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O HaeKHOCTH CTATCO0CTOHHBIX 0AJI0K NPU PEKOHCTPYKIUMN
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AHHOTALUMA

BBepeHue. PeliatoTcs cnegytolwye 3agaqun: 060cHoBaHWe TpebyeMoro ypoBHsSt HaOEXHOCTU ANs cTanebeToHHbIX 6anok
paccMaTprBaeMoro peKoOHCTPYMpYyeMOoro 34aHus, pacyeTHbIX napameTpoB Afsi cTanebeToHHbIX 6anok, ncnonb3oBaHWs Be-
POSATHOCTHBIX METOA,0B AS151 OLEHKN HAJEXHOCTU cTanebeToHHbIX 6anok; oueHka HadeXHOCTM cTanebeToHHbIX 6anok.
MaTepuansi n metoabl. VicxogHbIMM AaHHLIMU Of1si pac4eTOB HAAEXHOCTU SIBMSNUCH pe3ynbTaTthl obcrnenoBaHust u mc-
NblTaHWI cTanbHbIX 6anok, BeinonHeHHbix LHUWCK um. B.A. KydepeHko B 2017 r. PacyeTbl BbINOMHANUCL AN cnyyaes 6e3
yyeTa 1 ¢ y4eToM paboTbl MOHOMUTHOM Xene3o6eToHHOM NNUTbI NepekpbiTUs. C NOMOLLbI0 MeToda CTaTUCTUYECKUX UCTbI-
TaHW nokasaHo, YTo obecne4eHHOCTb CHEroBbix Harpy3ok Ans Mockebl B CIN 20.13330.2016 3aHukeHa. 3TO yMeHbLIaeT
Ha[leXXHOCTb KOHTYPHbIX Ganok NoKpbITUIA Ha paccMaTprBaeMoM OObEKTE.

Pesynbratbl. [N BO3MOXHOCTU CpaBHEHMWS! Pe3ynbTaToB UCTbITaHWI C BEPOSTHOCTHBIMU pacyeTamu H6binu BeibpaHbl 6an-
kn B-12, 6-45, B-49 n B-61. MNMpeacTaBneHbl BbIGOPOYHbIE pe3ynbTaThl pacyeToB. [Ans HopMarbHOW 3KCNyaTaumum KOHCTPYK-
uui Tpebyetcs, 4Tobbl NpY pacyeTHON BpeMeHHou Harpyske 2,4 kH/m? nporun6 ¢ BepossiTHocTbio 0,9973 He npeBbiwan 8 M.
BbiBoabl. CpaBHeHVe OMbITHBIX MPOrMboB C pacyeTHbIMM MPOAEMOHCTPMPOBAIIO, YTO B Pac4eTHON Modenu criegyeT umc-
nonb3oBaTtb ctanebeTtoHHble Banku, a He cTanbHble. [1py NPOEKTUPOBAHUM CTPOUTENBHBIX KOHCTPYKUMIA BaXHO onpege-
nuTbCs ¢ TpebyeMbiM YpOBHEM MX HAAEXHOCTU. HagexXHOCTb KOHCTPYKLMIA N06Oro ypoBHS OTBETCTBEHHOCTU 3aBUCUT OT
obecnevyeHHOCTH CONPOTUBIIEHNIA MaTepHaroB, U3 KOTOPbIX OHW U3rOTOBMEHbI, U Harpy3oK, BO3AEWCTBYIOLMX Ha HUX. Pac-
CMOTpPEHHbIE KOHTYpHbIE cTanebeToHHble Ganku 0TBeYalT TEXHONOrMYECKUM TPeBOoBaHNAM C 3a4aHHON NMPOEKTOM Hafex-
HOCTb10. Pe3ynbTaThl pacyeToB NOATBEPXKAAITCA XOPOLUEN CXOAUMOCTbIO C OMbITHBIMU AaHHLIMU. BEpOoSTHOCTHBIE MeToAbI
[OOIMKHbI cTaTh 06a3aTenbHBIMU B CTPOUTENBHOM NPOEKTUPOBaHMK. B ogHMX criyyasix 3TO NO3BOMWT YMEHbLUUTL PUCKU OT-
Ka30B, B APYrMX — YMEHbLUUTb CTOMMOCTb OOBEKTOB.

KNMIOYEBDBIE CITOBA: HagexXHOCTb, OLeHKa HagexXHOCTH, cTanebeToHHbIe KOHCTPYKUMK, cTanebeToHHble 6anku, Tpe-
ByeMmblll ypOBEHb HAAEXHOCTUN, BEPOSATHOCTHbIE METOAbI

AnA UWWTUPOBAHMWA: [onzaHos A.U. O HapexHocTn cTtanebeToHHbIx 6anok npu pekoHcTpykumu // CTponuTensCcTBO:
Hayka n obpazoBaHue. 2020. T. 10. Bein. 4. Ct. 1. URL: http://nso-journal.ru. DOI: 10.22227/2305-5502.2020.4.1

The reliability of steel-concrete beams in the process of reconstruction

Andrey 1. Dolganov
TechProjectStroy (MSU-1); Moscow, Russian Federation

ABSTRACT

Introduction. The author solves a number of problems, including the substantiation of the required reliability level for steel-
concrete beams in a reconstructed building, design parameters applicable to steel-concrete beams, use of probabilistic
methods in the reliability assessment of steel-concrete beams, and reliability assessment of steel-concrete beams.
Materials and methods. The engineering data, used in the reliability analysis, included steel beam examination and testing
results, obtained by the Koucherenko Central Research and Development Institute of Steel Structures in 2017. The analysis
was performed for the cases that took account of or failed to take account of the behaviour of a cast-in-place reinforced
concrete floor slab. A method of statistic simulation has proven that the probability values of snow loads set for Moscow by
Construction regulations 20.13330.2016 are far below the true ones. This discrepancy reduces the reliability of the contour
beams of the construction facility analyzed in this article.

Results. B-12, B-45, B-49 and B-61 types of beams were used to compare the testing results with probabilistic calculations.
Selected calculation results are provided in the article. An 8 mm deflection, caused by the temporary design load of 2.4 kN/m?
ensures the normal operation of a structure with a probability of 0.9973.

