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CHAPTER 1.0 INTRODUCTION

11 INTRODUCTION

This is the reference manual for FHWA NHI's Course #132040 — Geotechnical Aspects of
Pavements. Many groups within an agency are involved with different aspects of definition,
design use and construction verification of pavement geomaterials. These groups include

¢ pavement design engineers,

» geotechnical engineers,

» specification writers, and

» construction engineers.

The three-day training course was developed as a format for these various personnel to meet
and together develop a better understanding of the geotechnical aspects of pavements. The
overall goal is for this group of personnel to work together to enhance current procedures to
build and maintain more cost-efficient pavement structures. The geotechnical aspects are
particularly important today, as longer pavement performance (analysis) periods are being
used in design. The maintenance and rehabilitation activities used in the pavement
management process to achieve the design performance period require a competent support
from the underlying geomaterials.

Thus, this manual has been prepared to assist pavement design engineers, geotechnical
engineers, specification writers, and construction engineers in understanding the geotechnical
aspects of pavement design, and as a common tool for future reference. This manual covers
the latest methods and procedures to address the geotechnical issues in pavement design,
construction, and performance, including
» areview of the geotechnical parameters of interest in pavement design, construction,
and performance of different types of pavements.
» the influence of climate, moisture, and drainage on pavement performance.
» the impact of unsuitable subgrades on pavement performance.
» the determination of the geotechnical inputs needed for the design, construction, and
performance of pavements.
» evaluation and selection of appropriate remediation measures for unsuitable pavement
subgrades.
» the geotechnical aspects of pavement construction specifications and inspection
requirements.
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» areview of typical subgrade problems during construction and the recommended
solutions.

This manual covers the latest methods and procedures for
* new construction,
* reconstruction, and
» rehabilitation projects (e.g., widenings, overlays, and treatments).

The manual covers designing and constructing pavement subgrades and unbound materials
for paved and unpaved roads with emphasis on
» the current AASHTO, 1993 design guidelines, and
» the mechanistic-empirical design approach, including the three levels of design inputs
being developed under the NCHRP 1-37A.

Previous AASHTO design methods are also reviewed in relation to the sensitivity of
geotechnical inputs. The design details section also provides a review of the overall
geotechnical and drainage aspects of bases, subbases, and subgrades.

The manual is divided into modules, with each chapter representing a module for specific
geotechnical aspects of pavement system design, including

* introduction to geotechnical aspects of pavements,

» basic concepts and special conditions,

» subsurface exploration,

» determination of key geotechnical inputs,

+ actual design (and sensitivity of design/performance to geotechnical inputs),

» design details and special problems, and

¢ construction and QC/QA issues.

Each module contains a short background section, which provides an overview of the
specific design or construction element. Following the background section, the design
element and, subsequently, the construction process, is presented. Examples used to
demonstrate the method and case histories of both successes and failures are presented to
support the use of the design and construction concepts.

FHWA NHI-05-037 Chapter 1 — Introduction
Geotechnical Aspects of Pavements 1-2 May 2006



1.2 A HISTORICAL PERSPECTIVE OF PAVEMENT DESIGN

Pavements with asphalt or concrete surface layers have been used in the United States since
the late 1880s. The historical development of asphalt and concrete pavement design is
discussed in more detail in Chapter 3. Although pavement materials and construction
methods have advanced significantly over the past century, until the last decade, pavement
design has been largely empirical, based on regional experience. Even the empirically based
designs of the 1980s and 1990s, as expressed in the AASHTO 1986, 1993, and 1998,

guidelines have been, for most cases, modified by state agencies, based on regional

experience. For example, several agencies still use their own modifications of the 1972

AASHTO design guidelines. Currently, approximately one-half of the state agencies are
using the 1993 guide, albeit usually with some modification. This close reliance on empirical
evidence makes it difficult to adopt new design concepts. Empirical designs are significantly
challenged by constantly changing design considerations (e.g., traffic loads and number of
applications, types of pavements, road base aggregate supply, etc.). An additional change is

the type of pavement construction, which has shifted over the past several decades from new
construction to rehabilitation. Recycled materials now often replace new construction
materials. During the past ten years, a major thrust has been to develop a more scientific

explanation of the interaction between the pavement structure, the materials, the environment
and the wheel loading. The need for a more sophisticated design method becomes even more
apparent when considering the number of variables, with more than twenty just for the
geotechnical features (e.g., unit weight, moisture content, gradation, strength, stiffness, and
hydraulic conductivity, as described in Chapter 6) that influence the design in a modem
pavement system.

Fortunately, the tools available for design have also significantly advanced over the past
several decades. Specifically, computerized numerical modeling techniques (i.e., mechanistic

models) are now available that can accommodate the analysis of these complex interaction

issues and, at the same time, allow the models to be modified based on empirical evidence.
The development of mechanistic-empirical models is described in Chapter 3 and their use in
design of unbound pavement materials is detailed in Chapter 6. The new national Pavement
Design Guide development under NCHRP Project 1-37A (NCHRP 1-37A Design Guide)
provides the basis for the information in these chapters. Several agencies have already
adopted mechanistic-empirical analysis, at least as a secondary method for flexible pavement
design (Newcomb and Birgisson, 1999). The newer, more sophisticated design models for
flexible and rigid pavements rely heavily on accurate characterization of the pavement
materials and supporting conditions for design input. As a result, there is a greater reliance on
geotechnical inputs in the design models. Geotechnical exploration and testing programs are
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essential components in the reliability of pavement design and have also advanced
significantly in the past several decades.

