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PACYET U3I'NBAEMbIX 9JIEMEHTOB
N3 TEKCTUJIBbHO-APMHUPOBAHHOI'O BETOHA 110 ITPOYHOCTH

A.E. lonuoBa, O.H. Ctoasipos
Cankm-Ilemep6ypeckuii nonumexuuueckuti ynusepcumem Ilempa Benuxozo,
2. Canxm-Ilemep6ype (Poccuiickas ®edepayust)

AHHoOTanMs. B 1aHHOM HCCIEeIOBaHMH paccMaTpUBAIOTCA JBa 0a30BBIX MOAXOIA K pacyeTy M3rHOAaeMBIX JJIEMEHTOB U3
TeKCTHJIBHO-apPMUPOBAHHOTO OeToHa. PacueT BemeTcs MCXOINSM M3 TOTO, YTO NCHUCTBYIOIIMHA H3rHOAIONIMA MOMEHT B
ceyeHHH OallKi He JOJDKEH MPEBBILATh NPEACNBEHO JOMYCTUMOrO M3rubaroniero MoMeHTa. [lepBblil MoaXoa OCHOBaH Ha
pacdeTe IO MPOYHOCTH apMHUPYIOIIUX BOJIOKOH HAa pacTskeHHe. BTopolf moaxox OCHOBaH Ha pacdeTe IO AHAIOTHU C
Kene300eTOHHBIMU M3rH0aeMBIMHI JIEMEHTaMH. PacdeTbl mpoBeneHBl Ha MpuMepe o0pas3ioB Oanok W3 TEKCTHIBHO-
apMHpPOBAaHHOI'O OETOHA, apMHUPOBAHHBIX MIETOYECTONKUMH CTEKISTHHBIMU W YITIEPOAHBIMU poBHUHTaMH. OOpasubl 6aiok
6I>IJ'II/I HCIBITAaHBI Ha HM3TH0 JJIA COTIOCTABJICHHUSA OKCIICPUMEHTAJIBHBIX JAHHBIX C aHAJIUTUYCCKUMMU. Br1mo BBIABJICHO, YTO
pacy€THbIE MOMEHTBI 3aKOHOMEPHO COOTBETCTBYIOT OJKCHCPHUMCHTAJIbLHBIM JaHHBIM, OJHAKO HeO6XO):[I/IMO BBCJICHUC
noHmwKamux kodpduuuentos: 0,20 mis nepBoro noaxoxa, u 0,25 must Broporo moaxona. CyliecTByeT MHOXECTBO
(axTOpOB, KOTOPBIE MOTYT yYHTHIBaTh B cebe JaHHbIE MOHWKaromue KodpduieHTsl. CaMbIMH OYEBUIHBIMH SIBISIFOTCS
HEHJeaJbHOCTh CIEIICHUs] apMUPYIOIINX POBHHIOB ¢ OETOHOM, BHYTPEHHHE HAIPsHKEHUsI W MPOCKAJIb3BbIBAHUS MEXIY
(unamMeHTaMu BHYTPU POBHHTA, HHOM XapakTep TPEIIMHOOOpa30BaHMs 110 CPABHEHHMIO C KIIACCHUYECKHUM JKEJIE300€TOHOM.
VYder cnoxxHOCTeH paboThl KOHCTPYKIMI M3 TEKCTWJIFHO-apMHPOBAHHOTO OSTOHA MOXKET OBITH IPOM3BEIEH ITOCPEACTBOM
BBEJICHUS 00Jiee CII0KHBIX PACUSTHBIX MOJEIICH, YTO U IUTAHUPYETCS BBHITOJIHUTD B JaJbHEHIINX HCCIIEI0BAHHSAX.

KiroueBble c10Ba: TEKCTHIBHO-aPMHUPOBAHHBIA OETOH, KOMIIO3WTHAs apMaTypa, TEKCTWIBHOE apMHpOBaHHE, H3THO,
MIPOYHOCTH Ha M3TH0, pacyeT KOHCTPYKLHUH.

Cebrika ais uutupoBanmsi: Jlonmoa A.E., CromspoB O.H. Pacuer wusrmbaeMbix 5JIEMEHTOB W3 TEKCTHIBHO-
apMHpOBaHHOTO OeToHa 10 pouyHocTH // UHkeHepHbie ucciemoBanums. 2025. Nel1(21). C. 3-11. EDN: HYOHRO

TEXTILE-REINFORCED CONCRETE BEAMS DESIGN APPROACHES

A.E. Dontsova, O.N. Stolyarov
Peter the Great St.Petersburg Polytechnic University, St.Petersburg (Russian Federation)

Abstract. Two basic design approaches for beams made of textile-reinforced concrete are considered in this study. The
global approach is that the bending moment in the beam section should not exceed the ultimate bending moment. The first
approach is based on the calculation of the tensile strength of reinforcing fibers. The second approach is based on the steel-
reinforced concrete design. The beam samples of concrete reinforced with alkali-resistant glass and carbon rovings were
manufactured. The beam samples have been tested for three-point bending. The experimental data has been compared to
the results of analytical design. The calculated ultimate moments correspond to the experimental data, but it was necessary
to introduce the reduction factors: 0.20 for the first approach and 0.25 for the second approach. The reduction factors may
consider a wide list of factors. The most obvious are the imperfection of the bond between the reinforcement and the
concrete matrix, internal stresses and slippage between the filaments of the rovings, and a different nature of crack
formation compared to traditional steel-reinforced concrete. These complexities of textile-reinforced concrete structures
can be taken into account by introducing more complex calculation models.

Keywords: textile-reinforced concrete, textile reinforcement, non-metallic reinforcement, flexural strength, design
approach, structural design.

For citation: Dontsova A.E., Stolyarov O.N. Textile-reinforced concrete beams design approaches // Inzhenernyye
issledovaniya [Engineering Research]. 2025. No.1(21). Pp. 3-11. EDN: HYOHRO
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BBEJAEHUE

Hecmotps Ha TO, uTO TekcTuinbHO-apmMupoBaHHbI 0eToH (TAB) mosBuica eme B 1990-x romax, u ero
KOHCTPYKTHBHBIE CBOWCTBA aKTUBHO HCCIIEAYIOTCS B IOCIEIHUE ABA ACCATHICTHS, IPUMEHEHNE TEKCTHIIbHBIX
MaTepraloB JUIsl apMUPOBAHUS OETOHHBIX MATPHIl BCE €Ille CYMTAETCS HOBATOPCKUM MOAXoxoM. Jlo cux mop
OTCYTCTBYIOT HOPMAaTHBHO-TEXHMYECKHE JIOKYMEHTBI, pPErIaMEHTHPYIOIINE MPOEKTUPOBAHHME M pacueT
KOHCTPYKLUH U3 TEKCTHIBHO-apMUPOBAHHOI'O OETOHA, @ Hay4HbIE UCCIIEIOBAHUS, B OCHOBHOM, (hOKyCUpyrOTCS
Ha 0a30BBIX MEXaHWYECKHMX CBOWCTBaX MaTepHasia: MPOYHOCTH Ha M3TH0 W HA Pa3phiB. B menoM, BO3MOXKHO
MpUMEHEHHE HOPMATHUBOB, pa3paboTaHHBIX A >kene3o0eToHa. llenmeBble mapaMeTpsl pe3yNbTHPYIOLICH
KOHCTPYKLHMH COXPAHSIOTCS HEM3MEHHBIMH JJIsl JTIOOBIX OETOHHBIX KOHCTPYKLUMH: MPOYHOCTb, HAIEKHOCTD,
(YHKLIMOHAJIBHOCTh, SKOHOMHUYHOCTb. [Ipu 3TOM, B pacdere NO/DKEH OBITh MPOU3BENCH y4eT 0COOEHHOCTEH
CIICTUICHHUS TEKCTHIILHBIX CETOK ¢ OeToHHOW Marpuuei. ClieyeT Tak)ke BBeCTH KOPPEKTHBBI BBUY Pa3Iniui B
XapakTePUCTUKAX TEKY4eCTH HEMETAIUIMYECKOTO apMUPOBAHUS 110 CPAaBHEHHUIO CO CTAIBHBIM.

beToH sBiseTCS XPYIKUM MaTEpUaIOM, U €0 IPOYHOCTh HAa PACTSHKEHUE KaK IPaBUIO Ha MOPSAIOK HIIKE,
YeM MPOYHOCTh Ha ckatre. YToObl KOMIEHCHPOBATH €0 HU3KYI0 CIIOCOOHOCTh K PACTSHKEHHIO, B OETOHHBIE
AIIEMEHTHl JOOABISIOT apMHUPYIOLUIME CTEPKHH, KOTOPbIE BOCIPHHUMAIOT pACTATHBAIOLIME HArpy3Kd, H
OPeNOTBPAIIAIOT  paspylleHHe KOHCTpYyKIMH. OCHOBHOE TPAaBWIIO IPOSKTHPOBAHHUS  CTPOMUTENBHBIX
KOHCTPYKITMI 3aKJII0OYaeTcss B TOM, YTO TNPHIIOKEHHAs Harpy3ka He JOJDKHA IPEBBIIATh MaKCHMAbHYIO
HEepa3pyIAoUIyI0 HAarpy3Ky. BOJNBIIMHCTBO CTPOUTENBHBIX HOPM U MPaBWJI TaK WM HHA4Ye OCHOBaHBI HA ATOM
npuniune. Tak, B CII 63.13330.2018 sToT npuHOMI CHOPMYJIUPOBAH CIEAYIOMIMM OOpa3oOM: YCHJIHME OT
BHEIIHUX HArpy30K W BO3JCHCTBUM B CEUCHMHM IPU pacyere IO NPOYHOCTH HE MOJDKHO IPEBHILATH
MPeIeNbHOTO YCUIINS, KOTOPOE MOXKET OBITh BOCIIPUHSTO JIEMEHTOM B 3TOM ceueHuu (F < Fy;;). AHaIOrH4YeH
€My U IPUHLUT AJIsI pacueTa W3rudaeMbIX JIEMEHTOB: N3THOAIOIINI MOMEHT OT BHEITHEHW HATPY3KH HE JOJIKECH
[IPEBBIIATh NPEAETBHOr0 H3rMOAroIer0o MOMEHTa, KOTOPBIH CIIOCOOHO BOCHPHHATH CEUCHHE 3JIEMEHTa
(M < My;;). AHanoru4HeiM 00pa3oM pPEriIaMeHTHPYETCsl pacyeT KOHCTPYKLHI W B aMEPUKAHCKOM CTaHAapTe
ACI 318-14, u B mpo4HX MHPOKO NPUMEHSIEMBIX [0 BCEMY MHUPY CTaHJIapTax MO NPOEKTUPOBAHUIO OCTOHHBIX H
XKeNe300eTOHHBIX KOHCTPYKUMA. IpenenbHpiii n3rubaromuii MOMEHT AJISl PACCMAaTPHUBAEMOI0 CEUCHHST MOKET
OBITH OIpeJIesieH Yepe3 TeOMETPUIECKUE apaMeTphl OAJIKH U IPOYHOCTHBIE CBOMCTBA MCIIOIB3YyEeMOro OETOHA U
apMrpoBaHUA. PacueT W MpPOEKTHPOBAHMS 3HAYUTEIHHO OOJErdaroTcs MPH HCIIONB30BaHUM PACCMOTPEHHOTO
MPUHLIMIIA COBMECTHO C PSAJOM YINPOLIEHWH: TMIOTE30M IUIOCKUX CEYEHUH, WJICATbHBIM CLEIUIEHUEM MEXKIY
0ETOHOM W apMHPOBAaHMEM, HEBOCIPHUITHEM OETOHOM pPAaCTATMBAIOLIMX HArpy30K B PacTATHBAIOLICH 30HE,
MPSIMOM B3aUMOCBSI3bI0 MEIKTY HANIPSHKCHUSIMH U JIe(OPMAITUSIMH.

PaccMOTpeHHBIH MPUHIMI SBISIETCS YHUBEPCATBHBIM, U MOXET OBITh NMPUMEHEH U MPOEKTHPOBAHUS
HU3ru0aeMbIX JJIEMEHTOB U3 TEKCTHJIBHO-apMHUPOBAHHOTO OCETOHA, OJIHAKO CIEAYeT MOAM(PHUIHNPOBATH
YIPOLIEHUS] B COOTBETCTBUU C MEXaHHYECKUMM CBOMCTBaMH TEKCTHJIbHO-apMHpOBaHHOTO OeroHa. Haumbonee
BaXKHBIM SIBJSIETCSl Y4eT HaJM4Msl MPOCKAIB3bIBAHUS TEKCTWIIBHBIX apMUPYIONIUX POBHHTOB B OCTOHHOM
MaTpHIle TOJA DPAacCTSITUBAIOLICH Harpy3koil. B KOHTEKcTE KOMIIO3UTHBIX MaTepUalloB POBHHIAMU HAa3bIBAIOT
KTYThl WIN TYYKH W3 MapajulelbHO HANpaBJICHHBIX HE NEPEIICTEHHBIX BOJOKOH. KOMIO3UTHBIE POBUHTH B
TEeKCTHIIBHO-apMUPOBAaHHOM O€TOHE SBISIOTCS AaHAJOTaMH CTalbHBIX CTepXHeW B apmoremernrte. [lpu
JOCTM)KEHUH HArpy3KH, JAOCTaTOYHOM IS TMOSIBICHUS TPEIIWH, WIealbHas CBSI3b MEXAY apMHUPOBAaHHUEM U
OeTOHHOW MaTpuleld HapylaeTcs, WU B OONAcTSIX TPELIMH BO3HUKAET Iepenaj HalpsbKeHHs B OCTOHE |
apMupyomux poBuHTax. [Ipy 5ToM 0eTOH BOCIPHHMMAET YacTh PACTATHBAIONIEH HArpy3KH, XOTS B paMKax
YIPOILEHUI CUUTAETCS, YTO BCE PACTSKEHHUE MIPETEPIIEBAET apMaTypa.

UccnenoBanusi, ONMCHIBAIONIME HCIBITAaHUS OOpa3loB 0ajOK M3 TEKCTHIBLHO-apMHPOBAaHHOTO OETOHa Ha
u3ru6, npezacrasiensl B [1-9]. B [1] ucciaenyercs BausHUE PacroiOKeHHs apMUPYIONICH CETKH U €€ TYCTOThI
Ha KOHEeuHYI0 mpouHocTh TAD Ha m3ru6. BinsHue muieTeHus MOIOTHA Ha TPOYHOCTH KOMITO3UTA OBLIIO H3YYEHO
B [8, 10]. B [11] mpezacraBieHBl pe3ynbTaThl CTATUYECKOTO W IUKJIMYHOTO HCIHBITAHHN TEKCTHIBHO-
apMHUPOBAaHHBIX OETOHHBIX Oanok Ha M3rud, mpu apmupoBaHuu LIC-CTEKISIHHBIMU M YITIEPOJHON CETKaMH.
OO0mmii BUI AUarpaMMBbl pacTsKEHHUS o0Opasila TeKCTHIHLHO-apMHUPOBAHHOTO OCTOHA TpencTaBiieH Ha puc. 1.
MOXHO pa3leNuTh DIEMEHTHl JHarpaMMbl Ha YCIOBHBIE 0O0JacTH, BKIIOYAIOIIME B ceda: IUIaTo
TpeMHOOOpa30BaHus, O0JacTh pa3BUTHsS TpPEMIMH, TOYKY MHKOBOM HArpy3kd, M TOYKY pa3pylIeHHS
obpasna [12].
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Puc. 1. Z[HarpaMMa PaCTAKECHUA 06pa3110B TCKCTUJIIbHO-apMHUPOBAHHOT'O OerTona
Fig. 1. Stress-strain curve for TRC under tension

PasnuyaroT HECKOIBKO CIEHApHEB paspyiueHus sjieMeHToB TAB: paspymenwe mpu paccioenunn [9],
cnsuroBoe paspyiuenue [9], teneckonudeckoe paspymenue [13], xpynkoe paspyuienne. ComyTCTBYHOIMMHU
(akTopaMu, BIMSAIOIMIMMA Ha TPOYHOCTh TEKCTWIHHO-apMHUPOBAaHHOTO OETOHa Ha W3ru0, SBISIOTCS
MIPOYHOCTHBIC CBOMCTBA CAMHX apMHPYIONINX CETOK M CIEIICHHE apMUPYIOIINX HUTEH ¢ OCTOHHON Matpurlei
[3, 14-16]. OnpenensronMu XapakKTEPUCTUKAMH TIPH TTOA00PE apMHUPYIOIIETO TEKCTHIIS SIBISIOTCS TIOBEIEHHE
POBUHTOB TIPU PACTSKEHUU, UX CTOWKOCThH K IMIETIOUYHOHN cpefe, u moBeacHne TAb-3eMeHTOB, apMUPOBAHHBIX
STHMH POBUHTaMH, Tpu pacTspkenuu [16, 17]. BriusHue Haauuus NPOMHUTOK HA CICMJICHHUE apMUPYIOIINX
poBuHTOB ¢ OeroHOM paccmoTpeno B [2, 4, 18, 19]. B [20, 21] paccMOTpeHO BIHSHHE IMOBBIIMICHHBIX
TEMIIepaTyp Ha CLEIUICHHE TEKCTUIIS ¢ OETOHOM.

C HakoruieHueM 0a3bl 3KCICPUMCHTAJIBHBIX JIJAHHBIX 10 TOBEJICHHIO TEKCTUJIHHO-apMHUPOBAHHOTO OETOHA
[OJT HArpy3KOH M XapakTepe pa3pylieHus d>JIeMeHToB u3 TADB, crano BO3MOXXHBIM CO3JJaHHE aHATMTHYECKUX
MoJIeJIeil, OTMCHIBAIONINX MOBEJCHNE MaTeprana. KoHeYHO-3JIeMEHTHOE MOJICIIMPOBAHUE TIOBEICHHSI DJIEMEHTOB
U3 TEKCTHJIbHO-apMHPOBAHHOTO OETOHA IMOJ] HAarpy3Koil BbINMOMHEHO B padorax [3, 14, 22-25]. Moaers,
YUYHMTBIBAIOMIAs CIICIUICHHE apMHUPYIONINX POBHHTOB ¢ OCTOHHOHN Marpuiieil paspabateiBaetcs B [23]. Meton
KOHEYHBIX Pa3HOCTEH UCIOIB30BaICs B [26] A/1st MPOTHO3MPOBAHKS TPEITUHOOOPA30BAHUSI IPU PA3PYIICHUHU Ha
pactsokenue. B paborax [27-30] paspabaTeIBaroTCs BO3MOXHBIE PACUCTHBIE CXEMBI UIS MTPOCKTHPOBAHHS
CTPOUTEIBHBIX KOHCTPYKIIUHI U3 TEKCTUIHHO-apMUPOBAHHOTO OETOHA.

Ienpro maHHOW pPabOTHI SBISAETCA PACCMOTpPEHHE O0a30BBIX IIOJXOJOB K pacdeTy KOHCTPYKIHMHA W3
apMupoBaHHOTO OeToHa. /Il TOCTIKEHHS TOCTABIICHHOW IIEJIM B PaMKaX MCCIIEJ0BaHMS ObUTH U3TOTOBJICHBI H
HCIBITAHBI HA TPEXTOYCYHBIH M3rH0 00pa3ibl 0ANOK M3 TEKCTHJILHO-apPMUPOBAHHOrO OeroHa. OOpasibl ObUIH
apmupoBanbl mienodectoiikumu  (ILC) cTeknsHHBIMH W  yIIepoAHbBIMH poBuHTamMu. s wmopeneit
M3TOTOBJICHHBIX 00pa3IOB MPOBOJMTCS pacueT MpeelbHBIX H3rHOArOIUX MOMEHTOB B CEUCHHU 110 JIBYM
pacueTHBIM MeToAuKaM. [lepBblii moaxoa Qokycupyercs Ha MpelesibHOW MPOYHOCTH apMHUPYIOIIMX POBUHIOB
Ha pa3pbiB. BTOpol moaxoj sBIsSETCS aHAJIOTOM pacueTa kene300eToHHOoW Oanmku Ha u3rub. [lomyueHHbIE
YHCIIEHHBIE W DKCIIEPUMEHTAIBHbIE JaHHBIE CPAaBHUBAIOTCS ISl BRISIBJICHHUS COOTBETCTBHI U 3aKOHOMEPHOCTEH.

MATEPHAJIBI 1 METO/IbI
Juis m3roToBneHust 00pasroB 31neMeHToB n3 TAD ObUIHM MCTIONB30BaHbl OCHOBOBSI3aHbIE TEKCTUIIBHBIE CETKH
m3 menodecToknx (ILC) CTEKIIHHBIX W YTIESPOTHBIX POBHHTOB. MeEXaHMYECKHE CBOWCTBA apMHPYIOIIHX
POBHHIOB, HCIIOJIB30BAHHBIX ISl apMHPOBaHMUA 00pa3loB, NMpeacTaBieHbl B Ta0u. 1. MexaHndeckue cBOCTBa
OBLIH OIIpe/IeNIeHbI SKCIIepUMenTabHo B [31, 32].
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Tab6auna 1. MexaHuyeckue CBOWCTBA apMUPYIOLIUX POBHHIOB
Table 1. Mechanical properties of reinforcing rovings

XapakrepucTuka Tunt posuuros
IIC crexistaHbBIC Yriepogusie

IIpounocTh Ha pactshkenne (Mlla) 1042 2090
JluHeitHas IIOTHOCTH (TEKC) 2400 1600
IToBEPXHOCTHAS IJIOTHOCTH (T/M?) 620 510
Urcno poBHHTOB B ceueHNH (Ha | METp IMIMPHHEL, IIT.) 80 70

V nenpHas IIOTHOCTH (KI/M°) 2680 1820
ILiomazp cedenus poBuHra (Mm?) 0,896 0,879

V nenbHas NIomans BOIOKOH (MM%/M) 71,642 61,538
Monmyns yopyroctu (I['Tla) 66,5 173

g GeToHUpOBaHMS 00pa3oOB NCIIOIK30BAIACH MEJIKO3EpHHCTas OeToHHas cMech. CocTaB OETOHHOM cMecH
MpeJICTaBJICH B Ta01.2.

Tadauma 2. CocTaB MEJIKO3EpHUCTOTO OETOHA JJIsT H3TOTOBJICHHS 00pa3IioB
Table 2. Fine-grain concrete mix proportion

Cocrapsitoniee IHement M400 [Tecox [Tnactudukarop Bona
Macca, r 665 1213r 7 245

B kauecTBe SKCIEpUMEHTAIBHBIX 00pa3loB ObUIM M3rOTOBJIEHBI Oanku ¢ rabaputamu 15x50x200 MM u
40x40x160 mm. OOpa3np! ObUTM 3a0€TOHUPOBAHBI M XPAHMINCH BO BIXHOH cpele HE MPOTsDKEHUH 28 nHel
Iuis Habopa mpodHocTd 6eToHOM. KOHTposbHBIE 00pa3iibl H3rOTOBIEHHOTO OETOHA, MCIIBITAHHBIE HA CXKaTHe,
MOKa3aliu MPOYHOCTh Ha cxxatue Ry, =24 MIla.

OO0pa3upl 0anok ObUIM MCHBITaHBl HAa M3THO HA IIEKTPOMEXAHWYECKOW HCHBITaTeNbHOW MamuHe Instron
5965. UcnbiTanusi NMPOBOJUINCH B CIEAYIONIMX YCIOBUAX: PACCTOSHUE MEXIY OmopaMH cocTaiisio 150 MM
w130 MM st o6pasros muHOW 200 MM wim 160 MM, COOTBETCTBEHHO. HarpyxeHue mpou3BOIMIOCH C
MOCTOSIHHON CKOpOCThIO B 1 MM/MuH. Cxema HarpyKeHus NpuBe/ieHa Ha puc. 2.

F =qb q
/ /

A A

(T)‘ (T) [N

2 1,5h 1,5h o

4 4

Puc. 2. Cxema Harpy»xeHus 0aJ0K IMPH TPEXTOYCTHOM H3THOE

Fig. 2. Schematic view of a sample beam under three-point bending

IIpenen npoyHocTH Ha U3rud ObUT paccuuTan o Gopmyie (1).

M :
g = 'max /VVZ’ @
T7I¢ MAKCUMaIBHBIA N3THOAIONTHIE MOMEHT M, BBIYUCIISIICS IO opmyiie (2).
F, l
Mnax = w;ax s 2)

rae Fyqx — MakcuMasbHasi CHIIa;

[ — mposieT Mex Iy omopamu.

B pacuerax W, — 3T0 MOMEHT WHepIHH OAJTKH, BRIYUCIIsAEMBIN TI0 (hopmyie (3).
bh?

