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Puc. 6. KapkacHo-MoHONITHIH nTI0BHI OyauHOK, M. KHiB: a — pyiiHyBaHHS BiJ BIy4aHHs pociiicbkoi pakeTn 26
notoro 2022 p.; 6 — IeMOHTaXX KOHCTPYKIi 17...26 moBepXiB; 6 — BIAHOBICHHIH OyIHHOK

JloOpe YMHSATH OMip JIOKAJTEHUM MOLIKO/HKEHHSM 1 BEJIMKUM CTPYKTYPHUM JieopMaliisiM, siKi
BUHHUKAIOTh B Pe3yJIbTaTi BUOYXOBOI JETOHAII], OaraTornoBepXoBi MaHeNbHI )KUTIOBI OyANHKN
(puc. 7) Ta KapKacHO-NIaHEJbHI OY/iBJi 3 PAaMHUMHM 1 paMHO-3B’SI3KOBUMH KapKacaMH, B SIKHX
Hecydi BEpTUKaJIbHI Ta TOPH30HTAJIbHI KOHCTPYKIIii )KOPCTKO 3’€JHAHI MiXk COOOIO.

Puc. 7. PyiiHyBaHHS ceKiil 9-TH MOBEPXOBOr0 MaHEIBHOTO )KUTIOBOTO
OyZHHKY B pe3yJIbTaTi BIyJaHHs pOCilicbkoi pakeTu, M. JHinpo, 14 ciamsa 2023 p.

BuCHOBKH i NepcrnieKTHBH MOAAIBLUINX I0CTiKEHb

EdexTuBHICTh 3aXMCHUX CIOPYZ LMBUIBHOTO MPH3HAYCHHS Uil 3aXUCTy HACEJICHHS Bij
BILIMBY HEOE3MEYHMX YMHHHUKIB Ta Jii 3aC00IB ypaKeHHS 3aJIC)KHUTh Bil MIIIHOCTI KOHCTPYKIi#
OyaiBesb, B KX BOHM OyayTh po3milieHi. HepallioHaabHO MPOEKTYBATH YKPUTTS BCEpEIUHI
OyniBesb, sIKi MOXKYTh OyTH 3pyHHOBaHA B PE3yJIbTaTi METOHAIIl BHOYXOBHX XBHJIb. 3aXHCHA
cropyJa TOBHHHA BUTPUMYBAaTH BIUIMBH BiJ yJaMKiB KOHCTPYKIH, a HE Bard BCi€i
3pyiiHoBaHOi OyaiBii. TakuM dYMHOM, HEOOXiTHO IPOEKTYBAaTH BHOYXOCTiHKi OyniBmi 3
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BOy/ZOBaHUMU OOMOOCXOBHIIAMH, sIKI 3/aTHI YHHUTH OMmip BHOYXOBMM BIUIMBaM 0e3
MPOTPECYIOYOro KOJaIcy, sIKUi MPU3BOIUTH JI0 MOSIBH KaCKa HOI ITOCIIIOBHOCTI HMOIIKOKEHb
CYMDKHHMX KOHCTpYKLiH OyziBii. OCHOBHUMH XapaKTepHUCTUKaMU BUOYXOCTIHKUX Oy/IiBeb €:

* BHCOKa MIIHICTh, IUIACTUYHICTh Ta IHEPIIHHICTh OCHOBHHUX HECYYMX KOHCTPYKIIii.
Hatikpaie BUKOpUCTOBYBATH 3al1i300€TOH 200 CTajb, 3aXUIINEHY OCTOHOM BiJl BIUIUBIB BOTHIO.
Jlerxi KOHCTpPyKUii HE3IaTHI YUHUTH OITip BUOYXOBUM HaBaHTaXEHHsM (puc. 3);

* OCHOBHI HeCy4l KOHCTPYKLii 1 cucTemMa OyAiBIl y LIOMYy MOBHHHI YWUHHUTH OIIp
TOPU30OHTAJILHUM 3CYBHUM 3YCHJUISIM. 3CYBaHHS — KPUXKHH BUJ PyHHYBaHHS, a TOMY OCTOB
OyaiBIi TOBMHEH MATH JOCTATHIO 3THHAJBHY 3IaTHICTH I 3armoOiraHHs pyWHYBaHHIO
KOHCTPYKIIIH Ta BY3JIiB iX CTUKYBaHHS 1 Y4HHUTH OIip TOPU3OHTAITHLHUM 3yCHILISM;

