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AHHOTALIUSA

Henapb: BEIMONMHATE aHATU3 MCIOIB30BaHUS KOMOWHUPOBAHHBIX CTAJIEOETOHHBIX KOHCTPYKIIMI B KapKacax
OJTHOSTAXKHBIX NMPOMBIIUICHHBIX 3[JaHWHA, B TOM YHCJIE Ha TPAHCIIOPTE, MCCIEeIOBATh BO3MOXKXHOE CHIDKEHHE
MaTepHaAIOEMKOCTH ¥ CTOUMOCTH IpeJIaraeMoil HHHOBAaLIMOHHON KOMOMHUPOBAaHHOW KOHCTPYKIIMH KapKaca
3/TaHUS TIPH TOBBIIIEHUH KECTKOCTH U HAIeKHOCTH. MeToabl: AHaTN3 KOMOMHUPOBAHHBIX KOHCTPYKITHHA H3-
BECTHBIX KOHCTPYKTUBHBIX PEIIECHHH, pacueT HECKOJIbKUX BApUAHTOB KapKACOB C MPHUBICUEHHUEM PACUETHBIX
MIPOTPaMMHBIX KOMILIEKCOB T10 AEUCTBYIONIUM MeTonukaMm. Pesynbrarsl: TpagunuoHHbIe KOHCTPYKIIMU Kap-
KacoB ITPOMBIIUIEHHBIX 3/IaHUI C IPUMEHEHHEM METAJUTMYECKUX KOHCTPYKIMK He BCeraa o0iamaroT JocTa-
TOYHOHN JKECTKOCTBIO, CTOMKOCTBIO K TPOTPECCHPYIONIEMY OOPYIIEHHUIO, IPETEPIIEBAIOT Pa3IUIHbIE TTOBPEXK-
JICHUST OT CHJIOBBIX, MEXaHUYECKUX, a TaKXKEe OCOOBIX HATrPy30K M BO3ACHCTBHUI, OCOOCHHO HA TPaHCIIOPTE.
g xapkacoB TPOMBIIIJICHHBIX 37JaHUNA ¢ OOJBIIMMHU MPOJIETaMH, KaK MPaBHUJIO, JOTIOTHUTEIBHO Tpedyercs
MIpUMEHEHNe KOHCTPYKTUBHBIX MEPONPUATHI IIPOTHUB BO3MOXKHOTO Mporpeccupytomiero oopymenus. Ha ka-
thenpe «CrpouTenbHble KOHCTPYKITUH, 30aHuS U coopykeHus» [II'YTIC BexyTcs pa3paOoTKu MepCreKTHBHBIX
KOHCTPYKTHUBHBIX PEIICHUN JUIA KapKAacOB 3/IaHWH M MX JJIEMEHTOB, OTIMYAIOIINXCSA MMOBBIIICHHOHN JKECTKO-
CTBIO, HECYIIEH CITOCOOHOCTHIO M HAJEKHOCTHIO. [IpemnokeHa NHHOBAIMOHHAS KOHCTPYKITUS KapKaca Ipo-
MBIIIUIEHHOTO 37JaHUS MTOBBIIIIEHHOM KECTKOCTH, KOTOpask BKJIIOYAET KOJIOHHBI, CTPONIIIEHBIE (hePMBI, TOAKPaA-
HOBBIE OaJIKH, a TAKXKE CHCTEMY CBSI3€H, MOKPHITHE M CTEHOBbIE MTaHe N H. [ [oKphITHE BRITTOTHEHO U3 PEOPUCTHIX
JKeJIe300€ TOHHBIX IJTUT C 3aMOHOJIMYEHHBIMU OETOHOM IITBaMH, OMTOPHBIE TTOTIEPEYHbIe pedpa KOTOPHIX JKECTKO
COEIMHEHBI CBApPHBIMH IIIBAMH C BEPXHHM IIOSICOM CTPONMIBHBIX (DepM, CTEHOBBIE TIAHENH BBITOIHEHBI U3
JKeJIe300€TOHHBIX IJTUT C 3aMOHOJIMYEHHBIMU OETOHOM IITBAMH, OMTOPHBIE TTOTIEPEYHbIe pedpa KOTOPHIX JKECTKO
COETMHEHBI CBAPHBIMHU IIIBAMHU C HAPY>KHOI NOBEPXHOCTHIO KOJIOHH. BBITIONHEH pacyeT HECKONBKIX BapHaH-
TOB KapKaca MPOMBIIIJICHHOTO 3/1aHUs, YCTAaHOBJICHA BEIMYMHA CHIKEHUS Beca KOHCTPYKIINH, €€ CTOUMOCTH,
TIOBBIIICHHUS JKECTKOCTH HHHOBAIIMOHHOTO KOHCTPYKTUBHOTO pemieHus. IlpakTuyeckas 3Haunmocts: [lox-
TBEPKJCHBl OCHOBHBIE MPEUMYIIIECTBA KOMOMHUPOBAHHBIX CTaJeO0ETOHHBIX KOHCTPYKIMKA B KapKacax OIHO-
3Ta)KHBIX MPOMBIIIUICHHBIX 3MaHIH. IHHOBaIMOHHAsI KOHCTPYKITUS KapKaca JeMOHCTPUPYET CHUIKEHHE MacCChI
Ha 18 %, crommocTi — Ha 25 % ¥ MOBBIIIEHNE KECTKOCTH Ha 35 % 10 CpaBHEHHUIO C TPATUIIMOHHBIMU METaJ-
JTMYecKMH Kapkacamu. llpeamaraemoe pemieHne MepcreKTUBHO U POMBIIUIEHHBIX 3JaHUH ¢ OOJBIINMU
MIPOJIETaMH, B TOM YHCJIe 0OBEKTOB TPAHCIIOPTHON HH(PPACTPYKTYPHI.