W, =—, 3)
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AHAJIMTUYECKU PACYET KOHCTPYKIIUM U3 TEKCTUJIbHO-APMHUPOBAHHOI'O BETOHA
MO’KHO BBIZICTTUTH JIBa OCHOBHBIX TOJX0/a K MPOCKTHPOBAHUIO OSTOHHBIX KOHCTPYKIHH, KOTOPBIE MOXHO
paclpoCTpaHUTh W Ha TEKCTHIHFHO-apMHUPOBAaHHBIA OETOH: WCIONB30BaHWE IMPOYHOCTH apMHUPOBAaHUS Ha
pacTsHKEHHE B KadeCTBE OCHOBHOTO KpHUTEpUsS HAIC)KHOCTH U pacyeT CEUCHUS W3 YpaBHEHHUH paBHOBECHS
BHYTPEHHHUX U BHEUTHUX CUJI, IEUCTBYIOLIUX B CEUCHUH B €0 MIPEIEILHOM COCTOSHUH.

HOJAXOJ, 1: IPOYHOCTh APMHUPOBAHNS HA PACTSX)KEHUE KAK OCHOBHOM KPUTEPUI

[Ipu npoeKkTHpoBaHMY 1O MPOYHOCTH aPMHUPOBAHMSI HA pacTsHKeHUE UCTIONb3yeTcs popmya (4).

My = Rs - As " hy, 4
rae M,, — MaKCUMaIbHO JOITYCTUMBIN H3ruOaromuii MoMeHT, H-M;
R, — IPOYHOCTH TEKCTHIHLHOTO BOJIOKHA HA pa3phis, H/Mm?;
Ag — TIIOIIAIb ApMUPYIONIUX BOIOKOH B CEUEHHH, MM,
ho — mone3Has BbIcOTa ceueHHs, M. 3aBUCHUT OT PACIIONIOKEHHS APMUPYIOIIUX CTEP>KHEH B paCTAHYTOU 30HE.
CxeMa monepeyHoro cedeHus: oopasia u reOMeTpUUECKUe apaMeTphl CEYeHHUs N300paskeHbl Ha pUCYHKE 3.

A A
x ~ c CiKHMalomad cHila
- Rb . b X
A fho ¥ | —
HEHTPAIBEHAA OChH
h p
CHna pagTaKelns
. S pagl
123228
\ S R |

b

-

Puc. 3. 'eomerprueckue nmapaMeTpsl CEUCHHUS U CXeMa BHYTPEHHUX YCHITHH
Fig. 3. Beam section parameters and internal forces distribution under flexural load

[Ipy TPOEKTHPOBAHMM W3 YPAaBHEHWI pABHOBECHS CHJI, JEHCTBYIOIIMX B CEYEHHH, WCIOJIB3YETCS
¢dopmymna (5).

X
M, =R Ag-(ho = %), (5)
IJIe X — BBICOTA CIKATOW 30HBI, M, KOTOpasi MOXKET ObITh paccuuTana mo gopmyiie (6):
— RS-AS—RSC-AQ . (6)
Rp'b !

Tak Kak B pacCMaTpUBaeMBbIX DJIEMEHTaX OTCYTCTBYET apMHUPOBAHKE B CIKATOM 30HE, TO ciaraeMoe Ry, - A% B
dhopmyne (6), yIUTHIBarOIIEe HAIMYNE apMaTyphl B CKaTOi 30HE, paBHIETCS Hy0. M3-3a atoro, Gpopmyisr (4)
u (5) OTIMYaIOTCS HE3HAYUTENBHO, MOSTOMY AAHHBIM MOJIXOA K NPOCKTUPOBAHUIO MOXKET OBITH 0000mIeH
eanHo# popmynoii (5), yYUTHIBAIOIIEH BRICOTY CXKATOHM 30HBI, U AOIIEi MEHBIITNI pe3yIbTaT.

IMOAXO/ 2: TPOYHOCTDb BETOHA HA CXKXATHUE KAK OCHOBHOM KPUTEPUI
[Ipu npoekTUpoBaHNY KeI€300E€TOHHBIX OANOK UCOIb3yeTcs opmyia (7).
My =Ry -b-x-(ho =) + Ryc - Ay - (hg — ). (7)
[Tockonbky paccMaTpuBaeMble ASJIEMEHTHI M3 TEKCTHIHHO-apMHUPOBAHHOTO OETOHA apMHUpPOBAHBI OJHHM

CJIOEM TEKCTHUJIBHOW CETKH, BTOPOE CJaraeMoe, YYMTBHIBAIOIICEe COMPOTHBICHUE CTANBHOTO apMUPOBAHUS IO
BepxHE# rpanu 6anku, paHO Hyr0. Dopmyna mprobdbperaeT Buf (8).

Mye =Ry -b-x-(hg—3). )

PE3VJIBTATEHI
Wcxonnple naHHBIC Ui pacueTa BBIOMPAIOTCS HAa OCHOBAHWW W3TOTOBJICHHBIX HSKCIEPUMEHTAIBHBIX
00pas3ioB. Pe3ynbTaThl 3KCIEPUMEHTAJIBHBIX MAHHBIX II0 HCIBITAHUAM OOpPa3loB Ha H3rU0 CBEIACHBI B
Tabmmiy 3.
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Ta6muma 3. Pe3ynbraThl HCTIBITAHUI OaJIOK HA U3TUO
Table 3. Three-point bending test results

Ne Tun apMupoBanus Pa3mepsbl, MM Frao H 8, MIla
1 CTeKIITHHBIE 15,6x200,0x50,0 198,54 3,67
2 CTeKIITHHBIE 19,4x200,0x50,0 224,15 2,67
3 CTeKIITHHBIE 36,6x160,0x41,7 978,58 3,42
4 YrneponHsie 12,4x200,0x50,0 155,09 4,54
5 YrneponHsie 13,8x200,0x50,0 180,22 4,26
6 YrneponHsie 32,2x160,0x41,4 985,50 4,27

Pe3ymbraTel pacdera paccMaTpuBaeMbIX OajoOK aHATUTHYECKUMHU CIIocoO0aMmu cBeneHBl B Tabmwmiy 4. [lpu
9TOM TMIOJIe3HAs BBICOTA ceueHust h, paccuuThiBadach kak 0,6h, B COOTBETCTBUH C PAaCIONOXEHUEM
APMUPYIOIUX POBUHTOB B CEUESHUU ITPH OETOHUPOBAHHH.

Tadauua 4. DKcriepuMEHTAITLHBIC U PACUETHBIE TAHHBIE 110 TIPOYHOCTH 0aok
Table 4. Experimental and calculated ultimate bending moments

ITapameTpsl ceuenust DKCIEPUMEHT [Toaxon 1 [Moxxon 2
Ne | Tum apmupoBanust boa hoat | Lw . Fpe 0 | Moo Hot ZL;/I MMLZx M, Ho IZLL::
1 CrexisiHHBIE 0,05 0,0156 | 0,2 | 0,00536 199 9,93 60,2 | 0,165 43,0 0,231
2 CrexyIsTHHBIC 0,05 0,0194 | 0,2 | 0,00536 224 11,21 74,9 | 0,150 57,6 0,194
3 CrexyIsiHHBIE 0,0417 | 0,0366 | 0,1 | 0,00536 979 24,46 117,8 | 0,208 103,4 0,237
4 Yrneponusie 0,05 0,0124 | 0,2 | 0,00536 155 7,75 47,8 | 0,162 30,6 0,253
5 YraeponHsie 0,05 0,0138 | 0,2 | 0,00536 180 9,01 53,2 | 0,169 36,0 0,250
6 VYraeponHsie 0,0414 | 0,0322 | 0,1 | 0,00536 986 24,64 102,9 | 0,239 88,6 0,278

Ilpu mepBUYHOM pacueTe pacyeTHbIC 3HAUCHHS MAKCHUMAJbHO JIOMYCTUMBIX MOMEHTOB OKa3bIBAIOTCA
3HAYHUTEIBHO BBIME (DAKTUYECKH IOJYYCHHBIX SKCIEPHMCHTAIBHBIX 3Ha4YeHHH. B cpemHeM, TEeOpeTHYCCKH
TTOJTYICHHBIE MOMEHTHI TIPEBOCXO MM KCIIEPUMEHTAILHO TIOJTyYeHHEIE B 4 pa3a. [Ipu 3ToM, MOKHO OTMETHTb,
YTO MOJyYCHHBIC MOMEHTHI 3aKOHOMEPHO COOTBETCTBOBANM JKCIEPUMEHTAIBHBIM NaHHBIM. [lpu BBeneHUU B
TEOPETHUYECKUE PACUETHI MMOHIDKAIoMIero koddduiuenta, pasaoro 0,2 ans My, u 0,25 s My,;¢, MOXKHO TOCTHYB
ONM3KMX 3HAYCHHHA TEOPETUUCCKUX W IKCIEPUMEHTANBHBIX JaHHBIX. CBOJHBIC JaHHBIE C YyYETOM
koadurmenta 0,25 npeacrasieHs! B Ta0:1.5.

Tadanua 5. CBoHbIC TaHHBIC HCTIBITAHUH U pacueToB Oanok n3 TAb
Table 5. Ultimate bending moments considering reduction factors for calculated data

No Tun apMupoBaHus M, H-m 0,2*M,, Hm 0,25 * My, Hm
1 CTEKISHHBIE 9,9 12,0 10,7
2 CTEKIAHHEIC 11,2 15,0 14,4
3 CTEKJIIHHBIE 245 23,6 25,9
4 YIIIEPOTHBIC 7,8 9,6 7,7
5 YIJIepOIHbIE 9,0 10,6 9,0
6 YIJICPOIHBIC 24,6 20,6 22,2

I'paduueckoe mpencraBieHUe TOMYYEHHBIX dKCIIEPUMEHTAIBHBIX M PACUETHBIX NAHHBIX MPEJCTABICHO Ha
puc.4.
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Puc. 4. Hpel[eJ'ILHLIe I/I3FI/I6aIOH.II/I€ MOMCHTHBI JJIA 0aJIoK U3 TCKCTUJIIbHO-apMHUPOBAHHOT'O OeToHa
Fig. 4. Ultimate banding moments for TRC beams considering reduction factors for calculated data

OBCYXIEHUE
CpenHuie 3HaueHHs PACUETHBIX HAIMPSKEHUH MPH pa3pyLIeHUH 00pa3lioB W3 TEKCTHUIILHO-apMUPOBAHHOTO
OeToHa Ha M3TMO COCTABMIM O, = 4,19 MIla 11 apMUPOBAaHHBIX YIJIEPOJHBIME POBHHIaMH 00Opa3loB U

Ocpye = 3,25 Mlla mms apmupoBaHHbIX I[C-CTEKISITHHBIMA POBHHTaMH 00pa3ioB. Takoe COOTHOIIICHHE

pe3yNbTaTOB IKCIIEPUMEHTA COBIAJAET C OXKHAAHUSMHU, MOCKOIBKY MPOYHOCTH YTJIEPOAHBIX POBHUHTOB BHIIIIE
npounoctH [1IC-crexnsanubix. [TomydeHHbIe B paMKax SKCIIEPUMEHTOB JIaHHBIE U 00lee MOBEJCHUE IIEMEHTOB
n3 TAB mpu u3rube coryiacoBBIBAIOTCS C PE3yJbTaTaMH AHAJIOTHYHBIX HCHBITAHWH, MPEICTABICHHBIX B
uccienoBanuu [33].

CpaBHeHHE pe3yJbTaTOB OJKCIEPUMEHTAIBHBIX M PACUETHBIX AaHHBIX MPOBOJWIOCH IO HM3THOAIOLIMM
MOMEHTaM B ceueHHsx Oanku. Ilpum pacuere 31€MEHTOB MO MNPOYHOCTH TEKCTHIBHOTO apMUPOBaHHSA Ha
pacTshKeHHE pe3yJbTaThl PAcdyeTOB OJIM3ATCS K OKCIIEPUMEHTAJBHBIM JAaHHBIM IIPH  HMCIOJIb30BAHUH
MoHIKaromero kodgunuenta, pasaoro 0,25. [Ipu pacdere 371eMEHTOB U3 TEKCTIIIFHO-apMUPOBAHHOTO OeTOHA
KaK M3rubaeMbIX 0ajioK U3 kKeJe300eTOHa Pe3yJIbTaThl pacueToB OJIHM3SITCS K AKCIIEPUMEHTAIBHBIM JaHHBIM MIPU
WCTIOJIb30BaHUU MOHMXKatoulero koagduuuenta, pasaoro 0,20. Kak yxe Ob1o ynoMsHyTO B paMKax o0630pa
JUTEPATYPHBIX HMCTOYHUKOB, CYIIECTBYET PsA 3HAYUTENBHBIX OTIMYHN TEKCTUIBHOTO apMHPOBAaHUS OT
CTaJbHOTO. Pa3nmuuusi B CLEIUIEHMH apMHPYIOUIMX CTEpKHEH ¢ OETOHHON Marpuied, aHM30TPOITHOCTh M
HEMOHOJIMTHOCTh apMHUPYIOIIET0 MaTepuana, CIUIETEHHOTO0 M3 OOJBLIOro 4ucia (UIaMEHTOB, BHYTpEHHEE
[IPOCKab3bIBaHUE (MIIAMEHTOB APYr OTHOCHTENBHO Apyra — BCe 3TH (aKTOPbl MOTYT OBITh 3aJIOKEHBI B
BBISIBJICHHOM TIOHIDKaromeM Kodddunuente. Takke HEOOXOAUMO OTMETHTH TEOMETPUUYECKHE OTIIMYHS CEUEHUS
3JIEMEHTA U3 TEKCTHJIBHO-apMHPOBAHHOTO OETOHA, KOTOPOE SIBIAETCS CKOpEe IJIOCKMM, M CEYEHHs OaJOK U3
TPaAMLIMOHHOIO JKeJIe300€TOHA, KOTOPOE sIBIIsieTCs Oonee BBITSHYTHIM B BBICOTY. bojee Clo)kHbIe OAXOIBI K
pacdeTy SJIEMEHTOB M3 TEKCTHJIbHO-apMHPOBAHHOTO O€TOHa ObUIM MpeIoKeHbl B paborax [22-24, 34].
[Tonxoapl, yYNUTHIBAIONIME MPOCKATH3BIBAHNE APMHUPYIOIIMX POBHUHIOB, BO3HUKHOBEHHE TPEUIMH B CEYEHHH,
YCIOXKHEHHYIO Tuarpammy pactsbkeHusi TAB no cpaBHeHHIO C )kene300eTOHOM, YIIPOYHEHUE NPH PACTSHKEHUN
U fpyrue GpaxkTopsl, SIBISIOTCS 0ojiee TPYJOEMKUMHU MO CPAaBHEHUIO C 0a30BBIMU PACUETHBIMU HOAXOJaMH.

3AKIIIOYEHUE

ITpouecc MpOEKTUPOBAHUS CTPOUTEIBHBIX KOHCTPYKIUM M3 TEKCTUIBHOTO apMHPOBAHHOTO OeTOHa TpedyeT
ydeTa YHUKaJIbHBIX CBOHCTB TEKCTHIILHOTO apMupoBaHus. [IpuHmums! npoexTrpoBanus 6aiok u3 TAbB o6sraHO
COBIIQ/IAIOT C TPUHLIUIAMU NPOSKTHPOBAHUS OAllOK W3 JKENe300€TOHA, OJHAKO MPHUCYTCTBYIOT M OTIWYHSA,
CBSI3aHHBIE CO CLEIUICHMEM apMaTypbl ¢ OETOHHOM MaTpUled M AMarpaMMaMH PacTsDKEHHS apMHPYIOLIHX
MaTepuanoB. ba3oBele MpenIoXKeHHs UIsl pacdeTa 31eMeHTOB U3 TAD OCHOBaHBI Ha TEX ke YNMPOIIECHUAX, Ha
KOTOPBIX (PYHKITHOHHPYIOT KIACCHYECKHUE PACUETHI KEIe300€TOHHBIX DJIEMEHTOB. B mamHOUW pabote OBLTH
paccMOTpeHBl MPOCTEHIINE TOAXOIbI, IOCTYNHBIE s pacueTa M3ruOaeMbpIX OalloK M3 TEKCTHIIBHO-
apMHUPOBaHHOTO OeToHa. Pe3ynbraThl pacdeToB OBIIM COMOCTABICHBI C SKCHEPUMEHTAIBHBIMH AHHBIMHA. B
pe3yabTaTe MOKHO CIIeJIaTh CIEAYIOLINE BBIBOIBI IO paboTe:

1. Cpennme 3Ha4YeHHS pacueTHBIX HANPsHDKEHUH TIpU  paspylleHHd oOpasloB M3 TEKCTHIIBHO-
apMUPOBAHHOTO OETOHA HAa U3TUO COCTABUIHN O, , = 4,19 MIla 1ist apMUPOBAaHHBIX YIIIEPOJHBIME POBUHTAMU

00pasIoB u Ocpye = 3,25 MIla mis apmupoBaHHBIX [1IC-CTEKITHHBIMEA POBUHTaMHU 00PA3II0B.
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2. PesynbraThl pacdera mpenenbHO JOMYCTUMBIX MOMEHTOB IO MPOYHOCTH APMHUPYIOIIMX BOJIOKOH Ha
pPacTSKEHUE OKAa3alKCh COMOCTABUMBIMH C pE3ylbTaTaMH, MOJYYCHHBIMUA IO TOAXOIY, YYUTHIBAOIIEMY
MIPOYHOCTH OETOHA Ha C)KATHE.

3. Pacuernrie MOMCHTBI 3aKOHOMECPHO COOTHOCHIIUCH C IMMOJTY4YCHHBIMU SKCIICPUMCHTAJIbHBIMHA
I/I3I‘I/I63}OHII/IMI/I MOMCHTAaMH € NOCTOAHHBIM MPEBBIIICHUEM SKCIICPUMEHTAJILHBIX MOMCHTOB B 5 pa3 ajida pacdera
MO0 TPOYHOCTH aAPMUPYIOIIUX BOJOKOH HAa pacTsbkeHHMe W B 4 pasza JUisl pacyera IO aHAJOTHH C
Kene300eTOHHBIME ~ djieMeHTaMu. [lodToMy i pacueTHBIX JaHHBIX OBUIM BBEJCHBI TIOHIDKAIOIINE
koadPumentst 0,20 u 0,25 COOTBETCTBEHHO.

4. B panpHeWmMX HCCICNOBAHMSX IUIAHUPYETCS HCCIEAOBATh MPHPOJY IONYYCHHBIX MOHIKAOIINX
K03 PuIeHTOB U (PaKTOPHI, HA HUX BIIHSIOIIHE.

CIIMCOK JIUTEPATYPBI

1. Colombo I.G. et al. Erratum to: Textile Reinforced Concrete: experimental investigation on design parameters //
Materials and Structures. 2013. Vol. 46, No. 11. Pp. 1953-1971. doi.org/10.1617/s11527-013-0023-7.

2. Mansur de Castro Silva R., de Andrade Silva F. Carbon textile reinforced concrete: materials and structural
analysis // Materials and Structures. 2020. Vol. 53, No. 1. Pp. 17. doi.org/10.1617/s11527-020-1448-4.

3. Williams Portal N., Nyholm Thrane L., Lundgren K. Flexural behaviour of textile reinforced concrete composites:
experimental and numerical evaluation // Materials and Structures. 2017. Vol. 50, No. 1. Pp. 4. doi.org/10.1617/s11527-
016-0882-9.

4. Yin S, Xu S., Li H. Improved mechanical properties of textile reinforced concrete thin plate // Journal of Wuhan
University of Technology-Mater. Sci. Ed. 2013. Vol. 28, No. 1. Pp. 92-98. doi.org/10.1007/s11595-013-0647-z.

5. HauBler-Combe U., Hartig J. Bond and failure mechanisms of textile reinforced concrete (TRC) under uniaxial
tensile loading // Cement and Concrete Composites. 2007. Vol. 29, No. 4. Pp. 279-289.
doi.org/10.1016/j.cemconcomp.2006.12.012.

6. Volkova A. et al. Flexural Behavior of Textile-Reinforced Concrete // MATEC Web of Conferences / mox pen.
Murgul V. 2016. Vol. 53. Pp. 01016. doi.org/10.1051/matecconf/20165301016.

7. Halvaei M. et al. Experimental investigation and modelling of flexural properties of carbon textile reinforced
concrete // Construction and Building Materials. 2020. Vol. 262. Pp. 120877. doi.org/10.1016/j.conbuildmat.2020.120877.

8. Kurban M., Babaarslan O., Cagatay 1.H. Investigation of the flexural behavior of textile reinforced concrete with
braiding yarn structure // Construction and Building Materials. Elsevier, 2022. Vol. 334. Pp. 127434,
doi.org/10.1016/j.conbuildmat.2022.127434.

9. Du Y. et al. Flexural Behaviour of Carbon Textile-Reinforced Concrete with Prestress and Steel Fibres //
Polymers. 2018. Vol. 10, No. 1. Pp. 98. doi.org/10.3390/polym10010098.

10. Lee M., Mata-Falcon J., Kaufmann W. Load-deformation behaviour of weft-knitted textile reinforced concrete in
uniaxial tension // Materials and Structures/Materiaux et Constructions. Springer Science and Business Media B.V., 2021.
Vol. 54, No. 6. Pp. 1-27. doi.org/10.1617/S11527-021-01797-5/FIGURES/15.

11. Hegger J., Voss S. Investigations on the bearing behaviour and application potential of textile reinforced concrete
/I Engineering Structures. 2008. Vol. 30, No. 7. Pp. 2050-2056. doi.org/10.1016/j.engstruct.2008.01.006.

12. Peled A., Mobasher B., Bentur A. Textile Reinforced Concrete. CRC  Press, 2017.
doi.org/10.1201/9781315119151.

13. Alexandre V.J.F., Boshoff W.P., Combrinck R. Damage evaluation and mechanisms of textile reinforced concrete
during telescopic failure // Construction and Building Materials. 2023. Vol. 403. Pp. 133055.
doi.org/10.1016/j.conbuildmat.2023.133055.

14. Hegger J. et al. Load—bearing behaviour and simulation of textile reinforced concrete // Materials and Structures.
2006. Vol. 39, No. 8. Pp. 765-776. doi.org/10.1617/s11527-005-9039-y.

15. Preinstorfer P. et al. Cracking behaviour of textile-reinforced concrete with varying concrete cover and textile
surface finish // Composite Structures. Elsevier, 2023. VVol. 312. Pp. 116859. doi.org/10.1016/j.compstruct.2023.116859.

16. Banholzer B., Brockmann T., Brameshuber W. Material and bonding characteristics for dimensioning and
modelling of textile reinforced concrete (TRC) elements // Materials and Structures. 2006. Vol. 39, No. 8. Pp. 749-763.
doi.org/10.1617/s11527-006-9140-x.

17. Scheurer M., Gries T. Comparative evaluation of textiles for use in textile reinforced concrete // Materials Today:
Proceedings. Elsevier, 2023. doi.org/10.1016/j.matpr.2023.03.477.

18. Valeri P., Fernandez Ruiz M., Muttoni A. Tensile response of textile reinforced concrete // Construction and
Building Materials. 2020. Vol. 258. Pp. 119517. doi.org/10.1016/j.conbuildmat.2020.119517.

19. Kaulas C. Actual applications and potential of textile-reinforced concrete // GRC. 2015. Vol. 1247, No. C. Pp. 1-
11.

20. Silva R.M. de C. et al. Bond behavior of polymer- and mineral-impregnated carbon fiber yarns towards concrete
matrices at elevated temperature levels // Cement and Concrete Composites. 2022. Vol. 133. Pp. 104685.
doi.org/10.1016/j.cemconcomp.2022.104685.

21. Silva F. de A. et al. Effects of elevated temperatures on the interface properties of carbon textile-reinforced



Wnsxenepusie uccnemoBanus. 2025. Ne 1 (21)
http://eng-res.ru

concrete // Cement and Concrete Composites. 2014. Vol. 48. C. 26-34. doi.org/10.1016/j.cemconcomp.2014.01.007.

22. Portal N. et al. Numerical modelling of textile reinforced concrete // Proceedings of the 8th International
Conference on Fracture Mechanics of Concrete and Concrete Structures, FraMCoS 2013. 2013. C. 886-897.

23. Holler S. et al. Computational model of textile-reinforced concrete structures // Computers & Structures. 2004.
Vol. 82, No. 23-26. C. 1971-1979. doi.org/10.1016/j.compstruc.2004.03.076.

24. Valeri P., Ruiz M.F., Muttoni A. Modelling of Textile Reinforced Concrete in bending and shear with Elastic-
Cracked Stress Fields // Engineering Structures. 2020. Vol. 215. C. 110664. doi.org/10.1016/j.engstruct.2020.110664.

25. Tran M.T., Vu X.H., Ferrier E. Mesoscale numerical modeling and characterization of the effect of reinforcement
textile on the elevated temperature and tensile behaviour of carbon textile-reinforced concrete composite // Fire Safety
Journal. 2020. Vol. 116. Pp. 103186. doi.org/10.1016/j.firesaf.2020.103186.

26. Yao Y. et al. Tension stiffening in textile-reinforced concrete under high speed tensile loads // Cement and
Concrete Composites. 2015. Vol. 64. Pp. 49-61. doi.org/10.1016/j.cemconcomp.2015.07.009.

