THD 1-8:69=123=15

FPS =11

FLEXIBLE PAVEMENT SYSTEM
COMPUTER PROGRAM DOCUMENTATION

RESEARCH REPORT 123-15

PROJECT 1-8-69-123

COOPERATIVE HIGHWAY RESEARCH PROGRAM
WITH U S. DEPARTMENT OF TRANSPORTATION
FEDERAL HIGHWAY ADMINISTRATION

TEXAS HIGHWAY DEPARTMENT

CENTER FOR HIGHWAY RESEARCH
THE UNIVERSITY OF TEXAS AT AUSTIN

.v 5 g
] a’,» TEXAS TRANSPORTATION INSTITUTE

s _pJ TEXAS A&M UNIVERSITY



TECHNICAL REPORT STANDARD TITLE PAGE

1. Repert No. 2. Government Accession No.

3. Recipient's Catalog No.

4. Title and Subtitle
FPS-11 FLEXIBLE PAVEMENT SYSTEM COMPUTER PROGRAM
DOCUMENTATION

5. Report Date

October 1972

6. Performing Organization Code

7. Authorls)

8. Performing Organization Report No.

Hugo E. Orellana
Research Report 123-15

9. Performing Organization Name and Address 10. Work Unit No.

Texas Highway Department
11th and Brazos
Austin, Texas 78701

11. Contract or Grant No.

Research Study 1-8-69-123

13. Type of Report and Period Covered

12. Sponsoring Agency Name and Address

Texas Highway Department
11th and Brazos
Austin, Texas 78701

Interim - September 1968 —
October 1972

14. Sponsoring Agency Code

13- Supplementary Notes  Rageaprch conducted in cooperation with FHWA, DOT
Research Study Title: "A System Analysis of Pavement Design and Research
Implementation"

16. Abstroct

This report gives the documentation of the computer program FPS-11 used for
implementation of the flexible pavement design system. This documentation is
also in machine readable form to make possible a continuing documentation system
for updates and improvements in the Flexible Pavement System (FPS) series of
computer programs.

Included in this report are: (1) Input data formats,

(2) Cross Reference tables,

(3) A variable name dictionary,

(4) Documentation of mathematical formulas

7. Key Words  GUMPUtET PTOYTaN DOCUMENTtatTON] 75, Distriborion Sratement
Flexible Pavement System, Pavement Design
Systems Analysis, Optimization, Pavement
Economics, Highway User Costs

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22, Price

Unc1assified Unclassified 85

Form DOT F 1700.7 (s-69)



FPS - 11
FLEXIBLE PAVEMENT SYSTEM COMPUTER PROGRAM DOCUMENTATION

by

Hugo E. Orellana

Research Report Number 123-15

A System Analysis of Pavement Design
and Research Implementation

Research Project 1-8-69-123

conducted

in cooperation with the
U. S. Department of Transportation
Federal Highway Administration

by the
Highway Design Division

Texas Highway Department

Texas Transportation Institute
Texas A&M University

Center for Highway Research
The University of Texas at Austin

October 1972



The opinions, findings and conclusions expressed
in this publication are those of the author and
not necessarily those of the Department of Trans-
portation, Federal Highway Administration.
Reference to specific makes or models of computer
equipment is made for identification only and
does not imply endorsement by the sponsors of
this report.



PREFACE

This is the fifteenth report issued under Research Study 1-8-69-123, "A Systems
Analysis of Pavement Design and Research Implementation,' The study is being
conducted by the principal investigators and their staffs in three agencies --
The Texas Highway Department at Austin, The Center for Highway Research at
Austin, and The Texas Transportation Institute at College Station =-- as part of
a cooperatjive research program with the Department of Transportation, Federal

Highway Administration.

The author wishes to acknowledge the work done by Dr. R. L. Lytton in developing
the "Swelling Clay Model', and Messrs. Mike Darter, B, Frank McCullough, and
James L. Brown for their work on "Reliability Concepts Applied to the Texas
Flexible Pavement System - FPS," implemented in this computer program and doc-

umented in this report,
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LIST OF REPORTS

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

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

Report No., 123-3, "“Characterization of the Swelling Clay Parameter Used in the
Pavement Design System," by Arthur W. Witt, III, and B. Frank McCullough, de-
scribes the results of a study of the swelling clay parameter used in pavement
design system.,

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

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

Report No. 123-6, "Calculation of the Elastic Moduli of a Two Layer Pavement

System from Measured Surface Deflections," by F. H. Scrivner, C, H, Michalak,
and W. M. Moore, describes a computer program which will serve as a subsystem
of a future Flexible Pavement System founded on linear elastic theory.

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

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

Report No., 123-9, '"Skid Resistance Coniderations in the Flexible Pavement
Design System," by David C. Steitle and B. Frank McCullough, describes skid
resistance consideration in the Flexible Pavement System based on the testing
of aggregates in the laboratory to predict field performance and presents a
nomograph for the field engineer to use to eliminate aggregates which would
not provide adequate skid resistance performance,
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Report No., 123-10, "“Flexible Pavement System - Second Generation, Incorporating
Fatigue and Stochastic Concepts,'" by Surendra Prakash Jain, B. Frank McCullough,
and W. Ronald Hudson, describes the development of new structural design models
for the design of flexible pavement which will replace the empirical relation-
ship used at present in flexible pavement systems to simulate the transforma-
tion between the input variables and performance of a pavement.

Report No. 123-11, "Flexible Pavement System Computer Program Documentation,"
by Dale L. Schafer, provides documentation and an easily updated documentation
system for the version of the computer program FPS-9,

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

Report No. 123-13, "Benefit Analysis for Pavement Design Systems," by William
F. McFarland, describes a method for relatiing motorists benefits to the service-
ability index.

Report 123-14, "Prediction of Low-Temperature and Thermal-Fatigue Cracking in
Flexible Pavements," by Mohamed Y. Shahin and B. Frank McCullough, describes
the temperature cracking in asphalt concrete surfaces.

Report 123-15, "Flexible Pavement System Computer Program Documentation," by
Hugo E. Orellana, provides documentation for version 11 of program FPS.



ABSTRACT

This report gives the documentation of the computer program FPS-11 used for
implementation of the flexible pavement design system. This documentation
is also in machine readable form to make possible a continuing documentation
system for updates and improvements in the Flexible Pavement System (FPS)

series of computer programs.

Included in this report are:
1. Input data formats,
2. Cross Reference tables,
3. A variable name dictionary,

4, Documentation of mathematical formulas,

Key Words
Computer Program Documentation, Flexible Pavement System, Pavement Design,

Systems Analysis, Optimization, Pavement Economics, Highway User Costs.



SUMMARY

As part of a System Analysis of Pavement Design and Research, a computer program
FPS, for Flexible Pavement System, was developed and tested. This study updateg
and documents the latest version of the computer program FPS-11, The same tools
and procedures used by Mr, Dale L. Schafer, in documenting version 9 of FPS

have been used in this documentation.
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IMPLEMENTATION STATEMENT

This documentation is planned for immediate implementation in the research
project for Systems Analysis and Research in maintaining the FPS series of

computer programs.

It is expected that this report will aid future research for improving portions
of the pavement design system by aiding integration of new or revised program

modules into the FPS computer program used to implement the research results.

The published version of this report may be obtained by addressing your request
as follows:

R. L. Lewis, Chairman

Research & Development Committee

Texas Highway Department - File D-8

11th and Brazos

Austin, Texas 78701 Phone 512/475-2971
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FAGE =

INTRODUCT TON

THE FFE-11 COMPUTER PROGREAM IS ONE OF A SERIES OF COMFUTER FPROGRAME
ITMFPLEMENTING THE SYSTEMES AFPPROACH TO FPAVEMEMT DESIGM. THE ORIGINAL FPRIZ
BY G. R. CAREY HAS BEEN MODIFIED AND CHAMGED TO INCORPORATE THE RESULTE:
OF LATER REZEARCH AND TO MEET THE NEEDE OF THE WSERT OF THE FPS COMFPUTER
FROGRAM .

A NUMBERING CONVENTION FOR THE SUFFIX. SUCH &% THE 117 INM FRS-11¢
WAZ ADOFTED BY THE RESEARCH AGENCIESy BEGINNING WITH FPS-3.  FPE-1 AND
FFZ-2 WERE THE ORIGIMAL AND FIREST REVISIOM. RESFPECTIVELY, OF THE FFRZ
COMFUTER, FROGRAM: EACH OF WHICH UTILIZED PAVEMENT DEFLECTION EGUATIONS
FOR FREDICTING PAVEMENT PERFORMANCE (REF. 2. AT THE TIME OF THE FUBLI-
CATION OF REFPORT 123-1 *4Q SYSTEMS APFROACH APPLIED TO FAVEMENT DESTIGH
AND RESEARCH, ' A NUMBERING CONVENTION WAS ADOFTED TO EE USED FOR LATER
REVISIONS OF FPES. THE PAVEMENT DEFLECTION METHOD SERIES OF PROGRAMEZ
WERE T USE 0ODD NUMEBEREZ FOR LATER REVISIONS (3s597+...). THE FROGRAME
BASTICALLY SIMILAR BUT USING THE AASHO BASED EGUATION FOR PREDICTING
FAVEMENT FERFORMANCE WERE TO USE EVEN NUMBERS (4s6428y...0. EACH PROGRAM
AT IT EVOLVED WOULD USE A FURTHER SUFFIY WHILE IM THE DEVELOPMENT. DE-
BUGEING: EVALUATION, AMD TESTING STAGES (FPE-5-TTIL: FPE-4&-CFHR: AND
FPE-11-THD AZ EXAMFLES) UNTIL AFFROVED FOR PUBLICATION EBY THE COOFERA-
TING AGENCIES, AT WHICH TIME THE SUFFIY WOULD BE LROFPED.

FrRZ-11 I2 A MAJOR UPDATING OF FPE-9 WHEREERY SIGNIFICANT
IMFROVEMENTS DEVELOFED BY RESEARCH HAVE EBEEW IMCORPORATED. THE MAJOR
CHANGES IN FRE-11 AS COMPARED TO FFRZ-% ARE--

. ADDITION OF STOCHASTIC CALCULATIONE

. NEW SHELLING CLAY MODEL

. ADDITION OF AM ACF OVERLAY DESIGN MODRE

. NEW OVERLAY MODEL IN THE FLEXIBLE PAVEMENT DESIGN MOLDE

N S B DR

THESE CHANGES ARE DOCUMENTED AND EAPLAINED IN DETAIL IN APPENDIX
OF THIS REFORT. IN ADDITION TO THESE MAJOR CHANGES SOME MINOR FRU
GRAMMING REVISIONS HAVE EBEEEM MADE AND WILL BE PRESENTEDRD IN THE &
FEATUREZ SECTION OF VERSION 11 OF FFEZ.

jte

THE INTENDED AURIENCE OF THIZ REFORT IS THE SYSTEM ANALYST OR
FROGRAMMER WHO Iz EXPECTED TO MAKE FUTURE CHANGES AND UPDATES OF THE
FPz SERIED 0OF PROGRAME: SEE FPEZ-% DOCUMENTATION: (REF. 1.

FFRE5-11 PROGRAM DOCUMERNTATION OUTORER: 197



SPECIAL FEATURES OF VERSION 11 OF FFS

THE FOLLOWING FEATURES OR CHANGES OF FPS-11: AS COMPARED WITH FPZ-7
SHOULD EE NOTED - -

1o THE SWELLING CLAY MODEL USED IN VERSION % OF FFS HAS BEEN CHANGED.
FOR DETAILS SEE AFFENDIX 1.

Z. SUBROUTINE TIME HAS BEEN CHANGED TO DECREASE RUNNING TIME 0OF THE
FROGRAM BY IMPROVING THE ITERATION PROCEDURE USING THE NMEWTON-RAFHION
CONVERGENCE SCHEME.

Z. FPE-11THD AND OVERLAY 2 (A PROGRAM DEVELOFPED IN RESEARCH FROJECT
101y 'AN ASFHALTIC COMCRETE QVERLAY DESIGN SUESYSTEM:' REF. 2) WERE
COMEINED. THIS RESULTED IN ONE PROGRAM WITH THE TWO MODES 4% FOLLOWS--

(A} FLEXIELE FAVEMENT DESIGN MOGDE -- FOR ﬁESIGNING A NEW FLEXZIBLE
FAVEMENT STRUCTURE OR COMFLETELY REBUILDING AN EXISTING
FLEXIBLE FPAVEMENT STRUCTURE.

(B) ACF OVERLAY DESIGN MODE -- FOR THE SPECIAL CASE WHERE AN ACP
OVERLAY WILL BE THE ONUY INITIAL CONSTRUCTIGN.

4. NON-ALTERMATE FEASIBELE DESIGNS HAVE BEEN DELETED IM RBOTH THE
FLEXIELE FAVEMENT DESIGN MODE AND ACP OVERLAY DESIGN MODE, THIS HAS
EEEN ACOMPLISHED THROUGH THE USE OF SUBROUTINE CHECEZ AND CHECH
RESPECTIVELY.

3. CONMFIDENCE LEVELS A, EBs Oy Iy E» AND F HAVE BEEN INCORFORATED.

H. OVERLAY INCREMENTE OF 172 INCH FOR CONFIDEWNCE LEVELEZ A, B OR Oy AND
1 INCH FOR CONFIDENCE LEVELEZ 0O, E» AMD F ARE USED WHEN THE ACF OVERLAY
ODESIGHN MODE IS SPECIFIED.

7. LAYER INCREMENTS OF 174 IMCH OF SURFACING ARE USED FOR CONFIDENCE
LEVELE A& By OR ©y 1/2 INCH FOR CONFIDENCE LEVELS U AND Es AND 1 INCH
FOR CONFIDENCE LEVEL Fs WHEN THE FLEXIBLE PAVEMENT DESIGN MOOE IR
SPECIFIED.

. SEAL

COATS HAVE BEEN REMOVED FROM COMSIDERATION BY DELETING
SUBRDUTINE 7

FLEALLY

F.o SUBROGUTINE TLAYIDX® IS NOT USED IN THIZ VERSION OF FPZ.  LAYEHR
IMOEXING IS5 HANDOLED IN HMAIN,.

10, THE SERVICEARILITY INDEX OF THE IMITIAL DESIGHN MEED MOT BE THE ZaME
AS THE SERVICEARILITY INDEXY AFTER AN OVERLAY IN THIZ YERZION.

FPE-11 FROGRAM DOCUMENTATION OCTORER, 1972



11.

FAGE 4

SRECTIAL FEATURES OF VERSIOM 11 OF FPS (CONTINUEDD

ZEVERAL CHANGES WERE MADE IN THE OUTPUT THNCLUDING --

0.

THE FRESENTATION OF THE LIST OF INFUT DATA HAZS EBEEN REARRANGED,

A WARNING MESSAGE TO THE USER TO REVISE THE INPUTE WHEN THE
NUMBER OF FEASIELE DESIGNS EXCEEDRS 1000 I% INCLUDED.

01 0OF THE INITIAL STRUCTURE. SEAL COAT COSTS, AND SEAL COAT
SCHEDULE HAVE BEEN DELETED ON ALL OQUTRUT FAGES.

FROBLEM SUMMARY OF OFTIMUMS FOR EACH DESIGN TYPE IN ORDER OF

INCREASING TOTAL COET HAS BEEN DELETED
SERVICEABILITY LOSS DUE TO SWELLING CLAY LOSE FOR EACH

FERFORMANCE PERIOD IS FRINTED ON ALL QUTPUT PAGES FOR EACH
COMEBINATION OF MATERIALS IN THE SUMMARY TABLES.

FFE-11 PROGRAM DOCUMENTATION QCTORERs 1973



FAGE a

DEFINITION OF TERMS

A BRIEF DEFINITION OF THE FOLLOWING TERMZ 15 GIVEN BELOW TO
AID IN UNDERSTANDING THIS DOCUMENTATION AND THE QUTFUT OF FFRS-11.

