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GH®BLBMMHI0MYd50 JengdgbBHgdom 50FMH30e 1s53EHMIMdOEIM 33005000
bsbdMOL 356300050900l H3¢woBo MHoEbz0m0 dMEgEoMgdol 3gomom

3bm3. 3OGMG. BsBs bm3gMsdz0e0*, 3Mmy. 63bs 05F535M0560%, sm3. 3OMmg. 60bm sO¥sdz0wo*
©MJGHMMDGH0 3000 396535*
* 9OMIob 330U s BORYBAYOM LOEI5309d0L FoMMZ0L WY35MIETIBE0, LogdsM3zgEmls
&996039960 Mb039MOLOEHYEH0, PdOWOLO, LodsOmggwrm

OMAMOE3  3BMdOWOos,  LBs93EBHMIMBOW™M  HMBL3MOEHOL  430M5090d0 0bozocMgdMwo  ©o
396300560900 dgogMo  bobdMgoobsl, Lossg  gMdogo  LoggbGHowsgom  LobEgdgdo
398500 B996J30mboMgd96, Pqds olgmo dmdgbEo, MHmgLsi 3gdsbozm®o 39bGowszo0m

50dOMWOo 359M0L 653500900 39056 bbb go3ebsl 30l Fggye FMOIMGdIM 930l
doegdHg 5 2963005090 65350090Dg. 5ol F9IPI®© 33060l MO39 dbsMgbg 359Gl

5339900056905 089bs 06 gbLoMGms 3080bsMgMdL, O™ 50b0TbIro ocgdm 5Ed0s6OL
LoEmEbEOLLMZ0L  3ModBH03MWO©  398MMLsEIRIMO  bgds. bobd®mol  sligomo  bggbstolsl,
Log96390Mm 30005093580  5©TMPIBOEO  5E5T06OOL  F9IMBIBOL GO IOMO  LodoEgdS
LobogsMM LOZM3006 MMYIBOBYdIMWO WS POMNYPO MZ0M)353953059 [1]. 50606l [ods-
GHJO0m  39BbMEME09WgdoL  49685306MMBYOIWI©  1MZ300093539953006  OMOL  bobaMmI03zMds
3obobogds. 364060305, MM 1559353995300 EOMOL ASBIBYMIW03905 IPIIOMI@ S0LIHYdS
5059056900l 255MBgbol FglodergdemdgdHy. SOGMHO 300693500, EHEMBLFMOT0MGOSO
LobEgdgdol dmdbogro 9wgdgb@Hadol (dmgbowo LsgzgbEowsgom E9EbEgeddeg doMogMgdol)
91899AHMMO©  250myqbgds  LsdMowgdsl  0dwrg3s,  8603369wm3gsbo  4o3agbs  Bmobobml
159353530 EOHMOL AobsbyMA03905By.