* 3JaTHICTh YHWHUTH OIip PEBEPCHUBHUM HABAHTAKEHHSIM BiJ] BHOYXOBHX BIUIMBIB, SKi
MOXXYTh 3MIHIOBATH HANpPSAMOK pPyXy. ENeMeHTH Hecydumx KOHCTPYKIIH OyiBenb MOBHUHHI
BUTPUMYBAaTH OaraTokpaTHi NHKIHM BEJHMKHX Oedopmaiii pi3HUX HANPSMKIB, HAITPHKIA]T
TACKAM BiJ MiIHIMaHHSA TUTMT IMEPEKPHUTTIB, SKi MPOTUCTABJICHI 3BUYAMHHM TpaBiTaIliiiHHAM
HaBaHTaXCHHIM. EdexTuBHUM Moxe OyTH 30ipHE i 30ipHO-MOHOIITHE OYyIiBHHUILTBO, KOJIU Ha
MIiINPUEMCTBAX BUTOTOBJSIFOTHCS HECY4l KOHCTPYKIIi 3 TMOKpal[eHHMMH XapaKTepUCTUKAMHU
30ipHUX KOHCTPYKIUIH 3 IMONEPEAHBO HAIPYKEHOTo 3ali300€TOHy, SIKi 3IaTHI YHHUTH OIIp
BUOYXOBUM HaBaHTa)XEHHsSM. PallioHaNbHUM € BHKOPUCTaHHs 30ipHOTO 3ai1i300€TOHHOrO abo
CTaJIeBOr0 KapKacy 1 MOHOJIITHHX MEPEKPUTTIB IO CTalIeBOMY MPO(DiIbOBAHOMY HACTHITY, SKUN
3aKpilIeHu# 10 6aNoK KapKaca IIMUIbKaMK 3 BUCTYAIOUYUMU TOJTi BKAMH.

[Tepepo3moaiyiATH rpaBiTaIliiiHi HABAaHTAKEHHS B KOHCTPYKTUBHUX CHCTEMax OyIiBelb Ta iX
KOHCTPYKIIISIX JI03BOJIATH TaKi IUISIXHU:

* BCTAHOBIICHHSI CHCTEMH B’si3¢il y B3a€MHO MEPIEHIUKYISIPHUX HAMPSMKaX B KapKACHUX
OyIiBIIAX;

* MIIHI Ta HaJIiHI By3/d 3’€THAHHS KOJIOH I PUTEIIB, SKi 3a3HAIOTh BEIUKUX AchopMarriii
Ml Yac yJapHUX HaBaHTa)XXEHb, a TOMY IOBMHHI OyTH IUIACTUYHUMHM, MaTH 3/aTHICTh
po3ciloBaTH 3HAYHY KUIBKICTh eHeprii BuOyxy. Kpurepiem minacTUYHOCTI BY3JIiB €
CHIBBIJTHOILICHHS MaKCHUMaJbHOI HempyxHoi nedopmanii Bysnaa g0 i rpaHuYHOl Mexi
npysxHocTi (puc. 8).

Riadparma xopcTrocTi

Puc. 8. Cxema po3noiy BUOYXOBOIO HaBaHTa)KEHHS 1 IeTali3allis HOro CIpUiHATTS
3aJTi300€TOHHUM KapKacoM OyaiBii

