S€hyvpr40z% ajezi IB) mi men 1y

prachovit® frakce. -®rgmdDrn8 velikost zrna je 3

-Sedi menty otevSen® | §sti z8livu (z-na C) jsou
se 40% p2s|lit® fr akoowvd tad® m®mlk cree g HX 5% omgrmraan 8 fr a
foraminifer a mhRkkTgT.

Miner8l n2 slogenZa®e pOMQrimRA sztr&l e( dlert riti
pobSegn?2 eroze flygov®ho podlog?2 p2kZzopBminomiun &k
(illit a chlorit v pSiblign®m pomBRDru 2: 1), kar't
se mRDn2 v rozsahu mezi 20% ve vnitSn2 | 8§sti a ¢
schr&8nek rTznl crmn?migamiirsenT§!| YAujts @yie aragonit a p
podm2nek v prostSed?).

V. prostoru Kopersk®h-8@©m82.stlaglsrn? er 5 n-8m v g 8 d -«
je tvoSena fluvi&8ln2mi sedi menttry®hSce kjys drse) a(nly (|
skl §8d8 z moSsklch sedimentT a tmavhD gedich |21 c
mNDkkT gT.-6,Vrgi tMKovanT mezi Gusternou a KoperskInm
progel j2lovitTlnyi aslitletrynackit emma® ivnynk®aczho vaalbr aki c k

flygov®ho podlog?2 v hloubce 41m. VIiv Rigany 2z«
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Obr . 8
(Ogoreleg 1987)
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3.3. IngenTrskogeologick® pomRry v obl ast:i k ope

Kompl ex KpS2esrt gveu vel ice raogh®hio a ypahran ¥l el
vyplTvsg rozlilnost g¢et eghiyi @kiod hztprTicmibk & ja® toSzeknc
vzhl edem k charakteru a %l elu objektu.

Logar (2009d ok ument uj e hloubku flygov®ho podl og?2,
dosiimNk kT ch moSskT ch hiIn%reczmor5ebdd vwernt2Tm do  faor my i
nNkol iwkpeostddwp $Tstavu (viz obr. 9, 10, 11 a 12).
Obr. 9 Hloubkyf | ygov ®ho p200®) og2 (Logar

> ;‘J):mlvyl \ \j{v T

[

Koper R e T T T
4Cﬁ 500 402000 402 403000 403500 404000

Na obr. 9 |l ze sledo®ho padl[e % R8s miieBasdhkjehbSdndt § g o \
ag 60 m podzZ%jf mousd tek®huta je, obhaltlbka feygewd
zde | i8m <cca 1
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Obr 10 Mocnopktavp2SékyI®iOyasgy (Logar

- -4 Ape 0! oS —

ARy

fe, pomol 11

: |
403000 403500 404000

Nar Tst §np2mbenbdbshi S2| n2ch ulogenin smhDkem2ls8§Se
na okraj2ch Eeoheprawiddedl md targd zom2 2t5D M t [r\d[| kmpo)c n ®
z8) mov® | okalithD se prakticky tytoagcdl ammhay proaJ yos
fl,yg ak je mo.drno WirdDt eipg2 o bBIB\GIIZRepsS2 s 8dem i p
oznal enlv jmakd&ch4 i zol ini2 (obr. 12)
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11 Hl oubkovi dos adstoropd&2kskasbv(ogar8®K T ch hl 2 n

403500 404000

10x pSe00Bgeno (Logar

el

pomol Il a7




Podle vige popstaimi@eMK®,t oktoegrile ¢eas200omapi gni
z8)j mov® |xorkmiltidsyt n2 a miner al ogivyk® eamdlr leamy kOg o
jihu ophRt r ekslteeh molc2nmo,stzomolSa mi z2 fluvi 8§l n2 sed
podlog2 ag ke 41 m. Nicm®nhD do model u j&8§my budc
prTzkumni mi vrty pl@lseamzpeiheadvnesb ns2e jz8nmym®na o hl ou
podl og2 maNkrkolcecnho smoSskich hl2nl 8§h@Peazbdpvm®st Da
kapitole35.k de j e popisov8na samotn8 stavebn?2 | 8ma.
Popisy prTzkumnlch vr iHerrekskgodienDcgpekan@00F ol odvor sk a
V-1

Hloubka [m] 9 [KN/m?] G[ A] c [kPa]
0,01 2,6 nNg§syp 19 29 0

2.61 39 hl 2na ml 19 19 17
3971 9,7 hl 2na m2 18 15 8

9,71 309 hl 2na M3 20 19 17
30971 509 sl 2n 22,5 38 16
V-2

Hloubka [m] 9 [kN/m?] G[ A] c [kPa]
0,01 3,1 nNg§syp 19 29 0

3,11 3,9 hl 2na ml1 19 19 17
3,91 16,5 hl 2na m2 18 15 8
16,51 25,9 hl 2na M3 20 19 17
25,91 45,9 sl 2n 22,5 38 16
V-3

Hloubka [m] 9 [kN/m?] G[ A] c [kPa]
0,01 3,1 nNg§syp 19 29 0

3,11 4,1 hl 2na ml 19 19 17
4,17 15,7 hl 2na m2 18 15 8
15,77 19,2 hl 2na M3 20 19 17
19,27 39,2 sl 2n 22,5 38 16
V-4
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Hloubka [m] 9 [kN/m?] G[ A] c [kPa]

0,01 3,2 nN8§syp 19 29 0
3,21 3,3 hl 2na ml 19 19 17
3,31 12,9 hl 2na m2 18 15 8
12,971 21,4 hl 2na M3 20 19 17
21,47 23,7 sl 2n 1 22,5 36 16
23,71 43,7 sl 2n 2 22,5 38 16

Hl adina podzemn?2 vody hlaubde 4,8 nd @t povrohetdt! wo usbek an a d hy §zo2
podl og?2 kom(z&8hrorkwtlao i19vygae)va navDtral ®ro f |
SouhrnnD vzato se v obl asti pS2stavu vyskyt.
dokumentovs8§na i tenk8 vrstva organick®ho bahna
gedich ag ¢g&damotdredimentT (j2ly ag silty), pt
zasahuj? do hloubek m2sty 26 ag 30 m, z8padn2 |
gt DrkovitlTch a p2s|itich sediment TySB8kdgnNR®gghnPr
z§padhD pSevadguj?2 zahl pSPe®apuske, mmacm&snhNv306bi

| ol ky o mocnosHoir npirnvorv2Tc hf ummedtarmfe.nt j e tvoSen fly
nejlasthRji v hlbOume§cH,okal &at@0Tah je vyvinuta
zvDtralin.

VNt gi na staveb v prostoru pS2stavu spad§ do
vgdyl ogit® z8kl adov® poHhlardyi naa npSordoz| en@izk gvnasddyr ubki c
pS2padT tRNRsnhN pod pawkr cvhyeprh Tav 8k ap 2vri Wjee utveerd®@m.T ¢ h
zakl §d§8 se vhDtginou v mRkkTch moSskich hl2n§ch,
vodn?2 ph oc@S2 st up k .Precdezdte! vyum2m@&hPmcel ®ho spe
geotechnicklch zkougek pro stanoven?opmarn armetCPT
pl och®ho ,déérdovapresomatrwiar chetti ova s ei(sdnokec200h o di
Tyto pol n2Swjk?o ukjekzys fsamBBodare@n?o v a n ® s atyhkst(ma®ulpp e v n o s |
stlalj)htehossiipSi mal ®m pSetvoSen? Mamykbeit modl
pSi mal ®m pSetvoSen?, prdiorkoing ep rsTec lpmediuy ? swekiEs? i Bk
k vipoltu %nosnosti pilot

Jak ukaBd3al? sobhrl.oulbkounedse ®nolbg8j smykov§g pev
mNSen2 dilatometrem a YCPKawyojniddkoauj 2nca?2 jsi hnoldcuh vne2 swvt
ukazuje na pIemBsSiataeljnnsgt meilsta v pS2stavu a op
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upl avh®hedkT | aboratorn2ch prac?2Z at [Zceh tno® nnaa nmAhS e
“uudaj T vyplTvsg rovnhRg v2ce | i m®nN | ok 8&zen2s eh olneow
| 8sti obr. 13 to tlyowhhpow?2rmdam@nzs,t 8l osti miner al
iobr.7a8pr avg§ | §gdembmstnd3je rTst nedr®novan® s myk.
poukazuje na celkovou homogenitu.

Dataz skang§ z@&amd&Seihm Mresi ometrem vykazuj?2 zna
mNDkkTch hl2n, je to d&8no zSejmh men@at aindmi¥Den
p2s|litlich ulogening8ch a podlodgn2m rf2 ymdr g metur W 2
flygov®ho podlog? j8my pougil hodnoty Youngova

Obr.13a)VI evo konzasp8hnl o2 esrh8 nalbtkklegstvpravo nedr ®no
pevnostvshloubka b) presi ometrick§8 mRB®®n2 v pS2stavu K
(Logar, 2009)

a) b)
Wig, W, We (%) Su (kPa) EIIIIIII (MFEI}
0 =0 40 81 g0 100 120 u] .1 40 EO E0
] 1 i 1 10 100 1000
— B 0 i
5 i g I o a, » Morska glina
— o T AA » Sedimenti Rizane ||
10 = A - i .
A Flis in preperina flisa [
15 A
15 | | \tm 15 - A LA
2l ' ) 1 S 8 Al &
Epl == 1‘\ - 20
" ==l % é far
' N 25 o
e 4 b
-] " _,.r) " ;
L = "]
35 a5 " ray
) £
fal H A £ &
* a0 40 &
3
a0 45 45 Fi)
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Obr.14Por ovngn2 nedr ®n o vrab®dilstomgtiern (DAT), wreukavau snétadou
(FVT) a stati cKkLogar2p08)netrac?2 (CPT)

5, (kPa)
a 40 &0 BO 100
n -
10 Bl L i = |
& FVTI
. o FVT2
E g5 - [l
- 1 —DMT-1 - - o ) E
B, - — . :
—DMT-2 — -
0 . Di-" CET-3 | E } o E E
3 fig ol 0O LW (]
- qJum= q — ._
Om
3.4. Technologie zakl 8dg&8n? v m2stn2ch | G pomDr ¢

Vzhl edégm bopbkanTm i ngenlr §keo gpeustins@ykizpadkil a8t dpsar |
jinTm zpTsobemudgPRiviait jspemcutmm?2 metody zakl §d&n:

Girok® uplatnhDn2 zRlcceu gray&j 2pide tdOwt®® zadkd ladw®
gpi L kou TmRr(br.®1 3 Beman2 se ,budlaspts| 6t kchH, &8 qatDn
sedi mentT Seky Rigany nebdido pedmBj §eho fslkydpo.
Nevihodou t®to metody v podm2nk§&ch mlddokniaceh mo Ss
Logar (2009) wuvg&§d?2 ag 2 % v okol2 pilotov®ho z¢
vzd8l enosti odVs$i S§vapiemoh®obpepébtmace na st gvaj
pomoc?2 inkIl inBrnoettor iscekaljvcyhu gwrttoT.pi | ot ov® z 8§kl ady
rTznT ch vnhj g2Mod ikfoinksa cr2u ktc®t omomet ody j e zakl §d§
z8k |l adovou d20@8kou (Logar
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Obr.5Dut ® ocel ov® pil ot yYmruBdoASgEmood)f gpi | kou, p

l-.’,‘.:':_.‘,.r = o ke

PSi zagl 8§g8heh konstrukc?2 (napS. sklady uhl?2 ap
pohyblivdezpoaddg®ewg geosynteti k. Na zarovnanl te
pSekryje 30 cm envafrakceldl ¥0 smmo up kta® se pol og?2 | ak
konstrukce se dokonl|l 2 zakryt2z2m 40 cm mal®¥yH.ou vr s
Monitoring m8 podobu plogn®ho sl edov8§n2 sed§n?2

