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[IpuBeseHb! pe3yJbTaThbl YUCIEHHOTO MO/IeJIMPOBAHUS KOHCTPYKLIUHA MHOTO3TaXXKHOTO Kes1e306eTOHHOT0 KapKaca
IPY aBapUHHBIX U 9KCIIyaTalMOHHBIX Harpy3kax. [[py aToM paccMOTpeHO /iBa BApUaHTa apMUPOBAHUS KOHCTPYKIMHU:
6e3 10N0JIHUTEIbHOTO aPMUPOBAHUS, BTOPOH — C BBEJIEHHEM B Y3/I0Bble 30HbI JONOJIHUTEbHOW KaHAaTHOH apMaTypo.
[locTpoeHre pacyeTHOUN MOJe/IH BBINIOJHEHO € yieToM GHU3UYeCKON U reOMeTPpHUIeCcKON HeJIMHEHHOCTH. AHA/IU3 pe3yJib-
TaTOB I10Ka3aJl, YTO NyTeM BBeJleHHs JOIIOJHUTEIbHOI0 apMHUPOBAHUS MOKHO JOOUTBCS CHIKEHUS epOpMaTHBHOCTH
puresied 10 23 %. JlonoJHUTEIbHOE aPMUPOBAHUE CHMKAET KOHIIEHTPAL[UI0 HAMPsHKEHUH B Y3JI0BbIX 30HAX U CIIOCO6-
CTBYeT Ilepepacnpe/ie/IeHUI0 YCUIUH B 3JIeMeHTaxX Hecyllled CUCTeMbI, CONPOTUBIIASACH SIBJEHUSM NPOTrPeCcCUPYIOLIET0
o6pyuienus. [IpefioxkeHHble KOHCTPYKTUBHBIE MEPOIIPUATHSA MOTYT HAMTH NMPaKTHUYeCKoe TPUMeHEHHE B IPOEKTHUPO-
BaHUHU U CTPOUTEJIBCTBE [T0L06HBIX KOHCTPYKLMH, CIOCOOCTBYS MOBBIIIEHHIO UX 6€30MaCHOCTH U KUBYYECTH.

Kawouesuie cao06a: donosHumensHble c8s13u, hpoepeccupyroujee obpyueHue, 30aHue, ycene306emoHHbLl Kapkac, ap-
MUpo8aHue.
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The results of numerical modeling of the structure under accidental impacts and operational loads are presented.
Two ways of reinforcement were considered: the first - a reinforced concrete frame without additional connections,
and the second - a reinforced concrete frame with additional connections. The numerical model was created taking into
account the nonlinear law of deformation. The analysis of the results shows that when additional reinforcement is in-
cluded, it is possible to reduce the deformations of the beams by up to 23 % in the event of an accident. Additional
reinforcement also decreases stress concentration in nodal zones and promotes the redistribution of forces within the
structural elements of the load-bearing system, resisting the progressive collapse. This makes the frame structure more
resistant to emergency situations. The proposed structural measures can find practical application in the design and
construction of such structures, contributing to the improvement of their safety and survivability.

Keywords: additional connections, progressive collapse, building, reinforced concrete frame, reinforcement.

