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SECTION 1 INTRODUCTION

This document presents a catalog of “good practice” recommendations for design features of
highway pavements for highway engineers, administrators, and others in an easy to use
format. This document Is NOT a pavement design manual and must NOT be used for project-
level pavement design. Guidelines are provided for three main site conditions: traffic loadings,
subgrade support, and climate. Based on these inputs, design feature recommendations are
provided in “design celis” including the pavement cross section, structural design, materials,
and other features required to mest minimum performance requirements. This catalog of
recommended pavement design features Is a relatively simple but effective mode of

presentation of an underlying pavement design methodology that includes both empirical and
mechanistic components.

This printed catalog is supplemented by a prototype microcomputer-oriented, knowledge-
based expert system (KBES). The limited prototype KBES provides users with additional
assistance in determining site conditions, a computerized version of the printed catalog, and
limited explanations and background knowledge on the recommended design features to
asslst in difficult design situations (see Appendix H).

There are several potential uses for this catalog, as listed below:

Obtain information on recommended design features for comparative purposes.
Train personnel. '

Update aspects of agencles’ current design procedures.

Review or check current pavement design features.

Remind pavement engineers of design feature alternatives they might consider for a given
set of conditions.

This catalog of recommended design features could be adapted to fit an agency’s own cross-

section designs, thickness design procedure, materlals specifications, mix designs, and other
standards.
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1.1 Description of Catalog

The contents of this Catalog of Recommended Pavement Design Features for highway
pavements Include the following:

»  Recommendad (good practice} design features for highway engineers, administrators, and
others in a format that Is easy to use and understand.

= A model catalog presentation format for potential usage by agencies.

» Recommended consensus on many deslgn features for varying site conditions.

The design catalog is organized into the following sections:

Section 1
Section 2
Section 3
Section 4

Section 5
References
Glossary
Appendices

An introduction to the catalog.

How to use the catalog and design criteria,

Project site condition inputs {climate, traffic, and subgrade).

Guidelines on recommended design features for alternative pavement
structures that will maet the minimum performance requirements of the site
condition cell.

Special subsurface conditions.

Definition of terms used in catalog.
Detalled information on Inputs, design examples, design check models, notes
on design recommendations, and the prototype KBES.

1.2. Scope of Catalog

The catalog provides recommendations on dasign features for highways ranging from heavily
trafficked Interstate and primary highways to secondary highways. The specific pavement
types included in the catalog are as follows:

Flexible Pavements

»  Asphalt concrete pavement with a crushed aggregate base.
®  Asphalt concrete pavement with an asphalt treated base.

= Agphalt concrete pavement with a cement treated base.

Catalog of Recommended Design Features 2 Section 1 Introduction
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m  Asphalt concrete full-depth pavement.

Rigid Pavements

m  Jainted plain concrete pavemeants (JPCP).

= Jointed reinforced concrete pavements (JRCP).

m  Continuously reinforced concrete pavements {CRCP).

This catalog, as it stands, is NOT intended for direct use in pavement design. Design feature
recommaendations are provided in the form of acceptable ranges within each cell of site
conditions and, thus, is NOT suitable for use in design. The catalog will, howsver, provide
recommendations that are adequate to Identify design features for flexible and rigid pavemenis
that will help gutde highway authorities in checking designs to ensure that the proposed design
is within certain bounds of reasonableness that have been established by consensus.

The catalog is applicable io project site conditions and construction practices encountered in
the United States with guidelines provided for the approprlate adjustments for special sub-
surface conditions. In general, the catalog provides ranges of recommended design features
that meet specific minimum performance requirements for a given set of site conditions.

The pavement design dilemma (as stated by a former state pavement design enginger):
“There Is a large amount of knowledge about pavement design available that is not being
used. Much of this knowledge resides with experienced engineers, in FHWA and State
highway agency manuals, pavement performance databases, and in research publications. A
large percentage of experienced engineers and contractors have retired leaving pavement
design and construction to far less experienced engineers. New engineers entering the
highway field often do not have the barest knowledge about pavements, Technical support
from industry has been decreased. Existing design manuals and procedures address
thickness design, but do not directly consider many Important details that affect performance
and future rehabilitation needs. Many of these “details” are specified in agency “standards”
which are seldom improved or updated consistently. This Catalog of Recommended
Pavement Design Features attempts to bring more of the available knowledge directly into the
pavement design process, especially for relatively inexperienced engineers.
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1.3 Basis for the Catalog

The catalog recommendations are based on many sources, however, the most significant
source is the recommendations achieved by consensus of a resource group of pavement
design expenrts from Federal, state, industry, consulting, and academia. The resource group
met for an entire week and debated and revised many proposed recommendations until a
consensus was reached.[1] Contributions were also made by the NCHRP panel based on
raviews of the documents. In addition, use was made of current SHA design practices [2],
FHWA design manuals [20], the 1993 AASHTO Guide for Design of Pavement Structures [3],
and mechanistic-empirical performance models that were used to limit the occurrence of key
distress types for flexible and rigid pavements and adjusted as needed to limit key distress
types within specified performance criteria (see Appendices E and F).

Limitati { AASHTO Guid |
The AASHTO design procedure, used correctly with proper inputs, provides pavement
structures that carry a specified amount of mixed traffic loadings between an initial
serviceability level and a terminal serviceability lavel, at a specified level of design reliability.
The design models are based on data from one climate; thus, the procedure is not directly
applicable to other climatic regions of the country.

Since the AASHTO procedure Is based on full-scale field testing of flexible and rigid
pavements over a 2-year period only, the method does not include “aging” effects beyond two
years. Aging is defined as any process that causes damage (reduction in serviceability) to a
pavement other than traffic loads.

As aging damage ocours, traffic loading may result in more rapid deterioration because of the
existing fractures or softening or disintegration of materials and other sffects (dynamic loads).
The effects of aging are mostly a durability issue and relate heavily to materials selection,
mixture design, and the subgrade. Some examples include the following for all pavement
types: frost heave, swelling soils, sefllements from the consolidation of saturated soils, and
disintegration of any pavement layer from freeze-thaw effects. For flexible pavements
specifically, hardening of asphalt binder resulting in thermal or shrinkage-related cracking,
reflection cracking from treated bases, and stripping of asphalt resulting in raveling, rutting,
and shoving are all examples of aging effects. For rigid pavements, examples include
incompressibles that result in joint spalling, and corrosion of steel that results in various
problems. Material durability problems would include “D" cracking and reactive aggregates.

Catalog of Recommended Design Features 4 : Section 1 Introduction
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None of the AASHO Road Test pavements recelved any maintenance or rehabilitation during
the time they were considered in test. The application of maintenance or rehabilitation may,
therefore, extend the design life of any pavement designed by the AASHTO procedure.

Because of aging effects and possible differences in maintenance, two pavements having the
same design ESAL capacity (either two different flexlble pavements, two different rigid
pavements, or one flexible and one rigid pavement) would not necessarlly perform the same
(i.e. experience the same trend in serviceabllity) if one pavement were tratficked over a 2-year
time period and the other over a 20-year perlod. The pavement trafficked over the 20-year
period may develop a lot of aging damage that could reduce the serviceabllity and cause the
pavement to reach a terminal level long before the design traffic was applied. Maintenance or
rehabilitation may be needed to extend the pavement's life until it carries the design traffic.

Structural Sections in this Catalog

This catalog has attempted to overcome these limitations through the use of considerable
engineering experience and mechanistic-empirical modsls to check the designs. Appendix A
of reference 1 and Appendix G provide information on the consensus building process.

This catalog provides structural sections that are expected to carry a specified amount of
mixed traffic that has been projected to occur over a given design period within selscted
performance criteria. Differing amounts of maintenance and rehabilitation may be required to

reach the end of the design period, and of course life-cycle costs may vary between structural
sections,

1.4 Advantages and Limitations

antage a Catalog of Recommended Pavement Design Featt
Ease of obtaining design features. The catalog requires obtaining inputs for future traffic
loading, subgrade support, and climate. These inputs are used to identify the appropriate
catalog design cell of site conditions. Section 3 and Appendices A, B, and C provide guidance

on obtaining these inputs. Within each design call, recommended design'features are
provided for sach pavement type.

Technology transfer. The catalog of recommended design features Is a good tralning too! to
lsarn more about pavement design.
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Improvement of the efficiency of the pavement design process. All information required is
included in a single document, which may lead to some efficiency. A computerized KBES has
the potential for even greater efficiency in design by making more information and explanations
easily avallable.

Check of pavement designs. The catalog can be used to check designs {o see if they meet
minimum performance criteria.

Enhanced pavement desigh communication with administrators and construction
personnel. This is a distinct advantage of a design catalog due to its graphical display of
design featuras for each cell of site conditions. '

As a long-range planning tool for roadway management. The catalog can be used as an
expedient method of developing approximations of pavement construction/reconstruction
costs. This application could be especially usseful to the local resident enginser who has little
pavement design expertise available. Such approximate design shouid never be used for
actual construction without prior review by a pavement design engineer. -

isadvantages of A "Customized” Agency Pavement Design Catalog

Gives engineers and management too simplified a view of design. Because the catalog of
recommendad designs is in a relatively simple presentation format, it may give a false
impression that pavement design is a relatively simple activity, even though the catalog can
represent any underlying design procedure no matter how sophisticated or compiex. The user
is strongly cautioned that pavement design is not a simple engineering activity. Itis very
complex and there are many details that if not properly chosen, can lead to premature and
rapid failure. This document is NOT a pavement design manual,

Provides new engineers with a false sense of security. New engineers may think that
pavement design is as simple as the catalog format, and may be tempted to make decisions
without adequate guidance or experience. Pavement design requires a detafled and
comprehensive process. This catalog provides guidance on recommended ranges of design
features for given site conditions that are useful in checking designs.

Catalog of Recommended Design Features [ Section 1 Introduction
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SECTION 2 GENERAL INFORMATION

2,1 How to Use the General Catalog

This catalag is NOT suitable for pavement design, but it can be used for training personnal,
comparing design agency features with the recommended features in the general catalog
under the same design cell, updating certain aspects of an agency’s current design procedure,
and approximate checking of pavement designs.

For exampls, the process of using this catalog to check an agency design can be summarized
as follows:

Select pavement type to be checked.

2. ldentify the site condition deslgn cell for the project under consideration through estimation
of traffic, subgrade, and climate inputs.

3. Obtain the recommended design features from the design cell.
Compare each of the recommended design features in the catalog with those of the
pavement under design and identify any feature that is significantly different.

5. Investigate the reasons for significant differences between the design features. Assess
the consequences of any difference, and madify the design if a deficiency exists.

2.2 General Design Criteria

There are general criteria common to each pavement type that must be considered during the
design of the pavement. They include items such as design life, design reliability, performance
criteria (initial and terminal serviceability, maximum rutting [flexible only], fatigue cracking, joint
faulting [rigid only], deteriorated transverse cracks [JRCP only] and punchouts [CRCP only]),
number of traffic lanes, width of traffic lanes (and slabs) and shoulders, cross-slope, curb and

gutter, and others. Tha genefal design inputs used in this catalog are discussed in this
section. '
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Besign Lite

Design life must be specified so that traffic loadings ¢an be estimated over this period. This
catalog uses the number of equivalent 18-kip single axle loads (ESALs) over the design life as
the traffic loading input. The design life commonly used ranges from 10 to 50 years, however,
the impact of materials durability should be fully considered (i.e., if a given material has a
durability life of only 20 years, then this should be the design life.)

Design reliability varies with traffic level as shown in table 1. Overall standard deviations
include both performance and traffic uncertainties: 0.48 for flexible pavements is
recommended; 0.39 for rigid pavements is recommended.

Initial and Terminal Serviceability (Smoothness)*
Initial serviceability: 45
Terminal serviceabillity: 2.5 minimum

Other Suggested Performance Criteria Used for Checking Designs*

Fatigue cracking ACP: 45 percent of the whesl path area maximum.
Rutting ACP (mean). 0.5 in maximum.

Slab fatigue cracking JPCP: 50 percent slabs maximum.

Slab crack deterioration JRCP: 25 deteriorated transverse cracks/mile maximum.
Joint faulting JPCP {mean): 0.10 in maximum.

Joint faulting JRCP {mean): 0.20 in maximum.

Localized failures {punchouts in CRCP): 5/mile maximum.

Table 1. Recommended levels of design reliability.”

Flexible ESALs (miliion) Rigid ESALs (million) Design Reliability
<1.0 <1.5 75
1.0-2.0 1.5-3.0 85
2-4 ' ' 3.0-6.0 90
>4 >6.0 95

* Note: All items marked with an asterisk (*) were achieved through consensus. See appendfx
G for further information.

Catalog of Recommended Design Features 8 . Section 2 General Information
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SECTION 3 PROJECT SITE CONDITION INPUTS

This section provides guidelines for the determination of traffic loadings, subgrade and climatic
site condition inputs. Recommended pavement design features are keyed to these site
condition inputs. For a given project site, traffic and subgrade site conditions identify a unique
"design cell” in the factorial matrix in Section 4. Climatic site conditions are included within
design cells for specific design features that vary with climate, and they are part of determining
the recommended subgrade input {through seasonal weighting). Pavement design feature
recommendations can then be obtained for the identified site condition cell.

3.1 Traffic

General .

Repstitive traffic ioading is an important factor in establishing the pavement design features.
Pavement damage from traffic loadings depends on many variables, including: types of axles,
weight distribution of each axle type, speed of loading, tire characteristics such as air pressure
and type {(dual or wide single}. Over time, other factors include the rate of growth of truck
volume, changes in axle types, growth In axle weights, directlonal distribution of trucks, lane
distribution of trucks, and tateral distribution of trucks within lanes.

Equiv in xle L

A large majority of the SHAs use the 80-kN (18-kip) equivalent single axle load (ESAL) to
characterize traffic loading [2] and it has become widely used. ESALSs actually represent the
number of axle loads, weighted by equivalency factors derived at the AASHO Road Test. [3)

The main factors that are taken into account in ESAL calculation over the design period
Include the following: |

m  Average daily traffic (ADT).

®m  Average dally truck traffic (ADTT).

= Truck volume growth rate.

= Weight and number of each axle type.
w  Truck weight growth rate.

Catalog of Recommended Design Features 9 Section 3 Project Site Condition Inputs



m  Directional distribution for truck traffic .
m Lane distribution for truck trafiic.

The total number of predicted future B0-kN (18-kip) ESALS In the design lane over the design
period is the traffic input that defines the design feature cells. Table 2 shows the traffic loading
ranges selected for the design feature calls of this catalog.

Table 2. Traffic ranges for factorial matrix (note: the comparison of flexible and rigid
ESALs are very approximate and are only intended for illustration, they must be
computed individually for the traffic stream under consideration).

ESAL Ranges For Design, millions
Flexibie Pavements Rigid Pavements
05-1 0.75-15
1-2 1.5-3
2-4 3-8
4-8 6-12
8-12 12-18
12-20 18- 30
20-36 30-54
36 - 60 54-'90
60 - 100 90 -150

The different design ESAL traffic levels for flexible and rigid pavements are a result of the
differences between the AASHTO equivalency factors [3] for flexible and rigid pavements used
to calculate 80-kN ESALs from the exact same mixed traffic stream. This meahs, for example,
that a flexible pavement design for 20 million flexible ESALs would show approximately the
same [oss of serviceability as a rigid pavement designed for 30 million rigid ESALs for a typical
axle load distribution. Thus, the design of a flexible pavement requires the computation of
“flexible” ESALs and the design of a rigid type pavement requires the computation of “rigid”
type ESALs separately.

Calalog of Recommended Design Features 10 Section 3 Project Site Condition Inputs
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Procedures For ESAL Estimation
Computation procedures for design ESALs are provided in appendix A. Total ESALs over the
design period can be estimated using varying levels of complexity. A relatively simplified

method is provided in appendix A. A more comprehensive method Is provided in appendix D
of the 1993 AASHTO Design Gulde.[3]

n  Simplified Approach: The total design ESALs are estimated by multiplying the total
number of trucks (over the design period) by a mean truck equivalency factor (18-kip
ESALs/truck) that represents all trucks for the highway class under consideration. This
method is very approximate in that the mean truck equivalency factor represents an entire
highway class and pavement type, is not site specific, is assumed to be constant over
time, and does not consider vehicle classifications for that site.

Note that a more comprehensive method would be to estimate the mean truck equivalency
factor for each of the FHWA fruck classifications for the highway class, and then use these .

values along with site spacific vehicle classifications for the project under design to
estimate the total design ESALs. '

m Comprehensive Approach: The axle [oad distributions (numbers and weights) of single,
tandem and tridem axles must be known (as can be obtained from weigh-in-motion
equipment). This data is converted to total design ESALSs through use of the axle load

equivalency factors obtained from the AASHTO Design Guide and truck volume growth
factors.[3]

The use of site specific traffic classification and weigh-in-motion axle weight distribution data
will provide for greatly increased accuracy in estimating the design ESALs.

3.2 Subgrade

Proper preparation of the subgrade is extremely important to a long lasting and well performing
pavement. Therefore, this catalog emphasizes this aspect by providing detalled guidelines on
achieving an adequate subgrade on which to build the pavement structure. These guidelines,

which discuss subgrade preparation, improvement, swelling solls, frost heave, and other
aspects, are given in Sections 4 and 5.
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This section describes the specific inputs for the structural design of the pavement. The
stiffness of the subgrade under repeated loading is an important factor related to pavement
performance and, thus, is an essential input to this pavement design catalog. The design
inputs required to characterize the subgrade for structural design include the following:

m  Resilient modulus (laboratory value) for flexible pavements—seasonally weighted
m  Elastic k-value for rigid pavements—seasonally weighted.

Several methods to estimate these Inputs are provided in this sectlon. The required input is
the mean seasonally weighted effective resllient modulus or elastic k-value consistent with the
AASHTO Design Guide.[3] Climate is thus considered through seasonally weighting these
values,

Resilient Modulus For Flexible P t Desi |
The laboratory resilient moduius of the subgrade soil is used to represent the modulus of
elasticity of the top of the finished roadbed soll or embankment upon which the subbase, base
and/or asphalt or cement treated bases will eventually be constructed. This input is consistent
with the laboratory determined restlient modulus required in the AASHTO Design Guide.[3]

Table 3 provides a summary of the range of laboratory resilient moduli that are typical for
different types or groups of soils. The design subgrade laboratory resilient modulus required
for use of this catalog can be estimated by different methods. Detailed procedures are
provided in Appendix B.

n ETHOD A - i i LT il Pr: i n . The

laboratory resilient modulus can be estimated from previously developed correlations
using soil classification data, dry density, CBR, R-Value and other physical property tests.
The resilient modulus can then be seasonally weighted. See Table 3.

N - Deflecti i B i i l
Modulus of the Subgrade. This is the most commonly used method, because many tests
can be conducted along a roadway and these tests are conducted on the in situ pavement,
The resilient modulus or equivalent elastic moduli are computed at each test point, and
averaged along each design saction. The backealculated resllient modulus must then be
converted to a laboratory resilient modulus (appendix B) and seasonally weighted before
use in this catalog. For new designs, the pavements and subgrade soils tested must be
similar o the conditions expected after construction.

Catalog of Recommended Design Features 12 Section 3 Project Site Condition Inputs
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Samples of the Subgrade Soils. Repeated load triaxial compression tests perfarmed in
accordance with AASHTO T294-92 {Resilisnt Modulus of Unbound Granular
Base/Subbase Materials and Subgrade Soils —SHRP Protocol P46) or other equivalent
procedures are used to determine the laboratory resilient modull of the subgrade soils for
the agsociated pavement struciure. The specific procedure Is summarized in Appendix B.
This mathod is not often used by highway agencies due to its high cost, time requirements,
and predictions of seasonal variations under the pavement. This value must also be
seasonally weighted.

All three methods can be used for both new construction and reconstruction of existing
roadways. However, Method B is primarily used for reconstruction and Method C for new
construction. Method A, based solely on correlations, is the least accurate, while Methods B
and C raquire much more effort, but are more accurate and reliable.

The elastic modulus of subgrade reaction (k-value) is defined as that measured or estimated
on top of the finished roadbed soil or embankment upon which the subbase, base and/or
concrete slab will eventually be constructed. Note that the elastic k-value used in this catalog
for design is that of the subgrade; it does not represent the composite “top of the base course”
k-value. The effect of the base course on increasing the k-value was already considered in
determining the recommended slab thicknesses provided in the catalog. -

The k-Value input defined. The mean static elastic k-value on top of the subgrads or
embankment is the required design input. Only the elastic component of this deformation is

considered representative of the response of the subgrade to moving traffic loads on the
pavement.
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Section 3 Project Site Condition Inputs



Table 3. Recommended laboratory resilient modulus and elastic k-value ranges for
various soil types. |

AASHTO Description Unified | Dry Denslty CBR K-value Lab Resilient
Class Class (Ib/ft%) (percent) {pstin) Modulus {psl)

Coarse-grained solls;

[S—

A-1-a, well 125-140 | 60-80 | 200-450 | 10000 - 20000
gradad gravel Gw, GP
A-1-a, poorly 120-130 | 35-80 | 300-400 | 10000 - 20000 )
graded
Alb coarse sand SW 110-130 | 20-40 | 200-400 8000 - 15000 i
A3 fine sand SP 105-120 | 15-25 | 150-300 5000 - 12000 |

A-2 solls (granular materials with high fines):

A-2-4, gravelly silty gravel GM 180 - 145 40-80 | 300 - 500 10000 - 30000 ]

A-2-5, gravelly silty sandy gravel

A-2-4, sandy silty sand SM 120-135 | 20-40 | 300-400 | 10000 - 20000 3

A-2-5, sandy silty gravelly sand

A-2-8, gravelly clayey gravel GC 120 - 140 20 - 40 200 - 450 2000 - 20000
A-2-7, gravelly clayey sandy
gravel . ;
A-2-6, sandy clayey sand 1
SC 105 - 130 10-20 150 - 350 5000 - 15000
A-2-7, sandy clayey gravelly _
sand ?
Fine-gralned soils:*
silt 90-105 | 4-8 25 - 165 2000 - 5000 |
A4 ML, OL /
silt/sand/ 100 - 125 5-15 40 - 220 4000 - 8000
gravel mixture ' ?
A-5 poarly graded MH 80 - 100 4-8 25-190 2000 - 8000 ,:
silt
A-8 plastic clay cL 100 - 126 5-15 25 - 255 2000 - 10000 )
]
. >
A-7-5 moderately plastic CL, OL 90-1256 4-15 25-215 2000 - 10000
elastic clay ]
A-7-6 highly plastic CH, OH 80 - 110 3-5 40-220 .| 4000 - 10000 o
elastic clay

* Elastic k-value and resilient modulus of fine-grained soil are highly dependent on degree of saturation.
1 b/t =16.018 kg/m®, 1 psifin = 0.271 kPa/mm
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Steps in determining design k-value. The mean elastic k-value (seasonally weighted) input
required for this design method is determined by the following steps. Detalled procedures are
provided in appendix B.

Step 1. Estimate a mean subgrade k-value for each season, using any of the following three
methods, or a combination of these methods.

Method A Correlations with soil type and other sail properties or tests. Subgrade k-
value can be estimated using soil classification, moisture level, dry
density, CBR, or Dynamic Cone Penetrometer (DCP) data. See Table 3.

Method B Deflection testing (Falling Weight Deflectomater) and backcalculation of
subgrade k-value. This Is the most highly recommended method because
many tesis can be conducted along the project, the k-value is readily
computed at each test point, and it s conducted on the in situ pavement.
The static elastic k-value used in this catalog is determined by dividing the
FWD backealculated value by 2.[4]

Method C  Plate bearing tests on the subgrade. Repetitive static plate loading
(AASHTO T221, ASTM D1185) or nonrepetitive static plate loading
(AASHTO T222, ASTM D1196) may be used with specific k value
computation procedures. This method Is rarely used due to its excessive
cost and time requirements.

A combination of Methods A and B usually provide the most effective method to

estimate seasonally weighted elastic k-values.

Step 2. Determine a seasonally adjusted effective k-value. The effective k-value Is abtained
by combining the seasonal k-values into a single “effective” value for use in design.[3]
Step 3. Adjust the seasonally adjusted effective k-value for effects of a shallow rigid layer, if

present, andfor an embankment of better materlal above the natural subgrade, If

present. This step Is only needed If k-value was determined using Method A

(estimated using soil type or tests).

Note that this catalog utilizes the mean elastic k-value of the subgrade along the project, not
the lowest value measured or some other conservative value. A large variation In subgrade
soils is often a major problem faced in pavement design. The data should first be scrutinized
for outliers or errors. |f the data shows a significant change in k-value throughout the design

project, then it may be cost-effective to divide the project into two or more lengths for pavement
design.
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sSummary

Subgrade preparation and/or Improvement is very important for a well performing pavement.
Guidelines for subgrade preparation are given in Sections 4 and 5. Uniformity is perhaps
the most important aspect of all in the upper portion of the subgrade relative to textural
classification, moisture, and density.

itz i

A s, s

Specific subgrade Inputs to the structural design include the laboratory resilient modulus and
the elastic k-value, which are used to characterize the subgrade support for flexible and rigid
pavements, respsctively, in the design cells. Both the laboratory resllient modulus and the
elastic (static ) k value can be estimated using different procedures as described. Table 4
shows the ranges for subgrade support selected for use in this catalog.

Table 4. Subgrade support values for factorial matrix (note: the comparison of resilient
modulus and k value are very approximate and must be determined separately.

Resilient Modulus Elastic k-Value
(Lab test), Rigid Pavement General
Soil Class Flexible Pavement Design, psifin Description
Design, psi ]
Very Soft <4,500 <100 Silts and/or clays of high .
(3,000 midpoint) (75 midpoint) plasticlty 1
Weak-Fair 4,500-12,000 100-200 Clay silts or silty-sandy
{5,000 and 9,000 {150 midpoint) clays of moderate )
midpoints) plasticity
Strong >12,000 >200 Clayey, silty sands }
{14,000 midpaint) (300 midpoint) and/or gravelly clays,
sands, gravels }
|
i
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3.3 Climate

An important but complex factor that affects pavement performance is climate. This is
espacially true in the United States, which is a very large country that encompasses a wide
range of climates. To select the variables for characterization of the effect of climats and to
select the levals of the variables to use In the catalog, several pavement studies involving a
factorial matrix design were reviewed, including the Long-Term Pavement Performance
(LTPP) study [5] and the Moisture Accelerated Distress (MAD) identification study [6]. The
pavement deslgn practices of several State highway agencles {SHAs) were also examined [2].

Climatic Factors
The climatic factors that were identified for use in characterizing climatic conditions include the
following:

= Freezing Index (degree-days below freezing, frost action, frost heave).
»  Average annual maximum daily temperaturs.

= Average annual minimum daily temperature.

= Number and length of freeze-thaw cycles.

m  Average daily high temperature during the month of construction.

m  Average low temperature for the coldest month of the pavement life .
Average annual frost depth.

Annual or monthly precipitation.

Thornthwaite Molsture Index .

Concentration of summer thermal efficlency (C.S.T.E.).

Days of precipitation greater than 0.01 inch.

i f ic Vari
Evaluation of the information obtained indicated that practically all temperature-related
variables are strongly correlated (i.e., annual temperature correlates strongly with the freezing
index). Similarly, many moisture-related variables are correlated (i.e., annual precipitation
correlates strongly with the number of days of precipitation greater than 0.01 inch). These
correlations are given in appendix C. Therefore, because of these strong correlations, it is
possible to select general ciimatic zones based on temperaiure and moisture variables that

can be considered for a reasonable representation of the effect of climate on pavement design
and performance.
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Four Climatic Zones
The four climatic zones used in the LTPP studies were selected to characterize climatic effects
(see figure 1). Typical climatlc varlables for the climatic zones are glven in table 5.

Table 5. Typical climate factor levels for the LTPP climatic zones.

Climatic Variable
Cg?:;ic Fr'g::i?'lg Mean Monthly Temp. | Mean {-\nnual
Index* Temp, °F Range, °F Precip,, in
Wet-freeze 200 to 1,000 52 82 33
Dry-freeze 200 to 1,000 45 70 15
Wet-nonfreeze 0 66 63 49
Dry-nonfreeze 0 66 68 16

*  Degree-days F below freezing.
**  Difference between mean maximum monthly July temperature and mean minimum
monthly January temperatura.

Climate Effects on Pavement Designs

Climate effects on flexible and rigid pavement structural designs are directly considered
through the seasonally adjusted resilient modulus and elastic k-value which are the required
subgrade input. For example, for the same soll resilient modulus or k-value at a given
moisture content and density, projects located in areas with deep frost penetration would have
lower seasonally weighted effective values, and thus, the pavement structure would be
increased. '

Climate effects on other flexible and rigid pavement design features are considered within
each of the design cells through the climatic zones. For example, the following design features
vary by climatic zone: maximum joint spacing for JPCP, asphalt binder selection, subdrainage
design, material requirements, reinforcement content for JRCP and CRCP, and provision of
non-frost susceptible layers.

Catalog of Recommended Design Features 18 Section 3 Project Site Condition Inputs
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. Figure 1. SHRP/LTPP climatic zones.

[Z]- Wet-nonfreeze
[H]- Wet-freeze
--.|- Dry-nonfreeze
[]- Dry-freeze

LTPP Boundaries
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3.4 Recommended Design Site Condition Cells

Based on the classes of subgrade support (weighted by climatic season) and traffic loading, a
unique design site condition cell can be defined for a given project site. Within each design
cell the climatic zone may be directly considered for various design features, such as asphait
binder sslection, maximum joint spacing for JPCP, etc. The recommended design features
: provided in this catalog are keyed to those cells. Design examples are given in appendix D.
Materials requirements are described In Sections 4A, 4B, and 4C for each pavemant type.
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SECTION4 PAVEMENT DESIGN FEATURE
RECOMMENDATIONS

Section 4A Flexible Pavements

The recommended design features for flexible pavements are presented in this section. The
catalog recommendations are based on many sources, however, the most significant source
was the recommendations achieved by consensus of a large group of pavement engineers
from Federal, state, industry, consulting, and academia.[1] In addltion, use was made of
current SHA design practices [2], FHWA Pavements Notebook [20], the 1993 AASHTO Guide
for Design of Pavement Structures [3], and selected mechanistic and empirical performance

models ta limit the cccurrence of fatigue cracking and permanent subgrade deformation (See
Appendix E).

The sections included are as follows:

m  Section 4A.1  Flexible Pavement Cross Sections and Shoulder Design Features

m  Saction 4A.2  Flexible Pavement Structural Design Features for Site Condition Cells
m  Section 4A.3  Material Design Features for Flexible Pavements

m  Section 4A.4  Selection of Binder for Bituminous Mixtures

m  Section 4A.5  Base Drainage for Flexible Pavements

m  Section4A.6  Joint Construction in Placing Hot-Mixed Asphalt Cancrete Mixtures

4A.1 Flexible Pavement Cross Sections and Shoulder Design

Features

The cross section of a highway pavement is made up of several elements, each varying with

the type of highway facility needed to fuffill the needs of the section under cansideration. Both

urban and rural sections of highway are considered as the typical section varies with the
.service to adjacent development, costs, right-of-way acquisition, traffic volumes, access
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control, and pedestrian activities. Table 6 pravides a summary of the cross-sections that are
considerad appropriate for each traffic lovel.

Pavement Cross Sections

Cross sectional design elements include pavement and shoulder cross slopes, lane and
shoulder widths, side slopes, and curbs. Figures 2 through 13 show typical cross section
design features for flexible pavements. Drainage considerations are shown in the cross-
sections as optional, because these features are site dependent. Refer to Section 4C for
specific details regarding drainage recommendations for each pavement cross-section,

As shown in the pavement cross sections, the underlying pavement base, subbase and
improved subgrade layers should be extended beyond the edge of the outside or traffic lane.
The reason for extending the underlying structure Is to reduce the moisture change potential in
the supporting subgrade soiis that are highly expansive; thus, reducing the occurrence of
longitudinal edge cracking in the travel lanes (requiring maintenance) from the shrink and swaell
of the soils along the pavement's edge. The benefit of this practice is the significant reduction
or elimination of the need to seal the longitudinal edge cracks and the acceleration of fatigue
cracks caused by edge cracks. This Is discussed in more detail in Sectioh 5.

Although moisture variations can and do occur beneath pavement structures in all areas of the
United States, those areas with large differences in seasonal rainfall amounts are known to
have greater fluctuations in the moisture content of the supporting subgrade salls. These
arsas are those with low to relatively high amounts of rainfall (10 to 40 inches). Table 7
provides the minimum desirable added width of the underlying layers In environments and
conditions where significant moisture variations are expected to oceur.
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Table 6. Alternate cross-sections and shoulder types considered appropriate for the
different traffic classifications used for structural design of flexible pavement.

Highway Classification
Rural Urban
Flexible
ESAL Surtace Cross Slope
Ranges for Crown Unltorm Crown Unlform
Deslgn
9 Shoulder Type
Mililons
Sod/ Gravel Strlace Paved Sod Gravel Surl, Paved Ne Pavad No Paved
Ttil'_ Troatment Turl Troatment Shoukder Shoulder
<1.0 v v v v () v v v v
25 2
1020 BA v | v | v | v |v v |
20-4.0 A v | v | v | v v | v v v
4080 22222 N4 v v v v v v v
4 7573107 AR AR
80120 v B 722724 v v v v
A AR 2RI RARARAAA
A SAAAR 4 ARAARAA 1oesect.
12.0-20.0 % 4 sl v B v B v
¥y A
ERLEARKA ARAAARS
20.0-36.0 v ol v R v e
5% ‘1?;;%”#% 22207 17220277 RCRALA
36.0-60.0 4 ’ v {I, % 59555554 v B v B s
RS ARRARAA [SERRTA AR
60.0-100.0 [ _:_ v B '?,;’ 257 5?25’ s BassA s :""’QM@ s
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Table 7. Recommended minimum widths to extend the underlying layers beyond the
pavement's edge.

R

L
Minimum Desirable Added Width or }
Plastlcity Extension, ft .
Soil Type 3
Index Annual Rainfall Annual Rainfall ]
10 - 40 in <10 0or >40in
Gravely and sandy soils and 0-20 1 1 a
low plasticity slits & clays
Inorganic silts and clays of 5-20 2 1 ﬁ
low to medium plasticity, '
lean clays, and organic silis 20-30 3 1 ]
and silt-clays
Inorganic and elastic silts, 36-40 4 2 ;
inorganic clays of medium to 3
high plasticity, fat clays, and
organic clays of medium to >40 6 3 J
| high plasticity ;
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Turf or Sod Shoulders

Rural Roadways
Site Condition Cells 1-4
6- 8 in. Compacted Turf or Langitudional Construction Jolnt
Sod Shoulder 12 £t 12t 6-8 in, Compacted
(See Secton 4A.1) ot Traffic Lane TrafficLane g Twf ot Sod

Shoulder

| L]
™ Traffic Pain
f Strlpe:_\
- Slope Slope I

Avpeinalt Conerete Surface [ 0= Dsign Thhic nov ¥

ranular or Treated Base Material

AUARENIN A RSN IRIH T A
ed Sub When Requiredigi)
BT

Natural Subgrade / i

Variable Added

Longitudinal drain
(when required, ‘ Width of
see Section 4C) Subaurface Layers
| SeeTable?. |
-
Figure 2, Crowned Surface
(Two Directional Traffic) with Tutf or Sod Shoulders
Figure 2. Crowned surface (two directional traffic).
Turf or Sod Shoulders
Rural Roadways
Site Condition Cells 1-4
“ohgmel g e GetinConed
| Shoulder 26  TrafficLane | Shoulder
i - (See Section 4A.1)

1= Lot

W]
Thichnee,  Asphag <

Variable Added

Width of

Subsurface Layers (when required,
See Table 7. see Section 4C)

Figure 3. Uniform Surface
(Two Directional Traffic) with Turf or Sod Shoulders

Figure 3. Uniform surface (two directional traffic).
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Gravel Shoulders

Rural Roadways
‘ Site Condition Cells 1-12
Gravel Longitudional Construction Joint
Shoulder 12 12 £t Gravel
(See Section 4A.1} Traffic Lane TrafficLane o Shoulder
28 2R

=~ Traffic Pain
! Slﬂpe:_\
Slope ——

Asphalt Conerele sutbace | U= Design 1hj

hiess Y

ranular or Treated Base Material

et A I
&Im ed Subgrade When Re:
; E%_ﬁs‘ﬂm T T

Longitudinal drain

(when required,
see Section 4C)

\ Natural Subgrade /

"Variable Added
Width of
Subsxface Layers

See Table 7.

Figure 4. Crowned Surface
(One or Two Directional Traffic)
with Gravel Shoulders

Figure 4. Crowned surface {one or two directional traffic).

Gravel Shoulders
Rural Roadways
Site Condition Cells 1-12

Grave] Shoulder 124t 126t Gravel Shoulder
| lzftl Traffic Lane | Traffic Lane lzft (Gee Section 4A.1)

\
Thichners  Aspluglg g J
Tace

Variable Added

Width of
Subgurface Layers (when required,
See Table 7, see Section 4C)

Figure 5. Uniform Surface
{One or Two Directional Traffic) with Gravel Shoulders

“Figure 5. Uniform surface (one or two directional traffic).
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Surface Treatment Shoulders

Rural Roadways
Site Condition Cells 1-16
Longitudlonal Constructon Joint

Bltuminous Susface /
Treatment Shoulder 12t 12 ft Bituminous Surface

(Jee Sectlon 4A.1) 21t Traffic Lane Traffic Lane 2 ﬂ Treatment Shoulder

[
* — Ttafﬂc Pain ’
! Stripes ’_\
Granular Base - Blope Granular Base

Asphalt Concrete Swnface U= Desigy: lhld\mss

raniular or Treated Bage Material

irEnt o iﬂlﬂl‘lﬂlﬂﬁ"!ﬂ!&ﬁ'ﬂ i
Natural Subgrade

Longitudinal drain Variable Added
(when required, Width of
see Section 4C) Subsurface Layers
| SeeTable?,
Figure 6. Crowned Surface ! i
{One or Two Directional Traffic)

with Bituminous Surface Treatment Shoulders
Figure 6. Crowned surface (one or two directional traffic).

Surface Treatment Shoulders

Rural Roadways
Site Condition Cells 1-16
Bituminous Surface
Treatment Shoulder 124t 121t Bituminows Surf;
t 26ty Tefficlane | Tnafficlane 2y o o holder

(See Gection 4A.1)
Granular Base

Granular Base

Variable Added Longitudinal /
Width of Draln _
Subsurface Layers (when required,

See Table 7, see Section 4C)

Figure 7. Uniform Surface
(One or Two Directional Traffic) with Bituminous Surface Treatment Shoulders

Figure 7. Uniform surface (one or two directional traffic).
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Paved Shoulders
Rural Roadways
Site Condition Cells 1-36

Longi onstructon Joint
Asphalt Concrete Paved gitudional C n Jo
Shoulder 121t 12t Asphalt Concrete Paved

{See Sectlon 4A.1) oft TrafficLane TrafficLane 34 Shoulder
| Wi

== Traftic Pain

Slope ___

Anpinall Conerele Surfate | ! = Pesign Thict,, 35

ranular or Treated Base Material |
INTHER TR
Subﬁade ‘When Required!
frqt Lol wmmmmgm“;%gm

) Natural 8ubgrade / o :

Longitudinal drain ’ Variable Added

whet required Width of
iee Secli:)ln 40) Subsurface Layers
Bee Table 7.

Figure 8. Crowned Swface
(Ome or Two Directional Traffic)
with Paved Shoulders

Figure 8. Crowned surface (one or two directional traffic).

Paved Shoulders
Rural Roadways
Site Condition Cells 1-36
Asphalt Concrete 121t 12ft

Asphalt Concrete
Paved Shoulder
(See Section 4A.1

ll'aved .‘}lumldex-lzﬁT

Traffic Lane | Traffie Lane

Subsurface Layers
See Table 7, see Section 4C)

Naote: Edge Taper with a Hydraulic Screed extension can be used to
place a variable width shoulder with a different cross-slope.

Figure 9. Uniform Surface
{Ome or Two Directional Traffic) with Paved Shu_ulders

_Figure 9. Uniform surface (one or two directional traffic).
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Urban Roadways
Site Condition Cells 1-20

PCC PCC
Curb & Guiter Curb & Gutter
T I
ype Variable Width Jypel

| -y .
Varlable Width Median (If Required) ‘

 Traific Lane | Traffic Lane ‘71———-Trafﬂnl’aint8h*ipes
| L

I Slope

\sle alt Conviele Surlace = D "lbl" ”mkm.s:,

ranular or Tieated Base Material

BN i3 =) g

ed Suhﬂ‘ade When Reguired|5iy m i

] T A T Y T '='.'i i
Natural Subgrade

Variable Added
Width of

Figure 10a. Crowned Surface with Curb & Gutter g‘::fr‘:ﬁ:;h}’m
{Two Directional Traffic) without Paved Shoulders -

Figure 10a. Crowned surface with curb & gutter (two directional traffic).

Urban Roadways
Site Condition Cells 1-20
e rcc
Curb & Gutter Curb & Cutter
Tfpf_l_ Variable Width - ‘Typrell
_ Traffic Lane ;| I
Slope Slope _

Asphalt Concrele Switace )

ranular or Treated Base Material

1= legn!hltl\lwss i
Y

l.m mvedﬁub deWh IR «
gﬁgpwmwmwm PEEI

Natural Subgrade

Varlable Added
‘Width of

Figure 10b, Crowned Surface with Curb & Gutter Subsurface Layers
(One or Two Directional Traffic) without Paved Shoulders

Figure 10b. Crowned surface with curb & gutter (one or two directional traffic).
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Paved Shoulders
Urban Roadways
Site Condition Cells 1-36
PCC PCC
Curb & Gulter Curb & Guiter
Trpel " Variable Width Typel
Asphalt : Asphait
Concrete Concrete
| o Shonlder _| ‘ o Shoulder |
Asphalt Conrele Surface : b= Design 11'14:“7[“:«.
EI_ ﬁmtrmammmmwggﬁﬁ\_ﬂ, i . i e i I§ 7
Natural Subgrade i ﬂhﬁ.} tlimﬁi EHDWMHF il
Varlable Added
Wwidth of
Figure 12. Crowned Surface with Curb & Gutter Subsurface Layers

{One Directional Traffic) with Paved Shoulders

Figure 11. Crowned surface with curb & gutter (two directional traffic).

Paved Shoulders
Urban Roadways
Site Condition Cells 1-36
PCC rece
Curb & Gutter Curb & Guitex
Trpel Varable Width Typel
Asphalt Variable Width Median (If Required) Asphait
Concrete - - Traffic Concrete
Shoulder | Traffic Lane T /_ Paink , Shoulder

Stripes

Asphall Conarete Smlm \-'5 Hm;‘.w“ #

anular or Treated Base Material C

Emﬂiﬂn;g.ﬁi;m:!nmm%emmmmﬁf E

Natural Subgrade

Varlable Added
‘Width of

Subsurface Layers
See Table 7.

Figure 11. Crowned Surface with Curb & Gutter
(Two Directional Traffic) with Paved Shoulders

_Figure 12, Crowned surface with curb & gutter (one directional traffic).
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Paved Shoulders

Traffic Paint
Stripes

Urban Roadways
Site Condition Cells 1-36
i Asphalt
rCC Concrete 124 124
Curb & Gutter  Paved Concrete
Typer| | ghoulder |20y | Tofficlane || Teffetane pfy wwed
Slope | {See Section | Cwrb & Gutter
-

4AT) Typel

oo

Varable Added
Width of !
Subsurface Layers
See Table 7.

Note: Edge Taper with a Hydraulle Screed extension can be used to
place a variable width shoulder adjacent o a curb and gutter with an
oppusite cross-slope from the main traffic lanes.

Figure 13. Uniform Surface with Curb & Guiter
(One or Two Directional Traffic)

Figure 13. Uniform surface with curb & gutter (one or two directional traffic).

Shoulders

Wide, surfaced shoulders provide a suitable, all-weather area for stopped vehicles to stand
clear of the travel lanes. When used, shoulders must have an all-weather surface and
structural capability of supporting vehicles that may need to use the shoulders. In addition,
surfacing material can provide a contrast color and/or texture for easy distinction from the
travel lanes. Turf or sod filled shoulders should only be used on very low volume roadways
(typically those roadwayé with a two-way ADT less than 500).

Paved shoulders are preferred as being mare reliable than aggregate shoulders and generally
require less maintenance. Paved shoulders should be provided on all high volume failities,
as shown in Table 6, and are of considerable value on high speed facilities, such as for rural
highways and some suburban arterials. Shoulders, in addition to serving as emergency
parking areas, lend lateral support to the travel lane pavement structure, provide a
maneuvering area, and Increase sight distance on horizontal curves. Design shoulder widths
for rural 2-lane highways with moderate and high volumes are:

Desirable Width = 101t
Minimum Width = 81t
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Facilities with low volumas or low design speeds may have lesser width shoulders that are
right-of-way dependent. Multi-lane divided rural highways normally have outside shoulders as
well as inside shoulders. Outside shoulders are designed the same as for a moderate or high
volume 2-lane highway. As such, the design widths are:

Desirable Width = 10t
Minimum Width = 81t

Inside shoulders on divided highway with two lanes in each direction are normally 4 ft wide so
as not fo encourage parking of vehicles on the inside. On divided highways with three or more
lanes in each direction, inside shoulders can be the same width as outside shoulders.

Although urban roadways and streets normally use curb and gutter sections and, if necessary,
provide parking lanes, there are instances where shoulders are constructed within urban
areas. Insuch instances, the rural standards for shoulder width can apply equally to urban
roadways and streets. '

Pavement and Shoulder Cross Slope

The operating characteristics of vehicles on crowned pavements is such that on cross slopes
up to % inch per foot the effect on steering is barely perceptible. A reasonably steep lateral
siope is desirable to minimize water ponding on flat sections of uncurbed pavements due to
imperfections or unequal settlement. With curbed pavements, a steep cross slope is desirable
to contain the flow of water adjacent to the curb or towards the pavement's edge. The
recommended cross slopes for all types of pavement and shoulder sections are indicated
below, and must be consistent and in accordance with AASHTO - A_Policy on Geomeiric

Design of Highways and Streats.

Type of Surface Cross Slope in Inches per Foot
Desirable Maximum
Asphalt Concrete/ Concrete 316 Ya
Asphalt Surface Treatmant Va 5/16

On multi-lane divided highways, pavements with three or more lanes Inclined in the same direction
should have greater slope across the outside lane(s) than across the two interior lanes. This
“increase in slops in the outer lane should be approximately 1/16 inch per fool. In general, on
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divided highways on tangent, each pavement should have a uniform cross slope with the high
point al the edge nearest the median. On rural sections with a wide depressed median, the high
point of the crown may be placed at the centerline of the pavement and sloped toward the edges
at a uniform rate. Atintersections, interchange ramps or in unusuat situations, the high point of
the crown position may vary depending upon surface drainage or cther controls.

Type of Shoulder Slope in Inches per Foot of Width
Desirable Maximum
Asphalt Concrete/ Concrete Ve %
Asphalt Surface Treatment Vo %
Gravel or Crushed Stone 5% %
Turf or Sod i 1

4A.2 Flexible Pavement Structural Design Features for Site
Condition Cells

This section presents a catalog of recommended flexible (or asphalt concrete surfaced)
pavement structural design features that vary with site conditions, i.e., traf'fic and subgrade.
These site condition design celis are identified by the different trafflc classes and subgrade
conditions, previously defined in Section 3. Climate conditions are not used to defing the site
condition cells, however, the effective {seasonally adjusted) subgrade resilient modulus may
vary with climatic zone, so there is an indiract effect an the structural design features. In
addition, binder selection varies with climatic zone.

General Inputs Used to Develop Structural Designs

The general design inputs used in the AASHTO Deslgn Guide [3] for determining the structural
design fealures are noted below:

Initial Serviceability = 4.5*

Terminal Serviceability = 25

Overall Standard Deviation = 0.49*

Reliability = Traffic Dependent (75% - 95%), Refer to Table 1 In Section 2.2
Elastic Modulus of Asphalt Concrete Surface = 450 ksi
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m  Dralnage Coefficient = 1.0"
* Note: All variables determined by consensus are indlicated by an asterisk (*). See appendix
G for further information.

As listed above, an AASHTO drainage coefficlent (m-vaiue) of 1.0 for all appropriate layers
was used in determining the layer thickness requirements for each site condition cell. As such,
it is inherently assumed that each pavement structure will have adequate surface and
subsurface drainage features to ensure that the pavement materials will not become saturated
for extended periods of time.. Refer to Section 4C for specific details regarding drainage
recommendations for each pavement cross-section.

Design Checks : , _

The structural designs for each flexible pavement type were initially based on the 1993
AASHTO Design Guide (which Is based on serviceability or smoothness). All designs were
then checkad using two additional mechanistic/fempirical design criteria:

m Fatigue cracking of the asphalt bound and cement treated layers.
= Permanent subgrade deformation.

The response parameters include asphalt concrete tensile strain, cement-treated base tensile
stress, and subgrade vertical compressive strain.[7-14] Detailed information are presented in
Appendix E. When the designs failed o mest the other design criteria, the structural designs
were adjusted, such that all three design criteria were met for each pavement type and site
condition cell. The resulting [ayer thicknesses satisfying each design criteria are included in
this saction of the catalog for each site condition cell.

Marginal Desighs

The word "marginal” is used as an additional description of selected pavement types within
specific site condition cells. Those pavement types noted as marginal represent pavements
that have beean used with reasonable success in some areas of the U.S., but have required
extensive maintenance in other areas. The performance of those pavements noted as
marginal under selected cells are highly dependent on the materials used, but are not
necessarily confined o a specific area, environment or support conditions.
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Subdrainage for Flexible Pavements

Section 4C contains recommendations on the level of subdrainage for each design cell for
flexible pavements.

Subgrade Improvement

Subgrade uniformity and support are very important considerations in pavemsnt design.
Subgrade as used hereln refers to the natural, processed, or flll soll foundation on which a
pavement structure is placed. Uniformity of the upper portion of the subgrade Is critical. This
catalog recommends elther an "improvement” for all subgrades Identified as Very Soft (see
Section 3, Subgrade}, or provides an alternative with a thicker structural section. Subgrade
improvement should also be considered for subgrades Identified as Weak. Subgrade
improvement is defined as elther of the following techniques:

= Granular layer: Placement and compaction of a 6 to 12 in granular layer o 95 percent or
greater of maximum density as defined by AASHTO T180, over the existing subgrade.

= Stabilization: The stabilization of the top 6 to 12 In of the subgrade generally with hydrated
ime or cement. Subgrade improvement in terms of stabllization Is discussed in greater
detail in Section 5.6.

Benefits of subgrade improvement include provision of a construction platform so that
pavement layers can be properly placed and compacted, increased uniform support along the
project and a granular layer {with a controlled amount of fines} provides slow seepage of
excess moisture out of the pavement structure. See Section 5 for further guidelines.

Subgrade Preparation

It is recommended that all subgrades that are not improved (as defined above) be “prepared”
as described in Section 5 and summarized below to achieve a high degree of uniformity.

= Fill Sections. All granular fill materials should be compacted to at least 95% of the
maximum density, as defined by AASHTO T180. Cohesive fill matsrials should be
compacted to no less than 95% of the maximum density as defined by AASHTO Tg9.

®  Cut Sections. In culs, the depth and degres of compaction required varies with the
pavement or subgrade elevation of the different solls that are encountered along a
highway project. Uniformity of the upper portion of the subgrade s critical relative to
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textural classification, molsture, and density. Specific guidance on compaction depth is
given in Section 5, When existing subgrade soils do not meet minimum compagction
requirements, consider the following alternatives:

(1) Compact solils from the surtace.

(2) Remove and process soll to attain the approximate optimum moisture and replace
and compact.

(3) Replace subgrade soil with suitable borrow materials,

(4) Raise the grade so that existing natural densities meet required values.

Special Subsurface Conditions

The pavement cross-sections and layer thicknesses included in the next section for each site
condition cell are not intended to provide all alternatives and/or requirements for all subsurface
conditions and problem soils that may be encountered along a highway project. The different
treatments or techniques suggested for special subsurface conditions and/or problem soils are
included in Section 5 - Special Subsurface Conditions.

Design Matrix Cells With Recommendations .
Recommended design features are provided for four basic flexible or asphalt concrate
surfaced pavements for the different site condition cells. These flexible pavement types are:

= Conventional Unbound Grapular Base Pavements, both with and without improved
subgrades,

m  Full-Depth Asphalt Concrete _

» Asphalt Treated Base, both with and without improved subgrades

= Cement Treated Base, both with and without improved subgrades.

Feasibie flexible pavement types, key structural design inputs, structural layer thicknesses,
and other design features are presented in table 8 for 36 site condition cells.
Recommendations for each of the 36 cells are provided in the pages that follow.

A range of structural thicknesses are provided for each cell. These thicknesses were
determined considering the range of traffic, holding the subgrade resllient modull at their mean
values. Climatic site condition is not directly included in the site condition cell definition.
However, the "sffective" (seasonally adjusted) resilient modulus is dependent on the soil type
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and climate and the type of binder used in the asphalt concrete wearing and bass layers is
dapendant on climate.

Table 8. Site condition desigh cells and alternatives for flexible pavement catalog.

Flexlble Subgrade Strengih Class (Reslilent Madulus, kel
Traffic ESALs
M1: «4.8 M2: 4.5-0.0 M3: 2.0-14.0 M4: »14.0
milllons (Yery Solt} (Woak) {Falf} . [Strong)
T1: 0.5-1 Coli 1: Conventlonal Celt 2: Conventional Cell 3; Conventlonal Coll 4: Conventional
Unbound Grenular Base | Unbound Granutar Basa Unbound Granular Base Unbound Granular Base
Asphalt Treated Base Asphalt Trealod Base Full-Dapth Asphait Goncrate Full-Dopth Asphalt Concrete
Cement Treatod Base Cement Troalod Base Asphalt Treated Base Asphalt Traatsd Base
Cement Treated Base Comant Treated Base
T2: 1.2 Call 5: Conventlonal Cell 6; Conventlonal Call 7: Convenilonal Call 8: Conventional
Unbound Granular Base | Unbound Granuler Basa Unbound Granular Base Unbound Granular Base
Asphall Treated Base Asphalt Treated Baaa Fill-Depth Asphalt Conocrete Full-Dopth Asphalt Concrete
Comeonl Treated Base Cemont Troatod Dase Asphalt Treated Base Asphalt Treated Base
Cement Treated Base Cement Treated Base
T3: 2.4 Coll 9: Conventlohal Cell 10;: Conventional Cell 11: Conventianal Cell 12: Conventional
Unbound Granular Base | Unbound Granular Base Unbound Granular Base Unbound Granular Base
Asphalt Treated Base Asphalt Treated Base Full-Depth Aephalt Goncrete Full-Dapth Asphalt Conorate
Cement Treated Base Cotnant Treated Base Asphalt Treated Base Asphalt Trosled Base
Cement Treated Base Cetnent Treated Base
T4: 4-8 Call 13: Conventional Cell 14; Conventional Cell 16: Conventional Cell 16: Conventional
Unbound Granular Base | tinbound Granuler Base Unbound Granular Base Unbound Granulsr Base
Asphalt Treated Banse Asphalt Treated Base Fuil-Depth Aephalt Concrete Full-Depth Asphalt Concrete
Cement Troated Base Cemont Trealsd Base Aephalt Troatod Base Asphalt Treatod Base
Cement Treated Base Comant Treatod Base
T5: 8-12 Call 17: Conventional Gell 18: Conventlonal Call 19: Conventional Cell 20; Conventional
Unbound Granular Base | Unbound Granuler Base Unbound Granular Basa Unbound Granular Base
Aaphalt Treated Base Asphalt Treated Pase Full-Depth Asphalt Concreta Full-Depth Aaphalt Concrete
GCament Tresled Base Cement Treated Hase Asphalt Treated Pase Asphalt Treated Base
Comont Treated Base Coment Troated Basa
T6: 1220 Cell 21: Conventional Cell 22; Conventional Cell 23: Conventianal Celt 24: Conventional
Unbound Granular Base Unbound Granular Basa Unbound Granular Baae Unbound Granular Basa
Asphalt Treated Base Asphalt Treated Base Full-Depth Asphalt Concrele Full-Dopth Asphalt Concrete
Coment Treated Base GCement Treated Baso Asphalt Treatad Base Asphalt Treated Base
Cament Treatad Base Comont Treated Base
T17: 20- 136 Coll 25; Conventiohal Coll 26; Conventlonal Coall 27: Convantlonal Cell 28; Conventional
Unbound Granular Base | Unbound Granular Base Unbound Granular Base Unbound Granular Base
Asphall Treated Base Asphait Treated Base Full-Depth Aaphalt Concrets Full-Dapth Aephalt Concrete
Cement Treated Base Comment Treated Base Asphalt Treated Base Asphalt Treated Base
Cement Treated Basa Cement Trealed Base
T8: 36 - 60 Cell 29: Gonvantlonal Cell 30: Convantlonal Coll 31: Conventional Call 32: Conventional
Unbound Granular Baee | Unbound Granular Baee Unbound Granular Basa Unbound Granular Base
Asphalt Treated Base Asphalt Treatod Base Full-Depth Asphalt Concrele Full-Dapth Asphall Concrete
Cement Treated Buse Coment Troated Bage Asphalt Treated Base Asphalt Troatod Dase
Coment Treated Base Cemant Treated Base
T9: 60 - 100 Cell 32: Conventional Call 34: Canventicnal Cell 36: Conventlonal Cell 36t Conventlonal
Unbound Granular Base | Unbound Granular Base Unbound Granular Base Unbound Granular Bage
Aaphalt Treated Baae Asphalt Treated Base Full-Depth Asphalt Coticrela Full-Depth Asphalt Concrete
Cement Treated Bano Cement Treated Bass Aspheli Treated Base Asphalt Treatad Base
Cemi_ni Treated Hase - Caent Treated Base
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Flexible Traffic:  0.5-1.0 million flexible ESALSs
(of=1 /Iy IR | Subgrade: Very soft (Resilient Modulus < 4.5 ksl)

Initial serviceability 4.5 Elastic modulus of surface HMAC 450 ksi
Terminal Serviceability 2.5 Resilient modulus of subgrade Sksi
Overall standard deviation 0.49 Drainage coefficient, m 1.00
Reliability 75%

Note: Subgrade [s very soft; some type of iImprovemani Is strongly recommended {See Section 5).
Nota: See Sections 4A.2 through 4A.5 for detalled guidelines on other asphalt concrate pavement deslgn features.