KuioueBble cjioBa: OIIHOSTa)KHBIe 3J1aHus, IIPOMBINIJICHHBIC 3JaHUs, KapKac, METAJINIMUYCCKNE KOHCTPYKIINUH,
KOMOWHHPOBAHHBIE KOHCTPYKITHH, CTaIeOCTOH, 0COOBIC HATPy3KH, HECYIas CITIOCOOHOCTD, )KECTKOCTh, TIPO-
rpeccupyloliee o0pyIIeHue.
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BBenenue

OnHO3TaXKHBIE  TPOMBIIICHHbIE  (TIPOM3BOA-
CTBEHHBIE) 3[1aHUS TPAHCHIOPTHBIX 3/IaHUI U COOPY-
’KEHUI IPOEKTUPYIOT B OOJIBIIMHCTBE CITy4aeB Kiac-
coB KC-2 u KC-3, uro BBI3BIBAET JOIOJIHUTEIILHEIE
TpeOOBaHUS K KOHCTPYHPOBAHUIO KApKACOB TAKHX
3nanuit [1].

Mertannuyeckue Kapkachl MPOU3BOICTBEHHBIX
3MaHUM Ha TPAHCIOPTE YacTO TOIABEPXkEHBI OOJIb-
muM JedopMalusiM OT MEXaHHMYECKHX, CHJIOBBIX
U JpyTHX BO3JEHUCTBHM, NPETEPHEBAIOT MOTEPIO
MECTHOH U 00IIel yCTOHYNBOCTH, KOPPO3HUIO U JIPY-
TU€ TOBPEKAEHHUS, BILIOTh JIO MPOrPECCHUPYIOLIETO
00pyI1eHust 0T 0COOBIX HArpy30K M BO3AEUCTBHIA [2],
BBI3BAHHBIX B TOM YHCIIC HETPaMOTHOM JKCILTyaTa-
et oonekra [3].

J1s1 KapKacoB MPOM3BOJICTBEHHBIX 3[[AHUI C TIPO-
aetamu oT 30 M, Kak /15 OOJBIIETIPONETHBIX, 0T~
HHUTENBHO TpeOyeTcsi TMpUMEHEHHEe KOHCTPYKTHB-
HBIX MEpPOIpPUATUIA AJs MOBBILIEHUS HAJEKHOCTH
U TIPElOTBPAIICHHS BO3MOXKHOTO IPOTPECCUpPYIO-
mero oopymienust [4]. [nst pemeHust [1aHHOW TpoO-
OJeMbI UCTIONB3YIOT, KaK TPABUIIO, OOIIEU3BECTHEIC
npHeMbl, peKoMeHjayeMble HopMmamu. Hampumep,
palMOHANBHO MPUMEHATh B KapKacax 3[aHuil mpo-
CTPaHCTBEHHbIE
UCIIONBb30BaTh B JIEMEHTaX Kapkaca r’HOpuIHbIC UITH

METAIMYECKUEe  KOHCTPYKIIUH,
KOMOWHUPOBAHHBIE KOHCTPYKIMU C MPHUMEHEHHEM
cramy, 0eToHa, KOMIIO3UTOB [5—7], 4TO TO3BOJSET
TAK)Ke YMEHBIIATh Pa3MEpPbl MOMEPEUHOTO CEUCHUS
5JIEMEHTOB TPU SKOHOMHUM Pacxofia CTalld MeTall-
nuyeckoro kapkaca 3manus [8]. Jng BocmpusTus
aBapUIHBIX HArpy30K HOPMbI PEKOMEHAYIOT TaKKe
UCTIONb30BaTh TOACTPONUIBbHBIE Oanku, (epMbl
1O HEepa3pe3HOil cXeMe M pacyeTHble BEPTHKAb-
HBIE CBS3M MEXIYy (epMaMu TIOKPBITHS, KOTOPHIC
TIOJKHBI OBITH PACTIONIOKEHBI TI0 BCH JUTMHE 3MaHUs
B HECKOJIbKHX 30Hax [9].

