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PREFACE 

This report provides a detailed documentation of the rigid pavement design 

system program RPS-3. The information includes discussions on modu1arization 

of the program, model changes made to the program, and a trial implementation 

study made using the program. The report also contains an analysis of common 

user errors, a complete program flow chart, a progr-am listing, and a program 

input guide. This report is in essence a User's Manual with instructions to 

the designer. 

December 1974 

iii 

Robert F. Carmichael 

B. F. McCullough 



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

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



LIST OF REPORTS 

Report No. 123-1, "A Sys tems Approach App lied to Pavement Design and Research," 
by W. Ronald Hudson, B. Frank McCullough, F. H. Scrivner, and James L. Brown, 
describes a long-range comprehensive research program to develop a pavement 
systems analysis and presents a working systems model for the design of flex­
ible pavements. March 1970 

Report No. 123-2, "A Reconnnended Texas Highway Department Pavement Design 
System User's Manual," by James L. Brown, Larry J. Buttler, and Hugo E. Orellana, 
is a manual of instructions to Texas Highway Department personnel for obtaining 
and processing data for flexible pavement design system. March 1970 

Report No. 123-3, "Characterization of the Swelling Clay Parameter Used in the 
Pavement Design System," by Arthur W. Witt, III, and B. Frank McCullough, 
describes the results of a study of the swelling clays parameter used in pave­
ment design system. August 1970 

Report No. 123-4, ''Developing A Pavement Feedback Data System," by R. C. G. 
Haas, describes the initial planning and development of a pavement feedback 
data system. February 1971 

Report No. 123-5, "A Systems Analysis of Rigid Pavement Design," by Ramesh K. 
Kher, W. R. Hudson, and B. F. McCullough, describes the development of a work­
ing systems model for the design of rigid pavements. November 1970 

Report No. 123-6, "Calculation of the Elastic Moduli of a Two Layer Pavement 
System from Measured Surface Deflections," by F. H. Scrivner, C. H. Michalak, 
and William M. Moore, describes a computer program which will serve as a sub­
system of a future Flexible Pavement System founded on linear elastic theory. 
March 1971 

Report No. l23-6A, "Calculation of the Elastic Moduli of a Two Layer Pavement 
System from Measured Surface Deflections, Part II," by Frank H. Scrivner, 
Chester H. Michalak, and William M. Moore, is a supplement to Report No. 123-6 
and describes the effect of a change in the specified location of one of the 
deflection points. December 1971 

Report No. 123-7, "Annual Report on Important 1970-71 Pavement Research Needs," 
by B. Frank McCullough, James L. Brown, W. Ronald Hudson, and F. H. Scrivner, 
describes a list of priority research items based on findings from use of the 
pavement design system. April 1971 

Report No. 123-8, "A Sensitivity Analysis of Flexible Pavement System FPS2, II 
by Ramesh K. Kher, B. Frank McCullough, and W. Ronald Hudson, describes the 
overall importance of this system, the relative importance of the variables 
of the system and recommendations for efficient use of the computer program. 
August 1971 

v 



vi 

Report No. 123-9, "Skid Resistance Considerations in the Flexible Pavement 
Design System," by David C. Steit1e and B. Frank McCullough, describes skid 
resistance consideration in the Flexible Pavement System based on the testing 
of aggregates in the laboratory to predict field performance and presents a 
nomograph for the field engineer to use to eliminate aggregates which would 
not provide adequate skid resistance performance. April 1972 

Report No. 123-10, "Flexible Pavement System - Second Generation, Incorporating 
Fatigue and Stochastic Concepts," by Surendra Prakash Jain, B. Frank McCullough 
and W. Ronald Hudson, describes the development of new structural design models 
for the design of flexible pavement which will replace the empirical relation­
ship used at present in flexible pavement systems to simulate the transforma­
tion between the input variables and performance of a pavement. January 1972 

Report No. 123-11, ''F1exib 1e Pavement System Computer Program Documentation," 
by Dale L. Schafer, provides documentation and an easily updated documentation 
system for the computer program FPS-9. April 1972 

Report No. 123-12, "A Pavement Feedback Data System," by Oren G. Strom, W. 
Ronald Hudson, and James L. Brown, defines a data system to acquire, store, 
and analyze performance feedback data from in-service flexible pavements. 
May 1972 

Report No. 123-13, "Benefit Analysis for Pavement Design System," by Frank 
McFarland, presents a method for relating motorist's costs to the pavement 
serviceability index and a discussion of several different methods of economic 
analysis. April 1972 

Report No. 123-14, "Prediction of Low-Temperature and Therma1'-Fatigue Cracking 
in Flexible Pavements," by Mohamed Y. Shahin and B. Frank McCullough, describes 
a design system for predicting temperature cracking in asphalt concrete sur­
faces. August 1972 

Report No. 123-15, ''FpS-ll Flexible Pavement System Computer :?rogram Documenta­
tion," by Hugo E. Orellana, gives the documentation of the computer program 
FPS-11, October 1972. April 1972 

Report No. 123-16, ''Fatigue and Stress Analysis Concepts for 110difying the 
Rigid Pavement Design System," by Pi ti Yimprasett and B. Frank McCullough, 
describes the fatigue of concrete and stress analyses of rigid pavement. 
October 1972 

Report No. 123-17, "The Optimization of a Flexible Pavement System Using Linear 
Elasticity," by Danny Y. Lu, Chia Shun Shih, and Frank H. Scrivner, describes 
the integration of the current Flexible Pavement System computer program and 
Shell Oil Company's program BISTRO, for elastic layered systems, with special 
emphasis on economy of computation and evaluation of structural feasibility 
of materials. March 1973 

Report No. 123-18, "Probabilistic Design Concepts Applied to J'lexib1e Pavement 
System Design," by Michael I. Darter and W. Ronald Hudson, describes the devel­
opment and implementation of the probabilistic design approach and its incor­
poration into the Texas flexible pavement design system for new construction 
and asphalt concrete overlay. May 1973 



vii 

Report No. 123-19, "The Use of Condition Surveys, Profile Studies, and Mainte­
nance Studies in Relating Pavement Distress to Pavement Performance," by 
Robert P. Smith and B. Frank McCullough, introduces the area of relating pave­
ment distress to pavement performance, presents work accomplished in this area 
and gives recommendations for future research, August 1973. 

Report No. 123-20, "Implementation of a Complex Research Development of Flex­
ible Pavement Design System into Texas Highway Department Design Operations," 
by Larry Buttler and Hugo Orellana, describes the step by step process used in 
incorporating the implementation research into the actual working operation. 

Report No. 123-21, "Rigid Pavement Design System, Input Guide for Program 
RPS2 in Use by the Texas Highway Department," by Robert F. Carmichael and B. 
Frank McCullough, describes the input of variables necessary to use in the 
Texas rigid pavement design system program RPS2, May 1974. 

Report No. 123-22, "An Integrated Pavement Design Processor," by Danny Y. Lu, 
Chia Shun Shih, Frank H. Scrivner and Robert L. Lytton, provides a comprehen­
sive decision framework with a capacity to drive different pavement design 
programs at the user's command through interactive queries between the computer 
and the design engineer. 

Report No. 123-23, "Stochastic Design Parameters and Lack-of-Fit of Performance 
Model in the Texas Flexible Pavement Design System," by Malvin Ho1sen and 
W. Ronald Hudson, describes a study of initial serviceability index of flexible 
pavements and a method for quantifying 1ack-of-fit of the performance equation. 

Report No. 123-24, "The Effect of Varying the Modulus and Thickness of 
Aspha1 tic Concrete Surfacing Materials," by Danny Y. Lu and Frank H. Scrivner, 
investigates the effect on the principal stresses and strains in asphaltic 
concrete resulting from varying the thickness and modulus of that material 
when used as the surfacing of a typical flexible pavement (being prepared for 
sUbmission). 

Report No. 123-25, '~lastic Layer Theory as a Model of Displacements Measured 
Within Flexible Pavement Structures Loaded by the Dynaflect," by Frank H. 
Scrivner et a1, describes the fitting of an empirical model to the study of 
136 (TTl) data (being prepared for submission). 

Report No. 123-26, '~odification and Implementation of the Rigid Pavement 
Design System," by Robert F. Carmichael and B. Frank McCullough, describes 
the new RPS-3 version of the rigid pavement design system in detail and com­
plete with an input guide, documentation, and listing. 



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

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



ABSTRACT 

The rigid pavement design system computer program, RPS-3, designed as a 

result of this study is the third in a series of such systems developed under 

the project entitled "A System Analysis of Pavement Design and Research Imple­

mentation" (Ref 1), sponsored by the Texas Highway Department in cooperation 

with the Federal Highway Administration. 

The rigid pavement design system programs, designated RPS, have been 

developed in conjunction with flexible pavement design system programs, 

designated FPS, under the auspices of the Center for Highway Research at The 

University of Texas at Austin and the Texas Transportation Institute at Texas 

A&M University and the Texas Highway Department. At the time this particular 

study was begun, two versions of RPS and thirteen versions of FPS had been 

developed by the Project. The development of the two previous programs of the 

rigid pavement design system is documented in Refs 2 and 3. 

A revised rigid pavement system computer program, RPS-3, is presented and 

documented. Details of model changes are explained. The most significant 

changes were made in the traffic delay cost subroutine, TDS. The program's 

modularization is outlined and each new subroutine is flow charted and 

explained. A discussion of RPS-3 implementation is also included, to serve as 

a guideline for the program's future use. The report also contains a complete 

set of sample RPS-3 problems and a complete input guide as well as a discussion 

of the most common errors encountered in the use of RPS-3. This report is also 

intended to be a User's Manual for the RPS-3 program. 

KEY WORDS: rigid pavement, design system, user errors, modularization, 

implementation, traffic delay cost, flow chart. 
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SUMMARY 

A newly documented version of the rigid pavement design system, computer 

program RPS-3, has been developed from the basic RPS-2 program. The new pro­

gram has been changed in a number of ways to make the program more implement­

able. The program has been modularized into a total of eleven subroutines, 

each having a distinctive function which has been documented. This modulari­

zation makes RPS-3 the most easily changeable version of the rigid pavement 

design system. Future modifications will be much easier because of the modular­

ization. A complete documentation of how to run the new program, the input 

guide, was prepared to allow easier program usage by highway design engineers. 

An attempt has been made to answer any questions a user may have concerning a 

particular variable or its input value. 

Finally, a study was undertaken to evaluate how effective and accurate 

the RPS-2 program was in actual use. The results of this verification study 

led to the formation of certain recommendations concerning future implementa­

tion. The results are applicable to RPS-3 because both programs utilize the 

same design models. 
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IMPLEMENTATION STATEMENT 

This report describes the implementation process for the new rigid 

pavement design system, RPS-3. As such, it is an implementation of part of 

Project 123 findings. Making the RPS-3 program usable by highway design 

engineers was the major goal of the study. RPS-3 has many qualities which 

will make it easier to implement than RPS-2, but it retains the major design 

procedures of the rigid pavement system developed in RPS-2. A trial imple­

mentation of the RPS-2 program has been tried in Houston, Texas, and the 

results are report in Chapter 5. The results of the study in Houston, Texas, 

are applicable to RPS-3 also because both programs use the same design equa­

tions. 

xiii 
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CHAPTER 1. INTRODUCTION 

The rigid pavement design system computer program, RPS-3, designed as a 

result of this study is the third in a series of such systems developed under 

a project entitled, '~ System Analysis of Pavement Design and Research Imple­

mentation," (Ref 1) sponsored by the Texas Highway Department in cooperation 

with the Federal Highway Administration. 

The rigid pavement design system programs, designated RPS, have been 

developed in conjunction with flexible pavement design system programs, 

designated FPS, under the auspices of the Center for Highway Research at The 

University of Texas at Austin and The Texas Transportation Institute at Texas 

A&M University and with support of the Texas Highway Department. At the time 

this particular study was begun, two versions of RPS and thirteen versions of 

FPS had been developed by the Project. The development of the two previous 

programs of the rigid pavement design system is documented in Refs 2 and 3. 

The rigid pavement design system computer program RPS-2 is currently 

used as a state-of-the-art design tool to design concrete pavements. This 

study was initiated to modify the RPS-2 program so that it would be better 

suited for implementation into more district offices of the Texas Highway 

Department. The new version developed by this study is named RPS-3. All the 

modifications made to the program are documented. The major differences of this 

program and previous programs are its new models, its modu1arization into 

numerous separate models which are interfaced to form the complete system, 

and its complete documentation with the user in mind. The system was devel­

oped because there was a need for a more imp1ementab1e rigid pavement design 

system for highway engineers. 

OBJECTIVES 

The goal of this study was to develop from the original two RPS versions, 

a new modularized program which could be easily modified and implemented into 

1 
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field use. To accomplish this main goal, several objectives l.'ere established: 

(1) Program RPS-3 was modularized into a number of subre,utines 
to make future modifications easier. 

(2) Program RPS-3 was completely documented with input guide, 
sample problems, and error analysis so that design engineers in 
the field could use it easily. 

(3) A trial use of RPS-3 was completed as an indication of the 
rigid pavement design system's usefulness. 

(4) The traffic delay cost (TDC) model was modified to take into 
account the traffic delay costs associated with concrete overlay 
curing. 

Basically, this study provides the Texas Highway Department with a more 

implementable version of a rigid pavement design program. 

SCOPE 

The scope of this report is to document the development cf RPS-3. This pro­

gram is a modification of the rigid pavement design system and has many new 

implementation features. The program has been made easier to use from a tech­

nical standpoint and it has been refined to provide better solutions. 

The needed program changes ascertained from previous experience with the 

program and the approach taken to accomplish these modifications are outlined 

in Chapter 2. 

The results of specific model studies are described in detail and the 

changes made in the models used in RPS-2 are given in Chapter 3. 

The method used to modularize the program to facilitate future changes 

and updating is explaIned in Chapter 4. 

The process for implementing the program into field use for the Texas 

Highway Department is described in Chapter 5. 

The general aspects of the new RPS-3 user's guide and a discussion of the 

most common user errors which occur with RPS-3 usage are included in Chapter 6. 

An illustration of the use of the program with a complete sample problem 

is provided in Chapter 7. 

The findings of this study and suggestions for future re~learch in the 

rigid pavement design system are summarized in Chapter 8. 



A flow chart of the new RPS-3 program, sample outputs, a user's manual 

for operation of the RPS-3 program, and a program listing are provided in 

the appendices in order to provide a complete documentation of the program. 

3 
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CHAPTER 2. SYSTEM DEVELOPMENT AND APPROACH 

This chapter presents a summary of the rigid pavement design system 

needs, determined by reviewing the experience gained with RPS-2 and consulting 

with the Design Division of the Texas Highway Department. Those changes 

which were accomplished in the development of RPS-3 are outlined. The models 

which were modified and the types of implementation features which were 

included in the new program version are discussed. Finally, a section dis­

cussing model improvements, program modu1arizations, and implementation is 

presented on the general approach used to develop RPS-3. 

SYSTEM DEVELOPMENT 

The initial step of RPS-3 development was to determine the overall needs 

of the rigid pavement design system and to plan a course of action which 

would achieve those needs, as shown in Fig 2.1. First, RPS-2 was completely 

documented and an Input Guide (Ref 3) was developed. Next, a proposed basic 

format for RPS-3 was developed with design inputs from Texas Transportation 

Institute, the Center for Highway Research, and the Texas Highway Department. 

This report deals only with the deve10pement of RPS-3. 

The final three steps of the rigid pavement design system to be accomp­

lished by later research are (1) a comparison of RPS-3 and FPS, (2) the 

development of RPS-4 and a modified RPS more closely resembling each other, 

and (3) a final ~overgence of the RPS design model with the FPS design model 

to form a total pavement design system capable of designing and optimizing 

solutions for both flexible and rigid types of pavements. 

Table 2.1 lists the specific work items which were to be accomplished 

during each step of RPS development. 

The five steps of development shown in Fig 2.1 constitute the major steps 

in the rigid pavement design system evolution. The first step of development, 

accomplished before this study was undertaken, was to document the RPS-2 program. 

5 
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TABLE 2.1. SYSTEM DEVELOPMENT WORK ITEMS 

Step 1. RPS-2 Documentation and Input Guide 

Step 2. RPS-3 Development 

1. Add units to the program output and clarify variable titles 
for the user. 

2. Modify the asphaltic-concrete stiffness input (if sensitive). 

3. Add a user's cost associated PCC overlay (curing time). 

4. Check seal coat routine (PDD overlay). 

5. Reduce number of variables in the regression equations. 

6. Modularize program with comment cards and subroutines. 

7. Fix insensitive variables. 

8. Study maintenance subroutine. 

9. Characterize concrete flexural strength. 

Step 3. RPS-3 and FPS Comparison 

1. Justify differences in models between RPS and FPS if any. 

2. Make output suitable for use with typical THD design detail 
(example steel design). 

3. Change input format to conform with FPS input format. 

Step 4. New Program Development 

1. Create RPS-4 version 

2. Create FPS-x version 

Step 5. System Convergence 

1. Create total pavement design system 

2. Implement the new system 
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This report describes the accomplishments of Step 2 in the evol'ution process, 

the development of the RPS-3 design program. Three additional steps of 

development are envisioned. Step 3 will be a comparison of RPs-3 with FPS, 

the flexible pavement design system, and with Texas Highway Department design 

details. Step 4 will consist of the development of an RPS-,+ version to incor­

porate the £,indings of Step 3 comparisons. Step 5, the fin.d level of devel­

opment, will be the merging of the RPS-4 version with the FPS version to form 

the total pavement design system. 

OUTLINE OF RPS CHANGES ACCOMPLISHED 

Two basic types of changes were made in RPS-2 to creat,~ RPs-3 and imple­

ment the RPs-3 program: (1) model changes, and (2) changes related to imple­

mentation. A general discussion of the modifications contained in each one 

of these areas is included in this section. Although these accomplishments 

do not encompass all the work items in Step 2, they are significant enough 

to create a new RPS program. 

Better Models 

Three of the models in the RPS-2 program were studied to ascertain how 

well they functioned. It was felt that if a model did not adequately simulate 

a real field situation, then that model would be detrimental to implementation 

attempts. Thus, if a particular model was not properly modeling a field situ­

ation, it was modified. In one extreme case, the seal coat model was deleted 

completely. The three models studied were seal coat scheduling, traffic 

delay cost calculation, and maintenance costs. The study and final evaluation 

of each of these models is discussed in Chapter 3. 

Implementation Features 

Many modifications were made to RPS-2 in an attempt to make the program 

more implementable into the THD pavement design process. ~ljor changes 

included a complete reworking of input and output formats, the changing of 

insensitive parameters, and a modularization of the program. The input and 
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output formats were redone because the RPS-2 version did not print the input 

data units and also printed some inputs under misleading titles. It was 

decided that the output format should appear like the input guide for the 

program with complete titles and units for all variables. Insensitive param. 

eter in RPS-2 were given specific values in the program so that the designer 

would not have to input variables. A discussion of these variables is given 

in Chapter 3. Finally, a modularization of the program was accomplished to 

facilitate implementation. The RPS-2 computer program contained a main pro­

gram of approximately 1950 cards and three subroutines of 50 cards each. 

Modularization of these 1950 cards into numerous subroutines was necessary 

for Unp lementat ion , so that at any future time, if better models were developed 

for concrete pavement behavior, they could be added easily into the rigid 

pavement design system. The program was broken down into eight new subroutines 

in addition to the three already existing subroutines. These new subroutines 

and the entire modularization process are discussed in detail in Chapter 5. 

One of the most valuable results of the study is the documented user's 

guide which accompanies the RPS-3 version. This user's guide was developed 

from the input guide for RPS-2. 

SUMMARY OF OVERALL APPROACH TAKEN TO MEET NEEDS 

Once the needs for a revised RPS program were assessed, an approach was 

developed to modify, modularize, and implement the new program. The approach 

was developed to work in stages. Initially, inadequate models were to be 

improved and the implementation features of units, titles, and fixed variables 

were to be added to the program. Once these new models and additions were 

tested and validated, a modularization of RPS-2 began. The modularization 

consisted of flow charting RPS-2 and determining where compatible pieces could 

be broken out and subroutines developed. Once a new subroutine was developed, 

a battery of runs was made to test the accuracy of the program. The RPS-2 

program was used as a base from which to judge the runs. If a subroutine did 

not function properly, it was corrected before the initiation of the next sub­

routine. Once the final version had been modularized, it was deemed ready 

for implementation. A trial nnplementation was performed using the RPS-2 
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program. The findings of the implementation trial are relative to RPS-3 

because the program's basic design techniques are the same as those used in 

RPS-2. A complete flow charting of the program and the user's manual for 

the program were then developed, so as to make RPS-3 a completely separate 

entity in the continuing process of the rigid pavement design system develop­

ment. 



CHAPTER 3. IMPROVEMENT OF MODELS 

In general, this chapter discusses the changes made to various models 

of RPS-2 so that the models will be more useful in RPS-3. Specific model 

changes include (1) an improvement of the traffic delay cost model, (2) a 

deletion of the seal coat model, (3) a modification of the input and output 

models, (4) a study and recommendations on the future of the maintenance model, 

(5) deletion of the traffic load groups model, and (6) the collection of 

concrete flexural strength data for the performance model. The chapter 

initially presents the positive additive steps in RPS-3 development and con­

cludes with a discussion of those design models removed. 

CORRECTION OF TRAFFIC DELAY COST MODEL 

The current rigid pavement design system program, RPS-2, includes a model 

for determining the traffic delay cost for an overlay of an existing pavement. 

The model was adopted for use in the RPS-2 program from Research Report 32-11 

(Ref 4), which explains the model. The model will determine traffic delay 

costs associated with both asphaltic concrete (AC) and portland cement concrete 

(PCC) overlays. However, since the model predicts the traffic delay costs only 

during the overlay laydown and neglects the traffic delay costs during the 

curing period of PCC overlays, a study was conducted to determine how traffic 

delay costs varied during different periods of the day. A study of average 

daily traffic (ADT) hourly distribution was required and was undertaken to 

determine the distribution of traffic during a typical 24-hour period. The 

study included an analysis of both urban and rural sections. This section 

provides the study results and the documentation of the new subroutine, TDC3, 

models development for RPS-3. 

11 
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Objectives and Approach of ADT Variation Study 

The main objective of this study item was to determine ADT distribution 

with respect to hour of the day so that valid costs for curing PCC overlays 

could be calculated. The study goal was to characterize thO! ADT distribution 

for both rural and urban sections of Texas highways for use in the modified 

rigid pavement computer program RPS-3 to determine the traffic delay costs 

during curing associated with PCC overlays. The designer using the program 

would adequately predict traffic delay costs for all cases. 

Data Collection 

The data used for the study were taken from "1973 Annu,'ll Report of Per­

manent Automatic Traffic Recorders, II published by the Planning and Research 

Division of the Texas Highway i Department (Ref 5). The reco'rders listed in 

the report operated for twelve full months during 1973 and 'ilere located on 

both rural and urban highway systems. The average daily traffic volumes 

reported are for both directions of traffic at the recorder location. The 

report characterizes the ADT at each location with respect to day of the 

week; high hour for the year, month, and season; and hour of the day. A per­

cent variation of the average annual daily traffic from yea:r to year of each 

recorder's operation is also presented. 

Section Selection. Sections to be used in the study of the automatic 

traffic recorder (ATR) data were selected at random from thlO! map of sections 

prOVided in the Annual Report. Eight rural and seven urban section identi­

fication numbers were selected and then each section was chl~cked to determine 

whether it fit the urban or rural classification used for the study. A rural 

section was to be a two-lane section of either Farm-to-Market or State High­

way designation. The rural sections were randomly chosen in areas distinctly 

removed from major population areas. Table 3.1 lists the rural sections, 

the ATR identification numbers, the section locations within the state, and 

the number of lanes. 

An urban sect ion was adopted for use on the basis of its location within 

a major urban area and the fact that it was of Interstate o:r U. S. designation. 

All sections studied were to have a total of four or more lanes. The pertinent 

data are given in Table 3.2. The Fort Worth section, S04l, has only two lanes, 



Station Highway 

S058 FM 386 

S015 US 289 

S097 US 281 

S043 US 59 

S044 US 82 

S119 US 16 

S068 SH 163 

S060 SH 207 

TABLE 3.1. RURAL AUTOMATIC TRAFFIC 
RECORDERS STATIONS 

Number of Lanes 
(Both Directions) Route 

2 Mason - Katemcy 

2 Lampasas - Burnet 

2 Falfurrias - Encino 

2 Linden - Jefferson 

2 Henrietta - Ringgold 

2 Fredericksburg - Kerrville 

2 Ozona - Juno 

2 Claude - Silverton 

13 
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Station 

S158 

S041 

S148 

S165 

S140 

S156 

S123 

S108 

S132 

TABLE 3.2. URBAN AUTOMATIC TRAFFIC 
RECORDERS STATIONS 

Number of Lanes 
Highway (Both Directions) 

US 87 4 

US 81 2 

IH 35E 8 

IH 10 10 

US 59 8 

IH 610 8 

IH 10 4 

IH 35 4 

lH 35 6 

City 

Anarillo 

Fort Worth 

Dallas 

Houston 

Houston 

Houston 

El Paso 

San Antonio 

Austin 
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but the use of this section did not adversely affect the study outcome. Two 

additional sections reported in Table 3.2 and located in the medium sized 

urban areas of Amarillo and El Paso were included as a check of traffic in 

such areas. 

ADT Calculations. To determine the fluctuation of the ADT with respect 

to hour of the day, Tuesday, was chosen upon which to base comparisons. In 

most cases, the ADT for Tuesday was approximately one hundred percent of the 

average annual daily traffic (AADT) for the section. After all sections' 

data were compared on a Tuesday basis, the ADT for three sections was deter­

mined for either Friday or Saturday to determine if Tuesday was representative 

of all the days of the week. 

Specifically, the ADT was determined for each section, using the annual 

average hourly values presented for each section in the Annual Report. Each 

hourly volume was divided by the total annual average daily volume to determine 

what percentage of the total each hour contributed. Figure 3.1 shows a sample 

of the data from the Annual Report. The section shown had an annual average 

daily traffic volume of 145,058 vehicles for Tuesday, which was 108.3 per-

cent of the average annual daily traffic. The average hourly volume of 9,818 

vehicles for 8:00 - 9:00 a.m. was divided by 145,058 to determine, for example, 

that, for this hour, 6.77 percent of the ADT passed through the section. 

After this calculation was made for each hour, the data were plotted. The 

same data were later cumulated for the preparation of cumulative frequency 

distribution graphs. These same calculations were made for all sections under 

study. 

Data COmparison 

The initial approach was to independently compare the rural sections and 

the urban sections. Each set of ADT distribution curves compared very favor­

ably within their own classification set and, therefore, cross comparisons were 

made between urban and rural sections. These comparisons were simply made by 

visual comparison of the superimposed cumulative distribution. The Kolmogorov­

Smirnov test was used to statistically compare the cumulative frequency distri­

bution. 

Distribution Plots. The distribution plots of ADT with respect to hour 

of the day were unique for both the urban and rural sets. The urban 



....... 
(J'\ 

ANNUAL AVERAGE HOURlY VOLUMES 
8W DAYS OF IIIEEK--19U 

STATION - S140 

lOCATION- US 59, 0.6 141 III OF IH 610, S. HOUSTON 

HOUR SUN. MON. TOE. WED. THR. FRI. SAT. 

12-1.14 2,869 1,418 1,706 1,855 2,005 2,061 30077 
01-02 2,2H 850 855 9)) 1,048 1,066 1,942 

02-01 1,660 582 621 691 759 795 1,485 

01-04 858 390 405 416 471 487 851 
04-05 531 431 ItO 3 466 488 514 684 
05-06 534 1,210 1,211 1,200 1,221 1,226 1.016 

06-07 1.003 6.289 6.551 6,475 6,410 6.410 2.190 

07-08 1.440 10,453 11 ,018 10,977 10.918 10'.982 1, 784 

08-09 2.081 9,192 9,818 9.814 9.773 9,911 5.126 

09-10 3.298 7.497 8.002 7,855 7,924 8.077 6.214 

10-11 4.092 7.320 7.415 7.417 1.417 7.850 7.160 
11-12 4,571 8.023 8.074 8,082 8.181 8,666 8,05t 
12-PM 5,896 8,493 8,335 8,279 8.398 8.99., 8,498 

Ot-02 5 •• 741 11.341 8,124 8.255 8,340 9.01., 8,190 

02-03 5.778 8.491 8.432 8,421 8.537 9.3117 7.969 
03-04 5,871 9.681 9,670 9.632 9,729 10.369 7.948 
04-05 5,961 10.818 10,881 10.931 10.850 10.860 7,564 

05-06 6.042 10.346 10,595 10 ,611 10,533 10.367 7,181 
06-07 5,736 11.884 9,011 9.101 9,166 9.442 6,928 
07-08 5,079 6.789 6,967 7,169 7.365 7.912 6.260 
08-09 4.176 5,281 5,241 5.436 5,588 6,049 4.917 
09-10 3.824 4.653 4.899 5.061 5.180 5.328 4,451 
10-11 3.226 3,473 3,815 3.987 3.986 4.402 .h914 
11-12 2.319 2.500 2.661 2.867 2.950 3.824 3,653 

TOTAL 84.823 141.629 145.058 145,983 147,383 154.003 119.313 

PERCENT 
OF AADT 63.3 105.7 10Q.3 109.0 110.0 115.0 89.1 

ANNUAL AVERAGE WEEK TOTAL 938.192 

UDT 133.948 

Fig 3. 1. Sample Average Traffic Recorder data. 
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distributions all showed bi-modal peaks and one minor peak of ADT flow. 

The major peaks were between seven and nine a.m. in the morning (representing 

the morning rush hour work traffic) and four to six p.m. (representing evening 

rush hour work traffic). Most of the distributions also showed minor peaks 

at the noon hour. Figure 3.2 shows a characteristic urban distribution for 

Section S165 in Houston, Texas. 

The rural distribution curves had characteristically one main peak. The 

peak was spread out into one main broad increase of ADT between the hours of 

seven a.m. and five p.m. Figure 3.3 shows a characteristic rural distribution 

of the "one peak" type, for Section S044 in Henrietta, Texas. 

Cumulative Plots. An easy visual comparison could not be made between 

urban and rural sections because of the characteristic differences in the 

normal distribution plots. Therefore, cumulative frequency distribution plots 

were made for all the sections. These plots, when compared visually, were 

similar in all cases; rural sections to rural sections, urban sections to 

urban sections, and urban sections to rural sections. The cumulative frequency 

distribution of Section Sl19 in Fredericksburg, Texas, shown in Fig 3.4, is 

representative of the rural sections studied, while the cumulative frequency 

distribution of Section S04l in Fort Worth, Texas, shown in Fig 3.5, is charac­

teristic of the urban sections studied. Comparison of the cumulative frequency 

distribution plots visually indicated that one generalized curve representing 

both rural and urban conditions could be made for the entire state, instead of 

separate curves for rural and urban as initially anticipated. However, it was 

felt that before such an action was taken, a statistical comparison to rein­

force the visual conclusion should be undertaken. 

Kolmogorov-Smirnov COmparison 

The Kolmogorov-Smirnov test is a statistical comparison of any two cum­

ulative frequency distributions. The maximum difference (D max) between the 

two sets of data is compared with a specified constant. If A(x) and B(x) 

are two cumulative functions, then the Smirnov test rejects the hypothesis 

that the A(x) distribution is equal to the B(x) distribution if the D max 

exceeds the specified constant: 

P[A(x) dif B(x)] (3.1) 
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The constant is determined by establishing an allowable Type-l error. A 

Type-l error is the error of saying something is true when it is not. 

For all comparisons of this study, the constant Cl was determined at a 

0.05 level so that 

P[D > C} = ~ = 0.05 (3.2) 

This means that the test was made with the acceptance that five percent of the 

time when the curves compared favorably, they might actually be different. 

This level is a practical level at which to test because it is a reasonably 

difficult level to meet. The constant calculated for the test is a function 

of the sample sizes. The equation 

was used, with m and n 

tributions. Both m and 

(3.3) 

being the respective sample sizes of the two dis­

n are equal to 24; C is equal to 0.39. All the 

comparisons made for the study passed the test by a wide margin of safety. 

Table 3.3 shows a sunnnary of all six comparison sets made for the study. The 

first set of comparisons is for rural sections compared to rural sections. 

The largest difference was 0.0957, which is well below the 0.39 level. The 

second set of comparisons is for the urban sections compared to one another. 

The largest difference for these comparisons was 0.0599. The third set of 

comparisons is between rural and urban sections. The large~:t D max was 0.100. 

The final two sets of comparisons are for medium urban areaf: and day of the 

week. The medium urban area comparisons indicated that theI'e were no signi­

ficant differences in these sections when they were compared to the urban 

and rural sections. The day of the week comparisons were made to check the 

choice of Tuesday as a study day. The results shown in Table 3.3 indicate 

the choice was reasonable and did not bias the data. 

The Kolmogorov-Smirnov tests reinforced the assumptions, made from visual 

examinations of the plots, i.e., statistically, the traffic patterns for all 

sections had the same basic pattern of fluctuation. 



TABLE 3.3. KOLMOGOROV-SMIRNOV COMPARISONS 

Comparisons 

Rural 

Ozona - Claude 
Mason - Fredericksburg 
Falfurrias - Lampasas 
Linden - Henrietta 
Ozona - Mason 
Claude - Fredericksburg 
Falfurrias - Linden 
Lampasas - Henrietta 
Falfurrias - Claude 
Linden - Mason 

Urban 

Dallas - Fort Worth 
Houston (140) - San Antonio 
Houston (165) - Austin 
Dallas - Houston (140) 
Fort Worth - San Antonio 
Houston (165) - Houston (140) 
Austin - San Antonio 

Rural to Urban 

Ozona - Dallas 
Mason - Fort Worth 
Linden - San Antonio 
Claude - Houston (14) 
Falfurrias - Austin 
Henrietta - Houston (165) 
Lampasas - Dallas 
Fredericksburg - Fort Worth 

D max 

0.0421 
0.0603 
0.0548 
0.0957 
0.0511 
0.0492 
0.0223 
0.0246 
0.0824 
0.0913 

0.0358 
0.0251 
0.0599 
0.0346 
0.0217 
0.0423 
0.0405 

0.0686 
0.0990 
0.0397 
0.0704 
0.0600 
0.0820 
0.1000 
0.0810 

Hour of 
D max 

3 - 4 p.m. 
4 - 5 p.m. 
7 - 8 a.m. 
6 - 7 a.m, 
3 - 4 p.m. 
4 - 5 p.m. 
5 - 6 p.m. 
8 - 9 a.m. 
5 - 6 a.m. 
6 - 7 a.m. 

6 - 7 
7 - 8 

10 - 11 
7 - 8 
8 - 9 
5 - 6 
4 - 5 

p.m. 
a.m. 
a.m. 
a.m. 
p.m. 
p.m. 
p.m. 

7 - 8 a.m. 
7 - 8 a.m. 
8 - 9 a.m. 
8 - 9 a.m. 
3 - 4 p.m, 
8 - 9 a.m. 
8 - 9 a.m. 
7 - 8 a.m. 

23 
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!ABLE 3.3. (Continued) 

Comparisons 

Medium Urban Area 

E1 Paso - Amarillo 
Amarillo - Lampasas 

Day of Week 

Linden Linden 
Tuesday Saturday 

Houston (165) - Houston (165) 
Tuesday Saturday 

Houston (140) - Houston (140) 
Tuesday Friday 

Ozona Linden 
Tuesday Saturday 

Dallas Houston (165) 
Tuesday Saturday 

D max 

0.0360 
0.0380 

0.0313 

0.0550 

0.0346 

0.0590 

0.0476 

Hour of 
D max 

8 - 9 a.m. 
7 - 8 a.m. 

5- 6 p.m. 

6- 7 p.m. 

7 - 8 a.m. 

5 - 6 a.m. 
8 - 9 a.m. 

3 ,- 4 p.m. 



Conclusions 

The major conclusion drawn from the study of ADT distribution was that 

one cumulative curve could be developed for both urban and rural conditions. 

The curve which was derived from the data for every section is shown in 
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Fig 3.6. The points on this average cumulative frequency distribution are 

the average of the percents from Tuesday data for all sections. For calcula­

tion of traffic delay cost, this information was input into computer program 

RPS-3 as a cumulative curve which was used with the ADT input to estimate 

vehicles per hour (VPH) for any hour of the day desired. 

The initial use of the information was primarily for the calculation 

of the traffic delay costs associated with the curing of concrete overlays. 

However, one additional benefit gained from this study information is the 

capability for the designer to specify when an overlay should occur in order 

to minimize traffic delay costs. For example, if the designer knows his dis­

trict asphaltic overlays are constructed only during off peak traffic periods 

such as 10 a.m. to 3 p.m., then calculations may be made of the cost of such 

an overlay, using the results of this study. 

Summary and Implementation 

The generalized curve is very useful to the rigid pavement design system 

program and its existence in the system will provide more flexibility in the 

designer's decision making process. Since the designer can correctly determine 

the cost difference associated with overlay type and input the times of the 

day for overlaying, the program more realistically represents the actual field 

situation and thus is more useful in implementation. 

Computer Mechanics of Model 

This section explains the new TDC~ subroutine placed in RPS-3. The new 

subroutine uses the information gained in the study of ADT distribution, 

which has been described. 

The computer model developed to calculate traffic delay costs using the 

data obtained from the study of ADT distribution is explained in this section. 

The model is a modified version of the traffic delay cost model outlined in 

Report 32-11 (Ref 4) and used in RPS-2. All the equations and cost tables of 
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the model in RPS-2 were retained, but the ADT distribution data were added. 

The old model calculated a delay cost per hour depending upon the location 

(urban or rural), the traffic (an average ADT arriving per hour at the overlay 

site), and the model used for overlaying and its associated variables. 

The new model utilizes the concept of summing all of the delay costs 

hour by hour for a day of construction. If the pavement is overlaid with a 

concrete overlay, the model determines delay costs on an hour by hour basis 

for a day of curing. The respective sums are mUltiplied by the number of 

days in each category. 

Initially, the new traffic delay model subroutine TDC3 determines the 

hours to construct the overlay (RTCCO for concrete overlay or RTCAO for asphalt 

overlay), using the production rate variable hours per square yard, RPSY, and 

the total number of square yards to be overlaid, SYARDS, in the equation 

RTCAO = RTCCO RPSY (SYARDS) (3.4) 

The difference between asphalt and concrete is established by the program, 

but the variable RPSY comes into the subroutine in the correct form. The sub­

routine then calculates the number of days necessary to construct the overlay 

by dividing the hours to construct by the number of hours worked per day. 

The subroutine next calls subroutine VPRCAL to calculate the vehicles per 

hour using the ADT at the time of the overlay and the data from the ADT dis­

tribution study. Subroutine VPRCAL calculates the vehicles per hour (VPR) 

for all the hours of the day, using the average daily traffic at the time 

of the overlay multiplied by the percentage curve developed from the ADT 

distribution study. VPRCAL merely provides the 24 values of VPR to TDC3 so 

that costs may be determined. The TDC3 subroutine now begins several itera­

tions to determine costs. All the cost calculations are the same as those in 

Report 32-11 (Ref 4) with the exception of the reduced delay costs associated 

with the concrete curing. 

The subroutine first loops through the cost equations between the hour 

of the day when overlay construction begins and the hour of the day when over­

lay construction ends. These loops sum the delay cost per hour as a function 

of the vehicles per hour using the following equation (Ref 4): 



28 

DCH = VPH*(P01*(COl + C02 + C03) + (1.-P01)*(C03 + C04) + 
P02*C05) + VPH*(PN1*(CN1 + CN2 + CN3) + (1.-PN1)"" 

(CN3 + CH4) + PN2*CN5) 

(3.5) 

This delay cost is saved as variable DCH1, and the program resets the last hour 

of construction as the initial hour and 12 midnight as the final hour. It 

then loops through the costs again using these two indices and a reduced 

equation for costs, which will be explained later: 

DCH = VPH * (C03 + C04 + CN3 + CN4) (3.6) 

These costs are saved as variable DCH2, and the program resets the initial hour 

to one a.m. and the final hour to the hour before the construction begins. 

Using these indices the program again uses the reduced costs and stores the 

results in variable DCH3. 

For its final loop, the program loops from 1 to 24 to determine the costs 

for an entire day of curing. It uses the reduced cost equation and saves 

the results as variable DCH4. 

The program does the last three looping sequences only if the road is to 

be overlaid with concrete. If the roadway is to be overlaid with asphalt, 

the program merely saves the delay cost for the construction period. 

In the case of concrete, the total delay cost for the overlay job is 

equal to 

DCHTOT (DCH1 + DCH2 + DCH3) (NDAYCO) + (DCH4)(NDAYCU) (3.7) 

This is the delay cost per day for a construction day times the number of 

days taken to construct the overlay, plus the delay cost per day for a curing 

day times the number of days of curing. The DCHTOT is converted to a unit of 

square yards by dividing by the number of square yards overlaid, in the 

equation 

DCSYCO 
DCHTOT 
SYARDS 

(3.8) 



This delay cost per square yard is converted to a traffic delay cost per 

square yard on a present worth basis by the equation 
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TDCSY = 
DCSYCO 

(3.9) 

where RINT is the percent value of money and PLAT is the time at which the 

overlay occurs. 

If the overlay is asphalt, the results are similarly calculated, except 

that the loop is activated only during the construction period; therefore, 

DCSYAO = 
(NDAYCO * DCHT) 

SYARDS (3.10) 

where NDAYCA is the number of days to construction the asphalt overlay, and 

DCHT is the total sum of hourly delay costs for the hours of construction. 

The total traffic delay cost is calculated identically as for concrete: 

TDCSY = DCSYAO (3.11) 

The subroutine flow chart in Appendix 1 clearly shows the looping process. 

This feature was necessary because military time had to be used to express 

the hours of the day. 

The reduced equation for delay costs assumes that there will be no delay 

due to men and equipment interference, COS, no delay costs associated with 

the cost of one cycle of stopping from and returning to the approach speed per 

vehicle, COl, and no costs associated with the cost of idling and time loss 

per vehicle, C02. These costs were considered to be insignificant during 

periods of the day when there is no construction and for curing days. The 

reduced cost consists only of costs of driving at reduced speed per vehicle, 

C03, and the cost of one cycle of slowing to the through speed and returning 

to the approach speed per vehicle, C04. 
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Asphalt overlays use the full costs, but only during the time of con­

struction, since asphalt overlays do not delay traffic significantly unless 

the overlay is actually taking place. 

MODIFICATION OF INPUT AND OUTPUT MODELS 

A complete review and modification of the input and output formats of 

RPS-2 was undertaken as part of the development of RPS-3. The new formats 

are contained in Subroutine INPUT, which prints out the input data, and 

Subroutine OUTPUT which prints out the final designs. 

The reason for this modification was that many of the variables which 

the designer was asked to input had no units specified. As the input guide 

for RPS-2, Research Report 123-21 (Ref 3), was being writte:l, all the units 

were added to the input and output formats. In addition, ~lny of the vari­

ables titles were altered to simplify and clarify their meaning. 

These modifications have made the input guide and the (:omputer output 

comparable to one another. This is a beneficial characteri,3tic because the 

d~signer may check inputs for accuracy. 

MAINTENANCE SUBROUTINE STUDY 

The RPS-2 program and the flexible pavement system, FPS, program cal­

culated maintenance costs with two different models. The F::lS program was 

developed to design flexible pavements using the same systeln concepts as the 

RPS system. Because the FPS system had already been implemented and was in 

use by highway design engineers, it was decided that possibly the new RPS-3 

version could use the FPS maintenance model. Since designe:["s were familiar 

with the model already, it was felt that this modification might prove b<me­

ficia1 to RPS-3. 

With these problems in mind, work was begun to evaluate both models and 

to make necessary changes. The RPS model, Subroutine MANCE, was obtained from 

NCHRP Report 42 (Ref 6). The FPS model, Subroutine PWRM, was the result of a 

joint study by Texas Transportation Institute and the Texas Highway Department 

(Ref 4). 



The valuation for the current work was done with the idea of choosing 

the model which would require easily obtained inputs from the design 

engineers. 
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Because costs obtained from both the models seemed unreliable, the initial 

step of the study was to completely check the logic and programing of both 

models. This study indicated that both models are correctly programed for 

solution of their respective theories. 

Even though the models are based on different premises, it was decided 

that the next step of study would be to compare models on similar sets of 

data. The MANCE model is based upon environment, traffic, and road character­

istic maintenance costs, while the PWRM model is based on the historical trend 

of maintenance costs per square yard per year. Table 3.4 shows the major 

input of both models, their similarities, and their differences. Test runs 

made with the input data given equal values in each model indicated that the 

MANCE subroutine predicted higher costs than the PWRM subroutine. The fact 

that MANCE took into account the environmental factor, number of days freezing, 

the average daily traffic growth rates, and an indicator as to the type of 

road, seemed to give MANCE an advantage over PWRM for realistic use in RPS. 

Both the RPS model, MANCE, and the FPS model, PWRM, predict maintenance costs 

which have not been verified with current field data. The model inputs in 

both cases are not easily attainable and designers are forced to use only 

estimated inputs. 

One recommendation as to how future studies should be conducted became 

apparent. A study of maintenance records should be made to determine what 

types of maintenance data are available to highway engineers, and then a 

realistic comparison of MANCE and PWRM may be made using the actual mainten­

ance records for asphalt and concrete roadways. 

The decision was made to leave the MANCE model intact in RPS-3 because 

it seems to contain more variables relating to the real situation, especially 

the index dividing urban and rural costs. The Input Guide in Appendix 3 

gives an explanation of the composite costs and gives the values suggested 

by NCHRP-42 for use. It should be remembered that these values may be low 

today because of the increased cost of materials and labor. 
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Model 
MANCE 

Variables 

PLF 

PLP 

AP 

RINT 

DFTY 

CLW 

CERR 

CMAT 

ADTGR 

ITYPE 

TABLE 3.4. MAINTENANCE MODELS 

Model 
PWRM 

Variables 

T 

TPRIM 

CL 

RATE 

Cl 

C2 

Description 

Time from year "0" to the loss of 
serviceability 

Initial value of analysis year 

Analysis period (years) 

Rate of interest 

Number days freezing during the year 

Composite labor wage 

Composite equipment rental rate 

Composite material cost 

Routine maintenance cost/square yard 
during first year 

Incremental increase in routine 
maintenance cost 

Average daily traffic growth rate 

Type of facility urban or rural 



CONCRETE FLEXURAL STRENGTH STUDY 

The rigid pavement system program RPS-2 requires the designer to input 

the following concrete material variables: 
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(1) number of days at which concrete strength was measured (7 or 28 day), 

(2) concrete flexural strength, mean value, 

(3) percent coefficient of variation of the flexural strength of the 
concrete, 

(4) modulus of elasticity of the concrete, E, 

(5) standard deviation of the E value, 

(6) unit weight of the concrete, 

(7) type of strength test (center point or third point loading) and 

(8) tensile strength of the concrete. 

It is a definite problem for the design engineer to obtain input values 

for the material properties used by RPS. Another important point to be made 

is that even though some data are available to the design engineer on these 

properties as related to a specific "cement factor," this information is 

highly dependent on the source and type of aggregate used in the mix. With 

this problem in mind, a study was undertaken to classify the concrete 

flexural strength. 

The concrete flexural strength and modulus of elasticity are important 

and primary variables in the RPS design system and also are values closely 

correlated with a concrete aggregate source and a cement factor per cubic yard. 

Data Collection 

Construction files were taken from Texas Department construction records 

for concrete pavement jobs in 10 districts. The following infonnation was 

obtained in each district on all jobs of at least one million dollars con­

structed within the last eight years: 

(1) aggregate source, 

(2) cement factor (cement per cubic yard), 

(3) flexural strength values from beam specimens, 

(4) water-cement ratios, 

(5) slump, and 

(6) percent air entrainment. 
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A total of 36 jobs were studied. From these 36 jobs,!!. total of 88 

different design mixes were identified. For example, a job in a particular 

location might retain the same aggregate source and cement factor, but during 

the construction the water-cement ratio may be varied, ther,=by producing two 

different mix designs for one job. Slump and percent air e::ltrainment data 

were obtained for 64 of the designs. The data were kept separated by district 

throughout the analysis. 

Data Analysis 

The next step of the study was an attempt to determine if a relation 

could be drawn between flexural strength and the other variables. A multiple 

regression analysis was run to detennine if flexural strength could be pre­

dicted as a function of type of aggregate, cement factor, Wolter-cement ratio, 

percent air, and slump. However, the data obtained indicated that only 43 

percent of the variation in flexural strength could be dete:crnined to be a 

function of these variables. Since this information was not good enough to 

use in design practice, it was decided that a district average and coefficient 

of variation should be compiled to give guideline values fOl~ use in RPS-3. 

The total overall average strength was 686.6 psi for the 3009 flexural beam 

breaks recorded. Table 3.5 shows the district averages and coefficients of 

variation by district, with each districts' projects totaled. 

Project 183 conducted at the Center for Highway Researeh prOVided the 

observations from the indirect tensile testing of 867 cores from 10 PCC pro­

jects (Ref 7). Marshall and Kennedy determined that the coefficient of vari­

ation of the tensile strength for each project was approximntely 20 percent 

for individual specimens. The reason this coefficient of variation is greater 

than the ones resulting from the flexural beam break data iB that the indirect 

tensile specimens were randomly selected from pavement sections. The flexural 

beam break data is more biased data, because groups of beamll are made under 

more tightly controlled conditions at intervals during the c:onstruction. 

Project 183 also provided the following information on the values of 

elastic modulus and percent coefficient of variation for Portland cement 

concrete (Ref 7). 

"(1) Mean modulus values for all specimens varied from 3 .36 X 10
6 

psi 

to 5.02 X 106 psi and averaged 3 .99 X 10
6 

psi, and (2) The within 



TABLE 3 5. CONCRETE FLEXURAL STRENGTH STUDY RESULTS 

Percent Coefficient 
Dis- Number of Number of Mean Flexural Standard of Variation in 
trict Projects Beam Break Data Strength (PSI) Deviation (PSI) Flexural Strength 

2 4 412 677 58.9 8.7 

3 4 490 730 61.1 8.4 

4 1 160 587 42.2 7.2 

9 4 258 705 71.2 10.1 

11 1 65 501 58.8 11.7 

12 7 360 703 87.1 12.4 

13 5 587 746 84.5 11.3 

15 1 56 675 43.6 6.5 

18 6 411 666 98.4 14.8 

24 4 208 566 66.8 11.8 
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project coefficient of variation ranged from 22 percent to 42 percent 
and averaged 34 percent for individual specimens. 1I 

Conclusions 

In the multiple regression study, the type of aggregate and the cement 

factor explained together 42 percent of the variation. The variation was 

not significantly increased by the addition of water-cement ratio, percent 

air, or slump in the regression equations. These three var'iables all have 

an important part in determining flexural strength. Therefore, the only 

conclusion drawn was that the data obtained may have been insufficient or 

possibly the complex nature of these variable interrelations was not properly 

characterized for the regression study. 

DELETION OF SEAL COAT CAPABILITIES 

The inputs of the minimum time for first seal coat after an asphalt con­

crete overlay, the minimum time between seal coats, and the cost per lane mile 

of a seal coat were utilized in RPS-2. The program determined from these data 

the number of seal coats after an overlay until the performance period life 

was met. The program then calculated a present worth-cost of these seal coats 

and the schedule of their placement. However, the seal coats in no way 

affected the performance life calculations on each section. 

The deletion of this model was accomplished in the new RPS-3 version for 

basic reasons. 

(1) The inputs m~nunum time to seal coat of the overlay and m~nunum 
time between seal coats are normally not critical to initial road­
way design, because a seal coat is for the purpose of restoring 
a skid resistant surface and does not affect the pavement's 
structural life. 

(2) The costs associated with seal coatinz had little or no effect on 
the designs chosen through the program optimization process. 

(3) The outputs from the model were of no real use to the design engi­
neer. The outputs consisted of the costs, which were minimal, as 
mentioned previously, and a seal coat schedule which was not real­
istic. The schedule was unrealistic because the inputs were not 
easily obtainable nor were they significant to the real design of 
the pavement. The schedule was merely an addition of the seal 
coat time periods to the pavement life at the time of the overlay. 
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For these reasons all the computations in RPS-2 pertaining to seal coats 

were removed in the development of RPS-3. 

DELETION OF THE TRAFFIC VOLUME DATA 

In the RPS-3 version, the capability of the designer to input traffic 

volume data has been removed. This deletion of traffic models was undertaken 

because of the availability to the designer of other traffic volume informa­

tion which is easier to input. Instead of having to input the load group 

ranges, the number of axles, and the type of axle for each load group, the user 

need only to input the ADT and total l8-kip equivalent single-axle wheel load, 

ESAWL, for the analysis period. These traffic inputs are discussed in Chapter 

6 and the Input Guide in Appendix 3. 

The equations and checks for this option have been retained in program 

RPS-3 in case future investigation proves a need for their use. The use of 

the traffic load group input option may be reinstated in RPS-3 because the 

equations remain intact in Subroutine TRAFFIC. Two changes to Subroutine 

INPUT which will reinstate the option are the addition of an input variable 

entitled PSN2 to Card 2 (Program Controls Card) and the removal of the state­

ment setting PSN2 equal to "1". If this option is ever exercised, the input 

guide should explain that an input value of 1 for PSN2, will make the pro­

gram select the total l8-kip traffic input and a value of 0 for PSN2 will 

cause the program to select the load group input and equations. Also, the 

load group input cards used in RPS2 must be added to the input guide. 

