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Title
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Implementation
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Population = 1.33 
million

Over 35,000 sq. mi.

Highest Point, 1 mile 
at Mt. Katahdin

1820 became the 23rd

state



Title State berry: Wild blueberry
 State bird: Black-capped chickadee
 State dessert: Blueberry pie

 made with wild Maine 
blueberries

 State fish: Land-locked salmon
 State gemstone: Tourmaline
 State insect: European honey bee
 State mammal: Moose
 State soft drink: Moxie
 State soil: Chesuncook soil series
 State treat: Whoopie pie
 State tree: Eastern White Pine
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MaineDOT Three-Year Program

• $2 Billion, 1,600 Work Items
• $244 M – 212 Miles for Highway Con/Rehab
• $213 M  - 718 Miles of Pavement Preservation
• $83 M – 1,800 Miles Light Capital Paving
• Maine – 23,000 Centerline Miles
• MaineDOT – 9,000 Miles – IT’S ALL HMA!
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Why Performance Specifications?

• Current QA specifications 
don’t always result in 
performance

• Desire to promote 
innovation

• Move closer to user 
needs
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Project Selection Considerations
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Scope?
• Complexity
• Opportunity to innovate
• Existing conditions

Can performance be 
defined?

• Desired outcomes
• User needs

Can performance 
criteria be measured?
• Timely
• Cost-effective

Delivery Method?
• Design

• Material selection

Performance 
Specs



Project Selection Considerations
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Potential 
Benefits Risk

Can be applied to most projects – use 
the appropriate "Tier”



Applies to More than New
Pavement Construction
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• Bridges & Structures
• Recycling
• Pavement 

Preservation



Performance-Based Mix
Designs

• HMA
– Move beyond 

volumetrics
– Need to define 

performance criteria
• PCC

– Performance-
Engineered Mixes

• Material Selection
– Specify results, not 

ingredients
– NJ model
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DATA

		

				Project:				Lane Hermon						Master Solver Data Input

				Mix Identification:				LAN-HE12-75B-12R						Version 2.3

				Date:				4/2/14						Effective: 09/01/2009

				Technician:				Scott R. Jones

				Sample Description:				Plant Mixed HMA, PG 64-28

				Notes:				VMA and VFA taken from JMF verification test report

								Specimen 1				Specimen 2				Specimen 3				Average

				VMA (Volume %)				17.7				17.7				17.7				17.7

				VFA (Volume %)				69.0				69.0				69.0				69.0

				Reference Temp. (C0)				20

				Conditions				Specimen 1				Specimen 2				Specimen 3				Modulus				Phase Angle				Included in Analysis

				Temperature		Frequency		Modulus		Phase Angle		Modulus		Phase Angle		Modulus		Phase Angle		Mean		CV		Mean		Std. Dv.