BBeseHue aBapUMUHOro BO3JENCTBUS W NPeAOTBpPALATh €ro

PacueTbl KOHCTPYKLMH C paMHBIM KapKacoM  pPaclpoCTpaHEHHe Ha OCTaJIbHble 3JIeMEHThI HeCy-
Ha YCTOMYUBOCTD K IPOTPECCUPYIOLEMY OOpYLIEHUI0  Liei cucteMsl [9].
BCe yallle HAYMHAIOT UCI0JIb30BaThCsl B UHXKEHEPHOU Hcnosib3yeMble KOHCTPYKTHUBHbIE MepONpPUS-
npakTuke [1, 2]. PaccMaTprBaeMo# TeMaTHKe yJie/isi-  THS JJO/HKHBI ObITh TEXHOJIOTHYHBI K pean3alii B
€TCsl 3HAYMTeJbHOE BHHMAaHHE KaK CpeJu OTeude-  YCJIOBUSX CTPOUTENbHOH IJIOIIA/KH, @ TAKXKE CIO-
CTBeHHBIX [3-13], Tak 1 3apy6exXHbIX HUCCIel0BaTe- COOCTBOBAThb peasM3alUM IJIACTUYECKUX Aedop-
Jeit [14-17]. llporpeccupytoliee o6pylieHde cTajao  Mauuil. Bce 3To o6ecrneduT GoJbliiee pacnpezese-
OJIHOM M3 OCHOBHBIX 33/]a4, METO/IbI 10 60pb0e C KO-  HUe BHYTpPeHHUX ycuaui [8]. PaccmoTpum fomo-
TOPOM pellaTcsl Ha 3aKOHOAATeIbHOM YpoBHe [3]. HUTeJbHOE apMUpPOBaHHEe KaHATHOM apMaTypoy c

OfHUM M3 MOAXO/J0B MHHUMH3ALMH OOpylle-  BBICMOOM Yy CTbIKA pUTreJisi U KOJIOHHBL BeIru6 go-
HUMU SIBJISIETCS yCTAaHOBKA JIONIOJIHUTE/NBHOTO apMH-  TIOJIHUTEJIbHOM apMaTyphbl 00YCJI0BJIEH TEM, YTO OH
poBanus [7, 8]. [IpesiaraeMoe pelieHue NpeAcTaB-  OyZeT BKJIKYEH B pabOTy TOJBKO MPU aBAPUHHOM
JisieT cO60W ycuIeHWe KOHCTPYKLUY yTeM BBeJile-  Bo3JeicTBuM. [IpuHIMnuanpHas cxema ZedbopMu-
HUsl JJOTIOJIHUTEJbHBIX 3JIEMEHTOB apMHUPOBAaHHUS, pPOBaHMs y3Ja I0Ka3aHa Ha pUCyHKe 1.
KOTOpPBbIE CIIOCOOHBI BKJIIOYAThLCSA B paboTy mocje

11



Arac MH)KEHBPHO-Cmpoume.Abelﬂ B6E6CMHUK Hpmcacnu;l

Puc. 1. Pa6oma y31a pamHozo dtcene306emoHH020 Kapkaca
¢ 00NONHUMENbHBIM APMUPOBAHUEM

[lesib HacTosIIIEN paboThI — OlleHKa 3 EKTUBHO-
CTU TIpeJjlaraeMbIX KOHCTPYKTUBHbBIX MEPOMPUSITUI
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Ha napaMeTpbl HaNpsHXKeHHO-/1epOPMHUPOBAHHOIO CO-
CTOSIHUSA KaK B 3KCIUIyaTalJMOHHOM CTaJiuy, TaK U [IPU
aBapuMHOM BO3/IeICTBUH, BbI3BAaHHOM BbIK/JIIOUEeHHUEM
13 paboThI [IEHTPAIbHOM KOJIOHHbI IEPBOT0 3TAXA.

MeToab1

OneHKa BJIMSIHMS JOIOJHUTE/NbHBIX CBfI3ed B
y3Jax CONpSXEeHUS KOHCTPYKTHUBHBIX 3JIeMEHTOB
HCI0JIb30BaHa YMCJeHHas MO/JieJib paMHOT0 »eJie-
300eTOHHOI0 Kapkaca. ['abapuTbl paMHOro Kap-
Kaca U KOHCTPYKTHUBHbIE pelLleHUs Y3JI0B Ipej-
CTaBJIEHbI HAa PUCYHKeE 2.
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Puc. 2. Cxembl:
a) pacuemHasl cxemd pamHo20 Kapkaca; 6) KOHCMpykmuegHoe peuleHue y3/108

B xoJile yMC/IEHHOro 3KCllepUMeHTa ObLIO pac-
CMOTPEHO /iBa BapHaHTa KOHCTPYKTHUBHOTO HCIIOJI-
HeHUs: 0e3 JONOJTHUTEJbHOr0 apMHUPOBAHUSA U C
BBeJIEHHUEM B y3J1bl KAHATHOI'0 apMHUPOBAHMS, BKJIIO-
YaIEerocsi B paboTy Mpy aBAPUHAHOM BO3/[eCTBHMU.

