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PREFACE

This report provides a detailed documentation of the rigid pavement design
system program RPS-3. The information includes discussions on modularization
of the program, model changes made to the program, and a trial implementation
study made using the program. The report also contains an analysis of common
user errors, a complete program flow chart, a program listing, and a program
input guide. This report is in essence a User's Manual with instructions to

the designer.

December 1974 Robert F. Carmichael
B. F. McCullough
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ABSTRACT

The rigid pavement design system computer program, RPS-3, designed as a
result of this study is the third in a series of such systems developed under
the project entitled "A System Analysis of Pavement Design and Research Imple-
mentation" (Ref 1), sponsored by the Texas Highway Department in cooperation
with the Federal Highway Administration.

The rigid pavement design system programs, designated RPS, have been
developed in conjunction with flexible pavement design system programs,
‘designated FPS, under the auspices of the Center for Highway Research at The
University of Texas at Austin and the Texas Transportation Institute at Texas
A&M University and the Texas Highway Department. At the time this particular
study was begun, two versions of RPS and thirteen versions of FPS had been
developed by the Project. The development of the two previous programs of the
rigid pavement design system is documeﬁted in Refs 2 and 3.

A revised rigid pavement system computer program, RPS-3, is presented and
documented. Details of model changes are explained. The most significant
changes were made in the traffic delay cost subroutine, TDS. The program's
modularization is outlined and each new subroutine is flow charted and
explained. A discussion of RPS-3 implementation is also included, to serve as
a guideline for the program's future use. The report also contains a complete
set of sample RPS-3 problems and a complete input guide as well as a discussion
of the most common errors encountered in the use of RPS-3, This report is also

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

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

implementation, traffic delay cost, flow chart.
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SUMMARY

A newly documented version of the rigid pavement design system, computer
program RPS-3, has been developed from the basic RPS-2 program. The new pro-
gram has been changed in a number of ways to make the program more implement-
able. The program has been modularized into a total of eleven subroutines,
each having a distinctive function which has been documented. This modulari-
zation makes RPS-3 the most easily changeable version of the rigid pavement
design system. Future modifications will be much easier because of the modular-
ization. A complete documentation of how to run the new program, the input
guide, was prepared to allow easier program usage by highway design engineers.
An attempt has been made to answer any questions a user may have concerning a
particular variable or its input value.

Finally, a study was undertaken to evaluate how effective and accurate
the RPS-2 program was in actual use. The results of this verification study
led to the formation of certain recommendations concerning future implementa-
tion. The results are applicable to RPS-3 because both programs utilize the

same design models.
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IMPLEMENTATION STATEMENT

This report describes the implementation process for the new rigid
pavement design system, RPS-3. As such, it is an implementation of part of
Project 123 findings., Making the RPS-3 program usable by highway design
engineers was the major goal of the study., RPS-3 has many qualities which
will make it easier to implement than RPS-2, but it retains the major design
procedures of the rigid pavement system developed in RPS-2. A trial imple-
mentation of the RPS-2 program has been tried in Houston, Texas, and the
results are report in Chapter 5, The results of the study in Houston, Texas,
are applicable té RPS-3 also because both programs use the same design equa-

tions.
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CHAPTER 1. INTRODUCTION

The rigid pavement design system computer program, RPS-3, designed as a
result of this study is the third in a series of such systems developed under
a project entitled, "A System Analysis of Pavement Design and Research Imple-
mentation," (Ref 1) sponsored by the Texas Highway Department in cooperation
with the Federal Highway Administration.

The rigid pavement design system programs, designated RPS, have been
developed in conjunction with flexible pavement design system programs,
designated FPS, under the auspices of the Center for Highway Research at The
University of Texas at Austin and The Texas Transportation Institute at Texas
ASM University and with support of the Texas Highway Department. At the time
this particular study was begun, two versions of RPS and thirteen versions of
FPS had been developed by the Project. The development of the two previous
programs of the rigid pavement design system is documented in Refs 2 and 3.

The rigid pavement design system computer program RPS-2 is currently
used as a state-of-the-art design tool to design concrete pavements. This
study was initiated to modify the RPS-2 program so that it would be better
suited for implementation into more district offices of the Texas Highway
Department. The new version developed by this study is named RPS-3. All the
modifications made to the program are documented. The major differences of this
program and previous programs are its new models, its modularization into
numerous Separate models which are interfaced to form the complete system,
and its complete documentation with the user in mind., The system was devel-
oped because there was a need for a more implementable rigid pavement design

system for highway engineers.

OBJECTIVES

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

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



field use, To accomplish this main goal, several objectives were established:
(1) Program RPS~3 was modularized into a number of subrcutines
to make future modifications easier.

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

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

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

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

implementable version of a rigid pavement design program.

SCOPE

The scope of this report is to document the development cf RPS-3, This pro-
gram is a modification of the rigid pavement design system and has many new
implementation features. The program has been made easier to use from a tech-
nical standpoint and it has been refined to provide better solutions.

The needed program changes ascertained from previous experience with the
program and the approach taken to accomplish these modifications are outlined
in Chapter 2,

The results of specific model studies are described in detail and the
changes made in the models used in RPS-2 are given in Chapter 3,

The method used to modularize the program to facilitate future changes
and updating is explalned in Chapter 4. V

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

Highway Department is described in Chapter 5.

The general aspects of the new RPS-3 user's guide and a discussion of the
most common user errors which occur with RPS-3 usage are included in Chapter 6.

An illustration of the use of the program with a complete sample problem
is provided in Chapter 7.

The findings of this study and suggestions for future research in the

rigid pavement design system are summarized in Chapter 8.



A flow chart of the new RPS-3 program, sample outputs, a user's manual
for operation of the RPS-3 program, and a program listing are provided in

the appendices in order to provide a complete documentation of the program.
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CHAPTER 2. SYSTEM DEVELOPMENT AND APPROACH

This chapter presents a summary of the rigid pavement design system
needs, determined by reviewing the experience gained with RPS-2 and consulting
with the Design Division of the Texas Highway Department. Those changes
which were accomplished in the development of RPS-3 are outlined. The models
which were modified and the types of implementation features which were
included in the new program version are discussed. Finally, a section dis-
cussing model improvements, program modularizations, and implementation is

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

SYSTEM DEVELOPMENT

The initial step of RPS-3 development was to detemine the overall needs
of the rigid pavement design system and to plan a course of action which
would achieve those needs, as shown in Fig 2.1. First, RPS-2 was completely
documented and an Input Guide (Ref 3) was developed. Next, a proposed basic
format for RPS~3 was developed with design inputs from Texas Transportation
Institute, the Center for Highway Research, and the Texas Highway Department.
This report deals only with the developement of RPS-3.

The final three steps of the rigid pavement design system to be accomp-
lished by later research are (1) a comparison of RPS-3 and FPS, (2) the
development of RPS-4 and a modified RPS more closely resembling each other,
and (3) a final covergence of the RPS design model with the FPS design model
to form a total pavement design system capable of designing and optimizing
solutions for both flexible and rigid types of pavements.

Table 2.1 lists the specific work items which were to be accomplished
during each step of RPS development.

The five steps of development shown in Fig 2.1 constitute the major steps
in the rigid pavement design system evolution, The first step of development,

accomplished before this study was undertaken, was to document the RPS-2 program.
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Fig 2.1. RPS development within the pavement design system structure.



Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

TABLE 2,1, SYSTEM DEVELOPMENT WORK ITEMS

RPS-2 Documentation and Input Guide

RPS-3 Development

1.

O 0o~ o B BWPN

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

Modify the asphaltic-concrete stiffness input (if sensitive).
Add a user's cost associated PCC overlay (curing time).

Check seal coat routine (PDD overlay).

Reduce number of variables in the regression equations,
Modularize program with comment cards and subroutines.

Fix insensitive variables.

Study maintenance subroutine.

Characterize concrete flexural strength.

RPS-3 and FPS Comparison

1.
2.

3.

Justify differences in models between RPS and FPS if any.

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

Change input format to conform with FPS input format.

New Program Development

1.
2.

Create RPS~4 version

Create FPS-x version

System Convergence

1.
2,

Create total pavement design system

Implement the new system



This report describes the accomplishments of Step 2 in the evolution process,
the development of the RPS-3 design program. Three additional steps of
development are envisioned. Step 3 will be a comparison of RPS-3 with FPS,
the flexible pavement design system, and with Texas Highway Department design
details. Step 4 will consist of the development of an RPS-% version to incor-
porate the findings of Step 3 comparisons. Step 5, the final level of devel-
opment, will be the merging of the RPS-4 version with the FPS version to form

the total pavement design system.

OUTLINE OF RPS CHANGES ACCOMPLISHED

Two basic types of changes were made in RPS-2 to creatz RPS-3 and imple-
ment the RPS-3 program: (1) model changes, and (2) changes related to imple-
mentation. A general discussion of the modifications contained in each one
of these areas is included in this section. Although these accomplishments
do not encompass all the work items in Step 2, they are significant enough

to create a new RPS program.

Better Models

Three of the models in the RPS-2 program were studied to ascertain how
well they functioned. It was felt that if a model did not adequately simulate
a real field situation, then that model would be detrimental to implementation
attempts. Thus, if a particular model was not properly modeling a field situ-
ation, it was modified, 1In one extreme case, the seal coat model was deleted
completely. The three models studied were seal coat scheduling, traffic
delay cost calculation, and maintenance costs. The study and final evaluation

of each of these models is discussed in Chapter 3.

Implementation Features

Many modifications were made to RPS-2 in an attempt to make the program
more implementable into the THD pavement design process. Major changes
included a complete reworking of input and output formats, the changing of

insensitive parameters, and a modularization of the program. The input and



output formats were redone because the RPS-2 version did not print the input
data units and also printed some inputs under misleading titles. It was
decided that the output format should appear like the input guide for the
program with complete titles and units for all variables. Insensitive param-
eter in RPS-2 were given specific values in the program so that the designer
would not have to input variables. A discussion of these variables is given
in Chapter 3. Finally, a modularization of the program was accomplished to
facilitate implementation. The RPS-2 computer program contained a main pro-
gram of approximately 1950 cards and three subroutines of 50 cards each.
Modularization of these 1950 cards into numerous subroutines was necessary
for implementation, so that at any future time, if better models were developed
for concrete pavement behavior, they could be added easily into the rigid
pavement design system, The program was broken down into eight new subroutines
in addition to the three already existing subroutines. These new subroutines
and the entire modularization process are discussed in detail in Chapter 5,

One of the most valuable results of the study is the documented user's
guide which accompanies the RPS-3 version. This user's guide was developed

from the input guide for RPS-2,

SUMMARY OF OVERALL APPROACH TAKEN TO MEET NEEDS

Once the needs for a revised RPS program were assessed, an approach was
developed to modify, modularize, and implement the new program. The approach
was developed to work in stages, Initially, inadequate models were to be
improved and the implementation features of units, titles, and fixed variables
were to be added to the program. Once these new models and additions were
tested and validated, a modularization of RPS-2 began. The modularization
consisted of flow charting RPS-2 and determining where compatible pieces could
be broken out and subroutines developed. Once a new subroutine was developed,
a battery of runs was made to test the accuracy of the program. The RPS-2
program was used as a base from which to judge the runs. If a subroutine did
not function properly, it was corrected before the initiation of the next sub-
routine. Once the final version had been modularized, it was deemed ready

for implementation., A trial implementation was performed using the RPS-2
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program. The findings of the implementation trial are relative to RPS-3
because the program's basic design techniques are the saﬁe as those used in
RPS-2. A complete flow charting of the program and the user's manual for

the program were then developed, so as to make RPS-3 a completely separate
entity in the continuing process of the rigid pavement design system develop-

ment,



CHAPTER 3. IMPROVEMENT OF MODELS

In general, this chapter discusses the changes made to various models
of RPS-2 so that the models will be more useful in RPS-3. Specific model
changes include (1) an improvement of the traffic delay cost model, (2) a
deletion of the seal coat model, (3) a modification of the input and output
models, (4) a study and recommendations on the future of the maintenance model,
(5) deletion of the traffic load groups model, and (6) the collection of
concrete flexural strength data for the performance model. The chapter
initially presents the positive additive steps in RPS-3 development and con-

cludes with a discussion of those design models removed.

CORRECTION OF TRAFFIC DELAY COST MODEL

The current rigid pavement design system program, RPS-2, includes a model
for determining the traffic delay cost for an overlay of an existing pavement.
The model was adopted for use in the RPS-2 program from Research Report 32-11
(Ref 4), which explains the model. The model will determine traffic delay
costs associated with both asphaltic concrete (AC) and portland cement concrete
(PCC) overlays. However, since the model predicts the traffic delay costs only
during the overlay laydown and neglects the traffic delay costs during the
curing period of PCC overlays, a study was conducted to determine how traffic
delay costs varied during different periods of the day. A study of average
daily traffic (ADT) hourly distribution was required and was undertaken to
determine the distribution of traffic during a typical 24-hour period. The
study included an analysis of both urban and rural sections. This section
provides the study results and the documentation of the new subroutine, TDC3,

models development for RPS-3.

11
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Objectives and Approach of ADT Variation Study

The main objective of this study item was to determine ADT distribution
with respect to hour of the day so that wvalid costs for curing PCC overlays
could be calculated., The study goal was to characterize the ADT distribution
for both rural and urban sections of Texas highways for use in the modified
rigid pavement computer program RPS-3 to determine the traffic delay costs
during curing associated with PCC overlays. The designer using the program

would adequately predict traffic delay costs for all cases.

Data Collection

The data used for the study were taken from '""1973 Annual Report of Per-
manent Automatic Traffic Recorders,” published by the Planning and Research
Division of the Texas Highway Department (Ref 5). The recorders listed in
the report operated for twelve full months during 1973 and were located on
both rural and urban highway systems. The average daily traffic volumes
reported are for both directions of traffic at the recorder location. The
report characterizes the ADT at each location with respect to day of the
week; high hour for the year, month, and season; and hour of the day. A per-
cent variation of the average annual daily traffic from year to year of each

recorder's operation is also presented.

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

traffic recorder (ATR) data were selected at random from the map of sections
provided in the Annual Report. Eight rural and seven urban section identi-
fication numbers were selected and then each section was checked to determine
whether it fit the urban or rural classification used for the study. A rural
section was to be a two-lane section of either Farm-to-Market or State High-
way designation. The rural sections were randomly chosen in areas distinctly
removed from major population areas. Table 3,1 lists the rural sections,
the ATR identification numbers, the section locations within the state, and
the number of lanes.

An urban section was adopted for use on the basis of its location within
a major urban area and the fact that it was of Interstate or U. S. designation.
All sections studied were to have a total of four or more lanes., The pertinent

data are given in Table 3.2, The Fort Worth section, SO041, has only two lanes,



TABLE 3.1, RURAL AUTOMATIC TRAFFIC
RECORDERS STATIONS

Number of Lanes

Station Highway (Both Directions) Route

5058 M 386 2 Mason - Katemcy

5015 US 289 2 Lampasas - Burnet

5097 Us 281 2 Falfurrias - Encino

S043 us 59 2 Linden - Jefferson

5044 us 82 2 Henrietta - Ringgold

5119 us 16 2 Fredericksburg — Kerrville
8068 SH 163 2 Ozona - Juno

5060 SH 207 2 Claude - Silverton

13



TABLE 3.2. URBAN AUTOMATIC TRAFFIC
RECORDERS STATIONS

Number of Lanes

Station Highway (Both Directions) City
5158 us 87 4 Anarillo
S041 Us 81 2 Fort Worth
5148 IH 35E 8 Dallas
S165 I 10 10 Houston
$140 Us 59 8 Houston
S156 IH 610 8 Houston
s123 I8 10 4 El Paso

8108 IH 35 4 San Antonio

$132 IH 35 6 Austin
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but the use of this section did not adversely affect the study outcome. Two
additional sections reported in Table 3.2 and located in the medium sized
urban areas of Amarillo and El1 Paso were included as a check of traffic in

such areas,

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

to hour of the day, Tuesday, was chosen upon which to base comparisons. In
most cases, the ADT for Tuesday was approximately one hundred percent of the
average annual daily traffic (AADT) for the section. After all sections'

data were compared on a Tuesday basis, the ADT for three sections was deter-
mined for either Friday or Saturday to determine if Tuesday was representative
of all the days of the week,

Specifically, the ADT was determined for each section, using the annual
average hourly values presented for each section in the Annual Report. Each
hourly volume was divided by the total annual average daily volume to determine
what percentage of the total each hour contributed. Figure 3,1 shows a sample
of the data from the Annual Report. The section shown had an annual average
daily traffic volume of 145,058 vehicles for Tuesday, which was 108.3 per-
cent of the average annual daily traffic. The average hourly volume of 9,818
vehicles for 8:00 - 9:00 a.m. was divided by 145,058 to determine, for example,
that, for this hour, 6.77 percent of the ADT passed through the section.

After this calculation was made for each hour, the data were plotted. The
same data were later cumulated for the preparation of cumulative frequency
distribution graphs., These same calculations were made for all sections under

study.

Data Comparison

The initial approach was to independently compare the rural sections and
the urban sections. Each set of ADT distribution curves compared very favor-
ably within their own classification set and, therefore, cross comparisons were
made between urban and rural sections. These comparisons were simply made by
visual comparison of the superimposed cumulative distribution. The Kolmogorov-
Smirnov test was used to statistically compare the cumulative frequency distri-

bution.

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

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



ANNUAL AVERAGE HOURLY VOLUMES
BY DAYS OF WEEK~-1973

91

STATION — S$140
LOCATION- US 59,

0.6 Ml W OF IH 610, S, HOUSTON

HOUR SUN. HON. TUE. WED. THRw FRI. SAT.
12-AH 2¢ 869 1.418 1eT06 1+855 2,005 2,061 3.077
01-02 2,225 850 855 933 1,048 1,066 14942
02~-03 1,640 582 623 691 159 195 1:485
03-04 .13 ] 390 405 436 471 487 851
04-05 531 437 463 466 488 514 584
05-08 534 1,210 1,217 1,200 1,227 1,226 1,016
06-~07 1,003 64289 6¢551 69475 6y 430 64410 24390
07-08 1+440 10,453 11,018 10,977 10+978 10v982 3,784
08-09 2.087 94392 9.818 9,834 9,773 9,911 5¢126
09-10 3,298 T497 8,002 7,855 T4924 84077 64274
10-11 4,092 T¢320 Te435 Tebl? To&77 T.850 T+160
11-12 4.571 8,023 8,074 8,082 8,181 8,666 8,051
12-PM 54896 844693 8,335 8,279 8. 398 84999 84498
a1-02 S5eT41 By347 8324 8,255 8¢ 340 9,019 8.190
02-03 5778 Be4957 8,432 8,427 8.537 94387 T4969
03-0% 5,877 9,687 94670 9632 9,729 10,3469 Te9%8
04-0% 5¢961 10.818 10,881 10,931 10,850 10+860 Ty56%
0%5-06 6,042 104346 10,595 104617 10,533 10367 7,181
06~-07 5736 8,884 9.071 9.101 9,166 91442 6¢928
07-08 54079 64789 6967 7,169 Te 365 Te912 6,260
08-09 4,176 5,281 5,241 5,436 5.588 64049 4,917
09-10 3.826 4,653 4,899 5,061 5,180 5,328 44451
10-11 3.226 344673 3.815 3,987 3,986 4,402 3,914
11-12 2y319 24500 25661 2,867 2,950 3,+82¢4 3,653
TOTAL 84,823 141,629 145,058 145,983 147,383 154,003 119,313
PERCENT

OF AAOY 63.3 105.7 108.3 109.0 110.0 115.0 89.1

ANNUAL AVERAGE WEEK TOTAL -~ 938,192
AADT  ~-- 133,948

Fig 3. 1. Sample Average Traffic Recorder data.
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distributions all showed bi-modal peaks and one minor peak of ADT flow.
The major peaks were between seven and nine a.m. in the morning (representing
the morning rush hour work traffic) and four to six p.m. (representing evening
rush hour work traffic). Most of the distributions also showed minor peaks
at the noon hour. Figure 3.2 shows a characteristic urban distribution for
Section S165 in Houston, Texas.

The rural distribution curves had characteristically one main peak. The
peak was spread out into one main broad increase of ADT between the hours of
seven a.m., and five p.m. Figure 3.3 shows a characteristic rural distribution

of the '"one peak" type, for Section SO44 in Henrietta, Texas.

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

urban and rural sections because of the characteristic differences in the
normal distribution plots. Therefore, cumulative frequency distribution plots
were made for all the sections. These plots, when compared visually, were
similar in all cases; rural sections to rural sections, urban sections to

urban sections, and urban sections to rural sections. The cumulative frequency
distribution of Section S119 in Fredericksburg, Texas, shown in Fig 3.4, is
representative of the rural sections studied, while the cumulative frequency
distribution of Section S041 in Fort Worth, Texas, shown in Fig 3.5, is charac-
teristic of the urban sections studied. Comparison of the cumulative frequency
distribution plots visually indicated that one generalized curve representing
both rural and urban conditions could be made for the entire state, instead of
separate curves for rural and urban as initially anticipated. However, it was
felt that before such an action was taken, a statistical comparison to rein-

force the visual conclusion should be undertaken.

Kolmogorov=-Smirnov Comparison

The Kolmogorov-Smirnov test is a statistical comparison of any two cum-
ulative frequency distributions. The maximum difference (D max) between the
two sets of data is compared with a specified constant. If A(x) and B(x)
are two cumulative functions, then the Smirnov test rejects the hypothesis
that the A(x) distribution is equal to the B(x) distribution if the D max

exceeds the specified constant:

P[A(x) dif B(x)] 3.1)
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The constant is determined by establishing an allowable Type-1 error. A
Type-1 error is the error of saying something is true when it is not.

For all comparisons of this study, the constant o was determined at a
0.05 level so that

PiID>cC} = « = 0,05 3.2)

This means that the test was made with the acceptance that five percent of the
time when the curves compared favorably, they might actually be different.
This level is a practical level at which to test because it is a reasonably
difficult level to meet. The constant calculated for the test is a function

of the sample sizes., The equation

= m+ n
C 1.36 — ‘ (3.3)

was used, with m and n being the respective sample sizes of the two dis-
tributions. Both m and n are equal to 24; C 1is equal to 0.39. All the
comparisons made for the study passed the test by a wide margin of safety.
Table 3.3 shows a summary of all six comparison sets made for the study. The
first set of comparisons is for rural sections compared to rural sections,
The largest difference was 0.0957, which is well below the (.39 level. The
second set of comparisons is for the urban sections compared to one another.
The largest difference for these comparisons was 0.0599. The third set of
comparisons is between rural and urban sections. The largest D max was 0.100.
The final two sets of comparisons are for medium urban areas and day of the
week, The medium urban area comparisons indicated that there were no signi-
ficant differences in these sections when they were compared to the urban
and rural sections. The day of the week comparisons were made to check the
choice of Tuesday as a study day. The results shown in Table 3.3 indicate
the choice was reasonable and did not bias the data.

The Kolmogorov-Smirnov tests reinforced the assumptions made from visual
examinations of the plots, i.e., statistically, the traffic patterns for all

sections had the same basic pattern of fluctuation.



TABLE 3.3, KOLMOGOROV-SMIRNOV COMPARISONS

Hour of
Comparisons D max D max

Rural
Ozona - Claude 0.0421 3-4 p.m.
Mason - Fredericksburg 0.0603 4 -5 p.m.
Falfurrias - Lampasas 0.0548 7 -8 a.m.
Linden - Henrietta 0.0957 6 -7 a.nm,
Ozona - Mason 0.0511 3-4 p.nm.
Claude - Fredericksburg 0.0492 4 -5 p.m.
Falfurrias - Linden 0.0223 5-6 p.n.
Lampasas - Henrietta 0.0246 8 -9 a.m.
Falfurrias - Claude 0.0824 5-6 a.m.
Linden ~ Mason 0.0913 6 -7 a.m.

Urban
Dallas - Fort Worth 0.0358 6 -7 p.m.
Houston (140) - San Antonio 0.0251 7 -8 a.m.
Houston (165) - Austin 0.0599 0 - 11 a.m.
Dallas - Houston (140) 0.0346 7 -8 a.m.
Fort Worth - San Antonio 0.0217 8 -9 p.m.
Houston (165) - Houston (140) 0.0423 5-6 p.nm.
Austin - San Antonio 0.0405 4 - 5 p.m.

Rural to Urban
Ozona - Dallas 0.0686 7 -8 a.m.
Mason - Fort Worth 0.0990 7 - 8 a.m.
Linden - San Antonio 0.0397 8§ -9 a.nm.
Claude - Houston (14) 0.0704 8 -9 a.m.
Falfurrias - Austin 0.0600 3 -4 p.m,
Henrietta - Houston (165) 0.0820 8 -9 a.m.
Lampasas - Dallas 0.1000 8 -9 a.m.
Fredericksburg - Fort Worth 0,0810 7 -8 a.m.

23
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TABLE 3.3. (Continued)
Hour of
Comparisons D max D max

Medium Urban Area
El Paso - Amarillo 0.0360 8 -9 a.m.
Amarillo - Lampasas 0.0380 7 - 8 a.m.

Day of Week
Linden - Linden 0.0313 5~ 6 p.m.
Tuesday Saturday
Houston (1653) - Houston (165) 0.0550 6 - 7 p.m.
Tuesday Saturday
Houston (140) - Houston (140) 0.0346 7 - 8 a.m.,
Tuesday Friday
Ozona - Linden 0.0590 5~-6 a.m,
Tuesday Saturday 8§ -9 a.nm.
Dallas - Houston (165) 0.0476 3 -4 p.m,

Tuesday

Saturday
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Conclusions

The major conclusion drawn from the study of ADT distribution was that
one cumulative curve could be developed for both urban and rural conditions.
The curve which was derived from the data for every section is shown in
Fig 3.6. The points on this average cumulative frequency distribution are
the average of the percents from Tuesday data for all sections. For calcula-
tion of traffic delay cost, this information was input into computer program
RPS-3 as a cumulative curve which was used with the ADT input to estimate
vehicles per hour (VPH) for any hour of the day desired.

The initial use of the information was primarily for the calculation
of the traffic delay costs associated with the curing of concrete overlays,
However, one additional benefit gained from this study information is the
capability for the designer to specify when an overlay should occur in order
to minimize traffic delay costs. For example, if the designer knows his dis-
trict asphaltic overlays are constructed only during off peak traffic periods
such as 10 a.m. to 3 p.m., then calculations may be made of the cost of such

an overlay, using the results of this study.

Summary and Implementation

The generalized curve is very useful to the rigid pavement design system
program and its existence in the system will provide more flexibility in the
designer's decision making process. Since the designer can correctly detemmine
the cost difference associated with overlay type and input the times of the
day for overlaying, the program more realistically represents the actual field

situation and thus is more useful in implementation.

Computer Mechanics of Model

This section explains the new TDC3 subroutine placed in RPS-3. The new
subroutine uses the information gained in the study of ADT distribution,
which has been described.

The computer model developed to calculate traffic delay costs using the
data obtained from the study of ADT distribution is explained in this section.
The model is a modified version of the traffic delay cost model outlined in

Report 32-11 (Ref 4) and used in RPS-2. All the equations and cost tables of
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the model in RPS~2 were retained, but the ADT distribution data were added.
The old model calculated a delay cost per hour depending upon the location
(urban or rural), the traffic (an average ADT arriving per hour at the overlay
site), and the model used for overlaying and its associated variables.

The new model utilizes the concept of summing all of the delay costs
hour by hour for a day of construction, If the pavement is overlaid with a
concrete overlay, the model determines delay costs on an hour by hour basis
for a day of curing. The respective sums are multiplied by the number of
days in each category.

Initially, the new traffic delay model subroutine TDC3 determines the
hours to construct the overlay (HTCCO for concrete overlay or HTCAO for asphalt
overlay), using the production rate variable hours per square yard, HPSY, and

the total number of square yards to be overlaid, SYARDS, in the equation
HTCAO = HTCCO = HPSY (SYARDS) (3.4)

The difference between asphalt and concrete is established by the program,
but the variable HPSY comes into the subroutine in the correct form. The sub-
routine then calculates the number of days necessary to construct the overlay
by dividing the hours to construct by the number of hours worked per day.
The subroutine next calls subroutine VPHCAL to calculate the vehicles per
hour using the ADT at the time of the overlay and the data from the ADT dis-
tribution study. Subroutine VPHCAL calculates the vehicles per hour (VPH)
for all the hours of the day, using the average daily traffic at the time
of the overlay multiplied by the percentage curve developed from the ADT
distribution study. VPHCAL merely provides the 24 values of VPH to TDC3 so
that costs may be determined. The TDC3 subroutine now begins several itera-
tions to determine costs. All the cost calculations are the same as those in
Report 32-11 (Ref 4) with the exception of the reduced delay costs associated
with the concrete curing.

The subroutine first loops through the cost equations between the hour
of the day when overlay construction begins and the hour of the day when over-
lay construction ends. These loops sum the delay cost per hour as a function

of the vehicles per hour using the following equation (Ref 4):
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DCH = VPH*(PO1*(COl + CO2 + CO3) + (1.-PO1)*(CO3 + CO4) + (3.5)
PO2%CO05) + VPH*(PN1*(CN1 + CN2 + CN3) + (1.-PN1)*
(CN3 + CH&4) + PN2*CN5)

This delay cost is saved as variable DCH1, and the program resets the last hour
of construction as the initial hour and 12 midnight as the final hour. It
then loops through the costs again using these two indices and a reduced

equation for costs, which will be explained later:

DCH = VPH * (CO3 + CO4 + CN3 + CN4) (3.6)

These costs are saved as variable DCH2, and the program resets the initial hour
to one a.m. and the final hour to the hour before the construction begins.
Using these indices the program again uses the reduced costs and stores the
results in variable DCH3.

For its final loop, the program loops from 1 to 24 to determine the costs
for an entire day of curing. It uses the reduced cost equation and saves
the results as variable DCH4.

The program does the last three looping sequences only if the road is to
be overlaid with concrete. If the roadway is to be overlaid with asphalt,
the program merely saves the delay cost for the construction period,

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

equal to

DCHTOT = (DCHl1 + DCH2 + DCH3) (NDAYCO) + (DCH4) (NDAYCU) (3.7)

This is the delay cost per day for a construction day times the number of
days taken to construct the overlay, plus the delay cost per day for a curing
day times the number of days of curing. The DCHTOT is converted to a unit of
square yards by dividing by the number of square yards overlaid, in the

equation

_ DCHTOT
DCSYCO = gyprps (3.8)
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This delay cost per square yard is converted to a traffic delay cost per

square yard on a present worth basis by the equation

_ DCsyco
TDCSY (i . RINTYPIAT (3.9)

100

where RINT is the percent value of money and PLAT is the time at which the
overlay occurs.
If the overlay is asphalt, the results are similarly calculated, except

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

_  (NDAYCO * DCHT)
DCSYAO SYARDS (3.10)

where NDAYCA is the number of days to construction the asphalt overlay, and
DCHT is the total sum of hourly delay costs for the hours of construction.

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

DCSYAO

RINT)PLAT
(1.0 + BN

TDCSY = (3.11)

The subroutine flow chart in Appendix 1 clearly shows the looping process.
This feature was necessary because military time had to be used to express
the hours of the day.

The reduced equation for delay costs assumes that there will be no delay
due to men and equipment interference, CO5, no delay costs associated with
the cost of one cycle of stopping from and returning to the approach speed per
vehicle, COl, and no costs associated with the cost of idling and time loss
per vehicle, CO2. These costs were considered to be insignificant during
periods of the day when there is no construction and for curing days. The
reduced cost consists only of costs of driving at reduced speed per vehicle,
C03, and the cost of one cycle of slowing to the through speed and returning

to the approach speed per vehicle, CO4.
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Asphalt overlays use the full costs, but only during the time of con=-
struction, since asphalt overlays do not delay traffic significantly unless

the overlay is actually taking place.

MODIFICATION OF INPUT AND OUTPUT MODELS

A complete review and modification of the input and output formats of
RPS-2 was undertaken as part of the development of RPS-3. The new formats
are contained in Subroutine INPUT, which prints out the input data, and
Subroutine OUTPUT which prints out the final designs.

The reason for this modification was that many of the wvariables which
the designer was asked to input had no units specified. As the input guide
for RPS-2, Research Report 123-21 (Ref 3), was being writtea, all the units
were added to the input and output formats, In addition, many of the vari-
ables titles were altered to simplify and clarify their meaning.

These modifications have made the input guide and the computer output
comparable to one another. This is a beneficial characteristic because the

designer may check inputs for accuracy.

MAINTENANCE SUBROUTINE STUDY

The RPS=2 program and the flexible pavement system, FP3, program cal-
culated maintenance costs with two different models. The F2S program was
developed to design flexible pavements using the same system concepts as the
RPS system. Because the FPS system had already been implemented and was in
use by highway design engineers, it was decided that possibly the new RPS-3
version could use the FPS maintenance model. Since designers were familiar
with the model already, it was felt that this modification might prove bene-
ficial to RPS-3.

With these problems in mind, work was begun to evaluate both models and
to make necessary changes. The RPS model, Subroutine MANCE, was obtained from
NCHRP Report 42 (Ref 6). The FPS model, Subroutine PWRM, was the result of a
joint study by Texas Transportation Institute and the Texas Highway Department
(Ref 4).
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The valuation for the current work was done with the idea of choosing
the model which would require easily obtained inputs from the design
engineers.,

Because costs obtained from both the models seemed unreliable, the initial
step of the study was to completely check the logic and programing of both
models. This study indicated that both models are correctly programed for
solution of their respective theories.

Even though the models are based on different premises, it was decided
that the next step of study would be to compare models on similar sets of
data. The MANCE model is based upon enviromment, traffic, and road character-
istic maintenance costs, while the PWRM model is based on the historical trend
of maintenance costs per square yard per year. Table 3.4 shows the major
input of both models, their similarities, and their differences. Test runs
made with the input data given equal values in each model indicated that the
MANCE subroutine predicted higher costs than the PWRM subroutine. The fact
that MANCE took into account the environmental factor, number of days freezing,
the average daily traffic growth rates, and an indicator as to the type of
road, seemed to give MANCE an advantage over PWRM for realistic use in RPS,
Both the RPS model, MANCE, and the FPS model, PWRM, predict maintenance costs
which have not been verified with current field data. The model inputs in
both cases are not easily attainable and designers are forced to use only
estimated inputs.

One recommendation as to how future studies should be conducted became
apparent. A study of maintenance records should be made to determine what
types of maintenance data are available to highway engineers, and then a
realistic comparison of MANCE and PWRM may be made using the actual mainten-
ance records for asphalt and concrete roadways.

The decision was made to leave the MANCE model intact in RPS-3 because
it seems to contain more variables relating to the real situation, especially
the index dividing urban and rural costs. The Input Guide in Appendix 3
gives an explanation of the composite costs and gives the valdes suggested
by NCHRP-42 for use. It should be remembered that these values may be low

today because of the increased cost of materials and labor.
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TABLE 3.4. MAINTENANCE MODELS

Model Model
MANCE PWRM
Variables Variables Description
PLF T Time from year "0" to the loss of
serviceability
PLP TPRIM Initial value of analysis year
AP CL Analysis period (years)
RINT RATE Rate of interest
DFTY - Number days freezing during the year
CLW - Composite labor wage
CERR - Composite equipment rental rate
CMAT - Composite material cost
- Ccl Routine maintenance cost/square yard
during first year
- Cc2 Incremental increase in routine
maintenance cost
ADTGR - Average daily traffic growth rate

ITYPE - Type of facility urban or rural
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CONCRETE FLEXURAL STRENGTH STUDY

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

the following concrete material variables:

(1) number of days at which concrete strength was measured (7 or 28 day),
(2) concrete flexural strength, mean value,

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

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

(5) standard deviation of the E wvalue,

(6) unit weight of the concrete,

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

(8) tensile strength of the concrete,

It is a definite problem for the design engineer to obtain input values
for the material properties used by RPS, Another important point to be made
is that even though some data are available to the design engineer on these
properties as related to a specific '"cement factor,”" this information is
highly dependent on the source and type of aggregate used in the mix. With
this problem in mind, a study was undertaken to classify the concrete
flexural strength.

The concrete flexural strength and modulus of elasticity are important
and primary variables in the RPS design system and also are values closely

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

Data Collection

Construction files were taken from Texas Department construction records
for concrete pavement jobs in 10 districts, The following infomation was
obtained in each district on all jobs of at least one million dollars con-

structed within the last eight years:

(1) aggregate source,

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

(3) flexural strength values from beam specimens,
(4) water-cement ratios,

(5) slump, and

(6) percent air entrainment.
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A total of 36 jobs were studied. From these 36 jobs, a total of 88
different design mixes were identified. For example, a job in a particular
location might retain the same aggregate source and cement factor, but during
the construction the water-cement ratio may be varied, thereby producing two
different mix designs for one job. Slump and percent air eatrainment data
were obtained for 64 of the designs. The data were kept separated by district

throughout the analysis.

Data Analysis

The next step of the study was an attempt to determine if a relation
could be drawn between flexural strength and the other variables. A multiple
regression analysis was run to determine if flexural strength could be pre-
dicted as a function of type of aggregate, cement factor, wiater-cement ratio,
percent air, and slump. However, the data obtained indicated that only 43
percent of the variation in flexural strength could be determined to be a
function of these variables. Since this information was not good enough to
use in design practice, it was decided that a district average and coefficient
of variation should be compiled to give guideline values for use in RPS-3.

The total overall average strength was 686.6 psi for the 3009 flexural beam
breaks recorded. Table 3.5 shows the district averages and coefficients of
variation by district, with each districts' projects totaled.

Project 183 conducted at the Center for Highway Research provided the
observations from the indirect tensile testing of 867 cores from 10 PCC pro-
jects (Ref 7). Marshall and Kennedy determined that the coefficient of vari-
ation of the tensile strength for each project was approximately 20 percent
for individual specimens. The reason this coefficient of variation is greater
than the ones resulting from the flexural beam break data is that the indirect
tensile specimens were randomly selected from pavement sections. The flexural
beam break data is more biased data, because groups of beams are made under
more tightly controlled conditions at intervals during the construction,

Project 183 also provided the following information on the values of
elastic modulus and percent coefficient of variation for Portland cement

concrete (Ref 7).

6
"(1) Mean modulus values for all specimens varied from 3.36 X 10 psi

to 5.02 X 10° psi and averaged 3.99 X 106 psi, and (2) The within



TABLE 3 5. CONCRETE FLEXURAL STRENGTH STUDY RESULTS

Percent Coefficient

Dig- Number of Number of Mean Flexural Standard of Variation in

trict Projects Beam Break Data Strength (PSI) Deviation (PSI) Flexural Strength
2 4 412 677 58.9 8.7
3 4 490 730 61.1 8.4
4 1 160 587 42,2 7.2
9 4 258 705 71.2 10.1
11 1 65 501 58.8 11.7
12 7 360 703 87.1 12.4
13 5 587 746 84.5 11.3
15 1 56 675 43.6 6.5
18 6 411 666 98.4 14.8
24 4 208 566 66.8 11.8

9%
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project coefficient of variation ranged from 22 percent to 42 percent
and averaged 34 percent for individual specimens."

Conclusions

In the multiple regression study, the type of aggregate and the cement
factor explained together 42 percent of the variation. The variation was
not significantly increased by the addition of water-cement ratio, percent
air, or slump in the regression equations. These three variables all have
an important part in determining flexural strength. Therefore, the only
conclusion drawn was that the data obtained may have been insufficient or
possibly the complex nature of these variable interrelations was not properly

characterized for the regression study.

DELETION OF SEAL COAT CAPABILITIES

The inputs of the minimum time for first seal coat after an asphalt con-
crete overlay, the minimum time between seal coats, and the cost per lane mile
of a seal coat were utilized in RPS-2. The program determined from these data
the number of seal coats after an overlay until the performance period life
was met. The program then calculated a present worth-cost of these seal coaté
and the schedule of their placement. However, the seal coats in no way
affected the performance life calculations on each section.

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

(1) The inputs minimum time to seal coat of the overlay and minimum

time between seal coats are normally not critical to initial road-
way design, because a seal coat is for the purpose of restoring

a skid resistant surface and does not affect the pavement's
structural life.

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

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

were removed in the development of RPS-3.

DELETION OF THE TRAFFIC VOLUME DATA

In the RPS-3 version, the capability of the designer to input traffic
volume data has been removed. This deletion of traffic models was undertaken
because of the availability to the designer of other traffic volume informa-
tion which is easier to input. Instead of having to input the load group
ranges, the number of axles, and the type of axle for each load group, the user
need only to input the ADT and total 18-kip equivalent single-axle wheel load,
ESAWL, for the analysis period. These traffic inputs are discussed in Chapter
6 and the Input Guide in Appendix 3.

The equations and checks for this option have been retained in program
RPS-3 in case future investigation proves a need for their use. The use of
the traffic load group input option may be reinstated in RPS-3 because the
equations remain intact in Subroutine TRAFFIC., Two changes to Subroutine
INPUT which will reinstate the option are the addition of an input variable
entitled PSN2 to Card 2 (Program Controls Card) and the removal of the state-
ment setting PSN2 equal to "1". 1If this option is ever exercised, the input
guide should explain that an input value of 1 for PSN2, will make the pro-
gram select the total 18-kip traffic input and a value of 0 for PSN2 will
cause the program to select the load group input and equations. Also, the

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

SUMMARY OF MODEL CHANGES

The changes to RPS-2 models which are documented in this chapter are the
only changes made in the development of RPS-3. A summary list of the changed
computer models is as follows:

(1) The traffic delay cost model was modified to account for traffic

delay costs incurred because of concrete curing time.

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

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

Two additional models were studied without any changes being made to
program operation:
(1) The maintenance model was studied to determine possible future

modifications.

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

Once these model changes and studies were complete, the modularization

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



CHAPTER 4. MODULARIZATION OF THE RPS-3 PROGRAM

As was previously outlined, the RPS-2 computer program was very large and
unwieldy. It consisted of one main program and three subroutines. This aspect
of RPS-2 was undesirable for a number of reasons.

(1) 1Its size prevented the modification or change of any model

without a complete understanding of the entire program.

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

(3) The overall program logic was not easily deciphered

because the complicated looping for design was obscured
by the program's size.