B mnpakTuke mnpoeKkTHpOBaHHS COBPEMEHHBIX
37aHUI UHOT/IA BCTPEYalOTCsS MHHOBAIIMOHHbIE KOH-
CTPYKTHBHBIE PEILICHUS KAPKACOB C TOBBIIICHHOM

KECTKOCTbIO. Tak, HapuMmep, U3BECTHBI KOHCTPYK-
THBHBIE CPEJICTBA YBEJIMYEHUS POCTPAHCTBEHHOM
)KECTKOCTH  OJHOATAXKHBIX IPOU3BOACTBEHHBIX
3nanuit [10], BKItOYaronMe MeTaJlIM4ecKuid Kap-
Kac ¢ paMaMHu, CUCTEMY BepTUKAJIbHBIX U TOPU30H-
TaIbHBIX CBS3eH, AUa(parMbl KECTKOCTU B BHIE
CTEHOBBIX JKeJIe300eTOHHBIX maHenei. [Ipu 3ToM
BEPXHsA YacTb CTYIEHYarod KOJIOHHBI Kapkaca
MIMEET IOBBIIIEHHYIO JKECTKOCTh 3a CYET YBENIH-
YeHHs TIONEPEeYHOTO CEUYEHUsS; MOKPBITHE 3IaHUs
MIMEET TOBBILICHHYIO XECTKOCTh MpU ero paboTe
B TOPU30HTAIBHOM MIIOCKOCTH 32 CUET Hepa3pe3HO
CXEMBI KeNe300€TOHHBIX TUTUT MOKPHITHS, YCTPOU-
CTBa LIMOHOK MEX]y IIIMTaMH; a B 1eopMaIioH-
HBIX IIBAX MOKPBITUS BBITIOIHEHBI TOPU30HTANIBHBIC
CBS3U B BUJIE METAJUINYECKHUX TOJATIUBBIX CTEPIK-
Heit [10].

HenocTaTkoM KOHCTPYKTHBHBIX CPEICTB YBENH-
YeHUSI MPOCTPAHCTBEHHOM JKECTKOCTU OHOITAXK-
HBIX TMPOM3BOACTBEHHBIX 31aHuM [10] u aHano-
TMYHBIX €My KOHCTPYKTHBHBIX PEILCHUH SBISETCS
yBEIMYEHHAs MaTePUaT0EMKOCTb, @ HHOT/IA U TPY/IO-
€MKOCTb M3TOTOBJIEHHUS 110 MPUYMHE OOJIBLIOTO pac-
X0/la MeTajlla Ha Hecyllue 3JEeMEeHThI KapKaca, Tak
KaK OrpaXkJarolie KOHCTPYKIMU HE BKIFOYAIOTCS
B HAJIXKHYIO COBMECTHYIO pabOTy ¢ HUMU U HE y4H-
TBHIBAIOTCS B pacyeTe KapKaca.

[IpocThIM ¥ YacTO HEUCHONB3YEMBIM Ha IpakK-
THKE KOHCTPYKTHBHBIM MPHUEMOM SIBIISIETCS BOBJICYE-
HHE B COBMECTHYIO pabOTy ¢ KapKacoM 3[aHHs €ro
OrpXNAIOLINX 3JIEMEHTOB — CTEHOBBIX IaHeNeH
U TUTUT MOKPBITHA. Takoil KOHCTPYKTHUBHBINA MPUEM
MOXKET ObITh BecbMa 3()(EKTHUBEH, B YACTHOCTH TPH
BO3BEICHUH CTEH U ILTUT U3 xkene300etona [11].

Ha xadenpe «CrpourtenbHpie KOHCTPYKIMH, 371a-
Hus u coopyxenus» [II'YIIC Begyrcs pa3paboTku
MIEPCICKTHUBHBIX KOHCTPYKTUBHBIX PEHICHUN KapKa-
COB 3/IaHUH U UX 3JIEMEHTOB, O0JaJAONIUX MOBBI-
IICHHOW JKECTKOCThIO, HECYIIeH CHOCOOHOCThIO
¥ HaJIeKHOCTHIO MPH MUHUMU3ALNU MaTepUanoeM-
KOCTH M TPYZLOEMKOCTH U3roToBieHus [12-17].
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IIpakTHyeckoe NMpuMeHeHHe U Pe3yabTaThbl
[Tpennaraercs KOHCTPYKIIUS
KapKaca OJHOATA)KHOTO MPOW3BOJCTBEHHOTO 3/IaHMUS
(puc. 1), 3anuimenHas mareHToM Ha u3ooperenue [ 18].
VHHOBAIIMOHHAS  KOHCTPYKIIHS
METAJTMYECKOTO KapKaca OTHOATAKHOIO MpPOM3BOMI-

HWHHOBaITMOHHAA

Ipennaraemas

CTBCHHOI'O 3JaHUs TIOBBIITICHHOM KECTKOCTH BKIIIOUACT:
— CTaJIbHBIC CTYIICHYATbLIC KOJIOHHBI;

a

— ONHMpaloIMecs Ha HHUX CTajdbHBIE (epMbl
HOKPBITHS;

— CTaJbHbIE MOAKPAHOBbIE OAJIKU I MOCTOBBIX
KPaHOB;

— CHCTEMY BEPTHKAIBHBIX M TOPH30HTAJIBHBIX
CBAI3el MEX/ly KOTOHHAMU U (hepMaMH;

— KeJe300€TOHHbIE TUINTHI TOKPBITHS;

— KeIe300€TOHHBIE [TAHEIIH CTEH.

