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ABSTRACT

Purpose. To investigate the physico-mechanical, mineralogical and geochemical properties variations of Igbeti mar-
ble, south-western Nigeria under the influence of weathering.

Methods. About twenty representative samples were collected at a varying depth up to a depth of 30 meters from the
study area. The samples represented a group of unweathered, slightly weathered, moderately weathered and highly
weathered rocks using weathering classification indices. Thin sections were prepared for textural and mineralogical
studies of the rock samples. The chemical composition analyses of the rock samples were conducted using X-ray
Fluorescence spectrometry (XRF). The physico-mechanical properties were also evaluated.

Findings. The results showed that noticeable mineralogical and chemical changes occur in the rock fabric because of the
increase in weathering state. The laboratory tests result also revealed that weathering reduces the strength of the rock.

Originality. The transformation of physical and mechanical properties of rocks because of weathering is a major
concern to the geotechnical engineers. These properties have been investigated by the researchers, but the majority of
the available researches were conducted on weathered sedimentary and igneous rocks while that of metamorphic
rock is very scarce. Hence, this study investigates the influence of weathering on physico-mechanical, mineralogical
and geochemical properties of Igbeti marble, south-western Nigeria.

Practical implications. The obtained results show that the transition of selected rock properties as a result of
weathering would significantly affect slope stability and performance of the rock in engineering applications.

Keywords: marble, weathering, physico-mechanical properties, mineralogical properties, thin section, XRF, geo-

chemical studies

1. INTRODUCTION

Rock has been used as a construction material since
historical times, with marble occupying a special place as
it has been used as a facing stone for many famous struc-
tures, e.g. temples, mosques, churches, palaces, monu-
ments, etc. because of its pleasing colours, attractive
patterns, and designs. Marble is a metamorphic rock
composed essentially of calcite (CaCOs), dolomite
[CaMg (COs)], or a combination of the two, with a fine-
to coarse-grained crystalline texture (Serra, 2006). The
surface of marble crumbles readily when exposed to a
moist, acid atmosphere, but marble is durable in a dry
atmosphere and when protected from rain. Investigating
the effects of weathering on carbonate rock types appear
very important nowadays due to the increasing popularity
of the rocks in external architectural usage and engineering
applications in all climatic zones. The carbonate rock was

used in many historical buildings and sculptures in the
past, and the signs of extensive weathering can be recog-
nized on some of these carbonate-made structures. How-
ever, limited information is available on the physico-
chemical, mineralogical and physico-mechanical charac-
teristics of carbonate rocks most especially marble rock.

Weathering in marble rock type has deep impacts on
both physical and mechanical properties of the rocks as
well as of the rock masses. The changes in mineral con-
tent and the increase of pore volume promote the action
of mechanical disintegration and chemical decomposition
(Thuro & Scholz, 2004). Also, variations in weathering
grades usually result in varying engineering properties of
the rock. Understanding the effects of weathering on
engineering properties of rocks is imperative because it
may be the primary criterion for determining the depth of
excavation, cut slope design, method and ease of excava-
tion, and use of excavated materials (Irfan, 1996).
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Thus, it is important to recognize the role played by
the weathering process in the performance of rock in
engineering applications (Rigopoulos, Tsikouras, Pomo-
nis, & Hatzipanagiotou, 2010). The investigation of the
degree and pattern of weathering on the selected deposits
will reduce the cost and make the work of on-site explo-
ration and excavation easy. The purpose of this research
is to investigate the effect of petrographic and geochemi-
cal characteristics on rock strength and especially the
relationships between the engineering properties and
specific petrographic transformations which take place
during weathering process and are very common in mar-
ble. This is very necessary, to enhance the understanding
of the effect of the internal mechanism of rock structure
and its engineering properties.

In what follows, the details of the sample collection
and preparation is presented. Then the quantitative grading
of the weathering is described. The details of the laborato-
ry procedures used in determining the rock properties are
explained. Empirical equations are proposed for easy de-
termination of the rock properties. This will greatly reduce
the time and efforts required for a laboratory experiment.