1. PROBLEM

A FPROBLEM IS DEFINED BY ONE SET OF DATA AS INFUT FOR THE FFRS-11
COMPUTER PROGRAM AND ON QUTPUT BY CONSECUTIVELY MUMBERED FAGES WITH
THE ZAME HEADING., A COMPUTER RUN MAY CONSIST OF ONE OR MORE FROEBLEME.

£, DESIGN TYPE ‘

WITHIN A FROBLEM, A UNIGUE SET OF INITIAL DESIGN MATERIALE IS
A DEZIGN TYFE., EACH DESIGN TYFE PRODUCES AN OFTIMUM DESIGHN STRATEGY ON
QUTFUT OR A STATEMENT THAT NO DRESIGHN (STRATEGY ) WAS POSSIELE FOR THAT
LGESIGN TYPE.

Z. DESIGN STRATEGY
A DESIGN STRATEGY 1% ANY FEASIBLE INITIAL DESIGHM CONMEBINED
WITH REQUIRED FUTURE OVERLAYS AND MAINTENANCE.

4. INITIAL DESIGN

WITHIN EACH DESIGN TYPE, EACH COMBINATION OF DIFFEREMT LAYER
THICKNESSES POSSIBLE WITH THE GIVEN LIMITS OF THICKNESSES AND INCREMENTES
MAKES AN INITIAL DESIGN. IF THE INITIAL DESIGH ALS0 MEETS CONSTRAINTS
OF COST AND TOTAL INITIAL DESIGN THICENESS, IT I5 A FEASIRBLE INITIAL
DESTGN.

5. FEASIGBLE

THE WORD FEASIRBLE USUALLY SHOULD BE COMEINED WITH A HMODIFIER
SUCH AZ TFEAZIBLE INITIAL DESIGN', TFEAZIEBLE OVERLAY?, OR TFEASIBLE
OVERLAY POLICY?. IF A DESIGHN OR POLICY IS FEASIBLE. IT HAS MET ONE
R MORE CONSTRAINTZ. IT MAY BE REJECTED IF WHEN COMPARED TO OTHER
FEASIELE DEZIGN STRATEGIES IT IS OF & HIGHER COZT.

H. BEST OVERLAY FOLICY

FOR A GIVEN INITIAL DESIGHNy THE OPTIMUM OVERLAY FOLICY OQBETAINED
BEY COMPFARING COSTES BETWEEN ALL FEASIBELE OVERLAY POLICIES IS EMOWN AT THE
BEST OVERLAY POLICY WITH A PARTICULAR IMITIAL DESIGN.

7. NON-ALTERNATE FEASIBLE DESIGH STRATEGY

A DEZIGN STRATEGY THAT HAZ ONE OR MORE LAYERS OR OVERLAYZS BUILT
THICKER WITH NO DECREASE IN THICKENESS OF aNY OTHER LaYERS OR OVERLAYS IS
DEFINED AZ A NON-ALTERNATE STRATEGY.

2. UNIT:S OF MEASURE

INFUT AND OUTRUT OF DATA ARE IN UNITS COMVENIENT TO THE UZER. BUT
AZ AN AID ToO MODULARIZATION., IWN COMMON OR A5 SURBROUTINE ARGUMENTS. THE
FOLLOWING UNITE ARE CONSISTANT THROUGHOUT THE FROGRAM--

FAVEMENT OR FAVEMENT MATERIALSZ
YARDS, SRUARE YARDS . OR CURIC YARDES AZ AFPFLICARBLE.

DISTANCE RELATED TO USER COETEH
MILES.

-y

FFRZ-11 PROGRAM DOCUMENTATION OUTORER. 197
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FalE &

DEFINITION OF TERMS (CONTIMUED?

VEHICLE SPEEDS
MILES FER HOUR.

TIME
YEARS WHEN RELATED TO PAVEMENT PERFORMANCE. HOURS WHEN RELATED 7O

USER COSTS.

FROFORTIONES AND INTEREST RATES
ALWAYES A% A DECIMAL PROFORTION EQUAL TO (PERCENTAGE/100.0).

TRAFFIC
AVERAGE DAILY TRAFFIC (BOTH DIRECTIONSZ) AT A GIVENM POINT IN TIME.

TRUCE AXLE LOADE

MILLIONS OF 18 KIF AXLE EQUIVALENCES FROM THE TIME OF CONSTRUCTION
TO A GIVEN POINT IN TIME.

FRrE-11 PROGRAM DOCUMENTATION DUTORBER, 1972



FAGE 7

INFUT DAaTH FOR FPS-11

INFUT DATA FOR FPS-11 IS ONE OR MORE SETS OF CARDS: ONE SET FOR
EACH PROEBLEW.

IN FPS-11 EACH CARD 1% NUMBERED IN SEGUENCE FROM @ THROUGH 10, THIS
NUMEER 15 THE CARD TYPE IDENTIFIER. @& FROBLEM 1S DESCRIBED EY A SET OF
CARDE CONSISTING 0OF ONE CARD TYPZ EACH WITH THE EXCEFTION OF CARD TYPE
Z WHICH COULD BE CODED UF T4 SEVEN TIMES AND CARD TYPE 10 WHICH COULD
HAVE & MAXIMUM OF TEN, ONE FOR EACH MATERIAL CONZIDERED IN THE FROELEM.

THE FPE-11 USER HAZ THE OFTION OF RURNING AN ACZP OVERLAY OR A NEW
CONSTRUCTION FPROEBLEM. FOR THE ACF OVERLAY CARD(S) TYFE 10 ARE DELETED:
FOR MNEW CONSTRUCTION CARD TYPE 9 IS DELETED.

THIS VERSZIOM OF FPS MAEES USE OF THE LIBRARY SURROUTINE TCORE?
WHICH ALLOWES THE USE OF FORTRAN FORMATTED I/0 STATEMENTS (READ AND
WRITEY IN COMJUNCTION WITH CORE BUFFERS. IN FPE-11y 'CORE? IS5 USED
T READ UNDER FORMAT CONTROL FROM AN AREA IN CORE WHICH CONVERTS
CHARALDTER CODES (A4 FORMAT) OF & 'CARD IMAGE.? PCORE? AN THUZS BE
WZED TO CONVERT & T F OR [ FORMAT, OR VICE VERIA.

FOLLOWING THE CALL *COREY STATEMENT IS5 A STANDARD FORTRAN READ
STATEMENT WHICH SPECIFIES THE FORMAT TO EE USED AND THE VARIABLES TO
RECEIVE.

THE FIRST TWO COLUMNS ON ALL INFUT CARDS HAVE THE CARD TYFE CODE
NUMEBER. COLUMNS 2-80 OF EACH CARD ARE TO RBE FILLED BY THE UZER. THE
VARTARLE NAMEZ AND FORMAT INFORMATION FOR EACH INPUT CARD I% GIVEWN
EELOW. '

#EEFEErFrErEaars CARD TYPE 1 - PROJECT IDENTIFICATION #%3&##Sa8@dbadiiss
FORMAT(AZ - AZ»3R4yAZ A4 A2y ZA4 82304

FROEN-THE PROBLEM NUMBER.
COLUMNE 2-3

OIST-THE DISTRICT NUMEBER.
COLUMNE &-7

COUNTY -THE COUNTY HNAME.
COLUMNES 8-21

CONT-THE CONTROL MUMBER.
COLUMNG Z22-25

SECT-THE SECTION NUMBER.,
COLUMNS 26-27

HWY-THE HIGHWAY NUMEER.
COLUMNE 28-37

DATE-THE DATE THE FEOSLEM WAS CODED.
COLUMNS 35-45

FPRZ-11 PROGRAM DOCUMEMTATION QLTORERy 197E



FAGE =

INFUT DATA FOR FPS5-11 (CONTINUED)

FIE-THE IFE NUMEBER FOR THE FROJECT.
COLUMNE 44-49

EEFEEBARFASEREEEE COARDCE) TYFE 7 - PROJECT COMMENTS #¥SS2@ssfsd43Eusiits
FORMAT(1984+A2)

COMENT-THE FROJECT COMMENTS.
COLUMNS 3-820

# NOTE - THIS INPUT CARD 1% SELF EXPLANATORY. THE USER CAN CODRE UF
T SEVEM CARDS TO WRITE THE MOST RELEVANT INFORMATION CON-
CERNING THE PROJECT.

FEHEEEEEFRFAE S CAHRD TYFE 2 - BASIC DESIGHN CRITERIA AREREREREFE IR AR RS
FORMAT(AFS . ZsA1LsFS.2)

CL-THE LENGTH OF THE ANALYSIS FERIOD (YEARS).
COLUMNE 3-7

XTTO-THE MINIMUM ALLOWED TIME T0 THE FIRST OVERLAY (YEARS).
COLUMNE 2-17

XTEO-THE MINIMUM ALLOWED TIME FERMITTED BETWEEN OVERLAYE (YEARZ).
COLUMNE 13-17

FZ-THE MINIMUM ALLOWED VALUE OF THE SERVICEABILITY INDEX (FPOINT AT
WHICH AN OVERLAY HMUST EBEE APFLIED).
COLUMNMES 18-32

FLEVEL~THE ALPHABETIC CHARACTER TO DETERMINE CLEVEL WHICH I3 THE
PRPERCENTILE VALUE OF THE NORMAL DISTRIBUTION.T
COLUMN 22

FLTRAT-THE IMTEREST RATE OR TIHME VALUE 0OF MONEY. IH FERCENT.
COLUMNE 2428

FEHEFEFERFEE CARD TYFE 4 - PROGRAM COMTROLS AMD CONSTRAINTS S Y4535 4548%%
FORMAT(ZTIZ:3F5, 22

TYFE-THE COUDE MUMBER TO DETERMIME THE TYFPE OF FRORBLEW TO BE RUM --
IFTYFE=1, FLEXIELE FAVEMENT DESIGH HODE.

ITFTYPE=Z, ACF OVERLAY DESIGN MODE.

COLUMNES 3-4

NME~THE MUMEBER OF OUTFUT PAGES FOR THE SUMHARY TABLE(Z DESIGNS/FPAGE:.
COLUMNES S-4&

1
)

FrRro-11 PROGRAM DOCUMENMTATION QUTORER. 19



INFUT DATA FOR FPZ-11 (COMTINUED)

CMAX-THE HMAXIMUM COST PER SOQUARE YARD THAT 1% T0O BE ALLOWED FOR
INITIAL CONSTRUCTION.
COLUMNE 7-11

THMAXIN-THE MAXIMUM ALLOWAELE TOTAL THICKNESS OF INITIAL CONSTRUCTION
{ INCHEZ).
COLUMNES 12-14

OMAXIN-THE MAXIMUM ALLOWABLE TOTAL THICENESS OF ALL OVERLAYEZS
( INCHES)Y,
COLUMNS 17-21

-

FEAEHEFR AR RS E RN EEEE CARD TYPE S - TRAFFIC DATA S E S5 ¢ 5S 34 R4 HAFHE R 085
FORMAT(3F10.2+s5F5.2)

RE-THE AVERAGE DAILY TRAFFIC AT THE BEGIMHING OF THE ANALYSIZ PERICD.
COLUMNE 2-12

RE~-THE AVERAGE DAILY TRAFFIC AT THE END OF THE ANALYSIE PERICQD.
COLUMNE 13-22

ANZO-THE 20 YEAR ACCUMULATED 12-E34 EQUIVALENCESR.
COLUMNES Za-322

Py

AAZ-THE AVERAGE AFPFROACH SPEED TO THE OVERLAY AREA.  ASSUMED TO BE
THE ZAME FOR BOTH DIRECTIONS.
COLUMNS 22-327

ASO-THE AVERAGE SPEED THROWGH THE OVERLAY AREA. IN THE OVERLAY
DIRECTION,
COLUMNS 28-42

ASN-THE AVERAGE SPEED THROUGH THE OVERLAY AREAy IN THE NON-OVERLAY
ODIRECTION,
COLUMNS 43-47

FROFOCT-FERCENT OF ADT WHICH WILL FASS THROUGH THE OVERLAY ZOME DURTIHNG
EAlCH HOUR WHILE OVERLAYIMG TARES PLACE (HORMALLY ABOUT &% FOR
FURAL AREAS, S5.35% FOR URBAN AREAZ: AND ABOUT 4.2% IF TRAFFIOC IZ
EVEMLY DISTRIBUTED DURING THE Z4 HOURZ).

COLLMME 45-5Z

FTRUDE-THE PERCENT OF TRUCES IN THE AVERAGE DAILY TRAFFIO.
COLUMNMNS 53-57

FRo-11 PROGRAM DOCUMENTATION QUTORBER. 1972



INFUT DATA FOR FPE-11 (CONMTINUED

HFEESEREREREEREEE COARD TYPE 4 - ENVIRONMENT AND SUBGRADE #%¥¥E##iddreassss
FORMAT(EFS. 2

ALPHA-THE DISTRICT OR REGIOMAL TEMFERATURE CONSTANT.
COLUMNS =-7

FROBEW-THE FROBABILITY OF SWELLING IN & FARTICULAR AREA.
COLUMNZ 2-12

FYR-THE FOTENTIAL VERTICAL RISE DUE TO SWELLING CLAY C(INPUT IN INCHES
SWELLING CLAY CONZTANT).
COLUMNS 132-17

SWRATE-THE RATE OF SWELLING IN A FARTICULAR AREA (SWELLING CLAY
COMSTANT Y.
COLUMNE 18-22

SCOE-THE STIFFNESS COEFFICIENT OF THE SUBGRADE.
COLUMNS 23-27

#EHEEEEeeEd CORD TYPE 7 - CONSTRUCTION AND MAINTENANCE DATA ##istiadsisds
FORMATITFS, Z,2F&. 20

Fol-THE SERVICEABILITY INDEX OF THE INITIAL STRUCTURE.
COLLMNE 37

F1-THE BEGINNING SERVICEABILITY INDEX OF THE FAVEMENT AFTER AN
OVERLAY .
COLUMNS &-12

OFMININ-THE MIMIMUM OQVERLAY THICENESS (INCHES).
COLUMNS 13-17

HFD-THE NUMEER OF HIOURS PER DAY THAT OVERLAY COMSTRUCTION TARKES
FLACE. THE FRODUCT OF PROFCT TIMES HPD SHOULD MOT RE GREATER THAN
1000 FERCENT. HOWEVER: IF THE STRIF IS5 UNDER COMSTRUCTION THEMTY
FOUR HOURS A4 DAY, THE PRODUCT WILL EGUAL 1G0.0 PERUEMT.

