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AnHoTtaumsi: B ganHOl paboTe paccMaTpuBaeTCsi MHOTOYpPOBHEBas OIICHKA
YCTOMYMBOCTH CTPOUTEIBHBIX KOHCTPYKIIMI K B3PBIBHBIM HArpy3kam, 4TO SIBJISICTCS
aKTyaJbHOW 3a7adeid B oOisactu obOecriedeHus O€30MacHOCTH  COOPYKEHUH.
AHAIM3UPYIOTCS ~ pa3juyHble  TMapaMeTphbl, BIUSAIOINIME HAa  YCTOWYHMBOCTH
KOHCTPYKITUH, BKIIOUass maTepuai, (OopMy M reOMETPHUYECKHE XapaKTepUCTUKU. B
paboTe TMpeaOoCTaBIsAeTCS METOAMKAa KOMILJIEKCHOTO aHajiu3a, OCHOBAaHHAas Ha
MOJEIUPOBAHUU U OSKCIEPUMEHTAIBHBIX MCHBITAHUSAX, YTO TO3BOJSET OLEHUTH
pEaKUHUI0 KOHCTPYKUHMM Ha JKCTPEMAJIbHBIE BO3JIEUCTBUSA. PaccmarpuBarorcs
aCIeKThl, TaKMe€ KaK MPUMEHEHUE BBICOKOMPOUYHBIX OETOHOB, KOMOMHUPOBAHHBIX
MaTepuasioB M apMaTypHBIX CHCTEM, UYTO MOJTBEpkKIaeT UX 3PPEKTUBHOCTH B
MOBBIIICEHUH YCTOMUMBOCTU. Pe3ynbTaThl uccienoBaHus MOKA3bIBAIOT 3HAYUTEIHHOE
VIYUYIIEHUE  XapaKTePUCTHK TMPOYHOCTH  KOHCTPYKIMHA, YTO  IMOJYEPKUBACT
HEOOXOMMMOCTh  TPUMEHEHUs  pa3pabOTaHHBIX  METOJOB  JJisi  TOBBIIIECHUS
0€30MacHOCTU CTPOUTEILHBIX OOBEKTOB.
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MULTI-LEVEL ASSESSMENT OF THE SAFETY OF BUILDING

STRUCTURES UNDER CONDITIONS OF EXPOSURE TO EXPLOSIVE
LOADS, TAKING INTO ACCOUNT VARIOUS FACTORS SUCH AS
MATERIAL, SHAPE AND STRUCTURE
Abstract: This paper considers a multi-level assessment of the resistance of
building structures to blast loads, which is an urgent task in the field of ensuring the
safety of structures. Various parameters affecting the stability of structures are
analyzed, including material, shape and geometric characteristics. The paper provides
a comprehensive analysis methodology based on modeling and experimental tests,
which allows assessing the response of structures to extreme effects. Aspects such as
the use of high-strength concrete, combined materials and reinforcement systems are
considered, which confirms their effectiveness in increasing stability. The results of
the study show a significant improvement in the strength characteristics of structures,
which emphasizes the need to apply the developed methods to improve the safety of
construction sites.

Keywords: stability, explosion, design, material, safety, geometry, analysis,
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BBenenne: B coBpeMEHHBIX  YCIOBMSIX 0€30HaCHOCTh  CTPOUTENBbHBIX
KOHCTPYKLMH CTAHOBUTCS NMPUOPUTETOM B CTPOUTEIBHOW HHIYCTPHH, OCOOEHHO C
Y4ETOM PHUCKA BO3ACHCTBHS B3PBIBHBIX HAarpy3oK. KiroueBbIM acCIIEKTOM SIBISAETCS
VCCIIEJOBAHUE YCTOMUYNBOCTH KOHCTPYKIMM K TAKUM 3KCTPEMAJIBHBIM YCIIOBUSIM, YTO

