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The AASHTO Guide for Design of Pavement Structures (1993)remains one of the most influential documents in
civil engineering, serving as the foundational framework for pavement design and rehabilitation across the globe.
While the industry has gradually transitioned toward Mechanistic-Empirical (M-E) design methods, the 1993
AASHTO empirical procedures continue to be the primary standard for many state and local agencies due to their
robustness, simplicity, and extensive history of field validation. This guide provides an in-depth technical analysis of
the 1993 methodology, exploring its theoretical origins, core mathematical models, and practical application in
modern infrastructure projects.

The Evolution of AASHTO Pavement Design

The origins of the AASHTO (American Association of State Highway and Transportation Officials) design
procedures date back to the AASHO Road Testconducted in the late 1950s in Ottawa, lllinois. This monumental
research project established empirical relationships between traffic loads, pavement thickness, and serviceability.
The 1993 edition represented a significant refinement of the 1986 guidelines, introducing critical updates to overlay
design, reliability factors, and structural evaluation techniques. It serves not just as a manual for new construction
but as a comprehensive management tool for the lifecycle of highway infrastructure.

The Empirical Foundation

The 1993 guide is fundamentally empirical, meaning its equations are derived from observed performance data
rather than purely theoretical physics. The core philosophy centers on the Present Serviceability Index (PSI), a
metric that quantifies the pavement's ability to serve the traveling public. Design life is defined not just by structural
failure, but by the loss of serviceability over time due to traffic and environmental stressors.

Core Design Parameters and Mathematical Models

To produce a reliable pavement design, the AASHTO 1993 method requires several key input variables.
Understanding these variables is critical for any senior engineer or technical writer specializing in transportation
infrastructure.

1. Design Serviceability Loss (9E 4+

Serviceability is measured on a scale of 0 to 5. The design parameter 9E 48 the difference between the initial
serviceability (immediately after construction) and the terminal serviceability (the point at which the pavement
requires major rehabilitation). Typical values include:

« Initial Serviceability (p0): 4.2 for flexible pavements, 4.5 for rigid pavements.
* Terminal Serviceability (pt): 2.5 for major highways, 2.0 for local roads.

2. Reliability (R) and Overall Standard Deviation (So)

The 1993 guide introduced statistical reliability to account for uncertainties in traffic predictions and material
properties. The Reliability (R) factor represents the probability that the pavement will outlast its design life. This is
coupled with the Standard Deviation (So), which reflects the variability of the input data. Common $S_o0$ values



are 0.45 for flexible pavements and 0.35 for rigid pavements.

3. Traffic Characterization: ESALS

Traffic is converted into Equivalent Single Axle Loads (ESALs). This process normalizes various vehicle types
and weights into a standard 18,000-Ib (80 kN) single-axle load. The conversion is non-linear; for instance, a single
heavy truck might inflict the same damage as thousands of passenger cars, adhering to the "Fourth Power Law" of
pavement damage.

Flexible Pavement Design: The Structural Number (SN)

The primary output of the flexible pavement design process is the Structural Number (SN). The SN represents the
required total strength of the pavement layers to protect the subgrade from traffic-induced stresses. The
fundamental design equation is as follows:

log10(W18) = ZR * So + 9.36 * l0g10(SN + 1) - 0.20 + [log10(9E 4 / (4.2 - 1.5)) / (0.40 + 1094 / (SN + 1)*5.19)] +
2.32 *log10(Mr) - 8.07

Where:

e W18: Predicted number of 18k-ESALSs.

e ZR: Standard normal deviate for a given reliability.

e Mr: Resilient modulus of the subgrade (psi).
Layered Desigh Approach
Once the required SN is determined, it is converted into actual layer thicknesses ($D_1, D_2, D_3$) using layer
coefficients ($a_i$) and drainage coefficients ($m_i%$):

SN = alD1 + a2D2m2 + a3D3m3



Layer Type Coefficient (a) Drainage Modifier (m) Purpose

Surface (HMA) 0.44 (typical) 1.0 Structural integrity and
friction.

