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PacueT ¢paKTUUECKOro npeaena OrHeCTOMKOCTU orpa)kpatoLuem
CTeHbl C BOAHOOTPa)XaloLLUM KO3bIPbKOM rpymnnbl Ma3yTHbIX
pe3epByapoB

Ceprei AnekcanapoBuy LUBbipkoBs, fiH Uropesuy HOpbeB =,
AHatoauu NMaenoBuu MNMetpos, Brapumup Metpoeuu Hazapos

Akapemusa focyaapCTBEHHOM MPOTUBONOXAPHOM CAyX6bl MUHKUCTepcTBa Poccuiickon deaepaLun no Aeram rpaxAaHCcKor 060pOoHbI,
ypesBblyariHbIM CUTYaLUMAM Y AMKBUAALIMM NMOCAEACTBUIM CTUXMIAHBIX BeACTBUI, . MockBa, Poccuiickas Gepepaums

AHHOTALMUA

BBeaeHue. CornacHo FOCT P 53324 -2009 AAfl NOAHOTO YAEPXaHUS Pa3AMBAtOLLErOCs NOTOKa XXMAKOCTH NpKY pas-
pyLLIEHUKN pe3epByapa MOXET yCTaHaBAMBATLCA OrpaXAaoLLas CTeHa C BOAHOOTPaXatoLLLMM KO3blPbKOM, KoTopas
AOAXHA ObITb CMAOLLIHOM NO NEPUMETPY, BbIMOAHATLCS M3 HETOPIOYMX MaTEPUANOB U UMETb NPEAEA OTHECTOMKOCTH
He MeHee E 150. Kak npaBKAO, AAS CTPOUTEABCTBA TaKKX Nperpaa UCMoAb3YHT Pa3HOBUAHOCTU TsXXeAoro 6eToHa.
OAHaKO GaKTMUYECKUI MPEAEA OTHECTOMKOCTU KOHCTPYKLMU 3aBUCUT Kak OT €€ TeOMETPUUECKHUX MapaMeTpoB, Tak
W OT TENAOTEXHUYECKUX XapaKTEPUCTUK U MPOYHOCTHbLIX CBOMCTB NMPUMEHSEMOro BuMAa BETOHa B YCAOBUAX AAM-
TEAbHOTO BO3AENCTBUA YTAEBOAOPOAHOTO pexrMa noxapa. Pabota noceslleHa pacHeTHON OLEHKE GpaKTUUECKOro
npeaena OrHeCTOMKOCTH OrpaxAatoLLel CTEHbI C BOAHOOTPaXatoLLMM KO3bIPbKOM M3 TAXEAOro 6ETOHa AAA rpynnbl
pe3epByapoB, BXOASLLMX B COCTAB Ma3yTHOMO XO3MCTBA TEMAOIAEKTPOLIEHTPAAK.

MeTtoavka pacueta U NoAyUeHHble pe3yAbTaThbl. MCNOAb3ys pe3yAbTaTbl UCCAEAOBaHMI N0 06OCHOBAHUIO YTAEBO-
AOPOAHOTO pexrMa noxapa NpoArMBa roproUeit XMAKOCTU MpU paspyLLIeHUU pe3epByapa, IMNUPUYECKUE 3aBUCH-
MOCTU AN ONPEAEAEHUS TENAOTEXHUUYECKKUX MAapaMETPOB TAXEAOTro 6ETOHA, a Takxke dKcneprMeHTaAbHble AaHHblE
Nno U3MEHEHU0 NPoYHOCTH BeToHa Ha cxaTtue npu Temnepatypax Ao 1200 °C, BbINOAHEH pacyeT GaKTUUeCKoro
npeasena OrHeCTOMKOCTH OrpaXAatoLLLEN CTEHbI C BOAHOOTPaXatoLLMM KO3bIPbKOM AAS FPYNMbl Ma3yTHbIX pe3epBy-
apoB. Pe3yAbTaTbl pacyetoB Mokasanu, YTO MPUHSTas NMPOEKTOM KOHCTPYKUMA Nperpaabl cnocobHa CoxXpaHaTb
ycTonunBocTb 6onaee 10 u. pur aTom Hecylasi cnocobHOCTb CTeHbl 6oaee YeM B 11 pa3 npeBbilLaeT U3rnbatoLmin
MOMEHT OT HOPMaTUBHOW Harpy3Kku, TO €CTb OrHECTOMKOCTb Nperpaabl He MeHee RE 600, uto B 4 pa3a npeBbiLLaeT
HOPMaTHBHbIV MOKa3aTeAb AAS TAKMX TUMOB OrpaXxAeHWI.

BbiBoAbl. AN pacueTa $paKTMUeCKOro npeAena OrHeCTOMKOCTH OrpaXAatoLLMX CTEH pe3epByapHbIX NapkoB xpa-
HEHUS] HEDTU M HEDTEMPOAYKTOB MOXET ObiTb MCTMOAB30BAH OOLLMI aAropuTM pacyeTa, npuBeAeHHbI B Cll
468.1325800.2019, npu 3TOM B Ka4eCTBE MCXOAHbIX AQHHbIX PEKOMEHAYIOTCH K MCNIOAb30BaHWIO PE3YALTaThl YKa-
3aHHbIX BbILIE TEOPETUUECKHKX U IKCTIEPUMEHTAABHbIX MUCCAEAOBAHUM.

KnloueBble CAOBa: pe3epByapHbIi Napk; yrAeBOAOPOAHbIV MOXap; TAXEAbIM 6ETOH; Nperpaaa; HecyLlas crocob-
HOCTb; LIEAOCTHOCTb

Anas uutupoBanun: LLBbipkoB C.A., IOpbeB f.U., lNetpoB A.l1., Hasapos B.[1. PacueT daktMueckoro npeae-
Aa OTHECTOMKOCTM Orpaxaatollelt CTeHbl C BOAHOOTPAXatLMM KO3bIPbKOM Tpynmnbl Ma3yTHbIX pe3epByapoB //
Moxapos3pbiBobe3onacHocTb/Fire and Explosion Safety. 2021. T. 30. Ne 6. C. 73-86. DOI: 10.22227/0869-
7493.2021.30.06.73-86
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The analysis of the fire resistance limit of an enclosing wall

with a wave-resisting visor as the protection for a group
of fuel oil tanks

Sergey A. Shvyrkov, Yan I. Yuryev™, Anatoliy P. Petrov, Vladimir P. Nazarov

The State Fire Academy of the Ministry of Russian Federation for Civil Defense, Emergencies
and Elimination on Consequences of Natural Disasters, Moscow, Russian Federation

