
wL (%) wP (%) IP (%) wopt (%)
dmax

(kN/m3)
Sand 
(%)

Silt 
(%)

Clay 
(%)

Toronto Silty 
Clay (TSC)

20.0 14.0 6.0 13.5 19.15 3 81 16

Toronto Lean 
Clay (TLC)

25.0 13.0 12.0 12.2 19.62 31 50 19
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1. INTRODUCTION

➢ Pavement structural capacity

can be characterized based on

the mechanical properties of the

pavement layers.

➢ Rational pavement design requires consideration of the resilient response as well as

the effect of moisture and temperature on the rheological properties of pavement

materials.

➢ Pavements are typically in an unsaturated state.

2. MECHANISTIC EMPIRICAL PAVEMENT DESIGN GUIDE (MEPDG)
➢ The MEPDG offers a unique hierarchical input level approach that provides users with flexibility in selecting project design inputs based on the 

size, importance, and available resources for a particular project. This hierarchical approach divides input parameters (traffic, materials, and 
environmental) required for AASHTOWare® software into three levels depending on project size and available resources. 
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3. METHODOLOGY

4. EXPERIMENTAL RESULTS

5. SUMMARY & CONCULSIONS

➢ The CBR and MR are two material properties commonly

accepted as an indicator of the strength of pavement

materials.

➢ The CBR tests are simpler and inexpensive in

comparison to MR.

➢ The combined effect of 𝜓 and moisture content provide

more reliable correlation for estimating MR from CBR.

➢ Such relationships are developed based on

experimental studies for two Toronto soils.

➢ These relationships are useful for determination of MR

from CBR for use in the AASHTOWare® software for

Level 2 subgrade input parameters.

Fredlund & Xing (1994)

Calibration for 

AASHTOWare®
input 

parameters

Pavement materials (asphalt, concrete, 
engineered fill, subgrade)

Traffic

Prepare specimens to have 
identical initial moisture content 
and soil structure as specimens 

used for Level 1 MR testing.

Wet, dry or saturate specimens to 
attain similar moisture content 
measured in Level 1 MR testing.

EC-5 sensors are used to monitor 
the specimen moisture.

CBR tests are performed after 
target moisture content from 
Level 1 MR testing is attained.

CBR results are correlated with MR

values measured from Level 1 
testing.

Soil moisture is verified using 
oven dry procedure; MPS-6 

sensors and filter paper technique 
are used to measure soil suction.
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Climate

MR

➢ These mechanical properties

are affected by environmental

factors such as the moisture

and temperature changes which

occur due to seasonal weather

fluctuations.

➢ Suction is a key stress state variable for the interpretation of unsaturated soil

behavior, and the hydro-mechanical behavior of pavement materials should be

interpreted taking account of the influence of matric suction (𝜓) and the degree of

saturation.

➢ The relationship between 𝜓 and degree of saturation can be modelled using the Soil

Water Characteristic Curve (SWCC).

➢ The Mechanistic Empirical Pavement Design Guide (MEPDG) is a design method

that takes into consideration the temperature and moisture variations in pavements.

MR = 17.61CBR0.66

Characterization 
of subgrade

strength

Table 1. Index Properties of Soils used in the Study

MPS-6 sensor

EC-5 sensor

CBR mold divided 

into 3 equal parts

Equally divided soil mass for each layer

Soil mass for moisture content 

determination

Filter 

paper

MPS-6 sensor is 

inserted after 

compacting 

each layer

Soil for each layer is 

evenly spread before 

applying compaction 

efforts using a 

standard proctor 

rammer

Uniform 

compaction 

effort for each 

layer

Mixed soil to 

be compacted

Cutting 

and 

slicing 

tools

Extruded soil 

sample

Soil mass for 

moisture content 

determination

Whatman No. 42 

filter paper

Load press device

ASTM D1883-16

Moveable 

base

2 x 2.5 kg 

surcharge 

weights

LVDT

Plunger

Load cell

B

Positive 

pore water 

pressures

A - Decrease in pore-pressures

B - Increase in pore-pressures

State-of-the-Practice

Empirical Mechanistic-Empirical Mechanistic

Bridge the gap

State-of-the-Art

▪ Based on actual conditions and

principles of engineering mechanics.

▪ Considers the resilient response of

pavements.

▪ Considers the effect of climate change

on pavement performance.

▪ Costly and complicated to model.

▪ Solely based on results of

experiments.

▪ Does not completely consider

the effect of climate change on

pavement material properties.

▪ Provides a simple and straight

forward design procedure.

▪ For example, the American

Association of State Highway

and Transportation Officials

(AASHTO) 1993 design guide.

▪ Considers region specific conditions (i.e., traffic

loading, climate and pavement materials).

▪ Reasonable as it provides a 3-level hierarchical

classification that considers project cost and

criticality.

▪ Directly considers the effect of moisture and

temperature on pavement material properties.

▪ Incorporates a component of both empirical and

mechanistic methods.

▪ Perceived to bridge the gap between state-of-

the-Art and State-of-the-Practice in pavement

design.
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