SUMMARY OF MODEL CHANGES 

The changes to RPS-2 models which are documented in this chapter are the 

only changes made in the development of RPS-3. A summary list of the changed 

computer models is as follows: 

(1) The traffic delay cost model was modified to account for traffic 
delay costs incurred because of concrete curing time. 

(2) The input and output formats of RPS-2 were changed to more ade­
quately define variable units and characteristics. 

(3) The seal coat models used in RPS-2 were omitted in RPS-3. 
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(4) The traffic load group option was omitted as a designer option; 
however, the equations have been left in RPS-3 and may be used 
in the future. 

Two additional models were studied without any changes being made to 

program operation: 

(1) The maintenance model was studied to determine possible future 
modifications. 

(2) The concrete flexural strength model was studied to determine if 
cement factor, water cement ratio, and aggregate type could be 
used to determine characteristic flexural strength values. 

Once these model changes and studies were complete, the modularization 

process began. Chapter 4 will describe the modularization process in detail. 



CHAPTER 4. MODULARIZATION OF THE RPs-3 PROGRAM 

As was previously outlined, the RPS-2 computer program was very large and 

unwieldy. It consisted of one main program and three subroutines. This aspect 

of RPS-2 was undesirable for a number of reasons. 

(1) Its size prevented the modification or change of any model 
without a complete understanding of the entire program. 

(2) The program was difficult for a design engineer to learn 
even if he only.wanted to investigate how one particular 
design factor was calculated. 

(3) The overall program logic was not easily deciphered 
because the complicated looping for design was obscured 
by the program's size. 

The RPS-2 version had three subroutines: AGE2, which calculated the pave­

ment performance life based on the modified AASHO equation; TDC2, which cal­

culated the traffic delay cost associated with pavement overlays; and MANCE, 

which calculated maintenance costs for a pavement during its performance life. 

The flow charts for these subroutines are included in Appendix 1. The pro­

gram was inflexible and hard to modify simply because of its size. For exam­

ple, if a new reinforcement model were to be developed it would be impossible 

to implement the model into RPS-2 without a complete understanding of the 

entire program. For this reason, modularization was one of the most important 

tasks to be accomplished before implementation of the new version RPS-3. 

The main goal of modularization was to subdivide the new version into a 

main program deck with numerous subroutines without limiting the program's abil­

ity to design. Not only would the program then be easier to change, but the 

program would be easier to understand for those desiring to learn its opera­

tional characteristics. 

First a group of six reference data decks were prepared. These six 

problems were written to test every combination of RPS-2 design capability. 

The six problems were run and the outputs were placed in a master notebook. 

Then as each new subroutine was broken out of the main program these six data 

decks were run to verify that the system still produced the same pavement 
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designs. Once a subroutine was compared favorably with the six sample problems, 

a copy of the program was saved; another new subroutine was formed from another 

part of the RPS-2 main deck; and the testing program initiated again. 

In this iterative fashion, eight new subroutines were ~,dded to the program. 

The original three subroutines, AGE2, TDC2, and MANCE, were retained, and the 

eight added were ORDER, REINF, NUMBER, TRAFFIC, INPUT, OUTPIIT, INITIAL, and 

VPHCAL. 

The new main program in RPS-3 consists of approximately 380 statements, 

with the subroutines making up the remainder of the program. 

The remainder of this chapter presents an explanation (If the function 

and operational flow of each new subroutine. After the subroutines have been 

explained, there is a discussion of how these subroutines fit into the overall 

program flow. The total program, including all the subroutines, is flow 

charted in Appendix 1. A listing of the program is presented in Appendix 4. 

EXPLANATION OF NEW SUBROUTINES 

The new subroutines included in this discussion are OmlER, REINF, INITIAL, 

NUMBER, TRAFFIC, INPUT, OUTPUT, and VPHCAL. The discussion of the modified sub­

routine TDC3 was presented in Chapter 3. The discussion of the two remaining 

subroutines in RPS-3, AGE 2 and MANCE, is included in this Bection because 

they were not completely documented during their development. 

The discussion of each subroutine includes a statement as to the general 

function of the subroutine and a discussion of the operational flow within 

each subroutine. The flow diagrams for all subroutines appear in Appendix 1. 

Subroutine ORDER 

Subroutine ORDER stores and optimizes the design strategies for later 

printing as output designs. 

The subroutine is essentially composed of a do loop which loops twice to 

correctly compare and store each design strategy it receive8. First, the 

design is indexed according to its design combination category. There are 

five design combinations: (1) JCP with AC overlay, (2) CRCP with AC overlay, 
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(3) JCP with CC overlay, (4) CRCP with CC overlay, and (5) JCP or CRCP without 

overlay. The new design being optimized is compared to the most optimal design 

of the same combination already stored. If the new design is more economical, 

it replaces the old design; if not, then the loop goes back to its beginning. 

The new design is then compared with all the NREQ designs (number of designs 

required by designer for OUTPUT). If it is less expensive than the most expen­

sive design being kept, then it will replace that design; if not, the new 

design being analyzed is rejected and the next design is analyzed. Once all 

the designs have been analyzed, they are arranged in increasing order of 

total cost. 

The OUTPUT subroutine then prints out the NREQ designs, the optimal 

design for each combination, and a summary of the total number of designs. 

Figure 4.1 presents a conceptual representation of the subroutine flow (Ref 2). 

Subroutine REINF 

Subroutine REINF designs the reinforcement steel for both JCP and CRCP 

pavements, using either bar or wire mesh reinforcement. 

Initially, the subroutine determines the combination of reinforcement 

the designer desires. If the designer is specifying one combination only, 

the program will recognize this and skip all unnecessary calculations. If 

the designer is specifying CRCP with bars and wire mesh, the program will 

recognize this and not make any joint calculations or extra reinforcement 

calculations. 

After designing the spacing for the type of reinforcement necessary, the 

subroutine determines the costs involved and totals these costs with others 

to provide an initial cost of the pavement, including subgrade preparation, 

concrete, subbase, joints, tie bars, and reinforcement steel. The design 

models used are outlined in Research Report 123-5 (Ref 2). 

The flow chart for subroutine REINF is very detailed and the logic of 

this subroutine is straightforward. 

Subroutine INITIAL 

Subroutine INITIAL initializes the storage of variables and creates the 

initial arrays for the subroutine ORDER. The subroutine also calculates the 

cost of subgrade preparation for the designs. 
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I 

An initial design 
+ 

An overlay pattern 

A STRATEGY 

Are all the NREQ* 
storage spaces filled? 

Yes 

I No 
r 

New design 
takes next 
empty space 

Is the cost of new design 
less than the most optimal 
design in storage for I 

Determine which design in storage I 
has the maximum total cost 

that combination? 

Replace the old designl 
with the new one I 

Is the total cost of the I..,~ Reject this 
new design less than ~ design and 
the maximum found? analyze the next 

tYes 
Replace the design in storage 
with the new design 

If all the designs are finished; =l 
scan the total costs of all NREQ designs, 
determine the indexes of designs in 
increasing order of total cost, e.g., I 
NMB(l) == index of optimal design, :JI 
NMB(2) = index of next to optimal design, 
NMB(NREQ) == index of the last design 

Print in order of the 
incrdasing total cost 

*NREQ = number of desiane Print optimal design 
specified for output ~ __ £_o_r~e~a_c_h __ c~o~m~b_i_n~a_t_1_'o_n ______ ~ 

FiC 4.1. Optimization procedure RPS-3. 
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Initially, the subroutine searches for the NREQ (number of designs for 

which the designer has asked). If the designer has made no choice, the sub­

routine prepares to give him 12 designs automatically. The subroutine then 

creates the arrays for all the combinations so that the most optimum design 

in each combination may be saved. The subroutine then creates an array to 

store NREQ designs and initializes a maximum cost against which to test all 

subsequent design costs. The subroutine then determines the cost of the 

subgrade preparation from the input of cost per lane mile of subgrade prepara­

tion. This cost is retained since it is applicable for all designs. 

Subroutine NUMBER 

Subroutine NUMBER determines the total number of initial designs possible 

for all combinations of concrete and subbase thicknesses derived using the 

thickness increment input by the designer. First, the subroutine determines 

with the use of a counter and stepping function, the number of initial designs 

a subbase can generate. It does this for each subbase until it has accounted 

for NSB, the number of subbases. Next, the subroutine uses a similar counting 

system to determine the number of designs generated by all the concretes and 

their respective thickness ranges. The subroutine then uses these two totals 

to determine the total number of initial designs possible. If the number of 

thickness combinations for subbase material is less than the number of subbases, 

the program will stop and print an error message indicating to the designer 

that there is an error in the subbase thickness input. For this reason, the 

designer must still input a 1 for the NSB even if the minimum and maximum 

thicknesses are equal to zero for designing the subgrade without subbase. The 

flow chart for subroutine NUMBER shows in detail, the subbase loop and then 

indicates that the concrete loop is identical in logic and format. 

Subroutine TRAFFIC 

Subroutine TRAFFIC determines the total l8-kip equivalent axle wheel 

loadings for a design using either the input l8-kip ESAWL or the traffic load 

range data. The subroutine initially begins by looping for the number of 

subbases and determining for each thickness the allowable l8-kip ESAWL. The 

subbase thickness is used only if the load group data are input into the program. 

The program checks an index and if the total l8-kip ESAWL is input, it skips over 
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the load range calculations. This subroutine places the traffic calculation 

in one easy location for future changes. For example, it i:; now easier to 

input information on truck traffic if desired. 

Subrout ine INPUT 

Subroutine INPUT reads and prints out all the design information read 

into the program by the user. The subroutine reads all the inputs initially, 

then it prints them out. As the subroutine reads variables, some are set 

if they are not input by the user; these include: 

(1) Concrete increment thickness will default to 1.0-Inch if not given. 

(2) Subbase thickness will be limited to a maximum of 18.0 inches if 
the input is greater than 18.0 inches. 

(3) The increment in spacing tried for transverse joints will be set 
to 10 feet if equal to zero. 

(4) If the type of concrete flexural test is not specified, the program 
will assume it to be third-point loading. 

(5) If the number of days at which the flexural test ';vas made is not 
input, the program will set it to 28 days. 

(6) If the tensile strength of the concrete is not input, the program 
assumes it to be 40 percent of the flexural strength. 

In printing out the data, RPS-3 makes many checks to insure that only those 

items read in are printed out. For example, if the designer is overlaying 

with AC, the program will not print out the titles for CC O'ITerlay data. The 

printing out of inputs has been completely checked in the c,:>urse of RPS-3 

development. Units have been added to all formats and titles have been changed 

to clarify their meanings. The confidence level variables which were not 

printed out in RPS-2 are now printed out as the last input. The data are not 

printed out in exactly the same order as read; however, the titles clearly 

identify the variables. 

The modularization of subroutine INPUT is important because it facili­

tates the final pavement design system (PDS) development. It will now be 

easier for the RPS inputs to be modified to be compatible with FPS. 

Subroutine OUTPUT 

Subroutine OUTPUT prints all the final design information. The subroutine 

prints the optimum design in each category as follows: 
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(1) JCP design with AC overlay, 

(2) JCP design with CC overlay, 

(3) CRCP design with AC overlay, 

(4) CRCP design with CC overlay, and 

(5) initial design lasting analysis period without overlay. 

For each of the designs, subroutine OUTPUT provides a complete summary of 

thickness, materials, reinforcement type and spacing, subsequent overlay 

construction necessary, total life expected of design, and itemized and total 

costs. 

The subroutine then prints out a summary table of the NREQ, designs for 

which the designer has asked. There are six designs per page with each page 

consisting of the identical design data which were provided for each of the 

optimum designs in every category. Following each summary page is a reinforce­

ment design for each pavement design. The subroutine will print six per page 

up to the maximum of 23 designs. 

Finally, after all the designs have been printed out, the subroutine 

will print out two design analysis tables, the initial design analysis table 

and the overlay subsystem analysis. The format of these tables has not been 

changed and gives the following information (Ref 2). 

Initial Design Analysis. This design analysis describes the following: 

(1) the total initial designs possible for the problem, 

(2) number of designs rejected because their initial thicknesses are 
greater than the allowable value, 

(3) number of designs rejected because their initial lives are less 
than the allowable minimum time to the first overlay, 

(4) number of designs rejected because their costs are more than the 
money available for initial construction, 

(5) number of acceptable initial designs lasting the analysis period, 

(6) number of unacceptable initial designs lasting the analysis period, 
and, 

(7) number of initial designs for which overlay strategies are formu­
lated. 

Overlay Subsystem Analysis. This subsystem analysis describes the 

following for each combination analyzed by the program: 

(1) total number of acceptable strategies, 
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(2) number of strategies rejected during analysis because of maximum 
overlay thickness restraints, 

(3) number of strategies rejected during analysis because the lives 
of the overlays provided are less than the minimml specified time 
between overlays, 

(4) number of strategies rejected because the number of overlays 
required is more than eight, and 

(5) number of times when each subroutine is called. 

The initial design analysis is more informative to the designer than the 

overlay subsystem analysis overall because some of the subsystem analysis 

deals with the program's calling of certain subroutines and is useful only 

to one who understands the program's internal working. However, the first 

four outputs of the analysis listed above are useful. The design combina­

tion number at the top of the overlay subsystem analysis refer to (1) jointed 

concrete pavement with an AC overlay, (2) jointed concrete pavement with 

PCC overlay, (3) continuously reinforced pavement with an AC overlay, and 

(4) continuously reinforced pavement with a PCC overlay. 

Subroutine VPHCAL 

Subroutine VPHCAL uses the average daily traffic at th,~ time of an 

overlay with the percentages of ADT for each hour of the day to calculate 

vehicles per hour, VPH, on an hourly basis. 

This subroutine is short and its operation is simple. The subroutine 

uses the percentages of ADT per hour throughout the day to determine the 

number of vehicles per hour. The calculations and the sour:!e of percentage 

data are discussed in Chapter 3. 

OVERALL PROGRAM FLOW 

This section discusses the overall program flow of RPS-3 which is similar 

to the process af design generation used in RPS-2 (Ref 2) is shown in Fig 4.2. 

A new flow diagram was developed to explain how the new subroutines fit into 

the overall design process. Figure 4.3 shows the flow of RPS-3. The program 
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I Pavement type I 
I JCP, CRCP 

Concrete thickness I 
minimum to maximum 

Concrete type 
j first, second, ... 

Subbase type I first, second, ... 

Subbase thickness 1 
minimum to maximum 

I 
I 
t 

ANALYZE 

I 
+ 

~ Is this a feasible I 
No initial design? 

Yes 

Apply overlay strategy I 

I Scan and optimize I 

REJECT 
OR 

ACCEPT 

Fig 4.2. Process of generating designs in RPS-2 
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II Begin RPS-3 1: -
I 

I Subroutine INPUT I 

I Subroutine INITIAl I 

• 
Pavement Type, JCP or CRCPI 

I Subroutine NUMBER I 

I Subroutine TRAFFIC I 

Concrete thickness, minimum to maximum I 

IConcrete type, first, second, • • • I 
I 

Subbase type, first, second, ... I 

I Subbase thickness, minimum to maximum I 
Analyze Designs 

Subroutine AGE 2 
Subroutine MANCE 
Subroutine REINF 

~ Is this a feasible initial design? I 
Yes 

Apply overlay strategy I 

Subroutine AGE2 I 
I 

Subroutine TDC31 

I Subroutine order, scan and opt imize I 

I Reject or accept II 

I Subroutine OUTPUT I 
I 

I Additional problem I 
J 

II End IJ 

Fig 4.3. Process of generating designs in RPS-3. 
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generates designs and will print up to a maximum of 23 design strategies in 

order of increasing cost. The main program calls all the subroutines and 

directs the flow shown in Fig 4.3. The flow diagram for the main program of 

RPS-3 is included in Appendix 1. 

ways: 

The RPS-3 program is considerably different from RPS-2 in the following 

(1) The main program of RPS-3 is 380 statements, whereas the main 
part of RPS-2 has approximately six times as many. 

(2) RPS-3 has eleven subroutines and RPS-2 has only three. 

(3) RPS-3 is now in a form which is more compatible with recognized 
computer techniques; it will therefore be easier for a computer 
programmer to learn. 

SUMMARY OF RPS-3 MODULARlZATION 

The modularization of RPS-2 to produce RPS-3 was accomplished without 

distrubing the design capability of the separate models. The two important 

results obtained from this work were 

(1) RPS-3 program flow is easier to decipher and understand. 

(2) Future modification of models in RPS-3 will be easier to perform. 

The verification process utilized to check new subroutines of the modu­

larized program was very successful. After the final subroutine was pulled 

out and the program tested, the results compared exactly with the results of 

the six reference design problems run with RPS-2. The iterative checking 

after each subroutine creation also allowed for programming bugs to be removed. 

Once the modularization was complete, the final version of RPS-3 was 

prepared by adding sequential numbering to identify the statements and com­

ments to assist the programmer and user. The RPs-3 version was added to 

the Center for Highway Research computer library. 

After the program was complete, a study was undertaken to verify the 

accuracy of the rigid pavement design system to predict actual field situa­

tions. 
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Chapter 5 presents a pilot study which was made in HouBton, Texas using 

RPS-2. The results of this study are applicable to RPS-3 because both pro­

grams predict the same results. 



CHAPTER 5. IMPLEMENTATION 

This chapter outlines a proposed procedure for the implementation of 

RPS-3, and will cite trial uses of the RPS-2 program which have been made. 

Recommendations concerning the future implementation, usage, and modifica­

tion of RPS-3 will be made. The development of RPS-3 was done in light of 

future implementation and the program contains many useful implementation 

features. 

FUTURE RPS-3 IMPLEMENTATION 

The general procedure for the implementation of RPS-3 should consist of 

three main areas of work: (1) introduction of the program to Texas Highway 

Department design engineers, (2) practical usage and problem solving with 

RPS-3, and (3) modification of RPS-3, resulting from feedback obtained from 

design engineers who use the program. A factorial analysis of these three 

main functions is given in Fig 5.1. This factorial was developed as a guide 

to the necessary operations in the implementation process. 

Initially, the program must go through a period of formal introduction 

to the users. A careful process for choosing Texas Highway Department Dis-

tricts which will use RPS-3 first is necessary. This is so that those Dis­

tricts which are familiar with concrete pavement design can be chosen for 

implementation studies. These Districts should be contacted and supplied 

information concerning RPS-3. As a final part of RPS-3 introduction, someone 

familiar with the program should call on each District individually and intro­

duce the program. This personal implementation will hasten the acceptance of 

the program and provide the Texas Highway Department design engineers with 

someone who can be questioned regarding the particulars of the program. 

After the program has been introduced and the district engineers have 

had an opportunity to test its application, a problem solving step should 

begin. Problems should be chosen from real District jobs and data gathered 
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Choosing Districts 

~contacting Districts 
Introducing~ . 

~SUPPlY1ng Information 

Explaining the Program 

Implementation 
~selecting Design Problems 

Solving ~Gathering Data 

~RUnning RPS-3 Solutions 

Analyzing Solutions 

of --........ Problem 
RPS-3 

_____ Determining RPS Deficiencies 

~orrecting or Modifying RPS-3 
MOdifYing_~T . C . est1ng orrect10n 

Reanalyzing Problems 

Fig 5.1. Factorial of RPS-3 implementation functions. 
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on the jobs. The RPS-3 program can then be used by the design engineers on 

problems with which they are familiar. Once the problems have been run, the 

solutions can be analyzed in an orderly fashion to determine how well RPS-3 

has functioned. This evaluation process will be subjective and based on 

the District design engineer's experience. 

Finally, the problem solving step should generate new ideas for future 

RPS-3 modification. The problem solving will help identify RPS-3 deficiences 

which can be corrected or modified in additional (RPS-X) versions. Once any 

correction is made, it is important that testing and documentation follow so 

that the RPS system will remain homogeneous. Finally, after a correction has 

been made, the program should be evaluated again by the Districts. 

The implementation process is continuous once it has begun. Whenever 

any new modifications are made, they are passed to the user. The user like­

wise makes notes of suspected defects and proposes needed modifications. 

The initial introduction of a system, however, is important to the system's 

acceptance. 

SPECIFIC TRIAL USE OF RPS-2 

An evaluation of the accuracy of the AASHO equations to predict concrete 

pavement performance periods was undertaken with RPS-2. Since this particu­

lar model in RPS-3 remains unchanged, the study is applicable as a verifica­

tion of RPS-3. Future use of RPS-3 for similar trials should be easier 

because the program's input guide has been written for easy field use. The 

process outlined in this section is basically a check of existing RPS design 

capability. The findings of this section should support the implementation 

of the program. 

Before a designer can judge a particular pavement design and how it has 

performed, he must undertake a comprehensive study to diagnose the nature of 

the pavement's identity, its particular design characteristics, its construc­

tion, and the loads to which it has been subjected, both environmental and 

traffic. All of these detailed particulars function together to produce the 

performance life. A diagnostic study was performed to evaluate four in-service 

concrete pavements in Houston, Texas. A general performance survey had been 
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conducted on the sections and more detailed information was desired. It was 

decided that an in-depth study should be made to determine ~wre fully why the 

sections were behaving as they were. 

As a part of the scope, the report gives a method of approach to the 

experiment design and the procedures followed in collecting all the necessary 

data. 

Approach and Experiment Design 

Four in-service concrete pavements are in themselves not an adequate 

size experiment because there are many different concrete pHvement design 

combinations. First, it was decided to choose only CRCP seetions. The pave­

ment sections chosen were all sections on the Interstate SYBtem, either 

IH-610 or IH-45. They were also very similar in design and relative age. 

The four basic sections were given a current pavement condition rating of good, 

fair, or poor by the urban office engineers, as an estimate of the section's 

present condition. Table 5.1 also lists the Present ServicE!abi1ity Rating 

(PSR) values from a performance survey made by NCHRP Project 1-15 personnel 

from the Center for Highway Research and the values closely agree with the 

pavement condition estimates made by Texas Highway Department personnel. Mays 

meter readings were collected also for each section and the present service­

ability index (PSI) values derived from these readings are given in Table 5.2. 

As Table 5.1 shows, pavements of all conditions (poor, fair:. and good) and of 

both old and medium ages were studied. It was, therefore, decided that the 

four chosen sections would be sufficient for the experiment:. although not 

ideal. 

After the experiment sections were chosen, field measurements and samples 

were taken. Laboratory tests were run on these samples, and the data was 

analyzed to ascertain in particular what caused the pavement to perform as 

it had. This amount of data was necessary for a verification study, but for 

design use of the program, this data are not required. 

Procedure for Data Collection 

This section explains the procedures adopted to collect laboratory and 

job file data. These data provided a sound base for analyses of the sections 

under study. 



TABLE 5.1. BASIC INFORMATION FOR EACH TEST SECTION 

Relative Actual Pavement 1 
PSR

2 Subbase type 
Project Section age age (years) Condition (sand shell) 

I610W - Memorial, Woodway 271-17-8 Medium 7 Fair 3.2 Cement stabilized 

I610W - San Felipe, Westheimer 271-17-19 Medium 10 Poor 2.6 Cement stabilized 

I610N - Yale, Main 271-14-26 Medium 9 Poor 2.8 Cement stabilized 

I45N - Cavalcade, Patton 500-3-68 Old 13 Good 3.8 Cement stabilized 

1. A current pavement condition evaluation assigned by Houston Urban Office personnel 

2. PSR ratings from a survey made by NCHRP Project 1-15 personnel from the Center for Highway Research 



TABLE 5.2. SUMMARY OF DATA - CRCP INVENTORY FORM 

Pavement Traffic Environmental 
Structure Materials 1 Construction Data Miscellaneous 
Thickness One Direction 

Project 
Concrete Commercial Mays of Con- Sub- Subbase 18K Concrete High Low Curing No. 

ADT Vehicles Con- Meter Days crete base Cement wlc Type 
(x 105) Per Day ESAWL tractor Mix Temp. Temp. Temp. Readings Until 

(in. ) (in.) Factor 
(x 103) (x 106) Method of of of psi 

SKS/SY GAL/SK Traffic 

IH 610 Cement Austin Central 
Memorial 8 6 5,0 5.5 Stab. .80 5.28 9.20 Worth Mix 94 75 85 3.15 173 
Woodway Sand Plant 

Shell 

IH 610 Cement Brown Traveling 
Stab. 

San Felipe. 8 6 4.5 6.0 Sand .80 5.28 13 .142 Root Drum 78 76 77 3.25 196 
Westheimer Shell 

Mixer 

TIl 610 Cement Holland Traveling Stab. Yale 8 6 4.5 5.8 Sand .63 4.20 10.174 Little Drum 82 82 85 3.15 338 
Main Shell Mixer 

1H 45 Cement Cage Central 
Cavalcade 8 6 5.0 6.0 Stab. .56 2.30 3.573 Bros. Mix 92 89 90 3.30 41 
P~tto~ 

Sand Pl<>nt Shell 

1 Traffic count made April 1973. 
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Field Data. Each of the four l200-foot sections was closed to traffic 

by Texas Highway Department crews while measurements and evaluations were 

being collected for each individual section. Physical measurements con­

sisted of deflections, crack width, crack spacing, steel reinforcement depth, 

Mays Meter measurements, and various distress manifestations. 

Two deflection measurements were made every 200 feet, one between two 

cracks and one at a crack, or a total of 12 measurements for the l200-foot 

sections. An additional 12 measurements were made on the center line of each 

l200-foot section at a spacing of 15 feet or less. Three crack widths were 

measured as outlined in the Project 1-15 report (Ref 8). Steel depth was 

obtained using a Pachometer. 

Experimental Laboratory Data. Cores on each section were taken while the 

team was in the field. These cores were of the concrete, subbase, and sub­

grade of each section. The cores were taken both at cracks and between cracks. 

First, before any tests and measurements were made, all the cores were 

photographed and measurements of height, diameter, and weight were made for 

each core to determine its density. 

Next, indirect tensile tests were performed upon the uncracked concrete 

and subbase samples to obtain Young's modulus of elasticity values and the 

indirect tensile strengths. 

Information from THD Job Files. The final step in gathering information 

for analyses was to obtain the particulars from the Texas Highway Department 

job files on each of the four sections. Table 5.2 shows a summary of the 

additional information obtained by the investigation, the cement factors, the 

water-cement ratios, traffic data (both ADT and l8-kip ESAWL), number of days 

curing before traffic allowed on facility, high temperature, low temperature, 

curing temperature, and Mays Meter readings. 

Diagnostic Study. Once the data had been collected, the diagnostic 

studies were initiated. The objective of this diagnosis was to explain each 

sections' performance with respect to its individual characteristics. The 

diagnostic work was also for the purpose of making general conclusions about 

the designs. Each analysis will be specifically explained in the following 

subsections. 
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Comparisons of Section Differences. A study of the pavement's 

characteristics was performed initially to determine if there were any obvious 

differences in the sections which would explain their behavior. Table 5.2 

shows the specific information collected from the Texas Highway Department 

files for each section. The bar graphs in Figs 5.2 through 5.9 were plotted 

from these data for ease of assimilation. The information studied included 

pavement age, Mays Meter readings, average daily traffic, c:onnnerical vehicles 

per day, number of total l8-kip loadings, number of days until pavements were 

opened to traffic, month in which the concrete was placed, and the high and 

low temperature during concrete placement. 

For the four sections chosen, age did not seem to be 8. critical factor. 

Although the IH-45 Cavalcade to Patton section was the oldest section, as 

shown in Figure 5.2, its current condition was "good" as shown in Table 5.1. 

It also had a PSR value of 3.8, the best given to the four sections by D-lO 

personnel. It would be expected after looking at the ages that the IH-6l0 

section from Memorial to Woodway was performing better than the IH-45 section, 

but this was not indicated by either the current condition rating or the PSR 

values. The Memorial to Woodway section was, however, in better condition 

than the remaining two sections, as would be expected. 

The Mays Meter readings shown in Fig 5.3 seem to verify both the current 

condition ratings and the PSR values given the pavements by raters. The IH-45 

Cavalcade to Patton section had the best average Mays Meter reading. From 

the Mays Meter readings, all the sections would appear to be performing 

approximately the same. However, the current condition ratings are signifi­

cant since they are made by the Texas Highway Department pe:rsonnel who are 

aware of each section's required maintenance and user respc1nse. The THO 

personnel rated the Memorial to Woodway section in "fair" c:ondition, with the 

San Felipe to Westheimer and Yale to Main sections being ra.ted "poor". The 

PSR values given these sections by NCHRP Project 1-15 persc1nnel confirm this 

appraisal. 

The traffic variables considered were the average daily traffic, commer­

cial vehicles, number of l8-kip equivalent single-axle whee:l loads (ESAWL) 

and number of days until traffic, shown in Fig 5.4 through Fig 5.7. As these 

figures indicate, the section which was in the best condition had the least 

ADT, commercial vehicles, and l8-kip ESAWL. Figure 5.6, the l8-kip ESAWL 



PROJECT 
Age {years) 

I 234 5 6 7 8 9 10 II 12 1314 
IH-610 West Loop I Memorial to Woodway 

IH-610 West Loop I 
San Felipe to Westheimer 

IH-610 North Loop I Yale to Main 

IH-45 
Cavalcade to Patton I 

Fig 5.2. Age of sections in years. 

PROJECT PSI Values 
I.U 2.0 3.0 4.0 

IH-610 West Loop I Memorial to Woodway 

IH-610 West Loop I Son Felipe to Westheimer 

IH-610 North Loop I Yale to Main 

IH-45 
Cavalcade to Patton 

Fig 5.3. Mays Heter readings converted to PS I for 
each section 

PROJECT 
APT (Average Doily Traffic) X 10:1 
10 20 30 40 50 60 70 80 

IH-610 West Loop I Memorial to Woodway 

IH-610 West Loop I Son Felipe to Westheimer 

IH-610 West Loop 
I Yale to Main 

IH-45 
Cavalcade to Patton I 

Fig 5.4. Average daily traffic for each section. 

PROJECT Commercial Vehicles X 103 

I 2 3 4 5 6 7 8 
IH-610 West Loop 

I Memorial to Woodway 

IH-610 West Loop 
I San Felipe to Westheimer 

IH-610 West Loop I Yale to Main 

IH-45 
J Co valcade to Patton 

Fig 5.5. Commercial vehicles per day for each section. 
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PROJECT 
No. of 18 Kip ESAWL-X- 106 Current 
2 4 6 8 10 12 14 E~~~~~()~~~ 

IH-610 West Loop 
I Fair Memorial to Woodway 

IH-610 West Loop 
~an Felipe to Westheimer _.-J Poor 

IH-610 North Loop I Poor Yale to Main 

IH-45 
Cavalcade to Patton I Good 

Fig 5.6. Number of total 18-kip loadings to 
d t th a e on e oavements. 

Curing Days till open to Traffic PROJECT 50 100 150 200 250 300 3!50 400 
IH-610 West Loop i i i i i 

Memorial to Woodway I 

IH-610 West Loop I 
San Felipe to Westheimer 

IH-610 North Loop 
1 Yale to Main 

IH-45 
~ Cavalcade to Patton 

Fig 5.7. Number of days until pavement open to 
traffic. 

PROJECT 
Placement Month 

J FMAMJJASO NO 
IH .... 6HY West Loop I Memorial to Woodway 

IH-610 West Loop I San Felipe 10 Westheimer 

IH-610 North Loop I Yale to Main 

IH-45 • Cavalcade to Patlan 

Fig 5.8. Month in which concrete was placed. 

High and Low Temperature 
PROJECT 

60 65 70 75 80 85 ~K> 95 
IH-610 West Loop 

V7/////m.t0'///h~ Memorial to Woodway L H 

IH-610 West Loop I 
San Felipe to Westheimcr : 0 

LH 

IH-610 West Loop 
• I Yale to Main L-H 

LH 
IH-45 . ~ Cavalcade to Patton 

Fig 5.9. High and low temperature during clmcrete 
placement. 
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plot, was especially significant because the current condition ratings and the 

PSR values both relate exactly one to one with the amount of 1B-kip ESAWL 

each section has carried. The current pavement condition is written on the 

graph for emphasis. Figure 5.7 indicates that the time until traffic was 

turned upon the facilities may have been important. There are, however, so 

many variables involved that no conclusions could be drawn from these data. 

Finally, the placement month of construction and the temperatures at 

which the pavement was poured were considered to ascertain their influence. 

Figure 5.B shows the placement month for each section, which did not seem to 

be a significant factor. The temperature during placement, shown in Fig 5.9 

also did not appear to be significant. The limited number of sections studied 

is the probable reason for these observations. The temperature of placement 

is definitely important and the Texas Highway Department limits the minimum 

temperature of concrete placement. 

There were no specific material or structural differences, because all 

four pavement sections consisted of eight inches of continuously reinforced 

concrete pavements using quartz gravel, six inches of cement stabilized sand­

shell subbase, and clay subgrades. The cement stabilized sand-shell base 

was 65 percent oyster shell and 35 percent San Jacinto sand with one and one­

half sacks of cement per ton of mix. The deformed bar reinforcement was 

identical on all four sections, with 0.6 percent longitudinal steel and O.OB 

percent transverse steel being used. All projects used 60,000 psi yield point 

steel in bar sizes of Number 4 in the transverse direction and Number 5 in the 

longitudinal direction. The subgrade material had a modulus of subgrade 

reaction of 115 pounds per cubic foot, determined by the density test, and was 

unstab1iized. 

Material Strength. The cores from the concrete slab and cement-treated 

subbase were tested to determine the mean indirect tensile-strength and 

elastic modulus for each section. Table 5.3 shows the results of the analysis. 

The concrete cores from the IH-45 Cavalcade to Patton section, had the highest 

indirect tensile strength, which may be another reason why this section is in 

the best condition. It would, however, be unrealistic to generalize this 

statement because, for example, the IH-610 Memorial to Woodway and the IH-610 

Yale to Main sections have approximately the same strengths for concrete and 

yet, the IH-610 Memorial to Woodway section is in better condition and has a 
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TABLE 5.3. RESULTS FROM INDIRECT TENSILE TESTS OF CORES FR011 HOUSTON PROJECTS 

* * Subbase Pavement 

Elastic Tensile Elastic
3 

Tensile 4 
1 Strength 2 Test Modulus 6 Modulus I" Strength 

Section (psi) >< 10 (psi) (psi) X 10) (psi) 

IH-6l0 West Loop 1.63 200 5.59 485 
Memorial to 
Woodway 

IH-6l0 West Loop 1.89 262 5.04 528 
San Felipe to 
Westheimer 

IH-6l0 North Loop 2.25 221 4.11 471 

Yale to Main 

IH-45 1.83 224 5.33 571 

Cavalcade to Patton 

1. Mean values for Young's elastic modulus obtained from indirect tensile 
test and asslttlling a Poisson's ratio of .25 for calculations. 

2. Mean values for indirect tensile strength obtained from indirect tensile 
test and asslttlling a Poisson's ratio of .25 for calculations. 

3. Mean values for Young's elastic modulus obtained from indirect tensile 
test and asslttlling a Poisson's ratio of .20 for calculations. 

4. Mean values for indirect tensile strength obtained from indirect tensile 
test and asslttlling a Poisson's ratio of .20 for calcuJ.a tions. 

* The cement-treated subbase and concrete slab cores were all sawed into three 
equal pieces for testing. Each sawed piece was tested and the results were 
correlated with depth in the core. The attempts to correlate the elastic 
modulus and tensile strength with depth were inconclusive and the values 
given in this table are averages of all the tests of each mc!terial in a par­
ticular section. Report NCHRP 1-15 (Ref 8) includes the plots of elastic 
modulus and tensile strength versus depth for the sections ~a.mnnarized herein. 
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better PSR value. Also, the San Felipe to Westheimer section has a higher 

indirect tensile-strength for concrete than either of the other IH-610 sec­

tions, yet it is in "poor" condition. The strengths of the subbase cores may 

not be generalized in any specific fashion either. The IH-610 San Felipe to 

Westheimer section has the highest flexural strength for subbase, yet it is 

in poorer condition and has a lower PSR value than the IH-45 Cavalcade to 

Patton section. 

Use of RPS-2 

The diagnostic study of four CRCP in Houston, Texas provided a complete 

set of data which was used to evaluate the AASHO performance equations for 

concrete pavement. The data collected for the study included many of the 

variables necessary for the execution of the rigid pavement design system 

program RPS-2 which utilizes the AASHO performance equations. The study was 

separated into two distinct segments. First, with all the variables set, 

the program was used to predict the pavement life, and, second, the program 

was used to design the pavements for a 30-year life with overlay at 20 years. 

Table 5.1 gives a review of the sections considered in the study. 

Life Prediction. The initial study segment used the RPS-2 program as 

a prediction tool to predict performance periods for the different sections. 

The actual pavement thicknesses, traffic, material properties, serviceability 

at the time of the study, and age were input into the program. With the 

thickness of concrete and subbase held fixed, the program only gave one design 

strategy as an answer. As a part of the summary of every design strategy, 

the program will predict a performance period based upon the traffic, thick­

ness, and material properties. A performance period is the time a pavement 

is used by the public until it must be overlayed. It is the time period 

determined by the maximum and minimum serviceability levels. This performance 

period was compared with the actual age of each pavement section to determine 

the program's capability to predict performance periods correctly. For each 

pavement section, this prediction was run at every confidence level, beginning 

with 50 percent and increasing the confidence level until the program would 

stop on some level. The confidence level is an indication of the variability 

of the pavement section. The predictions of performance periods by the program 
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are shown in Table 5.4. For example, the IH-6l0 San Felipe to Westheimer 

section had a predicted performance period of 12.35 years at 95 percent con­

fidence level. This compares with an actual age of 10 years at the time this 

study was performed. The reason the program would not design at a higher con­

fidence level than the 95 percent level as the example was in this case, is 

that the program was not allowed to overlay. The analysis period was set 

at the actual age; therefore, at a confidence level of 99 percent for this 

section, the life was less than the 10-year actual life, and, with no overlay 

capability, the program stopped. The reason the Cavalcade to Patton section 

had to be designed at the 99.9 percent confidence level before closing on the 

actual age that this section had the least traffic of all the sections. There­

fore, there was a higher confidence of this section's lasting to its actual 

age of 13 years. By this same reasoning, the IH-6l0 Yale to Main section 

only closed to a confidence level of 80 percent because it had a high traffic 

flow and the lowest concrete strength. 

Design Analysis. The information from the diagnostic study was secondly 

used to check the pavements' design. The procedure followed was to take the 

known traffic and increase it linearly to a 30 year total, give a range of 

values to the concrete and subbase thickness inputs while retaining the 

material characteristics, and allow the program to overlay the facilities at 

20 years. This information was supplemented with additional design informa­

tion and the RPS-2 program was allowed to design each section. Table 5.5 lists 

the most economical designs which the program computed for each section. 

Table 5.5 reports the design thicknesses, overlay thicknesses, the initial 

performance life of the pavement, and the total performance life after the 

specified overlay. 

As Table 5.5 indicates, the program would have designed the San Felipe­

Westheimer, Memorial-Woodway, and Yale-Main sections thicker than the actual 

eight-inch CRCP and six-inch cement stabilized subbase. The program gave the 

Cavalcade-patton section some designs which have thinner concrete than the 

eight-inches present; however, these designs have thicker subbases. The Yale 

to Main section, which was in poor condition, was designed by the program to 

have a minimum concrete thickness of 10.5 inches. 



Project 

IH-610 
Memoria 1-
Woodway 

IH-610 
San Felipe-
Westheimer 

IH-610 
Ya1e-
Main 

IH-45 
Cava1cade-

Patton 

TABLE 5.4. PREDICTED AGE OF HOUSTON SECTIONS USING 
RPS-2 AASHO PERFORMANCE MODELS 

Level of Confidence 

50 80 95 99 99.9 99.99 
Percent Percent Percent Percent Percent Percent 

32.19 18.22 10.01 - - -

42.69 23 .34 12.35 - - -

44.32 19.60 - - - -

129.70 77 .48 46.29 29.08 16.58 -

1. The approximate age of the test sections as of April 1973. 
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Current 

Age 1 

7 

10 

9 

13 
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TABLE 5.5. THIRTY-YEAR DESIGNS USING HOUSTON TEST SECTION DATA 

Section and Thickness (inches)l Performance Periodl 

Design Number Slab Subbase Overlay Initial Total 

IH-610 8.50 12.00 3.00 20.10 36.07 
Memorial-Woodway 9.00 6.00 3.00 20.22 35.46 

9.50 8.00 3.00 27.41 46.89 
9.50 12.00 0 30.98 0 

IH-610 9.50 8.00 3.00 21.15 37.03 
San Fe1ipe-Westheimer 10.00 6.00 3.00 24.23 41.61 

10.50 8.00 0 31.83 0 

11.00 6.00 3.00 20.85 36.02 
IH-610 10.50 12.00 3.00 21.12 36.89 
Yale-Main 11.50 8.00 3.00 27.07 45.89 

11.50 12.00 0 30.32 0 

IH-610 7.00 10.00 3.00 21.17 39.18 
7.50 6.00 3.00 22.51 40.04 Cavalcade-Patton 8.00 8.00 0 31. 78 0 

1. The design alternatives given by the RPS-2 program. 

2. The initial performance periods are the times to the first overlay while 
the total performance periods are the amounts of time the pavements 
last with overlays. 



Conclusion 

Both studies conducted with RPS-2 indicate that the program prediction 

of performance using the AASHO performance model as modified by THD studies 

gives reasonable answers. The designs which the program generated for the 

sections are valid designs and were what the Texas Highway Department might 

have built if the current traffic had been anticipated. 
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Although the study was performed on RPS-2, as earlier indicated, the 

model for predicting performance periods, subroutine AGE2, remained unchanged 

and this study is a valid trial verification for RPS-3. 

RECOMMENDATIONS 

The major recommendations concerning the RPS-3 implementation are 

(1) Implementation should begin as soon as possible. 

(2) Any future RPS modification should attempt to simplify input. 

(3) Feedback from initial users should be investigated because 
these users can evaluate the program in actual field use. 

(4) The RPS design program should be introduced by a team of 
persons familiar with the program. 

These recommendations are in parallel with the ideas presented as to how 

a general implementation procedure would be accomplished. The potential for 

RPS-3 usage as a tool to design overlays on existing concrete pavements is 

another important aspect of RPS-3 which should be stressed. 

In conclusion, the development of RPS-3 has been a major step forward 

in concrete pavement design because the program is the most imp1ementab1e 

version available. The program should be used in the practical design world 

because of its straightforward user's manual and documentation. 
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CHAPTER 6. USER'S MANUAL 

This chapter discusses the User's Manual prepared for RPS-3, which 

is in Appendix 3. The topicS discussed are development of the User's Manual, 

generalities of the Manual's use, input variables, and the most common errors 

made by RPS-3 users. 

DEVELOPMENT OF THE MANUAL 

A User's Manual for RPS-3 was developed using the input guide for RPS-2 

(Ref 3) as a basis and supplementing it with the new characteristics of RPS-3. 

All units were added for the variables. The program was then run to design 

a hypothetical pavement. The coding sheets and output from this run were 

discussed and included in the report. The numerous runs made with the new 

program input guide also allowed for a discussion of the most common errors 

to be included in the report. This procedure of examining the input card by 

card was very useful in locating problem areas which needed clarification in 

the new User's Manual. 

GENERAL STATEMENT ON USER'S MANUAL USAGE 

All efforts were made to make the input guide as self-explanatory as 

possible; however, some general statements concerning its use will be helpful 

to the user. Figure 6.1 shows the arrangement of the data cards; as indi­

cated, as many problems as desired can be run at once. 

The program requires a storage of approximately 105,000 octal when 

running a design problem which calls for 23 designs. The types of letters, 

numbers, or characters to be input in the program are explained in the input 

guide for each card. The black dots on the data cards indicate where the 
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Cards for as many rr = ~ 
additional problems l. j .. ~ 
as desired Problem Number and Discription 

I Confidence Level Variables 

1 Maintenance, Dimension!!; a Misc."' 

1 JOints """-

I. Overlay Construction Dota 

I Material Data 

r Materials, Steel Sizes 

1 Materials, Tie Bar Steel 

I Materials, Wire Mesh 

I Materials, Bar Steel-Transverse 

One card for each 1 Materials Bar Steel-Longitudinal 
type of Subbase ~~~~~~' ~=~=iiiiiiiiE~~ 
(max. of 4) lu t . I S bb ~ ma erla s, u ase 

r Materials, Subgrade 

r Concrete Dimensions 

I Materials, Concrete I-

I I-

I Traffic Delay Cost Variables "' 

I Performance Variables "' 

1 Designer's Restraints "'-

I Tra ffic Growth a Distribution D~ 

I lOne card for each 
./ type of Concrete 

tmclx. of 6) 
_ j2 Car.is 

I Problem Controls 

Problem Identification 

Fig 6.1. Assembly order for RPS-3 data. 
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decimal point is to be punched. If there is no decimal point, then the user 

is directed as to how to input the number. 

When material properties are being entered in the program, expected 

values should be used, not values with factors of safety added. The program 

takes care of design safety with the Confidence Level Variables or with 

internally added factors of safety for such inputs as concrete flexural 

strength, tensile yield strength of steel, and subgrade support (k) value. 

On the subgrade and subbase cards, the user has the option of indicating 

either k-value or Texas Triaxial Class Value. If one of the values is input 

into the program, then the other is not necessary and the variable value can be 

left blank. If both are input, then the program will use the subgrade k-value 

to structurally characterize the subgrade. 

It is important that the designer carefully think through the problem. 

For example, the concrete overlay parameters should not be input when the 

designer calls for asphalt overlays to be designed. It is advisable, there­

fore, to plan the facility to be designed and then list the necessary data 

inputs on paper before proceeding with the computer input. 

INPUT VARIABLES FOR RPS-3 

This section focuses on the variables needed to run RPS-3. They are 

discussed in groups according to the input card format. 

Problem Identification Variables 

The first input card for RPS-3 contains the problem identification vari­

ables, NPROB and TITLE. These variables are any combination of letters and/or 

numbers the designer desires to use. Their function is to identify the pro­

gram output for the user. 

Program Controls 

The second input card for RPS-3 has the variables which control the main 

program design function. The variables are NCSl, NCS2, NCS3, PSNl, and PSN4. 

Variable NCSI allows the designer the choice of what type of pavement to 

design, jointed concrete (JCP) , continuously reinforced concrete (CRCP), or 
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both. Variable NCS2 gives the designer the option of detenlining which type 

of overlay the facility would have, portland cement concrete (PCC), asphaltic 

concrete (AC), or both. Variable NCS3 allows the designer the optiC?n of 

having the program design with deformed bar reinforcement, ~relded wire mesh 

reinforcement, or both. Variable PSNI lets the designer specify that the 

program print out either a long or short form of output. The short output 

excludes reinforcement details and the involved input variable listing. Vari­

able PSN4 is used to specify how many designs should be included in the pro­

gram output. The minimum is 12 and the maximum is 23. 

Traffic Growth and Distribution Variables 

Card 3 of a correct RPS-3 data deck includes variables AGF, ADTGR, DDF, 

DFL, ADT, and WWW, which define the design traffic to be us€:d by RPS-3. 

Variable AGF, the axle-growth factor, defines the percent per year of linear 

growth in the number of axles • The variable gives an indication of the 

increase of the number of axles in the traffic stream. In other words, this 

is an indication of increasing truck traffic. Variable ADTGR, the average 

daily traffic growth rate, is a linear growth rate in percent per year. This 

input is used by RPS-3 to determine future traffic on the facility. A normal 

range for this variable would be from 2 to 10 percent on a new facility. 

This variable may be zero percent if the facility has no traffic growth or 

if it is actually declining in usage. 

The distribution factors, DDF and DFL, control the weight of traffic 

in the design lane. The cirectional distribution factor, DDF, is the percent­

age of traffic per direction to be used in design and the lane distribution 

factor DFL is the percentage of ADT expected in the most frequently used 

design lane. The next input is ADT, the initial average daily traffic 

expected in one direction. This is the number of vehicles per day on the 

planned roadway. The designer should be careful not to allow this input vari­

able to exceed the practical capacity of 1500 vehicles per hour per lane. 

The final traffic variable is WWW, the total l8-kip axles expected on the 

facility during the analysis period. This variable is a total for both direc­

tions. All the traffic growth and distribution variables may be obtained 

from the Traffic Division, D-lO, of the Texas Highway Department. If the 



information for the requested section is not available, the Traffic Section 

has techniques to accurately make estimates. 

Designer's Restraint Variables 
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The designer's restraint variables are perhaps the most important inputs 

of RPS-3 in determining the computed designs. The variables provide limits 

and guidelines for the program in its generation ·of designs. The inputs 

include CMAX, TMAX, OFMIN, BOMIN, OMAXA, OMINA, OMAXC, OMINC, AP, THLEV, 

and ILEVEL. Table 6.1 gives the description of each of these variables and 

the units of the input. The values for these inputs correspond exactly 

to the pavement being designed. The overlay variables indicate how much 

overlay material will be allowed the facility to help it meet its design 

life, the analysis period. The average level-up thickness, THLEV, is that 

amount of overlay material necessary to bring the existing roadway up to a 

level grade. An indication of the confidence level at which the designer 

desires to construct the pavement is ILEVEL. For example, it may be much 

more important that an urban interstate freeway last its design life, 

than a rural interstate section. As the designer increases this confidence 

level, designs will generally get thicker and more expensive. The program 

also takes a correspondingly greater amount of tu~e to run. 

Performance Variables 

The performance variables PI, P2, POV, PSS, THETA, and SACT define the 

serviceability life of the facility in connection with the AASHO design con­

cept. The initial serviceability index expected for the new pavement is Pl. 

The terminal serviceability index accepted by designers is P2, and POV is the 

serviceability index after an overlay. These variables define the riding 

quality of the pavement and all three must range in value from 0-5 (Ref 9). 

The probability of the common occurance of bad soil at the construction site 

is PSS. The swelling rate constant is THETA, and SACT is the estimated 

differential movement caused by swelling clay and used by the AGE2 model of 

RPS-3 in the prediction of the pavement section's performance life. Guide­

lines establishing values for these variables are given in the input guide 

in Appendix 3. 
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TABLE 6.1. DESIGNER RESTRAINT VARIABLES 

Variable Descriptive Title 

CMAX Maximum funds available for initial construction 

TMAX Maximum allowable thickness, slab plus subbase 

OFMIN Minimum allowable time to the first overlay 

BOMIN Minimum allowable time between overlays 

OMAXA Maximum total asphalt concrete overlay thickness 

OMINA Minimum total asphalt concrete overlay thickness 
one time 

OMAXC Maximum total portland cement concrete overlay 
thickness 

OMINC Minimum total portland cement concrete overlay 
thickness at one time 

AP Length of analysis period 

THLEV Average level-up thickness 

ILEVEL Confidence level desired for design 

at 

Units 

Dollars per 
square yard 

Inches 

Years 

Years 

Inches 

Inches 

Inches 

Inches 

Years 

Inches 

Percent 
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Traffic Delay Cost Variables 

The traffic delay cost variables are used by subroutine TDC3 to determine 

the costs associated with pavement overlays. Research Report 32-11 (Ref 4) 

discusses the development of these models and Chapter 3 discusses their 

modification in RPS-3. The 15 input variables associated with traffic delay 

cost are well documented in the Input Guide in Appendix 3. All necessary 

comments on boundary conditions are listed. 

Concrete Variables 

The concrete variables of RPS-3 define the specific mix designs to be 

used in the section design. The variables are NC, ND, NP, SX, WC, E, TS, 

CIC, CPCYC, CSC, and PSVC. 

NC indicates how many different types of concrete the program 
will use for design up to a maximum of six types, 

ND indicates the number of days at which the flexural test was 
made on the concrete sample, 

NP indicates the number of loading points used in flexural 
strength testing, 

SX indicates the concrete average flexural strength, 

WC indicates the unit weight of the concrete, 

E indicates the modulus of elasticity of the specific design, 

TS indicates the tensile strength 
of each of the concrete types. 
each concrete type. 

of the mix and are descriptive 
A data card is made up for 

CIC indicates the equipment cost per lane mile for concrete place-
ment, 

CPCYC indicates the cost per cubic yard of concrete, 

CSC indicates the cost per lane mile for surfacing the concrete and 
are descriptive of each concrete design mix cost, and 

PSVC indicates the final concrete input and gives an indication of the 
percent of salvage value of the concrete at the end of the 
analysis period. For example, the material would be beneficial 
as a base course for another road or as a fill material if torn 
out. 



76 

Concrete Dimension Variables 

The concrete dimension variables TCMIN, TCMAX, and CINe define the 

concrete design thickness limits. The minimum allowable concrete thickness, 

TCMIN must be greater than 6.0 inches. The maximum allowable concrete thick­

ness, TCMAX, has no established maximum value. The practic~ll increment at 

which concrete can easily be poured is CINC; this is the inc:rement at which 

RPS-3 makes its solutions. This variable should be no less than 0.50 inch. 

It must be realized by the designer using the program that c:hanging the 

increment thickness from 1.0 inch to 0.5 inch will double the total amount of 

designs analyzed. 

