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AHHOTALUMNA

BBegeHune. 3a nocnegHee gecAtuneTve yBenuuunach A0ns GETOHHbIX KOHCTPYKLMIA, apMUPOBAHHbBIX KOMMO3WTHON Mo-
numepHon apmatypoii (AKI), 4To CBA3AHO B TOM YWCNe C pasBUTUEM HOPMATUBHO-TEXHUYECKON Ba3bl B JaHHOM Hanpas-
nexun. Mpucywme AKIT ocobeHHOCTM, BO MHOrOM OOYCNOBIEHHbIE CBOMCTBAMWU €€ KOMMOHEHTOB, KOTOpble HEOOXOAMMO
Yy4YnTBIBaTb Ha BCEX dTanax CTPOUTENbCTBA M SKCMyaTauum 34aHUs, MPUBOAAT K HEKOTOPbIM M3MEHEHNSAM B TPAAULIMOHHBIX
Ons xenesobeTtoHa noaxofAax K MPOEKTUPOBAHUIO KOHCTPYKLMIA Y TEXHOMOMMW NX BO3BEOEHNS.

MaTtepunanbl u meToAbl. BbinonHeH 0630p OTEYECTBEHHOrO OMbiTa NPUMEHEHUS apMaTypbl KOMMO3WTHOW NOMIMMEPHON
npy CTPOUTENBLCTBE MOHOMUTHBLIX GETOHHbIX hyHAAMEHTOB. PaccMOTpeH npumep NPOeKTHO-KOHCTPYKTOPCKUX PeLLeHui
dyHAaMEHTHON NNUTbI, HA OCHOBE aHanunsa KoToporo Gbin ocyliecTBneH nogdop apmuposaHua ua AKI no pesynsratam
pacyeToB MO NEPBOW M BTOPOW rpynnam npeaenbHbIX COCTOSHUNA.

Pesynbratbl. O603Ha4eHbl 0COBEHHOCTU MPOEKTMPOBAHUSA, KOTOpbIE CreAyeT y4uTbiBaTb Mpu pacveTe pyHAaMEHTHbIX
nnuT 13 6etoHa, apmupoBaHHoro AKI. Ha KOHKpeTHOM nprMepe MOHONUTHOWM BETOHHON byHAAMEHTHOM NNUTLI NOKa3aHo
BNUSHME yyeTa hakTuyecknx MexaHnydecknx xapakrepnctvk AKIM Ha pesynsraTbl pacyeToB Mo NPOYHOCTM U TPELLMHOCTON-
kocTu. PedynbTraThbl pacyeToB, BbINOMHEHHbIE MO Pa3nNnYHbIM pedakLyaM HOPMaTUBHBIX AJOKYMEHTOB, akTyarnbHbIM Ha nepu-
of ¢ 2014 no 2023 r., HarnsiAHO 4EMOHCTPUPYIOT pa3BUTME HOpMaTUBHOW 6a3bl B YacTu yveTa ceoict AKI B apMupoBaH-
HbIX BETOHHbBIX KOHCTPYKLIMSIX.

BbiBopbl. lNpy pauvoHanbHOM NoAaxoAe K npoueccaM MPOEKTUPOBaHWS BO3MOXHO padpabaTtbiBaTb NPOEKTbl GETOHHbIX
byHOAMEHTHBIX NMUT Ha YNPYroM oCHoBaHuM ¢ npuMeHeHnem AKI, otBevatoLme TpeboBaHNAM HOPMaTUBHBIX JOKYMEHTOB
no HaAeXHOCTW. ViImeeTcs BO3MOXKHOCTb MOSTHOTO MCKIOYEHNA MeTanIMyecknx aneMeHToB (apmaTypbl, U3envin, 3aknaa-
HbIX AeTanew) B Takux KOHCTPYKLMAX.

KNOYEBBIE CIIOBA: apmatypa komnoauTtHasa nonumMepHasi, AKIl, cTeKknokomnosuTHas apmarypa, HemeTtannuuyeckas
CTepXHeBasi apmaTypa, apMMpOBaHHble GETOHHbIE KOHCTPYKLIMK, NMPOEKTUPOBaHNE MOHOMUTHBIX PYHAAMEHTHbIX NAUT

GnaezodapHocmu. ABTOpbI BblpaxatoT Griaro4apHOCTb yKasaHHbIM B CTaTbe OpraHun3auusiM 3a NpefocTaBlieHHble maTepu-
anbl U MHopmauumio.
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ABSTRACT

Introduction. Over the past decade, the share of concrete structures reinforced with composite polymer reinforcement
(FRP) has increased, which is due, among other things, to the development of the regulatory and technical framework in
this direction. The inherent features of FRP, largely determined by the properties of its components, which must be taken
into account at all stages of construction and operation of the building, lead to some changes in the traditional approaches
to the design of structures and the technology of their construction.

Materials and methods. A review of domestic experience in the use of composite polymer reinforcement in the construction
of monolithic concrete foundations is carried out. An example of design and construction solutions of a foundation plate is
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considered. On the basis of its analysis, the selection of reinforcement from FRP was carried out according to the results
of calculations for the first and second groups of limit states.

Results. Design features that should be taken into account when calculating foundation slabs made of concrete reinforced
with FRP are indicated. The concrete example of a monolithic concrete foundation slab shows the effect of taking into ac-
count the actual mechanical characteristics of FRP on the results of strength and crack resistance calculations. The results
of calculations carried out according to various editions of regulatory documents relevant for the period from 2014 to 2023
clearly demonstrate the development of the regulatory framework in terms of taking into account the FRP properties in re-
inforced concrete structures.

Conclusions. With a rational approach to design processes, it is possible to develop projects of concrete foundation slabs
on an elastic base using FRP that meet the requirements of regulatory documents on reliability. It is possible to completely
exclude metal elements (fittings, products, embedded parts) in such structures.

KEYWORDS: fibre reinforcement polymer rebar, FRP, GFRP, non-metal core reinforcement, reinforced concrete structures,
design of monolithic foundation slabs
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BBEJIEHUE

B03MOXHOCTh HCNONAB30BaHUS KOHCTPYKLHIA,
ApPMHUPOBAHHBIX KOMIIO3UTHON MOJMMEpHOI apMary-
poii (AKII), npu apMupoBaHHM OETOHHBIX KOHCTPYK-
Ui 31aHUN U COOPYKEHUH OINpeneseTcss HaTuuueM
y AKII psna ocobeHHocTel, KOTOpble HEOOXOIUMO
YUYUTHIBaTh Ha BCEX ATANax CTPOUTENHCTBA U IKCILTY-
aTalMy 3JaHUsl. DTH 0COOCHHOCTH TaKKe TPUBOJIST
K HEKOTOPBIM NU3MEHEHUSIM B TPAAUIIMOHHBIX JIJIS JKelle-
300€TOHa MMOJX0/1aX K MPOEKTUPOBAHHIO KOHCTPYKIIMN
U TEXHOJIOTUU UX BO3BEJIEHUS M BBI3BIBAIOT HACTOPO-
JKeHHOCTb K JaHHOMY MaTepHajly Y MHOTHX NPOEKTHBIX
U CTPOUTEIBHBIX OpraHu3aIui. ITO yCyryonsercst o0u-
reM UH(OpPMAaluU B OTKPBITBIX HCTOYHHKAX, KOTOPAs
HETIOJIHO WJIM HEJJOCTOBEPHO ONUCHIBAET ACHCTBUTEIb-
HBIE XapakTepucThku 1 ocobennoctr AKII, a rakxe ee
JIOCTOMHCTBA M HEIOCTATKU B CPAaBHEHUU C TPAJAUIOH-
HOM cTanbHOM apmatypoil. [llupoko pacnpocTpaHeHsl
TaK Ha3bIBaEMbIC «TaOJUIIBI PABHOIIPOYHOM 3aMEHBD»,

