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Abstract

EFFECT OF FINE GRAINED SOIL IN THE STRENGTH OF CEMENT TREATED FLEX-

BASE MATERIALS

Sita Timsina, MS

The University of Texas at Arlington, 2018

Supervising Professor: MD. Sahadat Hossain

The recycled materials such as, Recycled Crushed Concrete Aggregates (RCCA) and
Reclaimed Asphalt Pavement (RAP) treated with cement has been widely used as the
alternative granular base in pavement construction in different states in USA due to the
depletion of natural resources of virgin aggregates. While a number of factors drive the
use of these recycled materials, the two primary factors are economic savings and

environmental benefits.

In the flexible pavement systems, the base layer contributes to the structural capacity of
the pavement systems, so, the quality performance of this layer is essential. However,
presence of fine particles in the pavement system promotes the contamination of coarse
granular material due to migration of fines from the subgrade which might adversely
affect the strength and stiffness of flex-base. As such, the main purpose of this study was
to examine the effect of fine contents in granular base materials in terms of strength and

stiffness.

In this research, a comprehensive experimental program was designed to characterize

resilient and compressive behavior of recycled materials in the presence of soil in both



natural and stabilized forms. For this study, RAP and RCCA were mixed at different
proportions from 0% to 100% with different amount of soil mixture varying between 0%
and 24% with cement content ranging from 0% to 6% at 2% interval. Different laboratory
tests were conducted to determine the Optimum Moisture Content (OMC), Maximum Dry
Density (MDD), Unconfined Compressive Strength (UCS) and Resilient Modulus (Mr) of
the mixes of RAP, RCCA, soil and Ordinary Portland Cement (Type I/ll). Based on the
preliminary data, it was found that with the intrusion of fines in cement treated as well as
untreated recycled granular bases, both the strength and stiffness decrease as compared
with the same specimens without fine particles. With the addition of 12% and 24% of soil
in the combination of 30% RAP + 70% RCCA and 50% RAP + 50% RCCA, the value of
resilient modulus decreased in the range of 30 -55% in the cement stabilized as well as
natural forms. For example,the M: value of (30/70) RAP/RCCA with 2% cement ranged
between 10,000 psi and 45,000 psi, it was reduced to a range of 10,000-30,000 psi with
12% soil intrusion. Similarly, at 6% cement content the M: value of (30/70) RAP/RCCA
the highest value of resilient modulus of 75,000 psi was observed whereas with the 12%
soil, the moduli value was reduced to 38,000 psi at the given maximum confining

pressure of 20psi.
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Chapter 1
Introduction
1.1 Background

The depletion of conventional raw materials such as bitumen, crushed aggregates, and
unbound aggregates mixtures began in the 80’s that led to incorporate unconventional
construction material in the road industry. The tremendous increment in number of
vehicles and the evolution of road industry has been a rationale that has promoted
exploiting all viable available resources. At present, some of the most dominant recycling
materials that are in practice include recycled concrete aggregates and reclaimed asphalt
pavement. In USA, for the construction of new infrastructure and pavements the annual
consumption of aggregate materials is estimated about 1.5 billion tons (USGS 2005).
Due to the rapid increase of construction of different types of infrastructures, it is
estimated that more than 2.5 billion tons will be consumed by 2020. According to USDOT
(2004), 123 million tons per year of recycled crushed concrete aggregate (RCCA)
materials are expected to be obtained from the construction and demolition of concrete

structures.

Reclaimed Asphalt Pavement (RAP) can be defined as a granular material containing a
mixture of bitumen and aggregate that is removed or reprocessed as part of pavement
reconstruction and resurfacing. According to the National Asphalt Pavement Association
(NAPA), in 2013, approximately 350.7 million tons of plant mix asphalt were produced in
the United States of America and the total reported RAP generation was around 76.1
million tons (Annual Asphalt Pavement Industry Survey on Recycled Materials and
Warm-Mix Asphalt Usage: 2009-2013). Many studies from the past have found RAP as a
viable, cost-effective option to use as a base material. Kolias (1996) investigated the

compressive strength, tensile strength and modulus of elasticity of different RAP mixes