Dense Graded Asphalt

4,0-5.0 4.0-6.0
Concrete Surface Thickness, in,

Crushed Stone Aggregate Base 8.0 8.0
Thickness, in,

2.0-11.0 10,0-12.0
Crushad Plt Run
Stone Graval

Granular/Aggregate Subbase Thickness,
n.

Improved Subgrade Thickness, in.

=t

m Controlled by Subgrade Vertical Compressive
Strain Between Whael Loads

B Controlled by Asphalt Concrete Tensile

Strain Under Wheel Load

m Controlled by Subgrade Vertical Compressive
Strain Between Wheel Loads

A full-depth asphalt concrete pavement Is not recommended for this site condition cell.

Note: The site condition cells that are shaded represent deslgns that have been used, but are considered “marginal” and may not be
able to sustain the expected traific for the given subgrade conditions.
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Dense Graded Asphalt
Canoreto Surface Thickness, in.

Asphalt Trealed Base Thickness, in.

Granular/Aggregate {Pit Run
Gravel) Subbagse Thickness, in.

improved Subgradse Thickness, in.

® Controlled by Subgrade Vertical Compressive
Strain Between Wheel Loads

2528 2EAE
8.0 7.0
{Plant mixed) | (Roadway
MIxeseh)
8.0 0.0

W Controlled by Subgrade Vertical Comprassive
Strain Betwean Wheel Loads
W Controllad by AASHTO -PSl| Criteria

Danse Graded Asphalt

Concrete Surface Thickness, In. 2535 2535
6.0 7.0

Asphalt Treated Base {Plant mixed) | {Roadway

Thickness, in. Mixad)

Crushed Stone Aggregate 6.0 8.0

Subbase

Granular/Aggregate {Pit Run
Gravel) Subbase Thlckness, In.

Improved Subgrade Thickness,
In.

W Controlled by Subgrade Vertical Compressive
Strain Between Whee! Loads

Dense Graded Asphalt
Concrete Surface Thickness, In,

Cement Treated Base Thickness, in.

Improved Subgrade , In.

Em Controlled by AASHTQ-PSI Criteria

35458

m Controlled by AASHTO-PSI Criterla

8.0

sustain the expected traffic for the givan subgrade conditions.

Note: The sile condition cells that are shaded represent daslgns that have been used, but are considered “marginal” and may not be able to
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. 0.5-1.0 million flexible ESALs

Subgrade: Weak (Resilient Modulus, 4.5 ksi-9.0 ksi)

Inittal serviceability 4,5
Terminal Serviceability 25
Overall standard deviation 0.49
Reliability 75%

Elastic modulus of surface HMAC 450 ksi
Resilient modulus of subgrade 5 ksl
Drainage cosfficlent, m 1.00

Prepared Subgrade {See Saction 5)

Dense Graded Asphalt

Concrete Surface Thickness, in. 4.0-5.0 4060
Crushed Stone Aggregate Base 9.0 8.0
Thickness, in.

Granular/Aggregate Subbase 10.5-11.5 1.012.0
Thickness, in. Cé'"Shed PGH Hu?

m Controlled by Subgrade Vertical Compressive

Strain Between Wheel Loads

Strain Under Wheel Load

| m Controlled by Asphalt Concrete Tensile

Nole: Subgrade Is weak; some type of improvement Is should be considered (See Section 5).
Note: See Sections 44.2 through 4A.5 for detaifed guidelines on other asphalt conerete pavement design features.

Dense Graded Asphalt y 3
Concrete Surface Thickness, in. 3545 3645
Crushad Stone Aggregate Base 7.0 7.0
Thickness, in.

8.0-9.0 8.0-10.0
Granular/Aggregate Subbase Crushad Fit Bun
Thickness, in. Stone Gravel
Improvad Subgrade Thickness, in.

m Controlled by Subgrade Vettical Compressive
Strain Between Wheel Loads

m Controlled by Asphalt Concrete Tensile
Strain Under Wheel Load

A full-depth asphalt concrete pavement is not recommended for this site condition cell.

e, i

[

A
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Dense Graded Asphalt
Conerele Surface Thickness, in. 4040 2040
8.0 7.0
Asphait Traated Base Thickness, in. {Plant mixed) (Rhc:&«:v;;ay
GranularAggregete (Pit Run Gravel) 70 7.0
. Subbasa Thickness, In.

Prepared Subgrade(See Section B)

m Controlled by Subgrade Vertical Compressive
Strain Between Wheel Loads

Dense Graded Asphalt
Conerete Surface Thickness, In. il 2500
6.0 7.0

Asphalt Treated Base Thickness, In, | (Flantmixed} | (Rondway
Mixed)

GranularfAggregate (Pit Run 6.0 6.0

Gravel) Subbase Thickness, in,

Improved Subgrada Thickness, In.

B Controlled by Subgrade Vertical Compressive
Strain Between Wheel Loads
m Controlled by AASHTO-PSI Criterla

Dense Graded Asphalt
Concrete Surfaca Thickness, in. A0:4.0 3040

. 8.0 7.0
Asphalt Treated Base Thickness, in, (Flant mixed) (“ﬁl‘:‘:"d"’;‘y
Crushed Stone Aggregate Subbase, in. 8.0 8.0

Prepared Subgrade (See Section &)

m Controlled by Subgrade Vertical Compressive
Strain Between Wheel Loads

Dense Graded Asphalt

Concrate Surface Thickness, In. 2.6-3.0 2530
8.0 7.0

Asphalt Treated Base (Plant mixed) |  (Roacway

Thlckness, In. Mixed)

Crushed Slone Aggragate

Subbase

Improved Subgrade Thickness,
In.

m Controlled by AASHTO-PSI Criteria
m Controlled by Subgrade Vertical
Compressive Strain Between Wheal

1 1
LUdUS

Dense Gradad Asphalt

Concrete Surface Thickness, in. 3.0:35 20:3.5

Cemeant Treated Base Thickness, In. 1 80 8.0

Granular/Aggregate Subbase 7.0 80

Thickness, In. Crushed Plt Aun
Slons Graval

Prepared Subgrade (See Section 5)

W Controlled by AASHTO-PS] Criteria

Donse Graded Asphalt 2040
Concrete Surface Thickness, in, -
Cemant Treated Base Thickness, In. 70

Improved Subgrade , in.

B Controlled by AASHTO-PS| Criteria
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Flexible

Cell 3

Traffic:

0.5-1.0 million flexible ESALs
Subgrade: Fair (Resilient Modulus 9.0 - 14.0 ksi)

Initial serviceability 4.5
Terminal Serviceability 2.5
Overall standard deviation 0.49
Reliability 75%

Elastic modulus of surface HMAC 450 ksi
Rasllient medulus of subgrade 9 ksi
Drainage coefficient, m 1.00

Note: See Sections 4A.2 through 4A.5 for detalled gulkdslines on other asphalt concrete pavement design features.

Dense Graded Asphalt
Concrete Surface Thickness, In,

3.5-4.5 3.5-4.5

Crushed Stone Aggregate Base
Thickness, in.

GranularfAggregate Subbase
Thickness, In.

Prepared Subgrade (See Section 5)

Strain Under Wheel Load

Dense Graded Asphalt Cencrete
Surface Thickness, in,

Denhse Graded Asphalt Concrate
Base Thickness, in.

Prapared Subgrade {See Section 5)

6.0 6.0
8.0-8.0 8,0-10.0
Crushed Pit Run
Stone

3.5

4,0-4,5

Gravel

m Controlled by Subgrade Vertical Compressive
Strain Between Wheel Loads
m Controlled by Asphalt Concrete Tensile

M Controlled by Subgrade Vertical
Compressive Strain Under Wheel loads

A conventional Unbound Granular Base
with an improved subgrade Is not usually
needed for this site condition cell (See

~ Section 5). o

A full depth asphalt concrate pavement
with an improved subgrade is not usually
needed for this site condition cell (See
Section 5).
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Dense Graded Asphalt
Concrete Surface Thickness, in.

Asphalt Treated Base Thickness, in.

GranularfAggregate (Pit Run Graval)
Subbass Thickness, in.

Prapared Subgrade {Sea Saction 5)

A4-35 J0-35
5.0 8.0
{Plani mixed) { (Roadway
Mixed}
5.0-8.0 5.0-6.0

WM Controlled by Subgrade Vertical Compressive
Strain Between Wheeal Loads

An asphalt treated base with an improved
subgrads Is not usually needed for this site
condition cell {See Sectlon 5).

Dense Graded Asphalt
Concrete Surface Thickness, In.

Asphalt Treated Base Thickness, In.
Crushed Stone Aggregate Subbass, In.

Prepared Subgrade (Sea Section 5)

Between Wheel Loads

30-235 10-3R8
50 8.0
{Piant mixad) | {Roadway
Mixed)
6.0-5.5 5.0-5,6

m Controlled by AASHTO-PS! Criterla
m Controlled by Subgrade Vertical Compressive Strain

An asphalt treated basa with an improved
subgrade Is not usually needed for this site
conditlon call {See Seclion 5).

Dense Graded Asphalt
Concrete Surface Thickness, in.

Cement Treated Base Thickness, in.

Prepared Subgrade{Ses Sectlon 5)

30308

7.0

B . Controlled by AASHTO-PSI Criteria

A cement treated base with an improved -
subgrada is nhot usually needed for this site
conditlon cell (See Section 5),
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Flexible Traffic: 0.5-1.0 miltion flexible ESALs
Subgrade: Strong (Resilient Modulus, > 14.0 ksk)

g

T

Initial serviceability 4.5 Elastic modulus of surface HMAC 450 ksi
Terminal Serviceability 25 Resilient modulus of subgrade 14 ksl ;
Overall standard deviation 0.49 Dralnage coefficient, m 1.00

Rellability 75%

S

Note: See Sections 4A.2 through 4A.5 for detalled guidslines on other asphalt concrete pavement design featuras,

I

i Dense Graded Asphalt |
] Concrete Surface Thickness, in. 3546 § 3645 4
i Ciushed Stone Aggregate Base 5.0 5.0
! Thickness, in. ]‘l
Granular/Aggregate Subbase 5.0 6.0 A conventional Unbound Granular Base
Thickness, In, cé‘l‘:":d '2‘ “”’I‘ with an improved subgrads s not usuafly
- L nsaded for this sita condition call (See
Prepared Subgrads (See Section 5) Section 5). }

m Controlled by Subgrade Vertical Compressive
Strain Between Wheel Loads

m Controlled by Asphalt Concrete Tensile
Strain Under Wheel Load

LR

[T

Dense Graded Asphalt Concrete 2.5-3.0 ]
Surface Thickness, in.

Dense Gradad Asphalt Concrete

A full depth asphalt concrete pavement i
Base Thickness, in. :

with an improved subgrade Is not usually .
‘ needed for this slte condition cell (See 4
Prepared Subgrade (See Secilon 5) Sectlon 5),

N

m Controlled by AASHTO-PS| eriterla
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Dense Graded Asphalt

Conerste Surace Thickness, in,

Asphalt Treated Base Thickness, in,

Granular/Aggregate (Pit Run Gravel)
Subbase Thickness, In.

Prapared Subgrade (See Ssction 5)

A0 af
7.0 7.5
{Plant mlxed) §} {Roadway
Mixod)
5.0 5.0

m  Controlled by Subgrade Vertical Compressive
Strain Betweaen Whee! Loads

An asphal! freated base with an Improved
subgrade s not usually nseded for this site
conditlon cell (See Section 5).

Dense Graded Asphalt

Concrate Surface Thickness, in.

Asphalt Treated Base Thickness, In.

Crushed Stone Aggragate Subbases, in.

Prapared Subgrade (Ses Section 5)

Between Wheel Loads

2530 SEAD
4,0 4.5
{Plant mixed) (Roadway
Mhxed}
5.0 5.0

W Controlled by AASHTO-PSI Criteria
B Controlled by Subgrade Vertical Compressive Strain

An asphalt treated base with an [mproved
subgrade Is not usually needed for this site
condition cell (See Saectlon 5).

Dense Graded Asphalt
Congcrete Surface Thickness, in.

Cement Treated Base Thickness, in.

Prepared Subgrade (See Section 5

30358

5.0

M Controlled by AASHTO-PS! Criteria

A cement {reated base with an
improved subgrade is not usually
needed for this site condition cell (See
Section 5).
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Flexible

Traffic: 1-2 million flexible ESALs
Subgrade: Very Soft (Resllient Modulus, < 4.5 ksi)

Initial serviceability 45 Elastic modulus of surface HMAC 450 ksi
Terminal Serviceability 2.5 Resillant modulus of subgrade 3 ksl
Overall standard deviation 0.49 Drainage coefficient, m 1.00
Reliability 85%

Note: Subgrade is very soft; some type of improvemant should be considered (See Section 6).
Note: See Sections 4A.2 through 4A.5 for detalled guidelines on other asphalt concrete pavement design features,

Dense Graded Asphalt

5-8, 4.5-6,
Concrete Surface Thickness, in. 4560 56.0

Crushed Stone Aggregate Base 8.0 B.O
Thickness, In.

11.0-12.0 12,0-13.0
Granular/Aggregate Subbase Grushed Pit Run

Thickness, in. Slons Gravel

improved Subgrade Thickness, i,

m Controlled by Asphalt Concrete Tensile
Strain Under Wheel Load :

m Controlled by Subgrade Vertical Compressive
Strain Between Wheel Loads

m Controlled by Asphalt Concrete Tensile

Strain Under Wheel Load

s i AR R

A fuli-depth asphalt concrete pavement Is not recommended for this slte condition cell.

Note: The site condition celis that are shaded reprasent deslgns that have been used, but are considsred “marginal” and may not be
able to sustaln the expected traffic for the glven subgrade conditions,
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Dense Graded Asphalt
Concrete Surfaca Thickness, |n.

Asphalt Treated Base Thickness, In.

Granular/Aggregate (Pit Run
Graval) Subbase Thickness, In.

Improved Subgrade Thickness, in.

4050 4050
4.0 70
{Plant mixed) | {Roadway
Mixad)
100 10.0

m Controlled by AASHTO-PSI Criteria

W Controlled by Subgrade Vertical Compressive

Straln Between Wheel Loads

Dense Gradad Asphalt

Concrate Suriace Thickness, in. 4.05.9 4050

8.0 7.0
Asphalt Treated Base {Plant mixed) | {Roadway
Thickness, In. Mixed) |
Crushed Stone Aggregate 5.0 8.0
Subbase
GranularfAggregate (Pit Run

Gravsl) Subbase Thickness, In.

Improved Subgrade Thickness,
in, .

m Controlled by AASHTO-PS! Criteria

B Controlled by AASHTO-PSI Criteria

Dense Gradad Asphalt
Goncrste Surface Thickness, In.

Cement Traated Base Thickness, in.

Improved Subgrads , In.

A5-80

B Controlled by AASHTO-PSI Criterla

Note: Tha site conditlon cells that are shaded represent designs that have been used, but are consldered “marglnal” and may not be able to

sustain the expected trafiie for the given subgrada conditions,
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Flexible

Cell 6

Traffic:

Subgrade: Weak (Resilient Modulus, 4.5-9.0 ksl)

1-2 million flexible ESALs

Initial serviceabillity 4.5
Terminal Serviceability 2.5
Overall standard deviation 0.49
Reliability 85%

Elastic modulus of surface HMAC 450 ksi
Resflient modulus of subgrade 5 ksi
Drainage coefficient, m 1.00

Note: Subgrade Is weak; some typs of improvement should be consldered (See Section 5).
Nota: See Seclions 4A.2 through 4A.5 for detalled guidelines cn other asphalt concrete pavement design features.

Preparad Subgrade (See Section &}

Strain Between Wheel Loads

Strain Under Wheel Load

Dense Graded Asphalt

Concrete Surface Thickness, in. 560 1 5060 Dense Graded Asphall 4555 | 4555
Congcrete Surface Thickness, in.

Crushed Stone Aggregate Base 9.0 9.0

Thickness, In, Crushed Stone Aggregate Base 7.0 70
Thickness, in.

Granular/Aggregate Subbase 9.5-10.5 10.0-11.0 o0

Thickness, In. Crushed 'gtr:'vuefli Granular/Aggregate Subbase Carlushfd ?,'g';zf
Thickness, In, Stone

m Controlled by Subgrade Verlical Compressive

m Controlled by Asphalt Concrete Tensile

A full-depth asphalt concrete pavement is not recommended for this site condition cell.

Improved Subgrade Thickness, in,

B Controlled by Subgrade Vertical Compressive
Strain Between Wheel Loads

W Controlled by Asphalt Concrete Tensile
Strain Under Wheel Load
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Prepared Subgrade(See Section &)

W Controlled by AASHTO-PSI Criteria

Dense Graded Asphait A0:40 A.0:4.0

Concrete Surface Thicknass, in. 70 8.0
{Plant mixed) | (Roacway

Asphalt Treated Base Thickness, Mixed)

in, )

Granular’Aggregate (Plt Run 2.0 8.0

Gravel) Subbase Thickness, In.

Dense Graded Asphall

Concrete Surface Thickness, In. 3040 3.0:4.0
8.0 7.0

Asphalt Treated Base Thickness, in, | (Plantmixed; (Hﬁm‘;‘;’-y

Granutar/Aggregate (Pit Run 7.0 7.0

Gravel) Subbase Thickness, In. '

Improved Subgrade Thickness, In.

m Controlled by AASHTO-PSI Criteria

Dense Gradad Asphalt

Crushed Stone Aggregate Subbase, In.

A40:4.0 3.0-40
Concrete Surface Thicknass, in. 70 8.0
Plant mixed! Roadwar
Asphalt Treated Base Thickness, in. ( ] ¢ Mixod) Y
5.0 5.0

Granular/Aggregate (Pit Run Gravel)
Subbasa Thickness, In,

Prapared Subgrade {See Section 5}

m Controlled by AASHTO-PSI Criterla

Dense Graded Asphalt
Cancrete Surface Thickness, in. 3049 2040
5.0 60 .
Asphalt Treated Base (Planl mixed) | {Roadway
Thickness, in. Mixed)
5.0 5.0

Crushed Stone Aggregate
Subbase

Granular/Aggregata {Pit Run
Graval} Subbase Thicknass, in.

Improved Subgrade Thickness,

in.

m Controlled by AASHTO-PS! Crlteria

Prapared Subgrads {See Secllon &)

B Controlled by AASHTO-PS| Criteria

Dense Graded Asphalt

Conerete Surface Thickness, In. 3.5:45 2545
Cement Treated Base Thickness, In. 7.0 7.0
Granular/Aggregate Subbase 7.0 8.0
Thickness, in. Crushed | Pit Run

Dense Graded Asphalt 0548
Concrete Surface Thickness, in,
Cement Treated Base Thickness, in. 20

Improved Subgrade | in.

W Controllad by AASHTO-PSI Criteria
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Flexible

Cell 7

Traffic:

1-2 million flexible ESALs
Subgrade: Falr (Resilient Modulus, 9-14 ksi)

Initial serviceabllity 4.5
Terminal Serviceability 2.5
Overall standard deviation 0.49
Reliabllity 85%

Elastic modulus of surface HMAC 450 ksi
Rasillent modulus of subgrade 8 ksi
Drainage coefficient, m 1.00

Note: See Sections 4A.2 through 4A.5 for detalfed guidelines on other asphalt cancrete pavement design features,

Dense Graded Asphalt
Concrete Surface Thickness, in.

Crushed Stone Aggregate Base
Thickness, in.

Granular/Aggregate Subbase
Thickness, in.

Prepared Subgrade {See Saction 5)

Dense Graded Asphalt Concrete
Surface Thickness, in.

Dense Graded Asphalt Concrete
Base Thickness, in.

Prepared Subgrade {See Sactlon 5)

4.5-65 4,5-55
B.0 8.0
9.0 10.0
Crushad Pit Run
Stone Gravet

m Controlled by Subgrade Vertical Compressive
Strain Between Wheel Loads
m Controlled by Asphalt Concrete Tenslle
Strain Under Wheel Load

3.5

N Controlled by Subgrads Verticai
Compressive Strain Under Wheel Loads

5.0-5.5

A conventional Unbound Granular Base
with an Improved subgrade Is not usually
needed for this slte condition cell (Ses
Section 5).

Afull dapth asphalt concrete pavement
with an improved subgrade Is not usually
naaded for this site condition cell (See
Section 5).

Catalog of Recommended Desipn Features

30

Section 4A Flexible Pavements

o [-EEL A Tt g [EEET sl

i PR



Danse Gradad Asphalt
Concrate Surface Thickness, in.

Asphall Treated Base Thicknass, In.

GranularAggregate (Pit Run Gravel)
Subbasa Thickness, in.

Prepared Subgrada{See Section 5)

20-35 0-3.5
8.0 7.0
{Plant mixed) | (Roadway
Mixed)
8.0 8.0

W Controlled by AASHTO-PSI Criterla

An asphalt treated base with an Improved
subgrade Is not usually needad for this site
condition cell (See Section 5).

Dense Graded Asphalt

Conerate Surface Thickness, in,

Asphalt Treated Base Thickness, in.

Crushed Stone Aggragate Subbase, in.

Prepared Subgrade {Sae Section b5)

A0-38 30-348
6.0 7.0
(Plant mixed) | (Roadway
Mixad)
55 5.5

H  Controlled by AASHTO-PSI| Criteria

An asphalt treated base with an improved
subgrade Is not usually needed for this site
condltion cell (Sae Sectlon 5).

Danse Gradad Asphalt
Concrete Surface Thickness, in.

Cement Treated Base Thickness, In.

Prepared Subgrade (See Sectlon 5)

Ah:40

B.0

m Controlled by AASHTQO-PSI Criteria

A cement treated base with an
Improved subgrada is not usually
neaded for this site condition cell {Sea
Segcllon 5).
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Flexible

Traffic:

1-2 million flexible ESALs
Subgrade: Strong (Resilient Modulus, > 14.5 ksi)

2

Reliability B85%

Dense Graded Aéphalt

Concrete Surlace Thickness, In. 4055 4055

CGrushed Slonhe Aggregate Base 6.0 6.0
Thickness, in.

GranulavAggregale Subbase 7.0 8.0
Thickness, In. Crushed P# Aun

Girays|
T

Prapared Subgrade (See Sectich 5)

m Controlled by Subgrade Vertical Compressive
Strain Between Whesl Loads
Controlled by Asphalt Concrete Tensile
Strain Under Wheel Load

Denge Graded Asphalt Concrete 35
Surface Thickness, in.

Dense Graded Asphalt Concrete
Base Thickness, In.

Prepared Subgrade {See Saction 6)

H Controlled by Subgrade Vertlcal
# Compressive Strain Under Whesl
Loads Confrolled by AASHTO-PS| Criterla

Inftiai serviceability 4.5 Elastic modulus of surfface HMAC 450 ksi
Terminal Serviceabllity 25 ResiHient modulus of subgrade 14 ksl
Overall standard deviation 0.49 Drainage cosfficient, m 1.00

Nole: See Sectlons 4A.2 through 4A.5 for detalied guidetines on ofher asphalt concrete pavement design features.

Rl naoang.

e T

S 7

mcé'

S e

X

el R
yRHuEEReSe

A conventional Unbound Granular Base
with an improved subgrade Is not usually
neaded for this site condition cell (Ses
Section 5).

.

e

A full depth asphalt concreta pavement
with an improved subgrade is not usually
needed for this site condition cell (See
Section 5).
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Dense Graded Asphalt
Goncrete Surace Thicknsss, in.

Asphalt Treated Base Thickness, In.

Prapared Subgrade (See Saction 5)

30 a0
7.0 75
[Plant mixed) {Roadway
Mixed

m Controlled by AASHTO-PS) Criteria

An asphalt treated base with an improved
subgrada Is not usually needad for this site
condltlon cell (See Section 5).

Dense Graded Asphalt
Concrate Surfaca Thickness, in,

Cemant Treated Base Thickness, In.

Prepared Subgrade(See Section 5)

3035

B Coentrollad by AASHTO-PS! Criterla

A cement treated base with an
improved subgrade is not usually
neadad for this site condition cell (Sea
Sactlon 5).
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Flexible Traffic:  2-4 million flexible ESALs
Cell 9 Subgrade: Very Soft (Resilient Modulus, < 4.5 ksi)

Initial serviceability 4.5 Elastic modulus of surface HMAC 450 ksi
Terminal Serviceability 25 Resillent modulus of subgrade 3 ksl
Overall standard deviation 0.49 Drainage coefficient, m 1.00
Reliability 90%

Note: Subgrade is very soft; some type of improvement should be consldered (See Section 5).
Nota: See Sections 4A.2 through 4A.5 for detalled guidelines on other asphalt concrete pavemeant design features.

Dense Graded Asphalt 5.57.0 S.67.0
Concrete Surface Thickness, in. o 7.
Crushed Stone Aggregate Base 10.0 100
Thickness, in.

11.0-12,0 12,0-13.0
Granular/Aggregate Subbase Cruched Pit Run

Thickness, in. Stone Gravel

Improved Subgrade Thickness, In.

m Controlled by Asphalt Concrete Tensile
m Controlled by Subgrade Vertical Compressive Strain Under Wheel Load
Strain Between Wheel Loads
m Controlled by Asphalt Concrete Tensile
Strain Under Wheel Load

A full-depth asphalt concrete pavement Is not recommended for this site condition cell.

Nole: The site condltion cells that are shaded represent designs that have been used, but are considered “marginal” and may not be
able to sustain the expected traffic for the given subgrade condition.

Catalog of Recommended Design Features 54 Section 4A Flexible Pavements




S S

B Controlled by AASHTO-PSI Criteria

Dense Graded Asphall
Conerete Surface Thicknass, in. AL 4304
: 7.0 8.0
Asphalt Treated Base Thickness, In, | (Plantmixed) | (Roadway
Mixed)
Granular/Aggregate {Pit Run 12.0 12.0
Gravel) Subbase Thickness, in.

Improved Subgrade Thickness, in.

m Controlled by AASHTO-PSI Criteria

& e ngggi

H Controlled by AASHTO-PS! Criterla

Dense Gradad Asphalt

Concrete Surface Thickness, In. 4855 AS5S
7.0 8.0

Asphalt Treated Base (Piant mixed) | (Roadway

Thickness, In. Mixed)

Crushed Stone Aggregate 50 6.0

Subbase

GranularfAggregate (Pit Run

Gravel} Subbase Thickness, In.

Improved Subgrade Thickness,
in,

H Controllad by AASHTO-PSI Criteria

W Controlled by AASHTO-PSI Criterla

Dense Graded Asphalt

[
Concrete Suriace Thicknass, in. —

Cement Treated Base Thickness, in,

Improved Subgrads , in.

W Controlled by AASHTO-PSI Criteria

able to sustain the expected traffic for the given subgrade conditions.

Nate: The site condition cells that are shaded represent designs that have baen used but are considerad “marginal® and may not be
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Flexible

Traffic:

2-4 million flexible ESALs
Cell 10 Subgrade: Weak (Resilient Modulus, 4.5-9.0 ksi)

Initial serviceability 4.5
Terminal Serviceability 25
Overall standard deviation 0.49
Reliability 90%

Strain Between Wheel Loads
m Controlled by Asphalt Concrete Tensile
Strain Under Wheel Load

m Controlled by Subgrade Vertical Compressive

Elastic medulus of surface HMAC 450 ksi
Resilient modulus of subgrade 5 ksl
Drainage cosfficlent, m 1.00

Note: Subgrade is very waak; some type of improvement should be consldered (See Section 5).
Note: See Sections 4A.2 through 4A.5 for detalled guidelines on other asphalt concrete pavement design features.

A full-depth asphalt concrete pavement is not recommaended for this site condition cell.

Dense Graded Asphalt ¥ 6.5
Concrete Surface Thickness, in. 5565 | o5
Crushed Stone Aggregale Base B.O B0
Thickness, in.
8.0-10.0 10.0-11.0
%:?r:‘ularmgigragale Subbase Crushed Pit Run
CRNBss, in. Stone Grava!

Improved Subgrade Thickness, in.

m Controlled by Asphalt Concrate Tensile

Strain Under Wheel Load
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Dense Gradad Asphalt 4545 A5-45

Conerete Surface Thicknsss, in. 7.0 80
Plant mixed Roadwa

Asphalt Treated Base Thickness, ( ad Mixgd) Y

in,

GranularfAggregate (Pit Run 12.0 120

Gravel) Subbase Thickness, in.

Prepared Subgrade (See Seclion 5)

Note: A filter layer (or separator} Is recommended between
the subbase and weak subgrades {See Saction 5).

| Controlled by AASHTO-PSI Criteria

Dense Graded Asphall

Concrete Surface Thickness, in. 4060 4050
6.0 7.0

Asphalt Treated Base Thickness, in. |  (Plant mixed) (Hﬁ;:‘:)ay

Granular/Aggregate (Plt Run 9.0 0.0

Gravel) Subbase Thickness, in. ’

Improved Subgrade Thickness, In,

| Controlled by AASHTO-PSI Criteria

Dense Graded Asphalt arde n k.4 s
Concrete Surface Thickness, in.
7.0 B.O

PI
Asphalt Treated Base Thickness, in, | """ ] (Fendeay
Crushed Stone Aggregate Subbase, in, 5.0 50
Granular/Aggregate (Pit Run Gravel)
Subbase Thickness, in. 6.0 6.0

Prapared Subgrade (See Seclion 5)

Note: A filter layer (or separator) Is racomended between
the subbase and weak subgrades (Sea Sectlon 5.

m Controlled by AASHTO-PSI Criteria

Dense Graded Asphalt

Cancrete Surface Thickness, In, 4050 4050
6.0 7.0

Asphalt Treated Base (Plant mixed) | (Roadway

Thickness, in. Mixed)

Crushad Stone Aggregate 8.0 8.0

Subbase

Improved Subgrade Thickness,
in,

m  Conirolled by AASHTO-PS! Criteria

Dense Graded Asphalt

Concrete Surface Thicknass, In. 4.0:50 4050

Cement Treated Base Thicknass, In. 9.0 9.0
7.0 8.0

Granular/Aggregate Subbase Crushed | Flt Run

Thicknass, In. Stong Qravel

Prepared Subgrade (Ses Ssction 5)

m Controlled by AASHTO-PS! Criteria

Dense Graded Asphalt AR
Concrete Surface Thickness, in.
Cement Treated Base Thickness, in. 100

Improved Subgrade , In.

W Controlled by AASHTO-PSI Criteria
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Flexible

Traffic: 2-4 million flexible ESALs
Subgrade: Fair (Resilient Modulus, 9-14 ksi)

RS
R

é«}%’»’l mf«i:bﬁoﬁbjﬁﬁéml- e S

Dense Graded Asphalt
Concrete Surface Thickness, In.,

Crushed Stone Aggregate Base 10.0 10.0
Thickness, In.

Granular/Aggregate Subbase 8.0-8.0 10.011.0
Thickness, in. Crushed Pit Run

Prepared Subgrade {See Ssctlon 5)

m Controlled by Subgrade Vertlcal Compressive
Strain Between Wheel Loads

m Controlled by Asphalt Concrete Tenslle
Strain Under Whesl Load

Dense Graded Asphalt Concrete
Surlace Thickness, In. 3.5

Dense Graded Asphall Goncrete
Base Thlckness, in,

Prepared Subgrade (See Section 5)

N Controlled by Subgrade Vertical
Compressive Strain Under Wheel | oads

Initial serviceabllity 4.5 Elastic modulus of surface HMAC 450 ksl
Terminal Serviceabllity 2.5 Reslllent modulus of subgrade 9 ksl
Overall standard deviation 0,49 Drainage coefficient, m 1.00
Rellabiiity 90%

Nola: Ses Sectlons 4A.2 thrauph 4A,5 for detalled guldelines on other asphalt concrete pavement deslgn features.,

A conventional Unbound Granular Base
with an improved subgrade Is not usually
needed for this site condition cell (Ses
Section 5).

A full depth asphalt concrete pavement
with an improved subgrade is not usually
nesded for this site condition call {See
Section 5)
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Dense Graded Asphalt

Concrete Surface Thickness, in.

Asphalt Treated Base Thicknass, In.

GranularfAggregate (Pt FRun Gravel)
Subbase Thickness, In.

Prapared Subgrade(See Seclion 5)

B Controlled by AASHTO-PSI Criteria

A0-4.40 a0-40
6.0 7.0
{(Plant mixed) { (Roadway
Mixed)
8.0 8.0

An asphalt treated base with an Improved
subgrade Is not usually needed for this site
condition cell (Sea Saction 5).

Dense Graded Asphalt

Concrete Surface Thickness, In.

Asphalt Treated Base Thickness, In,

Crushed Stone Aggregate Subbase, in.

Prepared Subgrade (See Sectlon 5)

B Controlled by AASHTO-PSI Criterla

30-40 3.0-40
8.0 7.0
{Plant mixed) | (Roadway
Mixed)
8.0 8.0

An asphalt treated base with an improved
subgrada is not usually nesded for this site
condltion cell (See Section 5),

Dense Graded Asphalt
Conerate Surdface Thicknass, in,

Cement Treated Base Thickness, in.

Prepared S'ubgrade {See Saction 5)

4555

8.0

B Controlled by AASHTO-PSI Criteria

A cement treated base with an
Improved subgrade is not usually
needed for this slte condition cell (See
Section 5),
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Flexible

Cell 12

Traffic:

2-4 million flexible ESALs
Subgrade: Strong (Resllient Modulus, > 14 ksl)

Initial serviceability 4.5

Terminat Serviceability 25
Overall standard deviation 0.49
Reliability 90%

Elastic modulus of surface HMAC 450 ksi
Resilient modulus of subgrade 14 ksi
Drainage coefficient, m 1.00

Dense Graded Asphalt
Concrete Suifaca Thickness, in.

Crushed Stone Aggregate Base
Thickness, in.

GranularfAggregate Subbase

Thickness, In,

Prapared Subgrade (See Section 5)

Dense Graded Asphalt Concrete
Surface Thickness, in.

Dense Graded Asphalt Concrete
Base Thickness, in.

Prapared Subgrade

5.0-6.5 5,0-8.5

6.0 6.0

8.0 10.0
Crushed Pit Run

Stone

Gravel

m Controlled by Subgrade Verlical Compressive
Strain Between Wheal Loads
m Controlled by Asphalt Concrete Tensile
Strain Under Wheel Load

3.5

4.5-5.0

® Controlled by AASHTO-PSI criteria

Note: See Sections 4A.2 through 4A.5 for detailed guidelines on other asphalt concrete pavement design features.

. Afull depth asphalt concrate pavement

A conventional Unbound Granular Base
with an improved subgrade s not usually
needed for this site condition cell (Ses
Section 5).

with an improved subgrade Is not usually
needed for this slte condition cell (Sea
Seciion 5).
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Dense Graded Asphalt
Concreto Surface Thicknass, in,

Asphall Treated Bage Thickness, In.

Granular {Aggregate Pit Run Gravel)
Subbase Thickness, in.

Prepared Subgrade {See Sectian &)

30-3.5 A0-35
6.0 7.0
{Plant mixed} {Roadway
Mixed}
6.0 8.0

An agphalt treatad base with an improved
subgrade s not usually needed for this site
condltion cell {(See Section 5).

Prepared Subgrade (See Sectlon 5)

B Controlled by AASHTO-PFSI Criteria
Dense Graded Asphalt
Concrete Surface Thickness, In. 038 30:05
8.0 7.0
Asphalt Trealed Base Thickness, in, | (Plantmixed) | (Roadway An asphalt trealed base with an Improved
Mixed)
subgrade Is not usually neaded for this site
condition call {See Sactlon 5).
Crushed Stone Base Thickness, in. 50 5.0 .

M Controlled by AASHTO-PSI Criteria

Dense Graded Asphalt
Concrate Surface Thicknass, In,

Cement Treated Base Thickness, in.

Prepared Subgrade (See Secllon 5)

35-4.58

8.0

B Controlled by AASHTO-PSI Criteria

A cement treated base with an
Improved subgrade s not usually
needed for this site condition cell (See
Sectlon 5),
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Flexible

Traffic: 4-8 million flexible ESALs

Cell 13 Subgrade: Very Soft (Resllient Modulus, < 4.5 ksl)

Initial serviceability 45 " Elastic modulus of surface HMAC
Terminal Serviceability 2.5 " Resllient modulus of subgrade
Overall standard deviation 0,49 Drainage coefficient, m

Rellabllity 96%

Note: Subgrade Is very weak; some type of improvement should be considerad {See Section 5).

Dense Graded Asphalt
Congcrete Surface Thickness, in.

Crushed Stone Aggregate Base
Thicknass, in.

Granular/Aggregate Subbase
Thickness, In,

Improved Subgrade Thickness, n.

m Controlled by Subgrade Vertical Compressive Strain Under Wheel Load
Strain Between Wheel Loads

m Controlled by Asphalt Concrete Tensile
Strain Under Whesl Load

able to sustain the expected traffic for the subgrade co_ndhions.

450 ksi
3 ksi
1.00

Note: See Secllons 4A.2 through 4A.5 for detailed guldelines on other asphalt concrete pavement design features.

7.0-8.0 7.0-8.0
10.0 10.0
13.0-14.0 14,0-15.0
Crushed Pit Run
Stone Gravel

m Controlled by Asphalt Concrete Tensile

A full-depth asphalt concrete pavemeant is not recommended for this site condition call.

Note: The site condition calls that are shadad represent designs that have been used, but are considered "marginal” and may not be
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Dense Graded Asphait
Concrete Surface Thickness, In.

Asphalt Treated Base Thickness, in,

Granular/Aggregate (Pit Run
Gravel) Subbase Thickness, In.

Improved Subgrade Thickness, In.

m Controlled by AASHTO-PS| Criterla

5.5-85 L5685
8.0 8.0
{Plani mixed} | (Hoadway
Mixed)
14,0 14,0

Dense Graded Asphalt
Concrete Surface Thickness, In,

Asphalt Treated Base
Thickness, In.

Crushed Stons Aggregate
Subbase

Granular/Aggregate (PIt Run
Gravel) Subbase Thickness, In.

Improved Subgrade Thickness,
In.

5.5-6.5 5.58.5
a.0 8.0
{Plant mixed) | {Roadway
Mixed)}
6.0 &0
7.0 7.0

B Controlled by AASHTO-PSI Griteria

H Controlled by AASHTO-PSI Griteria

EEE

W Controlled by AASHTO-PSI Criteria

Note: The site condltion cells that are shadad represent designs that have been used, but are considered “‘marginal” and may not
be able to sustain the expectad traffic for the glven subgrade conditions (performance Is highly depandent on matarials).
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Flexible

Cell 14

Traffic:

4-8 million flexible ESALs
Subgrade: Weak (Resilient Modulus, 4.5-9.0 ksi)

Initial serviceability 4,56
Terminal Serviceability 2.5
Overall standard deviation 0.49
Reliability 95%

Elastic modulus of surface HMAC 450 ksi
Resilient modulus of subgrade 5 ksl
Drainage coefficient, m 1.00

Danse Graded Asphalt
Concrete Surface Thickness, in.

7.0-85 7.0-B.5

Crushed Stone Aggragale Base
Thickness, in.

2.0 2.0

Granular/Aggregate Subbase
Thickness, in.

Prepared Subgrade (See Sectlon 5)

Strain Under Wheel Load

15.0-18.0 18.0-17.0
Crushed Plt Run

Note: A fitter layer (or separator} Is recommended betwaen
the subbase and weak subgrades (See Section 5).

m Controlled by Asphalt Concrete Tensile

Note: Subgrade Is very weak; some type of improvement should be conslderad (See Section 5).
Note: See Sactions 4A.2 through 4A.E for detailed guldslines on other asphalt concrete pavement design features.

Dense Graded Asphalt
Concrete Surface Thickness, in.

Crushed Stone Aggregate Base
Thickness, in.

Granular/Aggregate Subbase
Thickness, in.

Improved Subgrade Thickness, in.

m Controlled by Asphalt Concrete Tenslle

Strain Under Wheel Load

6.5-7.6 6.5-7.5
9.0 2.0
11.0-12.0 12.0-13.0

A full-depth asphalt concrete pavement is not recommended for this site condition cell.
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Dense Graded Asphalt
Concrate Surface Thickness, in.

Asphalt Treated Base Thickness,
In.

Granular/Aggregate (Pit Run
Gravel) Subbase Thickness, in.

Proparad Subgrade(See Section 5)

4065 40.55
6.0 100
(Plani mixed) ] {Roadway
Mixod)
12,0 i2.0

| Conirolled by AASHTO-PSI Criteria

Note: A filter layer {or separator) Is recommanded between
the subbase and weak subgrades (Ses Section 5).

Dense Gradad Asphalt
Congcrete Surface Thickness, in.

Asphalt Treated Base Thickness, In,

Granular/Aggregate {Pit Run
Gravel) Subbase Thickness, In.

Improved Subgrads Thickness, In,

ABB8 45585
6.0 7.0
(Plant mixed) | (Roadway
Mixad)
14,0 14.0

m Controlled by AASHTO-PSI Criterla

Dense Graded Asphalt
Concreta Surface Thickness, in.

Asphalt Treated Base Thickness, in.
Crushed Stone Aggregate Subbass, In.

Granular/Aggregate (Pit Run Gravel)
Subbase Thickness, in.

Prepared Subgrade (See Seclion 5)

ALEE ADE5
8.0 10.0
{Plant mixed) | ({Roadway
Mixed)
5.0 6.0
6.0 80

Note: A filter laysr (or separator) Is recommended between the
subbase and weak subgrades (See Sacilon 5).

m Contrdlled by AASHTO-PSI Criteria

Dense Gradad Asphalt
Concrete Surface Thickness, In,

Asphalt Treated Base
Thickness, In,

Crushed Stone Aggregate
Subbase

Improved Subgrade Thickness,
In, :

4,5-5,5 4.5-5.5
6.0 10
(Plant mixed} | (Roadway
Mixed)
2.0 120

m Controfled by AASHTO-PSI Criterla

S

B Controlled by AASHTO-PSI Criteria

m  Controlled by AASHTQ-PSI Criteria

Note: The slta condition cells that are shaded rapresent designs that have been used, hut are conslderad “marginal” and may not be able
to sustaln the expected traffic for the given subgrade conditlons {performance is highly dependent on materials).
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Flexible Traffic: 4-8 million flexible ESALs
ce" 15 Subgrade: Fair (Resilient Modulus, 9-14 ksi)

Densa Graded Asphalt
Concreta Surface Thickness, in,

6,5-8.0 6.5-8.0

Crushed Stone Aggregate Base 9.0 9.0
Thickness, in.
11.0-12.0 12.0-13.0
%:?rlt(ulag:gljgregate Subbase Crashod Pit Fiun
GKNess, in. Slona Gravel

Preparad Subgrade (See Section 5)

m Controlled by Asphalt Concrete Tensile
Strain Under Wheel Load

Dense Graded Asphall Concrete

Surface Thickness, in. 3.5
Dense Graded Asphait Concrete Base 7.5-8.5
Thickness, in.

Propared Subgrade (Ses Section 5}

# Controlled by Subgrade Vertical
Compressive Strain Under Wheel loads

Initial serviceabllity 4.5 Elastic modulus of surface HMAC 450 ksl
Terminal Serviceability 25 Resilient modulus of subgrade 9 ksi
Overall standard deviation 0.49 Drainage coefficient, m 1.00
Reliability 95%

Note: See Sections 4A.2 through 4A.5 for detalled guidelines on other asphalt concrete pavement design features.

A conventional Unbound Granular Base
with an improved subgrade is not usually
needed for this sile condition cell (See
Sectlon 5}, '

A full depth asphait concrete pavemsnt
with an Improved subgrade Is not usually
needed for this site condltion cell (Ses
Section 5).
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Dense Graded Asphalt

Concrete Surface Thickness, in.

Asphalt Treated Base Thickness, In.

Granular/Aggregate {Pit Run Gravel)
Subbase Thickneass, in.

Prepared Subgrade(See Section 5)

4.0-50 4,050
8.0 7.0
{Plant mixed) | {Roadway
Mixod)
11.0-12.0 11.0-120

W Controlled by AASHTO-PSI Criteria

An asphalt treated base with an improved
subgrade Is not usually needed for this site
conditlon cell {(See Sectlon 5).

Dense Graded Asphalt
Concrete Surface Thickness, In.

Asphalt Treated Base Thickness, in.
Crushed Stone Aggregate Subbase, in.

Granular/Aggregate {Pit Run Gravel)
Subbase Thicknass, in,

Prepared Subgrade {See Seclion 5)

W Controlled by AASHTO-PS| Criteria

A.0-5.0 ADR0
6.0 7.0
{Plant mixed) | (Roadway
Mixgd)
5.0 5.0
5,0-6.0 5.0-6.0

An asphalt treated base with an improved
subgrade Is not usually neadad for this site
condition cell {See Section 5).

Controlled by AASHTO-PSI Criteria

A cement treated basa with an
improved subgrade Is not usually
needed for this site condition cell (See
Section &).

Note: The site condition cells that are shaded repragent designs that have been used, but are consldered “marginal” and may not
be able to sustain the expected traffic for the glven subgrada conditions (performance Is highly dependsnt on materials).
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Flexible

Cell 16

Tratfic:

. 4-8 milllon fiexible ESALs
Subgrade: Strong (Reslilient Modulus, > 14 ksl)

Reliability

Thickness, in.

Thickness, in.

initial serviceabllity
Terminal Serviceability
Overall standard deviation 0.49

Dense Graded Asphalt
Concrete Surface Thickness, In.

Ciushed Stone Aggregate Base

Granular/Aggregale Subbase

Prepared Subgrade (See Section 5)

Dense Graded Asphalt Concrete
Surface Thickness, in.

Dense Graded Asphalt Concrete
Base Thickness, in,

Prepared Subgrade {See Section 5)

4.5 Elastic modulus of surface HMAC 450 ksi
2,5 Resilient modulus of subgrade 14 ksi
Dralnage coefficient, m 1.00

95%

Note: See Sectlons 4A.2 through 4A.5 for detailed guidelines on other asphalt concrete pavement design features.

6.5-7.5 8.5-7.5

7.0 7.0
8.0 10,0
Crushed Pt Run
Stona Graval

W  Controlled by Asphalt Concrete Tensile
Strain Under Wheel Load

3.6

§.5-6.5

B Contrelled by AASHTO-PSI criteria

A conventional Unbound Granular Base
with an improved subgrade Is not usually
neaded for this slte condition cell (See
Section 5).

A full depth asphalt concrete pavement
with an improved subgrade is not usually
neaded for this site condition cell (See
Section 5).
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Dense Graded Asphalt
Concrete Surface Thickness, in,

Asphalt Treated Base Thickness, in,

Granular (Aggregate Pt Run Gravel)
Subbase Thickness, In,

Prepared Subgrade (See Sectlon 5)

40-46 4.0:.4.5
6.0 7.0
{Plant mlxeg) {Roadway
Mixed)
7.0 7.0

M Controlled by AASHTO-PSI Criteria

An asphalt treated base with an improved
subgrade is not usually needed for this site
conditlon cell (See Section 5).

Dense Graded Asphalt
Concrete Surface Thickness, In.

Asphalt Treated Base Thickness, In.
Crushed Stone Aggregate Subbase
Thickness, In.

Prepared Subgrade (See Sectlon 5)

4.0:45 4045
6.0 7.0
{Plant mixed) {Roadway
Mixed)
8.0 8.0

B Controlled by AASHTO-PS! Criteria

An asphalt treated base with an improved
subgrade Is not usually needed for this site
condition cell (See Saction 5).

W Controlled by AASHTO-PSI

Criteria

A cement treated base with an
Improved subgrade Is not usually
neacled for this site conditlon cell {See
Saction 5),

Note: The site condition cells that are shaded represent designs that have haen used, but are considered "marginal” and may not
ba able to sustain the expected traffic for the given subgrads conditions (parformanca Is highly dependent on materials},
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Flexible

Cell 17

Traffic:
Subgrade:

8-12 millien flexible ESALs
Very Soft {Resllient Modulus, < 4.5 ksl)

Initlal serviceability 4.5
Terminal Serviceability 2.5
Qverall standard deviation 0.49
Reliability 95%

m Controlled by Subgrade Vertical Compressive
Strain Under Wheel Loads
m Controlied by Asphalt Concrete Tensile
Strain Between Wheel Load

Elastic modulus of surface HMAC 450 ksi
Resilient modulus of subgrade S ksi
Drainage coefficient, m 1.00

Note: Subgrade Is very soft; some lype of improvement should be consldered (See Section 5).
Note: See Sectlons 4A.2 through 4A.5 for detailed guidelines on cther asphalt concrete pavement design features.

Dense Graded Asphalt

Concrete Surface Thickness, In. 80858 8.085
Crushed Stone Aggrepate Base 10.0 100
Thickness, In.

15.0-18.0 16,0-17.0
Granular/Aggregate Subbase Crushod Pit Fun

Thickness, In. Stone

Improved Subgrade Thickness, in,

M Confrolled by Asphalt Concrete Tensile
Strain Under Wheel Load

A full-depth asphalt concrete pavement is not recommended for this site condition cell.

Note: The site condilion cells that are shaded represent designs that have been used, but are considered “marginal” and may not be
able to sustain the expected traffic for the given subgrade condition.
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Dense Graded Asphalt
Concrate Surface Thickness, in.

Asphalt Treated Base Thickness, In.

Granular/Aggragate (Pit Run
Gravel) Subbasa Thickness, in,

Iimproved Subgrade Thickness, In.

A0-7.0 ALZ0
8.0 8.0
({Planl mixed) | (Roadway
Mixed)
16.0 16.0

m Controlled by AASHTO-PSI Criteria

Dense Graded Asphalt
Concrete Surface Thickness, in.

Agphalt Treated Base
Thlckness, |n.

Crushed Stone Aggregate
Subbase

GranularAggregate (Pit Run
Gravel) Subbase Thickness, In.

Improved Subgrade Thickness,
in.

8,0-7.0 B.0-7.0
a.0 20
(Plant mixed) | (Roadway
Mixad)
7.0 7.0

B Controlled by AASHTO-PSH Criteria B Controlled by AASHTO-PSI Criterla

Note: The slte condition cells thal are shaded represent deslgns that have been used, but are consfdered “marginal”
be able to sustaln the expected traific for the given subgrade conditions {performance Is highly dependent on materials).

and may not
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Flexible

Cell 18

Traffic: 8-12 million flexible ESALs
Subgrade; Weak (Reslllent Modulus, 4.5-9.0 ksi)

Initial serviceability 4.5
Terminal Serviceability 2.5
Overall standard deviation 0.49
Rsliability _ 95%

Elastic modulus of surface HMAC 450 ksi
Resilient modulus of subgrade 5 ksi
Drainage cosfficlent, m 1.00

Dense Graded Asphalt .
Concrata Surface Thickness, In.

8,595 8.5-.6

Crushed Stone Aggregalte Base
Thicknass, In.

2.0

2.0

Granular/Aggregate Subbase
Thickness, in.

Prapared Subgrade (See Section 5)

15.0-16.0 16.0-17.0

Pll Run
Gravel

Note; A filter layer (or separator) is recommended between the

subbase and weak subgrades (See Section b).

m Controlled by Asphalt Concrete Tensile
Strain Between Wheel Load

Mote: Subgrade is weak; soms lype of improvement should be considered (See Section 5).
Nole: See Sections 4A.2 through 4A.5 for detalled guldslines on other asphalt concrete pavement design features.

Dense Graded Asphalt
Concrete Surface Thickness, in.

Crushed Stone Aggregate Base
Thickness, in.

Granular/Aggregate Subbase
Thickness, in.

Improved Subgrade Thickness, In.

7.5-8.5 7585
8.0 9.0
13.0-t4.0 14.0-15.0
Crushed Pit Aun
Stone Gravel

‘m  Controlled by Asphalt Concreta Tensile

Strain Under Wheel Load

A full-depth asphalt concrete pavement is not recommended for this site condition cell.
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Dense Graded Asphalt
Congcrete Surface Thickness, in,

Asphalt Treated Base Thickness,
In.

Granular/Aggregate (Pit Run
Graval) Subbase Thicknass, in.

Prepared Subgrade{Ses Sectlon 5)

m Controlled by AASHTO-PSI Criteria

4.5:5.5 4558
10,0 110
- {Plant mixed} | (Roadway
Mixed)
12.0 12.0

Note: A filter layer (or separator) Is recommended between
the subbase and weak subgrades (See Sectlon 6),

Dense Graded Asphalt
Concrete Surface Thickness, In.

Asphalt Treated Base Thickness, In.

Granular/Aggregate (Pit Run
Gravel) Subbase Thickness, in.

Improved Subgrade Thickness, in.

EE-A0 SA:A0
7.0 8.0
{Plant mixed) | {Moadway
Mixed)
15,0 13.0

W Controlled by AASHTO-PSI Criterla

Denss Graded Asphalt
Concrete Surface Thickness, in.

Asphalt Treated Base Thickness, in.
Crushed Stone Aggregate Subbase, in.

Granular/Aggregate (Pit Run Gravel)
Subbase Thickness, in.

Preparod Subgrade (Ses Sectlon 5)

m Controlled by AASHTO-PSI Criteria

48:85 AS5:55
10.0 11.0
(Plant mixed} | (Roadway
Mixad)
5.0 5.0
8.0 6.0

Note: A fliter layer {or separator} is recoramanded between the
subbase and weak subgrades {See Saction 5).

Dense Graded Asphalt

Goncrete Surface Thickness, in, 5560 5580
7.0 8.0

Asphalt Treated Base (Plant mixed) | (Roadway

Thicknass, in. Mixed)

Crushed Stone Aggregate 8.0 8.0

Subbase

GranularAggregate (Pit Run 8.0 6.0

Gravef) Subbase Thickness, In,

Improved Subgrade Thickness, -
in.

Controlled by AASHTO-PSI Criteria

Dense Graded Asphalt
Conerete Surface Thickness, In,

Cemaent Treated Base Thickness, In,

Granular/Aggragate Subbase
Thickness, in.

Prepared Subgrade(See Saction 5)

55-80 A5-60
13.0 13.0
70 B.O
Crushed | Pit Run
5

M Controlled by AASHTO-PSI Criteria

Densa Graded Asphalt
Concrete Surfaca Thicknsss, In.

Cement Treated Base Thickness, In.

