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Abstrakt

Vytézené nadlozi z povrchovych hnédouhelnych dolt se
uklada na vysypky. V Severozapadnich Cechach pievladaji
mezi uklddanymi zeminami jilovit¢é zeminy. Nésledkem
charakteru a stavu vytéZzené zeminy, dohromady s technologii
tézby a ukladanim, vznika typicka hrudkovitd struktura
jilovivych vysypek. Ukladané hroudy se liSi svou velikosti a
mechanickymi vlastnostmi, ale prevladaji tuhé az pevné hroudy
o velikostech do 0.5 metru. Velké a oteviené makropory mezi
jednotlivymi hrudkami jsou charakteristickym jevem jilovitych
dialnich vysypek. Vysypky vykazuji strukturu s dvoji
porovitosti skladajici se z mezerovitosti (intergranularni
porovitosti) mezi hrudkami a intragranularni poérovitosti uvniti
hrudek. Celkova porovitost ¢erstvé nasypanych vysypek mize
tedy dosahovat az 70%. Tento typ struktury vysypkovych
zemin je metastabilni.

Tato prace se zaméfuje na problematické chovani
jilovitych vysypek kvili jejich metastabilnimu struktufe a
castecn¢ nasycenému stavu. Dlouhodoby  monitoring
kapilarniho sani v hloubkdch do 2 metri na dvou
rekultivovanych vysypkach odhalil rozdilné trendy. Sezonné
zavislé oscilace kapilarntho sani byly namodelovany na
vysypce dolu Bilina, zatimco zadna sani ukazujici na plné
nasyceny stav byla naméfena na vysypce byvalého dolu
5. kvéten. Ur¢ily se hydraulické charakteristiky pro neporusené
a hrudkovité vzorky, které byly vyuzity v inverzni numerické
analyze vertikalnich profila kapilarniho sani. Vysoké hodnoty
kapilarniho sani a jeho castd oscilace byly namodelovany v
mélkych hloubkach.

Zkoumalo se mechanické chovani vysypkovych zemin
ze dvou vysypek. Pevnost v tlaku a kapilarni sani se stanovily
na jednotlivych hroudach. Vysoka kapilarni sani Gc¢inkuji v
mikroporech hrud i kdyZ jsou pln¢ nasycené. Pozorovala se
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degradace hrud vystavenych cyklim zvlh¢ovani a suSeni.
Jedno zvlhéeni hroudy pii jeji ptirozené vlhkosti je
nedostate¢né, aby rozruSilo jeji strukturu, zatimco aplikace
cykli vede k rozruseni hroudy. Oscilace sani pfispivaji k
degradaci hrudkovité struktury a uzavirani makroport v poli.
Klasické laboratorni zkousky na hrudkovitém materidlu
(smykové a oedometrick¢é zkousky) byly doplnény o
velkorozmérové zkousky. Mechanické chovéani vysypkového
materialu je ovlivnéno ptitomnosti makroport a také reaguje na
vlivy velikosti hrud a ¢asu, coz dale znesnadnuje popis jeho
chovani. Plivodn¢ hrudkovita struktura se méni v ¢ase ucinky
zvétravani a kvili geostatickému napéti. Casteéné nasyceny
stav hrudek také pfispiva ke zvlaStnimu chovéani vysypkové
zeminy.

Pomoci resersSe literatury a na vlastnich experimentech
se definovaly meze pro prosedavost u dvou typicky
prosedavych zemin. Index prosedavosti zavisi na stupni
nasyceni, objemové hmotnosti a aplikovaném napéti. Metoda
dvojich kiivek byla pouzita pro zhodnoceni potencidlu
prosedavosti u neporusenych a hrudkovitych vzorkl
odebranych ze dvou vysypek. Prosedavost snizuje otevienou
makropodrovitost, coz zptisobuje vznik ulehlejsi struktury. Byly
naméfeny dva rozdilné trendy u prosedavosti neporuSenych
vzorki ze starsi vysypky a hrudkovitych vzork.



