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Abstract - In accordance with the AASHTO Mechanistic-Empirical Pavement Design Guide (MPDG-1: July, 2008), the overall
objective of the Mechanistic-Empirical Pavement Design Guide (MEPDG) is to provide the highway community with a state-of-thepractice tool for the design and analysis of new and rehabilitated pavement structures, based on mechanistic-empirical (M-E) principles.
This means that the design and analysis procedure calculates pavement responses (stresses, strains, and deflections) and uses those
responses to compute incremental damage over time. Nevertheless, although advances may have been made in the measurement of the
stresses, strains, and deflections, the analytical concepts and models that are currently in application require an appreciable degree of
sophistication. On the other hand, because of considerable increase in frequency and intensity of axle loads, coupled with the use of new
pavement materials, contemporary methods have proven limited in application particularly for Long-Life/Perpetual Pavements [LLP/PP].
It is therefore imperative that some of the concepts and analytical models that have been developed and/or adopted in some recently
proposed quasi-mechanistic pavement design methods such as the Elastic Limit Design Criterion (ELDC), developed for both
unreinforced and geosynthetics reinforced/improved pavements, be further studied. The literature that informs on such methods of
pavement design report that the requirement of the subbase layer and the achievement of an optimal well-balanced pavement structural
configuration is almost entirely dependent on the thickness-modulus ratio, stiffness of the subgrade, the intensity of cumulative axle
loading, and the full-depth thickness of the pavement structure. Due to the successful application and cost-construction time effectiveness
of the aforementioned methods of design, this Study seeks to advance the Mechanistic-Empirical Pavement Design Method (MEPDM)
through the application of the thickness-modulus ratio concepts adopted in the quasi-mechanistic approach of determining optimal
pavement layer and full-depth thicknesses, on the basis of which sound overall pavement structural configurations can be achieved.
Keywords: MEPDG, MEPDM, pavement design, thickness-modulus ratio, computational models, structural.

1. Introduction
The Mechanistic-Empirical Pavement Design Method (MEPDM) is an iterative process; the outputs from the
procedure of which are pavement distresses and smoothness, not layer thicknesses [1]. The full-depth composite and discrete
layer thicknesses, however, constitute vital inputs. Mechanistic refers to the application of the principles of engineering
mechanics, which leads to a rational design process that has three basic elements: (1) the theory used to predict critical
pavement responses (strains, stresses, deflections, etc.), as a function of traffic and climatic loading (the mechanistic part);
(2) materials characterization procedures that support and are consistent with the selected theory; and, (3) defined
relationships between the critical pavement response parameter and field-observed distress (the empirical part) [1].
The MEPDG provides a uniform and comprehensive set of procedures for the analysis and design of new and
rehabilitated flexible and rigid pavements. The MEPDG employs common design parameters for traffic, materials, subgrade,
climate, and reliability for all pavement types, and may be used to develop alternative designs using a variety of materials
and construction procedures. Recommendations are provided for the structure (layer materials and thickness) of new and
rehabilitated pavements, including procedures to select pavement layer thickness, rehabilitation treatments, subsurface
drainage, foundation improvement strategies, and other design features. The output from the MEPDG is predicted distresses
and IRI (smoothness) at the selected reliability level. Thus, it is not a direct thickness design procedure, but rather an analysis
tool for the designer to use in an iterative mode. Specifically, the MEPDG is used to evaluate a trial design (combination of
layer types, layer thickness, and design features) for a given set of site conditions and failure criteria at a specified level of
reliability.

ICGRE 148-1

Composite
Asphaltic
Bound Layer

Consequently, this Study is devoted to the development of sophisticated quasi-mechanistic models for determining
optimal full-depth, composite and discrete layer thickness due to: (1) significance of thickness as a vital input parameter in
the MEPDM; (2) lack of an appropriate methodology for determining optimal thickness [2]; and, (3) enhancement of the rate
of achieving the final design by reducing the iterative cycles encountered during the trial design. The definitions of the
structural subgrade, structural foundation and composite asphaltic bound layer are schematically illustrated in Figure 1.
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𝑺