Improved Subgrada , in.

B Controlled by AASHTO-PSI Criteria

rdl§ Y

03

Note: The site condition calls that are shaded represent designs that have been used, but are congldered “marginal’ and may not
be able fo sustain the expected traffic for the givan subgrade conditions (performancs Is highly dependent on materlals),
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Flexible Traffic:  8-12 million flexible ESALs
Cell 19 Subgrade: Fair {Resilient Modulus, 9-14 ksi)

=T

1]
Initial serviceabllity 4.5 Elastlc medulus of surface HMAC 450 ksl J
Terminal Serviceabllty 25 Reslllent modulus of subgrade 9 ksi
OQverall standard devlation 0,49 Dralnage cosefficlent, m 1.00 1
Rellabllity 95% 3
Note: See Secllons 4A.2 through 4A.5 for detalled guldelines on other asphalt concrate pavernent design features. 3

A o UK R e
e d Graniia) Hase e o
% J:;:"':O(‘O"OW RS .n'f«:’f RN 2 ""ﬁf‘.,

R,

Dense Graded Asphalt
Concrete Surface Thickness, In,

7.585 7585

Crushed Stone Aggregale Base 10.0 16.6 g
Thickness, In. A conventional Unbound Granular Base
Granviad Subbas 11.0-12.0 120-13.0 with an improved subgrade Is not usually

Tgﬁ:;m:; Qﬁf\'_rega"’ uboase Crushed #it Run needed for this site condition cell (See

Section 5).

Prepared Subgrade (See Section 5}

m Controlled by Asphalt Concrete Tensile
Strain Under Wheel Load

S g

Dense Graded Asphalt Concrets
Surlace Thickness, In. 3.5

Dense Graded Asphalt Concrels }
Base Thickness, [E_ A full depth asphalt concrete pavement ;

with an improved subgrade is not usually

Prepared Subgrade {See Sectlon 5)

needed for this site condition csll (See -
Section 5). . J
M Controlled by Subgrade Vertical
Compresslve Strain Under Wheel Loads
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Dense Graded Asphalt

Prepared Subgrade{See Seclion )

m Controlled by AASHTO-PSI Criteria

Concrete Surface Thickness, in. 4.5.5.0 4550

Asphalt Treated Base Thickness, in. (p,an{',.?,md) (Ro:(?way
Mixad)

Granular/Aggregate (Pit Run Gravel)

Subbasse Thicknass, In. 12,0-13.0 12.0-13.0

An asphalt treated base with an improved
sutbgrade Is not usually needed for this site
condltion cell (See Sectlon 5).

Prepared Subgrade (See Section 5)

m Controlled by AASHTO-PS! Criteria

Dense Graded Asphalt

Conerete Surface Thickness, in. L5ER0 540
6.0 7.0

Asphalt Treated Base Thickness, In. (Plant mixed) | {Roadway

Mixod)

Crushed Stone Aggregate Subbasse, in. 5.0 5.0

Granular/Aggregate (Pit Run Gravel)

Subbase Thickness, in. 66-7.0 870

An asphalt treated base with an improved
subgrade Is not usually needed for this site
conditlon cell (See Section 5).

Controlled by AASHTO-PSI Criteria

A cement treated base with an
Improved subgrade Is not usually
needed for this site condition cell (See
Section B), '

Note: The slte condition cells that are shaded represent designs that have been used, but are considered “marginal® and may not
be able to sustaln the expected traffic for the given subgrade conditions (parformance Is highly dependant on materials),
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Flexible

Cell 20

Traffic:

8-12 million flexible ESALs
Subgrade: Strong (Reslllent Modulus, < 4.5 ksi)

Initial serviceability
Terminal Serviceabllity

Reliability

Dense Graded Asphalt
Concrete Surface Thickness, in.

Crushed Stone Aggragate Base
Thickness, in.

Granular/fAggregate Subbase
Thickness, In.

Prepared Subgrade {See Sectlon 5)

Dense Graded Asphalt Concrete
Surface Thickness, in.

Thickness, In.

Prepared Subgrade (See Section 5)

Dense Graded Asphalt Concrete Base

4.5
25

Overall standard deviation 0.49

95%

Elastic modulus of surface HMAC 450 ksi
Resilient modulus of subgrade 14 Kksi
Drainage coefficient, m 1.00

Note: SBee Sections 4A.2 through 4A.5 for detalled guidelines on other asphalt concrete pavement design features.

M Controlled by AASHTO-PSI criteria

7.0-8,0 7.0-8.0
8.0 8.0
10.0-12.0 12,0-13.0
Crushed Pit Run
Stohe Graval

B Controlled by Asphalt Concrete Tensile
Strain Under Wheel Load

A conventional Unbound Granular Base
with an improved subgrade [s not usually
needed for this site condition celi (Sea
Sactlon 5).

A full depth asphalt concrete pavement
with an improved subgrade Is not usually
needed for this site condltion call (See
Saction 5).
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Densé Graded Asphalt
Concrete Surface Thickness, in.

Asphalt Treated Base Thickness, in.

Granular (Aggregate Pit Aun Gravel)
Subbass Thickness, In,

Prepared Subgrade (See Section 5}

4048 40-45
6.0 70
{Plant mixed) {Roadway
Mixed)
10.0 10.0

An asphalt treated base with an Improved
subgrade Is not usually neaded for this site
condition cell (Sea Secticn 5).

Prepared Subgrade {Sea Section §)

W Controlled by AASHTO-PSI|

B Controlled by AASHTO-PSI Criteria
Dense Graded Asphalt
Concrate Surface Thickness, [n. ALAS A0:A5
: 6.0 7.0

Asphalt Treatad Base Thickness, In, | {Plant mixed) ‘“;;;2‘5;" An asphalt treated base with an improved
subgrade Is not usually needed for this site
condition cell (See Saction 5).

Crushed Stone Aggragate Subbase 80 8.0 { )

Thickness, In.

Criterla

m Controlled by AASHTO-PS|

Criteria

A cemant treated base with an
Improved subgrade Is not usually
needed for this site condition cell (See
Secllon 5).

Nate: The site condltion cells that are shaded represent designs that have been usad, but are consldered “marglnal” and may not
ba able te sustain the expected traffic for the given subgrade conditions (performanca is highly dependent on materlals).
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Flexible

Cell 21

Initial serviceability
Terminal Serviceability

Traffic: 12-20 million flexible ESALs

Subgrade: Very Soft (Resllient Modulus, < 4.5 ksi)

Overall standard deviation 0.49

45 Elastic modulus of surface HMAC 450 ksi
25 Resilient modulus of subgrade 3 ksi
Drainage coefficient, m 1.00

Refability

95%

Note: Subgrade is very soft; some type of improvemant should be considered (See Section 5},
Note: See Sections 4A.2 through 4A.5 for datailed guidslines on other asphalt concrete pavement design features.

Dense Graded Asphalt
Concrete Surface Thickness, in.

Crushed Stone Aggregate Base 11.0 11.0
Thickness, In.

16.0-17.0 16.0-17.0
Grtlu;(ularnggregata Subbase Crushed it Run
Thickness, in. Stone Grave!

Improved Subgrade Thickness, in.

m Controlled by Asphalt Concrete Tensile
Strain Between Wheel Loads

m Controlled by Subgrade Vertical Compressive
Strain Under Wheel Loads

m Controlled by Asphalt Concrete Tensile

Strain Between Wheel Loads

A full-depth asphalt concrete pavement is not recommended for this site condition cell.

Note: The site condition cells that are shaded represent designs that have been usad, but are considered “marginal” and may not be
able o sustain the expected traffic for the subgrade conditions.
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Dense Graded Asphalt
Concrele Surdace Thickness, in. Q575 L5275
8.0 10,0
Asphalt Treated Base Thickness, in. | (Flantmixed) | - (Roadway
Mixed)
Granular/Aggregate (Pit Run 18.0 16.0
Gravel) Subbase Thickness, in.

Improved Subgrade Thickness, In,

B Controlled by AASHTO-PSI Criteria

Dense Graded Asphalt
Concrate Surface Thickness, In. 8578 85675

2.0 10.0
Asphalt Treated Base (Plant mixad) | (Roadway
Thickness, in, Mixed) _ |
Crushed Stone Aggregate 70 7o
Subbase
Granular/Aggregate {Pit Aun

Gravel) Subbase Thickness, in.

Improved Subgrade Thicknoss,
in.

B Controlled by AASHTO-PSI Criterla

B Controlled by AASHTO-PSI Criterla

Dense Graded Asphalt ArnE
Congcrete Surface Thickness, In,
Cement Treated Base Thickness, In. 140

Improved Subgrada , in,

B Controlled by AASHTO-PSI Critetia

Note: The sita condition celis that are shaded represent designs that have been used, but are considared “marginal” and may not
be able 10 sustain the expected traffic for the given subgrade conditions (performance Is highly dependent on materials).
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Flexible Traffic: 12-20 million flexible ESALs
Cell 22 Subgrade: Weak (Resilient Modulus, < 4.5-9.0 ksi)

Initlal serviceability 4.5 Elastic modulus of surface HMAC 450 ksi
Terminal Serviceability 25 Resillent modulus of subgrade 5 ksi
Overall standard deviation 0.49 Drainage coefficient, m 1.00
Reliability 95%

Note: Subgrade is weak; some type of improvement should be considered (See Sectlon ).
Note: See Sactions 4A.2 through 4A.5 for detailed guidelines on other asphalt concrete pavement design featuras.

e

Dense Graded Asphalt
Concrele Surface F')l'hlcknass, in. 9.0-105 § 90108 Dense Graded Asphalt 8595 | 8595
Concrete Surface Thickness, in. 1
Crushed Stone Aggregate Base 10,0 10,0 5
Thickness, In. goreg Crushed Stone Aggragate Base 10.0 10.0 ;
Thickness, in.
GranutarfAggregate Subbase 15,0160 16.0-17.0 13.0-14.0 14.0-15.0
Thickness, in. Cruzhed Pit Aun %ﬁ'}(‘:::;‘?glgmgm Subbase Crushad Pit Run
r B Stone Cravel
Prepared Subgrade (See Section 5) " -
mproved Subgrade Thickness, in. 6.0-12.0 6.012.0

Note: A filter layer {or separator) is recommended between i

the subbase and weak subgrades {See Section 5). .

m Controlled by Asphalt Concrete Tensile m Controlled by Asphalt Concrete Tensile
Strain Betwean Wheel Loads Strain Between Wheel Loads

tosnimpnas

SRR

A full-depth asphalt concrete pavement is not recommended for this site condition cell.

E——

;J‘
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Dense Graded Asphalit
Concrele Surface Thickness, in.

Asphall Treated Base Thickness,
in.

GranularAggregate (Pit Run
Gravel) Subbase Thickness, in.

Prapared Subgrade (See Section &)

50-60 50680
10.0 11.0
{Plant mixed) | (Roadway
Mixod) |
14.0-15.0 14,0-15,0

Note: A filter layer (or separator) Is recommended betwean
the subbase and weak subgrades (See Sectlon b).

m Controlled by AASHTO-PSI Criteria

Dense Graded Asphalt
Concrete Surface Thickness, In.

Asphalt Treated Base Thickness, in.

Granular/Aggregate (Pit Run
Gravel) Subbase Thicknass, In.

Improved Subgrade Thickness, in.

55.65 A5:6.6
8.0 8.0
(Plant mixad) | {Foadway
Mixed)
12,0 12,0

® Controlled by AASHTO-PSI Criterla

Dense Graded Asphalt
Concreta Surface Thickness, In.

Asphalt Treated Base Thickness, In.
Crushed Stene Aggregate Subbase, In.

Granular/Aggregate (Pit Run Gravel)
Subbase Thickness, In.

Prepared Subgrade (See Saction 5)

5080 S.0-60
10.0 1.0
(Plant mixad} | (Roadway
Mixed)
6.0 6.0
7.0-8.0 7.0-8.0

Nate: A fliter layer (or separator) Is recommended batween the
subbase and weak subgrades {See Section 5).

m Controlled by AASHTQ-PSI Criteria

Dense Graded Asphalt
Conarete Surface Thickness, in.

Asphalt Treated Base
Thickness, In.

Crushed Stone Aggregate
Subbase Thilckness, in,

Granular/Aggregate {Pit Run
Gravel) Subbase Thickness, In.

Improved Subgrade Thickness,
in.

5.5-6.6 5.58.5
8.0 9.0
{Plant mixed) ]  (Roadway
Mixed)
5.0 5.0

m  Contrelled by AASHTO-PS! Criteria

B Controlled by AASHTO-PSI Criteria

m Controlled by AASHTO-PSI Criteria

Note: The site condition cells that are shaded represent designs that have bean used, but are consldered “marginal® and may not
be able to sustain the expected traflic for the given subgrade conditions (performance Is highly dependent on materials).
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Flexible

Traffic:

12-20 million flexible ESALs
Cell 23 Subgrade: Falr (Resilient Modulus, 9-14 ksi)

initial setviceability 4.5 Elastic modulus of surface HMAC 450 kst
Terminal Serviceabillity 25 Rasllient modulus of subgrade 9 ksl
Overall standard deviation 0.49 Drainage coefficient, m 1.00
Reliability ' 95%

Note: See Sactions 4A.2 through 4A.5 for detailed guidelines on other asphalt concrete pavement design features.

Dense Graded Asphalt
Concrete Surface Thickness, in. 8.5-0.5 8.5-8.5
Crushed Stone Aggregate Base 10.0 10.0
Thickness, in.

13.0:14.0 14.0-15.0
GranulariAggregats Subbase Cauhed | P

Gravel

Prapared Subgrade (See Section 5)

m Controlled by Asphalt Concrate Tensile
Strain Between Wheel Loads

Dense Graded Asphalt Concrete
Surface Thickness, in. 3.5

Dense Graded Asphalt Concrate
Base Thickness, In.

Prepared Subgrade {Ses Section &)

m Controlled by Subgrads Vertical
Compressive Sirain Between Wheel Loads

A conventional Unbound Granular Base
with an improved subgrade s not usually
needed for this slte condition cell (See
Section 5). .

A full depth asphalt concrete pavement
with an improved subgrade is not usually
needed for this site condition cell (See
Section 5},
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Dense Graded Asphalt

Concrete Surface Thickness, in.

Asphalt Treated Base Thickness, in.

GranularfAggregate {Pit Run Gravel)
Subbase Thicknass, In.

Prepared Subgrade (See Section 5)

45:55 ARG
1.0 8.0
{Plant mixed) | {Roadway
13.0-14.0 13.0-14.0

m Controlled by AASHTO-PS! Criteria

An asphalt treated base with an Improved
subgrade Is not usually needed for this site
conditlon cell (See Section 5).

Dense Graded Asphalt
Congrete Sudace Thickness, in,

Asphalt Treated Base Thickness, In.
Crushed Stone Aggregate Subbase, In.

Granular/Aggregate (Pit Run Gravel)
Subbase Thickness, in.

Prepared Subgrade {Ses Section 5)

4555 AGEE
7.0 8.0
(Plant mixed) | {Roadway
Mixed) |
6.0 8.0
6.0-7.0 6.0-7.0

B Controlled by AASHTO-PSI Criteria

An asphalt freated base with an Improved
subgrade is not usually needad for this site
conditlon cell (See Section 5).

Controlled by AASHTO-PSI Criteria -

A cement treated base with an
improved subgrade Is not usually
naeded for this site condition cell (See
Sectlon 5).

Note: The slte condillon cslls that are shaded reprasant designs that have been used, but are considerad “marginal” and may not
be able 1o sustain the expected traffic for the given subgrade condltions (performanca Is highly dependent on materials),
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Flexible

Trafflc: 12-20 million flexible ESALs
Cell 24 Subgrade: Strong (Reslllent Modulus, > 14 ksi)

Initial serviceability 4.5 Elastic modulus of surface HMAC 450 ksi
Terminal Serviceability 2.5 Resilient modulus of subgrade 14 ksi
Overall standard deviation 0.49 Drainage coefficient, m 1.00
Refiabllity 95%

Note: See Sactions 4A.2 through 4A.5 for detallad guldslines on other asphalt concrele pavement design features.

Ry

Dense Graded Asphalt
Concrete Surface Thickness, in. 8.0-8.5 8.0-8.5
Crushed Stone Aggregale Base 10,0 10.0
Thickness, in. A conventional Unbound Granular Base
11.0-12.0 12.0-13.0 with an improved subgrade Is not usually 1

Granular/Aggregate Subbase
Thickness, in,

GCrushed Pit Run nesaded for this site condition cell (See
Stone Graval Section 5). §

Prepared Subgrade (See Section 5)

B Controlled by Asphalt Concrete Tensile ?
Sirain Between Wheel Loads

Dense Graded Asphalt Concrete
Surface Thickness, in, 35

Dense Graded Asphalt Concrete 8.0-8.0
Base Thickness, in.

A full depih asphalt concrete pavement
with an improved subgrade Is not usually
needed for this site condition cell (See
Saction 5),

Prepared Subgrads (See Section 5)

N Controlled by Asphalt Concrete Tensile 3
Strain Between Wheel Loads J
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Dsnse Graded Asphalt

Concrete Surface Thickness, in.

Asphalt Treated Base Thickness, in.

Granular (Aggregate Pit Run Gravel)
Subbase Thickness, In.

Prepared Subgrade (See Section 5)

AQ-45 4048
7.0 8.0
{Plant mlxed} {Roadway
’ Mixed)
10.0 10.0

M Controlled by AASHTO-PSI Criteria

An asphall treated base with an Improved
subgrads Is not usually needad for this site
conditlon cell (See Section 5).

Dense Graded Asphalt
Concrete Surfaca Thickness, in.

Asphalt Treated Base Thickness, in.

Crushed Stonae Aggregate Subbase
Thickness, in,

Prepared Subgrade (See Section B),

B Controlled by AASHTO-PSI

Criteria

| 4045 4045
7.0 8.0
{Plant mixed) {Roadway
Mixed)
9.0 20

An asphalt trealed base with an improved
subgrade Is not usually nesded for this site
condition cell (See Saction ).

® Controlled by AASHTO-PSI

Criteria

A cement treated hase with an
improved subgrade is not usually
needed for this slte condition cell (See
Sectlon 5).

Note: Tho site condltion cefls that are shaded reprasent designs that have been used, but are consldared "marglnal” and may not
be able to sustain the expected trafiic for the glven subgrade conditions {performanca is highly depandent on materials).
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Flexible Traffic:  20-36 million flexible ESALs
Cell 25 Subgrade: Very Soft (Resilient Modulus, < 4.5 ksi)

initial serviceabllity 4.5 Elastic modulus of surface HMAG 450 ksi
Terminal Serviceabllity 2.5 Resilisnt modulus of subgrade 3ksi
Overall standard deviation 0.49 Drainage coefficient, m 1.00
Reliability 95%

Note: Subgrads is very soft; some type of improvemant should be considered (See Section 5),
Note: See Sections 4A.2 through 4A.5 for detalled guldelines on other asphalt concrete pavement deslign features.

Dense Gradad Asphalt .
Concrete Surface Thickness, in. e&110 | 8stia
Crushed Stone Aggregate Base 12.0 12,0
. \ Thickness, In.
A conventional unbound base without an 60180 | 180190
improved subgrade is not recommended Granular/Aggregate Subbase Grushed Pit Run
Thickness, In. Stone Gravel

for this site condition cell.

Improved Subgrade Thickness, In.

m Ceontrolled by Asphalt Concrete Tensile
Strain Between Wheel Loads

A full-depth asphalt concrete pavement is not recommended for this site condition cell.
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Dense Graded Asphalt
Concrete Surface Thickness, In, LOAD Z0:A.0
10.0 1.0
Asphalt Treated Basa Thickness, in, | (Flantmixed) | {Roadway
Mixed)
Granular/Aggregate (Pit Run 160 16.0
Gravel) Subbase Thicknass, in.

Improved Subgrade Thickness, in.

m Controllsd by AASHTO-PSI Criteria m Controlled by AASHTO-PSI Criterla

Denso Graded Asphalt

Concrete Surface Thickness, in, 7.080 7.0.80
10,0 1t.0

Asphalt Treated Base (Plant mixad} | (Roadway

Thickness, In. Mixed)

Crushed Stone Aggregate 7.0 .0

Subbase

Granular/Aggregate {Pit Run

Gravel) Subbasa Thickness, In.

Improved Subgrade Thicknoess,
In.

m Controlled by AASHTO-PSI Ciriteria m  Controlled by AASHTO-PSI Criteria

Note; The site conditlon cells that are shaded rapresent deslgns that have been used, but are considared “marginal’ and may not
be ahla to sustaln the expacted traffic for the gliven subgrade condlitions {performance Is highly dependent on materlals),
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Flexible

Traffic: 20-36 million flexible ESALs
Cell 26 Subgrade: Weak (Resilient Modulus, 4.5-9.0 ksi)

Initial serviceability 4.5 - Elastic modulus of surface HMAGC 450 ksi
Terminal Serviceabllity 2.5 - Resilient modulus of subgrade 5 ksi
Overall standard deviation 0.49. Drainage coefficient, m 1.00
Reliability 95%

Note: Subgrade Is weak; some type of improvement should be considered (See Section 5).
Note: See Secllons 4A.2 through 4A.5 for detailed guidelines on other asphalt concrete pavement deslgn features.

Dense Graded Asphalt 10-11.8 1011.5
Concrete Surface Thickness, in. ! i Dense Graded ASphﬂ"Z 2.0-10.5 B.0-10.5
Concrats Surface Thickness, in.
Ciushed Stone Aggregate Base 12,0 12,0
Thickness, in. 99reg Crushed Stone Aggregate Base 10.0 10,0
Thickness, in.
Granular/Aggregate Subbase 16.0-16.0 18.0-17.0
Crushad Pit Run Granular bbase 14,6-15.0 16.0-17.0
Thickness, in. Stone Graval Tfﬁ:} kns/:gfgregate Subbas Crushed Pit Run
; T | Stona Gravel |
Prepared Subgrade {See Section &5} "
improved Subgrade Thickness, in. 6.0-12.0 80120

Note: A filter layer (or separator) is reconmended between
the subbase and weak subgrades (See Section 5),

m Controlled by Asphalt Concrate Tensile m Controlled by Asphalt Concrete Tensile
Strain Between Wheel Loads Strain Between Whael Loads

A fuil-depth asphalt concrete pavement is not recommended for this site condition cell.

Jr—
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Densge Graded Asphait

Prapared Subgrade (See Secllon 5}

the subbase and weak subgradss {See Section 5),

H Controlled by AASHTO-PSI Criteria

Concrete Surface Thickness, In, EE-G.8 E5-6.5
Asphalt Treated Base Thickness, (p.a;to,}?lxem (H;;é?my
In. Mixed)
Granular/Aggregate (Pit Run

Gravel) Subbase Thickness, In. 15.0-18.0 16.0-17.0

Note: A filter layer (or separator) is recommended between

Dense Graded Asphalt
Concrete Surface Thickness, in.

Asphalt Treated Base Thickness, in.

Granular/Aggregate (Pit Run
Gravel) Subbase Thickness, In.

Improved Subgrade Thickness, In.

AO70 £0-70
8.0 8.0
(Plant mixed) | (Roadway
Mixed)
15,0 16.0

W Controlled by AASHTO-PSI Critetia

Prepared Subgrade (See Sactlon 6)

Note: A fiiter layer (or separator) is recom
subbase and weak subgrades {See Section 5),

m Controlled by AASHTO-PSI Criteria

Dense Gradad Asphalt EE-f5 AA-ER
Concrete Surface Thickness, In. 10.0 1o
Asphalt Treated Base Thickness, in. (Plont mixed) ‘Hﬁﬁi‘ﬁ,’?”
Crushed Stone Aggregate Subbass, in. 8.0 60
Granular/Aggregate (Pit Run Gravel)

Subbase Thickness, in. 8.0-8.0 86110

Dense Graded Asphalt
Concrete Surface Thickness, in.

Asphalt Treated Base
Thickness, in.

Crushed Stone Aggregate
Subbase Thickness, in.

Granufar/Aggregate (Plt Run
Gravel) Subbase Thickness, In,

Improved Subgrade Thickness,
in.,

m Controlted by AASHTC-PSI Criteria

9_.0-7.0 6.0-7.0
9.0 8.0
{Plant mixed) | (Roadway
Mixod)
6.0 8.0

m Controlled by AASHTO-PSI Criteria

®  Controlled by AASHTO-PS| Criterla

Note: The site cendition cells that are shaded represent deslgns that have been used, but are consldered “marginal® and may not
be able to sustain the exposted tralfic for the given subgrade conditlons (performanca Is highly dependent on materials).
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Flexible

Cell 27

Traffic: 20-36 million flexible ESALs
Subgrade: Falr (Resllient Modulus, 9-14 ksi)

Initial serviceability 4.5
Terminal Serviceability 2.5
Overall standard deviation 0.49
Reliability 95%

Dense Graded Asphalt
Concrete Surface Thickness, in.

9.5-11.0 8,611.0

Thickness, in,

Prepared Subgrade (See Section 5)

Dense Graded Asphalt Concrete
Surface Thicknass, in.

Dense Graded Asphalt Concrete
Base Thickness, in.

Prapared Subgrade (See Section 5)

W Controlled by Subgrade Vertical
Compressive Strain Betwean Wheel

Crushed Stone Aggregate Base 10.0 10,0
Thlckness, in.

15.0-16.0 16.0-17.0
Granular/Aggregate Subbase Eruchod Pit Run

Slone Gravel

® Controlled by Asphalt Concrete Tensile
Strain Between Wheel Loads

4.5
9.0-10.0

Loads

Elastic modulus of surface HMAC 450 ksi
Resiliant modulus of subgrade 9 ksi
Drainage coefficient, m 1.00

Note: See Sactions 4A.2 through 4A.5 for detailed guidelines on other asphalt concrate pavement design features.

- heedad for this slte condition cell (See

A conventional Unbound Granular Base
with an improved subgrade Is not usually
needed for this site condition cell (See
Section 5).

A full depth asphalt concrete pavement
with an Improved subgrade Is not usually

Sactlon 5).
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Dense Graded Asphalt

Prepared Subgrade (See Section 5)

B Controlled by AASHTO-PSI Criteria

Concrete Surface Thickness, in. ASER ARS8

Asphalt Troated Base Thickness, in. (Pm,,‘,",‘,’,,,ed) (noﬂ'c‘l]way
Mixod) |

GranularfAggregate (Pt Run Gravel)

Subbase Thickness, in. 14.0-16,0 14.0-15.0

An asphalt treated base with an Improved
subgrade Is not usually neaded for this site
condltion cell {(See Sectlon 5).

Preparad Subgrade (See Section &)

Dense Graded Asphalt
Concrate Surface Thicknass, in. L5 £&6.5
8.0 8.0

(Plant mixed) | (Roadway

Asphalt Treated Base Thickness, In. Mixec)

Crushed Stone Aggregate Subbass, In. 8.0 6.0

Granular/Aggregate (Pit Run Gravel)

Subbase Thickness, In. 7.08.0 7080

An asphalt treated base with an improved
subgrade Is not usually needed for this site
condition cell {See Section 5).

Controlled by AASHTO-PSI Criterla

A cement treated base with an
improved subgrade is not usually
needed for this site conditlon call (See
Section 5},

Note: The slte condition cells thal are shaded represent designs that have baen used, but are censldered “marginal® and may not
be able to sustain the expected traffic for the glven subgrade conditions (performance (s highly dependent on materials),
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Flexible Traffi

Cell 28

c: 20-36 million flexible ESALs
Subgrade: Strong (Resilient Modulus, > 14 ksi)

Initial serviceability 4.5
Terminal Serviceability 25
Overall standard deviation 0.49
Reliability 95%

Elastic modulus of surface HMAC 450 ksi
Resilient modulus of subgrade 14 ksi
Drainage coefficient, m 1.00

Prepared Subgrade (See Section 5)

Strain Betwean Wheel Loads

Dense Graded Asphalt
Congrete Surface Thickness, In. 8.5-10.0 8.5-10.0
Crushed Stone Aggregate Base 10.0 10.0
Thickness, in.
12,0:13.0 13.0-14.0
Granular/Aggregale Subbase Grushed | PhAun
L Stone Gravel

@l Controlled by Asphalt Concrete Tensile

Dense Graded Asphalt Concrete 4.5

Surface Thickness, in.

7.0-8.5
Dense Graded Asphalt Concrete Base

Thickness, In.

Preparad Subgrade (See Sectlon &)

w Controlled by Asphalt Concrete Tenslle
Strain Between Wheel Loads

Note: See Seclions 4A.2 through 4A.5 for detalled guldelines on other asphalt concrete pavement design features.

A convantional Unbound Granular Base
with an improved subgrade is not usually
needed for this slte condition cell (See
Section 5).

A full depth asphalt concrate pavement
with an improved subgrada Is not usually
nesded for this site condition cell (See
Sectlon 5).
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Dense Gradad Asphalt
Concrate Surface Thickness, in,

Asphalt Treated Base Thickness, in.
Granular (Aggregate Pit Run Graval)
Subbase Thigkness, in.

Prepared Subgrade (See Section 5)

4.0-50 4,050
8.0 8,0
{Plant mlxed) {Roadway
Mixed)
10,0 10,0

m Controlled by AASHTO-PSI Crlterla

An asphalt treated base with an improved
subgrada Is not usually naesded for thls site
condition cell (See Section 5},

Dense Gradad Asphalt
Concrete Surface Thickness, in,

Asphalt Treated Base Thickness, in.
Crushed Stone Aggregate Subbase
Thickness, In.

Prepared Subgrade (See Section 5)

M Controlled by AASHTO-PSI Critetia

AfrH0 4050
8.0 2.0
{Plant mixed) {Roadway
Mixed)
8.0 8.0

An asphalt treated base with an Improved
subgrade Is not usually needed for this slte
condition cell (See Section §),

m Controlled by AASHTO-PSI Criteria

A cement freated base with an
improved subgrade Is not usually
neaded for this site condition cell {See
Section 5).

Note: The site condition cells thal are shaded represent designs that have been used, but are considersd “ma rginal” and may not
ba able to sustain the expected traffic for the given subgrads condhtlons {patiormancs s highly dependent on materials),
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Flexible

Traffle: 36-60 million flexible ESALs
Cell 29 Subgrade: Very Soft (Resilient Modulus, < 4.5 ksi)

Initial serviceability 4.5 Elastic modulus of surface HMAC 450 ksi
Terminal Serviceability 2.5 Resilllent modulus of subgrade 3 ksi
Overall standard deviation 0.49 Drainage cosfficient, m 1.00
Reliability 95%

Note: Subgrade is very soft; some typa of improvement sheuld be considered {See Section §).
Note: See Sectlons 4A.2 through 4A.5 for detalled guldelines on othar asphalt concrete pavement design features.

Dense Graded Asphalt 8 .
Concrate Surface Thickness, in. 10512 105-12
Crushed Stone Aggregate Base 14.0 14.0
Thickness, in,

A conventional unbound base without an 50150 | 180100

improved subgrade is not recommended Granular/Aggregate Subbase Crushed Pit Run

- ", Thickness, In. )

for this site condition cell. g .Stone Gravel

Improved Subgrade Thickness, in. '?,

m Controlled by Asphalt Concrete Tensile
Strain Between Wheel Loads

A full-depth asphalt concrete pavement is not recommended for this site condition cell.
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Note: A filter layer {or separator) Is recommended between
the subbase and very soft subgrades (See Section 5).

N Controlled by AASHTO-PSI Criterla

Dense Gradad Asphalt
Concrete Surface Thickness, in. 8090 090
100 1.0
Asphalt Treated Base Thickness, in, | (Plantmixed) | (Roadway
MIxed)
Granutar/Aggregate (Pit Run 17.0 17.0
Gravel) Subbase Thickness, in.

Improved Subgrade Thickness, In.

B Controllad by AASHTO-PSI Criteria

Donse Graded Asphalt ;

Concrete Surtace Thickness, In. £.08.0 8000
10.0 11.0

Asphalt Treated Base (Plart mixed) | (Roadway

Thickness, in. Mixed)

Crushed Stone Aggragate 7.0 70

Subbase

GranularfAggregate (Pit Run

Graval) Subbase Thickness, In.

improved Subgrade Thicknass,
In.

m Controlled by AASHTO-PS] Criteria

m Controlled by AASHTO-PSI Criteria

Note: Tho sits conditicn calls that are shaded represent designs that have been usad, but are consldared “marginal® and may nat
be able to sustain the expected trafflc for the given subgrade conditions (perfarmance is highly dependent on materials).
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Flexible

Traffic: . 36-60 million flexible ESALs
Cell 30 Subgrade: Weak (Resilient Modulus, 4.5-9.0 ksi)

Initial serviceability 4.5 Elastic modulus of surface HMAC 450 ksl
Terminal Serviceability 2.5 Resilient modulus of subgrade 5 ksi
Overall standard deviation 0.49 Drainage coefficient, m 1.00
Reliability 95%

Note: Subgrade is weak; some typs of improvement should be considered (See Section 5),’
Note: See Sections 4A.2 through 4A.& for detallod guldelines on other asphalt concrete pavement design features.

f—

Dense Graded Asphalt

i .5-12 10.5-12
Concrete Surface Thickness, in. 1051 0.5-1

Wbl

A conventional unbound hase without an Crushed Stone Aggregate Base "o 110
Thickness, in.
improved subgrade Is not recommended
16.0-18.0 18.0-19.0
for this sita condition cell. Granular/Aggregate Subbase Crushed Pit Run
Thickness, in.

Stons

.

D

Qraval

Improved Subgrade Thickness, in.

B Controlled by Asphalt Concrete Tensile
Strain Between Wheel Loads

il

A full-depth asphalt concrete pavement is not recommended for this site condition cell,

g e er———
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Dense Gradad Asphalt
Goncrete Surface Thickness, in.

Asphalt Treated Base Thickness,
in.

Granular/Aggregate (Plt Run
Gravel) Subbasge Thickness, In.

Prepared Subgrade (See Section 5)

575 fihi-7.5
10.0 11.0
{Plant mixad) | {Roadway
Mixed)
15.0-18.0 18.0-17.0

m Controlled by AASHTO-PSI Criteria

Note: A filter layer (or separator) Is recommended betwsen
the subbase and weak subgrades {See Section 5).

Dense Graded Asphalt
Congrete Surface Thicknass, In.

Asphalt Treated Base Thickness, in.

Granular/Aggregate (Pt Run
Gravel} Subbase Thickness, In.

Improved Subgrade Thicknass, In.

&5-75 R5-75
9.0 10.0
[Plant mixed) | (Roadway
MIxad)
15.0 16,0

m Controlled by AASHTO-FS] Criteria

Dense Gradad Asphalt
Concrete Surface Thicknass, in.

Asphalt Treated Base Thickness, in.
Crushed Stone Aggregate Subbase, In.

Granular/Aggregate (Pt Run Gravel)
Subbase Thickness, in.

Prepared Subgrade (See Section &)

575 ARE-1.5
100 1.0
{Plant mixad} | (Roadway
Mixed)
6.0 6.0
8.0-8.0 8.0-11.0

Mate: A filter tayer (or separator) is recommended between the
subbase and weak subgrades {See Section 5).

m Controllad by AASHTO-PS! Criteria

Donse Graded Asphalt

Concrate Surface Thickness, in.

Asphait Treated Base

Crushad Stone Aggregate

8,6-7.5 G.5-7.5
9.0 10.0
{Plantmixed) | {Roadway
Mixed)
8.0 8.0

Subbase Thickness, In.

Granular/Aggregate {Pit Run
Gravel) Subbase Thickness, In.

Improved Subgrade Thicknsss,
i

Controlled by AASHTO-PS| Critetia

E Controlled by AASHTO-PSI Criteria

W Controiled by AASHTO-PSI Criterla

Note: The slte condition cells that are shaded represent designs that have been used, but are consldered “marglnal” and may not
ba able to sustaln the expected trafflc for the given subgrade condttions {performanes Is highly dependent on materials).
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Flexible

Traffic: = 36-60 million flexible ESALs

Cell 31 Subgrade: Fair (Resillent Modulus, 9-14 ksi)

Initial serviceability 4.5
Terminal Serviceability 2.5
Overall standard deviation 0.49
Reliability 95%

Elastic modulus of surface HMAC 450 ksi
Resillent modulus of subgrade 9 kst
Drainage coefficient, m 1.00

Note: See Seclions 4A.2 through 4A.5 for detailed guidelines on other asphali concrate pavement design features.

Dense Graded Asphalt

Concrete Surlace Thickness, In. 110120 ] 11.0120
Crushed Stone Aggregale Base 10,0 100
Thickness, In.

Granuiar/Aggregate Subbase
Thickness, In.

Proepared Subgrade {See Saction b)

m Controlled by Asphalt Concrete Tensile
Strain Between Wheel Loads

Deanse Graded Asphalt Concrete
Burface Thickness, in. 4.5

Dense Graded Asphalt Concrete 10.0-11.5
Base Thickness, in.

Prepared Subgrade {See Section b)

W Controlled by Subgrads Vertlcal
Compressive Straln Batween Wheel Loads

H Controlled by asphalt concrete tenslle strain
between whoel loads

15.0-16.0 16.0-17.0
Crushed PR Aun

Stong Gravel Section 5)

needed for this site condition cell (See

A full depth asphalt concrete pavement
with an improved subgrade Is not usually
needed for this site condition cell {See
Section 5).

A conventlonal Unhound Granular Base
with an improved subgrade Is not usually
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Dense Graded Asphalt

Concrete Surface Thickness, in, 5.0:6.0 5060
9.0 100
Asphalt Troated Base Thickness, In. {Plantmixed) | (Roadway
Mixad)

Granular/Aggregate {Pit Run Gravel)
Subbase Thicknass, in, 14.0-15.0 14.0-18.0

Prapared Subgrade {See Section 5)

m Controlled by AASHTO-PSI Criteria

An asphalt treatad base with an improved
subgrade is not usually nesded for this site
condition csll (See Sactlon 5).

Densa Graded Asphalt
Conerete Surface Thickness, in, L0:60 000
9.0 10,0
(Plant mixed) | {(Roadway

Asphalt Treated Base Thickness, In. Mixeg)
Crushed Stone Aggregate Subbase, in. 6.0 8.0
Granular/Aggregate (Pit Run Gravel)

" Subbase Thickness, in. 7.0:80 7.0-8.0

Prepared Subgrads {Ses Section 5)

B Controlled by AASHTO-PSI Critaria

An asphalt treated base with an Improved
subgrads Is not usually nesded for this site
conditlon cell (See Section 5),

Controlled by AASHTO-PSI Criteria

A cement treated base with an
improved subgrade Is not usually
needed for this site condition cell (See
Saction 5).

Note: The site condition cells that are shaded represent designs that have baen used, but are considered ‘marginal” and may not
be abls to sustaln the expected traffic for the given subgrade conditions (performance Is highly dependent on materials),
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Flexible

Traffic:

36-60 million flexible ESALs
Cell 32 Subgrade: Strong (Resilient Modulus, > 14 ksi)

Reliability _ 95%

Initial serviceability 4.5 Elastic modulus of surface HMAC 450 ksl
Terminal Serviceabillty 2.5 Resilient modulus of subgrade 14 ksi
Overall standard deviation 0.49 Drainage coefficient, m 1.00

Note: See Sectlons 4A.2 through 4A.6 for detalled guidslines on other asphalt concrete pavement design features,

Dense Graded Asphalt
Concrele Surface Thickness, in, 10-11.5 10-118
Crushed Stone Aggregate Base 10.0 10.0
Thickness, in.
14.0-16.0 16.0-16,0
.?;ﬁ;:“ﬁgg:-‘fﬁ"’gm Subbase Grushed Pit Run
e Slang Gravel

Prepared Subgrade {See Section B}

B Controlled by Asphalt Concrete Tensile
Strain Between Wheel Loads

Dense Graded Asphalt Concrate
Surface Thickness, in.

4.5

Dense Graded Asphalt Concrete
Base Thickness, in.

Prepared Subgrade (See Section 5)

H Controlled by Asphalt Concrete Tenslle
Straln Betwean Wheel Loads

m Controlled by Subgrade Vertical
Compressive Sirain Betweaen Wheel Loads

A conventional Unbound Granular Base
with an improved subgrade s not usually
needed for this site condition cell (See
Sectlon 5).

A full depth asphalt concrete pavement
with an improved subgrada is not usually
needed for this site condltion cell (See
Saction 5).
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Denss Graded Asphalt
Concrate Surface Thicknass, in.

Asphalt Troated Base Thickness, in.
Granular/Aggregate (Pt Run Gravel)
Subbasa Thicknsess, In,

Prepared Subgrade (See Seotlon 5)

4555 15-55
8.0 8.0
{Plant mixed) {Aoadway
Mixed)
120 12.0

m Controlled by AASHTO-PSI Criteria

An asphalt treated base with an improved
subgrade Is not usually needed for this site
condltlon cell {See Sectlon 5).

Dense Graded Asphalt
Concrete Surface Thickness, In.

Asphalt Treated Base Thickness, bn.

Crushad Stone Aggregate Subbase
Thickness, In,

GranularfAggregate (Pit Run Graval
Subbass Thickness, in.

Prepared Subgrade (See Section 5)

4588 ARSE
8.0 2.0
{Piant mixed) (Roadway
Mixod)
5.0 5.0
6.0 6.0

B Controlled by AASHTO-FSI Criteria

An asphalt treated base with an improved
subgrade Is not usually needed for this slte
conditien cell (See Section 5).

m Controlled by AASHTQ-PSI Criteria

A cemaent traated base with an
improved subgrade s not usually
needed for this site condition cell {(See
Section 8),

Note: The site condition cells that ara shaded represent designs that have been usad, but are considsrad “marginal” and may not
be able to sustain the expected traffic for the glven subgrade conditions (performance Is highly dependent on materials).
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Fiexible Traffic:  60-100 million flexible ESALs
Cell 33 Subgrade: Very Soft (Resilient Modulus, < 4.5 ksl)

Initial serviceability 45 Elasiic modulus of surface HMAC 450 ksi
Terminal Serviceability 25 Resilient modulus of subgrade 3 ksi
Overall standard deviation 0.49 Drainage coefficient, m 1.00
Reliability 95%

Nota: Subgrade Is \}ery soft; some type of Improvement should be considered (See Section ).
Note: See Sectlons 4A.2 through 4A.5 for detailed guldelines on ather asphait concrete pavement design features.

Dense Graded Asphalt

improved Subgrade Thickness, In.

M Controlled by Asphalt Concraete Tenslle
Strain Between Wheel Loads

Concrete Suiface Thickness, In. 12135 12135
Crushed Stone Aggregate Base 160 15.0
. . Thickness, in.
A conventional unbound basse without an o0 200
improved subgrade Is not recommended Granular/Aggregale Subbass Crushed Pit Run
Thickness, in.
for this site condition cel. '

[N oo i ey

A full-depth asphalt concrete pavement is not recommended for this site condition cell.
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Dense Graded Asphalt
Concrete Surface Thicknaess, In. 2.0:10.0 A0:10.0
10.0 1.0
Asphalt Trealed Base Thickness, In, | (Plantmixed) | (Roadway
Mixed)
Granular/Aggregate (Pit Run 16.0 18.0
Gravel) Subbase Thickness, In. ’

Improved Subgrade Thickness, in.

| Controlled by AASHTO-PSI Criteria

S R

u Controlled by AASHTOQ-PSI Criteria

S S

Dense Graded Asphalt
Conarete Surface Thickness, In. £.0-100 20100
100 11.0

Asphalt Treatad Base (Plant mixad) | (Roadway
Thickness, in. Mixed)
Crushed Stone Aggregate 8.0 80
Subbase

5.0 2.0
Granular/Aggragate {Pit Run
Gravel) Subbase Thickness, In.

Improved Subgrade Thickness,
In.

®  Controlied by AASHTO-PSI Criterla

W Controlled by AASHTO-PSI Criteria

| Controlled by AASHTOQ-PSI Criteria

Note: The slte cendltion cells that are shaded represent designs that have been used, but are consldered “marginal® and may not
ba able to sustain the expscled Wraffic for the given subgrade condltions (performance Is highly depandant on materials),
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Flexible

Traffic: 60-100 million flexible ESALs

Cell 34 Subgrade: Weak (Resllent Modulus, 4.5-9.0 ksl)

InHial serviceability 4.5 Elastic modulus of surface HMAG
Terminal Serviceabllity 2.5 Resilient modulus of subgrade
Overall standard deviation 0.49 Drainage coefficient, m

Reliability 95%

Note: Subgrade Is weak; some type of Improvement should be considered (Gee Section 5),

Dense Gradad Asphalt
Concrete Surface Thickness, in.

Crushed Stone Aggregate Base
R Thickness, in.
A conventional unbound base without an

improved subgrade is not recommended Gr?r:(ularlﬂugregate Subbase
for this site condition cell. Thickness, in.

Improved Subgrade Thickness, in.

450 ksi
5 ksi
1.00

Note: See Sections 4A.2 through 4A.5 for detailed guidelines on other asphalt concrete pavement design features.

11.5-13

11.6-13

12,0

12.0

Crushed
Stone

16.0-18.0 18.0-18.0

Pit Run
Gravel

it Mo e
piz=

m Controlled by Asphalt Concrete Tensile
Strain Batween Wheel Loads

A full-depth asphalt concrete pavement is not recommended for this site condition cell.
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m Controlled by AASHTO-PSI Criteria

Dense Graded Asphalt
Concrete Surface Thickness, In,

Asphalt Treated Base Thickness, in.

Granular/Aggregate (Pit Run
Gravel) Subbase Thickness, in.

Improved Subgrads Thickness, in.

B Controlled by AASHTO-PSI Criteria

200 LIRS0
9.0 0.0
(Piant mixed) | (Roadway
Mixed)
17.0 17.0

Denss Graded Asphalt
Concrote Surface Thicknass, In.

Asphalt Treated Base
Thickness, in,

Crushed Stane Aggregate
Subbase

Granular/Aggregate {Pit Run
Gravel) Subbase Thickness, in.

Improved Subgrade Thickness,
In.

7.0-8.0 7.0-8,0
9.0 10.0
(Plant mixed) | (Roadway
Mixad)
7.0 70

m Controlled by AASHTO-PS! Criteria

N Controlled by AASHTQ-PS! Criteria

Note: The slte conditicn cells that are shaded represent designs that have been usad, but are consldered “marginal” and may not
be able to sustain the expected iraffic for the glven subgrade conditions (performance Is highly dependent on materials),
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Flexible

Tratfic: 60-100 million flexible ESALs
Subgrade: Fair (Resilient Modulus, 9-14 ksl)

Initial serviceability 4,
Terminal Serviceabllity 2.
Overall standard deviation 0.49
Reliability 95%

5 Elastic modulus of surface HMAC 450 ksl
5 Resilient modulus of subgrade 9 ksi
Drainage coefficlent, m 1.00

Note: See Sections 4A.2 through 4A.5 for detalled guldelines on other asphalt concrete pavement design features.

Dense Graded Asphalt

Prepared Subgrade {Ses Section 5)

Dense Graded Asphalt Concrete
Surface Thickness, In.

Dense Graded Asphalt Concrete
Base Thickness, in.

Prapared Subgrade (See Saction 5)

Strain Between Wheel Loads

Concrete Surface Thickness, in. 12-13 12-13
Crushed Stone Aggregate Base 12,0 12.0
Thickness, in,
15.0-16.0 16.0-17.0
-?;?r;‘ularm‘(igregate Subbase Crushed Pit Aun
ckness, In, Stone Graval

m Controlled by Asphalt Concrete Tensile
Strain Between Wheel Loads

N Controlled by Asphalt Concrete Tensile

4.5

11.5-12,6

A conventional Unbound Granular Base
with an improved subgrada is not usually
needed for this site condition cell (Ses
Section 5).

A full depth asphalt concrete pavemant
with an improved subgrade is not usually
needed for this site conditlon cell (See
Section 5),
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Dense Graded Asphalt
Concrete Surface Thickness, in,

Asphalt Treated Base Thickness, in.
Granular Aggregate (Pit Run Graval)
Subbase Thickness, in,

Prepared Subgrade (See Section 5)

BEGS 5.5:6.5,
10.0 1.0
{Plant mixad) {Roadway
Mixed)
14.0-15.0 14.0-
16.0

B Controlled by AASHTO-PSI Criteria

An asphalt treated base with an Improvsd
subgrade Is not usually nesded for this site
conditlon cell (See Section 5).

Dense Graded Asphalt
Concrete Surface Thicknoss, in.

Asphalt Treated Base Thickness, In.

Crushed Stone Aggregato Subbase
Thickness, in.

Granular’Aggregate (Pit Run Gravel
Subbase Thickness, in.

Preparad Subgrade (Sea Section 5)

BEAS 5568
10,0 11.0
{Pliant mixed) (Roadway
Mixed)
8.0 6.0
7.0-8.0 7.0-8.0

m Controlled by AASHTO-PSI Criteria

An asphalt treatad base with an improved
subgrade Is net usually needed for this site
condition cell (See Sectlon 5).

Dense Graded Asphalt
Concrete Surface Thickness, In.

Cement Treated Base Thickness, in.

Frepared Subgrade (See Section 5)

L5-858

14.0

m Controllad by AASHTO-PSI Criteria

A cement treated base with an
improved subgrade Is not usually
needed for this site condition cell (See
Section 5).

Note: The site condition cells that are shaded reprasent designs that have been used, but are considered “marginal® and may not
be abls to sustain the expacted traffic for the given subgrade conditlons (petformance Is highly depsndsnt on materfals).
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Flexible

Cell 36

Traffic: 60-100 million flexible ESALs
Subgrade: Strong (Resilient Modulus, > 14 ksl)

Initial serviceability 4.5
Terminal Serviceability 2.5
Overall standard deviation 0.48
Reliabillty 95%

Note: See Sections 4A.2 through 4A.5 for detailed guidellnes on other asphalt concrete pavement design features,

Concrete Surface Thickness, in,

Dense Graded Asphalt 11.5-12.6 115125

Crushed Stone Aggregate Base
Thickness, in.

10.0 10,0

Granular/Aggregate Subbase
Thickness, in.

Prapared Subgrade (See Section 5)

Dense Graded Asphalt Concrete
Surface Thickness, in.

Dense Graded Asphalt Concrete
Base Thickness, in.

Prapared Subgrade (Ses Sectlon 5)

Strain Between Wheel Loads

14.0-18.0 168.0-17.0
Crughed Pit Run

m Controlled by Asphalt Concrete Tensile
Strain Between Wheel Loads

B Controlled by Vertical Compressive
Subgrade Strain Between Wheel Loads
M Controlled by Asphalt Concrete Tensile

10.0-11.0

Elastic modulus of surface HMAC 450 ksi
Resllient modulus of subgrade 14 ksi
Drainage coefficiant, m 1.00

A conventional Unbound Granular Base
with an Improved subgrads is not usually
needed for this site condition cell (See
Sectlon 5).

A full depth asphalt concrate pavemsnt
with an improved subgrade is not usually
neaded for this site condition cell (See
Section 5).
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Denss Graded Asphalt
Concrete Surface Thickness, in.

Asphalt Treated Base Thickness, In.
Granular Aggregate (Pit Run Gravel)
Subbase Thickness, In.

Prepared Subgrade (See Saction &5)

B5:2.0 E.5-7.0)
8.0 2.0
{Plant mixed) {Roadway
Mixed)
13.0 13.0

W Controlled by AASHTO-PSI Criteria

An asphalt treated base with an improved
subgrade is not usually needed for this siie
condliion cell (See Sactlon 5).

Dsnse Graded Asphalt
Concrste Surface Thickness, In.

Asphalt Treated Base Thickness, in.

Crushed Stone Aggragate Subbase
Thickness, in,

Granular/Aggregate (Pit Run Gravel)
Subbase Thickness, In.

Prepared Suhgrade (Ses Section 5)

55-2.0 55-7.0
8.0 2.0
(Plant mixed) {Poadway
Mixed)
6.0 6.0
6.0 6.0

E Controlled by AASHTO-PSI Criteria

An asphalt treatad base with an improved
subgrade is not usually needed for this slte
condition cell (See Section 5).

W Controlled by AASHTO-PSI Criteria

A cement treated base with an
improved subgrade Is not usually
needed for this site condition cel! (See
Saction 5),

Note: The site conditlon cells that ate shaded represent designs that hava been used, but are considered “marginal” and may not
be able to sustain the expacted traffic lor the given subgrade conditions (performance Is highly dependent on matarlals),
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4A.3 Material Design Features for Flexible Pavements !
‘ 3

This section of the catalog includes general comments and minimum material requirements to

define the materials used for flexible pavements; however, it is not intended to provide detailed %
material production and construction specifications. AASHTO, ASTM, local agency, and/or _
federal construction specifications should be used to prepare complete materials specifications }
for use in preparing the final design.

Dense Graded Asphalt Concrete Surface and/or Base Mixtures

Asphalt concrete is a high-quality mixture of asphalt cement and well-graded, high-quality

aggregate that has been thoroughly compacted into a uniform mass. Asphalt concrete mixes

can be designed to serve as elther a wearing, binder, or base course. The asphalt concrete

must also exhibit adequate load distribution properties and as a surface or wearing course 3
must also resist the potishing effects of heavy traffic and the effects of aging or weathering and '
other environment influences.

For determining the layer thicknesses of each pavement typs included in the catalog portion of
this manual, the structural design properties listed in Table 9 were used for dense-graded hot- ?
mix asphalt concrete surface and base mixtures.

Table 9. Structural design properties for dense-graded hot-mix asphalt concrete 3
materials.

' J

AASHTO Structural Layer Total Resilient .

Layer Type . .

Coefficient Modulus, Ksi ]

AC Wearing Surface 0.42* 450% ’

AC Binder and Base Layers 0.42* : 450* 1

* Consensus values, appendix G. :

Aggregate Requirements. The coarse aggregate may consist of crushed stone, crushed
slag, crushed gravel, or lightweight aggregate. The fine aggregate may consist of natural

sand, stone screenings, or slag screenings, or combinations of these. Baslc or alkaline rocks 3
(limestone, dolomite} provide better adhesion with asphaltic films than do acidic or silicious J
rocks {granite, quartzite), Where aclidic rocks are used, the addition of an anti-stripping agent
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or hydrated lime may be required. The aggregate used in the asphalt concrete mixture should
aiso be durable and resistant to degradation under freeze/thaw cycles.

The coarse and fine aggregates used In the surface courses shouid be crushed to ensure high
stability and performance. Asphalt concrete base courses, howaver, may include natural
materials In the fine fractions. Since the type and quality of mineral filler affects the mixture
stability, the mineral filler used in surface courses should be limestone dust, portland cement,
or other Inert materials. At least two thirds of the material passing the No. 200 sieve in a
dense-graded asphalt concrate mixture should be nonplastic material meeting the
requirements of AASHTO M17 (ASTM D242).

The aggregates used in a dense-graded asphalt concrete mixture should meet the general
requirements of ASTM D692 and AASHTO M29 (ASTM D1073) for coarse and fine
aggregates, respectively. Mineral filler, when required, should conform to AASHTO M17
(ASTM D242). Both coarse and fine aggregates, as well as mineral filler, if used, must meet
the standard materials qualily specifications, such as soundness, abrasion, and cleanliness.
In addition, friction resistance requirements should be carefully considered to select
aggregates to be used in asphalt concrete wearlng surfaces that will maintain adequate or a
minimurn friction number over the design period.

The minimum acceptable aggregate properties were also defined by the Strategic Highway
Research Program (SHRP) Asphalt Research Program for higher volume roadways, These
aggregate requirements are documented in the following report and are recommended for use
in establishing minimum material requirements.

“L.evel One Mix Design: Materlals Selection, Compaction, and Conditioning,” Report No.

SHRP-A-408, Strategic Highway Research Program, National Research Council, Washington,
DC, 1994,

Table 10 summarizes the desirable aggregate properties for dense-graded asphalt concrete
mixtures.
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Table 10. Summary of desirable aggregate properties for dense graded asphalt
concrete mixtures.*

Fine
oot | natoy, | S0 Thin Los Angeles
Floxiblo | ¥ z . Sy’ r 0 ¢ y ¥ | Equiva- A T Abtasion Max.
ESALs, epth from Surface epth from lent Value Pa r(?cles Propor-
Millions Surface | minimum tlon
% Max. %
w - " - Surfaco Baso
<4 =4 <4 >4 Mix Mix
<1 €65/« ufu 40 - 40 “ 0.6-1.2 45 50
1-4 76/ 50/ 40 40 40 10 0.6-1.2 40 45
4-12 85/80 60/- 45 40 45 10 0.6-1.2 40 45
12-36 95/90 80/75 45 40 45 10 0.6-1.2 40 a0
36-100 100/100 954100 | 45 45 50 10 0.6-1.2 40 40

*85/80 means 85% one fractured face, 80% two fractured faces

Maximum Coarse Aggregate Size. In general, the maximum aggregate size for wearing

courses should not exceed 3 inches. For binder, intermediate and/or base courses, the
maximum aggregate size should not exceed 24 of the compacted lift thicknass.

