N°1 (1) 2014

AlexandrS.
Rashkovskiy
PawkoBcKUmn
AnekcaHpp
CaynoBu4

Sergey A.
Rashkovskiy
PawkoBcKUn
Cepremn
AnexkcaHapoBUY

Nikolay I.
Postupalskiy
MocTynanbckum
Hukonan
NBaHOBUY

Dmitriy V.
Ermakov

EpmakoB
AMuTtpun
BnapucnaBoBu4

WUCCJIELOBAHNA N PASPABOTKHN

smi.nuos.edu.ua | smi@nuos.edu.ua §HIPBUILDING

MARINE INFRASTRUCTURE

VK 614.84:629.5.081.3
M 74

SIMULATION OF FIRE DEVELOPMENT
AND DISTRIBUTION IN FLOATING DOCK TOWERS

MOJEJINPOBAHUE PA3BUTUA
1N PACINMPOCTPAHEHNSA MOXKAPA B BALWLHAX NMNJIABYYEIO AOKA

DOI 10.1004/978-2-321-97836-3

Alexandr S. Rashkovskiy A.C. PamikoBckuii, 1-p TEXH. HayK, mpod.’
olexandr.rashkovskyi@nuos.edu.ua

ORC ID: 0000-0002-3730-3748

C. A. PamkoBckuit, a-p pus.-mat. Hayk, npod.>
rash@hotbox.ru

ORC ID: 0000-0001-5683-5988

H. . loctynansckuii, HHX.
pni5544@gmail.com

ORC ID: 0000-0003-3825-8392

J.B. Epmakos, umxk.*
office@pallada.ks.ua

ORC ID: 0000-0002-7759-8819

'Admiral Makarov National University of Shipbuilding, Nikolaev
'Hayuonanwrolil ynusepcumem xopabrecmpoenus umenu aomupaia Maxaposa, e. Huxonaes

Sergey A. Rashkovskiy

Nikolay I. Postupalskiy

Dmitriy V. Ermakov

Institute for Problems in Mechanics of RAS, Moscow
2Uncmumym npobnem mexanuxu PAH, 2. Mocksa

3Emergency Service of Ukraine, Nikolaev
3Cnyorcha upessviuatinvix cumyayuii MO Vipaunwt, 2. Huxonaes

‘Kherson State Plant “Pallada”, Kherson
“Xepconckuii 2ocyoapcmeennuiil 3a600 «llannaday, 2. Xepcon

Abstract. One of the most difficult problems which appear during the floating docks design
is the fire hazard estimation. For each designed floating dock it is necessary to analyze the
possible scenarios of fire development, the ways of its distribution and work out structural,
technical and organizational events for the prevention, localization and suppression of pos-
sible fires. The support in such analysis may provide computer simulation of fire development
scenarios: it is possible to trace the ways of fire distribution into the dock tower taking into
account the work of fire suppressing resources setting in different places the preliminary fo-
cuses of ignition fires.

The mathematic model of fire development and distribution in the floating dock tower has
been developed and researched taking into account the potential fire wire which connected the
rooms. This model allows counting the possible scenarios and limited modes of fire develop-
ment and evaluating the fire hazards of structures with different complexity. The parametrical
research of fire development in the room system has been carried out. It is demonstrated that
there are a conditions in which the fire distribution can be stopped and the criteria of fire cease
are determined.

Keywords: floating dock, fire danger, fire development, fire spread, the combustion process,
the modeling of fire.

Annoranus. [IpemmokeHa MaTeMaTHIecKasi MOIETh PA3BUTHSA U PACIIPOCTPAHEHUS TIOKapa
B OaIHsIx ruaByyero joka. [lokazaHo, 4To cymecTBYIOT YCIIOBHSI, IPU KOTOPBIX PAacIpoCTpa-
HEHHE ToYKapa MOXKET OCTAHOBUTHCA, U OTIPE/ICNICHB KPUTEPHH MPEKpaIeHus moxapa. Mo-
JIEJTb MOYKET OBITh IPUMEHEHA JIJIs PYTUX TUTABYYHX COOPYKEHUH Pa3NuIHON CI0KHOCTH.
KuroueBsble ¢/10Ba: I1aBy4YHii JOK, TOXkKapHasi ONACHOCTb, Pa3BUTUE TIOXKAPa, PACIPOCTPAHEHHE
mokapa, MpoIecc ropeHusi, MOJCTUPOBAHNE TTOKapa.

AHoTaiis. 3amporroHOBaHO MaTeMaTHYHy MOJCTbh PO3BUTKY Ta PO3MOBCIOMKCHHS IOXKEKI
B Oamrax IuiaBydoro jgoka. IlokazaHo, 110 iCHYIOTb YMOBH, IPH SIKHX PO3IIOBCIOMKEHHS
TIOKEXI MOYKE 3YITMHUTHUCS, Ta BU3HAUCHI KPUTEPIT IPUITUHEHHS TIOXKekKi. Mojieb Moxke Oy TH
3aCTOCOBAHO JUTS IHIIKX IIABYYUX CHOPYA Pi3HOI CKITaTHOCTI.
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KarouoBi cioBa: rmaBqu/nZ JI0K, ITOXKCXKHa He6e3r[e1<a, PO3BUTOK HO)KC)Ki, PO3MOBCIOIPKCHH HO)KC)Ki, mnmpouec
3ropsiHHA, MOACJIIOBAHHS ITOJKEXKI.
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Problem statement. One of the difficult problems IMocranoBka npoodaemMbl. OTHON U3 CIOKHBIX TPO-
which arise during floating docks designing is the as- | 67em, BO3HHKAOIINX MPU TMPOCKTHPOBAHUH TUIABYUIHX
sessment of their fire hazard. For each of the designed | mokos, sBnsercs ouenka ux noxapHoii onacHocTH. Jljs
dock the possible scenarios and ways of the fire distri- | kaxmoro npoexrupyemoro noka HeoOGXOIUMO HpOAHA-
bution have to be analyzed, constructive, technical and JIN3UPOBATH BO3MOXKHBIE CLIEHAPUU Pa3BUTHS I10XKAPOB,
Organizational measures for preVenﬁOn, localization and IyTH UX PAaCHPOCTPAHEHHUS U pa3pa6OTaT]) KOHCTPYKTHUB-
fighting of possible fires have to be designed. Computer | gpe, TexHuuecKHe 1 OPraHU3aLHOHHBIE MEPOTPUATHS 10
simulation of the fire development scenarios can provide | ppenorspamennto, noKaTM3aUMK U TYLICHAIO BO3MOXK-

help in this analysis: setting initial points of ignition at | yyx nosapos. TloMoILb B TAKOM aHATH3E MOYKET OKA3aTH
various locations ways of the fire distribution on the

dock tower can be traced due to the fire fighting equip-
ment operation. To create such software systems efficient

KOMIBIOTEPHOC MOACIUPOBAHUC CLCHAPUCB pPa3BUTHUSA
TMOKapoB: 3aJlaBasi B pa3JIMYHbBIX MCECTax MNEepBOHaA4YaJIb-

HBIE O4Yark BOCIUIAMEHEHHSI, MOXKHO MPOCIEANUTh MyTH
mathematical models and algorithms are required which

. ) pacrpocTpaHeHusT moXkapa 10 OamiHe [oKa ¢ y4eToM
enable to calculate a large number of possible scenarios

‘ ] paboThI CPECTB IMOKAPOTYIIeHHU. J{J1s1 CO3MaHUs TaKUX
of the fire development in a reasonable time.

