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YV pobomi eurxonano docnioscents KOHCMpPYKMUSHOI cucmemu 6a2amonosepxosoi
6uUpobHUYOL 6Y0isni Ha cmilikicmb 00 npocpecyiouozo obeanennss y IIK SCAD++ ons
3abe3neuenns it JcUByHOCmi npoms2com ycbo2o nepiody ekcnayamayii. Bemanoeneno, ujo
6PAXYEAHHA  MONCIUBO20 JIOKANLHO20 PYUHYBAHHA HA emani npoEKmy8amHs 0ae
Modrcugicmy yoesneuumu 6y0iento i0 tMOGIPHO20 NPOSPECYIOU020 006ANEHHSL.

Progressive collapse is a process in which local damage to a structure leads to a
chain reaction of destruction that spreads to the entire building or a significant part of it.
This phenomenon can have catastrophic consequences, so understanding its causes is
extremely important for ensuring the safety of buildings and structures.

The most common causes of progressive destruction are external influences caused
by natural or man-made factors. Traditionally, the highest percentage of such destruction
is occupied by brittle destruction (for example, during fires) and loss of stability (due to
seismic effects, explosions, impacts, etc.), less often by fatigue and ductile destruction.

To prevent progressive destruction when making design decisions, it is necessary
first to reduce the level of risk by directly calculating such risk. It is important to use such
calculation and design solutions that will make possible damage impossible (general
strengthening of the entire building, local strengthening, interconnection). Structural
interconnection of elements (or structural continuity) is also noted among the methods of
general or local strengthening.

Progressive collapse usually begins with the loss of stability and strength of one or
more vertical structural elements of a building or structure (columns or pylons). For the
building to withstand, it is necessary to provide an alternative path for transferring the
load to other structural elements. Adjacent elements must be designed to resist these
redistributed loads (those that the collapsed structure would have to bear). Otherwise,
collapse will inevitably occur, and further load redistribution will occur until equilibrium
is reached. This in turn will lead to partial or complete collapse of the building or
structure.
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Protection against progressive collapse involves computer modeling using finite
element and limit equilibrium methods. It allows you to create full-fledged models that
almost completely correspond to the response of the building to local destruction.

The work performed a calculation of a multi-story building of the production
building of a compound feed plant with a steel frame for progressive collapse. The
calculation was performed using licensed software - SCAD Office - an integrated system
for strength analysis and design of structures of the MSE.

Knrouosi cnosa: nokanvhe nOWKOONCeHHs, npozpecyioue 0O8ANEHHS, JHCUBYHICHb
byodisni.

Keywords: local damage, progressive collapse, building survivability.

Beryn. MutteBe pyitHyBaHHS OyIiBeslb MOXe OyTH BUKIIMKAaHE CHIIOBUMH
uyn neopMariifHUMH BIUTHBAMH (HAIIPUKIIAA, BHOYXOM, yIapOM TpH 3iTKHEHHI,
MOXEXKEI0, pYHHyBaHHAM (YHZAMCHTIB dYepe3 3CYBH UM  MiJTOIUICHHS
I'PYHTOBUMH BOJiaMH, aBapii Ha BOJOBOJAAX).

Cepen mpu4uH MOXYTh OYTH TaKOX IIOMMJIKH Ha CTajii MPOEKTYBaHHS
(30Kpema, TpH pO3paxyHKax BY3NIiB KpIICHb i HECYYHX KOHCTPYKIIii),
ocnabJIeHHsT CTPYKTYPH MaTepialliB €JIEMEHTIB uepe3 Koposiro Toiro. Ile moxke
CTaTH MPUYMHOIO 3MIHM KOHCTPYKTHBHOI CXeMH OyJiBJi BHACHIJIOK 3HM)KEHHS
KOPCTKICHUX XapaKTepUCTUK KOHCTPYKIIH 1 BIUIMHYTH Ha Oe3neky OyniBii
3arajoM abo skoich 1i dYacTWHM. SIKIIO > BUHHMKAE 3arposza HaWTipIoro
TIO€/IHAHHS HETaTUBHHUX BIUIMBIB, TO II€ MOXE MOXE 3aKiHYMTHUCH MUTTEBHM
pyiHYBaHHSM, T.3B. IPOTrpecyrourM oOBaneHHsM [1].

