BYAIBEJIbHI KOHCTPYKIII

V]IK 624.014

YUYET JEMCTBUTEJBHOM PABOTHI IIEHTPAJIBHO-CKATBIX CTAJIBHBIX
CTEPXHEM ITPU PACYETE HA YCTOMYHUBOCTH

Kynuenko 1O.B., x.T.H., 101I€HT,

Cunraesckuii I1.M., K.T.H., IOLICHT,

Qoecckas 2ocyoapcmeeHHAs aKademus. CmpoumenbCmed U aApXumeKkmypol
steelconpro@gmail.com

AHHOTauus. B ctarbe aBTOPHI HCCIEAYIOT BONPOC NCHCTBUTENIBHOW PabOThI LIEHTPAIbHO-
CKaThIX CTAJIBHBIX CTEP)KHEH COCTAaBHOI'O TaBPOBOI'O CEYEHUS U3 ABYX YIOJKOB (pepM MOKPBHITUH U
NEePeKphITUl ¢ THOKOCThIO A > 60 mpu pacueTe Ha yCTOMUMBOCTH. JleWicTBUTENbHas padboTa
3JIEMEHTa KOHCTPYKLUHM YYUThIBaeTCs KOX(pGUIMEHTOM YcioBuil pa®oTrl. B TO ke Bpewms,
HETOCPEJICTBEHHO IPU pacyeTe MCCIeNyeMbIX CTEep)KHEH KOA(PQPHUIMEHT yCTOWYMBOCTH, COTJIACHO
JEUCTBYIOIIMM HOpMaM, ONpeAesseTcs y4YUThIBas paboTy 3J€MEHTa KOHCTPYKLHMHM B pPealbHbIX
YCIIOBUSIX, TJI€ CYLIECTBYIOT HAyaJbHbIE MCKPHUBIIEHUS CTEp)KHEH, CBA3aHHbIE C pa3HbIMU
¢dakropamu. T.e. BenuunHbl KO3(G(UIHMEHTOB YCTOWYMBOCTH M YCIIOBUM pabOThl paccMaTpUBAaEMbIX
CTEpHEN OJHOBPEMEHHO YYHMTHIBAIOT OCOOCHHOCTH pEAJbHOM KOHCTPYKLIHMHU. A 3TO MOXKET
IPUBOANUTH K HEONPABAAHHOMY 3alacy yCTOMUMBOCTH LIEHTPAIbHO-CKAThIX CTEp)KHEH (epMm U K
MOBBILIEHUIO METAIIIOEMKOCTH KOHCTPYKIIMH.

KioueBble cjI0Ba: IGHTPAIbHO-CXKATble  CTalbHblE CTEPXKHH, (epMbl, THOKOCTb,
KOO(QPHUIHUEHT yCIOBUH pabOThl, YCTOHYMBOCTh, Ha4ajdbHBIC WCKPHUBICHHS, KOI(P(UIHECHT
YCTOWYUBOCTH.
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AHoTanifA. Y cTaTTi aBTOPH JOCIIPKYIOTh MUTaHHS JIHCHOI pOOOTH IEHTPAIbHO-CTUCHYTHX
CTaJIeBUX CTEPXKHIB CKJIAJIEHOTO TaBpPOBOIO Iepepi3y 3 JBOX KYTUKIB (epM MOKPHUTITIB 1
MEPEKPUTTIB 3 THYUKICTIO A > 60 mpu po3paxyHKy Ha cCTiHkicTb. [lificHa poOoTa elemMeHTy
KOHCTPYKIIi BpaxoBYyeTbCs KoedillieHTOM yMOB poOoTH. B Toif ke uac, Oe3nocepeaHbO Mpu
pPO3paxyHKy JOCIHIJDKYBAHUX CTEPKHIB KOE(DIIIEHT CTIMKOCTI, 3TigHO 3 JIIOYUMH HOPMamH,
BU3HAYA€ThCSl BPAxXxOBYIOUM POOOTY €JIEMEHTY KOHCTPYKLii B MAIMCHUX YMOBax, A€ ICHYIOTh
MIOYAaTKOBI BHUKPUBIIEHHS CTEpXKHIB, IOB’A3aHI 3 PI3HUMH YHWHHUKaMU. ToOTO BeIUYMHU
KOE(QIIIEHTIB CTIMKOCTI 1 YyMOB pOOOTH JaHUX CTEP)KHIB OJIHOYACHO BPaXOBYIOTH OCOOJIMBOCTI
peanbHOI KOHCTPYKIi. A 1€ MOXE€ TMPUBOJUTH JIO HEOOIPYHTOBAHOTO 3amacy CTIMKOCTI
HEHTPAIbHO-CTUCHYTUX CTEPXKHIB (pepM 1 10 MiABUILEHHS METaIOEMHOCTI KOHCTPYKIIII.

