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PREFACE 

This report was completed at The University of Texas at Austin Center 

for Transportation Research, under Project 3-8-84-388, as part of the 

Cooperative Research Program between The University of Texas and the Texas 

State Department of Highways and Public Transportation. An objective of this 

project is to validate the overall design method developed in Project 249. 

This report presents the results of work done in this regard, in the form of 

a condensed overlay design manual. 

Special acknowledgement is made to the staff of the Center for 

Transportation Research of The University of Texas at Austin, in particular 

to Lyn Gabbert for typing the drafts of this report. Special thanks are 

expressed to Dr. Muthu, Waheed Uddin and Victor Torres-Verdin for their 

valuable comments and suggestions. 

iii 

RR388.4 

Adrianus W. Viljoen 

B. Frank McCullough 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



LI ST OF REPORTS 

Report No. 388-1, "Development of a Deflection Distress Index for 

Project-Level Evaluation of CRC Pavements," by Victor Torres-Verdin and B. 

Frank McCullough, presents the derivation of a new approach for project-level 

evaluation of CRe pavements from condition survey data. The main features of 

computer program DDll, which incorporates the principal findings from the 

study, are discussed and an input guide for that program is provided along 

with a project-level condition survey manual. 

Report No. 388-2, "Evaluation of the Effect of Survey Speed on Network

Level Collection of Rigid-Pavement Distress Data," by Victor Torres-Verdin, 

Chhote Saraf and B. Frank McCullough, describes work done in relation with an 

experiment performed to evaluate the effect of monitoring speed on the 

quality of rigid-pavement distress data collected at the network level. 

Report No. 388-3, "Manual for Condition Survey of Continuous ly 

Reinforced Concrete Pavements and Jointed Concrete Pavements, II by Chhote 

Saraf, Victor Torres-Verdin and B. Frank McCullough, presents the procedures 

for condition survey of CRC and JC pavements recommended for the Rigid 

Pavement Evaluation System. 

Report No. 388-4, "Implementation of a Comprehensive Rigid Pavement 

Overlay Design System into a Condensed Overlay Design Manual," by Adrianus W. 

Viljoen and B. Frank McCullough, presents the development and application of 

a manual for the design of both rigid and flexible overlays for rigid 

pavements. 
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ABSTRACT 

This report presents the development and application of a manual for the 

design of both rigid and flexible overlays for rigid pavements. An important 

feature of the manual is that it presents approximate hand solutions to 

typical overlay design projects in the State of Texas. 

This report also presents some additions to the Texas Rigid Pavement 

Overlay Design System. These include procedures to define design inputs and 

the development of charts for the structural design of overlays. Condition 

survey data was used to develop a technique for estimating the remaining life 

of an existing rigid pavement. The compu ter program RPRDS-l was used to 

develop tables for the selection of optimal overlay strategies. Finally, a 

set of design charts was developed for approximate hand solutions for the 

design of overlay thickness. 

KEYWORDS: Rigid pavements, overlays, remaining life, design strategies, 

design charts, design manual. 
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SUMMARY 

A Rigid Pavement OVerlay Design Manual has been compiled. This manual 

can be used to obtain approximate hand solutions to overlay design problems, 

as well as for the preparation of design input to more precise automated 

design mOdels. The background and development of procedures incorporated in 

the manual are described in the main body of the report, and the design 

manual is presented in Appendix A. 

The design manual can be broadly classified into four phases. The first 

phase deals with the collection and reduction of design information. The 

second phase describes how to use design information to determine design 

inputs. The design charts and design philosophy for overlay thickness 

designs are described in the third phase. The last phase shows a simplified 

procedure to do a net present worth of cost analysis. Finally, a design 

example is provided. 

Significant additions to the Texas Rigid Pavement Overlay Design 

Procedure are presented in phases 2 and 3. These include: (a) nomograph to 

predict remaining life from condition survey data. This estimate of 

remaining life is then compared with the remaining life of the fatigue model 

and techniques on how to use this comparison to improve the inputs to the 

design procedure are provided; (b) a set of tables to determine the optimal 

design strategies for different traffic and subgrade support conditions. 

These tables can also be used to get an indication of the consequences (in 

terms of relative costs) when the optimal strategy is not implemented. 

Finally an estimate of user delay cost as a percentage of total cost is in 

the tables; and (c) four design charts for overlay thickness design. The 

charts can be used to predict the pavement response and to determine the 

design life of typical overlay design strategies. 
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IMPLEMENTATION STATEMENT 

The Texas Rigid Pavement Overlay Design System has been implemented into 

a condensed design manual. Techniques for the definition of design inputs 

and set of design charts for approximate hand solutions to typical overlay 

design projects are provided. 

It is recommended that the design charts be used for preliminary design 

purposes and that the computer programs which form part of the Rigid Pavement 

Rehabilitation Design System be used for the final design. The techniques 

and procedures to define design inputs presented in the manual can, however, 

also be used for the determination of design inputs to more precise automated 

solutions. 

xi 
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CHAPTER 1. INTRODUCTION 

BACKGROUND 

The rigid pavement overlay design manual developed in this study form 

part of a series of reports to finalize a project entitled "Condition Surveys 

and Performance Monitoring of Existing and Overlaid Rigid Pavements," and is 

based mainly on research done under the preceding project entitled 

"Implementation of Rigid Pavement Overlay and Design System." These projects 

are part of a Cooperative Research Program between the State Department of 

Highways and Public Transportation (SDHPT) and the Center for Transportation 

Research (CTR) at The University of Texas. Figure 1.1 presents a schematic 

outline of the overall rigid pavement design system and illustrates how all 

the segments and design techniques fit together to form a powerful design 

system. This study deals exclusively with overlay designs at the project 

level. 

As part of these projects, the original Texas Rigid Pavement Overlay 

Design Procedure (RPOD2) (Ref 1) was implemented on a number of overlay 

projects. Follow up studies were conducted to evaluate the structural 

performances of these overlaid sections. The overall research program 

resulted in various studies, ranging from improvements to the material 

characterization and fatigue life prediction methods (Ref 2), to the 

development of sophisticated design systems. Two very important products of 

this research program are 

(1) the Rigid Pavement Network Rehabilitation Scheduling Computer 

Program (RPR 1) (Ref 3), which prioritizes a set of rigid pavements 

for rehabilitation within a given time period, and 

(2) a comprehensive rigid pavement overlay design systems which 

incorporates the most recent design and ana lytical models into a 

computer program, RPRDSI (Ref 4). 

RR388-4/0l 1 
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Other important developments were improved pavement evaluation 

techniques (Refs 5 and 6) and a reflection cracking design model (Ref 7). 

Due to the large number of factors and factor interactions that affect the 

design and performance of an overlay, any design procedure that attempts to 

consider them will necessarily appear complex. The design system is, 

however, the result of a combination of a number of simple, logical steps. 

The interaction of these steps and the available design tools is difficult to 

perceive at first sight. It is necessary to understand the basis of these 

steps as well as the basic design philosophy to effectively use the available 

design techniques and computer programs. It was, therefore, considered 

appropriate toward the end of this project to summarize all the major 

research findings and design tools in the form of a condensed design manual 

to guide the designer in the use of the overlay design procedure. 

OBJECTIVES 

The general goal of this study, then, is to incorporate the major 

research findings and design tools developed for overlay design at project 

level into a condensed overlay design manual for easy reference. The 

specific objectives for achieving this goal are as follows: 

(1) to combine research results and field experience to arrive at 

improved techniques to define important design inputs; 

(2) to develop design tables and charts to facilitate the design 

process; 

(3) to incorporate the results of this study and previous studies into 

a step-by-step design procedure that will introduce the designer to 

all the important design techniques and models, and provide 

approximate hand solutions to overlay design projects. 

RR388-4/01 
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SCOPE 

This report includes: 

(1) a discussion of data collection for overlay design (Chapter 2), 

(2) the development of techniques to facilitate the definition of 

design inputs (Chapters 3 and 4), 

(3) a description of overlay thickness design and the development of 

design charts (Chapter 5), 

(4) a summary of the results of this study and recommendations for 

further research (Chapter 6). 

The overlay design manual developed as part of this study is presented 

l.n Appendix A. 

RR388-4/01 



CHAPTER 2. DATA COLLECTION AND REDUCTION 

Good information about a project is the key to successful and optimal 

overlay design since it forms the basis of design inputs. A lack of 

information can, for example, lead to very conservative assumptions that will 

result in less cost effective designs. The design engineer is often dealing 

with incomplete information and has to combine information from various 

sources to arrive at representative design inputs. The objectives of this 

chapter are threefold: 

(1) to identify the basic sources of design information at the project 

level; 

(2) to discuss the data collection procedures; 

(3) to present techniques for the basic reduction of data for easy use 

in the definition of design inputs. 

SOURCES OF INFORMATION 

The seven basic sources of information that can be used in overlay 

des ign are lis ted in Tab le 2.1 together with the app Hcat ion of the 

information in overlay design. It is often necessary to combine a number of 

these sources to arrive at representative design inputs, as illustrated ~n 

Table 2.1. Techniques to combine the various sources of information in the 

definitions of design inputs are discussed in more detail in Chapter 4. 

CONDITION SURVEY 

Even though condition survey information ~s seldom used directly in the 

overlay design procedure, the results of the condition survey are reflected 

indirectly in many important design inputs. Information from the condition 

survey is seldom used alone, but, when combined with other sources of 

RR388.4/02 5 
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TABLE 2.1. SOURCES AND APPLICATION OF DESIGN INFORMATION 

SOURCE OF DESIGN APPLICATION IN OVERLAY DESIGN 
INFORMATION 

Condition survey Design sections; rate of defect de-
velopmentjremaining life; design 
strategy; maintenance and repair 
strategy; void detection 

Deflection data Design section; material properties; 
remaining life; maintenance and repair 
strategies; load transfer at discon-
tinuities; void detection 

Traffic data Design traffic; remaining life; 
users delay 

Laboratory tests Material properties; stress sensitivity 
of material properties 

Environmental data Temperature drop related movements; 
material properties; maintenance and 
repair strategies 

Construction and Costs; material properties and layer 
maintenance records thicknesses; maintenance and repair 

strategies 

Results and ex- Material properties; design strate-
perience from pre- gies; maintenance and repair strate-
vious designs and gies 
analyses 
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information such as surface deflection data, it forms a powerful design tool. 

Condition survey information is especially useful for homing in on important 

design inputs, such as the remaining life of the existing pavement, as will 

be illustra ted in Chapters 3 and 4. The various kinds of distress 

manifestations, together with the stochastic nature of distress development, 

make it very difficult to translate the present condition of a pavement into 

des ign input s. '!be current technology in the pavement field is imperfect. 

Therefore, the importance of collecting feedback information from in-service 

pavement s 1.S apparent. Before any models or analytical techniques can be 

explored, it is imperative that the results of the surveys themselves uniform 

and reliable. This means that condition surveys should be carried out 

according to well defined guidelines with detailed definitions of distress 

types and their degree or class. 

Procedures and Forms 

Most developments regarding cono.ition survey procedures and forms took 

place on the network level (Ref 3 and 8). It is obvious that condition 

surveys at the project level should be more detailed, in terms of both 

quality and quantity. It is also important for results from project level 

surveys to tie in with network level results. The approach recommended in 

the design manual is 

(1) to use the network level procedures and forms as a basis and to 

recommend extensions to these basic forms to accommodate the needs 

of the specific project, which for example, may include a visual 

assessment of drainage problems, shoulder erosion, etc; 

(2) to improve the quality of the basic information required for 

network level analysis; 

(3) to use the uniformity of the section to determine the size of base 

elements for the survey; and 

(4) to record the location of the distress more accurately, especially 

when this information is used to supplement the results of special 

evaluation teChniques, such as o.eflection stuo.ies. The distress 

RR388-4/02 
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type and location can, for example, be sketched on an opaque 

plastic. 

Because of the differences in distress manifestations characteristic to 

the two basic rigid pavement types, slightly different procedures, forms and 

data reduction techniques have been developed for continuously reinforced 

concrete pavement (CRCP) and jointed concrete pavements (JCP). 

The condition survey procedure and field sheet of small sections (Ref 3) 

have been adopted for CRCP in the design manual. The network level condition 

survey form for JCP and JRCP was adopted from the literature (Ref 3). 

Data Reduction. Information such as the location of pumping, drainage 

problems, etc. is used directly to supplement other evaluation techniques, 

and no further data reduction is required. Because of a lack of analytical 

techniques, condition survey information is generally not fully exploited in 

present overlay design procedures. It is, however, difficult to combine 

qualitative judgment with sophisticated numerical analysis. Gutierrez de 

Velasco et al (Ref 3) demonstrated how condition survey information can be 

used on the network level for rehabilitative scheduling. They defined a 

distress index in the form of a IIZIl-va l ue to reflect the important distress 

manifestations in a single quantifiable number. In this study the IIZIl-val ue 

was used as one of the important variables to predict the remaining life of 

the existing pavement, as described in Chapter 3. It is thus recommended in 

the design manual that the basic condition survey information at the project 

leve 1 be reduced to the IIZIl-val ue • 

DEFLECTION DATA 

Deflection data are used directly and indirectly to define various 

design inputs. Direct application 

selection of design sections, etc. 

includes material characterizations, 

When deflection data are used for void 

detection, the estimation of load transfer at cracks and joints, and the 

evaluation of the effectiveness of the repair strategy, the results are 

reflected indirectly in the design model. Guidelines and step-by-step 

RR388-4/02 
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procedures to collect and analyze Dynaflect deflections on rigid pavement are 

well summarized by Uddin et al (Ref 9). Different factors which influence 

deflections on rigid pavements are identified, and their effects are 

quantified and discussed. Guidelines for the selection of a minimum sample 

size of Dynaflect deflections for rigid pavement evaluation are also 

presented in the report by Uddin et al. The important results of this report 

which are related to overlay designs are 

(1) The influence of temperature differential on deflections measured 

in the wheel paths and in the center of the slab is practically 

ins ignificant. 

(2) Errors involved in deflections measured at the pavement edge are of 

prac tical s igni ficance, and temperature corrections may be 

required. The time of testing becomes important. 

(3) No significant change in Dynaflect deflection values due to 

seasonal variations was measured on CRC pavements. In contrast, 

jointed concrete pavements showed statistically significant changes 

in the maximum Dynaflect deflections due to seasonal variations. 

(4) The position of any non-destructive testing device with respect to 

the pavement edge and transverse crack or joint will greatly 

influence the measured deflection. In other words, when deflection 

data are used to make statistical inferences, the data collected at 

different distances from the pavement edge should not be combined. 

(5) The presence of voids results in on increase in deflections. When 

the Dynaflect is moved toward the center of the slab, deflections 

decrease, and, at 5 foot from the pavement edge, there is 

practically no effect of void size on deflection values. An 

important conclusion is that, if the Dynaflect is used for material 

characterization, the Dynaflect should be positioned away from the 

pavement edge to eliminate the effect of voids. 

RR388-4/02 
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(6) Test loads applied near pavement discontinuities result in higher 

deflections than the corresponding deflections measured away from 

the discontinuity. 

(7) Placement error should be kept as small as possible and should ever 

exceed 5 inches. 

(8) Replication error is generally below 10 percent for the Dynaflect. 

(9) If any rigid layer exists at some depth, deflection measurements 

and subsequently Young I s modulus of the sub grade will be affected 

significantly and should be accounted for. 

(10) The variation of thickness of the concrete PCC slab is a source of 

variation in deflection data. A change in slab thickness of± 0.25 

inch typically causes a variation of approximately 2.5 percent in 

the Dynaflect sensor 1 deflection. 

These results were considered in developing the guidelines for 

deflection testing presented in the design manual. Well defined procedures 

and guidelines on aspects such as positioning, temperature corrections, time 

of testing, etc. for specific applications of deflection data are presented 

in the design manual. 

Reduction techniques for deflection data are a function of the specific 

application of the data and are discussed in sufficient detail in the 

appropriate sections of the design manual, which is Appendix A. 

OTHER SOURCES OF DESIGN INFORMATION 

The other sources of design information mentioned in Table 2.1 are self 

explanatory and discussed in sufficient depth in the design manual, which is 

presented in Appendix A. 

RR388-4/02 



CHAPTER 3. CHARACTERIZATION OF THE EXISTING PAVEMENT 

Mechanistic design procedures require a suitable theory and model to 

analyze and predict the behavior of a pavement structure. Plate, elastic 

layer, and finite element theories have been used for this purpose. 

Typically, these theories are used to compute the tensile stresses or 

strains in the upper, bound, pavement layers, which are then entered into a 

fatigue equation to predict the life of the pavement. Since elastic layer 

theory computer programs are readily available and relatively easy and cheap 

to use, layer theory has been adopted in the Texas Rigid Pavement Overlay 

Design System (Ref 4). The shortcomings of the theory, such as the inability 

to predict pavement responses under an edge loading condition, are corrected 

by using appropriate critical stress factors developed from finite element 

theory. The output of the mechanistic model is, however, a direct function 

of the design inputs, which, in the case of elastic layer theory, are Young's 

moduli and Poisson's ratio for the pavement layer. The accuracy of the model 

predictions will, thus, be a function of how well the pavement structure is 

represented by the material properties used in the model. 

The design of pavement rehabilitation has a major advantage over the 

design of new pavements, because many of the design inputs which have to be 

assumed or estimated for a proposed pavement can be measured with a certain 

degree of accuracy on existing pavements. These include in situ moduli 

bearing strengths and traffic. Rehabilitation can, in fact, be regarded as a 

modification of the behavior of an existing pavement, with known strengths 

and weaknesses. The more fully this behavior is evaluated the more accurate 

and, thus, the more economical should be the rehabilitation. However, much 

of the information that can be obtained by evaluating the conditions of the 

pavement and its past behavior is generally not fully exploited. Although 

these deficiencies may be recognized, it is often difficult to combine 

qualitative judgment with sophisticated numerical analysis. 

In Chapter 2 the important sources of design information are identified. 

This chapter deals with the development of techniques to combine these 

R.R.388-4/03 11 
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sources of information to arrive at representative design inputs. More 

specifically, the determination of the elastic properties and remaining life 

(translated into remaining fatigue life) of the existing pavement are 

discussed. The relationship between the elastic properties and the remaining 

fatigue life provided by the mechanistic model is explored in an attempt to 

"calibrate" the mechanistic mode 1 by comparing the model predictions of the 

past behavior to the actual distress conditions of the pavement. 

ELASTIC PROPERTIES OF THE EXISTING PAVEMENT 

Four sources of information are available to estimate the elastic 

properties of the existing pavement layers. These are 

(1) laboratory test results of samples taken from the design section, 

(2) typical properties of similar materials in the region (obtained 

from previous laboratory tests and analyses), 

(3) deflection data, and 

(4) present condition of the pavement. 

The first two sources are self explanatory, and tables summarizing the 

recommended laboratory tests and typical material properties extracted from 

literature reviews by the author are presented in the appropriate sections of 

the design manual, Appendix A. This paragraph describes how deflection data 

can be combined with laboratory test results and results from previous tests 

and analyses to arrive at a set of elastic moduli of the existing pavement 

layers. The material presented is mainly a summary of previous research 

findings (Refs 2 and 9). The shortcomings of the procedure are discussed. 

The development of techniques to alleviate some of these shortcomings and how 

the overall material characterization procedure is accommodated in the design 

manual are described later in this chapter. 
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Dynaf1ect Deflections 

Several deflection testing devices (Ref 10) are available on the market. 

The Dynaf1ect testing device is generally used in the State of Texas and 

most current material characterization procedures are associated with this 

device. Chapter 2 described the development of recommended procedures and 

basic data reduction techniques for Dynaf1ect measurements on rigid 

pavements. The next logical step is to use the data to charac terize the 

existing structure. Elastic layer theory is applied to analyze the Dynaf1ect 

deflections for material characterizations. Taute et a1 (Ref 2) did useful 

work in this regard and further work by Torres-Verdin et a1 and Uddin et a1 

(Refs 5 and 10) concentrated on detailed aspects of the procedure such as 

sources of error and, the effect of environment and position of measurement 

on surface deflections. Procedures for the necessary corrections were 

developed in these studies. The results of several studies were finally 

incorporated in a user manual for Dynaf1ect testing on rigid pavements (Ref 

9). The procedure adopted in the overlay design manual is based mainly on 

the latter report. The step-by-step procedure is presented in detail in 

Appendix A, and no further discussion is devoted to the mechanics of the 

procedure. The applicability and shortcomings of the procedure and how it 

relates to overlay design are discussed in more detail in the rest of this 

paragraph. 

The shortcomings of the material characterization procedure can be 

classified into two groups. These are 

(a) the prob 1em and errors associated with the actual deflection 

testing, and 

(b) problems associated with the use of the deflection data to 

determine the elastic material properties. 

Procedures to correct or avoid some of the first group of shortcomings 

are discussed in sufficient depth in Chapter 2 and Ref 9. The problems and 

potential errors associated with the use of surface deflection data to 

determine elastic material properties are discussed below. 
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Elastic Material Properties from Dynaflect Deflections 

The rigid pavement structure is modeled as a multi-layered linearly 

elastic system with homogeneous and isotropic material within each layer. An 

iterative procedure is then used to arrive at a set of elastic moduli that 

will fit the measured surface deflections to those predicted by elastic layer 

theory. The following limitations have been identified: 

(1) The iterative procedure does not provide a unique solution. 

(2) The presence of a rigid layer at shallow depth below the subgrade 

can potentially lead to errors in the prediction of sub grade 

moduli. 

(3) Variations (both random and 

results, Which complicates 

values. 

stratified) remain in the deflection 

the selection of design deflection 

In light of the limitations mentioned above, it is clear that the design 

of pavement rehabilitation sets high demands the design engineer. Exploiting 

the information that can be obtained by analyzing the past behavior and the 

current condition of the pavement can thus potentially be very useful in 

supporting the judgment of the design engineer. This is particularly true in 

the final selection of the modulus ratios in the iterative procedure used for 

deflection basin fitting. The development of a "calibration" technique for 

this purpose is discussed in the last part of this chapter. Taute et al (Ref 

2) did useful work which enables the design engineer to consider the presence 

of a rigid layer at shallow depth below the subgrade. The appropriate graphs 

and techniques recommended in Ref 2 are incorporated in the design manual. 

Variation in deflection data within a design section is another important 

aspect to consider. Where possible, stratified (or assignable) variation is 

accounted for by separating design sections with assignable differences. 

This is not always practical; for example, when a small stretch of weak 

subgrade is encountered; it is normally included in a larger section, for 

practical reasons, and its variation is added to the random variation of the 
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larger section. Random variation must be accounted for by designing for 

deflections on the basis of a certain statistical confidence limit. The 

subgrade modulus generally has a large amount of variation associated with 

it, and previous studies (Ref 1 and 2) have recommended that the pavement be 

designed for a certain confidence limit only with regard to this layer. Due 

to the correlation between the subgrade modulus and the Dynaflect sensor 5 

(Ws) deflection, this may be interpreted as designing for a confidence limit 

with regard to the Ws deflection. The 90th percentile W5 deflection is used 

in the design manual, following the practice adopted in the previous studies 

(Refs 1 and 2). The modal deflection basin slope (W l - Ws) slope is 

recommended for use in the material characterization of the upper bound 

layers. The rationale behind this recommendation is that less variation 

occurs in these layers. Furthermore, it was clear from previous studies (Ref 

2) that the modal (W1 - W5) deflection slope approximately corresponds to the 

85th to 90th percentile deflection slope. Extreme deviations from this value 

are accounted for through repair measures and the se lection of appropriate 

stress factors. Sensitivity analyses also proved that the fatigue analysis 

is sensitive to variations in layer thicknesses and concrete flexural 

strength values, and some degree of conservation can, if necessary, be 

applied to these variables. A large proportion of the variation associated 

with the basin slope measurement may result from changes in the subgrade 

modulus (Ref 2). Therefore, it is recommended that the subgrade modulus to 

be used in the calculation of the upper layer moduli (from the basin slopes) 

be determined from the same Ws statistic used with the basin slope, i.e., 

the modal W5 deflections. 

REMAINING LIFE OF THE EXISTING PAVEMENT 

The optimal rehabilitation strategy under certain conditions, such as 

high traffic growth rates, may be to place an overlay before the existing 

pavemen t has reached the end of it s struc tura 1 li fe. The rema ining 

structural life of the existing pavement must then be quantified. The design 

procedure models remaining life as remaining fatigue life in 18-k ESAL ' s. 
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The concept of remaining life is easy to understand, as is the modeling of 

remaining life as a fatigue concept. 

calculated using 

Remaining life (RL) is simply 

RL 

where 

= 

= 
= 

(1 - ) * 100 

remaining fatigue life expressed as a percentage, 

accumulated past traffic in 18-k ESAL1s, and 

initial structural design life in 18-k ESAL1s. 

(3.1) 

Because of uncertainties associated with the determination of n18 and N18 , 

the quantification of remaining life is rather complex. Before the 

quantification of remaining life can be discussed any further, the concept of 

structural failure must be explored. 

Structural Failure 

Before pavement life can be determined, or predicted, the pavement 

condition that constitu tea IIfailure ll must be defined. Recognizing this, the 

Present Serviceability Index (PSI) concept was introduced during the AASHO 

Road Test. A terminal condition, at which the pavement is said to have 

failed, based on the level of service to the user, was defined. This type of 

pavement failure can be termed IIfunctional failure." The point of functional 

failure does not necessarily correspond to the point of structural failure, 

as illustrated in Fig 3.1. This is probably due to continuous maintenance 

carried out on existing roads. To accommodate the failure concept in 

mechanistic rehabi litation design models, 

needs to be defined, as it will be modeled 

the 

as 

point of 

the point 

structural failure 

in the life of the 

pavement at which it reached the end of its fatigue life. Recognizing this, 

the concept of pavement function was extended in previous studies (Ref 2) to 
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the ability of the pavement to serve the user as economically as possible. 

Taute et al (Ref 2) used this concept to develop an improved fatigue equation 

for use in Texas after reviewing AASHO Road Test data and Texas condition 

survey results. A fatigue equation generally represents some terminal 

condition, depending on the data used to develop the equation. Before any 

fatigue equation is used for design purposes, this fact must be recognized 

and considered. Taute et al defined the point of structural failure as that 

point in the life of the pavement after which any further traffic loading 

would result in a rapid increase in distress. The assumption was that this 

point in the life of the pavement represents the end of the structural 

fatigue life. He also demonstrated that this point corresponds approximately 

to the "economic failure" of the pavement by weighing maintenance and 

rehabilitation costs. The end of the structural life of the existing 

pavement as predicted by the fatigue equations adopted in the overlay design 

procedure is thus linked to the rate of distress development. This link was 

further explored l.n this study to develop relationships between present 

condition of the pavement and remaining life. 

Relationship Between Pavement Condition and Remaining Life 

The RPOD2 design procedure uses a fatigue equation developed from the 

AASHO Road data to make predictions of the pavement life (Ref 1). The 

terminal condition of the pavement was considered to be the initialization of 

Class 3 and 4 cracking. Class 3 cracking is defined as significantly spalled 

cracks which are approximate ly 114 inch wide and Class 4 cracking is any 

crack which has been sealed. Pavements that exhibited Class 1 or 2 cracking, 

or no cracking, were assumed to have remaining life. The remaining life was 

quantified using elastic layer theory and assuming that the elastic material 

properties obtained from surface deflection data are accurate. Recognizing 

the limitation of this assumption, Taute et al (Ref 2) introduced the new 

structural failure concept and modified the fatigue equation used in RPOD 2. 

Based on Texas condition survey data, Taute et al (Ref 2) developed the 

following approximate rules of thumb to identify the point of structural 

failure for CRC-pavements. 
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(1) The critical rate of defect development is in the order of three 

defects per mile per year at the point of structural failure. 

(2) The point of structural failure can be defined approximately as the 

condition where the number of defects per mile equals the pavement 

age in years. 

They also used the present distress condition of the pavement to obtain 

representative elastic moduli When severe discrepancies existed between 

mechanistic predictions of past structural behavior and the actual distress 

condition of the existing pavement. For this purpose they broadly classified 

the distress condition as "minor" or "severe. II The above concept is refined 

in this study, as described in the rest of this section. 

Distress Prediction Equation 

Before the relationship between distress (and rate 0 f defec t 

deve lopment can be further explored, it is necessary to be able to predict 

distress. Due to the complexity of considering all the factors involved in 

distress development, such as pavement structure, traffic, and environmental 

conditions, plus construction and maintenance variables, the existing 

prediction equations rely more on empirical results and engineering judgment 

than theoretical concepts. Machado et al (Ref 11) and Potter (Ref 12) 

developed failure prediction equations using the 1976 CRCP condition survey 

data. Noble and McCullough used the 1978 data to update these equations (Ref 

13). Gutierrez de Valasco et al (Ref 3) checked these equations using 1980 

condition survey data and conc luded that they tended to over predict. They 

developed a new set of equations which were finally incorporated into the 

network level analysis (Ref 3). Separate equations were developed for three 

typical distress manifestations on CRC pavements, namely, failures (Le., 

punchouts and patches), minor spalling, and severe spalling. The equations 

assume that information about the distress was obtained at some time in the 

life of the pavement. This information, together with the pavement age at 

the time of the condition survey and the age at the time chosen for distress 
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prediction, enters the prediction equation. It was, however, considered 

necessary to include more variables in a project level prediction equation. 