Coarse Aggregate Angularity. Coarse aggregate angularity is defined as the percent by
welght of aggregate particles larger than No. 4 sieve with one or more fractured faces. A
fractured face is defined as a fractured surface larger than 25% of the maximum aspect
ratio of the aggregate particle. Coarse aggraegate angularity is to be measured on the
coarse particles of the blended aggregates. Desirable values for coarse aggregate
angularity are traffic dependent and are shown in Table 10. It is recommended that all
wearing or surface mixtures on roadways with heavy wheel loads and/or at intersections
consisting of a minimum of B5% crushed aggregate, based on the total coarse and fine
aggregate.

Fine Aggregate Angularity. Fine aggregate angularity is defined as the percent air voids
of loosely compacted aggregate as measured in the National Aggregate Association Test

Method A. This test is done on the portion of blended aggregates passing the No. 8 sieve.
Desirable values for fine aggregate angularity are traffic dependent and are shown in
Table 10.
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= Aggregate Toughnhess. Aggregate toughness is defined as percentage loss from the Los
Angeles abrasion test. The test is used during mix design to determine aggregate
acceptability and can be used as a parameter for acceptance control of an aggregate
source. Specifying agencies should confirm the requirement for an aggregate toughness
criteria in thelr local situation and apply that criteria or determine acceptable levels for the

local situation. Desirable values of aggregate toughness (LA Abrasion) are shown in
Table 10.

= Aggregate Soundness. Aggregate soundness is defined as percentage degradation
from the sodium or magnesium soundness test. The test can be used in the laboratory
during mix design to determine aggregate acceptabllity and/or can be used for source
acceptance control, Specifying agencies should determine the requirement for an
aggregate soundness criteria based on their local materlals and apply that criteria as they
are currently using or determine acceptable levels for the local situation.

» Aggregate Deleterious Materials. Deleterious material Is defined as the percentage by
weight of undesirable contaminants. Aggregate contaminants vary widely according to
geographic location. Typical contaminants include soft shale, coal, wood and mica.
Speclfying agencies should determine the requirements for a daleterious criteria for their
local materlals and sources and apply that criteria as they may be currently using or
determine acceptable levels for their local situation. The test is used during mix design to

determine the aggregate source acceptability or as a parameter for acceptance control of
an aggregate source.

» Clay Content. Clay content is measured using the sand equivalent test which is done on
the portion of blended aggregate passing the No. 8 sieve. The test is used to determine
aggregate acceptability during mix design, but can also be used as a field control tool to
monitor aggregate production. Minimum desirable values are shown in Table 10.

= Thin Efongated Particles. Thin, elongated particles are defined as the percentage by
weight of coarse aggregate particles which have a ratio of maximum to minimum
dimensions greater than five. Thin elongated particles are measured using ASTM D4791,
which is done on the portion of blended aggregates passing the No. 4 sieve. The test may
be used during mix design to determine aggregate acceptability but can also be used as a
mathod of source qualification. Maximum desirable values are shown In Table 10.
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= Dust Proportion. Dust proportion is defined as the percentage by weight ratio of material
passing the No. 200 sieve to the percentage of "effective” asphalt binder. Dust proportion
is calculated in the laboratory during mix design to determine acceptability. The dust to
asphalt ratio should be between 0.6 and 1.2 for all dense-graded, hot-mixed asphalt
concrete mixtures.

Asphalt Binder Requirements. The asphalt cement should meet the standard specification

requirements as noted In ASTM D3515 for viscosity, penetration and ductility. The selected
grade of asphalt cement should satisfy the environmental and traffic loads applied to the

pavement. Section 4A.4 includes different methods for selecting the proper type or grade of
asphait cement. 3

Asphalt Concrete Mixture Requirements. The asphalt concrete mix used as either a

surface or base material should be deslgned according to accepted mix design procedures.
The Asphalt Institute’s MS-2 manual or AASHTO R-12 are suggested for defining the mix
design criteria and procedures for hot-mix dense-graded asphalt concrete mixtures. The mix
must meet the required gradation, stability, flow, air voids and other criteria. ASTM D3515
(Standard Specifications for Hot-Mixed, Hot-Laid Bituminous Paving mixtures) can be used for
spacifying those materials. Another document that defines the material and mix design
minimum parameters is the FHWA Technical Advisory T5040.27, dated March 10, 1988, and :
entitled "Asphalt Concrete Mixture Requirements.” 3

The SHRP Asphalt Research Program also defined minimum asphalt concrete mixture }
requirements for higher volume roadways. These suggested mixture requirements are
documented in the following repors. ' 1

Cominsky, Ronald J. Et al, “The Superpave Mix Design Manual for New Construction and _
Overlays,” Publication No. SHRP-A-407, Strategic Highway Research Program, National }
Research Council, Washington, DC, 1994,

McGennis, R.B., R.M. Anderson, T.W. Kennedy, and M. Solaimanian, “Background of
SUPERPAVE: Asphalt Mixture Design and Analysis,” Publication No. FHWA-SA-95-003,
Federal Highway Administration, Washington, DC, November 1994.

Table 11 summarizes the desirable mixture properties for dense graded asphalt concrete
mixtures,
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Table 11. Summary of desirable asphalt concrete mixture properties..

Minimum Molsture Minimum Stability
Design TS I/
Floxlble | Vgld Volds Damaif:::’ R | vodsin M:rs"a
r Vol vesmn
ESALs, Contont Fllled with the Mineral
nten
Millions . " | Asphalt,% | Depth From Surface Aggregate
% Surtace Base
<4Il >4||
<1 4 65-80 0.75 0.756 1800/45 1200/37
1-4 4 65-80 0.80 0.80 1800745 1500/40
See
412 4 €65-76 0.80 0.80 Table 1800/45 1800/45
12-36 4 €5-75 0.85 0.80 13 1800/45 1800/45
36-100 4 65-75 0,90 0.80 1800M5 1800/45

*TSR = Tensile Strength Ratio; MRR = Resilient Modulus Ratio

» Aggregate Blend/Gradation. One of the most important elements of an asphalt concrete
mix Is the aggregate structure, as defined by the aggregate blend or gradation.
Unfortunately, the upper and lower limits of the aggregate blend vary considerably from
agency to agency. Table 12 shows the typical limits or vaiues for the different sieve sizes
and the corresponding limits of the asphalt content. As these values i/ary significantly from
one agency to another, the gradation controls defined by the SHRP Asphalt Research
Program are considered appropriate and more universal than any of the other procedures.
However, the SHRP dense-graded asphalt concrate mix design method {entitled
Superpave, as documented in the following report) should nat be used interchangeably
with the Marshall, Hveem or other agency mix design criteria.

"The Superpave Mix Design Manual for New Construction and Overlays",
Report No. SHRP-A-407, Strateglc Highway Research Program, Natlonal
Research Council, Washington, DC, 1994.
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Table 12. Limits for gradation control and suggested bitumen content for each

gradation, bituminous road mixes (surfaces).

Maximum Recommendad Percent Passing Each Sleve (by Welght)
Particle Asphalt Sieve Deslgnation
Size (in) Content, % 1" %" %" %" | No.4 | No.10 | No.40 | No.80 | No.200
1 5.0-8.0 100 | 85-100 - 61-90 43-79 30-65 16-38 10-24 2-10
% 6.0-8.5 — 100 82-100 68-93 49-82 32-68 17-44 11-28 2-10
Ve 5.0-9.0 e wun 100 82-100 57-88 33-74 18-46 11-30 2-10

The term used to describe the cumulative frequency distribution of aggregate particle sizes is

the "design aggregate structure”. A design aggregate structure that lies between the control

points and avoids the restricted zone meets the requirements of SHRP with respact to
gradation. To specify gradation, the 0.45 power gradation chart is used to define a parmissible

gradation. This chart uses a unique graphing technique to judge the cumulative particle size

distribution of a blend of aggregate. The ordinate of the chart is percent passing. The
abscissa is an arithmetic scale of sieve size in millimeters, raised to the 0.45 power (See
Figure 14),

An important feature of this chart is the maximum density gradation. This gradation plots as a
straight line from the maximum aggregate size through the origin. SHRP used a standard set

of ASTM sieves and the following definitions with respect {0 aggregate size:

Maximum Size:

Nominal maximum Size:

The maximum density gradation represents a gradation In which the aggregate particles fit

One sleve size larger than the nominal maximum size
One sleve size larger than the first sieve to retain more than 10%.

together in thelr densest possible arrangement. Theoretically, this is a gradation to avold,

because there is very little aggregate space to develop sufficiently thick asphalt films for a

durable mixture. Figure 14 shows a 0.45 power gradation chart with a maximum density
gradation for a 19 mm (34 inch) maximum aggregate size and 12.5 mm (¥ inch) nominal
maximum size.
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Percent Passing

100 N
[ |
80
, 7
L Maximum Density Line
Restricted Zone 7
40 ’
n Maximum Size
Nominal Maximum Size /
20
0 ! t 1 ~
75 pm 2.36 mm 12.5 mm 19.0 mm

SIEVE OPENING (0.45 power)

Figure 14. Typical gradation control for 12.5 mm (1/2 in) mix.
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To specify aggregate gradation, two additional features are added to the 0.45 power chart:
control points and a restricted zone. Control points function as master ranges through which
gradations must pass. They are placed on the nominal maximum size, an intermediate size,
No. 8 sieve (2.36 mm) and the dust size, No. 200 sieve (0.075 mm).

The restricted zone resides along the maximum density gradation between the intermediate

size (either No. 4 or No. 8 sieve, 4.75 or 2,36 mm) and the No. 50 sieve (0.3 mm size), It 3
forms a band through which gradations are not permitted to pass. Gradations that pass

through the restricted zone have often been called "numped gradations", because of the a
characteristic hump In the grading curve that passes through the restricted zone. In most '
cases, a humped gradation indicates a mixture that possesses too much fine sand in relation

to total sand. This gradation generally results in tender mix behavior. A tender mix is difficult %
to compact during construction and offers reduced resistance to permanent deformation during

its performance life. Gradations that violate the restricted zone generally have weak J
aggregate skeletons that depend too much on asphalt binder stiffness to achieve mixture

shear strength. These mixtures are also very sensitive to asphalt content and can easily }
become plastic, resulting in accelerated rutting and shoving. '

et

SHRP recommends, but does not require, mixtures to be graded below the restricted zone. It
also recommends that as traffic level increases, gradations move closer to the coarse control
points. It should be noted, however, that the SHRP gradation control requirements were not
intended ta be applied to special purpose mix types such as stone matrix asphalt or open
graded mixtures, and should not be used for these types of mixtures.

[ i

m  Ajr Voids. Air voids are defined as the total volume of air between the coated aggregate
particles throughout a compacted mix, expressed as a percent of the bulk volume of the
compacted mix. The test is to be used in the laboratory during mix design to select the

proper asphalt content. His also typically used in the field to monitor the production of the ]

mix.

The design air void content suggested for use of all dense-graded asphalt concrete
mixtures is 4%. lt is desirable that the compaction air vold requirements for construction
range from 6% to 8%. To require a lower void content at construction would be impractical
realizing the difficulty of achieving lower air voids while still satisfying all other
requirements for the mix. For example, to attain a lower void content, it would be
necessary to increase the asphalt content, but the consequences of that decision could be ]
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a less stable mix (lower stabilities and strengths) and perhaps bleading at the pavement
surface.

= Voids in Mineral Aggregate (VMA). Voids in mineral aggregate (VMA) are defined as the

percent by volume of effective asphalt binder plus air voids in a compacted aggregate
asphalt mix. Voids in mineral aggregate are calculated using bulk specific gravity of the
aggregate. The test Is used in the laboratory during mix design to determine acceptability.
However, It can also be used as a field control tool to monitor production of mix.

For the mixture to have an adequate asphalt cement content without bleeding, there must
be sufficient alr voids in the compacted mixiure. These volumetric requirements are
determined through VMA, Changes in the VMA are made by adjusting the aggregate
gradation, and the YMA should be checked for each mix used. Acceptable values are
listed In Table 13 by nominal aggregate size.

Table 13. Voids in mineral aggregate criteria.

Nominal Maximum Size of Aggregate, inches | Volds in the Mineral Agaregate, %

0.125 15.0

0.25 14.0
0.375 13.0

0.50 12.0

0.75 11.0

20 1C.5

= Voids Filled with Asphalt (VFA). Voids filled with asphalt (VFA) is defined as percent of

the VMA filled with asphalt. Volids filled with asphalt is calculated from values of air voids
and VMA. Desirable VFA values are shown in Table 11.

= Moisture Damage Ratlos. Moisture interacts with some aggregates to produce adverse
effects on material properties, which results in significant damage to the asphalt concrete.
These moisture interactions affect the adhasion between the asphalt cement and the
aggregate. Alkaline rocks provide better adhesion to asphalt in the presence of water than
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do acid or silicious rocks. When acid rocks are used in asphalt concrete, addition of an
anti-stripping agent, such as hydrated lime may be required. In determining the moisture-
induced damage of the asphalt concrete mixture, AASHTO T 283 is recommended. A
strength and modulus reduction should not be greater than 25%. Table 11 lists the
minimum tensile strength and resilient modulus moisture damage ratios for asphalt
concrete mixtures. '

SRR s

Unbound Granular Materials

The granular base and subbase material consists of aggregates such as crushed stone,
crushed slag, crushed or uncrushed gravel, and sand, or of combinations of these materials.
Specifications for base course materials are generally much more stringent than for subbase
materials in requirements for strength, plasticity and gradation. The specification presented in

AASHTO M-147 is typical of the gradation and quality of untreated base and subbase
aggregates. Additional requirements for quality of base materials, based on test procedures
used by the specifying agency, may also be included in materials or construction
specifications. j

Pr——

For determining the layer thicknesses presented in the catalog, the follow!ng structural design
criteria wars used for the unboun'd granular base and subbase materials:*

sz

Layer AASHTO Structural | Total Resilient Modulus, j

Layer Coefficient ksi :

Crushed stone base materials 0.14 See Figure 15 )

Pit run gravel (sandy gravel} subbase 0.10 See Figure 15

*See appendix G. }
The modulus of these materials is dependent not only on moisture content and density, but

also on the state of stress to which the material is subjected. For most granular materials, the 1

resilient modulus increases as the bulk stress increases. Repeated load triaxial compression '

tests performed in accordance with AASHTO T294-92 entitled “Resilient Moduius of Unbound 1

Granular Base/Subbase and Subgrade Solls—SHRP Protocol P46" can be used to measure ]

the resilient modulus of the unbound based and subbase materials.

More importantly, the insitu resilient modulus of any unbound material is also dependent on the
modulus of the underlying material. For the design checks and criteria discussed in Appendix
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m
E, Figure 15 presents the limiting modulus of the unbound granular base and subbase layers
that were used to check and adjust the layer thicknesses presented in the catalop.

All unbound granular base materials included in the catalog include crushed stones with a limit
of 15% passing the No. 200 sleve. Signlficantly higher amounts of minus 200 material can
have a detrimental effect on the shear strength of the material.

The granular subbase materials were considered sandy gravels or pit run gravels to crushed
stone. The unbound granular base and subbase material are materlals that meet the grading
and other requirements described in the AASHTO M147 or ASTM D2940. It is recommended
that, for base materials, a 1.5 inch top size aggregate be used.

All unbound granular base and subbase materials should be compacted to 100% of the
maximum density, as defined by AASHTO T180. Table 14 summarizes some of the desirable
properties for unbound aggregate bases and subbase layers.

i . i A
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Figure 15. Limiting modulus of unbound granular base and subbase layers.
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Table 14. Summary of desirable aggregate properties for unbound granular base and
subbase materials.

Property Base Material Subbase Material
Minimum Sand Equivalent Value 35 -t
Aggregate toughness, Maximum LA 45 50
Abrasion
Maximum liquid imit 25 30"
Maximum plasticity index 4 6"
Minimum strength value
CBR 80 40
_ R-Value 80 60 !
Minimum (laboratory) resilient 80 40 :
modulus, ksi ! (15 psif10 psi)*” {10 psi/5 psiy™
Suggested Grading, % Passing Sieve AASHTO M147
Size:
1" 100 Gradings A, B,
| %" 70-90 C,D,E orF
i Ve 55-80
j %" 20-50 2
No. 4 35-60 }
No. 10 20-40
No. 40 10-25
No. 200 5-15 ]

* I the subbase layer or material is within the probable depth of frost penetration (see
Saction 5), then the material requirements for an unbound base material should apply to
the subbase layer.

The numbers included inthe (/) represent the repeated vertical applied stress and
confining pressures used in the laboratory, respectively.

*x

it
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For environments where frost is expected to penetrate the pavement structure, a maximum of
8% passing the No. 200 sieve is recommended to ensure that the material will not be
susceptible to frost action. (The effects of frost action are discussed in Section 5.)

Treated Base Materials

Two types of treated base materials are considered In the flexible pavement design catalog:
asphait and cement treated base materials. In summary, these mixtures are granular base

materials (see Table 14) that have been treated with a bituminous or cementitious binder to
improve strength and stiffness characterlstics. Table 15 summarizes some of the desirable
properties for the asphalt and cement treated bases used in the site condition cells.

Table 15. Summary of desirable asphalt and cement treated base materials.

ASTM D4215)

ASTM D4215 or

Asphalt Treated Cement
Property
Roadway Mixed Plant Mixed Treated
Binder Type Emulsified Asphalt Asphait Cement Portland
{Asphalt Institute (Asphalt Institute Cement
MS-19 Manual, or MS-19 Manualor | Typesl, llorll

D3515)

Percent Binder 3-6% by wt. 3-6% by wt. >5.0% by wt. or
3-8% by
volume

Design Air Volds 3-5% 3-5% 4-7%

Minimum VMA 13 13 NA

Minimum Stability, 1000/35 1200/37 NA

Marshall/Hveam

Minimum 28-day NA NA 750 psl

Compressive Strength

Compaction 100% AASHTO 100% AASHTO 100% AASHTO

T180 T180 or 95% T134 or 95%
AASHTO T209 AASHTO T180
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Bituminous or Asphalt Treated Base Mixtures consist of a uniform mixture of mineral

aggregate and bituminous material. The Asphalt Institute's Manual No. MS19 (a basic
asphalt emulsion manual) can be used to define the design criteria and procedures for
asphait treated base mixtures. [n addition, asphalt cement can also be used as the
bituminous binder in these type of materials. Normally, an HFMS-2h asphalt emulsion is
used for hot plant mixtures, whereas an SS or CSS grads of emulsified asphalt is used for
cold laid-plant mix asphalt emulsion.

For treated stabilized base mixes, the percent crushed bases should exceed 65%, and the
sand equivalent value should be greater than 35. The following materlal strength/modulus
values were used In determining the layer thicknesses presented In the catalog for an
asphalt-treated base (which can include cold-mix base materials):

Plant Mixed Roadway Mixed
0.25* 0.23"
100 ksl B0 ksi
*See gppendix G.
m Cement-Treated Base Mixtures are suggested for use in some cases as a treated base

with an asphalt concrete surface. These types of structures are sometimes defined as
composite pavements.

This material must be designed to provide adequate load distribution properties and to
resist any adverse environmental effects. Current mixture designs for cement-treated
bases require a minimum percent cement from 3.0 to as much as 10% by the total weight
of aggregate. The material type and specifications for cement-treated bases materials are
generally the same as for asphalt-treated base materials. The coarse aggregate may be
crushed stones, crushed or uncrushed gravel and slag. The fine aggregate may be that
naturally contained in the coarse aggregate material or may be sand from a separate
source. The aggregate durability, hardness, cleanliness, and so on should be that for
normal unbound aggregate base specifications (discussed in a previous saction, See
Table 14).

The cement used to treat the unbound base material should be a standard brand that
conforms to ASTM requirements. The water should be clean and free of
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substances that will adversely affect the mix. The curing materlal can be an asphalt emulsion,
or other curing materials used for PCC surfaces. To determine layer thicknesses within thls
catalog, the cement-treated base should be proportioned to produce a mix with a minimum 28
day compressive strength of 750 psl. A compressive strength of 750 psl can generally be
produced in the laboratory within the amount of portland cement as identified above. All mix
proportions and properties should be well defined in the mix designs completed prior to
beginning construction.

The following material strength/modulus design values were used in determining the
layer thicknesses presented in the catalog for a cement-treated base material:

AASHTO Structural Layer Coefficient - 0.22*
Modulus of Elasticlty - b00ksl
*See appendix G.

improved Subgrades or Subgrade Soil Stabilization and Prepared Subgrade

it is sometimes necessary to treat and/or stabllize the subgrade to obtain a proper platform for
construction of the other pavement layers. Subgrade as used herein refers to the natural o fill
sall foundation on which a pavement structure is placed. Preparad subgrade as used in the
site condition cells simply refers to the grade work to establish the proper elevation,
scarification of the surficial seils, and compaction to achieve proper densities and moisture
contents of the subgrade. Improved and/or stabilized subgradss refers to strengthening the
subgrade by some physical methods,

Guidelines on improving the subgrades (including stabilizatlon} espaclally where swelling solls
are present, are provided in Section 5 - Speclal Subsurface Conditions. The method for
stabilization of subgrade soils Is affected by changes in moisture content, density and
variations in the stress state. Stabilizing agents used generally include cement and lime.

Note that in lieu of subgrade stabiiization with cement or lime, a thick layer of select granular fill
or embankment over the roadbed soil may be adequate.

The elevatlon of the subgrade s normally determined for many roadway construction projects
by balancing the cut and fill requirements. In other words, the depths and/or volume of soil cut
to a spacified elevation is used as fill material in areas where the elevation neads ta be raised.
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All subgrade soils (whether in a cut or full section) should be compacted to at least 95% of the
maximum density, as defined by AASHTQO T180, for granular or noncohesive soils and to at
least 95% of the maximum density, as defined by AASHTO T09, for those cohesive solls.

4A.4 Selection of Binder for Bituminous Surface and Base Mixtures

As for aggregate gradation, specification and use of the grade and type of asphalt vary
extensively from agency to agency for surface and base mixtures. The selected asphalt
cement grade should be of the proper viscosity grade to satisfy the environmental and traffic
loads applied. Figure 16 shows a gross summary of the typical types of asphalt cement (both
penetration and viscosity graded asphalts) used for dense-graded asphalt concrete surface
mixtures in the U.S. In general, the asphalt cement shall mest all of the standard specification
requirements such as viscosity, penetration, and ductility. AASHTO M20 can be used for
penetration graded asphalt cements, and AASHTO M226 can be used for viscosity graded
asphalt cements. :

One factor that can severely limit the performance of an asphalt concrete pavement is the
effect of the environment on asphalt cement properties. The Thin Film Oven Test and Rolling
Thin Film Oven Tests give an indication of how the agphalt will harden with time. Asphalt
hardening produces raveling and a brittle mixture. When the penetration of the in-service
asphalt is 30 or less, or when the viscosity at 1402F exceeds 35 kilopoise, the pavement
becomes extremely susceptible to cracking. In such situations the rate of asphalt hardening
can be reduced by reducing the voids content to about 2%. Since bleeding becomes a
problem at these low void contents, some compromise is necessary; therefore, most mix
design criteria limit the in-service volds to 3% to 5%. Asphalt cements exhibiting severe
hardening as measured by the Thin Film Oven Test should not be used in the surface
mixtures.

As for the aggregate gradation requirements, SHRP developed a new asphalt binder
specification with a new set of tests. The performance-based specification for asphalt binders
within the SHRP system is designed to quantify and maximize the performance of the bindar in
reducing the occurrence of permanent deformation, fatigue cracking, and low-temperature
cracking. The new system for specifying asphalt binders is unique in that it is a performance
based specification. |t specifies binders on the basis of the climate and attendant pavement
temperatures in which the binder is expected to serve. In other words, physical property
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requirements remain the same, but the temperature at which the binder must attain the
properties changes.

Area FPen Grade Viscosity G 8
120-180 AC-6 or AR-2000

Cu 85-100 AC-10 or AR-4000
|| 80-70 AC-20 or AR-8000
Alaska 120-150 AR-1000 or AR-2000
or Note: The penstration of vl ity graded asphalts do not necessarily fall within the ranges Indicated.
150-200 Whaere spacific penetration requireaments are desired, they should ba so slipulated.
Hawaill 60-70 AR-BO0OQ

Figure 16. Selection guide for asphalt cement.
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Performance graded {PG) binders are graded such as PG 64-22. The first number, 64, is
called the "high temperature grade". This means that the binder would possess adequate
physical properties at least up to 64°C (1472F). This would be the high pavement temperature
corresponding to the climate in which the binder is actuaily expected to serve. Likewise, the
second number (-22) is often called the "low temperature grade” and means that the binder
would possess adeguate physical properties in pavements at least down to -222C (-82F).
Additional consideration is given to the time of loading (open highway, city strests,
intersections, etc.) and magnitude of loads (heavy trucks).

The choice of asphalt binder grade alone will not eliminate permanent deformation, which s
strongily dependeant upon the aggregate properties and the volumetric properties of the as-
constructed paving mix, or fatigue cracking, which is also highly dependent upon pavement
structure. However, selecting the proper grade asphalt binder essentially eliminates iow-
temperature cracking. The SHRP mix design system facilitates selecting asphait binders that
provide different levels of protection or reliability. The following references provide more
discussion on the new procedures for selecting and defining the binder re'quired for a specific
environment and roadway, and are recommended for use in specifying the minimum
requirements of the asphalt binder.

"The Superpave Mix Design Manual for New Construction and Overlays”, Report No.
SHRP-A-407, Strategic Highway Research Program, National Research Council,
Washington, DC, 1994, '

“The Superpave Mix Design System: Manual of Specifications, Test Methods, and

Practices", Report No. SHRP-A-378, Strategic Highway Research Program, National
Research Council, Washington, DC, 1994,

4A.5 Base Drainage for Flexible Pavements

The performance of flexible pavements is highly dependent on maintaining adequate base
and/or subbase strength during periods of increased moisture. Consider the use of a base
course drainage system wherever the following conditions exist:

(1) Where ground water levels approach the bottom of the base.
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(2) Where frost action penetrates the subgrade.
(3) In sag vertical curves where the subgrade soll has low permeability.

Refer to Section 4C for specific details regarding subsurface drainage reccmmendations.

4A.6 Joint Construction in Placing Hot-Mixed Asphalt Concrete
Mixtures

The proper placement and compaction of transverse and longitudinal joints in asphalt concrete
mixtures (especially surface mixtures) are critically important to ensure long term performance
of asphalt concrete pavements. In general, as few transverse and Iongitudinal Joints should be
used as possible. Screed and auger extensions should be used whenever practical and
possible to increase the paving widths, to reduce the number of longitudinal joints across the

pavement's width. In addition, longitudinal joints should not be located in the wheelpaths or in
the center of wheelpaths.

Proper mix placement procedures and paver operation should be adhered to in placing each
lift to ensure that the mix has adequate density at the joints. Lower densities at longitudinal
and transverse joints (as well as in other portions of the lift) can cause premature surface
deterloration in the form of raveling and cracking. The following document is a good source

and reference for the proper production, placement and compaction of asphalt concrete
mixtures.

Hot-Mix Asphalt Paving Handbook, Federal Aviation Administration Advisory Circular
AG 150/56370-14 and U.S. Army Corps of Engineers Publication Un-13 (CEMP-ET),
Library of Congress Catalog Card Number LC 91-74080, 31 July 1881,
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SECTION 4 PAVEMENT DESIGN FEATURE
RECOMMENDATIONS
Section 4B Rigid Pavements

The recommended design features for rigid pavements are presented in this section. The
catalog recommendations are based on many sources, howsver, the most significant source
was the recommendations achieved by consensus of a group of pavement design experts
from Federal, state, industry, consulting, and academia. [1] In addition, use was made of
current SHA design practices [2], FHWA Pavements Noteboak, [20], the 1993 AASHTO Guide
for Design of Pavement Structures (3], and mechanistic-empirical performance models to limit
the occurrence of JPCP fatigue cracking, JRCP crack deterioration, CRCP punchouts,
doweled and non-doweled joint faulting, and roughness (see appendix F).

The sections included are as follows:

m  Section 4B.1 Rigid Pavement Cross Sections and Shoulder Design Features

m  Section 4B.2 Rigid Pavement Structural Design Features for Site Condition Cells
=  Section4B.3 Transverse Joints for JPCP and JRCP

= Section4B4 Load Transtfer Design (Dowel Bars)

m  Section 4B.5 Longitudinal Joints and Tis Bars

= Section 4B.6 Expansion Joint Design

m  Section 4B.7 Joint Sealant Reservoir and Joint Sealants

m  Section4B.8 Reinforcement Design for JRCP

»  Section 4B.9 Reintorcement Design for CRCP

u  Section 4B.10 Terminal Anchorage for CRCP
= Sectlon 4B.11 PCC Slab Matertal Properties
s Section 4B.12 Base and Subbase Material Properties
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4B.1 Rigid Pavement Cross Sections and Shoulder Design Features

A pavement cross section must be carefully developed to insure that each of the design
features will function successfully as well as the entire cross-section as a whole. There are
many possible alternatlve cross-sections, based on varlations in the following features:

m  Cross slope of the trafflc lanes; unlicrm or crown. _

= Traffic direction: a simple twa lane (iwo directional} highway or multiple lanes in one
direction.

»  Shoulders or curbs: tied concrete, HMAC/granular surfaced, or tied or integral concrete
curb. (See section 4B.2 for shoulder support definiticn).

wm  Concrete slab thickness: uniform or tapared thickness (trapezoidal).

= Width of heaviest truck lane slab: conventional or extra wide.

= Subdrainage system: none, longitudinal edge drains, total subdrainage system with
parmeable base layer (provided in Section 4C only).

Cross Sections ,
Several alternative cross sections are provided. Selection of the bast section for a given ]
project depends on the type of highway {rural or urban}, geometric policy {uniform or crowned

cross slope), traffic direction (cne way or two way traffic), construction costs, and various ' i
construction considerations. Alternative cross sactions and recommendations for their usage |
are provided in this section. Uniformity across the section was a major objective of sach cross
section to minimize problems associated with subdrainage, frost heave, and swelling soils.

®  Rural highway with two or more traffic lanes in one direction (conventional width
slabs) (Figure 17). .
Section 1A: Uniform surface slope and slab thickness, tled concrete shoulders.
Section 1B: Crown surface slope, uniform slab thickness, tied concrete shoulders.
Recommendations: These uniform layer cross sections provide good performance and
low maintenance and water infiltration. Design thickness is reduced as the shoulder ioad
transfer capability increases. Note: Sections with conventional lane width and HMAC
shoulders are not recommended due to problems at the PCC lane and HMAC shoulder ]
joint, where settlements and extensive deterioration commonly octur that requires 1
maintenance. Also, a large majority of runoff water enters the pavement section through
the PCC/HMAC lana/shoulder joint. ]

Catalog of Recommended Design Features 132 Section 4B Rigid Pavements J

P



m
® Rural highway with two traffic lanes in one direction (widened slab) (Figures 18 and

19).
Section 2A: Uniform surface slope and slab thickness, widened siab, tled concrete
shoulders.
Section 2B: Crown surface slope, uniform slab thickness, widened siab, tled concrete
shoulders,
Section 3A: Uniform surface slope and slab thickness, HMAC shoulders.
Section 3B: Crown surface slope, uniform slab thickness, HMAG shoulders.

Recommendations: Widened slab pavements have provided excellent performance with
lower faulting and cracking levels for jointed pavements and reduced edge punchouts for
CRCP.[15] Widened lanes have no problem with loss of longitudinal joint load transfer.
These pavements have been built by several states in the U.S. and in several European
and other countries with great success.[26] Kesping heavy traffic loads away from the free
longitudinal edge and slab corner reduces deflections and stresses and thus improved
performance and lower maintenance. Widened slab pavements are applicable whenever
there exists heavy traffic in the lane. Slab thickness is reduced for this cross section
design due to Type Il and Type | shoulders, {Ses section 4B.2).

® Rural highway with two traffic lanes in one direction with trapezoidal cross-section
(Figure 20).
Section 4: Uniform surface slope, widened slab, HMAC shoulders.
Recommendations: Trapezoidal cross section provides for optimization of materials and
the reduction in critical stresses and deflections along the longitudinat joint. They are
applicable only where there exisis a large lateral variation In truck traffic across multiple
traffic lanes. Trapezoidal sections have been used in France and in Chile for both new
construction and concrete overlays for many years with good success.[26,46]

= Rural highway with two way traffic (Figure 21).
Section 1B: Crown surface slope, conventional slab width, tied concrete shoulders.
Recommendations: See note undar Section 1.
Section 5A: Crown surface slope, widened slab, tied concrete shouldars.
Section 5B: Crown surface slope, widened slab, HMAC shoulders.
Recommendations: See note under Section 3. Widened slabs on two lane highways

provide the same benefit as they do on multilane highways by keeping heavy loads away
from the free edges.
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= Urban highway with multiple lanes and two way traffic (Figure 22).
Section 6: Crown surface slope, conventional slab width, tied concrete curb.
Hecommendations: Urban cross section with a tied or integral concrete curb has about
the same effect as a tied shoulder or widened slab section. This design feature reduces
tensile stresses in the slab and deflections at corners.

Shoulders

Thickness of PCC shoulders are the same as the traffic lane as shown in the cross-sections of
Figures 17, 18, 21, and 22, Thickness of HMAC shoulders as shown In the cross-sestlons of
Figures 19, 20, and 21 should be determined as a function of traffic in the outer lane.
Recommended design traffic ranges from 2 to 10 percent of main line traffic, which Is the range
specified by several states for shoulder design.{2) Thickness of the HMAC should be
determined from the flexible pavement Section 4A of this catalog. Locations with substantial
shoulder parking {i.e., interchange ramps) should be designed toward the top of this range or
higher. '
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Figure 17. Cross section for rural hlghway with two or more lanes in one direction
(crown section for both one and two direction traffic), conventional siab width, tied
concrete shoulders, and uniform slab thickness pavement (Sections 1A and 1B).
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Figure 18. Cross section for tural highway, two or more lanes in one direction, widened

slab, tied concrete shoulders, and uniform slab thickness pavement (Sections 2A and
2B).
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Figure 19. Cross section for a rural highway, two or more lanes in one direction,
widened slab, HMAC shoulders, and uniform slab thickness pavement (Sections 3A and
3B).
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Figure 20. Cross section for a rural highway, two or more lanes in one direction,
conventional slab width, HWAC shoulders, and trapezoidal slab thickness (Section 4).
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Figure 21. Cross sections showing rural two-lane highway, widened slab, and concrete
of HMAC shoulders (Sections 5A and 5B).
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Figure 22. Cross section for an urban multi-lane highway, with tied or integral concrete

curbs (Section 6).
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4B.2 Rigid Pavement Structural Design Features for Site Condition
Cells

Recommended rigid pavement structural design features that vary with site conditions are
provided In this section. General background on the developmental process is first
summarized.

General Inputs Used To Develop Structural Designs

Initial serviceability = 4.5* Terminal serviceability = 2.5

Design reliabiiity = See Table 16 Overall standard deviation = 0.39*
Mean flexural strength = 650 psi* Elastic modulus of PCC = 4,000,000 psi
Drainage coefficient, Cd = See Table 16* l.oad transfer, J = See Table 17*

Table 16. Inputs varying with traffic loadings.*

| Rigid ESAL (millions) [ R% | Edge drain? Drainage coefiicient
<1.5 75% | No 1.00

1.5-3.0 85% | No 1,00

3-6 90% | Yes 1.05

>6 895% | Yes 1.05

* Note: all items marked with an asterisk (*) were achieved through consensus. See appendix
G for further information.

Traffic Lane Edge Support

The tie between the lane and shoulder is critical to any benefit of the tied shoulder. The most
effective tie occurs when the outside traffic lane and shoulder are construgted at the same time
(monolithic construction), deformed steel tisbars are praperly p]aced in the plastic concrete
across the joint, and the longitudinal joint is sawed to the proper depth {defined as Type 1).
Anather form of excellent lane edge support is a widened slab {also Type I). Placement of the
shoulder after the traffic lane has been placed will not provide the same level of load transfer
(Type lI}. Other types of shoulders do not provide any load transfer {Type ll). Required slab
thickness is decreased as the longitudinal joint load transter Is improved.
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Type I: Monolithically constructed tied PCC shoulder (traffic lane and shoulder included in

same placement), or widened slab, or integral curb.
Tled PCC shoulder with longitudinal joint not monolithically placed (shoulder

Type Il

placed after traffic lanes placed).

Type lll:

Table 17. Load transfer coefficient, J-value.”

Gravel, soil, AC or non-tied PCC shoulder.

Pavement type Joint load transfer Edge support J-value
JPCP/JRCP Doweled Type | 2.7
Type ll 3.0
Type 11l 3.2
Non-Doweled Type | 3.7, If ESAL<1.5 mili:
3.4
Typell 3.9; If ESAL<1.5 mili;
3.6
Type lll 4.1; if ESAL<1.5 mill:
3.8
CRCP Not Applicable Type | 2.6
Type ll 2.9
Type HI 3.1
*See appendix G. -
Design Checks

The initial designs were developed using the 1993 AASHTO Design Guide with the general
inputs listed. Performance models were then used to check the structural designs against
specilfic criteria for key distresses and roughness listed below.

Non-doweled joint faulting [15].
Doweled Joint faulting [15].
JPCP slab cracking [15).
JRCP crack deterioration [15].
CRCP localized failure {186].
Terminal serviceabllity Index (smoothness) [18].
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Modifications were made to the design recommendations if the criterla listed In Section 2.3
were not met (as indicated in the cells). It should be noted that in the higher traffic cells, the
slab thicknesses for JPCP were always more than adequate 10 prevent slab cracking or joint
faulting. The checks showed that a JPCP thickness of 13 In is adequate to handle the joint
spacing, subgrade, climate, and highest traffic level included in this catalog.

Marginal Designs

Some design cells are labeled as “marginal”. These designs are considered “marginal” in that
they have performed well in some locations but not as well in others. The designer should
carefully consider local performance when selecting these designs.

Base Course
All designs require either an untreated dense graded aggregate or dense graded treated
{(cement, asphalt, lean concrete) base just beneath the slab, except if the slab is placed directly

on grade for design rigld ESALs less than 3 million. See Sections 4B.12 and 4C for
information on base materials.

Alternative designs for permeable bases are not provided in this section becauss they are still
considered as experimental and their benefits and potential risks have not been fully
established (See Reference 1, Appendix A). Recommendations on their use in concrete
pavements s provided in Section 4C. The structural effect of the base course was considered
by providing an increased k value for determining the slab thickness. A minimum of 6 in*
should be used for an aggregate base course if the base is to be used as a working platform.
Specific material requirements are given in Section 4C.

Subgrade Improvement

Subgrade uniformity and support is a very important consideration in pavement performance.
Subgrade as used herein refers to the natural, processed, or fill soil foundation on which a
pavement structure is placed. Uniformlty of the upper portion of the subgrade Is critical. This
catalog recommends an “improvement” for all subgrades identifled as Very Soft (see Section
3.2, Subgrade). Subgrade Improvement should also be considered for subgrades identified as
Weak. Subgrade improvement is defined as either of the following techniques:

= Granular layer; Placement and compaction of a 6 to 12 in granular layer to 95 percent or
greater of maximum denslty, as defined by AASHTO T180, over the existing subgrade.
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w  Stabllization: The stabilization of the top 6 to 12 in of the subgrade generally with hydrated
{ime or cement, Subgrade improvement in terms of stabilization is discussed In greater
detall in Section 5.86.

Benefits of an Improved subgrade include provision of a construction platform for placement
and compaction of pavement layers and help in achieving a smoother pavement, increased
uniform support of the pavement structure, and when a granular layer is used beneath a
treated base It reduces the amount erosion from pumping and a slow seepage of water out of
the base course (bottom seepage). See Section 5 for further guidelines.

The structural effect of the improved subgrade was considered by praviding an increased k
value for determining the slab thickness (the k-value of the “Weak-Fair" subgrade was used).

Subgrade Preparation
it is recommended that all subgrades that are not improved (as defined above) be “prepared”
as described in Section 5 and summarized below to achieve a high degree of uniformity.

m  Fill Sections. All granular fill materials should be compacted to at least 95% of maximum
density as defined by AASHTO T180. Cohesive fill materials should be compacted to no
less than 85% of the maximum density as defined by AASHTO T99.

= Cut Sections. In cuts, the depth and degree of compaction required varies with the
pavement or subgrade elevation of the different soils that are encountered along a
highway project. Uniformity of the upper portion of the subgrade is critical relative to
textural classification, molsture, and density. Specific guldance on compaction depth is
given in Section 5. When existing subgrade soils do not meet minimum compaction
requirements, consider the following alternatives:

(1) Compact solls from the surface,

{2) Remove and process soil to attain the approximate optimum moisture and replace
and compact.

(3) Replace subgrade soil with suitable borrow materials.

(4) Raise the grade so that existing natural densities meet required values.

Special Subsurface Conditions
The pavement cross-sections and layer thicknesses included in the next section for each site
condition cell are not intended to provide all alternatives and/or requirements for all subsurface
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m
conditions and problem soils that may be encountered along a highway project. The different

treatments or techniques suggested for special subsurface conditions and/or problem soils are
included In Section 5 - Special Subsurface Conditions.

Subdrainage

Recommendations on the level of subdrainage are provided on each cell design sheet. More
detailed recommendations are given in Section 4C.

Design Matrix Cells With Recommendations

The recommended features are keyed to specific design celis of a matrix defined by traffic
levels and subgrade levels as shown in table 18. Climatic effects are considered both in the
determination of the subgrade leve! (through the effective seasonally adjusted k vaiue) and by
speciiic climatic variables specified within each design cell. The design thickness and other
features for all rigid pavement type alternatives ara shown on 27 cell charts on succeeding
pages.

A range of structural thicknesses are provided for each cell. Thess thicknesses were
determined considering the rangs of traffic, holding the subgrade k value at their mean values.
The range of base thickness Is based on typical current practice.

Concrete Strength
Alf of the designs are developed for a mean 28-day flexural strength (third point load) of 6560
psl. See Section 4B.11 for procedure to adjust thickness to other strengths.
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Table 18. Site condition cells and design alternatives for the rigid pavement.

Subgrade Condition
Rigid Traffic Very Soft Weak-Falr Strong
ESALs ** (k-value 50-100 psi/in) {k-value 100-200 (k-value 200-400
psi/in) psl/in}
T1(0.75-1.5 mililon)| Cell 1: Non doweled Coll 2: Non doweled Cell 3: Non dowesled
JPCP JPCP JPGP
T2 (1.5-3 mitlion) Cell 4: Non doweled Cell 5: Non dowesled Cell 6: Non dowelad
JPCP JPCP JPCP
Doweled Dowelod Dowslad
JPCPAJRCP JPCP/JRCP JPCP/RCP
T3 (3-6 miltion} Cell 7 Non dowaled Coll 8: Non dowsled Cell9: Non dowslad
JPCP JPCP JPCP
Dowelad Dowsled Dowsled
JPCP/ARCP JPCP/AJRCP JPCP/JRCP
CRCP CRCP CRCP
T4 (6-12 million) Call 10 Dowsled Cell 11: Doweled Call 12: Doweled
JPCP/AJRCP JPCPARCP JPCP/JRCP
CRCP CRCP CRCP
T3 (12-18 milllien) Cali 13: Doweled Call 14: Doweled Cell 15: Doweled
JPCP/AJRCP JPCP/JRCP JPCP/JRCP
CRCP CRCP CRCP
T6 {18-30 mlltion) Cell 18: Dowaled Call 17: Doweled Cell 18: Doweled
JPCP/JRCP JPCPARCP JPCP/JRCP
CRCP CRCP CRCP
T7 (30-54 million) Cell 19: Doweled Cell 20: Doweled Cell 21: Doweled
JPCP/JRCP JPCP/JRCP JPCP/JRCP
CRCP CRCP CRCP
T8 (54-90 million) Cell 22: Dowelad Col 23: Doweled Cell 24: Doweled
JPCPAIRCP JPCP/JRCP JPCP/AJRCP
CRCP CRCP CRCP
T9 (20-150 million) | Cell 25: Dowelad Coll 26: Doweled Coli 27: Doweled
JPCP/AJRCP JPCP/JRCP JPCP/ARCP
|_CRCP CRCP CRCP
Note: Climatic site condition is considered in both the determination of the subgrade
seasonally adjusted k-value and by specific climatic variables specified within each
design cell.
i Cumulative in design lane over design period.
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Traffic:
Subgrade:

0.75-1.5 miillion rigid ESALs

Yery Soft (k-value of 50-100 psi/in)

Initial serviceability
Terminal serviceability
Overall standard deviation
Reliability

Edge support type
PCC slab thickness, in
Base thickness, in

Improved subgrade, in
{See Section 5)

Maximum Joint spacing, ft.

4,5
25
0.39
75%

PCC mean

Aggregate base

Typel Type ll

Elastic modulus of PCC

flexural strength 650 psi

Load transfer coef, J-value Varies w/ edge support type
Drainage coef, Cd

1.0

Type lll Typel

4,000,000 psi

Treated base

Type ll

Type N

5| -6.57.50]

Edge support
Climate Typel Typell Type lll
WF, DF 12-14 12-14 12-14
WNF 12 12-13 1213
DNF 12 12 12

Subdralnage design;

Note

Tie bar design for longitudinal joints;

No, 5 (0,626 In diameter) deformed reinforcing bars spaced at 30 In

Sealanis" and Saction 4B.4, "Transverse Joints

for JPCP and JRCP",

Level 1 - Seal joints and cracks (over lime), see Section 40.

See Sectlons 48.2 through 4B.12 for additional detailed guldelines on all the rigld pavement
design features.

Joint reservolr and other Joint design teatures
Fer recommendad transverse joint resarvair width
and other transverse joint design details, see
Secifon 4B.8, "Joint Sealant Reservoir and Joint
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Traffic:
Subgrade:

0.75-1.5 million rigid ESALs
Weak/Fair (k-value of 100-200 psi/in)

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceabllity 2,5 PCC mean flexural strength 650 psi

Overall standard deviation 0.39 Load transfer ¢coef, J-value Varies w/ edge support lype
Reliability 75% Prainage coef, Cd 1.0

P——

Maximum Joint spacing, ft.

Jolnt reservoir and other joint design features

Aggregate base Treated base No base
Edge support type Typel Typell Typeli Typel Typell Typelll Typel Typell Typeli
PCC slab thickness, In [ . 67 ] 675 " 857s| [ 567 67 675} 67 ;| 65757 ]
Base thickness, in »: ’ f;sr: u:;‘;?g": ool . : =
Prepared Subgrade : Marginal Design
(See Sectlon 5)

Subdrainage design:

features.

Tie bar design for fongitudinal joints:

No. 5 (0.625 In diameter) deformed reinforeing bars spaced at 30 in

For recommended transverse oint reservoir width
Edge support and other transverse joInt design details, see
Climat Tvoel T " - Sectlon 4B.8, "Joint Sealant Reservoir and Joint
e ype ype Type Sealants® and Section 4B.4, “Transverse Joints for
WEDF  12-14  12-14  12-14 JPCP and JAGF",
WNF 12-14 12 12-13
DNF 12-13 12 12

Level 1 - Seal joints and cracks (over time), see Section 4C.

Note: See Sections 4B.2 through 48,12 for additional detailed guidelines cn all the rigid pavement design
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Traffic:
Subgrade:

0.75-1.5 million rigid ESALs
Strong (k-value of 200-400 psi/in)

Initial serviceability
Terminal serviceability
Overall standard deviation
Reliabllity

4.5
2.5
0,39
75%

Elastic modulus of PCC

4,000,000 psi

PCC mean flexural strength 650 psl
Load transfer coef, J-value Varies w/ edge support type
Drainage coef, Cd

1.0

Aggregate base Treated base No base
Edge support type Typel Typell Typelll Typel Typell Typell Typel Typell Typelll
PCC slab thickness, in 6565_ 557 67 (565 - 55657 67 7
Base thickness, In o ) 4-0605 %a 5 :’4_%‘5’20:;’ 49‘;‘,

Prepared Subgrade

Marginal Deslgn

Maximum Joint spacing, ft.

Joint reservoir and other joint design features
Far recommended transverse Jolnt reservoir width
Edge support and other transverse Joint design detalls, see
cinwe ol e e | S o et
WF, DE 12 iz 12 JPCP and JRCP",
WNF 12 12 12
DNF 12 12 12

Tie bar design for longitudinal jolnts:

No. 5 (0.625 in diameler) detormad relnforcing bars spaced at 30 In

Subdrainage design:  Level 1 - Seal joints and cracks {over time), see Section 4C.

Note: See Sections 4B.2 through 4B.12 for additional detailed guidelines on all the rigld pavement design -
features.
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Traffic: 1.53-3 million rigid ESALs
Subgrade: Very Soft (k-value of 50-100 psifin)

Initial serviceability 4.5 Eilastic modulus of PCC 4,000,000 psi

Terminal serviceability 2.5 PCC mean flexural strength 650 psi

Overall standard deviation 0.39 Load transfer coef, J-value Varies w/ edge suppott type
Reliability 85% Drainage coef, Cd 1.0

Aggregate base Treated base
Edge support type Typel  Typell Typelil Type | Type Il Type lll
PCC slab thickness, in 7759 - .89 - .865 | |.785. T g9

Base thickness, in

Improved subgrade, in
{See Section 5)

Maximum Joint spacing, fi.

Joint reservolr and other joint design features

For recommended transverse joint reservoir
Edge support width and other transverse joint design details,
R see Section 4B.8, "Joint Sealant Reservolr and
limate !
Clim Typel  Typell Typelil Joint Sealants” and Section 4B.4, "Transverse
Joints for JPCP and JRCP".

WF, DF 14-16 14-16 15-17
WNF 12-18 13-16 i4-16
DNF 12-13 12-13 12-14

Tie bar design for longitudinal joints: No. 5 {0.625 in diameter) deformed reinforcing bars spaced at 30 in

Subdrainage design:  Level 2 - Non-erodible materials (see Section 4C).

Note See Sectlons 4B.2 through 4B.12 for additional detalled guidelines on all the rigid pavement
design features.
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Traffic:
Subgrade:

1.5-3 million rigid ESALs
Very Soft (k-value of 50-100 psi/in)

Edge support type

PCC slab thickness, in

Improved Subgrade, In
(See Section 5)

Maximum Joint spacing, ft.

Base thickness, in o 46 ol
t 'WSWRW gy

Initial serviceability 4.5 Elastic modulus of PCC
Terminal serviceability 2.5 PCC mean flexural strength
Qverall standard deviation 0.39 Load transfer coef, J-value
Reliability 85% Dralnage coef, Cd

Aggregate base

Typel Typell Type Il

4,000,000 psi

650 psl (28 days)

Varies w/ edge support type
1.0

Treated base

Typell Typelll

" 66575

a® U o

.12%‘“

Joint reservolr and other Joint design features

For recommended transverse Joint reservoir
width and other transvarse JoInt design details,
$60 Sectlon 4B.8, "Joint Sealant Reservoir and

JRCP; 454

JPCP: Edge support
Climate Typel Typell Type Il
WE DF  12-14 13-15 13-16
WNF 12-13 12-14 12-14
DNF 12 12 12-13

Joint Sealants" and Section 4B.4, "Transverse
Jolnts for JPCP and JRCP",

Tie bar design for longltudinal joints:

Subdrainage design:

No. & (0.625 in diameter) deformed reinforcing bars spaced at 30 In

Leval 2 - Non-erodible materials (see Section 4C),

Minimum % reinforcement content for JRCP: 0.15%-0.17%

Dowel bar deslgn: 1.25 in dlameter corrosion-resistant dowel bars spaced at 12 In
Note See Sections 4B.2 through 4B.12 for additional detailed guidelines on all the rigld pavement design

features,
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Traffic: 1.5-3 million rigid ESALs
Subgrade: Weak/Fair (k-value of 100-200 psifin)

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceablility 2.5 PCC mean flexural strength 650 psi

Overall standard deviation 0.39 Load transfer coef, J-value Varies w/ edge support type
Reliability 85% Drainage coef, Cd 1.0

Aggregate base Treated hase No base

Edge support type Typel Typell Typellt  Typel Typell Typelll Typel Typell Typell

89 >

T . v

"7

» v

5 758 88 [ 759,

r ¥

Y LA L] N = LS
PCC slab thickness,in | -7.5-8." . 89 - .8-95 N
:-.o‘) ‘0 'UI .ﬂ:’ '0 't:

r

Base thickness, in © 48 . 45 S 46 -

P e . & s e e 5
Prepared Subgrade Marglnal Design
{See Sectlon 5)

Maximum Joint spacing, ft,

Joint reservoir and other joint design features

For recommended transverse joint reservolr widlh
Edge support and other transverse Joint design detalls, ses
Soction 4B.8, "Joint Sealant Reservolr and Joint
Climate  Typel Typell  Typell Sealants” and Section 4B.4, "Transverse Joints for

L]
WF, DF 14-18 14-16 15-17 JPCP and JRCP*,
WNF 12-15 13-15 14-16
DNF 12-13 12-13 12-14

"le95 -

Tie bar design for longltudinal joints: Na, 5 (0.625 in diameter) deformed reinforcing bars spaced at 30 in

Subdrainage design:  Level 2 - Non-erodible materials (see Section 4C),

Mote: See Sections 4B.2 through 4B.12 for additional detailed guidelines on ail the rigid pavement design
features.
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Traffic: 1.5-3 million rigic ESALs

Subgrade:;

Weal/Fair (k-value of 100-200 psi/fin)

Initial serviceability

4.5 Elastic modulus of PCC 4,000,000 psi
Terminal serviceability 2.5 PCC mean flexural strength 650 psl
Overall siandard deviation 0.39 Load transfer coef, J-value Varied w/ edge support type
Reliability 85% Drainage coef, Cd 1.0

Edge support type

Aggregate base

Typel Typell Typell

Treated base

Typel Typell

Type Il

No base

Typel Typell

PCC slab thickness, In | .

L

L

TR R ey s LA '
Base thickness, in = a5 L 4% c:)o“ o Z"‘
- o O
Prepared subgrade
(SSe Secllong5) Marginal Design

767 658 .

r .

Maximum Joint spacing, ft.

- Jolint reservoir and other joint design features
JRCP: 451t
For recommendad transvarse joint reservolr
JPCP: Edge support width and other transverse joint deslgn details,
. see Section 4B.8, "Jolnt Sealant Reservolr and

Climate Typel  Typell Type i Joint Sealants" and Section 4B.4, "Transverse

WE, OF 12-14 13-15 13-16 Joints for JPCP and JRCP".

WNF 12-13 i2-14 12-14

DNF i2 12 12-13

Type I

Tte bar design for longitudinal joints:

No. 5 {0.625 in diameter} deformed relnforcing bars spaced at 30 in

Subdrainage design: Level 2 - Non-erodible materials {see Section 4C).

Minlmum % reinforcement content for JRCP: 0.15%-0.17%

Dowel bar deslgn: 1.25 in diameter corroslon-resistant dowel bars spaced at 12 in

Note See Sections 4B.2 through 4B.12 for additional detailed guldelines on all the rigld pavement design
features.
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Traffic: 1.5-3 million rigid ESALs
Subgrade: Strong (k-value of 200-400 psifin)

Initial serviceability 4.5 Elastlec modulus of PCC 4,000,000 psi

Terminal serviceability 2.5 PCC mean flexural strength 650 psi

Overall standard deviation 0.39 Load transfer coef, J-value . Varies w/ edge support type
Rellability 85% Drainage coef, Cd 1.0

Aggregate base Treated base No base
Edge support type Typel Typell Typell  Typel Typell Typeil Typel Typell Typelll
PCC slab thickness, In | -7-85 . .7.50 < . 88 - . 78 | 7.5-6.5] 759 | Bg
L] Q':.":.Q'" .a:‘-' 'O' = s L e rrrrere
Base thickness, in L A6 L ag :u o4 o

Prepared Subgrade Marginal Des.i-g-n

Maximum Joint spacing, ft.