Pro zalogen?2 stawabdbbw® jt&mp, pktSerou byé a poug.l
podzemn2ch stDn, Kkt er graupap.rso.v 8Jdefd na8 fsier noa nZeatkol dSud, ¢
podzemn?2 stDnu jako konstrukci pag2c?2 a z8rovet
bylazdh 8 ena konstrukc? vod2c2ch z2dek, pomoc? Kkte
lamelypod ochr anou b e n(oboibidtoo vt @&hkm vv® pg/dreoovmud, kt er §
vetknut2 budouc2ch sthRn do fiuggg2zmoRbwam® nmk Rk ®
(viz pl8n j8myPotRapeet dbel amély spust?2 armokog
betonem pomoc?2 Takpdksesel phstoapmD DWW kaS3 esdlowiil § |
se odv2j2 o)X grrlhou bpkoyd | ppeg®n  pr ot o | aBod ochranepbil ¢v aj 2
hotovich sthRn se mTge zal2t s tRgbou, pSilemg s
pat SilnTch %rovn2ch.
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Obr.6TNgba zeminyodb®pEhemMMfoddwmm?2 Zatkl §d§n2 gr
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3.5. Popis a situad®«aodioiskabok® st avebnz | §my

Stavebn?2 j8ma, oznal en§ sper ancaocahnRz882 @&z ¥ eml Ko |
Kolodvorskai Ferrarskg i hovli chodnh od centr a psBRJsatkaov nprahgc® cm
pos| ®zter ik lkrg2rBspy M kyz hot oven gbepmu@0B8MMhdugtSRyy 800
po cel ®m obhosaué g@bmkyy jednotlivich | amel se odyv
kter ® s ernfahr&§z®? hv dpowscbemP T8 omypal tvar j8&§my | e
slichobnRgn?2 kowig§m awind?ibhupkrean jui hoz § pa Rz mddtrrya 1 IF myv
podle p5&£n&8 Mmsowa g2Sku a 56,3 m na d®I ku. Hl ouctk

Samotn§ t NJ§b gojj eSdmyo tplriowi2chhal%r ovn2ch (et §g§2ch
stPDn a byl a r oz d3ltlIEngyay dym ekboptkvod n yk,ap e Bezc2t.og p Rk o g n¥
desekb Dhem StkDagweybn2 | §ma m8§ c el k €80np(D 800 mm)B,80r a t «
(tl. 300 mm),-6,70 m (tl. 300 mm}9,60 (t1.300 mm) a12,80 (tl. 500 mm)Jednotly ® f 8§z e t Ng b
a pagedk bnydnyt ov&ny pSi (dobla,20®3:Nn2 monitoringu

24.2.2009 vI kop mB&Omk sektaru 114/A-D do k o np e o vsekbiu 91SHA-F v

20.4.2009 dokon|l ena je pr38n( droepPNraddtiorkdidljek - t u
dokonl|l en; zal §t96Bmwsdkioro4A-ha k-t u

11.5.2009 v T k op #l@mksektoru 814/A-D | e d o ksekioiu®ld/D-bpr v b 2 h §

12.6.2009 v 1 k o p tr@m ksektoru 814/A-1 j e d odeldonu|i&8MGa39/-F t NDgba
prob2pg8ov8dhNDna | e96Rm( IrtowvzrptNivaekirsadldA- )D

28.7.2009 vi kop f@amksektorul18/CF j e dokmomllemg jdeokdruh§ ro
-960m( | t vr t 8vsektbrs B66/Ela )-3/C-E

23.9.2009 dokon|] ena jgldrvuh&§ radsgdinrieee)n j-22,8mlek op n a
zhotovena z&lpl8ad&ov ®zepdslkaodshor a)

J8&8ma bude plooudgoikto njlaekn®® psodzemn2 parkovigthD pro
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Obr . 17 VI kr e siHe®BamskasKyozl oadlveorr2snk apr TzkumnTch vrtT
severovichodjnedmsatlniyv Ij 8imyYrso v rsf3.mi 2088 r op T
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4, Laboratorn2z zkougky

41.Vzorek moSsklTch sedimentT a jeho pS2prava

PSi tRNgbN prvn2 Y%rovnhD j&my Kolodvorska, v
vitu LA 27), byly 16Andp @Ouldasky mv@likobtirc&r@m xl2bcmat ou
20cmv hloubce-34mahor n?2 hrany @ZedzaemndbghasplOps8na | ak:
hl2npna, silnhD v8pnitg, tuh8. Vzorky byly zabal er
| aboratoSe mechani ky zemin. Samot nl seobjeviyek se |
drobn® nehomogenity ve formhD p2sl|litRjg2ch propl
rodu Gibbula adriaticaobr.19, pops8no na z § k| &dyl@ardaertidlj2§6dah 2z n a k
jednom ze vzor kT bylzybyntak yh,o rznSe jpmId grea goerlgiamyi.c k ®

Pro oedometrick® zkougky bylo tSeba pSipravi
prTmNDru 50 mm a@aTJvbdoaéh2aO0vmmr kd byl hledyk ositeibr §t
protoge okraje dovez amre®&tam nv zdrifksu endakhulny® momo v n ® h o

vzorkuzpr ost Sed2, pSepravy a maob@®bhbaveoskuvbygl kee
vzorek zhotoven obSez8&8v8&n2m nogem a soulasnim s
takov® YatmwndDemina vyplnila cell prstenec a | §s
Head (989 . Cel 1T proces vySez8§vEg&n2 vzorku byl zakon

odSezem pSebRSt2e@lrm® yz eemiomyk.T kompli kgvakgept §2¢h
a to zejm®na vypad§8§vsgn2m |i zatlalovsgn2zm pSi ot
prstence. PS2padn® vznikl® dutinky po tRchto sc
zeminou ve formhD pasty.

Pro pot Sebuutgreikabiyglondpoh S2ba zhotovit nepor
tvaru, ale o prTmRru 38 mm a vigce 76 mm (gtz2hl
vuwodn2m vySez§n2m hblubBDhwos tvizogtk$iedwe md mwe menl ch
vySezg&§vac2ho otoln®ho stojanu a za pomoc2 noge
proces byl zmebBSeranPbeavearku do kovov® formy

Vzhl edem k t omu, ge vybran® pakamevylyohiypoen
| aboraton2ch zkougek na rekonstituovan®m mat er.
pSipraveny vzorky z odebran®ho materi 8lu, kter]l
z8Vvisl ® pouze na mi)nerRdlogrst iat whwaamik tvez wur ek | e

pSipraven z pasty, kter8 byla zbavena dTsl edkT
32



Obr.18TNgba | 8 my -F&rarkkawm?2 st Mk a& h @PEfoatméd nk&lclhg d28092 Gr o

Obr.19Recentn2 pl gi r o6totGi Bhmha ae6ddDatica
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potlalen pamhRSovI ef eraktickysejednatod T&h ppo®mDheheé h v z ¢
zemingp Si  vlihkosti vygg?2 nedg je 1,5 nS8sobek vlIhko
Y Terh msae P S22 r odo v Ndpeocukg®nviDsa & lu IPhodd GUBset ov.zor ek z r ek
materi 8l u zhotoven rovnou Vv | 8sti zkugebn2ho p¢

se materi 8§l em zcela vypl,n2kdeV jpeS2zpkaodudy etnrii anxaitS8elrr

membr §nN, je potSeba rekonstituovanl vzorek poo¢
| i sech pSi vaeprltiikkagkpddikbadol®@dciobr.200.Boh§l a Mag2n (200
doporul uj 2enmanwg?st vpyrgay2zn obsahem siltu svisl® n

plasticitoAp#iOkage5bthakPho naphDt2 se ug2veéle pro ¢
abybyl o tak® mogn® v&lelky rekonstijtaos®@am®p %t m
Vysoce plastick8 zemina zkougen8 pro Yl ely t®tc
pougito vertik8ln2 napRt2z 40 kPa.
Obr.20PS2 pr ava r ek(ofnosttoi tTuTomvaa n T2cOhl 0 )
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4. 2. |l ndexov® zkougky
L8§st vzaprhusbwghoven2 indexovia2hil0v20®da nost 2 ;
| aboratoSe mechaniky zemin spolelnostiCeAricadi s

protokol o visledc2ch | aboratorn2ch zkougek obs

Vybran® v I astnosti zeminy:

- vlhkost w=42,9%
- vlhkost na mezi tekutosti w, = 64,0 %
- vlhkost na mezi plasticity W, = 34,0 %
- index plasticity lp=230,0 %

-zd8&nlivg hustota pse2/8likgit | §stic
-obsah uhlilitapT d76@mot nosti sugi
Obr.2lKSi vka zrnitosti zeminy

ARCADIS Geotechnika a.s., laboratoi geomechaniky Praha

KRIVKY ZRNITOSTI ZEMIN

pisek Stérk
jil prach jemny stredni hruby drobny stiedni hruby
100 T T T i H | [ | [ f
AR 0 0 G o A
90 |- d 4 441 i- 7' ! - | - T W 4 {
" | !MHJ! NI .J_M! J.|HML [ AN
§ .,,.“',.A'. | ! ,,Q';,, N =i ,',, , Ly
10 T ol L R Rl
g 60 ' ‘ f I H + H i
| 4 MW O
2 ol Attt i | RG] . 1| . A unl
1 N 1 O M B [EEREE i —— N
20 il B ' , .'1 : | [ |
PN o O e O O € mERNN e
Oo o |{‘3 [=] ﬁ . oil_o 'oA .‘o - N - = - u-A‘mL“
§ § % 2 R % 5«’ & w rozmeéry otvoru sit (mm)
-zat Spodlednd SN 73 10B7IMH -odhad z kSivky zrnitos:
LSN 72 10B/2MH namrzavost: vy soce namr zayv
L S N8O 146882: CI propustnostt nepr opustns§
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-zrnitost (hmot pés®%2 1pod21) :
prach (silt) 45 %
j2l 43 %
Hodnot y wwi dwkotsd r? o mawadrka hhloubky 3,40 mr o Y%l el y t ®t o
shoduj2 s daty publvkbhvanbkkmov®mgurormall@009ag§ 2°
13 a), kde phkishj mo©Faokhodea hedt2&l.ost konzi stenln

poukazuenhomogeni tu mechanicklch vliastnost2 zeminy
4. 3. Oedometrick® zkougky

Vgechadomettadtck® vyly prov&§dhDny naPfiSpsaven®c
vzorkyvprstee 2 € pr TmRr 50 mmhylvy gklao @@n y@ndlor aymidmanet r i c
umogniNDn2 dren8ge byly doplnhRDny o spodn2 a hor n?
komory vodou bylo na vzorek apli kovcnostvepeaR k §1
(hodnota zvolena pro Y“wvodn?2 zpevnDn?2 pvozdo rdka ,hg 2ar
stupni YratPPg®wv8&rm2odi n§ch se napRt2 zvigilo dvoj
Dal g2 =zatRgovac?2 st uQend bpyolsyt uvpg dtye sdtvodyjSNS sCobynl ® p
ISOITS 178925.