KurouoBi cioBa: 1EeHTpalbHO-CTUCHYTI CTaleBl CTEpPKHI, (PepMHU, THYUKICThb, KOE(ILI€HT
YMOB poOOTH, CTIHKICTb, IOYaTKOBI BUKPUBIICHHS, KO€(illi€EHT CTIHKOCTI.

ACCOUNTING OF CENTRALLY-COMPRESSED STEEL RODS ACTUAL WORK
AT STABILITY CALCULATION

Kupchenko Y.V., PhD., Associate Professor,

Bicauk Onecpkoi AepkaBHOI akaaeMii OyIiBHHITBA Ta apXiTekTypH, 2018. — Bum. Ne 70

63



64

BYAIBEJbHI KOHCTPYKIIII

Singayevsky P. M., PhD., Associate Professor,
Odessa State Academy of Civil Engineering and Architecture
steelconpro@gmail.com

Abstract. In the article, the authors investigate the actual work of coverings trusses centrally
compressed steel T-section rods composed from two angles at stability calculating. Flexibility of
these rods takes the value A > 60. The actual work of the structural element is taken into account by
the working conditions coefficient. At the same time, according to the current norms, the stability
coefficient is determined directly in the calculation of the investigated rods, taking into account the
work of the structural element under real conditions, where there are initial curvatures of the rods
associated with different factors. In this way, it is not an ideal centrally compressed rod that is
considered, but an eccentric-compressed with small eccentricity. But, the working conditions
coefficient also takes into account this unfavorable circumstance, which was not directly reflected
in calculations before, and now it is taken into account by determining the values of the stability
coefficient with allowance for the initial curvatures of the compressed element. The values of the
stability and working conditions coefficients of the considered rods simultaneously take into
account the features of the real design and the initial imperfections of the rods. And this can lead to
an unjustified stability reserve of the centrally compressed rods of the trusses and to an increase of
structure’s metal capacity. The use of the stability coefficient, determined at stability calculating of
the centrally compressed steel rods of the trusses, leads to a stability reserve up to 13.06% due to
the re-registration of the initial curvatures of the rod, which have already been taken into account by
the working conditions coefficient (y. = 0.8).

Keywords: centrally-compressed steel rods, truss, flexibility, coefficient of terms of work,
stability, initial curvatures, stability coefficient.

Beenenne. PanmonanbHOe HUCMONb30BaHUE, OOECIEUEHHE HAAEKHOCTU M JOJTOBEYHOCTH
CTAJIbHBIX KOHCTPYKLUI INpHU 3KCIUIyaTallud SIBISIOTCS OJHUMHU M3 HauOosiee BaKHBIX 3a/ad B
00JIaCTH CTpOUTENbCTBA. B yclHOBHAX pa3BUTHsS PHIHOYHON SKOHOMHMKH IPOOJIEMBbI 3KOHOMUHU
MeTajljla, CHWKEHUE 3aTpaT Ha CTPOMUTEIBCTBO CTajll OCHOBHBIMU B 3TOH obmactu. Teopus u
IIPAKTHUKA CO3JAaHUs CTAIbHBIX CTPOUTENIbHBIX KOHCTPYKLUI HEepa3pbIBHO CBA3aHA C pa3pabOTKOM u
COBEpIICHCTBOBAHWEM METOJOB MX pacyeTa U MPOEKTHUPOBAHMUS, AKTUBHO BIHUSIOLIUMX Ha
3G GEeKTUBHOCTh KOHEYHOro pesyibrara. lloaTomMy wuccienoBaHue JeHCTBUTENBHOM pabOThI
JJIEMEHTOB CTEPKHEBBIX KOHCTPYKIIMM SABIISECTCA aKTyaJIbHOM 3a1a4eil.