IcToprdHO ckJamocs, mo 3aXHMCHI CrOpyau i BUOYXOCTiHKiI OyAiBIi 3BOJSATH MEPEBaXXHO 3
MOHOJIITHOTO 3a/1i300€TOHY, SIKHI Ma€e BEIIMKY Macy, IO MOKpaIlye Horo iHepuiiHui omip. [t
3aTi300€TOHHMX ~ KOHCTPYKIIH XapaKTepHa MPONOpPIIiiHA IUIACTHYHICTh, SKy MOXHA
perymoBati 3MiHOIO Koedimienty apmyBanus [10,11]. V pasi peBepCHBHOTO BIUIHBY
BUOYXOBOTO HABAHTAXXCHHS HA IUIMTH TEPEKPUTTIB Ta iX pyHHyBaHHA (puc. 4), KOJOHHU
3a1i300€TOHHUX KapKaciB 37aTHI INIACTUYHO Ae(opMyBaTHCs, MEPEpO3MOAIIATH 3yCHIUIA i
3ano0iraTi BUHHMKHEHHIO INPOTPECYIOYOro KOJAICy, SKUH MPU3BOJAUTH 1O IOSBU KacKaJHOI
TMIOCJIITOBHOCTI TOIIKO/PKEHb CYMDKHUX KOHCTPYKIIH OymiBIi.
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Hoaam,mi HOCJ’IiZ[}KeHHH 6yHyTI> TOpKaTHuCA pO3p06KI/I Ta YAJOCKOHAJICHHA KOHCTPYKTHBHUX

piteHb BUOYXOCTIHKMX Oy/IiBENb Ta 3aXHCHUX CIOPYA HUBUILHOTO 3aXUCTY HACEICHHS.

10.

11.

12.

. IBanuenko I'. M., I'eryn I'. B., Beskny6enko 1. C., Conomin A. B. Oco0nMBOCTI KOHCTPYIOBaHHS Ta PO3PaXyHKIiB

14.

15.

16.

17.

CIIMCOK JIITEPATYPU

I'etyn I'. B., Kynixos II. M., ITlnockuit B. O., Uepnumes [I. O. Koucrpykuii OyxiBens i cnopys. Kuura 2.
Hesxutinoi Oynisini. [Tlinpy4nuk amst Bummx HapuanbHuX 3akiaznis / 'eryn I. B., Kynikos I1. M., ITnockuii B. O.,
Yepuues []. O. — Kam’sneus-Tloainsepkuit: pykapas «Pyta», 2023 p. — 900 c.: 1.

I'eryn I'.B., Beskny6enko 1. C., Conomin A. B., Bamina O. I. Oco6muBocTi 00’€MHO-IUIaHYBaJIbHUX PilICHb
3aXUCHHX CIIOPYIUUBIIBHOTO 3axucTy // CydacHi mpobiaeMu apXiTeKTypH Ta MicToOyayBaHHs. — 2023, —Bum.67, c.
216-225.

Ileryn I'.B., Komsxoa B. M., Comomin A.B , Beskinybenko [.C. OcoOiuMBOCTI NPOEKTYBAaHHS CTaJCBHX
CeHCMOCTIMKHX KOHCTPYKILiil BHCOTHUX OyniBens // ByniBensHi koHcTpyKii. Teopis i mpaktuka. — 2022. —Issue 11,
p. 18-31.

Getun G.,Butsenko Y., Balina O., Bezklubenko 1., Solomin A. J{udysiiiHi npouecu 3 HaKOIHYyBaIbHUMH
XapaKTepUCTHKaMu HpH ekcrutyaraii Oyaisens// Strength of materials and theory of structures. — 2019. — Issue
102, p. 243-251.

Getun G.,Butsenko Y., Labzhinsky V., Balina O., Bezklubenko I., Solomin A. Situations forecasting and decision-
making optimization based on markovs finite chains in areas with industrial pollutios. // Strength of materials and
theory of structures. — 2020. — Issue 104, p. 164-174.

JIBH B.1.1-7-2016. Texniuni HOpMH, IPaBIIIA i CTAHAAPTH. 3aralbHOTEXHIYHI BUMOTHU [0 JKUTTEBOTO CEPEAOBHILA Ta
MpoAyKuii  OyAiBeJbHOTO TpPU3HAYCHHS. 3aXWCT BiJ HEOE3MEYHHMX TEeOJIOTIYHMX  IMPOIECIB,  IIKiTUBUX
eKCIUTyaTalliifHuX BIUIMBIB, Big mnoxkexi. [loxexHa Oesmeka 00’e¢ktiB OyaiBHHITBA. 3aranpHi Bumorn. — K.
Miuperion6yx Ykpaiuu, 2017. —41 c.