27. Raupach M. et al. Textile-reinforced concrete // Textile Fibre Composites in Civil Engineering. Elsevier, 2016. Pp.
275-299. doi.org/10.1016/B978-1-78242-446-8.00013-6.

28. Rempel S., Ricker M., Hegger J. Safety Concept for Textile-Reinforced Concrete Structures with Bending Load //
Applied Sciences. 2020. Vol. 10, No. 20. Pp. 7328. doi.org/10.3390/app10207328.

29. Lepenies 1.G., Richter M., Zastrau B.W. A Multi-Scale Analysis of Textile Reinforced Concrete Structures //
PAMM. 2008. Vol. 8, No. 1. Pp. 10553-10554. doi.org/10.1002/pamm.200810553.

30. Yu Q. etal. A consistent safety format and design approach for brittle systems and application to textile reinforced
concrete structures // Engineering Structures. 2021. Vol. 249. Pp. 113306. doi.org/10.1016/j.engstruct.2021.113306.

31. Kirsanov A.l., Stolyarov O.N. Mechanical properties of synthetic fibers applied to concrete reinforcement //
Magazine of Civil Engineering. St-Petersburg State Polytechnical University, 2018. Vol. 80, No. 4. Pp. 15-23.
doi.org/10.18720/MCE.80.2.

32. Quadflieg T., Stolyarov O., Gries T. Influence of the fabric construction parameters and roving type on the tensile
property retention of high-performance rovings in warp-knitted reinforced fabrics and cement-based composites // Journal
of Industrial Textiles. 2017. Vol. 47, No. 4. Pp. 453-471. doi.org/10.1177/1528083716652831.

33. Volkova A.A. et al. Structure and properties of textile reinforced concrete // Magazine of Civil Engineering. St-
Petersburg State Polytechnical University, 2015. Vol. 59, No. 7. Pp. 50-56. doi.org/10.5862/MCE.59.5.

34. Alrshoudi F.A.S. Textile Reinforced Concrete: Design Methodology and Novel Reinforcement. The University of
Leeds, 2015. 246 p.

Ob ABTOPAX

AnHa EBrenneBna JlonunoBa (SPIN: 2947-9339) — accucteHT Bpiciieil IKOIbI THAPOTEXHUIECKOTO M SHEPreTUIECKOTO
cTpoutenbcTBa MHkeHepHO-cTpouTenbHOoro wHCTUTYTA. CaHKT-IletepOyprekuii monmmTexXHHUECKui yHuBepcuTeT [lerpa
Bemuxkoro (CIIGITY). 195251, Poccus, . Caukt-IletepOypr, yi. [Tonmurexaudeckas, x1.29. E-mail: anne.dontsoova@ya.ru

Outer Hukonaesuu Croasipos (SPIN: 7594-5118) — mouent Beiciieil mKoasl THAPOTEXHUYECKOTO U SHEPIETHUECKOTO
cTpoutenbcTBa MHxeHepHO-cTpouTensHoro wHCTUTYTa. CaHkT-IletepOyprekuii monmuTexHHUecKuil yHuBepcuter Ilerpa
Benukoro (CIIGITY). 195251, Poccus, r. Canxr-IletepOypr, yi. Ilonutexanueckas, 1.29. E-mail: stolyarov_on@spbstu.ru

ABOUT THE AUTHORS

Anna E. Dontsova — assistant at the School of hydrotechnical and power engineering, Institute of Civil Engineering. Peter
the Great St.Petersburg Polytechnic University (SPbPU). 195251, Russia, St.Petersburg, Polytechnicheskaya st., 29. E-
mail: anne.dontsoova@ya.ru

Oleg N. Stolyarov — associate professor at the School of hydrotechnical and power engineering, Institute of Civil
Engineering. Peter the Great St.Petersburg Polytechnic University (SPbPU). 195251, Russia, St.Petersburg,
Polytechnicheskaya st., 29. E-mail: stolyarov_on@spbstu.ru



Wmkenepusie uccnenoanus. 2025. Ne 1 (21)
http://eng-res.ru

Y]IK 624.154.1

HECYIIAAI CIOCOBHOCTH BUHTOBBIX CBAW HA BBIJIEPTUBAHUE
INPU HEAPEHUPOBAHHOM ITOBEJIEHUHN OCHOBAHUS

A.B. SIapoB’?, A.A. Acraxos!, M.B. ®egopos’, B.A. Maiukosa®
! Canxm-Ilemepbypeckuii nonumexnuueckuii ynueepcumem Ilempa Benuxozo,
2. Canxm-Ilemepbype (Poccutickas @edepayus)
2 [lenmp 2udposxonozuyeckux ucciedoseanut, 2. Cankm-Ilemep6oype (Poccutickas @edepayus)
3 Mopuegmezasnpoexm, 2. Tiomenw (Poccutickas Dedepayus)

AHHoTanus. B npencraBisgemMoii myOGIUKanuy ¢ MOMOIIBIO TEOPUH TPENCTBHOTO PABHOBECHS MOMYUIEHB! BBIPAXKEHHS JUIA
pacyera Hecylel cliOCOOHOCTH BUHTOBBIX CBall Ha BBIJEPTUBAHME IPH HEJPECHUPOBAHHOM IIOBEICHUH OCHOBaHUs. Brian
JIonacTel y4TeH MyTeM NMpUMeHeHHs aHanutnieckux peuienuin K.M. Maptuna, M.®. Pannonsda u P.C. Mepudunga. Ilo
pe3ysbTaTaM YUCICHHBIX PELIEHHH METOJIOM IpeNeIbHOrO aHallu3a B MporpaMMHOM Kominiekce OptumG2 ycranoBiieHa
3aBUCHMOCTh HECyIIeH CIIOCOOHOCTH JIONACTH OT pa3MepoB CTBOJIA CBau. JIJIsl OLEHKM TPEHHMs [0 KOHTAKTY CTBOJIA CBaW U
MaccuBa IpyHTa yYTEH Iepexo IPyHTa B HAPYIIEHHOE COCTOSHIE B OKOJIOCBAWHOMN 30HE, BBI3BIBAIOIINI CHIDKEHHE HeCyIeH
criocoOHOCTH cBaW MO OOKOBOH moOBepXHOCTH. I[IpmBenéHHbIE (OPMYIBI HCIOJIB30BAHBl TIPH pacydeTe HEeCyIINX
CIIOCOOHOCTEW BHHTOBBIX CBaW Ha JBYX IUIOMIAAKax. PaccyWTaHHBIE M M3MEPEHHBIE CHJIBI BBIIEPTHBAHUSA OJM3KH IPYT K
apyry. Pasmmma cocraBnser menee 10%. Ilpum 3TOM 17 HPOBEAEHHUS pacyeTOB [JOCTATOYHO TOJNBKO BEIHYUH
HEAPEHUPOBAHHOW MPOYHOCTH TpyHTa. [IpemmoskeHHble (POpPMYITBI PEeKOMEHIOBAHBI Ui NalbHEHIIEH ampobanuy mpu
Pa3INYHBIX HHKEHEPHO-TEOJIOTHYECKUX YCIOBHUSIX.

KuroueBble cj10Ba: TeOpHsl MPeAeIbHOTO PABHOBECHS IPYHTOB, HECYIIas CIIOCOOHOCTh BUHTOBBIX CBaii Ha BhIICPTHBAHUE,
METO/] IPEIETbHOTO aHaIN3a, METOJ KOHEYHBIX AJIEMEHTOB, OCECUMMETPUYHbIE 3a/1a4, KpyTJias IJIUTa.

Ccebuika s uutupoBanus: SlsapoB A.B., AcraxoB A.A., ®enopoB M.B., MamnkoBa B.A. Hecymas cnocoOGHOCTB
BUHTOBBIX CBail Ha BBIIEPIMBaHHME NMPU HEAPCHUPOBAHHOM IOBEJICHWH OCHOBaHUs // HxeHepHble nccnenoBanus. 2025.
Nel(21). C. 12-22. EDN: QBKJRD

PULLOUT BEARING CAPACITY OF SCREW PILES
UNDER UNDRAINED BEHAVIOUR OF SUBSOIL

A.V. Yavarov'? A.A. Astahov!, M.V. Fedorov?!, V.A. Malikova®
! Peter the Great St. Petersburg Polytechnic University, Saint Petersburg (Russian Federation)
2 Center for Hydroecological Research, Saint Petersburg (Russian Federation)
3Morneftegazproyekt, Tyumen (Russian Federation)

Abstract. In the present paper, expressions for calculating pullout bearing capacity of screw piles under undrained subsoil
behaviour are derived using the theory of limit equilibrium. The bearing capacity contribution of screw flights is factored in
by means of the analytical solutions of C.M. Martin, M.F. Randolph and R.S. Merrifield. Based on the results of numerical
solutions obtained using the method of limit analysis in OptumG2 software, values of dependency of the flight bearing
capacity on the pile shaft dimensions are established. In evaluating skin friction, transition of adjacent soil into a disturbed
state leading to a decrease in the lateral bearing capacity of the pile is taken into account. The formulae contained in the paper
were used to calculate bearing capacity of screw piles at two sites. The calculated and measured in situ pull-out forces were
closely aligned, given that the only soil parameter necessary for this calculation is the undrained strength. Consequently, it is
recommended to further test the derived formulae under various geotechnical conditions.

Keywords: theory of limit equilibrium of soils, pullout bearing capacity of screw piles, limit analysis method, finite element
method, axisymmetric problems, circular plate.

For citation: Yavarov A.V., Astahov A.A., Fedorov M.V., Malikova V.A. Pullout bearing capacity of screw piles under
undrained behaviour of subsoil // Inzhenernyye issledovaniya [Engineering Research]. 2025. No.1(21). Pp. 12-22. EDN:
QBKJRD
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BBEJAEHUE

st onpenenenus Hecyiuel criocoOHOCTH BUHTOBBIX CBail MOTYT MCHOJIBb30BAaThCA NPUHLIUITHAIBHO pa3HbIe
moaxoabl pruzndeckoro [1-7] u Matematudeckoro MomenupoBanus [7-12]. Jaxe mpu pacCMOTPEHUH YKA3aHHOM
3aj1a4yd B Ka4€CTBE YaCTHOI MPOOJIeMbl TEOPHH TPeaeIbHOr0 paBHoBecHs [13-17] st ee pelieHus npuMeHseTCs
nenas CepHsi aHATMTHYSCKMX M YHUCICHHBIX MeTonoB [7, 8, 10-12]. MxXx coBMecTHOE HCIOJb30BAHHE B
HCCIIENOBAHUAX U HOPMaX SIBIISIETCA CIIEICTBUEM HEBO3MOXKHOCTH IOJTY4EHHsI OOIEro aHATUTHYECKOTO PEIIECHHS
r3-32 MHOTO0Opa3usi KOHCTPYKIIMII BHHTOBBIX CBail M TPYHTOBBIX ycCioBWil. B ToXxe Bpems, ansi HamOoiee
pacmpoCTpaHeHHBIX CUTyalluid TpeOyIOTCS pEeLIeHHUs, MO3BOJSIIOIIUE OICHUTh C JOCTaTOYHOH TOYHOCTHIO
HECYIIYIO CITOCOOHOCTH BUHTOBBIX CBa.

Lens mpoBeaeHHOM pabOTH 3aKiI0Yaiach B MPeIOKEHUH (POPMYIIBI Ui pacdeTa HEeCylled CIiocoOHOCTH
BUHTOBON CBauW Ha BBIJEpTUBaHHE NpPU HEIPEHUPOBAHHOM IIOBEJEHMHM MaccuBa TpyHTa. B neifctByromiem
CII 24.13330.2021 onucaHHbIe TEOTEXHUYECKUE YCIOBUS HE PACCMOTPEHBI.

3agaun UCCIIEAOBaHUS COCTOSIIN B CIEIYIOLIEM:

Tloctpoenue pacueTHON MOJENH;

OneHka TpaHul] MPUMEHUMOCTH aHainuTuieckoro pemenus: K.M. Mapruna u M.®. Pannonsda,

VY4er BIUSHUA CTBOJIA BAHTOBOI CBau HA HECYIIYIO CIIOCOOHOCTB JIONACTH;

VY4er TpeHus 1o 60KOBO MOBEPXHOCTH CBaH;

[MpeacraBnenue ¢GopMyn A pacdeTOB BUHTOBBIX CBail ¢ Y4eTOM BO3MOXKHOTO HaJTHYHsI HECKOIBKHX
JIOTIacTel;

6. AmnpoOanus pe3yinbTaToB PaObOTHI.

[ mosydeHus BbIpaXxeHHs HeCyIlel CIOCOOHOCTH JIOTIacTe BUHTOBBIX CBail HCIOIb30BaHbI aHAIUTHYECKHE
pELICHNs] TEOPUU TPEAEIBHOTO PAaBHOBECUSI M PE3yJbTAThl MPEAETIHHOT0 aHAIN3a B IPOTPAMMHOM KOMILIEKCE
OptumG2. Ilpu oreHKe HecyIIed CIIOCOOHOCTH BHHTOBBIX CBall MO0 OOKOBOM MOBEPXHOCTH CTBOJIA MPUMEHEH
moaxon, w3noxeHusrd B CII 24.1330.2021, HO cmia TpeHHS CTald IO TPYHTY OIPEICICHAa C ITOMOIIBIO
PEeAYIUPOBAHHOTO KO3 PUIIMEHTA a/ITe3UH.

arwbdE

PACUETHAS MOJEJIb

[To pe3ynbTaTtam HCHBITAHUN aHKEPOB U SIKOPEH YCTAHOBJICHO, YTO MU HIare JIomacTy B npenenax 1o 0,6 ee
JMaMeTpa, aHKEPHYIO0 4acTh MOYKHO BBECTH B PacueTHYIO MOJeNb, KaK IUIOCKylo ity [7]. CiemoBartenbHo,
paccMaTpuBaeMylo 3ajady JOIyCTHMMO pemarb B OCECMMMETPUYHOM mnocTaHoBke. CTBON cBaW Toria
MIpeICTaBIAETCS B BUIEe (DEPMEHHOTO CTEPKHS MITH IIFITMHAPHIECKON 000JI0UYKH BpaICHHS.

MaccuB rpyHTa Ipy HEAPEHHPOBAHHOM MOBEICHUH 33JaeTcs, KaK M/Ie€aTbHO-CBsI3aHHOE MOIYIPOCTPAHCTBO
(yron BHyTpeHHero TpeHusi ¢ paseH 0). B kaudecTBe CIEIUICHHS Cpeibl C Ha3HA4YaeTCsl HEAPCHHPOBAHHAS
MIPOYHOCTH TPYHTA Cyy .

IIpu ananmze Hecymieil CTOCOOHOCTH JIOTTACTH KOHTAKTHAS TIOBEPXHOCTh MTPUHUMAETCS TIIAKOM.

I'PAHULBI TIPUMEHUMOCTU AHAJIMTUYECKOI'O PEHIEHM S K.M. MAPTUHA
N M.®. PODHIOJIbOA
IIpu BbIIEPTMBAHUN W3 WICATHHO-CBSI3aHHOTO MOJYIPOCTPAHCTBA OHOJIOMACTHOTO TPYHTOBOTO aHKepa
kputHueckas cuna mo [11-12] ects:

Q=m (D/Z)Zcu N, (1)

rae Q — BblIepruBamomias cuia, D — quaMeTp aHkepa, ¢, — HeIpCHUPOBaHHAS MPOYHOCTh, N, — ko3 durmeHT
HecylIel CioCOOHOCTH. AHKEp U IPYHT CUUTAIOTCS HEBECOMbIMU. [I0BEPXHOCTh IUIUTHI TIaIKasl.

N3menenne kodbduipenta N, npH yBEIHUSHUH TITyOHHBI 3aJI05KSHUS JIONACTH NPOULTIOCTpUpOoBano B [11].
JInst 3TOrO WCIOJNB30BaH METOJ NPEACIBFHOTO aHajiM3a B BHAE MOAW(PHIMPOBAHHOTO METOAA KOHEYHBIX
3JIEMEHTOB, 3AJI0KCHHBIH B porpaMmMuoM Komiuiekce (naiee — [1K) OptumG2 [18-20].

B ocecuMMeTpuuHOI MOCTAaHOBKE 33/1a4W TPYHTOBBIM aHKEpP 3a7aH KpPYIJIOW IUIMTOW, CTBOJI — (DEpMEHHBIM
CTEpXKHEM, TPYHT — OOBEMHBIM TEJIOM KOHEYHBIX pazMepoB (puc.l). O0GmacTe BOBIEKaeMOro B pacueT MaccuBa
TpyHTa Ha3Ha4Y€Ha TakuM 0Opa3oM, YTOOBI NpH JaJbHEHIIEM yBEIWYEHHH MOJIETH Pe3yJbTaThl YMCICHHBIX
IKCTIEPUMEHTOB HE U3MEHSIIHCH.

Ha 00koBO# TpaHy BBEJCH 3alpeT MepeMELICH A 10 HOPMaIX K MMOBEPXHOCTH MacCHBa IPYHTA, 110 HWKHEH
rpaHu — 3aIpeT NnepeMeleHui.

B kadecTBe MOJIe/IM IPYHTa UCTIOJIb30BaHa HJleaIbHAs YIPYTO-IUIACTHYECKast MOJIEIb C KPUTEPHEM IIPOYHOCTH
Tpecka-Cen-Benana.
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Jlnst mepeiaun Harpy3ku jgo0aBiieHa BCIIOMOraTelbHas IiMTa. [IMTBI U CTEP)KEHb BBEICHBI, KaK JKECTKHE
tena. [TomydeHne BEpXHUX U HIDKHUX OI[EHOK KPUTHIECKOU CHITBI BBIMOJHEHO C pa30ueHneM pacuéTHON MOIeH
ma 10 000 s;memenTOB ¥ 3 maramu aganTanuu ceTku (puc.2) [11].

$ 41

Maccus
TpyHTa 0

depMeHHBII
CTEpIKEeHb
(cTBOMN aHKepa) Il

Crymenue
Kpyrnas mmra rgeTKH 1l
aHK
(anep) 3JIEMEHTOB y
aHKepa Il

i H B H " ® # H

Qi) Results are current

Puc. 1. PacuerHast Mozienb K 0CECHMMETPHYHON 3a/1a4e Puc. 2. CeTb KOHEUHBIX DJIEMEHTOB CO CTYIIICHHEM
0 BBIIEPTUBAaHUU TPYHTOBOTO aHKEpa y aHkepa (JI0IacTH)
Fig. 1. Computational model for an axisymmetric Fig. 2. Finite element mesh with densification around
problem of ground anchor pullout the anchor (flight)

ITo pesynbTaTaM pacueToOB BBINEICHO TPH XapaKTEPHBIX CIIEHAPHs pa3pylleHUs OCHOBaHUs (puc.3):
MOBEPXHOCTHBIM, TTyOHHHBIN U epexoJHbIi. [TonmydeHHbIe pe3yIbTaThl HOATBEPKICHBI SKCIIEPUMEHTAIBHBIMH
paboTamu, BKiIrouas [1].

Te 1o

O06nacTh pa3pbIXJIeHHs

O6nactb
VIUIOTHEHUS

H/D =0,25 H/D = 0,82 H/D =1

Puc. 3. Ilepexon ot o01ero (IIOBEpXHOCTHOTO) K JIOKAUILHOMY (INIyOOKOMY) MEXaHU3MY pa3pyLICHUs.
OcecummeTpuuHble 3amaun [11]
Fig. 3. Transition from general (surface) to local (deep) failure mechanism. Axisymmetric problems [11]
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B OonpmmHCTBE cliyyaeB peanu3anyus JOKaTbHOTO MEXaHH3Ma pa3pylIeHHs MPU BBIICPrHBaHUN BHHTOBOI
cBau oOecrieunBaetcsa TpedoBanusaMu CI1 24.13330.2021 k rmyOuHe 3a105)KeHUS JIOMACTH.

[Ipu 3TOM B 30HY cABUIa MOMAJaeT KaK Pa3phIXJIEHHBIHM, TaK U yIJIOTHEHHBIN P BBUHUYMBAHUU CBaW IPYHT
(puc.3). CooTHoOIIEHHE OMHCAHHBIX OONACTEl HAapYLIEHHOTO COCTOSHHUS MacCHBa B Ka)XJIOM KOHKPETHOU
cuTyauuu OyIeT OmpenensiTb, Cpeau IPOYero, OTKJIOHEHHE BBIUMCICHHBIX BEJIMYMH OT Ppe3yJbTaToB
9KcHepuMeHTOB. Takxe mpu IIyOMHHON cxeme pa3pylieHus B (opMyiy pacueTa aHKepa Ha BbIICpIHBaHHE
HEOOXOIUMO TOJICTABIISTh 3HAUCHUE HEIPECHUPOBAHHOW IPOYHOCTH TPYHTA B 00JIACTH 3AJI0KEHHUS JIOTIACTH, a He
CpeIHEB3BELICHHOE 3HAUCHHE JIJIsl MACCHBA B LIETIOM.

Ha puc.4 mpomemoHcTpupoBaHO m3MeHeHHEe N, mpu Bospactanuu oTHomeHus H/D. CoOTBETCTBEHHO,
npuBeieHHble U3 [11] pe3ynpTaTbl HAXOMITCS B OTJIMYHOM COOTHOIICHHHM C aHAJUTHYECKHM pEIICHHEM
C.M. Mapruna u M.®. Parmonsda [10], mo kotopomy:

N, =3+ 37 = 12,42

CrenoBarensHo,  MOXeT BbrurcieHo 1o Gopmyse [10-12]:

Q= m(D/2)?cy N, ~  (D/2)?c, 12,42. 2
BA
> TouHoe pemenne
= |
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o 12
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Puc. 4. U3menenne ko3¢ duunenra Hecyiei crnocodHocta N, mpu yBenudeHnr oTHOCUTenbHOM riry6usst H/D [11]
Fig. 4. Variation of the bearing capacity coefficient N, with increasing relative depth H/D [11]

YYET BJIUSAHUSA CTBOJIA BUHTOBOM CBAM HA EE HECVIIVIO CIIOCOBHOCTh U HAJTUUWA
HECKOJIBKMX JIOIIACTEM

PaccmoTpenHbIe BBIIIE pelIeHHs MOAXOIAT MPH pacdeTe TPYHTOBBIX aHKEPOB, JJIST KOHCTPYKIIHMH KOTOPBIX
XapakTepHa He3HaYUTeNbHas TOJIIINHA CTBOJIa aHKepa. B ciryyae BUHTOBBIX CBall TaKOW MOAX0JT MOYKET IPUBECTH
K CYLIECTBEHHBIM MOTPEIIHOCTSIM.

OtoT dakr yuren B CFEM [21] nonmxkenuem kod¢p¢uuuenta N, (tadn. 1), ogHAKO MPUBOJUTCS TOJIBKO
3aBUCHUMOCTH OT Ta0apHUTOB JIOTIACTH, TO €CTh HET BOBMOYKHOCTH YYECTh KOHKPETHBIE COOTHOIICHHUST TUAMETPOB
JIOTIACTH U CTBOJIA CBAH.
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Taduuna 1. TIpubnmxeHHbI METO yUeTa TOMIIMHBI CTBOJIA BUHTOBOH cBau [21]
Table 1. Approximation method to factor in the thickness of a screw pile shaft

Huamerp nomactu cBau D Koaddrument necymeit cnocodroctr N,
Meunbie uem 0,5 M 9
Or05Mmo1,0m 7
Bboabme yem 1,0 M 6

B pabore P.C. Mepudunma [12] nonmxkaromuii N, ko3 duiueHt, 0003Ha4MM ero Ky, NPEAIOKESHO
BBIYUCIIATH M0 (hopMyIie:

d\2
= 1-(5)
rae d — MaMeTp CTBOJIa CBAH.

OnHako, IPOBEICHHBIE YHNCIIEHHBIE SKCIIEPUMEHTHI B [12] mOoKa3sIBAIOT HEKOTOPYIO CTEMEHD OTCTYIIICHHE OT
YKa3aHHOTO BbIpakeHHs. ISl yTOYHEHHs BIHMSHHS CTBOJA CBaW HAa HECYIIYIO CIIOCOOHOCTH BBIMOJHEHO
JIOTIOJIHUTENIbHOE YHClieHHOe MoenupoBanue B [TK OptumG2.

HaxoxaeHue BepxHEW W HUKHEH OIICHOK BbIACPTUBArONieil cuiibl (Q MOTPeOOBAIO MOCTPOCHHS psiia

OCECHMMETPHYHBIX MOJIETIEH CHCTEMBI CBas-rpyHT. OHHU OTJIMYAIUCh MEXIY COOOM OTHONICHHEM THaMETPOB
CTBOJIA CBaH K ee Jionactu (puc.5).