PaMHBIH Kesle306e TOHHBIN KapKac U3rOTOBJIEH
13 6eToHa kjacca B40. ApMupoBaHHe NpejCTaB-
JIEHO MIJIOCKUMU KapKacaMHU C IpoJ0JIbHOM apMaTy-
po#i nuaMeTpoM 8 MM kJtacca A500 1 monepedHow —
2 MM TOro e KJacca. [loMrMo 3TOro, ecTb J0M0JI-
HUTEJbHOE apMHUPOBAHUE, KOTOPOE NPECTABIEHO
KaHaTHOU apMaTypo# 12 MM kjacca A500.

XapaKTepUCTUKH 6eTOHA U apMaTyphl 33/laHbl
HCXO0/isl U3 3aKOHA HeJIMHelHoro AedopMUpoBaHUs

(puc. 3).
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Puc. 3. 'pagpuku skcnoHeHYuUA1bHO20 3aKOHA deOpMUPOBAHUSL:
a) 6emoHa; 6) apmamypbl

Harpyska, npejcTaBjieHHas B BUJie COCpeJ0TO-
YeHHBIX CHJI, pacroJiokeHa Ha 1/3 oT mpoJieTa KOH-
CTPYKLUMHU. 3HAuYeHHE COCPEeJOTOYEHHBbIX CHJI
B KOHCTpPYKLUMHU paBHbl: P1 = 2,47 kH, P2 = 2 kH,
P3 = 1,44 xH. TpexmepHaa Moze b Y3JI0BBIX COE/IU-
HeHUH Npe/icTaB/eHa Ha pUCyHKe 4.

Puc. 4. O6wjulii eud modeetl y3.108

[Ipy HccrefyeMoOM JIOKaJbHOM pa3pylleHHU
ObLJI paCCMOTPEH BO3MOXHBIA MeXaHHU3M IpOrpec-
CUpYIOLLero 06pyIleHHs, XapaKTepU3yoIukcs o/
HOBPEMEHHBIM  IIOCTYNATEJbHBIM  CMeIeHHeM
BHU3 BCEX BEPTHKAJIbHBIX KOHCTPYKUMH (MM OT-
JleNIbHBIX UX yacTeit) [11].

Pe3yabTaThl M 06CYKAEHUA

B xojie pacyeTHOro aHajnu3a OblJI BBISIBJIEH Xa-
paKTep BJHUAHHUS JJOTIOJHUTEJIbHOTO apMUPOBaHUS
Ha KOHCTPYKLMIO B CTaJUU 3KCIJIyaTalMHd U IpU
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aBapHﬁHOM BO3,Z[€ﬁCTBHPI. YcTaHoBJIEHO, UTO Inpu
I,£[06£:1BJI€HI/II/I B KOHCTPYKIHUIO AOINOJHUTEJIbHOI'O
dPpMHPOBAaHUA MNPOUCXOAUT IepepacnpenejieHne

I I I
577 461 346 -L15 00572 00572 115

2231

Sarpywesme 1
Mosanxa sanpmxemiii no Ny
Emmmums: sessepesms - MITa

BHYTPEHHUX YCUJIMH BO BCEX 3JIeMEHTaxX KOHCTPYK-
TUBHOU cHcTeMbl. MaKCHUMasbHbIE CXKMMaloIie U
pacTaruBamllre HanpsHkeHHs (puc.5) yMeHbLIU-
JIMCh 110 9 %.