Abstract

The excavated overburden from open-cast coal mines is
end-dumped in fills. Clay type soil prevails among the filled
soils in North-western Bohemia. As a consequence of the
character and state of the soil, together with the mining and
dumping technology, a typical lumpy structure of the clay fill is
formed. The filled lumps range in size and vary in mechanical
properties, but stiff to solid lumps up to 0.5 m in size are
prevalent. Large and open macrovoids between the single
lumps are a characteristic feature of the clay fills. Clay fills
exhibit a double porosity structure, consisting of intergranular
porosity between the lumps and intragranular porosity inside
them. The total porosity of the freshly filled soils can reach
70%. This type of clay fill structure is metastable.

This thesis focuses on the problematic behaviour of clay
fill soils due to their metastable structure and their partly
saturated state. Long-term monitoring of matric suction at
depths up to 2 metres in two reclaimed clay fills revealed two
different trends. Seasonally-dependent suction oscillations
were recorded in the moderate slope of the clay fill in the
Bilina mine, while no suction pointing to fully saturated
conditions was measured in the clay fill of the former 5.Kvéten
mine. The hydraulic characteristics for undisturbed lumpy
specimens were determined and were used in the inverse
analysis of the matric suction. The vertical profiles of matric
suction were modelled in different times. High matric suctions
and their frequent oscillations at shallow depths were
simulated.

Mechanical behaviour of the clay fill soils from from
two sites was investigated. The compressive strength and the
matric suction and overconsolidation ratio of individual lumps
were investigated. High matric suction acts in the microvoids
inside the lumps, even when they are fully saturated. The
degradation of the lump structure subjected to wetting-drying
cycles was observed. A single flooding event applied to the
lump at natural water content is not sufficient to break the
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structure, while the application of wetting-drying cycles leads
to disintegration of the lump. Consequently, suction oscillations
contribute to the degradation of the structure and macrovoid
closure in the field.

Standard laboratory experiments (direct shear box,

oedometer) on the lumpy soil have been supplemented by large
scale testing. The mechanical behaviour of the fragmentary soil
is influenced by the presence of macrovoids and shows further
size and time effects, which makes it difficult to describe the
behaviour of the clay fill. The initially lumpy structured soil
changes with time back to a homogeneous material, due to
weathering processes and through geostatic load. Partial
saturation of the fragments also contributes to the peculiar
behaviour of the clay fill material.

A literature review and our own experiments defined
the thresholds for the collapse potential of the two typical
collapse-susceptible soils — low plasticity clays and sands. The
collapse potential depends on the degree of saturation, the
density and the applied load. The collapse potential of two clay
fills was investigated on two specimen types using double
oedometer tests. Different collapse potentials was measured for
lumpy and undisturbed specimens, respectively.



1. Uvod

Teézba hnédého uhli ¢i lignitu vytvaii nejveétsi mnozstvi
odpadnich zemin, které musi byt ukladany do vysypek.
Povrchova téZba je nejefektivnéjsi metodou pro vytézeni
loziska, protoze 90% i vice uhli muze byt takto ziskano.
Nicméné tato metoda ma velice znicujici dopad na Zivotni
prostfedi. Ukladani nadloznich jemnozrnnych materialti béhem
povrchové t€zby hnédého uhli ma za nasledek vznik jilovitych
dalnich vysypek se slozitym mechanickym chovanim. Toto
muiize byt demonstrovano v Severozapadnich Cechéach, kde jsou
loziska hnédeho uhli prekryta sedimenty o riznych mocnostech
dosahujicich 80 az 200 m. Vysypky vzniklé z rozdruzeného a
ptepraveného jilu mohou dosahovat az 100 m. Asi 100 km? v
Severozapadnich Cechéch je postiZeno t&zbou hnédého uhli.

Proces ukladani zeminy na vysypku probiha bez jejiho
nasledného hutnéni. Nésledkem toho vznikaji vysypky, které
maji velice kyprou strukturu, predevSim ve svych mélc¢ich
castech, kde piisobi malé tlaky nadlozi. V dusledku charakteru
a stavu zeminy, dohromady s tézebni a ukladaci technologii,
vznika typicka hrudkovité struktura vysypek. Ukladané hroudy
jsou ruzné velikosti a liSi v mechanickych vlastnostech, ale
ptevladaji tuhé az pevné hrudky o rozmérech do 0.5 m. Velké a
oteviené makropéry mezi jednotlivymi hroudami jsou
typickym jevem cerstvé nasypanych vysypek. Vysypky se
vyznaCuji  dvoji  pdrovitosti  tvofenou  mezerovitosti
(makropory) mezi hroudami a mikropory v nich. Celkova
poérovitost Cerstvé nasypanych vysypek muize dosdhnout az
70%. Takovato struktura jilovitych vysypek je metastabilni.