2. MATERIAL AND METHODS

2.1. Sample collection and preparation

Igbeti is located within latitudes 8° 40'N and 9° 05'N
and longitudes 3°45'E and 4° 15'E in Olorunsogo Local
Government Area of Oyo State, Nigeria. Igbeti is under-
lain by Pre-Cambrian rocks which forms part of the
basement complex of south-western Nigeria. There are
three lithological units of the crystalline basement com-
plex, comprising; migmatite-gneiss complex (quartzite,
gneissic rocks); Low to medium grade metasediments
(green schists facies, namely quartz schist and mica
schist); The Pan African Granitoids (older granites)
which are linked to late-tectonic intrusions (Musbau,
2014). The samples used for this research work were
collected from Igbeti.

Many marble block samples (20 in numbers) of differ-
ent weathering grades were taken from operating pit from
various locations at a varying depth up to a depth of 30 m.
Sample preparations for the physico-mechanical proper-
ties were conducted in the Rock mechanics laboratory at
the Federal University of Technology Akure (FUTA).
Preparation of these samples, test procedures and calcula-
tions followed the relevant ASTM (2000), ISRM (1985)
standards. The preparation of samples for petrographic
analysis was conducted at the petrology section of the
geology laboratory, University of Ibadan, Oyo State while
that of geochemical analysis was conducted at the Centre
for Energy Research and Development, Obafemi
Awolowo University Ile-Ife, Osun State, Nigeria.

2.2. Weathering grade classification

The marble specimens were grouped qualitatively in-
to different weathering grades using three indexes viz.:
colour, surface texture and friability (rock to soil ratio) in
relation to the depth of occurrence, the weathering state
was assigned. Weathering states 1 through 4 were as-
signed to all the marble specimens; W, (unweathered),
W, (slightly weathered), W3 (moderately weathered), and
W, (highly weathered) based on the ISRM descriptions.
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The quantitative classification weathering states to rock
samples is subjective, hence no common ground is estab-
lished among the professionals according to Pinho, Ro-
drigues-Carvalho, Gomes, & Duarte (2006) most im-
portantly for highly weathered specimens. In this study,
Igbeti marble samples with similar physical characteris-
tics (colour, friability i.e. rock to soil ratio and texture)
were grouped in the same grade. The classification of the
Igbeti marble samples into different weathering grade is
as presented in Figure 1.

Figure 1.

Description of Igbeti marble: (a) Wi (colour: whit-
ish grey; texture: coarse grained); (b) W: (colour:
whitish; texture: fine to medium grained); (c) W3
(colour: dark grey with some discolouration; tex-
ture: coarse grained); (d) Wy (colour: greyish with
evident of discolouration; texture: very coarse
grained)

2.3. Determination of mineralogical
and chemical compositions

The mineral content of the rocks was described in de-
tail by means of thin section analysis using a
petrographic microscope equipped with modal analysis
device, e.g., point counter from a grid over the thin sec-
tion. Photomicrographs of the samples were also taken to
show features of geological interest.

The determination of major oxides and components
of the samples was achieved by the X-ray fluorescence
(XRF) spectrometer and the procedure adopted for the
determination of components was that described by Jen-
kins and Snyder (1976).

2.4. Determination of physical
properties of selected rock samples

The index properties (dry and bulk densities, water
content, water absorption, porosity, and specific gravity)
were determined in accordance with the standards sug-
gested by (Brown, 1981). The specific gravity was de-
termined using the pycnometer technique as suggested by
ASTM D 854-00.

2.5. Determination of mechanical
properties of selected rock samples

Cubical and irregular samples were used for the
strength characterization in accordance with the suggest-
ed standards by (ISRM, 1985; ASTM, 2000). Uniaxial
compressive strength test was characterized by loading a
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block (cubical) sample instead of the standard cylindrical
sample while maintaining the length to thickness ratio of
2.5:1 under dry conditions axially until the specimen
fails. The uniaxial compressive strength results were also
corrected according to a standard size specimen with a
diameter of 48 or 54 mm and a length to diameter ratio
between 2 and 3 using the Turk and Dearman (1986)
correction, as illustrated in the Equation (1):

S50 0.18D
ves (1.754+o.535(§n

where:

050 — the uniaxial compressive strength of a 50 mm
diameter rock;

UCS — the uniaxial compressive strength of a rock
specimen having a different diameter;

D — the diameter of the specimen;

L — the length of the specimen.