50bodbmwo  LolBdgdol  BM6J30MmboMgdol  9BIIGHMOMIOL  boolbol il gbo®
39635bmME09gwgm Ls3EMIMdOWM 43065830 Lbbgoolbgs LOddwsgzmol bsbdmgdol Moibgzomo
3 90®mgds FDS 360HmaMsdwgan 956M9dmdo bislitrmero dmEoemdgdols dgommeol 3sdmygbgdoo [2-
4], GmIgog MBROM Mg FoMsGHgdom 0dbs 2odmygbgdmo LoGMmsbldmm@EHm 2306589030
9d6530 899500396 Mmd0L Mol 9i9JGob Tgbolifsgwom s 396G 0wsEool Ggdbmemyor®o
3565993)M900L ILOYPIBs®. Fg3060B0gm 1553EMIMDOEIM 4306580, MHMIJWIos3 dmddggdl
LGObIO GO 3Md030 1o39BEGHOWsEOM LoLEYTs. 58M356s5 Mdoz0 Bgdol 3o6HMdYddo bsdf30
506900l 29363990l d9ngMbads 115935329530 FBoBY. §30M500L Loa®MAdg gobolsbLzGs 400 J-
0m, 356030339000l BoODMOO - 42 F-0m. IMPYI0MHJOOL bsbaMderogzgmds 190 {d-om. LabG¥eo
dm3M™doL 3mbEMOOL dobodswrmemo Bmdgdo - 0,25 X 0,25 X 0,25 3, bmerem dsgbodseryéo - 0,5
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X 0,5 X 0,5 8. 5060360 Gogbgomo 35839698 qd000m Jowfgmewo 0dbs LobaBrz®m 306HMdgdoL
9I899GHMM0 ©O339 ©IMEIEGdM STM(35690d0. 06030MGOMo bsbdOOL 3965 FEIOIMIMOL
33060500l 396¢®T0, 053930056 0,1 3 Lo gHg, OMIOL FBsOMMOO  TMPIXOOHOOL
bbgo0sLbgs 5dm3569030 49b0LsBE3EMs 10-15 d2-0m. {30l 3MM3gLoL MYoagbEs® 49dmygbgdmwro
0ym 9 27 3mErommgmsbo, 9mgeomgds gobbm®maogws bsbdéol 5, 10, 15, 20, 30, 50 da3¢
10ddE5369900LIMZOL, MO FJ0OMI0M: 1. MBS LYSZEMIMBOEM 430605030 56 Bw9bJ30MboMYIL
dmgdboo  GH®mbLRm®mIoMJds©0 LoLEGHYIGd0, 2. MMES LY9gEMIMdOEM §30050d0 dmdboro
G®obLRMOI0MGd500 LoLEHJIGOO 5JBH03009dMWOS O J9IIIEHOWO 5J38 23005006 gobogo
33900U 50%.

90900l 8909250 250M033905 08 Foboliosmgdgdols (339905 MdS, OMIGdOE3
3930965l 9H9bgb 5530569d0L KX 96AMMYEIMBLS s BLOEMEbEOLYBIM06MdIBY s 4306500

MBoBOHMbMYOILS 5 FOYMIMBIBY. IYOBs, HM™MT dmgdboro 1by39bEHOWsEOM 393bargsdderg
056M09M9gd0L 58tmygbgdol 99gas dglodergdgeos b330 s06M9dOL 2530 EIgo0L TgxgMbYd,

053 ImbOEm©bgw0s 9353299300L 9BIJAHVIOMDOL 5o gds LoMEbEOL AoEaLMBgbs.

99600 33¢193900L JobYPZ00 IR, HMA 300500 J5630mMMdmwo 50 a3
L0ddEsg3MmOL bsbdmol G9dmbggzsdo, 180 j3-ob 9939y, 60 °C 3 9339M5E MOl 0BMmMMHTs bobdGols

39606 mM0g9 FbosmgBg 3039w gds 75 3 3sbdow By s ,9039d5° MOMJAoL 05ES30L E™bgbY,
3930339900l 390E035¢M0 Lodosmeng 538 d9dmbggzsdo Fgogbl 0.5 3 053930l E™bosb.
dmgdbocro Ls39bEGH0Ws30M (393bEsdderg d5M09MYdOL dmddgEqdol 9dmbggzsdo 3o3MEIX9d0L
396030350 MH0 bodowg 05353006 2.5 3-00) 0BOYds s 3HYIZYMIGHMOIMWO  BodBHMEOO
3615d3H03Ms© MLoRMmMbm bgds. 99335000, ©o0bs 60 °C 3M0E03Mwwo 0bmmMIoL
393M39gds  bsbdMol 39000  ©IdMMgdoL  Jobg3zom 3300530l  IMOHODMBEIME o