Se zvétSujici se hloubkou (mocnosti vysypky),
stlacitelnost v disledku vlastni vahy stlacuje jednotlivé hroudy,
pretvaii je a tvoifi novy kompaktni jilovity material bez
otevienych makroporii. Dokonce 1 v mélkych hloubkach blizko
u povrchu, se struktura vysypek méni v c¢ase. Rozklad
jednotlivych jilovitych hrud je zpiisoben cyklickymi zménami
sani kvuli pocasi.



Vyzkum chovéni jilovitych vysypek je dilezity, protoze
poptavka spole¢nosti si vyzaduje jejich vyuziti, ptedevsim pro
pfepravni infrastrukturu. Jeden z ptikladi je nedavno postavena
dalnice mezi Prahou a Drazd’any, ktera ¢astecné vede ptes
takovouto jilovitou dilni vysypku.

Chovani inzenyrskych staveb zalozenych na vysypkach
musi byt predikovdno s pfiméfenou odchylkou. Nejen v
ptipad¢ mostd, které jsou citlivé na sedani ale i pro dalni¢ni
nasypy a zarezy, kde se mohou vyskytnout nestability. Kdyz se
zabyvame chovanim materidlu jilovitych vysypek, standardni
geotechnicky pfistup urCovani konvencénich parametrii se ¢asto
pfiblizuje ke svym hranicim ¢i dokonce mtize selhat.

2. Cile prace

Ma disertacni prace se zaméfuje na problematické
mechanické chovani vysypek zpisobené jejich metastabilni
strukturou a castecné nasycenym stavem. Hlavnim cilem je
rozsifit znalosti 0 mechanickém chovani vysypkové zeminy pfi
jeji ptirozené vlhkosti a zhodnotit vliv zmény vlhkosti na jeji
mechnické chovani. Vzhledem k tomu, ze ¢astecné nasycené
vysypky se postupné prosycuji, je dulezité¢ studovat zmény
kapilarniho sani po delsi casové obdobi.

Vliv kapilarniho séani je tfeba uvaZovat pfi jakémkoliv
studiu pevnosti prirozené vlhkych hrud. Pozornost by se méla
predevsim vénovat vlivu vody zasakujici do vysypek. Je tfeba
studovat, popsat a vyhodnotit vliv vlh¢icich a susicich cykli na
rozpad hrud. Protoze klasické laboratorni zkousky nemohou
postihnout celé métitko hrud vysypek, je nutné postihnout a
zhodnotit vliv zmenSovani hrud na pevnost a stlacitelnost
zkoumané zeminy.

Dal$im cilem je zkoumat prosedavost jilovité vysypkové
zeminy. Je tfeba definovat meze prosedavosti typickych
prosedavych zemin, které mohou slouzit jako prostiedek ke
zhodnoceni prosedavosti vysypkovych zemin.
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Dv¢ rekutivované vysypky byly vybrany pro dlouhodoby
monitoring kapilarniho sani. Numericky model, ktery se
pouziva v hydropedologii pro popis proudéni ve variabilné
nasyceném poérovitém prosttedi, se vyuzil pro simulaci
vertikdlnich profili kapilarniho séni, které je zavislé na sezénni
bilanci vody.

3. Material a metodika

Monitorovalo se kapilarni sani na dvou rekultivovanych
vysypkéach (byvalého dolu 5. kvéten a dolu Bilina) po dobu
Ctyti a pul roku. Vytvoril se numericky model kapilarniho sani
pro lokality dolu Bilina, kde byla naméfena vysoka sani a také
jejich oscilace. Data z Ceského Hydrometeorologického
Ustavu spoleéné s laboratorng stanovenymi hydraulickymi
charakteristikami vysypkové zeminy se vyuzila pro numericky
model vertikalnich profilt kapilarniho séni. Pouzil se model
proménlivé nasyceného poéroviteho prostiedi vyuZzivajici
principu dvoji propustnosti.