The point load strength test was conducted using the ir-
regular sample based on Heidari, Khanlari, Torabi-Kaveh, &
Kargarian (2012) procedure. Point load strength results were
corrected according to a standard size specimen with a diam-
eter of 50 mm using the Hudson & Harrison (1997) correc-
tion, as illustrated in the following Equation (2) and (3):

(1

FP

? s (2)

IS(SO) =

where:
F — the correction factor;
P — the failure load, kN;
D, — the equivalent core diameter, mm.
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The tensile strength of the rock samples was estimat-

ed based on the relationship suggested by Brook (1993)

and Brown (1981) which shows the general relationship

between the point load strength (Is(so)) and the tensile
strength (7,) as expressed in Equation (4):

To = I.SIIS(SO) .

€)

4)

The slake durability index of the unweathered and the
different weathered grades of Igbeti marble samples was
also determined in accordance with the standard proce-
dure as specified by the Brown (1981). Two solutions
(slightly acidic rainwater and saturated MgSOj salt) were
used in this test. Selected representative marble samples
of different weathering grade consisting of 10 lump each
of 40—-60 g providing a total sample weight ranging
from 450 to 550 g, roughly spherical in shape with cor-
ners rounded during preparation were prepared. Slightly
acidic rainwater of pH of 5.68 and saturated MgSO; salt
solution was employed as the slaking fluids and the slake
durability index was calculated after the second cycle.
The rainwater of pH of 5.68 (slightly acidic) used was to
monitor the effects of acid rain on the rock types while
the saturated MgSOy salt solution was to monitor the
effects of salt crystallization.
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3. RESULTS AND DISCUSSION

3.1. Influence of weathering on mineral
constituents of Igbeti marble samples

Photomicrographs of the different weathering grades
of Igbeti marble under polarized light are shown in Fig-
ure 2. Based on Figure 2, there existed some noticeable
mineralogical changes that occur in the rock fabrics be-
cause of the increase in weathering. The proportion of
the dominant constituents which are calcite and dolomite
and other silicate and non-silicate minerals was found to
relate directly to the degree of weathering.

@ 1

I | 5

15 mm

-

Figure 2. Photomicrographs of Igbeti marble under: (a) Wi
cross-polarized light; (b) Wi plane polarized light;
(¢c) W2 cross-polarized light; (d) W2 plane polarized
light; (e) W3 cross-polarized light; (f) W3 plane po-
larized light; (g) Wi cross-polarized light; (h) Wy
cross-polarized light; C — calcite; D — dolomite;
MIC — muscovite (mica); Q — quartz; P — pyrite
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The calcite content, for example, decreases from
80.1% in W, to 79.8% in weathering grade > and from
76.4% in W3 to 73.2% in W,. This showed the increase
in weathering and weatherability from W, down to W,
with the unweathered () sample having more calcite
content than the rest of the samples as shown in Fig-
ure 3. Similar trends were seen in dolomite, silicate and
non-silicate minerals.
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Figure 3. Average modal analysis of the major mineral con-
stituents of the different weathering grades of Igbeti
marble

The tremolite (a silicate mineral) increases as the
weathering increase while quartz and albite (non-silicate)
which is known to be impurities also increase as the
weathering increase. The tremolite content is known to

of about 10.25% observed in the (W,) sample may indicate
a fluid inclusion which could be evidence for deep
weathering of this sample. The high silica content ob-
served could also be adduced probably to the incorporation
of highly siliceous shells, the continental influx of silica as
well as precipitation of SiO, from solution.

CaO is the principal major oxide of most carbonate
rocks especially marble, and its concentration in this rock
type can be an indication of chemical weathering. The
CaO concentration, unlike SiO,, decreases insignificantly
as the weathering increase with the concentration of as
high as 45.02% in the unweathered sample and a reduced
concentration of 39.60% in the highly weathered sample.

Fe;O; occurs as an impurity in the marble and the
higher the value, the more deteriorated or weathered the
marble samples are. As observed in this study, the concen-
tration increases with increasing degree of weathering with
highly weathered W, sample having a concentration of
4.18% compared to 2.55% in unweathered ¥, sample.

Finally, K>O concentration value for the unweathered
(W) sample is higher than the weathered samples i.e.
decrease with increasing weathering. The percentage
value by weight of the ¥, sample was 0.08% while that of
W,, W3, and W4 samples were 0.04%, 0.06%, and 0.05%
respectively. This indicated that K,O is rapidly leached
and removed in the later stage of chemical weathering.

3.3. Physical properties of rock samples

The summary of statistics for the physical properties
of the Igbeti marble in different weathering grades is
shown in Table 2.