; . MPOrPaMMHBIX KOMIUIEKCOB HEOOXOMUMbI 3((HEKTHBHbBIC
The current models of fire development in the premi-

. . . MaTEMAaTUYCCKUE MOJCIIN U aJITOPUTMBI, IMO3BOJIAIOUINE
ses are based on the three-dimensional time-dependent

calculations which take into account the gas-dynamic
and thermal characteristics of the various fire sources
combustion [1-3]. Such calculations, even for a single
premise, require large computational resources and can

paccunThIBaTH OOJIBIIIOE YHUCIIO BO3MOXKHBIX CIICHApUECB

Ppa3sBUTHA ITOYXKapa 3a IPUEMIIEMOE BPEMSL.
CyHICCTByIOHII/IC B HACTOAILICC BpEM MOACIN PA3BU-

TUA TOXKapa B MOMCHICHUAX OCHOBAHBI Ha TPEXMCPHBIX

. HECTAIMOHAPHBIX pAacueTax, YYWTHIBAIOIIMX Ta30/1HU-
last for several hours, and for this reason they are per- H p p Y t A

N . . HAMHYECKHE W TeIUIOPHU3MUECKHe OCOOCHHOCTH IIPO-
formed primarily on supercomputers and for single iso-

lated premises; the calculation of the fire distribution in | 1¢¢@ TOPCHHIA PASIHAHEIX UCTOTHUKOB HOKapa [1. 4,

building which contains even several premises within the

limits of the three-dimensional time-dependent models is
currently very problematic JUTUTHCST HECKOJIBKO YacOB, MTOATOMY OHH BBITOIHSIFOTCSI

The article aim is to develop a mathematical model | HPEMMYLIECTBEHHO Ha CYNEPKOMIIBIOTEPAX M JUIA ONN-
of fire development and distribution processes in the | HOYHBIX H30TMPOBAHHBIX MOMEIICHUH; PacyeT nporecca
floating dock towers and other floating structures of | PACIIPOCTPaHCHHA IOXKapa IO 3AaHHIO0, COACPAKAIICMY
varying complexity. HECKOJIBKO TOMELICHUH, B PAMKaxX TPEXMEPHBIX HECTa-

Basic material. From the point of view of fire | HIMOHApHBIX MOJEICH B HACTOSIIEE BPEMs BEChbMa Mpo-

hazard any floating dock tower can be considered as | Onemaruyen.

5]. Takue pacyeTbl Jaxke JUisi OAHOTO MOMELICHUs Tpe-

OytOoT OONBIINX BBIYUCIUTEIBHBIX PECYpCOB U MOTYT

a system of premises, connected by the potential fire HEJBIO CTATBM sBnsercs paspaboTka Marema-
conductors — structural elements whereby the fire | THYeckol Mojenu mpouecca pasBUTHSL M PacrpocTpa-
can go from a burning building into a not yet burn- | HeHus moxkapa B OallIHSX IJIaBYYEro J0Ka U Ha JPYTHX

ing one. The fire conductors may be represented with | TuTaBy49HX cOOpyKEHHUSIX Pa3TUIHON CIOKHOCTH.
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common bulkheads and recesses of premises, ventilation
and elevator shafts, power transmission lines, corridors,
and many other structural elements of the dock tower
where combustion, a smoldering heat wave from the
fire area or the flow of hot gases can be distributed. Two
premises may be connected simultaneously with several
potential fire conductors, and the fire transfer from one
premise to another can occur at any one of these conduc-
tors depending on the encountered conditions.

From the practical experience it is seen that the fire
distribution from one premise into another one comes
not always along the shortest path; for instance, some
cases are known when the fire distributed from the initial
point not up the floating structures, but down and got to
the upper decks through the lower ones.

Abstracting from the actual design, from the point of
view of the possible fire distribution, the floating dock
tower can be represented as a graph whose vertices are
the premises, and ribs are the potential fire conductors
which connect the various premises. The vertices of
the graph and thus the premises in the building indexes
are assigned as i = 1,2, ...; j =1, 2, ...; the ribs of the
graph which connect i and j vertices, are described by a
couple of indices (ij), , where the sub-index m = 1, 2, ...
takes into account that some couples of vertices of the
graph can be connected with several ribs simultaneously
(the relevant premises are connected simultaneously by
multiple fire conductors).

To simulate fire development and spread on the dock
tower or another floating structure network and thermal
models can be used [2, 3].

Each potential fire conductor (if),, is characterized by
the time of the fire transmission Ty If the fire occurs in
the i premise, then during Tim time it shall come into the
J premise along the (ij), conductor. Let’s consider that in
the general case Ty 7 Ty, AMONG all the fire conductors
which connect i and j premises, it is at least one for which

Tim is minimal: T it is the first to conduct

fire from the i premise to the j premise. Obviously, only
the conductors with a minimum T transmission time
for a given couple (ij) should be taken into account in
the calculations; others can be omitted. It allows simpli-
fying the design scheme and assuming that each couple
of vertices of the graph is connected by only one edge,
characterized by the T, time of the fire transmission.

Fire shall spread in the dock tower when the tem-
perature in the premise with / = 1 number at some point
of time reaches the 0 ignition temperature. This is
possible only if the steady-state temperature is 6, <0, .
Otherwise, the steady-state temperature distribution shall
be in the building and the ignition of the next premise
shall not happen (the fire shall stop).

Thus, fire shall spread in the premises chain when the
ignition temperature satisfies the following condition

=mint; ,;
m
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H3n0:xxenue ocHOBHOro Marepuanaa. C TOYKH 3pe-
HUS TIOKapHOHM OMAacHOCTH JIFOOYI0 OaIlTHIO IDIaBYYEro
JIOKa MOKHO pacCMaTpUBaTh KaK CUCTEMY ITOMCIICHUM,
COCIMHEHHBIX MEXIy c000H MOTEHIHMAIbHBIMH IIPO-
BOIHUKAMH TIO)Kapa — 3JIEMEHTaMH KOHCTPYKIHHU, 1O
KOTOPBIM IT0XKAp MOXKET MEePEXOIUTh U3 TOPSIIUX [TOMe-
LIeHUi B enle He ropsume. [IpoBogHrKamMu moxkapa Mo-
TYT CITy)KUTh CMEXKHBIC TIEPSOOPKH M BEITOPOJIKH ITOMe-
[ICHUM, BEHTWISIIIMOHHBIC M JIN()TOBBIC MIAXTHI, TUHUU
AIIEKTPOIPOBOKH, KOPHIOPH M MHOTHE APYTHE 3IIe-
MEHTHI KOHCTPYKIIMK OallHu JI0Ka, 0 KOTOPBIM MOTYT
pacpoCTpaHITLCS TOPCHUE, TIICHHE, TEIIOBAs BOJIHA OT
TOPAIIETO MOMEIICHUS WM TOTOK TOpsSYuX ra3os. /[Ba
MTOMEIICHUSI MOTYT OBITh CBSI3aHBI OJHOBPEMEHHO He-
CKOJIbKMMH TIOTCHIIMAIBHBIMA TPOBOJHUKAMHE I10XKapa,
U Tiepeiada mokapa OT OJHOTO MOMEIIEHHS K JAPYTOMY
MOXET IPOUCXOAUTH IO JTFOOOMY U3 ITHX IMPOBOJHHKOB
B 3aBHCHUMOCTH OT BO3HUKIIIUX YCIIOBHIA.