8 5 k2
10 2 /
2 7 f
/
ﬁ /
\ /
T 2 \ 4
AL/
Dl /
%
N
4
|_ o
i3 7 s

Puc. 1. O0mmit Bux MeTaTHYECKOTO KapKaca OJHOITAKHOTO POU3BOICTBEHHOTO 3IaHHUS
MOBBIIIEHHOM KECTKOCTH:
a — obmmit B, 6 — ceuenue 1-1, ¢ — cedenne 2—2: | — MeTaIMIECKHE KOJTOHHBI; 2 — (DepMEI
TIOKPHITHS; 3 — MOIKPAHOBBIE OANKH; 4 — BEPTHKAIBHBIE CBA3M; 5 — IUTHTHI MOKPBITHSL;
6 — CTCHOBBIC TAHENH; / — IIBBI OMOHOJIMINBAHUS; § — OTIOpPHEIE pedpa; 9 — CBapHBIE IIBHI;
10 — BepxHHAH TOSIC CTPONMIBHBIX (hepM; /] — COSTMHUTENBHbIC HAKJIAIKA
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I[Tpu stTOM:

— BBl MEXIY ITUIMTaMH MOKPHITUS 3aMOHOJH-
YyeHbI 0eToHOM Kiacca B30 u Beime;

— OIOpHbIE MonepeuHbie pedpa MmiuT, obnagao-
1€ YBEIUYCHHOW Hecylleil CrocoOHOCTBIO, TpU-
KpPEIUIEHbl PAaCUETHBIMU CBAPHBIMU IIBAMU K TIOSICAM
(bepM MOKpHITHS;

— IIBBI MEXIY MaHEISIMHU CTEH TaKKe 3aMOHO-
Jau4ueHsl 0eToHoM Kiaacca B30 u BeIie;

— OIOpHbIE MONepeyHble pedpa maHesneH, ume-
IOIME YBETMYEHHYIO HECYIYIO CIOCOOHOCTB, MpH-
KpETUICHbI PACUETHHIMU CBAPHBIMU IIIBAMU K TIOBEPX-
HOCTSIM CTYNIEHYAThIX KOJIOHH.

Kpome Toro, xene300eTOHHbIE CTCHOBBIC TTAHEITH
ECTKO CBS3aHBI MEXXTY COOOM Ha KOJIOHHAX pacyeT-
HBIMU CBapHBIMHU IIBAMHU Yepe3 3aKJIaJHbIC JCTaIH
C UCIOJIb30BaHUEM HAKIIAJIOK.

B npennoxeHHOM KOHCTPYKTUBHOM pPEIICHUU
Kene300eTOHHbIE TUIUTHl MOKPBITUS BKIIOYAIOTCS
B COBMECTHYIO pabOTy Ha CKaThe C BEPXHUM HOSICOM
CTaIIbHBIX (PepM TOKPHITHS. ITO 0OECTICUNBALT:

— TIOBBIIICHHE BEPTHKAILHOM M TOPU30HTAIIb-
HOM JKECTKOCTH MOKPBITHUS TTPU ACHCTBUU PACIETHBIX
Harpy30K 1 BO3IEUCTBUI;

— CHID)KCHHE HOPMAJbHBIX YCHIMH B TOfAcCax
(bepM HOKPBITHS, YTO BeJET K YMEHBIICHUIO pacxoa
CTaJl B 3NIEMEHTaX KapKaca OAHOITAXKHOTO MpPOU3-
BOJICTBEHHOT'O 3/IaHUSL.
obpazom
TIaHETM CTEH BKIIIOYAIOTCS B COBMECTHYIO paboTy Ha

AHaNIOrHYHBIM KeJe300eTOHHbIE
CKaTHe CO CTaJIbHBIMHM KOJIOHHaMM Kapkaca. [lan-
HbIH T1OJIX0/] O3BOJISIET:

— YBEJIMYUTb BEPTUKAIBbHYIO U TOPU30HTAIIb-
HYIO JKECTKOCTh KOJIOHH IIPU JEHCTBUU PaCUETHBIX
Harpy30K 1 BO3ICUCTBUH;

— CHH3UTh HOpPMAJbHBIE YCHIUS B KOJOHHAX,
YTO TaKXe CIOCOOCTBYET YMEHBIICHUIO pacxona
CTaJly B JJIEMEHTaX KapKaca OZHOITAKHOIO MpPOU3-
BOJICTBEHHOT'O 3/1aHUSL.

XKectroe coenuHeHne Kene300eTOHHBIX CTEHO-
BBIX MaHeNel C KOJOHHAMHU KapKaca yBEINYUBACT

TOPU30HTAJIBHYK JKECTKOCTh KOJOHH IIpU JIeH-
CTBUM PACUETHBIX HAIPY30K U BO3/ICHCTBHUM, YMEHb-
IIaeT U3rMOHbIE YCUIIHUS B KOJIOHHAX, YTO HPUBOJUT
K YMEHBLICHUIO PacXo[a CTalId Ha JJIEMEHTHI Kap-
Kaca OIHO3TaXXHOT'O ITPOU3BOJCTBEHHOTIO 3[aHHU.

[ToBbIlIeHHAs HecyIas CIOCOOHOCTh OMOPHBIX
pebep Kene300eTOHHBIX IUIUT TOKPBITUS U CTEHO-
BBIX IIAHEJICW JOCTUTAETCs 3a CYET JOIOIHUTEINb-
HOTO apMHUPOBAHMS WM YBEIMYEHHS Pa3MEpPOB HX
HONEPEYHOTO CEYEHHUS, YTO YCTAaHABINBAETCS pacye-
TOM IIPY IPOEKTHPOBAHNUH.