				C0		Hz		Ksi		C0		Ksi		C0		Ksi		C0		Ksi		%		C0		C0		Y/N

				4		0.10		866.4		20.2		830.4		20.9		839.4		20.6		845.4		2.2		20.6		0.3

				4		1.00		1316.6		14.8		1271.7		15.1		1291.5		15.2		1293.3		1.7		15.0		0.2

				4		10.00		1805.8		11.1		1753.5		11.2		1780.6		11.3		1780.0		1.5		11.2		0.1

				20		0.10		220.8		33.5		210.4		33.7		202.9		33.8		211.4		4.3		33.6		0.2

				20		1.00		460.8		28.5		438.0		29.1		429.5		28.9		442.8		3.7		28.8		0.3

				20		10.00		834.0		22.1		801.9		22.7		796.9		22.6		810.9		2.5		22.5		0.3

				35		0.01		23.6		20.8		23.1		21.1		26.0		21.9		24.2		6.3		21.2		0.6

				35		0.10		42.9		27.8		45.0		29.1		49.9		30.0		45.9		7.8		29.0		1.1

				35		1.00		101.6		32.6		108.1		33.5		117.7		34.2		109.1		7.4		33.4		0.8

				35		10.00		244.2		33.6		252.4		33.8		270.7		34.0		255.8		5.3		33.8		0.2



Goto FIT

Goto REPORT

Goto README

Goto MEPDGINPUT

Goto FIT

Goto REPORT

Goto README

Goto MEPDGINPUT

Button 12

Button 13

Button 14

Button 15

Check Box 18

Check Box 19

Check Box 20

Check Box 21

Check Box 22

Check Box 23

Check Box 24

Check Box 25

Check Box 26

Check Box 27



FIT

		

				Maximum Modulus				Pc		E* (ksi)		logE*				Master Solver Fit

								0.86323		3203.8		3.50566				Version 2.3

																Effective: 09/01/2009		Effective: 09/01/2009

				Solver Parameters				Log (Min)		Beta		Gamma		EA

				Initial Value				0.5		-1		-0.5		200000

				Final Value				0.5446327461		-0.8848648734		-0.4885183685		203025.026862049

				Reference Temp. (C0)				20				Se		0.0150				R2		0.9988		0.9999

				Condition				Average Measured				Log Average Modulus				Error		Error^2		loga(t)		log (wr)		wr		Included in Analysis

				Temperature		Frequency		Modulus		Phase Angle		Measured		Fitted

				C0		Hz		Ksi		C0																Y/N

				4		0.1		845.4		20.6		2.9271		2.9274		-0.0004		0.00000		2.0874		1.0874		12.2296		0

				4		1		1293.3		15.0		3.1117		3.1219		-0.0103		0.00011		2.0874		2.0874		122.2962		0

				4		10		1780.0		11.2		3.2504		3.2578		-0.0074		0.00006		2.0874		3.0874		1222.9621		0

				20		0.1		211.4		33.6		2.3250		2.3148		0.0103		0.00011		0.0000		-1.0000		0.1000		0

				20		1		442.8		28.8		2.6462		2.6405		0.0057		0.00003		0.0000		0.0000		1.0000		0

				20		10		810.9		22.5		2.9090		2.9073		0.0017		0.00000		0.0000		1.0000		10.0000		0

				35		0.01		24.2		21.2		1.3842		1.3692		0.0150		0.00022		-1.7601		-3.7601		0.0002		0

				35		0.1		45.9		29.0		1.6619		1.6881		-0.0262		0.00069		-1.7601		-2.7601		0.0017		0

				35		1		109.1		33.4		2.0380		2.0437		-0.0057		0.00003		-1.7601		-1.7601		0.0174		0

				35		10		255.8		33.8		2.4079		2.3972		0.0107		0.00011		-1.7601		-0.7601		0.1737		0

										Std Dv.		0.62334				Solver Target		0.00136

				wr		1.0E+06		1.0E+05		1.0E+04		1.0E+03		1.0E+02		1.0E+01		1.0E+00		1.0E-01		1.0E-02		1.0E-03		1.0E-04		1.0E-05		1.0E-06

				log E*		3.442		3.403		3.342		3.248		3.107		2.907		2.641		2.315		1.957		1.607		1.301		1.060		0.883

				E*, ksi		2766.2		2529.8		2198.1		1769.9		1280.7		807.8		437.1		206.4		90.6		40.5		20.0		11.5		7.6
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REPORT

		

				Project:				Lane Hermon						Master Solver Report

				Mix Identification:				LAN-HE12-75B-12R						Version 2.3

				Date:				4/2/14						Effective: 09/01/2009

				Technician:				Scott R. Jones

				Sample Description:				Plant Mixed HMA, PG 64-28

				Notes:				VMA and VFA taken from JMF verification test report

				Shift Factors				Arrhenius  log10 (a(T)) = EA/19.147143*(1/T - 1/Tr)

				Master Curve Model				log(E*) = logMin) + (log(Max) - log(Min)) / (1+EXP (Beta + Gamma* log (wr)))

				Reference Temp. (C0)				20

				VMA (Volume %)				17.7

				VFA (Volume %)				69.0

				Conditions				Specimen 1				Specimen 2				Specimen 3				Modulus				Phase Angle				Fitted Modulus

				Temperature		Frequency		Modulus		Phase Angle		Modulus		Phase Angle		Modulus		Phase Angle		Mean		CV		Mean		Std. Dv.