Wi )

' |
D W
Puc. 5. HpI/IMepLI PaCYCTHBIX MOZ[eJ'Ieﬁ. CreBa CTBOJI CBaH COCTaBIIAET 0,75 OT AuaMeTpa JIOmacTH, CIipaBa 1uaMeTp
CTBOJIa paBCH IMMOJIOBUHE AJWaMETpa JIOMaCcTHu
Fig. 5. Examples of computational models. On the left the pile shaft is 0,75 of the flight diameter, on the right the shaft
diameter is half of the flight diameter

PacueTHbie cXeMBI IOCTPOCHEI M0 aHAJIOTHUHU C PaHEe PacCMOTPEeHHBIM cirydaem u3 [11]. Ilpu sTom aumamerp
moractd D mpuHAT paBHBIM 1 M, nuameTp cTBoiia d BapbHupoBaiics. VMcxonHbele NaHHBIE Ha3HAYEHBI TaKUM
o0Opa3oM, 4To0bI BhIAEPIHBatONIas cuia @ okasbIBasiach paBHOM Koddhduuenty N, (tadi.2).

Brruncnennble BepXHUE W HIKHHE OLEHKU BBIZCprUBArOmeil cruiibl (Tabm. 3) IeMOHCTPHUPYIOT YMEHBIICHNE
N, B passl [0 Mepe yBEIMYEH s OTHOCHTEIBHOTO AMaMeTpa Jonactu kg (puc.6). YMeHbIIeHHe OTHOCHTEIBHOTO
IraMeTpa JionmacT k; BBI3BIBACT PEOYLUPOBAHHME OO0BEMa Cpellbl, BOBICKAIONICHCS B CONPOTUBIICHHE
BBICPTUBaHUIO aHkepa. [lapamienbHo ¢ 3TuM, npu otHomeHuH kg, = 0,5 coxpansercs 73% Hecyien
cnocoOHoctu sonactu (puc.7). Janee mo Mepe COKpalleHHs HIMPUHBI peOOpabl 3aUKCUPOBAHO OBICTPOE
YMCHBIIICHUE YJEPKUBAIOIIMX CHJI. YUYUTHIBAHUE TAHHOTO (DAKTOpa MO3BOJISIET HAXOIUTHh CKPBITHIC 3arachl
MIPOYHOCTH TMPH pa3pabOTKe HOBBIX KOHCTPYKINH BUHTOBBIX CBail.
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Tabauna 2. cxomHsle naHHBIE UIA 3a0a49u 10 onpeneneanto N
Table 2. The input data for the bearing capacity factor N, problem

OTHOCHUTENBHBIH I'mybuna | CueruteHue VYron IIpurpyska Bec rpynra Bec rpyHTa
JUAMETP JIOIACTH | 3aBUHYMBAHUS | TPYHTA C, | BHYTPEHHETO OCHOBaHHS CO HIDKE MOJIOIIBHI | BBIIIE MOAOIIBBI
ko =1 d cau H, m klla TPEHHUS @, CBOOOTHOM ¢dyamamenra y, | ¢pyHIaMeHTa y’,
) rpaj, MOBEPXHOCTH ¢, KIla xkH/m® xkH/nm®
1
09 He 32;2;1&0;1,
0,75
05 6 1 napameTp 0 0
; MOJEIU
0,25 T
0 pecka

BerunciieHHbIC BEpXHUE M HIKHUE OICHKH BBIICPTHBAaOIIeii CHiIbl (Tabi. 3) IEMOHCTPUPYIOT YMEHBIIICHHE
N, B pa3bl 110 Mepe YBEJIMUCHHSI OTHOCUTEIBHOTO JHaMeTpa Jionact Ky (puc.6). YMeHblieHue xe k; BbI3bIBaeT
COKpaleHne o0beMa cpelbl, BOBIEKAIOIIEHCS B COIPOTUBRIICHNE BbIICpPIUBaHUI0 aHKepa. [lapamiensHo ¢ 3TuM
npu oTHotienuu k; = 0,5 coxpansiercs 73% Hecymieit ciocooHocTH Jtonacty (puc.7). [aiee o Mepe CyKeHHUs
pebopasl  3adukcupoBaHO OBICTPOE YMEHBIIEHHE YIAEPKHUBAIOMIWX CHJI. YUYWUTBIBAHWE JaHHOTO (hakTopa
MO3BOJISIET HAXOAUTH CKPBITBIE 3a1achl IPOYHOCTH MPU pa3padOTKe HOBBIX KOHCTPYKLUM BUHTOBBIX CBail.

[Ipu ananu3e pe3yabTaToOB PacueTOB IPUMEHEHBI CTaHIAPTHBIE IPOLEAYPbl METO/1a HAMMEHBIINX KBaJPaTOB.

B urore nony4ena anmpokcUMUpyroImas GyHKITHS

kep = —0,9102 k% + 1,9139 ky, 3
a B opmyimy (1) nobaBieH nonpaBoOYHbIN KOAPPHULUEHT K, |
Q=m (D/Z)Zcu ksn Ne, 4)
rAe C, — HeIPEHUPOBAHHAS IPOYHOCTb.
Tadanua 3. 3nauenus koadhunmenra kg,
Table 3. Values of coefficient kg,

. . Koaddunment ocrarounoit Hecymen
OTHOCUTEIbHBIN HpeZ[CIIBHBH/I aHaJIu3 B OthmGz N CHOCOGHOCTH OCHOBAHIIS ksh
JIMAMETp JTOMacTh [~ = Bepxnan | Cpemmee HAITUTHYECKOE o To [23]

d pemenne [10] 2
kg=1——= OLICHKA | OILlEHKa | 3HauyeHHe OptumG2 | BbIpaXkeHHIO _ d
D N, N, N, 3) lon =1 - (5)
0 0 0 0 - 0,00 0,00 0,00
0,1 2,167 2,225 2,196 - 0,18 0,18 0,19
0,25 5,091 5,201 5,146 - 0,42 0,42 0,44
0,5 8,968 9,12 9,044 - 0,73 0,73 0,75
0,75 11,43 11,6 11,515 - 0,93 0,92 0,94
1 12,3 12,46 12,38 12,48 1,00 1,00 1,00
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(D-d)/D =1 (D-d)/D =0,5 (D-d)/D =0,1
Puc. 6. YMeHbleHHE 30HBI leOopMalMii TPyHTA P U3MEHEHUH OTHOCHTENBLHOTO Juamerpa jonact ky = (D —d)/D
Fig. 6. Reduction of the soil deformation zone when changing the relative pile flight diameter
kqg=(D—-d)/D

KonuuectBenno (tab1.3) pe3ynpTaThl MOAESTUPOBAHMS NPAKTHYECKH OATBEPKAAIOT MPEAIOIOKEHHE U3 [23]
1 yKa3bIBAIOT Ha BO3MOXKHOCTH IOJYYCHUS AHAJIUTUYECKOTO PEIICHHUs B3aMEH NPEICTABICHHBIM YHCICHHBIM
JKcIIepuMeHTaMm (puc.7).

L2 A
pis]
g
= s 1,0
O
o]
== = 0,91022x2 + 1,91387
= o y "ha X ’ x
g 3 0.8 =0,99989
F o
25
E o
Q =
5 06
g o
= =
2o
58
= o
E g 04 O YucneHHBle SKcNIepUMeHTHL. OptumG2
S O
2 —— IMomuaoMmuansHas (UHcIeHHBIE
> 0.2 sKcmepaMeHTH. OptumG2)
0,0 t >
0 0,2 04 0,6 0,8 1 1,2

Otnomtenne k,~(D-d)/D

Puc. 7. 3aBrcumocTh KO3 PHUIIHEHTA TOHKEHUS HECYILEH CIIOCOOHOCTH K, OT OTHOCHTENBHOTO THaMeTpa
nonactu kg = (D —d)/D
Fig. 7. Relation of the bearing capacity reduction coefficient kg, to the relative diameter of the pile flight k; = (D —d)/D

YYET TPEHHS I10 BOKOBOM ITOBEPXHOCTH BUHTOBOI CBAU

Jlokanu3amusi 30H CBHTOBBIX Jnedopmaruii y nonacreid (puc.6) ykasblBaeT Ha BOSMOXKHOCTh Pa3/ieIbHOTO
paccMOTpeHus HecyIle crnocoOHOCTH CBaif 3a CUET JIONACTEe! U TPEHHs CTBOJIA CBau IO ITPYHTY. Bmecte ¢ TeM,
HEeOOXOAMMO YUHUTHIBATE CIIEIYIONINE IBa PakTopa:

1. Ilpu BBUHYMBAHHUU CBaH MPOUCXOIUT pa3pylIeHHE U PacCTPYKTypHUBaHUE TPYHTa B OKOJIOCBAHOM 30HE.

2. CranbpHble BHHTOBBIE CBaW IOKPHIBAIOT AHTUKOPPO3MOHHBIMHM MM JIAKOKPACOYHBIMH HOKPBITHAMH,

CHIDKAIOIMHU CHJIBI TPEHHUS.

[Ipu HeapeHUPOBAaHHOM MOBEAECHIH OCHOBAHUS yIeNbHbIe CHIIBI TPEHHUS Ha KOHTAKTe CTBOJIA CBaW U MAacCHBa

rpyHta o [8, 12, 22, 23] onpenenstoTcs mo:
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Tfrict.p—s = a,C,,
rje &, — KO3QQUIMEHT are3um.

C 1epl0 HEIOMYIIEHHsST MUCKYCCTBEHHOTO 3aBBINICHUS HECYIICH CHOCOOHOCTH OBUIM CKOPPEKTHPOBAHBI
W3BECTHBIC  3aBUCHMOCTH  KOX(QQHIMEHTAa ajare3udl &, OT HEAPCHUPOBAHHOM TPOYHOCTH  Cy
M.J. Tomrutnscona [22, 8] u B.A. Cosa [23]. Aare3us noHmkeHa Ha 40%, TO €CTh 3HAYEHHS X, YMHOXKEHBI HA
Kyeq, TpuHATHIA paBHbIM 0,6 110 [8, 24] (Tabn.4, puc.8). [Ipun HeoOxoanMocTH 60j1ee TOYHOM OLEHKHU 4 MOXKET
OBITH OIPE/ICIICH MyTEM CPE3HBIX UCTIBITAHUH MO0 KOHTAKTY HAPYIICHHBIA IPYHT-MaTepHal CBau C MOKphITHEM. B
CII 24.13330.2021 omrcaHHBIN GakTOp YIUTHIBAETCS BBeIeHUEeM Kod(pHImeHTa yCIIoOBHM pabOTHI CBaM.

Tabauna 4. Yuet pacCTpyKTypHUBaHUS IpU BBUHUMBAHUM JIOIIACTH
Table 4. Factoring in remoulding during pile flight advancement in soil

Henpernposannas npounocts C,,, klla 12 18 36 72 144 246
CooTBeTCTBYIOMIAst HeIPEHUPOBAaHHON

IIPOYHOCTH KOHCUCTEHIHS IpyHTa [}, 1I.€. 1 0,875 0,625 0,375 0,125 0
KoaddrmumenT agreznn mo

M. . Tommuacony [22] a, 1,00 0,94 0,78 0,48 0,25 0,16

Koaddumment aareznu ¢ yuerom
PacCTpyKTypHBaHUS IPyHTa IPH

BBHHYHMBAHUU CBAH X, 0,60 0,57 0,47 0,29 0,15 0,09
1,25 T
} eefeees CoBa BLAL [22]
. 1.00 EL ==0--TommmHzcoH T.JI. [21]
S ’ tl
E i’ﬁx —O— V4eT paccTpyKTypHIBAaHHS IPH
o E‘ BBHHYHBAHHI JIOIIACTH (¥,
s 075
=
o)
[}
=
=
E 050
3
=
0,25
0,00 >

0 25 50 75 100 125 150 175 200 225 250 275

Henpennpopannas npourocts C,, klla

Puc. 8. 3aBucumocts koddduieHTa anre3nn &, OT HeAPEHUPOBAHHOW POYHOCTH Cy
Fig. 8. Dependency of adhesion coefficient a, on undrained strength c,,

®OPMY/JIbI JIJII PACYETA HECYIIEM CIIOCOBHOCTH BUHTOBOI CBAW HA BBIJIEPTUBAHUE
NP1 HEJJPEHMPOBAHHOM ITOBEJEHMN OCHOBAHUSA
Ha ocHoBaHMM M3710)KEHHOTO JUIsl OJTHOJIONIACTHOM CBaW BBIIEPTUBAONIas cuiia  BBIPAXKACTCS CIIETYIOIINM
oOpazomM:
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m )
Q=m (D/Z)Z Cy ksn N + z Xar,jCu,j As,j + Wp'
j=1

rne D — mmamerp nomactu, N, = 12,42 — koddduuueHT Hecymed crmocoOHOCTH, kg, — KodhduIMeHT
MOHMKEHHUS HECYIIeH criocoOHOoCTH (110 BRIpaxkeHuio (3) win puc.7), ¢, — HeIPEHUPOBAHHAS IPOYHOCTh TPYHTA
y JONAacTH, g ; — KOdPPUIMEHT ajaresuu B j-M cjioe TpyHTa (o puc.8 (Tabm.4) uiM onpejeneHHbIH
SKCTIEPHMEHTAIIBHO), €y ; — HEIPEHUPOBaHHAs IPOYHOCTh [-rO CNOs TIpyHTa, Ag; — mUomans OGOKOBOM
TIOBEPXHOCTH CTBOJIA CBAH B j-M CJIO€ IPYHTa, M — YMCIO ciloes, W, — Bec cBau.

[lepBbIii 4geH QOpMYIIBI COOTBETCTBYET HECYLIEH CIIOCOOHOCTH JIONACTH, BTOPOH — TPEHHUIO MO OOKOBOH
MTOBEPXHOCTH.

B cimyyae MHOronomacTHOM cBaM IpU OJUHAKOBOM [IMAMETPE JIONMAcTed CIEedyeT BOCIOJb30BATHCS
uccienoBanuem P.C. Mepudunna [11, 12]. [Ipu OTHOIICHUH PACCTOSHUS MEXKTY JIONIACTAME S K UX 1uametpy D
paBaomy S/D > 1,58, nonactu paboTaloT HE3aBUCUMO APYT OT ApYra Mo cXeMe ITyOOKOTo CIBHra:

n m

Q ZZ TI(D/Z)Z Cu,i ksp Nc +Zaar,jcu,j As,j +Wp' ©)
i=1 j=1
IJIE N — YHCIIO JIONACTEH, €, ; — HEAPEHUPOBAHHAS IIPOYHOCTh IPYHTA y [-if jjonactu, D — quaMeTp jomnacTei.
Bec rpyHTa He BIMsAET Ha pe3yJbTATHl pacdeTa BBIASPTHBAIOIICH CHIIBI, UCXOIS U3 ITOCTAHOBKU 3aJauu.
Bec rpyHTa BBIIIE JIOMACTH YBETUYMUBACT HECYIYIO CIOCOOHOCTD NP BJIABIIMBAHUH CBAH.

C nenblo pacmmpenus: 001acTH NpUMeHeHHs BbIpaxkeHuit (5) u (6) Ha pacueT cBaii ¢ mapaMeTpoM JomnacTeit
S/D < 1,58 cnenyeT moay4uts kg, aHaIMTHYECKAM METOHOM M 0606mmuTh pemienne P.C. Mepudunna [11, 12].
JlomoTHUTENFHOW HWHTEpEC TMPEACTaBIsIeT TakKe MpodiieMa O HAXOXKICHWW KPUTEpUsS HE3aBHCUMOHW padOTHI
JIOTIacTeH pa3HOro JUaMeTpa.

[IPUMEHEHUE IMPEJIOXXEHHBIX ®OPMYJI PACYUETA BUHTOBBIX CBA

C uenbto ampobaruu Beipaxkenuit (5), (6) UCIONB30BaHbI JaHHBIC UCIIBITAHWN TPYHTOB M BUHTOBBIX CBail Ha
BbIiepruBanue B DaMoHToHe, Kanana u3 [8, 25]. V paccMOTpeHHBIX MBYXJIOMACTHBIX CBall oTHomieHue S/D
cootBercTByeT TpeboBanuio S/D > 1,58. [NonydyeHHble pe3ynbraThl (Ta0.5) NOKa3bIBAIOT BBHICOKYIO CTEIICHb
COBIAJICHUSI C U3MEPEHHBIMU BeinunHaMu (puc.9). Pasnuia cocrasisier He 6osee 10%, XOTs U3 XapaKTEPUCTUK
MaccuBa TpyHTa AJis pacyeTa TpeOyIoTCs TONBKO 3HAYCHHUS €r0 HEIPEHUPOBAHHONW MPOYHOCTH.

Tabauna 5. /[anHbIe HCITBITAaHIH BUHTOBBIX CBal Ha BEIIEPTUBAHHE
Table 5. Results of screw pile pullout tests

Yucno Huamerp | Huametp [lar Hezpenn- | M3mepentias Q o popmynam
MapxkupoBka | JnuHa N . | poBaHHas | BbIAEpPrUBaIO-
nonacrted | crBosia d | momactu D, | momacten (5) unu (6), kH
cBau CBaW, M MPOYHOCTh | Imas cuia Q,,
n, IWT cM cM S/D ¢ «lla <H (morpemHocTh)
us
nolwm
50 kIla 204
T3 5 2 21,9 35,6 3 rayGKe 100 210 (3 %)
klla
no22wm
100 kITa 808
T7 59 1 27,3 76,2 - Ty 140 800 (1%)
klla
n022Mm 1415
T8 6 2 27,3 76,2 3 100 xITa 1325 (7%)
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Puc. 9. Pesynprate ucnertanust cBait 13, T7 u T8. I[lyHKTHpOM 0003HAYEHBI pE3YIIETATH COOTBETCTBYIOIINX PACUETOB TI0
dhopmymnam (5) u (6)
Fig. 9. Test results for piles T3, T7 and T8. The dotted lines indicate the results of the corresponding calculations using
formulas (5) and (6)

3AKJIIOUEHUE

B uccnenopanum nmpemroxeHsl GopMysl (5) 1 (6) i1 BEIYUCICHUS HECYITUX CIIOCOOHOCTEH BUHTOBBIX CBait
Ha BBIACPruBaHUC IIPU HEAPCHHUPOBAHHOM ITOBCIACHUN OCHOBAHUA. FpaHHHLI UX NMPUMCHHUMOCTH OIIMCAaHBI B
TEKCTE MyOJUKAIUH.

Yka3aHHBIC BBIPAKCHUSI YUUTHIBAIOT BIMSHHE CTBOJIA CBaM Ha €€ HECYIIYI0 CIIOCOOHOCTh, a TAK)KE HaIHIUe
OJTHOM WM HECKONbKHX Jnomacteidl. OueHka Hecyled CrnocoOHOCTH CBau MO OOKOBOW TMOBEPXHOCTU CTBOJA
MIPOU3BOAUTCS C YUETOM PACCPYKTYpPUBAHUS IPYHTA U OKPBITUI MaTepuaia cBail, CHUKAIOIIUX CUJIbI aIM€3UU.

Pesynprarel paGoThl anmpoOMpOBaHBI MpPH pacueTe HECYIIMX CHOCOOHOCTEH BHHTOBBIX CBail Ha JBYX
Iomiaakax. Pasania Mexxy BEIYACICHHBIMHA U M3MEPEHHBIMU BeTMUUHaMu cocTaBiseT MeHee 10%.

IIpemnoxenasie GOpMyssl gajiee PeKOMEHIYETCS MPOBEPHUTH MPH PA3ITUIHBIX HWHKCHEPHO-TEOIOTHIECKIX
YCIIOBUSIX.
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YK 69.07

METO/Ibl PACUETA BAHTOBBIX CUCTEM HA OCHOBE CPE/Ibl BU3YAJIbBHOI'O
INPOI'PAMMMUPOBAHUA

A.C. Cy660Ta, @.C. llIkoasip
Cankm-Ilemep6ypeckuii nonumexuuueckuii yHusepcumem Ilempa Benuxoeo,
2. Canxm-Ilemep6ype (Poccuiickas ®edepayust)

AnHoTanus. B manHOi cTaThe paccMaTpuBaeTCs BOIPOC BepUBUKAIINH PACUETHON CXEMBI BAHTOBOW CHCTEMBI, TEOMETPHS
KOTOPOI MOCTPOEHA C MOMOIIBIO CPEJIbl BU3yaIbHOTO MporpammupoBanus Grasshopper B mporpammuoM komriuiekce Rhino 8
¥ 9KCIIOPTHPOBAHA B PaCYETHBIC MMPOTPaMMHBIE KOMILIEKCHI, B JaHHOM cirydae, Jlupa CAIIP. B pabore nccieayroTcs BaHTHI,
TeOMETPUYECKHE NTapaMeTPhl KOTOPBIX Jal0T BO3MOKHOCTh PACCUUTHIBATH UX KaK IOJIOIYIO HUTh COTJIACHO TEOPUM pacuéra
ruOkux HUTEH. B X01me paboThl ¢ MOMOIIBIO pa3pabOTaHHOTO paHee alIrOpUTMa B CPEIE BU3YAIBHOTO IPOTPaMMHUPOBAHHS
Grasshopper 6s01M TOCTPOEHBI PacYETHBIE CXEMBI ISl BAHT C Pa3IMYHBIMUA T€OMETPHUCCKAMHU MapaMeTpaMu, MPOBEAEH
pacuét B nmporpamMmmaoM komiutekce Jlupa CAIIP u mo akTyanpbHON METOIUKE pacuéra TMOKMX HHUTEH, BHIMOJHEH aHAIN3
HaMPsHKEHHO-Ie()OPMUPOBAHHOTO COCTOSHHS BaHT B Pa3JIMYHBIX KOH(pUrypanusx. Ha ocHOBe comocTaBieHus pe3yIbTaToB
pacuéra B Jlupa CAIIP u umxeHepHOTO pacué€Ta JaHa OIleHKa METO/Ia MOJISITUPOBAHUS PACUETHBIX CXEM BAHTOBBIX CUCTEM
U ONKCAHBI TPAHUIIBI IPUMEHUMOCTH.
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BBEJIEHUE

B cBs3u ¢ pazBuTHEM IMPOrpaMMHBIX KOMIUIEKCOB, MO3BOJSAIONINX MOAEIUPOBATh MAaTEMATUIECKH CIIOXKHBIE
MTOBEPXHOCTH M JINHUU M CTPOUTH Ha UX OCHOBE I'€OMETPHIO KOHCTPYKIIUH, B COBPEMEHHOU apXUTEKTYPE BO3HUK
TPEH/I HAa HECTaHJAPTHBIC U CIIOYKHBIE apXUTEKTypHBIE (OPMBI B OOIIECTBEHHBIX U JKWIIBIX 31aHusIX. KitoueBoit
TEHICHIIMEH B IPOSKTUPOBAHUH TaKHX 3[JaHUI Y COOPYKEHHH sBIIsieTcs mapamerpusanus [1, 2].

AKTyaJIbHOCTb HCCJICOBAHUA: IapaMeTpH3alMs IOApa3yMeBaeT AWHAMHUYECKOE H3MEHEHHE TIeOMETPHUHU
KOHCTPYKIII B 3aBUCHMOCTH OT €€ IapamMeTpoB, KOTOPBIE OMPEAeIeHbI HISIMU MPOSKTUPOBIINKA. B cBA3M ¢
3TUM HEpPEAKO BO3HHKAET HE0OXOJMMOCTh IOJIHOTO IEPECTPOSHHS T€OMETPUH HECYIIINX KOHCTPYKIIMH YK€ 1mociie
aHanM3a HanpspKEHHO-AedopMupoBaHHOTO cocTosiHuA (nanee, H/IC) u nmpoBeneHre NOBTOPHOTO aHANIN3a, YTO B
cily4ae ¢ KOHCTPYKIMSMH CIIOKHOW (POPMBI SIBISETCS OYEHb TPYHOEMKHM mporeccoMm. CriemoBaTenbHO, Ha
CETOHSIIHUN JIeHh aKTyallbHBIM SIBJISIETCSl BONPOC BepU(HUKAIMH METOJOB MapaMETPHUECKOr0 MOCTPOCHHUS
AQHAIUTHYECKUX KOHCTPYKTHUBHBIX CXEM CIOXHOW apxuTekTypHOH dopmbl [3, 4]. Oxnoit u3 Takux Gopm,
HampuMep, IOKPHITUH OOJIBIIENPONETHBIX COOPYKEHHH MOXET SBJATHCSA IBOSKAas TIayccoBa KpPUBU3HA,
BBITIOJTHEHHAS C TOMOIIIBIO BAHTOBO#M ceTu [5, 6]. [ mapaMeTpryeckoro mocTpOCHUs M AaTbHEHIIIEro IKCIopTa
Pacu€THBIX CXEM TaKHX BaHTOBBIX CeTel ObUI pa3paboTaH alrOPUTM B Cpelie BU3YalbHOTO MPOrPaMMHUPOBAHUS
Grasshopper mporpammser Rhino 8 [7].