B KOTOPBIX OTPa)KEHBI COIEPIKALINE OLIMOKH pe3yJibTa-
THI (JAHHBIMH TaONUIAMU NOJB30BATHCS HEAOIYCTH-
M0). COBOKYITHOCTB 3THX (PaKTOPOB MPHUBOIUT K TOMY,
YTO MHXKEHEPHI IIPU pa3pabOTKe MPOEKTHBIX PeIlCHUN
B OCHOBHOM HpI/I6CFa}OT K TpaAUuIIMUOHHBIM MaTe€pura-
naM. Tem He MeHee pallMOHAJIBHOE U 0OOCHOBAHHOE
npumenerne AKII nmpu apMupoBaHuy OETOHHBIX U (H-
OpoOETOHHBIX KOHCTPYKLMH nepcrieKTuBHO [1-20].

HemnocpencreenHoit obnactbio npumenenus AKIT
ABJIACTCS. apMHUpOBaHHE OCTOHHBIX (yHIaMeHTOB. Mc-
nonb3oBanne AKII oTMedaeTcss kak B 4acTHOM, TakK
1 B IPOMBIIIICHHO-T P>K/IaHCKOM CTPOUTENBCTBE (pHC. 1).

Vmeercst M yHUKAJILHBIN OIBIT CTPOUTENBCTBA (PyH-
JJAMEHTOB I10/{ MHOTOITaKHBIE O(HCHBIE, IPOU3BOACTBEH-
HBIC W JKHJIbIC 3/1aHUSL:

* (yHAaMEHTHasl IUUTa 7-3TayKHOTO OPHCHOTO 3/1a-
HUsI, OCHOBHOE apmupoBaHue mntel 3 AKII, . Mocksa,
ya. Bepeiickas, 2013 1. (puc. 2);
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Puc. 1. O6muit By OeTOHHBIX (yHIaMeHTOB, apMipoBaHHBIX AKIT OT pa3maHBIX TPON3BOAUTENCH, TSI MATIOTKHBIX 3/IaHUH (HIC-
TI0JTb30BaHbI (POTOMATEpHAIbI U3 OTKPBITHIX HHTEpHET-pecypcoB): a — OO0 «anem» (URL: https://www.galencomposite.ru/); b —
AO «X9JIT Kommosur» (URL: https://helpcomposite.ru/); c —I'K «Apmmmac (URL: https://arm-plast.ru/); d — OO0 «KOMITO3UT
TPYIIIT YEJIIBMHCK» (URL: http://compositgroup74.ru/); e — OOO «Kommosut 21» (URL: https://21kompozit.ru/)

Fig. 1. General view of concrete foundations reinforced with FRP from various manufacturers for low-rise buildings (photo materi-
als from open Internet resources were used): a — “Galen” LLC (URL: https://www.galencomposite.ru/); b — “HELP Composite”
JSC (URL: https://helpcomposite.ru/); ¢ — “Armplast” Group of Companies (URL: https://arm-plast.ru/); d — “KOMPOZIT
GROUP CHELYABINSK” LLC (URL: http://compositgroup74.ru/); e — “Kompozit 21” LLC (URL: https://21kompozit.ru/)

a b

Puc. 2. ApmupoBanne GpyHIaMEHTHOH TUTHTHI (@) U OQHCHOTO 31aHus 1Mo yi. Bepelickas, . Mocksa (b) (poromarepuast
npegocrasieHsl Acconuanueii «KommosutHele crpoutensable MaTepuans» (1o 2015 . — Accommarus OIIITHKA «Hewme-
TaJUTHYeCcKast KOMIIO3UTHAS apMaTypay))

Fig. 2. Reinforcement of the foundation slab (a) and the office building in Vereyskaya st., Moscow (b) (photo materials provided
by the Association “Composite Building Materials” (until 2015 — the Association of Non-metallic Composite Reinforcement))
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a b
Puc. 3. O6wwmii Buj apMupoBaHus GpyHAaMEHTHOU IUINTHI (a) U oducHoro 31anus 110 yii. Bypakosa, . Mocksa (b) (poromare-
puaisl npenocTasieHbl Acconpannei «KoMIo3UTHbIE CTPOUTEINIBHBIE MAaTEepUaIbD» )

Fig. 3. General view of reinforcement of the foundation slab (a) and the office building in Burakova st., Moscow (b) (photo
materials provided by the Association “Composite Building Materials™

=
o=

¥

Puc. 4. dynpamMeHTHbIC IIATHI (@) ¥ TPOU3BOJICTBEHHOE 3/IaHUE MO LIBEHHBIN 11eX mo yi. [ony6iesa, . Mxkesck (b) (porto-
Mmarepuaisl npenoctasieHsl OO0 «KomAPy)

Fig. 4. Foundation slabs («) and the production building for the sewing workshop in Golubleva St., Izhevsk (b) (photo materials
provided by KomAR LLC)

Puc. 5. O6muii Bux apmMupoBaHust GpyHIAMEHTHOH mThl 15-3TaskHoro xminoro goMa B JKK «Canapseso ITapk», . Mocksa
(URL: https://galencomposite.ru/; URL: https://mgsu.ru)

Fig. 5. General view of the reinforcement of the foundation slab of a 15-storey residential building in the residential complex
“Salarievo Park”, Moscow (URL: https://galencomposite.ru/; URL: https://mgsu.ru)
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B Ry
e i

Puc. 6. Apmuposanne ¢pyHIaMeHTHOH IHTH 17-3TaxkHoro xuitoro qoma B KK «/Ipoxoknno-2», a. IpoxoknHo, MockoBcKas

o6 (URL: https://galencomposite.ru/)

Fig. 6. Reinforcement of the foundation slab of a 17-storey residential building in the residential complex “Drozhzhino-2”,

Drozhzhino village, Moscow region (URL: https://galencomposite.ru/)

* ¢yHIaMeHTHas IUINTa 4-3TaXHOTO O(pHUCHO-
ro 3JaHus, OCHOBHOE apMupoBanue miautsl u3 AKII,
. Mockaa, yi. bypakosa, 2013 1. (puc. 3);

* (¢yHIaMEHTHBIC TUIMTHI XpaHWINI, MypMmaH-
ckas 001., 2015 . [13];

* ¢yHAaMeHTHas IUTUTa 4-3TaXXHOTO TPOU3BOJ-
CTBEHHOTO 3/IaHUs MOJ| IIBEHHBIN 1[€X, OCHOBHOE ap-
muposanue mnthl u3 AKII, . Mxesck, yi. ['oxyOnesa,
2018 . (puc. 4);

* ¢yHIaMeHTHas IIUTa 15-3TaXXKHOTO >KHMIIOTO
JioMa, ocHOBHOe apMupoBanue mautsl u3 AKII, . Mo-
ckBa, 1. CamapweBo, 2017 1. (puc. 5) [12];

* (byHmameHTHas IIMTa 6-CEeKIIMOHHOTO 17-3TaX-
HOTO JKMJIOr0 JOMa, OCHOBHOE apMHUPOBAHUE BEPXHEN
308bI T THL 13 AKTT, MockoBckast 00, 1. J{posokuHo,
2016 r. (puc. 6).

