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Abstract

In the paper are analyzed the results obtained during the survey of the
buildings conducted by the author jointly with the supervisor (on 1000
buildings were studied). The analysis of the most common defects and
damages in buildings reveals that the percentages of defects and
damages, while maintaining the general trend, change over the years,
which is largely related to the state of civil engineering science and
technology in the country, the level of development of specialists, the
state of the building materials industry, and the high level of activity of
the supervisory bodies in construction field. By the standard, on the
perfection of the legal and normative base and on the economic situation
of the construction sector in the country. In recent years, the number of
defects and damages has increased. With the increase in the volume of
construction, along with the increase in the requirements related to the
saving of materials, the safety factor is decreasing. In addition, the field
of construction includes more and more low-skilled workers, it is no
longer a rarity to deviate from project decisions, norms, rules,
technologies, which led to an increase in the percentage of defects and
damages.

Key words: load-bearing constructions, injuries, classification, defects.
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SKCIIEPUMEHTAKBHBIE HNCCJIIEJOBAHUA
BOJIOCBEPETAIONIEN TEXHOJIOTUMU BBIPAIIIMBAHNWSA
TPABAHOI'O IIOKPOBA IIJIOINAAKKW  T'OJIb®-KJIIYBA
«APAPAT»

AsaHecsaH DneoHopa BsauecnaBoBHa, cTynens o0yueHus — JlokropaHTypa. e-
mail: avanesyanel2@gmail.com
Oranan OBcen ApMeHOBUY, CTylIeHb 00y4eHus JlokTopanTypa. e-mail:
hovsep.ohanyan1995@mail.ru
Menxonau Apamanc MapkocoBud, cTyneHb o0yuenus Marucrparypa. e-mail:
melkonyanaramayis@gmail.com
JloxTOop TexHUYecKuX HayK, mpodeccop Baye Oranecosuy Toxmamuan

Aunoramus
C @Uenpi0 IOBBINIEHHWE BJIaTOEMKOCTH IIOYBBI U yJepXaHHe B Hell
IOIIOJHUTEIBHOTO OOBeMa BOJBI OT OCAaZKOB U TIPYHTOBBIX BOJ, [MJIA
0e3II0JIMBHOTO MJIM PE3KO COKPALIEHHOTO IIOJMBHOTO pPeXXMMa BbIPAI[UBAHUI
TpaBSHOTO IOKpoBa [onmbd-kiayba «Apapar» TPOBOSUINCH HATypHBIE
SKCIepUMeHTaJIbHble HCCIenoBaHuA. lloxydeHHBIE pe3ysbTaThl [JOKAa3BIBAIOT
nesecoobpasHocTs npuMmeHeHus IIMM B mouBe I IOBBINIEHUS ee IIOJIEBOM
BJIATOEMKOCTH, KOTOpOe IIpHBeJeT K >XH3HECTOMKOCTH PacTeHHWH 3a cdYeT
HaKOIIJIeHUA OCaJKOB M COKpallleHWe 3arpaT ymobpeHuii B mouse. HawubGoie
3(eKTUBHBIM IOTy4atoTcs npu npumenenue «[IMM» u3 pacuera 200 r.IIMM/m?
(3 r.IIMM/xr nouBwm).
KioueBbie c0Ba: BJIarOEMKOCTH IIOYBBI, O€3IOJIHBHOI PpEXHM,  Pe3KO
COKpaléHHBIM IIOJIUBHON PEXXUM

Abstract

In order to increase the moisture capacity of the soil and retain additional water
in it from precipitation and groundwater, field experimental studies were carried
out for the no-irrigation or sharply reduced irrigation regime for growing the
grass cover of the Ararat Golf Club. The results obtained prove the feasibility of
using PMM in the soil to increase its field moisture capacity, which will lead to
the viability of plants due to the accumulation of precipitation and a reduction in
the cost of fertilizers in the soil. The most effective are obtained when using
"PMM" at the rate of 200 g. PMM / m2 (3 g. PMM / kg of soil).
Key words: moisture capacity of the soil, no-irrigation regime, sharply reduced
irrigation regime
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OcHoBHas 9acTb

[Iromazaxa At ronbda COCTOUT M3 CEPUM JIYHOK, KXAAsS U3 KOTOPBIX MMeeT
cBoio cTapToBylo Inomaznky (Teeing ground). YacThio IUIOWAAKU SIBISIOTCS
raagkoe mose u HepoBHoe moie (Fairway and rough) ®unanpmoll uacTsio
IUIOIAKY ABJIAETCA JIyHKa, KOTOpasd, IJi1 BO3MOXXHOCTH OPHEHTHPOBAHUA,
IoMeyaeTcs KaKUM-In60 obpasoM (damie draxkkom). JlyHka pacrmosaraercs Ha
CIlenManbHOM JTy’kaiike «rpuH» (Putting green), rae BsIcOTa TpaBbl MUHUMAJIbHA.
B npourx MecTax BRICOTA TPaBBI MOXKET OBITH CAMOM Pa3IUIHOM [JIs TOTO, YTOOBI
3aTPYAHUTH IIPOXOXKJeHHe IUIOWALKU. DOMBIUIMHCTBO IYHOK PacIojaraloTcsa Ha
JIMHUYU IPAMOM BUIUMOCTU OT CTapTOBOM IIOMAAKM A0 TpUHA. Takue JIyHKU
0OGBIYHO Ha3BIBAIOTCA «Zoryer» (aHril dogleg, xak orceinka k dopme cobaubeit
namnsr). [lepBoHauaIbHbIe MIOTIAHICKYUE IIOUIATKY, B OCHOBHOM, PacIlOIaraauch
Ha pioHax (links), MOKpBITEIX c0eM 3eMiu. DTO IPHUBENIO K BOSHHUKHOBEHUIO
TepMHUHA «IMHKC», KOTOPHIH O3HA4YaeT IUIOLIAZKY AL ronbda y Imobepexss,
IIOCTPOEHHYIO Ha IeCYaHOM eCTeCTBEHHOM OCHOBaHUH. [loite [/11 coBpeMeHHOTO
rosbda IpeAcTaBaseT COOOH OTOPOXKEHHYIO TEPPUTOPHUIO ILIOMIAABIO  OT
HECKOJIBKUX eJWHHUI, O HEeCKOJBKUX [JeCATKOB FeKTapOB, 3aCeSIHHYIO TPaBOii,
HOJCTPIKEHHOM 0 BBICOTHI Pa3IMYHOTO YPOBHS HA PasJIMYHBIX y4YacTKaX, U C
BO3MOXXHBIM HaJIMYHEM JPYTuX s1eMeHToB (puc. 1) [3].

Knumarndeckue ycnoBus r. EpeBana coszaior mpobiems! Aisi obecredeHUs
Ka4eCTBEHHOTO TPaBsHOTO II0JIS, YTO, B OCHOBHOM, CBA3aHO C XapaKTEePUCTUKAMU
rpyHuTa ['onsd kiry6a «Apapat», a TaK)Ke CHJIBHBIMU BETPaMU JAHHON MECTHOCTH.
Bompoc o6ecneueHus 3eIeHOr0 IIOKpOBAa B HACTOAIIee BpeMs pelIaeTcs
IpUMeHeHHeM HHTEHCHUBHOTO IIOJIMBA, YTO 3aMETHO YBEJIMYMBAET PACXO.BI
SKCILTyaTaI[uH II0JIA, a TAK)XKe IIPUBOJUT K HeXKeJIaTeJIbHOMY IIePePacXOzy BOJBL.

