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AHnnomayus

Axmyanvrnocme. I1o npuurHE NIMPOKOTO PAaCIpPOCTPAHEHUS HAa IPAKTHKE B
KayecTBe 00OBEKTa UCCIIEJOBAHUs JAHHOW paboThl BBIOPAHbI €4l TPyOuaToil KOH-
CTpYKIMH. B cTaThe npHBe/ieH aHan3 MOBPEXKICHHI HECYIINX KOHCTPYKUMI HedTe-
nepepadaThIBAOIINX TPYOUAThIX Me4Yel. Y CTaHOBIEHbI NPUYUHBI BOSHUKHOBEHHS
MOBPEXICHUH 1 (pU3MUecKast IpUpoaa uxX pa3BuThs. [1o pe3ynbrataM HaTypHBIX
o0cienoBaHuil ycTaHOBIEHO, 4TO OKoylo 10 % medell sKcIuTyaTUpyeTcst C HOBpe-
JKIICHUSIMH B BUJI€ 3HAYMTEJIBHBIX MCKPUBJIEHUI HECYIIUMX KOHCTPYKLHI, KOTO-
PBIC Pa3BUIIKCH B PE3yIbTaTe B3pbIBAa Ia30BO3AYIIHON CMECH U TEXHOIOTHUECKO-
r'0 MpOAYKTa BHYTPH MPOCTpaHCTBA neun. Ilenamu viccneOBaHUS ABISIOTCS aHa-
JIM3 HOBPEXAAEMOCTH U OLIEHKA BIIMSHUS MOBPEXACHUN HA pabOTy HECYLIUX KOH-
cTpykuuil neueil. Memoovt. OCHOBHBIE PE3yJIbTAThI IOIyUEHBI IIyTEM CTATUYECKOIO
YHCIICHHOTO aHalli3a MPOCTPaHCTBEHHBIX MOJIENEH KapKacoB Iedeil B IMporpaMm-
HoM komuiekce JIMPA-CAIIP. JlaHHbIl KOMILIEKC OTHOCUTCS K KJIACCY IIPOIrpamMM-
HBIX NPOYKTOB, PEAIM3YIOLIMX METO/ KOHEUHBIX 3JIEMEHTOB. Pe3ynvmamut. Pacuer
cepuu MOJIeNeH cOOpyKeHUH MO3BOIMI ONPEACIUTh BIUSHUE MTOBPEXKICHUN Ha
paboTy Hecymux KOHCTPYKLMH meun. Ha ocHOBe aHanm3a JaHHBIX pacdyeTa Mo-
Jeneil TpyOuaThIx nedeil ¢ MOBPEXICHUSIMU U COIIOCTaBIICHUS Pe3yIbTaTOB pac-
yeTa MoJieJiell nieueil ¢ MOBpexIeHUAMU KOHCTPYKLUH, BBIABIEHHBIMU IIPH MPO-
BeIeHUU 00CIIE0BaHU, IPEI0AKEHb] ITyTH ONTUMH3AlUM KOHCTPYKTUBHBIX pelLlle-
HUIA POMBIIUICHHO# neun. [IpoBeeHHOe MCCIIeI0BaHNE MTOKA3aI0 HEOOXOIMMOCTh
COBEPILECHCTBOBAHUSA KOHCTPYKIMU TPYOUaThIX Neuei B HaIpaBIEHUN MOJEPHU-
3aIM TEXHOJOTUH U KOHCTPYKTUBHON ()OPMBI HECYILETO KapKaca MedH.

Kntouegvie cnosa: MPOMBIIIIEHHBIE TI€YH, OOCIEIOBAaHHE, TOBPEKICHNUS,
Jedopmanyu, HapsHKEHHO-Ae()OpMUPOBAHHOE COCTOSIHUE

BBenenne

IIponomxuTensHOE BpeMsl KOHCTPYKIIMU MPOMBIII-
JICHHBIX Te4el OTHOCWINCH K 000pyaoBaHuio. [Ipu BbI-
TIOJTHEHUH OLIGHKH TEXHHYECKOTO COCTOSHHUS OOoJbIIast
YacTh BHUMAaHUs YAEIUIACh MOANEPKAHUIO PaboTOCIO-

Tonukoe Anexcandp Bnaoumuposuy, KaHauaT TEXHUYECKUX HAYK, JOLEHT,

COOHOTO COCTOSIHMS TEXHOJIOTHYECKOTro 000pyIOBaHuS,
B YAaCTHOCTH KOHCTPYKLIUU 3MEEBUKOB U (YTEPOBKH.
Ilo pe3ynbraTaM 0CMOTpa HECYLIIMX KOHCTPYKLMI IEUei,
HaxOoJsIIUXCs B 3KCIUTyaTallUd, YCTAaHOBJIEHO pa3BU-
THE 3HAUUTENBHBIX MOBPEXICHUN, PEalN30BaBIINXCS
B BUJIC UCKPUBJICHUI 3JIEMEHTOB KapKaca CTPEJIKOM JI0
150 mMm.

[peamerom uccnenoBaHus JaHHOH PaOOTHI SBIISIOT-
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HHUEM TOBPEXICHUH.
OO0beKTOM HcCIeIOBaHMS SABISIOTCS HECyIIHe U
OrpaXkJIarolue KOHCTPYKLIMHU TPyOUaThIX MedeH.
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KonctpykTuBHas ¢hopma coopykeHHs MpeacTaB-
JIeHa HEeCYLIMMHU KOHCTPYKUUSIMH, OObeIMHCHHBIMHU B
€IMHYIO IPOCTPAHCTBEHHYIO CHCTEMY — HECYIIUIA OCTOB,
U OTPaKAAIOLUIMMHU KOHCTPYKLIUSAMH, U30IUPYIOLIMMHU
U 3alIMINAIOIMMI BHYTPEHHEIO Cpey OT BHEIIHEH cpe-
JIbl ¥ BO3JIEHCTBUI C €€ CTOPOHBI.