JBH B.1.1-12:2014. Texuiuni HOpMH, IpaBWia 1 CTaHJApTH. 3araJbHOTEXHIYHI BHUMOTH JIO J>KUTTEBOTO
cepelloBUINA Ta MPOAYKIiI OyJiBEeJIbHOTO IPU3HAYEHHS. 3aXUCT Bij HEOE3MEeYHUX IeOJIOTIYHHMX IPOLECIB,
WIKIJUIMBUX €KCIUTyaTalliiHUX BIUIMBIB, Bij moxkexi. ByaiBHULTBO y ceilicMiuHuX paiioHax Ykpainm. — K.:
Minperion0yxn Ykpainu, 2014. — 110 c.

JIBH B.1.2-2:2006. TexHiuHi HOPMH, TPABHJIA i CTAHAAPTH. 3arajJbHOTEXHIYHI BUMOTH [0 JKUTTEBOIO CEPEeIOBHILA
Ta OpOAYKIii OyaiBenbHOro mpusHadeHHs. CucTema 3abe3medeHHs HaJIHHOCTI Ta Oe3meKu OyAiBeIbHHX 00’ €KTIB.
Hasanraxxenns i BBy, Hopmu npoextyBanns. — K.: MinOyn Yxpainu, 2007. — 60 c.

JIBH B.2.2.5-97 Texuiuni HOpmH, mpaBuia i craHgaptd. OO6’exTd OyJiBHHITBA Ta MPOMICIIOBA MPOIYKIs
OymiBenbHOTO — TpW3HA4YeHHA. bBymuuku 1 conopymu. 3axucHi  cmopyaud 1mBUTbHOI  oboponn. — K
«JlepxxommicToOymyBanHs», 1998. — 80 c.

JIBH B.2.6-98:2009. Texniuni HopmH, mpaBuia i ctanaaptd. O0’ekTH OyAiBHHULTBA Ta MMPOMHUCIOBA HPOIYKILis
OyxiBensHOrO mnpusHaueHHs. KoHerpykuii OyauHkiB i criopya. betonHi Ta 3amizobeTonHi KoHCTpyKIii. OCHOBHI
nonoxeHns. — K.: MinperionOyn Ykpainn, 2011. — 71 c.

JICTY b B.2.6-156:2010. Texuiuni Hopmu, npaBuina i cranaapti. O6’ ekt OyJiIBHUITBA Ta IPOMHUCIOBA IIPOIYKIIis
OyxiBenbHOrO npusHayeHHA. KoHcTpykuil OyauHKIB i ciopya. betoHHi Ta 3ami300€TOHHI KOHCTPYKIIT 3 BaXKKOTO
6etony. IIpaBuna npoekryBanns. — K.: Minperion6yn Yxpainn, 2011. — 118 c.

Design Guidance for Shelters and Safe Rooms/ Risk Management Series // FEMA 453 | May 2006. — 174 p.

CKJIAJIHHX 3aJ1i300eTOHHNX pam OyiBens // Omip mMarepianis i Teopis criopya. — 2023. — um. 110, c. 108-117.

Kynikos I1. M., ITnockuii B. O., T'eryn I'. B. Apxirektypa Oyzisenb Ta crnopya Kuura 5. Ilpomwucnosi Oynisii:
Minpyynuk a1 BUMX HapyanbHuX 3akianiB / KymikoB II. M., ITnockumit B. O., I'etyn I'. B. — Kam’sneus-
Mominscpkuit: Bumasanirso «Jlipa-K», Jlpykaprs «Pyta», 2020 p. — 820 c.: i

Kynikos I1. M., ITnockuii B. O., T'eryn I'. B. Konctpykuii Oyaisens i ciopyn Kuura 1: ITinpyuHuk st BUIIMX
HaBuanbHuX 3aknaniB / Kynikos I1. M., ITnockuii B. O., I'etyn I'. B. — Kam’stnenp-Tloainschkuii: BugaBHunTBo
«Jlipa-K», lpykapns «Pyta», 2021 p. — 880 c.: in

Inockuit B. O., T'eryn I'. B. Apxirektypa Oyziens Ta cnopyd. Kuaura 2. JKutnosi OyauHku: IlinpydHuk s
BUIIMX HaBYAIBHUX 3aKnajiB. — Bunanns tpere, mepepobineHe i pomosuene / ITnockuit B. O., I'etyn I'. B. —
Kam’sueus-Iloginscekuii: Bunasaunrso «Pyta». 2017 p. — 736 c.: in.

