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bog®Egdo. Bog9bGHOWsEOM 359M0L LoRdoMg 0BMIGdMs B5gdMIgEHMom, bmem
35960l babrxol gosbase0dgds bgdms ymzgr 3sw3gee dmdgbddo LoBdsMob
dobg30m. MY gdMEo bobdMol LsFoMmm Lboddgrsgmol MBEOMBlgEymas
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Mm3GH00oMmo  5dmygbgds  ghHm-9hHm  3M0MOOGIGI 0TSO MWIdI©  ddbobogds.
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LoBdoGg, beagom u, 303d030 3960300l 300GH03Mwwo bobdsGg. dsdob 9dmbgzgzs, OH™MEs Uy > u,
329006900l 259mbsMoEbo 9dbmemaom®mo L5809 gdss. 3306500l IbGOHOWMdOL dobgzom gb
9563969000930 (335009050 MBL 39B0(30006. (335¢905MdOL 330l FoB39690gwo  IbMOEMdOL
dobgzom M0l MRobBMIowgdm  3m980E0gbGO - 3Me©0gbH-BoddHMMo ky . FgLodsdolo,
36500963)-535dGHMM0bL 458tmggbgdom 3H0EH03Mw0 LoBJsMmobs s 30bgdol Loa®dol 3MMmybmbo
bgds MR 39O  dguHegrowo  3mOHOBMBEHIWMG 43060509030 bsbdOOL  gobgzomsmgdol
b39696 900l dobgz00m.

3600303990 bobdstg 45608 Egds MHMYME 3 yMdoz0 396G0WsE00lL dobodoswrwmEmo Lobdsey,
HMI90E 399MOH0EbI3L 33590l 399653500 Homdmdabsl. 30bgdol LogMdg séol ol dsbdogro,
HMIJDBIPIE 035w bLBms 359MoL Bs3odo 3M(39gds 33590 s 3ol BHmJbogzmeo
36MM©J3HJ00. 2050096¢-BoJHMMO 3560ToMGHds BIMAMEOS 3060580l IBGOWMBdOL dobgwz0m
3603030 LoBdsMolbs s M390bgdol LogMdol BOEOL 3OHMIMMEF0MWMdOL 3Mm9R0309bEGO.
15396GH0Es30Mm  LOLEGHGIOL  3MEEeRLO  ABOTIMEHOS  BMaMOE  LgabGHOWsEOMm  LolEgdol
daMdoMmgmds, OMES 330050d0 359MH0L  IMIMIMdOL  F0TIMMIEGISL ©s  0BEHIBLOMGMBDS
3965300090l bobd@ols dogM obz0msmqdmwo §93s.

36M0303Mwo  LoBdoMol  36gds  898mmgdwos  mdslol doge  bsbgzdoe  gddoMomwo
RMOIMEol Lobom, GMmIgeoi 04gbgdl RGOl Moisbzol 3Mo@EH03w Looglb [1]. sbodbmwo
Boddmdo  gobogdim  [2-4], saMgm3zg  Ubgs  bs3MHM™Igddo s  JoEgdos 9330600
5830009319 93900 9Ju3dgM0d9bEMo dmbs3gdgdol 3sdmygbgdoom.

©B6BoygMo s 396900 [4] MgobmeoElol MoiEbgzol sbosermyorMo gumEbgb Gs, M™A
1MoL OHoabgLog 9969dms 3M0GEH03Mwo HoEbzomo ooy, 8603369 mds 4.5 F9dmo@Esbgls
OMAMO3 3O0GH03MEo. 5 TbmmE 035l 9036086530, M™I FOHMOl Gogbgzol 33MoEH03Mwo
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bdoGo o6 doowfg3zs LsgoMm LoBMLE, M3 0039w 500b0dbs oEgMsGHGmsdo [8, 9].
50b0dbmoll  Jobgszs BOHMOL ®ogbzo bdoMs  2s9moygbgds  3ModE035d0  LobsbdmM
396305300l 3565393HM9d0L ILOYIBIW, OMIGIOE 5)(30¢9d90s LoEMEbOL FoolaMbgbsc.
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b56ds60 53mb03MMmOHol 4306050380, 53LEHM0S, MMIOL EOML 155 50530560 0WYY3s; M3 ILLAS
33P0l gsbgboom F9EHOMTo LoyMODg XMbybym, LsdbOHgm 30mM9s, 189 IV3MEo; bsbds®o
d9BHMML 43065000, SHYOBI0KB0, 260-Bg T9BHo IV3MEo [14]; bsbds®ro 056BgMmMl 24306500,
Bobgmo, 40 s®M3mwo [32]. B39305WE WOGYOHSEOsdo [14] sfgMowos 40-Bg dg@EHo bobds®o,
OIgbsg  dm3gzs bbggM3eo. 36MHMdEgdol  LoYgM3gEMOME  500MJIOL LGOS  Ao9MMU
9363790 3080L00L ddomds 59 Jodsmoemgdoo [10-12].