Better methods for subsurface exploration and evaluation have been developed over time.
Standard penetration tests (SPT), where a specified weight is dropped from a specific height
on a thick-walled tube sampler to obtain an index strength value and disturbed sample of the
subgrade, was developed in the 1920s. A typical practice is to locate the sampling intervals at
a standard spacing along the roadway alignment. However, subgrade conditions can vary
considerably both longitudinally and transversely to the alignment. This approach evaluates
and samples less than a billionth of the soil along the roadway alignment, often missing
critical subsurface features and/or variations. In addition, the SPT value itself has a
coefficient of variation of up to 100% (Orchant et al., 1988). Based on these considerations,
one must question the use of this approach as the sole method for subsurface evaluation. As
discussed in Chapter 4, geophysical methods (e.g., ground penetrating radar (GPR) and
falling weight deflectometer (FWD)) and rapid in-situ testing (e.g., cone penetration test -
CPT) now allow for economical spatial characterization of subsurface conditions such that
soil borings for sampling can be optimally located. The use of FWD to directly evaluate the
dynamic response of existing pavement materials and support conditions for reconstruction
and/or rehabilitation — now a standard of practice by a number of agencies — is also reviewed.

Empirical design methods of the past often relied on index tests such as CBR or R-value for
characterizing the supporting aggregate and subgrade materials. Just as the design methods
were modified for local conditions, agencies have modified the test methods to the extent that
there are currently over ten index methods used across the United States to characterize these

materials. Tests include the IBR (lllinois), the LBR (Florida), the Washington R-value, the

California R-value, the Minnesota R-value, and the Texas triaxial, to name a few. Rough
correlations between many of these methods are reviewed in Chapter 5. Considering that

both the design and the input values may rely upon local knowledge, it is not surprising that

comparison of test sections constructed by different agencies is often difficult. A method that
allows for direct modeling of the dynamic response of subsurface soils and base course

aggregate materials is the resilient modulus test. Advancements in the resilient modulus
equipment and test procedures are reviewed in Chapter 5.

Throughout the history of pavement design, special problems have been encountered in
relation to pavement support. These include expansive soils, frost susceptible materials,
caliche, karst topography, pumping soils and highly fluctuating groundwater conditions. The
solution to these problems is often to remove and replace these materials, often at great
expense to the project. Today there are a number of alternate techniques available to resolve
these issues, as discussed in Chapter 7.
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Finally, verification of construction over the past century has used an array of methods for
spot-check detection techniques, including evaluation of density using sand cone, balloon
and, more recently, nuclear gauge techniques and/or load tests using plate load, field CBR,

and drop cone methods. As with many of the older laboratory testing techniques, these field

quality control (QC) methods are usually index tests and do not directly measure the dynamic

response of the inplace materials. Many of these methods are reviewed in Chapter 8, along

with some newer rapid assessment techniques (e.g., the Geogage) that provide a direct
assessment of the dynamic support conditions. While most of the index methods, as well as
the dynamic response methods, usually produce reliable results, the small sample area
evaluated does not allow an assessment of the overall project uniformity. Also, construction
methods have developed to the extent that it is often impossible to keep up with the

placement of materials. One of the oldest methods that does provide good area coverage and
which is still widely used in current practice is proof rolling. However, this method is often
subjective. Improvements in evaluation of proof rolling through the use of modem survey
techniques now allow for a more quantitative, less subjective evaluation of the subgrade

conditions, and are discussed in Chapter 8. The other disadvantage of all these methods is

that the work is checked after the fact, often requiring rework and slowing the project. A
new, more rapid technique that allows for real time evaluation of each pavement layer as it is

constructed is now available, and is reviewed in Chapter 8. These "intelligent compaction™

methods can also be directly tied into pavement guarantee and warranty programs, also

discussed in Chapter 8.

1.3 THE PAVEMENT SYSTEM AND TYPICAL PAVEMENT TYPES

The purpose of the pavement system is to provide a smooth surface over which vehicles may
safely pass under all climatic conditions for the specific performance period of the pavement.
In order to perform this function, a variety of pavement systems have been developed, the
components of which are basically the same.

1.3.1 Components of a Pavement System
The pavement structure is a combination of subbase, base course, and surface course placed

on a subgrade to support the traffic load and distribute it to the roadbed. Figure 1-1 presents
a cross section of a basic modem pavement system, showing the primary components.
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Figure 1-1. Basic components of a typical pavement system.

The subgrade is the top surface of a roadbed upon which the pavement structure and
shoulders are constructed. The purpose of the subgrade is to provide a platform for
construction of the pavement and to support the pavement without undue deflection that
would impact the pavement's performance. For pavements constructed on-grade or in cuts,
the subgrade is the natural in-situ soil at the site. The upper layer of this natural soil may be
compacted or stabilized to increase its strength, stiffness, and/or stability.