TpeOyeT MHOrOypOBHEBOTO monaxoaa. [Ipu 3TOM BaXHO YUUTHIBaTh PA3IUYHBIC
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dakTopsl, BKIOYas Marepuan, GopMy M CTPYKTYPY COOPYXKEHUH, KOTOPHIE MOTYT
CYLIECTBEHHO BIIMATh HA MX PEAKUUIO Ha B3pPbIBHBIE BO3JCHCTBUS. YUYUTHIBAs
KPUTHUYHOCTh BO3MOXHBIX TOCIEICTBUM, pa3pabOTKa W BHEAPEHHE METOJIOB MJIs
MHOTOYPOBHEBOM OLIEHKM MPOYHOCTH KOHCTPYKUHWW B JJAHHBIX YCIOBUSX CTAHOBSATCS
HEO0OXOIMMBIMHU MEPAMU JJIs OBBIIICHUS X 0€30MaCHOCTU U YCTONYMBOCTH.
Metoposiorusi: Meroauka KOMIUIEKCHOIO —aHajiu3a Ha  YCTOMYUBOCTH
CTPOUTENbHBIX KOHCTPYKIIMM K B3pBIBHBIM Harpy3kaM IIpeJCTaBiseT CcoOoi
MHOTOATAIHBIN MPOLIECC, HATPABICHHBI HAa BCECTOPOHHIOK OLICHKY YCTOWYHMBOCTH
CTPOUTEINIbHBIX KOHCTPYKIIMH MOJ BO3JEHCTBUEM B3PBIBHBIX Harpy3ok. OCHOBHOM
3a7a4ed  ABISIETCA  MOJEIHUPOBAHME W aHaiWM3  [OBEICHUS  PA3JIMYHBIX
KOHCTPYKTUBHBIX JJIEMEHTOB C YYETOM HUX Marepuana, (OpMbl U CTPYKTYPHI.
Meroanka npeanoiaraeT CUCTEMaTHYECKUI MTOAX0 K UCCIEA0BAHNIO, BKIIFOYAIOIIUN
ATarbl MOJACIUPOBAHUS, Ja0OPAaTOPHBIX MCTIBITAHUN W aHalu3a JaHHbIX. Ha mepBom
ATare MCHOJIb3YETCS KOMIBIOTEPHOE MOJECIUPOBAHUE, TO3BOJISIONIEE OMNPEACIUTH
MOBEJICHUE KOHCTPYKLIMH MPU PA3IUYHBIX YPOBHSX B3PBIBHOM Harpysku. s aToro
MPUMEHSIIOTCSI IPOTPAMMHBIE KOMITJIEKChI, KOTOPBIE MO3BOJISIOT YUYUTHIBATh (DU3UKO-
MEXaHUYECKUE CBOMCTBA MATEPUANIOB, TUIIMYHBIE JJII CTPOUTEIBHBIX KOHCTPYKIIUH.
B Mozenax yuuMTBIBAIOTCA TaKue MapaMeTpbl, KaK CWJIA W INPOJOJKUTEIBHOCTb
B3PBIBHOTO BO3JCHCTBUS, a TakKe€ TeOMETPUUYECKHE OCOOCHHOCTH KOHCTPYKIIMM,
BKJIFOYAsl CJIOKHBIE (DOPMBI W pa3UYHbIC THUIBI COeAWMHEHWH. MopaenupoBaHue
IIOMOTaeT BBISIBUTHh MOTEHUHMAIBHBIC 30HBI MTOBPEKACHUA U ONPEIETUTh BO3MOMKHBIE
cinabble MecTa KOHCTpyKuuu. Ha BTOpOM 5Tame MpOBOJUTCS SKCIIEPUMEHTaIbHAs
npoBepka. B 11a0opaTOpHBIX YCIOBUSX HCHBITHIBAIOTCS 0OO0pPA3lbl  Pa3IMYHBIX
CTPOUTEIBbHBIX MaTEpPUAJIOB MOJ BO3JCHCTBUEM KOHTPOJIUPYEMBIX B3PBIBHBIX
Harpy3ok. B 3ToMm mporecce OOBEOUHSIOTCS PE3YNbTaThl MOJICTUPOBAHUS U
7a00paTOPHBIX HUCIBITAHUM, YTO TO3BOJISAET TMOJYYHUTHh IEJIOCTHYIO KapTHHY
MOBEJCHNS KOHCTPYKLHH TOJ B3PbIBHBIMH Harpy3kamu. Ha ocHOBE mpOBEIEHHOrO
aHanm3a pa3pabaThIBAIOTCS PEKOMEHIAIUA [0 YCUJICHUIO KOHCTPYKIIMH, YTO
CIIOCOOCTBYET MOBBIMICHUIO €€ YCTOMYMBOCTU U CHIDKEHHUIO PUCKA pa3pylICHUs MpU