Table 2. Summary of statistics for the physical properties of
the Igbeti marble in different weathering grades

relate to the reaction of calcite with sand and clay con- Test Specimen ISRM weathering state
tents in marble samples. The distribution of the different method  breakdown w2 w; Wa
textural and mineral constituents in each of the weather- e’ NS* 10 10 10 10
ing grade is shown in Figure 3. pe. gom Average 2.82 2.77 2.69 2.23
. . NS 10 10 10 10
3.2. Geochemical analysis 3
T anatysis. , , PeYOMT L rage 274 268 261 213
The geochemical analysis of the major elements/oxide NS 10 10 10 10
for Igbeti marble samples are shown in Table 1. The con- 7, kN/m?
g . . . ’ ’ Average 26.92 26.28 25.59 20.87
centration of four major oxide groups has been used to
classify marble samples of different weathering profiles G NS > > > >
ASSLLY 1 Samp Griterent weathering proti 7 Average 276 270 259 232
viz. calcium oxide (CaO), silica oxide (Si0O,), iron oxide NS 3 3 3 3
Fe,03), and potassium (alkali) oxide (K20). °
(Fe205), and potassium (alkali) oxide (K20) W% pverage 0055 0072 0081 024
Table 1. Major element analyses of the Igbeti marble with . NS 3 3 3 3
different weathering grades Wa%  verage 031 034 045 135
Oxides/ NS 3 3 3 3
Wh, % W2, % W3, % Wa, % ,9
elements b n > b m% Average 089 095 122 3.00
K20 0.08+100 0.04+100 0.06=100 0.05+100 *NS — the number of samples tested
CaO 45.02+0.6 43.62+0.5 44.52+0.5 39.60+0.6
SiO2 8.38£100 8.16+100 8.87+100 10.25+100 The clear trend of the effect of weathering on the
Fe20s 2.55+100 3.58+100 3.52+100 4.18+100 physical properties of selected rock samples can be seen
V205 0.31£100 0.52+100 0.29+£100 0.24+100

The quantitative identification of these four major ox-
ides is important in the characterization of the quality of
the samples. The SiO, concentration which reflects the
duration and intensity of weathering and destruction of
other minerals during transportation shows an increasing
trend as the weathering increases. High SiO, concentration
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in Figure 4. Each physical property is normalized with
the values of weathering grade 1 (W)). This is very im-
portant to see the clear trend of the effects of weathering
on the investigated physical property. The porosity, water
content and water absorption increase with an increase in
weathering grade while the bulk density, dry density, unit
weight and specific gravity decrease with increase in
weathering grade.
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Figure 4. Normalized physical properties as a function of
weathering states normalized with respect to Wi

This is an indication that the strength of the rock de-
creases as the degree of weathering increases. Figure 4 is
very useful for the determination of weathering grades of
similar rock samples by multiplying their respective physi-
cal properties investigated here with the respective corre-
sponding dimensionless parameters shown in Figure 4.

Systematic trends are noted for bulk and dry densities
as weathering indicators with an increasing degree of
weathering. There are step reductions in these values
from unweathered rock sample to the weathered sample
as shown in Table 2. The observed trends in the results
agree with that of Udagedara, Oguchi, & Gunatilake
(2017). Also, the values of bulk density and dry density
agree with that of other metamorphic rocks. The relation-
ship between the bulk and dry densities and weathering
grades can be clearly seen in Figure 4.

The ranges of unit weight and specific gravity de-
crease with increasing degree of weathering as shown in
Figure 4 and Table 2. The decrease in specific gravity
with respect to the weathering grades as being attributed
to the increase in intergranular space and clay content of
the rock as the weathering progresses (Arel & Tugrul,
2001; Udagedara, Oguchi, & Gunatilake 2017).

Absorption value defines the capacity of a rock to ab-
sorb water/moisture when immersed in water till satura-
tion. There is an increase in the absorption value as the
weathering increases in the Igbeti marble samples as
shown in Figure 4 and Table 2. Igbeti marble samples
have greater mean water content values across different
weathering grades and the values increase with
increasing degree of weathering.