Granular Base 0.14 (typical) 0.8-1.2 Stress distribution and
drainage.

Granular Subbase 0.11 (typical) 06-1.2 Protection of subgrade.

Rigid Pavement Design: Concrete Slab Mechanics

Unlike flexible pavements, rigid pavements rely on the flexural strength of the concrete slab to distribute loads. The
1993 AASHTO rigid design equation is complex, incorporating variables for the Modulus of Rupture (S'c), the
Modulus of Subgrade Reaction (k), and a Load Transfer Coefficient (J).

Key Rigid Design Factors

* Modulus of Rupture (S'c): The flexural strength of the concrete, typically determined by 28-day third-point
loading tests.

* Modulus of Subgrade Reaction (k): Measured in psi/in, representing the stiffness of the underlying layers.

» Load Transfer Coefficient (J): Accounts for the ability of the pavement to transfer loads across joints or cracks.
Lower J-values indicate better load transfer (e.g., doweled joints).

» Drainage Coefficient (Cd): Similar to the flexible m-value, accounting for how quickly water is removed from
the pavement structure.

Comparative Analysis: Flexible vs. Rigid Methodology

The following table illustrates the primary technical differences between the two methodologies as outlined in the
1993 Guide.



Feature Flexible Pavement (HMA) Rigid Pavement (PCC)

Primary Design Target Structural Number (SN) Slab Thickness (D)

Stress Distribution Layered distribution to subgrade Beam-like flexural action
Critical Material Property Resilient Modulus (Mr) Modulus of Rupture (S'c)
Standard Deviation (So) 0.40 - 0.50 0.30-0.40

Failure Mechanism Rutting, Fatigue Cracking Faulting, Spalling, Cracking
Joint Considerations Minimal (Thermal expansion) Critical (Dowel bars, tie bars)

Advanced Evaluation: The Falling Weight Deflectometer (FWD)

One of the most technically demanding sections of the AASHTO 1993 guide involves the structural evaluation of
existing pavements using Non-Destructive Testing (NDT). The Falling Weight Deflectometer (FWD) is the industry
standard for this purpose.

Determining Effective Structural Number (SNeff)

By dropping a weight and measuring the deflection basin using sensors (geophones), engineers can back-
calculate the effective modulus of each pavement layer. The 1993 method provides a specific procedure to
determine the SNeff, which is then compared to the SN required for future traffic to determine overlay thickness
requirements. This process involves:

1. Calculating the subgrade resilient modulus from the outer deflectometer sensors.
2. Calculating the overall pavement modulus ($Ep$) from the sensor directly under the load.
3. Determining the effective SN based on the relationship between $Ep$ and total thickness.

Overlay Design and Rehabilitation (The 1993 Update)

The 1993 edition of the guide significantly expanded the procedures for pavement rehabilitation. It introduced seven
distinct overlay procedures, catering to various combinations of existing pavement types and proposed overlay
materials. These procedures focus on addressing two types of deficiencies:

1. Structural Deficiency

If the existing pavement cannot support predicted future traffic, a structural overlay is required. The thickness of the
overlay ($D_{ol}$) is calculated as:

Dol = (SNreq - SNeff) / a_ol

2. Functional Deficiency

If the pavement is structurally sound but lacks serviceability (e.g., poor friction, high roughness), a thin functional
overlay or surface treatment may be prescribed without a full structural thickness calculation.

Drainage Quality and Environmental Impact

Water is the primary enemy of pavement longevity. The AASHTO 1993 guide emphasizes the Quality of Drainage



through the use of modifiers ($m_i$ for flexible, $C_d$ for rigid). These modifiers are determined based on how
long it takes for water to be removed from the pavement structure.