Lensmu mccnenoBaHus SBISIOTCS aHAIN3 ITOBPEXK-
JAcMOCTH U OLICHKA BJIMSHUS TOBPEXAEHUH Ha pado-
Ty HECYIIMX KOHCTPYKUUU neueid. s ux mocTukeHus
peIleHBI CIeIyIoIre 3aaul UCCIeT0BaHMS:

— BBITIOJIHEH aHAJIN3 CYLIECTBYIOIMX KOHCTPYKTHB-
HBIX PEIICHUH HedTenepepadaThIBalOLINX MeYeH;

— MPOBEACHBI 00CIIEIOBaHUS (HaKTHUECKOTO COCTO-
STHUS psiZia IPOMBIIUICHHBIX TPYOYaThIX Mevei;

— IPOBENICH aHaJIU3 TUIIOBBIX [TOBPE)XICHUH KOH-
CTPYKIMH KapKaca ¥ IPUYUH UX MOSIBICHUS;

— OTIpeZeIeHbl KOJIMYECTBEHHbIE MTOKA3aTeNH BIIHS-
HUS TIOBPEKACHUI HA HECYIITYIO CIOCOOHOCTh KOHCTPYK-
LU TICYH.

1. AHAJIM3 KOHCTPYKTUBHBIX pelieHuii

[To KOHCTPYKTHBHOM cXeMe MPOMBIIIIJICHHAS T1e9b
TIPEJICTaBISIET COO0H CIOXKHYIO MPOCTPAHCTBEHHYIO CHC-
TEMY, COCTOSIIIYIO M3 PACIIOIOKEHHBIX B BEPTHKATBHOM
Y TOPU30HTAJIPHOM HAIIPaBJIEHUH CTEP)KHEH, YKPEIUIeH-
HBIX TUTACTHHAMHY OOIIMBKHY 1 Ttoa. PaboTa crepxHeit
Y IUTACTHH OmNHcaHa B padoTtax [1-7].

B paborte [4] onuchIBalOTCS HETOCTATKH B3PHIBHBIX
OKOH, TIpeTHa3HAYeHHBIX JUTSl CHYDKESHUS JTaBIICHUS B3PbI-
Ba Ha KOHCTPYKIWH meyn. OTMeyaeTcs MOCTENeHHbII
CABHT B HE()TETa30BOI MPOMBIIIJICHHOCTH B CTOPOHY
YAaJNeHHs WIA CBAPKH B3PBIBHBIX OKOH, YTO HE SIBIISI-
€TCsl paIlOHANBHBIM PEIIeHNEM TaHHOU TTPOOIEMBI.

Knaccugukanust npoMBIIUICHHBIX TPyOYaThIX Iie-
Yell 0 KOHCTPYKTHBHBIM IPU3HAKaM IPHBEICHA B pa-
botax [8; 9]. B pabore [8] Takxke ykazaHa HEOOXOIH-
MOCTh ONTHMU3AIMU KaKk 000pYyJOBaHHA TEUH, TaK U
HECYIIUX U OTPAKIAFOIINX KOHCTPYKIUH 1O MPHUYUHE
Huskoro KIIJI cymecTByromux nedei, He3KOHOMHOTO
pacxooBaHMs PECypCOB M 3HAYMTENBHBIX KallWTallb-
HBIX 3aTPaT MMPU IKCILTyaTaI[UH.

OcobeHHOCTH 00CIIENOBaHNS METAIUTMIECKIX KOH-
CTPYKIMHA IPUBEACHBI B padoTax [9—11].

CoracHO OOIIETPHHATON KiaccHu(HKAIUeH OCHOB-
HOro TexHomorneckoro obopynosanust HII3, tpyOua-
Tas 1eYb MpeicTaBisieT co00i BRICOKOTEMIIEpaTypHOE
TEPMOTEXHOJIOTUIECKOE YCTPOHUCTBO C padoueil Kame-
POii, orpakIeHHON OT OKpYyskaroiieit atmocdepsl. TpyO-
YaTple [e4X MPeJHa3HaYeHbI IS BBICOKOTEMIIEpaTyp-
HOTO HarpeBa HeQTH WK HEPTEIPOIYKTOB B TIPOIIEC-
ce UX NepepadoTKH.

Hecmotps Ha Gombiioe pazHOOOpazne KOHCTPYK-
AN TIeYel, MPUHITAT pabOTHl UX BO MHOTOM OJHOTH-
neH. Kak npaBuiio, pabodas kamepa ey paszeieHa
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MONYTICPErOpoIKOi Ha JBE YAaCTH, HA3bIBAEMBIC pajua-
LMOHHOW U KOHBEKIIMOHHOM Kamepamu. B 3Tux xame-
pax pasMeIieHbl TPYOHBIE 3MEEBUKH, depe3 MOBEPXHO-
CTH KOTOPBIX OCYIIIECTBISIETCS TEIUIONEepeaaya.

PammarionHas Teronepeaaya rmpeicTaBiseT coooi
TMOTJIOUIEHHE JIYYUCTOTO TeIJia, KOHBEKTUBHAS TEILIO-
nepenaya OCYIIECTBISIETCS ITyTEM OMBIBAHHSI TIOBEPX-
HOCTEH TpyO ABIMOBBIMH ra3aMu.