ABSTRACT

Introduction. An enclosing wall with a wave-resisting visor may be installed to resist the flow of a liquid spill
during a tank collapse in accordance with GOST R 53324-2009. This wall should be continuous along the
perimeter; it must be made of incombustible materials and have the fire-resistance limit of not less than E 150.
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As a rule, varieties of heavy concretes are used to construct these walls. However, the actual fire-resistance
limit of a structure depends on both its geometric parameters, thermal characteristics and strength properties
of concrete used in the case of the long-term exposure to the hydrocarbon fire regime. The work addresses
the assessment of the actual fire resistance limit of an enclosing wall with a wave-resisting visor made of heavy
concrete designed as the protection for a group of tanks at fuel oil facilities of a thermal power plant.
Calculation methodology and results. The calculation of the actual fire resistance limit of an enclosing
wall with a wave-resisting visor, designated for a group of fuel oil tanks was performed. The co-authors used
the results of studies on the substantiation of a hydrocarbon fire resulting from a flammable liquid spill and
a tank failure, empirical dependences for determining the thermal engineering parameters of heavy concrete, as
well as experimental data on a change in the compressive strength of concrete at temperatures up to 1,200 °C.
The calculation results show that this wall structure can maintain stability for more than 10 hours. Note that
the load-bearing capacity of the wall is more than 11 times greater than the bending moment triggered by
the standard load. Indeed, the fire resistance of the wall is not less than RE 600. It exceeds the normative values
for these types of walls by a factor of four.

Conclusions. A common algorithm can be used to calculate the actual fire-resistance limit of enclosing walls of oil
and petroleum product tank storage facilities, set by Construction Regulations 468.1325800.2019. At the same
time, the results of the above theoretical and experimental studies are recommended for use as the initial data.

Keywords: tank farm; hydrocarbon fire; heavy concrete; barrier; bearing capacity; integrity
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BBeaeHue

B nocnennee necaruiierve pa3BUTHE TPAHCIOPTHON
CHUCTEMBI B CTOJIULIE TPOBOAUTCS aKTUBHBIMH TEMIIAMU.
CyIIecTBEHHO YBEJIMYNIACh JIOPOKHAS CETh, BBIPOCIIA
MPOTSHKEHHOCTh JIMHUKA MOCKOBCKOTO METPO, TIOCTPOe-
HBI HOBBIE XOPJIbI U poKaabl. OqHAKO HHTEHCU(UKALUS
JIOPOXKHOTO CTPOUTEIHCTBA B TOPOACKHUX YCIOBHIX OC-
JIOXKHSET o0ecreyeHue MmokapHoi 0€30MacHOCTH Kak
CTPOSIIMXCS, TAK U PSIIOM PACIIOIOKEHHBIX 00BEKTOB.
ITpu »TOM Hamboee YacTO BOSHUKAKOT BOTPOCHI, CBSI-
3aHHBIE C COKPAIIEHHEM MTPOTHUBOIIOKAPHBIX PAa3phIBOB
MEXIy YKa3aHHBIMH OOBEKTaMU 3aIlUTHI, YTO TPeOy-
eT pa3pabOTKH JOMOIHUTENHHBIX KOMIICHCHPYIOIIIX
MeponpusaTuid. Tak, B 4aCTHOCTH, IPU CTPOUTEILCTBE
Cesepo-Boctounoii xopasl (CBX) BozHuka nmpodiema
cONMMKEHUs psiia TPAHCIIOPTHBIX Pa3BA30K ICTAKaTHO-
rO TUIA C BEPTUKAIbHBIMHU CTAIbHBIMHU pe3epByapaMu
(PBC) remnoanexrpouentpain TOL-11, npeanasna-
YEHHBIMHU AJI XpaHEHUs Ma3yTa U MOATOTOBKH €ro
K cxuranmio [1].

BaxHO OTMETHUTB, YTO pe3epByapHbIC MapKH OT-
HOCATCS K 00BEKTaM IMOBBIIIEHHON MOXKapOB3pPHIBO-
ONACHOCTH, 4TO OOYyCJIOBJIEHO, B MEPBYIO OYEpelb,
BBICOKOH BEPOSATHOCTBIO BBIXOJla TOPIOYEH JKUIIKOCTH
nipu aBapun i noxxkape PBC. [1pu stom aBapuu PBC
B HACCJICHHBIX MYHKTaX WJIH MPU UX PACTIOIOKEHUN
BONTM3M aKBAaTOPHIA BCET/Ia MPUBOIAT K 3HAYUTEIHBHOMY
yiepOy 1 4acTO CONPOBOXKIAIOTCS TPaBMaMHU, a IMOPOI,
1 THOCIBIO JTIOICH, eCITU 3apaHee He MPEIyCMOTPEHBI
aJ/ICKBaTHBIE OMTACHOCTH 3aIllMTHBIC MeponpusiTHs [2—4].
B kauecTBe MOATBEPIKICHUS MOKHO ITPUBECTH HETaTHB-
Hble nociencTsus paspyumenus PBC ¢ nu3zenbHbIM TO-
muBoM Ha TOII B . Hopuibcke, cOMpOBOXKIaBIIHECS

0OBSBICHNEM UPE3BBIYANHON CUTYallNH U TIPUBEIIINE
K ymepOy B 6onee uem 100 mupx pyO. [5].

Taxkum 00pa3oM, B CBSA3M C BOHUKIIMMH 4aCTHUY-
HBIMHM COKPAIlEHUSAMH IPOTUBOIOXKAPHBIX Pa3pbIBOB
OT paccMaTpuBaeMbix pesepByapoB TOLI-11 no mpoek-
TUPYEMBIX YYaCTKOB aBTOMAarucCTpaiu CHEIHaTUCTaMH
Axanemuu I'TIC MUC Poccun npennioxeHo B KauecTBe
KOMITCHCHPYIOIIETO MEPOTIPUATHS B3aMEH 3E€MIISTHOTO
00BajI0BaHMs TPYIIIBI pe3epByapoB 00yCTPOUTH MOHO-
JUTHYIO KeTe300eTOHHYIO OTPayKIAIOIIYI0 CTCHY C BOJI-
HOOTPAYKAFOIIIUM KO3BIPHKOM.