Porosity test results are a direct indication of
weathering state and weatherability in rocks. The more
highly weathered the rock is, the more porous and less
dense it is. The mean porosity values range from 0.89 to
3.00%. It is seen that the porosity values increase with
increasing weathering as it is also seen with water ab-
sorption and water content results as shown in Figure 4.
The highest average value of 3.00% is seen in highly
weathered (W,) samples. This high value could be at-
tributed to the presence of wider openings in these sam-
ples. The low value obtained with marble samples could
also be attributed to the fabric (microcracks and voids) of
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the samples which are believed to be closely packed most
especially in the competent rock samples. The mean
porosity value for unweathered (/) sample is 0.89%.
Higher values are obtained with slightly weathered (W)
and moderately weathered (//3) samples with mean val-
ues of 0.95% and 1.22% respectively.

3.4. Mechanical properties
of the selected rock samples

The summary of statistics for the mechanical proper-
ties of the Igbeti marble in different weathering grades is
shown in Table 3 and the normalized values of the inves-
tigated mechanical properties are plotted against the
weathering grades. The results show that almost all the
mechanical properties of the studied rocks are affected
by weathering processes.

Table 3. Summary of statistics for the mechanical properties
of the Igbeti marble in different weathering grades

Test Specimen ISRM weathering state
method breakdown 1124} W W3 Wa
Isso, MPa A\I/if;ge 2?29 2?4(1)1 1?30 1110 1

SRH AVI:rSage 43.4 395.3 335.1 195.2
To, MPa Avfzge 11(.)04 2?62 12(,)69 11(.)58
UCsS, MPa AVI:rSage 1337.6 1032.7 8:.1 N/i**

NS — the number of samples tested
**NS — no sample is available

Point load strength index and tensile strength are im-
portant indicators for rocks weathering, strength, and
stability. In general, point load strength and tensile
strength test result values decrease as the weathering
increases as seen in Figure 5.
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Normalized Mechanical Properties

j=4
%)
1

Figure 5. Normalized physical properties as a function of
weathering states normalized with respect to Wi

As seen in Table 3, there is a wide range of point load
strength and tensile strength test results for weathering
states W1, W, W3 and Ws. The average point load strength
test results for W, W», W3, and Wy are 2.69, 2.41, 1.80 and
1.11 MPa respectively. While the mean tensile strength
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test results for Wy, W», W3 and W, are 4.04, 3.62, 2.69 and
1.58 MPa respectively. The classification of strength index
has been reduced from medium to moderate for the point
load while it changes from high to moderate for tensile
strength according to Bieniawski (1989) classification.

Schmidt rebound hardness numbers and compression
results are an indication of the rock strength. The results
are useful to assess the quality of various mineral con-
stituents and bond strength that exist between mineral
grains of the rock and to select rock suitable for various
purposes. For Schmidt rebound hardness, there is a re-
duction in the values as weathering increases as seen in
Figure 5 and Table 3.

The uniaxial compressive strength also shows a
strong indication that the strength of rocks decreases with
increase in weathering grades to the extent that the UCS
disappears for the weathering grade W, as shown in Fig-
ure 5 and Table 3. In general, UCS test result values
decrease as the weathering increases as shown in Fig-
ure 5. The UCS has been reduced from high strength
classification to extremely low strength classification
according to Bieniawski (1989) classification.

Table 4 shows the slake durability index (SDI) results
of different weathering grades of marble respectively
using slightly acidic rainwater of pH of 5.68 and saturat-
ed MgSOs; salt solution as the slaking fluid. The SDI has
been identified by the researchers (Gupta & Rao, 2001;
Dhakal, Yoneda, Kato, & Kaneko, 2002) as one of the
strength parameters that are sensitive to weathering. The
SDI values after the first and second cycles for unweath-
ered (W) sample using slightly acidic rainwater are
98.87 and 97.78% respectively. The SDI decreases as
weathering in rocks increases and as such the values for
slightly weathered, moderately weathered and highly
weathered are lower compared with the unweathered
sample as seen in Figure 5 for first and second cycles
respectively.