Subgrade Material Variable 

Variables SGK, TTC, FFSG, EFSG, and CPLMSG are descriptive information 

of the subgrade material at the construction site. The subgrade k-value 

SGK, and the Texas Triaxial Class Value, TTC, may be used interchangeably in 

RPS-3. If both are input, SGK will be used. Variable SGK :LS in units of 

pounds per cubic inch, while TTC is a unitless value. Variable FFSG, the 

factor for friction between the subgrade and the concrete, und EFSG, the erod­

ibility factor, are analogous to the friction factor and erodibility factor of 

the subbase and will be discussed later. Both are left zero unless the 

designer wishes to design the pavement to rest directly on the sub grade and 

then both must be input. The cost per lane mile of subgrade preparation is 

CPLMSG and is input in the units of dollars. 

Subbase Material Variables 

The subbase material variables are NSB, the number of3ubbases; NAME, 

the subbase descriptive title; EE, the subbase erodibility factor; FFSB, the 

subbase friction factor; ES, the subbase elastic modulus; CIS, the equipment 

cost per lane mile for initial subbase construction; CPCYS, the cost per 

cubic yard of compacted subbase; PSVS, the percent salvage value of the sub­

base; TSMIN, the minimum subbase thickness; TSMAX, the maximum subbase thick­

ness; and SINC, the thickness increment for subbase solutions. In the design 

case mentioned earlier, a pavement designed upon the subgrade, all subbase 

inputs may be left zero. A 1 placed in column 5 for the :~SB variable will 

notify the program of this particular design option. 



When designing with subbase material, up to four different subbase 

materials may be input into RPS-3 at once. 
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An explanation of the erodibility factor and the friction factor is 

included in the User's Manual in Appendix 3. The practical increment at 

which the subbase may be placed and solutions made, SINC, should have a mini­

mum value of two inches for a granular subbase and one inch for a stabilized 

subbase. 

Steel Material Variable 

There are four cards which give design information for the reinforcing 

steel. These cards are for longitudinal bar steel, transverse bar steel, 

wire mesh steel, and tie bar steel. A maximum of four different steel types 

may be given in each category. For each steel type, the designer must give 

an identification number, the tensile yield point of the steel, and a cost 

per pound of the steel. The bar steel information may be excluded if the 

designer has specified, with the control variable NCS3, a design with mesh 

steel only. The opposite is also true; if the designer wishes to design 

with deformed bar steel, then the wire mesh and tie bar steel cards may be 

deleted. 

Steel Size Variables 

There are three sets of variables which provide RPS-3 with the steel 

sizing infonnation. The first set of variables, BARN, are the bar numbers 

which the program uses for reinforcement design. The second set of variables 

is the SL and ST variables, which are the longitudinal and transverse spacings 

of the welded mesh wires. The final group of variables are the TBARN vari­

ables, the bar numbers to be used for the tie bars. As with the reinforcing 

material cards, the unrelated inputs may be omitted. A maximum of four 

values for BARN, SL, ST, and TBARN inputs may be used. 

Overlay Variables 

The overlay material data are given by eight variables: CIOV, the equip­

ment cost per lane mile for asphalt-concrete overlays; CPSYC, the cost per 

cubic yard of compacted AC overlay; PSVAC, the percent salvage value of the 
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AC overlay material; ACE, the asphaltic concrete modulus value; ACRP, the 

production rate of AC; CPR, the concrete production rate; COEF, the United 

States Army Corps of Engineers concrete coefficient; and CPSYR; the cost per 

square yard of overlay construction. 

The only variable which needs any explanation is COEF, the Corps of Engi­

neers concrete coefficient. COEF ranges from an input of 0.35 for badly 

cracked slabs to 1.0 for slabs in excellent condition. Thil~ input is an 

indication of how a concrete overlay will perform, depending on the existing 

slab condition. 

OVerlay Construction Data 

The overlay construction variables, Nl, N2, NDAYCU, AUtNES, and OVERLEN 

were added to the traffic delay subroutine TDC3 to define the overlay con­

struction more clearly. Nl and N2 are respectively the beginning and ending 

hour of overlay construction in military time. The number of days which 

a concrete overlaid facility must cure before it can accept traffic is NDAYCU. 

An explanation of the variable is included in Chapter 3. The number of lanes 

to be overlaid, ALANES, and the length of the overlaid sect:~on in one lane, 

OVERLEN, are used to determine the total number of square yards to be overlaid. 

An explanation of how these variables should be used is inc~_uded in the User's 

Manual in Appendix 3. 

Joint Variables 

The joint variables are used by RPS-3 to calculate the cost of joint 

construction and joint spacing. The cost per foot of a transverse joint 

dowel's sawing and sealing is CPFTJ; CPFLJ is the cost per foot of longitu­

dinal joints; SLV is the spacing RPS-3 will try for the lo~!r value of jointed 

concrete pavement joints; and SUV is the upper value of joint spacing. The 

increment at which RPS-3 tries solutions for joint spacing is SPINC, and NJM 

is the number of construction joints per mile of CRCP. The value of NJM must 

be greater than or equal to zero. 

Maintenance and Miscellaneous Varibles 

The variables used in the RPS-3 maintenance subroutine MANCE are DFTY, 

CLW, CERR, and CMAT. DFTY is the number of days in the yei':Lr with freezing 
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temperature, CLW is the composite labor wage; CERR is the composite maintenance 

equipment rental rate; and CMAT is the cost of the maintenance material. There 

are guidelines for input values of these variables in the Input Guide. Addi­

tional variables to be input on the same data card are RINT, the rate of 

interest for money; WL, the width of the traffic lanes; and NLT, the total 

number of lanes in both directions at the facility. 

Confidence Level Variables 

The confidence level variables are used in RPS-3 for stochastic input 

into the design process. The variables are PSXSD, the percent coefficient 

of variation of flexural strength; ESD, the standard deviation of elastic 

modulus; XKSD, the standard deviation of the subgrade K; XJSD, the standard 

deviation of the continuity factor J; P1SD, the standard deviation of the 

initial serviceability index; P2SD, the standard deviation of the terminal 

serviceability index; and DSD, the standard deviation of concrete thickness. 

Table 6.2 gives the results of a study of 56 concrete projects (Ref 10). As 

the data show, 89 percent of the projects studied had a coefficient of vari­

ation, PSXSD, of less than 15 percent. Table 6.3 gives the results of a 

variability of deflections study (Ref 11). These standard deviations of the 

continuity factor J, variable XJSD in RPS-3, should be used as inputs into 

RPS-3 because they are the best currently available. The standard deviation 

of concrete thickness, DSD, shown in Table 6.4, is from Reference 10. The 

modulus of subgrade reaction K, was found to have an increasing standard 

deviation as the mean K increased (Ref 10). The overall standard deviation 

of K for the 59 study sections was reported to be 187 psi (Ref 10). 

A study of 32 selected sections by Darter and Kher (Ref 10) produced two 

additional variable ranges and standard deviation values. For concrete 

elastic modulus, the mean range was 3 X 10
6 

to 5 X 106 psi and the coefficient 

of variation was 15 percent. The initial serviceability index standard 

deviation, P1SD, was reported was 0.3. 

The final confidence level variable P2SD has a standard deviation of the 

same magnitude as P1SD. 
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TABLE 6.2. CONCRETE FLEXURAL STRENGTH 

Quality Percent 
Control Coefficient of Percent 
Standard Variation Projects 

Excellent Below 10 2'· .) 

Good 10 to 15 6l~ 

Fair 15 to 20 7 

Poor Above 20 4 

TABLE 6.3. STANDARD DEVIATION OF THE CONTINUITY FACTOR J 

Value of J Description Standard Deviation in J 

3.2 

2.2 

Jointed pavement without 
load transfer units 

Continuously reinforced 
pavements 

0.13 

0.19 

TABLE 6.4. STANDARD DEVIATION OF CONCRETE THICKNESS 

Nominal Concrete Pavement Standard Number of 
Thickness in Inches Deviation Projects 

8 0.32 14 

9 0.29 8 

10 0.29 5 
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SUMMARY OF COMMON USER ERRORS 

An effort is made here to document the most common errors made by users 

of the rigid pavement design system program RPS-3 so that the user will be 

able to diagnose and avoid mistakes. Some of the blunders are subtle, and 

unless the user is familiar with their characteristics, they are extremely 

difficult to analyze. The program does give certain error messages which 

will help the user. The errors will be divided and discussed with respect 

to the types of variables involved. For example, there are certain errors 

associated with the traffic variables. Where at all possible, a figure or 

computer output sheet is used to show the user what information he will 

receive if he makes a mistake. 

Errors Caused by Traffic Variables 

The traffic variables in RPS-3 are very sensitive at high levels and 

will cause many different types of errors. The most common error occurs 

when the average daily traffic (ADT) exceeds the capacity of the facility. 

The ADT in one direction should not be large enough to exceed the practical 

capacity of 1500 vehicles per hour per lane. The errors are subtle in nature 

because this ADT is increased until the time of an overlay and is then used 

in calculating the traffic delay cost. If the ADT is too large and exceeds 

capacity, the program will automatically correct the problem by setting the 

RECVPH variable to a minimum value of 1. A user can recognize that the 

program has done this because the user costs will be exorbitantly high in the 

magnitude of hundred of dollars per square yard. If the ADT exceeds practical 

capacity, the RECVPH will be a negative value and this causes the program to 

set RECVPH to 1. This is done because a negative value will give unreal­

istic negative traffic delay costs. 

Errors Caused by Decisions or Constraints 

The inputs which reflect the designer's decisions on how the pavement can 

be built generally cause time limit errors for the program. For example, if 

the designer uses the option available to him and designs with a confidence 

level of 99.99 percent, then he must realize that the program will take an 
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enormous amount of computational time formulating the designs to meet this 

restriction. If the designer chooses a confidence level of 80 percent, 

which is less restrictive, then the program will compute the strategies in 

less time. 

An analysis of the initial designs and overlay designs is supplied the 

user at the end of the computer output for every problem. The designer can 

ascertain why the largest proportion of designs are being rejected and correct 

the erroneous input whether, for example, it be maximum funds available or 

any of the other restraints. 

Finally, if the designer inputs the designer's constraint, maximum total 

thickness of initial construction, and it is less than the sum of maximum 

concrete thickness and the maximum subbase thickness, the program will be 

restricted and unable to generate any designs. 

Errors Caused by Performance Variables 

There are limitations placed upon the perfonnance variables, arid, if the 

program has failed to run, it is advisable to check the perfonnance inputs, 

initial serviceability index, terminal serviceability index" and service­

ability index after an overlay. The initial serviceability index must be 

less than 4.5 and the final serviceability index should be greater than 1.5. 

In some cases, the program may run with the variables outside these limits, 

but due to the method of the perfonnance model derivation, the results calcu­

lated would be unrealistic. 

Errors Caused by Concrete Dimensions 

If the value of the practical increment for pouring concrete, which is 

the increment at which the design strategy solutions are made, is less than 

0.5-inch, the user should be aware of the fact that the program will use a 

large amount of computational time. 

Errors Caused by Subbase Variables 

If the designer wishes to place the pavement directly upon the subgrade 

with no subbase, the program allows this design strategy to be calculated. 

However, if the designer has left the subbase card completely blank, the pro­

gram will not function because of a time limit error. To correct this, the 



designer needs to put a 1 in column five on the subbase information card 

and leave the remainder of the card blank. A correct output will look like 

Fig 6.2. The negative zeroes shown on Fig 6.2 should not worry the user; 

they are acceptable and the output is correct. 

Errors Caused by Overlay Variables 
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The RPS-3 program will allow the designer to overlay the pavements with 

asphalt concrete, portland cement concrete, or both. In any event, if the 

designer fails to give the specific overlay variables needed for each particu­

lar type of overlay, the computer will be unable to run the solutions. The 

United States Army Corps of Engineers concrete coefficient is the one main 

variable which causes errors. It has a minimum value limit of 0.35 and a max­

imum value limit of 1.0. 

Errors Caused by Joint Information 

The most common error for the user with respect to the joint design 

information occurs when the number of transverse construction or warping 

joints per mile variable for CRCP is input equal to zero. This input must 

be greater than zero, otherwise the program will not run. 

SUMMARY 

The User's Manual which this chapter outlines, has been used and checked 

numerous times. It is felt that the description of the different variables, 

deck arrangement, and common user errors will be beneficial to the RPS-3 user. 

The User's Manual described in this chapter is in Appendix 3 of this report. 

Chapter 7 outlines a sample problem complete with input coding sheets, output, 

and discussion. 
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PAVEMENT 
8 

SYSTEM 2 RAMfSH KHER JAN 1913 
THIAL USE OF INPUT GUIDE !;Y FRANK CAHMICHAEL 

SUMMARY OF DESIGNS I~ INCREASING ORDER nF TOTAL COST 

DESIGN r~u""BER 1 2 3 .It 
***********~****************~************************~*** 
PAVEMENT TY~E CRC CRC CRC CRe 
OVERLAY TYPE AC IC AC NONE 
REINFORCEMENT TYPE ~ESH MESH MESH MES~ 

CONCRETE:: TYPE 1 1 1 1 
SU!;t;ASE TYPE 1 1 1 1 
************************~****.**************************~ 

SLAB THICKNESS 10.00 9.no 9.00 12.00 
SUdBASE T~ICKNESS -0.00 -0.00 -0.00 "O.O'J 

OVERLAY + LEVEL UP 1 4.00 4.00 7.00 
OVERLAY + LEVEL UP 2 4.00 

INITIAL LIFE 10.52 5.60 5.60 29.1J 

PERFORMANCE LIFE 1 24.30 13.1:\3 21.24 
PERFORMANCE LIFE 2 27.72 

TOTAL P~RFOHMANCE LJFF 24.30 21.72 21.24 29.1,3 

SPACING TRANS. JOINTS R R R I~ 

SPACING LONG. JOI~Ts 12.00 12.~0 12.00 12.0,' 
******.*.o**.***************~************** •• *.*********+ 

COST Of SlJHG. PREPARATION .142 .142 .142 .14:2 
COST OF CONCRETE i.B37 1.610 1.670 2.110 
COST OF SLJBIJASE 0.000 0.000 0.000 0.00" 
COST OF REINFORCEMENT 2.061 1.855 I.AS5 2.4N 
COST OF JOlNTS .680 .680 .6RO .683 
CO~T OF TIE BARS .052 .047 .047 .06;2 

INITIAL CQNST. COST 4.772 4.394 4.3Q4 S.521~ 
OVERLAY CQNST. COST ,558 1.247 1.356 0.001) 
TRAFFIC DELAY COST .095 .203 .216 0.00 1) 

MAINTENANCE COST .377 .153 .450 1.30 '7 
SAL,VAGE RETURNS' -.21e; -.272 - •. 272 - .17;2 
flN'i ADLH T 101'lAL COS T !':I. 000 5.000 5.000 S.OOI} 

************.***.* ••• **~** •• *~**.********.*****.****** •• -
TnTAL COST PER SW YARD 10.635 10.B31 11.261 11.663 
* •• * •• *.**.* ••••• *.~ •••• *.*.*.*.***************~********-

Fig 6.2. Correct design of slab on subgrade. 

18 FE.R 14 



CHAPTER 7. SAMPLE RPS-3 PROBLEM 

This chapter explains the sample problem coding sheets and computer 

output produced by the input given in Appendix 2. The purpose of this infor­

mation is to give the user a complete example of what a typical RPS-3 problem 

input and output looks like and to help familiarize the user with how to use 

the program.. The example is also helpful to the user as a reference guide 

for coding a problem. 

CODING SHEETS 

The two coding sheets in Appendix 2 are all that is necessary for one 

complete problem. Any number of additional problems may be coded and placed 

together in one computer run. The lead problem description card of the next 

problem simply follows the confidence level variables of the preceding prob­

lem. Following the last confidence level card of the last problem, an 

end-of-fi1e card will terminate the program. The example problem is for an 

eight lane urban freeway. 

The example problem uses a confidence level of 95 percent and designs for 

an analysis period of 20 years. The example uses all the different combina­

tions: continuously reinforced concrete (CRCP), jointed reinforced concrete 

(JCP), portland cement concrete overlays (PCC), and asphalt concrete overlays 

(AC); and deformed bar and wire mesh reinforcements. The program input con­

sists of the maximum number of concrete and subbase types. 

PROBLEM OUTPUT 

The computer output produced by the sample problem coded is also 

included in Appendix 2. The output prints out all the input variables. The 

variables are grouped in the same categories listed in Chapter 6 under the 

discussion of input variables. Even though the output is in a slightly 
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different order than the input guide, the designer should have no trouble 

in locating the variables to check the input. 

Once the program has completed a printing of the input variables, it 

begins to loop through the solutions. There are error messages which will 

be printed out in certain cases of input error. Once the program has completed 

the design work, subroutine OUTPUT begins to print out the design information. 

First, the most economical pavement of each combination is printed. For 

example, in the sample problem, the most economical JCP with an AC overlay 

is printed first, followed by the most economical JCP with ~l CC overlay, CRCP 

with AC overlay, and CRCP with CC overlay, in this order. 1.1so printed next 

is the most economical initial design which lasts the entire analysis period 

witoout an overlay. For each economical design, all the design information 

is printed, including performance lives, thicknesses, material identifications, 

reinforcement plans, overlay strategies, and all the costs. If the short form 

of output switch is called on the program control card, then the reinforce­

ment information and the most economical design summary sheets are deleted 

from the output, and only the st.nl11Mry tables are printed out. 

Following the summary of the most economical design in each class is a 

complete summary of the designs in increasing order of total cost. The most 

economical designs of each category are also included in these summary tables. 

However, if one type of design is more economical in all cases, up to 23 designs, 

then the other categories will not appear. For example, in the sample output 

of Appendix 2, the most economical CRCP with CC overlay was printed out as 

costing $11.80 per square yard. This design, however, does not appear on 

the summary tables because the 23rd design, a JCP with AC overlay, cost only 

$11.27 and this was the final design printed in the summary table. However, 

the most economical CRCP with an AC overlay is included in t.he summary tables 

as design number 12, costing $11.10. 

Six designs are printed for each summary table page. Each successive 

page contains the reinforcement design information for the six preceding 

designs on the summary table. 

An overall analysis of all the designs shows that there are no designs 

with CC overlays in the most economical 23 designs in the s~mmary tables. 

This stems from the new models which take into account the traffic delay costs 

of CC overlays. For example, the traffic delay cost of the most economical 

CRCP with a CC overlay was $ .65 per square yard, while the most economical 



CRCP with an AC overlay of the same thickness incurred a traffic delay cost 

of only $.025 per square yard. This one cost accounted for almost all 

the difference in the costs of these two designs. Another factor which is 

noticeable is that only designs with mesh reinforcement are printed out in 
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the summary tables. However, in checking the reinforcement inputs, it can be 

seen that the mesh steel inputs show lower costs per pound for the steel. 

These costs may not accurately reflect today's fluctuating market values; 

however, they do indicate how the program is influenced by the costs which the 

designer inputs. 

The final page of output is an analysis of the problem for the user. 

This summary design analysis gives the user information on why the majority 

of the designs were rejected. This is helpful to the designer in allowing 

the selection of variables which may be unnecessarily restrictiva to the 

design. The sheet summarizes the initial design stage of the RPS-3 and the 

overlay design stage of the RPS-3. The sheet also gives the total number of 

designs which were optimized to produce the number of economical outputs to 

desired by the designer. 

The total cost of each design is a per square yard cost and is a present 

worth value of all the initial and future costs. 

This sample problem should be used as a trial coding by a person 

unfamiliar with RPS-3. 



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

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



CHAPTER 8. SUMMARY AND FUTURE RESEARCH 

The major goal of this study, the development of a modified rigid pavement 

design program, has been accomplished. The major accomplishments of this work 

have been (1) the modification of the traffic delay cost model so that it more 

correctly predicts costs, (2) the modu1arization of the program to provide 

easier future change, and (3) the preparation of additional contributions for 

implementation of the new program; including an input guide, a discussion of 

common user errors, an implementation study and recommendations for future 

pilot uses, and a sample problem for reference. 

In addition to the traffic delay cost model modification, certain other 

models were studied including the concrete flexural strength model and the 

maintenance model. Recommendations are given concerning possible future changes. 

The traffic load model was deleted from RPS-3 input, but the model can be 

easily replaced if needed. The seal coat model was also deleted. The input 

and output format models were modified to provide for clearer variable identi­

fication. The modu1arization made RPS-3 more changeable and understandable. 

Not only is each new subroutine flowcharted, but a complete description of 

its function is included. This type of documentation makes RPS-3 better from 

a computer programming standpoint. Also, future modifications will be easier 

to make. 

The implementation tools significantly improve the usefulness of the 

program. A step-by-step procedure to follow for RPs-3 is included in the 

sample problem input forms. The implementation study gives the complete 

results of a specific trial design problem. The results of the study indicate 

the RPS-3 program accurately predicts pavement life and reasonably designs 

roadway sections. The summary of common errors is thought to be one of the 

most beneficial implementation tools provided in this report. This type of 

analysis should be made with every new design program. The major obstacles 

to RPS-3 implementation are considered to have been overcome with this study 

and a realistic observation should be taken as to the feasibility of beginning 

the program introduction into Texas Highway Department design offices. 
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FUTURE RESEARCH RECOMMENDATIONS 

There are three major areas of work that should receive priority in 

future RPS-3 development. 

(1) An all-out effort should be made to implement this program into 
use in the highway design field. 

(2) The models which determine pavement costs should be modified to 
include the entire cross-section design models (Ref 12). 

(3) The models of RPS-3 which design steel reinforcement should be 
modified to make design more accurate, taking into account 
developments in NCHRP Report 1-15 (Ref 8) and Project 3-8-75-177 
entitled, "Development and Implementation of the Design, Con­
struction of the Design, Construction and Rehabilitation of Rigid 
Pavements. 

It would be a mistake not to begin a pilot study to implement RPS-3, 

because the program was developed for this major purpose. The two model 

changes suggested would greatly improve the realistic way in which RPS-3 

approaches the systematic design of rigid pavement. 

CONCLUSIONS 

The development of RPS-3 has led to a mnnber of conclusions concerning 

past, present and future rigid pavement systems design. 

(1) From a computer programming stand point, RPS-3 is the most 
acceptable program available. 

(2) The implementation of RPS-3 is esstntial to continuance of the 
rigid pavement design system. This conclusion stE~ms from the 
theory that feedback from highway engineers will be extremely 
useful for guidance of future RPS-3 updating. 

(3) The traffic delay cost subroutine, TDC, has been j~proved to 
realistically predict concrete overlay curing costs. 

(4) The traffic study of ADT distribution throughout the complete 
day should be useful to other areas of the syste~ltic approach 
to pavement design. 
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APPENDIX 1 

FLOW DIAGRAM FOR PROGRAM RPS-3 
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CALL INPUT 
PSN2 ) 

Begin 

T 
COMMON BLOCKS AND DATA 

STATEMENTS 

( I, J, NCSI, NCS2, PSNI, 
to read in and print out all 

input data 

CALL INITIAL (JJ, L, MORI, NCSI, NCSl2 , NCS2) 
to initialize storage of counters and other 

temporary variables 

430 

NCS I • EQ.2 

Yes 
420 

XJ = 2.2 
IDPV = 2 

No 

XJ = 3.2 
IDPV = I 

CALL NUMBER (I, KIND) to determine the I 
number of design combinations possible I 

A 

9S 
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460 

CALL TRAFFIC (AL0GIO, I, J, KLFCK, PSN2) 
to calculate the equivalent 18 kip axles 

r--------- DO 1260 for all concretes 
I = 1, NC I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-L 
a 

Compute Cost of Concrete 

-- DO 1260 for all subbases J == 1, NS:Q 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-L 
b 

Yes 
520 

KSUB == KSUB + 1 
Compu te Cos t of 

Subbase 

No 

I KRE':;" == KREJ + 1 
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Yes 

Compute transformation 
decoding equations 

Convert Subgrade Modulus 
value to k value 

( = TOPK) & FFSB = FFSG 

Determine improved k value a t the top 
of subbase using three different 
equations for THSB < 6.0 inches, 
~6.0 and S 12.0 inches, and 

No 

Determine Reduced value of 
k (TOPKE) due to erodabi1ity 

factor 

> 12.0 inches (Ref 2) 

Yes 

580 

TOPKE = TOPK 

CALL AGE2 (P1, 
OFMIN , 

THCC, PL(2) , SXD(I) , E(I) , PL(l) , 
VSX(I» to determine life of the 

initial design 
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No 

KLIF = KLIF + 1 

CALL MANCE (PL(l), PLP, COMAN (1) ) 
maintenance cost during the initial life 

the AP) 

1250 

to calculate 
(Not beyond 

CALL REINF ( I , 
CTSB ) 

J, CTIN, CTC, CTJ, CTRF, CTSP 
to calculate reinforcement designs 

CTTB , 

1250 
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Yes 

No 

1250 

1100 

Set up min. and max. value 
of PCC overlay (OMINC,OMAXC) 

Set up mLnunum and maximum value 
of AC overlay (OMlNA,OMAXA). Compute 

decodings and solve equivalent 
thickness equations partially 

~s 

Calculate equivalent concrete thickness D 
to theoretically replace composite PCC pavement 

and AC overlay 



100 

>0 

960 

970 ~:_<L ___ = __ -r ______ ~ 
overlay thicknes:~ Overlay thickness = min. 

THOV(L) 

980 

Determine total overlay thickness THOVT(L~ 

No 

Yes 
1000 

L = L - 1 

1010 

Increase same overlay 
thickness by the increment 

specified 
THOV(L) = THOV(L) + XINeR 

1230 
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Yes 

1030 

Determine effective thickness, 
present overlay cost and 
total overlay cost for CC 

overlays 

Compute D effective for AC overlays, 
cost of this overlay and total 

cost of all the overlays 

CALL AGE2 (POV, DEFF, PP, SXD(I) , E(I) , PL(L) , BOMIN, 
VSX(I» to calculate life for the 

present overlay 

Compute total life of design with this overlay 

1010 

Total Life 
( PL (L + 1) ) > AP ">-..!;;N!.!:::o:....-___ ----. 

(analysis 
period) 

Yes 
Yes 

NTIME = NTIME + 1 
NTIME EQUALS THE 
NO. OF ABANDONED 

STRATEGIES 



102 

CALL TOC3 (PL (L) , THOV (L) , CTTRAF (L) , HPSY jl 
INl , IN2 ) to calculate traffic delay cost for (this 

overlay 

Compute total traffic delay cost including 
this overlay 

Yes 

PLP = PL(L + 1) 

CALL MANCE (PL(L), PLP, CTMAN(L» to calculate II 
maintenance cost of this period PL(L) to PLP 

Compute total maintenance cost including 
this period 

Yes 

950 



1000 

1110 

Yes 

Calculate overlay cost of the 
AC overlay 

1100 

Calculate PCC overlay 

Calculate total cost of overlay design 

Calculate total cost, TCOST 

CALL ORDER (IDOV, IDPV, L, M, NN, TCOST) to arrange 
the designs in an optimum arrangement 

No Yes 

1230 

Count the design information 

No 

Go to design 
second type of 

overlay 

103 

920 

1260 
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a 
""I 

b 
T 

I 
I 

Yes 

Increase Subbase Thickness 

Yes 

1260 
____ .L ________ _ 

Continue 

NCSB = NC * NSB 

Yes 

Yes 

No 

Increase Concrete Thickness 
THCC = THCC + CINC 

510 

1270 



460 

No 

THCC = TCMAX 

No 

Yes 

CALL 0UTPUT (I, J, NPROB, THLEV) 
out designs 

Return to read data for new 
problem 

1900 

Design 
second type 
of pavement 

to print 

I 

105 

420 
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SUBROUTINE INPUT (I 
NCS1, NCS2, PSN1, 

READ 

START READING 
Input data 

Problem Number, NPROB 
Problem identification 

o 

WRITE 

READ 

READ 

READ 

READ 

Problem Number and 
Problem identification 

READ 
Program control data 

Number of load groups, NL, 
and first card for traffic data 

o :>-----1 WRITE 

+ 

Rest of traffic data from Card 2 
to Card NL and first ten spaces 
for NLCK 

Yes 

Traffic growth and distribution 
data 

Error 
Message 

Designer's decisions and restraints 



READ 

READ 

READ 

70 

READ 

READ 

READ 

100 

Performance variables 

Traffic delay cost variables 

Number of concretes NC and 
data for first concrete 

(0) (-) 
NC - 1 

(+) 

Data for concrete No.2 to 
NC 

Concrete thickness data and 
concrete increment, CINC 

Yes 

READ 
Subgrade data 

Number of subbases, NSB, and 
data for first subbase 

~o 

READ 
Data for subbase 
NSB 

WRITE 
Error 
Message 

107 
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r--
I 
I 
I 

DO for each subbase 
I = 1 to NSB 

Yes 

t 
1 
I 
I 
I 

r-______________ T_S~ ___ (_I)_~ 
I -------

1------ , 4 
I , TYSBS (I) 

TYSWS (1) 
= TYSBS (I - 4) 
= TYSTS(I) 

= 
= 

0.0 
0.0 I 

I 
I 150 ---------- CONTINUE 

READ 

READ 

Yes 

Yes 

Bar and mesh sizes to be 
tried in the design 

READ 
Overlay data 

READ 
Data for joints 

Maintenance, dimensions 
and miscellaneous data 

Read longitudinal and 
transverse bar data 

2100 

Read wire mesh data and 
tie bar data to be used 
wi th wire meshes 

10.0 



READ 
Confidence Level 
Variables 

Calculation of 
Variances of Terms 

Yes 

r---
DO for all load groups 

I = 1, NL. I 
I 

1 
I 
I 
I 

I 

Develop COD(I) Data. Find 
average load in kips. 

WRITE 
Traf fie data 

L ______ _ 

165 

WRITE 
Traffic growth and 
distribution data 

For NCSl, NCS2 and NCS3 data 
(= 1, 2 or Blank) 

WRITE appropriate program controls 
For PSNI and PSN4 WRITE appropriate 
statements 

WRITE 
Designer's restraint data 
Performance Data 
Traffic Delay Data 
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I-- DO 290 I = 1 , NC 

I 
I 
I Yes 
I 
I 
I 
I No 

I 
I 

Yes I 
I 

~ I = 
I 
I 
I , Yes 

I 
I I SX(I) = 1.23*SX(I) 

4 
I 
I Yes 

I SX(I) ;::: 

I 
I 
I 
I Yes 
I 
I I TS (I) = 0.4*SXD(I) 

I 
I 
I 
I Concrete 
I Variance 
I Calculations I 
I 
I 

290 I L _____ 



WRITE 
Data for all concretes and 
concrete thickness 

For all steel data 
Determine KOUNTl to KOUNT7 
and find maximum (IKOUNT) 

No 

No 

= 0 

WRITE Bar Reinforcement 
data 

WRITE Wire Mesh & Tie 
Bar data 

Convert k value of subgrade to its 
E value 

Calculate SGE value from 
Texas triaxial value 

WRITE other subgrade data 

WRITE data for all subbases 

Yes 

Yes 

WRITE AC Overlay Data 
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Yes 

Yes 

No 

WRITE 
Data for joints, maintenance, 
dimensions, and miscellaneous 

WRITE 
Confidence level variables 



L , 
SUBROUTINE INITIAL (JJ 
MORI, NCS 1, NCS 12 , 

JJ = 0 
NN = 0 

, 
NCS2 ) 

No 

Initialize storage of counters 

1----- DO 400 L = 1, 4 
I 
I ! Initialize Arrays 

1 

I 400 
I L ________ ,-----...L...--...... 

NREQ1 NREQ + 1 
NREQ5 NREQ + 5 

r-- DO 410 KLM = NREQ1 , NREQ5 , 
410 

I L ______ 
TCT(KIM) = 10,000 

Cost of subgrade preparation 
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SUBROUTINE NUMBER (I, KIND) 

r---- DO 440 for all subbases I = I , 

I 
I 
I 
I 
I 
I 
I 
I 

t 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Yes 

No KTHCK = KTHCK + I 

Add to the previous sum the number of J 
initial designs this subbase 

L.......---~_ 

440 
L ________ -___ CONTINUE 

Determine the number of designs generated] 
by all the concretes by themselves 

Calculate total number of initial 
designs possible 

No 

Yes 

WRITE Message 



SUBROUTINE TRAFFIC 
( A LOG 10, I, J, KLFCK 

1-- DO for all subbases J 

1 
I 
1 

~ 
I 
I 
I 
1 

I 
I 
1 

L________ Continue 

PSN2 ) 

1 , NSB 

Yes 

For THCC analyze traffic data and 
determine total equivalent 

18 kip axles 
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SUBROUTINE AGE2 ( PI , D , T , ~ SX , E , TUPTO , JUMP, VSX 

I 
Calculate constants, C , & C2 ' in the THD 

tr aff ic growth equation. 

I 
Determine (3 and additional terms for 

Log W. 
1(3 m 

equation. 

I 
Calculate constants, ( QI , Q2 , Q3 , Q5 ) , -=:J determining variances of parameters 

I 
Determine variances of parameters: 

WSX - Variance of flexural strength 
WXJ - Variance of continuity factor 
WP2 - Variance of terminal serviceability 
WPI - Variance of initial serviceability 
WK - Variance of subgrade K factor 
WE - Variance of concrete modulus of elasticity 
WD - Variance of pavement thickness 

I 
Calculate VL0GW , the total variance of 

log W m 

cb 



Calculate WUPTO , the predicted W. 
1~m 

KKK = AP - TUPTO 

Life = analysis period minus 
initial life of design 

If the m1nimum time to first overlay is less 
than the remaining life, then the remaining 
RKK is equal to the minimum time between 
overlays 

710 

IF (JUMP. LT • RKK) KKK = JUMP 

700 
De termine the life, T, at the time 

AGE2 is being called 

Calculate WT , the actual w. I 113 m 

WINK = WT - WUPTO I 

cb 
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Calculate DIFF, the density difference function~ 

Yes 

Yes 

No 

Yes No 

DIFF is determined, this density 
function is used if DIFF < 0 
meaning a negative value 

T = T - DIFF / DIFFR 

T = T - .000001 
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T = T - TUPTO 

T is the life of the design 
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I-­
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
! 

SUBROUTINE MANCE ( PLP , PLF , TMPSY )1 

I Find time T for which maintenance 
is acquired T = PLF - PLP 

IF Yes 
LF > Analysis 

Period ~OdifY T to be 
T = AP - PLP 

No 
I 

Find % of maintenance requirements 
for labor, equipment and material 
for urban or rural location 

I Set NT = T + 1.0 I 

I 
------ DO I = 1 NT , 

Determine maintenance requirement units 
for each year 

IF Yes 
requirements 

~ 0.0 

No 

Compute labor, equipment, and material 
costs 

Calculate total cost and find its present 
value 

IF Yes 
I = NT 

No 

Add this total cost in the previous total 
cost 

--------- CONTINUE) 

For the last fractional year determine 
the proportionate fractional cost 
and add to the previous total cost 

r Calculate cost per square yard I 

I 

I RETURN I 
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SUBROUTINE RE INF 
CTC, CTJ 

( I , 
CTRF 

J , 
CTTB 

CTIN , 
CTSB ) 

Reinforcement design check counter, 
KRCK = KRCK + 1 

Yes 

Determine free width of pavement 
according to MODEL 

Pavement is 
being Designed 

XJ F 3.2 

only Mesh 
is to 
designed 

NCS3 = 2 

Determine bar steel giving minimum 
sum of cost of steel and cost 
of Trans. joints 

640 
Yes 

650 

Yes 

Yes 

Determine mesh steel giving minimum 
sum of cost of steel and cost of 
transverse joints 

680 

121 

690 900 
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Yes 
Mesh S tee 1 is 

more Economical 
CTRJ = CTRJB 

Determine most economical bar steel 

Yes nly bar rein • 
is to be 
designed 

NCS3 1 

No 

Determine most economical mesh steel 

Yes 

710 

Determine spacings for all bar sizes 
specified 

740 

720 
eRC Pavement is 
being designed 

(XJ - 3.2) 

« 0) 

Check for bond strength developed 

750 

No (~ 0) 

Determine most economical transverse 
bar steel and its spacing for the 
bar sizes considered 

790 



Compute cost of reinforcement (Long. + 
Trans.) and cost of tie bars 

Determine wire mesh diameters for all 
long. mesh spacings specified 

800 

Pavement 
is being 
designed 

(XJ - 3.2) 

No ( > 0) 

( < 0) 

Check for bond strength developed 

810 

Determine cost of trans. steel providing 
the same mesh steel as for long. 
direction 

Determine wire mesh diameters for all 
transverse mesh spacings specified 

850 
Determine most economical steel for 

tie bars 
Determine spacing of tie bars 

860 

Compute cost of reinforcement and cost 
of tie bars 

870 

No (2: 0) 

Yes « 0) 

880 
Compute the cost of joints and the 

transverse spacing from the specified 
number per mile 

890 Compute cost of joints with the economical 
transverse spacing determined 

00 
Determine initial cost CTIN 

= CTSP + CTC + CTSB + CTRF + CTJ + CTTB 
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Subroutine TDC3 (PLAT, 1 OVTH, TDCSY, PHSY, Nl, N2) 

Detennine ADTT, the ADT at 
the time of the overlay. 

1 Compute LO, LN and K I 

Set == 6 if > 6 

Set POI, PNl, D01 1 DNI each = 0.0 
Detennine P02, PN2, D02, DN2 

Detennine the total number of 
square yards to be overlayed. 

Yes 
If 

IDOV"" 2 

No 
Detennine the number of days 

to construct an asphalt overlay. 

Detennine the number of days 

J to construct a concrete overlay. 

Call VPHCAL (ADTT, AVPH) to I 
calculate the VPH from the ADTT 
and the ADT distribution curve 

in subroutine VPHCAL 

I N2DUM =- N2 - 1 1 

I ITlMEOV = 1 I 
996 

DCRT '" 0.0 I 
998 ,- DO 999, I = Nl, N2DUM ) 

I 8 -----'--~ 
1001 1002 1003 999 



MODEL 
1 2 3 4 5 

6140 
Determine Pol, PNl, DOl, DNI 

etermine output and the recovery 
rates for overlay direction 

Yes veh/hour ~ 
output rate 

etermine pal and set it = 1.0 if 
greater than 1.0. 

Det 

Determine output and recovery rates 
for overla direction 

o 
Determine pal and set it z 1.0 if greater 

than 1.0. Determine DOl 

Determine 
for 

and recovery rates 
direction 

No 

Determine PNI and set it = 1.0 if greater 
than 1.0. Determine DNI 
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etermine cost of stopping .from approach 1 
speed (Col, CNl) and cost of slowing 
to through speed (C04, CN4) for rural 

area 

Determine COl, CNl, C04, CN4 ] for u b n rea 

Determine cost of delay due to ] congestion, C02, and CN2 

Yes 

Compute cost of driving at a reduced spee(1l 
(C03 and CN3) for all models ~ 

Compute C03 and CN3 for Model 5 having ) 
detour distance 

Compute excess cost stopping from '.... I 
through speed + cost of idle time 

C05 and CN5) for rural area 

Compute C05 and CN5 for urban area 

alculate delay cost per hour of OVerlay] 
construction with all costs present. 

Calculate a reduced delay cost per 1 
hour of overlay construction with only 
costs C03 C04 CN3 and CN4 resent. 

OCRT z OCR + OCRT 



996 996 996 
-r- -,- -,--

999 Q ---r-
I 
L_ Continue ) 

IF 
IDOV;2 

o 

I. GO TO ITIMEOV 4 I 
~r---~2r---~fr---~~ 

1000 

Nl = N2DUM + 1 
N2DUM = 24 
DCHl = DCHT 
REDUCE = 1 
ITIMEOV = 2 

1001 
Nl = 1 
N2DUM = NUM 1 - 1 
DCH2 = DCHT 
REDUCE = 1 
ITIMEOV = 3 

1002 
Nl = 1 
N2DUM = 24 
DCH3 = DCHT 
REDUCE = 1 
ITIMEOV = 4 

1003 

I 

I 
Detennination of delay cost per 

hour total. 
DCH4 = DCBT 
DCHTOT = (DCHI + DCH2 + DCH3)* 
(NDAYCO) + (DCH4)*(NDAYCURINGL 

Determine total traffic delay 
cost per square yard and print 

I 
I 

Determine delay cost p~r sq~are 
yard for asphalt overlay 

[
Determine _total traffic delay cost I 

for asphalt concrete overlay. . 
1 3000 

Continue 

I RETURN I 

127 
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I-

I 
I 
I 

1 
I 
I 
I 
I 

SUBROUTINE VPHCAL'I 
( ADTT, VPH) 

Data statement containing composite 
percent ADT for 24 hours 

DDFV = DDF / 100 I 

--- DO 10, I = 1 , 24 

Determine the vehicles per hour 
from the ADT and the 

percentage data 
I 

L _______ _ 



SUBROUTINE ORDER 
IDPV, L, 

1220 

( IDOV , 
M, NN TeOST ) 

r------- DO M = 1, 2 

-----L 
1220 

Determine index of the combination this 
design goes in NLM1 = NREQ + LM + 1 

Keep this design in NLM1 array 

Yes 

9000 

9550 NANI 

Yes 

Yes 

NLM1 = NREQ + 5 
Put it in (NREQ + 5) 
array 

129 
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4 
I 
I 
I 
I L __ 

Yes 

No 

Keep the design, cost, reinforcement, and] 
overlay information of this design in 
NN array 

1190 

1-- DO 1210 KUSM = 
I 

1 
I 
I 
I 
I 
I 
I 
I 

Find the total cost TCT(JAY) and the 
index (JAY) of the design having 
maximum total design 

L. _____________ _ 

No 
~-----t NN = JAY 

Yes 



SUBROUTINE OUTPUT (I, J, NPROB, 
THLEV ) 

Start printing OUTPUT 

there is no 
initial 
design 

(KFUND • GT • 0) 

IF 
there is no overlay 

strategy possible for 
any of initial 

designs 
(NCC • GT • 0) 

Yes 

Print most economical 
designs in each category 

No 
~~--~ Message 

Determine the indices of the designs in 
increasing order of total cost 
NMB(l) to NMB(NREQ) 

1460 
Determine the number of pages (MPGE) 

required (6 designs/page) for 
summary table and also extra 
designs left 

131 

1890 
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Cf 
I ML = a I 

1465 Yes 
MPAGE = a 

MM = 1 
No MMF = MXTRA 

II = MMF 
IML = ML + 11 1M = 25 + 8 + MXTRA 

ML = ML+ 1 

>0 
ML - MPAGE 

SO 

1470 

Shift the designs NMB(l) to NMB(6) or NMB(7) 

1 
to NMB(12 ) from NMB(MM) to NMB(MMF) 
in the array (NREQ + 1) to (NREQ + 6) 

Write information about 6 designs at a time ] for the summary table 

1 
Shift reinforcement information in array 

(NREQ + 1) to (NREQ + 6) 

Write the reinforcement size and layout ] information (if asked) 



133 

1470 

Yes 

II =: MXTRA 
1M = 25 + 8 + MXTRA 

Yes (MXTRA r 0) 

No (MXTRA = 0 ) 

1890 

tial design analysis 

Write overlay subsystem analysis 
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APPENDIX 2 

INPUT CODING SHEETS FOR PROGRAM RPS-3 

SAMPLE RUN AND SAMPLE OUTPUT 
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IDENTIFICATION f..XAMPLE CDO/NG SHeET ~eS-3 COOED BY f(.FC. DC DATE Dee&"lf1'1PAGE~OF~ 

I ! 

Ii 
I! I[ 

. I 
j i ! 
i I I, • I . 
, I 

I I 

II 

I 

I~ 

11i.l. 

~I~I~J~~~ ~~++rHM+~~++~~~H4++~4+++HH++~~~~~~.~'~~~~.~~~~~~~~~~~4~~~ 
I ~ ~1.1.lIAJIIIJlI. IJ ill I} 1< • l2IJO''''~1o f,ot I..t.-. 11. IAI_ tl ..... II~. ~!2.1t; ~.~ 

to 20 40 60 6 10 15 SO 



IDENTIFICATION E. XAM~Le" COOING SHEET geS -3 
I 5 10 I 20 25 30 35 40 

I I 

I I 
1- lc; T A~ .0 ll~~ II _1-~. ~III ( 

I I I' 
I I 

II I I .. AIS (J ~~ ~~ fl ~6 11.7 
~ O~ • 

I 
I 

1 I tt1 I7N IJ .~ II .5 2S DID 10. 
I , 

I ~r-I, 15 gl I .. i00i ... 
tJ o~ 1.1/. ~A -IJ ~2 1..1J ()OD .11 OA II 

~ ... 15 PIle ~3 ~ Dill .10 1711 "'I. 51 tirT ~() .OD~ .. ~ 8A 

4~ rr~ , .. JI -'I f 70 ~ O~ 
I 
• I ~A .51 rrI A" 510 'Hi o~o • I IA 

,4~ ~, ~IC If D!J ...... • IA .. 0 'SA -, ~ ~T fC I ~~ 1)1n~ .0 7A 
! I . 

"I I l~l" ~, .. s. 4 ~ 12 .() " ~ J'f,J () 

II t:l ,,~ I. ,10 .0 '10 .t. ~ ~IA 11'-0 

9 Ii} It! I 
I 

I I L~ II 12 I 
I 1'6 ~ I 

i I I 
~Io 410 £ .S'b ~" lo~ 

: : /11• ~o I 

I 
I I . I 

19 l"l~ sz -- ... I 35. • 
I I I I I I I I I 

1 1 I 
, 

I 1 I 

I 

I , 10 
" 

20 2, 30 35 40 

CODE D BY RFt! IIJ: 

45 ~O 5 

2-D ~~ 
I 

I 

210 00. I 

I 
, 

IA ! 
! 

I lie -II 2 I" III'.l ~It:. I\~'" 

"'J d SiT R ~~ O~~ 

Is ~ IWJ A- S. I, ... IA 

-1"/ ~ . ~R 1/5 lJI1 DI(JO 

~ .~ 11£ .~ tl b 
1/11.cj I I I I, 

\ 

I i 

~ i 

'iIi: I. ~ I 
I eL. III c; I 

iii 
Ie .b i I 
, i I 

I 

45 W 55 

DATE bee 05', If? If PAGE~OF~ 
60 65 70 7 80 

151 
! 

. i 
I . ~I ~ 04 ID. if) II • ~ , 

I~ I I J. . i I ~ I.:: "'8. 1.Il • JI) I .~I 0 
I 

,ei. ~ I i ~I 13. lSlD 3" . ID. e. I 

.11 2. I-II I I 
I"I~ ~.t!I .. 5 O(), , II 

, 

.~ 1~ -I S 1I1~ 11 I ~8 ()f) a L ~I 
I 

I I 
.D 8A 5,T ,. ~-SZ l.IS ()()fJ o~ 

, , 

.(;1 71A -~ II, ~ ~ It ~, 31" -",,,.. .~ 11~ 

I : 

I I : i 
II I~ III l3 f I I l5 ~I . I I' • 

' I 
I I ~.I ~~ fj I. III 

, 

I I I 
i 

1'5 .~ 2. I I 

iliz ~O () I 

.~ " 3(J II .~ 
I , I i I 

EO 6' 70 7' eo 

I-' 
W 
00 



,",H;JI1 PAVt.Mt.~T S'f~n:~ .) CENtt.R FOl-? • .qGl"uiAY RFSfL\;I'(C,.... (}FC 1974 

puO,.. 1 Tl~T RII"I ShOWING Nt.- ~PS ... '1 vEnCJrOI'" ~FC IIi 

A),I l GQOIIITH F/lC10R. Pfkrr"t'-4T PER yEAZl 
ADT GwnWT~ ~ATt, PEkClNT RER YEAR 
OlRECTH)NAl 'JISIHI~uTTO" FACTOR. PlqCtNT 
u<~I~N LANF Ills1t<ltlUTIO" FACTOfl, PERCENT 
I~T'IAI AVFAARE U,ILY Ta,FFTe. ONE DIPECTlo~ 
TOTAL l~ ~IP •• L<~ FOR .".LY<;IS PERloU. bOTH OIRECTlONS 

... 00 
).00 

50,0 J 

bO,OO 
2nOOO,OO 
~uooooo 

RIGTO PAvEMENT Sv,TEM 3 "NT[" ~O~ ~TG~wAY RESEAHCrl O~C 1~7' 
PQOR 1 Tt.c;T kUN SHOwING "'it.- JotPS-l VE'RSl()~J ",Fe [1f 

P!>OSHA" CONTROLS 
ntllBNEP SP~CIF[ES 

""I" CPCP ANn ..ICI-' PAVE"'flT5 TO YE Tllnt> 
HOT" cr ONn Ar UVERLAYS '0 AE TRI~D 
tiOTH OFF'l""'Eo .. AW ANU "IQF "ESH REI~P'Hte"E"T TO HE TRIEU 
P~tNT j ONi, Fo~'" UF DtlTPl1i 
P~INT F1"';T " I)E~luN5 T" l"C"EASiNG OHtI~R Of TOTAL COST 

MAll~uM iNtTtAl FUNO~ Av\ll~ijLf, UOlLA~S PE~ §Q. YO. 
"'AX INIT!o'- THI\,'Ne.S~. ~LA~ "LUS SUSHAS<, INCHES 
MIN TII<E 10 FT"~T ovrPLAV. vEARS 
~tN TI~E BFTwF£~ D~t."'LAY~, YEARS 
MA' TOTAL AC ~ylRLAV 'HICKNF5S.INeH[S 
MIN AC OYERLAY fHIC~NES~ AT ONE TIME. INCHES 
MA. TOTAL CONe UVfHL.y TwICKNESS. INrHES 
"'IN CO.,c OVE"IAV TH[CK"F~S AT ONE TIME. i~CHEs 
AvF".GF LFvEl uP TIiIC'NF~S. INC"'ES 
LEN.TH OF ANAlvSIS p~Rlnn. VEAHS 
CONflorNCf LFvcl(C), PEprENT 

INTIIM SfPVTr<'~IL[Ty '~OEX. EXpECTED 
TERMINAL ~~RvICt.~ILITV INO," AceE~TEo 
SERYIC~ARILITY I~OEa AFT~R AN OVEHLAy. E.PECTED 
PQnYAAIL!'. Ur CON..IUNC""" OF BAD SOIL 0"0 SITE. "EACENT 
S~ELt I~G NATF CONSTANT 
S.fLl I~r. ACTI.ITy. ESTIM.TEO DIFFE"ENTIAL ~OVE~ENT. INCHES 

'RAFFIC OLLAY COST .ARIA~LES 

UI~TANrE oYt" .HleH TPAFFIC TS SLO-EO. MILES. O.,DIRECIIO" 
NON.OY.DIRECTION 

Na. 0F nPF. I ANts I~ '£SINICTtu ZONE. MILEs. nY.OIRECTIO~ 
NON.I'>V.OIR'CTIO'" 

PERCEN' VEHI~IES STOP"EP Bv "DAD EQUIP"',NT, nV.DIRECTION 
~ON.OV.O!A£C'IO~ 

A~r~ DE! Ay CAlJc;EIJ iiV kOAi'\ EQUtP. HOUqS ' OV,OIRECr IO" 
~ON.OV.OIRECTIO" 

A~r. S"~En 'H~OU~H OVERLAV ZONE. MPH OV,OIRtCTIO'" 
. ~ON.OV.OTRE~TIO~ 

A"F~AGV APRROACh SPEEO TO OVERLA' AAEA> MPH 
DETOUR nl~TANC[ AHOU~D nvERLAV lONE. ~ILE5 
NO. OF HOURS/OAY O"E"LAY CUNSTRucTION OCCURS 
'RAFFlr ~nl'>EI uSEO Iq TNf ANALVS!S 
WOAD lnCATTON 

12.fh) 
24.UO 
s.op 
5.00 
6;.00 
2,00 
6.00 
... 00 
I.UO 

20. 0 (1 

95.000 

4,4U 
3·00 
.... 5u 
.ao 
.)~ 

1.S0 

2.0u 
o.no 

~ 

• 
~.UO 
O.O(} 

.02 
0.00 

40.00 
55.00 
60.00 

2.00 
a.oo 

3 
URSA .. 

kF C III 



PAVEMENT Sy~TEM 3 CENTER FOR HIGHWAY qESEARCH DEC 1974 
TEST RUN SHOwI~G NEw ~PS-3 VERSION RFC III 

MATERIALS. CO~CRETE 

CONCRETE MIX DESIGN NUMRER 
AGE OF TESTING CONCRETE. DAYS 
MEASURTNG POINT 
FLFXURIIL STRENGTH. PSt 
TENSILF STRENGTH. PSI 
ELASTIC MOOUlUS' PSI 
UNIT wFIGHT. pCF 
CONSTRIICTION FQUIPMENT cnST. PER LAI\IE MILE 
COST PFR ClIBTC YARD OF CONCRETE. I)OLLARS 
CO~T OF SURFACING CONCRETE. DOLLARSlpER LANE MILE 
SALVAGE VALUE Of CONCRETE. PERCENT 

MINI~UM ALLOWABLE CONCRETE THICKNESS, INCHES 
MAXIMUM ALLOWASLE CONCRETE THICKNESS, INCHES 
PRACTICAL INCREMENT FOR POURING CONCRETE. INCHES 

MATERIALS. STEEL 

1 
r;ARS 

LONGITUOINAL 

1 
28 

CEIIITER 
500.00 
200.00 

18 00000 
140.00 

1000.00 
8.50 

950.00 
60.00 

2 

2 
28 

CENTER 
5'50.00 
210.00 

2000000 
141.00 

1000.00 
8.75 

9C;O.OO 
70.00 

.. 