B xamepe paguanuu 0CHOBHOE TEIUIO MEPEAACTCA
paauanyel 1 HE3HAYUTEJIbHO KOHBEKIHEH, B KaMepe
KOHBEKITUH — HA000pOT. Ma3yT Win ra3 CXKHUIraeTcs Mpu
MIOMOILIY TOPEJIOK, PacroiaraéMbIX Ha MOAY WK Ha CTe-
HaX paauanoHHON kKamephl. [1pu cropannu oOpasyercs
CBETSIIMIACS (haKelT, U3Tydarolinid Terio. TeruoBbie Ty4n
MAJIAI0T Ha Hapy>KHbIE TTOBEPXHOCTH 3MEEBUKOB KaMepbl
pajualuu 1 NorJoalTCs, CO3/1aBas TaK Ha3bIBAEMYHO
MOTJIOIAOIIYIO IOBEPXHOCTh. TaKkKe TETUIOBEIE JIyIH
MOTMAAI0T U HA BHYTPEHHUE MMOBEPXHOCTU CTEH pajua-
LMOHHOU KaMepbl neud. Harperble moBEepXHOCTU CTEH,
B CBOIO OY€pe/lb, U3TyYaIOT TEIJIO0, KOTOPOE MOIJIONIAET-
Cs1 MOBEPXHOCTSIMU 3MEEBUKOB KaMEpPhI PaUaliu.

[IpusHaku st KacCHPUKAIMKA CYIIECTBYIOLIIX
TpyOUaTHIX MeUYeii: TEXHOJIOTHIECKHE, TEIUIOTEXHIIE-
CKHE U KOHCTPYKTHUBHBIE (pHC. 1).

Ipu3Haky Knaccupukauy neyei
[Signs of furnace classification]

TEXHOJIOTHYECKUE
[technological]

TEIUIOTCXHHYECKHE
[calorifics]

KOHCTPYKTHBHbBIC

[constructive]

HarpeBaTelIbHbIC
[heating]

KOHBEKTHBHBIC
[convective]

L

KopoO4aThIe
[box-shaped]

PEaKLHOHHO-
HarpeBaTe/IbHbIe

PpajMaluOHHbIE
[radiation]

LMIHHAPHYCCKUC
[cylindrical]

[reaction-heating]

PpaauanrMoHHO- —
KOHBCKTHBHBIC
[radiation convection]

KOJIbLICBBIE
[annular]

Puc. 1. Ilpusnaku kinaccudukanuy neyen
[Figure 1. Signs of furnace classification]

OcTaHOBUMCS Ha K&KIOM IPU3HAKE MOIpOOHEe.

Texnonocuueckue npusnaxu. 110 TEXHOIOTHUECKO-
My Ha3HAUCHHUIO Pa3IMYaloT MEeYU HarpeBaTelbHbIC U
peaklMOHHO-HarpeBaTeNbHble. HarpeBatenbHble medn
TIpeIHa3HAYCHBI U HarpeBa CHIPhS 10 3aJaHHOU TeM-
neparypsl. PeakiiMOHHO-HarpeBaTeNnbHbIe M1e4n Mpes-
Ha3HAUCHBI KaK ISl HArpeBa CBIPbS, TaK U JUIA Iepe-
Jla4d eMy TeTuia, He0OXO0AUMOTO ISl TIPOBEIEHHUS SHIO-
TEPMHUUECKUX PEAKITUMN.

Tennomexnuueckue npuznaku. 11o TeroTexHu-
YeCKUM TpU3HAKaM pa3MYalOT IeYd KOHBEKTHUBHEIE,
panvarFioHHbIe, paHalliOHHO-KOHBEKTHBHEIE.

KOHBCKTI/IBHaH I1€4b COCTOHUT U3 ABYX OCHOBHBIX
yacTel — KaMepbl CrOpaHus U TPyO4aToro MmpocTpaH-
CTBa, KOTOPBIE OTEIEHHI JIPYT OT JIpyra CTEHOU Tak,
YTO TPYOBI HE MOJBEPralOTCs MPSIMOMY BO3EHCTBUIO

ANALYSIS AND DESIGN OF BUILDING STRUCTURES
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TUTAMEHU ¥ OOJIbIIIAsl YacTh TEIIa MepelaeTcsl Harpe-
BaeMOMY BEIECTBY ITyTeM KOHBEKIMU. B pammanuoH-
HOU Teur Bce TpyOBI, Yepe3 KOTOPbIe IIPOXOIUT Harpe-
BaeMO€ BEIIECTBO, TIOMEIIEHBI HA CTEHAX KaMepbl CTo-
paHus, MO3TOMY Y PaJIMallMOHHBIX IIeYel Kamepa Cro-
paHus 3HAYUTENHHO OOJbINe, 9eM y KOHBEKTHBHBIX.
PannanoHHO-KOHBEKTUBHBIC UIMEIOT JIBE CEKITMHU: Kame-
Py paAManuu ¥ Kamepy KOHBEKIIUH.

[lo koncmpykmuensiM RpU3HAKAM TUTIBL KapKa-
COB JICTIATCS CIIEAYIOMUM 00pa3oM (puc. 2).

