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ABSTRACT

Purpose. Study of physical properties such as porosity, density and mechanical properties such as compressive
strength and tensile strength of Egyptian limestone based on experimental investigations.

Methods. In this paper using physical and mechanical properties to evaluate the Egyptian limestone according to the
relationship between their properties especially the degree of water saturation. Samples were obtained from six dif-
ferent locations (Helwan, Minia, Assuit, Qena, Sohag, and Aswan).

Findings. The strong correlation between porosity and density, and good correlations between uniaxial strength and
tensile strength. Carried out results indicated that, small porosity results in greater rock strength and vice versa.

Originality. Applying the fitting curve technique to check the best correlation between the different property of
limestone to identify the best relationship to apply the prediction to find the limestone property in other location as
regards applying conditions.

Practical implications. Results carried out that the strong correlation between porosity and density, and good
correlations between uniaxial strength and tensile strength as summarize in the outcome of data interpretation.
Highest quality stones, in terms of their hydric behavior and mechanical properties, are the index for the suitability

of using limestone.
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1. INTRODUCTION

The chemical composition of limestone is CaCO;
(mineral calcite), other form calcium subtitle magnesium
to produce dolomite (CaMg (CaCOs3)). There are many
limestone deposits extended in all governorate in Egypt,
which used in building stone, cement industry, highway
construction as filling materials, concrete aggregate, etc.
(Ahmad, El-Sageer, & Hussein, 1996).

Egyptian limestones are extracted from different
places such as quarry in different governorates as shown
in Figure 1 (Qena, Helwan, Minia, Assuit, Sohag, and
Aswan), which in different physical and mechanical
properties. Sayed Ahmed & Abdel Wahab (1983) and
Mabhrous, El-Beblawy, Mohamed, El-Sageer, & Mostafa
(2007) studied the physical and mechanical properties of
different eight samples locations and focused on applying
new equation to determine the modulus of elasticity as
known compressive strength for limestone.

Hussein, El-Beblawy, El-Sageer, Abul, & Tawfik
(2004) investigated some of property and specifications
of Helwan rock samples: for conservation treatment of

Ancient Egyptian limestone monuments Said (1981,
2017), rock strength carried out by Duroscope rebound
values (for strength) with all consolidates which up
strength of the tested sample. Silica acid ester Wacker-
OH were able to penetrate limestone specimens in con-
siderably higher than others, reaching 48.15% up to
strength values followed 39.84% strength of specimens
with Polymethyl methacrylate.

Teme & Edet (1986), Goodman (1980), Broch &
Franklin (1972) carried out that how to classified the lime-
stone area when measured uniaxial compressive strength
also concluded that the influence of water on mechanical
property regard as the influence time finally recommended
approximately 20 — 90% of mechanical property lost when
samples immersed totally in water as regard as rock type.

Vasarhelyi had been studied the effective of water con-
tent on limestone sample, the final result conclude that over
73% reduction in uniaxial compressive strength and around
53% reduced in modulus related to the saturation factors
and other note the uniaxial compressive strength increases
exponentially with rock density (El-Sageer, Sayed, & Hus-
sien, 1997; Hussein, El-Biblawy, & El-Sageer, 1997).
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Figure 1. Studied area, Helwan (H), Minia (M), Assuit (As),
Sohag (S), Qena (Q) and Aswan (Aw)

There are few researchers studied the limestone sam-
ples which totally saturated and results indicated that total-
ly decreased in magnitude of physical and mechanical
properties of some limestone samples other locations had
been studied Bieniawski & Van Heerden (1975). All data
calculated and statistical analysis had been processed.

2. EXPERIMENTAL WORK

All tested rocks as representative samples were col-
lected from six different governorates as Helwan, Mania,
Assuit, Sohag, Qena and Aswan. General specification of
limestone samples in pure and highly degree of homoge-
neity, also its usually seen as white to grayish. Samples
preparation for studied area and samples after testing are
presented on Figures 2 and 3.

(b)

(©)

Qena samples look like marl limestone which mostly
as yellow color concluded by El-Beblawi, Mohamed, El-
Sageer, Mostafa, & Mahrous (2009). Core samples were
prepared by using drilling machine and following the
criteria of ISRM (1979) standard. Test preparation for
core samples were applied perpendicular to the bedding
planes of stratified Esu, Edet, Teme, & Okereke (1994),
Edet (1992) and Hendron (1978).