RFC III 

3 
28 

CENTER 
600.00 
220.(1) 

2200000 
142.00 

1000.00 
9.00 

9!;0.00 
70.00 

S.OO 
12.00 
2.00 

4 

BAP STtEL AST'" OESIG A-615.GIoC 75 A_432 A-8H!.GR65 A-777.GR80 
TENSILE STRENATH,PSI 70000.00 60000.00 b5000.00 75000.00 
COST/LB. DOLLARS .130 .100 .120 .11 0 

TRANSVERSE 
BAP STEEL AST", DFSIG A-15STR A-15II\jT A-l~ "T~ A-15 tr .. T 
TENSILE STqEN~TH,PSI 33000.00 40000.00 3!'>000.00 3AOOO.00 
COST/LS. OOLLARS .u70 .080 • n 70 .090 

8AR NOS. TO BE TRIEO J 4 0:; 6 

wTRf' Mt."HES 
WIt)E MESH AST'1 (JESIG ASTM, A-4y ASTM.A-!)O AST, •• 11>-0:;1 ASTM. A-52 
TENSILE STRE~Jr.TH,"SI 70000.00 75000.1'11) brlOno.oo b'iOOO.OO 
CoSTILB, IJOLl~~S .!UIl .1111 .080 .0'10 

..,FSH SiZES Tr:> "'I" TfHtI.l 
LOlllr.;. wIRE sIo>ACINr,.FT ... ·UO 5.00 6.01'1 7.1'10 
TRAI~. wIRE SPACIr~r,.~ T 12.\)0 1 •• nO 16.00 1I~. 00 

HE BARS uSED WITH ~. ~ESH 
T I r:: t:IAR ASTM lJE"IG. A-b15.GR<t0 A-I, 5T>I A-bI5.G~45 A-615.GR"'6 
TENSILE STRE~r.TH.PSI "'OIlUU.uu 33000.00 31000.00 31,\000.(11'1 
CoC\T/LB. DOLLhRS .0~O • n1 0 .U1<; .078 

TIE ~AR NOS TO "E TQIEIl 3 .. to; 6 

1-----Tqnl 

4 
28 

CENTE~ 
650.00 
230.00 

2400000 
145.00 

101'10.01) 
9.10 

950.1'10 
70.00 

5 
::OR 

CENTER 
71)0.00 
240.1)0 

2600000 
14A.OO 

1000.00 
Qol5 

951'1.00 
75.00 

fft 

2" 
C F"N"r Eo 
7&;0.00 
2;0.00 

::>I~OOOOO 
1"0.01) 

]ooo.no 
9.;)1; 

QC;O.on 
15.00 



RTGIO PhVEMENT SV~TEM 3 CENTE~ FOR HIGHWAY RESEARCH DfC 1974 HFC J II 1-----
PQOH 1 TE~T HUN SHo"I~G NE" RPS., VEP5rON RFC lIT 

SUAGRAI"lE K, pr.I 
5UAG~AI"lE FRICTIUN FACTOR 
'iUHGI-IAnE FRO()ABI~ITY FACTOR 

M~TERIA~S. SUa~RAOE 

C.O<;T PFR LIINE Ml~E OF S!lfoiGHAu£ PREPARATIV~. DO~~ARS 

MATERIA~s. SUBSASE 

150.00 
.90 

2.00 
1500.00 

SUHBA'iF TYPE 
£RnDII8T~tTV FACTOR 
F~ICTIn~ FACTOR 
ELASTIr MOOUltiS. PSI 

GRANULAR CEMT STAB ASP 5TA8 
1.00 0.00 
1. so 1,80 

20000 1000000 
CON::>HIIICTION fQUIPMENT rf)ST. DO~LAHS/~ANI:. MI~E 
COC;T PFR cnMPAcTED Cv yn , OO~LARS 

2000.00 2000.01'1 
3.00 

SAl VIlt,F r->FRCF.NI VALUE. PERCENT 30.00 
MIN All ("lwEn THICKNES!,. ",;CHfS 10,00 
MAl( All OwE!) THICKNESS. I"lCHES 12.00 
I NCR. MFNT FOR SUBBASE'. T ~ICHES 2.00 

OVERLAY 

I~rTIAI COST pER LANE' MTLE OF EQUIP~ENT FOR OVERLAYS. DOLLARS 
CO<;T 1 ell VD f)F IN PLACI=' COMPACTED ASPHA~ T CONCRETE. OOLLARS 
SAt VAAF VALUE OF ASPHALT CONCRETE' PERCENT 
ASPHAl T CONCH[Tt: MO{)lllU<; ... ALIIE. pSI 
PRODUCTION RATE OF CQ~Pft~TEO ASPHALT CONCRETE, CU YO 1 HR 
CONCRETE f'QOl>uTlUN RATE. Co YD IHR 
CONCRETE COEFFICIENT 
RANDOM ADDITrONAL COST I SU YD FOR ANYTHING 

JOINTS 

5,00 
40,00 
10.00 
12.00 

Z.OO 

Cu<;T/FT OF TRANS. JOr~T. SA~ING. DOwELS. AND,OR SEALING. DOLLARS 
cosT/FT OF LnN~' JOINT. SEALtNG, DOLLARS 
RANG~ of SPACINu FOR TRANSVF.RSE JOINTS, ~O~ER VALUE. FT 

UPpER vALUE. FT 
INCRFMFNT nF SP~CING TO RE THIED FOR TRANSVERSE JOINTS. FT 
NO. OF TRANS. CUNST. OR ~RAPPING JOINTS/MILE FOR CRCP 

MAINTENANCE' OIMENT10~S A~D MISCELLANEOuS 

{JAYS OF FREE7ING TEMpERATURE r->ER YEAR 
CO~r->OS,TE LABOR WAtiE FOP MAINTENANCE OPERATIONS, DOLLARS/HR 
COMPOSTTE ~QIITPMENT RENTAL RATE FOR MAINT. OPERATION. DOLLARS 
cosT OF MATERTALS FOR Ma,NTENANCE OPERATIONS, OOLLARS 
WIOTH nF EACH LANE. FEET 
TOTAL NUMBER nF LANES IN BOTH DIRECTIONS 
HATE OF INTEREST OR lIME VALU~ OF MONEY' PERCENT 

.50 
1. 70 

800000 
ZOOO.QO 

1+.50 
40.00 
10.00 
12.00 
2.00 

1000.00 
10.00 
40.00 

300000 
115.00 
40.00 

1.00 
S.OO 

1.40 
1.20 

15.01} 
90.00 
15.00 

Z 

10.00 
2.50 
3.00 
1.00 

12.00 
8 

8.00 

LIMSTN 
1.50 
,. «;0 

20:;000 
2000.\}0 

':I. SO 
3(\.00 
11).00 
1?00 

:;>.00 

I--' 
,/::'-
I--' 



~rGll) ~ft~t~lNI 5V~'E~ 1 CE~Tl~ ~oo ~TbH~A¥ o~SEARC~ OFr '~7~ 
iJoO~ 1 'flC:T t1'U'II StiO-lll,ll; ,'II!::- PPS"'l VEp'il(''1\1 wFC I I I 

PI:..t1'C[NT COF'F'F. ilF VAPIATln~ JF F'-E'X;JRAL 
~'~lNG'H OF' CnNCRt'~ 

~ru. (J[v. OF' SHrlORAOE K VALUE 
<;(U. uEv. 1'\1."' cnt>.JTINutTy f;"4.ctOQ (j) 

c;.rU. U£V. :)F !f\l1rtAL SE~vICAjlLlTv IN!)F'JI. (PI) 

~Tu. UlV. 1'\, flEXURAL ST~t~brH OF UiS16~ ~lT~1 

"l~ I 
.. Ix c 
"Ix J 
"h 
~lX ~ 
",Ix b 

MIl 11AQ¥ ~nU~ ot T~l UAv ~HF .• UVEHLAY CUI~ST~UCTJ(lN YEG{~S 
"'11 1 TADY MI"IUW Ot- THE DAY Wl'1f~ OVERLAv COI-.STRUCT IUN f~nS 
NJ""hLW' Of;" o",y'C; l.QNCW£t£ "",H$T CURE 
TOTAL _UMk,R nF LANES Tn ~l 0VEQLAID 
rUTAL o"\VF~l ",'f l.t..NGTIo1 IN nNE. LANE 

J!J.O(l 
0.00 

.30 

9t'1,sn 
IOA.3!:> 
IIH.ZO 
12H.o5 
IJ1 .. Qo 
1.1.1t; 

1->'. C I r I 



RIAIn PA~~MENr SY.Tf~ J CENTE~ FOR HIGHWAY RfSEARCH orr \91" 
PL;lO~ l r[~r ~II~ SHo.l~G Nl:.w f<fJS ... , \/(IofS{Ot.J I-(FC IT! 

• -o«;T fCONOMICAL. ICP PA'Il:.M[NT Ol!::.lJ.j~ ""'[TM AC nVEkLAY. 

INPUt c,,~sTRUCrr ",. LIFE IS 

IJE~C~I"TION 
~AI.NIAL ~A1E~IAL 

I\lIJ04tt[,.. NA ""E 

CONC"E TF 8.00 I',CHES 
t;:URIiDoSE 10 •• 0 l'Ic"ES 
I O"H,..Rf TI'.J:," .MESH SP-I\CINI3 •• G ~.u o.n 

ME~ti 1)1 " ..... E TF:'~ .21 .~J .25 
TRAN.~rlNI-.Ht.Sh ~"'I\Cl~b 1".0 I ... v If>.~ 

MESM :11 II >A£ Tf~ .Ji! ,J4 .17 
Tt, IlAjo(C; ti'Q 'q·/r.tIiER 1 .. 5 

St).I\CING 11.0 19"a 30.1 

TMA~5.'RSF JOINT SpACING 
L<iIllf,IT.IOI"AI. JOINT SI'A<'hG 

SUR.E.OIII'NT CUNsTRUCT!o"" 

1" l} 

.21 
l~.iJ 
• ,Q 

f> 

·".1 

OVERLA'r AIIO I.E .>1. liP W ITti 
, nVEQLA'f ANt) LfV"L HP WItH 

l.OO IIIICHFS of 
l.O. I"ICHfS "F 

COST A"AI.'SIS OOLLO~S PEN SQUAQE YAWp 
I~(TJAL CONSTourTION 

Cos I UF SU~GQ.ot PkEPARATION 
COf:.T OF CO~CD"TE 
Co.T OF SU~tlA.E 

CosT of RE(NF"RCE~~NT 
co.T UF JOINT. 
CosT UF lit: .ARS 

TOIAI INITIAL (~,tSTRUCTloN COST 
TOT A, OVt~LA. C~"ST"'JCTIt')N COST 
TOTA, T'&)I C"'">T ,'UW"INA OV. CONSTI-(JCTlflN 
TOT6.l ~""lNr(NANr.F COC;T 
S~'- 'VAG£: RETUR".IS 
A~' AnUIIIONAL C~~I SPECIFIED 

TnTAL o~LHAI.I. COST 

DESIGN ANAL '~lS 

b 

I 
J 

'''13 
Z,JJJ 
l'U 1 

,.41 
.M~O; 

.OJ. 

'.U2.' 
• 'l7j 

-04-1 

-1·" ..... 8 d 

1:).0'011 

TOT., , •• I"ITIAI. ')[SIGNS WERE EXAHI'IlO, OUT OF WHIC'" 
1M DESIGNS ~EHF RLJECT[O out 10 USER "ESTRAI'ITS 
I\~ REMAI"I"', INITIAL DESIGNS PRonUCF.O 1.1 OVERLAY 

~.708 'fEARS 
1 "t.c;.;?q 'f[AQS 

MF C TIl "Tr,Ifj Pn.Vt.l""lt::Nl Sv'~Tt:..'" .3 CE.Nrfl-( FOR HT()t1Wl\'t' RFS(AW"C>" OFe .q1~ 
PQOY 1 TtO:;T ,,,(\Ii'll SHO-Jo...Ir.. Ni:. 1JII t-tPS"'1 VEi.1SYON ~r' Jtt 

MI)c;T FCVNOi-\lr:r.l ICP PAVEMt.~T Ue.:Sl(;,{ ~qTH Ct": (WEQL.AY • 

C:;;U~f1ASr 1 iJ. '1 0 INCHLS 
! O">J(,.Rr"'fF.MfSI-t S'-"IICING ".U ~.V b.n 

>"IFSH l)It'<'1ETfW' .... 2 .Z~ .?7 
TRAf\' ,11+- I I~t • Me ~ti SO ... Clfo,J\i 12.& i .... v 16,0 

MESH l'llf,.tETf.q .J" oJ' .,y 
T1~ ~Aw~ rlA~ 'HIMi1FI-l j .. <; 

'> ",.CINr, q.1 11. ,j 21.1 

TIofAnSVf P5F JOINT SPACING 
LUfl.if,! T IfHNAL JOINT SPACl'4G 

SIJt4~Ff)11FNT CONS TRU(,:T 'dN 

1,H 
.r« 

18.0 
,ttl! .. 

lq.n 

nVEQtA' AND LEv'L I~ ~ITH 3.00 I"CHES <iF 

criST AtjALv~I~ DnLLAcs PE~ sauA~f YAHD 
INITIAL CONSTRUCTlQ" 

Co~T OF SIHlGP,oE P~EPARATION 
COST UF Co.e~~TE 
Cus I OF SUReAsE 
COST OF ~fINF0ReE~fNT 
CosT \IF JOINTS 
CO~ I OF I IE "'RS 

TnUI INITIAL C"'.SII'UCTION enST 
IOTA, "VERLAy C""STR'JCTION CoST 
TUTA' T·Ll. CO~I nU~I"6 OV. Cn"STkUCTION 
TOTA, dINTE""AN~F CnST 
,ALYAGt kETUR~"S 
AN' .nuITIONAl C,'ST SPEClflEO 

Or. STGN ANAl rSl S 

l,lE";CQlpTTON 
~ATtRl'l. ~ATf~IA, 
NU~~EW NA~E 

" J 
3 

CC AFTER 

.21J 
20333 
1.~3 .. 
.soo 
.1185 
.U]9 

f).30 .. 
.·00 
.1>2;> 
.-72 

-'!>21 
:>.UOtl 

TOTAL \ •• 1~ITI'1. nESI6"S wEwE EaAM1NEP. OUT D. wHICH, 
' .. [,[5 I G~S ",ERE ~EJECTEO OUt. TO USER RES TRA loIS 
ho HEMAI"I~A INITIAl. DEsI6N~ PROOUCt.O II" O~ERLA' ~TQ.TEGIES 



RfGIo ""n"ENT ~',TE" 3 CE .. lt~ 'u" ~IG .. li.Y 0 .. 5EA"C-' OFC 1''17-
pOOR ! r~~' HUt; SHoeiNG Nt" HPS-J "[RSIO" HFC I II 

Mn~T FLU~OMlC.L C4C PAV~HENT D~Sla~ ~TTrl Ar nvEMLAY~ 

INITIO, cn~STRUC' I~N. 

UE_C"lpTTOt< 
·,&rtHl.IL .,A IER IAL 

rON(,,~£TF: 8.00 INCHES 
~IjBf4ASt IU,oO T'<C"'ES 
I nf-Ir,.i4F. tNt- .HlStt 5"4CINr; 4.0 !>.o 6.0 1.0 

ME.SH rU't'1[TF~ ,45 .50 .'i"i .<'9 
TRAN .. H:ETNf" .ft1t:Sh 5O'"tlN" 12.U 1".V Ib.fI I~.o 

""ESt; \)1 •• ··t TF" •. ;1 • .so .1~ ,38 
rJE ~Aw~ 8 A ... ~1111itHf~ 3 .. ... " SPAClN'" 11>7 cU., 32,4 4"'·1 

TR'~5vFRSF CONSTRUCTION JOINT SpArt~r; 
LO',,;IT.·,0IN4L JOINT SPAC' ..... 

SIIB,EQIIFNT <.:ONSTRt'CT ff}1'>4 
tWEIllAY At<U Lt"FL tiP NITI'! 3'UO I"'C"'F~ OF 

COST ANALY<!> OOLL'~~ PE" SQUA~F YAHU 
INITIAL CONSTAUCTIUN 

Co"T OF S"~O"'DE. ""[I'ARATIO .. 
CO" T OF LONCRFTl 
CO~ T u,. S"~llA ~E 
CO"T Of Rf[NFORC["EN7 
CO"T or JOINT" 
Co~T OF TIE 'lARS 

T"TAL INITIAL CnNSTRUCTION COST 
TnTA, OVERLAY Co"STRUCT InN enST 
TnT~ T.U. COST nURI~G OV. CO~STkUCTIn~ 
TOTlI, "~INTENA"CF COST 
"At VAGI:: "[TURNS 
AN¥ AOl>ITIONAL enST ~PtCIF[[n 

TOTAL nV~HALL CO~T 

D£~TGN ANAl. rSIS 

~U~~E~ ~AME 

.21J 
1!.211 

1'11 1 
1.)3, 

• 6th) 

.u3.i 

!).b!):. 

.r.1~ 

-02., 
.)40 

.... 40c 
,. O(Jo 

TOTA' '4~ INITIAL nES[G~S _EkE E'AM[~[:O. OIiT OF .HICH. 
lIe UE51r,~s 'ERf ~EJECTED OU< TO USE" ~E~TRAI~TS 
1c ~EMAI~I"r. INITIAL U[SIGN~ PR(JIl,.CEO ~3 0VEHLA¥ ~T.ATFGlf.S 

"Fe 'II RIGID ~.v<MfNT SY<TEM .s LENTI::~ FOR wIG ... lilr RESEAkC. OFC '~1. 

~"nA 1 Tt<T 1<,,.. S"IO"I"'G "'E- RPS-1 V[l:I~TON IIFC lIT 

"O~T ECLNO~IC.L eRe POVEMENT ntsl~N _TTW cc nVERLAY. 

INITIAL CONS1WUClloN. 

MATHHAIS IJBC,,[pT)ON 
~'TEkIAL ~Alf"IAL 

NUMijEI< "'~f 

rOF\iCIU::TF 8.00 Tr;CHt 5 
<;URHASf 10.0Q ["C"IE5 
I ON.,. rtf T f>Jf- .. totE St-I SPAC 1'''' 4.0 !>." ",0 7.0 

M[5>1 QI"'ETF~ .41> ,~I .5,. , "0 
TRAII.o.).!:f jf>/f .lo1l~H SP,.CING I2.U l .... v lEi.if 1 Ft. I) 

Nt SM flIA~tTtR .31 .3- .3" .3'4 
YIf 144 t-t " tl.~ t'11MHER l '" h 

5p,C[>;" II'· «:v.J 3107 If'- .. ' 

TKA'"S'FRSF CONSTRUCT[U" JO["T SPACI>;" 
LvN'; I T'IOINAL JO INT SI'ACh& 

SlitJ~r(.Hj~Nl CONSTR1JrT TO~ 
nVEN' .• Y ,NO LEVFL U" WITH 3'UU INCHE~ OF 

COST IU"!Al..yc;IS tJ0Ll.AI/S PEP SQUA~E YA;.ttl 
1"1 T r IL ~ONSTqurr [ON 

CMT OF S">lGo.OE ""EPA.UTION 
Co~T OF Ctl"CL.lFT~ 
CO'T OF 5",,8.<£ 
co<;Y Of Kt[N"lRC£"'[NT 
Cf)~T or Jtl!NH 
CO<T Of T[E ~ARS 

Yo lA, ,NIT [AL C""STRL!CTlON CoST 
TnTA, OVE"I." cn'lSTI>UCTION COST 
TnTAI '.U. CO§1 nU~I~G OVa CONS1~UCTloN 

ToTAl f>'!"'-[i\lTlNA"'r:F cnST 
SAl. VAGE "FTUW>;S 
ANY AOUITIONAI. rnST ~pECTFIEn 

TOTAL ~"~RALL CD<Y 

DESf(;', ANAlY~[S 

4 

I 
j 

j 

.211 
c.29~ 
I.ll , 
1.39'-

.681) 

.o:n 

5:.71. 
•• c~ 
.6:S., 

'''c3 
-,43.; 
5.QijU 

TOYAL 14. INIT[AL n[~[GNS W~NE EXAMINED, OuT OF .H[CH, 
11£ IJ~S[G~S .[Rf ~EJ£CTED OU< TO ",ER I>Eq"AI~TS 

IlST MtA-51 

4ST WtA-Sl 

A ... ;..It;".GR40 

,~ "EM.[N[N~ IN[TIAL OES[GN5 PRODUCED 43 OVERLOY ~TR.TE6[ES 



QH;Jr> ",VHIEN! Sy~T£";1 C[NTr~ .O~ H1I;H"AT ",5'0"C ... OfC 197. 
P<>Of; 1 T!:.~T kliN SMO"I'lG ",Eo RPS-] "E~SIO" !!FC ! II 

MO~f fCUNOMICAL I~ITIAL D~SIGN L.STINq !HE ANALYSIS PERInO 

r.O~CRETF 
~IJf;HASE 

10.10 INCH!:.S 
10.00 INCHE~ 

TR',SVfRS, JulNT SPACIN8 
LON"IT'IOINAL JOIIH SPA(;I"G 

cnST ANALY~15 ~OLL'"S PE~ SQUARE YAkD 
INjT!AL CONSTRUCTION 

co~T Uf StJ~(j~AOt. P"'tYARATjUN 
co~T OF CONClifTE 
COST OF Sue8A~E 
Co~T Of REINf""C£~ENT 
CO<;T UF JOINf~ 

Ca~T OF TIE , .. "5 

TIlTA, INITIAL C"",STRUCTION CnST 
TOTA. ...AlNTENANC' COST 
~AL VA!'!f RETURNS 
ANY ArlllHIONAL C"ST S~ECIFlEO 

TOTAL IlV[WALL COST 

tJE. STuN AHAI Y::" 1 S 
fH1S IS 
OI)T OF 
of THIS 

TMF MOST OPTIMAL OESIGN 
8~ ACCEPTAALE ntSl~"'S 

qNf) 

"ATERIAL 
NUM~Eq 

~ 

3 

• i!i3 
Z·BI'" 
1.~l4 

•53 1 
.... "5 
-04 '" 

6.100 
I'J07 
-.51ft 
!,.OOu 

IIFC II I klGln ~ •• tMENT 5'~TE~ 3 CENTER FoR NIb" •• ' RESEARCH OfC 197~ "Fe 1 II 
~~OR 1 Tl~r R~t~ SHO~l~G NE. RPS·l VlH~'nN ~FC tIf 

*.~O.d· •• ~··· ••••• O ••••••• ·.···.···*···· .. · .•. · .... ··· ....••..•..••...... 
PAVFIoffNT TlPf :,(;P' JCP JCP JCP JCo JCI> 

(lvEkl i\Y TYPE AC AC AC AC AC AC 
Rf!lIIfMCfI'.tNT TYPE M£';" .ESN 1~f~~ MES" "'':'S~ "'£~'4 

t;~IIICR!'TF TYPE b ~ • r. 
S!!kB-Ao;;l TYPE I 3 3 
••••••••• 4 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

51 Afol TNTrK"ESS 8,01) ~.Oo H.no 10.00 1\.0" A.on 
51IRHA,E TMICKNES;; 1 0 • 00 1°·00 10,00 10. (In 12.00 10.00 

OVERtAY . LEVEL ,JP ';.00 J.Oo 3.0B J.oo 1.S0 3.00 
OvFQI Ay . LEVEL uP '>.00 ".Of) 1, fjO 

r"IITI4L LifE S.71 10."'1 a.~z ii,79 .... 8tl.. c""*",,, 

PFRfORMA~t:E LIFE I 1l."i3 t~.~z 21."] ZZ.M9 14.63 P·,4J 
PFRF'(l~MANCt. LIfE ~ Z4.0~ 2 ... 5z ?fJ.Jl 

TnTA, PFRFURHA'lC[ L !FE tt4. O~ i:5.82 21063 i!i!.119 2~."? Z",JI 

SPAtiNu T~A"S • . lOI'JTS 60.00 bO.OO M.OO 45.00 M.OO bO.OO 
SPACING LuNG. JnrNT~ liZ.OO ie.OO Ii!.un Ii!. u 0 le.OO 12. jJil 

••• ** ••••• * ••••••••••••••••••••••••••••••••••••••••••••••••••• 0 •••••••••• 

CMT IlF t;tJl:SG. PR[PAQATION • Zj3 .e\3 .ZD .213 .213 .213 
CnST nf CQrtCRt n ~.~33 c.Jln 2.~\l9 2. 177 2.333 2.ll2] 
Cn-;T of <;"IOI:IA:.£ 1.11 7 i .534 1.53>0 101 i1 1.211 .. 1·5:1' 
CoST OF "EIN'OACp'f'IT ..... 1 ."'i~ .'-"HJ ..... 9 ,.·1 ,~70 

cnST Of "QINTS .885 • AiR!'. ,f.lK5 .955 .1\8" ,13f1:, 
e1)ST Of tit. ~AHS .0)4 .039 .038 ·1)"1 .n:l~ .OJ' 

l"ITIAL c°ti;ST, COST !I.023 '.47>0 5.452 •• !>!>3 <;.190 5.J60 
OvER't AY COl"4ST. CnST .973 ."35 .49r; .4l;)Q 1.02" .9H 
T,*AF'F'IC f)ELAY CO~T .0.9 ·°23 .0eS .02· .O!>3 .0 ... 8 
... I"'TrNA"ct COST .1.6 .37" • 341 • 3!:l4 .16A ,11)1 
S'LVAr,E "OUANS - ... ao -.487 -.4"9 -,,,71 -. ~Ol - .. ",,9-; 
• ..,y A~OTT to"lAL COST 5.000 s.oo~ s.on!') 5,(li}() ~.f'lfJ(\ 5.noo 

......•..•.•...........••...•.•.•••...•...........•......•..•....•....... 
TnTAL Co<;T PtA SO y.HU IO.1Il 10.826 10.g!>6 lu.913 IO.~';' 11.U13 .o •••••••• ···~ •••••••••• ·.o ••. · •.•....•.•.........•...........•.••..•..•• 



RT(11) ~IIVt.M"ENT SY~TE" J CE'JT~H FUH HJI.:iHWA,Y RESEAHCH o.r 11.,17" "FC III ~T(jl(t PAVlMEI'H Svc; n.M J CENTEH FOR HIGHWAY RFSEAHCH I'I'C 197 .. "'c TI! t-' 
.j:'-

POOH I TE~T RUN SHowiNG '\IE. ... HP~-l VEPC;lON RFC II! POI'}~ , n:c; T ~lj ..I !>Hnwl'llG I\lEw ,PS-1 VERSIO~ RFC Til (j\ 

REINfORCEME"T OESluN 
nE'!oi1r;N RE. I r·JFOQCEHF:NT UESCRIPTIU' fo4J1 Tj:'R T Al "'4ATF.RIAL ~Uf04I"'Iio"WY OF nt:SJ{;NS IN [NCHt.ASINR OHUEtot OF TOTAL ro-; T 
NU~Rf.R ''':.JL4BFR ~AME 

DFSt(;N hllJtlUlR A Q 10 II Il 
•••• ~~.~ ••••••••••••••••• ~ ••••••••• o •••••••••• o •••••••••••••••••••••••••• 

I flNG.REIIJF.UFSH SPA-CJNe; •• U ">. " ,." 1.0 ActTM,A"'~l PIVEMF:Nl lYPF ~Cl-' JCP JCP -"Co X O CHr 
"'F"~H DIA .. EnH .21 .23 .2~ .27 OvEJ.lI A Y n~E AC AC AC AC AC AC 

TRAN.RE!NF .... I="'iH SPACINu lbU 14.0 lb." l8.t! AC\T"4,A-l)l R~JNrn~C~f'1lNT TY~E fo4ESH .. ESH MFSH 'So< 'P!£S"'t MESH 
fo4l="ctH nl AMETfH .3~ .1_ .37 .3~ 

T!~ tiAt-- 8AP NUMAER ~ - 0; b A_bll5.G,.f4CJ CnNrRF TF' T1~f 3 l • 
SPACING 11.0 19.6 30.1 • ".2 SII~~ASE TYpE J 3 I • • 

•••••••••• •• •• ~ •• ~.O ••••• O •• •• •• • •• • •• • •••••••• ~ ......................... 

2 lONG.REl"..lF.MFSH ~PACING ".~ !i.0 b.U 7.0 AC;TM.A-~l 

'~F C;H nIAMETER .Zt. .2. .71 .C~ 51 AA '!><! rKNESS 8.00 M.On lo.no 10.an ~.on 8.uO 
TW.-r..l.Ht:.lfl.lF .'H·-SH SPACiNb 12.U 1 •• 0 16.0 IH.O ACjTJII4,~-l)l 5I,ARAr;.E TH.l.C;"'kt:SS l~' 00 10.00 10.on lu.lJO 12. 00 10 • oll 

HF~H OIAMETER .3' .36 • Jo ._1 
TIE riA>lS tlAP ~UMHEH ~ " ~ b ~-b15.r,R"0 Ol/ERlAY . L~vLL. "p 1 .j.OIJ •• 00 3.00 3.00 1.On 3.uo 

SPACjNu ~.'i 17 .~ 27 •• 31.,1.5 DV[PlAY . LEVEL liP ~ 3.nO '1. 00 

ION6.QEINF,Io.(I="SH ~PACING '." !i.0 h.O 7.0 ACj TJIl, A-131 l",fTI AL ll' E 9.0. 7.31 7.1~ 10.tin C;.OQ "036 
Jll4F"c;,H OIAHETEH .U .?" .26 .lU 

TQAN.REINIE'.Mj:'SH SPACING 12.0 1'.0 16.0 IK.O ACjTJII4,A-~l P'RFOHMA~Ct. 'L1I-f'f I Zt..J3 It.3. 113.IJ 25.28 P.15 2Z.3~ 

"'~~H DIAMETER .J~ .J~ .3~ .-1 PFRF'O~MA""Ct. !LrtfE 2 ~D.!i"" 21. 7 ' 
~ ,~ riAHS BAP NUMBEH ~ 4 ~ 6 A .. h15.R",.o 

SPACI"u J 0.1 17 .q 2~.1) 40.l TnT4.L PF-QF'4Jtof+fANCE l !FE ~2.~3 h.34 30.'0'7 25.29 21. 73 22035 

I. ,)Nu.REINF .1o.4F"SH SPACiNG '.U 5.0 6.0 1.U AST .... A-C;l 
MFC;H OIAMt TER ol'i .12 .2. .2b spACI~G T~S. Jnh'TS bO.I)O °0.0& .... nn .!i.no 60.00 2640.00 

TRAN.RE.INF.".FSH SPACING 12.0 1 •• 0 Ib.O 1~.0 A5H4, .-151 SPACING l(Jt.tG. JOINT' lj!.o~ 12.00 il.llo 12.00 12.UO IZ.OO 
fo4j:'C;H DIA .. ETER .35 .37 ."n ._J ....................... D ................................................. 

Tit HAlOS BAR "UMBER ~ " ~ 6 A .. bl~.G".O 
~PACINa oJ.J Ib.6 2S.q 37. 3 C"~T nF ~lJttG. PIolEPAR.TJCJI\I .213 .Zll .213 .• 213 • ~I 3 .Z(3 

CnST OF r~NCRETf Z.l71 2.271 Z.10A l.805 z.33] 1.271 
~ I nNb.REINIE'.Io.4I="SH ~PACiNG •• u S.O ~.n 1.0 AS'ItI1.A-!I1 CnST nF "V'''''ASE 1.1R' I.~)- 10117 1.25~ I. "51 1.11 ,. 

MF~H DI AMETER .~I .23 .2~ • it. 7 cn~T of ~:l NrORCEMF .IT .47] .-73 •• 46 .4,9 ••• 1 I. Jj, 

TRAI'4.RE INF .foIIFSH SPACiNG IZ.U 14.0 111.0 18.0 A5TItI1.A-!J,1 CnC;T of .JOiNTS .8fl5 .880; ."'5-; .955 .Ae~ .6~O 

MF9H DIAMETEH .~l .)4 .37 .3'i CflST OF Ut. B~S .037 .037 .040 .Oflo2 .01- .U33 
Tl~ IUHS HAR NUMHER ~ - 5 II A-bl~.GQ ... ', 

SPACING 11.\1 lQ.6 30'7 ••• 2 1 ~I ITt 4.L CON-ST. cnST !i. fill'" 5."19 !I.48q 51.730 5.357 5.655 
ovE'RLAy C()WST. 'COST •• 81 .71_ .778 •• 25 1. n4? •• 7~ 

6 I ONb.R:Et"JF,'~F.Stot SPACiNG ••• 5.0 b.O 7.0 ASTM.A-131 T~AFFJC nt.!.Ay COST .02!> .036 .o ... z .OZ3 .057 .U25 
.... H DIAMETER .21 .Z' .26 .28 ~dtI\lTf.I\I4.~ot COST .hl .)61 .2dO .38" .13' .34b 

TRAN.REINF.M(IE't;tot SPACING IZ'U 14.0 Ih.O 18.0 .,ctTJII4.A-!J,l SALVAGE g~fURNS -.477 -.47Q -.~14 -··;In -.o;UI -'·02 
fo4F"c;,H OIAMETER • .jJ .311 .38 .40 Ar-IY AOOTTIONAL COST 5.000 ~.OOO 5."00 5.0uo S.non S.non 

Tl~ tlAHS MAR ~U"IlER ~ • ~ II .... bl':).GIo("·1 
SPACI"G 10." 18." 28.~ _1.5 • ........................... 0 •••••••••••••••••••••••••••••••••••••••••••• 

T~T.' CO~T PEH SQ YARU 11.U.~ 11.052 II.O~5 11.075 il.o 6 II.O~~ •.•• ~ .•. o.· •• * •••••••••••••••• •• ••• ·v •••••••••••••••••••••••••••••••••.•. 



Rfr,rn PAvt ... Er"T S""~TEM: 3 CENH .. 'OR HrbrlwAY ~ESEA~CM n~c l"i'" ~,r IJI RTGIf\ "A'vtHENT SY,fE,,* 3 CENT!:,!! FUR "IG"~AY IIESEA!!C'" OFe 1 9 H kf·:r- .11 

PoOk I Tl C;'!" ~I)'", SHO"I~6 I\lt- RPS_) V~IIS!ON QFC II' J.1~OH· I H<t ~UN SHOWING NEW ~PS-, VERSION RFC III 

"El~FORC~MtNT Of <; T(iN 
nFSlr;N ~trN~OI)I·f"'F:r-.lT DESCQIPTIO~ M .. 'to. R1At 'UTlRIAL SlJf04MARy 0, 1'l~<;IG"S IN 1"~~E ASI "'6 OIi'[)E" OF TOTAL CD<T 
~IUMHFH t..lJ"IBFP ~AHE 

05:src.,~ NHMtJE.P 13 14 15 Ib 17 I" 
D ••••••••• •• ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

I nN(,.Rtlft.IF.J.4FSH SPACI'IG •• U 5.0 '.' 7.0 "c;lJIIII,A-,l P.\VF'MFNT lYf'f tep JCP JCP JCD C"'C JC~ 

... ,<H DYAMETER .<1 .7' .?b .Z6 OvEI<LAY Pf'E AC AC AC AC AC AC 
r~~I~.~E. YNF ... vS~ SP,CING Ic.U 14.n 11>.11 Id.O AC;f~,A-!)1 RF J"'IFOR(,;FMt NT TyPE "'£5" ~ESH ~fSH MES" MES~ MESH 

HF," f1IAMETEH .JJ .36 .::t~ •• 0 
nL UAk' .. AR t~UHeER J • , 0 A .. t>lc.,.Hff-.ll C~NCRf.TF TYPE ~ I> 4 3 ~ 

SPACING IO.J 111.1 cA •• .I.l SIIBAAC;E TYPE 1 2 I 3 I I .....•..•.•••••......•••••.•.•.••.••.••....•..•.....•.................... 
I' I nNu~~EINF.Ioi1F"SH SPACING .. ~ !>.n ~.o 7.U 3 Asf"".A-~i 

H,,<>; OI .... ETER .il .7' .i'h .i:8 
SI AI< T"'I rl<'·t,s 10.00 A.on In.no 8.00 A.OO 1 n. 01. 
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?, I C"INb.~El~II:""F'SH ~PACI"C; _.v '>.n -'.1) 1.0 
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OuT OF" 

INITIAL OE5]GN A~'I.YSIS 

"UT OF A TnT., OF" l8H INITl'~ POSSIRLE DESIGNS, 
o .f."~ "E,JECTED Oof. TiJ MAl. INITIAL To;)CK'ESS RfSHA)~T 

not 0' 2Hb Ol<;IG"I<; THUS L~n 
~i nE<;IGN<; ~ERE REJfCT~iJ ~INC~ THEY .RE UVE.OE<;I~NS UF" 

I,ITIAL DESIGNS wHICM ~'ST THE A"'.LYSIS "€"I~O 
~UT Of ~Ob O~~TG~S THUS LEFT. 

.U OEqC;N<; WEllE HEJECT~O OIlE TO T"'OIl LIYI::S en,,1l LESS 
T .... '" TO;f "'''I1140M ALLuo.9l~ TIM~ TO THE f)OST OVERLAY 

nUT of' 183 D[c;,rGNC) THUS LEFT, 
o nEQC;"S wEWE REJECT~() OOf TU T>ic ~EST>!Al~T "r ~uIH" .. 

INITIAL ~UNQ5 AVAILA~cf. 
')OT oJ- IS:; I)E!HC<iNS TMUS LEFT. 

~S'E'TG"'S WERf ACcEPTAaLE INITIAL ()EIIGNS wiTH Llvf.S 
'hlRf THAN TME A~ALYSIS P~RIOlJ 

ANn THUS QA D,<;I61;S WERE PASSEO TO NE OVERLAY SHB<;Y<;TE" TO 
fO""ULATE IHt: PlJSSlllLE !JV(I<LAY SI"ATEr,lrS 

UVE~LAY SOeS1ST~~ ANALYSIS 

COMPI"ATIUN NtI"'lBER 2 3 • 
I'IIHFt..i "'AX. "0. TMle"NtSS HEslwAI~r "AS "'IT 21 0 S 0 
WH,.-IO"J 1"I1N "HE "ETwEEN OV IIE.Slw.I~T wAS HIT U 0 D 0 
WHF'~ UVERLAYS ~IEEnED _EAt MekE T"AN E HiHT 0 0 0 D 
~r TlMcS SU8D"')lJTI~~E .. AGE • "'S CALLt" 237 1;'2 Q'I S< 
{)F Tl"t5 Su~""UT 1 Nt -MANCE- WAS CALI~E: IJ ~37 I'i! Q9 S. 
nF TI~~S C;U!1~""'UT T ;'4E • TDC .. WAS CALLED i!31 1"2 99 ". ~F" ~USSI~LE nVE~LAY ST'IATEGlf' O~TAINEO 51 .6 ,,~ .3 
~F" I'W~RI)E5IGNc:. 0I1T/.\1'",[0 90 ?A I" 0 

• Ti"'\T.AL Uf Ibi! 114 611 .3 

THOS rOQ THE E"TlRE OEsIGN SYSTEM 
OUT O~ A", "V(RALL TOTAL OF" 387 OVERLAY STRAT~GIE<; 

2~ ,'ERf Rl..lECTEO Out 10 OIFHRENT QlSTRAI"T<; 
ANU 361 _EHf CONS10EQEO 'Oq OPTIMIZATION PQnCfS<; 
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TEXAS HIGHWAY DEPARTMENT 

RIGID PAVEMENT DESIGN SYSTEM 

PROGRAM RPS-3 

PROBLEM IDENTIFICATION 
CARD NO. 1 

153 

1.1 Problem Number ------------------------------------------'1--1--t~I~1 r 1 2 3 4 

(Any combination of letters and/or numbers) 

1.2 Problem Description 
11 12 13 14 15 16 17 18 

t 
- ~ 19 

(Any combination of letters and/or numbers) 

I 
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PROGRAM CONTROLS 
CARD NO. 2 

2.1 Type of Pavement ---------------------------1---; 

= 1 for jointed concrete pavement to be designed only 

= 2 for continuously reinforced concrete pavement to be designed only 

= blank for jointed concrete pavement and continuously reinforced 
concrete pavement to both be designed 

10 

2.2 Type of Overlay __________________ . _______ -I---l 

= 1 for portland cement concrete overlay only 

= 2 for asphaltic concrete overlay only 

= blank for portland cement concrete and asphaltic concrete 
overlays to be tried 

20 

2.3 Type of Reinforcement _____________________________ +r=J~ 
liJ 

= 1 for deformed bar reinforcement only 

= 2 for welded wire mesh reinforcement only 

= blank for deformed bars and wire mesh to be tried 

2.4 Form of Output ____________________________ ,0----\ 
~ 

= 1 for short form of output (no steel layout or seal coat schedule) 

= blank for long form of output 

2.5 Number of Designs for the Output « 24) 
78 79 

= blank for twelve designs (six per page) 

• 
80 



TRAFFIC GROWTH AND DISTRIBUTION DATA 
CARD NO.3 

155 

3.1 Axle Growth Factor (percent per year of I I I I I I I I I I I linear growth of number ofax1es) ______ ~_4--4__+--~~_+--+_-_+--~ 
1 2 3 4 5 6 7 8 9 10 

3.2 ADT Growth Rate (percent per year of 
linear growth in average daily traffic) 

3.3 Directional Distribution Factor (percent) 

11 12 

31 32 

13 14 15 

33 34 35 

-16 17 18 19 20 

-36 37 38 39 40 

3.4 Lane Distribution Factor (percent)--------t--~~I~+I--t--~~Ir-,I---+I--t~I 
41 42 43 44 45 46 47 48 49 50 

* 
3.5 Initial ADT Expected, One Direction I I I I I I I I I I I 

(vehicles per day) ---------+--~-11-6-21-6--13 -6--1
4 

-6--1
5 

r-6--16 -6--1
7 

-6-8--11-
69
--+-

70 

** 3..6 Total 18-kip Axles fo r Analysis Period 
in Both Directions 

71 72 73 74 75 76 77 78 

* The initial ADT expected in one direction should not be large 
enough so as to exceed the practical capacity of 1500 veh/hr/1ane. 
This data may be obtained from D-10 

-79 80 

** These inputs may be obtained from D-10 of the Texas Highway Department 
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DESIGNER'S RESTRAINTS 
CARD NO.4 

4.1 Maximum Funds Available for Initial 
Construction (dollars/sq. yd) ____ _ 

4.2 Maximum Allowable Thickness, Slab 
Plus Subbase (inches)--------------__ -+ __ +_ • 

18 19 20 

First Overlay (years)---------------~--+__r~---r__+--~~ 
4.3* Minimum Allowable Time to the I j I I 

4.4* Minimum Allowable T 
Overlays (years) 

ime Between 

21 22 23 24 

t31j32j33i34 35 
• 

36 37 38 39 40 

4.5* Maximum Total Asphalt Concrete Overlay I I I I I I 

Thickness (inches) --------------------------------+--+-~_4-._4~ 
4142434445 

4.6* Minimum Total Asphalt Concrete Overlay at one time 
Thickness (inches)--------------------------------+--4--+--~ 

46 47 48 

4.7* Maximum Total Portland Cement Concrete 
Overlay Thickness (inches) --------------------------r-_+--~;_--

4.8* Minimum Total Portland Cement Concrete at one time I I I I I I 
Overlay Thickness (inches)--------------------------+-~--+-_r-·_r~ 

56575859601 

4.9 Length of Analysis Period (years)----+_-+--i-- • 
7 68 69 70 

* See explanation following completion of this card. 
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4.10** Average Level Up Thickness (inCheS)------------------~1--11--1--t-·~I~1 
71 7273 74 75 

4.11 Confidence Level Desired for Design (percent)--------------------~~~ 
§] 

Punch: ABC D 

For Conf. Level of: 50% 80% 95% 99% 

** See explanation on following page. 

E 

99.9% 

F 

99.99% 

G 

99.999% 
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EXPLANATIONS OF SPECIFICALLY INDICATED DESIGm~R'S 
RESTRAINT VARIABLES ON CARD NO.4 

4.3-4.8* Overlay Inputs 

If no overlay is planned for the facility 4.3 should be (at least) equal 

to the analysis period while items 4.4, 4.5, 4.6, 4.7, and 4.8 can be left 

blank. 

If only one type of overlay, either asphalt or concrete, is planned, the 

thickness limits for the desired overlay type may be input while the thickness 

limits for the other type may be left blank. 

4.10** Average Level Up Thickness 

This is the designer's estimate of the average thickness required by a 

contractor to restore a pavement to its original profile bef,ore overlay. It 

would be correspondingly larger for example on a rough road, than for a fairly 

smooth road. If no information is available, a value of 1 inch may be used. 



5.1 

5.2 

PERFORMANCE VARIABLES 
CARD NO.5 

-Initial Serviceability Index (expected)--~~~--+_~~~1--+~r--
1 2 345 6 7 8 9 

-Terminal Serviceability Index (accepted)-+--r-~~--+--r~~1--+-
11 12 13 14 15 16 17 18 

5.3 Serviceabili ty Index After an Overlay 
(expected) -21 22 23 24 25 26 27 28 29 
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30 

5.4* Probability of Conjunction of Bad I I 1 1 1 1 I 1 1 1 1 
Soil and Site (percent) ---------1L3-l+-3-2+-33-t-34-t-3-5+-~-6+-3 7-t-

3
--
8 

t-~-9+4---l0 

5.5
1
(* Swelling Rate Constant --------+-14-1-+1-42-1-14-3+14-4-11'-4-5+14-6-+1-4-711-4--8

+14-9-11r-
5
--1o 

5.6*** Swelling Activity, Estimated Dif-
ferential Movement (inches) _ 
(potential vertical rise)------------~~--+--+--r-~~--+_~--

* See explanation on following page. 

** See explanation on following page. 

*** See explanation on following page. 

51 52 53 54 55 56 57 58 59 
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EXPLANATIONS OF SPECIFICALLY INDICATED 
PERFORMANCE VARIABLES ON CARD NO. 5 

5.4* Swelling Probability 

At present, three constants are used to calculate the reduction of the 

serviceability index with time due to swelling clay and other non-traffic 

causes of serviceability loss. The first constanta swelling probability (6.4). 

is a fraction between 0 and 1 which represents the proportion of the project 

length which is like ly to experience swe 11. This suggests t.hat swe lling clay 

must be present, and that local conditions must be conducivE: to swelling. 

Cuts, grade points, bridge approaches, grass root grade lines, and choppy 

fills seem to be more of a problem than uniform fills. LOCB.l experience must 

be input for this value until more definite guidelines can be developed. 

5.5** Swelling Rate Constant 

The swelling rate constant is used to calculate how fast swelling takes 

place. This constant lies between .04 and .20. It is largE~r when the soil 

is cracked and open, and when a large moisture supply is available due to poor 

drainage, high rainfall, underground seeps, or other sources of water. When 

drainage conditions are good or the soil is tight the swell:Lng rate constant 

becomes smaller. 

The nomograph in Fig 5.1 gives a method of selecting this input based 

upon the judgement of the designer of local soil and moistUl:e conditions. 

Figure 5.2 shows the effects (in the absence of traffi,~) for three values 

of PVR and two values of the swe lling rate constant on the performance curve. 

For the curves shown the swelling probability used is 1.0. The effect of 

other values of swelling probability can be evaluated considering that this 

input is used solely as a multiplying modifier on PVR in the program. For 

example, a swe lling probability of 0.10 and PVR of 10 inche:; is exactly equal 

in the program to a swelling probability of 1.0 and a PVR oE 1 inch. 

5.6*** Potential Vertical Rise 

The potential vertical rise (PVR) is a measure of how lnuch the surface of 

the bed of clay can rise if it is supplied with all the moisture it can absorb. 
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HIGH FRACTURED 

MOISTURE 
SUPPLY 

SUBGRADE 
SOIL 
FABRIC 

A 

LOW 

NOTES: (a) LOW MOISTURE SUPPLY 

Low Rainfa 11 
Good Drainage 

(b) HIGH MOISTURE SUPPLY 

High Rainfa 11 
Poor Drainage 

TIGHT 

Vicinity of Culverts, Bridge Abutments, Inlet Leads 

(c) SOIL FABRIC CONDITIONS 

Self-Explanatory 

(d) USE OF THE NOMOGRAPH 

(1) Select the appropriate moisture supply condition which 
may be somewhere between low and high (such as A). 

(2) Select the appropriate soil fabric (such as B). 

(3) Draw a straight line between the selected points (A to B). 

(4) Read SWRATE from the diagonal axis (read 0.10). 

Fig AS.l. Nomograph for selecting swelling rate constant. 



162 

x 
w 
0 
z -
>-
t-
J 
CD 
« 
LLI u 
> 
Ir 
LLI 
Vl 

5.0 

Swelling Probability = 1.0 
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Fig AS.2. Performance curves illustrating serviceability 
loss not caused by traffic. 
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PVR can either be estimated in a particular locality from the total amount of 

differential heave the designer (or maintenance personnel) would expect to 

observe over a long period of time, or by using Texas Test Method, Tex-124-E. 

Extremely bad clay may have a PVR in the order of 10 to 20 inches. 

For highways that have been in existence for some time, the remaining 

potential for swelling should be reduced by the amount of swell that has 

already occurred. How much has occurred will depend on the age of the roadbed 

and the swell rate constant which is discussed in the next section. Figure 5.3 

provides a multiplier (ratio) to apply to the original PVR if the swell rate 

constant and age of an existing road are known. 



164 

1.0 
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0 
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Fig A5.3. chart for estimating PVR for an existin.g road. 
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TRAFFIC DELAY COST VARIABLES 
CARD NO.6 

in Overlay Direction (miles)------------+-_+--+_~--~~_4--+_·_+--+_~ 6.1* Distance Over Which Traffic is Slowed I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 l~ 

in Non-Overlay Direction (miles) ________ ~~--+__+--+_~--~~·~--~~ 6.2* Distance Over Which Traffic is Slowed I I I I I I I I I I I 
~ 1 12 13 14 15 16 17 18 19 20 

6.3* Distance Measured Alon 
Overlay Zone (miles) 

g Detour Around 

6.4 Number of Hours Per Day tha 
Construction Takes Place 

t Overlay 

6.5 Number of Open Lanes in Restricted Zone 
in Overlay Direction 

6.6* Number of Open Lanes in Restricted Zone 
in Non-Overlay Direction 

6.7 Type of Road 

= 1 indicates rural roads 

= 2 indicates urban roads 

* See item 7.8 before filling in these values. 

21 

41 

• 
22 23 24 25 26 27 28 29 30 

• 
42 43 44 45 46 47 48 49 50 

~ 

~ 
~ 
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TRAFFIC DELAY COST VARIABLES 
CARD NO.7 

7.1 Percent of Vehicles Stopped by Construc-
tion Equipment and P 
Direction (percent) 

ersonnel, Overlay 

7.2 Percent of Vehicles Stopped by Construc-
tion Equipment and Personne 
Overlay Direction (percent) 

1, Non-

7.3 Average Delay Per Vehicle Due to Road 
Equipment and Pers 
Direction (hours) 

onnel, Overlay 

7.4 Average Delay Per Vehicle Due to Road 
Equipment and Per 
Direction (hours) 

sonnel, Non-Overlay 

1 2 3 4 5 

111112113114115 

121122123124125 

31 32 33 34 35 

16171:191101 

• 
16 17 18 19 20 

• 
26 27 28 29 30 

• 
36 37 38 39 40 

7.5 Average Approach Speed to Overlay I I I I • 
Area (mph)-----------------------+4-l~-42~4-3+4-4~.-,4-5+4-6~47-r:-8+4-9~5~0 

7.6 Average Speed Through the Restricted I I I I 
Zone, Overlay Direction (mph)----------~~~--+_-r--+_-r--~·~~~ 

51 52 53 54 55 56 57 58 59 60 

7.7 Average Speed Through the Restricted 

161162163164 
• Zone, Non-Overlay Direction (mph) 

65 66 67 68 69 70 

7.8** Model Number Which Describes Traffic ~ 
Situation During Overlay Construction---------------------------~~ 

80 

** See explanation on following page. 



EXPLANATION OF SPECIFICALLY INDICATED TRAFFIC 
DELAY COST VARIABLES ON CARDS 5, 6, and 7 

7.8** Model Number Which Describes Traffic Situation for Overlay 

There are currently five models describing the separate ways in which 

traffic might be handled during overlay construction. 
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The designer must specify which model would be used for the particular 

type of facility being designed by input of a 1, 2, 3, 4, or 5. These models 

are respectively drawn in Figs 7.1 through 7.5. 

Variable 6.3; Distance Measured Along Detour Around Overlay Zone (miles); 

is only necessary if MOdel 5 is used and may be left blank when selecting the 

other models. 

Variables 6.5 and 6.6; the Number of Open Lanes in Restricted Zone in 

Overlay Direction and Non-Overlay Direction respectively should neither be 

greater than three lanes. 