Bylo provedeno celkem 6 oedometr i ckloedizkz k o u ¢
oed2acedd3 na rekonst i toedlrelkoabbedrékozvordiekod. Pih t elyly ov § n 2
pougity tyto zatRhRDgovac?2 ,2536Q5120R10248Pa,Vzhee@emk 160, 3:
vel mi n2zk® propustnosti zeminy se aplikovaly |
se usts8lily 2defNamazer kpbpfioRjg&@udt biyVviycapl i ko
maxi m8l n2 zat DgaedlaEl2z0kBat upnnD:

0ed21280 kPa
0ed35120 kPa
oedlrekoall0240 kPa
oedreko5120 kPa
oedreko3®560 kPa
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Obr.2Zat Dgovac?2 stupnhD zkougky oedreko?2

stlaceni vs ¢as

cas [s]

200p00 400000 600000 800000 1000000 1200000 1400000

js=
i

stlaéeni [mm]
=y

6 =
7 l
8 1

]

Vy hodnocneent?2r iocekdloch zkougek prob2hal d SNt andar
CENISQTS178925. L2 sl o p-rovitost.i byl o vypol2t8no na
konci 2ObroBukkayzuj e visledky vindledvszpZo odpejd§zkuzobr
patrn®, o enaocrem§lerdM §k omm2sron N dpoSreaknoonus oal gi dcd8dnou z e
Obr.220edometrick® zkougky

1

09 >

0s N

o7

06 — oedizk
NN — oed2
~ oed3

05

oedrekoab

In (1+e)

N — oedreko2
N
04 — oedreko3

0.3

02

0
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L8§ru NCL | ze defi nogjestpemxddlie kkz wahlegnejl ¥ olviesik ¢
p-rovNp9edstavuje pgodusdt8evi8n2s mdachricctiu | §ry NCL a |
hl avn2 naphDt?2.

g=N-& I n p' (1)

Pro NCL z2skanou vyhodnoc &n2,3hae 6,808 Ty parametrglkec h  z |
porovnats"Bothkenma r s kT y, jRtleerml m§& obdobn®aliedepxmWKRU d | \as!
siltu (Allmann a Atkinson, 1992)

WL =67 %
Wp =29 %
|p:38%

podigdnt K ®ho materi 8l u 3,5 %

zrnitost (hmp2sekta®wl ppdatthe b2 Yemrh prachs5% @prackd
celkem74%j 21 .22 %

Parametnd e f i nuj 2c2 pozici NCL Bothm&enhsared® ckemi ey
jednoos®hmaz atelkdpnws8ri2t uovaNFLHaswr NI\ 2dr @wenm§ m2y
vzorkem z Koperu se tyto hodtyn e p altirf@. o r 0z dyzISye jjmddo vy oz& 21 nou r
jinT mi pomBDry mezi obsahSevro jpir aconaviztS& jaml) 2tlackv@ t
parametrtNz vy hodnocen?2 zkougek na r ekonhsadntoutoly azne c

vzorkT neporugenTch.

Pro vipolet rychlosti zatRgovsgn2 pSi n8§sl edt
odhad propustnosti zeminy jako parametru pro nt
konsolidace, [m%s].Hodnd u t ohoto soulinitele je @agg@ho vypo

kdetspatppj sou | asy pot Sebn® k dosagelnj2e 5d00®I1%,a rdersepnesk
dr8hy umogRuj2c2 zmDnafrjwel gley | ok gopnm2ahvanlyv £ arkk w

2
, - 0197L° , (2)
t5o
0,848L°
v = * f—r (3)

tap
Hodnotty atodydystanovenna zat Dgovac2m stupni

oedlzlka 2560 kPa testoed3 tspp o moc 2 Cas agrva od e faa[mméslcgplsy aty
Taylorovou metodov  z o b g knzmd vs ddmocnina [sY?], jak ukazuje obr. 2 Postupa
vy hodnygaveoultdud SN CE NS 17896.
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Obr.24St an ospiadpn 2t
t50 80 kPa oed1zk
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Visledn® hodnoty |odkim$il i &0tphéddsa,s I,292x 10 e¥st u
too = 2304 $¢, = 2,570x 10’ m?/s
oed3p Si 2 5 6t=60Psa,:= 1,292 x 10 m%s
too = 20705, ¢, = 1,887x 10° m/s
Pros anoven2 propustnoswtahu@bwmi ayppugst Soedzcpi=nb v &a m:
2570x10misp Si  8Me ckaPraet ri ck1 modul (tel niVispsidngaphm
propustnost byla tedy stanovena nak = 1,18%m s?.Dor ovni ce pro vipol et r
(5) v kapitole 4.4byla vzata hodnotgy, kt er 8 vy @gltaejmBbDobou testT

K =Gy Eped" g[m s7] (4)
4. 4. Triaxi 8l n2 zkougky

Za Yl ely kalibrace par-@met ombbypombdst uchk®hy
konsol nedv@®n®van® triaxi§ln2 zkougkyns mhDSen2m
nepomrriucghe i rekonst it uoGeanll cphr ovczeosr cz2kcohu gzkeymiondy p S
vyhodnocen?2 prlo®PRh@QENVI S@uUTadu7 &9 2

Nejprve byla provedena tkrailaxbir8lcne? hpaetd®e siiiodijc
bNh CluRj m®sa zhltaMy v(alccadcel |l ), mNRSidla p-rove
def or mac?2 ( LKaOT bsreanczeo rzTa)t.Ngovac2 hlavy upnut ® d
zat Dgovgn2am a ng&slednim odlehlen2m pomoc?2 jednoc
sn2m8&n2 prTbNhu. Na z2skanlTch datech byla prove
el ektrick®ho napRt?2 na zat?2gen2. GDoSd okbonnotur oplr®orcTe
nakal i brov&no mhRSidlo p-ravi@ebhoovimkupom&dOT minknr
gropbstupnim zasouvg8§n2m j8&dra do sn2mal e.

PSi pr aoreezeinina S ug nepor ugenplr o iClrlePk oznksot ui gtkuyo v
na triaxi &8l n2 podstavec a byl opap&Sesntshivichal n?
mognost?2 dolPm?2 obrveomd8igeoyly pro urychlen2 dreng§g
pap2ru s pSiblignl m p Sezkorryetk? no pvazt oSreknu e5 Oa s%.i cFkoot ud
dvojic2 prygovich kr oavrghk F orzansBjcathel) .kt Podshapor u¢
vzor kprotlehlehai nst al os8hmaldVofbymmNSen2 mal lcah svi.
to tak, aby byl vyugit co nejvhDtPpi ® by$ahnalDplt

namt al ov8na triaxi 8l n2 komora, kter8 se naplnil
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hodinky pro exteVmndédr eldSkeyl2 dl&®rf odonalcént aktu se z
nebyl o vyvozeno pSedbNhgns3 |veydvoovzad noo znva pgletn22 nkao nvo:
kPa, pot® se zal al syt6GDhS vkzoonrterko Iv®rduo ua ptoomoscy?n cdhr
komorov®ho a zphRtn®ho syt2az2ho afjaka hpdhbost k
310 kPa aakwhnRXm®hkPa.l Pak bylo pSistoupeno k is
komorov®ho tlaku o pogadovaRyahlhodthoz ait B@nw D 3 ¢
nedr ®n qwalmizably § @h sp®mhd @2 avnad,@3t4mn{si). S my k § n 2

probdpBal aavSen®m kohoutu doln2 dreng§8§ge pro % el

Vmax:m (5)
Fxtsg
kde tso je las potSebnl pro 50 % konsolidaci vzor
r olek&van® pomRrn® osov® pSetvoSen2 (absol
F faktor, z8vi slIplodnma ntky§pcuh zdkro®E@akyy®ns® .d all & ko
disipacip - r ov®H{ o ttloask wp o SAapadNpl rBvgcTAV ® dr ens§g
aHc zmPDna vigky zkugebn2ho vzorku v prTbRhu Kk

Z celkem gesti ClIUP zkougestiitSovaml akepozoage
pougi tel n® Sitocdovkahéepoacgen® a,jpdanovekRongniat ec
triax1, triax5 atriax6. Vzorektriax1 b y | i sotropn
nahodnotu40kP®#ot ® byl smyk8n ag
p SeSen2Vzdiektf#adsbylj ednoskopRoV D
na hodnotu 100 kP4&akPdhod)a hs mypk
do cel kov®ho axi.Kbnsofidace vzori&ie t

triax6byl a jfedn®gtupRovE rma rhyacd
pSitNgkPahdch?2 samyk&§n2 prob2 hal
pSetvoSen2 0,28. U ¢g&8§dn®ho
neobjevila smykov§8 plocha,
soude| kovilr&hBr ThRAmhwy i sotrop
jsou k nahl ®dnut?2 v pS2loze
Vpravo:Obr25Pr TbhRDh triaxi 8l n2 zko
vzorku (foto TTma, 2010)
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Na problemati ku testov8n2 zemin s vygg?m poc
(2006). UpozorRuje za&jmPanlacchmomozneBfikakatiacace
plasticitoup Si e wgkiltcch zpNRtnTch tlakT bRhem CU testT.
se chovaj?2 dilatantnh, poug2t vygg?2 zpPBtinl t1l alk
testovs8&n2 vzorkT z tKmoipetriuak y3 0 & gkB&dpaadipyint bjydpdT
pSedejito. Zkoumanl vzorek moSsk®ho sedi mentu t
zrnitostan2k ommzalsitzeynd etichowm&ua2j ako vysoce plasti
1001 a LYN "o vl pdDI6se |j akol j pSe¢ Ck)aSsed i kaci d
146882 mNDI o chov§&§n2 zeminy bl2ge k chov8n2 prachc
por ugenej m®na hodnot ou nkkrzictei ok @hwea A ¥etkld ¢ By mwiDK § 7 f
aspekt T | ePjSic hancahlolvz&nc2h. dr ah napRhRt?2 konsolidova
v prostorugvs.p'bylopozor,ovemomaxi m8l n2 hodnota p-rov=®ho
| 8ry portwgen)2 se @mibdmepor yga&km2 kpoag2t pr8&vhnN bo
Jko dal g2 mogn§-vkrrcihto®roival udvésvlefgit or napht 2 (

-vrcholovl pomNRt/idkxavnzch napht?
-maxi m8l n2 uge rovi t1l ak
-0 =S@emptonTvrpa®amet tla-gply) = cpu/

