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Research Needs: 
To account for different variables related to traffic, climate and materials, and their interactions 
affecting pavement performance, a research effort initiated by the National Cooperative Highway 
Research Program (NCHRP) has led to the development of a Mechanistic-Empirical Pavement 
Design Guide (MEPDG), documented in NCHRP Report 01-37A (2004). This MEPDG method 
is being adapted by the Wyoming Department of Transportation (WYDOT) for roadway designs. 
However, the default input variables recommended in the MEPDG were developed based on 
national conditions that do not reflect the local Wyoming conditions. Due to potential differences 
between national and local conditions and the significant influence of input data on the precision 
of pavement design using the MEPDG, many states have already instituted calibration 
procedures and developed calibration methods for partial or full calibration of the MEPDG on a 
local level (Hall 2010).  
 
To optimize the effectiveness of using the MEPDG in Wyoming, WYDOT funded a research 
project in 2013 with the main objective of characterizing representative, local material properties 
for unbound subgrade layers to insure locally calibrated MEPDG implementation in the state. A 
comprehensive testing program was conducted by the principal investigators to collect 
significant valuable pavement data from 12 locations throughout the state of Wyoming as shown 
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in Figure 1 and summarized in Table 1. The testing program included Dynamic Cone Penetromer 
(DCP) test, Standard Penetration Test (SPT), Falling Weight Deflectometer (FWD) test, R-value 
test using a stabilometer, soil classification, standard Proctor compaction test, and laboratory 
resilient modulus test. Also, a pavement distress survey was conducted at each test site, in 
accordance with the Distress Identification Manual for the Long-Term Pavement Performance 
Program (Strategic Highway Research Program 1993), to document the existing pavement 
performance (Hellrung 2015).  
 

 
Figure 1. Twelve Test Locations on a Wyoming Map. 

 
Since the subgrade resilient modulus is an essential parameter for computing stresses and 
deformations, induced in the pavement structure by applied traffic loads, correlation studies have 
been conducted to develop methods to estimate the resilient modulus as summarized in Table 2 
(i.e., Models C to F). However, similar predictive models based on DCP and SPT have not been 
developed, and they would be a valuable tool for in-situ quantification of the resilient modulus of 
an existing subgrade material in a road rehabilitation project. Additionally, it is important to 
quantitatively compare and contrast different predictive models in terms of their respective 
pavement performance estimations so as to provide transportation agencies, like WYDOT, 
necessary recommendations for the selection of predictive models that fit a particular 
application. Also, these data and results can be included into the existing Wyoming Pavement 
Management System (PMS) to facilitate full implementation of MEPDG in Wyoming. 
 
Although the ongoing research provides locally calibrated input parameters for MEPDG 
pavement design, it is indispensable to evaluate the sensitivity of thickness and modulus of 
pavement materials on pavement performance predictions. This additional study will help 
designers and engineers optimizing their pavement designs and facilitating the iterative design 
process while using MEPDG design software known as DARWin-METM. Although the current 
state-of-practice is switching towards AASHTOWare Pavement ME Design, DARWin-METM is 
considered to reflect local design practices. Knowledge from the ongoing research and results 
from this proposed research should be integrated and presented through a series of trial pavement 
design examples that systematically articulate the whole pavement design process. The proposed 
2-year research serves as a supplement to the ongoing MEPDG research. This proposed research  
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Table 1. Summary of test locations and test sites. 

Location Name Site 
Asphalt 

Thickness 
(in.) 

Base 
Thickness 

(in.) 