W3 mpakTuKM W3BECTHO, YTO PACIPOCTPaHEHHE MO-
)Kapa OT OIHOTO ITOMEIICHUS K PYyroMy HE BCErja Ipo-
HCXOIUT TI0 KpaTdailiiieMy IMyTH, U3BCCTHBI, HAIIPUMED,
ClTy4yad, KOTIa IoYKap OT MEePBOHAYATIBLHOTO oyara pacmpo-
CTpaHsUICS HE BBEPX I10 IDIaByYEMY COOPYKECHUIO, 4 BHH3
U TIEPEXOIMIT Ha BEPXHUE NATyObl Yepe3 HIKHIC.

OTBreKasich OT peaJbHON KOHCTPYKIMH, OaIIHIO
IUIaBy4Yero JOKa, C TOYKHU 3PEHUS BO3ZMOXKHOTO PacIpo-
CTpaHCHHUS MOXKapa, MOXKHO TPEICTABUTh B BUjIE rpada,
BEpIIMHAMHU KOTOPOTO SABJISIOTCS MOMEIIEHUs, a pebpa-
MU — MTOTEHIHATIHHBIC TIPOBOIHUKH T0XkKapa, CBSI3bIBAIO-
[[Me pa3JInYHbIC MMOMeNIeHus. BeprmHaam rpada u, co-
OTBETCTBEHHO, TIOMEIICHUAM B 3aHUH MIPHCBAUBAIOTCA
wHACKCel i = 1,2, ...;j =1, 2, ...; peOpa rpada, CBI3bI-
BAIOIIME BEPIIUHEI [ U j, OMUCHIBAIOTCS AP0l HHICKCOB
(i/),,, TAE HWOKHUH MHOEKC m = 1, 2, ... yUUTBIBAET, 9TO
HEKOTOPBIC ITaphl BEPIIHH rpada MOTYT OBITh COSTMHCHEI
OJTHOBPEMEHHO HECKOJBKUMH peOpaMu (COOTBETCTBYIO-
M€ TIOMEIIEHHSI CBA3aHBI OJHOBPEMEHHO HECKOJIBKUMHU
MIPOBOJHUKAMH TIOXKAPA).

Jyist MoneTMpoOBaHUsT PA3BUTHUSI U PACIIPOCTPAHCHHUS
mmoykapa 1o OarrHe JI0Ka WU JAPYToro IIaBydero coopy-
JKCHUSI MOT'YT OBITH MCIIOJIb30BaHbI CETEBBIC M TEILIOBBIC
monenu [4, 5].

Kaxnpiii moTeHImaNbHbIA MPOBOAHUK TIOKapa (if),,
XapaKTepU3yeTcs BPEMEHEM Iepefadd Moxkapa T, .
Eciu B moMernieHun i BOSHUKHET IMOXap, TO 3a BPEMs
T, OH NEPEHTIET B MOMEIIEHHUE j TIO NPOBOAHUKY (if), -
Otmerum, 9TO B 00IIEM Clrydae Ty * T Cpenu Bcex
MIPOBOJIHUKOB TIOXKAPa, CBA3BIBAIOIINX TOMEIICHUS [ U J,
CYLLECTBYET, 110 KpailHel Mepe, OIMH, ISl KOTOPOIo T,

ijm

MHHHUMAJIBHO: T; = min Tij,m; HMMCHHO OH IICPBBIM II€PC-
m

i
JIacT MOXKap OT TOMEIICHHSA i K MOMEIIeHuto j. O4eBuI-
HO, B pacyeTax CleAyeT YUUThIBaTh TOJIbKO IPOBOJIHUKI
C MUHMMAJIBHBIM JIJIsl TAHHOU T1aphbl (if) BpeMeHeM Iiepe-

J@4u T, , OCTAIILHBIC MOKHO OTOPOCHTB. DTO TIO3BOJISIET
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6ign < (eign )npe;[’ (1)
2+¢ 248
where (eign )npe):[ = T - [2) -1 (2)

The relation (Gigﬁ)npexl =f(¢) is shown in Fig.1, (line /)
[4]. The physical meaning of (1), (2) inequalities is obvi-
ous: with the ignition temperature of premises being the
temperature in the premises shall take the steady-state
level (3) which is below the ignition temperature, and
shall remain at it for the unrestricted period; as the re-
sult, the ignition of the next premise shall not happen. It
should be noted that a steady-state temperature distribu-
tion exists only when ¢ # 0, i.e. when there is the heat
exchange with the environment (3). There is no steady-
state temperature distribution for the adiabatic fire (¢ = 0)
as well as the ignition temperature restrictions:

i
2
(2 + sj i
2
The analysis of calculations results of the fire distri-
bution through the chain of premises for the model with

0 =|2*+e_

i 7 3)

1,0

0,8 -
£06 1
o
~ The fire spread is impossible

0,4 -

0,2 7

The fire is spreading
0 2 4 6 8 €

Fig. 1. Relation between the ignition limit temperature of pre-
mises and the ¢ parameter.

Puc. 1. 3aBUCHMOCTH TpeAeTbHOM TEMIEpaTypbl BOCILIA-
MEHEHHsI TOMEILCHHH OT apameTpa &:

1 — the model with the constant fire temperature; the mo-
del with the constant velocity of energy density (y>>1) /
MOJIellb C TIOCTOSIHHOM TEMIIEpaTypol Mokapa; MOJIENn
C TOCTOSHHOM CKOPOCTBIO PHEproBeiieneHus (y >>1); 2 —
the infinite chain of premises, the fire in the premises with the
numbers i < 0 / OeckoHeYHas LENOYKa MOMELICHUH, MOXKap
B IIOMEIICHUSIX ¢ HOMepamH i < 0; 3 — semi-infinite chain with
an adiabatic boundary condition, the fire in the premise i =0 /
NOJIyOeCKOHEYHas LIeTouKa ¢ aAnadaTH4ecKuM I'PaHMYHBIM
ycIoBHeM, noxap B moMenienud i = 0; 4 — the infinite chain of
premises, the fire in the premise i = 0 / GeCKOHEUHasI [ETOYKA

MIOMEIIEHHH, ToXkap B momenieHuu i = 0.

The fire is spreading — TOXap paclpoCTpaHsIETCs;
The fire spread is impossible — pacnpocTpaHeHUE TMoXKapa
HEBO3MOXKHO
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YOPOCTUTh PACUETHYIO CXEMy U CUHMTaTh, YTO Kakaas
Trapa BepIIHH rpada cBsizaHa TOJIbKO OJHUM PeOpoM, Xa-
PAKTEpH3yeMBIM BPEMCHEM NEPEAun MOKAPA T,.

Jnst Toro ytoObl B OamrHe A0Ka pacHpOCTPAHSUICS
1
B HEKOTOPBII MOMEHT BPEMEHH JOJDKHA JOCTHTHYTbH

nokap, Temreparypa B MOMEIICHUH C HOMEPOM I =
TeMIeparypbl BOCIUITaMEHEHHss O . DTO0 BO3MOXKHO
ign

TOJILKO B TOM CJIydae, €CIIU CTAallMOHAPHAs TEMIIepary-
paf < Gign. B mpoTrBHOM ciTy4yac B 3JaHUHM YCTaHOBUTCS
CTaIlMOHAPHOE pacIIpeIeICHUE TEMITEPaTy Pl U BO3ropa-
HUSI CIIEIYIOLIEr0 MOMEIICHUSI He MPOM30#aeT (moxap
OCTaHOBHTCS).