Figure 1. Schematic illustration of Composite Asphaltic Bound Layer (CABL) including structural subgrade and pavement
structural foundation [𝑷𝑺𝑭 𝑖𝑠 𝑡ℎ𝑒 𝑆𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑎𝑙 𝑃𝑎𝑣𝑒𝑚𝑒𝑛𝑡 𝑆𝑢𝑝𝑝𝑜𝑟𝑡 𝑆𝑒𝑐𝑡𝑖𝑜𝑛 ]

1.1. Asphaltic Layers
In pavement engineering, it is normal practice to incorporate asphaltic (bituminous) layers in highways, expressways,
paved roads and runways. In this Study, a full-depth or Composite Asphaltic Layer (𝐶𝐴𝐿) is considered to be the composite
of wearing (surface), binder (where applicable) and bituminous bound base courses (refer to Figure 1). A mechanistic method
that ensures the achievement of an appropriate design structural thickness required for the composite asphaltic layer is
introduced based on TACH-MD geomathematical models for determining the optimal pavement and discrete layer
thicknesses [2]. In this case, it is imperative that the wearing course is of sufficient thickness in order to also act as a structural
layer. The composite asphaltic layer structural thickness is basically determined as a function of the combination of the
repeated axle loads and any one of the subgrade or composite foundation layer stiffness. On the other hand, the asphaltic
layer stiffness is determined as a function of the asphaltic layer temperature. Refer to Eqs. (5) – (8).
1.2. Base Course Layers
The base course is certainly considered to be the most proactive pavement layer that absorbs and propagates the high
intensity stresses and strains from the wearing course to other layers within the pavement structure (Figure 1). Most designs
therefore consider the base course as the reference layer when evaluating the structural performance, serviceability attributes
and design life of a pavement structure. Conventional pavement structural designs incorporating geosynthetics evaluate the
achieved savings based on the concept of “Base Course Reduction” (BCR). The importance of this layer can therefore not
be overemphasized. This paper presents quasi-mechanistic models for determining the optimal structural base course layer
thickness and the required optimal stiffness defined in terms of the elastic modulus [3], [4] and [5]. The models indicate that
the thickness of the base course is almost entirely dependent on the stiffness of the subgrade, the intensity of cumulative axle
loading, the subbase thickness and the full-depth thickness of the pavement structure. Refer to Eqs. (9) – (13).

ICGRE 148-2

1.3. Subbase Layers
Advanced findings from the research undertaken within the TACH-MD Framework indicate that the subbase can be
structurally designated as an interface layer located between the upper pavement and the foundation layers (Figure 1). In
cases where the subgrade exhibits formidable structural integrity therefore, the subbase layer can be omitted depending on
the outcome of a sound quasi-mechanistic analysis. This paper presents a quasi-mechanistic methodology of determining
the optimal structural layer thickness of the subbase based on the TACH-MD quasi-mechanistic models. The models indicate
that the thickness of the subbase is almost entirely dependent on the stiffness of the subgrade, the intensity of cumulative
axle loading and the full-depth thickness of the pavement structure [4]. TACH-MD geomathematical models for determining
the required optimal stiffness defined in terms of the elastic modulus are also introduced. Refer to Eqs. (14) and (15).
1.4. Composite Structural Foundation Layers
The structural roles and contribution of subgrades and composite pavement foundations are virtually never
mechanistically analysed and/or performance evaluated quantitatively and hardly reported or comprehensively discussed in
literature. In the case of pavements, the native subgrade forms the primary foundation and the improved subgrade can be
referred to as the secondary foundation, whilst the subbase as the upper/capping layer of the foundation (refer to Figure 1).
In this paper, the term pavement structural foundation is defined as the composite of the multi-layers bearing the upper
pavement courses (base, binder and wearing) depending on the pavement structural configuration design. Given the
importance of the foundation as has been demonstrated in most case study analyses of premature failures of pavement
structures, this paper presents mechanistic models for determining the composite structural foundation’s layer thickness and
required optimal stiffness [4] and [5]. Refer to Eq. (16).
1.5. Structural Subgrade Layers
Notwithstanding the fact that subgrades perform a most integral role as the bearing foundation layer of pavement
structures, quantitative determination of the actual layer thickness that actively contributes to the structural integrity of the
pavement is hardly reported. This paper presents a mechanistic methodology of determining the subgrade’s layer thickness
that actively assumes a structural role within the extended structural global depth of pavements. Refer to Eqs. (17) and (18).