For pavements constructed on embankment fills, the subgrade is a compacted borrow
material. Other geotechnical aspects of the subgrade of interest in pavement design include
the depth to rock and the depth to the groundwater table, especially if either of these is close

to the surface. The actual thickness of the subgrade is somewhat nebulous, and the depth of
consideration will depend on the design method, as discussed in Chapter 3.

The subbase is a layer or layers of specified or selected materials of designed thickness
placed on a subgrade to support a base course. The subbase layer is usually of somewhat
lower quality than the base layer. In some cases, the subbase may be treated with Portland
cement, asphalt, lime, flyash, or combinations of these admixtures to increase its strength and
stiffness. A subbase layer is not always included, especially with rigid pavements. A subbase
layer is typically included when the subgrade soils are of very poor quality and/or suitable
material for the base layer is not available locally, and is, therefore, expensive. Inclusion of a
subbase layer is primarily an economic issue, and alternative pavement sections with and
without a subbase layer should be evaluated during the design process.
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In addition to contributing to the structural capacity of flexible pavement systems, subbase
layers have additional secondary functions:

* Preventing the intrusion of fine-grained subgrade soils into the base layer. Gradation
characteristics of the subbase relative to those of the subgrade and base materials are
critical here.

* Minimizing the damaging effects of frost action. A subbase layer provides insulation
to frost-susceptible subgrades and, in some instances, can be used to increase the
height of the pavement surface above the groundwater table.

* Providing drainage for free water that may enter the pavement system. The subbase
material must be free draining for this application, and suitable features must be
included in the pavement design for collecting and removing any accumulated water
from the subbase.

* Providing a working platform for construction operations in cases where the subgrade
soil is very weak and cannot provide the necessary support.

The base is a layer or layers of specified or select material of designed thickness placed on a
subbase or subgrade (if a subbase is not used) to provide a uniform and stable support for
binder and surface courses. The base layer typically provides a significant portion of the
structural capacity in a flexible pavement system and improves the foundation stiffness for
rigid pavements, as defined later in this section. The base layer also serves the same
secondary functions as the subbase layer, including a gradation requirement that prevents
subgrade migration into the base layer in the absence of a subbase layer. It usually consists of
high quality aggregates, such as crushed stone, crushed slag, gravel and sand, or
combinations of these materials. The specifications for base materials are usually more
stringent than those for the lower-quality subbase materials.

High quality aggregates are typically compacted unbound — i.e., without any stabilizing
treatments — to form the base layer. Materials unsuitable for unbound base courses can
provide satisfactory performance when treated with stabilizing admixtures, such as Portland
cement, asphalt, lime, flyash, or a combination of these treatments, to increase their strength
and stiffness. These stabilizing admixtures are particularly attractive when suitable untreated
materials are in short supply local to the project site. Base layer stabilization may also reduce

the total thickness of the pavement structure, resulting in a more economical overall design.

Finally, the surface course is one or more layers of a pavement structure designed to
accommodate the traffic load, the top layer of which resists skidding, traffic abrasion, and the
disintegrating effects of climate. The surface layer may consist of asphalt (also called
bituminous) concrete, resulting in "flexible" pavement, or Portland cement concrete (PCC),

resulting in "rigid” pavement. The top layer of flexible pavements is sometimes called the
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"wearing" course. The surface course is usually constructed on top of a base layer of
unbound coarse aggregate, but often is placed directly on the prepared subgrade for low-
volume roads. In addition to providing a significant fraction of the overall structural capacity
of the pavement, the surface layer must minimize the infiltration of surface water, provide a
smooth, uniform, and skid-resistant riding surface, and offer durability against traffic
abrasion and the climate.

Figure 1-2 expands the basic components, showing other important features (e.g., drainage

systems) that are often included in a pavement design. The permeable base drainage layer in

Figure 1-2 is provided to remove infiltrated water quickly from the pavement structure.

Suitable features, including edgedrains and drain outlets, must be included in the pavement
design for collecting and removing any accumulated water from the drainage layer. In order
to function properly, the layer below the drainage layer must be constructed to grades

necessary to promote positive subsurface drainage (i.e., no undulations and reasonable crown

or cross slope). Filter materials (e.g., geotextiles) may also be required to prevent clogging of
the drainage layer and collector system. Pavement drainage is discussed in more detail in

Chapters 3, 6, and 7.

The geotechnical components of a pavement system as covered in this manual include
surfacing aggregate, unbound granular base, unbound granular subbase, the subgrade or
roadbed (either mechanically or chemically stabilized, or both), aggregate and geosynthetics
used in drainage systems, graded granular aggregate and geosynthetic used as separation and
filtration layers, and the roadway embankment foundation. These and other terms related to
the components of the pavement system are defined in Appendix A.

e
se layer A

Edgedrain

OutletY

Figure 1-2. Pavement system with representative alternative features.
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13.2 Alternate Types of Pavement

The most common way of categorizing pavements is by structural type: rigid, flexible,
composite and unpaved.

Rigid pavements in simplest terms are those with a surface course of Portland cement
concrete (PCC). The Portland cement concrete slabs constitute the dominant load-
carrying component in a rigid pavement system.

