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Completed and Ongoing Research

http://www.udot.utah.gov/main/uco
nowner.gf?n=38759512976096400





Research Goals: SCB-FI Testing 

Followed AASHTO TP 124-16

 Evaluate SCB IFIT Test to see if it distinguish 
the following for cracking:  
 Binder Content
 RAP Content
 Mix Aging



Mix A

 4.6% Asphalt Binder Content
 ¾ Inch NMA size
 100 Gyration for N Design
 PG 64-28UT Binder
 Aggregate - Low Absorption Limestone 
 1 percent hydrated lime



Mix B

 5.25% Asphalt Binder Content
 1/2 Inch NMA size
 75 Gyration for N Design
 PG 64-28UT Binder
 Aggregate - Quartzite and Granite
 1 percent hydrated lime
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SCB IFIT Sample Preparation and Testing Procedures

 Testing following:  AASHTO TP124-16. 
 160 mm tall sample at 7% Voids compacted
 Cut the next day, 4 test sample prepared and 

tested
 Used saws and templates from TestQuip
 SCB Samples 60 mm thick (not 50 mm)
 Standard Test Rate (50 mm/min) and 

Temperature (25C)
 Averaged 3 lowest FI’s per puck









FI  app. 5.5

F I app. 11



Center Value from Mix Design

Investigated 0.5% above and below the mix target

Binder Content for Study
Mix A 4.1% 4.6% 5.1%

Mix B 4.75% 5.25% 5.75%



Mix A  CME 4.1 Binder Mix A  UDOT 4.1 Binder

Sample Reject Average Sample Reject Average

1 3.7 3.91 5.05 5.88 4.22 1 6.95 5.14 6.06 9.05 6.05

2 7.27 4.31 5.06 11.13 5.55 2 3.98 5.34 3.76 5.48 4.36

3 3.73 4.59 5.39 8.17 4.57 3 4.77 5.73 3.62 6.35 4.71

Mix A  CME 4.6 Binder Mix A  UDOT 4.6 Binder

Sample Reject Average Sample Reject Average

1 10.47 9.82 8.73 12.86 9.67 1 6.07 6.21 4.44 7.08 5.57

2 9.12 7.37 6.98 10.82 7.82 2 9.96 3.38 8.97 10.14 7.44

3 7.17 8.56 11.2 13.94 8.98 3 7.07 6.48 5.04 8.44 6.20

Mix A  CME 5.1 Binder Mix A  UDOT 5.1 Binder

Sample Reject Average Sample Reject Average

1 10.93 13.33 9.29 15.36 11.18 1 8.27 7.65 15.9 17.73 10.61

2 16.52 18.52 11.76 20.12 15.60 2 8.83 12.85 11.98 13.32 11.22

3 10.77 13.25 11.74 21.66 11.92 12.17

Flexibility Index
Mix A Binder Sweep



Binder Stat. CME UDOT

4.10

AVE 4.78 5.04

Stdev 0.69 0.89

CV 14 % 18%

4.6

AVE 8.82 6.40

Stdev 0.94 0.95

CV 14 % 15%

5.1

AVE 12.90 11.33

Stdev 2.37 0.79

CV 14% 7.0%

Flexibility Index, Mix A Binder Sweep



R² = 0.8769

R² = 0.8438
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Mix B  CME  4.75 Mix B  UDOT   4.75