Strauss et al (Ref 14) developed distress prediction equations for CRCP using 

theoretical formulations and field information. However, these equations 

included many variables and, in light of presently unavailable information, 

they were not considered practical for implementation at this stage. It was 

decided to develop a new equation that would meet the following requirements: 

(0 The var iab les inc luded in the equat ion should generally, be, 

available at project level. 

(2) The equations should, preferably include important variables such 

as traffic and environment to improve the prediction accuracy. 

(3) Rate of defect development should be predicted since it is, at this 

point, the best link between distress and fatigue life. 

After careful study of the available condition survey data and the 

results of previous studies (Refs 3, 8, 13 and 15), the following variables 

were considered in the preliminary analysis: 

(1) the distress Index (Z value) of the existing pavement, as 

implemented in the network level analysis (continuous variable). 

(2) the existing pavement age (A) in years as a categorical variable at 

three levels: A~lO; lO.:s.A.2.15; A215. 

(3) the equivalent past traffic (T) in l8-k ESAL' s as a categorical 

variable at three levels: T < 4 * 106; 4 * 106 < T < 8 * 106 ; 

T >8 * 106• 

(4) the district in which the pavement is located, as a qualitative 

variable. The Districts which have been included in the analysis 

are shown in Fig 3.2. 

An analysis of variance (ANOVA) was done using a data set of 242 points. 

The rate of defect development per mile over a 4-year period (1978 to 1982), 

pavement age (A) and past tra ffie (T) in 1982, and District (D) we re 
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TEXAS 

Fig 3.2. Texas rural districts surveyed to collect CRCP information (Ref 3). 
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considered in the ANOVA. From the ANOVA table, the following conc lusions 

were evident: 

(1) D and A were significant at 5 percent« level, 

(2) T was not significant at 5 percent« level, and 

(3) no two-way interaction was significant. 

With the Distress Index (Z) as a covariate, an analysis of covariance 

was done on the data set. The 1982 condition survey data was used to 

de termine the Z-va lue. 'nle following conclusions were evident from the 

analysis of covariance table: 

(1) D was significant at 5 percent « level, 

(2 ) T and A were not significant at 5 percent « level, 

(3) no two-way interactions were significant, and 

(4) Z was significant at 5 percent « level. 

Figures 3.3, 3.4, 3.5 and 3.6 support the results of these analyses. Based 

on the results of the above analyses, it was decided to consider age and 

traffic, only, at two levels. 'nle levels considered in the further analysis 

are also shown in Fig 3.3 and 3.4. 

In order to develop a meaningful relationship, the rate of defect 

development (over a four-year period) was used as the dependent variable; the 

Distress Index (Z) as the quantitative variable; and traffic (T) and age (A) 

as dichotomous (dummy) variables at two levels and District (D) as a 

categorical variable in a mUltiple regression analysis. The regression 

technique used is very well documented by Uddin (Ref 10). 'nle regression 

equation that resulted from the regression analysis is shown in Fig 3.7. The 

R2 statistic for the equation is 0.67. 

Discussion of Distress Prediction Equation. The prediction accuracy of 

the equation is illustrated in Fig 3.8. The rate of defect development ~n 

the figure is the number of failures developed over the 4-year period from 

1978 to 1982. It is clear from Fig 3.8 that the equation is under predicting 

when the rate of defect developments becomes high. This was, however, not 
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considered to be a serious limitation since zero remaining life would be 

predicted for these sections. The ranking of the individual variables is 

shown in Fig 3.7. The Distress Index is the most important variable, 

followed by some of the Districts. The R2 statistic was considered 

reasonable in light of the available data and the variables considered. It 

is, however, clear that more research is required in the area of distress 

prediction, particularly for project level application. 

Relationship Between Distress Rate and Remaining Fatigue Life 

The next step was to relate rate of defect development to remaining 

fatigue life. First, the rate of defect development over the 4-year period 

(1978 to 1982) was converted to a yearly rate. The failure prediction model 

developed by Gutierrez de Velasco et al (Ref 3) was used to develop the 

required relationship for the relevant age categories. Previous study 

results (Ref 2, 3 and 41) and further study of individual projects for Which 

more information about the structural performance was available, led to the 

set of decision criteria presented in Table 3.1. Using the regression 

equation (Fig 3.7) and the decision criteria (Table 3.1), a nomograph 

(Fig 3.9), was constructed for retMining life estimates as a function of 

Distress Index and Districts, for the four combinations of age and past 

traffic, and was incorporated in the design manual. 

CALIBRATION OF DESIGN MODEL 

Two independent estimations of the remaining life of the existing 

pavement can now be made. The first method estimates the remaining life 

using a regression equation which includes the following variables: 

(1) Distress Index (Z value), 

(2) pavement age group, 

(3) accumulated past equivalent traffic, and 

(4) district in which the pavement is located. 
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TABLE 3.1. DECISION CRITERIA USED TO DETERMINE REMAINING 

LIFE FROM RATE OF DEFECT DEVELOPMENT 

Yearly Rate Per Mile 
of Defect Development 

> 3.0 

2.5 

1.8 

< 1.0 

Remaining 
Life 

(Percent) 
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The second method uses the preliminary set of elastic moduli determined 

from deflection data to calculate the critical response of the existing 

pavement. The appropriate fatigue equation is then used to calculate the 

original design life of the existing pavement in 18-kip ESAL' s. The 

accumulated past traffic on the existing pavement is then estimated and the 

remaining life determined using Eq 3.1. 

Major discrepancies between the two estimates of the remaining life of 

the existing pavement should be investigated and adjustments made with the 

following points in mind: 

(1) The determination of elastic moduli (especially the modulus ratios 

of the upper layers) from surface deflection data does not provide 

a unique solution. 

(2) The presence of a rigid layer at shallow depths should be accounted 

for. 

(3) The critical stress factor used to account for discontinuities and 

voids should be accounted for (refer to Chapter 4). 

(4) The first method for remain ing li fe pred ic tions (regress ion 

equation) is approximate and can point out only major 

discrepanc ies. 

The method as outlined in Fig 3.10 should avoid major discrepancies 

between model predictions and structural performance. The method is far from 

perfect and should be improved when more data become available. Condition 

survey data on JC pavements in Texas are initially very limited, and the 

nomograph in Fig 3.9 was developed from early CKCP condition survey data. 

RR388-4/03 



33 

Rll Rl2 

EstiMte of Al!Mining ti fe (Rl 1) using EstiMte of Al!Mining tite (Rl z' using 
~iriC8l IIDdeI baSed CD PaSt 81!h1Uiar lBIBlistic fatip 1IDde1 

y Y Y Y Y ,. 
Distress PaleN!nt CUlUlative CUlUlatiw 9!t of 

1hi~ IndeX (Z) Age PaSt PaSt E-vaIues 
~ Traffic (n) Traffic (n) ani! 

critical (Years) 
Stress fstw 

y I Y Y Y 
Y ,'" 

use~ ~ fl~ue I 
in fig 3.9 of Slab VI tn I 
to ati ... 

E 1 -values of Si"i I_ 

RL 1 1 tlatei~s in AIlIgioo i 
",J..., use llechlA'iistic IIDdeI 

",. ~. 

tD EstiMte original / ..... , 

fatip tife (" T' No / Is " .. /" E 1-Yalue > .. 
of B<isting Pa/allent '-, J.ov? / 

...... , • ,.1'./ 

'.)<~ 

RL = 1- nItIT 
S". is .ati_1 

Rl Z ~o 

~ , 
r--l 1 .. 

~ All .... Rl Z 

1 If tIE!a!ssEry 

No . AdjJst 1I1lUts tD 

''?- nech8nistic nodel 
Le. E-YalU15 end 

crt tical stress FtlCtar 

Final EstiMte of 
(1) Al!Mining tife 
(2) E-V8.lues 

Fig 3.10. Recommended procedure for the estimating of remaining life 
and the calibration of the mechanistic model. 

I 
4 
I 
I 
I 
I 
I 
I 
I 
! 
I 



!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
"#$%!&'()!*)&+',)%!'-!$-.)-.$/-'++0!1+'-2!&'()!$-!.#)!/*$($-'+3!

44!5"6!7$1*'*0!8$($.$9'.$/-!")':!



CHAPTER 4. REHABILITATION DESIGN STRATEGIES 

Variables, such as different overlay types and techniques, condition of 

the existing pavement, timing of overlay(s), maintenance and repair 

techniques, etc., can potentially generate a large number of rehabilitation 

design strategies. For the purpose of discussion in this chapter, 

rehabilitation strategies are broadly classified into two groups, namely (a) 

basic overlay strategies, which includes overlay type and timing of overlay 

placement, and (b) repair strategies, which include repair and preparation of 

the existing pavement prior to overlay placement. 

BASIC OVERLAY STRATEGIES 

There are several types of design constraints which differentiate 

between overlay design strategies which are feasible and those which are not 

feasible. Constraints that are generally considered in overlay design 

include 

(1) available funds, 

(2) policy constraints, 

(3) minimum allowable time to first overlay, 

(4) minimum allowable time between overlays, 

(5) length of analysis period or minimum life of strategy, and 

(6) maximum and minimum asphaltic concrete (AC) or Port land cement 

concrete (PCC) thicknesses. 

Computer program RPRDS-l (Ref 4) contains a routine called STRTGY which 

generates possible overlay design strategies. All the constraints mentioned 

above can be considered either directly or indirectly by RPRDS-l. 

The program provides the user with cost information for an extensive 

list of alternative strategies which are characterized in terms of timing of 

overlay placement and overlay material type. The first two constraints, 
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available funds and policy constraints, can thus be considered indirectly 

since the long-term consequences of fund allocation and policy decisions can 

be evaluated. 

The third constraint, minimum allowable time to first overlay placement, 

can be considered indirectly since the user can specify certain levels of 

remaining life at which the first overlay may be placed. 

'!be fourth constraint is considered directly in the program, and the 

user can specify the minimum time between successive overlays. 

'!be fifth constraint is handled in a fairly unique way by the program. 

The user is allowed to specify some maximum period of heavy maintenance, 

which, in effect, permits consideration of those strategies that do not quite 

last the analysis period without some period of heavy maintenance. 

RPRDS-l (Re f 4) requires that the designer se lec t the spec ific 

thicknesses of AC and PCC overlay to be considered. The maximum allowable 

total overlay thickness must also be specified by the user. The sixth 

constraint is thus considered directly in the program. 

Development of Strategy Tables 

The capabilities of the program were exploited to develop a series of 

tables to present the user of the design manual with the likely relative cost 

of different basic design strategies under different conditions. Both JCP 

and CRCP's were considered in the analysis. A 3 x 3 x 4 factorial was 

designed for each pavement type. Traffic and subgrade modulus were 

considered at three levels, and four levels of present remaining life of the 

existing pavement were analyzed. The other variables were fixed at values 

typical for the State of Texas. '!be input data used in this analysis are 

presented in Appendix B. The levels of the variables, as well as the values 

of the variables fixed in the analysis, were defined after careful study of 

typical conditions in the State. Cost information was obtained by reviewing 

several bid packages from recent overlay contracts. In the specification of 

design constraints, practical aspects, such as minimum and maximum practical 

overlay thickness and the exclusion of bonded PCC-overlays at low remaining 

life values, were built into the analysis. 
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The following approximate information can be obtained from the set of 

tables incorporated in the design manual: 

(1) a set of feasible basic overlay strategies for different conditions 

of subgrade, traffic, and current distress (i. e., remaining life) 

of the existing pavement. 

(2) the relative total cost of each strategy, which allows the 

selection of candidate optimal strategies. The approxima te 

consequences of not selecting the optimal strategies, for example, 

postponing an overlay because of short-term budget constraints, are 

also evident from the cost ratios. 

(3) below each cost ratio the approximate contribution of user delay 

cost (expressed as a percentage of total cost). This allows the 

user to estimate delay cost from construction cost calculations. 

(4) general guidelines which can be developed. For example, at low 

traffic levels, it is generally more cost effective to delay 

overlay placement to the point where the existing pavement 

approaches zero percent remaining life. The opposite is generally 

true at high traffic levels. Concrete shoulders are generally 

economically feasible only at high traffic levels, particularly 

when poor subgrade conditions are encountered. 

Applicability of the Strategy Tables 

The tables can be used for the screening of candidate optimal strategies 

under a wide range of subbase and subgrade conditions. The results of the 

analysis are applicable to only a small range of existing PCC-slab 

thicknesses, these being 7 to 9 inch for CRCP and 9 to 11 inch for JCP. 

Other cost sensitive variables that were fixed in the analysis are the delay 

model variables and production rate. These variables became very important 

at high traffic levels. The general guidelines will, however, be the same. 

Cost differences of less than 10 percent are probably not significant in 

light of the many variables involved. The user of these tables should, thus, 

not look at only a single optimal strategy. 
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REPAIR STRATEGY 

Elastic layer theory assumes that the pavement layers are elastic, 

homogeneous, and isotropic. Unfortunate ly, real pavements, particular ly 

rigid pavements, are not that simple. They have joints, cracks, edges, 

corners, non-uniform support, distress manifestations and other similar types 

of discontinuities, which have a large effect on pavement response. Finite 

element adjustment factors were developed to account for the effects of some 

of these discontinuities on the response of both the existing slab and the 

overlay. Tables of recommended adjustment factors have been deve loped by 

Seeds et al and are presented in Ref 4. These tables provide a range of 

varues within which the factor must be selected by the user. Guidelines on 

how to select these factors as a function of existing pavement conditions are 

not well defined in the literature. The effects of "abnormal" conditions 

such as severe loss of support on pavement response, have been the subject of 

a number of special studies (Refs 2, 4, 5 and 6). Repair techniques to 

correct such abnormalities and the effect of the repair strategy on pavement 

response have been investigated. It is clear that the repair strategy will 

have a significant impact on the critical response of both the existing 

pavement and the overlay. It was, therefore, considered appropriate, in this 

chapter, as well as in the design manual, to consider the selection of 

adjustment factors as part of the discussion of repair strategy. 

Stresses at Cracks under ~ Interior Loading Condition 

Taute et al (Ref 2) used finite element theory to analyze the effects of 

changing crack spacing on the tensile stresses of a PCC-slab. A typical set 

of results is presented in Fig 4.1. The results indicated that when the 

surface deflection at the crack exceeds approximately 1.5 times the interior 

deflection of an uncracked pavement, the tensile stresses acting parallel to 

the crack may begin to exceed the tensile stresses in the uncracked pavement 

(Le., interior stresses). The condition is aggravated by a closer crack 

spacing, as indicated in Fig 4.1. A deflection ratio (interior 
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deflection/deflection at crack) of 1.5 is possible only where loss of load 

transfer at the crack is present. Uddin et al used the Slab 49 program (Ref 

9) to develop a diagnostic chart for load transfer evaluations. A crack in a 

rigid pavement was simulated by reducing the slab bending stiffness. This 

chart was incorporated in the design manual. The results of this analysis 

indicated that a deflection ratio of approximately 1.6 corresponds to serious 

loss of load transfer and warrants special attention. The results of these 

studies led to the recommendation in the design manual that the cracks which 

exhibit significant loss of load transfer be repaired prior to overlay 

placement. It is clear that higher stresses than those predic ted by the 

interior loading condition (midspan loading) may result when the deflection 

ratio approaches the value of 1.5. 

Stresses Under an Edge Loading Condition 

Taute et al (Ref 2) analyzed the stress-deflection relationship of the 

edge loading condition as a function of transverse crack spacing. A typical 

set of results is shown in Fig 4.2. The results indicate that, for a 9 inch 

transverse crack spac ing, the de flec tion at the edge should exceed 

approximate ly 1.6 times the uncracked edge deflections for the interior 

transverse stress to exceed the uncracked edge stress. This deflection ratio 

is possible only when serious loss of load transfer at the cracks occurs. 

Taute et al concluded that this condition is likely only when same degree of 

loss of subgrade (or subbase) support is present, i.e., voids underneath the 

slab should exist. These results do not have much practical value for field 

evaluation purposes since the edge deflection prior to cracking will not be 

known. The investigation of the effect of voids underneath the slab on 

stresses in the s lab seems to be the appropriate approach to follow for 

practical field evaluations. 

Influence of Loss of Subgrade (or Subbase) Support ~ Stresses 

The results of the study by Taute et al referred to above indicated that 

some loss of subgrade support is required for significant differential 

movements at the cracks in the slab to occur. These movements will, in time, 
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abrade the concrete at the cracks and reduce the load transfer. The reduced 

load transfer will result in higher deflection, at both cracks and pavement 

edges. The higher stresses that result will finally cause punchouts. Torres 

et a1 (Ref 6) investigated procedures for void detection and evaluated the 

grouting process to fill these voids. In the final evaluation of the 

grout ing operat ion, they assumed that the pe rcentage improvement in 

deflection due to the grouting operation is directly proportional to the 

resulting decrease in stresses. A procedure to evaluate the effectiveness of 

the grouting operation which can estimate the percent of void area filled was 

developed in that study. 

Selection of Critical Stress Factors 

A critical stress factor is necessary for adjusting the stresses 

calculated for the interior midspan condition for the influence of 

discontinuities on the critical response. Using finite element theory, Seeds 

et al (Ref 4) developed ranges of critical stress factors for various 

combinations of existing pavement-overlay-shoulder combinations. The results 

of this study have been incorporated in the design manual in the form of four 

tables: 

(1) a table for the selection of the critical stress factors of the 

existing pavement for different shoulder types, 

(2) a table for the selection of critical stress factors for various 

existing pavement-over lay-shoulder combinations When no significant 

evidence of loss of load transfer (at cracks) and voids are 

present, 

(3) a table for the selection of critical stress factors for various 

existing pavement-overlay combinations When loss of load transfer 

and voids are present and an attempt was made to fill the voids, 

and 

(4) a table presenting the critical stress factors for the conditions 

When the existing pavement was mechanically broken up. 
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The first table incorporated values recommended by Seeds et a1. In the 

second table the lower limits of the range of values recommended by Seeds et 

a1 were used. 'nle third table allows for interpolations in the range of 

values recommended by Seeds et a1 as a fraction of the percentage of the void 

filled by the grouting operation. In the last table, intermediate values for 

critical stress factors were used in the absence of better information. 

The des ign manua 1 provides a procedure for us ing de f lec tion and 

condition survey information to select an appropriate repair strategy. The 

effectiveness of the repair strategy is finally ref1ec ted in the form of the 

critical stress factor selected for use in the design model. It is clear 

that more research is neces sary to improve the guide lines for the se lection 

of the critical stress factor as a function of the condition of the existing 

pavement and the repair strategy used. 
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CHAPTER 5. DEVELOPMENT OF DESIGN CHARTS 

In order to determine the fatigue life of an overlay, it is necessary to 

predict the critical pavement response. The Texas Rigid Pavement Overlay 

Design System uses elastic layer theory to predict the response for the 

interior loading conditions. A critical stress factor, developed from finite 

element theory, is then used to adjust the interior response to the critical 

response. The critical response is then entered into an appropriate fatigue 

equation to obtain the fatigue li fe of the layer considered. In order to 

provide charts for the approximate hand solutions for the design of typical 

overlays, it was necessary to incorporate (1) the determination of interior 

response, (2) the critical stress factors, and (3) the appropriate fatigue 

equation into each design chart. 

INTERIOR RESPONSE 

A Layer Regression Submodel (REGRSP) form part of the computer program, 

RPRDSl, developed by Seeds et al (Ref 4). This submodel contains a set of 12 

regression equations for the calculation of interior pavement response. The 

development of these equations together with discussions of their prediction 

accuracy, is well documented by Seeds et al (Ref 4). They designed an 

experiment where the significant factors (the independent variables, such as 

E-moduli and layer thicknesses) which affect the response (dependent 

variable) predic ted by elastic layer theory could be varied to produce a 

factorial of elastic layer solutions. Less significant factors, such as 

Poisson's ratio, were fixed. A log (baselO) transformation of the response 

(dependent variable) was used and a stepwise regression performed to 

determine the equations. The accuracy of the equations is generally in the 

order of 95 percent. It was necessary to use four of these equations to 

construct charts capable of predicting the interior responses required to 

design typical overlays in Texas. These are 
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(1) the E2l regression model for predicting the tensile strain in AC 

overlays; 

(2) the S32 regression model for predicting the stress in the PCC slab 

of a 3-layer concrete pavement; 

(3) the 5B42 regression model for predicting the stress in the original 

PCC slab after an AC or PCC overlay have been constructed; and 

(4) the SU5lC regression model for predicting the stress in an unbonded 

PCC overlay of a 5-layer concrete pavement (original PCC slab 

cracked) • 

Significant information about the constraints on each of these equations and 

plots of the accuracy of each equation as well as the regression equations 

themselves are presented in AppendiK C. 

CONSTRUCTION OF DESIGN CHARTS 

The multi-factor regression equations selected for the construction of 

the design charts contains up to 20 terms. Basic nomographic theory was used 

to combine these terms in the charts. It was however not feasible to 

incorporate all the terms of the equations in the charts. The technique used 

to get around this problem was to do a sensitivity analysis to identify the 

significant terms of the equation. These terms are incorporated direct ly 

into the charts. The less significant terms are incorporated as average 

values in the first phase of each design chart. The other phases of each 

chart are then used to do corrections around the average values assumed in 

the first phase of each chart. Using this technique, up to four corrections 

could be applied to the less important terms, reducing the errors (caused by 

assuming average values for these terms) to less than the reading error of 

the charts. The regression equations developed by Seeds et al predict only 

the response to the interior loading condition. The last phase of each 

design chart, however incorporates the appropriate fatigue equations and the 

selection of a critical stress factor to enable the design engineer to use 

the charts to predict pavement life directly. The fatigue equations used in 

the charts are shown in Figs 5.1 and 5.2. 
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APPLICATION OF DESIGN CHARTS 

The four design charts presented in Section A12 can be used to determine 

the required thickness of the first over lay on an existing rigid pavement 

consisting of three layers (i.e., PCC slab, subbase, and subgrade). AC 

overlays and both bonded and unbonded PCC overlays can be designed. Since 

one of the charts Fig A12.3) in Section A12 of the design manual predict the 

stress and fatigue life of the original PCC slab. This chart can also be 

used to determine the original fatigue life of the existing PCC slab. The 

charts predict 100 percent fatigue life of the layer considered. When the 

remaining fatigue life of the layer is less than 100 percent, adjustments 

should be made according to the design philosophy adopted in computer program 

RPRDS-l (Ref 4). This design philosophy is summarized in Section A12 of the 

design manual and a flow diagram shows a step-by-step procedure for making 

the necessary adjustments. 

LIMITATION OF DESIGN CHARTS 

Geometric Limitations. The following limitations are presented: 

(1) Only 3-layer original pavement structures can be considered, and 

(2) the range of layer thicknesses and material properties incorporated 

in the charts are limited. 

ACCURACY 

The accuracy of the regression equations used to develop the charts, are 

in the order of 95 percent. Even though this error in the response value can 

result in fairly large differences in predicted fatigue life when compared to 

the lives calculated using elastic layer theory; it will general not have a 

significant affect on the overlay thickness predicted. The accuracy of the 

regression equations (and therefore also the design charts) is more than 

enough, however, for developing approximate hand solutions for overlay 

thickness design problems. 
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CHAPTER 6. SUMMARY, CONCLUS IONS, AND RECOMMENDATIONS 

This chapter presents a suumary of the findings of this study. The 

additions to the Texas Rigid Pavement Overlay Design Procedure, as well as 

the main features of the Design Manual presented in Appendix A of this 

report, are discussed. Finally, the principle conclusions of this study and 

recoumendations for further research are provided. 

SUMMARY 

A Rigid Pavement Overlay Design Manual has been compiled. This manual 

can be used to obtain approximate hand solutions to overlay design problems, 

as well as to prepare design inputs to more precise automated design models. 

The background and deve lopment of procedures incorporated in the manual are 

described in the main body of the report, and the design manual is presented 

in Append ix A. 

The design manual can be broadly classified into four phases. The first 

phase deals with the collection and reduction of design information. The 

second phase describes how to use design information to determine designer 

inputs. The design charts and design philosophy for overlay thickness design 

are described in the third phase. The last phase shows a simplified 

procedure to do a net present worth of cost analysis. 

example is provided. 

Finally, a design 

Significant additions to the Texas Rigid Pavement Overlay Design 

Procedure are presented in phases 2 and 3. These include 

(1) A nomograph for predicting remaining life from condition survey 

data. This estimate of remaining life is then compared with the 

remaining life of the fatigue model and teChniques on how to use 

this comparison to improve the inputs to the design procedure are 

provided. 
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(2) A set of tables for determining the optimal design strategies for 

different traffic and subgrade support conditions. These tables 

can also be used to get an indication of the consequences (in terms 

of relative costs) of not implementing the optimal strategy. 

Finally an estimate of user delay cost as a percentage of total 

cost is presented in the tables. 

(3) Four design charts for overlay thickness design. The charts can be 

used for predicting the pavement response and to determine the 

design life of typical overlay design strategies. 

CONCLUSIONS 

(1) The rigid pavement manual presented in this report is based on the 

Texas Rigid Pavement Overlay Design Procedure. The techniques and 

procedures outlined in the design manual can therefore also be used 

to define design inputs for the more precise automated design 

models incorporated in the Texas Rigid Pavement OVerlay Design 

System. 

(2) A set of tables has been developed for the selection of optimal 

design strategies. These tables were developed using computer 

program RPRDS-l with typical design inputs from Texas. The general 

guidelines which can be obtained from the tables, may however be 

usual for wider application since they have been developed for a 

wide range of traffic and subgrade support conditions. 

(3) The charts for the design of overlay thickness are accurate 

reflection of multi-factor regression equations (based on layer 

theory calculations of pavement response), combined with 

appropriate fatigue equations. Their accuracy however, is 

dependent on the accuracy of the regression equations and their 

application is limited to the design of the first overlay to 

typical 3-layer original pavement structures. 
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RECOMMENDATIONS 

(1) It is recommended that detailed research be conducted to develop a 

relationship between distress occurrence and traffic applications 

which considers the stress produced by loads. Such a study is 

needed to improve the estimation of remaining life and it's 

application in the material characterization procedure. 

(2) Improved procedures should be developed to consider a repair 

strategy in the design model, in particular the influence of a 

repair strategy on the critical stresses in the original PCC slab 

and the overlays. 
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SECTION Al: THE DESIGN PROCEDURE 

SCOPE 

The overlay design procedure presented in this maooal encompasses the 

design of both asphaltic concrete (AC) and portland cement concrete (PCC) 

overlays on existing rigid pavement structures. The manual presents a 

simplified procedure based on the comprehensive rigid pavement overlay design 

system developed as part of a cooperative research program between the State 

Department of Highways and Public Transportation (SDHPT) and the Center for 

Transportation Research (CTR) at the The University of Texas at Austin. The 

procedure is intended for approximate hand so lutions to overlay design 

projects. The design philosophy and the basic steps in the simplified 

procedure are identical to those of the comprehensive design system. 

Techniques and design tables presented in this maooal will thus be very 

useful in the preparation of design inputs for automated solutions. The 

segments of the procedure that can be automated are clearly delineated in the 

procedure and the appropriate references that are supplied. 

BASIS OF THE MANUAL 

A combination of elastic layer theory and finite element theory is used 

to predict the critical pavement response (i.e., tensile stress or strain) 

required in estimating the life of a given overlay. Elastic layer theory is 

first used to predict the pavement response for the interior condition (away 

from an edge, corner, or crack). Appropriate critical stress factors, based 

on finite element theory, are then used to derive the critical response from 

the interior response. 

thickness design: 

Two distress mechanisms are modelled for overlay 

(l) Fatigue cracking mechanism. The basic overlay thickness is 

obtained using the critical stress (PCC layer) or strain (AC layer) 

59 
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in an appropriate fatigue equation to determine a structurally 

balanced overlay thickness. 

(2) Reflection cracking mechanism. The thickness obtained in (1) is 

checked for ref lec t ion cracking. Two ref lec tion cracking 

mechanisms are considered, (a) horizontal movements of the 

underlying slab (as a result of temperature and moisture changes) 

and (b) traffic induced differential vertical movements across 

pavement discontinuities (i. e., cracks or joints) in the original 

pavement. 

Finally, in order for the designer to make a fair comparison between 

alternative design strategies, a present worth of cost analysis is used as a 

common basis for comparing alternative design strategies. 