Joint reservoir and other jeint design features

For recommended transverse joint reservoir width
Edge support and other fransverse joint deslign detalls, see
Section 48.8, "Joint Sealant Reservoir and Joint
Climate  Typel Typell  Typelll Sealants® and Section 4B.4, *Transvarse Joints for

WEDE 1243 12-44  12-14 JPGP and JRCP".
WNF 12 1213 1213
DNF 12 12 12

Tie bar design for longitudinal joints: Ne., 5 (0.625 In dlameter) deformed reinforcing bars spaced at 30 in

Subdrainage design:  Level 1 - Seal joints and cracks {(see Section 4C).

Note: See Sections 4B.2 through 4B.12 for additional detalled guidelines on all the rigid pavement design
features, ’ .
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Traffic: 1.5-3 million rigid ESALs
Subgrade: Strong (k-value of 200-400 psi/in)

Initial serviceability 4.5 Elastlc modulus of PCC 4,000,000 psl

Terminal serviceability 2.5 PCC mean flexural strength 650 psi

Overall standard deviation 0.39 Load transfer coef, J-value Varies w/ edge support type
Reliability 85% Drainage coef, Cd 1.0

Aggregate hase Treated base No base
Edge support type Typel Typell Typelll  Typel Typell Typelll Typel Typell Typelll

PCC slab thickness, In | - 6-7 ol 8.57.5 . 6.5-8_" '
5 2 -0 '0‘ . L :, =
o 4.6 = il [

Base thickness, In

Prepared subgrade Marginal Deslgn

Maximum Joint spacing, ft.

Joint reservoir and other Joint design features
JRCP: 451t
For recommended transverse Joint raservoir
JPCP: Edge support width and other transverse joint design detalls,
see Sactlon 4B. 8, *Joint Sealant Reservoir and
Climate :
Im Typel  Typell Typelil Joint Sealants" and Section 4B.4, "Transverse
WE, DF 12 12 1218 Joints for JPCP and JRCP".
WNF 12 12 12
DNF 12 12 12

Tie bar design for longitudinal joints:  1.25 in diameter corrosion-resistant dowel bars spaced at 12 in

Subdrainage design:  Level 2 - Non-erodible materials (see Soctlon 4C),
Minimum % reinforcement content for JRCP:  0.15%-0.37%

Tie bar design:  No.5 {0.625 In diameter) deformed reinforcing bars spaced at 30 In

Note  See Sections 4B.2 through 4B.12 for additional detalled guidelnes en all the rigid pavement
deslign features,
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Traffic:
Subgrade:

3.6 million rigid ESALs

Very Soft (k-value of 50-100 psi/in})

Initial serviceabhility 4.5
Terminal serviceabllity 2.5
Overall standard deviation 0.39
Reliability 90%

Elastic modulus of PCC
PCC mean flexural strength 850 psi

Load transfer coef, J-value

Drainage coef, Cd 1.05

Aggregate base

4,000,000 psi

Varies w/ edge support type

Treated hase

Base thickness, in

Improved subgrade, In
(See Section 5)

Edge support type Typei  Typell  Typelll Typel  Typell  Typelli
PCC slab thickness, In ©.9105.7 9.510.5° 9511 ¥ | -850, -9-105 [ 9.510.5>
P o o LA 5 !

Edge support

Climate Typel Typell
WF, DF 16-18 16-18
WNF 14-16 14-16
DNF 13-15 13-15

Type lll
17-19
16-17
1416

design features.

for JPCP and JRCP".

Tie bar design for longitudinal joints:  No. 5 (0.625 in diameter} deformed reinforcing bars spaced at 30 in

Subdrainage design; Dry Climate: Level 2 - Non-erodible materials (see Section 4C).
Wet Climate: Level 3 - Edge dralns and non-erodible materials (see Section 4C).

Note See Sections 4B.2 through 4B.12 for additional detailed guidelines on all the rigid pavement

Joint reservolir and other Joint design features
For recommended transverse joint reservoir width
and other transverse joint design details, see
Section 4B.8, "Joint Sealant Reservoir and Joint
Sealants" and Section 4B.4, "Transverse Joints
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Traffic: 3-6 million rigid ESALs
Subgrade: Very Soft (k-value of 50-100 psi/in)

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceability 2.5 PCC mean flexural strength 650 psi (28 days)

Overall standard deviation 0.39 Load transfer coef, J-value Varies w/ edge support type
Reliability 90% Drainage coef, Cd 1,05

Aggregate base Treated base

Edge suppott type Typel Type ll Type Nl Typel Type ll Type Il
PCC slab thickness, in i

v L

Base thickness, in

Improved Subgrade, in
(See Sectlon 5)

Maximum Jolnt spacing, fi.

Joint reservoir and other joint design features
JRCP: 451t

For recommended transverse Joint reservolr
JPCP: Edge support wldth and other fransverse Joint design detalls,
see Section 4B.8, “Jont Sealant Reservoir and

Climate Typel Typell Type Jolnt Sealants* and Section 4B.4, "Transvarse
WF, DF 14-16 14-18 1817 Jolnts for JPCP and JRCP",

WNF 12-15 13-15 14-16

DNF 12-13 12-13 12-14

Tie bar design for longitudinat [oints: No. 5 (0.625 In diameter) deformed reinforoing bars spaced at 30 in

Subdrainage design:  Dry climate: Level 1 - Seal Joints and cracks.

Wet climate: Level 2 - Non-erodible materials (see Sectlon 4C),
Minimum % reinforcement content for JRCP: 0.16%-0.18%
Dowel bar design: 1.25 In dlametar corroslon-resistant dowel bars spaced at 12 In

Note See Sections 4B.2 through 4B.12 for additional detelled guidelines on all the rigid pavement design
features.
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Traffic: 3-6 million rigid ESALs
Subgrade: Very Soft (k-value of 50-100 psi/fin)

Initial serviceability 4.5
Terminal serviceability 2.5
Overall standard deviation 0.39
Reliability 90%

Edge support type Type Typell Type Il Typel Type ll Typelli

Elastic moduius of PCC 4,000,000 psi

PCC mean flexural strength 650 psi’

Load transfer coef, J-value Varies w/ edge support type
Drainage coef, Cd 1.05

Aggregate base Treated bhase

PCC slab thickness, in

T

785 7 .7.585"T

L)

Base thickness, in

Improved subgrade, in
(See Section 5)

Reinforcement content for CRCP, %

>
. B
B

Longitudinal reinforcement bar size

Climate Aggregate
No Freeze 0.60
Freaze 0.70

For recommended longltudinal deformed
uncoated reinforcement bar slzes, ses Section

4B.10, "Rsinforcement Design for CRCP".
Treated

0.60

0.70

Tie bar design for longitudinal joints:

Subdrainage design:  Dry climate: Level
Woet climate: Level

design features.

Note See Sectlons 4B.2 through 4B.12 for additlonal detalled guidelines on all the rigid pavement

No. 5 {0.625 in diameter) deformad rsinforcing bars spaced at 30 in

1 - Seal joints and cracks.
2 - Non-erodible materials {(see Section 4C).
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Traftic: 3-6 million rigid ESALSs

Subgrade: Weak/Fair (k-value of 100-200 psifin)

Initlal serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceabllity 2.5 PCC mean flexural strength 650 psi

Overall standard deviation 0,39 Load transfer coef, J-value Varies w/ edge support type
Reliability ' 90% Drainage coef, Cd 1.05

Aggregate base Treated base

Type Il

" L9105 -

Edge support type
PCC slab thickness, in

Typel Typell

v . "

Type |

Typelll Type M

T

8510

" 9.5-10.5

Base thickness, in

Prepared subgrade
{See Section 5)

Maximum Joint spacing, ft.

Joint reservoir and other joint design features

For recommended transverse joint reservoir width
Edge support and other transverse joint dasign detaits, see
Section 4B.8, "Joint Sealant Reservolr and Joint
Climate  Typel Typell  ‘Typelll Sealants" and Section 4B.4, "Transverse Joints
J "
WF,DF  16-18 1618  17-19 for JPGP and JRCP
WNF 14-16 14-16 16-17
DNF 13-15 13-15 14-18

Tie bar design for longitudinal joints:

No. 5 (0,625 in diameter} deformed reinforcing bars spaced at 30 in

Subdrainage design: Dry Climate: Levell - Seal joints and cracks.

Wet Climate: Level 3 - Edge drains and nan-erodible materials (treated base
required) (see Section 4B),

Note  See Sections 4B.2 through 4B,12 for additional detailed guidelines on all the rigld pavement

deslgn features.
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Initial serviceability
Terminal serviceability

Qverall standard daviation
Reliability

Edge support type

Base thickness

(See Section 5)

Traffic:

Subgrade:

3-6 million rigid ESALs
Weak/Fair (k-value of 100-200 psi/in)

PCC slab thickness, in

Prepared subgrade, in

Maximum Joint spacing, ft.

4.5 Elastic modulus of PCC 4,000,000 psi

25 PCC mean flexural strength 650 psi

0.39 Load transfer coef, J-value Varies w/ edge support type
90% Drainage coef, Cd 1.05

Aggregate base Treated base
Type | Typell Type lll Typel Type ll Type i
;."7.?-8':5_:' SETI YIS 'j'7-_8.é. | rse M se
- ad LS S ] e 7=

JRCP: 451t

JPCP: Edge support
Climate Typel Typell Typelll
WF, DF 14-16 14-16 15-17
WNF 12-16 13-15 14-16
DNF 12-13 12-13 12-14

Subdrainage design:

features.

Tie bar design for longitudinal joints:

Dry climate: Level 1 - Joint and crack reseal.
Wat climata: Level 2 - Non-ercdible materials {see Section 4C).

No. 5 {0.625 in diameter) deformed reinforcing bars spaced at 30 in

Minimum % relnforcement content for JRCP: 0.16%-0.18%
Dowel bar deslgn: 1.25 in dlameter corrosion-resistant dowel bars spaced at 12 In
Note See Sections 4B.2 through 4B.12 for additional detailed guidelines on all the rigid pavement design

Joint reservoir and other Joint design features

For recommended transverse Joint reservoir
width and other transverse joint deslgn details,
see Section 48.8, "Joint Sealant Reservolr and
Jolnt Sealants" and Section 4B.4, "Transverse
Joints for JPCP and JRCP".
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Traffic: 3-6 million rigid ESALSs
Subgrade: Weak/Fair (k-value of 100-200 psifin)

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceahility 2.5 PCC mean flexural strength 650 psi

Overall standard deviation 0.39 Load transfer coef, J-value Varies w/ edge support type
Reliability 90% Drainage coef, Cd 1.05

Aggregate base Treated base
Edge support type Typel Typell Typell Type | Type ll Type lll
PCC slab thickness, in 75657 . 88 | ges ¥ [ 785 . 75857 . se

Base thickness, in R

Prepared subgrade
(See Section 5)

Reinforcement content for CRCP, %

Longitudinal reinforcement bar size

For recommended longitudinal deformed
uncoated reinforcement bar slzes, see Saction

(1] ']
Climate Aggregate Troated 48,10, "Reinforcement Design for CRCP”,
No Freeze 0.60 0.60
Freecze 0.70 0.70

Tie bar design for longitudinal joints: No. 5 {0.625 in diameter) deformed reinforcing bars spaced at 30 in

Subdrainage design:  Dry climate: Level 1 - Joint and crack reseal.
Wael climate: Level 2 - Non-erodible materials (see Section 4C),

Note See Sectlons 4B.2 through 4B.12 for additional detailed guidelines on all the rigld pavement
design features.
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Traffic: 3-6 million rigid ESALs
Subgrade: Strong (k-value of 200-400 psi/in)

Initial serviceabillty

‘ Terminal serviceability

j Overall standard deviation
j; Reliability

Edge support type
PCC slab thickness, in

Base thickness, In

Prepared subgrade

Maximum Joint spacing, ft.

4.5
2.5
0.39
90%

Typel Type Il Type lll Type! Type ll Type HI

Elastic modulus of PCC 4,000,000 psi

PCC mean tlexural strength 650 psi

Load transfer coef, J-value Varies w/ edge support type
Drainage coef, Cd 1.05

Aggregate base Treated base

-

2
&

8510, 19105 7 9105

x
P d o TE '4) o I; T
fen i 4 Y e

. 4'0 o=, 4_§‘ o mﬂ 4-6 Dﬂ

a

Joint reservoir and other joint design features
For recommended transverse joinl reservoir width

Edge support " and other transverse joint design details, see
Soction 4B.8, "Joint Sealant Reservoir and Joint
Climate Typel Typell  Typelll Sealants® and Section 4B.4, *Transverse Joints
JP d JRCP".
WEDF  13-15 1316 1416 for JPCP an
WNF 1214 1294 1314
DNF 12 12-13 1213

daslgn features,

Tie bar design for longitudinal joints:

Subdrainage design: Dry Climate: Level 2 - Non-erodible materials.
Wet Climate: Level 2 - Non-eradible materials (treated base required).

Note See Sections 4B.2 through 4B.12 for addltional detailed guidelines on all the rigid pavement

No. 5 (0.625 in diameter) deformed reintorcing bars spaced at 30 in
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Traffic:
Subgrade:

3-6 million rigid ESALs
Strong (k-value of 200-400 psi/in)

Initial serviceability
Terminal serviceability
Overall standard deviation
Reliability

4.5
2.5

0.38
90%

Elastic modulus of PCC
PCC mean flexural strength
Load transfer coef, J-value
Drainage coef, Cd

4,000,000 psi

650 psi

Varies w/ edge suppott type
1.05

Aggregate base

Treated base

Edge support type Typel Type Il Type Hll Typel Type Il Type Il

PCC slab thickness, In 7e5 M o759 T eo” Y [ ese | l7se57 . 750 -

ase thickness, in > 4_§ S r:% 4_% i 7
p 1) [ )

Prepared subgrade

Maximum Joint spacing, ft.

Jolnt reservolt and other joint design features
JRCP: 451t
For recommended transverse joint reservaolr
JPCP: Edge support wldth and other transverse joint design detalls,
sea Section 4B. 8, “Joint Sealant Reservoir and
Climate Typel  Typell Typelit Joint Sealants” and Sectlon 4B.4, "Transverse
u
WF, DF 12-13 12-14 12-14 Joints for JPCP and JRCP".
WNF 12 12-13 12-13
DNF 12 12 12

Tie bar design for longitudinal joints:

No. 5 (0.825 in diameter) deformed reinforcing bars spaced at 3¢ in

Subdrainage design:  Dry climate: Lave! 1 - Joint and crack reseal.

Wet climate: Level 2 - Non-srodible materlals (see Section 4C).
Minimum % relnforcement content for JRCP: 0.16%-0.18%
Dowel bar design: 1.25 In diameter corroslon-resistant dowel bars spaced at 12 in

Note See Sections 4B.2 through 4B.12 for additional detailed guidelines on all the rigid pavement design
features.
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Traffic: 3-6 million rigid ESALs
Subgrade: Strong (k-value of 200-400 psi/in)

Initial serviceabllity 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceability 2.5 FCC mean flexural strength 650 psi

Overall standard deviation 0.39 Load transfer coef, J-value Varies w/ edge support type
Reliability 90% Drainage coef, Cd 1.056

Aggregate base Treated base
Edge support type Typel  Typell Type lli Typel Typell  Typelll
PCC slab thickness, In T8 | 75850 . 7507 [ 658 . . 785 - 7685
Base thickness EPVEN cxaw prm e S =
I o, A6l 4 ek 4k Cw

Prepared subgrade

Reinforcement content for CRCP, %

Longltudinal relnforcement bar size

For recommended longitudinal deformed
uncoated reinforcement bar sizes, ses Sectlon
4B.10, "Reinforcement Dasign for CRCP".

[P

Climate Aggregate Treated
No Freeze 0.80 0.60
Freeze 0.70 0.70 3

Tie bar design for longitudinal joints:  No. 5 {0.625 in diameter) deformed reinforcing bars spaced at 30 in

Subdrainage design:  Dry climate: Level 1 - Joint and crack reseal. 3

Wet climata: Level 2 - Non-erodible materials (see Section 4C), 1‘

Note See Sections 4B.2 through 4B.12 for addltional detailed guidelines on all the rigid pavement ]

design features. 4
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Traffic: 6-12 million rigid ESALs
Subgrade: Yery Soft (k-value of 50-100 psi/in)

Initial serviceability 4.5 Etastic modulus of PCC 4,000,000 psi

Terminal serviceability 25 PCC mean flexural strength 650 psi

Overall standard deviation 0.39 Load transfer cosf, J-value Vaties w/ edge support type
Reilability 95% Dralnage coef, Cd 1.05

Aggregate base Treated base

Edge support type Typel  Typell  Typelll Typel  Typell  Typelll
PCC slab thickness, in )

Base thickness, in

Improved subgrade, in
(See Section 5)

Reinforcement content for CRCP, %

Longitudinal reinforcement bar size

For recommendad lengltudinal deformed
uncoated reinforcement bar sizes, see Section
48.10, *Relnforcement Design for CRCP",

Climate Aggregate Treated
No Freeze 0.65 0.65
Freeze 0.70 0.70

Tie bar design for longitudinal joints:  No.5 (0.625 In diameter} deformad reinforcing bars spaced at 30 in

Subdralnage design:  Level 3 - Edge drains and non-erodable treated base, or
Level 4 - Full subdrainage system with permeabla base,

Note See Sectlons 4B.2 through 4B.12 for additional detailed guldelines on all the rigid pavement
dosign features,
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Rigid Traffic: 6-12 million rigid ESALs - 3
Cell 10 Subgrade:  Very Soft (k-value of 56-100 psi/in)

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceability 2.5 PCC mean flexural strength 650 psi (28 days)

Overall standard daviation 0.39 Load transfer coef, J-value Varies w/ edge support type
Reliability 95% Drainage coef, Cd 1.05

Aggregate base Treated base

Edge support type Typel Type Il Type lll Type | Type i Type it
PCC slab thickness, in

Base thickness, in

Improved Subgrade, in
(See Section 5)

O

Maximum Joint spacing, ft. ' i
. i
Joint reservolr and other joint deslgn features
JRCP: 451t
For recommended transvarse Joint reservoir
JPCP: Edge support width and other transverse joint design details, q
see Sectlon 4B.8, "Joint Sealant Reservolr and i
Climate ' :
Typel  Typell Type i Joint Sealants" and Section 4B .4, 'Transverse
WF, DF 16-18 16-10 17-19 Joints for JPCP and JRCP*. .
WNF 14-16 15-17 16-17 5
DNF 13-14 13-16 14-16
1

Tie bar design for longitudinal joints: Nao. 5 (0.625 in diameter} deformed rainforcing bars spaced at 30 in ]

Subdrainage design:  Level 3 - Edge drains and non-ercdable treated base, or
Level 4 - Full subdrainage system with permeable base.

Minimum % reinforcement content for JACP: 0.18%-0.20%
Dowel bar design: 1.25 In diameter corrosion-resistant dowel bars spaced at 12 in

Note See Sections 4B.2 through 4B.12 for additional detailed guidelines on all the rigid pavement design
features.

R
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Rigid

Traffic:

CE“ 11 Subgrade:

6-12 million rigid ESALs
Weak/Fair (k-value of 100-200 psifin)

Initial serviceabillty 4.5
Terminal serviceability 2.5
Overall standard deviation 0.39
Rellability 95%

Elastic modulus of PCC
PCG mean flexural sirength 850 psi
Load transfer coef, J-value Varies w/ edge support type

Drainage cosf, Cd

4,000,000 psi

1.05

Treated base

Typel Type |l Type Il

Prepared subgrade
{See Section 5)

Reinforcement content for CRCP, %

Climate Aggregate
No Freeze 0.65
Freeze 0.70

Treated

0.65

Q.70

Tie bar deslgn for jongitudinal joints:

deslign features.

No.5 (0.625 in dlameter) deformed reinforcing bars spaced at 30 in

Aggregate hase
Edge support type Typel  Typell  Typelll
PCC slab thickness, in 8510 | 0105 | | 9.501 >
B ,In ;“; '_‘"";,o:"o“'bl‘ ey
ase thickness . 46 KA <:’m‘:) px 2
= a O

Subdrainage design:  Level 3 - Edge draing and non-erodable treated base, or
Level 4 - Full subdralnage system with pemrmeable base.

Note See Sections 4B.2 through 4B.12 for additlonal detailed guidelines on all the rigld pavement

Longitudinal reinforcement bar size

For recommended longitudinal deformed
uncoated reinforcement bar sizes, see Section
4B.10, "Reinforcement Deslgn for CRCP",

" l8.5-10 7
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Rigid Traffic: 6-12 million rigid ESALs
Cell 11 Subgrade;  Weak/fair (k-value of 100-200 psi/in)

initial setviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceabiiity 2.5 PCC mean flexural strength 650 psi

Overall standard deviation 0.39 Load transfer coef, J-value Varies w/ edge support type
Reliability 95% Drainage coef, Cd 1.05

rr o e
) -y
wl ® o @

o= 46

Base thickness, in e 46

Prepared subgrade

Maximum Joint spacing, ft.

JRCP: 451t

JPCP: Edge support
Climate Typel Typell Type lll

WF,DF  16-18  16-19 17-19
WNF 14-16  15-17 16-17
DNF 13-4 13-16 14-16

Minimum % relnforcement content for JRCP: 0.18%-0.20%

features.

Aggregate base Treated base
Edge support type Type | Type ) Type Il Typel Type il Typelll
PCC slab thickness, in 910 " L9511 5| 79541 -

Tie bar design for longitudinal joints: No. 5 {0.625 in diameter) deformed reinforeing bars spaced at 30 in

Subdrainage design:  Level 3 - Edge drains and non-ercdable treated base, or
Lavel 4 - Full subdrainage system with permeable base.

Dowel bar design: 1.25 In diameter corrosion-resistant dowel bars spaced al 12 In

Note See Sections 4B.2 through 4B.12 for additional detailed guidelines on all the rigid pavement design

L

Joint reservoir and other joint design features

For recommended fransverse joint reservoir
width and other transverse joint design detalls,
ses Seoctlon 4B.8, "Joint Sealant Reservolr and
Joint Sealants” and Section 4B.4, "Transverse
Joints for JPCP and JRCP",
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Traffic: 6-12 million rigid ESALSs
Subgrade: Strong (k-value of 200-400 psi/in)

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceability 25 PCC mean flexural strength 650 psi

Overall standard deviation 0.39 Load transfer coef, J-value  Varies w/ edge support type
Reliability 95% Drainage coef, Cd 1.05

Aggregate base Treated base
Edge support type Typel  Typel Type Nl Type | Typell Type Il
PCC slab thickness, in : :8.5-9'.5," M jg:-m:s S 19-_10'_5 . N s | agte + .
B . :d::'uvc):no:"o"vozl. v
ase thickness, In o 46 s e <;%0 25 i“‘

Prepared subgrade
(See Section 5)

Longltudinal reinforcement bar size

For recommended iongltudinal deformed
uncoatad relnforcement bar sizes, see Section
4B.10, "Reinforcement Deslgn for CRCP",

Climate Aggregate Treated
No Freeze 0.65 0.65
Freeze 0.70 0.70

Tie bar design for longltudinal joints:  No.5 (0.625 in diameter} deformed reinforcing bars spaced at 30 In

Subdrainage design: Level 3 - Edge drain and non-erodible materials.

Note See Sectlons 4B.2 through 4B.12 for additlonal detailed guldelines on all the rigid pavement
design features.
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Rigid

Cell 12

Traffic:

Subgrade:

6-12 million rigid ESALs
Strong (k-value of 200-400 psifin)

Initial serviceability 4.5
Terminal serviceability 25
Overall standard deviation 0.39
Reliabiiity 95%

Edge support type

Elastic modulus of PCC 4,000,000 psi

PCC mean flexural strength 650 psi

Load transfer coef, J-value Varles w/ edge support type
Drainage coef, Cd 1.05

PCC slab thickness, in

Base thickness, in

Prepared subgrade

Maximum Joint spacing, ft.

Aggregate base Treated base
Typel Typell Type lll Typel Typell Typelll
‘8510 19105 . 95913 | 805 .10 ‘f o105 -

o
ers

e
4-

=]

o

JRACP: 45t

JPCP: Edge support
Climate Typel Typell Type ll
WF, DF 12-15 13-16 14-16
WNF 12-14 1.2.-14 13-15
DNF 12 12413 12-13

Tie bar design for longitudinal joints:

features.

No. 5 (0.625 in diameter) deformed reinforcing bars spaced at 30 in

Suhdrainage design: Level 3 - Edge drain and non-erodibla materials,

Minimum % reinforcement content for JRCP: 0.17%-0.20%
Dowel bar design: 1.25 In dlameter corrosion-resistant dowel bars spaced at 12 In
Note See Sections 4B.2 through 4B.12 for additional detailed guidelines on all the rigid pavement design

Joint reservoir and other joint design features

For recommended transverse joint reservoir
width and other transverse joint design details,
see Section 4B.8, "Joint Sealant Reservoir and
Joint Sealants® and Section 4B.4, "Transverse
Joints for JPCP and JRCP",
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Rigid

Cell 13

Traffic:

Subgrade:

12-18 million rigid ESALs
Very Soft (ki-value of 50-100 psiin)

Initial serviceability 4.5
Terminal serviceability 2.5
Overall standard deviation 0.39
Reliability 95%

Edge support type

Elastic modulus of PCC 4,000,000 psl

PCC mean flexural strength 650 psl (28 days)

Load transter coef, J-value Varles w/ edge support type
Dralnage coef, Cd 1.056

Aggregate base Treated base
Type |

Typell

Type I Type!  Typell  Typell

PCC slab thickness, in

1011 108

Base thickness, In

Improved Subgrade, in
{See Sectlon 5)

Maximum Joint spacing, ft.

1.5

M2 || 954057 1011 105015

Ly

JPCP: Edge support

Climate Typel Typell Typelll
WF, DF 17-19 18-20 18-20
WNF 16-17 16-18 17-19
DNF i4-16 15-16 15-17

Tie bar design for longitudinal joints:

features.

No. 5 {0.625 In diameter) deformed reinforcing bars spaced at 30 in

Subdrainage design:  Level 3 - Edge drains and non-erodable treated basa, or
Level 4 - Full subdralnage system with permeable basa,
MInimum % relnforcement content for JRCP; 0,19%-0.21%
Dowel bar design: 1.25 In diameter corrosion-resistant dowal bars spaced at 12 In
Note See Sectiohs 4B.2 through 4B.12 for additional detailed guidelines on all the rigid pavement design

Joint reservolr and other joint design features

For recommended transverse JoInt reservoir
width and other transversa Joint design detalls,
ses Section 4B.8, "Joint Sealant Reservolr and
Jolnt Sealants” and Sectlon 4B.4, "Transvarse
Jolnts for JPCP and JRCP",
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Traffic: 12-18 million rigid ESALs
Subgrade: Very Soft (k-value of 50-100 psi/in)

initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceability 2.5 PCC mean flexural strength 650 psi

Qverall standard deviation 0.39 Load transfer coef, J-value Varies w/ edge suppoit type
Reliability 95% Drainage coef, Cd 1.05

Aggregate base Treated base
Edge support type Typel  Typell Type Il Typel TypeH  Typelll
PCC slab thickness, in 10105 | 10.5-11.6{ 10.5-11 5+ 10515
Base thickness, in B ) 3 ;
U . 4~

Improved subgrade, in
(See Section 5}

Reinforcement content for CRCP, %

Longitudinal reinforcement bar size

For recommended longitudinal deformed
uncoated reinforcement bar sizes, ses Section
48.10, "Relnforcement Design for CRCP*.

Climate Agagregate Treated
No Freeze 0.65 0.65
Freeze 0.70 0.70

Tie bar design for longitudinal jolnts:  No.5 (0,625 in diameter) deformed reinforcing bars spaced at 30 in

Subdrainage design:  Level 3 - Edge drains and non-erodable treated base, or
Level 4 - Full subdrainage system with permeable base,

Note See Sectlons 4B.2 through 4B, 12 for additional detalled guidelines on all the rigid pavement
deslgn features. '
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Rigid

Traffic: 12-18 million rigid ESALs
Cell 1 4 Subgrade: Wealk/Fair (k-value of 100-200 psi/in)

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceability 25 PCC mean flexural strength 650 psi

Overall standard deviation 0.38 Load transfer coef, J-valus Varles w/ edge support type
Reliability 95% Drainage coef, Cd 1.06

Aggregate base Treated base
Edge support type Typel Typell Type I Type | Typell Typelll
PCC slab thickness, in 107 [osaig 112 Y es105. 1041 |1psrist

r f -« _r v .y

Base thickness, In 4% % U fs

[
£t - = 0|
© a ﬂ.u 460 o |5, 4“0

Prepared subgrade
(See Section 5)

Maximum Joint spacing, ft.

Joint reservoir and other Joint design features
s For recommended transverse joint reservolr
JPCP; Edge support width and other transverse |oint design details,
see Section 4B.8, "Joint Seatant Reservolr and
Climate '
ma Typel  Typell Type lil Joint Sealants" and Section 4B.4, "Transverse
WF, DF 17-19 18-20 18-20 Joints for JPCP and JRCP",
WNF 16-17 16-18 17-19
DNF 14-16 16-18 15-17

Tie bar design for longitudinal joints:  No. 5 (0.625 in diameter} deformad reinforcing bars spaced at 30 In

Subdralnage design:  Levet 3 - Edge drains and non-erodable treated base, or
Level 4 - Full subdrainage system with permeable base.

Minimum % relnforcement content for JRCP: 0.19%-0.21%

Dowel bar design: 1.25 in dlameter corroslon-resistant dowel bars spaced at 12 in

Note See Sections 4B.2 through 4B.12 for additlonal detailed guidefines on ail the rigid pavement design
features.
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Rigid

Cell 14

Traffic: 12-18 million rigid ESALs
Subgrade: = Weak/Fair (k-value of 100-200 psi/in)

initial serviceability 4.5
Terminal serviceabhility 2.5
Overall standard deviation 0.39
Rellability 95%

Elastic modulus of PCC 4,000,000 psi

PCC mean flexural strength 850 psi

Load transfer coef, J-value Varles w/ edge support type
Drainage coef, Cd 1.05

Aggregate base Treated base
Edge suppaort type Typel Type ll Type Typel Type li Type I}
PCC slab thickness, In C10-105.7 1051157 1051187 | 951057 -10.11 71051157

P

Base thickness, in »

o

Prepared subgracde
{See Section 5)

Climate Aggregate
No Freeze 0.65
Freeze 0.70

Reinforcement content for CRCP, %

'u 1~ =% 0 a . Py
-?) o 17 46 = 4-% -

n @

Longitudinal reinforcement bar size

For recommended longitudinal deformed
uncoated reinforcement bar sizes, see Section

Treated 4B.10, "Reinforcement Design for CRCP".

0.65

0.70

Tie bar design for longitudinal joints:

design features.

Subdrainage design:  Level 3 - Edge drains and non-eredable treatad base, or
Level 4 - Full subdrainage system with permeabls base,

Note See Sections 4B.2 through 4B.12 for additional detalled guidelines on all the rigld pavement

No.5 (0,625 in diameter) deformead reinforcing bars spaced at 30 in
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Traffic: 12-18 million rigid ESALSs
Subgrade: Strong (k-value of 200-400 psifin)

initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psl

Terminal serviceability 2.5 PCC mean flexural strength 650 psi

Overall standard deviation 0.39 Load transfer coef, J-value Varles w/ edge support type
Reliability 95% Drainage coef, Cd 1.05

Aggregate base Treated base
Edge support type Typel  Typell  Typell Typel  Typell  Typelll
PCC slab thickness, in 10057 J1041 1054187 [ om0, (1041 06150
T o : . e T

LA
IR -]

A-B Ll

v 1

Base thickness, in

Prepared subgrade

Maximum Joint spacing, ft.

Joint reservolr and other joint design features
JRCP: 451t
For recommended transverse jolnt reservolr
JPCP: Edge support width and other transverse Joint design detalls,
soe Section 4B.8, "Joint Sealant Reservair and
Climate Typel  Typell Type il Jolnt Sealants" and Saction 4B.4, “Transverse
WE, DF 14-16 15-16 15-17 Joints for JPCP and JRCP".
WNF 13-14 14-15 14-15
DNF 12-13 12-13 12414

Tie bar design for longitudinal joints: No. 6 (0.625 In diameter) deformed reinforcing bars spaced at 30 in

Subdrainage design: level 3 - Edge drain and non-erodible materials,

Minimum % reinforcement content for JRCP: 0,19%-0.21%
Dowel bar deslgn: 1.25 in damater comoslon-resistant dowsi bars spaced at 12 In

Note See Sectlons 48.2 through 4B,12 for additional detalled guidelines on all the rigd pavement design
features. . ]
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Rigid

Traffic: 1218 million rigid ESALs

Cell 15 Subgrade:  Strong (k-value of 200-400 psi/in)

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psl

Terminal setviceabllity 2.5 PCC mean flexuraf strength 650 psi

Overall standard deviation 0.39 Load transfer coei, J-value Varies w/ edge support type
Reliability 95% Dralnage coef, Cd 1.05

Aggregate base Treated base
Edge support type Typel Typell Type lll Type! Type It Type lll
PCC slab thickness, in “os08] 1041 J0sise] [Te0 [ e54057 1041 -
Base thickness, In ,:’: 4‘}2‘“:{4% 'Z;;J.‘t‘_%'a; G ‘ :
ol [

Prepared subgrade

Reinforcement content for CRCP, %

Longitudinal reinforcement bar size

For recommanded lfongltudinal deformed
uncoated relnforcemesnt bar sizes, see Section
4B.10, "Reinforcement Design for CRCP",

Climate Aggregate Treated
No Freeze 0.85 0.65
Freeze’ 0.70 0.70

Tie bar design for longitudinal joints;  No.5 (0.625 in diameter) deformed reinforcing bars spaced at 30 in

Subdrainage desigh: Level 3 - Edge drain and non-erodible materials.

Note See Sections 4B.2 through 4B.12 for additional detailed guidelines on all the rigid pavement
design features.
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Rigid

Traffic: 18-30 million rigid ESALSs
Cell 16 Subgrade: Very Soft (i-value of 50-100 psi/in)

Initial serviceabhility 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceability 2.5 PCC mean flexural strength 650 psi (28 days)

Overall standard deviation 0.39 Load transfer cosf, J-value Varies w/ edge suppott type
Reliability 95% Drainage coef, Cd 1.05

Aggregate base Treated base
Edge support type Typel  Typell Type lll Typel  Typell  Typell
PCC slab thickness, in “105015[ (128 ] isdad] [Hosate] T1142
Base thickness, In :,::’4-.% 2 S 4% N T
Improved Subgrade, in Gt

{See Section 5)

Maximum Joint spacing, ft.

Joint reservoir and other joint design features
JRCP: 45t )
For racommended fransversa jolnt reservolr
JPCP: Edge support width and other transverse foint deslgn detalls,
see Sactlon 4B.8, "Joint Sealant Reservolr and
Climate Typel  Typell Type il Joini Sealanis" and Section 4B.4, "Transverse
WF, DF 18-20 18-20 50 Jolnts for JPCP and JRCP".
WNF 17-18 17-18 18-20
DNF 15-16 16-17 16-18

Tie bar design for longitudinal joints:  No. 5 (0.625 In diamster) deformed reinforcing bars spacad at 30 in

Subdralnage design:  Level 3 - Edge drains and non-erodable treated base, or
Level 4 - Full subdrainage system with permeable bass.

Minimum % relnforcement content for JRCP: 0.209%-0.22%

Dowel bar design: 1.25 in dlameter corrosion-resistant dowel bars spaced at 12 in

Note See Sections 4B.2 through 4B.12 for additional detalled guidelines on all the rigld pavement design
features.
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Rigid

Cell 16

Traffic:

Subgrade:

18-30 million rigid ESALs
Very Soft (k-value of 50-10{ psifin)

Initial serviceability 4.5
Tarminal serviceabllity 2.5
Overall standard daviation 0.39
Reliabiiity ) 95%

Elastic medulus of PCC 4,000,000 psi

PCC mean flexural strength 650 psi

Load transfer coef, J-value Varies w/ edge support type
Drainage coef, Cd 1.05

Base thickness, in s

Improved subgrade, in
{See Section 5)

Aggregate base Treated base
Edge support type Typel  Typell  Typell Typel  Typell  Typelll
PCC slab thickness, in "10-105.7) 11492 | 115413 > "105-12 7 11125 -
FE Y == e "

Reinforcement content for CRCP, %

Climate Aggregate

No Freeze 0.65

Freeze 0.70

Treated

0.65

0.70

Longitudinal reinfercement bar size

For recommended longitudinal deformed
uncoated reinforcement bar sizes, see Section
4B.10, "Reinforcement Design for CRCP",

Tie bar design for longitudinal jaints:

design features.

MNo. 5 (0.625 in diamater) deformed reinforcing bars spaced at 30 in

Subdrainage design:  Lavel 3 - Edge drains and non-erodable trealed base, or
Level 4 - Full subdrainage system with permeable base.

Note See Sections 4B.2 through 4B.12 for additional detailed guldelines on all the rigid pavement
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Traffic:

Subgrade:

18-30 million rigid ESALs
Weal/Fair (k-value of 100-200 psi/in)

Initlal serviceability
Terminal servicaabillty
Overall standard deviation
Reliability

Edge support type
PCC slab thickness, In
Base thickness, in

Prepared subgrade
(See Section 5)

Maximum Joint spacing, ft.

JPCP:

Climate

WF, DF
WNF
DNF

4.5
2.5
0.39
5%

Elastic modulus of PCC 4,000,000 psi

PCC mean

Load transfer coef, J-value Varies w/ edge suppott type
Drainage coef, Cd 1.05

Aggregate base Treated base

Type| Typell

flexural strength 650 psi

Type lll Typel Typell Type HI

“10511.5( . 1112.5°)

= a0
o 46
a0

o

533+ [ 1050157

v r . w

1143 115425

or
LA

El

Edge support
Typel Typell Typell
18-20 19-20 20
17-18 17-19 18-20
16-16 16-17 16-18

Subdrainage design:

Tie bar design for longitudinal joints:

No, 5 (0.625 in dlameter) deformed reinforcing bars spaced at 30 in
Lavel 3 - Edge drains and non-erodable treated bass, or

Level 4 - Full subdrainage system with parmeable basa.

Minlmum % relnforcement content for JRCP: 0.20%-0.22%

Dowel bar design: 1.25 in dlameter corrosion-rasistant dowel bars spaced at 12 In

Note See Sectlons 4B.2 through 4B.12 for additional detailed guidelines on all the rigid pavement design
features.

Joint reservolr and other joint design features

For recommended transvarse joint raservolr
width and other transverse joint dasign detalils,
see Sectlon 4B, 8, "JoInt Sealant Reservoir and
Joint Sealants* and Section 4B.4, "Transversa
Joints for JPCP and JRCP",
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Rigid Traffic:

Cell 1 7 Subgrade:

18-30 million rigid ESALs
Weak/fair (k-value of 100-200 psi/in)

Initial serviceabllity 4.5
Terminal serviceability 2.5
Overall standard deviation 0.39
Reliability 95%

Elastic modulus of PCC 4,000,000 psi

PCC mean flexural strength 650 psi

Load transfer coef, J-value Varies wf edge support type
Drainage coef, Cd 1.05

Prepared subgrade

Relnforcement content for CRCP, %

Aggregate base Treated base
Edge support type Type | Type ll Type Il Typei Type ll Type It
PCC slab thickness, in 1054157 1112 115037 [ 1011 7 105127 114125
Base thickness, In a : 4_??:‘;,4 _; :4%3 ‘}. U 4%‘)} To

Climate Aggregate
No Freeze 0.65
Freeze 0.70

Treated

0.65

0.70

Longitudinal reinforcement bar size

For recommended longltudinal deformed
uncoated reinfercement bar slzes, see Section
4B.10, "Reinforcement Design for CRCP*.

Tie bar deslgn for longitudinal joints:

design features.

No. B (0.625 in diameter) defarmed reinforclng bars spaced at 30 in

Subdrainage design:  Level 3 - Edge drains and non-ercdable treated base, or
l.evel 4 - Full subdrainage system Wwith permeable base.

Note See Sections 4B.2 through 4B.12 for additional detailed guldelines on all the rigid pavement
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Traffic: 18-30 million rigid ESALSs
Subgrade; Sirong (k-value of 200-400 psi/in)

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceability 25 PCC mean flexural strength 650 psi

Ovarall standard deviation 0.39 Load transfer coef, J-value Varies w/ edge support type
Reliability 95% Drainage coef, Cd 1.05

Aggregate base Treated base
Edge support type Typel Type i Type il Typel Type Il Type Il
PCC slab thickness, In 105157 Hasazg] | Tead M esg] iz
Base thickness, in o 46 ‘:‘ T e

Prepared subgrade

Maximum Jolnt spacing, ft.

Joint reservoir and other joInt design features
JRCP: 451t
For recommended transvetse joint reservolr
JPCP: Edge support width and other transverse Joint design detalls,
see Sectlon 4B. 8, "Joint Sealant Reservolr and
Climat '
mate Typel  Typell Type Il Joint Sealants" and Section 48.4, "Transverse
"n
WF, DF 15.17 16-17 16-18 Jaints for JPCP and JRCP".
WNF 14-15 14-16 15-16
DNF 12-14 i3-14 13-14

Tie bar destgn for longitudinal joints:  No. 5 (0.625 in diameter) deformed reinforcing bars spaced at 30 in

Subdrainage deslgn:  Level 3 - Edge drain and non-erodible materials.

Minimum % reinforcement content for JRCP: 0.19%-0.22%
Dowel bar deslgn: 1.25 In diameter corroslon-resistant dowsl bars spaced at 12 in

Note See Sections 4B.2 through 4B.12 for additional detalled guidelines on all the rigid pavement design
features.
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Traffic: 18-30 million rigid ESALs
Cell 18 Subgrade: Strong (k-value of 200-400 psifin)

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal setviceabllity 2.5 PCC mean flexural strength 650 psi

Overall standard deviation 0.39 Load transfer coef, J-value Varies w/ edge support type
Reliability 95% Drainage coef, Cd 1.05

Aggregate base Treated base
Edge support type Type | Type Il Type I Type | Type ll Type
PCC slab thickness, in o1 es2c 125 | | esdn | 105 1.8] T 1112
Base thickness, in { ; 4,%;";‘ { '"4'_%, ”c;n{ 24'_% ’ﬂ;‘m e

Prepared subgrade

Reinforcement content for CRCP, %

Lengitudinal reinforcement bar size

For recommended longltudinal deformed
uncoated reinforcement bar sizes, see Section
4B.10, "Reinforcement Design for CRCP".

Climate Aggregate Treated
No Freeze 0.65 0.656
Freeze 0.70 0.75

Tie bar design for longitudinal joints; No. & (0.625 in diameter} deformed reinforcing bars spaced at 30 In

Subdrainage design: Lavel 3 - Edge drain and non-erodible materials.

Note See Sectlons 4B.2 through 4B.12 for additional detaifled guidelines on ali the rigld pavement
design features,
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Rigid Traffic: 30-54 million rigid ESALs
Cell 19 Subgrade: Very Soft (k-value of 50-100 psifin)

Initlal serviceability 4,5 Elastic modulus of PCC 4,000,000 psi
Terminal serviceability 2.5 PCC mean flexural strength 650 ps| (28 days)
Overall standard deviation 0,39 Load transfer coef, J-value Varies w/ edge support type

Reliabifity 95% Drainage coet, Cd 1.05

Aggregate base Treated base
Edge support type Typel  Typell  Typelll Typel  Typell  Typelll
PCC slab thickness, in ‘ :11_5:13'— ' ?1.2_1:;'5:.- ' _'1é_5:1 4". ' ;1_5_1’2_5':,‘ :
B PV RS e
ase thickness, in A 4.3_ > 46 (:'”"i, 2k c:)
Improved subgrade, in ?%;26-12 e .40 e
(See Section 5) Wil S SRdiet 612 1 0

* Maximum slab thickness of 13 in required by checks

Maximum Joint spacing, ft.

Joint reservalr and other jolnt design features
JRCP: 45 ft
For recommendad transvarse Joint reservoir
JPCP: Edge support width and other transverss joint design detalls,
" see Sectlon 4B, 8, "Joint Sealant Reservoir and
t 1

Climate Typel  Typell Type lll Jolnt Sealants” and Sectlon 4B.4, “Transverse

WF, DF 20 20 20 Joints for JPCP and JACP".

WNF 18-20 19-20 19-20

DNF 16-18 17-18 17-18

Tie bar design for longitudinat jeints:  No. 5 (0.625 In diameter} deformed reinforcing bars spaced at 30 in

Subdrainage design:  Level 3 - Edge drains and non-erodable treated base, or
Level 4 - Full subdrainage system with permeable base.

Minlmum % relnforcement content for JRCP: 0.21%-0.23%
Dowel bar design: 1.5 In dlameter corrosion-resistant dowel bars spaced at 12 In

Note See Sections 48.2 through 4B.12 for additional detalled guidelines on all the rigid pavement design
features.
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Rigid Traffic: 30-54 million rigid ESALs
Subgrade: Very Soft (k-value of 50-100 psi/in)
Cell 19 =

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceability 2.5 PCC mean flexural strength 650 psi

OQverall standard deviation 0.39 Load transfer coef, J-value Varies w/ edge support type
Reliabllity 95% Drainage coef, Cd 1.05

Aggregate base Treated base
Edge support type Typel  Typsll  Typelll Typel Typell  Typelll
PCC slab thickness, in 11.5-12.57 . 12135+ 12514~ | 11-125,"[ 11518 [ 12-135 -
Base thickness, In R AN o e 24' el : =
2] " > | -

Improved subgrade, in
(See Section 5)

i din e

* Maximum slab thickness of 13 in required by checks.

sy

Reinforcement content for CRCP, %

Longitudinal reinforcement bar size

For recommended longitudinal deformed
uncoated reinforcement bar sizes, ses Section
4B.10, "Reinforcement Design for CRCP".

Climate Aggregate Treated
No Freeze 0.65 0.65
Freeze 0.70 0.75

Tie bar design for longitudinal joints: Mo, 5 (0.625 in diameter) deformed reinforcing bars spaced at 30 in

Subdrainage design:  Level 3 - Edge drains and non-arodable treated base, or ;
Level 4 - Full subdrainage system with permeable base, J

Note See Sections 4B.2 through 4B.12 for additional detalled guldelines on all the rigid pavement
design features,

e
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Rigid

Traftic: 30-54 million rigid ESALs
Cell 20 Subgrade:  Weak/fair (k-value of 100-200 psi/in)

Initial serviceabllity 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceability 2.5 PCGC mean flexural strength 650 psi

Overall standard deviation  0.39 Load transter coef, J-value Varies w/ edge support type
Reiiability 95% Drainage coef, Cd 1.05

Aggregate base Treated base
Edge support type Type | Type ll Type i Typel Type ll Typelll
PCC slab thickness, In 19 24957 t25da > 151287 123 ] 12438k
Base thickness, in o “a% ‘:a: " 4'_%’:;;;: g 2 020 . '

Prepared subgrade

* Maximum slab thickness of 13 in required by checks,

Maximum Joint spacing, ft.

Joint reservolr and other joint design features
JRCP: 451t
For recommended transverse jolnt reservoir
JPCP: Edge support width and other transverse joint design dstails,
ses Sectlon 4B. 8, "Joint Sealant Reservoir and
Climate T"Pe' Typell Type i Joint Sealants" and Section 4B.4, "Transverse
WF, DF 20 50 20 Jolnts for JFCP and JRCP".
WNF 18-20 19-20 19-20
DNF 16-i8 17-18 17-19

Tie bar design for longitudinal joints: No. 5 (0.625 in diameter) deformed reinforeing bars spaced at 20 in

Subdralnage deslgn:  Level 3 - Edge drains and non-erodable treated base, or
Level 4 - Full subdrainage system with parmeable base.

Minimum % reinforcement content for JRCP: 0.21%-0.23%

Powel bar deslgn: 1.5 In diameter corrosion-resistant dowel bars spaced at 12 In

Note See Sections 4B.2 through 4B,12 for additional detailed guidelines on all the rigld pavement design
features.
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Rigid

Traffic: 30-54 million rigid ESALs
Cell 20 Subgrade:  Weak/Fair (k-value of 100-200 psi/in)

[—

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi
Terminal serviceabllity 25 PCC mean flexural strength 650 psi
Overall standard daviation 0.38 Load transfer coef, J-value Varles w/ edge support type
Reliability 95% Drainage coef, Cd 1,06 g
Aggregate base Treated base
Edge support type Type | Type ll Type lil Type | Type li Type il
PCC slab thickness, in 11.512.57 12185 - ;2'.5-1'4.} 11125 | 15413 7 121355
i "“-0"‘-“::-0‘.:3 '.;\:l' 'cl' a e
Base thickness, in o 48 - -4 ol z 2
Prepared subgrade B
(See Section 5)

* Maximum slab thickness of 13 In required by checks.

Reinforcement content for CRCP, %

Longitudinal reinforcement bar size

For recommended longltudinal deformed
uncoated reinforgement bar sizes, see Sectlon
4B.10, "Relnforcement Design for CRCP".

Climate Aggregate Treated
No Freeze 0.65 0.65
Freeze Q.70 0.75

Tie bar design for longltudinal joints: No, 5 (0.625 in diameter) deformed reinforcing bars spaced at 30 in

Subdrainage design:  Level 3 - Edge drains and non-ercdable treated basa, or
Level 4 - Full subdrainage system with parmeable base. }

Note See Sectlons 4B.2 through 4B.12 for additional detailed guldellnes on all the rigid pavement ]
deslgn features, '
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Rigid

Cell 21

Traffic:

Subgrade;

30-54 million rigid ESALs
Strong (k-value of 200-400 psi/in)

initial serviceabillty
Terminal serviceabllity
Overall standard deviation
Reliability

Edge support type
PCC slab thickness, in

Base thickness, in

Prepared subgrade

Maximum Joint spacing, ft.

4.5 Elastic modulus of PCC 4,000,000 psi

2.5 PCC mean flexural strength 650 psi
0.39 Load transfer cosf, J-value Varies w/ edge support type
95% Dralnage coef, Cd 1.05

Aggregate base Treated base

Type |

Typell

Type lll Typel Type ll Type 1l

11257 1243 [ 12513.5"

P w -

T2

v,
a“40 o (5
es -6 )
hid
=] o & |7,

* Maximum slab thickness of 13 in required by checks.

b o

a
4-6 u‘-" e 4 ax
O a

JRCP: 451t

JPCP: Edge support
Climate Typel Typell Typse i
WF, DF 16-18 17-18 17-19
WNF 15-16 15-17 15-17
DNF 13-14 14-15 14-15

features.

Tie bar design for longitudinal joints:

No. & (0.625 In dlameter} deformed reinforcing bars spaced at 30 in

Subdrainage deslgn:  Level 3 - Edge drain and non-erodible materials,

Minimum % reinforcement content for JRCP: 0,20%-0.23%
Dowel bar deslgn: 1.5 In diameter corrosion-resistant dowel bars spaced at 12 In
Note See Sections 4B.2 through 4B.12 for additionat detailed guidelines on all the rigid pavement design

Joint reservoir and other joint design features

For recommanded transverse joint raservolr
wldth and other transverse Joint design detalls,
see Section 4B, 8, "Joint Sealant Ressrvoir and
Jolnt Sealants” and Saectlon 4B.4, *Transverss
Joints for JPCP and JRCP".
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Rigid Traffic: 30-54 milllion rigid ESALs

C ell 21 Subgrade: Strong (k-value of 200-400 psifin)

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceability 2.5 PCC mean flexural strength 850 psi

Overall standard deviation 0.39 Load transfer coef, J-vaiue Varies w/ edge support type
Reliability 95% Drainage coef, Cd 1.05

Aggregate base Treated base
Edge support type Typel  Typell Type Il Type Typell Type lll
PCC slab thickness, in 14357 1sda] 124857 [ 105427 1154287 1213
Base thickness, in o 64,1-%9 cf: 4%";,: :’4-.%"":; SnE

Prepared subgrade

* Maximum slab thickness of 13 in required by checks.

Reinforcement content for CRCP, %

Longitudinal reinforcement bar size

For recommended longitudinal deformed
uncoated reinforcement bar sizes, see Section

Climate Aggregate Treated 45'10.' Reinforcement Dasign for CRCP". i
No Freeze 0,65 0.65
Freeze 0.70 0.75

Tie bar design for longitudinal joints: No.5 (0.625 in diameter) deformed reinforcing bars spaced at 30 in

Subdrainage design:  Level 3 - Edga drain and non-ercdible materials.

S o

Note See Sections 4B.2 through 4B.12 for additional detalled guidellnes on all the rigid pavement
design features,

Catalog of Recommended Design Features 188 Section 4B Rigid Pavements




Rigid

Traffic: 54-90 million rigid ESALSs
Sobgrade: Very Soft (k-value of 50-100 psi/in)
Cell 22 &

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceability 25 PCC mean flexural strength 650 psi (28 days)

Overall standard deviation 0.39 Load transfer coef, J-value Varies w/ edge support type
Reliability 95% Drainage cosf, Cd 1.05

Aggregate base Treated base
Edge support type Type | Typell Type N Typel Type ll Type lil
PCC slab thickness, In " 125947 13.5-14.58] 13.5- 5+ [ 125135 (12

rr . r

a® 0 oo CE)

Base thickness, in ;

improved suhgrade, In
(See Sectlon 5)

Maximum Joint spacing, ft,

Joint reservoir and other Joint design features
JRCP: 451t I g
For recommanded transverse joint reservolr
JPCP; ] Edge support width and other transverse joint deslgn details,
see Sectlon 4B. 8, "Joint Sealant Reservoir and
Climat ’
mate Typel  Typell Typell Joint Sealants" and Section 4B.4, "Transverse
WF, DF 20 20 20 Joints for JPCP and JRCP".
WNF 19-20 20 20
DNF 17-19 18-19 18-20

Tie bar design for longitudinal joints: No. & {0.625 in diameter) deformed reinforcing bars spaced at 30 in

Subdrainage design:  Level 3 - Edge drains and non-erodable treated base, or
Leval 4 - Full subdralnage system with permeabls base.

Minlmum % reinforcement content for JRCP: 0.22%-0.23%
Dowel bar design: 1.5 In diameter corroslon-resistant dowel bars spaced at 12 in

Note See Sectlons 4B.2 through 4B.12 for additional detailed guidelines on all the rigld pavement design
features,
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Traffic; 54-90 million rigid ESALs
Subgrade; Very Soft (k-value of 50-100 psi/in)

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceability 2.5 PCC mean flexural strength 650 psi

Overall standard deviation 0.39 Load transfer coef, J-value Varies w/ edge support type
Reliability 95% Drainage coef, Cd 1.05

Aggregate base Treated base
Edge support type Type | Type ll Type lll Typel Typell  Typelli
PCC slab thickness, in 125135 131457 18516 4 | 121357 12514 | 13145 -

Base thickness, in

=

FEERRERE
4-6 g;“ 4-6 ar.: 4_ a‘_,,

Improved subgrade, in =
(See Section 5) o

TP
6-12 iy

by

* Maximum slab thickness of 13 in required by checks.

NP,

Reinforcement content for CRCP, % §

Longitudinal reinforcement bar size ) 1

For recommended longitudinal deformed
uncoated reinforcement bar sizes, see Section
4B.10, “Relntorcement Design for CRCP",

Climate Aggregate Treated 3
No Freeze 0.65 0.85 n
Freeze 0.70 0.75

Tie bar design for longitudinal joints:  No. 5 (0.625 in diameter) deformed reinforcing bars spaced at 30 in

Subdrainage design:  Level 3 - Edge drains and non-ercdable treated base, or
Level 4 - Full subdrainage system with permeable base.

Note See Sections 4B.2 through 4B.12 for additional detalled guidellnes on all the rigid
pavement design features.
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Traffic: 54-90 million rigid ESALs
Subgrade: Weak/Tair (k-value of 50-100 psi/in)

Initial serviceabllity 4.5 Elastic modulus of PCC 4,000,000 psi
Terminal serviceability 2.5 PCC mean flexural strength 650 psi
Overall standard deviation 0.39 Load transfer coef, J-value Varies w/edge support type

Reliability 95% Drainage coef, Cd 1.05

Aggregate base Treated base
Edge support type Typel  Typeli Type M Typel Typel  Typelll
PCC slab thickness, in 12590135105 13515 2| [ 1254357 a4 Tasis -
Base thickness, in o "4 ol :‘4‘_% 'U;‘;::it'-% '2:“ PN o )

Prepared subgrade
(See Section 5)

Maximum Joint spacing, ft.