Kopobuamuie ¢ gepxnum omeodom Oblmoguix 2a-
306 (mun BC) (puc. 2, a). BeptukanpHoe pacnoioxe-
HUE TPYO paJraroHHOro 3MeeBrKa. CBOOOMHOE BEPTH-
KaJIbHO-(paKeNbHOE CKUTaHHE KOMOMHUPOBAHHOTO TOII-
nBa. B kamepe pajmaiyy yCTaHOBIIEH OTHOPSIIHBIN Bep-
TUKAJIbHBIM HACTEHHBIN 3KpaH. KOHBEKTHBHAs Kamepa
C TOPU3OHTAILHBIMU TPYOaMH pPacCIIONIOKEHA HAMl paju-
alMOHHOM KaMepoil. ['openku HaxomsaTcs B MOAY IMEYH.

Pa3smMerienne qByx kamep paaualiy psiioM BO3MOXKHO
Onarozmapsi 0OCITy>KUBaHHIO TOPENIOK C OAHOH CTOPOHBI
neuyn. Kamepa KOHBEKIMM y IBYyX Kamep paguaiuu 00-
mas (tun BC2). [eun trma BC MoryT npumeHsThCs Ha
ycranoBkax AT, BropuuHOii iepepabOTKH U T. 1.
Kopobuameie ¢ eepxnum omeooom OblMOBbIX 2a-
308 (mun I'C) (puc. 2, 6). ' opu30HTaIBHOE PACIIONOKE-
HHE TpyO 3meeBHKa. CBOOOJHOE BEPTUKAIBHO-(aKeb-
HOE CXKMTaHWE KOMOWHHPOBAHHOTO ToIUIMBa. B xame-
pe pajualiy yCTaHOBIICHBI OTHOPSITHBIC WU JABYXPSI/I-
Hble TOPH3OHTAJIbHBIE TPYOHBIE SKpaHbl. [ Openku Haxo-
IsITcs B oAy neud. Pazmemenue AByx kamep paaua-
AW PSAIOM BO3MOXKHO Oaromapst 0OCITyKUBaHUIO TO-
PEJIOK ¢ O/THOM CTOPOHBI Neun. Kamepa KOHBEKIMU Y
IByX Kamep paguanuu obmas (tun ['C2). [leun tumna
I'C nmpuMeHNMBI Ha yCTAaHOBKAX TIEPBUYHON TEPETOHKH,
a TaKoke BO BTOPUYHBIX Mpotieccax. [leun ['C2 — mpenmo-
YTHTENIBHBI HA YCTAaHOBKAX 3aMEIIEHHOTO KOKCOBAHHSI.

Puc. 2. Knaccudukarnys TpyO4aThIX Iedel 1o KOHCTPYKTHBHBIM Tpu3HaKaM [13]
[Figure 2. Classification of tube furnaces according to design features [13]]

Lununopuueckue ¢ 8epxHumM 0meoO0OM ObLMOBLIX
eazos (mun [[C) (puc. 2, ). [IpucrenHoe pacmooxe-
HUE TpyO 3MeeBUKA B OJTHOM Kamepe pamuanun. CBo-
0oIHOE BEpTHKATHHO-(PaKeTFHOE CXKUTAaHWE KOMOMHU-
pPOBaHHOrO TOIUIMBA. B paamariMoHHON Kamepe ycra-
HOBJICH BEPTHKAIIBHBIN JTMOO B BHIE BUTOW CIIMPAITH Of-
HOPSITHBIN HaCTeHHBIA TpyOHBIN 2KpaH. Kamepa koH-
BEKIIUH C TOPH30HTAIBHBIM pPa3MelICHuEM TpyO pac-
MOJIO’KEHa HaJ KaMepol pajuarwn. ['opernku HaxomsT-
cs B oy meun. CymiecTByeT ABa BapuaHTa HCIIONIHE-
Hus neueit tTuna L[C: 6e3 kaMmepsl KOHBEKINH (pau-
aHTHAs TIeYb) M C KaMepOil KOHBEKIUHU (paJuaHTHO-
KOHBEKTUBHAS TI€YB).

Konvyesovle ¢ sepxnum omeooom ObiMo8blx 2a308
(mun KC) (puc. 2, 2). BeprukanbHeiii TpyOHBIN 3Mee-
BUK B KOHBEKIIIOHHOW W paauaHTHON kamepe. CBoOOA-
HOE BepTHKAJIbHO-(aKeIbHOE CKUTaHKE TOIUIHBa. B pa-
JTUAIMOHHOM KaMepe pacloyioKeH BePTHKAJIbHBIA OJ1-
HOPSIHBIN HACTEHHBIN TPYyOHBIN 3kpaH. [lummHapude-

PACYET W MPOEKTUPOBAHVE CTPOUTENBHbIX KOHCTPYKLN

CKasl paJiuaHTHAs KaMepa yCTAHOBJIEHA COOCHO C KOJIb-
LEeBOW KaMepol KOHBEKLHHU, B KOTOPOW HaXOJUTCS KOH-
BEKTUBHBIN 3MEE€BUK. 3MEEBUK HAOUPACTCSA CEKLUSAMH.
I'openku pa3melieHs! B IOy IEYH.

YcranoBka ABT mpencrasnsier coboli koMOHHa-
o u3 omokoB AT+BT: AT — armocdepHas TpyOuarTka
(mepBuuHas nepepadboTka mocrymnatomieii Ha HII3 cwi-
poii Hedtr), BT — BakyymHast TpyOuartka (nepepaboTka
MazyTa, mocrymnaromero ¢ oimoka AT).

2. AHATU3 THNIOBBIX MOBPEKIEHMIA
KOHCTPYKIHUH KapKaca U NPUYMH UX NOSBJICHHSA

XapakTEepUCTUKU MOBPEKAAEMOCTH KOHCTPYKLIMIMA
COOPYKEHHS SBISIOTCA IOKa3aTeNlsIMU HECOBEPILEH-
CTBa KOHCTPYKTUBHOUW (DOPMBI U yKa3bIBAOT HA ITYTH
€€ ONTUMH3AIIHH.