MATEPUAJIBI U METO/bI

CranbHas apMarypa UMEET CTaTUCTHYECKH 000-
CHOBaHHYI0, BECbMa MIMPOKYIO M IIPH 3TOM J0CTaTOU-
HO JKECTKYIO0 KJIacCH(UKAIMIO M0 MEXaHMYECKUM Xa-
pakrepuctukaM. Muas curyanusa cinoxunach ¢ AKII,
MOKa3aTeIN M KadyecTBO KOTOPOH MOTYT 3aBHCETh
OT MHOXKECTBA (PAKTOPOB: CHIPbE, COCTAB, TEXHOIOTUS
MIPOU3BOJICTBA, KOHTPOJIb KauecTBa 1 npoyee. Hopmamu
JIOITyCKAeTCs PN pacdyeTax KOHCTPYKIUH NMPUHUMATh
3HaueHus Mexanndeckux xapakrepuctuk AKII, omnpe-
JIeNieHHbIe ¢ oOecreueHHoCThI0 He MeHee 0,95 1o pe-
3ynpTaraM ucnsitanuii B coorserctBun ¢ FOCT 32492,
HO HE HHMXE BeJu4uH, ykazaHHblXx B ['OCT 31938
u CII 295.1325800. dakTuueckue mokasaresid npod-
HocTu u nedopmatruBHOcTH AKII, BRIMONHEHHON
mo 'OCT 31938, MOTyT OTIHYaThCS OT 0003HAYCHHBIX
B HOpMax BelWYHMH. Hampumep, mpodHOCTh NPH pac-
TSOKCHUU apMaTypsl cTekiokommno3utHoi (ACK) mo-
JKeT BapbupoBaThes B AuanazoHe ot 800 MIla (MuHH-
MaabHOe 3HaueHue mo CII 295.1325800 — 800 MIla;
BI'OCT 31938-2022 — 1000 MITa) o 1100-1250 MI1a,
a MOZlyJIb yIpyrocty npu pactsikenuu ot 50 1o 57 I'Tla.
Takum 00pa3zoM, HaJTMYUE MOATBEPKICHHBIX JaHHBIX
0 (aKTHYECKNX MEXaHNIECKUX XapaKTepPHCTHUKaX TOU
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niu nHoit AKII (macmoprt kadecTBa, MPOTOKOIBI HC-
MIBITAaHNH, PE3y/BTaThl IPHEMO-CJIATOYHBIX UCIIBITAHUN
1 TIpOYee) MOXKET CYIIECTBEHHO BIIUSTH Ha PE3YJIBTaThI
WH)KEHEpHBIX pacyeToB [14—16].

[IpoekrupoBanue 6eTOHHBIX KOHCTpYKIMi ¢ AKII
HECKOJIBKO OTINYAETCSI OT TPAJAUIHOHHBIX MOJIXOAO0B, ITPHU-
MEHSIEMbIX K JKeJIe300€TOHHBIM KOHCTPYKIIMSIM, U UIMEET
cBoto crietuduky [17-28]. Hinke npuBeieHbl HEKOTOPbIS
e TPOSIBIICHMS, CYIIIECTBEHHO BIIUSIOIIIE HA PE3YIbTaThl
mobopa mapametpoB apmupoBanust AKII B m3rindaempIx
OCTOHHBIX SNIEMEHTAX Ha YIPYTOM OCHOBAHMH.

Vcxomst M3 OTbITa TIPOEKTHPOBAHMS TTPOJIETHBIX U3-
rrbaemMbIx OeTOHHBIX KoHCTpyKImit ¢ AKII, mpeobnanaro-
MM (haKTOpOM, BIMSIOIIMM Ha OKOHYATEIBHBIA 000D
KommuecTsa padbouert npogonsHoi AKII, siBisttoTes pe-
3yJIBTAThl pacuyeTa KOHCTPYKIUH 110 2-1 TPyIIe Mpeeib-
HBIX COCTOSIHHH, B YaCTHOCTH — PacyeTHbBIC 3HAYCHMS
nehopMaryii ¥ IUPUHBL PACKPBITHS TPEIuH [28-34].

B cBsI3M ¢ 3TUM HEMaJIOBKHBIM SIBIISIETCS HOBOE
mnoxenue m. 6.2.10 CIT 295.1325800.2017, npuse-
JIeHHOE B coOoTBeTcTByomeM V3menennn Ne 1 (BBe-
neHo B jpeiictBue 16.06.2021). B cooTBeTCTBUHU ¢ HUM
JUTS TIPSIMOYTOJIBHBIX CEUCHUH YIIPYTOIIACTHYECKUI MO-
MEHT COIIPOTHBIICHNUS! CEUCHUSI JUTSl KPAHEeTO PacTSHYTO-
TO BOJIOKHA GeToHa W | 101y CKaeTCs IPHHUMATH PABHBIM
MPOU3BE/ICHUIO YIIPYTOr0 MOMEHTA CONPOTUBIICHUS ITPH-
BEJICHHOTO CEYEHHs 10 PacTAHYTOH 30He cevenus W,
1 K03 PUIMEHTa Y, KOTOPBI yUYUTHIBAET HEYIIpyrue
CBOiicTBa OETOHA PACTSIHYTOM 30HBI CEUECHUSL:

Wpl =YW
raey =1,73-0,005- (B —15); B— gucnoBas XxapakTepu-
CTHKa Kjlacca OETOHa I10 MPOYHOCTH HA 0CEBOE CHKATHE.

Tak, nas apmupoBanHbIXx AKII xoHCTpyKIuit
u3 OeToHa Kkiacca B25, ¢ yuetom monoxenuii M3me-
nenus Ne 1 x CIT 295.1325800.2017, BenuuuHa KO-
s dunuenta y ysenuanpaercs ¢ 1,3 (B COOTBETCTBHU
C mpenpAymeil pemakmmeid gokyMmeHrta) mo 1,68,
YTO NPUBOANT K aHAJIOTHYHOMY yBEITHUEHHIO PacueT-
HOTO 3HAYEHHUs MOMEHTa 00pa3oBaHUs TpemuH M

cre’

B cBoro o4dyepeab, 5TO HPUBOJAUT K YMCHBIUICHUIO BC-
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JUYUHBI Koddduimenrta V/,, yUUTBIBAIOLIETO HEPABHO-
MEpHOE paclpejelieHne OTHOCUTENIbHBIX nedopma-
LU pacTAHYTOW apMaTypbl MEXAy TpPELIMHAMH, H,
KaK CJIEJCTBUE, MPOUCXOAUT CHIKEHHE PaCUETHBIX
3HAYCHUH IIHPUHBI TPOAODKUTEITHFHOTO M HEMPOAOI-
KHUTEILHOTO PaCKPBITHs TpelrH acrc. Takum oOpaszom,
M0 pe3yJIbTaTaM pacdeToB KOHCTPYKIUH MO BTOPOH
TpyTIIe IPEebHBIX COCTOSHUN Tpebyemast III0a b
MIPOJIOJILHOM paboueii apMaTypbl MOXKET yMEHBIIATHCS.