STEPS IN THE DESIGN PROCEDURE 

Figure Al.l illustrates the basic steps 1n the design procedure and 

serves as an outline for the description of the procedure in the rest of the 

manual. Steps which can be fully or partially automated are also indicated 

in Fig Al.l. Table Al.l serves as a supporting table to Fig Al.l and 

summarizes the capabilities of the available computer programs. The next 

three sections (Section A2, A3 and A4) deal with the collection and reduction 

of design information. Sections AS to All describe how design information 

can be used to arrive at design inputs. The recommended procedures for 

overlay thickness design are presented in Section A12. Section Al3 deals 

with the cost analysis. Finally, a design example is presented in Section 

A14. 

SECTION A2: CONDITION SURVEY 

Condition survey information is not used directly in the design 

procedure. This information is, however, reflected indirectly in various 

important design inputs, such as the (a) delineation of design sections, (b) 



Lab. CCInd:i tion 
ItBintensnce 

IIld 
cms~tion 
reconIs I'I'Id 

BidS 

Pest 
EXper'ien:e Tests 8Jr¥eY. 

Infonlatlm 

Te.p. and 
ItolSbft 
Aalated 

tIIJIMrIl!nts 
(Ref. A 11) 

ttater'ial 
and 

cmstnctim 
tosts 

1M!r1BJ 
tlatl!!rials. 
PrqIerties 

IIld 
Ted'nicp!S 

(Sl!Ction A 9) 

S!lect Des.i91 (%i Hia 
(Sl!Ctlon A 5) 

Slalect Desi~ Sl!CtiCl'lS 
(section it 6) 

Deterwine structure IIld 
tlater:.ial, I'rq)erties of 

ExlStU'9 PlM!JEnt 
(Sl!CtUIl A 7) 

DeU!mine Aellaining Li Ie 
Of EXisting PlM!ftl!nt 

(Sl!Ction A 8) 

select C&1didate Srategies 
far ftl1hI!r EWluation 

(Sl!Ction A 10) 

~Iect AepDr strateqf 
Pnor to IM!rlay Pl8Dl!ftl!Ot 

(Sl!Ction A 11) 

medc OIIer,lay Desi~ 
far' Aef1ec:~:t1on tnIck1ng 

(Sl!Ctlon A 12) 
AII!f. A 1.1 

Fig AI.I. The Rigid Pavement Overlay Design Procedure. 

::'0 ::-: 
f « 

IT 
:::::G ' 
::::; " 
;;:::' I 

~\~ >: 
:::;: U ::::; 
::::: T ::::: 
<::s ;::: 

, ' , ..... 

lHlCJ.NESS 

61 



62 

TABLE Al.l. AVAILABLE COMPUTER PROGRAMS WHICH CAN BE USED IN 
THE DESIGN PROCEDURE 

Program 

PLOT 4 

TVAL 2 

MODE 

BASFIT 

ELSYM 5 

RPRDS-l 

RPOD 2 

ARCAN 2 

Description 

--------
Plots deflection profiles 

Test sections for statistically significant 
differences in terms of deflection 

Plots the frequency and cumulative distributions 
of a number of design parameters calculated from 
Dynaflect deflection measurements 

Interative version of elastic layer program for 
back-calculation of Young's moduli from 
deflection basin 

Elastic layer program calculating pavement 
response (deflection, stress or strain). Can 
also be used to fit theoretical deflection 
baS1n to measured deflection basin for 
back-calculation of Young's moduli 

Generates, analyses (using fatigue cracking 
mechanism) and compares numberous overlay 
design strategies on a cost basis 

Calculates the relationship between overlay 
thickness and fatigue life for a specific 
design strategy 

Determine the extent of reflection cracking 
of an AC overlay as a function of time and 
traffic 

Reference 

Al 

Al 

A2 

A3 

A4 

A5 

Al 

A6 
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estimation of the remaining life of the existing pavement, and (c) selection 

of design and maintenance and repair strategies. Condition survey procedures 

and forms are discussed in depth in reference A7 and AS. 

CONDITION SURVEY FORMS 

Because of the differences in distress manifestations charac teris tic to 

the two basic types of rigid pavements, slight ly different procedures and 

forms have been developed for CRe and JC pavements respectively. 

CRC Pavements 

The basic CRCP recording form is presented in Fig A2.1. The distress 

manifestations accommodated by the form together with a short description of 

each distress manifestation and a recommended recording procedure are 

summarized below. 

Minor and Severely Spalled Cracks. Spalling is defined as the widening 

of existing cracks by secondary cracking or breaking of the crack edges. The 

depth of a spall is generally less than one inch, but it can be very wide. 

Minor and severe ly spalled cracks are distinguished by the width of the 

spall. 

Minor spalling is defined as a condition of edge cracking in which the 

loss of material has resulted in a spall of roughly one-half inch in width. 

Severe spalling is defined as a condition in which the spall is wider than 

one-half inch. 

Separate counts are made of the total number of transverse cracks, and 

cracks showing signs of spalling. The condition of the whole crack is defined 

by the most severe condition of spalling along that crack. 

Punchouts. When close ly spaced transverse c racks are 1 inked by 

longitudinal cracks to form a block, the block is called a punchout. This 

must not be confused with longitudinal cracking, which is not recorded on the 

sheet. A minor punchout is defined as a condition where, although a block 

has formed, no sign of movement under the traf fic is apparent. The cracks 
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surrounding the punchout are narrow and few signs of spalting are apparent. 

A severe punchout is recorded when the block moves under traffic. The 

surrounding cracks will be fairly wide and signs of pumping around the edge 

of the block may be apparent. Punchouts are divided into two categories: 

those shor ter than 20 feet and those longer than 20 feet. The length of a 

punchout is determined by the length of the longitudinal crack forming a side 

of the punchout. Even if this longitudinal crack were to extend across 

several transverse cracks, only one punchout would be recorded. 

Repair Patches. Severe punchouts are repaired by patching the pavement. 

A repair patch is defined as a repair section of the pavement where the 

repair work has been carried out to the full depth of the concrete. 

Asphaltic concrete repair patches and portland cement concrete repair patches 

are distinguished from each other. The number and condition of the patches 

in the section should be recorded. 

Pumping. Water passes through cracks and openings in the pavement and 

penetrates the sublayers. When a load, such as a heavy vehicle passing over 

a crack, is applied, the water is pressed out of the crack, taking fine 

material of the sublayers with it. This is defined as pumping. Pumping may 

occur at transverse and longitudinal cracks and construction joints. Minor 

pumping has occurred when water pumped out, leaves streaks of fines on the 

pavement surface. Severe pumping indicates a severe loss of fines from 

sublayers and may also be associated with permanent vertical displacement of 

the pavement. Sections which exhibit pumping as well as the severity of the 

pumping must be recorded. 

JC and JRC Pavements ----
The basic JCP and JRCP recording form is presented in Fig A2.2. The 

distress manifestations accommodated by the form together with a short 

description of each manifestation and recommended record ing procedure are 

summarized below. 

Slab Associated Distress. These distress manifestations occur along the 

length of the slab and not in the vicinity of a joint. The first three 

distress manifestations relate only to jointed reinforced concrete pavements. 
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(a) Transverse cracks. Transverse cracks occur at intervals along the 

slab. Transverse cracks in the vicinity of a joint, which may have resulted 

from some joint defect, do not fall into this category. Transverse cracks 

occur as a result of temperature drop stresses, drying shrinkage, and traffic 

loading. 

(b) Spalled transverse cracks. Spalling is the widening of existing 

cracks by secondary cracking or breaking of the concrete at the edges. 

Spalling results from traffic loading and from stresses which occur because 

of material which enters the crack and resists thermal expansion. Both these 

situations result in high stresses in he upper edge of the concrete along the 

crack, and a spall results. 

The number of spalled cracks in the outer lane is recorded. If the 

spall is less than an inch in width and depth and only a few of these spalls 

occur along the length of a crack, the crack is not counted as spalled. For 

a crack to be counted as spalled, a significant amount of spalling must have 

occurred and a drop in the riding quality of the pavement must result. If 

the spall has been patched, the spalled crack should be counted, not the 

patch. 

(c) Faulted transverse cracks. Faulted transverse cracks occur as a 

result of a loss in subgrade support and traffic loading. The concrete in 

the immediate vicinity of the steel will break off and the final result will 

be the difference in the level of the slab on either side of the crack. This 

will result in a significant loss of riding quality. 

The number of faulted transverse cracks in the outer lane of the section 

in recorded. 

(d) Slab patches. The number of repair patches in both lanes of the 

roadway is recorded. Portland cement concrete and asphalt concrete patches 

are recorded separately. Neither the condition nor the size of the patch is 

recorded. 

(e) Edge pump1ng. Water passes through cracks 1n the pavement and 

penetrates the sub layers. When a load, such as a heavy vehic Ie passes over 

the crack, the water is forced out of the crack, taking fine material of the 

sublayers with it. This is defined as pumping. Pumping generally leaves a 
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stain on the shoulder of the road, and hence is easily noticed from inside 

the survey vehicle. 

The length of the edge crack causing this staining is estimated and 

divided by the length of the section (approximately 1,000 feet) to arrive at 

a percentage. Because it is difficult to estimate the length of the edge 

crack which is pumping, this result will be slightly subjective. 

Joint Associated Distress. This distress should be directly related to 

the joints in the pavement. 

(a) Spalled joints. Spalled joints occur in a manner similar to the 

occurrence of spa11ed cracks. The number of joints exhibiting spalls which 

are wider and deeper than one inch is recorded. The whole joint across both 

trafficked lanes should be examined for spal1s. 

CONDITION SURVEY PROCEDURE 

The condition of the existing pavement should be carefully documented at 

project 1 eve 1. The persons making the survey should preferably walk along 

the side of the road. A measuring tape can be used to determine the distance 

between distress manifestations. The uniformity of the section will 

determine the length of base elements and station limits, normally 100 feet 

long, form useful starting lengths. A sheet of opaque plastic can be used to 

sketch the nature and location of distress manifestations for accurate 

recording. This process is especially useful when special deflection studies 

are required (refer to Sections A3 and All) to supplement the deflection data 

with the accurate recording of distress manifestations. 

DATA REDllCTION 

In order to use the semi empirical relationships between the present 

condition and the remaining life of the existing pavement (as presented in 

Section A8), it is recommended that a distress index (Z-value) be used to 

combine distress manifestations to ascertain with a single number, the amount 
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of pavement deterioration. Two different equations are used for CRCP and JCP 

respectively (Ref A8). 

Z-value for CRCP ~cl 

= 1.0 - 0.065 FF - 0.015 MS - 0.009 SS 

where 

FF = number of failures per mile, i.e., sum of punchouts and 

patches 

MS 

SS 

= 

= 

percent minor spalling 

percent severe spalling 

where 

Z-value for JCP and JRCP (Z~ 

Zj = 1.0 - 0.005 CRK - 0.006 PS - 0.003 FLT 

CRK = 

PS = 

FF = 

number of cracks per mile 

percent spalled joints and cracks 

number of faulted joints and cracks per mile 

SECTION A3: COLLECTION AND REDUCTION OF DYNAFLECT DEFLECTION DATA 

DEFLECTION APPARATUS 

The Dynaflect is a popular non destructive testing equipment currently 

in use by different agencies in the USA. The Dynaflect is a trailer mounted 

unit which induces a steady state vibratory force on the surface of the 

pavement through two rubber coated wheels. The dynamic force generator 

employs two counter rotating eccentric masses producing a peak to peak 

dynamic load of 1,000 lbs at a fixed frequency of 8 HZ. Five equally spaced 

geophones are used to measure the deflection response of the pavement. The 
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arrangement of five geophones in the automated system of the Dynaflect 

provides half of the so called deflection basin (Fig A3.1). Reference A3 

provides a user manual for the Dynaflect testing of rigid pavements. 

APPLICATION OF DEFLECTION DATA 

In the context of rehabilitation design, the purpose of deflection 

measurements can be anyone or a combination of the following: 

Selection of Design Sections 

The Dynaflect sensorS deflection (WS) and deflection slope (Wl-WS) are 

used to select contiguous design sections (refer to Section A6). 

Material Characterization 

The deflection data are used for determining a design deflection value 

for each design section. Additionally the deflection basins can be used to 

back calculate in situ Young's moduli of the pavement layers (refer to 

Section A7). 

Void Detection and Effectiveness of Grouting 

The Dynaflect deflection data are used to detect the pavement areas 

having voids under the concrete slab. The deflec tion measurements taken 

after grouting work can also provide an estimate of the effectiveness of the 

under sealing work (Section All). 

Load Transfer 

Deflection data are used to evaluate the structural condition of a 

discontinuity to estimate the loss of load transfer across the transverse 

discontinuities on rigid pavements (Section All). 
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Basi n Slope. SLOP = wI - Ws 
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}.'.I~ A3.1. Typical Dynaflect deflection basin. 
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PLANNING OF DEFLECTION MEASUREMENTS 

When deflection measurements are planned, aspects such as the required 

number of tests, test location, time of testing and the recording and 

reduction of data should be considered. These aspects are a function of the 

purpose of the measurement. Figure A3.2 presents an outline of this process. 

Selection of Design Sections and Material Characterization 

Deflection Parameters Required. The Ws deflection and deflection slope 

W1-Ws are the deflection parameters used for the selection of design sections 

and for material characterization. 

Location of Deflection Tests. The recommended location is 6 feet from 

the pavement edge in the outside lane (midspan position) as illustrated in 

Fig A3.3. 

Required Number of Deflection Tests. In order to determine the required 

number of deflection tests, the length of the design section must be known. 

An initial length of 1,000 feet can, however, be used to obtain an estimate 

of this number. The procedure described below can be used to check of the 

number of tests used were sufficient for the selected allowable error and 

con fidence leve 1. 

Use the fo llowing equation to compute the size of the population of 

deflection measurements, N. 

where 

L 

S 

N 

= 
= 

L 

S 

pavement section length, feet 

average spacing between successive discontinuities in the 

longitudinal direction, feet. 
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A minimum section length of 1,000 feet is recommended. S can be 

obtained from condition survey data corresponding to average crack spacing 

for CRCP, and Average joint spacing for JRCP or JCP. 

Compute a the estimator of the standard deviation of the population of 

required deflection parameter by means of Eq A3.2 (Ref A3). 

a = 

where 

= 

= 

x = 

x = 

n 
L: 

-2 
- x) 

(A3.2) 

value of the sample's ith sensor 1 deflection, mils 

sample size 

sample mean 

1 
n 

n 
L: 

i=l 
x. 
~ 

Select an allowable error, e, expressed as a function of sensor 1 mean 

deflection. E can be re lated to var iation in s lab thickness if the 

guidelines provided in Table A3.1 are followed. 

Obtain Z from Table A3.2 according to the desired confidence level. A 
a 

confidence level of 90 or 95 percent is commonly selected. 

Determine the required number of Dynaflect deflections using Eq A3.3 

(Ref A3). 

1 
n = 2 

1 r e + 
(A.3.3) 

2 2 N 
Z a a 

Time of Testing. Commence deflection measurements two hours after 

sunrise and stop 1-1/2 to 2 hours before sunset. No temperature correction 

is req uired. 
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TABLE A3.1 RELATIONSHIP BETWEEN ALLOWABLE ERROR, e 
AND VARIATION IN SLAB THICKNESS (REF A3) 

e, mils Variation in slab 
thickness, in 

0.025 x 0.25 

0.050 x 0.50 

0.100 x 1.00 



TABLE A3.2 VALUES OF Z FOR VARIOUS CONFIDENCE LEVELS (REF A3) 
a 

Confidence level, a, % Z 
a 

80.0 0.842 

85.0 1.036 

90.0 1.282 

95.0 1.645 

97.5 1.960 

99.0 2.326 

77 
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Collection of Data. The following are recommended: 

(1) Preparation of data sheets: Deflection measurements made at 

different test locations are to be distinguished by the inclusion of a 

standard abbreviation in the first three columns of the standard deflection 

data sheet (Fig A3.4) as suggested by Taute et al (Ref A2). 

MID - midspan deflection 

CRK - deflection at a crack 

JNT - joint deflection 

EDG - deflection near pavement edge. 

The purpose of deflection measurement should also be included in the remarks 

columns. The suggested abbreviations are: 

Me - material characterization 

DV - detection of voids 

US - effectiveness of grouting 

LT - load transfer 

RM - replicate measurement. 

It is also important to note down the time in the appropriate columns at 

every instance of deflection measurement. 

(2) A sketch showing the Dynaflect position on the pavement should 

accompany the recorded deflection data sheets. Figures A3.3, A3.S and A3.6 

can be used for this purpose. 

Reduction of Data. The computer program PLOT4 (Ref AI) and MODE (Ref 

AI) can be used to reduce data. The profile of deflection parameters and 

deflection statistics can also be determined by hand. 

Void Detecting and Effectiveness of Grouting 

Deflection Parameters Required. Dynaflect sensor I (WI) deflection are 

required for this purpose. 
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Location of Deflection Tests. Measurements at I feet and 6 feet from 

the pavement edge are required for void detection. For effectiveness of 

grouting evaluation, measurements at I ft from pavement edge are required. 

The test locations are illustrated in Fig A3.5. 

Required Number of Tests. Engineering judgement is required. Condition 

survey information be used for this purpose. 

Temperature Correction. Temperature corrections are required for 

measurements taken I foot from the pavement edge. The temperature correction 

procedure is described in Reference A3. 

Collection of Data. Recommendations as given for selection of designer 

sections to be followed. 

Reduction of Data. Plot deflection profiles as described in Section 

All. 

Load Transfer Evaluation 

Deflection Parameters Required. Sensor I (WI) measurements are required 

for this purpose. 

Location of Tests. Measurements at 6 feet from the pavement edge in 

both the midspan position (dO and at transverse cracks or joints (dc) are 

required as illustrated in Fig A3.6. 

Required Number of Tests. Engineering judgement required. Condition 

survey information can be used for this purpose. 

Temperature Correction. Temperature corrections are required for 

measurements taken I foot from pavement edge. The temperature correction 

procedure is described in Ref A3. 

Collection of Data. Recommendations as given for selection of design 

sections to be followed. 

Reduction of Data. 

pair of measurements. 

The deflection ratio (DR = de ) is required for each 
di 
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SECTION A4: COLLECTION AND REDUCTION OF TRAFFIC DATA 

HOW TO OBTAIN TRAFFIC DATA 

Standard request forms are available from the Planning Survey Divis ion 

D-IO to obtain estimates of traffic volumes and traffic growth rates. Two 

traffic classifications are used: 

(a) Total traffic (T) in equivalent passenger car units as used ~n 

geometric design. In the context of overlay design, total traffic is used 

(a) to estimate the user delay costs associated with a particular overlay 

design strategy, and (b) to do lane capacity checks. 

(b) Equivalent traffic (E) in 18-k ESAL. The equivalent traffic is used 

directly in the structural design of overlays. 

REDUCTION OF TRAFFIC DATA 

Directional and Lane Distribution of Traffic 

In order to obtain the traffic in the design lane, traffic data must 

always be divided between the directions of travel. A 0.5 directional 

distribution factor (D) does not always apply as demonstrated by actual 

traffic counts shown in Table A4.1. 

For multi-lane roadways, the traffic will be distr ibuted among the 

lanes. Note that the distribution of total traffic and equivalent traffic 

will not necessarily be the same. The distribution will also change along 

the length of a road, depending on geometric factors, climbing lanes or 

interchange ramps. Suggested design factors for total traffic (Lt ) and 

equivalent traffic (Le) are given in Table A4.2. As far as possible, these 

factors should incorporate the change of lane distribution over the geometric 

life of a facility. The factors should be regarded as maxima and decreases 

may be justified. 
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TABLE A4.1 ESTIMATED DIRECTIONAL DISTRIBUTION 
FACTORS (D) FOR CRCP IN TEXAS (REF.A9 

Highway District % Failures % Traffic 
Section 

EB we EB we 
or or or or 
NB SB NB SB 

IH 10 20 32 69 41 59 

24 34 66 42 68 

IH 20 10 57 43 53 47 

IH 30 1 49 51 49 51 

19 58 42 54 46 

IH 35 9 37 63 43 57 

IH 45 17 22 78 36 64 

TABLE A4.2 DESIGN FACTORS FOR DISTRIBUTION OF TOTAL TRAFFIC AND 
EQUIVALENT TRAFFIC AMONGST LANES AND SHOULDERS 

Total number of Design distribution factor, Lt or Le 
traffic lanes 

Surfaced Lane 1)f 
slow 
shoulder 

(a) Equivalent traffic (E) Factor L 

2 1.00 1.00 
4 0.95 

0.95 l 6 0.70 0.70 

(b) Traffic (total axles or e.p.u) 

2 1.00 1.00 
4 0.70 0.70 
6 0.30 0.30 

)fLane 1 is the outer or slow lane 

)f)fFor dual-carriageway roads 

Lane 2 

e 
-
0.30 
0.60 

Factor 

-
0.50 
0.50 

¢e.p.u = equivalent passenger car unit; 
one commercial vehicle = 3 e.p.u. 

Lane 3 Surfaced 
fast 
shoulder 

- -- 0.30 
0.25 0.25 

Lt 
- -
- 0.50 
0.40 0.40 

)f)f 
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Projection and Accumulation of Traffic Data 

Depending on the design strategy to be evaluated, the traffic in the 

design lane must be projected to other points in time and accumulated over 

different time periods. It is therefore necessary to obtain an average daily 

traffic count at some point in time. Using Table A4.3 (traffic growth 

factors gx) and Table A4.4 (cumulative growth factors fy) the projection and 

accumulation of traffic data becomes very easy. 

Given the average daily traffic at the time of a traffic count, Table 

A4.3 can be used to project the average daily traffic at any other point in 

time (in the future or in the past). Multiplying by gx will project the 

traffic count to a traffic count at a point in time in the future, while 

dividing by gx will shift the traffic could to a point in the past. Table 

A4.3 is based on the formula: 

where 

= 
= 

(1 + 0.01 x OX 

growth fac tor 

growth rate 

(A4.l) 

x ... time (in years) between determination of traffic count and point 

in time where the traffic estimate is needed. 

Table A4.4 is used to accumulate traffic over a period of tilne. The 

average daily traffic at any point in time can be accumulated over a time 

period (y) in years by multiplying the average daily traffic at the beginning 

of period y by the cumulative growth factor fy • The cumulative growth 

factor fy given in Table A4.4 is based on the formula: 

... 365 (1 + O.Oli) [ (1 + O.Oli)y - 1 ] /0 .Oli (A4.2) 
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TABLE A4.3 TRAFFIC GROWTH FACTOR (g) FOR CALCULATION OF FUTURE OR 
INITIAL TRAFFIC FROM PRESENT TRAFFIC 

TIME BETWEEN X 
~ FOR TRAFFIC INCREASE, i (% p.a.) 

DETERMINATION 
OF AXLE LOAD 
DATA AND 
OPENING OF 
ROAD, x (yrs) 2 3 4 5 6 7 8 9 

1 1.02 1.03 1.04 1.05 1.06 1.07 1.08 1.09 
2 1.04 1.06 1.08 1.10 1.12 4.14 1.17 1.19 
3 1.06 1.09 1.12 1.16 1.19 1.23 1.26 1.30 
4 1.08 1.13 1.17 1.22 1.26 1.31 1.36 1.41 
5 1.10 1.16 1.22 1.28 1.34 1.40 1.47 1.54 

6 1.13 1.19 1.27 1.34 1.42 1.50 1.59 1.68 
7 1.15 1.23 1.32 1.41 1.50 1.61 1. 71 1.83 
8 1.17 1.27 1.37 1.48 1.59 1.72 1.85 1.99 

I 9 1.20 1.30 1.42 1.55 1.69 1.84 2.00 2.17 I 10 1.22 1.34 1.48 1.63 1. 79 1.97 2.16 2.37 

11 1.24 1.38 1.54 1.71 1.90 2.10 2.33 I 2.58 
12 1.27 1.43 1.60 1.80 2.01 2.25 1 

2.81 2.52 I 

13 1.29 1.47 1.67 1.89 2.13 2.41 2.72 ! 3.07 
14 1.32 1.51 1.73 1.98 2.26 2.58 I 2.94 i 3.34 

I 

15 1.35 1.56 1.80 2.08 2.40 2.76 3.17 I 3.64 I 
16 1.37 1.60 1.87 2.18 2.54 2.95 3.34 3.97 I 
17 1.40 1.65 1.95 2.29 2.69 ,3.16 3.70 4.33 
18 1.43 1.70 2.03 2.41 2.85 3.38 4.00 4.72 
19 1.46 1. 75 2.11 2.53 3.03 3.62 4.32 5.14 
20 1.49 1.81 2.19 2.65 3.21 3.87 4.66 5.60 

21 1.52 1.86 2.28 2.79 3.40 4.14 5.03 6.11 
22 1.55 1.92 2.37 2.93 3.60 4.43 5.44 6.66 
23 1.58 1.97 2.46 3.07 3.82 4.74 5.87 7.26 
24 1.61 2.03 2.56 3.23 4.05 5.07 6.34 7.91 
25 1.64 2.09 2.67 3.39 4.29 5.43 6.85 8.62 

26 1.67 2.16 2.77 3.56 4.55 5.81 7.40 9.40 
27 1. 71 2.22 2.88 3.73 4.82 6.21 7.99 10.25 
28 1. 74 2.29 3.00 3.92 5.11 6.65 8.63 11.17 
29 1. 78 2.36 3.12 4.12 5.42 7.11 9.32 12.17 
30 1.81 2.43 3.24 4.32 5.74 7.61 10.06 13.27 

10 

1.10 
1.21 
1.33 
1.46 
1.61 

1.77 
1.95 
2.14 
2.36 
2.59 

2.85 
3.14 
3.45 
3.80 
4.18 

4.59 
5.05 
5.56 I 6.12 
6.73 

7.40 
8.14 
8.95 
9.85 

10.83 

11.92 
13.11 
14.42 
15.86 
17.45 
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TABLE A4.4 TRAFFIC GROWTH FACTOR (f) FOR CALCULATION OF CUMULATIVE TRAFFIC OVER PREDICTION PERIOD 
FROM INITIAL (DAILY) TRAFFIC 

PREDICTION COMPOUND GROWTH RATE, i (% p.a.) 
PERIOD, y 
(YRS) 1 2 3 4 5 6 7 8 9 10 11 

4 1 500 1 530 1 570 1 610 1 650 1 690 1 730 1 780 1 820 1 860 1 910 
5 1 880 1 940 2 000 2 060 2 120 2 180 2 250 2 310 2 380 2 380 2 520 
6 2 270 2 350 2 430 2 520 2 610 2 700 2 790 2 890 2 990 3 100 3 210 
7 2 660 2 770 2 880 3 000 3 120 3 250 3 380 3 520 3 660 3 810 3 960 
8 3 050 3 200 3 340 3 500 3 660 3 830 4 010 4 190 4 390 4 590 4 800 

9 3 450 3 630 3 820 4 020 4 230 4 450 4 680 4 920 5 180 5 450 5 740 
10 3 860 4 080 4 310 4 560 4 820 5 100 5 400 5 710 6 040 6 400 6 770 
11 4 260 4 530 4 820 5 120 5 440 5 790 b 160 6 560 6 990 7 440 7 930 
12 4 680 4 990 5 340 5 700 6 100 6 530 6 990 7 480 8 010 8 590 9 200 
13 5 090 5 470 5 870 6 310 6 790 7 310 7 870 8 470 9 130 9 850 10 600 

14 5 510 5 950 I 6 420 6 940 7 510 8 130 8 810 9 550 10 400 11 200 12 200 
15 5 930 6 440 6 990 7 600 8 270 9 010 9 810 10 700 11 700 12 800 13 900 
16 6 360 6 940 7 580 8 280 9 070 9 930 10 900 12 000 13 100 14 400 15 900 
17 6 790 7 450 8 180 9 000 9 900 10 900 12 000 13 300 14 700 16 300 18 000 
18 7 230 7 970 8 800 9 730 10 800 12 000 13 300 14 800 16 400 18 300 20 400 

19 7 670 8 500 9 440 10 500 11 700 13 100 14 600 16 300 18 300 20 500 23 100 
20 8 120 9 050 10 100 11 300 12 700 14 200 16 000 18 000 20 400 23 000 26 000 
25 10 400 11 900 13 700 15 800 18 300 21 200 24 700 28 800 33 700 39 500 46 400 
30 12 800 15 100 17 900 21 300 25 500 30 600 36 900 44 700 54 200 66 000 80 600 
35 15 400 18 600 22 700 28 000 34 600 43 100 54 000 67 900 85 800 109 000 138 000 
40 18 000 22 500 28 300 36 100 46 300 59 900 78 000 102 000 134 000 178 000 236 000 

Based on f = 365. (1 + O. a 1 . i). [( 1 + O. a 1 . i) Y - 1] / (0. a 1 • i) 

12 

1 950 
2 600 
3 320 
4 120 
5 030 

6 040 
7 170 
8 440 
9 870 

11 500 

13 200 
15 200 
17 500 
20 000 
22 800 

25 900 
29 500 
54 500 
98 700 

176 000 
314 000 

00 
-.J 
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where 

f = cumulative growth factor 
y 

1. = year ly growth ra te 

y = accumulation period in years. 

