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Hucepramiss Ha 3700yTTS HAyKOBOTO CTYIEHs JokTopa ¢inocodii 3a
cnietiaybHIcTIO 192 «byaiBHUIITBO Ta IMBUIBHA 1HXeHepis» (19 «ApxiTekTypa Ta
MicToOynyBaHHS). — XapKIBChKUN HaIlOHAJIBHHUI yHIBEpCUTET OydiBHHUIITBA Ta
apxiTekTypu, Xapkis, 2021.

Hucepraniiina poboTa NpUCBAYEHA JTOCHIIKEHHIO MOYJIMBOCTI BUKOPUCTAHHS
OCTOHHUX HEAPMOBAHMX TPYO IS MIJ3EMHUX PO3MOJIIBHUX 1PUTALIWHUX CHUCTEM
TpyOONpPOBOAIB, SIKI TPAHCIOPTYIOTh BOAY B CaMOIUIMBHO-HAIMIPHOMY PEKUMI;
BU3HAYEHHIO HEOOX1AHOI MILIHOCTI O€TOHY JUIsl TPYO, SIK1 MPOKJIAIECHO B 3€MJI1, 3 THUM,
00 OeToHHa TpyOa MO MILHOCTI BiANOBIAAJIa ApMOBAHUM 3aJlI300€TOHHUM TpyOam;
BCTAHOBJICHHIO €(DEKTUBHOCTI HOBOTO TEXHIYHOTO PIIICHHS.

VY po6oTti mpoBeIeHO 00TPYHTYBAHHS TEMU JTOCTIIKEHb, CPOpMYTLOBaHA META Ta
3aja4l JOCIIIPKEeHb, HABEIEHO HayKOBY HOBU3HY Ta MPAKTUYHE 3HAUYEHHS OTPUMAHUX
pE3yNbTaTIB.

311iiCHEHO aHalll3 HAyKOBUX IMYyOJIIKAI[li 1 mpallb, sIKI MPUCBSIYEHI BUBYEHHIO
CTaHy TUTaHb MPO TEXHOJIOTTYHI Ta (PI3UKO-XIMIYHI ACHEKTU CTBOPEHHSI OETOHHHX
HEapMOBaHUX TPYO, K1 MOXKYTh BUKOPUCTOBYBATUCA B IpUTaliiiHux cucremax JliBaHy.
[IpoBeneHo aHami3 CBITOBOTO JIOCBIly BHUKOPUCTaHHS MIKPOKpPEMHE3EeMY s
Moaudikailii eMeHTHUX cucTeM. [IpoBemeHo Orisa ocoOJMBOCTEN 3aCTOCYBaHHS
cynepruiactTudikatopiB 1 MexaHi3MiB Moaudikaiii 1meMeHTHoi maTtpuill. [IpoBeaeHo
OTJIsi CyYacCHMX BHJIIB MIKpoapMyBaHHsS O€TOHIB 1 OOIPYHTOBaHO TMepeBaru
BUKOPUCTAHHS MOJINPOMNIIEHOBOI (iOpHU i CTBOPEHHS HEapMOBaHUX TpyO is
cucteM Meniopaiii. HaBegeHo BIAOMOCTI MpPO BUKOPHUCTaHI MaTepiaid Ta METOIU

JOCIIIKEHB. Y SKOCTI MaTepiaiiB AOCTIHKeHHs 00pani nmoptiaanaieMent mapku [11] 1-



500 H, mo Biamosimae Bumoram JICTY b B.2.7-46:2010, rpaniTHuil BiACiB, KU
BUTOTOBJICHO B pe3yJlbTaTli JpOOJEHHS Ta TMPOCIIOBAaHHS TPAHITHOI MOPOJH,
noJninporijieHoBa ¢Giopa 10BKHUHOWO 6, 12 Ta 18 MM, II1aM MOKPOTO Ta300YHIIESHHS
miciist BUPOOHUIITBA (epOoCHIIiiiio Ha ¢depociuiaBHOMY 3aBoiai 3yK ajb-Xapad 1 Map
(JIiBaH), KOMIUIEKCHa cynepruiacTudikyoda Ta CYIepBOJIOpeayKyrda mgo0aBKa-
PUCKOPIOBAY /IS Ty>KaBiHHS O€TOHIB 1 po3unHiB «Sika® Antifreeze Ne 9.