-dosagen?2 | 8§ry CSL

-dosagen? | imituj2c2ho pSetvoSen
Vgechny tbSil yz kvoyuhgokdyn o ci@astypydtet ShNd EENN? B VI Y@ 7892
p-rovich tlakT jsoWlDr&dhlyr aagriygvd\p vpuperdoaasutje?r,] . g 6 . u
zkougek byl o d(obs 259, njoak &rkr iCtS®Rr i um por udpenz2 byl
naptegeclpowmarkk M8l n2 pomhNpga detvS&d m% uo plalp®de A2 ho
(parametr M) z e k t e ro@haohodnotédc. podls vziahu (6)
U v z tiaxkafriaxés e v zquwppSebdhgadval a pozice maxi m§l
(1l ervenT 6ammd ma xd bl ndphlovzorkotiaXls e tyt o dvhD hodnot
patrg®dfevzl, kde tiaxvatriex6g $i bl i gnhD od@akhddape §mod
G, kdegt driaxdje Gpego M tk @é. Hodeoymo bi | i zovan®ho %hl u vni't
jednot | i viboaiobrazény u 9 Ek53ao zbey Ily. pol 2t §ny pomoc2 Vvzo
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J -y
sind = . , (7)
o4 G-
2
Obr.6V1I sl edky ClUP zkougek a) dr &hy napht?2,
a)l ervenl bod ukazuje maxim8ln2 p-rovl t1l ak
triaxialni zkousky - drahy napéti
250
>’
s
s
s
p/
200
s
s
e —triax1 -
e neporuseny
150 s vzorek
s
s
| 8r a”“CsS
= 7 — triax5 -
, e
& 100 neparuseny
; e vzorek
s
s
s
0 — triax6 -
P rekonstituovany
e vzorek
s
s
0
50 100 150 200 250
50
p’ [kPa]
b) triaxialni zkousky - pracovni diagram
250
200
—— triax1 -
neporuseny
vzorek
180
—_ — triax5 -
= neporuseny
= vzorek
(=2
100
—— triax6 -
rekonstituovany
vzorek
0 0.05 01 g [[] 015 02 0.25 03
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Wanget al . (2007 edkygnatby ®o awhmil nRlc ht sgnRKovetbkT c
pSetva%ermreati n§ch spzlzintl @ g pjdéattrhonzvrinta®®e a | 2 | oV i
Visledkem jesth|l @and&inPzy eppkopkltdhvoveboi parametr i
Kri toseaw@eminyD81 e potvrdil fakt, ge na chovg8§n2z zel
kter® redukuj?2 poletPkohbakt § madndegcid Bbkami t zwny
intergranul 8§r né&'8, I|k2tselra8 pS-2rko8y, i tdoss tpwlkddd  lermamodre
(FC), j e pevnost zeminy determinov8na pdpavoe" kont
Vv jemnozrnnBDj g2 hmotD.

, _ _E+(FC/100)
ST - (RFCA00) (8)

Vzhl edem fkod»Imuj emrozrnn® frakce u vzoatku moSsk
chovg8n?2 zeminy zcela ovlI 8dan® jemnozrnnou fr ak:¢
Prakticky pro Y ely t®t o pr8ce to znamens§8, (ge i
objev2z p2slitnNjg? propl 8stky zemmnygpzrhbhoda | epkc
Zvigenl obsah p2s]it® frakce zwltglraRt & mye&mivmg ple
oblastivelmivel kT ch (@EEBes vmysed8m)ovitaki wk 8l0al Wang et al
nedr®novanich a | §stemyRodi ®hovastdhnaorzamnhghb!l
inici8ln2m | 2slem p-1fjemniokstaik®ecalae prE2nlt® fodaXkl

45MNSen2 mallTch a velmi mallch pSetvoSend?

Pro potSeby n2ge popsan® kbynpkeppet thebranyga aw z
vyget Sit tmehlolseté|vmio bnmaalsitdha | RS eltef @3 ema2c e na nepor
zeminy(triax1, triax5 by Il 'y mNSeny pSi s myk&porfoéponaorongioshH clhV P’
s n 2 m(e4 ofjr.5 v kapitole 4.4 )Hodnotyce f or mac? (do 5% pomDrn® def
namRSenTch tNmito sn2mal i Gybsyd (gbr.Zp BladipiyGhylyp Si k o n s
pol 2t8ny pomoc? wvzorce (9)

=30 9
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Obr.27Smykovi modul pSidomamDch®pSepdgtedPBghado

triax1 (neporuseny) smykovy modul, mala pietvofeni

[==]

L=

0.0001 0.0

G [MPa]

triax5 (neporuseny) smykovy modul, mala pietvofeni

rn
[

-
(43}

G [MPa]
ity
[==]

[
e
[

[

%

AR AU ASEAS
0.00001 0.0001 .001 0.01 o

[42]

V. oblasti velmi malTch pSet viodw) kdytufostji . pomnDr
zeminy nablvsg maxi m&l n2ch hothionus& Ivzyed ejtiS opvoSvnaa
pomoc?2 dynamBmkkows peyiamBSen& pomoc?2 aparatury "
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kter8§8 se skl 8d8§8 ze dvou keramicklich destil ek,
z8§SezT v podstavs§8§ch napdBrugen®ho vzorku zeminy
Obr. 28 Bender elemds

Jedna desjakoV ksa? Isd o usjedy H p u i $¢ Jj Baavzorek byl
vytvoSen stejnim post ppestyCJlURKk Pon@p byl geaml podst
por®zn2mi desti|lkami s uprostSed um2st Dickomi Ker
membr 8nou. Pro umognBDn?2 r ychdodjn®2 hdor esny8cge n 2P obt y&l ¢
triaxi 8lanp ok ommpuysy devd kodou,y obdobnim zpTsobem
Komorovl tlak byl plynulevyydy®m2 nayR0ckiPa tzlaak
dren8§ge na 10 kPa. Po nasycen? vzorku, posl ®ze
zpNDtnimi tlaky, kter® se zvIigily na 50 kPa. N§:¢
naphRt? Tg@mk Pkao ntor ov®ho tl aku or $0h k ®shaodhCGedpbloR® @ ot
24 hodingch bylo provedeno prvn2 mhRDSen2? | asu pr
elementaparaturfodnoty frekvenc? v nY 7 8lyallykHivalpalsuy e mpi
vstupn2ho sign8§l By mDinNN&® nmemii dirl w2 mvmasazen2m

z§pornou vichyl kou9signsg8lu pS2jmale (obr. 2
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Obr.29Si nusoi d8l n2 puls vstupn2ho sign8lu 8§ modr §
| 8ra), Rio (2006)

______ @B = == = imput signal - 3.0kHz | |
. : . i | — et signal

Dal g2 mNSen2? prob2hal angsdye daat?zgdcwa ddethemnpgat @ p h K
dosageno efekti vnB30k PanapR$in2z2By0P0 k&Pre2 pmap Nt 2 by
objemov® zmRny vzoiiSkkomtlusrdci®e d o id o o ¢ 2medrGmizS e n 2
zatNDgovac2ch s3upRT ukazuje obr.

Obr.30MNSen2?2 | asu prTchodu smykov® viny vzorkem z

5 kHz, p' = 160 kPa

6.00E+00
/'\ dT =541 us |
4.00E+00 :
2.00E+00 :
|
|
|

|
|
|
|
|
|
= |
§ | /™\
.g 0.00E+00 -JI- P P hedeh LA AT | - ——ch0
E— 0.00E+00 | 2.00E-04 4.00E-04 G.DDW 8.00E-04 1.00E-03 1.20E-03 ——c¢ch1
® | |
-2.00E+00 | |
| |
| |
I I
-4.00E+00 I I
| V |
| |
-6.00E+00

¢as [ms]

Rychlost pr Tchwaakemmykav@olvdn§ha zeskvedaduus mykc
Go pak ze vztahu (10), kdej e vi gka vzorku, opraven§ o vIgky k
1,7 mm20ndmyljne2 akt u8l n2 objemoe8] AasmopmPshoduzos ky
vzorkem.

Ve=L/t (10)
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Go=} V& (11)
Visledn® hodnoty smykovich modul T za rTznlTch ef
(obr31).

Obr.31Smykovl modul pSi rTznTch smykovich napht?

400

| ]
a2 _ 200
350 = -
m T "Ny
300 - ] —
. ] M [ ]
u | | |
50 — -
[ | B 4 0
_ [ | ] [ ] m * o5 kHz
é 200 = ] u ._! * w7 kHz
= * - 11 kHz
o ] = ¢ W15 kHz
mg ¢ *
150 ! -
¥yt
T
| ] ! !
100 '3 B
v
50 '—'
[ |
o}—— A w ‘ ‘
0 0.2 04 0.6 08 1 1.2
p" [MPa]
J Oblast grafu_
4. 6. Mineralogick8 anall za

Pro ovhRDSen?2 miner alragiea abylaa RITEs tanvad drzkuy kS i
doc. PSD&r gV emgeomihneemial ogi e a nerostnich zdroj
PSi pS2pravhD vzorku se jednalo hlavnhD o vysugert
Visl edky mmak§zal y kwkardtciittgt ik\Sre2mesnl, D§amodlm In® t , i
anal Tpyp2] 6ze |

5 Hypopl asadjeho palametno d e |

Pro simul aci chov8n?2 mas2?2vu kolem stavebn?2 |
(pagmn}y bgl pougit mryp,ojpf laksltiikckvamiadMMEg2 nem (20
Coul ombTv modelktperl smorvmEinédRuj e nel i.Madaljei t u c

zal omgkeonombi naci fy7(Xx&j mPred medman)pk a ak ij ietjf éhackhigc Iz
byl formul oV &WVvkomhinhddnaCaemat i ckaypbpt mmdédekT chon
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Wolffersdorffa(1996), Herleho a Kolymbase (200#)odel je obohacen o tzv. koncept
intergranul §8rn2ch pSetRoiSBENESe poomodoblésti po ®hes dt
mal PSSkt voSen2 oproPiroobypopPamsmmbdel Tmodel nen?
vichol ov® pevnosti, vrchol ow® sd\dahiyd csup oH 2 pt o8p lzaes
modelujejehompnost agdatkeachknivck® praxi d2ky dostupno:
zkougek viako o pS&dpadhD konsol i dovam@ Sreenc rn® rmpo v aon
tlaku (ClUP)oedometri ck® zkougky a eventalileraceakoncepkeo u gk y
intergranul 8rn2ch pSmengSedoan®npsdgatdalradprcB| ¢?2
zkougek, mBBentetohpSti pSi prTchodu smykovich
tuhosti pomoc? VDdkp®d)n2ch sn2mal T (L

Hypoplastickl model vyqgébudeNap. Mo pard@retrygsoun 2 ¢ h
odvozenyvepl S2non,zak tse ra® uj szpeurai ntyu dz28Qv icshha® akt eri zu
to zerap®hta2, p-rovi pasbl nehoes (26800)P® kan@e Ma g 2 n
i ntergranul §rmo?dcihf ipkSaectiv ohSyepng?sloaus tpioayka®@ toomgmey d elau )a
R, r,cab,j ej i c hakalbracejsow o p gn§2ng e .