Conclusions. A comparison between experimentally and analytically obtained deflection values has proven that the design
model must have steel-concrete beams, rather than steel ones. Whenever a building structure is designed, its reliability
level must be identified. The reliability of structures, having any criticality rating, depends on the values of the resistance
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probability in terms of their construction materials and the loads applied to them. Contour steel-concrete beams comply with
the technology requirements and reliability values pre-set in the project documentation. Calculation results are validated by
their convergence with the experimental data. Probabilistic methods should become a must in structural design. This mea-

sure can reduce the risk of failure or cut project costs.

KEYWORDS: reliability, reliability assessment, steel-concrete structures, steel-concrete beams, required reliability level,

probabilistic methods
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BBEJEHUE

B nepBoHavanbHOM BapHaHTE apXUTEKTYypPHO-CTPO-
UTENBHOTO MPOEKTa MPEIyCMOTPEHbI CTPYKTYpHBIE (ha-
canpl. st 9TUX (acaloB yCTAHOBJIEHBI OrpaHHYCHHS
TI0 TIPOTHOaM KOHTYPHBIX OAJIOK OT BPEMEHHBIX Harpy-
30K 2 MM. BeposiITHOCTHBIMU pacueTamMy MOKa3aHo, YT
TIPY TIPOEKTHBIX Harpy3kax HaJeXHOCTb CTPYKTYPHBIX
(hacanoB OueHb HHU3KAsI, BEPOSTHOCTH OTKA30B COCTABH-
na Beite 0,85. [TosTomy cTpyKTypHBIE (hacabl ObUIH 3a-
MCHEHBI Ha (hacajipl C MPYKAMHBIMHA ITAHKAMH, B KOTO-
PBIX JOIMyCTUMBIH MPOru0 Oanok coCTaBIsAeT 8 MM.

B nanHOI1 cTaThe permaroTces clueayomue 3a1aqn.

1. O6ocHOBaHMe TpeOyeMOoro ypOBHS HAJEKHO-
CTH JJIs CTAJICOETOHHBIX 0aJIOK paccMaTpUBaeMoro pe-
KOHCTPYHPYEMOTO 3/1aHHS.

2. O0oCcHOBaHHE pacUyeTHBIX MapaMeTPOB IS CTa-
NeOCTOHHBIX OATIOK.

3. OG0CHOBaHHE HMCIOJIB30BAHMS BEPOSITHOCTHBIX
METOJIOB JUIsl OLEHKH HAIECKHOCTH CTaleOETOHHBIX
6aox.

4. OueHKa HaJIe)KHOCTH CTaJIe0eTOHHBIX OaJIOK.

CormacHo onpenenenuto [OCT 27751-2014 «Ha-
JISKHOCTH CTPOUTENBHBIX KOHCTPYKIIHH U OCHOBaHHI»'
IO HaJECKHOCTBIO TIOHMMAETCSI CIIOCOOHOCTH CTPOH-
TENIBHOTO OOBEKTa BBINONHATH TpeOyemble (YHKIHMU
B TEUYEHHE PacyeTHOTO CPOKa SKCIUTyarayuy. B HacTos-
e paboTe HafeKHOCTh Oy/IeM OILEHUBATH 110 BEPOST-
HOCTH HACTYIUICHHUS WM HE HACTYIUIEHHS CIy4aifHOro
coObITus. Bymem cumrarh, 94TO OTKa3a HE HACTYIIAET,
€CJIM HOPMHPYEMbIE PaCUETHBIE MapaMeTpbl HE BBIXO-
JSIT 33 TPaHUIIBI TIEPBOH WJIM BTOPOI IPyIN Mpeeib-
HBIX COCTOSIHUH.

PaccmarpuBanuce KOHTypHbIE —(TIEpUMETPaiIb-
HbIe) O0anku. OyHKIMOHATIEHO OalkKu HECYT Harpy3KH
OT TMePeKpHITUil U (hacaTHBIX KOHCTPYKLUH, BBITOTHS-
10T (DYHKIIMM TOPU3OHTANIBHBIX CBS3€H, 00ecneunBaroT
YCTaHOBJICHHBIE MPOEKTOM IapaMeTphl 10 HU3THOHOM
KECTKOCTH (IpOruObI M yriel moBopora). [To Tpedosa-
HUIO 3aKa34yHKa MporuObl 0aIoK OT BpEMEHHBIX Harpy-
30K OIpaHUYEHBI § MM.

Bankn — cBapHble, BRIMONHEHB U3 crammu C345.
C nomonrpio cTag-001TOB OANKKU CBS3aHBI C HKEJIE30-
OeTOHHBIM HacTHJIOM. BeToH HacTmia COOTBETCTBYET
ximaccy B30.

'TOCT 27751-2014. HanesKHOCTh CTPOUTEIbHBIX KOHCTPYK-
nuit u ocHoBanuid. M. : Crangaptungopm, 2015. 14 c.

2

[Ipu BBITOTHEHWH BEPOSTHOCTHBIX pacyeToB Oy-
€M YYUTHIBaTh, YTO MEXaHHMYECKUE XapaKTEPUCTHKH
MaTepHanoB KOHCTPYKIMH U HArpy3KH SBISIOTCS He-
3aBUCUMBIMU U COBMECTHBIMU CHy‘IaﬂHbIMH BCJIMYU-
HaMU: TIOSIBJIEHHE OJHOW CIIy4aliHO! BEJIMYMHBI HE 3a-
BHCHUT OT TIOSIBIICHHS IPYTOH, HO U3MEHEHHE HATrPy3KH
MEHSET HAMPSDKEHUS B CEUEHUM KOHCTPYKLIUU WU KO-
3¢ GUIMEHT ero HCIOIb30BaAHUS.