6.5* and 6.6* Number of Open Lanes 

Both the number of open lanes in the overlay direction and the number of 

open lanes in the nonoverlay direction must be greater than zero. For example, 

MOdel 2 in Fig 7.2, appears to indicate that one direction should have a "1" 

input and the other direction a zero; however, this is incorrect. Both must 

have a "1" input or the program will not run correctly. 
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Fig A7.l. Detour model No.1. 

""'! ...... ----Vorioble 6.1 "'1 
I .... l ....... -...... . 

• ••• C) - ••• ~ ........................ I") •• - ..... - ••• ; ' ••••• w •• ; • .,...... • ....... I' • • ••••••• .'. '.' .......... ' ·········f················· t. • • ••••••••••• ······:··f ..... : ............. . 
~.~ •• : ... ~~~·~~Cli .. ~ <g;.:~~.:~ " 

Fig A 7.2. Detour model No.2. 

""'I ~-------·Vorioble 6.1------11 .. ....;\ 

••••• ~ ••••.•.••••.••••• L •••••.••••••• -•. ,', • <.' ' •• u"~"."" ••.•• _.0.".1 ..•. -... '" ,', .• , • 
••••• ••••• ••••••• ............. • ................. e • ." •••••••••••••••• t.:,.;, ••• !.~ •••.•• .. 
• , ••••••••••••• ,_': ., ••.••• , ........... , •••••••••••• ! t .............. :;, t.· ..•. ; .......... , .••. ... - - --- --- --- --- --.- --- -.---

-----' ....... 

Fig A7.3. Detour model No.3. 
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I~ Variable 6.1 

-- ¥-
Fig A7.4. Detour model No.4 

I I 
I I 
I... Variable 6.1 .... 1 

F A7.S. Detour model No.5. 
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MATERIALS, CONCRETE 
CARD(S) NO.8 

8.1 Number of Concrete Types ______________________________ . ______________ c=J~ 

ill 
(Maximum number of concrete types is six) 

Include this input only for the first concrete type* 

8.2 Number of Days at Which Concrete Flexural I I I 
Strength was Measured (7 or 28)--------------------------------+-7-r-8~ 

Indicate in column 8 for 7-day strength 

Indicate in columns 7 and 8 for 28-day strength 

8.3 Type of Concrete Flexure Test ______________________________________ ~~~ 
~ 

= 1 for flexural strength obtained by center point loading 

= 2 for flexural strength obtained by third point loading 

8.4 Concrete Flexural Strength (PSi)----------------------.---t~I--~I--,I-·-+I~1 
1112 1314 15 

8.5 Unit Weight of Concrete (pounds per cubic foot)-------,--~I---+I---+I--t-·-t---11 
?6 27 28 29 30 

8.6 Modulus of Elasticity at 28 Days (psi) ____ ~-+ __ • 
38 39 40 

8.7 Tensile Strength of Concrete (PSi)--------------------·--~I~-+1--41---+I-·-t~1 
41 424344 45 

8.8 Equipment Cost Per Lane Mile for Placing 
Concrete for the Initial Construction (dollars) __________________________ ___ • 

47 48 49 50 51 52 53 54 55 

8.9 Cost Per Cubic Yard of Concrete (dollars) 
156157158159 60 61 62 

• 
63 

* An additional card including only items 8.2 through 8.11 should be 
added for each concrete type. 

I 
64 651 

I 



8.10 Cost Per Lane Mile of Surfacing Concrete 
Pavement­
(dollars) 

- Finish, Texture, and Curing 

66 

, 
I 
67 68 69 

171 

• 
70 71 72 73 74 75 

Analysis Period (percent) ____________________________ -+ __ ~~-.~~~ 8.11 Salvage Value of Concrete at End of I I I I I I 
76 77 78798~ 
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CONCRETE DIMENSIONS 
CARD NO. 9 

9.1 Minimum All 
(inches) 

owable Concrete Thickness 

111112113114115 

9.2 Maximum Al 
(inches) 

lowable Concrete Thickness 

9.3* Practical Increment at Which Concrete 
Can Be Easily Poured or the Increment 
at Which the Solutions Should Be 
Made (inches) ________________________ __ 

21 22 23 24 25 

131132133134135 

16 17 

26 27 

36 37 

* The m1n1mum thickness for incrementing placement of thE! concrete 
should be .50 inch. 

• 
18 19 20 

• 
28 29 30 

• 
38 39 40 



MATERIALS, SUBGRADE 
CARD NO. 10 

10.1 Subgrade K-va1ue (pci) ________________ _ 

173 

• 
2 3 4 5 6 7 8 9 10 

10.2 Texas Triaxial Class Value 

10.3* Friction Factor Between Subgrade 
and Concrete 

I I 
131J 32 33 34 35 36 

10.4** Subgrade Erodabi1ity Factor __________________________ ~ 

• 
37 38 39 40 

10.5 Cost Per Lane Mile of Subgrade I I I I 1 I I I I I I 
Prepar a tion (do Hars) ------+-7-1+7-2+?-3+1 7-4-+1-7 5-+-76-+-77-+-7:-11-

7 
9---;1-

80
-1

1 

* See explanation on following page. 

** See explanation on following page. 
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EXPLANATIONS OF SPECIFICALLY INDICATED SUBGRADE 
MATERIAL VARIABLES ON CARD NO. 10 

10.3* Friction Factor Between Subgrade and Concrete 

This input may be left out if the design minimum subbaSE! thickness is 

greater than zero. If the minimum thickness of subbase is specified as zero, 

then a friction factor must be included. A general range for friction factors 

is shown in Table 11.1. 

10.4** Subgrade Erodability Factor 

This input may be left out if the design minimum subbaSE! thickness is 

greater than zero. If the minimum thickness of subbase is specified as zero, 

then an erodability factor must be included. The erodability factor for the 

subgrade material should be higher than that for subbase. An explanation of 

the subbase erodability factors is found on page 171, Fig 11 .. 1 and the same 

estimation technique should be used for obtaining the subgrade erodaility 

factor which should be between zero and three. Generally a "alue of 3.0 is 

input for the erodability factor of the subgrade. 



MATERIALS, SUBBASE 
CARD NO. 11 
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This card must be input, even if blank, in the case where the designer 
wishes to design without a subbase. In this event, all that is needed is a 
"1" in column 5. 

11.1* Number of Subbase Types -----------------------------------------1c=J~ o 
(Maximum number of Subbase Types is four) 

Include this input only for the first subbase type* 

11.2 Description of Subbase ------+1-6 +1-7 +1-8+1-9+I-lO-+I-11-t1-
12

-t1-
13
-lIf-

l
4-lIr-l---i51 

(Any combination of letters and/or numbers) 

11.3** Erodability Factor for Subbase -----------------------t--t--t---t-,Ir--I 
16171819 2~ 

11.4*''''* Friction Factor Between Subbase and I I I I I I 
Concrete -----------------t-2l---t-22T2-:-:-:--t2:-:-4t::2--:15 

11.5 Elastic Modulus of Subbase (PSi)--------t~I~~I--~I--~I--rl--rl--rl--rl ~I'-~I 
31 32 3334 35 363738 39 40 

11.6 Equipment Cost Per Lane Mile for 
Initial S 
(dollars) 

ubbase Construction 

11.7 Cost Per Cubic Yard of Compacted 
Subbase (dollars) 

41 42 43 

51 52 53 

-44 45 46 47 48 49 50 

-54 55 56 57 58 59 60 

11.8 Salvage Percent of Subbase at End I I I-I 1 I 
of Analysis Period (percent)----------------------~r--r~--~--~~ 

6162636465 
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11.9 Minimum Allowable Subbase Thickness I I I I I I 
(inches) ----------------+-66+~-7+6-:+-6-9+-7-iO 

1l.10 Maximum Allowable Subbase Thickness I I I I I I 
(inches) -----------------+-71+7-2+7-:+7-4+-7---'5 

ll.ll-J,"*** Practical Increment at Which Subbase I I I I I I 
Can Be Easily Placed (inches) ______________________ +--+ __ +-·-+ __ +_~ 

7677787980 

* An additional card including only items 11.2 through II . II should 
be added for each subbase type. 

** See explanation following completion of this card. 

*** See explanation following completion of this card. 

**** See explanation on following page. 



EXPLANATIONS OF SPECIFICALLY INDICATED SUBBASE 
VARIABLES ON CARD NO. 11 

11.3** Erodabi1ity Factor for Subbase 

177 

A theoretical attempt is made to evaluate the effects of systems loss of 

support characterized by a term "erodability factor." This factor essentially 

defines the size of the area of pavement slab which experiences a complete 

loss of support due to erosion. Based upon experience and engineering judge­

ment, three sizes and shapes of these areas, as explained in Fig 11.1, are 

chosen under a standard slab to define the erodabi1ity factors of one, two, 

and three. 

Theoretically Ef should be a function of factors such as precipitation, 

amount of water on and under the pavement, erosion, cross slope, grades, joint 

patterns and sealing efficiency, subbase materials, subgrade, compaction, slab 

thickness, and traffic loads and their repetitions, etc. 

11.4*** Friction Factor Between Subbase and Concrete 

The friction factor variable is a coefficient which expresses the ability 

of the subbase to develop frictional forces which oppose contraction and ex­

pansion movements. In a study run for the Texas Highway Department, the 

factors shown in Table 11.1 were suggested for use. 

11.11**** Practical Increment for Subbase Placement 

This input should have a minimum value of 2 inches for a granular type 

of subbase and 1 inch for a stabilized subbase. 
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TABLE 11.1. FRICTION FACTOR VALUES 

Subbase Type Subbase Coefficient 

Surface Treatment 2.2 

Lime Stabilization 1.8 

Asphalt Stabilization 1.8 

Cement Stabilization 1.8 

River Gravel 1.5 

Crushed Stone 1.5 

Sandstone 1.2 

Natural Subgrade 0.9 
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Fig All.l. Slab and support conditions for erodability analysis. 



180 

MATERIALS, BAR STEEL - LONGITUDINAL 
CARD NO. 12 

(Include this card only if input 2.3 is equal to 1 Clr blank) 

l2.l(a) Bar Steel Identification Number 
1 

(Any combination of letters and/or numbers) 

l2.l(b) Tensile 
(psi) 

Yield Point Strength of Steel 

(No decimal required) 

2 
I 

3 4 1 5 6 7 

11 12 

8 9 10 

=1 . 
13 14 15 

l2.l(c) Cost Per Pound of Bar Steel (dollars I I I I I I 
per pound )--------------+-~-6+-l-7 1-;--18 -19-+----l20 

12.2 (a) Bar Steel Identification Number ----t-~--tI--+I-~-+---t--+--+--f---4 
21 22 2324 25 26 27 28 29 

(Any combination of letters and/or numbers) 

12.2 (b) Tensile Yield Point Strength of Steel I I I I I I 
(psi) -----+-3l+-+-~233+--+--1343S 

(No decimal required) 

l2.2(c) Cost Per Pound of Bar Steel (dollars 
per pound)----------------------------+--r 

36 

l2.3(a) Bar Steel Identification Number-----+I-t-~~I~,+--+-r--
41424344 45 

(Any combination of letters and/or numbers) 

12.3 (b) Tensile Yield Point Strength of Steel I I I I I I 
(psi) ---------------+5-1+-5-2+-5-3+-5-4+-5---1

5 

(No decimal required) 
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l2.3(c) Cost Per Pound of Bar Steel (dollars I I I I I I 
per POUnd)------------------------------~-56~~5-7r;-8+~-9~-60~ 

12 .4 (a) Bar S tee 1 Iden tif ica tion Number-----+I-t---1If--+I-t---1l-t-It---tI-+I--I1 
61 6263 64 65 66 67 68 69170 

(Any combination of letters and/or numbers) 

l2.4(b) Tensile Yield Point Strength of Steel I I I I I I 
(ps i) ------------------,1t-7l--i-72-+-73-+-74-+-----l7 5 

(No decimal required) 

l2.4(c) Cost Per Found of Bar Steel (dollars 
per pound) 
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MATERIALS, BAR STEEL - TRANSVERSE 
CARD NO. 13 

(Include this card only if input 2.3 is equal to 1 or blank) 

13.1(a) Bar Steel Identification Number ----+--+----If--
1 2 3 5678910 

(Any combination of letters and/or numbers) 

13.1(b) Tensile 
(psi) 

Yield Point Strength of Steel 

(No decimal required) 

ill 12 13 14
1
15 

13.1(c) Cost Per Pound of Bar Steel (dollars I I I I 1 I 
per pound) ------------.--+-16+-17+1--8+-1-9+-2-1

0 

13.2(a) Bar Steel Identification Number 
121122123124 2S 

(Any combination of letters and/or numbers) 

13.2(b) Tensile Yield Point Strength of Steel 
(psi) 

(No decimal required) 

13.2(c) Cost Per Pound of Bar Steel (dollars 

26 27 

per pound)--_____________________________ ~-+--

28 29 30 

13 .3 (a) Bar S tee 1 Identification Number -----~II--+I-t--+I-1--+---+-+--+---+--l 
41 4243 44 45 46 47 48 49 50 

(Any combination of letters and/or numbers) 

13.3(b) Tensile 
(psi) 

Yield Point Strength of Steel 

(No decimal required) 

51 
1

52 53 54 55 



l3.3(c) Cost Per Pou 
per pound) 

nd of Bar Steel (dollars 

56 57 

183 

• 
58 59 60 

l3.4(a) Bar Steel Identification Number-------4�--t--t~I~~I--t--t~I--~I--t~1 
~l 626364 65 66 6768 69 70 

(Any combination of letters and/or numbers) 

l3.4(b) Tensile 
(psi) 

Yield Point Strength of Steel 

(No decimal required) 

71 72 73 74 75 

13.4(c) Cost Per Pound of Bar Steel (dollars I I I I I I 
per POund)----------------------------~-76~-77-r;-8~7-9r8~O 
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MATERIALS, WIRE MESH 
CARD NO. 14 

(Include this card only if input 2.3 is equal to 2 (tr blank) 

14.1(a) Wire Mesh Steel Identification Number I I I I I I I I I I I 
1 2 3 4 5 6 7 8 9 l~ 

(Any combination of letters and/or numbers) 

l4.l(b) Tensile 
(psi) 

Yield Point Strength of Steel 

(No decimal required) 

11 
I 

12 13 14 15 

(dollars per pound) • 
l4.l(c) Cost Per Pound of Wire Mesh Steel I I I I I 

~617l8l92~ 

14.2(a) Wire Mesh Steel Identification Number--ll_+l_r-+I-+--+--+-+--I--I--
211222324 25 26 27 28 29 30 

(Any combination of letters and/or numbers) 

14.2 (b) TenSile Yield Point Strength of Steel I I I I I 'I 
(pSi)-----------------+3-l-+3-2+3-3+3-4+3-15 

(No decimal required) 

14.2(c) Cost Per Pound of Wire 
(dollars per pound) 

Mesh Steel 

14.3(a) Wire Mesh Steel Identification Number 

(Any combination of letters and/or numbers) 

36 
• I 

37 38 39 40 

14.3(b) Tensile Yield Point Strength of Steel I I I I I I 
(psi) ------------+-51-+5-2 1-53+5-+4 ~--I55 

(No decimal required) 



14.3(c) Cost Per Pound of Wire Mesh Steel 
(dollars per pound) 

14.4(a) Wire Mesh Steel Identification Number 

(Any combination of letters or numbers) 

14.4(b) Tensile 
(psi) 

Yield Point Strength of Steel 

(No decimal required) 

14.4(c) Cost Per Pound of Wire Mesh Steel 
(dollars per pound) 

61 62 63 64 

185 

65 66 67 68 69 70 

71 72 73 74 75 
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MATERIALS, TIE BAR STEEL 
CARD NO. 15 

(Include this card only if input 2.3 is equal to 2 or blank) 

l5.l(a) Tie Bar Steel Identification Number __ -4 __ +-~ __ 
1 2 3 

(Any combination of letters and/or numbers) 

l5.l(b) Tensile Yield Point Strength of Steel I I I I I 1 

(psi) ---------t--
ll

+--
12

+--; 13+--l4t---1
l5 

(No decimal required) 

l5.l(c) Cost Per Pound of Tie Bar Steel I I I I I I (dollars per pound) ____________________________ , __ +-_+--~·~_+~ 
16 17 1819 20 

l5.2(a) Tie Bar Steel Identification Number 
121122123124i25 

(Any combination of letters and/or numbers) 

l5.2(b) Tensile 
(psi) 

Yield Point Strength of Steel 

(No decimal required) 

26 

31 

27 28 29 30 

32 33 34 35 

l5.2(c) Cost Per Pound of Tie Bar Steel I I I 1 1 I 
(dollars per pound) ------------------------------~~_4-._+--~ 

36373839140 

l5.3(a) Tie Bar Steel Identification Number 
141142143144 

(Any combination of letters and/or numbers) 

l5.3(b) Tensile 
(psi) 

Yield Point Strength of Steel 

(No decimal required) 

45 46 

51 

47 48 49 50 

52 53 54 55 
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15.3(c) Cost Per Pound of Tie Bar Steel I I I I I I 
(dollars per pound) ------------------------------+-~_4-._+--+_~ 

5657585960 

15.4(a) Tie Bar Steel Identification Number----t~I--~I--t--t~I~1--t--t~I~1 
61 6263646566676869 70 

(Any combination of letters and/or numbers) 

15.4(b) Tensile 
(psi) 

Yield Point Strength of Steel 

(No decimal required) 

15.4(c) Cost Per Pound of Tie Bar Steel 
(dollars per pound) 

71 72 73 74 75 
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MATERIALS, STEEL SIZES 
CARD NO. 16 

16.1 Leave all 16.1 inputs blank if input 2.3 is equal te. 2. 

16.1(a) Bar Number To Be Tried ------------___ -+---.JI-

16.1 (b) Bar Number To Be Tried _______________ -+--1_ 
6 7 

16.1 (c) Bar Number To Be Tried -------------.---ll---ll-+I-t-~---i· .1 

1112113 14 15 ) 

16.1(d) Bar Number To Be Tried • 
16 17 18 19 20 

16.2 Mesh Sizes To Be Tried 
Leave all 16.2 inputs blank if input 2.3 is equal to 1. 

16.2(a) Spacing of Longitudinal Wires (inches) ----------t-t---lII-·-41-1~1 
2122232425 

16.2 (a) Spacing of Transverse Wires (inches) ________ _ 

l6.2(b) Spacing of Longitudinal Wires (inches) --------t-t-t-e--ll--+I----,]· 
3132333435 

l6.2(b) Spacing of Transverse Wires (inches) 
13613713: 1391401 

16.2(c) Spacing of Longitudinal Wires (inches) -----------+-~---ll__+-_+~ 
41 42 44 45 

l6.2(c) Spacing of Transverse Wires (inches) • 
46 48 49 50 



189 

16.2(d) Spacing of Longitudinal Wires (inches) 
, 

51 52 53 54 55 

16.2(d) Spacing of Transverse Wires (inCheS)----------------~I--t--t-·-~~I~1 
56 57 58 59 601 

16.3 Leave all 16.3 inputs blank if input 2.3 is equal to 1. 

16.3(a) Tie Bar Number To Be Tried • 
61 62 63 64 65 

16.3(b) Tie Bar Number To Be Tried ________________________ _ • 
68 69 70 

16.3(c) Tie Bar Number To Be Tried • 
74 75 

16.3(d) Tie Bar Number To Be Tried -------------------------41--+1--~1--1~11-·-;1 76 77 7879 80 
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OVERLA YS, MATERIAL DATA 
CARD NO. 17 

17.1 Equipment Cost Per Lane Mile for Asphalt 
Concrete Overlays (do11ars) __________ -+ __ ~_+--

1 2 3 

17.2 Cost Per Cubic Yard of In-Place Compacted 
Asphalt Concrete (do11ars) ____________ +--+ __ +--r 

11 12 13 

(Omit this input if input 2.2 is equal to 1) 

• 
6 7 8 9 10 

17.3 Salvage Value of Asphalt Concr 
of Analysis Period (percent) 

ete at End 

121122123124125 26 27 
• I 
28 29 30

1 

(Omit this input if input 2.2 is equal to 1) 

17.4 Asphaltic Concrete Modulus Value (PSi)---4I~+I--~I--~~I--+-~--r--r~-·~ 
31 32 33 34 35 36 37 38 39 40 

(Omit this input if input 2.2 is equal to 1) 

17.5 Production Rate of Compacted Asphalt • 
Concrete (cubic yard/hour) ------------4--+--+-~--Ir-4-_+--~~~__, 

41 42 

(Omit this input if input 2.2 is equal to 1) 

17 .6 Concrete Production Rate 
(cubic yard/hour) 

(Omit this input if input 2.2 is equal to 2) 

17.7 Concrete Coefficient 
Engineers Formula 

for Corps of 

= 0.35 for badly cracked slabs 

= 1.00 for slabs in excellent condition 

161 

(Omit this input if input 2.2 is equal to 2) 

17.8 Any Additional Cost Per Square Yard for 
Overlay Construction (dollars) 

62 

47484950! 

55 56 57 9 60 

• 
63 64 65 66 67 68 69 70 



18.1 

18.2 

18.3 

* 18.4 

"/. 
18.5 

* 

OVERLAYS, CONSTRUCTION DATA 

CARD NO. 18 

191 

Military Hour of the Day When Overlay Construction ~ 
Begins -----~ 

(If only one digit place in column 10) 

Military Hour of the Day When Overlay Construction ~ 
Ends -----~ 

(If only one digit place in column 20) 

Number of Days Concrete Must Cure Before Traffic ~ 
Is Allowed ------~ 

(If number of days less than 10 place single digit 
in column 30) 

Total Number of Lanes To Be overlaid __________________________ ~ 
(If number of lanes less than 10 place single digit ~ 

in column 40) 

Total Overlay Length In One Lanes (miles) 

(indicate length to nearest tenth of a mi le) 47 

EXPLANATIONS OF SPECIFICALLY INDICATED OVERLAy CONSTRUCTION 
VARIABLES ON CARD NO. 18 

• 
48 49 50 

18.4 - 18.5 Overlay Construction Inputs 

The total number of lanes to be overlaid will be multiplied by the total 
overlay length in one lane to obtain the total length of pavement to be over­
laid. Therefore, if the number of lanes to be overlaid is 3, but the lengths 
of overlay in each lane are not the same, then input total number of lanes 
equal to "1" and input for total overlay length the amount of three projects. 
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JOINTS 
CARD NO. 19 

19.1 Cost Per Foot of Transverse Joints -

Dowels, Sawing and/or Sealing, etc. I I I I I I I I I I I (dollars)~~~l 2~3 4-~5 6~7 :~9l0 

19.2 Cost Per Foot of Longitudinal Joints, 
Excluding Cost of the Bars (dollars) 

19.3 Transverse Joint Spacing To Be Tried 
for Jointed C 
Value (feet) 

oncrete Pavements, Lower 

19.4 Transverse Joint Spacing To Be Tried 
for Jointed C 
Value (feet) 

oncrete Pavements, Upper 

19.5 Increment in Spacing To Be 
Transverse Joints (feet) 

Tried for 

19.6 Number of Transverse Construction or 
Warping Joints Per Mile Provided for 
Continuously Reinforced Concrete 
Pavement (> 0) 

(Place last digit of number in column 70) 

111112113114 15 

31 32 33 34 35 

41 42 43 44 45 

151152153154 55 

• 
16 17 18 19 20 

• 
36 37 38 39 40 

• 
46 47 48 49 50 

• 
56 57 58 59 60 



MAINTENANCE, DIMENSIONS, AND MISCELLANEOUS 
CARD NO. 20 

20.1 Days of Freezing Temperature Per Year __ -+---+_+--+----+_ 
1 2 3 4 5 

20.2* Composite Labor Wage ( 
hour of maintenance) 

dollars per unit 

20.3* Composite Maintenance Equipment Rental 
Rate ( 
nance) 

dollars per unit hour of mainte-

20.4* Cost of Mater 
operation) 

ials (dollars per unit 

20.5 Rate of Interest or Time Value of Money 

I 

11 12 13 14 15 

21 22 23 24 25 

31 32 33 34 35 

• 
16 17 18 

• 
26 27 28 

• 
36 37 38 

(percent per year) ----------t---t--t-+--+----l-+--+-
41 42 43 44 45 46 47 48 

20.6 Width of Each Lane (feet) --------l--+-o!---l--+-

193 

9 10 

19 20 

I I 
29 130 I 

39 40 

20.7 Total Number of Lanes in Both Directions -_-___________ 1---1--1 

79 80 

(Place last digit of number in column 80) 

* See explanation on following page. 
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EXPLANATION OF SPECIFICALLY INDICATED MAINTENANCE 
VARIABLES ON CARD NO. 20 

20.2-k Composite Labor Wage 
20.3* Composite Maintenance Equipment Rental Rate 
20.4-k Cost of Materials 

These variables may be specifically calculated using the procedure 

outlined by NCHRP Report 42, entitled "Interstate Highway Maintenance Require­

ments and Unit Maintenance Expenditure Index." The following values are 

recommended at the present: 

Composite Labor Rate 

Composite Maintenance 
Equipment Rental Rate 

Material Cost 

= $2.20/unit hour of maintenance 

$2.72/maintenance unit 

$1.00/unit operation 



CONFIDENCE LEVEL VARIABLES 
CARD NO. 21 

21.1 Percent Coefficient of Variation 
Flexural Strength of Concrete 

of 

21.2 Standard Deviation 0 

of Concrete (psi) 
f Elastic Modulus 

11 

21 

12 13 14 

22 23 24 

195 

• 
15 16 17

1
18 19 20 

·1 
25 26 27 28129 30 

21. 3 S tanda rd Deviation 0 f S ubgrade K -va lue --+-+--+----+-;---+---t-

21.4 Standard De 
Factor J 

viation of Continuity 

21.5 Standard Deviation of Initial Service-

41 

ability Index, Pl __________ + 

21.6 Standard Deviation of Terminal Service­
ability Index, P2 

21.7 Standard Deviation of Thickness of 
Concrete (inches) 

42 43 44 
• 

45 46 47 48 49 50 

• 
55 56 57 58 59 60 

• 
65 66 67 68 69 70 
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RPS-3 PROGRAM LISTING 
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POO(';SfAl"t RPS:,\[I~I~UT. uUTpUT. TAPt.~ S INPUT. TAPEb. lll'TPUT, 
el)""ON IMAl'lII AVGU30). ATf:j~F I,). BAR'H.). 

I eO'lVI121. neH.'. ClS141t eOO(30.2)' COOFI;'.,,), 
2 CO~ANIII). r.oSOV<ll). COT~IIII. CPCVC(6)' c~CY5i4). 
3 CPp~SI8). cpPTS(4). epp.~I'), CSCI6', CT~AHill" 
4 CTOV~Rlll'. CTTI"""!H) , DIALI"" 01A"14). OIATI"'. 
~ E,," 1'''1''', Esr.). ESLI41. F.sl'I,,'. 
& LIfJU). L?IJOh LFT,." HANT(4). NAr30,. 
7 NA~EI~,J). '1AHEB518'JI'~A~ETS<4.3).N'HE~SI4.3).NC~TI4). 
~ Nr.nLl~130). 'jf)(b). NOLT(4" NP(61t NToeT(4). 
Q'ITHTI4',. ",,,TI41t ~TOTi'). NTOTQ"H. 0\111>131, 
I OVN"''' (6) • PI (12). PIIIOI':', PVNAM'61. RI>Il'.2), 
? RNFI~121. ~~FNAH(6), SINeI4" SL141. SPAC(4). 
l SPACLI4,. SPACTI',. 5pTIEI4,. STI4,. 5X16, •. 
4 V~XI6" ~xD(b)' SXOAT(6.21. 5XO.12.2). 5XSOlb" 
5 T.URN(41. TCT"1l1). TCTOV(l1l. TCTTO(l1l0 T><OVIJI). 
~ T"oV T lll1o TITLI'fl51o TSlbl. TSMU(4). T~~IHI4" 
7 TT~SI"" TYSeSIS). TvSTS(4). TVSIISI"" ~CI~', 
A wHnIV', ~COTI201' KINlb,. PSVClbl. PSV~I~l. 
... <ooE(4). r~NFI1" ZZCO",Fl1lt LEVELI7, 
en~~o'" I~AIN21 ~AI30l. CCIJOI, C1(30), CJI10'. 

I CMI3U), CO(301. ~R1301t CSB.JU,. 
Z C"PIJOI. CSR(30). CTIJOI. CT8(10). 
3 11>1311'. TA(30!. J~AI3UI. J"'RI10lo 
4 MeIJU). "I A(JOI, MS110," "'TBI30). 
5 NMBt~." N~130). ~ppI3Ul. PLFt3a,13', 
b RI ~(30.'1. 'HN(~O.4). RUI3U,4" STJIJO,. 
7 TM~I.U"l. TSSPI1U.4,. TC130', TCT(30). 
~ T~II~(JOI 
CO"'~ON IREINFUI KRCK.CpFLJ.CPfTJ.IDRF'JM.J~.JP. 

10(30). 
JPRI3QI. 
HTAI3"1. 
RL"13~.4)' 
SIJt!ov(10)' 
T.I( 30,121 • 

I .OUNTl, ~OlJ"TZ, KOU",T3, KOUNh. KOU~T5. KOUNT", 
I KOVNT7. NC~3, "'JM. NLT, SLY' 5PI",C. SPTJ. 
I ",U" T"cc. ~L. XNJM. M~OLR. ~NOTR.MNOTR 

COMMON/ARRAYI ~pSvR.CTC.CTIN.CTJ.cTRF.CTSB.eTsp.CTSw.CTTR.KK. 
I LPL.M",OC.MNOS,"'ODlS.NREQ.",A2.TMSS.LM 

COMMON ILIFI Pro PSS. XJ. ToPKE. ~T. THETA, SACT. 
I VTMCC. VTOPKE. VE. VXJ. Zi. VPI. VP2 

COMHON IHA"'CI CERR. CLW. CMAT. D'TV 
COMMON ITOCI HpnC.Pvso.pVs .... OEaO.DEQN.AAS •• SoO. 

I AS",O. "IOOl';'L. DTSO. DTSN. uoOZ. NOLO, NOLN. ADT 
COMMON IALLI AP.AOTGR.ITVPE.RIHT'NOAVCU.looV.ALANES.OVEPLEN 
COMMON I INPUT I ACE.ACPR.AGF.8 0M IN.CINC.CIOV.CM'X.COEF.CPCYAC. 

I cPLMSG.CPR.ODF,OFL.050.EFSG.EOF'ESO.ffSG.IKOU"T.ILEVFL. 
2 ISX.Kl'K2 •• ~.M.MAXO.NC'~L.NLCK.NPRO&.NSB' 
3 nF~IN.OMAKA.OMAXC.OMINA.OMINC,PO~.PSN •• PSVAc.Psxsn. 
4 Pj'PISO.P2~0.SGE.SGEL.5GK.TCMAX.TCMIN.THLEV.TMAX. 
5 TTC'W~W'lJ~~.xKSU 

COMMON I OUTPUT I KANAL.KFU~O.KLIF,KLIFE.K~EJ,K5U~.NN.NNC.N"'R. 
I ,."T,NOIO.NOIN 
COM~ON INUMI NI.N2 
I1E'1 Kll. K:?? "I. HZ, M3. "CODE. LAMOA. Nl. HI! 
DATA COO[/3"SIN. 3HTAN. 3HGLE. 3HOE" I 
n.TA OVIO/4H A~.4H CC.4HNQNEI 
04T. PVIO/3HJCP.3HCRCI 
UATA Rul3H RU. !" HA. 3MRAL'. 3HeAN I 
DATA RNFID/4HS4RS.4HMESH/ 
04T. SXDA/1HCEN.lH TH.1HTEQ.3HIRDI 
OATh CUN'/SO.O, 80.0. 95,0, 9Q.U. 99.9, 99,99, 9~.99q/ 

I 
2 
3 
4 
5 
6 
1 
II 
9 

10 
11 
Ii! 
11 
14 
Ie; 
16 
17 
18 
19 
20 
ZI 
U 
23 
24 
25 
2b 
i!7 
28 
Z9 
10 
31 
U 
33 
;;4 
35 
lb 
37 
J8 
J9 
4U 
41 
4Z 
43 
44 
45 
4b 
47 
4H 
40 
5U 
51 
52 
'53 
5. 
55 
<;6 
51 
!i8 

c 
C 
C 
C 

10 

4Zn 

4~O 

4"0 

Sin 

520 
C 
C 
C 
C 

C 
C 
C 

!Un 

DATA L~VEL/IHA. IHR. IHC' IHO. IHE' IHF, IHB I 
DATA lZCONF/o.n. O.8.1~. 1.b4~Ut 2.JZ61. 3,°9°, J.7S, .,S, 

CONTINUE 
CALL INPUT 11.,',NC51.Ne52,P5"I,PSN2) 
INI&Nj+,5uoooO! 
IN2.N2·,5000001 
CALI. INITIAL U,J.L,HORI.NCSI.NCSli!.NCS2) 

IF INe51 ,f~, 21 GO TO 42U 
XJ IE '\ 2' 
IOpV .'1 

GO TO 430 
xJ • ? 2 
HlPV • 2 

CALL NUMBER II.~INDI 
CALI TRAFFIC 161 OGIOtl.J,KLI'CK,PSNZI 

00 1200 T • I. NC 

1 
2 
J 

MNOC • I 
eTC. j 0/11760.U-WLla\CICII),CSCIII,.CPCYCITI/Jb. 

*THee 
00 12bO J • 1. NS8 

14"'05 • J 
KkC~ • I) 

CHECKS THE HEINFORCEMENT FROM ~EING DESIGNED MORF. 
THAN o'lCE wiTH THE INCRfHENTS OF SUBBASE THICK~ES5 

rH5B • TSMINIJ) 
TH"AX. TSMUIJ) 

TF I ITHCC'T~SB) .LE. T.A~) uO TO 520 
KAEJ • KREJ'l 

c;0 To 121)0 
KSUB • "suB' I 

IS A COUNTE~ TO GIvE THE NUM8E~ OF SUCH OESIGN~ 
lOUT n, ALL TME POSSISL[ D[SIGNSI WHICM DO MEET THE 
MINIMI,,, INITIAL THICKNLSS REQUIREMENT 
CTS8 • CPCyS(J,/Jb.OaTHS~.CISIJ).3.1)/11760,O.Wll 

ESJ • l!SIJ' 
teEF • EF (JI 

START EQUaTIONS FOR FINDING K AT THE ToP OF THE SU9BASE 

IF ITMSB .[0. O.Ol GO TO SbO 
El • IALOGI0IESJI·,.OS,/O.l!i 
E2 • E1.*2-4 .O 
EJ • I.O/6,O*IEI*-'·1,~·EI) 
MI • ,~GE_8100 )!1,00 • 
.. 2.1.0/8.0a l\,oaMl.*l-J5.01 
,,3 = 1.0/24,Oa,5.0aMl*-'-10I,OaMII 

IF ITHSs IT b.6' GO TO 53U 
TF ITHS8 :l': 12.01 80 TO 5"0 
GO TO SSO 

Tl • 
TZ • 
TOPK 

ITHS8~3.0'/3.0 
1 0*Tl __ 2.2,' 
• ·J8"7620Z·'9.~97~-TI'8,58994.T2.27.06111·EI 
.3.982BS_EZ.S,S5014aE3.b6,4824S.MI-l.60374-"2 
.n. 43241*Ml.ll.01u86-TloEI·4.405J9-TI*E?'·!i.05164 
aTI*EJ.1.08264a Tla"l_l.3S1 5 1_TlaM2. 4 .0096Q*T2 

.;9 
60 
61 
62 
b3 
1>4 
b5 
66 
"1 
MI 
b9 
70 
7l 
72 
13 
74 
75 
76 
17 
18 
19 
80 
81 
82 
83 
84 
85 
8b 
117 
1111 
89 
90 
'II 
92 
93 
94 
9'5 
96 
97 
98 
90 

100 
101 
10Z 
103 
104 
11)~ 
106 
101 
lOS 
109 
110 
III 
liZ 
113 
114 
115 
lib 



C 
C 
C 

570 

58n 
C 
C 
C 

? 
3 
4 
5 
6 
7 

I 
2 
3 
4 

" 6 
7 
8 

1 
2 
3 
4 
5 

t;O TO 570 

'~lo00~2254·T2·EZ·1.IZ.94·TZOMI+3.555640Eio"l 
_o.3865S0EloM2+0.3bI7IoE2oMI_O,1978SoE2oHZol,OS619 
0~30Ml·~.219050Tlo£I°HI_O.455S3·TloEI·MZ·0.471~9 
oTloE~·"1-0.179130TloEZoM2+0,66341·T2·EloNI 
0-,.109990T,,0£20"100 .13 .. 51°£1 0"3,0.137860Tlo£1 
... ,3+0.Z4fi15 itTl-... J 

T1 • fTHSR.9.0)/3.0 
T2 = J.ooTlool_2.0 
TOPK • 578.bI706'11~,160.00TI'108.03355'El'13.39099 

oFl+13.090830 E3.aS,3970I o"I_7.0893SoHZ+l.l463R 
oM3+45.9440loTlo£I+4.573280TloEZ+2,~2"030!1 
0£3.13.810480Tlo"I_2.9'670TloM2+0.58481oT\0"3 
.15,35~Z .. oilo"I-I,45862oEloM2'0.39667·Elo"3 
.1.5452!oE20HI-O,450ZZo[ZOH2+0,070240EZoH3.,.35879 
0'30HI06,9Z72SoTloElOMI_0.56362oTloEI'~Z.n,I?9'2 
oTloFloH3.0.60521°Tlo£zoMI_0.09651°TloE?ow2 
.n.!>932,oTZ 

GO TO 57(, 
T! • 
T2 • 
TOPK 

aO TO 570 

,THSfI-IS.01/3.0 
'.O-Tl··Z .. 2.0 
• 810,62222.II'.988180TloZOO,53012oEI.23.Z0865 
oEZ·18.7.7130[J·116,4985.oMI-13.381440MZ'2.~625 
OM3.46.53830oTIOEI.I.3468~OTloE2.2.751810il 
0~J·14.IS!430TIOM1-J,30Z!40TIOM2·0.712330TI 
0~3·29'3.8.uo(I.MI·2·93899·EloM2·0.73782°FI 
0~J'2.q'8060E!.MI·O.7Z~3~oE20H!.O.1617eo[10N3 
'3.19113·!)·~1·0,S3~670F~OHZ·7.080S00TloEloMI 
_fl.q2J83orlotloHI,O.19601.TI-EloM,.0.8819AOTI 
of20HI_0.1666 •• TI-(2oM2 

TUPK • 50£/23.921 
EEF' .. EFS' 

STAMT (QUAT IONS FOR FINDING K AT rHl TOP AFTER EROOA81LITY 

FF'SB I 11 • "S8 
IF IEEF .Eo. 0.01 80 TO 580 

E'1 • (EE'-l,SI/O.! 
EFl • (E'10.1_5.01/ •• 0 
[" • (I.O·(Fl··J·.I.O"EF'I)/!!.O 
XL~ • AL0810(TOPK) 
lLO~ • IO,O.(lLK-I.31 
~LOK2 • (xLOK.ol.II.'1/4,O 
XLOK3 • (XLOK.oJ-J7.0.~LOKl/l2.0 
TOPKEL • 1.68~37-0.210!9·[Fl.U.0068IO[F2'0.02305 

of'3.0.080S70XLOK.0.004780XLOK2·0.00175·_LOK3 
~0.01030·[FI·XLOK·O.0015IOEF'loXLOK2·0.00S~3 
°t,ZOXLOK.0.00S48°EF2°XLOK2.0.00S630EF30XLOK 
.o,Oq3810[Fl~XLOKc.O.OOI16o[F'30ILO~3_0,OOI88 
°FFZoXLOK,-0.OOO.3·E'l oXLOK3 

TOPKE • 10.OooTOP_EL 
(>0 TO 590 

TOPKE • TOPK 

T~IS FINISHF5 THE TR[ATM(NT UF' K VALuE 

117 
118 
119 
12u 
121 
122 
\23 
1i!4 
125 
1211 
127 
1211 
129 
IJO 
III 
!32 
III 
134 
13~ 
136 
117 
138 
139 

)40 
141 

~U 
1"-
145 
146 
147 
lU 
149 
IS. 
1~1l 
152 
153 
154 
ISS 
156 
157 
15A 
159 
16U 
11>1 
16l 
11>1 
I" 
16S 
11>1> 
167 
168 
11>9 
170 
171 
) 72 
173 

C 
C 

"on 
C 
C 
C 

C 
C 
C 
C 
C 

91~ 
C 
C 
C 
C 

9Zn 

PL (II • 0.0 
CALl AuE2 (PI. THCC, PL(2l. SXOfIIo £(11, PL(Il. OFHI .... VSXfll1 

IF (PLf21 .t;E. flf.MINI GO TO 600 
KLIFE • KLlFE'1 

KLlfE CUUNTf" Of OESIGNS REJECTEO IIY l"'lTlAL LIFE "ESTRAI~T 
GO TO 1250 

KLIF c KLIF'I 

KLH IS THE NUH8£R OF SlICH D~~IGN5 .HICI'I PASSEO THE TI"" TO 
T~E Fl~ST OVERLAY RESTRAINT 

PL!l1 c 0.0 .. 
PLP " PUZI 

IF fPLP .GE. AP) PLP • AP 
CALt MANCE (PLfll, PLP, COMANO)) 
CALL Rll'lF (I, J,CT IN,CTC,CT J,CTIIF ,CTSP,CTTB,CTsa) 

If fCTIN .~T. CMAX) GO TO 1250 
KFuNO • KFUNO'I 

KFUND IS T~E NUMBER OF SUCH DESIGNS WHICH PASS THE 
RESTRAINT OF THE ~AXIHU" INITIAL FUNDS AVAILABLE 

Lf04 • ~ 
IF ((NCSI ,FQ. 01 .AND. fXJ .Ea. 2.21' LH • 1 
TF (lLJ .EIl, 2.21 .A'IO, (NCSij ,Eo. 01, Lf04 • ! 
IF (NCS2 .EO. 01 .ANO. ('1CSI .NE. OIl LM • 0 
IF (PL(Z1 .LT. ~p) GO TO 910 

L • I 
LPL • L,l 
IDoV • 1 
KLFCK • KLFCK'! 
KANAL • KANAL' 1 
COTR(1I • Q.O 
COSOl/(11 • 0.0 
THol/TIII • 0.0 
PLfll • 0,0 
TH(lVtl) • 0.0 

GO TO 1100 
IF (OFHIN ."E. API aO TO 1250 

K(ND IS THF NUMBER of DESIGNS WHICM PASS ALL RESTRAiNTS 
WITHI~ EACH COMII~ATIDN 

KINO. KINO., 
NTHICoc • 0 
NTIME • 0 
NODES • 0 
NDUEL • 0 
'ICONS • 0 
LIFC~L • 0 
MAN CAL • 0 
NTOCAL • 0 
eOTAil' • 0.0 
COSOV 1 11 • 0,0 
THOV!ll • 0.0 
THOVTll) • 0.0 
PL(1l • 0.0 

175 
176 
117 
178 
179 
180 
181 
11;2 
II! 3 
184 
185 
186 
181 
1811 
189 
190 
191 
1\12 
1"3 
194 
1'15 
196 
1'17 
19~ 
199 
200 
;!Ol 
7.02 
203 
20. 
205 
Z06 
l07 
ZU8 
209 
210 
ZII 
ZI2 
ZI3 
Z14 
215 
21" 
ll1 
21S 
2\9 
220 
221 
212 
223 
iii!. 
225 
226 
227 
22A 
229 
230 
231 
232 

I'-,) 

o 
o 



I 
2 
J 
• 
5 
6 

9JO 

~40 

90;0 

9M 
C 
C 
C 
C 

97n 
980 

9q n 
C 
C 
C 
C 
C 

1000 

C 
C 
C 
C 
C 
C 
C 
C 
C 

1010 

C 
10;>0 

lINeR. 0,5 
IF (NCSZ .f". 11 GO TO 9JO 

OMIN • OMtl'l4A 
OMAJI. • OHAXA 

FIHST BlOC" OF EQUATIO~S 
,F ( OMINA.F:Q, 0,0 ) 00 TO 'aI.o 

Ell ,ACE"-450000.0,n!>0000.0 
E~c g 3.0-El1-.2-1.0 
lJII • THCC-9,O 
022 • 1.O/4.0.(Oll •• 2-~.O' 
033 • 1.O/lc.Oe,s.n-Oll •• 1-41.0eOll) 
KII • ,Al0810(TOPKE'-Z,301031/0,6989 
K22. J.oet<11-.Z-2.0 
~FOV e 11.770J3.U,T940~eEII.0.05925.EZZ.U,~32'6eOII 

.o,UJceOZZ·U,S545eKll.0.1155eKzz-o,OI~52eEII 
oDII-O,15887e Elle'II-0.oZ9Zl e Ell e KZZ·O,00713 
efZZeOII.o,OI438eEZzeKII-o,03193eOlleKII_n.0;>356 
eOlleK~Z·o,U43eUZ2eKII.O,OI433eOzzeKZ2·0,oZZ28 
eFll e olleKII.0.00814eEll e olleK2Z-,OZZJ8eEII 
eozze~ll 

roO TO 940 
OMI~ • OMINe 
OMAX • O"A~C 
l a I 
L • L., 

IF (l-9, 970,970,960 
NOUEl ,; NOUEl.I 

NDutl IS T~F NU~8ER OF TI"ES THE TOTAL NUMBER OF Oy,RlAY5 
REQUTQEO WERE "ORE THA.' THE 1I&lIMUM NUM8ER SP[CIFI,o 

GO TO 1000 
THDVllI • OMIN 
THOVT'l' • THOyTIl-I,·THOYIl' 

IF I niOVT I L I ,8T. 0,,&1) GO TO 990 
eO TO 1020 

NTHIC •• NTHICK.l 
NTHICK IS THE NUMSER 0' TIMES THI MAllMUM TOTAL OVERLAY 
THICKNESS RFSTRAINT WAS HIT ~HllE THE STRATEay WA~ TRVING 
TO REACH THF ANAlVSIS PERIOe 
GO TO BACK ~F' TO THE PREYIO' OVERLAY THICKNESS AND INCREASE 
IT ~Y THE SPECI'IEO INCREMENT 

l : l-I 
IF Il .lE. ), GO TO 1230 
THE A80YE ~TATEMENT QUITS TH, OYERlAYINO PROCEDURE ~OP A 
PAHTICUlAH INITIAL DES 1014, THIS Will HAPPEN IN ANy of THE 
FOllOWING CASES. 

I' WHEN nYERlAY NUMBER I THICKNESS, PASSING THE THICKNESS 
RESTo,INT IS sUF,aCIENT TO lAST THE ANAlYSI~ PERIOD 

2, WHEN THE OVERLAY NUH~ER I THICKNESs HITS THE THICKNESS 
R[STpAINT 

DR 3, ~HEN A'Tf~ CONSIDERING A NUMBER OF SUCCESSFUL OYERlAY 
STRAT~OIES, THE PROGRA~ REACHES ANY 0' THE ABnYf STATED, 

THOVILI • THOYIl).IINCR 
~O TO 9Bo 
CALL AGE TO CALCULATE THE ll'E 0, THE PAYEMENT OYF.RlAV COMB. 
I' 'NCS2 .,~, I) GO TO 1030 

IDOv • I 

;on 
7J4 

·2J5 
2Jb 
2:t7 
238 
ZJ'I 
7"0 
241 
Z42 
Z4) 
2'" 
245 
2"b 
;>47 
?~ 

;o4~ 

?:;O 
?~I 
;>:;2 
;053 
254 
;00;5 
20;6 
Z57 
258 
20;9 
260 
2~1 

2"2 
2bJ 
2b4 
26<; 
26" 
2b7 
2b8 
26'1 
270 
271 
;>72 
273 
214 
2'0; 
276 
277 
?7A 
27'1 
Zau 
2AI 
;>82 
2~1 
2~· 

285 
2~6 

1'117 
288 
2a'l 
290 

C 

C 
C 
C 
C 

? 
3 
4 
0; 
6 
7 

10;>1 
10;>2 

I 

IF I O"I~A .EQ. 0,0 ) GO TO 10ZI 
Til. (THOVTIl'-6,OI/3,O 
T22 • Tll •• 2.Z Ill 0 
T33 • t.O/6.0 e j5.0e Tll··1-17.0-Tll) 
EFOT • 1.5nh6IeTII.0.II04eTZZ-O,OZZ3geT33.0,4Z69Z 

eTlleEII-O,0381geTlleEZ2·0,Ol936eTlleDII·n,OIZ39 
.TlleO~2.0,OOB3eTlleElleOlleKII.o,Z'96ZeTil 
eKII·0·o5Z9JeTlleKZZ·O'QZZ3ZeTzzeEII-O'o0196 
oT22eEZ2-0,OU46TeT2zeOII-o,OI50geT22e~II_O,OI425 
oTJleEII-o,008 7eT lleEll e OII-O,09388.TlleEII 
.<11_0.0164z e TlleElleKzz.o,004ZZ·TlleEzze OII 
_0.00S64eTlleOlleKII·O,00937eTlleOlleKZZ 

U~FF • EFov.EFoT 
GO TO 10ZZ 

IJEFF • THCC 
CTOvERIl) • (CIOy e 3,O/(17.0.0.Wll·,THOyll).THLEYI/36.0 
eCPCYAC, I 111.0.RINT/IOo,O,eePlIl) ) 
COSovIl' • C050YIL~I)·CTOYERIl' 
HPSY .ITHOYIll.THlEY' I 136.0e ACPR 

AO TO 1040 
100v • Z 
RR • THOYT(L,.el,4.CO[feTHCce.I,4 
DEFF • RR •• fl,O/l •• ) 
COSQVl!) • 0.0 
CTO~E~ll) • 13.0/1IT60,OeWl).,CIC(I,.CSCII,).CPCVC'I' 

IJ6,eITHOYIl).THlEY"/III,O.RI~T/IOO'OleeplIl" 
COSQVIL' • COSOY,l.I,.CTOYERIL, 
HPSY • I THOYIl)·THlEY ) I (36,oeCPR' 

1000 CALI. AGE2 IPOY. OEFF, pp, SIOlilt [II), PlIl', BOMIN, YS1(11) 
lIFCAl • lIFCAl.I 

llFCAl IS THE NU"BER 0' TIMES AOE SUB~OUTI~E IS CALLED 
Pl'l.I' • PlIl).P" 

IF IPlIl.I, .GT. API 00 TO 104, 
IF IPP ,GE. 80"IN, GO TO 10~1 

NTI~E • NTlME.1 
NTI"E I~ NUMBER OF SueH STRATEOIES WHICH WERE A"ANOONEO 

RECAI/SE TIME 8ETwEEN O~ERlAYS AS CALCULATED AT ANY 
TIME wAS lESS THAN T~E MIMIMUM SPEcl'IEO. 

AD NOW TO iNC~EASE THAT PARTiCULAR T~ICKNESS SY T~E INCREMENT 
aD TO 1010 
rAlCUlATE OF.lAY COSTS 

COTR I I, • 0,0 
CAL' TUC3 IPL (I , ,THOY Il) ,CHRAF ILl 'HPsY,I~I'IN!' 

NTDCAl • NTOCAl·I 
COTRIl, • COTR,l·I)·CTTRA'Cl' 
PLP • AP 

IF IPl'l.II ,LT. API PlP • PlIl·II 
CALCULATE MAINTENANCE FROM PL..(l' TO PlP 

CALI MANCE 'PLlLl, PlP, CTI4ANIl)) 
"ANCAl • MANCAl·I 
COMANIL' • COMAN(l-II.CTMANIl' 

TF IPlIl.I, ,IT, AP) GO TO 950 
10 .. 0 CONTINUE 

lPl • l.1 
IF IIOOV ,EQ, Z) GO TO 1100 

nvCOS • THOYT(l) e CPCYAC e PSYAC I 3600, 
GO TO 1110 



C 
C 
C 
C 
C 

11 no 
1110 

I 
2 

li40 
12'10 

12~0 
C 
C 

C 
C 
C 

1270 

12M 

OVCOS. THOVTILI • C~CYC{" • PSVClll 13600. 
CTS" • -iT~CC • C~CYCill • PSV c {ll I 3600 •• ovcnS • T~SB 

• CPCYS{J) • PSVSiJ) I 3600.1 I 1(1.0 • RI"T I 100.01 
•• AP) 

TCOST • CTIN.COSOViL)·COTR{Ll'COHANIL1' CTSR 
.r.PSyR 

JJ • " 
CALI Ol<UER IIOnvol!lPV.L""~H.TCUST1 

If (IDDV .F~. 31 GO TO 1260 
'ICONS • 'ICONS' I 

~CONS IS THE NUM8ER 0'- sue" sTRATE"·IES ~HICM PA5sEn ALL TESTS 
ANO RESTRAI~TS AHD HIT T"E ANALYSIS PERIOD. EACH STRATEGY 
olLL MAKE n~E OESIOH I~ COMdl~ATION WITH THE INITI~ !lESIGN. 
AfT~R THIS. THJCKH~S5 IHCREMENT ~ILL BE OiVE~ TO THE OVE~LAY 
pREVIOUS Tn THE ONE ~"ICH MADE THr PRE5EHT STRATEGY P~SSIHLr. 
GO TO 1000 
CONTlIWE 

L.M • , .... 1 
NCO~S s HcnNS _ NOOES 
NTHT IL") • NTHT ILII.) 'NTr<iCK 
LfTIL~1 • LfTILM).LlfCAL 
NTDCTILM) • NTDCTILM).HTDCAL 
MAHT II~) • MANT ILOI) 'MANCAL 
NTMTIL~) • NT"TIL")'NTl~E 
NCNTILM) • NCNTILN).~CO~S 
NODEIL~) • NOOEILII) • NODES 
NDLTIL'" • NPLTILII)'NDUEL 
NTOTRILM' • NTHTILM)'NrIlTILII"NOLTeLH) 
HTOTII W) • HTOTReLM).NC~T{LM1.HOOEIL~) 
KIHeL'" • KINO 

IF INCSe •• 'f. 0, GO TO IZ40 
HCSZ • 1 

BO TO 9Z0 
.. C5Z • MORI 

IF ITHSR .r~. T"MA.l 60 TO 1260 
THS8 • THSB'SIHCIJ' 

If ITHSR .~T. THMA.l T"S8 • THMAX 
aD TI) ~IO 
CO~T1NUE 
ABUVE STATE"ENT Is fOR SUBBAS, TYPES AND CONCRETE TyPES LOOPS 
AS WELL AS SUBBASE THIC~NE5S INCREMENTS. 