Puc. 1 Ilone I'onsd-x1yba «Apapat» B r. EpeBan

Ha ypoBeHs BIaXKHOCTH IIOYBHI BIUAET TUII PACTUTEIBHOCTH, pesrbed MeCTHOCTH,

22


https://ru.wikipedia.org/w/index.php?title=%D0%A1%D1%82%D0%B0%D1%80%D1%82%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BF%D0%BB%D0%BE%D1%89%D0%B0%D0%B4%D0%BA%D0%B0_(%D0%B3%D0%BE%D0%BB%D1%8C%D1%84)&action=edit&redlink=1
https://en.wikipedia.org/wiki/Teeing_ground
https://en.wikipedia.org/wiki/Fairway_(golf)#Fairway_and_rough
https://en.wikipedia.org/wiki/Fairway_(golf)#Putting_green
https://ru.wikipedia.org/w/index.php?title=%D0%9B%D0%B8%D0%BD%D0%BA%D1%81_(%D0%BF%D0%BB%D0%BE%D1%89%D0%B0%D0%B4%D0%BA%D0%B0_%D0%B4%D0%BB%D1%8F_%D0%B3%D0%BE%D0%BB%D1%8C%D1%84%D0%B0)&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BA%D1%82%D0%B0%D1%80
https://ru.wikipedia.org/wiki/%D0%93%D0%BE%D0%BB%D1%8C%D1%84#cite_note-Encarta-13

cucreMa 0OpabOTKY, HaJU4Ke BETPOB, TeMIepaTypa OKpY»Kaloleil Cpesbl U T.J,.
Koaddbumuenr  ¢uapTpanuy, OKa3pIBAIOIMII  BIMAHWE HAa  YPOBEHB
IIJIOJOPOJAHOCTH IIOYBBI, — XapaKTepUCTHKA IPOHHUIAEMOCTH TPYHTa IIO
OTHONIEHUI0 K (UIBTPyIOIeHcs BOJe, KOTOPBIH IIpU JIMHEHHOM 3aKOHe
buabTpanuyu paBeH CKOPOCTH (PHUIBTPALIMM BOABI IPH €UHUYHOM TpafUeHTe
Hamopa. BopjopacTBOpuMBle CHHTETHYECKHe U IIPUPOJHBIE IIOJIMMEPHI IIO
XMMHYECKOMY COCTaBYy, BKJIIOYAlONIMe IIeJIII003y, >KeJIaTHHU3MPOBAaHHEIE
KpaxMaJibl, OKCUZBI IIOJTHITHIEHA, aJbTUHATHI, IOIMAKPUIAMUABI, IOJIUMEepPHI
KapOOKCHBHHMIA ¥ BUHWIOBBIN CIIMPT, IOBBINIAIOT BA3KOCTH BOJBL.

M3BecTHO, 4YTO BOAHBIA PEXUM PpacTeHHI XapaKTepusyercsi (HU3HMYeCKUMU
IpoleccaMy, KOTOpPble IIPOMCXOAAT B IIOYBE IIPH BHECEHUU TyZa BOZBL -
IBIDKEHUE, PACXOJ, COXpaHeHUe BJIaTH, PACIIOJIOKeHHe B PAa3HBIX TOPU30HTAX U
T.1. Ecium B moYBe € JOCTaTOYHBIM KOJTHMYECTBOM TIMTATEeJbHBIX BeIIeCTB
HabmogaeTcs ZedUIUT BOABL M BO3AyXa, TO pacTeHHe OBICTPO IOrubaer.
ITosToMy mOYBY OGecIie4MBalOT HEOOXOZUMBIM KOJIMYECTBOM BOZABI U BO3MLyXa,
KOTOPpBI€ PACIIOJIaTraloTCA B TOPaxX ¥ 3aHMMAIOT B 3aBUCHMOCTH OT IpyHTa m0 40%
ee obbema. Boma mopj pmeficTBeM CHIIBI TSXKECTH dYepe3 KpPYIIHBIE IIOPSHI
IIPOCAYHMBAETCS B IOYBY, a [IOTOM Yepe3 MeJIKHe IIOPHI ¥ KaITMJUIIPhI GUIBTPyeTCs
B TTy0b. B mecuaHsIX rpyHTax IOKa3aTenrb GUIBTPAMY 3HAYUTEIBHO BBIIIE, YeM
B riuHUCTBIX. Pacrenma tombko 30% oOT 1oeBOil BIAarOeMKOCTH JIETKO
HCIIONB3YIOT AJI CBOETO IIWTAaHWA, a IIPU YMEeHBIIEHWH BiaroeMkoctu mo 13%
HayMHaeTcd uX yBagaHue. Kpome Toro, BaxxHOe 3HaueHHUe [JIA paCTeHUH MMeIoT
TaKWe II0OKa3aTe/lH, KaK KCIIapeHue, BBITAJIKWUBAIOIIME CBONCTBA IIOYBBI U T.J,.
BrakxHOCTB BO3[yXa, Kak abMOTHYeCKUH (aKTOp, OKA3bIBaeT 3aMETHOEe BIUSHUE
Ha pacreHus. llpm medurure HachIUeHWS BOAIHOTO IIapa Pe3KO BO3pacTaeT
HCIIapeHHe C IIOBePXHOCTU IIOYBHI M YCHMJIMBAETCSA TPAHCIMPALUA PacTeHHIl.
Ocagxu - OCHOBHOM HCTOYHHK BJIATH JJI CEJIbCKOXO3AHCTBEHHBIX YTOMUI.
Konebanue ypokas BBIpallMBaeMbIX KyJBTYP B Ppa3JIMYHBIX pETHOHAX B
3HAYUTEIBHON Mepe CBA3aHO C KOJIeOaHUAMU 0CaJKOB BeTeTallHIOHHOTO IIePHOa.
Berep - abuotmyeckuil HpaKTOp IPUPOIBI, CIIOCOOCTBYET OIBLICHUIO PACTEHUMH,
IIepeHoCy CeMfH, AMKOPACTyIIUX AepeBbeB U TpaB. OTpuiarensHOe meiicTBHe
BeTpa COCTOUT B YCHJIEHUH HEIIPOLYKTUBHOTO UCIIAPEHMU C IIOBEPXHOCTH ITOYBEI,
OOYCJIOBIMBAIONIETO IIOYBEHHYIO 3aCyXy, a TaKKe B BETPOBOM 3PO3UH U B
yCUJIeHUH IOBPEeXIeHHA PacTeHUl IIPH 3acyXax.

Pemenue mpo6emsI obecriedeHNs Ka4eCTBEHHOTO TPaBsiHOTO 10 ['obgd-Ki1y6a
«Apapar», MOXeT CTaTh yMeHblIeHUe Kod(pduiuenra duabrpanuu moussl. C
STOH IeBI0 ABTOPAMU IIPOBEJEHBI KCIBITAHUA IIO IIOBBIIIEHUIO IIOJEBOMH
BJIATOEMKOCTH C IIOMOIIBIO BHOCUMBIX B IIOYBY IIOJMMEPHO-MHHEPATbHBIX
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MmatepuanoB (IIMM), 4To MO3BOIUT COXPAaHUTD JOIOIHUTEIHHO BOAY JJIS POCTA
¥ BBDKMBAHHA PpacTeHHH, HAKOIUIEHHYIO OT OCaJKOB WM MCKYCCTBEHHOTO
nonuBa. [Ipuyem o6beM cOGpaHHOM BOABI MOXXHO PEryIHMpOBaTh KOJIUYECTBOM
BHeceHHOTO B cy6crpat [IMM [1, 2].

Ienp uccnemoBaHua - IOBBINIEHNE BJIAaTOEMKOCTH IIOYBHI M yZep:kKaHUe B Helt
IOTIOTHUTEIBHOTO O0OBEMa BOABL OT OCAAKOB M TPYHTOBBIX BOJ, MJIA
0e3IOJIMBHOTO WJIM PE3KO COKPALIEHHOTO IIOJMBHOTO PEeXMMa BbIPAlUBAHUI
TpPaBAHOTO TOKpoBa lonbd-kimyba «Apapar». Harypuble wucciemoBaHus
IIPOBOJVUIMCH Ha y4acTKe 1o ['onsd-kiyba «Apapat» - wromazasio 600 m2.

Puc. 2 Tore Fon(b -Kiry6a «Apapar»
(Hagano sxcnepumenra - 17 utons 2022 r.)

[ToproToBka mosns u moceB mpoBomuinack 17 wmiona 2022r. WccremoBanus
IPOBOAMJINCH TpeMsA IOBTOPAIOWIMMCA BapHaHTaMu. lDromazs Kaxzon
SKCIIEPUMEHTAIBHOM S4eiiku cocTaBuia 25 Mm% Kakpril BapuaHT sKCIIepuMeHTa
cocTosyl U3 4eThIpex fueek (ydacTkoB). Ilepsas — xoHTponbHas (6e3 «IIMM»);
Bropas — u3 pacdera 100 r. IIMM/m?, tpersas — u3 pacuera 200 r. IIMM/m?,
gyerBepras — u3 pacvera 300 r. IIMM/m2 Ilocme moceBa moje MHTEHCHBHO
opourasiack 3 pasza — B feHb mmocesa (17.06.2022r.), yepes 10 gueit (27.06.2022 r.)
u gepes 20 gueit (07.07. 2022 r.) mocie mocesa.
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Puc. 3 Iose Tonpd-x1y6a «Apapar» (17.08.2022 r.)
(ceBa - KOHTPOJIBHBIH y4acCTOK, cripaBa — y4acTok ¢ 200 .
I[TMM/m?)

Puc. 4 Ione Tonsd-ky6a «Apapat» (30.09.2022 r.)
(ceBa - KOHTPOJIBHBIN yYaCTOK, crpasa — yuacTok ¢ 200 r.
I[IMM/m?)