Torma BEpOSITHOCTH TOTO, YTO OJHOBPEMEHHO MO-
MEHT BHYTPEHHHX CHJI B KOHCTPYKIIMH OyIeT He MEHb-
IIIe MOMEHTa OT BHEUIHWX Harpy3oK W mporu® Oyner
He 00JIbIIIe 33JAHHOTO, OIPEACINM 10 BhIpaxeHuto (1):

P(AB)=1- [P(A’) + P(B")— P(A')P(B')], 1

rae P(A") n P(B') — BepoOATHOCTH HPOTHBOIIOIOKHBIX
cobbrtnii A u B: P(A') =1 — P(A), P(B') =1 — P(B).

MATEPHUAJIBI U METO/JbI

OobocHoBaHHe TPeOyeMOro YPOBHSI Ha1e:KHOCTH

B P® 3HaueHune Ha/eKHOCTH MEXaHMUYECKUX Xa-
PAaKTEpPUCTUK MAaTepualioB Ul CTPOMTEIBHBIX KOH-
crpykuuit perynupyercs TOCT 27751-2014. Corac-
HO 3TOMY JTOKYMCHTY, 00€CIICUYCHHOCTh (HAJICKHOCTH)
HOPMAaTUBHBIX COHpOTI/IBHeHI/Iﬁ MarepuajioB JOJDKHaA
o61Th He HIke 0,95 (1,64c). C yueTom TOrO, 9TO HOP-
MaTUBHbBIC CONPOTHUBICHUS NENATCA Ha Koddduimen-
TBHI HaJIS)KHOCTH IO MarepualiaM, KOoTopsle Ooibmie 1,
00€CIIeYeHHOCTh PACYETHBIX IS IIEPBOW TPYMIIBI TIpe-
JENBHBIX COCTOSIHHH COINPOTHBICHHN MPHUOIIDKaeTCs
k 0,99865 (30).

OmnpenenuM HaJEKHOCTh CEUCHUS! CTPOUTEIb-
HoM KoHCTpykmu npu P(4") = 1 —0,99865 = 0,00135,
P(B")=1-0,99865=0,00135:

P(4B)=1-(0,00135 + 0,00135 —
—0,00135 - 0,00135) = 0,9973

i 2,786 (A71s1 HOpMaJIBHOTO 3aKOHA PAcIIpeeIeHus]).

Tak kak MHOTOYUCJIEHHBIMH CII€LMaIbHBIMUA HUC-
cnenoBanusiMu [1-5] mokazaHo, 4TO 00EeCTIEYeHHOCTH
HArpy30K HE NPEBHIIIAIOT 3G, TO 3HAYCHHE HAlle)KHO-
ctu cedeHud 0,9973 u cnenyer Ha3Hayarh AJSl KOH-
CTPYKLHUU 31aHUH U COOPYKEHUH HOPMaJIHHOTO YPOBHS
OTBETCTBEHHOCTH.

J11s 00BEKTOB MOBBIIIIEHHOTO YPOBHS OTBETCTBEH-
HOCTH, OYEBHIHO, BEPOSTHOCTh O€30TKa3HOW pPaboTHI
npu 00ECIeUeHHOCTSIX CONPOTUBIICHUH W PacueTHOU
Harpyske 4c oyzet 0,999937.
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J1y1st 0OBEKTOB OHMYKEHHOTO YPOBHS OTBETCTBEH-
HOCTH BEpOSATHOCTh 0Oe30TKa3zHOW paboThl mpu o0e-
CIIEYEHHOCTSIX COINPOTHUBIIEHUI M pacueTHOW Harpyske
1,64c cocrtasur 0,901545.

HMcxonnblie JaHHBIE

VicxoqHBIMU NaHHBIMH I PAcUCTOB HAACKHO-
CTH SIBJISUTMCH PE3YNIBTaThl 00CIeI0BaHMs U HCIIBITA-
HUH CTaJbHBIX 0alloK, BBINOJNHEHHBIX B LleHTpans-
HOM Hay4YHO-HCCIJIEJJOBATEICKOM MHCTHTYTE CTPOH-
TEeNBHBIX KOHCTpyKnmii mmeHn B.A. Kyuepenko
(IHNUUCK um. B.A. Kyuepenko) B 2017 1., KOHCTpYK-
THBHBIE Pa3eibl aAPXUTEKTYPHO-CTPOUTEIHLHOTO MpO-
exra 738.16.1-KP1.4 u 738.16.2-KP2.4.

Pacyersl BBINONHAINCE Ul clIydaeB Oe3 ydera
U C y4eToM paboThl MOHOJUTHOW IKeJIe300eTOHHOU
TUTATHI TIEPEKPBITHSL.

[Tmuta umeer tommunay 130 mMm. B kadecTBe He-
CbEMHOM ONaMyOKH HCIONB30BAJICS NPOQHINPOBAH-
Heli Hactr H57-750-0,8.

IMpn yuere BKiIaga »Kene300€TOHHOTO HACTHIIA
B HECYIIYIO CIIOCOOHOCTh M JKECTKOCTbh IIEPEKPBITHS
WCIIONIB30BAIUCH TOHSTHS TPUBEACHHON TONIIMHBI
YW TPUBENEHHOTO MOXYNA ympyroctu (medhopmanun).
[IpuBeneHHas ToNIIMHA KENE300€TOHHOW IUTUTHI CO-
craBuia 10,9 cm.

[IpuBeneHHBI MOMYAL YIPYTOCTH CTaleOETOH-
HOW 0aJKu OTpeAersuics o popMyIe:

E = (EJ +EJ,)/(J,+J,), )

e £, u £, J, uJ, — COOTBETCTBEHHO MOJIYJIH YIIPYTO-
CTH CTaJIbHOI Oanku u GeTOHA NEPEKPBITHSI, MOMEHTBI
WHEPIMHU CTAJIbHOW OalKé ¥ Kee300€TOHHOM IIUTHI
NepEKpuITUsL, J, ¥ J, OPENEIIIUCE OTHOCUTENBHO LIEH-
TPOB TSXKECTH COOTBETCTBEHHO CTAJBHOW OaJIKM M JKe-
71e300€TOHHOTO HACTHJIa C Y4eTOM ero 3(QeKTHBHOM
UIMPUHBL b} .

