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Methodology. To study the distribution of different
types of rocks on the area under research the statistical anal-
ysis of the petrophysical characteristics of specific lithologi-
cal formations of Precambrian crystalline basement was
done. Petrodensity and petromagmatic groups of rocks ba-
sed on the regularities of the relations between physical pro-
perties, composition and texture of the rocks were argued.

Findings. Analysis of new and archival actual material,
and previous laboratory tests on determination of the physi-
cal properties of rocks allowed combining them into homo-
geneous groups according to the lithological and petro-
graphic characteristics and taking into account their lateral
extension. We distinguished thirty-six homogeneous groups
of rocks and supplied them with histograms of density and
magnetic susceptibility. The summarizing of the results of
studies of the rocks within Kryvbass territory shows that the
rocks belong to two general groups presented by granite-
migmatite and sedimentary-metamorphic complexes.

A. Boutrid, PhD,

S. Bensehamdi, PhD,
M. Chettibi,

K. Talhi, PhD

Originality. The general populations of qualitatively
homogeneous groups according to their lithological and pet-
rographic characteristics and areal extent were composed.

Practical value. Detailed knowledge of the physical pa-
rameters of rocks allows charting various deep geological
and ecological heterogeneities from the surface of the earth
by geophysical fields and use the gravitational and magnetic
fields, together with seismic and electrical exploration for
the simulation of deep structure of Krivorozhsko-
Kremenchugskiy, Tarapakovskiy, Saksaghanskiy and Vos-
tochnyi faults.
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Purpose. The research aims to assess the effect of water absorption on the mechanical properties of sandstone rocks using
a servo-controlled testing machine. This allowed investigating how the strength properties are affected by the changing con-
tent of absorbed water like this occurs on the site.

Methodology. The stress-strain curves were obtained from the uniaxial compressive strength by using a servo-controlled
testing machine. Young's modulus and the brittleness index were measured for specimens prepared from a single block of sand-
stone. The specimens were divided into three groups prepared for testing under different conditions of absorption equilibrium.

Findings. The experimental results testified that there is a general tendency for both the uniaxial compressive strength and
Young's modulus to decrease because of increasing absorption water content. It was established that the trend is not clear with
the brittleness index and it is not possible from these data to see whether the index is unaffected by absorbed water content or
has a maximum at some intermediate absorbed water content. The obtained results showed that Young's modulus and the brit-
tleness index of the studied sandstone are not significantly affected by absorption over the range from air dry to saturation.
However, the effect of absorption content on uniaxial compressive strength is just significant, the strength of the sandstone de-
creases by increasing absorbed water content.

Originality. This methodology has been applied for the first time to the conditions of Hassi Messaoud site. So, all the ob-
tained results can be considered original. It allows identifying correctly the physical and mechanical parameters of soils influ-
encing the site stability.

Practical value. The obtained results can help us to understand the effect of water absorption on rock mechanical proper-
ties of the studied site. They are also highly important for mechanical modelling of hydraulic fractures while drilling, borehole
stability, reservoirs compaction, and subsidence analysis.
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Introduction. Estimation of rock mechanical proper-
ties is considered among the most important components in

any engineering project. In this regard, one of the most co-
mmonly used and fundamental mechanical parameter is
uniaxial compressive strength (UCS) Brunoet et al. [1];
Minaeian and Ahangari [2].
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Both for excavation and stability problems,
knowledge of ground properties is essential so that exca-
vation and stability system can be matched to the ground
Bhasim et al. [3].

The uniaxial compressive strength is one of the most
widely used for these properties and the purpose of this
research was to study the variation in the compressive
strength and the correlation of sandstone strength with
other properties. Aqueous pore fluids exert significant
mechanical and chemical effects on the rock. Previous
studies have shown that the brittle strength of a rock is
generally reduced in the presence of water, Yang et al.
[4]. The water-weakening effect may arise from two
mechanisms. The mechanical role of pressurized pore
fluid tends to weaken rocks, and the chemical influence
of pore fluids is to further weaken the rock through a re-
duction of surface free energy Paterson, subcritical
cracking mechanism such as stress corrosion Atkinson
and Meredith, or both combined.