ITnockuit B. O., T'eryn I'. B., Maptunos B. JI., Cepreiiuyk O. B., Bipoupkuii B. 1., 3anpuBona B. 1., Kpinak B. /1.,
JlaBpinenko JI. 1., Mamume O. M. Apxitektypa OyziBens Ta crnopya. Kuura 4. TexHiuHa ekcrutyaTamisi Ta
pPEeKOHCTpYKLiss OyxiBens: IliApyyHWK Uil BHIMX HaBYanbHHMX 3aknamiB. — / Ilmockmit B. O., Terym I.
B.,Maprtuno B. JI., Cepreituyk O. B., Bipouskuii B. /1., 3anpusoga B. 1., Kpinak B. [I., JlaBpinenko JI. 1.,
Mamnmes O. M. — Kam’ssHenp-Iloninscpkuii: Bugaauurso «Pytax. 2018 p. — 750 c.: .

REFERENCES

Getun G. V., Kulikov P. M., Plosky V. O., Chernyshev D. O. Structures of buildings and structures. Book 2. Non-
residential buildings. Textbook for higher educational institutions / Getun G. V., Kulikov P. M., Plosky V. O.,
Chernyshev D. O. —Kamianets-Podilskyi: «Ruta», 2023 — 900 p.: ill.

Getun G.V., Bezklubenko I.S., Solomin A.V., Balina O.l. Peculiarities of volume-planning decisions of protective
structures of civil defense // Modern problems of architecture and urban planning. — 2023. — Issue 67, p. 216-225.
Getun G. V., Kolyakova V. M., Solomin A. V ,Bezklubenko I. S. Design features of steel earthquake-resistant
structures of high-rise buildings // Building constructions. Theory and practice. — 2022. — Issue 11, p. 18-31.



42 ISSN 2410-2547
Omip matepiaiis i Teopis cnopya/Strength of Materials and Theory of Structures. 2023. Ne 111

4. GetunG.V., ButsenkoY., BalinaO., Bezklubenkol., SolominA.J{udy3iiini mnpoumecd 3 HAKOMMYYBaJIbHUMU
XapaKTepUCTUKaMH NpH ekciutyararii 6yaisens// Strengthofmaterialsandtheoryofstructures. — 2019. — Issue 102, p.
243-251.

5. Getun G.V., Butsenko Y., Labzhinsky V., Balina O., Bezklubenko 1., Solomin A.Situations forecasting and
decision-making optimization based on markovs finite chains in areas with industrial pollutios. // Strength of
materials and theory of structures. — 2020. — Issue 104, p. 164-174.

6. DBN V.1.1-7-2016. Technical regulations, rules and standards. General technical requirements for the living
environment and construction products. Protection from unsafe geological processes, harmful operational
influences, and fire. Fire safety of construction sites. General requirements. - K.: Ministry of Regional
Development of Ukraine, 2017. - 41 p.

7. DBN V.1.1-12:2014. Technical regulations, rules and standards. General technical requirements for the living
environment and construction products. Protection from dangerous geological processes, harmful operational
influences, from fire. Construction in seismic areas of Ukraine. - K.: Ministry of Regional Construction of Ukraine,
2014. - 110 p.

8. DBN V.1.2-2:2006. Technical regulations, rules and standards. General technical requirements for the living
environment and construction products. The system for ensuring the reliability and safety of construction objects.
Loads and influences. Design standards. — K.: Ministry of Construction of Ukraine, 2007. — 60 p.

9. DBN V.2.2.5-97. Technical norms, rules and standards. Construction objects and industrial products for
construction purposes. Buildings and structures. Protective structures of civil defense. - K.: "State Committee for
Urban Development”, 1998. - 80 p.

10. DBN V.2.6-98:2009. Technical regulations, rules and standards. Construction objects and industrial products for
construction purposes. Structures of buildings and structures. Concrete and reinforced concrete structures.
Substantive provisions. — K.: Ministry of Regional Development of Ukraine, 2011. —71 p.