Takum 00Opa3zom, 9TOOBI MO IIETIOYKE MOMEIIECHUI
pacmpoCTpaHsIICs MoXap, TeMIeparypa BOCILIAMEHEHHUS
ITOMEIICHUH TOJKHA YIOBJICTBOPSATH YCIOBHIO

eign < (eign )HpCLl’ (1)
2+¢ 2+¢)
rae (el’gn )r[pe;[ = T - (2} - 1 (2)

3aBucumocts (0. )
ign’/ npejn

Hueit [ [4]. ®usndeckuii cMbpIca HepaBeHcTBa (1) ode-

= f(¢) moxa3ana Ha puc. 1 mu-

BHJICH: TIPH TEMIIEPaType BOCIUIAMEHEHHS MTOMEIICHUI
TeMmIeparypa B IOMEIICHHUAX BbIIIET Ha CTAllMOHAPHBIN
ypOoBeHb (3), KOTOPBIH HUKE TEMIIEPATypPhl BOCILIAaMEHE-
HUS, ¥ Oy/IET OCTaBaThCs HA HEM HEOTPAHUYCHHO JOJITO;
B pe3yJIbTare BO3TOpAaHUE CIEAYIOIIETO MOMEIIECHUs HE
mpousoiiner. Cremxyer OTMETHTh, YTO CTallMOHAPHOE
pacrpeneneHue TeMITepaTyphl CYIIeCTBYeT TOIBKO MpH
€ # 0, T. e. IpU HAJTMYNHU TEIUIOOOMEHA C OKPY)KaIomIeH
cpenoii (3). s aquabarugeckoro noxapa (€ =0) craruo-
HapHOIO paclpeneseH sl TeMIEepaTypbl He CYIIEeCTBYET,
KaK U OTpaHHYCHHI TI0 TEMIIEPaType BOCILIAMCHCHHUS:
1

SR

AHanu3 pe3ynbTaToB CEpUH PacyeTOB IpoIiecca pac-

2+¢
2

0, = 2+z—:_
2

3)

MIPOCTpaHEHHS TIOKapa IO EMOYKe IIOMETICHAHN I MO-
JIEJIN ¢ IOCTOSIHHOM TeMIIEpaTypoii IIo¥kKapa [OKa3bIBaET,
YTO MPOIECC PACIPOCTPAHEHHUS TAKOTO MoXkKapa SBIIeT-
Cs1 yCTOWYHMBBIM U JINOO BCETNa BBIXOIUT HA CTAI[OHAP-
HBII YPOBEHb, COOTBETCTBYIOIIUI OJMHAKOBOM JIJIs1 BCEX
MTOMEIICHUI CKOPOCTH PACIpPOCTPAHCHUS ®, JINOO TIpe-
KpalaeTcst ¥ B 37JaHAN YCTAaHABIMBACTCS CTAllHOHAPHOE
pactipenenenue Temreparypsl (3); HUKaKuX HECTaIno-
HapHBIX (KoJe0aTeNIbHBIX) PEKMUMOB B MOJIETH C TIOCTO-
SIHHOU TeMIIepaTypoy MoKapa He CyLIEeCTBYET.

PaccmoTpuM OECKOHEUHYIO IICTIOYKY [TOMEIICHUM,
B KOTOpOW IMOXKap OXBAaTWJ TOMEHICHHS C HOMEpaMu
i <1i,, TA€e i, — HOMEp MOCJIEIHETO BOCIUIAMEHUBIIETOCS
TTOMEIICHHUS; B OCTANBHBIX ITOMEIICHUSIX TeMIeparypa
HE TOCTHIYIA TEMIIePaTyPhI BOCIUIAMEHECHHS.
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a constant fire temperature shows that such fire distri-
bution is stable and either always reaches a steady-state
level corresponding to the same distribution velocity for
all premises, or the fire stops and there is the steady-state
distribution temperature in the building (3); no time-
dependent (oscillatory) modes exist in the model with a
constant fire temperature.

Let’s consider the infinite chain of premises where
the fire is in the premises with numbers i < i, where i, is
the number of the last ignited premise; in other premises
the temperature has not reach the ignition temperature.
As all the premises are considered to be the same, the
numeration can start with any of them; so without loss of
generality, we assume 7, = 0.

Thus, for i > 0 the steady-state temperature distribu-
tion is described by the equation

0, 1-(2+€)0;+6,,,=0, “)
and for i <0 — by the equation

The solution of the (4) equation shall be sought in the
form 0. = 0,a"', where a is the infinite parameter. Substi-
tuting this solution into the (4) equation for i =2, 3, ...,
it is easy to see that the a parameter satisfies the steady-
state temperature distribution for the premises with num-
bersi= 1,2, ..., described by the relation

]

2
j .
with yet undefined 6 parameter.
Taking into account that the natural condition
lim ©; =1 should be valid for the long-ignited prem-

i—>—0
ises, then the solution b > 1 of the two solutions of this

equation should be left, i.e.
)2

(

The steady-state temperature distribution for the

2+¢
2

2+8_

0, =96 b

(6)

=L
a

2+¢
2

2+
2

b

premises with the numbers i = ..., —2; —1; 0 can be de-
scribed with the relation
2
(2 + sj .
2
with yet undefined 0, parameter.

For i = 1 the equation (4) becomes

0,-(2+¢0, +6,=0.

@=1+m0—ng§3+

For i = 0 the equation (5) becomes
0, -(2+e0,+0,+e=0. )
Substituting the relations (6) and (7) into these equa-
tions, we obtain the system of equations:
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Tak KaK Bce IMOMEIIEHUS CUMTAOTCS OJUHAKOBLIMH,
HyMepaluo MOXKHO Hayarh C JII000Tr0 U3 HUX; MI03TOMY,
HE Tepsis o0mHoCcTH, OyaeM cauTars i, = 0.

Takum ob6pazom, ayist [ > 0 cTallMOHAPHOE pacIpe/ie-
JICHUE TEMIIEPaTyphl OIMCHIBACTCSl YPABHEHUEM

a st i < 0 — ypaBHEHHEM

Pemenne ypaBnenms (4) OyaeM uHcCKaTth B BHIE
0.=0,a"', rie a — GespasmepHblii napamerp. [loacras-
JISIS 9TO pelieHue B ypaBHeHue (4) mist i =2, 3, ..., JeTKO
yOeIUThCS, YTO MAPAMETP @ YNOBJIETBOPSIET CTALMOHAD-
HOMY paclpe/ielieHHI0 TeMIIepaTypbl Ul MOMELICHUH
c HOMepamH i = 1, 2, ..., OIICBIBAEMOMY 3aBHCHMOCTBIO

i-1

(6)

C HEOTIPEICIICHHBIM TIOKa TTapamMeTpoMm 6.
VYuTsiBast, 9TO IS JABHO BOCIIAMEHHUBIIIHXCS T10-
MEIIEHUH JIOJKHO BBITOJHATHCS €CTECTBEHHOE YCIOBHE
lim 6; =1, u3 ABYX peleHunii 3T0ro ypaBHeHHs HEO0X0-

i—>—w
MO OCTaBUTL b > 1, T. €.
2
2+¢
2
CramnmoHapHOE paclpeelieHue TeMIepaTyphl UIs
MOMEIIEHUH ¢ HOMepaMu [ = ..., —2; —1; 0 MOXeT ObITh

SR

C HEONPEJIEICHHBIM MOKa MapamMeTpom 6.
Hdus i =1 ypaBHeHHE (4) IPHHUMACT BUL

0,— (2 +¢)0, +6,=0.