Using a servo-controlled testing machine, complete
stress-strain curves were obtained for specimens. Because
specimen failure was controlled, brittleness of the sand-
stone could be studied from the form of the stress-strain re-
lation after the peak load had been reached. Specimen
preparation and the testing technique are described and
stress-strain results are presented.

The strength and Young modulus, brittleness values are
then correlated with absorption contents.

Site and sample details. A large, intact block of sand-
stone was obtained from the Hassi Messaoud site investiga-
tion which is situated 850 kilometres of Algiers. In terms of
lithology, the rock is grey, medium-grained, weakly ce-
mented sandstone. A sample of the rock was disaggregated
by gentle pressure with a pestle and mortar, taking care not
to crush individual grains, and the particle size distribution
and the particle specific gravity were determined. It was
found that 85 per cents of the particles fell in the medium
sand range (0.2—0.6 mm) and ten per cents in the fine sand
range (0.06-0.2 mm) and that the particle specific gravity
was 2.66.

Experimental procedure. Specimen Preparation and
Testing. The representative cores for use in the experi-
mental work are obtained from block sample. Coring of the
block samples was accomplished by diamond core drills.
The original core of 95 mm was plugged with a diamond
cores drill having 38 mm as nominal diameter. All core
samples were cut to length/diameter ratio of 2.5:1. The
ends of cores were ground flat and parallel (see fig.1). The
diameter and length of each specimen were measured with
a vernier to the nearest 0.01 mm.

The specimen were divided into three groups, one
group was saturated by using a vacuum-—saturation process,
similar to that suggested by the U.S. Bureau of reclamation,
this process consists of:

1. Oven-drying the specimen for a period of 24 hours at
105°C.

2. Placing the specimen in a bell jar under a vacuum ex-
ceeding for 24 hours.

3. Immersing the specimen in water while continuing
with vacuum for another 24 hours.
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4. Removing the vacuum and exporting the water con-
taining the immersed specimen to the atmosphere for at
least 48 hours.

This procedure eliminates air from rock pores and de—
airs the water, atmospheric pressure. Then drives water into
the rock, thus assuming saturation response completion of
the 5-day cycle, the specimen is removed from the water
surface dried, and then weighed .the absorption content is
computed. The second group of specimens was immersed
into water. The third group was allowed to air dry condi-
tions because the oven-drying may sometimes cause erratic
changes in the physical property. The mass of each spe-
cimen was determined immediately before testing, and the
absorption content immediately after.

Fig. 1. Cylindrical sandstone specimen

The affixing to the specimens of two axially oriented foil
strain gauge type (N22-FA-5-120-H). These pairs are placed
diametrically opposite each other and located centrally on
the specimen. During testing the pairs are connected up
with pairs of gauges. On-dummy sample away from the
machine to give temperature variation compensation. This
whetstone bridge is formed and strain changes are moni-
tored by changes in the voltage across the bridge. The test-
ing procedure was essentially the same as that described by
(Hudson and Morgan) and the following account, slightly
modified, is taken from their report. The compression tests
were carried out in a fart-response, closed-loop, program-
mable testing machine (fig.2). This type of machine was
used because a constant displacement rate can be achieved
throughout the test i.e. failure is controlled after the maxi-
mum load bearing capacity of the specimen has been
reached; and because it is programmable and automatic.
The closed-loop, servo-control principle is shown in fig.3.
A feedback signal (f) representing the actual condition of
an experimental variable, in this case the axial displace-
ment, is continually compared with a program signal (p)
representing the required experimental condition. The
feedback signal corresponding to the displacement between
the specimen ends was generated by four displacements
transducers located at 90 degree intervals around the spec-
imen. The individual transducer outputs were summed to
provide a voltage equivalent to the average specimen dis-