B cootserctBuu ¢ TpedoBanusimu OCT P 53324—
2009 «OrpaxnaeHus pesepByapoB. TpeOoBaHHS MOKap-
HOIl Oe30macHOCTH»' Takas mperpaja J0JKHA PacCuu-
THIBAaTbCS HAa THJIPOJMHAMHUYECKOE JaBJIEHHE MOTOKa
SKUJIKOCTH, OBITh 3aMKHYTOH M HMETh IIPE/iesl OTHECTOM-
koctH He MeHbIe £ 150. M3BecTHO, 4TO MO Mpeieiom
OTHECTOMKOCTH CTPOUTEIBHON KOHCTPYKIIUU IOHUMAET-
Csl MPOMEXKYTOK BPEMEHH OT Hadajia OTHEBOTO UCIIBITA-
HUS [IPU CTaHAAPTHOM TEMIIEPATypHOM PEeKUME TIoKapa
JI0 HACTYIUIEHHSI OJHOTO U3 HOPMUPOBAHHBIX AJIsl JTAHHOM
KOHCTPYKIIUH MPEACITIbHBIX COCTOSIHUH 1O OTHECTOMKOC-
TU. B cBsA3U ¢ 3TUM, BO3HUKAET BOMPOC O KOPPEKTHOCTH
MIPUMEHEHUS 1S ONpeiesieHHs IIpeJiesia OTHECTOMKOCTH
paccMmarpruBaeMOi KOHCTPYKIIUH MTPErpaJibl CTaHIapTHO-
TO METO/Ia UCTIBITAHUM, TaK KaK TeMIepaTypHbIA PeXUM
noxkapa MpoJuBa roproyueil >KUAKOCTH MIPU pa3pyLIeHUN
PBC umeer psi CylIeCTBEHHBIX OTJIMYHMM OT CTaHAAPT-
HOTO TeMIIEPaTypPHOTo pexuma mnoxapa. B wactHoctu,
CPEIHEIIOBEPXHOCTHASI TEMIIEpaTypa IIaMeHU OO0JIb-

'TOCT P 53324-2009. Orpaxzaenus pe3epByapoB. TpeGoBaHus 11o-
>KapHOI 0e30IaCHOCTH: YTBEPIXKJICH U BBEJICH B JICHCTBUE MTPUKA30M
DeiepaIbHOTO areHTCTBA MO TEXHUYECKOMY PETYIMPOBAHUIO U MET-
posnoruu ot 18 despainst 2009 . Ne 100-cT.
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HIMHCTBA Topiounx kuaxocteit — 1200 °C, ObICcTpbIi
pOCT TeMIiepaTypbl IOKapa 3a CUeT CTOPaHUs 3HAYUTEITb-
HOTO KOJIMYECTBA Harpy3KU U MOJIEpIKAHUE €€ JI0 T0JI-
HOTO BBITOPAHUS PA3IUTON TOpIoUeH )KUIKOCTH, IOXKap
B I'paHULaX OTPAKIAEHUS C IOCTOSIHHBIM U HEOT'PAaHU-
YEHHBIM JIOCTYTIOM KHUCJIOPOZA, HETTOCPEICTBEHHOE BO3-
JISHCTBHE TJITAMEHH TIO)Kapa Ha rperpany [6]. [Ipu atom
BaXKHO yKa3aTb, YTO B MUPOBOH MpaKTHKE HALUIM ILHU-
POKOE IPUMEHEHHUE TEMITEPATYPHBIC PEKHUMBI ITOKAPOB,
CYLIECTBEHHO OTJIMYAIOLIMECs OT CTaHJAPTHOTO TeMIIe-
parypHoro pexxuma noxapa [7—17].

B cBs13u ¢ BbllLIECKa3aHHBIM, Ul PACUETHOIO OIpe-
JeneHust (paKTHUeCcKoro npefiesia OrHECTOUKOCTH MPEeIIo-
JKEHHOUM KOHCTPYKIIUH MIPETrPajibl, YTO U SBIISUIOCH IICITBIO
HACTOSIIICH CTaThH, paHee OBLTH BBITOJTHEHBI KOMIDIEKC-
HBIE UCCIICOBAHUS, B PE3yJIbTare KOTOPBIX ONpeesieHbI
TEIJIOTEXHUYECKHUE U IPOYHOCTHBIE XapaKTepUCTUKU pac-
CMAaTpUBaeMbIX BUIOB OETOHA B yCIOBUSIX BO3IEHCTBUS
«PEATLHOTOY MOKapa, XapaKTePHOTO /IS TOPEHHUS TOPIO-
yelt )kuaKocTu mpu pazpywenun PBC [6, 18-20].

Ucnonp3ys yka3aHHbIE Pe3yJIbTaThl UCCIIEI0BAHUH
TS TOCTHIKEHUS TTOCTABJICHHON B HACTOSAIIEH CTAaThE
eI, PEHIATUCh CIACAYIOMINE 3aJaun:
®  BBINOJIHEHHUE PacuyeTa OTHECTOMKOCTH OTpasKIeHUs

0 OTEpEe LENOCTHOCTH;
®  BBINOJIHEHHUE PacyeTa OTHECTOWKOCTH OTPAKICHHUS

10 HeCyILIeH crnocoOHOCTH;
®  T[OJy4YEHUE 3aBUCHUMOCTH HECyIleil CoCOOHOCTH

OTPaKIAONIeH CTCHBI W M3THOAoNIero MOMEHTa

OT Pa3IUYHON MPONOJHKUTEIBHOCTH BO3AEHCTBUA

YIIICBOIOPOTHOTO PEKUMA TIOXKapa;
® CpaBHCHHE NOJYYCHHOTO 3HAYCHHS (HaKTHIECKO-

TO Ipe/esia OTHECTOUKOCTH OTpaXkJaroIeif CTCHBI

C BOJIHOOTpAXKAlOIIUM KO3BIPBKOM C HOpPMAaTHB-

HBIM 3Ha4€HHUEM JIsl OTPaKICHUI pe3epByapHbIX

MapKoB.