Example to Demonstrate the Use of Tables A4.) and A4.4 

Given: The present average daily equivalent traffic (E) in the design 

lane = 1,000 18k - ESAL. The equivalent traffic growtb rate = 3 percent. A 

road is to be overlaid 2 years from now and the overlay is to be designed for 

20 years. 

Required: Determine the cumulative design equivalent traffic N18 

= 

LANE CAPACITY CHECKS 

1000(g2)(f20 ) ••• g2 and f 20 from Table A4.) and A4.4 

respective ly 

= 1000(1.06)(10100) 

= 10,706,000 18-K ESAL 

In order to check the geometric capacity of the road, the total daily 

traffic towards the end of the structural design period could be calculated 

using the formula: 

N = (initial total daily traffic) (A4.) ) 

with gx as previously defined (Table A4.3). 

When projecting traffic over the structural design period, the designer 

should take into account the possibility of capacity conditions being 

reached, resulting in no further growth in traffic for that particular lane. 
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SECTION A5: BASIC DESIGN CRITERIA 

Design criteria set the framework, in the form of constraints, within 

which the rehabilitation must be designed. These include: 

Physical ~ Geometric Constraints 

These include width and height constraints such as bridge openings, as 

well as capacity constraints. 

Time Constraints 

Construction time limitations, times between overlays and the analysis 

period fall under this heading. 

Budget Constraints 

The budget constraints can for example have significant influence on the 

number of viable design strategies. 

Traffic Constraints 

Traffic variables are important design criteria and apart from being 

direct design inputs, they must also be considered in the planning and 

scheduling of the construction work. 

Material and Construction Constraints 

Traffic variables are important design criteria and apart from being 

direct design inputs, they must also be considered in the planning of the 

construction process. 

Material and Construction Constraints 

The materials economically available as well as the available 

construction experience can potentially limit the 

alternative design strategies. 

number 0 f viab le 
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It is important for the designer to take timely note of these 

constraints to avoid embarrassment and additional work. When a constraint is 

unrealistic, it is the responsibility of the designer to go back to the 

client and explain the situation. 

SECTION A6: SELECTION OF DESIGN SECTIONS 

DESIGN SECTIONS 

A highway can be divided into different design sections, on the basis 

of e differences in deflection test data. Each design section then becomes a 

separate design problem. 

SOURCES OF INFORMATION 

Two basic sources of information are generally used for the selection of 

design sections. These are: 

(1) surface deflections, and 

(2) condition survey information. 

STEPS TO FOLLOW 

Figure A6.l presents a flow diagram of the steps involved in the 

selection of design sections. Two deflection parameters are recommended for 

use. These are the midspan Dynaflect sensors (Ws) deflection and the 

deflection slope (W1 - Ws) i.e., the Dynaflect sensor 1 deflection minus the 

sensor 5 deflection. The following steps are recommended: 
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Step ~ Deflection Profiles 

The deflection parameters (Ws and WI - Ws) are plotted in the form of 

profiles throughout the length of the roadway as shown in Fig A6.2. The 

plots can be made manually or by using the computer program PLOT2 (Ref AI). 

Step 2: Preliminary Design Sections 

The deflection profiles are divided into areas which have similar 

deflection parameters based on stratified variation in deflection data. The 

sensor S deflection is used to select sections with different subgrade 

stiffness and the basin slopes are used to select sections with different 

effective surface stiffness. Sections are selected subjectively, based on a 

plotted profile of these deflection parameters, as indicated in Fig A6.2. In 

order to keep the number of sections to a minimum, limits of section selected 

from the two deflection parameters should be made to coincide whenever 

possible. Areas which have significantly different cross-sections should be 

assigned different sections of deflection profile. 

Step 3: Statistical Hypothesis Testing 

Adjacent design sections which have the same cross-section should be 

tested to determine whether they are significantly different or whether they 

are frolu the same popUlation. The tests should be done for each set of 

preliminary design sections (as determined from the Ws and WI - Ws deflection 

profile) separately. The student t-test for equal means is recommended for 

this purpose. The student t-test, however, assumes that the sections being 

tested have similar variances. If this is not true or if there is some 

concern about this in this regard, a statistical test designed for testing 

differences between sample variances should be used. 

Ste p 4: ~ Sample Si ze 

Sufficient deflection measurements must be available to allow the 

designer to make fairly accurate inferences about the section's overall 
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behavior from the sample of deflections. The procedure to check sample size 

is outlined in Section A3. 

Step S: Final Selection of Design Sections 

Finally, contiguous design sections are selected through the combination 

of relevant condition survey data and the preliminary sections selected from 

the Ws and Wl - Ws deflection data. Implementation of the Texas Rigid 

Pavement Design Procedure has indicated that the minimum section length 

should be approximately 1,000 feet to ensure a practical construction unit 

length. 

SECTION A7: STRUCTURE AND MATERIAL PROPERTIES OF EXIStING PAVEMENT 

INFORMATION REQUIRED 

The following inputs are required for rehabilitation design: 

(1) layer thicknesses and material type; and 

(2) elastic properties (E-values) of each layer in the structure. 

Layer Thicknesses and Material ~ 

The layer thicknesses and basic material types can be obtained from 

construction records and should preferably be available at the start of the 

project analysis. This information can be verified by direct inspection and 

measurement, if materials samples are taken from the section for laboratory 

testing. 

Elastic Properties fE-values) of the Existing Pavement Layers 

Three sources of information are available to estimate the E-values of 

the existing pavement. These are: 



(1) laboratory test data of samples taken from the design section, 

(2) typical E-values of materials in the region, and 

(3) deflection data from Section A3. 
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Both graphical and computerized methods are available. The graphical 

methods are based on a three-layer structure and described below. For more 

complex structures as well as for more accurate estimates of layer moduli for 

3-1ayer structures, the computerized methods are recommended and reference A3 

may be consulted. Figure A7.l shows how these sources of data can be 

combined manually to arrive at a set of E-values to use in the overlay 

analysis. Not all three sources may be available and the design engineer may 

have to rely on the available sources for his estimates. 

Laboratory Tests. Table A7.1 summarizes standard laboratory tests which 

are recommended to obtain the E-values of the different material types in the 

structure. 

Typical E-values of Similar Materials in the Region. Another very 

useful source of information is the E-values obtained from previous analyses 

in the region. It is recommended that such a table be developed in each 

region. Table A7.2 summarizes typical E-values of materials generally used 

for road construction in Texas. 

E-value Estimates from Deflection Data. Two deflection statistics are 

recommended for use in estimating the E-values of the layers in the existing 

pavement structure. These are: 

(1) Dynaflect sensor 5 deflection (WS), and 

(2) Dynaflect deflection slope (W 1 - W5). The whole deflection profile 

should be used for more accurate analysis when elastic layer 

programs are used. 

The following procedure is recommended: 

(1) Estimation of Subgrade Modulus 1!31. The steps to be followed, 

are: 
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TABLE A7.1 STANDARD LABORATORY TESTS TO DETERMINE MATERIAL PROPERTIES 
REQUIRED FOR OVERLAY DESIGN 

MATERIAL TYPE 

Material PCC Slab Subbase Subgrade 
property 

Stabilized Unstabilized 

E-value Dynamic indirect Dynamic indirect Resilient modulus Resilient modulus ' 
tensile test tensile test test 
Ref. (A 10) Ref. (A 10) Ref. (A 10) 

Flexural Static indirect -
strength tensile test.H 

Ref. (AlO) 

.HAdjust indirect tensile strength to flexural strength 
Strength using Figure A7.2 

-

test 
Ref. (A 10) 

-

I 

\0 
Ol 



. 

LAYER 

pee SLAB 

SUBBASE 

SUBGRADE 

TABLE A7.2 TYPICAL E-VALUES OF PAVEMENT MATERIALS 

CONDITION 

MATERIAL 
Uncracked Cracked 

E-value (PSI) Flex strength E-value (PSI) Flex strength 

Coarse aggregate type: 

- River gravel 6 6 5xlO -7x10 550-850 800 000 

- Lime stone 6 6 3.5xl0 -5xl0 400-550 400 000 

Stabilized Unstabilized 

E-value (PSI) E-value (PSI) 

Granular 0.5xl05-20xl05 3 4 30x10 -60x10 

Resilient modulus (Mr) PSIH 

Cohesive clay type 3 3 
3 x 10 - 4 x 10 

Fine grained sandy soil 3 3 20 x 10 - 30 x 10 

Lime treated subgrade 4 4 5 x 10 - 30 x 10 
layer 

--- ---

HAdjustments for stress sensitivity necessary (Figure A7.5) 

\0 
\0 
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(a) Select the design Ws deflection from deflection data of 

section. The 90th percentile value of the midspan sensor 5 

deflections is recommended for use as design WS' 

(b) Obtain the subgrade modulus E3 from Fig A7.3 using the design 

W5 deflection as an input. 

(c) Adjust the E3 value obtained in (b) to account for the 

presence of a rigid layer at shallow depth below the sub grade 

using Fig A7.4 and stress sensitivity using Fig A7.S. If 

laboratory data is available, Fig A7.5 can be adjusted for 

more accurate estimates. Aga in e last ic layer compu ter 

programs can be used for more accurate modelling of a rigid 

layer. 

(d) Compare the E3 value obtained in (c) with sub grade moduli of 

similar materials in the region (Table A7.2) and laboratory 

data if available and adjust if necessary. Adjustments of 

this kind may for example be justified to account for seasonal 

variations in subgrade moduli. 

(2) Estimation of PCC slab Modulus (Ell and Subbase Modulus (E21. The 

steps to be followed, are: 

(a) Select the modal sensor S deflection WSm from deflection data 

of the design section. The modal deflection is the deflection 

that occurs most frequently in the section. 

(b) Use Fig A7.3 to obtain the modal E3 value (E 3m). 

(c) Select the design deflection slope (W l - Ws) from the 

deflection data of the section. The modal value of the 

midspan deflection is recommended for use. 

(d) Obtain a first estimate of the slab modulus (E l ) from slab 

moduli of similar materia Is in the region (Table A7.2) and 

laboratory data when available. 

(e) Use the E3m' slope (W l - WS), and the E1 estimate obtained in 

(b), (d, and (d) and the nomograph in Fig A7.6 to obtain a 

first estimate of the subbase modulus (E2 ). 
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Fig A7.3. Dynaflect sensor 5 - subgrade modulus relationship for different 
rigid pavement thickness (Ref A2). 
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E3RF = Subgrade Modu Ius Predicted From Oef lection 
Measurements When a Rig id Foundation 
Exists at 03 

E3 = Subgrade Modulus for an Infinitely Thick 
Subgrade 

The Line Re presents the Equation: 

E3RF =.0012 x 10 -QOOI66 03 x 10 1.330 Log 03 
E3 

E I = 4,500,000 E, (psi 

E2= 300,000 E2 (psi) 

E3 = Varies E3 (psi) 

50 100 150 200 250 

03 = Thickness of Subgrade Layer, inches 

8t1 

6" 

03 

Ihe reduction in subgrade modulus predicted using deflection 
measurements when the subgrade is supported by a rigid 
foundation at depth D3 (Ref 1\2) . 
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Relationship between resilient modulus and stress 
for typ1cal clay and granular so11s (Ref A1). 
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(f) Compare the E2 value with subbase moduli of similar materials 

in the region (Table A1.2) and laboratory data when available. 

If not satisfied, repeat steps (d) through (f). 

PCC FLEXURAL STRENGTH 

Two basic sources of information can be consulted to obtain the PCC 

flexural strength. These are laboratory test data on samples taken from the 

existing PCC slab and flexural strength values of similar materials in the 

region (refer to Tables A1.1 and A1.2). The third point flexural strength is 

used in the design procedure. When 1 or 28 day PCC strength data are used to 

estimate the flexural strength, these values must be adjusted to 90 day 

flexura 1 strengths. 

Since it is not always feasible to obtain beam samples from the existing 

PCC slab, 4 inch cores are normally tested and the midspan relationship 

between indirect tensile strength and flexural strength shown in Fig A1.2 may 

be used to predict the flexural strength. 

PRODUCT OF mIS SECTION 

This section should provide the following information: 

(1) Thicknesses for each layer. 

(2) E-values for each layer. 

(3) Concrete flexural strength. 

SECTION A8: ESTIMATION OF REMAINING LIFE AND FINAL CALIBRATION OF EXISTING 

PAVEMENT PROPERTIES FOR USE IN MECHANISTIC MODEL 

The estimation of the remaining life of the existing pavement is complex 

but very important, and a lot of engineering judgement is needed in defining 

this value. The mechanistic design model used in this manual, defines the 



106 

remaining life of an existing pavement as remaining fatigue life using the 

following equations: 

where 

RL 

n18 
N18 

n 
RL = (1 - 18)x 100 

N18 
(A8.1) 

= 
= 

= 

percent remaining life 

accumulated past traffic in 18k ESALS 

original (or design) fatigue life of existing pavement in 18k 

ESALS. 

The most important information available for the estimation of remaining 

is the present condition of the pavement. It is thus clear that the 

mechanistic fatigue model and the structural performance history of the 

pavement must be merged in this section. lbe specific objectives of this 

section, thus, are twofold: 

(1) To estimate the remaining life of the existing pavement. 

(2) To "calibrate" the mechanistic fatigue model by adjusting the 

inputs of the model (i.e., the properties of the existing pavement) 

to make the predictions of the mechanistic model compatible with 

the performance history of the pavement. 

RECOMMENDED PROCEDURE 

Two estimates of remaining life are made: 

(1) RLI based on the present condition of the pavement, pavement age 

and accumulated past equivalent 18k ESAL. 

(2) RL2 based on the mechanistic fatigue model using the material 

properties obtained in Section A6 as inputs. 
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The two estimates are then compared and adjustments made to converge to 

representative values. Though this is an approximate method but should avoid 

major discrepancies between predictions of the mechanistic model and actual 

structural performance of the pavement. Figure AB.l shows the steps involved 

in this procedure. 

Remaining Life 1 (RLll 

Steps to be followed are: 

(1) Ca lculate distress index (Z value) of the existing pavement using 

condition survey data (Section A2). 

(2) Obtain the age of the existing pavement in years from past records. 

(3) Calculate the accumulated past traffic of the design lane (nlB) in 

lBk ESALs (Section A4). 

(4) Enter the nomograph (Fig AB.2) with the information on the z-value 

and past traffic to obtain RL l • '!be estimate obtained from the 

nomograph may be refined through interpolation and engineering 

judgement based on local experience of the relationship between 

present condition and expected future structural performance of 

existing pavements. An existing pavement is considered to have 

reached the end of its structural life (i.e., RL = 0) when the rate 

of defect development (in defects per mile per year) is in the 

order of 3 to 4 per year. 

Remaining Life ~ (RL21 

Steps to be followed are: 

(1) Obtain the accumulated past equivalent traffic (nIB in IBk ESAL) 

from Section A4, and the set of material properties and layer 

thicknesses of the existing pavement estimated in Section A7. 

(2) Compare the PCC slab modulus (E l ) with El -values of similar 

materials 1n the region. 

(3) Using the above comparison, judgement should be exercised to decide 

whether the slab appear to be fatigued. This will be true if the 
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s lab modulus (E l ) obtained in Section A7 is substantially lower 

than that of similar materials in the region. 

(4) If the PCC slab appear to be fatigued, no further mechanistic 

analysis is possible at this point and the estimate of remaining 

life 2 (RL2) is simply set equal to zero. 

(5) If the slab modulus (E l ) is relatively high compared to the moduli 

of similar materials in the region the original structural design, 

the remaining life of the existing pavement structure must be 

calculated. In order to do this, the tensile stress in the PCC 

slab must be calculated using an elastic layer program such as 

ELSYM5 (Ref A4). A set of regression equations (Ref A5), ideal for 

use in a programmable hand calculator, is also available for this 

purpose (Refer to Appendix C). The stress obtained is then 

adjusted using to the critical stress (ac ) by multiplying with the 

appropriate stress factor selected from Table A8.1. 

The original design fatigue life (N18) is then calculated using Eq A.2 

where 

original design fatigue life in 18k ESAL 

concrete flexural strength 

(A8.2) 

a = 
c 

critical stress 

For a three-layer structure the original structural design life of 

the existing pavement can be obtained direct ly from the chart in 

Fig A8.3. 
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TABLE AB.1 EXISTING PAVEMENT CRITICAL STRESS FACTORS (REF.A5) 

Existing Pavement Type Existing PCC Range of critical 
shoulders stress factor 

CRCP No 1.20 - 1.25 
Yes 1.05 - 1.10 

JCP (with load transfer) No 1.25 - 1.30 
Yes 1.10 - 1.20 

JCP (without load transfer) No 1.50 - 1.60 
Yes 1.40 - 1.50 



RL2 , 

(6) The estimate of RL2 is then calculated using Eq AB.I: 

= 
nIB 

(1 - -) x 100 
NIB 
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(AB.3) 

Comparison of RLI and RL 2• The two estimates of remaining life, RLI and 

are compared. If gross disc repanc ies oc cur, adjustments will be 

necessary. The nature of the adjustment will depend on the reliability of 

the data used to obtain RLI or RL 2 • Engineering judgement should be 

exercised and the following points may be kept in mind: 

(a) More than one slab/subbase modulus ratio (EI /E2) can satisfy the 

deflection basin (WI - Ws) used in Section A7. If uncertainty 

exists around the ratio estimated in Section A6, this section will 

provide a further piece of information. 

(b) Seasonal variations occur that will affect both material properties 

an surface deflections. The set of E-values used in the 

mechanistic model should attempt to reflect the effect of these 

variations as well as variability of pavement materials in the long 

run. 

(c) Higher critical stress factors may apply if voids are present under 

the existing slab. Severe pumping at the discontinuities may 

indicate the presence of voids. 

FINAL PRODUCT OF THIS SECTION 

The final product of this section should be a representative estimate of 

remaining life and a final set of E-values for the existing pavement that can 

be used with reasonable confidence in the mechanistic model for overlay 

thickness design in Section A12. 
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SECTION A9: OVERLAY MATERIALS AND TECHNIQUES 

Two basic overlay materials are used in overlay design, i.e., asphaltic 

concrete (AC) and portland cement concrete (PCC). 

PORTLAND CEMENT CONCRETE OVERLAYS 

Two basic overlay techniques are available when PCC overlays are placed. 

nley are (1) unbonded PCC overlays, and (2) thin bonded overlays. 

Unbonded PCC Overlays 

A bond breaker (usually a low stiffness asphaltic concrete, 1 to 2 

inches thick) is placed between the old pavement and the new PCC overlay to 

prevent re flec tive cracking. Unbonded PCC overlays have been placed 

successfully on existing pavements with very low remaining life values and 

this type of overlay is thus very flexible in its application. However, 

existing slabs that are rocking, severely pumping or faulted, should be 

stabilized by techniques such as undersealing prior to overlay to avoid 

severe stress concentrations in the overlay. The preparation of the existing 

pavement prior to overlay placement, is discussed in more detail in Section 

All. A minitmlm PCC overlay thickness of 6 inches is recommended. Since 

there will be a considerable vertical height increase, additional design and 

cost considerations such as impairment of vertical clearance under 

structures, disruption of and need for alteration of existing drainage 

patterns, and the need to increase the height of railings and barriers, 

should be considered. The construction of rigid or flexible shoulders must 

also be considered. 

Thin Bonded PCC Overlays 

A thin bonded PCC overlay generally has a minimum thickness of 2 inches 

for CRP and 3 inches for JCP. This type of overlay must be bonded to the 

existing PCC pavement. To ensure an adequate bond, the existing surface 
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should be cleaned of all surface contaminants including oil, paint, and 

unsound concrete. This can be accomplished by cold milling, sand blasting, 

water blasting or a combination of the above. A grout made from sand and 

cement or neat cement should be placed on the cleaned surface just in front 

of the paver and broomed in. The grout should not be allowed to dry before 

the overlay is placed. Since all cracks in the old surface will reflect 

through the overlay, all joints in the original pavement must be reproduced 

in the overlay. For this reason, thin concrete overlays should be used only 

when the existing concrete is in gOOd condition and surface corrections are 

necessary. A minimum of 10 to 15 percent remaining life of the existing 

pavement is recommended. This overlay type is particular ly cost-effective 

when very high traffic growth rates are encountered and avoid excessive user 

delay costs that will be inevitable if the overlay placement is delayed. The 

lower tensile stress in the existing PCC slab as a result of this overlay can 

extend the life of the existing pavement significantly. 

ASPHALTIC CONCRETE OVERLAYS 

Because of the nature of AC materials, an AC overlay will always be 

"bonded" to the underlying layer. AC overlays have been placed successfully 

in existing pavement which both high and very low remaining live values. 

Since the principal causes of cracking in an AC overlay are thermal 

contractions and expansions, and vertical differential deflections of the 

underlying slabs, some effort must be made to mitigate these stresses. 

Differential deflections at cracks or joints are considered to be more 

critical due to the quicker loading rate. If excessive, this vertical 

deflection can be reduced by undersealing and breaking or replacement of 

slabs. For horizontal movements a crack relief layer, stress absorbing 

membrane, or a fabric membrane interlayer could be utilized. The recommended 

thickness ranges for AC overlay are 2 to 8 inches and 4 to 8 inches when the 

existing pavement is CRCP and JCP respectively. Additional design and cost 

considerations, similar to that of unbonded PCC overlays will apply in the 

case of thick AC overlays. 
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SHOULDER CONSTRUCTION 

The presence and type of shoulder directly affects the stress condition 

in the PCC slab. The addition of shoulder alone at the appropriate time can 

thus extend the remaining structural life of the existing pavement. A 

remaining life values lower than 10 percent, should construction is, however, 

normally combined with overlay placement. 

TECHNIQUES TO MINIMIZE REFLECTION CRACKING 

Past experience has shown that it is not possible to design an overlay 

so that reflection cracking will be completely eliminated. It is possible, 

however, to design one so that reflection cracking will be minimized. Some 

of the techniques available for minimizing reflection cracking include (in no 

specific order): 

(1) increased overlay thickness, 

(2) placement of an intermediate or cushion layer prior to overlay, 

(3) placement of a bond breaker, 

(4) placement of high tensile strength fabric as a stress relieving 

layer, 

(5) placement of wire or other type reinforcement along with the 

overlay, 

(6) pavement undersealing at joints (or cracks), 

(7) use of softer asphalt or rubber-asphalt in the paving mix, and 

(8) pavement breaking prior to overlay placement. 

Reference All deals with this aspect in more detail. 

OVERLAY MATERIAL PROPERTIES 

Table A9.l suumarizes the properties of typical overlay materials in 

Texas. 
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TABLE A9.1 PROPERTIES OF TYPICAL OVERLAY MATERIALS 

Overlay material Elastic modulus Poisson's Concrete 
(E-value) PSI ratio (j..! ) flexural 

strength (f ) 
c 

PSI 

6 6 I 

(a) PCC overlays 3.5x10 -7x10 0.15 400-800 

Coarse aggregate type: 
6 6 

0.15 500-800 - River gravel 5x10 -7x10 
6 6 - Lime stone 3.5x10 -5xl0 0.15 400-550 

: (b) AC overlays 300 000-500 000 0.35 -, 
i 

I (c) Intermediate layers 
I 
I (for unbonded PCC) 

I (i) . Bituminous material 80 000-150 000 0.35 -
(ii) High quality 25 000-50 000 0.40 -

unbound granular 
material 
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SECTION AlO: DESIGN STRATEGIES 

SELECTION OF CANDIDATE STRATEGIES FOR FORTIlER EVALUATION 

Variables such as different overlay types and techniques, timing of the 

overlay(s), extended maintenance options, etc. can potentially generate a 

vast number of alternative overlay strategies. It is obviously not possible 

to evaluate all these strategies in the process of selecting the optimal 

strategy. The main objective of this section is to present guidelines to 

assist the design engineer in the selection of a reduced set of candidate 

optimal design strategies. These guidelines are based on (1) sensitivity 

analysis using the Rigid Pavement Overlay Design System (Ref A5) to evaluate 

numerous design stra tegies under different cond it ions, (2) re f lec tion 

cracking analysis (Ref All) and (3) past experience. The guidelines address 

important aspects of a design strategy such as the likely combination of 

overlay type and timing of the overlay(s) (as a function of the remaining 

life of the existing pavement at overlay placement) that will potentially 

lead to optimal overlay design strategies in terms of cost and performance. 

STEPS TO FOLLOW 

(1) Use the estimate of remaining life of the existing pavement 

(Section AS) to enter the decision tree in Fig AlO.l. 

(2) Follow the branch that applies to the existing pavement to obtain 

the nature of the repair strategy prior to overlay placement. The 

specifics of the repair strategy and how it should be reflected in 

the over lay th ickness des ign ana lysis (in Sect ion A12) are 

evaluated further in Section All. 

(3) The branch will lead to a basic set of overlay strategies. The 

decision tree then refers to a table that will present guidelines 

and recommended candidate strategies as a function of remaining 
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• ~ 
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for C&ndidate stat.egies far C8ldidata statagies 

Fig AIO.I. Selection of overlay design stragegies. 
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TABLE AlO.1(A). ALTERNATIVE OVERLAY STRATEGIES 

• EXISTING PAVEMENT TYPE I CRCP I 
,.~ 

140 %1 
4~:.t1l"-?e' 

• PRESENT REMAINING LIFE 
11- ""~ (~ 

~1'1 £l4. v~ 
4( "'(,I-

('OJ',. S "'~4-9 ~4 
('!'j- ( """>. 

~4.r. I",,~ 4,.'" C'r~ LOW MEDIUM 
'e' 0 O"".tt ~.-4" ~4t 15000 30000 P ""',o"'e-",,( :.t1)O"" ,~{S4( 547500 1095000 "~ ~ 4,.. ~'-

~ 40010 20% 10% 0% 40% 20% 10% 0 % 

TOTAL COST 
1 ~ 1 OQ 1 or; 1 1 10 1 0(, 1 . O? AC 

RATIO 

OELt%rOST 1 1 2 1 5 5 R B ! 

UIiIB pee 
TOTAL COST 

RATIO 7 0" ? ?;O ? 1R 2.03 1. 96 1.77 1. 74 1 74 
in ~~OER 

DELAy COST 
10 11 12 12 17 19 21 7S :;to. t"!.l 

TOTAL COST 
2.34 08 UlWIt pec RATIO 3.56 2.8 2.62 2.41 2.11 2.05 2.04 

...10 pee I ut.l..f~o~O~ I 8 9 10 10 14 16 18 22 SHOULDER CD 
IIONOEOpec TO~~'T~gsT 2.12 1.77 1.64 .47 1. 39 1. 41 
FLEX O£I..AY COST 

11 12 13 19 20 22 SHOULDER 1%1 
BOIiIOED pee TOTAl.. COST 2.27 1.08 1. 73 1. 5~ 1.41 1. 37 RATfO 

I~OER OEl..t; .. ~OST 10 12 12 19 20 21 
TOTAL COST 1.45 1.17 1. 07 1 1.11 1.03 1 1. 01 

AC 
RATIO 

OEI..{~"fOST 1 2 2 2 4 5 10 15 
ul'fa pee TOTAL COST 

3.43 2.62 2.35 2.12 2.44 2.18 2.16 2.17 RATIO 

~l.O!R 
DEl.AY COSI 

10 li 12 .U 17 20 26 3D :::Ecn I'Y .. ) 
:::>0. UNa PCC TOT:A'rfgST 4.17 3.14 2.80 2.87 2.9 2.5~ 2.53 2 51 -0 

ur.'1~o~~1 °0 pce 8 10 10 11 40 17 22 26 ..... 0 SHOlJt.CIEFI 

:::E!; eONOEDPCC rUI~Twr 2.47 1. 95 1. 7, 
* 1. 8ll 1.6 1. 57 

Ft.I!:X ur.1..~;o~05 . 11 13 13 20 22 24 SHOUl.OfR 
e OI'fOEO pce iTOT~T~gST 2.68 2.06 1. 86 1. 89 1.6£ 1. 63 
pee O~l.t';:oloS f 10 12 13 19 21 23 SHCU.DER 

TOTAL COS T 
1. 50 1.18 1. 08 1 1.13 1.02 1 1 AC IIATIO 

OI!:l..AT COST 
I'Y .. ) 1. 2 2 2 3 5 10 14 

UNII pe~ rU'~il~51 3.59 2.66 2.35 2.11 12.85 2.53 2.53 2.54 

R! ~Dfl' IUI.,';: .. ,"'" 10 10 12 13 17 22 27 :1i2 
UNI pce orAl. COST 

4.35 B.18 2.80 2.50 3.41 .98 2.95 2.91 ::r::O IIATIO 
<:)0 pce U~Lj%10Iil 8 10 10 11 14 18 24 20 -0 SHOULDt" 
:x: 0 itoraoPCC IOT:k~,~ST 2 57 1 q7 1.77 2 09 86 1 81 

N 
~~DI!:It IUt.I.."'o,Vli ; 11 13 14 20 22 25 
IIOIIIDEDPCC ITQT~~ST 12.74 2.09 1.87 2.21 1. 95 1. 88 
lice ~l.t+o10IT SWOIJI.DE:1t 11 12 n 1q 21 24 

* OVERLAY STR\TEGY NOT RECOMMENDED 

** TRAFFIC IN BOTH DIRECTIONS 

HIGH 
60000 

2190000 
40% 20% 10% 0% 

?~ i-.; ;r; ; 77 4 ?Q 

RO Q~ 94 OS 

'} sS 3 17 3 SO 3 95 
W' 90 91 92 

2.63 5.20 3.57 4.02 
84 88 89 91 

1. S9 2.33 2.60 
82 88. 89 
1 1.55 2.17 
71 82 86 

2.10 2 8(, 5.39 ~.17 
89 92 94 95 

2.64 3.51 ~.13 b.03 
87 91 92 94 

2 "'I 3 58 4~r t:, 10 
84 89 91 93 

1. 31 1.69 2.49 
79 85 89 
1 1.24 1. 42 

'" 
73 80 8,? 