ABapii Ha BHPOOHHITBAX MOXYTh MaTH KaTacTpO(idHI HACTIAKH — SK
€KOHOMIYHI, TaK i COIliaJibHi, YacTO — 3 IFOACHKUMU JKEPTBAMHU.

3 mowarky MOBHOMAacIITaOHOTO BTOPTHEHHs pocii Hama KpaiHa Hece
BEJIMYE3HI BTpPATH AaKTUBIB MIINPUEMCTB Ta TMPOMHCIOBOCTI. PyiiHyBaHHs
BEJIHMKOI KUTBKOCTI OyHiBeNb 1 CHOpYA NPH IOMY YacTO MAlOTh O3HAKH
nporpecy4oro oOBajieHHs. TOMy sl IOINEPEKeHHS] BUIAJKIB MHTTEBOTO
pyHHYBaHHS HEOOXiTHO TPH MPOEKTYBaHHI OO0 €KTIB BECTH PO3PaxXyHKH 3
ypaxyBaHHIM CTIHKOCTI 10 IPOTPECYIOYOr0 0OBaJICHHS.

Ananmiz my6aikamiii. HalfuactimmMmu npuYmHaMM  NIPOTrpecyrovoro
pYHHYBaHHS BBaXAIOTh 30BHINIHI BIUIMBH, CIPHYMHEHI NPUPOJHUMH YU
TEXHOTeHHUMH (akTopamu. HaWBUIIMHA BiJJICOTOK TakMX pyHHYBaHb 3aliMae
KpHUXKe pyHHYBaHHS (HalpHKJIaJ, IIPH MOXKeXkax) 1 BTpaTa CTIMKOCTI (BHACIIIOK
CeiCMIUYHMX BIUIMBIB, BUOYXiB, yJapiB TOIIO), piliie — BTOMHE Ta B’s3Ke
pyiHyBanHs [2].

I[Ipu TpWIAHATTI NPOEKTHUX PpillleHb [UIsI 3MEHIICHHS PHU3UKIB
MIPOTPECY0Uoro OOBaJICHHS BaXKJIMBO B IEPIIy YEpry BHKOPHCTOBYBATH TaKi
PO3PaxXyHKOBO-KOHCTPYKTHBHI ~ pIilIEHHs, AKi  YHEMOXJIHMBIATH  SIKiCh
MONIKOKEH . M IeThest Mpo 3arajibHe 3MIIfHEHHS Bciei OymiBii, MiciieBe
3MIITHEHHSI 1 B3a€MO3B’30K. KOHCTpYKTHBHHI B3a€MO3B’S30K €JeMEHTIB (200
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6e3mepepBHICTh KOHCTPYKIIii) TAaKOXK BiA3HAYAETHCS Cepell CIIoco0iB 3aralbHOTO
YK MiCIIEBOTO 3Mil{HEHHS [2].

Skmo WAeThCAs MPO MicleBE 3MIIHEHHS, TOOTO, MO MiJACHICHHS
HAMOLIBII YyTIMBHUX MICIlb, TO 1HOJI OyBa€ Ba)KKO CTAHIAPTU3YBATH I1i MOMEHTH
— 3 TUM, 00 BKJIIOYMTH X JI0 HOpPM IpoekTyBaHHs. [loBHicTIO yOe3mednTu
OyIiBIIIO Bl MOXKIJIMBUX TEPOPUCTHYHUX aTak, BUOYXiB miJ yac GombapayBaHs,
BiJl BIyYaHHS CHapsiB KOHKPETHOTO BHJYy Ta BH3HAYCHOI MOTYXHOCTI
HA/I3BHYAITHO BaXXKO, TOMY IIO MIPOPaxyBaTH YCi MOKJIMBI BapiaHTH MPAaKTUIHO
HEMOJKIINBO.