Jins oueHkH 3(PGEKTUBHOCTH MNpEAIaraeMoro
MHHOBAILIMOHHOTO KOHCTPYKTHBHOTO PELIeHus ObLIO
copmupoBaHo 2 BapHaHTa MOMEPEYHBIX paM Kap-
Kaca NPOM3BOACTBCHHOTO 3/1aHUS:

— MeTayIM4ecKasg pama CO CTYIEHYaTbIMU
KOJIOHHaMH M CTPONUIBHBIMU (hepMamy;

— KOMOMHHpOBaHHAs pama
C JKECTKO TNPUKPEIUIEHHBIMH JKeNe300€TOHHBIMU

MCTAJNINYCCKasa

TUTMTaMH TIOKPHITHS U CTEHOBBIMH TTaHENISIMHU.

Pacyer kapkacoB ObLT BBINOMHEH C TpUBJIEYe-
HHAEM  TIPOEKTHO-BBIYMCIUTENHHOTO  KOMIUIEKCa
SCAD Office mo paeicTByrOIUM HOPMAaTHBHBIM
JOKYMEHTaM [UIsl CTaJbHBIX U CTalexene300eToH-
HBIX KOHCTpyKuuii [19, 20].

B kayecTBe MCXOMHBIX JAHHBIX TPUHATHI Mapa-
METpBI: 1poseT — 36 M, JuinHa — 76 M, BBICOTa —
21 M, mar KoJoHH — 6 M, MocToBO#t kpan — 200 Tc,
MecTopacronoxesne — I. Bonocoso JlenuHrpan-
CKOH 001

Kononubl kapkaca — cTalibHble, CTyIEHYAThIE,
CKBO3HOTO ceueHus B moakpaHoBo 4actu (ITYK),
h = 1M, U CIJOIIHOTO CEYEHUs B HAJKPAHOBOM
vactu (HUK), 4 = 0,5 M, U3 IpOKaTHBIX JBYTaBPOB
no ['OCT P 57837—2017; ctponuibHbie hepMbl —
CcTaJbHbIE, TPAICIMEBHIHBIE C TPEYTOIBHON pelreT-
Koii, 13 npoguibHeIX Tpyod 1o 'OCT 32931—2015,
BBICOTOM Ha omope 2,2M U B CEpeluHE MpoieTa
3,37 m; mwkaui nosc (HII®) — w3 xBagparHoii
TpyOBl, Bepxuuii mosic (BI1®) — u3 npsiMoyronbHOi

TpyObI, pemerka (P®) — u3 kBagpaTHbIX TPYO.
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Bo 2-m BapuaHTe Kapkaca B pacyeTHOH cxeme,
MIOMHAMO METaJUTMYECKUX SIIEMEHTOB, 3a][aHBI JKele-
300€TOHHBIE peOpa IUTMT TOKPHITHS M CTEHOBBIX
TaHeIeH, XKEeCTKO NPUKPEIIEHHbIE K OBEPXHOCTAMH
BEPXHHUX TOSICOB CTPOITMIIBHBIX (JepM U KOJIOHH COOT-
BETCTBEHHO (pUC. 1), TO €CTh KOHCTPYKLMS paccMa-
TpuUBaeTCs Kak cranebeToHHas. JKene300eToHHbIE
IUTUTBHI TIPY 3TOM MOTYT OBITh IPHMEHEHbBI THIIOBBIMH
10 M3BECTHBIM CEPHSM, @ JKECTKOE MPHKPEIUICHHE
AT K epMam o0ecrieurBaeTCsi CBAPHBIMU IIBAMH

TI0 BCEM OTIOPHBIM IUIOIIAIKaM C TOCIEAYIOIM OMO-
HOJIMYMBAHUEM IIBOB MY IUTHTaMHU (puc. 1).

B pesynbTrare BHITIOMHEHHBIX PacyeToB (TabmMIa,
puc. 2) BBISBICHO:

— VHHOBAIIMOHHAS KOHCTPYKIIUS METAJLTHYECKOTO
KapKaca MpOM3BOJICTBEHHOIO 3/1aHUs M0 CPAaBHEHMIO
C TPaJMIMOHHBIMH KOHCTPYKIHMSAMH METAJUTHYECKHX
KapKacoB I03BOJIAET COKOHOMUTD 18 % pacxona crany;

— VHHOBAIMOHHAS KOHCTPYKIUSI METAJLTHYECKOTO
KapKaca TPOHM3BOJICTBEHHOTO 3/IaHUS 1O CPABHEHHIO

CpaBHeHI/Ie BAPUAHTOB paM KapKaca OJHOITAXKHOI'O HPOMBIINIJICHHOTO 31aHUA

Tum KOHCTpYKIMH CedeHHs 3IEMEHTOB Paci(;ﬂ(ocz)ann, le;“;iﬁ‘;a’iszoﬁygcm He?&?\i)lz’:;l;ﬂﬂ,
BYK — nByTasp 401112,
Merammueckas | dak 2 AByraspa 60B2,
BIID — 260 x 240 x 6 MM, 200 442 (100) 122 (100)
paMa HIId — 200 * 7 My,
PO — 180 x 7u 140 X 5 Mmm
BYK — nByrasp 40111,
KomOuHHpOBaHHAsA HAK — 2 nsyraspa 6052,
BIT® — 140 x 100 x 5 ww, 65 343 (75) 79 (65)
pava HIT® — 180 x 7 MM,
PO — 180 x 6 u 140 x 5 Mmm