Joint reservolr and other Joint deslgn features
JRCP:. 451t

For recommended transverse Jolnt raservolr
JPCP: Edge support width and other transverss Joint design details,
sea Seclion 4B.8, "Joint Sealant Reservolr and
Climate Typel  Typell Typell Jolnt Sealants” and Section 4B.4, "Transverse

WF, DF a0 20 20 Joints for JPCP and JRCP".
WNF 19-20 20 20
DNF 17-19 18-19 18-20

Tie bar design for longitudinal joints:  No. 5{0.625 in dlameter) deformed reinforcing bars spaced at 30 in

Subdralnage design:  Level 3 - Edge drains and non-erodable treated base, or
Level 4 - Full subdrainage system with permeable base.

Minimum % reinforcement content for JRCP: 0.22% - 0.23%

Dowel bar deslgn: 1.625 in dlameter corroslon-resistant dows bars spaced at 12 In

Note See Sections 4B.2 through 4B.12 for additional detalled guldelines on all the rigid pavement design
features,
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Traffic; 54-90 million rigid ESALSs
Subgrade: Weak/Fair (k-value of 100-200 psifin)

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psl

Tarminal serviceability 2.5 PCC mean flexural strength 6580 psi

Overall standard deviation 0.39 Load transfer coef, J-value Varies w/ edge suppotrt type
Reliability 85% Drainage coef, Cd 1.05

Aggregate base Treated base
Edge suppert type Type | Type i Type M Typel Typell Type
PCC siab thickness, in 125138 181457 13535% [ 1241957] 25347 13145
QQDQ‘\“""{"-‘L.«I.{. r [
Base thickness, in I <:m P
Prepared subgrade
{See Section 5)

* Maximum slab thickness of 13 in required by checks.

Wl

Reintorcement content for CRCP, %

Longitudinal reinforcement bar size

For recommended longitudinai deformed -
uncoated reinforcement bar sizes, see Saction
4B.10, "Reinforcement Design for CRCP",

Climate Aggregate Treated
No Freeze 0.65 0.65 i

Freeze 0.70 0.75

s g

Tie bar design for Jongitudinal Joints:  No. 5 (0.625 in diameter) deformed reinforcing bars spaced at 30 in J

Subdrainage design:  Level 3 - Edge drains and non-erodable treated bass, or 3
Level 4 - Full subdrainage system with permeable base. ]

Note See Sections 48.2 through 4B.12 for additional detailed guldelines on all the rigid
pavement design features.

LR
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Traffic: 54-90 million rigid ESALSs
Subgrade:  Strong (k-value of 200-400 psi/in)

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceabllity 25 PCC mean flexural strength 650 psi

Overall standard deviation 0,39 Load transfer coef, J-value Varies w/edge support type
Rellability 95% Drainage coef, Cd 1.05

Aggregate base Treated hase
Edge support type Typel  Typel Typell - Typel  Typell Type Il
PCC slab thickness, in 1218 | T1aaa [ asas 7| [ Yaags | T2sta ] 16145 -
Base thickness, In :,:'“,{36'00;;:14'_%"2;;:: e T T

Prepared subgrade
See Section 5

Maximum Joint spacing, ft.

Joint reservoir and other [oint design features
JRCP: 451t
For recommended transvarse joint reservoir
JPCP: Edge support width and other transverse joint dasign detalls,
see Sactlon 4B.8, "Jolnt Sealant Reservolr and
limat ’
Climate  Typel Typell Typell Jolnt Sealanis" and Section 4B.4, *Transverse
WF, DF 17-19 18-19 18-20 Joints for JPCP and JRCP".
WNF 16-17 16-18 17-18
DNF 14-15 14-16 15-17

Tie bar design for longitudinal foints:  No. 5 (0.625 in diameter) deformad reinforcing bars spacad at 30 in

Subdralnage design: Level 3 - Edge drain and non-srodible materials,

Minlmum % relnforcement content for JRCP: 0.21% - 0.23%
Dowel bar design: 1.5 In dlameler corroslon-resistant dowel bars spaced at 12in

Note See Sections 4B.2 through 4B.12 for additional detalled guidelines on alf the rigid pavement design
features,
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Traflic: 54-90 million rigid ESALs
Subgrade: Strong (k-value of 200-400 psi/in)

Initial serviceability 4.5 Elastic modulus of PGC 4,000,000 psi

Terminal serviceability 2.5 PCC mean flexural strength 650 psi

Overall standard deviation 0.39 Load transfer coef, J-value Varies w/ edge support type
Reliability 95% Drainage cosf, Cd 1.05

Aggregate base Treated base
Edge support type Type | Typell Type Il Type | Type |l Type lll
PCC slab thickness, in 1etas] 125947 1045 | s8] 12544 7 13145
Base thickness, in {“4_%& (‘J’ﬂ:’:'ﬂf‘-'%,‘r:;':{;“"%:z;’ 3 gt

Prepared subgrade
(See Section 5)

Relnforcement content for CRCP, %

Longitudinal reinforcement bar size

For recommended longitudinal deformed
uncoated reinforcement bar sizes, see Section
4B.10, "Reinforcemnent Deslgn for CRCP",

Climate Aggragata Treated

No Freeze 0.65 .65
Freeze 0.70 : 0.75

Tie har design for longitudinal joints: No. 5 (0.625 in diameter) deformed reinforcing bars spaced at 30 in

Subdrainage design: Level 3 - Edge drain and non-etodible materials.

Note See Sections 4B.2 through 4B.12 for additional detalled guidelines on all the rigid
pavement design features,
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Rigid

Cell 25

Traffic:
Subgrade:

90-150 million rigid ESALs
Very Soft (k-value of 50-100 psi/fin)

Initial serviceability
Terminal serviceability
Overall standard deviation
Reliability

Edge support type
PCC slab thickness, in

Base thickness, in

improved subgrade, in
(See Section 5)

Maximum Joint spacing, ft.

4.5
2.5
0.39
95%

Typel

Elastic modulus of PCC
PCC mean flexural strength
Load transter coef, J-value
Drainage coef, Cd

Aggregate base

Typell Type lll

Typel

4,000,000 psi

650 pst {28 days)

Varies w/edge support type
1.05

Treated base

Type ll Type Ill

13.5-15.°| 14.5-15.5° 15-165 -

a

Sy

44%1

R

[
o A4 o)

v, g 4

13.5-14.5°| 14-165 1 14.5-16 -

" LI

s % & a

4§ oo 48 S

s i) g Y

2 ik
" Ama

* Maximum slab thickness of 14 In required by checks.

v ¥
o

vy

Jolnt reservolr and other joint design features
JRCP: 45t
For recommended transverse joint resarvoir
JPCP; Edge support width and other transversa Jolnt dasign details,
see Section 4B.8, "Joint Sealant Raservolr and
Climate Typel  Typell Typeli Joint Sealants" and Section 4B.4, "Transverse
WF, DF o0 20 20 Joints for JPCP and JRCP*,
WHF 20 20 20
DNF 18-20 18-20 19-20

Tie bar design for longitudinal joints;

No. & (0.625 in diameter} deformed reinforcing bars spaced at 30 in

Subdrainage design:  Level 3 - Edge drains and non-erodable treated bass, or

Level 4 - Full subdralnage system with parmeable base.

Minlmum % reinforcement content for JRCP; 0.23%
Dowel bar design: 1.625 In dlameter corosion-raslistant dowel bars spaced at 12 In

Note See Sections 4B.2 through 48,12 for additional detailed guidelines on all the rigid pavement design
features.
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Rigid

Cell 25

Traffic:
Subgrade:

90-150 million rigid ESALs
Very Soft (k-value of 50-100 psi/in)

Initial serviceability
Terminal serviceabliity
Overall standard devia
Reliability

Edge support type
PCC slab thickness, i
Base thickness, in

Improved subgrade
{See Section 5)

4.5

2.5
tioh 0.39

95%

Elastic modulus of PGG 4,000,000 psi

PCC mean flexural strength 650 psi

Load transfer coef, J-value Varies w/ edge support type
Drainage coef, Cd 1.05

Aggregate base Treated base
Typel Type ll Typelll Type | Type ll Type
n 135146 14155 7| 14596 +| | 13-145

Climate Aggregate
No Freeze 0.85
Freeze 0.70

L U L)

Reinforcement content for CRCF, %

Treated

0.65

0.75

Longitudinal reinforcement bar size

For recommended lengitudinal deformed
uncoated reinforcement bar sizes, see Section
4B.10, "Reinforcemsnt Design for CRCP®.

deslgh features.

Tie bar design for longitudinal joints:

No. 5 (0.625 in diameter} deformed reinforcing bars spaced at 30 in

Subdrainage design:  Lavel 3 - Edge drains and non-erodable treated base, or
Lavel 4 - Full subdralnage system with permeable base.

Note See Sections 48.2 through 4B.12 for additional detajied guidelines on all the rigid pavement

fo——
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Rigid Traffic: 90-150 million rigid ESALS
Cell 26 Subgrade:  Weak/fair (k-value of 100-200 psi/in)

Initlal serviceakdlity 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceability 2.5 PCC mean flexura! strength 650 psi

Overall standard deviation 0.39 Load transfer coef, J-value Varies w/edge support type
Reliability 95% Drainage coef, Cd 1.05

Aggregate base Treated base
Edge support type Typel  Typell  Typell Typel  Typell  Typell
PCC slab thickness, in " 18.5-45.°| 145155 16165 | 1351457 1415 7| 14516 -
T G o Tt e s
Prepared subgrade P e

* Maximum slab thickness of 14 in required by checks.

Maximum Joint spacing, fi.

Joint reservolr and other joint design features
JRCP: 451t
For racommended transverse Joint reservolr

JPCP: Edge support width and other transverse Joint deslgn detalls,

Climat see Sectlon 4B.8, "Joint Sealant Reservolr and

mate Typel  Typell Typelil Joint Sealants* and Saction 4B.4, "Transverse

WE, DF 20 20 20 Joints for JPCP and JRCP",

WNF 20 20 20

DNF 18-20 19-20 19-20

Tie bar design for longitudinal joints:

Ne. 5 (0.625 In diameter) deformed reinforcing bars spaced at 30 in
Subdralnage design:  Level 3 - Edge drains and non-ercdable treated base, or
Level 4 - Full subdrainage system with parmeable basa.
Minimum % relnforcement content for JRCP: 0.23%
Dowe] bar design: 1.625 In diameter corrosicn-resistant dowel bars spaced at 12 in

Note See Sectiona 4B.2 through 4B.12 for additional detailed guidelines on all the rigid pavement design
features.
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Rigid Traffic: 90-150 million rigid ESALs

Cell 26 Subgrade:  Weak/Fair (k-value of 100-200 psi/in)

Initial serviceability 4.5 Elastic modulus of PCC 4,000,000 psi

Terminal serviceability 25 PCC mean flexural strength 650 psi

Overall standard deviation 0.39 Load transfer coef, J-value Varies wf edge support type
Reliability 95% Drainage coef, Cd 1.05

Aggregate base Treated base
Edge support type Typel Type Il Type Il Type | Type Il Type Il
PCC slab thickness, in 135105 1A155] 10516} [ 1191487 (1445 “iasasg
Base thickness, in o "4_%0 ‘:a‘o :4'_%3:;:: 24‘_% =] ;
Pl o y O

Prepared subgrade
{See Section 5)

* Maximum slab thickness of 14 In required by checks.

Reinforcement content for CRCP, %

Longitudinal reinforcement bar size

Fer recommended longhtudinal deformed
uncoated relnforcement bar stzes, ses Sectlon
4B.10, "Reinforcement Daslgn for CRCP",

Climate Aggregate Treated
No Freeze 0.65 0.65
Freeze 0.70 0.75

Tie bar design for longitudinal joints: No. 5{0.625 in diametar) deformed reinforcing bars spaced at 30 in

Suhdrainage design:  Level 3 - Edge drains and non-erodable treated base, or
Levet 4 - Full subdrainage system with permeable base.

Note See Sections 4B.2 through 4B.12 for additional detailed guidelines on all the rigid pavement
design features.

Catalog of Recommended Design Features 198 Section 4B Rigid Pavements

T—— [ —— -

R 3




Rigid

Traffic: 90-150 million rigid ESALs
Cell 27 Subgrade:  Strong (k-value of 200-400 psi/in)

Initial serviceability 45 Elastic modulus of PCC 4,000,000 psi

Terminal serviceabilily 2.5 PCC mean flexural strength 650 psi

Overall standard devlation 0.39 Load transfer coef, J-value Varies w/edge suppott type
Reliability 95% Drainage coef, Cd 1.056

Aggregate hase Treated base
Edge support type Typel Type 1l Type It Type | Typell Type il
PCC slab thickness, in 131457 14185 1456 | [ 18145 13515 J[1a5155+
Base thickness, In :: 5 ":J;n‘; :'4'_%'0;,:;»34'_%”0; KR ey o

Prepared subgrade

* Maximum slab thickness of 14 in required by checks.

Maximum Joint spacing, ft.

Joint reservolr and other [oint design features
JRCP: 45t :

For recommended transverse joint reservolr
JPCP: Edge support width and other {ransverse Joint deslgn details,
ses Sectlon 4B.8, *Joint Sealant Reservolr and
limat: !
Climate Typel  Typell Type il Joint Seatants” and Section 4B.4, "Transverse

WF, DF 18-20 19-20 20 Jolnts for JPCP and JRCP",
WNF 17-18 17-19 18-19
DNF 15-16 15-17 19-20

Tie bar design for longitudinal joints: No. & (0.625 In diameter) deformed reinforcing bars spaced at 30 in

Subdrainage design:  Level 3 - Edge draln and non-grodible materials,

Minimum % relnforcement content for JRCP: 0.22% - 0.23%
Dowel bar design: 1.625 in dlameter corroslon-resistant dowsl bars spaced at 12 in

Note See Sections 4B.2 through 4B.12 for additiona! detalled guidelines on all the rigld pavement design
features.
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Traffic:
Subgrade:

Cell 27

94-150 million rigid ESALs
Strong (k-value of 200-400 psi/in)

Initial serviceability 4.5
Terminal serviceability 2.5
Overall standard deviation 0.29
Reliakility 95%

Aggregate base

Edge support type Typel  Typell

Elastic modulus of PCC

4,000,000 psi

PCC mean flexural strength 680 psi

Load transfer coef, J-value Varies w/ edge support type
Drainage coef, Cd 1.05

Treated base

Typelll Type | Type ll Type

PCC slab thickness, In " 134145

o @

" 1845 ¥ 14155 -

s

" 13.5-15

T 12,514, “ 18155

LAY .}

-

PG

Base thickness, in 46

a

FIE:
> 4-6
o

Prepared subgrade

Reinforcement content for CRCP, %

o I o
e 4

Longitudinal reinforcement bar size

Climate Aggregate Treated
No Freeze 0.85 0.65
Freeze 0.70 0,76

For recommended longltudinal deformed
uncoated relnforcement bar sizes, see Section
4B.10, "Relnforcement Dasign for CRCP".

Tie bar design for longitudinal joints: No. 5 (0.625 in diameter) deformed reinforcing bars spaced at 30 in

Subdrainage design: Level 3 - Edge drain and non-erodible materials.

Note See Sections 4B.2 through 4B.12 for additional detalled guldelines on all the rigid pavement

design features.
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4B.3 Transverse Joints For JPCP And JRCP

JPCP. Closely spaced transverse Joints are required for JPCP to avoid transverse cracking
from thermal gradients and from molsture gradients that occur through the slab. The dlimatic
region, traffic level, slab thickness, base stiffness, and subgrade stitfness must all be
considered in selection of the transverse joint spacing for JPCP. Past experience has often
resulted in too long joint spacing that leads to transverse cracking.

Maximum joint spacing recommendations were initially established through setting the ratio of
the joint spacing (L) to the radius of relative stifiness (| for each climatic zone. These limits
were 4.5 for dry-nonfreeze climates, 5.0 for wet-nonfreeze climates, and 5.5 for dry or wet
freeze climates. These criterla were selected after evaluating a substantial amount of field
data [15,17).

The recommendations shown in table 19 have been checked in a comprehensive fatigue
analysis that considered fraffic loading, temperature gradients, base stiffness, slab thickness,
and subgrade stiffness to control fatigue cracking, using the comprehensive mechanistic
model from reference 15. Modifications were made where necessary to limit fatigue cracking
ta 5@ percent slabs. A maximum of 20 ft* and a minimum of 12 ft* are specified for practical
reasons. (* See Appendix G.)

These joint spacing recommendations are to be considered only as general guidelines
because this design feature also depends on other factors not considered. hers; local
experience must be fully considered when selecting joint spacing.

JRCP. Longer joint spacing is possible because transverse cracking Is designed for by
providing reinforcing steel to hold transverse cracks tight when they occur. Past JRCP
designs have not contained adequate longitudinal steel reinforcement, and many transverse
cracks have opened up and spalled and faulted,

Also, past JRCP have not had adequate joint sealants to prevent incomprassibles from
entering and causing spalling after several years. A maximum jolnt spacing of 45 feet is
recommended. This joint spacing is based on consensus group recommendations, but
includes substantially increased stes! content to hold cracks very tight. Recommendations for
adequate reinforcement and joint sealants Is provided below.
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Table 19, Recommended maximum joint spacing (it) for JPCP.

R [T

[ ) w2y

Subgrade k-value {psi/in)
Slab 75 150 300
thickness Climatic Region
@ | wr, | wNF | DNF | wF, | wNF | DNF | wF, | wNF | DNF
DF DF DF
5 13 12 12 12 12 12 12 12 12
5.5 14 12 12 12 12 12 12 12 12
6 14 13 12 12 12 12 12 12 12
65 15 14 13 18 12 12 12 12 12
7 16 15 13 14 12 12 12 12 12
75 17 16 14 14 13 12 12 12 12
8 18 16 15 15 14 12 13 12 12
8.5 19 17 15 16 14 13 13 12 12
9 20 18 16 16 15 13 14 13 12
9.5 20 19 17 17 16 14 14 13 12
10 20 19 17 18 16 15 15 14 12
10.5 20 20 18 18 17 15 16 14 13
11 20 20 19 19 17 16 16 15 13
11.5 20 20 19 20 18 16 17 15 14
12 20 20 20 20 19 17 17 16 14
12.5 20 20 20 20 19 17 18 16 14
13 20 20 20 20 20 18 18 17 15
13.5 20 20 20 20 20 18 19 17 15
14 20 20 20 20 20 19 19 18 16
14.5 20 20 20 20 20 19 20 18 16
15 20 20 20 20 20 20 20 18 17
15.5 20 20 20 20 20 20 20 19 17
16 20 20 20 20 20 20 20 19 17
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General Guidelines for Joint Design [see also Reference 57]

w  Sawed joints are recommended that are cut to a minimum of one-guarter* the stab
thickness and one-third* the slab thickness, respectively, for pavements on granular base
and treated base. They should be sawed as soon as the concrete gains adequate
strength to carry sawing equipment and to avoid saw raveling. The minimum depth of saw-
cut for green sawing is 1 in*. The recommended design for transverse contraction joints is
shown in figure 23. (* See Appendix G.)

= Random spacing has been used to minimize resonant vehicle responses when faulting
develops. Adequately designed joints will not develop significant faulting, so random joint
spacing Is not recommended when dowels are used. For non-doweled joints, the
maximum slab length should be that specified in design, For example, some States have
succsssfully used a non-doweled random spacing of 12-15-14-13 ft for JPCP where the
maximum desired is 15 ft.

m  Skewed joints have been used to provide a smoother ride after faulting develops, and
there is some evidence that skewing reduces faulting. At two different sites that were
directly comparable, faulting was approximately 50 percent less for the skewed joints
versus perpendicular joints. [16] Adequately designed doweled load transfer joints will not
develop significant faulting, so skewed joints are not recommended when dowe! bars are
used.

m  For JPCP, when either cement-treated base or lean concrete bases are used, it Is
recommended that transverse {and longitudinal) joints be formed in the base beneath the
joints in the stab. The stab can then be allowed to bond with the base course, reducing the
potential for erosion between these two layers. This practice will reduce the potential for
random cracking and provide for uniform cracking and opening of cracks in the JPCP slab.
[26]

= When an asphalt stabilized base s used, no efforts should be made to break the bond with
the slab. This bonding and friction is highly desirable to form the cracks at the transverse
and longitudinal joints for JPCP and JRCP, to form sufficient cracks in CRCP, and to
minimize erosion at the slab/base interface.
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Portland Cement Concrete Pavement Transverse Joint Details

TRANSVERSE CONTRACTION JOINT - Sawed

T: PCC Slab

Thickness
Dowel bar .-
. (as spemfled) ,
DOWEL BAR SPACING, in
Conventional Slab Width Pavement '
< Lane(s) carrying light traffic - 12 ft ,;!: Lane(s) carrying heavy traffic - 12t + Shoulder -
re oy :, v"v' u‘-' - J’:.'.'.'.. Tl " : ." r" .v.: - ’1""--’. ’ =l : "'.;r.' '-‘1' o }:' T
‘. ) St ‘ . “ "' : y .-.. e ) . .: * ‘ ‘ ' ‘1- ! et '-:'_T:'. ..". Y ' v .- ‘c "' : Iv .."
Dowel | | Use dowels only if |
! for regular fraffic |
-e|3@12| 80 |3@12|es| 4@12 | 36 | 4@12 lslin :
| : I
| | |24 I |
. Widened Slab Pavement , .r‘/—Lane paint stripe ,
] v‘ '.' Y - . .l'_.‘ ; : A0 'c:l - ,:- ’.-‘.,'. l-..‘ '—-L . ’.' I
] - . i . 7 .. . + . » P .
Dowel i | |
spaclng | . '
!a|3@12| 60 |3@12|sfs| se12 | 4@ 5@12 12in '

Figure 23. Recommended design for transverse contraction joints including the layout

of dowel bars.
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4B.4 L.oad Transfer Design (Dowel Bars)

l.oad transfer devices {dowels recommended) are placed at transverse joints to provide for the
transfer of heavy axle load across the joint. This results in two benefits. First, diffsrential
deflection across the joint is reduced, which minimizes erosion and pumpling and subsequent
faulting of the joint. Second, tensile stress on the top of the slab near the corner Is reduced,
which essentlally eliminates corner breaks, diagonal cracks, and perhaps even some
transverse cracks (if severe warping or negative curling is present In the stab). Dowels must
be of the proper diameter, length, and spacing, and must be placed properly and concrete
consolidated around them to be effective. Dowels are recommended for JPCP and JRCP
carrying over 6 million ESALs.

1. Recommendsd dowel diameters for various load and design conditions are shown in
Tabte 20. These diameters (and corresponding 12 inch spacing and 18 inch length) are
those required to limit joint faulting to the limits shown in section 2.3, based on
comprehensive faulting prediction models [15]. ‘

Table 20. Recommended dowel diameter for different loading conditions.

Design traffic {million ESALS) Recommended dowe! diameter (in)
<30 1.26
30-90 1.5
>80 - 150 1.625

2. Dowsl bars must be corrosion-resistant (i.e., epoxy coated, stainless steel coated, metaliic
sleeve). Research has shown that less joint spalling occurs when corroslon-resistant
dowels are used '[1 5].

3. Solid grade 40 or higher steel dowels ars recommended.

Accurate placement of dowels and good consolidation around the dowel is important.
Consolidation around the dowels is impartant to achieve good load transfer.

5. The recommended design for transverse joints and the layout of dowel bars for both

conventional slab width and widened slab width pavements is provided in figure 23.

Variable spacing is provided to place the bars only where they are really needed for heavy
traffic loads. '
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4B.5 Longitudinal Joints And Tie Bars

Longitudinal jolnts are required to avoid longitudinal cracking from thermal gradients and from
muoisture gradients that aceur through the slab, and from shrinkage of the slab restrained by
the base/slab friction. The climatic region, slab thickness, base stifiness and friction, subgrads
stiffness, and lane/shoulder widths all affect the potential for longitudinal cracking. Past
experience has shown that longitudinal cracking wiil ocour when longitudinal joint spacing is
greater than about 15 ft for conventional slab thickness (7 to 10 in). Longitudinal joinis should
coincide with pavement traffic lane lines whenever possible, to improve traffic operations.

1. Sawed Joints are recommended to a depth of one-third the slab thickness. They should be
sawed as soon as the concrete strength Is sufficlent to avold sawing raveling to minimize
the problem of random cracking. The prevention of random longitudinal cracks by sawing
as soon as possible must be a top priority of the construction effort, especiatly for treated
bases. Figure 24 shows the recommended design of longitudinal joints. The earliest
possible sawing of longitudinal joints is even more critical when a permeable base is
present due to the increased friction between slab and base.

2. The use of plastic inserts to form the longitudinal joint is not recommended. Some States
have had success with plastic inserts; however, many have had extensive longitudinal
cracking because the Insert did not properly form the joint. It is also very difficult to seal
the joint formed by these inserts.

3. A joint sealant reservoir is not required if the joint is tied together by adequate reinforcing
steel and is not a working jeint. A width of a saw blade is normally adequate.
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LONGITUDINAL JOINT - Sawed

[ v . a, . A v v
‘ Min T/3 v . a ¢
v b
« 4 " v . .

b .

v 1/8 in min ‘ T
s S i ’ T
' b . Tie bar a . o

<
! . 14 b ! ¥ T/2v v s
. .

Figure 24. Recommended design of longitudinal joints,
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4. Tiebars. Load transfer across longitudinal joints occurs through aggregate interlock,
which can only be maintained when deformed steel tie bars of adequate diameter and
spacing are used. Therefore, all longitudinal joints should be adequately tied with
deformed reinforcing bars. Otherwise, the joints will open allowing water to enter and
result in no load transfer,

a) Recommended diameter and spacing for tie bars are based on the successful
practices of SHAs. (Consensus group recommendation due to Inadequacy of
traditional computation procedure). The predominant diameter of deformed tie bar
used today Is % in or No. 5 bar, Grade 40 or higher steel is used. Only a few states
use No. 4 bars (6 states); however, about 10 states use No. 6 bars. The spacing of
the bars is predominantly 30 in, with a few SHAs using shorter (18 to 24-in) and longer
{36 to 48-in) spacings.[2] There does not appear to be any research data that show
that any of these designs are superior 1o the others, with the exception that the
longltudinal joint between traffic lanes or lanes and shoulders has separated at some
lccations where No. 4 bars have been used. The following design is recommended
for most lane-to-lane applications:

No. 5 {0.625 in diameter) minimum deformed reinforcing bars spaced at 30 in.

b} Tie bars should not be placed within 15 in of transverse joints. When using tie bars
longer than 32 in with skewed joints, they should not be placed within 18 in of the
transverse joints. The predominant length used by SHAs is 30 in.

¢} Itis essential that tie bars be firmly anchored in the concrete. Tie bars should aither
mechanically inserted into the plastic concrete or instalied as a two-part threaded
tiebar and splice coupler system. It is recommended that periodic pull-out tests be
conducted to ensure the tie bars are securely anchored in the concrete. See
reference 20 for a recommended procedure for testing tie bars in the field.

d) Bending of tie bars Is not encouraged. Where bending is considered necessary, it is
recommended that a two-part threaded tie bar and splice coupler system be used
instead. If tie bars must be bent and later straightened during construction, Grade 40
steel should be used, as it better tolerates the bending. It may be necessary to
reapply a corrosion-resistant coating to the tie bars after they have been straightened.
When puli-out tests are performed, they should be conducted after the tie bars have
been straightened. '

Catalog of Recommended Design Features 208 Section 4B Rigid Pavements

AoRCLa Gt crmty,. S

Sy AL e

[~ P P




m
5. For JPCP, when either cement-treated base or lean concrete bases are used it Is
recommended that longitudinal (and transverss) joints be formed beneath the joints in the
slab. The slab can then be allowed to bond with the base course, reducing the potential
for erosion between these two layers. This practice will reduce the potential for random
cracking and provide for uniform cracking and opening of cracks In the JPCP slab. If the
slab is bonded to a notched lean concrete base, a deeper saw-cut batween 0.4T to 0.45T,

where T is the thickness of the slab, is recommended: tie bars should be T/3 from the
bottom of the slab.[26]

6. Keyways have often been used for construction longitudinal joints. While some keyways
work well, there have been many problems with keyways over the years, particularly the
spalling of the upper key beginning at the transverse joint and progressing along the joint
over time. This creates a very difficult maintenance problem. Construction of keyways is
quite difficult, which can also lead fo failure. For these reasons, keyways are not
recommended for longitudinal construction joints. The use of butt Joints with tie bars is
recommended for longitudinal construction joints.

7. The number of lanesAtied shoulders that can be “tied togsther” without causing longitudinal
cracking varies with several factors, including the size and spacing of the tisbars {which
limits the opening at the joint) and the friction between the slab and base. Some states
limit this distance to 3 lanesftied shoulders, however, no research data that supports this
recommendation could be located.

4B.6 Expansion Joint Design

Expansion joints are recommended only at fixed structures to protect the structure (such a

bridge end) from expansive pressure on hot days. The recommended expansion |oint design
is shown in figure 25.

1. The width of an expansion joint is typically 0.75 in or more. In some cases, It may bse
desirable to place two or three expansion joints In a row to protect the structure. Filler
material Is commanly placed 0.75 to 1 in below the slab surface to allow space for sealing
material.

2. Load transfer is provided most commonly by dowel bars, which are fabricated with a cap
on one end of each dowel that creates a void in the slab to accommodate the dowsl as the
adjacent slab closes the expansion joint.
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4B.7 Joint Sealant Reservoir and Joint Sealants

Joint sealants perform two primary functions: they minimize the Infiltration of water, and they
minimize the intrusion of incompressibles. The FHWA technical advisory on joints provides
excellent guidance, Research has shown that for both JPCP and JRCP, the type and
presence of joint sealant originally installed has a significant effact on joint spalling, particularly
after about 7 to 10 years [15,17]. One SHA permits a single saw cut (0.125 In width
approximately) and does not place any sealant in the siot [19). General guidelines on the use
of joint sealant are provided below (these have been reviewed by several manufacturers),
however, manufacturer’s recommendations for specific products should bs fully considered.

THANSVERSE EXPANSION JOINT

T 18inradus ,

Dowel bar

O A R A A 9 o

1in min—s] [=——8 1/8 fn—>

Figure 25. Recommended design for transverse expansion joints at fixed structures.
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1. Joint sealant performance is affected by the design of the reservoir, joint opening, load
transfer, and the sealant material. Table 21 shows a summary of thres joint sealant ypes
recommended: rubberized asphalt and low modulus rubberized asphalt, silicone sealants,
and preformed compression seals. The cost and design of the joint reservoir Is different
for each of these sealants.

Table 21. Summary of recommended joint sealants, applicable specifications and
design tensile extension.

Sealant material Applicable speclfication Design extension

Rubberized Asphalt ASTM D1190, D3405 15 to 30 percent
AASHTO M173, M301-851
Fed S55-5-164

Low-Modulus Rubberized Modified ASTM D 3405 30 to 50 percent

Asphalt

Silicone (non-seli-leveling) ASTM D5893-96, Type NS; 30 to 50 percent
State specifications

Silicone (self-leveling) ASTM D5893-96, Type SL; 30 to 50 percent
State specifications

Preformed compression seal ASTM 2628 Compress 45 to 85
AASHTO M220 percent

2. The width of a joint and the thickness of the sealant in that joint can significantly affect the
performance of the sealant. In designing the dimensions of a joint sealant and the sealant
reservoir, two major items must be determined: the shape factor and the expected joint
movement. Figure 26 shows a typical sealant reservoir containing sealant materlal and
backer rod. The shape factor is the width "W* divided by the thickness "T" of the sealant.
The sealant recess is designated as "R" and the joint channel depth is "D”. Manufacturers’
recommendations should be followed when choosing a shape factor. Typical shape
factors are given in table 22.
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Table 23. Recommended design width for transverse joint sealants.

Joint Minimum joint width (W), | Minimum joint width (W),
Sealanttype | spacing | non-freeze region ze region
Rubberized < 15 ft 0.37510n 0.3751In
Asphalt
(20% extension | 16to 25 ft 0.50 N/A
maximum)
26 10 40 {t 0.50 N/A
Low-Modulus | <15 it 0.375 0.375
Asphalt
(50% extension | 16 to 25 ft 0.375 0.50
maximum)
26to 401t 0.50 0.50
Silicone <151t 0.375 0.375
{50% ext. max) | 16t0 25 ft 0.375 0.375
26 to 40 ft 0.375 0.50
Preformed <15t 0.375 0.375
Compression ‘
(20 to 50% 161025 ft 0.375 0.437
compression)
26 to 40 it 0.50 0.50

Computations and assumptions:
Minimum joint width = 0.375 in for improved performance of asphalt and silicone seals.
Maximum joint opening = Mmax = C*L{A*T+E)
C = 0.80 aggregate base (used to compute joint widths), 0.65 treated base
L = joint spacing, In
A =thermal coefficlent of expansion of concrete (5.5*10%-6/F)
T = change in temperature (installation temperature - minimum temperature)
Installation temperature = 80 F, minimum temperature non-freeze region = 20F freeze
region = - 15F)
E = shrinkage coefficient of concrete (200%104-6)
Width of the uncompressed seal = 8 >= Mmax / (Cmax - Cmin}
Cmax=0.8; Cmin=0.2
Width of joint sawcut=W={1-PC}* S
PG = percent compression of seal at installation, expressed as a decimal
S = width of uncompressed seal, in
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4B.8 Reinforcement Design For JRCP

JRCP has longer joint spacing to reduce joint costs. However, longer joint spacing results in
transverse cracks developing over time from a combination of load, temperature gradient,
maisture gradient stresses, and concrets volume change (from moisture and temperature
changes). These cracks must be held tight by reinfarcing steel or they will rapidly spall and
fault.

The amount of steel reinforcement required to hold these cracks tight has been calculated
based on the concept of pulling the slab over the base course by the reinforcement without
yielding the reinforcement. This design has often resulted in inadequate reinforcement and the
failure of many transverse cracks, especially in freeze climates. There are several reasons for
this failure:

m  Friction between the slab and base may be more than assumed In design.

®  Dowel bar corrosion causing lockup of transverse joints and thus Increased tensile stress
In the steel. '

»  Corrosion of the reinforcement In the crack after it opens up stightly to allow chlorides to
infiltrate to the steel. '

= If the cracks open sufficiently, the steel must also carry vertica! shear forces from heavy
axle loads as they travel over the crack.

Research has recently been conducted to determine the amount of needed reinforcement [15,
21, 58]. Recommendations provided in the structural design ceils are based on a model
developed from fleld data collected on many JRCP in the U.S [15]. The percent steel required
to limlt the number of deteriorated transverss cracks to 25 per mile was computed from the
model for each of the cells In the design matrix. A minimum of 0.15 percent was selected to
limit crack deterioration potential. Table 24 shows the minimum percent of deformed
reinforcement recommended. This results in increased reinforcement relative to that
computed using the conventional method. However, this will avoid the failure of many
transverse cracks.

Deformed steel wire or deformed reinforcement bars are recommended for use in JRCP [21].
Transvarse steel may be used to ald in placement of the fongitudinal steel. The preferred

Catalog of Recommended Design Features 217 Section 4B Rigid Pavements



location of the reinforcement is above mid-depth, but with 2 minimum of 3 In of concrete cover
from the top of the slab. The closer to the top of the slab, the tighter the rasulting cracks.

Table 24, Recommended minimum percent reinforcement content for JRCP.

Slab thickness, in. Minimum percent reinforcement **
5-65 0.16
6.5-7.5 0.18
75-85 0.17
8.5-95 : 0.18
85-105 0.19
10.5-11.5 0.20
11.0-125 0.21
12.0-13.5 0.22
13.56-15.0 0.23

**Required deformed reinforcement to limit the number of deteriorated transverse cracks to
25/mi or less. Results checked across all climatic zones. Slab thickness depends on traffic
levels, subgrade support, and other factors.

4B.9 Reinforcement Design for CRCP

Reinforcement is placed in CRCP to hold transverse cracks very tight so that vertical shear
load from heavy axies is carried by aggregate interlock. Because no transverse joints are
placed in CRCP, and due to the restraint of the reinforcement, many closely spaced transverse
cracks will develop. The most critical aspect of these cracks is to hold them very tight so that
aggregate interlock is not lost and so that chlorides do not infiltrate to the steel. Although much
literature states that a 3 fo 6 ft crack spacing is optimum, other research shows that crack
width is the more critical parameter in minimizing punchouts and ruptured steel. There exists
many CRCP in the U.S. and Europe with higher steel percentages that have very short
transverse crack spacing (i.e. < 3 ft) that exhibit no punchouts. [16,26]
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recommendations on materials quality levels for various design cells defined by traffic level,
subgrade, and climatic for flexible pavements. These guidelines are based on engineering
judgement and must be tailored to specific local situations and materials.

Table 28. Recommended materials quality levels for varlous design cells to minimize
erosion for rigid pavements.

Design Cells Rigid Subgrade Climate Base Material
Traffic ESALs Recommendations
1-6 <3 million Al Al Class E or D
7.8, 9 3-6 All All ClassDorC
12,15 6-18 Strong Non-freeze | Class B
12,15 6-18 Strong Freeze Class A
10, 11, 13,14 6-18 Very Soft, All Class A
Waak-Fair '
|L16 to 27 18 - 150 All All Class A

Table 29. Recommended materials quality levels for various design cells to minimize
erosion for flexible pavements.

Design Cells Flexible Subgrade Climate Base Material
Traffic ESALs Recommendations

1to8 <2 miflion All All Class Eor D

9to 12 2-4 All All ClassDorC

16, 20 4-12 Strong Non-freeze | Class B

16, 20 4-12 Strong Freeze Class A

13, 14, 15,17, 4-12 Very Soft, All Class A

18,19 Weal-Falr

21to 36 12-90 All All Class A
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4C.4 Subdrainage Recommendations

Conceptually, the need for improving any specific design feature (such as subdrainage) for
any given pavement structure and site conditions (traffic, climate, subgrade) should be
determined through a detailed performance evaluation and life-cycle cost analysis where the
varicus alternative levels of subdrainage are compared. The alternative level with the lowest
ilife-cycle cost that also meets the project performance criteria would iogically be that
recommendead for construction for the given project.

The various levels of subdrainage and materials requirements listed above (i.e., Level 1:
Sealing Joints and Cracks/Geometrics, Level 2: Non-erodible Materials, Level 3: Edge drains
and Non-erodible Materials, Level 4: Full Subdrainage System (including a permeable
drainage layer) will progressively increase the cost of construction and maintenance of the
pavement, and thus they must result in a corresponding increase in life of the pavement to be
cost effective. If the design engineer does not have the performance prediction models that
are needed to predict the increase in life and rehabilitation costs, the following general
recommendations are provided that are expected tc result in the most cost-effective pavement
design for most situations. However, these must be tailored to local conditions.

Table 30 provides recommendations for non-doweled JPCP, Table 31 for doweled JPCP and
JRCP, and CRCP, and Table 32 for flexible pavements.

Table 30. Recommended levels of subdrainage based on site conditions for non-
doweled JPCP.

Design | Rigid Traffic | Subgrade Climate | Subdrainage
Celis ESALS Recommendations
1,2,3 | <1.5million | All All Level 1
6 15-3 Strong Dry, Wet | Level t
4,5 1.6-3 Very Soft, Weak-Fair Dry, Wet | Level 2
7,8,9 |3-6 All Dry Level 2
7,8 3-6 Very Soft, Weak-Falir Wet Level 3 (treated
. base required)
9 3-6 Strong Wet Level 2 (treated
base reguired)
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Table 31. Recommended levels of subdrainage based on site conditions for doweled
JPCP, JRCP and CRCP.

Design Cells | Rigid Traffic | Subgrade | Climate | Subdrainage
ESALS Recommendations
6 1.5-3 Strong Dry, Wet | Level 1
4,5 15-3 Very Soft, | Dry, Wet | Level1
Weak-Fair
7,8,9 3-6 All Dry Level 1
7,89 3-6 Al Wet Level 2
10, 11, 12, 6-18 Strong Dry, Wet | Levels 3
13, 14,15
10, 11,12, 6-18 Very Soft, | Dry, Wet | Levels 3 (treated base
13, 14, 15 Weak-Fair required), or Level 4*
16 to 27 18 - 150 All Dry, Wet | Level 3 (treated base
required), or Level 4*

*Level 4 NOT recommended for CRCP.

Table 32. Recommended levels of subdrainage based on site conditions for flexible

pavements.
Design Cells | Flexible Traffic | Subgrade | Climate Subdrainage
ESALS Recommendations
1to4 05-1 All All Level 1
8 1-2 Strong All Level 2
5,6,7 1-2 Very Soft, | All Level 2
Weak-Fair
9to 12 2-4 All Non-freeze | Level1
9to 12 2-4 All Freeze Level 2
16, 20 4-12 Strong All Levels 3
13, 14, 15, 4-12 Very Soft, | All Levels 3 (treated base
17, 18,19 Weak-Fair required), or Level 4
2110 36 12-90 All All Level 3 (treated base
required), or Level 4
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Note that for heavier traffic loadings there are two main alternate subdrainage designs. At this
time, the state-pi-the-art Is not able to distinguish between them in terms of effectiveness.
However, a decision to include a level 4 parmeabls base must require a commitmant 1o
continued maintenance of outlets and longitudinal drain pipes or it will be ineffective.

Approach 1 - Seal out moisture {(as possible) and provide non-erosive materials

Provide densely graded treated pavement materials that strongly resist softening,
disintegration, or stripping in the presence of water. Limit water infiltration into the
pavement section through sealing of all cracks as they occur and full width (traffic [anes
and shoulders) paving. This includes dense graded hot mixed asphalt base (that has been
thoroughly evaluated for stripping potential}, or higher strength cement treated base or
lean concrete base. Include longitudinal edge drain pipes, lateral outlet pipes, and head
wall system to draln any water that seeps inta the structural section,

Placement of a granular subbase beneath a dense graded treated base course Is highly
recommended to provide vertical seepage of excess molsture and to reduce erosion
beneath the treated base course. The amount of fines in the subbase must be limited to
provide for adequate vertical seepage. This is an extremely important recommendation for
rigid pavements to reduce erosion beneath a treated base layer. This granuiar layer will
also reduce the pumping of fines from the subgrade into the base course.

When the subgrade Is “Very Soft,” improvement of the upper portion of this subgrade
through placement of a thick granular layer or stabilized material is required in the
structural section, as a minimum. Section 5 - Special Subsurface Conditions, provides
discussion on additional techniques and approaches that can be considered depending on
the local conditions encounterad.

Approach 2 - Drain moisture rapidly from pavement section

Provide permeable open-graded asphali-treated base course beneath the lowest asphalt
bound layer, a filter or separation layer, collector system (pipe edge drain), and discharge
pipe and head wall system. See Section 4C.5 for design detalls. Locations where use of a
permeable base that may cause problems Include very flat terrain with a longitudinal grade
of less than 1 percent, and where adequate side ditches cannot be constructed with a
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fines into the permeable base. In addition, the placement of a geotextils fabric between
the permeable base and granular separator fayer will further restrict fines pumping into the
permeable layer. Stabilization of the fine-grained subgrade or placement of a thick -
granular layer over the subgrads, beneath the filter layer, is also strongly recommended to
reduce further the potential of excess moisture problems. '

4C.5 Basic Elements of a Level 4 Subsurface Pavement Drainage
System

The basic components of a fully functional Level 4 subdrainage system include the
following:[27-55]

= Permeable treated base dralnage layer.

= Sgparation layer(s).

m  Collector system (pipe edge drain) (must be maintained).

= Discharge pipe and head wall system (must be maintained).

Everyone of these components must perform its function or the drainage system will fail. If is
important to note that a pavemant subdrainage system that includes these companents is only
meant to address problems that are related to water that inflltrates into the pavement from the
surface. Appropriate foundation/subgrade drainage measures need to be taken during
construction to mitigate against moisture-related problems that result from a high water table,
seepage, capillary action, and other sources of water; particularly in cut areas. A level 4
system is not recommended for CRCP due to potential problems.

Permeable Bases. Permeable bases provide a means for rapidly draining the water that is
able fo get into the pavement and Is an essential part of a subsurface drainage system. They
involve the placement of a base of sufficient thickness and parmeability above the subgrade to
drain the water from the pavement layers above and prevent saturation. A thickness of 4 in Is
recommended and the base usually extends 1 to 3 ft beyond either edge of the pavement
[27,32]. A permeable base must provide three very important functions [33]:

m  The base material must be permeable enough so that the base course drains within the
design time period.

»  The base course must have enough stabllity to support the pavement construction
operation, and must not cause premature distress in the surface layer.
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. The base course must have enough stability to support the pavement construction
operation, and must not cause premature distress in the surface layer.

m  The base caurse must have enough stability to provide the necessary support for the
pavement structural design over the entire design life.

The iwo types of permeable bases are untreated and treated. Asphalt or cement are the usual
agents used for stabilizing the base to obtain a material that provides a stable working
platform, and yet has the required permeability.

An effective permeable base should be able to drain water from the pavement within 2 hours
after the end of rainfall. This can be achieved if the coefficient of permeability of the base is
greater than 1,000 ft/day. However, this must be balanced with the need to provide a
permeable base stable enough to withstand traffic loading during construction and normal
service. Also, the materials for both treated and untreated permeable bases must be hard,
durable, crushed, angular aggregates with virtually no fine or minus No. 200 sieve material
[28]. Gradations will vary depending on whether the base is treated or unt.reated.

Asphalt-Treated Permeable Base
The specifications for asphalt-treated permeable bases (ATPB} vary from state to state and
typically include specifications on the following [28,33]:

m  asphalt cement content, grade, and permeability.
m  gradation of the base.
m aggregate material quality tests.

An ATPB layer typically consist of an open-graded aggregate in which particies are restricted
to the range between No. 4 and 3/4" sieves, that are mixed with enough asphalt to bind the
aggregate into a stable mass. The asphalt content typically ranges between 1.5 and 2.5
percent by weight of 85 to 100 penetration grade asphalt cement [28,32]. The asphalt content
functions only as a binder for the open-graded aggregate and in no way hinders the flow of
water through the drainage layers. Typical gradations specified by a number of State highway
agencies for asphalt-treated permeable bases (ATPB) are provided in reference 27; it also
provides accompanying materials specifications relating to the asphalt cement content,
permeability, aggregate, and anti-strip requirements. Adequate compagction of the base with a
5 to 10 ton steel-wheeled roller is usually achievable in one to three passes.
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Cement-treated permeable bases are similar to thelr asphalt counterparts in that they include a
small amount of cement added to bind the base to provide a stable materlal. Application rates
range from 2 to 4 bags per cubic yard of base material [27]. This small amount of cement Is
adequate to provide a stable platform for concrete paving operations. Water cantents should
prevent segregation but must be adequate for the cemsent paste to flow to points in the base
layer to promote cementing between aggregate particles [27]. Vibrating screeds and plate
have been used to provide good compaction of CTPBs. Curing of the base Is one aspect of
CTPB construction that requires a lot of attention. Methods that have been used include
covering the base with polythylene sheeting for 3 to 5 days or spraying a fine water mist on the
base several times a day after it Is placed. The best approach to finding out the most
appropriate curing and compaction methods Is to construct a test patch for evaluation [27].

Untreated Permeable Base

In comparison to the materials used for stabilized permeable bases, untreated materials
contain more smailer sized aggregates to provide the aggregate interlock required for stability.
This also means that the permeabilities of untreated permeable bases are much lower than
those of stabilized permeable bases. Typical permeabilities range from 200 to 3,000 ft’day
[32]. Just as ATPB, adequate compaction of the base can be achieve with one to three passes
of a 5 1o 10 ton steel-wheeled roller. Treated permeable bases are recommended for both
flexible and rigid pavements.

Separator/Filter Layer. When permeable bases are used, a separator/ilter layer Is required
between the base and the subgrade to prevent contamination of the base from fines in the
subgrade. Substantial migration of fines from the subgrade will cause failure of the permeable
base and significant pumping and other moisture related problems. The separator layer can
act as a filiration layer, or a low permeabilily layer that will help direct water to the edge drain
system, as well as minimize the infiltration of water from the top !ayers into the subgrade. The
recommended separator layer is a properly graded aggregate layer. Aggregate layers have
been most successful in keeping fines from infiltrating the permeable base layer. Aggregate
separatorffiiter layers are typically 4 or more inches thick. In addition, the placement of a
geotextile fabric between the permeable abase and aggregate separator layer Is
recommended as added Insurance against pumping of fines inta the permeable base. The
geotextile should be 10-12 ounces per square yard minimum. A lime treated subgrade Is not
recommended as a saparator layer, even in canjunction with a geotextile since It will Ilkely
pump up into the permeable base,
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Longitudinal Edge Drains. Longltudinal edge drains, particularly used in conjunction with
permeable bases, will improve the subsurface drainage of pavements [27,28,40}). Pipe edge
drains that have been used include a 3- 1o 6-inch pipe in a trench with the appropriate backfill
material. Geocomposite fin drains wrapped in geotextile are also used [40,41]. Factors that
need o be taken into consideration in the design of an effective pipe edge drain are the
amount of water to be discharged. the condition of the permeable base, and the amount of
fines in the base and backiill material.

Itis very important to ensure that an edge drain placed in a pavement with a permeable base
can effectively drain water at all points along the pavement. The location of the edge drain is
essential to performance. Because the pavement/shoulder joint is the primary point of entry
for Infllitrated water Into the pavement, an edge drain that is adjacent to the joint and under the
shoulder is most effective for quick subdrainage.

Recommended Cross-Sections. Recommended cross-section designs for full subdrainage
systems are provided In figures 32 and 33 for flexible and rigid pavements, respectively.
These recommendations pravide for a good flow of water after it enters the cross section until
it discharges from the lateral headwall. '
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Figure 32. Recommended cross section of full subdrainage system for flexible
pavement.
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Figure 33. Recommended cross section of full subdrainage system for rigid pavement.
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SECTION 5 SPECIAL SUBSURFACE CONDITIONS

Special subsurface conditions, such as swelling soils and frost-susceptible soils must be
considered in pavement design. Section 5 provides guidslines on how to identify and address
these special subsurface conditions. Four special subsuriace conditions are included in this
section of the catalog. These conditions are:

Collapsible or highly compressible soils
Expansive or swelling soils

Subsurface water flow and/or saturated soils
Frost susceptible soils

e p o

HoweVer, in all of these considerations, the provision of a uniform soil in the upper
portion of the subgrade relative to textural classification, moisture, and density cannot
be over emphasized. This uniformity can be achieved through subcutting and/or soil

replacement, etc., along with test rolling. In addition, tapers should be provided when
changing soil types.

5.1  Subsurface Investigations to Identify Special Conditions

The horizontal and vertlcal varlations in subsurtace sail types, molsture contents, densities and
water table depths should be identified. Appendix B provides general requirements for
subsurface investigations for pavement design. Each soil strata encountered should be
characterized for its use to support pavement structures and whethaer the subsurface soils will
impose special problems for the construction and long term perfermance of pavement
structures. Table 33 provides a general summary of the different sofl types and/or groups, as
related to pavement performance and design.
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5.2 Collapsible or Highly Compressible Soils

Effect of Compressible Soils

Collapsible and/or highly compressible (very weak) soils are susceptible to large settlements
and deformations with time which can have a detrimental effiect on pavement performance. If
these compressible soils are not properly treated, large surface depressions with random
cracking can develop. The surface depressions can allow water to pond cn the pavement's
surface and more readlly infiltrate the pavement structure compounding a severe problem,
More importantly, the ponding on water will also create a safety hazard to the traveling public
during wet weather.

Improvements for Compressible Soils

In order to provide an adequate foundation of the pavement structure, various techniques can
be used. The selection of a particular technigue is dependent upon the depth of the weak
soils, and the difference between the insitu conditions and the minimum compaction and/or
strength requirements to limit the amount of anticipated setttement {0 a permissible value that
will not adversely affect pavement performance.

When constructing roadways in areas with deep deposits of highly compressible layers (very
low denslty saturated materials), an examination of the specific soil properties to calculate the
estimated settlement must be dons. Under these conditions, a complete geotechnical
investigation and detailed settlement analysis must be completed prior to the pavement
design. When existing subgrade solls do not mest minimum compaction requirements and are
susceptible to large setilements over time, consider the following altematives:

{1) Remove and process soil to attain the approximate optimum moisture content and
replace and compact, '

(2} Remove and replace subgrade soil with suitable borrow or select embankment materials.
All granular fill materials should be compacted to at least 95% of maximum density, as
defined by AASHTO T180. Cohesive fill materials should be compacted to no less than
90%, as defined by AASHTO T89.

{3) Compact soils from the surface, to increase the dry density through dynamic compaction
techniques. :
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(4) Consolidate deep deposits of very weak-saturated soils with large fllls prior to
pavement construction. After consolidation, the fllls can either be left in place or
removed, depending on the final elevation.

5.3 Subsurface Water Flow and Saturated Soils

Effect of Subsurface Water

It is critically important to identify any saturated soil strata, the depth to ground water, and/or
subsurface water flow between soil stratas. Subsurface water is especiafly important to
recognize and identify in the transition areas between cut and fill segments. Subsurface water,
If allowed to saturate unbound base/subbase materials and subgrade solls, can significantly
decrease the strength and modulus of these materials and/or solls. Signlficant reductions in
strength can result in premature surface depressions, rutting and/or cracking. Seascnal
moisture flow through selected soil stratas can also significantly magnify the effects of
differential volume change in expansive soils. Cut areas are particularly critical for subsurface
water.

Improvements to Minimize Effects of Subsurface Water
When saturated soils and/or subsurface water are encountered, consideration should be given
to the following alternatives for improving the foundation or supporting subgrade.

1. For saturated soils near the surface, dry and/or strengthen the wet soils through the
use of mechanical stabilization techniques to provide a construction platform for the
pavement structure (See Section 5.6).

Remove and replace the saturated soils with select borrow materials or soils.

3. Place and properly compact thick fills or embankments to Increase the elevation of the
subgrade, or in other words, increase the thickness (or distanca) between the
saturated solls or water table depth and pavemant structure.

4. Consideration should also be given to the use of subgrads drains whenever the
following conditions exist:

(a) High ground-water levels which may reduce subgrade stability and provide a
source of water for frost action.

{b) In subgrade solls of silts and very fine sands which may become quick or spongy
when saturated.
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{c) Consider intercepting drains where water seeps from underlying water-bearing
strata or from subgrades in cut areas.

Use subsurface drains (perforated collector pipes and filters} in lieu of deep ditches for
collecting and transporting ground water. For typical subgrade drain installation, see Ssction
4C.

5.4 Swelling Soils

Effects of Swelling Soils

Swelling or expansive soils are susceptible to volume change (shrink and swell) with seasonal
fluctuations in moisture content. The magnitude of this volume change is dependent on the
type of soil {shrink-swell potential) and its change in moisture content. A loss of moisture will
cause the soil to shrink, while an increase in moisture will cause it to expand or swell. This
volume change of clay type soils can result in longitudinal cracks near the pavement's edge
and significant surface roughness {varying swells and depressions) along the pavement's
length.

Expansive soils are a very significant problem for pavement design in mahy parts of the U.S.,
and are responsible for the application of premature maintenance and rehabilitation activities
on many miles of roadway each year. Expansive soils are especially a problem when deep
cuts are made in a dense (over-consolidated) clay type soil.

When constructing roadways and areas with thick-highly expansive clay sails, laboratory tests
should be conducted to determine the shrink-swell potential of the soil, and o estimate the
potential volume change aftar pavement construction. Under these conditions (especially if
deep cuts are required), a complete geotechnical and laboratory investigation and detailed
volume change analysis shouid be completed prior to the pavement design.

Identification of Expansive Soils
Techniques for identifying potentially expansive soils are given Iin the following documents. [22,
23, 24]
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1. "An Evaluation of Expedient Methodology for Identification of Potentially Expansive
Soils", Report No. FHWA-RD-77-94, Federal Highway Administration, Washington,
D.C., June 1877 (D.R. Snethen, L.D. Johnson and D. M. Patrick).
2. "Design and Construction of Airport Pavements on Expansive Solls", Report No. FAA-

RD-76-66, Federal Aviation Administration, U.S. Department of Transportation,
Washington, D.C., June 1876 (R.G. McKeen).

