SIRELSstS|=2%] 20094 9
A1 MBE, pp. 223—228

12 L 2k2l Al A ME 255 E

=1 = 2
olsE™, dsteE”,

HIwS

=

Am

3 4
48°, #X2

HO

The dynamic characteristics of upper hot gas layer and smoke
propagation along with tunnel slope in case of fire

Dong-Ho Rie, Ha-Young Kim, Sung-Woong Moon, Ji-Oh Yoo

Abstract The aim of this research is to analyse the dynamic characteristics of the hot upper smoke layer in case
of fire in a tunnel. In order to get the result, computer simulation technique has been used. The fire scenarios were
set on the basis of standard cross section of national and express highways through NIST’s FDS. As the area of a
tunnel increased, the influence of the wind velocity decreased. Furthermore, the influence of the slope of a road was
reduced as the wind velocity increased. On the other hand, as the wind velocity increased, the influence of the slope
of a road decreased. This phenomena is believed to be caused by the cooling effect of wind which is over 1 m/s

in speed, hence, reducing the influence of the effect of slope.

Keywords: Smoke propagation, temperature upper hot gas layer, fire in a tunnel, FDS, cooling effect
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3 2. The setting conditions on numerical analysis

A two-lane national highway
(12.6 x 1500.0 x 7.2)

A two-lane expressway

Tunnel Frame (132 % 1500.0 x 7.8)

(WxLxH)
[m] A three-lane expressway
(153 x 1500.0 x 9.0)

A four-lane expressway
(18.9 x 1500.0 x 9.6)

The wind velocity

. 0.0, 1.0, 2.0, 2.5, 3.0
in a tunnel [m/s]

The slope of

a road [%] 0.3, 1.0, 1.5, 2.0, 3.0
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¥ 3. The intensity of fire analysis

The fire intensity [MW] 20.0
The inner temperature [C] 20.0
The size of the fire [m] 3.0 x 12.0 x 3.6

The condition of
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The curve of the growth of fire

—
= 20
=
=
8 15¢
@©
14
9 10
©
a
7]
© 5+
-
©
]
T ol
T T T T T T
0 100 200 300 400 500
Simulation Time [Sec]
900 Simulation Time at 450sec
_, 8w0F N N N -
= . . *
= 700} @ - - * —
f=
° A A A A A
£ 600
[=2]
S 500} ‘//.,’._,,.//‘
<
& 400[ //
L
-
S 300}
UE, ~ —=—0m/s —@—1m/s —&—2m/s
200 - —&—25m/s —e—3m/s
100 . . . . .
03 1 15 2 3
Tunnel Slope [%]
1% 1. The moving distance of the layer of smoke in a two-lane

national highway.

o 144 me] Az} wPgsgen], Edup o) 3

m/sd

o] ¢7)ze]

a9

Smoke Propagation [m]

a9 2.

Smoke Propagation [m]

a3 3.

Smoke Propagation [m]

a9 4.

-5 2 18 mo] A2Rp7E dAys) = 2l Afo]
o157 2le] A7} 87.5% FAsIAck
4= DA Z 43149 AR Elguli o) uf

e00 Simulation Time at 450sec
800 |

- o e o e
70 ® v o Y o

bl hl > A a4
600 A— & A& A —
500 | .//*/"/’//.
400 | //
300 |

—&— 0m/s —8— 1m/s —&—2m/s

200 - ——2.5m/s ——3m/s
100 1 1 1 1 1

0.3 1 15 2 3

Tunnel Slope [%]

The moving distance of the layer of smoke in a two-lane
expressway.

00 Simulation Time at 450sec
800
700
500 |-
400 /
300

—8—0m/s —&—1m/s —&—2m/s
200 - —o—25m/s —e—3m/s
100

0.3 1 1.5 2 3
Tunnel Slope [%]
The moving distance of the layer of smoke in a three-lane

expressway.

900

Simulation Time at 450sec
800

700 |+
600 |-
500 |-
400 |-

=

—=—0m/s —e—1m/s —A—2m/s
—— 2.5m/s —&—3m/s

100 L L L L L
0.3 1 1.5 2 3

Tunnel Slope [%]

300 -

200

The moving distance of the layer of smoke in a four-lane
expressway.