K -L1 00527 00527 11
Jarpymenue 1

Mosauxa Eanpaxeii no Ny
Eueums wsmepenns - MITa

Puc. 5. Mosauka HanpsisceHull 8 cmaduu akcnayamayuu:
a) 6e3 00NOAHUMENbHO20 APMUPOBAHUS, 6) C JONONTHUMEAbHBIM APMUPOBAHUEM

BepTukasibHble llepeMellleHUs B CTaiUN IKCIIY-
aTaluy yMeHbIIWIKCh Ha 11 %, npuHUMas BO BHU-
MaHHe, YTO JONOJHUTENbHOE apMUPOBaHUE pacIo-
JIOXKEHO B CX)KaTOU 30He NPHUOIMIOPHOM YaCTH pUresein

I ]
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Jarpywenne |
Moszauxa nepeemesti no Z(G)

HIMEpEHN - M

0.112 -0.0836 -0.0338 -0.0279 -3.67e-006

U IepepacnpefiesiseT Ha ce6s 4acTb CXKUMAIOLIUX
YCUJIMH B pacCMaTpPUBaeMbIX ceyeHHUsIX (puc. 6).
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Puc.6. Mozauka nepemewjeHull ¢ cmaduu skcnayamayuu:
a) 6e3 00NoHUMENbHO20 APMUPOBAHUSI, 6) C JONOJIHUMENLHBIM APMUPOBAHUEM

B nporiecce BHE3aNHOTO yAa/leHUs HeCyllel Ko-
JIOHHBI 110J, AeHCTBUEM aBapUMHOMN HArpy3ku mpo-
HCXOJUT JOTPY>KEHHE OCTaBLIMXCS HEPa3pyIIeHHbIX
aseMeHTOB [2, 5, 10]. [Ipn aHa/IM3e KOHCTPYKIMH B
aBapUHHOM COCTOSIHMH YCTAHOBJIEHO, UTO CKUMAI0-
1{Me HaNpshKeHHs] YMeHbUIHIUCh Ha 9 %, a pacTsru-
Bamwllye YBeJUYUIUCh Ha 16 %. O6palaeT Ha cebs

-158 -127
Sarpywemie 2
Mosauxa manpaxeruii no Ny

wxepemn - MIa

93 633

a)

BHUMaHUe NJJaBHOe U3MeHeHUe HaNlps>keHUH BJ10/1b
MPOJI0JIbBHOM OCH pureJis, yero He HabJ/0/aeTca B
KOHCTPYKIMHU 6€3 JOIOJHUTEIbHOTO apMUPOBAHHUSI.
B KpallHHX KOJIOHHaX CXKMMawoIlhe HanpsKeHUs
yMeHbIIWIHCh Ha 20 % (puc. 7).

96
Sarpymeme 2

Mosauxa nanpremii no Ny
Emomust wesspesus - MTa

Puc. 7. Mo3auka HanpsisceHull npu asaputiHom so3delicmeuu:
a) 6e3 0onNoHUMENAbHO20 APMUPOBAHUSL, 6) C JONONHUMENLHBIM APMUPOBAHUEM
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AHanusupys xapaktep 1epOopMUPOBAaHHOU cXxe-
MbI [I0CJIe aBAPUHHOTO BO3/IEWCTBYS, BbISIBJIEHO 3HA-
YUTeJbHOE CHIDKEHUE MepeMellleHuH 1o/| yAasleH-

L E— T T T ]
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3arpyxenue 2
Mozanka nepesemenii no Z(G)
Emmmis wsmepemin - M

a)

HOU cpenHel onopoH (0 23 %). KauecTBeHHBbIH xa-
paKTep NepeMelleHUH aHaJOrM4eH PacCMOTPEH-
HbIM paHee (puc. 6).
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Puc. 8. Mosauka nepemewjeHutl npu asapuiiHom sozdelicmauu:
a) 6e3 00NOAHUMENbHO20 APMUPOBAHUS, 6) C JONONTHUMEAbHBIM APMUPOBAHUEM