COLUMNG 12-22

ACCD-THE ASPHALTIC CONCRETE COMPACTED DENSITY (TOMS/COMPACTED C.Y. 3
COLUMNS 23-27

ACFR-THE ASPHALTIC CONCRETE PRODUCTION RATE (TONS/HOUR).
COLUMNES 28-32

ALW-THE WIDTH OF EACH LANE (FEET.
COLUMNS 233-37

CHMi-anNUal ROUTINE MAINTEMAMCE COST PER LANE MILE FOR THE FIRET YEAR

AFTER CONSTRUCTION OR AN OVERLAY.
CIHLUHNE 22-43
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FAGE 11
INFUT DATA FOR FRS-11 (CONTINUED)

CMZ-ANNUAL INCREMENTAL INCREASE IN ROUTINE MAINTENANCE COZT PER LANE
MILE.
COLUMNE 44-49

EREHEEEE R AR CARD TYFE & - DETOUR DESIGN FOR OVERLAYS HA##4#F4®REEEFH
FORMATIA4TIZy2FS.2.4F5. 3

MODEL-THE MODEL NUMBER WHICH DESCRIEES THE TRAFFIC SITUATION.
COLUMNE 2-4

NLANES-THE TOTAL MUMEBER OF LANES OF THE FACILITYs BOTH DIRECTIONS.
(THIZ VARIAELE I% NOT BEING USED AT THE PRESENT TIME).
COLUMNES 5-4

NLRO-THE NUMBER OF LANES OPEN IN THE OQVERLAY DIRECTION.
COLUMNES 7-8

NLRENM-THE NUMEER OF LANES OFEM. IN THE NON-OVERLAY DIRECTION,
COLUMNS 9-10

ALSC-THE DISTANCE, MEASURED ALONG THE CENTER LINE. OVER WHIOH TRAFFIC
2 SLOWED IN THE OVERLAY DIRECTION (MILES).
COLUMNS 11-15

XLEN-THE DISTANCE. MEASURED ALONG THE CENTER LINE. OVER WHICH TRAFFIC
I SLOWED IN THE NOM-OVERLAY DIRECTIONM (MILEZ).
COLUMNE {&-20

XLED-THE DISTANCE: MEASURED ALONG THE DETOUR, AROUND THE OVERLAY ZONE
(MILES).
COLUMNG 21-25

FOZ-PERCENT OF VEHICLES THAT WILL BE STOFPED IW THE OVERLAY DIRECTION
BECAUZE OF MOVEMENT OF PERSONNEL OR EMUIFPMEMN. THIS VARIABLE IS
NOT BEING USED AT THE FPRESENT TIME.

COLUMNS 25-29

FHZ-PERCENT 0OF VEHICLES THAT WILL BE STOFPED IN THE MNON-DVERLAY
DIRECTION RBECAUSE OF PERSONMEL OR EQUIFMERNT. THIS VARIABLE I3 NOT
BEING UZED 4T THE PREZENT TIHME.

COLUMMS Z0-24

DOZ-THE AVERAGE DELAY FER VEHICLE STORPFED INM THE OVERLAY DIRECTION
BECAUSE OF MOVEMENT OF OVERLAY PFPERSOMMEL AMND EGUIPHMENT WM THE
RESTRICTED 70HE. THIZ VARTIARBLE I35 WOT BEING USED AT THE PRESENT
TIME.

COLLMNS 35-29
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FAGE 12

INFUT DAaTA FOR FPRZS-11 (CONTINUEDR)

DNZ-THE AVERAGE DELAY FER VEHICLE STOPPED IN THE NON-OVERLAY DIREC-
TION BECAUSE OF MOVEMENT OF PERSONNEL OR EGUIPMERNT. THIZ VARIABLE
IZ NOT BEING USED AT THE FRESENT TIME.
COLUMNEG 40-44

EEREEERRRREE CARD TYPE 9 - EXISTING PAVEMENT AND FROPOSED ACP #e#ssepisas
FORMAT(ZFS . 3y 2FS. 2 Fa . 2 FS. 2y F&.Z9FS.2)

SCIBL-THE AVERAGE SURFACE CURVATURE INDEX (5CI) OF THE EXISTING
FAVEMENT .
COLUMNS 3-7

SIGMEL-THE STANDARD DEVIATION OF THE SCI1.
COLUMNGE 2-1 2

DIFP-THE COMFOSITE THICENESS OF THE EXISTING PAVEMENT (INCHES).
COLUMNE 132-17

COSTLI-THE IN-FLACE COST PER COMPACTED C.Y. OF THE PROPOSED ACF.
COLUMNS 12-22

FESVGEL-THE PROFPOSED ACF SAlLVAGE VALUE AS PERCENT OF THE ORIGINAL CO=ST
AT THE END OF THE ANALYSIS PERIOQD.
COLUMMS 23-24

COSTZ-THE IN-PLACE PRESEMT YALUE OF THE EXISTING STRUCTURE ($/0.Y.10.
COLUMNS 29-323

FEVGEZ-THE FROPOSED SALVAGE VALUE OF THE EXISTING STRUCTURE AT THE
END OF THE ANALYSIES PERIOD.
COLUMNS 24-739

FLU-LEVEL UFP REQUIRED FOR THE FIRST OVERLAY (INCHES).
COLUMNS 40-44 '

£

ANOTE - THISZ INFUT CARD MUST BE DELETED WHEM RUNMING & HNEW
COMSTRUCTION FRORBLEM.

#EEEREREeasdEs CARDOE)Y TYFE 10 - FAVING MATERIAL INMFORMATION #¥assssdidssds
FORMATOLIX» T1 23X+ Al v 23X &AEFA. 29 4F2. 2y 12X 11
THE COLUMNS DESCRIFTIONS ARE A% FOLLOWS--

FIRZST FIELD - 1 COLUMKN —)ILQYER - THE LAYER HKRUFMBER IN WHICH THE
MATERTIAL MaY BE USED.
COLUME 4

SECONTT FIELD - 1 COLUMM - CODE LETTER OF THE HATERIAL.
COLUMN 2
THIRD FIELD - 18 COLUMME - THE MAME OF THE TYFE OF HMATERIAL.

COLUMNE 12-29
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FAGE 13

INFUT DATA FOR FPS-11 (CONTINUEDD)

FOURTH FIELD - & COLUMNE - THE IN-PLACE COST FER COMPACTED CUBRIC
YARD.
COLUMNE 30-235

COLUMNES - THE STRENGTH COEFFICIENT OF THE MATERIAL.

e
-t

FIFTH FIELD -
COLUMNE 24~

B 0

SIXTH FIELD - & COLUMNE - THE MINIMUM LAYER THICKNESS ALLOWED.

COLUMNS 44-51

SEVENTH FIELD - & COLUMNE - THE MAXIMUM THICENESS ALLOWED.
COLUMNS S52-59

EIGTH FIELD - 2 COLUMNSE - THE SALVAGE VALUE (FPERCENT) OF THE

MATERIAL.
COLUMNS &0-47

NINTH FIELD - 1 COLUMN - CHECKE - A FLAG TO SIGNAL THE LAST MATERIAL
FOR A GIVEN FROELEMW,
COLUMN 20

HEFRERFA SRR AR AR AR R F AR SR A SRR I AR AR AR S SR B F A SRS LS I F IR LR LS PSR F RS E R E4H

#NOTE - A 1 (ONE) MUST BE CODED IN COLUMN 20 FOR ALL MATERIAL CARDS
EXCEFT THE LAST MATERIAL CARD WHICH MUST HAVE A O (ZERQ).
WHEN RUNNING AN ACF OVERLAY FROELEM THIS CARD(S) MUST BE
DELETED.

THE MATERIAL FROFERTY CARDS MUST EBE SORTED IN ASCENDINMG ORDER BY
THE FIRST FIELDy IWN OTHER WORDS, ALL LAYER 1 CARDS MUST BE FIREZT.
FOLLOWED BY ALL OF THE LAYER Z CARDZ

LAYER 1 IS THE EZURFACE LAYER: ASPHALTIC CONCRETE.

OVERLAYZ WILL EE ASSUMED TO BE CONSTRUCTED OF THE SAME MATERIAL
A% THE SURFATE LAYER.

SOME VARIABLES HAVE BEEN RENAMED FROM EARLIER VERSIONZ OF FRE S0
THAT THE VALUES WEED INTERMALLY TO THE PROGRAM WILL MOT BE COM-
FUSED WITH THE INPUT VALUES WHICH HMAY BE IN A FORM MORE CONVIMIEWNT
T THE USER.

2 X R R R R s L e I L e R e X R L
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FAGE 14
EXTERNAL CROSS-REFERENCE TAERELES

THE FOLLOWING TWO CROSS-REFERENCE TAELES ARE DESIGNED TO AID
THE PROGRAMMER OR ANALYST IN ALTERING ONE FORTION OF THE FROGRAM WITHOUT
CAUSING UNENOWN OR DISASTROUS EFFECTS ON OTHER PORTIONS OF THE
FROGRAM.

1. SUBFPROGRAM AND MAIN CROZS REFERENCE TABLE.

EACH SUEROUTINE AND FUNCTION CALL IS5 LISTED DOWN THE LEFT WITH AN
FX' UNDER THE COLUMN FOR WHICH THE MAIN OR SUBPROGRAM WHICH REFEREMNCES
THAT SUBROUTINE WHICH WAS CALLED.

THE FORTRAN LANGUAGE ALSO IMPLIES CERTAINM FUNCTION CALL=.
THEIR NAMES MAY DIFFER DEPENDING ON THE COMPUTER SYSTEM. THE NAMES
SHOWN ARE THOSE BY THE IBM 05/370 SYSTEM. IBCOM IS THE IBM FORTRAN
INFUT-OUTFUT SUBPROGRAM. FRXFI AND FRYXPR ARE IMPLICIT FUNCTIONS
CALLED FOR FLOATING POINT AND INTEGER EXPONENTIALS RESPECTIVELY.

2.  COMMOM VARIARLES CROSS REFEEENCE TAELE.

THIS TARLE LISTS EACH OF THE VARIABLES INM COMMON AND IDEMTI-
FIES THE PROGRAMOS) WHICH USE THOSE VYARIABLES AND WHETHER
THEY ARE JUST REFERENCED (FETCHEDRY AND/OR IF THE PROGRAM STORES A
NEW VALUE. SURBROUTINE CALLING ARGUMENTS WHICH ARE ALSO IN COMMON
ARE IDENTIFIED.
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FAGE 15

OF EACH OF THE
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FAGE

TABLE 2. REFERENCES TO COMMON

FETCH FOR COMPUTATION OR PRIMTING
STORE A NEW VALUE IN CORE
CALLING ARGUMENT USED IN A SUBROUTINE CALL
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TAEBLE

Z. REFERENCZEZ

TO COMMON (20

NTINUED)
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TABLE 2. REFERENCES TO COMMON (CONTINUED)
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FAGE
TABLE 2. REFERENCES TO COMMON (CONTINUED)
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TAEBLE 2. REFERENCEZ TO COMMON (CONTINUED)
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FAGE
NAME DICTIGONARY

THE NAME DICTIONARY DOCUMENTS EACH OF THE VARIARBLELS IN
COMMON AND THOSE PASSED A% SUBROUTINE ARGUMENTE.  VARIAELES LOCAL
ONLY TO A GIVEN SUBFROGRAM MAY BE MORE EASILY DOCUMENTED WITH COM-
MENT CARDES IN THE PROGRAM LISTING,

SIGMNIFICANT DIFFERENCES IN THE USE OF A VARIAELE IN THIS AND
FREVIOUS VERSTIONE OF FFE ARE NOTED.

THE UNITSy SUCH A5 FEETs INCHES. ETC.» WHICH EACH VARIABLE IS
CARRIED IN THE FROGRAM ARE GIVEN.

AAL THE AVERAGE AFFROACH SFEED TO THE OVERLAY AREA, ASSUMED TO BE
THE SAME FOR BOTH DIRECTIONS (MILES FPER HOUR).

ACCD ASFHALTIC CONCRETE COMPACTED DENSITY (TONS PER COMFACTED
CUBIC YARD) .

ACFH ASFHALTIC COMCRETE OVERLAY MATERIAL PRODUCTION RATEC(TONES
FER HOURS

ALT AVERAGE DAILY TRAFFIC AT A GIVEN POINT IN TIME. CALCULATED
IN TOVRLAY?®y FOR TUSER' SUBROGUTINE.

ALFHA  THE DISTRICT 0OR REGIONAL TEMFERATURE CONSTANT.

AMINCT THE FRESENT WORTH OF THE TOTAL COS5T FOR THE BEST OVERLAY
FOLICY FOR AN INITIAL DESIGN.

ATN THE AVERAGE SFEED THROUGH THE OVERLAY AREA IN THE NON-OVERLAY
BIRECTION.

Asd THE AVERAGE SPEED THROUGH THE OVERLAY AREA IW THE OVERLAY
DIRECTION.

E AN ARRAY OF TERMES FOR THE =SCT EQUATIONy SELECTED FROM ARRAY EE
IN "MATINY FOR USE BY *CALCT.

BE AM ARRAY s ONE TERM OF THE SCI EQUATION FOR EACH MATERIAL.

BCOST  THE CALCULATED CO2T PER SQUARE YARD OF THE BEST OVERLAY
FOLICY WITH EACH DESIGN.

EDEXT  aM ARRAY OF OVERLAY THICKNESSES FOR THE REEST OVERLAY POLICY.

BROCCT PRESENT WORTH OF OVERLAY CONSTRUCTION COST FOR THE BEST OVER-
LAY POLICY FOR A GIVEN INITIAL DESIGN.

EFRM THE FRESEMT WORTH VALUE OF THE ROUTINE MAINTENANCE FOR THE
BEST OVERLAY FOLICY (FRESENT VALUE DOLLARS FER ZOUARE YARD).

BRFTUC  THE FRESENT WORTH VALUE OF TOTAL USER-COSTE FOR THE BEST OVER-
Lay FOLICY. (FPRESENT WORTH DOLLARZ FER SOUARE YARDD).
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FAGE 22

NAME DICTIOMARY (CONTINUED)

THE FRESENT WORTH OF THE SALVAGE VALUE TO BE SUBTRACTED
FROM OTHER COSTES FOR THE EEST OVERLAY POLICY OF A DESIGN.

AN ARRAY 0OF FERFORMANCE TIME PERIODS (SET EQUAL CORRESFOND-
ING TT ITEM) FOR THE BEST OVERLAY FOLICY {(YEARS).

THE FIRST TERM IN THE 201 EQUATION, CALCULATED IN "HMAINT
AND USED BY TCALCT,

THE LENGTH OF THE ANALYSIS PERIOD IN YEARS.

THE "FERCENTILE VALUE OF THE NORMAL DISTRIBUTION? USED IN
SUBROUTINE TIME (SEE FLEVEL).

THE MAXIMUM COST FER SGQUARE YARD THAT IS TO BE ALLOWED FOR
INITIAL COMSTRUCTION (DOLLARE).

ANNUAL ROUTINE MAINTENANCE COST PER LANE MILE FOR THE FIRST
YEAR AFTER CONSTRUCTION 0OF AN OVERLAY (SEE C1).

ANNUAL THCREMENTAL INCREASE IN ROUTINE MAINTENANCE COST FER
LANE MILE (ZEE CZ).

THE HIGHWAY CONTROL NUMBER (FOR IDENTIFICATION FURFOSEZ) READ IN
SUBROUTINE INFUT AWD USED IN SUBROUTINE HEARDNG.

THE COUNTY NAME (FOR IDENTIFICATION FURFOSES) READ IN SUBROUTINE
INFUT AND USED IN SUBROUTINE HEADNG.

THE COST PER UMIT OF THICENESS OF THE JTH LAYER. COSTOL)
DETERMINED FROM DATAC »%) USIMG INDEXY AND ILAYER.

THE IN PLACE COST PER C.Y. OF THE PROPOSED ACP (ACF OVERLAY
DESITGN MODE)Y. |

THE IN FLACE FRESENT VALUE OF THE EXISTING STRUCTURE (ACFE OVERLAY
DESTGN MODE).

FIRST YEAR MAINTEMANCE COST FER SQUARE YARD FOR THE FIRST
YEAR AFTER CONSTRUCTION OF AM OVERLAY. CALCULATED FROM CMI.

ANNLUAL INCREMEMTAL IHNCREASE IN ROUTINME MAINTENAMOE COST FER
SQUARE YARD.

A ARRAY OF STRENGTH COEFFICIENTS FOR EACH MATERIAL IN A
DESIGN SELECTED FROM THE DATA ARRAY USING THE INMNDEX ARRAY IN
FHATNM® FOR USE BY fCALCE.

AN ARRAY WITH A ROWCLIST SURSCRIPT) FOR EACH MATERIAL . SEE

ALED TLAYER. .

SOME VERSIONS OF FPS DIFFER IN THE UWSE OF THE DATA ARRAY.

DaTAl 13 1% THE INCREMENT IN THICENESS OF THE MATERIAL.