Kayabasi, Soypak, & Go6z (2018) focused on deter-
mined the geological analysis to illustrate chemical con-
tents and give distribution of petrographic also give
many details for mechanical peripeties of limestone loca-
tion at that time it gives good seem to evaluate parame-
ters for mine design.

The suitable properties for aggregate production were
checked as regard as water contented, density, whether
resistance and abrasion resistance finally carried out the
limestone site which more suitable for concrete and as-
phalt making.

Kamani & Ajalloeian (2019) target to investigating
the aggregate degradation (AD) by using rock strength
tests to check the relationship between ad properties and
rock strength. the final results carried out that good cor-
relation between point load index and aggregate impact
value (R?=0.832), also, UCS has relative larger effects
on the aggregate crushing value (ACV) (R>=0.812)
under the same loading condition. The weakest correla-
tion occurs between Los Angeles abrasion value (LAAV)
and UCS (R?* = 0.679).

Alavi Nezhad Khalil Abad, Yilmaz, Jahed Arma-
ghani, & Tugrul, A. (2016) focused on parameters which
effect on properties mainly with resistance conditions.
The suitable tests for evaluate durability of aggregates
especially in lab. Those property are water absorption
and Los Angeles coefficient to specified evaluation of
limestone aggregates.

Figure 2. Samples preparation for studied area: (a) Helwan; (b) Minia; (c) Assuit; (d) Sohag; (e) Qena; (f) Aswan

(@) (b) ©

(d) (®) ®

Figure 3. Samples after testing: (a) Helwan; (b) Minia; (c) Assuit; (d) Sohag; (e) Qena; (f) Aswan
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They found the correlation coefficient for the rela-
tionships between different property. Another variance
apply root square error were calculated and compared for
two developed model.

Carvalho, Silva, & Simao (2018) carried out that ac-
cessing their petrographic and main technological fea-
tures, that samples were overwhelmed to salt mist test
related to European standard, determinations (variation
on water absorption and flexural strength after salt mist
cycling). That evaluation of limestone depends on inves-
tigation of physical and mechanical properties, finally the
limestones’ suitability for the main types of applications
and for specific usage conditions, within each one. Thus,
it was possible to set the recommended uses for each
limestone, in order to maximize its durability.

Vazquez et al. (2013) they using different type of
building and construction materials to examine the quali-
ty index for suitability of as building, petrographic speci-
fication and physical properties are very important affect
its behavior when exposed to agents of decay the highest
quality stones, in terms of their hydric behavior and me-
chanical properties are the crystalline dolostone from
Bonar and the travertine from Albox, both of which have
relatively low porosity.

Dhir, Limbachiya, McCarthy, & Chaipanich (2007)
focus on determine the specification and durability of
concrete to produce Portland cement (PC) and limestone.
The more specific composition of Portland limestone
cement was evaluated. characterization of concrete dur-
ing establishment, including, initial surface absorption,
carbonation resistance, chloride diffusion, freeze/thaw
scaling and abrasion resistance, indicate that in general

the test concretes followed single relationships with
strength for most properties.

Jorda-Bordehore,  Martin-Garcia, = Alonso-Zarza,
Jorda-Bordehore, & Romero-Crespo (2016) explained
the host rock is finely bedded and presented a complex
network of folds and fractures, this structure controlled
the development and the maze-pattern of the cave, as
well as its main water routes. The stability of karstic
caves can be assessed similarly to man-made excava-
tions, but due to its geological heritage. The Q index and
the stability graph method have both proven to be useful,
but due to the polyhedral shape of the cave.

Physical properties such density and porosity (dried)
of all sample were determine, nine samples for every
location. Sample weighted using sensitive balance with
an accuracy ~0.01 gram. Sample preparation its dried in
furnace for 24 hours with around 105°C and cooling after
that, next step totally immersed in water then dried wit
clothes and weighed. Mechanical properties were meas-
ured for limestone samples both compressive and tensile
strength beside coefficient dynamic fragmentation were
examined for nine samples for every site, beside of pre-
paring the sample to be ready for physical testing. All
samples weighted to measure degree of saturation pro-
cess. Samples will be saturated when the weight con-
stant. The saturation measurement considered care to
keep particle before dried and weighted. Another way to
obtained the behavior of water distribution the sample
stay for 7 days in air inside container which bottom have
small water, this experimental give us good way for
water distribution. Tables 1 — 6 shown in the result for
physical and mechanical properties. All data analysis and
the final results concluded that as shown in Table 7.