PacueTHble MeToAbl U pe3yAbTaTbl peLLUEHUN

leomeTprdeckre pa3Mepsl OrpakaCHNUS B 3aBUCHMO-
CTH OT JJIMHBI BbIIETA BOTHOOTPAXKAIOIIET0 KO3bIPbKa pac-
CUHTBIBAJIMCH TI0 METOY, IPHBEICHHOMY B TIPHIIOKECHUN
ATOCT P 53324-2009, a mapamMeTpsl €ro yCTOHUUBOCTH
K BO3/ICHCTBHUIO TIOTOKA KMAKOCTH HA OCHOBE YHCIICHHOTO
pelIeHns ypaBHeHUH THAPOJMHAMUKH, TOCTAHOBKA 32149
U YaCTHBIE CJTydau KOTOPBIX PACCMOTPEHSBI B [4].

Jns ompenenenust paKkTHUECKOTO Tpeaesa OrHe-
CTOMKOCTH OrpaxkJieHHsl MPUMEHsIach METOAMUKA, U3-
noxenHas B CII 468.1325800.2019 «beToHHbIE U XKe-
ne300eToHHbIe KOHCTpYyKIH. [IpaBuna obecrnedeHus
OTHECTOMKOCTH W OTHECOXPAHHOCTH?, C YUETOM Pe3yiib-

2 BeTOHHBIC U KeIe300eTOHHBIC KOHCTPYKIMH. [IpaBmia obecrede-
HUsI OrHecToikocTH u orHecoxpanHoctH (CIT 468.1325800.2019) :
YTBEpXKACH MPHKa30M MHHHCTEPCTBA CTPOUTEIBCTBA W IKHJIMIL-
HO-KOMMYHAJIBHOTO X03sicTBa Poccuiickoit denepammu ot 10 me-
kaopst 2019 . Ne 790/mp u BBezieH B aeiictBue ¢ 11 nronst 2020 1.

TaTOB paHee BBINOJIHEHHBIX KccieoBanuii [4, 6, 18-20],

BKJIFOYAFOIINX

e 00OCHOBaHHE YIIEBOJOPOJHOTO PEKUMa IoXKapa
(YPII) nponmBa TormBa MpU KBa3UMIHOBEHHOM
paspylIeHUH pe3epByapa;

®  HaAXOXKICHHC COOTHOILICHUM IJIsS OLICHKH TCIIOTEX-
HUYECKHUX MapaMeTPOB THKEJIOro OETOHA ¢ HAITOJI-
HUTEIIEM M3 TPaHUTHON KPOIIKH, TOPKPET-OeTOHA
u ($ubpoTopKpeT-6eTOHA CO CTalbHOW (HUOpOIA
B ycioBusix YPII;

® TIOJyuYeHHE OMNBITHBIX JAaHHBIX MO KyOW4ecKoi
W TIPU3MEHHOW MPOYHOCTH HUCCICIYeMBIX 00pa3-
1oB 6etoHa B ycioBusix YPII;

®  TIOCTpOCHHE rpapUIeCKUX 3aBUCUMOCTEH IS OIICH-
K{ TEMIIEpaTyphl B CIIO€ KOHCTPYKIIMU OTPAKIACHHS
Pa3IMYHOM TOJIIMHBI TIPH OHOCTOPOHHEM BO3ICH-
ctBun YPII 10 10 4.
Ha puc. 1 moka3aHo TeXHUYECKOE PEIICHUE 3aIlIHT-

HOTO OTPayK/ICHUSI.

IpunsThie 10NyLIEHUS:

1) TonumMHa CTEHBI MO BCEH BBICOTE MPHUHATA
10 HAUMEHbILIEMY POEKTHOMY 3HAaY€HHIO, PABHOMY
1000 mwMm;

2) MpHU OIIEHKE OTHECTOMKOCTH HE YUHUTHIBAIOCH
BO3/ICHICTBUE HA CTEHY T'MPOCTATUYECKOTO JaBICHUS
OT pa3JIMBLIErOCs B IPaHUIAX OTPAKICHHUS Ma3zyTa
Ha BbIcoTe 2,02 M nipu pazpymeHun PBC Ne 1, mockonb-
Ky B COOTBETCTBUM C JAaHHBIMM, IIPEACTaBICHHBIMU
B [21], 310 maBnenue (P, = 0,196-10° I1a) B mrects pa3
MEHBILIE THAPOIMHAMUYECKOTO JaBlaeHus MasyTa (P, =
= 1,254-10° TTa), 1eHCTBYFOIIETO Ha 3TOM BBICOTE HA CTe-
HY TIpH [IOJIHOM Pa3pyLlIeHUH YKa3aHHOIO pe3epByapa:
®  IUIOMmAaAb BHYTPH 0OBAaIOBAHUS TPYIIIEI pe3epBya-

poB: Sys = 12 582,04 m?;

e Boicora cTeHkU PBC Ne 1-3: Hop ) = Herpp = Herp3 =

=17,88 m;

e juamerp PBC Ne 1-3: Dy = Dy = 39,9 m; Dp3 =
=28,5 ™m;

® MakcHMalbHBIM ypoBeHb MazyTa B PBC Ne 1-3:
Hyp1 = Hopo = Hoypz = 17,25 M5

e [Iom@anb 3epkana moBepxHocTH masyra B PBC
Ne 1-3: S, = Sy = 1249,73 M?; S5 = 637,62 Mm%

e obbemmaszytaBPBC Ne1-3: V=V, =21557,81 Mm%
V3 =10 998,88 m’;
IUIOTHOCTE MasyTa: p,,= 960 kr/m>;
IUIOIIA/b pa3sivBa MasyTa B 0OBalOBaHUU: S, =
= SoG - sz - Sp3 =10 694,69 MZ;

®  MakKCHMaJbHbIN YPOBEHb Ma3yTa, PA3JIHBILIETOCS [IPH
paspymiennn PBC Ne 1: Hye oy = V,1/S, = 2,02 m.