BO3I[€I>1CTBPIH 9KCTPEMAJIbHBIX HAIrpy30K.
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Pesyabrar: IIpoBeneHHOE HCCIIENOBAHUE IIO3BOJIMIIO BBIABUTH KOHKDPETHBIC
[I0KA3aTeIM YCTOMYMBOCTH CTPOUTEIBHBIX KOHCTPYKLUMH TI0J  BO3JEUCTBUEM
pPa3INYHBIX YPOBHEM B3pPBIBHBIX HArpy3ok. B pe3yapTrare MOAEIHPOBAHUS H
OKCIEPUMEHTAIbHBIX HCHBITAHUN OBLJIO YCTAHOBJIIEHO, YTO KOHCTPYKIHMH U3
BBICOKOTIPOYHBIX OETOHOB MoOKa3aiu Ha 35% Oojiee BBICOKYIO YCTOMYHMBOCTH K
B3PBIBHBIM HAarpy3kam IO CpPaBHEHHUIO C OOBIYHBIMH OETOHHBIMH CTPYKTYpPaMHU.
KoHCTpyKIMu co CIOKHOM reoMeTpueld, TAKUMU KaK KPUBOJMHEWHBIE WM apOYHbIE
bopMbl, TPOJEMOHCTPUPOBAIM CHIKEHHME YpOBHS paspyuieHuss Ha 20% 1o
CPaBHEHHUIO C TPAJAMIIMOHHBIMU NMPSMOJIMHEHHBIMU KOHCTpYKUMAMHU. JlabopaTtopHble
UCHBITAaHUS MOATBEPAMIN, YTO KOMOMHUPOBAHHBIE MaTepuajbl, TAKMEe Kak OETOH ¢
n00aBKaMy MOJHMMEPHBIX BOJIOKOH, YBEJIWYWIM YCTOMYMBOCTh K JIOKAJIbHBIM
NOBPEXJECHUAM Ha 25% 10 CpPaBHEHUIO C KIACCHYECKMMHU cocTaBamMu. B xone
KOMIUIEKCHOTO ~aHalIW3a TAaKXE€ BBIABIEHO, YTO YCUJIEHHE COCIWUHEHUH U
WCIIOJIb30BaHUE aPMUPOBAHHBIX CTEPKHEH YBEJIWYWIIM CTOMKOCTh KOHCTPYKLHH HA
15%, 4TO MOMXET CYIIECTBEHHO YMEHBIINTh PUCK €€ OOpYIIEHHUS MPHU B3PBHIBHBIX
BO3JIEUCTBUIX.

Tabauna 1.
Taduanua pe3yJbTaTOB AaHAJIN32 YCTOWYHUBOCTH CTPOUTEIBLHBIX KOHCTPYKIHMH K

B3PBIBHBIM Harpy3skam

[TapameTpsl YpoBeHb [Ipenmyiiecrna Henocrartku

KOHCTPYKITUU ycrorunBoctu (%)

Bricokomnpounsle 6eToHbl | 35% Bble BrIcokasi MpO4YHOCTH Bricokast cTOUMOCTB

CrnoxHas reomerpust | 20% Bele CHuxenue ypoBHs | CJI0)KHOCTB B

(apku, KpUBBI€) paspyuieHus IIPOEKTUPOBAHUH

KomOunupoBaHnHble 25% BbI11IE YceTonuuBocTh K | TpeOytor 0C00BIX

MaTepuaibl JIOKQJIbHBIM yJiapaM J100aBOK

ApmupoBaHHbIe cTepKHU | 15% BbllIe [ToBbiIeHE JlononHuTenbHBIE
CTOMKOCTH MaTepualbl
COCIMHEHU I

OObIuHBIN OETOH ba3oBblii ypoBeHb | JlocTynmHOCTB u | Huzkast ycTOM4MBOCTH
IPOCTOTA K B3pbIBaM

3akiawdenue: MHOroypoBHeBasi OLIEHKa O€30MAaCHOCTH  CTPOMUTEIbHBIX
KOHCTPYKIIUH B YCIOBUAX BO3JEHCTBUS B3PBIBHBIX HArpy30K SIBISETCS BaKHBIM

MHCTPYMEHTOM JUIsl OOECIEeYeHUs MX HaJAEKHOCTU. YUET TakuxX (PaKkTopoB, Kak
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maTepuai, popma U CTPyKTypa, IO3BOJISIET O0JIee TOYHO MPOTrHO3UPOBATh OBEICHUE
KOHCTPYKIIUH M CBOEBPEMEHHO MPUHUMATh MEPHI MO YKPEIUICHHIO CIa0bIX MECT.
[IpumeHeHne NJaHHOW METOJIUMKH CHOCOOHO MOBBICUTH YCTOMYMBOCTH COOPYKEHHM K
AKCTPEMAJIbHBIM HAarpy3kaM W MHUHUMH3UPOBATHh MOTEHUUAJIbHBIE PHUCKH, YTO
O0COOEHHO aKTYaJIbHO JJI COBPEMEHHOT'O CTPOUTENHCTBA.
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