METOJUKA PACUETA CTPOUTEJIbHBIX KOHCTPYKIIUA HA
EAVMHUYHY IO ’KUBYYECTD

10.1. Ky)mumﬂ*, J.FO. Ipodot ”

JUist  psiiOBOrO  MHXKEHEPA-TIPOCKTUPOBINMKA KpalHE TPYAHO OpPHUEHTUPOBATBCA B
CJIIOKMBILIEHCA Ha CErONHALIHUM JI€Hb 4YpPE3BbIYAWHO 3allyTAHHOM CHUCTEME JOKYMEHTOB
HOPMAaTUBHON 0a3bl OTHOCHTEIBHO BOINPOCA IMPOEKTUPOBAHMSI KOHCTPYKLIHMH, CTOMKUX K
ABAPUITHBIM BO3JCHCTBUSIM.

Takoe cocTosiHuE HEPENKO MPUBOIUT K 3aTPYAHEHUAM IIPU IPOXOKIACHUN DKCIIEPTU3HI, C
€€ HEOJHO3HAYHBIMH MHOTOBapUAaHTHBIMU TOJKOBAaHUSMHU ONPEIACICHUNH U TOHSATHI
(mporpeccupyroliee, IUCIPONOPLUUOHANIBHOE, JaBHHOOOpa3HOEe OOpyIIeHHe, pa3pylIeHue,
LIEJIOCTHOCTh, Tpedyemasi CTOMKOCTh M T.A.) U BBIHYKJIACT IPOEKTHPOBIIMKA alPUOPU
paboTtare BHe mpaBoBoro moss. [logpoOHO cocTosiHWE BOTIpOca M HEKOTOPBIE 3a0IIyKICHUS
paccmarpuBaroTces B [1, 3].

CeronHa HeoOXOIUM KOPEHHOM MEPECMOTP METOJOJIOTUH HPOEKTUPOBAHUSA C YYETOM
HOBBIX BO3MOKHOCTEN CHCTEM aBTOMAaTHU3MPOBAHHOI'O IIPOECKTUPOBAHHUS I CO3aHUS HOBOU
€AMHOM 1 YEeTKOW KOHLIETIIIMA HOPMATUBHOM Oa3bl.

C onHOH CTOpPOHBI, COIVIACHO JEHCTBYIOIIEH B OOJBUIMHCTBE CTPaH MHpa METOJAMKE
IIpeNIeNbHBIX COCTOSHUM, MPOEKTUPOBIINKY HEOOXOAMMO 00ecneduTh TpeOyeMBblil ypOBEHb
HAJEKHOCTH COOPY)KEHHS B paMKax TMpeAeibHbIX COCTOSHUM 1-ii (HEBO3MOXHOCTH
JTambHEWIeH OKCIUTyaTallud, HalpuMep, BCIEACTBHE IOTEPH HECYIIEH CIIOCOOHOCTH,
MOPAJIBHOTO YCTapeBaHUs U T.[.) U 2-i rpynn (3aTpyAHEHHE HOPMAaJbHOM 3KCILTyaTaluy,
HarpumMmep, BelieACcTBUE OoNMbInX Aeopmanuii, yCKOpeHUH U T.1.).