				C0		Hz		Ksi		C0		Ksi		C0		Ksi		C0		Ksi		%		C0		C0		Ksi

				4		0.1		866.4		20.2		830.4		20.9		839.4		20.6		845.4		2.2		20.6		0.3		846.1

				4		1.0		1316.6		14.8		1271.7		15.1		1291.5		15.2		1293.3		1.7		15.0		0.2		1324.2

				4		10.0		1805.8		11.1		1753.5		11.2		1780.6		11.3		1780.0		1.5		11.2		0.1		1810.6

				20		0.1		220.8		33.5		210.4		33.7		202.9		33.8		211.4		4.3		33.6		0.2		206.4

				20		1.0		460.8		28.5		438.0		29.1		429.5		28.9		442.8		3.7		28.8		0.3		437.1

				20		10.0		834.0		22.1		801.9		22.7		796.9		22.6		810.9		2.5		22.5		0.3		807.8

				35		0.0		23.6		20.8		23.1		21.1		26.0		21.9		24.2		6.3		21.2		0.6		23.4

				35		0.1		42.9		27.8		45.0		29.1		49.9		30.0		45.9		7.8		29.0		1.1		48.8

				35		1.0		101.6		32.6		108.1		33.5		117.7		34.2		109.1		7.4		33.4		0.8		110.6

				35		10.0		244.2		33.6		252.4		33.8		270.7		34.0		255.8		5.3		33.8		0.2		249.6

				Final Parameters:				Max E* (Ksi)		Min E* (Ksi)		Beta		Gamma		EA				Fitting Quality		R2		Se/Sy

								3203.8		3.5		-0.88486		-0.48852		203025						0.999		0.02
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Reduced Frequency, Hz

Phase Angle, C0

20.5766666667
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Temperature, C

Log Shift Factor
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MEPDGTable

		

				Project:				Lane Hermon						Master Solver MEPDGOUTPUT

				Mix Identification:				LAN-HE12-75B-12R						Version 2.3

				Date:				4/2/14						Effective: 09/01/2009

				Technician:				Scott R. Jones

				Sample Description:				Plant Mixed HMA, PG 64-28

				Notes:				VMA and VFA taken from JMF verification test report

				Shift Factors				Arrhenius  log10 (a(T)) = EA/19.147143*(1/T - 1/Tr)

				Master Curve Model				log(E*) = logMin) + (log(Max) - log(Min)) / (1+EXP (Beta + Gamma* log (wr)))