with unbound granular materials and also recommended further research on cement
treated RAP mixes. Taha et al., (2002); Guthrie et al., (2007); and Grilli et al., ( 2013)
performed research on mechanical properties of different cement- treated RAP mixes.
Currently, RAP is principally reused in hot mix asphalt production as an aggregate
(Huang et al., Carter and Stroup-Gardiner, 2007). To incorporate RAP into pavement
base or subbase applications, efforts have been made in recent years (e.g. Maher and
Jr., 1997, Taha et al., 2002, Park, 2003, Taha, 2003, Blankenagel and Guthrie, 2006,
Poon and Chan, 2006, Cho et al., 2011, Hoyos et al., Puppala et al., 2011, Piratheepan

et al., 2013).

Although lots of studies were conducted for these recycled materials individually, there
were very few studies regarding the use of combination of these materials as an
alternative to natural aggregates. Lately, different combinations of recycled crushed
concrete aggregates (RCCA) and reclaimed asphalt pavement (RAP) aggregates, under
cement-treated or untreated conditions, were utilized to evaluate the applicability of these

available materials to a flexible pavement base layer (Faysal 2017).

Even if these recycled materials can fulfill the strength and stiffness criteria required for
the construction of the pavement, the chances of these materials in declining the
performance of the pavement will be higher when the pavement is built on expansive
soils. In the United States, several states have been affected by subgrade-related
heaving and shrinkage problems for many years (Nelson and Miller, 1992). A majority of
the expansive soils are montmorillonite-rich clays, over consolidated clays and shales

(Nelson and Miller, 1992).



1.2 Problem Statement
There are numerous studies done regarding the use of recycled materials such as,
Recycled Crushed Concrete Aggregates (RCCA) and Reclaimed Asphalt Pavement
(RAP) as an alternative granular base in the pavement construction. Recycled materials
are weaker than virgin aggregates (Taha, 2000). Several researches have been done on
these type of materials by stabilizing using fly ash, foamed asphalt or cement to check
whether these materials can fulfill the minimum strength requirement. Because of
concerns related to lower shear strengths and excessive permanent deformations
resulting from large strains as RAP content increases, there is a general trend of using
upto 50% RAP content by weight in virgin or recycled aggregate base and subbase layer.
RAP can be mixed with RCCA upto a ratio of 50/50, but it must be treated with 4% to 6%
cement to fulfill the compressive strength requirement of 300 psi specified in the Texas

Department of Transportation’s guidelines (Faysal 2017).

As base layer contributes to the structural capacity of flexible pavement systems, the
quality performance of this layer is essential. However, presence of fine particles in the
pavement system promotes the contamination of coarse granular material which may
adversely affect the strength and stiffness of flex-base. The possible chances of soail
getting mixed with the recycled materials during demolition of old structures, storage of
the recycled materials or during the mixing and construction process itself might lower the
strength and stiffness of the pavement materials. Apart from these, migration of fines
from the subgrade to the pavement system may perhaps be one of the vital cause in
dropping the structural capacity and performance of the pavement system. Although the
fine fraction within the recycled materials itself might have been considered in some of
the studies, the effect of larger amount of expansive clay soils as fines intruding from the

sub-grade towards the base layer of the recycled base materials has not been



understood yet. To overcome this inadequacy in the available information, idea of
performing experimental study of cement treated as well as untreated mix of RAP and
RCCA with different proportion of soil was established to evaluate the effect of
interference of soil particles on the strength and stiffness properties of the recycled
materials.

Unconfined compressive strength (UCS) tests and resilient modulus (Mr) tests were
performed to evaluate the strength and stiffness response of different cement-stabilized
RAP and RCCA mixes under the funded project of the Texas Department of
Transportation (TXDOT). An experimental program was designed and carried out to test
and determine the optimum moisture content (OMC), maximum dry density (MDD),
unconfined compressive strength (UCS) and resilient modulus (Mr) properties of the
mixes of RAP and RCCA base materials by adding different proportion of soil as fines

and with varying dosage of Portland cement.

1.3 Objective and Scope
The main objective of the present thesis was to understand and evaluate the effect of
presence of fines on strength and stiffness properties of flex-base materials such as

RCCA and RAP mix in untreated as well as cement-treated condition.