OCHOBHbIE THIBI TOBPEXACHNN YCTAaHOBJIEHHI 110
pe3ylbTaTaM HaTypHBIX OCMOTPOB, IPOBEACHHBIX TPH
BBITIOJTHEHUN OOCIIeIOBaHUS cepuu medei. B Tabm. 1

195



Golikov A.V., Subbotin D.I. Structural Mechanics of Engineering Constructions and Buildings, 2020, 16(3), 193-202

MPUBEACHBl MAaKCUMAaJIbHO PEaM30BaBILHECS MPU IKC-
TUTyaTaIMU 3HAYCHUSI TIOBPSKICHHIA, TIOTYUCHHBIE O pe-
3yJIbTaTaM CTaTUCTUIECKON 00pabOTKN TaHHBIX 3aMEPOB.

Ocobennoct o0cnenoBaHus 30aHUI U COOpYXKe-
HUMH, TIOJBEPIKEHHBIX BO3JCHCTBUIO B3PHIBHBIX HATPY-
30K TIpUBEAeHBI B utepatype [14—16]. I1o pesymnbTa-
TaM 00CJIeI0BaHUS TIPOMBINIICHHBIX Meuel ObUIO BBI-
SIBIICHO, YTO MPU BO3JICHCTBUH B3PHIBA KOKYX U Kap-
Kac TMeYH TONYYaroT 3HauMTeNbHble HcKkpuBieHus. Cy-
HIECTBYIOT KOHCTPYKTHBHBIE MEPOIIPUSITHS Ul Ociad-
JICHUS JIABJICHUS B3pbIBAa HA KapKac, HalpuMep YCTPOH-
CTBO MPEAOXPAHUTEIBHBIX OKOH.

IIpenoxpanutensHble OKHA MpeIHAa3HAYCHBI JIs
ocnabyeHusI CUITBI XJIOTKa (B3pbIBa) B TOIIKE TIEYH B
ClTydae HapyIIeHus HopMaibHOro pexuma. Ilpu pemon-
TaX OKHAMU MOJB3YIOTCA KaK JIa3aMH, Yepe3 KOTOphIe
00CITyKUBAIOIIUN TTEPCOHA TPOHUKAET BHYTPH TEUH.
Pe3ymbraTel 00CiIeIoBaHUS TIeUEH C MOBPEKICHUSIMHI
TIOCJIE B3PHIBA MTOKA3ANIH, YTO CYIIECTBYIOIIIE KOHCTPYK-
TUBHBIC PEIICHHS B3PBIBHBIX OKOH HE O0CCIICUMBAIOT
JIOCTATOYHOE OcabJeHne CHIIBI XJIonKa. B pe3ynpra-
T€ HECOBEPIICHCTBA MPEIOXPAHUTENBHBIX KOHCTPYK-
U BO3HUKAIOT 3HAYUTEIbHBIC NehOopMaIuu KOKyxa
Y HECYIIHX 3JEMEHTOB KapKaca.

Tabauya 1

Bujbl noBpe:kaeHuii KOHCTPYKUMIA MeYu

Buj noBpexnenust

CreneHb pa3sBUTHS

l'[pn'{m{a NMOABJICHUSA

Koppo3uoHHbIii H3HOC OOLIMBKH

KOXyXa

W3znoc 10 6§ =100 %

JlnuTenbHas dKCIUTyaTalus, OTCYTCTBUE ILIAHOBO-TIpe-
JyTPEAUTENbHBIX PEMOHTOB. CIIOXKHOCTD 00CITY KMBAHUS
3aKpBITHIX Ma3yx (puc. 3, 0)

Jedopmanus cTajabHbIX JUCTOB
KOXyXa

JlokaybHbIE BIIaJAMHBI/BBIITYKIOCTH CTPEI-
Ko# 110 /=450 MM

Hapymienne HopManbHOTO pexnma paboThl, BO3AeHCTBHE
B3pBIBA, BO3JCHCTBHE IOBBIIMICHHBIX TEMIIEPATyp BCIEI-
CTBHE M3HOCA QYTEPOBKH (CM. puC. 3, 8)

Jedopmarnus croek u pureneit
Kapkaca

MckpuBnenue npoaosibHOM OcH B BUJE
mporuba g0 f= 150 Mmm

Hapy1enre HopMaIsHOTO peKiMa padOThI, BO3IEHCTBHE
B3pbIBA, BO3/ICHCTBHE IOBBILICHHBIX TEMIICPATYp BCIEI-
CTBHE N3HOCA (hyTepOBKH (nehopManum cToex — puc. 3, 2;
nedopMarmu purenei — puc. 3, a)

Jedopmarus cesizeit

Pa3pbiB OT/IENIBHBIX CBSI3€i, HCKPHUBIIE-
HUE TPOIOIBHON OCH B BUJIE TPOruda
1o f= 150 mm

Hapymenre HopMaisHOTO peskuMa paboThl, BO3EHCTBHE
B3pbIBA, BO3/ICHCTBHE IOBBINICHHBIX TEMIICPATyp BCIEH-
CTBHE M3HOCA (QYTEPOBKH

CoOBOKYIHOCTH 1e(eKTOB KOH-
CTPYKIIMH 072

IIporn6 danok noxa crpernkoi 1o f= 140 mm;
pa3opBaHHBIE MIEMEHTHI JKECTKOCTH 101
(TTacTUHEL ¥ YTOJIKY )

