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Experimental Plan 

Test 

Device 
Temp 

Mix 

Conditioning 

MN/Road Test Section SMA Mixture 

33, 34, 35, 37 20, 21, 22 WI NYS 

Air Voids, % 

4 7 4 7 4 7 4 7 

SCB 

PG None xxx xxx xxx xxx xxx xxx xxx xxx 

PG+10ºC None xxx xxx xxx xxx xxx xxx xxx xxx 

PG 5 days@85ºC   xxx   xxx   xxx   xxx 

PG cores   xxx   xxx   xxx   xxx 

DC(T) 

PG None xxx xxx xxx xxx xxx xxx xxx xxx 

PG+10ºC None xxx xxx xxx xxx xxx xxx xxx xxx 

PG 5 days@85ºC   xxx   xxx   xxx   xxx 

PG cores   xxx   xxx   xxx   xxx 

IDT 

PG None xxx xxx xxx xxx xxx xxx xxx xxx 

PG+10ºC None xxx xxx xxx xxx xxx xxx xxx xxx 

PG 5 days@85ºC   xxx   xxx   xxx   xxx 

PG cores   xxx   xxx   xxx   xxx 



Mixes used for the study 

Location 
Construction 

date 

Binder 

Grade 

Asphalt        

modifiers 
RAP 

MnRoad 33 September 2007 PG 58-34 PPA - 

MnRoad 34 September 2007 PG 58-34 SBS+PPA - 

MnRoad 35 September 2007 PG 58-34 SBS - 

MnRoad 77 September 2007 PG 58-34 Elvaloy+PPA - 

MnRoad 20 August 2008 PG 58-28 - 30% Non-Fractioned 

MnRoad 21 August 2008 PG 58-28 - 30% Fractioned 

MnRoad 22 August 2008 PG 58-34 - 30% Fractioned 

Wisconsin         

  9.5 mm SMA 
2008 - - - 

New York 

"Typical Mix" 
2008 PG 64-22 - - 



Experimental Plan and Analysis 

 Methodology 
 Blocked by mix 

 Split plot experimental design 

 DCT, SCB and IDT results are compared 

 Cores vs. Laboratory vs. Conditioned 
Samples 

 RAP vs. FRAP for PG -28 

 No RAP vs. FRAP for PG-34 

 Comparison of all mixes and tests via 
Wilcoxon Rank Sum Test 

 

 

 

 

 
 



DCT Fracture Energy-  
Cores vs. Laboratory vs. Conditioned Samples 

For the DCT test, conditioning plays a 

roll in the response variable. The “mix” 

is a blocking factor and the 

conditioning is the factor of interest. 

The test temperature was the low 

performance grade and air voids for 

these samples were 7%. 

 

Not conditioned, laboratory compacted 

samples have a higher fracture energy 

than the field cores and the 

conditioned samples. There was not a 

statistical difference between the 

cores and the lab conditioning.  

 

 

 



SCB Stress Intensity Factor-  
Cores vs. Laboratory vs. Conditioned Samples 

• Conditioning plays a roll in the 

Stress intensity factor.  
 

• The “mix” is a blocking factor and 

the conditioning is the factor of 

interest. The test temperature was 

the low performance grade and air 

voids for these samples were 7%. 
 

• Conditioned, laboratory 

compacted samples have a higher 

stress intensity factor than the 

field cores and the conditioned 

samples.  
 

• No statistical difference between 

the cores and the no conditioning.  



SCB Fracture Energy-  
Cores vs. Laboratory vs. Conditioned Samples 

• Conditioning plays a roll in the 

SCB fracture energy.  
 

• The “mix” is a blocking factor 

and the conditioning is the factor 

of interest. The test temperature 

was the low performance grade 

and air voids for these samples 

were 7%. 
 

• Conditioned, laboratory 

compacted samples have a 

higher stress intensity factor 

than the field cores and the 

conditioned samples.  
 

• Conditioned, Field cores and 

Not Conditioned Samples are 

statistically different. 



IDT Stiffness @60-  
Cores vs. Laboratory vs. Conditioned Samples 

• Conditioning plays a roll in the 

IDT Stiffness @ 60.  
 

• The “mix” is a blocking factor 

and the conditioning is the 

factor of interest. The test 

temperature was the low 

performance grade and air 

voids for these samples were 

7%. 
 

• Field Cores and Laboratory 

conditioned samples have the 

highest stiffness 
 

• Conditioned and Field cores 

are statistically different from 

the not conditioned samples. 



IDT Stiffness @ 500 
Cores vs. Laboratory vs. Conditioned Samples 

• There are no statistical 

differences for any of the 

conditioning levels.  
 

• The “mix” is a blocking factor 

and the conditioning is the 

factor of interest. The test 

temperature was the low 

performance grade and air 

voids for these samples were 

7%. 
 

• None of the mixes are 

statistically different from all 

the others. 



IDT Strength 
Cores vs. Laboratory vs. Conditioned 

• Laboratory conditioned 

samples and not 

conditioned samples are 

statistically similar and field 

cores are statistically 

different. 
 