Figure 34 lllustrates a selection process used by the Federal Aviation Administration for
Identiflcation of expansive solls, Although test procedures can be used to measure the shrink-
swell potential of soils, exparience plays an important role in identifying those conditions
requiring special treatments.

PI<10 - —1  Not Expansive
< 25% Passing
No. 200 Sieve o T—
: tabilization
PI>10 Required
Perform Soil
Classification
Tests PI<10 Not Expansive
> 25% Passing 10 < PI < 30 Stabiliz.ation
No. 200 Sieve Required
Stabilization
>30
o Required

Figure 34. General flow diagram for determining if a soil can be stabilized to reduce the
swelling potential.
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Improvements for Expansive Sofls

When expansive soils are encountered along a roadway project in environments and areas
where significant moisture fluctuations in the subgrade are expected, consideration shouid be
given to the following alternatives to minimize future volume change potential of the expansive
soil.

PL< 10 Cement
Bituminous
Additional
: Requirement for
Sieve <25% Base Courses: PI< 6
Analysis Passing 1
Test No. 200 I_ Cement
Sieve
PI>10 I_
) P Lime
—1 PI<10 Cement
Add Sufficient Lime
to Reduce:: e
PI < 10 - Subgrade Bituminous
Atterber >25% i PI < 6 - Base Course
& Passing Comomt
Limit No. 200 0<Pl<30
Test Sieve ' )
Add Sufficient Lime
to Reduce: Cement
| P1>30 PL<30
Lime

Figure 35. Flow diagram to determine the type of stabilizer for a specific soil condition.

Improvements for Expansive Soils

When expansive soils are encountered along a roadway project in environments and areas
where significant moisture fluctuations in the subgrade are expected, consideration should be
given to the following alternatives to minimize future volume change potential of the expansive
soil.
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1. For relatively thin layers of expansive clays near the surface, remove and replaces the
expansive soil with select borrow materials.

2. Extend the width of the subsurtace pavement layers 1o reduce the loss of subgrade
molsture along the pavement's edge.

3. Scarify, stabilize and recompact the upper portion of the expansive clay subgrade. Lime
or cement stabllization is an accepted method for controlling the swelling of solls.
Stabilization as used here refers to the treatment of a soil with such agents as bitumen,
portland cement, slaked or hydrated lime, and fly ash to limit its volume change
characteristics. This sometimes also substantially increases the strength of the freated
material. The logic pattern contained in Figure 35 can then be used to select a sultable
soil stabilizer.

4. In areas with deep cuts in dense, over consolidated expansive clay solls, complets the
excavation of the surface soils to the proper elevation and allow the subsurface soils to
rebound prior to placing the pavement layers.

5.5 Frost-Susceptible Soils

Effects of Frost Action

Frost action can cause differential heaving, surface roughness and cracking, blocked drainage,
and a reduction in bearing capacity during thaw periods. These effects range from slight to
severe, depending on types and uniformity of subsoil and the avallabllity of water. Pavement
design for frost action often determines the required overall thickness of flexible pavements and
the need for additional select material beneath both rigid and flexible pavements.

Frost Heaving. Surface heaving results from the growth of ice lenses in the pavement
components or subgrade. Whether heave is uniform or nonuniform depends upan the uniformity
of maisture content, soil characteristics, the depth of fill, and the depth to ground water. Uniform
heave is generally not troublesome, but nonunifarm heave can result in serious irregularities in
the surface of flexible pavements and cracking In rigld pavements. Differential heave is usually
the result of variations in subgrade solls, soil molsture and transitions from cut to fill with high
ground water level. '
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Formation of lce Lenses. Water tends to move toward the cold regions of the pavement, where
it freezes in the form of lenses. The lenses grow by the attraction of water supplied from: (1)
underlying water table, {2) infiltration from above, (3) lateral flow, especially from cracks, joints,
and shoulder araas, or {4) water held within voids of fine-grained soils. To have serious formation
of ice tenses three conditions must exist;

"

[

{1} Soil must be frost susceptible;
(2) Freezing temperatures must penetrate soil;

[p— e

{3) A source of water must be available,

Thawing and Reduction in Strength. During thawing pericds, the upper Ice lenses melt, )
releasing water which moves into the base course. If the subsurface drains are blocked with ice 3
or If adequate drainage has not been provided, the base course can bacome saturated and

weaksned, Traffic during this period causes high stresses in the subgrade, resulting in excess %
pore pressures and reduced strength.

Identification of Frost Susceptible Soils and Conditions ]
The potential for ice segregation in a soil under specified freezing conditions and, in the presence
of available water, is its frost susceptibility. Some soils have a high capillary rate and are not
coheslive, thus assisting passage of water to the ice lenses. A heavy formation of ice takes place
at each successive level as the freezing temperature penetrates deeper into the ground, resulting
in severe frost heave. Frost-susceptible soils have been classified into four general groups: F1,
F2, F3 and F4, listed approximately in the order of increasing susceptibility 1o frost heaving (See
Table 34). Liitle or no frost action is likely to oceur In sands, gravels, crushed rock, cinders and J
similar granular materials, when clean and free draining, under normal freezing conditions. The
large voids permii water to freeze in place without segregation into ice lenses. Conversely, silis
are highly frost-susceptible. The combination of relatively small voids, high capiliarity, and
relatively good permeabllity of these solls accounts for this characteristic.
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Table 34. Frost susceptibility classification of soils.

Percentage
Frost Degree of Frost Finer than Typical Soil
. Type of Soll
Group Susceptibility 0.02mm by | Classification
Weight
F1 Negligible to low Gravelly soil 3-10 GO, GP, GO-
GM, GP-GM
F2 Low 10 medium Gravelly solls 10-20 GM, GO-GM,
GP-GM
Sands 315 SWwW, SP, SM,
SW-SM, SP-
SM
F3 High Gravelly soils Greater than GM-GC
20
Sands, except Greater than SM, SC
very fine siity 15
sands
Clays Pl»12 CL,CH
F4 Very high All silts ML-MH
Very fine silty Greater than SM
sands 15
Clays, Pl<12 CL, CL-ML
Varved clays and m—— CL, ML, SM,
other fine grained, CH
banded sediments

Clays are cohesive and, although their polential capiliarity is high, their capillarity rate is low.
Although frost heaving can occur in clay soils, it s not as severe as for silts, since the impervious
nature of the clays makes passage of water slow. The supporting capacity of clays may be
reduced greatly during thaws, although significant heave has not occurred. Thawing usually takes
placs from the top downward, leading to very high moisture contents in the upper strata.
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A ground water level within five feet of proposed subgrade elevation is an indlcation that sufficient
water will exist for ice lense formation. However, homogeneous clay subgrade solls contain
sufficient moisture for ice formation, even with depth to ground water in excess of ten feet.

Unsealed joints and cracks In the pavement surface and poorly drained pavement and shoulder
surfaces are common sources of trapped water, Special attention should be given to these
potential sources of water, and provide joint details and grades to minimize their influence.

Improvements for Frost Susceptible Soils
When frost susceptible solls are encountered, consideration should be given to the following
alternatives for improving the foundation or supporting subgrade.

1. Remove and replace the frost susceptible soil (Groups F3 and F4) with select borrow
materials that are nonfrost susceptible to the depth of expected frost benetration.

2. Place and compact select borrow materials that are nonfrost susceptible to a thickness
or depth to prevent subgrade freezing for frost susceptible soll Groups F2, F3, and F4.

3. Remaoval of isolated pockets of frost-susceptible soils to eliminate abrupt changes in
subgrade conditions.

4. Increase the pavement structural layer thicknesses to account for a strength and stitiness
reduction of the subgrade soils during spring-thaw for frost susceptible soils Groups F1,
F2 and F3.

Pavement Design Considerations for Frost

The design freezing index is the basic value for measuring temperature effects. It is proportional
to the magnitude and duration of subfreezing temperatures during the winter season. For
pavement design, use the freezing index for the coldest year in a 10-year cycle or the average of
the three coldest winters in the last 30 years on record. Figure 36 shows freezing index values
for the continental United States. However, contact local public utility companies to confirm depth
of frost penetration.

Design to Prevent Frost Penetration into Subgrade. This method essentially eliminates surface

deformation and thaw problems resulting from formation of ice lenses in the subgrade, by
providing nonfrost-susceptible base and subbase courses of sufficient thickness to prevent the
underlying soils from freezing.
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This method should be used only in exceptionally difficult situations, when soil and moisture
conditions are extremely variable over the area, where the subgrade seil Is F3 or F4, and where
limited differential heave can present severe operational problems.

Determine the design freezing index and depth of frost penetration from Figures 36 and 37,
respectively. Adjust this by reliable local experlence, when available, Make overall pavement
thickness, including base, subbase and any additional select embankment or material courses,
equal to the depth of frost penetration. The additional depth of material required to prevent
subgrade freezing must consist of a nonfrost-susceptible material.

Design for Limited Subgrade Frost Penetration. This method should not be used with the
pavement cross-sections included in this catalog, because it requires adjustments to the individual
layer thicknesses.

This method determines the depth of frost penetration from Figures 36 and 37. From this frost
depth, the proposed thickness of asphalt concrete and other layers are adjusted to account for the
increase in damage due to & weakening of the soils during the spring-thaw period. When
designing for a limited subgrade protsction, a detailed analysis is required for adjusting the layer
thicknessas.

Base and subbase courses in areas subjected to frost action must consist of nonfrost-susceptible
materials. A conservative general requirement for such materials is that they have less than 8%
by weight smaller than the No. 200 sieve. In some cases, laboratory freszing tests are desirable
to determine frost susceptibllity of economically available materials which do not meet this general
requirement. Provide base course drainage according to the reguirements of Sectlon 4.C.

When designing pavements by the limited frost penatration method, the bottom four to six inches
of base should have the proper gradation to act as a filter between base and subgrade. Sand,
gravelly sand, screenings, or similar materials prevent Infiftration of the frost-susceptible subgrade
Into the overlying courses during and following the frost melting period.
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5.6 Subgrade Improvement by Stabilization

in cerain instances, marginal subgrade soils are stabillzed to improve their strength and stiffness
characteristics. Native subgrade and lower quality borrow embankment materials can be

improved with the use of a cement, bitumen, or lime stabilizing agent. For stabilization or ‘

modification of cohesive subgrade sails, hydrated lime Is the most widely used. Lime is applicable
in clay soils (CH, CL) and in granular soils containing clay binder (GC, SC), while portland cement
is more commonly used in nonplastic soils. Lime reduces the Plasticity Index (PI) and renders a
clay soll less sensitive to moisture changes. Consider the use of lime whenever the P1 of the soi!
is greater than 10.

a. Lime Treatment. Lime treatment or modification consists of the application of from one
to three percent hydrated lime to ald drying of the sail and permit compaction. As such,
it is useful in the construction of a "working platform" to expedite construction. Lime
modification may also be considered to condition a sail for follow-on stabilization with
cement or bitumen. Lime treatment of subgrade soils Is intended to expedite construction,
and no reduction in the required pavement thickness should be made.

b. Lime or Cement Stabilization. Lime and/or cement stabilization of very soft to weak
soils is normally used to improve the material, or layer on which the pavement base
and/or subbase layers can be praoperty constructed and compacted. When used, these
treated soils should be allowed to cure a minimum of seven days prior 1o any further
pavement materia!s/layers are placed.

For lime stabilization of clay (or highly plastic) sails, the lime content should be from 3% to 8%
of the dry weight of the soil, and the cured mass should have an unconfined compressive
strength of at least 50 psi within 28 days. The aptimum lime content should be determinad
with the use of unconfined compression and Atterburg Limits tests on laboratory lime-soil
mixtures molded at varying percentages of lime. The lime-stabilized subgrade layer should
be compacted to a minimum density of 95%, as defined by AASHTO T98.

For cement stabilization of granular and/or nonplastic soils, the cement content should be
from 3 to 10% of the dry weight of the soil, and the cured material should have an unconfined
compressive strength of at least 150 psi within seven days. The portland cement used should
meet the minimum requirements of AASHTO M-85. The cement stabilized subgrade should
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be compacted 1o a minimum density of 95% as defined by AASHTO M134. Only fine grained
solls can be effectively freated with lime for marginal strength improvement. Lime has been
found most effective with clay soils containing montmarillonits, illite and kaolinite. Lime-fly ash
treatment is applicable to a broader range of soil types because its cementing action is less
dependent on fines contained within the soil.

Lime treatment of clay soils can convert the material from one that shows negligible to moderate
frost heave to one that is highly susceptible to frost heave. The treated materlal acts more like a
silt than a clay. This adverse effact can be caused by insufficient curing time before freezing
occurs. Hence, an adequate curing perlod Is critical to the performance of these materials. The

major durability problem assoclated with lime soil mixtures is resistance to cycfic freeze and thaw
action,

Soils classified as CH, CL, MH, ML, SC and GC, with a plasticity index greater than 12, and with
at least 10% passing the No. 40 sieve, are potentially suitable for stabilization with lime. Hydrated
lime, in powder form or mixed with water as a slurry, is normally used in stabllization. To
determine the design lime content for a subgrade soil, the following steps are suggested:

1. Determine the initial design lime content by mixing varylng amounts of lime with the soil
in water and measuring the pH fevels in one hour intervals. Selact the lowest lie mixture
lavel for which a pH of 12.4 occurs as the initial design lime content.

2. Prepare specimens at the Initial dasign lime content and at about 2% and 4% lime above
that from Step 1 and cure specimens for 28 days at 73%F (23°C).

3. Determine the unconfined compressive strength for all cured specimens. Select as the
construction design fime content the minimum percent required to achieve a compressive
strangth of 150 psi (1.03 Mpa). ‘

4. Add one half to one percent additional lime in the lower percentage ranges to compensate
for problems associated with non-uniform mixing during construction.

Paortland cement is widely used for treating low plasticity clays, sandy and granular materials to
improve their strength and stiffness characteristics. At low cement contents, the product is
generally termed cement-modifled soil. These modified solls exhibit additional impravements in
such properties as plasticlty, expansive characteristics, and frost susceptibllity. Relatively small
amounts of portland cement can be used to reduce the plasticity index and swell characteristics
of many soils. For soils to be stabilized with cement, property mixing requires that the soll have
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a plasticity index of less than 20% and a minimum of 45% passing the No. 40 sieve. However,
heavier clays that have been treated with lime or fly ash are sometimes suitable for subsequent
treatment with portland cement,
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GLOSSARY OF TERMS

Aggregate Base (AB) - A base course consisting of compacted mineral aggregates. Also,
granular base (GB).

Aggregate Subbase (ASB) - A subbase course consisting of compacted mineral aggregates.
Also, granular subbase,

Asphalt Concrete (AC) - A controlled mixture of agphalt cement and graded aggregate
compacted 1o a dense mass. Also, hot-mixed asphalt (HMA), hot mixed asphalt concrete
{HMACG), bituminous concrete (BC), plant mix (PM).

Asphalt Concrete Base (ACB) - Asphalt concrete used as a base course. Also, asphalt base
course (ABC), asphalt stabilized base - hot-mixed (ASB-HM), asphalt treated base (ATB),
bituminous aggregate base, bituminous concrete base (BCB}, bituminous base (BB}, hot-
mixed asphalt base (HMAB), '

Asphalt Concrete Pavement (ACP) - A pavement structure, placed above a subgrade or
improved subgrade and consisting of one or more courses of asphalt concrete or a
combination of asphalt concrete and stabilized or unstabilized aggregate courses.

Asphalt Concrete Surface (ACS) - Asphalt concrete used as a surface course. Also, dense-
graded asphalt concrete (DGAC). - .

Asphalt Treated Permeable Base (ATPB) - A permeable base containing a small percentage
of asphalt cement to enhance stability. Also, asphalt treated open-graded base (ATOGB),
asphalt treated base - permeable (ATB-Perm).

Base - The layer or fayers of specified or select material of designed thickness placed on a
subbase or subgrade to support a surface course. For Portland cement concrete pavements,
the layer just beneath the concrete slab,
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Bituminous Sand - Asphalt concrete containing sand as the mineral agfegate component.

Cement-Treated Base (CTB) - A base course consisting of mineral aggregates blended in
-place or through a pugmill with a small percentage of portland cement to provide cementitious
properties and strengthening. Also, aggregate cement, cement stabilized graded aggregate

(CSGA), cement stabilized base (CSB).

Cement Treated Open-Graded Base (CTOGRB) - An open-graded aggregate base treated
with portland cement fo provide enhanced base strength and reduce erosion potential. Also,
cement-treated permeable base (CTPB).

Continuously Reinforced Concrete Pavement (CRCP) - Portland cement concrete
pavement containing continuous longitudinal steel reinforcement. Joints exist only at
construction joints and on-grade structures.

Crushed Stone Base - A base course of designed thickness and constructed of graded and
mechanically crushed mineral aggregate compacted above a subbase course or subgrade.
Also, aggregate base (AB), graded aggregate base (GAB), crushed aggregate (CA).

Crushed Stone Subbase - A subbase course of designed thickness and 'constructed of
graded and mechanically crushed mineral aggregate compacted above a subgrade.

Dense-Graded Aggregate (DGA) - A mechanically crushed aggregate having a particle size
distribution such that when It Is compacted, the resulting voids between the aggregate
particles, expressed as a percentage of the tota! space occupied by the material, are relatively
small. '

Dowel Bar - Cylindrical solid steel bars used at transverse joints to improve load transfer
across the joint, of varying diameter and spacing.

Prainable Granular Subbase - A subbase constructed of compacted and crushed open-
graded aggregate.

Flexible Pavement - A pavement structure which maintains intimate contact with and
distributes loads to the subgrade and depends on aggregate interiock, particle friction, and
cohesion for stability.
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Gravel Base - A base course constructed of compacted gravel. May or may not be graded
and/or crushed.

Gravel Subbase - A subbase course constructed of compacted gravel. May or may not be
graded and/or crushaed.

Gravel Subgrade - A subgrade where a natural gravel has been used as the roadbed surface
or where the native soil has been blended with a grave! additive.

Gravel - Coarse aggregate resulting from natural disintegration and abrasion of rock or
processing of weakly bound conglomerate.

Jointed Plain Concrete Pavement (JPCP) - Jointed portland cement concrete pavement
containing no distributed steel to control random cracking, may or may not contain jolnt load
fransfer devices.

Jointed Reinforced Concrete Pavement (JRCP) - Jointed portland cement concrete paving
cantaining distributed steel reinforcement to control random cracking and usually containing
joint load transfer devices.

Lean Concrete Base (LCB) - A base course constructed of mineral aggregates plant mixad
with a sufficient quantity of portland cement to provide a strong platform for additional
pavement layers.

Lime-Treated Subgrade - A prepared and mechanically compacted mixture of hydrated lime,
water and soil supporting the pavement system.

Lime-Flyash Base (LFB or LFA) - A blend of mineral aggragate, lims, flyash and water,
combined in proper proportions and producing a dense mass when compacted,

Open-Graded Aggregate Base (OGAB) - A crushed mineral aggregate base having a
particle size distribution such that when compacted the interstices will provide enhanced
drainage propertles. Also, granular drainable layer, untreated permeable base {UPB).

Pavement Structure - A combination of subbase, base course and surface course placed on
a subgrade to support the traffic load and distribute it to the roadbed.
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Permeable Base (PB) - A base course constructed of treated or untreated open-graded
aggregate. Also, free draining base.

Portland Cement Concrete Pavement (PCC) - A pavement structure that consists of a PCC
slab as the top layer and usually including a base and a subbase layer.

Rigid Pavement - A pavement structure which distributes loads to the subgrades, having as
one course a portland cement concrete slab of relatively high bending resistance.

Soil Aggregate - Natural or prepared mixtures consisting predominantly of stone, gravel or
sand which contain a significant amount of minus 75-pm (No. 200) silt-clay material.

Soil Cement - A mechanically compacted mixture of soil, portland cement and water, used as
a layer in a pavement system to reinforce and protect the subgrade or subbase. Also, cement-
treated subgrade (CTS).

Stabilized Granular Base - A base course with an unspecified stabllizing material, usually
asphalt cement or portland cement.

Stabilized Permeable Base - A permeable base with an unspecified stabilizing material,
usually asphalt cement or portland cement. Also, bound drainable base.

Subbase - The layer or layers of specified or selected materials of designed thickness placed
on a subgrade to support a base course. For Portland cement concrete pavements, the layer
between the base course and the subgrade.

Subgrade, Improved - Any course or courses of select or improved materials between the
subgrade soil and the pavement structure.

Surface Course - 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.

Tiebar - Deformed steel reinforcing bar placed across longitudinal joints to hold them tightly
together.
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Appendix A

Traffic Input Details

Definition Of Traffic Input

The traffic input is the 18-kip Equivalent Single-Axle Loads (ESALs) as presented in the
AASHTO Design Guide [3] and as developed at the AASHO Road Test. The specific input is
the total ESALSs that are expecied to accumulate during the design life of the heaviest trafficked
lana.

Methods Of Estimation

Methods available for estimating the number of 18-kip ESALS over the design period for the
highway vary in complexity and thus in accuracy. The method provided in this appendix is
relatively simplistic and easy to use and will assist the designer in obtaining an approximate
value of fotal design ESALs over the design period. More complex procedures that utilize axle
load distributions and vehicle classifications are readily available as described in appendix D
of the 1993 AASHTO Design Guide.[3]

Overall Accuracy In Prediction of ESALs

Overall accuracy in prediction of total ESALS over a design period can be related to the
following to major items:

m  Estimates of traffic data for the initial year. Obviously, the more site specffic the volume
and welght data is measured, the more accurats the initial values.
= Estimates of future growth In truck volumes and welghts over the design period.

Past experience has shown that generally the total ESALs have bean underestimated,
espacially on major rura! and urban highways. Changes in axle weight distributions and
configuration of axles are perhaps the most difficult to estimate over a long design period dus
to uncertainty In legislative and economic conditions. The overall error in predicting total
ESALs over say a 20 year period could easily be as great as 200 percent or as little as 25
percent if done with great care.



Inputs Required

The following iraffic inputs are required: initial ADT, initial proportion of truck of ADT, directional
proportion of trucks, lane distribution of trucks, growth rate of trucks, design period, and mean
truck equivaiency fastar.

Initial Average Daily Traffic (ADT). This annual average daily traffic s two directional (as is
usually provided from traffic statistics) and includes all vehicles in the traffic stream during the
first year of pavement life.

Initial Proportion of Trucks in ADT. The proportion of trucks Is simply the number of trucks
expressed as proportion of the ADT. This value ranges from as low as 0.05 {5 percent) to as
high as 0.5 (50 percent).

Truck Directional Distribution Factor. This factor Is used to quantify differences in the
overall direction of trucks, if any. Generally, this value is 0.5 since the ADT is given in two
directions and the number of trucks in each direction is the same over the long term.

Truck Lane Distribution Factor. This factor accounts for the lateral distribution of fruck traffic
across lanes in one direction. For two lane, two way highways, this factor is aimost always 1.0
since all truck traffic in one direction must use the same lane. For multiple lanes in one
direction, it depends on ADT and other geometric conditions. A site specific determination is
far more accurate than the typical values shown in Table A-1.

e s

[ ——

[

_—



Table A-1. Recommended truck design lane distribution factors, [58]

2-lanes {One Direction) 2+ Lanes {(One Direction)
One-Way

ADT Inner Quter Inner* Center Outer
2,000 0.06* 0.94 0.06 0.12 0.82
4,000 0.12 0.88 0.06 0.18 0.76
6,000 0.15 0.85 0.07 0.21 0.72
8,000 0.18 0.82 0.07 0.28 0.70
10,000 0.19 0.81 0.07 0.28 0.68
15,000 0.23 0.77 0.07 0.28 0.65
20,000 0.25 0.75 0.07 0.30 0.63
25,000 0.27 0.73 0.07 0.32 0.61
30,000 0.28 0.72 0.08 0.33 0.59
35,000 0.30 0.70 0.08 0.34 0.58
40,000 0.31 0.69 0.08 0.35 0.57
50,000 0.33 0.67 0.08 0.37 0.55
60,000 0.31 0.66 0.08 0.39 0.53
70,000 - . 0.08 0.40 0.52
80,000 - - 0.08 0.41 0.51
100,000 - - 0.09 0.42 0.49

*  Combined inner one or more lanes.

ek

Proportion of all trucks in one direction (note that the proportion of trucks in one direction
sums to 1.0).

Growth Rate Of Trucks . This factor is a convenient way to convert the total number of trucks
In the first year of the design period to total trucks over the design period. Trafflc growth Is
usually expressed as an annual compound growth rate. Growth rates of trucks varies widely
form one highway to the next and past historical data Is an important source of information.
Typical compound growth rates have ranged between 1 and 10 percent. The Growth Factor is
computed as follows: '

GF=[(1+0*n -1]/r (A-1)



where r=annual growth rate (a proportion)

n = design periocd, years

Table A-2 provides the GF computed for a range of inputs.

Table A-2. Growth factors for traffic.

Annual Growth Rate, Percent (r)
Analysls
Pericd No 2 4 8 6 7 8 10
Years (n} Growth

1 1.0 10 10 1.0 1.0 1.0 1.0 10
2 20 202 2.04 2.05 2,06 207 2.08 241
3 a0 3.06 312 3.15 a.i8 3.21 3.25 3.31
4 40 412 425 431 437 444 451 464
5 50 5.20 542 §5.53 564 5.75 587 6.11
8 6.0 6.21 6.63 68 6.98 7.15 7.94 7.72
7 7.0 7.43 7.80 8.14 8,39 885 8,92 9.49
] 8.0 8.58 9.21 9.55 £.80 10.26 10.64 1. 1.44
9 9.0 8.75 10.58 11.03 11.49 11.98 12.49 1358
10 10.0 10.95 12.01 12,58 13.18 13.82 14.49 1594
1 11.0 12.17 13.49 14.21 14,97 15.78 18.65 18,53
12 12.0 1341 15.03 15.92 16.87 17.89 18.98 21,38
12 13.0 14,68 16.63 17.71 18.88 20.14 21.50 24.52
14 14.0 1697 18.29 19.16 21.01 22,55 24.21 27.97
15 15.0 17.29 20.02 21.58 23.28 2513 27.15 77
16 16.0 18.64 21.82 23,66 2587 27.89 30.32 35.95
17 17.0 20.01 23.70 2584 28.21 30.84 33.75 40.55
18 18.0 21.41 25.65 28.13 3091 34.00 37456 45.60
19 19.0 2284 I 27.67 30.54 33.76 37.38 4145 51.16
20 20.0 243 20.78 33.00 36.79 41.00 45.76 57.28
25 25.0 3203 41.65 47.73 54.86 63.25 73.11 98.356
30 30.0 4087 56.08 66.44 79.06 94.46 113.28 164.49
35 35.0 49,99 73.65 90.32 111.43 138.24 17232 271.02
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When the GF is multiplied by the initlal trucks/year the total trucks over the design period Is
obtained. For exampls, if the initial trucks#year = 1,000, r = 0.05, n = 20,
Total trucks/20 years = 33,06 * 1,000 = 33,060

Mean Truck Equivalency Factors. The mean truck equivalence factor for all trucks is
dependent upon the type of pavement structure (flexible or rigid), the types of trucks which are
expected to use the highway class, thelr axle weight distribution, and the terminal serviceability
design criterla.

The mean truck equivalence factor alsc varies aver time as it has shown a steady Increase
over the years for most highways ranging from 1 to over 10 percent per year.

An agency should ideally measure the current axte load distribution of single, tandem, and
tridems for each truck classifications desired and then use this data to compute a current
mean ESAL/ruck for each classification using both flexible and rigid pavement equivalency
factors. The current mean truck factor for any mix of trucks can then be computed from this
data. The current value should then be increased to the mean value expeacted over the design
period.

Table A-3 has been prepared fo illustrate some typical current truck equivalency factors for
different highway classifications, These should not be used tor design, as they must be
determined from data obtained by the agency for their highways. Again, site specific data is
considered as extremely Important to even coming with 50 percent of the actual total ESALs
for a given highway.

Often, truck welights are different in two directions and thus site specific determination would
measure this difference and each directlon would have different mean ESALS/truck and be
designed with different levels of ESALs. These values alsa vary considerably from state o
state and from highway to highway within a state. The mean truck equivalency factors are also
lime dependent, as they often increase over time for a given project.
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Table A-3. 18-kip mean truck equivalency factors examples as a function of highway
classification (data only valid for early 1990's).

Highway Classification Flexible Rigid
ESALs ESALs
Secondary 0.2-05 03-0.75
Primary 05-1.0 0.75-15
Interstate 0.76-2.0 1.0-3.0

Total ESALs Over Design Period

Although the above description implies that an accurate value of the current mean truck
equivalency can be obtained, this value is generally estimated from weight data from several
weight stations located throughout a state and is not site specific. There exists substantial site
to site variation in vehicle types and weights, even for similar highway classifications. Thus,
use of a current mean ESAL/Aruck Is very approximate when applied to any given site. This
value then needs to be adjusted for any anticipated growth over the design period.

Given a reasonable mean truck equivalency factor over the design period, the following
equation can be used to estimate the total number of 18-kip ESALs for the design lane over
the design period, Tota! ESALs.

Total ESALs = {ADT) (PTRUCK}(TLDF){TDDF)GF){TEF) (A-2)
where:

ADT = Average daily traffic (two-directional, all vehicles)

PTRUCK = Proportion of truck traffic within ADT (varies from 0.05 to 0.5)

TLDF = Truck (Design) Lane Distribution Factor over the design period (varies from

0.5 to 1.0, See Table A-1)

TDDF = Truck Directional Distribution Factor {typically 0.5)

GF = Growth Factor over design period (see Equation A-1 or Table A-2)

TEF = Mean Truck Equivalency Factor {See Table A-3, as an example)
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Improved Approach

A procedure to make this approach much mare accurate Is to compute a mean ESAL/Aruck for
each of the FHWA truck classifications for several weigh-in-motion sites on the same highway
classification. Thus, there would be a mean ESAL/truck for each truck classification. This
makes It possible to use these mean ESALAruck factors along with vehicle classifications at a
given site to much more accurately estimate current total ESALS by bringing in site spegcific
vehicle classification data. This approach is highly recommended over the use of a single
truck equivalency factor,
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APPENDIX B

Subgrade Input Details

Appendix B provides procedures that are recommended for determining the design
parameters of the subgrade soils for use in pavement design. Appendix B is subdivided into
three basic parts. The first part is a description of typical subsurface characterization methods
employed for pavement design (i.e., subsurface exploration, selection of boring location and
depth to identity the supporting subgrade layers, and recovering samples of subgrade soils for
identification and classification). The second part of Appendix B is devoted toward determining
the design resilient modulus of the subgrade soils for use in flexible pavement design, and the
third part for determining the elastic k-value of the subgrade supporting soils for use in rigid
pavement design.

B.1 Subsurface Characterization for Pavement Design

Subsurface Exploration

The subsurface investigation should be sufficiently detailed to define the depth, thickness, and
areal extent of all major soil and rock strata that will be affected by construction, Disturbed and
undisturbed samples of the subsurface materials must be obtained for laboratory analyses
(and/or tested in the field) to determine their engineering properties. The extent of the
program depends on the nature of both the project and the site specific subsurface conditions.
The standard penetration and dynamic cone penetrometer tests can be used to determine the
in situ strength charactaristics of subsurface soils.

Procedures for the exploration of pavement sites cannot be reduced to a single guideline to fit
all existing conditions. To acquire reliable engineering data, each job site must be explored
and analyzed according fo its subsurface conditions. The engineer in charge of the
subsurface exploration must furnish complete data in order that an impartial and thorough
study of practical pavement thickness designs can be made. Suggested steps which can be
followed are listed below:

1. Make a complete and thorough investigation of the topographic and subsurface
conditions. '
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2. Conduct exploratory borings at a spacing and depth prescribed by the engineer. The
" spacing and depth of these borings are dependent on the variability of the existing soll
conditions, both vertically and horizontally. These borings should alse be used to
determine the water table depth. Take sufficient and appropriate auger, split tube, or
undisturbed samples of all.representative subsoil layers. Prepare boring logs and soil

profiles.

3. Classlfy all solls using the AASHTO (or Unlfied) soll classification system. Table B-1
relates the Unified soil classification of a material to the relative value of a material for
use in a pavement structure. The madified Proctor moisture-density test should be
used to determine the compaction characteristics for soil and untreated pavement
materials. The degree of compaction required for the in-place density should be
expressed as a percentage of the maximum density from the modified Proctor tesi.

4. Examine the boring logs, soil profiles, and classification tests and select representative
soll layers for laboratory testing. Determine the insitu resilisnt modulus for each major
soil type encountered for flexible pavement design or the elastic K-value for rigid
pavemeant design.

5. Use the soll profile along the roadway alignment to relate resilient modulus to each
type of subgrade soil encountered. Select a design subgrade resilient modulus that is
representative of each boring. For design purposes, it is recommended that the
weakest subgrade layer be selected as the design resilient modulus, unless the
material is removed, improved or stabilized.

Boring Logation and Depth .

Regardless of the type of project, the borings should be spaced to establish in reasonable
detail the stratigraphy of the subsurface materials. Borings should also be located to obtain a
basic knowledge of the engineering properties of the overburden and bedrock formations that
will be affected by or will have an effect upon the proposed pavement structure, and to locate
and determine the quality and approximate quantity of construction materials, if required.

L
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Appendix C

Determination Of Climate Imputs

An important and complex site condition that affects pavement performance is climate. This is
especially true in the United States, which is a large country that encompasses a very wide
range of climates. This section documents the considerations of the climatic factors used in
the catalog.

Selection of Climatic Variable to Gl ize Site Condii
Environmental conditions have significant effects on highway pavements. The two most
impartant climatlc factors are precipitation and temperature. Excess water in pavement
structures can cause pumping, erosion of certain materials, stripping of asphalt, and other
serious problems. Also, excess moisture In the subgrade can decrease the strength of the
subgrade soil greatly increasing stresses and strains in the pavement. These lead to
increased rutting and fatigue cracking of AC pavements, faulting of joints, loss of support and
cracking of PCC pavements. The temperature effects on the pavement structure mainly
include low temperature damage such as transverse cracking and frost heave; freeze-thaw
cycling of pavement materials, causing durability problems; high temperature effects, which
can cause rutting and block cracking from shrinkage; and temperature variation during a day,
which can cause curling of the PCC slabs.

To select the variables for characterization of the effects of climate and the corresponding
levels to be used in the factarial matrix, several pavement studies involving climatic effects on
pavements were reviewed, These studies include the Long-Term Pavement Performance
(LTPP) study [C-1], the Moisture Accelerated Distress (MAD) Identification study [C-2], and
pavement design practices of several State highway agencies. [C-3]

The potential climatic variables that were initially identified for use in characterizing moisture
conditions include the following:

= Annual or monthly pracipitation, inch.
= Thornthwalte Moisture Index.
x  Days of precipitation greater than 0.01 inch.



The variables initially sslected to characterize temperature conditions include the following:

®»  Fresezing Index, degres-days below freezing.

®  Average annual air temperature, °F.

®  Average annual temperature range, °F.

Number and length of freeze-thaw cycles.

Average daily high temperature during the month of construction, °F.
Average low temperature for the coldest month of the pavement life, °F.
Average annual frost depth, inch.

Concentration of summer thermal efficiency (CSTE).

Dofinti G M { Climatic Variabl
To give a quick reference for the climatic conditions of a specific site, contour maps of several
key climatic variables are provided in this saction. Distribution maps of the normal annual
precipitation and annual temperature are abtained from the National Climatic Data Center. [C-
4] The normal climate is dsfined as the statistical average over a time period usually
consisting of three decades. The values are statistically determined and cannot be recreated
solely from the original records. The contour maps are created by temperature data from more
than 4,000 stations and precipitation data from more than 6,000 stations. Figure C-1 is the
annual 1861-1990 normal precipitation map of the U.S., and figure C-2 provides the
distribution of the number of the days with precipitation of 0.01 in or more. Figure C-3 is a map
of the annual 1861-90 normal temperature map of the U.S.
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Freezing Index is defined by the Corps of Engineers as the cumulative number of degree-days
below the freezing point occurring during any freezing season, [C-5] The following equation
can be used ta calculate air freezing index:

Fl = YN(32-T)
where: ‘
T = Mean air temperature of the day that goes below freezing.
N = Number of days during the year when minimum temperature falls below
32 °F.

Mean freezing Index is based on the mean air temperatures and is averaged over a minimum
of 10 years and preferably 30 years. Figure C-4 shows a contour map of the mean freezing
index in the United States, generated by the Corps of Engineers using 361 National Weather
Service stations, [C-b]

A freeze-thaw cycle Is defined by Hershfield [C-6} as an occurrence of air temperature
crossing the freezing point during a calendar day. The number of days on which a freeze-thaw
cycle happens is the variable of interest. [t Is an indication of the temperature variatlon about
32 °F, and It can be calculated from dally maximum and minimum temperature. Hershiield
used about 1,300 weather station data to generate a contour map of the United States with
isolines of the number of the days with freeze thaw cycles, as shown in figure C-5.

Some indirect measurement of moisture and temperature used In pavement studies are also
examined. Annual temperature range is defined as the difference between the maximum July
temperature and the minimum January temperature. Thornthwaite developed a moisture index
to represent the moisture adequacy of the soil. [C-7] It is a comparison of precipitation and
potential evapotranspiration. He also introduced a variable called concentration of summer
thermal efficiency {CSTE), which Indicates the relative amount of energy reaching the
pavement in the summer months as compared to the rest of the year. Figures C-6 and C-7 are
the contour maps of the moisture index and the concentration of summer thermal efficiency,
respectively, reproduced after Thornthwaite. [C-7]

|
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Correlation of the Climatic Variabl
Climatic data of different climatic variables are collected and compared o show their
relationship to each other. The main data ars taken from an FHWA pavement performance
study database [C-8], including most of the tempaerature and precipitation data. Additicnal
climatic data from different sltes in the United States are obtained through the publications of
the Natlonal Climatic Date Center of National Oceanic and Atmospheric Administration (NOAA)
and published climatic maps. Some Indirect variables, such as annual temperature range,
Thornthwaite meisture index, and concentration of summer thermal efficiency, are calculated
from other available climatic variables,

Figures C-8 and C-8 show the climatic data from 50 weather stations across the United States.
As shown in the graphs, the variables characterizing moisture and the variable representing
temperature are highly correlated to each other.

Table C-1 provides a correlation matrix of molsture variable data from 50 weather stations
across the U.S.- As shown in the table, the moisture-related climatic variables are highly
correlated. Therefore, it is reasonable to use only one variable (such as annual precipltation)
to characterize the maisture-refated climatic condition in certain area, A correlation matrix of
the temperature variables Is shown in table C-2, Again, the correlation coefficients of all the
temperature-related climatic variables are high (greater or equal to 0.60). It s sufficient to use
either annual mean temperature or freezing index to characterize temperature for an area.
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Figure C-8. Two-dimensional plets of selected moisture-related variables.
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Table C-1. Correlation coefficient matrix of the moisture related climatic variables.

Mean annual wfapegio .it(;fti?)?]y: Thornthwaite
precipitation P 0 0p1 in Moisture Index
Mean Annual
Precipitation 1 0.54 0.78
Mean No. of Days
w/ Precipitation > 0.64 1 0.81
0.011in
Thornthwaite
Moisture Index 0.78 0.81 1

Table C-2. Correlation coefficient matrix of the temperature related climatic variables.

Mean annual | Mean Freezing | Temp No. of F-T | Thornthwalte
temp. Indax range | cycles/year CSTE

Mean Annual

Temp. 1 -0.75 -0.89 -0.94 -0.88

Mean Freezing i ,

Index 0.75 1 0.80 0.60 0.72

Temp

Range -0.89 0.80 1 0.88 0.98

No. of F-T

Cycles/year -0.94 0.60 0.88 1 0.90
Thornthwaite

CSTE -0.88 0.72 0.98 0.80 1

More typical climatic data were obtained from NOAA data and information service. Figure C-
10 provides several plots of some of the climatic variables using 250 weather station data from
NOAA. Again, the climatic variables are found to be highly correlated.
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Selection of the LTPP Climatic Z
An evaluation of the information obtained indicates that many temperature-related variables
are strongly correlated; similarly, many moisture-related variable are correlated. Therefore, it
is possible to select a few key temperature and moisture variables that can be considered
together to characterize a general project site. Furthermore, the information obtained from the
States indicates that faw SHAs consider climate variation across their State as a direct input to
their pavement thickness design procedure. Climatic effects are often adjusted through
drainage design, material requirements, or the provision of nonfrost susceptible layers, rather
than through pavement structural design. A few of the larger States do vary pavement design
with temperature and moisture conditions. In view of this, the four LTPP climatic zones are
selected to characterize climatic effects. These four climatic zones, shown in figure C-11, [C-
1] define the site climatic conditions for the factorial matrix, Typical climatic variables for the
four climatic zones are given in table C-3.

Table C-3. Typical climatic factor levels for the LTPP climatic zones.

e e e oy e [AE—

Climatic variable
Climatic Mean Mean monthly Temp. | Mean annual
Zone freezing index temp, °C range, °C* | precip., mm
Wet-freeze 20010 1,000 11 28 850
Dry-freeze 200 to 1,000 7 21 380
Wet-nonfreeze 0 18 17 1240
Dry-nonfreeze 0 19 20 420

2Note: Difference between mean maximum monthly July temperature and mean
minimum monthly January temperature.
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0 ination of a Specific Site's Climatic Z

L.TPP climatic zones can be defined approximately by mean annual precipitation (PRECIP)

and mean freezing index (Fl). [C-1] Table C-4 gives an approximate boundary o determine

climatic zone of a spegific site using precipitation and freezing index.

Table C-4. Approximate boundary for LTPP climatic zones.

0221 na;ic Approximate definition
Woet-freeze Fl >150, PRECIP >20 in
Dry-freeze FI>150 F-Days, PRECIP<20In

Wet-nonfreeze Fl<150 F-Days, PRECIP>20in
Dry-nonfresze Fl<150 F-Days, PRECIP<20 in

Because of the strong correlation of the climatic variables, any one of the following
approximate boundary values in table C-5 can be used to determine the LTPP climatic zone of
a specific pavement site.

Table C-5. Determination of the LTPP climatic zones.

Climatic zone Approximate climatic zone boundaries
Wet » Annual precipitation > 20 in, or
» Number of days with precipitation > 0.01 in greater than 100 days, or
+» Tharnthwalte molsture index > 0. |
Dry + Annual precipitation < 20 in, or
+ Number of days with precipitation > 0.01 in less than 100 days, or
+» Thornthwaite moisture index < 0.
Nonfreeze * Freezing index <150 °F-Days, or
» Annual mean temperature > 55 °F, or
+ Number of alr freeze-thaw cycles < 80
Freeze + Freezing index >150 °F-Days, or

+ Annual mean temperature < 55 °F, or
Number of air freeze-thaw cycles > 80
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Appendix D

Design Examples Using Catalog Recommendations

Flexible Pavement Design

Step 1 - General project description

Conversion of iwo lane highway into four lane highway by construction of two additional lanes
that will carry one directional traffic

Primary highway, two lanes in onae direction

Crowned cross-section with 12 ft lanes and 6 ft shoulders on each side

Design period = 20 years

Climatic data: Freezing Index = 500, Annual Precipitation = 40 in

Step 2 - Determine site condition input for traffic (Appendix A)

ADT (initial) = 10,000 two-directions

Mean percent trucks = 10.0

Lane distribution factor {trucks} = 0.87

Directional distribution factor {trucks) = 0.5 (same number in each direction)
Future growth of trucks = 5 percent per year, compounded

GF ={(1 +0.08)® -1]/0.05=233.06
Mean truck equivalency factor over 20 years {flexible ESAL/truck) = 1.1

Total ESALs =10,000* 0.1 * 365 * 0.87 * 0.5 * 1.1 * 33.06 = 5,774,012 outer lane, ong
direction.

Step 3 - Determine site condition input for subgrade (Appendix B)

Natural subgrade soll = silty clay

Resilient modulus backcalculated form FWD deflection data from existing pavement.
Mean backcalculated resilient modulus = 15,000 psi

Mean adjusted resilient modulus = 15,000 * 0.35 = 5250 psi

Seasonal adjustment required as shown in table D-1.
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Table D-1. Calculation of seasonally adjusted effective resilient modulus for subgrade.

Season No. of In Situ Resilient Damage Seasonal
Months Modulus, psi Ratio Damage Ratio
Summer 3 5,000 0.40 1.20
Fall 3 6,000 0.30 0.90
Winter - 3 10,000 0.06 018
Spring Thaw | 1 2,000 2.60 2.60
Spring 2 3,500 0.70 1.40
Total 12 6.28

Average Damage Ratio = 6.28/ 12 = 0.52
Effective Resilient Modulus = 4,000 psi (Figure B-3 in Apendix B)

Step 4 - Determination of subgrade preparation/improvement needed (Part 4A, Part 5}
The seasonally adjusted resilient modulus falls into the “Very Soft” class. Subgrade
“‘improvement” is strongly recommended for this class of soil to pravide a goed construction
platform and a more uniform support condition. Since sail was found to be reactive with
hydrated lime, the top 12 in of the subgrads will be stabllized and compacted prior to
construction of the pavement layers.

Step 5 - Determine site condition input for climate (Appendix C) ‘
Pavement is located in a wet-freeze area ¢f the United States. The freezing indax = 500

degree days below freezing, average annual precipitation = 40 in.

Step 6 - Determination of recommended alternative flexible pavement types (Part 4A)
Cell 13: 4-8 million ESALs and Subgrade seasonally adjusted resilient modulus = 4,000 psi.

Alternative 1: HMAC Surface/Binder over Conventional Unbound Granular Base
Alternative 2; HMAC Surface/Binder over Asphalt Treated Base

Step 7 - Determination of material requirements (Part 4A)
Asphalt cement binder: AC-20 viscoslly grade, or 60-70 penetration grade (Part 4A.4)




HMAC surface and binder, crushed stone aggregate base, asphalt freated base, granular
subbase (Part 4A.3)

Improved subgrade (Part 4A, Part 5)
Step 8 - Recommended design features for “Conventional Unbound Granular Base"(Part

4A - Cell 13)
HMAC Surface and Binder = 7-8in

Crushed Stone Aggregate Base = 10in
Crushed Stone Subbase = 13-14 in
Improved Subgrade = 12 In hydrated lime stabilized

Step 9 - Recommended design features for “Asphalt Treated Base” (Part 4A - Cell 13)
HMAC Surface and Binder = b55-65in

Asphalt Treated Aggregate Base B in (plant mixed)

Granular (Pit Run Gravel Subbase) 14 in

Improved Subgrade = 12in hydrated lime stabilized

Step 10 - Subdrainage recommendations (Part 4C, Table 31)

Table 31 recommends Level 3 subdrainage (requiring a treated base) or Level 4-Full
subdrainage system for Design Call 13. One option would be the asphalt treated base section
with edge drains. Another option would be to design a full subdrainage design that includes a
permeable asphalt treated layer just beneath the asphalt treated base course.

Step 11 - Cross-Section Of Pavement
The cross section shown In Figure 8 is appropriate for this project.
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Rigid Pavement Design

Step 1 - General project description
Reconstruction of rural freeway pavement
Interstate highway, two lanes in ona direction.

Uniform cross-section with 14 ft widened outer slab and 10 ft outer shoulder (2 ft widened lane -

' plus 8 ft shoulder).
Design period =20 years.

Step 2 - Determine site condition input for traffic(Appendix A)

ADT (current) = 20,000 two-directions.

Pergant trucks = 6.0

Lane distribution factor of trucks = 0.81

Directional distribution factor of trucks = 0.5 (same number in each direction)

Future growth of tfrucks = 6 percent per year, compounded
GF=[(1+0.06)* -1]/0.06 = 36.79

Mean truck equivalency factor over 20 years (rigid ESAL/truck) = 2.0

Total ESALs = 20,000 * 0.06 * 365 * 0.81 * 0.5 * 2 * 36.79 = 13.1 million, outer lane, one
direction,

Step 3 - Determine site condition input for subgrade (Appendix B)

Natural subgrade soll = silty clay

Elastic k-values backcalculated form FWD deflection data from existing pavement from
different seasons are shown in Table D-2. The effective k-value is then calculated from those
values using the procedure provided in appendix B.




Table D-2. Determination of seasonally adjusted effective subgrade k-value.

Seasons Backcalculated Static k-value w18 Relative
{3 months Dynamic k-valua {psifin) {millions) Damage
each) (pslfin) {1/W18)
Spring 154 77 12.75 0.0784
Summer 196 | 98 13.15 0.0760
Fall 222 111 13.37 0.0748
Winter 336 164 14.20 0.0704
Mean damage 0.0749
W18 | 13.3 million
Eifective k-value 110 psifin

Step 4 - Determination of subgrade preparation/improvement needed (Part 4B, Part 5)
The seasonally adjusted subgrade k-value falls Into the “Weak-fair” class. Subgrade
“improvement” Is strongly recommended for this class of soil to provide a good construction
platform and a more uniform support condition.

Step 5 - Determine site condition input for climate (Appendix C)
Freezing index = 500 degree days below freezing
Average annual precipitation = 33in

The project site is located in a wet-freaze area.

Step 6 - Determination of recommended alternative rigid pavement types (Part 4B.2)
Cell 14: Trafflc (13.1 million ESALs) and Subgrade Weak-Fair {effective k-value = 110 ps/in)

Edge Support: Type 1 - Widened Lane

Base type selacted: L.ean concrete base

Feasible alternatives selected: JPCP with Dowels
CRCP

Step 7 - Determination of material requirements (Part 4B.2, 4B.11, 4C Table 28)
Portland cement concrete: 650 psl mean flexural strength of third-point loading at 28 days

Lean concrete base: Class A base Is recommended, e.g. lean concrete with 7-8%
cement
Improved subgrade: 12 in of granular material
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Step 8 - Recommended design features for “JPCP with Dowels” {Part 4B)

Doweled JPCP Slab = 9.5-10.5in (Widened slab - 2 11}
Lean Concrete Base = 4-6in
Improved Subgrade = 12 in aggregate
Transverse joint spacing = 17-19#
Dowe! bar design = 1.25 in diameter corrosion-resistant dowel bars spaced at
. 12in S
Tie bar design = No. 5 (0.625 in diameter) deformed bars spaced at 30 in
Transverse joint seal = Preformed neoprene comprassion seal. See table 23, Figure
28,

Longitudinal joint seal See Figure 24.

Step 9 - Recommended design features for “CRCP” (Part 4B)

CRCP Slab = 9.5-10.5 in {(Widened slab - 2 ft)

Lean Concrete Base 4-6in

Improved Subgrade 12 in aggregate

Reinforcement content 0.70% (Mo, 6 deformed bar)

Tie bar dasign = No. 5 (0.625 in diameter) deformed bars spaced at 30 In

Step 10 - Subdrainage recommendations (Part 4C)

Table 31 In Part 4C recommends elther Level 3 or Level 4 drainage design for Design Cell 14,
Level 3 requires a treated base such as the lean concrete proposed for this project with edge
drains.

Step 11 - Cross Section (Part 4B.1)
The cross section provided in Figure 18 is appropriate for this project.




Appendix E

Mechanistic-Empirical Models and Criteria Used to Check

Flexible Pavement Designs

Appendix E presents the additional criteria that were used to check and adjust the layer
thicknesses that were determined using the 1993 AASHTO Deslgn Guide and material
assumptions.

Smoothness. Most SHAs use the AASHTO Design Guide, which utilizes the present
serviceabllity index (basically a measure of pavement smoothness) for its performance criteria.
Thus, smoothness was used as the initlal performance Indicator In establishing the layer
thickness requirements for the asphalt concrete-surfaced pavements. These thicknesses
were then adjusted if needed to satisfy the other criteria discussed below.

Fatigue Cracking. The structural thickness requirements for asphalt concrete-surfaced
pavements were based on limiting tensile strain or tensile stresses at the bottom of the surface
or treated base layers. [E-2,E-3} Tensile strain at the bottom of the asphalt concrete surface or
asphalt treated base layer was used for the conventional flexible and full-depth pavement
cross sections; while tensile stress at the bottom of the cement treated base layer was used for
the composite cross section. Those relationships relating stress or strain'and allowable

number of load applications for a given material strength and performance that were used for
the catalog are shown in Figures E-1, E-2 and E-3.

Rutting. Rutting from supporting layers or mechanical distortion was selected as one of the
limiting criteria for both the flexible and composite pavement structures. Fleld studies have
shown that certain levels of permissible subgrade vertical compressive strains are related to
performance or surface rutting.[E-4] This criterion is to ensure that there is sufficient cover
over the supporting subgrade soils, assuming that the other pavement layers are designed
and constructed such that minimal deformations will occur in each layer. The relationship

used to develop the thickness requirements for the pavement structures is shown in Figure E-
4.
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Asphalt Concrete Dynamic
Modluius, x10° psi

100

Asphalt Concrete Tensile Strain, x 10°%§

10
1 10 100
Traffic Applications, x 10° 18 kip (80 kN) EAL
Log N=15.947-3.201 Log(e/10'6)—0.854 Log(E */10%
whare: ¢, = Tengile strain at the bottom of the asphalt concrete surface and/or
base layer
E* = Complex modulus, psi '

Figure E-1 Limiting criteria for tensile strain at bottom of AC, [E-1]
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Figure E-2 Limiting criteria for tensile strain at bottom of AC treated 'base. [E-3]
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Figure E-3. Relationship between stress/strength ratio and cycles to fallure for cement-
treated aggregate base. [E-3] ]

i



Vertical Compressive Strain at Top
of Subgrade x10 *in./in.

Traffic Applications, x10° 18 kIp (80 kN) EAL

Log N = 0.955 (Log Mj,) - 4.082 {Log €,) - 10.80

where:
Mq = Resilient moduius, psi
€, - Vertical compressive strain at the top of the subgrade
N = Allowable or permissible number of equivalent load repetitions

Figure E-4. Limiting criteria for vertical compressive strain at top of subgrade. {E-4]
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Appendix F

Mechanistic-Empirical Models and Criteria Used to Check
Rigid Pavement Designs

Introduction

This appendix describes the performance prediction models used for the design checks of
rigid pavements. Pavement performance prediction models are mathematical refationships
that predict the development of a key performance indicator (e.g., cracking, faulting) based on
design, traffic, and climatic inputs. These models can be mechanistic-based, in which basic
pavement responses (stresses, strains, deflections) are calibrated with field observations of
pavement performance, or empirically based, in which a statistical regression model Is
developed solely on the chserved performance of the pavement.

Performance prediction models presented in this appendix include:

m  Doweled JPCP joint faulting.[F-1]

m  Non-doweled JPCP joint faulting.[F-1)

w  JPCP slab cracking.[F-1]

m JRCP crack deterioration. [F-1]

= CRCP localized failure.[F-2]

= PCCP terminal serviceability index {(smoothness) model.[F-3]

Joint Faulting Model for Doweled Jointed Concrete Pavements

Several PCCP models that are used for design checks of this catalog were developed under
an FHWA project on pavement performance,[F-1] called RPPR from here on. The models
include doweled JPCP joint faulting_, JPCP slab cracking, non-dowelad JPCP joint faulting
mode, and JRCP crack deterioration model. A total of 304 concrete pavement sections were
used to develop RPPR models. The concrete pavement sections evaluated under RPPR
represent a variety of designs that are located throughout the United States, and Canada. A
variely of design features (i.e., slab thickness, joint spacing, load transfer, and so on) are
present on these pavement sections. These sections aisc vary considerably in age and in
cumulative traffic loadings (expressed in terms of 18-kip equivalent single-axle load [ESAL]
applications) that they have sustained.



