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Introduction:

Micro Surfacing creates a new, stable surface that is resistant to rutting and shoving 
in summer and to cracking in winter. (ISSA Website)
• Low bid / Pay by Square yard  Target the minimum Asphalt/Emulsion Content

• Results (Less ACs  Poor Performances)
 Less or No Crown for Rut Filling 
Cracking (Reflection)
*No.1 Most Common Post-Construction Defects Seen in Microsurfacings
Raveling (Low Asphalt Content) *No. 3

How to achieve better performance??
*Benjamin Broughton and Soon-Jae Lee, FHWA/TX-12/0668-1, MICROSURFACING IN TEXAS
Gransberg, D.D., NCHRP Synthesis 411: Microsurfacing; a synthesis of highway practices



Introduction: Using BMD in Microsurfacing

Newcomb, D., & F., Zhou. (2018). Balanced Design of Asphalt Mixtures 
(Final Report MN/RC 2018-22) Minnesota Department of 
Transportation. St. Paul, MN.

• Rut Filling : Harder Binder and 
asphalt content on the low side 
of the allowable range.

• Cracking: Softer Binder and 
asphalt content on the high 
side of the allowable range.

• Find the OAC

Balanced Mix Design



Introduction: ISSA A-143

• The optimum asphalt content (OAC) is determined using the results from the Wet 
Track Abrasion Test (WTAT) and Loaded Wheel Test (LWT)

Not direct measurements of rutting and cracking resistances
Median (OAC) +/- 1.5% (ISSA)

Typical Range:
OAC +/- 0.65%
Or 
Emulsion % +/- 1%

Huachun Zhai, Alejandro Rosales and Erin Russell, 2019 AEMA-ARRA-ISSA Annual Meeting, Evaluation of the Modified Properties of 
Microsurfacing Specimens Prepared using Modified Schulze-Breuer and Ruck Apparatus and Gyratory Compactor
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Introduction: ISSA TB-148

• TB-148 Test Method for Evaluation of Microsurfacing and Slurry Seal Specimens 
for Evaluation by Hot Mixed Asphalt Design Methods (Modified Marshall Test) 

• Mix at 77°F
• Cure at 140°F for 24 hrs
• Compact at 280 +/- 30 cSt  Too Hot
• Marshal mold (2.5-in) at 30 blows
• Marshall Stability  Not Popular Anymore  Superpave

Huachun Zhai, Alejandro Rosales and Erin Russell, 2019 AEMA-ARRA-ISSA Annual Meeting, Evaluation of the Modified Properties of 
Microsurfacing Specimens Prepared using Modified Schulze-Breuer and Ruck Apparatus and Gyratory Compactor



Methodology

• Superpave Gyratory  More Popular
• 6-in mold, 62 mm height
• 30 gyrations (Same compaction efforts not Same Air Voids)

• ~2400 g
• Rutting Resistance  Hamburg Wheel Tracking (HWT) Test
• Cracking Resistance  Ideal CT

Huachun Zhai, Alejandro Rosales and Erin Russell, 2019 AEMA-ARRA-ISSA Annual Meeting, Evaluation of the Modified Properties of 
Microsurfacing Specimens Prepared using Modified Schulze-Breuer and Ruck Apparatus and Gyratory Compactor



Scope

• Determine the testing protocols for both Hamburg and Ideal CT 
Tests

• Verify the Mix Design and determine OAC based on Hamburg and 
Ideal CT

• Prepare Mix Design based on current ISSA Specification (Determine OAC 
based on WTAT/LWT (Sand Adhesion and Lateral Deformation)

• Determine OAC based on Hamburg and Ideal CT results
• Compare the two OACs to determine the “True” OAC

• Evaluate the effects of different aggregate gradations and 
emulsions on the Rutting and Crack Resistances using Hamburg 
and IDEAL CT tests.



Materials

• Microsurfacing Type III Aggregate

Sieve Size % Type III Spec.

Mesh (mm) Passing % Passing

3/8” 9.5 100 100 100

#4 4.75 80.0 70 90

#8 2.36 57.5 45 70

#16 1.18 39.0 28 50

#30 0.6 26.5 19 34

#50 0.33 18.5 12 25

#100 0.15 12.5 7 18

#200 0.075 10.0 5 15

Test Test Method Result

Apparent Specific Gravity ASTM C127 2.66
Los Angeles Rattler, % ASTM C131 25

Percent Crushed Particles ASTM D5821 100
Soundness (5 Cycles Na2SO4) ASTM C88 1.3

Durability ASTM D3744 74
Sand Equivalent ASTM D2419 79



Materials

• GAP Gradation 
(*2013 Florida APWA Meeting, Enrovia, Special micro surfacing 
applications)