NCS8 • NC.NS8 
If IKLfCK .EO. NC5S) GO TO 1110 
KLfC~ HAS TO BE EQUAL TONes, 8Y CONSEcuTIVE ADOITio" TO 

QUIT CONCR[TE lMICK~ES5 LOOP. OTHERWISI. THE D[SIGN 
PROCESS WILL GO ON IN THE HORHAL '-ASHION 

IF eTHCC .~~. TCMA., 60 TO IZ10 
THCC • THCC.CINC 

IF eTHCr. .GT, TCMA.) THCC • TCMAX 
GO TO 460 
CONTINUE 
If eXJ .EO, Z.ZI 60 TO 1280 
jf (NCSI ."'E. 1\1 GO TO IZeO 
00 TO .20 

LH • ~ 
If eNCSIZ .Fo. 0) LM • 4 
~r !~C51L .roT: !~ LW • ! 
IF' (INCSI2 .EO. Z, .ANO. e~,sl .[0. I)) LH • 1 

3'~ 
350 
351 
35l 
3'i3 
.154 
355 
15" C 
·,57 C 

358 C 
3~9 

360 
36\ 
1"~ 
lbJ 
3b. 
.60; 
3M. 
_lfol1 

368 
369 
370 
371 
372 
37J 
374 
37~ 

37" 
377 
378 
179 
JMO 
3~1 

JoI? 
H3 
3A. 
J8S 
3~6 

387 
31111 
3~9 
3~O 

391 
19Z 
39) 
194 
3~S 

3~" 
397 
He 
3.9 
'00 
.01 
402 
.03 
.G4 
4G~ 
.06 

12QO 

19M 

no lZQO IS • 10 LM 
NNT • N~T.NTOT(ISl 
NI~~ = NNR.NTOT~(IS) 
NNC 3 ~NC.NCNT{IS).NOD~liSl 

CALL OUTPUT{I •. ),NPROB,THLEV.P5Nl, 
r;0 TO 10 
CONTIHUf 
AsllVE STATf4ENT IS USED TO E~o THE PROGRAM 

ENIJ 

N 
o 
N 



C 

stlSRnU11llE 1 "PUT (1.J.NC5hNCS2. PSNloPSN2) 
CQMMnN I~AIN1I lvaLIJO). ATSP'(4). 8ARN(4). 

1 8nNYfll). CTC!I>I. CISI4lt eOO{30.21. COOE(?2lt 
2 COMAN(II). CoSovll11. COT~IIII' CPCYCI61. CPC'S,4). 
1 ep~8S(81. CPPTSr.). C""~SI.). CSC,61. CT~ANlII)' 
_ CTnVtH{lll. CTT~A'(II)' DIAL(4). OIAMI.). 0IAT(4). 
S E,'I. 1'1'(4), ES141. ESl(4). "SRI:"). 
"L1I.!O). L~(301. L,T(4). MAN'(4). NAllO\, 
1 NAMEl4.31. NA~ER~(8t31.NAMETS( •• 31.NAMEWSI4.3)'NCNT'4}. 
~ NeOOL I3VI. ~nll>l. NOLT,41. NP(6). NToeT(4). 
9 NTHT(4). MT"Tr41. ~TOTI.l. NTDTR(4), 0110(3)' 
I OVNAI4tI». PLI!llo pl/loli). PVNAMII>I. HOI!.!!)' 
2 RN,IOte" "'JFNA'!!I>'. STNC(4). Sl'_" SI>Ael~), 
3 SPACLI_1t ~"ACTI4'. SpTIE(4)' 5"4" SXI6l, 
"I<;XIO), <;(O(ft). SxDATl6.2). S~OA{2.2). usnlill. 
<; TSARN(41. TCTMIIIl. TCTOVHI), TCTTOlll" TMOVli1). 
I'> THIlVTllI). TITLFII!)'. TSII». TSMAk(4). TSMIN(4). 
1 TTCSlb~. TyS~S(81. TySTS(4). TySWS(4)' WC(6). 
R WHOl9,. sr.OTI20J, ~INI'). P5VCI.,. P5V~14J. 
9 NODE 14,. cnNI' (7), lZCONf (1). Le:II~L 111 

COM"ON ,q~INFDI KPCK,CP'LJ.CPFTJ.IDRFtJM.JN.J" 
I ~OUNTl, "Oll',TlI. KOUNTl. KOUNTA. KOUNT5. I<OUNTI>, 
I ,OUNT1. ~C~l. ~JM, NlT, 5lll, SPINC, 5PTJ, 
1 sUv. THCC. -L' ~NJM. M~OlR. MNOTa.~NOTR 

rOMMoN/ARRAYI ~PSYR.CTC.CTIN.CTJ'CTR'.CT5B.CT5P.cT5R,CTTB.KK. 
I LPL.MNOC.MNOS, NOOl5.NR£D.NRl.TH58,LN 

COMMON 'LI" ~~. ~5S. XJ' TOPKE. wT. THETA. SACT. 
I VTHCC. I,OPKE. VEt VxJ. ll. II_I. vp2 

COMMON IMANCI CEqR. CLw. CMAT. UrTy 
COMMON ITOCI tiP"C,PISO.PVSN"IEQO'IlEQNtAA5 •• 500. 

I ASND. ~OOFL. QTSO. OTSN. OOOl. NOLO. NOLN, ADT 
C~MMON IALLI AP.AOTG~.ITyPE.~INT.NOAyCU.IOOV,ALANE5.0V[PLEH 
C~MMON I INP,,, I AcE .ACPR,AS' .BU'Il"'CINC.Clov.CMU,CO£",CPCYAC. 

I cPLMSG.ePR.nOF.O'L.OSU,EFsi,EOf.EsO.F'SG.I~OUNT.IL£vEL. 
2 T SA ,I< 1."2. ~l,M '~AXO.NC ,NL ,NL.CK.NPR08.NS8. 
3 oFMIN,OMAA •• OMAxe.OMINA,O~INC.POV.PSN4,PSVAC.PSXSD' 

PI.I>IS0.p2~n.SGl.saEL.SGx.TCMAx.TeMIN.TML[V.TMAA' 
5 TTC.www,xJ~O,XKSU 

COHMON INUM/ Nl.N2 
REAL N!;DDE 
PF.AL NI.N2,NOAl/eU 

C R~AO INPUT DATA 
C 
e 
C PPOBLE'I IDENTIFICATION 
C 

R~AD I~.1910) NPROB, TITLE 
IF I~O'. 5', 1900.20 

20 WRITf 16.19201 NPR08. TITLE 
C 
C PPOGRA~ CONTROL CAHD 
C 

REAOI5.1940. NC~I.NCSl,NCS3.PSN1.P5N4 

PSN2 " 1.0 
IFIPSN2.[Q.I.OI GO TO ~5 

C 
C TPArFIC INPUT 

4U 
419 
1+20 
411 
0<12 
423 
424 
4cS 
421> 
4Z1 
428 
429 
430 
4'n 
4ll 
4n 
414 
415 
431> 
437 
4311 
439 
440 
441 
4"?' 
441 
4" 
.. 5 
•• 6 
4·07 
448 
449 
.50 
_51 
_::it! 
4S3 
454 
455 
4" 
457 
458 
459 
.bO 
461 
462 
41>3 
0"4 
4.5 
46 .. 
4 .. 1 
4 .. 8 
469 
.70 
<tTl 
472 
413 
474 
415 

t 

30 

40 

50 
C 
C 
C 

55 
C 
C 
C 

C 
C 
e 

C 
C 
C 

C 
C 
C 

&0 

70 

80 
C 
C 
C 

C 
C 
C 

C 
C 
C 

Ion 

lin 

Q~AD 1~.19S01 ~L, LIII). LZ,I). NeODE!I). HArl) 
IF (NL-I) ~ •• 55. 40 

""I1£10.196U, 
GO TO 1900 
no ~~ 1"2'~L 

~FAD l!:>tl95 01 ~LC!(. llillo L211lo NcooEtI,. NAill 
IF I~LC".N!.O' GO TO ~O 
r.ONTINUF 

TRA"IC GROWTH AND DISTRI'UTION 

"~An (5.1910) A~F. AOTGR. OOF. ~'l. AOT. WWW 

U~fAS DECISIO~S OR ~E5TRAINTS 

REAO (~.1980. r.~AX. TMAX. OFMIN, 60MIN, O~AXA, OMINA. ONAXC. 
1 U~I~C. AP. TMLEV. ILI~El 

PF,,'ORMAHCE VARIABLEs 

REAO.5.1990, Pl. ~2. POv. -55. T"ETA. SACT 

T~.FFIC DELAY COST VAQlA8LES 

REAO 15.2000) nTSO.OTSN.DDOZ.HPOC.NOLO,NOLN,ITYPE 
~EAn 15 .2010, I>VSO. PVSN' DEQO. OEQN. AAS, ASOO. ASND. MOO[L. 

MATERIALS ICONCRETES) 

READ 1!>.20i!O) NC. NDtllt N'111. SXnlt .Ctllt 
I EllI. TSIlIt CIC!11t cPCYC(iI. CSClllt PSVCl11 

T' INC-I. 60,80.70 
wRIfr. 16,Z030) 

1'10 TO 1900 
I'IE_O ,5,20401 rrND.Il. NPII,. SA(1!. well). 

I [1110 TStll. CICf!)' C'CYCqlo cSe{I" PSVCllllti "2' Nt) 
CONTINUE 

CO"CRfTE DIMEI<iSIONS 

REAO 15.20501 TCMIN. TCMAX, CINC 
1F ICINe .Et). n.OI CINC • 1.0 

MAfERULS ISU8aRADE), 

REAO 1~.20601 ~GK. TTC, "56. EF5G. cPLMSG 

MATERIALS ISU8BAS£1 

"fAD 1~.20701 'I'IB. !NAMEII.J)t J. 1,3). EFlI I , "SAln; "Sill. 
I C!SOI. cPC.JS!1I. PSVSII). TSMINI1!. TSIIAI.II), ~INC(I) 

r' INS8-IIIIO.110.100 
IlEAD 15.20901 .[(HAMEtl. Jl, J. 1. 310 EFIII, ,'511111' 

I ESIII. cr~(I). CpeYSIIlt Psvsriit TSIIINII). nMV,I). 
2 SINClIll.I-Z·NSB' 

coNTINUE 
00 12~ I • 1. NSa 

N 
o 
w 



12n 

15n 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

TI=' (TSMAX(fI foGT" 18.0) TSMAX,p • U~.n 
00 J.SO t CI l, " 

TYSBS(1' • 0,0 
TYSF.lS{T.~) II: 0,,0 
TYs~S(n • 0.0 
TYSTSfT' .0.0 

MATERI4LS IST[ELI 
~AXI"ll'" Of" "'OIJ~ TYPES CA~ ~E 5PECIf"IED F"DH EACH OF 
I, LONC,TIOINAL SA~ STEEL 
~. TQAN5VERSE BAR STEEL 
3. wIRE "ESH R[INF"ORCEM~~T 
4. T IE ~AR STEEL 

IF INCS3 ."F.. 21 READ 1'5,21uOI IIINAME8SII, JI' J. I, 
31, TYSIISfll, CPPBSfll), I • I, 41 

IF" INCS3 .NF". 2) READ 15,21001 (I INAM[8SII, JI, J. I, 
31. TYStlS(!), CPPSSI')), 1.5,81 

IF INCS3 .NF. II READ l!hll0 0 1 IIINAMEWSII' J), J • I, 
31, TVSWS"), CPPWS (I)), I • I, '1 

IF" I~CS3 .'I~. II READ 15,21001 II INAMETSII' JIt J • I, 
31, TySTSI'), CI'PTS(I)), I • It 41 

H'~ AND "'ES~ SIZES To tiE TAIED 

READ 1!>,21101 IRAHNfI), I • I, ~), ISLlI), STIlI, I • I, 410 
I TSARN 

MATEAIALS fOV[ALAY) 

RfAO 1~,2120' CIOV, CPCyAC, PSVAC, ACf, ACPR, CPR, COf', ~P5yA 

OVERLAY CONSTRUCTION DATA 

C 
C 
C 

.9 ~~An (5.20151 NI.N2,NOAYCU.ALANES,OVERLEN 

JnTNTS 

C 
~ 

C 

c 

RF.AD 1!>'11401 cprTJ, CPF"LJ, SLV, SUV, SPI~C, NJM 
IF I SPINC .Ea. 0.0 I SPINC • 10.0 

MAINTE~'NCE,DIMENSION5 AND ~ISCELLANEDUS 

READ 15,2150, n'TY, CLW, CEAR. C~AT, AINT, wL, NLT 

C cONF"IDENCE LEVEL DATA 
C 

REAO 1~.l.l~§' PSXSD, [SO, XK,O, xJ5D, PISO, Pl"SD, 050 
\IE = 'SD • ESO 
VTHCC • DSO • 050 
VTOPK' • XKSD • XKSD 
WXJ • xJSD • xJSD 
VPI _ PISO • Pl50 
VP2 • pZSD • P2S0 

IF IPSN2.En.I.OI au TO 165 
C 
C tMIS S~CTI0~ IS NO LONb~~ USED iO OEiE~~iNE r~~iFiC 
C tlECAUS, PSN2 HA~ BEEN SEI EQUAL TO ONE IN TNE 

C IIEGINNI"G OF THIS RDUTINE 
C 
C 
C PCINI INPUT DATA 
C 

f"'ID 100 l_l.I>JL 
.hNCOOf III 
COD I I. I I-CODE 1",11 
CDOtl.?I·CouE(M.~) 

1M AVGUll=ILlIII.L2 111InoOO. 
C AvGL AVERAGF" LOAD IN KIP5 

•• IHlb.Z16nl 
wOIHlb,zi 1 01 I' IIIl'L2Itl,AVGLlll,Coolltll.CODI1t2I, 

1 NA II ). 1-1" NL , 
1/)~ .oITE Ib,21801 AliF, ADTCl~, ODF, Df"L, ADT 

IF IPSN2,EIl.I.01 wHiTEI6,21851 wWW 
wRITF' Ib.l"'?!») '\JPRO~. TITL[ 
.oiTr 10,21901 

Kl .:I. "1/':51.1 
GO TO 1110.180.11101, KI 

11n wOITF Ib,2Z001 
,,0 TO 200 

18n .. oIT. Ib,22101 
(it) TO 200 

IQn WOITF 10,22201 
20n Kl • ~rs2.1 

,,0 TD 1210.220.2301. K2 
21n .RITE Ib.22301 

(;0 TO il40 
22n wRITF 16,2~401 

AD TO 240 
230 .. OITE Ib,22501 
~4n Kl • ~'CS3.1 

riO TO 1250.260,210). Kl 
~5n wQITF' 16,2260) 

,,0 IU 280 
26n WQITF. (b,iZ11») 

GO 10 28n 
27n wRIT[ Ib,221101 
~8n IF I~SNI .fll. 1,1 WRlTl 11I,~Z901 

.OIT~F 1~~~j:ojF~~N~.1 WRIT[ 16,23001 

wglTF Ib,23201 CMAX. T"AX, Of"~IN, BOMIN 
IF INCS2 .NE. II WRITE 1!>,Z"lOI OM"A, OMINA 
IF INCS2 .~ •• 21 WlliTE 111,23401 OM"C, OMIIiC 

wRIH Ib,23411 THLEv 
WRIH 10.~3$01 AP 

ZZ II: n.O 
no 2R6 t • 1. T 
IF IILEVEL .EQ. LEVELIIII gO TO ;>84 
"0 TO 286 

2~4 .o1Tfl b ,235S1 LEVELII), CONFfl) 
ZZ • 77CON'1I1 

GO 10 288 
206 ~ONTINUf 

I • 1 
..-jP1Tr;" '6,l3c;~1 I fYFLII). CON"'!) 

2~8 cONTINur-

N 
o 
+=-



30n 

.~ITE Ib.ZJAOI ~l. PI. POI. PbS. THETA. SACT 

.RIT~ Ib.ZJ70I nTSO. UTSN. NOLO. ~OLN 
~~Il~ (b.2J801 PVSO. PVS~' DlQO' UEQN- ASOD. ASNQ. 4A~ 
WRITF. Ib.23<>0) ~flOl.HpLlC,"OoEL 

IF 1 !TYPE ,~O. 11 ""IT[ Ib.~"oO) 
IF IITrPE .,,0. Z' "RITE Ib',("IO)' 

"qITF. Ib.1920, .PRoa. TITLE 
00 c90 I • I' NC 
IF INP(l1 ,FQ. 0) NPIII • 2 
IF (NOli, .FG, 0) ~OIII c 2t1 

UO(! •• 5.ill 
IF (NDtII .[0. 71 5_011, • 1.23.SXOII) 
iF (NPII •• FO. II SxOII, .0.qO.SXOIII 
IF (TSII •• LE. 0.01 TSIII • O,"O_SXOIII 

S'50(1) " PSXSLl • SXII) I 100.0 
VS,X(!) " S~5Ll(1I • SXSlJq) 
ISX = "p III 
SlOAT <I. II • SXLlA II 5" 1) 

S.OAT,I. 21 c SlOAtIS •• Z) 
.. 'lIn Ib.2 4 20) f I. I " l' "'C) 
""ITE Ib,Z4301 INO I II. I • I. HC) 
W"ITr 1,,;c4.01 ICSXI)ATlit J), J " I. 2), I • It Nt) 
wRII[ Ib.Z.SOI ,Sx,I). I • I. NC, 
WQII[ Ib,Z.Ra' ,TSIII, I • I' NC) 
""ITE Ib.l4qn, IE I [). I • 1. NCl 
""ITr Ib.2~oOI ,~CII), I " I- N~) 
WRITE Ib.Z510) ICICII). I " I. NC) 
"'HTF Ib.2520) ,CPCvc( I). I " 1. NC) 
wRIH 'b,25301 (CSCII). I " I. NC) 
"RITE (b.cSJSI (PSYC(l). t, • ,. Nt) 
.RIIE Ib.25401 TCMI~. TCMAX. CI~C 

"OUNT! • 0 
KOU"T~ • 0 
I(OU"T1 • U 
1I0UN'" • a 
,mll"lT!! • 0 
1I0)}NT~ .. 0 
IIOUNT.,. • 0 

1)0 300 I " 1. 4 
1F (lYSIS!! I ."IE. t.1 KOUNTl. KouNTl_I 

J • 1.4 
tF ITYSIISt.lI ."E. 0.) ~OUNTl! " KOUNT2.1 
IF ITvSW5J 1,1 .fIIE. 0.) KOUNn " KOUNT].I 
iF ISLII) ,N[. 0.) KOY"'T •• KOUHT.'I 
IF ,nSTSIT, .HE. 0.) 1(0llNT5 • KOUNTS.l 
IF' (SARNc II .NE 0.) KOUNT6 .. KOV'Hb.1 
IF IT!!A'IN(TI .~E. 0.) 1(01.11'111 " KouNT'I'.1 
CONTT NU[ 

I~OUNT • MA~O(I(OU~Tl. I<0u .. T2. I<OUN'), KOUNTS, 
KLlUNT2 • KOUHT2.4 

WRITE (b,250;01 110 I • 10 1I(0UNT) 
IF' INCS3 .F~. ZI GO TO )10 

"RilE Ib.Z5bO) ICNAM[8SII' Jh J .. I. 3), t. I. ~OU"TI) 
~RITF (~.lS101 (TYSH5111. I • I. KOUHTII 
"RITE 10.25801 ,CPP8S(II' I .. 10 K1>UfllTiI 
W"!IF. 10.i!SqO) (CHAME8SII. JIo J" I. 3). .5, KOUNT2') 
""ITF. 1".2S1ol (TYS9Sllto I • 5. 1(0UfIITl) 
""'IH (".2~801 .CPP~SII)o I • S' KOU"UI 

."hF 16.cMO) IIlARNI!). I • It 'OUNTb) 
31" IF INCS) .FQ. I) GO TO 320 

,,"In 1".2"ll)) I(NA .. EwSII. J)' J. I, )). I = I. )(VllNT)1 
"RITf 11>.11'>70) ITVS~Sll), I " 1. KOUNT)) 
."ITf 1~.2b2o) ICPP~SIIl. I " l' KOUNTl) 
""ITF (O,.Zb30) ISLtIlo I • I. KUUNH) 
W"ITf 10.2b401 ISTIII. I· JI KOUNT4\ 
."I'r 1I>,2b501 ,INA"'ETStI. J]' J" 1. 3), I • I. KOU"T5) 
wRITF Ib.~510) ,TYSTSI I). I 1. KOUNT!!) 
wRITF (o.~bbO) ,cpprSI[lt I ~ l' ~OU .. TS) 
wRITr 1~.2"7n) rTSARNII). I " I' KOU'IHI 

32n CONTINUE 
~QITr 16.lq~o) ~PROR. TITLE 

IF IS~K) ltO. 3bO. 330 
C "'ODULu5 VALvr ,SGE) FOR SUBt>l!AOE ~ILL BE CALCUI.ATED FROM SGK 

l3n S~E • ~3.q2~_SGK 
."Ilf (b.2&H~1 ~GK 

GO TO 3qO 
C MODULUS VAl"" (5GE) FOR SUtlGRAil[ WILl Bf CALCULAT[O ;-RO" fTC 
~bn SG(L ••• QOs86-0.107 •• ·TTC •• l.5 

SuE" 10.0--SGEL 
,,"IH tb.~'f101 fTC 

lQ" .RITr (b,2740) FFSG. EF5G. CPLMSe 
""ITI' (t"cl<,OI 'INA"EII, J), J. It ))0 I • 10 NSBI 
.~lTF. (b.21bU) rEFl11t I • I. "158) 
."ITf' Ib,l/nol I"Fs~ll), I • I, ~Sa) 
.~ITP' Ib.21'1o) I.ES'(I)., I " l' N5~1 
"RITE Ib.l800) (CISeI).I" 1, "158) 
WRITE Ib,2810) (CPCY5CI,. I " I, HSIII 
"'lITE H .. c81~1 IP5VSIlI. I • I' "158) 
WQITf Ib.iH20) ,TS"I"")t I " I. 11581 
","ITf ID.~d30) ,TS"AXIII. I • I' '1591 
"Rln Ib.28 4 0) ISINCIiIt I " 1. "591 
wRITf Ib;l85~) ~IOV 

no Jq5 IlC"l.~Sd 
J9'" IF ISI"'C,ll .EG. 0.01 Slf.ccIl " 2.0 

IF INCS2 "F, II ~RIIE Ib.l8601 C"'CVAC. P$YAC. ACE, ACPR 
IF INCS~ :~£: II ~HITE Ib.2t1101 cPM. COEF 
IF ICP5 y R ,~E, 0.01 wRITE 1 •• 28801 CPS~ 

oRIT[ Ib,2QOUl CPFTJ. CpFLJ. SLY, SVv. SPIHC 
IF INCSI ."r. II ~R!TE 16.29101 NJM 

XNJM.~IJ" 
If I"IJM .E~, 0) .NJM c 10,··10' 

wRITf 16.i!~l") OFTv. CLw. CERH. C"AT. _L. NLT. RINT 
wRITP' 16.1Qi!0) NPR08. TITLE 
w"ITE 16.381>01 ~SXSO. ESO. XKSD. XJSo. PISQ. 1"250' USO. 

1 II. S_SDIll. t • 10 NCI 
WRITE Ib.~~I~) ~1.Nl'NOAVCU.ALANES,OV[ALEN 

lq.O rOR"'AT 1 H. ~" I'h. ) 
19'0 "OIl .. AT (IH1.II.U.Hil,U.2QHHIGIO PAYEME"T Sysn'l ; 

1 21HCE"TER FOR HI(jH~Ay RESEARCH.lx. lOHD[C 19.,.4 
3A.1H"rc III.2X, 

? IOHI-----TRIM./IlX' 5HPROB ,A4. bX. ISA') 
Iq.O FORMAT{3110.10 •• IFIO.o.20~,fIO.U) 
19~O FOR"AT 1 1110, "10,0, 110 I 
19hO FORMAT (/'ZO··45H···.···.····································~ 

1 1.2nc. 4 5H* • 
2 l.ln •• 45H. ~qRO~ IN INPUT DATA FOR TRAF~lc 

708 
7UQ 
1 10 
111 
712 
713 
71. 
TIC, 
nb 
717 
118 
719 
lZ0 
lZI 
722 
7.13 
12'> 
125 
7lb 
7 21 
72A 
llQ 
730 
731 
732 
733 
734 
735 
73b 
1)7 

;~~ 
740 
741 
742 
74) 
146 
74!i 
14b 
741 
748 
749 
150 
151 
752 
10;3 
75_ 
755 
756 
70;7 
15" 
15q 
11>0 
161 
7~7 

7bJ 

7"" 
7bo; 



3 1,20"'5~. NUMB~R OF ~nAO G~nuPS O~ tA~O~ 
.. 1,2ni!,.~H. 'taT IN OROER • 
5 1,2ny,.~H~ 

#-. I,~O"(,.SH. PROGRAM rERMINATEO • 
7 1,2n.'.SH.Q ••••••••••••••••••••••••••••••••••••••••••• 1 

1970 FnlolMAT 2(2F1",O, lOX) .f!F"lO.UI 
l~AO FORMAT (4FIO.o, 4F~.O, '10.0, FS.O, .A t Ai 1 
l</QO FORMIT (8Fl0,") 
CD~O FORMAl ()FIO.O.IOX,FIO.O,cIS,IO<.IID, 
iO'O 'ORM~I (1'10.n, TID) 
2015 FORM. I (5FlO.0, 
20;:'0 FORMAT f l~, 'l, 12. F~.o.lu,l" F5.0. FIO.O, FS.Q. 3Fln.o. F5.0i 
2n~o rnRHAT t 1,~~(··5H •••• -· ••••••••••••••••••••••••••••••••••••••• 

1 1,2n,.4SHo • 
2 1,2n,.4SH- NO OATA ON CONCRETE 
3 1.2~.,4S". 
4 1,2n'.4S~. ~Ror,RA~ TEPMINATEJ 
S 1.20y •• SH ••••••••••••••••••••••••••••••••••••••••••••• , 

lU40 FORMAT (Sx. 11, 12, Fo.U,lux. ,5,0. FIO.o, FS.O, Jrl~.n, FS.O) 
20~0 FORMAT ,lOx. 4FI0,O) 
?O~O FOR~.T {c{Fln,O. ZOX). 2F5.0. '10.0 ) 
<070 FORMAT ,IS. 2 ••• A2. cF5,O' ~x, 3F10.0. 4F5.o) 
20 Q O FOR~AT (SX, 2A~. A2. 2FS.v. 5X. 3~10.0t 4'5.0) 
21nO FORMAT 1412A., AZ. 2F5,O» 
ll10 FO~MAT IlbF,.", 
<I?O FORMAT I 8FIO •• I 
rl40 FORMAT 12F10.o. 10" 3'10.0' 110) 
Cl;O rOR~.T (5F10 ••• lol. F10.O. 110) 
Il~5 FnRMAT ( loX. 7FI0.0' 
II~O FnRMAT (III. 44X. 13"TRAFFIC l~gUT, 11124X, IOHL04D ~ANAE. 10l. 

1 9HAVG. LOAO. oX •• HA.L~. 8X. IlHNO. OF AXLE. I 4~' 
? 1HIN ~IPS. 7x. 4HCoOE, 8., 12H.PP~ICATIONS I I 

2170 FORMAT ilth. Hh ?!of -, ltt. 7X, 'l4.3. 7X, 2A), ~x. 11n) 
11.0 FORM_T {III, ~5X. 31HTRA,Flc ~~U.TH A~O OISTRI~UTION' III 

I , •• 5JHAXtE !;"OWT .. FACTOR. PERCENT 1'1:.1< YEAR 
2 l",x,F8,2I 
~ ,.,~~HAOT G~nwTH RATE. Pf~CENT PE~ YEAR 
4 15AttB.2/ 
5 ,.,53HOIRfCTTONAL OISTRIBUTION 'ACTOR, PERCENT 
b lS,X.FJh2', 
7 7.,53HOESIG~ ~ANE DISTHIRUTIU~ FACTOR. PERCENT 
.. I"X,Fe,21 
Q 1.,54HINITI'L AVER.GE OAI~Y TRAF'IC, ONE OIRECTln~ 
) 14X.F8.Z, 

IIRS FnRMAT (71.s5HnTAl Ie KIP AX~[S FOR ANA~YSIS P£l!IOI'. 8nT .. OI~ECTI 
IONS 11 x' F.l 'J. 0 I J 

"l90 FORMAT U/3n. loHPROGRAII CONTRO~'" lUX. 18HOESIG,<f." ~P~cIFI£S/' 
2200 FOHMAT ",, 3QH80TH CRCP A~O JCP PAvEMENTS TO Sf T~IEn I 
2210 FnkMAT 7 •• ?~HOESI6N ~CP PAVt~ENTS ON~Y I 
~2'O FoRM.T 7x, 20HOESIGN CRep PAvEMENTS ONLY I 
22~0 FOQMAT 7x, 1~HBOTH CC A~O AC OvERLAYS TO A£ TRIEU 
2.240 FORMAT 7x, 24HPRQVIDE tt OVE~~Al O,,~v ) 
lZ~O FoRMAT 7., ,.HPROVIOE At OVE~LAV ON~Y I 
22~O FnRMAT 1x, 49HBOTH OE'OllIlEO BAR ANO _IRE MESH HEI~>O~CE.E~T TO 

I 8HBE TPIED ) 
2210 FORMAT (7., 14HOESIGN OE'DRMEO SAR REINFORCEMENT D~LY • 
iCl\u rf)t("'lAI i 1"" ..... HufSlijr; ~£:i..DEu ~:~t ;'1E~H m::p!~OPCE"E~'!" ~!u!..'" 
2290 FORMAT ,7x. '~HPRINT SHORT FO~M OF OUTPuT 

<'3'0 Fnll",AT (1<. 2~"PRI"T LONG FuR", OF OUTPUT , 
23)0 FoRMAT ('<. (,,,PRINT FIRST. F~.O' 27H DfSIGNS IN I"4CR'ASING ORDE 

I IbH' n. TOTA~ COST I 
23'0 FO~M.r(/I,7'.~o •• 3.HD~SIGNE~S vECISIONS O~ RESTwAINTS II 

I p,".lH"'AX/M'I·' INITIAL FUNI)S AVAI~A8~E. OO~~ARS Pfq SQ. yo. 
2 15X,'8.<; 
3 ,.,~.jHHh I''1TlA~ THICK"E.SS, S~AIl p~us sueeASE. l"tHFS 
4 1~X'FB.21 
5 "'''3HM1N TI~E TO FIRST oVERLAY. VEARS 
lot 1~X"F8.1!.1 
o ,.,53HMI~ TI~E BETWEEN OVER~AYS, V[AM5 
1 1~A'I'·8.2> 

7310 FOQM~T(7X,53HMA( TOTAL AC OVER~AY THICKNESS,INCHES 
I IS •• FR,V 
<' ,.,S3HMIN A~ OvER~AY THIC~NES~ AT ONE TI~E. INCHES 
3 1~.(.Fe.2' 

~340 FnR~.T",.S3H~" TOTA~ CONC OVER~AY THIcKNESS. I~CHES 
1 15X.F8.21 
2 1,,~JH~IN Cn~C OVEQ~AV THICKN!SS AT ONE TI"'E. INCHES 
3 15.,F8.2, 

l341 FnRM.T(1"~3HAvERAGF. LEvl~ uP THICKNESS. I"CMES 
I 1~ .. Fa.2, 

23~a FOWM.TI7X,53H~,uGTH OF ANA~~SIS PERIOD. YEARS 
I 1',)(tF8,2\ 

<3~5 Ff)R"U T i 1h I1HC~"FIDE"CE ~Evn I. AI' I OH., PERCENT 
I 4fdl.,F,q.3, 

23~0 F~QM,r (II, 3." 21 HPEQFORMINCE VARIABLES II 
I 1X,53HINITIAl sr~.ICEA~I~ITY INO[~, E~PECTEO 
c 15x,F8.21 
1 7X."3MTERMI~'l SfRVICEA81~ITY I~OE" ACClPTEO 
.. P;XtF8.tU 
S , •• 5~H~(~.lcfA~ILITY INDE~ AFTER AN OYEPLAY, EXPECTED 
~ 1~X.F8.21 
1 , •• 56HPR08ARTLITY OF cO~~UNCTION OF ~AO SOIL ANO SITf. PERCENT 
R 1,XtF8 .. 21 
Q 1 •• ~3~S-ElL!~G R&T~ CONSTANT 
1 1~x .. F8.ZI 
2 , •• 5eHSwEL~I~b ACTIVITY, ESTII1ATIO OI"ERENTI_~ MOVEMENT. I"CHE 
(5 

l 10X.F8.2) 
2110 FORM,Till,31.,?QHTRAFFIC DELAY COST v.RIA8~ES,II' 

1 ,.,5QHOISTA~CE oVEP wHIC", TR_',IC IS SLOWED. ~I~ES. oV,OIRECTIO 
IN 9.,fa .. 21 
3 7.,4l.,loHN~~,OV.0IRECTION IOl.F8,21 
4 7,,5 ... H"". 0,. 01'['. LANES IN RESTRICTEO ZO"'E. MI~ES, I)V.DI'tECTlO 
5"" 9 •• 181 
~ .x. 4lX,16HNe" OV OIRECTION 10 •• 18, 

<3°0 "I~MATI1',~Q"'P."tENf vlHIC~ES STOPPED 8Y ROAO EQJIP"fNT. O •• DIRE 
ZCTIO~ 9-.'6.21 
3 1 •• '2x,I~"'NO~.OV,UIRECTION IOX.Fti,ZI 
• 1~.5~"AYG DFLAY CAUSED 6Y ROAO EQuIP. HOUqS • ov.OI~ECTIO 
Z~ 9~.Fa.11 
~ ,',4ZX'16 ... NON.OV.DIRECT!0" IOX,Fe.21 
1 "'~9 ~AYG ~PEEO THROUGH OVER~AV ZONE. "P~ Ov.OlqECTI 
qO~ 9 •• F6.21 
9 ""cx'i6"'N~·JoOV.DIRECnON IOX,'8.2

' 1~;~Q~~¥~~!~r A?PQ~ACH ~o~~o TO nVfRf AV A~FAt MPH 
lAx,rS t .2t 

N 
o 
0'\ 



2300 FOR~ATI7X'~OHUfTnUR UISTANCE A~OU~D OV[~LAY ZO~E' MILFS 
1 IAx.Fe,el 
4 1X.50HNO. OF HOIIRS/OAY OVE~LAY CONSTRUCTION OCCURS 
Ii lI1X.F8.~1 
, 1X.~OHT"AFfTC MoOEl USED I~ THE A~ALYSIS 
.. l~x.I8I 

1 1x.IJH~OAD' nCATION) 
2'+00 .. (lHJroIIAT (11""1 .. , 71X, SIiRURAL, 
2410 FnRJroIIAT (11""1., 71X, 5HURBAN, 
c.,5 FnRM ATIII.30x.30HOVERLAY CUNSIRUCTION VARIABLES.III. 

I 7X."1HMILTTA~Y "OUR O~ T"E DAY ~HE~ OVERLAY CONSTQIICTION BEGI~S 
2 llX,FlO.OI 
3 1x."1HMILlTA"Y HOUR OF THE DAY OHEN OV~RLAY CONSTQIICTInN ENDS 
it llX.FlO.OI 
5 7x.5bHNU~~EQ OF 0AyS CO~CRETE HUST CURE 
b l::»X.flO.OI 
1 7X."bHTOTAL ~u~RER 0< LA~ES TO 8E OVERLAID 
8 12X. F IO.OI 
9 1X.5bHTOTAL OVERLAY LENGTH IN ONE LA~E 
1 leX,FIO.OI, 

20~0 FOR~AT (III. '~x. 20HMATERIALS, CONCRETE II 
I 1X.~JHCDNCRfTE MIX DESIGN NU~BER 
2 3X. b II5.o;O' 

2010 fOR~ATI1X.~JHARE OF TESTING C~~'RETE. OAYS 
3 lx.bCI~.5x)' 

20.0 FO~~ATI1X.53H~EASURING POI~T 
5 2x,tqZA3,,,X,! 

200;0 fOR~AT(1x.09HFLfXURAL STRE~GTH. PsI 
1 2X.bFIO.2, 

20RO fOR~ATI1 •• 09HTENSILE STRENGTH. PSI 
1 IJx,ttFIO.2, 

2490 FOR~ATln.'9HEI ASTIC ~ODULU5. PSI 
1 t')(,ttFIO.OI· 

~500 FORJroIIAT(1X,~9HIJNTT ~EIbHT. PC' 
1 2x,ttFIU..Z~ 

2510 fOR~ArI1x.09HcnNSTRucrIO~ EQJIPMENT COST. PfR LA~E MILE 
1 i!X,bF10.2) 

25~0 fORMAT'1X.09HCO~T PE" CUdIC YA~D O~ CONCRETE. DOLLARS 
1 2x,ttFIO.,2) 

25~0 FnR~ArI1x.09HcnST OF SURfACING CONCRETE. DOLLARS/PER LANf ~ILE 
1 t'x,ttFIO.2) 

25,S FnR~AT(1X.09HS~ VAGE VALUE OF CO~CRETE. PERCf~T 
1 2X. ttF IO.2) . 

2500 FOR~ATIII.1X.'9HMINI~UM .LLOWASLE CO~CRETE THICKNESS. INCHES 
1 lqX,Fe.ZI 
2 1X.09HMAXIII"~ AlLO~AIlLE CONeo'ErE THICKNESS. I~CHES 
3 lQX,F8.21 

1X.09HPRAcrrCAL INCREME~T FOR POURING CONCRfTE, l~CMFS 
5 11X,FIO.Z/) 

25~0 FORMAT (II. 3~'. I1HMATE~IALS. STEEL' II. 3aX. O'IOX. 12)) 
25~0 FORIIAT (12x. 4HBARS. I. Ibx. IlMLONQITuDI~AL. I. 

I 18X. ?OHBAR STEEL ASTM OESIG. '(2X. 2A •• Al', 
2510 FORMAT 118x. ~nHTEN5IlE STRE~aTM.PSI. -(2" F10.2" 
l5~0 fORIIAT (18 •• ?nHCO~T/LB. DOlLA~S 012X. flO.)), 
25qO FORIIAT ,16x. IOMTRANSV~~SE. I. 

1 Ibx. ?O .. IlAR STEEL ASTM DESIG. "2X. 2A •• Al', 
~6nO FOR""AT (lttx. ::»OHBAH NOS. TO BE TRIED. lX, ,fqZx, Flu.OII 
2610 fOR~AT II. 12x. IIHWIRE MESHES. I. 

l~x, ?OHWIRE MESH ASTM OESIG' .(ZX. 2A., Ai)) 
2b?0 FOR~AT II~X. ?nHCOST/LB. DOLLAHS 012X. FIO.3), 
2b10 FnH~AT Iiox. ,~HM~SH SIZES TO dE TRIED. I. 

I 1 7x. 'IHLD~~. wiRE ,PACING,FT OIZx. F10.2), 
2b.0 FORMAT 117x. ~'HTR'N. WIRE SPACING'FT 0(2x. FIO.i', 
Z6~0 F(lRMAT II, IlW, Z6rlTI( ~ARS US~Q ~ITH ~. MESH, I, 

I lax. ?nHTT~ BAR ASTM UESIG •• O(Zx. 2AO. A2,) 
cobO FOR~Ar 118x. I.HCOST/LR. DOLLA~S _12X. flo.l), 
2b10 FnR~AT Ilox. ~"HTIE BAR NOS TO dE TRIED O'FIO.O' 2X" 
2'6RO FORMAT (II, j'5J;. ZOHMATE.I-tIALS, SUt:iGRAOE, II, 1X'15'.1SIJBG~A:>( 1(, 

IPCI S,w.FA.21 
2110 FORMAT 1111. 4~X, ijHSU~GHAOl, III, ZOX, 2ZHTEXAS T~IAXTAL CLASS. 

1 3JX, F~ Z) 
21.0 f~R~AT I 7X. ~oHSU~GRADl FRICTIO~ FACTOR. OOX. Fe.2 

I I. 7,. 21HSuBGHAOE fROUABILITY FACTOR, Olx. FA.~. I 
2 1X. 51HCnST PER LANE MILE OF SUBGWAOE PREPARATION. ~OLLA 
3R~ 11x, F~.2' 

c1C;0 Ff"lRMAT II. J~I(, IllrlMATEkIALS, S\JBBASE ,II, 1X, IlHS"SRASE TyPE 
1 3Qx •• ,ZA., A21) 

n~o f0R~A T I Ix.-oHf"nDARILITY fACTO~ 
1 3X,-F10.l) 

2110 FdlolMAT (1X, ....... F~TCTI,)N fACTOR 
I Jx •• FIO"", 

21qo fnW~ATI1x.00~~L.STIC MOOULUS. PSI 
1 3X ,"F 10.0, 

28nO FnH~ATII,.obHCn.STR~CTION EQUIP~[~T COST. OOLLARS/LA~E MILE 
1 1 X ,.F I 0 .21 

cillO fnR~ATllx.O'~CnST PE" CO~PACTED Cu YO • OOLLARS 
I 3x."F I 0 Z) 

2HI5 Fn"MAT'1X.~OHSALVA6E PERCE~T VALJE. PERCENT 
1 3x.· FI O.Z) 

2a~O fnR~ATIIX'OOHMT~ ALLO~ED THIC~NESS. I~CHES 
1 Jx, "F 1 O. Z) 

28'0 fnHMAT,1X.00HIIA' ALLO~ED THICKNESS. INC .. ES 
1 3X."FIO·l) 

~800 fn"~ATI1X •• OHI~cREIIENT fOR SUB~aSE' I~C"ES 
1 3X ,"F 10.ll 

1X. 28~0 FnRMAT (I, J~., 1HOVERLAY. II, 
I ~I .. INITIAL cOST PER LANE ~ILE 

c~ 

O~ EQUIPM[NT ~OR OVERLAYS. DOLLAR 
1x,FS.Z) 

2a ... 0 ")R~ATI 1X •• l .. cnST I CU YU OF IN 
1 ')Ol LARS 

PLACE COMPACTED AS~HALT CONC"ETE. 
7K"e.2,I, 

l 1X •• IHSAlVAGE vALUE OF ASPHALT CONCRETE. PERC[NT 
1x ,F8.2,1, I 

I 
I 
I 

lX .... I .. ASPHALT CONCRETE MODuLUS VALUE. PSI 

I 

7X,'S. 0 ,I. 
lX •• IH~ROnUCTTnN DATE OF COMPACTED ASP .. ALT CONCRETE. 

.810 FnWMAT'7X.ol"Cn~CRETE PRODUTION 
1X.~8.ii!l 

RATE. Cu yo IHR 
7X,Fe.2,1. I 

11' .... IHCO~CRETE COEFfICIE~T 

CII yO I HR 

I 1K.FB.Z) 
28.0 FnR~ATI1X.OIHHAN00I4 ADOITIONAL COST I SQ YO FOR ANYT~INr. 

I 1X. F8. Z ) . 
2900 fOR~ATI 1.3~x •• ~JOI~TS.2X.II.1x.bSMC05T/FT O~ TRANS. JOTNT. 

16. oo~ELS, A~0/0R 5EALING' DOLLA~S 
I 

• 
5x,'8.Z,I, 

1X.b5HCOST/FT OF LONG. JOINT. SEALI~G. DOLLARS 

N 
o 
-....J 



5x. FS • Z.I. 
1X,~5HHANGF. Oc SPACING FOQ TRANSVERSE JOINTS, LooER VALUf, FT 

5X.FB.Z'I. 
~7x.15~UPPEH VALIJE. FT' lSX.FA.Z,I. 

" 7.,b'HI~COE·'~~T OF SPACING TO BE TRIt:D FOR TRANSVERSF JDI"TS. 
IT .x.F~.~) 

2ql0 FORMATI 7',b'~~O, OF TRA~S, CONST, OR .RAPPING JOI~TS/~ILE FOR CR 
lCP 5X,I~.111 

29~0 FORMATI 7 •• 3 •••• HMAINTENANCE. DI~ENTIONS AND MISCELLA~EOUS 
1.II,1X.bSHDAYS ~F F~EEZING TEMP~~ATURE PER YEAR 
1 lx.F8.i.I, 
21X.bSH~oM~USITF LABO~ "AGE FO~ MAINTENANCE OPERATIONS. OOLLA~S/HR 
1 3x.F8.2.1. 
47"b~HCOMPOSITE EYUIPMENT RENTAL RATE FOR MAI~T, OPERATTO~. DOLLAR 
I~ 3x. FS,Z.I. 
57 •• bSHCOST OF MATERIALS FOR MAINTENANCE OPERATIONS. OOLLARS 
1 )x.FS.Z.I. 
67X.65H-rOTH \)F EACH LA~E. FEET 
1 3x.Fe.Z,I. 
97 •• bSHTOTAL NU~~ER OF LANES IN dOTH olRECTloNS 
1 3x.18.1. 
17"bSHRAT£ OF I~TEREST DR TIME vALUE OF MONEY, PEHCENT 
I 3 •• FB,21 

3HAO FORMOT 11111.IOX.2bHCONFIOENCf LEVEL VARIAALES.II. 
I 20.,.~HPERCENT COEFF, OF VARIATION OF FLE'URAL .1. 
2 30 •• 2"HSTRE~GT~ OF CONCHETE.~3x.FIO,2.11. 
3 20.,.bHSTO, DEv, OF ELASTIC MOO~LUS OF CONCRETE IPSll.~X. 
• F10.2'11. 
5 20x,Z9HSTD, DEv, OF SUSGRADE ~ VALUE.2.x.FIO,Z.1 
6 20.,3.HSTD, DEV, OF CONTI~UlTY FACTO~ IJ).19X.FIO,i.I, 
7 20.,.~HSTD, OFV. OF INITIAL SEHvlCASILITY INDEx IPI).SW,FIO,l'll' 
8 ZO ••• oHSTD. OEv. OF TERMI~AL sERvlCASILITY INDEx IPZ),yX.FIo.2. 
9 11.20x.3.HSTD. DEy. OF THIC~NESS OF CONCRETE.19 •• FIO.2.11. 
T 20 •• _~HSTD. DEV. OF FLEXURAL STRENGTH OF DESIGN wITHI'I' 
1 t.Ox,3rl Mlx.T5,2SX.FlO.Z)1 

RETURIoI 
1900 STOP 71 

END 

qy~ 

qq9 
1000 
IOU I 
1002 
1003 
100~ 

IIJOS 
100b 
1001 
loua 
1009 
1010 
lOll 
1012 
1013 
101. 
loiS 
101' 
1017 
10lR 
1019 
102u 
1021 
IU22 
1023 
102. 
102!> 
1026 
1027 
102~ 

102" 
1030 
1031 
103l 
1033 
10). 
103!> 

C 
C 
C 

C:;IjBRnlJfINE I~ITTAL (JJ'L,MDRI,NLSl.NCs1..?NC~i) 
CCMMON IMAINIl AVGL<30). AT~PFI.). HARNI.I. 

1 BO~Yt12lt r:rC,"'l, CIS'.'. COOc30.2)' COOF:Ci'.i'). 
COMANIII). ()SOVIIII, COTRIII). CPCyCI61. CPCyS,.). 
CppSS!S). f";PPTC:;(.), CPP_St.). CSC(bl. CT14AN(lP' 

• CTnVl~(II), CTT~Af"(lI). IJIALI.). UIAM(.'. 0IAT(41, 
c; Erl'ol' ~F(.). ESC.). ESLC.). FFSI-4C.J, 

LleJu), 1~(301. LFT(Ift.I. MA~TC.', NAC)O,. 
~A\4EI~,JI, "J"\4t:RC;;te'31.~AMET~t •• 31.~AMEWS( •• :H .NC",",TC4', 

8 

9 
I 
2 
3 

NCOUt:.(JO), ~"l,bl, ~OLT("). NP(6" "'"'TOCTt.), 
~T,",T(.). ,IT"'T!.), .... TOT'.). NTOTR,.). OV'In"". 
Ov~AI"U:d. I.ll(12" pvIOccI. PVNA"'C61. Rr)CZ.i". 
~NFIU(j?I, ~"'If"I\jA~(b), SINCI"', SL'.). SPAce.), 
SPACL,.). c:.L>ACT!~). SpTIE(.). ST,.). SXt61. 

• Vc:;xCblt ~"O(6" SxOATlb.il,SAOACi.2). Sxsr'H..,.'. 
"TbA"NI.), TrTMIII). TCTOvfI!I. ,TCTTOIIII. THOVlil), 
6 THnv'IIII, TTTLf(15). TSlbl' TSMAXI.). TS.TN/.). 
7 TTCS1b). Tl'St:i5(~', TySTSI.l. TYSWSC.). _ce,..,. 

11' ... ,,19" c:.r:OTI20) , Kl~C6'. PSVC(6). PSVc:;C.l, 
q NODEI.). r"NF(7). llCONF(7). LEVEL(7) 

r"MMON IMAI~21 rA1301. CC(30)' CI(30)' CJ(10)' 
I C",3U). r )IJO). CRI3U). CS8(30). 
~ C~P(30). "'R(30). CT(30). CTB(30). 
3 I P r JO) • PI 30 I • JMR I 3U) • JNR (30) • 
• Mr:: I 3l" • nt R C 30 I • MS C 30) • MTB' 30 I • 
5 ~M~C'::~l' PoJ·)(]OI. 'JPPIJUI. PLF(10.13). 
..,. ~I ~(3u,.), QT~(]("." RTSCJO •• ). STJ(~O,. 

TRN'.:tO •• ), T~SP(tO.401' TC(3UJ. TCT,30I. 
B T,'1BIJO) 

COMM"N IREI~'OI KRCK.CpFLJ.CPFT~.[DRF.JM,J~.JP. 

10(30) • 
JPII(30) , 
MTRrJ"" 
R:L~(3",.) • 
SU~oV (30) , 
TOI30,l2) • 

I l(uUNT 1. 1(0""',T2. KDUNTJ, J(OIJNT 4. KOUNT5. KOUNT6. 
1 1(01J~T7. "C~· .. N_JM. NLT. SLV, SPINC, SPTJ. 
1 ~u~, THCC. ~L. ~NJM, "'~OLR. ~""DTR,MNOTR 

COM ... nN/ARRAYI r.~SYR'CTC.CTIN.CT~'CTRF.CTS9.CTSP.CTSH.cTTB.J(~. 
1 lPL.~NOC,~NOS.NOUES.~REQ.NR2.THSB.LM 

CO"'MnN I I~PuT I AC~.ACPH.AGF.dO~IN.CINC.CIov.CMAX.CO[F.CPCYAC, 
I r.PLMSG·CPR'~OF.UFL'OSU'EFSG'Eo,.[~O.FFSG.IKO~~T'IL[VEL' 
2 TSX.KI'Ki.l(l,M.~AXD,NL'NL'NLC(.NPROH.~Sd. 
3 nFMI~.OMAXA.OMAXC.OMINA.OMINC,POV.PSN •• PSVAC.PSAS~. 
4 PI'PlSu'P2SI).SGE.SGEL.S~J(.TC14AX.TCMIN.T"'LEV.TMAA. 
~ TTC,www.xJc:;n,xKSO 
COM~ON I OU1~UT I J(ANAL.~F~NO.~LIF.J(LIFE.KREJ.KSUB.~~.NNC.NN~. 

1 . ",",NT.~OIn.N0TN 
~~ • n 

1-ITTIALllIN& 

~N c () 
TF (PS~~ .Ft,. n.u) pSN •• 1.t. 

