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THE MEASUREMENT OF SELECTED SOIL
PARAMETERS OF FORMER OPEN PIT MINE WITH
THE USE OF TRIAXIAL STRESS APPARATUS

Identification of geotechnical soil conditions afteequires execution of laboratory
tests, especially if you want to measure dynamiampaters of the soil. At present,
the triaxial shear apparatus is widely appliedetednination of the parameters of
the soil. On the basis of the soil samples analylses examination results provide
a wide range of data from basic performance pamnsie¢.g. internal friction an-
gle and cohesion, to most complex ones like Youngslulus permanent side ef-
fective stress of water samples. Furthermore, tikeS$ructure Interaction Labora-
tory of Cracow University of Technology, has carriedgt the measurements of
propagation of shear waves velocity with the uskerfder elements tests.

This work presents geotechnical conditions andatiaysis of the results, which
might be found useful to determine the transpantatbad parameters of designed
S-7 and S-52 routes, as well as overall impactadfssucture and surrounding ar-
eas located over the former clay open-pit mine. [Enelslides existing in the vi-
cinity of the mine have prompted the authors te tiddat action.
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1. Introduction

Zestawice Clay Mine (Krakow, District XVII — WzgGazKrzestawickie) is
located on the area of 45,12 ha [1]. Currentlyminerals or clay raw materials
are extracted there for the industrial purposesvéder, the mine and its sur-
rounding area have been classified as industriatelend and intended for land
rehabilitation. The purpose of the land rehabilitatis to return the soil and the
mine site to an acceptable degree of its formde stehe prospective of devel-
opment there is also taken into account. Furthezmitre western side of the
mine may be a part of a transport hub for KrakoMistrzejowice. It means that
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the link of S-7 expressway and S-52 route, a nantbgpass of Krakow, will be

located there. Although the area is abundant in ftlam the Miocene period, it

has been valuable for its Tertiary deposits. Wienland rehabilitation process
is completed as well as other investments made fridansport hub will definitely

be the next operated route nearby Krakdw.

2.Geotechnical conditions

Soil classification and description is based orlyames and laboratory tests,
all according to principles of European and ISOhd#ads. The triaxial shear
apparatus has also been used in the laboratorgrobsto determine and verify
soil parameters for geotechnical strata. Archivaitdge [2] and contemporary
publications [3-4,5], with a reference to the meméid above area, have also
been analyzed. Currently, the area around the mmisiguated on vast but rough
terrain, which contributed to mining industry andshnegative impact on the
landscape. Nowadays, no works are carried outhénpist, the open pit mine
has been utilized for its Tertiary clay depositarirthe Miocene period, that are
covered by the Quaternary layers with the thickriem® 2 m up to 10 m. The
deposits, layered on a local hill, extend from wsde to the east-side of the
mine. The Baranowka river was the starting pointfie mining works, and then
they were moving southwards and eastwards. The mingtches within
Miechowski Plateau and partially Krakowski Platedose to two reservoirs of
drinking water located nearby. The borehole (fadisturbed samples) is located
by the southern part of the mine, at about 220+238bove the sea level. The
Tertiary clay deposits do not contain water bealaygrs, while the Quaternary
deposits are poorly watered. But the water leakagdearly noticeable there,
especially on the border between the Tertiary andt€nary layers.

3.Soil parameters

Soil samples for three consecutive geotechnic&rkaiiave been investigat-
ed [6]. The first layer consists of plastic sil&)(to clayey silts (clSi). The fol-
lowing layers constitutes of medium dense sand} tSailty sands (siSa) and
stiff and very stiff clays (Cl) from the Miocene rpl. The undisturbed soil
samples have been collected in the mine at thenddpt m below the surface,
from different parts of the site, where they arpased. Afterwards, the samples
have been kept stored at +5 °C degrees to preferbss in humidity. Further-
more, the base material is for the comparativeystudl analyses, the results of
which are presented below (Table 1).
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Tabela 1. Wybrane wyniki analiz laboratoryjnych mpaw z kopalni itow Zestawice przeprowa-
dzonych zgodnie z PN EN ISO 14688 [6] and PN EN 1S892 [6]

Table 1. Selected laboratory results from Zestawidee, according to PN EN I1SO 14688 [7] and
PN EN ISO 17892 [6]

Soil layer I Il Il
Water content [%] 15+18 7+9 26 + 28
Soil density p [g/cnT] 2,30 1,65 2,10
Soil particle densitys [g/cnT] 2,67 2,65 2,70
Particles sand § [%] 5 88 1
silt s [%] 79 10 20
clay fu [%] 16 2 79
Plastic limit w, [%0] 20+23 - 30+32
Liguid limit wy [%)] 30+32 - 87+90
Liguidity index | [-] or density indexd [-] 0,12 0,55 0
Soil consistency/Soil density Firm | Medium densg Stiff

