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The contents oJ this report reflect the views of the authors who are 

responsible for the facts and the accuracy of the data presented herein. 

The contents do not necessarily reflect the official views or policies of 

the Federal Highway Administration. This report does not constitute a stan .. 

dard, specification or regulation. Reference to specific makes or models of 

computer equipment is made for identification only .and does not imply endorse
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PREFACE 

This report is one of a series issued under Research Study 1-8-69-123, 

11 A Systems Analysis of Pavement Design and Research Implementation 11
• The 

study is being conducted jointly by principal investigators and their staffs 

in three agencies -- The Texas Highway Department at Austin, The Center for 

Highway Research at Austin, and The Texas Transportation Institute at College 

Station, as a part of the cooperative research program with the Department of 

Transportation, Federal Highway Administration. 

Included herein are the design, utilization, and implementation of an 

integrated pavement design processor (IPDP). The IPDP integrates a rigid 

pavement design system, an asphaltic concrete pavement overlay design system, 

and three versions of a flexible pavement design system--one based on the AASHO 

structural number concept, another based on Dynaflect deflection, and a third 

based on linear elastic theory. The IPDP has been developed as an on-line 

man-machine conversational decision and analysis framework. It is anticipated 

that the interactive, multi-optional, open-ended, broad-based, and user

oriented features of the IPDP will facilitate the implementation of the 

systems analysis of pavement design. 

The cooperation and assistance given by many individuals in the Texas 

Transportation Institute are sincerely appreciated. Mr. Dale L. Schafer 

and Mr. Chester H. Michalak were particularly helpful throughout this research 

effort. 

Special appreciation is extended to Mr. James L. Brown of the Texas 

Highway Department for technical advice and consultation in the preparation 

of an implementable pavement design processor. 
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Also, we are very grateful to all the companies who have supplied 

photographs of computer terminals and communication devices and given per

mission to reproduce these photographs. 
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ABSTRACT 

An integrated pavement design processor has been developed as a.stra

tegic approach to the design and management of construction and rehabilita

tion of pavements .. The modular processor is a comprehensive d.ecision 

fr·amework with a capacity to drive different optimization routines at the 

user's command through interactive queries b.etween the computer and the 

design engineer. The multi-option arrangements enable the design engineer 

to consider both rigid and flexible pavement systems simultaneously. The 

processor can be used for new pavement construction or existing pavement 

rehabilitation. In addition, three options for f-lexible pavement design are 

included to describe the structural subsystem desired: one based on AASHO 

structural number, another based on Dynaflect deflection, and the third 

based oh linear elastic theory. 

KEY WORDS: AASHO structural number, computer program, Dynaflect deflection, 
flexible pavement system, integrated pavement design processor, linear elastic 
theory, modular processor, pavement construction, pavement rehabilitation, 
rigid pavement system, strategic approach, systems analysis model for pave
ments. 
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SUMMARY 

The ultimate success of any branch of research rests on its adaptability 

to practical application. Many pavement design systems have been developed 

since the late 196o•s. The most annoying problems connected with program 

application are the requirements of massive data preparation by design engineers, 

tedious card punch formats and painstaking turn around processes. These 
'-

procedures frequently represent overly cumbersome burdens to design engineers, 

thereby lessening their enthusiasm for the programs. 

In an attempt to facilitate extension of the pavement analysis programs 

to full-scale implementation, an integrated pavement design processor was 

developed in this study. The processor integrates a rigid pavement design 

system, an asphaltic concrete pavement overlay design system, and three ver-

sions of a flexible pavement design system - one based on the AASHO structural 

number, another based on Dynaflect deflection, and the third based on linear 

elasticity. 

More than 200 input variables have been organized and categorized into 

one integrated sequential format. Four alternative methods are designed for 

data entry. 

1. terminal-mode data entry, 

2. direct access to example data set, 

3. direct access to user•s data set, and 

4. direct access to free data set. 

The terminal-mode data entry method receives input values from the communi-

cation terminal by interactive queries between the computer and the user. 

The other three methods are based on direct access to data sets which are 

either stored by the user, or already have been built into the processor. 
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Comments and recommendations for input values are printed aut immediately 

upon request through the terminal. l'avement optimization programs are 

executed by remote job entl"'y. 

The entire job execution is divided into fo,ur tasks: orientati'On, 

data preparation, pavement optimization, a·nd term1natifHl. Utilization ef 

the modular processor is uncompl icateds quite convenlent, and do.es n'Ot entail 

detailed familiarity with computer pro.gramming and operation. 

The processor is practica 1 and adaptabJ e to curr·ent payement design 

procedures in Texas, and possibly could, with a,ppropriate modificatiens, be 

used by other states as well. 
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IMPLEMENTATION STATEMENT 

The integrated pavement design processor is an application-oriented 

tool for the design and management of pavement construction and rehabilitation. 

The ultimate goal of this research is to implement the processor in regular 

design operations. 

Minimum hardware and software requirements to implement the processor 

developed in this study for the Texas Highway Department are described herein. 

The computer facility should be able to accept FORTRAN, direct access, and 

overlay linkage, with at least 60k bytes memory. The teleprocessing system 

should be able to execute tnteractive FORTRAN programs and initiate remote batch jobs 

The basic requirement of the terminal is at least 70 characters per line. 

Four important features concerning the extension of the processor 

to full-scale implementation deserve special emphasis here: (1) processor 

security, (2) provision for simultaneous users, (3) further reduction of 

core requirement, and (4).selective print-out. 

Potential implementation alternatives are detailed in Chapter V of 

this report. 
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CHAPTER I 

INTROOUCTI ON 

A comprehensive decision framework for the design and rehabilitation of 

pavements must enable the designer to consider both rigid and flexible pave

ment system programs. Familiarizing the professionals with the exisiting 

optimization procedures developed for both flexible and rigid pavements is 

recognized as one of the most difficult tasks in implementation of the systems 

approach. In many cases, progress towards full-·sca 1 e implementation has been 

retarded by the cumbersome requirements of the massive data inputs and the 

lack of interactive features between the computer and the design professionals. 

As a result some skepticism has been expressed by practical professionals as 

to the real value of the systems approach .. Therefore, a computer program 
. •,. 

package which incorporates the strategic approach and modular optimization 

process into an interactiv'e, open-ended, broad-based, and user-oriented opti

mization procedure is needed to enhance the implementation of the systems 

approach to pavement design and management. 

Objectives 

The ultimate goal of this research is to devise a comprehensive decision 

framework which permits realistic decision-making in the design and rehabi

litation of pavements. The specific objective of this study is to develop 

an integrated pavement design processor which includes a terminal-mode driver's 

segment, a rigid pavement design system, an asphaltic concrete pavement 

overlay design system, a flexible pavement design system based on AASHO 

structural numbers, a flexible pavement design system based on the Oynaflect 

deflection model, and a flexible pavement design system based on linear 

elastic theory. 

1 



Scope 

The scope of this study includes the following basic tasks: 

1. To make a state-of-the-art surv-ey of important road tests 

as well as analytical and computer techniques used by 

previous researchers in the design and maintenance of 

pavement systems. 

2. To develop a terminal-mode modular processor for highW<iY 

pavement design and management systems optimization. Opti

mization routines included in the multi-optional processor 

as modules are: a rigid pavement design system [26]~ an 

asphaltic concrete pavement overlay design system [5], (lnd 

three flexible pavement design systems that include one based 

on the AASHO structural number [30], one based on a Dynaflect 

deflection model [36, 44], and one based on linear elastic theory 

[29]. All input data to these five modules are organized and 

categorized in a man-machine conversational input system. 

3. To provide an interactive user•s guide for the utilization 

of the application-oriented processor. 

4. To discuss the potential implementation alternatives for 

extending the utili:zation of the modular processor to dif

ferent teleprocessing systems, communication terminals, and 

programming languages. 

Following this introductory chapter, Chapter II presents 'astate-of

the-art survey of the systems analysis of pavement design. Chapters 11!, IV 

and V describe the design, utilization, and implementation, respectively, of 

the integrated pavement design processor. Chapter VI reports a 'StJmma,ry and 

conclusions. Included in appendices are: 
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Appendix A ~ An illustrative example of the utilization of the processor 

Appendix B - Program output of an example flexible pavement design 

problem 

Appendix C - Code number of input variables 

Appendix D - Dictionary of input variables in driver•s segment 

Appendix E - Disk requirement of the processor 

Appendix F - JCL for driver•s segment 

Final Product 

The final product of the study is a package of computer programs which 

is essentially an application-oriented modular processor with the capacity to 

drive different optimization routines at the user•s ~ommand through interac

tive queries between the computer and the design engineers [28]. Many of 

the subjective decision-making judgements are readily incorporable. The 

depth and accuracy of the input data for specific optimization routines are 

also under a multi-option arrangement. Comments and recommendations for 

input values are printed out immediately upon request through real-time 

computer systems and terminal operated output devices. Different loopings 

are built in for the reevaluation and readjustment of the input data or for 

specific design criteria and constraints at the option of the design engineers 

or decision-makers. All of the optimization subsystems included in this 

entire strategic processor are in modular form. In other words, for each of 

the subsystems, the special interest and unique utilization features are 

retained. Thus, each of the modules can be used independently as a regular 

optimization program, while linkage with other optimization programs is also 

available. 
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CHAPTER II 

SYSTEMS ANALYSIS OF PAVEMENT DESIGN 

This chapter presents a state-of-the-art survey on the development of 

pavement design systems. Descriptions will be centered around the systems 

approach to the design and management of highway pavements developed in the 

following research projects: 

Research Study 2-8-62-32*, 11 Extension of AASHO Road Test Results, 11 

conducted by Texas Transportation Institute. 

Research Study 1-8-69-123*, 11 A System Analysis of Pavement Design 
and Research Implementation, 11 conducted by Texas Highway Department, 
Texas Transportation Institute, and Center for Highway Research. 

NCHRP Project l-10**, 11 Translating AASHO Road Test Findings - Basic 
Properties of Pavement Components, 11 conducted by Materials Research 
and Development, Inc. 

NCHRP Project 1-lOA**, 11 Systems Approach to Pavement Design- Imple
mentation Phase," conducted by Texas Transportation Institute. 

The goal of the work described herein is to integrate the existing 

pavement design systems into a modular processor. 

A chronological record of the growth of the systems approach to highway 

pavement design can be diagrammed as shown in Figure 2.1. The developments 

shown in parallelograms are two significant road tests, the findings of 

which sparked the initial search for a means to apply optimization procedures 

to pavement design. The pavement design systems (computer programs) shown 

in rectangular boxes with single lines are the early versions of the develop-

ments in a systems appraoch to pavement design problems in Texas and in 

*Sponsored by the Texas Highway Department and the Federal Highway 
Administration 

**Sponsored by the American Association of State Highway Officials 
and the Federal Highway Administration 
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I AASI-IO 1 .. TEXAS SATELLITE ;' 
ROAD TEST I ROAD TEST 

• •• 
TEXAS A TEXAS 
RPS-·1 -~ FPS-l .. ~· + 
TEXAS TEXAS .... TEXAS 
RPS-2 FPS-4 ~ FPS-2 

9 " SAMP-5 TEXAS 
FPS-3 .. • SAMP-6 TEXAS 

SAMP-6A FPS-5 .. 
TEXAS 
FPS-7 

jsHELLl 
-;f 

TEXAS ACP 
L BI~~RO J FPS-9 OVERLAY 

I I 
~!1 ~-

FPS-B!STRO .A 
-~ 

TEXAS 
'<li. 

FPS-11 

,, ,!, 
~ [ . PR;ESSO; :- J .... ~ 

Figure 2.1 Chronological record of the growth of the 
systems approach to highway pavement design 
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National Cooperative Highway Research Program (NCHRP) projects 1-10 and 1-lOA. 

The development shown in the rectangular box with dotted lines is an indivi

dual computer program adapted from a source other than from the studies 

mentioned above. The pavement design processor shown in the rectangular box 

with double lines is developed in this study. 

The AASHO Road Test, which has been the most intensive and comprehensive 

highway pavement performance study, was completed in 1961. By late 1962, 

several states, including Texas, had begun research directed toward extending 

the AASHO Road Test, generally known as "satellite projects''. In 1968, the 

Texas Satellite Road Test resulted in a flexible pavement design system, Texas 

FPS-1. Many improvements have been integrated into the initial version 

since then in Texas Study 123, the three agency project previously mentioned. 

One of the accomplishments of the Texas Satellite Road Test was the 

development of an empirical deflection equation. Surface deflections caused 

by traffic loads are used to estimate flexible pavement serviceability at 

any desired time after construction. However, some pavement designers pre

fer the performance equation that resulted from the AASHO Road Test. Thus, 

the FPS system was split into two series. One series utilized pavement 

deflections to describe the pavement performance, while the other utilized 

AASHO structural numbers. FPS-1 and FPS-2 are the original and first revi

sion, respectively, of the flexible pavement design system which utilized 

pavement deflection equations for predicting pavement performance. A 

numbering convention was adopted to be used for later versions of FPS. The 

pavement deflection method series were to use odd numbers for later revisions 

{3, 5, 7, ... ),while the AASHO structural number method series were to use 

even numbers {4, 6, 8, ... ). 
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The Texas FPS-4 design system was developed in 1969. This system is 

essentially a revision of Texas FPS-2, in which the deflection performance 

equation is replaced by the AASHO performance equation. In 1970, a research 

project sponsored by the NCHRP revised the FPS-4 and called it a Systems 

Analysis Model for Pavements (SAMP). This version was named SAMP5. Contin

uous efforts were devoted to the nationwide implementation of the SAMP 

system. Based on the experience of implementing the SAMP system in Florida, 

Kansas, and Louisiana, two versions of the SAMP series, SAMP6, and SAMP6A, 

were developed in 1973. 

The systems approach to flexible pavement design has been viewed as 

a promising design procedure since Texas FPS-1 was developed. It was thus 

recognized that rigid pavement design procedures should also be organized 

into an operational systems model. In 1970, a rigid pavement design system, 

Texas RPS-1, was developed based on the findings of the AASHO Road Test in 

rigid pavements and the FPS analysis framework. This system was further 

revised into RPS-2 in 1973. 

In 1970, an asphaltic concrete overlay design subsystem, ACP OVERLAY, 

was developed for pavement rehabilitation. In 1972, the ACP OVERLAY design 

subsystem was integrated into the Texas FPS-9 design system and became the 

Texas FPS-11 system which is currently being implemented in Texas. 

The Shell BISTRO program, which was developed by Koninklijke/Shell

Laboratorium in Amsterdam, is a comprehensive analysis package of multi

layer, linear elastic structures. In 1973, the Shell BISTRO and Texas FPS-11 

were integrated into a FPS-BISTRO system. In this study, a modular processor 

is developed to integrate RPS-2, SAMP6, SAMP6A, FPS-11, and FPS-BISTRO into 

one easily used multi-option system for on-line teleprocessin9. 
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Important roads and road tests as well as systems analysis of highway 

pavement design are discussed in more detail in the following sections. 

Important Roads and Road Tests 

A historical background of roads and road building as described in 

Encyclopaedia Britannica [12] is summarized herein. 

Prehistoric man can probably be credited with developing the first 

road system when he used the game trails made by wild animals to search for 

food, shelter, and to elude his enemies. As civilization advanced, man 

built short roads along the flat river plains for trade and for transporting 

building materials from quarries to building sites. The Royal Road, the first 

large scale road system, built by the Assyrians, extended 1,500 miles. At 

the height of the Roman Empire, the Roman road system totaled 50,000 miles 

of first class roads and 200,000 miles of connecting roads. The first roads 

built in the American Colonies followed Indian foot trails. Examples of 

these were Braddock's military road and the Wilderness Road. 

Concrete was first used in building streets in England in the early 

19th century. Asphalt for road surfaces was first used in France and 

Switzerland in the 1850's. In the United States, the first asphalt and 

concrete roads were built in Washington, D.C. in 1877 and in Ohio in 1893, 

respectively. 

Modern high-speed highway construction started in 1920. Examples of 

these are the Italian autostrada built in 1924, the German.autobahnen built 

during 1930-1942, and the U.S. Pennsylvania Turnpike and the Merritt Parkway 

completed in 1941. 
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Road construction in the early days were primarily based on past 

experiences. The resulting pavements had a very wide variance: they either 

failed short of the anticipated life, or were found to be grossly overdesigned, 

resulting in unnecessary costs. In order to overcome these difficulties, 

several road tests were conducted in the United States, from the late l9l0 1 s 

to the early l96o•s, to advance the knowledge of pavement design. Table 2.1 

shows a chronological evolution of these road tests. 

Th~ Arlington Tes4 conducted in 1919, appears to be the earliest 

documented attempt to study the behavior of pavements. The loading apparatus 

was a truck tire and spring mechanism that simulated impact loads of truck 

tires on the pavement. The Bates Road Test, conducted from 1920 to 1923, 

was the first to study the effects of actual traffic on existing pavements .. 

Pavement engineers and designers studied the causes of pavement failures in 

order to obtain knowledge for future pavement design. The state of Illinois 

changed its rigid pavement design procedure as a result of this test, and many 

other states followed suite by adopting the thickened-edge, or 11 Bates sec-

tion .. , for rigid pavements. Two long term experiments, the Pittsburgh Road 

Test and the Stockton Road Test, were conducted from 1930 to 1940 in California 

to study rigid and flexible pavements. Another long term experiment, the 

Hybla Valley study, was conducted from 1944 to 1954 in Virginia. These long 

term experiments provided pavement engineers and researchers with more 

information regarding pavement behavior. However, these findings have been 

expanded and refined by more recent research. For examp 1 e, in the period 

immediately after World War II, the most elaborate road experiment was the 

Maryland Road Test [38] which cost $245,000. This tes4 conducted to furnish 

information needed to establish uniform size and weight limitations for motor 
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TASLE 2.1 
IMPORTANT ROAD TESTS 

NAME 
' 

A RLINGTON TEST 

ATES ROAD TEST B 

p ITTSBURGH ROAD TEST 

TOCKTON ROAD TRACK s 

H 

M 

YBLA VALLEY 

ARYLAND ROAD TEST 

t1 

A 

ASHO ROAD TEST 

ASHO ROAD TEST 

YEAR 

1919 

1920-23 

1930-40 

1930-40 

1944-54 

1950-51 

1952-53 

1958-61 

STATE AGENCY 

VIRGINIA BPR 

ILLINOIS BPR 

CALIFORNIA esc 

CALIFORNIA CE 

VIRGINIA HRB,AI,BPR 
. 

MARYLAND AASHO 

IDAHO WASHO 

ILLINOIS AASHO 

AASHO - Ar'-'IERICAN ASSOCIATION OF STATE HIGHWAY OFFICIALS 

AI - A~PHALT INSTITUTE 

BPR - BUREAU OF PUBLIC ROADS 

CE - CORPS OF ENGINEERS 

CSC - COLUMBIA STEEL CO. 

HRB - HIGHVJJ\Y RESEARCH BOARD 

tvASHO -· t·JESTERN ASSOCIATION or STATE HIGH\<JJ\Y OFFICIALS 
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PAVEMENT TYPE 

RIGID 

RIGID 

RIGID 

FLEXIBLE 

FLEXIBLE 

RIGID 

FLEXIBLE 

FLEXIBLE, 
RIGID 



vehicles, is noted for the participations of many states, federal agencies, 

and private agencies, as well as the number, type, and complexity of tests 

and measurements. 

The results of the six road tests, conducted from 1919 to 195], did 

not satisfy the highway engineers need for more knowledge in the field of 

pavement design. However, these tests led to the two large scale road 

experiments: the WASHO Road Test and the AASHO Road TesL 

The 'WASHO Road Test [50, 51] was conducted by the Western Association 

of State Highway Officials from 1952 to 1953 to determine the ·effects of 

various axle loads on certain flexible pavement designs. A site for the 

road test near Malad, Idaho was selected .as being representative of the cli

matic and soil conditions of the Western United States. The WASHO Road 

Test, which cost $890,000, was the first ·experiment of its type to be per

formed under completely controlled conditions. The concept of using vertical 

pavement deflections under traffic loads as the principal criterion for 

measuring the strength of flex-ible paveme:nts was initiated in this test with 

the advent of the Benkelman Beam. However, many important variables, such as 

weather and material properties, were not studied, partly because they had 

been ignored in the experimental design, and partly because of the lack of 

proper instruments for the necessary measurements. 

The AASHO Road Test [48, 49] was conducted by the American Association 

of State Highway Officials from 1958 to 1961 to study the performance .of 

highway structures of known layer thicknesses under known loads. This road 

test, supervised by the Highway Research Board of the Nationa 1 Academy of 

Sciences, was considered to be the most comprehensive experiment for highway 
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pavement behavior and its characterization to date. Two of the more signi

ficant findings of this test are as follows: 

1. Two empirical performance equations, one for flexible and 

one for rigid pavements, were developed to predict the 

pavement serviceability index in terms of design, axle type 

(single or tandem), axle load, and accumulated number of load 

applications. 

2. An equation was developed to convert mixed traffic to an 

equivalent number of 18-kip single axle loads. 

Since the completion and reporting of the AASHO Road Test, highway 

engineers have recognized the necessity of translating the findings to local 

conditions. Though the AASHO Road Test was a $27,000,000 research project, 

it answered only a few of the important design questions. The early attempts 

to design pavements based on the AASHO Road Test results [1, 2] also revealed 

the need for further information from environments differing from the environ

ment at the Road Test. Thus, a series of satellite study projects were 

proposed to adapt the AASHO Road Test results to local environmental condi

tions. A nationwide study [22, 23] was also proposed to coordinate those 

efforts devoted to the satellite studies of pavement performance, but was 

never implemented as planned. 

The Texas Satellite Road Test, conducted during 1962-68, adapted some 

of the AASHO Road Test results to Texas conditions through the medium of 

pavement deflection. A set of specific recommendations [43], based largely 

on early experiences in the Texas study, was published in 1968. Significant 

findings of this study [40, 41, 42, 44] were as follows: 
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1. A methodology was developed to estimate material stiffness 

from surface deflections caused by a standard surface loading. 

2. An empirical equation was suggested to estimate the surface 

curvature of a flexible pavement subject to a standard loading 

based on stiffness coefficients and different combinations of 

layers and thicknesses. 

3. A performance equation was developed to predict the pavement 

serviceability history in terms of surface curvature, traffic 

loads, temperature, swelling clay, and pavement age. 

4. A set of functions was derived to calculate the present worth 

of the overall cost incurred over a selected period of tim~, 

including costs of initial construction~ routine maintenance, 

seal coats, overlay construction, delays due to overlay 

construction and pavement salvage. 

Furthermore, based on these findings, a computerited flexible pave

ment design system, Texas FPS-1, was also developed in 1968 [8, 44]. This 

system is based on the following general premise: it is the aim of the 

design engineer to provide from avai1able materials a pavement that can be 

maintained above a specified level of serviceability, over a specified 

period of time, at the minimum overall cost. The detailed description of 

this flexible pavement system is presented in the following section. 
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Systems Analysis of Flexible Pavement Design 
Based on Dynaflect Deflection 

Highway pavements can be viewed as complex structural systems involving 

many sets of variables describing the combinations of static and dynamic 

loading, environment, performance, construction, maintenance, rehabilitation, 

materials, pavement structure, and economics. A vast number of functional 

relationships and computations must also be included in the design and manage-

ment considerations, and a complete analysis for pavement construction and 

rehabilitation should be conducted within a systems framework [15, 18]. In 

1968, as a significant result of the Texas Satellite Road Test, a working 

design model employing the concepts of systems analysis [4.4] was developed. The 

initial effort was concentrated on the integration of a11 aspects to be con

sidered, and streamlining all the computations into a systematic evaluation 

procedure. As the flexible highway pavement was the most commonly used pave

ment structure in Texas, it was selected as the first analysis target of the 

systems approach. 

The objective of the developed flexible pavement design system was to 

select the optimal initial and overlay construction strategy which will result 

in minimum total cost over an analysis period. A computer program, Texas 

FPS-1, was the first version of the development in terms of taking into account 

all physical variables affecting pavement performance and all cost variables 

influencing pavement design and management decisions. Physical variables were 

analyzed in terms of how they would affect :the serviceability-time relationship 

of the pavement. The deflection, traffic, and performance models, based on 

the AASHO Road Test and Texas Satellite Road Test results, were applied. 

Cost variables considered included initial construction, routine maintenance, 
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overlay construction, users' contribution due to traffic delays during overlay 

construction, seal coat, and salvage values. All future costs~ discounted to 

present value, were added to initial construction costs to form the overall 

cost. The optimization objective was to provide, at minimum cost, a .pavement 

structure that was acceptable for normal travel. 

Since the Texas FPS-1 system was developed, various refinements and 

modifications, based on the results of later research and the needs of the 

FPS users, have been incorporated into the initial version. Later versions of 

the deflection b~sed FPS are: FPS-2, FPS-3, FPS-5, FPS~7, FPS-9, and FPS-11. 

Versions 2, 3, 5, and 7 were developed during 1969-70. Significant refinements 

and modifications were as follows: 

1. Different paving materials might have different salvage percentages 

·at the end of the analysis period. 

2. Detour distance around the overlay zone was included in the cost 

model to calculate the users' costs during overlay periods. 

3. Pavement serviceability index after initial construction needed 

not be the same as the serviceability after an overlay :construction. 

4. Two restraints of overlay thickness were included: minimum overlay 

thickness of each individual overlay construction, and accumulated 

maximum depth of all overlays during the analysis pe,rfod. 

5. Program and problem identifications were incl uderl in output pages. 

Many important improvements were incorporated into fPS-9 [39], ln 1972. 

Significant comprehensive revisions were as foll,ows: 

l. Portions of the FPS program were modularJi zed to aid in future 

program modification efforts. 
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2. A more rational method of using swelling clay parameters in the 

projection of the serviceability index was included. 

3. Certain input data previously required relating to traffic speeds 

were no· longer required. 

4. Tables of user's costs were expanded and updated. 

5. The iteration scheme to estimate the. pe.rformance time 

was improved by using the Newton-Raphson search. 

6. Feasible initial designs which were of lesser strength at a 

higher initial cost were excluded from considerations. 

7. A documentation system was also developed in a machine readable 

format in order to facilitate a continuous system to update the 

documentations of future FPS design systems. 

The early FPS versions, including FPS-9, have considered simultaneously 

the new constructions and future rehabilitations for a predetermined analysis 

period. It was recognized that a separate system to optimize the rehabili

tation strategies of existing pavements should also be devised. In 1970, an 

asphaltic concrete pavement overlay design system [5], mamed ACP OVERLAY, 

was developed, based on the same considerations as the original FPS system. 
. . 

The following two major revisions were included: 

1. a simplified deflection equation, confirmed by field tests, to 

estimate the surface curvature of existing pavements, and 

2. the deletion of initial construction considerations. 

In 1972, the Texas FPS-9 and ACP OVERLAY programs were physically integrated 

into Texas FPS-11 [36]. Significant changes of FPS-ll,.as compared with 

FPS-9, were as follows:· 
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1. The rehabi1itation of existing flexible pavements was incorporated. 

2. The reduction in serviceability due to sw.elling.clay arid other 

non-traffic causes were further revised. 

3. A design confidence level was added. 

4. Seal coats were excluded from design considerations. 

The macro flow diagrams of the computation procedure included in Texas 

FPS-11 are shown in Figures 2.2 and 2.3. Figure 2.2 illustrates the initial 

construction and future overlay constructions. Figure 2.3 illustrates the 

present and future overlay constructions of existing pavements.: 

For a new pavement analysis~ the FPS design system .be.gins at reading, 

computing,. and echo printing. data, as shown in Figure 2.2.. Possfble initial 

designs are generated by iterating the different combination of design types 

and layer thicknesses. Each desi•gn type represents :a combination of paving 

materials. The thickness of each material used to construct a spe.cific layer 

starts from a minimum value and i·ncrements up to the maximum. The minimum 

and maximum thicknesse·s ·of e.ach •material are specifi•ed by the destgner. The 

initial d:esign is subjected to three designer-specifi·ed ·constrai1nts: 

1. maximum funds available for the initial construction, 

2. maximum total thickness of the initial construction, and 

3. minimum time to the first overlay construction. 

An initial design is classified as infeasible and thus rej-ected, if it daes 

not satisfy any one of the three constrai·nts. The overlay ·rout:ine is bypassed 

if a feas1ble initial design can last through the entlre analysq'S pe,riod. 

Otherwise, an overlay is scheduled for co.nstructlo.n as soon as a pavement 

falls to the minimum serviceability index level specified :by tile 'designer. 

The trial overlay thickness increments from a minimum to a maxiitnum Nalu;e spe-
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cified by the designer, if the life of the rehabilitated pavement is less 

than the minimum time between overlays specified by the designer. If the 

life satisfies the minimum time requirement but the total life does not last 

the desired analysis period, another overlay construction is needed. A com

plete design strategy is a feasible initial design combined with future 

feasible overlay designs. The overlay construction cost, routine maintenance 

cost, user•s cost due to traffic delay during overlay construction, and 

salvage value of each design strategy are all included in the total cost 

calculation and discounted to the present worth. The computer program keeps 

generated information of each design strategy until the first n designs are 

stored. The number, n, is the desired number of better feasible designs in 

the final summary report. For each design after the n-th design, the total 

costs of the designs in storage are scanned and the design which has the 

maximum total cost is determined. If the total cost of the new design is 

less than this cost, the new design is accepted and it takes the place of 

the design with the highest total cost. Otherwise, the new design is rejected 

and the program analyzes the next design. After all possible design strategies 

of a design type are iterated, the design system will select the most favored 

design of this design type in terms of the minimum cost and will print out 

detailed informations of this design. After all design types are iterated, 

a summary table of design strategies in order of increasing total cost will 

also be printed. 

Figure 2.3 is essentially the same as Figure 2.2, except that the initial 

construction is replaced by the first overlay construction. The generation 

of initial designs and the constraint of initial thickness are deleted. 
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In early 1971, a new Pav,ement Design Section was created within the 

Highway Design Division of the Texas Highway Department. A majormission of 

this section is to implement the FPS. The procedure used to implement the 

FPS in the Texas Highway Department pavement design operations was reported 

in 1973 [7]. During the implementation phase, a sensitivity analysis of the 

Texat? FPS~.2 [27] was conducted to provide researchers with a working knowledge 

of the FPS system. Based on the experience of application of the FPS to real 

prob 1 ems, a user • s mamJa l [4, 47] was also compi 1 ed to enhance the implemen

tation. During 1970-72) ten of the twenty-six districts in Texas participated 

in the implementation. A pavement feedback data system [14,45] was developed 

1n 1972 to acquire, store, and analyze performance data from in ... service 

flexible pavements. It wasfound that the Texas FPS-11 design system is more 

practical and realistic than the older versions. 

Meanwhile, .experience in implementing FPS in Texas revealed the necessity 

of recognizing uncertainties in the input variables as well as in the various 

models appearing in the sy~tem. As a result, stochastic: proce.sses were intro

duced into the FPS- 11 and a proposed new sys tern~ FPS-13 [ 1 0] . 

Systems Analysis of Flexible Pavement Design 
· Based ·oh AASHO Structural Number 

The Texas Satellite Road Test resulted in a performance equation which 

estimates the pavement serviceability based o.n the 11Surface curvature i ndex 11
• 

The surface curvature index is calculated from material stiffness which 

are estimated from the surface deflections measured by Dynaflect on existing 

pavements containing materials like those proposed for use in the new project. 

The flexible pavement design system discussed in the preceding section is 

21 



based on this performance equation. However, some pavement engineers prefer 

the flexible pavement performance equation that resulted from the MSHO Road 

Test. The Texas FPS-4 system was revised from the deflection-based Texas 

FPS-2 system in 1969, by incorporating the AASHO structural numbers, instead 

of the Dynaflect deflections, to estimate the pavement performance [17, 32]. 

