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Summary 
This paper presents an approach for the identification of operational loads given measured static 
responses of a bridge structure and its corresponding analytical model. In an optimization process 
single vehicles and corresponding attributes are identified from data recorded during the presence of 
one or multiple vehicles on the bridge. The vehicle attributes gross weight, velocity, axle loads and 
axle spacings are determined. The problem is solved by means of two encapsulated evolutionary 
optimization routines. The objective function is represented by the calculation of the difference 
between measured and computed strains. For measurement, only two sensors which are installed in 
one cross section without any installations on top of the bridge are required. 
The application to real measurements as well as obtained results will be shown. The results 
demonstrate that structural health monitoring in conjunction with adequate mechanisms can 
successfully support the acquisition of additional, valuable information. 

Keywords: Concrete bridges; monitoring; long-term measurements; load identification; weigh-in-
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1. Introduction
Compared to rail, inland waterways and air, Europe’s road network is of prime economic 
significance for transport. The main part of passenger and freight transport is realised on roads and 
motorways. In 2004 4960 billion passenger-kilometres (pkm) were accomplished by passenger cars, 
busses and coaches in the EU-25. 958 billion pkm were carried by railway, tram, metro, waterborne 
and air. 84 % of the total passenger transport was performed on roads and motorways. The freight 
transport constituted 1724 billion tonne-kilometres (tkm) on the EU-25 roads in 2005. In 
comparison to the freight transport on rail and inland waterways, the roads carried almost 78 % of 
all freight [1]. Forecasts on the transport development in Europe indicate an intensification of this 
situation: The EU-15 traffic forecasts for 2010 show an increase in passenger transport of almost 
23 % and in freight transport of about 30 % in comparison to 2000 [2]. In addition to a general 
increase in transport on European roads, overloaded vehicles are observed frequently and the 
number of heavy haulage permits rises from year to year. 
The efficiency of a road network is dependent on its civil structures. A continuous increase in road 
transport implies higher demands to existing structures. Structures which have not been designed 
accordingly deteriorate due to an intensified traffic situation. To guarantee security and durability, 
the structures’ condition is regularly rated by inspectors. The ratings are partly based on visual 
inspections and thus subjective [3]. Objective statements about a structure can be obtained from 
structural health monitoring [4]. Within appropriate computer analyses measurements that are 
performed on a monitored structure are evaluated. In future, automated monitoring systems that 
continuously examine a structure’s behaviour and condition gain an increasingly important role [5]. 
The clear and objective assessment of civil structures requires knowledge about the actual traffic 
situation in terms of acting traffic loads, their distributions and frequencies. Weigh-in-motion (WIM) 
systems were developed to acquire traffic data [6]. Vehicle loads and vehicle types are determined 
without the interruption of the traffic flow. Basically, two systems can be distinguished [7]: Systems 
in or on the pavement and systems on bridges. The bridge systems use existing bridges as 

1



<<
  /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 [595.000 842.000]
>> setpagedevice