4.Triaxial shear apparatus tests

As to describe basic soil properties and deterntfinestress-strain curve for
considerable range of deformations, the triaxiaashapparatus has been uti-
lized. The Soil-Structure Laboratory has got idsthitwo types triaxial shear
apparatuses, VJ-Tech (Fig.1), manufactured by VITét (UK), one of which

Rys. 1. Widok ogdlny aparatu trojosiowegmskania
Fig. 1. Triaxial stress apparatus
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is equipped with piezoelectrienderelementsThe use of piezoelements, which
mounted in a stand and soil sample cap, enablet&srdine the dynamic proper-
ties for small soil deformations range. The piego®nts are able to generate
transverse and longitudinal waves. Shear moduleenpeters, Gis determined
by measuring time history of a transverse wave ggagion in soil sample and
the soil density with the following formula:

Gs=p V& (1)

The test results may be confirmed by the in-sitiegtigations with the use
of SASW method [8]. The triaxial shear apparatualyses soil samples with
a diameter rang@8-+150 mm Undisturbed soil sample, as well as disturbedone
(remoulded) are also a subject of analyses, butttex entails a preparatory test
to determine and calculate overconsolidation ré@E&€R) before the next tests
are carried out. Only undisturbed soil samples,oetitfrom a block of soil col-
lected on the spot are examined.

5. Static tests results

As far as stress-strain interdependence is detednihe triaxial shear ap-
paratus has been used. The procedure of consadlideaned (CD) test is con-
ducted according to PN EN ISO 17892 (a British BB37Lis also applicable).
The sample, of a cylindrical cross-section withrbfh diameter and height of
100 mm, secured in rubber membrane, has beenguitiin a loading frame.
Water saturated soil (Skempton’s formula’s parametes 0.95 which stood for
95% of pores saturated with water) is the stantioipt for conducting the tests,
while the saturation is performed using the badspure method in which the
vented water is pumped into the soil sample. Assalt, back pressure increases
proportionally if effective stress is on a fixedrék All samples are subject to
isotropic consolidation, with effective stress awveral levels (e.g100, 150,
200 kP3. During the tests, the effective stress and streshe chamber is main-
tained at fixed levels, changes in volume are aexbuntil the whole water has
drained in order to allow the water pore pressomidsipate.

Tabela 2. Rezultaty baflgprzeprowadzonych na prébach gruntu z kopalni Zéséa
Table 2. Test results based on samples from Zestapyien-pit mine

Layer | ] ]
Effective internal friction angled [°] (CD method) 30 32 16
Effective soil cohesion c' [kPa] (CD method) 25 4 40
Dynamic shear moduluss@VPa] 78,8 117,3 75,8
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The timing is dependent on the soil being investidalt takes 36 hours for
clayey silt to consolidate, and about 1 hour fordsavhile nearly 336 hours as
far as clay is concerned. This constituted the ntosbplex and the longest
process during the investigation. After preparihg toil samples, they are
subject to shear tests in order to determine théman deviator stress value as
the considerable range of deformations is expeétea result, the triaxial stress
apparatus enables all necessary measurementstmtdected in order to obtain
parameters for different geotechnical layer of goikstigated. Table 2 exhibits
the results of the investigations.

6.Determining the velocity of a transverse wave

The triaxial shear apparatus has been adjustegpeofyg the velocity of
transverse waves in soil specimens. The use obgiements, which enhance
the quality of testing, enable the acoustic wawesrdavel throughout the soil
specimen. Fig. 2 presents typical cylinders withble piezoelectric elements.

Rys. 2. Cylindry z widocznymi elementami piezoelgkimymi wywane w bada-
niu propagacji fal w warunkach laboratoryjnych vaegzie tréjosiowegéciskania
(http://geotechpedia.com/Equipment/Show/211/BemiEments)

Fig. 2. Cylinders with visible piezoelectric elemenised to study wave propaga-
tion in laboratory conditions in the triaxial stses apparatus
(http://geotechpedia.com/Equipment/Show/211/Bemrtiements)