Hapy1iienre HOpMAIBHOTO peskuMa paboThl, BO3ICHCTBHE
B3pbIBA, BO3IEHCTBUE TOBBIIEHHBIX TEMIIEPATYDP BCIEI-
cTBHe u3Hoca GyrepoBku (puc. 3, 6)

Pazpymienue gyrepoBkn

o 50 % TonmuHbI

JlmurenpHas SKCIUTyaTalus, OTCYTCTBHE ILIAHOBO-TIPE-
IyIPEIUTENLHBIX PEMOHTOB, HAPYIICHUE HOPMAILHOTO
pexuMa paboThl, BO3/ICiCTBHE B3phIBa (pHC. 3, €)

Table 1

Types of defect to furnace designs

Types of defect

Degree of development

Reason for occurrence

Corrosion wear on casing

Wear to § = 100%

Long-term operation, lack of scheduled preventive repairs.
Difficulty maintaining closed sinuses (figure 3, 0)

Deformation of the steel sheets
of the casing

Local hollows/bulges-up arrow
f=+50 mm

Violation of the normal mode of operation, the effect of
an explosion, the effect of elevated temperatures due to
wear of the lining (figure 3, 6)

Deformation of the struts
and crossbars of the frame

Curvature of the longitudinal axis in
the form of a deflection to /=150 mm

Violation of the normal mode of operation, the eftect of
an explosion, the effect of elevated temperatures due to
wear of the lining (rack deformations — figure 3, 2; de-
formation of crossbars — figure 3, a)

Bond deformation

Separation of individual bonds, curvature
of the longitudinal axis in the form of
a deflection to f= 150 mm

Violation of the normal mode of operation, the effect of
an explosion, the effect of elevated temperatures due to
wear of the lining

Hearth design defect set

Deflection of the beams under the arrow
to /= 140 mm; torn floor stiffeners (plates
and corners)

Violation of the normal mode of operation, the effect of
an explosion, the effect of elevated temperatures due to
wear of the lining (figure 3, 6)

Lining destruction

To 50% thickness

Long-term operation, lack of scheduled preventive re-
pairs, violation of normal operation, explosion effects
(figure 3, e)
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Puc. 3. XapakTepHble TOBPEkKICHHUS KOHCTPYKIIUU TTCYH:
a — nedopmaryst purelsieil Kapkaca; 6 — ICKpHBIICHHE HAacTWIIa, pebep 1moja; ¢ — AedopManus JINCTOB OOIIMBKHY;
2 — HCKPHUBJICHHE CTOCK KapKaca; 0 — KOPPO3HOHHBIN H3HOC KoxkKyXa 10 100 % ToNmHHbL, e — 00pyieHHe (pyTepOBKH Ha OT/AEIBHBIX y4acTKax
[Figure 3. Typical defects in furnace design:
a — deformation of the crossbars of the supporting frame; 6 — bottom curvature; ¢ — deformation of metal sheathing sheets;
2 — curvature of the struts of the supporting frame; 0 — corrosion wear of metal sheets up to 100%; e — local destruction of the lining]
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3. OueHka BJIMSIHUS TOBPeXKAeHUit OreHka M3MEHEHHs HECyIIeld CIOCOOHOCTH HeECy-
Ha HECYIYIO CIOCOOHOCTh KOHCTPYKIUM IeYH IIIETO KapKaca €Yy BBINOJIHEHA 10 pe3yJibTaTaM pac-
yera MoJienieil B nporpamMmMHoM komiuiekce JIMPA-
s nosydeHust 3HaHUN 0 IPUPOAE Pa3BUTUS I1O- CAIIP 2016 B cOOTBETCTBHYU C TPeOOBaHHUSIMU HOpMa-
BpPEXICHUM U OLCHKU BIIUSHUS [TOBPEXKJICHUN Ha He- THUBHBIX TOKYMeHTOB [17-20]. Martpurma reomerpude-
CYIIYIO CHOCOOHOCTh KOHCTPYKIIMH TIEYH CO3JIaHbI pac- CKHUX pa3MepoB MoJIejel Jisl IPOBEJACHUS YUCIEHHBIX
YEeTHBIE MOJIENIA TPYOUaTHIX TeUeil M BBIIIOJIHEH IMPO- WCCIICJIOBaHUH MpUBeIeHa B Ta0j1. 2, MaTpHIia pa3Me-
CTPaHCTBEHHBIN pacuer. POB MOBpPEXKACHUH — B Ta0M. 3.
1Tl Tl
//’ |7
o
== = =
' il
3
%_
D
%_
3
a o 8
Puc. 4. PacuetHast MoJieib HECyILEro KapKaca IPOMBIIIICHHON Ieun:
a — HeleopMHUPOBaHHAs MOJIEIb; 6 — MOJIETIb C y4eTOM JieopMaluii; 8 — CTEpKHEBas MOJIENb
[Figure 4. Calculation model of the supporting frame of an industrial furnace:
a — undeformed model; 6 — deformed model; 6 — core model]
| || — | — ——] ] | [ |- | | | — | — — — —
-6.48 -485 -323 -1.62 -0.0628 0.0628 1.62 323 485 6.29 -353 -30.8 -264 -22 -17.6 -132 -881 -44 -0.1050.105 44 881 105
PCH2 PCH2
Mozauka My Mos3anka My
EuHAIE! H3MepeHus - KH*M EuHALE! H3MepeHus - KH*M

Puc. 5. Mo3arka u3MeHEHHs M3TH0aroIIEero MOMEHTa OTHOCUTEIBHO OcH Y-
a — HenehopMHUPOBaHHAS MOJIENb; O — MOJICTIb C YUE€TOM JehopMaIiuii
[Figure 5. Changes in bending moment about the Y-axis:

a — undeformed model; b — deformed model]
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Tabauya 2