Table 1. Average physical and mechanical properties (Helwan)

Rock - Dry density, Coefficient UCS, MPa Tensile, MPa
type SN. Porosity, % g/em’ of dynam¥c dry saturated dry saturated
fragmentation
1 10.20 2.65 24.53 33.35 30.21 2.68 1.85
2 11.30 2.45 2145 36.98 32.52 1.89 1.25
3 8.90 2.80 22.53 40.01 38.21 3.85 2.41
4 7.60 2.36 28.93 25.68 21.35 2.63 1.87
H 5 9.88 2.63 27.82 27.63 24.36 2.72 2.43
6 6.77 2.65 22.34 26.91 23.50 2.51 1.72
7 7.32 2.75 24.53 37.54 30.52 2.34 1.86
8 7.55 2.88 20.86 26.82 23.54 2.04 1.43
9 11.86 2.64 24.36 34.65 29.80 3.02 2.08
Av 9.04 2.65 24.15 32.17 28.22 2.63 1.88
Table 2. Average physical and mechanical properties (Mina)
. Coefficient UCS, MPa Tensile, MPa
}:;;é( S.N. Porosity, % Dr}:;cer?slty’ of dynam%c 4 ; ;
fragmentation ry saturated dry saturated
1 7.85 1.54 27.31 70.63 27.31 5.32 1.87
2 10.32 2.68 20.12 56.42 28.71 6.45 2.35
3 9.98 241 15.89 61.82 26.42 7.35 3.46
4 6.99 2.65 24.53 92.31 45.75 5.85 2.75
M 5 8.77 2.35 15.83 55.34 21.35 2.43 1.58
6 6.45 1.98 17.99 70.54 31.55 2.73 291
7 5.89 2.05 26.53 80.36 34.51 2.07 1.89
8 7.54 2.65 27.38 64.35 28.41 4.03 2.06
9 5.87 2.86 21.56 71.63 20.63 5.36 2.34
Av. 7.74 2.35 21.90 69.27 29.40 4.62 2.36

77



Mahrous A.M. Ali, Haitham M. Ahmed. (2019). Mining of Mineral Deposits, 13(2), 75-81

Table 3. Average physical and mechanical properties (Assuit)