ITporpecytoue oOBaseHHS 3a3BHYall PO3MOYMHAETHCSA 3 BTPATH CTIHKOCTI
Ta MIITHOCTI OJHOTO YM KIUJIBKOX BEPTHKAJIBHUX KOHCTPYKTHBHUX €JICMEHTIB
OyniBni un cropynu (koioH abo minoHiB). I11lo0 HE MOMycTHUTH MOAAIBIIOTO
pyHHYBaHHS, HEOOXigHO 3a0e3MeUYnTH aNbTCPHATUBHUI MUIAX Hepenadi
HaBaHTA)KCHHS Ha IHII eIeMEHTH KOHCTPYKIii. Baxknupo, 11100 cycinHi eneMeHTH
OyJM po3paxoBaHi Ha OIMIp UM MEPEPO3MOATICHAM HABAHTAXKECHHAM (THM, K1 O
Malla HECTH 3pyHHOBaHa KOHCTpYKUis). I[Hakmie pyliHyBaHHS 0OOB’S3KOBO
CTaHEThCs, a MOJAIBIINN NePEePO3IOIiNT HABAaHTAKEHHS BiJOYBATHMETHCS aX 10
JOCSITHeHHsI piBHOBaru. lle y cBOIO yepry npusBe/e 10 YaCTKOBOI'O 00 MOBHOTO
pyitHyBauHs Oymini uu ciopynu [3].

@opMymIOBaHHS «IIPOTPECYIOYOT0 OOBAIEHHS» Y YMHHHX HOPMATHBAX
[4-7] MOXyTb TPOXH BiIpI3HATHCH, NMPOTE CYTh LBOTO MOHATTS OJHO3HAYHA:
SIKIIO Y SIKOMYCh KOHCTPYKTHBHOMY €JE€MEHTi OYiBIIi UM CIOPYAH BHACIIIOK
aBapifHUX BIUTUBIB (BUOYXiB, TIOXKEX, yIapiB) BHHUKAE JOKAJIbHE PYHHYBaHHS,
TO OyAiBIIA B IIJIOMY Ma€ BCTOSTH, MIHIMyM — JIO TOTO Yacy, IOTIOKU OYAYTh
€BaKyHoBaHi JIIO/IH.

ITocranoBKka METH. JocnimkeHHs KOHCTPYKTUBHOI CXeMu
6araTomoBepxoBoi BHPOOHMYOI OymiBIi Ha CTIHKICTH JO TNPOrPECyr0HOoro
obpanenns y IIK SCAD++ nns 3a0e3neuenHs ii )KUBy4OCTI IPOTAIOM yChOI'O
MepioTy eKCInTyaTallii.

Bukian ocHoBHOTO Matepiany gociimkenns. /s po3paxyHKy Oyio
B34TO OyAiBII0 BHPOOHMYOrO KOPIYCY MiJNPUEMCTBA 3 BHUTOTOBIICHHS
KOMOIKOpPMIB 31 CTaJeBMM KapKacoM. 3acTOCOBaHE JIIEH30BaHE IPOTpaMHE
3abesneuenns - SCAD Office - inrerpoBana cucrema MIIHICHOTO aHANi3y Ta
npoektyBanus koHcTpyKiiit MCE [8].

XapaKTepUCTUKH JOCTIKYBaHOI OymiBIi:

— YacTWHA BHPOOHMYOTO Kopmycy B ocax A-K i 3-5 posmipamu 21x12 m
8-MM 1OBepxoBOi OyiBII 3arajibHOI0 BHCOTOIO 43,5 M y MeTaneBoMy
Kapkaci;

—  KPOK KOJIOH Y HamnpsIMKy LM(POBHX Oceil — 6M, Y HAPSIMKY OyKBEHHHX
—10 613Mm;

—  KOJIOHH CYLUJIBHOTO IOCTIHHOTO ABOTaBPOBOTO IE€pepi3y, MPOKaTHI,
cxema o0nupaHHs Ha QyHIAMEHTH — 3aleMIICHHS;
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— TOJIOBHI OalKd TOKPUTTA 1 MEPEKPHUTTS — CKIANCHOTO Iepepisy,
CYIJTBHI, 3 peOpaMu KOpcTKOCTi 3 kKpokoM 1000 mm. Cxema oOnupaHHs
Ha KOJIOHH — JKOPCTKa, 300KY;

— JOpyropsiHi OankM — TPOKATHi, JBOTaBPOBOTO IIepepi3y, cxema
00muMpaHHs — MWapHipHa, B OAHOMY PiBHi 3 TOJIOBHUMH 0ajKaMu.

Po3paxyHOK Ha CTIHKICTb 1O IPOrPECYIOUOTr0 pyHHYBaHHS BUKOHYBAIN Y
KBa3iCTaTUUHil nocraHoBIi [8].