• The “mix” is a blocking 

factor and the conditioning 

is the factor of interest. The 

test temperature was the 

low performance grade and 

air voids for these samples 

were 7%. 
 

• Only mix MN Road 33 (PPA 

modified) was statistically 

different from all other 

mixes.  



Split Plot Design and Analysis 
 Response: Test data from the following tests- 

DCT, SCB and IDT 

 Conditions: 

 Factor 1: Air Voids, 4% and 7% (Whole 

plot/between Mixes) 

 Factor 2: Test Temperature, PG and PG+10 (Sub 

plot/within mixes) 

 Each Mix has these variables: 

4% 

Air Voids 

7% 

Air Voids 

Tested at PG  

and PG+10 

Tested at PG  

and PG+10 

MnRoad 33 September 2007 PG 58-34 PPA -

MnRoad 34 September 2007 PG 58-34 SBS+PPA -

MnRoad 35 September 2007 PG 58-34 SBS -

MnRoad 77 September 2007 PG 58-34 Elvaloy+PPA -

MnRoad 20 August 2008 PG 58-28 - 30% Non-Fractioned

MnRoad 21 August 2008 PG 58-28 - 30% Fractioned

MnRoad 22 August 2008 PG 58-34 - 30% Fractioned

Asphalt        

modifiers
RAPLocation

Construction 

date

Binder 

Grade



DCT Fracture Energy:  
Analysis for Air Voids and Temperature 

“Mix[Air Voids] & Random” represents differences among mixes that are 

treated the same. 

Multiple comparison tests showed that 

the air voids for these mixes were not 

statistically different in the DCT test 

results. The temperature made the 

greatest difference. No mix was 

statistically different from all other 

mixes. 
 



SCB- Stress Intensity Factor: 
Analysis for Air Voids and Temperature 

• 4% Air Voids and PG have 

higher Stress Intensity 

Factors.  
 

• The 4% air voids are 

statistically different at PG 

and PG+10 

• 7% air voids are not 

statistically different at PG 

and PG+10, in this instance. 
 



SCB Fracture Energy: 
Analysis for Air voids and Temperature 

• Air voids and 

Temperature show 

statistical differences in 

the SCB fracture energy. 
 

• The combination of the 

temperature PG and 7% 

air voids is statistically 

different than all other 

tests. 
 



IDT Stiffness @60 
Analysis for Air Voids and Temperature 

• Air voids and 

Temperature show 

statistical differences in 

the IDT Stiffness @60. 
 

• The Student’s t-test of the 

temperature-air void 

combinations show that 

temperature has more of 

an impact, in this case. 
 



IDT Stiffness @500 
Analysis for Air Voids and Temperature 

• Only Temperature 

shows a statistical 

difference in the IDT 

Stiffness @500. 
 

• The Student’s t-test of 

the temperature-air void 

combinations show that 

temperature has more 

of an impact, in this 

case. 
 



IDT Strength [MPa]: 
Analysis for Air Voids and Temperature 

• Air Voids and 

Temperature show a 

statistical difference in the 

IDT Strength Values. 
 

• The Student’s t-test of the 

temperature-air void 

combinations show that 

temperature has more of 

an impact in this case. 
 



DCT Fracture Energy: 

RAP vs. FRAP 

• Temperature shows a statistical difference 

in the DCT Fracture, air voids do not. 
 

• The Student’s t-test of the FRAP/RAP-air 

void combinations show that the 

fractionated and non fractionated RAP are 

not statistically different. 
 



SCB- Stress Intensity Factor: 

RAP vs. FRAP 

• Temperature shows a statistical difference 

in the SCB Kic, air voids do not. 
 

• The Student’s t-test of the FRAP/RAP-air 

void combinations show that the 

fractionated and non fractionated RAP are 

not statistically different in their respective 

air void category. 
 



SCB Fracture Energy: 

RAP vs. FRAP 

• Fracture energy does not indicate any 

statistical differences in this instance.  
 



IDT Stiffness@60: 

RAP vs. FRAP 

• Fractionated and non-fractionated 

rap show no statistical difference. 

• Air voids are statistically different  

but temperature has the greatest 

impact.  
 



IDT Stiffness@500: 

RAP vs. FRAP 

• Fractionated and non-fractionated 

rap show no statistical difference. 

• Air voids are statistically different  at 

the PG test temperature but 

temperature has the greatest 

impact.  
 



IDT Strength [MPa]: 

RAP vs. FRAP 
Compares mixes MN 20 and 21 Each are PG-28 

• Fractionated and non-fractionated 

rap show no statistical difference 

within the air void categories. 

 

• Air voids and temperature are 

statistically different.   
 



DCT Fracture Energy: 

No RAP vs. FRAP 

• No mix is statistically different from 

all other mixes. The trend shows 

SBS mixes having the highest 

average DCT fracture energy. 

 

• The test temperatures are 

statistically different.   
 



SCB Fracture Energy: 

No RAP vs. FRAP 

• No mix is statistically different from 

all other mixes.  