. Coefficient UCS, MPa Tensile, MPa
It{;;: S.N. Porosity, % Dryg;lcenrglty, of dynam%c d rurated d
fragmentation ry saturate ry saturated
1 8.90 1.62 26.35 105.36 93.80 8.35 6.86
2 7.30 2.73 24.35 98.63 77.55 6.53 4.63
3 5.45 2.46 20.83 87.52 43.87 5.32 3.85
4 4.56 2.33 18.97 102.45 89.36 9.80 7.63
A 5 6.78 247 24.80 122.53 111.50 8.96 6.54
6 5.74 1.98 17.63 113.56 86.53 9.35 6.43
7 4.66 2.05 15.64 97.82 62.53 5.64 2.89
8 532 2.65 19.55 104.58 89.52 6.35 5.63
9 4.25 2.40 27.35 88.63 60.35 8.63 6.82
Av. 5.88 2.30 21.72 102.34 79.45 7.66 5.70
Table 4. Average physical and mechanical properties (Sohag)
. Coefficient UCS, MPa Tensile, MPa
It{;;i( S.N. Porosity, % Dryg;l;?l?lty’ of dynamic d
fragmentation ry saturated dry saturated
1 12.35 2.66 21.47 40.86 11.36 4.03 1.05
2 8.77 2.78 28.63 52.63 14.36 5.03 1.05
3 7.64 291 26.53 50.32 12.35 5.32 1.06
4 4.66 1.82 16.43 46.93 9.86 3.85 1.87
S 5 7.89 1.94 12.48 27.53 8.97 2.63 0.89
6 5.98 2.04 23.45 25.85 11.53 3.85 0.87
7 12.33 1.098 18.63 30.56 16.63 3.85 1.02
8 13.48 2.04 14.56 41.89 17.56 6.3 1.08
9 10.33 2.01 24.83 45.82 18.92 5.86 1.03
Av. 9.27 2.14 20.78 40.27 13.50 4.52 1.10
Table 5. Average physical and mechanical properties (Qena)
Rock - Dry density,  Cocfficient of UCS, MPa Tensile, MPa
type SN. Porosity, % g/em’ dynamic .frag- dry saturated dry saturated
mentation
1 7.60 1.62 16.82 74.66 36.06 5.63 2.86
2 8.64 2.73 17.63 66.33 40.36 7.35 3.54
3 7.82 2.46 21.45 54.32 28.97 4.36 1.87
4 9.71 2.80 24.33 75.03 34.92 6.35 4.35
5 6.83 1.97 14.32 75.06 30.73 4.18 2.54
Q 6 4.66 2.04 12.72 80.52 40.36 7.65 3.64
7 8.66 242 16.85 96.35 38.92 3.86 1.86
8 4.56 2.36 25.21 75.06 28.79 4.36 2.05
9 7.83 2.81 27.31 71.23 40.36 5.36 2.03
Av. 7.37 2.357 19.63 74.28 35.50 5.46 2.75
Table 6. Average physical and mechanical properties (location Aswan)
Rock - Dry density, Coefﬁcier}t UCS, MPa Tensile, MPa
type SN Porosity, % g/em’ of dynamic dry saturated dry saturated
fragmentation
1 8.91 2.65 15.63 45.63 22.31 432 1.35
2 12.35 2.73 17.89 50.22 24.35 5.36 1.56
3 11.45 2.46 22.64 48.96 20.38 4.36 1.98
4 7.33 1.82 23.81 40.28 21.39 3.87 1.53
As 5 5.68 1.73 14.53 3891 24.36 4.36 1.87
6 5.32 2.04 21.74 43.82 2451 432 1.83
7 6.81 1.91 13.22 51.92 23.56 3.93 1.05
8 8.22 2.06 12.85 40.25 20.15 2.89 1.21
9 4.63 2.71 18.75 55.36 19.85 3.03 1.23
Av. 7.86 2.23 17.90 46.15 22.32 4.05 1.51
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Table 7. The final average results of physical and mechanical properties of limestone samples

Average coefficient

Rock Average Average d Average UCS, MPa Average tensile, MPa
rag o densi & y ry3 of dynamic
type porosity, 7o ensity, g/cm fragmentation dry saturated dry saturated
H 9.04 1.78 24.15 32.17 28.22 2.63 1.88
M 7.74 2.01 21.90 69.27 29.40 4.62 2.36
A 5.88 2.65 21.72 102.34 79.45 7.66 5.70
S 9.27 1.65 20.78 40.27 13.50 4.52 1.10
Q 7.37 2.05 19.63 74.28 35.50 5.46 2.75
As 7.86 1.95 17.90 46.15 22.32 4.05 1.51
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Figure 4. The average density for different locations

Figure 5 shows the value of compressive strength as
mean under condition dray and saturated for limestone
sample. The results indicated that small porosity greater
strength and vice versa. For Sohag samples, final results
carried out that great porosity and low strength (tensile
and compressive strength).

Regression analysis by using least square method to
obtain the best-fit line, and the correlation coefficient
(R*=0.95), correlation equations applied to check the
degree of correlated between different property such as
density and porosity. Figure 6 illustrates the good rela-
tionship between porosity and density.

Correlation style applied in other property such as
uniaxial compressive strength and tensile strength.
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A good correlation was also obtained as R? was about
0.87 dry case and 0.99 Saturated case.
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4. CONCLUSIONS

Finally, data analysis for limestone rocks were deter-
mined in the laboratory such as density, porosity Brazi-
lian Tensile strength and the uniaxial compressive
strength. It was found that rock with small porosity re-
sults in greater rock strength and vice versa.

It’s clear that limestone sample in Sohag is high po-
rosity which directly depend on the compressive and
tensile strength to be lowest. The strength properties
were reducing for limestone samples in Sohag than the
other samples which fully saturated.

Fitting curve were made for the different property
such as uniaxial compressive strength and the tensile
strength and good correlation done. On the other hand,
correlation between density and porosity were estab-
lished. All the relationship between the different suing as
index of interpretation of the results to identify the beha-
vior of studied area for rock samples which give us clear
evidence of the water environment is presence or not.
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PI3UKO-MEXAHIYHI BJTACTUBOCTI ETUIIETCBKOI'O BAITHSAKY
Marpoyc A.M. Ami, Xalitam M. Axmen

Merta. BuBueHHs (i3WYHHX Ta MEXaHIYHHUX BIACTUBOCTEH BaHAKY pOJOBHII €THUNTY HA OCHOBI €KCIIEPHMEHTAIIb-
HUX JOCIHiKEHb.

