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U553GHMAMdOEM 330605830 bgoabbgs LoddsgMol bsbd®ols
39630056930l s6serobo Mogbzomo dmpgeomgdols 3gomom
DsBs bmzgMs830o, 606m 50560, 606m sG¥Ms8zomo

Lodo®mmzgemb (94603160 MbogamLo@gd o, 3Mmdob MLsnmmbmgdols s bogsbygdm
Lo G9530900L F5OMZ30L Y356 ESTYbEGHO

BLE®sgBHo

3bmdowos, M3 a4MJdog0 396GH0wsE00l LoLEJIom S0FYOZ0¢  LoS3EHMIMdOM
3306509030 06030609090 S 256300056900 bsbdMgdoLsls bdo dgdmbgzgzsdo sq-
2300 593U ,55396E0ws30M LoLEJIOL 50g0M53905L ", MSE 085k Bodbogl, M Loggb-

AoWdE0M 3596M0L 653500 39056 sbgbL 9539dBHE 293w gbsl f30l Ggwgas Foedmda-
Boe §930L doengdby, 50b0dbmEol Tg gy 330M500L MmEM0gzg Fbsdg 0bEHgblowm®ma

03905 3359com s {i30L 3OME B0, 90099 50b0dbMo gsMgdm 5Esd0sbols
LoamEbaolomzol Lododo s 25dMmloEIRIM0 BEYDS. S0 30MMBGOTo sedmBgbowo
5Q053056900L 2505MPRIBOL gOMsEIMM 9R39dEBHO TgLsdEGOEMISO MOYBOBIdIMWwO
©5  oYgm3bgdgwo  M3000935399305  gobobowgds.  33009353995300LSMZ0L
330009090 M™OL  boba®dwomds 3603369wmgbs  sdm3oIdEos S,
©sbMOWM  LogmEgdo  bosbdMol  2sb30msMmgdols @ FmOToMgdo  bsdodo
35gBH™OH 900l 23936390 gd0b 065-0035%9. 50bodbmeols QBB
239635bmM30gargo 10, 30, 50 d3@. LOAIEs3MOL HsbIMHOL MoEbzomo Imwawomgds
FDS 36060 456090md0, 50m3099bgm  Lolidewo  dmEmemdgdols 99ommo.
39300B0gm 3306500 Logmdom 500 9, bmerm 49603339000L GoGrMdO 42 32 . LabiBeo
InEMmdol 3mbEMol dobodsero Bmdgdos - 0,25 X 0,25 X 0,25 3, bmwm
dsdbodocryeo - 0,5 X 0,5 X 0,5 9, boby®dwomds 190 §3, 943065080l 396¢®d0
00090560 9mdl 10-15 8% bsbd®ol 3965. Hobgz0mo ImgoMmgdols 9909990 ©oR0bos
08 153030 BJBHMMYOOL  TobslosmMYdEGOOL 293039 gd0lL 0653035, BMIWgdo;
3600369-c0m356  493@gbsls  sbabl  Lvg353930Mm  OMOL  BbYM®IOMdSBY o
3306900l 3mbLEBOW 30 FYMIOMISDY.

5030603 60 °C 300&03Mw0 3H9839M5GHIM0L, HMAMOE 9OHM-90Hmo Bsdodo god-
AMO0L 203039 gdol  ©obsdozs,  dolbo  2o3MEgwgdol  3gmIgEHMHOMo
3sbsli0smgdEgdo  Fgbsdsdolbo  Loddgrsg®ol  bsbdMgdol dgdmbgzgizsdo. @o0bos
33060500l 39030356  LodMEYgdo  bsbJo®mdsol  Bmbmdlool  Lsdodo
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3Mb396@®o300l 200 /33,  993039wgd0ol  ©obsdozs  dglodsdolo  Loddwrsg®mOol
bs6d0M 900l Jg8mbzgzsdo.
153356dm  Lo@Yyzgdo: Mmdogzo 396FGOWsE0s, bsbdsMo, Gogbzomo ImYEoMmgds,