MakcuMasibHbIe CKUMAIOIMEe HANPSHKEHUS B CTa-
JIMU 3KCIUIyaTalldd B HauOoJiee ONMACHBIX CEeYEeHHsIX
KOHCTPYKTUBHOM CUCTEMBI 6e3 JOMOJIHUTEIBHOTO ap-
MUpoBaHHUA Ha 9 % GoJiblile, IO CPABHEHUIO C KOH-
CTPYKLMeH, B KOTOPOU YCTaHOBJIEHO JOIOJHUTENBHOE
apMUpoBaHHe. JTO 0OBbACHSETCS BKJIOUEHHUEM B pa-
60Ty apMaTypHBIX CTEPXKHEHN B CXKaTOW 30He pUreJeil.

MakcuMasibHBIE IepeMellleHUs IPY aBApUHHOM
BO3/IeMCTBUU 0€3 JONOJHUTEJIbHOIO0 apMHpOBa-
HUsa coctaBuad 1/30, a ¢ ero UCNOJb30BaHUEM —
1/40 pacyeTHOro MpoJieTa, YTO He NMPEBbIIAET J0-
MYCTUMbIX HOpMaMHU 3Ha4YeHUH.

3ak/loueHue

BoinoJiHeHHBbIN pacyeTHBIN aHaIN3 T0Ka3aJl, YTO
YCTaHOBKA JIOTIOJIHUTEbHOI0 apMUPOBaHUA B BU/Jie

KaHAaTHOM apMaTyphl B pUreJisix crnoco6Ha 3ddex-
THUBHO CHU3UTH BHYTPEHHHE YCUJIUA B 3JIEMEHTAX
Hecymeﬁ CHUCTEMBbI U IMOBBICUTDH }KWUBY4Y€CTb PAMHBIX
YKeJ1e300€TOHHBIX KapKacOB. YCTAaHOBJIEHO TaKXKe,
yTto JAepOopMAaTUBHOCTH puTreseld  CHU3WJIACh
Ha 23 %, a pacTArvBamwlLiye HanpspKeHUs B apMa-
Type yMeHbLIWJIUCh Ha 9 %. BBeseHue pomnosHU-
TEJIbHbIX 3JIEMEHTOB aApMUPOBAHHA, CIIOCOOHBIX
BKJIIOUYATBHCA B paboOTy MOCJIe aBapUHHOTO BO3JEH-
CTBHUS W MpeJOoTBpallaTh €ro pacnpocTpaHeHHe Ha
ocTasIbHbIe 3JIEMEHThI HeCyllled CUCTEMbI, TPeGyeT
JAJIbHEHUIINX, B TOM YHCJIe 3KCIIEPUMEHTAJIbHBIX UC-
cnefoBaHul. [lepCieKTUBHBIM NPE/CTABJSIETCS UC-
I0JIb30BaHUeE MpeJIaraeMoro cnoco6a A 34aHuH,
MPOEKTHUPYEMBIX OJIA celiCMOOIMaCHbIX paﬁOHOB.
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CPABHEHHME HU3KOTEMIIEPATYPHBIX IIOKA3ATEJIEX JOPOXKHBIX BSHKYIIIMX METOZ0OM ABCD
/. 0. He6pamenko

He6pamenko Imumpuii IOpbeguy, KaHAUAT XUMUYECKUX HayK, JIOLEHT Kadepbl «kABTOMOGHUJIbHbIE
JIOPOT'H, a3POAPOMBI, OCHOBAaHUSA U GyHAaMeHThI», Poccuiickuil yauBepcuteT TpaHcnopta (MUUT); noueHT
Kadeapbl «XUMHS U TEXHOJIOTHSA epepaboTKH aacToMepoB», MUPIA-Poccuiickuii TEXHOJIOTHYECKUH YHU-
BepcuTeT, I. MockBa, Poccuiickas @efepanus, Tenr: + 7 (916) 936-35-81; e-mail: nebratenko@mail.ru