Table 4. Summary of statistics for the slake durability index
parameters of the marble in different weathering

grades
ISRM weathering state
Test Specimen Wi Wh W3 Wa
method  breakdown 770 10 g T Ids, Idy, lda,
% % % % % % % %
NS 1 1 1 1
SD[ Rain water
Value  98.997.8 98.4 97.1 97.3 94.6 65.3 56.4
NS 1 1 1 1
SDI
VESOY T Value  99.798.899.3 98.198.796.1 67.9 59.3

The SDI values after the first and second cycles for
slightly weathered (W,) sample using slightly acidic
rainwater are 98.36 and 97.11% respectively. Lastly,
moderately weathered (W3) and highly weathered (W)
samples SDI values after the first and second cycles us-
ing rainwater are 97.30 and 94.61%; 65.31 and 56.40%
respectively. The decrease in the SDI/ with increasing
degree of weathering could be attributed to the variation
of the amounts of weak carbonic acid formed by the
reaction of carbon dioxide with atmospheric moisture
(rainwater) inside porous rocks, due to the difference of
the porosity values for these rocks as shown previously.
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The SDI in the case of saturated MgSOj salt solution as
the slaking fluid is lower compared to that of slightly acid-
ic rainwater of pH of 5.68. This could be attributed to the
variation of the amounts of salt crystalline inside porous
rocks, due to the difference of the porosity values for these
rocks. It is shown in Figure 5 that the SDI decreases with
increasing degree of weathering and number of wet-
ting/drying cycles.

The rate of percentage weight loss for first and second
cycles respectively for samples of moderately weathered
(W5) at 98.66 and 96.05% and highly weathered (W3) at
67.90 and 59.28% are greater than that of unweathered
(W) at 99.65 and 98.75% and slightly weathered (1) at
99.27 and 98.08%. This could be attributed to the higher
porosity values of type W3 and Ws, which help to decrease
the resistance of these rock samples to deterioration by the
action of a saturated solution of MgSQO,.

4. CONCLUSIONS

In this study, the physico-mechanical, mineralogical
and geochemical properties variations in Igbeti marble,
South-Western Nigeria under the influence of weathering
are investigated. From the results of the laboratory test-
ing and analyses carried out on the selected rock sam-
ples, the following conclusions are drawn:

1. The physico-mechanical properties investigated
varies considerably with increasing degree of weathering.
While the bulk density, dry density, dry unit weight,
specific gravity, uniaxial compressive strength, point
load strength, tensile strength, and Schmidt hardness
decrease with weathering, others such as water/moisture
content, water absorption and porosity increases with
increasing degree of weathering.

2. Noticeable mineralogical changes occur in the rock
fabrics because of the increasing degree of weathering on
the samples. The proportion of the dominant constituents
which are calcite and dolomite and other silicate and
non-silicate minerals was found to relate directly to the
degree of weathering.

3. Major oxides distribution in conjunction with other
determinants has been successfully used to show the
effects of chemical weathering on the rock samples.
The quantitative identification of the four major oxides
is important in the characterization of the quality of
the samples.
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3MIHA ®I3MKO-MEXAHIYHUX, MIHEPAJIOITYHHUX I TEOXIMIYHHAX
BJIACTHBOCTEU MAPMYPY II1J] BININBOM BUBITPIOBAHHAA

H.O. Oryscona, A.L JlaBai, M.A. Caniy

Meta. BuBuenHsi 3MiH (i3UKO-MEXaHIYHUX, MIHEPAJIOTIYHUX 1 FeOXIMIYHUX BJIACTHBOCTEH MapMypy pOAOBHIIA
IrGeTi (miBmenHo-3aximgna Hirepis) miq BILTMBOM BUBITPIOBAHHS.

Metoauka. Byno Biniopano 20 pernpe3eHTaTUBHUX 3pa3KiB Ha PI3HUX TTIMOMHAX 3aJIAraHHs MOPOAU (MaKCUMyM —
30 M) y paiioHi pogosumia. Y BiIIOBiAHOCTI 3 KiacuikaliiiHIMH iHA€KCaMU BUBITPIOBaHHS 3pa3ku OyJiM po3/iieH] Ha
IpyIU: HEBUBITPEHI, ci1ab0 BUBITPEHi, NOMIPHO BUBITPEHI, CHUJIBHO BHBITpEHi. Byll0 BUrOTOBIIEHO TOHKI CTPIYKH ISt
BUBYEHHSI TEKCTYPHHUX 1 MiHEpaJIOTTYHUX XapaKTEPUCTHUK. AHaJli3 XIMIYHOTO CKJIaly 3pa3KiB IPOBOAMBCS 13 BUKOPHC-
TaHHAM peHTreHodyopectenTHoi criektpomerpii (POC). Takox Oyna npoBeneHa oriHka (Qi3MKO-MEXaHIYHUX BIIACTH-
BOCTEH 3pa3KiB.