1.47 2.06 2.50 ~L03 
86 91 93 95 

Q.67 13 70 4.48 5.78 

87 91 93 95 
2.95 3.77 4.55 5.85 
84 90 92 94 
1 1.77 2.10 

74 85 88 

01 11. 29 ] 51 

73 _Bl 84 
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TABLE A10.1(B). ALTERNATIVE OVERLAY STRATEGIES 

• EXISTING PAVEMENT TYPE I CRCP I 
,.~ 

120 %1 
4~~~ 

• PRESENT REMAINING LIFE ~4t11' ~4d~ ~~v~ 
~ 14(. '<,;. < 

("OS}, ~ ( "~4~ 1'.94~ 
'(J ~ <" .<i, 4,s. /.~ 4,. "te; LOW MEDIUM HIGH 

'" O.,~ ~''''~,v 15000 30000 60000 I.~ }'~~~.,( ~1iO. r~t!'.s4( 547500 1095000 2190000 
",~ 4" ~' 

~ 40Of. 20% 10 0/ 0 0% 400
/0 20% 10% 0 0

/ 0 40% 20% 10 0
/ 0 

TOTAL COST 
11 10 1. 02 1 1. 09 1. 03 1 2 2.24 

AC 
RATIO 

OE't;~fOST 2 2 2 5 5 5 90 91 
U"'8 pce 

TotAl. COST 
12.15 1. 95 1. 78 L 78 1. 69 1. 63 1.91 2.12 RAtIO 

iii ~~OE" 
oEI.Ay COST 9 10 10 17 18 18 87 88 3';Q. (%) 

3§ u"'. PCC IU~!\fgsl t!.60 2.35 2.13 2.12 2.01 1. 93 1. 97 2.17 
pee Dt.~AY COSI 8 8 9 14 15 15 9 86 CD SHOULDER 1%1 
BONOEDPCC IOR~\~'t(' 1.59 1.46 1.44 1. 39 1 1. 44 
FLEX DELAY COST 

11 11 18 19 76 84 SHOULDER (%1 

BONOEDPce TOTAL COST 
1. 68 1. 54 1.42 1. 36 1. 23 1. 34 RATiO ,. 

~OE" Ot.Lt';'jOST I(] 11 18 19 '80 82 
TOTA~ COST 

1 20 II .Oq 1 09 11.04 1 ? OR 2.42 
AC 

RATIO 

OEL(~~orOsr 1 1 1 4 .1 h 88 90 
UNS pce TOTAl. COST 2.75 2.41 2.14 2.16 2.02 1. 94 2.61 3 RATiO 

~u; 
FL!X DELAY COST 9 10 11 17 18 20 87 89 SHOULDER .'0/01 

:JQ. UNS pee TOTAl. COST 3.33 2.89 2.55 2.57 2.40 2.29 ~.68 3.07 RATIO -0 DELAT COS Co pee 8 8 9 14 15 17 84 87 lLIo HOULOER 1'0/01 

~:!: BONDEDPCC I TOICkTWT 2 .79 1.62 1. 55 ,. .63 1.86 
FLEX IIlt:LAT. IOU:> 

11 12 19 20 R? 8.1 SHOULDER ''0/,,1 
II ONO£DPCC ITOT:iT~gST ') n 1. 90 1. 70 61 1 1. 49 
pee iOELt~ .. J°:> 10 11 SHOLDER 18 19 72 80 

TOTAL COS r 
1. 21 1.09 1 1.15 1. 06 1 1. 45 1. 70 AC "ATIO == ''0/0' 

1 1 2 3 5 85 88 
\JNe PC~ I'~I~TIO 2.84 2.44 2.15 ~.67 2.40 2 39 2.62 3.07 

i! ~leuLDat IU~'f;.) 9 10 11 17 18 21 87 89 
UN' pee TOTAL COST 3.44 2.93 2.56 3.18 2.94 7.80 ~.70 Xo RATIO 3.14 

c,:,0 IOCC .,t.~ ~ .. 1'>:JI 8 9 9 14 15 16 '34 87 -0 SHOULDf:1t 

Xo ioNDEoPC( TOT:~T~g5T 2.06 2.:86 .% 1. 99 1. 87 11 31 1.89 N 
~~LD!'R ut:L(; .. i'" 11 12 lit 20 79 BS 
SONDI:OPCC IU'~il~lIf 2.19 1. 91 2.08 1. 95 1 1.13 pce ut:Lf~.,ulll SWO\ILOf:1t 10 11 18 19 73 76 

* OVERLAY STRATEGY NOT RECOMlvlENDED 

** TRAFFIC IN BOTH DIRECTIONS 

121 

0 0
/ 0 

2.51 
92 

2.37 
89 

2.40 

88 

2.83 
92 

3.47 
91 

3.54 
89 

* 

2.03 
90 

3.64 
91 

3.71 
89 
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TABLE A10.1(C). ALTERNATIVE OVERLAY STRATEGIES 

• EXISTING PAVEMENT TYPE 1 CRCP 1 
)"~ 

110 %1 
4~4""~ 

• PRESENT REMAINING LIFE I ~'t: t' (. 
~~94("V~ 141. /(; < 

"0 r~ ~ 
'$,. (~l'lY( 4",,~ 

~ I~ r t' LOW MEDIUM HIGH 4SIC' ""0-e 4j ~ (~"tI, 
(j ,. 0", "'4~ ~'4" ("s. '1 15000 30000 60000 
'ltv. rR("'t"-9( '0", ;~ 4( 541500 1095000 2190000 ,4, ~ 

~ 400!~ 20% 10 % 0 % 40% 20% 10 % 0 % 40% 20 % 10 % 

TOTAL COST 
11 07 1 1 .04 1 11 ;; <: AC 

IIATIO 

OEl.toj,f°ST 2 2 5 5 90 
U~a PCC 

TOTAl. COST 
1. 93 .77 1.69 1. 61 1. 55 IIATIO 

in 
~~OE" 

OEI.AV COST 9 10 17 17 86 
~Il. (01.) 

08 UNa PCC TO~~\fg~H b _,:\ 12 12 12.01 1 .91 11 hO 
-'0 pce 8 14 15 84 SHOUI.DER ("!ol 

CD 
8ONDEOPCC TO~~\~gsT 1.35 1. 45 1. 36 
1 FLU IOlLAY COST 11 .Q<; 

lI~ompC IIATIO 1t.41 1.36 
* 

1 

l~oE''' O!;l.r';'ftrosr 10 18 79 
TOTAL COST 1 1 .72 1 1. 55 

AC 
RATIO 

OEL(1.UOST 
1 1 4 4 RR 

U"I PCC TOTAL. COST 
2.41 2.13 1.40 1. 31 11. 95 "ATIO 

~fii 
P'l!X DELAY cost 9 1 17 18 86 
SHOULO!" l'Yol 

::til. uNa PCC TOTAl. COST 2.91 2.45 .66 \!..56 2.01 
-0 
°0 pce 

('Yo) 8 14 15 84 Wo SHOVLOE'ft 

~~ eoNOE:oPCC IToWk~T .61 1.07 1 '>4 

~Ul.o!R 
loe:l.AY cos T 

11 19 8 ('!to) 

IIONO!OPCC 1 TC':irfg:l 1.69 1.11 1 
pee IOELt~.~OST 11 18 77 SHOlLDE" 

TOTAl. COS T 
1 1 n 1 ~.O6 1 1.43 AC IIATIO 

DELAY COST 
('Yo) 1 1 3 3 85 

UNa PCe; .lor:i;1~5T 12.51 l2 18 2.31 12 15 Q.58 

~ ~DEIt IIIe;Lf~ .. jT 9 10 17 18 86 
OTAL COST 3.04 2.61 2.75 2.55 2.66 ::Co "ATIO 

~8 Y.~ST 10 9 14 15 84 
X 0 iIota:ofCC ,T 

1.64 clA. [1.62 
N 

~LO!" IIf:Lt%F5T 
11 119 R? 

8OND[OPC( TQT~i~r ~ 73 1. 82 72 
pee gf:Lt~01OST 11 18 72 SHOULD!1t 

* OVERLAY STRATEGY NOT RECOMMENDED 

** TRAFFIC IN BOTH DIRECTIONS 

0 % 

11 Q? 

91 
1.72 
88 

11 7(, 

86 

* 

1. 81 
qn 

b.24 
89 

2.29 
86 

1.68 
88 

3.03 
89 

3.16 
87 
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TABLE A10.1(O). ALTERNATIVE OVERLAY STRATEGIES 

• EXISTING PAVEMENT TYPE I CRCpl 

,.~ 

G 4'i:.t""~ 
• PRESENT REMAINING LIFE I 1i'~'C' (. 

~)-14( gq:~~ 
~ ~;~ II os,. (. 41Y ..p4~ 

414,£ I+~ ~ 41' <; ~e~ LOW MEDIUM 
'e 0 O..p+.., ~.-1" ~.rJ 15000 30000 t ";A~('..p(. 1>0+ ,. ~ ('S4( 547500 1095000 v~ 4; &-~ 

400/e 20% 10 % 0% 40% 20% 10% 0% 40% 
TOTAL COST 1 1 

AC 
RATIO 

OE~';afOST 2 5 
Ui'II8 pce TOTAL COST 

1 53 1. 50 RATIO 
en m.s~De:" 

OELAY COST 9 16 
~Cl.. 1%) 

08 Vi'll!! pee 10TAL COST 1. 84 1. 77 RATiO 

""0 pee OELf%1osr 8 14 SHOULOf" CO 
BONDEOpeC TO~~\~gST 
FlEX OELAY COST 
SHOULD!R 1%) 
8()f$OEQ pce TOTAL COST 

RATIO 

~OEIt OELt~jOSr 
, 

TOTAL COST 
1 1 

AC 
RATIO 

DE\~UOST 1 4 
UNit pee TOTAL COST 

1. 81 1.72 RATIO 

::lin 
Fl!J( DELAY COST 

9 17 SHOULDER {Of .. J 
::JO- Ui'II!! pee TOTAL COST 

19 12.03 ItATIO -0 IDELAY COST °0 pee: 
8 14 "'0 SHOULOfR ("!o) 

::I:!: 1I0NOEDPCe ITOT~TWT 

~UlOEIt 
IIt.lAY 1;05 

1"101 
80l'llDEDPCC .1{}I~Tf8SI 
pee DtL(~ .. 105 SHCU.DEIt 

AC 
TOT:~T~gST 1 1 
DELAy COST 4 ,.,,01 1 

IN PC<; TOT~il~!l1 2.19 [.95 

~ ~~tD 
IDtLf~.JOST 9 17 

UN. PCC OTAl COST 2.64 2.31 ::1:0 "ATIO 

"'0 pce: OtLf~oI05T 8 14 -0 SHOUlO!lt 

::1:0 iIoNDt:oPCC Tor:~T~gST 
N 

Fll!'x ,UC.", .. i:li '" SIoIOUl.Dtlt 

eoi'llDEopec IUI~i::,n 
pee: IOELt;o~U5 I ~ " SHOUlDt" 

** EXCESSIVE AC-OVERLAY THICKNESS 

* OVERLAY STRATEGY NOT RECOMMENDED 

*** TRAFFIC IN BOTH DIRECTIONS 

123 

HIGH 
60000 

2190 000 
20% 10% 0% 

1. 09 
87 

1 
83 

1 

89 

~ .12 
8.1. 

1 
86 

1. 47 
86 

.51 

84 

~ 
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TABLE A10.2(A). ALTERNATIVE OVERLAY STRATEGIES 

• EXISTING PAVEMENT TYPE ~ 
,..~ 

140 "·1 
4~"1""~ 

• PRESENT REMAINING LIFE I ~4a t' { 
~J' ~~~v~ 

14{ ~;. < 
"0.$'1' S r~4.r9 ~4~ ., / (~ (. ;. "'e' LOW MEDIUM 431e' ~..c-O~ 4,.. . • (~~, 

30000 
HIGH 

60000 () /" 0v. :tt'4J: ~ • ..,. e. .v 15000 
(. ~ ;'"I)/;(I( /0", )0 ~ §4< 547 500 1095000 2190000 
~ 4;. ~" 

'ff: 40% 20 % 10 °/0 0 % 40% 20% 10 % 0 % 40% 20% 10 % 

TOTAL COST 
1. 35 1.13 ~.05 1 1.07 1 1. 03 1. 05 1. 81 2.82 3.39 

AC 
RATIO 

OEW~fOST 2 2 2 2 4 7 13 18 88 93 94 
villa PCC 

TOTAL COST 
2.50 1. 97 1. 79 1. 66 1. 78 1. 62 1.64 1. 64 2.05 2.78 3.31 RATtO 

iii ~&oe" 
DELAV COS1 9 11 11 11 17 20 25 30 ~ 91 93 ;to.. (%1 

08 UI'III pee TO~!'r~gsr 3.09 2.38 2.15 1. 97 2.16 1.93 1. 92 1. 91 2.83 3.37 
.J o pec DELAyeOSI 

7 9 9 10 14 17 21 26 84 89 91 
CD SHOULDe" (%) 

aONOEDPce 
RATIO 1. 98 1. 61 

* * 
1. 43 1. 31 

* * 1 1. 61 * 
I~Of" DELAY COS. 1 0 11 18 20 it 66. 

~ eOIllOEDpcc 2.24 1. 79 ... 1. 59 1. 44 
* * 1. 01 

~D!"" ( 9 10 16 18 76 82 
TOTAL COST 

1.43 1.15 1. 05 1 1.11 1 1 1. 03 1.60 2.53 3.47 
AC 

RATIO 

OE\~DrST 2 2 2 2 3 8 14 20 87 93 95 
UNa pee TOTAL cosr 2.71 2 1.77 1.64 2.13 1. 94 1.96 2.03 2.11 3.26 4.40 "ATIO 

~Ui ~LOfR 
DELAY COS. 9 11 11 11 17 24 31 37 87 92 95 1 'Yo) 

;:)0.. UNe pee TOTAL COST 3.35 2.40 2.10 1. 89 2.58 2.29 2.27 2.31 2.18 3.32 4.45 RATIO -0 ,OELAY COST 7 33 84 I 91 °0 pee 9 10 10 14 20 26 93 Wo SHOULOf" '''Yol 

::E! 80NDEOPCC ITOT:.iTWT 2.13 1. 64 *= * 1. 69 1. 52 1 1. 46 
F'LElC I.lt.LATCOSl 

10 11 18 23 78 86 SHOULOfR (%1 
eol'lO£oPCc OI:;T~g~1 2.41 1. 89 .89 1.68 1. 03 1. 48 
pce IOELt~o10li T 9 10 SHOIJ..Of:R Hi 20 76 63 

rOTAl cos r 
1.45 1.15 1.05 1 1. 07 1 1. 01 1. 06 1. 36 1. 87 2.81 

AC RATIO 
DElAY COST 

l'Yo! 2 2 2 2 3 10 17 24 86 9'1 94 
UNa PCc; IUI;i~ST 2.78 1. 93 1. 75 1. 59 2.14 1. 97 2.01 2.11 2.11 3.52 5.29 

i! C}&oat Dt:'-t~oFT 9 11 11 11 17 26 34 41 87 93 96 

~8 
UNa pec :roT;i~g$T 3.44 2.37 2.06 1.84 2.60 2.31 2.31 2.38 2.18 3.58 5.34 
pce DELf~ .. 1\):O 7 9 10 20 14 22 29 36 84 91 95 -0 SHOUI.D!It 

:to 80t10£O pce TOT:k.f.~ST 12 18 ~.63 1. 70 1.53 1 1. 03 
N 

""tt !U~L~i;O 
SH lOt'1t 10 12 18 24 7R 76 
BOHO£Opec I"JI:~~~l1l l~.47 1. 81 1. 90 1.68 1. 55 1. 58 
pce 
SHOUlD fit 1Dt:Lf'~o'i\Jlt • 9 10 16 21 H7 R6 

** EXCESSIVE USER DELAY COSTS 

* OVERLAY STRATEGY NOT RECOMMENDED 

*** TRAFFIC IN BOTH DIRECTIONS 

0% 

4.25 
9S 

4,11 
94 

4.16 
93 

6.29 
97 

7.95 
97 

8.01 

97 
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TABLE AIO.2(B). ALTERNATIVE OVERLAY STRATEGIES 

• EXISTING PAVEMENT TYPE ~ 
"<9. 

1
20 "'·1 

4'i4.t'~ 
• PRESENT REMAINING LIFE I. <9. ~ (, 

~l' ~~ ~v. 
14(, 94,<;.~ 

C. ~ y~ h 
OS,. (, 419 -94~ 

'8 I"" ~ ('J.- .<Ii" LOW MEDIUM 4SI" ~O~ 4" . ~ (~~, 
o ,. 0", :ft4 ~ '-1" e, ~) 15000 30000 
'i' J.-.o/t9(, 1i01' ;. ~ S4( 547500 1095000 v., 4; &::" 

, ~ 4001. 20% 10 0/0 0% 40% 20% 10% 0 0/ 0 40% 
TOTAL COST 1. 02 1. 02 1 1. 02 1 1. 01 RATIO 

AC 
OELi%foSl 1 1 1 5 5 7 

UNa pee 
TOTAL COST 1. 84 1.72 1. 60 1. 55 1.5 1. 49 RATIO 

en ~~OER OELAY COST 9 10 10 17 17 19 :tQ. (./, 1 
TOTAL COST 08 UNa pee RATIO 1. 39 2.07 1. 90 ~.89 1.8 1. 76 

..J O ~ce DELAY COST 
7 8 8 14 14 16 

CD SHOULOfR (%J 
aONDEDPCC TO!~t.,.~gSl 1. 47 

* * 
.26 

* * 
FLEX DELAY COST 

10 18 SHOULDfR (%1 

BONDEDpec TOTAL COST 
1. 66 1. 40 RATIO % ... 

~DE" OELt; .. JOST 9 16 
TOTAL COST 

1. 01 1 1. 01 1 1 1. 03 
AC 

RATIO 

DE~'},UOST 2 1 1 4 4 9 
UNI pee TOTAL COST 

1. 88 ItAllO 1. 71 l.60 1. 81 1. 73 1. 75 
FLO DELAY COST 9 10 2 17 17 23 2(1) SHOULOfR 10/0 1 

::>Q. UNa pee TOTAL COST 
2.34 2.05 1. 87 2.20 2.07 2.05 RATIO -0 Dt:LAY COST °0 pce 7 8 8 14 14 19 Wo SHOULO£R (%) 

2.- BONOEOPCC TOT:kT~T 1. 50 1. 45 
FLflC ut.L"Y co:. 

10 18 SOiOULO£R ("!ol 
BONO[OPCC TOT~T~gST 1. 70 1. 53 
pee Ut.L(~o';O:> 9 19 SHOLt.DER 

TOTAL COS T 1 1. 09 1 1 1 1. 06 AC RATIO 
DELAY COST 

1%1 2 1 1 3 3 9 
IJIII. PCG IOI~;1~5J 1.9 1.7 1. 57 1. 99 1. 89 1. 95 

ie ~ULOEFI Dt:~~oJ:>1 9 10 10 17 18 24 
UN' PCC TOTAL. COST 12.35 2.05 1. 83 Xo IIATIO 2.45 2.25 2.27 

C)o pee 
uU1o/.,JU5 7 8 8 14 15 21 -0 SHQUlDElt 

Xo aONl)[DpCC TOTAL COST 
1. 51 1. 58 N 

RATIO 

~~lO[R ot:Lt.;o;" 10 18 
IIONDEDPCC IUI~~i,~5J 1. 70 1.77 pee Dt:Lt~o'iV5 9 16 SHOULOfR 

* OVERLAY STRATEGY NOT RECOMMENDED 

** TRAFFIC IN BOTH DIRECTIONS 

125 

HIGH 
60000 

2190000 
20% 10 0/ 0 0 % 

2.03 2.38 2 
89 91 93 

2.04 2.37 2.77 

87 89 ~; 1 

2.10 2.43 2.83 
84 87 89 

1. 24 

79 

1 ... * 
76 

1. 58 1. 97 2.51 
R7 90 92 

2.08 2.14 3.23 
87 90 92 

2.15 2.62 3.29 
84 88 90 
1 * * 
77 
1 

* * 
7(, 

1. 35 1. 74 2.30 

86 89 92 
? .1l 2.68 3.52 

87 90 93 

2.17 2.74 3.58 
84 88 91 

1 
78 

1. 03 
77 
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TABLE A10.2(C). ALTERNATIVE OVERLAY STRATEGIES 

• EXISTING PAVEMENT TYPE B 
,.~ 

1 10 "1·1 
4~4""Al 

• PRESENT REMAINING LIFE ~ ~~t' ( 
'('J- ~ ~" 

~·t,l~( ~~ ~ 
c S~.e;~ 
0",. ~It 4,1': 

tI. I (~.<>(" 
LOW MEDIUM 4.5'/(" +""0... 4,. .., (~~, 

() ,. 0", :tt41l ~ • .t ~ t; 15000 30000 
I. ;,1) ~.,( 10.... :I-~ ~< 547500 1095000 

HIGH 
60000 

2190000 ti: ~ "I;. ~" 
( ~ 40% 20% 10% 0% 40°/0 20% 10% 0% 40% 20% 10°/0 0°10 

TOTAL COST 1 1.15 1 1. 07 1 1.18 AC 
RATIO 

OELf.,IfOST 2 2 5 4 89 90 
ulla PCC TOTAL COST 

1. 66 1. 71 1. 51 1.53 1 1.18 RATIO 

en ~~lDER DELAY COST 
9 9 17 16 87 88 3:0- (%1 

08 UNa PCC TD~!~fgsl 2.05 2.03 1.84 1. 20 
.J o pee CELAY COST 

7 7 86 CD SHOUlDf:" (%) 

aONDEOJCF TO At...COST 
RATIO * * * FlEX DELAY COST 

SHOULDf:" (%1 
tlOHOEDJCP TOTAL COST 

"ATtO 

~D[" DELt~_~OST 

TOTAL COST 
1 1. 21 11~09 1 1.25 AC 

RATIO 

OE1~tFST 2 14 4 -~ 51"7 gO 
Ultl pce TOTAL COST 

1.86 1.89 1. 74 1. 78 1. 31 1. 6_~ RATIO 

::lin ~LDE" OEL41' ... 1OS1 
9 8 17 16 87 89 ''''0 ;:)0.. uNa pee TOT:iTrgs

T 
1. 92 1.94 2.12 3.25 1. 35 1.66 -0 IOE'1~SOST °0 1~:i&,lDER 9 8 14 13 84 87 

"'0 
BOfIOEPJCf ITOT:kT~T :E:! * * Fl!l( 100L~;o~OS SHOULDER I , 
BOIlOEO JCF IIUI:;T7g'T 

* * PCC ID£i..A!.iOST 9O.l.Of:R ,"!. 
TOTAL cos T 

1 1.26 1 1.13 1 1. 30 AC IIATIO 
O[LA1' COST 86 88 ,."." 2 1 3 3 

UN. PCC. Igl~~~:S . 1. 86 1. 96 1. 96 1. 99 1. 56

1

1. 99 

f ;l&.D!!I Of:'fc¥ .. FT 9 8 17 17 89 
UN' pce OTAL COST 2.33 2.28 1. 61 2.04 

~8 
IIATIO 

Il'eC 1Dt:~~o)gi 7 7 84 87 $MOULD~ 

Xo IOHO!oJCf TOT:iTc,gsT 
N 

~~lO!" IOfl,.t.;.FST 

eollOEDJCF rgT~~:S. 

lice ID[Lt~.1°ST SHOULD!" 

* OVERLAY STRATEGY NOT RECOMMENDED 
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TABLE A10.2(D). ALTERNATIVE OVERLAY STRATEGIES 

• EXISTING PAVEMENT TYPE ~ 
,.~ 

I 0 ~·I 4~4.t-~ 
• PRESENT REMAINING LIFE ;/1")0 ~~~ (~v. 

~~ ~l~ ~ ':~ l;. 
03)0 (4-t{ ~4~ 

'it '+, ~ ; 7" LOW MEDIUM 43/: JC'0 4,. .fp (~~ 
() ~ 01'. IfI.ft41l ~ '.,. eo i) 15000 30000 
(.~ ;.o~~,p( /0+ )o~ 34( 547500 1095000 v~( 4)- &-~ 

40% 20%. 10°/0 0°10 40°/0 20% 10% 0°/0 
TOTAL COST 1 1 

AC 
RATIO 

DELt%fOST 2 4 

UNa pce TOTAL COST 
1. 61 1. 43 RATIO 

in ~~ER 
DEL Av,;QSl 

9 17 
3:Q. !%l 

08 UNa pcc 'O~~\fgsr 1. 99 1. 73 
.J O F>ce DfLATtOST 7 4 

CD SHOULDER (%1 
BONOEOJCF TOTAL COST 

RAtiO 
REX DELAY COST 
SHOULDER (%1 

IIONOEDJCP TOTAL COST 
RATIO 

~Of'" OELt;Josr 

TOTAL con 1 

HIGH 
60000 

2190000 

40°/0 20% 10% 

1 RATIO AC D£~'},j,JOST 

~ 
1 

UNa pee tOTAL COST 
1.84 ItATIO - I"l~ DELAY COST 9 ::len SHOUlO!R I'Y.) 

;:)Q. uIIIa pce TOTAL COST 

t= 2.27 2.0:: ItATlO -0 Ipee DElA".~51 7 °0 14 Wo '''Y.) 

:::E:! BONDED "I..t' Iv·hTI;';ST , 

* Fl.e:x 100I.AH;O:;1 
SHOUlO!R 1%1 
8ONotDJCF ITOT~T~gST 

I 

pee IOELA!\,~05T 
Sl<U.D£R C% 

TOrAI. cos r 1 1 AC "ATIO 
DEI. AT COST 

C"Yo! 2 3 
IMI pce. TOT~~~t 11 RR 1. 82 

! ~UlD!lt g&Lf~.Fr 9 17 
UN, pec T011l1. cos 2.23 2.20 

~8 "ATIO 
pce Ot~;.;:iT 7 14 -0 SHOUI.D!R 

Xo IIOfUDJCF Tor:krclgsT 

* * N 
~~LO!" !U~"'(;.)5' 

IQNO!OJCf' ! I Ol:i i::,n 
* * .. C:C: iU~l.i;'.1u:t I SHOULD!" 

* OVERLAY STRATEGY NOT RECOMMENDED 

** TRAFFIC IN BOTH DIRECTIONS 
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life, traffic level and existing pavement structure. It is very 

easy to use these tables. Simply enter the appropriate block in 

the tab le which corresponds to the specific subgrade and traffic 

level to identify a set of basic overlay strategies. The cost of 

the optima 1 strategy is presented by 1 and the approximate cost 

ratio of the other strategies relative to the optimum are given. 

The approximate user delay cost associated with a specific design 

strategy is presented directly below the cost ratio of the strategy 

and expressed as percentage of the total cost of the specific 

strategy. 

Because of the many variables involved, cost differences less than 10 

percent between strategies are probably not significant and more than one 

strategy should be evaluated. The tables should thus not be used to select 

the optimum strategy, but to select a reduced number of candidate strategies 

for further evaluation. 

SECTION All: SELECTION AND MODELING OF REPAIR STRATEGY 

The repair and preparation of the existing pavement prior to overlay 

pla~ement is an important phase in the overlay design procedure. This 

section provides guidelines to assist the design engineer in the selection of 

alternative repair strategies, with special emphasis on the explanation of 

the input selection to characterize alternative and complementary strategies 

to overlay placement. 