MeToauka. 3pa3ku BanHsKy BiOMpaNnCh 3 pOAOBHI miecTH pi3Hux npoBiHuid (Helwan, Minia, Assuit, Qena,
Sohag, Aswan). 3pa3ku KepHiB OyJM MiATOTOBJIEHI 3 BUKOPUCTAHHSIM OYPHJIBHOI'O CTaHKa BiJIOBIIHO O KPUTEPIiB
cragaapry ISRM. IligroroBka n0 BUNpoOyBaHHS 3pa3KiB KEpHA MPOBOAMIACS NEPIEHANKYIISIPHO IUIOIIMHAM Haapy-
BaHHA. BiAnoBinHi BIacTHBOCTI 1715t BUPOOHHIITBA 3aIl0BHIOBaYa Oy MEpeBipeHi 3 TOYKH 30py BMICTY BOAH, LIIITBHOC-
Ti, CTIKOCTI O CTHpaHHS Ta CTIHKOCTI IO CTHPAHHS B KIHIICBOMY ITiJICYMKy Ha BaIlHSIKOBIA MIJISHIN, KM OijbIe
MIXOMUTH Ui BUTOTOBIICHHS O€TOHY 1 acdanbTy. Pi3u4HI BIaCTHBOCTI (IIUIBHICTH Ta IMOPUCTICT) 1 MEXaHIYHI Bac-
TUBOCTI (MIIHICTh HAa CTUCK, MIiIIHICTh Ha PO3PHB i Koe(ilieHT TUHAMIYHOTO APOOIICHH) OYIIH TOCTIIKEH] 3a cTaHaap-
THUMH METOIMKAMH JIJIS JIEB’ SITH 3pa3KiB BAITHIAKY KOXKHO{ 3 IIIECTH MPOBIHITIH.

PesyabraTu. /{ns BanHsKy pogoBuil €ETUNTY €KCIEPUMEHTAILHO BUSIBICHO BUCOKY KOPEIALII0 MXK IIOPUCTICTIO Ta
LIUTBHICTIO, @ TAKOX XOPOLIl KOPEJsiii MiXK MILHICTIO HAa OJHOBICHUI CTHCK 1 MII[HICTIO Ha PO3PUB, 10 XapaKTEePU3ye
IH)KEHEepPHI BUMOTH JI0 MOT0 BUKOPHCTAHHS Y IMBIJIBHOMY Ta MPOMHCIOBOMY OyaiBHULTBI. [IpoBeneHi pe3ynbTaTtu
NOKa3aJIu, 10 HU3bKa MOPHUCTICTh MPU3BOAUTH J0 OLIBIIOT MIIIHOCTI MOpiJ 1 HABIAKH.

HayxoBa HoBu3Ha. [lossirac y BUKOpUCTaHHI TEXHIKM MiATOHKH KPUBOI JUIS TIEPEBIpKH HaNKpaIoi Kopessiiii Mix
PI3HMMH BIIACTUBOCTSMH BAaITHSKY IPH BCTAHOBJIEHHI HAMKpAIIOro BiJHOIIEHHS, 3aCTOCOBYIOUYH LEH IMPOrHO3 JUIs BH-
BUYCHHS BJIACTUBOCTEH BAITHSAKY B IHIIOMY MICIIi.

MpaxkTuuna 3HavYuMicTh. OTpUMaHi MOKa3HUKU (PI3MYHMX Ta MEXaHIYHUX XapaKTEPHCTHK BAIHIKY € KOPUCHUMH
JUISl BU3HAYEHHST MOXKJIMBOI 00J1acTi Oro 3aCTOCYBaHHS B IMBUIBHOMY Ta IIPOMHCIOBOMY Oy IiBHHIITBI, TOILIO.

Knrouosi cnosa: sanusk, mexanika nopio, Mexauiuni 61acmueocmi, QisuuHi 61acmusocmi, Kopenayis

®U3NKO-MEXAHUYECKHNE CBOVCTBA ETUITETCKOI'O U3BECTHSKA
Marpoyc A.M. Anu, Xaittam M. Axmen

Heap. M3yuenne Gu3nuecKux M MEXaHMUECKUX CBOMCTB M3BECTHAKA MeCTOpOXKAeHUI Erunra Ha ocHOBe sKcrepu-
MEHTAJIBHBIX HCCIICOBAHUH.