Ilens mccnemoBanus: BepuHKaIUsA PacuETHON CXEMBI BAHTOBOW CETH, ITOCTPOCHHOW C MOMOIIBIO CPEIbI
BU3yaJlbHOTO porpammupoBanus Grasshopper, B mporpammuom komiuiekce Jlupa CATIP.

st mocTrKeHUs! MOCTaBICHHOH LieMn He0OX0AUMO PELINTh CIIeLyIOIIUe 3a1aun:

- IPOaHAIU3UPOBATH METOAMKH PYYHOTO pacuéra rHOKUX HUTEH;

- IOCTPOMTH C MMOMOIIBIO pa3padOTAHHOTO ANTOPUTMA TEOMETPHIO PACCMATPUBAEMbIX BaHT;

- BeinosHUTH aHanu3 HJIC paccmaTpuBaeMsbIX BaHT nocie pyuHoro pacuéra u pacuéra B I1K Jlupa CAIIP;

- CPaBHUTbH PE3YNbTaThl PACUETOB, JaTh OLEHKY IPUMEHUMOCTH BBIOPAHHOTO METOAA MOJIEIIUPOBAHUS.

MATEPHAJIbI U METObI
Jia pydHOro pacuéra OTHENBHBIX CTaJbHBIX KaHATOB, HECYIUX IONEPEYHYI0 HArpy3Ky, HCIOIB3YIOTCS
METOJIUKH pacuéra THOKMX HUTeH, paspadoranusie yuéHsiMu B.K. Kauypunremv, P.H. Meuenmackum,
H.C. Mockanéseim u I'.C. Benennkoseim [8, 9] u onmcannsie B 1. 6.3 u . 6.4 CIT 524.1325800.2023 «Bucstuue
nokpeITHs. [lpaBuina npoexktupoBanus». JJaHHbIE METOAUKH IPUMEHUMBI [T [TOJIOTUX HUTEH, TO €CTh JUIsl HUTEH

o 1 . 1 o o
CO CTPEIIOi IPOBKCA B IMATIA30HE OT - HPOJIETA I0 - M HE TO3BOJISIOT OHPECIUTh B TOYHOH Mepe H/C uureit

1 - o
CO CTpeJiIaMH IIPpOBHCA > 5 npoJieTa, MNOCKOJIbKY IJIsI HACTOJIBKO OOJIBIIKX CTpEII IpOBHUCA ACUCTBUTCIIbHAA KPUBAA

MPOBUCAHUS OyJNET MMETh 3HAYMTENILHBIC OTJIMYHS OT MapadoJibl, KOTOpas MOJydYeHa MPEANOJI0KEHUEM O
PaBHOMEPHOM pacCIpeieIeHU HArPy3KW He 10 JUTHHE HUTH, a 1mo e€ mponéry [10, 11]. Takum obpasom, mis
MIPOBE/ICHHSI SKCIIEPUMEHTA HEOOXOIUMO pacCMaTPUBATh TaKue (DOPMBI IIOKPBITUH, PH KOTOPHIX COOTHOIICHUE
CTpeJIbI IPOBHCA K IUpUHE TPoéTa, T.¢. f/l (puc .1) HaxoaUTCst BHYTPH yKa3aHHOTO BBIIIE THANA30Ha.

KBadpamHas
nopadona

Puc. 1. Cxema npusioXeHus: Harpy3Ku Ha HATh
Fig. 1. Cable load application scheme

['n6Kast HUTH — 3TO FeOMETPUYECKH U3MEHsIeMasi CcTeMa ¢ 0ECKOHEYHO OOJIBILIMM YHCIIOM CTENeHeH CBOOOIbI,
KOTOpasi paboTaeT TOJIBKO HA PACTSLKEHHE, HO MOKET BOCIIPHHMMATh HAarpy3Ky IIPH HaAJeKallleM 3aKpeIUIeHUH
KOHIIOB [12, 13]. TTosiorast HUTh SBIISETCS YaCTHBIM CIy4aeM ruOkoi Huth. J{ist Haxoxaenus HJIC HutH B ciydae,
KOTJa OHa HarpykeHa BepTHKaJbHOH paBHOMEpPHO-pachpelenéHHol Harpy3koi (puc. 1) um onmopsl e€ KOHLOB
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HaXOIATCS Ha OAHOM BBICOTE, HEOOXOAMMO BBIYMCIHMTH BEJIMYUHY pacropa ¢ y4éToMm YIpyrux aedopmanui.
Bennunna pacrniopa onpeznensercss KyOMUeCKUM ypaBHEHUEM:

el 8-w H2 — D-w , 1)
3-n*-m’ 2-1-m®
rae:
H — BennuuHa pacnopa, kH;
o = E-A — %ECTKOCTP MmoTepevHoro ceueHus, KH;
| — Benmuumna nponéra, M;
D — xapaKkTepUCTHKA HArpy3Kku, KH?*M, onpeeNnsTcs HHTerpHPOBAHHEM:

[ I
DzjoM pdx=.[0de. (2)
B ciyuae ¢ paBHOMepHO-pacnpeaesIEHHON Harpy3Koil o BCE AJIMHE HUTH:
2 13
q”-l
D= , @)
12

rae:
g — cyMMapHasi paBHOMEpHO pacrpeenéHHas Harpy3ka, KH/M.

I
n=—. @)
m=>) ©)
rac:
S — JJIMHa 3aroTOBKU, M, BBIYUCIISIETCS 10 (bOpMyJ'Ie 6.
S= (6)

[Ipu 3TOM BenMUMHBI N 1 M BBIYUCISIFOTCS B UCXOJHOM COCTOSIHUH, 0e3 yuéTta ynpyrux nedopMariuii.
Ycunue B HuTH, KH, onipenensiercs ¢ yu€étom pacnopa H (popmyina 7).

N=yH*.Q*, )
rue:

Q — momepeyHas cuiia OT BEPTUKAIBLHON HArpy3KH, BRIYMCIICHHAS JJIsl OKBUBaJIeHTHOU Oanku, kH. B nanHom
Clyyae:

-
Q=" ®

BepTI/IKaJ'IBHaSI KOoOpanHaTa CEPEAHBI HpOHéTa HUTHU, M, IOCJIC NPHUIIOKCHUA HAIPY3KU BBIYUCIIACTCA I10
dhopmyie:

_ Ve
yc - HC ’ (9)
rie:
M s — 3rudaroNIiii MOMEHT, BEIYACIICHHBIN B SKBUBaJICHTHON Oanke, KH*M. B manHoM cirydae:
2
q-l
M s = : (10)
8
Taxum 00pa3oM, JOMOTHUTEILHOE MPOBUCAHNE KaHaTa (TIporud), M, OyaeT paBHO:
Af =y —f. (11)

Pa3pabotanHblii anroput™ [6] mo3BossieT U3MEHATH MapaMeTPbl TOKPBITHS U JUHAMUYECKH MEepEeCTPanBaTh
BaHTOBYIO ceThb. [lJisl MpoBeAEHHsI IKCIIEPUMEHTa HEO0X0AUMO TTOCTPOUTH M IKCIIOPTHPOBATH HECKOIBKO CXEM,
M3MEHSS BEIMYMHY NPOJIETA, MPOBHCA HECYIINX BaHT, a Takxke oTHomexHue f/l.

W3 xaxmoil SKCOPTUPYEMO# CXEMbI BBIOMPAETCs] KaHAT C CaMbIM OOJIBIIUM 3HAYCHHUEM NPOJETa U IPOBHCA,
OCTaJbHBIE 3JIEMEHTHI BAHTOBOM CETH He y4acTBYIOT B pacuére, TakuM oOpa3om B IIK Jlupa CAIIP npoBoautcs
pacuér miuockoii 3amaun. [Tomumo skcnopruposannoi u3 ITK Rhino 8 B Jlupa CATIP BeIMOIHSTCSA MOCTPOCHUE



Wmkenepusie uccnenoanus. 2025. Ne 1 (21)
http://eng-res.ru

MOJIHOCTBIO UJICHTUYHON MO TEOMETPUUYCCKUM XapaKTEpUCTHKAM BaHTHI C MOMOIIBI0 MHCTpyMeHTa «llemHas
JVHHS» C eI CPaBHEHHSI XapakTepa paboThl HIMIIOPTHPOBAHHOW T€OMETPHH.

B kaugecTBe momepedHoro cedeHus BaHT BBIOpaH kaHaT JIK-PO koHCcTpyknmn 6x36 muamerpoM 30 MM 1m0
I'OCT 7669-80. XapakTepuCTHKU BEIOPAHHOTO CEUEHUS MIPEACTaBICHbI B Ta0IuIIe 1.

Tabauna 1. XapakTeprucTuKy BEIOPAHHOTO CECUCHUS KaHaTa
Table 1. Chosen cable cross-section properties

Ne XapakTepucTHKA, eAMHUIILI H3MepeHHs 3Hauyenue
1 | Juamerp, MM 30

2 Inoma s IONepeyHoro cedenus, A, cM? 4,268

3 | Moaymas ynpyrocth, E, MITa 147000
4 JKécTroCTh momepeyHoro ceueHus, o, KH 62733,63
5 | IloroHHast Harpy3Ka OT COOCTBEHHOI'O Beca, (cs, KH/M 0,03812

B kauecTBe paBHOMEPHO-pacnpee€HHON Harpy3KH BBICTYIaeT Harpy3ka oT COOCTBEHHOTO Beca CTalIbHOTO
KaHaTa, a TaKKe yCIoBHas Harpys3ka, pasHas 4,903 kH/m (0,5 1/m), Torna:

q = qce + qym ! (12)

q=0,03812+4,903 = 4,94112 <11

M

Jna mpoBeneHwst pacd€ra OBUIM ITOCTPOCHBI M OJKCIIOPTUPOBAaHBI 9 pacdETHBIX CXEM C pa3iIHIHBIMU
mmapameTpamu (Tadu. 2). DKCIOPTHPOBAHHASI TEOMETPHSI BAHT MPEICTABISIET CO00M HA0Op CTEepKHEH (KOHSUHBIN
anemeHT 10), pa3OUTHIX Ha OTpe3KU onpeneiaEHHol HbEI. C MOMOIIbI0 HHCTpyMeHTa «CMeHa THIa KOHEYHOTO
anemenTa (maiee, KO)» crepxxan npeodpasyrores B KO 310 «reomeTpryeckn HEMUHEHHBIN POCTPAHCTBEHHBIN
crepxaeBoit KO (HuTh)». KOHIIBI HUTH 3aKpETUIAIOTCS B COOTBETCTBUH C METOJIMKOI pacuéra. Pacuér Benércs ¢
y4€TOM HEIMHEHHOCTH IIArOBBIM METOJIOM C aBTOMAaTHYECKHM BBIOOPOM HIara JIjisi TeOMETPUYECKH U (PU3HYECKH
HETTMHEHHBIX 3a7a4.

Tadaunua 2. [TapameTpbl MPUHSTHIX IS pacyéra BaHT
Table 2. Properties of calculated cables

Ne Besmunna mpoBuca, M Besuuwmna nposiéta, M f/l
CXEMBI

1 2,83 30 1/10,6
2 2,83 51 1/18
3 2,83 71 1/25
4 4,2 30 1/7,1
5 4,2 51 1/12,1
6 4,2 71 1/16,9
7 5,65 30 1/5,3
8 5,65 51 1/9
9 5,65 71 1/12,6

PE3VJIbTATHI U OBCYXXIAEHUE
Jiist Bcex 9KCIMOPTHPOBAHHBIX CXeM ObLIT MPOBEAET pacué€T COMIACHO MHKEHEPHOW METOIMKE, M3JI0KEHHOM
BhIIIIE, a Takke pacuér B I1K Jlupa CAIIP.
B xoze pacuéra moiaydeHsl CIEAyIOMUe pe3yabTarsl (Tadi. 3-4, puc. 4-9):
1. PacxoxkJieHHE pPe3yJIbTATOB BBIYHMCICHUS TPOJOoibHOr0o ycuians N B KaHaTe Ui 3KCIOPTUPOBAHHOW
reOMETPHHU He MpeBbImaeT 6% s BCeX pacu€THBIX CXeM, UCTIONIb3YEeMBIX IS pacuéra, U He npeBbiaeT 2,25%

n1s 3Havenni f/l < 0,11 (%)

2. Pacxosx/ieHue pe3yibTaTOB BEIYHUCICHHUS MaKCHMAIbHOTO MpoBUCaHus KaHata Af konebnercs B quamnazoHe
ot 0,2% no 10,4% npwm f/l < 0,11 (%), B TO Bpems, kak npu f/l > 0,11 3HaueHne pacxokaeHHs CYIIECTBEHHO

pactét ¢ yBenudyenuem f/l.
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3. 3HaueHHs PacXOKICHUH PE3yIbTaTOB BEIYMCICHHS Kak IPOJOJILHOTO ycrius N, Tak 1 MpoBUCAaHUS KaHATa
Af reometpun, monydyenHoi skcroptom u3 ITK Rhino 8 mns /1 < 0,11, cxoxu co 3HAYCHUSIMHU, MTOTYYCHHBIMH JTSI
IeTTHO# HUTH, TocTpoeHHOo| ¢ Hysa B [1K JIupa CAIIP.

4. Xapakrep nedopmanuii BaHT JUIs TeOMETpHH, SkciopTupoBanHoit u3 ITK Rhino 8, mis 3nagenwuii f/1 > 0,08
HOCHT HEKOPPEKTHBII XapakTep (puc. 6): kaHaT nporudaercs HepaBHOMEPHO, TOYKH MaKCUMAJIbHOTO IPOruda He
COOTBETCTBYIOT TOYKE MaKCHMAJILHOTO MOMEHTA (CepeIrHe paBHOMEPHO-HArpy»keHHoi BauTs). Js f/l < 0,08
nehopMHUpOBaHHAS CXeMa BBITIISANT KOPPEKTHO (PHC. 7), OMHAKO PACXOKIEHUE PE3YIBTATOB A0CTUTAET 9,64%.

Hwxe npuseaéH pacy€T MpOIOJIBHBIX YCUIUM U JOIOJIHUTEIBHOIO IPOBUCAHUS KAHATA JJIS PACUETHBIX CXEM

Ne 4 u Ne 9.

Pacuémnas cxema Ne4 (=4, 94112E; 1 =30m; f=4,2m.)
M

ITo popmyme 3:

2 an3

SELEE
ITo popmyse 6:
2,16,
s=,/30 +§ 4,2°=31,529 m.

CornacuHo ¢opmynam 4 u 5:

n= ﬂ =17,14,

4,2
m= 31,529 =1,051.

Nwmes HaliieHHBIC BBIIIE JaHHBIC, HAXOUTCS BeaMUnHa pacnopa (dhopmyina 1):

s 8-62733,63 H2 — 54944,77-62733,63

+ .
3-7,14%.1,051° 2-30-1,057°
H =129,433 xH .
CornacHo ¢popmynam 8 u 10:
Q= 4,94112-30 — 74125 kH |
2
M =w=555,935KH'M.

Torna ycunue B HUTH OyJeT paBHO, corjiacHo opmyde 7:
N =/129,433%-74,125? =149,156 «H .

BeprukanbHas KoopJMHATa CEpeAMHBl HUTH W BEIMYHHA JOMOJIHHUTEIBHOTO MPOBUCAHUS HUTH, COTJIACHO
¢dopmynam 9 u 11:

,, - 555,936
© 129,433
Af =4,295-4,2=0,095 1.

4,295 m,

Pacuémnas cxema Ne9 (( =4, 94112ﬁ; | =71m; f=5,65Mm.)
M

ITo dhopmymne 3:
_ 4, 94112%.71°

=728345,8xH* - m.
12

D

ITo popmyme 6:
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S= ,/712 +% .5,65° =72,189 .

CornacHo ¢opmyiam 4 u 5:

n=—"% ~12566,
5,65
m="2189 _1 017,

Mwmest HaliieHHBIC BBIIIE TaHHBIE, HAXOAUTCS BeIWIuHa pacropa (dhopmyna 1):

He . 8-62733,63

» 128345,8-62733,63

3-12,5662-1,017° 2.30-1,017°
H =457,127 «H .
Cornacuo ¢opmynam 8 u 10:
Q :M:1751429 kH
_ 4, 94112-71°

M

max

Torna ycunue B HUTH OyJeT paBHO, corjiacHo opmyde 7:

N = \/457,1282 -175,429° = 489,633 «H .

=3113,857 kH - m.

BepTI/IKaJ'IBHaSI KOoopauHaTa CEPE€AVHBbI HUTHU W BEJIMYMHA AOIIOJIHUTCIBHOTO IPOBHUCAHWA HUTHU, COIJIACHO

¢dopmynam 9 u 11:
~3113,857

Yo = 457,128
Af =6,812-5,65=1,162 x.

6,812 m,

Pesynpratel pacuéra B 1K Jlupa CAIIP npuBeneHs! B Tabnuue 3, 3HAYCHNUE PACXOKICHUHN PE3yJIbTaToOB AJIs

BCEX paC‘{éTHBIX CXEM IIPCACTABJICHO B Ta6J'II/II_IC 4.

Ta6muma 3. Pe3ynbTarsl pacuéra
Table 3. Calculation results

N, kH — N, xH - N, kH — Af,m— Af,m—
oo | PV QI e | mocrpommen | e | Graspper | Mocrosue
pacuér (Rhino 8) Jlupa CAITP y (Rhino 8) Jlupa CAITP
1 198,886 202,024 196,140 0,182 0,196 0,197
2 426,997 437,392 419,740 0,948 0,950 0,957
3 630,100 616,860 610,976 2,315 2,270 2,310
4 149,156 156,912 153,969 0,095 0,194 0,099
5 357,073 363,840 357,956 0,608 0,545 0,621
6 560,960 558,999 552,134 1,644 1,550 1,650
7 121,607 129,452 126,510 0,059 0,219 0,069
8 294,406 301,075 292,249 0,389 0,419 0,416
9 489,633 496,234 482,504 1,162 1,05 1,19
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132.39 135.34 138,28 141.22 145.14 148.09 151.03 153.97 156.91
N, kH
156.91 156.91

136.32

145.14 ) 145.14
153.97\ As.g'r

132.39

Puc. 4. IIpomonsHble ycuiust B BanTax — cxema 4 (axcnopt u3 Rhino 8 — ceepxy, nocrpoenue B Jlupa CAIIP — cHu3y)
Fig. 4. Axial force in cables — scheme #4 (Rhino 8 exported — top, built in Lira SAPR - bottom)

| X X I T e —
452.1 457.99 463.87 468.77 474.66 479.56 485.45 490.35 497.2
N, kH 496.23 496.23
464.85
482.5

482.N & /

453.08

Puc. 5. [IpomonsHbie ycuiust B Bantax — cxema 9 (axcnopt u3 Rhino 8 — ceepxy, nocrpoenue B Jlupa CAIIP — cHu3y)
Fig. 5. Axial force in cables — scheme #9 (Rhino 8 exported — top, built in Lira SAPR - bottom)
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-0.194 -0.17 -0.145 -0.121 -0.0969 -0.0727 -0.0485 -0.0£42 -0.006458 0.0002-68 0.0“242 0.046b
Z,M
-0.0633 -0.0622
0.00423 0.0465 0.0462 0.00267
— T T

-0.179 0177

-0.068
-0.194 -0.145 -0.146 -0.194

.

-0.0215 \
-0.0415
-0.0594
-0.0747 ~.___ -0.0995

-0.0868 T
-0.0952 -0.0995

Puc. 6. JlepopmupoBaHme COCTOSIHAE BaHTHI — cXeMbl 4 (3kcmopt u3 Rhino 8 — ceepxy, mocrpoenue B Jlupa CAIIP —
CHH3Y)
Fig. 6. Cable deformed state — scheme #4 (Rhino 8 exported — top, built in Lira SAPR - bottom)

119 .04 ~0.891 0.742 -0.59 -0.445 -0.297 0.148 -0.0119 0
M - -0.091} ;
-0.103 e

'0'323 515 -0.492
.0.662
Iy
o A
.0.236 ~~.-0.356 -0.236
-0.575 -0.575 -0.356
-0.469 .0.674 -0.46
o.GTa0.765
. -0.922 -0.922 -0.765
- “0.847

1-04 -1.13 _1-16 -1.09
A48 119 on
09 ade Tade Tt 113 T

Puc. 7. JlepopMupoBaHue COCTOSHUE BaHThI — cxeMa 9 (9kcmopT u3 Rhino 8 — cepxy, nmocrpoenue B Jlupa CAIIP —
CHU3Y)
Fig. 7. Cable deformed state — scheme #9 (Rhino 8 exported — top, built in Lira SAPR - bottom)

-0.987

-0.987

Tab6muma 4. CBoHas TaOIUIA PACXOXKICHUS PE3yIbTATOB pacuéra
Table 4. The divergence between the results

Pacxosxnenne Pacxoxnenune Pacxoxnenne Pacxoxnenne
Ne - pe3yabTaToB mo N — pe3yJIbTaTOB 10 pesyabTaTos no Af — pe3yIbTaToB 1o
CXCEMBI IKCIIOPT U3 N — MmOCTpoOeHHUuE B IKCIOPT U3 Af — IMOCTPOCHHUE B

Grasshopper (Rhino 8) JInpa CAIIP Grasshopper (Rhino 8) JIupa CAITP
1 1/10,6 1,58% 1,38% 7,58% 8,13%
2 1/18 2,43% 1,70% 0,20% 0,94%
3 1/25 2,10% 3,03% 1,96% 0,24%
4 17,1 5,20% 3,23% 103,89% 4,05%
5 1/12,1 1,88% 0,24% 10,40% 2,09%
6 1/16,9 0,36% 1,58% 5,7% 0,39%
7 1/5,3 5,79% 3,38% 266,26% 15,39%
8 1/9 2,25% 0,73% 7,71% 6,94%
9 1/12,6 1,34% 1,46% 9,64% 2,41%
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o Pacxoxxnerne 3HageHnii N B % 1o cpaBHEHHIO ¢ py4HBIM pacuéToM
o

-2

0 1
000 002 004 006 008 010 012 0,14 016 018 020

—Pacxoxuenne no N - sxcnopr u3 Grasshopper (Rhino 8)
——Pacxoxnenne o N - noctpoerue B JIupa CAIIP

Puc. 8. I'paduk pacxoxxaenust pe3yapraros pacuéta N B 3aBucumoct ot f/l
Fig. 8. Discrepancy in results (N) according to f/l

Pacxoxnenue 3HaueHuii Af B % 1o cpaBHEHHIO ¢ pyYHBIM PacIeéTOM

30%

25
20
15

10

/1
0,000 0,020 0,040 0,060 0,080 0,100 0,120 0,140 0,160 0,180 0,200

——Pacxoxnenne no Af - akcopt m3 Grasshopper (Rhino 8)
——Pacxoxaenue 1o Af - moctpoenne B Jlupa CAIIP

Puc. 9. 'paduk pacxoxacHUs pe3yIbTaTOB pacuéra Af B 3aBucumocty or f/l
Fig. 9. Discrepancy in results (Af) according to f/l

3AKJIIOUEHUE

B pesynbpTaTe paGoThl OBLI BBIMOTHEH PYYHOH PAacuET BHIOpAHHBIX KOH(MHUTYpaldii BaHT IO aKTyaJbHBIM
METOJIUKaM, MpoBe/ieH KoHedHO-3eMeHTHbIH pacuéT B [IK Jlupa CAIIP nis BaHT, HOCTPOEHHBIX C MOMOIIBIO
skcniopta reomerpun u3 1K Rhino 8 (c ucnonszoBanmem Grasshopper), u aisi HOCTPOCHHBIX B MpOrpamMMe
HenHpIX JuHUHA. COrJacHO IMOJIyYeHHBIM 3HAYEHWSM pacXokIeHus pesyinpraroB KO pacuéra c pacuérom,

BBITIOJIHEHHBIM 10 YTBEPKAEHHON METOANKE, MOXKHO CAEJIATh CIEIYIOIINE BHIBOIbL:
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1. ComocraBiieHHE pe3yJIbTATOB HHKCHEPHBIX PAaCU€TOB M Pa3IMYHBIX aHATHUTHYECKHX CXEM BaHTOBOU
CHCTEMBI, TOCTPOEHHBIX € HOMOIIBIO KcopTa reoMerpur 13 [TK Rhino 8 mo3BoiiIo OLEHUTE TOYHOCTH pacyeTa
AHATMTHIECKUX MOJIENEH B pasanuHbIX auanaszonax f/l:

f 1 1
* — = —...— TIpH OIEHKE 3HaUeHUs npooiapHoro ycuinus N B kaHare;
I 10 25
f 1 1
*— = —...— IIpH OLICHKE 3HAYCHHs NPOBUCAHUS HUTHU Af;
I 13 25
f 1 1 o
2. Pacxosxaenue pe3ynpTaToB NpoaoiabHOro ycunus N npu 1105 He npeBbIaet 2,25%, 4To No3BOJSAET

WCTIONB30BaTh JAHHBIA METOJ TIIOCTPOCHHS U DOKCIIOpPTa TEOMETPHUH TPH pacdyére BaHTOBBIX CHCTEM,
FEOMETPUYECKUE TTapaMETPhl BAHT KOTOPHIX BIIUCHIBAIOTCS B YKA3aHHBIN JAUAMIA30H.