Laboratorné se zkoumalo mechanické chovani
vysypkového materidlu jak na hroudach, tak na neporusSenych
vzorch ze star§i vysypky. Urcila se pevnot v tlaku a kapilarni
sani jedotlivych hrud. Studovaly se mechanismy vedouci k
degradaci struktury pomoci klasickych a velkorozmérovych
zkousek. Hodnotil se vliv zmény stavu na stlacitelnost a
smykovou pevnost hrudkovité zeminy.

Prosedavost typicky prosedavych zemin se zhodnotila
pomoci reserse literatury a vlastnimi experimenty. Definovaly
se meze prosedavosti pro dva typy zemin. Pomoci metody
dvojich oedometrickych zkousek se studovala prosedavost na
hrudkovitych a neporuSenych vzorcich odebranych na dvou
vysypkach. Index prosedavosti vysypkovych zemin byl
srovnan s indexem prosedavosti typicky prosedavych zemin.



3. Vysledky a diskuse

Dlouhodoby monitoring kapildrniho sani v hloubkach do
2 metrii na dvou rekultivovanych vysypkach odhalil dva rizné
trendy. Sezonn¢é zavislé oscilace kapilarniho sani byly
naméfeny v mirném svahu a pod timto svahem na vysypce dolu
Bilina, zatimco zadna sani znacCici pln¢ nasyceny stav byla
naméfena na vysypce byvalého dolu 5. kvéten. Laboratorné
byly zjiStény hydraulické charakteristiky na neporusenych a
hrudkovitych vzorcich a byly dale vyuzity pii inverzni analyze
kapilarniho sani. Vysledkem modelu proménlivé nasyceného
proudéni v porovitém prosttedi s konceptem dudlni
propustnosti byly simulace vertikalnich profili kapilarniho sani
pro rizné ¢asy. Byly namodelovany casté oscilace kapilarniho
sani v mélkych hloubkach dosahujici hodnot az 1.8 MPa.

Mechanické chovani hrudkovité zeminy bylo studovano
na zemin¢ odebrané¢ z vysypky dolu Bilina. Zkoumaly se
pevnost v tlaku, kapilarni sani a stupenn piekonsolidace
jednotlivych hrud. Vysoka sani ptsobi v mikropoérech
jednotlivych hrud, dokonce i kdyz jsou plné nasycené. Opticky
se sledovala degradace struktury hrud vystavenych cyklim
vlhéeni a suSeni. Jedna sytici udalost aplikovana na hrudce pfii
jeji ptirozené vlhkosti neni dostacujici pro rozbiti jeji struktury,
zatimco aplikace cykli vlh¢eni a suSeni vede k rozdruzeni
hrudky. Oscilace sani tedy pfispivaji k degradaci hrudkovité
struktury a plnéni mezerovitosti rozdruzenymi hrudkami v poli.

Standardni laboratorni zkousky (smykové zkousky v
krabici, oedometrické zkousky) na hrudkovitém materidlu s
redukovanou velikosti hrud byly doplnény o velkorozmérové
zkousky na hrudkéch o ptivodni zrnitosti. Mechanické chovani
hrudkovité zeminy je ovlivnéno pfitomnosti makropora a dale
ukazuje zmény v zévislosti na velikosti hrud a case, coz
znesnadiuje popis chovani vysypek. Smykova pevnost klesa
s nartstajicim napétim, vlivem pfemény zeminy z hrudkovité

-----
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normalni stlacitelnosti okolo 1500 kPa u pfirozen¢ vlhkych
vzorkd. Pfi tomto a vyS$Sim napéti se také Cary stlaCitelnosti
rekonstituovanych a hrudkovitych vzorkdi sjednocuji, coz
ukazuje na vymizeni hrudkovité struktury. Pivodné hrudkovita
struktura se dale méni v Case zpatky na vice ¢i mén¢
homogenni materidl, plsobenim geostatického napéti a
zvétravanim. Caste¢nd nasycenost hrud, také prispiva ke
zvlastnimu chovéni vysypkového materialu.