IIpu pacuerax m3rnOaeMbpIXx OCTOHHBIX KOH-
crpykuuit ¢ AKII, moMmumo mpouux TpeboBaHUM
CII 295.1325800, HEOOXOAMMO YIEIATH 0c000e BHH-
MaHHUe COOJIIOACHUIO CIIEAYIOUIMX IMOJIOKEHUH, YUu-
TeiBaronux ocodennoctu AKII u UMEONUX OTIHYHS
OT aHAJIOTMYHBIX TPEOOBAHHUH IS HKENE300€TOHHBIX
KOHCTPYKITHH:

* yuauThIBas cHKeHue mpouaHoctu AKII mpu aomm-
TEIbHOM AEHCTBUM HArpy3KH, IPH pacdeTax KOHCTPYK-
LU PEKOMEH/TyeTCsl IOTIOTHUTEIEHO BBITTOIHSTE MPO-
BEpKY IO MPEAETbHBIM COCTOSHUSAM MEPBOW T'PYIIIBI
IpH JACHCTBUU TOJBKO MOCTOSHHBIX M JUIMTEIBHBIX
Harpy3ok. [Ipu Takux pacderax ciemyeT MPUMEHSTH
conpotusienue AKII pacTsskeHUIO IpU ATUTENBHBIX
HarpysKkax R | (1. 5.2.7 CIT 295.1325800);

* [IPH HAJWMYWU TPEIIMH B CEYCHNUH U3rH0aeMoro
3JIEMEHTA JIOJKHO BBITIOJIHATHCS YCIOBUE Muh > 1,5Mm
(1. 6.1.3 CIT 295.1325800);

* AKII oGnamaet BHICOKOH KOPPO3UOHHON CTOM-
KOCTBIO. B CBSI3M € 3TUM TONIIMHA 3aIMTHOTO cJiosi Oe-
ToHa Jyisi pabodeid AKIT B MOHOJNUTHBIX KOHCTPYKI[H-
X, B TOM 4Hcie B yHIaMEeHTaX, JJOIDKHA COCTABIISTh
He MeHee 25 MM (1. 8.2.2 CIT 295.1325800);

* B U3ru0aeMbIX dJIEMEHTaX BEJIMYMHA MPOLCH-
Ta pabovero apMUpPOBAHUS |1 ., TOTIKHA OBITH HE MEHee
0,13 % (m. 8.2.5 CII 295.1325800);

* TIpH JIOJDKHOM OOOCHOBAHHH M COOJIIOZICHUH Ka-
YECTBA CTPOUTENBHBIX PaboT MOMyCKaeTcst He yCTpau-

BaTh BTOPHUHYIO 3aLIUTY OT KOPPO3HUH Uil OETOHHBIX
koHcTpykiuid ¢ AKIIL.

PaccmoTpuM BapuaHTBI apMUPOBAHUS MOHOJIHT-
HOM OeTOHHOU (pyHAaMEHTHOW IUIMTHI HA YNPYTrOM
TPYHTOBOM OCHOBaHHH. TonmmuHa GpyHIAMEHTHON TIUTH-
b1 800 MM, OCTOH Kjacca IO MPOYHOCTH HA CIKATHE
B25. HccnenoBansl cranbHas apmarypa kinacca AS00C
mo 'OCT P 52544-2006 n ACK mo I'OCT 31938
2022. Mns ACK npuHSATH MUHUMANBHO JOIYCTUMBIE
(R/;n = 1000 MITa; Ef = 50 I'Tla) m MOBBIICHHBIC
(R/,n = 1150 MlIla; E =355 I'Tla) 3HaueHus MexaHu4e-
CKHX XapaKTEPHUCTHK C Y4€TOM MMEIOIIEHCS Ha PhIHKE
CTPOUTENBHBIX MaTepuaaos PO apmarypsl.

B xauecTBe UCXOIHBIX JaHHBIX UCIOIB30BAHBI CBE-
JEHUS U3 MTPOEKTHOH TOKYMEHTAIMH (MHOTO3TaXKHBIN
JKUJION JTOM), B KOTOPO# OBIJIO PACCMOTPEHO 2 BapuaH-
Ta apMHUpOBaHUS (PyHIAMEHTHOW TUTUTHI: TTOJTHOCTBHIO
U3 CTaJIbHOH apMmarypsl (BapuaHT 1) 1 KOMOMHHPO-
BaHHOE apMUpPOBaHUE U3 CcTanbHOU apmarypsl 1 ACK
(BapmanT 2). Kpome 3T0OT0, MPUHUMAIUCH BO BHUMAHHE
pe3ynbTaThl aHajlnu3a KOHEYHO-3JIEMEHTHON MojeNn
(yHZaMEHTHOH IJIUTHI, BBITIOJIHEHHBIE C YIETOM MpO-
EKTHBIX Harpy30K U (pakTHYeCKUX KOIPPHUIIUESHTOB I10-
CTEJH, BBIYMCIICHHBIX 10 IAHHBIM HHKEHEPHO-T€0JIOTH-
YECKHUX U3bICKaHWM.

Wcxonuble naHHble 15 pa3pabOTKH BapuaHTOB
apMHUpOBaHUS (DYHAAMEHTHON IUTUTHI IIPHHATHI CIETY-
oMy (tabdm. 1):

Bapuanum 1. TIpuHAT B COOTBETCTBUHU C IPOECKTHON
JnokymeHranuei. [IpoexTHbie peieHus pazpaboTaHsbl
¢ yueToM TpeOoBaHMH akTyasHOTO Ha TOT MOMeHT CIT
63.13330.2012. PaccMoTpeHa TONBKO CTaJIbHAS apMaTy-
pa xinacca AS00C.