In order to extend the flexible pavement design system for nationwide 

implementations, a National Cooperative Highway Research Program (NCHRP) 

project [16] converted the FPS-4 into the SAMP5 systems analysis model for 

pavements (SAMP) in 1970. 

During 1972-73, another NCHRP project [30] was conducted to implement 

the SAMP5 system in three cooperating states: Florida, Kansas, and Louisiana. 
' ' 

Due to different design requirements in each state, many revisions of the 

SAMPS- system were made for the three cooperating states. The revised design 

system was named SAMP6. Significant additions and revisions were as follows: 

1. separating the strength and cost estimates for wearing surface 

and overlay materials; 

2. including a method of calculating full cross-section volumes 

(including shoulders); 

3. adding two unit cost models which allowed unit costs to decrease 

with increasing thickness; 

4. providing two alternative maintenance cost models; 

5. including the costs of bitumen, prime coats, tack coats, and 

upgrading of earth shoulders as distinct components of material 

cost; 

6. including stochastics of AASHO flexible pavement equation to 

determine reliability; and 
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7 .. adding new .environmental deterioration of serviceability which 

was based on the expansive clay model of FPS-ll .• 

The basic flow diagram of the SAMP6 system is the same as that of the FPS-11 

diagrammed in Figure 2.2, except that the SAMP6 does not allow the overlay 

design of existing pavements. 

Later, a SAMP6A system was developed to include the selection of shoulder 

materials. In addition to the development of the SAMP6 system, the program 

documentation, user•s manual, sensitivity analysi.s, and pavement feedback 

data systems were completed during the project period. The SAMP6 system was 

found to agree with the design practice in states other than Texas reasonably 

well. 

Systems Analysis of Flexible Pavement Design 
Based on Linear Elasticity 

Two series of the existing flexible pavement design system have been 

reviewed ih preceding sections. lhe significant difference between the two 

series 1s the pavement performa-nce equation. One series uses pavement sur

face deflections to predict the pavement life, while the nther series uses 

AASHO structural numbers. Either the surface deflections or the structural 

numbers, used to describe pavement performance potential, are estimated from 

empi rica 1 rules. 

It is known·, however, that in some cases pavement 'Optimizations based 

solely on the empirical rules arid historical data are obvious1y in error. 

Thus, it has been recognized that a theor·etical a\)proach to 'the optimization 

of pavements is urgently ne·eded. Many versions of prograJTUTiing ·routines [13, 

34, 37, 53] have been developed for the use of lit'lear elasticity i'i'l :pa1rement 
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structure ana lyses. However, many researchers have felt that the application 

of linear elastic theory is severely limited by the unacceptable amount of 

computation time required [6, 24]. In 1973, a linear elasticity based flex

ible pavement design system, FPS-BISTRO [29], was developed. Computation 

time requirements have been reduced significantly .by streamlined computations 

and efficient interpolations. 

A general flow diagram of this linear elasticity-based flexible pavement 

design system is shown in Figure 2.4. The system starts by reading, computing, 

and echo printing data. Possible initial designs are generated by iterating 

the different combinations of design types and layer thicknesses. Each design 

type represents a combination of paving materials. The thickness of each 

material used to construct a specific layer starts from a minimum value and 

increments up to the maximum. The minimum and maximum thicknesses of each 

material are specified by the designer. The initial design is subjected to 

four designer-specified constraints: 

l. maximum funds available for the initial construction, 

2. maximum total thickness of the initial construction, 

3. minimum time to the first overlay construction, and 

4. maximum strengths of materials. 

An initial design is classified infeasible and thus rejected, if it does not 

satisfy any one of the four constraints. The overlay routine is bypassed if 

a feasible initial design can last through the entire analysis period. 

Otherwise, an overlay is scheduled for construction as soon as a pavement 

falls to the minimum serviceability index level. The trial overlay thickness 

increments from a minimum to a maximum value specified by the designer, if 

the life of the rehabilitated pavement is less than the minimum time between 
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overlays, or if the stresses within pavement structures caused by traffic 

loads are greater than the limiting materials strength. If the design satis

fies the two constraints but the total life of the pavement does not last the 

desired analysis period, another overlay construction is needed. The overlay 

construction costs, routine maintenance cost, user's cost due to traffic delay 

during overlay construction, and salvage value of each design strategy are 

all included in the total cost calculation and discounted to the present 

worth. Each design is compared with others. A designer~specified number of 

better designs with lower total cost are kept. After all possible design 

strategies are iterated, a summary table of design strategies in order of 

increasing total cost will also be printed. 

Compared with the flexible pavement design system diagrammed in Figure 2.2, 

two significant revisions must be noted. 

1. Surface deflections are calculated from linear elasticity, rather 

than estimated from an empirical equation derived from Dynaflect 

experiments. 

2. Major and minor principal stresses at interfacial positions are 

calculated from linear elasticity to che~k the strength of paving 

materials and the subgrade for both initial and overlay constructions. 

Systems Analysis of Rigid Pavement Design 

In 1971, a conceptual rigid pavement design system [26], Texas RPS-1, 

was developed, based on the results of the AASHO Road Test for the rigid pave

ment and the systematic computation framework developed in flexible pavement 

design. 
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In addition to the general categories of consi.d;erations on loads, 

environments, performance, construction, mai·ntenance, rehabilitation; p.roper

ties of paving materials and subgrade, as welT as economics, included in the 

flexible pavement system, the rigid pavement system also takes into account 

different types of concrete, overlay, reinforcement, and joints. A summary 

flow diagram of the Texa1s RPS-1 design system is illustrated in Figu·re 2.5. 

After an input data are read, checked, and echo printed, the design system 

starts to generate possible ini tia1 designs. Two alternative pa.vement typ.es 

are included in the rigid pavement system: jointed and continuously rein- · 

forced concrete pavements. Each initial design is characterized by a combin

ation of pavement type, concrete thickness" sets of concrete properties, sets 

of subbase properties, and subbase thickn.ess. The initial design is subjected 

to three constraints specified by the designer: 

1. maximum total thickness of initial construction, 

2. minimum time to the first overlay construction, and 

3. maximum funds available for the· initial constructio.n. 

A design is classified as infeasible and thus rejected if it does not satisfy 

any one of the three constraints. Each feasible initial design which does 

not last the analysis period is overlayedwith Portland cement.or asphaltic 

concrete. As soon as a design falls to the minimum serviceability index level, 

an overlay is required. The trial thickness of overlay starts from a minimum 

value and increments up to the maximum. The minimum, maximum, and incremental 

thicknesses are specified by the designer. The overlay life is also subjected 

to a designer-specified constrai~t. If the life is less than the minimum 

time between overlays, the overlay thickness is increased. If the life 

satisfies the minimum time requirement but the total life does not last the 
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analysis period, another overlay construction is required. The overlay 

construction cost, routine maintenance cost, user•s cost due to traffic delay 

during overlay construction, seal coat cost, and salvage value of each com

plete design strategy are all included in the total cost calculation and dis

counted to the present worth. If the total cost of a design is less than the 

total cost of any design in storage, the new design is accepted and it takes 

the place of the design with the highest total cost. Otherwise,. the new 

design is rejected and the program analyzes the next design. After all 

possible design strategies are iterated, a summary tab1e of feasible design 

strategies is printed following the order of increasing total cost. 

The second version of the rigid pavement desJgn system, Texas RPS-2, 

was developed in 1973. Additional stochastic variables [25] were included 

in the design procedures. The final report of this study is still in process. 
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CHAPTER III 

THE DESIGN OF THE PROCESSOR 

Essentially, this project is channeled toward developing a multi

optional modular processor for designing and managing pavement construction 

and rehabilitation. When perfected the processor will provide highway engineers 

and researchers with a broad decision analysis framework featuring an uncom

plicated conversational mode. In order to realize this goal, the processor 

must enable design engineers and researchers to simultaneously consider three 

critical areas: 

1. rigid and flexible pavement systems 

2. new pavement construction and existing pavement rehabilitation 

3. empirical and theoretical descriptions of structural behavior 

Included in the modular processor are a driver's segment in teleprocess-

ing mode and five pavement design programs in a batch job mode. The processor 

further provides five major choices for optimizing pavement systems management: 

1. rigid pavement design option 

2. asphaltic concrete pavement overlay design option 

.3. flexible pavement design option using the AASHO structural number 

4. flexible pavement design option using Dynaflect deflection 

5. flexible pavement design option using linear elasticity 

More than 200 input variables of the modular processor are organized 

into 200 categories. Simplicity .and convenience, together with instant 

assistance and guidance, are salient features of the four alternative methods 

of data entry which will minimize the user's efforts in the preparation and 

reevaluation of input values. For the first run of a pavement design pro

blem, the user may select either a terminal-mode or a direct access method 
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of data entry to one of give example data sets built into the processor. 

After optional listing and revision, the input data file will be stored 

either in an individual data set assigned to the user or in a free data set, 

at the user's command. For future runs of a similar problem, the user can 

utilize a direct access method of data entry to either the user's data set 

or the free data set. 

The input data file received from the communication terminQl will be 

reorganized to create data card images. By using the remote job entry method, 

one of the five pavement design programs stored in the computer job library 

will read in the input data from card images and print out the results from a 

specified printing device. 

Modular Structure and Logic Flow Design 

Included in the processor are six modules: a driver's segment and 

five pavement design programs. Figure 3.1 shows the modular composition 

and the structure of the processor. 

The driver's segment is programmed in the FORTRAN IV language. The 

Texas A&M version of the Baylor Executive System for Teleprocessing (BEST) 
> > 

has been selected for on-line teleprocessing. Details of the teleprocessing 

utilization are discussed in the next chapter. A subroutine, TPIO, is called 

in the MAIN program of the driver's segment to handle the input from a com

munication terminal and output to the same terminal, instead of handling 

the input from a card reader and output to the normal output route. 

Five independent FORTRAN programs are stored in the off-line job library 

for this modular processor. Program RPS-2 is the second version of a rigid 

pavement design system. Program SAMP6 is the sixth version of a systems 
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analysis model for pavements. Program SAMP6A is the same as the program 

SAMP6 with the additional capabi:lity to select shoulder mater1a1s. The SAMP 

programs are the flexible pavement design systems using the AASHO structural 

number. · Program FPS-11 is the el~venth version of a flexible pavement design 

system using Dyt'laflect deflection. An asphaltic concrete pavement overlay 

design system is also included in FPS-11. Program FPS-BISTRO~ is a flexible 

pa veme'nt design sys tern using 1 i near el asti city. 

Table 3.1 shows various options of the processor and corresponding pavement 

design program(s) to accomplish each design option. 

Input data are fed into the driver•s segment through intetictive queries 

or from data files, After optiona·l listing, revision, and storage· of the 

input data file, a set of 80-coll.JJ!lhS-:da.ta:-tar<;l images are Greated by the 

driver's segment. Thus the five .optimization programs can use the data from 

the set of card images. After the execution of the pavement d.es ign program 

has been completed, the output stream is directed to a printing device speci

fied by the user. 

Input Design 

The adequacy and simplicity of input desi'gn for the utilization ·of the 

modular processor is emphasized by its design. With various conveniences 

linked into it, the application of the processor to rea1 design problems will 

be enhanced. Since the modular processor is an integration orfive pavement 

design programs, input design becomes a fairly complicated task. More than 

200 input variables are involved for the processing of the five pavement 

design programs, however, most variables are common to more than one program .• The 

modular processor integrated the five input systems and groups th:~ -233 lnput 

variables into 20 categories. 
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TABLE 3.1 

MULTIPlE OPTIONS OF THE PROCESSOR 
--------------------~-----------------------·-----------·----

OPT ION I PAVEMENT DESIGN SYSTEM PROGRA~v\ 

l !RIGID PAVEMENT DESIGN SYSTEM RPS-2 
I 

2 I ASP HAL TIC CONCRETE PAVEMENT OVERLAY FPS-11 
I DESIGN SYSTEM 
I 

3 I FLEXIBLE PAVEMENT DESIGN SYSTEM USING SAMP-6, 
I AASHO STRUCTURAL NUMBER SAMP-6A 
I 

4 I FLEXIBLE PAVEMENT DESIGN SYSTEM USING FP$-11 
I DYNAFL ECT DEFLECTION 
I 

5 I FLEXIBLE PAVEMENT DESIGN SYSTEM USING FPS-
!LINEAR ELASTICITY B IS TR 0 
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Included in Category 1 are problem identifications and comments. Exten

sive use of the modular processor will result in large numbers of runs on 

different projects. As an aid to filing and record keeping, it has been 

found useful to include a fairly complete description of the problem and the 

project. Each pavement design problem is generally identified by the problem 

number, problem title, date of computer run, and specific identifications of 

the pavement construction project to include: district number, county name, 

control number, section number, and highway number, as well as investigation 

and planning expense prior to construction (iPE) number. Comments are included 

for further explanations of a specific problem and project. 

The processor provides certain program contrpls and restraints to the 

user. Category 2 groups program controls and miscellaneous input. This 

category can be further divided into the following groups:· 

1. Certain important time, cost, ang geometric variables'; 

2. Different types of pavement, overlc}y, and reinforcement; 

3. Different models for the analysiS of cros·s section; cost, 

asphaltic shoulder, and selection of shoulder material; 

4. Accuracy levels and design confidence levels; and 

5. Controls of output amount and form. 

Program restraints are included in Category 3. Restraints in funds, 

thicknesses of initial construction and overlays, and de·sired pavement 

performance time periods provide an ample solution space. Pavement designs 

which satisfy these restraints are regarded as feasible; infeasible designs 

are thus excluded from consideration. 

The modular processor is built around the concept of the serviceability 

index which measures pavement performance based upon its riding quality. 
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Pavement performance is a function of its structure, environment, and 

accumulated traffic. The modular processor evaluates pavement structure 

based on the environmental variables, desired pavement performance, and 

accumulated traffic, which are grouped in Categories 4, 5, and 6, respectively. 

The environment is characterized by region, temperature, and the general 

roughness that a pavement surface may develop. The performance variables 

indicate the serviceability index of a new pavement, the minimum serviceability 

index for normal driving, and the serviceability index after an overlay con

struction. The initial serviceability index decreases with time as a result 

of environmental and traffic influences. When the serviceability index has 

dropped to a certain minimum level, some major maintenance effort must be 

applied to return the riding quality to an acceptable level. Traffic projec

tion is based on average daily usage at the beginning and end of the analysis 

period, as well as the cumulative 18-kip single axle (KSA) prediction during 

the interval. 

Traffic delay variables in the analysis period itself (grouped in Cate

gory 7) are used to estimate the user's costs. These variables describe the 

detour method, construction time, percent of arriving traffic, driving speed, 

etc. 

Included in Category 8 are variables related to two alternative main

tenance cost models. Model 1 is a simple linear model relating maintenance 

cost to time, after initial construction or overlay. Model 2 assumes that 

maintenance cost is also related to pavement age, but also considers period~ 

of freezing temperature, labor wages, and equipment rental rates. 

Categories 9, 10, 11, 12 and 13 include, respectively, the variables 

related to the concrete, reinforcement, joints, subbase materials, and seal 
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coats for rigid pavement construction. Concrete is priinely clescribed ,by 

flexural strength, elastic mudulus, weight, tensile streng,th, cost, salvage 

percent., and 1 imi ti ng thi-cknesses. Rei nf.orcement inc 1 udes bar stee 1 , wire 

mesh steel, and tie bar steel. Each steel type is described by an identifi

cation numbe.r, tensile yield point strength, and co;st informatiofl. Transvers:e 

and longitudinal joints are described by cnst information and :s·paCihg. Each 

subbase material is identified by material name, erodability 'T·a·ctor, friction 

factor, material modulus, cost, salvage percent, ahd limiting thicRnesse~4 

Seal coat variables include limiting time periods of seal cd&t applicatibn 

and cost information. 

Included in Category 14 are variables related to existing flexible pave

ment and proposed asphatic concrete overlay. These input vari-ables include 

the surface curvature index, composite thickness, in-place value, and salvage 

value of the existing pavement, together with the in-place cost~ salvage 

value, and level-up of the proposed asphaltic concrete overlay. These vari.:. 

ables are deleted for new pavement construction. 

Paving materials for flexible pavement construcUnns are' grouped in 

Category 15. Included for ea.ch paving material is a number identifying ti'le 

order in the structure where the material is used, a code' letter identifying 

the material, the name of the material, the material propert-ies,~ limiting 

thicknesses, cost i nformahon, salvage value, and var'ious asphalt variables. 

It must be noted that variables. used to des·cribe materiaf properlfes differ 

for the three flexible pavement. design options .. rhe AASHO ba·s.ed' system uti

lizes strength coefficient and soil support value, the Dynaflect deflection 

based system employs stiffness coefficient, and the linear ela~sticity based 

system implements elastic modulus, Poisson• s ratio, and three !JarciTiieters; of' 

the Texas triaxial test model [29]. 
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Different variables are used for each design options; the rigid 

pavement system utilizes a subgrade modulus of reaction, Texas triaxial 

class, friction factor, and erodability factor. (Subgrade properties are 

grouped in Category 16.) Cost of subgrade preparation for rigid pavement 

construction is also included. For the flexible pavement systems, variables 

used to describe the subgrade properties are the same as those used to 

describe the paving material properties, except that the strength coeffi

cient is deleted. 

Overlay variables are grouped in Category 17. Asphaltic concrete pro

duction rate and compacted density are required for flexible pavement design 

systems. The rigid pavement system requires variables associated with the 

asphalt and Portland cement concrete production rate, various costs, salvage 

value, asphalt concrete modulus value, Portland cement concrete coefficient 

for the Corps of Engineers• formula, and level-up thickness. In SAMP systems, 

overlay variables include: asphalt concrete production rate and compacted 

density, together with name, strength, various thickness and cost variables, 

salvage value, and various asphalt variables of overlay material. 

The costs and limiting dimensions on several of the bituminous material 

variables associated w1th construction and maintenance activities are grouped 

in Category 18. These variables include tack coat and prime coat costs as 

well as the maximum depth of those layers which will not require a tack coat. 

These variables are deleted if the entire cross section is not considered. 

The shoulder materials, their costs, slopes, and construction can affect 

the choice of an optimum pavement. The SAMP systems make provision for 

including shoulder and cross section variables, which are grouped in Category 

19. This category can be further divided into three groups: 

1. Various dimensions of pavement cross section; 
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2. Nal'ne, thickness, cost, salvage, cross-section, adjustment volume, 

and various asphalt variables of each shoulder material; and 

3. Namre, cost, salvage, and cross-section adjustment volume of 

fill material. 

In most flexible pavements, the asphaltic concrete usE!d for the wearing 

surface differs in its gradation and strength coefficient from the asphaltic 

concrete or black base beneath it. Provision has been made in SAMP systems 

for considering separately the structural characteristics of this layer. 

Wearing surface variables, grouped in Category 20, include the production 

rate, material names strength coefficient, thickness, in-place cost. salvage 

percent, and various asphalt variables. 

As shown in Table 3.2, a total of 233 input variables for this modular 

processor are grouped into 20 categories. A cross sign, X, undet an option 

indicates that the input variable is needed for that specific option. 

Otherwise, a dash sign, - is used. For example, a total of 120 variables 

are required for option 1, while a total of 52, 123, 57, and 65 variables 

are required for options 2, 3, 4, and 5, respectively. 

In order to modularize programming of a data input system, one or more 

categories of input variables are integrated into a subroutine. A total of 

seven subroutines have been developed for this purpose. Table 3.3 delineates 

the input data categories required in each of seven subroutines. the subrou

tine STAO prints heading, introduction, and instructions of the modular 

processor, and inputs the project identification and comments. Al1 the other 

six subroutines are designed only for different data input. Meanwhile, simi

lar to Table 3.2, a cross sign, X, in Table 3.3 means the category of input 

variables is required for that option shown above the column, while a dash 
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TABLE 3,2 

INPUT DESIGN OF THE PROCESSOR 

I N P UT VA R I A B L E S 

-01- PROBLEM IDENTIFICATION AND COMMENTS 

PROBLEM NUMBER 
PROBLEM TITLE 
DISTRICT NUMBER 
COUNTY NAME 
CONTROL NUMBER 
SECT I ON NUMBEP 
HIGHWAY NUMBER 
DATE OF COMPUTER RUN 
IPE NUMBER FOR THE PROJECT 
COMMENTS 

-02- PROGRAM CONTROLS AND MISCELLANEOUS INDUTS 

LENGTH OF THE ANALYSIS PERIOD 
INTEREST RATE OR TIME VALUE OF MONEY 
TOTAL NUMBER OF LANES 
WIDTH OF FACH LANE 
TYPE( S» OF RIGID PAVEMENT 
TYPEIS) OF RIGID PAVEMENT OVERLAY 
TYPE($) OF RIGID PAVEMENT REINFORCEMENT 
CROSS SECTION MODEL USED 
COST MODEL USED 
ASPHALTIC SHOULDER MODEL USED 

I OPTIOt--JS 
11 2 3 4 5 

I 
I 
IX X X X X 
IX - X - -
1- X - X X 
1- X - X X 
1- X - X X 
1- X - X X 
1- X - X X 
1- X - X X 
J- X - X X 
1- X X X X 
I 
I 
I 
)X X X X X 
IX X X X X 
IX X X X X 
IX X X X X 
IX 
I X 
I X 
1- - X - -
1- - X 
1- - X 

ACCURACY LEVEL FOR ANALYSIS OF LINEAR 
DESIGN CONFIDENCE LEVEL 

ElASTICITY!- - X 

COEFFICIENT OF VARIATION 
CONFIDENCE LEVEL INDICATOR 
NUMBER OF BETTER FEASIBLE DESIGNS DESIRED 
LONG FORM CR SHORT FCRM OF OUTPUT DESIRED 
VERSION OF PROGRAM 
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TABLE 3.2 tCONTINUFOa 
~~---~~-------~--..,..-----~"'""":-=-------"!""'--~~--~----~--------~-------

INPUT VA.RIAHLES 
I OPTIC1NS 
ll 2 3 4 5 

----.~----~-- '"":""'------------""'J'A-~---~---~---~--~-~----------~------~--

-03- PROGRAM RESTRAINTS 

MAX 
MAX 
MAX 
MIN 
MIN 
MAX 
MIN 
MAX 
MitJ 

FUNDS FOR INITIAL CCNSTRUCTION 
FUNDS FOR THE FIRST OVERLAY 
TOTAL THICKNESS OF INITIAL CONSTRUCTION 
TIME TO THE FIRST OVERLAY 
TIME BETWEEN OVERLAYS 
ACCUMULATFO THICKNESS 
THICKNESS OF A SINGLE 
ACCUMULATED THICKNESS 
THICKNESS OF A SINGLE 

-04-.ENVIRCNMENT 

QEGIONAL FACTOR 

OF All AC OVERLAYS 
AC OVERLAY 
OF ALL PCC OVERLAYS 
PCC OVEPLAY 

DISTRICT TEMPERATURE CONSTANT 
SWELLING PROBABILITY 
POTENTIAL VERTICAL RISE 
SWELL lNG RATE CONSTANT 

-05~ ~ERFORMANCE 

I 
l 
IX - X X X 
1- X -
IX...,_ X X X 
IX - X X X 
IX X X X X 
IX X X X X 
!X X - X X 
I X 
IX - -
I 
I 
I 
1- - X - -
1- X - X X 
IX X X X X 
IX X X X X 
IX X X X X 

I 
I 
! 
IX - X X X 
IX X X X X 
IX X X X X 

INITIAL SERVICEABILITY INDEX 
M IN I MUM S E R V I C E A B I l l TY I NO E X 
SERVICEABILITY INDEX AFTER AN 
INITIAL SERVICEABILITY INDEX, 
MINIMUM SERVICEABILITY INDEX, 

OVERLAY 
STANDAND 
ST AI\IDARO 

OfVIATlONIX - - - -
OfVIATIDNIX- -

-06- TRAFFIC GROWTH 

CUMULATIVE 18 KSA DURING ANALYSIS PERIOD 
ADT AT BEGINNING OF ANALYSIS PERIOD 
AXLE GROWTH FACTOR 
AVfRAGE DAILY TRAFFIC GROWTH RATE 
DIRECTIONAL DISTRIBUTION FACTOR 
LANE DISTRIBUTION FACTOR 
ADT AT END OF ANALYSIS PERIOD 

I 
I 
I 
IX X X X X 
IX X X X X 
I X 
I X 
IX - -
IX - - - -
J- X X X X 

-----=~------. -------~------------._-..,....--:---~-----~----~--~-----
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TABLE 3.2 (CONTINUED) 
----------------------------------------------------------

I N P UT VA R I A B L E S 
I OPTIONS 
11 2 3 4 5 

----------------------------------------- -·--- -------------
-07- TRAFFIC DELAY DURING OVERLAY PERIOD 

DETOUR MODEL USED DURING OVERLAYING 
DISTANCE OVER WHICH TRAFFIC IS SLOWED 

{l) IN OVfRLAY DIRECTION 
{ 2) IN NONOVERL AY DIRECTION 

DETOUR DISTANCE OF THE ALTERNATIVE ROUTE 
PERCENT OF AOT ARRIVING DURING EACH HOUR 
OVERLAY CONSTRUCTION TIME 
NUMBER OF OPEN LANES IN RESTRICTED ZONE 

{1. IN OVERLAY DIRECTION 
(2) IN NONOVERLAY DIRECTION 

PROJECT LOCATION, RURAL OR URBAN 
PERCENT TRUCKS IN ADT 
PERCENT OF VEHICLES STOPPED 

( l ~ I N 0 VERLA Y D I R EC T I 0 N 
(2} IN NONOVERLAY DIRECTION 

AVERAGE DELAY PER VEHICLE STOPPED 
( 1 l IN OVERLAY DIRECT ION 
(2) IN NONOVERLAY DIRECTION 

AVFRAGE APPROACH SPEED OF VEHICLES 
AVERAGE SPEED THROUGH RESTRICTED ZONE 

( 1) IN OVERLAY DIRECT ION 
(2} IN NONOVERlAY DIRECTION 

-08- MAINTENANCE 

TYPE OF MAINTENANCE MODEL 
DAYS OF FREEZING TEMPERATURE PER YEAR 
COMPOSITE LABOR WAGE FOR MAINTENANCE 
COMPOSITE EQUIPMENT RENTAL RATE FOR MAINTENANCE 
COST OF MATERIALS FOR MAINTENANCE 
FIRST YEAR COST OF ROUTINE MAINTENANCE 
ANNUAL INCREMENTAL INCREASE IN MAINTENANCE COST 

I 
I 
lXX XXX 
I 
IX X X X X 
IX X X X X 
IX X X X X 
IX X X X X 
IX X X X X 
I 
IX X X X X 
IX X X X X 
IX - X 
1- X - X X 
I 
IX- X -
IX - X - -
I 
IX - X 
IX - X 
IX X X X X 
I 
IX X X X X 
IX X X X X 
l 
I 
I 
1- - X 
IX - X 
l X - X 
tx - x 
IX - X 
1- X X X X 
f- X X X X 

----------------------------,---------------------·----·-------
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--- -----------------

TABLE 3.2 (CONTINUED) 

I N P UT VA R I ABLE S 
I OPT I mfS 
ll 2 3 't 5 ____________ ,._.. _______________________ _. ________ ~--~~------...,;..-__ :..-_ 

-09- CONCRETE 

NUMBER OF CONCRETE TYPES 
NUMBER nF DAYS, CONCRETE STRENGTH WAS MEASURED 
POSITION OF LOADS FOR FLEXURAL STRENGTH TEST 
CONCRETE FLEXURAL STRENGTH, MEAN VALUE 
WEIGHT OF CONCRETE 
MODULUS OF ELASTICITY Of CONCRETE 
TENSILE STRENGTH OF CONCRETE 
INITIAL COST OF CONSTRUCTION EQUIPMFNT 
UNIT COST OF CONCRETE 
COST OF SURFACING CONCRETE 
SALVAGE PERCENT AT END Of ANALYSIS PERIOD 
MINIMUM AllOWABLE CONCRETE THICKNESS 
MAXIMUM ALLOWABLE CONCRETE THICKNESS 
STANDARD DEVIATION Of THICKNESS OF CONCRETE 
PRACTICAL INCREMENT, CONCRETE CAN BE POURED 
CONCRETE FLEXURAL STRENGTH, PERCENT CONFIDENCE 
ELASTIC MODULUS OF CONCRETE, STANDARD DEVIATION 

-10- REINFORCEMENTS 

BAR STEEL, I.D. NUMBER 
BAR STEEL, TENSILE YOfLD POlNT $1'RENGTH 
BAR STEEL, COST 
W I R E M E S H S T E E L , [ • D • NUMB E R 
WI.RE MESH STEFL, TENSILE YIELD POINT STREf'JG"\"'H 
~IRE MESH .STEEL, COST 
T l E BAR S T E E l , I • D • NUMB f R 
TIE BAR STEEL, TENSILE YIELD POlNT STRENGTH 
TIE BAR STEEL, COST 
BAR NUMBERS TO BE TRIED 
LONGITUDINAL MESH SPACIN(;S TO BE TRIED 
TRANSVERSE MESH SPACINGS TO BE TRIED 
TIE BAR NUMBERS TD BE TRIED 

1 
I 
IX - ... 
I X -- -
1 X 
IX - - - -
IX - - - -
IX - - - -
IX - - - -
IX - - - -
IX - - - -
IX 
IX- --
I X 
t X - -
I X 
tX - - - -
f·x - -
IX 
f 
I 
I 
tx - - - -
IX 
IX 
tx 
IX - - - -
rx 
IX - - - -
rx 
IX - -
IX -- - - -
IX 
IX - -
IX - - - -

------------------------------·-----~-------------·------------
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TABLE 3.2 {CONTINUED) 
----------------------------------------------------------

INPUT VARIABLES 
I OPTlO~'!S 

11 2 3 4 5 
--------------~-------------------------------------------

-11- JOINTS 

COST OF TRANSVERSE JCINT 
COST OF LONGITUDINAL JOINT 
LOWER VALUE OF TRANSVERSE JOINT SPACING 
UPPER VALUE OF TRANSVERSE JOINT SPACING 
INCREMENT OF SPACING FOR TRANSVERSE JOINT 
NUMBER OF TRANSVERSE JOINTS 
STANDARD DEVIATION OF CCNTINUITY FACTOR J 

-12- SUBBASE MATERIALS FOR RIGID PAVEMENTS 

NUMBER OF SUBBASE TYPES 
DESCRIPTION OF SUBBASE 
EROOABILITY FACTOR FOR THE SUB~ASE 
FRICTION FACTOR FOR SUBBASE 
SUBBASE MATERIAL MODULUS VALUE 
INITIAL COST OF CONSTRUCTION EQUIPMENT 
COST OF COMPACTED SUBBASE 
SALVAGE PERCENT AT END OF ANALYSIS PERIOD 
MINIMUM ALLOWABLE SUBBASE THICKNESS 
MAXIMUM ALLOWABLE SUBBASE THICKNESS 
PRACTICAL INCREMENT, SUBBASE CAN BE POURED 

- 13- S E A L C 0 AT S 

TIME TO FIRST SEAL COAT AFTER AN AC OVERLAY 
T I M E BET WE EN SEAL C 0 AT S 
COST PER LANE-MILE. OF A SEAL COAT 

-14- EXISTING PAVEMENT AND PROPOSED ACP OVERLAY 

SCI OF THE EXISTING PAVEMENT 
STANDARD DEVIATION OF SCI 
COMPOSITE THICKNESS OF THE EXISTING PAVFMENT 
IN-PLACE COST OF PROPOSED ACP 
PROPOSED ACP'S SALVAGE VALUE 
IN-PLACE VALUE OF EXISTING ~AVEMENT 
EXISTING PAVEMENT'S SALVAGE VALUE 
LEVEL-tJP REQUIRED FOR Tt-iE FIRST OVERLAY 

I 
I 
IX - - - -
IX---
IX 
IX 
IX 
IX - -
IX - - - -
I 
I 
I 
IX - - - -
IX - - - -
IX - - - -
IX - - - -
IX 
IX---
IX - ·- - -
IX - -
IX - - - -
IX - - - -
IX - -
I 
I 
I 
IX 
I X - -
IX - - - -
I 
I 
I 
1- X - - -
1- X -
1- X - - -
1- X - -
1- X - - -

I 

J- X - - - 1 

1- X - - -! 
1- X - - -

---------------------------------------------------------·-
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TABLE 3.2 (CfJNTfNUEDl 

INPU'F VAR IASLES 
I O'P1"TCJNC: 
ll 2 3 4 5 

------------------------·--·------.._....-..-.~,------·~---·-·-----------

-15- PAVING MATERIALS FOR FLEXIBlE PAVEMENTS 

NtJMRER OF PAVIN'G MATERIALS 
LAYFR DESIGNATION NUMBER 
LETTER CODE OF MATFRfAL 
MATERIAL NAME 
IN-PLACE COSl" 
STIFFNESS COEFFICIENT 
STRENGTH COEFFICIENT 
SOIL SUPPORT VALUE 
MINIMUM ALlOWABLE THICKNESS 
MAXIMUM ALLOWABLE THICK~ESS 
SALVAGE VALUE 
ELASTIC MODULUS 
POISSON RATIO 
U VALUE Of TEXAS 
T VALUE OF TEXAS 
C VALUE Of TEXAS 
MINIMUM IN-PLACE 
MAXIMUM IN-PLACE 
LAYS::R INCREMENT 

TRIAXIAL 
TRIAXIAL 
TRIAXIAl 
COST 
COST 

TEST MODEL 
TEST MODEL 
iEST MODEL 

TACK COAT APPLICATION RATE 
PRIME COAT APPLICATION RATE 
AC APPLICATION RATE 
ASPhALTIC CONTENT PER CENT 

-16- SUBGRADE PROPERTIES 

SURGRADE K~ MEAN VALUE 
SURGRADE Kt STANDARD DEVIATION 
TEXAS TRIAXIAL ClASS, ~EAN VALUE 
FRICTION FACTOR FOR SUBGRAOF 
EROOABIL ITY FACTOR FOR SURGRAOE 
COST OF SUBGRADE PREPAR.AftUN 
SOIL SUPPORT VALUE 
STIFFNESS COEFFICIENT 
ELASTIC MODULUS 
POISSON RATIO 
U VALUE OF TEXAS TRIAXIAL TEST MODEl 
T VALUE OF TEXAS T Rl AXIAL TEST 1v100EL 
C VALUE OF TEXAS TRIAXIAL TEST MODEL 

I 
t 
-,~ 

1-
1-
1-,_ 
1-
1-
1-
1-
·1-
1-
1-
1-
1-
1-
1-
1-
1-
1-
l-
:I""' 
1-
j-,. 