2. Fundamental Thickness-Modulus (TM) Ratio Models
Based on multi-layer thickness-modulus ratio concepts and elastic theory published in [4], the subbase-base course
thickness ratio can be correlated based on the TACH-MD models presented in Eqs. (1) – (4).
2.1. Base-Subbase TM Ratio Models
The model correlating base-subbase thickness and modulus ratios is introduced in model Eq. (1).
𝑡𝑆𝐵
𝑡𝐵𝐶

3

𝐸

= √{[𝐸𝐵𝐶 ] × [
𝑆𝐵

2 )
(1−𝜈𝑆𝐵
2
(1−𝜈𝐵𝐶

𝐸

(1−𝜈 2 )

1⁄
3

]} = {[𝐸𝐵𝐶 ] × [(1−𝜈𝑆𝐵
2 )]}
)
𝑆𝐵

(1)

𝐵𝐶

On the other hand, the layer Poisson’s ratios, 𝜈𝑃𝐿 can be computed from the respective pavement layer stiffness based
on the TACH-MD PR model defined in Eq. (2).
𝜈𝑃𝐿 = −0.063𝑙𝑛(𝐸0,𝑃𝐿 ) − 0.864

(2)

where; 𝑡𝑆𝐵 ; 𝐸𝑆𝐵 ; 𝜈𝑆𝐵 = subbase layer thickness/elastic modulus/Poisson’s ratio, 𝑡𝐵𝐶 ; 𝐸𝐵𝐶 ; 𝜈𝐵𝐶 = base course layer
thickness/elastic modulus/Poisson’s ratio, and 𝑀𝑅,𝑆𝐺 = subgrade resilient modulus, whilst 𝑃𝐿 denotes pavement layer.
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2.2. Base-Subbase-Subgrade Multi-Layer TM Ratio Models
The model correlating base-subbase thickness and modulus ratios is introduced in model Eq. (3).
𝑡𝑆𝐵
𝑡𝐵𝐶

2
= {(−6 × 10−5 𝑀𝑅,𝑆𝐺
+ 0.078𝑀𝑅,𝑆𝐺 ) × [

2
(1−𝜈𝑆𝐵
)

1⁄
3

]}

(3)

2
(1−𝜈𝐵𝐶
)

2.3. Base-Subbase Stiffness Ratio and Subgrade Resilient Modulus Correlation Model
The model for correlating the base-subbase stiffness ratio to the subgrade resilient modulus, which is applicable in
demarcating the boundary limits for the requirement of a subbase layer based on the magnitude of the subgrade, subbase and
base course stiffness is is defined in model Eq. (4).
𝐸𝐵𝐶
𝐸𝑆𝐵

2
= (−6 × 10−5 𝑀𝑅,𝑆𝐺
+ 0.078𝑀𝑅,𝑆𝐺 )

(4)

In this case, the fundamental criteria can be delineated as: when 𝐸𝑆𝐵 ≤ 𝑀𝑅,𝑆𝐺 then the subbase layer is NOT required.

3. Computation of Optimal Asphaltic Layer Thickness Based on TM Ratio Concepts/Models
The TACH-MD models defined in Eqs. (5) - (8) are adopted in computing the composite full-depth asphaltic layer
thickness, which excludes the foundation thickness (refer to Figure1). Computation based on design subgrade stiffness and
number of repeated dynamic loadings denoted by 𝑁𝐴,𝐷𝐿 throughout this paper.
−(−0.044𝑙𝑛(𝑁𝐴,𝐷𝐿 )+0.3404)

𝑇𝐶𝐴𝐿 = [−6.629𝑙𝑛(𝑁𝐴,𝐷𝐿 ) + 497.33]𝑀𝑅,𝑆𝐺

−[−0.044𝑙𝑛(𝑁𝐴,𝐷𝐿 )+0.3404]

𝑇𝐶𝐴𝐿 = [480.07𝑒𝑥𝑝(0.0002𝑁𝐴,𝐷𝐿 )]𝑀𝑅,𝑆𝐺

‖ 𝑁𝐴,𝐷𝐿 ≤ 50𝑚𝑖𝑙. 𝑐𝑦𝑐𝑙𝑒𝑠

(5a)

‖ 𝑁𝐴,𝐷𝐿 ≥ 50𝑚𝑖𝑙. 𝑐𝑦𝑐𝑙𝑒𝑠

(5b)