The RPS-2 version had three subroutines: AGE2, which calculated the pave-
ment performance life based on the modified AASHO equation; TDC2, which cal-
culated the traffic delay cost associated with pavement overlays; and MANCE,
which calculated maintenance costs for a pavement during its performance life.
The flow charts for these subroutines are included in Appendix 1. The pro-
gram was inflexible and hard to modify simply because of its size. For exam-
ple, if a new reinforcement model were to be developed it would be impossible
to implement the model into RPS-2 without a complete understanding of the
entire program. For this reason, modularization was one of the most important
tasks to be accomplished before implementation of the new version RPS-3.

The main goal of modularization was to subdivide the new version into a
main program deck with numerous subroutines without limitimg the program's abil-
ity to design. Not only would the program then be easier to change, but the
program would be easier to understand for those desiring to learn its opera-
tional characteristics.

First a group of six reference data decks were prepared. These six
problems were written to test every combination of RPS-~2 design capability.
The six problems were run and the outputs were placed in a master notebook.
Then as each new subroutine was broken out of the main program these six data

decks were run to verify that the system still produced the same pavement
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designs. Once a subroutine was compared favorably with the six sample problems,
a copy of the program was saved; another new subroutine was formed from another
part of the RPS-2 main deck; and the testing program initiated again.

In this iterative fashion, eight new subroutines were added to the program.
The original three subroutines, AGE2, TDC2, and MANCE, were retained, and the
eight added were ORDER, REINF, NUMBER, TRAFFIC, INPUT, OUTPUT, INITIAL, and
VPHCAL,

The new main program in RPS-3 consists of approximately 380 statements,
with the subroutines making up the remainder of the program.

The remainder of this chapter presents an explanation of the function
and operational flow of each new subroutine. After the subroutines have been
explained, there is a discussion of how these subroutines fit into the overall
program flow. The total program, including all the subroutines, is flow

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

EXPLANATION OF NEW SUBROUTINES

The new subroutines included in this discussion are ORDER, REINF, INITIAL,
NUMBER, TRAFFIC, INPUT, OUTPUT, and VPHCAL., The discussion of the modified sub-
routine TDC3 was presented in Chapter 3. The discussion of the two remaining
subroutines in RPS-3, AGE 2 and MANCE, is included in this section because
they were not completely documented during their development.

The discussion of each subroutine includes a statement as to the general
function of the subroutine and a discussion of the operatiomnal flow within

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

Subroutine ORDER

Subroutine ORDER stores and optimizes the design strategies for later
printing as output designs.

The subroutine is essentially composed of a do loop which loops twice to
correctly compare and store each design strategy it receives. First, the
design is indexed according to its design combination category. There are

five design combinations: (1) JCP with AC overlay, (2) CRCP with AC overlay,
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(3) JCP with CC overlay, (4) CRCP with CC overlay, and (5) JCP or CRCP without
overlay. The new design being optimized is compared to the most optimal design
of the same combination already stored. If the new design is more economical,
it replaces the old design; if not, then the loop goes back to its beginning.
The new design is then compared with all the NREQ designs (number of designs
required by designer for OUTPUT). If it is less expensive than the most expen-
sive design being kept, then it will replace that design; if not, the new
design being analyzed is rejected and the next design is analyzed. Once all
the designs have been analyzed, they are arranged in increasing order of
total cost.

The OUTPUT subroutine then prints out the NREQ designs, the optimal
design for each combination, and a summary of the total number of designs.

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

Subroutine REINF

Subroutine REINF designs the reinforcement steel for both JCP and CRCP
pavements, using either bar or wire mesh reinforcement.

Initially, the subroutine determines the combination of reinforcement
the designer desires, If the designer is specifying one combination only,
the program will recognize this and skip all unnecessary calculations. If
the designer is specifying CRCP with bars and wire mesh, the program will
recognize this and not make any joint calculations or extra reinforcement
calculations,

After designing the spacing for the type of reinforcement necessary, the
subroutine determines the costs involved and totals these costs with others
to provide an initial cost of the pavement, including subgrade preparation,
concrete, subbase, joints, tie bars, and reinforcement steel. The design
models used are outlined in Research Report 123-5 (Ref 2).

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

this subroutine is straightforward.

Subroutine INITIAL

Subroutine INITIAL initializes the storage of variables and creates the
initial arrays for the subroutine ORDER., The subroutine also calculates the

cost of subgrade preparation for the designs.
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Initially, the subroutine searches for the NREQ (number of designs for
which the designer has asked). 1If the designer has made no choice, the sub-
routine prepares to give him 12 designs automatically. The subroutine then
creates the arrays for all the combinations so that the most optimum design
in each combination may be saved. The subroutine then creates an array to
store NREQ designs and initializes a maximum cost against which to test all
subsequent design costs. The subroutine then determines the cost of the
subgrade preparation from the input of cost per lane mile of subgrade prepara-

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

Subroutine NUMBER

Subroutine NUMBER determines the total number of initial designs possible
for all combinations of concrete and subbase thicknesses derived using the
thickness increment input by the designer. First, the subroutine determines
with the use of a counter and stepping function, the number of initial designs
a subbase can generate. It does this for each subbase until it has accounted
for NSB, the number of subbases. Next, the subroutine uses a similar counting
system to determine the number of designs generated by all the concretes and
their respective thickness ranges. The subroutine then uses these two totals
to determine the total number of initial designs possible. If the number of
thickness combinations for subbase material is less than the number of subbases,
the program will stop and print an error message indicating to the designer
that there is an error in the subbase thickness input. For this reason, the
designer must still input a 1 for the NSB even if the minimum and maximum
thicknesses are equal to zero for designing the subgrade without subbase., The
flow chart for subroutine NUMBER shows in detail, the subbase loop and then

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

Subroutine TRAFFIC

Subroutine TRAFFIC determines the total 18-kip equivalent axle wheel
loadings for a design using either the input 18-kip ESAWL or the traffic load
range data. The subroutine initially begins by looping for the number of
subbases and determining for each thickness the allowable 18-kip ESAWL. The
subbase thickness is used only if the load group data are input into the program,

The program checks an index and if the total 18-kip ESAWL is input, it skips over
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the load range calculations. This subroutine places the traffic calculation
in one easy location for future changes. For example, it i3 now easier to

input information on truck traffic if desired,

Subroutine INPUT

Subroutine INPUT reads and prints out all the design information read
into the program by the user. The subroutine reads all the inputs initially,
then it prints them out. As the subroutine reads variables, some are set

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

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

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

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

(4) 1If the type of concrete flexural test is not specified, the program
will assume it to be third-point loading.

(5) 1If the number of days at which the flexural test was made is not
input, the program will set it to 28 days.

(6) 1If the tensile strength of the concrete is not input, the program
assumes it to be 40 percent of the flexural strength.

In printing out the data, RPS-3 makes many checks to insure that only those
items read in are printed out, For example, if the designer is overlaying
with AC, the program will not print out the titles for CC overlay data. The
printing out of inputs has been completely checked in the course of RPS-3
development. Units have been added to all formats and titles have been changed
to clarify their meanings. The confidence level variables which were not
printed out in RPS-2 are now printed out as the last input. The data are not
printed out in exactly the same order as read; however, the titles clearly
identify the variables.

The modularization of subroutine INPUT is important because it facili-
tates the final pavement design system (PDS) development. It will now be

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

Subroutine QUTPUT

Subroutine QUTPUT prints all the final design information. The subroutine

prints the optimum design in each category as follows:
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(1) JCP design with AC overlay,
(2) JCP design with CC overlay,
(3) CRCP design with AC overlay,
(4) CRCP design with CC overlay, and

(5) 1initial design lasting analysis period without overlay.

For each of the designs, subroutine QUTPUT provides a complete summary of
thickness, materials, reinforcement type and spacing, subsequent overlay
construction necessary, total life expected of design, and itemized and total
costs,

The subroutine then prints out a summary table of the NREQ, designs for
which the designer has asked. There are six designs per page with each page
consisting of the identical design data which were provided for each of the
optimum designs in every category. Following each summary page is a reinforce-
ment design for each pavement design. The subroutine will print six per page
up to the maximum of 23 designs.

Finally, after all the designs have been printed out, the subroutine
will print out two design analysis tables, the initial design analysis table
and the overlay subsystem analysis. The format of these tables has not been

changed and gives the following information (Ref 2).

Initial Design Analysis. This design analysis describes the following:

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

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

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

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

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

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

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

Overlay Subsystem Analysis. This subsystem analysis describes the

following for each combination analyzed by the program:

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

(3) number of strategies rejected during analysis because the lives

of the overlays provided are less than the minimurnn specified time
between overlays,

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

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

The initial design analysis is more informative to the designer than the
overlay subsystem analysis overall because some of the subsystem analysis
deals with the program's calling of certain subroutines and is useful only
to one who understands the program's internal working. However, the first
four outputs of the analysis listed above are useful. The design combina-
tion number at the top of the overlay subsystem analysis refer to (1) jointed
concrete pavement with an AC overlay, (2) jointed concrete pavement with
PCC overlay, (3) continuously reinforced pavement with an AC overlay, and

(4) continuously reinforced pavement with a PCC overlay.

Subroutine VPHCAL

Subroutine VPHCAL uses the average daily traffic at the time of an
overlay with the percentages of ADT for each hour of the day to calculate
vehicles per hour, VPH, on an hourly basis.

This subroutine is short and its operation is simple. The subroutine
uses the percentages of ADT per hour throughout the day to determine the
number of vehicles per hour. The calculations and the source of percentage

data are discussed in Chapter 3.

OVERALL PROGRAM FLOW

This section discusses the overall program flow of RPS-3 which is similar
to the process of design generation used in RPS-2 (Ref 2) is shown in Fig 4.2.

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

the overall design process. Figure 4.3 shows the flow of RPS-3. The program
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generates designs and will print up to a maximum of 23 design strategies in
order of increasing cost. The main program calls all the subroutines and
directs the flow shown in Fig 4.3. The flow diagram for the main program of
RPS-3 is included in Appendix 1.

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

(1) The main program of RPS-3 is 380 statements, whereas the main

part of RPS-2 has approximately six times as many.
(2) RPS-3 has eleven subroutines and RPS-2 has only three.

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

SUMMARY OF RPS-3 MODULARIZATION

The modularization of RPS-2 to produce RPS-3 was accomplished without
distrubing the design capability of the separate models. The two important

results obtained from this work were

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

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

The verification process utilized to check new subroutines of the modu-
larized program was very successful. After the final subroutine was pulled
out and the program tested, the results compared exactly with the results of
the six reference design problems run with RPS-2., The iterative checking
after each subroutine creation also allowed for programming bugs to be removed,

Once the modularization was complete, the final version of RPS-3 was
prepared by adding sequential numbering to identify the statements and com-
ments to assist the programmer and user. The RPS-3 version was added to
the Center for Highway Research computer library.

After the program was complete, a study was undertaken to verify the
accuracy of the rigid pavement design system to predict actual field situa-

tions.
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Chapter 5 presents a pilot study which was made in Houston, Texas using
RPS-2, The results of this study are applicable to RPS-3 because both pro-

grams predict the same results.



CHAPTER 5, IMPLEMENTATION

This chapter outlines a proposed procedure for the implementation of
RPS-3, and will cite trial uses of the RPS-2 program which have been made.
Recommendations concerning the future implementation, usage, and modifica-
tion of RPS-3 will be made. The development of RPS-3 was done in light of
future implementation and the program contains many useful implementation

features.

FUTURE RPS-3 IMPLEMENTATION

The general procedure for the implementation of RPS-3 should consist of
three main areas of work: (1) introduction of the program to Texas Highway
Department design engineers, (2) practical usage and problem solving with
RPS-3, and (3) modification of RPS-3, resulting from feedback obtained from
design engineers who use the program. A factorial analysis of these three
main functions is given in Fig 5.1. This factorial was developed as a guide
to the necessary operations in the implementation process.

Initially, the program must go through a period of formal introduction
to the users. A careful process for choosing Texas Highway Department Dis-
tricts which will use RPS-3 first is necessary. This is so that those Dis-
tricts which are familiar with concrete pavement design can be chosen for
implementation studies. These Districts should be contacted and supplied
information concerning RPS-3. As a final part of RPS-3 introduction, someone
familiar with the program should call on each District individually and intro-
duce the program. This personal implementation will hasten the acceptance of
the program and provide the Texas Highway Department design engineers with
someone who can be questioned regarding the particulars of the program.

After the program has been introduced and the district engineers have
had an opportunity to test its application, a problem solving step should

begin. Problems should be chosen from real District jobs and data gathered
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on the jobs. The RPS-3 program can then be used by the design engineers on

problems with which they are familiar. Once the problems have been run, the
solutions can be analyzed in an orderly fashion to determine how well RPS-3

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

the District design engineer's experience.

Finally, the problem solving step should generate new ideas for future
RPS-3 modification. The problem solving will help identify RPS-3 deficiences
which can be corrected or modified in additional (RPS-X) versions. Once any
correction is made, it is important that testing and documentation follow so
that the RPS system will remain homogeneous. Finally, after a correction has
been made, the program should be evaluated again by the Districts.

The implementation process is continuous once it has begun. Whenever
any new modifications are made, they are passed to the user. The user like-
wise makes notes of suspected defects and proposes needed modifications.

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

acceptance.

SPECIFIC TRIAL USE OF RPS-2

An evaluation of the accuracy of the AASHO equations to predict concrete
pavement performance periods was undertaken with RPS-2. Since this particu-
lar model in RPS-3 remains unchanged, the study is applicable as a verifica-
tion of RPS-3. Future use of RPS-3 for similar trials should be easier
because the program's input guide has been written for easy field use. The
process outlined in this section is basically a check of existing RPS design
capability. The findings of this section should support the implementation
of the program.

Before a designer can judge a particular pavement design and how it has
performed, he must undertake a comprehensive study to diagnose the nature of
the pavement's identity, its particular design characteristics, its construc-
tion, and the loads to which it has been subjected, both environmental and
traffic. All of these detailed particulars function together to produce the
performance life. A diagnostic study was performed to evaluate four in-service

concrete pavements in Houston, Texas. A general performance survey had been
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conducted on the sections and more detailed information was desired. It was
decided that an in-depth study should be made to determine more fully why the
sections were behaving as they were.

As a part of the scope, the report gives a method of approach to the
experiment design and the procedures followed in collecting all the necessary

data.

Approach and Experiment Design

Four in-service concrete pavements are in themselves not an adequate
size experiment because there are many different concrete pavement design
combinations. First, it was decided to choose only CRCP sections. The pave-
ment sections chosen were all sections on the Interstate System, either
IH-610 or IH-45. They were also very similar in design and relative age.

The four basic sections were given a current pavement condition rating of good,
fair, or poor by the urban office engineers, as an estimate of the section's
present condition. Table 5.1 also lists the Present Serviceability Rating
(PSR) values from a performance survey made by NCHRP Project 1-15 personnel
from the Center for Highway Research and the values closely agree with the
pavement condition estimates made by Texas Highway Department personnel. Mays
meter readings were collected also for each section and the present service-
ability index (PSI) values derived from these readings are given in Table 5.2.
As Table 5.1 shows, pavements of all conditions (poor, fair, and good) and of
both old and medium ages were studied. It was, therefore, decided that the
four chosen sections would be sufficient for the experiment, although not
ideal.

After the experiment sections were chosen, field measurements and samples
were taken, Laboratory tests were run on these samples, and the data was
analyzed to ascertain in particular what caused the pavemenf: to perform as
it had. This amount of data was necessary for a verification study, but for

design use of the program, this data are not required.

Procedure for Data Collection

This section explains the procedures adopted to collect laboratory and
job file data. These data provided a sound base for analyses of the sections

under study.



TABLE 5.1. BASIC INFORMATION FOR EACH TEST SECTION

Relative Actual Pavement 2 Subbase type

Project Section age age (years) Condition PSR (sand shell)
I610W - Memorial, Woodway 271-17-8 Medium 7 Fair 3.2 Cement stabilized
I610W - San Felipe, Westheimer 271-17-19 Medium 10 Poor 2.6 Cement stabilized
I610N - Yale, Main 271-14-26 Medium 9 Poor 2.8 Cement stabilized
I45N - Cavalcade, Patton 500-3-68 0ld 13 Good 3.8 Cement stabilized

1. A current pavement condition evaluation assigned by Houston Urban Office personnel

2. PSR ratings from a survey made by NCHRP Project 1-15 personnel from the Center for Highway Research
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TABLE 5.2. SUMMARY OF DATA -~ CRCP INVENTORY FORM
Pavement Traffic Environmental
Structure Materials 1 Construction Data Miscellaneous
Thickness One Direction
Project
Concrete .
Con- |Sub- Subbase Commercial 18K Concrete | High | Low |Curing Mays No. of
ADT Vehicles Con~ . Meter Days
crete|base | Cement Type ESAWL Mix Temp. |Temp. | Temp. A
w/C 5 Per Day tractor Readings| Until
(in.) |(in.) Factor (x 107) 3 (x 106> Method °p °p °p psi Traffic
SKS/SY [GAL/SK (x 107)
14 610 Csemint Austin | Central
Memorial 8 6 5.0 | 5.5 Staand' .80 5.28 9.20 Worth Mix 94 75 85 3.15 173
Woodway Shell Plant
IH 610 Cse:xebnt Brown |Traveling
San Felipe, 8 6 4.5 6.0 S:nd' .80 5.28 13.142 Root Drum 78 76 77 3.25 196
Westheimer Shell Mixer
H 610 %et:;int Holland|Traveling
Yale 8 6 4.5 5.8 Sand‘ .63 4,20 10,174 | Little Drum 82 82 85 3.15 338
Main Shell Mixer
H 45 %e:;int Cage Central
Cavalcade 8 ] 5.0 | 6.0 d‘ .56 2.30 3.573 | Bros. Mix 92 89 90 3.30 41
Patton Sshé:anll Plant

1 Traffic count made April 1973.

9¢
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Field Data. Each of the four 1200-foot sections was closed to traffic
by Texas Highway Department crews while measurements and evaluations were
being collected for each individual section. Physical measurements con-
sisted of deflections, crack width, crack spacing, steel reinforcement depth,
Mays Meter measurements, and various distress manifestations.

Two deflection measurements were made every 200 feet, one between two
cracks and one at a crack, or a total of 12 measurements for the 1200-foot
sections. An additional 12 measurements were made on the center line of each
1200-foot section at a spacing of 15 feet or less. Three crack widths were
measured as outlined in the Project 1-15 report (Ref 8). Steel depth was

obtained using a Pachometer.

Experimental Laboratory Data. Cores on each section were taken while the

team was in the field. These cores were of the concrete, subbase, and sub-
grade of each section. The cores were taken both at cracks and between cracks.
First, before any tests and measurements were made, all the cores were
photographed and measurements of height, diameter, and weight were made for
each core to determine its density.
Next, indirect temsile tests were performed upon the uncracked concrete
and subbase samples to obtain Young's modulus of elasticity values and the

indirect tensile strengths.

Information from THD Job Files. The final step in gathering information

for analyses was to obtain the particulars from the Texas Highway Department
job files on each of the four sections. Table 5.2 shows a summary of the
additional information obtained by the investigation, the cement factors, the
water-cement ratios, traffic data (both ADT and 18-kip ESAWL), number of days
curing before traffic allowed on facility, high temperature, low temperature,

curing temperature, and Mays Meter readings.

Diagnostic Study. Once the data had been collected, the diagnostic

studies were initiated. The objective of this diagnosis was to explain each
sections' performance with respect to its individual characteristics. The
diagnostic work was also for the purpose of making general conclusions about
the designs. Each analysis will be specifically explained in the following

subsections.
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Comparisons of Section Differences. A study of the pavement's

characteristics was performed initially to determine if there were any obvious
differences in the sections which would explain their behavior. Table 5.2
shows the specific information collected from the Texas Highway Department
files for each section. The bar graphs in Figs 5.2 through 5.9 were plotted
from these data for ease of assimilation. The information studied included
pavement age, Mays Meter readings, average daily traffic, commerical vehicles
per day, number of total 18-kip loadings, number of days urtil pavements were
opened to traffic, month in which the concrete was placed, and the high and
low temperature during concrete placement.

For the four sections chosen, age did not seem to be a critical factor.
Although the IH-45 Cavalcade to Patton section was the oldest section, as
shown in Figure 5.2, its current condition was '"good" as shown in Table 5.1.
It also had a PSR value of 3.8, the best given to the four sections by D-10
personnel. It would be expected after looking at the ages that the IH-610
section from Memorial to Woodway was performing better than the IH-45 section,
but this was not indicated by either the current condition rating or the PSR
values. The Memorial to Woodway section was, however, in better condition
than the remaining two sections, as would be expected.

The Mays Meter readings shown in Fig 5.3 seem to verify both the current
condition ratings and the PSR values given the pavements by raters. The IH-45
Cavalcade to Patton section had the best average Mays Meter reading. From
the Mays Meter readings, all the sections would appear to be performing
approximately the same. However, the current condition ratings are signifi-
cant since they are made by the Texas Highway Department personnel who are
aware of each section's required maintenance and user respcnse. The THD
personnel rated the Memorial to Woodway section in "fair" condition, with the
San Felipe to Westheimer and Yale to Main sections being rated '"poor'. The
PSR values given these sections by NCHRP Project 1-15 perscnnel confirm this
appraisal,

The traffic variables considered were the average daily traffic, commer-
cial vehicles, number of 18-kip equivalent single-axle wheel loads (ESAWL)
and number of days until traffic, shown in Fig 5.4 through Fig 5.7. As these
figures indicate, the section which was in the best condition had the least

ADT, commercial vehicles, and 18-kip ESAWL. Figure 5.6, the 18-kip ESAWL
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Age (years)
1 23456 7891011121314

IH-610 West Loop
Memorial to Woodway

IH-610 West Loop
San Felipe to Westheimer

1H-610 North Loop
Yale to Main

IH-45
Cavalcade to Patton

]

|

Fig 5.2. Age of sections in years.

PROJECT

PSl Values

IH-6l0 West Loop
Memorial to Woodway

IH-610 West Loop
IH-6I0 North Loop
Yale to Main

IH-45
Cavalcade to Patton

San Felipe to Westheimer

10 20 30 40

Fig 5.3. Mays Meter readings converted to PSI for
each section,
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ADT (Average Daily Traffic) X 10°
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IH-610 West Loop
Memorial to Woodway

IH-610 West Loop
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IH-610 West Loop
Yale to Main
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Fig 5.4. Average

daily traffic for each section.
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IH-45
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Fig 5.5. Commercial vehicles per day for each section.
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PROJECT

No. of I8 Kip ESAWL X 108

Currant

%]
2 4 6 8 10 12 14 favement,

IH~6l0 West Loop

Y T Y

Memorial o Woodway

Fair

IH-610 West Loop

San Felipe to Westheimer

| Poor

IH~610 North Loop
Yale to Main

| Poor

IH-45

Cavalcade to Patton ____l Good

Fig 5.6. Number of total 18-kip loadings to

date on the pavements,

PROJECT

Curing Days till opento Tratfic

IH-610 West Loop
Memoricl to Woodway

IH-6l0 West Loop
San Felipe 10 Westheimer

IH-610 North Loop
Yale to Main

IH-45
Cavolcade to Patton
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]
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Fig 5.7. Number of days until pavement opern to

traffic.

PROJECT

Placement Month
J FMAMJJ ASOND

IH-6l10 West Loop
Memorial to Woodway

IH-810 West Loop
Son Felipe to Westheimer

IH~610 North Loop
Yale to Main

{H-45

Cavalcade to Patton

Fig 5.8. Month in

which concrete was placed.

PROJECT

High ond Low Temperature
60 65 70 7‘5 85) 8‘5 9‘0 9'5

{H-610 West Loop

Memoriol to Woodway

W%WWH

H

IH-610 West Loop
San Felipe to Westheimer

IH-610 West Loop
Yale to Main

{H-456

Cavalcade to Patton

Fig 5.9. High and low temperature during concrete
placement.
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plot, was especially significant because the current condition ratings and the
PSR values both relate exactly one to one with the amount of 18-kip ESAWL
each section has carried. The current pavement condition is written on the
graph for emphasis., Figure 5.7 indicates that the time until traffic was
turned upon the facilities may have been important. There are, however, so
many variables involved that no conclusions could be drawn from these data.

Finally, the placement month of construction and the temperatures at
which the pavement was poured were considered to ascertain their influence.
Figure 5.8 shows the placement month for each section, which did not seem to
be a significant factor. The temperature during placement, shown in Fig 5.9
also did not appear to be significant. The limited number of sections studied
is the probable reason for these observations. The temperature of placement
is definitely important and the Texas Highway Department limits the minimum
temperature of concrete placement.

There were no specific material or structural differences, because all
four pavement sections consisted of eight inches of continuously reinforced
concrete pavements using quartz gravel, six inches of cement stabilized sand-
shell subbase, and clay subgrades. The cement stabilized sand-shell base
was 65 percent oyster shell and 35 percent San Jacinto sand with one and one-
half sacks of cement per ton of mix. The deformed bar reinforcement was
identical on all four sections, with 0.6 percent longitudinal steel and 0.08
percent transverse steel being used. All projects used 60,000 psi yield point
steel in bar sizes of Number 4 in the transverse direction and Number 5 in the
longitudinal direction. The subgrade material had a modulus of subgrade

reaction of 115 pounds per cubic foot, determined by the density test, and was

unstabliized.

Material Strength. The cores from the concrete slab and cement-treated

subbase were tested to determine the mean indirect tensile-strength and
elastic modulus for each section. Table 5,3 shows the results of the analysis.
The concrete cores from the IH-45 Cavalcade to Patton section, had the highest
indirect tensile strength, which may be another reason why this section is in
the best condition. It would, however, be unrealistic to generalize this
statement because, for example, the IH-610 Memorial to Woodway and the IH-610
Yale to Main sections have approximately the same strengths for concrete and

yet, the IH-610 Memorial to Woodway section is in better condition and has a
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TABLE 5.3. RESULTS FROM INDIRECT TENSILE TESTS OF CORES FROM HOUSTON PROJECTS
* %
Subbase Pavement
Elasticl Tensile Elastic Tensile
Test Modulus Strength2 Modulus 6 Strength
Section (psi) % 10 (psi) (psi) x 10 (psi)
IH-610 West Loop 1.63 200 5.59 485
Memorial to
Woodway
IH-610 West Loop 1.89 262 5.04 528
San Felipe to
Westheimer
IH-610 North Loop 2.25 221 4,11 471
Yale to Main
IH-45 1.83 224 5.33 571
Cavalcade to Patton

1. Mean values for Young's elastic modulus obtained from indirect tensile
test and assuming a Poisson's ratio of .25 for calculations.

2, Mean values for indirect tensile strength obtained from indirect tensile
test and assuming a Poisson's ratio of ,25 for calculations.

3. Mean values for Young's elastic modulus obtained from indirect tensile
test and assuming a Poisson's ratio of .20 for calculations.

4., Mean values for indirect tensile strength obtained from indirect tensile
test and assuming a Poisson's ratio of .20 for calculations.

*The cement-treated subbase and concrete slab cores were all sawed into three
equal pieces for testing. Each sawed piece was tested and the results were
correlated with depth in the core. The attempts to correlate the elastic
modulus and tensile strength with depth were inconclusive and the values
given in this table are averages of all the tests of each material in a par-
ticular section. Report NCHRP 1-15 (Ref 8) includes the plots of elastic
modulus and tensile strength versus depth for the sections summarized herein.
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better PSR value. Also, the San Felipe to Westheimer section has a higher
indirect tensile-strength for concrete than either of the other IH-610 sec-
tions, yet it is in "poor'" condition. The strengths of the subbase cores may
not be generalized in any specific fashion either. The IH-610 San Felipe to
Westheimer section has the highest flexural strength for subbase, yet it is
in poorer condition and has a lower PSR value than the IH-45 Cavalcade to

Patton section.

Use of RPS-2

The diagnostic study of four CRCP in Houston, Texas provided a complete
set of data which was used to evaluate the AASHO performance equations for
concrete pavement. The data collected for the study included many of the
variables necessary for the execution of the rigid pavement design system
program RPS-2 which utilizes the AASHO performance equations. The study was
separated into two distinct segments., First, with all the variables set,
the program was used to predict the pavement life, and, second, the program
was used to design the pavements for a 30-year life with overlay at 20 years.

Table 5.1 gives a review of the sections considered in the study.

Life Prediction, The initial study segment used the RPS-2 program as

a prediction tool to predict performance periods for the different sections.
The actual pavement thicknesses, traffic, material properties, serviceability
at the time of the study, and age were input into the program. With the
thickness of concrete and subbase held fixed, the program only gave one design
strategy as an answer. As a part of the summary of every design strategy,

the program will predict a performance period based upon the traffic, thick-
ness, and material properties. A performance period is the time a pavement

is used by the public until it must be overlayed. It is the time period
determined by the maximum and minimum serviceability levels. This performance
period was compared with the actual age of each pavement section to determine
the program's capability to predict performance periods correctly. For each
pavement section, this prediction was run at every confidence level, beginning
with 50 percent and increasing the confidence level until the program would
stop on some level. The confidence level is an indication of the variability

of the pavement section. The predictions of performance periods by the program
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are shown in Table 5.4. For example, the IH-610 San Felipe to Westheimer
section had a predicted performance period of 12.35 years at 95 percent con-
fidence level. This compares with an actual age of 10 years at the time this
study was performed. The reason the program would not design at a higher con-
fidence level than the 95 percent level as the example was in this case, is
that the program was not allowed to overlay. The analysis period was set

at the actual age; therefore, at a confidence level of 99 percent for this
section, the life was less than the 10-year actual life, and, with no overlay
capability, the program stopped. The reason the Cavalcade to Patton section
had to be designed at the 99.9 percent confidence level before closing on the
actual age that this section had the least traffic of all the sections. There~
fore, there was a higher confidence of this section's lasting to its actual
age of 13 years. By this same reasoning, the IH-610 Yale to Main section
only closed to a confidence level of 80 percent because it had a high traffic

flow and the lowest concrete strength.

Design Analysis. The information from the diagnostic study was secondly

used to check the pavements' design. The procedure followed was to take the
known traffic and increase it linearly to a 30 year total, give a range of
values to the concrete and subbase thickness inputs while retaining the
material characteristics, and allow the program to overlay the facilities at

20 years. This information was supplemented with additional design informa-
tion and the RPS-2 program was allowed to design each section. Table 5.5 lists

the most economical designs which the program computed for each section.

Table 5.5 reports the design thicknesses, overlay thicknesses, the initial
performance life of the pavement, and the total performance life after the
specified overlay.

As Table 5.5 indicates, the program would have designed the San Felipe-
Westheimer, Memorial-Woodway, and Yale-Main sections thicker than the actual
eight-inch CRCP and six-inch cement stabilized subbase. The program gave the
Cavalcade-Patton section some designs which have thinmer concrete than the
eight-inches present; however, these designs have thicker subbases. The Yale
to Main section, which was in poor condition, was designed by the program to

have a minimum concrete thickness of 10.5 inches.
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TABLE 5.4. PREDICTED AGE OF HOUSTON SECTIONS USING
RPS-2 AASHO PERFORMANCE MODELS
Level of Confidence
Current
50 80 95 99 99.9 99 .99 1
Project |Percent | Percent | Percent| Percent | Percent  Percent Age
IH-610
Memorial- | 32.19 18.22 10.01 - - - 7
Woodway
IH-610
San Felipe-| 42.69 23.34 12,35 - - - 10
Westheimer
IH-610
Yale- 44,32 19.60 - - - - 9
Main
IH-45
Cavalcade- {129.70 77 .48 46.29 29,08 16.58 - 13

Patton

1, The approximate age of the test sections as of April 1973.
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TABLE 5.5. THIRTY-YEAR DESIGNS USING HOUSTON TEST SECTION DATA

Section and Thickness (inches)1 Performance Periods:2

Design Number Slab Subbase | Overlay Initial Total

I8-610 000 | er00 | 300 2020 | 35.46

Memorial-Woodway 9.50 8.00 3.00 27 41 46 .89
9.50 12,00 0 30.98 0

IH-610 9.50 §.00 3.00 21.15 37.03

S8an Felipe-Westheimer 10.00 6.00 3.00 24,23 41.61
10.50 8.00 0 31.83 0

11.00 6.00 3.00 20.85 36.02

TH-610 10.50 12.00 3.00 21.12 36.89

Yale~-Main 11.50 8.00 3.00 27.07 45,89
11.50 12.00 0 30.32 0

7.00 10.00 3.00 21.17 39.18

é“‘(’lo . 7.50 6.00 | 3.00 22.51 | 40.04
avalcade~Patton 8.00 8.00 0 31.78 "0

1. The design alternatives given by the RPS-2 program.

2. The initial performance periods are the times to the first overlay while

the total performance periods are the amounts of time the pavements
last with overlays.
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Conclusion

Both studies conducted with RPS-2 indicate that the program prediction
of performance using the AASHO performance model as modified by THD studies
gives reasonable answers. The designs which the program generated for the
sections are valid designs and were what the Texas Highway Department might
have built if the current traffic had been anticipated.

Although the study was performed on RPS-2, as earlier indicated, the
model for predicting performance periods, subroutine AGE2, remained unchanged

and this study is a valid trial verification for RPS-3,

RECOMMENDATIONS

The major recommendations concerning the RPS-3 implementation are

(1) Implementation should begin as soon as possible.
(2) Any future RPS modification should attempt to simplify input.

(3) Feedback from initial users should be investigated because
these users can evaluate the program in actual field use.

(4) The RPS design program should be introduced by a team of
persons familiar with the program.

These recommendations are in parallel with the ideas presented as to how
a general implementation procedure would be accomplished. The potential for
RPS-3 usage as a tool to design overlays on existing concrete pavements is
another important aspect of RPS-3 which should be stressed.

In conclusion, the development of RPS-3 has been a major step forward
in concrete pavement design because the program is the most implementable
version available. The program should be used in the practical design world

because of its straightforward user's manual and documentation.
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CHAPTER 6. USER'S MANUAL

This chapter discusses the User's Manual prepared for RPS-3, which
is in Appendix 3. The topics discussed are development of the User's Manual,
generalities of the Manual's use, input variables, and the most common errors

made by RPS-3 users.

DEVELOPMENT OF THE MANUAL

A User's Manual for RPS-3 was developed using the input guide for RPS-2
(Ref 3) as a basis and supplementing it with the new characteristics of RPS-3.
A1l units were added for the variables. The program was then run to design
a hypothetical pavement. The coding sheets and output from this run were
discussed and included in the report. The numerous runs made with the new
program input guide also allowed for a discussion of the most common errors
to be included in the report. This procedure of examining the input card by
card was very useful in locating problem areas which needed clarification in

the new User's Manual.

GENERAL STATEMENT ON USER'S MANUAL USAGE

All efforts were made to make the input guide as self-explanatory as
possible; however, some general statements concerning its use will be helpful
to the user. Figure 6.1 shows the arrangement of the data cards; as indi-
cated, as many problems as desired can be run at once.

The program requires a storage of approximately 105,000 octal when
running a design problem which calls for 23 designs. The types of letters,
numbers, or characters to be imput in the program are explained in the input

guide for each card. The black dots on the data cards indicate where the
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Cards for as many
additional problems e
as desired Problem Number and Discription

Confidence Level Variables

Maintenance, Dimensions 8 Misc.

Joints

_Overlay Construction Data

Material Data

Materials, Steel Sizes

Materials, Tie Bar Steel
Materials, Wire Mesh

Y
Materials, Bar Steel-Transverse

One card for each | ; _ - e N
type of Subbase otenols, Bar Steo

(mox. of 4)

| Materials, Subbase

Materials, Subgrade

Concrete Dimensions \

Materials, Concrete

I
Traffic Delay Cost Variables

Performance Variables One card for each

- - type ot Concrete
Desngner's Restraints (:&ix. of 6)

Traffic Growth 8 Distribution Datd f 2 Cards
Problem Controls

Probiem |dentification

Fig 6.1, Assembly order for RPS-3 data.
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decimal point is to be punched. 1If there is no decimal point, then the user
is directed as to how to input the number.

When material properties are being entered in the program, expected
values should be used, not values with factors of safety added. The program
takes care of design safety with the Confidence Level Variables or with
internally added factors of safety for such inputs as concrete flexural
strength, tensile yield strength of steel, and subgrade support (k) value.

On the subgrade and subbase cards, the user has the option of indicating
either k-value or Texas Triaxial Class Value. If one of the values is input
into the program, then the other is not necessary and the variable value can be
left blank. If both are input, then the program will use the subgrade k-value
to structurally characterize the subgrade.

It is important that the designer carefully think through the problem,
For example, the concrete overlay parameters should not be input when the
designer calls for asphalt overlays to be designed. It is advisable, there-
fore, to plan the facility to be designed and then list the necessary data

inputs on paper before proceeding with the computer input.

INPUT VARIABLES FOR RPS-3

This section focuses on the variables needed to run RPS-3. They are

discussed in groups according to the input card format.

Problem Identification Variables

The first input card for RPS-3 contains the problem identification vari-
ables, NPROB and TITLE. These variables are any combination of letters and/or
numbers the designer desires to use. Their function is to identify the pro-

gram output for the user.

Program Controls

The second input card for RPS-3 has the variables which control the main
program design function. The variables are NCS1, NCS2, NCS3, PSN1, and PSN4.
Variable NCS1 allows the designer the choice of what type of pavement to

design, jointed concrete (JCP), continuously reinforced concrete (CRCP), or
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both. Variable NCS2 gives the designer the option of determining which type
of overlay the facility would have, portland cement concrete (PCC), asphaltic
concrete (AC), or both. Variable NCS3 allows the designer the option of
having the program design with deformed bar reinforcement, welded wire mesh
reinforcement, or both. Variable PSN1 lets the designer specify that the
program print out either a long or short form of output. The short output
excludes reinforcement details and the involved input variable listing. Vari-
able PSN4 is used to specify how many designs should be included in the pro-

gram output. The minimum is 12 and the maximum is 23,

Traffic Growth and Distribution Variables

Card 3 of a correct RPS-3 data deck includes variables AGF, ADTGR, DDF,
DFL, ADT, and WWW, which define the design traffic to be used by RPS-3.
Variable AGF, the axle-growth factor, defines the percent per year of linear
growth in the number of axles. The variable gives an indication of the
increase of the number of axles in the traffic stream. In other words, this
is an indication of increasing truck traffic. Variable ADTGR, the average
daily traffic growth rate, is a linear growth rate in percent per year. This
input is used by RPS-3 to determine future traffic on the facility. A normal
range for this variable would be from 2 to 10 percent on a new facility.
This variable may be zero percent if the facility has no traffic growth or
if it is actually declining in usage.

The distribution factors, DDF and DFL, control the weight of traffic
in the design lane. The directional distribution factor, DDF, is the percent-
age of traffic per direction to be used in design and the lane distribution
factor DFL is the percentage of ADT expected in the most frequently used
design lane. The next input is ADT, the initial average daily traffic
expected in one direction. This is the number of vehicles per day on the
planned roadway. The designer should be careful not to allow this input vari-
able to exceed the practical capacity of 1500 vehicles per hour per lane.
The final traffic variable is WWW, the total 18-kip axles expected on the
facility during the analysis period. This variable is a total for both direc-
tions. All the traffic growth and distribution variables may be obtained

from the Traffic Division, D-10, of the Texas Highway Department. If the
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information for the requested section is not available, the Traffic Section

has techniques to accurately make estimates.

Designer's Restraint Variables

The designer's restraint variables are perhaps the most important inputs
of RPS-3 in determining the computed designs. The variables provide limits
and guidelines for the program in its generation of designs. The inputs
include CMAX, TMAX, OFMIN, BOMIN, OMAXA, OMINA, OMAXC, OMINC, AP, THLEV,
and ILEVEL. Table 6.1 gives the description of each of these variables and
the units of the input. The values for these inputs correspond exactly
to the pavement being designed. The overlay variables indicate how much
overlay material will be allowed the facility to help it meet its design
life, the analysis period. The average level-up thickness, THLEV, is that
amount of overlay material necessary to bring the existing roadway up to a
level grade. An indication of the confidence level at which the designer
desires to construct the pavement is ILEVEL. For example, it may be much
more important that an urban interstate freeway last its design life,
than a rural interstate section. As the designer increases this confidence
level, designs will generally get thicker and more expensive. The program

also takes a correspondingly greater amount of time to run.

Performance Variables

The performance variables Pl1, P2, POV, PSS, THETA, and SACT define the
serviceability life of the facility in conmection with the AASHO design con-
cept. The initial serviceability index expected for the new pavement is Pl.
The terminal serviceability index accepted by designers is P2, and POV is the
serviceability index after an overlay. These variables define the riding
quality of the pavement and all three must range in value from O0=5 (Ref 9).
The probability of the common occurance of bad soil at the construction site
is PSS. The swelling rate constant is THETA, and SACT is the estimated
differential movement caused by swelling clay and used by the AGE2 model of
RPS-3 in. the prediction of the pavement section's performance life. Guide-
lines establishing values for these. variables are given in the input guide

in Appendix 3.
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TABLE 6.1. DESIGNER RESTRAINT VARIABLES

Variable Descriptive Title Units

CMAX Maximum funds available for initial construction Dollars per
square yard

TMAX Maximum allowable thickness, slab plus subbase Inches
OFMIN Minimum allowable time to the first overlay Years
BOMIN Minimum allowable time between overlays Years
OMAXA Maximum total asphalt concrete overlay thickness Inches
OMINA Minimum total asphalt concrete overlay thickness at

one time Inches
OMAXC Maximum total portland cement concrete overlay

thickness Inches
OMINC Minimum total portland cement concrete overlay

thickness at one time Inches

AP Length of analysis period Years
THLEV Average level-up thickness Inches

ILEVEL Confidence level desired for design Percent
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Traffic Delay Cost Variables

The traffic delay cost variables are used by subroutine TDC3 to determine
the costs associated with pavement overlays. Research Report 32-11 (Ref 4)
discusses the development of these models and Chapter 3 discusses their
modification in RPS-3, The 15 input variables associated with traffic delay
cost are well documented in the Input Guide in Appendix 3. All necessary

comments on boundary conditions are listed.

Concrete Variables

The concrete variables of RPS-3 define the specific mix designs to be
used in the section design. The variables are NC, ND, NP, SX, WC, E, TS,
CIC, CPCYC, CSC, and PSVC.

