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Dynamic	  Modulus	  -‐	  Lab	  

	  
Modulus:	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Phase	  angle:	  
	   0

0*
ε
σ

=E tfΔ= πφ 2

Determina�on	  of	  |E*|:	  Predic�ve	  Equa�ons	  
Parameter Witczak 1-37A Witczak 1-40D Hirsch 

Gradation 
ρ200 passing ü    ü      
ρ4 retained ü    ü    
ρ38 retained ü    ü    
ρ34 retained ü    ü    

Volumetric 
VMA   ü    
Va ü    ü    
VFA ü    
Vbeff ü    ü    

Binder 
f ü      
η	
 ü      
G* ü    ü    
δb ü    

Robbins,	  2012	  

Determina�on	  of	  |E*|:	  predic�ve	  equa�ons	  
1-37A Hirsch 1-40D 

SSE 7.63x1013 2.53x1013 3.07x1014 

SST 2.11x1014 2.11x1014 2.11x1014 

R2 0.64 0.88 -0.46 

Robbins,	  2012	  

Ar�ficial	  Neural	  Networks	  (ANNs)	  

h�p://bwmining.com/wp-‐content/uploads/2012/10/ar�ficial_neural_network.png	  

Asphalt	  Mixture	  Characteris�cs	  
  2006	  Test	  Track	  Mixtures	  

–  18	  different	  mixtures	  
  PG	  64-‐22,	  67-‐22,	  70-‐22,	  76-‐22,	  76-‐28	  
  RAP	  
  SMA	  

  2009	  Test	  Track	  Mixtures	  
–  24	  different	  mixtures	  

  PG	  67-‐22,	  76-‐22,	  76-‐22	  with	  GTR,	  67-‐28	  with	  TLA,	  binder	  
modified	  with	  7.5%	  SBS	  
  50%	  RAP	  HMA	  
  50%	  RAP	  WMA	  
  WMA	  Foam	  and	  WMA	  Addi�ve	  
  Coarse	  and	  fine	  mixtures	  
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Lab	  Tes�ng	  
  2006	  Test	  Track	  Mixtures	  

– AASHTO	  TP	  62-‐07	  
  4,	  21	  &	  37.8oC	  
  0.5,	  1,	  2,	  5,	  10,	  20,	  25	  Hz	  
  Plant	  produced	  mix	  compacted	  in	  laboratory	  with	  SGC	  

  2009	  Test	  Track	  Mixtures	  
– AASHTO	  TP	  79-‐09	  

  4,	  20	  &	  40	  or	  45oC	  (depending	  on	  PG	  Grade)	  
  0.01	  (at	  highest	  temp),	  0.1,	  1,	  10	  Hz	  
  Plant	  produced	  mix	  compacted	  in	  laboratory	  with	  SGC	  

  Binder	  Tes�ng	  
– Viscosity:	  	  AASHTO	  D4402-‐06	  
– G*:	  AASHTO	  T315-‐06	  

1-‐37A	  Model	  

Robbins,	  2012	  

1-‐40D	  Model	  

Robbins,	  2012	  

Hirsch	  Model	  

Robbins,	  2012	  

Elas�c	  Modulus	  -‐	  Field	  

h�p://w�.com.ua/images/fwd.jpg	  

Backcalculated	  Modulus	  vs	  Date	  
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Backcalculated	  Modulus	  vs	  Temperature	   Which	  Best	  Represents	  Modulus	  Under	  Traffic?	  
  Temperatures	  can	  be	  matched	  directly	  
  Loading	  frequency	  is	  more	  difficult	  

– Vehicle	  speed	  to	  load	  frequency	  conversion?	  
	  
	  
	  

	  
	  
	  
	  
	  

�me	  

Robbins,	  2012	  

Load	  Dura�ons	  

Leiva-‐Villacorta,	  2012	  

Frequency	  =	  1/t	  
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Backcalculate	  Modulus	  from	  Measured	  Strain	  

Mechanical 
Analysis (LEA) 
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 Robbins,	  2012	  

Modulus	  vs	  Strain	  
Ecomp = cεd 

Robbins,	  2012	  
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Strain-‐Based	  Master	  Curves	  

Robbins,	  2012	  

Measured	  vs	  Predicted	  Strains	  

S9	  –	  45	  mph	  

Robbins,	  2012	  

Measured	  vs	  Predicted	  Strain	  

Robbins,	  2012	  

N9-‐Variable	  Speed	  

Summary	  
  Accurate	  strain	  predic�on	  cri�cal	  to	  mechanis�c-‐

based	  design	  

  Proper	  modulus	  characteriza�on	  important	  to	  
strain	  predic�on	  

  Ar�ficial	  neural	  networks	  effec�ve	  in	  predic�ng	  
AC	  modulus	  
– Can	  be	  locally	  trained	  

Summary…con�nued	  

  Backcalcula�on	  characterizes	  in	  situ	  modulus	  
effec�vely,	  but	  loading	  frequency	  is	  extremely	  
high	  

  Exis�ng	  models	  and	  procedures	  don’t	  accurately	  
account	  for	  visco-‐elas�c	  and	  non-‐linear	  effects	  

  Strain-‐based	  backcalcula�on	  provides	  more	  
accurate	  predic�ons	  of	  strain	  response	  
– Need	  to	  expand	  and	  validate	  the	  approach	  


