Chapter 15: Performance-Based Specifications
and Superpave Method

Introduction

Traditional methods for specifying pavement materials and construction of-
ten rely on prescriptive specifications, which focus on procedures and material
compositions rather than the expected performance of the finished pavement.
With advancements in pavement engineering, there's a significant shift toward
Performance-Based Specifications (PBS) that define quality in terms of
measurable pavement performance outcomes such as durability, resistance to
rutting, and cracking. Coupled with this approach is the Superpave (Superior
Performing Asphalt Pavements) Method, a product of the Strategic High-
way Research Program (SHRP) in the United States, which modernized asphalt
mix design by incorporating traffic loading, climate conditions, and material
properties.

This chapter delves into the principles of performance-based specifications and
provides a comprehensive study of the Superpave method, detailing its com-
ponents, mix design procedure, and relevance to modern pavement design and
construction.

15.1 Performance-Based Specifications (PBS)
15.1.1 Definition and Concept

Performance-Based Specifications are specifications that describe the desired
outcomes or behavior of a pavement structure, rather than the specific materials
or construction techniques to be used. These specifications emphasize what the
pavement should do, rather than how it should be constructed.

15.1.2 Objectives of PBS

e Ensure quality through measurable performance criteria.

e Promote innovation by allowing contractors flexibility in achieving perfor-
mance goals.

o Enhance service life and reduce life-cycle costs.

e Minimize disputes during and after construction.

15.1.3 Types of Performance Specifications

o End-Result Specifications (ERS): Focus on final product character-
istics, with incentives and penalties based on deviations from specified
performance.



o Performance-Related Specifications (PRS): Incorporate relationships
between construction quality characteristics (e.g., air voids, binder content)
and future pavement performance.

¢ Warranty-Based Specifications: Require the contractor to guarantee
performance for a defined period.

15.1.4 Parameters in Performance Evaluation

« Rutting Resistance

o Fatigue Cracking Resistance
e Thermal Cracking Resistance
e Moisture Susceptibility

o Skid Resistance

¢ Smoothness and Ride Quality

15.1.5 Testing Protocols

e Dynamic Modulus Test

¢ Indirect Tensile Strength Test

e Wheel Tracking Test

o Hamburg Wheel-Track Test

o Asphalt Pavement Analyzer (APA)

15.2 The Superpave Method
15.2.1 Background and Development

The Superpave system was developed under the SHRP (Strategic Highway
Research Program) in the 1990s to improve pavement performance. It introduced
a scientific, performance-based approach to asphalt mix design considering:

¢ Climate conditions
o Traffic loading
o Material properties

15.2.2 Components of Superpave System

1. Superpave Binder Specification
2. Superpave Aggregate Specification
3. Superpave Mix Design and Analysis System




15.3 Superpave Asphalt Binder Specification
15.3.1 Performance-Graded (PG) Binder

Binders in the Superpave system are classified based on their performance at
specific temperature ranges:

e Format: PG XX-YY

— XX = average 7-day maximum pavement temperature (°C)
— YY = minimum pavement design temperature (°C)

Example: PG 64-22 indicates suitability for 64°C max and -22°C min.

15.3.2 Binder Testing and Equipment

e Dynamic Shear Rheometer (DSR): Evaluates rutting and fatigue
performance.

« Bending Beam Rheometer (BBR): Assesses low-temperature cracking.

e Rolling Thin Film Oven Test (RTFO): Simulates short-term aging.

o Pressure Aging Vessel (PAV): Simulates long-term aging.

15.4 Superpave Aggregate Specifications
15.4.1 Aggregate Properties Considered

o Coarse Aggregate Angularity (CAA)
o Fine Aggregate Angularity (FAA)

o Flat and Elongated Particles

e« Sand Equivalent Test

15.4.2 Aggregate Gradation Control

e Use of gradation control zones to restrict undesirable particle size
distributions.

o Gradation plots are used to ensure a balance between stability and dura-
bility.

15.5 Superpave Mix Design Procedure
15.5.1 Steps in Mix Design
1. Material Selection

e Selection of PG binder
o Selection of aggregates as per Superpave criteria

2. Sample Preparation



e Heating and mixing at controlled temperatures
e Short-term aging

3. Compaction Using Superpave Gyratory Compactor (SGC)

o Simulates field compaction and traffic densification
e Number of gyrations depends on traffic levels

4. Volumetric Analysis
¢ Determination of:

— Voids in Mineral Aggregate (VMA)
— Air Voids (Va)
— Voids Filled with Asphalt (VFA)

5. Selection of Optimum Binder Content

» Based on target air voids (typically 4%)
o Satisfying all volumetric criteria

6. Moisture Susceptibility Testing

o Tensile Strength Ratio (TSR) to evaluate water damage resistance

15.6 Superpave Performance Prediction Models

The SHRP also developed tools to predict the long-term performance of designed
asphalt mixes:

e Rutting Model: Based on cumulative permanent deformation from
repeated traffic loading.

o Fatigue Cracking Model: Based on strain-induced cracking under
repetitive loads.

e Thermal Cracking Model: Based on contraction at low temperatures.

These models are integrated into PAVEMENT ME design software.

15.7 Superpave Gyratory Compactor (SGC)
15.7.1 Function and Purpose

e Provides a better simulation of field compaction compared to the Marshall
method.
e Applies pressure and gyratory shear to compact the asphalt specimen.



15.7.2 Parameters

o Gyration angle
e Vertical pressure
e Number of gyrations

The compactor records the specimen height after each gyration, which helps
evaluate densification characteristics.

15.8 Implementation and Challenges in India
15.8.1 Current Status

e Superpave is still under limited implementation in India.
e Research projects and pilot pavement sections are being monitored by
agencies like CRRI and NHALI

15.8.2 Challenges

o High cost of Superpave equipment (e.g., DSR, SGC)

¢ Requirement of skilled manpower

o Need for updated standards and guidelines (IRC integration)
o Climate-specific binder grading and aggregate availability

15.9 Advantages of Superpave over Traditional Methods

Traditional Marshall

Aspect Superpave Method Method

Binder Grading Based on performance Penetration /viscosity-
based

Aggregate Selection Strict specifications General requirements

Compaction Gyratory compactor Hammer compaction

Traffic & Climate Explicitly considered Not considered

Durability High prediction accuracy Empirical approach

15.10 Future Directions

o Wider adoption of Performance-Related Specifications (PRS) with
real-time data from intelligent compaction systems and sensors.

o Integration of AI and machine learning in predictive performance
modeling.



e Development of climate-specific Superpave guidelines for Indian
roads.

e More localized research to address unique traffic and environmental condi-
tions in various Indian states.
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