NC indicates how many different types of concrete the program
will use for design up to a maximum of six types,

ND indicates the number of days at which the flexural test was
made on the concrete sample,

NP indicates the number of loading points used in flexural
strength testing,

SX indicates the concrete average flexural strength,

WwC indicates the unit weight of the concrete,

E indicates the modulus of elasticity of the specific design,

TS indicates the tensile strength of the mix and are descriptive

of each of the concrete types. A data card is made up for
each concrete type.

CIC indicates the equipment cost per lane mile for concrete place-
ment,

CPCYC indicates the cost per cubic yard of concrete,

CSC indicates the cost per lane mile for surfacing the concrete and
are descriptive of each concrete design mix cost, and

PSVC indicates the final concrete input and gives an indication of the
percent of salvage value of the concrete at the end of the
analysis period. For example, the material would be beneficial
as a base course for another road or as a fill material if torm
out.
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Concrete Dimension Variables

The concrete dimension variables TCMIN, TCMAX, and CINC define the
concrete design thickness limits. The minimum allowable concrete thickness,
TCMIN must be greater than 6.0 inches. The maximum allowable concrete thick-
ness, TCMAX, has no established maximum value. The practical increment at
which concrete can easily be poured is CINC; this is the increment at which
RPS-3 makes its solutions. This variable should be no less than 0.50 inch.
It must be realized by the designer using the program that changing the
increment thickness from 1.0 inch to 0.5 inch will double the total ameunt of

designs analyzed.

Subgrade Material Variable

Variables SGK, TTC, FFSG, EFSG, and CPLMSG are descripiive information
of the subgrade material at the construction site. The subgrade k-value
SGK, and the Texas Triaxial Class Value, TTC, may be used interchangeably in
RPS-3. 1If both are input, SGK will be used. Variable SGK is in units of
pounds per cubic inch, while TTC is a unitless value. Variable FFSG, the
factor for friction between the subgrade and the concrete, and EFSG, the erod-
ibility factor, are analogous to the friction factor and erodibility factor of
the subbase and will be discussed later. Both are left zero unless the
designer wishes to design the pavement to rest directly on the subgrade and
then both must be input. The cost per lane mile of subgrade preparation is

CPLMSG and is input in the units of dollars.

Subbase Material Variables

The subbase material variables are NSB, the number of subbases; NAME,
the subbase descriptive title; EF, the subbase erodibility factor; FFSB, the
subbase friction factor; ES, the subbase elastic modulus; CIS, the equipment
cost per lane mile for initial subbase construction; CPCYS, the cost per
cubic yard of compacted subbase; PSVS, the percent salvage wvalue of the sub-
base; TSMIN, the minimum subbase thickness; TSMAX, the maximum subbase thick-
ness; and SINC, the thickness increment for subbase solutions. 1In the design
case mentioned earlier, a pavement designed upon the subgrade, all subbase
inputs may be left zero, A 1 placed in column 5 for the NSB variable will

notify the program of this particular design option.
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When designing with subbase material, up to four different subbase
materials may be input into RPS-3 at once.

An explanation of the erodibility factor and the friction factor is
included in the User's Manual in Appendix 3. The practical increment at
which the subbase may be placed and solutions made, SINC, should have a mini-
mum value of two inches for a granular subbase and one inch for a stabilized

subbase.

Steel Material Variable

There are four cards which give design information for the reinforcing
steel. These cards are for longitudinal bar steel, transverse bar steel,
wire mesh steel, and tie bar steel. A maximum of four different steel types
may be given in each category. For each steel type, the designer must give
an identification number, the tensile yield point of the steel, and a cost
per pound of the steel. The bar steel information may be excluded if the
designer has specified, with the control variable NCS3, a design with mesh
steel only. The opposite is also true; if the designer wishes to design
with deformed bar steel, then the wire mesh and tie bar steel cards may be

deleted.

Steel Size Variables

There are three sets of variables which provide RPS-3 with the steel
sizing infomation. The first set of variables, BARN, are the bar numbers
which the program uses for reinforcement design. The second set of variables
is the SL and ST variables, which are the longitudinal and transverse spacings
of the welded mesh wires. The final group of variables are the TBARN vari-
ables, the bar numbers to be used for the tie bars. As with the reinforcing
material cards, the unrelated inputs may be omitted., A maximum of four

values for BARN, SL, ST, and TBARN inputs may be used.

Overlay Variables

The overlay material data are given by eight variables: CIOV, the equip-
ment cost per lane mile for asphalt-concrete overlays; CPSYC, the cost per

cubic yard of compacted AC overlay; PSVAC, the percent salvage value of the
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AC overlay material; ACE, the asphaltic concrete modulus value; ACRP, the
production rate of AC; CPR, the concrete production rate; COEF, the United
States Army Corps of Engineers concrete coefficient; and CP5YR; the cost per
square yard of overlay construction.

The only variable which needs any explanation is COEF, the Corps of Engi-
neers concrete coefficient. COEF ranges from an input of 0,35 for badly
cracked slabs to 1.0 for slabs in excellent condition. This input is an
indication of how a concrete overlay will perform, depending on the existing

slab condition.

Overlay Construction Data

The overlay construction variables, N1, N2, NDAYCU, ALANES, and OVERLEN
were added to the traffic delay subroutine TDC3 to define the overlay con-
struction more clearly. N1 and N2 are respectively the beginning and ending
hour of overlay construction in military time. The number of days which
a concrete overlaid facility must cure before it can accept traffic is NDAYCU.
An explanation of the variable is included in Chapter 3. The number of lanes
to be overlaid, ALANES, and the length of the overlaid section in one lane,
OVERLEN, are used to determine the total number of square yards to be overlaid.
An explanation of how these variables should be used is included in the User's

Manual in Appendix 3.

Joint Variables

The joint variables are used by RPS-3 to calculate the cost of joint
construction and joint spacing. The cost per foot of a transverse joint
dowel's sawing and sealing is CPFTJ; CPFLJ is the cost per foot of longitu-
dinal joints; SLV is the spacing RPS-3 will try for the lower value of jointed
concrete pavement joints; and SUV is the upper value of joint spacing. The
increment at which RPS-3 tries solutions for joint spacing is SPINC, and NJM
is the number of construction joints per mile of CRCP. The value of NJM must

be greater than or equal to zero.

Maintenance and Miscellaneous Varibles

The variables used in the RPS-3 maintenance subroutine MANCE are DFTY,

CLW, CERR, and CMAT, DFTY is the number of days in the year with freezing
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temperature, CLW is the composite labor wage; CERR is the composite maintenance
equipment rental rate; and CMAT is the cost of the maintenance material. There
are guidelines for input values of these variables in the Input Guide. Addi-
tional variables to be input on the same data card are RINT, the rate of
interest for money; WL, the width of the traffic lanes; and NLT, the total

number of lanes in both directions at the facility.

Confidence Level Variables

The confidence level variables are used in RPS-3 for stochastic input
into the design process. The variables are PSXSD, the percent coefficient
of variation of flexural strength; ESD, the standard deviation of elastic
modulus; XKSD, the standard deviation of the subgrade K; XJSD, the standard
deviation of the continuity factor J; P1SD, the standard deviation of the
initial serviceability index; P2SD, the standard deviation of the terminal
serviceability index; and DSD, the standard deviation of concrete thickness.
Table 6.2 gives the results of a study of 56 concrete projects (Ref 10). As
the data show, 89 percent of the projects studied had a coefficient of vari-
ation, PSXSD, of less than 15 percent. Table 6.3 gives the results of a
variability of deflections study (Ref 11). These standard deviations of the
continuity factor J , variable XJSD in RPS-3, should be used as inputs into
RPS-3 because they are the best currently available. The standard deviation
of concrete thickness, DSD, shown in Table 6.4, is from Reference 10. The
modulus of subgrade reaction K , was found to have an increasing standard
deviation as the mean K increased (Ref 10). The overall standard deviation
of K for the 59 study sections was reported to be 187 psi (Ref 10).

A study of 32 selected sections by Darter and Kher (Ref 10) produced two
additional variable ranges and standard deviation values. For concrete
elastic modulus, the mean range was 3 X 106 to 5 X 106 psi and the coefficient
of variation was 15 percent. The initial serviceability index standard
deviation, P1SD, was reported was 0.3,

The final confidence level variable P2SD has a standard deviation of the

same magnitude as P1SD,
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TABLE 6.2. CONCRETE FLEXURAL STRENGTH

Quality Percent

Control Coefficient of Percent
Standard Variation Projects
Excellent Below 10 25

Good 10 to 15 64

Fair 15 to 20 7

Poor Above 20 4

TABLE 6.3. STANDARD DEVTIATION OF THE CONTINUITY FACTOR J

Value of J Description Standard Deviation in J

3.2 Jointed pavement without 0.13
load transfer units

2.2 Continuously reinforced 0.19
pavements

TABLE 6.4. STANDARD DEVIATION OF CONCRETE THICKNESS

Nominal Concrete Pavement Standard Number of
Thickness in Inches Deviation Projects

8 0.32 14

9 0.29 8

10 0.29 5
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SUMMARY OF COMMON USER ERRORS

An effort is made here to document the most common errors made by users
of the rigid pavement design system program RPS-3 so that the user will be
able to diagnose and avoid mistakes. Some of the blunders are subtle, and
unless the user is familiar with their characteristics, they are extremely
difficult to analyze. The program does give certain error messages which
will help the user. The errors will be divided and discussed with respect
to the types of variables involved. For example, there are certain errors
associated with the traffic variables. Where at all possible, a figure or
computer output sheet is used to show the user what information he will

receive if he makes a mistake.

Errors Caused by Traffic Variables

The traffic variables in RPS-3 are very sensitive at high levels and
will cause many different types of errors., The most common error occurs
when the average daily traffic (ADT) exceeds the capacity of the facility.
The ADT in one direction should not be large enough to exceed the practical
capacity of 1500 vehicles per hour per lane. The errors are subtle in nature
because this ADT is increased until the time of an overlay and is then used
in calculating the traffic delay cost, If the ADT is too large and exceeds
capacity, the program will automatically correct the problem by setting the
RECVPH variable to a minimum value of 1 . A user can recognize that the
program has done this because the user costs will be exorbitantly high in the
magnitude of hundred of dollars per square yard. If the ADT exceeds practical
capacity, the RECVPH will be a negative value and this causes the program to
set RECVPH to 1 . This is done because a negative value will give unreal-

istic negative traffic delay costs.

Errors Caused by Decisions or Constraints

The inputs which reflect the designer's decisions on how the pavement can
be built generally cause time limit errors for the program., For example, if
the designer uses the option available to him and designs with a confidence

level of 99.99 percent, then he must realize that the program will take an
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enormous amount of computational time formulating the designs to meet this
restriction. If the designer chooses a confidence level of 80 percent,
which is less restrictive, then the program will compute the strategies in
less time,

An analysis of the initial designs and overlay designs is supplied the
user at the end of the computer output for every problem. The designer can
ascertain why the largest proportion of designs are being rejected and correct
the erroneous input whether, for example, it be maximum funds available or
any of the other restraints,

Finally, if the designer inputs the designer's constraint, maximum total
thickness of initial construction, and it is less than the sum of maximum
concrete thickness and the maximum subbase thickness, the program will be

restricted and unable to generate any designs.

Errors Caused by Performance Variables

There are limitations placed upon the performance variables, and, if the
program has failed to run, it is advisable to check the performance inputs,
initial serviceability index, terminal serviceability index, and service-
ability index after an overlay. The initial serviceability index must be
less than 4.5 and the final serviceability index should be greater than 1.5.
In some cases, the program may run with the variables outside these limits,
but due to the method of the performance model derivation, the results calcu-

lated would be unrealistic.

Errors Caused by Concrete Dimensions

If the value of the practical increment for pouring concrete, which is
the increment at which the design strategy solutions are made, is less than
0.5-inch, the user should be aware of the fact that the program will use a

large amount of computational time.

Errors Caused by Subbase Variables

If the designer wishes to place the pavement directly upon the subgrade
with no subbase, the program allows this design strategy to be calculated.
However, if the designer has left the subbase card completely blank, the pro-

gram will not function because of a time limit error. To correct this, the
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designer needs to put a 1 in colum five on the subbase information card
and leave the remainder of the card blank. A correct output will look like
Fig 6.2. The negative zeroes shown on Fig 6.2 should not worry the user;

they are acceptable and the output is correct.

Errors Caused by Overlay Variables

The RPS-3 program will allow the designer to overlay the pavements with
asphalt concrete, portland cement concrete, or both., 1In any event, if the
designer fails to give the specific overlay variables needed for each particu-
lar type of overlay, the computer will be unable to run the solutions. The
United States Army Corps of Engineers concrete coefficient is the one main
variable which causes errors. It has a minimum value limit of 0.35 and a max-

imum value limit of 1.0,

Errors Caused by Joint Information

The most common error for the user with respect to the joint design
information occurs when the number of transverse construction or warping
joints per mile variable for CRCP is input equal to zero. This imput must

be greater than zero, otherwise the program will not runm.

SUMMARY

The User's Manual which this chapter outlines, has been used and checked
numerous times. It is felt that the description of the different variables,
deck arrangement, and common user errors will be beneficial to the RPS-3 user.
The User's Manual described in this chapter is in Appendix 3 of this report,

Chapter 7 outlines a sample problem complete with input coding sheets, output,

and discussion.
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RIGID PAVEMENT SYSTEM 2  RAMESH KHER JAN 1973
PROB 8 TRIAL USE OF INPUT GUIDE BY FRANK CARMICHAEL. 18 FER 74

SUMMARY OF DESIGNS N INCREASING ORDER oF TOTAL cOST

CESIGN wWUMBER 1 2 3 %
AR AL LIS AL 2T TE T T L LT TERT FEL T TP TP T PPy Srggrg
PAVEMENT TYPE CRC CRC cne CRrRC
OVERLAY TYPE AC AC AC NONE
REINFORCEMENT TYPE MESH MESH MESH MESH
CONCREYTE TYPE 1 1 1 1
SUBHASE TYPE 1 1 1 1
LA AL L AL L2 T TTTEL L T T L LT TR YT T PRy grargy
SLAB THICKNESS 10.00 Q.00 9.00 12.00
SUBHBASE THICKNESS =0.00 =0.00 0,00 “0,09
OVERLAY + LEVEL UP 1 4.00 4.00 7.00

OVERLAY + LEVEL UP 2 400 '

INITIAL LIFE 1052 5.60 5.60 29.19
PERFORMANCE LIFE 1 24430 13.R3 21.24
PERFORMANCE LIFE 2 27.72

TOTAL PERFORMANCE LIFF 2430 27.72 21.24 29,19
SPACING TRANS. JOINTS R R R R
SPACING LONG., JOINTsg 12.00 12.00 12.00 12,09

L2 AR ST EYR ALY TR EET Y T L T2 Y R TP Y Yy e

COST OF SUBG, PREPARATION _s 142 2142 142 0142

COST OF CCNCRETE 1,837 1.670 l1.670 26170
COST OF SUBBASE 0,000 0,000 0.000 0,000
COST OF REINFORCEMENT 2,061 1,855 1,855 2e474
COST OF JOINTS +6B0 +580 «6Rp «68)
CO>T OF TI1E BARS . 052 +047 «047 « 062
INITIAL CONST, COST 46772 4,394 4,394 545258
OVERLAY CONST. COST + 558 1,247 1.35%6 0.000
TRAFF1C DELAY CgST 095 .203 216 0.000
MAINTENANCE COST «377 «153 «450 1.307
SALVAGE RETURNS - —e2ln -, 272 272 =172
ANY ADDITIONAL COST %6000 5,000 5,000 5000

BB BRRD B USRI RORGUBE R RN RN RGN R RO RORORI RO Lot P SN

TnTaL COST PER Su YARD 10.635 10,831 11,261 11.663
GRRURABBGROR BB aoR eV LR RUSHEaRERRRRtNO RO BRBRRNBRROR GG

Fig 6.2, Correct design of slab on subgrade.



CHAPTER 7. SAMPLE RPS-3 PROBLEM

This chapter explains the sample problem coding sheets and computer
output produced by the input given in Appendix 2. The purpose of this infor-
mation is to give the user a complete example of what a typical RPS-3 problem
input and output looks like and to help familiarize the user with how to use
the program. The example is also helpful to the user as a reference guide

for coding a problem.

CODING SHEETS

The two coding sheets in Appendix 2 are all that is necessary for one
complete problem. Any number of additional problems may be coded and placed
together in one computer run. The lead problem description card of the next
problem simply follows the confidence level variables of the preceding prob-
lem. Following the last confidence level card of the last preblem, an
end-of-file card will terminate the program. The example problem is for an
eight lane urban freeway.

The example problem uses a confidence level of 95 percent and designs for
an analysis period of 20 years. The example uses all the different combina-
tions: continuously reinforced concrete (CRCP), jointed reinforced concrete
(JCP), portland cement concrete overlays (PCC), and asphalt concrete overlays
(AC); and deformed bar and wire mesh reinforcements. The program input con-

sists of the maximum number of concrete and subbase types.

PROBLEM OUTPUT

The computer output produced by the sample problem coded is also
included in Appendix 2. The output prints out all the input variables. The
variables are grouped in the same categories listed in Chapter 6 under the

discussion of input variables. Even though the output is in a slightly
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different order than the input guide, the designer should have no trouble
in locating the variables to check the input.

Once the program has completed a printing of the input variables, it
begins to loop through the solutions. There are error messages which will
be printed out in certain cases of input error. Once the program has completed
the design work, subroutine OUTPUT begins to print out the design information,
First, the most economical pavement of each combination is printed. For
example, in the sample problem, the most economical JCP with an AC overlay
is printed first, followed by the most economical JCP with a CC overlay, CRCP
with AC overlay, and CRCP with CC overlay, in this order. Also printed next
is the most economical initial design which lasts the entire analysis period
without an overlay. For each economical design, all the design information
is printed, including performance lives, thicknesses, material identifications,
reinforcement plans, overlay strategies, and all the costs. If the short form
of output switch is called on the program control card, ther the reinforce-
ment information and the most economical design summary sheets are deleted
from the output, and only the summary tables are printed out.

Following the summary of the most economical design in each class is a
complete summary of the designs in increasing order of total cost. The most
economical designs of each category are also included in these summary tables,
However, if one type of design is more economical in all cases, up to 23 designs,
then the other categories will not appear. For example, in the sample output
of Appendix 2, the most economical CRCP with CC overlay was printed out as
costing $11.80 per square yard. This design, however, does not appear on
the summary tables because the 23rd design, a JCP with AC overlay, cost only
$11.27 and this was the final design printed in the summary table. However,
the most economical CRCP with an AC overlay is included in the summary tables
as design number 12, costing $11.10.

Six designs are printed for each summary table page. Each successive
page contains the reinforcement design information for the six preceding
designs on the summary table.

An overall analysis of all the designs shows that there are no designs
with CC overlays in the most economical 23 designs in the summary tables.

This stems from the new models which take into account the traffic delay costs

of CC overlays. For example, the traffic delay cost of the most economical

CRCP with a CC overlay was $.65 per square yard, while the most economical
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CRCP with an AC overlay of the same thickness incurred a traffic delay cost
of only $.025 per square yard. This one cost accounted for almost all
the difference in the costs of these two designs. Another factor which is
noticeable is that only designs with mesh reinforcement are printed out in
the summary tables. However, in checking the reinforcement inputs, it can be
seen that the mesh steel inputs show lower costs per pound for the steel.
These costs may not accurately reflect today's fluctuating market values;
however, they do indicate how the program is influenced by the costs which the
designer inputs.

The final page of output is an analysis of the problem for the user.
This summary design analysis gives the user information on why the majority
of the designs were rejected. This is helpful to the designer in allowing
the selection of variables which may be unnecessarily restrictive to the
design, The sheet summarizes the initial design stage of the RPS-3 and the
overlay design stage of the RPS-3. The sheet also gives the total number of
designs which were optimized to produce the number of economical outputs to
desired by the designer.

The total cost of each design is a per square yard cost and is a present
worth value of all the initial and future costs.

This sample problem should be used as a trial coding by a person

unfamiliar with RPS-3.
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CHAPTER 8. SUMMARY AND FUTURE RESEARCH

The major goal of this study, the development of a modified rigid pavement
design program, has been accomplished. The major accomplishments of this work
have been (1) the modification of the traffic delay cost model so that it more
correctly predicts costs, (2) the modularization of the program to provide
easier future change, and (3) the preparation of additional contributions for
implementation of the new program; including an input guide, a discussion of
comuon user errors, an implementation study and recommendations for future
pilot uses, and a sample problem for reference.

In addition to the traffic delay cost model modification, certain other
models were studied including the concrete flexural strength model and the
maintenance model. Recommendations are given concerning possible future changes.
The traffic load model was deleted from RPS-3 input, but the model can be
easily replaced if needed. The seal coat model was also deleted. The input
and output format models were modified to provide for clearer variable identi-
fication. The modularization made RPS-3 more changeable and understandable,
Not only is each new subroutine flowcharted, but a complete description of
its function is included. This type of documentation makes RPS-3 better from
a computer programming standpoint. Also, future modifications will be easier
to make.

The implementation tools significantly improve the usefulness of the
program. A step-by-step procedure to follow for RPS-3 is included in the
sample problem input forms. The implementation study gives the complete
results of a specific trial design problem, The results of the study indicate
the RPS-3 program accurately predicts pavement life and reasonably designs
roadway sections., The summary of common errors is thought to be one of the
most beneficial implementation tools provided in this report. This type of
analysis should be made with every new design program. The major obstacles
to RPS-3 implementation are considered to have been overcome with this study
and a realistic observation should be taken as to the feasibility of beginning

the program introduction into Texas Highway Department design offices.
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FUTURE RESEARCH RECOMMENDATIONS

There are three major areas of work that should receive priority in

future RPS-3 development.

(1

(2)

(3)

An all-out effort should be made to implement this program into
use in the highway design field.

The models which determine pavement costs should te modified to
include the entire cross-section design models (Ref 12).

The models of RPS-3 which design steel reinforcement should be
modified to make design more accurate, taking into account
developments in NCHRP Report 1-15 (Ref 8) and Project 3-8-75-177
entitled, "Development and Implementation of the Lesign, Con-
struction of the Design, Construction and Rehabilitation of Rigid
Pavements.

It would be a mistake not to begin a pilot study to implement RPS-3,

because the program was developed for this major purpose. The two model

changes suggested would greatly improve the realistic way in which RPS-3

approaches the systematic design of rigid pavement.

CONCLUSIONS

The development of RPS-3 has led to a number of conclusions concerning

past, present and future rigid pavement systems design.,

(1)

(2)

3)

(&)

From a computer programming stand point, RPS-3 is the most
acceptable program available.

The implementation of RPS-3 is esstntial to continuance of the
rigid pavement design system. This conclusion stems from the
theory that feedback from highway engineers will be extremely
useful for guidance of future RPS-3 updating.

The traffic delay cost subroutine, TDC, has been improved to
realistically predict concrete overlay curing costs.

The traffic study of ADT distribution throughout the complete
day should be useful to other areas of the systematic approach
to pavement design.
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FLOW DIAGRAM FOR PROGRAM RPS-3
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"IH%%EH’

COMMON BLOCKS AND DATA
STATEMENTS

CALL INPUT (I, J, NCS1l , NCS2 , PSNl ,
PSN2 ) to read in and print out all
input data

CALL INITIAL (JJ, L, MORI , NCS1 , NCS12 , NCS2 )
to initialize storage of counters and other
temporary variables

No

Yes
420
XJ = 2.2 XJ = 3.2
IDPV = 2 IDPVY = 1

430

CALL NUMBER ( I , KIND ) to determine the
number of design combinations possible
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460

CALL TRAFFIC ( AI$GIO , I, J , KLFCK , PSN2 )
to calculate the equivalent 18 kip axles

I = 1, NC

DO 1260 for all concrete%:>

Compute Cost of Concrete

——1 DO 1260 for all subbases J = 1, NSB :)

' 510

if
concrete

4+ subbase thickness No

TMAX

Yes KRES = KREJ + 1

520

KSUB KSUB + 1
Compute Cost of
Subbase




Yes

97

Compute transformation
decoding equations

Convert Subgrade Modulus
value to k wvalue
{(=TOPK ) & FFSB = FFSG

> 12.0 inches (Ref 2)

Determine improved k value at the top
of subbase using three different
equations for THSB < 6.0 inches,

>6.0 and <€ 12.0 inches, and

Erodablllty Facto

k

580
Determine Reduced value of
(TOPKE) due to erodability TOPKE = TOPK
factor
580
Yes
TOPKE < 5.0 1
TOPKE = 5.0

No

initial design

CALL AGE2 ( P1 , THCC , PL(Z) , SXD(I) ,
OFMIN , VSX(I) ) to determine life of the

E(I) , PL(1)
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Computed Life No

< Min. Allowed

Yes

KLIF = KLIF + 1

KLIFE

KLIFE + 1

125

CALL MANCE

( PL(1) , PLP , COMAN(1) )

maintenance cost during the initial life

the AP)

to calculate
(Not beyond

CALL REINF ( I ,
CTSB )

J , CTIN, CTC

to calculate reinforcement designs

, CIJ , CIRF , CISP

H

CITB ,

Yes
Funds Available

Yes

Yes
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NCS2 =0 and Yes
NCSl # O |
IM = 0
I
Initial Life No
< AP
1250
Yes 1100
1

of PCC

Set up min, and max. value

overlay (OMINC,0MAXC)

Set up minimum and maximum value
of AC overlay (OMINA,OMAXA). Compute
decodings and solve equivalent
thickness equations partially

Yes

OMINA 0

No

Calculate equivalent concrete thickness
to theoretically replace composite PCC pavement

and AC overlay

D

940
L =1
950




100

>0
L-9
960
<0
970 NDUEL = NDUEL + 1
Overlay thickness = min. overlay thickness
THOV(L)

980

Determine total overlay thickness THOVT(L)

THOV (L)

> max. allowable

No

1010

Yes
1000
L = L-1
L<1 Yes
o
Increase same overlay
thickness by the increment
specified
THOV(L) = THOV(L) + XINCR
1230

o



1020
Yes

]

NCS2 1

101

] 1030

No Determine effective thickness,
present overlay cost and
total overlay cost for CC

overlays

Compute D effective for AC overlays,
cost of this overlay and total
cost of all the overlays

CALL AGE2 ( POV , DEFF , PP , SXD(I) , E(I) , PL(L) , BOMIN ,

VSX(1) ) to calculate life for the
present overlay

Compute total life of design with this overlay

Total Life

1010

( PL(L + 1) ) > AP No
(analysis
period)

Yes

Yes

1045
| COTR(1) = 0.0 |

©

Life OverlayZ
Min. Time between
overlays

NTIME = NTIME + 1
NTIME EQUALS THE
NO. OF ABANDONED

STRATEGIES

L |
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950
CALL TDC3 ( PL(L) , THOV(L) , CTTRAF(L) , HPSY ,
INl , IN2 ) to calculate traffic delay cost for this
overlay /
Compute total traffic delay cost including
this overlay
PLP = AP
A

Total Life
of Particular Overlay
< AP (analysis
period)

Yes

No

PLP = PL(L + 1)

CALL MANCE ( PL(L) , PLP , CTMAN(L) )
maintenance cost of this period PL(L)

to calculate
to PLP

this period

Compute total maintenance cost including

Yes

@fe < AP

No

O
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1050
DoV = 2 Yes
No 1100
1000 Calculate PCC overlay
Calculate overlay cost of the
AC overlay
1110
Calculate total cost of overlay design
Calculate total cost, TCOST
CALL ORDER ( Ipov , IDPV, L, M, NN, TCOST ) to arrange
the designs in an optimum arrangement
1230

Count the design information

No

NcS2 # 0

Yes

Go to design
second type of
overlay

1260



104

IH

a
T
I
|
I
I
|
[
I
[
|
|
|
I
I
I
I Increase Subbase Thickness
|
|
|
I
I
|
| I No THSB = THMAX
| I
| I 1260
| [
S U —— Continue )
NCSB = NC * NSB

\\\\\\\\\- Yes

= NCSB

Yes

Increase Concrete Thickness
THCC = THCC + CINC

S
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420

THCC TCMAX

1270
\\\\\\\ No
XJ = 2.2

Yes

Yes
NCS1 # O

No

Design
second type
of pavement

1280
Design Counters|

CALL ¢UTPUT ( I, J , NPROB , THLEV ) to print
out designs

Return to read data for new
problem

1900
©
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SUBROUTINE INPUT (I , J,
NCS1 , NCS2 , PSNl , PSN2 )

|
START READING

Input data
|
READ
Problem Number, NPROB
Problem identification
- IF O
NPROB
G§i£9
1 +
WRITE

Problem Number and
Problem identification
|

READ
Program control data

I

Number of load groups, NL,
and first card for traffic data

WRITE N\

Error
Message

READ
Rest of traffic data from Card 2
to Card NL and first ten spaces ?
for NLCK

Yes

CONTINUE

READ
Traffic growth and distribution

data

READ
Designer's decisions and restraints




107

O,

Performance variable;\w
|

READ

READ
Traffic delay cost variables

READ
Number of concretes NC and
data for first concrete

-) WRITE

(0) A (
NC - 1 Error
Message
+) @
70
READ

Data for concrete No. 2 to

NC
30
CONTINUE)
READ
Concrete thickness data and
concrete increment, CINC

IF Yes
CINC = 0.0 —
CINC 1.0
No

READ
Subgrade data
I

READ
Number of subbases, NSB, and
data for first subbase

<0 IF
NSB - 1
100 >0
READ

Data for subbase No. 2 to
NSB

110

CONTINUE )
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DO for each subbas%)

TSMAX(I) = 18.0

i__—— I = 1 to NSB
|
* Yes
}
I
I
|
—_——— CONTINUE )
—===7 D015 I =1, 4)
|
TYSBS(I) = TYSBS(I - 4) = 0.0
TYSWS(I) = TYSTS(I) = 0.0

l

Read longitudinal and
transverse bar data

2100

Yes

1

Read wire mesh data and
tie bar data to be used
with wire meshes

il

READ
Bar and mesh sizes to be
tried in the design
]

READ
Overlay data

|

Data for 301nts

Malntenance, dimensions
and miscellaneous data

©




READ \
Confidence Level
Variables

Calculation of
Variances of Terms

IF Yes
1.0

4

PSN2

No
DO for all load groupi)

T I = 1, NL.

l

Develop COD(I) Data, Find
average load in kips.

WRITE
Traffic data

——————— CONTINUE )

165

WRITE
Traffic growth and

distribution data

For NCS1, NCS2 and NCS3 data

(= 1, 2 or Blank)

WRITE appropriate program controls
For PSNl and PSN4 WRITE appropriate
statements |

l

WRITE

Designer's restraint data
Performance Data
Traffic Delay Data

109
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I 1, Nc)
l
!
{ Yes
| I
| [ Ne(1) = 2.0
l
l
l
[ Yes
|
ND(I) = 28
IF Yes
ND(I) = 7 .
‘ |SX(1) = 1.23%sX(1) |
‘ No [
| IF Yes
I NP(I) = 1 y
|SX(I) = 0.90%8X(I) |
No ]
Yes
TS(I) < 0.0 !
/ [1s(1) = 0.4%s3x0(1) |
No
Concrete
Variance
w Calculations
290
- ———————{ CONTINUE )

O,
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Data for all concretes and
concrete thickness

WRITE

For all steel data

Determine KOUNT1 to KOUNT7
and find maximum (IKOUNT)

NCS3 l
Y WRITE Bar Reinforcement\\

data
4
31
NCS3 |
WRITE Wire Mesh & Tie
32

IF No
= 2
es
0 1F No

= 1
ves Bar data \1
0 IF = Q0

SGK
#0

Convert k value of subgrade to its
E value

-

Calculate SGE value from
Texas triaxial value

]WRITE other subgrade data )
l

]WRITE data for all subbaseéﬁ

Yes

Yes
NCcS2 # 1

WRITE AC Overlay Data\]
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IF Yes
NCS2 # 2 I
WRITE CC Overlay Dataw
No
IF Yes
CPSYR # O l
/ | WRITE CPSYR

No |

WRITE
Data for joints, maintenance,

dimensions, and miscellaneous
I

WRITE
Confidence level variables

l RETURN




SUBROUTINE INITIAL ( JJ ,
L, MORI , NCS1 , NCS12 , NCS2 )
J =0
NN = 0
No

PSN4 . EQ,O

PSN4

Initialize storage of counters

————-| DO 400

Initialize Arrays

400

________ Continue )

NREQL = NREQ + 1
NREQ5S = NREQ + 5

— DO 410 KIM = NREQl , NREQ5
410

S TCT(KIM) = 10,000

Cost of subgrade preparation

RETURN

113
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SUBROUTINE NUMBER ( I , KIND fw

[————— DO 440 for all subbases I = 1, NSB?)

IF Yes
TCMIN + TSMIN(I)

=

No

KTHCK = KTHCK + 1

O U ——

Add to the previous sum the number of
initial designs this subbase

440
— CONTINUE)

Determine the number of designs generated
by all the concretes by themselves

Calculate total number of initial
designs possible

No WRITE Message

Yes

RETURN




(A1OG10, I, J, KLFCK

SUBROUTINE TRAFFIC
, PSN2 )

DO for all subbases J = 1 , NSB)

Present Concrete
THCC + TSMIN(J)
< TMAX

Yes

Continue

For THCC analyze traffic data and
determine total equivalent
18 kip axles

RETURN

115



116

SX

SUBROUTINE AGE2

» E,

(

PL, D, T,
TUPTO , JUMP , VSX )

Calculate constants ,

traffic growth equation.

C, & C in the THD

2 3

|

Determine

Log Wigm

B and additional terms for

equation.

Calculate constants ,
determining variances of parameters

(Ql, QZ, Q33 QS), for

Determine variances

WsX -
WXJ -
Wp2 -
WPl -
WK -
WE -
WD -

Variance
Variance
Variance
Variance
Variance
Variance
Variance

of
of
of
of
of
of
of
of

parameters:

flexural strength

continuity factor

terminal serviceability
initial serviceability
subgrade K factor

concrete modulus of elasticity
pavement thickness

l

Calculate

VLOGW ,

log Wm

th

e total variance of




Calculate WUPTO , the predicted Wi

gm

RKK = AP - TUPTO

initial life of design

Life = analysis period minus

If the minimum time to first overlay is less

than the remaining life, then the remaining
RKK is equal to the minimum time between

overlays

IF ( JUMP . LT ., RKK )

JUMP

700

AGE2 is being called

Determine the life, T, at the time

710

Calculate WT , the actual Wi

Bm

WINK = WT - WUPTO |

&)

117
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Calculate DIFF , the ﬁensity difference function

Yes

Yes

No

No

e 2 B

\/Yes

T

T

.000001

DIFF

is determined, this density
function is used if DIFF < 0
meaning a negative value

KK = 2

T = T - DIFF /DIFFR




T

T

is the life of the design

= T - TUPTO

RETURN |

119
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SUBROUTINE MANCE ( PLP , PLF , TMPSY 5W

il
Find time T for which maintenance
is acquired T = PLF - PLP

IF Yes

Period
T

Modify T to be

= AP - PLP

1 4

No |

Find % of maintenance requirements
for labor, equipment and material
for urban or rural location

[
[set NT = T+ 1.0]

DO I = 1, NI)

Determine maintenance requirement units
for each year

Yes

requirements

Compute labor, equipment, and material
costs
]

Calculate total cost and find its present
value

IF Yes
I = NT

No

Add this total cost in the previous total

—————————— CONTINUE )

cost
\

For the last fractional year determine
the proportionate fractional cost
and add to the previous total cost

1
Calculate cost per square yard

RETURN




SUBROUTINE REINF ( I , J, CTIN, \
CIC , CIJ , CTRF , CTTB , CTSB )

l

Reinforcement design check counter,

KRCK = KRCK + 1

IF Yes
KRCK > 1

No

Determine free width of pavement \

according to MODEL ‘

CRC Pavement is Yes

being Designed
XJ # 3.2

IF
only Mesh Reinf:
is to be
designed
NCS3 = 2

Determine bar steel giving minimum
sum of cost of steel and cost
of Trans. joints

640 IF
only Bar Reinf:

is to be

Yes

designed
NCS3 = 1

No

650

Determine mesh steel giving minimum
sum of cost of steel and cost of
transverse joints

680

690

900
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Yes No

Mesh Steel is
more Economical

CTRJ = CTRJB
690

IF
only mesh reinf
is to be
designed
NCS3 = 2

Determine most economical bar steel

IF
nly bar reinf>
is to be

Yes

designed
NCS3 = 1

Determine most economical mesh steel

mesh steel i Yes
more economical
CTLS < CTLSB
710
Determine spacings for all bar sizes
specified
720
CRC Pavement is No (2 0)
being designed
(XJ - 3.2)
Yes (< 0)
740
Check for bond strength developed 1
750

Determine most economical transverse
bar steel and its spacing for the
bar sizes considered

790



Compute cost of reinforcement (Long. +
Trans.) and cost of tie bars

Determine wire mesh diameters for all
long. mesh spacings specified

IF
CRC Pavement
is being

designed
(XJ - 302)

800 es (< 0)

Check for bond strength developed

810

Determine cost of trans. steel providing
the same mesh steel as for long.
direction

Determine wire mesh diameters for all
transverse mesh spacings specified

850
Determine most economical steel for
tie bars
Determine spacing of tie bars
860 |

Compute cost of reinforcement and cost
of tie bars

870
IF

CRC pavement is

No (> 0)

being designed
XJ - 3.2)

Yes (< 0)

880

Compute the cost of joints and the
transverse spacing from the specified
number per mile

890

Compute cost of joints with the economical
transverse spacing determined

00

Determine initial cost CTIN
= (TSP + CTC + CTSB + CIRF + CTJ + CTTB

RETURN

123



124

Subroutine TDC3 (PLAT, \\
OVTH, TDCSY, PHSY, N1, N2)

Determine ADTT, the ADT at
the time of the overlay.

Compute LO, LN and K
Set = 6 if > 6

Set POl, PN1, DOl, DNl each = 0.0
Determine P02, PN2, DO2, DN2

Determine the total number of
square yards to be overlayed.

Yes

Determine the number of days
to construct an asphalt overlay.

Determine the number of days
to construct a concrete overlay.

Call VPHCAL (ADTT, AVPH) to
calculate the VPH from the ADTT
and the ADT distribution curve

in subroutine VPHCAL

N2DUM = N2 - 1

ITIMEOV = 1

996

0.0

i

DCHT

998

——-__D0 999, I = NI, N2DWM )
|

1

1001 1002 1003 999



P

MODEL
1 2 3 4 5
L T
Determine Pol, PN1, DOl, DN1
6140 — 2

Determine output and the recovery
rates for overlay direction

Yes veh/hour <

output rate

etermine POl and set it = 1,0 if
greater than 1.0.
Deterqine DO1

1
Determine output and recovery rates

for overlay direction

veh/hour =< Yes

output rate

No

Determine POl and set it = 1.0 if greater
than 1.0. Determine DOl

[
Determine output and recovery rates
for nonoverlay direction

Yes veh/hour <

output rateg

Determine PN1 and set it = 1.0 if greater
than 1.0. Determine DNI1

1]

Continue _)

125
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etermine cost of stopping from approach
speed (Col, CN1l) and cost of slowing
to through speed (CO4, CN4) for rural

area,
S

[
Determine COl, CN1, CO4, CN&

for urb?n area

Determine cost of delay due to

congestion, C02, and CN2

Compute cost of driving at a reduced speed

(CO3 and CN3) for all models
|

« [
Compute CO3 and CN3 for Model 5 having

detour distance
|

ITYPE
1

2

Compute excess cost of stopping from

through speed + cost of idle time
(CO5 and CN5) for rural area
}

Compute CO5 and CN5 for urban area

870
Yes

No

alculate delay cost per hour of overlay

construction with all costs present.
1

‘ 879
Calculate a reduced delay cost per
hour of overlay construction with only
costs CO3, CO4, CN3 and CN4 present.

DCHT = DCH + DCHT

®




996 996

996

GO TO ITIMEOV

1 2 3 4
1000
Nl = N2DUM + 1
N2DUM = 24
DCH1 = DCHT
REDUCE = 1
ITIMEQV = 2
1001
N1 =1
N2DUM = NUM 1 - 1
DCH2 = DCHT
REDUCE = 1
ITIMEOV = 3
1002
N1 =1
N2DUM = 24
DCH3 = DCHT
REDUCE = 1
ITIMEOV = 4
1003 [
Determination of delay cost per
hour total.
DCH4 = DCHT
DCHTOT = (DCH1 + DCH2 + DCH3)*
(NDAYCO) + (DCH4)* (NDAYCURING)
T
Determine total traffic delay
cost per square yard and print
|
Determine delay cost per square
yard for asphalt overlay

I

Determine total traffic delay cost

for asphalt concrete overlay,

3000
Continue

RETURN

127
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( ADTT ,

SUBROUTINE VPHCA

L
VPH )

Data statement containing composite

percent ADT for 24 hours
DDFV = DDF / 100
————-| D010, I = 1, 24)

O

Determine the vehicles per hour
from the ADT and the
percentage data

CONTINUE )

RETURN




SUBROUTINE ORDER ( IDOV ,

IDPY , L, M, NN, TCOST\;T

1220

———————

DO

M = 1, 2 ]

1

Determine index of the combination this

design goes in NIMI = NREQ + IM+ 1

IF Yes

No

NIMlI = NREQ + 5
Put it in (NREQ + 5)
array

IF
TCOST > TCOS Yes

already in
that array

Keep this design in NIMI arrayf

1

—
NR2 = NR2 + 1

Yes IF

|
|
|
|
|
|
|
|
|
|

9000
[ DO 9550 NANI = 1, NR21 )
1
1220 1130 9550

129



130

[
|
|
I
L —] CONTINUE
Yes
y
No L
=
Keep the design, cost, reinforcement, and
overlay information of this design in
NN array
|
1190 |

Find the total cost TCT(JAY) and the
index (JAY) of the design having
maximum total design

F——————————

—_———————— CONTINUE

No

COST is > TCT (JAY — NN = JAY

Yes

|
|
|
|
|
|
|
|
|
|
|
|
|
i
|
|
|
|
|
|
|
|
|
I ———{ po 1210 KusM = 1, NREQ>
|
|
[
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
[
|
|
|

———————— - CONTINUE)

RETURN
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SUBROUTINE OUTPUT ( I , J , NPROB ,
THLEV )

Start printing OUTPUT

IF
there is no
initial
design
(KFUND . GT . O)

Message |—

IF
there is no overlay
strategy possible for
any of initial
designs
(NCC .GT . 0)

Message |-

Print most economical
designs in each category

1

Determine the indices of the designs in
increasing order of total cost
NMB (1) to NMB(NREQ)

1460

Determine the number of pages (MPGE)
required (6 designs/page) for
summary table and also extra
designs left

1890



132

O,

ML = 0
1465 L\\\\\\\ Yes

MPAGE = 0 |

MM = 1
No MMF = MXTRA
II = MMF
ML = ML+ 1 M = 25 + 8 + MXTRA
ML = ML+ 1
>0
ML - Tifff/// A
<0

1470

Shift the designs NMB(l) to NMB(6) or NMB(7)
to MMB(12) from NMB(MM) to NMB(MMF)
in the array (NREQ + 1) to (NREQ + 6)

Write information about 6 designs at a time
for the summary table

Shift reinforéement information in array
(NREQ + 1) to (NREQ + 6)

Write the reinforcement size and layout
information (if asked)
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1470
IT = MXTRA
IM = 25+ 8 + M{TRA

Are there

Yes (MXTRA # 0)%
extra designs?