Gej e ¥ihet Sn¥vkroi ttiSek®m2 y€8ase ahlpaowmgedte np &r ame't
modern2ch konstituln2ch moepd8?1dadPrm®Pho| endr kohs
nej vhodnneykRr ®meotvoadna§ tnmrIbS eons28m zpk-oruogvk@h os t | aku ( Cl
rekonstituovah®en zwg&knuo  vebhek®dnhastvrzoktkkwur ae@epor
Podm2nkou je homogenn?2 pSetvg&§Sen2? bhRhem,smyk§n?
2009.)Pot ® se ¥helkwvintitSh®Mmost Sem2spol 2t 8§ standar d

ParameyN, &¥as ¥ ze stanovit na z8kladhD triaxi 8l n?2
nepor ugen ®hehodnatdo(t+k)pr o j edn ot rkowli®n (Dlatpe)t &vjesv. | n p
smDringce 3l amDrnice | 8ry odltamoerhramdiecid p@:
asmaneporugen®m vzorku jevos®@kmm pStek onls@mp ldiak o
vzorku, takge | 8§rydaosgmBobuet &aogngsodobdmeenl apnDt 2
pS2stroj T. VNt gi nduwwboe atbeddnh hvke§ cshit cabnpduagrdens? rcenk o n s
a nepor ugnean®& vsztoerjknyou b tahadytopapamameyrijsou ur/| e
zkoungae kr ekonstituovanNjezh§ wizsolric 2rncah . s tPrawrkatme& ez e mi
neporuajerneBkmonstituolvacm®mt atlayut edehmD|l akbutgkyt a
na neporugen®m vwewea kanlkarachdriggag npakekensti tuovan(
lzest anovit v trojood®metprSE st Boh §Vp 5& Iphhady? v z200r ku) z
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j 8my Kol odvorska byly tyto parametry stanoveny
i rekonst it uodvoapnlTncihn yv zzokroct? gckha nai  tirsi catxri o8pl m22  sktol meo) ¢
Parametr u r | smykewutuhost zeminwo bor u v Dt §g.2MJ ljsepta®avitnao Se n 2
z8kl adhDstmykaxi®8lzkdugky (jak dr QuP)amna® CIlI D, t ak
rekonstituovanvinorikune pPorrou gjeenh®@m k@3 i bbaNipj &@&c o
smykov® rekbnstit gk gn®ho vzorku, kpi ovE8&@®hm® pahd uuwvine
vige), nedioaggrran osvmpkov ® z kwadgrkku,napalpdr sig emmor
voboruvelmmath pSetvo.¥Yehi edeomv &dhel i ne §rdpporsut ucphno®ngur
pokl esu tuhost imosj npeS evtyvhooSlenmrp26ri )te orpearr?d mmeelatrial€je n 2 ¢ h
nNut n® prov®est zkiomglkyciposmogRon@poploam®tt?P c MEIPO mo
programu, kterT oke ay ywd§ §/époghnymc 28 edpegigh).caraniete me n t
rovli pRapevn2 diagram smykov® zkougky t2m zpTso
ge pro jeho vygmemaloaj8p2Tngu dodl § 7 Bpt ereandEIM @ g h ap N1
hodnotar tedyinp | i kuj e ni ggeéBolan®MaapeOpPRaaeetrb §1 upr o %l el y
model otv@né po§ein pSa kalibraci pomoc?2 single el
Obr.32Definicep ar a Mead&aT p o u gvhypaplis¢ h mk ®enl u 2009 g 2 n ,

n (1+e)

Isotr. normal compression line

A

- Isotr. unloading line
current state A

o P In p

mg, Mr, R, by a6 jsou mrametrydefiny 2smykowutuhosy oboru veSmivm&ehe
Smykovg§ tuhost v obopSetmadSearm? aj eved §nii snad Treeh st
parametr T, kter® ji p onpai szu§jk2l ,a dnflu sz2k obulgte kt enday nperpc
Hypoplast c kT model obohmaten@rankb8cedpch pSetvoSend?
pol 8teln2 (elastick®)uhabbbsts pSehapBenzmtakWept
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kterou mRS2me nap$S. omoyoacvi mpir owlpaBmeinRi{azpaartejr k u

mT, jehog hodnota s euwa gpujaek tsi hcokd mB) .sa Pplesi r Raenget &rhekmo
vztahem

_ !TTR ,
Gog=—P (12)

Parametmrur | uj e veli kostjipno® §zredmi3 stnrows tdmefphgyi p Se
v praktickl omtgphioknpunk®glLuge& Rar ameer vel i kost e
oblastv. prostoru pSefhacoS8&nwzyjcé | part a megibBrayw v bHednatys mi s
parametabfe t Seb gakopaametro brs anovit na <Blikl adhN par
simulovg8§n2m | aborpa%io rmi2cchhg ejxep edr e fpoermbafcze | vozkoSrl knT? «
sn2mal T defesrirmaade,h pS2moBobh&Vz2009MagZemi ny

5 1. Kali brace pa®amemodehypopl astick

Na z8kladn visledkT | aboraaltiobrrne2ccen pzakroaungeetkr To
hypoplastickl model pomoc2 s2009g,) ekteéreimenahmpmuwijge
hypoplastickl konstituln2 model pro j21y.

Paramety (ic & *a & Nbylynak al i tynawvd $n edc2 ch o e d oazektoruigeekkl ¢
i sotropn2nepbaligeaelcbsiirektomisdsit &lopréatordirlhe Se or |
vs. (6bn3l)pParametrby!l nakalibrovg§n na z8klad8dBhvisled}
smykovichmbBengemkpsr ov®ho gvlyakji t(dg lpe ajceon nClhwP)
v prostoruqvs i (obr.32).Ka |l i br ac ep rpoa rkaommecterpTt i nt e rnmgma R 6,1 §r n 2
acprobhNDhla na visledc? whzoprkauz %®an §iry?2 skaptftaorvd gné n @
45) za podm2nek rTznl ch wkémbikaciivih&ecnh? mi snoatl rTocphn 2pche
pomoc?2 LVDKabnbmatd§ b yplosioruovsoy(&d3I3)nParanvetmg byl
nak al ipbornoovc&n (1) Zkde@byl o stanoveno prol og@ns2pm pS2n
a hodnotouGyp S i p'a OBRazobr34). Hodnotyvy gec h par amet taljuicg s ou uve

Tabul ka 1: Hodnoty parametrT pro hypoplastickl

(e o * 9 * N r MR mr R br i

33A | 0,103 | 0,015 | 1,31 0,3 12 12 | 0,00002| 0,09 0,7
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Obr.33Kal i braceaPaNametr T

1
0.9
——
—_—
08 — —— neporugeny
. x‘i\*\s vzorek
—_]
07 Q}Q _
\\ — rekonstituovany
vzorek
[
06 H.._“H" ~
o —— \ \ kalibrace
T 05 —
I‘II_- ¥
E \
04 — S}‘*a ——triaxialni zkouska -
; T, s neporuseny
\ vzorek
03 triaxialni zkouska -
rekonstituovany
0.2 vzorek
0.1
0
4 5 ] 7 8 ] 10
In p’[kPa]
Obr.34Kal i br acelgpgorrdNmet r T
triaxialni zkouzky - pracovnidiagram
s — i
_— —ClUP1-
- neporuseny
vzorek
—CIUPS -
= neporuseny
vzorek
g
= —CIUPE-
= rekonstituovany
100 vzorek
— kalibrace
0,05 0,05 o1 0,25 0,3

g[-] o1s 0z
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triaxialni zkousky - drahy napéti

240
190 /

—CIUP1-
nEeporuEeny
vzorek

—CLIUPS

140 - neporuseny
. vzorek
£
=
= —CIUPE-
rekonstituovany
o0 vzorek
% —alibrace
g
\ w
a0
-10 =5 e S 266 250

p’ [kPa]
Obr.3dKal i brace parametr T pro komgane Rtbraé nt er gr anul

pokles tuhosti s pfetvofenim

0
E \\ —trigxl
E 13 —triax5
=
L]

——kalibrace triaxl

—Fkalibrace triaxs

0,0000001 0,000001
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Obr.dSt anovendénmpar ametr

450

400
|
350 = .—I——l.—
| n |
m & . L
300 = ¢ * BkHz
[ ] " * M
u v H N
| - * n B TkHr
250 * - g = R
£ Y * - n n * 11 kHz
i‘: 200 = < B - B
- H g * B 15kHr
] a n u A
150 hd i - kalibrace
| ] ’ * mr, mt
] a %
100 n & ¢
g9
N
50 7—‘

P [MPa]

6. Mohr-Coul ombTv model

Pro %l ely pomowdred ma §nks IcdodkkoB 72 jrBany2 vau dwe f or m
podzemn?2ch hytpPpl mpemocXk ®ho model u byl a proveden
Coul ombTv kmoedrell byl poosm®del ov§ midlema@sw: pr
kal i brzanc§ mppefhtaimiectyrEfas, kt er 8 byl a pogamueTdaa.na r ovnl
Hodnoty par ame ttabdlce 2Ksaol ui burvaecdes/npyn @bt hml mr acovn?2 ho
triaxi 8§l ndivholzkausditokr36).| i

Tabulka2 Hodnoty par-@melombpr omddéar

a C y * E

23A 15 1 5000 | 0,3
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Obr.36Kal i br ac e, @y E asmlehr-Colilombova modelu
a) pracovn? diagram

Mohr-Coulomb

—CIUP1-
neporuieny
vzorek

—CIUPS -
neporuieny
vzorek

f'/ —CIUFE

rekonstituovany
rd vzorek

q[kpa]
!
N

— kalibrace

0,25 03

b) dr8hy napDt?

triaxidlni zkougky - drahy napéti

220 ] i}

240 -
/ —CIuP1

- REpOrUSENy
/ vzorek

—CIUPS -
neporuieny
vzorek

- 0
/ —CIUPG -
rekonstituovany

vzorek

20 /’ o ——kalibrace

120

q[kPa]
5

—~

-10 =0 OO = i) i 2 h
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7. Monitoring stavebr ] 8 my Kol odvor ska

Na stavebn2z j8mnD byl a usslkeud ceM $311Pn dreofna rt noa d 2n gs
se s®rii inklinometricklch mnRSen2, pKBSedznbyglhe
prov8§dhNDna na vrtecpodzemovahl eshNun (LakeéLhdmelk 7
vity oznaleny jako LAXnem®L2, st AjJikeg dscéh@Vdiril yk a
odv2jela od hloubky flygov®ho podlRg2Zm2 &trBDiy2 pr «
jednot meVT gl £ &2\kapioleB.5V0 bsrtiurpkyl i nometri ckTch mnRS
pS2|1 3ha eldn§8 se o posuny jednotlivich | amel ve
smRDru osy B (osa pPad®lkmg ed e cst Brybylapnped thichkal mai  nnos
digitatdtazvavgnartr A A6 S epolréh@@GDDmMt a byl a nai mport
preprocessingov®ho prostSed? programu jako bitc
jednasada boeffi powdn3d viiledn souSadnicovich os a dal
jednotlivich souborT mnRSenTch dat. Pot® byla ptr
programu podle vztahu
T'=aT, (13)
kdeT' pSedstavuje tr aajsef drismoavdainf@ ssomlu SEETd/midne, s o u S

8Model ov8n2 chov8§n2 mas2vu a sthDn hlubok® | 8§my

Model ov8n2 stavebn? j 8§ myprogramMu®IoAXIS PDsvkrze O.®rp| o pr
2Dmodebyl o pot Seba zvolit vhibgedm&eri ¢VEpedemb p®mu d
kr ozm2stBRDn2 i nkljiedmettlriiwlkdr hl amalT§ eldyp mofe@n ko
svisledky sedjealbo §méjbvhzoed n Ipjrgof 27vs skez@ez § manch u ¢
i 8§my alL% ama | juo tdo¥ TObtlx dmaMme | ¥ hg el braa awltp§sa2N@egd obo
takge se zde daj? pSedpokl §dat nejleldtsetedopr oj e v )
Sezkde by se mRly prok8§8zat nejvhRDtg2Lidaf g Bacza
z S e j abr§ 17 zkapitole 3.5.