				Reference Temp. (C0)				20

				No.		Temperature				Frequency (Hz)		Shift   Factor		Reduced Frequency		E*

						C0		F0								ksi		MPa

				1		-10.0		14		25		4.12209		331150.60010		2663.7		18371.2

				2		-10.0		14		10		4.12209		132460.24004		2563.5		17680.5

				3		-10.0		14		5		4.12209		66230.12002		2477.8		17089.6

				4		-10.0		14		1		4.12209		13246.02400		2244.0		15477.0

				5		-10.0		14		0.5		4.12209		6623.01200		2128.1		14677.8

				6		-10.0		14		0.1		4.12209		1324.60240		1826.6		12598.2

				7		4.4		40		25		2.02618		2655.34332		1962.1		13532.4

				8		4.4		40		10		2.02618		1062.13733		1782.2		12291.7

				9		4.4		40		5		2.02618		531.06866		1639.0		11303.9

				10		4.4		40		1		2.02618		106.21373		1293.7		8922.9

				11		4.4		40		0.5		2.02618		53.10687		1145.2		7898.3

				12		4.4		40		0.1		2.02618		10.62137		819.2		5650.2

				13		21.1		70		25		-0.13653		18.25613		924.6		6377.3

				14		21.1		70		10		-0.13653		7.30245		749.6		5170.1

				15		21.1		70		5		-0.13653		3.65123		629.2		4339.3

				16		21.1		70		1		-0.13653		0.73025		397.3		2740.3

				17		21.1		70		0.5		-0.13653		0.36512		319.2		2201.7

				18		21.1		70		0.1		-0.13653		0.07302		184.9		1275.4

				19		37.8		100		25		-2.06742		0.21405		267.7		1846.5

				20		37.8		100		10		-2.06742		0.08562		195.5		1348.7

				21		37.8		100		5		-2.06742		0.04281		153.0		1055.2

				22		37.8		100		1		-2.06742		0.00856		85.6		590.6

				23		37.8		100		0.5		-2.06742		0.00428		66.8		460.9

				24		37.8		100		0.1		-2.06742		0.00086		38.4		265.0

				25		54.4		130		25		-3.80188		0.00395		64.9		447.7

				26		54.4		130		10		-3.80188		0.00158		47.2		325.4

				27		54.4		130		5		-3.80188		0.00079		37.4		258.0

				28		54.4		130		1		-3.80188		0.00016		22.8		157.0

				29		54.4		130		0.5		-3.80188		0.00008		18.8		129.4

				30		54.4		130		0.1		-3.80188		0.00002		12.7		87.3
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Reduced Frequency, Hz
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Temperature, C

Log Shift Factor
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				Mastersolver Version 2.3

				Effective: 09/01/2009								Effective: 09/01/2009

						Question  Contact:				Ramon Bonaquist

										Advanced Asphalt Technologies, LLC

										108 Powers Court, Suite 100

										Sterling, VA 20166

										703-444-4200

										aatt@erols.com
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		 		Master Curve Table: HMA Layer

		 		 		 		 		 		 		 		 

		 		Delta		3.86643		??		 		 		 		 

		 		Alpha		2.62982		 		 		 		 		 

		 		Beta		-0.8848648734		 		 		 		 		 

		 		Gamma		-0.4885183685		??		 		 		 		 

		 		a		0.000262822		??		 		 		 		 

		 		b		-0.11372		??		 		 		 		 

		 		c		6.67259		??		 		 		 		 

		 		R2		0.9988362517		 		 		 		 		 

		 		Se/Sy		0.02				 		 		 		 

		 		 		 		 		 		 		 		 

		 		 		 		 		 		 		 		 

		 		log(Reduced Time(sec))		E* (psi)		14 oF		40 oF		70 oF		100 oF		130 oF				log(Reduced Time(sec))		E* (psi)		14 oF		40 oF		70 oF		100 oF		130 oF