1890

Write initial design analysis —1\

Write overlay subsystem analysig\n

RETURN
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PAVEMENT  SygTEWR 3

TERT Rity SHOWING NE® RP&«3 VENSTOM AFC

HI8TD
PROKR 1

THAFFIC GRO®TH anp DISTHIAUTIUN

axiE GrOwTH FACTORs PFRFFNT PER YEAR

ADT GHNWTH RaTts PERCENT RER YEAR

BIRECTTanaL 1STRIBUTTON FACTORs PERCENT

VESIGN LawnF n15TRIBUTION FACTURs PERCENT

INTT1a1 AvFRaAGE DAILY TRAFFIC, ONE DIRECTION

TOTAL 14 w1P axLES FOR aral¥SIS PERIOD, #0TH niRECTIONS

CENTER FOH wWIGHWAY RFSEARCH

(B8

DFC 1974

2,00
300
568,07
60,00
2nu00,00
3060000

wEE U1

SyNTEM 3 CENTER FOR mIGHWay RESEARCH DEC 1474
TegT HUN SHOWING NE® RP5=3 VERSIon wFC (17

RIGID PaVEMENT
PRDR 1

PRNGHAN CONTROLS
ntSIGNER SPFCIFIES

BOTH CRCP aNp JOP PaveMg TS TO BE TRIED

KOTH Cr anft ar UVERLAYS 1O RE TRIED

dOTH DFFNWMER BAK AND WigF MESH REINFDRLEMENT TO HE TRIED
PRINT | ONG FokeM OF QuTPuT

PRINT FIRGT »9 VESIGNS 1o INCHEASING URDER OF TOTay coST

DESIGNERS DECISIONS 0R RESTRAINTS
MaxImipun INTTTAL FUNDS AuAILABLE s DDLLARS PER S0 YO0. 12,00
Ma¥ INTTInL TWILKRESR, 6 an PLUS SUBRASLY INCHES 24400
MIN TIME TO FIRST OVifLave YEaRS 5,08
MIN TIME sFTwrEN DYER_AYSs YEARS 5.00
Max TOTaL AC NYERLRY THICKNESS,INCHES 6. 00
MIN AC OVERLAY THICKNESS AT ONE TIME, INCHES 2,00
Max TOYAL CONC VUVFRLAY TwICKMNESS, INCHES Geli()
MIn COMC OVERLAY THICKNFSS AT UNE TIMEs INCHES 2,00
AyFRAGF LEyEL ¥ THICKNFSS. TNCHES 1.00
LENGTH OF ANALYSIS PERInNnDs YEAKRS 20.0¢
CONFIDFNCE LFyELIC) s PEDRENT 95.000
PERFORMANCE VARIARLES
INTYIAL SEevVichagILITY ryDEX, EXPECTED Aahy
TERMINAL SFRyTICEABILITY INUEXs ACCEPTED 3400
SERVICFART Iry JwDEXx AFTER AN OVEHLAY. EAPECTED 4,50
PRABAATLTT, 0F CONJUNCTTAN OF BaD SOIL aND SITE. PERCEMY B0
SnepLl ING RATF CONSTaNT ol
SwFLLING ACTIvITYe ESTIMATEN DIFFEHENTIAL MOVEMENT, INCHES l1eS0
TRAFFIC DELAY COST VARIASLES
VISTANCE AvEr WHICH TeaFFlC 1S SLO¥ED, MILES, OY.DIRECTION 200
NDN,OV.DIRECTION 0«00
NO. UF OFEN | aNES [N JESTHICTEY ZONEs MILELs OY.DIRECTION 2
NUN_NV,DIRFCTION .
PERCENY VEWI ES STORPRER Ay ROAD EWUTPMENT, OV ,DIRECT ION 5,00
NON,OV.DIRELTION 0.00
Ayt DEt Ay ChyygEl BY #oan EWyTP, HOuRg » OV.DIRECTION 02
NON OV DIRECTION 0,00
AVG SPFED THEDUGH DOVERLaY ZONEs WPH OV+DIRECTION 40,00
. NON, OV DIRECTION 55,00
AVFRAGF APPRNACH SPEED To OVERLAY AREAs MPY 60,00
DETOUR DIsTancE AROUNMD nVERLAY ZONEs MILES 2.00
NO. OF HouRSsnpaY OVERLAY CONSTRUCTION OCCURS 800
TRAFF1r nOnEL USED It Twe ANALYSIS 3
URBAY

R3a0 (OCATION

HEE YD

6¢1



RYIGIN PAVEMENT SySTEM 3 CENTER FOR HIGHWAY RESEARCH DFC 1974 RFC 111
PROB 1 TEST RUN SHOWING NEW RPS-3 VERSION RFC III
MATERIALS CONCRETE
CONCRETE M1X DESIGN NUMRER 1 2 3
AGE OF TESTING CONCRETE, DAYS 28 28 28
MEASURING POINT CENTER CENTER CENTER
FLFXURAL STRENGTH, PSY 500,00 850,00 600,00
TENSILF STRENGTHs PSI 200,00 210,00 220,00
ELASTIc MODULUS» PSI 1800000 2000000 2200000
UNIT WFIGHTs aCF 140,00 141.00 142,00
CONSTRUCTION FQUIPMENT CcnST, PER LANE MILE 1000,00 100000 1000,00
COST PFR CyB1C YARD OF CnNCRETEs LOLLARS 8,50 Be75 9,00
COST OF SURFACING CONCRETEs DOLLARS/PER LANE MILE 950400 95000 950,00
SALVAGE vaLUE OF CONCRETE, PERCENT 60400 70,00 70400
MINIMUM ALLOWABLE CONCRETE THICKNESS, INCHES 8400
MaxIMym aALLOwaBLE CONCRETE THICKNESS, INCHES 12.00
PRACTICAL INCREMENT FOR POyRING CONCRETEs INCHES 2400
MATERIALSs STEEL
1 2 3 'y
BARS
LONGITUDINAL
Bap STEEL AST™ DESIG A=615,6R75 A.432 A«B}2,6R65 A~T777:6RE0
TENSILE STRENGTH,PSI 70000400 60000,00 65000,00 75000.00
CosT/LBs DOLLARS «130 100 120 110
TaansVERSE -
Bagr STEEL ASTM DFSIG A=1SSTR A=1SINT a~1% §Tg A=15 INT
TENSILE STRENATH,PSI 33000.00 40000,00 3%000,00 36000,00
CogT/LBr DoOLLARS V70 ~ 080 en?n «090
BAR NOS, TO BE TRIFD 3 4 5 &
wiRF MEGHES
wWInE MESH ASTM DESIG ASTMs A™49 ASTMea=50 ASTayp=g] aSTMy A=52
TENSILE STREMATH.PS] 70000,00 75000, 00 6nono 0o 65000,00
CosT/LB,s DOLLARS 300 Jil0 N80 090
MESH SIZES Tn wf TRIED
LONGe WIKE SPACINGSFT LX) 5.00 6.00 T.00
TRAN« WIRE SPacINGeFT 120D 14400 16,00 18.00
TTE AARg USED WITH w, MESH
Tie BAR ASTM UDESIG, A=615,6Rep a«lb STR A=615,6R645 A=615,06R46
TENSILE STRENATH,PS] SOUULeUD 33000,00 37000,00 3R000,00
CosT7LBs DOLLARS L0800 LU0 Ju7s D78
TIE 8AR NQS TO aE TRIED 3 % 5 [

Jeman-TRTH

28
CENTER
650,00
230,00

2400000
145,00
1000,00
9.10
950.00
70,00

5

78
CENTER
700,00
240.00
2600000
148,00
1000.00
9. 15
950.00
75.00

2R
CFNTER
750,00
280,00
2800000
180,00
1000,00
9.26
agp,nn
75.00

o7l



RTGIN PAVEMENT SYSTEM 3 CENTER FOR HIGHWAY RESEARCH DfC 1974

PanE ) TEST RUN SHOWING NEW RPS-3 VERPSION RFC 11T

MATERIALS» SUBGRADE

SURGRANRE K, prl}

S5URGKRANE FRICTIUN FaCton

SURGRANE FRODABILITY FACTOR

€081 PFR LanE MILE OF SURGRAVE PREPARATIUN, DOLLARS

MATERIALSs SUBBASE

SURBASF TYPRE GRANULAR CEMT
ExaDaBTLITY FACTOR 1.00 0,00
FRICTINN FACTOR 1.50 1.80
ELASTIe mODULUSe PSI 20000 1000000
CONSTRUCTION FQUIPMENT nnSTs DOLLARS/LaNE MILFE 2000, 00 20600,00
CO8T PFR CNMPACTED €y vyn , DOLLARS 3. 00 5,00
SA| VaGr PFRCFNT VALUE, PERCENT 30,00 40,00
MIN ALI OWED THICKNESS, TnCHES 10,00 10,00
MAx ALI O4EN THICKNESS, INCHES 12,00 12,00
INCREMENT FOR SUBBASE. TNCHES 2,00 2,00
OVEKLAY

INITIAI COST pER LANFE MT_E OF EQUIPMENT FDR OVERLAYSs DOLLARS
COST ¢/ Cu ¥D nF IN PLACF COMPACTED ASPHALT CONCRETE, DOLLARS
Sal VAGF ValUg OF ASPHALT CONCRETEs PERCENT

ASPHALT CONCRETE MODULUS VALUE, PSI

PRODUCTTION RATE OF COWPACTED ASPHALT CONCRETE, CU YD / HR
CONCRETE eropuTIUN RATE, CU YD /HR

CONCRETE COEFFICIENT

RanDOM ADDITIONAL COST » SG YD FOR ANYTHING

JOINTS

CUST/FT OF TRANS, JOINT, SA#ING, DOWELSs AND,OR SEALING, DOLLARS
COST/FT OF LONGs JOINTs SEALINGs DOLLARS
RANGE oF SPACINY FUR TRANSVERSE JOINTSs LOWER VALUE: FT
UPPER VALUEs FT
INCREMENT nfF SPACING TO RE TRIED FOR TRANSVERSE JOINTS, FT
NO. OF TRANS. CUNSTe OR WRAPPING JOINTS/MILE FOR CRCP

MAINTENANCEs DIMENT1NNS anND MISCELLANEOUS

Days oF FREE7ZING TEMpERATURE PER YEAR

COMPOSTTE LABDR WAUE FOP MAINTENANCE OPERATIONSs DOLLARS/HR
COMPOSTTE EQUIPMENT RENTAL RATE FOR MAINT« OPERATIONs OOLLARS
COST OF MATERTALS FOR MATHTENANCE OPERATIONS, DOULLARS

WinTH nF gaACH LANE» FEET

ToTal ~NUMRBER 0F LANES In BOTH DIRECTIONS

RaTE OF INTEREST OR TiMp vValUg OF MONEYs PgRCeNT

150,00
.90
2,00
1500,00

STAB ASP STaB

50
170
800000
2000.00
4450
40200
10,00
12400
2.00

1000,00
10400
40,00

300000
175400
40,00
1.00
5400

1,40
1’20
15.00
90,00
15.00

10,00
2450
3,00

1.00
12,00

8e¢00

RFC 11T

o m

LIMSTN
1.50
1450

2s000

2000,90

7t



HIGID  PAYEMENT  SYQTEM 3y CENTER FuUR HTOMWAY RFSEARCAH
¥RpH TERT Win SHOWING «EW 3PS.y VERSIaN RFC 11¢
FONFTOENCE LEVEL VARIARLES
Sp KCENT pOrFF, OF YaRIATION JF FiLEXORAL
STHRENGTH oF CONCHETE
qfus BEV, nF EfASTIC MODULUD LUF EONLHFTE (9517

«fus GEv, nF SuduRADE K vaLuk
§TU. LEv, ~v CONTINgITY FACTOR (0
aTle UEy. aF [MITIAUL SERVICASILITY [NFx (PL)

CTU. Uty, "F TESMINAL SERVILAMILITY [aDgx (¥}
§Tus BEV, oF THICKNESS OF CUNCRETE

aTue DBV, nF FLEKURAL STNLNGTH OF DESIGN wlTri
MIx
Ml
Mix
ix
Mlix
“ix

[ RV SRR N

rJERLAY CONSTRUCTION VARIARBLES

Ml 1TanY maUR OF THE DAY WHEW OVEHLAY CUNSTRUCTION HEGINS
M1p 1TARPY wmAUW OF THE pAv wrgN OVERLAY CONSTRUCTIUN ENnS
NUMBER DF DAYS LONCRETE witST CURE

TUTAL ~UMpER nF LANES Tn i OVERLALD

TUTAL AVERa¥ LENGT= IN ONE LANE

OFC

1975

19.Tu
KREDU0N DO

38.00
0,00
+36

o 3u

.30

IrHO
10A, 35
11R.20
128,05
137.9p
187,75

wEE 11T

A}



RIGIN PAYEMENT  Syalem 3
PuiR |

CENTER FOR MIGH¥AY RESEARCH DFe 1974
TEST RUy SHOWING NE® RPSeq VERSION HFC 111

“06T FLUNOMECAL 1GP PAVEMENT DEDIUN w{TH AC NDVEKLAY.

INTTIAL CONSTRUCTION, LIFE IS 5. TUB YEARS
MATERTALY CESCHIPTION
MATERTAL MATERTAL
NUMBE R NAME
CONCRETF 8,00 INCHES &
SURHASE 10,700 INCHES 1
| OMG L BE THF JMESH SPaCING “r 0 bt 6. Tald 3 A8 THy a"S]
MESH TAVETFR .21 23 .25 W27
TRANJRF INF oMESH SOACING 1240 les¥ 16,0 1840 3 ASTHMea=51
MESH ITA4ETER .32 3¢ .37 L34
TIF BAxS BAR MBER 3 - 5 [ 1 A-k1D40R&
S2,CING  11e0 1.8 38,7 44,2
TRANSYFRSF JOINT SPACING 50 FFFT
LUNGBITUDINAL JOINT SPalInNG 12 FeFY
SUBSEQUENT CUNSTRUCTINN
1 OVERLAY aND LEwRL UP WITH  3.00 INCHFS OF aC aFTEw  ®,708 YEARS

2 OVER(LAY AND LEvEL 1P WITH  3.00 INCHES UF
FVEWY UVERLAY 1uCLUDES 1200 INCHES OF LEVEL 0P
TOTA; OYEHLAY TLICKRNESS

“.00 INCHES TOTaL LIFE 24027 YEARS

COST anaLYSIS DOLLARS PER SQUARE YAWD
INITrAL CONSTayetTION

CosT UF SUuGRaDE PHEPARATION T ¥
CpnY UF CONCRFRTE 20333
CoeT OF SuUABASE 1117
CogY UF REINFORCEMENT ha
CosT UF JUINTS LTS
CosT OF TIE maRS <034
TOTA INITIAL CouSTRUCTION COST Se023
TOTAL OVERLAY CansSTRUCTION CoST W97y
TaT& TeDPs COST HNUNING OVe CONSTRUCTION wghd
TaTA; MAINTEMANCE COST LT
SaLvagE RETURNS LYYS-
Any apbDITIONAL ST SPECIFLED Yevla
TnTaL oVERALL cosT B los722

DESTGN aNaLYS1S
TOTAI ja% INITYAL NESIGNS WERE EXaMIsED, OUT OF wHiCr.
76 VESIGNS «ERF REJECTED OuUt 10 usEr RESTRAINTS
66 REMAINING INITIAL DESIGNS PRODUCED 14 OVERLAY STRaTEGIES

aC AFTER 11,8729 YEARS

wFe 111 RIGID  PAVEAENT  SyqTem 3
P4 1

CENTEM FOR MIGHWAY RESEARC- DFC 1974 wEC 1T
TERY RUN SHNWING NE® KPS~3 VERSION HFC 111

MOST FCUNDMICAL 1ICP PAVEMENT DESIGY WITH o NVERLAY.

INIeLel ConbSTHUCTT N LIFE 1S 12edce YEawS

WATERTAT S DESCaipTTON
MATERTAL MATERIA,
NUMBER NAME
rONCRETF B.o0 INCHES &
SUHHASF 14,70 TNCHES 3
$ Drsty JRETF S MESH SBaCING Gt Yev &0 Tett 3 ASTHMA=E]
ESH D1aETFR 22 .25 27 7Y
TRAN (RF Db JMESH SOLCING  12.0 le,u 16,0 18,0 3 a8TMes~5]
SESH n1AMETER . 3k 37 39 Y
Y16 HAuQ Rae uIMnER 3 « 5 3 1 a=k1543ReN

52 CING g« 173 27,1 3g.0

TRanSVERSE JOINT SPACING
LOUNGIT IDINAL JOINT SPACING

0 FFET
12 FFEY

SURCFANFNT CONSTRUCTION
1 OVERLAY anD LEvEL P RITH 3,00 lWCHES OF cC AFTER  §p.222 YEARS
FYERY UYERLAY 19CLUNES 1400 INCHES OF LEVEL uP

THTAL DVERLAY T.4TCKNESS 2.00 INCHES TOTaL LIFE 3+v,m39 YEARS

COgT amaLysld DoLaos PER SOUARF YARD
InT1Tral CONSTRUCTION

ensT OF SURGRADE PREPARATION 213
CosT OF CONCHFTE 20333
CusT OF SURHASE 14534
CosT OF REINFNRCEMENT 500
CoaT UF JDINTS «B8%
CosT OF TIE RARS W39
TOTAL INITIAL CANSTRUCTLION CnST S+504
TOTAL GVERLAY CrnSTRUCTION CosT 406
TOTAM Tebs COQT NURING OVe CONETRUCTION 622
ITNTAL WAINTENANSF COST 72
SaLvaARE KETURNS -eb2)
&Ny ADULITIONAL €naST SPECIFIED 2.000

TntaL NvERALL COST Iledgs

OESTGM aNa{ TSIS
TOTAL (4% INITTIAaL nESIons wiEkE EXAMINED, OuT OF wHICH,
Ta UESIGNS WERE REJECTED Out 10 USER RESTRAINTS
#t HEMAINING IMITIAL DESIGND PRODUCED 114 COVERLaAY aTRATEGIES

eV



RIGIO OFC 197«

POOR §

BAVEMENT  Hy<TEM 3 CENTER PUR WMIGHWAY RESEAMCA

TESY HWUN SHOXING NEW HPSey VERSINN RFC {7

MOKT FLUNOHICAL CRC PAVEMENT DESION W1TH A1 NVERLAY.

INITLAL ConSTRUCH Ny LIFE IS Ge3n9 YFaQsS
MATERIAL S UESCRIPTION
ARTERT AL saTERTaL
NUMBE R NAME
CONCRETF B,n0 INCHES 3
RURRASE 19.n0 TNOHES 1
I ONGLHE THE JMRE S SBACING 4s0 Sav 6.0 740 3 ASTMp2=5H]
MESH NIsvETF2 45 5y +55 +59
TRANRETNE «MESKH SOACING 1248 L%,V 1b,8 18,0 3 AST™,a=5]
MESH DlavETFH DY 3 » 30 «38
TIE RAwS Haw ~UMBER 3 o [N S i =615 ¢uRe0
SPACING  Lley &€0es 32,4 #bay
TRANSVERSF CONSTRUCTION JOINT SPACING 2640 FFET
LORGITIDINAL JOINT SPALING 12 FFFY
SURKEGUENT CONSTRUCT AN
1 OVERLAY aNU LEvFL 4P WETH 3400 INCHFS OF  aC AFTER 5.359 YEarS

FUENRY UVERLAY 1~CLUDES 100 INCHES OF LEVEL 0P

TOTAL OVERLAY TwICKNESS 2s00 INCHES TOTay LItE 22,154 YEAHS
Cosr ansLysld Qnpans PEX SQUARE Yary
INITIAL CONSTRUCTIUN
CosY UF SumnaRapg PREPARATION 213
cosT OF CONCRFTE 24277
CosT UF SUABAGE 1ei1!
CosT GF REINFNRCEMENT 1e33n
Cost OF JOINTe s BHD
CosT OF TIE RaRrS vuda
YOYaL INITIAL CAnSTRUCTION CoST Sebdy
TOTAT OVERLAY CnuSTRUCTION CaST k7o
TATAI Tele COST PURING OVe CONSTRUCTION 025
TOTAr MAINTENANCF COST «360
®alLVaGE WETURNS ~sbgy
anv anBIYIONaL cnST SPECIFIED 3+ 000
11,099

TnyaL nvtRALL COST

DESTGN ANA[ YSIS
TOTAL ya4 INITIAL NESIGNS WEKE EXAMINED. 011 OF WHICH»
11¢ UESIGNS JERF REJECTED DUE TO USEWN RESTRAINTS
42 REMAINING INITIAL VESIGN® PRUD,CED  #3 UyERLAy STRATFGLES

RIGIN PAVEMENT

Poor 1

BYSTEM 3 CENTER FOR Wi
TEST RV SHOWING NEN RPSe

WKFE 117

#OST ECUNOMICAL CRC PAVEMENT DESIGN WY

INITIAL CONSTHUCTION. LIFE IS 1145¢h YEAR
HMATERIA 8
rONCRETF B8.np TNCHES
SURHASF 10,70 [NCHES

§ORG,RFINF o MESH SpalinG axh Bl (39
MESH NIaMETFR e -3 «BA

TRAx  RE THE  BEDH SPLACING 1240 desv 16,0
ME St 3 aMETER 31 3% 1Y
dak IMEER 3 “ 5
SEACING  [1s% ZUsd 31,7

TIF RAwR

TRANSVFRSE CONSTRUCTIUS JOINT
LUNGTTHDINAL JOINT SHALING

SUASFOUENT CONSTRUCTTAN
Y DVERILAY fNO LEVFL UP WITH 300 INCHES

FvExy UVERLAY 1. CLUDES 180 INCHES OF

TOTAl OYERLAY TwICKNESS: Ze00 INUHES

CuST araLysIS  LALLAYS PER SQUARE YaWd
INITraL LONSYQUrTION
CnsT OF SURGRADE PREPANATION
CosT OF COwCRFTE
Cosy OF 5, aBacE
CosT OF WEINFORCEMENT
cost OF UnDiNTs
CueY OF TIE waRs

ToYar INITIAL ConSTRUCTION COST

TOTA OVERLAY CnuSTRUCTION CnST

TaTal TeUe COST NUKRING OVs CONSInUCTION
Tuta HMAINTENANCF COST

SA(VaGE HFTUKNS
ANY ADULYIONAL ra5T SPECTIFIED

TovaL nvERALL cost
DES TGN ANALYSIS

YOTAL 1a% INITIAL nESIGNS wbHE EXAMINED,
112 DESIGNS VERF PEJECTED UUt 1O us

GRWAY RESEARC- DFC 197« REC L
VERSTON RFC (1Y

H  CC NVERLAY.

5
DESCHIPTION
MATER]AL MATEMTAL
NUMBE R NAME
L3
1
Tat 3 ASTMeA=S]
o B0
1R 3 ASTMyA=5]
.39
+ 1 =k 154GR&Y
“hal
SPaCInNG 2bed FFET
12 FefT

OF  ¢C aFTER  17.5p5 YEARS

LEVFL UP

ToTal LIFE  33,.a34 YEAKS

«213
2.299
1.117
1.392
«8584
«033

973
2620
.65,
.23

=-s633

5. 004

11.801

QuT OF WHICH,
ER RESTRaINTS

2¢ REMaInING INITIAL DESIGNS PRODUCED 43 UYERL &Y STRATEGIES

7971



RIGID  paVEMENT  SYSTEM 3 CENTER FOR WIGnNAY RESEARCH OFC 1974 REC 11t €I1GID  pavEMENT SySTEM 3 CENTEH FOR HIGMWAY RESEARCH OFC 1974 WFC O ITT
POk | TERT WUN SHOSING ~ES RPS.d vERSION RFC (1) BROR § TERT RUN SHOWING NES RPSey VERSTON HFC 1171
#OST FCONOMIgaL INITIAL DESIGN LASTING ThE ANgLYSIS eErInn

YMMmA 3 Cs IS In InCrEAST [l F tula
PaVFMENT TYPE 15 1cp SUMMARY (OF DESIBNS 1 SING UNDFR oF TuT4; €0eT

PFSTGN NpMBER 1 Fd k] LY s &
"‘YEZEAL P L T T T T Y e P N A A T YT LI T T
NUMBEQ FaVFuENT TYPF P JCcp JCp JeR Jeo JcP
“?:g“ETF 10.90 INCHES 5 ovEmLAY  TYRE ac ag ac ac ac P
SUNHASE 10,00 INCHES 3 RETNFORCFMENT TYBE MESK “ESH HESH MESH wESH MESH
TRANSVFRSE JUINT SPACING «5 FFEY cnN .
. § RETF TYPE 3 & [ F
LONGIT/IDINAL JOINT SPACING 12 FpEY suugqu TYPE 1 2 3 f § 3
-GQG.Q.aao'.Cl.....a.'."'.““.'.(Q'C‘O'...QQQQOQ.QQ.!!D.QI."CCC.”.QO'..O
VIFF OF THE DESIGN IS 27.210 vEAWS 51 AN THTCKMESS Beo0 8.0 8400 10400 R0 8,00
’ SIIRRASE THICKNLSS 10e00 10.00 10.00 10,00 12.00 10400
cosy ::;;:::560N§$232:?0:E* SQUARE YaHD OVERLAY » LEVEL 4P | 3,00 3200 300 300 3,80 3200
COST OF SURGIADE PHERARATION 213 OuERL aY s LEVEL upP » 4,08 3,00 1,00
CosT OF CONCRFTE 24839 InITIaL LIFE STl 10.49 8.2 9.79 5,86 Se9-
Co]T OF SuuBasE 1e53a
gg:: g: 3§§:::aczn2~7 -3:; prRFORManCE LIFE | 13.53 25.82 21,43 22.n9 14,63 10,63
* PrRFARMaNCE FE 3 24,02 .5 6
cosT OF T{f RARS o 4 a LIFE 2 0 28.52 26,37
TATAl PFRFURMAN ¥ 2a 25 [ 6,37
TOTA INLTIAL ConSTRUCTION CaST 60100 t PFA CE LIFE 24,02 5482  21.63 22489 26,52 26.3
TOTAT SAINTENZNCF COST 1.307
SALyasf RETURNS =:516 SPACING TRANS,
: . JOINTS 50e00 650.00 80.0p 45,90 0,00 60,00
ANY aBUITIDNAL €0ST SPECIFIED 5009 SPACING LUNG. JOINTS 12400 12,06 1288 12,00  12.00  12.0b
ToTaL avERALL cosT 11e89s T T2 LT T T P OORFPA TS T T TP Y T T T XY Py Y e e P X 2 Y P Yy T YT L I T2 2
COHST OF gUBG, PREPaAZATION «213 213 2113 2213 «213 »813
VESTON ANiL:TéSIS e MOST OPTINAL DESIGN CnST NF CONCRETE 2.333 c. i1 2,299 2,777 2,333 2221
OT " ) * CnSy af sybdAst 1117 ia538 La%34 1117 1,284 1536
0; OF 85 ACCEPTARLE DESLuNS CAST OF REINFOHCEMEST TS N RYE] P TSy salo
AF THIS KIne CAST OF 0MNTS +B8s «ARK JHBG 955 L 385 « 98
CnST OF rit DARS +03% . 039 038 oUs} N T 037
INTTIAL CONST, Cos? 5.023 S.4T6  S5.452 5,553 £.190 $.360
OVERL Y CONST. COSY s973 o435 2495 49 1.026 2933
TRAFF IC DELAY CosT Da® «023 025 LPTS «0b3 sl
MaATNTENANCE CDSY v 148 378 2341 394 (168 161
SaLvanE RETURNS s &R0 =482 ~, 455 477 -, 502 - 495
ANY ANDTTIONAL CoST 5,000 5,000 S5.000 54000 8. nUn 54000

P L T LTI ST Py P PR Y Y Y TR Y PY PY P T P N T T Y PN L2 2 22 S22
InTaL COosT PLH S¢ varU 10,712 10,826 10,898 10913 10,934 11,013

BB E P e ErP BB CEtenceeRaetRuRR P QRN NNt at0c0R00RERRBRBRcRRRGIRERRBRGS

Sl



RYGID PAVEMENT  SySTEM 3 CENTER FUN HIGHWAY RESEARCH DFC 1974 wFC 111 RIGI PAVEMENT  SvysTEM 3 CENTER FOR HIGHWAY RFSEARCH {OFC 197+ RFEC TIT
PROR 1 TEST RUN SHOWING NEW KPS5-3 VERSION RFC JIv PROH TEST KUIJ SHNWING NEW RPS~q VERSION RFC 1]t
RE INFURCEMENT DESTGMN
NES16GN REINFORCEMFNT DESCRIPTIUN MaTFRTAL MATERIAL SUMMARY QF DESTGNS IN [NCREASING ORUER aF TOTAL rosY
NUMRER W JuBFR NAME
DFSTGN nyHBER 7 A 9 no 1n 12
LA TR R T A AL2  I Y FYYE Y P YETRT ST L 2T TR R YL FPRT I T T T FHTIRTTL PR Y YT Yy Yy
1 | INGJREINF ,MFSH SPACING  «,0 5.0 Aah 7.0 3 ASTM,A=5] PaVEMENT TYPE vep Jcp JCP JCo 4o Cre
MFSH DIAMETER .21 423 .29 .27 OvEwy Ay TYRE ac ac AC ac AC ac
TRANJREINF,uFSH SPACING 12.0 14,0 16.0 18,0 3 asTusa-51 REINFNRCFHMENT TyPE MESH MESH ME SH " SH E SH MESH
MFSH NTAMETER .32 .36 W37 W39
TIE HAR - BAP NUMBER 3 . 5 3 1 4-615,640 CONCRFTE TYRE 3 3 2 . s k]
SPACING 11s0 19,6 30.7 442 SiBBASE  TYPE 3 3 1 . .
IR IR LA SRS YT PR 2L L ILLLIL YT T YL FY T L T TTRERFEFRT T TTYY YT Y
2 LONG,REINF ,MFSH SPACING “o¥ 5.0 6e0 7.0 3 ASTMeA=S] ’
MFSH DIAMETER .22 .26 .27 .29 51 AR THTCKNESS 8,00 8.00  10.00 10.00 A,0N 8.00
TRANGRE INF 4 SH SPACING 12,0 14,0 16,0 18,0 3 ASTM, a5} SHRRASE THiCANESY 12.00 10.00 10,00 10s00 12.00 10.00
MFeH DIAMETER .34 36 o 39 bl
T1E BARS BAR NUMQER 3 . § 'S 1 £=80]15,6GR40 OVERLAY « LevEL uP 3,00 4,00 3.00 3.00 3,00 3.00
SPAC NG Y9 17,8 27.¢ 39,5 OVvEPLAY + LEVEL (4P » 3.00 1,00
3 | ONGRE INF ,ur SH SPACING 4.V 5,0 LYY T.0 3 ASTN,A=S] INITIAL LIFE 9,06 Te3} T.78 l0.4n 5,08 9,36
MFSH DIAMETER 22 26 26 Y34
TRANREINF MFSH SPACING 12,0 le,0 16,0 1a.0 3 ASTM,A=5] PFRFOMMANCE LTFE ) 22.33 20438 18.13 25,29 12,18 22,35
MFSH OTAMETER 33 36 «39 1) PFRFOPMANCE LTFE 2 3857 21,71
7't "aRS BAR NUMBER E 4 5 6 1 A=Hh15.0(2e0
SPACING 10,1 17,9 2g.0 4043 TnTal. PRRFURMANCE | IFE 22,33 2held4  3B0.57 25.29 21.73 22.35
- 1.NNG.REINF JMFSH SPACING 4,0 5.0 6.0 Tl 3 ASTM,a=5]
MFSH OTAMETER 9 022 .2 .26 SPACING T@MNSe Jpluts 60.00 bp.0p 4S.nn 45,00 60,00 2640,00
TRANGREINF+MFSH SPACING 12.0 14,0 1lp.0 1d.0 3 ASTM,A=5] SPACING L UNG., JOINTS 12s0¢ 12.00 12.00 12,00 12,00 12,00
MFSH DIAMETER 35 «37 40 Y} LI TYYLYTY L XYY YRR RT L FRLRY S PR TY T S Ny Py gy *aRR0O a0 onetecabRRRT RO
TIE BARS BAR NUMBER 3 . 5 6 1 A-615.6R40
SPACING 9e3 16,6 25.9 37.3 CAST NF swbGs PREPARATION +213 .212 213 .213 213 213
CnST ofF CONCRETE 2277 2.277  2.T0R 24808 24333 24277
4 | NNGLREINF.MFSH SPACING  4.v 5,0 6.0 7,0 3 ASTM,A=5) CngT NF qUBBASE 1+ 784 1.53 1e117 1.256 1,451 le117
MFSH DIAMETER 21 .23 -1 27 CNST 0F REINFORCEMF~T 473 473 YY) «459 Y% 1.335
TRANJREINF,MFSH SPACING 12.V 1le,0 16.0 18.0 3 ASTM.A=S]) CnST oF JOINTS +«B8S .88s5 955 955 LR85 680
MFSH DIAMETER «32 .36 W37 W39 CnST OF TIt gARS “037 037 040 «0e2 076 .033
TIE HBARS RAR NUMHER 3 . 5 [ 1 A-6154GRa0
SPACING 1lev 19,68 30,7 ¢4.2 InITTAL CONST, COST S.00% 5,419 5,480 5730 5,357 5.655
OVvERI_AY COWST. TOST 487 Tle .778 425 1,042 475
6 | ONGWRETINF ,1FSH SPACING (] 5.0 640 7.0 3 ASTMoA=5] TRAFFIC nti.Ay COST «02% 036 Ne2 «023 . 052 025
MESH DIAMETER .21 .24 . 26 .28 MATNTENANCE COST «3s1 61 240 +384 2138 o360
TRANSREINFoMFSH SPACING 12.V0 14,0 1m0 1800 3 ASTM,A=5) SaLvaGE RETURNS =e477 =479  =,5]4 =Yy  ~,.5¢) -.e02
MFSH DIAMETER 33 .36 .38 b0 AnY ABDTTIUNAL CnST 54000 5,000 5,000 S.000 S.n0D S.000
TIE BARS BAR NUMBER 3 . [ ] 1 8-0]15,GR4"
SFACING 10.‘ lB.‘ ZB.Q .1.5 tatecce BRGNS 0STTCERRORHOER QO RSO ceeass ae

TATAL CogT PER SQ vaRU 11,045 11,052 11.085 11.075 11,0 6 11.099
L T R T Y P N T T T P T YT T LT YT ¥ 2 TPy
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PAVEMENT  SyY<TEM 3

CENTER FOR WTbrwAY RESEARCAH

TEST RUY SHOWING New RPS«3 VERSINN RFC

HETNFORCEMENT DES TGN
Re INFGoogMENT DESCRIPTION

| ANGGREINF (MFSH SPACING
MESH DTAMETER

TQAH e RETNF , wr 5 SPACTING
MFcH N1AMETER
HAR nUMBER
SPACTNG

Tre BARS

§ DNV REINF »FSH SPACING
MESH DTAMETER
TRANGRE INF oMESH 5P ACING
MFEH DIAMETER
HAR NUMBER
SPACING

T1E£ BARS

JONELREINF smr GH SRACING
MFSH DIAMETEH
YRANRE INF ,MF SH SPACING
MEGH DIAMETER
HAR MUMHEN
SPACING

T1E HARS

§ ONGLREINF ,arSH SPACTNG
MFsH DIAMETER
TRANLRE INF .M SH SPACING
MFSH DIAMETER
BaR NUMBER
SPAC NG

TIE waRS

§ NG REINF b S SHACING
MFoH DIANETER
TRAN,REINF ,vesH SPACING
MESH DIAMETER
RAR NUMRER
SFACING

11t baMs

§ oNLLREINE Q5 M SPACING
MESK NIAMETER
TRANLREINF yMFSH SRACING
MESH DIAHETER
HAR NUMRBER
SPACING

718 BARS

el
.21
1¢s0
EE]

10,4

woV
24
1d.4
a3

4
i0.d

LTl
19
1.0
« 30

L 10

e
20
1g.v
.35

“.1

4,0

«2}
12.0
» 3¢

1l.4
LT3
S

1¢v0
31

11,7

5.0
P4
14,0
36

s
18,93
a0
P4

14,0
36

.
18,13

L)
22
14,0
»37

&
16,7

Bad
.27
1s,0
38

16,27

S.0

23
ls,0

34

&
19,6
5.0
50
le,0
» 38

%
20,7

Ao
26
16,0
» 3R

5
2ha b

LYY
N4
14,0
35

28,4
buh
4

16,0
¥

2641
Hatt
Pa

1644
ol

5

25«4

b1

160
237
30,7

6.0
58
16,0
.36

32,

Mate RYAL

7.0
' é8
18,0
LY
4l.2
Te¥
€8
18,0
13
41.2
7.0

18,9
2

37.8
1«0

1840
43

36,6
7.0

18.0
.39

46,2
7.0
+99

1840
.38

85,7

DEC 1978

MATERIAL
NAME
ASTM, A= |
ASTMyA=S)

Aut]Belian

ASTM,A=9}
asTM a=5]

A=015,GRau

ASTMe4=8]1
45TM A=5]

A=G15,6Re

ASTM A=)
ASTH,aeh)

A=B15.6340

ASTM AR
ASTMyamng

A=515,B%8¢

ASTHA=G]
ASTM,awS)

A-615,Gisy

RFE

RYGIN PaVEMENT  SyuTem 3 CENTER FOR S16MWaY RESEARC® DFC 1974 HF O

raoy 1 TEST WUN SHOWING NMEW RPS«y VERSION RFC 111

SUMMARY Or NESIGNS IN Jw{REASING ORDER OF T0TaL cosY
UESTAEN NyMUER 13 14 18 16 17 1]
BPaROUGRGa NP RIBBBNAIARRNPIRARIP BN BEVUP BRGNP ONAGRGES #GgGaisasse
PaVEMFNT TYHE JCR Jee Jep Joe cre JC=
OvErLAY TYRE AC AC AC AC AC AC
RETINFORCFMENT Typg MESH MESH MESH MESH MESH MESH
CNNCRETF YYPE 4 [ . 3 2 »
S1HBRASE TYPE 1 -4 1 3 1 1
CaOaNaPeaPRRNRRABAARORRRRRPRRRR LR NN U B R RN R BN RSB RNN RSN R 040 a0a0dNBassadnay
S AR THIPXNESS 10400 A.DD 1n.00 B.00 8,00 10e00
SUBRASE YHICKANESS 10°00 lgsoo 12000 1000 1ne0n 18say
OVERL AY « LEVEL nP 450 Je00 .00 3,50 3,00 4,50
OVERL AY o LEVEL P 3 3,00 3,00
INITIAL LIPE TeT8 1ss10 12.37 7.31 Ted7 7496
PrRFEOQMANCE LIFF | eb,re 38.92 28.9% 19,00 17.76 20.2%
PFRFORMANCE LIFE 2 35,20 31,16
TATa) PrRFURMANCE | 1FE 20672 34492  2R.95 35,20 31,16 20s2%
SHALING TRANS. JolwnTs *5,00 45,00 45,00 B0.00 2ré0,00 45,00
SPACING (ONG, JOTMYe 12«00 1Z«0n 12.00 12.900 12450 i2.0n
L Y TN A Yy Yy Y YT R T T X PR Y YT I I T TP O Ty e S PR Ty Y'Y 7Y
CoST OF subG, PREPawaTIOH 213 +213 «213 »213 «213 v213
£nsT oF rONCRETE 2+108 2,233 2,808 29277 2.221 27085
Ln%y nF qUBBASE 1117 1.673 1284 1,544 1.117 Je2Ba
CNST OF ok INFORCEMFNT A4t 456 459 2673 1,282 il
Cast nfF JUints «95% . 955 2955 + 885 LD « 955
Cn§T pF 7lt UBARS 060 L08] ALY 2037 32 LD
INTYTAL cunSTe COST Seagl 5,871 $.757 Lah1n 5, 548 Habab
ovERL &AY CONST,. COST « 755 «33n +376 «8n] L7988 b9
IRAFF U ntLAY CosT « 040 .018 2021 «Osb 063 %Xt
MaInpFNaNCE COSq 349 613 475 344 + 2558 « 365
SaLvanE RETURNS ~eB02  +,89H =492 =515  w_as] . 501
AyY ANUTTIUNAL Cagy 5,000 3,00n 5,000 5.000 K,008 Be000

P R R T Y R T LI Rt T TR 2 e R R Y T T T e  t T e X s )
ToTaL CosT PER 8G vARV 11132 11,135 11,13 114155 11,201 }l.d0e