Martpuna reoMeTpu4ecKMX pa3MepoB MojeJiei
[Table 2. Matrix of geometric sizes of models]

I'eomeTpuyeckuii napameTp

KosmyectBo cexkuuii Tpyduaroii neuu [The number of sections of the tube furnace]

[Geometric parameter] 1 2 3
a, (m) [a, (m)] 6,0 6,0 6,0
b, (m) [b, (m)] 3,6 72 10,8
h, (m) [h, (m)] 18,0 18,0 18,0

Tabauya 3

Matpuna pa3MepoB MOBpPeKIeHUIH
[Table 3. Damage dimension matrix]|

Tun noBpexIeHus
[Type of defect]

JInana3oH usMeHeHHsl, MM
[Range of change, mm]

IIlar BapbUpPOBaHHUs MOBPEKICHHs, MM
[Defect variation step, mm]

Jedopmanus cTanbHBIX JUCTOB KOXKyXa

[Deformation of the steel sheets of the casing] 50,0-300,0 50,00
Hedopmanus ctoek kapkaca .

[Frame rack deformation] 0.0-150,0 25,00
Hedopmarnus pureneit kapkaca .

[Skeleton deformation] 0,0-150,0 25,00

Hedopmauns cszeit 0.0-75.0 15,00

[Bond deformation]

Tabnuya 4

Biausinue noBpexkieHnii HA KOHCTPYKUMH NeYH

Buj nospexaenus IIpupona noBpe:xaeHns

Baunsinue MOBPEKACHUS

Koppo3zuoHnnslii n3Hoc
OOIINBKU KOXKYXa

BosneiicTBue arpeccuBHOM cpeabl

Hapy1iieHre repMeTHYHOCTH, MOTEPS TEIUIa, CHIDKCHHE HeCyIeh
CIIOCOOHOCTH

Jedopmarus cTanbHBIX
JINCTOB KOXKyXa

BozgelicTBue Harpy3ku OT B3pblBa

I[e(i)opMaHI/II/I NPUBOAUT K BBIKIIIOYCHUIO U3 pa60TI>I CTaJIbHBIX
JINCTOB B Ka4yeCTBE djeMEHTa »eCTKoCTH. OOIIMBKa HE yyacTt-
BYCT B pa60Te C HECYIIMM KapKacoM

Jedopmarus croek BozgelicTBue Harpy3Kku OT B3pblBa

J106aBOYHBII SKCIEHTPUCHUTET PABHBIN NMPOTHOY KOHCTPYKIIUH.

Kapkaca ‘YBenuueHue HanpspKeHus B aneMenTax a0 150 %
Jedopmarus pureneit BospeiictBue Harpy3ku ot B3pbiBa  J00aBOUHBIH AKCHEHTPUCUTET PABHBIA MPOrHOy KOHCTPYKIIHUU.
KapKaca YBenuueHue HanpspkeHus B aneMenTax g0 200 %

Jedopmarnus ceszeit Bo3sneiicTBue Harpy3ku oT B3pbIBa

J106aBOUHBII SKCHEHTPUCUTET PABHBIN MPOTUOY KOHCTPYKLIUH.
YBenudeHne HanpspKeHus B anemMenTax 10 300 %

CoBOKYIHOCTH 1e(EeKTOB
KOHCTPYKIMH TT0Aa

BozneiicTBue Harpy3ku OT B3pblBa

CHIKeHUe KCILUTyaTallMOHHBIX CBOMCTB KOHCTPYKLMH neun, He-
BO3MOXXHOCTH HCIIOIb30BaHUS ISl TIOJTHOIIEHHOTO OCYIIECTBIIE-
HHSI TEXHOJIOTHYIECKOT0 Iporecca

Paspyuienue gpyrepoBku Bo3snelicTBue Harpy3ku OT B3pblBa

Hapymenue repmeruunocty, norepst temia. HeBo3MOKHOCTE HC-
TOJIb30BAHMS JJIs TIOJTHOLIEHHOTO OCYILECTBICHHUS TEXHOIOTHYe-
CKOTO Iporecca

Table 4

The effect of damage on the design of the furnace

Type of defect Nature of defect

Effect of defect

Corrosion wear on casing
upholstery

Exposure to aggressive environments

Lack of tightness, heat loss, reduced load-bearing capacity

Deformation of the steel
sheets of the casing

Explosive loading

Deformation leads to the shutdown of steel sheets from work
as an element of rigidity. The casing is not involved in the work
with the supporting frame

Frame rack deformation Explosive loading

Additional eccentricity equal to the deflection of the structure.
The increase in voltage in the elements to 150%

Skeleton deformation Explosive loading

Additional eccentricity equal to the deflection of the structure.
The increase in voltage in the elements to 200%

Bond deformation Explosive loading

Additional eccentricity equal to the deflection of the structure.
The increase in voltage in the elements to 300%

Set of floor design defects ~ Explosive loading

Reducing the operational properties of the furnace designs, the inabi-
lity to use for the full implementation of the technological process

Lining destruction Explosive loading

Lack of tightness, heat loss. Non-ability to use for the full imple-
mentation of the process

PACYET W MPOEKTUPOBAHVE CTPOUTENBHbIX KOHCTPYKLW
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AHam3 NOBPEKAAEMOCTH CYILECTBYIOIIUX Nedel
TIOKa3all, YT0 HanboJee 3HAYMMbIe TIOBPEXKICHUS CHUIIOBO-
TO XapakTepa IOJyYeHBI B pe3yJbTare B3phbiBa (Ta0m. 4).
JlanHOE 00CTOSTEIBCTBO CBUACTENBCTBYET O TOM, UTO
KOHCTPYKTHBHAsI (hopMa COOpY>KEHHsI He o0ecIieurBa-
€T B NIOJTHOW Mepe BOCIIPHSITHE B3PBIBHBIX HArpy30K B
COOTBETCTBHU C TPeOOBAHUSAMHU HOPMATHUBHBIX JOKY-
MeHTOB [17-20].