The following specific tasks were carried out during the course of the proposed project:
1. A comprehensive literature review on strength and durability of RAP and RCCA
materials and the basic characteristics of expansive clay.
2. Carry out plastic limit and liquid limit test of the soil to find the plasticity of the soil.
3. Perform basic engineering tests such as particle-size distribution and optimum

moisture content (OMC) tests for material characterization.



4. Determination of unconfined compressive strength (UCS) and resilient modulus
(Mr) of untreated and cement treated recycled base materials for the different
combination with soil.

5. Understand the stress- strain relationship of the combination of recycled
materials with expansive clay soil.

6. Comparison of the Mr and UCS values of the different combinations of the
materials with previous studies.

7. Comparison of resilient modulus values of the combination mix with respect to
bulk stress.

8. Comparison of resilient modulus values of the combination mix with confining
pressure.

9. Evaluation of the effect of presence of fines on the recycled base materials.

1.4 Thesis Organization
This thesis manuscript has been composed of five chapters:

e Chapter 1 provides the introduction, objective and thesis organization. The
problem statement and objectives of research and the preliminary investigations
are briefly mentioned here.

e Chapter 2 presents a literature review on previous studies conducted on recycled
materials, expansive clay soils and available design guidelines. It also provides a
summary of the different studies about the role of fine content on pavement base
materials.

e Chapter 3 describes the experimental program; several test procedures such as,
particle size distribution; atterberg limits; optimum moisture content (OMC);
maximum dry density (MDD); unconfined compressive strength (UCS); and

resilient modulus (Mr) tests.



o Chapter 4 presents test results, analysis and discussions of the results.
e Chapter 5 provides the summary and conclusion of the current study and also

includes future recommendation.



Chapter 2

Literature Review

2.1 Introduction
In recent years, the use of recycled materials has increased considerably as they are
widely used as the alternative granular base in pavement construction due to the
depletion of natural resources of virgin aggregates. To improve their performance,
durability and engineering properties these materials are treated with cement and fibers
which makes it cost effective at the same time. This chapter gives overview about the
recycled base materials, pavement design considerations, strength and stiffness
parameters and the characteristics of expansive clays lying as a subgrade. The literature
reviewed in this chapter was gathered from different journals, articles, design guidelines
and other research projects. At first, a brief description about recycled pavement
materials will be portrayed. Then by explaining the pavement design methods in short,
subgrade material characteristics will be discussed. After that cement treated base
materials characteristics and properties will be reviewed and various factors affecting the

strength parameters of base materials will be further discussed in brief.

2.2 Recycled Crushed Concrete Aggregate (RCCA)

2.2.1 Use of RCCA in USA

With the increment in population and advancement of science and technology, the
construction of highways, bridges and buildings has been increasing from the beginning
of the past century. As these facilities need to be repaired or replaced with the passing of
time either because of end of their service life or because of unfulfilling service demand,
there have been tremendous amount of construction waste produced every year. In US
alone, it was estimated that over 11 billion tons of construction and demolition waste are

produced annually in which concrete waste accounts for a



4bout 50-70%. On the other hand, 2 billion tons of aggregate are produced each year
and expected to increase more than 2.5 billion tons per year by the year 2020. These
facts have raised two main concerns, one about the availability of natural virgin
aggregates and other about the management of the construction and demolition waste.
Although the common practice of handling construction and demolition waste was to
dump in the landfill, disposing these wastes in landfills is becoming more restrictive in the
present situation. Therefore, to address these concerns many state agencies has begun
recycling concrete debris and use recycled crushed concrete as an alternative aggregate
recognizing the engineering, economic and environmental benefit that can be
accomplished by using RCCA. Apart from the several uses of RCA like as in rip rap, soil
stabilization, pipe bedding, landscaping, etc. the principal application of RCA in the US
has been as a base/subbase material. The following figures depict the extent of use of

recycled concrete aggregate throughout the United States.
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Figure 2-1 States using RCA as Aggregate (FHWA 2012)
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Figure 2-2 States using RCA as Aggregate Base (FHWA 2012)