Tunnelling Technology, Vol. 11, No. 3, September 2009 225



2 sl Zgjolek. ol Fof e Fo| 2
Sp) 28 A W15l olSARE AAPH 37l ot
o 2} 128 m] Al sl on, PR B
o] 3 mised % Zt] 18 me] Ak Was) F wel
Aole) @715e] oj5A] At 859% 7hastick
Y 145 B8 TR} 2 ANE 22 4 9k
3 a0 O3 7159 olFAE AAF03%
o A9 TR Fola 27 F A F4e T
w3l 2|t 265.3%~164.5% F718l= A2 YRGS
ul, BAk) Z71e] wket o)t gastol A B4Rl
3.0%2] 7-¢ F=of nlsf Fdj 180.9~117.2% 57135}
£ 0% Ueht A} Z7R5E 6ty 715
o3t Gl FaBh Ao BAHU

3.1.2 HE U 3&0 g &4

% 5 == 2244 HEuR T4 Al thE
shfaliA] Aatelet. o]5 S8l A 0.3% o o Z
481 me] Ae|xp7h wastlom, At 3.0% o o
349 mo| A2|AE Kol & mdl Ajo]9] 7|39 ol
Al 27F 27.3% sk

a9 62 &ER 22H4A Y] AR B Ul F50
whE SpAslA Aatolck ol el HAE0.3% & uf
2|t 424 mo| A7} WYstF o, FAE3.0% A
o} 293 mQ] AAE Hol T Hdl o] §7]|%9]
ol5A 2] 7t 30.8% 7HAskgich

IO 72 A&ER 32449 FARE EUWR S50
w2 el Aot o] Ea) AAF} 0.3% U u)
o] 282 mo| AA} WAYsI o, HAE3.0% o

900 Simulation Time at 450sec
— 800 |
£
= -
s 700
®
o 600
©
=%
S 500t
o
g 400
< L
(IE) 300 | —&—03% —e—10% —4—15%
——2.0% —&—3.0%
200 . . . )

8] 1 2 25 3
Inner Velocity of the Wind [m/s]

% 5. The moving distance of the layer of smoke in a two-lane
national highway.

226 EHd4J|z, M1 MBS, 20094 9¥

o] 156 m9] A Ho] F 2dl Alo]o] ¢7]59]
olEA g 27} 44.7% ZFAsFACh

9 82 AKER 4240 HARE HIUR T
w2 Shfjslia Adelct ol 8l A 0.3% U o

00 Simulation Time at 450sec
800 |
700
600 |
500

400

Smoke Propagation [m]

—8—0.3% —8—1.0% —&—15%

300 -
——20% —e—3.0%

200

0 1 2 2.5 3
Inner Velocity of the Wind [m/s]
% 6. The moving distance of the layer of smoke in a two-lane
expressway.

900

Simulation Time at 450sec

800 -

700 -

600

500 -

400

Smoke Propagation [m]

—8—03% —8—1.0% —&—1.5%

300 -
——2.0% —e—3.0%

200

0 1 2 2.5 3
Inner Velocity of the Wind [m/s]

39 7. The moving distance of the layer of smoke in a three-lane
expressway.

900

Simulation Time at 450sec

800 -

Smoke Propagation [m]

—=— 0.3% —@—1.0% —&—1.5%
——2.0% —e—3.0%

200 . 1 . . .
8] 1 2 2.5 3
Inner Velocity of the Wind [m/s]

1% 8. The moving distance of the layer of smoke in a four-lane
expressway.



B W 2 Al BA0| OE 258 H QVIRE 54

Zd| 180 me| 7227} AR O, FAE3.0% &
o 70 me] AYAE Hof i el Afo]o] ¢7]5-9] o]
72 A7t 61.1% skt

I8 585 B9l thedt A2 2E dE 5 sith

EREdo] APl mE 917159 oferlEe Wi §
Ho] ZASHA| GFe 7B THA™ER 24 FARRI 0.3%
of mlal o 48.1~45.9% F7l5l= A o2 YEPhde
o F5o] ST fﬂrE} o7k &ofEol 2d Hd
W41 3 m/s®] A9 2|4 Aol Hlsh 2 1.0~
3.9% Z7fele Aow L}EM EJUjE E20] AR}
T ZgARl ot P Sokkl= Aoz FHHIH

w

2 2239 0|72

a9 9~1285 T ==Y W Al mE 2=
olEAZE B Hf HARI 45025 VEo =

e AE HERd:

H 9 == 22H40 9] BARE B dUR F50 wE
@rXHOH* Aiolt). o5 F3fl AU F&o] EASH
A 2 AT 259 ols7Es AAPE SRRl
2k 2 49.5% SRt eH, EldUR F501 3 m/s
d A Hd 2.9% sk

7 108 NEER 22PA0] A EYu o]
e s Aol ol a8l HEu 501 &
AHA| k& A9 2m59] oA BAPE St
of met 2 43.4% SISt o, EEUR S50] 3
mis o A9 Hd) 0.7% pAskdck

I 112 &R 3P4 AR B 5
e s Aol ol a8l Hau 501 &

l'_\g

O

P°1

300

Simulation Time at 450sec

—a—0m/s —@—1m/s —&—2m/s
—4—25m/s —#—3m/s

200

Temperature Boundary Layor [m]
=
o

. . .
0.3 1 1.5 2 3
Tunnel Slope [%]

(o}

1% 9. The moving distance of the temperature upper hot gas
layer in a two-lane national highway.