Metonuka. OOpa3npl W3BECTHSIKA OTOMPAIIICH C MECTOPOXKICHMH ImecTH pa3nuuHbix npoBuHImi (Helwan, Minia,
Assuit, Qena, Sohag, Aswan). O0Gpa3Iisl KepHOB OBIIH OATOTOBIECHBI C MCIIOIH30BAaHUEM OYPHIBHOTO CTAaHKa COTJIACHO
kputepusim crangapra ISRM. IToaroroBka K MCHBITaHUIO 0OPa3LOB KEPHA MPOBOAMIACH MEPHEHANKYIISIPHO IIOCKOCTIM
HartactoBanui. [logxopsimue cBoiicTBa [JIsi MPOM3BOCTBA 3AMONHUTENS OBLIN POBEPEHBI C TOUKH 3PEHHS COAEPKAHUSA
BOJbI, IIJIOTHOCTH, yCTOﬁ‘IHBOCTH K UCTUPAHUIO U CTOMKOCTH K HUCTUPAHUIO B KOHEYHOM HUTOI'€ Ha U3BCCTHAKOBOM Yy4acT-
K€, KOTOPBIH OOJIbIIe TOAXOANT Il U3roTOBIIeHUs OeToHa 1 achanbra. duznueckue CBOMCTBa (INIOTHOCTh U ITOPUCTOCTD)
U MEXaHMYeCKHE CBOWCTBA (IPOYHOCTh Ha C)KAaTHE, NPOYHOCTh HA Pa3pbIB U KOI(PQHUIMEHT JUHAMUYECKOTO IPOOICHMS)
ObLIM MCCIIEIOBAHBI 110 CTAaHJAPTHBIM METOIMKAM JUIS IEBSITH 00pa3IOB N3BECTHSKA KaXK0H U3 MIECTH NPOBUHIIIHI.

PesyabTarsl. {1151 M3BeCTHSIKa MECTOPOXKAEHUH Erunra sKkcriepuMeHTalbHO OOHAapy)KeHa BBICOKAas KOPPEJSLUs
MEXIY MOPHUCTOCTHIO M IIOTHOCTBIO, @ TaKkKe XOPOILIME KOPPEJSIIMM MEXy HMPOYHOCTHIO Ha OJHOOCHOE CXKaTue u
MIPOYHOCTBHIO HA Pa3pbIB, XapaKTePH3YIOIINEe HHKCHEPHBIE TPEOOBaHMS K €r0 HCIIOJIb30BAHHUIO B TPAXIAHCKOM H MPO-
MBIIIJIEHHOM CTpOHUTENbCTBE. IIpoBeneHHbIE pe3ynbTaThl MOKA3aiH, YTO HU3Kas IMOPHCTOCTh NMPHUBOIUT K OOIbIICH
MPOYHOCTHU TTOPOJT ¥ HAOOOPOT.

Hayunasi HOBU3HA. 3aK/II0YaeTCs B HCIOJIb30BAHNY TEXHUKH MTOJITOHKH KPUBOM JUIs IPOBEPKH HAMITYUIIEH Koppe-
JSIIMU MEXIy Pa3INYHbBIMU CBOIMCTBAMM H3BECTHSKA MPU YCTAHOBICHHUM HAWIIYy4YIIETO OTHOIIEHMS, NMPUMEHSAA 3TOT
IMPOTHO3 AJIA OINPEACIICHU CBOICTB U3BECTHSIKA B JAPYTroM MECTE.

IMpakTnyeckast 3HaUMMoOCTb. [lonyueHHbIe OKazaTean QU3NUECKUX U MEXaHHYECKUX XapaKTEPUCTUK N3BECTHSIKA
ABJIAKOTCA TOJIC3HBIMU JIs1 OTIPEACIICHUA BO3MOXKHOM O6J'IaCTI/l €r0o MPUMCHEHUS B I'paXJaHCKOM M ITPOMBIINIJICHHOM
CTPOUTEJBCTBE U T.JI.

Knrouesvle cnosa: uzeecmusx, Mexanuka nopoo, Mexanuieckue coUCmed, usuieckue c6oUCmea, Kopperayus
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