3. Pacxoxnenue pesynbratoB Af mpu {:%...%Hecm@m},no u xoinebnercs ot 0,2% mo 9,64%, uro

MTO3BOJISIET UCIOIB30BATh JaHHBII METO MMOCTPOCHUSI TEOMETPUY JIMIIb ATl IEPBUYHON OLIEHKH MTEPEMELICHH.
Bosnee Tounble pacy€Tbl HEOOXOIUMO IPOBOAUTD MO YTBEPKAEHHBIM METOHKAM.

. f 1
4. Xapakrep nehOPMHPOBAHHOH CXEMBbl BaHT IPH I_>E MOKa3ajJl CIHUIIKOM OOJBbIINE PACXOXKIACHUS

pe3yJbTaTOB TI0 CPABHEHUIO C DTAJIOHHOW CXEMOM, YTO TOBOPUT 00 OINMOKE MpHU MEPEHOCE TEOMETPUH U
BOCIIPHUATHH €€ TPOrPaMMHBIM KOMITIIEKCOM. HICTIOnb30BaHKe JAHHOTO METOa TOCTPOCHHUS TEOMETPUH U pacuéTa

f_1
BAaHTOBBIX CHCTEM, TI'COMCTPUUCCKUC MapaMCTPbl BAHT KOTOPBIX COOTBCTCTBYIOT HCPABCHCTBY T>E HEC

PEKOMEH Ty €eTCSl.
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V]K 624.94.014.2

JIE'KHE CTAJIBHBIE TOHKOCTEHHBIE KOHCTPYKIIUN
B PECIIYBJIMKE KbIPI'BI3CTAH

B.C. CemenoB!, A.K. AkmartoB!, B.A. Peioakos?, C.M. Amenuen?
! Koipeviscro-Poccutickuti crassuckuil ynusepcumem umenu 5.H. Envyuna, 2. Buwixex (Pecnybauxa Kvipevizcmar)
2 Canxm-Ilemepbypeckuti nonumexuuyeckuti ynusepcumem Ilempa Benuxozo,
2. Canxm-Ilemepbype (Poccutickas @edepayus)

AnHoTtanusi. Ha ocHOBaHNMM OmyOJIMKOBaHHBIX HOPMATHBHBIX JOKYMEHTOB, CTaT€d M NMPOEKTHBIX PEIICHUI BHIOJHEH
aHAJIN3 COBPEMEHHOTO COCTOSIHUSI TEXHOJOTHH JIETKUX CTAIBHBIX TOHKOCTeHHBIX KOHCTpykumi (JICTK) B PecmyOmuke
KeIprei3cran, faHa oleHKa MepcrekTHBaM e€ pa3BUTHL. B mociennue rogs! ata TexHOMOrua (00bEIUHIET MPOU3BOICTBO,
MIPOEKTUPOBAHNE U MOHTaX) HaXOAUT Bce OoJiee MMPOKOE MPHUMEHEHHE B aPXUTEKTYpEe M CTPOUTEIHCTBE MHOTHX CTPaH
mupa. C ucnons3oBanueM JICTK crposiTes Kak Kuiable 10Ma, TaK U 34aHUS U COOPYKEHUSI TIPOMBIIIIIEHHOTO Ha3HAYEHHMSI.
CeroHs 3T KOHCTPYKLIMH UCTIONIB3YIOTCS HE TOJIBKO B MAJIOATaXXHOM CTPOUTENBCTBE, HO U IIPY BO3BEICHUH MHOT'O9TAKHBIX
3naHni (YyCTpOWCTBE NEpeKpBITHH, (acaloB W IIp.), a TakkKe Npu peKoHCTpykuuu. B PecnyoOnmke Keipreizcran sra
TEXHOJIOTHSI TaKkKe HaxoquT Bc€ Oosbliee pacrnpocTpaHeHue. [IpOM3BOACTBO TOHKOJIMCTOBBIX THYTHIX MPOQMIEH,
MIPOEKTUPOBaHNE 00beKTOB N MOHTaX 3aaHui n3 JICTK ocBOEHO yke HECKOJIbKIMH IMPOEKTHO-CTPOUTEIBHBIMU (PUPMaMH.
KsIpreizcran - ropHast cTpaHa, TEppUTOPHsL KOTOPOI HAXOAUTCS B 30HE BEICOKOH CEHCMUUECKON aKTUBHOCTH, a HACEJICHHBIE
ITyHKTBl Ha JIOCTaTOYHO OOJBIIOM pPacCTOSHHM OT OCHOBHBIX ITPOM3BOJACTBEHHBIX 0a3. B 3THX yCIOBHSIX NMpUMEHEHHE
texHonoruu JICTK oOecrieunBaer, BO-IIEPBBIX, CEHCMOOE30MIACHOCT CTPOSIINXCS OOBEKTOB; BO-BTOPHIX, BO3MOXKHOCTH
MOHTa)Ka KOHCTPYKLHUH B OTHAIEHHBIX W TPYAHOJOCTYNHBIX paiioHax 0e3 Irpy30I0JbeMHBIX MEXaHH3MOB H, B-TPETBHUX,
COKpallleHHe 10 MHHHMyMa TPAaHCIIOPTHBIX PAacXOJOB Ha JOCTaBKY KOHCTPYKIMI B OTHAJIEHHBIE W TPYJHOMOCTYITHBIE
paiioHBL.

KuiloueBble cjioBa: JIETKHE CTallbHble TOHKOCTEHHbIE KOHCTPYKIMHU; KBIPrbI3CTaH; MPOW3BOJCTBO; MPOSKTUPOBAHMUE;
CEHCMOCTOMKOCTD; UCCIIEIOBAHNUS; IEPCIIEKTUBbI

Ccpuika niasi nmurupoBanmsi: CemenoB B.C., AxmatoB A.K., PribakoB B.A., Amenunue C.M. Jlerkue cranbHBIC

TOHKOCTEHHBIE KOHCTpYKIMK B PecnyOnuke Keipreizcran// MaxenepHsie nccnenosanus. 2025. Nel(21). C. 34-44. EDN:
KGGKWG

LIGHTWEIGHT THIN-WALLED STEEL STRUCTURES IN THE REPUBLIC OF KYRGYZSTAN

V.S. Semenov?, A.K. Akmatov?, V.A. Rybakov?, S.M. Amelichev?
L Kyrgyz-Russian Slavic University named after B.N. Yeltsin, Bishkek (Republic of Kyrgyzstan)
2 Peter the Great St. Petersburg Polytechnic University, St.Petersburg (Russian Federation)

Abstract. On the basis of published normative documents, articles and design solutions the current state of technology of
light steel thin-walled structures (LSTK) in the Republic of Kyrgyzstan is analyzed, the prospects of its development are
assessed. In recent years, this technology (combines production, design and installation) is more and more widely used in
architecture and construction in many countries of the world. Both residential houses and industrial buildings and structures
are built with the use of LSTK. Today, these structures are used not only in low-rise construction, but also in the construction
of multi-storey buildings (slabs, facades, etc.), as well as in reconstruction. In the Republic of Kyrgyzstan this technology is
also becoming more and more widespread. Production of thin sheet bent profiles, design of objects and installation of
buildings from LSTK has already been mastered by several design and construction firms. Kyrgyzstan is a mountainous
country, the territory of which is located in a zone of high seismic activity, and the settlements are at a fairly large distance
from the main production bases. In these conditions, the use of LSTK technology provides, firstly, seismic safety of the
objects under construction; secondly, the possibility of installation of structures in remote and inaccessible areas without
lifting mechanisms and, thirdly, minimizing transportation costs for delivery of structures to remote and inaccessible areas.

Keywords: light steel thin-walled structures; Kyrgyzstan; production; design; earthquake resistance; research; future trends.

For citation: Semenov V.S., Akmatov A.K., Rybakov V.A., Amelichev S.M. Lightweight thin-walled steel structures in the
Republic of Kyrgyzstan // Inzhenernyye issledovaniya [Engineering Research]. 2025. No.1(21). Pp. 34-44. EDN: KGGKWG
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BBEJAEHUE

CoBpeMeHHasi WCTOpUS JIETKUX CTaNBHBIX TOHKOCTeHHBIX KoHCcTpykmmii (JICTK, B anrmmiickoit
tpauckpumimu — Cold-formed Thin-walled Members or Cold-Formed Steel Structures) HaunHaeTCs ¢ CEPENUHBI
MPOIIIOTO BeKa, XOTA W3 JHUTEPATypHBIX HCTOYHUKOB H3BECTHO, YTO TIIEpBBIE JOMa C KapKacoM U3
ro)pUpOBaHHbIX CTaJbHBIX Npoduiel Obun nmoctpoensl B CoeanHennbx llltatax m BenukoOputanuu emé B
1850-x rogax XIX Beka® 2% “. Ceroans xonoxH0pOPMOBaHHbIE (XONOJHOTHYTHIE) CTANBHBIEC SEMEHThI IHPOKO
WCIONB3YIOTCS 32 PyOeKOM MPH CTPOUTENHCTBE OTAIIMBAEMBIX M HEOTAIUIMBAEMBIX 3/aHUi, MOCTOB,
CEITLCKOXO3IUCTBEHHBIX MOCTPOeK, ckinamoB, A3C, CTO u mpyrux oowextoB [1-3]. TTo mauubmM Ha 2006 o,
oobeM npumenenns JICTK B CHIA u BenukoOputanun coctasisil mopsiaka 6 v 3,5 MIIH TOHH B TOJI, B TO BpeMs
KaK B Poccuu 5TOT nokasarens 0611, mpuMepHo 900 ThiC. TOHH B roj1’. K cokalleHHIo, HAHTH B Oy OIMKOBaHHBIX
HMCTOYHUKAX aHAJIOTWYHBIX JaHHBIX Mo oObeMaMm mnpumeHeHust JICTK B cTpouTenscTBe Ha TEKyIIUi rojx He
yAaJ0Ch.

AHanu3 3apyOeKHBIX MCTOYHHMKOB IIOKa3bIBa€T OONBLION HHTEPEC CIELHUAIMCTOB KaK K TEOPETHYECKUM
BOIPOCaM MPOCKTUPOBaHHs W pacyera 3manuit u coopyxkenuit u3 JICTK [4, 5], Tak u K 3KCHepUMEHTATbHBIM
rccienoBanuaM aerctuTensHoi padoTsl JICTK 1 vX y3710BBIX COEMHEHNHN MPU CTATUYECKUX U JUHAMUYECKIX
(B TOM 4mCIIE ceficMUYeCKHX ) Harpy3Kax. B [6, 7] usydyena pabora TOHKOCTEHHEIX MIPOQHUIEH OTKPBITOTO CEUEHMS
IpU CKATHHU C dKCHeHTpucuTeToM; B [8, 9] — pabota maHenu W3 TOHKOCTEHHBIX MpOduiIeii Ipu CeHCMUIECKOM
Bo3neiicTBuy; B [10, 11] ananu3upyercst HanpsHKeHHO-1e(GOPMHUPOBAHHOE COCTOSTHUE 6-TH 3TaKHOTO 3AaHHS TIPH
JUHAMHYECKOM 3arpykeHud. B mocienHue roapl omyOnMKOBaHbI Pe3yJIbTaThl HCCIEOBaHUM paOOThl HECYINX
KOMOMHHPOBAaHHBIX CTaJICXKEIE300€TOHHBIX M CTAlEICPEBSIHHBIX KOHCTPYKLMH, & TaKke KOMOWHMPOBAaHHBIX
OTpakKJAIOIIUX KOHCTPYKIHMH Ha OCHOBE TOHKOJMCTOBOIO Tpoduist U 3PpeKTUBHBIX TEIION30SIHOHHBIX
Matepuaios [12, 13].

OmeiT mpuMmeHeHus TexHojorun JICTK (oO0bemuHseT Mpon3BOACTBO, IPOSKTHPOBAHUE U MOHTaX) B Poccuu
HacuuThiBaeT HeMHoruMm Oosiee 50 ner. Hauamom MoxkHO cuuTaTh KoHel 60-x romoB XX Beka, Korja
Metaiutyprudeckas npombinuieHHOcTs CCCP ocBomMIIa BBITYCK THYTBIX CTallbHBIX Mpodueii [14]. TTozxe, B 1987
roxy (B coaBTOpCTBE ¢ MHXKeHEpoM A.B. PoxxkoBEIM), ObITIa OIMyOJMKOBaHA OJHA W3 MEPBEIX PabOT YICHOTO U
MpaKTHKa, Oyaymiero 3aBeayromiero tadoparopueit gerkux Koncrpykmii THMUIICK nm. MensaukoBa Oayapaa
JleBonoBuua Aiipymsna [15]. B a3T1oif kHure MOAPOOHO OMKMCHIBAIIMCH BCE IMPEUMYIIECTBA MPUMEHCHHUS
XOJIOAHOTHYTBIX CTalbHBIX Opoduield [Uid HECYNIMX M OrpaXJAaroIINX KOHCTPYKUMH 3aaHuil. B cBoux
crepyromux nyonukanuax O.JI. AHpyMsH BMmecTe ¢ KOJUIEraMH pa3padaThiBaeT OCHOBHBIC HAalpaBlCHUS
ucnonb3oBanus JICTK B Manostaxuom crpourtensctse [16, 17].

B cospemenHoit Poccum omuum u3 umHMNMatopoB BHeApeHus TexHonoruu JICTK wmoxHO cumraTh
000 «Tanmgom-IIpopune» (ocHoBano B 1999 romy). 3a mpormreniiee Bpemsl KOMIIAHHEH COBMECTHO C
OAO IHNUIIpomznanuit 1 ITHUUIICK um. MenpHHKOBa pa3paboTaHa 1efnas CHCTeMa CTPOUTEIHCTBA 3aHUH
pPa3IMYHOTO Ha3HA4YeHMS C WCIOJIB30BAaHMEM Ui HECYHIMX M OTrPa)KJAIOUINX KOHCTPYKIMH TOHKOCTEHHBIX
CTaJIBHBIX THYTHIX Hpodueii Topropoii Mapku « Tammom»®.

Hauwnnas ¢ 90-x rogoB XX Beka ObUIO MPOBEACHO OOJBIIOE KOMMYECTBO HAaywdHBIX uccienoBannii JICTK.
Oco0bIM yBaskeHHEM ToJIb3yeTcst HayuHas mkojia Cankr-IlerepOyprekoro ITonuTeXHHYECKOTO YHUBEPCHTETA.
Ona mpenacraBieHa TakuMu yueHbimMu kak Jlamun B.B. [18], JesxoB C.®. [19, 20], Hasmeera T.B. [21],
CosetnukoB J[.0. [22]. 3nauntenbubiii Bkiaan B pazsutue teopun JICTK BHecan Pridakos B.A. [23], Tycuun
A.P. [24], Jlaryn 10.U. [25], FOpuenko B.B. [26], ITerpo K.B. [27], Bunsik C.U. [28], Kopotkux A.B. [29],
Enmxuesckuit B. [30], Cemxo B.A. [31]. PaGotsr [18-20] nocesiieHbl BONpocam CTPOUTEIBHONW MEXaHHKH
JICTK; pabotsi [23, 24] — uncnennomy pacuety JICTK; pa6otsi [25, 28] — skcriepUMEHTaIbHBIM HCCIIEI0BAHUSIM
JICTK; pabora [27] — Bonpocam npumenenust JICTK npu pekoHcTpykuuu 3nanuit; padotst [21, 29] — y3m0BbIM

1 A History of Cold-Formed Steel [9nexrponnsiii pecypc]. - URL: https://buildsteel.org/why-steel/cold-formed-steel-
101/a-history-of-cold-formed-steel/ (maTa o6parmenns: 15.02.2025)

2 HISTORY [Dnekrponnsiii pecypc]. - URL: https://www.cfsei.org/history (nata o6parmenus: 09.11.2024)

3 Ucropus JICTK / Double wall system [Dnextponnsiii pecypc]. - URL: https://www.2karkasa.ru/istoriya/ (nata o6parenus:
23.11.2024)

4 Ucropus JICTK — kak pa3BuBanack TeXHOJNOTHs [DnekTpoHHbIH pecypc]. - URL:
https://optimumhouse.ru/construction/istoriya-Istk-kak-razvivalas-tekhnologiya.html (nata obpamenus: 20.12.2024).

5 Texnonorus JICTK B mupe u P® [Dnexrponnsiii pecypc]. - URL: http://Istk-group.com/ru/ (nara o6pamenus: 07.10.2024)
6 Tannom-TIpoduns Kommekr. 12 €T NpUMeHEHHs JIETKUX CTATBHBIX TOHKOCTEHHBIX KOHCTPYKIUH B MalO3TAKHOM
cTpouTenbeTBe [AnekTpoHHsI pecypc]. - URL: http://www.taldom-profil.ru/netcat_files/userfiles/info/LSTK.pdf (zata
obpamenwnst: 10.10.2024)
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coemunenusm JICTK; paboter [23, 30, 31] — oOmum BompocaM MPOCKTUPOBaHHS M pacyeTa HECYLIMX M
OTpakJAIOIIUX KOHCTPYKIMN U3 TOHKOCTEHHBIX IPOQHIICH.

bnarogapss 0onpIIOMY KOJMYECTBY HAy4yHBIX HCCIECIOBaHUM, pa3pabOTKe HOPMATUBHOW  0a3bl
(CIT1260.1325800.2016 u CII 260.1325800.2023. KoHCTpYyKIMK CTalbHble TOHKOCTEHHBIE U3 XOJOJHOTHYTBIX
OLIMHKOBaHHBIX Mpo¢uiieil u rogpupoBaHHbIX JucToB. [IpaBuna npoekrupoBanusi. — Mocksa: ®I'BY «PCT»,
2024. — 114 c. m gp.), a Takke HaKOIUICHHOMY ombITy, cerogas JICTK monydmim mmpokoe pacmpocTpaHeHne
MIPaKTHYECKH BO BcexX pernoHax Poccum.

Konctpykiun u3 JICTK ucnons3yroTcss He TOJNBKO B MaJO3TaKHOM CTPOUTENBCTBE, HO U NMPH BO3BEIECHUU
MHOTOITaKHBIX 37aHHUi (yCTpOHCTBE MepekpwITHii, (acagos u mp.) [22], a Takxke Tpu pekoHCTpykimu' [27].
WnTepecusiM acriektom uccnenoBanmii JICTK B Cankr-IleTepOyprckom monutexnudeckom yausepcurere [lerpa
Benukoro siBisieTcsi M3ydeHUE HE TOJIBKO OOLIMX BOMPOCOB 3TOHM TeXHOJOruH [23], HO TakkKe HMCCIeIOBAHMS
COBMECTHOH pabOThl TOHKOJIMCTOBOTO THYTOro MpOoQuiIs ¢ KOHCTPYKUHMOHHBIMH H TEIJIOM3OJSLHMOHHBIMU
MaTepuagamu [32-34].

B Poccuu, psge esponeiickux crpad u CIHIA mpoBOASITCS UCCIETOBAHUS CEHCMOCTORKOCTH KaK OTICIBHBIX
KOHCTPYKTHBHBIX 3JIEMEHTOB M3 TOHKOCTCHHBIX THYTHIX mpoduiel, Tak u 3nanuii u3 JICTK. B wactHocTH, B
entpe uccremoBanmii ceiicmocroitkoctu coopyxenuit (IIMCC) HHUMCK um. B. A. Kydepenko npoBeacHbI
SKCIIEPUMEHTAIbHBIE HWCCIEJOBAHMSA HABECHBIX (pacagHbIX TMaHenel, W3TOTOBIEHHBIX W3  CTaIbHBIX
XOJIOZHOTHYTHIX OIIMHKOBAHHBIX Mpo(uied ¢ 0OMIMBKaMU U3 THIICOKAPTOHHBIX JIUCTOB TONIIMHON 12,5 MM H
LEMEHTHO-CTPYKeUHbIX IHT TommuHoi 12 MM [35]. Kpemienne HapykHOW OOLIMBKM K CTaIbHOMY KapKacy
OCYILIECTBIIIOCH C IIOMOLIBIO CaMOHAPE3AIOIIUXCSl BUHTOB. Pe3ynbTaThl HCIBITAHUI MOKA3a]IM MEXaHUYECKYIO
0e301acHOCTb, KOHCTPYKTHBHYIO WEIOCTHOCTh M OJKCIUTyaTalMOHHYIO TPHUTOJHOCTb CHUCTEMBI «KapKac —
OOILIBKAY.

BakHBIM 5TanoM maabHEUINETO pa3BUTUS PacCMaTpUBAaeMON TEXHOJIOTHN B POCCHN MOYKHO CUHMTATh BEIXOJ B
cBeT (myOsmkanuio) nByx u3ganuii: «Ilocobne mo mpoeKTHPOBaHUIO CTPOUTENBHBIX KOHCTPYKINI MaJTOdTaKHBIX
3MaHUH M3 CTaJbHBIX XOJOAHOTHYTHIX onuHKOBaHHBIX npoduneir (JICTK) / [APCC, Acconuauusi pa3BuTHA
CTAIBHOTO CTPOMTENbCTBA]; o penakiueit Hasmeeroit T. B. — Cankr-IletepOypr: Ilepserit UITX, 2021. — 238
c. m yudeOHoro mocobmus «Jlerkne crampHble TOHKOCTeHHBIE KoHCTpykumu (JICTK). IlpoextupoBanue,
u3rororyienue, Mmonrax / Acraxos U. B., ['yakoB A. H., Kuakos K. E. u ap.; nox oOuieii pea. 3sepea B. B. —
M.: UzparensctBO «Ilepo», 2023. — 412 c. B 3TuX u3NaHUAX B MOJHOM Mepe OTpa)KeHbI BCE TOHKOCTHU 3TOU
HWHHOBAIIMOHHOM TEXHOJIOTHH.

[TockonmpKy TIpUMEHEHHE JIETKUX CTANBHBIX KOHCTPYKIUH W3 THYTHIX MPOQWIed UMeeT PsJi HECOMHEHHBIX
MPEUMYIIECTB 10 CPAaBHEHUIO KaK CO CTaJIbHBIMH KOHCTPYKLUHMSIMH M3 TPOKAaTHBIX MNPOQHIEH, Tak H C
KOHCTPYKLMSIMU U3 IPYTUX MaTepHalioB, X JajbHEWIIee BHEAPEHUE B IPAKTUKY CTPOUTENbCTBA KbIprei3crana
ABIISIETCSl AKTyallbHBIM M 3KOHOMHYECKH OOOCHOBAHHBIM, OIHAKO TPEOYIOMIMM TMPOBEACHHUS CIIEIIHATBHBIX
HCCIIeIOBaHNH U pa3pabOTKU HOPMATHBHBIX TOKYMEHTOB, YUUTHIBAIOIINX CIICHU(HUKY pEruoHa.

OIIbIT MPUMEHEHHW A TEXHOJIOTMU JICTK B KbIPThI3CTAHE

[Inonepamu BHenpeHus otoil TexHomoruu B Keipreiscrane spnstorcs OAO  “3aBog  MOIYNBHBIX
MeTaunyeckux KoHCTpykuuid” (“3MMK”) u pupma “Monrtaxuuk” [36, 37]. B 2007 rogy OcOO «MOHTaXHHUK»
IIEPBBIM B pecityOiinke npuodpeno o0opynoBaHUE M HA CBOEM 3aBOJC KPOBEJIBHBIX MAaTEPUAIOB B MPHUTOPOJE
Burnikeka 0CBOMIIO BBITYCK TOHKOCTEHHBIX XOJOAHOTHYTHIX MPOQUIIeH U3 OIMHKOBAHHOMW CTaIM TONIIHHON OT
0,8 1o 1,2 mm. OHUM U3 00BEKTOB, MOCTpOeHHBIX 1o TexHonoruu JICTK u3 npodueii 3aBojga « MOHTaXKHUK,
obuta mkona B cene Hypa barkenckoi obmactu. B 2008 roay 3maHue MIKOJBI MPOIUIO SKCIIEPHUMEHTAIBHYIO
MIPOBEPKY CHIIBHBIM 3EMIIETPSICEHUEM, a PE3YIIbTaThl 00CIEIOBAHNS ITOKA3aJH €r0 BEICOKYIO CEHCMOCTOMKOCTb.
3TO0 00CTOSATENBCTBO TIOCHYXKHJIO OCHOBAaHHMEM JMJIsi TPUHSTHS PYKOBOJACTBOM PECIYOJIMKH HPOTpaMMbl
CTPOUTENBCTBA BO BCEX pErdoHax WIKOJBHBIX 3daHMd ¢ Kapkacom u3 JICTK. B mnHacrosiuee Bpems
MHOTONpoQuiIbHas KOMIAHU «MOHTaXXHUK» MPOJOJDKAET MPOU3BOJACTBO TOHKOCTEHHBIX T'HYTBIX Hpoduiei
tosmuo# 0,7—1,2 MM 15 ycTpoiicTBa (acasio, maHesei 1 HECYIIUX 3JIEMEHTOB Kapkaca (puc. 1).