ISSN 2071-2227, HaykoBun BicHuKk HI'Y, 2015, N2 3



reEonoriAa

placement. This feedback signal was compared with the
program signal produced by a function generator. The pro-
gram signal increased linearly with tune enabling a constant
displacement or strain rate to be achieved. An error signal
(e) occurred if there was any difference between the feed-
back and program signals; this activated a servo-valve
causing the hydraulic pressure in the loading ram to be ad-
justed and the error signal to be reduced. Feedback and
program signals were frequently compared and high speed
adjustments made so that the experimental condition fol-
lowed the programmed condition. The control mechanism
and advantages are explained further by (Hudson, Crouch
and Fairhurst [4]. To carry out a test, the specimen was in-
serted in the testing machine between platens having the
same diameter as the specimen. The program was switched
on. The specimen was then displaced at a constant rate of
2x10-3 mm/sec, corresponding to an axial strain rate of
about 3x10-3 per cent/sec. Displacement was thus the inde-
pendent variable and force was the dependent variable.
Failure was then controlled beyond the peak force because
the displacement was programmed to increase at a constant
rate regardless of whether this necessitated a rise or fall in
applied force. The load was monitored with a pressure
transducer and a complete force-displacement curve ob-
tained for each specimen on an X-Y recorder. Axial load
was additionally monitored by a remote X-Y chart record-
er, which was used to monitor the axial displacement de-
tected by the strain.

Fig. 2. Machine with tests servo controlled on the test
sample

Results. Load displacement curves obtained from the
X-Y recorder were converted to stress-strain curves by di-
viding the load by the original cross- sectional area of the
specimen to give stress and by dividing the displacement
by the original length of the specimen to give strain; a typi-
cal result is shown in fig.3. The brittleness index (B) de-
fined by Hudson and Morgan as

B=AE/(AE + 4p)

where AE is the area beneath the stress-strain curve before
the peak stress and Ap is the area beneath the stress-strain
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curve after the peak stress (fig.4) was obtained for each cur-
ve by Tamaya Digital Planimeter measurements. The value
of B can range from 0 to 1, for perfectly brittle rock with a
post-failure curve descending vertically, B is unity since Ap
is zero; for perfectly ductile rock with a horizontal post-
failure curve, 4p is infinite and B becomes zero.
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Fig. 3. Closed—loop programmable testing machine con-
trol system
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Fig. 4. The stress-strain curve after the peak stress was
obtained for each curve by Tamaya Digital Planimeter
measurements

The uniaxial compressive strength (Co) was obtained
from the peak of each curve. Young's modulus (E) and
Poisson’s (u) was obtained from the stress-strain curve
(fig. 5, 6). Young’s modulus and Poisson’s ratio are deter-
mined from the stress strain relationships for each stage.
Young’s modulus is equal to the ratio of axial stress to axial
strain. Poisson’s ratio is equal to the ratio of lateral strain to
axial strain. As shown in fig. 5, the Young’s modulus is
calculated from the slope of the straight-line portion of the
stress-axial strain curve. Poisson’s ratio can be calculated
using the average slope of the straight-line portion of the
stress-radial strain curve and the average slope of the axial
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curve. The values of Young’s modulus and Poisson’s ratio
are calculated from the stress-strain curve at 50% of the
failure or maximum load. Fig. 6 shows the methodology of
determining Poisson’s ratio.

Summarised in table. To study the effect of absorption
content on the strength properties, individual values of uni-
axial compressive strength, young‘s modules and brittle-
ness index have been plotted against individual values of
absorption content for each specimen in fig. 7, 8, 9.
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Fig. 5. Calculation of Young's Modulus at 50 % of peak
strength
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Fig. 6. Calculation of Poisson’s ratio from stress-strain
data: oy — axial stress; Ae; — radial strain; Ag, — axial
strain, E — Young modulus