		 		-1.3979400087		2655150		2655150												-5.52003		18371		18371

		 		-5.13202		2592910		2592910												-5.12209		17681		17681

		 		-4.13202		2335500		2335500												-4.82106		17090		17090

		 		-3.73408		2209880		2209880												-4.12209		15477		15477

		 		-2.84532		1882530				1882530										-3.82106		14678		14678

		 		-2.54429		1758800				1758800										-3.12209		12598		12598

		 		-1.54429		1320300				1320300										-3.42412		13532				13532

		 		-1.14635		1143650				1143650										-3.02618		12292				12292

		 		-0.30103		792209						792209								-2.72515		11304				11304

		 		0		680782						680782								-2.02618		8923				8923

		 		1		382400						382400								-1.72515		7898				7898

		 		1.39794		296070						296070								-1.02618		5650				5650

		 		1.77018		230839								230839						-1.26141		6377						6377

		 		2.07121		187912								187912						-0.86347		5170						5170

		 		3.07121		94534.8								94534.8						-0.56244		4339						4339

		 		3.46915		72609.1								72609.1						0.13653		2740						2740

		 		3.36832		77557.3										77557.3				0.43756		2202						2202

		 		3.66935		63843.5										63843.5				1.13653		1275						1275

		 		4.66935		35523.4										35523.4				0.66948		1846								1846

		 		5.06729		29014.5										29014.5				1.06742		1349								1349

																				1.36845		1055								1055

																				2.06742		591								591

																				2.36845		461								461

																				3.06742		265								265

																				2.40394		448										448

																				2.80188		325										325

																				3.10291		258										258

																				3.80188		157										157

																				4.10291		129										129

																				4.80188		87										87



ffang:
where to read those variables with question mark?

ffang:
1. the log(time) change with input or fixed in MEPDG? 
2. The temperature 14F, 40F, 70… fixed or change with input in MEPDG?
3. number of data rows changes with input or varies?

ffang:



The workbook includes 5 spreadsheets:    


1. A data entry spreadsheet (DATA)  


2. A spreadsheet to perform the master curve fitting (FIT)  


3. A summary report spreadsheet (REPORT)  


4. A spreadsheet with moduli for the temperatures and  frequencies required by 


the MEPDG (MEPDGINPUT)  


5. This instructions spreadsheet (README)  


 


 


DATA Spreadsheet 


     All data needed to develop a master curve is input in the highlighted cells  as blue in 


the DATA spreadsheet.  This includes VMA and VFA for computing the limiting 


maximum modulus, the reference  temperature, and the measured dynamic modulus data.  


If only two specimens were tested, leave the data cells for Specimen 3 blank.   


  


FIT Spreadsheet 


     This spreadsheet is set up for using the solver function to fit the measured data to a 


master curve using Arrhenius temperature shift factors, Equation 3.  Use the solver 


function tool on the yellow highlighted cell as the solver target to minimize the sum of the 


squared errors between the measured and predicted values.  Initial estimates for the 


optimization should be input in Cells highlighted as blue.  Suggested initial estimates are 


given.  After solver optimizes, the final values of the master curve parameters are given in 


Cells highlighted as blue. 


 


REPORT Spreadsheet 


     This spreadsheet provides an output of the optimiz ed master curve from the FIT 


spreadsheet.  It includes the measured data, the optimized master curve parameters, and 


plots of the dynamic modulus master curve, the shift factors, and the phase angle master 


curve. 


 


MEPDTINPUT Spreadsheet  


     This spreadsheet uses the fitted master curve to compute dynamic modulus values at 


the temperatures and frequencies required by the MEPDG.   


 




This workbook is used in conjunction with the Simple Performance Test System to develop dynamic 


modulus master curves.  It has the capability to solve a modified version of the Mechanistic -Empirical 


Design Guide master curve equation, Equation 1.   
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where: 


E* = dynamic modulus 





r


 = reduced frequency, Hz 


  Max = limiting maximum modulus, ksi  


Min = limiting minimum modulus, ksi  


  , and  = fitting parameters 


 


The reduce frequency is computed using the Arrhenius equation, Equa tion 2. 
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where: 


 


r


 = reduced frequency at the reference temperature  


  = loading frequency at the test temperature  


 T


r


 = reference temperature, K 


 T = test temperature, K 


 E


a


 = activation energy (treated as a fitting par ameter) 


 


Substituting Equation 2 into Equation 1 yields the form of the master curve equation that 


is fitted using this workbook.  
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The shift factors for each temperature are given by Equation 4.  
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where: 


 a(T) = shift factor at temperature T  


 T


r


 = reference temperature, K 


 T = test temperature, K 


 E


a


 = activation energy (treated as a fitting parameter)  




The maximum limiting modulus is estimated from mixture volumetric properties using the Hirsch model



and a limiting binder modulus of 1 GPa (145,000 psi), Equations 5 and 6.
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½