L P TR NS A A Y T L e e R A Y R P TR T s 22 2 A P e a Rl i 2

it
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RIGID PAVEMENT SvqTEM 3 CENTEX FOR HIGHWAY RFSEAHCH DFC 1974 RFC TI1
PROR 1 TEST kil SHOWING NEW RPSwy VERS10N RFC 111
RE INFORCEMENT DESIGN
NESTGN REINFORCEMENT DESCRIPTJION M. TFHTAL MATERIAL
NUMRER HUMEF @ NAMF
13 { ONOGREINF .MFSH SPACING 4,0 5.0 Aol 7.0 3 AGTMyA=-5H]
MESH DTAMETER olY 22 2@ .26
TRAN(REINF.MESH SPACING 12,0 14,0 16,0 1B.0 3 ASTMy A=
MFSH DIAMETER 35 +37 wln Y
TIF BakS BaR NUHBER 3 Py [ 6 1 A=615,640
SPACING 9e% 16,7 26.1 37.s
le | NNLGRE INF o tF SH SPACING .U 5.0 bot 7.0 3 AsTM,A=5]
MFSH NTAMETER Y1 2? . P4 26
TOANJREINF (M SH SPACING 124V 14,0 16,0 18,0 3 AC MyA-~3,
MESH DTAMETER 35 <R b0 LX)
T1E BARS BAR NUMBEH ) 4 B 6 1 A=b1bsGaui
SFACING Ve 16,6 25.6 3b.d
15 | ONGREINF ,MFSH SPACING b 5.0 bolt 7.0 3 ASTMyA-5])
MFSH DIAMETER .20 22 26 .26
TP4NJREINF MFSH SPACING  1pe0  la 0 1.0 1840 3 ASTM,A-5]
MFSH DIAMETER .35 «3R sl 3
TTE BARS HAR NUMBEN 4 “ « 6 1 Aan15,GReD
SPACING yel 16,2 25.4 36.6
16 I ONGRELINFmESH SPACING “ v 5.0 640 T.0 3 ASTMya=-5)
MFSH DTAMETER 21 P26 Pk 28
TOANGREINFoMESH SPACING 12,0 14,0 1h.4 180 3 asTMya=5]
MFQH DIAMETER .33 3R o 38 o*0
TTE darS BAR NUMBER 3 4. Y 6 1 bab]5,GHGD
SPACING 10.3 18,3 2R.6 4l1.2
17 | NNG (REINF ,uF SH SPACING 4,0 5.0 Aol 7,0 3 ASTMga=5)
MESH DIAMETER s 49 53 .58
TRANLREINF meSH SPACING 12,0 14,0 l6.0 18,0 3 AETM,A=5]
MFSH DIAMETER 31 «33 <36 .38
TTE BARS BAR NUMBER 3 . L 3 Ae6]15,0GR4u
SPACING 1le7 20,9 33.6 470
18 | ONGLREINF .1 FSH SPACING 440 5.0 5.0 T.0 3 ASTMy4=-51
MESH NIAMEYER .19 22 .24 26
TRANGRELINF o#FSH SPACING 1240 14,0 1640 1840 3 ASTM,A~5]
MESH DIAMEYER «3 «37 40 T
TIE BARS BAR NUMBER 3 ] 6 1 A-6154GR4O

“
SPACING ge® 16,7 2641 37.6

RTGIN PaVEMENT  SYySTEM 3 CENTER FDR H1GHWAY RFSEARCH DFC 1974 NFC 11T
PRO®M 1 TEQT RN SHOWING NEW RPS=q VERSINN RFC 117

SUMMARY OF DESIGNS IN INCREASING ORDER OF TOTaL (OST

DFSIGN nMBER 19 20 21 2 23
80 0uB00OROBEOLO 3000 UOTO0TRRRRRRRRtERRRRR0L8QRRRQRRRRRRRTETRRD
PAVFMENT TYPE JcP Jee JCcp JCP Jco
OVERL AY TYPE [19 AC aC aC aC
RFINFNRCFMENT TYpE MESH MESH HESH ME SH MESH
CNNCKRETE TTIPE e 1 3 6 2
SHBHASE  TYPE 3 3 . 1 H
gt a0o0oaNO 000000000 TaON0Esel s leNte Elaatenanigesilatastonanastds
S1 AH THTYCKNESS 8400 Bs00 10.00 8.00 Re0N
SIIRRASE THICKANESS 12400 12.00 12.00 10eu0 1n.00
OVERI &Y « LEVEL uP s, 00 3.00 3.00 6450 .50
OVER &Y + LEVEL 1P » 3.00

INTTIAL LIFE 7.38 5.87 B.HR S.71 6.88
PFRFORMANCE LIFE ) 20,78 le436 20.7% eleso 20.7¢
PFRFuRMaNCE LIFE 2 26,48

TATAL PrRFURMANCE | TFE 20,78 26448 20.75 21450 20,7«
SPACING THANS. JnINTS 6us00 6pe00 45400 60.00 60.00
SPACING LUNGe JOINT® 12490 12400 12400 12400 12.00
"'.0909"""9'.'..D9'09"'...'..'."9."'.."".."........'.'.'
CNST DF <UBG, PREPARATINN «213 213 213 213 «213
CnST nF CONCRETE 2+221 24166 2.777 ¢+333 2e22)
CNST nF suBBASE 1.784 1,784 1,651 1.117 1.673
€nSY1 F ot INFORCEMFHT +a70 YT seud 146 497
Cngt nF JUINTS +«BAR5 885 + 955 845 . B85
CnST OF TIt BARS 037 U036 TSt 034 .039
INITIAL CONST, COST Se810 3,551 5.886 54023 5,529
OVERI AY CONST, CnST AT LT 492 1°2%5% B2y
TRAFFTC DELAY CosT » 036 068 o025 s 064 N62
MaINTFiiaANCE COgy «359 el6l «341 LYY 376
SaLVAGE rETURNS “.892 ~. 467 ~.498 “s516 -.495
AnY ADDTTIONAL roST 5.000 S,000 5.000 5.000 5,000

Go88dodppd000B0000000000000 S80S0 DN0208040004000800000008000
TnTaL CoeT PER SH vaRD 110226 11,237 11,246 11e269 11,272

0500000000800 000000000080000000 0008l RANEsNP®NenseaTERERARRD

8Y1



RIGIN  pAVEMENT  SvaTEM 3 CENTER Foar wjo-way RESEARCH  DFr (947 wEe 1 R1GIH  PaVEMENT  SycTEM 3 CENTER #0R HIGHWNAY RESEARCH DEC 197 wEe 11l

PR0g 1 TEST HUN SHOMING NEW wPSw3 YERSION WFC DTt Pa0K TEQT ®ihy SHOWING nEW RPS.3 VEWRSION RFC 11t
REINFORCEMENT DB 516N
PESTGN REIMEDE~Fuf 9T DESCRIPTIUN MaTFRTAL  WATERTAL
HUMKFER WJMKRER NAME
INITIAL DESIGN ANALYSIS
19 | ONGLREINF (FSH SPACING wuy S 1 bolt T.0 3 AGTH, AmG, nUT OF & TnTar OF 288 INIT)IAL POSSIBLE NESTONS,
MFSH NRTAMETER sl 274 26 28 0 wERE REJECTED DUE TU MAR, INITIAL THICKWESS RESTRAINT
TRANLREINF JMe8H SPACING 12,V la,n  la.n 18,9 3 ASTM A®S 1 AT OF 285 obg1GNS Thus LEFT
“FeH DIAMETER s s 38 o0 B¢ DESIGNS WERE REJFCTRU STNCE THWEY ARE UVERDESIGNS UF
T1E HaRS BaN NUMRLR 3 “* 3 & 1 At ]S HKE Iv1TraL DESIGNS wHICH _AST THE ANA(YSIS PE&TAD
SPACING  lu.y 18,8 2B.H 4l.> nur OF 206 pESTGNS THUS LEFT,
€3 pEStGNS WERE REJECTED DUE  TO TwpIR LIVES BFIus LESS
20 t ONGLREINF (MeSH SPACING #.¥¢ 5,0 6.8 7.0 3 AGT My Amiy) THAN THE MINIMUM ALLUWABLE TIME TO THME FIoST OVERLAY
MroH N1AMETER o2 24 .28 .28 autT OF 183 DERIGNS THUS LEFT,
TRANLREINEsurSH SPACING 12,4 18,0 1m.0 lue@ 3 AGTMyA=R] U NENTENS wERE REJECTED DUF TU THE RESTHaINT nF waxIMpm
“rsH DIAMETER .33 25 38 o0 InlylaL FynOg AVAILABLE
TIE BAKS aar nusgiu 3 IS 5 6 1 BublheBRa AT UF 183 DESTANS THUS LEFT.
SPACING  10.% lg.s 2.0 8l.g #5 NESTGNS WERE ACCEPTABLE INITIAL DESIGNS wiyH LIvEs
MORF THAN THE ANALYSIS PERIOu
F41 { NLLVRE Tng v 8 SPALING L3 5.0 &att D 3 ARIM, amS] any Trus Ga DFSIGNS WERE PASSED TQ TWE DVERLAY SUBGYSTEM TO
ME<H DTAMETER sl 22 .26 .26 FORMULATE TRE PUSSIBLE UVEHLAY STHATES)FS
TOANMREINE oprSr SFACING 14,0 14,0 16,0 ls.0 3 SXTMgAmS]
MESH NIAMETENR 32 237 adeti 3
Tt BAKRS HAR NUMHBER 4 “ LY ] 1 Awtif GHap
SPACING ye3 lb,k 25.g 373 GVERLAY SUBSYSTEY anaLYSIs
22 LONBGRE " JF ¢mp S SRACING a4 5.0 &an 7s0 3 ARTM AmR] OESTen COMRINATIUN NOVBER 1 F 3 "
Mrer OTAMETER 221 « 23 . ?h 27
TRANSRE [NE obie S SPACING 1240 14,0 1g.0 18,8 3 AGTHyA=S) NUMGER Wrpa MaXy Ny, THICKNESS RESTHALNT WaS wIT 21 [ s [
ME QW NIAMETER WAe 36 LIt 39 NUMRER WHFN MIN TIME <ETWEEN OV RESTAAINT waS RIT a o 8 o
T1E HARS HAR NUMBER K] N 5 & 1 Awn b BWa ) NUMHER WHEN UVERLAYS ~EEDED WERE MOKE THAN g IGHMT ¢ [l o ]
SPACING 11,V 19,6 30.7 442 NUMRER nF TIMES  SUuBRAUTINE ¢ AGE » WASs CalLED 237 142 99 S
NUMRER OF TIMES SyUPRUTINE OMANCE®  waS  caLLEn 237 1mp wg 54
3 | ONBGRE [HE P §H SPACING 4oy H,0 LN T.0 3 ASTM het) NUuMaFR nf TIMES SUHBAUTINE & TDU @ was  catifo 237 1s2 59 54
MERH NDIAMETER . 2¢ .24 .27 w29 NUMWEP OF  PUSSIBLE nVERLAY STRATEGIES OHTAINED Sk ab 49 43
TRANGRELF e SPACING  12.U  lea,n 16,0 14,0 k] AGTMoA=S ) NUMAER NF NVERDESIGNS OnTalnED 9 28 14 o
MFaH DIAMETEN .34 .37 39 R4
TTE HARS HAR NUMBEK 3 . 5 [ 1 Awb] 6y ilue OUT OF a TATAL OF 162 174 88 a3

SPACING Vo8 (T,e plep 39ep

THUS FOa YuE ENTIRE DESIGN SYSTEM

QUT OF aN avERALL TOTAL OF 3B7 OVERLAY STRATEGIES
26 WEAE REJECTED DUE 1D NIFFFRENT AESTRAINTG

aNu 361 wEWE CONSIVERED Fuw oPTIMIZATION PRACESS

691
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TEXAS HIGHWAY DEPARTMENT
RIGID PAVEMENT DESIGN SYSTEM
PROGRAM RPS-3

PROBLEM IDENTIFICATION
CARD NO, 1

1.1 Problem Number

(Any combination of letters and/or numbers)

1.2 Problem Description

11(12(13(14|15|16 17|18

Y

19 70
(Any combination of letters and/or numbers)
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PROGRAM CONTROLS
CARD NO, 2

2.1 Type of Pavement

-1 for jointed concrete pavement to be designed only

concrete pavement to both be designed

2.2 Type of Overlay

blank for jointed concrete pavement and continuously reinforced

10

2 for continuously reinforced concrete pavement to be designed only

i

]

"

overlays to be tried

2.3 Type of Reinforcement

2.4 Form of Output

blank for long form of output

2.5 Number of Designs for the Output (< 24)

1 for short form of output (no steel layout or seal coat schedule)

20
1 for portland cement concrete overlay only
2 for asphaltic concrete overlay only
blank for portland cement concrete and asphaltic concrete

30
1 for deformed bar reinforcement only
2 for welded wire mesh reinforcement only
blank for deformed bars and wire mesh to be tried

50

= blank for twelve designs (six per page)

78

79

80




TRAFFIC GROWTH AND DISTRIBUTION DATA

'CARD NO. 3

3.1 Axle Growth Factor (percent per year of
linear growth of number of axles)

155

3.2 ADT Growth Rate (percent per year of
linear growth in average daily traffic)

3.3 Directional Distribution Factor (percent)

10

11

12

13

14

15

16

17

18

19

20

31

32

33

34

35

36

37

38

40

3.4 Lane Distribution Factor (percent)

*
3.5 Initial ADT Expected, One Direction
(vehicles per day)

41

42

43

44

45

46

47

48

49

50

%k
3.6 Total 18-kip Axles for Analysis Period
in Both Directions

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

* The initial ADT expected in one direction should not be large

enough so as to exceed the practical capacity of 1500 veh/hr/lane.

This data may be obtained from D-10

*% These inputs may be obtained from D-10 of the Texas Highway Department
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4.1

a.z

4,3%

4.b*

4.5*

4.6%

4.7%

4, 8%

4.9

DESIGNER'S RESTRAINTS

CARD NO, 4

Maximum Funds Available for Initial
Construction (dollars/sq, yd)

Maximum Allowable Thickness, Slab
Plus Subbase (inches)

Minimum Allowable Time to the
First Overlay (years)

Minimum Allowable Time Between
Overlays (years)

Maximum Total Asphalt Concrete Overlay
Thickness (inches)

Thickness (inches)

Maximum Total Portland Cement Concrete

Overlay Thickness (inches)

Overlay Thickness (inches)

Length of Analysis Period (years)

°
1123 4|5]|6/7 910
]
11{12|13|14|15|16|17|18/19(20
.
21(22|23124(25/26(27128/29(30
°
31{3233|34|35|36(37|38]|39|40
®
41142 43144 |45
Minimum Total Asphalt Concrete Overlay at one time °
46 14714814950
°
5152 53|54 |55
Minimum Total Portland Cement Concrete at one time °
56157158{59 |60
]
61626364 (65|66 |67 |68|69|70

* See explanation following completion of this card.




4.10%* Average Level Up Thickness (inches)

4. 11

157

Confidence Level Desired for Design (percent)

Punch: A B C D E
For Conf. Level of: 50% 807 95% 99% 99.9%

*% See explanation on following page.

[ ]
71|72 (73|74 |75
80
F G
99.99%  99.999%
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EXPLANATIONS OF SPECIFICALLY INDICATED DESIGNER'S
RESTRAINT VARIABLES ON CARD NO. &

4.3-4.8% Overlay Inputs

If no overlay is planned for the facility 4.3 should be (at least) equal
to the analysis period while items 4.4, 4.5, 4.6, 4.7, and 4.8 can be left
blank.

If only one type of overlay, either asphalt or concrete, is planned, the
thickness limits for the desired overlay type may be input while the thickness

limits for the other type may be left blank,

4,10%*% Average Level Up Thickness

This is the designer's estimate of the average thickness required by a
contractor to restore a pavement to its original profile before overlay. It
would be correspondingly larger for example on a rough road, than for a fairly

smooth road. If no information is available, a value of 1 inch may be used.



PERFORMANCE VARIABLES

159

CARD NO. 5
3.1 Initial Serviceability Index (expected) hd
112|314 (5}6}7|8|9]10
5.2 Terminal Serviceability Index (accepted) hd
11(12}13|1415|16|17| 181920
5.3 Serviceability Index After an Overlay .
(expected)
21{22)23|24(25|26{27|28|29}{30
5.4%  Probability of Conjunction of Bad °
Soil and Site (percent)
31{32|33|34(35|36(37(38(39(40
5.5%% Swelling Rate Constant e
4142|143 |441|45|46(47 (484950
5,6%%% Swelling Activity, Estimated Dif-
ferential Movement (inches) .
(potential vertical rise)
51|52|53|54|55|56|57{58|59|60

*  See explanation on following page.
*% See explanation on following page.

*%% See explanation on following page.
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EXPLANATIONS OF SPECIFICALLY INDICATED
PERFORMANCE VARIABLES ON CARD NO. 5

5.4% Swelling Probability

At present, three constants are used to calculate the reduction of the
serviceability index with time due to swelling clay and other non-traffic

causes of serviceability loss. The first constant, swelling probability (6.4),

is a fraction between O and 1 which represents the proporticn of the project

length which is likely to experience swell, This suggests that swelling clay

must be present, and that local conditions must be conducive to swelling.
Cuts, grade points, bridge approaches, grass root grade lines, and choppy
fills seem to be more of a problem than uniform fills., Local experience must

be input for this value until more definite guidelines can be developed.

5.5%% Swelling Rate Constant

The swelling rate constant is used to calculate how fast swelling takes
place. This constant lies between .04 and ,20, It is larger when the soil
is cracked and open, and when a large moisture supply is available due to poor
drainage, high rainfall, underground seeps, or other sources of water, When
drainage conditions are good or the soil is tight the swelling rate constant
becomes smaller.

The nomograph in Fig 5.1 gives a method of selecting this input based
upon the judgement of the designer of local soil and moisture conditions.

Figure 5.2 shows the effects (in the absence of traffic) for three values
of PVR and two values of the swelling rate constant on the performance curve.
For the curves shown the swelling probability used is 1.,0. The effect of
other values of swelling probability can be evaluated considering that this
input is used solely as a multiplying modifier on PVR in the program. For
example, a swelling probability of 0,10 and PVR of 10 inches is exactly equal
in the program to a swelling probability of 1.0 and a PVR of 1 inch.

5.6%%% Potential Vertical Rise

The potential vertical rise (PVR) is a measure of how much the surface of

the bed of clay can rise if it is supplied with all the moisture it can absorb.
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HIGH FRACTURED
MOISTURE SUBGRADE
SUPPLY SOIL

FABRIC
LOW TIGHT

NOTES :

(a) LOW MOISTURE SUPPLY
Low Rainfall
Good Drainage

(b) HIGH MOISTURE SUPPLY
High Rainfall

Poor Drainage
Vicinity of Culverts, Bridge Abutments, Inlet Leads
(c) SOIL FABRIC CONDITIONS

Self=-Explanatory

(d) TUSE OF THE NOMOGRAPH

(1) Select the appropriate moisture supply condition which
may be somewhere between low and high (such as A).

(2) Select the appropriate soil fabric (such as B).
(3) Draw a straight line between the selected points (A to B).
(4) Read SWRATE from the diagonal axis (read 0,10),

Fig A5.1. Nomograph for selecting swelling rate constant.
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INDEX

SERVICEABILITY

5.0
Swelling Probability = .0
PVR = |"\
Swell Rate Constant = 0.04\
4.0
Swell Rate Constant = 0.20/
- Swell Rate Constant = 0.04
3'0 — \®\
Swell Rate Constont = 0.20—
20 -
Swell Rate Constant = 0.20
PVR = 0"
1.0 -
® OVERLAY REQUIRED
oo bt 1 v L1 b b1
5 10 15
TIME (YEARS)
Fig A5.2. Performance curves illustrating serviceability

loss not caused by traffic.
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PVR can either be estimated in a particular locality from the total amount of
differential heave the designer (or maintenance personnel) would expect to
observe over a long period of time, or by using Texas Test Method, Tex-124-E.
Extremely bad clay may have a PVR in the order of 10 to 20 inches.

For highways that have been in existence for some time, the remaining
potential for swelling should be reduced by the amount of swell that has
already occurred., How much has occurred will depend on the age of the roadbed
and the swell rate constant which is discussed in the next section. Figure 5.3
provides a multiplier (ratio) to apply to the original PVR if the swell rate

constant and age of an existing road are known.
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Ratio of Present PVR / Original PVR

09|

08

05 -
04

03

Swell Rate
/ Constant

.(29

| 1

Fig A5.3.

\
<0 \
\

o) 20 30
Age of Existing Roadbed

Chart for estimating PVR for an existing road.

0



TRAFFIC DELAY COST VARIABLES

6.1* Distance Over Which Traffic is Slowed

165

in Overlay Direction (miles)

6.2*% Distance Over Which Traffic is Slowed
in Non-Overlay Direction (miles)

6.3* Distance Measured Along Detour Around
Overlay Zone (miles)

6.4 Number of Hours Per Day that Overlay

Construction Takes Place

6.5 Number of Open Lanes in Restricted Zone
in Overlay Direction

CARD NO. 6
®
1(2(3|4|5(6]7|8|9]|10
®
11112 (13|14|15|16|17(18|19|20
®
21|22123|24(25|26(27 (28 (29|30
®
41 (4214344 |45(46 |47 148 (49|50
55|

6.6* Number of Open Lanes in Restricted Zone

in Non=-Overlay Direction

6.7 Type'of Road

1 indicates rural roads

2 1indicates urban roads

* See item 7.8 before filling in these values.

EINpEIN
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7.1

7.2

7.3

7.4

7.5

7.6

7.7

TRAFFIC DEIAY COST VARIABLES

CARD NO. 7

Percent of Vehicles Stopped by Construc-
tion Equipment and Personnel, Overlay
Direction (percent)

Direction (hours)

Direction (hours)

Area (mph)

°
1(2(3|4]|5|6]|7 9110
Percent of Vehicles Stopped by Construc-
tion Equipment and Personnel, Non- °
Overlay Direction (percent)
11|12{13|14(15|16|17|18|19(20
Average Delay Per Vehicle Due to Road
Equipment and Personnel, Overlay °
21122(23)124(25|26(27|28]29|30
Average Delay Per Vehicle Due to Road
Equipment and Personnel, Non-Overlay °
31(32(33(34|35(36|37 (38|39|40
Average Approach Speed to Overlay o
41142 (43 44@45 46 (47 (4814950
Average Speed Through the Restricted ‘ o
Zone, Overlay Direction (mph)
51(52(53|54 (55|56 (57 |58|59|60
Average Speed Through the Restricted .
Zone, Non-Overlay Direction (mph)
61/62(63|64|65|66167|68|69|70

7.8%% Model Number Which Describes Traffic

Situation During Overlay Construction

*%* See explanation on following page.

EHl

8
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EXPLANATION OF SPECIFICALLY INDICATED TRAFFIC
DELAY COST VARIABLES ON CARDS 5, 6, and 7

7.8%*% Model Number Which Describes Traffic Situation for Overlay

There are currently five models describing the separate ways in which
traffic might be handled during overlay construction.

The designer must specify which model would be used for the particular
type of facility being designed by input of a 1, 2, 3, 4, or 5. These models
are respectively drawn in Figs 7.1 through 7.5.

Variable 6.3; Distance Measured Along Detour Around Overlay Zone (miles);
is only necessary if Model 5 is used and may be left blank when selecting the
other models,

Variables 6.5 and 6.6; the Number of Open Lanes in Restricted Zone in
Overlay Direction and Non-Overlay Direction respectively should neither be

greater than three lanes.

6.5*% and 6.6* Number of Open Lanes

Both the number of open lanes in the overlay direction and the number of
open lanes in the nonoverlay direction must be greater than zero. For example,
Model 2 in Fig 7.2, appears to indicate that one direction should have a "1"
input and the other direction a zero; however, this is incorrect. Both must

have a "1" input or the program will not run correctly.
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t< Variable 6.l ]
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Fig A7.4. Detour model No, 4
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Fig A7.5. Detour model No. 5.
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8.1

8.2

8.3

8.{‘

8.5

8.6

B.7

8.8

8.9

MATERIALS, CONCRETE
CARD(S) NO. 8

Number of Concrete Types

(Maximum number of concrete types is six)

Include this input only for the first concrete type¥

Number of Days at Which Concrete Flexural
Strength was Measured (7 or 28)

Indicate in column 8 for 7-day strength

Indicate in columns 7 and 8 for 28-day strength

Type of Concrete Flexure Test

il

2 for flexural strength obtained by third point loading

1 for flexural strength obtained by center point loading

(5] ]

Concrete Flexural Strength (psi) ht
11{12(13{14/15
Unit Weight of Concrete (pounds per cubic foot) h
26/27128(2930
Modulus of Elasticity at 28 Days (psi) o
31{32/33/34{35/36/37138/|39|40
Tensile Strength of Concrete (psi) ¢
41142 143 44145
Equipment Cost Per lane Mile for Placing
Concrete for the Initial Construction
°
(dollars)
46147148149 150(|51]52 |53 |54 (55
Cost Per Cubic Yard of Concrete (dollars) bt
56(57158159 1606162163 6465

* An additional card including only items 8.2 through 8,11 should be

added for each concrete type,




8.10 Cost Per Lane Mile of Surfacing Concrete

Pavement - Finish, Texture, and Curing
(dollars)

171

8.11 Salvage Value of Concrete at End of
Analysis Period (percent)

66

67

68

69

70

71

72

73

75

76

77

78

79

80
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CONCRETE DIMENSIONS

CARD NO. 9
9,1 Minimum Allowable Concrete Thickness .
(inches)
11(12113|14(15|16]17(18|19 (20
9,2 Maximum Allowable Concrete Thickness °
(inches)
21(22123|2425(26(27(28(29|30

9.3% Practical Increment at Which Concrete
Can Be Easily Poured or the Increment

at Which the Solutions Should Be
Made (inches)

31(32|33|34|35|36(37|38(39140

* The minimum thickness for incrementing placement of the concrete
should be .50 inch.



MATERIALS, SUBGRADE
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10.1 Subgrade K-value (pci)

10.2 Texas Triaxial Class Value

10.3* Friction Factor Between Subgrade

and Concrete

10,4%*% Sybgrade Erodability Factor

10.5 Cost Per Lane Mile of Subgrade
Preparation (dollars)

CARD NO, 10
¢
1{2|3]4|5/617|8|9]|10
L ]
31/32{33|34/35|36|37|38|39|40
61162163 64|65
]
66|67 |68 (69|70
L
71(72173|74 75|76 |77 |78 |79 |80

* See explanation on following page.

*% See explanation on following page.
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EXPLANATIONS OF SPECIFICALLY INDICATED SUBGRADE
MATERIAL VARIABLES ON CARD NO. 10

10,.3* Friction Factor Between Subgrade and Concrete

This input may be left out if the design minimum subbase thickness is
greater than zero. If the minimum thickness of subbase is specified as zero,
then a friction factor must be included. A general range for friction factors

is shown in Table 11.1.

10.4%* Subgrade Erodability Factor

This input may be left out if the design minimum subbase thickness is
greater than zero. If the minimum thickness of subbase is specified as zero,
then an erodability factor must be included. The erodability factor for the
subgrade material should be higher than that for subbase. An explanation of
the subbase erodability factors is found on page 171, Fig 11.1 and the same
estimation technique should be used for obtaining the subgrade erodaility
factor which should be between zero and three. Generally a wvalue of 3.0 is

input for the erodability factor of the subgrade.



MATERIALS, SUBBASE
CARD NO. 11
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This card must be input, even if blank, in the case where the designer

wishes to design without a subbase.

"1" in column 5.

11.1*

11.2

11,3%*

11, Gkk

11.5

11.6

11.7

11.8

In this event, all that is needed is a

Number of Subbase Types

Description of Subbase

Concrete

(dollars)

Subbase (dollars)

5
(Maximum number of Subbase Types is four)
Include this input only for the first subbase type¥*
6| 7]8]9|10|11|12(13 (14|15
(Any combination of letters and/or numbers)
Erodability Factor for Subbase °
16|17|18|19|20
Friction Factor Between Subbase and °
2122123 (24|25
Elastic Modulus of Subbase (psi) °
31132(33|34(35|36|37|38(39|40
Equipment Cost Per Lane Mile for
Initial Subbase Construction °
4142 |43 |44 (45|46 |47 |48 |49 |50
Cost Per Cubic Yard of Compacted °
51|52 (53|54 |55(56 |57 |58|59|60
Salvage Percent of Subbase at End °
of Analysis Period (percent)
61 62 (63 |64 |65
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11.9 Minimum Allowable Subbase Thickness °
(inches)
66(67(68|69 |70
11.10 Maximum Allowable Subbase Thickness °
(inches)
71(72\73 (74175
11.11%%%% Practical Increment at Which Subbase °
Can Be Easily Placed (inches)
76177178179 |80

An additional card including only items 11.2 through 11.11 should
be added for each subbase type.

*%* See explanation following completion of this card.
#**% See explanation following completion of this card.

**%* GSee explanation on following page.
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EXPLANATIONS OF SPECIFICALLY INDICATED SUBBASE
VARIABLES ON CARD NO. 11

11,3%% Erxodability Factor for Subbase

A theoretical attempt is made to evaluate the effects of systems loss of
support characterized by a term "erodability factor." This factor essentially
defines the size of the area of pavement slab which experiences a complete
loss of support due to erosion., Based upon experience and engineering judge-
ment, three sizes and shapes of these areas, as explained in Fig 11.1, are
chosen under a standard slab to define the erodability factors of one, two,
and three.

Theoretically E,. should be a function of factors such as precipitation,

f
amount of water on and under the pavement, erosion, cross slope, grades, joint
patterns and sealing efficiency, subbase materials, subgrade, compaction, slab

thickness, and traffic loads and their repetitions, etc.

11,4%%% Friction Factor Between Subbase and Concrete

The friction factor variable is a coefficient which expresses the ability
of the subbase to develop frictional forces which oppose contraction and ex-
pansion movements. In a study run for the Texas Highway Department, the

factors shown in Table 1l.1 were suggested for use.

11,11%%*% Practical Increment for Subbase Placement

This input should have a minimum value of 2 inches for a granular type

of subbase and 1 inch for a stabilized subbase.



178

TABLE 11.1. FRICTION FACTOR VALUES

Subbase Type Subbase Coefficient
Surface Treatment 2,2
Lime Stabilization 1.8
Asphalt Stabilization 1.8
Cement Stabilization 1.8
River Gravel 1.5
Crushed Stone 1.5
Sandstone 1.2

Natural Subgrade 0.9
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o 40 P
X
Stiffness in x-Direction Reduced by 75% ot the Cracks
SLAB PROPERTIES
Thickness = 8"
Concrete Modulus = 5 x 108 psi
Poisson's Rotio = 0.25
4 Tires are 6000 Ibs Each
CENTRAL CRACK
Dua! Tires l
6"
#3 . o L
Void Yo Areo Erodability
Space of Stab Factor
#2 - 0.00 4]
©
. “f—' #1 # | .59 t
& #2 4.59 2
~ N 0 .
l I px # 3 8.16 3
34 1 Slab Edge
P 4 —
9'

Slab and support conditions for erodability analysis.
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12,1(a)

12,1(b)

12,1(c)

12.2(a)

12.2(b)

12.2 (c)

12.3(a)

12,3(b)

MATERIALS, BAR STEEL - LONGITUDINAL

CARD NO, 12

(Include this card only if input 2,3 is equal to 1 or blank)

Bar Steel Identification Number

(psi)

per pound)

(psi)

per pound)

(psi)

1(2/3]4'5/6|7|8|9]10
(Any combination of letters and/or numbers)
Tensile Yield Point Strength of Steel
11112131415
(No decimal required)
Cost Per Pound of Bar Steel (dollars .
16(17(18|19|20
Bar Steel Identification Number
21122123 |241(25/26(27|28{29,30
(Any combination of letters and/or numbers)
Tensile Yield Point Strength of Steel
311321333435
(No decimal required)
Cost Per Pound of Bar Steel (dollars °
3613738139140
Bar Steel Identification Number
41142 |43 |44 |45 |46 |47 |48 149 (50
(Any combination of letters and/or numbers)
Tensile Yield Point Strength of Steel
51|52{53 54|55

(No decimal required)




12.3(c)

12.4(a)

12.,4(b)

12.4(c)

per pound)

181

(psi)

per pound)

Cost Per Pound of Bar Steel (dollars °

56(57(58]59|60
Bar Steel Identification Number

6162 163|64(65|66(67|68(69|70

(Any combination of letters and/or numbers)
Tensile Yield Point Strength of Steel

7117217374 (75
(No decimal required)
Cost Per Pound of Bar Steel (dollars .

76 (77178179 |80
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13.1(a)

13.1(b)

13.1¢c)

13.2(a)

13.2(b)

13.2(c)

13.3(a)

13.3(b)

MATERIALS, BAR STEEL -~ TRANSVERSE

CARD NO. 13

(Include this card only if input 2.3 is equal to 1 or blank)

Bar Steel Identification Number

(psi)

per pound)

(psi)

per pound)

(psi)

123141 5,67 8 610
(Any combination of letters and/or numbers)
Tensile Yield Point Strength of Steel
11,12 13| 14|15
(No decimal required)
Cost Per Pound of Bar Steel (dollars °
16/17|18| 19,20
Bar Steel Identification Number
2112223124 25/26|2728/29 30
(Any combination of letters and/or numbers)
Tensile Yield Point Strength of Steel
3113213313435
(No decimal required)
Cost Per Pound of Bar Steel (dollars °
36{37/38(39|40
Bar Steel Identification Number
41142 |43 144145 46147 4814950
(Any combination of letters and/or numbers)
Tensile Yield Point Strength of Steel
51{52|53154|55

(No decimal required)




13.3(c)

13.4(a)

13.4(b)

13.4(c)
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Cost Per Pound of Bar Steel (dollars .
per pound)
5615715815960
Bar Steel Identification Number
6162 |63 |6465|66|67 686970
(Any combination of letters and/or numbers)
Tensile Yield Point Strength of Steel
(psi)
7117273174175
(No decimal required)
Cost Per Pound of Bar Steel (dollars °
~ per pound)
76 (77178 (79|80
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14.1¢a)

14.1(b)

14.1(c)

14,2 (a)

14,2 (b)

14.2(c)

14.3(a)

14.3(b)

MATERIALS, WIRE MESH
CARD NO, 14

(Include this card only if input 2.3 is equal to 2 or blank)

Wire Mesh Steel Identification Number

(psi)

(psi)

(psi)

112{3l4{516{718}1910
(Any combination of letters and/or numbers)
Tensile Yield Point Strength of Steel
11112 11311415
(No decimal required)
Cost Per Pound of Wire Mesh Steel o
(dollars per pound)
16|17 |18 (19|20
Wire Mesh Steel Identification Number
21 (22 123124125126 127 |28 29130
(Any combination of letters and/or numbers)
Tensile Yield Point Strength of Steel
3132333435
(No decimal required)
Cost Per Pound of Wire Mesh Steel .
(dollars per pound)
36137 13839 |40
Wire Mesh Steel Identification Number
41142 |43 144145 |46 |47 |48 149 |50
(Any combination of letters and/or numbers)
Tensile Yield Point Strength of Steel
51|52 |53 |54 55

(No decimal required)




14,3 (c)

14.4(a)

14.4(b)

14.4(c)

185

(psi)

Cost Per Pound of Wire Mesh Steel
(dollars per pound) b
' 56 15715859 |60
Wire Mesh Steel Identification Number
61 (62 |63 (64 (65|66 |67(68|69}70
(Any combination of letters or numbers)
Tensile Yield Point Strength of Steel
71172(73(74(75
(No decimal required)
Cost Per Pound of Wire Mesh Steel °
(dollars per pound)
76 |77 178 |79 |80
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15.1¢a)

15.1(b)

15.1¢(c)

15.2(a)

15.2(b)

15.2(c)

15.3(a)

15.3(b)

MATERIALS, TIE BAR STEEL

CARD NO. 15

(Include this card only if input 2.3 is equal to 2 or blank)

Tie Bar Steel Identification Number

(psi)

(psi)

(psi)

1121345678910
(Any combination of letters and/or numbers)
Tensile Yield Point Strength of Steel
11112 13|14 15
(No decimal required)
Cost Per Pound of Tie Bar Steel °
(dollars per pound)
16/1718{19/20
Tie Bar Steel Identification Number
21(22|23124 2512612728293 0
(Any combination of letters and/or numbers)
Tensile Yield Point Strength of Steel
31132/33{34,35
(No decimal required)
Cost Per Pound of Tie Bar Steel N
(dollars per pound)
36{37|38|39|40
Tie Bar Steel Identification Number
41142 |43 |44 |45 |46 |47 14814950
(Any combination of letters and/or numbers)
Tensile Yield Point Strength of Steel
5115253 54|55

(No decimal required)




15.3(c)

15.4(a)

15.4(b)

15.4(c)

Cost Per Pound of Tie Bar Steel

187

(psi)

(dollars per pound) hd
56|57 |58 1(59|60
Tie Bar Steel Identification Number
61|62 |63 (64 |65 |66 |67 (68|69 |70
(Any combination of letters and/or numbers)
Tensile Yield Point Strength of Steel
71(72|73|74|75
(No decimal required)
Cost Per Pound of Tie Bar Steel °
(dollars per pound)
767778 (79 (80
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16.1

16.1(a)

16.1(b)

16.1(c)

16.1(d)

16.2

16.2(a)

16.2(a)

16.2(b)

16.2(b)

16.2(c)

16.2(c)

MATERIALS, STEEL SI1ZES
CARD NO. 16

Leave all 16.1 inputs blank if imput 2.3 is equal tc 2.

Bar Number To Be Tried

Bar Number To Be Tried

10

Bar Number To Be Tried

11

12

13

14

15

Bar Number To Be Tried

16

17

18

19

Mesh Sizes To Be Tried
Leave all 16.2 inputs blank if input 2.3 is equal to 1.

Spacing of Longitudinal Wires (inches)

21

22

23

24

25

Spacing of Transverse Wires (inches)

26

27

28

29

30

Spacing of Longitudinal Wires (inches)

31

32

33

34

35

Spacing of Transverse Wires (inches)

36

37

38

39

40

Spacing of Longitudinal Wires (inches)

41

42

43

45

Spacing of Transverse Wires (inches)

46

47

48

49

50




16.2(d)

16.2(d)

16.3

16.3(a)

16.3(b)

16.3(c)

16.3(d)'
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Spacing of Longitudinal Wires (inches)

51

52

53

54

55

Spacing of Transverse Wires (inches)

56

57

58

59

60

Leave all 16.3 inputs blank if input 2.3 is equal to 1.

Tie Bar Number To Be Tried

61

62

63

64

65

Tie Bar Number To Be Tried

66

67

68

69

70

Tie Bar Number To Be Tried

71

72

73

74

75

Tie Bar Number To Be Tried

76

77

78

79

80
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17,1

17.2

17 .3

17.4

17.5

17.6

17.7

17.8

OVERLAYS, MATERIAL DATA

CARD NO. 17

Equipment Cost Per Lane Mile for Asphalt
Concrete Overlays (dollars)

Cost Per Cubic Yard of In-Place Compacted
Asphalt Concrete (dollars)

10

(Omit this input if input 2.2 is equal to

Salvage Value of Asphalt Concrete at End
of Analysis Period (percent)

11

12

13

14

15

16

17

18

19

20

1)

(Omit this input if input 2,2 is equal to

Asphaltic Concrete Modulus Value (psi)

21

22

23

24

25

26

27

28

29

30

(Omit this input if input 2.2 is equal to

Production Rate of Compacted Asphalt
Concrete (cubic yard/hour)

31

32

33

34

35

36

37

38

39

40

1)

(Omit this input if input 2.2 is equal to

Concrete Production Rate
(cubic yard/hour)

41

42

43

44

45

46

47

48

49

50

L

51

52

53

54

55

56

57

58

59

60

(Omit this input if input 2.2 is equal to 2)

Concrete Coefficient for Corps of
Engineers Formula

i

0.35 for badly cracked slabs

1.00 for slabs in excellent condition

61

62

63

64

65

66

67

68

69

70

(Omit this input if input 2.2 is equal to 2)

Any Additional Cost Per Square Yard for

Overlay Construction (dollars)

71

72

73

74

75

76

77

78

79

80
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OVERLAYS, CONSTRUCTION DATA

CARD NO. 18
18.1 Military Hour of the Day When Overlay Construction
Begins 9 |10
(1If only one digit place in column 10)
18.2 Military Hour of the Day When Overlay Construction
Ends 19|20
(If only one digit place in column 20)
18.3 Number of Days Concrete Must Cure Before Traffic
Is Allowed 29 |30
(If number of days less than 10 place single digit
in column 30)
%
18.4 Total Number of Lanes To Be Overlaid
(1f number of lanes less than 10 place single digit 3940
in column 40)
k3
18.5 Total Overlay Length In One Lanes (miles) e J
(indicate length to nearest tenth of a mile) 47 48|49 iﬂ

.AEXPLANATIONS OF SPECIFICALLY INDICATED OVERLAY CONSTRUCTION
VARIABLES ON CARD NO. 18

18.4 - 18.5 Overlay Construction Inputs

The total number of lanes to be overlaid will be multiplied by the total
overlay length in one lane to obtain the total length of pavement to be over-
laid., Therefore, if the number of lanes to be overlaid is 3, but the lengths
of overlay in each lane are not the same, then input total number of lanes
equal to "1" and input for total overlay length the amount of three projects.
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19.1

19.2

19.3

19.4

19.5

19.6

JOINTS
CARD NO. 19

Cost Per Foot of Transverse Joints -
Dowels, Sawing and/or Sealing, etc.
(dollars)

Value (feet)

Value (feet)

Pavement (>0)

®
112 (3|4 |5|6]7|8|9](10
Cost Per Foot of Longitudinal Joints,
Excluding Cost of the Bars (dollars) hd
11|12 (13|14 (15(16|17|18|19|20
Transverse Joint Spacing To Be Tried
for Jointed Concrete Pavements, Lower °
31|32 |33|34(35(36|37|38|39|40
Transverse Joint Spacing To Be Tried
for Jointed Concrete Pavements, Upper o
41142 |43 |44 |45 |46 (47 |48 49 |50
Increment in Spacing To Be Tried for °
Transverse Joints (feet)
51|52 |53 |54 |55 |56 |57 |58 |59 |60
Number of Transverse Construction or
Warping Joints Per Mile Provided for
Continuously Reinforced Concrete
68169(70

(Place last digit of number in column 70)




MAINTENANCE, DIMENSIONS, AND MISCELLANEOUS

193

nance)

operation)

20.6 Width of Each Lane (feet)

CARD NO. 20
20.1 Days of Freezing Temperature Per Year e
' 112341516 ,718]|9]10
20.2* Composite Labor Wage (dollars per unit ®
hour of maintenance)
1111213141516 (17|18{19,20
20.3% Composite Maintenance Equipment Rental
Rate (dollars per unit hour of mainte- °
211221232425 |26 127282930
20.4% Cost of Materials (dollars per unit °
31132 (3334|3536 (3713839140
20.5 Rate of Interest or Time Value of Money o
(percent per year)
41 |42 |43 (44 |45 |46 147 148 149 (50
®
61162 63 |64 (65 |66 |67 |68 (69|70
20,7 Total Number of Lanes in Both Directions
79 |80

(Place last digit of number in column 80)

* See explanation on following page.
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EXPLANATION OF SPECIFICALLY INDICATED MAINTENANCE
VARIABLES ON CARD NO. 20

20.2% Composite Labor Wage
20.3*% Composite Maintenance Equipment Rental Rate
20.4% Cost of Materials

These variables may be specifically calculated using the procedure
outlined by NCHRP Report 42, entitled "Interstate Highway Maintenance Require-
ments and Unit Maintenance Expenditure Index." The following values are

recommended at the present:

Composite Labor Rate $2.20/unit hour of maintenance

Composite Maintenance
Equipment Rental Rate

$2.72/maintenance unit

Material Cost $1.00/unit operation



21.1

21.2

21.3

21.4

21.5

21.6

21.7

CONFIDENCE LEVEL VARIABLES

CARD NO, 21

Percent Coefficient of Variation of

195

of Concrete (psi)

Factor J

ability Index, Pl

ability Index, P2

Concrete (inches)

Flexural Strength of Concrete o
11i12{13/14/15/1611718(19(20

Standard Deviation of Elastic Modulus .
211(2212312425126 27128 2930

Standard Deviation of Subgrade K-value b
31|32 |33(34{35(36 37 38139 40

Standard Deviation of Continuity ®
41142 |43 |44 |45 |46 |47 (48149 |50

Standard Deviation of Initial Service- .
51152 153{54/5556 157 |58|59 60

Standard Deviation of Terminal Service- °
61|62 636465 66 (67686970

Standard Deviation of Thickness of °
711727374175 76 177 (78|79 |80
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PROGRAM RPS3 InpuT, LUTPUT, TAPES = INPUT, TAPES » OUTPUT,

CoMmaN ;HAINl/ AVGL 130) s ATUV‘(Q}. BARN(a)

T BoNy(12)e C1C{by ClL6t4) e CO0(30,2)y COOF (5,23,
2 CoMAN{ll}s anSQVelldy COTR(Lhie  CPCYCUBYs  CPCYS (4}«
3 CppuS(8), CPPTS (%), CPPwS (%) CSCIH), CTMaNT1ITs
& CTOVER{lL1ys CTTRAF(111y DIAL (4}, Dianiay, DIaT(ay,

5 Ete)s FF(8) s Esiers ESL(4), FFSR(a),

& LI(Jv), 12¢301y LFT {4} MANT (&) s NA {30},

7 NaMmElasdis NAMEBSIB93) eNAMETS (are3) yMAMEWS (4931 sHONY (47

R ONCALE (301, wD(B) NOLY (%) NP (6) o NTDCT (4) &
9 NTHT (4, MTMT(8) NTOT (%), NTOTR (4} OVID{A),

1 OuNAMIS) . e 1)y PYID(C), PUNAM (6] s Rizt?e2),

2 RNFIV(2), RMFNAMIG) s  SINC(4}, SL(4)e SPACIAT,

3 SpaCl(s,, SPACT {uy, SPTIE(s,, ST(e,, Sxte

4 vexials sxDigl e SXOAT1602)y SXDAL242) 4 SKSB!Q).