• Superpave 3/8 in 

Sieve Size % GAP Gradation*

Mesh (mm) Passing % Passing
3/8” 9.5 100 100 100
1/4” 6.35 80.0 70 90

#4 4.75 47.5 35 60

#8 2.36 42.5 35 50

#16 1.18 32.5 25 40

#30 0.6 25.0 20 30

#50 0.33 20.0 15 25

#100 0.15 12.5 7 18

#200 0.075 10.0 5 15

Sieve Size % 3/8” Gradation*

Mesh (mm) Passing % Passing
3/8” 9.5 100 85 100
1/4” 6.35 80.0 - -

#4 4.75 65.0 55 75

#8 2.36 50.0 40 60

#16 1.18 39.0 - -

#30 0.6 30.0 20 40

#50 0.33 18.5 - -

#100 0.15 12.5 - -

#200 0.075 6.0 3 9

(*2021 Idaho Transportation Department, Standard Specifications for Highway 
Construction)



Gradations



Materials

• Asphalt Emulsions (Same type and amount of Synthetic 
Polymer)

• CQS-1HP (PG64-22 + 3%+ SBR Latex)
• CQS-1P (PG58-28 + 3%+ SBR Latex)
• CQS-1HHP (PG70-16 + 3%+ SBR Latex)

Test Method CQS-1P CQS-1HP CQS-1HHP

Residue by Distillation (177°C/350°F), (%) AASHTO T59 65 65 65

Penetration on Residue, @ 25°C, dmm AASHTO T49 98 69 32

Softening Point, °C(°F) AASHTO T53 130 139 156



Sample Preparations

• Mixing:
• Room Temperature: ~25°C(77°F)
• Include all aggregates (including retain on #4)

• Mix Curing
• Move into 60°C(140°F) oven after mixing (no room temp curing)
• Dry to constant weight (minimum 15 hrs) (same as WTAT)

• Compaction:
• Compact at 140°F for 30 gyrations 
• After compaction, cool (minimum 4 hrs) at room temperature before 

testing



Test Procedures

• Hamburg Test
• AASHTO T324
• Hamburg Test Temperature

• 50°C 
• Deform too quickly (Less than 3000 Passes)
• May not identify the difference more accurately

• 25°C 
• LWT: ISSA TB 109 and ISSA TB 147 Method A
• Rutting Depth after 20000 passes (10000 Cycles)

• 40°C 
• ISSA TB 147 Method C-Lai/GA.DOT Modified LWT 
@ 105°F (40.6°C)  40°C
• High deformation 
• 10% Vertical  No. of Passes to 6 mm



Test Procedures

• IDEAL CT Test Protocol
• ASTM D8225

• Idaho Specification HMA CTindex > 80
• For Microsurfacing, 

• CTindex should be much higher to resist cracking
• Thin, Surface course (< 2 in for rut fitting)

• Need High Resistance to reflection cracking
• Stiff binder  Thermal cracking



Microsurfacing Mix Design

• Type III Aggregate: 100%
• Cement: 0.5%
• Water: Achieve workability
• Emulsion %: 8.5, 10, 12, 14 and 16
• Asphalt Residual, %: 5.5,  6.5, 7.8, 9.1, and 10.4



Microsurfacing Mix Design

Results
Emulsion (%) 8.5 10 12 14 16
Asphalt Content (%) 5.5 6.5 7.8 9.1 10.4

WTAT 1 hr Soak (g/ft2) (-#4) 51.3 35.4 26.5 18.7 7.8

WTAT 6-day Soak  (g/ft2) (-#4) 91.3 47.9 37.8 26.6 13.6

WTAT 1 hr Soak (g/ft2) (Full) (1/2 in) 32.8 22.1 16.5 11.7 4.9
WTAT 6-day Soak  (g/ft2) (Full) (1/2 in) 55.6 32.2 28.1 17.0 11.3
Sand Adhesion (g/ft2) 13.5 16.7 20.8 23.6 33.7
Lateral Displacement (%) 1.2 1.7 2.2 3.3 5.6



Full Gradation vs. -#4

• Lower specifications for Full Gradation WTAT (Less than 25 g/ft2 for 1-hr, Less than 45 for g/ft2 6-day) More Testing

Debbi Deep, Full Gradation WTAT Study, 
2021 SSWS
Thicker molds/Full gradations seem to 
give lower emulsion contents.
SA increases by 18% from Full to -#4



Mix Design 

10.1%

6.0%



OAC from ISSA Design

• Minimum Asphalt Content from WTAT: 
6.0% 

• Maximum Asphalt Content from LWT: 
10.1%

 Minimum: 6.7% +/- 0.65% 
• Emulsion %: 10.3 +/- 1%

• Median Asphalt Content: 8.0%
 OACA: 8.0% (+/- 0.65%)