NRF.O • PSN. 
~s,,~ = 0 
NNT II n 
~LJFE • 0 
~RfJ • 0 
N~P ;& ") 

~LH· • 0 
N~t: • I"j 

f't.FI)'l,ju • U 

In ,h 
lOll 
101H 
1019 
10-0 
H)4tl 
l{) 4t r 
10 0 3 
IOU 
10·5 
10.b 
1047 
10~,", 

1009 
10~0 
10'>1 
1052 
105:' 
10!>. 
1055 
105b 
10~7 
10SA 
10;9 
lOb') 
lObi 
10~2 

10' I 
10'. 
lObS 
1·1bb 
lOb 7 
In~H 

lu'9 
1070 
1011 
10 72 
1071 
l111. 
lu1.., 
1016 
In77 
I01~ 

ION 
10~O 
loBI 
loH2 
10Al 
IOH. 
1085 
10~b 

1087 
10R~ 

1089 
loqo 
IO~1 
1092 
:i ,j,,3 

N 
o 
(Xl 



hiNt> = .) 
"0~1 • ~CS2 
NC~I< • NC~I.NCS2 
N01".j If (J 

KAt-.~L .. U 
01.1 .00 l = 1, • 

NT""r (I) • t} 

LFT(Ll ::I I) 

htM;)Tfll • 0 
NTJ4T1Ll a (} 

; .. TOTRILl .. 0 
ccCNT(ll • I) 

NOnE (I I • l'j 

hiTOT(1 1 • () 
NTOCTfll ,. () 
NOLT III • 0 
I<IN,L' • n 

eUN T1NUE 
".REG I • NREel_l 
"~E .. 5 • NIIEthS 

DO 410 ~LM • NPEell. "'~[Q5 
TCTif(1 "I • 10000.0 
CTSp » CPt~SG.3.0/rJ7bO.o.WLI 

109" 
10"'.; 
1096 
1097 
lo~q 

Inqlf 
1100 
1101 
1102 
1103 
1104 
1105 
1l0!> 
1107 
Iloq 
1109 
1110 
1111 
1112 
1113 
Ill" 
1115 
11I~ 

II !1 
11111 

C;III:H~tillr lN€. ~'IM,R;~R f 1.KZNOI 
co~~nN I~AfNll aVGL(JO). Ar~p~(41~ dAP~t." 

) Hn~yill'. ~TCI'I. CISI41. CODI30.21. COO'IP.21. 
2 CO-"Al'dlll. f'-'SOV<lJI. CoTI-lI,d). Cf.'CYC(6). CPCYS(4)t 
3 C"P~SI81. r"PTSI"I. CPP';SI"I. eSCI6), eT~AN"II' 
.. cTnvtH{JII. CTTRAfilll. OIAU-I. DIAI1I"I. OIATI41, 
t; £1"')' C'F't it ,. Es(4). ESl(.', ""SI1'''), 
'" Ll(JU), 1'?(.~Oj, LFT(4h MANT(.). ~A,)O). 
7 Nu.'IoIt:(",,3J. ~4"'lEASilhJ),i>iAf04i:TS(it'l}.NQMEWS{4.l).N~"Tf.'. 
R Ncnut(lOI, ,"(bt, ~OLT{~), NP(61, NIOCTf.), 
q ~T~T'~;t ~lT~T(,), ~TOTI~)' NTOTR(4), OVInCll. 
1 t)yt-iAM(6), Pj fl2J. PYIOte), P\,NAh1C~d. Rlltj!."', 
2 RN~Ij)(2), P~JFNA"'f!d, Sl~C(4), SLC.). SPAC(4), 
.3 SPAC(,.(lth <;:,JACT{it) , SpTIt.(.)' SIC.'" SA(~). 
It V~xtbl. C:-,Oinlr SXOATlb,2), S)(OA(2,2), ~(snt"). 
, T'URNI"" TCT"(lIl. TeTOVIlIl. TeTTOIlII. T"OVIIII. 
'" Tt-1nyl(lP, TTTlEfl5), Tsto)' TSMA)(C.h TS"4I#-{f4lt 
7 TTCS'b}. TVS~S(~I' TySTS("I' TYS ... SI41. .CII,I. 

W>-1!"H9J, c:::r:OT(201t ICfN{~,). PSVC(6). PSYS(4" 
q Non(I-I. rnNF171. Z?eONtI7}. LtVEL,71 
~nM~n~ I~EIN"OI KRCK,CpFLJ,CPFTJ.to~,.,JM,JN.JP. 

1 I!;vUNf 1. !It:OU'',Ti. l'(oUNTJ. t(OUN1/u KOUNTS. KOUNT6. 
1 ir,jlJ~T7" ~e~'" NJM, Nl..T. SLY' sPINe. SPTJ. 
1 t:;:JY, rHec, -L, XhIJM. ~:\fOLR. "tNOTfi.MNOTR' 

COI<1MON / l~Pol I ACE.Aepk'AGF,aU"41~heINC,CIOV,CMAX'CO£F.cPCYA,C. 
I CPLMSb.CP~,nDF.U'L.USU.EFSG,EOF.fSO.FFSG.IKOuNT.ILEvEL. 
2 TS~'Kl.K2,~'.M,MAXO.NC'NL,NLC~.NP~O~.NS8, 
3 ~F~IN"OMA~A.OMA(C,OMINA.O~INC,~OV.PSN.,PSVAe,PSXSo. 
4 ~1.P1SO,Pc~~.SG~tS6~L.SGK,TLNAX,TCHIN.TKLfVtTMAXt 
.., TTC,.W'w.(J50.XKSI) 
~0~MnN I OUTPUT / ~ANAL,~rUNO'~ltf'KLtFE.KAEJ,~SIJ8.NN.NNe,NN~' 

J N~T,N010tN~'N 
THce • Te"IN 
KINO • 0 
I"OS ,. Ii 

"lHCK • 0 
no ~4U I = I. ~S~ 
TF I (TCMIN.TSM1~(U) .GT. TMA'J(l KTHCK • t(Tt-IC"·l 

SON • ,TSMAX{II-TS~lNrlll/SI~CIII 
I'JO~ II: CiON 
SON~ 11!: NON 

TF ISDN .GT. SONS) NON a NON_) 
NOS a -"OS.I<o;O"".J 

4.0 rDNTINUE 
~OC • 0 

nO "SO 1 • 1. NC 
SON • 'TCMAX_TCMI~I/eINC 
NON Z" SON 
SONt; a NON 

TF (SON ,uT, SONSI NON. NON-I 
'NOc • ~OC - .. 0-",.1 

"50 CONTINUE 
NOto • NOS-NOe 
NOI~ • NOIN'".OIO 

IF I~T"CK.LT .N~QI RETURN 
"~lTE (0.29301 

?q~n FOR~AT t 1.20".Sri ••••••••••• • •••••••••••••••• •• ••••••••• ••• ••• 
1 /.2n.,_5H. 

1119 
1120 
112! 
III;' 
1\2 ! 
112 .. 
1125 
1I?6 
112'" 
Ilc~ 

112Q 
11:0 
lilt 
II j;> 

IIU 
I p­
Ill!) 
Illb 
1137 
II 1>1 
IlH 
1140 
1141 
11·2 
llol 
1 ) .... 
11.5 
1140 
11.7 
114a 
Il4q 
1150 
IISI 
IlS? 
IlS! 
II,," 
11 "5 
I) So 
II S7 
115~ 
I1Sq 
1160 
1161 
11!>2 
lIb] 
11" ... 
1l~5 

IIb6 
1107 
Ilb~ 
11!>9 
1170 
1171 
1172 
1171 
117. 
I tTl; 
1176 

N 
a 
'-.0 



? 
3 
4 
5 
~ 

1 
STOP n 
E"O 

1,2ov,4SH· NO cOM~INATIQN OF cONC~ETE ANn 
1.2n •• 45H. SU8~A~E TNICKNES~ES IS POSSIBLE 
l.co,.45H· EYE~ AT THEIR MINIMUM ~EY"~s 
1,2n •• 45H• • 
1.20 •• 45H· p~OGRAM TER~INATEU • 
1.20 •• ·~H •••• ••• •••• * ••••••••••••••••••••••••••••••••• ) 

1117 
1178 
ll79 
llAD 
llWl 
llel 
1183 
ue4 

.. 10 

.. sn 

C 
c 
c 
c 
C 
c 
c 
c 
c 
c 

c 

c 

~1~~nurINE rRA~FIC I.LOG10'I'~'~~FCK.PSN2) 
CONMON I~AI"II 4VG~(JD1. ATdPFI4). HARN(4), 

I Rn",ll~l. ~rC(61. CISI4). C00130,21. cnOFI~.21. 
? COMANllil, r~soy(lll. COTRI!I). CPCVC(6). CPCVSi41. 
3 CPPH~181. r~PTSI41. CPPWSI41. CSC(6), CT~ANlll)' 
4 CTnytH(lll. CITRA'lll,. OIA~I.). OIAMI4,. 01AT(4), 
~ £<61' F,141. (SI41' ESLI41. FFS91.), 
6 LI <~Ulo L?IJOI, LFT(4), MANTI 4), '1'(30), 
1 NAMEI~.3). N.MEBSI8.31. NAMETSI4,3),NAMEWSI4,3),NC'ITI4), 
8 Ncn()~130). "nl~I' NO~T(4), NP!!>" NTOCTI"" 
q NTHrI4,. NTMTI"). NTOTI"). NTOTR(4). OYIOI'" 
1 OVNAMlol. PL!121. PVIO!c). PYNAM(61. AO(2'r l , 
2 R~FI()(21. QufN.~I~). SINC!-), SLCAI, SPAC!4'. 
3 SPACL(4)' 'PACTI.!. SPTIEI"I' STI.I. SXI6!, 
• V .. xl"" "'016', SlOATI~.2" Sl0412.2lo S)(SOI6l, 
t; rtlAIINI"" TCTI101" TCTOVIIU. TCTTOelll' tMOYep,. 
~ THnYTCllh TITLE""'). TSI!>" TSI1UI .. " TS"'tNe"" 
7 TTCSlbl' rVS8Sf~I' TySTlil',. TYSwSC"" WC(61~ 
~ WMOI"'. ~~oTI20,. KINe"!' PSVCI61. P5VS141. 
9 NnnEI4!. C~NF(7). ZZCONfC11. LEVEL('I 
COI1M~N IREIN~OI KRCK,CPFLJ.CPFTJ.IDRF.JI1,JN.JP, 

I KOUNTl. ~01l"T2. KOUNT3. KOUNT ... KOUNTS. KOUNr6. 
I ~ouNT7, NC53. NJM. N~T. S~Y. sPINe, SPTJ, 
I c;U v• THCC' ,~, .... J". MNOl.lh ~NOT8."NOTR 
COM"nN II.IFI P" PSS. )(J. TOPKE' .T. THETA' SAcT. 

I VTNCC. VTOPKE, VE, YlJ. lZ. VPl. yp2 
COI1M,.,'; IALL" AP,AOTIIR.l TYPE .RINT 'NOAlCU, IoOY, A~A"ES.OVE"'~E" 
cnMMON I I~PuT I ACE'AtPR.AGF.80"IN.tINC.cIov.CI1Al.COE'~CPCYAC. 

I ~PLHSb,CPR.OUF.Of~,DSO,EFSG,Eo,.ESD.FFSG,IKOUNT.I~EVEL, 
2 rSl'Kl·K2'K3.M."AlO.NC'NI.'NLtK'NPRO~.NS8. 
3 oFMIN,OMAXA.OMAXC,OHINA.OHINC.POV.PSN".PSVAC,P$XSO. 
• Pl.PISO,P2'O.SGE.SGE~.SGK.Tt"AX.TCMIN,TwLEy,THAl. 
S TTC, ••••• J.n.lKSO 

REA, "\;u()E 
00 4'0 J 2 ), NS8 
IF IITHCC'T~MINIJ" .~[, 'HAX) 60 TO .. 80 
.-:ONTI"UE 
110 <0 SOo . 

.r _ww·" • OUF • O"L 1(10 ••••• , 
If IPS'I2.En.1.01 ao TU SOU 

PS'42 HAS dEE" SET BY SIJISROUTINE INPUT TO BE EQUA~ 
TU O~E. SQ THIS SECTION Is NOT USED. HO~EYER 
IT IS LEFT IN TME PROG~4~ SO THAT 'UTUAE USE MAY 8E 
HADE O~ TH1~ TYPE OF INP~T OPTION 

r:UMI"JTt.,Q EI.lUIYALEIjT 18 KiP SINGLE AXLE ~04"'5 

cn~PUT~ $ERvTtEAYILITy TE~" 
~T_A~nAIO((PI·p2'/(PI-I.5'1 

SETA Fn~ 19 KIP. Sr"ILE AlLE LOAO 
~18.1.~·3.63·19.··5.20~'THCC.l.)··8 •• 6 
WhO, n 

(10 .. 90 I=I, .. ~ 
IN.AvnL(I),~COO~III 

C.Lr:ULATE 6~TA FnR EACH AXLE ~QAO GROUP 
ii_i.w.,.o:;;';"=;S.~~l:rHCC~1.0}"~a.4. 

11>15 
11~6 

IIH7 
HilS 
HA9 
1190 
1191 
1192 
1193 
119" 
1195 
1196 
119' 
1198 
11"9 
1200 
1201 
1"02 
lZ01 
12°· 
1205 
1"06 
1 ~O 1 
120M 
1209 
1210 
1211 
1212 
12l:J 
1114 
IZIS 
IP.16 
121. 
1218 
Ill9 
1220 
1221 
IU2 
U23 
IU4 
IUS 
1221> 
122' 
IUa 
Ill9 
1230 
1231 
li!32 
1233 
123. 
IUS 
1236 
1237 
1238 
1239 
1240 
12.1 
It.\! 

N 
f-' o 



C 

'9~ 
C 

C 
C 
~ 

C 
C 
C 

500 

r..LLvLATE E0,,[VALENCY foeTOR fOR EAC~ LOAD GROUP 
EQ .(W~J/19.0) •••• 62.10'O •• (GT/818-GT/8)/NCODf,j).o3.28 

CALCULATE TOTAL EQU[VALENT lti-~[p AILES 
wT."T.~A(I).EY 

CONTINUE 
TNe~vUE GRuwTH A~U U[sTR[BUTION fACTORS 

wT-wr_J65.0.0rL*ODF/C1 0 .O •• 41 
~T·.T~tl.0.AGf.AP/Z08.~1 
.T-wT_AP 

.T ToTAL 18 KIP sING~E AILES 'OR ENTIRE ANALYSIS PERIO 

I<LfC~ CUTS T~E I"IITIAL 0[5111;<5 AfTER fINOIN& T~AT [NITIAL 
LifE fnR ALL CONCRETE ANa SURBAsE TiPES IS MoRE THA~ 
THE ANOLY~IS aERIOO 

RET,,,,,, 
END 

HfCI< • 0 

12 .. J 
12 .... 
Il"S 
Il .. 6 
12H 
IZ .. 8 
12.Q 

12~O 
1251 
12~2 

12~J 
1Z54 
1?5S 
1256 
1257 
12~8 

1?'~9 
121,0 

SlJ8~OuTINE AGE? (PI, 0. T, SA' t., TUPTU, JU~p. ~S.l{' 
en~~"N IL[fl P? P~S. IJ' TOPKE' .TOT. T~ETA. sACT, 

1 VU. VTOPKE. VE, VAJ. Zl. ~Pl, vP2 
COM~~~ /ALL/ AP,4UTGR.ITY~E.~1~r,~DAYCU,IOOY,ALA~ES,OVERLf~ 

Ar,t~ FINO~ TH~ TIME IN YEA~S TO BR[Nu A OEs[G~ f~O~ ITS 
1~ll1AL To TTS T~~~[~AL SERVICEABILITY 

~f"'l JUMP 

~E~T • 0.001 
KK • t 
Z • E/"OP~E 
Cl • Au.ADTbR/(AP*ADTGH'ZOO.J 
C). D '~O,/(4P.AUTGR.ZOO.1 
P~n = ~.a5-".bZ.A~OGIUI19.0) 
XL a '7.tO.o3.01/11'5i'·.O.?~ 
RHnSp • tXJ.900U./O •• i:.).(1 •• 7.1~.SQRT(Z.J/.I{L) 
RIHL = I.Olu •• LOGI0IRHUsP.b90./s~)'ALOOIOI0.]01) 
U'L = 1.~q~-O.SI7.RI6L 
Dl • ltl.O •• 01L 
~tTA 3 1 •• (J.b3.19.0 •• ~.iOI/(Dl'.·8 •• 6 
eLK • 1.)~.DIL • PNU 
CK 1".0 •• eLI< 

wl • 7.J~.jl.517.1aol 
02 ~ ~.6J.l~.u •• 5.2 
Q~ • 7.1'·SQRTIl.0) 
1/5 n.'3"~9 

.sx • ,QI-QS) •• l ·VSA /(Sx.SX) 
W1J a ,Ql*QS, •• Z .~AJ I(XJ*XJ' 
wP2. ,Q5/Q5, •• 2* VP2/(IP1-p21 •• Zt 
wlJl liI fQ~/OS) •• 2 • (l./(Pl.P2, _ 1./CP1.l.S,) •• 2*VPl 
-I"; 1- (, ./( ,.- CU31 ( ([*0··1' / Ill,5Z-TOPKEJ )·.,25") 1·~5 
_K2=(~1/·.)·«11.5Z/(E·(D··31·(TOP~E.·J')).·.2~' 
wK ~ (eQl.WK1.wKl, •• c.VTOPKf 
WEl • IofKl 
"E.~cl"1/ •• ).( (11.~2.T~PKE:I/f CO-.3,.,[ •• 5), ' ••• 2~1 
.f .: 101.WE1 •• £Z) •• a·~~ 
.01 ?U-al-QS/U 
wD2 = _ (J.v.Ql.W3.Q~/C~.O.(D·*1.75,· 

I IE/Ill.5Z·TOPK[) '''0.25 - Q]/lO··O.75)))) 
.OJ • IALOGIOI IPI_P2IIIPI-I.!I)) • Q2 • H."" 

o (n.l.0,**7.46 / 
(cQ' • CO.l.0'*·tt •• 6 ).*ZJ, 

wO. (JOI • W02 • wD3'*·2 * ~O 

VLOGW • WSA.WAJ •• Pl •• Pi •• ~.W[.wO.0.a]5. 
SOL •• sQ~T I vLOGw ) 
.UPTO. (10.0-_tZZ_SDLW"-(WTOT*/Cl_,TUPTO/,p'.·2 

'CZ.TUpTOIAP I) 

N~K • 4P - TUPTO 
TF (JU~P .IT. P~K) RKK. JUH~ 

OIFF~ • O.Q 
'''0 T :II TIII)TO • RKK 
710 .T I: (10.0--(ZZ-SOL.I ,-c.rOr-'Cl-(T/AP)--Z.cz-i/,p,. 

12"1 
12&2 
126J 
126 .. 
1265 
12&6 
12& I 
12bA 
12b-i 
12H 
1271 
121~ 
Izn 
127& 
IZ7~ 
127~ 

1217 
121H 
1279 
12~u 
1281 
1282 
IZ8J 
128 .. 
12R5 
12810 
1287 
1288 
1289 
1290 
1291 
1292 
129J 
129 .. 
1295 
1296 
1297 

g;~ 
IJOO 
DOl 
1302 
IJOJ 
IJO" 
IJO'i 
130& 
IJ07 
lJ08 
IJ09 
IJIO 
IJII 
1312 
IJIJ 
IJH 
lJIS 
IJI6 
1317 
IJIH 



740 

747 

141 

15~ 
C 
C 
C 
C 

1 
Z 

1 
1 
2 

wI~K D .T - WupTO 
uIFF = pZ_(pl_(PI_I.~l·(.INK'*dETAl/(CK.*8ET.1 

-(0.J3S*PSS*S.Cfl*I[XP(-THETA*TOPTOI 
-EXPI-r.;ETbTIII 

rf tOIFF; 1~O. 150, 140 
IF (,it'S (OIFFl .LT. pE5Tl ,,0 TO 7<;0 
IF (1(1<.1(" ... ; GO TO 141 
IF (DI'F, 1.1. 142. 142 

T c T _ o.nooool 
GO TO 750 
CO"TINuF 

OIFFR • (PI-I.SI·8ETA*(~INK.*(~ETA-I.Oll/(CI(.*RETAl. 
wTOT • (IO.O**(ll*SOL.11* 

~K • ? 

(C~/AP.2.0.CI·T/(AP •• 2'l.O.33S.I'SS.SACT·T"ETA 
·E~I'(·THETA·T) 

T • T _ DIFF/UIFF~ 
GU TO 7'0 

T • T.TUpT.) 

T IS THE lIFE OF' TH[ OlSleN 

R£fll~N 
END 

THIS WILL SE TAI<EN ~ACI( T~ THE MAl .. PWOGRA" 

HI9 
1320 
nZI 
uzz 
1323 
1324 
1325 
lJZ", 
132 7 
112~ 
1329 
1130 
1311 
Il32 
1333 
11.14 
1315 
Ull> 
1311 
1338 
lJl9 
1]40 
1]41 
1342 
1143 

e 
·C 
C 
C 
C 

7000 

C 
C 
C 

c 
C 
C 
C 

1010 

70"0 
10'\0 

S"S""UTINE ".Ne" (I'Ll', I'Ll'. n,ps¥) 
COMI40;' IMANel CERR, CLw, CMAT. UFTY 
COI4MON I~LLI AP.AOTGR.IT¥PE.RINT.NOAYCU.IOO~.ALA~ES.OvE~LE~ 
RfAI LAS. MAT. ~TOT 
n4T~ PLW.PEQQ.P~AT/O.60.0.1~.O.Zl/ 
DATA pLWR.PERRR,PMATR/O.44,O.21,0.3SI 

T a pU'.PLP 
IF (PLF .GT. AP IT .. AP.PLP 

PLp PERFORMANCE ~IFE I'REvlUU5 
Pl.'" PERFOI!HA"'CE LIFE ,.01.LOIlING 
T - ¥FARS OF MAINTENANCE 

IF IITYPE .F.Q. 2) GO TO 7QOU 
XLIII ~ PLIIR 
XER~ .. PERRR 
XI4H • PMAlR 

r,O TO 70lU 
XLIII = PloW 
XERR • PIRq 
X~AT • PMAT 

CO"'TINIJ£ 
... TOT • 0.0 
tiT • T ... l.0 

00 7020 f ~ I. NT 
III .. ,.1 
YI' = 19.72*IXll) •• 2'.I~.1l*D"TY·I'3.0 

TF ,YI' .LE. 0.0) G<l TO 702U 
LAB " "p*llL."el.. 
EQUIP .. YP"IERR"CERR 
MAT .. "P.l~AT.CMAT 
TOT. fLAR+EQUIP+MAT)/II"RINT/I00.,*"CII1+l'lP; 

IF 11 .EQ. NTI &0 TO 7030 
MTOT .. MfoT.TOT 

~TOT TOTAL ~Al~TENAHCE COST fDA T YAS AfTER APPLllNn RI"T 

coNTI"Uf 
T1 • NT 
"lOr. TOT*IT1.T) 
TOT • TOT -FlOT 
"TOT .. MTor.TUT 
TMPSY • MTOT/(11'O,O-10 .01 

T~PSY TOTAL ~AINTENANCE cOST PEA SQUARE yARD 
T~IS 1111.1. ~E TA~E~ 8AC~ TO THE MAI~ PRO~RA~ 

Il44 
1345 
1341> 
1347 
134B 
13"9 
Il50 
13SI 
1).,2 
135l 
1354 
Il50; 
13!>b 
13S7 
IJS~ 
1359 
13~O 
1361 
Ubi! 
13"3 
13~4 

D"" 
lJ66 
1361 
13<\1\ 
136q 
1370 
1311 
1372 
U73 
1)14 
1375 
137" 
1377 
1318 
IlI9 
13"0 
Il81 
13~2 

lJII3 
!lB. 
1385 
lJllb 
13111 
13M 
1389 
1390 
1391 
1392 



5!JBR'lV 1 I~E "fl"" {I.J .CTI'" .eTC .e T J.CTPF.CTSP .cTT~.CTS!I, 
CO~HON ILIFI P~. PSS. XJ. TOPK[' wT, THETA. SACT. 

I VTHce. VTOPKE. VEt VXJ. lZ. YPI. VPl 
cOMHn~ IREI~FUI KRCK,CPFLJ.CPFTJ.I0RF.JH.J~.JP. 

I KOllNTI. KOll~T2. KOUNT3. KOUNT4. KOUNT!5. KDUNT6. 
I KOUNT1. ~CS1, NJH. NLT, SLY' SPINC, 5PTJ. 
I ~uY, THec. -L. (NJH. MNOLR, ~~OTa.MNOTR 
COH~nN ;MAINII AVGLI301. AT8PFi41. 8ARNI4', 

1 aONv(I~I. rtCI"" CIS I'" COOc30.21. COOEC?21. 
2 CO~ANClil. C"SU~CI!I. COTIICU" CPCVCl61t epCVSI41. 
3 CPP8SCel. rpPT~141. CPPWSC41. eSCI6), eT~AN"clI" 
4 Cynvtl'llll,. CTT~AFelll. OI"LiOI. 014M(OI' DIATC.,. 
~ Er6" F>t'" ES141. ESLC." FFSRC.,. 
6 L1e)U" L~C301. LFTe.'. MANT!4I' NAI30'" 
1 NA~EI~.JI. N'ME~SC8'31.NtHfTSC"3I,NAME.SC •• 3).NCNTI4). 
~ Ncnut.,301. ",nib.. NOLTI'). NPe6" NTOcTi4). 
9 NT~T(.'. "YHT'''l. ~TOTCOI. NTOTII14', OVIfl(3)' 
1 OVNA""{6'. P,_<l21. PYIoce), PVNAJioH6l, ROl2.?). 
2 RNFIUe2). ~NFNAM(6). S1NCI41, SLC41, SPAC(4). 
'SptCLC41. ~pACTI41. sPTl£e4). ST'.', Stlbl~ 
"Y~.(6). ~.O(6). SXOATC6.21. SXOAI2.21. SXS"(~I. 
S T~A~N(4'. T~TMelll' TeTOVIII,. TeTTOlll., THOVC;ll. 
~ THovT'III. TITlEI15!. Tse61. TSHAXI41. TS~INI41. 
7 TTI:Slol. TVS8S18!. TYSTSI.!. TY$WS(4). WC161~ 
A WHOI9,. ~COTI201' (IN,')' PSYCI6!. PSY~IO). 
9 NOfltl.,. C~NFI71. ZzCONFI71. lEVEL ITT 
CO~MON IMAIN?I ~.(30). CC()OI' C11301. CJ!301. 

I CH(30). C"130). CAll0l, CS81301. 
II C~p(301o ('~Rno" CT!lol. eTlllo!t 10 110 It 
3IP(30), ' .. 10,. JMRIlOI. JNI1I30,. JP~!301. 
4 >Ie (30). '" R (30 I. MS 130" Mra 130" "T~ 13ftl. 
S NMA(o/"" "'~IlO). ~PP(10). PLF!30,13lt RL~I3n.4" 
~ R. ~ 130,410 ~YliI30.41. ~TS{)O •• ). STJ(30!t S""Oy'(30" 
7 TRNI.,I0.4/o T"SPnO.4" TellOIt TCT(301. TOl30.12" 
R HuBllO, 

CO"MON ITOe; HPnc.pvso.PVSN,OfQO.OEQN,AlS,lSoD. 
I ASND, "OOel. ~TSU. UTSN. UDOZ, NOLO, NOLN, lOT 

~ACK • KRCK'I 
C 
C KliCK P~EYENY~ THE STEEL FROH iEINO O~SlGNEO NO~E THA~ O~CE 
C WITH A" INCREASE IN THICKNESS OF THE SAME SIl8RA'lE 
C 

IF IKkCK .r.Y. 11 GO TO 900 
1U", • 1 
CTRJS • 0.0 
CTl'!S • 0.0 
.IN " n 
Jilt • 0 
JP • t\ 

ANLT • HlT 
WIDTH ~ XNLHWl 
NJ'iT • Nl.T • 1 
XNJ ... HJNT 

IF !MOOEL-21 015. 615. 610 
610 WIDTH • WI~TH/2.0 

NJNT • IilT.i! 
XNJ~ • liJNT 

615 IF ,XJ ,~E, 3,21 60 TO 6YU 

1J93 
1394 
13QS 
1396 
1397 
1398 
U9q 
1400 
1401 
1402 
1003 
1004 
I4US 
un!> 
1407 
1 .. 08 
1409 
1410 
1411 
1412 
1413 
1414 
1410) 
1416 
hI1 
1018 
101'1 
1420 
1021 
h2? 
1423 
1424 
1 ... 5 
1421'> 
1421 
1428 
1429 
1430 
l4!l 
lUi 
1433 
l414 
1.35 
1436 
1411 
1438 
14 3"1 
10"0 
lUI 
1042 
1403 
I· ... 
104~ 
1446 
1 .. 1 
1448 
1.,.9 
1.50 

C 

C 
C 
e 
C 
C 

CTRJ 11 lUOII. 
IF 'NCS3 ."'l, 2) GI) TO 650 
DO 040 Isrv~L • I. KOUNTI 

5~'T~ • SLV 
tSPF •• TMCC/~4.e~C(lle5PATJ.FFSR(J1/CTVSBSIlstEEL) 

on.15) 
COSTL~ z 1~.0.ASPFW.CPP8S{ISTEEL1.490.0/1128.0 
COSTTJ • CPFTJ/SPATJ 
CTL~TJ • C~STLS.Co,TTJ 

IF (CTL~TJ .~E. CTRJI GO TO 630 
CTRJ • CTL~T J 
cr. S • COSTLS 
eTT J • CO~TT J 
A!>Pf • ASPF. 

AROYE COSTS ORE PER SQ ~T ANU A~E. OF STEEL IS PE~ Ft WIDTH 
M"OLR • ISTEEL 
SPTJ = SPATJ 

I" ISPATJ .EQ. SUYI GO TO 040 
SPATJ = SPATJ'SPINC 

IF (SPATJ .AT. SUYI SPATJ • SuY 
GO TO 1020 
CONTlNUf 

CTR,H. CT"'J 
IF tNCS3 .FG. II ~O TO 730 
00 &80 JHE~~ • I, KOUHT3 

SPATJ • SLV 
ASP" •• T~CC/2."WC(II·SpATJe'FSB(JI/ITYSWSII"FSH) 

on.151 
CO~TL~ • 12.0.ASPFWe CPp 'SfIMESHI.490.0/1 128.ft 
COSTTJ • CPFIJ/SPATJ 
CTl~T.1 • COSTLS'COSTTJ 

IF {CTLRTJ ,GE. eT~JI GO TO 1070 
CTR.I CTL~T J 
CTlS • COSTLS 
CTTJ • COSTTJ 
ASP' • ASPF .. 
HNOLII • I MESH 
SPTJ • SPATJ 

IF (SPATJ .£Q. SUY) ~O TO bBO 
SPATJ • SPATJ.SPl~C 

IF fSPATJ .~T. SUY) SPATJ = SUY 
GO TO 660 
CONTl"U£ 
IF (CTRJ .f~, CTRJBI 60 TO 730 

FOR JCP ANO cRep. BUTH. THE P"OGRAH DESIGNS THE ~.~S IF 
THE COSTS OF MEsHEs AND aARS ~APpE .. TO BE THE SA~E 
WHEN 80TH TYPES OF REIN'ORCE"ENT A"'E TO 8E TRIED 

10RF • 2 
GO TO 190 

CTLS • 1000.0 
ASLIM • O •• -12.0-rHCC/AOO.O 

'" !NCS3 .EG. 2) GO TO 710 
nO 100 ISTFFL • I. KOUNTI 

ASPF •• 12.0.THCC·{1.3-0.2.FFS~IJ)I.TS{I)/IO.7~.TVS8SII~T 
F~ll ) 

IF tASPFW .LT. ASLlM) AsPFW • ASLIM 

105) 
1052 
lOS) 
145. 
I.S5 
1.510 
1451 
1458 
1059 
141>0 
1461 
141>2 
1461 
14"4 
1465 
1461> 
141>1 
1468 
14"'1 
141(1 
h71 
hl~ 

1473 
1470 
1415 
1416 
1.71 
1.18 
1.19 
148U 
1481 
1482 
1483 
148 .. 
1485 
1486 
1481 
14K8 
1489 
14'10 
14QI 
14'12 
149. 
14'1. 
14\15 
14'16 
14~1 

1498 
14'19 
l!5UO 
ISnl 
1502 
ISn3 
ISh 
I~05 
15010 
1501 
1508 



700 

110 

75~ 

7en 

C 

60n 

Bin 

COSTlS • Il,oe4SPFWeCPP8S{ISTEEl).490,O/17<a.0 
TF ICOS1~S .Gt. CTlS) &0 TO 700 

CTLS • COSTlS 
ASPF • ASPFw 
MNOLf< • ISTEEL 

corn IliOE 
CTl<;B • CTI..S 

TF' INCS] .f~. I! GO TO 730 
~U 720 I~E<~ • I. KOUNTJ 

ASPFW a 1~,oeTHCCell.J-0.2.F'F'S8(Jll.TS(1)/IO.7~.TYS~SII"E 
~ .. !! 

IF CASPF'. ,LT. ASLI") ASPFW • ASLI" 
COSTL<; • Il.0.ASPFW·CPP.SIIMESH).490./1718. 

IF ICOSTI..S .GE. CTLS) GO TO 7Z0 
CTLS .; COSTLS 
ASP" • ASPFW 
MNOLl~ • TMESH 

CONTINU!:: 
if ICTLS .1 T. CTlSB) GO TO nO 
00 760 ISP • I. KOUNT6 

SPACIT~PI • 3.0/66.0.3.14159-18ARNIT5Plle·Z.n/A5PF' 
TF IlJ-3.11 '60.75Q,750 

80NO • 3.14159-SAQNIISP)/18.0eSPACIISPleTHCC) 
If I~ONO ,LT. 0.03) ao TO 760 

.IN • ,1'4.1 
SP.CLelN) • SPACIIsP) 
DIALI,'''l • BARN(I!IP! 

CUhT"'UE 
CTTs • 1000.0 

DO 710 15T[FL • 5' .OU~f2 
ATSF • THCC/26.0e.CII)e.!OTH.'F58(J)/ITYSBSITS~F.EL) 

.n.7St 
COSTT~ • 12.0eATS'.CPPBSI15TfEL).490 0/17280 

IF' ICOSTTS .6E. ~TTS) Go TO 710 •• 
CTTS • COSTTS 
ATSpF' • ATSF 
MNOTR • ISTEI!:L 

CONTINUE 
~O 180 ISP • I. KOUNTb 

S~ACCtSP) • 3.0Ib •• O.J.1411'·18A~N(ISP)J··I.O/ATsp, 
JM •. ,,,,.1 
SPACTIJM) • SPACIIsP! 
DIATIJN) • BARN!ISPl 

CI/NTINUE 
JP •. 1" 
CTTSR •• NJN •• TSPF.60.Q.DIATIII/8.Q.CPp8SI~~nTpJ 

•• 90.0/1728.0.I.O/IXNLT.WLJ 
cOST OF Tlr BARS IS CALCULATEo FROM 'IRST TIE 8A~ P~IN!Eo OUT 

CTRF • ICTLS'CTTSI-•• o 
CTTs • CTTB"·9. 0 

GO TO 870 
IORF • 2 

00 820 IS •• I. KOUNT. 
0IAMI1,.1 • IAS.'·SLIISPI/C,.O.3.161591)··u,5 

IF' CxJ-3.2, 800,810.810 
8ONO • 3.1411geOIAMIISP)/ISlI15PI.T~CCI 

.r ~eo~o .lr. C.~J' 90 TO elC 
IN •. IN.l 

1509 
1510 
15\) 
1512 
1513 
\514 
ISIS 
1516 
1511 
1518 
1519 
15<0 
ISlI 
1512 
1513 
1',14 
1515 
Is26 
1527 
1128 
1529 
153G 
1531 
1'532 
1533 
1534 
15]1 
ISle 
1517 

~n: 
U4Q 
a41 
1542 
154~ 

ISh 
1545 
1546 
1541 
150\.8 
15.9 
1550 
1551 
1552 
1553 
ISS • 
1555 
1!>56 
1'157 
155M 
1559 
1560 
1561 
1562 
l'Ib3 
IS64 

81n 
ijlO 

&40 

850 

86n 

87n 

B8n 

890 
90ft 

C 

3PACll.JNI .. SL(ISP) 1'1~7 
N 
I-' 

DIAL I.INI .. \lIAMIIS.) 151>8 +:-
CONTINUE 156Q 

ATSPF • THCC/Z4.0e WClll·wlDTHefFS8IJ)/TYSWSI"NOLQI 1510 
••• 0/3.0 1~11 

CTTS • 12.0eATSPF.CPPWSCMNOLRle490.0/17Z~.o 15'/2 
HNOTR • MNOLR 1573 

00 H40 I5P • I. KOUNT4 \514 
IJIAMCT~P) . IATSPF.STIISPI/13.0·3.141 59)1 •• O.5 1575 
JM • J'''I 1516 
SPACTc )141 w ST(ISP) 1517 
DIATlj") • OI_MIISP) 1578 

CONTiNUE 1519 
CSTTiI • 1000.0 1580 

00 850 ITS • I. KOUNT5 1581 
ATep'IITill • THCC/24.0·.CIIJ.WIOTHw'F5BCJI/TV5TSIITB) 1582 

••• 0/3.0 1583 
COSTTB w 12.0·ATilPF(IT~)eCPPTSIITe)w490,O/!728.0 1!'o84 

IF (COSTTB .6[. CSTTS! GO TO 850 1585 
CSHB • COSTTtI 1586 
ATB • AT8PF 1IT8) 1587 
MNOTB • ITS 1588 

CONTINU[ 1589 
00 860 JPI> • 10 KOUNT7 1!l90 

JP • J".l 1591 
SPTlflJPPl • ~.D/6 ••• ~a'I.15'·IT8ARNIJPPllee2.n/ATS 1!192 

CONT!NU[ IS93 
CHSR, e JlNJNeATilP'!I) ."O.O·TSARNIlI/8.0·CPPTS\·il 1594 

.690,O/172S.0.1.0/IlNLT·WI..I 1595 
CTRF • CCTLS.CTTSI."O 1596 
CTTS • CTTSR.9.0 1597 

CONTINUE 1598 
Ir I xJ-3 ,2, 880.890.890 1599 

CTJ • VNJN.CPFlJI\lNLT·.L)·9.0.NJM/17.0.0 e3.0eCPFTJ 1600 
SPTJ • 528n.OllNJ. 1601 

GO TO 900 16112 
CTJ • IXNJN·CPFLJ/fJlNLT·W~).CTTJ).9.0 1603 
~TIN • CTSP'CTC.CTSI.CTA'·CTJ·CTT8 11>06 

CTlI'j INITTA~ COST 1605 
"FTURN 1606 
ENO 1607 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 

<;1!l3knuTINE T[)C'l (PLAT,OVTH,TLJCSY'HPSy,Nl,~,IZ) 
r0MMoN IALLI AP.AUTGR,lTYPE,~INT'NDAycU,InOV,ALA~ES,n~E~l_F~ 
Cn~MnN I~EINFDI KRCK,CPFLJ,CP,TJ,IORr'JM.J~'JP, 

1 KOUNTt. I(Oll,tT2, KOUNTJ, KUUNT_, KOUNT5, KOUf'>.ITb, 
KOUNT7, '-.IC,=,.-h NJI1. NLT. SLY. SPI~e, SPT~J. 

1 ~UV, THCe. '~L' XNJ~, ~~nL~' ~NDTB,MNOTR 
rn~~nf'>.l ,TDC, Hpnc,PVSO,PVS~,~EQO,OEON,AAS.ASnO. 

1 ~SND, ,",onFL, OTSO, OTSN, UDOZ. NOLO, f'>.IOL.N. AUT 
r.nMMn"'4 I I~PuT I ACE'ACpR,AGF'BO"'IN'CI~C.CIOv.C~AX.C:Jt::F~CI')CYAC, 

1 rPlMSG,CPR,nUF,UFL,DSO.EFSG,EOF,[SD.FFSG.tKOUNT.ILEvEL. 
2 rSX.K1'K2'K1.M,~AXO.NC.NL'NLCK,NPROd.NSA, 
J ,FMl~,OMAX4,0~A(C,OM1NA,OMINC.POV,PS~_.PSVAC.PS.Sn, 

PJ.PiSO,p2~n,SGE.SGEL.SG~,TC~AX,TCMrN,THLEV,TMA •• 
~ TTC.W.W,(JC;Q,XKSO 

01MFNSION AVPHf~_' 
f'lIM£""S10N CCSRfh,7), CCSUI6,7), CURSI1Z,ZI. COOll'c), C,6PI_.3J 

THE FOLLOol"(o ARE T ABLES CO~TAI~I"'G THE 'JSER CUSH. 

fXCE~~ COST .BO.~ cn~TI~ul~G AT I~ITIAL SPEED 
[T I..,CLUOES opE~.TI~G AS WE~~ AS TI~~ COST OF SPEED C~AN(OE CYCLE 
.000lLARS PE~ 1nno CYCLES •• 

DATA CCSR/1ti.~7~. 12,93Z. 39.7~~' 63._5_. 98.19_. 1~1.8RA. 
I u,' 11.8~ .... ;J7.079. -9,9U7, 83._~_, 13_. 7"'], ~.o •• 1",'06, 
? ~5,H12, ~7.~~~, 116'~Z7. J.O', 19.90Z, So,]Z6, 9~,7A8. 
J -·0., ~B.491, 71.070,5.0,. 40.9)1. 6.0.1 

cn~T OF SLOWING nnWN I~ AN URBA~ AREA 

eCSU/7.39~. 1_,329, Z_,S70, 37.838, 56.70~. 85.51_, 0" 
1.059 • 1~.z, Z8.H96, _7.0_6, 7_.330. z.O •• 8.191. ?0.11' 
l7.]0~. ~I.~A_, 3.0., 10.~-~. 27.112_, 50.70~, _.0.0, 
l_.93~ • 16.99_, 5.0.0. ZU.704. 600.1 

co~r OF OPEHMTI~G AT • U~lrORM SPEED I" TE~AS 
DTFFFQANCE OF T~~ VALUES GIVES THE EXCESS COST O~ DPERATTNG AT 
REIlUCED SPEED 
IT INCLUUES OPE~.TI~G AS "ELL AS TIME COST 
00 Onl_L~~S P£~ l~OO VEHIClE MILES •• 

OAT A 
1 
2 
3 

eUHS/945.?~, _~~.77, J_~,_3. Z70.31, 21~.70, 1~~.6? 
l76.6~, 1~2.S8, 152.5_, 1-~.5_. 1-1,0_, 138.80. 872."0. 
-~~.~6. 117.78, ~_8.Jo. ~U6 8_. 179,6_. 1~U.7St 1_7,?Z. 
137.31. (lO.OR. 124.97.121.'81 

CO~r OF" IDU"G 
IT INCLUDES OOE~.TING AS o~LL TIME COST 
.0 UOI.LA~S PE:R '"00 VEHICLE HOURS •• 

C~P.C(TY lA~LE 
OUTOIlT "ND RECovERY .. ATES' VEHICLES PER HOU~ IN ONE OIRECTTON 

1M" 
lbOQ 
I~IO 
1611 
Ihle 
1~13 

1~14 
1615 
1~16 

1~I7 
1~lq 

1~19 
H20 
1621 
1622 
IOi3 
1624 
1~25 

1~26 

1~27 

1~1~ 

1'?9 
I~JO 

1631 
1~32 
1033 
1634 
1'3~ 
I b)~ 
1637 
163q 
1'39 
1640 
1641 
1642 
1643 
1644 
1605 
1646 
1647 
1648 
16_9 
1650 
1651 
1652 
165) 
16~4 

1655 
1~56 

1657 
1 ~5B 
1659 
1"',",0 
1661 
1,62 
I~"') 
1"'~4 
IM5 

e UC;EfJ TU CALC.IJu ... TF POl.Pi>J1,LJOl ANU ON) FOR MODEL NOS j'4 ANn 5 
C 

C 
C 
C 

C 
C 
C 
C 

DATA CAP 1 1.~Sn., 3'100 •• J"'oo •• 3000., 2700., -sao., 7'BnO •• 
1 -700., -3~0 •• 62UO" _~O~., 6_00. 1 

REAl ~DAYCU.fJU4YCO.~OAYCA 
II\tTE.GEH RlUllCE 

rnMf'UTE FINAl ADT 
AOTT • AUTo(1.0.ADTGR/IOO.O.PLAT) 

Tt- (AAS .GT. 60.0) AAS .. 6U.O 
IF (ASOD .r,r. 1,0.0) ASOD • bO.O 
rF (ASNP .~T. 60.0) ASNO • 60.0 

LO • 6<;00/10,0 
L0) = ASon.2.0/10.o 
L"" • A<;NU/I0.0 
LN) • "SNn.2.0/10.0 
I<. • AA~/I0.0 

~1 • ~~S.2.U/I0.0 
~YARnS = (1760.0VER~EN) • (I.L/~.O)·IAlANES» 

IF (IDOIJ.EQ.2) r,Q T" 99_ 
HTCAn • HP~y 0 ~YAR{}S 

NnAYCA = HTC.O/HPOC 
GO Tf) "'~5 

4QIt HTCcn • HPSY • <;yAR0S 
NOAVC.O = HTCCO/~PUC 

QQC:; CONTTNUE 
CAli VPHCAL IADTT,AIJPH) 
PrU!ICE J; 0 
1 T1"EOV • I 
N;JDUl.4 Z NZ-I 
NllMI = Nl 

QQ6 DCHT • 0.0 
9Q8 00 q99 I-Nl,"'iZDIIM 

VPH .: AVPHfll 
••• 0 

~OoF"L 
.0 •• 

NlJ~t:iER ONE 

POI n. 
P"I = ". 
UOI . n • 
aNI . n • 

AROVE VALut~ ARE BEI~G GIVEN ~OR MODEL Nu~aEH O~E aUT T"E5E 
VALUES AR~ 6l so USED ~Oq OTHE~ Moons I" CASt SEOEIIATE VAL"ES 
of THESE VA~IABLES ARE ~oT CO~PUTEO FOR THE~ 

PO? • ovSO/IOO. 
PNc :I: DVSN/I00. 
U02 • nEQD 
DN2 • I\EQN 
o ~ 1,/12. 

,,0 TO (7YO.750, 760'710,76U). '-400fl C.··· C MODEL ~UM~~R Two 
CO ••• 

7'>0 A z DT~D/ASOD 
AQ • A.VPt-4 
PO) • ~.S.C1.-EXP'-AQ»)·.Z 
PN1 II 0)01 
001 • f1 •• EXPI2.·AQ)J·(EKPCAQ)-AQ-1.)/(Z.·VP~.POl 

16~'" 
I~H 
1668 
IM9 
1~70 
1671 
1672 
1673 
1h7_ 
1670; 
1,7", 
1677 
1",78 
1619 
16~0 
16~1 

1"'~2 
1683 
I~A4 

16Ao; 
I~~~ 

IhA7 
I~AA 

1 .. ,'1 
1~90 
1691 
16~2 
1693 
1694 
1695 
1~96 

1697 
169A 
16qq 
170n 
1701 
1702 
1703 
17 0 4 
IH5 
1706 
1707 
170B 
1709 
1710 
1711 
1712 
1713 
1714 
171!> 
1716 
1717 
I7IA 
171'1 
1720 
1721 
17U 
1723 



4tEXPf2.-AY).EXP(AQ,.1.,J 
"'NI • 1'101 

flO TO 19n 
c 0.00 

C ... O~El "I,,,IIERS T>(rlFF. A"II) fIVE 
Co ••• 

760 OurqAT = CAPl20ITYpE_l, ~OLOI 
~ECRAr • C.Pl20ITYpE. NOLO) 

IF (VPrl ,L(, ourRATI GO TO 'iO 
RECVPH.AMA~I(I.O,RECRAT-VPMI 

1~S POI • ~POC.(VPH-OUTRATI/{2,.VPH.U) 
If IPOI .GT, 1.1 POI· I. 

001 • ~POCO(VPM-OuTRAT)OIRFCRAT-OUTRATI/12,ovp~opol 
• (REC'PH!} 

no TO 790 
c •••• 
C ';loon NuMbtR F OIIR c.··. 

770 OUTQAT = CoP(2-ITYPE-I' ~OLOI 
R£CRA1 • CAPlioITYPE, NOLO I 

TF (VPH .L,., OUTRAT) GO TO 180 
kEC.pM=A~AXI(I.~.RECRAT-VP~) 

POI • ~POC_(VPH_OUTRATI/12 •• VPMOOI 
IF IPUI ,"7. 1.1 POI. I. 

DOl • ~POC.(VPH-OUTRAT1-(RtCRAT-OOTRATI/IZ.oVPMOPOI 

_IRECV!',,, I 
180 OUTRAT • CAPI2oI TypE-I. ~OLNI 

REeRAT • CAPlioITYpE. ~OLNI 
IF (VPH .1..', oun'AT I GO TO 190 

PNI • ~POC.IVPH-OJTRATI/12.·VPM·OI 
rF (PNI ,uT. 1.1 PNI • I. 

ONI • MPOC.tVPH_OUTRATI"IRECRAT_OUTRAT,/12. 0• P",oPNI 
.'~ECRAT-V"Hll 

flO TO 7'10 
CONTlNUf 19~ 

C 
~TART COLLECT!N~ OLL PERTINENT INFOR~ATION A80UT OI'FER[NT TYPE~ OF 
DELAY ~OsTS. T~E F0LLowiNG ARE THl DIFFE~'~T TYPES OF TRAFFic DELAY 
~OST~ PER .EHICLE 

C 
C 
C 
t 

flO TQ 1800.aU), iTyPE 
C r.OST OF STOPPING FAO~ APP~OAC~ spEED IN A RURAL AREA. 

C 

C 

8n~ COl. ,CCSRIK. 11.(CCS~rK'\' Il-CCSRIK. 11)*IAis 
/I0,O-KJ J 11000.0 

CNI = 1:01 
COST OF SLowiNG Tn THR" SPEED IN A RuAAL AREA. 

C04) ; CCSqIK. LO'll.CCCSAIK.I. LO,\I-CCSRIK, 10 
,lll·CAAS/l0.-KI 

C04? = CCSACK. LO.21.ICCSR,K.l. lO,2J-CCSR,K, l~ 
.lJ)·CAAS/IO.-KJ 

C04. (COAI_Cc041-COA21·IASOO/IO.O-LOlI/100n,O 
CNAI • CCSRIK. LN'll.tCCSRIK.'. LH'I,-CCSRI(, LN 

.1 I 10cAAS/I0 •• K) 
CN42 • CCSRcK, L~.2l.ICCSRIK.l, LN.II-CCSRIK. LN 

.~)'.CA'S/lO._KJ 
CN •• ,CNAI_ICNAI-CNAi).tASHD/IO,O_LHII/1000.0 

tlV Iv 8ctJ 
COST OF STOPPING FRO~ APPROACM SPEED IN AN URBA~ AREA. 

172A 
HZ5 
1726 
17Z1 
17;>8 
1729 
1730 
1131 
113;> 
1113 
1134 
1735 
In& 
1737 
1138 
173'1 
l14n 
17AI 
174Z 
17A3 
I1AA 
174' 
17A6 
11H 
11411 
11 .... 
1150 
1151 
!1~? 
17'>3 
115 .. 
1155 
1156 
1157 
1158 
115'1 
1160 
1761 
1162 
1763 
116A 
1765 
1766 
1767 
176_ 
1169 
1770 
1711 
I71Z 
1711 
177. 
1715 
1176 
1777 
1778 
1719 
I"'~(] 

!TAl 

~In Col = ,CCSd(K. II'CCCSU'~'I. IJ-CC~UI~' 111*IAAS 
,10,n-Kll/loOo.O 

C~I = rOI 
C ~OST Uf 5LU.I~G To THRU SPEEU IN A~ UR~AN AREA. 

C041 ~ CCSUIK. LO'II'ICCSUI~'I' LO'I'-CCSUCK, 10 
.1,)·fAAS/10 •• K) 

COA? ~ CCS'HK. LO'ZI'ICCSu(~.I. LO'Z)-CCSUI~. I () 
.Zl)·tAAS/lO._K) 

COA. ,COA1-ICoAI-COAZI-CAsnO/IO,O-LOII/IOoO.O 
C~"I • CC5~IK. LNo!J.ICCSUrK.I. LN.II-CC$U(K. IN 

.!IIOIAAS/IO.-KI 
eN42 • ceSOIK. LN'2l.,ceSUIKol, LN.2J-CCSUIK. l~ 

.~II"(AAS/IO.-Kl 
eNA • ICN"I-ICN"I-C~AcJ·(ASND/I~.O-LNII/IOOO.O 

C rOsT OF UELAY OuE TO CO~GESTION OUTSIDE THE ~[STRICTED AREA. 
82n COZ • OOloCOOII. ITYPEI/IOOO. 

CNZ • 0NI"COOII. ITYPEI/100n. 
TF I~ODtL .EQ. 51 GO TO 830 

rOST OF OH!VING AT A REOUCEU SpEED. 
COlI = CUASCLOI' ITYPEI-ICURSILOI' ITYPEJ-CU~$ILnl 

,I, ITYPE,'-CAsoooZ.OIIO.U-LOIIIl.U 
C01Z • CUPSIKI, ITYPEI-ICURSIKI, ITyPE,-CURS,KI·I. 