DddexTrBHAS MMPHUHA KeNe300€TOHHOTO HACTHIIA
ycraHapiuBanack coracHo CI1266.1325800.2016 «Kon-
cTpykimu cranexene3oderonnasiey u CII 63.13330.2012
«bBeToHHBIC U KeNe300CTOHHBIC KOHCTPYKIIUN:

Taou. 1. PaccmarpuBaeMble Harpy3ku

’ ’
b, =(2-6h) +b)< B, 3)
rae b; — pacyeTHas HmuprHa JKeJ1e300€TOHHOTO Ha-
CTHIIA; h'/ — TpUBEIEHHAS TOJIIMHA JKEJIe300eTOH-

HOTO HACTHINA; b — IIMPHHA TIOJIKH CTANBHON GalKH;
B — mar 6aroxk.

B pacuetHoif Mofenu B 1eIX SKOHOMUH MeTajia
IUTACTHHBI YCUIICHHS HE TOBOJWIIMCH IO OTIOPHI OaJIKn
Ha 10L,, tne L, — JuIMHA OJIHOTO KOHEYHOTO 3JIEMEH-
Ta. Harpyskn 3agaBajinch 1o NMpOeKTy C YKa3aHHBIMH
BbIIIIE MIN(pPAaMH U ITPUBENIEHBI B Ta0. 1.

PacuerHble mapamMeTpsl Harpy30K JUIs BEPOSTHOCT-
HBIX PacYeTOB ONPEACIISIINCH 110 3HAYCHUSIM U3 Tao. 1.
B paccmarpusaemom npumepe: ¢, = 8,08 xH/m?,
o, = (9,08 — 8,08)/3 = 0,33 kH/M?, v, =0,33/8,08 =
=0,041. PacueTHble mapaMeTpbl MEXaHUUECKUX XapaK-
TEPUCTUK MaTEPUAIOB OMPEHEISUIACH TIPU KodpuIu-
eHTax Bapuanuu st ctanu — 0,04 u 6etona — 0,135.
Cpennee comporuBienne cramu C345: R, =345 000/
(1-1,64 - 0,04) = 369 221 kH/m>. Cpennee KBaapaTHye-
CKO€ OTKJIOHECHHE COIPOTUBIICHUS CTAIU paBHO, KH/M?:
6, =267 550-0,04 =10 702.

MeToa CTaTHCTHYECKHX HCIIBITAHUI

MeTop CTaTUCTUUECKUX MCTIBITAaHUI SIBISIETCS HAM-
Oomee yHmBepcadbHBEIM. OH MOXET HCIONB30BATHCS
JUI1 OUCHKH HAaJIC)KHOCTH KaK CJIOKHBIX, TaK U IPOCTBIX
CTPOUTEIIBHBIX CHCTEM.

B cuiy pasHbIX OrpaHMYEHMi pachpejeieHue
CIlyJalHBIX BEJMYUH OTIMYAETCS OT HOPMAJIBHOTO 3a-
xoHa [1-5]. Hanpumep, pactipenenenue cHera ioTHO-
cthi0 0,42 r/cM® B MockBe 3a Bech EpHO HAOMIOICHHS
(Ha OTKPBITOM MECTHOCTH) OMUCHIBaeTCs KpuBon [Tup-
coHa | Tuna:

0 9@
X
1-—

Y=Y 1+l£ > “)

1 2
r1€ y, — HOPMHUPYEMBIH MHOXHTEINB, ¥, = 6,368,
[, ml,—0,9528 u 7,9220; q, u ¢, COOTBETCTBEHHO paB-
Hel — 0,221 u 1,840.

3HaueHne CHETOBOM Harpy3ku C 0OecTeueHHO-
cteio 0,95 mo BeIpakeHuto (4) mns MOCKBBI paBHO
264 xrc/m:. O0eCreyeHHOCTh PACYETHOrO 3HAYCHUS

HaumMenoBaHue Harpysku kH/M? v, kH/m?
CobctBennslit Bec 6anku (b-12) 1,11 1,05 1,17
XKenesoberonnas mimra mo H57-750-0,8, 6},@ . = 109 Mmm 2,72 1,10 3,00
LleMeHTHO-TIecUaHast CTsDKKa C IUTUTKOM: & = 55 MM, v = 18 kH/m? 0,99 1,10 1,09
[leperoponku ¢ qeKOPaTUBHBIMH dIIEMEHTaMHU 0,75 1,20 0,90
O6opynoBaHue, BKIFOYAs OCTCKICHHE 0,50 1,05 0,53
[Tonesnas Harpyska 2,00 1,20 2,40
HUroro: 6,97 — 7,91
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cHeroBoit Harpy3sku 210 kre/m? [5] anst MockBbI paBHa
0,847541.

Takum 00pa3oM, ¢ TOMOIIBIO METOJa CTaTHCTHYE-
CKHUX UCIIBITAaHUH OBLIO IMOKa3aHO, 4TO 00eCIIeYeHHOCTh
CHETOBBIX Harpy3ok st Mockest B CIT20.13330.2016°
3aHMKEHA. JTO YMEHbBILIAEeT HAJEKHOCTh KOHTYPHBIX
0aJIOK MOKPBITUI HA paccMaTpHUBaEMOM OOBEKTE.

Mertoa 1uHeapu3anun

Bornee mpocThIM 17151 OLIEHKH HaJIS)KHOCTH CITYXKHT
Metoq nuHeapu3anuu. OH npennonaraet GopMyIIbHYIO
3aBUCHMOCTh (PyHKIIMH CITy4allHBIX apryMEHTOB, IIpH-
YeM 3Ta 3aBHCHMOCTH JIOJDKHA OBITH muddepeHuupy-
€MOH.