I 
I 
1 
IX 
IX 
IX 
IX 
IX 
IX 
1-
1-
1-
1-
1-
1-
1-

- X X -
- X X X 
- X X X 
- X X X 
- - X X 
- - X -
- X - -
- X - X X X 
- X X X 
- X X X 
- - - X 

- X 
- - - X 
- - - X 

- X 
- X - -
- X 
- X 
- X 
- X 
- X 
- X 

- - - -
- - - -
- - - -
- - - ·-
- -

- X 
X -

- - - X 
- X 

- - - X 
- - - X 

- X 
-------------------------·---------------·--·---~---------
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TABLE· 3.2 (CONTINUED) 
------------------------------------~~--------------------

I N P UT VA R I A B L E S 
I OPTIONS 
11231+5 

---------------·--------------------------------------------
-17- OVERLAYS 

ASPHALT CONCRETE PRODUCTION RATE 
ASPHALT CONCRETE COMPACTED DENSITY 
E Q U I PM E NT C 0 S T F OR A C 0 V E R L A Y 
COST OF ASPHALT CONCRETE 
SAl VAG t: P E R C E NT OF A C AT END OF .A N A L Y S I S P E R lO D 
ASPHALT CONCRETE MODULUS VALUE 
CONCRETE PRODUCTION RATE 
CONCRETE COEFFICIENT FORCE'S FOQMULA 
ANY ADDITIONAL COST 
LEVEL-UP THICKNESS 
OVERLAY DESCRIPTION 
OVERLAY STRENGTH COEFFICIENT 
MINIMUM THICKNESS 
MAXIMUM THICKNESS 
MINI~UM IN-PLACE COST 
MAXIMUM IN-PLACE COST 
SALVEGE PERCENT 
OVERLAY INCREMENT 
TACK COAT APPLICATION RATE 
PRIME COAT APPLICATION RATE 
AC APPLICATION RATE 
ASPHALTIC CONTENT PER CENT 
COST TO UPGRADE AFTER AN OVERLAY 
WIDTH OF PAVEMENT AND SHOULDERS TO SE UPGRADED 

.-18- TACK,PRIME, AND BITUMINOUS VARIABLES 

TACK COAT COST 
PRIME COAT COST 
BITUMINOUS MATERIAL COST 
MAX LAYER FOR NO TACK COATS 
MAX DEPTH OF EACH LIFT 

l 
I 
IX X 
1- X 
IX -
IX -
IX -
IX -
I X -
I X -
IX -
IX -
1- -
1- -
1- -
1- -
1- -
t- -
1- -
1- -
1- -
1- -
1- -
1- -
t- -
1- -
I 
I 
I 
1- -
1- -
1- -
1- -
1- -

X X X 
X X X 
- - -
- - -
- - -
- - -
- - -
- - -
- - -
X 
X - -
X - -
X 
X - -
X - -
X - -
X 
X 
X - -
X - -
X - -
X - -
X - -
X 

X ·- -
X - -
X 
X - -
X - -

----------------------------------------------------------
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TARLE 3.2 (CONTINUED) 
. . . . . ----------------------------------------------------------

t NPUT VARIABlES 
I OPT I Of'!S 
ll 2 3 4 5 _____ ..__...._ __ ....._ __ ..._ ___ ~----- .... --·----.-...;.....:._..,.;,__..-~------------_,;,.-;..;_~-=-~ 

-19~ SHOULDER AND CROSS SECTION 

WIDTH OF OLTSID~ SHOULDER 
WIDTH OF INSlDE SHdULD~R 
CROSS SECTION WIDTH OUTSIDE OF OUTSIDE SHOULDER 
CROSS SECT ION WIDTH DUTSIDE OF INS IDE SHOULDEP 
NUMBER OF SHOULDER MATERIALS 
NAME OF SHOULDER MATt~IAL 
DEPTH OF SHOULDER 
IN-PlACE CCST OF SHOULDER MATERIAL 
SALVAGE PERCENT OF SHOULDER 
TACK COAT APPLICA;"ION RATE 
PRIME COAT APPLICATION RATE 
AC APPLICATION RATE 
ASP~ALTIC CONTENT PER CENT 
ADJLSiMENT VOLUME 
NAME Of FILL MATERIAL 
IN--PLACE COST OF FILL MATERIAL 
SALVAGE PERCENT dF FILL MATERIAL 
ADJUSTMENT VOLUME OF FILL MATERIAl 
WIDTH OF OUTSIDE PAVEMENT LAYER$ 
WIDTH OF INSIDE PAVEMENT LAYERS 
wiDTH OF OUTSIDE SHOULDER LAYERS 
WIDTH OF INSIDE SHOULDER LAYERS 

-20- WEAR!NG SURFACE 

WE A R I N G SURF A C E P R 0 0 UC T ION R 4 TE 
WEARING SURFACE DESCRIPTiO~ 
WEARING SURFACE STRENGtH COEF~ICiE~T 
WEARING SURFACE THICKNESS 
WEARING SURFACE IN~PLACF COST 
~EARING SURFACE SALVAGf PERCENT 
TACK COAT APPLICATION RATE 
PRI~E COAT APPLICATION RATE 
AC APPLICATION RATE 
ASPHALTIC CONTENT PER CENT 

I 
I , __ 

-
t~ -,_ -
f~ -
1- -
1- -
I"'" -
f-
1-
t~ -
1- -, .... '-' 

1- -
1- -
1- -, .... -
t- -
1- -
t- -
1- -
1- -
1- -
1 
I 
I ,_ -
1- -
1- -
1- -
f- -
1- -
1- -,_ -
1-· -
f- -

X 
X --
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X ---. ..;._----·--------~------·--.:-.----~-~·----·...;;.:_.;... _________ ----------·--
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·TABLE 3.3 

INPUT DATA CATEGORIES REQUIRED IN EACH SUBROUTINE 
----------------------~------------------------------------
SUBROUTINEICATEGORYI 

NM-1E I NUMBER I 
CATEGORY OF 

INPUT V toR I A B L f. S 
I OPTIONS 
ll 2 3 4 5 

--~----~-~-"7"" __________ .;.. ________________ ........ _. __ , ____________ . __ _ 
STAO 

STA 1 

STA2 

NEXl 

NEX2 

STA3 

NEX3 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 
I 
I 
I 
I 
I 
I 
I 
I 

l 

2 

3 
4 

5 
6 
7 

8 

9 
10 
11 
12 

13 

14 

15 

16 
17 

18 

19 

20 

I PROBLEM IDENTIFICATION AND 
I COMMENTS 
I 
!PROGRAM CONTROLS AND 
I MISCELLANEOUS INPUTS 
!PROGRAM RESTRAINTS 
!ENVIRONMENTAL DATA 
I 
!PERFORMANCE DATA 
!TRAFFIC GROWTH DATA 
!TRAFFIC DELAY DATA DURING 
I OVERLAY PERIOD 
!MAINTENANCE DATA 
I 
I CONCRETE DATA 
!REINFORCEMENT DATA 
I JOINT DATA 
I SUBBASE MATERIALS DATA FOR 
I Q.IGIO PAVEMENTS 
ISEAL COAT DATA 
I 
IEXISTING PAVEMENT AND 
!PROPOSED ACP OVERLAY DATA 
I 
!PAVING MATERIALS DATA FOR 
I FLEXIBLE PAVEMENTS 
ISUBGRADE PROPERTIES 
I OVERLAY OAT A 
I 
)TACK, PRIME, AND BITUMINOUS 
I OAT A 
I SH 0 UL 0 E R. A.N D C R 0 S S S f CT I ON 
I DATA 
I WE A RING SUR F A C E 0 A T A 

I 
IX X X X X 
I 
I 
IX X X X X 
IX X X X X 
IX X X X X 
I 
IX X X X X 
IX X X X X 
I 
IX X X X X 
IX X X X X 
I 
IX - - - -
IX - - - -
IX - - - -
I 
IX - - - -
I X 
I 
I 
1- X -
I 
I 
J.,- - X X X 
IX - X X X 
IX X X X X 
I 
I 
1- - X - -
I 
1- - X - -
1·- - X 

----------------------------------------------------------
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sign,- indicates otherwise. lherefore, subroutines STAO, STAl, STA2, and 

STA3 are used for ea<;h option, but subroutines NI;Xl, NEX2, and NEX3 are used 

only for options 1, 2, and 3, respectively. 

Driver•s Segment 

The driver•s se~ment is designed to perform the following sh major 

tasks: 

1. printing the heading, introductory descriptionS,, and 

instructions of the modular processor; 

2. driving f0ur alternative methods of data entry for five 

major options of pavement design; 

3. creating data card images fot<' individual pavement design 

programs; 

4. printing a list of input data files; 

5. providing a proc;edure for data revisions; and 

6. storing the data file for future u$es. 

Figure 3. 2 shows a flow diagram 'of the driver' s se.gment.. . As shown in the 

figure, some tasks are optional. Users who do not ne.ed one or more optional 

tasks can· by-pass them easily. 

The driver•s segment starts with the printing of the heading. Then, the 

user has the option of requesting print-outs of thirteen introductory lines 

and twenty-nine lines of instructions and e.xamples. The preface covers a 

brief outline of the structure and design of the modular processor. The 

instructions and illustrative examples are designed to describ..~ all the 

following three types of input formats: (1) character input; {2) choice 

input; and (3) numeric,al input. The character input is essentially an 11 A-
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TER.t'1INAL-MODE 
DATA ENTRY 

c START ) 

NO 

NO 

I PRINT INSTRUCTIONS 

DIRECT ACCESS 
TO EXAMPLE 

DATA SET 

DIRECT ACCESS 
TO USER'S 
DATA SET 

~ ·-
DIRECT ACCESJ' 

TO FREE 
DATA SET 

·-'---j_-___ j __ ._ -.-~=r-

1 CREATE CARD U1AGE J 

Figure 3.2 Flow diaarum of driver•s segment 
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NO 

LIST INPUT DATA 

NO 

REVISE INPUT DATA 

1. CREATE CARD IMAGE 

STORE INPUT DATA 

Figure 3.2 (continued) 
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format 11 in FORTRAN language. The computer will print the maximum allowable 

numbers of characters after it requests the inputs. Choice input is either a 

11 Il-format11 or 11Al-format11 in FORTRAN, depending upon convenience and 

requirements in the program. For instance, when the user is instructed to 

type 1 for rigid pavement design or 2 for flexible pavement design, the 11 Il

format11 is used. As the computer asks: 11 00 you need a list of input data 

files? 11 , the user may respond either 11 YES 11 or 11 N0 11 . The program reads only 

the first character uyu or 11 N'1 in 11Al-format 11
• The numerical input is an 

11 Fl0.0-format11 in FORTRAN. A maximum of nine numbers is allowed. Also, a 

decimal point must be included. Users who are familiar with the outline 

and input formats may by-pass the introduction and instruction print-outs. 

There are four alternative methods designed for data entry: 

l. terminal-mode data entry, 

2. direct access to example data set, 

3, direct access to user•s data set, and 

4. direct access to free data set. 

The terminal-mode data entry method receives input values from the communi

cation terminal by interactive queries between the computer and the user. 

The other three methods are based on direct access to data sets stored in 

on-line disk tracks either by the user or with the processor. 

The data image is the only basic interface between the driver•s segment 

and five pavement design programs. Input data entered in the driver•s seg

ment are organized into 80-column-data-card formats and stored in on-line 

disk tracks before the termination of the driver•s segment. Then the remote 

job entry task provides a set of job control languages to call a specific 

pavement design program from the computer system job library, and direct the 
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program to read input data from the card image rather than from the normal 

card reader. 

A list of input data files is also optional. The liSt includes a code 

number for each input variable, as well as its name and input value. Terminal 

listing may take 5 to 10 minutes; however, users may by-pass the listing 

procedure if the data list is not needed. The data 1 ist provides a hard copy 

record of well-organized input data so that the processor user can (1) check 

the input data either keyed from the communication terminal or entered by 

direct access to data files; and (2) keep a record of all input data for 

future reference. 

The procedure for the data revision is simple. The user need only type 

the code number and the new input value of the variable, the data value will 

be revised accordingly. Meanwhile, a code number, 99.99, will terminate the 

revision procedure. The driver's segment will also automatically revise the 

input value on the input data card image. 

Prior to terminating the driver's segment, the processor will store the 

current data file in either the user's individual data set, or a free data 

set! at the user's command. The user may then recall the data file from the 

storage space if he so desires. 

The dirver's segment has been programmed in FORTRAN IV language. It 

takes approximately 200k bytes of computer memory to execute the driver's 

segment. In general, a teleprocessing program with large core requirements 

will barely receive sufficient core space for execution, especially during 

a busy period. The need to reduce the core requirement for the driver's 

segment ·is thus readily recognized. Two major tasks have been accomplished 

to achieve this purpose, (l) program modularization, and (2) overlay linkage 
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[19]. At first, the driver 1
S segment is modularized into one small MAIN pro

gram and eighteen subroutines; Figure 3.3 shows the relationships among the 

MAIN program and subroutines. The MAIN program calls fifteen subroutines: 

TPIO, STAO, STAl, STA2, STA3, NEXl, NEX2, NEX3, CDMG, MONl, MON2, MON3, SUNl, 

SUN2, SUN3. Subroutine STA3 calls subroutine TTTM, which in turn calls sub

routine FBSR. And subroutine FBSR calls subroutine ASSN. The core require

ment to execute the driver 1 s segment is the summation of'the cores required to 

execute the MAIN program and each subroutine. With the aid of overlay linkage, 

the overall core requirement is reduced to 60Kbytes of computer memory. 

Figure 3.4 illustrates the overlay linkage arrangement of the driver 1 s segment. 

The MAIN program and eighteen subroutines are grouped into eleven segments. 

Segment l is classified as level 1 in linkage. Segments 2 to 11 are classified 

as level 2. The ten segments in level 2 share the same core spaces. For 

instance, Segment 7 will occupy the common core spaces of level 2 when sub

routine CDMG is called. If subroutine MON2 is called after the execution of 

subroutine CDMG is completed, segment 7 is deleted from common core spaces 

and Segment 9 replaces it. The overall core requirement to execute the 

driver 1 s segment equals the summation of cores required for level 1 and level 

2. Level 1 space is the core summation of MAIN program and subroutine TPIO. 

TPIO, which is a library subroutine of the Texas A&M 1 S version of BEST tele

processing system, handles the input-output of the communication terminal, 

and must be placed at the top level. Level 2 space equals to the maximum 

core requirement of segments 2 to 11. The overall core requirement is 60k 

bytes of computer memory. The execution of the driver 1 s segment takes about 

two seconds central processing unit (CPU) time. 
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MAIN 

r~ TPIO 

--------.. STAO 

1---DJ> STAl 

1-----a. STA2 

1----~r.~ STA3 -~- TTTM ____.. FBSR -.-ASSN 

~----•• NEXl 

----· NEX2 

---1.,.._ NEX3 

_____ ____.. CDMG 

---· MONl 

--~ MON2 

·-----·· MON3 

SUN2 

SUN3 

Figure 3.·3 Rel ati onshi ps among MAIN program and 
subroutines of the driver's segment 
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LEVEL 1 LEVEL 2 

----
HAIN SEGHENT 1 

TPIO 

f-----------~ STA0--1 SEGMENT 2 

------------~ STAl] SEGMENT 3 

--------- ~ STA21 SEGMENT 4 

t------------1~~ STA3 SEGMENT 5 

TTTM 

FBSR 

ASSN 

.,NiX:t. •jl I NEX3 

SEGMENT 6 

------~ ::: l SEGMENT 7 

~----------~- MONJ] SEGHENT 8 

--------------------~ HON2l SEGME~'T 9 

I-------------:--~ON3 J SEGMENT 10 

-------·----·-------1:: SEG~m 11 

Figure 3.4 Overlay linkage arrangement of the 
driver's segment 
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Data Entry 

Processor data entry is one of the most intricate elements in the design 

of the driver's segment. As mentioned above, input data can be entered into 

the driver's segment through one of four alternative methods: 

1. terminal-mode interactive queries 

2. direct access to example data set 

3. direct access to useris data set 

4. direct access to free data set. 

After optional listing, revision, and storage processing1 the input data 

file is reorganized to create data card images on on-line disk tracks. 

Pavement design programs can thus read in data from such card images instead 

of data cards from a card reader. The four alternative methods of data entry 

are discussed specifically in this section. 

The terminal-mode data entry is designed in a conversational style 

system with interactive queries between the computer and the user. Initially 

the computer prints an input variable from the terminal device, and awaits 

an input value; the user responds from the terminal's keyboard. The computer 

then prints the input variables sequentially until all values have been 

received from the terminal. 

More than 200 variables in 20 categories are included in this processor. 

Comments and recommendations for input values are also stored in the driver's 

segment .. Thus providing a "manual" abetting the users access to the computer. 

After the computer prints a variable, the user can either enter his input 

value or respond via a spectal signal requesting immediate guidance. In most 

cases, the "help'' signal is either a question mark or a number of 99.9 based 
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on the instructions printed after the input variable. Users who are familiar 

with input variables may by-pass all comments and recommendations. For an 

engineer or design professional not acquainted with the pavement design pro

grams, these aids provide him an educational tool within the confines of his 

office, thereby, enabling him to utilize them at his own pace. 

Figure 3.5 depicts the terminal-mode data entry sequence. The user is 

first requested to enter input values for eight categories of variables: 

problem identification and comments, program controls and miscellaneous 

inputs, program restraints, environmental data, performance data, traffic. 

growth data, traffic delay data during overlay peri.od, and maintenance data. 

Should the rigid pavement system (option 1) be selected, the processor will 

direct the user to the data entry of the following five variable classes: 

concrete data, reinforcement data, joints data, subbase materials data 

for rigid pavements, and seal coat data. If one of the three flexible 

pavement systems (options 3, 4 and 5) is selected, paving materials and pro

perties sets for flexible pavements will be required input. If the user is 

interested in asphaltic concrete pavement overlay design systems (option 2), 

the processor directs entry of existing pavement and proposed overlay data. 

In addition, data entry of subgrade properties is required for all new pave

ment constructions (options 1, 3, 4 and 5). For flexible pavement systems 

using the AASHO structural number (option 3), three additional categories of 

input data are necessary: shoulder and cross section data and wearing surface 

data, plus tack, prime and bituminous data. 

The other alternative data entry methods are facilitated by direct 

access to a sequential on-line data file. The current version of the modular 

processor has a capacity to store up to 20 sets of input data. Each set 
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I s:~~~~J 
t r=::-::=:--------------------·----- -----·". ---· ··- ·-···· ·-·--····· ---·· 

I ENTER PROBLEJ'.1 IDENTIFICATION MID COI-:!HENTS. . 

I 
ENTER PROGRAH CONTROLS Al\TD MISCELLMmotrs lNPU'fS • 
ENTER fROGR.t.J,1 RESTRAINTS. 
EN'l'lm ENVIRONUENTAL DATA. 
ENTER PERFORliANCE DATA. 
ENTER TRAFFIC GROWTH DATA. 
ENTER TRAFFIC DELAY DATA DURING OVERLAY. 
ENTER MAINTENANCE DATA. 

~-OPTION l-----. -~-----~-"-~---O-P~::-8=-3 , -4 . & .· ~,--=~-j_ OPTION 2 
..--~-----------4 -- . ---------1 -~------. 

ENTER CONCRETE DATA. ENTER PAVING MATERIAL ENTER EXISTING 
ENTER REINFORCEMENT DATA FOR PAVEMENT 

DATA. FLEXIBLE DATA AND 
ENTER JOINT DATA. PAVEMENT. PROPOSED 
ENTER SUBBASE MATERIAL ACP 

DATA FOR RIGID OVERLAY 
PAVEMENT. bATA. 

ENTER SEAL COAT DATA. ·---------------- .. ----y-----·---.. ·-·--·----- . 
~ .. 

I ENTE~-~UBGP-ADE P~OPERTI~~--.1 
1•-----------·----·------------·-·--·-·------

[E!ER -OVERLAY DATA. -1 
---~------------------ OPTIONS 1, 2, 4 & 5 

l~ENTE:p::::-:~ PRH'IE :"M~J;-;:~:fUMINOUS . DATA. j 
;~;-~;~i~~:~~;~~~_!~r!;~~I~~-bA~~~---

~-~----A~~-~- --~-~--....... ----·--~- ... --.------~----------·- -~ ·•••• ---- o•o4 -----___ y __ _ 
lEND I . 

Figute 3.5 Sequence of terminal--mode data entry 

59 



occupies one record space and each record space requires an on-line disk 

track. The first five record numbers are reserved for example data sets 

while the sixth is used as a free set. The other fourteen records (numbers 

7-20) can be assigned to an individual user for private data set(s). 

The five example data sets (Table 3.4) serve as illustrative examples 

of the major options built into the modular processor. The example data set 

provides sample input values for user guidance. Utilization of these example 

data sets will minimize the effort of actual data entry especially when the 

user tries a problem including several values common to the example inputs. 

The-user's data set consists of special data files for specific problems. 

Following data entry and optional data revisions, the user may wish to store 

the special data file for future executions. Utilization of a user's data 

set will minimize the user's efforts on data entry, especially for the cases 

involving only a few changes from an original input data set. After all data 

entry and revisions, the user may still substitute a new data file for the 

original or retain the original data file and store the new material in 

another record or a free data record. 

The free data set permits temporary housing of the user's data file, 

thereby facilitating direct access to it, should the user not rent record 

space. However, this set will be destroyed by any subsequent user's input. 

Still, providing a free data set will enable the user to employ the modular 

processor without the extra burden involved in renting a record space. 

Data Listing, Revision, and Storage 

A list of input data is normally very helpful to users of one of the 

direct access methods of data entry. Through a terminal, input data stored 
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TABLE 3.4 

ARR!-\NGEMENTS OF EXA~1PLE DATA SETS 

RECORD EXAMPLE INPUT DATA FOR THE 
NUMBER FOLLOWING DESIGN SYSTEM 

1 RIGID PAVEMENT SYSTEM 

2 ASPHALTIC CONCRETE PAVEMENT OVERLAY SYSTEM 

3 FLEXIBLE PAVEMENT S't'STH1 USING AASHO STRUCTURAL NUMBER 

4 FLEXIBLE PAVEMENT SYSTEM USING DYNAFLECT DEFLECTION 

5 FLEXIBLE PAVEt~ENT SYSTEM USING LINEAR ELASTICITY 
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in the example data set, user's data set, or free data set can be printed out. 

Since the data set is stored in the disk tracks, listing the data prior to 

executing the pavement design program serves as a check on input values and 

determines if any revisions are necessary. 

To users of the terminal-mode data entry method, a list of the input 

data files may provide a well organized print-out for quick review. Input 

data errors resulting from typing mistakes, erroneous format, or other rea-

sons can thus be detected. The data listing and revision features provide 

processor users a chance to correct the input error before executing the 

pavement design program. 

Also, delineating the input data will identify the code number for each 

input value. As the user must know the code number to effect revision, the 

data list assures greater significance in processor utilization. 

The code number is in the form of 11 XX.YY.ZZ 11
, where XX is the category 

number, YY is the data set number, and ZZ is the item number. If the variables 

of a category are restricted to only one data set, the data set number, YY, 

is deleted. The form is simply 11 XX.ZZ 11
• For instance, a code number of 

10.02.08 is used in the rigid pavement system to designate the minimum allowed 

thickness of subbase using material number 2. The first two digits, 10, means 

the lOth category of input variables in the rigid pavement design system, i.e., 

subbase materials. The second two digits, 02, means material number 2. The 
• 

last two digits, 08, means the 8th variable in the lOth category, i.e., mini-

mum allowed thickness. 

Three subroutines are designed for the listing of the input data file. 

Subroutine MONl is specially designed for a rigid pavement problem, Subrou

tine MON3 for a flexible pavement problem using an AASHO structural number, 
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and subroutine MON2 is intended for the remaining options which include: 

asphaltic concrete pavement overlay designs, flexible pavement design by 

Dynaflect deflection, and flexible pavement design based on linear elasticity. 

One of the modular processor's salient features is the simplified data 

revision and reeva.luation. For each revision, one need only type in the code 

number and the new value. A code number 99.99 will immediately terminate 

the revision procedure. For users of the terminal-mode data entry, this 

feature also provides an opportunitY for correcting input errors, while those 

using an example data set, u~er's data set, or the free data set, can minimize 

the labor entailed in modifying a data set. 

Three subroutines have been developed revising the input' data file. 

Subrouti·ne SUNl reworks the input data of a rigid pavement design problem, 

subroutine SUN3 revises flexible pavement design based on an AASHO structural 

number, and subroutine SUN2 pertains to other options including asphaltic 

concrete pavement overlay design, flexible pavement design by Dynaflect 

deflection, and flexible pavement design based on linear elasticity. 

The data storage procedure is quite simple. Before terminating the 

driver's segment, the user simply enters a pre ... assigned record number for 

retaining the input data as a user's data set, thereby completing the storage· 

process. Should this procedure not be followed, the machine ~ill automati

cally house the material in a free data set, thus increasing''the likelihood 

of its accidenta 1 destruction by subsequent user·s. 

Salient Characteristics 

The integrated processor was essentially designed to achieve full-scale 

implementation of a systems approach to pavement design. Therefore, simpli-
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city, con!lenle:nce, and efficiency would be 'heavily con-sidered in meas(Jring 

the effectiveness of the processor. · The primary features designed into the 

modular pr-ocessor to effect the three concerns mentioned are described below. 

L Multiple Option Arrangements. The modular processor includes five 

major pavement design options: (1) rigid pavement design; 

(2}. asphaltic concrete pavement overlay design; (3) flexible 

pavement design based on AASHO structural number; (4) flexible 

pavement design ba.sed on Dynaflect deflections; and ( 5) fl exi bl e 

pavement design based on linear elasticity. Many minor options 

are also included in each pavement design option. Minor options 

include: concrete pavement types, overlay types, reinforcement 

t.)fp_es, accuracy levels for analysis of linear elasticity, design 

confiden<,;e levels, pgVement erOS$ section models, COSt models, 

shoulder types, traffic detour models, maintenance models, etc;:. 

2. Instant Responsiv-eness. Comments and recommendations for input 

values win be printed out immediately upon request thro1.,1gh the 

rea.l-time computer system and terminal operated output device. 

The user does not r:leed a printed manual for inp1.,1t information. 

The application-oriented processor counsels and directs the user 

in his pavement desi.gn efforts. In fact, the processor can print 

out a figure upon the user•s request to i1lustra.te the pavement 

cross section. 

3. Streamlined Input Mechanism. Norma1ly, more th,an 200 variables 

are considered in the d~s1gn and management of pavement construc

tion and rehabi.li.tation.· All these variables have been organized 

and categorized into one integrated sequential format. Instruc-
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tions and examples of the conversation-style input information 

are also stored in the processor as user•s reference. Since the 

communication terminal can be operated by any typist with a mini

mum of additional training, it enables a professional designer 

to concentrate upon the optimization of a pavement design system, 

rather than upon the mechanism of coding the input data. 

4. Office Operations. The remote terminal device is essentially an 

electronic typewriter equipped with an acoustic coupler. Generally, 

the terminal is portable,enabling it to be emplaced quite a dis

tance from a computing center. The computer teleprocessing 

system can thus be utilized through normal telephone lines, Per

mitting design engineers to stay in their own offi"ce and concen

trate on design problems without battling the inherent confusion 

of a computing center. Professional personnel are further spared 

the inconvience of waiting for computer printouts. 

5. Interactive Training. The strategic modular processor is in 

itself an educational tool for beginning users. Full instructions 

can be reached at the other end of the telephone line. The pro

cessor features a simple input method, which encourages the users 

to continue the learning process. The conversation-style input 

system overcomes the cumbersome requirements of massive data 

input and the lack of interactive features between the computer 

and the design engineers. Also, the processor will familiarize 

professionals with the existing optimization procedures through 

mere interactive queries, rather than tiresome formal lectures. 
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6. Open-Ended Design. Currently, the modular processor includes five 

major pavement design programs; however, the processor structure 

is open-ended. Any new procedure can be added to the program pack

age without altering original components, and an old program can be 

independently replaced by a new one. Of course, some changes in 

terms of additions or modifications are required for the driver's 

segment. 

7. Modular Independence. All the optimization programs included in 

this processor are in modular form. For each of the indilvidual 

programs, the special interest and unique utilization features 

are retained as they were before integration into the processor. 

Thus, each of the modules can be utilized individually as a regu

lar optimization program. 

8. Data Reevaluation and Readjustment. After the entry of all input 

data, the user may request a list of input variable names, code 

numbers and values. Modifications of the data file can easily 

be performed by calling the code number and reentering the input 

value. Since the input rlata can be stored in on-line disk tracks, 

reevaluation and readjustment of the input data can be easily 

achieved by certain runs of the processor. 

9. Direct Access to Data File. There are three major types of data 

sets utilized in this modular processor: example data set, user's 

data set, and free data set. Direct access to any of these data 

files will minimize the efforts required for modifying input data 

between problems. Also, the user may store his special set of 

data files for future executions. 
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CHAPTER IV 

THE UTILIZATION OF THE PROCESSOR 

Utilization of the modular processor is uncomplicated. quite convenient, 

and does not demand detailed familiarity with computer programming and oper

ation. The processor is designed to guide the user in solving a complex 

pavement design problem with minimum effort. Further, only a slight amount 

of additional training is required to instruct typists in communication ter

minal operation, thereby enabling the engineer to focus upon the optimization 

of pavement design rather than the mechanics of coding input data. Some 

typical computer terminals and communication devices are shown in Figure 4.1. 