” Tanaom TTpoduib. ONBIT MPUMEHEHUS JIETKUX CTAIbHBIX TOHKOCTEHHBIX KoHCTpykimit (JICTK) mpu pekoHCTpyKIuu
spanuid [DnexTpoHHblii pecype]. - URL: http://www.taldom-profil.ru/netcat_files/userfiles/info/LSTKreconstration.pdf
(mara obpamenus: 20.09.2024).
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Puc. 1. ITpoaykitus KoMmaHud « MOHTaXHHUK»: THYTbIe TPOduin st hacaJHbIX CHCTEM M KapKac JKHIOTO I0Ma
Fig. 1. Products of the “Montazhnik” company: curved profiles for facade systems and the frame of an apartment building

Ipumepro ¢ 2013 roma cTpoUTeNbHO-HHKMHUPUHTOBOM Kommanueii DSKA Engineering® ocsoen mosmbiit
LUK crpoutenscTBa 31aHui w3 JICTK, Bkirodaromuii 3akynkKy TOHKOJIMCTOBOW THPOKaTHOM CTallH,
BBICOKOTEXHOJIOTMYHOE IPOU3BOACTBO XOJOJHOTHYTHIX IPOQHIICH, TPOSKTHbIE pAOOTH U MOHTaK KOHCTPYKLIUH.
Ha coGcTBenHo# pon3BoACTBEeHHOM Oa3e B I. bumkeke kommanus BeimyckaeT «Uy» u «C» obpa3Hble ipoduin
13 OLMHKOBAaHHOW cTanmu TOMMMHOM oT 0,7 mo 2 MM, KOTOpbIE HNPUMEHSIOTCS NPH yCTPOWCTBE KapKacos,
MePEropoI0K, CTPONMILHBIX CHCTEM MaHcap/, Kpbiit U ap. (puc. 2) [38].

Cawmple Oorbiie 00beMbI paboT 1Mo ctpoutenbeTBy 3naHui u3 JICTK B Kbipreickoit PecryOnmke mpuxoasTest
Ha rpynmny komnanuii OcOO «Seido Systems» u OcOO «Alto Groupy, xotopsle Oombiie 10 neT 3aHuMaroTCs
BHEJIPEHHEM 3TOH TEXHOIOTHH TOJ ToproBoii mapkoii «Karkas.kg»®. Ha cTpOMTENbHOM pHIHKE KOMIIAHHH
B3aMMOCBSI3aHBI, TTOCKOJNBEKY Kommanms «Seido Systems» 3aHMMaeTcss HEIOCPEICTBEHHO ITPOM3BOJICTBOM U
peanu3zanyeil METaJNIOKOHCTPYKUMH, a «Alto Group» sBIseTcss YHCTO CTPOMTENBHON KOMIaHHEW, KOTopas
CHELUATU3UPYETCS Ha MAJIO3TAKHOM CTPOUTENBCTBE 0OBEKTOB «I10JI KIIFOW» U3 JIETKUX TOHKOCTEHHBIX CTAIBHBIX
KOHCTPYKITHH, BBITyckaeMbIX «Seido Systems» (puc. 3).

P | [ThE :
Lo BN [meginll @ MR TE

Puc. 2. Onun u3 o6bektoB kommannun DSKA Engineering — 3nanue 00ysHoit pabpuxu Imperial Shoes B mpouecce
cTpouTenscTBa’
Fig. 2. One of the objects of the DSKA Engineering company is the building of the Imperial Shoes shoe factory under
construction®

8 DSKA Engineering Co [nexrponnsiii pecypc]. - URL: https://dska.kg/ (nata o6pamenus: 04.10.2024).
9 Karkas.kg [9nexrponnsiit pecypc]. - URL: https://karkas.kg/ (nata o6pamenus: 25.09.2024).
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Ocob6enHoctu mpoduneit «Karkas.kg»: crane S550GD m amromonuHkoBoe MOKpeITHE Mapku AZ150,
o0ecreurBaroliee 10JArOBEYHOCTh M3TOTOBJICHHBIX M3 HUX KOHCTpYyKUuil. CoeqUHEHHE CTaJbHBIX 3JEMEHTOB
KapKaca — Ha 3aKJIeTKax.

i

Puc. 3. Oobextr kommanuu «Karkas.kg» B mponecce cTponTenbCTBa — CKIaACKONH KOMIUIEKC
U ABYXATAXKHBIM KUION om0
Fig. 3. Company facilities "Karkas.kg " a warehouse complex and a two—storey apartment building are under construction®

B 2019 roxy xonctpykuuu «Karkas.kg» mpomum skcrepuMeHTanbHyI0 MpoBepKy Ha ceficMocToiikocTs ™.
Harypueie BuOpoauHamMuueckue HCHBITaHUS (¢parMeHTa aByxdTakHoro goma u3 JICTK mposenu
MesxryHapoHas acCOIMAaIs IKCIEPTOB I0 cericMocToikoMy cTpouTenbeTBy (MADCC) n Kazaxckuit HaydHO-
HCCIIEIOBATEIbCKUI WHCTHTYT CTpouTenscTBa W apXxuTeKTypbl (AO KasHMMCA). VcnbiTyembiii ¢dparMeHT
MPEICTaBIIs cO00H CHCTEMY CBA3aHHBIX MEXIY COOOM M TUCKaMHU MEPEKPHITUI HECYIINX CTEHOBBIX MaHENEH 13
TOHKOCTEHHBIX CTaJIbHBIX THYTHIX NPO(dUiIeH, yCTaHOBICHHYIO Ha crieuainbHoil miatdopme (puc. 4). ['abaputer
00BeKTa: IpsIMOYTObHAS JopMa B IJIaHE C pazMepaMu B ocsax 5,4 X 6,0 M 1 BBICOTOM B KOHBKE 7,3 M; BBICOTA
sraxa 3,1 m.

HcnpITanus npoBOAKCH € MOMOIBIO BUOPAIMOHHON MaIlIMHBI HHEPLUUOHHOTO AelicTBrs Tuna B-3 B 1Ba sTamna.
Ha mepBom m3ywanmace pabota 3manus Oe3 HapyXxHOil oOmmBkH. Ha BTOpoMm sTame K Hecymemy KapKacy
Kpenuiiach OOIMBKA U3 JipeBecHO-cTpykeuHbIX T Tuna OSB (OCII) tommuuoit 15 mm. [nst kpersieHus
OOIIMBKY K 3JIeMEHTaM KapKaca UCIIOJIb30BAIUCh CAaMOHAPE3aroIie BUHTHI, @ COETUHEHUS CTAbHBIX 3JIEMEHTOB
MEXIy co00HM OCYyLIECTBISUIUCH IPU MTOMOILM HEPXKABEIOLIMX BBITSDKHBIX 3aKIENOK M3 OLMHKOBAHHOM CTaH
¢dbupmer KHAKPOOM)» 1 cTampHBIX caMOHape3aloniX BUHTOB ¢ Tpecc maiiooit pupmer «PATTA».

10

Puc. 4 — Oparment 3nanus «Karkas.kg» B nporecce BHOPOANHAMHYIESCKUX UCTIBITAHHIA
Fig. 4 — Fragment of the building "Karkas.kg " in the process of vibrodynamic tests®

10 Karkas.kg [DnexTponnsrii pecype]. - URL: https://karkas.kg/ (zata o6pamenus: 25.09.2024).
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Pe3ynpraTel MCHBITAHWN TMOATBEPIWIH HAJSKHOCTh M ceiicMoctoiikocte 3manus u3 JICTK (ypoBeHn
TOPU30HTAIBHON MHEPLIMOHHON Harpy3KH{ MPEBBIIIAT PaCUETHYIO CECMUYECKYIO HArpy3Ky, COOTBETCTBYIOLIYIO
3eMJIETPACEHHUIO CHIOH 9 OaiioB), 4TO MO3BOJIMIO CHEIMAINCTaM PECIyOJMKH PEKOMEHIOBAaTh CHUCTEMY
«Karkas.kg» BBICOTO#1 10 3-X dTakel 11 BO3BEIEHHS HA IUIONMIAAKAX CeHCMUUHOCTBIO 7-9 Gamios™.

Pe3ynpraTel HMCHOBITAaHUN TakKe MOTYT TOCIY)KMTh OCHOBOM JUIsl JalbHEWIIEr0 COBEPIICHCTBOBAHUSA
CTPOUTENBHBIX HOPM peciyOnuku KbIprel3cTaH, perslaMeHTHUPYIOIINX CTPOUTENbCTBO B CEHCMOOIIACHBIX
paiionax. B mannbrit Moment B CH KP 20-02:2024 «CeiicMocTONKOE CTPOUTENBCTBO. HOpMBI MPOEKTUPOBAHMU S
HET PEKOMEHJIAIMIA TI0 Y4YeTy miactuueckux aedopmanuii 3aanuii u3 JICTK npu celicMuueckom Bo3neicTBrm. B
tabmuue 7.8 CH KP 20-02:2024, B xoTopo# npuBOAATCS KO3((GUIMEHTH! TOBEACHHUS PETYISPHBIX 10 BBICOTE
3/IaHUH, OTBEYAIOIINE 32 HEYIIPYTYIO paboTy KOHCTPYKIIHA, OTCYTCTBYET 3HAUCHHE NaHHOTO K03 dUIIMeHTa IS
3nanuil u3 JICTK. B npakTruke npoekTupoBaHus sl JAHHOTO THIA KOHCTPYKLHUH, KaK MpaBUiI0, UCIOIb3yeTcs
K03 PULIMEHT MOBEACHUS AJsl KapKacHBIX 31aHui, paBHBIN 4 nin 3.3, uro cooTBeTcTBYeT 3HayeHuto 0.25 u 0.3
kodhUIMeHTa MOMyCKaeMbIX IOBPEXKICHUN, periameHTupyemMoro Hopmamu P®. I3menenne 4 HOpM
Poccwmiickoit penepanmu CII 14.13330.2018 «CtpouTenbcTBO B CEHCMHYECKHX paiOHAX» pPErIaMEeHTHPYET
3HAaYeHHE MOHWXKAIOMIETo Kod(pQHUIMEHTa IOMycKaeMbIX MoBpexaeHuil Ki, aHamormyHOro Mo CMBICITY
ko3 GUIMeHTy MmoBeneHusT B HopMax KeIprbi3cTana, aisi 37aHWA M3 XOJOTHOTHYTHIX mpodumieit. JanHoe
3HaueHue Bapsupyercs oT 0.35 mo 0.5 B 3aBHCHMOCTH OT KOHCTPYKTHBHBIX OCOOCHHOCTEH 37aHMi, YTO BEIIIIE,
4eM HCHoJib3yeMble B Hactosimee Bpemss B Koipreiscrane koadduuumenter 0,25 u 0,3. Ilpumenenue
koddduimenrta, yuutbiBaomero Heynpyrue paedopmanmu crnenuanmsupoBanHo it JICTK, mosBomser
[IPUHUMATE OoJiee OOOCHOBAHHBIE PEIIEHHs IPU NMPOSKTHPOBAHMM AAHHOTO BHIAa KOHCTpyKUMH. Kak Buamm,
HopMaTtuBHas 0a3a KeIprei3crana HecKoIbKO 3ana3apiBaet U it noBcemectHoro BBeneHus JICTK tpebyercs ee
nopaboTka.

Emé onHuM auaepoM BHEAPEHHS BBICOKOTEXHOJIOTHYHBIX PEIICHUH B 00JIACTH CTPOUTEILCTBA B PECIYOIIHUKE,
siisiercst kommaamsi NTEK. 3a cpaBauTenpHO HeOOmbIION Cpok (koMranus ocHoBana B 2010 romy), oHa, B
COIpYKecTBe C poccuiickoil kommnanueidl «®Dabpuka KapkacoB» M aMEPHUKaHCKOW XMMHUYECKOW KOMITaHHen
Huntsman Building Solutions, ocBomna texnomnoruto «JICTK + meHOOGeTOH» (HAITBUIIEMBINA TEHOTOINYPETaH
SPF)*2,

Baxxaple 0cOOEHHOCTH TaHHOW TEXHOJOTHH: puMeHeHne npoduist 3-ro nokonenus C-ob6pa3zHoi GopMbl ¢
JOTIOJTHUTENFHBIME peOpaMu )KECTKOCTH U YBEIIMUCHHOH BBICOTOM MoJIKK (47 MM) (puc. 5); UCTIONB30BAHUE JUIS
KpEIUICHHUS 3JIEMEHTOB MEXLy COOOH BBITSKHOM 3aKJIENKH € IYKJIEBKOH o1 He€, 4To NaéT BO3MOKHOCTh JeNaTh
COEIMHEHNE INPH HEeoOXOAWMOCTH pa30OpHBIM W, HAKOHEI, CBOICTBa TEPMOIIEHBI, KOTOpas oOmamaeT (Mo
CPaBHEHHIO C APYTUMH M30JSIIMOHHBIMU MaTeprajiaMu) 0ojiee HU3KMM YPOBHEM TEIIONPOBOJHOCTH M BEICOKHM
YPOBHEM F€pMETUYHOCTH.

-

Puc. 5 — Tpoayxuus komnanuu NTEK: TOHKOCTEHHBIH THYTBINA TPOQUIIE 3-TO MOKONEHHUS M IBYX3TaXKHbIN sKMII0H noM™
Fig. 5 — NTEK products: thin-walled curved profile of the 3rd generation and a two-storey residential building®®

1 Hamm xonctpykuun u3 JICTK BbiiepxkuBaroT 3emyetpscends B 9 u Oonee Gamios [DiekrponHbiii pecype]. - URL:
https://karkas.kg/ispytanie-konstruktsij-1stk/ (mara o6pamenus: 10.09.2024).

22 TTpoguns JICTK ot ®adpuxu Kapkacos [Dnexrponnsiii pecypc]. - URL: https://pabpuka-kapkacos.pd/profil-Istk-ot-
fabriki-karkasov/ (zata oopamenus: 02.09.2024)

130 JICK. Hogsiit 3Tan B pasButuu ctpoutenbcTia! [Dnexrponnsiii pecype]. - URL: https://ideametal.bg/za-Isk (nara
obpamenus: 10.09.2024)
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CpaBHUTENBPHO HEOAaBHO Ha CTPOUTENBHOM pbiHKEe KeIprescraHa mnosiBuiaack kommaHus «Nomad
Engineeringy», cneunanu3upyromascs Ha BO3BEACHHH OOBEKTOB PAa3MYHOTO HA3HAYEHHS IO COOCTBEHHOU
texnonorun IICIIK — ITepexpectrHo-CrepsxHeBsie IIpoctpancTeennsie Konctpykmuu (puc. 6 — puc. 8)*.

Wunosarnmonnast rexnonorust [ICIIK npenycmarpuBaeT H3roTOBICHHE Ha COOCTBEHHOW TPOU3BOICTBEHHOM
0a3e MHHOBAaLMOHHBIX TOHKOCTEHHBIX CTalbHBIX ABaKAbI THYTHIX C-00pa3HbIX mpoduiaei u 0JHOO0NTOBOE
Y3JI0BOE€ COEIMHEHHUE DJIEMEHTOB (pHC.6). OTH pelIeHus TO3BOJISIIOT HE TOJIBKO CHU3UTH PAaCXOf CTald, HO U B
HECKOJBKO pa3 COKpPaTUThb CpPOKM BO3BEJCHHUS OOBEKTOB. B  Hacrosimee BpemMs IIPOAOJIKAETCS
COBEpIIIEHCTBOBAaHME JTONM TEXHOJOTHH: TPOBOJATCS HCIBITAHUS DJIEMEHTOB U Y3JI0OB KOHCTPYKLUH,
pa3pabaThIBalOTCs CIIeHUaIbHbIE TEXHHYECKHE YCIOBHS M JApyras HOPMAaTUBHO-TEXHHYECKas IOKyMEHTauus,
KOTOpBIE JTOJDKHBI 00eCTeunTh YCIoBHUS nanpHeimero npumenenus texnosnorun [ICIIK B cTpouTenbcTBe He
Tosbko Keipreizcrana, Ho 1 Apyrux crpan CHI'.

Puc.6. TOHKOCTEHHBIH CTaTbHON IBAXKIBI THYTHIH IPO(WIIb U y3€7 COSANHEHNUS CTep)KHEH Takoro mpoduis
Fig.6. Thin-walled double-bent steel profile and the junction of the rods of such a profile

Puc. 7. TlpocTpancTBeHHBIH apounbiii kapkac «Nomading» B mponecce ctpourensbcraal®

Fig. 7. Spatial frameworks of "Nomading" in the construction process'®

Puc. 8. 3D-Moz1€Nb 0JIHOTO U3 NPOEKTUPYEMBIX 00bekTOB Komnanuu «Nomading»1®
Fig. 8. 3D model of one of the projected facilities of the Nomading company*®

14 Nomad Engineering [Dnexrponnsiii pecypc]. - URL: https://www.nomading.technology/ (nata o6pamenus: 20.10.2024).
15 IMpencrasuremn UCH na npoussoxactse JICTK «Nomading» B r. bunikek [Dnekrponnslii pecype]. - URL:
https://ice.spbstu.ru/news/predstaviteli_isi_na_proizvodstve nomading v_g bishkek/(nata obpamenus: 10.02.2025)



Wmkenepusie uccnenoanus. 2025. Ne 1 (21)
http://eng-res.ru

NCCIJIEJOBAHUIA

IlepBble NOMBITKM TEOPETHYECKUX M SKCIEPUMEHTAIBHBIX HCCIEIOBAHUHN Y3JIOBBIX COEIAMHEHHWM JIETKHX
CTABHBIX TOHKOCTCHHBIX KOHCTPYKIIUHA OBUTH OCYIIECTBICHBI B KBIPTBI3CKO-POCCHIICKOM CITaBSTHCKOM
yausepcutere (KPCY) eme B 20122015 rogax.

[oMumoO yke ONMMCAHHBIX BBINIE BUOPOJMHAMHYECKMX HCHBITaHUN (parmenta 3manus «Kapkac.kr», B
T'MCCHUII Tocctpos KP B 2018-2023 romax MHpOBOAMIIHCH HCCIEAOBAHHS PabOTHI Y3JIOBBIX COCIWHEHUN
CTepKHEW M3 TOHKOCTEHHBIX THYTBHIX MpoQuiieii Ha caMOHApE3aroINXCsl BUHTAX MPU CTaTHYECKUX HArpy3Kax.
OKCNepUMEHTaIbHO TEOPETHYECKHE HCCIIeI0BaHUs MOATBEPIMIN BO3MOKHOCTh MPUMEHEHHs TaKUX Y3JIOBBIX
COEIMHEHHUI B KOHCTPYKLHUSAX MaJO3TaXKHBIX 3/aHUM, a OIBIT SKCIIEPUMEHTAIBHOTO CTPOUTEIHCTBA TO3BOJINI
paspabotare mpoekt CTO «PykoBOACTBO Ha NMPOEKTHUPOBAHHE 3MAHWN W3 JIETKUX CTAJbHBIX TOHKOCTEHHBIX
KOHCTPYKLHM, pacronaraeéMbiX B paioHaX CECMUYHOCTBIO 9 OanoBy.

B mHacrosimee BpemMs B HHCTUTYTE HPOBOAATCS HCCIENOBaHUS pPAaOOTHl MEPEKPECTHO-CTEPIKHEBBIX
IIPOCTPAHCTBEHHBIX cHUCTeM KommaHuu «Nomading» u pa3pabaTblBalOTCS HOPMATHBHBIE JOKYMEHTHI JUIS
pacmmpenns 00beMOB MTPUMEHEHHS 3TUX KOHCTPYKITHI 3a CYET BBIXOa Ha CTPOUTENBHBIN peIHOK cTpad EADC.

INEPCIIEKTHBBI

[IpenBapsis obcyxaenne nepcnektuB npumenenus: JICTK B Keipreckoit PecyOnuke, npuBenéM crimcox
OCHOBHBIX HOPMATHBHBIX JIOKYMEHTOB, KOTOpBIE OOECIEYMBAIOT HE TOJBKO YCIEUIHOE NpPUMEHEHHE 3TOU
TEXHOJIOTHHU CErOJIHS, HO CIy’KaT OCHOBaHUEM U A1 e€ Oyayiero. JJokyMeHTHI pazpabotansl 'ocyaapcTBEHHBIM
HHCTUTYTOM CEHCMOCTOHKOTO CTPOUTEILCTBA M HHbKeHepHoTo npoektupoBanus (' MMICCHUII) 'ocymapcTBeHHOTO
areHTCTBa apXUTEKTYpPbI, CTPOUTEILCTBA M >KUIMIIHO-KOMMYHAJIbHOrO Xo3siicTBa npu KaOunere MunucTpoB
Keipreisckoii PecriyOnuku U HaxoaaTest B OTKpeiToM poctyne. http://giss.kg/index.php/ru/

1.Texandeckuii permaMmeHT «O O€30MAaCHOCTH CTPOUTENbCTBA 3MAaHWUN Pa3IUYHOTO HAa3HAUYCHHS U3
OBICTPOBO3BOIUMBIX KOHCTPYKIIMN U MaTepHasioB». Y TBepkKaAeH nocrtaHosieHneM lIpasutenscra Keipreizckoit
PecniyOnuxu ot 2 aBrycta 2010 roga N 143.

2. CIT KP 31-108:2023 «bbICTpOBO3BOJIMMBIE 3J]aHUSI M3 JIETKUX KOHCTPYKLMM. Pacuer JIerkux cTajabHbBIX
TOHKOCTEHHBIX KOHCTpYKIni (JICTK)».

3. CH KP 20-02:2024 (CH KP 20-02:2018). «CeiicmocToiiKoe CTpouTeIbcTBO HOpMBI IPOEKTUPOBAHUSD.

4. CTO 28974873-002-2024 (mpoekT). AxtyanuzupoBaHHas pepakuusi CTO 28084525-08-2021 «IIpodpunu
CTaJIbHbIE TOHKOCTEHHBIE THYTHIEY.

Kak yxe ObuT0O OTME4EHO BbIIE, HOpMaTHBHas 0a3a KeIprelzctaHa HECKONBKO «3ama3fbplBacT» M IS
noBcemectHoro BBeaeHust JICTK tpebyercs ee nopaboTka.

3AKIIFOUEHUE

KsIprei3cran ropHas cTpaHa, TEppUTOpUS KOTOPOH HAXOIUTCS B 30HE BHICOKON CEHCMUYECKON aKTUBHOCTH, a
HaceJICHHBbIE MYHKTHl HA JOCTaTOYHO OOJIBIIOM PAcCTOSIHUM OT OCHOBHBIX HPOM3BOACTBEHHBIX 0a3. B 3Tmx
yenoBusax mpumeHeHue TexHoorun JICTK obecrieumBaer (3a cder HEOONBIIONH COOCTBEHHONW MAacChl H
MPOBEPEHHBIX JKCIIEPUMEHTOM Y3JIOBBIX COCAMHEHWH W KOHCTPYKIHWH), BO-TIEPBHIX, CeiicM00€30MacHOCTb
CTPOSALIMXCS 00BEKTOB; BO-BTOPHIX, BO3MOXXHOCTh MOHTaXa KOHCTPYKIHH B OTAAJICHHBIX U TPYIHOJOCTYIIHBIX
paiioHax 0e3 MCIIOIb30BaHUS IPY30MOIBEMHBIX MEXAaHU3MOB U CBapOYHBIX PadOT, B-TPETbUX, COKpAILEHHUE IO
MHUHUMYMa TPaHCTIOPTHBIX PACXO/0B HA JOCTABKY KOHCTPYKITHI B OT/JaJCHHbIE U TPYAHOAOCTYITHBIE PaiOHBI.

CranbHble MPOKATHBIE TPOQHIIN SKCIIOPTUPYIOTCs B pecityonuky u3 crpan CHI™ u Kutast, uro onpenensier ux
BBICOKYIO CTOMMOCTH. I109TOMY H3roToBiIEeHHE Ha COOCTBEHHOM TEXHOJOIMYECKOM OOOpYIOBaHHUHM T'HYTHIX
npoduied W3 HEJOPOTOoro TOHKOJIWCTOBOTO IIPOKAaTa ITO3BOJISIET, B OIPENENICHHBIX CIIyYasx, 3aMEeHHTHb
JOPOTOCTOSIIIIME TPOKaTHbIE MPOo(WIM W, BO B3auMOCBs3HM ¢ Apyrumu mnpeumymiectBamu JICTK, cHuzuTh
CTOUMOCTb CTPOHUTEIBLCTBA.