8. 1. Geometrie probl ®mu

Implementacegomet ri edprpbd ®MEed?2 peog§ sviveodrBH.AX? S
Tvaroblastipr o b Ib&nhu def i no lLifeabylz& ot remj ¢ rokvdd ® |b k@i in 2 k
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168 ma35mTatooblasv yt v § S2 @2BS%vil ggktaorn( r espek®Gqd Slkeahobludkt
zvolenatak,abh yl o umognhDno modelokwadt ¢ gawigsahiejakege 3 n® mv
mi ni nysl Skia(56j3 Biyvyl ¢ (keapektive hlabka)o bl asti zohl edRuj e cel
a odr8g2 hloubku, do kt em®gRwideg roovadnd&mhowrstnz] |
vmi ni m8l n2m nut p®dc pt a@keaponvt® jpSondahormkyy byl y def i n
n 8 st rSwarjdartrfixities

Do geometrig@r o b by®ma | lye ndilanl g 2hlla chiirea apdmoemmany ody
geologick cwistey, rozhran2 tRNgebR?ThNhyrpoWatkinm 2dvo djy§ my
z8kl adhD vrtin®her pjragkzok wmp@anm avpedlcihde ms t er ®nu, Kkt er
vodorkdivemdbka hl adi nyylasoadnzoevnenra vnoad yk &,8m @.am+ n2 hl
povrch, tperro®nhul oubky pougi t a)ak lvaydknr & szl neanna® npkoomvo8c 2k
Phreaticlevefj ak o pol 8t elhy? podm2nka %l o

Podl e vrtn®korlagesmaipkumuzel ini2 hloubek flygo\
kapitole 3.3.) byldsar ove R fl ygovy®hbeppBI pg¥,Ntnrtael r@hool of vl §yngae |
r ov n o bplogvnr§c hse mhloubee 1® m\rty bwlarovild g st agena vr stva nav§
mocnostiJe | i kog m8&8 obdobnl charakter a tuhost jako
vpodstathD uvagovs8na | aksa erjenki o s tpiatruaonvea mily maatkeor i
moSsklT ¢prhvdPNpesedoprdniloumaneér v®ldn2 c hma®skl @52
sedi mentech, vI Q09 Cwspes atnlT| eL oggeaorneent yt © pwab m@me
nebyly rozligov§&8ny aohlaukkek3&0 ng 670 Mlas,60\bylyndoezrhyr a n 2 m.
ngst ingdemmma j ednot !l i vlich Sthegenbind czhp Tosimedaiednin bty il v n 2
stavebnz | 8®9. v hl oubce

D®| ,keppektiveh | oub k o pb dd e sna BbcyH ys tp/Brel vkzraetsyu zj § my ( F
Consults.1.92008) a pokl ®mebkamNSenk!l i nmwaetird m&ll &hh .vr
Hloubko vT dasmeH y L27 | ins? j22 tno, 30 InameVzyd 81 enost n
stanovena rovnhRg ploedlliek ovg ksree sjue dhra§ 506 ,Betnonov ® p
model omdry mBatef akpesvi spad Siolsmiznkiy nsechani c kT mi
kapitola8.2.).,Pr o model ov8n?2 realistick®ho prokluzu zen
deformac2ch byly na p nteriacspositiveanedativegpo r pSivar mn g2 p i v
rozhr anizZp ozdeznreimmnah | ®tds& az st avebnz j 8§my) .

Vmodel u byl y uvradop@Emy® pSesendéseviler ¢ s c hcel kK
Na rozd?zl odbyliy §p Riz2htoDést Be/ju§ mp o u z(el 2rsol zopvidrnyo 20, d
Tyto rozphDry byhymeridygyk @mamgod&Iny. vDal g2 rozpBDry
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j 8my nemaj?2 na visledky modelovgn2 wvIiv, protooc¢
odt Dgova¥t 8§mcpr pcdgrbayrhua PlrAoXlellena trzedr Phasanlk
chovg&n2m, a ne kiakagitold8BHdRd znpNraynand zdhan® Yr ovni b
dvojic?2 upn? et idmdRxBdend anchor khbylgvp8at SiYrnolvan® icéryt ov § n
horizon€ | ,mdd27pod0A nal5podl 8 0 APogadovang d®I| ka tlvopht o pr
j 8my u kagd®ho.

Pro potSeby vipoltu byl a dwydaer er mo&in & utsrt mjt Xt
b o dobr.37b).

Vzhledemk omu, ¢ge povrrcohv mib,| atsak poe rnvaoddeof i nov §n 2
vygenerovsgn2 ppomogRrhKad dakrTy bwy gwener oM®@nom geost
zemn2 ho t Kebkyd av sklainbwena p@™M9p@sy JS8kyho rovnice

Ko=1lisip (14)
Obr.37a)Geometri e model ovan® %l ohy, b) vygenerovan
a)

lol lol
? ofd— 50 I
Il 5 R I

L@ (S8

I gofta bo #ic I
ol I b ]
s ol i £3 T
Il z e{;@n |
Il v Il
L = = 3
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8 2. Materi 8l ov® parametry

Pro technick® prvky | 8&myzp larky, | lswlag pdga zyreanhe |
parametry, kter ® odpmvV 2zdea jk2t esrkluctEhdtawdhyipront aytteor ip8rilv]
podzemn2 pdakKlnd j e uva(jsou®pmer § m&tor e | aaesfhiyrowj@ c 2t
momenf objemovou t2hu a Poissotoomupo iZ2esmh@nh mabgtlt iy 8§
zhotoveny detonuC30/3byl y pogadowan® ehoydnoothyotpor momyel u p S
L. S N 2061 podlerovnice (15), kdedeqj € ek Vvi val e BAakERv y§ 2aSlkSau j £t axyi ,§ |
respektveo hy bovi moment ntaSejtedm ParakzewiXdr@lykjya dvSuj 2 c2 t 2
mat ereip®IBlt j ako obj emov§ t2mMmau NiSts@bemeenytz2ySkou p
v tabulce 3

d, = 1’12ﬂ
EA (15)

Pro rozphDry jsou dolLanodkV iuv plddmadmivE&thyb a&Rtl k@2
vt Set 2 m r o zFnékend archo§ s Ekvj whlosnt M3yl pSepolst &na
tak, aby odpov2dala skutelnim rozmRrTm a par ame
rozphRDra na dan® %rovni se skdrsviaddendanehorProou pr ot
kagdl d2yllad mpaoweikt d de®I ka .de | poykioavoizrpsyt) av & h n 2
stejnl materi &l | akpor oprvok kpuoldezbel menret ns2tcidhn yp, a rbaynheyt r
pougity r ovlnSINg EhNd.d2nOo6t v z

Parametrypr o vr st vu mlihk khidoginyme$salnfow eny na z 8kl ac
| aboratorma2&ll zbhoagekpkjpcb kypobpda3ti-ckl model
Coul ombTVpmodeadmu PLAXI S je €CedlaamibTB|l nadNtaat anw ¢
hypopl ast i c kh®h op amoadneeltur Ta jjee mogn® pomoc? subrou
kter§&8 zahfnmpeemat Bekhkh lhyppo gt amadaue g ®éPprod le§r n2 c h
materi 8l ech, j2lech a rovnRg z abhrro ugoeo deolnicvesp c i
] 8 miLolodvorska vKoperub vy | pougit hypopllkoendekd?2 mordted r rr &
pSet vhhcStehehn®opauvuamedey T a dal g2 nezbytsou® par an
uvedeny \abulce 4.

Jel i k odispozcbvyotelsk zpddl ogndPho filapgpge atorn2 zkou
parametry pro vrstvtutoodvozenyp ol n2 ch geotechnicklch zkougek,
(2009).Nap S22kl ad YoungTv model byl pSBewkapide33) presi
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Vi sl edky 2mosdteal voevb§nnz j § my | s oypunjaetne mmai tnii cnk®&hnol) nzo8dve
tutovrstwy, proto byl o sihmwl§n¢ §Qpudmhdd wmodeery y pr o kter T
snazg? pot Sebn@bykad)ametry odvodi-t

Interakcezemina-p o d z e mn 2 opsXiNnmao dbeyl F6 @ §hé mMowwr m model el
si mulape®@ac? Int@facéesr ogreo kter T tzyredkt SebfaahkRe.t amapht
Abychom definovali chov8n?2 pr §intdifacedau jikoRgido r oz hr
nebojemgno nastavit redukl| n?2 f aRteoPokugegentor oesdturk?| cnie p
faktorrovenh o d n ongjdduple,vnost n2 charakt eoksestdi kg medgRowné@
umo ¢ fMreax i mterbkoelzéminatrukturaP S i mo de |l olwysme p Ipaosttoici ty |
pro tentonM&ster ® daijdisoupmstaomedrymelstdi | at ance a
Poi sson¢abal) | 2sl o

Tabulka3: Parametry technicklch prvkT | §my

Tuhost C Obj emov
Prvek 30/37 En C 30/37 Poissonovq EA El Jeq w
[ Gpal (LSN E-N | 2 g1 | [KN/m] |[KNm%m] [m] [KN/m/m]
EN 2601 ’
podzemn 1,387 x
800 mm Plate 32 25 015 |[2,6x1d 1 0,8 20
rozpQBfDra
(Fixed-end 32 25 - 9’17056 X - - -
anchoj)
rozphBfDra
(Fixed-erd 32 25 - 1,6 x 10 - - -
anchol)
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Tabulka4..Par ametry zemin pro model ovgn?
Parametr Ozna kl\l/ly;oilzsgcii MOMSoﬁr—k : MoShIr-CZOlTIomE) Jednotky,
Coulomb
typ chov§8r - nedr ®nf nedr ®n| nedr ®n -
obj emovs§ t2ha| s 26,790 26,790 22,500 kN/m®
objemovs t2hj 28,000 28,000 25,000 | kN/m?
zeminy
propustnost Ky 1,020 x 10 | 1,020x 14 1,020x 10 | m/den
propustnost \ Kk 1,020 x 10 | 1,020x 14 1,020x 10" | m/den
YoungTVv mo( Ee - 5000 200000 KN/m?
Poi ssonovo 3 - 0,3 0,3 -
Soudr gnost| Ce - 15 16 KN/m?
Yshel vnitSn|l - 23 38 A
Vahel dil at y - 1 1 A
redukl|l n2 f al Ruper - 0.5 rigid -
Hypopl. parametr 1 (ic 33 - - A
Hypopl. parametr 2 o 0 - - kN/m?
Hypopl. parametr 3 o * 0,103 - - -
Hypopl. parametr 4 ax 0,015 - - -
Hypopl. parametr 5 N 1,31 - - -
Hypopl. parametr 6 r 0,3 - - -
Hypopl. parametr 10 Mg 12 - - -
Hypopl. parametr 11 my 12 - - -
Hypopl. parametr 12 R 0,00002 - - -
Hypopl. parametr 13 b 0,09 - - -
Hypopl. parametr 14 G 0,7 - - -
Hypopl. parametr 15 K 0 - - KN/m?
Hypopl. parametr 16 OCR 11.31 - - -
8. 3. Koncepln2 model a definice f&8z2 vipoltu