Bapuanm 2. PazpabotaH 1o pe3yibpraraM pacueT-
HOro 00OCHOBaHHMSI 3aMEHBI IIPOCKTHBIX PELICHUI ap-
MHpOBaHUs (PyHIaMeHTa cTalbHOM apmarypoit Ha ACK
¢ y4yeTroMm AomnyckoB u TpeboBauuii [Tpunoxenus JI

Taou. 1. VicxomgHble mapaMeTpsl A pa3paOboTKK BAPHAHTOB apMHUPOBAHUS (PYHIAMEHTHOH TUTUTHI

Table 1. Initial parameters for the development of reinforcement options for the foundation slab

BapuanTsl apmMupoBanust GpyHIaMEHTHON TTUTHI
TOJIIIMHA TTUTHI MM, KJ1acc 6eToHa
800 [§ B25)
The reinforcement options for the foundation slab
TapameTpsl (slab thickness 800 mm, concrete class B25)
Parameters Bapwuanr 1 Bapuanr 2
(110 TIPOEKTY) (110 TIPOEKTY) Bapuanr 3 Bapuanr 4
Option 1 Option 2 Option 3 Option 4
(by project) (by project)
®oHoBasi apmarypa
. g BEpXHEi 30HbI,
g g utar 200 MM ACK
= 8 I
E é Main reinforcement of A500C mo I'OCT 31938-2012 31£§§23358§;e1‘1
8 % the upper ' no 'OCT P (BBeJieH B jeiicTBue ACK ¢ 01.09.2022)
El zone, 200 mm pitch 52544-2006 01.01.2014) o 'OCT 31938-2012 b
2= SO0 semrrd: . o . o GFRP according
&% Jlononuutenshas apmarypa | A500C according GFRP according GFRP according to GOST 319382022
z 2 YCHIICHHS BEPXHEii 30HBI to GOSTR to GOST 31938-2012 | to GOST 31938-2012 . T
a5 > . . (in effect since
:( % rmar 200 MM 52544-2006 (in effect since 01.09.2022)
& 2 Additional reinforcement 01.01.2014)
= of the upper zone, 200 mm
pitch
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Oxkonyanue maon. 1/ End of the Table |
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BapuanTsl apmMupoBanus GpyHIaMEHTHON TTUTHI
(ronumua rumtel 800 MM, Kitace 6erona B25)
The reinforcement options for the foundation slab
MapameTpsl (slab thickness 800 mm, concrete class B25)
Parameters Bapuanr 1 Bapuant 2
(110 IpOEKTY) (110 TIpOEKTY) Bapwuanr 3 Bapuanr 4
Option 1 Option 2 Option 3 Option 4
(by project) (by project)
®donoBast apmMarypa HIKHEH
30HbI, 11ar 200 MM
. Main reinforcement of
= § the lower zone, 200 mm
g5 itch
= 2 ; AS500C AS500C ACK 110 TOCT
= LE JlonoHUTETEHAS avaaTypa 110 TOCT P 1o TOCT P ACK 31938-2022 (BBemeH
g o | yerionm EICH S0HEL 52544-2006 52544-2006 110 TOCT 319382012 ¢ 01.09.2022)
8= war 200 mu A500C according A500C according GFRP according GFRP according
g Additional reinforcement - = o = & to GOST 31938-2022
2 é of the lower zone, 200 mm 10 GOST R 10 COSTR (0 GOST 319382012 (in effect since
s . ’ 52544-2006 525442006
5 ° pitch 01.09.2022)
Mm o
= | THyTbie oneMenTbI KOHTYpa,
mar 200 MM
Bent contour elements,
200 mm pitch
Benmmunna 3amuTHOTO cl10st 6eToHa
(BepXHSIst M HIKHSISL 30HBI TUTHTHL), MM
The value of the protective layer 40 40 25 25
of concrete (upper and lower
zones of the slab), mm
v [oe} (=
N~ §§—2§ §@E§ %g{;l\%
Y Y > = “ 2o 5sS = a5 A = TSR =<
ITprmensieMbIit HOpMaTHBHBII S 239299 S&< S 238 -3
JOKYMEHT ISl pacueTOB ILTUTHI =] eq S = o % s e &2 28 =
1 mo60pa apMaTyphl e g0 g g Qﬁﬁ 3 58:‘5% 3
Applicable regulatory document for o 5C 222 % - B g 5w o g S G
. . © © = [CHR5) - p A = T e
slab calculations and rebar selection = e 2 5 5ES 3 Q § Q8 2 E EEw g
o ~8<2% 5EE85% CEENS
£ £ 2 =< g
LB R, =500 MIla; R,,= 1150 MITa; R, = 1000 MITa; R,,= 1150 MITa;
2 2 Hopmaruszsie E =200TITla E,=55TTla E,=50TTla E =55TTla
N E‘ ; = Regulatory R\_” =500 MPa; Rm =1,150 MPa; RM = 1,000 MPa; RM =1,150 MPa;
% ég g E =200 GPa E,=55GPa E,=50 GPa E,=55GPa
Q O
EE: R,= 5833 MITa; R,= 5133 Mlla; R, =583,3 MIla;
E § © g R =435 Mlla; Rﬂ =345 MIla; Rﬂ =300 MIla; Rﬂ =345 Mlla;
g5 g5 Pacuetnbie R, =400-435 MIIa R,=0 R,=0 R,=0
% E k= Design R =435 MPa; R= 583.3 MPa; R = 513.3 MPa; R= 583.3 MPa;
g3 R _=400-435 MPa R, =345 MPa; R, =300 MPa; R, =345 MPa;
= R,=0 R,=0 R,=0

CI163.13330.2012 (c M3menennem Ne 1). Pacemorpena ACK
C MOBBIMEHHBIMU MEXaHNYCCKUMM XapaKTCPUCTUKAMU.

Bapuanm 3. Pa3pabotaH ¢ y4eToM IOIyCKOB
n tpebosanuit CII 295.1325800.2017. PaccmoTpena
ACK ¢ MUHMMAaJIbHBIMH MEXaHHUYECKUMH XapaKTepH-
crtukamu (o TOCT 31938-2022).

Bapuanm 4. Pa3paboTaH ¢ y4eToM JJOIyCKOB U Tpe-
6oBanmit CIT 295.1325800.2017 (c 3menenunem Ne 1).
Paccmorpena ACK ¢ MOBBIIIICHHBIMA MEXaHUYECKIMHA
XapaKTePUCTUKAMHU.

PE3YJIBTATbHBI HCCIEJOBAHMUA

C yueToM HCXOAHBIX JaHHBIX U PE3yIbTaTOB pac-
4eTOoB M0 1-i 1 2-i rpymnmnamM npeaenbHbIX COCTOSIHUI

898

B COOTBETCTBHH C 0003HAYEHHBIMH BBIIIIE HOPMATHBHbI-
MH JIOKyMEHTaMH pa3paboTaHbl BAPUAHTHI 3 1 4 J11s ap-
MUpPOBaHUS QYHIAMEHTHOH IUIHTHI (TalI. 2, 3).

[MpuHIUNHaNbHAS CXeMa apMHUPOBAHUS TIITUTHI
JUTSI BapuaHTOB | U 2 TIpuBeeHa Ha pucC. 7; Ui BapH-
aHTOB 3 U 4 IpUHATA aHAJIOTHYHAS CXeMa apMUPOBAHUS
C Y4E€TOM M3MEHEHHsI TONIINHBI 3aIUTHOTO CII0s1 OeTO-
Ha, KOTOpast COCTaBUIA 25 MM.