Detailed procedures for implementing the modular processor are delineated 

in Figure 4.2. The entire job execution can be divided into four tasks: 

orientation, data preparation, pavement optimization, and termination. 

Orientation encompasses preliminary data preparation, the "dial-up .. to secure 

access to the computer, and 11 Sign-on11 of the teleprocessing system. Data 

preparation includes the execution of the driver's segment and is thus the 

most involved portion of the entire operation. Users have four data entry 
' ' 

alternatives. An interactive terminal entry mode may be implemented, or one 

of three direct access modes will suffice. Operating personnel may request, 

or bypass, the listing and revision of the data file and .store the information 

in a user's data set or a free data set. The. processor then will generate 

an input data card .image upon an on-line data set, which essentially is an 

interface, or buffer, between data preparation and pavement optimization. 

Pavement design programs held within the job library will direct the computer 

to read-in the data from the card image, and print output information accord

ing to the requests received via remote job entry.. Project completion 
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(a) IBM 2741 Terminal 

{b) "Silent 700* "Model 733 ASR Data Terminal 
*Trademark of Texas Instruments Incorporated 

Figure 4.1 Computer Terminals and Communication Devices 
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(c) Omnitec 703A Acoustic Coupler 

(d) Hazeltine 2000 Terminal 

Figure 4.1 (Continued) 
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--------------------

ORIENTATION 
TASK 
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Figure 4.2 Heirarchical structure for modular process 
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Figure 4. 2 
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includes "sign-off" of the teleprocessing system, termination of the telephone 

communication, pick-up of program outputs, and result analysis. 

This chapter will discuss the utilization of the processor in detail, 

an illustrative example is included as Appendix A. 

Orientation Task 

The orientation task familiarizes the user with the execution of both 

the driver's segment and pavement design programs. Specific subtasks are 

described herein. 

Organization of basic input data as cited in Table 3~1 is the first 

subtask prior to actually utilization of the modular processor. A test run 

using example data sets may be required if it is found that such action will 

faci 1 itate user understanding of the' data requirements. . In addition, a test 

run using the data entry by interactive queries will further familiarize the 

user with the features and configurations of the processor. By use of 

interactive queries, the processor permits the elimination of punched data 

cards which are normally required for conventional batch jobs. Thus, the 

input information can directly be extracted from field data sheets, letters, 

pencilled notes, office forms, sets of plans, etc. 

Requests for authorization to utilize the processor and data processing 

services are also encompassed within the orientation; normally,an account 

number together with a password are minimum requirements. 

Requests for user's data set are also part of the orientation. The 

user's data set is not required, but may become very helpful later on. 

Although the data may be stored in the free data set, there is no guarantee 

that the data file will not be destroyed by other users. Record spaces to 
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store the user's input data for future executions and/or references can be 

obtained at low cost. 

Some secretarial~type preparations are required for the communication 

terminal. -Although not especially demanding, these pre-requisites encompass 

adjustment of typing papers, margin setting, and line spacing. In addition, 

the terminal operation key must be assigned in the remote rather than local 

mode; and the power ,switch on the termin·al and acoustic coupler, if present, 

must be switched on. 

A dial-up procedure is needed for a remote terminal in order to establish 

contact with the teleprocessing system. If the teleprocessing system is 

connected, a low buzz should be audible. The user can then place the tele

phone handset into the acoustic coupler, and commence teleprocessing operations. 

Three control statements must be entered through the keyboard of the 

terminal to serve as the 11 Sign ... on 11 for the teleprocessing system: 

$$EOT 

$$ACCOUNT(user,dpsr,name) 

$$PASSWORD(word) 

The $$EOT statement clears the terminal of any unfinished jobs, thereby 

resetting its operations status. The $$ACCOUNT statement provides basic 

accounting information encompassing 

user - user number; 

dpsr - data processing service request number; anJ 

name - name of the terminal operator, up to 8 characters. 

The user number and data processing service request number are normally 

assigned by the Data Processing Center upon request. The $$PASSvJORD state

ment protects the user's account. The meaning of 11Word 11 is given below: 
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word - any password up to 8 characters, whic~ _Fan be, arbitrarily 

assigned by the user and changed at will. 

The computer will print O.K. if each entr_y stateme.11t is acceptable: otherwise, 

error messages wi 11 be printed. After the four contra 1 statements are accepted 

by the computer, the operator ma_y start executing the drivers segment. 

Data Pr~paratio~·TaSk 

The data preparation task is essentially execution of tha driver•s seg-

ment stored in the computer. The following control statelllents are needed to 

call and execute this_ segment: 

$$DDNAMES(FT01FOOl,FT08FOOl,FT09FOO]) 

$$EXECUTE(USER0004,60QOO,S,~) 

The $$DDNJl.MES statement indic~tes that three_,sets of on:-line disk tracks 

will be used for the e~ecution of the driver•s segment._ When entered, the 

message control program of the teleprocessing system will check to insure that 

no other active users have indicated that they are using th~ s9me DDnQ.mes. If 

any of the three DDnames is being used, the terminal operator will be notified. 

In case more than one user may have to be involved simultaneously, minor mofi-
. . -- ' __ , . . ·. - . _; •.: .. :; 

cations of the processor may be·maqe. The data file stores in these on-line 

disk tracks are as follows: 

FT01F001 - input card image; 

FT08FOOl - five example data sets, one free data set, and 

fourteen user•s data sets; and_ 

FT09F001 - three example BISTRO data sets, and seventeen 

user•s BISTRO data sets. 

The DDname, FT09F001, is optional ~nd can be deleted if the user does 

not use the linear elasticity version of the flexible pavement design system. 
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The $$EXECUTE statement begins execution of the driver's segment. If 

the central core storage a~ailabl~ at execution time is not adequate, the 

terminal operator will be notified; the operator may then try again later. 

Four parameters are used in the $$EXECUTE statement. USER0004 is the actual 

name of the program (load module) to be executed. The second field, 60000 

specifies that a maximum of 60,000 bytes of memory will be used. The third 

field, S, indicates that the driver's segment is able to handle only one 

terminal at a time. If a second terminal requests the use of the program 

during the execution period, the second terminal will be informed that the 

program is busy and therefore unavailable. Details concerning the possibility 

of serving more than one user simultaneously will be discussed in Chapter V. 

The fourth field, C, notes that the program is conversational and may therefore, 

obtain a high priority for execution. 

After the $$DDNAMES and $$EXECUTE statements are accepted, the computer 

prints the title of the modular processor and a request for specific data or 

decisions segmentially. Following the reply from the user, the computer will 

ask for further data or decisions. This interactive query process will con

tinue until the needs of the processor are satisfied. 

There are four alternatives in data entry: the first three are direct 

acces~ to the example, user's, and free data sets, and the fourth is terminal

mode interactive queries. After the data entry, the user may request or 

bypass a complete listing of the input data file, with code numbers assigned 

to each input value, and the revision of any input value, the user may 

further store the current data file in a user's data set by direct access; 

otherwise, the computer will store the file in a free data set automatically. 

The processor then creates input data card images on a reserved set of on-
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line disk tracks based on the current data-file, .terminates the driver's 

segment, and prints the CPU time us~d so far. A normal operat+on generally 

takes only two seconds of CPU time. The user may now start executing the 

optimization of the desired pavement design s.ystem ... 

."-. ·-

Pavement Optimization Task 

The pavement optimization task is based upon a remote job. entry mod.e. 

Five pavement design programs are stored in- the job library and occupy 

approximately 100 off-1 ine disk tracks. These programs are: . RPS-2, SAMP6, 

SAMP6A,. FPS-ll, and FPS-BISTRO. 

Two utilization functions .of teleprocessing, $$UPDATE and $$RJEIN are 

needed to execute pavem~nt design programs. the $$UPDATE function activates 

teleprocessing disk data sets for record modification. The use.of the $$UPDATE 

function in the modular processor prepares sets of job control. language (JCL) 

for remote job entry. Sets of _example JCL to execute different pavement 

design programs are shown in Figures 4.3, 4 .. 4, 4.5, 4.6, and 4. 7. The first 

statement of each JCL set provides accounting information and job classifica

tions. The field after the two slashes represents the job name .. From left 

to right~ the five parameters enclosed in parentheses are a DPSR (data pro-

cessing service request) number; the ,box number where the user'.s .output is 

to be returned; a time limit in minutes for th.e entil.e job; . a limit on the 

number of lines {in thousands) of printed Olltput to be generated by t~e job; 

and the identification number used to separate cpmputer charges. The field 

enclos.ed in quotes specifies the user• s name followed by optiona 1 co1111TJents. 

The /*PASSWORD statement specifies the protective password assigned by the 

user of the DPSR number. The /*CLASS :statement establishes- the clas.s .ofcore 
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//RPS2 JOB (Y033,l-E,l,2,l),'LU' 
/*PASSWORD DANNYLU 
/*CLASS . A 
/*ROUTE PRINTER3 
//STEPl EXEC PGM=RPS2,REGION=lOOK 
//STEPLfR DO DSN=USER.Y033.IEN.LU.JOBLIB.DISP=SHR 
//FT05F001 DD DSN=TP.Y033.1CN.LU.CRDIMG,DTSP=SHR 
//FT06FOOl DO SYSOUT=A 
I* 

Figure 4.3 Example JCL to execute RPS-2 program 

//SAMP6 JOB 
/*PASSWORD 
/*CLASS 
/*ROUTE 
//STEPl EXEC 
//STEPLIB DO 
//FT05FOOl DO 
I I FT06FOOl DO 
I* 

(Y033, 1-E, 1 ,2, 1), 'LU' 
DANNYLU 
A 
PRINTER3 
PGM=SAMP6,REGION=l00K 
DSN=USER.Y033.IEN.LU.JOBLIB,DISP=SHR 
DSN=TP.Y033.IEN.LU.CRDIMG,DISP=SHR 
SYSOUT=A 

Figure 4.4 Example JCL to execute SAMP-6 program 

//SAMP6A JOB 
/*PASSvJORD 
/*CLASS 
/*ROUTE 
//STEPl EXEC 
I /STEPLIB DO 
I /FT05F001 DO 
//FT06FOOl DO 
I* 

( y 033' 1 -E 'l '2' 1 ) ' I LU I 

DANNYLU 
A 
PRINTER3 
PGM=SAMP6A,REGION~lOOK 
DSN=USER.Y033.IEN.LU.JOBLIB,DISP=SHR 
DSN=TP.Y033.IEN.LU.CRDIMG,DISP=SHR 
SYSOUT=A 

Figure 4.5 Example JCL to execute SAMP-6A program 
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1 /FPsn aoB 
/*PASSWORD 
/*CLASS 
/*fWUTE 
//STEPl ~XEC 
I /STEPLII3 DO 
//FT05F001 DO 
I /FT06FOOl DD 
I* 

( Y033, 1- E; 1 '2, 1 }, I LUI 
DANNYLU 
H 
PIUNTER3 
PGM~FPSll,REGION=200K 
DSN==USER. Y033. IEN. LU. JOB LIB ,D ISP'"'SHR 
DSN=TP.Y033.IEN.LU~CRDIMG,OISP=SHR 
SYSOUT=A 

Figure 4.6 Example JCL to execute FPS-11 program 

//FPSB JOB 
/*PASSt~ORD 
/*CLASS 
/*ROUTE 
I /STEPl EXEC 
I /STEPLIB DO. 
//FT05F001 DO 
//FT09F001 1)1) 

/ /FT06F001 DO 
I* 

( Y033' l-.E '3 '2 ~ 1 ) ' 'LUI 
DANNYLU 
H 
PRINTER3 
PGM,FPSB, REG ION=200K 
DSN=USER.Y033.IEN.LU.JOBLIB,DISP~SHR 
DSN=TP.Y033.IEN.LU.CRDIM&;DISP=SHR 
DSN=TP.Y033.IEN.LU. BISTRO,DISP=SHR 
SYSOUT=A 

' ·' ., 

Figun: 4.7 Example JCL to execute FPS-BISTRO program 
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requirements for the job. Class A ranges from 0 to llOK bytes, whereas class 

H spans ll2K to 200K bytes. The /*ROUTE statement indicates the printer 

desired. The password, class, and print train all originate in the sixteenth 

space. The //STEPl statement specifies the program to be executed and maximum 

core requirements. The //STEPLIB statement specifies the DSname of the off-

. line disk tracks which store the five programs for pavement optimization. The 

//FT04FOOl and //FT09F001 statements specify the DSnames of the on-line disk 

tracks which provide an input data file for pavement design program. The 

//FT05F001 statement stores the input data card image, while the //FT09F001 

statement, which stores the BISTRO data file, can be deleted if the linear 

elasticity version of the flexible pavement design system is not used. The 

//FT06F001 statement routes the output data sets and the last statement of 

each JCL set indicates job termination. 

The utility function, $$UPDATE, will store user•s JCL sets in an on-line 

partitioned data set. Once the JCL sets have been stored, the user can call 

the DDname and member of the partitioned data set instead of entering the 

whole JCL statements for any additional remote job entry. 

The $$RJEIN function of the teleprocessing system provides the ability 

to enter batch jobs from a remote terminal to the computer. The jobs are 

thus executed in the batch portion in the same fashion as any conventional 

batch job. After receiving the DDname and member of a partitioned data set 

storing a particular set of JCL, the computer will load the job and print 

'JOB WAS SUCCESSFULLY LOADED TO SYSTEM' or 'JOB WAS NOT LOADED TO SYSTEM' 

with a return code for error-shooting. The user may now go the the next 

task-termination. 
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Termination Task 

After the remote job entry executes a specific pavement design program, 

the termination task, including sign-off, hang-up, pick-up, and result analysis, 

follows. The user must signal a $$EOT control statement for s'ign-off. The· 

$$EOT statement effects termination of the teleprocessing system. After the 

termi nation message is received, the computer will print out the CPU (Centra 1 

Processing Unit) time in seconds consumed by the job. Normal nperation of 

the processor takes only two to four seconds CRU time. The hahg-up procedure 

which applies only to dial-up terminals requires a $$HANGUP control statement. 

This statement will disconnect the remote terminal .. The user may then lift 

the handset from the acoustic coupler arid place it back dnto the telephone. 

Program outputs can be picked up from any print train assigned by the user in 

the JCL of the remote job. 

A utility function, $$STAT, of the Texas A&M version of the Baylor 

Executive System for Teleprocessing (BEST) may facilitate the determination 

of the status of a batch job running under the computer operating system. 

The $$STAT will identify the job number, its priority and routing, and any 

applicable classification. Further, the code notes ~hether a job is in exe

cution, printing/punching, oris awaiting either step. The user may choose 

a "STATUS 11 option which will report to the user all jobs in the computer 

system, or a "LOCATE" option which reports information only on: the job in 

question. Users of this integrated pavement design processor desiring to 

ascertain the status of a pavement optimization job, or wishing to know 

when the results will be ready, implement this utility function. 

A control statement, $$END, may be entered any time between sign-on 

and sign-off to terminate a portion of the execution. The computer will 

automatically print out the CPU time consumed. 
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A control statement, $$TIME, can be entered when the processor is 

executing a job through the termi na 1. The computer wi 11 then print out the 

applicable CPU time. 

Simplicity and convenience are the major advantages of utilizing this 

processor at the District level in the overall pavement design system. An 

engineer concerned with design problems may operate the terminal himself, or 

submit his notes to a technical assistant who will handle the mechanics of 

terminal operation. Program user's manuals cluttered with coding details for 

input data cards will thus become obsolete. 
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CHAPTER V 

THE IMPLEMENTATION OF THE PROCESSOR 

The project was intended to facilitate implementation of the processor 

in regular design operations. This chapter will discuss the usage potential 

of the integrated pavement design processor in two respects: software and 

hardware. Discussion of software will concentrate on implementation with 

respect to the design of the modular processor as well as different telepro

cessing systems and programming languages. Remarks on the hardware will 

concern potential alternatives regarding different makes or models of computer 

equipment and communication terminals. Also to be discussed are the adapt

ability and practicality of the processor~ and some modifications that may 

be required for its extension to full-scale implementation. 

Comments on Processor Design 

Among the five major alternative pavement design systems that have been 

included in the modular processor~ the rigid pavement system, asphaltic con

crete pavement overlay system, and the flexible pavement system using Dynaflect 

deflection are currently being employed· by the Texas Highway Department. The 

flexible pavement system using the MSHO structural number concept has been 

implemented on a trial basis in Florida, Louisiana, and Kansas. However~ 

these four pavement design systems have only been utilized in conventional 

batch mode. Moreover, one of the most annoying problems in applying these 

programs is the requirement for massive data preparation by design engineers. 

Tedious card punching formats and painstaking turn-around processes often 

become a cumbersome burden to engineers, thus dampening their enthusiam for 

the program. The modular processor developed herein is based on a remote 
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teleprocessing mode which seeks to overco~ne the aforementioned problems. 

The interactive feature of the processor will assis,t and simplify the data 

preparation task. Input variables are properly organized and categorized 

into conversational input formats, thereby enabling engineers with limited 

data processing experienGe to use the processor effectively. 

The linear -elastic theory based fiexible pa-vement design procedure has not yet 

been applied to actual situations-. This delay has resulted from sever-al 

factors, among them: the high cost of computation time, uncertainties 

regarding the values of the elastic constants and limiting strengths of 

materials, and possibly, some skepticism towardthe use of mechanistic 

theory in a field heretofore dominated by the exercise of experience, empiri-

cism, and engineering judgement. However, the state of flexible pavement 

design and material characterization has advanced e~ou~h to susta~n an 

analytical estimate of the maximum stresses and st,rains of layered pavement 

structures, as well as a check of these against the limiting strengths of 

materialS [33]. To reduce the computer time requirement, a stress-and-strain 

table of the more common bask designs could be constructed by gradually 

storing the results of different runs of the streamlined linear elastic pro-

gram. The multi-dimension interpolation method [29] cbuld thu.s be applied 

to check all other trial designs. The computation of the stress-and-strain 

table may of itself be very costly, but lo-ng-term savings may be realized if 

the approach is adopted as a practical method by highway engineers. 

This modular processor has been especially devised for use. by personnel 

of the Texas Highway Department. Comments and recommendations for input 

values of the five alternative pavement design systems, based on Texas prac

tices, have been included inthe driver•s segment. Undoubtedly, some revisio'n 
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will be needed if application of the processor in states other than Texas is 

desired. In addition, due to the specific design requirements in each state, 

the pavement performance model, traffic projection model, and cost estimation 

model programmed in the processor may also require alteration. 

Comments on Teleprocessing Systems 

The integrated pavement design processor was developed in concert with 

the hardware and software services available at the Data Processing Center 

(DPC), Texas A&M University, College Station. The DPC at the Texas A&M 

University operates presently an IBM 360/65 and an IBM 370/145 system. Three 

teleprocessing systems are available to users [52]. They are BEST (Baylor 

Executive System for Teleprocessing), APL (A Programming Language), and TSO 

(Time-Sharing Option). 

BEST [46] was chosen for the teleprocessing of the integrated pavement 

design processor as it has been wi.dely utilized at Texas A&M University. 

BEST was first developed by the Computer Science Department of the Baylor 

University College of Medicine. This system was extensively modified at 

Texas A&M University for local use. It runs in an OS/MVT (Operating System/ 

Multi-programming with a Variable number of Tasks) environment. OS views the 

teleprocessing system as one job, with the programs executed through the 

teleprocessing system as subtasks. The teleprocessing monitor schedules the 

execution of jobs as well as handling their input/output and termination. 

It thus enables the users to write and execute programs, as well as enter 

and modify data, from remote terminals while permitting him to interact with 

the computer. 
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APL is a powerful interactive teleprocessing language and is available 

through several commercial time-sharing firms, how~ever, it is not as widely 

available as time-shari,ng FORTRAN. It is a relatively new computer 

language, distinctly different, and if used to implement the modular pro

cessor would possibly deter future modiJication and mainten(lnce by programmers 

unfamiliar with APL. Other problems would be involved with some portions 

of the processor coded in different computer languages and the cost in-

volved in re-programming all programs into APL would exceed the benefits ex

pected. Therefore, APL teleprocessing was not utilized ,for the modular pave

ment design ~rocessor. 

The TSO teleprocessing system was d~eveloped by IBM and its popularity 

may increase in the future as it is a general purpose system. It wa~ not 

seriously considered for use with the modular processor because the lmple

mentation of the TSO system at Texas A&M University is somewhat limited at this 

time. · tfowever, TSO and other teleprocessing systems which are able to execute 

FORTRAN pro.grams with remote batch capabi1ity are .compatible with the modular 

processor. 

Comments on Programming Languages 

The Texas A&M version of the Baylor Executive System for Teleprocessing 

(BEST) accommodates all programs in FORTRAN, Pl/1, COBOL, an;d assembly language. 

FORTRAN has been selected for pr.ogramming the integrated pavement design pro

cessor since it is convenient to maintain, and is compatible with existing 

pavement optimization· systems. Moreover, engineers are genenany more fami

liar with the FORTRAN language than with others. Utilizing EGRTRAN in the 
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proces~or will enable design engineers to effect minor modifications for 

their needs. Excepting FORTRAN, the IBM assembly language was the only 

other system seriously considered for programming the modular processor. It 

is easily adapted to any teleprocessing system on the IBM 360 and 370 com

puters, and requires minimal core storage. However, assembly language is 

specific to particular computers and not normally adaptable to other com-

puters. Also, the maintenance and modification of the processor in assembly 

language would entail greater difficulty than required by FORTRAN. 

The direct access capability programmed into the driver • s segment of the 

processor is an IBM product [20]. Direct access statements permit a programmer 

to read and write records in any sequence within a data set, 

therebycontrasting with the familiar sequential input/output statements. 

Using direct access statements, a programmer can proceed directly to any point 

in the data set, process a record, and move to any other point without having 

to process the records in between. Unfortunately, the direct access input/ 

output statements are not basic to FORTRAN. Should direct access not be 

available, some modifications are needed to convert the direct access statements 

in the driver's segment to sequential input/output statements. 

Comments on Communication Terminals 

An attempt has been made to facilitate independence of the processor 

from the types of terminals that might be used with it. Although terminals 

have certain common features (for instance, keyboards, line interfaces, 

and control functions), some specific criteria must be considered in select

ing a terminal for implementing the processor. There are hundreds of termin

al models [9, 11, 21, 35] on the current market. Since computer terminal 
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selection is based on various characteristics, i.e., cost, display rate, 

hard-copy option, magnetic cassette tape adaption, maintenance, portability, 

etc. [31], various types of terminals must be considered before full-scale 

implementation of the processor is undertaken. 

Table 5.1 compares five typical terminal types for: maximum display 

rate, length of line, portability, noise, hard copy option and cost. The 

Teletype 33, Cope 1030, and Texas Instruments Silent 700 (Model 735) are 

typewriter terminals. Teletype 33 is representative of terminals presently 

in district offices. Cope 1030 utilizes the IBM Selectric typewriter &nd 

is representative of the portable, IBM compatible, type of terminal. The 

TI 700 is a suitcase size, light-weight terminal using special paper. Cathode 

Ray Tube (CRT) terminal types are represented on Table 5.1 by the Hazeltine 

2000 and Sanders 720. Not included are the "intelligent terminals" [3], such 

as the Data point 5500 and Sycor 340, because their versatility does not 

sufficie.ntly benefit the processor to justify their higher cost. Of course 

this type terminal, justified for other uses, may also be used for less de

manding tasks such as the processor. 

The maximum display rates of the Teletype 33, Cope 1030, and TI Silent 

700 are 10, 15, and 30 characters per second, respectively. The display rate 

of typewriter terminals is often too slow for fast and efficient man-machine 

conversations. To use a faster printer, say 120 characters per second, would 

be more expensive. CRT terminals, such as Hazeltine 2000 and Sanders 720, 

have overcome this problem easily. The display rate of CRT terminals depends 

on the delivery capability of the communication device. In ge<neral, the 

display rate of a remote CRT terminal equipped with an acoustic coupler is 

1 imited to 30 characters per second. The display rate of a dfrectly wired 
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TABLE 5.1 

COMPARISON OF TYPICAL TERMINAL MODELS 

Terminal Model Teletype 33 COPE.l030 TI Silent 700 

Type Typewriter Typewriter Typewriter 

Maximum 
Display Rate 10 cps 15 cps 30 cps 

Length of Line 72 cpl 130 cpl 80 cp1 

Portability Poor Fair Excellent 

Noise Noisy Average Silent 

Hard Copy Standard Standard Standard 

Cost low Average Average 

* remote termi na 1 equipped with a co us tic coupler 
** local terminal or remote terminal equipped with modem 

*** additional cost required for hard copy device 

Hazeltine 2000 Sanders 720 

CRT CRT 

30* or 30* or 
120** cps 120** cps 

80 cpl 80 cpl 

Fair Poor 

Silent Silent 

. Optional Optional 

Low*** Variable*** 



local CRT terminal or remote CRT terminal with modem reaches 120 characters 

per second or more. 

The Cope 1030 has the greatest line width, 130 characters per line. 

TI Silent 700, Hazeltine 2000, and Sanders 720 permit 80 characters per line. 

The Teletype 33 is limited to 72 characters per line. However, the processor 

requires only a maximum of 70 characters p~r lJne. 

Both Teletype 33 and Sanders 720 are heavy and bulky. Although Cope 1030 

and Hazeltine 2000 are portable, TI 700 handles more easily as it is about 

the size and weight of a medium suitcase. 

TI 700 and CRT terminals are silent during operation. The typing of 

data input and output display by Cope 1030 is relatively noisy, about the same 

as an ordinary electric typewriter; Teletype 33 is especially noisy during 

operations. 

Hard copy is standard for typewriter terminals. Hard copy devices can 

be connected to CRT terminals for essential data printout. In general, CRT 

terminals also provide editing functions such as substitution, addition, and 

deletion of characters. The paper required for terminal print-outs depends 

on the maximum number of characters per line and maximum number of lines per 

page. In addition to these requirements the TI 700 requites thermal sensi

tive paper. 

Teletype 33, Cope 1030, TI 700, and Ha·zeltine 2000 are stand-alone 

terminals, while Sanders 720 is classified as a cluster type. Cluster ter

minals require a controller which connects a group of terminals to a computer. 

The average cost of each cluster terminal depends on the n~mber of terminals 

connected to the same controller. Among the four stand-alone terminals, 
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Teletype 33 and Hazeltine 2000 are low-cost, in the range of $45-75 per month. 

Cope 1030 and TI· 700 range between $100-$150 per month; Sanders 720 is about 

the same price if a cluster of terminals are used. Hard copy devices, optional 

for CRT terminals, necessitate additional costs and lessen portability. 

Compromises of various term ina 1 characteri sties wi 11 normally dictate 

the final selection of terminals. Hazeltine 2000 terminals or their equiva

lent, equipped with a hard copy device, seem to be the best for the implemen

tation of the integrated pavement design processor. If lower cost or greater 

portability are desired., the TI 700 or ·its equi:valent could be recommended 

Extension for Full-Scale Implementation 

The modular processor is intended to be a management tool for selecting 

design, maintenance, and rehabilitation strategies that will optimize opera

tions of pavements over long periods of time. Four important features 

concerning the extension of the processor to full-scale implementation deserve 

special emphasis here: (1) processor security, (2) provision for simultaneous 

users, {3) further reduction of core requirement, and ( 4) selective print-out. 

Processor Security 

The current processor does not provide protection for the security of 

the program package and data sets. The following passwords should be included 

in the processor to protect the system from unauthorized utilization, revision, 

or destruction: 

1. password to execute the driver's segment and the five pavement 

design programs; 

2. password for direct access to example data sets and user's data 

sets; and 
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3. password to revise the bu i lt-.in data and instructions. 

If an incorrect password is given, the job will not be processed. The pass

word must not appear in any part of the print-outs. In addition, the processor 

should remind the us~r to erase a password when it is entered from the terminal. 

Also these passwords must be. easily revisable by the password owners from a 

terminal, to offset the possibility of password compromise. 

Provision for Simultaneous Users· 

Presently the processor can handle only one terminal at a time. If a 

second terminal asks to use the same processor when it is already in execution, 

the second terminal is informed that the processor is busy. However, the BEST 

teleprocessing system has a convenient feature facilitating simultaneous use 

of a program. A control program of BEST is able to load one ormore additional 

programs and permit the execution of each from a separate terminal. Modifi

cations required to adapt the current processor for simultaneous usage include: 

(l) providing an individual data card image area for each user rather than 

a common area; and (2) increasing the number of on-line data sets. The 

current processor consists of three sets of on-line disk tracks: FTOlFOOl, 

FT09F001, and FT09F001. If a termi na 1 has indicated that a 11 sets are being 

used, another terminal will not be able to execute the driver's segment. In 

this situation, a duplicate of the three sets of on-line disk tracks is 

needed for the second user to execute the second copy of the processor. 

Further Reduction of Core Requirement 

In order to serve more users, a data processing center gen~rally will 

not accept a teleprocessing program with a large core requirement. The pro

gram modularization and overlay linkage previously mentioned have reduced 
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the core requirement of the driver's segment from 200K to 60K bytes. Further 

reductions can be accomplished by storing comments and recommendations for 

· input values in direct access data files to minimize the FORMAT statements 

which require most core storages. In addition to reducing core requirements, 

other advantages accruing from storing FORMAT statements in direct access data 

files include: (1) easier adaption of the processor to other teleprocessing 

systems, (2) easier modification and maintenance of the program, and (3) easier 

re-programming of the processor in assembly or other programming languages. 

Selective Print-Out 

The current design of the modular processor directs the output of a 

pavement design program, executed by remote job entry, to a printer. Naturally, 

if a user does not have immediate access to a printer, he would prefer the 

program output returned to his original terminal. In order to overcome the 

difficulty arising from the slow printing speed of a typewriter terminal, a 

driver's output segment would be installed to select program print-outs. 

Modifications would be required to direct the program output stream to on-

line disk tracks other than to a normal printer. A small teleprocessing pro

gram, driver's output segment, would then input the data from on-line disk 

tracks and print out the user-r~quested portion to the terminal. 
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CHAPTER VI 

SUMMARY AND CONCLUSIONS 

In essence, this study represents an attempt to improve the quality of 

comprehensive systems analysis for the design and management of pavement 

construction and rehabilitation. Its final product is an integrated pavement 

design processor. 

In Chapter I, an overview of the problem and the need for this study are 

discussed. The objectives and scope of the research area, as well as a brief 

description of the final product, are also described. 

Chapter II presents a survey of the development of pavement design systems. 

The need for an integrated pavement design processor to facilitate the imple

mentation of various pavement optimization systems is stressed. 

Chapter III studies an integrated pavement design processor in which 

five pavement design systems are fused into one program package; further, a 

driver's segment to facilitate interactive man-machine conversations is 

described. This processor provides four alternative methods of data entry: 

one based on interactive queries and three utilizing direct access to on-line 

data. sets. Data listing, revision, and storage are under the user's command 

through terminal operations. 

Chapter IV focuses upon the utilization of the modular processor itself. 

The entire job execution is divided into four tasks: orientation, data pre

paration, pavement optimization, and termination. Utilization of the modular 

processor is uncomplicated, quite convenient, and does not entail detailed 

familiarity with computer programming and operation. 
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Chapter V discusses potential implementation of the processor. Campa~ 

tibility of processor design; different teleprocessing systems and programming 

1 anguages, as well as different makes or models of computer equipment and 

communication terminal are investigated. Extension of the processor to full~ 

scale implementation is also considered. The processor is practical and 

adaptable to current pavement design procedures in Texas, and could possibly, 

with appropriate modifications, be used by other states as well. 

Specific conclusions are as follows: 

1. Various pavement design systems can be integrated into one 

open-ended processor. Each module of the processor can be 

utilized independently. Meanwhile, any new pavement design 

~ystem can be added to the processor without any change of 

the original components. 