AeHA] & S 2559 oA = BAPE S7Ht
off whet 2o 23.2% F7Istom, BEUR S450] 3
mis & Ao Htf 7.5% gashack

I 12& IEER 4440 AARE EEUR $50

300 Simulation Time at 450sec
—m—0m/s —&—1m/s —&—2m/s
—4—25m/s —e—3m/s

200 |

100 E

Temperature Boundary Layor [m]

o

0.3 1 1.5 2 3
Tunnel Slope [%]

19 10. The moving distance of the temperature upper hot gas
layer in a two-lane expressway.

300 Simulation Time at 450sec
—=—0m/s —e—1m/s —&—2m/s
——2.5m/s —&—3m/s

200 -

0.3 1 1.5 2 3
Tunnel Slope [%]

Temperature Boundary Layor [m]

o

37 11. The moving distance of the temperature upper hot gas
layer in a three-lane expressway.

E 300 Simulation Time at 450sec
S —=—0m/s —e—1m/s —&—2m/s
e —4—25m/s —e—3m/s

-

Z 200}

]

=]

<

S

=]

7]

g

5 100G

=

©

=

[

2 S —— =\
£

(7

= 0

0.3 1 15 2 3
Tunnel Slope [%]

19 12. The moving distance of the temperature upper hot gas
layer in a four-lane expressway.

Tunnelling Technology, Vol. 11, No. 3, September 2009 227



w2 ses] Aujolk ofF Fol BT Bo] &
AR S AL 2x20] oA AA} 2718t
o whet Al 12.8% Z715HAOm, HUUR Fo] 3
m/s g 7% JJEH 19% 7*5:0}2";1:}.

THo] AT k= A THAER FHa FAK]
0.3%0°f| Hlsl Z|tf 49.5~12.8% S7Iet A= YEpst
omnj F&o] SRl wE Zol7k Folge] ) HE

W51 3 m/s&f A5 2|4 AAfe] vl i 2.9~

1.9% 243t Aos Uel} guyji o] AlSak

5 At ot g W2 o R Yeh} =39

olsWd= 715 WiV IREE vt e 2
ol Aor EAHUCE
T2y 259 olF A= 7159 Fe tEA

2.0 m/s o] B 71e7] H FLSh ol

7F 23519 2.0 m/s Hrt BA YERdT o]= HEWR

9 7% zt57} Zolzlo] wel U AlSdt 220

ol F S W 7IFEEREY He| olFsHAt 71RE <l

3l WAehs Wztanka Qs 99 &= 492l 60Co]

4 2T AR S5 He AR 24
Ak

-
[+
r

L Ui B0l ok 715 ol5iele] 39 A

Aejag Fol, Ede] whido] ZrleE By o

7150l ol ko] gk Aow ehgnt

2. =2Ede] Pa] T 150 olEAeE v

Foo] A5USR Aol ofat arelo] s
Ao = UERTh

3. EHHA At 2 2EFo] olF A Yt

50| AoTrE Ak O3t JEFe B2 AR

et

228 EHd4J|z, M1 MiBE, 20094 9¥

4. £EZ0] ol AL HY Wi Fko] RIS ¢

2739 A71%9] o)F} Hlsst 718 7]e] S U
gk 2 1 m/s oA BlE Y oAM= 3715
Fo& 3t %7@#& 120] 3717} 34 Hof w
2mZ0] o g A= ARl A dEe B
A oFo Etl 38 sk o= yEhith
otA] ok Bl W S]] ot 24321

O_|_4

el 2

A7t 2008 Iekal wufjde] Ao

ofsh yEigiEick

aag

rar

. :?EEHOO—'?'— (2008), =2 M 2 B BE A 2008

. :?EoHO“Z' (2009), =2E{E HIHAEER| A 22X

Shl, Z[HY, zIEM, BHEA (2004), “=ZE{ L0l A

3
fon

toll Ojxl= A& A, BET|E, S=EEEE
3 ==2Z, M7H, M25, pp. 119-131.

. Kevin McGrattan, Bryan Klein, Simo Hostikka and Jason
Floyd (2008), Fire Dynamics Simulator (Version 5) User’s
Guide, NIST, pp. 3-4.

. MJ. Billington, Anthory Ferguson, and A.G. Copping

.

o Etxfatz| dAol #et AT, EEVIE, S=EES
stg| =2Z, Ml6#H, M2, pp. 129-140.

. HEE, MUSE, ZMT, HEE (2004), “=2EE SR
LA AV IFSOl B FARHAH A, HET|
=, St=EE3%E =2%, M6, XM25, pp. 141-148.

- 7Y, YSA (2005), "B SHHA| BHASE=TE AL
=2
=

(1998), Means of Escape form Fire, Blackwell Science.
. PIARC (1995), Fire and Safety in Road Tunel.

F2(2009.5.27), +=F(2009.7.2), HIHEZ(2009.7.10)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