AHaJIM3 TOCJICAHHX HCCJHeNOBAaHMH M nydaumkammid. B gelicTByromux HOpmax
MPOCKTUPOBAHUS CTAIBHBIX KOHCTPYKIMiA [1], B OTIIMYMHU OT MpemuIecTBYROIMX HOpM [2], mpu
pacueTe Ha YCTOMYMBOCTb LEHTPAJIbHO-CXKATBIX CTaJbHBIX CTEPKHEH COCTAaBHOIO TaBPOBOIO
CEUEHUs U3 JABYX YIOJIKOB CTPOMMIBHBIX epM ¢ THOKOCTHIO A > 60 ydeT HaualnbHBIX UCKPUBJICHUN
CTEp)KHEH, HECOBEPIIEHCTB CBA3aHHBIX C Pa3HbIMU (DAKTOpaMHU MPOUCXOIUT U IMPU OIpeaeIICHUH
kod(puimenTa yCTOWYMBOCTH U HAa3HAYCHUEM BEIWYMHBI KOd(huIMeHTa ycloBUW pabOTHI.
HccnenoBanusi Takoro JABOMHOIO ydeTa HadalbHBIX HECOBEPIICHCTB OBLIM BBIMOJIHEHBI B padoTe
[3] nuist crepkHed U3 0OBIYHON MaJOyTIEpPOAUCTOMN CTAIH.

Leabto padoThl sBIsSETCS HUCCIEIOBaHHE AECHCTBUTEIBHOM paboOThl LEHTPaTbHO-CHKATBIX
CTAJIbHBIX CTEepPKHEW (epM MOKPHITMM M NEPEKPbITHM TaBPOBOIO CEYEHHS U3 JABYX YTOJIKOB M3
CTaJIM MOBBIIIEHHOW MPOYHOCTH C THOKOCTBIO 4 > 60 mpu pacyere Ha yCTOMYUBOCTb.

Pe3yabTaThbl ucciaenoBanuii. OCOOEHHOCTH EHCTBUTEIBHONW pPAaOOTHI CTaH, SJIEMEHTOB
KOHCTPYKLIUH M MX COEIUHEHMM, MMEIOIIME CHUCTEMAaTHYECKHIl XapaKTep, HO HE OTpa)kacMble
HEMOCPEACTBEHHO B pacueTax, yUYUThIBalOTCS Kod(h(dULIMeHTaMH yCIOBUIM paboThl ). VX 3HaueHus
OIIPEAEIAIOT Ha OCHOBE TEOPETHMUECKHUX M IKCIEPUMEHTAJIbHBIX MCCIEJOBAHUM EHCTBUTEIBHON
paboThl KOHCTPYKLIMHU B YCIOBHUSX SKCILTyaTallUu.

B Tabnuue 1 npusenen ycranosneHHsii B 1. 5.4.1 [1] koaddunuent ycnosuit padbotst y. = 0.8
(Takast ke BemrurHA KOA(GGUIMEHTa B MPEAMIECTBYIONMX HOpMax — .4, [2]), koTophlii BBeleH ¢
LEJBI0 y4eTa B KOHCTPYKUUAX (hepM (DaKTHUECKUX 3HAYEHMH HayaJlbHBIX MCKPUBJICHUH CXKaTBIX
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COCTaBHBIX 3JICMCHTOB TABPOBOI'O0 CCUCHUSA U3 YI'OJIKOB (pI/IC 1), Tac B CBA3HU C HCCUMMCTPUYIHBIM
PaCIIOJIOKCHHUEM IIBOB ITPH IMPUBAPKE COCAMHUTCIIBHBIX IMPOKIAAO0K MCKIY YIroJIKaMKW HadaJlbHBIC
HUCKPHUBJICHUSA NPCBLIIIAIOT YYUTBIBACMEBIC B pacucTax.

Tabmuua 1 — 3nauenns kodpuurenTa ycaoBuid paboTh y,

DJ1eMEHTBI KOHCTPYKIUI Koadduuument ycnoBuii paboTsl
CoxaTble OCHOBHBIC 3JEMEHTHI (KPOME OIOPHBIX)
pELIETKA COCTaBHOI'O TaBPOBOTO CEUCHHMS U3 JIBYX 0.80

JTOJIKOB B CBapHbIX (epMax MOKPBITHH U
MEPEKPBITUI MpPHU pacyeTe Ha YCTOMYUBOCTh
YKa3aHHBIX 3JIEMEHTOB C THOKOCTHIO 4 > 60

Puc. 1. ®epMsl ¢ a1€MEeHTaMH U3 apHBIX YIOJIKOB

Pacuer Ha YCTOI\/JI'—II/IBOCTB HECHTPAJTIbHO-CKATBIX 3JICMCHTOB CIIVIOIIHOI'O CECUCHUS BBITIOJIHACTCA
o ¢popmyie ([1], m. 8.1.3):
Nt g )
p-A-R, -7,
rae ¢ — K03(pPHUIUEHT yCTOWYMBOCTH MPHU IECHTPAIBLHOM CXKATHH, 3HAUYCHHE KOTOPOTO TMpPH
BEJIMYMHE YCJIOBHOM THOKOCTH A > 0.4 HEOOXOAUMO OIPEAETATE 110 (POPMYIIE:

(0:%-(5—\/52—39.48-/?). 2)

3HaueHue k03P PUITMCHTA J HAXOAUTCS KaK:
6=987-(l—a+pB-1)+ 1%, 3)

rne a u ff — K03 (UIMEHTHI, XapaKTepU3yIue HadallbHbIe WCKPHUBICHHUS W OCTATOYHBIC
HaTMPSHKCHUS.
[Ipu sTomM BenuuuHBI KOXPPUIIMEHTA YCTOMYMBOCTH ¢, HaWJeHHBIE 1O Qopmyne (2)

—2 o o
MPUHUMAIOTCST He Oojee 7.6/ A NIl CTep)KHEW W3 TMapHBIX YTOJKOB MPU 3HAYCHHSX YCIOBHOU
ruoxoctu 6oee 5.8.
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To ectb, KOAPPHUIUEHT YCTOHYUBOCTU ¢ ONpEAENSACTCS B HACTOALIMX HopMax [1] ¢ yuerom
TOTO, YTO B pEAIbHBIX KOHCTPYKLHUAX CYHIECTBYIOT HaYaJIbHbIE HCKPUBIICHUS CTEPXKHEH, CBSI3aHHBIE
Cc pasHbIMH (akropamu (TOruOb MpOKaTa, HEIOCTaTKW M3TOTOBJIEHUS M MOHTaXxa), T.e.
paccMaTpuBaeTcsi HE UJCANbHBIM LEHTPAJbHO-CKATHI CTEpKEHb, a BHEICHTPEHHO-CXKATbIH,
UMEIOIINI HeOobIIe 3KCeHTpucuTeThl. Ho Beapb M KoappuuueHT ycinoBuil paboThl  y4HUTHIBAET
3TO HEeOJIaronpusATHOE 00CTOSITENLCTBO, KOTOPOE paHblle [2] HE OTpa)kalloch B pacyeTax MpSIMbIM
yTeM, a TeHeph YYUTHIBACTCA ONpEACTICHHEM 3HAa4eHUH Kod(QHIMeHTa yCTOMUYUBOCTH C YU4ETOM
HAYaJIbHBIX MCKPUBIEHHUM CHKAaTOro 3JIeMEHTa. JTO MOXET MPHUBOJUTH K HEONpPaBAAaHHOMY 3amacy
YCTOMUMBOCTU LIEHTPAIBbHO-CKATBIX CTEp)KHEH (epM M, B CBOIO Ouepedb, K IOBBIIICHUIO
METAJIJIOEMKOCTH KOHCTPYKIIUH.

B mpuBenennbpix Tabmunax 2, 3 mpeacTaBlIeHbl 3HaUCHUS KOA(PPUIIUEHTA YCTOWIHUBOCTH IS
Pa3IMYHBIX 3HAYEHUH TMOKOCTEH LEHTPabHO-CKATBhIX CTaJbHBIX CTEPXKHEW BBIMOJHEHHBIX W3
CTaJIM TMOBBIIICHHOW MPOYHOCTU (C FPaHUYHBIMA MUHHMMAJIbHBIM U MaKCHUMAaJbHBIM PAaCYETHBIMU
COMPOTHUBJICHUSAMH CTad (pacoHHOTO mMpokara coorBeTcTBeHHO 325 MIla m 380 MIla, 'OCT
27772-2015), onpenencuubie mo aeictByomuM [1] u npenmectByomum [2] HopMam, TpU 3TOM
3HaueHue kod(dduimenta ycnoBuil pabOThl B paccMaTpUBAEMbIX HOPMATHUBHBIX JIOKYMEHTaX
oauHakoBo (y. = 0.8).

Tabmuua 2 — 3nadenus ko3 PuirmeHTa yCTOMYMBOCTH ¢ IS CTEPKHEN U3 CTAIH
C pacyeTHbIM conpoTuBiieHrem 325 Mlla

Tusrocrs | Yosomman | OB emaen | PaCKORCHC
& THOKOCTE A | yipH B ) 6~ 98:2014) | (CHull 11-23-81") %
60 2383 0.675 0.764 1165
70 2780 0.602 0.683 1186
80 3.178 0.530 0.508 1137
90 3575 0.464 0.517 ~1025

100 3.972 0.405 0.443 858
110 4.369 0.355 0.376 556
120 4.766 0.311 0.317 ~189
130 5.164 0.275 0.272 +1.10
140 5.561 0.243 0.237 +253
150 5.958 0.214 0.208 +2.88
160 6.355 0.188 0.185 +1.62
170 6.752 0.166 0.165 +061
180 7.150 0.149 0.148 +0.68