Haunnasa ¢ 07.07.2023r. ncckycTBeHHOe OpolleHre SKCIIePUMeHTaTIbHOTO
ydcaTKa Iojig OBUIO IIpeKpaiieHo. B ycioBuAX 3acyxu, TpaBa Ha ydacTKe C
npumeHenueM «[IMM» sydire mepxanach 1 moru6sia 3HaYUTEIBHO MO3XKe (PHC.

3, 4). BecHoii TpaBAHOI IOKPOB Ha y4arke ¢ mpuMeHeHreM [IMM npakrudecku
BOCTaHOBMJICA.

Puc. 5 Hose Tonpd-kny6a «Apapar» (04.05.2023 r.)

25



(c7eBa - KOHTPOIBHBIN y4acTOK, crpaBa — yuactok ¢ 200 r.

IIMM/m?)

3axmoyeHue
[TorygyeHHBIE pe3yIbTAThI JOKA3BIBAIOT IiestecoobpasHocTs npuMmenenus [IMM B
IIoYyBe /JiA IIOBBIIIEHWUS ee II0JIeBOM BJIAaroeMKOCTH, KOTOpoe IIpuBeZeT K
KM3HEeCTOMKOCTU PaCTeHUH 3a CYeT HAKOILIEHUS OCAZKOB M COKpalleHHue 3aTpaT
yZoOpeHUii B ITOYBe.

Haub6ose adexTuBHBIM mosmy4datorcs npu npumenenue «[IMM» u3 pacuera 200
r.JIMM/m? (3 r.IIMM/xr mouBu).

JIurepatypa

1. ApromaTm3aiys IIPOIIECCOB BBIPAIMBAHUA pACTeHHUH B CyOCTpaTax C
BOJ0OaKKYMYJIUPYIOIIUM IIOJIMMEPHO-MHHEPAJIbHBIM MaTepuanioM. Iloz
pemakiueit mpod. A.A. Bapramsna (coctaB aBropoB A.A.Bapranss,
O.B.Toxmamxsan, A.A.Illaxnazapos, C.B.I'amcran, M.B.MapxocsH,
B.O.Toxmamxsan, H.A.Muxkaensn) Monorpadpus. Cremanakepr, Uzg.
«TY», 2021 r. — 158 ctp. un. 76, 6161.35

2. Galstyan S.B., Vartanyan A.A., Tokmajyan V. H., Gorshkova N.E.,
Tokmajyan H.V. The regulation of water regime of field crops and
decorative woody plants in natural conditions by applying polymer-
mineral raw material //Bulletin of high technology, Shushi, N1 (11), 2020,
pp- 11-15.

3. Golf//https://web.archive.org/web/20091028013420/http://encarta.msn.c
om/encyclopedia_761570500/Golf.html#p2
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Abstract

In the modern world, and especially in the post-Soviet space, residential
houses and industrial complexes to be demolished or reconstructed as a result of
moral and physical wear and tear gain great relevance. The majority of such
buildings were built in the last century, with their characteristic communal
(corridor) design system, small-sized kitchens and lockers, insufficient load-
bearing capacity of inter-floor roofing, Expiration of service life, inconvenient
planning, enclosing constructions made with heat, hydro, sound insulation
materials, as well as loss of function, for example, for such production complexes,
the operation of which is unprofitable or outdated or its operation in the city
center is not allowed.

Depreciation is directly related to operation and service life, can a building
expire before the end of its life? And vice versa, is it possible to extend the forecast
period? How the term of operation determined is, is there any formula? Is it
conditional?

Key words: rate, expenses, worn out, Excess capital expenditure
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Abstract
Wood elements are considered to be the oldest retail materials: crutch, wedge

board, shingle, as well as ceramic tile and slate. Slate has unique properties among
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all roofing materials: with the help of slate, we can cover the entire surface of the
roof of any geometric shape and style. Unlike other roofing materials, it has little
coloring, mostly it is a natural gray shade, the structure is layered, with a
characteristic oily sheen. Green and burgundy color tile are used to create the
ornament.

Key words: slate roof, color, hue, tile ecology, hygroscopicity, slope.
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Abstract

The study of the unreinforced concrete lining of the tunnel and massif united
behavior was conducted using the finite-element model of the "tunnel - massif”
system. The model allows to calculate the pressure tunnel with pervious lining
according to limiting parameters (number of cracks and opening of cracks) with
economically acceptable filtration losses. Numerical calculations were carried out
on the Enguri HPP tunnel. The dependence of seepage specific discharge between
the potential number of cracks and their opening values was obtained.

Key words: pervious pressure tunnel lining, number of cracks, width of crack.
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Abstract

Architecture has always served human needs, it has always been created taking
into account human social conditions, climatic and geographical conditions, and
environmental issues.
In modern architecture, thinking about ecological environment has brought
colossal changes in architecture. It can be said that the influence of
environmental factors on architecture has become today's task and its
predominant role, although we rarely see similar approaches in Georgia.
People do not perceive the climatic changes of the environment until they
themselves witness the negative consequences. The climate, people's attitudes
and needs are changing, so it is necessary for architecture to be in harmony with
all this. Recent events (tragedy in Turkey, etc.) have shown wus that
environmental factors (climate, geography, and insolation) should be taken into
account and studied during the development of city architecture.
Key words: climate, geography, insolation
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Abstract

Features of the design of high-rise buildings are the increased values of
horizontal and vertical loads on load-bearing structures and foundations, caused
by the effects of their own weight, natural (seismic, atmospheric, aerodynamic)
and technogenic (vibration, noise, accident, fire, sabotage acts, local damage) .
These features must be taken into account when choosing the construction
scheme of the building and designing the load-bearing structures.

The existing building norms in the world, which are distinguished by high
design safety standards, attach fundamental importance to structural planning.

The behavior of structural elements under loads is quite different, in different

cases of building planning, with favorable and unfavorable arrangement of
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stiffnesses, which is confirmed by a number of recent studies. Even in buildings
with a simple configuration, the uneven distribution of stiffness leads to the
development of additional twisting moments and a sharp decrease in the carrying
capacity of individual elements.

In the past, symmetrical shapes such as a square or rectangle in plan were
preferred as a building structure, but with the development of building
construction calculation theories and technologies, architects have been allowed
to abandon the use of such simple, regular shapes, so in modern architecture, the
irregularity of the building is now a prominent concept that is quite often used
as well. in the construction industry.

Key words: Seismic, atmospheric, aerodynamic, structural scheme, stiffness,
stiffness diaphragm.
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Abstract

Detailing and structural analysis of modern buildings according to Euro
codes

Lately, discussions are often heard about the fact that the construction
sector of the country has problems, that the current norms are outdated, and new
standards need to be developed.

Euro codes are the European standard (harmonized technical rules),
which represent the rules for the construction (structural) calculation and
design of buildings. Its purpose is to establish uniform rules for construction and
design.

Practically all authors agree on the following: that the normative base of
construction is the basis on which the entire construction rests. The consumption
of Eurocodes cannot be done in a direct way, but the country must develop
national standards that must be brought into line with European norms.

In the country where it is planned or in the process of implementing
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Eurocodes, it is necessary to determine the National Parameters (NDP), which
are determined and adopted by each country based on the specifics of reliability,
safety, locally available materials. Eurocodes themselves provide recommended
values or ranges of values for all parameters.

The report on the performance of reports based on Eurocodes will provide
significant information on the main issues of the study. The purpose of this article
is to calculate the anchoring arrays of the steel footbridge (24 meters in plan) on
sliding, overturning and determining the critical stresses and deformations in the
structural elements.

Key words: European standard, reliability, safety, anchor array, sliding,
tipping.
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Abstract

The article deals cut and cover tunneling, which allows to construct metro
Station open manner and the passing tunnel with NATM (New Austrian
Tunneling Method), which has good ability to adapt to every geological
conditions and existing experience in this direction. Repairable waterproofing

solutions fot a NATM tunnel
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Abstract
The article discusses the standards for the arrangement of curves and
widenings on the curved sections of the highway and the necessity of their
presence, especially in the conditions of difficult terrain. Also, the physical forces
acting on the vehicle while moving on the curved section of the road are
displayed, and in the final part, the results of the investigation of the North-East
bypass of the Thilisi Sea are illustrated.
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Abstract
High buildings represent unique structures of architectural, structural
engineering, construction technology, exploitation and reliability, and they
symbolize the strength and the technological progress of the country. The

definition of "high-rise building" does not exist at present. This definition had
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different meanings at different times and we should assume that it will change
with the growth of the floors in future. On the first international symposium in
1971, it was suggested that the building of a 30-storey or 100 meters height would
be high building. For example the class of high buildings in Georgia starts from
75 meters.
Key words: High buildings, Limestone foundation, seismic force, aerodynamics
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Abstract

One of the oldest roofing materials is a tile, which was being used by
our ancestors thousands of years ago. Along with many positive properties,
ceramic tiles have some drawbacks, in particular, a large mass, which makes it
necessary to arrange a reinforced roof structure. As technologies develop new
materials are innovated. One such material, which contains the values of ceramic
tiles and at the same time compensates for its shortcomings is a metal tile, which
combines the strength of metal, resistance of ceramic tile to an aggressive
environment, high aesthetic indicators, is light and its installation is the same or
easier than that of ceramic.