Pe3yabraTu. Pesynbratn JoCHijkKeHb IMOKa3ajiM, L0 3HAYHI MiHepajibHI Ta XIMIYHI 3MIHM Yy TOBIII IHOPOIA
OB’ s13aHi 3 HAPOCTAHHSM BIUIMBY BUBITPIOBaHHS. BCTaHOBIEHO 3a JaHWMU JTaOOPATOPHHUX AOCIHIPKEHB, M0 00’ €MHA
IIUTBHICTP, CyXa MIUIBHICTH, CyXa Ta MUTOMA Bara, 30UTBIIYIOThCA 3 MIABUIIECHHSIM CTYIICHS BUBITPIOBAHHS, IPOTE 3MICT
BOJIH/BOJIOTH, BOAOTIOTIIMHAHHS, IOPUCTICTh, MIITHICTh HA OJTHOOCHOBE CTUCHEHHS, MII[HICTh TP TOYKOBOMY HaBaHTa-
JKeHHI, MILHICTh Ha pO3TAr Ta TBepAicTh 3a LlIMinToM 3MeHIIyIOThCsi. BCTaHOBIEHO 3B 530K KINBKOCTI JOMIHYFOUHX
KOMITOHEHTIB (KaJIbLHUT i OJIOMHUT) Ta IHIIMX CHJIIKATHUX 1 HECUIIIKATHUX MIHEPAJiB 31 CTylIEHEM BUBITPIOBAHHSL.

HaykoBa HoBM3Ha. /{11 yMOB pojoBuina IrGeTi BUABIEHO XapaKkTep Ta 0COONMBOCTI BIUIMBY CTYNEHS BUBITPIOBaH-
Hs Ha 3MiHY (Pi3MKO-MEXaHIYHUX 1 TEOXIMIYHMX BJIIACTHBOCTEH MapMypOBHX MOpPix MeTaMOp(i4HOTrO THILY, Y TOH Yac sIK
HoTepeHi JOCIiIPKEHHS TPUCBSYEH] 0Ca0BIM Ta MarMaTHYHUM ITOPOJIaM.

IpakTHuna 3HaYMMicTb. Pe3ynbratu nociipkeHb HEOOXiTHO BPaxoByBaTH B apXiTEKTYPHOMY Ta iHXXEHEPHOMY BH-
KOPHCTaHHI Y PI3HUX KIIMaTUYHMX 30HaX. [IOHSTTS BIUIMBY BHBITPIOBAaHHS Ha BIIACTHBOCTI TIPCHKHX TIOPiJ € BAXKIMBUM
KpPHUTEpIeEM JUIsl BU3HAYEHHsI INTMOMHK PO3pOOKH, KOHCTPYKIIT MOXHUIIOr0 CXHILY, METOAY, IPOCTOTH BHIOOYTKY Ta Ha-
MIPSMiB BUKOPUCTAHHS MapMypy, IO J03BOJIHUTH 3MEHIIUTH BaPTICTh i MOJINIIUTH POOOTH 3 PO3BIIKU i BUIOOYBaHHSI.

Kntrouosi cnosa: mapmyp, susimproganus, (izuxo-mexaniuti enacmusocmi, minepanoziuni eracmugocmi, POC, zeo-
XimMiuHull ananiz
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N3MEHEHUE ®U3NKO-MEXAHNYECKUX, MUHEPAJIOT'HYECKUX U
TEOXUMHYECKHUX CBOMCTB MPAMOPA IO/ BJJUSIHUEM BbIBETPUBAHUSI

H.O. Oryncona, A.U. JlaBan, M.A. Canny

Heas. M3yyenne u3MeHeHHs HU3UKO-MEXaHUYECKHX, MHHEPAJOTHYECKUX M TEOXMMHYECKUX CBOMCTB MpamMopa Me-
cropoxaenus Uroeru (FOro-3anannas Hurepus) noz BiausiHEM BHIBETPUBAHMSI.