Puc. 2. JledpopmupoBaHHbIe CXeMbI TIONEPEUHBIX PaM KapKacOB MPOU3BOICTBEHHOTO 3aHHUs
OT KOMOWHALIMY NPUIOKEHHBIX HATPY30K, MM:
a — MeTaj4ecKas pama, O — KOMOMHUPOBaHHAs METaJIMYecKasi pama
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C TPAJMIMOHHBIMH KOHCTPYKIMSMH METAJUTNYECKUX
KapKkacoB UMeeT Ha 25 % 0Oonee HU3KYI0 CTOUMOCTb;
— WHHOBAlIOHHAas  KOHCTPYKIHS
YeCKOro Kapkaca IPOU3BOACTBEHHOTO 3/aHMS MO
CPaBHEHHIO C TPAJUIMOHHBIMUA KOHCTPYKLHSMH
MeTaJUIMYEeCKUX KapKacoB obmnaznaeT Ha 35 % Ooee

METaJllIu-

BBICOKOH JKE€CTKOCTBIO;

— HWHHOBAIITMOHHAsA KOHCTp}IKIH/Iﬂ METaJuIn4ye-
CKOT0 KapKaca IpOU3BOACTBEHHOIO 3[JaHUS 110 CpaB-
HEHHUIO C TPAJUIMOHHBIMA KOHCTPYKIIMAMHU METall-
JMYECKUX KapKacoB JEMOHCTPUPYET OOJBIIYIO
CTOMKOCTB K MPOrPecCUpyronieMy oOpyLIeHUI0 TPy
IEHCTBUH 0COOBIX HATPY30K.

Takum 00pa3oM, MHHOBALMOHHHAS KOHCTPYKIIUS
KapKaca 3aaHUA HpI/IBOI[I/IT K CHHUXCHUIO MaTepI/Ia-
JJOEMKOCTH, ITOBBIIICHUIO XXECTKOCTHU U 3I<cnnyaTa-
MOHHOW HA/IC)KHOCTH KapKaca OJJHO3TaKHOIO Mpo-
MBIILIEHHOTO (TTPOU3BOICTBEHHBIX ) 3aHHS.

3akiaouenue

[Ipemoxkena HOBass KOHCTPYKLUS MeTaJlldye-
CKOT'0 KapKaca HpOI/I3BOIICTB€HHOI‘O 30aHUS IIOBBI-
HIGHHOI7[ KECTKOCTH, COCTOAINAasA U3 CTAJIbHBIX CTy-
MCHYATBIX KOJIOHH, CTAaJbHBIX (epM TOKPHITHS,
CTAIBHBIX TIOJKPAHOBBIX OAJOK, CHCTEMBI BEpPTH-
KaJIbHBIX U TOPH30HTAIBHBIX CBS3EH, a TaKXKe AT
MOKPBITHS ¥ CTEHOBBIX MaHENeH.

B kadecTBe MHHOBAIMK MPEITIOKEHBI JKene300e-
TOHHBIC ITIJINTHI HOKpBITI/ISI, KECTKO HpI/IerIIJICHHI)IC
K BEpPXHHUM MosicaM Qepm, U KeJIe300eTOHHBIE CTEHO-
BBI€ TIAHEJIH, KECTKO MPUKPEIUICHHBIE K HAPYKHBIM
MOBEPXHOCTSIM KOJIOHH KapKaca.

BeImonHeH pacueT HECKOJBKUX BapHAHTOB Kap-
Kaca MPOU3BOACTBEHHOTO 3/1aHUS, YCTAHOBJIECHA
BCJIMYHNHA CHUXKCHUS BECA KOHCprKL[I/II/I, €€ CTOUMO-
CTH, ITOBBINICHUA XECCTKOCTU MHHOBAIITMOHHOI'O KOH-
CTPYKTUBHOTO PELICHHUS.

[TonTBeprKIeHBI OCHOBHBIC MPEUMYILECTBA KOM-
OMHUPOBAHHBIX CTAJICOCTOHHBIX KOHCTPYKIMI B Kap-
Kacax OJHOATAXKHBIX MPOMBIIIICHHBIX 3aHUH.

VHHOBaIMOHHAs KOHCTPYKIUS KapKaca HMEeT
Oonee Hu3KMUM Bec Ha 18 % mpu CHWKEHUM CTOU-
MOCTH Ha 25 % W IOBBILICHUH KECTKOCTH Ha 35 %
B CPaBHEHUM C TPAJULMOHHBIMH KOHCTPYKLMAMH
METaJUTMYECKUX KapKacoB.

