


Introduction  



Mn/DOT Aggregate Classes 



Mn/DOT Research Background 



Research Project Objective 



Database  
Spreadsheets 

ASIS Online Web Interface 



Selected Prospect Pits  

•! 87 prospect pits with most reliable gradation 
selected for demonstrating the methodology 



 Established Aggregate Database 

GIS based Aggregate Index Property Database 

DBMS Functions: 

•! Search 

•! Store 

•! Retrieve 

•! Display 



Aggregate Database Example 

•! Search for features •! Retrieve and graphically display features 



Collected Aggregate Characterization Inputs 



Linked Modulus to Aggregate Properties  



 Regression Models Developed for Predicting 
Modulus from Aggregate Source Properties 



Imaging Based Aggregate Shape Indices  



Image Analyses of Mn/DOT Agg. Samples  

12 representative 
samples received 
from Mn/DOT for 
UIAIA Image 
Analyses 

Very fine-graded  
(< 2mm) 
TH 47 SGB 

Dark colored 
TH 52 Taconite Tailings 



Bag Sample!

Average Values!

F&E Ratio!
Angularity 

Index 
(AI)!

Surface 
Texture 

(ST)!

Surface Area 
(SA, in2)!

TH 14/15 CL 5! 2.717! 306.7! 0.898! 1.3783!

CO RD 14 CL 5! 2.031! 343.5! 1.002! 1.9765!

TH 23 CL 6m! 3.705! 380.4! 1.024! 1.9866!
TH 371 CL 6! 10.605! 464.3! 0.808! 40.9664!

Olmsted CL 5! 2.0535! 414.0! 1.640! 3.1968!
TH 16 CL 6! 1.843! 452.9! 1.531! 2.2317!

Olmsted CL 5 
M! 2.024! 430.5! 1.638! 2.7186!

TH 52 SG! 7.403! 400.1! 0.8211! 13.5162!

Imaging Results of Mn/DOT Agg. Samples  



 Regression Models Developed for Predicting 
Modulus from Aggregate Source Properties 



Aggregate Shape Indices Needed for 
Predicting Base/Subbase MR Behavior 

Pan & Tutumluer, 2006 



MnPAVE Pavement Designs for Performance  



MnPAVE Mechanistic Design Objectives  



MnPAVE Sensitivity Analysis Matrix 
C L 

Wheel load = 9 kip 
Type pressure = 80 psi 

Asphalt 
Concrete 

Base 

Subbase 

Subgrade - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

(AC) 1 in. = 25.4 mm 

Beltrami 
& 

Olmsted 

E = 2, 4, 7, 10 ksi 

50% * E 

20-year ESALs  
= 0.2, 0.6, 1.5, 3, 6 Million 

2592 Pavement Sections;  51,840 MnPAVE Analyses 
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Case Number 

Aggregate Base Stress State I 

Stress State II 

Average I 

Average II 

Representative Moduli for Base Layer 

Quality Level K1 K2 K3 
Low 0.6201 1.0224 -0.8945 
Intermediate 1.8169 0.9243 -0.9592 
High 4.7156 1.0418 -1.8549 
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Case Number 

Gravel Subbase Stress State I 

Stress State II 

Average I 

Average II 

Quality Level K1 K2 K3 
Low 0.7235 0.7947 -0.2890 
Intermediate 1.6209 0.6238 -0.5932 
High 3.1953 0.7107 -1.2255 

Representative Moduli for Subbase Layer 



Typical Nonlinear MR Distributions 
Predicted In Base/Subbase Layers 

C L Wheel load = 9 kip 
Tire pressure = 80 psi 

Asphalt 
Concrete 

Base 

Subbase 

Subgrade - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

(AC) 

E = 10 ksi 

50% * E 

1 of 2,592 Pavement  
Sections Analyzed 

(High Quality) 

(Low Quality) 

Base 
MR in ksi 

Subbase 
MR in ksi 

GT-PAVE  
Finite 
Element 
Analyses 



Equivalent Avg MR Values Linked to Quality  

21.22 21.73 

16.73 14.48 

9.39 
7.08 
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Note that in some cases, the granular subbase materials 
had higher moduli than the aggregate base materials 



Pavement Performance: 

1)! For the same thicknesses, pavements with high quality base/subbase 
materials can last for many more ESALs (horizontal line) 

2)! With low quality base materials, increasing base layer thickness does 
not seem to help much (not enough support under AC) 

 For low-volume roads, using locally available materials may  
 be more cost-effective 
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Effect of Aggregate Quality on Fatigue 

v! Decreased aggregate base/subbase quality significantly reduces long-
term fatigue performance; high and low quality combinations for base  
and subbase (H-L and L-H) fall in between (solid lines)  
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Pavement Service Life (Years) 

Beltrami County - 0.6M ESALs 

H-H - Fatigue 

H-L - Fatigue 
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L-L - Fatigue 
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Effect of Aggregate Quality on Rutting 
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Pavement Service Life (Years) 

Beltrami County - 6M ESALs 

H-H - Fatigue 

H-L - Fatigue 
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L-L - Fatigue 
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Effect of Aggregate Quality – High Traffic 



Validation of MnPAVE Findings for Strength 



Best Value Granular Material Selection 



Implementation of Best Value Granular 
Material Tool Components into MnPAVE 



Flowchart for Designing Components 

Aggregate Pits & Quarries 

Aggregate Design Property 
Selection Component  

Aggregate 
Source 

Management 
Component  

Aggregate 
Source  
Properties 

Correlations 

Aggregate Source 
Information Retrieving 

Aggregate Source Selection/
Utilization Component 

Cost Benefit  
Analysis GIS 



Expected Benefits 




