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1890

•Barber Asphalt Paving Company

•Asphalt cement 12 to 15% / Sand 70 to 83% /  Pulverized carbonite of lime  5 to 15%

1905

•Clifford Richardson, New York Testing Company

•Surface sand mix: 100% passing No. 10, 15% passing No. 200, 9 to 14% asphalt

•Asphaltic concrete for lower layers, VMA terminology used, 2.2% more VMA than current day mixes or ~0.9% higher binder 
content

1920s

•Hubbard Field Method (Charles Hubbard and Frederick Field)

•Sand asphalt design

•30 blow, 6” diameter  with compression test (performance) asphaltic concrete design (Modified HF Method)

1927

•Francis Hveem (Caltrans)

•Surface area factors used to determine binder content; Hveem stabilometer and cohesionmeter used

•Air voids not used initially, mixes generally drier relative to others, fatigue cracking an issue

1943 

•Bruce Marshall, Mississippi Highway Department

•Refined Hubbard Field method, standard compaction energy with drop hammer

•Initially, only used air voids and VFA, VMA added in 1962; stability and flow utilized

1993

• Superpave

• Level 1 (volumetric)

• Level 2 and 3 (performance based, but never implemented)
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Plant Production Units Target Range Lot 4A Rutgers Lot 4B

Voids % 3.16 2.5 - 4.5 4.53 - 3.69

VMA % 16.4 > 15.0 16.73 - 16.03

VFB % 76.5 65.0 - 80.0 72.92 - 76.99

AC Content % 6.3 6.1 - 6.5 6.5 6.3 6.3

Plant Gradation Units Target Range Lot 4A Rutgers * Lot 4B

1/2" % 100 100 100 100 100

3/8" % 100 95 - 100 99.7 98.5 99.7

#4 % 68 63 - 73 69.9 72.7 70.9

#8 % 34 29 - 39 31.3 35.3 33.6

#16 % 22 17 - 27 19.6 22.3 21.5

#30 % 16 11 - 21 13.1 15.7 14.5

#50 % 9 4 - 14 7.8 10.9 8.3

#100 % 4 0 - 9 4.3 7.7 4.2

#200 % 2 0 - 7 2.4 5.7 2.1
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APA Rutting @ 8,000 Cycles @ 
64°C

Units Target Range Lot 4A Rutgers Lot 4B

Rut Depth mm 4 - 7 - 4.38 -

Hamburg Rutting at 20,000 
Cycles @ 50°C

Units Target Range Lot 4A Rutgers Lot 4B

Rut Depth mm < 12.5 n/a - 10.45 -

Overlay Test for Crack Resistance 
@ 25°C

Units Target Range Lot 4A Rutgers Lot 4B

# of Cycles to Failure Cycles 100 - 700 - 1171 -
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High Temperature Indirect Tensile 
Strength (HT-IDT) @ 42°C

Units Target Range Lot 4A Rutgers Lot 4B

Voids % 7.0 6.5 - 7.5 7.0 7.0 6.9

Thickness mm 95.0 94.0 - 96.0 94.8 95.5 95.0

Diameter mm 150.0 150.0 149.9 150.0

Peak Load N 5538.0 5146.7 5563.2

HT-IDT kPa 158 - 324 248.0 228.9 248.7

HT-IDT PSI 23 - 47 36.0 33.2 36.1

High Temperature Indirect Tensile 
Strength (HT-IDT) @ 44°C

Units Target Range Lot 4A Rutgers Lot 4B

Voids % 7.0 6.5 - 7.5 - 7.3 -

Thickness mm 95.0 94.0 - 96.0 - 95.1 -

Diameter mm 150.0 - 150.0 -

Peak Load N - 5320.0 -

HT-IDT kPa 158 - 324 - 237.2 -

HT-IDT PSI 23 - 47 - 34.4 -
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Proposed Ideal-CT Units Target Range Lot 4A Rutgers Lot 4B

Voids % 7.0 6.5 - 7.5 7.1 7.0 7.0

Thickness mm 62.0 61.0 - 63.0 62.1 62.2 62.0

Diameter mm 150.0 148.0 - 152.0 150.0 150.0 150.0

Peak Load kN 13.2 10.2 12.6

Displacement (L) mm 6.2 6.5 6.3

Tensile Strength kPa 901.7 697.5 858.9

Fracture Energy (Gf) J/m2 9,825.1 8,066.7 9,413.7

Slope (S) kN/mm 2.32 1.65 2.25

Gf/S 4,235.4 4,999.7 4,225.4

(Gf/S)*(L/D) 70 - 250 176.0 217.5 178.8
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Semicircular Bend (SCB) Units Target Range Lot 4A Rutgers Lot 4B

Voids % 7.0 6.0 - 8.0 7.1 7.1 7.0

Thickness mm 50.0 49.0 - 51.0 48.6 49.9 48.8

Ligament mm 57.6 58.1 57.9

Max Load kN 3.75 3.30 3.28

Fracture Energy J/m2 2604.3 3200.8 2513.2

Slope kN/mm -3.28 -1.72 -2.31

Flexibility Index FI > 8.0 8.6 18.8 11.4
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Test Method Criteria

v 2.00 (2020) v 3.00 (2021) v 4.00 (2022)

Min. Design 
Value

Max. 
COV

Min. Design 
Value

Max. 
COV

Min. Design 
Value

Max. 
COV

Flexibility Index
Flexibility 

Index
6 ≤ 20 6 ≤ 40 8 ≤ 40

Indirect Tensile Strength 
Test

IDT Strength 100 psi ≤ 20 30 psi ≤ 40 30 psi ≤ 40

Determination of CT 
Index

CT Index - - 100 ≤ 40 135 ≤ 40
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