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Dynamic Behaviors of a Curved Steel Tunnel Lining with Various Curvatures under
Wind Loads due to Consecutive Passing Vehicles
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Abstract

Dynamic behaviors of the steel lining of curved tunnels with various curvatures are throughly examined to see the effect of wind
loads due to consecutively passing vehicles. The wind pressure upon the lining is simplified into the pressure and suction while
the vehicles are passing the specific positions. Results from cases of sole driving and consecutive driving conditions for both
curved and straight tunnels are compared. It is found that the maximum displacements occur at middle location of the tunnel, and
that the responses from consecutive passing vehicles increase compared to those from the single vehicle conditions for all tunnels.
It is also found that the responses increase at the higher speed of passing vehicles while the responses decrease as the curvatures
increase. In the case when the consecutive vehicles go at the high speeds, the increments of the responses become hardly notice-
able compared to those from single passing vehicle conditions since the safety distance are getting long enough to eliminate the
effect of wind load from the following vehicles.
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The imaginary tunnel wall
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(a) Distribution of the actual wind pressure acting
on the tunnel lining(Takanobu.O et al., 1997)

(b) Idealized distribution of the wind pressure acting
on the tunnel lining(Mha, H.S et al., 2012a)

Fig. 1. Distribution of the Wind Pressure Acting on the Tunnel
Lining
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Fig. 2. Wind Load by Passing Vehicle(Mha, et al., 2012a)

Table 1. Wind Speeds in the Tunnel from the Domestic and
International Standards

Domestic and International Applied
Country Design Standards Wind Load
(m/s) (m/s)
One-Way Bi-Way Maximum
Japan 12 8
WRA
(PLARC) 12 8
Germany 10 15
Norway 10
Korea 10
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Table 2. Comparison of Wind Loads in Accordance with the

Speed
Sp ifeiiocfethe Wind Load Pressure Suction
km/h km/h km/h
oy (km/h) (km/h) (km/h)
0 15 250.7 -501.4
30 15 346.4 -692.8
100 15 457.5 915
0 15 584 -1168.1

Sisls Aoz Q3 TS AXeIdon, A9E
Table 29} Zo] AF=3IT).

q=u-(3Vf2+V1)2-rl6 )]

oJ71A,
g = 852 (Pressure) (N/m?)
&3 (Suction) (N/m?)
#=0.4 : Pressure
-0.8 : Suction
V= 2AA| A5 (Speed) (km/h)
V;= 9hleE<(wind load) (m/s)
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Fig. 3. Standard Tunnel Section(Mha, et al., 2012b)
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Fig. 4. The Geometry and Boundary Conditions of Tunnel
Entrance and Exit

of & 1A wEHIS 75T & A=E St &
RS FXEA =239 Midas-Civil 20122 ©]8-51]
A Eldetelds Bygeidon, Bde] A F 2 o -
SRS Yurog SHa} ke WX EE uAEHEE 11
Aoz AAZAS dHsat. T2 Bd ¢ - &
THE 233 4 L AAZRIES Fig. 40 VERASITH

32 #xE9 mul

B =FollA dfjXe o]gd FERELS Fig. 50 el 2
| 400m2] 2 g FAejdejold BFolrt. FAE|LS]
5 T2AA A AleHe] Bld S TAR A £
60 km/h, 80 km/h, 100 km/h, 120 km/h¥ ©wj z}z} 3
HE4 392 m, 768 met 1,415 mE STt FEVHAS
TAE 3.19m, AAEE H2 FAAAZ 100m, 140 m,
190 mZ AJAF}ATHHighway Design Manual 2010). 413}
AT (Mha e al., 20122)2 Fa1sle] FERHAEY Zole &
AReM Bl Fe] T4 379 A AR R ATt

o
b
JH N

£
10,

]

(a) Curve Tunnel (R=392m)

(b) Curve Tunnel (R=768m)

(¢) Curve Tunnel (R=1415m)

(d) Straight tunnel
Fig. 5. Plan View of Considered Tunnels
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Fig. 6. A wind Load Function of Consecutive Passing Vehicles
with Speed of 60 km/h

Fig. 7. Specification of the Transit Vehicle
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Table 3. Distances between Vehicles According to Speeds

Speed of Vehicles | 60 km/h | 80 km/h | 100 km/h | 120 km/h

Distance between 60 m 80m 100 m 120 m
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(c) Curve Tunnel(R=1415m)

(d) Straight tunnel

Fig. 8. Main Mode Shapes of Steel Tunnel Lining in Z-
Directions at the Middle Positions of Tunnels
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Table 4. Natural Frequencies of Tunnel Linings with Different

Curvatures
Type of Tunnels Frequency (Hz)
Curved Tunnel (R=392 m) 0.78
Curved Tunnel (R=768 m) 0.76
Curved Tunnel (R=1415 m) 0.56
Straight Tunnel 0.42
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Fig. 10. Displacement Ratios of Curved Tunnels Relative to
the Straight Tunnel with Speed of 60 km/h
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Fig 11. The Maximum Displacements of Curved Tunnels with Various Passing Speeds at Different Evaluating Positions
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Table 5. Comparison of Values from the Suggested Formula and Simulations