DATAC 23 IS & OME CHARACTER ALPHAMNUMERIC PRINTED OUT FOR
REFERENCE IN *SUMARY'.
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FAGE 23

NAME DICTIONARY (CONTINUED)

DATAC » THRU  SDATAC +8) I3 18 ALPHANUMERIC CHARACTERS

P 3]
ASSOCIATED WITH EACH MATERIAL.
ODATAC %) THE IN-FPLACE COST PER COMPACTED CURIC YARD.
ODATAC s10) THE STRENGTH COEFFICIENT FHF THE THIZ MATERIAL.

DATAC »11) THE MIMIMUM LAYER THICKNESS.
DATAL +12) THE MAXIMUM LAYER THICKMESS.
DATAC +13) THE SALVAGE VALUE FERCENTAGE FOR THIS MATERIAL.

DATE  THE DATE THE PROELEM WAS CODED (FOR IDENTIFICATION PURFOSES) READ
IN SUBROUTINE INFUT AND USED IN SUBROUTINE HEADNG.

DELD THE OVERLAY THICKMESZ (YARDES, EARLIER VERSIONS INCHES).
LEXT AN ARRAY OF OVERLAY THICKENESSES WITHIN AM OVERLAY SCHEME.
nDIir THE COMFOSITE THICKNMESES OF THE EXISTING FAVEMENT (INCHEZ).

OI=T THE DISTRICT NUMBER (FOR IDENTIFICATION PURFOSES) READ IN
SUBROUTINE INPUT AND USED IN SUBROUTINE HEADNG.

OMAX AN ARKAY: ONE MAXIHUM LAYER THICKNESS
CURRENT DESIGM (YARDS, EARLIER VERSIH

FER LAYER, FOR THE
NS INCHES) .

OMIN AN ARRAY, ONE MINIMUM LAYER THICEWNESS FER LAYERs FOR THE
CURRENT DESIGN (YARDS, EARLIER VERSIONS INCHES).

ONZ AVERAGE TIHME STOFFED (IN HOURS) OF YEHICLES TRAVELING IM THE
MON-OVERLAY DIRECTION BY OVERLAY EQUIFMENT AND PERSONNEL.

ES FOR A DESIGN (YARDS

ill

DOVER AN ARRAY OF CALCULATED LAYER THICKHHNES:
EARLTER VEREIONS INCHEZ).

oo AVERAGE TIME STOPFED (IN HOURS) OF VEHICLES TRAVELING IN
THE OVERLAY DIRECTION BY OVERLAY EGUIPMENT AND PERSONMMEL
IN THE REZTRICTED ZONE.

FLU LEVEL UF REGUIRED FOR THE FIRST OVERLAY (INCHEZS)

FLUT SaME A% FLU IWM YARDS.

HFD THE NMUMEBER OF HOURS PER DAY THAT OVERLAY CONSTRUCTION TAKES
FLACE .

HWY THE HIGHWAY NUMEBER (FOR IDENTIFICATION PURFOSES) READ IN
SUHBROUTINE TNPUT AND USED IN SUBROUTINE HEADNG.

I THE MUMEER OF FPERFORMANCE PERIGDS A% USED IN FOVRLAY s
FTIME? : AND FORTIONS OF TOUTFUTT.

IET THE MUMBRBER 0OF PERFORMANCE FERICGDS OF THE BEST OVERLAY POLICY.

ICOST A FLAG WHICH IS CHARNGED FROM ZERO TO ONE IN *FSOLVEZT IF AN
TMITIAL DESIGN IS HMORE EXPENSIVE THAM CHMAX (MAXIMUM ALLOW-
ABLE COST FOR INITIAL DESIGHN).
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TOUMMY

TITH

ILAYER

INDEX

IPAGE

[¥x]
[Ax]

IFOS

IFTYFE

ISEIF

ITIME

ITYFE

Gdedd

ENTOL

FOGE &4

NAME DICTIONARY (CONTINUEDR)

A TEMFORARY ARRAY USED TO PRINT VALUES FROM THE POLICY
ARFAY TN INTEGER FORM.

A FLAG THAT I35 SET IF THE COST OF THE INITAL OVERLAY, IN AN ACF
OVERLAY JOB» I5 GREATER THAN THE FUNDS AVAILABLE FOR THE FIRST
OVERLAY (WHEN ENOTL=0)., USED IN SUBROUTINES OVLAYZ AND SUMMY.

AN ARRAYy ASSOCIATED WITH A MATERIAL FPROFPERTY INM THE DATA
ARRAY» WHICH I3 THE LAYER NUMBER IN WHICH THE MATERIAL MAY
EE USED.  (LAYER 1 I5 THE TOFP LAYER)

AN ARRAY USED FOR LAYER INDEXING AND FOINTS TO THE
MATERIAL IN THE DATA ARRAY FOR EACH LAYER UZED IN A DESIGH.

A PAGE COUNTER USED FOR HEADINGS.

AN ARRAY OF NMDGN(THE DESIGN NUMEER) OF DESIGHN TYFES WHICH
HAVE AN OFTIMUM DESIGN (ONE OR MORE FEASIEBELE COMPLETE DESIGNZ).

THE CORE NUMEER TO DETERMINE THE TYPE OF FPROEBELEM.
IFTYPE 1. FLEXIBLE FAVEWENT DESIGN MODE.
IFTYFE £ ACP OVERLAY DESIGN MODE.

i

A FLAG WHICH IS5 CHANMGED FROM ZERO TO ONE BY *S0OLVEZT IF
AN IWITIAL DESIGN IS5 THICKEER THAN TOEMAX (TOTAL THICENESS
ALLOWED ) .

A FLAG SET NONM-ZERO IN "TIME® TO INDICATE AM OQVERLAY
OR INITIAL DEZIGN LIFE LESS THAN THE MINIMUM TIME T THE
NEXT OVERLAY.

INTEGER OF TRRIM. ROUNDED TO THE NEAREST YEAR.

# CODE FOR THE TYRE OF ROAD (RURAL OR URBAN) FOR THIS
DESIGHN.

ITYFE=1 DESIGNATES A RURAL ROAD

ITYPE=Z DESIGNATES AN UREBEAN ROAD

a FLAG 3
SET TO 4
SURBRGUTY

ET 700 (ZERG)Y IF THE CURRENT DESIGHN IS HMOT AN ALTERMATES
COMEY IF THE CURRENT DESIGN T2 AN ALTERNATE. USED IW
MES CHECE AND CHECES.

A COUNTER THAT EEEPS TRACK OF THE MUMBER OF *NON-ALTERATE?
DESIGHNS., USED IN SUBROUTINES OUTFUT AMD SUMARY

12 THE DO LOOF YARTIABLE IN SUBROUTINE OUTPUT AND A SURSCRIFT IH
THE 7 ARRAY TN SURROUTIME CHECH CALLED FROM IMSIDE THE DO LOOF IN
SUBROUTINE OUTRUT. CAUTION SHOULD BE TAKEN BEFORE CHANGING THE
SUBSCRIPT TN SUBROUTINE CHECE.

THE TOTaAL WUMEER OF FEASIBLE DESIGNZ CONSIDERED (S0OME MAY
NOT BE POSSIELE), IMITIALIZED IN THAINT. COUMTED IN TOUTRUT?®,
!

AMD FRINTED IN FSUMARY
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EOUNT

LAST

&

LAYER

LLL

LF1

MATYFE

MODEL

NDF

NE

MLO

MLRN

MLRO

NH

MME

NMEBEST

NHET

WMOGH

NAME DICTIONARY (CONTIMUED)

A COUNTER WHICH KEEPS TRACE OF THE NUMBER OF FEASIELE INITIAL
DESIGNS FOR A GIVEN DESIGN TYFE.

A FLAG WHICH IS ZET  NON-ZERO EY SUBROUTINE 7INFUT? TO SIGNAL
THE END OF DATA.

A COUNTER USED FOR THE NUMBER OF LAYERS (EXCLUDING SUBGRADE)
FOR EACH DEZIGN. THE MAXIMUM VALUE OF LAYER EGUALSE MATYFPE.

= GREATER THAN THE MAXIMUM ALLOWED FOR THE CURRENT OVERLAY
SCHEME (WHEN KNTOL=0). USED IN SUBROQUTINES OVLAYZ AND SUMMY.

A FLAG THAT 15 SET IF THE ACCUMULATED THICKNESS OF ALL OVERLAYS
I=

THE NUMEER 0OF LAYERZ IN A DESIGN FLUS ONEs; THE SUEGRADE
SURSCRIFT VALUE.

A LIMIT, USED IN *MAIN?, ON THE NUMEER OF LAYERS IN A DESIGN,
THE YALUE OF THE LAST ILAYER UNDER CONSIDERATION AT THIS
STERP (EXCLUDING SUBGRADE).

THE MODEL NUMBER WHICH DESCRIEES THE TRAFFIC SITUATION.

THE NUMEER OF DESIGNS FER SUMMARY FPAGE.

THE NUMBER OF DESIGN TYFES WITH AN OFTIMUM DESIGH (OME OR
MORE FEASIELE COMPLETE DESIGHS).

MUMEER OF LANES IN ONE-DIRECTION (NORMAL OFERATION). USED
FOR TRAFFIC MODELE 2y 4 ANMD 5 IN *USER'. FOR THESE
MODELS NLO MUST RANGE BETWEEN Z AND & LANES (INOCLUSIVE).
EARLIER VERSIONS OF FPS ASSUMED NLO TO EBE NLRO+1.

THE NUMEER OF OFEN LANEZS IN THE MNON-OVERLAY DIRECTION IN
THE RESTRICTED ZONE. MUST NOT BE LESS THAN 1 HOR GREATER
THAN &.

THE NUMEER OF OFPEN LANES IN THE OVERLAY DIRECTION IN THE
RESTRICTED ZONE.

THE TOTAL MUMBER OF MATERIALT AVAILAEBLE, EXCLUDING ZUBGRADE.

THE NUMBER OF OUTPFUT PAGES FOR THE PROBLEM SUMMARY OF RBETTER
DESIGMS (MMD DESIGNS PER PAGE!).

THE NUMEBER OF BETTER DESIGNS TO BE FRINTED IN THE SUMMARY.

THE NUMEBER OF 4 CHARACTER WORDES OF LITERAL fe##s’ T0 EBE
DZED A% LINMES IN THE SUMMARY TABLES.

A COUNTER. LWESED TN THMAINT AMD POUTRUTY THAT KEERES COUNT OF THE
ODESIGHN MUMBER FOR THE MATERIALS UNDER CONSIDERATION.
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FaGE 26

NAME DICTIONARY (CONTINUED)

MHF THE NUMBER OF MATERIALS AVAILABLEy INCLUDING SUBGRADE.
RMMFE = NM+1

NN AN ARRAY: USED FOR LAYER INDEXING IN THAIN?®.

Nk A FLAG RETURNED FROM 'OVRLAY?.

NOk=0 A FEASIELE OVERLAY FPOLICY WAS NOT POSSIBLE WITHIM
THE COMSTRAINTES.

NOE=1 MINIMUM TIME TO FIRST OVERLAY CONSTRAINT COULD NOT
EE MET BY AN INITIAL DESIGN.

Hk=2 THE BEST QVERLAY FOLICY WAS DETERMINELD.

NFOS THE NUMBER OF DESIGN TYPES WITH NO FEASIELE COMPLETE DESIGNS.

MPOZE AN ARRAY OF NMDGN (THE DESIGN NUMBER)Y OF DESIGN TYPES WITH
N FEASIELE COMPLETE DESIGNS.

NUMBER A COUNTER OF THE NUMEBER OF FEASIELE INITIAL DESIGNS
AT DETERMIMED BY fSOLVEZ®.

OCOsT AN ARRAY OF COSTS PER S@UARE YARDCOONE FOR EACH TFROZS)
CALCULATED FOR EACH DESIGN WITH A POSSIBLE COMBINATION OF
MATERIALE.

OVEOST THE OVERLAY IN-FLACE COST (DOLLARS PER CURBIC YARD, EARLIER
VERZIONS OF FPS IN DOLLAREZ FPER SQUARE YARD ONE INCH THICK).

N
P

OVINCG  THE INCREMENT IN OVERLAY THICKNES
CONFIDENCE LEVEL.

{IM YARDZ) VARIES WITH

GVMAX  THE ACCUMULATED MAXIMUM THICENESZS OF ALkl OVERLAYS (YARDE,
EARLIER VERSIONS IN INCHES).

OVHMIN  THE MINMIMUM THICEHMESS OF AM INDIVIDUAL OVERLAY (YARDE. EARLIER
VERSIONS IN INCHES),

OVSALY THE FROPORTION OF THE OVERLAY COST WHICH HAS & SALVAGE
VALLIE (LESS THAN OR EQUAL ONED.

F INITIAL SERVICEARBILITY INDEX: AT A GIVEM TIME EITHER
FST OR FL.

FIE THE IFE MUMBER FOR THE PROJECT (FOR TDENTIFICATION PURPOSES) READ
IN SUBROUTINE INPUT AND USED IN SURBROUTIME HEADNG.

FLEVEL THE ALPHARETIC CHARACTER TO DETERMINE CLEVEL.

P THE PROFORTION OF VEHICLES THAT WILL EE STOPPED IN THE
NOM-OVERLAY DIRECTION BECAUSE OF PERSONNEL OR EQUIFMENT.

FOLICY AN ARRAY WITH A COLUMN (SECOND SUBSCRIFT)Y FOR EACH OF THE BEST
DESIGN STRATEGIES TO BE PRINTED IM THE SUMMARY TABLE. ROWE
(FIRST SUBSCRIPT)Y OF THE POLICY ARRAY ARE PRESENT WORTH VALUES

i3]
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FAGE 27

NAME DICTIONARY (CONTINUED)
FER SQUARE YARD AND DESIGN SUMMARIES OF THE BEST DESIGNZ.

IN THE FLEXIELE FAVEMENT DESIGN MODE THE ARRAY IS5 USED AS
FOLLOWS -~

FOLICY {1,
FOLICY(Z,
POLICY (3,
FOLICY (4,
FOLICY (S,
FOLICY( (A
FOLICY (7

DESIGN NUMBER (NMDGHN).

INITIAL CONSTRUCTION COZT.

OVERLAY CONSTRUCTION COZT.

UZER COET.

ELANK. (SEAL COAT COST IN EARLIER VERSIONES OF FRSH.

ROUTINE MAINTENANCE COST.

SALVAGE VALUE COST.

FOLICY (&, TOTAL COST.

FOLICY (% NUMBER 0OF LAYERE.

FOLICY(I+9s 3y I FROM 1 TO POLICY(Zy ) LAYER THICENESZES.

POLICY(Z0, ) NUMEER OF PERFORMANCE FERIODS.

FOLICY(I+20s )y I FROM 1 TO POLICY(Z0Oy ) TIME OF EACH FERIOD.

FOLICY(I+20y )y I FROM 1 TO NO. OF OVERLAY THICENESSES TO EBE
FRINTEDy THE OVERLAY THICENEZSS,

FOLICY(I+40, Yo I FROM 1 TO THE NO. OF SWELLING CLAY LOSSES TO
EE PRINTED, SERVICEABILITY LOSS DUE TO SWELLING CLAY,

IN THE ACP OVERLAY DESIGN MODE THE ARRAY IS USED A% FOLLOWS--

FOLICY (1. ) FUTURE LEVEL-UP (A CONSTANT EQUAL TO ONE INCHD.
FOLICY{Zy ) USER COST FOR INITIAL OVERLAY.
FOLICY (2 }OFUTURE OVERLAYS CONSTRUCTION COST.

)

)

£y

i

FOLICY (4, FUTURE OVERLAYE USER COZST.

FOLICY (S, BLANE. (ZEAL COAT COST IN EARLIER VERSIONZ 0OF THE
OVRLAY PROGRAMS, SEE REFERENCE 2.