Jako typ
nedr ®novanlch
el ement T.
VT p oruraerick® hro d e
fgadedns

S e (0]

vipoltu

byl aelzaotl @ mlaa (rlasitaalysika |, | 7 & <

~

-

pode? jek.pSTo vimpamenmn§,upl at Rovgna

Neuvaguj e

| u

2 PSkbBHgfRa v e e tneuvaguij e

S e

k o ns od Ti vdoadcue , p rt oeuddyln nd?i spi - preé

j lBanlyk wlya| vz |

8§8sti

Matice tuhostv y ¢ h § 7 ¥ o ddne2f onremo v a n®| alevyymeyt2 viSe mal Ttehr i
deformac2pSejhédmotlsiou®

f §z @wbulkcd5p ol t u
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Tabul ka 5: vprdgmuau PLAXIS@D t u
Phase |Start
Identification no. from Calculation | Loading input Time Water| First| Last| Error
Initial phase 0 N/A N/A 0,00 day 0 0| O|N/A
Plastic Staged 31,00 No
podzemni steny 1 analysis construction day 1 1 2| errors.
Plastic Staged 20,00 No
tezba 1. uroven 2 analysis construction day 4 3| 19|errors.
Plastic Staged 20,00 No
tezba poloviny 2. urovne 3 analysis construction day 5| 20| 49|errors.
Plastic Staged 20,00 No
2. rozpera 4 analysis construction day 6| 50| 68]|errors.
Plastic Staged 20,00 No
tezba poloviny 3. urovne 5 analysis construction day 7| 69| 76]errors.
Plastic Staged 20,00 No
4. rozpera 6 analysis construction day 8| 77| 85]errors.
Plastic Staged 20,00 No
tezba poloviny 4. urovne 7 analysis construction day 9| 86| 92|errors.
Plastic Staged 20,00 No
5. rozpera 8 analysis construction day 10| 93| 100| errors.
Jednoti®w f §ze vIipol tau moyli ypodebWE@Re nt ) gbtya \geSomzg e n 2
vige popsan® Walederaknehr r00a@anI m podm2nk8&m byl z
hl adina podzemurov vkubg zk o por byaldalpa gs® 2h®z ik ujglek a
Vprvn2 f 8zipostpooMeruy bpyddyze@®ni SgeNser vad T %o ¢
j 8 Myhloubky3,50m kdy se ji¢g dp§v el 8hde npyo dp oddirzoevmenR v 0 ¢
hladiny podzemn2 vody je 1,prm potdSeuymstlitem| t er
jednot!|l i v® cl ushlustergryiu vaa g Ss ijriieu8yjonj@mkap S2 padnN v I k
Tato operace byla provBdWna delDvfere fllzgoniith § &
t Dgby, peapweadblVdial\j2ch pE&zSetha brya moaholbkovoat t NGb
Y%ur 09,80 se soul asnim dok(ndsemem pdrvinR®,r o&lpddrpr vn
“wrovni A3 p®® ®mza s oulzamsiny@po gddoYrgoovweR 2porba v § d Nt
druh® rozpRDrne®eltskoviDD| ( 9 ds BHa hacat ovr eof venkig 20 , n6oOh | no.
vi podiotsuiageno pougit2metodgpdiuf? kma@®ePob&8hba ragby t
pomoc?2 NATNMetodaboyh Itaaplolitkov&na ji g pro tRgbu prvr
prvwm2zplRNry a posl ®ze mohla blt pSenesena po akt

dr,mb ®e t komitteypce i modedl azpSgesndDuplgoy |
10 mdodvoud 2 ¢ h 2 P®tpBylovt Set 2 f §istoupendkpP gt @ @S| | 2
6,70msnast avenl BMstagek 0,35 (pezmpokud je nastaven@-Mstage= 1, je

f§ze vipoltuoa tpSeett® nf8&szlie dnu§jsd ewvdl
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j i g vl ogemMf38pmmatriost300onm)a o b lsoudd®pe® | 2 E-Batage=dda. P8t §
f8ze definuje t NQGDb ufakoeemZ-Nstager8,2. .8 ©IveRu j92 60 dgne st §
do vIipoltu dfakiorenfMsiagez pN.r uSsdms f §pef§eseoB@eBmE r
faktorem. Cell vipolkdy je nakdnhNDeEG@Eommamod ®F 2ma
Vzhledemkpo os|l oupnosti re8lnlch f8z2 kontegdby a r 02z |
vipoletnPghynflBkalyi k ssttuip RTk tveod §wwii sll 2ze na pougi t 2
modeluov ! i vnit vIisledn® deformace podzemn2ch st Nn
upravovattak,abp y | o dmwocej eemwdg2bH® gen? se .r ebSplsmioty?2 yad m2 r
zej m®peecig ednot !l i vimi faktor y,r ojjejviidh g av Ivd rsd ne dsc
viraRhdl edky wu®wbdi mej edwn oproloban I mé rnindelyt@mdon or T
porovnpw8mybad dkapitkledtJeevdgoyt |vi v® depohevahouS§geo

jsou zobrazenyp S2 | 8.ze | .

9. Porovng§n2 modelu s monitoringem, diskuse VvI ¢

Cell proces |l ahokat o bmake »pkomagmets Edon®hw mo
hl ubok® s tsamdeSmav2avii &megmn ® mu sd derggg\dmpg§mstick®ho a |
CoulombovamodelP Sedem | ze S2ci, ¢ge predi kce hypopl ast

vzhledem Keho vlastnosterjakj i § pmyls&no vIige.

Jako viznamnl | ev p&projevijedefolmaaced ¢ s tt 2oye ton 2p Sj2 Sy
podzemn2ch sthRn. Jab jogibwal modeédebygl al §ef uov:
por ovnig:l esdky nverSiztpardidn g myoKpésodvionkkiamametric
l5al27Vegker ® vislad&klyomdprubylyo@BEor i pm§nygr acessi ngc
programu PLAXIS a jsou uvedeny v patSilnich pS?

Obr.38p o r o vdne§fvo§r mo walmsd ue dsn2f& h stavT obou model T
zSej m®,Cgel MobTv modelf prmadc&useNviDag2zcelea odl i
def orJmau® odot knout, ¢ge tento visledek je nez§vi

postupn® M&Adgdlyoy8m¥y .chov8&n2 | §my opotmioneca!| ibz & caik tvo
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Obr.38Deforno v an 8k s eS| vl ch st ave,chpops uamsyt i wczkl® a2nlalx zzyn
a) Hypopl 4&8&)tMohe®&d u ImomdeTv model

formouz p Dt n ® paonnall kiuzdy ,o0d | i g nkdt eordo w pg d priad U jz2ac@al vel |
Finno a Calvello (205)na p S¢tkdweln2 j §my, model ovan® $omoc?
Soi l model u naChidagp©Ob &l adcaSij2pepgphsuj?2 zphNtn® dc
parametr T konstai tzglkn2ahd mhdalyu vi sm&dkTymode Sal
ukazuj?2 optimalizaci prostorov®hdedfoeltawc et Bd Wy

ovliivnDn® zen®bhdruNgbpusuje i 3HDumoed ekbaplex® n(22 0 0 ¢
hlubokTch stavebwAlBd padzemaymni shDmami, pSi st

vpodm2nk8ch pr Shmafgoavi t T ch j21 T v

Pro %l ely porovngn2 predikcdilortiazomrztoylamd enh
inklinomet(poskUmi ddgt ykagitdlez7dbylyevyegporfvs§&nny hor i zont §
posuny predi kovan® obhNDma modely. Obr. B9 porovr
posledn2m monitoringu a velikosti a fUearzgefda®or
Mohr-Coul omb TwSenbmev 2 d§ e,Ntrge g deyloy maamNSeny pSi
ZSejml je tak® odlignl tvar -Qoulomboahmodelor i zont §1 r
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Obr.39 Def ormace stDhDny

LA-5 23.9.2009, hypoplasticky model
ypoplasticky LA-523.9.09 , M-C model
T . e = 0 ] N
0,05 01 o015 o 0.2 0,25 0,08 01 o 015 07w, 0,25
[ 4 L
s ol 3‘ LN
H ol S H .
f: Iy i g
~
; [}
1 s
- K -
L) 10 : |
el -
A -
.t -—
Te* -15 - =
> -
- B -
- E - -
P = -
a . .- La-s inkii
o + LaSinklinace s -— 3
- 20 - 38
-4 23_9_09 $ =
i i
] P
j: 25 I8 .
Su —m— hyp. model A ,0:- - :
& .- 0,35B0,2 ..’ I,
" -30 L]
-y
35
Au[m]
Au[m]

Roboski a Finno (2006) wuv8dDj2 postup, |jak e
verltnx&h | i horizont &l n2hclhu)b o kkitneij @lTekcobpby? Fva p 2 h p a
prTbNDhu tNchto jevT pougily chybovou funkci (er
Pro simulovg8&n2 pr TbhDhu harmiezoun tn8l ns2tcuhd odveafno® nma8cnk
vige zm2nhDnTimi autory upraven§ forma t®to funk:¢
y=C erfd(xi A)/B] + D, (16)
kde viznamy jednotlivdlkmh. ph®G.amdddrot s ojue et Im®v
z8vi sl ® ndatynkoan iitborraicigu. Pro hodkKopemdy m$impagpwusg
hodnota maxi m8Il n2ho horizont8l n2ho posunu (] akc
dopl nDn?2 dall at2ecrh8 Ihm2dm ost mi¥r u  b-Marquargioveopwoeeduggn a L e v e
stanoven? parametru A. Parametr B byl odvozen

[5-4)

e (17)

Visledek t®to aproximace je na obr .l adkr §$kndtmelsr
vgak bude odljiigniviwzeh lzem® et ng® mud gebfye kt u zonal i
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Obr. 40 Parametry pro erfc, Roboski a Finno (2006)

F 3
£ —
i) = adficlx) ]
— —;\
L - win) = aefoin2)
Bl 5‘\\__-\.!"’_
T 1 =TT r qr-*
- A " 4
7 .'\-\.M =3
i PR S
W D G -2
u——
¥
Obr. 41 Il dealizovanl prTbDRatko 8l némt §ImDx ah def c
staniceni stény jamy x [m]
E o 10 20 30 40 50 [ 5
2 ops \ /
é -0.06 \ /
SN 4
E £0.12 \‘ /.//
Eo.u R‘M“eeeeeee=eee“M

Na obr. 42, kde jsou zobrazehyor i zont §ba? epnb ahlyedensonstonad c h

vivneline § povdly a respektov@atenviySlok® $iuhwvosl mi mal T c
Respektovg&n2 tRDchto aspektT nmerzg@2 m 8ckdd ssadlek prir
j 8mpod8&§n2 hypoplastick®ho model u
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Obr. 42 Horizont §lcrk?dl proosdeedy,u la))mbVophamo ¢ ¢ |
a) b)

R, ... N0, . N0, . 00 28 0. 0009 . N9 B0 00, L D, 00, ... 00, 00 ... L SO L R 00 ... 1m0, . 00 .,
[m] m)
0.00 000
0250 025
0200 | 0200
2000 2000
H 0150 | H 0150
0.100 H 0100
0.0 000

L1

20,00 20,001 {

005 I H-0.050
|

P 0.100 0] 0.100
0.5 0150

6000 0.200 0,001 0200
025 0250

Horizontal displacements (Ux) ! Horizontal displacements (Ux)
Extreme Ux -164.71°10” m Edreme Ux 2346010 m
D 3 o jéma Kolodvorska [) 5 o Koper_L39_ L12
PLAXIS (=8 - = ‘ LAXIS [B= - -
[P e e Koper_L29_LS_HYP_UNDR_betaB 100 23.08.10 || _Charies University =T - e Koper_L29_L5_MC_UNDR_betaB| 35 23.08.10 Charles University