Ha mepmomy erami BH3Hauanu HaiOLIBII 3aBaHTaXCHI KOHCTPYKTHUBHI
eleMeHTH. J{71s1 1IboT0 OYII0 CTBOPEHO MOEIH OYiBII y IPOCTOPOBIN MOCTAHOBIII
(puc. 1).

Po3paxyHok OymiBIi 3a MEpIIO0 TPYMO TPaHUYHUX CTAaHIB B YMOBax
HOpMAaJbHOI eKciutyaralii Bukonysaiu 3a [9, 10] Ha yci mirodi 3aBaHTaKEHHS:
TIOCTiHHI (BiJ BIACHOI Baru KOHCTPYKIIi KapKacy, Baru KOHCTPYKIIIT IMiJUTOTH Ha
MEPEKPUTTS, Bark KOHCTPYKLIT MOKPUTTS; 3MiHHI, Y T.4. KBa3iNOCTIiiHi (Big Baru
o0JaHaHH:) 1 KOPOTKOYACHI (KOPHUCHE BiJl Bard JIF0/icH Ta CHirose). Po3paxyHok
BUKOHYBAaJIM Ha PO3paxyHKOBI crioiydeHHs 3ycuib (PC3) 1 3a ioro pe3ynbratamu
BU3HAYAJN HAHOLIbII 3aBAHTAXKCHI BEPTUKAJIbHI €JIEMEHTH (KOJIOHH).

s

WIIe

[ lkana
partasrTy

SakpHTi

Puc. 1. Cxema mpocTOpOBOTO KapKacy B oCsX 3-5 3 Mpu3HAYCHUMH
KOPCTKOCTAMHU

Ha npyromy erami, miciast BHOajJeHHS Haif3aBaHTa)XKEHIIIOi KOJIOHH,
BHKOHAIM  PO3PaxXyHOK KOHCTPYKTHBHOI ~CHCTEMH Ha CTIWKICTB 10
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mporpecytodoro obOBanmeHHA. Lledl po3paxyHOK BHUKOHYIOTh Ha CIeEIiajbHE
MOEAHAHHS HAaBaHTA)XEHL 1 BIUIMBIB, M[0 MICTITh IIOCTIiHI Ta 3MIiHHI
KBa3iNOCTIMHI  HaBaHTaxeHHA. [Ipy 1pOMy mpuiMalOTh HOPMAaTHBHI
XapaKTEepUCTUKHU MIITHOCTI Ta 1e()OPMATHBHOCTI MaTepiaiB.

Pe3yabraTn gociimxenns

3a pe3ynpTaTaMy CTaTHYHOTO pO3PaxyHKy OyJI0 BH3HAUCHO Micle
MOXIIMBOTO JIOKQJIbHOTO PYHHYBaHHS — HaWOUIbII 3aBaHTaXXEHY CEPEaHI0
konony K-20 HIkHBOTO TIOBEpXY Ha mepeTuHi oceit 4 i [ (BuaineHo Ha puc. 2).

Puc. 2. Bunanenns Hait6inbmr 3aBanTaxenoi konouu (K-20)

[Ticnsa BumaneHHs 1€l KOJIOHHM 1 TIPOBECHHS PO3PAXyHKY Ha CTIHKICTH 110
MIPOTPECY0YOro OOBaJCHHS EKCIepTH3a BCTAHOBWJA, IO MIIHICTh JESIKHX
€JIEMEHTIB pO3paxyHKOBOI cxeMHu (Ha puc. 3 BHUIUIEHI YE€PBOHUM KOJIbOPOM)
HEJIOCTATHSL.

Jns 3axucty maHoi NISTHKH OymiBii Ta 3a0€3MEYCHHs CTIHKOCTI 10
IIPOrpecyodoro oOBajieHHs OyJO TPHUHHATO pIlIEHHS TpO MiJCHICHHS
BU3HAYCHUX MPOTrPaMOIO EIEMEHTIB 3a paXyHOK 3aMiHH IX Iepepi3iB, a TaKoX
BCTAHOBJICHHSI JOJATKOBUX BEPTUKAJIbHUX B’s3iB JUId 3a0e3medeHHs Oiiabmiol
JKOPCTKOCTI Ta cTiiikocti. Iliciast 3MiHHM pO3paxyHKOBOI CXEMH, 3aMiHH
XKOPCTKOCTEH Ta MOBTOPHOI EKCHEPTH3M OyJI0O BCTAaHOBICHO, IO MPOBEICHI
3aX0aU J0BeNH CBOIO eekTHBHICTH (puc. 4). g MOoJanbmoro KOPUTYBaHHS
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KOPCTKICHUX XapaKTEPUCTHK 3aJIMIIAEThCS 1€ HEBHKOPHCTAHA MOXKIMBICThH
3MiHM MapKH CTajli.