• Emulsion %: 12.3 +/- 1%
6.0% 10.1%



Compaction Volumetric Properties

Aggregate Type III
Emulsion % 8.5 10 12 14 16
Asphalt % 5.5 6.5 7.8 9.1 10.4
Gmm 2.509 2.473 2.420 2.378 2.346
Gmb 2.176 2.213 2.243 2.265 2.271
Air Voids (%) 13.3 10.5 7.3 4.8 3.2



Rutting Test (HWT at 25C)



Rutting Test (HWT at 25C)

HWT at 25C Results

Emulsion (%) 8.5 10 12 14 16

Asphalt Content (%) 5.5 6.5 7.8 9.1 10.4
Rut Depth at 20000 
Passes (mm) -2.74 -1.96 -1.98 -2.09 -2.68
Rut Depth at 2000 
Passes (mm) (LWT) -1.47 -1.02 -0.95 -1.32 -1.38

Highest Resistance to Rut: 6.5% AC
Less than 5% vertical deformation (3 mm) at 20000 passes
Difficult to identify the changing point

LWT 1000 Cycles



Rutting Test (HWT at 40C)

9.1% AC

6290

-4.48



Rutting Test (HWT at 40C)

HWT at 40C Results
Emulsion (%) 8.5 10 12 14 16
Asphalt Content (%) 5.5 6.5 7.8 9.1 10.4
No. of Passes at 6 mm 
Rut (10% Vertical) 3250 7035 6850 6290 5478
Rut Depth at 5000 
Passes (mm) -7.59 -3.55 -3.67 -4.47 -5.68

Stripping
Highest Resistance to Rut: 7.8%
At 5000 Passes with 6 mm Rut Depth > 10.4%

2520 cycles
Per TB147



Cracking Test (IDEAL CT at 25C)

7.8% AC



Cracking Test (IDEAL CT at 25C)



Cracking Test (IDEAL CT at 25C)

IDEAL CT at 25C Results
Emulsion (%) 8.5 10 12 14 16
Asphalt Content (%) 5.5 6.5 7.8 9.1 10.4
CT index 105 203 837 975 1023

Fracture Energy (J/m2) 3775 4862 6166 10988 11273
Peak Load (Lbs) 1507 1416 1201 2086 2185

Higher AC content  Higher Cracking Resistance
AT CT index = 200: 6.5% (Film thickness 8.06 micron)
ISSA TB 118 recommended 8 microns.



OAC from HWT and IDEAL CT

6.5% 10.4%

• Minimum Asphalt Content from Cracking 
Resistance: 6.5% 

• Maximum Asphalt Content from Rutting 
Resistance: 10.4 %

 Minimum: 7.2 % +/- 0.65% 
• Emulsion %: 11.1 +/- 1%

 Median Asphalt Content: 8.5%
 OACA: 8.5% (+/- 0.65%)

• Emulsion %: 13.0 +/- 1%
• 0.5% AC higher than ISSA 
• Similar to the results determined based 

on TSR and Marshall Stability*
*Huachun Zhai, Alejandro Rosales and Erin Russell, 2019 AEMA-ARRA-ISSA Annual Meeting, Evaluation of the Modified Properties of 

Microsurfacing Specimens Prepared using Modified Schulze-Breuer and Ruck Apparatus and Gyratory Compactor
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Using HWT and Ideal CT 

• Not QC or Acceptance Tests
• Design, Research and Forensic tool 

• Thick Rut Filling
• When cracking is a concern
• Identify better materials/designs

• Recommended Testing Criteria:
• HWT 40C : 

• Rut Depth at 5000 Passes < 6.0 mm
• Ideal CT 25C: 

• CTindex > 200



Effect of Different ACs

Results
Asphalt Base PG70-16 PG64-22 PG58-28
Asphalt Content (%) 7.8 7.8 7.8
Penetration at 25C 
(dmm) 32 69 98
Softening Point (F) 156 139 130
Rut Depth at 5000 
Passes, 40C (mm) -2.32 -3.67 < -17.50
CT index 80 837 957

PG70-16

PG58-28

Less Rut More Cracking

More Rut Less Cracking

Meet HMA Spec



Effect of Different Gradations

Results
Gradation Type III Gap Superpave
Asphalt Content (%) 6.5 6.5 6.5
Rut Depth at 5000 
Passes, 40C (mm) -5.31 -6.37 -5.46
CT index 203 203 247
Air Voids (%) 10.5 11.7 10.6
Asphalt Film thickness 
(um) 8.06 8.43 9.72



Summary

• HWT and IDEAL CT can be used to measure the rutting and cracking resistances 
of different Microsurfacing mixtures and to determine the “True” OAC.

• The testing conditions (temperature) and parameters (No. of Cycles and Rut 
Depth) for HWT need to be modified to better differentiate the performances 
of different mixtures.

• CTindex and Fracture Energy from IDEAL CT Test can be used to design more 
structurally sound mixtures.

• More tests are needed to determine the proper parameters.
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