[TIpu sTomM HagexHocTh (aHri. reliability) — moHHMMaeTcs, Kak CBOWCTBO COOPYKEHHUS
BBITMIOJIHATE CBOE€ (PYHKIIMOHAJIILHOE Ha3HAu€HHE C HEOOXOJWMBIM KayeCTBOM B TEUEHHE
MIPEyCMOTPEHHOIO CpOKa JKCIUTyaTallid, W OLCHUBAETCSI BEPOSITHOCTbIO OE30TKa3HOMN
paboTsr (cM. puc. 1).
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IIpy 3TOM BO3HHKAIOT HEKOTOpBIE TPYAHOCTH. Tak, NpU IPOEKTUPOBAHUM BBITOIHAETCS
HO3JIEMEHTHBLIN pacuct, T.€. TEM CaMbIM oOecrieunBaeTcs Tpe6yeMa;1 HaJICKHOCTbH
(BEepOSITHOCTh O€30TKA3HOCTH) KaXKJIOTO OTIEIBHOrO JJIEMEHTAa. Takas Mod3JeMeHTHas
MpoBEpKa HAa3bIBACTCS METOJOM HauMciaaOeHIero »JieMeHTa U TPHCBaMBaeT BCeH
KOHCTPYKIIUU  TOTOJIOTHIO  TIOCJIEOBATEIILHOTO  COCAUHEHHS  DJIEMEHTOB, 4YTO B
Z[GﬁCTBPITCJ'H)HOCTH HE BCEraa TakKk U MOXET CBUACTCILCTBOBATH 00 HMCIOIUXCA 3aIlacax
Hecymie crnocoOHocTH.  [IOCKOJIBKY OMpenenuTh HaJIeKHOCTh BCEW KOHCTPYKIMU HE
IIPEACTABIISIETCS BO3MOYKHBIM B BUJly KPaHEN TPYAHOCTH, TO HAJEKHOCTh BCETO COOPYKEHUS
TPaKTYyeTCs Yepe3 HaJIKHOCTh €€ OT/IEIbHBIX 3JICMEHTOB. B pe3ynbTaTe HeNlb3sl 1aTh OTBET O
(hakTUYECKOW HAJIEKHOCTH 3aIIPOEKTUPOBAHHOTO COOPYKEHHUSI.

IWALLE
p(s)

Puc. 1. I'paghuxu cmamucmuyecrkoco pacnpedenenus ycunutl (1) u necyweti
cnocobHocmu KOHCmpykyuu (2)
Fig. 1. Graphs of statistic effort distribution (1) and the construction’s bearing capacity (2)

C Jpyroil CTOpPOHBI, B COOTBETCTBUM C CHCTEMHBIM aHAJU30M CTPOUTEIBHYIO
KOHCTPYKIUIO, KaK M JIIOOYI0 JPYryr0 CHUCTEMY, MOKHO PAacCMaTpUBaTh C TPEX OCHOBHBIX
MTO3ULIMIA:

BosnelicTBus Ha cucteMy (BHYTPEHHETO U BHEILIHETO),

CTpyKTypbl KOHCTPYKIMH (TOTIOJIOTUYECKON B3aMMOCBS3H €€ DJIEMEHTOB),

Peakunn KOHCTpYKIIMM Ha BO3JCHCTBHE U €€ KOHEUYHOT'O COCTOSHHS MOCJE peakluu Ha
BO3JICHCTBHE.

VY CII0BHO MOYHO BO3JEHCTBUS MOXHO pa3feluTh Ha TPU FPYIIIbL:

- IPOEKTHOT'O TUIA U BEJINYHHBI,

- IPOEKTHOI'O TUIIa, HO 3alPOEKTHOM BETMYMHBI (HalIpUMep, BbINIaJIeHUE CHera B I'. MockBa
MHTEHCUBHOCTHIO sg Oonee 180 kr/m2),

- aBapuiHOro Tumna (MHEPIHOHHBIE CEHCMHYECKHE CWIIbI, MOXap, B3pbIB, 0Opa3oBaHME
KapCTOBBIX BOPOHOK U T.[1.).

Takoe pasneneHue MpeanonaraeT, YTo B KOHCTPYKIUU OT BO3JAEHCTBUM 2-H, 3-il TpymIbl
MOTYT BO3HUKHYTbH MOBpexieHusA. KoHIenTyaqbHO OOJIBIIMHCTBO BO3ACUCTBUI aBapUIHOIO
THIIA B HACTOsAIIEE BpeMsl OTHOCATCS K 1-U rpymnme mpeneiabHbIX cocTossHuM. Hampuwmep,
ceiicMMueckue Harpy3kd OT KojeOaHUM TpPYHTOB OCHOBAHHUS 3aHOPMHUpPOBaHbl U T.O.
cTaHOBsTCA Harpy3kamu npoekTHoro tuma (cM. CHull «CrpoutenscTBOo B celcMHUYECKUX
paitionax). T.k. HaIe)KHOCTh KOHCTPYKIIMM OLIEHUBAETCA KaK O€30TKa3HOCTb, KOTOpasi B CBOIO



odepeqb OTPULIAET BO3MOYKHOCTh CYIIECTBEHHBIX IOBPEXKICHUH, TO BO3HMKAET JIOTMYECKas
HECTBIKOBKA.