Jlis BUBUEHHS ¥ aHaNi3y CKJIaay Ta BIACTUBOCTEW CHUPOBHHHUX MaTepialiB 1
BUpPOOIB OyJIM BHKOPHUCTAHI SK HOBITHI (DI3UKO-XIMIYHI METOJU JOCIIKESHHSI
(pentrenogazoBuii aHaji3, pacTpoBa MIKPOCKOIS Ta PTyTHAa MOPOMETPIs), TaK 1
CTaHJapTHI METOJAUKY BU3HAYCHHS BIACTUBOCTEH CUPOBUHU Ta BUPOOIB.

JIoCTOBIpHICTh HAYKOBUX pE3YyJbTaTiB 1 BHUCHOBKIB y JUCEpPTAIiiHIN POOOTI
3a0€3Me4YeHO EKCIEPUMEHTATBHUMU JTOCIIIJKEHHSIMH, SIKI IPOBEJICHI B aKPEAUTOBAHIM
nabopaTopii Ha aTrecToBaHOMY OOJaJHaHHI Ta NPWIAJAX, a TaK0X CyYaCHUMU
MeTOANKaMU OOpoOKHM 1H(pOpMallii, MaTeMaTUYHUM METOJIOM OPTOTrOHAIBHOIO
[EHTPATHFHOTO KOMITO3UIIIMHOTO TJIAHYBaHHS €KCIIEPUMEHTY Ta Cy4aCHUM MTPOTPaMHUAM
3abe3neueHHsM (maket «Model Vision Studium» (MvS, Bepcis 4), nporpamu «Sigma
Plot» Ta «Statistik»).

[IpoBeneHO BUBUCHHS BIACTUBOCTEN MOIU(DIKOBAHUX IPIOHO3EPHUCTHX OCTOHIB
13 MOMINPOTITIEHOBOIO (h10OPOI0 HA OCHOBI OAraTOKOMITOHEHTHOTO B'SXKY4OTO.

BcraHoBieHo, 110 ONTHUMaJIbHUM  BapiaHTOM 32  (DI3UKO-MEXaHIYHUMU
MOKa3HUKaMU € JIOJaBaHHS IIUIaMy MOKpPOTO Ta300uHWIIeHHs B KuibkocTi 15 %.
[Tonanpine 301IbIIEHHS BMICTY IIJIaMYy B CYMIIlll Mai>ke HE BIUTMBAE HA MIIHICTh, OJTHAK
J0JJaBaHHS 1OT0 3HAYHO YCKJIAHIOE TEXHOJIOTII0 MPUTOTYBaHHS.

JloBeneHo, 10 BUKOPUCTAHHS MIJIAMy MOKPOTO Ta300YHUIICHHS BUPOOHHUIITBA
depocuninilo 'y ckiagl 0araTOKOMIOHEHTHOTO B'SKYYOTO CHpPHSIE YTBOPEHHIO
nomMophHUX MoaudiKaIiii OKCHIYy KPEMHII0 Ta HHU3bKOOCHOBHHX T1IPOCHIIIKATIB

kasnpiito Tuy CSH (I) npu 3HmkeHH1 9acTku riapokcuay kanbiito Ca(OH)z.



ExcniepyMeHTanbHO T0BEICHO, 110 IPHU BBEAEHHI IUIaMy CTPYKTYpa IIEMEHTHOTO
KaMEHIO YIIITBLHIOETHCS, a 3alIeMJICHHS MOMINpOoIiaeHoBoi (piOpu migBUIIYyeThCA. 3a
pPaxyHOK YTBOPEHHSI HAaBKOJO BOJIOKOH JojaaTkoBuX HOBOyTBopeHb Tuny CSH (I),
noJimnporigeHoBa (hidpa crae OCHOBOIO JJIs1 JOPMYBAHHS KPUCTATIUHUX 3POCTKIB.