§  TARRN({4&), TCTHM(1l}y TCTOV(RL) e TCTTD(L1)s  THOV(]1},
6 Tun¥T(I1)ly TITLF(1S)y TS(6)s TSMAK (&) TSMIN(A)»
T Tresiels TYSES(8)s TyYSTS(4), TYSuS () WC(h),

A wnn(Y, SCOT (205, KIN(B)» PSVC 1614 PSVS (&1,

9 NoDEl4) CoNF (Tl ZICONFITYs LEVEL(T)

COMMON /MAINZ2/ rA(30}, €C(20), €re30}, cJ(30),

1 Cm3ny, cniAn CR(30) s C8Bi3uyy
2 CsPis0), CSR{30) » CT(I01 CT8:¢30)., 1030
3 1RV, 1R(301 JHR L3V, JHR {30 PR30,
& MCIN MR (3] Ms (301 MTB(30) MTR (381,
S NMBI24) s NO(30) NPP (30T, PLF {30,131y RLN{3psa)s
6 R s(I0 41, RTN{I044), RTS(30s4)y STJU(30), SUNOY (301 v
T THN{JUs#]s TBESP({30,4)s TCt130) s TCT(30). Ta(30,12)»
A Teuywiso)

1
1
1
1

1

1
2
3
&
5

1

COMMDN FREINFD/  KRCKyCPFLJ2CPFT UL IDRF 1UMyUN, P
KOUNTLa ®OUNT2y KOUNT3, XOUNT4s XOUNTS, KOUNTEs
KUUNT 7y NCS3e NJMe NLTy SLVP SPINCe SPTJe
SUYs THCC, WLy XNJIMy MNDLRy MNOTRMNOTR
COMMON/ZARRAy , £PSYRGCTC, CTINGCTISCTRF,CTSB, CTSP CTSR,CT TR, KK,
LPL $MNOC + MNOS s MODES ¢ NREQSNR2 s THSB s LM
coMuoN /LIF7 P2, PSSe XJe YOPKEY wTs THETAs SACTs
YTHCC, VTOPKE. VEs ¥XJs 27v VPLs VP2
COMMON /MANC/ CERRy CLW» CMAT, DFTY
CQMﬁnN /T0C/ HPNCPVSO«PVSN,DEQUYDEGN AR5, ASQD
ASNDs MODELs DTSO. DTSNy DUOZs NULOs NOLNe ADT
ccnuoN /all/ aPsaDTORSITYPELRINTeNDAYCULIDOV, ALANESJOVERLEN
COMMON /7 INPUT , ACE ACPRAGF ¢BUMIN,CINC4CIOV 4CMAXICOEF CRCYAC)
CPLESGy PR NDF s DFL 1 DSDeEF SO EQF +ESDyFFSO IXOUNT s JLEVEL +
ISXpKLvKZrK 3 MaMaXOoNCINL s NLCKINPROGINS R
NEMING OHAKA,OMAXC OMINA, OMING POV, PSNA PSVACPSXSA,
BItPISOFIEDSGEVSOEL v SN s TCMAX s TOMIN, THLEV s THRAX,
TTCeuwns x Jen s XKSD
COMMON /7 UDUTPUT , XANAL ¢KFUMD KL IF oKL IFE JKRE JyKSUB N (NNCoNNR ¢
NNTsNOIDNOIN
COMMON ZNUM/ N1,N2
wEA Kll. Kpp, ™), M2, M3, NCODE, LAMDA, N}, N2
DAT4 CODE/Z3HSIN, IHTANs FHGLEs 3HDEM /
PaTa OVID/&H  af,4M  CC,4HNONE,
paTa PY10/3HUCR » 3HCRC/
$ATa RUZIN pyy W URe 3HRAL 3HBAN 7/
paTa RNFID/4MBARS,, $HMESH/
0aTA SXDA/3IHCEN.3H THaIHTER,IHIRD/
nata CunFrs80,0, 80,0 98,0, 99,0+ 99,9, 99,99, 99,999,

E R T LR L Y

OO0

(e X2 Ralel

“ 00

19

&2

430
50

10

520

53n

NATa LEVELZ1HA, lHRo 1HCs 1HDs 1IHEs (HF+ 1HG /7
DATA ZZCONF/0,n. O,g%15, 1,6850, 2,3267, 3,090, 3,75, 4.5,
CUNTINUE
Calt INPUT ([e)WNCS1+NCE2#PSNLIPSNZ)
INleni*45000001
INZuNZ* 5000001
Ccabl INITIAL (. jJsL+MOR1I+NCSLIINCS129NL52)
IF (NCS1 «Fn, 2} GO TO 42¢
xd s 3,2
IbPy » 1
60 TO 43¢0
xJ = 2,2
I0pPy » 2
CaLL NUMBER ¢1.xIND)
CaLI TRAFFIC (81 0610 14JeRLFCK,PSNZ)
nG 1200 T & }y NC
MNOC = |
CTC s 3,0/7¢1760,08%WL)#{CIC(I3+C8CII11CPLYC(T) /36,
*THCC
p0 1260 0 w» 1e¢ NSB
MNOS = J
KRCk w O

KRCK  CHECKS THe REINFORCEMENT FRoM sEING DESIGNED MORE
THan ANCE WITH THE INCREMENTS OF SUBBASE THICKNESS

THSE = TSMIN(J,
THMAK o« TSMAX())
TF (1THCCerHgBy L LE, tHaX3 80 70 520
KREJ e KREJ*l
60 To 12x0
KSUB = KSuBs]

ksyb IS A COYNTER 10 GIvE yHE NUMBER OF 5,CH DESIONS
tour ar ALL THE PDSSIBLE DESIGNSY wHIlH DO MEET THE
MINIMUM INITIAL THICKNESS REGUIREMENY
CTSH w CPCYS(J}/736,0%THS+CIS(UI#3, 0711760, 00w}
ESJ m p§(J)
EEF w EF(J}

START EQUaTIONS FOR FINDING K 4T THE TOP OF THE SUBBASE

IF ITHS58 .FQe. 0.0; 80 TO 560
E

1 w (ALOSIO(ESI)»nelf)/043x
E2 » E1e%2=6,0
E3 = 1,076,080 (E1®03=T U%EL)}
M1 « 1SGE.B8100, 171500,
MZ w 1,0/8,08(3,0%M1082-35,0}
M3 o 1,0/26,00(5 ,0emlee3.10]1,08N1)

IF (THSH Lr 6,8 G0 10 530
1F (THSB sLrs 12,01 60 TO %80
80 10 SSo
Tl = (TH3Bw3,0173,0
T2 = 3, oeTlesz.2,8
TOPK @ 355.7szoaoeq.ﬁovauT!»3.58994-r2»27.0&111~£1
3, 9B2BSRER+5 550 74 wE3466,4R2488M1 =] ,603740M2
.0,433g10n3031.o10360T1061t¢.~0539'T105905.057&*
eT10E3¢7,082640T]19M]1-2 3515197 #M2+4,00969872

LW ) e

109
110
111
112
113
114
118
116

66T



(22X 2]

Ban

S60

579

NI E NN e A CEU N N X 8

W NP S Wi

AP WN -

o51e0,42258To%E01.12504%T 28M1+3,556548E19M]

0, IB658¢E10M2e0, 3517 aEZ0M] w0, 197884E20M20],05619

SC 3] 45,21 0B TIPE M w0, AEEESTINELSHZ 05, 47159
eT1#E29MIuwls179730T1PE20M2+0,663410 720 1 0n]
¢, 109990 TZREOM] o0 13451 E18M3,0,13786T 3¢
€a340,249159T1 813
60 10 57¢

Ti = (THSR=%,0)73,.0

T2 = 2,0071942.2,¢

TOPK = 578,617056+115,16060#71+108,03355¢E1+13,3%9099
#F2+13.090B30E3+88,39701%M 17, 069380HM221,3463R
9u3¢~5.95k0£'71'€lob.5?32907\-&2»2.*Z~03.11
SE3e13,B1048°T]1#Ml w2 99678 T 8MR40 5848 8Ty 2N
+15,355268E1 #Ml w1 s 458620E 1 9M200,3966 70 83

+1 . 545258E28M] w0, 450228 20M2+0,070249E20M347,35879

SEASMIe6, 92T260T19E10M].0,5630620T10ELeN200, 12992
eTISF 18K 0, 5052187 8E24M]1~0,096519T12E20K2
N, 993298TE
50 TO S57n
Tl a (THSR~15,0)/3,0
T2 a 3, 0%T)1%e2.2,0
TOPK ¢ 810,62222+119,9668]10e714200,53012#E1,23_20865
SE2¢1B YATIINE I 16 «IRB4OMI«]3,36T668M2+2,46625
sM3+46,5353007 10E1e5, 346890 TI0E2+ 2, TS1g1 011
#3141 BEL3ST eMIwT 302560 T | aM2e0,TI2330T]
LT (840'51‘“102093990'81‘H200.7$702'El
au3.3.938060E2aM1-0 72339eE 204250, 167782 30m3
¢3 1911 3%EI*M 1005350 TaFI9M27,08050°T 1 eE#M)
-0, Q2IBASTI*E #uBe 0, 1ghpler ap 1omIe0,8R1gamT]
sEzaM] .0 166b6sT)oE2aMp

6O TO STo
TUPK = SGE/23.925
EEF « EFSS

START EQUATTIANS FOR FINDING K AT Tnt ToP AFTER ER0HARILITY

FFSat1y = FFSG
1F (EEF ,E@, 0,0) 60 TO 580
EFL = (EEFw], 517048
EF2 » (EF1#%2«5,0)/4.0
EF3 u (5,00EF#%3.4] 0%EF1Y /12,0
XLK & ALOG10(TOPK)
XLOK w 10,08 (X Ka®,3)
1LOKZ o (yLOK®wBu21,8)/4 0
XLOK3 @ (XLOK®#3w3T,08XL0K) /12,0
TOPKEL ® 1,0g53720,2102988F1¢0,006g12EF2+0,02305
*FF340,08057*XLOK0 004T78#XLOK20,00175aX 0K
wge0)0I0®EF ] *XLOK®0,00)51%EF ] *XLOK2=0.005RI
SEV2OXLOKw0, 0054 g®EF20 XL OK240,0056I%EF3Inx| Ok
+0,003820EFINXLOKE.0,001160EF36ALOKIng 00]88
SEF2RXL0OKI~0, 00043 K] axLOK3
TOPKE o 10,09eTOPKEL
GO0 TO 590
TOPKE » TOPK

THIS FINISHFS TWE TREATMENT UF X yal €

“r

i

117
118
119
120
121
122
123
124
125
124
127
124
129
130
131
132
133
134
135
136
137
138
139
140
143
ls

1%

14e
145
146
167
148
149
150
181
152
153
154
158
1%¢
187
18R
15¢
160
161
1862
187
164
16%
186
167
168
169
170
171
172
173

. "
iTe

O 0

s R ad

QOO0

OO n

91a

e2n

PL{l) = 0.0

CaLL AGE2 (P1, THCC, PL{21e SXUtIye Eq¢loe PLlty OFMIN, VSX(I))

1F (PLI2Y .5E. OFMIN} GO TO 6g0
KLIFE = KLIFEs]

KLIFE CUUNTE® OF DESIGNS REJECTED AY INITIAL LIFE RESTRAINT
60 TO 1250
KLIF = KLIF+]

RLIF IS THE ~UMBER OF SUgH DLBYIGNS wHICH PASSED THE TIME TO
THE FIRST OVFRLAY RESTRAINT
PLIIY = 0,0
PLP 2 PL(2)
1F (PLP ,GE., AP} PLP = AP

cali MANCE (pL 1) PLPs COMANIL))
cali REINF(1,J,eTIN,CTC,CTJ CTRF,CTSP ,CTTH,CTSR)

1F (cTIN ,aY, CMAX) 6C TO 125p
KFUND o KFUNDel

«FUND 1§ tWE NUMBER OF SUCH DESJGNS WwHICH FASS THE
RESTRAINT OF THE MAXIMUM INITIAL FUNDS AVAILABLE

LM w
IF ((NCS1 ,Fn. 0) oAND. (XJ vEO. 242)) LM & ]
TF ((AJ LEG, 242) «ANDe (NCSZ .EqQ, 0)) LM = 2
IF {(NCS2 ,EQs 01 JANDe (NCS1 4NE. 0)) LM = 0
1IF (PL(2) LT. AP) 60 To 910

Le]
LPL = Lel
IDov w 3

KLFCK w KLFCKe}
KANAL = KANALSL
COTR(1y = 0.0
COSOV 1) ® 0.0
THoVT (13 = 0,0
PL(1) = 0,0
THOV(1) » D40
60 10 lioo
tF (OFHIN ,GEe AP) 80 T0 }25%0

KIMD IS THF NUMBER OF DESIGNS WRICM PASS ALL RESTRAINTS
WITHIN EACH COMBINATIDN

KIND w KIND»]
NTHICK = O
NTIME o« O
NODES w 0
NDUEL = 0
NCONS w 0
LIFCAL w O
MANCAL = 0
NYDCAL » O
COTR{11 = 00
COSOVI1) = 0,0
THOV(1Y ™ Ge0
THOVT 1) = 0.0
PL{1} & 0.0

175

183
184

193
194

210
211

213
21s
215
216
217
218
219
220
221
22z
223
224
22%
228
227
228
229
230
23)
232

00¢



[sXsXsXsXs) ao0oan

OO0 O0O00

(]

930

ETYH
950

960

970
98n

1000

1010

1020

PP SN~

XINCR a 8

1F (NCS2 g0, 1) GO TO 93¢0
GMIN = OMINA
OMAX » OMAXA

FIRST BlLoCk OF EQUATIONS

1F ( OMINA,FQe 0.0 )} GO TO Yag

€11 = (ACE=450000,0)/3%0000,0

£22 = 3,00E11%e2-~2,0

ULl a THCC=9,0

022 3 1,0/440®(011002=D,0)

033 w 1,0/12,00(5,0%D11%e3=4],0001])
Kll = (ALOGLO(TOPKE)=2¢30103)/0.6989
K22 = 3,09K11%e2=-2,0

EFOV = 11477033+0,79405%E1100+059250€22+40,932%¢N11
N, 0220D2240085450K)1¢p, 11558K22-0,019520F1]
¢Dll-o-15887'51l'“l1'0.02921'51l’K22’0-00713
®F220011+00014380E220K)1-0,03193%0119x1]1=p, 02356
®0118K22+0.043%0229K]11404016338D229K2240,p2228
eFllepllexlle0.008laegy1ep]oK22-,02238eF)1]
sn22eK1]
60 TO a0
OMIN = OMING
UMAX = OMAXC
Lsl
L= Ley
tF (L=9) 970,970+960
NDUEL = NDUEL+1

NpDUEL IS Twp NUMBER OF TIMES THE TOTAL NUMBER OF QVERLAYS
REQUTRED WERE MORE THAN THE MAXIMUM NUMBER SPgCIFIFO
80 TO looo0

THOV (LY ® OMIN

THOVT (L) = THOVT(L=1)eTHOV(L)
IF (THOVT(L) «8T. OMAX) GO TO 999
60 TO lo20

NTHICx = NTHICKel
NTHICK IS THE NUMBER OF TIMES THE MAXIMUM TOTaL OvVERLAY
THICKNESS RFESTRAINT WAS HIT WhILg THE STRATEGY WAS TRYING
T0 REACH THF ANALYSIS PERIOD
GO TO BACK nFF TO THE PREVIOS OVERLAY THICKNESS AND INCREASE
1T BY THE SPECIFIED INCREMENT

L= Lt
1F (L +LE. }) GO TO 1239
THE ABOVE STATEMENT QUITS THE OVERLAYING PROCEOURE FOR A
PARTLICULAR INITIAL DESI@Ne THIS WILL HAPPEN IN aNy oF THE
FOLLOWING CASES.

1* WHEN NVERLAY NUMBER ) THICKNESS+PASSING THE THICKNESS
REST@, INT IS SUFFECIENT TO 48T THE aNaALYSIS PERIOO
2e¢ WHEN THE OVERLAY NUMGER | THICKNESS MITS THE THICKNESS
RESTPAINT

OR 3, WHEN AFTER CONSLDERING A NUMBER OF SUCCESSFIL OVERLAY

STRATFGIESs THE PROGRAM REACHES ANY OF THE aBnVE STATED.

THOV(L) ® THOV (L) eXINCR
n0 TD 980
CALL AGE TO CALCULATE THE LIFE OF THE PAVEMENT OVERLAY COM8.
1F (NCS2 .Fn, 1) GO TO 1030

100V e )

733
234

- 235

236
237
238
239
240
261
262
2432
244
245
245
P67
XL
24y
250
251
252
253
294
755
256
257
298
2%9
260
241
202
263
26s
265
2606
267
268
269
270
271
272
273
274
27s
are
217
278
279
280
281
282
271
F4-13
285
286
287
288
289
290

c

0o o0o0ono

1021
1022

la30

1040 Call

1045

1080

~P P PN

caLl

CaL)

1F ( OMINA ,Eg, 0,0 ) GO TO lo21

Tll = (THOVT (L)1 =6¢0}/3.0

T22 = 7llee2.2,0

T33 @ 1,0/6.0%(5.00T11%%3=17,0°T]1])

EFOT = 1.,506610T11.0,11040T22=0,022390T73340,42692
®T110E11=0403819°T119E2220,03936°T119p1149,01239
nlennzz.o.oosaorllozlloolloxl1.0.25962-Ti1

sQe 93071 19K22+0,02232%T22°E 00796
%-gz -g.oo‘ *OTZZ'SI?-O 51;55-,ii-21?30.01~25
¢7330Ell 040087eT11eE110D11-0,0938680T11eE]1
®x1120.01642°T119E110K2240,004229T119E220n]])
~0.008649T119D119K]1]1%0,009379T])]1%011%K22
DEFF u EFQVeEFQT
60 TO l022

DEFF « THCC

CTOVER(L) = (CIOV®3,0/(1760,08WL)* (THOVIL) *+THLEV)/36+0

SCPCyAC) 7/ ((1,0¢RINT/100,0)98PL(L) )

COSQV(L) = COSOV(Lw1}+CTQVER(L)

HPSY = {THOV(L)+THLEV) 7/ (36.0%aCPR )

80 TO 1040

10OV = 2

RR 3 THOVT(L)##1¢4sCOEFOTHCCO®],0

DEFF = RRe#®{1,0/1 4)

COSOV1Il) = 0,0 . i

CTOVER(L) » (3.0/(1760:00WL @ (CIC(I)+CSC(]))sCPCYCID)
/7364% (THOVIL) ¢ THLEV) )/ ( (1, 0«RINT/100.0) 08B (L))

COSOV(L) = COSOV(Ll)eCTOVER(L)

HPSY = ( THOV(L)*THLEV } / (36,08CPR)

AGE2 (POV. DEFFy PPy SXD(I)y E(I)s PLIL)s BOMINy, veXx(I1))

LIFcaL = LIFCAL.L

LIFCAL IS THE NUMBER OF TIMES AGE SUBROUTINE IS caL_ED

PLIL*1) ® PL(L)*PP

1IF (PLI(Le+]l) 6T, AP} G0 TO loé4g
IF (PP ,GE, BOMIN) GO TO 1048

NTIME u NTIMEe]

NTIME S5 NUMBER OF SUCH STRATEGIES WHICH WERE AmANDONED
RECAIISE TIME BETWEEN DVERLAYS AS CALCULATED AT ANY
TIME WAS LESS THAN THE MINJMUM SPECIFIED.

40 NOW TO TNCREASE THAT PARTICULAR THICKNESS &Y THE INCREMENT

60 T0 1010

CALCULATE NELAY COSTS

COTR(1) = 0.0
TOC3 (PL(t ) e THOVIL) sCTTRAFIL) «HPSY s IN1 4 IN2)

NTDCAL = NTDCaL*l

COTR(L) w COTR(L=1)*CTTRAF ()

PLP = aP

1F (PLLel) LT, AP) PLP = PL(L*])
CALCULATE MAINTENANCE FROM PLiL) TO PLP
MANCE (PL(L)s PLPy» CTHMAN(L!)
MANGCAL » MANCAL*1
COMAN({) = COMAN(L=1)+CTMAN(L)

TF (PL({Lel, +LT« AP, GO TO 989
CONTINUE
LPL = (e]
1IF (I1DOV ,EQ, 2) GO TO 1100
OVCOS » THOVT(L) & CPCYAC ® PSVAC / 3600

60 TO 1110

2N
292
293
294
295
296
297
298
299
3no
301
302
303
304
305
306
307
308
309
310
3
3z
313
314
315
316
317
318
3l9
320
32l
322
323
324
325
326
327
3as
329
330
kX))
332
333
334
335
336
337
338
339
340
341
342
343
344
345
386
347
348

T0¢



OO0 0

o0

ono

CaL

1230

1240
128¢

12s0

1ero0

1280

OVCOS = THOVTI(L) ® CPCYC(I) & PSVC(I) / 38pp.

CTsk = =(THCC ® CPCYC(I) ® pgVC(I} s 3600, « OyCnS ¢ THSB
® CPCYS(J) ® PSVS(J) / 36004) 7/ ((1e0 o RINT / 100,0)
ee AP)

ORDER (IDovy INPV,L «MyNNsTCOST)

1F (IDOV .Fo. 3) GO TO 1260

NCONS = NCONSe1

NCONS IS THE NUMBER OF SULA STRATEGTES wHICH PASGER AL TESTS

AND RESTRATINTS AND HIT TAE ANALYSIS PERIOOs EACH STRATEGY

wILL MAKE NWE DESIGN IN COMSINATION WITH THE INITIAI DESIGN,

AFTER THIS. THICKNESS INCREMENT WILL BE GIVEN TO THE OVERLAY

PREVIOUS Tn THE ONE WAICH MADE THE PRESENT STRATEGY PnSSIBLE.

G0 T0 1000

CONTINUE

LM = 1 el
NCONS s NCONS = NODES
NTHT (L) = NTHT (LM} *NTRICK
LFT(LM) = LFT(LM)&LIFCAL
NTDCT (L M) = NTDCT(LM)+NTDCAL
MANT (| M)} & MANT(LM)+*MANCAL
NTMT [ M) ® NTMT(LM)+NTIME
NCNT (M) = NCNT(LM)+NCONS
NODE (L) = NODE(LM) + NODES
NDLT (1.M) = NDLT(LM) *NDUEL
NTOTR (M) = NTHT LM} *NTMT(LM) onNOLT (LM}
NTOT (1) w NTOTR(LM) +NCNT (LM) «NODE (| ™)
KIN(LM) & KIND
IF (NCSR NP, 0) GO TO 1240
NCS2 u |}
80 TO 920
NCS2 o MOR1
1F (THSA .Fn, TrAMaX) GO TO 1260
THSB = THSBeSINC(J}

IF (THSR ,AT, THMAX) THSB & THMAy

g0 TO Y19

CONTINUE

ABUVE STATE~ENT 15 FOR SUBBASE TYPES AND CONCRETE TYPES LOOPS

AS WELL AS SUBBASE THICKNESS INCREMENTS.

NCSB = NCoNSB

1F (KLFCK .FQs NCSB) GO TO i270 .

KLFCK HaAS TO BE EQUAL TO NCSp BY CONSECUTIVE ADOITION TO
QUIT CONCRETE THICKNESS LOOP. OTHERWISEs THE DESIGN
PROCESS WILL GO ON IN THE NORMAL FASHION

1F (THCC +EN. TCMAK) GO TO 1270

THCC = THCC+CINC

IF (THCC +GTs TCMAK) THCC = TCMAX

GO TO 460

CONTINUE

1F (XJ €@, 242) G0 TO 1280

JF (NCS] +ng,. A1) GO TO 120

60 TO «20

LM e 2
IF (NCS12 _FQe 0) LM = &
TF INCS;z .nT: 2) LM ey

IF ((NCS12 ,EQ. 21 LAND, (NCS1 +£Ge 1)) LM = 1

349
350
351
352
353
354
355
3156
457
358
359
360
36)
362
363
366
165
366
sy
38
369
aro
a7l
372
373
37s
378
376
arz
378
179
a8y
381
142
333
3Re
385
kL 1.3
3487
388
399
390
391
I92
3N
394
Vs
IV
397
3va
399
400
401
402
403
404
408
40¢g

C
C

1290

1900

DO 1290 [S = 1s LM

NNT m NNTeNTOT(IS)
HNR = NNReNTOTH(IS)
NNC = WNCeNCNT (IS)«NODE(]S)

CALL OUTPUT (1,.),NPROB,THLEV,PSN1)

END

s0 TO 19¢
CONTINUF
ABUVE STATEMENT IS USED TO ENp THE PROGRAM

407
40g
409
410
411
412
413
als
alS
4l6
417

20¢



ODOOODO

[aR212]

fe N o]

29

SUBRPUTINE TWPUT [IsJeNCSIsNCSRIPEN] 4pSN2)

COMMDN /MAINY/ avBL (301,  ATBPF(A)  BARN{(4).
1 BonY{1R)« CICEHI CIS(als COD(30+27% CODE(Pe2)s
2 comaNillls eosoviille CoTrilly, CPCYC 1By CPCYS8)
3 CpeBS(8;, CPPTS 14y, CPPWS (), CSCisy, CTMAN(1])) e
& CTOVEH{L1)e ATTKAF(11)v DIAL (S}, DIaMI{ady DIAT(4) s
S Einrls FFi®)s ESi(#1 ESL{%) FFSA(4) ¢
6 Lit3vl, 1.2{301, LFT (e}, HMANT (4) , Na {103,
7 NaME4»31, wNAMERS{E:3) sNAMETS(443) JNAMEWS (493) sNCNT {6},
a NeobR¢301, wnis), NDLT(6) 4 NP (8) NTOCT (44
9 NYHTisls MTMT (4] NTOT (%), NTDTR (4) s avinial.
1 OvNaM(b)e  pi(i21s Py101R), PYNAM (61 RO(202),
2 RuplDiZ), ANFNAM (6, SINC(8), SL(4) s SPAC(A),
3 SpaCliele SPACT{&) SPTIE(a) 5Tia) s SX(4) ¢
& VeXi{b), SXD(6) s SXDAT (8,21, SXDA(2,2)s SKSN{a},
S TBARN (&} TCTMIlLl}e TCTOV(Ll))s TCTTO(L1V s THOV!{)!.
8 Tuov¥Ttllle TITLF(1S)4 Tg(6)0 TEMAX (&) s TSMIM 4},
T TYCS(®ys TyS8S (8} TySTS(4) e TySwSigls wC (4},
6 Wuni9ls scoTrzovc XIN(B) PSVCi6) PSVS L4,
g NODE(4)» aNF 1Ty, ZZCONF (T)s  LEVELITY
COMMDN /wclmfo: KRCK9CPFLJCPFY UL TDAF o JMy JN, JPe
i KOWNTLy KkOUNT2+ KOUNTI) KOUNTAs KOUNTS: KOUNTE,
1 XOUNTT, nNCR, NJMy NLT)» SLV¥s SPINC, SPTJ,
1 SUVs THCCs wis KNJMs MNOLRs MNOTH,MNOTR .
COMMON/ARRAY 7 £PSYRICTCoCTINICTICTRE (CTSHCTSPICTERICTTA KK «
i LPLyMNUC ¢ MNOS NODES  NREQ s NRZ» THEB LM
COMMON ZLIFZ Pa. PSSe XJ» TDPKE? wTs THETA« $ACTe
1 VIHCCe YIOPKEs VEs VXJe £Zs W14+ ¥R2

COMMNON /MANC, CERR, Ciw, CMAT, DFTy

COMMON /TDC/ HPOC PVS0PYSNyDEQDsDEGNAAS yASOD»

1 ASNDs MODFLs DTSOs DTSMs DOOZe NOLOs NOLNs ADT

COMMON /ALL/ AP, ADTGR, ITYPE, RINT,NDAyCU, IDOV,ALANES, OVERLEN

COMMON 7/ IMEGT o+ ACE1ACPR4AGF s BUMINSCINCCIOVCMAXeCOEF ,CPCYAC,
CPLMGG, £PR , NDF ¢DFL »OSK e EF S ¢EOF o E80FFSG, IXQUNT, ILEVEL .
TSX oKl oKZ4x Y sMy4AXOyNC o NL sNLCK¢NPROB¢NSB
OFMINSOMA XA o OMAKC ¢+ OMINA ¢ OMINC s POV PSNGsPSVAC YPSXSD
PEVPISDPREN, SGE ySGEL +SGKs TCHA R s TECHIN, THLEY s THA 4
TTCewwwe XUS02 XKSU

COMMON /NUMS N1 (N2

REA[ NCDDE

REAL N1 sNZenpavoy

BB NS

READ INPUT DATa

PROBLEM IOENTIFICATION
READ (941910, ~oROB, TITLE
1F (E0F, 5) 1960.20
WRITE (6,1920) WPROBs TITLE
PROGRAM CONTRDY CAND
READ (3119801 NCSIsNCSZoNCSIPSNL+PSNA
PSNZ = 140
1FIPSK2,E0.1,0) 60 TO 55

TRaFFIC INPUT

413
419
420
421
822
423
424
425
426
427
428
429
430
441
32
433
434
435
436
437
438
43q
&40
ey
42
443
sah
445
a4t
ANT
(173
449
459
451
@32
453
454
45%
abs
457
458
459
b0
461
462
463
ans
465
$66
&7
468
469
«70
381
&72
473
47
475

30
0

55

ono Mmon (e NeNsl (e eNel

[z R2 X3l

60
To
L4

[
<

moe (e NeXal

ion

ila

WREAD (Ds1980, wL, L1qlye L2y1)e NCODE (1)s NA (L)
1F (NL=1) 3ne¢ 555 40

WRITE (B 1980,
&0 Y0 1sq0
no Se Ix2eng

READ (PelgB0y wiLeKe LA(I)y L2()) e NCODE(I¥s Natl
1F (NLCK.NF,0) GO TO 30
~ONTINUF

TRAFFIC GROWTW AND DISTRIBUTION
REAN (5,1970) agF, ADTGRy ODF, UFL, 40T, www
USERS DECISIONS OR RESTRAINTS

READ (591980, CMAX, THaxe, OFMINy BOMIN, OMAXA, OMINA, OMAXC,
1 OMINC, AP, THLEVs ILEWEL

PFQFORMANCE VARIABLES
REAQ (541990, Py, K2, POV, PES, THETA, SACT
TaAFFIC DELAY COST VARIABLES

READ 15,2000) NTSO,0TSN,DDOZsHPUC,NOLOSNOLN,ITYPE
READ 93,2010 PvSQs PYSNe DEQUs DEQM, AAS, ASGDs ASND, wONEL

MATERIALS {CONCRETES,

HEAD 19020287 NCe ND(1}e NP(lie sxtly, wCil),
i Efl}s TSe1)s CIC(1)y CPCYC{))s csc¢1z. PSVCil)
tF (NC=13 80480.70
wRITE (86,2030
a0 TO lgo0
READ (De20807 (NDeTrs NP(13s SA(I}, iy,
Eflte TS21)s CICII}Y CPCYC{T)s CSCI)» psv (I1) 41 » 2+ NCY
CONTINUE

CONCRETE DIMEMSIONS

REALQ (5+20501 TCMINe TUMAX, CINC
IF (CINC JEn. 1.0) CINC = 1.0

MATERIALS (SUBGRADE)
READ (5,2060) %K, TTC, FF56, EFSG, cPLMSG

MATERIALS (SUBBASE)
READ (5,2070; M8B, (NANE(L,uy, J = 1,33y EFtyy, FFSRL;,| ES{],
1 CIStLlys coCYStl)y PSVECL) 0 TSMINCLY s TSMAX(D) s gINCCD)

fF (NSB=131110+110+100
READ (O92090) t((NAME(ls J)y J ® 35 3)» EF(I)s FFSg(Iye

1 €S Ivy CIS(I)y CPCYS(I)s PSVST)y TSMIN(I} s TSMAXI,,
SINCIIt}e I® 2+ NSO!
CONTINUE

DO 120 I » 1, NSB

L34
ATY
478
A9
480
48]
482
483
“ns
4A%
486
487
Y.l ]
489
490
491
492
493
494
495
496
497
498
499
Suo
501
502
503
%04
shs
506
547
%08
509
510
511
s12
513
516
3%
516
517
81a
519
520
521
527
523
524
525
LY
527y
528
524
530
53

53

533

£0¢



12n

O0O0OOO00O0

OO0

[aXe N el (e N ol ¢l o000 OO0 OO0

o0 0

~9

F (TSMAX (1) 4GT. 18,0) TSMAX(]) = 18,0

DO IS0 1 = 1,

TYSBS (1) = 0,0
JYSAS(Te4) = 0,0
TYSAS(T) = 040
TYSTS(1) = 0,0

MATERIALS (STEEL,
MAXIMUM OF FOUR TYPES CAN BE SPECIFIED FDR EacH
ls LONRTIDINAL B8AR STEEL
2+ TRANSVERSE BAR STEEL
3+ WIRE MESH REINFORCEMENT
4. TIE RAR STEEL

TF (NCS3 .NE, 2) READ (5,2100, ((INAMEBS(I, J)y J =

), TYSHS(I)y CPPRS(IN), I = 1o 41

1F (NCS3 ,NF, 2) READ (5+2100) (((NAMEBS(Is J)o U »

3)e TYSHS(I)s CPPBS(])), 1 = 5S¢ 8)

IF (NCS3 oNF, 1) READ {592100) (((NAMEWS(Is J)¢ U =

3), TySWS(I)y CPPWS(I})y I = Ly 4)

IF (NCS) onFEe 1) READ (502100) (((NAMETS(I+ J)» J @

3y, TySTS(I)y CPPTS(I))y ! u Iy &)

waR AND wgES4 SIZES To BE TRIED

REAO
1

READ

RFAN

READ

READ

READ

oF

(9,2110) (RARN(I), 1 = 1, @), (sLID), ST(1}, I = )}, &),

TBARN
MATERIALS (OVERLAY)
(9)2120) CrOV, CPCyAC, PSVAC, ACEs ACPR, CPR, COEF
OVERLAY CONSTRUCTION DATA
(5,2015) N} ,N2,NDAYCU,aLANES ,OVERLEN
JNTNTS
(9421603 COFTJs CPFLJs SLVY SUV, SPINCs NJUM

IF  SPINC .EQe 0,0 } SPINC ® 10,0

MAINTENANCE ,DIMENSIONS ANp MISCELLANEDUS
(S92150) NFTY, CLW, CERR., CMaT, RINT, wL, NLT
CONF1DENCE LEVEL DATA

19.2155)
vE = f5D @ ESD
VTHCC « DSO @ DSD
VTORPKF = XKSD & XKSD
VXJ w xJSD ® xJSD
VP] = p1S0 & P1SD
vP2 w p2SD e P2SD

tF (PSN2_.EN,1.0) GU TO 165

CPSYR

PsxsD, €SD, XK§D, xJSO, P1SD, P250, DSD

TRIS SFETION IS NU (ONGER USED TU DETERMINE Twarfic

BECAUSF PSN2 HAS BEEN SET EQual TO ONE IN TwEg

534
945
536
w17
538
5349
540
56
542
543
G446
645
S46
5«7
LT}
549
550
551
552
553
5e4
s55L5
556
557
558
559
560
561
562
563
564
565
566
[-1.34
56R
LT ]
(34
571
ste
673
57«
875
576
517
(34
579
540
581
547
CLK]
5A4
5AS
Shh
587
SR8
S5HG
354

591

[sXasNeNeNsl

160

log

18n

190
200

21n
22n

230
260

250
26n

270
28n

284

2A8

1

BEGINNING OF THIS ROUTINE

PRINT INPUT DATA

NO 160 I=mj.nL
M=NCOPF (1)
CODt1,112CO0L (M,1)
COD(1+7)=COUE (Me&)
AVGL(Ty=(L1(I1+L2{1)) /2000,
AVGL AVERAGF LDAD IN KI1PS
wRITE(Be2l60)

WRITE (0321703 1 1T sL2(I}sAVGL(110CONITs1}sCODLIv2)

NA(I)s Imj,NL)
«QITE (e92180) aGFy ADTGR. ODFy DFLy aDT
IF (PSN2,En,1,0) wRITE(64218%) wyw
wRITF (&+192n) ~PROAs TITLE
WRITF (6021q0)
K1 a MCSlel
GO TO (170.,1804190), K1
wRITF (642200
GO TO 2p¢
WwWRITF (692219}
6u TO 200
WRITF (6,2220)
K2 = NCS2e¢]
G0 TD (210,220,230), K2
wRITE (002230}
60 TO 240
WRITF (6,2440)
0 TO 240
wRITE (6e2250)
K3 = 1neS3el
O TO (250.2604270) ¢ K3
walTF (6,2260)
a0 Tu 28p
WRITE (0e227n)
60 10 280
wRITE (6¢22R0)
IF (PSN1 .gne 1,) WRITE (692240)
TF (PSNL F7_ 0,) WRITE (6,2390)
wQITE {(0,¢3])0) PSN&
WRITE (592320) CMAXs TMaAXe OFMIN, BOMIN
IF (NCS2 _NE, 1) WRITE (6,2330) OMAXA, OMINA
tF (NCS2 oNF, 2) WRITE (6+2340) OMAXCy OMINC
WRITE (69234)) THLEYy
wRITF {(6.23%9) aP
IZ = n,0
nO 286 I 4 1, T
IF (ILEVEL .EQ, LEVELI(I))
GO TO 28¢
wRITE(6+2355) (EVEL(I)s CONF(I)
2Z = 77CONFIID)
60 10 288
CONTINUF,
I =)
wolry (642353) (EVFL(I)e CONF(I)
CONTINUE

60 TO 284

592
593
594
595
596
597
598
599
ul’
601
sh2
6013
hoo
6US
606
6n7?
6uR
LI ]
10
a1l
612
613
Ale
615
61k
617
618
61y
620
621
622
623
624
645
626
627
628
629
630
631
~32
633
hle
635
636
637
639
639
660
64l
642
643
boe
645
b486
667
648
HeY

70¢



¥AlTe (642360) ply P2y POVs P55 THETAs SACT 450 waltF (6326001 (BARN(I), | = 1y KouNTS) 708

WRITE (6:2370) nTS0. GISN, NOLUs NOLN 851 3in 1F INCS3 «Fa. 1) GO TO 320 ) Tu9
wRITE (642380) PYSOs SVSNs DEGO' DEGNs AS0Dr ASND» aas &5% WRITE (6s2p10) ((NAMEWS(I¢ )¢ J = 1, 3)s [ = 1s KOUNTI) 710
WRITE (6,2390) nhoz,HPLC sMBDEL 553 WRITE 16425701 (TY545¢I1e I = 1y KOUNTS) 711
IF (ITYPE .rae 11 WRITE (h,26g0) 6§54 WO ITE (642020) (CPPWS (1) 1 = Js¢ KOUNT3) 12