J11st paBHOMEPHO pacripe/ieIeHHOM Harpy3ku (yHK-
s K03 (HUIMEHTa MCTIONB30BAHNS CEUCHUSI IMEET BU:

o(k)= (ql’/8) /(R w), (5)

I7ie ¢ — 3HAYCHUE MOTOHHO# Harpy3ku, kKH/m; [ — pac-
YETHBINH MponeT Ganku; R — CONPOTHBJICHUE CTAIIHM;
Y, — Kod(QdUUUEHT yclnoBHi paboThl KOHCTPYKIIHMH,
Y, = 0,9; W — MOMEHT CONPOTUBJICHUS CEIEHUS, M3,

Jlucriepcuto pacnpe/esieHus OnpeaeiuM o Gpop-
MyJe:

2
n aq) 1 a(P 6([)
D zz — | D +22 — | |—| K, (6
Y il(ax)m X i<j(ax.l(axj]m i (6)

i i

WM 9€PE3 CPEAHEKBAAPATUICCKUE OTKIIOHCHUA !

2
n a(p n aq) a(P
02: _r 62 +2 e op GG’ 7
' z[aj Z(a”a] L0,5 (D)

2 CIT 20.13330.2016. Harpy3ku 1 BO3eHCTBHS. AKTyaJlH3H1-
poannas penakums CHull 2.01.07-85* M. : ®I'YIT LIIII,
2017. 87 c.

Taou. 2. Pe3ynbrars! pacueToB

r=K,/(o,0,); ()

e 7, O, , G, — COOTBETCTBEHHO KO3 PHUIIUECHT KOp-
penslMU U CpeJHEKBaApaTHUECKHE OTKJIOHEHUS CIy-
YaWHBIX BEJIMYUH X, Xj, KI_I_ — KOPPEJSILIUOHHBI MOMEHT
CIly4aiHbIX BENUYHH X, Xj

Ky =M[(X,=my) (X, —my)]. ©)

B uacTHbIC IPOM3BOAHEIC 10 R ¥ ¢ B BBIPAKCHHE
(5) HEOOXOMMMO TIOCTABISATH BMECTO Ry " ¢ UX cpel-
uue sHauenns R wu g, . Tlpn pacuere mo dopmymam
(8)—(9) xoappuumrenT y, npuHUMaeM paBHbIM 1; pac-
npeneneHHy0 Ha | M? Harpys3Ky HIPHBOAMM K HOTOH-
HOW, YMHOXKasI €¢ Ha mar 0aJok B:

op(k)/oR, =—q,I /(8R2, v, w); (10)
oo(k)/q,, =1 [(8R,,v.w); (1)
op(f)/0q, =5/384-1'B/(EJ); (12)
o9(f)/OE =—=5/384-q1'B/(E*J). (13)

s Harpy3okK, pacrnpeneleHHbIX HEpPaBHOMEPHO,
middepeHnnpoBaHe TPOBOAUIOCH YHCIECHHO.

PE3YJIBTATHBI HCCIEJOBAHUA

Pe3ysnbraThl pacueToB

JIii BOBMOXKHOCTH CPaBHEHHSI PE3YNIBTAaTOB HC-
MIBITAHUH C BEPOSTHOCTHBIMH pacyeTaMH OBUIM BBI-
Opansbl Oanku b-12, b-45, b-49 u b-61. Bribopounsie
Pe3yIBTaTHl pacdeToB MpeAcTaBiIeHk B Tabl. 2, 3. Kak
YKa3bIBAJIOCH BBIIIE, JJISI HOPMAJIBbHOW 3KCIUTyaTalun
KOHCTPYKIMI TpeOyercsi, YToObl MpU pacueTHOW Bpe-
MeHHO# Harpyske 2,4 kH/m?> mporu6 ¢ BEpOSTHOCTBIO
0,9973 He nmpeBbIIaN 8 MM.

Mapxa Bm| ILm |[hovvm | byvm | s,mm | &, mm | J M | w, M k g2 kH/mM? | g8 xH/M? | f, MM

Gk to max | Dy y
b-12 0,90 | 10,40 | 350,0 | 300,0 | 10,0 | 16,0 | 0,0003 | 0,0039 | 0,215 0,88 3,44 21,1
b-45 5,40 | 14,71 | 700,0 | 300,0 | 14,0 | 30,0 | 0,0023 | 0,0118 | 0,320 0,54 2,17 30,7
B-49 5,40 | 14,71 | 700,0 | 300,0 | 14,0 | 24,0 | 0,0020 | 0,0102 | 0,375 0,46 1,84 36,0
b-61 5,40 | 10,40 | 630,0 | 300,0 | 12,0 | 14,0 | 0,0010 | 0,0064 | 0,605 0,49 1,98 33,0
Taou. 3. Pe3ynbrars! pacueToB

]g/la?:; oo T | T s E,, xH/M k.. g™, xH/M? | g¥™, kH/M? | ¢°, kH/M? | £, , MM fq , MM
B-12 1 0,0014 | 1,4E+08 0,009 2,45 9,82 7,75 6,3 7,4
b-45 1 0,0079 | 1,6E+08 0,180 1,29 5,16 5,32 34 12,9
b-49 1 0,0069 | 1,1E+08 0,207 1,13 4,52 3,02 53 14,6
b-61 1 0,0041 | 1,1E+08 0,305 1,36 5,44 4,30 6,3 12,0
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Tab6u. 4. CpaBHEHUE ¢ pe3yJibTaTaMu UCTIBITAHUN

banka q, kH/m quHHCK Jer - q¢, xH/m Jer Fs

1 2 3 4 5 6 7 8
Bb-12 4,500 2,00 11,62 3,52 7,283 18,81 5,70
b-45 4,902 3,00 3,89 1,47 10,473 8,31 3,15
b-49 4,902 4,00 3,96 1,44 12,213 9,85 3,58
Bb-61 11,000 2,00 8,25 2,62 20,478 15,36 4,88

B rabm. 2 k— xo3pduuuent ucronb3oBaHus
CedeHus CTalbHOM 6anku; g >™, ¢ ¥ — COOTBETCTBEH-
HO Harpyska, Ipu KOTOpOH Mporud Gaiku COCTaBiIsIeT
2 u 8 MM; f— Tporud cTasbHON OAJKM IPH PacyeTHOM
Harpyske.