3a pe3ynbTaTaMUd PEHTICHOCTPYKTYPHUX 1 MIKPOCTPYKTYPHHUX JOCIIHKEHb
BCTaHOBJICHO, 1110 cynepiuiactudikatop «Sika® Antifreeze Ne 9y yTBOproe agcopOiriiini
00OJIOHKH, SIKI MOKPAIYIOTh 3MOUYBAJIbHY 3[aTHICTh BOJOKOH (DiOpH, MPUCKOPIOIOTH
rijpaTtaliio HEMEHTY, 3T1aJI)KyI0Th TOBEPXHIO HATIOBHIOBAYIB Ta 3MEHIIIYIOTh TEPTS MIX
YaCTUHKAMHM, TUM CAMUM TOJIIIITYIOYH PEOJIOTIUHI 1 TEXHOJIOTTYHI BIACTUBOCTI CyMIIIIi.
Bapro 3a3HauuTH, 10 CHOUTbHA B3a€EMOJIS LUIAMYy MOKpPOTO Ta300YHIIEHHS,
cynepractudikatopa «Sika® Antifreeze Ne 9» 1 mominpornisieHoBo1 GiOpH MiBUIILYE
CeAUMEHTAlIiHy Ta KOary/siliiHy CTIMKICTh CHCTEMH, CTBOPIOE YMOBHU st
IPUCKOPEHOT0 Ha0OPy MIITHOCTI Ta 30UIbIIIEHHS CTYIIEHS TiApaTallii IEeMEHTY 3 YaCOM.

BuBueHO 3aKOHOMIPHOCTI BIUIMBY CITIBBIIHOIICHHS MOJINPONiieHOBO1 (pidpu Ta
cynepruiactudikaropy «Sika® Antifreeze Ne 9» Ha Pi3uKo-MexaHIuHI XapaKTEPUCTUKHU
Mikpo(hiOpoBUX OETOHIB, CKIaa SKUX po3poOsieHo 3m00yBaueM. /[l  1poro
BUKOPUCTAHUN TOBHUN (PAKTOPHHUI E€KCHEPUMEHT 1 MOOYJOBAaHO IMOBEPXHI BIATYKY
BJIACTUBOCTEH B 3QJICKHOCTI BiJ| CKIIATy.

[TokazaHo, 1110 HaMOUIBIIOTO PO3MOBCIOKEHHS Y BUPOOHHUIITBI OCTOHHUX TPYO
OTpUMalu JABa cnocobu (opMyBaHHS: pajiajibHe W OChOBE NpecyBaHHS. AHami3
€(EeKTUBHOCTI KOKHOTO 13 CIOCOOIB Ha OCHOBI BUKOHAaHUX EKCIEPUMEHTAIBHO-
TEOPETUYHUX PO3POOOK TMOKa3aB, L0 NPU padlaibHOMy MPECYBaHHI MILHICTh 1
BOJOHETIPOHUKHICTD 3aJI€KUTh BIJl TOBIUIMHU CTIHKA TPYyOH: IpH 301IbIICHHI AlaMeTpy
MIITHICTH 1 BOJIOHENIPOHUKHICTh OETOHY 3HUKYETHCS.

Ha ocHOBI mpoBeieHOTO aHali3y po3po0JeHO HOBHUM CHOCIO UIsi BUPOOHUIITBA
OETOHHUX TPYO METOAOM BIOPOBaKYMYBaHHS, SIKUW JO3BOJISIE MiJIBULUTH MOKa3HUKU

MILHOCTI O€TOHHUX BUPOOIB 32 paxyHOK OUIbII €EeKTUBHOIO YIIITBHEHHS CKJIaJ0BHX



oetony: Buganienns 30-40 % pinkoi ¢dasu, M0 3HaXOIUTHCS B CYMIIlll, Ta 301TBIIICHHS
KOHTaKTHOI 30HHM Mi’K HAaITOBHIOBAYEM 1 B'SDKYUHM.

BukoHaHO mepeTBOpPEeHHS BIIOMUX 3aJEKHOCTEH, K1 TO3BOJISIOTH BU3HAYUTH
HOpMaJIbHI KIJIbIIEBl HAMPY>KEHHS BiJl 30BHIIITHBOTO HABAHTAXEHHS Ta BHYTPIIIHBOTO
TUCKY. lle 103BOJIMIIO OTpUMATH HOBI 3aJIEKHOCTI NIl OOYHUCIICHHS HANpyXeHb Y
TpyOax Mpu CHOUIBHIA [1i BHYTPIIIHBOTO THCKY Ta 30BHIIIHBOTO (3BEJICHOIO)
HAaBaHTa)XCHHA. BUKOpHCTaHHS OTpPUMAaHUX PIBHSHB JO3BOJIIE BHU3HAUUTU J11ara3oH
obylacTeil 3acTOoCyBaHHS Ta IJOMpaTH HEOOXIAHUN IMOKA3HWK  MIIHOCTI TpyO 3
MOAN(PIKOBAHOTO OETOHY.

