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the resilient moduli levels 1 and 2 inputs.
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analysis
• MnDOT resilient modulus database
• Application of the procedure for

Minnesota subgrades
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Level Input vs Analysis

Damage calculations are exactly the
same regardless of design input level
for all categories of inputs, except
stiffness of unbound materials

• Level 1 — Non-linear finite element method
• Levels 2 and 3 – Layered elastic analyses

(JULEA)

• Level 1 — Site Specific Testing/Measurements
• Level 2 — Correlations
• Level 3 — Default Values



MEPDG Inputs Unbound Materials

• Level 1 – Laboratory testing
– NCHRP 1-28—Harmonized Test Methods

for Laboratory Determination of Resilient
Modulus for Flexible Pavement Design

– AASHTO T 307—Determining the Resilient
Modulus of Soil and Aggregate Materials
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MEPDG Inputs Unbound Materials

• Level 2 – Lab testing/correlations
– Resilient modulus (but only one value!)
– CBR
– DCP
– Gradation





MEPDG Inputs Unbound Materials

• Level 3 – Typical values based on
material classification
– AASHTO
– Unified
Example: A-6 subgrade
– Recommended MR =  17,000 psi
– Ranges:  from 13,500 to 24,000 psi



MEPDG Procedure: Prediction
of MR from k1-k2-k3

• Step 1.  Assume initial moduli.
• Step 2.  Compute stress state critical points.
• Step 3.  Compute the total stress state from

the wheel loading and the overburden
pressure.
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• Step 4.  Using stresses  from step 3, compute
predicted resilient moduli for each layer

• Step 5.  Compare predicted moduli with the
assumed moduli. If necessary, repeat steps 2
through 5.
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MEPDG Procedure: Prediction
of MR from k1-k2-k3



MEPDG Procedure Gaps

• Conversion criteria are not specified –
assumed 1% in this study.

• The wheel load is not specified - assumed to
be an FWD-type single wheel 9,000 lb load.

• Location of stress valuation points are not
specified – assumed to be _ of the depth of
each unbound layer and 18 inches from the
top surface of the last layer.

• Step 5.  Compare predicted moduli with the
assumed moduli. If necessary, repeat steps 2
through 5.



Procedure Evaluation and
Implementation

• Perform factorial of layered elastic analysis
(30,000 cases!)

• Develop rapid solutions for stress
predictions

• Perform sensitivity analysis
• Evaluate procedure for Minnesota subgrades



Layered Elastic Analysis

• AC thickness: 2, 4, 6, 8, 10, and 12 in.
• Base thickness: 6, 9, 12, 15, 18,  and 21 in.
• Subbase thickness: 6, 9, 12, 15, 18,  and 21 in.
• AC modulus: 200, 400, 600, 800, 1000, 1500, and 2000 ksi
• Base modulus: 10, 15, 20, 25, 30, and 40 ksi
• Subbase modulus: 10, 15, 20, 25, 30, and 40 ksi
• Subgrade modulus: 3, 5, 7, 9, 11, 13, 15, 18, 22, 25, and 30 ksi

Unbound Base
AC layer

Subgrade

Pos. A

Pos. C
18 in.

Pos. B Unbound Subbase



Sensitivity Analysis – Base Line
• AC thickness: 4 in
• Base thickness: 6 in
• Subbase thickness: 6 in
• AC modulus: 600 ksi

-0.8880.8381468Subgrade

-1.6530.5311889Subbase

-0.2880.75814323Base

k3k2k1Layer



Effect of AC Thickness
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Effect of Base Thickness
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Effect of Subbase Thickness
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Effect of Base k1
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Effect of Subgrade k1
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Observations
• Subgrade MR affected mostly by stiffness

and thickness of AC layer.
• Base thickness have a moderate effect on

subgrade MR .
• Base and subbase thicknesses do not affect

subgrade stiffness significantly.
• Subgrade stiffness significantly affects MR of

base and subgrade.



• Conducted by MnDOT Materials Lab
• Modified P-46 protocol
• 23 tests for fine-grained subgrades

(A-7-6; A-6; A-5-7)
• MnDOT database:

– k1*: from 1000 to 5000
– k2: from 0.01 to 0.35
– k3: from -6 to -1.5

• *adjusted for the moisture content

MnDOT Database of k1-k2-k3



Level 2: MR for MN Subgrades

• AC thickness: 2, 4, 6, 8, 10, and 12 in.
• AC modulus: 200,000 and 2,000,000 psi
• Base thickness: 6, 9, and 12 in.
• Base k1, k2, k3 parameters: 14323, 0.758,

and -0.288, respectively
• Subbase thickness: 8 in.
• Subbase and subgrade k1, k2, k3

parameters from the MnDOT database



Minnesota Subgrades

13791 - 190771659613500-24000A-6 LYON COUNTY
18596 - 233772114513500-24000A-6

 KANDIYOHI
COUNTY

19490 - 248892233313500-24000A-6
 KANDIYOHI
COUNTY

20804 - 267342401813500-24000A-6 ITASCA COUNTY
16775 - 201311857413500-24000A-6 ISANTI COUNTY
23595 - 300002800713500-24000A-6 ISANTI COUNTY
26540 - 300002965913500-24000A-6 ISANTI COUNTY
12516 - 149761385113500-24000A-6

 CITY OF
ROCHESTER

15647 - 21314186775000-13500A-7-6
 CITY OF
ROCHESTER

RangesMean
value

Subbase MR, psi2002 DG
Level 3
Ranges

AASHTO
Class

Location



R2BA

0.42890923656.56938.4947 LYON COUNTY
0.953461223.09652560.032 LYON COUNTY
0.934826628.4592268.813 KANDIYOHI COUNTY
0.9237696080.8552539.942 KANDIYOHI COUNTY
0.9645985482.5092896.655 ITASCA COUNTY
0.9213378504.8841573.928 ISANTI COUNTY
0.8432076870.3483302.7 ISANTI COUNTY
0.40285423371.95982.33 ISANTI COUNTY
0.9318726417.7541162.421 CITY OF ROCHESTER
0.9597991011.4612761.965 CITY OF ROCHESTER

BLnDAM effr +⋅= 3/1
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Effect of Pavement Structure



Effect of Pavement Structure

R2 = 0.9598
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Conclusions

• MEPDG recommends MR from lab testing, but
procedure of interpreting data for level 2 (and
3) analysis lacks specifics.

• Procedure to convert the k1-k2-k3 model into
a modulus of elasticity for the Level 2 input
was refined.

• Sensitivity analysis of the effect of AC, base,
subbase, and subgrade parameters on
resulting moduli of elasticity was conducted.



Conclusions

• Analysis of results for 23 samples collected
from MN locations indicated that the k1, k2, k3
parameters may vary in wide ranges.

• Combinations of k1, k2, k3 parameters were
converted into subgrade moduli of elasticity
for a wide range of pavement structures.

• MEPDG Level 3 ranges – recommended
moduli of elasticity based on the soil
classification – found to be reasonable.

• Effective pavement stiffness may affect the
subgrade resilient modulus.
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