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METHOD FOR DETERMINATION OF THE RANGE OF FAILURE ZONE AROUND MACROCRACKS

SURFACE IN ROCK MEDIUM

METODA BADANIA ZASIEGU STREFY ZNISZCZENIA WOKOL POWIERZCHNI MAKROPEKNIEC

W OSRODKU SKALNYM

In this work a method, developed by the author, of microscopic investigations of deformation struc-
tures occurring in rock medium is presented. This method is based on adoption of multi-stage complex
procedure encompassing numerous diverse examinations and measurements. As a result of following
this method, information about geometrical features of microfractures and microfissures distribution
(coordinates, length, occurrence frequency and directions of propagation) is obtained, which in turn allow
to determine the range and intensity of destruction zones around macroscopic fissures in investigated
samples. Testing was performed on selected three samples of the Tumlin Sandstone (three microscopic
sections), representing the following states of stress-strain:

sample no. 1 (o3 =200 MPa confining pressure and &; = 5% longitudinal strain)

sample no. 2 (o3 = 300 MPa confining pressure and &; = 10% longitudinal strain)

sample no. 3 (o3 = 300 MPa confining pressure and &; = 15% longitudinal strain)

On the basis of conducted research it has been stated that increasing confining pressure o3 = g, results
in the increase of number and range of microfissures occurrence. At confining pressure o3 = g, 200 MPa
and longitudinal strain &; = 5% a zone of intensive fracturing is noticeable, reaching about 6mm from the
surface of macroscopic fracture. However, at higher confining pressure and higher longitudinal strains
(03 =0, 300 MPa and ¢; = 10% as well as o3 = 0, 300 MPa and ¢; = 15%) microcracks and microfissures
cover almost whole volume of the sample.

Keywords: confining pressure, rock mass, slip surface, microcracks, stress, strain

W artykule przedstawiono opracowang przez autora metodg badan mikroskopowych struktur defor-
macji wystgpujacych w osrodku skalnym. Metoda ta polega na zastosowaniu wieloetapowej ztozonej
procedury obejmujacej wiele réznorodnych badan i pomiaréw. W wyniku jej przeprowadzenia uzyskuje
si¢ informacje o geometrycznych cechach rozktadu mikrospgkan i mikroszczelin (wspoirzedne, dhugosc,
czgstos¢ wystgpowania i kierunki rozprzestrzenienia), ktore z kolei pozwalaja na okreslenie zasiggu
i intensywnosci strefy zniszczenia wokot peknig¢ makroskopowych w badanych probkach. Do badan
zastosowano grubo lfawicowy dolno triasowy piaskowiec pochodzacy z poéinocnej czgséci obrzezenia Gor
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Swigtokrzyskich z okolic Tumlina. Piaskowiec charakteryzuje sie zmienna barwa, od czerwono-brunat-
nej do jasnobrazowej, drobnym i $rednim uziarnieniem oraz spoiwem krzemionkowo-zelazisto-ilastym.
Glownym sktadnikiem skaty sa dobrze obtoczone miejscami ostrokrawgdziste ziarna kwarcu o srednicy
od 0,1 do 1,0 mm ($rednio 0,5 mm).

