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Probabilistic Fatigue Life Evaluation of Steel Railway Bridges
according to Live-Dead Loads Ratio
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Abstract Various studies have been conducted to evaluate the probabilistic fatigue life of steel railway bridges, but
many of them are based on a relatively simple model of crack propagation. The model assumes zero minimum stress
and constant loading amplitude, which is not appropriate for the fatigue life evaluation of railway bridges. Thus, this
study proposes a new probabilistic method employing an advanced crack propagation model that considers the
live-dead load ratio for the fatigue life evaluation of steel railway bridges. In addition, by using the rainflow cycle
counting algorithm, it can handle variable-amplitude loading, which is the most common loading pattern for railway
bridges. To demonstrate the proposed method, it was applied to a numerical example of a steel railway bridge, and
the fatigue lives of the major components and structural system were estimated. Furthermore, the effects of various
ratios of live-dead loads on bridge fatigue life were examined through a parametric study. As a result, with the
increasing live-dead stress ratio from 0 to 5/6, the fatigue lives can be reduced by approximately 30 years at both
the component and system levels.

Keywords : Advanced crack propagation model; fatigue life; live-dead loads ratio; probabilistic fatigue life evaluation;
steel railway bridge
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Table 1. Maximum stress values of the five structural
members with the overall highest stress values

Member No. 13 27 8 6 7
Maximum
stress (MPa) 32.82 32.48 21.26 20.73 20.73
x104

Member Stress

Member13
= =Member27

Stress [kN/m?]

35
Time

Fig. 3. Stress history for Members 13 and 27
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Table 2. Statistical properties of random variables (RVs)

Coefficient Distribution
RVs Mean of 4 of RVs
. type
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Table 3. Statistical properties of random variables (RVs)

R Fatigue life (years)
Member 13 Member 27 System
0 75.4 78.2 70.7
2/3 56.3 58.6 53.0
3/4 52.3 54.3 49.0
4/5 49.1 51.0 46.1
5/6 46.8 48.6 44.1
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Fig. 5. Reliability indices for two selected members and

the entire system, as derived via the proposed
method



FA=NY Fa5-AtetE vlo] e ZEIN =24 Pt

ol

i

o
=3
1o,
l
fru
+
ol
N
]

)
L 0:1 Mo o
[P/ 1= Ay AN
= e o
X
>
te
ay o
T o
Ei
S

il

Walker 2]0] A}-&-% 9t} st
nEd 24 Hr1E 95
1l rainflow cycle counting algorithm©] =%]%] %]

5¢ vhgoR Jdel o] FrEIROM,

!

iy
o

=

o]

%
o e

o Yo
B> o

4

References

[1] C-S. Kim and G.-H. Kang,
reduction gears unit in rolling stock considering
operating characteristics.” Journal of the Korea
Academia-Industrial cooperation Society, Vol. 12, No. 3,
pp.1085-1090, 2011.

DOI: https://doi.org/10.5762/kais.2011.12.3.1085

“Fatigue analysis of

[2] M.A. Miner, “Cumulative damage in fatigue.” Journal of
Applied Mechanics, Vol. 12, No. 3, pp.159-164, 1945.

[3] MK. Chryssanthopoulos and T.D. Righiniotis, “Fatigue
reliability of welded steel structures.” Journal of
Constructional ~Steel Research, Vol. 62, No. 11,
pp-1199-1209. 2006.

DOI: https://doi.org/10.1016/].jcsr.2006.06.007

[4] J.W. Fisher, Fatigue and Fracture in Steel Bridges: Case
Studies. JohnWiley & Sons, New York, NY, USA, 1984.

[5] H. Agerskov and J.A. Nielsen, “Fatigue in steel highway
bridges under random loading.” ASCE Journal of
Structural Engineering, Vol. 125, No. 2, pp.152-162,
1999.

DOI: https://doi.org/10.1061/(asce)0733-9445(1999)125:2(152)

C. MacDougall, M.F. Green and S. Shillinglaw, “Fatigue
damage of steel bridges due to dynamic vehicle loads.”
Journal of Bridge Engineering, Vol. 11, No. 3,
pp.320-328, 2006.

DOI: https://doi.org/10.1061/(asce)1084-0702(2006)11:3(320)

[6

—

345

[7]1 Z.-G. Xiao, K. Yamada, J. Inoue and K. Yamaguchi,
“Fatigue cracks in longitudinal ribs of steel orthotropic
deck.” International Journal of Fatigue, Vol. 28, No. 4,
pp-409-416, 2006.

DOI: https://doi.org/10.1016/].ijfatigue.2005.07.017

B.M. Imam, T.D. Righiniotis and MK
Chryssanthopoulos, “Probabilistic fatigue evaluation of
riveted railway bridges.” Journal of Bridge Engineering,
Vol. 13, pp.237-244, 2008.

DOI: https://doi.org/10.1061/(asce)1084-0702(2008)13:3(237)

Y.-S. Park, S.-Y. Han and B.-C. Suh, “Fatigue reliability
analysis of steel bridge welding member by fracture
mechanics method.”  Structural — Engineering and
Mechanics, Vol. 19, pp.347-359, 2005.

DOI: https://doi.org/10.12989/sem.2005.19.3.347

Z. Zhao, A. Haldar and F.L. Breen, “Fatigue-reliability
evaluation of steel bridges.” Journal of Structural
Engineering, Vol. 120, pp.1608-1623, 1994.