 

• The test temperatures are 

statistically different.   
 



SCB Stress Intensity Factor: 

No RAP vs. FRAP 

• No mix is statistically different from 

all other mixes. The trend shows 

SBS mixes having the highest 

average stress intensity factor. 

 

• The air voids are statistically 

different.  Temperature has the most 

influence at 4% air voids. 
 



IDT Stiffness @60: 

No RAP vs. FRAP 

• No mix is statistically different from 

all other mixes. The trend shows 

fractionated RAP having the highest 

stiffness. 

 

• The test temperatures are 

statistically different.   

 

• Temperature/air void combinations 

show that at low temperatures, the 

air voids play a larger role in 

stiffness values 



IDT Stiffness @500: 

No RAP vs. FRAP 

• No mix is statistically different from 

all other mixes. The trend shows 

30% Fractionated RAP having the 

highest stiffness. 

 

• The test temperatures are 

statistically different.  In the 

temperature/air void combinations, 

the two temperatures are statistically 

different regardless of air voids. 
 



IDT Strength [MPa]: 

No RAP vs. FRAP 

• 7% PPA, 7% Elvaloy, PPA and 7% 

SBS PPA are statistically different 

from all other mixes. SBS and 

Fractionated RAP at 4% air voids 

have the highest strength values.  

 

• The test temperatures and air voids 

are statistically different.  In the 

temperature/air void combinations, 

7% air voids is more sensitive to the 

test temperature.  
 



Comparing all of the Tests and Mixes 



DCT Laboratory Comparison 

 
Mix Test Temp 

Air 

Voids 
Recycled Asphalt Binder 

DCT-20 -18 PG+10 7 30% Non-Fractioned 58-28 

Mix Test Temp 
Air 

Voids 
Recycled Asphalt Binder 

DCT-20 -28 PG 7 30% Non-Fractioned 58-28 



DCT Laboratory Comparison 

 Mix Test Temp Air Voids Recycled Asphalt Binder 

DCT-21 -18 PG+10 4 30% Fractioned 58-28 

Mix Test Temp Air Voids Recycled Asphalt Binder 

DCT-21 -28 PG 4 30% Fractioned 58-28 



DCT Laboratory Comparison 

 Mix Test Temp Air Voids Recycled Asphalt Binder 

DCT-22 -24 PG+10 7 30% Fractioned 58-34 

Mix Test Temp Air Voids Recycled Asphalt Binder 

DCT-22 -34 PG 7 30% Fractioned 58-34 



DCT Laboratory Comparison: Comparison of all 

collected data from two laboratories 

Statistical differences are 

observed for the two different 

laboratories at 95% confidence. 

 

For this set of data, there may 

be confounding effects; 

however half of the previous 

comparisons show statistical 

difference.  

 

Further investigations on multi-

lab variability may useful. 



Ranking of mixes based on all test data 

The DCT, SCB, IDT all ranked the mixes in the order shown 

above; however, no mix was statistically different from all of the 

other mixes.  

 



Summary Tables 

1st 2nd 3rd 4th

DCT FE 4%, FRAP 7%, RAP 7%, FRAP 4% RAP

SCB SIF 4%, RAP 4%, FRAP 7%, RAP 7%, FRAP

SCB FE 4%, RAP 7%, FRAP 4%, FRAP 7%, RAP

IDT Stiffness @60 4%, FRAP 4%, RAP 7%, RAP 7%, FRAP

IDT Stiffness @500 4%, FRAP 4%, RAP 7%, RAP 7%, FRAP

IDT Strength 4%, RAP 4%, FRAP 7%, FRAP 7%, RAP

RAP vs. FRAP (Air void %, 30% RAP/ 30%FRAP) 

1st 2nd 3rd 4th

DCT FE PG+10, 4 PG+10, 7 PG, 4 PG, 7

SCB SIF PG, 4 PG+10, 4 PG, 7 PG+10, 7

SCB FE PG+10, 4 PG+10, 7 PG, 4 PG, 7

IDT Stiffness @60 PG, 4 PG, 7 PG+10,4 PG+10, 7

IDT Stiffness @500 PG, 4 PG, 7 PG+10,4 PG+10, 7

IDT Strength PG+10, 4 PG, 4 PG+10,7 PG,7

Ranking Air Void and Temperature Combinations

1st 2nd 3rd

DCT FE NONE YES Field

SCB SIF YES Field None

SCB FE Yes None Field

IDT Stiffness @60 Field Yes None

IDT Stiffness @500 Field Yes None

IDT Strength Yes None Field

Rank (If shaded, no statistical 

difference)

Field Cores vs. Laboratory vs. Lab Conditioned

 Tables show that all the 
tests are good indicators of 
overall trends. 

 Asphalt Modifiers and 
FRAP were not shown in a 
table because all mixes 
were statistically similar 
except for a few cases in 
IDT Strength test. 

 Mixed results between tests 
when ranking field cores, 
laboratory compacted and 
lab conditioned samples.  

 