Badania wlasciwos$ci mechanicznych piaskowca tumlinskiego wykonano w Pracowni Odksztat-
cen Skat Instytutu Mechaniki Gorotworu PAN w Krakowie. Badania piaskowca przeprowadzono na
probkach cylindrycznych o $rednicy 22,5 mm i dwukrotnie wigkszej wysokosci w trdjosiowym stanie
napregzen, pod zmiennym ci$nieniem okolnym w zakresie od 0 do 400 MPa. Probki piaskowca poczat-
kowo poddano dziataniu wszechstronnego hydrostatycznego naprgzenia o; = o, = 03, ktére odpowiadato
zadanemu ci$nieniu okélnemu, a nastgpnie przy stalej wartosci tego cisnienia, probki obciazano sitg
osiowa do zadanej z gory warto$ci odksztatcenia podtuznego. Badania wykonano w kilkunastu cyklach.
Jeden cykl obejmowat przeprowadzenie badan dla czterech probek piaskowca pod statym ci$nieniem
okolnym i zadanym z gory zmiennym odksztalceniem podtuznym dla kazdej probki innym wynoszacym
5%, 10%, 15% i 20%. Po uzyskaniu przez probke wymaganego odksztatcenia podtuznego, odcigzano
ja do wartosci zerowej naprgzenia roznicowego nastgpnie wyciagano ja z komory cis$nieniowej aparatu,
szczegOtowo ogladano i fotografowano. Z uzyskanych podczas badan przebiegu krzywych w uktadzie
naprgzenie roznicowe wzglgdem odksztalcenia podiuznego i poprzecznego (rys. 2.) wynika, iz przy
zwigkszajacym sig ci$nieniu okolnym wzrasta wytrzymatos¢ probki oraz odpowiadajace jej odksztatcenia
podhtuzne i poprzeczne. Ponizej warto$ci 200 MPa ci$nienia okdlnego probki pgkaty krucho, a peknigcie
poprzedzone byto odksztatceniami spr¢zystymi i niewielkimi odksztatceniami trwatymi. Peknigcie to
bylo raptowne i towarzyszyly mu efekty akustyczne. Dla cisnien okoélnych — powyzej 200 MPa — probki
charakteryzowaly sig ciagliwym charakterem niszczenia, lecz zanim zaczgly pekac, osiagaty znaczne
odksztatcenia.

Probki piaskowca po wykonanych badaniach w trojosiowym stanie napr¢zen spojono w Zywicy
epoksydowej w celu utrwalenia powstatych deformacji (peknie¢ i szczelin). Zywica epoksydowa zabar-
wiona kolorem niebieskim, migrujac przez strukturg probek skalnych, wypetnita pustki — pory i szczeliny
powstate podczas badan trojosiowych. Spojony piaskowiec pocigto na fragmenty — plastry (grubosci
kilku milimetrow), rownolegle do osi pionowej probek z ktorych przygotowano szlify mikroskopowe.
Badania mikroskopowe szerokiej gamy szlifow, autor przeprowadzit przy pomocy mikroskopu optycz-
nego firmy ,,Olympus” zintegrowanym z cyfrowym aparatem fotograficznym. Dla charakterystycznych
obszaréw w obrgbie szlifow mikroskopowych wykonano serie kolorowych zdjg¢ fotograficznych w 25
i 100 krotnym powigkszeniu. Na podstawie przeprowadzonej analizy rozwoju mikroskopowych struktur
deformacji w probkach piaskowca wyrdézniono dwa typy niszczenia materiatu skalnego. W pierwszym
typie zniszczenia, czg$ci materiatu nie objgte peknigeciem sa wolne od zniszezen, jedynie w bezposrednim
sasiedztwie strefy peknigcia (powierzchni $cinania) wystepuja mikropgknigcia i mikroszczeliny. Probka
jest $cinana sko$nie do podstawy, a kat nachylenia powierzchni pgknigcia wzglgdem podstawy probki
wykazuje tendencj¢ malejaca ze wzrostem cis$nienia okdolnego. W drugim typie zniszczenia, powstaty
intensywnie spgkane strefy. Skupienia mikropgknigé i mikroszczelin wyraznie rozprzestrzeniaja sig
w znacznej objgtosci probki. Roznica migdzy dwoma typami zniszczenia uwidocznita sig takze w liczeb-
nosci i zasiggu mikropgknig¢ i mikroszczelin wystgpujacych w sasiedztwie powierzchni pgknigé oraz
intensywnie spgkanych stref (pasm).