B Tabm. 3 n_  — KOJHYECTBO CBECOB, BKIIOYA-
eMBIX B pacueT (n_, = 1, MOTOMy 4TO KENE300€TOH-
HBI HACTHJI OMHpaeTcs Ha Oaliky ¢ OfHOW CTOPOHBHI);

onch MOMCHT HWHEPIUH CTAJICOCTOHHOW OalKu;
E_, — TpHBEICHHBIA MOAy/b ynpyroctu (neopma-
1K) CTajaeOCTOHHOM Oanku, ompenessieMblii MO BbI-
paxenuto (2); k. — K0d3QOHUIMEHT HCTIONB30BAHNUS
CeYeHust CTANEOETORHOM OaKH; f, — pacueTHBIN Mpo-
rud ¢ 00ecreYeHHOCThI0 3G IPU BPEMEHHON Harpyske
4. J, — mporu® cranebeToH o Galnku npu oOmeH
pacdeTHOi Harpys3Ke.

B Tabn. 4 nmpuBeneHo cpaBHEHHE PE3yJIBTaTOB HC-
IBITAHUN C PaCYETaAMH.

B Tabn. 4 ¢ — ucneiTarenbHas Harpyska; ¢¢ —
pacdeTHasi HarpysKa; fi..., — IPOrHOBbI, 3a(HKCHpO-
BAHHBIE TIPH WCTIBITAHUY; f., W f, . — PacYeTHBIE MPO-
OBl COOTBETCTBEHHO CTAJbHBIX M CTaleOETOHHBIX
6anok. IIpy MCHBITAHUM CTSDKKA M3 MEJIKO3EPHHUCTOTO
6erona kiacca B20 tonmmaoi ot 60 10 80 MM He cHU-
MaJiach. B pacuerax BIHMSIHUE CTSOKKH HE YUUTHIBAIOCH.

DTHM OOBSICHSIOTCS HECKOJIBKO 3aBEIIICHHBIE l'IpOFI/I6I>I
10 CpaBHCHUIO C ONBITHBIMH.

3AK/IIOYEHUWE U OBCYXJIEHHUE

Takum 00pa3oM, CpaBHEHHE OMBITHBIX IPOTHOOB
C pacueTHBIMU MTOKA3aJI0, YTO B PACUCTHOU MOJICIIHU CIIe-
JIyeT UCIIOIB30BaTh CTAICOCTOHHBIC OAJIKH, @ HE CTallb-
HbIe. MeTonKka pacuera cTajaeOeTOHHBIX 0alloK BEIOpa-
HA TIpaBUIIbHAS.

[Ipu MPOCKTHPOBAHUH CTPOUTEIBEHBIX KOHCTPYK-
LIUH BaXKHO OMpPEAETUThCA ¢ TpeOyeMbIM YPOBHEM HX
HagexHoctH [6—13]. HagexxHOCTH KOHCTPYKIMH JTFO-
00ro YpOBHS OTBETCTBEHHOCTH 3aBHCHUT OT 00ECIICUCH-
HOCTH CONPOTUBJICHUI MaTepHaioB, U3 KOTOPHIX OHH
H3TOTOBJICHBI, U HArpys3okK, BO3I[CI>1CTByIOIlIHX Ha HHUX
[14-25].

PaccMmoTpeHHBIE KOHTYpHBIC CTaICOCTOHHBIC Oall-
KH OTBEUYAIOT TEXHOJIOTHYCCKUM TPEOOBAHUSIM C 3a]1aH-
HOW TPOEKTOM HAJIeKHOCTbIO. Pe3ynbTaThl pacueToB
MTOATBEP)KIAIOTCS XOPOIIEH CXOANMOCTBIO C OIBITHBI-
MU TaHHBIMU.

Hcnonp3oBaHue BEPOSITHOCTHEBIX PACUYETOB JJOIKHO
CTaTh 00513aTeNIbHBIM B CTPOMTEILHOM MTPOSKTHPOBAHUU
B omHuX ciaydasx 3TO MO3BOJIUT YMEHBIIUTH PUCKH OT-
Ka30B, B IPYTHX — YMEHBIIUTH CTOUMOCTH OOBEKTOB.
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INTRODUCTION

The initial version of the architectural and struc-
tural design has structural facades. Facade deflections
shall not exceed 2 mm, if caused by temporary loads ap-
plied to contour beams. Probabilistic calculations have
proven the low reliability of structural facades, exposed
to design loads, and the probability of failures exceeded
0.85. Therefore, structural facades were substituted by
clamping strap facades, and the allowable deflection
of their beams may now reach 8§ mm.

This article solves the following problems:

1. Substantiation of the required reliability level
applied to steel-concrete beams in the restructured
building.

6

2. Substantiation of design parameters of steel-
concrete beams.

3. Substantiation of the use of probabilistic meth-
ods in the reliability assessment of steel-concrete
beams.

4. Reliability assessment of steel-concrete beams.

Pursuant to State Standard 27751-2014 “Reliabi-
lity of building structures and sub-foundations™! reli-
ability means the ability of a construction facility to
perform the required functions within its design term
of operation. In this article, we will assess reliability

! State Standard 27751-2014. Reliability of building struc-
tures and sub-foundations. Moscow, Standartinform Publ.,
2015; 14.
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on the basis of occurrence or non-occurrence of an acci-
dent. Let’s assume that a failure does not occur, if regu-
lated design parameters are within the limits of the first
or second group of limit states.

The author analyzed contour (perimetral) beams.
Beams support the load created by floor slabs and fa-
cade constructions; they also serve as horizontal links;
they ensure compliance with pre-set flexural rigidity
parameters (deflections and angular deflections). Beam
deflections, caused by temporary loads, are limited to
8 mm at the client’s request.

Welded beams are made of C345 grade steel. Pitch
pin anchors tie beams to the reinforced concrete deck.
The deck is made f B30 concrete.

For the purpose of our probabilistic calculations
we will assume that mechanical characteristics of struc-
tural materials and loads are independent joint random
variables: the emergence of one random variable is in-
dependent from the emergence of another one, but any
change in the load value changes stresses in the con-
struction section or the coefficient of its efficiency.