3.1. Unreinforced Layers
On the other hand, based on the foundation elastic modulus, 𝐸0𝐹𝑜𝑢𝑛𝑑. determined from Eq. (20), the optimum
𝑈
Composite Asphaltic Layer (𝐶𝐴𝐿) thickness, 𝑇𝐶𝐴𝐿
can then be determined from Eq. (6) for unreinforced asphaltic layers.
𝑈
𝑇𝐶𝐴𝐿
= [−0.001418𝑙𝑛(𝑁𝐴,𝐷𝐿 ) + 1] × {(−1.9𝑙𝑛(𝐸0𝐹𝑜𝑢𝑛𝑑. ) + 38.48) × 𝑙𝑛(𝑁𝐴,𝐷𝐿 ) − 43𝑙𝑛(𝐸0𝐹𝑜𝑢𝑛𝑑. ) + 413}

(6)

3.2. Geosynthetics Reinforced/Improvement Layers
𝐺𝑅𝐼
For Geosynthetics Reinforced/Improved (GRI) layers, the appropriate thicknesses of the asphaltic layers, 𝑇𝐶𝐴𝐿
can be
𝐹𝑜𝑢𝑛𝑑.
determined from Eq. (7) as a function of the composite foundation stiffness, 𝐸0
and number of repeated loadings, 𝑁𝐴,𝐷𝐿 .
𝑓

𝐺𝑅𝐼
𝑇𝐶𝐴𝐿
= {(−2.03𝛽𝑇𝐴 𝑙𝑛(𝐸0𝐹𝑜𝑢𝑛𝑑. ) + 36.53) × 𝑙𝑛(𝑁𝐴,𝐷𝐿 ) − 46.47𝑙𝑛(𝐸0𝐹𝑜𝑢𝑛𝑑. ) + 400}
𝑓

𝑓𝑆𝐴𝑀𝐼

𝑓𝐴𝑅𝐺

(7)
𝑓𝐶𝑜𝑚𝑝.

where, 𝛽𝑇𝐴 = Structural thickness adjustment factor for GRI layers: 𝛽𝑇𝐴
= 1.29, 𝛽𝑇𝐴 = 1.38, 𝛽𝑇𝐴
=
𝑓𝐷𝐿
1.45, 𝛽𝑇𝐴 = 1.96. 𝑆𝐴𝑀𝐼 (Stress Absorption Membrane Interlayer); 𝐴𝑅𝐺 (Asphalt Reinforcement Grid); Composite; and,
𝐷𝐿 (Double Layer) are considered to be predominantly a function of geosynthetics type and mode/depth of embedment.

4. Derivation of Optimal Base Layer Thickness Based on TM Ratio Concepts/Models
𝑂𝑝𝑡.

Computation of optimal base course layer thickness, 𝑡𝐵𝐶 is based on design subgrade stiffness, full-depth thickness,
number of repeated dynamic loadings, subbase thickness and elastic modulus ratio as represented in Eqs. (9) – (12). The
𝑂𝑝𝑡.
optimal full-depth thickness, 𝑇𝐹𝐷 is computed from Eq. (10) as a function of the subgrade stiffness and number of repeated
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dynamic loadings. Note that the full-depth pavement thickness is considered to constitute the upper pavement layers
(wearing, binder and base courses) and the interface layer (subbase) excluding the subgrade structural thickness.
4.1. Unbound Layers
𝑂𝑝𝑡.
𝑡𝐵𝐶

𝑂𝑝𝑡.
𝑡𝐵𝐶

(−0.8417)

=

4770.9𝑀𝑅,𝑆𝐺

(0.0504𝑙𝑛(𝑀𝑅,𝑆𝐺 )−0.05571)

𝑁𝐴,𝐷𝐿

(9)

1

⁄
2
{(−6×10−5 𝑀𝑅,𝑆𝐺
+0.078𝑀𝑅,𝑆𝐺 )} 3
𝑂𝑝𝑡. 0.9426

=

−0.3167
2.7𝑀𝑅,𝑆𝐺
×[𝑇𝐹𝐷 ]

−5
−[−3.3×10−8 𝑇2
𝐹𝐷 +2×10 𝑇𝐹𝐷+0.3409 ]

2 −0.008𝑇
{[1.3685×10−5 𝑇𝐹𝐷
𝐹𝐷 +6.6505]×𝑀𝑅,𝑆𝐺

𝑂𝑝𝑡.