Do badan mikroskopowych struktur deformacji metoda komputerowej analizy obrazu fotograficznego,
wytypowano trzy probki piaskowca (trzy szlify mikroskopowe piaskowca) odpowiadajace nastgpujacym
stanom naprgzeniowo-odksztatceniowym:

probka nr 1 (o3 = 200 MPa cisnienia okdlnego i &) = 5% odksztalcenia podtuznego)

probka nr 2 (o3 = 300 MPa cisnienia okdlnego i & = 10% odksztatcenia podtuznego)

probka nr 3 (o3 = 300 MPa cisnienia okdlnego i &) = 15% odksztatcenia podtuznego)

Na podstawie przeprowadzonych obserwacji mikroskopowych wydzielono dla w/w szliféw ob-
szary z charakterystycznymi strefami rozwoju spgkan i wykonano dla nich seri¢ kolorowych zdjec
fotograficznych, tworzacych profile pomiarowe. W profilach pomiarowych zarejestrowano wszystkie
mikroszczeliny. Zdjgcia wykonano w powigkszeniu 100-krotnym, prostopadle do osi pionowej probki,
tak aby stykajac si¢ ze soba obejmowaly ciagle przejscie z obszaréw pozbawionych peknig¢ lub obsza-
réw nieznacznie zniszczonych, w strefy ze spgkaniami obejmujacymi powierzchnie poslizgu. Profile
pomiarowe obejmowaly swym zasiggiem fragment powierzchni szlifu mikroskopowego o dtugo$ci okoto
11 mm i wysokos$ci 1,0 mm.

Przygotowanie danych wejsciowych do analizy komputerowej wykonano w dwoch etapach.
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W etapie pierwszym zeskanowano zdjgcia z profili pomiarowych, a nastgpnie za pomoca programu
Photo Shop wydzielono struktury deformacji.
W etapie drugim zastosowano program Scion Image, za pomoca ktérego dla ogotu wydzielonych
mikroszczelin okreslono nastgpujace parametry:
+ numer porzadkowy mikroszczeliny,
* wspotrzedne x, y srodka mikroszczeliny,
+ dtugo$¢ mikroszezeliny,
+ wartos¢ kata zawartego pomigdzy kierunkiem rozprzestrzenienia si¢ mikroszczeliny a powierzchnig
poslizgu

W efekcie przetwarzania danych, program Scion Image nadaje kazdej wydzielonej mikroszczelinie
numer porzadkowy. Program skanuje powierzchnie przetworzonego obrazu, nastgpnie zlicza wydzielone
mikroszczeliny przyporzadkowujac im kolejny numer. Program oblicza wspoirzedne $rodka x, y, dtu-
gos¢ 1 kat nachylenia kazdej wydzielonej mikroszczeliny. Nastgpnie za pomoca arkusza kalkulacyjnego,
oznaczono odlegto$¢ kazdej wydzielonej mikroszczeliny od makroskopowej powierzchni pgknigcia,
stanowiacej poczatek profilu pomiarowego. Okreslono réwniez kat nachylenia dla kazdej wydzielonej
mikroszczeliny wzgledem powierzchni pgknigcia makroskopowego. Na podstawie uzyskanych danych
wykonano zbiorcze wykresy liczebnosci, dlugosci i kierunkdéw rozprzestrzenienia mikroszczelin w funkceji
dtugosci profilow pomiarowych.

W oparciu o analizg wynikow badan stwierdzono co nastgpuje:

1. Zwigkszajace si¢ ci$nienie okdlne o3 = 0, i odksztalcenie podtuzne probki ¢; powoduje wzrost

liczby mikroszczelin.

2. Wprobcenr 1 (o3 =0, =200 MPai ¢ = 5%) zarejestrowana liczba mikroszczelin w poczatkowe;j
czesci profilu pomiarowego (bezposrednie sasiedztwo powierzchni poslizgu) jest znacznie wigksza
niz w dalszej jego czgsci.