Flexible pavements, in contrast, have an asphaltic surface layer, with no underlying
Portland cement slabs. The asphaltic surface layer may consist of high quality, hot
mix asphalt concrete, or it may be some type of lower strength and stiffness asphaltic
surface treatment. In either case, flexible pavements rely heavily on the strength and
stiffness of the underlying unbound layers to supplement the load carrying capacity of
the asphaltic surface layer.

Composite pavements combine elements of both flexible and rigid pavement systems,
usually consisting of an asphaltic concrete surface placed over PCC or bound base.
Unpaved roads or naturally surfaced roads simply are not paved, relying on granular
layers and the subgrade to carry the load. Seal coats are sometimes applied to
improve their resistance to environmental factors.

Pavements can also be categorized based on type of construction:

New construction: The design and construction of a pavement on a previously
unpaved alignment. All pavements start as new construction.

Rehabilitation: The restoration or addition of structural capacity to a pavement.
Overlays (either asphalt or Portland cement concrete), crack and seat and full or
partial depth reclamation are examples of rehabilitation construction.

Reconstruction: The complete removal of an existing pavement and construction of a
new pavement on the same alignment. Except for the demolition of the existing
pavement (usually done in stages, i.e., one lane at a time) and traffic control during
construction, reconstruction is very similar to new construction in terms of design.

Categorization of pavements by structural type is generally the more useful approach for the
overall pavement design, as well as performance monitoring and management of the
pavement structure. The material types and structural behavior of flexible versus rigid
pavements are sufficiently different to require fundamentally different design approaches.
Unpaved roads also provide a unique set of challenges and correspondingly unique design
requirements. Key features of flexible, rigid, composite pavement systems, and unpaved
roads are described in the following subsections.
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1.3.3 Flexible Pavements (Adapted from AASHTO 1993)

As was described in Figure 1-1, flexible pavements in general consist of an asphalt-bound
surface course or layer on top of unbound base and subbase granular layers over the subgrade
soil. In some cases, the subbase and/or base layers may be absent (e.g., full-depth asphalt
pavements), while in others the base and/or subbase layers may be stabilized using
cementitious or bituminous admixtures. Drainage layers may also be provided to remove
water quickly from the pavement structure. Some common variations of flexible pavement
systems are shown in Figure 1-3. Full depth asphalt pavements (Figure 1-3 upper right
corner) are used primarily for flexible pavements subjected to very heavy traffic loadings.

Hot mix asphalt concrete produced by an asphalt plant is the most common surface layer
material for flexible pavements, especially for moderately to heavily trafficked highways.

Dense-graded (i.e., well-graded with a low void ratio) aggregates with a maximum aggregate

size of about 25 mm (1 in.) are most commonly used in hot mix asphalt concrete, but a wide
variety of other types of gradations (e.g., gap-graded) have also been used successfully for
specialized conditions. The Superpave procedure has become the standard for asphalt
mixture design, although county and local government agencies may still use the older

Marshall and Hveem mix design procedures (Asphalt Institute MS-2, 1984).

The asphalt surface layer in a flexible pavement may be divided into sub-layers. Typical sub-
layers, proceeding from the top downward, are as follows:

» Seal coat: A thin asphaltic surface treatment used to increase (or restore) the water
and skid resistance of the road surface. Seal coats may be covered with aggregate
when used to increase skid resistance.

» Surface course (also called the wearing course): The topmost sublayer (in the
absence of a seal coat) of the pavement. This is typically constructed of dense graded
asphalt concrete. The primary design objectives for the surface course are
waterproofing, skid resistance, rutting resistance, and smoothness.

» Binder course (also called the asphalt base course): The hot mix asphalt layer
immediately below the surface course. The base course generally has a coarser
aggregate gradation and often a lower asphalt content than the surface course. A
binder course may be used as part of a thick asphalt layer either for economy (the
lower quality asphalt concrete in the binder course has a lower material cost than the
higher-asphalt content concrete in the surface course) or if the overall thickness of the
surface layer is too great to be paved in one lift.
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Figure 1-3. Some common variations of flexible pavement sections (NCHRP 1-37A, 2002).

Additionally, thin liquid bituminous coatings may be used in the pavement, as follows:
+ Tack coat: Applied on top of stabilized base layers and between lifts in thick asphalt
concrete surface layers to promote bonding of the layers.
+ Prime coat: Applied on the untreated aggregate base layer to minimize flow of
asphalt cement from the asphalt concrete to the aggregate base and to promote a good
interface bond. Prime coats are often used to stabilize the surface of the base to

FHWA NHI-05-037 Chapter 1 — Introduction
Geotechnical Aspects of Pavements 7-11 May 2006



support the paving construction activities above. Cutback asphalt (asphalt cement
blended with a petroleum solvent) is typically used because of its greater depth
penetration.

Proper compaction of the asphalt concrete during construction is critical for satisfactory
pavement performance. Improper compaction can lead to excessive rutting (permanent
deformations) in the asphalt concrete layer due to densification under traffic; cracking or

raveling of the asphalt concrete due to embrittlement of the bituminous binder from exposure

to air and water; and failure of the underlying unbound layers due to excessive infiltration of
surface water. Typical construction specifications require field compaction levels of 92% or
more of the theoretical maximum density for the mixture. Layers of unbound material below
the asphalt concrete layers must be constructed properly in order to achieve the overall
objectives of pavement performance.