(−0.557)

𝑇𝐹𝐷 = 2786.4𝑀𝑅,𝑆𝐺
𝑂𝑝𝑡.

𝑂𝑝𝑡.

𝐸

−1⁄
3

𝑡𝐵𝐶 = 𝑡𝑆𝐵 × {[𝐸𝐵𝐶 ]}
𝑆𝐵

(10)
}

(0.0535𝑙𝑛(𝑀𝑅,𝑆𝐺 )−0.0591)

𝑁𝐴,𝐷𝐿

𝑂𝑝𝑡. 0.9426

−0.336
= 2.7[𝑀𝑅,𝑆𝐺
× 𝑇𝐹𝐷 ]

(11)

−1⁄
3

𝐸

× {[𝐸𝐵𝐶 ]}

(12)

𝑆𝐵

4.2. Asphaltic Bound Layers
𝑂𝑝𝑡.
𝑈
The optimal thickness for asphaltic bound base course can be computed by substituting, 𝑇𝐹𝐷 in Eq. (10) with 𝑇𝐶𝐴𝐿
from Eq. 6.
4.3. SoilTech MK. III Polymer Stabilized Layers
SoilTech Mk. III is a nano-polymer geomaterials stabilizing agent with elastomeric properties which, if appropriately
designed and constructed, would culminate in: i) enhanced response to compaction effects; ii) enhanced tensile
characteristics; iii) resilience to overloading (high load intensity) effects; v) possession of ductility qualities; and, vi)
resistance to cracking under excessive loading. Furthermore, some of the in-situ DCP results for sandy soils from Dubai
exhibit the propensity of nano-particle migration to underlying layers [6]. As an example of the efficacy, a comparison of
the rate and degree of enhancing the elastic modulus of SoilTech MK. III and Cement stabilized lateritic gravels is made in
Table 1. The following observations can be derived from these results: i) the rate and degree of elastic modulus enhancement
is higher for SoilTech MK. III; and, ii) notwithstanding the period of curing, SoilTech MK. III achieves higher elastic
modulus values at lower stabilization content (0.25 and 0.5%) in comparison to cement. The foregoing observations may be
attributed to the intrinsic elastomeric properties of this polymeric stabilizer. However, further research is imperative prior to
arriving at definitive conclusions. It can therefore be prudently discerned that, in order to develop the appropriate model
equation for SoilTech MK. III polymer stabilized layer thickness, the elastomeric properties would have to be considered.
Table 1: Comparison of increased elastic modulus of SoilTech MK. III and Cement stabilized lateritic gravels
Comparison of SoilTech Mk. III & Cement Stabilized Lateritic Gravels: Values of Enhanced Elastic Modulus
SoilTech Mk. III Polymer Stabilizer
Curing Period (Days)

30

% Stabilization

60

Ordinary Portland Cement
90

28

56

90

Enhanced Elastic Modulus Values (MPa)
0

0

0

0

0

0

0

0.25 (0.3)

58

89

102

30

34

37

0.5 (0.5)

69

110

137

75

86

95

0.75 (0.7)

92

160

222

106

137

167

Note: Figures in parenthesis ( ) indicate actual cement content adopted.
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Consequently, in consideration of elastomeric properties, the generalized universal models for determining the optimal
thickness for SoilTech MK. III Polymer stabilized base course layers are propose in Eq. (13).
(β

𝑂𝑝𝑡.

)

(δ 𝑙𝑛(𝑀𝑅,𝑆𝐺 )−ϑ𝑟𝑟 )

𝑐𝑜𝑚𝑝.
𝑐𝑟
𝑡𝐵𝐶,𝑆𝑇 = α𝑒𝑙𝑎𝑠𝑡. 𝑀𝑅,𝑆𝐺
𝑁𝐴,𝐷𝐿

(13)

where: 𝑆𝑇 denotes SoilTech, α𝑒𝑙𝑎𝑠𝑡. = elastomeric factor, β𝑐𝑜𝑚𝑝. = degree of compaction factor, δ𝑐𝑟 =
coefficient of cracking resistance and ϑ𝑟𝑟 = coefficient of cracking resistance; to be proposed upon further R&D.