Sample Reject Average Sample Reject Average

1 17.63 18.8 12.89 23.06 16.44 1 12.63 9.95 10.77 12.82 11.12

2 14.01 11.12 15.3 19.11 13.48 2 15.53 13.05 13.67 15.53 14.08

3 17.45 14.7 10.69 18.43 14.28 3 11.16 8.67 12.57 13.83 10.8

Mix B CME  5.25 Mix B  UDOT G 5.25

Sample Reject Average Sample Reject Average

1 33.36 29.96 21.27 52.95 28.20 1 12.65 15.35 15.14 29.78 14.38

2 30.63 24.13 18.01 31.14 24.26 2 20.07 19.15 20.32 20.8 19.85

3 22.06 21.75 14.66 23.64 19.49 3 20.93 18.31 17.86 28.44 19.03

Mix B  CME  5.75 Mix B  UDOT   5.75

Sample Reject Average Sample Reject Average

1 36.54 18.91 34.31 49 29.92 1 24.1 25.83 21.08 47.68 23.67

2 37.28 36.17 21.32 58.46 31.59 2 37.5 48.8 32.9 63.14 39.73

3 32.91 31.95 32.72 38.64 32.53 3 25.34 25.18 30.82 55.27 27.11

Flexibility Index
Mix B Binder Sweep



Binder Stat. CME UDOT

4.75

AVE 14.73 12.00

Stdev 1.5 1.8

CV 10% 15%

5.25

AVE 23.98 17.75

Stdev 4.4 2.9

CV 18% 17%

5.75

AVE 31.35 30.17

Stdev 1.3 8.5

CV 4% 28%

Flexibility Index, Mix B Binder Sweep



R² = 0.8961

R² = 0.7236
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R² = 0.8769

R² = 0.8438
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RAP Content Investigated with Target Binder Content

RAP Binder Subtracted Out of Virgin Binder

RAP Content

Compacted Aging

AASHTO R-30

Mix A
4.6%

15% 25% 35%
Short 
(2 hr)
135C

Long 
(120 hr)
85C

Mix B
5.25%

0%



Short Term Age, 
Loose Mix

Long Term Age,
Compacted

Short Term Age,  
Loose Mix

2 Hours at 135C 120 Hours at 85C 2 Hours at 135C

Mix A CME 0% RAP Mix A CME  0% RAP Mix A UDOT S 0% RAP

Sample Reject Average Sample Reject Average Sample Reject Average

1 10.47 9.82 8.73 12.86 9.67 1 7.26 8.76 7.07 10.04 7.70 1 6.07 6.21 4.44 7.08 5.57

2 9.12 7.37 6.98 10.82 7.82 2 7.79 7.93 6.01 8.39 7.24 2 9.96 3.38 8.97 10.14 7.44

3 7.17 8.56 11.2 13.94 8.98 3 6.94 11.7 5.92 12.53 8.19 3 7.07 6.48 5.04 8.44 6.20

Mix A CME 15% RAP Mix A CME  15% RAP Mix A UDOT 15% RAP

Sample Reject Average Sample Reject Average Sample Reject Average

1 4.52 3.49 3.18 6.1 3.73 1 3.77 2.13 3.57 4.23 3.16 1 2.27 3.86 2.88 3.97 3.00

2 3.54 3.06 6.04 6.21 4.21 2 2.64 2.78 2.72 4.49 2.71 2 2.92 2.9 3.05 4.9 2.96

3 5.27 4.96 8.08 32.42 6.10 3 2.8 2.09 2.39 3.42 2.43 3 3.5 3.04 4.52 4.58 3.69

Mix A CME  25% RAP Mix A CME  25% RAP Mix A UDOT 25% RAP

Sample Reject Average Sample Reject Average Sample Reject Average

1 1.69 1.44 1.36 2.06 1.50 1 3.67 2.75 2.25 3.77 2.89 1 2.01 1.88 2.35 3.45 2.08

2 2.61 1.85 3.41 5.33 2.62 2 1.47 0.72 1.26 2.47 1.15 2 2.49 2.13 2.09 2.76 2.24

3 2.02 1.88 1.46 3.4 1.79 3 1.47 1.5 1.26 3.33 1.41 3 2.63 2.27 2.03 3.27 2.31

Mix A CME  35% RAP Mix A CME  35% RAP Mix A UDOT 35% RAP

Sample Reject Average Sample Reject Average Sample Reject Average

1 1.57 1.27 2.46 2.46 1.767 1 0.8 0.59 0.62 0.99 0.67 1 0.94 1.41 1.41 1.71 1.25

2 1.91 1.28 1.21 3.28 1.47 2 0.79 1.12 1.12 1.51 1.01 2 1.38 0.88 1.31 1.99 1.19

3 1.27 0.87 1.59 1.71 1.24 3 1.11 1.01 0.85 1.44 0.99 3 1.14 1.42 0.87 1.9 1.14

Flexibility Index
Mix A RAP Sweep



% RAP CME ST CME LT UDOT ST

0

AVE 8.82 7.71 6.40

Stdev 0.9 0.5 0.9

CV 11% 6% 15%

15

AVE 4.68 2.77 3.22

Stdev 1.3 0.4 0.4

CV 27% 13% 13%

25

AVE 1.97 1.82 2.21

Stdev 0.6 0.9 0.1

CV 30% 52% 5%

35

AVE 1.49 0.89 1.20

Stdev 0.3 0.2 0.1

CV 18% 21% 5%

Flexibility Index, Mix A Rap Sweep



R² = 0.94

R² = 0.95

R² = 0.96
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Short Term Age 
Loose Mix