2. Pavement design procedures can be simplified by on-line data 

processing. Instant assistance can be obtained through man..: 

manchine interactions. In fact, the pavement design processor 

is in itself an educational tool. 

3. The core requirement of a teleproce~sing program can be re

duced significantly by overlay linkage. 

4. The integrated pavement design processor is a multi-optional, 

broad-based, and application-oriented decision framework. The 

processor will facilitate the jmpl ementation of systems analysis 

of pavement design and management. 
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APPENDIX A 

AN ILLUSTRATIVE EXAMPLE OF 
THE UTILIZATION OF THE PROCESSOR 

As mentioned in the main body of this report, the final product of this 

study is an integrated pavement design processor. This appendix illustrates 

the utilization of the modular processor. Procedures for utilizing the pro

cessor are presented in Chapter IV. 

A Cope typewriter terminal (UCC-1030"), equivalent to IBM 2741 terminal, 

equipped with an acoustic coupler is used in this example. The selectric 

typing ball and keyboard of the terminal were originally designed for APL 

operations. This terminal can be used for the teleprocessing of both BEST 

and APL at Texas A&M University. It must be noted that the two dollar signs, 

$$, normally used before each control statement and utility function of the 

BEST are replaced by two left -bracket signs, [[,if the control statement and 

utility function are entered from a terminal with an APL keyboard. In addition, 

a control statement, [0KEYBOARD, must be entered at the very beginning to 

specify the type of typing ball and keyboard. The illustrated example is 

shown beginning on page A-3. Lines typed by the user are designated by the 

symbol,~. 

Six control statements are entered at the beginning. They are: KEYBOARD, 

EOT, ACCOUNT, PASSWORD, DDNAMES, and EXECUTE. Explanations have been detailed 

in Chapter IV. After receiving each control statement, the teleprocessing 

system responds OK. Then the driver's segment prints the processor title and 

starts interactive queries, step-by-step, between the person at the remote 

terminal and the distant computer. 
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After all requested input values _are entered from the terminal, the 

driver's segment provides options to print a list of input data file { p. A-2~, 

and to revise any input data (p. A-23). After receiving a record number to 

store the current data file in on-line disk tracks, the driver's segment is 

automatically termingted (p. A-23). The CPU time consumed so far will also 

be printed. 

Upon request, the [[UPDATE utility function prints the ful1 instructions 

to set up a set of JCL statements to execute the flexible pavement design 

systems, FPS-BISTRO (p,A-24). The JCI.. statements, except th~ ~tg,tement, 

/*FORMS, have been explained in Chapter IV~ The /*FORMS statement which 

specifies the forms of type, number of parts, and code number of the paper 

for program outputs, is optional. The whole set of JCL statements are stored 

in a partitioned data set. The ODname and member are LUPROG(FPSB). After 

receiving the +END statement, the [[UPDATE function terminates (p. A-26) .. The 

CPU time consumed in this portion is printed. 

The [[RJEIN function provides the capability of remote job entry. After 

the DDname and member are received, the job is loaded in seconc:ls and a message 

is printed at the terminal (p.A-26). Then the user enters [[EOT and [[HANGUP 

to terminate the modular processor. The computer responds with OK and the CPU 

time consumed by the remote job entry. The program output will be printed by 

the PRINTER3 specified in the JCL, and can be picked up later from Box 1-E, 

as specified i-n JCL by the user. 

The program output of this example problem is shown in Appendix B. 
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~ [[KEYBOARDIAPL! 
••• OK CPU TIME =000001 SEC 
•• OK 

~ ( [EOT 
••• OK CPU TIME =000001 SEC 

~ [[ACCOUNT(DLU1,Y033.LU) 
•• OK 

• [[PASSWORD(DANNYLU) 
•• OK 

... [[DDNAUES(FT01F001,FT08F001,FT09F001) 
•• OK 

... [[EXECUTE(USER0004.60000.S.C) 
•• OK 

TEXAS HIGHWAY DEPARTMENT 
INTEGRATED PAVEMENT DESIGN PROCESSOR 
-- A STRATEGIC APPROACH TO THE DESIGN AND MANAGEMENT OF 

PAVEMENT CONSTRUCTION AND REHABILITATION 
TYPE ? FOR INTRODUCTION 

... ? 

INTRODUCTION 
THE INTEGRATED PAVEMENT DESIGN PROCESSOR (IPDP) HAS BEEN DEVELOPED 
AS A STRATEGIC APPROACH TO THE DESIGN AND MANAGEMENT OF CONSTRUCTION 
AND REHABILITATION OF PAVEMENTS. THE IPDP IS A COMPREHENSIVE DECISION 
FRAMEWORK WITH A CAPACITY TO DRIVE DIFFERENT OPTIMIZATION ROUTINES AT 
THE USER'S COMMAND THROUGH INTERACTIVE QUERIES BETWEEN THE COMPUTER 
AND THE DESIGN ENGINEER. THE MULTI-OPTION ARRANGEMENTS ENABLE THE 
DESIGN ENGINEER TO CONSIDER BOTH RIGID AND FLEXIBLE PAVEMENT SYSTEMS 
SIMULTANEOUSLY. IPDP CAN BE USED FOR NEW PAVEMENT CONSTRUCTION OR 
EXISTING PAVEMENT REHABILITATION. IN ADDITION. THREE OPTIONS FOR 
FLEXIBLE PAVEMENT DESIGN ARE INCLUDED TO DESCRIBE THE STRUCTURAL 
SUBSYSTEM DESIRED: (1) BASED ON AASHO STRUCTURAL NUMBER, (2) BASED ON 
DYNAFLECT DEFLECTION, AND (3) BASED·ON LINEAR ELASTIC THEORY. 
TYPE ? FOR INSTRUCTIONS AND EXAMPLES 

... ? 

INSTRUCTIONS AND EXAMPLES OF COMPUTER QUERIES AND USER RESPONSES 
THERE ARE THREE DIFFERENT FORMATS FOR INPUTTING YOUR DATA TO THE 
INTEGRATED PAVEMENT DESIGN PROCESSOR. 



(1) CHOICE FORMAT 
EXAMPLE 1. 
INSTRUCTION BY COMPUTER: 
TYPE 1 FOR RIGID PAVEMENT DESIGN, 2 FOR FLEXIBLE PAVEMENT DESIGN •.. 
RESPONSE BY USER: 
2 
EXAMPLE 2. 
INSTRUCTION BY COMPUTER: 
DO YOU NEED A PROGRAM TO CALCULATE COEFFICIENTS OF 

TEXAS TRIAXIAL. MODEL? 
RESPONSE BY USER: 
YES 
(2) CHARACTER FORMAT 
EXAMPLE 3. 
INSTRUCTION BY COMPUTER: 
Tt PE THB liiGJJWAc-1 1/A,ME - 10 CHAR MA,X 
RESPONSE BY USER: 
SH3£0 

( 3) NUMERICAL FORJ.fAT - EACH NUMBER SHOULD INCLUDE A DECIMAL POINT, 
10 DIGITS MAX. 

EXAMPLE 4. 
INSTRUCTION BY COMPUTER: 
TYPE ONE-DiflEC'J!I()N CUMULATIVE 18 KSA DURING ANALYSIS PERIOD 
RESPON$E, BY U$ER,: . . . . . 
8272800. . -
TYPE 1 FOR. TE!lMillAL-MODE DATA ENTRY, 2 FOR MASTER DATA SET, 3 FOR 

... 1 
USER t S DATA SET, 4 FOR FREE DATA SET. 

TYPE 1 FOR RIGID PAVEMENT DESIGN, .. 2 FOR FLEXIBLE PAVEMENT DESIGN • .... ~2 

TYPE 2 FOR EXISTING PAVEMENT REliABI LITATION 
3 POR NEW PAVEMENT CONSTRUCTION 

TYPE 3 FOR FLEXIBLE PAVEMENT USING AASHO STRUCTURAL NUMBER 
4 FOR FLEXIBLE PAVEMENT USING DYNAFLECT DEFLECTION 
5 FOR FLEXIBLE PAVEMENT USING LINEAR ELASTICITY 

.. 5 
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DO YOU NEED A BISTRO PROGRAM? TYPE YES OR NO. 
OR, TYPE ? FOR FURTHER INFORMATIONS • 

.. ? 

THE FLEXIBLE PAVEMENT SYSTEM USING LINEAR ELASTICITY HAS BEEN 
DEVELOPED FOR 3-LAYER DESIGN PROBLEMS. THE ANALYSIS OF LINEAR 
ELASTICITY NEEDS A PROGRAM BISTRO. BISTRO EVALUATES 25 BASIC 
DESIGNS SO THAT ALL OTHER TRIAL DESIGNS CAN BE INTERPOLATED FROM. 
THE BASIC DESIGNS. THREE SETS OF BISTRO OUTPUTS ARE STORED IN 
THE MODULAR PROCESSOR. 
-RECORD 1 

ACCURACY LEVEL FOR ANALYSI.S OF LINEAR ELASTICITY 
(1=EXCELLENT,2=GOOD,3=FAIR) 

TOP ~AYER 
ELASTIC MODULUS (PSI) 240000.00 
POISSON'S RATIO 0. 50 

BASE 
150000.00 

0.50 
MIN THICKNESS OF TOP LAYER OF INITIAL DESIGN 

1 
SUB GRADE 
2400.0.00 

o.so 
1.00 

MAX THICKNESS OF TOP LAYER OF INITIAL DESIGN + ACCUMULATED 
MAX DEPTH OF ALL OVERLAYS, EXCLUDING LEVEL UP 16.00 

4.00 
20.00 

MIN THICKNESS OF SECOND LAYER OF IIJITIAL DESIGN 
MAX THICKNESS OF SECOND LAYER OF INITIAL DESIGN 

-RECORD 2 
ACCURACY LEVEL FOR ANALYSIS OF LINEAR ELASTICITY 

(1=EXCELLENT,2=GOOD,3=FAIR) 
TOP LAYER 

ELASTIC MODULUS (PSI) 500000.00 
POISSON'S RATIO 0.50 

BASE 
soooo.oo 

o.so 
MIN THICKNESS OF TOP LAYER OF INITIAL DESIGN 
MAX THICKNESS OF TOP LAYER OF INITIAL DESIGN + ACCUMULATED 

MAX DEPTH OF ALL OVERLAYS, EXCLUDING LEVEL UP 
MIN THICKNESS OF SECOND LAYER OF INITIAL DESIGN 
MAX THICKNESS OF SECOND LAYER OF INITIAL DESIGN 

2 
SUB GRADE 
20000.00 

0.50 
0.33 

27.00 
4.00 

20.00 -RECORD 3 , 
ACCURACY LEVEL FOR ANALYSIS OF LINEAR ELASTICITY 

(1=EXCELLENT,2=GOOD,3=FAIR) 
TOP LAYER 
100000.00 ELASTIC MODULUS (PSI) 

0.50 

BASE 
50000.00 

o.so 
LAYER OF INITIAL DESIGN MIN 

MAX 

POISSON'S RATIO 
THICKNESS OF TOP 
THICKNESS OF TOP 
MAX DEPTH OF ALL 

2 
SUB GRADE 
20000.00 

o.so 
0.33 

LAYER OF INITIAL DESIGN + ACCUMULATED 
OVERLAYS, EXCLUDING LEVEL UP 27.00 



!JIN THICKNESS OF SECOND LAYER OF INITIAL DESIGN 4.00 
MAX THICKNESS OF SECOND LAYER OF INITIAL DESIGN 20.00 

TYPE TilE RECORD /lUMBER WITH .DECIMAL POINT IF YOU WISH TO lJSE ONE 
OF THE THREE SETS OF BISTRO OUTPUTS • OTHERWISE • TYPE 99.9 .1. 

·- "' .. *** PROJECT IDENTIFICATIO!l AND COMMENTS REQUIRED 
TYPE THE PROBLE/1 NUMBER - 3 CHAR MAX 

• 1 

TYPE THE DISTRICT NUMBER - 2 CHAR MAX 
• 2 

TYPE THE COUNTY /lAME - 14 CHAR MAX 
• ABC 

TYPE THE CONTROL NUMBER - 4 CHAR MAX 
• 3210 

TYPE TH.E. SECTION NlfMBER - . 2. CHAR MAX 
• 12 

TYPE THE HISH.'WAY flAME ~ 10 CHAR MAX 

·• SH360 

TYPE TODAY'S DATE - 8 CHAR MAX 
• 12-04-73 

TYPE.THE IPE NUMBER- 4 CHAR MAX 
• 152 

TYPI!: PROJECT COMMENTS • N:Ai 7 LI,NES~ '70 CHAR!L11JE. 
IF LESS THAN 7 L.I1iE$ • TYPE E0CC TO TERMINATE. 

1 1 2 2 . 3 3 4 ' s 5 6. 6 7 
•.•• s •••• o •••• s •••• o •••• '5 •••• o •••• s •••• o··. • •• ·s • • • • o ••• ~· • s •• · •• o •••• ·s • • •• -o 

• AN ILLUSTRATIVE EXAMPLE FOR TIJE .UTILIZATION 
• OF THE PROCESSOR 
• EOCC 



*** PROGRAM CONTROLS REQUIRED 
TYPE LENGTH OF THE ANALYSIS PERIOD (YEAR), 

OR TYPE 99.9 FOR INSTRUCTIONS • 
• 99.9 

A. FOR INTERSTATE HIGHWAYS, USE 20.0 YEARS. 
B. FOR OTHER IMPORTANT URBAN ARTERIAL STREETS AND EXPRESSWAYS r/ITH 

GRADELINES SUCH THAT THE PAVEMENT WILL NOT LIKELY BE DESTROYED 
DURING THE ANALYSIS PERIOD, USE 30.0 YEARS. 

C. FOR FARM OR RANCH TO MARKET HIGHWAYS, USE 10.0 YEARS. 
D. FOR TEMPORARY CONNECTIONS, DETOURS, AND OTHER SHORT LIFE EXPECTANCY 

PAVEMENTS, USE THE EXPECTED LIFE OF THE PAVEMENT. 
E. FOR ALL OTHER FACILITIES (MOST JJIG!IWAYS), USE 20.0 YEARS • 

• 20.0 

TYPE INTEREST RATE (PERCENT PER YEAR), OR TYPE 99.9 FOR INSTRUCTIONS • 
• 99.9 

7.0 PERCENT IS RECOMMENDED • 
• 7.0 

TYPE TOTAL NUMBER OF LANES 
• 4. 

TYPE WIDTH OF EACH LANE (FEET) 
~ 12. 

• 1 

TYPE ACCURACY LEVEL FOR ANALYSIS OF LINEAR ELASTICITY, 
1=EXCELLENT, 2=GOOD, 3=FAIR 

TYPE DESIGN CONFIDENCE LEVEL, A = 50 PERCENT, B = 80 PERCENT, C = 95 
PERCENT, D = 99 PERCENT, E = 99.9 PERCENT, F = 99.99 PERCENT, 
G = 99.999 PERCENT. TYPE ? FOR IllSTRUCTIONS • 

• ? 

. (;' 
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~/ILL THE !IIG!IWAY BE OPERATJllG AT GREATER THAN 50 PERCENT OF 

~ YES 
CAPACITY SO /.JET IME PITH Ill THE ANALYSIS PERIOD? 

f/IJ,L ~nilE liiGJJI.!AY RE!·fAill RURAL THROUGHOUT THE ANALYSIS PERIOD? 
.. NO 

DESIGN CONFIDENCE LEVEL E IS RECOMMENDED. 
~D 

TYPE NUMBER OF SUMNARY OUTPUT PAGES DESIRED ( 8 DESIGNS !PAGE) - MAX 3. 0 
~ 3.0 

*** PROGRAM RESTRAINTS REQUIRED 
TYPE MAX FUNDS FOR INITIAL CONSTRUCTION (DOLLARS/SQ.YD.) 

.. 4. 

TYPE MAX TOTAL TiliCKllESS OF INITIAL CONSTRUCTION (IN.) 
.. 16. 

TYPE MIN T IUE TO THE FIRST OVERLAY (YEARS). •' 
OR TYPE 99.9 FOR INSTRUCTIONS • 

.. 99.9 

6.0 YEARS IS RECOMMENDED. IF, BECAUSE OF LIMITED AVAILABLE FUNDS. 
OR EXTENSIVE SWELLING CLAY ACTIVITY • THIS RESULTS IN NO SOLUTIONS 
OR UNACCEPTABLE SOLUTIONS, THE 6. 0 YEAR RESTRAINT !1UST BE RELAXED • 

.... 3. 

TYPE UIN TINE BETWEEN OVERLAYS (YEARS). OR TYPE 99.9 FOR INSTRUCTIOllS • 
• 99.9 . 

6.0 YEARS IS RECOMMENDED. 
OR EXTENSIVE SWELLING CLAY 
OR UNACCEPTABLE SOLUTIONS, 

~·. 3. 

IF, BECAUSE OF LIMITED AVAILABLE FUNDS 
ACTIVITY, TBISRESULTS IN NO SOLUTIONS 
THE 6.0 YEAR RESTRAINT MUST BE RELAXED. 
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TYPE MAX ACCUMULATED THICKNESS OF ALL AC OVERLAYS (IN.) 
~ .8. 

TYPE MIN THICKNESS OF A SINGLE AC OVERLAY (IN.) 
.. 2. 

*** ENVIRONUEll'I'AL DATA REQUIRED 
TYPE DISTRICT TEMPERATURE CONSTANT., OR TYPE 99.9 FOR INSTRUCTIONS. 

~ 99.9 .. 
A TABLE OF DISTRICT TEMPERATURE CONSTANTS IS SHOWN AS FOLLOWS: 

TEMP TEMP TEMP TEMP TEMP 
DIST CONS 'I' DIS 'I' CONST DIS'! CONST DIS 'I' CONST DIS'!' CONST 

1 21.0 6 23.0 11 28•0 16 36.-0 
2 22.0 7 2.6. 0 12 33.0 17 30 .• 0 
3 22.0 8 26.0 13 33.0 18 26.0 
4 9.0 9 28.0 14 31.0 19 25.0 
'5 16.0 10 24.0 15 31.0 20 32.0 

~ 22. 

TYPE SWELLING PROBABILITY., OR TYPE 99.9 FOR INSTRUCTIONS. 
~ 99.9 

21 
22 
23 
24 
25 

Tl/E PROBABILITY IS A FRACTION BETWEEN 0.0 AND 1.0 REPRESENTING 
THE PROPORTION OF A PROJECT THAT IS EXPECTED TO EXPERIENCE 
ENVIRONMENTALLY CAUSED ROUGHNESS. 

~ 0.9 

38.0 
31.0 
25.0 
24.0 
19.0 

TYPE POTENTIAL VERTICAL RISE (INCHES)., OR TYPE 99.9 FOR INSTRUCTIONS. 
~ 99.9 

EXTREMELY ACTIVE EXPANSIVE CLAYS HAVE A MAXIMUM VERTICAL RISE IN 
THE ORDER OF 10.0 TO 20.0 INCHES. EVEN LARGER HEAVES MAY BE 
EXPECTED FROM FROST ACTION • 

.... 4. 

TYPE SWELLING RATE CONSTANT, OR TYPE 99.9 FOR INSTRUCTIONS. 
~ 99.9 



'l'liiS CONSTANT LIES BETWJJEN 0. 0 4 AND 0. 20. Tl!E LARGER VALUE 
REPRESENTING THE MOST SEVERE CASE • 

• 0.1 

*** PERFORMANCE DATA REQUIRED 
TYPE INITIAL SERVICEABILITY INDEX, OR TYPE 99.9 FOR IllSTRUCTIONS • 

.• 99.9 

INITIAL SERVICEABILITY INDICES HAVE A STATEWIIJE AVERAGE OF'ABOUT 4.2. 
SURFACE TREATMENT MAY. BE NEAR 3. e AND A VERY SMOOTH ACP OR CRCP 
HIGHT BE AS HIGH AS 4. B • 

• 4.2 

TYPE MINIMU!.t SERVICEABILITY INDEX, OR "1'1PE 99.9 FOR INSTRliCTIONS • 
.. 99.9 

USE 3. 0 ON HIGHWAY· WITH LEGAL POSTED SPEEDS I.N EXOE:FJS OF 45 MPH. 
USE 2. 5 FOR THOSE POSTED 45 MPH OR LESS.. USE 2.0 IF SIGNAL SPACING, 
STOP SIGNS, DIPS, ETC. PREVENT DRIVERS FROM OPERATING FASTER THAN 
20 MPH • 

.. 3.0 

TIPE $ERV1CEABILIT2 INDEX AF'IER AN OVERLAY. 
OR TYPE 99.9 FOR INSTRUCTIONS. 

• 99.~9 

THE .SERVICEABILITY INDZX AFTER AN OVERLAY IS tHJOU,T THE SAME 
AS THAT OF INITIAL CONST!JlJCT!ON • 

.. 4.::? 

**'* 1!/{AFFI:C. ,(J1U:Jtt1'11 DAtA· Rt~tfJIRltD 
TYPE AlJT IN BOTH DIRECTIONS AT BEGINNING OF A!lALYSI$ PERIOD 

(VEHICLES !!JAY) 
.. 1000~. 

TYPE AOT IN B.OT!H DIRECTIONS AT END OF 20 YEARS {VEHICLES /DAY) 
• 200'0'0. 

'··r.· 
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TYPE ONE-DIRECTION CUMULATIVE 18 KSA DURING 20 YEARS 
.... 5000000. 

*** TRAFFIC DELAY DATA REQUIRED DURING OVERLAY 
TYPE DETOUR MODEL USED, OR TYPE 0 (ZERO) FOR INSTRUCTIONS. 

IJIIoo 

MODEL NO. 1 IS FOR TWO LANE ROAD. TRAFFIC IS DIRECTED ALONG 
MODEL NO. 2 IS FOR TWO LANE ROAD. TRAFFIC IS DIRECTED ALONG 

THE liON-OVERLAY LA.NE IN. OPPOSITE DIRECTION. 
MODEL NO. 3 IS FOR ROADS WITH FOU[l LANES OR MORE. TRAFFIC IS 

ALONG A NON-OVERLAY LANE Ill SAME DIRECTION. 
MODEL NO. 4 IS FOR ROADS WITH FOUR LANES OR MORE. TRAFFIC IS 

ALONG A NON-OVERLAY LANE Ill OPPOSITE DIRECTION. 
MODEL NO .• .5 IS FOR ROADS WITH FOUR LANES OR !.fORE. TRAFFIC IS 

.... 3 
ALONG All ALTERNATE ROUTE • 

TYPE DISTANCE OVER WHICll TRAFFIC IS SLOWED (MILES) 
IN OVERLAY DIRECTION 

.... o.s 

IN NON-OVERLAY DIRECTION 
.... o.s 

TYPE PERCENT OF ADT ARRIVING DURING EACH HOUR, 

.... 99.9 
OR TYPE 99.9 FOR INSTRUCTIONS • 

SHOULDER. 

DIRECTED 

DIRECTED 

DIRECTED 

IN THE ABSENCE OF BETTER INFORMATION, USE 6.0 PERCENT FOR RURAL 

.... s.s 
lliG!HlAY AND 5. 0 PERCENT FOR URBAN HIGHWAY • 

TYPE OVERLAY CONSTRUCTION TIME (HOURS/DAY) 
.... 10. 

TYPE NUMBER OF OPEN LANES IN RESTRICTED ZONE 
IN OVERLAY DIRECTION 

... 1. 
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Ill NOll-OVERLAY DIRECTIO!l 
.... 2. 

TYPE PERCE!lT TRUCK IN AD'J' 
.... 8. 

TYPE AVERAGE APPJ?OACll SPEED OF VEIIICLES (MPH) 
.... 60. 

TYPE AVERAGE SPEED Tl!.RU RESTRICTED ZONE (MPll) 
IN OVERLAY DIRECT!ON 

.. 30. 

Ill NON-OVERLAY DIRECTION 
..... 60 •. 

*** UAI!tTEllANCE DATA REQUIRED 
TYPE FIRST YEAR COST OF RO·UTI!JE MAINTENANCE (DOLLARS /LANE-MILE) 

..... 99.9 
OR TYPE 99.9 FOR INSTRUCT.IONS. 

AS AN EXAMPLE • THE FIRST YEAR .COST V.ABIE$ FROM 25.0 TO 50.0 DOLLARS 
PER LANE-MILE. .. 

~so. 
,, 

TYPE A·N!lUAL .INCREUENTA.L INCREASE IN MAINTENANCE. COST (DOLLARS lLA.llE- . 

..... 99.9 
MILE) OR TYPE 99 .• 9 FOR I!lSTRlJCTI:ONS • 

AS AN .EXAUPLE, TllE ANNUAL INCREMENTAL INCREASE VARI.ES .FROM 10., 0 TO· 
30.0 DOLLARS ·PER LANE-MILE. 

*** PAVING HATERIALS DATA REQUIRED FOR FLEXIBLE PAVEME!lTS 
THE FLEXIBLE PAVEMENT USING LINEAR ELASTICITY IS FIXED FOR 3-LAYER 

DESIGN. TWO PAVlllG MATERIALS ARE CONSIDERED. MATERIAL NO.1 IS 
FOR THE TOP LAYER. lfATERI AL !10·. 2 IS FOR. TilE SECOND LAYER. 

FOR THE MATERIAL NO~ 1 
~YPE THE LAYER DESIGNATION NUMBER .• : 



TYPE THE LETTER CODE OF MATERIAL - 1 CHAR 
.... A 

TYPE MATERIAL NAME - 18 CHAR MAX 
.... ASPHALTIC CONCRETE 

TYPE IN-PLACE COST (DOLLARS/CU.YD.) 
.... 13. 

TYPE MIN ALLOWABLE THICKNESS (IN.) .1. 
TYPE MAX ALLOWABLE THICKNESS (IN.) 

• a. 

TYPE SALVAGE PERCENT • OR TYPE 99.9 TO PRINT A TABLE OF 
EXAMPLE SALVAGE_PERCENT • 

.... 99.9 

THE FOLLOWING TABLE SHOWS SALVAGE VALUE AS A PERCENT OF INI.TIAL 
PERCENT OF ROAD MEETING PRESENT 

DESIGN STANDARDS 
ANALYSIS PERIOD (YEARS) 
TYPE OF MATERIAL 
1. SUBBASE 
2. GRANULAR BASE MATERIAL 
3. TREATED BASE 
4. ASPHALT SURFACE .... 25. 

TYPE ELASTIC MODULUS (PSI) 
• 240000. 

TYPE POISSON'S RATIO 
.... o.s 

0 TO 
10 20 

30 25 
20 15 
25 10 
10 0 

25 25 TO 50 so TO 75 
30 10 20 30 10 20 30 

20 55 50 45 80 75 70 
10 40 35 30 60 55 50 

0 35 20 10 45 30 20 
0 25 10 0 35 20 10 

DO YOU J:llOW U, T • AND C VALUES OF TEXAS TRIAXIAL TEST MODEL? 
• NO 

75 
10 

95 
80 
55 
45 

COST. 

TO 100 
20 30 

90 85 
75 70 
40 30 
30 10 
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ESTIMATE COEPPJCIEllTS OF TEXAS TRIAXIAL TEST MODEL 
U = U!lCOllFINED COMPRESSIVE STREllGTJl 
T = LATERAL TENSILE STRENGTH 
C = DIMENSIONLESS PARAMETER 

TYPE UNCONFINED COMPRESSIVE STRE/JGTH, U • 
... 143.9 

TYPE NUMBER OF LATERAL PRESSURES (OTHER THAN ZERO PRESSURE) USED -
MAX 6. 0 

..... 5. 

FOR THE DATA POI{lT NO,. 1 
TYPE LATERAL STRESS. 

' .... 3. 

TYPE VERTICAL STRESS AT FAILURE 
.. 160.5 .. 

FOR TllE DATA POINT NO. 2 
TYPE LATERAL STRESS 

..... s. 

TYPE VERTICAL STRESS AT FAILURE 
... 155.6 

'FOR TilE DATA POINT NO. 3 
., TYPE LATERAL STRESS 
~··~ 10. 

TYPE VERTICAL STRESS AT FAILURE 
.. .., .. HiO. 6 

FOR Tll E DATA POI llT NO. 4 
TYPE LATERAL STRESS 

.. 15. 

TYPE VERTICAL STRESS AT FAILURE 
..... 190.9 



FOR THE DATA POINT NO. 5 
TYPE LATERAL STRESS 

.... 20. 

TYPE VERTICAL STRESS AT FAILURE 
• 206.7 

U = 143.9 T = 49.3 C = 1.000 
DO YOU ACCEPT TilE U • T • AND C VALUES? 

.... NO 

-TYPE 1 TO TRY AllOTl!ER SET OF DATA. 
OF u. T. AND c • 

.... 2 

TYPE u VALUE 
.. 200. 

OF TEXAS TRIAXIAL TEST 

TYPE T VALUE OF TEXAS TRIAXIAL TEST 
.. 40. 

TYPE c VALVE 
.. o. 8 

OF TEXAS TRIAXIAL TEST 

FOR THE MATERIAL NO. 2 
TYPE THE LAYER DESIGNATION NUMBER 

.. 2 

TYPE 2 

MODEL 

MODEL 

MODEL 

TYPE TlJE LETTER CODE OF MATERIAL - 1 CHAR 
.. B 

TYPE t.!ATERIAL NAME - 18 Cl!AR MAX 
.. BLACK DASE 

TYPE IN-PLACE COST (DOLLARS!CU.YD.) 
.. 11. 

7'YPr ;''Ill ALLOfiABLE T!IIC!i!JESS (Ill.) 
.. t~. 

STD.ERROR = 7.151 

TO ENTER YOUR OWN SELECTIOllS 

(PSI) 

(PSI) 
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': .'! r r: !1 A X ALL 0 W ABLE T ll I C K ll ES S ( Ill • ) 
.... 20. 

TYPE SALVAGE PERCEllT, OR TYPE 99.9 TO PRINT A TABLE OF 
EXAMPLE SALVAGE PERCENT. 

·~ 70. 

TYPE ELASTIC MODULUS (PSI) 
..... 150000. 

TYPE POISSON'S RATIO 
: .. 0. 5 

DO YOU K?lOW U, T, AND C VALVES OF TEXAS TRIAXIAL TEST MODEL? 
..... NO. 
····'' 

. ESTil4ATE COEFFICIENTS OF TEXAS TRIAXIAL 
U :: UNCONFINED COMPRESSIVE STRENGTH 
T · :: LAT.ERAL TENSILE STRENGTH 
C :: DIUENSIOilLESS PARAMETER 

TYPE UNCONFINED COMPRESSIVE STRENGTH, U. 
:.149.2 

TEST MODEL 

TYPE NUMBER OF LATERAL PRESSURES (OTHER THAN ZERO PRESSURE) USED -
UAX. G. 0 

FOR THE DATA POINT NO. 1 
TYPE LATERAL STRESS 

• 5 • 

. , TYPE VERTICAL STRESS AT FAILURE 
.. 153.7 

FOR Tl!E DATA POINT NO. 2 
TYPE LATERAL STRESS 

... 10. 



TYPE VERTICAL STRESS AT FAILURE 
... 229.8 

FOR THE DATA POINT NO. 3 
TYPE LATERAL STRESS 

... 15. 

TYPE VERTICAL STRESS AT FAILURE 
... 305.8 

FOR THE DATA POillT .NO. 4 
TYPE LATERAL STRESS 

... 20. 

TYPE VERTICAL STRESS AT FAILURE 
• 318,4 

U = 14~.2 T = 18.2 C = 1.000 
DO YOU ACCEPT THE U, T, AND C VALUES? 

... NO 

TYPE 1 TO TRY AIIOT!IER SET OF DATA. 
OF U, T, AND c . 

... 2 

TYPE u VALUE OF TEXAS TRIAXIAL TEST 
... 120 • 

... TYPE m VALUE OF TEXAS TRIAXIAL TEST J. 