As for the calculation of the velocity of a transe wave, the time of the
signal propagation from the first particle of a gl to the last particle needs to
be calculated, provided the values are known. Tdrmalition of soil influences
the excitation signal as well as the frequency eafithe amplitude of a signal
depends on soil response. Fig. 3 presents the dxgnqutput values for differ-
ent excitation signals. The response signal forekatation of the frequency
equal tof = 15 kHzis the one, which seems to be the most reliabié rapre-
sents the perfect sinusoid. Theak to peaknethod is the simplest and may be
useful to calculate the timing of a signal from aiced data.
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Bender S-wave signal
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Rys. 3. Przykladowe przebiegi czasowe drdk r&znych czstotliwosci wymuszé
Fig. 3. Exemplary output values of bender elem@mtsarious excitation frequencies

The recorded shear wave (S-wave) signals may asmalysed using typi-
cal methods of signal processing. Example of wiidhe standard filtering with
the use of Kalman filter in order to receive fiidrtime history of vibrations,
which gives more accurate data on wave propagafign4 presents the exem-
plary output value of time history for excitatiomput and received output sig-
nals. The output signals represent the originalaigecorded by sensor and pro-
cessed with Butterworth low-pass filter. In tabl¢h2 Kirchhoff dynamic shear
modula (@), for each layer of soil that is investigateds ahown. The values
correspond to consolidated isotropic stresses dquet 150 kPa

As far as the shear modulus & concerned, two methods of tests are ap-
plied namely unconsolidated undrained (UU) and cbaated isotropic drained
(CID or CD). The first method — unconsolidated wided (UU) in which the
shear process does not include the consolidatian Ipathis case only the first
and the third layer of soil are subject to testse 6ther method — the consolidat-
ed isotropic drained (CID) method in which the $pemn, in the discussed case
sand, being partially consolidated, is investigafedring the last investigation,
the water flows slowly out of the specimen, whhe tvater pressure is adjusted
to fixed pore pressure level.
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Bender S-wave signal
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Rys. 4. Przyktadowy przebieg czasowy zarejestrowamgz element bender — sygnat oryginalny
oraz przefiltrowany

Fig. 4. The exemplary time histories in bender elets for original and filtered signals

7. Final remarks

This work presents the research results of sottispens that are extracted
in former clay open-pit mine Zestawice. The in-diieid tests and laboratory
investigation enabled us to determine the soil tmm] as well as the soil phys-
ical properties. The soil parameters such as éfeeetalues of internal friction
angle and cohesion are beneficial for the slopkilgyaanalysis. Such analysis
helps us to identify unstable slopes, specify tiygering factors of a slope fail-
ure and find endangered areas where various merhannight lead to soil
mass movements. The output of the analysis shaldob only the risk proba-
bility but also it should include the evaluationtbé slope shape, which reduces
the risk of sliding or collapsing. As far as slagiability analysis is concerned, it
should definitely be based on detailed geotechmés®arch and field work.

The authors of this paper would like to point dimat the Laboratory of
Soil-Structure Interaction, a unit of Cracow Unsigy of Technology carried
out the field work in Zestawice mine from 2011 @18 only for the scientific
purposes. Presently, the reclamation scheme dréfieamine is being prepared
alongside the steps taken to secure the mineysiwvbling off the ground.
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WYZNACZENIE WYBRANYCH PARAMETROW GRUNTU Z KOPALNI
lLOW PRZY U ZYCIU APARATU TROJOSIOWEGO SCISKANIA

Streszczenie

Rozpoznanie warunkéw geotechnicznych pédtgruntowego wykonywanego w celu usta-
lenia parametrow dynamicznych pozho czsto wymaga wykonania batldaboratoryjnych.
Obecnie jednym z najbardziej popularnych sposobkng$tania parametrow gruntéw jestycie
aparatu tréjosiowegéciskania. Wynikami badania prébki gruntowej w apaaréjosiowym mo-
ga by¢ oprocz podstawowych parametréw wytrzynsatowych czyli lgta tarcia wewstrznego
i spéjnaci, parametry takie jak modut odksztatcenia linigeegorzy statym bocznym nageniu
efektywnym w probce w warunkach z odptywem, jalez lmdptywu wody z prébki. Dodatkowo
w laboratorium Katedry Wspétdziatania Budowli z Rmdim Politechniki Krakowskiej, przepro-
wadzano badania olélenia prdkosci fali poprzecznej przy wykorzystaniu elementéender
W pracy przedstawiono warunki geotechniczne, acpas podsumowano wyniki bafiaktore
w przyszidgci postuzg autorom do okrdenia wptywu obcizen komunikacyjnych trasy S-7 i S-52
na podtae gruntowe terenu kopalni i ich okolic. Analizawgnika z wystpowania kilku osuwisk
w bezpdredniej otoczeniu kopalni.

Stowa kluczowe:bender, aparat tréjosiowegciskania, propagacja fal
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