Long Term Age
Compacted

Short Term Age  
Loose Mix

2 Hours at 135C 120 Hours at 85C 2 Hours at 135C

Mix B CME  0% RAP Mix B CME  0% RAP Mix B UDOT 0% RAP

Sample Reject Average Sample Reject Average Sample Reject Average

1 30.63 24.13 18.01 31.14 24.26 1 14.47 12.5 19.16 20.68 15.38 1 12.65 15.35 15.14 29.78 14.38

2 22.06 21.75 14.66 23.64 19.49 2 23.04 11.62 25.47 32.54 20.04 2 20.07 19.15 20.32 20.8 19.85

3 28.51 19.64 29.63 35.2 25.93 3 13.9 12.98 15.65 20.61 14.18 3 20.93 18.31 17.86 28.44 19.03

Mix B CME 15% RAP Mix B CME  15% RAP Mix B UDOT 15% RAP

Sample Reject Average Sample Reject Average Sample Reject Average

1 10.02 16.9 11.82 23.06 12.91 1 7.85 10.32 7.93 11.25 8.70 1 10.12 9.75 10.18 11.5 10.02

2 15.18 13.24 14.02 19.11 14.15 2 7.31 10.61 6.15 12.6 8.02 2 16.21 12.12 7.69 18.24 12.01

3 10.73 11.74 11.06 18.43 11.18 3 5.68 7.34 7.72 8.74 6.91 3 11.3 9.47 12.54 15.47 11.10

Mix B CME  25% RAP Mix B CME 25% RAP Mix B UDOT 25% RAP

Sample Reject Average Sample Reject Average Sample Reject Average

1 14.8 9.02 11.03 12.96 11.62 1 6.45 5.18 5.92 8.22 5.85 1 6.04 5.7 6.92 9.55 6.22

2 8.18 9.94 9.13 11.77 9.08 2 4.68 7.95 5.67 6.24 6.10 2 8.15 6.5 6.23 10.16 6.96

3 4.42 4.42 12.58 14.3 7.14 3 3.98 7.59 7.04 11.03 6.20 3 8.17 5.19 7.76 11.83 7.04

Mix B CME 35% RAP Mix B CME 35% RAP Mix B UDOT 35% RAP

Sample Reject Average Sample Reject Average Sample Reject Average

1 5.97 5.59 5.51 7.32 5.69 1 3.71 4.28 5.91 58.11 4.63 1 3.84 4.14 3.43 4.38 3.80

2 5.59 6.55 6.95 7.67 6.36 2 3.44 2.24 4.18 4.39 3.29 2 2.8 4.07 4.14 5.46 3.67

3 3.5 4.9 4.47 4.93 4.29 3 2.27 3.88 5.37 5.42 3.84 3 4.36 3.51 3.09 5.21 3.65

Flexibility Index
Mix B RAP Sweep



% RAP CME ST CME LT UDOT ST

0

AVE 23.22 16.53 17.75

Stdev 3.3 3.1 2.9

CV 14% 19% 17%

15

AVE 12.75 7.88 11.04

Stdev 1.5 0.9 1.0

CV 12% 11% 9%

25

AVE 9.28 6.05 6.74

Stdev 2.2 0.2 0.5

CV 24% 3% 7%

35

AVE 5.45 3.92 3.71

Stdev 1.1 0.7 0.1

CV 19% 17% 2%

Flexibility Index, Mix B Rap Sweep



R² = 0.93

R² = 0.94

R² = 0.92
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R² = 0.5426
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Next UDOT Funded Research

Evaluate the IDEAL Test

 Ideal Test has some advantages
 Compare with SCB results  

UDOT 2018 CEMT Workshop



UDOT 2018 CEMT Workshop



Questions?


	Slide Number 1
	Slide Number 2
	Slide Number 3
	ETG Mtg. SLC (April 2016):  Dr. Romero, BBR Research
	Slide Number 5
	Slide Number 6
	Research Goals: SCB-FI Testing 
	Mix A
	Mix B
	Gradations
	SCB IFIT Sample Preparation and Testing Procedures
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Center Value from Mix Design
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	RAP Content Investigated with Target Binder Content
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Next UDOT Funded Research
	Slide Number 34
	Slide Number 35