Bo Bcex paccMOTpeHHBIX BapHaHTax apMHUPOBAHHS
B BEPXHEH 30HE IUINTHI TPELIUHBI He 00pasyroTcs. B Ba-
puanTax | U 2 B HIKHEH 30HE IUIUTHI 00Pa3yrOTCsl HOP-
MaJlbHbI€ TPEIIMHBI ¢ MUPUHOHN packpbIThs 10 0,2 MM,
YTO HE MPEBbILIAET NpezebHble 3HaueHus 1o CIT 63.13330.
B BapmanTax 3 u 4 B HIDKHEH 30HE IUTATH 00pa3yrOTCs
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. . . C. 892-905
GyHAGMEHTHbIX MAMT C KOMMO3MTHOM MOAMMEPHOM apMaTypo#

Tabu. 2. Pesyasrarst nondopa AKII st BapuanTtoB 3 u 4 1o pe3yasTaTraM pacueToB (yHIaMEeHTHOH IUTUTSI 1o 1-if u 2-i rpym-
HaM MPeAeTbHBIX COCTOSIHUH U C yU4eTOM KOHCTPYKTHBHBIX TPeOOBaHUIA

Table 2. The results of the selection of FRP for options 3 and 4 based on the results of calculations of the foundation slab for 1 and
2 groups of limit states and taking into account design requirements

TpebyeMsble wIomanu NpononbHOH padodeii ACK B (yHIaMeHTHOH
IUIUTE ¥ COOTBETCTBYIOLINE UM BAPUAHTHI 10100PA ApMUPOBAHUS
(BEJIMYMH 3aLIUTHOTO Ci10si OeTOHA 25 MM)

The required areas of the longitudinal GFRP in the foundation slab
and their corresponding options for the selection of reinforcement
(the value of the protective layer of concrete 25 mm)

o 8
% Q
s 3
g 5
3 o
3
Z g
5 £ §~ %‘3 =2 [0 pe3yJIbTaTaM PacyeToB IUIMTHI M0 TPEAETbHBIM RS
gé g = E= COCTOSIHHSIM TIPH JACHCTBUU MaKCHMAaIbHOTO g ES Pesynbrarer mogbopa
g2 2 2 =2 2 M3rUOAONIETO MOMEHTA, BO3HUKAIOIIETO B €€ =2 S apMHUPOBAHUS TUIATEI
%.g = 2 g« HOPMAJIbHBIX CEYCHHSIX g 2 2 (ACK): donosas
g3 a2 5 = According to the results g o0 § U JIOTIOJTHUTETbHAS
L§ 2 E § ; § s of slab calculations according E"—é — apmarypa
= _'éo E E % ° 2 to the limit states under the action of the maximum % 8 5 (pr HEOOXOTMMOCTH)
s = )g 23 2 g bending moment in its normal cross-sections £ 3 . The results of
Z o 283 35 I 11 & U ~| the selection of slab
£5 £ 7 ¢ & TPyIel TPyTHEL 203 & | reinforcement (GFRP):
g g B g2 = ULS SLS B3 2o n and additional
a8 e £ % - 5% £ °| mainand additiona
g3 z & < o OT JISUCTBUS ZE E N reinforcement
z § = é 5 5| orjeiictBUs | TONBKO MOCTOSH- . ; =8 (if necessary)
Tz g < ON pacueTHoi HBIX 1 mHTenh- | OF AOACTBIAHOP- | 2 & 5
= © . MaTHBHOM MONHOH | & = 3
E 2 MOJTHOM Ha- HBIX PacueTHBIX 2SS =
2 2 Harpysku 5% -
g z ~ Tpyskn Harpysox from the action of | & &2
E O from the action [ from the action . =i
% 9 . the regulatory full | § = ©
5] of the design | of only constant ERY
S = . load N E
£ full load and long-term = E‘ 2
© design loads oha
611 mm?, 866 Mm?,
& < D13 MM, mar D15 MM, mar
g z %o 200 M 200 M _ @16 mm, mar 200 Mmm
;s A — 12 611 2 866 2 M S M @16 mm, 200 mm
S < |R,=1000Mlla; | @ mm?, mm’, M, >M ) itch
2 2 f%‘—SOFH~ 9?13 mm D15 mm pue
e 0 ‘v a; L L
g & R,=513.3 MIla; 200 mm pitch | 200 mm pitch
R 1{./:1 =300 MIla; 1316 mv?, 1842 mv?, 2833 Mns?
a s o w,=13W , @13 mm, mar @16 Mm, mar i
== R 21.000 MPa: 200 200 D16 mm, ar @16 mm, mar 200 MM
O&e [K.7L ; MM MM 200 +022
SN S) 'E =50 GPa: MM MM, LIar
g 3 f - g| *OI13wm, *+ @16 Mu, mar + @22 MM, mar 200 MM
= = | R=5133MPa; | 2 5| mar 200 Mm 200 MM >
g = R =300 MPa: | = =1 2 2 200 mm ?16 mm, 200 mm
s £ f1 5 2 1,316 mm?, 1,842 mm?, 5 5 itch
3 2 W =13W aa] ,833 mm-, J(:) pltC
3 ) red 013 mm, @16 mm, = 2
S g ’ . . @16 mm, 200 mm S =| +022mm,200 mm
] 9 200 mm pitch 200 mm pitch . - = L
] < +O13mm, + 016 mm, pitch + 022. mum, u IS NE' g pitch
200 mm pitch | 200 mm pitch 200 mm pitch =3 Eo
= 532 Mm?, 753 Mmm?, 5:: zn :; ol
[ § @12 MM, mar @14 MM, war X e E G516 vt 1ar 200 M
S+ C Zeo|  200mm 200 My - ° o ’
S 5= _ 1 R2e 532 2 753 2 M SM 5 = @16 mm, 200 mm
SS8 |R,=1150Mlla; | @ mn’, mm’, M, >M_ ) 2 pitch
3 :
n S ~| E=55TTla; D12 mm, @14 mm,
8 S v% Z. R El 5833 MIla; 200 mm pitch 200 mm pitch
L=z R ;= 345 Mlla; 1144 M2, 1602 M2, 1820 M2,
E Z ., {Vp,= 1L,68W , @12 MM, mar @15 MM, mar @16 MM, mar G316 v, mar 200 My
o £ £|R,, = 1,150 MPa; 200 Mum 200 Mm 200 My Sy
8 E Ay 5| E,=55GPa = + 012 MM, + @15 MM, 1ar + @16 MM, mar 200 M;/I
S 2% E R =5833MPa; | @ 5| mar 200 Mm 200 MM 200 MM 316 mm. 200 mm
g8 R.,=345MPa; | T g 1,144 mm?, 1,602 mm?2, 1,820 mm?, it’ch
§2 5 w,=1.68W , @12 mm, D15 mm, @16 mm, 200 mm p
Sk / . . . + @16 mm, 200 mm
S § 200 mm pitch 200 mm pitch pitch itéh
Q9 + @12 mm, + @15 mm, + @16 mm, p
- 200 mm pitch 200 mm pitch 200 mm pitch