TTYPEII·IAAS.Z.O/IO.O_KII/Z.O 
C03 • IC011-C03£I*OT$0/1000.0 
CN31 • CURSILNI. ITYPE/-ceURstLNI, ITYPEI-Cv~S(LNI .1. ITYPEII·(ASNooZ.0/10.0-LN1I/Z,O 
CN3 • (CN31-C0321·OTSN/loOO.o 

C FKCF~S COST OF STnPPING FRoM THHU SPEED 0 COST of IULE TIMr. ALL 
C wITHTN THE RESTRICTED AREA, 

AU TO 8AO 
83n C031 • CURSILOI. ITYPE1-ICURSILOI. ITYPEI-CUP$CLnl 

.1. !TYPEIIOrASU002.0/10.0-L011/2.0 . 
COll • CUR5CKI. ITyPEj-CcURStKI, ITYP[I-CURSIK1'1. 

ITYPE//.,AAs02.0/10.0_KII/Z,O 
COl. tCOll"OOOZ-COJ,-UTSOl/1000.0 
CN31 • CUASIL~I. ITYPEI"ICURStLNI, ITYPEI-CURStLNI 

'I' ITYPEI1·IAS~D*2,O/IO.0-L~IIIZ.O 
CN32 • CURSeKl. ITYPEI-(CU~SIKI. ITYPEI-CURS,KI'I. 

ITYPE/lotAAS.Z.O/lo.O_KII/Z.o 
eN] • ICN3!_CN32l.UTS~/IOOO,o 

64n GO TO ISSO.A60l. ITyPE 
~5n cos c ,CCSAILO. Ilol'C511ILOol' II-CCSRtLO. III.IASOO 

IIO.O-LOI.OOeoCODtl. ITyPEII/IOOO. 
CN5 • ,cCSRILN. 1I.ICCSRCLN~1' .1J-CCSlltLH, 11l.(ASNO 

110.0-LNloUNZoCOOII. ITyPll)/IOOO. 
GO TO 810 

8bn COS. ,CCSUILO. IloICCSUtLD.!. I)-CCSUILD. Ill.IA~nO 
110._LOI.OU2.~0011, ITypEll/lOOO, 

C~S • ,CCSUILN. Il.,CCSUILNol' Ij-CCSUtLH. III*(ASNO 
I 110.-LN)'ON2.COOII. ITypEII/IOOO. 

C ~TART TOTAL COST cn~PUTATIONS 
C nCH IS TOTAL TRAFFIC DELAY COST P[R HOUR OF O.ERLAY CONSTQ. 

810 IF ,AEUUCE.[O.!, GO TO 87'1 
OC~ • ~PH-IPolo,COloCOi.C03)·II.-POII0IC03.COAI.PDZ 

lOCO!> I ° .P .... 'PNI. tCNloCNZ OCN3)' C t.~PNI) °CCN3'CN41 
, .PN2o{.~5) 

UI) I(! e::cH 
879 UCM • ~PH·ICOJ'COA.C"I3·C~A) 

17112 
17113 
t711A 
17&5 
17Rb 
1187 
1788 
1189 
1790 
1191 
1792 
1193 
1194 
)795 
1796 
1797 
17'1A 
1799 
IAOO 
IAOI 
IAU2 
1803 
18~4 
1'105 
l~o6 

IR07 
l~n8 
IIIU9 
11>10 
II!! I 
IAIZ 
1813 
11114 
1815 
1816 
1811 
UUA 
11119 
18?u 
1,,21 
IIIU 
i821 
11\2' 
l&l5 
IAZb 
IAn 
IAZA 
18Z9 
11130 
PIJi 
1032 
1833 
111)4 
1815 
11136 
11131 
tii\'UI 

i839 

N 
I-' 
Q'\ 



C 
C 
C 

lone 

lonl 

1002 

30no 

~C~T • oeM • O~HT 
CONn"VE 
rr (tOOV.NE.2) ~o T~ 206u 
GO TD (1000'lool.ln02.100~I.ITIM~oV 
r-ll • N~lJVM • 1 
"'.2'0".. :a 24 
DtHI • I.)CHT 
"EDucE • 1 
ITI"~O' • 2 
GO TO ~." .. 
N1 ~ I 
N?Oll" = NUM1_I 
DCH2 = DCHT 
RFDIICE lIJ 1 
TTIM[UV • 3 
GO T~ ~~6 
N1 • 1 
N~OIfIo1i • ~ .. 
OCH'j • OC':T 
RFO',CE • I 
lT1MFO' ... 
c;o Tn Y~6 
DeH- • OCHT 
!101TOT • (OCHh"CH2.0CH3I e (NllArCO, • DCH"eINO"rC,.II 
nes'eO • OCHTOT/S'AROS 
Toes, • OCS'CO/(l •• Rl"T/IOO.leep~AT 
JFITOC5'.lT.O.", TOCS' • 0.0 
Gf) Tn 3000 
oes,,,o • (NO",C> e oeHT, 1 S'''RDS 
TOC~, • OCS'AO/II"RINT/IOO.leep~"T 
IF(TflCS'.~T.o.~1 TOCS' • 0.0 

TOCS, IS TH€ PRESENT WO~TH of TOT,," TRAFFIC DE~AT 
SQII.RF ,un DURING 01lEil1.A' CONSTRUCTION 
THIS Wl~l ~[ TA~~~ BACK TO T~[ MAIN PROGRA" 

CONTlNUE 
RFTURN 
END 

18"0 
le"l 
I"'? 
III". 
UH 
184!> 
1846 
1~"7 
III .... 
18 .. 9 
IR§O 
I~SI 
11152 
11153 
1115. 
IllS!> 
11156 
1 .. 57 
I"~A 
I~"q 
IIIbO 
IlIbl 
1!!6~ 

1"63 
lAb .. 
1~65 
1"66 
1""7 
1""8 
I1lb9 
1~70 

1811 
IA7o! 
lll7l 
1814 
IA75 
PH;' 

~"",,'luTlNl VPHr.~ fAUrr.V"HI 
nlMENSluN PEA"nrIZ41 .VPH(24) 
cn~MnN I INPuT I 'CE."CpR"GF.SO~IN.Cl"C.CIOV.CMAX.COEF~CPC'AC. 

I CPLMS8.CPR.nOF.OF~.OSD.[FIGIEOF.EIO.FFSG.I~OUNT.ILE~EL' 
2 TSA.Kl'K2.~'.H,~A.O,NC'Nl.~~CK.NP~08.NSe, 
3 OFMIN.UMAX •• OMA'C.OMINA.O~INc.PO~.PSN4'PSV.C.PSXSO. 
• PI'¥ISO.P~~~.SGE.SGEL,S6~.TC~AX.TCMIN.THLEV.TMAX. 
~ TTe.w~w.XJ~n.XKSO 

Oe.TA Pt.H40T I 1.044,O.691.0.520,Q.50Q,O.606.1.60!t,3.114,6.J34. 
I ~.O"I.S.~38.S.961.6.03~.S.691.6.127.'.3112,6.~9 ... 
2 A.114,1.806.6.J17.4.400.3.269.2.669.2.401.1.~21 

OnFy .. 1.)0f/I00 •• 
f);) 1 n 1:::: 1, 21t 

~pnll) .. AnTTePERAUTIII/IOu.U -OOFV 
10 CONTINUE 

PETUQN 
ENO 

1,,77 
Ifl78 
11179 
lA80 
I A81 
1882 
1983 
188 .. 
11'115 
1886 
IA87 
Ifli!8 
18811 
18110 
I Alii 
1892 
lR93 



<"IIPiwO IJT lNE O.'~UF' ~ (1 )ulJ'. tOplJ',L. :""N~' Trf)ST) 
C')~~'N I~At~ll ~VbLlJDI. ATHPF!.), HA~Nt41. 

I HI)"JY!l2). f'TC(fI;l- Ct<;!'+" CO[}(lo,~;t cm;."(?',?). 
r. C(J "-' A I'll (I 1) , I"'iSVVlll), COTw(ll), CPCVC{fll, CYCVS(4). 
11 C;,1?H~(a" CI>PT~(4), CPPIIIS(4,. CSC(F.I. Cftt~J\N(llH 
4 CTt')vtHdll, r.TTt4AF<ll). )IAL('+), VrA"'(4), OIAT(.), 
to) Eff," F'~(4). E5(4)' lSLf.I, F'FS~I(4', 
~ lll~lI). ,:>(301, l.,FT(4), ""ANTI4}, NI\("IIO·). 
1 ""A.,.[{4.1J, '-'\"4ER<ijth~) ."IAMET~(4.:1I,NA;''1~''''S(4.j},NC~T{41 t 

A r~c')tJl(3In. "-'1'It::)). '10LT!"), Nr'{fd. P>.iTOr:Tf4-1. 
~ 'a~T(4), ~lr~Ti.). ~T()T'.). fotTOT R (4), Ovt()('H. 
1 OV".P\I"Cf:,d. PLtl2}. PlJ'ltJ(.c). f,.I"NAIofI~). Q,1f?,,,t. 
P ~'~,"JLlC~I, QIF·-.lA"I(6), SPtCC.I. Sl(4), SP"AC(4), 
1 SI;)ACL.{4.' ~PAC:Ti'q, St:2TB .. {_,. Sl£41, SJ.(~'. 

"'" V~)f (0)., ~\Otf· .. , Sx,:)AT (6.2) t SXD~t~'2). S;("),l{I\l, 
S T~t.r(l"lltj. r(,TMrlU. TCTO\l{lU. TCTTfJf)ll. TMO,dtU, 
f, T..,t')vT(lli. r1TLFtlSi. T~(OI' TS"tAXf41. r-;\4TP>.i14). 

TTrSlb). rvS~StM), rV~TS(4). TYSWS!4). wC(~). 
W"n{~)· ~~oTt~I»), .1~(&J. PSVCfh), PS"~(.'. 

Q "'lOf\lt4i, rr.NFf'1J. Zzco\lF'(n. LtV(l..(7) 
·C"M~~N I~AI~?I ~~(~O). ce,lu). cr(30), CJ{3U). 
I C"(3.,. cn(311. CRIIUI. CSB1301. 
? C~O(~tl). r~M(30). CTllQ). CTB(30), 
~ IPr3uJ. FHJOJ. Jt4~!JU', JII.IR(30). 
• "'Cf31,11, ""1_~t.3ll1, '4SC.fOJ. MTt!13tl). 
.., NI,1~{C." ~'lj(jOI. 'IpP(JI,I). PLfrlo.ll). 
f- HI~~JU,." 1.;P·H:}Il,4). QTS(jU.4). STJf301. 
'1 T""~J{.)Q,4). '''''SPC3(J,4). TCCJu), TCT(30}, 
~ T~\IHCJnl 

cn~"ON I~EINF'DI ~Rr~.cpFlJ.CPFTJ.IORF.JM,JN,JP, 

Idt "l0" 
J"'Q {3rt. 
MfQrlfil. 
RL~IJn.It' It 

StJ'4ny l tot. 
T,-, 110.12' ~ 

J l(oU~Tl. ~OII~.12. t<.ouNT.h I<OLJNT •• I(Our..""~, I(OU"fTb. 
1 I(OLJNr1, ~C~~, NJM. ~~T. SLIJ'. SPINC. SPTJ. 
1 ~UV, niCc, ,fl. Xc.tJP4, Jt4~OL~. IIINOTR,Mr..OTF'f 
Cn~~n!~/ARWAVI ~~SVP.CTC,CTI~.CT~.CTRf.CTS~.CT~P.CTS~,CTTA,K~. 

1 tUl,MP>.iOC,Jt4NOS.~ODtS.NREQ.NW~tTHSe.~M 
DU l~cO ~ ~ I. C 

NL~ 1 =- NkF()+L~.1 

IF IIVDv .F~. 11 ~LMI • h~f~.~ 
rF (M .fQ. " ~~ TO 1120 
If IrCu~T .~T. TCII~L~lll bV ro 1220 

NN ;:; "1 Ml 
r.O TO 1130 

11;0 COhTINUF 
fit .. ? '= ,'Re • 1 
Nt-,J 11: "'1~2 

If INRl - 'I 11'0. 1130. ~UOO 
90nO NW?) ~ ~~? - 1 

~o ~~~~ N~·~I. I. NH~J 
TF <!UPv - 'P(NA.~Hll 95~U. 11(120. 9!:>S(l 

~n~o rf <lUO~ - 'OI~"'I1I 9,\!>o. ~030. 9,50 
90'l~ rF {IORF' .. TF'fINAIJI1) 1I!)~o. 9 u 40. 9':15n 
4040 KI"~ • 0 

r F I L - ~~p (",.10 II I 'I550....U I O. Q5!)0 
9'1Q I&HET • u 

rF IIDOV-l1 "llo. '1310. <Ill" 
'ilt:! l 0 f')(J ~S 1 Co N, l,! = l, L 

TF ITHO"!\lm/) ... TU(""JANI.~UV)' qc;<;th q~ln. ~S4;O 

"'1"40 il1H't.j :: r·:Owf.r • 1 

1.,-;4 
lo,1~5 

111'4~ 
1..-"l1 
1~~~ 

Inq~ 

1400 
1~1.1 

IQO? 
11,11] ~ 

lQI •• 
l'il}':; 

1111)., 
(91)1 
11.J(}R 

1'109 
I ~IO 
l-l" 
lotl 
1~13 
lQl. 
141" 
Hlb 
1411 
1<11" 
I'll" 
1<120 
I'I~I 
19~~ 
I 'lin 
lq~. 

1'125 
I"i.'b 
Iql1 
l"lR 
1,,?9 
JqlO 
IHI 
Iq3~ 

I"'" 19i4 
1"3<; 
I'no 
1"J1 
1'1311 
193'1 
l"i.ita 
H41 
l"i.~ 

1~ft.3 

tQ·· 
lQft.5 
lQ",,, 
1", ... 1 
1<14t1 
lQ4't1 
1 • .,n 

9S10 
9310 
90,",0 
90~0 
9010 
90M 
9090 
91nO 
"110 
91:>0 
9110 
9140 
qSqO 

1140 

lIqO 

11M 

CO~T INIlE 
If I~NOS - ~SI~ANIII 90S0. 9u&0. 9050 

fOP'" &' KIR~ • 1 
If .... NOC - ~CI"'A~111 90'lu. 90HO. 9010 

KIR~ " KIR" • I 
IF ITHeC • TCI"'A~lll 9090. ~lOO. 9090 

KIRN ~ II.IR'" • I 
rF ITHSS - TSURINAflnl 9110. 9120< 9110 

KIR'" • KIRN • I 
IF II(;iRET) 913U. '1130. ~14~ 

rF [KIR"'_11 95'10. 1211. 955 0 
TF (~IWN) 9550. lell< 9550 
CONTINuE 
IF INR2 .GT. "REQI GO TO 1190 

NN • WR2 
COhTlNuE 

11'(,,101) • IOPV 
10(NNI • IOOV 
lR eN'" • IORI' 
TC INN', • TnCC 
14C("NI .... NOC 
TSUti 1""1 • THSe 
"'SII>jNI."NOS 

00 1140 KK.I. IN 
RLSINN.KKI.SPACL(~KI 
IILNIN ... I(KI • Olo\LI~~) 
J"'RIN"'I • IN 
M~R IN'" • MNOLR 

nO 1150 KK • 1. J" 
RlSINN. I(K) • SPAtTIKII.1 
~fNINN. KK) • OIO\fC~KI 

J04R IN", • J'" 
MTRIN"I • "NOTR 

00 11&0 KK • I. JP 
T8SP["N. KKI • 5PT1(IKII.1 
fBNIN". KKI • r8o\RNIKKI 
JPR (NNI • JP 
MTSINNI • MNOTS 
STJIN"I • SPTJ 

nO 1170 KK • 2. LP" 
PLFINN. KKI • PLCKKI 
PLI'INN. 131 • PLI~pLI 
NPPINNI • L 

no 1180 KK • I. L 
TOINN, KKI • TMOVIKKI 
SU"OVINN) • THOVTCL) 
CS~ (NNI • CTSP 
CCII>jN) • eTC 
CSBIION, • CTSR 
CRINN) • CTII" 
CJI""'I • CTJ 
ClseNNI • CTTII 
CI!'lNi • CH'" 
COINNI • toSOVCLI 
CTI"") • CoTRILI 
CMINN, • COMAN ILl 
CSI! INN, • CTSR 
(.il(NNl • tt"!JYtf 

1~52 
11153 
1954 
14!;') 
Iq5~ 

1957 
I'I'!I!! 
1959 
19/10 
19&1 
19&2 
19&3 
146" 
19&5 
19&'" 
1967 
19&" 
1'169 
197., 
1471 
1972 
1973 
1474 
1970; 
lQ7b 
1971 
147R 
1979 
1980 
1981 
1'I~2 

19113 
1984 
1985 
198& 
11187 
1988 
111$9 
11190 
1991 
19112 
1993 
11194 
1995 
19Q", 
1997 
19Q1l 
1499 
2000 
lOOI 
~0Gi! 
ZOGl 
i!004 
2005 
200& 
200 7 
2008 
;>~nq 

N 
1-' 
00 



TCT (NN I = reOST 
('0 TO Ino 

IIQO TCT""A1' = o.u 
NH? = ~REQ 

nO 1210 !(UC; .... . I • NRE~ 
TF ITC T O(Uc;;tr.t) .GT. TCT~A~ ) <>0 
GO TO 1210 

1200 TCT~A" ~ TCTIKuSM) 
JAy = ICUSM 

1210 CONT'INUE 
JF lTeOST .~T. TCTIJAY)I 60 TO 

N" = ,JAY 
GO TO 1130 

1211 "HZ = 1,IH2 - 1 
,"OIlES . NOllE 5 + I 

T f ITCaST - TeTINAN!)) 1212. 
1212 'm . ~1i\NI 

r,u TO 1130 
17.#'!'} CUNTIfWF. 

R~TIJRN 

FNO 

2'nlo 
~Oll 

201? 
20\] 
2!'}14 

TO 1200 201, 
2016 
ell17 
in),.. 
~Ol'll' 

1220 2ncO 
2021 
~0?2 
211"') 
2111 .. 

1212. 1220 20'" 
2011> 
lll",7 
incA 
2,,24 
2n JO 

<;lltti-ollldi IU( 1 ,fn'lfI1.J,IJPi-llJfhTrlLt.V,I-'S\j1 ) 
j)i\TA ..,rAH/IHOI 
CO"1M:)iJ IMAlr-.lll ,\VG\ (.'Ol. ATt-sPf (~). I\A-l~'I_)' 

1 I1n'-ll' (I?:)" rlCln). CISI"), CqiJ{ i o ,2). C')fl~(#'.#')' 

CO~A'''{jl). r'SOVlll,. COT!ol{ll). cpc"'r,,,,,. C""CVS(41. 
cpo .... :" 11-4) , rI-JPTC;;{'I). CPP.S(~). CSClf''}. CrWJ"N(lU. 

4 :T~V~Hflll. rTT~AF(II\' 01ALI4). IJIAMI .. " DIAT(.), 
t) ~I""JI FI-"(") , '::SI .. ). t:.SLI-), FF5'~(.). 

LI!J'J), 1~(Jnlt ~FTC"), "1L1NTC")' ~j\('l0\, 

"\IA\04~('" j). ~J',""'F.:~S(M,:4) ,'IIAMt:..T~I~,3J .NA"1FWSf4 • .JII:",C~TI4J. 
IICI')UtC:illJ, f'I")(h), ~f)LT(4). N ..... I..,J. 1'H[)r:TI41, 

'~"JTHTI .. l, \jr"1TI"l, NTOT, .. }, l'lirUTIoOI(4) , 1)I/II)I'lI. 
'lVI"IAMlb). PI 11#'), l)"Ilu(i}. PV'~Atr.tI""I. ~f'(~,#,). 

,-,If'I.I~ILl(~), ''')'''F!'lA'~(oJ. SI~C("), SLf .. l, SI-'Ar:f.J. 
Spt,(.t...141. C:;'.)A(:T("'l. spTIEI4J. STI .. l. SAl",,). 
1/c:;1'\O;' c::tDfnl. SXVAT1b.21. :iAOA{~.2" C;:"$t1I",I. 

" T~At'I:~C"J. TrT"1Cl1lt TcTuv1l11, rCTTDtlll, T,":1V/l)J. 
T .... !)fJl(lIJ, T'TLEi151, TS(h), T"'~1A:"(4). T~~r""141. 
Trr5(b), T"StiC;p'q. TySTS(_, TY'S;"IC:;(41, "'C("'I. 
..... nl'il. c;;'rnTlcU) , <TNlbJ, P';"ICI!')l. P:-i"lC:;(4). 
(~nf)l{_lt r,,\lFI71. ZZCUNF(7lt LE"IfL(7' 

r()r-l"",nLII I-"A!f'I.I;>1 rAI3'))' CC(.JO)' CTI3UJ. CJIJ\1), 
1 C,,\/j\1l. r'l( ~n), CHI)O), C~H(lI'11' 

C~tl(.J\J:, r<;~(:HJ), CTI)O), CT"i(30). 1')( ~Ol' 

rl-'I.J U ), T,,(jnl. JIo4HIJUI. JNR(lc1l, JP~I)I'\'. 

-"C(ju), '41 R(.11'}) , ""'S(.JO" MTSI]I'1', "11~(31'\1. 
, '>J"",(~,+j, ,,'~(jnlt ~PP(jUI, PLF('lI'}.l3). J~t~r)n ... ). 

,-,II c:;: iO,~I, ':Jr'l4t:iu.4), ;'TSI.JU ... ,. STJI]OI. Su""n"ll)nl, 
Td'J(j!,}.,+,, "·'SP(li",ltll TCI.JO), TeTI,ill" T'l('lo.l?,. 

'" TC:;'IH (.Jil) 
r'l1M~:>J /IlEIr...rFO/ KPCK.CP"LJ,CPFTJ,IURF,JM.J'I,JP, 

J K')u,,,Tl, KOWIT2, t<lJu~TJ. ,,-UUI .. T ... KnUIIIT:l. I<J1JNTt" 
1 ~()\J,j'rr, 'JCC:;l, NJr-l. NL.T. SL"I. SPINC. SI-lT.J. 
1 c:;'JoJ, TH(;C. 'oJL. XNJM, M"40L.H, "'~OTR.M·"OT~ 
r"'~~~lI/h~~AY'1 r~C;YP,(TC,CTIN,CTJ'CTP".CTSq.CTSP,cTS~,rTTH.~t<, 

I I PL.M"UC'MfiOS.NOUt.~t"llRF::{)'I"'~I,T'"iSB'L"'" 
r'IM~\~~ I JJT~I)T I ~~NAL,K"JNf).KLIF'K~IFl'~~EJ'KS.Jd'~~.N~C.~N~' 

I ~1~r,N01:J.N'1'~ 
Tf ("FUN!) .<;T. n) GO T, 130\1 

wQITF: (b. 1'11'7ill NP~()I'4. TITL.E 
\OjL~'l TF (b, ,-<:1",1 J 

~U TO l/l'iO 
1 ""In TF 1~IK .Gr. 01 GO TO 1310 

"~ITF {b.1~'lO: '\IPHt'l,",. TITL.E 
' ... (.1 I TF (b. ?'-J~I)) 

~IJ TO 1415 
131n ')0 I_JlJ tRIC IC: 1, LM 

,..~ = . "ol Et.1 + I ~K 
~.JITF (':'tl'i?r)l ·JPRn~, TITLE 

TF {r(I'\I( IRl(l .(,T. 0) G~ TV lliO 
.. -.l) T~ (t'I .ltl1'){i) 

~U ru 1430 
13"0 rl- (NC"'TCIQ"') .CiT, n) ~n TO 1330 

.n,JIT~ Ib.~'i7nl 
(,0 Tn I_ 'l0 

1~lO IUPVH IC: IP(~Nl 

IDov,-,l lO(NN) 
JLl~"H IH (:JNI 

..... ) i) 
r,!.) i~ 

7/1 "] 
lll:l-

~I'} "" 
lOih 
Zlj1 
;n 1H 
1.'1 ~ 'i 
In .. !'} 
211 ~ 1 
~f)"~ 

~t'''] 
~u !+­
~tl .. ~ 

",n .. ", 

in .. 7 
1.41 ..... 
",,_4 
l.iJ"'fll 

2 f l;1 
I.:I~l 

.?O:lj 
7n'-l4 
l.l"j~ 

~O:l'" 
lqo.;7 

20~d 
loC)Q 

20':''' 
;>!'}bl 
l'11')~ 

e!'}1') ~ 

2116 .. 
2'n"" 
bl,.,b 
7.0"" 7 
2'01')'" 
;>n*'l9 
2n7') 
2u 71 
I.n72 
i11 7] 
~!) 74 
;>n I, 
1.'\ 7t'1 
I!'}77 
If)'" 
1.1'17<.1 
2'n/~o 

~n"'l 

2UHI 
lnfi'l 

io M .. 
io~5 
iOH'" 
tl'1"H 
i\1""~ 



C 

C 

I\Ippq :: l'iJ.ip(NN) 
wutrF (f),j:!4AOl OVlf·{lOP'III·(), OVIlJqOOV~}' !>LF(ft.,I~. l , 'terM...,). 

1 ''''C(l'~I\I" r<;.'HH"'4f.J). "'SINN) 

JNR'IJ II JI'<,IR f '''''''') 
MLR"4 :: MLRII'JNI 
-JhI;P~ ~ ,jHW (t"oINl 
HT~~. : ~Tq(NN1-. 

MYh'N s MTR'I'IiNI 
,JP~f"" • JPR! t1N J 
"'tTftN = MTR (1"1'11) 

qA~ RI:: INFO'H:Elo4f"'T 
If· IIIJ~F4 ,FQ. ~) GO TO 1J7U 
TF t JI~~tn ';;0, LJ:4-0,) J5t') 

134(1 IN41rF" {b,2~9n) 

(;0 TO jl~O 

1J;;;0 "~lTF (0.3010) fRLNlI'JN. 11, I " 1, JN~N) 
wlHTF" O),3U]!j) "LRN, (I.lAMt::'J;S{MLH~f I}, t 
.~rT( (b,JU201 rRL~INI4' It, I ~ 1, JNQNl 

Ij-..O \oIQITF (6,30411) rRTN(F>41'h U. 1. It JMQ'NI 

I, li 

wolTF Ib.J030) :·'TRNC., {NAH~BSiMTIiI\l. I,. 1 = 1. J) 
y,~IrF io.)020) ,Io(T<;tNt'h O. 1 :; I, JIo4SU'~1 

1370 
11~O 

IF ICTBINNI .tU. 0.0) r,o TO 1"10 
\lJQlTF' to,lOA!)) (HTN(hmf t), 1 • J. JMRN) 

.... "'ITF" (f),lUJOi '~TW"14, ( ..... AIotEeSpofT;ellf. Ih I • It JI 
wq[tF fb,30i?t)' fRT~H.,.Jt II, I • .I., Jt.4RN) 

('0 10 1.10 
~E'!:'H J.J(p,.r"1pcE .... [NT 
Tf 'JNHN} 119~.lJbO,1~9n 

IIoIQITf (b,JOOO} 
{;O TO 1/too 

13QO "QJT' tc,JOil5fJl 
",RIlE {f),31)30) 
",DITF' tt.,3Ubfn 

Ij;lLsnnh Il, ) • 1, JN~Nl 
-.4l~N, (t.A~E.,S ,"'fLoWN, 1" J 
cQLN{NN, I), I • 1, JN~N) 
(RT~{NN' I~' 1 • 1, JM~N) 
Ur~N, INAME.S ( ... TH~, I), I 
fRfNINN, I), I. 1, J"'R~1 

.T8NINN. II, I • I, JPRNI 
HT~Nf (f-4AMETS UHttN. 1., 1 • 
,THSP(Nk, I), t· I. JPRN) 

1"00 ~QITF IQ.lU7~) 
,.yQIT';' U,..l03(1I 
w;..)ITf Ib,'::H>bt) 
... ~1 TE (b".iU8tH 
WRIU (b,l030) 

I. 3) 

1410 
.~ITf 16.l0l0! 

cONTl"UE 
ISTJ. STJI'<ti) 

l' IPVIUITDa'/R) .EQ.lH..ICP) w~1TElb.3Q~0) ISTJ 
,~iPvlDIIDPv"I •• ".3;jCf/C) ."IIEI6,309S) ISTJ 

WRIT" Ib,lIOO) loll. 
,,"IT, Ib.lll~! 

~<J 1".20 )(K • 2. "PPI! 
r(PRtNl' • J(K-) 
OVLEV • TOP'N. KKI • '''I.EV 

i4i'(l wRIT, (o,3J7(1) fKPR!NT. O\(l.:f'" OVll)(I{'Ith/~). PL~OvN~ ,(In 1 
ORin (1).31''11 THl.f. 
WQITE {b~3130) ~UMOV(~~l' PLF(N~' NPPA+l, 
WRIT[ (0,:$1"0) eSPI""I. CCINNI. CSS(NNIo C"(OIN" CJI'INI 
WQITf (6,31501 CTSINN) 
wwITE Ib,J160) Cll""" COI'lN). crl"NI. CM(I'''') 
~QITr Ib.llen) ~S"(,,Nl 

II' ICAI"N) .NE. 0.01 WRITE 16.J1901 C"INNI 
JERK. "OID-KINIIR)(I 
~.C~ = NC~T(i~K~ + NCU~'lR~i 

~O'1q 

j:!1\~O 

lit'll 
~tI'Ic 
.... I'~j .. ,,01. 
e'Il<.li15 
~()'01'" 

,0'17 
il')~tt 

;;'1)')19 

cion 
c,O\ 
<!lv~ 

"'1 ij j 
<104 
21q5 
cI06 
llU7 
210'" 
ll09 
lll<) 
llll 
llli' 
<ill) 
i!ll~ 

"liS 
ell'" 
~117 
t!11~ 
2'19 
21<U 
ll21 
21U 
llZ3 
i!IC" 
el?S 
2126 
i!127 
211111 
ileR 
l)30 
... Ill 
21n 
lin 
<!13' 
?DC; 
ell .. 
"117 
4!lJA 
i'1'~ 
")40 
2'''1 
21102 
21"3 
21 ..... 
.?1"~ 
;»p.~ 

l!.~lrF U"Jeo(\) "cT tl\jl~l, NOlo • ..,tt:.R:,... KIN/IRK}" NACN 
141(1 cUNfr,,.u[ 
)415 rUfilIN~JF 

tF CI"\A'''lflL "Flh t)! UO fO 1 ...... 0 
t"l~ = .. oE(,).~ 
lUfJ\(f.l : IP{l4N; 

"QITF '6,l9?ilJ !>IPI-(Oi1, TtTLE 
wi-llTF In,leIII) t-J\llD«(OP\l~)t TC(NN,. MCt"lN). Tt:;Ut:t(NN), H~IN14) 

{sr.j :: <:;T.JINN) 
"'~[rr (~t·iv~nj TSTJ 
\toWIT" {b,~110ljt ·jl 
wQlrt=' (b • .J2'?n) ;.>Lr INN, 1..J} 
",QTr~ i(:',J!40) r-C;P!Nro, CC(NN). CSS(NJ0.41. r:RIN~' t C.; , 1414} 
,yQ1Tr t~,Jl~'II)) rTl:Sp"",) 
w~tir (h.,J.t.ln) r-1(NN}, CMf~"") 
w~Irr (""JIFln) rSW'(t>.iN) 

Tt' rCAINf'4} .NI:.. 0.01 .,QITE (b,31<1(J) CA(NN) 
w41rF' ''-',::tG4'Jl rCtr-th:). pt;A~AL 

1440 Cl)NTlf~U~ 

TF (~).(Z .. L" ~ NR€Q I N~EQ • NH:2 
r'T'<4104 z -\.0 

no I_f)\; J a 1. 1'4~Ew 

TC1MI~' ~ 1:I.uoal0. 
nv )45C t = It ~WEU 
If ,refl!) ,61. TCT .. 1N) GO 10 14~O 
,I' tTCTltl .Lt. TeT .... l ('0 Tv I"SO 

""-"lI''lJI :=; 1 
H. .. T .... II.J. TCT(II 

1.~O rOI'4T I NuE 
Ter'4" • TCT04IN 

l4~O ruNTIlllUF: 
MPt;[ • t.,t)ollF';il/e. 
M'T~A • N~.Q-b."POE 

HL • " 
TI' '''P~E .~Q. 0) GO TO 16KO 

II • 6 
14~S ~l • ~L • 1 

IF (~L - HPnE:i l. c a. 146~h Itt7~ 
1_"" JwI~ '2 l+"'.f~L"'U 

t4MF 4 n+b.(~L"l' 
1M ;: ? 

1410 I, a 1.IQEQ 

04" • "REt}.1 
Pl.fy • ",REI,.", 

no 14Mv 1 # HCA, KTV 
no 1.80 K • J. Il 

1 •• 0 PLF'II. Kt • 0.0 
00 14;;(j I '* HM, t-1Hf 

11 • T I_I 
1(1 II t<""'8 (l ) 
l'IIlI • TPIKZ) 
IOfU! • 1')(KlI 
II~I!Z) • I'<lKl) 
MellZ, • "'CHIli 
"51 tl, " "'~ IKl) 
rerlll • TCIKZ) 
TSU~111) • TSIJRIKll 

rl~7 

214 .. 
c,.q 
t15il 
2)~1 

<il!;? 
<ISl 
ll ..... 
21">5 
21!>b 
"'1!>7 
<'1511 
215~ 
<160 
211\1 
~I~? 
21 .. 3 
216~ 

216S 
lib" 
21"7 
<11"''' 
21 .. q 

2170 
ll71 
217i! 
lIn 
211" 
2115 
i!116 
2171 
cl1~ 
... 179 
21 dO 
l!1~1 
21B2 
21Rl 
2111" 
2!~'i 

2111" 
21Ml 
2111ij 
7.}HQ 

21 "I. 
21 'H 
eU~ 

21'1" 
21 q~ 
2195 
21 __ 1> 

l!1'i1 
21"8 
<:199 
2?QO 
""nl 
~2Qc 
~Z(IJ 



I~OO 

1510 

CSP IllI = CSP IKl) 
CC I ! l' = CC I Kl , 
C~~117' = CS~IKl) 
CKlll) = CKIKl) 
CJ<lll • CJ(Kll 
CT~(17) • CT~(t(l) 

Clllll • CIIKll 
COlll' = r"IKZ' 
CTIIZ, = CTIKll 
CMIIll = CMIKZ) 
C501171 = C5RIKZ) 
CA<TZ\ • CA,(t<Z) 
TCTIP\ TCTIKl) 
TCTiI7\ • TCTIKl) 
JNR f17' c. JNR O(Z' 
MLR I 17' • ~LR I Kl) 
JMRII71 JHRIKZ) 
I"1TRI [71 • f'4TRIKZl 
MTRtt7) MTB(~Z} 

JPR Illl • JPR I Kl) 
NPP'I = NPPIKZ) 
NPL = I'IPP(t(Z)+1 

"pp 117' • '1PP 1 KlI 
PLF(17. l~) • PLF(K~' ll) 

nO 1~B5 lK7sZ,NPPN 
rF ,IOII(1).FQ.3) TOIKZ,Z,. 0.0 

TOlll. IKZl = TOI(Z. IKll + THLEY 

r.ONTINUE 
no 1.90 IK7 • l. NPL 

PLFII7, IKZl • PLFIKZ. IKZ) 
r.O'HINUf 

.QITf Ib'I9~0) ,.PRoa. TITLE 
1Io~ITE' (0.3250) I!'I4X. !'I4X • HII(, ",,..F) 
~~lTf 16,3260' (STAR, HX • I. l~' 

no 1500 1 • l' 11 
hIP • IP INREIl+I) 
PVN'''llI • PVIDII'IP) 
\NO • 10INREQ+I) 
O~NA"I TI • OvIOII~O) 
I~Q • tR ''''REa·!) 
RNF~A"'llI • RNFlDII ... R) 

wRITE Ib,J270) IPIJ~AM'[I' , • 1- [II 
",>iTf Ib.J2AO) 10VN'~III' I • 1. II) 
",gITF (b.3290) rRNrNA",[J. [.1,111 

IN • ~J"EQ.l 
[b • 1"1+1 [-1 

.Q[r E (b,J3001 I~CfI). 1 • 1"" [6, 

.RITF 16.3310) 1045111.1.1 .... 16 ) 
_RITF Ib,J2bOl ,STAR. 13 • 11 1M, 
.RITf. Ib.J320) /TCIII. 1 • IN. Ibl 
lilrQ1TF. 1&,3))01 rTSIJH(l), • IN. 16) 
_4[TF ~b,"}.2(11 

LMI'a •• 0 
DO 1510 I = IN+ 16 
If INP>'III ,GT, L"Axl ~M ••• _PPIII 
[F ILMAX .Fr'). 1) GO TO lbOO 
no 15~0 J _ 2. L~AX 

Jl • j.[ 

uoo; 
ao" 
7.7rl7 
220A 
n09 
aIL 
22 \I 
nl2 
2213 
.l21"-
2?IS 
alb 
2.,7 
ill8 
2219 
lUO 
22n 
an 
2?2:1 
2U~ 

2225 
alb 
nn 
nOd 

l22 9 
l2JoJ 
2>31 
2?)i 
UH 
22). 
2>35 
22JIo 
2237 
2~3a 
2219 
l2.0 
22.1 
22.2 
ZZ.3 
22 •• 

n·" 
Z2.~ 
22H 

Z"." 
Z~.9 

22 50 
Z?51 
2?~2 

Z253 
2?S' 
ZZ~S 

22Sb 
2257 
?2.;8 
27C.q 
ObO 
22"1 
Ub2 

C 

I'>~O 

1 010 

JII,?O 

)hhO 
11',70 
J6AO 
Jhq5 

IojRITF (b,,::U4() It 
I"')U J,tSCJ T ~ IN. 16 
n· IN ....... II) .LT. J) r,u TO J~ttO 

II=r_N~FJ 

r,0 TO (11;j2".I53r)d~40.I5"'U,J:'bO,I~70), tl 
.. RIfF. (t".:jJ~rJl ,TOil. JII 

~O TO 11:,110 
lJIjolTF to,.:jJoO) fTueI, J)) 

r,O 10 15AO 
.. :..,lTF (b,.:U7Ul (TO, I, J)) 

r..0 TO 1580 
."!,.lITF (b,J.1""O) fTO! I. J)) 

r.o TO 15"0 
IJIjQITE (b.33~O) ,TOIl, JI) 

t;('l TO J '-JqO 
WLlITF (o,34f){I) ,Tuel, J)l 

r.ON T INu~ 
r:ONliNUF. 
PEHFOR~~'ICF PE~IIJDS 

"f.,1ITF (o,3"-lU) ,PLF(I, ll' [ • 1", [bl 
.. ~ITF (0,)47n) 

T' IL".'.E".ll ~o T~ IbS5 
1"')0 J"f::IO .J = 2, Lt.fAX 

..Ji :: J.1 
... D[TF (ll,j4::\01 17. 

1")1) 1b70 1 = IN, Ib 
Tf I",PIJ(T) .LT. J) flO TO Ib 7 0 

11 = T _NHf'l 
r,o TO Ilhlr'l.Jb211tlblO,II',"O,J b SO,1l',bO), 11 

..,fJITF Ib,3::t51H (~LF fI, J.I,) 
r.;(j TO I~70 

IJIii.JITF (O,J.:U~,,) IFlLFII. J.lJ) 
';0 TO ]',70 

IJIjQITF tb,Jj7~) f~LFc[, J+I,) 
0,0 TO 1'79 

1JIj~ITF (b,3j).l,,}) (PLFI1, J+l)) 
r;1J fO Iki'O 

IJIjR[TF (b,33"'('I) I~LF([, J+JI' 
r;r) TO Jk70 

IIoIJ[TF. 10,J"f1() ,PLFII, J+l,) 
rONTINUf 
rONT IN"! 

""ITr (b,3 •• 0) cPLF([, 131, :I: [", Ib) 

_QIT~ (b,3_~0) ,STJI[I, [ :I: [N, Ib' 
."rTF (b,34bOl I .. L, I • IN, Ib) 
_IJITF (b,J2t.(lJ ISTAQ, IJ • 1, [fit) 

1JIi41TF Ib,J"-70) (CSPfl), 1 • lr-., Ib) 
_'HTE' 1",J4ROI ,Ce([), [ • tN. IbJ 
w~IT~ (b,J4QO) ,CSAn), I :I: It ... [bl 
w~IT~ Ib,]~(JOl teR(I)' [ • TN, IbJ 
wOITE lb,3~JO) ,CJIIlt I. I"" Ib) 
w~ITF (b,35Z~1 ~CTA(I), [ :I: IN, lb) 
w~ITF Ib,J~lOI tel(11, I. IN, Ib) 
'lljO[TF (o,::t;,I')] tCOfI), I :I: I"', lbo) 
1JIjJ,)ITf (b,jIi50) (eTtl), I • [N, 1b) 
"~[TF lo,]~bO) ,CIo4,I" I • IN, IbJ 
1JIj,JITI:: Ib,3,70) (CSRtl), I • U .. Ibl 

?2b I 
l?H 

22"" 
2?bb 
2?,,7 
27"fi 
22"9 
2210 
U7! 
072 
2211 
i?7. 
i.27'3 
Z? 7h 
2>11 
UIA 
2>79 
27f'JU 
U"I 
228? 
Z?"J 
2,)13_ 
?>~~ 

22"" 
27~7 

~~~A 

27M'" 
2;=1"'0 
n91 
2292 
7?~l 

1!i"114 
U~~ 
22qh 
2297 
l2"'H 
Z?q~ 

Zl00 
2~~1 
2JQZ 
?Jnj 
Z30~ 
l.JUs:, 

cJllb 
?107 
211)'i 
no .. 
i3JII 
illl 
2JI? 
?113 
iJI4 
211"> 
2]]" 
i 3\ 7 
231A 
231Q 
2HO 

N 
N 
I--' 



~(! Ib~O r = IN, [6 
JF teA Ii) .' F __ 'I~OJ (,0 T~J 1/00 

l~QO r0 NTINl!E 
'10 rO 1110 

1,,,0 ~.JIT~ ib,35QO) I(AjIl., 1 p" Ib) 
1710 cVNTINUE 

17;>0 

""PI Tf tb ... H'20) 
",~1 fF tb,:JC'bO) (STiA~. 1'1)( = I- 1"") 
.~lH' (b,JbOOl (TCT (II. I • Ir-.., 16J 
iIIQlrF ib,.3ibtl) {ST4~, M~;; I, 1MJ 

rF (PS"'I .. "'r-. n.fJ) GO TO it! 1 0 
IoI.drF te,d"f'ZOi , ... ~('p.~. TITLE 
",~IT~ (t".)bln) 

nO ldcu I~ = IN. 10 
J~!l~ J"~ I lA, 
~P~N JP~([xl 
MT~>,.j -= ),fTF-I(lx) 
"TH~ ~TRflX) 
JN~~ " JN~ ill' 
~LRN : "I." IIX 1 
MTQN4 • "T~rlxl-4 
MY ~ .\·A.I~_NREQ_1 

MU III :\, .. ·fot(~Y) 

nO 1l#!O I '!III 1, 4 1"'1''; 
RLN f I", 1) #I NL Nt IItu. 1) 
~LS. 1(. 11 • ~I.SI~U. I! 

~o 173" I • 1> J~R" 
HiN{r .. , I) • ~TNCIIIU. 11 
IHs.I', I •• RTSI"U. II 

')0 1140 I • I. JP>lN 
TaN i I 'I, 11 • T aN I t1:U, I J 
T bS" I 1 (, I) c rHSQ ( HU, 1 i 

plQ'1 T~ (o.3b?n) ,.,' 
iF 11"1 hi Ell CI GO Tn p"" 
If IJN~N, "60:1750.171'0 

17~0 .R1r~ Ib,c~931 
fiO TO 1170 

17~0 WRlTf 'b.JI>10) Ii'I.Nll •• IYI, IV • I. IN''''' 
_RITF (b,J~40) ~LRN. 'N.MEiS(MLR~. 1" I • 
• RIrF. ,,,.301;01 ,~LS,1J<. lit I • I, JNRN) 

1110 ~RlrF (b,lbbl) '''TNIIA. II. I • 1. JMRN) 
""hE Ic.Jb'OI ~TIi"4. 'NAM[BS, .. T~ .. , II. I 
~"ITr Ib,lbSOI IRT51IX. II, I • I. JMR'" 

If ICTI:IIlXI .Ea. 0.01 GO TIl 18Z0 
WRITf.: (6,367U) IRTN(IX, I). I • 1, .JMQ~} 
W~IT~ Ib,lb~O) ~T~N., fNAM[aSrMTq~, 11. I 
wAITF Ib,3650) IRT~fI~, I" I • 1. ~MRN) 

6{J TO lezo 
17.0 If IJNRN, )000.1190.1800 
17QO WOITE 10.10001 

1, 31 

• l't Jl 

I: t. J} 

~o TO lffl!) 
I~IO wRITE Ib.36&OI 

oR I rr I b, 3b4n 1 
.R ITE \ I), 3b90 1 

(RL~llx. II. I • 1. 
"LRN, IN."[WS (ML"", 
(RLNrlx, I,. I • 1. 
rliTSlIl. II. I • I, 
'T~'" tN.04fIlS,MT"". 
t~TN'!X~ I'. I • !~ 
ITSNIIA, I" I • I, 

J"RNI 
Ii,I.l.3) 
J .. RNj 

IRIO ~"ITf \6.37 011 
."IT.- \b,3600) 
...... ' r- {to .3~":j! 
.RITE Ib.3b7~1 

JMfilNI 
I,. I = I. 3, 
.JlItQl\fl 
JI>RN) 

cPI 
i!~liU 

"'11"1 
/i~4 

? I~o; 
ell' 
<!1~1 
c.lle 
7.32'1 
.. .HO 
e331 
ell" 
e311 
23:14 
ens 
"Hb 
i'Ll1 
C i 1t{ 
e.!j'l 
7.340 
23_1 
l3'Z 
23"3 
ri44 
4!34C, 
i'30b 
~3.1 

23.6 
;0]4, 
c351\ 
l3$1 
i'3!>,,! 
i'1!>J 
23'" 
ZlSS 
?3~t. 

73!>1 
<3'>11 
2~5~ 
Zlf>Q 
23~1 
23&? 
Z3t.3 
i!3M 
2)b" 
23"10 
Z)~1 

21b" 
21bQ 
iJ7n 
<11) 
?11? 
2111 
2~1. 
l315 
~;, rio. 
2371 
2378 

",qlT~ iOt~&.,j. 'TriN, t">li'\'·U:TSI..,Td'l, t l:: 1. 3) 
""Q[fF ib,~65f") tTjjC:l-i'fl-., 1), I:: 1 • .JPIof"oi) 

('(') .. ~ I I l~lIf 
/10 TO !4b!::l 
p- (~,~t'- .. F1. ~Rr_I.1) GO To lttyO 

MM z ,~" 'b 
M'AF'" :; J!"""'X TRA .. 1 

Tt- (M.(Tg-,., .C't,:. 1)1 GQ TO 189iJ 
II ",r~A 
I"" :. /""_H9.4;11.TkA 

r,O TO 1'+'0 
M"'I = I 
M~F = ')I; TAA 

II • "'f 
I'" :;: :;f"',~.M,.(nU 
t"'L ::. MI .. 1 

r..o TO 1470 
r:OI;lT IN'JE 

~O~TH = ~nr~-K~E.J 
1'<0 I..; = KStJ .... KREJ 
KAp = "OIN-~()I" 
K~u 111 (L1F-KFu~O 
..,10("1 :: K"tJ~O"'KANAL 

(f?It1l?'t11 ,IPWOH, TITLE 
fF,tJ/C:;r'!) ,)IN, KH£..,I. ,..OH:Tr1. !(AP, KSq~. I(LI"e:, 1(1 I~. 

1\""0. KF'"lJ· '. t<A'''AL • ..lOp", 
!f (JOI~ ftl GO TO 10 

.. QIT~ {o • .1'Ibf1 t. 1 • 1, L. .. , 
hjA[T~ (b.l11,.,) l"'IIIHf(lJ .. I II 1, L~) 
"f'flf~ (0,31"1'1) f~TN1{li, 1 .. 1.1.."" 
#QIT~ U).l1~O) /NULTf[). 1111 j, L.~J 
... 41TF to.4l:iurq (Lfr!il' 1 :I 1, 1.."'1 
w~tr~ (6,.ifil01 ,~ANTtIlt 1 iii' 1, L.lIt) 
",iJtT~ Ib,JIji!Ii) i,..;fncr(I}. I • 1, LMI 
"'~ITJ::' \b,)ti)r]) INCNT(lI, 1 .. h L,,' 
wQtr~ {OtJ1j3li (NODEIl>. 1 '* 1. L.III! 
wOlT~ tb,Jt;4f)J (NTOTrlJ, L 111 1. 1.. ... , 

W4[T~ .o,Ja~D) ~NT. ~~N. N~C 
l~'O ~nQMAT (1~1'11 •• X,1"1.7X'l9MRIGID Q.VE~f~T SfSf~'" 1 

I Z7~C~NrE~ fO~ hla~~A' ~ES~A.Ch.2 •• Ift~UEC 191 • 
1 )X.1"~~C III.~J' 
~ 10MI-----TUIM./I~x. 5MP~Oa .A4, ~)I;. 15A4, 

?940 FnH~iAT (/.?n' •• 5 rl ••••••••••••••••••••••••••••••••••••••••••••• 

1 /,lq.,.~~. 

? /.2n.,~~M. OUT U· ALL COMBI~ATIONS T_IFO 
J 1,2flf,.5~o ~O INITIAL DESIGN .. 
~ .. 
1 

2'1':'0 ~'1>.l'Aa T 

I 
~ 

3 

• 
5 
6 

,/, 4!n f ,4C;r1* 

J,t!. It '''~rl. 
"Ec.TS T"F "E~lIl.F."E_'S 

~fl~t,.G~4 P~OGHA~ 'ERMI~ATEO • 
/,C'yt.~N~ •••••••••••••••••••••••••••••••••••••••••••• ) 

( It2'v •• r;'t ••••••••••••••••••••••••••••••••••••••••••••• 
/.2t'1y.4C)l"tft • 

1,2~.,.c:;~· 011' Uf ALL OV£RLAy ST~ATE~lES • 
l,l~(,.~H. fh.T _ERE fRI[U 
l.l~t.4C;~. NO OVERLAY SrQATEGv 
1 • .l('J(,itS"1° "'Ec.TS Ttoff J.(E\)UiOE"'E~rs 
I ,l"", ,"-;>1. 
I. ell y, "c:,rlO 

t:'H~ 

? 1 .. 0 
~ 1"1 
1'4M2 
Z l~~~ 
211;'" 
2'3f04~ 

2"4~~ 

~ J~ 1 
"J~H 
2i~q 
~1qO 

l j"1 
2 1~2 
? .1Q3 
?l",. 
n9., 
2J~'" 

cJ"'" 
219_ 
<'99 
2400 
t.OI 
Z.Oi' 
~4n1 

7. it 0"" 
l'Oo; 
_"01> 
Z001 
.laOq 

~.O" 
c4H 
l411 
coli 
2~1l 
c.lolt 
.!'15 
Z41b 
20\1 
2'1~ 

C.l" 
?42'U 
2071 
<4<'2 
CO?j 
l' .. 4 
20c~ 

2.Z'" 
24?1 
e4i!"8 
24lQ 
2.30 
2.31 
20.12 

Z'H 
243ft 
Z.JS 
201b 



4 

" .. 
1 

2q;1i} Fnl1:~1Ar 

1 

1.2n •• _~MO.O •••••••• O •••••• * ••••••••••• ~ •••••••••• ~OOO) 
1.2o(.4~rl* ••• *9.** •••••••• ** •• * ••• o •••••• OG ••• O.O ••••• 

I.Zr)y t4c;~* 
1.2ru ,4C;H. NO -1'1tT lAL OF..SIr,N PUSS!!'!l E 
1,2~ ••• ~~* FOQ THtS CO~HINATIUN 
, • .t!(l'(.45H. 
li2~~.4~H. PRU6QAM ~lLL A~ CO~Tt'~JFO 
I.lnx'.~~. fO~ THI OTHE~ CnM8I~ATIONS • 
1.21i".'+';d •••• ••••••••••••••••••••••••• o ••••••••••••••• , 

1.2~< •• ~~ .• ·.···.···*································· 
1 • .t!n( •• S-1. • 

? 1,2~Y.4'H* ~O ~'ERlA' STqATfG' passI~LF 
FOR THI~ CO~RINAIIO~ 1 1.2~ •• 4SM* 

4 1.2n(.4~H* 
C; I.C>1'( ... c;M. PROGRAM wILL AE CO"'iTIN.JFO 
6 1.20~.4~li. FON THf OTHER cn~81NITIONS • 

1 1,1~ •.• 'M***.···*········ .. ···························} 
Z9AO Fl'\w"'l.T (I. I:;'x. l~M!"'QST E.coN'J,dC·AL , Aj. 2l"H PA-vU'E'i1 r'lfCiIG'l -IT" 

1 .A4. q,... OVE~LAY' I,. lOX. 2zHINITIAL CO"'iSTtofJCTTOfoJ •• 
2 10H '1Ft:: lS • f 7 .3, bt1 YEARS. II. 13X, .,M~"'ATEptAL~. 4JX. 
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