Beixoq w©3 JIOTMYECKOH TyTaHUIBI JaeT CIIeAyomas TpPaKTOBKa TPOOJIEMbI: B
CTPOUTENILCTBE Takue MPOOJIEMBbl KaK CEHCMOCTOMKOCTh, OTHECTOMKOCTb, BBIHOCIUBOCTH H
T.J. CJEAYeT paccMaTpUBaTh B KOHTEKCTE OOOOIICHHOW MNpoOJIeMBbl >KUBYYECTH. A caMu
BO3JICHICTBUS aBapUIHOTO TUIA MPEAJIAraeTcss OTHECTU K 3-1 TpyIIe IpelebHbIX COCTOSIHUM,
KAaK COCTOSIHMH C HEIOIIYCTUMBIM YPOBHEM IOBPEKICHUMN.

JlamiM CUCTeMHOE OmpeziesieHne TepMUHA KUBYy4ecTh. JKuBydecTh (aHrii. robustness) —
CIIOCOOHOCTh TOBPEXJIEHHOM CHCTEMBl aJalTHPOBATbCSl K HOBBIM HM3MEHUBIIMMCS U, KaK
[IPaBWJIO, HEMPEABUIECHHBIM CUTYalUSIM, IPOTUBOCTOSITH BPEIHBIM BO3/ICHCTBUSAM, BBIIOJIHSASA
IIPY 3TOM MOJHOCTBIO WJIM YaCTUYHO CBOIO LEJIEBYIO (DYHKIHUIO, 32 CYET COOTBETCTBYIOIIETO
U3MEHEHUS CTPYKTYpPbl M HOBENEHMsS cUCTeMbl. JKHMBydYecThb MOHMMAETCS KaK CTOHMKOCTh
CUCTEMBI (B HAllleM CJIydya€ KOHCTPYKLIMH) B 3alpPOEKTHOM cuTyanuu. B 3aBUcCHMMOCTH OT
CTENIEHU CJIOKHOCTH OpraHu3allid M KJlacca CUCTEM B paMKaX COBPEMEHHOM TEOpUH
karactpo(d (TexHuyeckas, OMOJOTrHYecKasi, BOCHHAs, SKOHOMHUYECcKas (cMm.puc.2) U T.JO), a
TaK)K€ YPOBHS AaHAJINW3a, CBOMCTBO JKMBYYECTH MOMKET IIPOSBIATBCS Kak CIIOKHOE
MHTETPAJIBHOE KAa4eCTBO CHUCTEMBl H, COOTBETCTBEHHO, KOJIMYECTBEHHO OILICHUBAThCS
IIOKa3aTesIMu YCTOMYHUBOCTH, IIPOYHOCTH, HAaJIe)KHOCTH, aJIalITHBHOCTH,
OTKa30yCTOWYUBOCTH, TOMEXOYCTOWYUBOCTH U T.11 (CM. puc. 3).

CBOWCTBO JKHMBYYECTH OOECIIEUMBACTCS M HANpPSIMYyIO B3aUMOCBS3aHO CO CBOWCTBOM
HaJeKHOCTH. JKMBYUECTh HENb3sl FapaHTUPOBATh, €CJIM HET TPEOYEMOI0 YPOBHS BEPOSITHOCTH
0e30TKa3HOW pabOTHl OCTABIIEHCS YaCTH MOBPEXKJICHHOH KOHCTPYKIHMH. B cTpouTenbHOM
chepe wu3BecTHBl paboThl Ilmuyrmaa C.®., B KOTOPBIX HCCIEAOBANACH CTPYKTypHas
KUBYUYECTh PACUETHBIX cXeM. JlJI1 HMX B KauyecTBE KPUTEPUs KUBYYECTH NPU H3IBATHU
JIEMEHTOB IPUHAMAJIOCH YCIOBHE COXPAHHOCTH T€OMETPUYECKH HEU3MEHSEMOIO OCTOBA
KOHCTpYKIUH [6].