Pacuer orHecToiikocTH OrpakieHus

10 MoTepe HeJJOCTHOCTH

B CIT 468.1325800.2019, a takxke B [22] yka3a-
HO, YTO MPH TIOXKAPE B JKEIE300€TOHHBIX KOHCTPYKIIH-
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Puc. 1. Texuuueckoe penieHue 3aluTHON CTEHbI

Fig. 1. Technical solution for a protective wall

SIX, BJIQKHOCTh KOTOPBIX MpeBbIIaeT 3,5 %, BO3MOXKHO
B3pBIBOOOpA3HOE paspyuieHue O0etoHa. Kak mpasuo,
gepes 5...20 MUH mocie Havyanna moxapa B TaKUX KOH-
CTPYKIUSX 00pa3yloTCsi CKBO3HBIE OTBEPCTHUS WU TpPe-
IIMHEI, KOTOPBIE COMPOBOXKIAIOTCS OTKOIAMU OETOHA
OT HarpeBaemMoii nopepxHoctu. IIpuynHa 3TOrO SIBIIE-
HUS 3aKJIF04aeTcs B 00pa3oBaHUM TPEIIUH B CTPYKTYpe
0eToHa M MX Nepexoj] B HEPaBHOBECHOE CIIOHTAHHOE
pa3BUTHUE IO/ BO3AEUCTBUEM BHEILHEH HArpy3Ku U He-
PaBHOMEPHOTO HarpeBa u (PUIIBTpAIIKH Mapa MO TOJIIH-
HE CCUCHMS >JIEMEHTA.

st OLleHKH BO3MOYKHOCTHU pa3pylieHus OeToHa
MIPU TIOXKAPEe UCTIONB3YETCS KPUTEPUI XPYITKOTO paspy-
nieHus F, BRIYKCISIEMBIN 110 (popmysie, TpUBeICHHON

B CII 468.1325800.2019, BXozsimue B KOTOPYIO Hapa-
METPHI JaHbI B Ta0I. 1:

F= aa, E, pW, )

1
K/ M

[Ipu 3HaueHusx F > 4 xpymnkoe paspylicHue Oe-
TOHA TIPU TMOXKAPE BOBMOXKHO, IIPU 3TOM TpEJIeNl OTHe-
CTOMKOCTH I10 MOTEPE IEJIOCTHOCTH HE OyleT IpeBbI-
math E 15.

N3BecTHO, YTO MaKCUMAaJIbHBIA MPOIEHT BIaXK-
HOCTH OETOH MMEET MPH IKCIUTyaTallid BO BIIAXHBIX
YCIIOBHSIX, a Takxke B Ommkaiinne 3-4 Hepesln mocie
W3TOTOBJICHUSI U3 HETO CTPOUTEIHHOW KOHCTPYKIUH.
Hcnonwayst popmyiy (1), onpenenum Kputepuid F s
paccMaTpuBaeMoil KOHCTPYKIIMH OTPaXICHUS B Tep-
BBIl MeCSI BIAXKHOTO TBEPJCHHsI OSTOHA MTPH OTHOCH-
TENBHOM BIAXXHOCTH Bo3ayXxa Ooinee 73 %.

B cootBercrBun ¢ CIT 468.1325800.2019 nns Oe-
ToHa ¢ cootHoueHueM Boga/llement > 0,4: n = Ile-
ment(Bopa/llement — 0,2)-107 (Tabu. 2).

OO0ObeMHast 3KCITTyaTalMoOHHAs BIAYKHOCTh OETOHA
MIPY MPUHSATHIX YCIOBUSIX OMpeesieTcs no Gopmyle:

W,=W,pl0~, 2

e W), — paBHOBECHas BIXKHOCTh OETOHA, TPUHUMA-
emas o CII 468.1325800.2019; nnst paccmarpu-
BaeMOro cirydast ynciennoe 3nauenune W, = 0,065.
Torma

B 1,16-102-8,25-10°-2,16-10* - 2220 -0,065 a

- 0,58-0,94-0,105 -

-=5,21.

F

Bcniencteue Toro, 4To pacueTHOE 3HAYCHHUE KPH-
Tepus F > 4, cnenaH BbIBOJI O BO3MOXKHOM XPYIIKOM
paspylieHun 0eTOHa B KOHCTPYKIHMH OTPakJIarole
CTEHBI B TeueHHE NepBriX 20 MUH ee TporpeBa Ha To-
xkape. Kpome atoro, B CII 468.1325800.2019 yxkasza-
HO, 4YTO B CTPOUTCIIbHBIX KOHCTPYKIUAX TOJ'IHII/IHOf/i
He MeHee 200 MM MOXXET NMPOM30UTH O0TOOMKA OCTOH-
HBIX KyckoB 10 100 MM, 4TO CONIPOBOXKJIAETCSI CHIXKE-
HUCM TOJIIWHBI KOHCTPYKIIUH. ﬂaHHOG SABJICHHUC MO-
JKET UMETh MECTO U B pacCMaTpUBaeMON KOHCTPYKIIMH
OTpaXKJaoIei CTeHbl ¢ MUHUMAJIbHBIM MPOEKTHBIM
ceuernneM 1000 mm. [TorTomMy B mambpHeWIIeM OIeH-
Ka OTHECTOMKOCTH paccMaTpUBAEMOTO OTPAXKICHUS
C YUYETOM CHHMXXEHHUs ero ToiamuHbel Ha 100 MM 10mmK-
Ha BBITIOJHATHCS IO MOTEpe HECyIIel CrocoOHoCTH
BCJIEJICTBUE TOTO, YTO CHayaja HacTymaeT mpeneln
orHecrtoikoctH 1Mo R, a 3arem mo E.

Pac4yeT orHecTOHKOCTH OTpPasKIeHHUS

1o Hecyllell cnocoOHOCTH

B pacuere mapameTpbl BOTHOOTPAKAIOIIETO KO-
SI:IpI)Ka 6LI.HI/I HCU3MCHHBIMU. I[aHHI)Ie pIRIG: pacqua
MIPHUBEJICHBI B Ta0I. 3.
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Tadmuna 1. [TapamMeTpsl JUtst ONpeIesIeHNs] KPUTEPHs XPYIIKOTO pa3pyIICHUsI
Table 1. Parameters for the Criterion of Brittle Fracture

Parameter

Symbol, dimension

Value

I[TnoTHOCTB CYXOro GeToHa
Density of dry concrete

OO0beMHas SKCIUTyaTalnOHHAs BIAKHOCTH O€TOHA
Volumetric operating humidity of concrete

KoaddurmeHT nceBnonHTEHCHBHOCTH HAIPSDKEHUH OeToHa
Coefficients of pseudo-intensity of concrete stresses

Tlopuctocts GeToHa
Concrete porosity

Koaddurment termonpoBogHoctu 6eToHa mpu temmeparype 250 °C
Coefficient of thermal conductivity of concrete at a temperature of 250 °C

Monyns ynpyrocta 6eToHa
Modulus of elasticity of concrete

Koa¢dumuent temuneparypHoit gedopmannu
Temperature deformation coefficient

KoaddunueHnt nponopuroHaibHOCTH
Coefficient of proportionality

p, Kr/m®
p, kg/m’?

w,, /M3
W,, m3/m?