FOLICY (& VORDUTINE MAINTEMAMCE COST.

FOLICY (7, yOSALVAGE VALUE COST.

FOLICY (S, Y TOTAL COST.

FOLICY( 9 }FIRST LEVEL-UF (IN YARDE).

POLICY (10, POINITIAL OVERLAY CONSTRUCTION COST,

FOLICY {20y bONUMEBER OF PERFORMANCE FERIODS.

FOLICY(I+Z20, Yo T FROM 1 TO POLICY(20: 3 TIME OF EACH FPERIOD.

FOLICY(I+30, Yo T OFROM 1 T THE MO, OF GVERLAY THICHMNESSES TO BE
FRIMTEDs THE OVERLAY FPOLICY INCLUDING LEVEL-UF.

FOLICY(I+40, b I OFROM 1 T THE NO. OF SWELLING CLAY LOSSES TO
BE PRINTED. SERVICEARILITY LOSIS DUE TO SUELLING CLAY.

FOZ THE PROPORTION OF VEHICLES THAT WILL BE STOFPED IN THE
OVERLAY DIRECTION BECAUSE OF MOVEMENT OF PERSONNEL OR
EGUIPMENT.

FOCCT  THE FPRESENT VALUE OF THE TOaTAL OVERLAY CONSTRUCTION COsT
FOR THE OVERLAY POLICY BEING EVALUATED.

FROBN  THE FROBLEM NUMBER (FOR IDENTIFICATION FPURFOSES) READ IN
SUBROUTIME INPUT AND USED IN SUBROUTINE HEADNG.

FRORBSW PROBARILITY OF SWELL, PRODUCT OF LOCATIONS VULNERARLE AND
SOTL SWELLING CLAY PROBABILITY (SWELLING CLAY CONSTANT)
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o0

FAGE

RNAME DICTIONARY (CONTINUED)

THE FROFORTION OF AVERAGE DAILY TRAFFIC WHICH WILL PASET
THROUGH THE OVERLAY ZONE DURING EACH HOUR WHILE OVERLAYING
TAKES PLACE (NORMALLY ABOUT 0.04 FOR RURAL AREAZ, 0,053
FOR UREAN AREAS, AND ABOUT 0,042 IF TRAFFIC IS EVENLY
DISTRIBUTED DURING THE 24 HOUR DAY).

THE ZERVICEARILITY INDEX OF THE INITIAL STRUCTURE.

THE FROFORTIONM OF THE ORIGINAL COST WHICH CAN EE DEDUCTED

FOR SALVAGE VALUE (MAGNITUDE LESS THAN ONE,» BUT MAY EBE

POSITIVE, NEGATIVE, 0OR ZEROy EARLIER VERSIONS OF FPS MAY BE

A FERCENTAGE).

THE PROPOSED ACF SALVAGE VALUE: AS FERCENT OF THE ORIGINAL COSTy
AT THE END 0OF THE ANALYSIS PERIOD (ACF OVERLAY DESIGN MODE).

THE FPROFOZED SALVAGE VALUE (FERCENT) GOF THE EXISTING STRUCTURE AT
THE END OF THE AMALYSZIS PERIOD (ACP OVERLAY DESIGN MODE).

FOTENTIAL VERTICAL RISE DUE Ta SWELLING CLAY C(INFUT IN
INCHES )y (SWELLING CLAY CONSTANT)

FREZENT WORTH OF USER COSTE PER SOQUARE YARD, CALCULATED
BEY TUSER's, AT TIME ITIME.

THE BEGINNING SERVICEABRILITY OF THE FAVEMENT AFTER AN
OVERLAY.

THE WMINIMUM ALLOWED VALUE OF THE SERVICEABILITY INDEX (POINT
AT WHICH AN OVERLAY MUST EE AFPPLIEDD.

THE INTEREST RATE OR TIME VALUE 0OF MONEY. INTERNALLYs 5.0
FERCENT IS 0.05 FOR INTEREST CALCULATIONS.

THE FRESEMT WORTH(PER SQUARE YARD) OF ROUTINE MAINTEMANCE:
CALCULATED BY "FWRAM?.

THE ONE-DIRECTION AVERAGE DAILY TRAFFIC AT THE END OF THE
AMALYSIZ FPERIOD.

THE OME-DIRECTION AVERAGE DAILY TRAFFIC AT THE BEGINNING
OF THE ANALYSIS PERIGH.

THE SURFACE CURVATURE INDEX, A CALCULATEDR VALUE (VARIAEBLE
S5O IM PORTIONEZ OF THE FPS PROGRAM) .

THE AVERAGE SURFACE CURVATURE INDEX OF THE EXISTING FAVEMENT
{ACF OVERLAY DESIGN MODE)

COZT PER SOUARE YARD, COALCULATED IN *SOLVEE®. OF AN
IMITIAL DESIGN.
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FAGE 2%

NAME DICTIONARY (CONTINUED)

SECT THE HIGHWAY SECTION NUMBER (FOR IDENTIFICATION FURFOSES) READ IN
SUBROUTINE INFUT AND USED IN SUBROUTINE HEADNG.

SIGMEL THE STANDARD DEVIATION OF SCIEL.

o
bEx}

THE SURFACE CURVATURE INDEX: SCIs CALCULATED BY fCALCY.
SWRATE SWELLING CLAY CONSTANT FOR THE SWELLING RATE.

T TIME ToO LOZZ OF SERVICEABILITY OF A DESIGNs CALCULATED BY
TTIME?® .,

TCEMAX THE MAXIMUM ALLOWABLE TOTAL THICKNESZS OF INITIAL CONSTRUCTION

TPRIM TIME FROM INITIAL CONSTRUCTION T3 THE FRESENT PERFORMANCE
FERIOD OF OVERLAY (YEARS).

TT AN ARRAY OF T'Sy FOR EACH FERFORMANCE FERIGDy THE TIME TO
THE NEXT OVERLAY (YEARE).

UFLEVL IT IS ASSUMED THAT EACH TIME THAT AN OVERLAY IS CONSTRUCTED
THERE I% AN ADDITIONAL CHARGEy THE ’LEVEL-UFR? COST EQUAL
TOOURLEVL THICKENESS 0OF OVERLAY . NOMINALLY ONE-HALF INCH.
BFLEVL IS NOT INCLUDED IM OVERLAY THICHENESS FOR MATERIAL
STRENGTH CALCULATIONS. BUT IS INCLUDED IN PRODUCTION RATE
AND COST CALCULATIONS.

UWEERCT AN ARRAY OF FWTSY (USER COSTS) FOR EACH QVERLAYS
OBTAINED IWM POVRLAY?.

XIic COZT OF AN INITIAL DESIGN.: SUBROUTINE OUTPUT (DOLLARS).

XINC AN ARRAY WITH THE INCREMENT IN LAYER THICHNESES FOR EACH
LAYER OF AN IMITIAL DESIGN, CALCULATED IN "HMAINT AND /OR
FROM THE DATA ARRAY.

XLED THE DISTANCE, MEASURED ALONG THE DETOUR: AROUMD THE OVERLAY
ZONE IN MILES.

THE DISTANCE. MEASURED ALONG THE C.L.»0OVER WHICH TRAFFIC
I5 SLOWED IN THE NOM-OQVERLAY DIRECTION IN MILEZ.

XLs

i
=

Azl THE DISTAMCE, MEASURED ALONG THE C.L.sOVER WHICH TRAFFIC
IS SLOWED IN THE OVERLAY DIRECTION IN MILES.

rLW THE WIDTH OF EACH LQNE(FEET).

A THE NUMEBER (INM MILLIONS) OF EQUIVALENT 18-RIF AXLE
EQUIVALENTS DURING TIME T, CALCULATED RBY fFTIME?.

KNG THE ONE-DIRECTION ACCUMULATED MUMBER OF EQUIVALENMT 12-KIF
AXLES DURING THE ANALYSIS PERICD IN MILLIONS (EARLIER

VERSIONS OF FPS HAD XNC O IN ONITS WITH CORNVERSION TO MILLIONZ
A% FART OF THE TRAFFIC EQUATION IM TTIMET .
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XNOE R

ANFRIM

XTEQ

XTTO

FAGE 20

NAME DICTIOMARY (CONTINUED)

ALPHANUMERIC CHARACTERS ASSOCIATED WITH MATERIALLS OF A
DESIGN (FROM DATAC »2)) PRINTED FOR IDENTIFICATION IN THE
SUMMARY TABLES.

THE MUMBER OF 18-KIP EQUIVALENT AXLES DURING TFRIM»
CALCULATED IN TOVRLAY® AND YOUTPUT?. USED IN *TIME?
(MILLIONSy EARLIER VERZIONS UNITES).

THE MINIMUM ALLOWED TIME BETWEEN OVERLAYS PERMITTED (YEARE).
THE MINIMUM ALLOWED TIME TO THE FIRST OVERLAY (YEARS).

AN ARRAY OF INITIAL DESIGN INFORMATION EBEFORE QVERLAY» ONE
ROW (FIRST SUBSCRIFT) FOR EACH FEASIGBLE INITIAL DESIGN
(VALIDITY OF ROW SUBSCRIFT VALUES CHECKED IN SOLVEZ).

L6 1) SCTy SURFACE CURVATURE INDEX.

Z¢ »Z) COST OF INITIAL DESIGN (DOLLARS PER SOQUARE YARIND.
70 »I+2) THE THICKNESS OF THE ITTH LAYER (YARDEZ).
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FAGE 31

CRITICAL DIMENSION STATEMENTES

THE FOLLOWING VARIABLES WITH FORTRAN DIMENSION AND COMMON
STATEMENTS SHOULD BE CHECKED WHEN PLANNING CHANGES TO THE FPS FROGRAM
TO PREVENT POTENTIAL ITLLEGAL SUBSCRIPT VALUES AND STORING NUMBERS
OUTSIDE THEIR ASSIGNED ARRAYS.

DATA STATEMENTS AND DIMENSIONS ALLOW A 4 LAYER DESIGN, AND 10 MATERIALS
EXCLUDING SURGRADE. '

IF DIMENSIONS OF THE ARRAYEZ ARE DEFINED AS--

LAYER = MAXIMUM NUMEER OF LAYERS IN A DESIGHN, EXCLUDING SUBGRADE.

LF1 = ONE FLUZ LAYER (INCLUDEZ ZUBGRADE).

NE MAXIMUM COUNT OF DESIGN TYPES WITH AN OFTIMAL DESIGN.

NM NUMBER OF MATERIALS EXCLUDING SUBGRADE.

MPOS = MAXIMUM NUMEER OF DESIGN TYPES WITH NO FEASIEBLE COMPLETE DESIGHNS.
NUMEBER = MAXIMUM NUMBER OF FEASIBLE IMITIAL DESIGNZ.

[ER ]

THE FOLLOWING ARRAYS SHOULD BE DIMENSIONMED AZ--

E(LAYER+1:
BEONM+1]
COSTILAYER)
OD{LAYER+1)
ODMAX{LAYER)
DMIN(LAYER)
INTIEXCLAYER+1)
TROSEONED
NMEMATILAYER)
NMILAYER)
MROSZONPOD)
CUOSTONRD
FEVOECLAYER)
KIMDULAYERD
Z{NUMBER  LAYER+Z)

IN FPZ-11y LAYER=4» NMM=10, HNE=100, MPOSS=100y NUMBER=1000.
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DOCUMENTATION OF MATHEMATICAL FORMULAS



APPENDIX I.

Documentation of Mathematical Formulas

The basic equations used in FPS-11 are given in this appendix with their
location (MAIN or SUBROUTINE) given in the computer program. When applicable,
both the FORTRAN variable name and the mathematical equation variable are given.
FORTRAN variable names are given in capital letters to distinguish them from

the mathematical variables.

This appendix is divided into the following sections:
Section 1 - Variables for Basic Equations
A, Design Variables
B. Deflection Variables
C. Traffic Variables
D. Performance Variables
E. Stochastic Variables
Section 2 - Basic Equations
A. Deflection Equations

1. For Initial Construction
2. TFor ACP Overlays

B. Traffic Equation
C. Performance Equation
D. Stochastic Equations

Section 3 - Evaluation of Swelling Clay Constants.



A.

Appendix I - Section 1

Variables for Basic Ejuztioms

Design Variables

D(J) a; =
DOVER(J) D; =
(in yards)

Deflection Variables

Wj =

rj =

1.‘12

SCIB1 S =

Traffic Variables

T or TPRIM t =

XN or XNPRIM N =

CL C =
NG N, =
XN Ny =
RO Yo =
RC r., =

Performance Variables

P P =

PSI (initial) Py =
or P1 (if
overlay)

the strength coeffici<ct of the ith layer of a
pavement, '

i=1,2, .. ., n+1.
the thickness of the ith layer in inches.

Dp1 = .

the deflection sensed by the jth sensor of the Dynaflect,

distance, in inches, from the point of applicaton of
either Dynaflect load, to the jth sensor.

100. r,? = 24,

rhe average Surface Curvature Index of the existing
pavement. (Input for ACP Overlay Mode).

time (years) since initial construction.

total number of equivalent applications of an 18-kip
axle that will have been applied in one directiocn
during the time, t. N is expressed in millionms.

length in years of the analysis period.

C.

N when t

N when t ty (defined inder Performance Variables).

ADT (one directior® when t = 0.

ADT (one directior} when t C.
the serviceability index at time, t.

the expected value of P occurring immediately after
initial or overlay construction



P2 Py = the specified minimum value of P (at which an overlay
will be applied).

PROBSW Ciy = the fraction of a roadway length that has expansive
clay in locations that are likely to promote volume
change.

PVR Cy, = the maximum amount of differential heave in inches

that is likely to be noted along a roadway.

SWRATE € = a constant which determines the rate of heaving of

the expansive clay.
T or TPRIM g = the value of t at the end of the kbbB performance
period, or the beginning of the next period.
tg =0
ALPHA d = a temperature constant for a given locality.

Stochastic Variables

XN1 Ny = Number of equivaleﬁt 18-kip axles in one direction
used for thickness design.

SDLOGN SLog>Nk = Standard Deviation of *Log (XN).

CLEVEL K = A standard normal variate which varies with
confidence level used as follows:

Confidence

Level K
A 0.0
B 0.8415
C 1.6450
D 2.3267
E 3.0900
F 3.7500.

*All logarithms are to the base 10 unless otherwise specified,




Appendix I - Section 2

Basic Equations

Initial Construction Deflection Equation (MAIN and Subroutine CALC).

The empirical equation used in this method for estimating the surface
curvature index S from the design variables a; and D; was developed
from deflection data gathered on the A&M Pavment Test Facility located
at Texas A&M University's Research Annex near Bryan. A description of
the facility is contained in Research Report 32-9, "Some Recent Findings

in Flexible Pavement Research." The equation is given below:

S=W -Ww

1 2
n+1
where Wj = % Ajk
k=i
. i _]
A]k = Co i 1
Cl > k-1 2 k
9k re + Co(} a;D;) f12+C2 (¥ °iDi)2
i=0 i=0 |
C, = 0.89],
C;, = 4503,
C, =6.25,
Oo = Do =O,

and the other variables are previously defined,
The ACP Overlay Deflection Equation (Subroutines OVRLAY and OVLAY2),
This is a special case of the above equation. In Research Project 101,
"An Asphaltic Concrete Overlay Design Subsystem,' this equation was
confirmed by field tests (Ref. 2). The equation is given below:

/

C% L 1 + SCIB! 1
0,1\ 1 1€ +C, (a3 0y)2 -}12—%22 2 + Caley D, ) 2
Co (1 1 SCIB1 1
Cr\rp? 1% topld J Lol 2 \r 2+ Gy 0p)?




Which is of the form: S = a 4+ b (SCIBL)

where a and b are functions of the thickness D1 and stiffness aj of the
overlay only, and SCIB1 is the Average Surface Curvature Index of the
existing pavement,

The Traffic Equation (Subrountine TIME).