As indicated in previous sections, layer theory analysis assumes that 

pavement layers are elastic, homogeneous, and isotropic. Finite element 

theories are used in the design procedure to account for the effect of layer 

discontinuities or the stresses and strains as calculated by elastic layer 

theory. These adjustment factors are dependent on the pavement type, overlay 

type, present condition of the pavement as well as the repair strategy. The 

repair strategy can be an alternative to overlay placement, such as rigid 

shoulder construction, or complementary to overlay placement, such as 
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pressure grouting to fill voids underneath the slab, in an effort to reduce 

stress concentrations and thus overlay thickness. A schematic illustration 

of how the characteristics of the existing pavement and special analysis 

techniques can be combined to assist in the selection of the repair strategy 

and stress adjustment factors is presented in Fig All.l. 

STEPS TO BE FOLLOWED 

The following steps are recommended for the selection of the repair 

strategy and the critical stress factors: 

(1) Obtain the remaining life of the existing pavement from Section AS. 

(2) Follow the branch in the diagram in Fig All.1 which corresponds to 

the remaining life value. The steps in each branch is described in 

more detail below. 

Remaining Life Greater than 10 Percent 

Step 1. If condition survey information indicate significant evidence 

of pumping or loss of load transfer, follow the steps listed in the 0 to 10 

percent remaining life branch described in the next paragraph. 

Step~. If condition survey information do not provide si,snificant 

evidence of pumping or loss of load transfer, repair the areas of localized 

distress. The cause of the distress, such as localized drainage problems, 

should also be rectified. 

If shoulder erosion is the main cause of distress, rigid 

shoulder construction (tied or untied) can be evaluated as an alternative to 

overlay placement. The extended structural life provided by shoulder 

construction must be determined as will be explained in Section A12. It 

should be clear that this alternative can only be viable when the existing 

pavement has significant remaining life ( > 20 percent). The critical stress 

factors that apply in such an analysis are listed in Table All.l as a 

function of pavement type and shoulder type. Ultimately the decision on 
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Fig All.l. Selection of repair strategy and critical stress factor (csf). 



TABLE All.l EXISTING PAVEMENT CRITICAL STRESS FACTOFS 
FOR DIFFERENT SHOULDER TYPES (REF. AS) 

Existing pavement type Shoulder type Critical stress 
factor 

CRCP None 1.25 
AC 1.20 

I PCC 1.10 
I Tied PCC 1.05 
I 

JCP (with load transfer) iNone 1.30 
lAC 1.25 
I 

I PCC 1.20 
Tied PCC 1.10 

JCP (without load None 1.60 
transfer) AC 1.50 

PCC 1.45 
Tied PCC 1.40 
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which alternative to select, must be based on a cost analysis as described in 

Section All. 

The crit ical stress fac tors that apply if an over lay 

alternative is to be evaluated, are listed in Table All.2 as a function of 

pavement type, overlay type, shoulder type and location of the critical 

stress. Th.e critical layer, Le., the layer in which the critical stress is 

located, is the lowest layer in the structure which has remaining life. In 

other words, if the existing pavement has remaining life, the critical layer 

will be the existing PCC slab. Once the existing pavement reach the end of 

its remaining life, the critical stress moves to the first overlay. 

information about this design philosophy is provided in Section A12. 

Remaining Life from Q to 10 Percent 

More 

Step 1. If condition survey information indicate no evidence of pumping 

or loss of load transfer, follow the steps listed in the greater than 10 

percent remaining life branch as described above. 

Step~. If there is evidence of pumping or loss of load transfer, 

special deflection studies will be required to determine the extent of the 

problem. Details regarding studies of this kind are presented in reference 

A3. Section A3 provides more information on the deflection testing 

procedures. A short summary of the evaluation techniques is presented in 

this section. 

Step h Void Detection. The following basic steps are required to 

analyze deflection data for void detection: 

(1) obtain the outside lane deflec tion at 1 foot from the pavement 

outside edge. Th.e sensor 1 deflections are to be correc ted for 

zero temperature differential condition (Ref A3), 

(2) obtain inside lane deflection at 3 feet from center line. If the 

de flec t ion mea su re s are a Iso be ing made for ma te r ia 1 

charac terization at center of the outside lane, this data will be 

suffic ient to provide relative comparison, 
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TABLE All. 2 . CRITICAL STRESS FACTORS FOR THE VARIOUS EXISTING PAVEMENT-
OVERLAY-SHOULDER COMBINATIONS (REF AS) 

Ratio of Critical 
to Interior stress 

Cardl First Second Location of Overlay 
Variable Overlay Overlay Critical Shoulder CRCP Existing JCP Existing 

Number Type Type Stress Type Pavement Pavement 

23.1 ACP None Existing Pavement ACP 1.2 1.4 
24.1 ACP Existing Pavement ACP 1.2 1.4 
25.1 ACP CRCP EXisting Pavement ACP 1.2 1.3 
25.2 ACP CRCP Existing Pavement CRCP 1.05 1.15 
26.1 ACP CRCP CRCP Overlay ACP 1.20 1.25 
26.2 ACP CRCP CRCP Overlay CRCP 1.05 1.10 
27.1 ACP JCP Existing Pavement ACP 1.35 1.40 
27.2 ACP JCP Existing Pavement JCP 1.15 1.20 
28.1 ACP JCP JCP Overlay ACP 1.35 1.40 
28.2 ACP JCP JCP Overlay JCP 1.10 1.15 
29.1 Bonded CRCP None Existing Pavement JCP 1.20 
29.2 Bonded CRCP None Existing Pavement CRCP 1.05 
30.1 Bonded CRCP ACP Existing Pavement ACP 1.20 
30.2 Bonded CRCP ACP Existing Pavement CRCP 1.05 
31.1 Bonded JCP None Existing Pavement ACP 1.40 
31.2 Bonded JCP None Existing Pavement JCP 1.15 
32.1 Bonded JCP ACP Existing Pavement ACP 1.40 
32.2 Bonded JCP ACP Existing Pavement JCP 1.15 
33.1 Unbonded CRCP None Existing Pavement ACP 1.20 1.30 
33.2 Unbonded CRCP None Existing Pavement CRCP 1.05 1.15 
34.1 Unbonded CRCP None CRCP Overlay ACP 1.20 1.25 
34.2 Unbonded CRCP Non CRCP Overlay CRCP 1.05 1.10 
35.1 Unbonded CRCP ACP EXisting Pavement ACP 1.20 1.30 
35.2 Un bonded CRCP ACP Existing Pavement CRCP 1.05 1.15 
36.1 Unbonded CRCP ACP CRCP Overl ay ACP 1.20 1.25 
36.2 Unbonded CRCP ACP CRCP Overlay CRCP 1.05 1.10 
37.1 Unbonded JCP None Existing Pavement ACP 1.35 1.40 
37.2 Unbonded JCP None Existing Pavement JCP 1.15 1.20 
38.1 Un bonded JCP None JCP Overlay ACP 1.35 1.40 
38.2 Unbonded JCP None JCP Overlay JCP 1.10 1.15 
39.1 Unbonded JCP ACP Existing Pavement ACP 1.35 1.40 
39.2 Unbonded JCP ACP Existing Pavement JCP 1.15 1.20 
40.1 Unbonded JCP ACP JCP Overlay ACP 1.35 1.40 
40.2 Unbonded JCP ACP JCP Overlay JCP 1.10 1.15 
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(3) plots of the two deflection profiles are to be produced as 

illustrated in Fig All.2, and 

(4) areas susceptible to voids are to be marked on the plots on a 

relative basis as shown in Ref A12. 

d 
c 

Step!±.:. Load Transfer Evaluation. The ratio (D = cr:- ) of Dynaflect 
1 

sensor 1 deflection taken at the downstream edge of the transverse crack (de) 

to the midspan deflection (di) is used to estimate load transfer. The 

structural condition of the transverse cracks can be diagnosed by referring 

to Table All.3. 

Step ~ Remedial Measures. Pressure grouting can be used to fill voids 

underneath the existing slab. The grouting process is the injection by 

pressure of a cement grout mixture beneath the slab and/or subbase to fill 

voids while simultaneously producing a thin layer that should improve 

deflections and resist future pumping action. Pressure grouting can thus be 

used to fill voids and improve load transfer resulting in lower stresses in 

the existing slab and for overlay(s). Other remedial measures such as 

individual slab replacement may also be justified to repair severely 

distressed localized areas. The extent and nature of the remedial measures 

required, is a function of the distress condition of the pavement and 

economic considerations. If the distress is of such a nature that the repair 

cost prior to overlay placement will be excessive, the mechanical break-up of 

the existing slab may be a cheaper alternative. The steps followed in such a 

case will be the same as those for remaining life values« 0 percent as 

described in the next paragraph. When the special deflection studies 

indicate no significant void or loss of load transfer problem, steps 2 to 4 

of the previous paragraph apply. When void and poor load transfer are 

present and can be repaired at a reasonable cost, this should be done. 

Step 6. Effectiveness of Grouting Process. Dynaflect deflections are 

also used to evaluate the effectiveness of grouting operations to fill voids 

under the pavement. Practical examples ad a graphical procedure are 

presented in Ref A12. A step-by-step procedure is presented below. 
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TABLE All.3 DIAGNOSTIC CHECKING FOR LOAD TRANSFER AT 
TRANSVERSE CRACKS ON RIGID PAVEMENT (REF. A3) . 

Dynaflect x Rating for load transfer 
deflection ratio 
d 
c/d . 

~ 

1.00 - 1.11 Excellent 

1.11 - 1.38 Good to fair 

1.38 - 1.54 Fair to poor 

1.54 - 1.59 Poor 

> 1.60 xx . 1 
Spec~a attention is needed 

x Only sensor 1 deflection is required for 
calculations 

XHproblem areas to be further investigated. 

(1) d may be high due to low temperature 
c 

condition; repeat deflection measurement at 
crack, dc at a later time. 

(2) Pumping or soft subgrade. 

(3) Voids and partial loss of support. 
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(1) Obtain the Dynaflect deflections after the undersealing operation 

at 1 foot from the outside edge in the outside lane. 

(2) Apply temperature correction to sensor 1 deflections to correspond 

to zero temperature differential condition (Ref A3). 

(3) Plot the correc ted def lec t ions be fore and a fter the grout ing 

operation as illustrated by dots in Fig AIl.3. Also draw the 

equality line (solid line) Which is at 4S degrees with respect to 

the abscissa. 

(4) Using a progra\llllable calculator or statistical package accessible 

at Texas State Department of Highways and Pub lic Transpor tat ion 

computer, estimate a best fit simple linear regression line 

(dashed) having its origin in the area of greatest concentration of 

dots near the line of equality. 

(S) Compare the estimated slope of the fitted line, m, with the values 

shown in Table All.4 to estimate the effectiveness of the grouting 

operation. 

Selection of Critical Stress Factor. The crit ic al stress 

factors Which apply after the remedial measures are presented in Table All.S. 

Remaining Life ~ Q Percent 

Step 1. The mechanical break-up of the existing slab will probably be 

necessary since repair cost is like ly to be excessive. 1be E-value of the 

existing slab after mechanical break-up is in the order of SOO,OOO psi. 

Step 1. 1be placement of an intermediate layer to limit reflection 

cracking will be required. 

Step 1. Select the critical stress factors that apply to the overlay(s) 

from Table AlI.6. 
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TABLE A11.4 PERCENT OF VOID AREA FILLED AS A 
FUNCTION OF SLOPE, m (Ref A13) 

m Percent of void 
area filled 

1.0 0 

0.8 20 

0.6 40 

0.4 60 

0.2 80 

0.0 100 

139 
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TABLE All.5 CRITICAL STRESS FACTORS FOR THE VARIOUS EXISTING PAVEMENT-
OVERLAY-SHOULDER COMBINATIONS 

Ratio of Critical 
to Interior Stress 

CRCP Ex1sting JCP Existing 
Pavement Pavement 

Percent Void Area Filled 
Cardl First Second Location of Overlay 

Variable Overlay Overlay Critical Shoulder 
Number Type Type Stress Type 100 50 0 100 50 0 

23.1 ACP None Existing Pavement ACP 1.20 1.25 1.20 1.40 1.45 1.50 
24.1 ACP Existing Pavement ACP 1.20 1.25 1.30 1.40 1.45 1.50 
25.1 ACP CRCP Existing Pavement ACP 1.20 1.25 1.30 1.30 1.35 1.40 
25.2 ACP CRCP Existing Pavement CRCP 1.05 1.075 1.10 1.15 1.20 1.25 
26.1 ACP CRCP CRCP Overl ay ACP 1.20 1.25 1.30 1.25 1.20 1.35 
26.2 ACP CRCP CRCP Overlay CRCP 1.05 1.075 1.10 1.10 1.15 1.20 
27.1 ACP JCP Existing Pavement ACP 1.35 1.40 1.45 1.40 1.45 1.50 
27.2 ACP JCP Existing Pavement JCP 1.15 1.20 1.25 1.20 1.25 1.30 
28.1 ACP JCP JCP Overlay ACP 1.35 1.40 1.45 1.40 1.45 1.50 
28.2 ACP JCP JCP Overlay JCP 1.10 1.15 1.20 1.15 1.20 1.25 
29.1 Bonded CRCP None Existing Pavement JCP 1.20 1.25 1.30 
29.2 Bonded CRCP None Exl.sting Pavement CRCP 1.05 1.075 1.10 
30.1 Bonded CRCP ACP EXisting Pavement ACP 1.20 1.25 1.30 
30.2 Bonded CRCP ACP Existing Pavement CRCP 1.05 1.075 1.10 
31.1 Bonded JCP None Existing Pavement ACP 1.40 1.45 1.50 
31.2 Bonded JCP None EXisting Pavement JCP 1.15 1.20 1.25 
32.1 Bonded JCP ACP Existing Pavement ACP 1.40 1.45 1.50 
32.2 Bonded JCP ACP Existing Pavement JCP 1.15 1.20 1.25 
33.1 Unbonded CRCP None Existing Pavement ACP 1.20 1.25 1.30 1.30 1.35 1.40 
33.2 Unbonded CRCP None Existing Pavement CRCP 1.05 1.075 1.10 1.15 1.20 1.25 
34.1 Unbonded CRCP None CRCP Overlay ACP 1.20 1.25 1.30 1.25 1.30 1.35 
34.2 Unbonded CRCP Non CRCP Overlay CRCP 1.05 1.075 1.10 1.10 1.15 1.20 
35.1 Unbonded CRCP ACP Existing Pavement ACP 1.20 1.25 1.30 1.30 1.35 1.40 
35.2 Unbonded CRCP ACP Existing Pavement CRCP 1.05 1.075 1.10 1.15 1.20 1.25 
36.1 Unbonded CRCP ACP CRCP Overlay ACP 1.20 1.25 1.30 1.25 1.30 1.35 
36.2 Unbonded CRCP ACP CRCP Overlay CRCP 1.05 1.075 1.10 1.10 1.15 1.20 
37.1 Unbonded JCP None EXist1ng Pavement ACP 1.35 1.40 1.45 1.40 1.45 1.50 
37.2 Unbonded JCP None Existing Pavement JCP 1.15 1.20 1.25 1.20 1.25 1.30 
38.1 Un bonded JCP None JCP Overlay ACP 1.35 1.40 1.45 1.40 1.45 1.50 
38.2 Unbonded JCP None JCP Overlay JCP 1.10 1.15 1.20 1.15 1.20 1.25 
39.1 Unbonded JCP ACP Existing Pavement ACP 1.35 1.40 1.45 1.40 1.45 1.50 
39.2 Unbonded JCP ACP Ex1sting Pavement JCP 1.15 1.20 1.25 1.20 1.25 1.30 
40.1 Unbonded JCP ACP JCP Overlay ACP 1.35 1.40 1.45 1.40 1.45 1.50 
40.2 Unbonded JCP ACP JCP Overlay JCP 1.10 1.15 1.20 1.15 1.20 1.25 
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TABLE All.·:6. CRITICAL STRESS FACTORS FOR THE VARIOUS EXISTING PAVEMENT
OVERLAY-SHOULDER COMBINATIONS 

Ratio of Critical 
to Interior Stress 

Cardl First Second location of Overlay 
Variable Overlay Overlay Critical Shoulder CRCP Existing JCP Existing 

Number Type Type Stress Type Pavement Pavement 

23.1 ACP None Existing Pavement ACP 1.25 1.45 
24.1 ACP Existing Pavement ACP 1.25 1.45 
25.1 ACP CRCP Existing Pavement ACP 1.25 1.35 
25.2 ACP CRCP Existing Pavement CRCP 1.075 1.20 
26.1 ACP CRCP CRCP Overlay ACP 1.25 1.20 
26.2 ACP CRCP CRCP Overlay CRCP 1.075 1.15 
27.1 ACP JCP Existing Pavement ACP 1.40 1.45 
27.2 ACP JCP Existing Pavement JCP 1.20 1.25 
28.1 ACP JCP JCP Overlay ACP 1.40 1.45 
28.2 ACP JCP JCP Overlay JCP 1.15 1.20 
29.1 Bonded CRCP None Existing Pavement JCP 
29.2 Bonded CRCP None Ex1st1ng Pavement CRCP 
30.1 Bonded CRCP ACP Existing Pavement ACP 
30.2 Bonded CRCP ACP Existing Pavement CRCP 
31.1 Bonded JCP None Existing Pavement ACP 
31.2 Bonded JCP None Existing Pavement JCP 
32.1 Bonded JCP ACP Existing Pavement ACP 
32.2 Bonded JCP ACP Existing Pavement JCP 
33.1 Unbonded CRCP None Existing Pavement ACP 1.25 1.35 
33.2 Unbonded CRCP None Existing Pavement CRCP 1.075 1.20 
34.1 Unbonded CRCP None CRCP Overlay ACP 1.25 1.30 
34.2 Unbonded CRCP Non CRCP Overlay CRCP 1.075 1.15 
35.1 Unbonded CRCP ACP Existing Pavement ACP 1.25 1.35 
35.2 Unbonded CRCP ACP Existing Pavement CRCP 1.075 1.20 
36.1 Unbonded CRCP ACP CRCP Overlay ACP 1.25 1.30 
36.2 Unbonded CRCP ACP CRCP Overlay CRCP 1.075 1.15 
37.1 Unbonded JCP None Existing Pavement ACP 1.40 1.45 
37.2 Unbonded JCP None Existing Pavement JCP 1.20 1.25 
38.1 Unbonded JCP None JCP Overlay ACP 1.40 1.45 
38.2 Unbonded JCP None JCP Overlay JCP 1.15 1.20 
39.1 Unbonded JCP ACP Existing Pavement ACP 1.40 1.45 
39.2 Un bonded JCP ACP Existing Pavement JCP 1.20 1.25 
40.1 Un bonded JCP ACP JCP Overlay ACP 1.40 1.45 
40.2 Unbonded JCP ACP JCP Overlay JCP 1.15 1.20 
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SECTION A12: OVERLAY THICKNESS DESIGN (FATIGUE ANALYSIS) 

DESIGN CHARTS FOR FATIGUE ANALYSIS 

Four design charts which can be used to determine the required overlay 

thickness for an existing pavement structure consisting of three layers 

(i.e., PCC slab, subbase and subgrade), are presented in this section. Both 

rigid and flexible overlays can be considered. When existing structures are 

more complex, the use of automated solutions (Ref Al and A5) or elastic layer 

programs (Ref A4) are recommended. The design philosophy used to develop 

these charts, is identical to the one being used in the Texas Rigid Pavement 

Overlay Design System (Ref A5). In order to facilitate the use of the design 

charts, the design philosophy is summarized below. 

Design Philosophy 

(1) While the existing PCC slab have remaining life, the critical 

stress will be located in this layer and the rate of deterioration, 

i.e., loss of remaining life of the PCC slab will apply for all 

layers (overlays) above this layer. The existing slab will 

continue to determine the rate of deterioration while it has 

remaining life, but the analysis will enter a new phase every time 

an overlay is placed, since the stress condition in the existing 

slab will change. 

(2) When the existing PCC slab looses all remaining life we enter a new 

phase in the analysis. The critical response (stress in the case 

of a PCC overlay strain in the case of an AC overlay) shifts to the 

first overlay and the material properties of the existing PCC slab 

change (elastic modulus decrease). The rate of deterioration (loss 

of remaining life) is now determined by the first overlay. If a 

second overlay is placed before the first deteriorate to zero 

remaining life, we enter a new phase in the analysis since the 

stress condition in the first overlay will change. 
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(3) When the first overlay reaches zero remaining life, the analysis 

again enters a new phase. The critical response shifts to the 

second overlay and the material properties of the first overlay 

change. The logic of this design philosophy can be followed 

through to a third overlay. 

(4) One exception to this basic philosophy applies when a thin PeC 

overlay is bonded to the existing slab. In this case the thin 

bonded PCC overlay reach the end of its 1i fe at the same time as 

the existing PCC slab. Experience has shown that any cracks which 

exist or originate in the original PCC s lab will always propagate 

up through the bonded PCC overlay. 

From the above discussion it is clear that the analysis enters a new 

phase every time a layer, be it the existing PCC layer or an overlay reaches 

the end of its life, or when an overlay is placed. The analysis phases can 

easily be demonstrated by plotting the design strategy against analysis 

period or design traffic. 

The plotting of an overlay strategy is explained by using a typical 

example. 

Details of the strategy are 

(1) Analysis period = 20 years 

(2) Cumulative future equivalent design traffic ND = N 

(3) Present remaining life of existing PCC slab = 40 percent 

(4) Two overlay strategies are plotted in Fig AI2.1. Figure AI2.l(a) 

shows the plot of a strategy that requires an unbonded PCC overlay 

(or an AC overlay when the existing PCC slab reach 20 percent 

remaining life. Figure AI2.I(b) show the plot of a strategy that 

requires a bonded PCC overlay when the existing PCC slab reaches 20 

percent RL; 

The delineation of the phases in the analysis follows directly from the 

discussion in the previous paragraph. The first strategy (unbonded PCC or AC 

overlay) has three phases, as illustrated in Fig AI2.I(a). 
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The second strategy (bonded PCC overlay) has 2 phases, as illustrated in 

Fig Al2 .1(b). 

How to Use Design Charts 

Figure A12.2 describes the use of the charts 1n the form of a flow 

diagram. The design philosophy and all the steps of the overlay thickness 

design process are built into the flow diagram. Examples of how to use the 

individual charts are presented on the chart. 

DESIGN CHARTS FOR REFLECTION CRACKING ANALYSIS 

Des ign chart s for the des ign of AC over lays or PCC pavement s to prevent 

reflection cracking is presented by Diaz et al in Ref. All. 

SECTION A13: COST ANALYSIS 

Alternative overlay design strategies should be compared on a cost 

basis. The cost analysis should be regarded as an important aid to decision 

making. It does not necessarily include all the factors leading to a 

decision and should therefore not override all other considerations. Factors 

which are affected direc tly by highway engineering dec is ions and can be 

dollar priced should be included. The main economic factors which determine 

the cost 0 f a des ign strategy are the ana lysis period, the over lay 

construction cost, the maintenance cost, the road user costs, the salvage 

value at the end of the analysis period and the real discount rate. 

The computer program RPRDS-l (Ref AS) computes the net present cost 

value of all the strategies generated by the program based on a comprehensive 

set of cost related inputs. The strategies are then ranked by the program on 

a minimum net present cost basis. 
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ANALY SI S PER roD 

The period of time over which an analysis is to be made, should be based 

primarily on the ability of the analyst to forecast the future. This period 

should normally not exceed 20 years. 

OVERLAY CONSTRUCTION COST (C) 

The overlay construction cost (C) should be estimated from current 

contract rates for similar projects in the region. For the purpose of this 

manual, construction cost include all costs related to construction at the 

time of overlay placement, i.e., 

(1) mobilization and traffic handling costs; 

(2) cost s re lated to the repa ir and preparat ion of the exist ing 

pavement surface prior to overlay placement; 

(3) overlay material and placement cost; 

(4) costs related to the construction of shoulders and adjustments to 

drainage facilities and guard rails, etc.; and 

(5) finishing costs, i.e., cleaning and painting. 

MAINTENANCE COST (M) 

Maintenance costs (M) should include all the costs of maintaining 

adequate surface integrity, Le., joint and crack sealing, patching, 

restoring skid resistance. For the purpose of this manual these costs will 

exclude surface repair and preparation costs incurred at the time of overlay 

placement since they will be included under construction costs. 

USER DELAY COSTS 

For the purpose of this manual user delay costs are broken down into two 

categories: (1) user delay costs incurred during the period of overlay 
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placement (D) and (2) user delay costs incurred during a maintenance measure 

(d). Accurate estimates of user delay costs are very difficult to obtain and 

many factors such as the level of the average daily traffic, the hourly 

distribution of traffic, time of delay (based on prOduction rates), traffic 

handling techniques, etc. come into play. The importance of this cost item 

however, cannot be neglected in the selection of alternative design 

strategies especially at high traffic levels. At high traffic levels (tota 1 

traffic > 50,000 equivalent passenger car units) the user de lay costs of an 

overlay strategy can for example be 2 to 5 times the construction cost of the 

strategy depend ing on the tra fHc hand ling techn ique. Soph ist ica ted 

automated delay IOOdels are available to estilllate delay costs. These models 

have been incorporated in the computer program RPRDS-l (Ref A5). Fairly 

simple calculations can, however, be used for approximate estimates. The 

Highway Design Manual of the State of Texas (Ref A9) presents guidelines for 

the estimation of user costs. Tables AlO.l to A10.4 also contain valuable 

information on the importance of user delay costs under different conditions. 

These tables can be used for rough estimates if no better information is 

available. It should be clear from these tables that user delay costs have 

an overriding impact on both the total strategy cost and timing of the 

overlay placement at high traffic levels. 

SALVAGE VALUE (S) 

The salvage value of the overlay at the end of the period under 

consideration is difficult to assess. If the road is to remain on the same 

location, the existing pavement layers may have a salvage value, but if the 

road is to be abandoned at the end of the period under consideration the 

salvage value could be little or zero. The assessment of salvage value can 

be approached in a number of ways depending on the method employed to 

rehabilitate or reconstruct the pavement. A value of 15 to 30 percent of the 

overlay cost is normally assigned to the overlays. The impact of this 

decision on the total present worth of cost is, however, not very significant 

since this cost item is generally discounted over a long period of time. 
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REAL DISCOUNT RATE 

When net present value analysis is done, a real discount rate must be 

selected to express future expenditure in terms of present day values. The 

discount rate for performing present value calculations should represent the 

opportunity cost to the taxpayer, i.e., the estimated average market rate of 

return that would be achieved if more public transportation funds were left 

in private hands rather than being paid to the government in taxes. 

A range of 6 to 12 percent is common in current economy studies of 

public projects; for example, the U. S. Office of Management and Budget 

recommends a 10 percent discount rate for Federal Government economy stUdies. 

The possible effects of uniform future price increases (inflation) should be 

ignored. 

Because the results of the net present value calculations are sensitive 

to the discount rate, the analyst may wish to perform the economic 

calculations at two or three alternative discount rates. However, all final 

comparisons of projects should be made using a consistent value of the 

discount rate. 

NET PRESENT VALUE ANALYSIS 

The total cost of a project over its life is the sum of construction 

costs, maintenance costs and user delay costs minus the salvage value. The 

total cost can be expressed in a number of different ways but, for the 

purpose of this document, the net present value (NPV) approach has been 

adopted. The net present value of costs can be calculated as follows: 

NPV == + 

+ 

(c. + D.) 
1 1 

P 
x. 

1 

~ cost during overlay 
placement 

~ cost during maintenance 
activities 
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net present value of cost 

construction cost of ith overlay placement 

user delay cost during time of ith overlay placement 

cost of ith maintenance measure 

real discount rate 

user delay cost during ith maintenance measure 

number of years from the present to the ith overlay placement 

(within analysis period) 

number of years from the present to the ith maintenance 

measure (within the analysis period) 

analysis period 

salvage value of the overlays 

discount factor based on the equation P = (1 + O.Olr) 

A set of discount factors (p) is given in Table A13.1. 

All costs must be expressed in terms of current costs. It is normally 

the easiest to express all costs on a per square yard basis. When the 

designer is only interested in comparing the cost of two design strategies, 

only the cost differences need to be included in the analysis. 

