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1. Introduction :  

 

(Burmister)1943 [1]

 

 .

)viscoelastic(

)aging (

)Pellinen and Witczak ( 

[2]NCHRP [3].  

)Deflection(

 .

 .

)Falling Weight 

Deflectometer (FWD

(Backcalculation) 

[4].  

FWD

Dynatest 8000

AASHTO 

[5] .
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FWD

[13]

.  

2. 

 

Asphalt Mix 

Characteristics:  

)Stress - strain (

)Resilient (

E* [6]

0.01   0.1 

0.1   1.0 

1.0

  

10.0

 

.[7] 

600C-

100C)50C , 

250C , 400C (

.[8]  

[2]205

23

50 C   540 C

)Master Curve ([2]

)Garc a and Thompson ( [9] 

 

 [2]:  

          (1) 

|E*|:[105 psi].  

f:[Hz].:= 1/t ft:

[sec].  

 Va:

[%].  

Vbeff :

 

[%].  

P34:3/4 in 

(19 mm).  

P38 :  (9 mm) 

3/8 in .  

P4:

 

(4.75 

mm) 4 .  

P200 :  (0.075 mm) 200  

.  

:[106 poise].

 

[3]:  

log  = 10.5012- 2.2601 log (Pen) + 0.00389 
log (Pen)2            (2) 

 :  :[Poise]  Pen :.   
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(2)

[10]

)Global 

Aging System (:  

[11]  

  (3) 

A = -0.004166 + 1.4123 * C + C * log 
(Maat) + D * loglog( t=0)  (4) 

B = 0.197725 + 0.0683841 log (C)   (5) 

C = 10(274.4946   193.831 log (T
R

) + 33.9366 log2 (T
R

)   

 (6) 

D=-14.5521+10.47662 log(TR) 1.88161 log2 (TR)   

(7) 

: aged

[cP]. 

: t=0

 .[cP]  

log log ( t=0 ) = 0.054405 + 0.972035 log  
log ( )        (8)  

: Matt

[F] : 0F = 1.8 * 0C + 32  

: TR[Rankine] .
0Ra = 0F + 460 

 : t . 

(3)

0.25 in) 6.35 mm(

 :[11]  

 

        (9) 

: aged.z z [in] 

 [MPoise].  

: aged0.25 in 

 [MPoise].  
= 23.83 e(-0.0308 Maat)                       (10) 

FWD

:  

- :

)330C(

FWD. 

-  :)180C (

 

[14]. 

-  :0.1 Hz  [12].  

)1(A

)2(

E*

)3(

)

 (

 .
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.  

3. : Field Measurements   

FWD

4.09

E*

ASTM 1026 .

) :200 , 300 , 450 , 

600 , 900 , 1200  (.  

)50100(

.  

WESDF 

[12]

FWD

FWD . 

10   15 

%.)2(A

E*

.  

  

  

)1(  

  

 

Conclusion : 
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)2(

).( 

2. 

) (

E*

-

)1 ()345 ( 

E*

 .

E*

  .  

3. :  

)6 (

) :50C , 250C , 

400C(

 .

.  

4. 

:  

 

)7 (

) :50C,250C,400C(

E*.  

5. 

:  
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)viscoelastic(

E) (

.  

(Master Curve))8 (

)- (

50 C

250, 400 C 

.  

6. 

: 

)4 (

FWD

)9 (

:  

E* (FWD) = 0.93 * E* (Model)       (11) 

 :R2 = 0.86  
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FWD 
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- )1 :(FWD. 
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FWD. 

- )3:(
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)1(  
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)2(  

   
Hz  

   
106  Poise 

E* 

105 Psi 

 

1 0.10 330 C 0.18072937 1.54396 

 

4 0.10 330 C 0.18072937 1.44247 

 

10 0.10 330 C 0.18072937 1.43422 

 

13 0.10 330 C 0.18072937 1.16187 

 

17 0.10 330 C 0.18072937 1.48331 

 

19 0.10 330 C 0.18072937 1.27317 

 

22 0.10 330 C 0.18072937 1.13622 

 

29 0.10 330 C 0.18072937 1.39963 

 

33 0.10 330 C 0.18072937 0.97166 

  

36 0.10 330 C 0.18072937 1.02534 

 

3 0.10 330 C 0.18072937 1.06064 

 

10 0.10 330 C 0.18072937 1.53302 

 

11 0.10 330 C 0.18072937 1.28177 

 

13 0.10 330 C 0.18072937 1.61732 

 

17 0.10 330 C 0.18072937 1.07016 

 

27 0.10 330 C 0.18072937 1.02576 

 

29 0.10 330 C 0.18072937 1.13051 

 

30 0.10 330 C 0.18072937 1.11224 

 

34 0.10 330 C 0.18072937 1.28821 

  

36 0.10 330 C 0.18072937 1.57699   

)3(  

    

E* 

       

C sec Psi Pound in  P./in 

1 

 

60 60 102921 2206 0.152 14514 

2 

 

60 60 70091 3645 0.182 20038 10 

3 

 

60 60 66588 1927 0.201 9598 

1 

 

60 60 106401 1963 0.157 12464 

2 

 

60 60 72380 2867 0.161 17764 17 

3 

 

60 60 68753 3687 0.183 20139 

1 

 

60 60 91118 1583 0.165 9573 
19 

2 

 

60 60 61848 935 0.242 3869 

1 

 

60 60 81613 4491 0.285 15733 

2 

 

60 60 55608 1064 0.335 3180 

3 

 

60 60 52833 972 0.315 3087 
20 

4 

 

60 60 50707 2903 0.248 11716 

1 

 

60 60 110783 2530 0.187 13531 

2 

 

60 60 79436 2068 0.193 10719 5 

3 

 

60 60 55782 1794 0.230 7816 

10 1 

 

60 60 109576 2328 0.169 13753 
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E* 

       
C sec Psi Pound in  P./in 

2 

 
60 60 74238 879 0.201 4377 

 
3 

 
60 60 70479 1934 0.205 9446 

1 

 

60 60 83098 1331 0.154 8672 

2 

 

60 60 56528 3350 0.266 12606 11 

3 

 

60 60 53695 2185 0.277 7893 

)4( 

E* (model) E* (FWD) 

  

105 Psi 105 Psi 

1 1.543959 1.3833 

4 1.442468 1.38765 

10 1.434217 1.4558 

13 1.161874 1.0237 

17 1.483314 1.46595 

19 1.273174 1.1136 

22 1.13622 1.17015 

29 1.399632 1.3601 

33 0.971659 0.83665 

 

36 1.025338 0.91495 

3 1.060644 0.99905 

10 1.533023 1.41955 

11 1.281767 1.4007 

13 1.617317 1.37895 

17 1.070163 0.9222 

27 1.025758 0.8323 

29 1.130512 1.0092 

30 1.112243 1.00485 

34 1.288208 1.13535 

 

36 1.576987 1.48915 



-

 
- 2010                    --

   

271 

  

)2(  

  

  

)3(  
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)4(  

   

  

)5(
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)6(  
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)8(  

  

)9 (E*  
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