360303790 G9gd396moGH«6s

1. 9glssgogmo

1553GHMIMDOEM  GOMIBL3MOEHOLsMZ0L  gob3MM3bowo  2306050900L  MOFODHM
9Jb3 @305 36083690M356 25dmf)3935L HoBMoagbl ABMBREIOML MBS M
LoGOSBL3IMOEGM  LoLEQIsdo.  sbodbme  MYOPMEIGL  0bROILEOWYIEHMEImE
65390™d580 Ub3zsslbgs FobgHgdom 0boEgo®mgdmEo s 3s630maMgdo bsbdMgdo,
90-900 5OBIO0M LERODHIL A560bOWGds, HMIGOOE bolOSMPIO0s6 doMoMsI
MO0 ©F5D056909w0 RodEHmMom, gugbos: 3500 Fsboerols LHIEo 56 sGILOIEo 30l
99092350  2950MYMBOEO0  OEO  MH3MEI6MdIOL  Lomdm, MMIgwoz  965YMMHIPOL
g439woxghl s dBMMs3z0 506900, M®MIJEoE JoMHOMIIE  Lsbogsmm  Bmbsdo
BB gbowo 5053056900l  LoEmEbolbsMm0sbMdsbg  BIBL  gsdsbowyMgdg
239309bsl.  Sbgm  Logsbygdm 300006090500 508MPIbowro  50sBIBOL  Loigmabarols
2390050960l M5 IMMO TgbodEgdEMds sOOL MOYRIBOBIIMWO M30m935375300L
2396bmO309wgds, gu 396513690 30 IMI0PIMOs 15935399530  OOMOL
bsba®d0o3mdsbg, MMIgoE JMOIWS305d05 0LJM BOJBHMOGPOMID, OMYMOIOO(35S
06030MdMwo bsbdmol 4563056930l 0bGHIBLOMOMBS, 3306500L Lo39bGHOWSEOM
LoLGgdols dgLsdsdoLo F8omdol Mg7000, 15g3939(30M LOZME3JJIOL AOBESYGDS s 5. T.
[1,2].

330605030  0b0goMdMEo  bsbdMobLl  godmymazowo  dbmmogo  s06MHJdOL
23936039gd0olL Fs0owo 063 9bLoWOMdS 36033bgwrm3bs $830MIdOL MZ0m93535300L
O™l HbAMI03MIL. FLodsdobo, 930 JdJ0s 23060500l Lo39bGHOWSEOM
LoLG9dol 3MPsmdoL LmOo G000l d9Mbg3s, HMIgEog MHBOWB3gWYmMRL bsFomM,
brzoms 35960L dofmadsl 330605080l 159353999300 F0FsOMNWMWGdsDY, o3 bgwl
39709mdL B5935399530M EOHMOL AobIbYMI03905L.
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Bsb. 1. ®d030 396@ 0300l Lol 8o s0FNM30a 430605830 dgdsbozmMo s
0903990 6535009080 dsbslios0gdEgdol F9EsMgds

50b0dbmo 453Mmdggds, bsbdMHol 0boE0Mgd0E 300G, bsbdMol dgwgas©
5©IOME0 56 9m03m390L
M30053HLMIL  Bo39bG0wsE0Mm  ©bsERIMJIOL B0  SIOM  LwRms  3596M0L
653500909, 96w,  Loggb@owogom  LolGgdolb 9., ,,390040M539055009".  bs
500b0dbml, ®md 50-100 8y33. LoAAWs3M0OL  bsbdmgdolsl 3ol Fggys©

509353905

§930L  doggdol  FoghH  BMGToMGdIMo  Bs3owgdo

3mOI0OYOMo 6535009008  dsbsbosmgdargdo  860d369ermagboo

1539630 30M 65 NGB0l TgLodegdmdGOL (bob. 1).
1593GMAMOOEM 23065030 93BMLIGGMBL3MOGHM, b Lbgs Fgdmbggzol dgwgas©

o5

333™3Mdogdol  BHodby s Fom MoMmEIbMdsBY. 50060  Bsbslosmgdargdo
9m393wos 30639 3bGoWwdo.
3500 1. bs6dmols Loddgrs3MOL sBMI0EJOME YOS 5Er8MEYOIPO

0bogo6gdmwo 396300000900 BsbIOOL  LoddEs3zMg  ITMIOWIONIEO0S

533™IMdOEgdoL GHo3LS S MMEPIHMISBY.