SECTION Al4: DESIGN EXAMPLES 

DESIGN INFORMATION 

General Information 

(1) Four lane facility (2 lanes in each direction) 

(2) Location: District 4 

(3) Pavement type: CRCP with no PCC shoulder 

(4) Pavement age: 6 years 
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Condition Survey: Section!2 

(1) Distress index: Zc = O.S 

(2) No visual evidence of pumping or 1088 of load transfer 

Dynaflect Deflection Data: Section!3 

(1) Only one design section considered 

(2) Modal sensor S deflection (WSm) 90th percentile sensor S 
. -1 deflect Lon = 7 mils * 10 

(3) Modal deflection slope (WI - WS) modal = 0.000202 inches 

Traffic ~ Section ~ 

(1) Present year ly equivalent traffic = 2 * 106 18k ESAL' s in both 

directions of travel 

(2) Estimated future growth rate (i) of equivalent traffic = 3 percent 

(3) Cumulative past equivalent traffic (n) = 9.778 *106 18k ESAL's in 

both direc tions 

(4) 

(S) 

Average daily traffic in both directions of travel = SSOOO ESAL's 

Reduction of traffic data. From tab les A4.l and A4. 2 the lane 

distribution factor Le = 0.9 and the directional distribution 

factor (D) = O.S. The following reduced traffic information will 

be required for the design procedure: 

(a) 

= 
Cumulative past traffic in the design lane = 

n * Le * D = 9.778 * 106 * 0.9 * O.S 

4.4 * 106 18k ESAL's; 

(b) Future cumulative equivalent traffic in the design lane (ND). 

Using a design period of 20 years, a growth rate (i) of 3 percent 

to get the traffic growth factor (f) from Table A4.4 it follows 

that 
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= 

= 

Design Criteria: Section!S 

daily equivalent traffic * Le * D * f 

2 * 10
6 * 0.9 * 0.5 * 10100 

365 
24.9 * 10

6 

18k ESAL's 

(1) Tim.e constraints: analysis period = structural design period = 
20 years 

(2) Traffic constra ints: facility must be designed to carry the 

traffic for the next 20 years 

(3) No other constraints 

DEFINITION OF DESIGN INPUTS 

Selection of Design Section: Section!6 

(1) Only one section considered (refer to Section A6 for procedure) 

Structure and Material Properties of Existing Pavement: Section !7 

(1) Construction Records 

From the construction records, the following information is available: 

(a) CRC-SLAB thickness = 8 inches with elastic modulus (E) ...., 6 

x 106 psi 

(b) Stabilized subbase thickness = 9 inches 

(c) Granular subgrade 

(3) Elastic Moduli (E Values) 

From deflection data (Section A3) the following information is 

available: 



(a) W5m ::= W 90th percentile = 7 mils * 10-1 

(b) Modal WI - Ws = 0.000202 inches 
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From Figure A7.3, E3 = subgrade modulus = 8000 psi. Assuming El = 6 

* 106 psi, the subbase modulus (E2 ) can be determined and EZ ::= 400,000 psi. 

These values compare well to similar materials in the region and no 

adjustment.s are justified at this stage. The preliminary set of E-values 

there fore are: 

El = 6,000,000 psi 

E2 = 4,000,000 psi 

E3 = 8,000 psi 

(3) Concrete Flexural Strength (f) 

The concrete flexural strength is available from laborat.ory results and 

f ::= 650 psi. 

Estimation of Remaining Life (RL) and Final Calibration of E-Values: Section 

!s 
RLI is t.he estimate of the remaining life of the existing 

pavement from a semi-empirical model based on the past behavior of 

the pavement. The following information is required: 

(a) District: D4 

(b) Distress index of design section: Zc = 0.5 

(c) Cumulative past equivalent traffic in design lane (n). From 

section A4 n 7 * 106 18k ESAL's. 

(d) Pavement age (A). From design information A < 10 years. 

The nomograph in Figure A8.2 can now be used to estimate RLI and RLI ""'" 

36 percent. 
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RL2 is the estimate of the remaining life of the existing 

pavement using the E-value estimates from Section A7 and the 

mechanistic fatigue model. The following information is required: 

(a) Cumulative past equivalent traffic (n) in design lane (i. e. 

slow lane). From Section A4, n = 4.4 * 106 lBk ESAL's. 

(b) PCC-flexural strength (f). From Section A7, f = 650 psi. 

(c) Critical stress factor (csf). From Table AB.l, csf = 1.2. 

(d) Original structural design life (NT) in lBk ESAL's. With the 

E-values from section A7 and the information above, the design 

chart in Figure AB.3 can be used to obtain NT. NT = 7 • 3 * 
106 18k ESAL's. 

Using equation AB.l, RL2 can now be determined. 

= 
n 

1 - - = 
NT 

1 _ 4.4 * 10
6 

7.3 * 10
6 

(3) Comparison of RLI and RL2 

RLI and RL2 compare well and no further adjustments are required. 

(4) Final Estimate of RL and E-Values 

RL = 40 percent 

El = 6 * 106 psi 

E2 = 400,000 psi 

E3 = 8,000 psi 

Overlay Materials and Techniques: Section!9 

All overlay materials available in District 4. 
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Selection of Candidate Strategies for Further Evaluation: Section !10 

The following information is required: 

(1) Present yearly equivalent traffic in both directions = 2 * 106 lSk 

ESAL's (from Section A4) 

(2) Average daily traffic in both directions = 55000 passenger car 

unit s (EPU' s) 

(3) Remaining life of existing pavement, RL = 40 percent (from Section 

AS) 

With the above information, a candidate set of overlay strategies for 

further evaluation can be obtained from Table AlO.l(a). The two strategies 

se lec ted are: 

(1) Thin bonded pee-overlay with pec shoulders placed when possible. 

The existing pavement has 40 percent remaining life, i.e., overlay 

as soon as possible. This strategy is likely to be the cheapest 

and the user delay cost is in the order of 71 percent of the total 

strategy cost. 

(2) Thin bonded pee overlay with pee shoulder placed when existing 

pavement reaches 20 percent remaining life. The user delay cost of 

this strategy is in the order of S2 percent of the tota 1 strategy 

cost. 

Selection and Modeling of Repair Strategy: Section !ll 

Since the remaining life of the existing pavement is »10 percent, and 

the condition survey information did not show evidence of pumping or loss of 

load transfer, it follows from Figure All.l that 

(1) Repair strategy is to repair localized distress, and 

(2) Critical stress factor (csf) = 1.05 (from Table Al1.2) 
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Overlay Thickness Design: Section !12 

The following is required: 

(1) Cumulative equivalent traffic in design lane (ND). From Section A4 

ND = 24.9 * 106 1St ESAL's. 

(2) E-values: from Section AS, El = 6 * 106 psi; E2 = 400,000 psi and 

E3 == S ,000 psi. 

(3) Layer thicknesses of existing pavement, i.e., base = S inches and 

subbase" 9 inches. 

(4) RL of existing pavement == 40 percent (from Section AS) 

(5) Critical stress factor. From Section All csf = 1,05 

With the information presented above, the design chart in Figure A12.3 

can be used to obtain the required overlay thickness. 

Strategy~: Th in bonded PCC overlay with PCC shoulders placed when the 

existing pavement has 40 percent remaining life. Using the steps in Figure 

A12.2, it follows that 

RLp = RLo = 40 percent; R == 0; nl == 0; n2 = 24.9 * 106 lSk 

ESAL's, and N1S == n 2 * 100/RLo 

N = 24.9 * 10
6 * 10 

lS 40 
= 62.25l8kESAL's 

From the design chart in Figure A12.3, Dli = 12 inches 

The required overlay thickness = Dl' - Dl .. 12 inches - S inches = 4 

inches. 

Strategy b: Thin bonded PCC overlay with PCC shoulders placed when 

existing pavement has 20 percent remaining life. Using the steps in Figure 

A12.2, it fo Hows that 

R = RLp - RLo = 40 percent - 20 percent = 20 percent; 

NT .. 7.3 * 106 lSk ESAL's; 

nl == R * NT/100 = 20 * 7.3 * 106/100 == 1.46 * 106 lS k ESAL's; 

n2 = ND - nl = 24.9 * 10
6 

- 1.46 * 106 = 23.44 * 10 6 lSk 
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ESAL's; 

and N18 = n2 * 100/RLo = 23.44 * 106 * 100/20 = 117.2 * 106 

18k ESAL's 

From the design chart in Fig A12.3, it fo llows that D1 ' = 13.5 inches. 

The required overlay thickness = D1 ' - D1 :a 13.5 inches - 8 inches = 5.5 

inches. This over lay must be placed when the existing pavement reaches 20 

percent remaining life. Theoretically, this will be 1.56 years from now if 

the cumulative equivalent traffic to time of over lay (n1) = 1.46 * 106 18k 

ESAL's and the traffic growth rate (i) of 3 percent is used in equation A4.2. 

that 

SECTION A.14: COST ANALYSIS 

Strategy! 

Cost Information. The following cost information is available: 

(1) Real Discount Ra te : r = 10 percent 

(2 ) Construction Cost: C = $15 per square yard 111 0 years from now 

(3) Maintenance Cost: HI = $1 per square yard 111 10 years from now 

H2 = $1 per square yard 111 15 years from now 

(4) Salvage Value: S = $5 per square yard 111 20 years from now 

(5) User Delay Cost: Not available 

Cost Calculations (Refers to Table A13.1) 

From Table Al3.1 and the cost information presented above, it fo llows 

Xl = 0 years; Y1 = 10 years; Y2 :& 15 years; z = 20 years 
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TABLE A13.1 DISCOUNT FACTOR (P) FOR CALCULATION OF NET PRESENT VALUE 

Number of years H P for real discount rate r (r.p.a.) 
(x, y or z) from 
the present to 
the time of 
money layout 2 3 4 5 6 7 8 9 10 

1 1.02 1.03 1.04 1.05 1.06 1.07 1.08 1.09 1.10 
2 1.04 1.06 1.08 1.10 1.12 1.14 1.17 1.19 1.21 
3 1.06 1.09 1.12 1.16 1.19 1.23 1.26 1.30 1.33 
4 1.08 1.13 1.17 1.22 1.26 1.31 1.36 1.41 1.46 
5 1.10 1.16 1.22 1.28 1.34 1.40 1.47 1.54 1.64 

6 1.13 1.19 1.27 1.34 1.42 1.50 1.59 1.68 2.77 
7 1.15 1.23 1.32 1.41 1.50 1.61 1. 71 1.83 1.95 
8 1.17 1.27 1.37 1.48 1.59 1.72 1.85 1.99 2.14 
9 1.20 1.30 1.42 1.55 1.69 1.84 2.00 2.17 2.36 

10 1.22 1.34 1.48 1.63 1. 79 1.97 2.16 2.37 2.59 

11 1.24 1.38 1.54 1. 71 1.90 2.10 2.33 2.58 2.85 
12 1.27 1.43 1.60 1.80 2.01 2.25 2.52 2.81 3.14 
13 1.29 1.47 1.67 1.89 2.13 2.41 2.72 3.07 3.45 
14 1.32 1.51 1.73 1.98 2.26 2.58 2.94 3.34 3.80 
15 1.35 1.56 1.80 2.08 2.40 2.76 3.17 3.64 4.18 

16 1.37 1.60 1.87 2.18 2.54 2.95 3.43 3.97 4.59 
17 1.40 1.65 1.95 2.29 2.69 3.16 3.70 4.33 5.05 
18 1.43 1. 70 2.03 2.41 2.85 3.38 4.00 4.72 5.56 
19 1.46 1. 75 2.11 2.53 3.03 3.62 4.32 5.14 6.12 
20 1.49 1.81 2.19 2.65 3.21 3.87 4.66 5.60 6.73 

21 1.52 1.86 2.28 2.79 3.40 4.14 5.03 6.11 7.40 
22 1.55 1.92 2.37 2.93 3.60 4.43 5.44 6.66 8.14 
23 1.58 1.97 2.46 3.07 3.82 4.74 5.87 7.26 8.95 
24 1.61 2.03 2.56 3.23 4.05 5.07 6.34 7.92 9.85 
25 1.64 2.09 2.67 3.39 4.29 5.43 6,85 8.62 10.83 

26 1.67 2.16 2.77 3.56 4.55 5.81 7.40 9.40 11.92 
27 1.71 2.22 2.88 3.73 4.82 6.21 7.99 10.25 13.11 
28 1. 74 2.29 3.00 3.92 5.11 6.65 8.63 11.17 14.42 
29 1. 78 2.36 3.12 4.12 5.42 7.11 9.32 12.17 15.86 
30 1.81 2.43 3.24 4.32 5.74 7.61 10.06 13.27 17.45 

Kp = {I + O.Oli)x,y or z 
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Net Present Value of construction and maintenance cost = 

~+ ~ s 
+ P P p P 

xl Yi Y2 z 

15 1 1 5 
== + + 

P20 P P10 
P15 0 

15 1 1 5 .•• A13.1 = + 2.59 + 4.18 - 6,73 1 
= $14.88 per square yard. 

From Table AlO.1(a) the user delay cost is approximately 71 percent of 

the total net present value. 

that 

,·.TNPV = 14.88 + 0.71 * (total net present value) 

.·,TNPV = 

Strategy! 

14.88 
0.29 = $51.32 per square yard 

= $50.00 per square yard 

Cost Information. The following information 1S available: 

(1) Real Discount Rate: r = 10 percent 

(2) Construction Cost: C = $17 per square yard m 1.5 years from now 

(3) Maintenance Cost: M1 = $1 per square yard ~ 10 years from now 

M2 = $2 per square yard m 15 years from now 

(4) Salvage Value: S = $ per square yard m 20 years from now 

Cost Calculations (Refers to Table A13.1) 

From Table A13.1 and the cost information presented above, it follows 

xl = 2 years; Yl = 10 years; Y2 .. 15 years; z = 20 years 

C M + 
M2 S 

".NPV .. + P P P P 
xl Y1 Y2 z 

17 1 2 5 
+ P10 

+ P15 P20 P2 
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= -.!Z.::. + 1 + 2 
1.15 2.59 4.18 

= $14.77 

5 
6.73 

From Table AlO.l(a) the user delay cost is approximately 82 percent of 

the STNPV. 

TNPV = 14.77 + 0.82 (TNPV) 

TNPV = $82.09 

~ Comparison 

The cost ratio = 

$80.00 

$50 (Strategy A) 
$80 (Strategy B) 

::: 1.6 

This value compares well with estimated cost ratio of 1.55 predicted in 

Table AlO.l( a). 
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PROSI • PAVEMENT REHABILITATION DEIIGN IVIT£M • VERIION I, APRIL , ••• 
CENTER 'OR TRANSPORTATION REIEARCH 
UNIVERlrTV 0' TEXAI AT AUITIN 
LATEST REVISION. ARE INC~, CONtULTING !NG~N[!AI, JULV ".1 
*********************************** 
~,R D I I N PUT I U M M ~ R V 
*********************************** 

PROJ!CT.D!.CRlpTION 
******************* 

t~l TtTLE 
A W ytLJO!N CRCp 

ORIGINAL PAVEMENT 
***************** 

2,1 8UR'AC! TVPE 
2.2 Cn~CRET! SHOULDER . 
2.3 Nn. 0' LANES (ONE DIRECTION' 
2~4 NO: OF PAVEM!NT LAVERS 

3,t PROJECT LENGTH, MILES 
3,2 LAN! WIDTH, FEET 
3.3 TOTAL SHOULDER WJDTH, ,EET 

PAVEMENT STRUCTURE 
!I:' 

4~' ELASTIC 
LAVER THICKNESS MODULUS 

NO" •• o '~ 
(IN) - .. IP'S' . 

••••• •••••••••••••• •••••••• 
I 1,,8 !I"I,a.e; 
2 ',1 1.1.", 
3 SEMI·IN'INITE 11111 •• 

.~. 
POl810NS 

RATIO 
• ••••••• 

,21 .,. ,., 
',t CONCRETE FLEXURAL STRENGTH, pll 
'.2 CRJTJCAL STRESS 'ACTOR 
1~J CONCRET! STI"NESS A'TEA CRAC~ING, PII 

A~l NO; 0' IXIITING DE'ECTS PER MIL! 
A~2 COST 0, REPAIRING A DE'ECT, DOL 
8~J RAT! OF D!'ECT DEVELOPM!N', NO~/VR/MIL! 

* 

** 

*** 

CRCIt 
NO :. 
J 

, ," 
12., 

14, 

"', ,.2. I', ••• , 
IS. ,,'1, 
It 

* Layer No. 3 modulus range from 8,000 to 20,000 in steps of 6,000 

** Range from 4 to 15 depending on RL of existing pavement 

*** Range from 2 to 4 depending on RL of existing pavement 



TRA"IC.VARIABLES 
***************** 

TIM! CONSTRAINTS 
**************** 
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6.1. "1 4.' 
i~." 4.,_ 
1'_' 
'I t ' 

II', ANALVsrs '!RIODf YIARI'lt~1 10:2 MINIMUM TIM! 8E WI N OVERLAYII -yIAA8 • 
l'~S MAXIMUM ALLOWABLE Y!'RS.O' HEAVY MAINTENANCE "T!R 

LOSS 0, STRUCTURAL LOAD-CARRyING CAPACITY 4~1 

* Separate runs for ADT of 15,000 and 30,000 

** Separate runs for initial yearly ESAL of 1.100 and 0.567 
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R!MAINtNQ,L"! VARIABLEI 
************************ 

NO; OF FIRST OVERLAY REMA!NING LI'E 
VALUES TO CONSIDER . . 

NO~ 
, 

••• 
I 

REMAINING 
LI'E 

(PIRCENT' . 
• ••••••••• 

I 

VALUES OF 'IRST OVERLAV REMAINING ~I'r AT WM!CH 
SrCOND OVERLAV MAY 8E PLACED . 

NO~ 

••• 

* Depends on RL of existing pavement (RL): 

4 when RL = 40 percent 
3 when RL = 20 percent 
2 when RL = 10 percent 
1 when RL = 0 percent 

** Depends on RL: 

40; 20; 10 and 0 when RL = 40 percent 
20; 10 and 0 when RL = 20 percent 
10 and 0 when RL = 10 percent 
o when RL = 0 percent 

1 
2 
S 

" 

REMAINING 
~I'! U~l CENT) 

••••••••• 
"I~ 21, 
II, 

II 

I 

,1, 

** 

" 



OVERLAV,e~ARACT!RrITICI 
•••••• ** •• *.*.** ••••• *. 

15~e 

TVPES 0' 'IRIT OVERLAV TO CONIIOER 
.' AtP • VEl 
,2 BONDED CRefi ." VEl 
.3 UN BONDED CRCP • VEl 
~o BOND!D Jep .VES 
.! UNIONDED Jep • VEl 

TVpES O~ SECOND OVERLAV TO CONIIDER 
;i ~iEp: V~8 
'.3 JCP • NO 

NO~ 0' ol"ERENT OVERLAV TMrCKNESI TO CONIIDIR 
" ACP FIRIT OVERLAV ~ 7 ,2 ACP SECOND OVERLAV w J 
.3 pee OVERLAV. 7 

AtP ,IRST OVERLAV THICKNEII!S. INCHES 
., 2·8 :2 3:' 
;3 4~e 
,0 5,1 
.5 6.8 ;6 '~8 
• ., 8.1 

AtP SECOND OVERLAV THICKNE8SEI, INCHES 
~, 2~1 
.2 4.1 
.] 6.0 

pee OVERL.V THICKNEISEs, INCHEI 
" 3.0 
,2 4.0 
.] 5.0 :0 6.0 
.5 7.0 
.6 8.0 
.7 9.0 
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"~t ALLOWABLE TOTAL OVERLAY THICKNES', INCH!. 
1'~2 AVERAG! lEVEL-UP THICKNE.S, INCH" ".S ROND BR!AKERTHICKN!S', INCHEI 

2fJ~ I 
21~2 
2"~S 
28.1.1 
2"~S 
21.' 

2t~t 
2';2 

ACP OVIRLAY D!IIGN STI"NESS, PSI 
POISSONI RATIO, ACP OVERLAY 
pee OVERLAY DESIGN STI,PNESS, PsI 
POISSONS RATIO, pec OYERLAY 
aONO BREAKER STI"N!18~ P81 
POISSONS RATIO, BOND BREAKER 

NO: 0' OYIRlAY'LrXURAL ITRfNGTHITO CONIIDI~ 
NO; WHI~H IDENTI'IE8 WHICH 'lEXURAl .TRINITH IN 
,~~ LIlT TO USE 'OR A BONDED pee OVI~LAY 

22~' PC~ OVERLAY 'lEXURAL ITRENGTHtS', 'II 
.1 ,511. 

'II,. 
I,' S,' 

,I""" .1' ;,······l . ~II 

I ••••• ~ 
. ." 

i 

i 
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••• PAVEMENT STRESS ,ACTO"I A'TER OVERLAV *.* 
'JRIT IECOND CRITiCAL aVERhAv CRITf/INTIR~ 

OVERLAv OVERLAV .TRS. IHOUL ER • RI.' 
TVPE TVp! LOCATION TVP! 'A~TaR .. .. . ' 

•••••••• ••••••• • ••••••• • ••••••• • ••••••••••• 
11:1 ~E~ (Ni~J' I§ ~t~, tE~ 1:11 

", 

25,1 ACp CRCp EX PAVT AtP .1· 
2S,'! ACP CRtP EXPAYT eRell •• 26.t ACP CRCP CRCP OIL Ae, .e 
2'~! AtP CRCP CACP OIL CRC' .1 

1;:1 ACP ~~= IX PAV; A~P .1 
ACP XIIAV .l , .a 

28~1 ACP .lCP .lCp OIL ACP ... 
28.2 ACP .lCP .lCP OIL .lCp .1 

2~~1 BONO CRe (NONE' EX PAVT Atp ';1' 
2',2 BOND CRC (NONE' EX PAVT cRCil l,a' 
JI. t BONO CRC ACp EX 'AVT ACII 1,.S 
JI~! BOND CRe ACP EX PAVT eRCP I~" 

:5t .1 BOND .lcp (NONE' EX PAVT ACP ., 
Jl.2 BOND JCII (NONE' EX IIAVT JcP .11 

Ji.i AOND 'JcP AtP EX 'AVT AC; •• 
S2~2 BOND Jcp ACp EX pAVT JC' .1 

o • " 

J]~t UNBD CAe (NONE) EX PAVT ACp t.IS 
]3~2 UNBD CAC (NONE' EX PAVT CRCP 1,1' 
J4,l UNeO CRC tNONE) CACP OIL ACp 1,21 
]0,2 UNa!) CRC (NONE' CRCp OIL eRCp I." 
]S~I UN8D CRC ACP EX pAVT ACII t,as 
35;! UNBD CRe ACp EX pAVT CRCP I." 
36,1 UNBD CRe ACP tFlCP OIL AC' 1,19 
3'.2 UNa!) CRe ACp CRCp OIL CRCp .," 
37~t UNe!) JCP (NONE) EX PAVT ACP 1.411 
37.2 UNB!) Jc'- (NONE) EX PAVT JCP l.18 
38.t UN8D JCJt (NONE) JCP all ACP 1~41 
38~2 uNe" JcP (NONE) JCp OIL .lCP 1~15 
3~.t UNB" JcP ACp EX pAVT ACP t,ll 
]~.2 UNBO Jcp AtP EX PAVT .lCP 18 
40, t UNBD JcP ACp JCP oiL ACP 1'4. , 
01.2 UN80 JCP ACp JtP OIL JtP t.t' 

NOTE ; STRATEGIES WITH A ZERO VALUE ,oR THE CRITICA~ TO 
INTERJOR ITRE81 'ACTOR WILL NOT 81 CONSIDERED, 

01~t 2 ~ REGRESSION EQUATIONS USED TO PREDICT RESPONII~ 
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OVERL~V.~ONITRUCTION COIT,VARI_ILEa 
•••• *.* •••••• * •• * •••••••••••• * ••••• 

4J~' 

QQ.t 
44~2 
QQ,S 
oQ.4 
4Q.! 

4S~C'J 

Q6~e 

lIT! EITAILIIHMENT COlT, DOL 
it aCP EQUIPMENT 
~2 CRCP EQUIPMENT lei'" ,.1.1, 
~J dC' EQUIPMENT 
~o AC' AND CACP EQUIPMENT 
~5 ACP AND JCP EQUIPMENT 

2"11~ 
I!'I', 
2S.I', 

PAV1MENT IUR'AC! PREPARATION COITI, OOLilV 
~A I~J'Tl~G PAVEMENT t_11 " _ OV ALAV , • 

S CRC' OVERLAV ,S' 
a JCP OVERLAV ,S8 

'IXED CoST 0' ACP OVERLAy CDNSTRUCTION, DOLIIY 
VARIABLE COlT 0' ACP OVERLAY CONITR~, ~qL/IY/IN 
'IX£D colT 0' 'L£XI.L~ SHOULDER CONSTR •• DOL/IV 
VARIABLE CaiTo' "LEX. IMOULDER CONSTA •• DOLIIYIIN 
COlT 0, BOND BREAKER CONSTRUCTION, DOL/IY 

CAtP 'lxED COlT 'OA EACM 'LEXURAL STAENUT" 

'LEXURAL 'IXEO COlT 
ITRENGTM tPII' tDOL/IV' 

• 1 
............... .'1. • ••••••••• 6." 

CACP VAAIABLE COlT 'OA EACH ,LEXURAL .TRINOTH 

'LEXURAL VARI'.LI COlT 
'TR~NGIH ~PII' ~(PQL/.V/IN' 
•••••••••••••• • •••••••••••• 

.1 65.~ ,:1. 

I 
t,11 
'1," e 
J,I' 



I'LEXUAAL 
STRENGTH (PSI) .. ." . , 

•••••••••••••• 
6!"~ 

'IXED COlT 
rOOL/IV' ... .. ........ . ,;". 

Q8~1 JCP VARIA8LE coaT 'OR EAeM 'LEXURAL ITRrNGTM 

'LIXURAL VARIABLE COlT 
STA!NGTM (,aJ' (DOL/IYIJN' 

- ~ .. ~ • If!< • ,. .'" ............... ............ . 
tl 65a; t:" 

TOTAL STEEL PERCENTAGE REQUIRED IN CRC' OVERLAVS 
TOTALoSTEEL PERC!NToACE AEQ¥IAED IN JC' OVERLAYS 
COST , STEEL REIN' AC!MEN , DOL/LI . 

177 

•• :1 
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TRAF'IC DELAY CQST VARIABLES 
**************************** 

51~t LOCATIoN 0' PAOJECT (l_RURAL,2-URBAN, 
S9~Z MOQ!L NO FOR HANDLING TRAFFIC 
51,1 NO, 0' O.!N LANES, OVE~LAV DIRECTION 
59,4 NO. 0' OPEN LAN!S, NON.OVERLAY D~RICTION 

5!~I 
51,2 
St,] 
51,4 
51,5 

!2~ ! 
52,2 
S2~] 

5]~! 
51~2 
53;3 
53,. 
51~5 
53~6 

54~ ! 
54,2 
54,3 
54~4 

MILITARY TIME OVERLAy CONSTRUCTION BEGINI 
MILITARV TIM! OVERLAy CONSTRUCTION ENDS 
HOyAS PER DAY OVERLAV CONSTRUCTION OCCURI 
NO. OF DAYS CONCRET! IS ALLO~ED TO CURE 
DETOUR DISTANCE TO USE IN MODEL~, MILES 

AVERAGE APPROACH SPEED, MPH 
AVERAGE SPEED, OVERLAY DIRECTION, MPH 
AVEAAG! SPEED, NON-OVERLAV D!RECrION, ",H 

DISTANCE TRA,fIC IS ILD~!D, OVER~AY DIRECTION, MIL!' 
D!STANC! TRAF'IC II ILOWED, NON~OV!RL'Y DIR~, MIL!S 
PERCENT 0' VEHICLES STOPPED, OVERLAY DIRECTION 
PERCENT OF VEHICLES ,TOPPED, NON-OVERLAY DIRECTION 
AVERAGE VEHICLE DELAV, OVERLAY DIRECTION, HAS 
AVERAGE VEHICLE DELAV, NON-OVERLAy DIRECTION, HA' 

ACP PRODUCTION ~AT!, CY/HR 
CRep PRODUCTION RATE, CV/HR 
JCP PRODUCTION RATE, CV/HR 
enND BREAKER PRODUCTION RAT!, eV/HR 

I 
J 
1 
'I 

!S, 
,JI, 
,SSt 

1,1 
I 
e e ., 

•• 
"', "., "1, 
"I, 



DIITRfS~/MA!NT!NANC! coaT VARIABLES 
**t******************************** 

nllTR!I! REPAIR COlT, CRCP OVERLAY, DOL. 
INITIAL CRCP OVERLAY DISTR!SS RATE1 NO IMI/YA 
SECONDARY CRCP OVEALAY DlaTRESS RATI, AO./MI/YA 
CRCP OVERLAY DIITR!SS RAT! 'oA EACH VEAA A'T!A Loal 
OF PAVEMENT LOAD.CARRVING CAPACITY 

y!AR A'TER 
'AI",URE 

.' ........... 
1 
2 
1 

• 

DISTAESS .ATE 
~NO;/~tL!~ ....... " ..... s,e 

!,I 
• e 

,.!" 
DISTRISS REPAIR COST, JCP OVERLAY, DO~ 
!NITIAL JCP OVERLAY DISTRESS AATE, NO./M!/Y. 
SECONDARY JCP OVERLAY DISTRESS RATE, NO~/Mr/Y. 
JCP OVERLAY DISTRES' RATE 'OR EACH YIAR A'TER LO" 
OF PAVEMENT LOAD CARRYING CAPACITy 

YEAR AfTER 
.'AILURE 

•••••••••• 
1 
2 
:5 
II 

DIST.,I. RATI 
~NO,/~~LE~ . ............ . 