Discussion and Conclusion. Fig. 7-9 show the effect
of absorption content on the uniaxial compressive
strength, Young's modulus and brittleness index of the
sandstone respectively. There is a general tendency for
both the uniaxial compressive strength and Young's
modulus to decrease with increasing absorption content.
With the brittleness index the trend is not clear and it is
not possible from these data to see whether the index is
unaffected by absorption content or has a maximum at
some intermediate absorption content. In each of the fig-
ures, a least square regression line for the data is shown
together with the value of the computed correlation coef-
ficient (r). A value of r>0.6 has been considered in rock
mechanics as indicating a reasonable correlation. Judged
by this criterion, fig. 8 and 9 shows that Young's modu-
lus and brittleness index of the sandstone are not signifi-
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cantly affected by absorption changes over the range
from air dry to saturation. Fig. 7 However, shows that the
effect of absorption content on uniaxial compressive
strength is just significant, the strength of the sandstone
decreasing with increasing absorption content. The mean
uniaxial compressive strength of the air-dry sandstone
37 MN/m’ (table), is almost identical with that of the dry
chalk marl studied by Hudson and Morgan [6]. However,
while the mean strength of the saturated Sandstone had
fallen to 23 MN/m’ that of the saturated chalk marl had
fallen to 2 MN/m?% showing a very different response to
increasing absorption content. The mean Young's modu-
lus of the Sandstone varied from 7.2 GN/m? for air-dried
rock to 5.5 GN/m® for saturated rock (table). Even the
lower of these values is higher than the maximum value
of 3 GN/m? reported for the chalk and shows the sand-
stone is the stiffer of the two rocks. The mean brittleness
index of the Sandstone varied from 0.61 to 0.77 (table).
These values are lower than the values of 0.83 to 0.85 re-
ported for the chalk and, shows the sandstone is the less
brittle of the two rocks when judged by the criterion of
brittleness index.
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Fig. 9. Effect of absorption content on the brittleness index

Table
Mechanical property test results

Statistical Number Stand-
characteristics o_f spe- State Mean dgi?a-

properities cimens tion
Uniaxial 30 Dried 36.78 2.64
compressive 30 Immersed | 30.01 | 3.78
strenghth (Cy), in water
Mpa 30 Saturated | 29.68 | 4.73
Young’s mou- 15 Dried 16.42 2
dulus (E) Gpa
Poisson’s ratio 15 Dried 0.25 0.05
Brittleness in- 15 Dried 0.65 0.09
dex (B) 15 Saturated | 0.68 | 0.08

20 Remai- 0.02 0.08
ning 2
Absorption 20 | Immersed | 457 | 0.82
(%) in water
15 Saturated 6.90 0.55

Unit weight, 30 Dried 2.19 0.045
g/em’
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Mera. JlocmipKeHHsT HaMpaBJIeHe Ha OIIHKY il eekTy
TIOTJIMHAHHSI BOJIM HA MEXaHIYHI BJIACTUBOCTI TIOPiJ] Tecya-
HUKa 3 BUKOPHCTAHHSIM CEPBOKEPOBAHOI BHUIPOOYBAIBHOI
MariHA. 1{e 1acTh MOKIIMBICTh TIOKA3aTH, K 3MIHIOIOTHCS
MIIHICHI BJIACTHBOCTI TPH 3MiHI BMICTY MOTJIMHEHOI BOJY,
MOIIOHO JI0 TOTO, SIK IIe BiJ0YBAIOTHCS B HATYPHUX YMOBaX.

Meronuka. Kpusi ,,Hanpyru-nedopmarii orpumani 3
BUKOPHCTAHHSIM CEPBOKEPOBAHOI BUIIPOOYBAILHOT MaIlIMHK
LUIIXOM OJIHOBICHOTO CTHCKyBaHHs. Moayib FOwra, a ta-
KO MOKa3HUK Yy TJIMBOCTI IPYHTY, OyJIM BUMIpsIHI 1715 3pa-
3KiB, BUTOTOBJICHHX 3 OJTHOTO OJIOKY IIAHUKY. 3pa3ku Oy-
JIM PO3IiICHI Ha TPH TPYIH, MiATOTOBICHI IS BUIPOOY-
BaHb y PI3HUX YMOBAX PIBHOBAYKHOTO MTOTTIMHAHHSL.