30. 

TYPE c VALUE OF -TEXAS TRIAXIAL TEST 
... 0.8 

*** SUBGRADE PROPERTIES REQUIRED 
TYPE ELASTIC MODULUS (PSI) 

... 24000. 

TYPE POISSON'S RATIO 
... o.s 

TYPE 2 

f40DEL 

MODEL 

MODEL 

STD.ERROR = ***** 

TO E!l'I'ER YOUR OWN SELECTIOilS 

(PSI) .. 

(PSI) 
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DO YOU KNOW U, T, AND C VALUES OF TEXAS TRIAXIAL TEST MODEL? 
.. NO 

ESTIMATE COEFFICIEllTE OF TEXAS TRIAXIAL TEST MODEL 
U = UNCONFINED .COMPRESSIVE STRENGTH 
T = LATERAL TENSILE STRE!JGTll 
C = DIMENSIONLESS PARAMETER 

TYPE UNCONFINED COMPRESSIVE STRENGTH, U. 
~ 17.8 

TYPE NUMBER OF LATERAL PRESSURJ!;S (OTHER T!IAN ZERO PRESSURE} USED -
MAX 6. 0 

FOR THE DATA POINT NO. 1 
.,. TYPE LATERAL STRESS 
~ 3. 

TYPE VERTICAL STRESS AT FAILURE 
:r ... 25.3 

FOR THE DATA POI!JT NO • 2 
TYPE LATERAL STRESS 

:t~·S. 

TYPE VERTICAL STRE.SS AT FAILURE 
.. .27. 3 

~,FOR T!lli: DATA .. POINT· NO. 3 
TYPE LATERAL STRESS 

.... 10. 

TYPF. VERTICAL STRESS AT FAILURE 
·;~ 3 7. 8 

FOR THE DATA POINT NO. 4 
TYPE LATERAL STR£SS 

....... 15. 



TYPE VERTICAL STRESS AT FAILURE 
.... 46.6 

FOR THE DATA POINT NO. 5 
TYPE LATERAL STRESS 

• 20. 

TYPE VERTICAL STRESS AT FAILURE 
• 51.5 

U = 17.8 T = 4.7 C = 0~653 
DO YOU ACCEPT THE U • T • AND C VA.L(JES? 

•No 

·. STD.ERROR = 0~029 

TYPE 1. TO TRY ANOTHER SET OF DATA. TYPE 2 TO ENTER YOUR OW.N SELECTIONS 
OF u. T. AND C. 

TYPE U VALUE OF TEXAS TRIAXIAL TEST l.fODEL 
• 16. 

TYPE T VALUE OF TEXAS TRIAXIAL TEST MODEL 
• 4. 

TYPE c VALUE OF TEXAS TRIAXIAL TEST f.IODEL 
• 0.6 

*** OVERLAY DATA REQUIRED 
TYPE A.C PRODUCTION RATE (TONS/H-OUR) 

• 75. 

TYPE AC CONPACTED DENSITY (TONS/C.Y.) 
• 1.8 . 

TYPE ? FOR A LIST OF INPUT DATA FILE 
.. ? 

TURN TO NEXT PAGE AND PRESS RETURN KEY 

(PSI) 

(PSI) 
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FLEXIBLE PAVEMENT DESIGN SYSTEM BASED ON LINEAR ELASTICITY 
PROJECT IDENTIFICATION 
********************** 

01.01 PROljJLEM iVl)MBEF! 
01.02 DISTRICT NUMBER 
01.03 COUNTY NAME 
01. 0.4 CONTROL NUMBER 
01.05 SECTION NUMBER 
01.06 HIGHWAY NAME 
01.07 Df!TE. 
Ol.OB IPE NUMBER 

COMMENTS ABOUT THIS PROBLEM 
*************************** 

02.Q1 AN ILl,,lJS,TRA.T;fVE .~XAI.fPLE FOR THE UTILIZATION 
02.02 OF TH'E PROCESSOR 

BASIC DESIGN ·cRITERIA 
****************'*'*'**:k . 

03.01 LENGTH OF THE ANALYSIS PERIOD (YEARS) 
03.02 MINI14UM TIME TO FIRST. OVERLAY (!EARS) 
03. 0·3 IJINIMUM. TIME QETW.EEI/ fJVEI?LAl$ t YP:AR$) 
03.04 MINIMUM SERVICEABILITY INDEX P2 
03.05 DESIGN CONFIDENCE LEVEL 
03 .• 09. INTER,EST RATE OR TIME VALUE OF /lONEY (PERCENT) 

PROGRAM CONTROLS .. AND. CONSTRA-INTS . · · .. 
******************************** 

04.01 PROJJLEM TYPE (1=FPS-D1NAFLECT.2=ACP OVERLAY.3=FPS-

ABC 

1 
2 

3210 
12 

SH360 
12-04-73 

152 

20 .• o 
3.0 
3.0 
3.0 

D 
7.0 

BISTRO t.4=FPS-BIS1!1!0 TII.Tll BASIC DESIGNS) 4 
04~.02 NUMBER OF ()UTPUT PAGES,.DE:SLRED ( $DESIGNS/PAGE) 3 
04.03 MAX FUNDS PER SQ.!fD. FOR INITIAL DESIGN 4.00 

. 04.04 MAX THICKNESS OF INITIAL CO!lSTRIICTION (INCHES) 16.0 
04.05 ACCUMULATED MAX DEPTH. OF ALL OVERLAYS (IN) ·s.o 
04. 06 ACCURACY LEVEL FOR ANALYSIS OF LINEAR ELASTICITY . 

TRAFF;IC DATA. 
( 1 =EXCE,LLANT • 2 =GOOD • 3 =FAIR) 1 

*********·*'** ' 
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05.01 ADT AT START OF ANALYSIS PERIOD (VEHICLES/DAY) 
05.02 ADT AT END OF TWENTY YEARS (VEHICLES/DAY) 
05.03 20.-YEAR ACCUMULATED NO. OF EQUIVALENT 18-KSA 
05.04 AVE APPROACH SPEED TO THE OVERLAY ZONE(MPH) 
05.05 AVE SPEED THROUGH OVERLAY.ZONE IN OV.DIR. (MPH) 
05.0.6 AVE SPEED THROUGH OVERLAY ZONE IN N.OV.DIR. (MPH) 
05.07 PROPORTION OF ADT ARRIVING 
os.o.s PERCENT TRUCKS IN ADT. 

ENVIRON~!ENT AND SlJBGRADE 
****************••······ 

06.01 DISTRICT TEMPERATURE CONSTAN~ 
06.02 SYELLING PROBABILITY 
06.03 POTENTIAL VERTICAL RISE (INCHES) 
06.04 SWELLING RATE CONSTANT 
06.06 ELASTIC MODULUS OF SUBGRADE 
0~.01 POISSON RATIO OF SUBGRADE 
06.08 TRIAXIAL U VALUE OF SUBGRADE 
06.09 TRIAXIAL T VALUE OF SUBGRADE 
06.10 TRIAXIAL C VALUE OF SUBGRADE 

CONSTRUCTION AND MAINTENANCE DATA 
********************************* 

07.01 SERVICEABILITY INDEX OF THE INITIAL STRUCTURE 
07.02 SERVICEABILITY INDEX P1 AFTER AN OVERLAY 
07.03 MINIMUM OVERLAY THICKNESS (INCHES) 
07.04 OVERLAY CONSTRlJCTIOll TIME (HOURS/DAY) 
07 .os ASPHALTIC COl/CRETE COMPACTED DENSITY (TONS/C.Y.) 
07.06 ASPHALTIC CONCRETE PRODUCTION -ATE (TONS/HOUR) 
07.07 WIDTH OF EACH LANE (FEET) 
07.08 FIRST YEAR COST OF ROUTINE MAINTENANCE 
07.09 ANNUAL INCREMENTAL INCREASE IN MAINTENANCE COST 

DETOUR DESIGN FOR OVERLAYS 
************************** 

08.01 TRAFFIC MODEL USED DURING OVERLAYillG 
08.02 TOTAL !lUMBER OF LANES OF THE FACILITY 

10000. 
20000. 

5000000. 
60.0 
30.0 
60.0 

5.5 
a.o 

22.0 
0.90 
4.00 
0.10 

24000. 
o.so 
16.0 

4.0 
0.600 

4.2 
4.2 
2.0 

10.0 
1. 80 
75.0 
12.0 

so.oo 
20.00 

3 
4 
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08.03 NUMBER OF OPEl/ LANES IN OV.DIR. 
08,04 NUMBER OF OPEN LANES IN ll.OV.DIR. 
0 8. 0 5 DISTANCE TRAFFIC IS .SLOWED IN OV. DIR. (MILES). 
08,06 DISTANCE TRA.FFIC IS SLOWED Ill N.OV.DIR. (MILES) 
08 ... 07 DETOUR DISTANCE A.ROUND THE OVERLAY ZONE (MILES) 

PAVING MATEJ?I ALS .INFORMATION 

1 
2 

o.so 
o~so 
0,0 

* *** * ** * ******** *·*.·* ****** ** * 
10.91.01 LAYER NUMBER 
10. 01.02. LETTER CODE . , 

. 10.01.03 MATERI.AL ll.AMZ: 
10.01.04 Ill-PLACE COS'J! 
10.01.06 M.INJMUM. THICK/lESS 

.10,01.07. MAXIMUM THICKNESS 
10 •. 01. oa SALVAGE PERCENT 
10.01..09 ELAS.TIC MODULUS 
10.01.10 POISSOll RATIO . 
10 .• Q1.1l V. VALUJ Op '.fl1JA1:[A~ (IODEL 
10 .01:.1.2 T VALVE. O.F TRIAXIAL MODEL 
,10. 01.13 C VA.iiJE OF TRIAXIAL NODEL 

. 1 o .• o 2 ; ().1 LAYER N l/'Mll E/l . 
10,02.02.LETTER CODE ;. 

. '10,02~03 MATERIAL NAME 
10.02:0.4. Illc..PLACE. COST . 
10 .• 0 2. 06 MI!I!Ml)M, THICK/lESS 

·. :io. b2. 07 MAXIMtJU 'THICkllE$S 
.10~02.08 SA~'VAGf' PFJ[?CENT. 
10.02.09 ELAS'J'IC.'.M()DlJL(}S 
10.02~10 POISSO!l RAT!O 
io~o2::U. ll'v/J.r/u'E OF/TRIAXIAL 
10 ~ 02.12. T VALI!E ·OF 'tRIAXIAL 
10,.. 02. ~ 3 C VALUE. OF TRI AXi.IAL 

--- ···-

<''( 

MODEL 
MODEL 
MODEL 

. ·. . 
. . .. 

TURN TO NEXT PAGE All[) PRESS RETURN KEY 

1 
A 

ASPHALTIC CONCRETE 

BLACK BASE 

13.00 
·. 1 .• 00 
a.oo 

25.00 
240000. 

o.so 
200.0 
40.0 

o.aoo 
2 

.B 

11.00 
4 ..•. 00 

20.00 
70.00 

15QOOO. 
0.50 

120 •. 0 
30.0 

o ,.s().o 
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TYPE ? FOR REVISIONS(S) OF INPUT DATA FILE 
• ? 

TWO QUESTIONS ARE ASKED FOR EACH DATA REVISION : (1) THE CODE NUMBER 
OF THE INPUT VARIABLE, AND ( 2) THE NEW INPUT DATA. TYPE 
CODE NUMBER 99.99 TO TERMINATE. 

CODE NUMBER? 
• 03.06 

INPUT DATA? 
• 6. 

CODE NUMBER? 
• 99.99 

TYPE THE RECORD NUMBER WITH DECIMAL POINT OF YOUR DATA SET WHERE YOU 

• 15. 
WISH TO STORE THE CURRENT DATA FILE. OTHERWISE, TYPE 0 (ZERO). 

END OF DRIVE~'S SEGMENT 
IT IS A GREAT PLEASURE TO SERVE IOU • 
•• EflD OF JOB CPU TIME =000003 SEC 



~ [[UPDATE 
• • OK 

UPD'1'110R 
~ -+-? 

IF YOU WANT FULL INSTRUCTIONS TYPE+?· 

UPDTOOOI -- UPDATE ACCEPTS THE FOLLOWING COMMANDS 
+INPUT DDNAME •• OR •• -+-INPUT DDNAME(MEMBER) 
+OUTPUT DDNAME •• OR •• +OUTPUT DDNAME(MEMBER) 
+INPUT DSN=XXX •• (UP TO 44 CHARACTERS) 
+OUTPUT DSN=XXX •• (UP TO 44 CHARACTERS) 
+DISPLAY XXXXXXXX •• OR •• TO XXXXXXXX 
+DELETE XXXXXXXX • • OR.. TO XXXXXXXX 
+REPLA¢E XXXXXXXX ~.OR •• TO XXXXXXXX 
...,.li,IT EOB·TO CONTINUE+ 
E+AD~ AFTER XXXXXXXX 
+ADD TO END 

·. ·· +$ET IliC TO XXXXXXXX 
+SET SE:Q TO XX FQR Xi 
-+-TABS KEY=X< .. ••----- .. --) 

~, .. .,·· 

WHERE X IS THE ·cHARACTER lJSED TO CAUSE TAB 
AND THE DASH.ES ARE TilE COLUMN NUMBERS 
WH"$~E THE TABS ARE TO BE SET 

+END 

• +A.DD TO .ElW. 

,._,, UPDT090R ENTER STATEMENTS TO BE ADDED 
.~ l/ FPS B J'O B (YO 3 3 ... 1 - E,. 3 • 2 • 1 ) • ' LV' 

tJPDT090.R -· EllTE!R S'fATBMEllTS 'rO .BE ADDED 
• l*PASSW;OlW DANNYLU 

,, UPDT090R ENTER STATEMENTS TO BE ADDED 
• !*CLASS H 



);:o 
I 

N 
c.n 

UPDT090R ENTER STATEMENTS TO BE ADDED 
• I•ROV.TE PRINTER3 

UPDT090R ENTER STATEMENTS TO BE ADDED 
• //STEP1 EXEC PGM=FPSB.REGION=200K 

UPDT090R -- ENTER STATEMENTS TO BE ADDED 
• 1/STEPLIB DD DSN=U$ER.Y033.IEN.LU.JOBLIB.DISP=SHR 

UPDT090R -- ENTER STATEMENTS TO BE ADDED 
• I IFT09F001 DD DSN=TP.YQ33.IEN.LU.BISTRO.DISP=SllR 

UPDT090R -- ENTER STATEMENTS TO BE ADDED 
• I/FTOSF001 DD DSN='l'P.Y033.IEN.LU.CRDIMG.DISP=SHR 

VPDT090R -- ENTER STATEMENTS TO BE ADDED 
• //FT06F001 DD SlSOUT=A 

UPDT090R ENTER STATEMENTS TO BE ADDED 
• I• 

UPDT090R 
.. +DISPLAY 

ENTER STATEMENTS TO BE ADDED 

JOB(Y033 1 1-E 1 3 1 2 1 1) 1 'LU' 1/FPSB 
!•PASSWORD 
!•CLASS 
!•ROUTE 
IISTEP1 EXEC 
/ISTEPLIB DD 
//F'l'09F001 DD 
//FTOSF001 DD 
//FT06F001 DD 

'* 

DANNYLU 
H 
PRINTER3 
PGM=FPSB.REGION=200K 
DSN=USER.1033.IEN.LU.JOBLIB.DISP=Sl!R 
DSN=TP.Y033.IEN.LU.BISTRO.DISP=SHR 
DSN=TP.Y033.IEN.LU.CRDIMG.DISP=SHR 
SYSOUT=A 

00000001 
00000002 
00000003 
00000004 
00000005 
00000006 
00000007 
00000008 
00000009 
00000010 



UPDTOBOR --REQUESTED FUNCTION PERFORMED ••• ENTER NEXT REQUEST 
~ +ADD AFTER 4 

UPDT090R 
._ !*FORMS 

ENTER STATEMENTS TO BE A.DDED 
14101000 

UPDT090R ENTER STATEMENTS TO BE ADDED 
... +OUTPUT LYPROG(FPSB) 

UPDTOBOR -- REQUESTED FUNCTION PERFORMED 
.. . +END . .. . . · 

ENTER NEXT REQUEST 

UPDT0160I -- IT HAS BEEN A PLEASURE TO SERVE YOU 
• • END OF JOB CPU TIME =000000 SEC 

.. [[.RJEIN 
' . . 

.• • OK ' ~ .. 

REMOTE JOB ENTRY TO HASP 

TYPE EOB IF YOU WISH TO ENTER A PR()(lRAM FROM THIS TERMINAL (9999 STUT MAX) 

OR ENTER DDNAME OF SEQUEllT·IA.L· DATA .SET CONTAINING A SOURCE PROGRAM 

OR ENTER DDNAME AND MEMBER OF A PARTITIONED DATA SET 
... (FORMAT .. DDNAME(MEMBER)) 
..... LlJPROG(FPSB) . . . 

•: ... JOB WAS SUCCESSFULLY LOADED .. [[END 
• • • OK CPU 'l'IUE =000'001 SEC 

!~ [[EO'.r 
•• • OK CPU TIME =000001 SEC .. [ [IJANGUP 
• • • OK r;Pu TIME =000001 SEC 



APPENDIX B 

PROGRAM OUTPUT OF AN EXAMPLE 
FLEXIBLE PAVEMENT DESIGN PROBLEM 

Contained in this appendix is the program output from an example flexible 

pavement design problem. The first two pages are the listing of many input 

parameters describing problem identifications, problem comments, basic design 

criteria, program controls and constraints, traffic data, environment and 

subgrade, construction and maintenance data, detour design for overlay, as 

well as materials information. The next three pages are the listing of the 

surface curvature index as well as major and minor principal stresses and 

strains at layer interfacial points of twnety-five basic three-layer designs. 

Following these is the optimal design calculated by the linear elasticity 

version of the Texas.Flexible Pavement Design System. Finally, twelve feasi

ble designs are tabulated pn a summary table in the order of increasing total 

cost. 
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TEU-5 HlGMW>\Y Of P.AR'fi4E NT 
FPS - BISTRO 

FLEXIBLE PAVEMENT, DES I <iN. \,IS lNG _liN~/19 E'I,.AST IG lTV 

PROB D I ST. COUNTY CONT. SECT • HIGHWAY PATE I PE PAGE 
·· 1 ··. -2· . . · ABC - . ·· HlO .12- .. SHHO . H-.O't-,1l- t5Z 1 · ............................. ·········································"'··········· COMMENTS ABOUT THIS P.~OALEM 

. ~ . . . 

AN IlLUSTRATIVE EXAMPLE FOR THE UTILIZATlON 
OF THE PPOCESSOR 

............................. """······~···· •••••• , ••••• !II.'!!**-* ........ ···~:>!!;··········~· 
BASIC DESIGN CRt~.ERlA 

••••••••••••••••••••• 
~ENGT!':f_QF T~E ANAl,Y~JS _PERIOD IY:E"!lSJ 
MINIMUM TIME Ta PUS'F-OVERl-AV tYEA!lS t 
~INtMUM TIME BETWEEN OVERLAYS (YE'ARSI 
MINtMUI-tSE·RVICEAlUll'TY tNOEX 1?2 
DESIGN CdNFlOENCE L'EVEI.. 
~NTEREST_RATE OR TIME YALU£ OF MONEY (P~RCENTJ 

. PR.i'IGRAM .CONT,ROLS AND CON~TRA INTS 
•••••••••••••••••••••••••••••••• ·.· .-

NuMBER OF SUMMARY OUTPUT PAGES DES IRED 8 DfSJGNS·/~.\Gel .· 
HAX FUNDS AVAILABLE PER SQ.YD. FOR INlTlAL DESIGN CDOLLARSI 

20.0 
'''3~0 ' 

3.0 
3.0 

·D 
6.0 

!liAXIMUM ALLOWED THICKNESS OF lNlTIAI. C.ONSTRVCTlON CINCHESI 
ACCUMUI,.ATED MAX DEPTH OF ALL OVERLAYS ( lltCHESI HXCLUOING LEVH..,VP) 

3 
4.00 

16.0 
a.o 

TRAFFIC DATA 
•••••••••••• 

ADT AT t\EGIN~INf. OF AII.IALVSIS PEIUOO IVf.HICLES/OAYI 
ADT AT ENO nF TWf'lltTY YEARS IVEHICLESIOAYl . , . 
ONE-OIRI!C"'rlON lO.-YEA.R ACCUMULATFD NO. OF EQUIVALENT 18-KSA 
AVER~Gf APP.OACH'SPEEO TO TH£ OVERLAY ZONEJ~P~) 
AVERAGE SPEED THROUGH OVERLAY ZONE !OVERLAY OIRECTIONI (~PH) 
AVERAGE SPEED "'HROUGH OVERLAY lONE (NON-OVERLAY OIRFCTIO-NI (MPH) 
PROPORTION OF AOT A.RRIVING EACH HOUR OF CONSTRUCTION (PERCENT) 
PERCENT TRUCKS IN ADT . 

ENVIRCNMENT AND SUBGR.AOE 
•••••••••••••••••••••••• 

DISTRICT TEMPERATURE CONSTANT 
SWELLING PROBAAILITY 
POTENTIAL VFRTlCAL RISE CINCHES) 
SWELLING RATE CONSTANT 

B-2 

lQOOO. 
20000. 

S()OOOOO. 
'60.0 
30.0 
60.0 
s.s 
a.o 

22.0 
0 •. 90 
4.00 
0.10 



TEXAS HIGHWAY DEPARTMENT 
FPS - BISTRO 

FLEX I.BlE PAV F.MENT DESIGN USING LINEAR 

PROB D I ST. COUNTY CONT. SECT. HIGHWAY 
1 2 ABC 3210 12 

INPUT DATA CONTINUED 

CONSTRUCTION AND MAINTENANCE DATA 
********************************* 

SERVICEABILITY INDEX OF THE INITIAL STRUCTURE 
SERVICEABILITY INDEX Pl AFTER AN OVERLAY 
~INIMUM OVERLAY THICKNESS IINCHESI 
OVERLAY CONSTRlJCTION TI"'E !HOURS/DAY) 

SH360 

ASPHALTIC CONCRETE COMPACTED OENSITY !TONSIC.Y.I 
ASPHALTiC CONCRETE PRODUCTION RAT! (TONS/HOURI 
WIDTH OF EACH LANE (fEETI 

ELASTIC !TY 

OATF 
12-04-73 

FIRST YEAR COST OF ROUTINE MAINTENANCE CQOLLARS/LANE-Mllfl 

IPE 
152 

ANNUAL INCRE!otE~TAL INCREASE t~ MAINTENANCE COST I DOLLAPS/LANE-"'ILE) 

DETOUR DESIGN FOR OVERLAYS 
************************** 

TRAFFIC "'ODEL USED DURING OVERLAYING 
TOTAL NUMBER OF LANES OF THE FACILITY 
NUMBER OF OPEN LANES IN RESTRICTED ZONE (OVERLAY DIRECTJONI 
NUMBER OF OPEN LANES IN RESTRICTED ZONE (NON-OVERLAY DIRECTION I 
Dt.STANCE TRAfFIC IS SLOWED (OVERLAY DIRECTIONI (MILES) 
DISTANC\': TRAFFIC IS SLOWED CWlN-OVERLAY PIRECTIONI (1-IILESI 
DETOUR DISTANCE AROUND THE OVERLAY ZONE (MILESI 

MAT·ER IAL S INFORMATION 
********************* 

MATERIALS COST MIN. MAX. SALVAGE, 
LAYER CODE NAME PER CY DEPTH )EPTH PCT. 

1 A ASPHALTIC CONCRETE n.oo 1.00 e.oo 25.00 
2 B ~LACK BASE 11.00 4.00 20.00 70.00 

MATERIALS ELASTIC PC IS SON TEXAS TRIAXIAL TEST 
LAYER COOE NAME MODULUS RATIO u T c 

' A ASPHALTIC CbNCRETE 240000. 0.50 200.0 40.0 0.800 
I fl fiLI\CK BASE 150000. 0.50 120.0 30•0 o.aoo 

SUBGRADE 24000. 0.50 16.0 4.0 0.600 
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PAGE 
2 

4.2 
4.2 
2.0 

10.0 
1. 80 

75.0 
12.0 
50.00 
zo.oo 

3 
4 
1 
2 
0.50 
0.50 
o.o 



TEXAS HIGHWAY DEPARTMENT 
FPS - BISTRO 

FLEXI'BLE PAVEMENT DESIGN USING LINEAR HASTIC lTV 

PROB OIST. COUNT·V . CONT. SECT. HIGHWAY DATE IPE PAGE 
l 2 ABC 3210 12 SH360 12-04-13 152 3 

BI\SIC-DESIGNS INFORMATION IACCURACV:EXCELLE~TI ------------------------------.----------------------------------------------
NO Dl ll Dl2l SCI DEPTH LAYER SJGMAl S IG"lA 3 EPSLNl FPSLN3 
------------------~----------------------------------------------------------

1.0 4.0 0.323 
1. 0 1 -0.721E 02 -0.781F 02 · 0.239E-04 -O.l37E-04 
1. 0 2 -0.728E Oi ~0.'778E 02 o.317E-o4 '-d. 1J9E-04 
s.o 2 0. 854E 02 -0.252F 02 0.417E-03 -o. 6B9F-03 
5.0 •j -o. 747F 01 -0.253E 02 o.417E-03 -0.70lf-03 

2 2.0 4.0 0.268 
2.0 l -0.1 70E 02 -o.663E 02' O.l06E-03 -o. 203F-o3 
2.0 2 -0. 354E· 02 -0~665 r: 02 O.l06E~03 -0.206F-03 

. 6 .o 2. o.7o5E 02 -O.l9.8F .02 o.342E-o3 -o. 560F-.03 
6.0 3 -0.529E 01 -0.2()0E 02 o.342i:-o3 -o. 575F-o3 

3 4.0 '•. 0 0.186 
-0 •. 4z'OE 4.0 l 0.223E 02 02 O.l46E-03 -0.256F-03 

4.0 2 ..:o .l64E 01 -0.422 F '02 0.146E-03 -0.260!"-03 
a.o 2 0.488E 02 -O.l30F 02 o.234E-03 -0.3831'-03 
a.o 3 -0. 306!' 01 -0.132~ 02 0.234E-03 ~o. 39<}E-03 

4 a.o 4.0 0.104 
a.o l 0.244E 02 -O.l73t 02 0.965E-04 -O.lf>4F-03 
a.o 2 o. 894E 01 -o.tt6F 02 o. 965E-04 -O.l6RF-03 

12.0 2 0.272F 02 -0.684F 01 O.l27E-\H -0.214~'-03 
12 •. 0 3 -0.136E Ol -0.699E 01 O.l?7E-03 -0.224F-03 

5 16.0 4.0 0.061 
~6. 0 l O.l39E 02 ...:o.530E Ol . o •. 432E-J4 -o. 765F-o4 
16 .• 0 2 0.6 76E 'or -';0.54~F 01 0.432.E-04 -0.787E-04 
20•0 2 0.121E 02 -0.2881": Ol b. 540E-'- 04 -o. 9621"-04 
20.0 3 -o. 4 70E 00 -o. 294 E Ql 0. 540E-04 -O.lOOF-03 

6 1.0 s.o 0.172 
l.O l -0.663E 02 -0.793E 62 o~H4E-04 -d.502F-04 
1. 0 2 -:0.7CBE 02 -0.795F 02 0~343E-04 -0.53lf-04 
9.0 2 0. 456E 02 -O.ll9E 02 0.2 U~E-03 -o. 357F-o3 
9.0 3 -0.26SF 01 -O.fZJ F 02 0.218E-03 -0.37lE-03 

7 2.0 8.0 0.155 
2.0 . l -0.241E 02 -0.7121" 02 '0.102f-O~ -o. l93E-03 
2.0 2 -0.4l1F 02 -0.7l3E 02 0 .l02E-O 3 -O.l95E-03 

10.0 2 O. 3<J4E 02 -0.10iF o? o~:1 ti 7f-:o 3 -0.307f-03 
10.0 3 -0.2f5E 01 -O.l03f 02 o:ta7E-o3. -o. 321~'-03 

8 4.Q A. 0 0.125 
4.0 1 0. 890E 01 -0.472F. 02 b.I.27E-03 -o. Z23E-03 
4.0 2 -o .120E 02 -0.474-r: 02 O.l27E-03 -0.227"'-03 

12.0 2 0, 2 98E 02 -O.J4E 01 O.l40E-03 -0.233E-03 
12.0 3 -0 .148E Ol -0.764F 01 O.l.40E-03 -o. 245F-o3 

9 8.0 B. 0 0.084 
s.o 1 J ol42E 02 -0.201E 02 0.814E-04 -O.l36E-03 
a.o 2 0.131E 01 -0.210F 02 O. 814E-04 -O.l42F-03 

16,0 2 0. l87E 02 -0.455f 01 O.fl52E-04 -0.147!'-03 
16.0 3 -0.816E 00 -0.4'65"' 01 O.fl52E-04 -o. l54F-03 -----------------------------------------------------------------------------
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TEXAS HIGHWAY DEPARTMENT 
FPS -BISTRO 

FLEXiBLE PAVEMENT DESIGN USING LINEAR HASTIC tTY 

PROB DtST. COUNTY CONT. SECT. HIGHWAY DATE IPE PAGE 
1 2. ABC 3210 12 SH360 12-04-73 152 4 

BASIC-DESIGNS INFORMATION IACCURACY:EXCELLENTI __ .._ __ ..... ___ ~------..--------------- ..... ------------::-------~---------------~---:----·-
NO 0( l) Dl21 S.C I DEPTH LAYER S i GMAl SIGMA3 EPSLNl FPSL"J3 
------------------------~---------·---~---------------------------------------
10 16.0 a. o 0.057 

16.0 1 O. 9l2E Ol -0.672E 01 0.359E-04 -0.631E-04 
16 .o 2 0.330E 01 -0.690E 01 o.359E-04 -o. 661f-04 
24.0 2 0.9331: 01 -0.219E Ol 0.408E-04 -0.744F-04 
24.0 3 -0.337E 00 -0.222!' Ol 0.408E-04 -0.771F-04 

11 1..0 12.0 0.119 
1.0 1 -0.591E 02 -0.795F 02 0.431E-.04 -0.8431:'-04 
t.o 2 -0.667E 02 -o. 795E 02 0.431E-04 -O.R49E-04 

13.0 2 0. 2 78 E 02 -0.69510 01 O.lJOE-03 -0.211c:-o3 
13.0 3 -O.l36E 01 -0.711E 01 O.l30E-03 -0.229F.-O? 