The Traffic Equation development is reported in Research 32-11, ™A Systems
Approach to the Flexible Pavement Design Problem,” (Ref. 3). The

equation is given below:
N¢ [ 't~ 2]
Ny, = 2r.h, + §
K C(fo+fc) 0 'k ( ¢ k

where the symbols are previously defined.

The Performance Equation {(Subroutine TIME)
The empirical relationship between the performance variables used in
this method was developed from AASHO Road Test data and then modified

to include the swelling clay variables Cys C and @ listed under per-

2

formance variables and discussed more in Section 3.

2 2
P=5 - E/Sm e+ _E%SK (N Nk“ﬂ)} — .335C,C, (€ %1 — ¢78)

Subroutine TIME solves for t by iteration until|P - Pzifferror, where
error is an arbitrary, small number.
Stochastic Equations (Subroutine TIME)

The equations quantifying uncertainties considered in FPS5-11, are covered

in this section. The equation development is described in a paper

presented at the 51lst Annual Meeting of the Highway Research Board. (Ref. 4).

The equations used follows:
Flog Np = Log Ny + Ksiog
Where .

2 _ 2 2 2 2
SLog Ny T Steg Q + siogal T S2L0gSs T Slef

and



[ 0.047! ][o.m P2 00IP® ]

¢ =

Log Q = | /5-p, —/5-P)il5-P2 = 5-P
> 33894

Slog ¢ = o2

2 _ 0.755 2 2
$2 Log S~ < o2 sgp + S

*Log to the base 10 unless otherwise specified.

s = standard deviation.

s% 0. f. = 0.0631, variance component due to lack of fit of the performance

equation.
si = variance component in S along the roadway.
s§ = (0.348)2, for Initial Construction Mode.
sé = An input for ACP Overlay Mode.
s% = variance component due to lack of fit error of the deflection equation

in predicting S.
2
SE
2
°E

(0.305)2, for initial construction.

(0.388)2, for ACP overlays.

i



Appendix I - Section 3

Evaluation of Swelling Clay Constants

FPS-11 uses three constants to calculate the reduction in serviceability loss
due to swelling clay and other non-traffic causes of serviceability loss.

Swelling Probability (PROBSW)

Swelling probability is a fraction between 0 and 1 which represents the pro-
portion 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.

Potential Vertical Rise (PVR)

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,
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 (Ref. 5). Extremely bad clay may have a PVR in the order of ten to
twenty inches.

For highways that have been in existence for some time, the remaining poten-
tial 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 1
provides a multiplier (ratio) to apply to the original PVR if the swell rate

constant and age of an existing road are known.



Ratio of Present PVR / Original PVR
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0.6
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Swell Rate
/ Constant

i0 20 30 40

Age. of Existing Roadbed

Figure [. CHART FOR ESTIMATING PVR
FOR AN EXISTING ROAD



Swelling Rate (SWRATE)

The swelling rate constant is used to calculate how fast swelling takes place.
This constant lies between .04 and 0.20. 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 Figure 2 gives a method of selecting this constants based upon
the judgement of the designer of local soil and moisture conditions., Figure 3
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 comsidering that this constant 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 one inch.



HIGH

MOISTURE
SUPPLY

A

LOW

Figure 2.

NOTES :

a)

b)

c)

d)

FRACTURED
SUBGRADE
B SOIL
—1 FABRIC
.O&
\<;\¥'HGHT
.09

NOMOGRAPH FOR SELECTING SWELLING
RATE CONSTANT

LOW MOISTURE SUPPLY:

Low Rainfall
Good drainage

HIGH MOISTURE SUPPLY

High Rainfall
Poor drainage
Vicinity of culverts, bridge abutments, inlet leads

SOIL FABRIC CONDITIONS

Self explanatory

USE OF THE NOMOGRAPH

1

2)
3)
4)

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

Select the appropriate soil fabric (such as B).
Draw a straight line between the selected points (A to B).
Read SWRATE from the diagonal axis (read 0.10).
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3.0
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0.0

Swelling Probability = 1.0

Swell Rate Constant = 0.04\

PVR = ;"\\

Swell Rate Constant = o.2oj
Swell Rate Constant = 0.04
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APPENDIX II.

EXAMPLE CODE SHEETS AND OUTPUT



1.0

1.1

1.2

1.3

1.4

1.6

1.7

1.8

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FpPs - 11

PROJECT IDENTIFICATION

Card type O}l
{2
Problem number 1 5
31415
District / 4
6,7
- e

County J\RA VTS | ]
1ol11 [12]i3[1a]i5]18[17]18]19]20121
Control 3 /3 4
22{23|24{25
Section 10 /
2627
Highway L L V7 %PA‘C
28{29|30[3132[23]34)35/36{37

7
Date 05/ 2 ) LZ
38|39140{41 |42]43,44/45
IPE & 35?
46(47145149)




TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FpPS - 11

PROJECT COMMENTS

Card Type
R e et g ey g 4 g e e e B i _,.'..... e . .. g [T —
ol2| |ExmelLld (PedBLE | ;,C¢2 FPsEL T DiBlcviHEnT 7T O
2] [3lalslel7 slolioftiliz)izlialisliejiv]isltofol21]22]es 2425 2627 |2520]z0/31 [32]3 33 4]35]3637 4l
02
iz
42]a3]a4las a6 1a7]as
ole| \TIME T
2] [3]a]sle 789
-
G& AL
42l43]adjas]46/47i43
02| [/
2] |3
f
0|2
BE
02
3E
02
2] {3456
]
-
42(43144/45 ¢




3.0

(R

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

BASIC DESIGN CRITERIA

Card type

013
112
Length of analysis period (years) 2 ‘ﬂ
415
Minimum time to first overlay (years)
9110
Minimum time between overlay (years)
14115
s . o . Cikd
Minimum serviceability index
19120

Design confidence level

Interest rate (%)

PROGRAM CONTROLS AND CONSTRAINTS

Card type

26127

Problem type: 1 = new pavt. const., 2 = ACP overlay

Number of summary output pages (8 designs/page)

O

Max. funds available per S.Y. for initial const. ($)

Maximum total thickness of initial construction (inches).

Maximum total thickness of all overlays (inches)




TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FpPs - 11

TRAFFIC DATA

5.0 Card type o

5.1 ADT at beginning of analysis period (veh./day)

5.2 ADT at end of analysis period (veh./day)

5.3 One-drctn., cumulative 18 KSA during analysis period

5.4 Avg. approach speed to the overlay zone (mph)

5.5 Avg. speecd through overlay zone (overlay direction) (mwph) .

5.6 Avg., speed through overlay zone (non-overlay direction) {(mph) . ,‘é3<?:

3.7 Percent of ADT arriving ea. hr. of construction

5.8 Percent trucks in ADT e .

ENVIRONMENT AN SUBGRADE

- 6,0 Card type . e I DR

6.1 District temperature constant —

6.2 Swelling probability

6.3 Potential vertical vise (nches o o

6.4 Swelling rate comstant . .

Subgrade stiffness coefficient -

foxy
o
(Wl




~d

)

~d

[

.
(93]

TEXAS HICHWAY DEPARTMENT
FLUXIBLE PAVEMENT DESIGN SYSTEM
FpPS - 11

CONSTRUCTION AND MAINTENANCE DATA

Card type e i N

fnitial serviceability index S —

Serviceability index after overlaying R

10

Minimum overlay thickness {(inches)

15

Overlay construction time (hrs/day) —.

Asph. conc. compacted density (tons/C.N.) o

3

Asph. conc. production rate (tons/hr}

/o~

Width of each lane (feet) __

First year cost of routine maintenance oo

(dollars/lane - mile)

Arnnual incroemental increase in maintenance cost

(dollars/lanc - mile)




TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

DETOUR DESIGN FOR OVERLAYS

Card type _ R —

Detour model used during overlaying

Total number of lanes of the facility - -

&
Number of lanes open in the overlay directios ... S I

Number of lanes open in the non-overlay direction 13

Distance traffic is siowed (overlay directicin) {(miles) _ |
i
3
-
|
Distance traffic is slowed (non-overlay direccion) (miles) e

e

etour distance around the overlay zone (miles)




10.0

10.1

10.2

10.3

10.4

10.5

10.6

10.7

10.8

10.9

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

PAVING MATERIAL INFORMATION

Card type .

Layer designation number

Letter code of material

b 1
Name of material é T . W r, A'C
12113[14[15116]17]18{19{20] 21|22 23|24125|26127]28]29
In-place cost/comp. - C.Y. (%) Z / ® 42
31132{33{34 35J
pe
Stiffness coefficient ﬂ ? é
40j41 |a2(a3
. . e . @
Min. allowable thickness of initial const. (inches) l 4 0
4714814315015
@
Max, allowable thickness of initial const. (inches) / 00
55|56{57{58 SSJ
50
Material's salvage value as % of original cost Z)
) 62{63164165

Check*




TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

PAVING MATERIAL INFORMATION

10.0 Card type 110
{2
10.1 Layer designation number Z
4
10.2 Letter code of material B
8
10.3 Name of material ACP ;

12{13{14115116|17]18]19}20] 21|22} 23{24]|25|26}2728129

10.4 In-place cost/comp. - C.Y. ($) /\5]® 4
: 31132133134!35
10.5 Stiffness coefficient o|® ? é
40{41 42143
’ Y
10.6 Min. allowable thickness of initial const. (inches) / 05!0
47148{49|501%

I

10.7 Max. allowable thickness of initial const. (inches) / QSO
55{56|57i58159
1)

10.8 Material's salvage value as 7 of original cost 3!
62/63| 6465
—
10.9 Check* g/q




10.0

10.1

10.2

10.3

10.4

10.5

10.6

10.7

10.8

10.9

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

PAVING MATERIAL INFORMATION

Card type 110
1|2
Layer designation number ‘-?-.
4
L
Letter code of material C
8
Name of material 8 L'GCKP 3 A ‘SE
12(13114(15116]17{18[19]{20|21|22(23[24|25|26127{282%
In-place cost/comp. - C.Y. ($) /3 hd ?3
: 3113213334135
[ ]
Stiffness coefficient 0 q
4O4iJ 4z143;
SUSPRRN VNP ERNIOT S
Min. allowable thickness of initial const. (inches) 2 °
47148149 SOiS!
. ®
Max. allowable thickness of initial const. (inches) 0 20
5515615715859
Material's salvage value as % of original cost 4 &)
62{63| 64165
Check* /




10.0

10.1

10.2

10.3

10.4

10.5

10.6

10,7

10.8

10.9

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

PAVING MATERIAL INFORMATION

Card type

Layer designation number

Letter code of material

BEINEE

Name of material

12113[14115{16[17[18119120[21122/23{24{25{26[27

28

29

In-place cost/comp. - C.Y. ($)

Stiffness coefficient

Min. allowable thickness of initial const. (inches) /

Max., allowable thickness of initial const. (inches) _

w
(&}

Material's salvage value as 7 of original cost

Check*




TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

PAVING MATERIAL INFORMATION

10.0 Card type

10.1 Layer designation number

10.2 Letter code of material

10.3 Name of material LiZM JRERITIE

1211314115116 ]17118{19}20] 21|22 23!

10.4 1In-place cost/comp. - C.Y. ($)

10.5 Stiffness coefficient

S 1S 310 [21m) FS) R[5

10.6 Min. allowable thickness of initial const. (inches)

Y

IS

&)

10.7 Max. allowable thickness of initial const. (inches)

10.8 Material's salvage value as 7 of original cost

N\

10.9 Check*

B



TEXAS HIGHWAY DEPARTMENT
FPS - 11
FLEXIBLE PAVEMENT DESIGN

PROB DIST. COUNTY CONT. SECT. HIGHWAY DATE IPE PAGE
18 14 TRAVIS 3136 0l LP 1 MCPAC 05/724/72 238 1
3 o ek ok 3K A ook o o ok ook s ok ok e o ok ok kol ok ok ok e e s 3k sk s ik ok % o K K R %6 3 ok o i ok e e ol ool o e b ok o R ek e kR oK

COMMENTS ABOUT THIS PROBLEM

EXAMPLE PROBLEM FOR FPS~11 DOCUMENTATION REPORT USING THE NEW CONSTRUCTI1ON

MODE. THIS RUN IS THE SAME AS IN THE FP DESIGN MANUAL EXCEPT FOR THE MINIMUM
TIME TO THE FIRST OVERLAY AND THE SALVAGE VALUES. THESE CHANGES REFLECY THE
RECOMMENDATIONS CONTAINED IN THE TEXT OF THE DESIGNER®S MANUAL.

ok %k e e g o e e o o o skl e g bk %ok e e gl kAR o 3k s e o e e ook e e ok sk stk g sk e ke 3 ook ofe ol ool el R ok K R R ROk ROR 30K

BASIC DESIGN CRITERIA
ook ek ok R ok ook ok Xk ok Rk

LENGTH OF THE ANALYS1S PERIOD (YEARS) 20.0
MINIMUM TIME TO FIRST OVERLAY {YEARS) 6.0
MINIMUM TIME BETWEEN OVERLAYS {YEARS) 6.0
MINIMUM SERVICEABILITY INDEX P2 3,0
DESIGN CONFIDENCE LEVEL E
INTEREST RATE OR TIME VALUE OF MONEY (PERCENT) 7.0

PROGRAM CONTROLS AND CONSTRAINTS

3 ok e o 3 ok v ok e e e o ik ik R kol o o o ol e ek ook
NUMBER OF SUMMARY OUTPUT PAGES DESIRED ( 8 DESIGNS/PAGE) 3
MAX FUNDS AVAILABLE PER $Q.YDe FOR INITIAL DESIGN (DOLLARS) 8,00
MAXIMUM ALLOWED THICKNESS OF INITIAL CCNSTRUCTLION (1NCHES) 3640
ACCUMULATED MAX DEPTH OF ALL OVERLAYS (INCHES) (EXCLUCING LEVEL-UP) 6.0

TRAFFIC DATA

e ok ek kol o Aok ok
ADT AT BEGINNING OF ANALYSIS PERICD (VEHICLES/CAY) 39330.
ADT AT END OF TWENTY YEARS (VEHICLES/DAY) 64752
ONE-DIRECTICON 20.-YEAR ACCUMULATED NO. UF EQUIVALENT 18-KSA 6894000
AVERAGE APPROACH SPEED TO THE UVERLAY ZONE(MPH) 50.0
AVERAGE SPEED THROUGH OVERLAY ZONE (OVERLAY DIRECTION) (MPH) 20.0
AVERAGE SPEED THROUGH OVERLAY ZONE (NON-OVERLAY DIRECTION) (MPH) 50,0
PROPORTICN OF ADT ARRIVING EACH HOUR OF CONSTRUCTICN (PERCENT) 5.5
PERCENT TRUCKS IN ADT 8.0

ENVIRCNMENT AND SUBGRADE

sk e o o e e ek ok oK N0k kol koK
DISTRICT TEMPERATURE CONSTANT 31.0
SWELLING PROBABILITY 0.85
POTENTIAL VERTICAL RISE (INCHES) 5,00
SWELLING RATE CONSTANT 0.08

SUBGRADE STIFFNESS COEFFICIENTY 0.26



TEXAS HIGHWAY DEPARTMENT
FPS - 11
FLEXIBLE PAVEMENT DESIGN

PROB DIST. COUNTY CONT. SECT. HIGHWAY DATE

1PE

18 14 TRAVIS 3136 Ol LP 1 MOPAC 05/24/72 238

INPUT DATA CONTINUED

CCNSTRUCTION AND MAINTENANCE DATA
¥ Ak kg ok ok ook ook SOk ook Rk ok kR Rk ook

SERVICEABILITY INDEX OF THE INITIAL STRUCTURE
SERVICEABILITY INDEX Pl AFTER AN OVERLAY

MINIMUM OVERLAY THICKNESS (INCHES)

OVERLAY CONSTRUCTION TIME (HOURS/DAY)

ASPHALTIC CONCRETE COMPACTED DENSITY (TONS/C.Y.)