1.3.4 Rigid Pavements

Rigid pavements in general consist of Portland cement pavement slabs constructed on a
granular base layer over the subgrade soil. The base layer serves to increase the effective

stiffness of the slab foundation. The base layer also provides the additional functions listed in

Section 1.3.1, plus the base must also prevent pumping of fine-grained soils at joints, cracks,

and edges of the slab. Gradation characteristics of the base and/or subbase are critical here.
The base may also be stabilized with asphalt or cement to improve its ability to perform this
function. A subbase layer is occasionally included between the base layer and the subgrade.

The effective foundation stiffness will be a weighted average of the subbase and subgrade
stiffnesses. For high quality coarse subgrades (e.g., stiffness equal to that of the base) or low
traffic volumes (less than 1 million 80-kN (18-kip) ESALS), the base and subbase layer may
be omitted.

Because of the low stresses induced by traffic and environmental effects (e.g., thermal
expansion and contraction) relative to the tensile strength of Portland cement concrete, most
rigid pavement slabs are unreinforced or only slightly reinforced. When used, the function of
reinforcement is to eliminate or lengthen spacing of joints, which fault and infiltrate water.
Reinforcement in the concrete does not influence subgrade support requirements. The
subbase layer may be omitted if there is low truck traffic volume or good subgrade
conditions. For high traffic volumes and/or poor subgrade conditions, the subbase may be
stabilized using cementitious or bituminous admixtures. Drainage layers can and should be
included to remove water quickly from the pavement structure, similar to flexible pavements.
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A geotextile layer may be used to control migration of fines into the open graded base layer.
Some common variations of rigid pavement systems are shown in Figure 1-4.

Rigid pavement systems are customarily divided into four major categories:

» Jointed Plain Concrete Pavements (JPCP). These unreinforced slabs require a
moderately close spacing of longitudinal and transverse joints to maintain thermal
stresses within acceptable limits. Longitudinal joint spacing typically conforms to the
lane width (around 3.7 m (12 ft)), and transverse joint spacing typically ranges
between 4.5 — 9 m (15 — 30 ft). Aggregate interlock, often supplemented by steel
dowels or other load transfer devices, provides load transfer across the joints.

» Jointed Reinforced Concrete Pavements (JRCP). The light wire mesh or rebar
reinforcement in these slabs is not designed to increase the load capacity of the
pavement, but rather to resist cracking under thermal stresses and, thereby, permit
longer spacings between the transverse joints between slabs. Transverse spacing
typically ranges between 9 — 30 m (30 - 100 ft) in JRCP pavements. Dowel bars or
other similar devices are required to ensure adequate load transfer across the joints.

Concrete Slab
(JPCP, CROP)

Base Course
(Unbound. Asphalt, Cement)

Subbase Course
(Unbound, Stabilized)

Compacted Subgrade

Na rai Subgrade_

Bedrock

Figure 1-4. Variations for rigid pavement section (NCHRP 1-37A, 2002).
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» Continuously Reinforced Concrete Pavements (CRCP). Transverse joints are not
required in CRCP pavements. Instead, the pavement is designed so that transverse
thermal cracks develop at very close spacings, with typical spacings on the order of a
meter (a few feet). The continuous conventional reinforcement bars are designed to
hold these transverse thermal cracks tightly together and to supplement the aggregate
interlock at the cracks to provide excellent load transfer across the cracks. In addition
to the benefit of no transverse joints, CRCP pavement designs are typically 25 — 50
mm (1 — 2 in.) thinner than conventional JPCP or JRCP systems.

* Prestressed Concrete Pavements (PCP). PCP designs are similar to CRCP, except
that the longitudinal reinforcement now consists of continuous steel strands that are
prestressed prior to placing the concrete (or post-tensioned after the concrete has
hardened). The initial tensile stress in the reinforcement counteracts the load- and
thermal-induced tensile stresses in the concrete and, therefore, permits thinner slabs.
Prestressed concrete pavements are more commonly used for airfield pavements than
for highway pavements because of the greater benefit from the reinforcement in the
comparatively thicker airfield slabs. Precast, prestressed concrete sections are also
being used for pavement rehabilitation.

As suggested above, the basic components in rigid pavement slabs are Portland cement
concrete, reinforcing steel, joint load transfer devices, and joint sealing materials. The
AASHTO Guide Specifications for Highway Construction and the Standard Specifications
for Transportation Materials provide guidance on mix design and material specifications for
rigid highway pavements. These specifications can be modified based on local conditions
and experience. Pavement concrete tends to have a very low slump, particularly for use in
slip-formed paving. Air-entrainment is used to provide resistance to deterioration from
freezing and thawing and to improve the workability of the concrete mix. Joint sealing
materials must be sufficiently pliable to seal the transverse and longitudinal joints in JPCP
and JRCP pavements against water intrusion under conditions of thermal expansion and
contraction of the slabs. Commonly used joint sealing materials include liquid sealants
(asphalt, rubber, elastomeric compounds, and polymers), preformed elastomeric seals, and
cork expansion filler.