Puc.2. K AHANIU3Y COBPEMEHHO20 IKOHOMUHYECKO20 KpUsuca. prweHeHue annapama
meopuu epagos k oyenke sncugyyecmu bankosckou cucmemvt CIIIA. Temnvim gvloenenvl
banku, komopwie yorce ucnvimanu kpax iemom 2008 2.
Fig.2. To the analysis of the present-day economic crisis. Application of the graph theory
apparatus to the evaluation of the US banking system robustness. The banks that crashed in
summer, 2008, are shown as dark circles



B nocnenHee BpeMsi HOpMBI IPEINUCHIBAIOT PacyeT KOHCTPYKIMI Ha IpOrpeccupyoiee
obpymenne. [locnennuii TepMUH, WMes HEYJAYHBI TEPEeBOJ C AaHTIUHCKOTO S3bIKa,
MOJIpa3yMeBaeT B MEPBYIO OYEPEb HEKOTOPYIO BEIMUYMHY MOBPEXKICHUS MO0 €ro XapakTep
(IMCTIpOTOPLIMOHATBHOCTD, JIABUHOOOPA3HOCTh KaK CKOPOCTh Mporiecca). KuBydects - 37O,
IIPEKJIE BCETO, CBOMCTBO, CBOMCTBO CAMOCOXPAHEHHUS IPH MOBPEKICHUSIX B BUJAE MOJIHOTO
OTKa3a OTAEIbHBIX JJIEMEHTOB KOHCTPYKIMM M HANpSAMYIO HE CBA3aHO C KOHKPETHBIM
IIPOLIECCOM pa3pylleHUs. OTHU JIBa MOHATUS JIeKAT B Pa3HBIX IJIOCKOCTAX M HMX HEJb3s
CpaBHMBATb.

B »a10#i cTarbe mpemiaraeTcs MPOEKTHPOBATh YHUKAIbHBIE COOPYKEHUS C €AMHUYHBIM
ypoBHeM kuByuecTH. llosichum. BHe 3aBucHMOCTH OT oOecnedeHHsl KHUBYYECTH IpU
KOHKPETHBIX TOBPEXKJIAIOUINX BO3IAEHCTBUAX (HANpUMeEp, NpU CEHCMHUKE) YHHMKAJIbHbIE
COOPY)KEHHUSI JTOJKHBI OBITh CTOMKMMH K HEYMBILUIEHHBIM OTKa3aM B KOJIMYECTBE HE Ooiee
OJIHOTO. YHHUKaJIbHOCTb ONPEIENAETCS BO3MOXHOCTHIO YEJOBEUYECKUX KEPTB, OOJBIIMM
COLIMAJIBHBIM MJIM SKOHOMHYECKUM YPOHOM, MaJION U3y4YEHHOCTBIO CTPOSILIUXCSA COOPYXKEHUH,
OT BO3MOXHBIX NMOBpeXJIeHUHN. [IpMHIMIBI METOAUKN YHUBEpCAJIbHBI Ui KOHCTPYKLUUN U3
TOOBIX MaTepUaoB (HANpUMep, MeTalia, jKele300eToHa, JepeBa, KaMHs), U JTI000r0 THIIa
(kKapKacHbIX, 000JI04YEUHbIX, IPOCTPAHCTBEHHBIX, ITUT U T.1.).
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Puc. 3. Cucmemnwiii nooxoo. JKusyuecmo paccmampusaemcs xkax RC - kauecmeso
cucmemwl (resistance characteristic), m.e. ynpaeisemocms npu Hanuuuu nogpexcoeHull
Fig. 3. System approach. Robustness is regarded as RC (resistance characteristic) — a
quality of the system, that is, controllability with damages present

ChopmynmupyeM TpPHUHIMIBI W TOJOXKCHHS pacdeTa YHUKAIBHBIX COOPY)KEHUH Ha
KUBYYECTh €IMHUYHOTO YPOBHS:

- KuByuectb oOecrieunBaeTCsi B KOMILIEKCE BCEX CUCTEM KU3HEOOECIICUEHUST COOPYKEHHUS
(HeCyImMX KOHCTPYKIIUHU, MOXKAPHON 0E30MacHOCTH, CHCTEM 3BaKyalluu, WH()OPMAIIMOHHOTO
obecrnieveHus 1 T.11.);

- B pamkax 3-ro mpenenbHOTO COCTOSIHHSI paccMaTpuBaeTcsi (M3ydaercs) IOBEJICHUE
KOHCTPYKIIMU B TOBPEKIECHHOM COCTOSIHUU;

- B kadecTBe aBapuiHbBIX BO3JACHCTBUI BBICTYNAIOT OTKA3bl KOHCTPYKTUBHBIX 3JIEMEHTOB.
Takue cTapTOBBIE TECTOBBIE BO3JEHCTBUS MOHMMAIOTCS KAaK HEYMBIIUICHHbIE (Harpumep,



olmnOKa B MPOEKTE, B U3TOTOBJIEHUM 3JIEMEHTOB KOHCTPYKIMH, OIIMOKAa IIPHU BO3BEIECHUN),
YTO CHHUMAaeT HEOOXOAMMOCTh B H3YYEHHHM MPUPOABI W HOPMHUPOBAHWU BEJITUYUHBI
MOBPEKIAFOIIETO BO3ICHCTBUS,

- B kauecTBe akCHMOMBI MCNOJB3YETCS] MPUHIMI €JUHUYHOTO OTKa3a. B cooTBeTcTBUM C
MPUHIIMIIOM, CUCTEMA JOJDKHA BBINOIHATH CBOM (DYHKIMH IIPH JIFOOOM HCXOJHOM, HO TOJIBKO
OJIHOM COOBITHH, BBI3BIBAIOLEM IOBPEKICHUE CHCTEMBI. T.0. BEpPOSITHOCTH CTapTOBOIO
oTka3za aOcomoTHa, T.e. paBHa 100%. Kak cienctBue B KOHCTPYKIMM HE JOIMYCKAeTCS
HaJIM4us KIIOYEBBIX 3JIEMEHTOB;

- AOCTpPakTHOCTH TIOBPEXKIAIONIETO BO3JCHCTBUS 3aKJIOYAETCS JUIS  JIUCKPETHOM
KOHCTPYKIIUM B MTHOBEHHOM H3BSTUU («MCUE3HOBEHUW») JIFOOOTO AJIEMEHTA WM y3J1a, JJIs
KOHTHMHYaJIbHOW - B MIHOBEHHOM OOpa3oBaHMM pa3pe3a WM U3bIATHUH obnacTH. daxTop
MIHOBEHHOCTH BBI3BIBAET IMHAMUYECKYIO PEAKIUIO COOPYKEHMS Ha MOBPEKICHHUE (CM. pHC.
4 u puc. 5);

- Jng peanbHOrO COOpPY)KEHUS, YUWUTHIBAs Majyl0 BEpPOATHOCTb U HEOOJBUIYIO
IPOJIOJDKUTEIBHOCTh  aBapUWHOM CHUTyalluM, pEKOMEHAYETCSl pacyeT Ha JKHUBYYECTb
BBINIOJIHATh TPU JEMCTBUM HOPMATHUBHBIX 3HAYEHUI MOCTOSIHHBIX HAarpy3oK U JUINTEIbHBIX
COCTAaBJISIFOIIUX BPEMEHHBIX HArpy30K (Yni = Yii = 1);

- VY3/10BblE COEAVHEHMSI KOHCTPYKTUBHBIX JJIEMEHTOB Ui BHOBb IPOEKTHPYEMBIX
KOHCTPYKIUI IPUHUMAIOTCS PaBHOIIPOYHBIMU OCHOBHBIM 3JIEMEHTAM;