1

a

b:ﬁ"‘
2

OITHCAaHO 3aBUCUMOCTBIO

2+¢
2

@:Lu%—ng;%

Huis i = 0 ypaBHeHUE (5) IPUHUMAET BH]T
0, -Q2+¢e0,+0, +e=0. ®)

[MoncraBnss B 3TW ypaBHEHHS 3aBHCHMOCTH (6)
u (7), MOJTy4nM CUCTEMY YpaBHEHUH

0p+(a—-2-¢)6;=0; (;—2—8)90+91 =%—1—8,(9)

13 KOTOPBIX HAXOAUM

1
91 = N
3+e—a
| (10)
90 =1— .
3+e—a
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0o +(a—2-£)0,=0; (;—2—8j90+91 =%—1—s,(9)

from which we shall find

e1:“‘14*;
3+eg—a
X (10)
6p=1-——.
3+e—a

As aresult of the parametric studies, the models with
a constant velocity of energy density in fire in the case
of the slow premise burn (y >> 1) the following (6), (7),
(10) relationships have been obtained which fully de-
scribe the steady-state temperature distribution in the
chain of premises.

For the steady-state temperature distribution the tem-
perature in the premise with the number i = 1 should be
less than the ignition temperature: 0, < Gign or taking into
account (10)

0

ign

(11)

(eign)npe;[’
where

1

0 _—
( 3+e—a

ign Inpen = (12)
Obviously, if the (11) condition is satisfied, the fire
distribution through the chain of premises is not possi-
ble: the ignition of the next premise doesn’t happen and
the fire stops, although burning continues in the already
ignited premises.
The (12) relation between the (6.

en)pen gh-limit ig-
nition temperature and the € parameter is shown in Fig. 1
(line 2). It is seen that with the large values of the € pa-
rameter (large heat loss), both models predict the similar
values of the high-limit ignition temperature, however,
with the small values of the € parameter the model with
a constant velocity of energy density in fire predicts the
lower-limit ignition temperature values than the model
with the constant fire temperature [2]. In particular, when
€ = 0 the model with the constant fire temperature gives
(Gign)npm: 1, while the model with the constant velocity
of energy density gives (eign)npeﬂ =0,5.

The practical interest is the criterion which defines
the conditions under which the fire arising in one of the
premises can not spread to other premises. In this case
the steady-state temperature distribution shall also be
among the premises.

Let’s define the criterion for the two variants of
chains of premises:

a) an infinite chain where the fire is only in the pre-
mise with the number i = 0; in this case there is a sym-
metry condition: 6_ =0 ;
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B pesynbrare napameTpuyeCcKux UCCIEIOBAHUNA MO-
JITIN C TIOCTOSIHHOM CKOPOCTBIO SHEPIOBBIJICIICHUS TIPH
rokape JuIsl ciaydasi MeJUICHHOTO BBITOPAHUs TOMeEIIe-
Hus (Y >> 1) momydensr 3aBucuMocTti (6), (7), (10), mon-
HOCTBIO OITUCHIBAIOIINE CTAIMOHAPHOE pacIpeieeHue
TEMIIEPaTyphl B [IETIOUKE TOMEICHHU.

Jnst Toro 4rtoObl CTAalMOHAPHOE pacCHpe/elieHrne
MOIVIO CYIIIECTBOBATh, TEMIIEPATypa B IOMEILEHNH C HO-
MepoM i = | J0o/bKHa OBITH MEHBIIIE TEMIIepaTyphl BOC-
naMeHenus: 0, < Gl_gn — wi, ¢ yyerom (10),

6igrl (eign)npeu’ (1 1)

rac
0 __ 12
( ign)npen_3+8_a- ( )

OueBuHo, ecnu yciosue (11) BeImomHsiercsi, pac-
MPOCTPaHEHHE MOXKapa MO IENOouYKe MOMELICHUN cTa-
HOBHUTCS HEBO3MOXKHBIM: BO3TOpaHHE OYEPEIHOrO IMO-
MEIIEHNS] HE TPOMCXOINT M TIOKap OCTAaHABIMBACTCH,
XOTSI TOPEHHE B Y)K€ BOCIIAMEHMBIIHNXCS TIOMEIIECHUAX
TIPOJOJIKACTCSL.

3aBucuMocts (12) mpenenbHOM TemmepaTypsl BOC-
wiameHenus (0. )

ign’/npen
puc. 1 auuei 2. BuaHo, 4To mpu OONBIINX 3HAYEHHSX

OT TMapaMeTpa € IIOKazaHa Ha

napamerpa € (OOJbIINE TEIUIOBEIE MOTEPH) 00€ MOJICIIH
TIPE/ICKa3bIBAIOT OJIM3KHE 3HAYCHUS TPEJIeNIbHOM TemIte-
parypbl BOCIIJIAMEHEHUsI, OJIHAKO MPU MAJIbIX 3HAYCHHSIX
rnapamerpa € MOJIelb C IIOCTOSIHHOM CKOPOCThIO SHEPTO-
BBIJICNICHUS TIPH 110XkKape MpPe/ICKa3biBaeT 0oiee HU3KUE
3HAUEHUS MPEAEIbHON TeMIepaTypbl BOCIUIAMEHEHUSI,
YeM MOJIENIb C MOCTOSIHHOM TemrmepaTypoi moxkapa [2].
B uvactHOCTH, TIpU € = (0 MOzENb C IOCTOSIHHON TeMIIe-
parypoii noxkapa naet (6. )

ign’/ ipen
J€CJb C IIOCTOSIHHOM CKOPOCTBIO SHCPTOBBLIACIICHUA JAa€T

® ) =0,5.
ign/npen
[IpakTuueckuil MHTEpPEC NPEACTABISIET KPUTEPUH,

= 1, B TO BpEMs KakK MO-

OTIPENEIIAIONTNH yCIOBHSA, IIPH KOTOPBIX MOXKAap, BO3HUK-
IUKA B OJHOM M3 MOMENICHUH, HE MOXKET pacnpocTpa-
HUTBCSl HAa Apyrue NnomelleHus. B aToM cirydae taxxe
YCTAHOBHTCSI CTAI[MOHAPHOE PACIpEe/ICHHUE TeMIiepa-
TYPBI MEXKY TIOMCIICHHUSIMU.

OnpepenarmM 3TOT KPUTSPUH VIS ABYX BAPHAHTOB IIC-
MTOYCK TOMCIICHUN:

a) OecKOHEYHas IIEeTI0YKa, B KOTOPOH MOXKap MPOMUC-
XOIUT TOJBKO B ITOMEMICHHH ¢ HOMepoM i = 0; B 3TOM
CIly4a€ UMEET MECTO YCIOBHE CUMMETpHH O =0 ;

0) nonyOecKoHeYHas! IEMOYKa MOMEIICHHHA, B KOTO-
poii MmoXKap TaKkKe MPOUCXOAUT TOJNBKO B MOMECIICHUU
¢ HOMepoM i = 0; B 3TOM ciIydae clieBa UMEET MECTO aJlu-
abaruyecKoe rpaHnYHoe yciiosue 0 = 0,.