If so, we can use equation (1) to identify that at one
and the same time the probability of the moment of in-
ternal forces is not below the moment caused by exter-
nal loads and that deflection will not exceed the pre-set
values (1):

P(AB) =1-[P(A)+ P(B")— P(4)P(B"], (1)

where P(4") and P(B'") are the probabilities of contrary
events 4 and B: P(4") = 1 — P(4), P(B") = 1 — P(B).

MATERIALS AND METHODS

Substantiation of the required reliability level

In the Russian Federation, the reliability of me-
chanical characteristics of structural materials is regu-
lated by State Standard 27751-2014. Pursuant to this
document, the probability (reliability) of the standard
resistance of materials shall be equal to or above 0.95
(1.640). Since standard resistance values are broken
down by reliability coefficients typical for particular
materials, and they exceed 1, the probability of design
resistance values shall be close to 0.99865 (3c) for
the first group of limit states.

Let’s find the reliability of a section of a building
structure, if P(4") = 1 — 0.99865 = 0.00135, P(B') =
=1-0.99865=0.00135:

P(4B) =1-(0.00135 + 0.00135 —
—0.00135 - 0.00135) = 0.9973

or 2.78c (for the standard law of distribution).

Since numerous target research projects [1-5]
have proven that probability of loads does not exceed
30, the section reliability value shall be 0.9973 for stan-
dard criticality buildings.

Evidently, the probability of the failure-free op-
eration of high criticality buildings will be equal to
0.999937 in case of resistance probabilities and the 4c
design load value.

The probability of the failure-free operation of low
criticality buildings will be equal to 0.901545 in case
of resistance probabilities and the 1.64c design load
value.

Basic engineering design data

Basic engineering design data, used in the reliabil-
ity analysis, represented steel beam examination and
testing results, obtained by the Koucherenko Central
Research and Development Institute of Steel Structures
in 2017, and structural design chapters of Architectural
and Structural Design Projects 738.16.1-KP1.4 and
738.16.2-KP2.4.

The analysis was performed for the cases that took
account of or failed to take account of the behaviour
of a cast-in-place reinforced concrete floor slab.

The reinforced concrete slab is 130 mm thick.
Shaped decking N57-750-0.8 was used as the stay-in-
place formwork.

When the contribution of a reinforced concrete
deck into the bearing capacity and rigidity of the floor
slab was taken account of, notions of effective thickness
and effective modulus of elasticity (deformation) were
used. The effective thickness of a reinforced concrete
slab was 10.9 cm.

The value of the modulus of elasticity of a steel-
concrete beam is calculated using the following for-
mula:

E =

red

(EJ,+EJ,)[(J,+J,), )

where £ and £, J, and J, are the moduli of elasticity
of a steel beam and a concrete slab, moments of inertia
of a steel beam and a reinforced concrete slab, J, and
J, were determined with respect to the gravity centers
of a steel beam and a reinforced concrete deck with re-
gard for its effective width b;.

The effective width of a reinforced concrete deck
was identified pursuant to Construction regulations
266.1325800.2016 “Steel and reinforced concrete struc-
tures” and Construction regulations 63.13330.2012
“Concrete and reinforced concrete structures”:

b, =(2-6h, +b)< B, 3)

where b is the design width of ; 4} is the effective
thickness of a reinforced concrete deck; b is the width
of a steel beam web; B is beam spacing.

In the design model, reinforcement plates did not
reach the beam support, and the gap was equal to 10L,,
where L, is the length of one finite element. Load val-
ues were set pursuant to the project documentation, and
they are provided in Table 1.

Design load parameters were taken from Table 1.
For the case analyzed in this article: g, = 8.08 kN/m’,
o, = (9.08 — 8.08)/3 = 0.33 kN/m?, V,=0.33/8.08 =
0.041. The coefficient of variability was set at 0.04
for steel and 0.135 for concrete within the framework
of design mechanical characteristics of materials.
The average resistance of steel S345 is R = 345,000/

7

(L€) 7 NSSI"0L 10N wopannste



Science alil':lnislll:ll::(:lii'ml: Vol.10.Issue 4 (37

Andrey I. Dolganov

Table 1. Load values

Types of loads KkN/m? Y, kN/m?
Dead load of a beam (B-12) 1.11 1.05 1.17
Reinforced concrete slab pursuant to N57-750-0.8, 5, = 109 mm 2.72 1.10 3.00
Tiled sand cement screed: 8 = 55 mm, y = 18 kN/m? 0.99 1.10 1.09
Partitions with decorative fixtures 0.75 1.20 0.90
Equipment, including glazing 0.50 1.05 0.53
Imposed load 2.00 1.20 2.40
TOTAL 6.97 — 791
(1-1.64 - 0.04) = 369,221 kKN/m?. The average quadratic o(k) = (qlz/S)/(Ryycw), (5)

deviation of resistance o _is equal to: 267,550 - 0.04 =
=10,702 kN/m?.

Statistic simulation method

The statistic simulation method is the most uni-
versal one. It can be used to assess both complex and
simple structural systems.

Given versatile restrictions, the pattern of distribu-
tion of random variables deviates from the standard one
[1-5]. For example, as for the whole period of obser-
vations (made in Moscow open ground areas), the dis-
tribution of snow having the density of 0.42 g/cm? is
described by the Type-1 Pearson curve:

X q X 5]
=yl 1+=| |1-—1 ,
g yo( ll] ( IZJ

where y, is the scaled multiplier, y, = 6.368; /, and [, are
equal to 0.9528 and 7.9220; ¢, and g, are equal to 0.221
and 1.840.

The snow load value, if the probability is equal
to 0.95, is equal to 264 kgf/m? in Moscow, if formula
(4) is used. The probability of the design snow load of
210 kgf/m?is equal to 0.847541 [5] in Moscow.

Hence, the static simulation method was used to
demonstrate that the probability of snow loads in Mos-
cow is underestimated in Construction Regulations
20.13330.2016% The underestimation reduces the reli-
abilities of contour beams at the facility analyzed in this
article.