Load transfer devices in JPCP and JRCP pavements are designed to spread the traffic load
across transverse joints to adjacent slabs and correspondingly reduce or eliminate joint
faulting. The most commonly used load transfer device is a plain, round steel dowel; these
are typically 450 mm (18 in.) long, 25 mm (1 in.) in diameter, and spaced at approximately
every 300 mm (12 in.) along transverse joints. Tie bars, typically deformed steel rebars, are
often used to hold the faces of abutting slabs in firm contact, but tie bars are not designed to
act as load transfer devices.
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1.3.5 Composite Pavements

Composite pavements consist of asphaltic concrete surface course over PCC or treated bases
as shown in Figure 1-5. Composite pavements with PCC over asphalt are also being used.
The treated bases may be either asphalt-treated base (ATB) or cement-treated base (CTB).
The base layers are treated to improve stiffness and, in the case of permeable base, stability
for construction. The composite pavement type shown in Figure 1-5 of an AC overlay on top
of a PCC rigid pavement system is a very common rehabilitation scenario.

13.6 Unpaved Roads (Naturally Surfaced)

Why use a paved surface? Over one-half of the roads in the United States are unpaved. In

some cases, these roads are simply constructed with compacted or modified subgrade. In

most cases, a gravel (base) layer is used as the wearing surface. Because of sparse population

and low volumes of traffic, these roads will remain unpaved long into the future.
Consideration for the subgrade are, again, the same as with flexible pavement, albeit the load
levels are generally much higher. The subgrade should also be crowned to a greater extent
than paved sections to promote drainage of greater quantities of infiltration surface water.
The function of the gravel surfaced is now to carry the load and to provide adequate service.

The problems with this approach include roughness, lateral displacement of surface gravel,
traction, and dust. Maintenance of ditch lines is also problematic, due to continuous infilling,
but open ditches are critical to long-term performance.

1

AC Overlay AC Overlay :1'
r -
Exi_st_ing ATH Unbound Base ATH
Rigid
Pavement
Unbound Base ATR
Existing Existing Existing
Pavement Pavement Pavement

Figure 1-5. Typical composite pavement sections.

FHWA NHI-05-037 Chapter 1 - Introduction
Geotechnical Aspects ofPavements 1-15 May 2006



14 PAVEMENT PERFORMANCE WITH TIES TO GEOTECHNICAL ISSUES

Regardless of which pavement type is used, all of the components make up the pavement
system, and failure to properly design or construct any of these components often leads to
reduced serviceability or premature failure of the system.

Distress refers to conditions that reduce serviceability or indicate structural deterioration.
Failure is a relative term. In the context of this manual, failure denotes a pavement section
that experiences excessive rutting or cracking that is greater than anticipated during the
performance period, or that a portion of the pavement is structurally impaired at any time
during the performance period with incipient failure anticipated from the local distress. There
are a number of ways that a pavement section can fail, and there are many reasons for
pavement distress and failure.

Yoder and Witczak (1975) define two types of pavement distress, or failure. The first is a
structural failure, in which a collapse of the entire structure or a breakdown of one or more of
the pavement components renders the pavement incapable of sustaining the loads imposed on

its surface. The second type of failure is a functional failure; it occurs when the pavement,
due to its roughness, is unable to carry out its intended function without causing discomfort
to drivers or passengers or imposing high stresses on vehicles. The cause of these failure
conditions may be due to inadequate maintenance, excessive loads, climatic and
environmental conditions, poor drainage leading to poor subgrade conditions, and
disintegration of the component materials. Excessive loads, excessive repetition of loads, and

high tire pressures can cause either structural or functional failures.

Pavement failures may occur due to the intrusion of subgrade soils into the granular base,

which results in inadequate drainage and reduced stability. Distress may also occur due to
excessive loads that cause a shear failure in the subgrade, base course, or the surface. Other
causes of failures are surface fatigue and excessive settlement, especially differential of the

subgrade. Volume change of subgrade soils due to wetting and drying, freezing and thawing,
or improper drainage may also cause pavement distress. Inadequate drainage of water from
the base and subgrade is a major cause of pavement problems (Cedergren, 1987). If the
subgrade is saturated, excess pore pressures will develop under traffic loads, resulting in
subsequent softening of the subgrade. Under dynamic loading, fines can be literally pumped
up into the subbase and/or base.

Improper construction practices may also cause pavement distress. Wetting of the subgrade
during construction may permit water accumulation and subsequent softening of the
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subgrade in the rutted areas after construction is completed. Use of dirty aggregates or
contamination of the base aggregates during construction may produce inadequate drainage,

instability, and frost susceptibility. Reduction in design thickness during construction due to
insufficient subgrade preparation, may result in undulating subgrade surfaces, failure to place

proper layer thicknesses, and unanticipated loss of base materials due to subgrade intrusion.

Yoder and Witczak (1975) state that a major cause of pavement deterioration is inadequate
observation and field control by qualified engineers and technicians during construction.

After construction is complete, improper or inadequate maintenance may also result in
pavement distress. Sealing of cracks and joints at proper intervals must be performed to
prevent surface water infiltration. Maintenance of shoulders will also affect pavement
performance.