Key words: metal tile, roof, roofing, installation, polymer paint, zinc,

finishing, aesthetics, ecology.
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Abstract

In construction practice, more widely in shipbuilding, aircraft
construction has become widespread in the last decade, and metal thin-walled
structures. The topic of the report is the peculiarities of calculation of thin-walled
open profile constructions. These features consist in the introduction of new
geometric features. Meeting geometric features. wide area; Georgian coordinates;
bending center; total twist; Cross section deplaning and others.

Two examples are discussed, one solved for the bending structure of a

thin-walled rod of circular profile and the other for a cross-section.

Key words: metal thin-walled structures, cross section deplaning, bending center,

total twist
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Abstract

The article discusses what infrastructural measures and methods of traffic
organization can be used to transform Rustaveli Avenue into a pedestrian street,
in order to fully utilize the above-ground potential of Rustaveli Avenue for
turning it into a pedestrian street, and the underground space to move traffic
flows. The design parameters of the existing hydrological network should also be
properly determined.

Key words: Hydrological network; Pipe; Underground space; Highway.
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Numerical solution of the thermally isolated crack problem using singular
integral equations is discussed in the paper. A circular crack is given on an infinite body,
on which the temperature distribution function is known. Determination of the
intensity coefficients for the stress distribution in a small area of the crack tips is based
on the singular integral equation of the first kind, which is solved by Markov-type
quadratic formulas. The values of stresses in the vicinity of the crack are determined by
Cauchy-type integrals, for its calculation is used Professor M. Kublashvili’s Quadratic
formula. A specific test task is discussed. The program "Mathematika" has been compiled
in symbolic language.

Key words: Thermally isolated crack, singular integral equation. Small area of crack tips,

stress distribution intensity coefficient.
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Modern technologies have become an inseparable part of everyday life for
people of the XXI century. Today, existence without mobile, computer and other
means of communication is unbelievable. The 5% generation (5G-Fifth
Generation) standard is a new stage in the development of mobile
communication technologies, which provides of individual and devices
penetration into networks by fully satisfying their needs. The new generation of
the mobile system - 5G offers users high quality of service, high speed of data
transfer and new services. 5G will work much faster than existing generations,
providing a safer and more efficient life. The article presents the possibilities of
the 5th generations of mobile communication, development prospects, by using
new technologies possibilities of introducing new types of services.

Key words: mobile communication technologies, 5G-fifth generation,
new technologies, new services
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The paper discusses three main types of asphalt concrete, the main aspects
of their use, arrangement and operation. The influence of environmental climatic
factors and their influence on the temperature of the mixture during the process
of laying are discussed. A relatively new type of asphalt concrete "Superasphalt”
is offered.
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Abstract
The balance of a heavy rope hanging on two supports located on a horizontal

line is studied in two cases: a) when the rope is subjected to a vertical load of a
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given intensity, which is evenly distributed horizontally; b) when, in addition to
the vertical load, there is a bending force at the lowest point of the rope.

Concavity, total and horizontal tension of the rope are calculated in the
equilibrium state. The shape of the curve, the shape of which the rope takes under
the action of existing loads in the equilibrium state, is determined.

Formulas are derived that determine the relationship between rope concavity,
full and horizontal tension in the considered cases.

Key words: bending force, concavity, equilibrium, load, rope, tension, intensity
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Abstract

Evaluation of efficiency of usage of innovative rail technic at the time of
fulfillment of railway works is discussed in the piece of work. There is elaborated
algorithm of calculation of prime cost of unit of work with the use of different
technologies; On the basis of mentioned methodology, there was calculated and
compared prime cost of unit of work for stuffing of railway sleepers at the time
of alignment of railway tracks for three versions. Analysis of calculation and
graphic data on stuffing the railway sleepers shows clear dependence of prime
cost of unit of work on the volume of works done on the railway tracks. The
suggested methodology makes it possible to evaluate the economic efficiency of
using this or that technology of railway works with the minimum unit cost of
work, to select the most economic railway machinefor fulfillment of concrete
work under production conditions.

Keywords:. specialized and multi-functional rail machines,rail works, prime
cost of fulfillment of work, reinforced concrete railway sleepers.
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Abstract

The paper presents preventive measures to protect against radon radiation
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background. It is discussed why it is so important and necessary to measure the
addition background of radon before the construction of individual building. In
addition, the physical-chemical properties of radon are presented and the main
dangers in radon a-particles are evaluated. The danger of radon from a medical
point of view is discussed, important terminological concepts, definitions and
measurement units related to radon are given; The currently valid international
standards of radiation safety are listed; Ways and means of significantly reducing
the dangers caused by radon exposure are also shown.

Key words: Radon-222, Radiation, Radiation background, Radiation dose,

Equilibrium volume activity.

lsogoero
063 (360d0w0s,  Fealiobengmdols 8ogM  80@gBMIE0  MIOPOSEOVIIV0

51bH03900L MBOL Bbgz5M-BY AgE0 393006993v0S MBEOMIJEONIM SO —
5MbmB, HMBgeroE 3mdogs godmoyma3s ©gsdofiols 0swob. Mambol
3169003 Pyotml Gotdmaagbl ool Jsbgdo («306M39wbeg, “yMb39dE39e o),
150gsBYE 0793009306395 3M39¢YS BosIRTO s 98Ty 30 SGFMLBIMHMTo.
030 3739 3OEIXEds dofioligzgds s VYO figergddo, LsgbmaMIdYwo
LabEgBOL Gos Led3LYdT0, 530EMA BosWIYAO MrEMBOL 8903390MBOL FgliHagemalis
Q05 5MBLGodo BmbgdoLs s 39egd0L 67493900l 399dbsls oo 360BZPMBS 53L

OOMAMOE  3IMPO0MOH0 035 HOOLOM (5]  0golbdgds  Fra3m3zgdNIo
0bBmMAo30s o0l Jobgdol Tglisbgd), g3 BMLbEIGMBOL  MEEOMEIMAOIMO

Log3®bols dga39L900L AbGOOZS.

179



o000 bafjoemo

©5300gmo 0dom, 03 o 13oIMMGOL JAbol MeMboL MHOS30MEo
3b0ggds @ MOEHMI 5oL  360dz69eM360 (390039 FPbMdI-BIYGOMDIS

d39690c0mdol  fiygdsdg dolo  MboL  AsHMIzs.  MMPLL3  J3Erobozsdo
303969000 15939MBIM/@OsRBMLEBH03ME 3OM(390OJOL, 939l 3oMRS©
33599438 295B6MdME0, MHMA sdom bB396 FoBobdodsmorws  39J39300m
505300 5dmbboggdol dmddggdol J3qd. sdsbmsebsgyg, aggLdol, MmA
dmdbobmeg  3gOLMmborols  @s  353096@gd0L  Fogh  MOOsEOIENO
MBsROMbMYdOL  Immbmgboms  Bgdofgzbom  ©@oE3s,  sbswo  BHodol
96GHgb0L  53565@gOOlL  A9dMmYgbgds s M9bsdgMH™M3g  LBObIMEHJdOL
99L50530b0  FGbMDI-Bog OMBoMS  9BLYIMBS Bl MLsFOMbM  F56MgIMUL
OMAMOE  3530963900L, 91939 LodgoEobm  3gMlmbserobmgol. mwdss,
Lodhbodme, F396 bAoMo ©9339wbo 35M™ dbgdM030 M5OIE300LYSH,
05653 0lg, OMA 3963 30 36300, ©53IH O LHFOMbIL T90(353L OYO
B3960 % 96IOMgEMdOLImM30U.

Mo©Mbo  (Hosombm3moo M®smbo-222) — gl sGol 39bgdM030,
399 5 MLbe HEOMIIBH0MOO 506M0. 080 Fo®dM0ddbgds gsdofols
§0o080 396906030 MMHIBOL MOOMIJEHOMMO IOl 3OMEILOL T9EIAS.
535Lm5b6, MEMsbo Fgodergds 089mBadMmIL oo 6 oMy Momabmdoom
dooby 5 3 36mEmo FoOIMIMdoL J5659gddo. 306506 Msmbo s0M0s,
3bs0s 00  doolfimogzol  dobo  dMbgdmoz0  FEYMTsMIMdOLII6 -
5GHIMLggOHIeo 359600L390, LosE 8996935 Lbgs 50MgdL s 989y 0gdgds
LoMR0d0, 396MdI-65290M39d0L 306039 LYW GODY S 5. . 5800 0O
5Q530560LbmM30L b gds LfmMg MM Mbos30, 99MAOHABMOIO S J0YHO
Log3Mbol 8993390 5060.