CoryacHO pe3ynbTaToB, MPUBEIEHHBIX B Tabmumax 2 u 3, ucnonb3oBaHue KoddduimeHTta
YCTOMYMBOCTH, ONpeieieHHoro 1o [1], mpu pacyere Ha yCTOMYMBOCTh LIEHTPAIIbHO-CKATHIX CTAIBHBIX
cTepHel (GpepM IPUBOAMT K 3amacy yctoiunBocTH A0 13.06 % 3a cueT moBTOPHOTO y4eTa HauyaJlbHbIX
HCKPHBJICHHH CTEPIKHsI, KOTOPBIC YK ObUTH yITeHBI KO duImeHToM yeinoBuii padotst (y. = 0.8).

BbIBOABI ¥ EPCNEKTHBbI JAJbHEHIIUX HCCIEA0BAHUI:

1. Tlpn pacuere Ha YCTOMYMBOCTH CTEpP)KHEH COCTABHOTO TAaBPOBOIO CEYEHMSI M3 JBYX
YTOJKOB (pepM MOKPBHITUM U NEPEeKPBITHH ¢ THOKOCTBIO 3JIEMEHTOB A > 60 BIMsSHHME HadalbHbIX
VCKPUBJICHUM AJIEMEHTOB YUUTHIBAE€TCS ABAXK]bl — 3HAUEHUSAMHU U KO3 (dUILIMEeHTa YCIOBUI paboTh
v, = 0.8 u k03P uIMEeHTa yCTONIUBOCTH ¢.
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Tabnuua 3 — 3nayenus ko3 puimeHTa yCTONIMBOCTH @ IS CTEPKHEN U3 CTaIH
¢ pacuyeTHbIM conpoTuBiieHreM 380 MIla

Tudroens | Vemommas | O oo | Pacxonacie,
s rHoKoCTS 4| 1B B2 6 - 98:2014) | (CHuT 11-23-81%) %
60 2577 0.639 0.735 ~13.06
70 3.006 0.562 0.639 1205
80 3.436 0.486 0.549 1148
90 3.865 0.421 0.465 —9.46

100 4.295 0.364 0.389 —6.43
110 4.724 0.316 0.332 — 186
120 5.154 0.275 0.274 +0.36
130 5.583 0.241 0.235 +2.55
140 6.013 0.210 0.205 +2.44
150 6.442 0.183 0.180 +167
160 6.872 0.161 0.160 +063
170 7.301 0.143 0.143 0

180 7.731 0.127 0.129 +155

2. JIBOIHOM y4yeT HayaJIbHBIX HECOBEPIIEHCTB 3JIEMEHTA MPHUBOJUT K 3aMacy yCTOWYMBOCTH
CKaThIX CTaJbHBIX cTepxkHell ¢epm a0 11.86 %, BBHIMOMHEHHBIX M3 CTAIM C PACYETHHIM
conpotusiieHueM 325 Mlla, u 10 13.06 %, BBIIOTHEHHBIX U3 CTAJIU C PACYETHBIM CONPOTHUBICHUEM
380 MIla. Haubomnee cyimiecTBeHHbIE pa3iuyus B 3HAYCHUAX KOA(P(PUIIMEHTOB YCTOMUMBOCTH IS
rubkocteit B mpeaenax 60...100.

3. 3amac yCTOWYMBOCTH, BBI3BIBAEMBI JBOMHBIM YYETOM Ha4aJlbHBIX HECOBEPLICHCTB,
YBEJIMUMBAETCS IO MEpEe BO3pacCTaHUS NMPOYHOCTH CTaau (acoHHOro mpokata, oT 10.9 % s
MaoyriepoancThix craneit [3] u 10 13.06 % aus crasneii HOBBIIIEHHON MPOYHOCTH.

4. Meron pacueta CTPOMTENBHBIX KOHCTPYKIMM MO NpeNelbHbBIM  COCTOSHUSM,
pEaJIn30BaHHBII B HAIMOHAIBHBIX M  E€BPOIEHCKUX HOPMAax, IIOCTOSHHO pa3BHBAETCA.
VY COBEpIIEHCTBOBAHNIO ATOM METOAMKH CHOCOOCTBYET M pacdeT CTaJbHBIX KOHCTPYKIHUI IO
HKCIUTYaTallMOHHOW TPHUTOJHOCTH C TMOCIEAYIOIIMM YTOYHEHHEM 3HadyeHus Kkoddduuuenra
YCIIOBUM pabOTHI UCCIEAYEMBIX CTEPKHEMH.
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