“

Linearization method

This method represents a simpler reliability as-
sessment tool. It is based on a formula-based depen-
dence of the random argument function, provided that
this dependence must be differentiable.

The section efficiency coefficient of the uniformly
distributed load shall be as follows:

2 Construction regulations 20.13330.2016. Loads and im-
pacts. Revised edition of Construction rules and regulations
2.01.07-85*. Moscow FGUP TsPP Publ., 2017; 87.
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where g is the linear load value, kN/m; / — is the design
beam span; R, is the resistance of steel; v, is the struc-
tural behaviour coefficient, y = 0.9; w is the section re-
sistance moment, m?.

Dispersion variance can be calculated using
the following formula:

D, Z(a“’j D, +2;(6xj (ax/]mK,.j (6)

or using mean square deviations:

[ O op .
" 22}[5J [5} 76,05 (7)
= Ki//(cx, cx/ ), )

where r, O, , ©, represent the correlation coefficient
N ! / . .

and mean square deviations of random values X, X; K,

is the correlation moment of random values X, X/

Ky =M[(X,—my)(X, —my)]. ©9)

Average values R and ¢, must substitute R and
q in partial derlvatlves to R and ¢ in equation (5) If
formulas (8)—(9) are applied to make calculations, coef-
ficient y_ shall be equal to 1; while the load distributed
over one 1 m? shall be taken as the linear load by multi-
plying it by the value of mean spacing B:

00(k)/OR, =g, [(8R}, v, w); (10)
og(k)/0q, =1"/(8R,, v, w); (11)
ap(f)/0q, =5/384-1'B/(EJ); (12)
o9(f)/OE =—=5/384-q1*B/(E*J). (13)

Numerical differentiation was applied to non-uni-
formly distributed loads.

RESEARCH RESULTS

Calculation results
B-12, B-45, B-49 and B-61 types of beams were
chosen for the purpose of comparing testing results and
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Table 2. Calculation results

Beamtype | B,m | [,m |h,mm|b,mm|s,mm|z,mm|J ,m*|wm®| Lk |gZ™, kN/m?| ¢®™, kN/m* |f, mm
B-12 0.90 | 10.40 | 350.0 | 300.0 | 10.0 | 16.0 | 0,0003 |0.0039|0.215 0.88 3.44 21.1
B-45 540 | 14.71 | 700.0 | 300.0 | 14.0 | 30.0 | 0,0023 [ 0.0118 |0.320 0.54 2.17 30.7
B-49 540 | 14.71 | 700.0 | 300.0 | 14.0 | 24.0 | 0,0020 |0.0102|0.375 0.46 1.84 36.0
B-61 5.40 | 10.40 | 630.0 | 300.0 | 12.0 | 14.0 | 0,0010 | 0.0064 | 0.605 0.49 1.98 33.0
Table 3. Calculation results

Beam type | N, , pieces | J, .m* | E_,kN/m* | ki, | g2™ kN/m* | g5, kN/m* | ¢, kN/m* |f, ,mm | f mm
B-12 1 0.0014 1.4E+08 0.009 2.45 9.82 7.75 6.3 7.4
B-45 1 0.0079 1.6E+08 | 0.180 1.29 5.16 5.32 3.4 12.9
B-49 1 0.0069 1.1E+08 | 0.207 1.13 4.52 3.02 53 14.6
B-61 1 0.0041 1.1E+08 | 0.305 1.36 5.44 4.30 6.3 12.0

probabilistic calculations. Selected calculation results
are available in Tables 2 and 3. As mentioned above, an
8 mm deflection, caused by the temporary design load
of 2.4 kKN/m? ensures the normal operation of a structure
with the probability of 0.9973.

InTable 2, k__is the efficiency coefficient of a steel
beam; g>™ and ¢ *™™ are the load values causing 2 and
8 mm deflections; f'is the deflection of a steel beam ex-
posed to the design load.

In Table 3, n_  is the number of eaves used

in the calculation (n_, = 1 because only one side
of the reinforced concrete deck rests on the beam); J,
is the moment of inertia of a steel-concrete beam; £, is
the effective modulus of elasticity (deflection) of a steel-
concrete beam, which is identified using formula (2);
k. 1 the efficiency coefficient of a steel beam; f, is
the design deflection of a beam having the probability
of 36 under temporary load ¢.° ; fq is the steel-concrete
beam deflection under the total design load.

Table 4 has results of tests and calculations.

In Table 4, g is the test load; ¢° is the design load,
Jroucuerenko are the deflections identified in the course
of testing sessions; f. ¥ [, are the design deflections
of steel and steel-concrete beams. The screed coat,
made of fine-grained B20 concrete, having the thick-
ness of 60—80 mm, was not removed for testing pur-

Table 4. Results of tests and calculations

poses. The influence of screed was disregarded in
the course of calculations. This fact explains higher
deflection values in comparison with those obtained in
the process of testing.

CONCLUSION AND DISCUSSION

Therefore, the comparison of deflection values,
obtained in the course of testing, and those obtained by
means of calculations, has proven that steel-concrete
beams rather than steel ones shall be used in the design
model. The right steel-concrete beam analysis metho-
dology was selected.

It is important to identify the required reliability
level of building structures before the commencement
of the design process [6—13]. The reliability of struc-
tures, having any criticality, depends on the resistance
probability of their construction materials, as well as
the loads applied to them [14-25].

The analyzed contour steel-concrete beams com-
ply with technology requirements and pre-set reliability
values. Calculation results demonstrate good conver-
gence with the results of testing sessions.

Probabilistic methods must become obligatory in
structural design. In some cases, they will reduce risks
of failures, and in other cases this measure will cut
the cost of construction facilities.

Beam type q, kN/m KOUCHERENKO Fe; Fore q°, kKN/m Fy, Fopr

1 2 3 4 5 6 7 8
B-12 4.500 2.00 11.62 3.52 7.283 18.81 5.70
B-45 4.902 3.00 3.89 1.47 10.473 8.31 3.15
B-49 4.902 4.00 3.96 1.44 12.213 9.85 3.58
B-61 11.000 2.00 8.25 2.62 20.478 15.36 4.88
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