IF (ITYPE .£Qe 23 wRITE (brgéyg) 565 wnITF (6,2630) ¢SL(I)y | B 1s KUUNTS) Ti3
WRITE (6419207 <PROB, TITLE 656 wRITE (612640} tSTEINy [ = 1o KOUNTA) Tis
00 290 I = 15 NC 657 WRITE (8926501 ({NaMETS(I¢ Jlv J = 1, 319 I = 1y KOUNTS) 715

TF (NPILy LFQe O} NptD) = 2 658 wRITE (6e25Tn) (TYSTS(I)» I = Ls KOUNTS) Tle

1F (ND(I, ,FQs @) ND(I) = 2B 655 WRITE (segbbg) (CPPTS(L1s [ = 3o KOUNTS) 717
SXD¢Ir ® SK{]} . 860 WwRITE (e2B70) (TAARNID)s T = 12 xOUNTY) 718

1F (NDUIY EQ@. T) SxD(I1; = l.pdesxD(l) 661 azn CONTINVE 719

IF INP(TY FGe 1) SXUID) w DuquegKD(L) 662 wizlTE (8+1920) npROBs TITLE 720

IF (TS(Iy _LE, 0,0) TS(I1) = 0, «DwSxU(D) 63 IF (6K 330, 360, 330 721
SX50¢1) = PSXS5D * SX (1} 7 1g0.0 PrYs [ MopULUS YALUF 1SGE} FOR SUBGRADE WlLL BE CALCULATED FaOm S8K r22

VEX (1} = SXSL(1) * 5X5U(1) £55 a3a SUE = 23.925#5G6K 723

18X = wp(1) ant welTE (6426811 S6K 124

SXDAT(1e )) = SXUA(ISKs 1) 667 60 YO g0 . 728

SXOAT 1y 2) = 5X08¢ISKXs 2) B4R [ MODULUS vaLuF (SGE: FOR SUBGRADE wilL 8F CALCULATED FRoM TTC 726

wRITE (642420) ¢Iv 1 x 18 NCI &69 30 SGEL w 4,4084=0.107442T1Co0l,g 787
WRITE [6y24635) (NO(I}s 1 % 3y NC) 870 SGE = 10,0%8SQEL 728
WRITE (6,2440) ((5ADAT(Iy Jiv & = 14 210 I » 1y NG} 67} wWRlTE (6s2710) ¥7C 729
WRITE (6,2450) 5X{I), I = 1+ NC; 672 Ign  wWRITFE (6,2740) FF58, EF56. CPLMSE 730
WRITE (64248p) (TS{I)e I = J» NC) 813 WRITFE 16,2750) ((NANE(I, J)ly J ® 19 372 1 & 1: NSB) 731
WRITE (6424503 (E(Is 1 ® 1, NC} 674 WRITE (5927611 (EFt1ss | ® 1+ NS8) 732
WRITE (6,2900) (WC(I)s I = ]s NC} 615 WRIyF (632770 (FFgHtlyy [ w 1y NgB) 733
wWRITe (6425103 ¢clctl)s T ® 1 Ngy 6Th WRITF (6427901 (ES(Ire 1 ® 1+ NSBj 734
wRITF (642520) (CPCYCiI)e I = B+ NC) 877 wRITE (6+2800) (CIStINy 1 = 1¢ NSE) 735
WRITE (642535) (£SCtl)s 1 = 14 NCj 518 “RITE (642810; ,CPCYS(Iys 1 x le NSB 738
wRITE (642535) (PsvCilis L = 1o NO) 5719 wRITE (8+2815) (FSVS(I)e 1 m 1s N§B) 737
wRITE (6,2546; TCMIN, TCMAX, CINC Y WRITF (6424201 (TSMIN{I)s 1 ® le¢ NS@) 73
KDUNTL = O »al WRITE (0428303 (TSMAX{I}y I ® 1+ N5B) 73

KOUNT? = © 82 wRITE (6:12540) (SINCUII» ) = L+ NsB! 14D

KOUNTY = © 6«83 wRITE tb;ZQSn) elov 741

KOUNTA = ¢ 684 0U 395 Ie].nSH 742

KDUNTR @ © 8% A58 1F (SINCIIY LEGQ, 0.0 SINC(I) = 2,0 743

KUUNTS = O HHE 1F (NCS2 SR WRITE (b,286g) CPLYAC. PSVAL, ACE, ACPR The

KOUNTT » 0 e 1F tNCS2 (Ng. 2) WKITE {6:2570) CPRs COEF 745

B 300 1 = 3y 4 584 IF (CPSyfe NE, 6,01 WRITE (6s2880) CPGyR 746
SFO(TYSH54Y) LNE, 0,) KOUNTL » KOouNTie] 689 WRITE (b.aﬁoo) coFrJ. CPFLJs SLYs SUyv, SPINC 747

S ow Les 690 . 1F (NHCSY1 «mF, 11 WRITE (6:2910) nNJM T8

1F (TYSAS()) «NE. 0.) KOUNTE = KOUNTZ2e1 891 [UNTRNT) 749

1F (TYSWSETS JNE. 0,) KOUNT3 = KOUNT3el 652 TE (NJM Ef, p} XNJM = 10.%%]0, 750

IF (5Lt NE, 0,) KOUNTE = KQUNT4el #93 WRITE (6,292n) NFTy, ClLws CERKe CHAT, WLo NLT: RINT 751

IF (TYSTSIT .NE. 0.} KOUNTS = KOUNTSe1 594 wRITr (6219201 NPROB. TITLE 752

1F (BARN(I) 0,1 KDUNTG = KOUuNTBe] B9 WRITE (H¢3Bop) oSXS0« ESDs XKSDe XJSpy P1SDs P250¢ 0OSDs 753

IF (TBARN(T) .né 8.7 KOUNT? w KOUNTTo1 69 i tTe SXSD{I1y I = 1y NCI 754
CONMTTNUE 97 WRITE (B:241%) ~]sN2eNUAYCU,ALANES, OVERLEN 755
IKOUNT = MAXO(KOUNTI: KOUNT2, KOUNT3, KOUNTS, H9H 1910 FORMAT { Ad, &xs 1524 3 756

KUUNT2 » KOUNT2e4 699 1920 FORMAT  { 1M1/, ¢4Xy1H1,7X,29HKIGI0 PAVEMENT S5YSTEM 3 157

WAITE (6,2550) 1+ 1 = 1+ IKGUANT) 700 1 2THCESTER FOR WIGHWAY RESEARCH:2Xs 10HDEC 1974 758

IF (NCS3 ,Fa, 2} GO TO 310 101 , 35, 7HEFC TT1,2%, 759
WRITE 1642560) ((NAMEBSII® Uiy J » Iy 3)s 1 = 1s KOUNT]) T02 10+ ~maeaTRIMe /12X SHPROB o845 5Xe 1344) 760
WRITF (6,8579) (TY58S(Iys 1 # 1s KOUNT) 703 1940 FaauaT(3110,101.1F10.nc?01gflﬁ 7] 761

WRITE ‘602530} 1CPPBS(I1e 1 w 13 XKDUNTI) 704 19%6 FORMAT ( 3118, F10.0, 110 162

wWRITE (6+2590) ((NAMEBS(I+ sis J m I, 3)s | x 59 KDunTR} 708 1960 FORMAT ¢ /,ao‘.‘5”.00.00‘.QQn0.‘GGQD“Q&OOQ‘l""!l...l.Q.‘..gc 761

WRITE (0&570) (TY58S(Its [ = Bv KOUNTR) 06 1 Fe2NKehGHE » 764

WRITE 16425601 (CPPAS(I1s 1 = G4 KOUNT2) 707 2 /920X 45He ERROW IN INPUT DATA FOR TRaFFlc * 765

5027



3 /e2nyseSHE NUMBER OF LOAQ GROUPS DR (anpg »
4 7920, 65He NoT  IN  ORDER -
5 29202 bGH .
. 74202, 45He PADGRam TERMINATED .
T PAY ARt Ll I R S T 22 RS T I e e 2 A TS T YT Y S 2 L L 3

1970 FORMAT  ( 2(2F10,0, 10X} +2F10,0)

i9A0 FORMAT ( 4F10.0, 4F5.0, Flo«0, FS.0, 41, A
1650 FoRMaT { BFL0.n )

2000 FNORMAT (IF10,0,10K4F10.0¢215,10Ky110)

2010 FORMAT  { ZF10.0v T10O}

2015 FoRMaT (5F 10,0,

2020 FORMAT (IS5, Ta, T2s FHe0,luky FBepn, F1040, F5:00 3Flasn. F5.01

2070 FoRMal { /.20‘.Asn.'||“'Ool..O0..oeobebouooceeooioi.cgoi!iccooc
1 920y s 4BHE -
2 F 2D X2 4SHE NGO QATA ON CONCRETE .
3 £e@0xy 45ne °
& 7e20x 45K PROGRAM TERMINATED .
5 PRy AL N LA I TR R S T T e R P T 2 2 Y P T T T Y T 27 T 5

2040 FORMAT  { Bx, T3, 12, FH,0,10% F5,0, Fl0.0, F5.0s Iria,n, F5,0)
2050 FoRMAT  (10x, &rl0,0) .
2060 FORMAT  ( (Fla,0s 20X}y 2F5.,0, F10,0 )
2070 FORMAY (15, 2h~. Aze 2F5,0% HBXy 3F19 04 4F5 o)
2000 FORMAT (5%, 2a4s AZs zrs.o. Sas 3r10.o. 4FSag)
2100 FORMAT (40234, A2y 2F5,0))
2110 FORMAT  {16FS,m
2120 FORMAT ¢« 8F10.n 1
2140 FORMAT  (2F1o,n, 10Xy 3F10.04 110}
z150 FORMAT  (S5Fjig.ns 104s F10eg, 11U}
215% FnRuAT | 11X, TF10,0)
2140 FORMAT /7,y 44X JIHTRAFFIC INBPUT, /724X, 10HLOGLD RaNGEs 10X,
1 FHAVG, LOADr 66X+ 4HAXLEs BX, LIHRNOL OF AXLEs / 45X
THIN < TPS, 7x, 4HCODE, Bx, 12HAPPLICATIONS ,
2170 FORMAT (18X, TRs P4 = 18s TXs Fg,3, TXs 243, 5% I1n)
2ial0 FORMRT {2273 V5X%s 3INTRAPFIC VRONTH akD DISTRIAUTION, ///

I 7X.53IMAXIE GIOWNT~ FACTOR, PERCENT REN YEAR

2 154vFB, 2,

A TXeDIHADT GRAWTH RATEs PERCENT PER YEAR

é 188t B, 2,

5 71.53Hﬂ;Q€CTrONAL DISTRIBUTION FACYDR. PERCENT

6 SXeFR.

7 7:.53HDESIG~ LANE DISTRIAUTIUN FACTOR, PERCENT

B IsKsFe,2/

9 TX,SHINITIAL AVERAGE DAILY TRaFFic, ONE DIRECTION
1 14X +F8,2;

215 FORMAT (TX,SSHTATAL 18 KIF AXLES FOR ANALYSIS PERIOD, BaTW OIRECTI
1ONSIXFlIDa0/)

£1g0 FORMAT  (//3TK. 16HPROGRAM CONTROLSe/ 20X, JBHDESIGuER <PrclFIESH)

2200 FOHMAT  Tx, 29HBOTH CRCP aND JCR PAvEMENTS TO BE TRIEn

2210 FNRMaT Txe PRHDESIAN JCP PAVEMENTS ONLY )

2220 FORMAT Tx, 26HDESIGN CREP PAVEMENTS ONLY

2270 FORMAY TXs 4GHBOTH CC AND AC OVER_AYS TO g€ TRIEu

2240 FORMAT Txy R4HPROVIDE (£ OVERLAY oMLY :

£250 FNRMAT Txy P4HPROVIDE AC OVERLAY ONLY

2250 FNRMaAT TXys 49HS80TH DEFORMED HAR AND «laE MESH REINFORCEMENT TO

1 8rBf TRIER )
2270 FoRMaT  { Tx, q»HDES!sN DEFDAMED gaAR REINFORCEMENT OvLY
Z¢RG FORMAT { Tay AaHDESIBGN WELDEU TIAL HpSH BETNFORLEWCNY Al v b

2290 FaRmaT ( 77X, 2aHPRINT SHORT FOKM OF QUTFUT

ThH

767
TRA

Thy
770

T

172
73
Ita
715
TTs
777
774
71e
780
16l

82
THR
THa
78S
Tné
TRY
18R
7R9
794
791

97
143
194
795
796
7
T9R
Tay
KOO
Ky
ate
RG3
Rfa
8uh
ARD&
a07
anH
ROY
alu
All

R12
313
Hlé
alsy
Hl&
wl?
RiA
A19
add
821
R22
R?4

2310 FaRyaT L Tx, 2erpRINT on® FoRw oF puTpuT

2310 FORMAT ¢ 7x pyHPRINT FIRSTs Fileges 27H DESIGNS IN INCREASING ORDE
1 lona nF TQTaL ¢€OST ¥

2370 FORMAT(//5TX, 30%, 34HUESIGNERS DECISIONS OR RESTRAINTS 4/

1 7xeDIMMAX M INTTIAL FUNDS AVAILABLE» DOLLARS PER Sa. YD,
2  15x°FB.2y
3 T O 3MMAY IMTTIAL THICKNESS, SLAB PLUS SUBBASE, I[NCHES
4 15KeFB,2,
S Tx»D3IHMIN TYVE TO FIRST OVERLAYe YEARS
f 15X9F8 ¢/
6 TXOIHMIN TruE RETWEEN OVERLAYS, vEARS
7T 185x1FB.2)
?330 FORMBT(TR, 53NMA( TOTAL AC OVERLAY THICKNESS, INCHES
1 15"Fﬂ02/
2 TxeSIHMIN ac OyERLAY THICKNESS aT ONE TIME, INCHES
3 sAeFQ.2}
Z340 FNRapTITXBInMgx TOTAL CONC OVERL,Y THICKNESS: INCHES
i 1RxsFB.2/
2 TXeDIHMIN cnNe OVERLAY THICKNESS 41 ONE TIMEs INCHES
3 (exeFE, )

236) FORMATI7Xe%3MAVERAGE LEVEL UP THICKNESS. INCHES
1 15435F8,2)

2350 FORMATIZXe53HLFYGTH OF ANALWSIS PERIODs YEARS
H 15X0FBy2y

2388 ‘ORMGT(71'17HChuF!DENCE LEVEL (s Als joH}e PERCENT
1 anXoF g, 33

2340 FORMAT (/7 34x, 21HMPERFORMANCE VARIABLES ,/

3 Tx+HININITIAL SERVICEABILITY INDEX, EXPECTED

2 16X9F8,2/

3 Tx s OINTERMTINAL SERVICEABILITY INDEx, ACCEPTED

“ 18%eFB, 2/

5 TRSSINSERVICEABILITY INDEX AFTER an OVERLAYe EXPECTED

% 15XeF8,2,

7 Txe B6HPRORARTLITY OF CONJUNCTION OF gaD SOXL AND S1Tg,s PEQCENT
[ 12XsF8 2/

9 7:.:3NS~€LL!M6 RATE CONSYANT

1 18X+F8,2/

2 TIXLSBHOWELLTYG aCTIVITY, ESTIMATED DIFFERENTIAL MOVEMENT. INCHE
cs

3 10X2F8,2)

2370 FORMgT {77+ 31 x s 2ouTRAFFIC DELAY COST vaRILBLES /7y
1 T, SO ISTANCE OVER wHICH TRAFFIC IS §) OWED, MILES, nV,OIRECTIO

2N e FH, 27
5 Txes2x, 16nnNoY, Oy, DIRECTION 10X,FB,2,
4 TRsDIHNG, OF OPEw LANES N R€S7R!cYEo ZONEs MILES, oV,DIRECTIO
SN gxs 187
5 Tx,4¢KiloHNON OV OIRECTION 10%,18

€380 FaRMAT (TR, nonpradent VENICLES STOPPED By ROAD EGJIPHENT,  OV.DIRE
2CTION GYaFges

T YKy S2Ky LHANONGOVLOIRECTTON 10X,F842/
4 gxsByMAYG DFLAY CaUSED 8Y RDAD EQUIPs HOURS »
N Py, F8 2/
r"QaX-lauNnm.OVoochc7Ioﬁ J0%F8.2/
7 InsBq HaAVG SPEED THROUGH OVERL .Y 20NEs WPM
0N 9%, FB.2/
9 THIRZK e [ GHNA, OV (D IRECTLON 10%.78.27
1
1

ov,plIECTIO

OV.DIRECT]

TEIDOEHAYER A ADDBAACN SBFEN TN OVER: AY ARFAs MPW

TRDE

laXsFgely

824
82%
R2&
az?
a2n
[: P
&30
A3}
ale
833
R34
835
Als
a3r
R38
a3g
840
LTS
R&Z
Ra3
Rad
B&n
Rab
Her
R4
4%y
514
551
52
A53
L1
855
858
asy
ASH
as9
840
EL3
wbz
563
as4
865
866
/6T
R&A
Ry
arg
ar;
ATZ
813
ar®
a75
876
arz?
a7a
879
LL1Y
ngl

90¢



2330 FORMAT(7X450HUETNUR DISTANCE AROUND OVERLAY ZONE+ MILFS

1 1aXF8,2/

4 7X450HNO, OF HOURS,0AY OVERLAY CONSTRUCTION OCCURS
5 1aXeFlag2s

3 Tx+sO0WTRAFFTC MONEL ySED IN THE ANALYSIS

& 18X9187

7 7x ¢ L AHROAD 1LNCATION)

2400 FOHMAT  (1H,, 77X, SHRURAL)
2410 FORMAT  (ire, 77Xy SHURBAN)
2815 FORMAT(//430Xe30HOVERLAY CUNSTRUCTION VARIABLES///»
TXsSTHMILTTARY HOUR OF THE DAY WHEN OVERLAY CONSTRiCTION BEGINS
11X¢F10.0/
TxsDTHMILITARY HOUR OF THE DAY wHEN OVERLAY CONSTRIICTION ENDS
11X4F10,0/
TX196HNUMBER OF AYS CONCRETE MuUST CURE
12X+F10.0/
7Xy26HTOTAL NUMBER OF LANES TO BE NVERLAID
12X*F1l0.0/
TX+96HTOTAL OVERLAY LENGTH IN DNE [ANE
12XvF10e0/
2620 FOoRMaT {///, 8Xs 20MMATER]ALSY CONCRETE //
1 TX 992 IHCONCRETE MIX DESIGN NUMBER
310 (ISe5Y))
2410 FORMAT (TXe334AGE OF TESTING CONCRETE, Oavsg
3 INI6(IHeSX) )
2440 FORMAT(TX953HME ,SURING POINT
5 2x16(24344X))
2450 FORMAT(Txy499FLFXURAL STRENGTH, Psl
7 2X+6F10.2)
24R0 FORMAT (TAs49NTENSILE STRENGTH, PSI
1 2x96F10.2)
2490 FORMAT(TXe49HEI ASTIC MODULUSs PSI
1 2x»6F10.0)
2500 FORMAT(?X149HUNTT WEIGHTs PCF
1 2x16F10,.2)
2510 FORMAT(TXs49nCNNSTRUCTION EQJIPMENT cOSTs PER LANE MILE
1 2x36F10,2)
2520 FannT(7l-t9chsT PER CUBIC YARD OF CONCRETE, DOLLARS
1 Xx16F10.2)
2510 anngr(7x'¢9ncnsr OF SURFACING CONCRETEe DOLLARS/PER (ANF MILE
2x96F10.2)
2535 FORMAT(TXy49HSAL VAGE VALUE oF CONCRETE, PERCENT
1 2X16F10.2}
2540 FORMAT (/47X ,49WMINIMUM ALLOWABLE CONCRETE THICKNESS, INCHES
1 19X*F8e2/
2 TXe49HMAXTIMII4 ALLOWABLE CONCHETE THICKNESSe INCHES
3 19X2F8.2/
L3
S

—~ 0@ NIV E W~

7X+49HPRACTTCAL INCREMENT FOR POURING CONCRETEs INCHFS
17x2F10,2/)
2560 FNRMAT  (//4 36xe JTHMATERIALSe STEEL v //+ 38Xe &0]10Xs 12))
2560 FORMAT (12x, 4HBARS, /, l6xs 12MLONGITUDINAL, /»
1 18X, 20HBAR STEEL aSTM OESIGy 4(2Xs 244 A2)
2570 FORMAT (18X, 2nHTENSILE STRENBTH,PSI, 4(2x, Fi1042)
25A0 FORMAT (18x, 2nHCOST/LB+ DOLLARS 4(2Xs F10e3)
2590 FORMAT (16X, 19MTRANSVERSE, /»
1 16X, PpHBAR STEEL ASTM DESIG, «(2X, 244y A2))
2600 FORMAT  (l6Xe 20HBAR NOSe TQ BE TRIED. 2Xy 4(2Xs Flu.0))
2610 FORMAT (/s 12X, 11HWIRE MESHESs /.

RAZ2
RA3
LETY
8BS
884
AB7
ARS
AR9
A90
a9l
892
a9
Qs
A9S
AY6
897
A998
A9Y
900
901
902
903
904
905
Q06
907
908
909
910
911
912
913
qlée
915
916
917
918
919
qel
921
922
923
924
925
92e
927
928
CF 1)
v30
93]
s32
9133
936
935
936
917
938
9139

1 18x, PNWWIRE MgSH ASTM gESIG' 4(2Xy 2849 A2))
2620 FORMAT (18X, 29HCOST,LB, DOLLAR “(2Xy F1l0e3)
26790 FNRMAT  ()16Xe 35HMESH SIZES TO BE TRIEDe /o
1 17x, P1HLONG, wIRE SPACING,FT 6{2xy Fl0.2))
2640 FORMAT (17X, P1HTRAN, WIRE SPACINGsFT 4(2xys F10,2)
2650 FORMAT (/. 12¥_ 26ATIE BARS USED WITH We MESH, 7/,
1 18X, PAHTTE BAR ASTM UESIG,s4(2Xs 244y A2))
2660 FORMAT (18X, 16HCOST/LBs DOLLARS 4(2Xe F10,3))
2679 FNRMAT (16X, »4HTIE BAR NOS TO B TRIED &(F10.09 2X)
26R0 FORMAT (//, 35xe¢ 20HMATERIALSs SUBGRADE + //s  TXe15WS1B6RADE Ko

1PCl S5 +FR,.2)

2710 FORMAT {77/, 4nXe HHSUHBRADEs 77/ 20X+ 22HTEXAS TRIaXTAL CLASS,
1 33x, Fa 2)

2740 FORMAT  ( 7X, »4HSUHGRADE FRICTION FACTORs 44Xe FBs2
1 /e Tx, 27THSUBGRAOE ERUVABILITY FACTORe 41xy FA,2. /
2 TX, §)HCOST PER LANE MILE OF SUBGRAOE PREPARATINN, OOLLA
3RS 17xe Fa,2)

2750 FNRMAT (/4 J35x«, 19HMATERIALS, SyBBASE 4 /7, 7Xs 12HS_BRASE TYPE
1 39x, 4r12h4, A2))
2760 FORMAT(TXe44HERNDARILITY FACTOR
1 3xs4F10,2)
2770 FURMAT (TXs44WFRICTION FACTOR
1 3xs4F 10,0
2790 FNRMAT(TX246WELASTIC MOOULUSe PSI
1 3x14F10.0)
28n0 FNORMAT(TA,464CNVSTRUCTION EQUIPMENT COST, QOLLARS/LANE MILE
1 1X+4F10e2)
2810 FNARMAT(7X946HMCNST PER COMPACTED CU YO ¢ DOLLARS
3xe4F10 2
2615 FARwAT (7X)henSa VAGE PERCENT VALJEs PERCENT
1 3Ix:4F10,2, i
282y rnnnnr(rx.~¢anrr ALLOWED THICKNESSs INCHES
Ax94F10. 2
2830 FORMAT (TX,44+Max ALLOWED THICKNESS, INCHES
3xr4F10e2)
2ae0 FORMAT(TXs844INCREMENT FOR SUBHASEe INCHES
1 3X4F10.2)
2880 FNRMAT (/s 35xs THOVERLAYe /7% TX,
1 61RINITIAL £0ST PER LANE MILE OF EOUIPN[NT FOR OVERLAYS. DOLLAR

25 TxsF842)
2Ra0 FORMAT( TXe61HENST 7/ U YD OF IN PLACE COMPACTED ASPHALT CONCRETES
noL L ARS TRsF8e29/y

TX.#1HSALVAGE vALUE OF ASPHALT CONCRETEs PERCENT
TxoF8e24 7y
IXe1HASPHALT CONCRETE MODULUS VALUE, PSI
TxsFBe01/s
7X ., 1HPRODUCTTNN RATE oF COMPACTED aSPRALT CONCRETE, Cn YD s HR
7XsFBe2)
2870 FNRMAT (7Xyb14CnCRETE PRODUTION RATE, CU YD /HR
TxF8e2y/,

—— b A

1
17X *4HCONCRETE COEFFICIENT
1 TX¢F8.2)

2880 FORMAT(7X 51HRANOOM ADOITIONAL COST / SQ@ YO FOR ANYTHING

1
2900 FORMAT( /435y, h4JOINTS ;2xy//s Txs6SHCOSTFT or TSANS JOINT, SALIN
16+ pOWELSs AnD/0R SEALING® DOLLARS
1 Sx,FBe2y/,
&  TX96SHCOST/FT OF LONGe JOINT* SEALING» DOLLARS

94)
962
943
Yhb
965
9%¢
9asl
948
9%
950
451
992
953
954
935
956
957
958
959
9h4
961
962
353
-1-13
965
966
967
ELL]
969
974y
97
972
373
974
Qly
9Tk
Q77
718
979
9RO
9A1
9R2
943
e84
985
986
987
988
9A9
990
99)
992
993
994
995
994
997

L0¢



— T e v
-

47x s ASHUPPER vALUES
7% ,65HINCREENT OF SPACING TV gE TRILD FOR TRANSVERSF JDIuTS F

SxiF8s24/,

7X,&5SHRANGE Or SPACING FOR TRANSVERSE JOINTS, LOWER VaiUg, FT

SxsFB, 24/
L5xsFA 24/

4xoF7e2)

2310 FoRMAT! TX4654NDe OF TRANS, CONST. OR WRAPPING JOINTS/mMILE FOR R

Sxy184//)

1cp
2920 FORMAT! TX93X 04 HMAINTENANCE s DLIMENTIONS anDd NlSCELLANEOUs
10//47X365HDAYS NF FREEZING TEMPERATURE PER YEAR

IxsFBe2e/y

1
27X s 65HCUMPUSTTF LAROR WaGE FOH MAINTENANCE OPERATIONS, nOLLARS/HR

IXsFB, 207/,

1
47X 155HCUMPOSTTE EWUIPMENT RENTAL RATE FOR MaAINT. OPERATTON, DOLLAR

IxsFBe2y/y

15
57X, 65HC0ST OF MATERIALS FUR MAINTENANCE OPERATIONS, DOLLARS

1

6TXe68HWIDTH OF EACH LANEs

1
97xe6SHTOTAL NU4QER OF LANES 1IN BOTH DIRECTIONS

3x1F8424 /4
3xsFB.24/

IXs18e7/0

1
17X+4SARATE OF INTEREST OR TIME VALUE OF MONEYe PERCENT

3xeFB.2)

1
3840 FORMAT (/7774 30X, 26HCONF IDENGE LEVEL VARIABLES://,

20X .46HSTO, DEve OF
Flg.297/

20x 44 UHPERCENT COEFF. OF VARIATION OF FLEXURAL /9
30y 4 2VHSTRENGT OF CONCRETES23X0F10,20//0 N
ELASTIC MOUULUS OF CONCRETE (PSI)e?X,

20y.29HSTD, DEv, OF SUBGRADE K VALUE,26x,F10,2+/
20X ¢ 34HSTD, DEV. OF CONTINULITY FACTOR (J1919XeFL0s20/s
20X,494STD, DFve OF INITIAL SERVICABILITY INDEX (Ply ,BXyF1042y//
20X .46HSTD, DEve OF TERMINAL SERVICABILITY INDEX (P2)47X.F1042,
//+20X134ASTD, DEy, OF THICKNESS OF CONCRETE,19x¢F10,2,//+
20X<46MSTD. DEve OF FLEXURAL STRENGTH OF DESIGN WITHis/s
(40X 93AMIX,T5,25XsF10,2))

RETURN

- 40T NN, WN —~

1900 sTOP 77

END

9ua’

999
1000
1001
1002
1003
lo0«
1005
1005
1007
1008
100,
1010
lo1l
1012
1013
lo0le
1015
101%
1017
1018
1019
1020
1021
1022
1023
l102s
1025
1026
lo27
1028
1029y
1030
1031
1032
1033
1034
1035

SUBRAUTINE INITTAL (JJsLeMprleNLS]INCGlR2INCS2)
CCMMON /MAINL/ avGL (301 aATBPF (&) BARN(&) s

1 BONY(12) CrCih) CIS(4} COD(30,2)s CODF(2s?)
2 CoMAN(ll)y £9SOVill)s COTRCAl)s  CPCyCi6)s  CPCyS514),
3 CppB8S(8), coPTS(4) CPPuS 14, CSC(6) CTMAN(1]}
6 CYNVER(LL)s cTTRAF(1l)s D1aL(8), LDIaM(4) DlatT (4},
5 Etm)e EF{4)s ES{4)e ESL(4), FFSH(g)
A L3V, 120300 LFT (%) MaANT (6) Na (30y,
7 NavEles3)e NAMERS(Be3) sNAMETS (493) JNAMEWS (493} sNCNT(4)
8 NCoUE(30), ~n0(6), NDLT (%), NP (6) o NTDCT (4)
9 NTHT (&) WTMT (&) NTOT (4), NTOTR(4) ovin(y).
1 OVNAM(B) oLl PVIO (2}, PVYNAM(6) o RN(202) o
2 RNFIVI2) . AnFNAMIB) y  SINC(%), SL(&), SPAC(4),
3 SPacClLis), QULACT (4} SPTIE(&), ST (4} SX(6) e
4 Vsxlo) QxDi6) e SXDAT (62} s SADA(242)s SXSD{g),
S TwaRN(&) TETM(11) TCTOV{1ll)s . TCTTO(11}s THOV(LIL)«
6 THovi(lly, TITLE(1S), TS(&)s TSMAX (4)s  TSMINs&)
7 TrcSleds TvSHS(8) FySTS(6) TYSWS(a) e ¥C(a)
A WHN (9} <rOT(2U) KIN(E) PSVC (61 PSVS (4},
9 NADE{(4) COANF (T) 22CONF (7)), LEVEL(T)
CNMMON /MAIN2/ rA{3g)e CC(3g)» CI(3g)s CJI(30)
1 cu(3U) ca(30), CR(IV) CS8(30),
2 CrP(I0), CRR{30), Er(3om, CTB(30), 10(30),
3 IP(30) 12030} JMR (30) JNR (30} ¢ JPR(3p),
4 Mc(3ty, " R(30), M5 {30}, MTB(30), MTR(3M),
5 NMR(C4) NO(30) NPP(30) PLF(30¢13) s RLN{3nsa)
A R SE3U8Y, oTN(INes), RTS(3Ues)s STHII0), SUMpY (30,
T TAN(30,4), TRSP(30,4)s TC{302 TCT 30y, To(30,12)
8 Ts51B(30}
COMMNN /REINFD/ KRCKyCPFLJUSCPFTJ,IDRF s JMeUN, P
1 XOUNT1,y KOJNT2, KOUNT3s KOUNT&y KOUNTS, KOUNTSE,
1 KOUNTTs yC<Sqs NJMy NLTe SLVe SPINCe SPTyY,

uve THCCy <Ly XNJM, MNOLR, MNOTR,MNOTR
coMugN/ARRAV/ CPSYROCTCICTINICTJIICTRF4CTSRICTSPsCTSHeCTTB KK
1 LPLIMNOC sMNUSyNODES sNREQINRZ I THSBILM
COMMON , INPUT , ACE,ACPR,AGF 8UMIN,CINC,CIOV,CMAX,CDEF,CPCYAC,
~PLM5GsCPRsnNOFsOFLYOSUIEFSGIEOF s FSDIFFSGe IKOUNT» I EVEL
1SXsKL e K29 IeM9gMAXO o NLINLeNLCKINPROBINSH,
OFMINSOMAXAOMAXCsOMINA9OMINC s POV ¢PSN4sPSVACIPSASD,
P1P1SD,P2S)sSGE s SGEL 1SOK e TCMAX s TCMINTHLEV s TMAK
TTCowWW, X SN XKSD
COMMON /7 DUTRUT / KANALsKFUNDsKLIFsKLIFEsXKREJsKSUBINNINNCINN»
1 NNTsNOINyNOTN
Juh

AP W N

INTTIALIZING

oo

NN = 0

TF (PSN, «F2e 0.0} PSNg = 1€,
NRFO = PSN&
Ksu8 = 0
NNT & 0
KLIFE = O
KREU = O
NNR = 1
KLIF = 0
NN = n
KFysL = U

1n3nk
1037
1034
1039
1040
1041
1oer/
1043
1nss
1045
1066
1067
1048
1069
1050
1051
1052
1093
1054
1058
1050
1057
1058
1059
lo6n
1061
1062
1063
lo6s
1065
11766
1067
1nhA
lo69
1070
1071

1072
1073
1nTse
7%
1076
lo?77
1078
1079
1080
1081

1n82
1083
10y,
1p8S
1086
10871
1nAs
1089
109¢
1091

1092

in%3

80¢



00

HRe % o

MORT & NC§2Z

NCE12 5 NCH1.NCER
NOIN = 0

KANAL = ©

no 400 L o= 1, 6

NTHT (1) = 8
LFTLy 2 0

MANT (1) = 0
NTMT{1) 3 0
NInTR(L) = O
4CNT (LY = 9
NODE (1 = 2
NTIOT(iy = 0
NIDCT¢ 3 =2 0
NOLT(1L)y = 0
KINntLy & 8

CUNTINUE

NREQL = NREGe]
HREQGS » NREUSS

O 410 KM » NREGL, NREQS

RETURN
FND

TCT(KI %) o 1000640
Ccrse = CPLMSGR3,0/(1760,09W )

1096
109%
1098
1n97
1n98
1na9
1100
110}

1102
1103
1104
1105
1106
1107
11468
1109
1110
11

1112
1113
111e
1118
11s
1117
1118

SHBROUTINE ™MMRER (] KIND?

COMMNN ZMATML, avGL L30) ATuPr (é} s SARN{AY

) BNy 11234 2YCtht CT1S (8, COD130,21s CDDF(Pe210
2 Cowanlllle ro80VeLp)s COTRIEGI) CPEYC () CPCYS 4l
3 cpepStgly  rppTSc43y CpPWSi4ye  CSCI6) CTMANIIL) »
& CTOVEH({1)), cTTRAF (111, OlALI(w}, Diamisy, 0latied,
S Ek) CFi{é} Estée) ESL (434 FFSRiA),
& L1(3W), P 2{46) s LET (8), HANT (8, NA{30) .

7 NME(4ed) s MAMERS (B3 sNAMETS (4s3) JNAMEWS (42 3) +NCNTI4)
B NepRE(I0) s an(bY s NOLT (%) ¢ NP {6} NIDCT t4)
g NTMT (e s MTMT (%) ¢ NTOT (%3, NTOTR (4} e OVIng1 .
1 OwNAMIGD By {12 Pyiptels PYNAW(B) » Rutpends
2 RNFIU(2)s  ®uFNAM{sY, SINC(), SL(4) SPAC(al,
A SPaCllain SHAGT (&l s 5pTieiers EARTRY S2{al,
4 vextbys LILIN SXUAY{542) s SXDA(2,21s SXSN{AY,
5 TRaRMN(4), TOTH {11} TCTOVLLLYe  TCTTO(110y  THOV{}1),
& Tanvl(lldy TITLEOIS)s  TS(a) TSMAK (4) 0 TSHUINI4I
7 TTCS it TYEHS (YT TysTSi%ys TYSWS (&) WC{hY,

R wWant9is SeoT (200 KIN(6Ty PSVC (&) PSVS(41.
g NonhEl(se)s ennF (T 27CONF {71 LEVEL(T)

romuanl sREINFO, KROK,CPFLJI,CAFT U, TDRF e M, UN, P,

1 wOAURT I ROUMTEe KOUNT3r ®OURTLr XOUNTSs KOUNTH

1 wIUNT Ty Neg1, NJMy NLTY SLVs SPINCe SPTU,

1

1
2
3
L3
®

UV, THCC, #Ly ANJM,
COMMON 7 INPiT # ACE+ACPHAGF ¢BUMINSCINCeC IOV CMAK, COEF ,CRCYACS
CPLMSL, CRR, NDF L UFL s DSDIEFSOrEOF +ESDFFSG, IKOUNTJLEVEL,

TEXKLsK2 4w 13 M MAKOJNCoNL s NLEK s NPROBSNSB
NFMINGMAXA ,OMAKC s OMINA JOMINC (POY 4 PENLsPSVACIPSASD
PLIPLISDPRERSBR (SOEL1SGKy TUMAX  TCMIN, TH £V, THAX,
TTC YWl e X J5N o KK S
COMMON 2 QUTPUT 7 KaNAL«RFUNDYRLIF KL TFEsKRE JoRSUB»NNINNC o NN

1 NNTINGIDNAIN
THCe = TCMIN
KIND » 0

MNOLR, “NOTR,MNOTR

NOS = n
ATRCK = ©

no «6u 1

[+ NSB

TF ({TCMINeTSMIN{11} +8T» TMAYX) KTHCK = KTHCKe)

BON & (TOMAX{11=TSINTIL}J/SINCLIY
HOM e G0N
SOnNS & NON
1F (SON 6T, SONS) NON x NUNs)
NOS = NOSeNONa]
“all CONTIRUE

NOC

50N

n

(TCMAx=TCMIN; Z/CINC

=
ne %gb I ® 1e NC
=
x

NON SON
S0NS = NON

TF {SON 6T, SONS) NON = NONe)

WOC = NOToNONe]
450 CONT INUE
NOID » NOS®NOC
HOIN = NDINSNOID
IF (KTNCR LT NSR) RETURN
WRITE (642930)
290 FarmAY
1 Za2hx 1 ABHS

1 ,,zn,,‘5"....000.000ln.toooco-couoocuatﬁoooﬂﬁuoﬁﬁwﬁa&&

.