Subgrade 
Soil 

DCP 
Test 

SPT 
Test 

1 Happy Jack 
Road 

A 
B 
C 

12 
12 
12 

9.5 
9.5 
9.5 

A-6 
A-4 

A-2-4 
No Yes 

2 Evanston 
South 

A 
B 
C 

N/A N/A 
A-1-B 
N/A 

A-1-B 
No No 

3 Kemmerer – 
La Barge 

A 
B 
C 

13 
6.5 
6 

9.5 
7 

12 

A-6 
A-7-6 
A-7-6 

No Yes 

4 Gillette – 
Pine Tree 

A 
B 
C 

4 
6.5 
5 

12 
12 
13 

A-6 
A-4 
A-6 

Yes Yes 

5 Aladdin – 
Hulett 

A 
B 
C 

6 
6 
6 

16 
18 
12 

A-2-4 
A-2-4 
A-6 

Yes Yes 

6 Lance Creek 
A 
B 
C 

4 
5 
5 

10 
13 
11 

A-7-6 
A-7-6 
A-7-6 

Yes Yes 

7 
Burgess 

Junction – 
Dayton 

A 
B 
C 

6 
6 
5 

12 
12 
9 

A-1-B 
A-1-B 
A-1-B 

Yes Yes 

8 Thermopolis 
– Worland 

A 
B 
C 

11 
10 
9 

13 
12 
10 

A-2-4 
A-4 
A-4 

Yes Yes 

9 
Moran 

Junction – 
Dubois 

A 
B 
C 

4 
4 
4 

6 
6 
6 

A-6 
A-1-A 

A-4 
Yes Yes 

10 Lamont – 
Muddy Gap 

A 
B 
C 

8 
8 
7 

9 
7 

12 

A-1-B 
A-6 
A-6 

Yes Yes 

11 
Laramie – 

Colorado St. 
Line 

A 
B 
C 

5 
5 
5 

10 
10 
10 

A-1-B 
A-1-B 
A-2-4 

Yes Yes 

12 
Cheyenne – 
Colorado St. 

Line 

A 
B 
C 

Concrete 
Pavement 

N/A 
A-1-B 

A-6 
N/A 

Yes No 

N/A – Not Available; DCP – Dynamic Cone Penetrometer; and SPT – Standard Penetration Test. 
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will enhance the pavement design procedure and efficiency, overcome shortcomings of the 
ongoing research, and expedite the full implementation of locally calibrated MEPDG in 
Wyoming. 
 
Research Objectives: 
The ongoing WYDOT’s research focuses on calibrating local material properties for unbound 
subgrade layer in Wyoming while the proposed 2-year research serves as a supplementary study 
to enhance the full implementation of MEPDG in Wyoming, including rehabilitation roadway 
projects. This research project has the following principal objectives: 

1) Improve the prediction of pavement performance in the design process; 
2) Enhance the pavement design efficiency of new and rehabilitated roads; and 
3) Facilitate MEPDG implementation in the state of Wyoming. 

 
Research Methods: 
The proposed research is structured as a two-year effort based on the current needs of filling in 
the knowledge gaps encountered in the ongoing research project as well as integrating research 
outcomes in a framework that can be readily adopted by transportation agencies. This research 
will utilize collected field and laboratory data as well as analytical studies completed from the 
ongoing research project. It is envisioned that the aforementioned research objectives will be 
achieved by completing five major tasks described below. Tasks 1 and 2 will be completed in 
Year 1 while the remaining Tasks 3, 4 and 5 will be completed in Year 2. 
 
Task 1: Correlation Study  
This task focuses on completing a correlation study on resilient modulus of unbound subgrade 
layers using field data measured from DCP and SPT tests through a recently completed testing 
program. The testing program collected subgrade soil samples from 12 locations or 36 test sites 
throughout Wyoming as illustrated in Figure 1. The subgrade soils were fully characterized, and 
field and laboratory measurements are currently documented in an electronic WYOming MEPDG 
Database (WYOMEP) developed using Microsoft® Access (Hutson et al., 2015). Since the 
laboratory resilient modulus test represents only a discrete specimen in the vertical and 
horizontal direction, the DCP and SPT tests capture the variability of subgrade moduli in the 
vertical direction (AASHTO 2008). This is especially important for rehabilitation and 
reconstruction designs whereby an upper 8-in to 24-in thick subgrade layer is normally denser 
and better compacted than a lower subgrade layer. The resilient modulus of subgrade soil types, 
ranging from A-1 to A-7 classified in accordance with American Association of State Highway 
and Transportation Officials (AASHTO) soil classification system, were measured in accordance 
with a modified AASHTO T-307 test method developed specifically for WYDOT by Henrichs et 
al. (2014). Not only the laboratory resilient modulus tests were performed on subgrade materials 
at their respective optimum moisture conditions, but also similar tests were completed at their 
respective in-situ density and moisture conditions that are essential for the proposed correlation 
study. Using multivariate regression techniques, the correlation study will be conducted to 
statistically relate the measured resilient modulus of subgrades to penetration rate and California 
Bearing Ratio (CBR) obtained from DCP tests as well as N-values obtained from SPT tests. It is 
expected that two predictive models for resilient modulus based on these two in-situ test methods 
will be developed for the subsequent study described in Task 2. These models are intended for 
MEPDG Level 2 design and calibration. 
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Task 2: Assessment of Predictive Models  
The two predictive models for subgrade resilient modulus developed in Task 1 along with other 
predictive models as summarized in Table 2 will be evaluated to determine their relative effects 
on the estimation of flexible pavement performance using the software DARWin-METM.  
Maintaining the local traffic and climate conditions, predicted pavement distresses will be 
generated based on these predictive models for test sites covered in the testing program. The 
predicted pavement distresses will be compared with actual pavement defects at each test site 
measured from the distress survey documented by Hellrung (2015). The completion of this task 
on the quantitative assessment of predictive models is expected to provide the required 
foundation for developing pavement designs using the DARWin-METM considered in Task 4. 
Also, suitable predictive models can be recommended for MEPDG implementation in Wyoming. 
 
Table 2. Summary of predictive models for subgrade resilient modulus. 

Predictive Model Description 
A Model Based on DCP from Task 1 
B Model Based on SPT from Task 1 
C Constitutive Models by Henrichs (2015) 

D Correlation Models Based on Back-Calculated Resilient Modulus using FWD 
Data by Hellrung (2015) 

E Design Tables of Resilient Modulus by Henrichs (2015) 
F Correlation Models based on R-value Measurements by Hutson (2015) 
G Correlation Models by Farrar et al. (1991) 
H Other Models by Applied Research Associates (ARA), Inc. 