Bs@MbL3MOEGHM | 3956300056090 ME0o 99600365
b5dmsgrgdols bsbdmols
&o3do Lboddansgzey,
3230

abmddo 25-5.0 Lobobd®m  ©sB306MHm3900,  OMIgELL3

53GHMdMdOE0 09969396 LEbIBIOM godm 3oLl 3obgmndo

53GH™0Lo 20 Lobobd®m  ©sB306MHm3900,  MMIgELL3
09969396 LEbS6IOM godmizolsll EUREKA

Lo@z0MHm™ 20-30

G650 gMHo 50

096%0bdboo 300 0505¢0 BoddEs3MmOL bobdMgdol mbggdo,

3oLEG9MBoom 50 33 OmIgmbsg  094gbgdgb  bogharsbgdol
Lodgnmdo.

2. 3000 890092900 ©s 5b5¢EroBo
99%39JHIO0 0300935395300L EOMOL babyMmIE03Mmds M0 YOS 43065080

060306900 bobdMol gsb30m5M900L 063 IBLOMOMBdSBY s LsJoTdo BoJBHMEOIOOL

3930390 900L 06530 35Bg. 50l ILEYRIDS, J9B3sbMOE0ggom 10, 30, 50 3y3¢)-0s60

LoMdML  godmymazol

06@9bLomHMdol  bsbd®ol  Hogbgomo

9m9w069ds,
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2990996900 0dbs dmEgermdomo dswmo dgomeo, CFD dmogwgdo s Fire
Dynamics Simulator FDS 36:my6s399c00 ¢B6Mwbggenygmas.

d906bs 500 39EHMob Loy Mdob 33060500, OHMIWol 456030 FsGMBOs 42 8% LslidM)ero
I 3M9Md0m0 3mbEHMMOL Jobodsermo Bmdss 0,25X0,25X0,25 9, doduodsery®o - 0,5
X 0,5 X 0,5 9, 3m@9o©gdol boba®derogmds - 190 §d., bsbd®ol {ysrm gobolsBmzcms
10-15 @ 35607Md0m S 3 JOMJMOL 3065008 396G 0.

35960L 3dM5Mmd0L LoBJsOOL IGIWMOHO sOMOEb3OLMZ0L 45dmygbgdero odbs
230Hm830L 3300600900 FgOMPO, HMEIBE MJROLEHME0S bMME0IWEIdMOS
OHmamO3 §90GH0w™3560, 0by dmEMEMmdomo LsBmdo dmfymdoEMdgdol d9d39mdoom.
395Lm5b, 9O GH0M3560 IMHYMdOWMdJdO b sYs 2306500l VIMIMEs boBol
35O MdM  LodOGHY DY gmzger LodMEYgdo 8300-030000 EFOO  bSEIMAO0MGO
9mfymdomds gemdsbgmologsb 1 9 ©sdmMmgdom asbwogs oby, MH™mI 30M39wo0
9mfymdomds  2obmogls  05BHo30L  Mb)Hg.  LOdMEYJJOL  TMOOL  ITMOGOS
99b39600896E0L B39 MdOLSL Fgoygbs 10 8. 50bodbEo dm3gdoeos bab. 2-By,
bme® Hob30000 3mgeo®gdol 8909900 Fomdmaqbowos 8g-2 3bGowdo.