• 11.1 
6.8 .:ra 

Ie;. 
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l ••• ," .1 
,I 

.'1.81 
I,' 
I •• 
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DISTR!SS REPAIR COST, ACP OVERLAY ON CRCP; DO~ 
JNITIAL ACP/CRCP DISTRESS RAT!, NO,/MI/YR 
SECONDARY ACP/CRCP DISTRESS RATE, NO./MIIVR 
ACP/CRCp OISTRESS RATE FOR EACH YEAA "TIR' LOll 
n, PAVEMENT LOAD.CARRYING CAPACITY 

YEAR AFTER DIITRE.S AAT! 
. 'AILUR! tNO;/~I~!" 
•••••••••• ••••••••••••• ,., 

,:, 
"~I 

I 

t .. 
DISTRESS REPAIR COST, Aep OV!A~AVON JCP, OOL 
INJTJAL ACP/JCP DISTRESS RAil! NO~/~I/V' 
SECONDARY ACP/JCP DISTRESS RATE, 'O./MJ/VR 
ACP/JCP DISTAESS RATE 'OR EACH vEAR AFTER LOS' 
0' PAVEMENT LOAD CARRYING CAPACI!V 

YEAR AFT!R DIITRISS AATI 
wFAI~UR~ (NO;/~f~E?' 

•••••••••• , 
2 
:s 
4 

••••••••••••• 0·. ,'. , 
11,1 
28;' 

I ••••• '.1 I ... 

, ..... 
'.~I 
4,' 



OlaTREss REPAIR COIT I Ae, OVERLAViON AC" DOL 
IN!TIAL ACP/AC, DISTREs' RATI, NO,/MIIV. 
Sf-CONDAAV ACP/ACP DISTA!I' RATE, NO~/MlivR 
ACP/ACP DISTR!,S RATI 'DR EACH vlAR A'TER LOll 
0' PAVEMENT LOAD CARRYING CAPAC!TY 

coaT RETURNS 
************ 

VEAR A'TER DlaTR,ss RAT~ 
'. F~ILUR! " , tN9,/~lL~' 
•••••••••• • •••••••••••• 
1·1 
I •• 
1 ,.;, 
o .1 

181 

.1 ., 

.1 

61~t SALVAGE VALuE, PERCINT 0' OVIRLAY CONSTRUCTION COlT tl,' 
",2 VALUI 0' EACH YEAR 0' !XTENOrD LI'E, OOL/IY/yR • 

COMBINED INTERE,T AND INFLATION RAT! 
************************************ 





JJ 
JJ 
JJ 
JJ 
JJ 
JJ 
JJ 
JJ 
JJ 
JJ 
JJ 
JJ 

JJ JJ 
JJ JJ 
JJJJJJJJJJJJ 
JJJJJJJJJJ 

cccccccecc 
cccccccccccc 
cc cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc 
cc cc 
cccccccccccc 
cccccccccc 
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PI'I'PP'I'PI'Pl' 
Pl'I'I'I'I'I'I'I"I', 
It I' It I' 
PP I'lt 
It I' Pit 
Itp It I' 
I'PllitIlPIIIII"I" 
I'I'lIplll' II It I'll' 
It II 
Pit 
I'lt 
,,1 
1" 
Itp 
PII 
I'll 
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PRDI, • PAVI"ENT REHA,ILITATIDN DEIIGN IVITEM • VIRIION I, APRI~ ,.el 
CENTER ,OR TRANIPORTA,ION RIIIARCH 
UNIVERIITV 0' TEXAI A, AU,TIN 
LATEIT RIVIIION • ARE INC~, CONIU~TINI INGIN!IRI, JULV '~'I 

••••••••••••••••••••••••••••••••••• 
PRO I IN' U T • U M " A R V 
••••••••••••••••••••••••••••••••••• 

PROJICT DEICRIPTIDN 
••••••••••••••••••• 

ORIGINAL 'AVIMENT 
••••••••••••••••• 

2.1 IUR,ACE TVPI 
I,a CONCRETI IHoULDER 
1,1 NO~ 0' LANE~ (ONI OIRECiION) 
a.4 NOJ 0' 'AVEMINT LAVIRI 

J~I PROJECT LENQTH, MILEI 
I'a LANE WIDTH, 'liT 
1:1 TOTAL IHOULDER WIDTH, 'EIT 

'AV!MENT IT.UCTURI 

0·'1 
S.I 

!LASTIC 
• • LAVER THICICNIII MODULUI 

.,NO~ (IN) 
" 

(PII) .. " ' . ~ 

••••• •••••••••••••• • ••••••• , , "·'1 ,eI181'. , 
I 1".1 111".1. 
S IEMI.IN'INITI 10"8. 

,~, CONCRETE 'LrXURAL ITRINOiH, PII 
';1 CRITICAL IT.EI. 'ACTOR 

6~" 
'oIIIONI 
'w 

RATIO 
• ••••••• 

~II 
.11 
.O! 

'~I CONCRITE ITI"NIII A'TER CRACKING, PII 

1:1 NO~ 0' EXllilNG DE'ICTI ,ER MILl 
1.1 COlT 0' REPAIRING A DI'!CT, DO~ 
1.1 RAT! 0' OE'rCT DIVILO'M!NT, NO./VRiMILI 

* 

** 

*** 

JCff 
NO 

I 
S 

I~" 
11.1 
t4~ 

,q,~ 

,. II! • • 4150,,1, 

16,~ 
1'1', 

4' 

* Layer 3 modulus range from 8,000 to 20,000 in steps of 6,000 

** Range from 4 to 16 depending on RL of existing pavement 

*** Range from 2 to 4 depending on RL of existing pavement 
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TRA"IC VARIABLE. 
**** •• *.*.* •••• *. 

TIM. CONITRAINTI 
*.* ••••••• * ••• *. 

"".; 4.', I·l'· •••• Sl,. 

"~' 

I'" ANALvIII PERIOO~ VEARS I'~I t.!a MINtMUM TIM! BETWEEN OVERLAVI, VEAR' la •• 
tl.S MAXIMUM ALLOWABLE ,VEARI 0' HEAVV MilNTENANCE A~T!R 

LO.I 0' 'TRUCTURAL'LO'O~CARRVINI Ci'ACITV .~. 

* Separate rung for ADT of 15,000 and 30,000 

** Separate rung for initial yearly ESAL of 1.100 and 0.567 



AIMAINI~G.LI" VARI~ILEI 
•••••••••••••••••••••••• 

NOJ 0' ORIGINAL ~AVEMINT REMAINING LI'I' 
VALUII TO CONIIDER 
MINIMUM EXIITING ~AVEM!NT REMAINING LI'I IILOW 
WHiCH A 10NDED ~CC OVIRLAY,MAY NOT II ~LACED 

* 
11;1 

t'~1 

tl~J VALUEI 0, ORIgINAL 'AVEMENT REMAINrNGLI'E AT WHICH 
'IRIT OVIRLAY MAY 81 ~LAC!D 

NO~ 

••• 
t 

NO~ 

••• 

* Depends on RL of existing pavement CRL): 

4 when RL = 40 percent 
3 when RL = 20 percent 
2 when RL = 10 percent 
1 when RL = 0 percent 

** Depends on RL: 

40; 20; 10 and 0 when RL = 40 percent 
20; 10 and 0 when RL = 20 percent 
10 and 0 when RL = 10 percent 
o when RL = 0 percent 

1 
2 
J 
II 

RIMAINING 
Ll'~ 

('!RCI~T' ......... ' 
• . 

REMAINING 
LX" 

C~!RCI~T' 
••••••••• 

4a, 
.8, 
11. 

D 

** 
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OVERLAV CHA~ACTIRIITICI •••••• * •••••••••••••• *.' 
'J~I TVPEI 0' 'IRI' OVERLAV '0 CONIIDER 

t' ACP ~ • VII 
~ 10NDED CRCP • NO 
~J UNIONDID CRCP • VII 
;' ION OED JC' • YES 
~! UNIONDED JCP • VEl 

lO;1 TV~~I 0' IEeONO OVERLAV TO CONIZDI. 
,'I ACP ~ VEl 
;2 CRCP ~ NO 
.J JCP • NO 

11~1 NO~_O' DI"IRENTOVIRLAV THICKNII. TO CONIIDER 
~I ACP 'tRa, OVERLAV,· • 
~2 ACP I~COND OVERLAV • J 
J1 PCC OvlRLAV • 7 

ACP 'IRIT OvlRLAV 'HICKNIIIII, INCHII 
~I J.I 
ell a.1 
~J 5!t1 
;a .,1 
J! ,.1 
~" .~. 

ACP IECOND oVERLAV THICKNIIIEI, INCH!' 
~,t I~a 
;4" 0,1 
~] •• 1 

1'~1 pee OV!RLAV '"leKNEIIII, INCHI. ,1 3.0 ,2 4.0 .3 5.0 
.-il 6.0 
.5 7.0 
.6 8.0 
.7 9.0 



1'~1 ALLOWABLE TOTAL OYERLAV THICKNEIS, INCHII 
1':' AYERAGE LEY!L.U~ THICKNESI, INCHEI 
,.;s BOND IREAKER THICKNESI, INCHEI 

Ilpl AC~ OYERLAV DEIIGN STI"NI.I, 'II 
11,2 POISIONI RAiIO, AC' OYERLAV 
21,1 PCC OYERLAV DIIIGN .TI"NII., 'II 
11,4 POIIIONI RAiIO, PCC OYERLAY 
21.5 BOND BREAKER STI"NESI, ~II 
II.' POISIONI RATIO, BOND BREAKER 

aa' I NO~ 0' OYERLAV 'LEXURAL, ITR!NGTHI TO CONIIDER 2S!, NOJ WHICH IDINTI'I'I WHICH 'LE~URAL' ITRENGTH I~ 
TH! LIlT TO UIE 'OR A BONDED PCC OvERLAV 

21~1 PCC OYERLAV FLEXURAL STRENGTHCI), ;11 
~1 '51; 

189 

2! •• 
I.! 
t.! 

!ell.'~ 
'S, 

'.lllil. 
'I. • • leal.l. 
;JI 

1 

1 
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*** PAVEMENT 'TRE.' 'ACTOR' A'TIR OVERLAy •• * 
'IRIT IECOND CRITICAL OV!IItt)V CRIT~/INTIR, 

OVERLAY OyERLAV STRIII SHOUL"E" ITR,II 
1yPI TVP! LOCArJON TVPC·· 'ACTOR ... ~ .-+ 

•••••••• ••••••• • ••••••• • ••••••• • •••••••••• 
IS'1 ACP 'tHONE' IX 'AVT AC; 1~4' 
14:1 ACP AC, EX 'AVT AC, 1,4S 

15;1 ACP CRCP !X 'AVT AC, .1 
2S,1 ACP CRep !X IIAVT CRC; .1 
1 •• 1 ACP CRell CRCP OIL AC" .1 
2'.1 ACP CRC' CRCII OIL: CRC, .1 

a';1 ACP JCP !X 'AVT AC; •• 2',1 ACIt JCIt EX IIAVT Jctt •• 21,1 ACP JCP JCP OIL AC, .1 
21.a ACP JCII JCP OIL JC, .1 

a'~1 BOND CRC :~~g~~~ EX IIAVT AC, .1 
2.:a BON" CRC EX PAVT CRC, •• 31,1 BOND CRC ACII IX IIAVT AC; .1 
31.2 BOND CRC ACP EX ItAVT CRCp .1 

31~1 BOND JCP tNONI) !X ItAVT AC, 1,41 
31,. BOND JCP tNONE' IX PAVT JC, 1,21 
31,1 BOND JCP Aell !X PAVT AC, 1~41 
31.1 BONI') JCP AC' EX PAVT JCP 1.21 

33;1 UNBO CRC 'tNONE' !X PAVT ACp 1~3S 
31;2 UNBO CRC 'tHONE' EX PAVT CRCJII! 1.21 
34,' UNBD CRC 'tNONE' CRCP OIL ACp 1.31 
34,a UNBO ClitC 'tNONE' CRCII OiL CRC, 1,15 
31,1 UNBO CRC ACP !X ItAVT AC,. 1.31 
31.1 UNBO CRC ACP !X PAVT CRC' S,11 
3',1 UNBO CRC ACP CRC' OIL AC; 1,21 
3'.2 UNBO CRe AC' CRCP OIL CRC" S.II 

S';1 UNBO JCP :tHON!' EX 'AVT AC, 1~41 
".1 UNBO JCP tNONE' EX ItAVT JC, S.2. 
31.1 UNBD JC' 'tNONE' JC, OIL· AC, 1,41 
31,a UNBO JCP 'tHONE' JC' OIL JCP 1.11 
",1 UNBO JCP ACP IX PAVT AC,. 1.41 
S9.a UNBO JCP At' EX 'AVT JC, 1.21 
41,1 UNBO JCP Aep JCP OIL AC; .,41 
41.a UNBO JCP AC,. JCP OIL JCII 1.21 

NOT! • STRAT!GIES WITH , ZERO VALUE 'OR ,HE CRITICA~ TO 
INT!RIOR ITREII 'ACTOR wiLL NOT IE CONIIDER!O, 

41~1 2 • REGRESIION IQUATION, UIID TO It''IDICT REI'ONI!~ 



OVE~LAV CON.TRUCTIO~ COST VARIA'LII 
••••••••••••••••••••••••••••••••••• 

•• "1 
•• 'a 
•• '1 .. :. 
•• ~s 
.S~I 

lIT! EITAILIIHMENT COIT~ DOL' 
1 ACP EQUIPMINT 1.lel. 
2 CRCP EQUIPMINT z.,el. 

~I JCP rQUIP"INT I •••• , 
,. ACP AND CRCP EQUIPMENT 2Sle., 
I! ACP AND JCP EQUIPHINT 2!1'I, 

PAVEMENT IU8'ACE PREPARATION COlTS; DOL/SV 

E 
EXlltlNG ,PAVIMINT 1~1. 

2 ACP oVIRLAV .21 
3 CRCP OV!~LAV ,II 

JCP oVIRLAY ,S • 

'IXED COST 0' ACP OVERLAV CONSTRUC+JON, DOL/SV 
VARIABLE COlT 0, ACP OVIRLAV CONSTR., DOL/IV/IN 
'IXED COlT 0' 'LEXIILI IHOULDER CONITR~, DOLIIV 
VARIABLE COlT 0' 'LEX. S~OULDER CONSTR., DOL/I~/rN 
COST 0' BOND IRIAKIR CONITRUCTION, DOL/SV 

CRCP 'IXED COlT 'OR IACH 'L!XURAL STRENGTH 

,LEXURAL 
ST~IN~T~ ~PII' 
•••••••••••••• 

8' '!'~ 

81 

,LEXURAL 
ITREHITH (PII' .. .. .. ... 
•••••••••••••• 

'!I'~ 

'IXED COlT 
CDOL/li' 

•••••••••• 
6 •• e 

VARIABLE COlT 
, (DOL/IV/I~' ......... ; ... 

1 ••• 

191 
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.,~. JCP 'ZXEO CO'T '0. IACN '~EXUAA~ ITRENI'N 

;~IXURA~ ,rXID COl' 
ST~rN"~ ~Plr' (OO~~8~' 
•••••••••••••• • ••••••••• "t'.; '." 

•• ~. JCP YARIA.~E COlT 'OA EACH '~EXURAL "AINITN 

'LEXURA~ 
• T"IN~T~.fP.r' 
•••••••••••••• ,'e; 

YAArAa~1 eDIT 
~OO~/.y/IN' . 

••••••••••••• 
,~ .. 

.,~, TOTA~ "II~' PERCENTAGE REQUIRED IN CRCP OY[R~'Y' ., ".2 'OTA~ .TIEL PIACINTAGE REQUIRED IN JCP OYIRLAY' ., .'.1 COlT 0' 'TE!~' RIIN'ORCIMINT, DOL/L8 .1 



TRA"IC DELAV calT VARIAILES 
**************************** 
,e, LOCATION 0' PROJECT ('-RURAL,I.URIAN) 
!.'a MODEL NO~ 'OR HANDLING TRA"IC ,.:s N0i 0' OPEN LAN!I, OYERLAY DIRECTION 
!1~4 NOJ 0, OPEN LANEI, NON-OyERLAY DIRrCTION 

5'" MILITARY TIME OVERLAY CONITRUCTION aEGINI 
5,'a MILITARV TIME OYERLAY CONSTRUCTION ENDS ,.'s HOURI PER Diy OYERLAY CONSTRUCTION OCCURS 
,,'4 NOJ 0, DAVS CONCRETE II ALLOWED TO CURE 
":5 DETOUR DllTiNCE TO UIE IN MODEL !, MILES 

S2;1 AVERAGE APPROACH IPEED, MPH 
sa,1 AVERAGE IPErD, OVERLAV DIRECTION, MPH 
S2.3 AVERAGE IPErD, NON-OVERLAY DIRECTION, MPH 

!1,1 DISTANCE TRA"IC II SLOWED, OVERLAV DtRECTION, MILES 
S',I DIITANCE TRA"rc II SLOWED, NON-OY~RLAY DIR" MILlS 
'3,S PERCENT 0' VEHICLES STOPPED, OVERLAY DIRECTION 
SS.4 PERCENT 0' yEHICLES STOPPED, NON-OyERLAY DIRECTION 
SS.! AVERAGE VEHICLE DELAV, OvERLAV DIRECTION, HRI . 
!I~' AVERAGE YEHICLE DELAY, NON-OYERLAV DIRECTION, HRI 

!4·' ACP PROOUCTION RATE, CV/HR 
S4:2 CACP PRODUCTION RATE, CYIHR 
S4,S JCP PRDDuCTrON RATE, CViHR 
S4.4 BOND BREAKER PRODUCTION RATE, CV/HR 
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t , , 
2 

-" I'''I~ 
Ie •• 
14; 

" 
SS~ . 
31, 
S!. 

I.e 
I , 
e -, -, 

'''; "", .", .,1. 
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DISTRISS/MAINTENANCE COST VARIABLES 
••••••••••••••••••••••••••••••••••• 

DIITRIIS RI,AIR COlT, CRC' OVIRLAY· DOL 
INITIAL CRC. OVIRLAY DISTR!IS RA'I' NO./NI/YR 
SICONDARy CRCP OY!RLAY DIITR!SI AA;I, NO./MZ/yR 
CRC' OYERLAy DI8TRIII RAT! 'OR IACM YIAA A'TIR-LO.' 
0' ,AYEMINT LOAD.CARRYING CA~ACZTY 

YIAR ,P'ER DIS'R," RATI 
Af'UAE (NO./MILE' , ~. -. ' 

••••• '! •••• 
I 
2 
J 

" 

• •••••••••••• 
1.8 
!." 
8.8 

'I.e 
DISTRESI RE,AIR COST, JC, OYERLAY, OO~ 
INITIAL JCP.OYERLAY DIITRI8. RATI, NO./MZ/YA 
IECONDARY JCp OYERLAY DISTAII' AATr. NO./MI/YR 
Je, OYERLAY DIITRI" RATI 'OR !ACH Y!AR A"aR LO'I 
0' ~AVIM!NT LOAD CARRYING CAPACITY ., 

YIAR ~PTER DI"RII' RAT! 
'AJ~U~E. ,,(~p./M1LE' 

•••••••••• ••••••••••••• 



YEAR A'TIR 
,AZ"U"E. 

•••••••••• -• I 
I 

• 

DIITRf;11 RAT! 
.(~Q./MILE) . 

• •••••••••••• 
3 •• 
.,8 
'.0 

11.8 

"-I DIITREI. RE~AIR COlT, AC, OVERLAY ON JC', DOL 
'1:2 INITIAL ACP/JCP DIITRIII RATE, NO~/~I/YR 
",I IECONDARy AcP/JCP OIITR!SI RAT!, NO./HIIYR 
".4 AC"JCP OIITRESI RATE 'OR EACH YEAR A'TIR LOll 

0' pAVEMINT LOAD CARRYING CAPACITY 

YEAR ~'TER DIITA~II RATI 
'AI~U~E. (N9./MIL!) 

•••••••••• 
1 
I 
I • 

• •••••••••••• 
4.1 
1.8 

18.8 
28.1 
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4 
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APPENDIX C. REGRESSION MODELS FOR PREDICTING 

PAVEMENT RESPONSES 
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APPENDIX C. REGRESSION MODELS FOR PREDICTING PAVEMENT RESPONSES (Ref.4) 

This appendix provides the four regression models used to develop the 

design charts for overlay thickness design. 

The following information is provided for each regression model: 

(1) an illustration of the pavement structure and the location of the 

predicted response, 

(2) the details of the experiment used to generate the equation, i.e., 

the inference space over which the equation may be applied, 

(3) the terms, coefficients and predictive accuracy of each equation, 

and 

(4) an illustration (from the experimental data), of the predictive 

accuracy of the equation. 
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Pavement Structure Simulated ~+ 
and Response: 

(Code: E2l) 

Details of the Experiment: 

AC 

Composite 
Layer 

l8-kip axle 

Dl El 

E 
2 

£ 1) = 0.35 
1 

u 2 = 0.40 

1. Full factorial, 3 factors, no. of observations = 33 = 27 
2. Levels of the significant factors: 

Factors 

El (psi) 

E2 (psi) 

Dl (in) 

Prediction Equation - E2l: 

loglO a = E (Term x Coefficient) 

2 
r = 0.994 

std. error = 0.0204 

High 

800,000 

60,000 

10 

Levels 

Medium Low 

500,000 200,000 

40,000 20,000 

7 4 

Term Coefficient 

Intercept - 2.835 x 100 

El - 9.309 x 10- 7 

E2 - 7.530 x 10-6 

Dl 5.870 x 10- 2 

(E ) 2 
1 

+ 4.108 x 10- 13 

El x E2 + 4.035 x 10-12 

El x Dl - 2.356 
. -8 

x 10 

Fig C 1. E21 Regression model: for predicting tensile strain in an 
asphalt concrete surface layer. 
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Fig C 2. Illustration of predictive accuracy of E2l Equation. 
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Simulated -! 18-ki axle 
Pavement Structure 

PCC D1 E1 a 1.)1 = 0.15 ........ 
and Response: 

(Code: S31) 
Base or Subbase D2 E2 1.)2 = 0.40 

'/ 

Subgrade E3 1.)3 = 0.45 

()o 

Details of the Experiment; 

1. Full factorial, 5 factors, no. of observations = 35 
= 243 

2. Levels of the significant factors: 

Levels 

Factors High Mediwn Low 

j:: (psi) 6,500,000 5,000,000 3,500,000 
~l 

E2 (psi) 600,000 320,000 40,000 

E3 (psi) 20,000 11 ,000 2,000 

Dl (in) 10 8 6 

D2 (in) 12 9 6 

(continued) 

Fig CS. S31 Regression model: 
concrete pavement. 

for predicting concrete stress in a 3-layer 
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Prediction Equation - 531: 

Term Coefficient 

log10 a = L (Term x Coefficient) 
Intercept + 2.880 x 10

0 

2 
r = 0.989 E1 + 1. 972 x 10- 8 

std. error = 0.0202 E2 - 1.210 x 10-6 

E3 - 1. 720 x 10-5 

°1 - 8.113 x 10- 2 

E2 x 02 - 5.097 x 10- 8 

E2 x 01 + 6.121 x 10- 8 

E1 x E2 + 7.135 x 10- 14 

(E ) 2 
3 + 3.818 x 10-10 

(E ) 2 
2 + 3.312 x 10-13 

E2 x E3 + 5.034 x 10- 12 

Fig C3. (continued) 
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c 
c 
('t) 

o 
U) 

N 

531 

o 
_~ Line of Equality 
(1) 

0-

o 
(1)U) 
(1) .... 
W 
0:: 
I-
(j") 

og 
w .... 
I
U 
....... 
o 
W 
O::c 
O-U) 

1 1 0 

ELASTIC LAYER STRESS (PSI) 

Fig C 4. Illustration of predictive accuracy of 831 equation. 
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Simulated ~ 
18-kip axle ~ 

Pavement Structure 

and Response: 
PCC °1 E1 a ......... u = 1 0.15 

(Code: SUS1C) 
AC °2 E2 U2 = 0.30 

Cracked PCC D3 E = 500,?00u3 = 0.15 3 
PSl 

Base or Subbase D4 E4 u = 4 0.40 

., 

Subgrade ES u = 5 0.45 

Details of the Experiment: 

1. Fractional factorial, 8 factors, no. of observations = 2; x 38 = 243 
2. Levels of the significant factors: 

Note: E3 

Fig C 5. 

Levels 

Factors High Medium Low 

El (psi) 6,500,000 5,000,000 3,500,000 

E2 (psi) 550,000 300,000 50,000 

E4 (psi) 500,000 270,000 40,000 

ES (psi) 20,000 11,000 2,000 

D1 (in) 8 7 6 

D2 (in) 7 4 1 

°3 (in) 10 8 6 

D4 (in) 12 9 6 

in experiment was fixed at 500,000 psi to simulate cracked PCC. 

(continued) 

SUSIC Regression Model: for predicting stress in unbonded concrete 
overlay of S-layer concrete pavement (original pec cracked). 
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Prediction Equation - SU51C: 

Term Coefficient 

10g10 cr = E (Term x Coefficient) 
Intercept + 2.696 x 100 

2 
r = 0.986 

std. error = 0.0189 

E1 + 3.354 x 10- 8 

E2 - 1.455 x 10-6 

E4 - 5.530 x 10- 7 

E5 - 4.660 x 10-6 

°1 . 7.299 x 10.2 

°3 - 2.170 x 10- 2 

°4 - 1. 899 x 10- 3 

E2 x 02 - 5.900 x 10-8 

(E ) 2 
2 + 8.141 x 10-13 

E1 x E2 + 6.601 x 10 
-14 

E4 x 02 + 2.420 x 10-8 

E2 x 01 + 5.436 x 10-8 

(E )2 
4 + 3.316 x 10-13 

E4 x E5 + 5.807 x 10-12 

°2 x 03 + 1.066 x 10- 3 

E4 x 04 - 1.267 x 10-8 

E4 x 03 + 1. 869 x 10-8 

E5 x 02 + 2.859 x 10- 7 

E2 x E4 - 1.273 x 10- 13 

Fig C5. (Continued) 
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Illustration of predictive accuracy of SUSie equation. 
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Pavement Structure 

and Response: 

(Code: SB42) 

Details of the Experiment: 

Base 

AC or PCC 

PCC 

or Subbase 

Subgrade 

Simulated I 
l8-kip axle-, 

Dl El ul = 0.27 

D2 E2 (J U2 
:: 0.15 ........... 

D3 E3 U3 = 0.40 

",.. ... ." "U v".,;1 

E4 u
4 

:: 0.45 

l. Fractional factorial, 7 factors, no. of observations 1 7 243 = 9 x 3 :: 

2. Levels of the significant factors: 

Fig C7 

Levels 

Factor!? High Medium Low 

E1 (psi) 6,250,000 3,250,000 250,000 

E2 (psi) 6,500,000 5,000,000 3,500,000 

E3 (psi) 600,000 320,000 40,000 

E4 (psi) 20,000 11 ,000 2,000 

D1 (in) 8 6.5 5 

D2 (in) 10 8 6 

D3 (in) 12 9 6 

(continued) 

5B42 RegressioR Model; for predicting stress in a 5-layer 
concrete pavement with a bonded overlay. 
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Prediction Equation - 5842: 
Term Coefficient 

log10 a = E (Term x Coefficient) 

2 
r = 0.987 

Intercept + 2.667 x 100 

E1 - 9.509 x 10- 8 

E2 + 3.368 x 10-8 

std. error = 0.0213 
E3 - 6.977 x 10- 7 

E4 - 1.644 x 10-5 

D1 -2.719x 10-2 

°2 - 5.441 x 10-2 

°3 - 5.797 x 10-3 

(E ) 2 
1 

+ 8.702 x 10-15 

E3 x 03 - 3.814 x 10- 8 

E1 x E3 + 9.055 x 10-14 

(E ) 2 
4 + 3.764 x 10- 10 

E2 x E3 + 4.602 x 10- 14 

E3 x 02 + 3.225 x 10-8 

E1 x 01 - 2.891 x 10-9 

E1 x 03 + 1. 323 x 10-9 

E3 x (E ) 2 
1 

- 8.115 x 10- 21 

Fig C7 (Continued) 
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Fig C8 Illustration of predictive accuracy of 5B42 equation. 
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