2.2.2 Properties of RCCA

In comparison to natural aggregates, the main reason for the lower quality of RCCA is
because a certain amount of mortar and cement paste from the original concrete remains
attached to the stone particles when demolished concrete is crushed. In terms of shape
and surface texture, the grains of recycled aggregates are irregular, mostly with angular
shape, rough and with cracked surface and porous which significantly affects the
workability of the concrete. It has been found that recycled concrete aggregate has
significantly higher water absorption level compared to natural aggregates. Due to a
higher porosity of mortar layer, the recycled aggregate has a lower value of bulk density
in comparison to natural aggregates. About the mechanical properties, the resistance to
crushing and abrasion of recycled aggregate is less than the respective resistance of

natural aggregate which is a consequence of easier separation and crushing of the



mortar layer around the recycled aggregate grains. However, characterizing this
aggregate can be very difficult due to the variety of sources of RCA and diverse
functions, environment, and wear of the concrete structures and pavements from which
the RCA can be obtained. Therefore, for the adequate characterization of these

variables, controlled studies must be performed on a regional basis.

2.3 Reclaimed Asphalt Pavement (RAP)

2.3.1 Use of RAP in USA

Reclaimed asphalt pavement RAP is the removed and/or reprocessed pavement
materials containing asphalt and aggregates which are basically generated by crushing
the recovered asphalt obtained from removed asphalt pavements during reconstruction,
resurfacing or during preparation of access to buried utilities. According to the National
Asphalt Pavement Association (NAPA), in 2013, approximately 350.7 million tons of plant
mix asphalt were produced in the United States of America, and the total reported RAP
generation was around 76.1 million tons (Annual Asphalt Pavement Industry Survey on
Recycled Materials and Warm-Mix Asphalt Usage: 2009-2013). Also, from environmental
Protection Agency (EPA), it was found that 80% of the total removed pavement materials
are recycled each year. In USA, over 90 percent of U.S. highways and roads are
constructed with hot mix asphalt (HMA). These highways and roads must be maintained
and rehabilitated as the infrastructure ages. This has led to increase in demand of natural
aggregates and binder supply causing depletion in the natural sources day by day. RAP
being a useful alternative to virgin materials, HMA producers have begun using reclaimed
asphalt pavement (RAP) as a valuable component in HMA. Additionally, using RAP
reduces the amount of construction debris placed into landfills. Hence, the primary
factors like economic savings and environmental benefits have influenced the use of RAP

in asphalt pavement industry. From a survey conducted by North Carolina Department of
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Transportation (NCDOT, 2007), data were collected to estimate RAP usage and potential
for increasing the amount of RAP used across the United States. Figure 2-3 shows the
number of State transportation departments that used and permitted a given amount of

RAP in the intermediate layers in 2007.

@ Potential
B Usage

Number of State Agencies

Up to 10% Up to 19% Up to 29% 30% & higher

Figure 2-3 Usage and potential of various RAP percentages in the intermediate layer
(NCDOT 2007)

2.3.2  Properties of RAP

The properties of RAP are largely dependent on the properties of the constituent
materials and the type of asphalt concrete mix (wearing surface, binder course, etc.). The
typical unit weight of RAP has been found to range from 120 to 140 Ib/ft® which is slightly
lower than that of natural aggregates and the moisture content varies from 5 to 8%. The
asphalt cement content of RAP typically ranges between 3 and 7 percent by weight. With

increasing unit weight, with maximum dry density values ranging from 100Ib/ft® to 125
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Ib/ft® the compacted unit weight of RAP will decrease. Also, the California Bearing Ratio
(CBR) values for RAP have been reported in the range of 20 to 25 percent. The following

table provides a summary of the typical ranges of physical and mechanical properties of

RAP.
Table 2-1 Properties of RAP Materials (Potturi, 2006)

Type of RAP Propert Typical Range of Values

Property perty yp g
Unit Weight 120 to 140 Ib/ft3
Moisture Content 510 8%

_ Asphalt Content 3t0 7%

Physical

Properties Asphalt Penetration 10 to 80 at 25°C
Absolute Viscosity 4090 to 25000 poises at