[lin yac aHamizy eKCTpeMalbHHX (AKTOPIB EKCIEPTH3M MifiOpaHux
NPOrpaMol0  Iepepi3iB  CTaleBUX EJNEMEHTIB KapKacy BCTaHOBIEHO, LIO
BpaxyBaHHSI MO>KJIMBOTO JIOKaJIbHOTO PYHHYBaHHs Ha eTali MPOEKTYBAaHHS Ja€
MOXIJIMBICTh yOe3rnednTy Oy/iBIIIO BiJ HMOBIPHOTO IIPOrPECY0UOro 0OBaICHHSI.
L{poro MoHa IOCATTH yJalITyBaHHIM JOJAATKOBUX B’5131B, 3aMIHOIO MapKH CTaJI
9d miZ0OpOM MOTYXKHILIOTO TIepepily Ui KOHCTPYKTHBHOTO —EJIEMEHTa
PO3paxyHKOBOI MOJIEII.

&gy

N 8 PesynbTath excneptusn
E E
KpuTiuHui paktop Kmax K.puTHuHMi akTop Kmax

v [ 0.25 0,99 SE ) —— v [ 053 0.99 e —
o ] 0.93/1.01 0 ¥ []093 1 20 "]

v [l .01 124364 20

Puc. 3. PesynbTaTh excrepTusu Puc. 4. Pe3ynbraTtu exciepTusu
€JIEMEHTIB (TMiCIIsl BUJIAJICHHS KOJIOHH TTiciis 3aMiHK nepepisiB
K-20)
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BucHoBkn. €1uHOI METOIWMKH pO3PaxyHKy Ha CTIHKICTH [0
MIPOrPECcy0Yoro oOBaJeHHs Ha CHOTO/IHI HeMa€e. BaximMBUM 3aBIaHHSIM y LIbOMY
HampsiIMKy € TPYHTOBHE MOCIHI/UKEHHS BIUIMBIB 3allpOCKTHHX 1 aBapiHUX
HABaHTAKEHb, YCIX MOXJIMBHUX HaWHECIPUATIMBIMIMX iX KoMOiHamiii Ha
KOHCTPYKTUBHI elleMeHTH OyniBenb i cnopya. OcoOnMBO akTyalbHHM L€
3aBJIaHHs € B yMOBaX BOEHHOTO 4acy.

MeTo MOKIIMBOTO MOLIKOXKEHHS € Hapasi HaHIOIIMPEHIIIUM METOI0M
PO3paxyHKy Ha CTIHKiCTh 0 porpecytodoro oosaieHHs. [Ipu npomMy HaitOimbIT
3aBaHTAKEHUH (UM YIIKO/KCHHWH) eNeMEHT BUIANSAIOTh 13 PO3PaxyHKOBOL
Mogeni, K 3pyiHoBaHUHA. CaMy K MOJIENb PO3PaxOBYIOTh Tak, 00 yOe3meunTn
OyHiBITIO Bi MOJANBIIOTO PyHHYBaHHS.

BcTaHOBNCHO, IO BpaXxyBaHHS MOXJIMBOTO JIOKaJbHOTO PYHHYBaHHS Ha
eTali TPOEKTYBaHHS NTa€ MOJIHMBICTh yOe3mednTu OyIiBIIO Bi WMOBIpPHOTO
MPOrpecyo4oro ooBaieHHs. [[boro Mo>xHa JI0CATTH yIaTYBaHHIM J0AATKOBUX
B’s13iB, 3aMIiHOI0 MapKH CTajdi YU MiJOOPOM TMOTYXKHIIIOTO Mepepisy it
KOHCTPYKTHUBHOTO €JIEMEHTa PO3PaxyHKOBOI MOJIEIII.
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