- JXXuByuecTh crnenyer McciaenoBaThb B paMKax JIOTMKO-BEPOSITHOCTHBIX MOJENEH, yxke
JABHO IIPUMEHSAEMBIX M XOPOLIO ce0sl 3apeKOMEH/I0OBABIINX B TAKUX 00JIACTIX UETIOBEUYECKON
KHU3HEIEATETPHOCTH KaK paJMo3JIeKTPOHUKA, SKOHOMUKA M (PUHAHCHI, BOEHHAs cdepa U T.J.
B rnormueckux Mozensx HCHOJb3yeTcs amnmapaT TeopuH rpadoB Juid aHaiu3a TOMOJOTHHU
CHUCTEMBI ¥ B3aUMHOTO BJIMSIHUSI 4aCTE€W CUCTEMBI IPYT Ha Japyra (cM. puc. 3);

- Jlns OLEHKM YJEeNbHOIO BKJIaJa YacTell HeCcyllell KOHCTPYKIMH B 00€CIedeHHH
KUBYYECTH MOTYT HCIIOJIb30BaThCS JaHHbIE MOJAJIBHOTO aHall3a M SHEPreTUYECKOTrO
MOPTpPETa KOHCTPYKLUUU MPU HAJTUYMM B HEW «TECTOBBIX» MOBPEXKACHUNH. DHEPreTU4ecKHil
MOPTPET MPEJCTaBIsIET COOOM COBOKYNHOCTh JaHHBIX 00 M3MEHEHUHU IOTCHIMAIBHOU U
KMHETUYECKOM PHEPruM KOHCTPYKIMHM, PHEPIMH PACCEMBAHUS BO BpEMs €€ MOBPEXKICHUS.
CoBpeMeHHbIE TPOrPaMMHBIE KOMIUIEKCHI IO3BOJISIIOT BBIYUCINUTH YacTOThl CBOOOHBIX
KOJeOaHMH KOHCTPYKIMM C YYETOM H3MEHEHHUS €€ KECTKOCTH, MAaXKe INpH HaJIUuuuu
3HAYUTENIBHBIX TNIACTHYECKHX JIe(OpMAIIHii B Pe3yIIbTaTe MOBPEKICHHUS.
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Puc. 4. K ounamuuecxoii 3a0aue. Menogenmwiii omxasz uacmu Hecyujel KOHCMpPYKYuu
MOOenupyemcs 3amMeHoU 6HYMpPEeHHUX YCUIUL Ha 2paHuye obaacmu 0mkasa u nadesuem 00
HYJIA ROCTIEOHUX 34 KOPOMKULL NPOMENCYMOK 8PEeMEHU

Fig. 4. To the dynamic task. An instant failure of a part of the bearing construction is
simulated by the replacement of internal forces on the border of failure area and their
reduction to zero during a short-time interval



[Tonosxenus, onpenensieMble 3aKa34MKOM, BIIOCIEACTBUHU (PUKCHpYeMbIe B CHEIMaIbHBIX
TexHnuyeckux ycnosusx (CTVY):

- Kpurepnii obecneuenus xuBydecTd. JKMBYyYeCTh KOHCTPYKIMM OO€CII€YEeHa, €cliu
MEPBUYHBINA OTKAa3: a) NMPUBOJAUT K pa3pyLICHUI0 HAa OTpaHMYEHHOM o0yacTv, uiau 0) He
MPUBOAUT K pa3pylICHHIO JPYTUX AJIEMEHTOB, HAa KOTOpBIC TepepacrpeaesieTcs Harpyska.
Benuunna 061acT yTBep K IaeTCsl 3aKa3YMKOM COBMECTHO C 9KCIIEPTHOM IPYNIIO.