5. Computation of Optimal Subbase Layer Thickness Based on TM Ratio Concepts/Models
𝑂𝑝𝑡.

Computation of optimal subbase layer thickness, 𝑡𝑆𝐵 is based on design subgrade stiffness, full-depth thickness,
number of repeated dynamic loadings, subbase thickness and elastic modulus ratio as represented in Eqs. (14) and (15).
𝑂𝑝𝑡. 0.9426

𝑂𝑝𝑡.

−0.336
𝑡𝑆𝐵 = 2.7[𝑀𝑅,𝑆𝐺
× 𝑇𝐹𝐷 ]

(−0.557)

𝑂𝑝𝑡.

−0.336
× [2786.4𝑀𝑅,𝑆𝐺
‖ 𝑡𝑆𝐵 = 2.7 {𝑀𝑅,𝑆𝐺

𝑂𝑝𝑡.

(−0.8417)

𝑡𝑆𝐵 = 4770.9𝑀𝑅,𝑆𝐺

(0.0535𝑙𝑛(𝑀𝑅,𝑆𝐺 )−0.0591)

𝑁𝐴,𝐷𝐿

0.9426

]}

(14)

(0.05043𝑙𝑛(𝑀𝑅,𝑆𝐺 )−0.05571)

𝑁𝐴,𝐷𝐿

(15)

6. Derivation of Optimum Structural Composite Foundation Layer Thickness
𝑂𝑝𝑡.

The optimal structural composite foundation layer thickness, 𝑡𝑓𝑜𝑢𝑛𝑑. is based on design subgrade stiffness and fulldepth thickness, as represented in Eq. (16).
3
2
−(3×10−10 𝑇𝐹𝐷
−2×10−7 𝑇𝐹𝐷
+0.000244𝑇𝐹𝐷 −0.0085 )

𝑂𝑝𝑡.

3
2
𝑡𝑓𝑜𝑢𝑛𝑑. = [2 × 10−6 𝑇𝐹𝐷
− 0.0022𝑇𝐹𝐷
+ 1.1179𝑇𝐹𝐷 + 896.92]𝑀𝑅𝑆𝐺

(16)

7. Determination of Optimum Structural Subgrade Layer Thickness
𝑂𝑝𝑡.

𝑠𝑡𝑟𝑢𝑐𝑡.
The optimal structural subgrade and optimum capping layer thickness, 𝑡𝑆𝐺
, 𝑡𝐶𝐿 are computed from Eq. (17) and
Eq. (18), respectively.
1.1789
[−0.02𝑙𝑛(0.0907𝑀𝑅,𝑆𝐺
)+0.462]

𝑠𝑡𝑟𝑢𝑐𝑡.
3.5367
2.358
1.1789
𝑡𝑆𝐺
= 𝑒𝑥𝑝. (0.0296) × {[−3.858 × 10−3 𝑀𝑅,𝑆𝐺
+ 0.3274𝑀𝑅,𝑆𝐺
− 1.542𝑀𝑅,𝑆𝐺
+ 255] × 𝑀𝑅,𝐼𝑚𝑝𝑟𝑜𝑣𝑒𝑑

} (17)

1.112
−〈0.275𝑙𝑛(0.1321𝑀𝑅,𝑆𝐺
)+0.462〉

𝑂𝑝𝑡.

2.1608
1.0804
3.2412
𝑡𝐶𝐿 = {−0.01193𝑀𝑅,𝑆𝐺
+ 0.69453𝑀𝑅,𝑆𝐺
− 2.2457𝑀𝑅,𝑆𝐺
+ 255} × [27.568𝑙𝑛(𝑀𝑅,𝐵𝑜𝑟. ) − 105.33].

(18)

8. Computation of Required/Optimal Structural Layer Stiffness
TACH-MD computational models for determining the required optimal structural layer stiffness are presented in
the subsequent sub-Sections 8.1 ~ 8.5. Note that all stiffness values are computed in 𝑀𝑃𝑎.
8.1. Structural Subgrade Layer Stiffness
𝑂𝑝𝑡.
The required or optimal structural subgrade layer stiffness, 𝑀𝑅,𝑆𝐺 is computed from Eq. (19). This model is
particularly applicable in determining whether there is any necessity to improve the existing subgrade.
𝑂𝑝𝑡.