60°C
Mechanical Compacted Unit weight 100 to 125 Ib/ft3
Properties California Bearing Ratio (CBR) 20 to 25% for 100% RAP

2.4 Use of RAP and RCCA Blend in Pavement Bases
The rehabilitation of pavements produces huge amounts of Reclaimed Asphalt Pavement
(RAP) (Allan and Timothy, 1999, Daniel and Lachance, 2005). Likewise, huge amount of
Recycled Concrete Aggregate (RCA) are generated from the construction sectors from
the demolition of buildings and rehabilitation of concrete pavements (Oglesby et al.,
1989, Apotheker, 1990, Wood, 1992, Gavilan and Bernold, 1994). The recycled materials
that have been recently assessed to be viable materials for roads, pavements, footpaths
and other civil engineering applications include reclaimed asphalt (Taha et al., 2002,
Hoyos et al., 2011, Puppala et al., 2011) and recycled concrete (Poon and Chan, 2006,

Azam and Cameron, 2012, Gabr and Cameron, 2012). As there is an increasing demand
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for the use of alternative materials in pavements due to excessive costs of landfills,
associated energy costs and increasing costs of diminishing naturally occurring

aggregates, RAP and RCA can be a very useful material.

Currently RAP is principally reused in hot mix asphalt production as an aggregate (Huang
et al., Carter and Stroup-Gardiner, 2007). To incorporate RAP into pavement base or
subbase applications, efforts have been made in recent years (e.g. Maher and Jr., 1997,
Taha et al., 2002, Park, 2003, Taha, 2003, Blankenagel and Guthrie, 2006, Poon and
Chan, 2006, Cho et al., 2011, Hoyos et al., Puppala et al., 2011, Piratheepan et al.,
2013). In recent years, RCA is extensively being accepted for use in pavement base and
subbase applications (Poon and Chan, 2006, Arulrajah et al., 2012b, Azam and
Cameron, 2012, Gabr and Cameron, 2012). However, the application of blend of RAP
and RCCA in pavement base or subbase as an aggregate has been limited due to the
lack of reported laboratory testing and results from the field testing. Lately, different
combinations of recycled crushed concrete aggregates (RCCA) and reclaimed asphalt
pavement (RAP) aggregates, under cement-treated or untreated conditions, were utilized
to evaluate the applicability of these available materials to a flexible pavement base layer
(Faysal 2017). In his study it was reported that, RAP can be mixed with RCCA up to a
ratio of 50/50, treating with 4% to 6% cement to fulfill the compressive strength
requirement of 300 psi as specified in the guideline of Texas Department of
Transportation. Also, it was indicated that the recycled base materials are an
environmentally sound alternative to virgin aggregates and can be used in pavement
bases or sub-bases layers. A multiple linear regression model proposed by Faysal (2017)
to determine the resilient modulus value from the parameters obtained from the
unconfined compressive strength tests can be very useful in determining the stiffness

parameter of cement-treated base materials.
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2.5 Fine Contents
2.5.1 High Plastic Clay

Introduction

High plastic clay or the expansive clay is a soil that is susceptible to large volume
changes (i.e. swelling and shrinking) that are directly related to changes in moisture
content. Globally, expansive soils create serious engineering problems and economic
losses in at least 19 countries. Damage in the U.S. is generally concentrated in certain
parts of Texas, Louisiana, Mississippi, Colorado, Nebraska, Wyoming, Montana, and
North and South Dakota. In the United States, expansive soils cause $2.3 billion in
damage to roads, houses, other buildings, pipelines, and other structures each year. This
is more than twice the damage from floods, hurricanes, tornadoes, and earthquakes
when combined. The distortion and cracking of highway pavements and buildings which
are caused by the swelling or shrinkage of expansive clay foundation soils create major
engineering problems in Texas, the great plains and western states, and many other
areas of the world. In case of pavements, expansive clays create problems relating the
service life and riding qualities of highway pavements in areas where unsaturated clay

soils and non-uniform rainfall occur.