Pesyabrarn. ExcriepuMeHTanbHi pe3yabTaTH CBiIYaTh,
o iCHye 3arajbHa TCHICHIS SK VIS OJHOOCHOBOI Mill-
HOCTI Ha CTHCKYBaHHS, Tak i Moxysst FOHra 10 3MEHIIeHHS
31 30UIBIIEHHSIM BMICTY MOINIMHEHOT BOJM. Byno BcraHo-
BJIEHO, 1110 JaHa TEHJEHIIiS HE 30BCIM BHM3HAYE€HA IS I10-
Ka3HUKA YyTJIMBOCTI IPYHTY. 3a HasSsBHUMH JJAHUMH HEMOIK-
JIMBO BCTAHOBHTH, UM 3aJICKHUTh LIEH MOKA3HUK BiJl BMICTY
TIOTTIMHEHOI BOIM a00 BiH Ma€ MAaKCHMyM IIPH JIEIKOMY
IpoMiKHOMY BMicTi. OTprMaHi pe3yJibTaTH IOKa3yIoTh, 110
Mozyinb FOHra 1 HOKa3HHMK YyTJIMBOCTI IPYHTY TPOXH 3Mi-
HIOIOTHCSI TIPH TTOTJIMHAHHI B JIiania3oHi BiJ] CyXOro CTaHy JIo
cra"y HacudeHHs. [IpoTe, BIUIMB MOMIMHAHHS HA MILHICTH
TIPY OZTHOBICHOMY CTHCKYBaHHI € BIUYTHHM, MIIHICTb ITi-
[[aHWKa 3MCHIIYETHCS 31 30UIBIICHHSAM KUTBKOCTI TOTIIHU-
HEHOI BOJIN.

HaykoBa HoBu3HA. L[ MeTomyKa 3acTOCOBaHa BIIEpP-
me Ha finsH Xaccu Meccayn. Tomy Bei OTpuMaHi pesy-
JIBTATH MOXYTh BBAXKATUCS OpPUTiHAIBHUMHU. BoHa 103BO-
JISiE KOPEKTHO BM3HAYMTH BCi (i3MUHI Ta MEXaHIuHi Biac-
TUBOCTI IPYHTIB, IO BIUTMBAIOTh HA CTIHKICTh IUITHKH.

IMpakTHyHa 3Ha4YMMicTh. Yrepin 3a Bce, OTPUMAaHHI
Ppe3ysIbTaTi MOXYTh JIOTIOMOTTH B PO3YMiHHI BIUIUBY e(ek-
Ty HOIJIMHAHHS BOAM Ha MEXaHIuHI BJIACTHBOCTI IOpiJ Ha
JISIHIT, 110 BUBYAEThCs. [lo-mpyre, BOHH OCOOJIMBO BaK-
JIMBI ISl MEXAHIYHOTO MOJICITIOBAHHS TPIIMH Tiapopas-
pHBY TIpH OypiHHI, CTIHKOCTI CBEp/IOBHH, YIIITHHCHHS KO-
JICKTOPIB 1 aHAITI3Y MPOCAKSHHS IPYHTIB.

KirouoBi ciioBa: noanunanms, mexauniuni 61acmuéocmi,
MIYHICMb NpU OOHOBICHOMY CMUCKY8AHHI, MoOyab FOHea,
NOKA3HUK YYMAUBOCHI IPYHINY

eub. MccnenoBanue HapaBiIeHO HA OLECHKY JEHCTBUS
3(dexTa MOrOIMEHNS BOABI HA MEXaHHYCCKHE CBOMCTBA
TIOPOJ MEeCYaHWKa C HCIOJBb30BAaHUEM CEPBOYIPABISIEMON
UCTIBITATENIFHOM MallMHbL. DTO JACT BO3MOYKHOCTH IOKa-
3aTh, KaK M3MEHSIOTCS POYHOCTHBIE CBOWCTBA NPH H3Me-
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HEHHMHU COJICp)KaHHs TIOTJIOICHHOW BOJIBI, TOJJOOHO TOMY,
KaK 9TO MPOUCXOAT B HATYPHBIX YCIOBHUSIX.