3aMeTuM, 9TO B 000X ITUX CIyYasx CTAI[HOHAPHOE
pactpeneneHue TeMIIepaTyphl Ul TIOMETICHAN ¢ HOMe-
pamm i = 1, 2, ... OIUCBIBaeTCA COOTHOIICHNEM (6), TIe



N°1 (1) 2014

b)a semi-infinite chain, where the fire is also only in
the premise with the number i = 0; in this case on the left
there is an adiabatic boundary condition: 6_,=0,;

Note that in both these cases the steady-state distri-
bution of temperature for the premises with the numbers
i=1, 2, .. is described by the (6) relation, where the 0,
temperature satisfies the (9) equation. For the 0 tempera-
ture the (8) equation is true which shall have a differ-
ent form for the infinite and the semi-infinite chain of
premises.

For the infinite chain of premises the (8) equation has
the following form:

20, - (2+¢)0,+e=0.
Accordingly, we shall obtain

&€
2+(2+e)a-2-¢)

6, =

The fire spread is impossible if 0, < eign. Thus, the
criterion which describes the conditions under which the
fire in the chain of premises “stops” after the ignition of
the first premise has the (11) form where

) _ €
TP Db (2+e)a-2—¢)

(eign

(13)

For the semi-infinite chain of premises with the adia-
batic boundary condition the (8) equation has the follow-
ing form:

—(1+¢)0,+0, +e=0.
Accordingly, we shall obtain

€
l+(+e)a-2-¢)

0, =

Obviously, in this case the criterion which describes
the conditions under which the fire distribution in the
semi-infinite chain of premises with the adiabatic bound-
ary condition is impossible has the (11) form where

_ €
Oignpen =77 (1+e)a-2-¢)

(14

The (13) and (14) relations are shown in Fig. 1 with
lines 4 and 3, respectively. It is obvious that all the rela-
tions of (G[gn)nm

large values of the & parameter, however, with small heat
losses they are significantly different and depend on both

and € shown in Fig. 1, are close with

the model and the conditions of the fire emergence and
development.

To clarify the effect of the spatial arrangement of
premises in the real conditions in the floating dock tow-
ers on the parameters of the fire spread, let’s consider
the fire spread in a two-dimensional tower which is a flat
grid, each cell of which is a separate premise.
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Temneparypa 0, ynosnetsopser ypasHenuio (9). Jlisa
Temneparypsl 0, cripaseueo ypasHenue (8), KoTopoe
JUIsl OECKOHEYHOW M MOTyOECKOHEUHO! IeroYeK MoMe-
mieHni OyzieT UMEeTh Pa3HbIi BHI.

Jist OECKOHEYHOH 1ICTIOYKU MTOMCIIICHHUH YPaBHCHHE
(8) mpuBOIUTCS K BUIY

20— (2 +¢)8, +£=0.

COOTBETCTBEHHO TOJTYYrM

€
91 = .
2+(2+e)a—-2-¢)
PacripocTpanenue Tmokapa HEBO3MOXKHO, €CITH

0,< Ol.gn. TakuM 00pa3om, KpUTEpU, OMUCHIBAIOIINI
YCIIOBHS, TP KOTOPBIX MOXKAp B IEMOYKE IMOMEIICHUI
«OCTaHABJIMBACTCS» TOCC BO3TOPAHUS TEPBOTO MTOME-
mieHust, umeeT Bup (11), roe

€
Oignpen == 2+e)a-2-¢)

(13)

Jist momyOecKOHEYHOW IIETIOUKH TTOMEIIICHUH ¢ a/iu-
abaTHYeCKUM TpPaHWYHBIM YCJIOBHEM YypaBHeHHE ()
MIPUHUMACT BUJI

~(1+€)8,+0, +£=0.

COOTBCTCTBGHHO, MOJIy4Ynm

€
1+(+e)a-2-¢)

6, =

Od4eBUIHO, B 9TOM Cllydyae KPUTEPHid, OMUCHIBAIO-
[IUH YCTIOBUSI, TIPH KOTOPBIX PACIPOCTPAHEHHE MoXkKapa
B IOJyOCCKOHEYHOMH LIEMOYKe MMOMEIICHUH ¢ aaunabaru-
YECKUM TPAHHYHBIM YCIOBHEM HEBO3MOXHO, UMEET BHU]I
(11), tae

) _ €
TP 14 (l+e)a—2—¢)

(eign

(14)

3aBucumoctu (13) u (14) nokazansl Ha puc. | nu-
HUSAMHU 4 1 3 COOTBETCTBEHHO. BHaHO, 4TO BCe 3aBHCH-
moctu (0. )

ign’ pen
€ 6HI/13KI/I, OMHAKO TP MaJbIX TEIUJIOBBIX MOTEPSAX OHHU

OT € TpH OOJIBIINX 3HAYCHUSAX ITApaMeTpa

CYIIECTBEHHO OTIMYAIOTCA U 3aBUCAT KaK OT MOJEIH,
TaK U OT yCJIOBHH BO3SHUKHOBEHHS U PA3BUTHS I10OXKapa.

YToObI BBISICHUTH BIUSIHNAE IPOCTPAHCTBEHHOTO pac-
TIOJIOKEHUS! ITIOMEILICHNH B PeabHbIX YCJIOBHAX B Oarm-
HSIX IUIaBY4ero J0Ka Ha IapamMeTpbl paclpOoCTPAHEHUs
M0apa, PaCCMOTPUM PACHPOCTPAHEHUE TTOKApa B IBYX-
MEpHOH OalHe, MpeCTaBIsIomel cob0i MIOCKYIO ceT-
KY, KaKJas s;YeliKa KOTOPOH sIBJIIETCSL OTAEIIbHBIM I1I0Me-
HICHUEM.

Bynem cuutare Bce MOMEIIEHUS U BCE MPOBOJHUKU
mokapa B 3JJaHHH OJMHAKOBBIMH; IPOBOJAHUKN COEIHHS-
0T TOJIBKO [TOMEIICHUSI, IMEIOIIIE CMEXXHBIE IEpeOOPKH
1 BBITOPOJIKH.
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We assume all the premises and all the fire conduc-
tors the same in the building; the conductors connect
only the premises which have common bulkheads and
recesses.

In the two-dimensional case for the model with the
constant velocity of energy density the following [2]
equation takes place

Dy _,

dt 1.7+

i1, T 0i 71 +6

iLj+l

—(4+2)0; +el(t—T1g,

), (15)
where 6, — is the temperature of the premise which is in
the 7 row and the j column of the two-dimensional grid.
All dimensionless variables and parameters are defined
by the same relations as for the one-dimensional case.

Then we shall assume that the maximum values of i
and j are much more than one which enables to consider
the infinite grid.

Let’s find the condition under which the fire which
started in the premise with the number (i = 0, j = 0), can
not distribute along the dock tower. In this case, there
shall be the steady-state temperature distribution in the
tower which is described by the equation

ei_l, P +9i+1,j +9,-,j_1 +9,-,j+1 —(4+8)9y +86i06j0 =0.

J

It splits into two equations:

ei_l,j + 6i+1,j + 91"]-_1 + 9,-’_1-+1 — (4 + 8) 9,1 =0 (16)

for all 7, j simultaneously not equal to zero and
40, - (4 +¢e)0,+e=0. 17
In (17) it is taken into account that the symmetrical,

=0

0 Y07 e0,71 = 601'
Taking into account the symmetry of the equation,

and therefore, 0

the solution of the (16) equation shall be sought in the
form

il+]j]-1
b

(18)

9,] = eloa‘

where a, 0, are constant which have to be defined.