Figure 2-4 Expansive Clay in North Texas
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Figure 2-5 Frequency of Expansive Soil in Texas

Mineralogical aspect and shrink-swell behavior of expansive soill

Clay particles are very tiny, and their shape is determined by the arrangement of the thin
crystal lattice layers that they form, with many other elements like hydrogen, sodium,
calcium, magnesium and Sulphur which can be incorporated into the clay mineral
structure. The existence and profusion of these dissolved ions can have huge influence
on the behavior of clay minerals. The most commonly found clay minerals are kaolinite,
halloysite, smectite, illite, etc. The soil that exhibits significant potential of shrinking and
swelling contains smectite clay minerals including montmorillonite and bentonite. The
formation of minerals of this type of soil is responsible for the moisture retaining
capabilities. Upon the saturation of potentially expansive soils, more water molecules are
absorbed between the clay sheets causing the bulk volume of the soil to increase or
swell. Likewise, when the water is eliminated by the means of evaporation or gravitational

forces, the water between the clay sheets is released causing the overall volume of the
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soil to decrease or shrink. However, swelling and shrinkage are not fully reversible
processes (Holtz & Kovacs, 1981). The amount by which the ground can shrink and/or
swell is determined by the water content in the near-surface zone. And unless this zone
is extended by the presence of tree roots, significant activity usually occurs to about 3m
depth (Driscoll, 1983; Biddle 1998). Another important characteristic of fine-grained clay-
rich soils is that they can absorb large quantities of water after rainfall, becoming sticky
and heavy. On the contrary, they can also become very hard when dry. This results in
shrinking and cracking of the ground which leads to large differential settlement and
decrease in ultimate bearing capacity. However, as long as the water content remains
relatively constant in the soils with a high expansive potential, they are usually not

problematic. This is generally control by (Houston et al., 2011):

e Soil properties, e.g. mineralogy
e Suction and water conditions
e Water content variations

e Geometry and stiffness of a structure

The changes in water content, or suction (increasing strength of the soil due to negative
pore water pressures) in a partially saturated soil, boost the chances of occurring

damages substantially.

2.5.2 Intrusion of Fines on Base Materials

The base materials may get contaminated during the demolition of old structures, storage
of the recycled materials or during the mixing and construction process itself, as there is
a possibility of soil and other deleterious material getting mixed with these recycled base
materials. However, the intrusion of fines on base materials is mainly due to migration of

fines from the subgrade which may contaminate the base. The possibility of the migration
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of the fines is exaggerated by a) high water table during the rainy seasons, b) the lack of
separating layer between the base and subgrade, c) the degrading subgrade or the use

of a poor quality subgrade.

2.5.3 Effect of Fines on Base Materials

Thom (1988) and Kamal (1993) reported that the resilient modulus is negatively affected
by fines. Resilient modulus generally decreases as the fine content increases. Hicks
(1970) and Jorenby (1986) partially supports this finding as they reported that the resilient
modulus increases at first with the addition of fines but drastically reduces after a certain
limit. Hicks and Monismith found that the resilient modulus decreases as fines content
increases for partially crushed aggregates, but the effect was opposite for fully crushed
aggregates. They clarified that the initial increase of stiffness is due to the displacement
among coarse particles as excess fines are added. This results in the loss of aggregate

particle interlocks and load carrying ability rests only on the fines.

As the base course functions in prevention of pumping, prevention of volume change of
sub-grade, increase in structural capacity and expedition of construction, to accomplish
these functions high density and stability are required. An aggregate with little or no fines
content (Figure 2-6 (a)) gains stability from grain to grain contact. Usually when an
aggregate doesn’t contain any fines it has a relatively low density but is pervious and not
frost susceptible. However, this material is difficult to handle during construction because
of its non-cohesive nature. As shown in Figure 2-6 (b), if an aggregate contains sufficient
amount of fines, it helps in filling all the voids between the aggregate grains and still gain
its strength from grain to grain contact but has increased shear resistance. In this case,
normally the density will be high but the permeability will be low. Although the material is

moderately difficult to compact, it is ideal in the perspective of stability. The material that
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contains great amount of fines, simply float in the soil as shown in Figure 2-6 (c).
Normally density of such material will be low and practically it is impervious is is frost
susceptible. Also the stability of this type of material is prominently affected by adverse
water conditions. Paradoxically, it is easier to handle materials during construction and it
compacts quite readily (Yoder and Witczak, 1975). It may be concluded that with the
increase in fine content, the dry density of optimum moisture content decreases. Also,
aggregate gradation and amount of fines has an implicit consequence on the resilient
behavior of unbound granular bases by affecting the impact of moisture and density of

the system.