Drainage Quality Matrix



Quality of Drainage Time to Drain 50% Saturation Modifier Value (Typical)

Excellent 2 Hours 1.25-1.20
Good 1 Day 1.15-1.00
Fair 1 Week 1.00 - 0.80
Poor 1 Month 0.80 - 0.60
Very Poor Never Drain 0.60 or less

Technical Implementation: A Step-by-Step Workflow

To implement the AASHTO 1993 design in a real-world scenario, a senior engineer follows a structured procedural
workflow:

Step 1: Data Acquisition and Traffic Forecasting

Collect Average Annual Daily Traffic (AADT) and vehicle classification data. Apply growth factors to project traffic
over the 20- or 30-year design period. Convert these projections into Cumulative 18k-ESALSs.

Step 2: Material Characterization

Conduct laboratory testing (CBR or R-value) or field FWD tests to determine the Resilient Modulus ($Mr$) of the
subgrade. For rigid pavement, determine the k-value and concrete flexural strength.

Step 3: Reliability and Serviceability Selection

Select a reliability level based on road functional class (e.g., 95% for an Interstate, 75% for a local collector). Define
$p03% and $pt$ to establish the allowable serviceability loss.

Step 4: Solving the AASHTO Design Equation

Using the iterative design equation (or a nomograph/software), solve for the required SN (flexible) or D(rigid).  This
requires an initial guess of the structural number to solve the equation's log terms.

Step 5: Layer Thickness Optimization

Select appropriate materials for the surface, base, and subbase. Assign layer coefficients and drainage modifiers.
Calculate various thickness combinations to meet the required SN, ensuring that each layer meets minimum
thickness requirements for constructability.

Case Study: Comparison of Design Outcomes

In a hypothetical project for a high-volume urban arterial (Design ESALs = 10 million), an engineer compares a
flexible and rigid design using AASHTO 1993. The subgrade $Mr$ is 10,000 psi, and the required reliability is 90%.

¢ Flexible Option: Requires an SN of 5.2. This results in 6 inches of HMA, 10 inches of crushed stone base, and
12 inches of granular subbase.

* Rigid Option: Requires a slab thickness (D) of 10.5 inches. This includes doweled joints and a 6-inch
stabilized base.

The choice between these two depends on Life-Cycle Cost Analysis (LCCA), including initial construction costs,



maintenance schedules, and salvage value at the end of the design life.

Troubleshooting Common Design Failures

Even when following the 1993 guide, pavement failures can occur. Technical writers and engineers must identify
these modes to adjust design parameters.

¢ Underestimated ESALSs: If traffic volume increases faster than projected, the pavement reaches its terminal
serviceability ($pt$) prematurely. Solution: Use more conservative growth factors or higher reliability.

* Poor Drainage Assumptions: Assigning a "Good" drainage modifier when the site has high groundwater leads
to rapid stripping and base failure. Solution: Conduct site-specific permeability tests.

e Material Variability: If the actual Resilient Modulus of the subgrade is lower than the value used in the design,
the pavement will lack structural support. Solution: Increase frequency of soil sampling during the design phase.

Future-Proofing the AASHTO 1993 Method

As the industry moves toward AASHTOWare Pavement ME Design, the 1993 empirical method remains a critical
"sanity check." Senior practitioners use the 1993 results to validate the outputs of complex mechanistic models.
Furthermore, for smaller-scale projects or regions with limited material characterization data, the 1993 guide
remains the most cost-effective and reliable design tool available. Its legacy lies in its ability to provide a
standardized language for pavement performance, allowing engineers to communicate structural requirements
clearly and effectively across the civil engineering spectrum.

In summary, mastering the AASHTO 1993 Guide for Design of Pavement Structures requires a deep understanding
of empirical relationships, statistical reliability, and material mechanics. By meticulously applying these principles,
infrastructure professionals can ensure the construction of durable, high-performing roadways that stand the test of
time and traffic.
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