Ilpumeuanue: B TaOnuIe MPUBEAEHBI PE3YIBTATHI OO0 apMUPOBAHUS (DYHIAMEHTHON IIIUTHI C YIE€TOM €€ TeOMETPHUIECKIX
[apaMeTPOB U MaKCHMAJIbHBIX 3HAYCHUH M3rHOAIOIero MOMEHTa OT JeHCTBUS BHEIIHUX HArpy30K; I0A00p apMaTypsl 10 pe-
3yabTaTaM pacueTa 1o 2-i rpynne npeaeabHbIX COCTOSHUN OCYILECTBIICH 10 KPUTEPHIO AOIIyCTUMOI IUPUHBI IPOJOJIKUTEIIb-
HOTO M HETIPOIOKUTEIBHOTO PACKPBITHS TpelrH a , paBHOU 0,5 11 0,7 MM COOTBETCTBEHHO.

cre’
Notes: the table shows the results of the selection of the foundation slab reinforcement taking into account its geometric pa-
rameters and the maximum values of the bending moment from the action of external loads; the based on the SLS calculation
results selection of reinforcement was carried out according to the criterion of the permissible width of long-term and short-term
crack opening a_ , equal to 0.5 and 0.7 mm, respectively.
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HOPMaJIbHbIE TPEIIMHBI C IUPHUHOI MPOAOIKUTEIEHOTO
packpbITus 10 0,5 MM, 9TO HE TPEBBIIAET MpPeIeIbHbIC
3HageHust o CIT295.1325800. B cBsizu ¢ ueM B BapraHTax
apMUPOBaHN 3 1 4 U3 KOHCTPYKTUBHOTO PEIICHHUST HIDKHEH
30HBI (PYHJIAMEHTHOM TUIMTHI PEKOMEH/TYETCsl TTOITHOCTHIO
3aMEHUTD CTAJIBHBIC AJIEMEHTHI U ICTAIN HAa MX aHAJIOTH
3 ACK.

N3 Tabim. 2 MOKHO OTMETHTH, YTO MUHUMAJIbHBIE
3HaueHus Tpedyemoit mwomaan ACK nomydens 1o pe-
3yJIbTaTaM pacdeToB MO 1-i Tpymnme mpeaeiabHBIX COo-
CTOSIHHI, CPEH KOTOPBIX HarOoJIee HeOIaronpHsITHHIC
pe3yabTaThl COOTBETCTBYIOT BO3JCHCTBHIO TOJBKO IO-
CTOSIHHOM U IJTUTEILHOM pacyeTHBIX HArpy30K.

[TonGop apMaTypsl [Uisi pacCMaTPUBACMOM TUIATHI
OCYILIECTBIICH [0 MaKCUMAaJIbHBIM 3HAYEHUSIM TpeOye-
Moii momaan ACK, KOTOpBIM COOTBETCTBYIOT pe3yiib-
TaTHl PaCYeTOB IO 2-i IPyMIIe MPeaeIbHBIX COCTOSHUI.

[Tpu 3TOM AJIs1 HE3HAYUTENBHO HATPYKEHHBIX OETOH-
HBIX JJICMEHTOB 0e3 TPEIIMH MpeodaagaronuM Gak-
Topom 1ipu mogbope ACK Takke MOTYT SIBISATHCSI KOH-
CTPYKTHBHBIE TpeOoBaHHs (L > fomin)-

KomrmutekcHsiit yuet Bcex ocobennocreir AKII,
pa3BUTHE TEXHOJOTHU €€ IPOU3BOACTBA (IPOMBILII-
JIGHHOE M3TOTOBIEHME THYThIX m3zenuit uz AKII);
npuMmenenue AKII ¢ moBbIIICHHBIMH MEXaHUYECKUMU
XapaKTEepPUCTUKAMU U UX YYET B pacyerax, a TaKkxKe pas-
BUTHE HOPMATHUBHO-TEXHUYECKOH 0a3bl MO3BOJISIIOT pa3-
pabarbIBaTh ITPOEKTHI (PyHIAMEHTHBIX OCTOHHBIX TUTUT
[10J{ MHOTOATa)KHbIE 3[aHUS C [IOJIHOM 3aMEHOH CTajlb-
Ho# apMarypsl Ha AKII (Ta0. 3).

W3 ananuza Taba. 3 BO3HUKAET CIPaBeIJIMBBIN
BOTPOC 00 YKOHOMHUYECKOW 1eJIeCO00Pa3HOCTH TIPO-
M3BOJICTBA OETOHHBIX (PyH/IaMEHTOB, apMUPOBAHHBIX
AKII. OueHka mOJHOr0 3KOHOMHYECKOro 3¢ dexra

Taou. 3. Pesynsrarer mogbopa apMUpOBaHUs (PyHIAMEHTHOH TUIUTHI U1 BapHaHToB 1—4

Table 3. Results of the selection of the foundation slab reinforcement for options 14

Pesysnbrarsl mogdopa apMUpOBaHus QYHIAMEHTHON IUIUTHI C YYETOM PE3YJIBTATOB PACUCTOB
U KOHCTPYKTHBHBIX TPeOOBaHMIT
The results of the selection of foundation slab reinforcement taking into account the calculation results
and design requirement
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Bapuant 2 (HO MpOCKTY) Bapuanr 3 Bapuanr 4
Option 2 Option 3 Option 4
(BapHaHT 1 : (by project) I - P
TI0 [Ipoe
APMIiIPOBaHHe OEE Onxiry R, = 1150 MIla, R, =1000 Mlla, R, = 1150 Mlla,
Reinforcement : E =55TTla “E,=50TTla "E.=55TTla
(by project) f ' f
R, = 1,150 MPa, R/‘” =1,000 MPa, R, = 1,150 MPa,
E,=55GPa E =50 GPa E.=55GPa
1o CI no CIT 63.13330.2012 1o CII no CIT 295.1325800.2017

63.13330.2012
according to CP
63.13330.2012

(c Uzmenenmsmu Ne 1)
according to CP
63.13330.2012 (with
Amendment No. 1)

295.1325800.2017
according to CP
295.1325800.2017

(c U3menenmssvu Ne 1)
according to CP
295.1325800.2017 (with
Amendment No. 1)

DonoBas
apmarypa
BEpXHEH 30HbI
Main
reinforcement of
the upper zone

donosas
apMarypa
HIDKHEH 30HBI
Main
reinforcement of
the lower zone

T'nyTbie
2JIEMEHTHI
KOHTYpa
Bent contour
elements

JlononHuTenbHas
apMarypa
HIDKHEH 30HBI
Additional
reinforcement of
the lower zone

900

220 A500C,
mar 200
@20 A500C,
200 pitch

D15 ACK, mar 200
9?15 GFRP, 200 pitch

020 A500C, mar 200
020 A500C, 200 pitch

@16 ACK, mar 200
16 GFRP, 200 pitch

022 ACK, mar 200
022 GFRP, 200 pitch

D16 ACK, mar 200
016 GFRP, 200 pitch
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PYHAAMEHTHbIX MAUT C KOMIMO3UTHOM MOAMMEPHOM apMarypon

1B (OCHOBHOE apMHUPOBaHHE

I1-1/P-1 main reinforcement)
/ mmar 200 / pitch 200 mar 200 / pitch 200
2 |
" * * 4\ . Py
& S
I
=K
- 8
-F
40