Transverse joint faulting is a major distress of jointed concrete pavements. Transverse joint
faulting Is the difference in slevation between abutting slab faces and is primarily the result of a
combination of heavy axle loads, free moisture beneath the pavement, and pumping of the
supporting base or subbase material from beneath the siab. The RPPR transverse joint
faulting modei for the jointed concrete pavements (both JPCP and JRCP) with dowel bars is

as follows:
FaultD = CESAL®® x [0.0628 - 0.0628 « C , + 03673 x 107 » Bstress®
+ 04116 * 107 * Jispace® + 0.7466 * 107 * FI* * Precip®* (F-1)
; - 0.009503 * Basetype ~ 0.01917 » Widenlane + 0.0009217 * Age]
1 where:
1
‘ CESAL = Cumulative 18-kip (B0-kN} equivalent single axle loads, millions.
| Bstress = Maximum dowel/concrete bearing stress, lb/inZ.
Jispace = Mean transverse joint spacing, ft.
Basetype = Base type (0 = nonstabilized base; 1 = stahilized base).
Widenlane = Widened lane (0 = not widened, 1 = widened).
Cy = Modified AASHTO drainage coefficient, calculated from data base
intormation.
Fl = Mgsan annual freezing index, degree-days.
Precip = Mean annual precipitation, in.
Age = Pavement age, years.

The modified Friberg analysis was used to calculate the maximum bearing stress exerted by
the dowels on the surrounding concrete (Bstress, b/in®): [F-5,F-6]

where:

O@ x
oo

Bstress = K * & (F-2)

Modulus of dowel support, fixed at 1.5*10° Ib/in%in (4.07*10° kKN/m?*m).
Deflection of the dowel at the face of the joint, in
P (2 + BzZ) / 45°E,l
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in which

P, = Shear force acting on dowel, fixed at 9000 Ib (40-kN).

z = Width of joint opening, in,

E, = Modulus of elasticity of dowsl bar, fixed at 2.9*107 Ib/in? (2.0%10% MPa.
I

= Moment of inertia of dowel bar cross-section, in®.
= 0.25* n* (d/2)* for dowel diameter d in inches.

B = Relative stiffness of the dowel concrete system, 1/in.
= [(Kd)/(4E,}) ],

The analysis assumes a 9000-lb (40-kN) wheel load placed at the corner, which will produce
ihe maximum stress in the outermost dowel bar. Only dowel bars within a distance of 1.0%
from the center of the load are considered to be active, whers ¢ is the radius of relative
stitfness, defined as:

0.25

Eh?®

= | ——— F-3
12k1 - @) 3

where:

Concrete modulus of elasticity, lb/in®.

Slab thickness, in.

Effective modulus of subgrade reaction, lo/in%/in,
Poisson's ratio, fixed at 0.15.

E
h
k
H

The modified Friberg analysis is based on the assumption that 45 percent of the Joad (not the
stress) Is transferred across the joint.

The drainage coefficient, C,, is based on the AASHTO drainage coefficient introduced in the
AASHTO rigid pavement design procedure in 1986. [F-7] This factor is a reflection of the
pavement's ability to drain excessive molsture from within the structure, as well as the
pavement's potential for being exposed to near saturated conditions. Although the drainage
cosfficient represents a major part of the AASHTO design procedure, little guidance Is
presented for its selection. A rational procedure is presented In reference 8, which was also
used in this study to develop drainage coefficients. Using that information, a simplified matrix

E-3



was developed for the selection of drainage coefficients based on key climatic and pavement
design information. This matrix is presented In table F-1.

Table F-1, Simplified design matrix for the selection of the overall dfainage coefficient,

Cd-
Fine-Grained Subgrade Coarse-Gratned Subgrade
Edge Precip,
Nonpermeable Permeable Nonpermeable Permeable
Drains Level
Base Base Base Base
No Waet 0.70-0.90 0.85-0.95 0.75-0.85 0.90-1.00
Dry 0.90-1.10 0.95-1.05 0.90-1.156 1.00-1.10
Yes Wet 0.75-0.95 1.00-1.10 0.90-1.10 1.05-1.15
Dry 0.85-1.15 1.10-1.20 1.10-1.20 1.15~1.20
Notes: Fine subgrade = A-1 through A-3 classes,
Coarse subgrade = A-4 through A-7 classes.
Permeable Base = k= 1000 fi‘day (305 m/day) or Cu < 6.
Wet climate = Precipitation > 25 infyear {635 mm/year);
Dry climate = Precipitation < 25 infyear (635 mm/year).

Select mid-point of range and use other drainage features (adequacy of cross

slopes, depth of ditches, presence of daylighting, relative drainability of base
course, bathtub design, etc.) to adjust upward or downward.

Joint Faulting Model for Nondoweled Jointed Concrete Pavements
The selected joint faulting model for nondoweled JPCP is also from RPPR study.JF-1] In

nondoweled transverse joints, load transfer is accomplished through aggregate interlock of the

abutting joint faces. However, under heavy traffic loadings and under certain environmental
conditions, aggregate interlock can become ineffective, leading to pumping and faulting. The
RPPR model selected for transverse nondoweled joint faulting is as follows:

FaultND = CESAL®® x [0.2347 - 0.1516 * C , ~ 0.000250 *

]tsp ace 0.26

- 0.0115 * Basetype + 0.7784 * 107 » FI'* % Precip®*
- 0.002478 * Days90°° - 0.0415 » Widenlane]

Slabthick?

(E-4)
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where:

CESAL = cumulative 18-kip {80-kN) equivalent single axle loads, millions.
Jispace = Mean transverse joint spacing, ft.

Slabthick = PCC slab thickness, in.

Basetype = Base type (0 = nonstabllized base; 1 = stabilized base).

Widenlane = Widened lane (0 = not widened, 1 = widened).
C, = Modified AASHTO drainage coefficient, calculated from data base
information.,
FI = Widened lane {0 = not widened, 1 = widened).
Precip Mean annual precipitation, in.

Transverse Cracking Model for JPCP

RPPR’s JPCP transverse cracking model is used to check If the selected designs satisfy the
slab cracking criterion. Transverse cracking in concrete pavements can occur as a rasult of
either very high stresses in the slabs or fatigue failure. The high stress levsls are usually
caused by the combined effects of the restraint forces, thermal curiing, molsture warping, and
traffic loads. Fatigue cracking Is a key measure of concrete pavement performance for JPCP
and Is a critical item for consideration in the design of concrete pavements. '

The transverse cracking model develbped by RPPR Is based on fleld observations on 303 in
service concrete pavements all over the country plus a few sections in Canada in 1987 and

1992. Total of 465 data points were used to develop the model. The model is given as
follows:

100

percent cracking =
1 + 1.41FD '

where:
FD = Accumulated fatigue damage (Zn/N).

Several steps need to be taken fo calculate the predicted percent cracking of a pavement
section:

m  Stress calculation at the critical damage location
= Fatigue damage determination using a reliable fatigue damage model
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Stress Calcutation

The stress of interest in a fatigue analysis is the maximum tensile stress at the critical damage
location. To perform the analysis, the critical damage location must first be determined, and
then the combined stress at that location determined considering all factors that significantly
affect stresses. In general, the critical damage location is the location in the slab where the
maximum stress occurs. The factors that cause stresses in pavement slabs include traffic
loads, temperature gradients, moisture gradients, and various factors that cause uniform
expanslon or contraction ot PCC, such as uniform temperature changes and drying shrinkage.
in JPCP, because of short joint spacing, the stresses due to the uniform expansion or
contraction of PCC are not significant. Therefore, the stress calculation for fatigue analysis
involves determining the combined stress due to the traffic loads and stab curling {or warping)
at the critical damage location.

Criticat Damage Location

In this project, the fatigue analysls was conducted assuming that the transverse cracks
observed on JPCP are results of fatigue failures Initiating at the slab bottom (bottom-up
failure). This assumption Is accurate if the pavement slabs are flat when the temperature
gradient is zero. The critical damage location for this mode of failure is:

= For normal-width (12 ft [3.7 m]) sections, bottom of longitudinal edge, hal-way between the
two transverse joints that borders the slab.

= For widened lane sections (> 12 ft [3.7 m] wide), bottom of the wheel path, also at the
midslab location. '

The cracking mode! developed under this project is based on the fatigue damage determined
for the edge loading condition. The stresses for this analysis were determined using the
regression equations developed under NCHRP Project 1-26.[F-8] These equations are based
on the results given by the finite element program ILLI-SLAB, and they provide an accurate
and efficient means of determining the combined stress due to axle loads-and slab curling
under the edge loading condition. The stress calcuiation procedurss are described in the next
section.
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Load Stress

The NCHRP 1-26 equations utilize Westergaard's edge stress equation for a circular load and
various adjustment factors to reproduce the resuits given by the ILLI-SLAB finite element
program. The NCHRP 1-26 equation for the load stress has the following form:

Opua = ST #f24f3 % f4 %0, (F-6)
wherg:
Oload = Load stress, Ibf/in?
1, 12,13, 14 = Adjustment factors for slab size, stabilized base, widened lane, and tied
concrete shoulder.
a, = Stress obtained using Westergaard's edge load equation for circular

loads, Ibf/ins.

The equivalent single-axle radius (ESAR) concept is used to handle multiple wheel loads, and
adjustments are made to account for the slab size effect, widened traffic lane, tied concrete
shoulder, and the presence of a stabilized base. The ESAR Is the equivalent single wheel
radius of a multiple wheel load that will produce the same stress intensity at the critical
location. The application of the ESAR concept allows the use of a closed form solution to
determine the maximum stress under a multiple wheel load.

The edge load stress is calculated using the equation given in Westergaard's 1948 paper for
circular load given below, substituting the radius of the applled load with the equivalent single
axle radius: [F-10]

, .
) 3(1 + ”)P ]_1’1 Eh + 1.84 _ & + Q + ]_.18(1 + 2#)-@ (F-7)
* w(3 +p)h?|  100ka* 3 2 ﬂ

where:
P = Total applied load, Ibf.
H = Poisson's ratio.
E = Modulus of etasticity of PCC, Ibf/in?,
h = Slab thickness, in,
k = Modulus of subgrade reaction, Ibf/in%in.
a = Radius of the applied load, in.
{ = Radius of relative stiffness, in, defined as follows:
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En3 0.25
¢ = (F-8)
12(1 - p,z)k
where:
E = Modulus of elasticlty of PCC, Ibffin®.
h = Slab thickness, in.
i = Poisson's ratio.
k = Modulus of subgrade reaction, lbf/in%in.

Please note that the k-value used here is the backealculated dynamic k, which can be taken as
twice the staic k obtained by laboratory testing. The PCC modulus of rupture and Epcc are
long-term values. The long-term concrete strength is typically about 10 percent greater than
the 28-day strength.

The equivalent single-axle radius for the dual whee! load is obtained using the following
equation;

2

S 2

a S a S\ *a
~2 = 0.909 + 0.339485— + 0.103946— - 0.017881f —| - 0.045229| =| =
a a 2 a aj ¢
5)® S( a)* 5) * (sya D
+ 0.000436| —~| - 0.301805— —| + 0.034664| —| + 0.001] =] —
a a\ d ¢ al ¢
Limits: 0< Sfa <20
O<alt<05
where:
8, = Equivalent single axle radius of dual whesis, in.
a = Radius of the applied load, in,
S = Dual wheel spacing, in.
¢ = Radius of relative stiffness, in.

In the NCHRP 1-26 procadure, the load stress is determined by applying various adjustment
factors to the edge stress calculated using Westergaard's equation (equation F-6). The
adjustments are made for the sfab size effect, widened lane, tied concrete shoulder, and
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stabilized base. Regression equations are provided for determining each of these tactors, but
anly the factor for widened lane was used In this model for the following reasons:

The adjustment factor for the slab size effect was not used, because the ILLI-SLAB
analysis performed to validate all procedures used in this project showed that the use of
this factor could result in overcompensation for the slab size effect. This factor was
originally intreduced because the load stress in short slabs can be significantly less than
that in an infinite slab assumed In the Westergaard solution. The stresses are lower in
short slabs because some of the load on short slab Is carried by the rigid body motion of
the slab (l.e., slabs sinking Into the subgrade). If this rigid body motion is prevented, by the
adjacent slabs for exémple, the stresses in short slabs can be evan higher than that in
infinite slabs. The analysis has shown that the response of multiple siab system with even
a moderate load transfer efficlency at the transverse joints closely approximate that of an
infinitely long slab. For highway pavements, this factor is significant only for very short
slabs (12 {t [3.7 m] or less), even if the slabs have very poor load transfer efficiency.

The effects of tied concrete shoulder were treated by directly considering the stress load
transfer efficiency (LTE). The stress LTE was determined from deflection LTE using the
following regression equation:

Log,,(LTE,) = 0.064787 + 0.0047221LTE, + 0.00089586LTE;

o3 e (F-10)
- 0.16478x107*LTE; + 0.89222x 1077 LTE,

where:

LTE, = Stress LTE, percent.
LTE, = Deflection LTE, percent.

For sections provided with tied concrate shoulder or other forms of edge support (such as
adjacent lane or tied curb and gutter), the load stress was muttiplied by the following factor
to account for the edge support:

100

Jurs = 100 + L1E, | (F-11)



where:

feg = Adjustment factor for edge support.
= 1.0 1f no edge support.

LTE, = StresslTE, percent.

The effects of stabilized bases were considered directly using the effective slab thickness.
The effective slab thickness was determined from FWD testing results, and it represents
the equivalent thickness of a single concrete layer that would give the same structural
response as the actual pavement structure (slab and base). The procedure used to
determine the effective slab thickness is described in chapter 4 of volume Il The effective
slab thickness as determined in this project accounts for the structural contribution of all
pavement layers and any interaction between layers. On those section whers the effective
slab thickness was used, the following equation was used to determine the maximum
tensile stress at the bottom of the pavement slab:

_ 20 -x)
Jop = = (F-12)
¢
where:
fes = Adjustmenti factor for stabilized base.
= 1.0ifh,=h.
= Actual slab thickness, in.
h, = Effective slab thickness, in.
X = neutral axis location:
h* E h
1 + 2 h2 hl + 2
2 K 2
X = (F-13)
Ez
hl o= hz
El
where:
h, = Slab thickness, in.
F-10
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I

Base thickness, in.
Concrete modulus of elasticity, Ibf/in?,
Base modulus of elasticity, Ibf/in?,

Unlike other adjustment factors, fg, is applied to the combined siress, becauss this factor
is an adjustment for the slab thickness.

On widened lane sections, the critical location for fatigue damage Is the bottom of stab, directly
under the wheel path. Studies have shown that the slabs are almost never loaded at the outer
edge on widened lane sections Therefore, the following adjustment factor was used to obtain
the maximum stress directly under the wheal load:

whera:

0.013211

fyp = 0.454147 + + 0.386201—5—

9 3 (F-14)

- 0.24565(-”1] " 0.053891[—“—)
D D

Adjustment factor for widen lane.

1.0 if standard-width lane.

Radius of loaded area, in,

Mean wheel location, inches from outer edge.
Radius of relative stiffness, in.

The load stress can now be determined using the following equation:

whers:

OLoad

fES

Te

O oed = Jos St O, (F-15)

= Load stress, Ibf/in®

= Adjustment factor for edge support (equation F-14).
= Adjustment factor for widened lane {(equation F-17).
= Westergaard's edge stress (equation F-10), Ibf/in

F-11



Curling Stress
The ourling stress is determined using the following equation and then combined with the load
stress using a regrassion coefficient in the NCHRP 1-26 procedure:

CE a AT
o, = -——2— (F-16)

where:

o, = Curling stress, Ibf/in?

C = Curling stress coefficient.

E = Concrete modulus of elasticity, Ibf/in?.

o; = Concrete coefficient of thermal expansion (5.5 x 10%).
Temperature difference between the top and bottom of the sléb, °F,

jord
-
I

This equation was developad by Westergaard, and Bradbury developed the coefficients for
solving this equation.[F-11] For maximum stress at the longitudinal edge, the curling stress
coefficient is given by the following equation:

2 cosA coshi
C=1 - tanA + tanhA .
2 sinA sinhA ( * tanh) E17)

where:
L
A= — (E-18)
{8
L = Slabiength, in.
¢ = Radius of relative stiffness, in.

Combinead Stress
The combined stress due to load and curling is obtained using the following equation:

O ombined = Jop(Opg + R*0 1) (F-19)
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whera:

Combined edge stress, Ibf/in

fen Adjustment factor for stabilized base.
Ojoag = Load stress, psi.

R

Tt

O combined

Regrassicn coefficient.
Curling stress, Ibffin

The regression coefficient R is determined using the following equation:

R =1.062 - 0.015757dT - 0.0000876k - 1.068%— + O.387317dT{“—

"\ 2
+ 1.17x10°HE 4Tk - 1.81x1072E 412 - 1.051x10"9E(£) kdT

5 (F-20)
+ 1.84x 10711 E de-Iﬂik - 1.7487(%— AT + 0.00003435147T3

3
+ 86.97(-1;'—) ~ 0.00816396dT21Lé-

where;

dT = aATx 105

o = PCC coefficient of thermal expansion, e/°F.
AT = Temperature difference through the slab, °F.
= Subgrade modulus of reaction, bi/in¥in.

Slab length, in.

= Radius of relative stiffness, In (equation F-11).
= Modulus of elasticity of PCC, Ibf/in®,

m= - x
i

The coefficlent R is needed because the load and curling stresses are not directly additive.
Curling causes various parts of the slab to |ift oft of the base, invalidating the full contact
assumption made in the load stress calculation. The regression coefficient R provides the
necessary adjustment to the curling stress to give the correct combined stress.

Further refilnements were made to the calculated damage considering a more refined pass-to-
coverage ratio, and consideration of moisture gradient and residual temperature gradients.
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Pass To Coverage

The effects of the lateral traffic wander was given a more rigorous statistical treatment in this
study. Assuming that the lateral wander of traffic is normally distributed, the probable lateral
distribution of the traffic wheels was determined. Then, considering the contribution to the
fatigue damage at the critica!l location (longitudinal edge for all normél-width sections) by traffic
passing through any point and the probability that the traffic will pass through that point, the
pass to coverage (p/c) ratio was determined.

The p/c is simply the ratio that gives the numbaer of traffic passes needed 10 produce the same
amount of fatigue damage at the critical location as one pass that causes the critical loading
condftion (i.e., edge loading condition). The number of fatigue loading cycles {or coverage)
that the applied traffic causes is the number traffic passes divided by p/c. For exampie, if the
p/c is 100, this means that it takes 100 traffic passes to cause the same amount of damage as
1 load placed directly at the edge. ‘

The p/c as described here may be expressed mathematically as follows:

FD,,
ple = ' (F-21)
Y. P(COV,,) » FDp, -
j
where;
FDg; = Fatigue damags at location D, due {o the load at D,
P(COVy) = Probability that the load will pass through location D,
FDr = Fatigue damage at location D; due to the load at D;. .

The p/c is commonly taken as a percentage of traffic that passes close to the pavement edge.
In this approach, the traffic passing within a certain distance of the cuter edge is assumed to
cause one adge loading application. In this project, the concept "fatigue damage per pass”
(FD/Pass) was introduced to more precisely determine the amount of fatigue damage cause
by passing traffic.

The fatigue damage caused by the traffic at any point on a pavement slab may be determined
using FD/Pass. The FD/Pass may be defined as follows:

F-14
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FD,/Pass = ;P(COVD},) « FDp, (F.22)

where:
FDy/Pass = Fatigue damage per pass at the damage location D,
P(COVy) = Probability that the load will pass through location D;.
FDy; = Fatigue damage at location D, due to the load at D,

The FD/Pass as defined above, represents the probabllistic amount of damage caused at the
damage location DI due to the applied traffic. It is important to note that FD/Pass Is determined
for a spacific point on the pavement. To determine FD/Pass, the stress at the location of
interest due to the loads placed at ali relevant locations must be determined.

For fatigue analysis of JPCP, the most relevant location of interest is the longitudinal edge.
Once the FD/Pass is determined, this number can be converted to p/c to show the number of
equivalent load cycles (edge load applications) produced by the applied traffic. Taking fatigue
damage as 1/N, equation F-22 can be used to determine p/c based on FD/Pass. Rewriting
equation F-21,

1
N
plep, = e (F-23)
ZP (C’OVDJ) *
] Dy
whers:
p/Cy = p/c atlocation D,

N = Allowable number of load applications based on stress at location D, due
to the load placed at D,

P{COVy) Probability that the load will pass through location Dy

Ny = Allowable number of load application based on stress at location D, due to
the load at D,

I

The traffic is assumed to be normally distributed. The subscript on p/c above denotes that the
p/c determined above converts the traffic placed an the pavement to the equivalent number of

F-15



load applications by the loads placed directly at D, for fatigue damage at D,. Equation F-23
reduces to the following:

l

p/cDi = N :
i F-24
Zj:P(C‘OVDj) R N_D’ (F-24)

Dij

The p/c as defined in equation F-24 inveolves a considerable amount of analysis; however,
since it is a measure of relative damage caused by the loads placed at various locations, it is
not very sensitive to the pavement structure. Therefore, p/c determined for the average case
may be used. The p/c is, however, affected by several factors, including the following:

m  Mean wheel location,
m  Standard deviation of traffic wander.
m  Siressleval.

The mean whee! location and standard davlation of traffic is somewhat variable, and both of
these factors have a significant effect on p/c. In this project the figures reported in reference

12 were used:

m  Average wheel location = 22 in from pavement edge.
= Standard deviation = 8.4 in,

These results are based on 1,300 observations. The average wheel location on widened fane
sections were about 2 in closer {o the paint stripe; however, since the critical damage location
on widened lane sections is directly under the wheel path, the p/c is close to 1.0 (i.e., almost
every wheel passes through the critical location).
The fallowing regression equation was developed for p/c and used in the analysis:

plc = 395.1 - 924.8SR + 1047.26SR* - 456.73SR*® (F-25)

where:

SR = Stress-to-strength ratio (o/MR).

F-16
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Consideration of Moisture and Residual Temperaiure Gradients

In this project, the cumulative eftects of curling (or warping) caused by all factors other than
temperature gradients were addressed by shifting the temperature gradients determined for
sach pavement section. The actual magnitude of the effective residual curling Is unknown.
However, using the same logic used to make the thickness adjustments, the consistency
within the data set could be used as the guide to make relative adjustments. Agaln, consistent
adjustments were made for all data points within an actual pavement section, and the
reasonableness of the results was used as the guide in making these adjustments. The
average values for the four climatic zones are as follows:

» DF —11°F
m DNF—11.5°F
m WF —8°F
n WNF—B8.5°F

The above valugs should be subtracted from the actual temperature gradients when using the
cracking model.

Ealigue Damage Determination
The fatigue damage was determined using the linear damage accumulation approach
proposed by Miner: [F-13]

n
FD = — ‘ F-26
v (B-26)
where:
FD = Fatigue Damage
n = number of applied 18-kip (80-kN) single axle loads
N = number of allowable 18-kip (80-kN) single axle loads

The model developed from Corps of Engineers (COE) data from 51 full-scale field sections
was selected to calculate the allowable load applications. The edge load stress was
calculated using H-51 program (computerized Pickett and Ray charts) and multiplied by 0.75
to account for the edge support in the sections.[F-14]
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log N = 2,13 SR ? (F-27)

where:

N = Number of allowable iocad applications.
SR = Stress to strength ratic (o/MR).

g = Critical tensile stress, Ibf/in?.

MR = PCC modulus of rupture, Ibifin?,

This model was originally developed for airfield pavements, but has shown good results in
varlous other applications.

Crack Deterioration Model for JRCP

Low-severity transverse cracks are a normal occurrence in JRCP. These cracks are expected
to develop as the slab responds to drying shrinkage, thermal curling, and thermal contractions.
Reinforcement is placed in JRCP o hold the cracks tight and prevent deterforation. However,
repeated heavy load applications, environmental effects, and inadequate steel design can
result in the cracks breaking down and detericrating. Medium- ang high- severity transverse
cracks in JRCP cause tocalized fallures, increased roughness, user discomfort, and trigger the
need for rehahilitation. The BPPR model used for the catalog design check is given below:

CRACKJR = AGE*> x [6.88 * 107 * FI/THICK

+(0.116 - 0.073 BASE) * CESAL * (1 - ¢ %29 (F-28)
_ (7.5518B8 - Epex - 66,5 PERSTEEL + 5 PERSTEEL + Epw)]

where:
CRACKJR = number of transverse cracks {medium- and high- se\)erity)/mi.
CESAL = cumulative 18-kip (80-kN) ESALSs in traffic lane, millions.
PERSTEEL = percentage of steel (longitudinal reinforcement).
Epce = mean backcalculated modulus of elasticity of concrete million Ib/in?,
THICK = PCC slab thickness, in.
MI = Thornthwaite moisture index.
BASE = (, if nonstabilized base exists.
= 1, if stabilized base exists.
Fl = Freezing Index, degree days below freezing.
F-18
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CRCP Localized Failure Model

The CRCP local failure model developed under project IHR-529 of lllinois Cooperative
Highway Research Program was selected for the design check of the catalog.[F-2] Total 408
data points were used for the development of the model and the model for pradicting the
number of CRCP failures on a per mile basis is given as follows:

log (FAIL) = 6.8004 - 0.0334 » PAVTHK? - 6.5858 * PSTEEL
+ 1.2875 * log (CESAL) - 1.1408 + BAM - 0.9367 + CAM  (F-29)
~ 0.8908 * GRAN - 0.1258 * CHAIRS
whara;

FAIL = total number of failures In the outer lane, #/mile

THICK = CRCP slab thickness, In.

PSTEEL = longitudinal reinforcement, percent

CESAL = cumulative ESALs, millions

BAM = 1if subbase material is bituminous-aggregate mixture, 0 otherwise

CAM = 1 if subbase material is cement-aggregate mixture, 0 otherwise

GRAN = 1 if subbase material is granular, 0 otherwise

CHAIRS = 1t chairs used for reinforcement placement, 0 if tube_s used

PCCP Terminal Serviceabillity Index {(Smoothness) Model

A comprehensive evaluation and revision of the AASHO Road Test and the resulting concrete
pavement design modsls were conducted under NCHRP project 1-30. [F-3,F-4] As a resuli of
this study, an improved terminal serviceability Index performance model was developed using
both empirical and mechanistic modeling techniques plus the three dimensional finite element
models. This model Is selected to conduct the design checks on the terminal serviceability
index (2.5) requirement. The following steps can be taken to preform the computation.

The rigid pavement design equation for 50 percent reliability is given below:

Sl’ i
log W = log W + (5065 ~ 003205 P22 )[ 1og[ IT)'} - log [.53_0] ] (F-30)
? t

whare W' = number of 18-kip [80-kN] ESALs estimated for design traffic lane
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log R

L1

P1
P2

(&)

It

)

, 3.63 (L1 + L2 )52

F = 1.00
(D + 1)8.46 L2 3.52

(F-32)

585 +735log (D + 1) - 462 1log (LI + L2) + 3.28 log L2 (F-33)

PI - P2
G = log|Lfl=P2 F-34
og(m—l.s) (F-34)

= number of 18-kip [80-kN] ESALs computed from the equation below:

log W = log R + % (F-31)

concrete slab thickness, inches

load on a single or tandem axte, kips

axle code, 1 for single axle, 2 for tandem axle

initial serviceahility index

terminal serviceability index

mean 28-day, third-point loading flexural strength, psi

(690 psi {4754 kPa] for AASHO Road Test)

midslab tensile stress due to load and temperature with AASHO Raoad Test
constants .

midslab tensile stress due fo load and temperature with inputs for new pavement
design

o, = 0,EF[ 10 +10%® 7D | (F-35)

!

midslab tensile stress due to load only, which
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+ 6.27%107 E, - 0.000315 f

f = friction coefficient between slab and base {see table F-2)

F-21

05 |03
o

(F-37)

18,000 180 02 B, H,|% E,
= =2 14227 - 2381 | =2 -0 - 0155 |H, | =2
g, D2 { 7 - 238 ( . ] 0.0015 4% 55 |H, z,
E. = modulus of elasticlty of concrete slab, psi
(4,200,000 psi [28,840 MPa] for AASHO Road Test}
E, = modulus of elasticity of base, psi
(25,000 psi [172 MPa] for AASHO Road Test)
H, =  thickness of base, inches (6 in [152 mm] for AASHO Road Test)
4 3
| = E D
120 -pdHk
k = effective elastic modulus of subgrade support, psi/in
{110 psi/in [28.92 kPa/mm)] for AASHO Road Test)
B =  Poisson's ratio for concrete (0.20 for AASHO Road Test)
E =  edge support adjustment factor (1.00 for AASHO Road Test)
= 1.00 for conventional 12-ft-wide {3.66-m-wide] traffic lans
= 0.94 for conventional 12-ft-wide [3.66-m-wide] traffic lane plus tled concrete
shoulder
= 0.92for 2-ft [0.6-m] widened slab with conventional 12-it [3.66-m] lane width
F = ratio between slab stress at a given coefficient of friction (f)
between the slab and base and slab stress at full friction, given as:
F = 1177 - 43%10% D E, - 001155542 D

(F-38)



Table F-2. Modulus of elasticity and coefficient of friction for various base types.

Base Type or Modulus of Elasticity Peak Friction Coefficient
Interface Treatment {psi) low mean high
Fine-grained soil 3,000 - 40,000 0.5 1.3 2.0
Sand 10,000 - 25,000 0.5 0.8 1.0
Agoregate 15,000 - 45,000 0.7 1.4 2.0
Polyethylene sheeting 0.5 0.6 1.0
Lime-stabilized clay 20,000 - 70,000 3.0 5.3
Cement-treated gravel (500 + CS) * 1000 8.0 34 683
Asphalt-treated gravel 300,000 - 600,000 3.7 5.8 10
Lean concrete without (500 + CS) * 1000 > 36
euring compound
Lean concrets with single (500 + CS) * 1000 3.5 45
or double wax curing compound

Notes: CS = compressive strength, psi
Low, mean, and high measured peak coefficients of friction summarized from various
references are shown above.

1 psi =6.89 kPa
2
jog b = -1.944 +2279 2 4 00017 L - 433,080 L
¢ ¢ ko
. (F-39)
E. H 1.5 9 . 3
+( 0.0614 ) *[ ....ELJ’_) _ 438.642 2 _ 498040 D" L
g ki? kot

1.4 k

L = joint spacing, inches (180 in [4572 mm] for AASHO Road Test)
TD = effective positive temperature differential, top of slab minus bottom of slab, °F

52181 | 0341 wr

wctive positive TD = (L9622 -
(F-40)

+ 0.184 TEMP - 0.00836 PRECIP

D = slab thickness, inches
WIND = mean annual wind speed, mph
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TEMP = mean annual temperaturg, °F
PRECIP = mean annual precipitation, inches

The W, for any level of design reliability and overall standard deviation Is computed as
follows:

_ (log Wig + Z8,)
Wi = 10 18 (F-41)
where:
Wien = design 18-kip [80 kN] ESALs for a specified level of design reliability R
W, = estimated 18-kip [80 kN] ESALs over the design period in the design lane
Z = standard deviaie from normal distribution table for given level of reliability
(e.g., 1.28 for R = 90 percent)
S, = overall standard deviation
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Appendix G

Notes On Recommended Design Features

Basis Of The Catalog Recommendations o _

The catalog recommendations are based on many sources, however, the most significant
source was the recommendations achieved by consensus of a large resource group of
pavement design experts from Federal, state, industry, consulting, and academia. A list of
those involved is provided in this Appendix. The resource group met for an entire week and
debated and revised many proposed recommendations until a consensus was reached. (See
Reference 1, Appendix A for minutes of the meeting.) Additional Information on the consensus
procedures are glven in this appendix G.

Contributions were also made by the NCHRP Project 1-32 panel based on reviews of the
documents. In addition, use was made of current SHA design practices, FHWA design
manuals, the 1993 AASHTO Guide for Design of Pavement Structures, and mechanistic-
empirical performance modsls that were used to limit the occurrence of key distress types for

Hlexible and rigid pavements and adjusted as needad to limit key distress types within specified
perfarmance criteria.

Consensus Group Meeting

NCHRP project 1-32 consensus meeting on pavement design features was held in Chicago
from 1 pm on January 22 ic noon on January 26, 1996. The objective of this mesting was to
reach consensus on kay pavement design site conditions and design features recommended
for inclusion in the pavement design catalog. Participants were sent a copy of the draft design
catalog prior to the meeting for review. A copy of the meeting agenda is provided in the
appendix. A brief summary of workshop activities Is as follows.

Monday afternoon: introductions, objectives of NCHRP Project 1-32 and of this masting,
overview of the draft catalog, European experience presentation, consensus building
pracess, and an open discussion on the catalog development.

Tuesday: more discussion on catalog development, the entire group discussed and took
consensus ballots on some general issues concerning both flexible and rigid pavements

including site conditions, the pavement design process, and general design criteria (e.g.
design reliability).
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Wednesday: the group was split into a flexible pavement group and a rigid pavement
group. Each group discussed, built consensus on pavement design features and took
ballots on many recommendations.

Thursday morning: the enfire group met to summarize each group’s activities and
discuss the progress of the consensus building on the previous day. Then the group
discussed and took ballots on the inltial and terminal serviceabllity to be used in the
catalog. After that, the group broke into the same two groups again to continue
discussions and balloting on pavement design feature recommendations. The flexible
pavement group finished at noon, so some members joined the rigid pavemant group in
the discussion and consensus building on PCC pavement design features during the
afternoon.

Friday morning: the entire group again summarized Thursday’s progress. A presentation
was made on the knowledge-based expert system (KBES) development plan, and the
group had a discussion on the usage, development, and implementation of the KBES.
After that, terminal serviceability and slab on grade option for PCC pavement design were
further discussed and balloted. In conclusion, the entire group had an open discussion on
the future development and other genseral aspects of the catalog.

The consensus building process included the following steps for each design
recommendation.

First, a member of the research team briefly presented a specific design recommendation
(i.e., subgrade treatment, design reliability).

Second, the consensus group freely discussed the recommendation.”

Third, if it was apparent that most members agreed with the recommendation, a
consensus ballot was completed by each member (see appendix for consensus ballots).

Fourth, the ballot results were entered Into a personal computer {Excel spreadsheet) and a
frequency distribution was projected onto a screen for all to see.

Fifth, if a consensus was reached (meaning no one disagreed with the recommendation),
the group moved on to the next recommendation.

Sixth, if one or more participants disagreed as indicated by a 40 or lower rating, their
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reason was read to the group (anyone who disagreed had to write the reason on the
ballot), and additional discussion was held until sither a consensus was achieved or It
became apparent that it was impossible to achieve a consensus at the time.

Nearly always, the further discussion resulted in either a modification of the recommendation,

or the attachment of notes to the recommendation indicating the concerns of the consensus
group. When agreement couid not be reached, the recommendation was braught up at a later '
time and discussed and re-balloted, which usually resulted in a consensus at that time. A
summary of all ballots for each recommendation voted, histograms of the voting resuits, and ali
comments provided by the resource group members are given in the appendix.

Overall, the consensus meeting was very successful and a consensus was reached on almost
all the issues, often after various revisions were mads. A virtual wealth of knowledge and
experience existed in the consensus group and man'y good Ideas were brought out in the
discussions. The group generally appeared to have a positive feeling about the achievements
of the consensus group meeting.

Catalog Recommendations

Many of the recommendations in the catalog orlginated from the discussions with the
consensus groups. For example, ail of the inputs to the 1993 AASHTO Dbslgn Guide that
was used to obtain the initlal structural designs were debated and agread to by the consensus
group. Most of the numerical recommendations emanating from the consensus group arse
indicated by an asterisk {*). Additional recommendations included in the catalog were
obtalned from the sources indicated above (State practice, FHWA manuals, checks with
mechanistic and empirical performance modsls, and various research findings and training

manuals listed in the reference list) plus many suggestions from the NCHRP Project 1-32
panel.

Many thanks are given to the resource group that consists of the following individuals/
agencles: Sohila Bemanian (Nevada DOT), Ray Brown {Auburn University), Bill Cape (James
Cape & Sons Company), Max Grogg (Federal Highway Administration), Wouter Guiden
(Geargia DOT), Marlin Knutson (American Concrete Pavement Assodiation), Roger Larson
(Federal Highway Administration), David Lippert (lllinois DOT), James Mack (American’
Concrete Pavement Assoclation), Dick Moore (Parsons-Brinkerhoff), Mark McDanlels {Texas
DOT), Dave Newcomb (University of Minnesota), Linda Pierce {Washington DOT), Chuck Van
Dusen (Consultant), Duane Young (Minnesota DOT), and Jim Brown {Consuitant), Prof.
Lorenza Domenichini, and Francesca La Torre (italy).
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Appendix H Prototype KBES And User’s Guide

A key task of NCHRP project 1-32 is to develop a prototype Knowledge-Based Expert System
(KBES) to supplement the Catalog of Recommended Pavement Design Features. This
appendix documents the development and overview of the prototype KBES, called Designer,
and presents its user's guide. The software development wili be described first, followed by an

overview of the prototype KBES, and a discussion on the use of the KBES. The user's guide is
presentad after that,

*SOFTWARE DEVELOPMENT
A prototype microcomputer-oriented, KBES for selecting pavement design features is
developed under this study. The inference engine of the KBES uses the expert system shell,
CLIPS 6.04. CLIPS is an acronym for C Language Integrated Production System. It was
developed by the Software Technology Branch of the National Aeronautics and Space
Administrations (NASA). CLIPS Is disseminated under the sponsorship of NASA by the
Computer Software Management and Information Center (COSMIC) in the interest of
information exchange. There is no royalty required to use and further develop the KBES using
CLIPS. CLIPS 6.04 is written in C-language for interactive execution on IBM PC compatible
computers running MS-DOS v5.0 ar higher and MS Windows v3.x.

Features of CLIPS include a canventional rule-based expert system, procedural programming
abllity, and CLIPS object-oriented programming capabllity. All these features are utilized In
developing the prototype KBES. The rule-based expert system part Is used frequently in the
KBES whenever there is any reasoning or pattern matching involved. The procedural and
object-orlented programming languages maks the pattern matching of the pavement
conditions to the catalog factorial cells very easy and efficient.

The prototype KBES Is a Windows 3.11 program with standard user friendly Windows graphic
user Interface. Microsoft Windows programing language, Visual Basic (VB) 4.0, was used to
develop a friendly user Interface. The core part of the prototype KBES Is programmed using
CLIPS. It can be executed on any IBM PC compatible 486 computer with at least 4Mb RAM
and Windows 3.11 or higher. '

The prototype KBES program architecture is a standard modular design and is very flexible
and easy to modify. The link between the VB interface and CLIPS programs is dynamic in the
sense that the inferences and screen framework are completely separated. All the logical
inference, derivations, and technical contents are provided in CLIPS code. CLIPS also
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provides all the necessary outputs and screen display instructions to VB. Therefore, the
prototype KBES is sasy to madify and enhance in the future.

OVERVIEW OF THE PROTOTYPE KBES
The prototype KBES devsloped in this project includes three main parts:

* Input assistant to provide interactive guidance to the designer in obtaining design inputs
for thé catalog site conditions and other inputs;

e Database searching and presentation to access a project database which represents the
paper catalog, to quickly and efficiently identify feasible design alternatives for a given set
of site and design conditions;

e Evaluate assistant to provide interactive guidance to the designer in evaluating the
advantages and disadvantages of the various design aiternatives and explanations about
varlous deslgn features.

This section describes in detail each of the above modules.

Input Assistant

The input assistant for the site conditions and other design inputs is well developed in the
prototype KBES. This module guides the users through inputting values to determine the
pavement site conditions. This includes the following three modules:

e (Climatic zone determination
e Subgrade class determination
e Traffic input

Under each module, users have the choice of sither input the site condition categories directly,
based on their engineering knowledge, or use a more detalled screen (figures 4, 5, and 6)
under sach category to input one of the parameters with known value. For example, subgrade
stifiness is characterized by weak, medium, or strong levels in the printed catalog. What the
designer may actually know about the subgrade might be its descriptive name, its AASHTO
classification, its CBR, its R-value, or some other parameter value. Guidance is provided in
the program to map the parameter value known to the classification levels used in the catalog.
The same is true for many other inputs to determine climatic zone. On paper, this type of
guidance may become very voluminous. The prototype KBES can quickly transform the
designer's input data into appropriéte design cells for use in searching the catalog for feasible
-designs. Figures 1 through 6 show the screens used in this module.
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Catalog Searching and Presentation

The printed catalog is well included In the program database and an on-line technical help file.
Once the pavement site conditions are determined, viable pavement deslgn alternatives are
efficlently matched to the catalog factorial cells using CLIPS. The user can then select the
interested pavement design alternative and revlew the recommended design features
associated. This reduces time which is otherwise required to manually search through the
printed catalog to locate the cells which correspond to the appropriate pavement site condition
levels for a given design sltuation for several pavement types. The manual search time will
increase accordingly, as will the risk of error in selecting which portions of the catalog to
search and which cells to select. Here too, the KBES is very valuable in conducting a quick
and efficient search for feasible design alternatives with less chance of error. Figures 7
through 10 show the screens of the catalog searching and presentation part,

Evaluation Assistant

it is rare that a set of design inputs leads to only one feasible design. in most cases three or
more feasible design alternatives may be Identified which satisfy the design criteria, The
designer then has the responsibility of comparing the design alternatives, assessing the
advantages and disadvantages of each, and selacting a preferred alternative. Many factors
may enter into this evaluation process, Including predicted performance, expacted distress
types, materials durability, construction feasibility, initial and life-cycle costs, future
maintenance requirements, track record of the design alternative in similar site conditions, etc.
A fully developed KBES could be very valuable In offering insights on these factors as they
pertain to the specific design alternatives being considered, as well as guiding the designer
interactively through an evaluation process which systematically considers the evaluation
tactors judged to be significant and relevant. Of course the selection of a preferred alternative
always rests with the designer. The KBES serves only to offer knowledgeable insight and
facilitate a systematic evaluation of the alternatives.

In the prototype KBES, it is demonstrated through mock-ups that performance madels of the
key pavement distresses ¢an be used to predict the future performance of the pavement
design alternative selected. A few synoptic tables of the States' current pavement designs and
practices are also included to illustrate how States' design practices can be presented to the
designers for their reference. Example psrformance models are used to predict the
performance of the pavement over time and traffic. Some synoptic tables_of the current States’

pavement practice are also provided for the users 1o look at the design features that are being
used by the States.



In developing a fully operationa!l KBES, these capabilities need to be implemented fully for all
the cells, prediction models, and design altemnatives. Furthermore, ideas of linking the
program with the LTPP performance data base, States' PMS data base, and other key studies’
performance data base can also be implemented in the next phase of the KBES development.
New research products, new expertise acquired, and state-of-the-art technologies can also be
incorporated into the KBES in the future. For example, Super-Pave's binder grade selsction
scheme can be included in a future KBES. Figures 11 through 14 illustrate the Implementation
of this module.

Usefulness and Limitation of the Prototype KBES

The KBES can help the designer in several ways to realize the full potential of the catalog.
Using the KBES, the designer is more likely to obtain proper design inputs and to consider ali
the feasible options for a given set of design inputs. The KBES can quickly identify the
complete set of feasible design alternatives, whereas using the paper catalog only, the
designer may not do a complete search and may thus miss some feasible alternatives. On
paper, the designer may become accustomed to using only certain portions of the catalog
pertaining to pavement types and design options. The KBES can also quickly screen out
infeasible or ifl-advised options.

A fully developed KBES companion to the pavement design catalog adds value to the catalog
in several ways:

Increased speed and efficiency,

Guidance on obtaining inputs for site conditions {traffic, subgrade, climate)

Guidance to the designer in searching for solutions,

Explaining the logic of “best practice” recommendations,

Coordinating decisions about many different design features,

Making the catalog mora dynamic and easier to update,

Enhanced value as a teaching and training tool,

Increased consistency in considering all feasible options and screening out infeasible
options, and

¢ [Evaluate the selected pavement design features.

Most important, the KBES enhances the effectiveness, the implementability, and the
adaptability of the catalog, all important factors in the catalog’s success.

The KBES will help to accomplish the catalog’s goals and will help the user make better
pavement design decisions, more rapidly and more efficiently than before. One of the goals of
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the catalog is to put pavement design expertise in the hands of navice engineers in a format
which permits them to apply that expertise appropriately. This is an ideal application for a
KBES. The computerized KBES is highly adaptable, as the knowledge base (made up of the
input guidance rules, catalog relational database, and alternative evaluation rules) is
developed and expanded over time. indeed, the typical program structure of a rule-based
expert system is not rigid and Is well suited to later additions and modifications. If
implementability is defined as the likelihood of the tool actually being put into routine use in
State highway agencles, then the implementabllity of the KBES is believed to be as great as, if
not greater than, that of the paper catalog.

The supplemental KBES will be a very powerful tool when fully developed. However, what we
developed in this project is only a prototype KBES. The prototype KBES includes most of the
current printed catalog. All the structural designs in each factorial design cel! and key deslgn
features are Included in the program. The prototype KBES Is a very useful tool for
knowledgeable users as itis now. It can be used to obtain the recommended design features
for all the site condition cells included in the printed catalog. These recommended features
and structural design ranges can then be used to compare and check the.pavement design
the user has selected. However, the protolype KBES needs to be Improved in many ways
before it can be used as an operational software product.
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Chapter 1 Program overview

Getting Started

ent Design

Minimum System requirements-
Computer with 4 megs ram running DOS/Windows.

To install insert disk one in the drive and select File Run from Program
Manager and follow the instructions that follow.

Quick Start-

Select File and New from the menu. Select flexible or rigid pavement
type. After hitting okay the pavement design windows comes up.
Select the climate, subgrade, and traffic then hit Alternatives button.
The Catalog Design Alternatives window will fill with data from which
you can select. After making a selection hit the Design button and you
are on your way.......
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File Menu

New-

Open-
Close-
Save/Save as-

Print-

Printer setup-
Print Preview-
Preferences-
implemented).
Exit-

Allows the user to create a new design option for either AC or
PCC pavements,
Opens an existing design.
Closes the current design.
Saves the current design. 'Save as' allows the user to change
the name of the design database currently being worked on.
Design:

Prints a summary report of the chosen design alternative.
Feature:

Not implemented.
Library:

Not implemented.
Allows the user to select the various printer options.
View the design report before printing.
Allows the user to set various screen/display formats (not

Quit the program and return to Windows.

2 « Chapter 1 Program overview
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Tool Bar- Toggles the tool bar on and off.

Calculate

Climatic Zone
Select the appropriate LTPP Climate Zone by either:

1. Choosing the appropriate LTPP Climate Zone for the design situation from
the drop down box, or

2. Inputting appropriate environmental data elements known by the user and
letting the program calculate the corresponding L.TPP Climate Zone.

Subgrade Class
Select the appropriate subgrade condition for the design by either:

1. Choosing the appropriate average annual subgrade condition for the design
situation from the drop down box, or

2. Inputting appropriate subgrade strength characteristics and letting the
program calculate the corresponding Subgrade Classification.
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Design Traffic Class
Select the appropriate Traffic class by either:

r——

—

Choosing the appropriate Traffic Class form the drop down box, or

2. Inputting the 20 year design Equivalent Single Axle Value (ESAL) using
either the flexible or rigid equivalency values and letting the program }

calculate the corresponding Traffic Class. ;

[

Library

State Catalog of Pavement Design Features

Synoptic table- Allows the user to view tables and values taken from the State ?i
Design Catalog.

Filters- Allows the user to narrow the selection of information

displayed in the tables by pavement type and state.

Add- Add information to filter list.

Delete- Delete information from the filter list. :
L.TPP Performance Data }

Pavement sections from the LTPP database that correspond to the site condition under

consideration are listed in this section. (Not implemented.) }
RIPPER Performance Data :

Performance data from the RIPPER PCC database is listed in this section. (Not

Implemented.)
State PMS Data
State PMS data in listed in this section. (Not implemented.)
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Tool Bar_

for Pavement Design

New- Begins a new design.
Open- Opens an existing design.
Save- Saves current design.
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Chapter 2 Rigid Pavement Designh Screen

—

Project description

]

]

Flewible Pavemert }

Description of the project being designed as determined by the user. f'!l

A
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Site conditions

Ii:‘lgld ﬁéi\féillallt .Illasig.n:-. .I".Tllllt:itled (1) '7

eg JPLP ately o d tied
Doweled JPCP with widened lane or integral tige PCC shoulder
NonD oweled JPCP with AC shoulder
NonDoweled JPCP with separaiely constructed tied PCC shoulder
NonD oweled JPCP with widened lane or integral tied PCC shoulder
JRCP with AC shoulder

Climatic Zone-

ﬁtjlig natic Zone

Mean annuial freuency of reeze-thaw oycles, days (0-160
Mean annual air temperature, F (5-80)
Mean annual temperature range, £ (0-80)

Mean annual humber of days with 0.01 inch or mare precipitation, days (0-260)
Thomthwiate moistute index {-60-50)
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Select the appropriate LTPP Climate Zone by either:

1. Choosing the appropriate LTPP Climate Zone for the design situation from
the drop down box directly, or
2. In the “Climatic Zone” screen:
i. Double click the known temperature or moisture parameter;
i, Input the value for the corresponding parameter;
iii. “Calculate” the climatic zone from the inputs;
iv. “Export” the result to the pavement design screen.

Subgrade class-

ubgrade Class

CBR [»=2]

R-Value [¥=5)

Soil support value [S5V] [>=2)
AASHTO soll class

Select the appropriate subgrade condition for the design by either:

1. Choosing the appropriate average annual subgrade condition for the design
situation from the drop down box directly, or
2. 1Inthe Subgrade class screen:
i, Double click the known subgrade strength characteristics parameter;
ii. Input the value for the corresponding parameter;
iii. “Calculate” the subgrade class;
iv. “Export” the calculated subgrade class to the pavement design screen,
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Design traffic class-

Traffic Class for Rigid Pavements

Select the appropriate Traffic class by either:

1. Choosing the appropriate Traffic Class form the drop down box, or

2. Inputting the 20 year design Equivalent Single Axle Value (ESAL) using
either the flexible or rigid equivalency values and letting the program
calculate the corresponding Traffic Class,

Catalog design alternative

Class 2 (Rigid ESAL 1.5-3 millon)

Doweled JPCP with AC shoulder

Doweled JPCP with widened lane or integral tied PCC shoulder
NonD oweled JPCP with AC shoulder

NonD oweled JPCP with separately constructed tied PCC shoulder
NonD oweled JPCP with widened lane or intagral tied PCC shoulder
JRCP with AC shoulder

Alternatives
Provides various design alternatives based on the site conditions given and the
pavement type selected. Selecting a design alternative (by double clicking the mouse
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on the highlighted alternative) allows the user to obtain specific information about that j
design alternative by hitting the ‘Design’ button.

Structural Design

N

| Structaral Design - Doweled JPCP with sepmatélyﬂtonsnutmd tied... B4

PCC slab thickhess (in)
Treated base thickness {in)

Subgrade Madium (k-vatue: 150 psifin]

E] or wek ar problem subgrade soils, special treat removal if necessary, or placement of a
thick granular layer may be necessary to provide a construction platforn, reduce erosion .
bensath a tieated base, protect against deep frost penetration, or mitigate the affects of ; }

swelling soils.See Local Condition Adjust part under Features menu bar,

Site condition information

Displays the values entered for the following site condition:
Climatic Zone
Subgrade Class
Design Traffic Class

Base Type

Provides the base type considered for the structural design alternative. User selects
the base type to be used in the design alternative by highlighting the appropriate base

type.
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Layer Information

Displays layer information for the selected design alternative and bas type.
Notes

Information important to the design is provided here.
Documentation

Provides information pertinent to the pavement type and design alternative selected.

Evaluation

Local conditions

Provides guidance regarding modifications to the structural design based on
local site conditions.
Performance Predictions

Graphically displays performance curves for design period for various
distresses.
State pavement design feature catalog

Catalog covering design details from the various state agencies.
LTPP performance comparison

Not implemented.
RIPPER Performance comparison

Not implemented.

Features

Cross Sections

Displays a cross section based on the pavement type and design alternative
selected based upon various features selected in the 'Features Option' window.

JPCP Transverse Joint Details

Displays joint details after a joint type is selected under the 'Features Options'
window.

Load Transfer Design (Dowel Bars)

Displays the placement of the dowel bars after a dowel spacing is selected
under the 'Features Options' window,

Designer 1.0 System for Pavement Design Chapter 2 Rigid Pavement Design Screen « 9



[T

Longitudinal Joints and Tie Bars :
Displays the longitudinal joint showing the tie bar after a joint type is selected i
under the Features Options' window.

Expansion Jaint Design
Displays a transverse expansion joint showing the dowel bars and joint filer
measurements after a joint type is selected under the Features Options'
window,

it

Joint Sealant Reservoir and Joint Sealants
Displays a sealed joint after sealant type is selected under the 'Features Options
window.

R [e—

PCC Slab Material Properties
Displays the section on PCC Slab Material Properties.

P

e

Drainage System |
Displays the section on the Subsurface Drainage System. 4

S

(LSS

e e P

PP
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Chapter 3 Flexible Pavement Design Screen

Project description

igid Pavement
ihde Pavemsant

Description of the project being designed as determined by the user.
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Site conditions

Climatic Zone-

PR

- Flexible Pavement Dresign - Untitled (1)

WetNoFreeze

Medium-Strong

Class & [Flexible ESAL 8-12 million)

[ base w/o sbgrade stahilization

[ ki I t

/ w0 b
ALCP on CTB w/o subgrads stabilization

Full-depth ACP w/o subgrade stabilization

Mean annual frequency of freezethaw cycles, days (0-160)
Mean ahnual air temperature, F (0-80)
Mean annual temperature range, F (0-80)

Meah annual number of days with 0.070 inch or mare precipitation, days (0-250)
Thomthwiate moisture indes {-60-60)
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Select the appropriate LTPP Climate Zone by either:

Subgrade class-

Choosing the appropriate LTPP Climate Zone for the design situation from
the drop down box directly, or

In the “Climatic Zone” screen:

i.  Double click the known temperature or moisture parameter;

ii. Input the value for the corresponding parameter;

iif, “Calculate” the climatic zone from the inputs;

iv. “Export” the result to the pavement design screen.

R-value [>=5]

Sail suppart value S8V (»=2)
AASHTO soll class

ASTM sail class

Select the appropriate subgrade condition for the design by either:

1.

2.

Choosing the appropriate average annual subgrade condition for the design
situation from the drop down box directly, or

In the Subgrade class screen:

i.  Double click the known subgrade strength characteristics parameter;
ii. Input the value for the corresponding parameter;

ifi. “Calculate” the subgrade class;

iv. “Export” the calculated subgrade class to the pavement design screen.
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Design traffic class- ]
raffic {lass for Flexible Pavements __E| ]
Select the appropriate Traffic class by either:

1. Choosing the appropriate Traffic Class form the drop down box, or }

2. Inputting the 20 year design Equivalent Single Axle Value (ESAL) using :

either the flexible or rigid equivalency values and letting the program
calculate the corresponding Traffic Class. }

s L
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Catalog design alternative

- Flexible Pavement Design - Untitled (1)

Wet-NoFreeza

ALCP on ETB w/o subgrade stabilization
Full-depth ACP w/o subgrade stabilization

Alternatives

Provides various design alternatives based on the site conditions given and the
pavement type selected. Selecting a design alternative (by double clicking the mouse
on the highlighted alternative) allows the user to obtain specific information about that
design alternative by hitting the 'Design’ button,
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Structural Design

 Structural Deasion - ACP on ATE win subgrade stabilization

HMAL thickness (in]

Base thickness {in)

Subbase thickness (in)

Subgrade Medium-Strang (M1 9000 psi)

a. Controlled by U.K, Transport & Road Research Laboratory Compressive Strain Criteria
b, Cantrolled by Failed Compressive Strain Criteria Under Wheel Load

c, Controlled by Compressive Strain Criteria Bestween Wheel Load

d. Controlled by Asphalt Institute Fatigue Equation for 45% Cracking

e. Controlled by Fatigus Analpsis Under Whee! Load

Site condition information

Displays the values entered for the following site condition:
Climatic Zone
Subgrade Class
Design Traffic Class

Base Type
Provides the base type considered for the structural design alternative. User selects
the base type to be used in the design alternative by highlighting the appropriate base
type. '

Layer Information

Displays layer information for the selected design alternative and bas type. -
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Notes

Information important to the design is provided here.

Documentation

Provides information pertinent to the pavement type and design alternative selected.

Evaluation

Local conditions

Provides guidance regarding modifications to the structural design based on
local site conditions,

Performance Predictions

Graphically displays performance curves for design period for various
distresses.

State pavement design feature catalog

Catalog covering design details from the various state agencies.
LTPP performance comparison

Not implemented.

Features

Cross Section

Displays a cross section based on the pavement type and design
alternative selected based upon various features selected in the
Features Option' window,

ACP Material Properties
Displays the section on the ACP Material Properties.
Drainage System

Displays the section on the Subsurface Drainage System.,
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