𝑀𝑅,𝑆𝐺 = 𝑒𝑥𝑝 {−2.9762 × 𝑙𝑛 [

𝑒𝑥𝑝〈1.0609𝑙𝑛(0.37037𝑡𝑆𝐵 )〉
𝑂𝑝𝑡.

𝑇𝐹𝐷
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]}

(19)

8.2. Structural Foundation Layer Stiffness
The optimal structural foundation layer stiffness, 𝐸0𝐹𝑜𝑢𝑛𝑑. is computed from model Eq. (20). As can be inferred from
Eqs. 6 - 8, this model is particularly applicable in determining the full-depth asphaltic layer thickness.

𝐸0𝐹𝑜𝑢𝑛𝑑. = {𝐸0,𝐴𝐶 × [

[𝑇𝐹𝐷 −𝑡𝐵𝐶 ]0.53

[𝑇

−𝑡

]0.53

−1

𝑆𝐵
2
+ 0.078𝑀𝑅,𝑆𝐺 ] × [ 𝐹𝐷
]} × {1 + [−6 × 10−5 𝑀𝑅,𝑆𝐺
]}
[𝑇 0.53 −𝑡 0.53 ]
[𝑇 0.53 −𝑡 0.53 ]
𝐹𝐷

𝐵𝐶

𝐹𝐷

(20)

𝑆𝐵

8.3. Subbase Layer Stiffness
The required or optimal subbase layer stiffness, 𝐸0,𝑆𝐵 is computed from model Eq. (21). This model is particularly
applicable in determining whether there is any necessity to improve the identified subbase geomaterials whose original
stiffness (elastic modulus) can be measured from small strain triaxial tests or estimated from Unconfined Compressive
Strength (UCS) by adopting model Eq. (22) developed based on KHSSS soil mechanics concepts.

𝐸0,𝑆𝐵 = {𝐸0,𝐴𝐶 × [

[𝑇𝐹𝐷 −𝑡𝑆𝐵 ]0.53
0.53 −𝑡 0.53 ]
[𝑇𝐹𝐷
𝑆𝐵

]×[

[𝑇𝐹𝐷 −𝑡𝐵𝐶 ]0.53
0.53 −𝑡 0.53 ]
[𝑇𝐹𝐷
𝐵𝐶

2
+ 0.078𝑀𝑅,𝑆𝐺 ] × (
]} × {1 + [−6 × 10−5 𝑀𝑅,𝑆𝐺

𝑞

[𝑇𝐹𝐷 −𝑡𝑆𝐵 ]0.53
0.53 −𝑡 0.53 ]
[𝑇𝐹𝐷
𝑆𝐵

𝑞

−1

)}

𝐸0 𝑢 = 154.2𝑞𝑢3 − 217.42𝑞𝑢2 + 265.54𝑞𝑢 𝑓𝑜𝑟 𝑞𝑢 ≤ 3.8𝑀𝑃𝑎‖ 𝐸0 𝑢 = 3235𝑞𝑢0.6444 𝑓𝑜𝑟 𝑞𝑢 ≥ 3.8𝑀𝑃𝑎

(21)
(22)

8.4. Base Course Layer Stiffness
The required or optimal base course layer stiffness, 𝐸0,𝐵𝐶 is computed from model Eq. (23), which is useful in the
deterimation of whether the base course geomaterials require stabilization.

𝐸0,𝐵𝐶 = [𝐸0,𝐴𝐶 × {

[𝑇𝐹𝐷 −𝑡𝑆𝐵 ]0.53
0.53 −𝑡 0.53
[𝑇𝐹𝐷
𝑆𝐵 ]

}×{

[𝑇𝐹𝐷 −𝑡𝐵𝐶 ]0.53
0.53 −𝑡 0.53
[𝑇𝐹𝐷
𝐵𝐶 ]

}] × {

[𝑇𝐹𝐷 −𝑡𝑆𝐵 ]0.53
0.53 −𝑡 0.53
[𝑇𝐹𝐷
𝑆𝐵 ]

−1

}

(23)

8.5. Asphaltic Wearing Course Stiffness
The required asphaltic wearing course layer stiffness, 𝐸0,𝐴𝐶 is computed from model Eq. (24). This temperature
dependent model is also adopted in the determination of Eq. (20), Eq. (21) and Eq. (23).