[IpumeuaTensHO, 9TO B paboTax psiia COBPEMEH-
HBIX YUYEHBIX MMPEJICTABICHBI Pe3ybTaThl OOIUPHBIX
uccienoBanuil xapakrepa usmenenus HJIC kapkacos
MIpH BO3HUKHOBEHHUHW TAKOTO SIBJICHUS, KaK IMPOTPECCH-
pyromiee oopymrenue [21-25]. Aranu3 ombITa pacdeTa
KapKacoB Ieuei MmoKasaj, YTo MCCIe0BaHus MoBeie-
HUS KapKacoB TieUeil 1oj] BO3CHCTBIEM B3phIBa TIPAKTH-
4ecKd He TIpoBomATcsa. B oreuectBeHHbIxX [18] 1 3apy-
O6exxHBIX [12] HOPMATHBHBIX JOKYMEHTaX HE MpUBEIC-
HBI METOJIMKHU pacyeTa KapKacoB Iedell ¢ y4eTOM B3pbIB-
Horo Bo3zaeictus. [lo ykazaHHOM mpUYMHE HEepCeK-
TUBHBIM HaIlpaBJIEHUEM HCCIIEIOBAaHUS B TaHHOW 00-
JIACTH SIBJIIETCS M3YUYEHUE MOBEJEHUS KapKacoB neven
Ha JieficTBre 0cOOOTO BO3JEHCTBHS OT B3phIBA Ta3o-
BO3AYIIIHOW CMECH.

3akiaouenne

[To pesynbraTtam cepuu pacdyeToOB YCTaHOBIICHO,
YTO BIIMSIHHE TIOBPEXKIICHNH, BRI3BAHHBIX JKCIUTyaTalli-
€l B arpecCUBHON cpele, NMPUBOIUT K CHIDKEHHMIO DKC-
TUTyaTal[MOHHOW TPUTOAHOCTH U HECYIeH CIIOCOOHO-
cti 110 50 %; BIMsSHUE TTOBPEXIEHNUH, 00YCIOBICHHBIX
B3peiBOM [ TIBC BHYTpH mpocTpaHCTBa IEYH, IPUBO-
OUT K CHIDKCHHUIO Hecymed cnocodonoctu a0 300 %,
BIUIOTH JI0 BBIKITFOUEHHUS OTIEIBHBIX KOHCTPYKTHBHBIX
AJIEMEHTOB TTeYH U3 PaOOTHL.

YCTaHOBIIEHO, YTO CHIKCHUE HECYIIEH CIOCOOHO-
cti 110 300 % BBI3BAHO peaM30BABIIUMICS BCIEICTBUE
BORZICHCTBUS B3PBIBHOM Harpy3KH Je(opMarisMu CTpet-
xoi 10 150 MmMm.

[TpoBeneHHBIE UCCIEAOBAHUS TIOKA3aIH HEOOXOIU-
MOCTh COBEPIIEHCTBOBATH KOHCTPYKIIHIO HECYIIIETO Kap-
Kaca TeYd B HAIpPaBJICHUH MOJIEPHHU3AINH TEXHOJIOTHH
1 KOHCTPYKTHUBHOH (DOPMBI HECYIIIETO KapKaca Ieyu.

TpeOyercs pa3paborarh 3GPEeKTUBHYIO KOHCTPYK-
IIUIO B3PBIBHBIX OKOH M ONTHMH3HPOBATH HECYIIIHE KOH-
CTPYKIIMU B HampapiieHUH 3()(OEKTHBHOIO COMPOTHURB-
JICHUsSI BO3JICHCTBHUIO B3PBIBHBIX HATPY30K.
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Alexander V. Golikov*, Dmitry I. Subbotin
Volgograd State Technical University, 2 Lenina Ave, Volgograd, 400005, Russian Federation

*alexandr_golikov@mail.ru

Abstract

Relevance. Due to the widespread use in practice, tubular furnaces were chosen
as the object of study of this work. The article provides an analysis of damage to
the supporting structures of oil refining tubular furnaces. The causes of damage
and the physical nature of the development of damage are established. According
to the results of field surveys, it was found that about 10% of the furnaces are operated
with damage in the form of significant curvature of the supporting structures that
developed as a result of the explosion of the gas-air mixture and the technologi-
cal product inside the furnace space. The aim of the work is to analyze the damage
and assess the impact of damage on the operation of the supporting structures of
furnaces. Methods. The main research results were obtained by static numerical
analysis of spatial models of furnace frameworks in the LIRA-SAPR software
package. This complex belongs to the class of software products that implement
the finite element method. Results. According to the results of calculating a se-
ries of models of structures, the effect of damage on the operation of the suppor-
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ting structures of the furnace is determined. Based on the analysis of calculation
data for models of tube furnaces with damage and comparison of calculation
results for furnace models with structural damage identified during the survey,
ways to optimize the design decisions of an industrial furnace are determined.
Studies have shown the need to improve the design of tube furnaces in the direc-
tion of improving technology and improving the structural form of the suppor-
ting frame of the furnace.
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