 
Task 3: Sensitivity Study  
This task is to identify influential variables to pavement performance. Although pavement 
sensitivity studies had been performed by many state agencies (Schwartz et al., 2011), it is 
indispensable to determine the effects of local variables on flexible pavement performances in 
the state of Wyoming. Sensitivity analysis will be performed to evaluate the effects of variables 
as MEPDG input parameters on MEPDG performance measures (cracking, rutting and 
smoothness). These variables include Annual Average Daily Truck Traffic (AADTT), asphalt 
thickness, base thickness and modulus, subgrade modulus from the locally calibrated predictive 
models described in Task 2. These variables are suggested as they were found to have a 
significant impact on the pavement performance (Graves et al., 2006). Two to three standard 
flexible pavement structures that are typically used on interstate and state roads in Wyoming will 
be proposed in this study. The sensitivities of pavement measures will be determined by either 
varying the magnitudes of a single or two input parameters for a selected pavement structure as 
similarly proposed by Kim et al. (2005). The completion of this task is expected to provide 
pavement designers a better understanding of the MEPDG input parameters that should be 
carefully quantified to achieve a desired pavement performance in the design process. 
 
Task 4: Pavement Designs  
Using the knowledge and methods gained from previous tasks, several trial designs of flexible 
pavements will be developed and conducted using the DARWin-METM in this task. The 
performance of each trial design will be evaluated by comparing the predicted reliability with the 
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target reliability criterion at a specified reliability level. Various pavement strategies will be 
demonstrated via a series of step-by-step examples. Design examples will be developed for 
typical and most common flexible pavements in Wyoming. Furthermore, the pavement design 
outcomes, obtained based on both the AASHTO (1993) Guide and the locally calibrated 
MEPDG using the DARWin-METM, will be compared. This design comparison will validate the 
benefits of using the locally calibrated MEPDG. It is expected that the completion of this task 
will facilitate the implementation of the locally calibrated MEPDG in Wyoming for both new 
and rehabilitated road projects. 
 
Task 5: Reporting 
To update the progress of the research project, progress reports will be submitted online to the 
Mountain Plains Consortium (MPC). A final report containing all aspects of the proposed 
research will be prepared and submitted to MPC at the conclusion of the project.  The final report 
will include outcomes of the proposed Tasks 1 to 4. The research findings of the project will be 
disseminated to designers and practitioners in the fields of geotechnical and pavement 
engineering through technical presentations at local, regional and national conferences.  
 
Expected Outcomes: 
The research outcomes will provide WYDOT as well as other transportation agencies nationwide 
the necessary tools to optimize pavement design efficiency and achieve cost-effective pavement 
design and construction in the future. It is believed that the research outcomes will be of 
immediate interest to geotechnical engineers, pavement engineers, practitioners, design 
personnel working for WYDOT, and other entities in Wyoming. 
 
Relevance to Strategic Goals: 
The project outcomes will address four of the strategic goals associated with the MPC program 
and the U.S. Transportation Research Board as well as the USDOT’s requested emphasis areas 
described as follows: 

1) State of Good Repair – Better design of new and rehabilitated roads that would prolong 
service life of roadways and lower maintenance cost. 

2) Safety – Reduce potential road accidents due to road closure or traffic diversion for road 
maintenances and repairs. Also, road accidents can be minimized with a better road 
performance having little or no distresses. 

3) Economic Competiveness– Increase the efficiency of pavement design and lower overall 
construction duration and cost. 

4) Environmental Sustainability – Reduce unnecessary pavement thicknesses/materials and 
the use of non-renewable natural resources, such as fossil fuels, during construction. 

 
Educational Benefits: 
A Master-degree student majoring in civil engineering will be enrolled to assist principal 
investigators to complete this project. The MEPDG will be introduced in a required civil 
engineering course, CE3500: Transportation Engineering, and will be integrated as part of the 
curriculum for the civil engineering course CE 4510/5510: Pavement Design for Airports and 
Highways.  
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Work Plan: 
The projected duration for the research presented in this proposal is 24 months. A detailed 
schedule per task is shown in Table 3. The Year 1 project is scheduled to begin in September 1st, 
2015 through August 31, 2016. 
 
Table 3. Proposed 2-year schedule for the research tasks. 

Task 
Year 1 Year 2 

Sept 15 to 
Feb 16 

March 16 
to Aug 16 

Sept 16 
to Dec 16 

Jan 17 to 
April 17 

May 17 to 
Aug 17 

1 Correlation Study      
2 Assessment of Predictive Models      
3 Sensitivity Study      
4 Pavement Designs       
5 Reporting      

 
Project Cost (Year 1 only): 
Total Project Costs:   $105,927.00 
MPC Funds Requested:  $52,961.00 
Matching Funds:  $52,966.00                     Source of Matching Funds:  Wyoming Department of 

Transportation 
 

TRB Keywords: 
Pavement, Mechanistic-Empirical Pavement Design Guide, Resilient Modulus, Subgrade, 
DARWin-ME. 
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