ASPHALTIC CONCRETE PRODUCTION RATE ( TONS/HOUR)

WIDTH OF EACH LANE (FEET)

FIRST YEAR COST OF ROUTINE MAINTENANCE (DOLLARS/LANE-MILE)

ANNUAL INCREMENTAL INCREASE IN MAINTENANCE COST (DOLLARS/LANE-MILE)

DETOUR DES1IGN FOR OVERLAYS
gk g ook ek A ok %R R R ok XOkOk % K

TRAFFIC MODEL USED DURING OVERLAYING
TCTAL NUMBER OF LANES OF THE FACILITY
NUMBER OF OPEN LANES IN RESTRICTED ZONE {(OVERLAY DIRECTION)

NUMBER OF OPEN LANES 1IN RESTRICTED ZONE (NON-OVERLAY DIRECTI10N)

DISTANCE TRAFFIC IS SLOWED (OVERLAY DIRECTICN) (MILES)
DISTANCE TRAFFIC IS SLOWED (NON-OVERLAY DIRECTICN) (MILES)
DETOUR DI1STANCE AROUND THE OVERLAY ZONE {(MILES)

PAVING MATERIALS INFGRMATICN
kg e ko ok ook oK oK o d o g ook 3Ok R R o

MATERIALS COST STKe MINa MAX.

LAYER CODE NAME PER CY COEFFe. DEPTH DEPTH
1 A LY. WT. ACP 2l.42 0.96 1.00 1.00

2 B ACP 15.48 0.96 1.50 1.50

3 C 8L ACK BASE 13.93 0.9%6 2.50 10.00

4 D CRUSFED STONE 4.40 0.60 10.00 18.00

5 £ LIME TREATED SuUBG 2.40 0.40 6.00 6.00

SALVAGE,
PCT.
30.00
30.00
40.00
75.00
90.00

PAGE

~ -~ w
® o & o o

ONO®OVWO

12.0
100.00

10

QO rm W= 0w

o & ¢

.00

[oNeNe)



PROB DIST. COUNTY
18 14 TRAVIS
FOR THE 1 LAYER DESIGN WITH
MATERIALS
LAYER CODE NAME
1 A LT. WT. ACP
SUBGRADE

TEXAS HIGHWAY DEPARTMENT
FPS — 11
FLEXIBLE PAVEMENT DESIGN

CONT. SECT. HIGHWAY DATE 1PE
3136 01 LP L MOPAC 05/24/72 238
THE FOLLOWING MATERIALS--
COSsT STR. MIN. MAX. SALVAGE
PER CY COEFF. DEPTH DEPTH PCT.
21.42 0.96 1.00 1.00 30.00
0.26

ThE CONSTRUCTION RESTRICTIONS ARE TOO BINDING TO OBTAIN A STRUCTURE
THAT W1LL MEET THE MINIMUM TIME TO THE FIRST CVERLAY RESTRICTION.

PAGE



PROB DIST. COUNTY
18 14 TRAVIS
FOR THE 2 LAYER DESIGN WITH
MATERIALS
LAYER CODE NAME
1 A LT. WT. ACP
2 B ACP
SUBGRADE

TEXAS HIGHWAY DEPARTMENT
FPS - 11
FLEXIBLE PAVEMENT DESIGN

CONT. SECT. HIGHWAY DATE IPE

3136 o1 LP 1 MOPAC 05724/72 238
THE FOLLOWING MATERIALS——
COsT STR. MIN. MAX. SALVAGE
PER CY COEfFF. DEPTH DEPTH PLT.
21.42 0.36 1.00 1.00 30.00
15.48 0.96 1.50 1.50 30.00

0.26

THE CONSTRUCTION RESTRICTIONS ARE TOO BINDING TC OBTAIN A STRUCTURE
THAT WILL MEET THE MINIMUM TIME 7O THE FIRST GVERLAY RESTRICTION,

PAGE



PROB DIST. COUNTY
18 14 TRAVIS
FOR THE 3 LAYER DESIGN WITH
MATERIALS
LAYER CODE NAME
1 A LY. WT. ACP
2 B ACp
3 C BLACK BASE
SUBGRADE

TEXAS HIGHWAY DEPARTMENT
FPS - 11
FLEXIBLE PAVEMENT DESIGN

CONT. SECT.

HIGHWAY DATE 1PE

3136 o1 LP 1 MOPAC 05/24/72 238
THE FOLLOWING MATERIALS—--
COST STR. M1N. MAX. SALVAGE
PER CY COEFF. DEPTH DEPTH PCT »
2le42 0.96 1.00 1.00 30.00
15.48 0.56 1.50 1.50 30.00
13.93 0.96 2,50 10.00 40.00

0.26

THE CONSTRUCTION RESTRICTIONS ARE TOO BINDING TO OBTAIN A STRUCTURE
THAT WILL MEET THE MINIMUM TIME TO THE FIRSY CVERLAY RESTRICTION.

PAGE



TEXAS HIGHWAY DEPARTMENT
FPS - 11
FLEXIBLE PAVEMENT DESIGN

PROB DIST. COUNTY CONT. SECT. HIGHWAY DATE 1PE
13 14 TRAVIS 3136 (031 LP 1 MOPAC 05724772 238
FOR THE 4 LAYER DESIGN WITH THE FOLLOWING MATERIALS—--
MATERIALS COST STR. M1 N. MAX., SALVAGE
LAYER CODE NAME PER CY COEFF. DEPTH DEPTH PCT.
1 A LT. WT. ACP 21s42 0.96 1.00 1.00 30.00
2 B ACP 15.48 0.96 1.50 1.50 30.00
3 C BL ACK BASE 13.93 0.96 259 10.00 40.00
4 D CRUSHED STONE 4.40 0.60 10.00 18.00 75,00
SUBGRADE 0.26
& YHE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERATION--

FOR INITIAL CCNSTRUCTION THE DEPTHS SHOULD BE

LT. Wi. ACP 1.00 INCHES
ACP 1.50 INCHES
BLACK BASE 4.50 1NCHES
CRUSHED STONE 17.50 INCHES
THE LIFE OF THE INITIAL STRUCTURE = 9.05

THE OVERLAY SCHEDULE 1S

YEARS

PAGE

0.5 INCH LEVEL-UP) AFTER 9.05 YEARS,

SERVICEABILITY LOSS DUE TO SWELLING CLAY IN EACH PERFORMANCE PERIGD IS

2.30 (INCH{ES) {INCLUDING
TOTAL LIFE = 20.92YEARS

{1} 0.733

{2) 0.423

THE TOTAL COSTS PER SQ. YD. FOR

IN1IT1AL CONSTRUCTION COST
TOTAL ROUTINE MAINTENANCE COST
TOTAL OVERLAY CONSTRUCTION COST
TOTAL USER COST DURING

OVERLAY CONSTRUCTICN
SALVAGE VALUE -
TOTAL OVERALL COST

NUMBER OF FEASIBLE DESIGNS EXAMINED FOR TH

AT THE OPTIMAL SOLUTION,THE FOLLOWING
BOUNDARY RESTRICTIONS ARE ACTIVE——
1. THE MINIMUM DEPTH OF
2. THE MAXIMUM DEPTH OF
3. THE MINIMUM DEPYH OF
4. THE MAXIMUM DEPTH OF

LAYER
LAYER
LAYER
LAYER

5.120
0.223
D744

0.127

D774
5.441

1S SEY --

NN

THESE CONSIDERATICONS ARE

39



TEXAS HLGHWAY DEPARTMENT

FPS - 11
FLEXIBLE PAVEMENT DESIGN
PROB DIST. COUNTY CONT. SECT. HIGHWAY DATE IPE PAGE
18 14 TRAVIS 3136 o1 LP 1 MOPAC 05/24/72 238 7
FOR THE 5 LAYER DESIGN W1TH THE FOLLOWING MATERLALS—-
MATERTIALS COST STR, MIN. MAX. SALVAGE
LAYER CODE NAME PER CY COEFF. DEPTH DEPTH PCT.
1 A LT. WT. ACP 21.42 0.96 1.00 1.00 30.00
2 B ACP 15.48 0.96 1.50 1.50 30.00
3 C BLACK BASE 13,93 0. 96 2.50 10.00 40,00
4 D CRUSHED STONE 4040 0.60 10.00 18,00 75.00
5 £ LIME TREATED SUBG 2040 0.40 6.00 6.00 30.00
SUBGRADE 0.26
5 THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERATION—-—

FOR INITIAL CCNSTRUCTION THE DEPT

LT. W7, ACP 1.00
ACP 1.50
BL ACK BASE 4,50
CRUSHED STONE 15.00
LIME TREATED SUBG 6.00

THE LIFE OF THE INITIAL STRUCTURE
THE OVERLAY SCHEDULE 1S
1.30 {INCHU{ES) U(INCLUDING

TOTAL LIFE = 20.11YEARS
SERVICEABILITY LOSS DUE YO SWELLI
(1) 0.752
{2) 0.387

THE TOTAL COSTS PER SQ. YDe. FOR T
INITIAL CONSTRUCTION COST
TOTAL ROUTINE MAINTENANCE
TOTAL OVERLAY CONSYRUCTIOCN
TOTAL USER COST DURING

OVERLAY CONSTRUC

SALVAGE VALUE
TOTAL OVERALL COST

NUMBER OF FEASIBLE DESIGNS EXAMLN

AT THE OPTIMAL SOLUYION,THE FOL
BOUNDARY RESTRICTIONS ARE ACTIV
1. THE MINIMUM DEPTH
2. THE MAXIMUM DEPTH
3. THE MINIMUM DEPTH
4. THE MAXIMUM DEPTH
5. THE MINIMUM DEPTH
6. THE MAXIMUM DEPTH

HS SHOULD BE
INCHES
INCHES
INCHES
1NCHES
INCHES
9.39 YEARS

0.5 INCH LEVEL-UP) AFTER 9.39 YEARS.

NG CLAY IN EACH PERFORMANCE PERIOD IS

HESE CCNSIDERATICNS ARE
5.215
0.223
0.421

CasT
cosT
TION 0.121
~0.761
5.218

ED FOR TH1S SET —- 40

LOWING
E_-
OF
oF
oF
OoF
ar
OF

LAYER
LAYER
LAYER
LAYER
LAYER
LAYER

U NP e



TEXAS HIGHWAY DEPARTMENT
FPS - 11
FLEXIBLE PAVEMENT DESIGN

PROB DIST. COUNTY CONT. SECT. H1GHWAY DATE 1PE P AGE
18 14 TRAVIS 3136 01 LP 1 MOPAC 05/24/72 238 8
SUMMARY OF THE BEST DESIGN STRATEGIES
IN ORDER OF INCREASING TGOTAL COST

1 2 3 4 5 6 7 8
e o Aok ek ok ok ok o ko ok ook S0 o kol ok e et otk ook ok dokokook Kok Rk ok R ol ok R ROk R R R Rk Rk Rk Rk Rk ke
MATERTAL ARRANGEMENT ABCDE ABCDE ABCDE ABCD ABCD ABCDE ABCD ABCDE
INIT. CONST. COST 5.21 5.30 5.13 5.12 5.20 4,52 (7 4] 4083
OVERLAY CONSY. COST 042 C.4a2 0.74 DaT4 0.74 0.80 l.14 1.14
USER COST 0.12 0.13 013 0.13 0.13 0.72 0.19 0.19
ROUTINE MAINT. COST C0.22 0.22 0.22 0.22 0.22 0.20 0.22 0.22
SALVAGE VALUE ~Ca76 =074 =083 —-0.77 —-0.75 =0.70 —-0.79 =-0.81
3 ek o X ol ke 3ot s stk ol o e ok oo e ok ook o o K ok i o ol 3 i o o 3ok %ok KoK oK i o i sl o kg ek R ok ke e ok R RokoK
TOTAL COSTY 5.22 5.33 5.40 S5.44 5.54% 5.54 556 5657
e ek ook ok dok 3ot ool e e ook sk ookl ool koo ko sk o ok ok ok 30kl ok o ok o e ke s 3o ookt ok dokotol ok ok okokok Bk dok ok ok
NUMBER OF LAYERS 5 5 5 4 4 5 4 5

e e ok et doleol o ok ok ook ok ok ool ok kol s ok ekt ok ok ek ok ok ke ok ok o o o ok o sk ook okoR gk Rk o ki ok ok dokok
LAYER DEPTH (INCHES)

c{l) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
D(2) 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
c{3) 4,50 5.50 3.590 450 5.50 3.50 3.50 3.50
Di4) 15.00 12.50 17.50 17.50 15.00 12.50 18.00 15.00
g{5) 6.00 5,00 6.00 6.00 6.00
s ook oo e e o e o e e el ke oot s sk ok e i sl ool e e o ok ol ko o o o g o ok o 3 o v e o ok ok oo o R ke e sk i ol sk sk ko kol ok
NO.OF PERF,PERIQCS 2 2 2 2 2 3 2 2

% o s e ol 3 kol i ok ok o e o ok sk st o o o 30 o ok o o ok o ook o o o ok K ok oKk ok ok o sk o o ok R ko 3l o ok o i ok R ok o koK ok ko
PERF. TIME (YEARS)

Ti{1) 9.4 9. 4 9.1 3.0 9.1 6.9 7.9 8.1
T(2) 20.1 20.3 21.0 20.9 21.0 13.2 20.2 20.6
T(3) 20.1

3 sk ook g ool o ook o ool Kook o ke ok ok ek ok o ok e e o sl ool ok ok 20k R ok 3 ek otk R ol sk ok Rk Rl ok R ok ok ok ok ok ok &

OVERL AY POLICY{INCH)
{ INCLUDING LEVEL-UP)
gin 1.3 1.3 2.3 2.3 2.3 1.3 3.3 3.3
0{2) 1.3
3k sk ok 30K Aok sk ok 3 koK R0k o R A ke ol oo o sk oK oK 8 40K R T g Aok ok ok ook o X e ke 30 20k K o o oo oK o ok sk X % R ok ok ek
SWELL ING CLAY LOSS
(SERVICEABILITY)

SC(1} 0.75 0.76 0.73 0.73 N.73 0.61 0.67 0.68
SC(2) 0.39 0.39 0-42 O0.42 D.42 0.32 Q.47 0.47
SC{3) 0.21

3 ek ok ook ok ek ok e ek o ok ook ok ok o el ok sk o ok kol ok o sk ook o ok R 6 e s K o ok e o s skl o o okolok ol R o kR ook ok ok R ol ok &



TEXAS HIGHWAY DEPARTMENT
FPS - 11
FLEXIBLE PAVEMENT DESIGN

PROB DIST. COUNTY CONT. SECT. HIGHWAY DATE 1PE PAGE
i3 14 TRAVIS 3136 01 LP L MOPAC 05/24/72 238 9
SUMMARY OF THE BEST DESIGN STRATEGIES
IN ORDER OF INCREASING TCTAL COST

9 10 11 12 13 14 15 16
skt oo e otk ok ke o e st sk ok otk o s ol okl ok o ok ook ok s ok ok e ok o 3k i s e e o e o ok e sk o ok e ol o R o o ROk
MATERIAL ARRANGEMENT ABCD ABCD ABCDE ABCD ABCD ABCDE ABCDE ABCDE
INIT. CONST. COST 5051 5.28 4091 5059 5.67 5.38 44,99 4,75
OVERLAY CONST, COST 0.39 0. 74 1.14 D39 0.39 Dol l.14 0.73
USER COST 0.24% 0.13 0.19 0.23 N.20 0.19 0.19 0.88
ROUTINE MAINT. COST 0.22 0.22 0.22 022 022 0.22 0.22 0.21
SALVAGE VALUE =Ca??7 =074 =079 —=0.75 —-0.73 -0.77 —-0.78 -0,78
3 e oK o e okl s ok s o e e e e ok ke e ol ol ek e s o 3 ok e ek o sk 3k K o 2 30k Qe i e ok e o s g o ke e ok 3 o o e e e oo
TOTAL COST 559 Se b4 5«67 5.69 5.76 577 5.77 5.79
e ok o ol b e st ok o e e ol ok ook R ok sk sooakal ok o ko ok o sk ok o 0 KR R ok ok o e o 3ok ok ol ook Rk e ke ol ool o R ok R R R ROk
NUMBER OF L AYERS 4 4 5 & 4 5 5 5