Metoauka. Kpusble ,,HanpspKeHUs-IeopMarin Obl-
JM TIONYYEHbI C WCIIOJIb30BAHUEM CEpPBOYIIPABISIEMON HC-
TIBITATENIBHON MAIIMHBI MYyTEM OIHOOCHOTO Cxkatws. Mo-
aynb FOHra, a Taxke nokasaTtelb YyBCTBUTEILHOCTH IPYyH-
Ta, OBIIM M3MEPEHBI 1 00pa3loB, M3TOTOBICHHBIX U3 OJI-
Horo Oyoka necuanuka. OOpasipl ObUIH pa3ziesieHbl HA TPH
TPYNIIBI, TIOATOTOBJIEHHBIC JJISI MCTIBITAHUM B Pa3iIHMIHBIX
YCJIOBHSIX PABHOBECHOT'O MOTJIONICHS.

Pe3yabTarhl. OKCIIEpUMEHTATBHBIE PE3YIbTAThI CBHIC-
TENIBCTBYIOT, YTO CYIIECTBYET OOIIast TEHACHINA KaK I
OJTHOOCEBOH MPOYHOCTH Ha CXKaTHe, Tak U Moxyia FOHra
YMEHBIIICHHUIO C YBEJIMUYCHHEM COJICPIKAaHMS TMOTIIONICHHOM
BOJIbL. BBLIO YCTAHOBIIEHO, YTO JaHHAs TEHJCHIMS HE COB-
ceM ompenenéHHas U IOKa3aTeslsl YyBCTBUTEIBHOCTU
rpyHTa. Ilo mMeronmMcs JaHHBIM HEBO3MOXKHO YCTaHO-
BUTb, 3aBUCUT JIX ITOT IOKA3aTeNlb OT COJAEPIKaHUS IMOTJIo-
LIEHHOW BOJBI WM OH MMEET MaKCUMyM IPH HEKOTOPOM
MIPOMEKYTOUHOM cofepkaHuu. IlomydeHHbIe pe3ynbTaThl
TIOKa3bIBAIOT, 4TO MOAYb FOHTa M MoKa3aTens UyBCHITBHU-
TEIBHOCTH TPYHTA HE3HAUYNTEIIBHO U3MEHSIOTCS! IPH TIOTJIO-
IIEHWH B JMAINa30HE OT CYXOT'O COCTOSIHHS JIO0 COCTOSIHHS
HachIIeHs. TeM He MeHee, BIMsHIE TIOTJIOIIEHHS Ha TIPO-
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YHOCTb IIPM OJHOOCHOM C)KaTHU SIBJISIETCS OLIYTHMBIM,
[IPOYHOCTb MECYAHUKA YMEHBIIAETCS C YBEIMUEHUEM KOJIH-
YeCcTBa MOIJIOLEHHOMN BOJBI.

Hayuynasa HoBM3HA. DTa MeTOAMKa NMPUMEHEHA BIEp-
Bble Ha yuyacTke Xaccu Meccayz. IlosTomy Bce mosydeH-
HbIE pe3yJbTaThl MOTYT CUHTAThCs OpUIHHAIBHBIMH. OHa
TIO3BOJISIET KOPPEKTHO ONPE/IEIUTh Bee (PU3MUECKUE U Me-
XaHUYECKHE CBOMCTBA IPYHTOB, BIMSIOLIME HA YCTOWYH-
BOCTb y4acTKa.

Ipakrnueckas 3HauMMocTsh. [Ipexae Bcero, nomiy-
YEHHbIE PE3yJIbTAaThl MOT'YT IIOMOYb B MOHUMAHUU BIIMS-
HUS d(QQeKTa TIOTIOMEHUS BOABI HAa MEXaHHYECKHE
CBOMCTBa IOPOJA Ha H3ydaeMOM YydacTke. Bo-BTOpBbIX,
OHH OCOOCHHO BA)KHBI JIISI MEXaHUYECKOTO MOJICITUPOBa-
HUSl TPEIIMH THAPOpaspbiBa MpU OypEeHUH, YCTOMUUBO-
CTU CKBa)XMH, YIUIOTHEHMsI KOJUIEKTOPOB U aHAJIM3a Ipo-
CaJlOK IpyHTAa.

KiroueBble cioBa: noziowenue, mexanuyeckue ceoil-
CcmMea, NPOYHOCTIG NPU OOHOOCHOM Cocamuu, Mooy FOnea,
noKazamenb 4yeCmeumenbHOCmuy Spyuma
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