𝐸0,𝐴𝐶 = 12935𝑒𝑥𝑝(−0.047𝑡𝐴𝐶 )

(24)

9. Comparison of MEPDG and TACH Computational Models for Predicting Rut Distress
The main outputs within the MEPDG framework are the distress (structural) measured/analysed in terms of rutting
and cracking as well as smoothness (serviceability) defined in terms of the International Roughness Index (IRI) whereby the
critical pavement responses are used to calculate the fatigue damage, thermal cracking damage and permanent deformation.
Surface distortion in the form of rutting is caused by the plastic or permanent vertical deformation in the asphaltic
layers, unbound layers and the composite foundation. The approach used in the MEPDG is based upon computing
incremental rutting within each sub-layer. As can be inferred from Eq. (25), the model for calculating the total permanent
deformation is highly dependent on the total and partial layer/sublayer thicknesses measured in inches.
∆𝑝(𝐻𝑀𝐴) = 𝜀𝑝(𝐻𝑀𝐴) ℎ𝐻𝑀𝐴 = 𝛽1𝑟 𝑘𝑧 𝜀𝑟(𝐻𝑀𝐴) 10𝑘1𝑟 𝑛𝑘2𝑟 ,𝛽2𝑟 𝑇𝑘3𝑟 ,𝛽3𝑟

(25)

where: ∆𝑝(𝐻𝑀𝐴) = accumulated permanent or plastic vertical deformation in the Hot Mix Asphalt (HMA) layer/sublayer,
𝜀𝑝(𝐻𝑀𝐴) = accumulated permanent or plastic vertical axial strain in the HMA, ℎ𝐻𝑀𝐴 = thickness of the HMA layer/sublayer,
𝛽1𝑟 , 𝛽2𝑟 , 𝛽3𝑟 = local or mixture field calibration constants; for global calibration these constants are all set to a value of 1.0, 𝑘𝑧 =
depth confinement factor defined in Eq. (26), 𝜀𝑟(𝐻𝑀𝐴) = resilient or elastic strain calculated at the mid-depth of each HMA
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layer/sublayer, 𝑘1𝑟 , 𝑘2𝑟 , 𝑘3𝑟 = global field calibration parameters whereby; 𝑘1𝑟 = −3.35412, 𝑘2𝑟 = 0.4791, 𝑘3𝑟 = 1.5606, 𝑛 =
number of axle load repetitions and 𝑇 = mix or pavement temperature measured in ℉.

𝑘𝑧 = (𝐶1 + 𝐶2 𝐷)0.328196𝐷 ‖ 𝐶1 , 𝐶2 = 𝛼(𝐻𝐻𝑀𝐴 )2 + 𝛽𝐻𝐻𝑀𝐴 + 𝛿

(26)

where: 𝛼𝐶1 = −0.1039, 𝛼𝐶2 = 0.0172, 𝛽𝐶1 = 2.4868, 𝛽𝐶2 = −1.7331, 𝛿𝐶1 = −17.342, 𝛿𝐶2 = 27.428 and 𝐷 = depth below surface.
Figure 2a (LHS) is a graphical plot showing the influence of cumulative axle loading on accumulated rut depth
(permanent vertical deformation) generated from TACH-FA Models, whilst Figure 2b is a depiction of characteristic curves
generated from model Eq. (25) and module Eq. (26) demonstrating the significant contribution of the magnitude of HMA
layer thickness in mitigating distress. The significance can very well be appreciated from Figure 2b.
Influence of Axle Load Repetitions on Progressive Cumulative Rut Depth

Influence of HMA Layer Thickness on Plastic Vertical Deformation/Rut Depth
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Fig. 2: a) Influence of cumulative axle loading on accumulated rut depth generated from TACH-FA Models; and b) Significance of
magnitude of HMA layer thickness on rut depth (permanent vertical deformation)

10. Conclusion
It has been demonstrated that TACH-MD quasi-mechanistic models proposed herein are effectively applicable and
considerably accurate in the quantitative determination of the optimal pavement layer and structural foundation thickness
primarily as a function of the subgrade stiffness and intensity of traffic loading and full-depth pavement thickness.
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