Kll’ MH-Mm32
K{, MN'm 2
N
A, Br/(M-°C)
A, W/(m-°C)

E, bts MH/m?
Ep,, MN/m?

Opys OC71
abt: OC71

a, Br-m?kr
a, W-m kg

2220,0

0,065

0,58-10°

0,105

0,94

21,6-10°

8,25-10°¢

1,16 - 102

Ta6auua 2. [Tapamerps! 6eToHHOI cMecn
Table 2. Concrete mixture parameters

Concrete density, kg/m?

Concrete mixture composition, kg/m?

Dry Natural Sand Cement  Water Crushed

humidity

2220 2370 700 400 185 1030

stone Microsilica

Water/Cement

0,46

Crushed
stone %

0,43

Tadmuua 3. [TapaMeTps! BOTHOOTPAXKAIOIIETO KO3bIpbKa
Table 3. Oscillating visor parameters

Parameter

BeIcoTa CTEHBI OT MOBEPXHOCTH KUIKOCTH 10 KO3BIPhKa
Height of the wall from the liquid surface to the vizor

[IIupuHa pacueTHOTO yyacTKa CTEHbI
Width of calculated wall section

BricoTa cTeHbI (10 KO3bIpbKa)
Height of wall (to visor)

BbIcOTa CTEHBI ¢ KO3BIPHKOM BBIIIE IOBEPXHOCTH JKUIKOCTH
Height of the visor wall above the liquid surface

IIupuna ygacTka CTeHBI (IPH pacdeTe ey, NpuHATo d = 1,0 M)
Width of wall section (d = 1.0 m was assumed for e, calculation)

Symbol, dimension

I, M
h', m
Ab, M
Ab, m

h,m
h, m

H, M
H,m

d,m
d, m

0,9

1,0

4,48

5,48

0,9
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Ipooonacernue maébn. 3/ Continuation of the Table 3

S Symbol, dimension
ApMHpPOBaHHE CTEHbI
‘Wall reinforcement
PaccrostHre OT OCH apMaTypBl 10 Kpasi He00OTpeBaeMoi YacTH CTEHBI P
The distance from the reinforcement rod axis to the edge of the unheated part of aBl’mm 90,0
the wall vl
KonndecTBo apMarypbl B BEpXHEU 4acTH N, 1IT. 9
Number of reinforcement rods in the upper part N,, pcs.
PaccTostHue OT OCH apMaTyphl 10 Kpasi 000rpeBaeMOi YacTH CTEHBI .
The distance from the axis of reinforcement rods to the edge of the heated part of ul> 90,0
a,;, mm
the wall
KonngecTBo apMaryphl B OHOM Ps/y B HIDKHEH 4acTH N, IIT. 5
The number of reinforcement rods in one row in the bottom part N, pcs.
JnameTp cTepkHEH BepXHEW apMaTypbl dy, MM 28.0
The diameter of upper reinforcement rods d,, mm ’
Juamerp cTepxHell HIKHER apMaTypsl dy, MM 28.0
The diameter of bottom reinforcement rods d,, mm >
3
[TnoTHOCTB 66"1‘0Ha P KI‘/M3 2370,0
Concrete density Py, kg/m
Hauanbnas remneparypa I ®C 20.0
Initial temperature T, °C ’
Pacuernas anmHa Ko3bIpbKa Lizi, ™M 24
Estimated length of the visor Lizy, m >
PacueTHas TonmMHA KO3BIPhKa CTEHBI Bl M 0.4
Estimated thickness of the wall visor By, m ’
JaBenue OT Beca CTEHKHU: Py, = AbhA'10p, Py gmis H 95 558.4
Pressure from the weight of the wall: P, = Abhh'10p, Py stnis N ’
BricoTa ko3bIpbKa Hippy M 0.825
Visor height Hjpp, m >
JlaBneHue ot KO3BIpbKa Py i H 2177438
Pressure from the visor Py s N
JlaBnenue ot cTeHbl Py oy H
Pressure from the wall Py totars N 7 32
DKCIEHTPUCUTET MPUIIOKEHHST HATPY3KHU OT Beca KO3bIPhKa:
oy [d:1000
e 2 Charks MM 1112,59
Eccentricity of the load application from the weight of the visor: Chark; M
oy . [d-1.000
kzrk v 2
PaccrostHEE OT LIEHTpa TSDKECTH KO3BIPHhKA IO CTEHKH Xoy MM 612.59
The distance from the centre of gravity of the visor to the wall X,, mm ?
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Oxonuanue ma6bn. 3 / End of the Table 3

S Symbol, dimension
2400 PacueTHas cxema HeHTpa TAKECTH BOTHOOTPAKAIOIIETO
KO3BIPbKA OrPaKAAIONICH CTCHBI
e = 1112,59 The design scheme of the centre of gravity of the wave-
resisting visor of the enclosing wall
500 500 \
\ -
—_—1 D
——’——/ =~
el o
I "
0 X, = 612,59i B
1463
1000
Wsrubaromuii MOMEHT OT Beca KO3BIPbKA: M = Pg joiCizri M, KHM 2493
The bending moment from the weight of the visor: Mz = Py jzri€ieri M1, KNm ’
Mopysib ynpyroctu apMarypbl (X0JI0IHOMN) E,, MlIla 210
Modulus of elasticity of the reinforcement (cold) E,, MPa
3anoiHUTEND I'panuTHAs KpomIKa
Filler Granite particles
[Ipenen npounoctu GeToHa Ry, MIla 290
Limit strength of concrete Ry, MPa ’
Momynb ynpyrocTH (HadanbHOTO) 6eToHa Ej, MIla 36 - 10°
Modulus of elasticity of concrete (initial) E,, MPa
Bnaxsocth GeToHA Ws, % 30
Concrete humidity W., % ’
IIpenen mpouHOCTH apMaTyphI Ry,, MIla 500.0
Limit strength of reinforcement Ry, MPa >
Koaddurmenr 3anenku omop [23] a 2,0
Pillar embedding coefficient [23]
a 0,85
HeticTByromas Harpyska: N, = Py, 107 N,, xH 117.33
Operating load: N, = Py 1107 N,, kN ’
BricoTa koHCTpYKIHH (IpuHATO /) = HW) lo, M 10.96
Construction height (accepted [, = Hp) lp, m ’
Koaddunment pacueTHOM ATHMHBI 20
Design length coefficient # ’
[TapameTps! B 3aBUCUMOCTSIX:
Parameters in dependencies:
d 3 MM?
A =Ny e 3078.8
db2 MM?
A, = anT mm? 5541,8
Bpewms mporpesa T, Mun 150
Warm-up time T, min
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2400

2200 ﬂ——é——o__ ‘
~O———O—— o

2000

1800 Hegyiiasl ciocoOHOCTh CTEHbI

1600 Bearing|capag¢ity of the wall

1400
1200
1000
800
600
400

208 e O 0 n O O

b, KHM

kNm

Bearing capacity.