@opMmynpHas 3amUCh  HEpa3pyIIEHUS JUCKPETHBIX (KapKacHBIX) DIEMEHTOB U
KOHTHHYaJIbHBIX YaCTEH KOHCTPYKIIMU MOXKET OBITh 3aIKCaHa B CIIEIyIOLIEeM BH/IE:

Emax < Vi'[€ut] 1)
rje:
Emax — MaKCUMaJbHas (pubpoBast neopmans B CEYCHUHN DIIEMEHTa,
gt — IpenenbHas aedopmanus, NMpU KOTOPOH MPOUCXOAUT pas3pblB (B YAaCTHOCTU JJIsS
METANIMYECKUX KOHCTPYKIMM TMpenenbHass IUlacThyeckas aedopmanust Uil MATKUX
CTPOUTENBHBIX cTaliei paBHa ~ 20 - 25%),
Yi— cuctema ko3 PUIIMEHTOB HAAC)KHOCTH.
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Puc.5. Cnesa - bununeiinas ouazpamma pabomel cmanu noo HAzpy3KoU, Cnpasa —
2paguKu OUHAMUYECKOU PeaKyul COOPYICEHUS.
Fig.5. To the left — a bilinear diagram of steel performance under load, to the right —
graphs of the construction’s dynamic reaction

3akjaueHue

Bompockl skoHOMHKH. C OJIHOM CTOPOHBI BBIIEH3JIO0XKEHHAs METOAMKa Oa3upyercs Ha
TpeOoBaHUN OOecTieueHHs] €IMHUYHOW JKUBYYECTH TOJBKO JUIS YHUKAIBHBIX COOPYKEHUI.
Takoil ypoBEeHb KMBYYECTH IIPEIIOJIArACTCS PAlMOHATBHBIM 1 MUHUMAJIBHO JIOYCTUMBIM. C
JPYroil CTOPOHBI HEJB351 OTPUIIATH CYIIECTBOBAHUE BO3ACHCTBHIMA, KOTOPHIE OyIyT IPUBOIUTH
K OTKa3y Cpa3y HECKOJIbKHX DJIEMEHTOB, HAIIPUMED, YAAICHUE y3J1a COCAUHEHUS] HECKOJIbKUX
sneMeHToB. KiroueBbiM siBisieTcst (akropa (HE) yMBIIMIJICHHOCTH Bo3zelcTBus. Hampumep,
TEppOpU3M (3JIOYMBUIEHHHKH HMEIOT KOHTpP33Jauyy pa3pylIuTb COOPYKEHUE) U B3pbIB
OBITOBOTO Ta3a, KOTOPBIH 10 TAHHBIM CTATHCTUKU «CHOCHUT)» Cpa3y HECKOJIBKO DJIEMEHTOB.

B 2-xnocnmegHux ~ ciydasx ~— clIeQyeT — PYKOBOJACTBOBATbCA  DKOHOMHYECKOM
L[€JIECO00PA3HOCTBIO 3aKJIA/IBIBAEMBIX PECYPCOB Il 00ECHEUEHHs KUBYYECTH N-IO YPOBHS.
IlenecooOpa3HOCTh MOKHO OLIEHUTb, HCHOJIb3Yysl ammapar TEOPUM pPHUCKAa K CTapTOBBIM
OTKa3aM B KOJIMYECTBE 00jiee YeM OJHOTrO. A OLIEHUTH CTENEHb MOBPEKIACHUS KOHCTPYKLUU
MO>KHO, MCII0JIb3Ysl UHAEKC )KUBYYECTH!



max (2)

T.e. OTHOIICHHWE PA3HULBI MEXKJIY MAKCUMAJIbHO BO3MOXHBIM M YK€ II0Jy4ECHHBIM
MOBPEKJICHUEM, K MAKCUMAJILHO BO3MOKHOMY IOBPEXACHUIO (CBA3HOCTH). [[71s1 AMCKpETHBIX
CUCTEM CBSA3HOCTb BBIPAXAECTCS B MHUHHUMAJIBHOM KOJIMYECTBE JJIEMEHTOB, IOCIE OTKa3a
KOTOPBIX CUCTEMA HE MOKET BBITIOJHATH CBOIO (DYHKIIHIO.

[1]. Bo3aeilicTBHe HA CHCTEMY

(mpofneMEl  OIHC3HHA, HOPMHPUESHHR  YPOBHA
BOSOSHCTEHE, ONSHEH PEIEOHATBHOTO VPOBER
CTOEKOCTH CHCTEM, E T.0.)