(a) (b) (c)
1. Aggregates with no fines  b. Aggregate with sufficient fines c¢. Aggregate with great amount of fines
(Yoder and Witczak, 1975)

Figure 2-6 Aggregate and Fine Matrix

2.6 Pavement Structure
A typical pavement structure consists of superimposed layers of processed materials
above the natural soil sub-grade, whose primary function is to distribute the applied traffic
loads to the roadbed. The ultimate aim of the pavement structure is to ensure that the
transmitted stresses due to wheel load are sufficiently reduced so that they will not

exceed bearing capacity of the sub-grade. Based on the structural performance,
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pavements can be classified as flexible pavement, rigid pavement and composite
pavement. Flexible pavement generally consists of a prepared or stabilized subgrade,
base or sub-base course, and surface course. Flexible pavement has higher deflection at
the edges and lower deflection at the center. Rigid pavement in general consists 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 and
also prevents pumping of the fine- grained soils at joints, cracks, and edges of the slab.
Composite pavement is a combination of both rigid pavement and flexible pavement. A
rigid section is overlain by flexible pavement and includes hot mix asphalt (HMA), open
graded friction course or rubberized asphalt (Potturi, 2006). Typically, a concrete base
layer provides structural capacity while an asphalt surface layer provides a wearing

surface course.

2.6.1 Surface Course
Surface course is the top layer of a pavement structure that is directly in contact with the
traffic wheel load. It is designed to accommodate the traffic load, drainage, resist

skidding, traffic abrasion, and the disintegrating effects of climate.

2.6.2 Base Course

This layer is placed immediately beneath the surface course or on a subbase (if there is
any) or subgrade to provide a uniform and stable support for binder and surface courses.
The base layer typically provides a significant fraction of the structural capacity in a
flexible pavement system. It contributes to additional load distribution and subsurface
drainage. To withstand the high pressure imposed on it, this layer must possess high
resistance to deformation. The key functions of a base course are prevention of pumping,

drainage, prevention of volume change of sub-grade, increased structural capacity and
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expedition of construction. This layer usually consists of high quality aggregates, such as
crushed virgin aggregate, crushed limestone, recycled crushed concrete aggregate and
recycled asphalt pavement (RAP) treated with Portland cement, lime, or other binder
materials. Selection of the base materials is done in accordance with the specification.
Stabilization of the base layer reduces the total thickness of the pavement structure

resulting in a more economical overall design.

2.6.3 Sub-Base Course

This layer is usually beneath the base layer to support the surface and base course. It
consists of a compacted layer of granular material, with or without treatment of stabilizer.
The primary functions of this layer are to provide structural support, improve drainage
and reduce the intrusion of fines from the sub-grade in the pavement structure. If the
strength of the base layer is high enough to sustain the wheel load, then the sub-base
layer is not needed. As it requires less strength, the material quality of the sub-base is

usually lower than the base layer.

2.6.4 Sub-Grade
The top soil or sub-grade is a layer of natural soil prepared to receive the stresses from
the layers above. It is essential that at no time soil sub-grade is overstressed. It should be

compacted to the desirable density near the optimum moisture content.

A typical cross section of a pavement structure is shown in Figure 2-7.
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Figure 2-7 Typical pavement structure (Ordonez, 2006)

2.7 Pavement Design
Depending on the distribution of surface loads, pavement is classified to be “rigid” or
“flexible” or “composite”. Rigid pavements are surfaced by Portland cement concrete
slabs and they endure uniform settlements under loading. Flexible pavements are
surfaced by asphalt concrete, stabilized or bound granular material or granular materials
and their deflection profile show high deflection at the edges and low deflection at the
center. Composite pavements typically consists of both rigid and flexible pavements
usually constructing the flexible pavement above the rigid pavement. The upper flexible
layer functions as a thermal and moisture blanket reducing temperature and moisture
gradients within the rigid pavement section and also decreases deformatio