DOI: https://doi.org/10.1061/(asce)0733-9445(1994)120:5(1608)

[11] H.O. Madsen, Probabilistic and deterministic models for
predicting damage accumulation due to time varying
loading. Danish  Engineering Academy, Lyngby,
Denmark, 1983.

[12] M. Luki¢ and C. Cremona, “Probabilistic assessment of
welded joints versus fatigue and fracture.” Journal of
Structural Engineering, Vol. 127, pp.211-218, 2001.
DOI: https://doi.org/10.1061/(asce)0733-9445(2001)127:2(211)

[13] Y.-J. Lee, R.E. Kim, W. Suh and K. Park, “Probabilistic
fatigue life updating for railway bridges based on local
inspection and repair.” Sensors, Vol. 17, No. 4, p.936,
2017.

DOI: https://doi.org/10.3390/s17040936

[14] Y.-J. Lee and S. Cho, “SHM-based probabilistic fatigue
life prediction for bridges based on FE model updating.”
Sensors, Vol. 16, No. 3, p.317, 2016.

DOI: https://doi.org/10.3390/s16030317

[15] J.-S. Moon, “Fatigue behavior of PP-LFT used in FEM
carrier with variation of stress ratio.” Journal of the
Korea Academia-Industrial cooperation Society, Vol. 16,
No. 1, pp.8-14, 2015.

DOI: https://doi.org/10.5762/kais.2015.16.1.8

[16] N.E. Dowling, C.A. Calhoun and A. Arcari, “Mean stress
effects in stress life fatigue and the Walker equation.”
Fatigue & Fracture of Engineering Materials &
Structures Vol. 32, No. 3, pp.163-179, 2009.

DOLI: https://doi.org/10.1111/1.1460-2695.2008.01322.x

[17] P.C. Paris, P.C and F. Erdogan, “A critical analysis of
crack propagation laws.” Journal of Basic Engineering,
Vol. 85, No. 3, pp.528-534, 1963.
DOI: https://doi.org/10.1115/1.3656900

(8]

]

[10]

[18] Y.-J. Lee and J. Song, “System reliability updating of
fatigue-induced sequential failures.” Journal of Structural
Engineering, Vol. 140, No. 3, 04013074-1~16, 2014.
DOI: https://doi.org/10.1201/b16387-769

[19] J.C. Newman and LS. Raju, “An empirical stress
intensity factor equation for the surface crack.”
Engineering  of Fracture Mechanics, Vol. 15,
pp-185-192, 1981.

DOI: https://doi.org/10.1016/0013-7944(81)90116-8

[20] A. Nieslony, “Determination of fragments of multiaxial



A7) &ee =R A20d ALE, 2019

service loading strongly influencing the fatigue of
machine components.” Mechanical Systems and Signal
Processing, Vol. 23, No. 8, pp.2712-2721, 2009.
DOI: https://doi.org/10.1016/j.ymssp.2009.05.010

[21] A. Der Kiureghian. Fisrt- and second-order reliability
methods. chap.14, CRC press, Boca Raton, FL, USA,
2005.

[22] B. Sudret and A. Der Kiureghian. Stochastic finite
element methods and reliability: a state-of-the-art report.
Berkeley, CA, Department of Civil and Environmental
Engineering, University of California, CA, USA, 2000.

[23] A. Genz, “Numerical computation of multivariate normal
probabilities.” Journal of Computational and Graphical
Statistics, Vol. 1, pp.141-149, 1992.

DOI: https://doi.org/10.2307/1390838

[24] T. Moan and R. Song, “Implications of inspection
updating on system fatigue reliability of offshore
structures.” Journal of Offshore Mechanics and Arctic
Engineering, Vol. 122, No. 3, pp.173-180, 2000.

DOI: https://doi.org/10.1115/1.1286601

[25] H. Tada, P.C. Paris and G.R. Irwin. The stress analysis
of cracks handbook. ASME, New York, NY, USA,
2000.

DOL: https://doi.org/10.1115/1.801535

[26] N. Yazdani and P. Albrecht, “Crack growth rates of
structural steel in air and aqueous environments.”
Engineering Fracture Mechanics, Vol. 32, No. 6,
pp.997-1007, 1989.

DOI https://doi.org/10.1016/0013-7944(89)90015-5

[27] Y.-J. Lee and J. Song, “Finite-element-based system
reliability —analysis of fatigue-induced sequential
failures.” Reliability Engineering & System Safety, Vol.
108, pp.131-141, 2012.

DOI: https://doi.org/10.1016/j.ress.2012.05.007

0| & Z(Sangmok Lee) [Hs|&

02012 2¢ : FJugtn EXIS
I (EEFSEA)

020141 29 AgHstal A
T8 (T2

020143 29 ~ 20143 12€ : &

gaA ol EEARE AL

02015 1€ ~ 20159 79 : 3~
@) FRAAY A

020153 9€ ~ 2016\ 2¥ : &R |EY EAISE
LR PR |

020161 3¥Y ~ @A : SANI|Ed EAISE T Bt
At}

20183 9¥ ~ &A :

0] & ZF(Young-Joo Lee) [ &3] 2]

2006 2¢ : AEoistal 273
A|22gl g (BEEFAAL

20121 5% : Univ. of Illinois,
Urbana-Champaign (%-334FAD
e201241 6¥ ~ 2013 5€¥ : 24
B SAIBAE TR ATtz

P

EnA
02013 6¥ ~ 2018 8¢ : &
H7)ed EAA I 2l
S EASE S

2

4z >

wFEst, Uil & B A7)

=y “




<<
  /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 <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