3306500l bobdMgdol BsdodMmMYds MO0 J9B30MMIGdMWOos 3bgwo s dmdfsdzmgwo
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3933w SHBWOE 49939560 s ,d39e" 4300509000 [27-29], 33500l ©3m0b6gdoL LogMdg [30-33],
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(Daegu) (bLodbGgo 3m695), GMIgedsg 0dbbzgM3es 198 5©sd0sb0, ©TsBEHgdom 146 5530560
3m0ofodes GHmJLbozemo 506M9d0m s 3350¢00 [8]; bobdo®o 0563mnmls 430605080 (Fobgmo) 2014 fiewols
1 3563, MHMAOoL EOMLSE ©00Y3s 40 50530560, 12 dmofsdms, 2565y MM©s 42 53EMIMdOLO
[31].
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39M39GHM0ME0 dolFEHSd00m godmolobgds

2.5
a=0) @

153 Qm @S Qn 5MOL JNE060 BLOMdML A5TMYMaoL F5B39690gd0 FMmEIErdo s bsEmE g30M50d0
d9L50530L50, 333 Lm S 1, - 330M500L LoyMdg FMEIEDHY WS boGMOSo Fglodsdobo, d.

535896 9Ho, FOHMOL MHobzol Jobgz0m HIBIOOL ITMPYLGOOLLL, boEwe 33065000
@5 dmEYbg Bog9bEGowszom 35900L bs3ool LoBJsMol BsldEsd0 98I0 39MIxGHMOMEO
dsliBHodom odMolobgds

Um _ (lﬂ)O.S ’ (3)
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1
k() g
B5sE Q¢ 560 3639J309900 LOMDdM, 33¢); Cr359MOL FIMMO MBMFHIZEMBS, 3%/ (33 K); T— 33065d0
659(30 506930l LsdMswm 39a39M5@MOs, K; A - 3306500L 356030 339000L BsGINMdO, 8%
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36OH0DMBEIMO0  4306050900BsmM30L, RGO 3OO0GZMNWo  Gogbgom  bsbdMob
©53Mm@OggdolL  LEAMGHIR00LIMZ0L, OHMEILsE bobIOOL  3gMHsHg LyBms  359G0ols s 3ol
36MHMYJBHJool  MsbsdsMo  Fgmazs Bgds, ©9HBobygmod s 39608 2sbLEBM3IML  BHYOL
300GH03mwo Gogbgo Fr, = 4,5. 859553y oy Fr, < 4,5 95806 33065000 956300056930
bsbdMOLOL 99310006905 50O 56 946900 (1y > U).

BOMOOL 300G M®ogbgol  360d36gcmdols  dobgogzom  (4) BmGIMEsdo
36O M3 309 mdoL 3990035 L = 0,606.

33065030 2456300560900 bsBIMOLIL, QodmyYmaBowo 3mb639J309M0 LOMdIML GoMmEYbMdY
39800390

Qc = PoCpUoAAT, (6)
B5sE @ 5oL 353MYmBowo LoMdM OO GomEIbMds, 33¢), Ug- 3300530 LggbGHoWszOm
35960b Bogool Lokdstg, d/f0.
535Bmb 9O 30639J309M0 LoMdIML HoMYbMdYS, 33065030 HIBAMOL 96300509 dOLSL
398094530000 BoMdML OO MHSMEIbMdOL 70%- 1 Tgo9bL

Qe =0,7Q. (7)
33065030 29630356 gdo HsbIGOULL, 30l 3OMEYIE OOl Lsdrsem 3Hgd3gMsd e

T=Ty+—2— (8)

PoCpAluc ’
Los@3 To 9G0L 2306580L 256900 359M0L (39d39God M, K.
330939008 0bg30m, 230605008  EIbOOEYMdOL  Jobgzom  3O0E03Mo  Lobds®ols
3390905MdOL A56ASHBMZMIO ,AM0IDE) BoJBHMMO® 2obolsBW3Mds FMGIMOm
kg =22, )

Uc

B3 kg 5M0L ,3M50096¢)-BoJBHMMOY; Ucs- DGO 330658380 ,300EH0371wo boBdstg®, 8/(a.

3. 890092990 s 365¢obo

©oLINOo b530MbYdOL o6m33930Ls s BsEoBol Jobbom, gobbmezogus Jglodsdolo
33935 1:60 35L93Hod0L 230605008 BoB03ME dmEYbg, MOl IHOOL 3oL (33500 MdOL
©0535DMbo 0-10 % -05, bmwm (335¢093500Md0L dox0 2%, bsEMOsW MO 4306580L 49bog0 3390l
R9M0Md0s 48 82, Log™Mdg 360 8, Logsbg 8 3, Lodswmeng 6 8, Losbobs S LOTSWEPOL MSbsGIMEMds 1,33.