Podobn® poznatky maj?2 HSSMALE ¢hardening soiraodeljg  RI0OBY | N
vysokou tuhost pSi malTch pnscedelosSejn®myh , Houagd m ud
Kongu,j ek tseirt8 o v &noampll Sesttneld nmrbzvi ogen®m tufu a | 8§st
granituDTl egi t ost zmi Rovanlch aspektT c¢ho(2088),2 zemi
kterlT se svimi kol egy por owaagmaadu (MC)sthreeGufgce mo d i f
Kinematic Hardening modelu{8KH)n a c hovZAne?j ijcahm pr 8ce bych vyzdyv
model vzhledemk e ho neschopnosti simul ovat n ebbilastie §r n?2
malTch pSetvoSemSedmpoy2eddsSnsthppnoshu velice sl a
Mohr-Coul omb T Tv moldredgzSrelh v d\R@rctuijle§l n2 def or mace,
na obr 43, kde pSedpov2d§ nerealistick® zvih§gn?
podzemn2mi st Dnami
Obr.43Vertil8l n2 posuny a) hypo€basbmbfV model, b) Moh

. OO VRS, . . JDIVOR. SRR SUIORL. .0 . OO . IO . L 600 - 4000 - 00 0 00 000 6000 8000 10000 12000
0.0 =i 4000 i
0100 0.100
0,080 0.080
0.00 0,080 20001 0,080
i 0.0% 0.0%
0,020 | 0020
0001 i 000 i "
'éﬂ '_; 0,000 [ | 01000
: ] R | | ! 0020
20001 | ke 2000 { ' ‘ 340
i H-0.080 | H-0.060
] | |
0080 | -0.080
40,00 0.100 0,00 0.100
012 0120
0140 0.140
£0.00
0.160 0.0 0.160
018 | 0.150
Vertical displacements (Uy) Vertical displacements (Uy)
Extreme Uy -182,37°10 " m Extreme Uy 1690910 m
l) LAXIS | j4ma Kolodvorska ‘ l) LAXIS S Koo
D, 4N — = = 2 DA R —— = = =
P s Koper_L29_L5 HYP_UNDR betaB 100 |  23.08.10 Charles University e oy Koper_L29_L5_MC_UNDR betaB| 35 23.08.10 Charles University
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Subroutina
stavovlich promRnnich, ukrytlch pod |
116 tensor intergranul 8rn2ch
7 | 3® p-rovitost.i
11 mobilizovanlT “%hél vnitSn2ho
12 normali zovan8 d®l ka tenzoru
MobilizovanT %hel vnitSm2gmyhk Se®AonmamdPmh§n 2 4z an
Obr. 44 Mobilizovah¥sh el v ni fASn2ho t Sen?
Vi AP LAV i AT 00000 G DU N0, ] S0, RO i 20000, i 2 .
D A XIS i —————s
Hodnota mrmalizova®d ®ftkenzor u i nter grlalnhud 8Becn2sd

ukazuje prostor, kde
j douc?

Obr 45

Nor mal i
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10. Z8vDDr

Na %l oze moohet ihed RI@Fotka® e bn2 | § miopubylao d vor s k a
prok8z8na funklnost hypogpdatsed crkBPhlo® mpuoaenring pSi
demonstar covd§[rvjpeh®nlyl avmBe d SeellmoB tpoug2vanl mi moc
Mohr-Coul ombTv model

Shrnut? Pegem2 kiff®zo pr §ce:

1) Proveden?m | aborat or n2kcynl yz kzojuiggetkld mya c fv@door knu® 2
viastnosti nDkt e Aom hzkneSnmi)adi§szkelmbjy2Blyn ¢ zemi ny ov [
chovg§n?z, kter ® voydgpjorvn? dp8o dz2e neirm &m | st u,

2) BylyovmDy&eTns | edklyy numeri ck®ho modelu na visled
respektv 8 n2 aspektT chov8§n2 zeminy, | akoobprevelmel i ne

mal Tch pS&ttwaSemr28sadnhD ovlivRuje chovg&n2 zemin

3) PSi 2D anallze % ohy muséeRNgblyt st e N jb & pAac
faktoeT® @&ptpBatporoddl ydeformac2 podzemn2ch stfr
modelu

4) Byl o doc?2l eno vynikaj?2c? shody mezi monitor.i

Rejv2z, z8S2 2010
Pavel TTma

/////////

eeeeeeeee
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Anchor Scan Parameters

Sample Koper

Diffractometer XEPert Pro, PANal ytical B. V.

Laboratory RTG difrak|ln?2 aocohémzg, Bshavaleoi e a nerost
Date/Time 13.4.2010 8:27:57 Of fset [A2Th. ] 0,0000
Operator Magr. Petr Drahota Divergence Slit Type Automatic
Raw Data Origin XRD measurement (*. XRDML) Irradiated Length [mm] 10,00

Scan Axis Gonio Specimen Length [mm] 10,00
Start Posi 3013 Measurement Temp 2500
End Positi 69963 Anode Material Cu

Step Size 0,05 Generator Settings 40 kV, 30 mA
Scan Step Time [s] 200 Goniometer Radius [mm] 240,00

Scan Type Continuous Dist. Focus-Diverg. Slit [mm] 100,00

PSD Mode Scanning Incident Beam Monochromator No

PSD Length 212 Spinning Yes

Data analysis

Determine Background

Search Peaks

Search-Match

Correction method Peak Search Minimum 1,20 Data source Profile and peak list
significance (Minerals subfile only)
Minimum significance 0,70 Minimum tip 0,01 Auto residue Yes
width
Minimum tip width 0,00 Maximum tip 1,00 Match intensity Yes
width
Maximum tip width 1,00 Peak base 3,00 Allow pattern shift No
width
Peak base width 2,00 Method Minimum 2"  Two theta shift 0
) derivative
Program XEPert HighScore 1.0d (2003), PANalytical B
Database JCPDS (1999)
Modification time 14.4.2010 9:13:30 i
Analyst Doc. Mg r . Richard PSikryl, Dr .
Signature
Identified Patterns List
Ref. Code Score Compound Name Displacement  Scale Factor Chemical Formula
[ A2Th.
01-089-1304 69 Calcite, magnesium, syn 0,000 0,379 (Mgo.03Ca0.97)CO3
01-086-1629 63 Quartz low 0,000 0,945 SiO;
01-078-2110 19 Kaolinite 0,000 0,052 Si2Al;05(0H)4
00-002-0056 28 lllite 0,000 0,052 KAI2SizAlO10(OH)2
00-041-1480 35 Albite, calcian, ordered 0,000 0,057 (Na,Ca)Al(Si,Al)sOg
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Peak List

Pos. Height FWHM d-spacing  Rel. Int. Tip width Matched by
[ A2T1 [cts] [ A2T [A] [%] [ A2T
3,1620 888,35 0,2952  27,94230 7,08 0,3000
8,8841 112,99 0,1968 9,95393 0,90 0,2000 00-002-0056
12,4942 26,83 0,4920 7,08472 0,21 0,5000 01-078-2110
17,8864 57,63 0,2952 4,95922 0,46 0,3000 01-078-2110; 00-002-0056
19,9094 343,01 0,3936 4,45965 2,73 0,4000 01-078-2110; 00-002-0056
20,9279 2221,92 0,1476 4,24485 17,72 0,1500 01-086-1629
22,1194 163,61 0,1476 4,01882 1,30 0,1500 00-041-1480
23,1522 370,25 0,1476 3,84182 2,95 0,1500 01-089-1304; 01-078-2110; 00-002-0056;
00-041-1480
24,2329 146,16 0,2952 3,67290 1,17 0,3000 01-078-2110; 00-041-1480
25,5555 357,02 0,1968 3,48573 2,85 0,2000 00-041-1480
26,7216 12541,94 0,1968 3,33620 100,00 0,2000  01-086-1629; 01-078-2110; 00-002-0056
28,0128 636,74 0,3444 3,18530 5,08 0,3500 00-041-1480
29,5092 4476,26 0,1968 3,02709 35,69 0,2000 01-089-1304
31,6293 166,45 0,5904 2,82886 1,33 0,6000  01-089-1304; 01-078-2110; 00-041-1480
33,0954 502,59 0,1968 2,70681 4,01 0,2000 01-078-2110
35,0617 550,17 0,2460 2,55939 4,39 0,2500 01-078-2110; 00-002-0056
36,0795 730,85 0,1968 2,48949 5,83 0,2000 01-089-1304; 01-078-2110; 00-002-0056;
00-041-1480
36,6391 1421,42 0,1476 2,45274 11,33 0,1500  01-086-1629; 00-002-0056; 00-041-1480
37,1264 426,27 0,1476 2,42166 3,40 0,1500 00-041-1480
37,7644 181,96 0,2952 2,38220 1,45 0,3000  01-078-2110; 00-002-0056; 00-041-1480
39,5413 2175,38 0,1968 2,27915 17,34 0,2000 01-089-1304; 01-086-1629; 01-078-2110;
00-041-1480
40,3832 635,10 0,1476 2,23356 5,06 0,1500 01-086-1629; 01-078-2110
40,8166 320,00 0,1968 2,21084 2,55 0,2000 01-078-2110; 00-041-1480
42,0025 137,82 0,1476 2,15112 1,10 0,1500 01-078-2110; 00-041-1480
42,5465 894,71 0,1968 2,12487 7,13 0,2000 01-086-1629; 01-078-2110; 00-002-0056;
00-041-1480
43,2875 889,52 0,2460 2,09020 7,09 0,2500 01-089-1304; 01-078-2110
45,8865 591,74 0,1968 1,97768 4,72 0,2000  01-086-1629; 01-078-2110; 00-041-1480
47,1908 265,64 0,1476 1,92602 2,12 0,1500 01-089-1304; 01-078-2110
47,6155 1009,25 0,2460 1,90982 8,05 0,2500 01-089-1304
48,6298 888,66 0,2460 1,87234 7,09 0,2500  01-089-1304; 01-078-2110; 00-041-1480
50,2320 1848,54 0,2460 1,81631 14,74 0,2500 01-086-1629; 01-078-2110
54,9772 537,49 0,2460 1,67024 4,29 0,2500 01-086-1629; 01-078-2110
55,4015 247,74 0,1476 1,65845 1,98 0,1500 01-086-1629; 01-078-2110; 00-002-0056;
00-041-1480
56,3242 393,36 0,1968 1,63345 3,14 0,2000 01-078-2110
57,5227 338,02 0,2460 1,60224 2,70 0,2500 01-089-1304; 01-086-1629; 01-078-2110;
00-002-0056
59,0892 25,90 0,3936 1,56345 0,21 0,4000 01-078-2110
60,0490 1083,90 0,1968 1,54073 8,64 0,2000  01-086-1629; 01-078-2110; 00-041-1480
60,7988 221,25 0,1968 1,52352 1,76 0,2000  01-089-1304; 01-078-2110; 00-002-0056
61,6976 299,28 0,2952 1,50346 2,39 0,3000 01-089-1304; 01-078-2110; 00-002-0056;
00-041-1480
63,1693 59,92 0,2952 1,47193 0,48 0,3000 01-089-1304; 01-078-2110
64,1384 208,76 0,1968 1,45202 1,66 0,2000 01-086-1629; 01-078-2110
64,7877 235,27 0,1968 1,43902 1,88 0,2000 01-089-1304; 01-078-2110
65,8537 124,25 0,5904 1,41829 0,99 0,6000  01-089-1304; 01-086-1629; 01-078-2110
67,8188 649,41 0,1476 1,38190 5,18 0,1500  01-086-1629; 01-078-2110; 00-041-1480
68,2951 849,24 0,3600 1,37228 6,77 0,3000  01-086-1629; 01-078-2110; 00-041-1480
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