Bob. 2. 4306500l 100 3 8mbs33900Bg F93wM0 3963H0WSEHMEMGOOLS S LoBmAo

396@0ws300L
5035350 1dgdolomzol: 1 -Hgs 3O EHIWO; 2 -939W5 3MMGHIWO; 3 - bsbdMol 3969,

9fymdoEmdgdol  4obeoggds 4300500l  8mEIw by gMdogo

4 - $96GH0owm3zsb0 LyBMIo mfymdowwmdgdo; 5 - Imgmwmdomo  Lsbmdo

9fymdomdqd0; 6 - 396G 0ms@GMMgd0

300 2. 330605830 35960l batrxols s LoBJsMOL (335¢0gdsEMBS B30 sMYdMIEO
bs6dGol LOBdErsgzMOl JobgE300

bsbdGols uy, 9/0 Uu,, 9/0 Gz, /(0 G1, @*/§0 G, /%0

Loddo36M9

%30:
10 2,9 4,1 139,2 196,6 57,6
30 2,9 50 139,2 240,0 100,8
50 2,9 56 139,2 268,6 129,6
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u; 35900L 65350008 BoBJo6g 2450M0M3EGOMPS 4300500l DY 3O EHIWOEIH
bs6dMHol 390509 396d0erols s 90boTbo sbdool IRIMZsDY IbIBIXMWO
Q@OMOL 45035¢0l{obgdom. Gi1- Gqlsdsdols 359M0L botrxo. Uy sGoL 35960l Bs ool
LoBRdoMg, HMIgEoE 2o8mom3egds bobdMol 39006 33060500l J390s 3O EOW Y
356dools s 98 356doErol IRIMZDY IBIOX WO EOMOL Jom35¢olfobgdom. G2
- 99L5dsdo Lo 359M0OL batxo [3-5].

33065030 bsbdMoL 06030MHYOOLSL Q5TMYMBOWIO S YO3MEILYOIE0 33500LS S
Lbgo sbs@bgbo GmglozMMo 3G:Mm©JEJool Momgbmds 353mom3wgds BMOTMWOm:

G=G2-G1 (D).

33065030 396300050900 bsbdMgools  EOHML,  BZOM  IT>B0sbYd g
3odBHMO9ds©  obobogds 60 °C  300GHozMwo  Ggddgdedmes s 200 dy/d?
65b3oMds0l dmbmgloo [6-9].

9Jb39600896@0L dggagdo 10, 30 s 50 3@ LOAISZMOL Qob30MsMYGOMWO
bobdOGOOLOL,  9F5B0sbgOgEo  LoMINMMO  BoJBHMMOL 60 °C  3M0G03WMo
39939053 MM0L 3930391930l 0bsdo3s ImEgdmeos bab. 3-Dby.

temp
50 MW ©)

[

30 MW 490

10 MW

»
x
‘
E

190.0

Bob. 3. 3065080 4563050900 10, 30, 50 d3E bobdMgdolomzol sdsBosbgdgmo
LOMIMEO BodEMMJOOL 253039 9d0L 0bsdo3s 60 °C 3HoEH03MWwo 3H9ddgmsdmeol
0bBmm»gMHdol obsdomo 330 0Egdol dobgz0m

9Jb3960d96GOL V9RO s35P0bgm 60 °C  3M0GH03MWo  Ggd3gMoEIOOL
0DMmMgMHIoL  go3M3gwgdol Loa®Mdg s Lodsmerg bsbdMOL 39gMHoEb Tglsdsdols
33060500L 3mOHO0DBMbESO (X) s 3900356 (Z) LEdGMEHY))ddo dmEgdmeos d9-3
3bGowdo.

3b®0wo 3. 3o gdol 909390 60 °C 36030390 39039605 IMHOL
0DMmgMHA0L 4930391900l LogaMdg s Lodswerg bsbdMol 3960 sb Fglsdsdols

3306500L 3mOH0DMbEIWMO (X) s 39003506 (Z) LodMEHY)gddo
9906 gdol 8909900 60°C 30030390 GHgd3gMo@wImol obmmg®dol

23930390 900L Log®dg s Loy bobd®Ol 39MH0E B Fgsdsdolow 306530l
30M0DMbEIM® (X) o 390303506 (Z) LodMEHYggddo
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bsbdGol Loddo3MY, bs6dM0L 396000 bs6dMH0L 396006
3330. 3300500b 5U(36M 03 393M39w9d0L
393039 gdoL 30b03sermo Lodsmeng,
906085¢nMo dsbdero, (hmin) 0.
(lmin) a.

