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History of Cycle Racing 

“Epic days: the Passo di Gavia, Giro d’Italia 1988” 

EL PASSO DI GAVIA EN EL 
GIRO 1988, LA ETAPA MÁS 
DURA DE LA HISTORIA DEL 
CICLISMO MODERNO 
Source: A-discrecion.blogspot.nl 

Source: www.pezcyclingnews  Andy Hampsten’s Epic Stage 

http://www.pezcyclingnews/
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Trend in Cycle Racing 

Including steep climbs 
Tre Cime di Lavaredo 
Monte Zoncolan 
Angliru 
Mortirolo   etc. 
 
Potential overheating problem 
Riders are slower, less cooling by wind 

Source: Iconicphotos 

Source: Wired.com 
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Health Hazards 

Body and brain temperature getting  
too high because of high intensity  
exercise with limited cooling  
(hyperthermia) 
 
How is this situation affected by the low 
speed of the cyclist on very steep slopes  
which reduces wind cooling ? 
----------------------------------------------------------------- 
 
Body and brain temperature getting too low in 
cold weather (hypothermia) 
 
How is this affected by the high intensity of 
the muscle work ? 
 
 Computer Model Predictions 
Our goal is to predict by computer simulation 
how an intense climbing effort on steep 
slopes or under cold conditions affects body 
and brain temperatures 

Source: keepcalm-o-matic.co.uk 

Source: ctnews.com 

Source: KNMI 
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• More than ¾ of energy is 
converted to heat  

• heat transport : equations for 
astronaut by Jan Stolwijk (NASA) 

• blood transports heat in body 
• heat transported by conduction 
• sweat evaporation dissipates a lot of 

heat from body 
• air temperature, humidity and wind 

velocity taken into account 
 

 
 

 
 

  Where does the energy in a cyclist’s body go? 
     

core 
muscle 
fat 
skin 

Computational model of energy conversion and heat transport 
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• We try to translate athletic top performance in a 
computational model 

• We start with ‘normal’ temperatures and slopes 
• Essential ingredients were available to simulate 

winner climbing Alpe d’Huez : 
       winning time 39 min 41 sec in Tour de France 2004 
        distance 15.5 kilometer 
        gradient Alpe d’Huez 8-11% 
        physiological data winner 
              

mechanics Isaac Newton, energetics James Watt 
etc. etc. 

 

published in: Philosophical Transactions of the Royal Society, 2011 
including open source computer code 

 
 

 Simulating Time Trial to Alpe d’Huez 

was followed for years by an exercise physiologist – 
article in Journal of Applied Physiology 

 



To realize winning time  
(39 min 41 sec) 
• 450 Watt mechanical power to 

cycle 
• 1600 Watt heat 
• very high oxygen uptake  
        5.9 litres/min        
 

 
 

 
 

Where does the energy in the cyclist’s body go on Alpe d’Huez ? 
     Heating the Body 

Gravity, rolling resistance, air resistance, acceleration 



8 Time (minutes) 

Te
m

pe
ra

tu
re

  (
 o C

 ) 

Heating of body 

Start 

brain 

leg muscle 

skin leg 

To realize winning time  
(39 min 41 sec) 
• 450 Watt mechanical power to 

cycle 
• 1600 Watt heat 
• very high oxygen uptake  
        5.9 litres/min 
 

 
 

 
 

                Where does the energy in the cyclist’s body go? 
     Heating Body 

Gravity, rolling resistance, air resistance, acceleration 
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To realize winning time  
(39 min 41 sec) 
• 450 Watt mechanical power to 

cycle 
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        5.9 litres/min 
 

 
 

 
 

                Where does the energy in the cyclist’s body go? 
     Heating the Body 

Gravity, rolling resistance, air resistance, acceleration 
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Effect of Wind Cooling – Stationary Bicycle 
B

ra
in

 T
em

pe
ra

tu
re

 ( 
o C

 ) 

Time (hours) 

Wind velocity   
 (meter/sec) 
 
 
 
 
 
 
 

 
 
 

        

 0.1 
 
 
 
 
 
 

 
 
 

        

0.2 
 
 
 
 
 
 

 
 
 

        

0.3 
 
 
 
 
 
 

 
 
 

        

0.5 
 
 
 
 
 
 

 
 
 

        

1.0 
 
 
 
 
 
 

 
 
 

        

5.0 
 
 
 
 
 
 

 
 
 

        

Brain:   
45 oC and rising ! 
(without ventilator) 
 
 
Air temperature: 
24 oC 
 
 
 

 
 
 

        



11 

Effect of Steep Slopes 
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Warm :  18 oC on summit 
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Climbing the Passo di Gavia 
Warm 18 oC / Freezing -4 oC on summit  
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Muscle heat gets trapped in body – 
causing high brain temperature 

Neutral Cold conditions 
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Reality check – experimental evidence 
(experiments Young et al., J Appl Physiol, 1986) 

moved from 24 oC  
to 5 oC, 
resting young males 
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Reality check – experimental evidence 
(experiments Claremont et al., Med Sci Sports, 1975) 
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Reality check – experimental evidence 
(experiments Claremont et al., Med Sci Sports, 1975) 
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Summary: Striking Result 
Warm 18 oC / Freezing -4 oC on summit mountain  

 

ascent 

descent 

It is possible that a paradoxical situation develops 
(but a computer model is a computer model  
and not a pro cyclist) 



Three centres funded via the  
Netherlands Genomics Initiative (NWO)  
supported related projects : 
Netherlands Bioinformatics Centre 
Centre for Medical Systems Biology  
Netherlands Consortium for Systems    
Biology 
 

Farahaniza Supandi is supported by the 
University and Government of Malaysia 
 
 
    

 
 
 
 
 

 
 
 
 

Hannes Hettling 
Farahaniza Supandi 
Anand Gavai 
Albert de Graaf 
Thomas Binsl 
Marjolein Verhoeven 
Hans van Beek 
 
  
 
 
 

 
 
 
 

2 July 2015 

Sponsors 

Teammates 


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	���


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /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 /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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 true

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