Pomoci reserse literatury a naSich vlastnich experimentt
se definovaly meze potencial pro prosedavost u dvou typickych
prosedavych zemin — jilii s nizkou plasticitou ¢i sprasi a pisku.
Index prosedavosti zdvisi na stupni nasyceni, objemové
hmotnosti a aplikovaném napéti. Vysypky jsou specidlni
pfipadem prosedavych zemin, kvili svym otevienym
makroporim. Index prosedavosti byl zkouman u dvou typt
vzorki pomoci metody dvojich oedometrickych zkousek.
Index prosedavosti u hrudkovitych vzorki byl vyssi nez u obou
typicky prosedavych zemin pti podobnych stupnich nasyceni a
objemovych hmotnostech. Pietvofeni v dusledku prosednuti
uzavird otevienou mezerovitost a ma za nasledek utvofeni
ulehlejsi  struktury vysypek. AvSak Zadny potencidl k
prosedavosti nebyl potvrzen u neporusenych vzorkl
odebranych ze star§i vysypky byvalého dolu 5. kvétna. Testy
ukéazaly vysoky stupen uzavieni mezerovitosti a tedy nizké
riziko prosedavosti na této vysypce.

5.  Zavéry

Zvlastni chovani jilovitého vysypkového materidlu neni
zpusobeno pouze jeho hrudkovitou strukturou s dvoji
pérovitosti, ale také jeho casteCnym nasycenim. Dva hlavni
vlivy ptisobi na degradaci oteviené a hrudovité struktury: tlak
nadlozi a pokles kapilarniho sani. Voda, kterd infiltruje do téles
vysypek je odpoveédna za sniZzeni sani a piispiva ke zménam ve
struktufe a v mechanickém chovani vysypek.
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Dva rozdilné rezimy kapilarniho séni byly detekovany na
dvou lokalitdch vysypek. Sezénné zavislé zmény kapildrniho
sani byly naméfeny a namodelovany v mélkych hloubkach
vysypky dolu Bilina, kdezto z4dn4 sani byla detekovana na
vysypce byvalého dolu 5. kvéten.

Smykova pevnost a stlacitelnost hrudkovitého materialu
siln¢ zavisi na hodnoté napéti. Dale voda snizuje séni v
hroudéch a tim i jejich pevnost. Zména sklonu ¢ary normalni
stlacitelnosti ptirozené¢ vlhkych hrudkovitych vzorkti okolo
napéti 1500 kPa zna¢i uzavirdni makropoér, vymizeni
hrudkovité struktury a homogenizci jilovité zeminy.

Pivodné hrudkovitd kypra struktura vysypek zlstava
oteviend piedevsim v malych hloubkach. Tam je vysypkova
zemina vysoce nachylnd ke kolapsu. Pfi zvhl¢eni vysoka sani
mizi a struktura prosedd. Nejen mnozstvi makroport ale také
puvodni ¢islo poérovitosti a pevnost hrud jsou faktory, které
ovlivityji celkové ¢islo porovitosti vysypky. Nékteré struktury
vysypek, ktera zazily pouze jednu sytici udélost a tudiz
prosedly mohou existovat pii nizS§im c¢isle porovistosti nez
rekonstituovand zemina a tudiz vykazovat tuz$i odezvu na
zatiZenti.
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1. Introduction

Brown coal or lignite mining produces large amounts of
spoil that have to be deposited into fills. Open cast mining is
the most effective method for exploitation of the brown coal,
because 90% or more of the seam can be recovered. However
this method has a very destructive environmental impact.

Deposition of overburden fine-grained materials during
open-cast coal mining results in clay fills of an intricate
mechanical behaviour. This can be demonstrated for the region
of North-Western Bohemia, where brown coal seams are
overlain by natural sedimentary layers varying in thickness
between 80 and 200 m. The clay fills from the displaced and
disintegrated clay can reach heights surpassing 100 m. About a
100 km? is affected by clay fills in North-Western Bohemia.

The deposition process takes place without any artificial
compaction. Consequently, the created clay fills have a loose
structure, particularly in their upper part in the range of small
overburden pressures. As a consequence of the character and
state of the soil, together with the mining and dumping
technology, a typical lumpy structure of the clay fill is formed.
The filled lumps range in size and vary in mechanical
properties, but stiff to semi-solid lumps up to 0.5 m in size are
prevalent. Large and open macrovoids between the single
lumps are a characteristic feature of the freshly filled clay fills.
Clay fills exhibit a double porosity structure, consisting of
macrovoids between the lumps and microvoids inside them.
The total porosity of the freshly filled soils can thus reach 70%.
This type of clay fill structure is metastable.