3. Wprdbce nr 2 inr 3 (63 = 0, =300 MPa i g; = 10% oraz o3 = g, = 300 MPa i &; = 15%) mikro-
peknigeia i mikroszezeliny rozprzestrzeniajg si¢ i obejmuja znaczna objgtos¢ probki, totez ich
liczebno$¢ w funkcji dtugosci profilu pomiarowego nie wykazuje wigkszego zrdéznicowania.

4. Zwigkszenie ci$nienia okdlnego i skrocenia osiowego probek wptywa na wzrost sumarycznej
dhugosci pomierzonych mikroszczelin.

5. Kierunki rozprzestrzenienia mikroszczelin wzglgdem powierzchni poslizgu w trzech seriach
pomiarowych sa do siebie zblizone.

Stowa kluczowe: cisnienie okdlne, gorotwor, powierzchnia poslizgu, mikropgknigcia, naprezenie,
odksztalcenie

1. Introduction

Discontinuous deformation structures such as fractures and fissures, forming in rock medium
ought to be examined both in microscopic scale (of the size of grains) as well as macroscopic
one. In fact, it is in microscopic scale where the process of destructing structure of rock begins
through initiation and propagation of microcracks, which further by combining with each other
into systems or complexes of fractures lead to macroscopic destruction of rock structure. Micro-
scopic observations of rocks examined in conditions of conventional triaxial compression (axial
— symmetrical state of stress 0, > g, = 03) in a wide range of confining pressures o3 (0400 MPa)
allow to analyse versatility of the process of initiation and propagation of fractures which leads
to destruction of rock structure depending on the state of stress.

In this article, a method for determination of microscopic structures of deformation is pre-
sented which has been developed in samples of sandstone from Tumlin during conducted tests of
strength in triaxial state of stress. Adopted by the author, method of computer analysis of image
allowed to carry out detailed examinations of the number, length and directions of propagation
of microcracks against macroscopic surface (destruction) of slip in sandstone samples.
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2. Influence of the value of confining pressure
on the development of discontinuous deformations
in the Tumlin Sandstone

For the research, sandstone was adopted which occurs in the northern part of the margin of
Swigtokrzyskie Mountains (the Holy Cross Mountains) and forming lithostratigraphic unit called
strata from Tumlin — the Middle Buntsandstein (Senkowiczowa & Slaczka, 1962). Complex of
laminated Tumlin sandstones reaches depth of about 200 m and is made of layers of sandstone
of thickness from 2 to 3 m — of eolian origin, as deposits of dunes and interdune hollows.

Sandstone is characterized with variance of colour, from red-brownish to light brown, fine-
and medium-grained as well as siliceous-ferruginous-clay binding agent of contact-porous and
regenerative type. The main constituent of rock are well rounded, in part highly angular grains
of quartz of diameter from 0.1 to 1.0 mm (on average 0.5 mm), coated with iron oxide-hydrox-
ide. Subordinate group of minerals characterized with high level of roundness constitute grains
tourmaline, apatite, amphibole, zircon, rutile and garnet. According to Pettijohn’s petrographic
classification the analysed rock is sublithic arenite (Pininska, 1994).

In the complex of sandstone there are fractures and fissures of length from a few cm to
a few meters, and their spread oscillates from a few to several dozen centimetres. According
to Mencel’s classification fractures and fissures form geometrical array of fractures Y, K type.
However, linear, surface and spatial fracturing of sandstone massif amounts to: 4/m, 1.9 m/m?
and 3.9 m%/m? respectively (Pininska, 1994).

Characteristic feature of sandstones is their very good divisibility, which enables extraction
of sandstone plates of any thickness and large size. Owing to its favourable pysio-mechanical
parameters, the Tumlin Sandstone is a valuable and searched for raw material on the market.