Metoauka. bruto otobpano 20 penpe3eHTaTuBHBIX 00pa3LOB Ha PAa3IMYHBIX INIyOMHAX 3ajeraHusi mopoisl (Mak-
cumMyM — 30 M) B paiioHe MecTOpOXKAEHHs. B cOOTBETCTBHU C KIIACCU(PHMKAMOHHBIMU MHIEKCAMH BBIBETPUBAHUS 00-
pasipl ObUTM pa3JiesieHbl Ha TPYIIIbI: HEBBIBETPEHHbIE, C11a00 BHIBETPEHHBIC, YMEPEHHO BBIBETPEHHBIC, CHIIBHO BBIBET-
peHHble. BBUTM M3rOTOBJIEHB! TOHKHE CPE3bl ISl M3YYEHHs TEKCTYPHBIX M MHUHEPAJOTMYECKHX XapaKTepHCTHK 00pa3-
1I0B. AHQJIN3 XMMHUYECKOTO COCTaBa OOpA3IOB IPOBOJMICS C HCIOJIB30BAHHEM PEHTI€HO(MITyOPECIEHTHOH CIIEKTpPO-
Metpun (POC). bruta Taxke mpoBeeHa oleHKa (PH3UKO-MEXaHMUECKUX CBOUCTB 00pa3IoB.

Pe3yabTaThl. Pe3synbraTel ncciae0BaHUN MOKA3aJIM, YTO 3HAYUTEIHBIE MUHEPAJIOINIECKHE U XUMHUYECKHE M3Me-
HEHHMS B TOJIIIE OPO/IBI CBA3aHbI C HAPACTAIOIIUM BIMSHUEM BBIBETPHBAHHSA. Y CTAHOBJICHO 110 JAHHBIM JIAOOPaTOPHBIX
HCCIIEIOBaHUHN, YTO 0OBEMHAs! IIIOTHOCTD, CyXasi INIOTHOCTb, CyXOH BEC U Y/ENbHBII BEC YBEIIMUUBAIOTCS C yBEIUICHH-
€M CTEIIeHH BBIBETPHUBAHUS, a COJEp)KaHHe BOABI/BJIAru, BOJOIOINIOLIEHHE, OPUCTOCTh, MPOYHOCTH Ha OJHOOCHOE
C)KaTHe, MPOYHOCTh TPH TOYEYHOW Harpyske, MPOYHOCTh HAa PacTshKeHWe W TBepAocTh 1o LlIMunry ymeHbluarorcs.
YcraHoBIEHa CBSI3b KOJIMYECTBA JJOMUHHUPYIOIINX KOMIIOHEHTOB (KaJIBIUT U JOJIOMUT) U JPYTHX CHJIMKATHBIX M HECH-
JIMKaTHBIX MHUHEPAJIOB CO CTENECHBIO BHIBETPUBAHMSI.

Hayuynas HoBu3Ha. 11 ycioBuii MecTopoxaeHus: YirOetu BBISBIEH XapakTep M OCOOEHHOCTH BIIMSIHUSI CTEIIEHU
BBIBETPUBAHUSI Ha M3MEHEHUE (PU3NKO-MEXaHWYECKUX M T'€OXMMHYECKHX CBOMCTB MPAaMOpHBIX IOpOJ MeTaMmopduye-
CKOT'O THIIa, B TO BPEMsI KaK IPeIbIyIINe NCCIIEJOBAHHS TIOCBSIIIEHBI OCAI0YHBIM U MarMaTH4eCKUM THIIaM HOPOJI.

IpakTHyeckasi 3HAYUMOCTh. Pe3ybTaThl HCClIeI0OBaHUH HEOOXOANMO YUUTHIBATh B APXUTEKTYPHOM M MHXKEHEP-
HOM HCIOJIb30BaHUH B Pa3sHbIX KIMMAaTHYECKHUX 30HaX. [JoHMMaHWe BIMSHMS BBHIBETPHBAHMS HA CBOWCTBA TOPHBIX I10-
PO SABIAETCS BaXXHBIM KPUTEPHEM [UIS ONIPEJEICHNs ITyOHHBI pa3paboTKy, KOHCTPYKIMHI HAKIOHHOTO CKJIOHA, METO-
Jia, IPOCTOTHI 1OOBIYM M HAIPABICHUH UCIOIb30BAHHUS MPAMOpa, YTO B UTOTE TMO3BOJIHUT CHU3UTh CTOMMOCTh U 00JIer-
YUTh pabOTy IO pa3BEIKe U BHIEMKE.

Knrouesvie cnosa: mpamop, evisempusanue, pusuxo-mexanudeckue ceolicmea, munepaiozuieckue ceovicmea, POC,
2eoXuMu4ecKull aHanus
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