180



Gombo Loberols 306MHMd9dd0 b3zqds bosogol 0MdMb 9O,
OMI9d03 3OMBEH0IB odmoygmas 0dol 4odm, M sEImbggMmeo §b93s
096003580 Bo3argdos, 300G dob ASOIJM. S O3 MBROM dgBos gu
3obLb3539%5, oo MROM 06EHIBLOMMS FoBIEMdL F96MdsTo 60506
3596M0L 653500 s dgLsdsdobo, Mosmbols 993339 mdsE. d9bmdgddo
oMbol  goblogMmMgdom  dopowro 399339 mds  45dm3wgbowos
fgofool 303 39Momdo, HmEILsE LomdML Jgbs®BMbgdol dobboom
Bogargds, 96 Lmwsg 96O Bosggds  dgbmds.  Fgbmdsdo  Mombols
3993390 ™d0L 063 9bLomETs B53gdsd 8godegds 2sdmofjzoml 5sd0s6d0
3M935¢00 Lobol Mmb3MEMmA0MHO 9350 9ds.

oMbol  9JBH03mO0L  gobmdzs 96 sMHoL  dgzoMo. vy  dolo

39053100 3mb39bGHMs300L  s©dmBgboll Jg8mbggzedo OMMMES©
0030000  LsFoMdm  BmIgOlL, 09300 930300 gd  5Q5T0SbM
X 96360009 Md0L LogMABMD gowgsgligdsl.
(5mbol a-bsfoms3zgdo, HBmammz doMomswo Bs8odMHmgds — MoE™mbowsb
399mGHYmOEbowo a-bsfows3zgdo maEbso mMAsboBIgdoLsM30L Mbowsg
d@®9oL oMo gbab. oMo  530Ls, 0bobo  5BHIMGDID  YBIMTIBIG
9696H205L. 30bg350 0dobs, MM B39MEgdMH030 GHobLoEgdgwo OIS
03936 95305bL 53 B30l bofoers3gdmb  Fgbgdologseb, LsdodHmgds
9 MdoMmgmdl H5Mbol Lolmbod ABgddo dmbgzgEMILMSD J0Tocrgdsdo. o-
Bofoenszgdo 30 ob ,8d039 sOEGHOWYM0ss", MMIJLsE SOE 00v) oy 300y
B0sbol J0ggbgds 99vde0s 50530560l X 9BIOMYMdOLMZ0U.

33093990l 89009390  ©IILEHYIMJIM0S, GMT  MHIO0MIJEHOMMO
GoMbol oo 580560l Eoliboggdsdo 8950096l 75 %-U ygzgws Lbgo
©65MRG6  0M6gdI03 M50MIJGHONO  [Ysermgdmeb B0dsmmgdsdo. STob
39MQ5, M5Mbol  Iol 3OmEmd@gdo — Pb, Po, Bi Lysdodmrmgdsl

181



§963M09bL 500530560l MMR60BIoLm30L, doso Fgydwosm dsdmofjgomb
LodLOZgbMO WH9350JObO.
650mbols  153odmmgds  LsdgoEobm  mzs5emLsBGolom —  gdodgdds

3900m35¢9L, ®MI MHIEM™boL a-bBsffowrs3gdol domemyome Hgdmddggdsl
LbgEol IROIEVE Jumzowgdby 20-x9® MBOM IgBHo ILGHOYIGONwo
995399BHOL dmbgbs 99dwos, 30Mg B-650s390L 96/s y-259mlbogqdsl.
5d3-0b 99360905 SHOOM, 50530560l Joge Boliybomdmeo Gsmbo ofjgg3L
RB0A30L Jumz0wol  IIPIOMBL s MOFom F99d3Lgs 300ML godmdf393
dobgbms  Losdo. 833w9350M900  sbg3g  90b0dbs396, MMI  HoM™bol
©99mddggds MmMAS60DBIBY A5bL3MMIMIO0m Bsdodos ™sddsMml dmfgz0l
95369 B3935L056 9HMo. 506060, HM™MA dmfg3s O MOMbo Fow 30l
300mL 29960l mMo  g439wsbg 360d3bgerm3zs60 FBoJ@GH™M0s ©s dsmo
9ONOHMMOo 3nddggdom BododMH™Mgds 3390005 0BOYDdS.
36003369cmm3560 (3690900, 25605G3gdsbo s LsHBmdo ghmgmemgdo -
(oMbol  M5oMIdBHoWmO  ©sdwwol  3MMm3gbgdols @S 5Tosbol
6960Bdolbmzol ol doge Fomdmddboero LogMmbol LHim®Mow ologds,
96008369wm35605  303Mm©gm  doMomso  BHYMHdobmemyos s Lybmdo
9099 900. JOMNYIYWMS BIOHMITMOOLM LolLEgIsdo MooMbm3wool
593H03md5 (A) 0DMIgds 3939M9wgddo (03), 1 33 F9glsdsdgds sderol gHm
5JBL 9o §5930. 900 5JEH03MO0L 5Lsb0dbsgo® 9939 #odmoygbgds
5M5LoLEGHYIMNMO0 ghmgMo oo (Ci), 1 30960 GOl 37 d0E0sOHE
093009L.

13930830M0  INEFNYWMOOMO  SJB03mds  (OA) GOl Esdol
oM 9bMds 503m09MHd0L FM(3PMdOL JOMYIMYWDY, TSQOCOMSE, 03/33,
03/ 56 83/33. 91939, bJoMSE 2560b0Es396 M5O(30E BMBL FoMOMdOL
9009956 8085M9d5d0, BogoWOMO©, 30)MH0/302.

182



Dmbolfimemmmo dmgmemdomo osd@Hogmds (POA), 03039 Mog OA,
3953 030 0135¢0L[obgOL COHMOL GogEBHMML, GrMmIols EOMLYE3 STerol
36 JGH9JooL Lfgolo sdGHozmds dool mbslfimemer dMmdscgMdsdwy
dolbogg §o6MIMIMdOL igommbmsb 80dsMmmgdsdo, bsbdmzwrg Logmabaol
bsbaMdwogmdol ddmbg MH50Mmb3e0gdol MBIMIbMdOMO godMmdols
3990 (5369039 0DMIGds I3 MIOMO 59EH03md0L (OA) 9HmgmEgddo).

993035 96&1M0 FmbolfimGmwo dmamemdomo sd@EHogmds (DPOA)
259m0yqbgds bsb6dm 39 5deols 360HMYJGH9gdol 59dBH03mdol
d9LoxzoLYdWOE, MHMIIO03 XIO 300093 9O OOl HmbslfrmOHmdsTo.
B30 q06M03, DPOA 250m0m309ds 5 29b0bogds Mmam®a Lsdwmsgom
fo0m®0 5dE03mds, HmIgerog 0bmdgds 83/33-0o.

505300 MbogO®mbrmgdol  dmddgo  LEsbsd@gdo — F96mds-
B5990mdoL ogboo sOLgdMe 3596MH30 M3EMboL 3b6396EHMsE00L Br3zH o
36003690md900 ImEgdmeros olgo  FsMgMEoMgdger  MIMIgHEHIOdo,
OMAMO0(35 OOSE0YWO MLSROMLMGdOL BESbIMEHId0 NRB-99 6 SP
2.6.1.758-99; doM0omso Lobo@smvyaro ffaigdo OSPORB-99 56 SP 2.6.1.1292-
2003. 53 o0Bboom 5939 390MYGOS Lobgddw3sbgem — MU 2.6.1.715-98.
MO 3 9B BEGHIBIMEHJO0 B0POMYOL, LoEbM3MYOIE s LEBMYSPMIOMHO]3
(565L530M9H300M) F9bmd7dTo, Loog 9sd056gd0 EOEHLIBL 0dYmEBIdOIb,
OPOA o6 9bs 509353 g0mgl  Lodwsgmo 200 33/3%-L  (dmddgo
39603900Lm30L) s 100 03/3-U (9du3EYSESE305d0 SbESbIBL  Fglvero
39603900Lsm30L). )30 gl 3603369 ™MdJdO 56 OOV W30, B5d0b SLgm
Bog0mdgdLS Qo Lo 3LgdTo HOQOSFOL0 MBOBOHMbMYDS
296M36E0M90ME0 56 sGOU.