Testing of mechanical properties of the Tumlin Sandstone was performed in the Strata
Mechanics Research Department of the Strata Mechanics Research Institute (Polish: Instytut
Mechaniki Gorotworu PAN) in Krakow. Strength testing of sandstone was conducted on appa-
ratus GTA — 10 with confining pressure ranging from 0 to 400 MPa on cylindrical samples with
diameter of 22.5 mm and twice as bigger height (slenderness ratio 2).

Samples of sandstone were initially subjected to omni-directional hydrostatic stress
01 =0, = 03, which corresponded to the applied confining pressure, and then at constant value of
this pressure, samples were lowered with axial force to the value of longitudinal strain applied
beforehand. Testing was conducted in several cycles. One cycle included carrying out investiga-
tions for four samples of sandstone at constant confining pressure and applied in advance variable
longitudinal strain different for each sample amounting to 5%, 10%, 15% and 20%. After the
sample reached the required longitudinal strain, it was lightened to zero value of differential stress
and then it was taken out from the pressure chamber of the apparatus and was thoroughly exam-
ined and photographed. As a result of an experiment curves of dependency between differential
stress, longitudinal and transverse strain of the sample were received. Longitudinal strain was
determined on the basis of the position of piston pressing the sample, while transverse strain was
determined by means of measurement with inductive sensor, girding the sample half its height,
according to the way described by Nowakowski and Nurkowski (1995).

In Figure no. 1, a characteristic abrupt increase of the value of differential stress o, — o3 is
visible for confining pressure a; over 200 MPa, which corresponds to the pressure of transition
from brittle fracture to ductile strains of the rock. The interval between these states and corre-
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Fig. 1. Dependence between differential stress corresponding to ultimate strength of the sample
and confining pressure (based on research by J. Guskiewicz); the Tumlin Sandstone

sponding to them pressures is relatively narrow and results from the fact that friction force on
macroscopic surface of shearing becomes larger than ultimate strength on compression of the
rock (Gustkiewicz, 1999).

Presented in Figure 2, maximum values of stress are ultimate strengths of rock at applied
confining pressures, and deformations corresponding to them are deformations on ultimate
strength. From the course of curves it arises that with increasing confining pressure increases
strength of the sample and corresponding to it longitudinal strains and transverse strains. Curves
marked with number 25, 50, 100, 150, 200 show rapid fall of strength, connected with brittle
fracture of the rock. However, the course of curves described with numbers 250, 300, 350 and
400 after exceeding ultimate strength settled on a certain, for a given confining pressure, level
and is connected with ductile strains of rock.

400,

differential stress

-10 -5 0 5 10
transverse strain €3 [%6] longitudinal stram & [%]

Fig. 2. Dependence between differential stress and longitudinal and transverse strains for confining pressure
in (MPa) as a parameter (according to Gustkiewicz); “Tumlin” Sandstone



www.czasopisma.pan.pl P@N www.journals.pan.pl
<D

For confining pressures — below 200 MPa samples displayed brittle cracking, and fissure
was preceded with elastic deformations and inconsiderable permanent deformations. This fis-
sure was rapid was accompanied by acoustic effects (acoustic emission was not a subject of the
research).

For confining pressures —above 200 MPa — samples were characterized with ductile character
of destruction, but before they started to crack, reached considerable strain. With the developing
longitudinal strain, occurred evenly distributed two systems of surface of shearing. These systems
thickened with the increase of strain, and starting from its certain value, appeared two coupled
shear surfaces running through the whole sample.

3. Study of development of microscopic structures of
deformation in the Tumlin Sandstone depending
on the value of confining pressure and longitudinal
contraction of samples

In order to preserve deformations (fractures and fissures) formed in samples of sandstone
during strength testing in triaxial state of stress, samples have been properly protected and bonded
with epoxy resin. Epoxy resin of blue tint colour, migrating through the structure of rock samples
filled in hollows — pores, fractures and fissures formed during triaxial testing. After bonding,
sandstone samples were cut into fragments — slices (thickness of a few millimetres), in parallel
to vertical axis of samples, then they were abraded to thickness of 35+40 pm. After obtaining
suitable thickness of slices, microscopic sections were prepared from them. In total 49 micro-
scopic sections were made of samples of sandstone tested in diversified states of stress-strain.
Microscopic testing of a wide range of sections was performed by the author with the use of
optical microscope of “Olympus” company integrated with digital camera. For characteristic
regions within microscopic sections a series of colour photographs in 25- and 100-tuple enlarge-
ment was taken.