390303516 LodMEHY)gddo.

G®obLRMOI0MGdS0 9939bEHd0m 33060500 FoIBIMZ0L Fgdmbzg3zs8o, gwgdgb@gdoom
399mbsD3mOMmo 430605008 dmbs3zgmol dogs LogMgdo, 3oxLbemdgEOHMws©  bmermgzsbo
©@Mbosh 2 3 Lodsewgdy sAB0E0s BHMJUOZMMHO 50Ol F0MEI3OM 3MMIMOF0VICNO
BM©s bsbdMoL  oddEsgzmol  BOIELME  ghms. dmbLgbgdsdo  omdmagbowo  0db9ds,
3903035096 LodMEYJdo BoHJoMBdSOL IMBMILoEOL 3M0E03Mwo 3Mmb3gbE®MsEoolL (200 0p/d%)
3936039 gdol  bolosmo s (339¢0905EMBOL  AM9R03900  B0MOMYOYIEO LoddsgMols
bsbdMgdoLsm30lL,  GMIMgdog  odmbogabgdgwo  0d69ds 3306500l  3gMbmborobsmgols
LoMEbOL gosMBRI6OL 363G IO 5TM356900L 250sfY39EOL OML. 53O Mo b5B3969d0,,
™I 2306005008 96030 339000L 50%-00 FOOIRIMZ0L OML Fogs LogmEgdo Bobdo®mdowol
dmbmglool 890498500 3mb396GG 305 96 [o®BM0Tdz9ds.
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As it is known, in case of strong fires initiated and developed in road tunnels with properly
functioning longitudinal ventilation systems, at some moment, the air flows induced by mechanical
ventilation can no longer affect the traction forces and flows formed as a result of combustion.
Consequently, the smoke formation in the air on both sides of the tunnel is so intense that the
environment becomes practically unsuitable for human life. In case of such a fire scenario, the only
way to save people from the emergency is well-organized and timely self-evacuation from the
dangerous environment [1]. The success depends on the duration of self-evacuation. Naturally, the
longer the evacuation time is, the more the chances of saving the people are. In this case, the efficient
use of flexible elements of transformable systems (flexible ventilation fire-proof barriers) allows

significantly prolonging the evacuation time.

In order to evaluate the efficiency of the said systems, we did numerical modeling of fires of
different strengths in the motor tunnel with FDS software using the finite volume method [2-4], which
was successfully used earlier to study the piston effect of a train in road tunnels and to determine the

technological parameters of ventilation. We selected a motor tunnel with a standard longitudinal
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ventilation system. Our goal was to delay the propagation of flue gases along the evacuation route under
the longitudinal plan. The length of the tunnel was 400 m, and the cross-sectional area was 42 m?.
Modeling duration was 190 seconds. The minimum dimensions of the contour of the finite volume
were 0.25 X 0.25 X 0.25 m, and the maximum dimensions were 0.5 X 0.5 X 0.5 m. Efficient observance
of the boundary conditions in the modeled problem was provided by using the given numerical values.
The seat of the initiated fire was located in the center of the tunnel, at the height of 0.1 m from the
floor, with its area in various modeling problems was 10 to 15 m?. M27 polyurethane was used as a
combustion process reagent; modeling was provided for 5, 10, 15, 20, 30, 50 MW fires, in two different
conditions: 1. when flexible transformable systems are not activated in the motor tunnel, 2. when
flexible transformable systems are activated in the motor tunnel covering 50% of the cross section of

the tunnel.

Modeling revealed the variability of the characteristics that influence human health and vitality, as
well as tunnel safety and sustainability. It was established that the use of flexible ventilation fire-proof
barriers can hamper the propagation of flue gases what is expected to increase the effectiveness of

evacuation to save lives.

The studies demonstrated that in case of 50 MW fire in the tunnel, after 180 seconds, 60°C
temperature isotherm from the seat of fire travels to both sides to a distance of 75 m and "descends"
almost to the floor level. The vertical height of propagation is 0.5 m from the floor level. With flexible
ventilation fire-proof barriers, the vertical height of propagation increases to 2.5 m from the floor and
temperature decreases to a practically safe level. Thus, the propagation of 60°C critical isotherm in the
horizontal and vertical planes of the tunnel was calculated depending on the distance from the seat of

fire center.

In case of blocking the tunnel with transformable elements, in the inner space of the tunnel section
bounded with elements, from a hypsometrically zero level to a height of 2 m, a directly proportional
increase in toxic gases with increasing fire strength was established. The report will describe the nature
of propagation of critical concentration of carbon monoxide (200 mg/m?) in the vertical plane and the
graphs of variation for fires of specified strength, which will be useful for tunnel personnel in solving
concrete life-saving problems. The paper demonstrates that when 50% of the tunnel cross-section is

covered, no explosive concentration of carbon monoxide is produced in the inner tunnel space.
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