Bonpocel 6e3peMOHTHOM 3KCIJIyaTalMi aBTOMOGUIbHBIX JOPOT B YCJIOBUAX KOHTUHEHTA/IbHOTO KJIMMaTa, Xapak-
TEPHOTO [IJIs 3HAYMTebHOU YacTh Poccuiickoin ®enepanyiv, 0cCOGEHHO OCTPO CTOSAT B 3UMHUIN Nepuo. Mcrnosib3oBa-
HYe HOBOI'0 NMOAX0/ia JJIs1 OIpesiesieHUsI TeMIepaTypbl pacTpeCKUBaHUs GUTYMHBIX BKyLux (MeTos ABCD) nosso-
JINJIO IPOBECTH U3yYeHHe HU3KOTeMIlepaTyPHbIX CBOMCTB UCXOJHOT0 6UTyMa HePTAHOTO JOPOKHOro Bsizkoro BH/|
70/100 u mosry4eHHBIX Ha €r0 OCHOBE JIBYX MapOK MOJMMepHO-GUTYMHBIX BsKyLuX [16B 40 u I1EB 60 (B 10KHBIX pe-
ruoHax Poccun). B pesysnbTaTe npoBefileHHbIX UCCIeA0BaHUN OKa3aHa BO3MOXXHOCTb 000CHOBAaHHOTO BbIGOpa THIA
Y MapKH BSDKYILEro, COOTBETCTBYIOLET0 pealbHbIM PerHOHaIbHBIM yCJI0BUAM HU3KOTEeMIIepaTypHOH 3KCILIyaTaliuu
aBTOMOGHUJIBHBIX JOpOT, 6€3 Npe/BapUTeJbHbIX 3HAHUH 0 KOMIIOHEHTHOM COCTaBe, PU3NKO-XUMHUYECKOM CTPOEHHH,
a TaKXXe dKCITyaTallMOHHBIX U PEOJIOrMYeCKUX CBOMCTBAX GUTYMHBIX BSXKYIHX.

Kamwouessle ci1o0ea: memnepamypa pacmpeckugaHus 8axcywux, memod ABCD, 6umymbel HegpmsiHble 0pOiCHbIE, O)-
madueH-cmupo.1bHble MepM031acmonaacmalt.

COMPARISON OF LOW-TEMPERATURE INDICATORS OF ROAD BINDERS BY THE ABCD METHOD
D. Yu. Nebratenko

Nebratenko Dmitriy Yuryevich, Candidate of Chemical Sciences, Associate Professor of the Department
"Highways. Airfields, Bases and Foundations", Russian University of Transport (MIIT); Associate Professor
of the Department "Chemistry and Technology of Elastomer Processing"”, MIREA-Russian Technological
University, Moscow, Russian Federation, phone: + 7 (916) 936-35-81; e-mail: nebratenko@mail.ru

The issues of maintenance-free operation of highways in the conditions of the continental climate characteristic of
a significant part of the Russian Federation are particularly acute in winter. The use of a new approach for determining
the cracking temperature of bitumen binders (ABCD method) allowed us to study the low-temperature properties of
the initial bitumen of petroleum road viscous BND 70/100 and the two grades of polymer-bitumen binders PBB 40 and
PBB 60 obtained on its basis, the use of which is most appropriate in the southern regions of Russia. As a result of the
conducted research, the possibility of a reasonable choice of the type and brand of binder corresponding to the real
regional conditions of low-temperature operation of highways is shown, without prior knowledge of the component
composition, physico-chemical structure, as well as the operational and rheological properties of bitumen binders.

Keywords: cracking temperature of binders, ABCD method, petroleum road bitumen, styrene-butadiene thermoelas-
toplast (SBS polymer).
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