For the same reason, it is enough to consider the (16)
equation for non-negative i, ;.

Substituting (18) into (16) for i # 0 and j # 0, we
shall get

4+
a’ 8a+1=0.

Taking into account that Gl.j must satisfy the natural

condition lim el.j =0, then the solution a < 1 of the

il,| jl >

>

two solutions of this equation shall be left, i. e.

=T

4+¢
4

4+¢
a= -

2 (19)
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B nByxmepHOM ciydae Ui MOJENIN C MOCTOSIHHOM
CKOPOCTBIO 3HEPrOBBIICIICHUS HMEET MECTO ypaBHe-
Hue [2]

do;
o 01, + 011, +0; ;21 +6; 11—

—(4+8)0; +el(t—"Ti4,), (15)

e 61.]. — TeMmmeparypa TOMENICHHs, HaXOMAIIeTOCs

B CTpOKE [ U cToJbIe j ABymMepHoi cetku (15). Bee 6e3-
pa3MepHBIE TIEpEMEHHBIC W ITapaMeTphl OIpPEIeIICHBI
TEMH K€ COOTHOILIEHUSIMH, YTO U JIsl OTHOMEPHOTO CITy-
qas.

B nanbHelimem OyneM cunuTaTh, 9TO MAaKCUMAJIbHbBIE
3HAYCHUS [ ¥ j CYIIECTBCHHO OOJIBINE CIUHHUIIBI, YTO TI0-
3BOJIIET PACCMAaTPUBATh OECKOHETHYIO CETKY.

Haiinem ycnoBue, npu KOTOpOM MOXap, BO3HUKIIUI
B mometeHnn ¢ HomepoM (i = 0, j = 0), He MOXeT pac-
MPOCTPAHATHLCSI JablIie 1Mo OarrHe goka. B atom ciiyuae
B 0OamiHe YCTAaHOBUTCS CTAaIlMOHAPHOE pacIpeleeHue
TEeMIIepaTypbl, KOTOPOE OMUCHIBACTCS YPABHECHUEM

001, + 041, +0; 1+, ;. —(4+8)0;; +£8;08 o =0.

OHo pacnazfaeTcs Ha J1Ba ypaBHEHUS

01, + 0541, +6; 1 +6, 11 —(4+€)6,; =0 (16)

JUISL BCEX I, j, OMHOBPEMEHHO HE PAaBHBIX HYIIO, U
40,,— (4 +¢)f,+e=0. a7
B (17) yureno, 9To 3aga4a — CHMMETpHYHAS U, CIIe-

e10 = e0,71 = e01'

VuurtsiBas CUMMCTPUIO 3aJa4d, PCIICHUC YpaBHC-

JIOBATeNbHO, O | =

Hus (16) OyzmeM uckarh B BHIIE
i1
b

(18)

e a, 0,) — MOCTOsHHEBIE, KOTOPBIE TpebyeTes ompeie-

GU :910a

JIUTB.
Ilo »TOi Xe npuuMHE OOCTAaTOYHO PACCMOTPETH

ypaBHeH#e (16) TONBKO ISl HEOTPHLATENBHBIX i, /.
Honcrapnss (18) B (16) amst i # 0 uj # 0, momydnm

€
a’ a+1=0.
VuuteiBas, 4TO 61_/_ JIOJKHO  YZIOBJIETBOPATH €CTe-

CTBeHHOMY ycnoBuio lim 6, =0, u3 1Byx perucHuii

Jjl—>o

9TOTO ypaBHEHHS HEOOXOIUMO OCTaBUTh a < 1, T. €.

2
(4+s) y
4

moncrasuM (18) B ypaBHe-

i

>

4+¢
a=

1 (19)

Uto0bI onpesennTh 61 »

Hue (16) g i=1uj=0. Torna
0,+Ba-4-¢)0 =0.
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To define 0,,, we shall substitute (18) into the (16)

equation for i = 1 and j = 0, and we shall get
0,+(Ba-4-¢)0,,=0.

Solving this equation, together with (17), we find

3 €
4+(4+e)Ba—4-¢)

For the fire spread not to occur there following rela-
tion should be true: 0, < Gign.

Thus, the condition of the fire non-distribution along
the dock tower in one of the premises has the (11) form
where

)0 =

€

Orgnuper =~ 4 G e Ga—a—2)

ign

(20)

The relation of (Olgﬂ)“pe}I and ¢ is shown in Fig.2
(line 7); here is a similar (13) relation for the one-dimen-
sional chain of premises.

Note that it is easily shown that for the model with
the constant fire temperature the criterion of fire non-
distribution in the two-dimensional case also has the (11)
form when (Gign)npcﬂ = a where a is defined by the (19)
relation.

In the process of designing and construction of com-
posite floating docks special fire protection system is
provided on it including: fire-protection constructions of
decks and bulkheads (classes A-60, A-15, B-15), water-
and gasproof doors and lids, steam smothering piping,
the remote control of fire pumps and ventilation, smoke
and heat fire detectors and other fire-protection appli-
ances.

In the towers built at the Kherson State Plant “Palla-
da” the fire system is installed in the composite floating
docks. It has a circular layout. The rising main running
from the fire pumps is located inside the heated premises,
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Pemast aTo ypaBHenue coBmectHo ¢ (17), Haiiaem

€
T4+ (d+e)Ba-4-¢)

Jst Toro 4ToObI pacpOCTPaHEHHUE TOKapa HE MPo-

e10 =

MCXOJTHIIO, JIOJKHO OBITH 0 ) < e,.gn.

Takum 00pa3oM, yclOBHE HEPACIPOCTPAHEHHS 110
OarHe 10Ka [MoYKapa, BOSHUKIICTO B OJHOM U3 ITOMEIIIe-
Huil, nmeet Bup (11), roe

€

®; )“peﬂ:_4+(4+s)(3a—4—a)‘

ign

(20)

3aBucumoctb (0. )
ign’/ npen

Hus 1); 37eCh ke MoKa3aHa aHaJOTHMYHas 3aBUCHMOCTD

OT € TIOKa3aHa Ha puc. 2 (-

(13) s omHOMEPHOM LEMOYKH MOMEIIECHHH.

OTmerum, 4TO AN MOJENU C MOCTOSHHOM TeMIe-
paTypoil mokapa KpUTEpHM HepacHpOCTpaHEHUs I10-
Kapa B IBYXMEPHOM ciiydae Taxke umeeT Bua (11) mpu
(O[gn)npcﬂ = a, TAC a ompenensercs: cootTHoieHueM (19).

[Ipn NpOEKTHPOBAaHUM M CTPOUTENHCTBE KOMIIO-
3UTHBIX IIIaBYYMX IOKOB HAa HHUX TPEAyCMAaTpPHBAIOT
CHENHATbHYI0 CHCTEMY IIPOTHBOIOXKAPHOW 3allUTHI,
BKJIIOYAIOLIYI0 B ceOsl MPOTUBONOKAPHBIE KOHCTPYK-
uuu maimy6 m mepebopok (kmacca A-60, A-15, B-15),
BOJIOTa30-HETIPOHUIIAEMBIE JIBEPH U KPBIIIKH, TPYOOTIPO-
BOJBI NOXKAPOTYHICHUS, TOCT AMCTAHIIUOHHOTO YIIpaBJjIc-
HUSI TTOXKapHBIMHA HACOCAMHU M BEHTHJISILIUEH, JBIMOBBIC
1 TEIUIOBBIC TTOXKapHbIC N3BEINATENN U IPyTHE CPEACTBA
MPOTUBOTIOKAPHOM 3aIUTHI.