360mBqboMbsem®o s bsgmBogbmazmgdm  ©sbodbmemgdol  Gowpmbol
©3333AMHg0 — 3MgBH03530 sOLYdME g39ws GHO30L LogmasbmgzMgd™

183



©MH0IYBHOL 56 dodl oMbl s0dmBgbs. 3 dobbom, Fgodergds
3990309960 MB0dgEMmgd0 dMHdbmdosty ,0035“-l Godol bybbmEmgdoom,
OMIIOLOE 99300 a-39dmbbogqgdol  FgxsLgdol  MbsMo  (Fogoomo,
RadiaScan-701A s6 MKS-01SA1B B-1-1 gbbm&oo dcm®Eby). 5853OMmMma,
3600369wm3s60s  303m©gm, G  Sbgmo  GHodolb  EMB0TYEHMId0”
d9L5d 53905 FHMEWME HOMBOL sOBYOMBOL FoJEOL godmzargbs, BoaMsd
3990533093 LEMHZLA0 56 0dE935 MOMBOL 3mbE96EHME0OL Fodmmzerol
b5 gdsLs.

505505  LogmBOEbM3zMgdm  doBbgdomMz0L  Lomogligdol  3s9®do
Gombol  3mb39bGHGMoE00l  2oblaBOzMOlL  3MHMdEGTs  FOOFMHOO
0956599060Mm39 d03OMIOM39LMOYOOLS s B3YE0sMsE 899853900
36OHMYM5IME0  sMOHO0MTGOOL LMo gdom. MMES LodIMOS MOEMbOL
RADEX MR-107 0bog3s@mmbg, 59 dgdmbgzg3zsdo gsbmdzol dogeo
30Mm3gbo  BOMO©  93GHMTSGH0D0MGIMos.  Imfigmdomds  3mTomdl
500Mb0-222-0b ol 3OMIEJOOL ggdGHOMLESGH03IMO ]300l
36063030 dmddgo ©9BHIIGHMO0m, MMIgEoa dyMmdbmdosdgs a-bsfo-
53900l 0356 s oL sligzg gwmdeos 89og3sLMmb Lomsgldo sGBYdYIEO
(5©0MbM300©gdolL  943035¢gbBHM0  Hmbolfimemwo  dmiEmEemdomo
59BH0OMdS. InfYmdomdol dsbs IsbEMadom 270 3-05. Q505MOEHIOOMI
090 bbgs 35096 3OMmzglombsgrme dmE9wgdmsb dgsMgdom doebgo
303354 BH«60s. 4oBMIZz0L 3060390 9w9a9gd0l domgdol d9dwgy (4 o) gl
9mfymdomds  35s©ol  dmbodm®mobyol M908y, GMIwol  OMLSS
bdmgsbo  Loaboswom  43593bmMdL  ImBoermEbger  LsggOmbal,  39MIm,
9943035 96&"M0 [bslifimMmero ImEMmdomo 9dEH03mdoL HBM3MIS©
©5b533900 3603369 MBOL 55339000l Fqlobgd (100 03/d* s 200 d3/3%).

DMPoo,  M3MboL  3mb396EMsE00L  AsBMIz900L  Fggagd0

184



d90dgds 36003690 m3bs 89033350 ml MM™s gob3ogwrmdsdo. sdo@Ema,

dbmwme  LobEGBsGHWEO  3ghHom  dmbo@mMobal  dgmderos

905300 MbSRODHMGOIOL 1530bOL LTI M A5IHY39B)°.

5023965, Go@Mbol s dobo sdEom FJorgdwo J30¢MIOLO

36094 3H9go0ob 359mymaz0l JoM0moEO [ysemgdos:

302bHYo0;
15389690 M FoLO9d0;

09500, 356L5390Md00 VMY Mm3z560 sOEHGBoMwo Fob figso;
016906030 S060.

0] 3593395605 IILEHMMGIMNWO MEHYYIMHO 0BBMOT305 QoMgIMLS

@5 5530560l LoEgbmzMgdg Lsmsgligddo Mombol 4sdmadymazo Fysmmgdol

5MLgdMdOL Fgbobgd, dgladErgdgeros d935MBomm FgLsdsdolo Lydvsgdgdo

oMbob [oboswdgy LEdMIME39ws. gU LETSWGdIO0:

LoEbM3M9dIE0 LabEroLM30L Lsddgbgderm dmgwbols olig dgMBgzs, H™I
3096@30  BoJLoMPIOdMEIL  MoEMbol  dbmerm©  Jobodsermeo,
05650560650 gd Mo 3mb:396¢GS309;

Q905¢LSMMNE056 T9bMdgdTdo LolyM39w0s Imgfigmb LoMsRqdO;
LoEbM3zMgBI0  MMIbYdo AXMOJLOS  Fobrogal FgbmdoL By
LOONMODY;

56 259m309gbmm Loberol ddgbgdermdolbmgzol olbgmo bydodo Lsdgbo
dsLoengdo,  OHMYMO0BESS  BELRMOMODSTOM0,  39MdboG0, 390D,
3MboGo s bbg. M30MsGHgbmds J03560FMmm bob Foloersls s oligom
3oboEgdls, MHMAMSGE 339 3OO0 59300 MHOMEYY MoOsE0MEo
3MbEOMO;

49965000905 3099396 LEOMIE TS 45IBM3930L 39MHTYE I MBSL;

185



*  3BoMmxd0olL, BMEOGOOLS S B3Ol ILIRIMOI® 3JOEOO S FJOO
X9O ©9399do3gL Lomsbosm dsbiBozgoom (9. §. 3960393 039000%),
990093 30  93mJbomo  gobmzgsbo  Lomgdsggdom s  Lbgs
930639079090 Bsloegdom;

®  ©OEO OHMOM 5O ©3YM3DY 5599605393500 Lomoglinddo;

o NHONMB393gmm  LogbmzMgdgwo  Mmmobgdols s LEMEIRJOOL
9200 3969860030 4960539055

e 39690603 256053900l MHOMBIgWLoYMRs©  MAXMIJLOS  dmgfigml
39639HDLIQ GO 3¥O-BobX Yoo

¢  LoE®IY)00B Hyeol Jowgdol d9dmbggzsdo Lolidgers IR MdIGBOS
3°903094gbmm s@gd o fyswo;

e LsLIgero Fywolomgzgol MdxmdgLbos godmzoygbmo bsbdoMol gowE®o,
M3 M HOHMb39wYmxL MHombol 90 %-00 89353905;

o NHOHMH39WYMB0o MBS 0gmb LosdsHBIBML gob0sggds;

*  25BdmMoL Bgdmm 9E0EgdgE0s 25dFMmg0l IMHYmdo;

©s1336s
BoGoM9dmeo 330930l 8999  d90dwgds  og9L33bsm, MmA

(5@MboL M50530I0 EILB0ZYOOLYID M83WH(335 MYoMEMmsE Loglgdoom
d9Lodegdgos  OHMAMOE  dobo  IZOM3gd0L  Lofiobsswdgam,  sbgzg
99930609%0L 3693963090 ©Mboldogdgdol  FoGIMGdom.  bgdmom
dmyzsb0o  godBHmdmogo  TdLoewrgdo  sboymBL, vy M999bo©
3600369035600 LogbmgMgdgro Loberol dd9bgdemdolisl  Loaddgbgderm
dmgbol  LHmGo  JgMbBg3s. Bggb -  3d969d9-0bg0b6Mgd0  aMmbGL
39630bosgzm HMaMEE 99bmds-boggdmodol  Bwdg-llsdo®m3z9wlL s 9J9sb
3990306569, 330WMdm dgz0Logzwrmm dolo FobozwM®m-09dsbozm®o
3obolinsmgdEgdo, FoaMsd ygds 9(30¢gd9o bsFoMMGds3 0oLy, MHMI

186



0530005639 04656 FgUlogerowo 15dd96gderm  dmgbol  Mowosgowo

1mboE. Ym390039 U 19300 933530 dL OMYMEOF F9bMDI-b539dMdIM

dd9bgdemdol,  sbg3g  9JudEMo@eEool  3gMomEdo  5s30sbomo

X 963600090l ML MmEbgo 49956MH9gd0L MOL3YOL s Fglsdsdobs,

5MbLYIOZI WIHIWY® FJRYIVL.