With increasing depth, the compression induced by the
soils own weight squeezes individual lumps, destroys them and
creates a new compacted clayey material without open
macrovoids. Even in the shallow depths close to the surface the
structure of the clay fill varies in time. The destruction of the
clay lumps is caused by weather influenced suction cycles.
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The investigation of the clay fill behaviour is important,
since societal demands call for opening of the clay fill areas to
the public, especially for transportation infrastructure. As an
example, a motorway between Dresden and Prague has been
recently constructed over such a clay fill.

The behaviour of engineering structures founded on clay
fills must be predicted within a certain tolerance. Not only for
bridges, which are sensitive to settlements, but also for
motorway embankments and cuts, where slope instabilities can
take place. When dealing with the clay fill material, a standard
geotechnical approach for the determination of conventional
soil parameters comes to its limits or even may fail.

2. Aims of the study

The main aim of this thesis is to extend the knowledge
about the mechanical behaviour of the clay fill soil at its
natural water content and to assess the influence of change in
moisture on its structure and the mechanical properties. Since
the partly saturated clay fills experience gradual wetting, with
likely wetting-drying cycles, it is important to study the
changes in the matric suction in the clay fills over a longer
time.

The role of matric suction is to be considered in any
investigation of the strength of the lumps at their natural water
content. Particular attention should be paid to the influence of
water penetrating the clay fill material. The influence of the
wetting-drying cycles on the clay fill structure should be
studied and the disintegration of the lumps due to these cycles
should be described and evaluated. Since the typical laboratory
devices cannot accommodate the full scale lumps forming the
clay fills a further task is to consider and evaluate the
consequences of scaling-down the size of the investigated
lumps on the shear strength and compressibility of the studied
soil.

A further aim is to investigate the collapsibility of the
clay fill soil. With this aim the thresholds for the typical
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collapse susceptible soils will be identified, which could serve
as a tool for the evaluation of the collapse potential of the
undisturbed specimens from the aged clay fills and of the
lumpy specimens prepared in the laboratory as a model
material.

Two reclaimed clay fills of different age are chosen for
the investigation and for a long term monitoring of matric
suction. The numerical model used in hydropedology for the
water flow in variably saturated porous media, which include
the approach of the dual permeability, is used for simulating the
vertical profiles of matric suction in the clay fills, dependent on
the seasonal water balance.

3. Material and methods

The monitoring of matric suction of the two reclaimed
clay fills was carried out for the period of four and a half years.
For the clay fill from the Bilina mine, where the suctions were
high, the suction profiles were numerically simulated.
Hydrometeorological data (supplied by the Czech Hydro-
Meteorological Institute - CHMI) and the hydraulic
characteristics of the clay fill soil, determined in laboratory, are
used in the modelling of the vertical profiles of matric suction.

The mechanical behaviour of clay lumps were
investigated in the laboratory. Uniaxial compressive strength,
matric suction and overconsolidation are studied. The structural
decay of intact lumps subjected to wetting-drying cycles is
observed. An extensive laboratory investigation carried out in
standard and large-scale devices was carried out. The
mechanisms leading to the structural changes in the lumpy soil
were investigated for various lump sizes. The influence of the
change in the state of the clay fill soil on its compressibility
and on the shear strength is presented.

The collapse potential of typical collapse susceptible
soils is analysed using a literature review and own experiments.
The collapse potential at different stress levels is quantified for
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the different degrees of saturation and dry unit weights. The
collapsible response of the clay fill material was studied by
double oedometer tests on lumpy and undisturbed specimens
from the aged clay fill. The collapse potential of the clay fill
soil is compared with the collapse potentials of the typical
collapse susceptible soils.

4. Results and discussion

Long-term monitoring of matric suction at depths up to
2 meters in two reclaimed clay fills revealed two different
trends. Seasonally-dependent suction oscillations were
recorded in the moderate slope of the clay fill in the Bilina
mine, while no suction pointing to fully saturated conditions
was measured in the clay fill of the former 5. Kvéten mine. The
hydraulic characteristics for undisturbed and lumpy specimens
were determined in the laboratory and were further used in the
inverse analysis of the matric suction. The model of the
variably saturated water flow in a porous medium with the
concept of dual permeability resulted in vertical profiles of
matric suction for different times. Frequent oscillations of
matric suction reaching 1.8 MPa at maximum at shallow depths
were simulated.