1119
i12o
112)

1122
1122
1124
1125
1126
1127
1128
1129
1142
1

1132
1133
113~
1135
1136
1137
1118
1139
1140
114]

1142
11473
118
1185
1186
1147
1188
ilag
1150
1181
1182
1153
1154
11585
1150
1187
1158
1189
1160
116}

1162
1163
llss
1165
1166
1167
1169
1169
1170
1”7
1172
1173
1174
117%
1176

60¢



~PNE WA

ST0p 277
ENG

Z120% 45, NO cOMBINATION OF ONgRETE ANp -
/+2nX165He SUBHASE THICKNESSES IS POSSIRE -
/3202068 ne EVEN AT THEIR MINIMUM LEVELS .
/420x 4 45HS -
/220X 45H* PROGRAM  TERMINATED .
PRI IRRL LT R RA A TY 2 AL T PP T PR PP R T2 LT T YR 7 POVTY Py o

1117
1178
1178
1iad
118y
1142
1183
1184

(2] OO0

.l

“80

CD NP DL WK DD N R P W

COMMON /MAIN], aVOL (403,  ATAPF(aye  HARN(4),
ANNTY Lighs niCisls CIS(8), COU(30:21¢ CODF{Pe2)
CoMaNlidy £nSOov(lli. COTRUILIs  CPCYC(BYs  CRCYSI4).
CRORS L8] CPPTSia) s CRPYS{ALy CSCial» CTMANEYIY 1S
CravEr(1lyy CTTRAF (111 DIAL{%I, DIAM{4)s DLAT (454
Ern)e FFla)s ESi#)e ESLisds FFESBial,
L3, L?1301 e LFTie)s MANT (4, NA(IO) e
NAME (a+3t s NAMERSIS+31 eNAMETS (4931 (NAMENS(493) sNCNT (4]
NERDE (30 e Nnib)y NOLY (%), NP (&) NYDCT (4 s
NTHT (4] NTHT (43, NTOT (43, NTOTR (43 DVIniy,
OynaMis s PLi{l2) PYID(4l, PVNAM{g) * LUTFITIRY
RnpIUC2Y s BuFNAMIBY . SINC(®), SL(&), SPACI4Y ¢
SpaClisle SPaCT(e)y SPTIE{&4)s  STiadys SX (6],
vex (1 sxp (6t SXDaT!Be21y SXDat242)¢  SXSnif}.
TaaRN{4) s  TCTM(Ilyy  TCTOVILIL)» TCTITO(11}s  THOV{)L)s
THAVT {11 TITLE(LIS) s TS(s)» TSMAR (4) s TSHIN{4) v
TTeSiby rYsasigls  TYSTE(®)s  TYSWG(4)r  WCLG),
wWKn (¥, &e0T (201 4 KIN(&)» PSVC(8), PSVS(a),
NODE (4] y CONF (T 22CO0NWF (7) s LEVEL(T)

SUMRNUTINE TRAFFIC (ALOGLOs1e eRLFCK(PSNp)

cOMMAN /REINFD/ KRCKyCPFLJCCPFTJoIDRF ¢ Mo INe JP

i
1

KOUNTLs KDUNTZ2s KOUNTIs KOUNT4s KOUNTSs KOQUNTOs
KOUNT?, NCS3, NJM, NLTs SLVs SPINCy SPT,
«U¥s THCCs dLs XNJH, MNOLRs YNOTQRMNOTR

coMunn 2LIF, Pa, PSS XJe TOPKEs #Te THETA: SaACTs

VIHCCy vTOPKEs VEs ¥XJs L1, ypls vP2

1
COMMAN ZALLZ AP4ADTORSITYPELRINT NDAYCUY IDOV, ALANES OVERLEN

COMMON 7 INPUT 4 ACE+ACPReAGF yBOMIN,CINCCIOVCMAX 2 COEF ,CPCYACY

WP WA

£PLMSL,CPR DUF JOFL 4 DSO,EFSG.EOF fE£5D,FFSG, IKOUNT  ILEVEL,
ISXeRLPK2ew JrMaNAXOSHCsNLINLLK s NPRORINSE,

AFHINGOMANA OMAXC ; OMINA ,OMINC ,POY ,PSN&PSVACIPEXASD
P1sP1SD,P25D, $6E . SGEL ¢ SGK, TCHAX , TCHIN, THLEV , THAX,

TTC s wwi s X80+ XKED

REA; NGORE

nO 470 J = 1. NSH
1F ((THCCeToMIN{J)) oLE, THMAX) Gp TO #AR0
~ONTINUE
a0 0 500 .
T swwx * DUF * OFL 7110,0884)
1F (PSN2,Ef,.Le0) 60 TU 800

PSH2 HaS oFEN SET BY SUBRQUTINE INPUT TO BE EQuUal
TU ONEs SO THIS SECTION IS NOT USED. HOWEVER

IT IS LEFT [N THE PROGRAM SO THaT FUTURE USE MaY pE
MADE OF THIS TYPE OF INPUT OPTION

CUMPT TG EQUIVALENT 18 KIP SINGLE AXLE LOADS

cnMPUTE SER, TCEABILITY TERM
GTmALAALO (1PLwP2)/(P1=]1.5))

BETA Fpa 18 KIPy SINBLE AxLE _0AOD
H18a],043,63%10,%26,20/(THCCAL, 1 2%8,46
WTag,n

00 490 I=1,NL
XNuavA (1) eNCODE (1)

CALCULATE BFTa FNOR EACH AKLE LOAD GROUP
BRiabe 003 403542071 THECH 1, 01228050

01¢



ononcon

49n

500

RET
END

CaLCULATE En'IVALENCY FACTOR FOR £ACH LOAD GROUP
€4 m(vn/]19.0)*#4.62%]1000** (GT/B])B~0T/6) /NCODE (1) #%3,28
calCULATE TaTAL EQUIVALENT l8=xIP aXLES
WTwwToNA (D) #EQ
CONT INUE
TNCLUDE BRUWTH aND DISTRIBUTION FACTORS
WTnwTe365,0eDF) DD/ (10,0084
WTmuTe(1.0¢AGFRAP/20040)
WinwTesp
wr TOTAL 18 KIP SINGLE AXLES FOR ENTIRE ANALYSIS PERIC
KLFCK CUTS TiE INITIAL DESIAGNS AFTER FINDING THAT [NTTIAL
LIFE FAR ALL CONCRETE AND SURBASE TYPES IS MORE THAN
THE aNaLYSIS PERIOD

KLFCK = 0
UBN

1243
1264
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260

SUBRAUTINE AGE? (Ply Dy Ts Sxe By TUPTU, JUMP, VSx)
COMMON ZLIF/ P2+ PSSy XJs TOPKE® wTOTe THETA, SACT»
VDe VTOPKEs VEy VAJe 2Z» VPle VP2

1
COMMAN /ALL, AP,a0TGR,ITYPE,RINI,NDAYCU,100V,ALANES,OVERLEN

aGEZ FINDS THE TIME 1IN YEARS TO BRING A DESIGN FROu 1TS
INITIAL To 77S TERMINAL SERVICEABILITY

wEaL  JUMP

PEST a 0.001

KK & 1

2 = E/TOPKE

Cl = AL®ADTUR/ (AP®ADTGR200,)

C2 2 210,/ (aP#aDTORe200,)

PRO = 5,85-4,62#AL0610(19+0)

XL = (7#(De23,0)/1l.52) %0, 2g

RADSP & ((J®900U./D*%2,) @ (1 T7,1588aRT(2,)/xL)
RIBL = 1«010%aL 0G1lo (RHOSP®*6Q904+/5X)+AL0810(0.201)
OiL = 1,995=0,517*RlsL

Dl & 10 OeeDIL

BETA = 1e¢(3,63%)10,0085,20)/(D])e%0,46

CLK = 7,35DIL ¢ PRO

CK = 10,0 #e (K

Wl » 7, 35e4,517#1,01

M2 3 1,6319,0e5,2

Q@3 2 7,15€50RT(2,0)

@5 = n,43429

wSx 1QleNS) e *ySx /(SXx#Sx)

=
wiJ 3 (QleQS) %2 SyxJ /{XJexJ)
WP2 m (Q5/0S)ee2® yP2/({(Pl=p2)ss?)
WPl 2 1Q5/05)0e2 ¢ (1,/(PlaP2) o 1,/ (Pl=],5))es2eVP]
WK 2 ()./7(1.=(Q3/ (((E®D*®*3)/(]].52°TOPKE]I} e ,58))))#095
wK2=z (03/6,)0( (11,527 (E®#(D®e3) @ [OPKE#®I)))ee, 28)
WK = (=Ql®WK]®WK2)#e26VTOPKF
WEl = wKl )
wEle (NA/6, 18 ((11,528TOPKE) /((0®e3)s (EesS)))ee 28,
wE = (N]*WE]ewE2) #edeVE
wDl = ?,0eqleQ5/b
WD2 = - (3,0®Q1%U38Q5/ (4,00 (D**],T5)®
[IE/Z111,52%TQPKE) ) ##0,25 = Q3/(0%%0,75))))
wWD3 u (ALDG1Q((Pl.P2)/(Pl=]1,5)) « Q2 ¢ B,4p
o (Ne]l 01987 ,46 / i
((Q2 ¢ (Del,0)%ey,406)0e2))
WD x (4D1 + wWD2 « wD3)}®e2 # yO

VLOGW m WSXewX JewP )+ WP2enKewE+wWD+0e0354

SDLw = SQRT ( vLOGW ) ,

WUPTO = (10,0%e(ZZaSDLW))*(wTOT*(Cle(TUPTO/Ap) "2
+C2*TUPTO/AP))

RKK = AP « TUPTO
TF (JUMP L7, PKK) RKK = JuMp
OlFFR w 040
T = THDTO ¢ RKK -
wl & {10,000 (729SD u) 1 *(yTOT@(CL®(T/AP) ##24C2#7/4AP))

1261
1262
1263
1264
1265
1266
1267
1268
1269
1279
1271
1272
1273
127«
1275
1276
12717
1278
1279
1280
1281
1282
1283
1284
1285
1266
1287
1286
1269
1290
1291
1292
1293
1294
129%
1296
1297
129

129

1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
131
1315
1316
1317
1318

T1¢



OO0

WINK = WT = WUPTO
VIFF o PRa(Pl={Plol5i®{wiNKa®gETA} /{CK#RBETA)
~(043354PSGSACTI R (EXP (~THETARTUPTD)
=EXP(=THETAST ;)
TF tDIFFY  740. 750, 740
¥ (AWS (DIFF) LT, PEST) U TO 75¢
1IF (XK.Eg.2y 60 To 741
1F (UIFFy yal, 742, 742
T e T « g.n00001
60 T0 7S¢
CONTINUE
DIFFR m (P]l=]+5)PBETA%{WINKa® (HETA=] .00}/ (CK*WaETA)*
wTOHY & (10,088 ({778g01 N} e
(CR/AP+2,08C 18T/ (AP##2))20,3354PS5e8aCTeTHETA
SEXP (= THETA®T)

[

Y = T « DIFF/AOIFFR
#0100 T1g

T e TaTUPTD

T 1S THE LIFE OF THE DES[ON
THIS wili BE TAKEN HACK TU THE MAIN PRDGRAM

RETuaN
END

1319
1320
1321
1322
1323
1324
1325
1324
1327
1328
1329
1330
1331
1332
1333
1334
1335
133e
1337
1338
1339
1340
136]
1342
1343

OO no

1000

[s X aXed

aOano

Tor0

7020
To%0

SiganuT]
comMmnh s
COMMDN 7
REAL LA

NE HANpg (PLPy PLFs THPSY,

MANC ; CERK, CLw, CMaT, OFTY

ALLZ AP ADTBR4ITYPE RINT+RDAYCULIDOVALANES,OVERLEN
¢ MATy MTOT

NaTa 9LN.PEQO.P”&T!0.00‘O-19,0.21/

DATA
1F ¢

PLWR (PERRR s PHATR/ ¢ 44102120,35/
T & PLFWPLP
PLF ,GT, AP} T = AP=PLP

PLP PERFORMANCE LIFE PREy1uUS
P F PERFORMANCE LIFE VDELDUING

T -

1F

Ge T

CUNT

oo 7

TF ¢

F i

w107

CUNT

TuPSY

RFTuRk
(X4

FARS OF MAINTENANC

1TYPE ,EU. 2} GO TO 7oQu

XLw = PLWR

XERR « PERAR

EMAT = PMATR
0 7010

XLW @ OLW

XERR = PERQ

XMAT » PMAT

INVE

MTOY = D40

NT & Talel
020 T = 1 NT

X1} = j=}

YP | 19,720 (XTL 19020 15 T2aDFTY=183,0
YP L(E. 0.0 GU TO 700

LAB = yPexLweCLw

EQUIP w YPWXERR®CERR

MAT » vPaX9ATSCNAT .
TOY = (LABSEQUIPSMATI /L1 +RINT/ gq. 1 4% IXT ePLPY
1 +E@e ~T) GO Yo 7030

MYOT o MIOT,TOT

TOTAL wAINTENANCE COST FOR T YRS AFTER APPLYING RINT

INUE

Tl = a7y

FIOr = TOT#(TiwT)

TOT = TOT-FTOT

MTOT = NTOT#TUT

THMPSY = MTOT/(1760,0818,0)

TOTAL ~AIMTENANCE COST PER SnUARE YaRD
THIS wILL BE TAKEN BACK TO THE MAIN PROGRAm

1344
1345
1346
1347
1348
1349
1350
1351
1382
1353
1354
135%
1350
1357
13548
13549
1360
138)
1362
1463
1364
1355
1368
1367
1366
1369
137¢
1371
1372
1373
1374
1375
13,6
1377
1378
1379
13480
1381
1342
1383
1384
1385
1388
1387
1388
1389
1390
1391
1392

212



anon

SUBRAUTINE REINE {LedoCTINGCTC 0T CTRF s CTSP T TH,CTSA,
COMNEON /L1F/ P2, PSS XJs TOPKEs WTy THETA» SACT.

1 VTHCC, vTOPKEs VEs ¥xJs &2, VPle VP2

CHMMON /REINFD /s  KRCKGCPFL JoCPF VU 10RF s Mo N, P,

i KOUNTL1s kOUNTZ, KOUNT3, KOUNTA, KOUNTS. KOUNTS,

L KOUNTTs NCS3s NJMs NLTe SLVs SPINCs S5PTJ,

1 SUVs THCC. wile KNJMy MNOLR) MNOTHsMNOTR

cnMunn ZMAIN)/ AVGL (300 s ATBPF (4) s BARN (&) s
1 BONY(12) . CTCLMT CISi8Yy CUD(30,2)s CODE(Pe2)
2 COMAN(L1)s CnSOViLL)e COTRUMIIe  CPCYC(Hls  CPCYS(a)s
3 crruSig)s CPPTS (8) ¢ Copus (e, CSC1H), CTMaNtllye
4 CYoVER(Ll), CTTHAF (113y DIaL(4), DIAM(4), DIAT (4),
% Eré6) FE(&) Eg(A) ESL(4), FFSR{a&),
6 LIV, 1.2¢30} « LFT (4], MANT (4] 4 NA (307
7T NAVElwe3dly NAMERS (893) sNAMETS (4030 «NAMEWS (493) yNCNT (4} s
A ONCODEC3IU) ., ND(8), NDLT (%), NP (8], NTDCT (4) o
9 NTMTled» MYMT (a1 NTOT (%], NYOTR (&) s ovVIn(a),

1 OvmaMisl» P21 Pylotd), PYNAM (6] ¢ RG{292) e
2 RNFIU(Z)s BNFNAM{A) e SINCIa), SLtale SPACtals
I spaCh(e), SOACT A} e SPTIE (4). ST (415 SX (B},
e VEX(6),y SXD B SXUAT (84214 SKDAL2421¢ SKED{g}e
S TaaRN(81s  yoyMeilye  TCYOV(LIIe TCTTO(113s  THOVIJ1}e
5 Tun¥Talll.s TITLE(1S), TS{b}s TSMAX {4} TSMIN{&}
T TreSiele TYSBS(B)y TYSTS(81»  TYSWS(a)}s  WC{A),
A wno %, ScOT 205,  XIN(Sy, PSVC 6, , PEYS (4),
9 Nont (4t CANF(T)s 2ZCONF£T) s LEVELLTY

coMaoN AMAINGS A (303, CCta0)s Cre30)e £J(30)s
T Cm 30y, Crg3nds CR(30)y C88¢30y,
2 C8P{30)» CSR{I0) s CT(3n) e CYB(Ags, 10130y
3 1,30y, 131301, JMRI130] . JNR (30, JPR(30),
4 Me30)y, M R(30) ME (30 . MTB(30), ILTELYS
5 NMBI£a), N30T, NPRU3O), PLF{30,13) 0 RLN(30.40,
6 RIS(3004), QTN(I0,4), RYS{IVs4), STJ¢30}, SUMOV 130) s
T TaN(30e4)y  TRSPi30s4)s TCi30)s TCTY 130y Tot30,12)r
A TsyB{30)

COMMON /TOC/ WPOCyPVSOsPVSNIOEQUDEQNIAASASPD,
1 ASND, MONEL, DTSO, DTSN, DDOZ, NOLD, NOLN, ADT
KRCk » XRCKel

KRCK PREVENTS THE STEEL FROM BEING DESIGNED MORE Twan ONCE

WITH &~ INCREASE IN THICKNESS OF THE SAME Su8pASE

1F (KHCK .6y, 1) GO TC 900
IURF 4 1
CTRJA w 0,0
CILS8 = Q.0
N o= o8
FL PV Y
JP u a
ANLY = NLT
WINTH » KNLTsW
NJINT » NLT = }
XNJN = NJNT
IF (MODEL=2y 515, 615, 810
610 WINTH o WIRNTH/Z.0
NINT w NLTw2
XNJN x NJNT
615 IF (XJ «NE. 3¢2) 60 TO 6%

1393
1394
1308
1396
1397
1398
1399
1400
1401
1402
1403
1404
1605
1406
1a07?
1408
1499
1610
i1l
1sl2
1413
1414
1815
1418
117

1e18

1419
1420
1e2]
1s22
1423
1424
1425
1424
1427
1428
1429
1430
143}
1432
1433
1434
1435
1436
1637
1438
1,39
l1e6g
1as}
1442
1443
1844
1a4x
T14at
les7
1446
1449
1450

(s RaNsTatal

63n

b4n

680

bbb

6708

68n

690

CTRJ = 1008,
1F (NCS3 4fa. 2) GO 1O 650
N 640 TSTFFL m 1, KOUNTE
SPaty = SLv .
ASPFw = THCC/24+*WC (1) *SPATSFFSAI) /(TYSBSIISTEEL)
61, TH)
COSTLS = ) 240aASPFWaCPPRSIISTEEL) #490.0/1728.0
COSTTy = CPFTJU/SPATY
CTLRT.) & CNSTLSCOSTTY
tF (CTLRTJ .GE, CTRY) 60 TO 630
CTRY = CTLRTY
CTis = COSTLS
CTTY = COSTTY
ASHF = ASPFW
ARUYE COSts ARE PER §@ FT ANU AREa OF STEEL IS PER F} wIDTH
MNOLR o ISTEEL
SPTJ = SPATJY
1F ISPAT, [EQ. SUV] G0 1O beo
SPATJY = SPATJsSPINC
IF (SPATJ AT, SUV) SPATJ = Syuv
&0 TO 620
CONT TNUE
CTR 8 = CTRY
1F (NCS3 ,Fp, 1} GO TO 730
N 680 IMESH = ], KOUNT)
SPATY = SLY
ASPFW 3 THCC/24+%WC(EI*SPAT YeFFSB1) /7 {TYSNS (IMFSM)
en, T5)
CUSTLS » 12,0®ASPFWeCPPug I TMESH] #490,0/1728,0
COSTT. o CPFTJU/SPATY
CTLRT. = COSTLS*CDSTTY
F (CTLRTJ ,GE, CTRJ) G0 TO 670
CTRy = CTLRTY
CTLS = COSTLS
CTTy = COSTT.
ASPF a ASPFW
MNOLR = IMESH
SPT) = SPATJ
1F (SPATJ .FQ. SUV) GO TO o8
SPATJ » SPATJeSPINC
IF (SPATY .aT. SUv) SPATJ = Syv
80 10 660
CONT IRUE
IF (CTRY «F0, CTRJB) 60 TO T3¢

FOR JCP AND cRCPs BUTHr THE PAQGRAM DESIGNS THE waRS IF
THE COSTs oF MESHES aAnD BARS HaPpEn TO BE THE SAGE
WwHEN a0TH TYPES OF REINFORCEMENT aRE TO BE TRIED

10RF = 2
60 To 790
CTLS » 1000.0
ASLIM w 0,4712,0%THCC/100.0
IF (NCS3 ,EB. 2) GO TO 710
no 700 ISTPFL = 1y KOUNTI .
ASPFW # 12,08THCC® (1430, 2%FFSB(J))#TSLII/(0,78#TYSBS ST

FEL M)
1F (ASPFW . Te ASLIM) ASPFW = AS_ M

145}

1,82
1453
1454
1455
1456
14587
1458
1459
last
14861
14862
1483
1464
1465
1488
1467
1468
1469
1470
1a71
1472
1473
1474
1475
1476
1677
1478
1479
1480
1481

1482
1483
1484
1485
1486
1487
1448
1489
1830
1491
1492
1493
1694
1495
Lass
1497
1498
1499
1890
101
1502
1503
1504
isos
15086
1507
1808

1% 94



70n

710

129

130

Tapn

754

164

T7n

78n

1%

son

alo

CUSTLS w 12,0eASPF aCPPBS (ISTEEL#490,0/1728 0
TF (CO0S1LS .GE. CTLS) 60 YO 7eo
CTLS = COSTLS
ASPF = ASPFwW
HMNOLK » ISTEEL
CONT INUE
CTLSB = CTLS
1F (NCSy oFn, 1} 60 TO 730
fU T2O0 TuEsw = Ly KOUNTI
ASPER o 1240%THCC® (14370 29FFSBLJII10TS 1)/ 10,782 TYSES (ME
My )
IF (ASPFW L Te ASLIM) ASPFW = AS| M
COgrlg w 12,00A5PFy«CPPug(IMESH) 8460, /1724,
1IF (COSTLS ,GE. CTLS) GO TO 720
CTLS w COSTLS
ASPF w ASPFW
MNOLR w TMESH
CUNT INUE
IF (CTLS .1 T, CTLSE) 60 TO 79¢
D0 760 ISP » 1y KOUNTS )
SPACITRP) » 3.0764.0%314159% (BARN(ISP))I®e2 4/480F
TF (KJ=3,8) 7404750, 750
BONG 2 3¢ 1#1599BARNIISP) £ (8,0%SPAC (ISP) $THCC)
IF (BOND .y ve 0,03) G0 10 760
SN w iNe]
SPACL (.IN} = SPAC(ISP)
DIAL (un) = BARNIISP)
CUNTINUE
CTTs = 100040
D0 770 ISTEFL » 5+ KOUNTZ .
ATSF . THCC/24,009C (1) *wIDTHOFFSB(J) 7 (TYSBS(ISTEEL)
20,75 .
COSTTS o 12 o..?S!.CPPSS(ISTcELg-beo.O/szs.o
1F {COSTTS ,8E, LTTS) 6o To 770
CTTS » COSTTS
ATSPF & ATSF
MNDTR w ISTEEL
CONT INUE
N0 780 IgP u 1+ KOUNTS
SHACIISP! ™ 3,0/704.0%3414)508 (BARN(ISP)I®®Z, 0/aATSPF
JH m Mel
SPACT (M} = SPACUISP)
DIAT{ M} = BARN{ISP)
CUNTINUE
JP s M
CTTBR u ANJNBATSPFeg0,UeIAT (1) /78.00CPPBS (uNnTR)
090, 0/1728, 01,0/ (XNLTaNL) i
¢cOST OF TIF 8ARS 1S CALCULATED FroM FIRST TIE 8aR PRINTED OUT
CTRF = (CTLS«CTTSI®*q.0
CT1g = CTT8R®g, 0
60 YO 87p
IURF « 2
DO B20 ISP = 1+ KOUNT#
DIAMIISP] = (ASPEeSLII5P) /7 (3,003, 14150;)0ey.5
IF (xJ=3.2) 800,830,810
BOND = 3.14159s01A01I5P) /(S (I8P) #THEC)
1E fonnn £.03 G0 YO 820

.-
i sLTe 537 TO 82

JN & Nel

82n
839

Ean

85n

Bsa

87n

afp

890
s0n

IPACL(IN) = SL(ISP)
) DIALGINY ® DIAMUISP)
CONTINUVE
ATSPE w THCC/Z4+0®WC (1) OWIDTHFFSE ()1 /TYSHS IMknLR)
44,0730
CTYS » 12, 00ATSPFeCPPUS (MNOLR]I 94906, 0/172840
MNOTR = MNOLR
D0 HB40 ISP w 1 KOUNTS
UIAM(FaP) ® (ATSPFeST(ISP)/(3.0%3,1415¢))%s0,5
NLEENTTS
SFACT (M) = ST (ISP)
DIAT (M) = DIAM(ISP)
CONT INUE
CSTTE » 1000,0
00 850 118 » 1, KQUNTS .
ATRPF (1TH) & THCC/24,0%4C (1) oW IOTHRFFSB(J) /TYSTS(ITR)
®5,0/340
COSTTE = 1Z.0CATUPFIITHIeCPPTIS(ITH I wég0.0/1728,0
1F (COSTYS .GE. CSYTH) 60 T aS¢
C5718 » CosSTYB
ATB = ATEPF (178,
MNOTE w IT8
CONTINUE )
DO 850 JPP w )¢ KOUNTT
JP ow ypel .
SPTIE(JPP) » 3,0/754:0%3¢14189% {TEARN(JPFI)®82,45/4T8
CONTINUE -
CTTBR » ANJN®ATHPF{]}960,00TSARN(L) /B.0%CPPTSL{]Y
“490,0/1728.083,0/ (XNLT#NL)
CTRF 5 (CTLSACTTS) 88,0
C11B w CTTBRO9,0
CONTINUE
1F (xJ=3,2) 880,890,890 ;
CTJ w xNJNSCPFLJ/ (XNLTENL) 89, 0eNUM/1TH0. 023, 09CPFTY
SPTY o 5280,0/XNJM
[0 1O 900
CTJ & (XNIN®CPFLUZ(ANLTOL) oCTT N @9, 0
CTIN w CTSReCTCOCTSBeCTRFeCTYSCTTE
CTIN INITTAL COST
RFTURN
END

1967
1568

1569
1570

1871

1572
1573
1574
1575
1576
1577
1578
1579
1589
158}

1582
1583
1584
1585
1586
1587
1588
1589
1590
1591

1892
1593
1594+
1595
1596
1597
1598
1599
1600
1601
1642
1603
1604
1605
1608
1607

71¢
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SUBKDUTINE THC (PLAT4OVIHeTUCSY 1 HPSY N1 eN2)
COMMON Z8LL 7/ APLADTGRy1TYPEsRINToNDAYCUSIDOV,ALANES DVERLFN
COMMON /REINFD/ KACKyCPFLJ9CPFTJLIDRFIIMeING P,

1 KOUNT L1y kQU4T2se KOUNTJI» KUUNT4s KOQUNTSs KOUNTO,
1 KOUNTTs NCS3e NJMy NLTe SLVe SPINCy SPTU.
1 SUVY THCCy wLe XNJM, MNNLK» MNDTBsMNOTR
COMuNN /TDC/ HPNC,PVSO4PVSN,VEQO,0EGN,AAS,ASND,
1 ASNDs HONFLe DOTSOy OTSNe UDOZs NOLOs NOLNe ADT

COMMNPN 7 INPUT , ACE+ACPRyAGF yBUMINGCINCCIOV,CMAX4COEF ,CPCYAC,
CPLMSG4CPR,NUF s UF L s DSULEFSGrEOF ¢ ESDoFFSG, TKUUNT ILEVEL,
TSXeKL K29k A9MeMAXO ¢NCINL eNLCK ¢NPROB INSH 4
AFMINS UMaXa,OMAXCyOMINA)OMINC,POVsPSN&+PSVACIPSASN,
9LIP{SD,P2SN¢SBE « SGEL 1 SEKs TCHAXy TCMIN, THLEV » TMAX.
TTCoWwW,y X JSD 9 XKSD

NTMFNSTON AvpH(24)

NIMENSLON CCSRI6eT) s CCSU(697)s CURS(1292) s COD(L192)s CaPi4s3!}

AW N

THE FOLLOWING ARE TABLES CONTAINING THE 'SSER CUSTS,
COST OF SLOUWING DNWN IN A RURAL AREA IN TEXAS,

EXCESS COST agOve CONTINUING AT INITIAL SPEED

IT INCLUDES OPERATING AS WELL AS TIMF cOST OF SPEED CHANGE CYCLE
=2on0L t ARS PER 1nno CYCLES »*

DATA CUSR/Z1G,67hy 22,9320 39,753, 63,454, 95,1940 19],8RA,

1 Uoe 11,BAn, 27 079, 49,907, 83 ab4, 134,793, cseq,, 14,106,
? 35.612, AT.939, 1164527, 3egsy 19.902, 50326, 95 TA8,
3 490,y 2B,491, T1,07045%0,1 40,931, 80,/

COST OF SLOWING NnOWN IN AN URBAN AREA

haTa CCSU,T7,39%, 14,329, 24,570, 37.838, 56.70%, 85,514, 0.,

1 (059, 16,21 28,8969 47,046y 74,330, 290ss 8,191+ 20.17¢
2 37,303, ~]1,884, 360,y 10,945, 27,024, 50,705 4e0, 0,
[} 164,939 4, 36,994, 590,00 2V.704, 600,/

COST OF OPEHLTING AT & UNIFORM SPEED In TERAS

NTFFFRANCE OF Twm VALUES GIVES THE EXCESS COST OF DPERATTNG AT
RENUCED SPEED

IT INCLUDES OPERATING AS WELL AS TIME cOST

o DOLLARS PER 1700 VEHICLE MILES e»

DATA CURS /945,2%, 495,77, 3a5,43, 279,31, 225.70, 196,62,

1 176,63, 162,58, 152,54 145,54, 141,04, 138,8p, 872,00,
F 856 66, 117,78, 248 30y 206 Ba, 179 64, 160,75, 147,22
a 137.3), 130.08. 124.97s121.88,

cosr oF I0LING
IT INCLUDES OPERaTING AS wtlLL TIME COST
®0 DO LARS PER 1000 VEHICLE HOURS ee
DaTA CUD s «409.70, 411152/

CaPACITY TABLE
outPuT AND RECOVFRY RATESs VEHICLES PER HouR IN ONE OIRECTION

1604
1600
1610
1611
1612
1613
1616
1615
1616
1617
1619
1619
1620
1621
1622
1823
le24
1625
1626
1627
1629
1629
1630
1631
1632
1433
1634
1635
1636
1637
16348
1639
1680
1641
1642
1643
1644
1645
1646
1647
1648
1689
1650
1651

1652
1653
1654
1655
1656
1657
1658
1659
1440
1661

1662
1663
1664
1665

00

oonon

USED TU CALCULATF PO} 4PN s00) ANU DNy FOR MOOEL NOS 4s4 aND 5

DATA CAP / 1350.e 3000.s 1400.9 3000,+ 2700,, 4500s+ 2Bn0,.
1 4700.¢ 4350, 62004 450Uer 6400, /
REAI NDAYCU44DaYCO«NDAYCA
INTEGER REUV(OCE
cnAMPUTE FINaj ADT
ADTT = ADTo{1,04ADTGR/100,0=PLAT)
T+ (AAS ,GT, 60,0} AAS =z 600
1F (ASOD «GTs 60,0) ASOD = 60,0
1F (ASND 6T, 0,0) ASNO = 0,0
LO z 4s0D/10,0
LUY = asoDe2,0/10,0
LN 2 AGND,10,0
LN) = agNDe2,0/10,0
K = AA</10.0
Kl = ras®2,0/10.0
SYARNS = (1760@nVERLEN) ® ((¥L/340)®ALANES))
1F (1D0V,.EQ,2) 50 TN 994
HTCAN = WPSY ¢ <QYARDS
NDAYCA = HTCaAU/HNPOC
GO Tn 995
904 HTCCN = HPSY ® GYARDS
NDAYCO = HTCCO/HPLC
995 CONTTNUE
CAL1 VPHCAL (ADTT,AVPH)
RPFOICE = 0
1TIMEQY = 1
NPDUM = N2-1
NUM] = N1
306 DCHT = 0,0
998 00 999 I=Nl,N2DIM
VPH = AVPH(I)

atey
MODFL NUMBER ONE
aves
POl = n,
PNl & 0,
D01 = 0,
ONl = n,
AROVE VALUES ARE BEING GIVEN FOR MODEL NUMBER ONE BUY THESE
VALUES ARE 4L SO USED FOR OTHER MODELS IN CASE SEPERATE VALUES
ofF THESE vaARIABLES ARE NOT COMPUTED FOR THEM
P02 = pv$0/100.
PN2 = oySN/100,
Vo2 = NEQD
DN2 = DEQN
0 e l,s12,
GO TO (7904750¢7600770976U) ¢ MDDEL
2088
MODEL ~UMBER Two
aeeo
750 A = DTSD/ASOD

AQ 2 AevPH

PO} = n.5%(1l.=~EXP(-AQ)]®e2

PNl =2 ool

DO)L ® (le4EXP(2¢0AQ))® (EXP(AQ) ~AG=],)/(2s®VPHepO)

1666
1667
1668
1669
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680
1681
16A2
1683
1484
1685
lagh
16R7
1ARA
1689
1690
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
17195
1706
1707
1708
1709
1710
1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
1723

S1¢



% (EXP (2, 9A0) JEXP (Al 1.y
UNt = nol
RO YO 79n

€ MODEL NOMBERS THEFe AND FIVE

€ avoeo
s Ty
760

ouTRAT = CAP(2«ITYPE-1r NOLD)
HECRAY = CaP(2e1TYPEs NOLO)
IF (VvPH LY, OUTRAT) Go TO 790

RECVAH¥AMAK] (1,0 RECRATVPH)

768

P01 w HPOCH (yPH=OYTRATI /7 (2,8vPH*D)
1F (POl .6T, 1,) POl =}
D01 = WPDCE#(yPH=OUTRATI® (RECRATwQUTRAT !/ (2, oypusppl

1 ®(RECVPH)Y

aQ To 790

€ ~MODFL NUMBER FOUR

C aweo
¢ seus
TTn

OUTRAT = CaP(28lTYpE«ly NOLOY
RECRAY = CAP(Z29ITYPE, NOLO)
1F (VPR ,LF, OUTRAT} 69 To 780

RECYPHRAMAX]L {1, 9+sRECHAT=VPH)

POY & WPRC® (¢PH=0UTRAT}/ (2. 8VPH#0}

TF (PQL W07, 1.} PUl = 1,
OD] = ~POCH (VPH=OUTRAT IS (RECRAT=0UTRAT} /12, 8yPuspn]

1 ®(RECYPH))

T8n

196

[ s N o Ne e el

8aa

OUTRAT » CaP(2#1TYPE=1+ NOLN}
RECGAT = CAP(28ITYPE, NOLN)
1F (VPH LLF, OUTRAY) GD TO 79g
PNy = #RDCH LYPHmOJTRAT I Z (24 0¥PNHSG)
tF tPN1 6T, 1,) PN) = 1o
ON1 3 =PDCe (VPH=OUTRAT ) & (RECARATLOUTRAT) / (2, 8iPHSPN]
# (RECRAT=VPH) )
&0 10 750
CORTINUF

YART COLLECTING aLlL PERTINENT INFORMATION ABOUT OIFFERENT TYPES OF
DELAY 0578, THE FOLLOWING ARE THE DIFFERENT YYPES OF THaFslc DELAY
COSTS pER VERICLE

60 _TO (80Qeti1pyy FTYPE

c0ST OF 5TOPPING FROM aPPROACH SPEED IN a RURAL AREA.

CO1 ® (CCSR(Ky 1)1 (CCSRIKe1, J)=CCSR(Ky 1)1%1AaS
710,0%)121000.0
CN1 = ol

C cosY OF SLOWING To THRu SPEED IN A RURAL ARE4.

1
1

CO&] = CCSRA{Ky LO+1)¢(CCSRINwLe LOs]I=COSRINK, 10
41)39 (AR5 /100 wK)

CO47 o CCSR(Ke LD42) 4 (CCSR(X,1s LD 21=CCSR K, (O
s31310(AAS,10,=K)

CO& = (COMIw{COLeCDAR)®(ASOD/10,0=L02)/72000,0

CNé] w CCSRIKs LNe))¢(CCSRi{Keds LN+1)=CCSRIK, LN
+ 1118 1AKS/100wK)

CNe2 5 CCSR(Ky LN,2) o (CCSR(Kely LN2)=CCSR(K, (N
sy e (ARS/L10.-K)

CN4 u (CHALw(CNGL=CN&2} & (ASKD/10,0eLN) ) /1000,0

U _TO 8E0

C cosT Of STOPRING fROM APPROACH SPEED IN AN URBAN AREA,

1724
1725
iras
1727
1728
1729
1730
1731
1732
1733
1734
1735
17736
1737
1738
1739
1740
1741
1742
1763
1744
1745
1746
1747
174R
1749
1750
1751
1702
1793
1754
175%
1756
1757
1758
171%¢
1760
1761
1782
1763
1764
1765
1768
1767
1768
1769
1778
1771
1772
1773
1774
1178
1778
rrr
1778
17719
[RLY:
1781

c

BLp
1

ros
1
1

1

1

Cgl = (CCGuiKs LieCC5UINRe]l, LI=CCay(Ky 1) 3&¢Rag
/10.0=K1}£1000,0
Cnl = Ol

T UF SLOWING To THRU SPEEL [N A4 URRAN AREA.

CUAy x CCSUIKe LO® I (CCSUIKege LO* ) 3I=CCSUIK 1O
41 RIAAS/Z10,aK)

CoM2 » CCSUIKe LO*2I o (CCSU KLy LO2)=LTSUIK, (0
2119 (AAS /1 DemK)

COM u 1COGL= (COBL1=COMZ)#(ASHD/10,0~.0))71000,0

CN&| o CESU(Ks LNe11a(COCSUIKLLy LN 1) =CCSU(K, (N
111 (AAS/10,K)

CNaz w CCSUIKs LNe2) 2 (CCSUIRe1r LNe2)I=COSUIKe N
s 1 ®(AAS/ 104K}

CNe m (CN&)=LCN® LwCNOZ) R (ASND/10,0=LN)1/1000,0

C cOst OF DELAY DyUE TO CONGESTION OUTSIDE THE RESTRICTED AREA.

[+

c
<

c

8z2n

ros
1
1

1

CD2 = pOICODILs ITYPE) /1000,
CNZ = DNISCOO(1s ITYPEI/100D,
TF (MOOEL _EQe 5) 60 TO B30
T OF URIVING AT a REOUCED SPEEDe
Cu3y = CURS(LOj» ITYPEI«(CURS{LO)+ ITYPE)=CURS (LN
ely ITYPE) 1S (500%2,0/104U~101)72,0
€032 = CURS(Xle ITYPE)=(CURS(Kly ITYPE)=CURS (K1¥1.
TTYPE) )% (AASe2,0/10,0.K)1/2.0
€03 m (CO31=CO321%DTS0/10060,0
CN3] » CURS(LN1s ITYPE!=(CURS{LNly ITYPEI«CURS (LN]
ale ITYPE}J#(ASND®Z 0/10,0=N1) /2.0
CN3 » (CN31-CO32I%DTSN/L1000,0

FXCESS cOST UF §TAPPING FROM THRU SPEED « COST nF IulE TIMf, all

wiT

83n
1

Ban

LY

aen

1
«Ta

C
870

1
2

879

HIN THE RESTRICYED AREA,
60 TO Bap
CO31 = CURSILOLs ITYPE)=(CURS{LOLls ITYFEI=CUBRS(LN])
ety TTYPE)1®(aS0D®2,0/10.0%L01}1/2.0 .
CU32 = CURSIK], ITYPE)=(CURS(Xl,y ITYPE}=CURS (K)ol
TTYPE ) ) # (AAS#2,0/10.00K1)/2.0
C03 = (COAL*D00Z=CnI2*0TS0) /1000,0
CH31 » CURS(LNTY ITYPE)« CURS(LNLs ITYPEI=CURSILNL
ety TTYPEJ)®IASND®2,0/1040"LNL) /240
CN32 » CURS(K1, ITYPE)=(CURS(Kls ITYPE)~CURS (Kje],
ITYPE11#(AASH2,0/1040-K1) /2.0
CNI = (CNIiwCNI2)*UTSNZ1000,0
GU TO (8%0,880)+ I1TYPE i
€05 = (CCSRILO, 31+ ICCSR{LO+)s 1)=CCSRILOs 1) )e1ASOD
710.0=L071+D022C0O0(1, IvyPE}}/1000, i
CNS » tCOSRILNY 1he (CCSR{LNaLy L) =CCSR{LNY L3I #{ASND
710.0=ULN}+UN2#COD L, ITYPEI}/1000,
60 YO 8yy .
CO% x (CCSUILDs 17 e{CCSU(LOs) e L) =COSUILOr 1138 (ASOD
/10,01 +002%C00¢1y ITypE)) /1000,
CNS w (CCSU(LNy 17 ¢(CCSU[LNeds 1)=CCSU(LNr 13)&(aASND
710¢=LN)2ONZ2ec00(1s ITYPE)) /1000
RY TOTAL COST ¢nAMPUTATIONS

ncH IS TOTAL TRAFFIC OELaY COSy PER HOUR OF OvERLAY CONSYR.

1F (RELUCE.EG, 1t 80 Tp 879

DEH = YPH® (POla(CO1eC0RsC0N1 911 4=POL) 8 (CO3eCOA) ¢PO2
oCOS) ¢ yPUR(PNI®{CNL*CNROCND) ¢ (], =PN1)®(CNI*CN&]
+PN2oINS)

G T f8i

DCH x YPHS IL034CO8s CNISLNG)

| 782
1783
L7H&
1785
1788
1787
1788
1789
1794
1791
1792
1793
1794
1795
1796
1197
1798
1799
1roo
180y
1RU2
1803
1804
180%
18086
1ROT
lana
1RUS
1810
1811
1812
1812
1814
1als
181¢
1817
1618
1819
1824
1g2)
1822
1823
la24
1625
1R2e
1827
1828
1829
1830
1831
1r32
1833
1IR3
1835
1836
1R37
18R
1839

912



anl
999

1000

lonl

lon2

1903

2000

e

3000

Dluy * OCH ¢ nony
CONT INVE
IF (100V NE,2) ”0 T 2000
60 o (1000+100141002,10033ITINEQY
M) w N2UUM o ]
N2DUM = 28
DCHY = DCHT
REGUCE *» 1
ITIMEOY = 2
60 to Y9e
NY = 1
NRDUM = NUMlal
DCH2 = DCHT
REQUCE = ]
TTIMEOUY = 3
GO Tn 996
NT = )
NPD(w = 24
OCH3 = OCRY
AFDICE = 1
ITIMFOY = 4
Gn TH Y98
DCHe = DCAT
DeHYnT ® (DCHANCHZ240CH3) @ (NDAYCQ; » DCHa&s (NDAYCU)
NESYLO = DCHTOT/SYARDS
TOCRY * DCSYCO/(1eoRINT/Z1004) ®0PLAT
IF(TDCSY LT 0.0y TOCSY w 0,0
60 tp 3000
DCSyad = (NOaYca & OCHT) 7 SYARDS
TOCAY * DCUSYap/rly«RINT/100,)88PLaT
IFCTNESY LT, 04m) TOCSY = 0,0
TDCSy IS THE PRESENT wORTH OF 10TaL TRAFFIC DELay cOsST PER
SOUaRF YARD DURING OVERLAY CONSTRUCTION
THIS witl BE TAKEN BACK TO THME MAIN PROGRA&W
CONT THUE
RETURN
END

1840
lase]

1862
iR%ed
la4a
184%
1845
1847
1848
1849
18590
1A81
1852
1R53
1R5s
18585
1R58
1857
1158
1H59
1RB0
18861

18567
1AK3
186
1985
1886
1Re7
1848
1869
1470
g7t

1RT2
18723
1874
1878
181h

W N e

1

QiBQNUTINE yPHCaL (ADTTIVPH)
DIMENSIUN PERART (241 VPHI24)

COMMON 7 [NPUT , ACE,ACPReaGFyBUMIN,CINCoCIUV, CMAK, CNEF, CRCTACY

CPLHSG s CPR (DDF ¢ DFL 2 DSUEFSGIEUF s ESD FFSGy IXQUNT o [LEVEL »
TSAIRL sK2ex 1Mo HAXDNC oL s NLEK o NPROBINSH
DFMINIUMAX A OMARC 2 OMINAJOMINC POV PSNaIPSYACIPSRED Y
BLeF1SUPESNs SGESGELy SEKaTCHAXy TCMIN, THLEV THAK,
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T oNadElL 03], CAMERS(Be ) eNAMETO (4031 (NAMFENS (49 35 o NONT (41,
R NCAUE (30)s  miv(edy NDL T (%) NP (6 s NTORT (4) 4
G NTHT &) MY (&) NTOY (%), NTOTR 4} avingay,

1 OywaMia}s LIRS ¥3 I3 PYluia) HyNAM (&) ¢ Ra(pe2),

P MuFIU(Z)y @ FNAM(B) . SINC (%), SLE&) . SHAC (4},

3 SoaCb{gh» SoACT (&) » SOTIL (s SY{41a Sxials
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CONTINUE
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CONT INVE

1P (NN = I0BY
10NNy = 10OV
IR {NNY ® IDRF
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MLRN = MLR(UND ] NN = ~tEQea 21491
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HTHNG = MTR(NN) = Lo *3 176 (6519281 ~pHOHY TITLE 2153
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WRITE (6¢3180) CSRINN) 2143 MS(1Z) = MSIKZ) 2p01

IF (CAINND JNE. 00!} WRITE (£:3190] CAINNY 2144 TC(12) = TCIKZ) 22ne
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(LMAX oF
1590 J =
Jl o=
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wQITE (603399) (TO(le J))
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wRITE (693400) (TU(Ls )
CONTINUE
CONTINUF
PERFQRMANCF PERIUDS
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WRITE (643350) (PLF (1 J¢l))
60 TO 1870
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