Nearly all measures of pavement performance are based upon observations at the surface of
the pavement — e.g., surface rutting, cracking of the asphalt or PCC, ride quality, and others.
In some cases, these surface distresses are due directly to deficiencies in the asphalt or PCC
surface layers, but in many other cases these distresses are caused at least in part by
deficiencies from the underlying unbound layers. Since pavement design is ultimately an
attempt to minimize pavement distresses and, thereby, maximize pavement performance, it is
important to understand how geotechnical factors impact these distresses.

Table 1-1, Table 1-2, and Table 1-3 summarize the geotechnical influences on the major
distresses for flexible, rigid, and composite pavements, respectively. The composite
pavement type considered in Table 1-3 is an AC overlay on top of a PCC rigid pavement
system and a very common rehabilitation scenario.

The dominant geotechnical factor(s) for many pavement distresses is/are the stiffness and/or
strength of the unbound materials. In reality, the stresses that develop in any well-designed
in-service pavement are well below the failure strength of the unbound materials. As a
consequence, the true strength parameters (i.e., the cohesion and friction angle from triaxial
tests) are not typically needed or measured for unbound pavement materials. Strength indices
like the California Bearing Ratio (CBR) have been commonly measured in the past as an
overall indication of the material quality in terms of stiffness and resistance to permanent
deformation. More recent trends have been to replace these quality indices with direct
stiffness testing via the resilient modulus?® (Mg). Fortunately, strength and stiffness are

! California Bearing Ratio is described in more detail in Chapters 3 and 5.
? Resilient Modulus is described in more detail in Chapters 3, 4, and 5.
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usually closely correlated in most geomaterials (see, for example, the correlations between
Mg and CBR described in Chapter 5).

Table 1-1. Geotechnical influences on major distresses in flexible pavements.

E
Ar
al o |— O 0
N = 8
ar V a~ A\ 8 W V)
Fatigue Cracking X X X X X
Rutting X X X X X
Corrugations X
Bumps X X X
Depressions X X X X X
Potholes X X X
Roughness X X X X X X X

Table 1-2. Geotechnical influences on major distresses in rigid pavements.

E
al 0V A 0 '
5 I )
- N

e V) lg 0 V)
Fatigue Cracking X X X X X X
Punchouts (CRCP) X X X X X X
Pumping X X
Faulting X X X X X X
Roughness X X X X X X X
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Table 1-3. Geotechnical influences on major distresses in rehabilitated pavements

(AC overlay over PCC).
E
~ 0
=Q | C
~V iV
N
0
~ C V) 8 V)
Reflection Cracking X X X
Roughness X X X X X X

A major effect of the moisture/drainage, freeze/thaw, and contamination (material from one
layer intermixing with another) factors listed in Table 1-1 through 1-3 is to degrade the
stiffness and strength of the affected unbound materials. Moisture and drainage are combined
here because excessive moisture in the pavement system is often the result of inadequate or
malfunctioning drainage systems. Freeze/thaw and swelling can cause heaving of the
pavement surface. Erosion can produce voids beneath the surface layers, causing a complete
loss of foundation support. The spatial variability factor represents the nonuniformity of the

geotechnical factors along the pavement and will, in general, apply to all of the other
geotechnical factors.

Note that there are many other important pavement distresses, like thermal cracking, low skid
resistance, and others, that are not included in Tables 1-1 through 1-3. The influence of
geotechnical factors on these other distresses is generally quite small.

Some further comments on the major distress types are given in the following paragraphs:

Permanent Deformations (Rutting, Bumps, Corrugations, and Depressions).  Surface
rutting is often the controlling stress mode for flexible pavements. It is sometimes caused by
an unstable asphalt concrete mixture that deforms plastically within the first few inches
beneath the wheel paths. For a well-designed mixture, however, any rutting observed at the
surface will be only partly due to permanent deformations in the asphalt layer, with the
remainder due to accumulated permanent deformations in the underlying unbound layers and
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the subgrade. For example, at the AASHO road test, the percent of fmal total surface rutting
attributable to the asphalt layer averaged 32%, versus 18% for the granular base layer, 39%
for the granular subbase, and 11% for the subgrade. In other words, two-thirds of the rutting
observed at the surface was due to accumulated permanent deformations in the geomaterials
in the pavement structure. Potential causes for excessive permanent deformations in the
pavement geomaterials include
* inadequate inherent strength and stiffness of the material.
» degradation of strength and stiffness due to moisture effects (including freeze/thaw);
inadequate or clogged drainage systems will contribute to this degradation.
» contamination of base and subbase materials by subgrade fines (i.e., inadequate
separation of layer materials).
The shape of the rut trough is usually a good indicator of the source of the permanent
deformations. Permanent deformations concentrated in the surface asphalt layers tend to give
a narrow rut trough (individual wheel tracks may even be evident), while deep seated
permanent deformations from the underlying unbound layers and subgrade typically give a
much broader rut trough at the surface.

Nonuniform geotechnical conditions along the pavement can contribute to local permanent
deformations in the form of bumps, corrugations, and depressions.