Mechanical behaviour of the lumpy soil from fills was
investigated on the soil sampled at the Bilina mine. The
compressive  strength, the matric suction and the
overconsolidation ratio of individual lumps were investigated.
High matric suction acts in the microvoids inside the lumps,
even when they are fully saturated. The degradation of the
lump structure subjected to wetting-drying cycles was
observed. A single flooding event applied to the lump at natural
water content is not sufficient to break the structure, while the
application of wetting-drying cycles leads to disintegration of
the lump. Consequently, suction oscillations contribute to the
degradation of the structure and macrovoid closure in the field.

Standard laboratory experiments (direct shear box,
oedometer) on the lumpy soil of reduced grain size have been
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supplemented by large scale testing of the original lumps. The
mechanical behaviour of the lumpy soil is influenced by the
presence of macrovoids and shows further size and time
effects, which makes it difficult to describe the behaviour of
the clay fill. The shear strength of the lumpy soil decreases as
the load increases due to the change of the structure from the
lumpy to the more homogenized clay. The slope of normal
compression line changes at stresses 1500 and more. At these
stresses also compression lines of lumpy and recostituted
specimens unify. This points out on the vanishing of the lumpy
structure and homogenizing of the material. The initially lumpy
structured soil changes also with time back to a homogeneous
material, due to weathering processes and through geostatic
load. Partial saturation of the lumps also contributes to the
peculiar behaviour of the clay fill material.

A literature review and our own experiments defined the
thresholds for the collapse potential of the two typical collapse-
susceptible soils - low plasticity clays or loess and sands. The
collapse potential depends on the degree of saturation, the
density and the applied load. Clay fills are a special case of
collapse-susceptible soils, due to their open macrovoids. The
collapse potential of clay fills was investigated on two
specimen types using double oedometer tests. The collapse
potential of lumpy specimens was higher than the collapse
potential of both typical collapse-susceptible soils of similar
density and degree of saturation. Collapse settlements close the
open macrovoids, resulting in a denser clay fill structure.
However, no collapse potential was confirmed on undisturbed
specimens from the aged clay fill of the former 5. Kvéten mine.
The tests show a high degree of macrovoids closure and thus
low risk of collapse for this particular clay fill..

5. Conclusions

Peculiar behaviour of the clay fill material is influenced
not only due to its lumpy structure with double porosity, but
also due to the partial saturation of the lumps. There are two
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main agents that degrade the original open and Iumpy
structure: overburden, and a drop in matric suction. Water
infiltrating into the bodies of clay fills is responsible for a
decrease in matric suction and contributes to changes in the
structure and mechanical behaviour of clay fills.

Two different flow regime at two clayfills were
detected. Seasonally dependent suction oscillations were
monitored and also modelled in shallow depths in a moderate
slope on the site of Bilina mine, whereas no suction throughout
the period was detected at the former 5. kvéten mine.

The shear strength and compressibility of the lumpy
material depends strongly on the stress level. In addition, water
flooding decreases the intragranular suction and consequently
the strength of the lumps. The change in the slope of the
normal compression line of the lumpy specimens at stresses
higher than 1500 kPa indicates closure of the macrovoids and
homogenization of the clay material.

The initially loose lumpy structure of clay fills remains
open, particularly at small depths. There, the clay fill soil is
highly collapse-susceptible, mainly in the early stages after
landfilling. On wetting, the high intravoid suctions vanish, the
lumps become softer, and the structure collapses. The amount
of macrovoids and also the original void ratio and the strength
of the lumps are the factors influencing the total void ratio of
the clay fill. Some clay fill structures which experiences a
single saturation event, and thus collapses, can exist at a lower
void ratio than the reconstituted soil, and can thus have a stiffer
response to loading.

17



Author's publications related to the theme of the thesis:

Publikace autora vztahujici se k tématu prace:

1. Herbstova V., Herle 1. (2009). Structure Transitions of
Clayfills in Northwestern Bohemia. Engineering
Geology 104 pp. 157-166 (ISSN: 0013-7952) (IF
2009 =1.212)

2. Herle I., Herbstova V., Masin D., Karcher Ch. (2009).
Physical and mechanical properties of soft soil
deposits from open pit mines — experiments and
theory 4. Symposium Umwelttechnik & 5. Freiberger
Geotechnik Kolloquium & Fachaustellung, 460-465
(in German).