—_

~

@O GYMSGMMS

G- 00 Jodg — Lobgaddmgzobgarm A5M9gdml a330L Ggdbogmbolsmgzol. //
09530 2.5 — 3500698900 259mb0390s O MS030YI0 MBsBOHMbMYds
(33- 87-100). 4565000 gd0l ba®olbol 35630ms6M00L (396E®0, MdoEroLO,
2016, 478 33.;

0. 39305dg — M5 SOV MOPOSE0S S MHMYME 256M9mdo 33bmgMMdo.
29900390 Mds ,693900%, MdoEroLo, 2002, 192 93.;

. 356059300 — G3EMBOL G103 A5dMBB03gdOL 33935
BMyogmHm 396906003 Md09d3HJdd0. //MJEHMMOL 53509300 bomolbol
9mbo3M390s© HoMmA960wo OLYMHESE00L 933HMMIBIOSE0. LEGYY,
d0obo, 2018. 29 43.;

Logo®m39erml dmog®mdol 2014 ferols 3 056360l No28 o qbowgds
A9960379600 H9a53gbEOL ,LogoMMZ9EML FHYMHOGHMEM0sDY
50530490 MBBOMHLMYOOL bMMTGdOL“ ©sd3H303gd0L Tglobgd.
0d0obo, 2014;

Logo®m39eml dmog®mdol 2015 fierols 27 sa30LEHmb Ne450 oagboegds
&9960319600 H9a53gbE0L 050069390 25dmib03qd0L (yotrmgdmsb
3m394mH™md0LHI0 MH30S30Y0 MLOROMbMIdOL bMEOIGdOLS S
30050 FmmMbm3zbgd0L“ ©sd3H303gd0L gbsbgd. mdowobo, 2015;
Radon and its impact on human health (https://www.who.int).

Radon gas measurements (https://www.aktinovolia.com);

. Kak 06HapyXuTh pauOaKTUBHBIA DPAJIOH U YMEHBIIUTH YTPO3Y 3J0POBBIO

(https://www.mydozimetr.ru);

. Ilouemy mpu cTpOUTENBHCTBE IOMa BayKHO JIeaTh 3aMepbl pagoHa’?

(https://www.rospotrebnadzor.ru).

187


https://www.who.int/
https://www.aktinovolia.com/
https://www.mydozimetr.ru/
https://www.rospotrebnadzor.ru/

Logbom Lsdmbby aoBgboero ©IRgJBHId0 ©s domo
503mxbzmol  1sdYsegdgdo

©MJBHMMBGH0 0MMa0 bo0s330¢00
gkhatiashvilil0@gmail.com &gen: +995 555 795 995
b9wddm3s69mo, 3MHMugLMOO Mghaod 353wsd30eo

magistrali@yahoo.com &qge»: +995 599 116 167

3bm@Gs300

65s3®™ddo  4obbowmos  LoogEMIMdOwM gbol  3mbLEMMI305DY
dmddgo BodBHMEmd0 s LogbHom  Lodmlbbg  aohgboro  ©gB9JGHJdOL
50dmxbgmol Lodmowgdgdo. b5B3969d0s Bol 293300  dmALobwMdOLS
@S  09390900L 36993030, dJobo  boGolbol  3mbEH®m@Ol  dggygdol
dobggom. sB939 AobboErMEos  300M3w03MM0  F98330ggdols
00@waol 93MEbool 25dmygqbgdom Logbom Logs®Ol M9303w0MgdoLS ©
UGHOd0EOBI300L  B9dbmemyos. 39MdME, M) S JoMMddo  Mbs
d9LOMWEIL  doEHol  9gdmwlLoom  MY303¢0MGOOLL. BodMmddo sbg39
dm399Mos LodBH3zoaol d5B39690wqdoL  (33¢P0Eds Bagzdo  (39996@F0L
360m3bGHMwo  MomEgbmdol  dobgzom @S doGNMdolb  9dwmwliools
5953 9000.

U533956dm  LoByzgdo:  SLBsGHdGEHMbo,  LogBHom Lodmbo,

dmo0x030090w0 89933090, 930306 90s, 00EMIoL 9dElos.

Abstract

Factors affecting highway construction and means of eliminating road
surface defects are discussed in the paper. The schedule of scheduled service and

repair of the road according to the results of its quality control is shown. The
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technology of recycling and stabilization of road surface using hydraulic binders and
bitumen emulsion is also discussed. In particular, what conditions must be met when
recycling bitumen emulsion. The paper also shows the change in strength indicators
depending on the percentage of cement in the mixture and the addition of bitumen

emulsion.
Keywords: Asphalt concrete, road wear, modified binder, recycling,

reconstruction.
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Introduction

The basic tool for managing water resources in the water supply system is the water
balance table developed by a team of IWA specialists (Lambert and Hirner 2000). The
authors of the method will divide the Input Volume System into two parts: the
Authorized Consumption and the Water Losses. The Authorized Consumption consists
of the Billed Authorized Consumption, i.e. the Revenue Water and the Unbilled
Authorized Consumption. The Water Losses are divided into the Apparent Losses and
the Real Losses (Table 1). The Water Losses and the Unbilled Authorized Consumption
create the Non-Revenu Water. Only the water we sell to customers by measuring it on
a water meter creates the Revenu Water. All measurement and billing errors, inaccuracy
of measuring devices, thefts, leaks from pipes and tanks constitute loss, i.e. the Non-
Revenue Water (Farley and in. 2008).

When taking care of our planet's water resources, we should make every economically
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justifiable effort to ensure that the value of the Non-Revenue Water is as low as possible,
and especially so that the volume of real losses is as low as possible (Farley and in. 2008).
Real losses are the actual loss of water from the water supply system. Water collected
from underground intakes (resources that are difficult to renew) must be protected as
best as possible, i.e. real losses must be reduced. The Unbilled Authorized Consumption
is water consumption, but unmeasured (we do not know its amount), apparent losses are
measurement errors or water theft, but it is still water consumption of unknown
quantity.

The most common damages to water pipes include (Berger and Ways 2003):

- transverse crack,

- longitudinal crack,

- spiral crack,

- corrosion pits,

- holes,

- separation of the socket connection,

- damage (fracture) of the calyx,

- damage to the weld,

- damage (bad workmanship) of the weld using connectors.

The sum of water leaks from the distribution system consists of three main groups:

a) Reported bursts - leaks that are visible or their effects are visible to residents, their
period of occurrence is short, they are usually failures with a high flow rate from the
water supply pipe, their repair is usually a priority and is economically justified (Chyuan
2007),

b) Unreported bursts - these are leaks that are not visible on the earth's surface, they are
failures with different water outflow intensity, they are detected by monitoring systems
or during acoustic tests of network tightness, they most often have a long life (from the
moment of creation to repair) , their repair is economically justified (Chyuan 2007).

c) Background leakage — these are very small leaks that are difficult to detect and locate,
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and the costs associated with their detection and repair are economically unjustified
(Chyuan 2007)

In order to reduce real losses, specialists from all over the world have developed many
methods, programs and tools.

Table 1. IWA Water Balance (Lambert and Hirner 2000)

A B C D E
Billed Metered
Billed Consumption
Authorised (including  water Revenue
Consumption exported) Water
s [m3/year]
Authorized [m®/year] Billed Unmetered
Consumption Consumption
[m?/year] ‘ Unbilled Metered
Unbilled Consumption
Authorised .
Consumption Unbilled
[m¥/year] Unmetered
Consumption
Unauthorised
System Input Apparent Losses | Consumption
3 [m3/year]
Volume [m*/year] Metering Errors
Leakage on | Non-Revenue
Transmission Water
or/and distribution | [m? year]
Water  Losses PIpes
[m?/year] Leakage and
Real Losses | Overflows at
[m3/rokyear Utility’s Strage
Tanks

Leakage on Service
Connections up to
the measurement
point

Leak detection methods

The priority in reducing the amount of wasted water is to detect the leak as soon as
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possible (Hamilton and Charalambous 2020). Leak detection time is usually the longest

element of the failure repair process. Troubleshooting consists of:

1. The period from when a leak occurs until you notice that there is a water leak
somewhere.
2. The period of searching and locating the leak

3. The repair period for a localized leak

Therefore, the sooner we discover that the pipe is damaged, the less water will turn into
real losses. The most popular methods include (Misiunas 2008):

* Minimal Night Flow — recording a flow chart during the day with priority checking of
the flow value during hours of low water consumption (usually around 1-3 a.m.) and
comparing changes with the previous day(Verde and in. 2014)

* Water balance in District Meter Area — comparison of the value of water injected into
the measurement zone at border points with the sum of water sales registered on water
meters (Verde and in. 2014)

* Surface observation — the cheapest and most common method of observing the ground
surface and noticing anomalies in the form of reported bursts (Berger and Ways 2003)

* Pressure monitoring - a method involving the installation of many pressure sensors in
the water supply network and observing pressure changes on a graph - when a failure
occurs, the pressure drops rapidly near the failure site in relation to the period of normal
water consumption, this method is difficult to use and expensive (Thornton, Sturm, and
Kunkel 2008)