\4

> OOBIYHOE P OSKTHPOE AHHE

1. 3ampoexTHad  BeIHYHHA  YPOBHA  BO3IeilcTRHA

OpOeKTHOTO THNA, IPHEOJAMAS K 0THAa3aM

2. Tunm EozgeficTENA aBapuiHBN (ceficMHKA, E3PBIE,
mokap H T.3.)

3. Adcmparmusiil mecmosnill (He) eOUHUYHDIL 0MKA3

I[TpoerTHpOBaHKe IPoEepEa (o0ect
NpeIeIbHOTO COCTORHHS
| mosp ¥

v

[2]. KomnuiekcHAs peaKIHA BCEX MMOOCHCTEM [3]. OneHKa KOHEeYHOI 0 COCTOSAHHSA / CTENIEHH

CHCTEMEBI HA anapnﬁﬂoe BOS,C[EIF]CTBHE —_— IMOBP EARTEHHA CHCTEMBI
3 Opomecca, H e Ha Tec 1 (cTememy ERIMOTHeHME (VHED HASHAUSHMA, HHISKCH FHEVZecTH Ix
CEASHOCTE, M0KA3ATedH HATEXHOCTH, KOI-BO EpPeMeHH t, OIeHEA

F AHATH3A [OEe]eHHA MEI) EQWHOCTH (VIeIEHOT0) EKTa13 OTAeIEHE 43 cTel CHOTeMEl H T.0. )
Y
[4]. BripaboTra PALIHOHA/IBHBIX CucTeMa YIOBIeTEOPAeT NpeIbABIAMEIM TpeboBanmam 7
KOHCTPYKTHBHBIX Me€p 3alIHTBI H HeT Bapuasre:

CMATYeHHS T0CTETCTRHIE aBapHiHLX | €
BO3JeHCTBHH

) HENIPHTOJHOCTE E

Puc. 6. Memoouka npoexmuposanus coopyicenul, CmotuKux K agapuiiHbiM 6030eUcmeusm
Fig. 6. Design procedure of constructions, steadfast to the emergency actions
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PROCEDURE OF CONSTRUCTIONS SINGLE ROBUSTNESS
CALCULATION

Yuri I. Kudishin, Dmitry Y. Drobot

This article dwells upon the design of constructions resistant to emergency actions. We
single out the existing generalized problem of robustness, which includes the issues of seismic
stability, fire resistance, endurance, etc. which have been studied for a long time. These
include emergency actions with the normalized level of intensity value. It is proposed to
examine the issue of robustness within the framework of the 3rd group limiting conditions as
states with inadmissible level of damage.

Robustness is the adaptability of a damaged system to new, changing and, as a rule,
unforeseen situations, its ability to resist harmful effects, thus fulfilling in full or in part its
objective function due to an appropriate change in structure and behavior of the system.
Robustness is understood as the durability of a system (in our case, of a construction) in the
emergency situation. Depending on the complexity degree of organizations and classes of
systems within the framework of the contemporary theory of catastrophes (technical,
biological, military, economic, etc.), and also the level of analysis, robustness can manifest
itself as a complex integral quality of a system and, correspondingly, be evaluated
quantitatively using the indices of stability, strength, reliability, adaptability, failure
resistance, noise immunity and so forth.

This article suggests that unique constructions with a single level of robustness should be
designed. Regardless of robustness guarantee under particular damaging influences (for
example, seismic surveying), unique constructions must be resistant to at least one
unpremeditated failure. The uniqueness is determined by the possibility of human losses,
substantial social or economic losses resulting from possible damages and very few previous
studies of constructions built. The principles of the method are universal for the constructions
of any materials and of any type.

The terminology is also taken into account as we have analyzed such terms as reliability,
robustness and progressive collapse.

The procedure of constructions single robustness calculation is formulated according to the
following positions:

- external damaging influence (we use the principle of single failure, specify the values of
structural loads applicable at the moment of failure, etc.),

- the reaction of the system to the influence (the calculation of a dynamic upsurge of
internal efforts from the destroyed elements of construction),

- requirements for the final state of the system (existence and absence of damage).