Hecymast crioco6HOCT

150 200 250 300 350 400 450 500 550 600 650

M3zrubarommii MOMEHT OT AeHCTBYIOIICH HATPY3KH
Bending moment caused by the acting load

Puc. 2. Hecymast ctocoOHOCTE M M3rHOArONMii MOMEHT Orpa-
JKJTAfOIIEH CTEHBI B 3aBUCHMOCTH OT HPOAOKUTEIBHOCTH OTHe-
BOTO BO3/ICICTBHS NP MOXKape MPOJIUBA Ma3yTa (TOJIIMHA CTe-
Hbl — 900 MM, nuamerp apmarypsl AS00 — 28 mm)

Fig. 2. The bearing capacity and bending moment in an
enclosing wall as a function of the time of fire exposure in
case of a fuel oil spill fire (wall thickness — 900 mm, rebar
diameter AS00 — 28 mm)

Tadauua 4. PereHus TemIOTeXHUYECKON M TPOYHOCTHOM 33124

Table 4. Solutions of heat and strength problems

Hecymast ciocoOHOCTb KOHCTPYKLIMH ONpeienser-
Cs Ha OCHOBE TEIUIOTEXHUYECKON M MPOYHOCTHOM 3a-
Jlay, perieHusi KOTOPBIX MPpUBeNIeHbI B Ta0I. 4.

B pesynbrare BBIIOITHEHHBIX PACYETOB MOJTYYEHBI
3aBUCHMOCTHU HECYIel CIOCOOHOCTH OTpaXaaromiei
CTEHBI U MU3rUOAIOIIEr0o MOMEHTA OT Pa3IUYHON MPO-
JOJDKATEIBHOCTH OTHEBOTO BO3JAEHCTBHSA, OOIIMHA BUI
KOTOPBIX MOKa3aH Ha puC. 2.

OOmwmit BUJ Mperpajabl B pe3epByapHOM TMapke
TOL-11 Ha cTaguy CTPOUTENBCTBA IIPEICTABIIEH Ha pucC. 3.

Puc. 3. O6muit Bux orpaxaeHus co cropousl PBC Ne 3

Fig. 3. General view of the enclosure as viewed from Vertical steel
tank 3

Ilapamertp Oo603Ha4eHNe, pa3MepHOCTH 3naueHue
TemioTexHnyeckast 3aga4a
Thermal engineering task
Tennodusnueckre XapakTepUCTHKH O€TOHA NIPU TeMIIepaType T oC 450.0
Thermophysical characteristics of concrete at temperature ’ ’
Koa¢dunpeHT TennonpoBoJHOCTH, onpeaeseMblii mo [21] Aems BT/(M-°C) 0.885
Thermal conductivity coefficient determined by [21] Aems> W/(m-°C) ’
ITpuBeneHHbIH KO3 OUINEHT TeMIEePaTypOIPOBOAHOCTH: Aregy MM?/C 0,28
Ayog, MM?/S
_ tem
et = (e +S0W
(ctem + )pO }\‘
The reduced thermal conductivity coefficient: a,,, = ——————
(C,Em +50 W)p0

Kosddurment ¢puxruBaoro cios 6etona [23] K, c'? 36,32
The coefficient of the fictitious concrete layer [23] K, s?
VienbHas TEMIOEMKOCTh Crem» JoK/(xr-°C) 1292.02
Specific heat capacity Crem» J/(kg-°C) ’
Mapamerp 24/a,,,T MM 99 76
Parameter 2,/a, 1 mm '

MM 19,10
Tommmna GpukrusHOTO Ciost 6erona: K, +/a,,, i
Thickness of fictitious concrete layer:: K, \/a ,
OsxujaemMas Temreparypa rnporpesa 6eToHa o oC 500.0
Anticipated temperature of concrete heating bers ’
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Ipooonscenue maén. 4/ Continuation of the Table 4

IMapamerp O0o3HaueHHne, Pa3MepHOCTh 3HayeHue
Temmeparypa apMaTypsl Ha YPOBHE @, . oC 20.0
The reinforcement temperature at level a, o ’
Temmneparypa apMaTypbl Ha YPOBHE ay, 1oC 1250.0
The reinforcement temperature at level a, sk ’
Oo6orpeBaemas TeMieparypa 0eToHa Ha IOBEPXHOCTH o
ty hot» °C 1250,0
Heated concrete surface temperature &
HeoGorpesaemas remneparypa 0eToHa Ha TIOBEPXHOCTH ; e 20.0
Unheated concrete surface temperature b_cold> ’
. tb_cold + tb_hot
VcpennenHas TeMneparypa OeTona: f,, = — 5
loiem i C 635,0
. t/) cold + lf] hot
Averaged concrete temperature: 7, =
TomnmuHa HEHecy1ero ciios 6eToHa 5, MM 66.96
Thickness of non-load-bearing concrete layer d, mm ’
Kpurnueckas temrneparypa nporpesa 6eToHa o 500.0
Critical heating temperature of concrete b >
IIpounocrHas 3aga4a (apmarypa A500 Ha ypoBHE a,)
Strength task (reinforcement A500 at a, level)
Koa¢ppunmenT cHmkeHns Moayst ynpyrocta 6etoHa HeoOorpeBaeMoit
MIOBEPXHOCTH B 0,165
Coefficient of reduction of the modulus of elasticity of concrete of the bt ’
unheated surface
Koaddurment camxenns npoanocta AS500 1.0
AS500 Strength reduction coefficient e i
Koapdunment camkenus moayist ynpyroctu A500 B 1.0
Coefficient of reduction of modulus of elasticity A500 52 ’
KoaddurmeHt TemnepaTypHOTo pacuimpeHus 0eToHa an 1/°C 9-10°
Coefficient of thermal expansion of concrete E
IIpenen npounoctu A500 mpu oxkape: Ry, = YRy, R, MITa 500.0
AS500 strength limit in case of fire: R, = V2R, Ry,», MPa ’
ITapamMeTpbl NIPUBEIEHHOTO C€YEHHUsI CTEHbI
Parameters of the reduced wall section
ho,=1000d — a, — ho, MM $33.04
ho,=1,000d — a, — o ho,, mm ’
T'ubkocTh dmemenTa: A = [y/h,
L A 13,16
Element flexibility: A = [y/h,
ho=1000d — a, ho, MM
ho=1,000d — a, hy, mm 900,0
My = Mz kHm
1Nm 24,23
M, 1= M, 11 kHM
1N 24,23
b,=Ab b,, MM 1000,0
b;, mm
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Ipooonorcernue mabn. 4/ Continuation of the Table 4