Two types of failure of rock material were distinguished on the basis of the analysis of
development of microscopic deformation structures in sandstone samples.

The first type of failure occurs in the sandstone samples examined in the following states of
stress-strain: g3 = 125 MPa—¢; =20% o3 =150 MPa—¢&, =2,5% as well as 03 =200 MPa—¢&; = 5%
and is characterized by visible single fissure (Pic. 1 and 2) running between upper and lower
base of the sample inclined at angle of 30-35° against the direction of the main stress. This type
of failure occurred as a result of shearing and displacement of rock material along the surface of
fracture. About the existing strike-slip movement signify numerous comminuted (crushed) chip-
pings of grains of quartz and binding agent lying within the surface of fracture (Pic. 2). Width of
the surface of fracture is variable and ranges from 150 to 400 um. Along the surface of fracture,
on both of its sides, there is a zone with microcracks and microfissures. In this zone, structures
of deformation demonstrate orientation close to vertical axis of the sample, but also form clusters
characterized with changeable direction of deposition.

Above the value 200 MPa of confining pressure, changes the character of failure of sandstone
samples. There occur single (o3 = 300 MPa — ¢; = 5% and o3 = 300 MPa — &; = 10%) or double
(o3 =250 MPa — ¢; = 10%) intensively fractured zones in a form of strips (Pic. 3 and 4) running
between lower and upper base of sandstone sample. The width of single intensively fractured
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Pic. 1. Sample’s cracking, microscopic Pic. 2. Sample’s cracking (o3 = 125 MPa; ¢, = 20%),
section (o3 = 125 MPa; ¢ = 20%) enl. x 25

Pic. 3. Zone of destruction of Pic. 4. Failure zones of sample (o3 =250 MPa; ¢; = 10%),
the sample, microscopic section enl. x 25
(03 =250 MPa; &, = 10%)

zones amounts to 160 pm (o3 = 300 MPa — &; = 5%) and 200 pm (o3 = 300 MPa — &; = 10%)
and their inclination angle against vertical axis of sample amounts to 20° and 35° respectively.
Whereas, the width of the two coupled intensively fractured zones (strips) takes the value of about
400 um and their inclination against vertical axis of the sample is 20° and 30°.

The difference between the two types of destruction became visible also in abundance and
the range of microcracks and microfissures occurring in the vicinity of the surface of fractures
and intensively fractures zones (strips).

In the first type of failure, parts of material not covered in fissure are free from failure, only
in immediate vicinity of the surface of shearing occur microcracks and microfissures.
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In the second type of failure, formed intensively fractured zones, can hold the opposite
sides of the material in cohesion. Clusters of microcracks and microfissures visibly propagate in
substantial volume of the sample.

On the basis of research it has been found that the angle of inclination of the surface of frac-
tures against the base of sample decreases with the increase of confining pressure. This peculiarity
has been described by Gustkiewicz (1999) investigating sandstones from the Vosges.

For testing of microscopic structures of deformation with a method of computer analysis
of image, three samples of the Tumlin Sandstone were selected (three microscopic sections),
representing the following stress-strain states:

sample no. 1 (g3 =200 MPa confining pressure and &; = 5% longitudinal strain),

sample no. 2 (g3 = 300 MPa confining pressure and &; = 10% longitudinal strain),

sample no. 3 (g3 = 300 MPa confining pressure and &; = 15% longitudinal strain).

