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Evidence	  base	  

Near-‐lethal	  accident	  
aWer	  fracture	  of	  a	  
CFRP	  fork	  blade	  of	  a	  
high-‐end	  racing	  
bicycle	  during	  
„standard	  cycling“	  
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„Only	  a	  previous	  accident/misuse	  can	  have	  
been	  the	  cause	  of	  the	  sudden	  failure…“	  
	  
„No	  responsability/liability	  will	  be	  taken!“	  

Comment	  of	  manufacturer	  
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Fractured	  fork	  blade	  

Causes	  of	  
failure	  are	  
difficult	  to	  
detect	  in	  
CFRP	  since	  
fracture	  
causes	  
secondary	  
damages	  
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Crack	   

Surprising	  secondary	  damage	  
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Experimental	  findings:	  DSC-‐Analysis	  

Perfect	  
DSC-‐result.	  
	  
Laminate	  is	  
fully	  cured!	  
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Layer#	  	  from	  
outside	  to	  inside	  

OrientaJon	  (°)	   OrientaJon	  
symbolic	  

Layer	  thickness	  aPer	  
ashing	  (mm)*	  

1	   0/90	  Fabric	  (C)	   I-‐	   0,24	  
2	   0	  (C)	   I	   0,16	  
3	   +	  45	  (C)	   /	   0,16	  
4	   -‐	  45	  (C)	   \	   0,16	  
5	   0	  (C)	   I	   0,25	  
6	   +45	  (C)	   /	   0,16	  
7	   -‐	  45	  (C)	   \	   0,16	  
8	   0	  (C)	   I	   0,16	  
9	   0/90	  (G)	   I-‐	   0,22	  
	  	   	  	   	  	   Sum	  1,67	  

Experimental	  findings:	  Ashing/Incineramon	  
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Experimental	  findings:	  	  
Producmon-‐introduced	  defects	  	  

Cut	  fabric	  layer#	  1 
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Overlap	  

Fabric	  „layer“	  #1	  –	  	  Vicmm	  of	  grinding	  	  	  
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Misoriented	  fibre	  bundle	  causing	  groove 

Severe	  wrinkels 

UD-‐layer	  #2	  
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Imprint	  of	  fibre	  bundle 

Detail	  of	  groove	  UD-‐layer	  #2	  
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UD	  angled	  layer	  #3	  

Wrinkles	  
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UD	  angled	  layer	  #4	  

Strong	  in-‐plane	  ondulamons	  and	  gaps	  
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UD-‐layer	  #5	  

Wrinkle	  in	  thickest	  UD-‐layer	  #5	  
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Layer	  #6 

Layer	  #7 

UD	  angled	  layer	  #6/#7	  

No	  anomalies	  in	  these	  layers	  (!)	  
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Layer	  #8 

UD	  layer	  #8	  

Again:	  	  
In-‐plane	  fibre	  
ondulamon	  in	  
this	  0°-‐layer	  
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Local	  fibre	  misorientaJon	  φ	  (°)	  

Compressive	  strength	  vs	  local	  fibre	  misorientamon	  

Test	  results:	  
ZFL	  Haldensleben	  
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Stamc	  analysis	  

α:	  cyclist‘s	  declinaJon	  	  
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Result	  of	  stamc	  analysis	  

𝜶𝒎𝒂𝒙 = 𝐚𝐫𝐜𝐭𝐚𝐧 +𝟒
𝝈𝑫𝑾𝒙

𝒎𝒈𝒉
2	  

Maximum	  angle	  of	  cyclist‘s	  declinamon	  which	  would	  cause	  fork	  
blade	  fracture:	  

Experimental	  values	  yield	  a	  maximum	  angle	  of	  14,6°!	  
	  
Assuming	  a	  slight	  (reasonable)	  load	  factor	  of	  1,5	  the	  maximum	  
declinamon	  angle	  reduces	  to	  	  9,8°!	  

…	  which	  is	  easily	  achieved	  in	  ambimous	  cycling!	  
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Wrinkles/local	  fibre	  ondulaJons	  are	  oPen	  introduced	  during	  
various	  manufacturing	  processes.	  They	  usually	  can	  not	  be	  
detected	  from	  the	  surface.	  
	  

Fibre	  ondulaJons	  can	  lead	  (and	  they	  do)	  to	  catastrophic	  
failure	  in	  briale	  CFRP!	  
	  

In	  parJcular	  in-‐plane	  ondulaJons	  are	  difficult	  (if	  at	  all)	  to	  
detect	  with	  NDT!	  
	  

Summary	  



22	  PRODUCTION-‐INTRODUCED	  DEFECTS	  IN	  CFRP:	  LIMITS	  OF	  NONDESTRUCTIVE	  TESTING	  -‐	  PROF.	  DR.-‐ING.	  JÜRGEN	  HÄBERLE	  

Comment	  of	  the	  manufacturer‘s	  lawer	  to	  the	  experimental	  
findings:	  
	  

„Ok…	  what	  are	  your	  damage	  claims?“	  

Last	  but	  not	  least	  