Type of Tunnel
Speed Curve Tunnel (R=392m) Curve Tunnel (R=768m) Curve Tunnel (R=1415m)
of the Vehicle Displacement Error Displacement Error Displacement Exror
(km/h) Difference %) Difference %) Difference %)
(mm) (mm) (mm)

60 1.89 40.4 0.43 3 1.88 5.4

80 0.84 16.1 1.3 8.4 0.31 0.8

100 0.35 5.7 2.25 12.7 0.05 0.1

120 0.15 2 1.61 7.5 0.04 0.1

423 G573 A% TPl o3t Bjdglode] THAE
H]aL

£ HolMe A&Fsjo] Fa3AEdetoldel = d%F
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2 SEHE 83N, T FEEe} FEN sk
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Ale] H97F d=3Y Alol] HIgl 67%= UhE SR &
=71 B UEdon, FENE 1415m 9A] AFE=
60 km/hd ™ 82%%] T7He B 7FE ZA veRt B
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Table 6. Displacement Ratio of Consecutive Vehicle Driving
Case to Single Vehicle Driving Case at the Same
Tunnel Conditions

Type of Tunnel
Speed of the
. Curve Curve Curve R
Vehicle Straight
Tunnel Tunnel Tunnel
(km/h) Tunnel
(R=392m) | (R=768 m) |(R=1415m)
60 1.56 1.67 1.82 2
80 1.26 1.31 1.47 1.68
100 1.14 1.12 1.23 1.4
120 1.07 1.03 1.09 1.17
54 =
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314 el X 888 T3l B el Tt e
o] 2] FPo g <le) BT = = et FHATY
S 3 & 4 Je Ao} FAE

far rr

M lo

HAtel =2

o] =L 2008d% AR @SHI &) Yo st
AL A AS wrol FPE 7|2 AFAIE(313-2008-2-
D01094)°]H, o]o] ZA=HU.

References

Jeon, J.K., Jeon, C.K., Kim, N.Y., Kim, S.M. and Lee, J.E. (2006) A
Study on Controlling of Cracks Occurred at Crown of Tunnel
Concrete Lining using Model Test, Journal of Korean Tunnel-
ing and Underground Space Association, Vol. 8, No. 3, pp. 227-
235, 1229-2338 KCI.

Kim, J.S., Ahn, C.H., Kang, S.H. and Lee, J.H. (2002) Ventilation

Ciefet SES e BHE0M2 AL X2l e SESE 2l ZMEEEl01de SHMHSEY 89



Characteristics of Curved Long Tunnel using Jet Fan, proceed-
ings of the '02 annual conference on the Society of Air-Condi-
tioning and Refrigerating Engineers of korea, pp.1273-1278.

Ministry of Construction and Transportation (2007) Tunnel Design
Criteria, Chapter 14 Ventilation Equipment

Ministry of Land, Transport and Maritime Affairs (2010) Highway
Design Manual Part 6, the Tunnel.

Mha, H.S., Cho, K.I. and Park, 1.J. (2012a) Dynamic Behaviors of
the Curved Steel Tunnel Lining due to Wind Loads by Passing
Vehicles, Journal of Korean Tunneling and Underground Space
Association, Vol. 14, No. 4, pp. 309~320, 1229-2338 KCI.

Mha, H.S., Cho, K.I. and Yoo, S.H. (2012b) Dynamic Behaviors of
a Corrugated Steel Tunnel Lining System due to Wind Loads by
Passing Vehicles according to the Boundary Conditions, Jour-
nal of Korean Society of Steel Construction, Vol. 24, No. 1, pp.
47-58, 1226-363X KCL

90

Oh, Y.C., Kim, S.J., Shin, Y.S. and Ahn, S.R. (2004) An Analysis of
Reflection Signal Pattern of tunnel Lining using GPR, proceed-
ings of the '04 annual conference on Korean Society of Civil
Engineers, pp. 3617-3622.

Park, H.J., Hwang, K.J. and Shin, H.J. (2007) A Study on Diver's
Characteristics in Long Tunnel Using Driving Simulator, Jour-
nal of Ergonomics Society of Korea, Vol.24, No.2, pp. 89-102.

Takanobu, O., Kozo.Fujii (1997) Numerical Investigation of Three-
dimensional Compressible Flows Induced by a Train Moving
into a Tunnel, Computers & Fluids, Vol, 26, No. 6, pp. 565-585.

The Norwagian Public Roads Administration (1995) Water and frost
protection in tunnels Structures for shielding functional require-
ments and design rules.

© Received May 23, 2013
© Revised May 24, 2013
© Accepted July 25, 2013

s=Eletsl==24, M13d 45 20134 8




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