On the basis of carried out microscopic observations, areas with characteristic zones of frac-
ture formation were marked off for the above mentioned sections and a series of colour images
forming measurement cross section was taken of them. In measurement cross sections registered
microfissures occurring both inside and outside grains of quartz and within the binding agent.
Picture was taken in 100-tuple enlargement perpendicular to vertical axis of sample, so that their
coming into contact with each other included constant transition from areas free from fractures
or areas slightly damaged into zones with fractures covering slip surface. Measurement cross
sections included in their scope fragment of the surface of microscopic section with length of
about 11 mm and height of 1.0 mm.

In the image, the following structures of deformation have been distinguished (Pic. 5).

Preparation of input data for computer analysis was carried out in two stages. In the first
stage, the picture from measurement cross sections was scanned and then by means of Photo Shop
programme structures of discontinuous deformations were marked off. Below (Pic. 6a) there is

intra-granular
microfissures

inter-granular
microfissures

e surface
Nt

9
X

\_\ : slip

o
{ B

Pic. 5. Components of image
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Pic. 6. a — photograph of microfissures, b — marked off microfissures

a picture taken in 100-tuple enlargement with visibly marked microfissures (in blue). Another
picture (Pic. 6b) illustrates separated microfissures.

At the second stage with the use of the programme Scion Image for the total of separated
microfissures the following parameters were determined (Fig. 3 and 4).

Courtsgd

85,

Fig. 3. Fragment of processed picture showing numeration of fissures
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Fig. 4. Results of calculations: numeration, coordinates X, Y, lengths and angles of microfissures inclination
« reference number of microfissure,
* coordinates x, y of microfissure’s middle,
* length of microfissure,
* value of angle included between directions of microfissures deposition and slip surface

Afterwards, with the use of spreadsheet, distance of separated microfissures from macro-
scopic surfaces of fracture was calculated (beginning of measurement cross section) as well as
angles of inclination of microfissures against the surface of macroscopic fracture were deter-
mined. Subsequently, cumulative graphs were produced sowing number, length and directions
of propagation of microfissures in a function of length of measurement cross sections.

4. Results of investigation of microscopic structures of discon-
tinuous deformations

The presented examination results of microscopic structures of deformation have been de-
termined for three samples of sandstone (three microscopic sections) representing the following
stress-strain states:

sample no. 1 (o3 =200 MPa confining pressure and &; = 5% longitudinal strain),

sample no. 2 (o3 = 300 MPa confining pressure and ¢; =10% longitudinal strain),

sample no. 3 (o3 = 300 MPa confining pressure and &; = 15% longitudinal strain).
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An analysis was made on the basis of variability of directions of propagation, abundance and
length of microfissures in a function of the length of measurement cross section (Wadas, 2004).
Test results have been presented graphically in a form of cumulative graphs (Fig. 5, 6 and 7).

Number of microfissures increases with the increase of confining pressure and axial defor-
mation of samples and reaches from 508 in sample no. 1 (o3 =200 MPa and &; = 5%) to 1112 in
sample no. 3 (o3 =300 MPa and &; = 15%). In the distance to about 2 mm (sample no. 1 and 2) and
3 mm in sample no. 2 (63 =300 MPa and &; = 10%) from the slip surface registered the increase of
number of microfissures (Fig. 5). Moreover, distribution of number of microfissures in particular
samples shows considerable diversification. In the first sample, in the distance within 2 to 6 mm
from the surface of slip, number of microfissures does not display greater diversity; however, in
the further part of measurement cross section their number generally falls. In the second sample,
in the distance from 3 to 8 mm from the slip surface registered a fall, and in the further part of the
section — increase of number of microfissures. In the third sample, at the whole length of section
registered high level of abundance of microfissures with local drops in their amount.