11. DSTU B V.2.6-156:2010. Technical regulations, rules and standards. Construction objects and industrial products
for construction purposes. Structures of buildings and structures. Concrete and reinforced concrete structures made
of heavy concrete. Design rules. — K.: Ministry of Regional Construction of Ukraine, 2011. — 118 p.

12. Design Guidance for Shelters and Safe Rooms/ Risk Management Series // FEMA 453 | May 2006. — 174 p.

13. Ivanchenko G. M. Getun G. V., Bezklubenko I. S., Solomin A. V. Features of construction and calculations of
complex reinforced concrete frames of buildings // Resistance of materials and theory of structures. — 2023. — issue
110, p. 108-117.

14. Kulikov P. M., Plosky V. O., Getun G. V. Architecture of buildings and structures Book 5. Industrial buildings:
Textbook for higher educational institutions / Kulikov P. M., Plosky V. O., Getun G. V. —Kamianets-Podilskyi:
«Lira-K», «Rutax», 2020 — 820 pp.: il.

15. Kulikov P. M., Plosky V. O., Getun G. V. Constructions of buildings and structures Book 1: Textbook for higher
educational institutions / Kulikov P. M., Plosky V. O., Getun G. V. —Kamianets-Podilskyi: «Lira-K», «Ruta», 2021
—880 pp.:il.

16. Plosky V. O., Getun G. V. Architecture of buildings and structures. Book 2. Residential buildings: Textbook for
higher educational institutions. — Third edition, revised and supplemented / Plosky V.O., Getun G.V. — Kamianets-
Podilskyi: Ruta Publishing House. 2017 - 736 pp.: illustrations.

17. V. O. Plosky, G. V. Getun, V. L. Martynov, O. V. Sergeychuk, V. D. Virotskyi, V. |. Za-privoda, V. D. Kripak, L.
I. Lavrinenko ., Malyshev O. M. Architecture of buildings and structures. Book 4. Technical operation and
reconstruction of buildings: Textbook for higher educational institutions. — / V. O. Plosky, G. V. Getun, V. L.
Martynov, O. V. Sergeychuk, V. D. Virotskyi, V. I. Zapryvoda, V. D. Kripak, L. I. Lavrinenko, Malyshev O. M. —
Kamianets-Podilskyi: Ruta Publishing House. 2018 - 750 pp.: illustrations.

Cmamms naoitiuna 21.09.2023

Ivanchenko G., Getun G., Bezklubenko 1., Solomin A., Posternak O.
INFLUENCE OF EXPLOSIVE LOADS ON BUILDINGS AND STRUCTURES
OF THE POPULATIONCIVIL PROTECTION

The article substantiates the relevance of the design and construction of buildings and structures of the Ukraine
population civil protection in the conditions of possible shock-explosive influences. The aim of the work is to
systematize information about the impact of explosive loads on building structures and develop recommendations for
improving the stability of buildings and civil protection structures.

The influence of shock wave during the detonation of explosives on the structures of buildings is considered and
systematized. The features of distribution of pressure of blast wave on the structures of buildings in time, depending on
magnitude of their distances to the epicenter of the explosion, are analyzed. The features of the influence of blast wave,
which expands from the source of detonation, on low-rise buildings with flat roofs and the sequence of development of
deformations and destruction of their structures at three stages of wave propagation are revealed. The nature of the
influence of blast wave on multi-storey and high-rise buildings and the sequence of development of deformations and
destruction of their structures are analyzed. Examples of destruction of structures of buildings of various structural
systems from explosions are given.

The paper gives recommendations for design of blast-resistant buildings with built-in bomb shelters that are able to
resist explosive loads without progressive collapse, which leads to a cascading sequence of damage to adjacent building



ISSN 2410-2547 43
Omip marepiais i Teopist cnopya/Strength of Materials and Theory of Structures. 2023. Ne 111

structures. The ways of redistribution of gravitational loads on the structural systems of buildings and structures are
analyzed, recommendations are made for design of explosion-proof buildings.

Conclusions are drawn about the feasibility of using monolithic reinforced concrete frames, which are able to
plastically deform, redistribute loads and resist the onset of progressive collapse, which leads to appearance of a
cascading sequence of damage to adjacent building structures.

Keywords: building, protective structures, load, explosive effect, shock wave, construction, deformation, frame
system, reinforced concrete frame units.
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