Ha ocHOBI T€XHIKO-€KOHOMIYHOTO aHaI13y JOBEIEHO, 1110 MACOBE BIPOBAKEHHS
y BUPOOHHMITBO 3alpONOHOBAHUX TPYOONPOBOMAIB € CTPATEriuHUM 3aBJAHHAM,
OCKIJIbKH BOHO JJO3BOJIUTH 3a0€3MEYUTH MOAATIbIIE 3HUKEHHS BapTOCT1 OyA1BHULITBA Ta
CIPUSATUME 3HKEHHIO CHPOBUHHUX, a SIK HACTIIOK 1 JiIHAHCOBUX, BUTpPAT.

[IpoBenena ekcrepTHa oOLiHKa €()EKTUBHOCTI TPyOOIIPOBOIB 3 BUKOPUCTAHHAM
MOl TMOPIBHSJIBHOTO aHali3y 3a OCHOBHMMH (PakToOpamM, $IK1 BIUIMBAIOTH Ha
e(deKTUBHE BUKOPHUCTAHHS Ta SIKICTb TpyOompoBomiB. JloBeaeno, mo (idbpodeToHH1
TpyOONPOBOAM PalliOHAIbHIIIE BUKOPUCTOBYBATH 3aMICTh ICHYIOUMX 3aJ11300€TOHHHUX
TPyOOTIPOBOIIB.

KiarwuyoBi cjoBa: OeToHHI TpyOW, MIKpoapMyBaHHS, MIKPOKpPEMHE3EM,
TEXHOJIOTI BiOpOBaKyyMyBaHHs, MoOJu(]iKOBaHI OETOHM, MIABUIIEHHS MII[HOCTI,

CUCTEMH MeJiopaliii.



SUMMARY

Saad Salem. Manufacturing technology of concrete pipe details for the
reclamation systems of Lebanon. — Qualifying scientific work on the rights of the
manuscript.

Thesis for a Doctor of Philosophy degree in specialty 192 «Construction and Civil
Engineering» (19 «Architecture and Constructiony). — Kharkiv National University of
Civil Engineering and Architecture, Kharkiv, 2021.

The thesis is devoted to studying the possibility of using concrete unreinforced
pipes for underground distribution irrigation systems of pipelines transporting water in
a gravity-pressure mode, determining the necessary strength of concrete for pipes laid
in the ground, so that the concrete pipe in terms of strength corresponds to a reinforced
concrete pipe, and establishing how effective such a technical solution is.

The paper substantiates the research topic, formulates the purpose and objectives
of research, presents the scientific novelty and practical significance of the results.

An analysis of scientific publications and works devoted to the study of the state
of issues on technological and physicochemical aspects of the creation of unreinforced
concrete pipes that can be used in the irrigation systems of Lebanon. The analysis of the
world experience of using microsilica for modification of cement systems is carried out.
The review of features of application of superplasticizers and mechanisms of
modification of a cement matrix is carried out. The review of modern types of
microreinforcement of concrete is carried out and the advantages of using polypropylene
fiber for creation of unreinforced pipes for reclamation systems are substantiated.

Information on the used materials and research methods is given. Portland cement
of the III1 I-500 H brand meeting the requirements of DSTU b B.2.7-46:2010, granite
screening formed as a result of crushing and sifting of granite rock, polypropylene fiber

6, 12 and 18 mm long, wet scrubbing sludge after ferrosilicon production at the Zuk al-



Harab and Mar ferroalloy plant (Lebanon), a complex superplasticizing and superwater-
reducing additive-accelerator for hardening of concrete and mortars Sika® Antifreeze
Ne 9.

Both modern research methods (X-ray phase analysis, scanning microscopy and
mercury porometry) and standard methods for determining the properties of raw
materials and products were used to study and analyze the composition and properties
of raw materials and products.

The reliability of scientific results and conclusions in the thesis is ensured by
experiments and research conducted in an accredited laboratory on certified equipment
and devices, as well as modern methods of information processing, mathematical
method of orthogonal central compositional planning of the experiment and modern
software (package ModelVisionStum (MvS, version 4), SigmaPlot and Statistik
programs).