20 [)65100{100{100|100{]00{100{100{100|, 200

o
- » Py - =~
]
T

1H (OCHOBHOE apMHpPOBaHUE
main reinforcement)
mar 200 / pitch 200

Puc. 7. [lpuHnunmmanbpHas cxeMa apMUPOBaHUs (PyHIAMEHTHOH IDTUTHI IO IPOEKTy (BapuaHThl 1 u 2): 1H, 1B — doHOBOE ap-

MHUpPOBaHUE HIDKHEW M BEPXHEH 30HBI IUTUTHI COOTBETCTBEHHO; [1-1 — m3orHyThIit [1-00pa3HEbIii 2IeMEHT apMaTypbl

Fig. 7. Scheme of the foundation slab reinforcement according to the project (options 1 and 2): 11, 1B — background reinforce-

ment of the lower and upper zone of the slab, respectively; [1-1 — curved I1-shaped reinforcement element

ot npuMenenust AKII B3ameH cranbHOI apMaTyphl sB-
JsieTCst MHOTO(aKTOPHOMU 3aaueii: yCIOBHSI CTPOHUTEIb-
CTBa; CTOUMOCTb CTPOUTENIBHBIX MaTepHaIOB; PACXO/IbI
Ha TPAHCIIOPTHUPOBKY U CKJIAUPOBAHUE; TaKeIaKHbIC
U MOHTaXHbIE PabOThl; U3MEHEHHE TEXHOJIOTHYE-
CKHX PEXHMOB CTPOUTEILCTBA; BO3MOKHOCTh OTKa3a
OT yCTPOWCTBA THAPOU3OIISIINH, YBEIUICHHE MEXK-
PEMOHTHOTO IMKJIA U JIOJTOBEYHOCTH KOHCTPYKIIMH
u npouee. Ha texymuii MomeHT B P® oTCyTCTBYIOT
YTBEPKJICHHBIE HAa FOCYIapPCTBEHHOM YPOBHE MOAXO/IbI
n nacrpymentsl (EHuP, ®EP u npouee), 00bekTHBHO
YUUTHIBAIOIINE BCE YKOHOMHUYECKHE aCIEKTHI IpUMe-
Henust AKII. Borpock! o1ieHKH SKOHOMHYECKHX MOKa-
3areneit B yactu npumenenust AKIT ms apmupoBaHust
OETOHHBIX KOHCTPYKITHI TPeOYIOT HCCIIeIOBAHHH.

3AKJIIOYEHUE

[IpuHuMas BO BHHUMaHUE NMPUBEICHHBIC BBIIIEC
ACTIEKTHI, BO3MO)KHO 3aKJIFOUUTH CIIEIYIOIIee.

[Ipu parpioHaTBPHOM MTOIXOE K MPOIeccaM Ipo-
EKTHPOBaHMs BO3MOXKHO pa3pabaTbIBaTh MPOEKTHI Oe-
TOHHBIX (DYHJaMEHTHBIX IUIUT Ha YIPYTOM OCHOBaHHHU
¢ nmpumenernem AKII, oredaromme TpeOOBaHUAM
HOPMAaTHBHBIX JOKYMEHTOB IO HaJIe)KHOCTH. [Ipu aTOM
MMEETCsl BO3BMOXKHOCTD ITOJTHOTO MCKITIOYEHUS METaJLIHU-
YECKHUX JIEMEHTOB (apMaTyphbl, U3/IEIHUH, 3aKJIaTHBIX Jie-
Tayei) B TaKMX KOHCTPYKIIHSIX, @ TAKKe HEOOXOMUMOCTH
YCTpOMCTBA THAPOU3OIISIIIMY (IIPU JTOJKHOM 000CHOBaA-
HUU U KOHTPOJIE Ka9eCcTBa CTPOUTENBHBIX padoT).

Jns obecrieueHust HAJEKHOCTH M3rnbaeMpIx Oe-
TOHHBIX KOoHCTpykuuil ¢ AKII, momumMo npouux pacue-
TOB, CJIE/IyeT TAKKE BBIMOIHATH IPOBEPKY 110 1-i Tpyrime

MIPECIBHBIX COCTOSHUM MPU IEHCTBUU TONBKO MOCTOSH-
HOMW ¥ JUIUTENBHON PACUETHBIX HArPy30K.

IIpu nondope xoxmuectsa AKII u paspabor-
KE CXEeM pacIloJIOKeHHsI pabodell MpoJoJbHON ap-
MaTyphl ciienyeTr coOmionate TpeboBanue m. 6.1.3
CI1295.1325800 (M, > 1,5M, TIpu HaIWYMK TPEIIMH
B CCUCHHH U3rHOaeMOoil KOHCTPYKIUH).

B cryuae HazHaueHUs mapaMeTpOB aPMHUPOBAHUS
n3rubaeMbIx OeTOHHBIX KOHCTpyKIwii ¢ AKII 3agacTyro
npeoOanarmuM (HakTopoM SBISICTCS COOMFOICHUE YC-
JIOBUH 10 2-i TpyIIie NpeAebHbIX COCTOSTHUM. J[71s1 He-
3HAYNUTENIEHO HAarpyKeHHBIX KOHCTPYKIUH OTpeaes-
0IUM (aKTOPOM MOXKET CTAaHOBUTHCS COOIIOICHNE
KOHCTPYKTHUBHBIX TpeOOBaHMIA (L =" ﬁmin). OTO 3aBUCUT
OT IeOMETPHUYECKUX MapaMeTpoB KOHCTPYKIMH, XapaK-
Tepa ee pabOoTHI, YCIOBUH ee Harpy>XeHUs! 1 ONIMPaHUSL.

Vuer nonoxenuit Mamenenuss Ne 1 x CII 295.
1325800.2017 no3BoJIsi€T 3HAYUTEIBHO MTOBBICUTD pac-
YETHBIE MTOKA3aTeNIN TPEIIMHOCTOMKOCTH H3TH0aeMbIX
OGETOHHBIX AIIEMEHTOB. DTO HAXOAWUT CBOE OTPAKCHHE
B BUJE CHMKEHUs TpeOyeMol IIomanud apMarypsl
0 pacdeTaM KOHCTPYKIIMH 10 2-# TPpymIe IpeaeTbHbIX
COCTOSIHUH.

IIpu npoexTupoBaHNK GETOHHBIX KOHCTPYKIIUH CTO-
UT YAEIATh 0c000e BHUMaHUE BHIOOPY BHa M CBOMCTB
AKII. Pexomennyercs npumensats AKII ¢ mexanuue-
CKHUMH XapaKTepPUCTHKAMH, OIPEJINICHHBIME ¢ o0ecIie-
YEHHOCTBIO He MeHee 0,95 mo pe3yabraram UCIBITaHUN
B cootBeTcTBUM ¢ [[OCT 32492 1 npeBbIIaonumMH Ipu-
BeneHnble B [OCT 31938 MuHUMAIBHBIC 3HAYCHHS.

Bormpocs! oreHkn sk0HOMUYECKO# 3¢ heKTHBHO-
ctu ot npumeneHust AKII st apmupoBanns OETOHHBIX
KOHCTPYKIMH TPeOyrOT KOMIUIEKCHOTO MOAX0/a M COOT-
BETCTBYIOIUX UCCIIEIOBAaHUM.
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