10 75 2

30 75 1

50 75 0,5

5350906900 bsbdMHol 390006 ™mM0gzg THsMYHY, 2306500l obfzdog 75 0
356doBg, 33060530l 053530006 2 3 LOToMEgHY sOLYdIMWO 35960 (39ga3gMoE OOl

(339900 Mds  bobdMol  Loddwsg®mol dobgzom, 8ggagdo  dmEgdweos  09-4
3bGowdo.

3500 4. 359600 $H99396M5GH MOl (335¢dEMdS Bs6dMOL Lozl BobgE300.

bsbdeols bsbdMol 39600@b mEM039 TBsMYHY, 430605008 dobfizdog 75 3
boddogeyg, | BbdowDby, Bmwmgzsbo ©Mbod 2 8 Lodwwgby sOLYdMwoO
3330. 35960 ¢ 983965 6Ms, °C.
10 60
30 180
50 204

30O0DMbEGHMMH0 4300500l dmEgEdo, AoBoLsBPZMS  33500ols s bsdfgo
36MMOJHJOoL 203039900l LoBJsMOl (339090 Mds  bobd®ol  Loddersgzmols
dobgz0m 399693Mm030 396G 0Ws300lL 30MMdGPT0 (MmEs LsggbGHowsgom LbobEgds
3990MMM05), 390093900 FoMm3maboos 4M3030L Labom

25

Bob. 4.

©

=

5 7

< 2.0 e
L)

\% e /t’,

> -

=

5 1.0 |

-

g os

©

&

5 o 10 30 50

bs6dMob Leddana3Mmy, 333

306H0DMbEH M0 33060580l IMYEdo, 33590l s 653(30 3OHMPYIEHIOOL
293039 9gd0L LoRJMOL (335 GBS MBS bsbd®OL Loddwrsgzdol Jobggzom d+bydMH030
3950 5300L 306Md9dT0.
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00 g0Mgool 990990 06 3MOHODMBGEHIMEO 23060509000, LIS
2300OME0s  boggbGHowszom  ©sbssMgdo,  bsbd®ol  obogoMgdols o

3963000569006 OML  ZMOIoMGOmEo, 200 Tp/d 3mbi3gbGHGIE00L  bsboMdSOL
dmbmdlool,  a30Ms0do  bmemzsbo  Mmbosb  Lodspagbg 493039 gd0L
(339905 MdS Lbgoslbgs LoddozMoL bs6dMHgdoLsM30U. 990093900
96096005 99-5 BobsBBy.

>
g
Z o 40 —
5 o
2 Z30
5 4
& 352.0 —
= 2
g €10
p: § \
8 2 o
10 30 50
bs6dMol boddmozMy, 8333

Bsb. 5. 3H0DMbEHWMH 4306058900 bobdMoL 45630056900l 99AS©
3m®d06M9dmeo 200 3y/3® 3:0b396@o300L BobTomdosOl dmbmglool 4930 3gwgds
09916936030 39630300l 3060HMdJdTO0.

3. ©sb3gbs

1. ®oEb300005 IMEIW0©gdsd 450m3w0bs 1500 BOJBHMMIOOL Fo3MEIgdOL
0653035, ®MmImgdog 960d369cmgbs dmddggdl 2306509306  SsdosbgdOL
0393715300L  256bm®E309wgdol  boby®dwwogmdsly @S 4306530l LEGMWJGHWOYE
LGOO0WNOHMOSDBY. A360LIBEZMS 60°C 3M0GH03MWo 3HII3IMGIMOL, OHMYMEF JHo-
96000 B3O LobogsmM FodBHmOOl, 2930 EIgd0l 0bsdozs s Tgusdsdolo
06@9bLoOHMBOL bsbdM OOl 2930 39w9d0L 3gmdgBH0IEo BobslosmYdgdo.

