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WORK PROCESS
• Sample mixes produced with virgin 

binders at 3 locations in the production & 
paving process

1. Drum Discharge  (Time = 0) Temp=
2. Discharge from silo to truck (Time = 1) 

Temp=
3. Sample taken at paver (Time = 2) Temp=

• Extract & recover binders from each mix 
and determine amount of aging due to 
time and temperature at which mix has 
been held



WHY DO THIS
• At the last WMA TWG meeting concerns 

were expressed that we don’t understand 
what is happening to binders in HMA due 
to mixing temperatures and times at 
which the mixes are being held before 
paving

• Suggestion was made that a NCHRP 
study was needed to investigate this 
issue

• My belief was that this is a very simple 
question to investigate and an extensive 
study was not needed



WHAT HAS  BEEN DONE

• MIX FROM 5 PROJECTS HAS BEEN 
COLLECTED
– 4 VIRGIN HMA MIXES (3 BOXES ≅ 12000 g 

FOR EACH MIX + 1 QT OF BINDER)
• 1 OF THE VIRGIN MIXES IS A SMA USING PG 

70-28 PMA BINDER
– 1 WMA MIX WITH 5% RAP

• 2 MIXES HAVE BEEN TESTED SO FAR 
IN OUR LAB







PLANT 24 PG 58-28 HMA

60.7 58.7 58.4 58.6

-28
-34.6 -34.6 -34.9-40

-20

0

20

40

60

80

RTFO SLAT SILO DISCHARGE PAVER

PLANT 24 PG 58-28 HMA  HIGH TEMP GRADE
PLANT 24 PG 58-28 HMA  LOW TEMP GRADE



1.000E-5 1.000E-3 0.10001.00010.00100.0100010000 1.000E6 1.000E8 1.000E10 1.000
ang. frequency (rad/s)

10.00

100.0

1000

10000

1.000E5

1.000E6

1.000E7

1.000E8

1.000E9

1.000E10

|G
*| 

(P
a)

MASTERCURVES US 14, HMA, 58-28, Plt 24, Slat Sample, 10-05-10-F, Rec AC, AR    

38920 Pa
@ 0.1 rad/sec

95920 Pa
@ 0.1 rad/sec

MASTERCURVES US 14, HMA, 58-28, Plt 24, Slat Sample, 10-05-10-F, Rec      
MASTERCURVE US 14, HMA, 58-28, Plt 24, Truck Sample, 10-05-10-I, Rec      
MASTERCURVE US 14, HMA, 58-28, Plt 24, Paver Sample, 10-05-10-L, Rec      
MASTERCURVE US 14, Plt 24, MIF 58-28, Tk 5, 10-06-10-K, RTFO, 4mm, A     

COMPLEX MODULUS MASTER CURVES @ 

Mix produced in a parallel flow drum                               
Mix temp at drum discharge into slat conveyer= 
280°F  Mix temp at truck load out from silo = 
280°F (5 min in silo)   Mix temp at paver = 240°F 
(15 min haul time)         



RELAXATION MODULUS @ -28°C FOR PLT 24 58-28 HMA
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RTFO RES G*/SIN(d) @ 58°C = 4.00 kPa
RECOVERED AC AT SLAT @ 58°C = 2.37 kPa
RECOVERED AC AT TRUCK LOAD OUT = 2.29 kPa
RECOVERED AC AT PAVER = 2.33 kPa



IATROSCAN RESULTS FOR PLANT 24 PARALLEL FLOW 58-28 HMA

17
.1

7 22
.1

2

55
.0

1

5.
71

16
.9

6

22
.8

0

54
.7

9

5.
45

16
.6

0

23
.1

3

53
.5

2

6.
74

17
.1

0 21
.6

7

54
.7

8

6.
44

0

10

20

30

40

50

60

Asphaltenes Resins Cyclics Saturates

PE
R

C
EN

T 
C

O
M

PO
SI

TI
O

N

Plant 24 - MIF 10-09-28-58-28-5 10-06-10-K Plant 24 Drum 10-05-10-F
Plant 24 Silo 10-05-10-I Plant 24 Paver 10-05-10-L



PARALLEL FLOW PG 58-28 HMA
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PLANT 49 PG64-22 WMA (5% RAP)
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MASTERCURVE US 13, WMA, 64-22 w5% RAP, Plt 49, Slat Sample, 10-04-10-W, Rec A     MASTERCURVE US 13, WMA, 64-22 w5% RAP, Plt 49, Slat Sample, 10-04-10-W        
MASTERCURVE US 13, WMA, 64-22 w5% RAP, Plt 49, Truck Sample, 10-04-10-Z        
MASTERCURVE US 13, WMA, 64-22 w5% RAP, Plt 49, Paver Sample, 10-04-10-A        
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MASTERCURVE US 13, WMA, 64-22 w5% RAP, Plt 49, Slat Sample, 10-04-10-W, Rec A     MASTERCURVE US 13, WMA, 64-22 w5% RAP, Plt 49, Slat Sample, 10-04-10-W        
MASTERCURVE US 13, WMA, 64-22 w5% RAP, Plt 49, Truck Sample, 10-04-10-Z        
MASTERCURVE US 13, WMA, 64-22 w5% RAP, Plt 49, Paver Sample, 10-04-10-A        



IATROSCAN RESULTS FOR PLANT 49 PARALLEL FLOW 64-22 WMA
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PARALLEL FLOW PG 64-22 WMA (5% RAP)
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