The properties of modified fine grained concrete with polypropylene fiber on the
basis of multicomponent binder are studied.

It is established that the best option in terms of physical and mechanical
parameters is the introduction of wet gas treatment sludge in the amount of 15%. Further
increase in its content, slightly affects the strength of the property, and its introduction
is complicated.

It is shown that the use of wet gas treatment sludge of ferrosilicon production in
the composition of a multicomponent binder promotes the formation of polymorphic
modifications of silicon oxide and low-basic calcium hydrosilicates type CSH (1) while
reducing the proportion of calcium hydroxide Ca(OH)z.

It is experimentally proved that the introduction of wet scrubbing sludge
compacts the structure of cement stone and increases the anchoring of polypropylene
fiber, which is the substrate for the formation of crystalline growths, due to the formation

around the fibers of additional tumors type CSH (1).



X-ray and microstructural studies have shown that the Sika superplasticizer
creates adsorption shells that improve the wettability of the fibers, accelerate the
hydration of the cement, smooth the surface of the fillers and reduce their friction with
each other, improving the rheological and technological properties of the mixture. And
the joint interaction of wet gas sludge, Sika superplasticizer and polypropylene fiber
increases the sedimentation and coagulation resistance of the system, creates conditions
for accelerated accumulation of strength and increase the degree of hydration of cement
over time.

The patterns of the influence of the ratio of polypropylene fiber and Sika
superplasticizer on the physical and mechanical characteristics of the developed
microreinforced concrete have been studied. For this purpose, a complete factorial
experiment was used and the response surface was constructed.

It is shown that the most widespread in the production of concrete pipes are two
methods of formation: radial and axial pressing. Analysis of the effectiveness of each of
the methods on the basis of experimental and theoretical developments showed that the
radial compression strength and water resistance depends on the wall thickness of the
pipe, but with increasing diameter, the strength and water resistance of concrete
decreases.

Based on the analysis, a new method for the production of concrete pipes by
vibrovacuuming was developed, which allows to increase the strength of concrete
products due to stronger compaction of concrete components, removal of 30-40% of the
liquid phase in the mixture and increase the contact zone between aggregate and
astringent.

The transformation of the known dependencies, which allow to determine the
normal ring stresses from the external load P and the internal pressure g, which allowed
to obtain new dependencies for calculating the stresses in the pipes under the combined

action of internal pressure and external (consolidated) load. The use of the obtained



equations allows to determine the range of areas of application of pipes made of
modified concrete and to select the required indicator of its strength.

Based on technical and economic analysis, it is proved that the mass introduction
into production of the proposed modified fiber reinforced concrete pipelines will solve
an important problem, the solution of which can further reduce the cost of construction
of reclamation systems and will be an additional significant reserve of material savings
and financial costs.

An expert assessment of the efficiency of pipelines using a model of comparative
analysis of the main factors influencing the efficient use and quality of pipelines, which
proves the feasibility of replacing reinforced concrete pipelines with fiber reinforced
pipelines.

Key words: concrete pipes, microreinforcement, microsilica, vibrovacuum

technology, modified concrete, strength increase, reclamation systems.
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excniyamayii KOHCmpykyit, o6yodisenb ma cnopyo : matepianu [X MixxHap. HayK. KOH(.
15-16 xostas 2019 p. Xapkis : XHYBA. C. 36.

(Ocobucmuti 8Hecok. po3podous cxkiad 6emomy 3 86e0eHHAM MOOUPIKYIOUUX PEUOBUH,
AKI niosuwyroms onip 6emony 00 HABAHMANCEHb, WO Oilomb HA mMpyou, 8CMAHOBUB
BNJIUE XAPAKMepy MexXHONOIYHUX NPOYeCi8 Npu YWiIbHeHH] 6emMOHHOI CYyMIlLL HA 1020
CMPYKMYPHI  XAPAKMepucmuxu ma KiHyegy MIYHICMmb, Npoeie 1abopamopHi
00CNIOJNCEHHS NOKA3HUKIE OeMOHY NpU PI3HUX MEXHOJ02IUHUX NAUBAX | NPU B8COCHHI

MOOUGIKYIOUUX 000ABOK).