0200MPa-5% @300MPa-10% 0O300MPa-15%

150

100

50

Number of
microfissures

= =

O T T T T T T
1 2 3 4 5 6 7 8 9 10 11

Length of measurement cross section in mm

Fig. 5. Number of microfissures in sample no. 1, 2 and 3

On the basis of classification of microfissures lengths (Fig. 6) it can be stated that, their
predominant number falls within the following length ranges: 20-110 pm (sample no. 1), 20-120
pm in (sample no. 2) as well as 20-90 um (sample no. 3). Maximum number of microfissures
registered in unitary length ranges 40-50 um (sample 1, 2 and 3).

Directions of microfissures propagation microfissures against slip surface were included
mainly in angle range from —10° to 80° (sample no. 1 and 2) as well as from —10° to 90° (sample
no. 3). The maximum number of microfissures was registered in unitary angle range of 30°-40°
(sample no. 1 and 3) as well as 20°-30° (sample no. 2) Fig. 7.
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Fig. 7. Directions of microfissures propagation microfissures in sample no. 1,2 and 3 against slip surface

5. Summary

In the article a method of analysing discontinuous structures (fractures and fissures) occurring
in rock samples during strength tests (triaxial) and determining zones of their range is discussed.
The method of microscopic examination, worked out by the author, is based on application of
computer analysis of image and allows to determine coordinates, length and angles of micro-
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cracks and microfissures inclination in selected fragment of microscopic section. Working out
the method enabled to investigate development of deformation structures (microfractures and
microfissures) and range of their occurrence versus macroscopic surfaces of fractures. Testing
was performed on selected three microscopic sections prepared from three samples of the Tumlin
Sandstone, including the following stress-strain states:

sample no. 1 (o3 =200 MPa confining pressure and &; = 5% longitudinal strain),

sample no. 2 (o3 = 300 MPa confining pressure and &; = 10% longitudinal strain),

sample no. 3 (g3 = 300 MPa confining pressure and &; = 15% longitudinal strain).

On the basis of the obtained results of testing the following can be stated:

1. Increasing confining pressure o3 = 0, and longitudinal strain of sample ¢ causes increase
of the number of microfissures (Fig. 5) from 508 in sample no. 1 (63 = 200 MPa and
&1=5%) through 1034 in sample no. 2 (o3 = 300 MPa and &; = 10%) to 1112 in sample
no. 3 (o3 =300 MPa and g, = 15%).

2. In sample no. 1 (g3 = g, = 200 MPa and &; = 5%) registered number of microfissures in
initial part of measurement cross section (close vicinity of slip surface) is considerably
bigger than in its further part (Fig. 5).

3. In sample no. 2 and 3 (03 = 0, = 300 MPa and ¢; = 10% as well as 63 = o, = 300 MPa and
&1 = 5%) microcracks and microfissures propagate and encompass considerable volume
of the sample, that is why their number in the function of length of measurement cross
section does not display greater diversification (Fig. 5).

4. Increase of confining pressure and axial contraction of samples has influence on the
increase of total length of measured microfissures (Fig. 6).

5. Directions of propagation of microfissures versus slip surface in three samples are similar
to each other (Fig. 7).

6. Angle of inclination of slip surface against vertical axis of samples increases with the
increase of confining pressure and amounts from 30° in sample no. 1 (o3 =200 MPa and
&1 = 5%) to 35° in sample no. 2 (o3 = 300 MPa and ¢; = 10%) and no. 3 (o3 = 300 MPa
and g; = 15%).

Extension of study over the mechanism of forming fractures can provide an opportunity
not only cognitive, but for practical utilization of research results in the scope of forecasting and
explaining initiation processes of the state of rockburst hazard, in particular in regions of tectonic
disturbance — faults, but also determination of influence of fractures on strength parameters of
rocks, which is significant for selecting supports. Further research over development of discon-
tinuous deformation structures as well as over the mechanism of their occurrence may also find
application in works connected with designing and constructing of geotechnical structures (road,
tunnel construction purposes) and hydro-geological (building dams).
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