2. ©5y0bs bsbHdomdsol dmbmdlool 493039 gdol ©0bsdogs 4306580l
390303506 LodMGHYgdo 200 T/ Lobogomm  30mbzgbGH®moz00m  Lbgsalbgs
06@9bLoOHMdOL bsbdMgdolmzol

3. Jogdwo 89093900 Labo®mgdms bsbdMol OML M3geMsGomw 330605090d0
39630Wo300l  LAHMIGIR0g00Ls s Logsbygdm  Lodwmoogdol  dsmomzol
3OMGHMIMEGO0L 89999953900Lm30U, 653 §o600mop9bL (300090 G0
LobgeEddm3569eml HMAMEO 3 396OLMbIEOL, 0lig Lsdsdzgwwm X aMBgdOLMZ0U.

(06580090569 b5dOMI0 IMTBHYOME0s FMMS HYlmsggeol ghmabmwo bsdgaboghm
53mbol gobsblMo FboMEsFgMom. (3MebEHol bmdgmo: FR-22-12949, @slobgargds:

»300303Mwo  LoBJo®ols o bobdMoom  godmfizgmmo  M3mobgdol  dglfogwrs
LoEMEbEOL 2oabEMPBYBIE LosgEHMIMdOM 430M5d9dT0").
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Analysis of Fire Development of Different Intensity in a Road Tunnel Using
Numerical Simulation

Zaza Khokerashvilil, Nino Ratianit, Nino arudashvilit
'Kostava Street 77 (Occupational Safety and Emergency Management Department, Georgian

Technical University, Thilisi, Georgia); £-mail: zazal96822@gmail.com
Abstract
It is known that in road tunnels equipped with longitudinal ventilation system,
backlayering frequently occurs during the initiation and development of fires. This means
that the ventilation airflow does not exert sufficient impact on the buoyant forces generated
by the fire. As a result, a tunnel is intensively filled with smoke and other toxic combustion
products, creating an environment incompatible with human survival and hazardous for

human life. An organized and immediate self-evacuation is considered to be the only
effective means to rescue people under such conditions. The time period for an effective
self-evacuation is significantly dependent on the fire development in enclosed spaces, and
the propagation dynamics of dangerous factors. In order to determine this, we have
conducted a numerical modeling of 10, 30, 50 MW heat release intensity fire within the
FDS program. The Finite Volume Method was applied. A 500-m-long tunnel was selected,
with the cross-sectional area of 40-42 m2. The minimum size of the finite volume outline -
0,25X0,25X0,25 m, maximum - 0,5 X 0,5 X 0,5 m, modeling duration — 190 sec., the fire
source, with an area of 10-15 m2, is located at the center of the tunnel. The modeling was
carried out using four types of fuel: petrol, diesel, kerosene, and log wood. The thesis
underlines that the dynamic pressure induced by a severe fire significantly exceeds the
static pressure of the tunnel jet fans. Hence, after the algebraic summation of the positively
directed ventilation flows and the negatively directed flows caused by the fire, intense
backlayering occurs, which must be taken into account when implementing emergency
ventilation projects. The numerical modeling revealed the dynamics of the spread of
hazardous factors features, which significantly impact the evacuation duration and the
structural stability of tunnels.

The dynamics of the spread of the critical temperature of 60°C, as one of the hazardous
factors, were determined, along with its geometric parameters of propagation in fires of
corresponding intensity. Additionally, the propagation dynamics of carbon monoxide at a
hazardous concentration of 200 mg/ms3 in the tunnel’s vertical plane were established for
fires of appropriate intensity. The obtained results are instrumental in formulating
ventilation strategies and emergency management protocols in operational tunnels when
fires occur, serving as essential guidance for both personnel and rescue teams.

Keywords: Longitudinal ventilation, Fire, Numerical modeling, Critical temperature
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