3. Herbstova V., Herle 1 (2009). Impacts on collapse

behaviour of soils. In Proc. 37t Conf. Zakladani
Staveb (Foundations), Brno,CZ, 13-18, (in Czech).

4. Herbstova V., Bohac J., Herle 1. (2007). Suction and
Collapse of Lumpy Spoilheaps in Northwestern
Bohemia. Conf. on Mechanics of Unsaturated Soils
in  Weimar, Experimental Unsaturated Soil
Mechanics, T  Schanz (Ed.), 112 Springer
Proceedings in Physics, 293-300.

5. Herle 1., Herbstova V. (2006). Laboratory
investigations of clayfills. X/II. Danube-European
Conference  on  Geotechnical  Engineering,
Ljubljana, Slovenia, 61-64.

6. Herbstova V. (2005). Mechanical Behaviour of Double
Porosity Soils. Extended abstract proceedings of 3
™ International Young Geotechnical Engineer
Conference, Osaka, Japan,. 16.

7. Herbstova, V., Bohac¢ J. (2005) Matric Suction of
Reclaimed Clayfills. 25. International seminary
Feild Geotechnical Methods. Usti nad Labem, CR,
34-39 (in Czech).

18



8. Herbstova, V. and Bohac¢, J. (2005). Laboratory
investigation of the collapsibility of a clayey spoil
heap soil. In Proc. GEOPROB 2005 - Int. Conf. on
Problematic Soils. Famagusta, Cyprus, Vol. 2.,
715-722.

9. Herbstova, V., Masin, D., a Bohac, J. (2005).
Parameters for non-engineered colliery clayfills. /n
Proc. GEOPROB 2005 - Int. Conf. on Problematic
Soils. Famagusta, Cyprus, Vol 1. 335-342.

10. Masin, D., Herbstova, V. and Bohac¢, J. (2005).
Properties of double porosity clayfills and suitable
constitutive models, In Proc. 16" Int. Conf.
ICSMGE, Osaka, JP, Vol. 2, 827-830.

11. Herbstova, V., Masin, D. a Bohac¢, J. (2004).
Constitutive models for double-porosity soils (in

Czech). In Proc. 9th s Conf. Geotechnika. Strbské
pleso, SK; 23-28.

12. Boha¢, J., Herbstova, V. (2004). Collapsibility of a

clayey spoil heap soil (in Czech). In Proc. 32th
Conf. Zakladani Staveb, Brno,CZ, 82-87.

13. Herbstova, V. and Boha¢, J. (2004). Mechanical

properties of clayfill material. In Proc. 32th Conf.
Zakladani Staveb, Brno, CZ, 100-105 (in Czech).

19


file:///C:/Documents%20and%20Settings/herbsto/My%20Documents/skola/gauk/gauk2005/prilohaB/CVherbstova04.doc

Mgr. Vladislava Kostkanova (born as Herbstova)

BORN

MAIDEN NAME
EDUCATION
2003

STUDIUM

1998-2003

2003(March — July)

Curriculum Vitae

17.11.1979, Havifov, CR

Herbstova

MSc: Dept. of Engineering Geology,Charles
University in Prague

MSc Program on Dept. of Engineering
Geology,Charles University, Prague
Educational Erasmus Program — Technical
University, Innsbruck, Austria

from 2003 PhD. Program on Dept. of Engineering
Geology,Charles University, Prague focused on
clayfill material and its saturated and unsaturated
mechanical properties (from 2008 distant study)

WORK

from 2007 Researcher at Institute of Theoretical and Applied
Mechanics (ITAM), Academy of Science (part
time)

from 2008 Researcher and lecturer at Institute of
Geotechnical Engineering, Technical University,
Dresden, Germany

RESEARCH INTERSHIPS

April 2005- February 2006 Research scholarship funded by DBU — Shear

March 2006

November 2006

properties of clay fill material - Institute for
Geotechnical Engineering, TU Dresden
Research intership under the program Kontakt —
DAAD, Institut of Geotechnical Engineering,
TU Dresden

Research intership under the program Kontakt —
DAAD, Inst. of Geot. Engineering, TU Dresden

20