E*



½



max



 = limiting maximum mixture dynamic modulus



VMA =  Voids in mineral aggregates, %



VFA = Voids filled with asphalt, %






The maximum limiting modulus is estimated from mixture volumetric properties using the Hirsch modeland a limiting binder modulus of 1 GPa (145,000 psi), Equations 5 and 6.
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 = limiting maximum mixture dynamic modulus


VMA =  Voids in mineral aggregates, %


VFA = Voids filled with asphalt, %
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This workbook is used in conjunction with the Simple Performance Test System to develop dynamic modulus master curves.  It has the capability to solve a modified version of the Mechanistic-Empirical Design Guide master curve equation, Equation 1. 
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where:



(E*( = dynamic modulus



(r = reduced frequency, Hz





Max = limiting maximum modulus, ksi



Min = limiting minimum modulus, ksi





(, and ( = fitting parameters


The reduce frequency is computed using the Arrhenius equation, Equation 2.
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where:




(r = reduced frequency at the reference temperature




( = loading frequency at the test temperature




Tr = reference temperature, (K




T = test temperature, (K




(Ea = activation energy (treated as a fitting parameter)



Substituting Equation 2 into Equation 1 yields the form of the master curve equation that is fitted using this workbook.
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The shift factors for each temperature are given by Equation 4.
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where:




a(T) = shift factor at temperature T




Tr = reference temperature, (K




T = test temperature, (K




(Ea = activation energy (treated as a fitting parameter)
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The workbook includes 5 spreadsheets:  



1. A data entry spreadsheet (DATA)



2. A spreadsheet to perform the master curve fitting (FIT)



3. A summary report spreadsheet (REPORT)



4. A spreadsheet with moduli for the temperatures and frequencies required by the MEPDG (MEPDGINPUT)



5. This instructions spreadsheet (README)



DATA Spreadsheet



     All data needed to develop a master curve is input in the highlighted cells as blue in the DATA spreadsheet.  This includes VMA and VFA for computing the limiting maximum modulus, the reference temperature, and the measured dynamic modulus data.  If only two specimens were tested, leave the data cells for Specimen 3 blank. 



FIT Spreadsheet



     This spreadsheet is set up for using the solver function to fit the measured data to a master curve using Arrhenius temperature shift factors, Equation 3.  Use the solver function tool on the yellow highlighted cell as the solver target to minimize the sum of the squared errors between the measured and predicted values.  Initial estimates for the optimization should be input in Cells highlighted as blue.  Suggested initial estimates are given.  After solver optimizes, the final values of the master curve parameters are given in Cells highlighted as blue.



REPORT Spreadsheet



     This spreadsheet provides an output of the optimized master curve from the FIT spreadsheet.  It includes the measured data, the optimized master curve parameters, and plots of the dynamic modulus master curve, the shift factors, and the phase angle master curve.



MEPDTINPUT Spreadsheet



     This spreadsheet uses the fitted master curve to compute dynamic modulus values at the temperatures and frequencies required by the MEPDG. 
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The maximum limiting modulus is estimated from mixture volumetric properties using the Hirsch model and a limiting binder modulus of 1 GPa (145,000 psi), Equations 5 and 6.
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where
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(E*(max = limiting maximum mixture dynamic modulus



VMA =  Voids in mineral aggregates, %



VFA = Voids filled with asphalt, %
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QA Core Elements Apply
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Quality Control

• Often overlooked – everyone focuses on 
Acceptance

• Performance Specifications depend on effective
Quality Control Plans, systems
– Often seen as a paper exercise

• Do we need to rethink QC requirements?
– Are we hindering QC by using data for Acceptance?

• Which technologies apply to QC vs. Acceptance?

13



What Might our Specifications 
Look Like?

• My goal: A pavement specification < 5 pages
• Much of today’s spec language – move to QC 

Plan

14
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Questions? 
Richard Bradbury, 

Director of Materials Testing & Exploration

(207) 624-3482
Richard.bradbury@maine.gov
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