[Ipennaraemas KOHCTPYKIHMS KapKaca MOXET
ObITh 3(eKTHBHA B TPOMBIIUICHHBIX (TIPOU3BOJ-
CTBEHHBIX) 3[aHUSX C OOJBIIMMH TIPOJIETAMH, B TOM
YHUCJIe HA TPAHCIIOPTE.
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Innovative Designs of Industrial Building Frames
V. V. Veselov
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Russian Federation

For citation: Veselov V. V. Innovative Designs of Industrial Building Frames // Proceedings of Petersburg State
Transport University, 2025, vol. 22, iss. 4, pp. 1025-1034. (In Russian) DOI: 10.20295/1815-588X-2025-4-1025-1034

Summary

Puprose: To analyze the use of steel-concrete composite structures in single-storey industrial building frames,
including those related to transport. To explore potential reductions in material consumption and overall
costs associated with the proposed innovative composite building frame design, while enhancing rigidity
and reliability. Methods: Analysis of established design solutions for composite structures and calculation of
various frame options using calculation software packages in accordance with current methodologies. Results:
Conventional industrial building frames that utilize metal structures do not consistently provide adequate
rigidity or resistance to progressive collapse. They are susceptible to various forms of damage from force and
mechanical stress, as well as specific loads and effects, particularly in transportation context. Typically, frames
for industrial buildings with large spans require additional structural measures to mitigate the risk of progressive
collapse. The Department of “Building Structures, Buildings, and Constructions” at SPTU (Petersburg State
Transport University) is engaged in the development of advanced structural solutions for building frames and
their components characterized by enhanced rigidity, load-bearing capacity, and reliability. An innovative design
for a highly rigid industrial building has been proposed, which includes columns, roof trusses, gantry beams, as
well as a bracing system, roofing, and wall panels. The roofing is constructed from ribbed reinforced concrete
slabs with monolithic concrete joints, with the supporting transverse ribs rigidly connected to the upper chord
of the roof trusses through welded joints. The wall panels are made of reinforced concrete slabs with monolithic
concrete joints, where the supporting transverse ribs are securely welded to the outer surface of the columns.
Several options for an industrial building frame have been calculated, establishing the reduction in the weight
of the structure, its cost, and the increase in the rigidity of the innovative design. Practical significance: The
primary advantages of steel-concrete composite frame structures in single-storey industrial buildings have been
evaluated. The innovative frame design demonstrates a weight reduction of 18%, a cost decrease of 25%, and
a rigidity increase of 35% compared to traditional metal frame designs. The proposed frame design may prove
to be effective in industrial buildings with large spans, as well as on transportation facilities.

Keywords: Single-storey buildings, industrial buildings, frame, metal structures, composite structures, steel
concrete, specific loads, bearing capacity, rigidity, progressive collapse.

2025/4 Proceedings of Petersburg Transport University



OOLleTeEXHNYeCKME 33341 U NYTU X peLLeHns

1033

References

1. Veselov V. V. Problemy raschetov stroitel 'nykh kon-
struktsiy s primeneniem programmnykh kompleksov
[Problems of structural calculations using software com-
plexes]. Obsledovanie zdaniy i sooruzheniy: problemy i puti
ikh resheniya: materialy X nauchno-prakticheskoy konferen-
tsii, 10—11 oktyabrya 2019 goda [Inspection of buildings and
structures: problems and solutions: proceedings of the X
scientific-practical conference, October 10-11, 2019]. Saint
Petersburg: Politekhnicheskiy Universitet Publ., 2019,
pp. 22-27. (In Russian)

2. Veselov V. V., Abu-Khasan M. S. Povrezhdaemost’ i
rezervy nesushchey sposobnosti karkasov promyshlennykh
zdaniy [Damageability and reserves of load-bearing capac-
ity of industrial building frames]. BST: Byulleten’stroitel 'noy
tekhniki [BST: Bulletin of Building Machinery]. 2022,
Iss. 3(1051), pp. 56-58. (In Russian)

3. Veselov V. V. Bezopasnaya ekspluatatsiya zdaniy i
sooruzheniy na transporte [Safe operation of buildings and
structures in transport]. Izvestiya Peterburgskogo univer-
siteta putey soobshcheniya [Proceedings of Petersburg
Transport University]. 2023, vol. 20, Iss. 1, pp. 161-171.
DOI: 10.20295/1815-588X-2023-1-161-171. (In Russian)

4. SP 385.1325800.2018. Zashchita zdaniy i sooru-
zheniy ot progressiruyushchego obrusheniya. Pravila proek-
tirovaniya. Osnovnye polozheniya [Protection of buildings
and structures against progressive collapse. Design rules.
Main provisions]. (In Russian)

5. Veselov V. V., Suponeva Yu. E. Innovatsionnoe pro-
ektirovanie zdaniy i sooruzheniy s uchetom osobykh nagru-
zok 1 vozdeystviy [Innovative design of buildings and struc-
tures considering special loads and impacts]. Innovatsionnye
tekhnologii v stroitel stve i geoekologii: materialy konferen-
tsii [Innovative technologies in construction and geoecology:
conference proceedings]. 2018, pp. 74-77. (In Russian)

