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Mechanistic Empirical Design 





Performance Based Testing 



General QC/QA Procedure 





DCP and LWD Granular Target Values 
Grading Number Moisture Content Target DPI Target LWD Deflection 

Zorn 
Inverse DPI 

GN % mm/drop mm drops/10cm 

3.1-3.5 

5 - 7 10 0.4 10 

7 - 9 12 0.5 8 

9 - 11 16 0.7 6 

3.6-4.0 

5 - 7 10 0.4 10 

7 - 9 15 0.7 7 

9 - 11 19 0.8 5 

4.1-4.5 

5 - 7 13 0.6 8 

7 - 9 17 0.7 6 

9 - 11 21 0.9 5 

4.6-5.0 

5 - 7 15 0.7 7 

7 - 9 19 0.8 5 

9 - 11 23 1.0 4 

5.1-5.5 

5 - 7 17 0.7 6 

7 - 9 21 0.9 5 

9 - 11 25 1.1 4 

5.6-6.0 

5 - 7 19 0.8 5 

7 - 9 24 1.1 4 

9 - 11 28 1.2 4 



Unsaturated Soil Mechanics 



Fundamentals of Soil Physics, Hillel 1980 
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Soil Water Characteristic Curves Minnesota Fine Grained Soils 
Fredlund and Xing, 1994, Estimated Using Functions of the Plastic Limit 
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Zorn Deflection Target Value vs Field Moisture 
MnDOT Mr k-values estimated using suction and volumetric water at saturation 

sigma1=100 kPa sigma3=40 kPa 
100 Percent of Standard Proctor Density 
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y = 348.42e-0.03x 
R! = 0.94 
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Standard Proctor Optimum Moisture vs Maximum Relative Density 
Mn/DOT Textural "all soils" Classification 
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Zorn Deflection Target Value vs Field Moisture 
MnDOT Mr k-values estimated using suction and volumetric water at saturation 
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Why Deflection Target Values? 
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LWD Deflection Target and Data vs Percent of Standard Proctor Optimum 
MnROAD08 PL=19% Optimum Moisture=14% T99Density=115 lbs/ft3 

Zorn LWD data Target Value Power(Target Value) 
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LWD Deflection Target and Data vs Percent of Standard Proctor Optimum 
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Zorn Deflection Target Value vs Suction 
MnDOT Mr k-values estimated using suction and volumetric water at saturation 

sigma1=100 kPa sigma3=40 kPa 
100 Percent of Standard Proctor Density 

MnDOT 1.5*HS k PL=15 MnDOT 1.5*HS k PL=20 MnDOT 1.5*HS k PL=25 MnDOT 1.5*HS k PL=30 



Conclusions 
!! Compaction equipment and field tests are now 

available that can measure the properties used to 
design pavements and predict performance. 

!! LWDs and DCPs can be used during construction 
quality assurance to efficiently verify design target 
values. 

!! Several options exist to quantify moisture and more 
field measurement devices are coming. 

!! The time is now to accelerate implementation of 
performance based quality assurance so that our 
investments are well spent. 



Roadmap: WhatÕ s Next 



Thank You. 

Questions? 

http://www.dot.state.mn.us/materials/research_lwd.html 





0.0 

0.4 

0.8 

1.2 

1.6 

2.0 

2.4 

0 200 400 600 800 1000 1200 1400 

D
ef

le
ct

io
n 

TV
 (m

m
) 

Exudation Pressure (psi) 

Zorn Deflection Target Value vs Exudation Pressure 
MnDOT Mr k-values estimated using suction and volumetric water at saturation 

sigma1=100 kPa sigma3=40 kPa 
100 Percent of Standard Proctor Density 
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y = 0.92x 
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Modulus Estimated  Using Unsaturated Mechanics vs Measured Plate Load Modulus 
Plate load data from Mn/DOT Inv. 183, 1968 

Plastic limit greater than 10 
sigma1 = 100 kPa sigma3 = 40 kPa 