Parameter Symbol, dimension Value
h;=1000d — & h,, MM 333.04
h,, mm i
Koa¢ppunment npononsHoro nsruba: ¢ = 1 + My/M; 20
Longitudinal bending coefficient: ¢; = 1 + M /M, @1 :
DkcueHTpucutert: ey = 1000M1,/N, €y, MM 206.47
Eccentricity: ey = 1,000M,;/N,, ey, mm i
8, = max| <2;0,15 Do 0.25
h, 5., mm
A B+ AGE
po = syl=s SB sBsZ wot 0’35
bthtEbBbt
JKecTkocTh ceueHus:
2
0,0125 —
D=EB,bh| ——= 1 0,175ua(MJ
¢1(0,3+8,) hy e
D, H-Mmm 24 ”
. 2 ,48 - 10
Section rigidity: D, N-mm
2
0.0125 -
D=EB,bh| ———+0. 175pa[MJ
¢1(0.3+6,) h,
2
D
KpI/ITI/I'-IeCKaH cHujia: Ncr = W
1 1000/
(10004, ) Ner, 1eH 20 421,83
2D Ncr, kN
Critical force: N, = Tc—2
1,000(1,0004, )
n=1/(1-N,/N,) n 1,0057
2
(1,1000)
poru6 crensr: €, = a(asltn =yl o )— >
: 8hy,
rae a = 2 — Ko QUIMEHT 3a1eKN
b €, MM 79335
s e, mm
. (10 1 ,000)
Wall deflection: e, = a(ocsll‘sl =0ty o )7 s
: 8h,
where a = 2 — embedding factor
OkcueHTpucutet: e = egn + 0,5(hy — ay) + ¢; e, MM 1451.02
Eccentricity: e = egn + 0.5(hg — a,1) + e, e, mm ’
MoMmeHT OT Harpy3kH (npopoibkutenbHocTh 150 mun): M, = N,, - ¢/1000 M,, xHm 170.25
Momentum caused by the load (duration 150 min): M, = N,, - /1,000 M, kNm ’
IIpenmonaraem: (x) — BbICOTA CXKATON 30HBI MEHbIIIE PeJeILHOr0 3HAYEHHs, TOTAA:
We assume: (x) — the height of the compressed zone is less than the limit value, then:
v Nn 103 +Rsu2Am_Rsu1AsHl
Bricora cxaroif 30HBL: X = R b
" o 99,59
. N -10°+R A —-R A ’
Height of the compressed zone: x = —~ ;;2 b” sul snl
bn
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Oxonuanue maén. 4/ End of the Table 4

IMapamerp O0o3HaueHne, pa3MepHOCTh 3HaueHne
& =x/hy, = 0,119; &r, = 0,49 — oTHOCHUTEIBHAS BBICOTA CIKATOM 30HBI
& =x/hg, = 0.119; &g, = 0.49 — relative height of the compressed zone
Tak kak ycnoBue & < &z, BBIIIOIHSACTCS, IEPECUNUTHIBATE X HE TPEOYeTCs, MPEITIONOKEHUE BEPHO
Since the condition & < &, is satisfied, it is not necessary to recalculate x, the assumption is correct
Hecymias ciocoOHOCTB CTEHBI IPH MPOIOIKUTEILHOCTH Moxkapa 150 MuH:
-6
M = (Rbnbtx(h()t - O,SX) +RsnYlAsnl (hOt _anl )) ’ 10 M. xHum
The bearing capacity of the wall during the fire is 150 min: M,’ kKNm 2262,17
-6
M = (R, bx(h,— 0.5x) +R,y, A, (b, —a,)) 10
[eiicTBytomiast Harpy3Ka M, xHm 170.25
Operating load M,, KNm >

BbiBOAbBI

B crarbe, ucnomnb3yst pe3yabTaThl paHee BBIMOTHEH-
HBIX MCCIIEIOBAHUH IO OMPEICICHUIO TEMIIOTEXHIYECKUX
MapamMeTPOB U MPOYHOCTHBIX XapaKTEPUCTUK PA3IMIHBIX
BHJIOB OETOHOB B YCJIOBHSIX YIICBOIOPOIHOTO PEXKKMMA I10-
JKapa, TIpeJICTaBIICHbl UTOTY pacyeTa (PaKTHUECKOTO Tpe-
JieNia OTHECTOMKOCTH OTPaXKIAIOIIEH CTEHBI C BOJIHOOTpa-
JKAFOIIMM KO3BIPHKOM JIIS TPYIIITHI Ma3yTHBIX PE3ePByapOB

TOL-11 . Mocksbl. PacueTsl mokasaiu, 4To NPUHATAS
MIPOSKTOM KOHCTPYKIIHSI OTPaKJIArOIIEH CTEHBI CIIOCO0-
Ha COXPaHATh KOHCTPYKTHBHYIO LIEJIOCTHOCTh U (DYHK-
IIMOHAJILHOC Ha3HAYCHHE TIPHY JUTUTEIEHOM BO3ICHCTBHI
no)kapa MpoJrBa MasyTa, TO €CTh OTHECTOMKOCTh paccMa-
TpuBaeMou nperpajpl coctasisier He MmeHee RE 600, uto
B 4 pasa npeBbIIaeT HOPMHUPYEMOE 3HAYEHHE IS OTPaXK-
JICHUH pe3epByapHbIX TapkoB (He menee E 150).
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