6. Veselov V. V., Kozub Yu. S. Proektirovanie pokrytiy
odnoetazhnykh zdaniy s primeneniem stalezhelezobetonnykh
konstruktsiy [Design of roofs for single-storey buildings
using steel-reinforced concrete structures]. Transport: prob-
lemy, idei, perspektivy: sbornik trudov LXXIX Vserossiyskoy

nauchno-tekhnicheskoy konferentsii studentov, aspirantov i

molodykh uchenykh [Transport: problems, ideas, prospects:
proceedings of the LXXIX All-Russian scientific-technical
conference of students, postgraduates and young scientists].
Saint Petersburg: FGBOU VO PGUPS Publ., 2019, pp. 165-
169. (In Russian)

7. Talantova K. V., Fisenko A. S. Sovershenstvovanie
strukturnykh pokrytiy obshchestvennykh zdaniy
[Improvement of structural roofs of public buildings].
Izvestiya vysshikh uchebnykh zavedeniy. Stroitel’stvo
[Proceedings of Higher Educational Institutions.
Construction]. 2022, Iss. 5(761), pp. 31-40. DOI:
10.32683/0536-1052-2022-761-5-31-40. (In Russian)

8. Opanasenko E. V. Effektivnost’ primeneniya stale-
betonnykh konstruktsiy v karkasakh promyshlennykh zdaniy
[Efficiency of using steel-concrete structures in industrial
building frames]. Modernizatsiya i nauchnye issledovaniya
v transportnom komplekse [Modernization and research in
the transport complex]. 2013, vol. 3, pp. 355-360.
(InRussian)

9. Proektirovanie meropriyatiy po zashchite zdaniy i
sooruzheniy ot progressiruyushchego obrusheniya: metod-
icheskoe posobie [Design of measures for protecting build-
ings and structures against progressive collapse: method-
ological guide]. Moscow: Ministerstvo stroitel’stva i
zhilishchno kommunal’nogo khozyaystva Rossiyskoy
Federatsii Publ., 2018. (In Russian)

10. Zolina T. V., Sapozhnikov A. 1. Konstruktivnye sred-
stva uvelicheniya prostranstvennoy zhestkosti odnoetazhnykh
promyshlennykh zdaniy s mostovymi kranami [Structural
means for increasing spatial rigidity of single-storey indus-
trial buildings with overhead cranes]. Patent RF, no. 2401364,
2010. (In Russian)

11. Veselov V. V. Nesushchaya sposobnost’ stal’nykh
stropil’ nykh ferm ekspluatiruemykh promyshlennykh zdaniy
[Load-bearing capacity of steel trusses of operated indus-
trial buildings]. Defekty zdaniy i sooruzheniy. Usilenie
stroitel nykh konstruktsiy: materialy XVII nauchno-metod-
icheskoy konferentsii VITU, Sankt-Peterburg, 21 marta 2013
goda [Defects of buildings and structures. Strengthening of
building structures: proceedings of the X VII scientific-meth-
odological conference of VITU, Saint Petersburg, March 21,

ISSN 1815-588X. M3sectma MIYrc

2025/4



1034

ObLLeTeXHNYeCKME 3334 U NYTU UX peLleHns

2013]. Saint Petersburg: Voennyy inzhenerno-tekhnicheskiy
universitet Publ., 2013, pp. 94-97. (In Russian)

12. Veselov V. V. Podkranovaya balka [Crane runway
beam]. Patent RF, no. 170094, 2017. (In Russian)

13. Egorov V. V., Veselov V. V. Stalebetonnaya balka
[Steel-concrete beam]. Patent RF, no. 2627810, 2017. (In
Russian)

14. Veselov V. V. Stalebetonnaya ferma [Steel-concrete
truss]. Patent RF, no. 182163, 2018. (In Russian)

15. Veselov V. V., Kozub Yu. S. Karkas arochnogo zdani-
ya [Arch building frame]. Patent RF, no. 192327, 2019.
(In Russian)

16. Veselov V. V., Bakina O. A. Stupenchataya kolonna
[Stepped column]. Patent RF, no. 2753878, 2021. (In Russian)

17. Veselov V. V., Zhuravleva A. N., Kalinin A. A.
Karkas odnoetazhnogo zdaniya povyshennoy stoykosti k pro-
gressiruyushchemu obrusheniyu [Frame of a single-storey
building with increased resistance to progressive collapse].
Patent RF, no. 2840108, 2025. (In Russian)

18. Veselov V. V., Kondukov G. M. Karkas odnoetazh-
nogo promyshlennogo zdaniya povyshennoy zhestkosti
[Frame of a single-storey industrial building with increased
rigidity]. Patent RF, no. 2836447, 2025. (In Russian)

19. SP 16.13330.2017. Stal’nye konstruktsii. Aktualizi-
rovannaya redaktsiya SNiP 1I-23—381 (s popravkoy, s izmen-
eniem Ne 1) [Steel structures. Updated version of SNiP [1-23—
81 (with amendment, change Ne 1)]. (In Russian)

20. SP 266.1325800.2016. Konstruktsii stalezhelezobet-
onnye. Pravila proektirovaniya [Steel-reinforced concrete

structures. Design rules]. (In Russian)

Received: September 15, 2025
Accepted: October 19, 2025

Author’s information:
Vitaliy V. VESELOV — PhD in Engineering, Associate

Professor; veselov.1977@inbox.ru

2025/4

Proceedings of Petersburg Transport University