Fatigue Cracking. This form of distress is the cracking of the pavement surface as a result of
repetitive loading. It may be manifested as longitudinal or alligator cracking (interconnected
or interlaced cracks forming a pattern that resembles an alligator's hide) in the wheel paths

for flexible pavement and transverse cracking (and sometimes longitudinal cracking) for
jointed concrete pavement. Fatigue cracking in both flexible and rigid pavements is governed
by two factors: the inherent fatigue resistance of the surface layer material, and the

magnitude of the cyclic tensile strains at the bottom of the layer. The inherent fatigue
resistance is clearly dependent only on the properties of the asphalt or PCC. The magnitude

of the cyclic tensile strain, on the other hand, is a function of the composite response of the
entire pavement structure. Low stiffness in the base, subbase, or subgrade materials —
whether due to deficient material quality and/or thickness, moisture influences, or
freeze/thaw effects — will all raise the magnitude of the tensile strains in the bound surface

layer and increase the potential for fatigue cracking. Localized fatigue cracking may also be
caused by nonuniformities in the geomaterials along the pavement alignment — e.g., voids,

local zones of low stiffness material, etc.
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Reflective Cracking. Reflective cracking in asphalt or concrete surfaces of pavements occurs
over joints or cracks in the underlying layers. Like fatigue cracking, reflection cracking of
asphalt overlays on top of rigid pavements is governed by the inherent fatigue resistance of
the asphalt concrete and the magnitude of the tensile and shear strains in the overlay above
the joint in the underlying rigid pavement. Inadequate foundation support (e.g., voids) at the
joint will allow differential movement between slabs under a passing vehicle, producing
large strains in the overlay above. Intrusion of water, inadequate drainage, and erosion of the
unbound base material beneath a joint are all major geotechnical factors influencing
reflection cracking.

Potholes. Potholes are formed due to a localized loss of support for the surface course though
either a failure in the subgrade or base/subbase layers. Potholes are often associated with

frost heave, which pushes the pavement up due to ice lenses forming in the subgrade during
the freeze. During the thaw, voids (often filled with water) are created in the soil beneath the
pavement surface due to the melting ice and/or gaps beneath the surface pavement resulting

from heave. When vehicles drive over this gap, high hydraulic pressure is created in the void,

which further weakens the surrounding soil. The road surface cracks and falls into the void,

leading to the birth of another pothole. Potholes can also occur as a result of pumping
problems.

Punchouts. Punchouts are identified as a broken area of a CRCP bounded by closely spaced
cracks usually spaced less than 1 m (3 ft).

Pumping. Pumping is the ejection of foundation material, either wet or dry, through joints or
cracks, or along edges of rigid slabs, resulting from vertical movements of the slab under
traffic, or from cracks in semi-rigid pavements.

Faulting. Faulting appears as an elevation or depression of a PCC slab in relation to an
adjoining slab, usually at transverse joints and cracks.

Roughness. Surface roughness is due in large measure to nonuniform permanent
deformations and cracking along the wheel path. Consequently, all of the geotechnical
factors influencing permanent deformations and cracking will also impact roughness.
Nonuniformity of the stiffness/strength of the geomaterials along the pavement, in particular,
can be a major contributor to surface roughness. Nonuniform swelling of subgrade soils
along the pavement alignment provides a classic example of extreme pavement roughness in
some areas of the country.
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Liquefaction. The process of transforming any soil from a solid state to a liquid state, usually
as a result of increased pore pressure and reduced shearing resistance (ASTM, 2001) is called
liquefaction. Spontaneous liquefaction may be caused by a collapse of the structure by shock
or other type of strain, and is associated with a sudden, but temporary, increase of the
prefluid pressure.

Thermal Cracking. Thermal cracks appear in an asphalt pavement surface, usually full width
transverse, as a result of seasonal or diurnal volume changes of the pavement restrained by
friction with an underlying layer.

By now it should be apparent that there are a number of ways that a pavement may become

impaired to the extent that it is no longer serviceable. In designing a pavement section, the
pavement is anticipated to deform over its service life so that at a period in time it will need
to be repaired or replaced. Normal failure is defined by rutting of the pavement section, as
shown in Figure 1-6, and usually consists of no more than 20 — 25 mm (¢ — 1 in.) within the
anticipated performance period. However, as previously reviewed in this section, there are a
number of factors that may result in premature failure, long before the performance period,
most of which are related to geotechnical issues. Specifically, geotechnical failures, as shown

in Figure 1-7, are generally related to excessive subgrade rutting, aggregate contamination or
degeneration, subgrade pumping, poor drainage, frost action, and swelling soils. There are
other ancillary geotechnical issues, which will impact pavement performance, but are usually
addressed in roadway design (i.e., not by the pavement group). These include differential

embankment settlement, embankment and cut slope stability, liquefaction, collapsing soils,
and karstic (sinkhole) formations. Design methods to evaluate these specific issues, along
with procedures to mitigate potential problems, can be found in reference manuals for NHI

132012 Soils and Foundations Workshop (FHWA NHI-00-045 (Cheney & Chassie, 2000))
and NHI 132034 on Ground Improvement Methods (FHWA NHI-04-001 (Elias et al.,

2004)).
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Figure 1-6. Normal rutting.

Figure 1-7. Examples of geotechnical related pavement failures.
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Figure 1-7. Examples of geotechnical related pavement failures (continued).
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