B Gamnsix, moctpoennsix Ha XI'3 «[lammana» kom-
MO3UTHBIX IIJIABYyYMX JOKOB, YCTAQHOBJICHA IOXKapHas
CHCTEMa, MMEIOIAsi KOJIBIIEBYIO CXEMY PaCIOIOXKCHHUS.
[ToxapHbIii TPyOOIIPOBOJI, UAYIIUHA OT MOXKAPHBIX HACO-
COB, PacCIOJIOKEH BHYTPH OTAIlJIMBACMbIX IOMEILICHUH,
a OTBOJIbl — Ha BHYTPEHHHUX CTEHKax OallleH Ha ypOBHE

0,20

The fire spread is impossible

The fire is spreading

Fig. 2. Relation between the ignition limit of premises and the ¢ parameter:

Puc. 2. 3aBucuMOCTH ITpeAeIbHON TeMIIepaTyphl BOCIUIAMEHEHHS IOMEILIIEHUH 0T mapaMeTpa &:

1 — the one-dimensional model of the tower, the (13) relation /| ontHOMepHas Monenb OaurHu, 3aBUCKUMOCTD (13); 2 — the two-

dimensional model of the tower, the (20) relation / nByXMepHast MOJIE)Ib OallIHU, 3aBUCUMOCTB (20).

The fire is spreading — noxap pacnpoctpaunsiercsi; The fire spread is impossible — pacnpocTpaHeHne noxapa HeBO3MOXKHO
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and the taps are located in the inner sides of the towers at
the keel blocks level. The taps are also taken out on the
top deck and galleries. The foaming depression installa-
tions are placed in the dock towers, and the devices for
their connection are taken out on the top deck [3].

The low pressure, acetylene and oxygen air system
is made according to the ring scheme and located on the
docks. The low pressure air vent piping with distribu-
ting columns located on the berth-deck, are connected
by flexible hoses with a dock compressor and factory
vent piping. The annular low pressure air vent piping is
located on the inner side of the tower at the dock keel
blocks level, and the oxygen and acetylene vent piping is
located in the upper part of the internal sides of the tow-
ers. The operating pressure in the oxygen vent piping is
equal to 1.0 ... 1.6 MPa and in acetylene ones it is equal
to 0.5 MPa.

Before the test run all the oxygen vent piping is
purged and dried with nitrogen or air without oil conta-
mination, and before the acetylene installation starting all
the appliances and pipes are flushed with nitrogen with
the purity of at least 97.5%. After purging, the volume
oxygen content in the appliances and vent piping must
not exceed 3.5 %. All the dock vent piping is connected
to the factory routes using the flexible hoses.

CONCLUSION. 1. The mathematical model of the
process of fire development and distribution in the float-
ing dock towers has been developed and investigated
taking into account the special features of the potential
fire conductors which connect the premises. 2. The mod-
el allows calculating the possible scenarios and limit-
ing modes of the fire distribution through the system of
premises and assessing the fire hazard of the structures
of various complexity. 3. The parametric study of the fire
distribution through the system of premises is performed.
It is shown that there are conditions under which the fire
distribution can be stopped and the criteria of the fire
spread can be defined.
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NCCJIELOBAHNA N PASPABOTKU

OCHOBBI COBEpIICHCTBOBAaHMS MOXKapHOH 0€30MacHOCTH B cynocTpoeHnn [Tekcr)

KWIbOJIOKOB. OTBOJIBI TaK)Ke BHIBEACHBI HA TOM-NAy0Oy
U rajepen. YCTaHOBKH IIEHOTallleH sl pa3MelIeHbI B Oali-
HSIX JIOKa, @ yCTPOMCTBA JUIsl MX MOAKIIIOYCHUS BHIBEICHBI
Ha Ton-naiyOy [3].

[To xomnblEeBOl cXeMe Ha JIOKax YCTpOEHa CHCTeMa
BO3/yXa HU3KOTO IABIICHHSA, allCTHJICHA M KHCIOPOJA.
TpyOompoBoa BO3AyXa HU3KOTO JTABICHUS C Pa3Iarolln-
MH KOJIOHKaMH, YCTaHOBJICHHBIMH Ha CTarelb-manxyoe,
COCTMHEH THOKAMH IUTaHTaMH C JIOKOBBIM KOMIIpec-
COpOM W 3aBOACKHM TpyOompoBomoM. KombreBoit Tpy-
00mpOBOI BO3AyXa HHU3KOTO MABICHUS PACIIOJIIOKEH
Ha BHYTPEHHEW CTEHKE OallHU JOKa Ha YPOBHE KHIIb-
OJIOKOB, a TpyOONPOBOIBI KUCIOpONa W aleTHIIeHa —
B BEpXHEH 4acTH BHYTpEeHHUX OOpTOB OameH. Pabouee
JIaBJICHUE B KUCIIOPOIHBIX TPYOOIPOBOIAX COCTABIISET
1,0...1,6 MIla, a anerunenosix — 0,5 MIIa.

[lepen NpOOHBIM NYCKOM BCE KHCIOPOAHBIE TPY-
0OMpOBOABI MPOAYBAIOT U MPOCYIIMBAIOT a30TOM HIIH
BO3J[yXOM, HE 3arps3HEHHBIM MacjoM, a Iepej MyCKOM
AIleTHJICHOBOM yCTaHOBKH BCE aImaparbl U TPyOBbI Mpo-
JIyBarOT a30TOM 4UCTOTOM He Hike 97,5 %. Ilocne mpo-
JYBKH O0BEMHOE COfIEp)KaHHE KHCIIOpOAa B armaparax
1 TpyOOINpoBOaxX He JOHKHO IpeBbImarh 3,5 %.

BBIBO/IbI. 1. Pa3zpaborana u wuccienoBaHa Ma-
TeMaTh4ecKkas MOJENb IIPOoILecca Pa3sBUTHUSA H PaCIpo-
CTpaHEHUsI MoXKapa B OAITHAX TJIaBYYero JI0Ka C YIeTOM
CBOMCTBA TOTEHIMAIBHBIX MPOBOAHUKOB ITOXKapa, CBS-
3BIBAIOIINX MTOMEIICHUS.

2. Mogens TO3BOJIIET PACCUUTHIBATE BO3MOYKHBIC
CIIEHApUHA W TPENEIIbHBIE PEXHUMBI Pa3BUTHS ITOXKapa
U OIICHUBATh MOXKaPHYIO0 ONACHOCTh COOPYEHHH pa3-
JINYHOU CJIO)KHOCTH.

3. IlpoBeneHHbIC MApaMETPHUYECKUE HCCIIETOBAHMS
pacIpocTpaHeHHs MoXKapa Mo CUCTEME ITOMEIeHHH Mo~
KazaJy, 4TO CyLIECTBYIOT YCJIOBHS, IPU KOTOPBIX pac-
MIPOCTpPaHEHHE TOKapa MOXKET OCTaHOBUTHCs. Orpene-
JICHbI KPUTEPUH TIPEKPAILCHHUS TT0XKapa.
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