2 93 Lobgol 5562530 BMEOEOL RBMOEFWYIOLORD, Tglsdsdolbo ToldEHsdol dobgz00:
©53Ds©Es BoGMMo 230605008 dMYo, MHMIWOL 356M53gBHMgd0s: Loa®Mdg 6 9, Logsby 0,16 9,
Lodsweng 0,12 8, 356030 3390l BsGOMdo 0,0192 82
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3306500l dmEgols FoMdmbobgom FgOHbBy, Bgwos Bgsd3omBy, ymzge 5 B dsbdogrols
599000 bsbdMol 39MHoLmb, beagnm 10 bd 60Ol sTMGYd00 FMEIEPOL sbIMBYL bsfjoe by,
dmgfym 2 99 ©0sdg@®mol bgMgmgdo. s0bodbmen bgMgargddo, bsbdMmol 396OHoLmsb Qobmeglics 6 (390
K $o3ol 0996m3mfjg3000900 @sbdmemo 5083d9wgdom, bmwm @sbs®bgb batgumgddo- K Godol
09MIMY300900 005 5039w qd0m.

10Q. 1. 553G MIMBOEIM 3306075008 BoBOIMMO dgYEo:
1 - K @odol og00mfiy30egd0; 2 - 096mdmwo 396@0mas@mo; 3 - 35900 LoBds®ob bLyBmado
babofiygm; 4 - 23060500l 3mEE0; 5 - IMEYOoL SBsF93-sLHY30 IMfYMdOWMBY; 6 - mbsizgdms

399360900 dmfjymdowmds DT-85; 7 - 86936030 5060b dobsfimrgdgero dmdbowo dowo,
39 bsE 09009005 506H0L bobrxbsBmdo
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3306500l dMmEgEol gMmo Fbscg ToMGO0s QoBLIBOZMME LoTsMEgbg Logsbagdm
dmfymdo boEYIMDY, beaenm FgmMg dcmem 30 43060500l FMEIEPOL IBOOEIMdOL Tbo33wgE
Logobgdm©  dmfigmdogw  3MbLEHOWJ300%g. 950b0TbMo  JMBLEGHOMIE0s  LOTEgdsll  0drggzs
3(3390°M® 33060500l MYl IHBOOL 3MPbg Fglodsdolo doxom. J30M530L JMmEIEOl sbMOL
d9dobgg3zsdo 00 dbodgl, MH™Igwog 30xLMIYGGHOMEIE MYROM  JoMs  dEJIIMIMOL, 30O
58 gdwo bHsbIOMOL 396, 9bmMLYGdMOos Fglsdsdolbo LoddwrsgzMol MMdmwo &odol
396G0oGMM0, Mol LdMsgdoms3 bgds 23005008 dmEgedo bygabGHOWsEOM 35960l
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The results of physical modeling of fires for road tunnels

Zaza Khokerashvili, Davit Tsanava

Georgian Technical University

Abstract
The paper gives the results of a fire development study using physical models of inclined vehicular traffic
tunnels scaled 1:60. The tunnel inclination varied within 0-10% with a 2% increment. The fire strength
initiated and developed in a natural tunnel varied within 5-15 MW with a 5 MW increment. The length
of the natural tunnel was 360 m, width: 8 m, height: 6 m, cross-sectional area: 48 m?, and the tunnel width
and height ratio: 1.33. The model of the natural tunnel of the given geometry was made of a 2-mm-thick
stainless steel sheet with an appropriate scale. The sizes of the tunnel model are: length: 6 m, width: 0.16
m, height: 0.12 m, and cross-sectional area: 0.0192 m?. By doing experiments on this model, we studied
the nature of propagation of gases (smoke) emitted during the fire initiation and development, specified
the impact of the gradient factor on the rate of variability of the critical velocity and backlayering distance.
The said characteristics were studied according to the air temperature variability in the tunnel model. The
air temperature was measured with K-type thermocouples equipped with open and closed detectors.
Maximum measuring temperature was 800°C. The thermocouples were installed in the ceiling of the
tunnel model along the entire length, with 5 and 10 cm increments. The fire was modeled with natural
gas. Ventilation air was supplied into the model by an axial fan from one portal of the model. The velocity
of the ventilation air was measured with an anemometer, and the air discharge was calculated at every
moment according to the velocity. The required strength of the modeled fire was provided by natural gas,
and the measurement was done with a volumetric and mass regulatory meter. Simultaneous data
collection, processing, analysis and digital transmission of data from the K-type thermocouples,
anemometers and natural gas flow meters were provided with DT-85 Datataker. The obtained results can

be used to develop road tunnel ventilation projects that take into account the impact of fires on ventilation.

Key words: Aerodynamic resistance, critical velocity, gradient factor, backlayering distance
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