Baxwnsiii acnext npumenenusi JICTK B Keiprezckoii PecniyOnrke B mepcrieKTHBe — MPH PEKOHCTPYKIUU
3MaHUIl CyIIECTBYIOIIEH 3acTpPOMKM, a TakKe TpU BOCCTAHOBIEHHH TOBPEKICHHBIX 3JaHHUI Iocie
3emiierpaceHuid. M, KoHeuHO e, He0OXOIUMBIM (aKTOPOM MEPCIEKTHB 3TOW MHHOBAIMIOHHON TEXHOJIOTHUH B
Kelpreizcrane sBnseTcss NPOAODKEHHWE HCCIENOBaHUM pabOTbl Kak CaMHUX CTEPXKHEBBIX JIIEMEHTOB W3
TOHKOCTEHHBIX IPOQUIIEH B YCIOBUAX CIOKHOTO HAIIPSXKEHHOTO COCTOSHUS NIPHU CTATUYECKUX U ANHAMUYIECKUX
Harpys3kax, TaK M HX Y3JIOBBIX COEIMHEHHH, 00eCreuyMBalomuX HAJAEKHOCTh 3/JaHUM, BO3BENCHHBIX IIO
texHonoruu JICTK.

IIpy mMOATOTOBKE CTaThM YACTHYHO OBLIHM WCIOJIL30BAaHBI MaTepHalbl KOMHaHUH «MoHTaXHUK», «DSKA
Engineeringy, «Karkas.kg», «Nomading» u TMCCHII I'occtpost KP.
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YK 628.3

CUCTEMA CBOPA MOPCKHUX OTXOA0B: TEXHOJIOI'HNH, DPPEKTUBHOCTD
W HATIPABJIEHUSI YCTOHUYHABOT O PA3BUTHS

H.T. ®am
Yuusepcumem Tyiinoil, . Xanou (Bvemuam)

AnHOTanusi. Mopckolf Mycop, B OCHOBHOM IUIACTHKOBOE 3arpsi3HEHHE, NPEICTaBIsieT CO00H pacTyllylo IiI00anbHYIo
9KOJIOTHYECKYI0 TPOOJIeMy C CEpbe3HBIMH DKOJOTHYCCKHMH, SKOHOMHUYECKHMH M COLHANBHBIMH IOCICACTBHAMH. B
JaHHOM 0030pe TpEeICTaBlIeH BCECTOPOHHHUH aHANIN3 CYIIECTBYIOLIIMX TEXHOJOTWi cOopa MOPCKHX OTXOIOB, BKIHOYAs
MacCUBHBIE CHCTeMbI (HampuMmep, Eco-booms), ucronb3yronie NpupoIHble CHIIbI, H aKTHBHBIE cHCTeMbl (Hanpumep, The
Ocean Cleanup, Seabin, SeaClear, WasteShark), mpumensromue coBpeMEHHBIE TEXHOJOTHH. PaccMmarpuBaroTcs HX
3 }eKTHBHOCTb, NpEUMyLIeCTBa W HENOCTATKH, IOAYEPKHBACTCI HEOOXOAUMOCTb HWHTETPHPOBAHHBIX PEIICHUH,
OOBEIMHAIONMX IePEeJOBBIE TEXHOJIOTWM C BOBJICUYEHHEM COOOLIECTB Uil KOMIUIEKCHOTO IIOOXoJa K IpoOieMe
3arpsizHeHusT Mopeid. O030p NOAYEPKUBAET BAXKHOCTh YCTOWYMBBIX HWHHOBAILWI, MEXIYHApOTHOTO COTPYIHHYECTBA U
WHBECTHUINH B pemIeHnus o cOopy MOPCKUX OTXOJIOB ISl COXPAaHEHUS MOPCKHUX 3KOCHCTEM.

KawueBble ciioBa: MOpCKOﬁ MYyCOp, CHUCTCMBI c60pa MOPCKHX OTXOJA0B, HACCHUBHBIC W AKTUBHBLIC TEXHOJIOTHH,
9KOJIO'MYCCKHUC ITOCICACTBUS, YCTOI\/'I"II/IBOG YHIpaBJICHUC MOPCKUMHU OTXOJaMH.

Cepbrika pist nutupoBanmsi: @am H.T. Cucrema c6opa MOPCKHX OTXOOB: TEXHOJOTHH, 3((GEKTUBHOCTD U HAIPaBICHUS

ycroiunBoro pa3surus // Nmkenepusie uccnenoanus. 2025. Nel(21). C. 45-54. EDN: VERLQI

REVIEW OF OCEAN WASTE COLLECTION SYSTEMS: TECHNOLOGIES, EFFECTIVENESS
AND SUSTAINABLE DEVELOPMENT DIRECTIONS

N. T. Pham
Thuyloi University, Ha Noi (Vietnam)

Abstract. Marine debris, mainly plastic pollution, represents a growing global environmental crisis with severe ecological,
economic, and societal implications. While prevention strategies, such as reducing plastic consumption and enhancing
waste management, are crucial, they alone cannot mitigate the substantial amounts of waste already present in marine
ecosystems. This review offers a comprehensive evaluation of existing ocean waste collection technologies, emphasizing
passive systems (e.g., Eco-booms) that leverage natural forces and active systems (e.g., The Ocean Cleanup, Seabin,
SeaClear, WasteShark) that utilize advanced technologies for waste removal. The study assesses their effectiveness,
advantages, and limitations, underscoring the need for integrated solutions combining advanced technology with
community engagement to tackle marine pollution comprehensively. The review concludes by highlighting the importance
of sustained innovation, collaboration, and investment in sustainable ocean waste collection solutions to preserve marine
ecosystems.

Keywords: marine debris, ocean waste collection systems, passive and active technologies, environmental impacts,
sustainable marine waste management.

For citation: Pham N. T. Review of ocean waste collection systems: technologies, effectiveness and sustainable
development directions // Inzhenernyye issledovaniya [Engineering Research]. 2025. No.1(21). Pp. 45-54. EDN: VERLQI
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INTRODUCTION
Marine debris (Fig.1), commonly referred to as marine plastic pollution, has become an increasingly urgent
global environmental issue, posing significant risks to marine ecosystems, coastal economies, and public health
[1]. This term encompasses all human-made solid materials discarded into marine environments, including
shorelines and estuaries [2]. While marine debris can consist of various materials, plastics dominate due to their
durability and resistance to degradation, leading to prolonged accumulation in marine environments [3].

‘n“.\'\ \i el 5,:_ 3 <
Fig. 1. Garbage washed up on the shore of VVung Tau, Vietnam
Puc. 1. Mycop, BeIOpomeHHEIH Ha Oeper Bynrray, BeetHam

The scale of ocean litter is both immense and growing. Approximately 8 million tons of plastic are dumped
into the ocean annually [4]. If this trend continues, it is projected that by 2050, the ocean could contain more
plastic than fish by weight [5]. A prominent example of this accumulation is the Great Pacific Garbage Patch, a
vast concentration of debris between California and Hawaii [6]. Moreover, in 2019 alone, 53.6 million tons of e-
waste were generated globally, a portion of which likely entered the ocean [7].

The negative impacts of marine litter are multifaceted. Environmentally, plastic waste endangers marine life
through entanglement, ingestion, and exposure to harmful substances [8]. Many marine species, from seabirds
and sea turtles to marine mammals and fish, are directly affected by plastic pollution [9]. The degradation of
plastics into microplastics, which are less than 5 mm in size, raises further concerns due to their potential to
enter the food chain and impact human health [10]. Additionally, marine debris can damage fragile ecosystems
such as coral reefs and mangroves [11].

Economically, marine litter impacts industries reliant on a clean marine environment, including tourism,
fishing, and shipping [12]. Polluted beaches deter tourists, reducing revenue for coastal communities, while lost
or damaged fishing gear due to litter results in financial losses for fishermen. Furthermore, the costs of beach
clean-ups and waste management represent a significant financial burden for local governments [13].

Socially, the accumulation of marine debris diminishes the aesthetic value of coastal areas, limiting
recreational activities and negatively affecting community well-being. In some cases, waste accumulation near
residential areas has led to public health issues and sanitation concerns [14].

Given the severe consequences of marine debris and its ever-growing volume, the development and
implementation of effective waste collection and removal systems is critical. In recent years, various systems
and technologies for collecting marine debris have been proposed, ranging from fixed barriers to autonomous
devices and community-driven initiatives [15]. However, due to the diversity of these approaches, a
comprehensive evaluation is needed to assess their effectiveness, feasibility, and associated challenges.

Effective management of marine debris requires a comprehensive legal framework at both national and
international levels. In Vietnam, the Law on Environmental Protection 2020 has introduced specific regulations
on marine waste management, including control of pollution sources and marine pollution treatment [16]. The
National Strategy on Integrated Solid Waste Management to 2025, with a vision to 2050 [17], outlines
objectives and solutions to reduce marine plastic waste. Internationally, the International Convention for the
Prevention of Pollution from Ships (MARPOL) sets stringent standards for ship-based pollution [18].
Concurrently, the United Nations Environment Programme (UNEP) has implemented numerous initiatives to
address marine litter and microplastics on a global scale [19-23]. Despite these significant efforts, implementing
and monitoring these regulations remain challenging, necessitating close coordination between nations and
international organizations.



Wnsxenepusie uccnemoBanus. 2025. Ne 1 (21)
http://eng-res.ru

SEVERAL SYSTEMS DESIGNED FOR MARINE WASTE COLLECTION
Passive collection systems are designed to capture and control waste in water bodies without requiring active
human or machine intervention (Fig.2). These systems rely on natural forces, such as water currents and tides, to
direct debris towards collection points. Below is an example of a prominent passive system:
Eco-booms, floating trash barriers specially designed to contain and collect waste, oil spills, and other
pollutants on water surfaces. They are commonly deployed in sensitive environments, such as rivers, lakes,
canals, and coastal areas, to prevent waste from spreading further into marine ecosystems.

Fig. 2. Plastic waste collected!
Puc. 2. CoOpaHHBIC TACTUKOBBIE OTXOIBI

Eco-booms are typically constructed from durable, water- and UV-resistant materials, such as high-density

polyethylene (HDPE), polyvinyl chloride (PVC), or PVC-coated polyester fabric. The design features a floating
section and a submerged skirt that extends below the water’s surface. The floating section traps debris, while the
skirt prevents pollutants from passing underneath.

Key Features of the Eco-boom System (Table 1):

e Adaptability: Can be customized in various sizes and shapes to suit different environments and waste

types.

o Versatility: Suitable for deployment in diverse water conditions, from calm lakes to fast-flowing rivers.
o Durability: Built from materials resistant to water and UV rays, ensuring long operational life.
e Easy to install and maintain: Requires minimal technical expertise for setup and regular maintenance.

Table 1. Advantages and disadvantages of the Eco-boom system
Ta6auua 1. IIpenmyinecTBa 1 HegocTaTKu cucteMsl Eco-boom

Advantages

Disadvantages

Pollution Control: Effectively prevents waste, oil
spills, and other pollutants from spreading, protecting
sensitive ecosystems.

Dependent on Environmental Conditions: The efficiency of
Eco-booms can be affected by factors such as strong water
currents, waves, and the volume of waste.

Waste Collection: Helps improve the aesthetics of
water bodies by capturing floating debris.

Frequent maintenance: Regular cleaning and repair are
necessary to maintain effectiveness.

Biodiversity protection: Reduces the risk of
entanglement and ingestion of waste by marine species.

Challenges in waste retrieval: Collecting large quantities of
waste accumulated by Eco-booms can be difficult, especially in
remote locations.

Cost-effective initial setup: Requires relatively low
investment compared to more complex systems.

Limited to floating waste: Ineffective for submerged or seabed
debris, limiting its scope in comprehensive cleanup efforts.

1 The Ocean Cleanup successfully collects ocean plastic, aims to scale design [Dnexrponnsrii pecypc]. — URL:
https://news.mongabay.com/2019/10/the-ocean-cleanup-successfully-collects-ocean-plastic-aims-to-scale-design (zata

obpamtenus: 06.02.2025)




Wmxenepusie ucciempoanus. 2025, Ne 1 (21)
http://eng-res.ru

Active collection systems play a significant role in addressing marine debris by directly removing waste
from coastal and marine environments. These systems often employ advanced technologies, including
autonomous devices and artificial intelligence (Al), to enhance the efficiency of waste collection efforts. Below
are notable examples of active collection systems currently in use or development.

The Ocean Cleanup, a non-profit initiative founded by Dutch inventor Boyan Slat in 2013, focuses on
large-scale plastic waste removal from the world’s oceans (Fig.3, Table 2). The project has developed two main
systems: a passive ocean cleanup system targeting garbage patches and an active interceptor system for river
waste.

Fig. 3. The Ocean Cleanup Project? B
Puc. 3. IIpoekt The Ocean Cleanup

The ocean cleanup system features a U-shaped floating barrier, extending over a kilometer in length, that
concentrates and captures floating debris. Two vessels tow the barrier slowly across the ocean surface, allowing
accumulated waste to be periodically collected and transported for recycling. Al technology is employed to
identify high-density waste areas and optimize operational routes.

The interceptor system, designed for river applications, is an autonomous device that prevents debris from
reaching the ocean by collecting waste directly from rivers. It operates continuously, using a conveyor
mechanism to lift waste from the water surface and store it in onboard containers.

Table 2. Advantages and disadvantages of The Ocean Cleanup
Ta6muua 2. IIpeumymiectsa u Hemoctatkd The Ocean Cleanup

Advantages Disadvantages

Large-scale capability: Effective at removing significant | High operational cost: Requires substantial financial
quantities of waste from both oceans and rivers. resources for deployment and maintenance.
Advanced Technology: Incorporates Al and autonomous | Potential environmental impact: Risks of interfering with
systems for efficient operation. marine life during waste collection.
Pollution reduction: Helps mitigate the impact of marine | Durability concerns: System reliability in extreme ocean
litter by removing large debris concentrations. conditions remains uncertain.

.. Limited microplastic collection: Ineffective at capturin
Awa_r Eness-raising: Promotes global awareness of ocean microplastics, v?hich are a critical component of Fr)naring
plastic pollution. pollution.

2 The Ocean Cleanup successfully collects ocean plastic, aims to scale design [Qnexrponnsiii pecypc]. — URL:
https://news.mongabay.com/2019/10/the-ocean-cleanup-successfully-collects-ocean-plastic-aims-to-scale-design (zata
obpamtenus: 06.02.2025)



Wmxenepusie ucciempoanus. 2025, Ne 1 (21)
http://eng-res.ru

The Seabin Project, initiated by Australian surfers Andrew Turton and Pete Ceglinski, targets plastic
pollution in calm coastal waters, such as marinas, harbors, and docks (Fig.4, Table 3). The Seabin acts as a
"floating trash can," collecting surface debris through a submersible water pump that draws water into a mesh
bag, where waste is trapped while clean water is returned to the environment.

Fig. 4. Seabin Project®
Puc. 4. Ilpoekr Seabin

The Seabin functions as a water filtration device designed to act as a floating trash bin. It is permanently
installed in docks or other calm water environments, operating continuously to collect waste from the water
surface. The device comprises a cylindrical container made from recycled HDPE plastic and stainless steel,
housing a mesh bag that captures debris. A submersible water pump draws in water, trapping waste in the mesh
bag while releasing filtered, clean water back into the environment. The Seabin is capable of collecting a wide
range of waste materials, including large debris, microplastics, grease, and even microplastic fibers.

Table 3. Advantages and disadvantages of the Seabin project
Ta6muna 3. [IpeumyiiecTBa 1 HEIOCTATKU MPoeKTa Seabin

Advantages Disadvantages
Continuous operation: Runs 24/7, collecting waste | Limited range: Only effective in calm, enclosed waters;
without requiring constant human intervention. unsuitable for open seas or rough conditions.
Low operating cost: Requires minimal maintenance | Limited capacity: Each Seabin can hold a limited amount of
and operational expenses. waste (approximately 20 kg).
Microplastic  collection: Capable of capturing | Energy consumption: Requires electricity to power the pump,
microplastics and small debris. contributing to carbon emissions.
Ease of use: Simple design allows for quick installation | Potential impact on small marine life: Risk of inadvertently
and maintenance. trapping small marine organisms.

SeaClear, a project funded by the European Union’s Horizon 2020 program, aims to tackle marine litter
using a multi-robot platform that operates autonomously in coastal areas. Unlike other systems focused on
surface debris, SeaClear targets waste on the seabed, where concentrations are higher and have a more direct
impact on marine ecosystems (Fig.5, Table 4).

3 SF on the Bay. Seabin Project Celebrates a New Seabin Installation! [Dnextponusiii pecypc]. — URL:
https://www.sfonthebay.com/tag/seabin-project/ (nara ob6pamenus: 06.02.2025)
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R Fig. 5. SeaClear project robot*

Puc. 5. Po6or npoexra SeaClear

The system includes several robotic components:

e« Unmanned Aerial Vehicles (UAVS): Monitor the ocean surface and identify waste hotspots.
e Underwater Observation Robot (ROV): Uses Al to distinguish waste from marine life and classify

different types of debris.

e Underwater Collection Robot (ROV): Equipped with a gripper and suction mechanism to collect

waste from the seabed.

e Autonomous Surface Vessel (USV): Serves as the control center, providing power and data processing

for the other robotic units.

Table 4. Advantages and disadvantages of the Seaclear
Tadanua 4. [Ipenumymecrsa u Henoctatku SeaClear

Advantages

Disadvantages

Comprehensive coverage: Can access and clean areas
difficult for humans to reach, such as under docks or in
deep waters.

High initial investment: Development and deployment of
autonomous robots require substantial financial resources.

Environmental protection: Helps remove seabed
waste, reducing its harmful effects on ecosystems.

Limited capacity: Current prototypes have limited ability to
collect large or complex waste items.

Technological innovation: Promotes advancements in
autonomous robotics and Al for environmental
applications.

Potential ecological impact: Despite Al-based waste detection,
there is a risk of inadvertently harming marine life.

Safety: Reduces the risks faced by human divers during
cleanup operations.

WasteShark developed by RanMarine Technology, is an autonomous surface water robot designed to
operate in coastal areas, ports, and inland waters (Fig.6, Table 5). Shaped like a whale shark, it features a wide
open “mouth” to collect floating debris, including plastics, algae, and other pollutants. The robot is equipped
with electric propulsion motors and LiDAR sensors for collision avoidance.

4 SeaClear Project. Autonomous Robots for Marine Litter Collection [Dnexrponnsiii pecype]. — URL: https://seaclear-

project.eu/ (nata obparuenus: 06.02.2025)
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Fig. 6. WasteShark project robot®
Puc. 6. Po6ot mpoekra WasteShark

WasteShark features a compact design inspired by the whale shark, with a wide, open "mouth" to collect
floating debris. The robot navigates the water surface using two electric propulsion motors, safeguarded by
RanMarine's proprietary protection technology. It can function autonomously or be operated remotely via a 4G
connection. Equipped with LiDAR sensors for collision avoidance, WasteShark is also capable of monitoring
water quality by measuring parameters such as pH, dissolved oxygen, turbidity, and other key indicators. The
robot can operate continuously for up to six hours and has a capacity to collect up to 500 kg of waste per day.

Table 5. Advantages and disadvantages of the WasteShark
Tadamnua 5. [Ipenmymectsa u Henoctatku WasteShark

Advantages Disadvantages
Environmentally friendly: Powered by electric motors, | Limited operating range: Primarily effective in coastal and
it emits no greenhouse gases. inland waters; not suitable for open seas.

The limited waste size: Designed to collect only floating waste

High capacity: Can collect up to 500 kg of waste daily. of certain sizes

Flexibility: Operates in various environments, including | Automation challenges: May encounter difficulties in complex
canals, marinas, and harbors. or crowded environments.

Data collection: Capable of monitoring water quality by
measuring parameters such as pH, dissolved oxygen, | —
and turbidity.

Comparative analysis of ocean waste collection systems. The following table provides a comparative
analysis of ocean waste collection systems based on key criteria such as investment cost, collection efficiency,
environmental impact, and scalability (Table 6).

Passive systems such as Eco-boom and Seabin require significantly lower initial investment compared to
active systems like SeaClear and The Ocean Cleanup, which involve complex technology and substantial
financial resources. WasteShark presents a moderate investment cost, benefiting from its relatively simple
design and use of electric motors.

Regarding collection efficiency, The Ocean Cleanup and SeaClear demonstrate high efficiency in collecting
large quantities of ocean and seabed waste, albeit at higher costs and with potential environmental risks. In
contrast, Eco-boom and Seabin are effective in specific environments, primarily targeting floating debris in
confined areas.

5 Designboom. Drone WasteShark removes plastic waste and biomass from water bodies [Dnexrponnsiii pecypc]. — URL:
https://www.designboom.com/technology/drone-wasteshark-ranmarine-technology-plastic-waste-biomass-07-04-2022/
(mara obpamenus: 06.02.2025)
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Table 6. Comparative analysis of ocean waste collection systems
Tadanua 6. CpaBHUTENBHBIN aHAIN3 CHCTEM cOOpa OKEaHCKHX OTXOJIOB

System Investment Cost Col_le_ctlon Environmental Impact Scalability
Efficiency
Eco-boom Low Moderate_(targets LOV\{ (ml.nlmal impact on ng_h (easy tq deploy in
only floating waste) marine life) various locations)
. High (collects large Moderate (potential Moglerate (dependent on
The Ocean Cleanup High . S environmental
amounts of waste) impact on marine life) .
conditions)
. A Low (suitable only for
Seabin Project Low Low (limited to small | Low (mm!mal_lmpact on calm, enclosed waters
areas) small marine life) X
such as marinas)
SeaClear Very High High (targets seabed Moderat_e (poten_tlal risks | Low (_stlll in the
waste) to benthic organisms) experimental stage)
Moderate (collects Low (environmentally High (easy to deploy in
WasteShark Moderate floating waste and friendly with electric coastal and inland
microplastics) propulsion) waters)

In terms of environmental impact, Eco-boom, Seabin, and WasteShark are assessed to have low
environmental impact due to their passive or eco-friendly operational mechanisms. Conversely, SeaClear and
The Ocean Cleanup pose potential risks to marine ecosystems, particularly due to their active collection
mechanisms and possible interference with marine life.

When considering scalability, Eco-boom and WasteShark exhibit high scalability, being relatively simple to
deploy across various locations. However, SeaClear remains in the experimental phase, limiting its current
scalability for large-scale deployment.

FUTURE RESEARCH DIRECTIONS AND POLICY RECOMMENDATIONS

As ocean pollution continues to escalate, future research should focus on advancing both existing

technologies and innovative approaches to waste collection. Potential research directions include:

1. Development of Al-driven autonomous systems: Enhancing the capabilities of autonomous robots by
integrating advanced Al and machine learning algorithms to improve real-time decision-making,
navigation, and waste classification.

2. Hybrid systems combining active and passive mechanisms: Designing systems that can leverage both
passive collection and active removal strategies to increase overall efficiency and adaptability to different
marine environments.

3. Biodegradable collection materials: Exploring the use of biodegradable and eco-friendly materials for
building collection systems to further reduce their environmental footprint.

4. Microplastic filtration technologies: Developing efficient filtration systems capable of capturing
microplastics, which are a significant and persistent threat to marine ecosystems.

5. Long-term impact studies: Conducting longitudinal studies to assess the ecological and economic impacts
of various waste collection systems, ensuring sustainable deployment.

Based on the findings of this study, several policy recommendations can be made to promote the adoption of

ocean waste collection systems, particularly in developing countries:

1. Incentivizing public-private partnerships: Governments should encourage collaboration between public
agencies, private companies, and non-governmental organizations to fund and implement ocean cleanup
initiatives.

2. Subsidies and tax incentives: Providing financial support, such as subsidies and tax incentives, for
companies investing in ocean waste collection technologies can accelerate their development and
deployment.

3. Capacity building and knowledge transfer: Establishing international cooperation programs to share best
practices, technical expertise, and resources with developing nations.

4. Community-based initiatives: Promoting community-driven cleanup programs and citizen science
initiatives to raise public awareness and foster local engagement in marine conservation efforts.
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5. Legislation and regulation: Implementing stricter regulations on waste management, marine littering, and
plastic production, combined with enforcement mechanisms, can significantly reduce the influx of waste
into the ocean.

CONCLUSIONS

Marine debris, predominantly plastic waste, has emerged as a critical environmental issue with far-reaching
ecological, economic, and social implications. Despite ongoing global efforts to curb pollution at its sources, the
vast quantity of waste in marine ecosystems underscores the urgent need for effective remediation strategies.
This review explores a variety of ocean waste collection systems, encompassing both passive and active
technologies, and highlights their respective advantages and limitations.

While passive systems present a low-cost, energy-efficient approach, they primarily target surface debris and
are often limited by environmental conditions. Conversely, active systems, driven by advanced technologies,
offer higher efficiency and the capacity to address a broader spectrum of marine waste, yet they require
significant financial investment and may pose risks to marine life.

The findings indicate that a multifaceted approach, integrating advanced technological solutions with
preventive measures and public engagement, is essential for addressing marine debris comprehensively. Future
research should prioritize innovation in collection systems, particularly in enhancing scalability, cost-
effectiveness, and environmental compatibility. Additionally, sustained policy support and global collaboration
are crucial to advancing the deployment of sustainable waste collection solutions. Through a concerted effort, it
is possible to mitigate the impact of marine debris and safeguard the health of marine ecosystems for future
generations.
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