* Noise loggers monitoring — one of the best leak detection methods, thanks to the use of
noise loggers that measure noise at night (Usually 1-3 q of the night), the leak is located
in the area of the logger that registered the highest noise index (the sound caused by the
leaking water). pressurized water from the pipe to the ground) (Hamilton and

Charalambous 2020).
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Leak localization methods
After the leak detection stage, there is a period of leak location, i.e., precise indication of
the location of the failure. The precise location of the failure is intended to limit the
effects of the leak and minimize the costs of work to remove the failure. This is very
necessary, especially in urbanized areas with dense underground infrastructure or in an
area that requires costly surface restoration works (road roads). The precise location of
the leak reduces the scope and time of renovation works. The most popular methods of
locating leaks include acoustic and non-acoustic methods.
Acoustic leak detection methods are divided into:
* Leak noise correlation
+ Listening stick
* Geophone listening
When detecting leaks using listening stick, all available fittings located in the water
supply network are used. The points where the noise level is measured are places such
as linear and house gate valves or hydrants (Berger and Ways 2003). The accuracy of
determining the place/section where a leak is possible is determined by the density of
measurement points. The operator listens to each point of the network. From each
measurement, the operator receives the result in a graphic form (e.g., a bar chart, the
result as a number on the device screen) and hears a sound, which in some devices can
be saved to the device's internal memory. The probable leak is located at or near the
place where the noise/sound value was the highest during the entire series of
measurements (Berger and Ways 2003; Hamilton and Charalambous 2020)
Conducting measurements using a ground microphone gives better results because the
measurement is not only carried out by connecting the sensor to an element of the water
supply network but is carried out over the water supply pipe by placing the microphone
on the ground/grass/sidewalk/road. Thanks to this, the result of detecting or locating the
leak site does not depend on the availability and distance of the water supply system

(Berger and Ways 2003; Hamilton and Charalambous 2020)
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Leak noise correlation
Leakage noise correlation involves measuring the sounds propagating in a water pipe
between two measurement points. Noise may come from the point of water leakage
through a leak and any background noise, e.g. traffic (Chyuan 2007). The sensors record
the frequency and arrival time of the noise. Based on the information provided about the
length of the section, the pipe material and the pipe diameter, the software compares the
arrival time of individual noises and indicates the common point from which the loudest
of the measured sounds comes. This information is visible as the highest peak and
indicates the probable location of the leak (Swietochowski 2017a).
Non-acoustic methods are divided into applications:
* In-line inspection
* Gas methods
In-line inspection is mainly used to detect and locate leaks in transit and main networks
with large diameters. These methods are very accurate because the devices are located
in the middle of the pipe and are closest to the source, i.e., the leak. The advantages of
these methods include the fact that they usually do not cause disruptions to street
traffic(Atef 2010). An important advantage is also the fact that due to the very close
distance of the device to the leak and its precise location, interference in the operation
of the network during earthworks is greatly limited, i.e. the excavation area and the
duration of earthworks are reduced (Thornton, Sturm, and Kunkel 2008; Hamilton and
Charalambous 2020).
Tracer gas is used to locate the leak in very difficult conditions due to very high noise,
lack of sufficient access to the pipe reinforcement, large pipe diameters, and pipes made
of materials with poor sound wave propagation (Guillaume 2012). When locating the
leak site, appropriate sensors are used (most often hydrogen sensors) and appropriate gas
mixtures injected into the pipe through a hydrant or an appropriate valve on the
connection (Harris 2019). The tracer gas is most often a mixture of nitrogen and

hydrogen in a ratio of 95% nitrogen and 5% hydrogen. Due to its explosive properties,
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hydrogen is mixed with nitrogen in appropriate proportions to eliminate the risk of
explosion. Due to its properties, the tracer gas quickly penetrates the ground and ground
surface, e.g. concrete or asphalt, to the surface, where its concentration is measured by
sensors (Parrot and Thornton 2003). The place with the highest concentration of tracer
gas is located closest to the leak site. Even small leaks can be detected using the tracer
gas measurement method. The problem when using tracer gas is to ensure the
appropriate amount of gas needed to fill the empty pipe and the reserve associated with
the gas outflow through the leak (Hamilton and Charalambous 2020)
Materials and Methods

The research was carried out using the Eureka 5 digital correlator from Ovarro Ltd
(,www.ovarro.com). The correlator was equipped with hydrophone sensors (invasive
measurement method) and piezoelectric accelerometers (non-invasive measurement
method). Hydrophone sensors were installed on hydrants using special adapters and
flooded with water. Piezoelectric accelerometers were mounted on gate valves using
magnets.
The distances between the sensors were:
*50 m
+100 m
+200 m
Measurements performed on a water supply network made of gray cast iron, PE or PVC
pipes with diameters from 100 mm to 315 mm. Each measurement consisted of a series
of 3 noise listens and leak noise correlations in the correlator central unit. Measurements
were made in two water supply systems in southwestern Poland (Lower Silesian
Voivodeship).

Results and Discussion
Results — 50 m
The results obtained in tests carried out on 50 m sections between the correlator sensors

are presented in the table. The correlation of leak noise using hydrophone sensors
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resulted in the location of leakage in each of the tested sections of cast iron, PVC and PE
pipes. The correlation of leak noise using piezoelectric accelerometers was successful on
sections made of gray cast iron - diameters 100 mm, 150 mm and 200 mm, PV - diameters
110 mm and 160 mm, and PE - 110 mm. In the case of pipes made of 160 mm and 315
mm PE pipes, no correlation result could be obtained. The achieved results are consistent
with the recommendations presented for the use of leak locating devices described by

Hamilton (Hamilton and Charalambous 2020).

Table. 2. Measurement results at a distance of 50 m

Pipe material Grey cast iron PVC PE

Pipe diameter 100 150 200 110 160 110 160 315

Accelerometers+ + + + + + L B

Hydrophone + + + + + + + +

Results — 100 m

The results obtained in tests carried out on 100 m sections between the correlator sensors
are presented in the table. The correlation of leak noise using hydrophone sensors
resulted in the location of leakage in each of the tested sections of cast iron, PVC and PE
pipes. The correlation of leak noise using piezoelectric accelerometers was successful on
sections made of gray cast iron - diameters 100 mm, 150 mm, and 200 mm. In the case
of pipes made of 110 mm, 160 mm and 315 mm PE pipes, no correlation result could be
obtained. Similarly, in the case of 110 mm and 160 mm PVC pipes, no correlation result
could be obtained. The achieved results are consistent with the recommendations
presented for the use of leak locating devices described by Hamilton (Hamilton and
Charalambous 2020).

Table. 3. Measurement results at a distance of 100 m
Pipe material Grey cast iron PVC PE
Pipe diameter 100 150 200 110 160 110 160 315

Accelerometers+ 4 4 S . i e B
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Hydrophone + + + + + + + +

Results — 200 m

The results obtained in tests carried out on 200 m sections between the correlator sensors
are presented in the table. The correlation of leak noise using hydrophone sensors
resulted in the location of leakage in each of the tested sections of cast iron, PVC and PE
pipes. The correlation of leak noise using piezoelectric accelerometers was successful on
sections made of gray cast iron - diameters 100 mm, 150 mm and 200 mm. In the case of
pipes made of 110 mm, 160 mm and 315 mm PE pipes, no correlation result could be
obtained. Similarly, in the case of 110 mm and 160 mm PVC pipes, no correlation result
could be obtained. The achieved results are consistent with the recommendations
presented for the use of leak locating devices described by Hamilton (Hamilton and

Charalambous 2020).

Table. 4. Measurement results at a distance of 200 m
Pipe material Grey cast iron PVC PE

Pipe diameter 100 150 200 110 160 110 160 315
Accelerometers+ + + - . 2 e o

Hydrophone + + + + + + + +

Conclusions
The obtained leakage noise correlation results are consistent with those reported in the
literature (Hamilton and Charalambous 2020; Gwozdziej-Mazur and Swiqtochowski
2017; Swietochowski 2017b). They confirm the effectiveness of the use of hydrophone
sensors in locating leaks from water pipes on short sections (50 m) and long sections (200
m) between the sensors. The obtained results also confirm the usefulness of using
piezoelectric accelerometers in correlating leakage noise for pipes made of gray cast iron.
As expected, the correlation of leakage noise over 100 m or 200 m between sensors did
not allow for effective localization using piezoelectric accelerometers. Effective

correlation was achieved over a distance of 50 m between sensors for a 110 mm PVC
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cable.

Based on the literature and the results obtained, the following conclusions are presented:
+ The best leak detection results can be obtained with short distances between the
Sensors.

* Accelerometers give good results on cast iron pipes.

* On plastic pipes, leak detection is possible using hydrophone sensors.
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