12 2.0 12.0 0.115 
i.o 1 -0.214E 02 -o. 12oe 02 O.LllE-03 -0.206E-03 
z.o 2 -0.403E 0?. -0.721E 02 O.lllE-03 -0.?06E-0" 

14.0 2 0 .249E 02 -0.614E 01 0.116E-03 -0. 19'>F-03 
14.0 3 -0.115!' 01 -0.628"' 01 O~ll6E-03 -0.205E-03 

13 4.0 . 12.0 0 .lOt 
4.0· 1 0. 687E 01 -0.4R6F 02 0.127E-03 -0. 220F-03 
4.0 2 -O.l39F 02 -0.487f 02 0.127E-03 -0.222F-03 

16.0 2 0. 2 01 E 02 -0.4881= 01 0.9l9E-04 -O.l57C:-OJ 
16.0 3 -o. B66E 00 -0.499E 01 0.919E-04 -O.l66F-O'I 

14 a.o 12.0 0.074 
s.o 1 0.1CBE 02 -0.221E 02 o. 779E-04 -0. 12 flF -03 
s.o 2 -0.137F OL -0 .2.ZttE 02 0. 779E~04 -0.13?"-03 

20.0 2 0.136E 02 -0.32 5F 01 0.608E-04 -O.lOflF-03 
20.0 3 -i).543E 00 -0.332E 01 O.t,OfiE-04 -u.It1f-03 

15 16.0 12. 0 0.055 
16.0 1 0. 6'l6E 01 -0.761E' 01 o. 333E-04 -0.!>78F-u4 
16.0 2 0 .162E 01 -o. 779r- 01 O. 33 3E-04 -0.608F-04 
28.0 2 0. 737E 01 -0.172F' 1)1 0.3l8F-04 -0.590F-04 
28.0 3 -o. 259E 00 -0.1 74F 01 0.318E-04 -0.608F-04 

16 1.0 16.0 o.o99 
1. 0 1 -o. 534E 02 -0.796E. 02 0.'>70E-04 -0.107!'-03 
1.0 2 -0.632E 0? -0.796F 02 o.570F-04 -0.107~'-03 

17.0 2 0. l88E 02 -0.458E Ol 0.859E-04 -o. 148F-o3 · 
17.0 3 -o. B22F 00 -0.46/ll= 01 O.A59E-04 -O.l56E-03 

17 2.0 16.0 0.098 
2.0 1 -0.1 95E 02 -o. 723F 02 0.1l9F-03 -o. 21 7F-o3 
2.0 2 -0.387E 02 -o. 123c: 02 0.119E-03 -0.218F-03 

18.0 2 0. 1 72E 02 -0.4l4F 01 o. 780E-04 -O.l35E-03 
18.0 3 -0.715E 00 -J.424f 01 o. 780E-04 -O.l42F-03 

1fl 4.0 16.0 0.090 
4.0 1 0.700E 01 -0.491F 02 O.l28E-03 -0. 222E-03 
4.0 2 -0.140E 02 -0.4921:' 02 O.l28F-03 -0.223E-03 

?o.o 2 O.l44E 02 -0.343E 01 0.646E-04 -0.114E-03 
20.0 3 -o. 566E 00 -0.35lf 01 o.646E-o4 -o. 119~'-03 

------------------------------------------------------------- ------------
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TEXAS HIGHWAY DEPARTMENT 
FPS - BISTRO 

FLEXIBLE PAV~MENT IJ~ SIGN USING LINEAR ELASTICITY 

PRQB 0 I ST. COUNTY CCNT. SECT. HIGHWAY 01\TE !Pf PAGF 

1 2 ABC 3210 12 SH360 12-04-13 152 5 

BASIC-DESIGNS INFORMATION IACCURACY:EXCELLfNTl 
---------------------------------.---------------------------------------
NO 0( ll 0121 SCI DEPTH LAY£!{ S 1 GMA 1 SIGMA3 EP<:LNl EPSLN3 

-~----------------------------------------------~----------------------------
19 8.0 16.0 0.069 

8.0 1 O. 959E 01 -0.229F 02. . o. 771£,-04 -0. 17 6f -03 

8.0 2 -o. 244E 01 -0.231F 02 J. 71lE-04 -0.129~'-0~ 

24.0 2 O. 1 03E 02 -0.244E 01 0.4~4E-·u4 -0.824F-04 

24.0 3 -o. 3 85E 00 -0.248f 01 o. 454E- 04 -o. B55F-04 

2() 16.0 16. 0 o.o53 
16. 0 l 0. 5 B3E 01 -0.817E 01 G.i:>ZE-04 -0.553F-04 
16 .o 2 0 .699E 00 -0.834F 01 o.J22F-04 -0.582E-04 
32.0 2 o.596E 01 -O.l38E 01 0.255E-04 -0.479!=-04 

32.0 3 -0.205E 00 -O.l40F 01 0.255E-J4 -0.492E-04 

21 l. 0 20.0 o.o89 
1. 0 1 -0.498E 02 -0.796E 02 0.654E-04 -O.l21F-03 
1.0 2 -0.6lOE 02 -o. 796F 02 O. 654E-04 -O.l2H-03 

21.0 2 0 .l.36E 02 -0.32 5E 01 o.606E-04 -o. 107~'=-03 
21.0 3 -0.548le 00 -0.33lF 01 0.606E-'.04 -O.llZE-03 

22 2.0 20.0 0.090 
2.0 1 -O.l64E 02 -0.724f 02 0.124E-03 -o. 226E-03 
z.o 2 -0.374E 02 -o. 7241" 02 0.124E-03 -o. 226F-03 

22.0 2 O.l26E 02 -0.298F 01 o. 558F- 04 -0.997F.-04 
22.0 3 -0 .486E 00 -0.304F 01 0.558E-04 -0. l04F-03 

23 4.0 20.0 0.084 
4.0 1 0. 7 56E 01 -0.494E Ol ,J.l30F-03 -o. 22 oE-03 
4.0 2 -J. 1 38 E 02 -o.494F •1? ),130~03 -0.226E-03 

24.0 2 0. 1 CBE 02 -0.254F 01 1l.476F-04 -O.!l60E-04 
24.0 3 -0 • 398E 00 -0.259F 01 O,'t 76F- 04 -o. 894F-04 

24 a.o 20.· o a·. 067 
a.o 1 o.9l3E 01 -0.23?f 0? 0. 1 71 E-04 -o .12 5E-03 
a.o 2 -o .2 B9E 01 -0.2i4E 0? O, 771E- 04 -o. 128E-o3 

28.0 2 O. B09F 01 -0.1891' 01 0. '3 'JOF-04 -0. 647E-04 
28.0 3 -0.287E oo· -O.l9::'F 01 0,150E-J4 -o. 669!?-04 

25 16.0 20.0 0.053 
16.0 1 o.521E 01 -0.852 f' Ol O. H 7F-04 -0. 54 1 F-04 
16 ~ 0 2 0. 1 70E 00 -0.86f!E 01 0.3t7F-04 -0.568F-04 
36.0 2 0. 492 F Ol -O.ll4F 01 0,?09E-04 -o. 397.E'~o4 

36.0 3 -o ... 66E 00 -O.ll5E 01 0, '09E-,)4 -0.405E-04 

----------------~---------------------------~--------------------------------
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TEXAS HIGHWAY DEPARTMENT 
FPS - ~ISTRO 

HEX ISLE PAVEMENT OES I GN US lNG LINEAR ELASTICITY 

COUNTY CONT. SECT. HIGHWAY DATE PR06 DIST. 
1 2 ABC ·3210 12 SH360 12-04-73 

T~E OPT I MAL f)f.S IGN FOR THE MATERIALS UNDER CONSIDERATION-

FOR tNI TlAl CONSTRUCTI CN THE DEPTHS SHOULD BE 
ASPHALTIC CONCRETE 7.0.0 INCHES 
ALACK BASE 4.~0 INCHES 

THE LIFE flF THE INITIAL STRUCTURE .. 3.95 
THE IJV" RL AY SCH EOUlE IS 

2.50 ( INqHESI (INCLUDING o.5 .INCH 
2.50 ( If\ICHCESI (INCLUDING o.5 INCH 
z.so (I NCHHSI IINCLUDlNG o.s INCH 

TOTAL LIFE : H.21YHRS 

THE SCI OF THE INI.TIAL STRUCTURE = Q.ll4 
SCI IN EACH PER FORMANt E PER 100 IS 

Ill 0 •. 114 
tzt o.oc;n 
f3t o.o76 
(41 0.067 

YEARS 

LEVEL-UP) 
LEVEL-UP) 
LF.VEL-UPI 

Ai=TER 
AFTER 
AFTFR 

IPE 
152 

3.95 
8.5q 

14.48 

MAJOR AND MINOR PRINCIPAL STRESSES OF THE INI Tllll CONSTRl,ICTION 
DEPTH LAYER MAJOR "1INOR 

1.00 1 0.245£ 02 -0.2l5E 02 
~.oo 2 o.751E 01 -o.21~E 02 
u. r;o z o.z95E oz -o. 749E ol 
11.50 3 ... O •. l54E Ol -0.764E 01 

AT THE OPTIMAL SOlUTION,THE FOLLOWING 
BOUNDARY RESTRICTIONS ARE ACTIV~--

NONE 
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PROS 
1 

OIST. 
2 

T"XAS HIGHWAY DEPARTMENT 
'FPS -' BISTRO 

FlF.XiBLE PAVE'~FNT DE StGN USING LINEAR FLAST IC lTV 

COUNTY CONT. SECT. HIGHWAY DATE 
ABC 3210 12 SH360 12-04-73 

SUMMARY OF THE BEST OESIGN STRATEGIES 
tN ORDER OF INCREA$ING TOTAL COST 

1 3 4 5 6 

IPE 
152 

1 

P4GE 
1 

8 

***********"'**********************************************************"'********* MATERIAL ARRANGEMENT AB AS , · AB AB AB AR AB AB 
INIT. CONST. C0ST 3.90 3.97 3.93 4.00 3.92 J.q7 3.94 3.90 
OVERLAY CONST. C~ST 1.65 1.68 1.63 1.68 1.91 2.15 1.87 2.13 
USER COST 0.09 0.09 0.09 o~09 0.11 0.12 0.11 0.12 
ROUTINE MAl~T. COST 0•15 0.15 0.15 0.15 0.15 o.L4 0.15 0.14 
SALVAGE VALUE ..-0.67 -0.76 -0.6§ .. ~o.14 -0.82 -1.02 ~Oo!lO -1.00 

* ***********'* ******** "'****** ******** *:****'********** *"'****"'******* ***** ********** TOTA( COST 5.13 5.14 5.ll . 5~19 5.26 5.26 5.27 5.29 

* **** *** ***** ** ****** ******* "* ******** *** ******** *** *** * * ** ** "'***.·***** *** ******* 
NUMBER OF LAYFRS ? 2 2 2 7 2 l 2 

******************************************************************************** 
LAYER DEPTH fiNCHfSI 

Dill 1.00 5.50 1.50 6.00 4.50 loOO i'f.OO 1.50 
0(21 4.50 6.50 4.00 6~00 7.50 n.:;o 7.oo 11.00 

* **** *** ***** ****** ** ** ***** ** **.****** ************** **** ********* *** * * *** ** ** ** * 
NC.;Of P!=RF.PERIODS 4 4 4 4 4 5 4 5 

****************************$*************************************************** 
PERF. TIME (YFARSI 

Till 3.~ ).7 4.1 3.9 3.5 3.6 3.6 3.5 
rc21 s.6 a.1 ~.o a.4 7.6 1~0 .1ia 1.1 
Tl31 14.5 13.7 ~~~o 14~1 13.6 11.2 13~3 11.4 
T!4l zi.z 20.2 21.1 zo.s zo.~ 16.4 20.4 16.8 
T(51 22.5 23.1 

***************************.****************~*********************************** 
OVERLAY POL JC Y( INCH I 
I INCLUDING LEVEL-UP.) 

0(11 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2~5 
0121 2.5 2~5 2~5 2~5 3.5 2.5 2.5 2.5 
013) 2.5 2.5 2.5 z.S 2.5 2.5 Jo'l 2.5 
0(41 2.5 2.5 

* ************ ****** ** ******* ************************ **** ********* **"""********** * 
5WELLING CLAY LOS~ 

( SERVICEABIL TTY I 
SCfll 
SC t 2 I 
SC( 3) 
SC(4) 
SCI 51 

0.39 
0.30 
0.23 
0.14 

0.38 
0.29 
0.23 
0.15 

0.41 
0.31 
o.zz 
0.13 

0.39 
0.30 
0.23 
0.14 

0.36 
0.28 
0.25 
0.15 

0.36 
0.?4 
0.2 0 
0.16 
0.11 

o.·n 
o. 29 
0.23 
0.16 

0.36 
0.25 
0.21 
0.16 
0.10 

* ******* ***** ** **** ****** *** •• **** **** ** ****** *** ** * **** * ** ** **** *** ** * ** ****** * 
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PROB 
1 

Ol ST. 
2 

TfXAS HIGHwAY OEPARTM~N~ 
FPS - BISTRO 

FLEXIaLE PAVE~ENT DESIGN USING LINEAR ELASTICITY 

COUNTY CONT. SECT. HIGHWAY DATE 
ABC 32iO 12 SH360 12-04-H 

SUMMARY OF THE BEST DESIGN STRATEGIES 
IN OROER Of INCREASING TOTAL COST 

9 10 11 12 

**********•***************************************** 
MATER lAL liRF<ANGEMENT AB AB AB AB 
tN!T. CONST. COST 3.99 3.93 3.89 3.96 
OVERlliY CONST. COST 1o97 2.10 2.02 2.08 
useo C£1ST 0.11 0.12 o.u 0.12 
ROUTINE MAtNT. COST 0.15 0.14 Oo15 O.l4 
SALVAGE VALUE -0~92 -0.98 -0.84 -0.96 
•••••••••••••••••••••••••••••••••••••••••••••••••••• 
TOTAL COST 5.29 5.31 5.33 5.34 

. ••••************************************************ 
NUMRER OF LAYFRS 2 2 2 2 
•••••••••••••••••••••••••••••••••••••••••••••••••••• 

· LAYFR DEPTH I INCHES) . 
Dill 3.00 2.00 4.00 . ?.50 
0(2) 9.50 10.50 . s.oo 10.00 

************* •••••••••••••••••••••••••••••••••••••• * 
NC.OF PERF.PF.RIOOS 4 5 4 5 
**************************************************** 
PERF. TIME !YEARS) 

Ttll 
Tl21 
Tt3l 
Tl41 
TIS I 

3.6 
a.o 

13.6 
20.2 

3.5 
7.2 

l1.7 
17.3 
23.8 

3.5 
7.4 

13.3 
20.1 

3.5 
7.3 

12.0 
11.8 
24.5 

······································~············· OVERLAY PflltC Y( lf11Ct11 
itNCLUOING LEVEL-UP) 

0111 3.5 2.5 2.5 2.5 
()(2) 2.5 2.5 3.5 2.5 
0131 2.5 2.5 2.5 2.5 
0(4) 2.5 2 .• 5 

**************************************************** 
SWELLING CLAY LOSS 

lSERVICEABILITVI 
SC(l) 0.36 0.3~ 0.35 0.36 
SCl2l 0.30 0.26 0.28 0.27 
Sf 131 0.23 0.22 0.25 0.22 
SCI41 0.15 0.16 o.t6 0.16 
5C(5) 0.10 0.10 

•••••••••••••••••••••••••••••••••••••••••••••••••••• 
THE TOTAL NU~eER OF FEASIRLE DESIGNS CON510FREO WAS 
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APPENDIX C 

CODE NUMBER OF INPUT VARIABLES 

Three coding systems are deviced to facilitate input data revisions. 

Systems R and S are used for the rigid pavement design option and the AASHO 

structural numberbased flexible pavement design option, respectively. System 

F is used for the asphaltic concrete pavement overlay design option and two 

other flexible pavement design options: (l) based on Dynaflect deflection, 

and (2) based on linear elasticity. Code numbers of thethree systems are 

presented in the following pages. 
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SYSTEM R 
' . 

RIGID PAVEMENT DESIGN OPTION 

Problem Identification 

01.01 
01.02 

Problem Number 
Problem Title 

Program Controls 

02.01 
02.02 
02.03 

02.04 
02.05 

Pavement -Type (l=Jointed. 2=Re,inforced, O=Both) 
Overlay Type (1 =PCC, 2=AC, O=Both) 
Reinforc~ent Type (l=Deformed Sars, 2=wehied Wire J!lCC Mesh 

O=Both} 
Form of Output. (];:;ShOrt Form, O=t.ong Form} 
Number of Designs Desired 

Traffic Growth and_Distribution 

03.01 Axle Growth 
03.02 ADT Growth Rate 
03.03 Directional Distribution Factor 
03.04 Lane Distribution Factor 
03.05 Initial Average Daily Traffic 
03.06 Total 18 Kip Axles For Analysis Period 

Designer's Decisions or Restraints 

04.01 Maximum Initial Funds Available, Dollars 
04.02 Max Initial Thickness, Slab P'lus Subbase, Inches 
04.03 Min Time To First Overlay, Years 
04.04 Min Time Between Overlays, Years 
04.05 Max Total AC Overlay Thickness, Inches 
04.06 Min AC Overlay Thickness at One Time, Inches 
04.07 Max Total Cone Overlay Thickness, Inches · 
04.08 Min Cone Overlay Thickness at One Time, Inches 
04.09 Length of Analysis Period, Years 
04.10 Average Level Up Thickness, Inches 
04.11 Confidence Level 

Performance Variables 

05.01 
05.02 
05.03 
05.04 
05.05 
05.06 . 

Initia 1 Serviceability Index 
Terminal Serviceability Index 
Serviceability Index After An Overlay 
Probabi 1 ity of Conjunction of Bad Soil and Site 
Exponential Exponent For Swelling Clay Oeterior·ation 
Swelling Activity, Estimated Differentfal Movement 
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--- --------- --~------ - --- ------

Traffic Delay Cost Variables 

06.01 
06.02 
06.03 
06.04 
06.05 
06.06 
06.07 
06.08 
06.09 
06.10 
06.11 
06.12 
06.13 
06.14 
06.15 
06.16 

Distance Over Which Traffic is Slowed, OV. Direct. 

Detour Distance Around Overlay Zone 
ADT Arriving Each Hour of Construction 

N.OV. Direct. 

No. of Hours/Day Overlay Construction Occurs 
No. of Open Lanes in Restricted Zone, OV. Direct. 

N.OV. Direct. 
Project Location (l=Rural, 2=Urban) 
Percent Vehicles Stopped by Road Equip, OV. Direct. 

N.OV. Direct. 
Avg Delay Caused by Road Equip., Hours, OV. Direct. 

Average Approach Speed to Overlay Area 
Avg Speed Through Overlay Zone, MPH, 

Tra'ffic Model 

Concrete Materials 

07.00.00 Number of Concrete Type 
07.01.01 Age of Testing Concrete No.1 
07. 01.02 Measuring Point of Concrete No.1 
07.01.03 Flexural Strength of Concrete No.1 
07.01.04 Weight of Concrete No.1 
07. 01.05 Elastic Modulus of Concrete No.1 
07. 01.06 Tensi 1 e Strength of Concrete No.1 

N.OV. Direct. 

OV. Direct. 
N.OV. Direct. 

07.01.07 Construction Equipment Cost of Concrete No.1 
07.01.08 Cost Per Cubic Yard of Concrete No.1 
07.01.09 Cost of Surfacing Concrete No.1 
07.01.10 Salvage Percent of Concrete No.1 
07.02.01 Age of Testing Concrete No.2 
07.02.02 Measuring Point of-Concrete No.2 
07. 02. 03 Fl exaral Strength, of:· Concrete No.2 
07.02.04 Weight of Concrete No.2 
07.02.05 Elastic Modulus of.Concrete No.2 
07.02.06 Tensile Strength of Concrete No.2 
07.02.07 Construction Equipment Cost of Concrete No.2 
07.02.08 Cost Per Cubic Yard of Concrete No.2 
07.02.09 Cost of Surfacing Concrete No.2 
07.02.10 Salvage Percent of Concrete No.2 
07.03.01 Age of Testing Concrete No.3 
07.03.02 Measuring Point of Concrete No.3 
07.03.03 Flexural Strength of Concrete No.3 
07.03.04 Weight of Concrete No.3 
07.03.05 Elastic Modulus of Concrete No.3 
07.03.06 Tensile Strength of Concrete No.3 
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07.03.07 Construction Equipment Cost of Concrete No.3 
07.-03.08 Cost Per Cubic Yard of Concret~ No.·3 
07.03.09 Cost of Surfacing Concrete No.3 
07.03.10 Salvage Percent of Concrete No3 

Concrete Dimension 

08.01 Minimum Allowable Concrete Thickness 
08~02 Maximum Allowable Concrete Thickness· 
08.03 Practical Increment For Pouring Concrete 

Subgnade Materials 

09. 01 Subgrade K 
09.02 Texas Triaxial Class 
09.03 Subgrade Friction Factor 
09.04 Subgrade Erodability Factor 
09.05 Cost Per Lane Mile of Subgrade Preparation 

Subbase Materials 

10.00.00 Number of Subbase Type 
10.01.01 Description of Subbase Type 1 
10.01.02 Erodability Factor of Subbase Type 1 
10.01.03 Friction Factor of Subbase Type 1 
10.01.04 Elastic Modulus of Subbase Type 1 
10. 01.05 Construction Equipment Cost of Subbase Type 1 
10. 01.06 Cost/Compacted Cu Yd of Subbase Type 1 
1 0. 01. 07 Sa 1 vage Percent Va 1 ue of Subbase Type 1 
10.01.08 Min Allowed Thickness of Subbase Type l 
10.01.09 Max Allowed Thickness of Supbase Type l 
10.01.10 Increment For Subbase Type 1 
10.02.01 Description of Subbase Type 2 
10.02.02 Erodability Factor of Subbase Type 2 
10.02.03 Friction Factor of Subbase Type 2 
10.02.04 Elastic Modulus of Subbase Type 2 
10.02.05 Construction Equipment Cost of Subbase Type 2 
10.02.06 Cost/Compacted Cu Ydof Subbase Type 2 · 
10.02.07 Salvage Percent Value of Subbase type 2 
10.02.08 Min Allowed Thickness.of Subbase Type 2 
10.02.09 Max Allowed Thickness of Subbase Type 2 
10.02.10 Increment For Subbase Type 2 
10. 03.01 Descri ptfon of Subbase Type 3 
10.03. 02 Erodabil i ty Factor of Subbase Type 3 
10.03.03 Friction Factor of Subbase Type 3 
10.03.04 Elastic Modulus of Subbase Type 3 
10.03.05 Construction Equipment cost of Subbase Type 3 
10.03.06 Cost/Compacted Cu Ud of Subbase Type 3 
10.03.07 Salvage Percent Value of Subbase Type 3 
10.03.08 Min Allowed Thickness of Subbase Type 3 
10.03.09 Max Allowed Thickness of Subbase Type 3 
10.03.10 Increment for Subbase Type 3 
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longitudinal Bar Steel (LBS) 

11.01.01 Identification Number of LBS No.1 
11.01.02 Tensile Yield Pt Str of LBS No.1 
11.01.03 Cost/lb of Bar Steel of LBS No.1 
11.02.01 Identificati01n.Number of LBS No.2 
11.02.02 Tensile Yield Pt Str of LBS No.2 
11.02.03 Cost/LB of Bar Steel of LBS No.2 
11.03.01 Identifitation Number of LBS No.3 
11.03.02 Tensile Yield Pt Str of LBS No.3 
11.03.03 Cost/lb of Bar Steel of LBS No.3 
11.04.01 Identification Number of LBS No.4 
11.04.02 Tensile Yield Pt Str of LBS No.4 
11.04.03 Cost/Lb of Bar Steel of LBS No.4 

Transverse Bar Steel (TBS) 

11.05.01 Identification Number of TBS No.1 
11.05.02 Tensile Yield PT Str of TBS No.1 
11.05.03 Cost/lb of Bar Steel of TBS No.1 
11.06.01 Identification Number of TBS No.2 
11.06.02 Tensile Yield Pt Str of TBS No.2 
11.06.03 Cost/lb of Bar Steel of TBS No.2 
11.07.01 Identification Number of TBS No.3 
11.07.02 Tensile Yield Pt Str of TBS No.3 
li.07.03 Cost/lb of Bar Steel of TBS No.3 
11.08.01 Identification Number of TBS No.4 
11.08.02 Tensile Yield Pt Str of TBS No.4 
11.08.03 Cost/Lb of Bar Steel of TBS No.4 

Wire Mesh (WM} 

11. 11.01 Identification Number of WM No.1 
11.11.02 Tensile Yield Pt Str of WM No.1 
11.11.03 Cost/Lb of Ball Steel of WM No.1 
11.12.01 Identification Number of WM No.2 
11.12.02 Tensile Yield Pt Str of WM No.2 
11.12.03 Cost/lb of Ball Steel of WM No.2 
11.13.01 Identification Number of WM No.3 
11.13.02 Tensile Yield Pt Str of WM No.3 
11.13.03 Cost/Lb of Ball Steel of WM No.3 
11.14.01 Identification Number of WM No.4 
11.14.02 Tensile Yield Pt Str of WM No.4 
11.14.03 Cost/Lb of Ball Steel of WM No.4 

Tie Bar Steel {TBS) 

11.21.01 Identification Number of TBS No.1 
11.21.02 Tensile Yield Pt Str of TBS No.1 
11.21.03 Gost/Lb of Ball Steel of TBS No.1 
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11.22.01 
11.22.02 
11. 22.03 
11. 23.01 
11.23.02 
11.23.03 
11.24.01 
11.24.02 
11. 24.03 

Steel Size 

Identification Number of TBS No.2 
Tensile Yield Pt Str of TBS No.2 
Cost/Lb of Ball Steel of TBS No.2 
Identification Number of TBS No.3 
Tensile Yield Pt Str of TBS No.3 
Cost/Lb of Ball Steel of TBS No.3 · 
Identification Number of TBS No.4 
Tensile Yield Pt Str of TB$ No.4 
Cost/Lb of Ball Steel of TBS No.4 

11.31.01 First Bar Number To Be Tried 
11.31.02 Second Bar Number To Be Tried 
11.31.03 Third Bar Number To Be Tried 
11. 31.04 Fourth Bar Number To Be Tried 
11.32.01 First Longitudinal Wire Spacing To Be Tried 
11.32.02 Second Longitudinal Wire Spacing To Be Tried 
11.32.03 Third Longitudinal Wire SpaciAg To Be Tried 
11.32.04 Fourth Longitudinal Wire Spacing To Be Tried 
11.33.01 First Transverse Wire Spacing To Be Tried 
11.33.02 Second Transverse Wire Spacing To BeTried 
11.33.03 Third Transverse Wire Spacing To Be Tried 
11.33.04 Fourth Transverse Wire Spacing To Be Tried 
11.34.01 First Tie Bar Number To Be Tried 
11.34.02 Second Tie Bar Number To Be Tried 
11.34.03 Third Tie Bar Number To Be Tried 
11.34.04 Fourth Tie Bar Number To Be Tried 

Overlay 

12. Ol 
12.02 
12.03 
12.04 
12.05 

. 12.06 
12.07 
12.08 

Seal Coats 

Initial Cost Per Lane Mile of Equipment For Overlays 
Cost/Cu 'tld Of In Place Compacted Asphalt Concrete 
Salvage Percent Value Of Asphalt Concrete 
Asphalt Concrete Modulus V~lue 
Production Rate of Compacted Asphalt Concrete 
Concrete Production Rate 
Concrete Coefficient 
Random Additional Cost/Sq Yd For Anything 

13.01 Time To First Seal Coat After AC Overlay 
13.02 Time Between Seal Coats 
13.03 Cost Per Lane Mile Of A Seal Coat 

Joints 

14.01 Cost/Ft Of Trans. Joint, Sawing, Dowels, And/Or Sealing 
14.02 Cost/Ft Of Long. Joint, Sealing 
14.03 Range of Spacing For Transverse Joints, Lower Value 
14.04 Upper Value 
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14.05 Increment Of Spacing To Be Tried For Transverse Joints 
14.06 No. Of Trans. Const. Or Wrapping Joints/Mtle For Crop 

Maintenance, Dimensions And Miscellaneous 

15.01 Days Of Freezing Temperature Per Year 
15.02 Composite labor Wage.For Maintenance Operations 
15.03 Composite Equipment Rental. Rate For Maint .. Operation 
15.04 Cost Of Materials For Maintenance Operations 
15.05 Rate of Interest Or Time Value Of Money 
15.06 Width Of Each lane 
15.07 Total Number Of lanes In Both Directions 

Confidence level Variables 

16.01 Percent Confident Ot.Variation Of Flexural Strength 
16.02 Standard Deviation Of Concrete Elastic Modulus 
16.03 Standard Deviation Of Subgrade K Value 
16.04 Standard Deviation Of Continuity Factor J 
16.05 Standard Deviation Of IAitial Serviceability 
16.06 Standard Dev:iation Of Terminal Serviceability 
16.07 Standard Deviation of Concrete Thickness 
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SYSTEM S 

AASHO STRUCTURAL NUMBER .BASED 
FLEXIBLE PAVEMENT DESIGN OPTION 

Problem Identification 

01.01 Problem Number 
01.02 Problem Title 
01 . 03 Prob 1 em Comment 

Program Control And Miscellaneous Variables· 

02.01 
02.02 
02.03 
02.04 
02.05 
02.06 
02.07 

Number Of Output Pages (10 Designs/Page) 
Total Number Of Lanes 
Length Of Analysis Period (Years) 
Width 'Qf.Each Lane(Feet) 
Interest Rate (Percent) 
Level-Up Thiekqess (In~) 
Wearing Surface Productfon Rate (Tons/Hour) 

Environmental And Serviceabi'l ity Variables· 

03.01 Regional Factor 
03.02 Initial Serviceability Index 
03.03 Serviceability Index Of An Overlay 
03.04 Terminal Serviceability Index 
03.05 Swelling Probability 
03.06 Potential Vertical Rise (In.) 
03.07 Swelling Rate Constant 

Load And Traffic Variables 

04.01 ADT At Start Of Analysis Period 
04.02 ADT At End Of.Analysis Period 
04.03 Accumulated Number Of Equivalent 18-Kip Axles 
04.04 Percent Of ADT Thru Overlay Zone 
04. 05 Type of Road (-l=Rura l, 2=Urban) 
04.06 Coefficient Of Variation 
04. Q7 Confidence Level -Indicator 

-Constrait{t Variables 

05.01. 
05.02 
05.03. 
05.04 . 
05.0-5 
05.06 
05.07 

Min Time To F,irst Overlay 
Min Time Between Overlays 
Max Funds For Initial Construction 
Max Thickness Of Initial Construction (in.) 
Max Thickness Of All Overlays (In.) " 
Cost/Cu. Yd. To Upgrade After An Overlay 
Width Of Pavement And Shoulder To Be Upgraded (Ft} 
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Traffic Delay Variables 

06.01 
06.02 
06.03 
06.04 
06.05 
06.06 
06.07 
06.08 
07.01 
07.02 
07.03 
07.04 
07.05 
07.06 
07.07 
07.08 . 

ACProduction Rate (Tons/Hour) 
AC Compacted Density (Tons/~Y.) 
Distance Traffic Is Slowed In OV. Dir. 

N. OV. Dir. 
Distance Around Overlay Zone (Miles} 
Hours/Day Overlay Construction Takes Place 
Number Of Open Lanes In OV. Dir. 

N. OV. Dir. 
Percent Vehicles Stopped In OV. Dir. 
Percent Vehicles Stopped In N.OV. Dir 
Average Delay In OV. Dir. 
Average Delay In N.OV. Dir. 
Average Approach Speed 
Average Speed Thru Overlay Area In OV. Dir. 
Average Speed Thru Overlay Area In N.OV. Dir. 
Traffic Model 

Maintenance Variables 

08.01 Maintenance Mode 1 0 -Explicit, 2-NCHRP) 
08.02 Initial Annual Routine Cost (Dollars/Lane Mile) 
08.03 Annual Increase In Costs (Dollars/Lane Mile) 
08.04 Days Temperature Remains 32F. Per Year 
08.05 Composite Labor Wage (Dollars/Hr) 
08.06 Composite Equipment Rental Rate 
08.07 Relative Material Cost 

Cross Section Model, Cost and Shoulder Variables 

09.01 Cross Section Model 
09.02 Cost Model 
09.03 Asphaltic Shoulder Model 
09.04 Width of Outside Shoulder (Ft) 
09.05 Width Of Inside Shoulder (Ft) 
09.06 Cross Section Width Outside Of Outside Shoulder (Ft) 
09.07 Cross Section Width Outsi~e Of Inside Shoulder (Ft) 

Additional Width (Feet) Of Layers Relative To Layer One 

10.01.01 
10.02.01 
10.03.01 
10.04.01 
10. 01.02 
10.02.02 
10.03.02 
10.04.02 

Outside Width Of Layer 1 
Inside Width Of Layer 1 
Outside Width Of Shoulder Layer 1 
Inside Width Of Shoulder Layer 1 
Outside Width Of Layer 2 
Inside Width Of Layer 2 
Outside Width Of Shoulder Layer 2 
Inside Width Of Shoulder Layer 2 
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10.01.03 Outside Width Of Layer 3 
10. 02.03 Inside Width Of Layer 3 · 
_10:03.03 Outside Width Of Shoulder Layer 3 
10.04.03 Inside Width Of Shoulder Layer 3 
10.01.04 Outside Width Of Layer 4 
10.02.04. Inside Width Of Layer'4 
10.03.04 Outside Width Of Shoulder Layer 4 
10.04.04 Inside Width Of Shoulder Layer 4 

Tack, Prime, And Bituminous Variables·· .. 

·1 L01 Tack Coat Cost {Qollar/Gal) 
11.02 Prime Coat Cost (Dollar/Gal) 
11.03 Bituminous Material Cost (Dollars/Gal) 
11.04 Max Layer Depth For No Tack Coats (In.) 
11.05 Max Depth of Each Lift {Io.) 

Wearing Surface 

12.01 Materials 
.12.02 Strength Coefficient 
12.03 Depth 
12.04 Cost/Cu. Yd. 
12.05 Salvage Percent . 
12.06 Tack Coat Application Rate 
12.07 Prime Coat Application Rate 
12.08 Aspha 1 t ApplicatiQn Rate 
12.09 Asphalt Content · -

Overlay 

13.01 
13.02 
13.03 
13.04 
13.05 
13.06 
13.07 
13.08 
13.09. 
13.10 
13.11 
13.12 

Paving Material 

Material 
Strength Coefficient 
Min Depth 
Min Cost/Cu. Yd. 
Max Depth 
Max Cost/Cu. Yd. 
Salvage Percent 
Increment · · 
Tack Coat Application Rate 
Prime Coat Application Rate 
Asphalt Application Rate 
Asphalt Content 

14.01.01 Layer Number Of Material No.1 
14.01.02 Code Of Material No.1 
14.01.03 Name Of Material No.1 
14.01.04 Strength Coefficient Of Material No.1 
14.01.05 Soil Support Value Of Material No.1 
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14.01.06 Minimum Depth .Of-Material No.1 
14.01.07 Minimum Cost/Cu. Yd. Of Material No.1 
14.01.08 Maximum Depth Of Material No.1 
14.01.09 Maximum Cost/Cu. Yd._ Of Material No.1 
14.01.10 Salvage Percent Of Material No.1 
14. 01 . 11 Increment Of Materia 1 No .. :l 
14.01.12 Tack Coat Application Rate Of Material No .. l 
14.01.13 Prime Coat Application Rate Of Material No.1 
14.01.14 Asphalt Application Rate Of Material No.1 
14.01.15 Aspha 1 t Content Of Material No.1 
14. 02.01 Layer Number Of Material No. 2 
14.02.02 Code Of Material No. 2. · 
14.02.03 Name Of Material No. 2 
14.02.04 Strength Coefficient Of Material No. 2 
14.02.05 Soil Support Value Of Material No. 2 
14.02.06 Minimum Dept~ Of Material No. 2 
14.02.07 Minimum Cost/Cu. Yd. Of Material No. 2 
14.02.08 Maximum Depth Of Material No. 2 
14.02.09 Maximum Cost/Cu. Yd •. Of Material No. 2 
14.02.10 Salvage Percent Of Material No. 2 
14.02.11 Increment Of Material No. 2 
14.02.12 Tack Coat Application Rate Of Material No. 2 
14.02.13 Prime Coat Application Rate Of Material No. 2 
14.02.14 Asphalt Application Rate Of Material No. 2 
14.02.15 Asphalt Content Of Material No. 2 
14.03.01 Layer Number of Material No. 3 
14.03.02 Code Of Material No. 3 
14.03.03 Name Of Material No. 3 
14.03.04 Strength Coefficient Of Material No. 3 
14.03.05 Soil Support Value Of Material No. 3 
14.03.06 MinimumDepth Of Material No. 3 
14.03.07 Minimum Cost/Cu. Yd. Of Material No. 3 
14.03.08 Maximum Depth Of Material No. 3 
14.03.09 Maximum Cost/Cu. Yd. Of Material No. 3 

. 14.03.10 Salvage Percent Of Material No.3 
14.03.11 Increment.Of Material No. 3 
14.03.12 Tack Coat Application Rate Of Material No. 3 
14.03.13 Prime Coat Application Rate Of Material No. 3 
14.03.14 Asphalt Application Rate Of Material No. 3 
14.03.15 Asphalt Content Of Material No. 3 

Subgrade 

15.01 Soil Support Value 

Shoulder 

16.01.01 Name of Shoulder Material No. 1 
16.01.02 Depth Of Shoulder Material No. 1 
16.01.03 Cost/Cu. Yd. Of Shoulder Material No. 1 
16. 01. 04 Sa 1 vage Percent Of Shou 1 der Materia 1 No. 1 
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16. OL 05 Tack Coat Application Rate Of Shoulder Material No. 1 
16.01.06 Prime Coat Application Rate Of Shoulder Material No. 1 
16.01.07 . Asphalt Application Rate Of Shoulder Material No. 1 
16.01.08 Asphalt Content Of Shoulder Material No. 1 
16.01.09 Adjustment Volume Of Shoulder Material No. 1 
16.02.01 Name Of Shoulder MaterialNo. 2 · 
16.02.02 Depth Of Shoulder Material No. 2 
16.02.03 Cost/ Cu. Yd. Of Shoulder Material No. 2 
16.02.04 Salvage Percent Of Shoulder Material No. 2 
16.02.05 Tack Coat Application Rate Of Shoulder Material No. 2 
16.02.06 Prime Coat Application Rate Of Shoulder Material No. 2 
16.02.07 Asphalt Application Rate Of Shoulder Material No. 2 
16.02.08 Asphalt Content Of Shoulder Material No. 2 
16.02.09 Adjustment Volume Of Shoulder Material No. 2 
16.03.01 Name Of Shoulder Material No. 3 · 
16.03.02 Depth Of Shoulder Material No. 3 
16.03.03 Cost/Cu. Yd. Of Shoulder Material No. 3 
16.03.04 Salvage Percent Of Shoulder Material No. 3 
16.03.05 Tack Coat Application Rate Of Shoulder Material No. 3 
16.03.06 Prime Coat Application Rate Of Shoulder Material No. 3 
16.03.07 Asphalt Application Rate Of Shoulder Material No. 3 
16.03.08 Asphalt Content Of Shoulder Material No.3 
16.03.09 Adjustment Volume Of Shoulder Material No. 3 

Fill Material 

17.01 Material 
17.02 Cost/Cu. Yd. 
17.03 Salvage Percent 
17.04 Adjustment Volume 
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.. SYSTEM F 

ASPHALTIC CONCRETE PAVEMENT OVERLAY DESIGN OPTION 
DYNAFLECT DEFLECTION BASED FLEXIBLE PAVEMENT DESIGN OPTION 

LINEAR ELASTICITY BASED FLEXIBLE PAVEMENT DESIGN OPTION 

Project Identification 

01.01 Problem Number 
01.02 District Number 
01.03 County Name 
01.04 Control Number 
01.05 Section Number 
01.06 Highway Name 
01.07 Date 
01.08 IPE Number 

Problem Corrments 

02.01 Line 1 
02.02 Line 2 
02.03 Line 3 
02.04 Line 4 
02.05 Line 5 
02.06 Line 6 
02.07 Line 7 

Basic Design Criteria 

03.01 
03.02 
03.03 
03.04 
03.05 

Length Of The Analysis Period (Years) 
Minimum Time To First Overlay (Years) 
Minimum Time Between Overlays (Years} 
Minimum Serviceability Index P2 
Design Confidence Level 

. 03.06 Interest Rate Or Time Value Of Money (Percent} 

Program Controls And Constraints 

04.01 Problem Type (l=FPS-Dynaflect, 2=ACP Overlay, 3=FPS-BISTRO, 
4=FPS-BISTRO With Basic Designs) 

04.02 Number Of Output Pages Desired (8 Designs/Page) 
04.03 Max Funds Per Sq. Yd. For Initial Design 
04.04 Max Thickness Of Initial Construction {Inches) 
04.05 Accumulated Max Depth Of All Overlays (In) 
04.06 Accuracy Level For Analysis Of Linear Elasticity 

Traffic Data 

05.01 ADT At Start Of Ana lysis Period (Vehicles/Day) 
05.02 ADT At End Of Twenty Years (Vehicles/Day) 
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05.03 
05.04 
05.05 
05.06 
05.07 
05.08 

20.-.Year Accumulated No. Of Equivalent 18-KSA 
Ave Approach Speed To The Overlay Zone (MPH) 
Ave. Speed Through.Overlay Zone In Ov. Dir. (MPH) 
Ave Speed Through Overla,y Zone In N~OV. Di·r. {MPH) 
Proportion Of ADT .Arriving · 
Percent Trucks ln ADT 

Environment And Subgrade 

06.01 District Temperature Constant 
06.02 Swelling Probability 
06.03 Potential Vertical Rise {Inches) 
06.04 Swelling Rate Constant 
06.05 Subgrade Stiffness Coefficient 
06.06 Elastic Modulus Of Subgrade 
06.07 Poisson's Ratio Of Subgrade 
06.08 Triaxial U Value Of Subgrade 
06.09 Triaxial T Value Of Subgrade 
06.10 Triaxial C Value Of Subgrade 

Construction And Maintenance Data 

07.01 Serviceability Index Of The Initial Structure 
07.02 Serviceability Index Pl After An Overlay 
07.03 Minimum Overlay Thickness (Inches) 
07.04 Overlay Construction Time {Hours/Day) 
07.05 Asphaltic Concrete Compacted Density (Tons/C.Y.) 
07.06 Asphaltic Concrete Production- ATE (Tons/Hour) 
07.07 Width Of Each Lane {Feet) 
07.08 First Year Cost Of Routine Maintenance 
07.09 Annual Incremental Increase In Maintenance Cost 

Detour Design For Overlays 

08.01 
08.02 
08.03 . 
08.04 
08.05 
08.06 
08.07 

Traffic Model Used During Overlaying 
Total Number Of Lanes Of The Facility 

:Number Of Open Lanes In Ov.· Dir. 
Number Of Open Lanes In N.Ov. Dir. 
Distance Traffic Is Slowed In Ov. nir. (Miles) 
Distance Traffic Is Slowed In N. Ov. Dir. (Miles) 
Detour Distance Around The Overlay Zone (Miles)· 

Existing Pavement And Proposed ACP 

09.01 The Average SCI Of The Existing Pavement 
09.02 The Standard Deviation OfSCI 
09.03 The Composite Thickness Of The Existing Pavement (In) 
09.04 The In-Place Cost/C.Y. of Proposed ACP (Dollars) 
09.05 Salvage Value Of Proposed ACP (Percent) 
09.06 In-Place Value Of Existing Pavement (Dollars/C. Y.) 
09.07 Salvage Value Of Existing Pavement (Percent) 
09.08 Level-Up Required For The First Overlay- (In) 
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Paving Materials Information 

10.01.01 Layer Number Of ·Material No. 1 
10.01.02 Letter Code Of Material No. 1 
10.01.03 Name Of Material No. 1 
10.01.04 In-Place Cost Of Material No. 1 
10.01.05 Stiffness Coefficient Of Material No. 1 
l 0. 01.06 Minimum Thickness Of Material No. 1 
10.01.07 Maximum ThiCkness Of Material No. 1 
10.01.08 Salvage Percent Of Material No. 1 
10. 01.09 Elastic Modulus Of Material No. 1 
10.01.10 Poisson•s Ratio Of Material No. 1 
10.01.11 U Value Of Triaxial Model Of Material No. 1 
10.01.12 T Value Of Triaxial Model Of Material No. 1 
10.01.13 C Value Of Triaxial Model Of Material No. 1 
10. 02.01 Layer Number Of Material No. 2 
10.02.02 Letter Code Of Material No. 2 
10.02.03 Name Of Material No. 2 
10.02.04 In-Place Cost Of Material No. 2 
10.02.05 Stiffness Coefficient Of Material No. 2 
10. 02.06 Minimum Thickness Of Material No. 2 
10.02.07 Maximum Thickness Of Material No. 2 
10. 02.08 Salvage Percent Of Material No. 2 
10.02.09 Elastic Modulus Of Material No. 2 
10.02.10 Poisson•s Ratio Of Material No. 2 
10.02.11 U Value Of Triaxial Model Of Material No. 2 
1 o. 02. 12 T Value Of Triaxial Model Of Material No. 2 
10.02.13 C Value Of Triaxial Model Of Material No. 2 
10.03. 01 Layer Number Of Material No. 3 
10.03.02 Letter Code Of Material No. 3 
10.03.03 Name Of Material No. 3 
10.03. 04 In-Place Cost Of Material No. 3 
10.03. 05 Stiffness Coefficient Of Material No. 3 
10. 03.06 Minimum Thickness Of Material No. 3 
10. 03.07 Maximum Thickness Of Material No. 3 
10. 03.08 Salvage Percent Of Material No. 3 
10.03.09 Elastic Modulus Of Material No. 3 
10.03.10 Poisson's Ratio Of Material No. 3 
10.03.11 . U Value Of Triaxial Model Of Material No. 3 
10.03.12 T Value Of Triaxial Model Of Material No. 3 
10.03.13 C Value Of Triaxial Model Of Material No. 3 
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. APPENDIX D 

DICTIONARY OF INPUT VARIABLES lN DRIVER'S SEGMENT 

Variable Name 

A(l) 
A(2) 
A(3) - A(6) 
A(?) 
A(8) 
A(9) - A(11) 
A ( 1 2) - A ( 13} 
A(l4) 

AA(l, J) 

AW( I, 1) 
AW(I, 2) 
AW(I, 3) 
AW(l, 4) 

B(l) 
B(2) 
B(3) 
B(4) 
B(5) 
B(6) 
B(ll) 
B(l2) 

C(2) 

C(3) 
C(4) 
C(S) 
C(6) 
C(7) 
C(8) 
C(9) 

D(l) 
D(2) 
D(3) 
D(4) 
D(5) 
D(6) 

Input Variable 

Problem Number 
District Number 
County Name 
Control Number 
Section Number 
Highway Number 
Date of Computer Run 
IPE Number For The Project 

Problem Title And Comments 

Outside Width Of Pavement Layer I . 
Inside Width Of Pavement Layer I 
Outside Width Of Shoulder Layer I 
Inside Width Of Shoulder Layer I 

Length Of The Analysis Period 
Interest Rate Or Time Value Of Money 
Total Number Of Lanes 
Width Of Each Lane 
Design Confidence Level 
Number Of Better Feasible Designs Desired 
Long Form Or Short Form Of Output Desired 
Coefficient Of Variation 

Max Funds For Initial Construction, or 
Max Funds For the First Overlay 

Max Total Thickness Of Initial Construction 
Min Time To The First Overlay 
Min Time Between Overlays 
Max Accumulated Thickness Of All AC Overlays 
Min Thickness Of A Single AC Overlay 
Max Accumulated Thickness Of All PCC Overlays 
Min Thickness Of A Single PCC Overlay 

Regional Factor 
Days Of Freezing Temperature Per Year 
District Temperature Constant 
Swelling Probability 
Potential Vertical Rise 
Swelling Rate Constant 
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Variable Name 

E( 1) 
E(2) 
E(3) 
E(4) 
E(5) 
E(6) 
E(7) 

F(l) 
F(2) 
F(3) 
F(4) 
F(5) 

F(6) 
F(7) 
F(8) 

F(9) 
F(lO) 

F(ll) 
F(l2) 
F(l3) 

F(l4} 
F(15) · 

G{l) 
G(2) 
G(3) 
G(4) 

G{5) 

H(l) 
H(2) 
H(3) 
H(4) 
H(5) 

H(6) 

HH(I, l) 

HH{I, 2) 

Input Variable 

Cumulative 18 KSA During Analysis Period 
ADT At Beginning Of Analysis Period 
Axle Growth Factor 
Average Daily Traffic Growth Rate 
Directional Distribution Factor 
La~e Distribution Factor 
ADT At End Of Analysis Period 

Distance Over Which Traffic Is Slowed 
(1) In Overlay Direction 

. (2) In NonOverlay Direction · 
Detour Distance Of The Alternative Route 
Percent Of ADT Arriving During Each Hour 

· Overlay Construction Time · 
Number of Open Lanes In Restricted Zone 

(1) In Overlay Direction 
(2) In Non0ver1ay Direction 

Percent Trucks In ADT 
·Percent Of Vehicles Stopped 

. (1) In Overlay Direction 
(2) In NonOverlay Direction 

Average Delay Per Vehicle Stopped 
(1) In Overlay Direction 
(2) In NonOverlay Direction 

Average Approach Speed Of Vehicles 
. Avera9e Speed Through Restricted Zone 

(lJ In Overlay Direction 
(2) In NonOverlay Direction 

Irii tia 1 Serviceability Ind.ex 
Minimum Serviceability Index 
Serviceability Index After An Overlay 
Initial Serviceability Index, Standard 

Deviation 
Minimum Serviceability Inde·x, Standard 

Deviation 

Minimum Allowable Concrete Thickness 
Maximum Allowable Concrete 'Thickness 
Sta·ndard Deviation Of Thickness Of Concrete 

. Practical Increment, Concrete Can be Poured 
Concrete Flexural Strength, Percent 

Confidence · 
Elastic Modulus Of Concrete~ Standard 

Deviation 
Number Of Days, Concrete No. I Strength 

·was Measured 
Flexural Strength Of Concrete No. I 
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Variable Name 

HH(I, 3) 
HH(I, 4) 
HH(I, 5) 
HH(I~ 6) 

HH( I~ 7) 
HH(I, 8) 
HH(I, 9) 

K1 
K(2) 
K(3) 
K(4) 
K(5) · 

K(6) 
K(7) 
K(8) 

K(9) 
K(lO) 
K{ll) 
K(l2) 
K(l3) 

KH(I) 

KMNT 

LR(I) 

NH 
NQ 
NR 

NSH 

. P(l) 
P(2) 
P(3) 
P(4) 
P(5) 
P(6} 
P(7) 

Q(I~ 1) - A(I~ 3) 
Q(I ~ 4) 
Q(I~ 5) 

Input Variable 

Weight Of Concrete No. I 
Modulus Of Elasticity Of Concrete No. l 
Tensile Strength Of Concrete No. I 
Initial Cost Of Construction Equipment of 

Concrete No. I 
Unit Cost Of Concrete No. I . 
Cost Of Surfacing Concrete No. I . 
Salvage Percent Of Concrete No. I 

Pavement Design Option 
Type(s) Of Rigid Pavement 
T,ype(s) Of Rigid Pavement Overlay 
Type(s) Of Rigid Pavement Reinforcement 
Accuracy level For Analysis Of linear 

Elasticity 
Detour Model Used During Overlaying 
Project location, Rural Or Urban 
Types Of Maintenance Model 

Confidence level Indicator 
Cross Section Model Used 
Cost Model Used 
Asphaltic Shoulder Model Used 
Version Of Program, SAMP6 Or SAMP6A 

Position Of loads For Flexural Strength Test 
of Concrete No. I 

Number of Comment Cards 

Layer Designation Number Of Flexible 
Pavement Material No. l.: 

Number Of Concrete Type 
Number Of Subbase Type Of Rfgid Pavement 
Number Of Paving Material For Flexible 

Pavement 
Number Of Shoulder Material 

Cost Of Transverse Joint 
Cost Of longitudinal Joint 
lower Value Of Transverse Joint Spacing 
Upper Value Of Transverse Joint Spacing 
Increment Of Spacing For Transverse Joint 
Number Of Transverse Joints 
Standard Deviation Of Continuity Factor J 

Description Of Subbase No. I 
Erodability Factor For The Subbase No. I 
Friction Factor For Subbase No. I 

D-3 



Variable Name 

Q(I, 6) 
Q{I, 7) 

Q(I, 8) 
Q(I' 9) 
Q{I' 10) 
Q(I, 11) 
Q(I, 12) 

R(I' 1) 
R{I, 2) - R(I, 7) 
R(I, 8) 
R{I, 9) 
R(I, 10) 
R( I, 11) 
R(I, 12) 
R(I, 13) 
R(I, 14) 
R(I, 15) 
R(I, 16) 
R(l, 17) 

R(I, 18) 

R(I, 19) 

R(I, 20) 
R(I, 21) 
R(I, 22) 
R( I, 23) 
R(L 24) 
R(I, 25) · 
R(I, 26) 

S(l) 
S(2) 
S{3) 
S(4) 
S(5) 
S(6) 
S(7). 
S(8) 

SD(l) 
SD(2) 
SD(3) 

SD(4) 

SD(5) . 

Input Variable · 

Modulus Value Of Subbase No. I· 
Initial Cost Of Construction Equipment Of 

Subbase No. I 
Cost Of Compacted Subbase No. I 

·Salvage Percent of Subbase No. I 
Minimum Allowable Thickness of Subbase No. I 
Maximum Allowable Thickness of Subbase No. I 
Thickness Increment Of Subbase No. I 

Letter Code Of Material No. I 
Name Of Material No. I 
In~Place Cost Of Material No. I 
Stiffness Coefficient Of Material No. I 
Strength Coefficient Of Material No. I 
Soil Support Value Of Material No. I 
Minimum Allowable Thickness Of Material No. I 
Maximum A 11 owab 1 e Thickness Of Material No. I 
Salvage Value Of Material No. I 
Elastic Modulus Of Material No. I 
Poisson's Ratio Of Material No. I 
U Value Of Texas Triaxial Test Model Of 

Material No. I 
T Value Of Texas Triaxial Test Model Of 

Materia 1 No. I 
C Value Of Texas Triaxial Test Model Of 

Material No. I 
Minimum In-Place Cost Of Material No. I 
Maximum In-Place Cost Of M.aterial No. I 
Layer Increment Of Material No. I 
Tack Coat Application Rate Of Material -No. I 
Prime Coat Application Rate Of Material No. I 
AC Application Rate Of Material No. I 
Asphaltic Content Per Cent Of Material No. I 

SCI Of The Existing Pavement · 
Standard Deviation Of SCI 
Composite Thickness Of The Existing Pavement 
In-Place Cost Of Proposed ACP 
Proposed ACP'S Salvege Value 
In-Place Value Of Existing Pavement 
Existing Pavement's Salvage Value 
Level-Up Required For The First Overlay 

Width Of Outside Shoulder 
Width Of Inside Shoulder 
Cross Section Width Outside Of Outside 

Shoulder 
Cross Section Width Outside Of Inside 

Shoulder 
Fill Material Requirement 
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Variable Name 

SD(6) - SD(9) 
SD(lO) 
SD{ll) 
SD(12) 

SSD(I, 1) - SSD(I, 4) 
SSD(I~ 5} . 
SSD(I, 6) 
SSD(I, 7) 
SSD(I, 8) 

SSD(I, 9) 

SSD( I, 1 0) 

SSD(I, 11) 

SSD( I, 12) 

T(l) 
T(2) 
T(3) 
T(4) 
T(5) 
T{6) 
T(7) 
T(8) 
T(9) 
T(lO) 

T(ll) 

T(12). 

T(l3) 

TP(l) 
TP(2) 
TP(3) 
TP(4) 
TP(5) 

U{l) 
U(2) 
u (-3') 

a~;~ 
U(6) 

Input Variable 

Name Of Fill Material 
In-Place Cost Of Fill Material 
Salvage Percent Of Fill Material 
Adjustment Volume Of Fill Material 

Name Of Shoulder Materia 1 No. I· 
Depth Of Shoulder No. I 
In-Place Cost Of Shoulder Material No. I 
Salvage Percent Of Shoulder Material No. I 
Tack Coat Application Rate Of Shoulder 

Material No. I 
Prime Coat Application Rate Of Shoulder 

Material No. I 
AC Application Rate Of Shoulder Material 

No. I 
Asphaltic Content Per Cent Of Shoulder 

Material No. I 
Adjustment Volume Of Shoulder Material No. I 

• Subgrade K, Mean Va 1 ue 
·. Subgrade K, Standard Deviation 

Texas Triaxial Class Of Subgrade 
Friction Factor For Subgrade 
Erodability Factor For Subgrade 
Cost Of Subgrade Preparation 
Stiffness Coefficient Of Subgrade 
Elastic Modulus Of Subgrade 
Poisson's Ratio Of Subgrade 
U Value Of Texas Triaxial Test Model Of 

Subgrade 
T Value Of Texas Triaxial Test Model Of 

Subgrade 
C Value Of Texas Triaxial Test Model Of 

Subgrade 
Soil Support Value Of Subgrade 

Tack Coat Cost 
Prime.Coat Cost 
Bituminous Material Cost 
Max Layer For No Tack Coats 
Max Depth Of Each Lift 

Asphalt Concrete Production Rate 
Asphalt Concrete Compacted Density 
Equipment Cost For AC Overlay 
Cost Of Asphalt Concrete 
Salvage Percent Of AC At End Of Analysis 

Period 
Asphalt Concrete Modulus Value 
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Variable Name 

U(7) 
U(8) 
U(9) 
U(lO) 
U(ll) - U(l4) 
U(l5) 
U(l6) 
U(17) 
U(l8) 
U(l9) 
U(20) 
U(21) 
U(22) 
u (23) 
U(24) 
U(25) 
U(26) 
U(27) 

V(l) 
V{2) 
V(3) 

W(l) 
W(2) 

W(3) 
W(4) 
W(5) 

WS(l) 
WS(2) - WS{5) 
WS(6) 
WS(7). 
WS(8) 
WS(9) 
WS(lO) 

WS(ll) 

WS(l2) 
WS(l3) 

ZZ(l, J, 1)- ZZ(l~ J, 3) 
ZZ(l, J, 4) 

Input Variable 

Concrete Production Rate 
Concrete Coefficient ForCE'S Formula 
Any Additional Cost For Overlay 
Level-Up Thickness For Overlay 
Overlay Description 
Overlay Strength Coefficient 
Minimum Overlay Thickness . 
Minimum In~Place Overlay Cost 
Maximum Overlay Thickness 
Maximum In-Place Overlay Cost 
Salvage Percent Of Overlay · 
Overlay Increment 
Tack Coat Application Rate Of Overlay 
Prime Coat Application Rate Of Overlay 
AC Application Rate Of Overlay 
.Asphaltic Content Per Cent Of Overlay 
Cost To Upgrade After An Overlay 
Width Of Pavement And Shoulders To be 

Upgraded 

Time To first Seal Coat After An AC Overlay 
Time Between Seal Coats 
Cost Per Lane-Mile Of A Seal Coat 

Composite Labor Wage For Maintenance 
Composite Equipment Rental Rate For 

Maintenance · 
Cost Of Materials For Maintenance 
First Year Cost Of Routine Maintenance 
Annual Incremental Increase In Maintenance 

Cost 

Wearing Surface Production Rate 
Wearing Surface Description 
Wearing Surface Strength Coefficient 
Wearing Surface Thickness 
Wearing Surface In-Place Cost 
Wearing Surface Salvage Percent 
Tack Coat Application Rate. Of l~earing 

Surface · 
Prime Coat Application Rate Of Wearing 

Surface · 
AC Application Rate Of Wearing Surface 
Asphaltic Content Per Cent Of Wearing 

Surface 

I.D. Number Of Longitudinal Bar Steel No. J 
Tensile Yield Point Strength Of Longitudinal 

Bar Steel No. J 
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Variable Name 

ZZ(l, J, 5) 
ZZ(2, J, 1) - ZZ(2, J, 3) 
ZZ(2, J, 4). 

ZZ(2, J, 5) 
ZZ(3, J, 1) - ZZ(~, J, 3) 
ZZ(3, J, 4) 

ZZ(3, J, 5) 
zz ( 4, J ' l) - zz ( 4' J ' 3) 
ZZ( 4, J, 4) 

ZZ( 4, J, 5} 

Z(I, 1) 
Z(I, 2) 

Z(I, 3) 

Z( I, 4) 

Input Variable. 

Cost of Longitudinal Bar Steel No. J 
I.D. Number of Transverse Bar Steel No. J 
Tensile Yield Point Strength of Transverse 

Bar Steel No. J 
Cost of Transverse Bar Steel No. J 
I.D. Number of Wire Mesh No. J 
Tensile Yield Point Strength of Wire Mesh 

No. J 
Cost of Wire Mesh No. J 
I.D. Number of Tie Bar Steel No. J 
Tensile Yield Point Strength of Tie Bar 

Steel No. J 
Cost of Tie Bar Steel No. J 

Bar Numbers to be Tried of Trial Number I 
Longitudinal Mesh Spacings to be Tried of 

Trial Number I 
Transverse Mesh Spacings to be Tried of 

Trial Number I 
Tie Bar Numbers to be tried of Trial Number I 
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APPENDIX E 

DISK REQUIREMENT OF THE PROCESSOR 

The disk requirement of the processor is listed on the following page. 

The current version of the processor requires 120 off-line and 73 on-line 

disk tracks.· The Data Processing Center at Texas A&M University charges 4¢ 

per month for each off-line disk track and 16¢ per month for each on-line 

disk track, that is, a minimum cost of $16.48/month is needed to set up the 

processor for utilization. (Prices quoted as of May 1974.) 
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Data Set Name 

USER. Y033. I EN .tU. JOBLIB 

TP.USERLIB(USER0004) 

TP.Y033.1EN.LU.BISTRO 

TP. Y033. I EN. LU. CRDliMG 

TP. Y033 .lEN .tU .MASTER 

TP. Y033. lHt l:U • P.ROG 

TP•.Y033.lEN.LU .SibQl 

DISK REQUIREMENT OF THE PROCESSOR 

On-line/ Length Data Set Record Recdrd 
Off-Line ·(tracks) Organ Format Size 

Off-Line 120 Pa.rt. Undef. N/A Program l~d module's,; R'ps;.2' SAM·P6 
SAMP·6A 'FPS'-11 -, an'd FPS;.;BISTRO 

On-Line 20 Part. 

On-Line .20 D.A. 

On-line 3 seq. 

On-Une 20 D.A. 

'<ln-L ine 5 Part. 

On-Line 5 S~q-

Undef. N/A 

Fixed 7do 

fixed 80 

f1x:ed H'JOO 

:f';xe<J 80 

'Fixea 8tJ 

Progr~m Toad triodute: Driver's Segment 
' ' . 

. 3 example and 11 'us·er's BISTRO ·data :sets 

88-colunm-:ca•r'Cf:.;.'imagl:! for progr·am input 

s··example. 1 free ·and 14 us~r's input data s~et ' . . 

Jtt for r'~otf! 'bat<:h -J'Ob 'e·ntry. 

Jbt fJoir remote batch j··Ob entry·. ·. 



APPENDIX F 

JCL FOR DRIVER'S SEGMENT 

The following JCL was used to compile, link-edit, and execute the driver's 

segment of the integrated pavement design processor onto disk. The driver's 

segment can then be executed from a terminal. 

lljobname Job etc. 
/*CLASS H 
II EXEC FORTGTP,REGION=200K,PARM.LKED='OVLY' 
IIFORT.SYSIN DD * 

Driver's Segment Source Deck 

IILKED.SYSLMOD DD DSN=TP.USERLIB(USER0004),DISP=SHR 
IILKED.SYSIN DD * 

I* 

ENTRY 
INSERT 
OVERLAY 
INSERT 
OVERLAY 
INSERT 
OVERLAY 
INSERT 
OVERLAY 
INSERT 
OVERLAY 
INSERT 
OVERLAY 
INSERT 
OVERLAY 
INSERT 
OVERLAY 
INSERT 
OVERLAY 
INSERT 
OVERLAY 
INSERT 

MAIN 
MAIN, TPIO 
ONE 
STAO 
ONE 
STAl 
ONE 
STA2 
ONE 
STA3, TTTM,FBSR,ASSN 
ONE 
NEXl, NEX3 
ONE 
NEX2, CDMG 
ONE 
MONl 
ONE 
MON2 
ONE 
MON3 
ONE · --------- · 
SUNl , SUN2, SUH3 · 
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