Ao ek ook ok koo ol e i et s ok ok o o ko ol ok gk e e ko kot ok s ot ok o ool okook ok oo kol e ook ootk ok ook ook
LAY ER DEPTH {INCHES)

ciLy 1. 00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
D(2) 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
D{3) 550 6.50 4450 6550 7.50 650 550 2+50
Di{4) 17.50 1250 1250 15,00 12.50 10.00 10.00 17.50
D(5) 6.00 600 6.00 6,00
3 Ao ek ok % d 0 Rk e okofe i ook ik 3 ok SRl ok o kol o ok e ok s i skt e e o ok o ke o oK ok ok ko ok ol s ok ok ok ol ki ke o ok sk kol R ok
NO.QOF PERF.PERIODS 2 2 2 2 2 2 2 3

e ek o e g ool sk ool e 3 3o ol ke ook o o ok o ok o o e o o o ok ol i koK R i o o o ook R oK ek e ok g ok kR e ol ol e ek ko R kR K
PERFs TIME (YEARS)

TiL) 10.1 8.9 8.2 10.1 9.9 9.3 8.1 Tab.
T(2) 22.9 20.3 21.1 22.7 22.0 219 20.8 15.0
T(3) 23.3

3 3ok ok e Sk ek R koK ok B o 3ok ok e sk ok ok e ok oK ik ok AR 3K ROk 3 K ok o o 0k ok sk ok K ok o o ke of O ok B e o kRO oK

OVERL AY POLICY{INCH)
{ INCLUDING LEVEL-UP)
o{1l) 1.3 2673 3.3 1.3 1.3 23 3.3 1.3
012} 1.3
3ot ek ol 3K o ok oo A g kol ook ok oo e kXl sk ook % o R % o ol sk 4e 3k ok o ok A ok e ol e AR ok A R oK R o e 40k ok o o ol koK
SWELLING CLAY LOSS
(SERVICEABILITY)

SCi1} 0.79 Ca72 0.09 0.79 N.78 0.75 0.68 0.65
SCt2) 0.41 042 0.48 0.40 De40 O0.43 Oe4T7 0.34
SC(3) 0.21

% ook ok el ok ol ok ok e e ok ook o o o e o e o ok ok s o o o ook ook s oKk ok A Rk Aok ok R ook R R ok Rk R ok ok Rk ke kR ke %



TEXAS HIGHWAY DEPARTMENT
FPS - 11
FLEXIBLE PAVEMENT DESIGN

PROB DIST. COUNTY CONT. SECT. HIGHWAY DATE 1PE P AGE
18 14 TRAVIS 3136 01 LP 1 MOPAC 05/24/72 238 10
SUMMARY OF THE BEST DESIGN STRATEGIES
IN ORDER OF INCREASING TCTAL COST

17 18 19 20 21 22 23 24
3 e e ok ook e afeode oo s o sk e ok o ook R e o 3 el st sl ool ol ol e o R % kK HOR s ok kol o o ook ok ook sk ol R ol ok R okl kokok &
MATERTAL ARRANGEMENT ABCD ABCD ABCD ABCDE ABCDE A3CDE ABCD ABCD
INIT. CONST. COST 5.75 4435 4,73 4,81 bob4 5.76 4,81 4 o443
OVERLAY CONST. COST 0.39 1.23 1.49 1.49 1.15 0.39 1.49 1.23
USER COST 0.15 0.76 0.25 Q.25 0.85 0.26 0.25 0.82
ROUTINE MAINT. COST 0.22 0.2C 0.22 0.22 0.20 0.22 0.22 0.20
SALVACGCE VALUE —0e7l —Ca73 —0683 -0.89 -0.76 =-0.76 ~0.81 -0.71
Aok e ok ot R Aok e o e ok sl ok e ok ok R ool o ool e ok o o o Rk ok XK ok stk e s ok el ok R R 0 o R OR Ak R R Rk ROk
TOTAL COST 5.80 5081 5.86 5.87 5.88 5.88 5.97 5.98
A feae ol fook A ok ok ok ok gk ok sk ol ok ol ok o ko ok o ok sk e AR iR e o 3k sk R ok R R R sk sk e kol ook e ok gk ok ook R
NUMBER OF LAYERS 4 & 4 5 5 5 4 4

o s s ks ol ok ok ke ok ok i Sl g ok ool o ol ok o skl ek 2ok & 3K Aok R oK o 2k ok ok oo o ok ok o o ol ol Rl 8 aokoRok Mk
LAYER DEPTH {INCHES)

C{l} 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
D{2) 1.50 1.50 1.50 1.50 1.50 1.50 150 1.50
Ci{3} 8.50 250 3.50 2.50 2.50 7.50 44,50 3.50
Di4} 10.00 17.50 17.50 18.00 15.09 10.00 15.00 15.00
D{5} 6.00 6.00 6.00
£ 3k ook ootk e o g et e e e e R oo ool ofe ool 3 o ook ook i s o ok ook o ek o ok ok 2o A e sk el ok R ek R akok o ok kol ok Ok
NO.GF PERF.PERIODS 2 3 2 2 3 2 2 3

3 odeok ok o e g R ok e e o o oot o ol ol ook o o ok ol e ko o ok e s ok R ook ok Rk kR Ok ok R Rk Rk %ok Rk R kR ok
PERF. TIME {YEARS)

T{1} 9.6 6.3 7.7 7.8 6.7 10.3 7.8 6.5
T(2) 2C.8 13.1 22.8 23.1 14.0 2345 23,1 13.5
T3} 20.6 22.3 21.4

o sk s s ot i ok o ook ok o 3 e ok oK ok oK o ok o o oo oo o ok oK R o ook K Rk 3 Ok e e e 3k o ok ook ok ok 3ok R R K K 0K oo ok koK
OVERLAY POL ICY{INCH)
{ INCLUDING LEVEL-UP}
0{1} 1.3 2.3 4.3 4o3 2.3 1.3 %403 23
{2} 1.3 1.3 1.3
e sk sk o e e gk ek o o s o AR R ok ol R 0k ok o o e gk o o ol e okl ol R ok o o ek o e 0 o ok sk ok e ok ok R R K K K K 0K R
SWELL ING CLAY LOSS
{SERVICEABILITY)

SC(1) 0.756 0.57 0.66 0.66 7.59 080 0.66 0.58
SCt23 0.39 0.36 0.5% 0.54 0.37 0.41 O0.54 036
SCi3) 0.23 D.23 0.23

s g ok bl ok o e o ok o o ok o e ol ok stk ok ke ok sl e ook K o o o ok B ok A ok Rk ok ok ok ok Sl R kR R ok R ook R R R R R R

THE TOTAL NUMBER OF FEASIBLE DESIGNS CCNSIDERED WAS 79
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TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
rs - 11

PROJECT IDENTIFICATION

Probliem number

District __

County

Contrel

Section

Highway ... _

Date SR

IPE




TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS -~ 11

PROJECT COMMENTS

Card Type
e ' - S e T 0 SR ut
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3.3

3.4

3.5

3.6

4.0

A

- Max. funds available per S.Y. for initial const. (%)

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

BASIC DESIGN CRITERIA

Card type

0|3
12
: - 2|10
Length of analysis period (years)
als
Minimum time to first overlay (years)
9110
Minimum time between overlay (years) 65
1411
Minimum serviceability index \22.020
| [

Design confidence level

Interest rate (%)

PROGRAM CONTROLS AND CONSTRAINTS

Card type

Problem type: 1 = new pavt. const., 2 = ACP overlay

26

1O

g
i
]

o

ediernnnd

I

i
v B

T o )

Number of summary output pages (8 designs/page)

EAVRED

Maximum total thickness of initial construction (inches).

Maximum total thickness of all cverlays (inches)




TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

TRAFFIC DATA

5.0 Card type .~£?§L
: b2
5.1 ADT at beginning of analysis period (veh./day) 5 2|000 e
5]6|7]e|s 0l
5.2 ADT at end of analysis period (veh./day) OO0
, 1516 (17 {18]1912021]

‘ T
5.3 One-drctn. cumulative 18 KSA during analysis period y 27 SQDT{
23[24]25]2¢6 27]28 29303 ]
5.4 Avg. approach speed to the overlay zone (mph) ﬂ.L%
| 2ol
5.5 Avg. speed through overlay zone (overlay direction) (mph) E
39140

5.6 Avg. speed through overlay zone (non-overlay direction) (mph)

5.7 Percent of ADT arriving ea. hr., of construction

5.8 Percent trucks in ADT

ENVIRONMENT AND SUBGRADE

6.0 Card type

et

District temperature constant .

6.2 Swelling probability

©.3 Potential vertical rise (inches) _.

6.4 Swelling rate constant

6.5 Subgrade stiffness coefficient




7.1

7.2

7.3

7.4

7.5

7.6

7.7

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

CONSTRUCTION AND MAINTENANCE DATA

Card type —

Initial serviceability index

7
Itz
le| |
41516
e . « Sle
Serviceability index after overlaying
3 10| i
. . . Jie £
Minimum overlay thickness (inches) . :
ia{l5]16
9]
Overlay construction time (hrs/day) ‘
115120
Asph. conc. compacted density (tons/C.Y.)

Asph. conc. production rate (tons/hr)

Width of each lane (feet)

First year cost of routine maintenance ..
(dollars/tane - mile)

Annual incromental increase in maintenance cost

(dollars/lanc - mile)




8.0

8.1

8.2

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPSs -~ 11

DETOUR DESIGN FOR OVERLAYS

Card type

Detour model used during overlaying

Total number of lanes of the facility

Number of lanes open in the overlay direction

Number of lanes open in the non-overlay direction

Distance traffic is slowed (overlay direction) (miles)

Distance traffic is slowed (non-overlay direction) (miles) _

Detour distance around the overlay zone (miles) o




9.0

9.1

9.2

5.3

9.4

9.5

9.6

9.7

9.8

TEXAS HIGHWAY DEPARTMENT
FLEXIBLE PAVEMENT DESIGN SYSTEM
FPS - 11

EXISTING PAVEMENT AND PROPOSED ACP

Card type

0Ol9
112
®
SCI of the existing pavement 2 /00
314151617
The standard deviation of SCI 0 03
. 8 1011

The composite thickness of the existing pavement (inches)

In-place cost/comp. - C.Y. of proposed ACP ($)

15

/]

Proposed ACP's salvage value as % of original cost

I8

20)21

NCHEBRNEY

)

In-place value of existing pavement/comp. - C.Y. ($)

23

24|25

26

Existing pavement's salvage value as 7% of present value

29

30

32

Level-up required for the first overlay (inches)

34

G0N 9~

42

43




TEXAS HIGHWAY DEPARTMENT
FPS - 11
ACP OVERLAY DESIGN

PROB DIST. COUNTY CONT. SECT. H1GHWAY DATE 1PE PAGE
1 B0 14 TRAVIS 3136 1 LP 1 MOPAC 05/724/72 238 1
e o ol o g R OR e R ol o oo o e o o ok ok ook ik o oo o o o R ko ok e K ik ok o kR 2ok sk ok ok SRk kR R RoR R R R K

COMMENTS ABOUT TH1S PROBLEM

EXAMPLE PRUOBLEM FOR FPS 11 DOCUMENTATION REPORT USING THE ACP OVERLAY MODE.

THIS RUN SIMULATES THE ANTICIPATED NEEDYO OVERLAY MOPAC TEN YEARS HENCE. NOTE
THAT A *MEASURED® SCI OF 0.10 IS ASSUMED. THIS IS LARGER THAN WOULD HAVE BEEN
PRELICTED BY FPS 11 IN INITIAL CONSTRUCTION. TRAFFIL HAS BEEN PRUOJECTED TO
INCREASE AT ABOUT THE SAME RATE FROM 1992 TO 2002 AS FR(OM 1972 1O 1992. LP 1

IS THEREFORE PREDICTED TO APPROACH HQOURLY DAYTIME CAPACITY BY 2000. INPUT 9.7

IS A WEIGHTED VALUE USING 10 YEAR LIFE IN TABLE 10.1 OF 1972 FP DESIGN MANUAL.

e 30 e s et ok o ool 36 s o ook ol o o ok s ok o ok o ok ok ook oo oo o ook ok ok sk ok sk st oK ki ok ok ok R kool ok ok ok ook

BASIC DESIGN CRITERIA
Aok ok FR & ok fokk ok ok odok

LENGTH OF THE ANALYSIS PERIOD (YEARS) 20.0
MINIMUM TIME BETWEEN QVERLAYS {YEARS) 6.0
MINIMUM SERVICEABILITY INDEX P2 3.0
DESIGN CONFIDENCE LEVEL D
INTEREST RATE OR TIME VALUE OF MONEY (PERCENT) 7.0
PROGRAM CONTROLS AND CONSTRAINTS
ok kckk ko kR wkkRk kKK
NUMBER OF SUMMARY QUTPUT PAGES DESIRED ( 8 DESIGNS/PAGE) 3
MAX FUNDS AVAILABLE PER SQ.YD. FOR FIRST OVERLAY (DOLLARS) 5.00
ACCUMULATED MAX DEPTH OF ALL OVERLAYS (INCHES) (EXCLUDING LEVEL-UP) 10.0
TRAFFIC DATA
X% ek kok ki ok k
ADT AT BEGINNING OF ANALYSIS PERIOD (VEHICLES/CAY) 52000.
ADT AT END OF TWENTY YEARS {VEH1CLES/DAY) 104000
GONE-DIRECTION 20.-YEAR ACCUMULATED NO. OF EQUIVALENT 18-KSA 8272800.
AVERAGE APPROACH SPEED TO THE OVERLAY ZCNE(MPH) 50.0
AVERAGE SPEED THROUGH OVERLAY ZCONE (OVERLAY DIRECTICN) (MPH) 20.0
AVERAGE SPEED THROUGH OVERLAY ZONE (NON-UVERLAY DIRECTION} (MPH) 50.0
PROPORTION OF ADT ARRIVING EACH HOUR CF CONSTRUCTICN (PERCENT) 545
PERCENT TRUCKS IN ADT 8.0
ENVIRCNMENT AND SUBGRADE
ool ek kR Rk kR Rk
DISTRICT TEMPERATURE CONSTANT 31.0
SWELL ING PROBABILITY 0.85
POTENTIAL VERTICAL RISE {INCHES) 2.30

SWELLING RATE CONSTANT 0.08



TEXAS HIGHWAY DEPARTMENT
FPS - 11
ACP OVERLAY DESIGN

PROB DIST. COUNTY CONT. SECT. HIGHWAY DATE IPE
180 14 TRAVIS 3136 1 LP 1 MOPAC 05724/72 238

INPUT DATA CONTINUED

CONSTRUCTICN AND MAINTENANCE DATA
Tk dokkoRE Xk kR fOoR FofokR R R Rokok kR Rk ok

SERVICEABIL1ITY INDEX P1 AFTER AN OVERLAY

MINIMUM OVERLAY THICKNESS {INCHES)

OVERLAY CONSTRUCTIGON TIME (HGURS/DAY)

ASPHALTIC CONCRETE COMPACTED DENSITY (TONS/C.Y.)

ASPHALTIC CONCRETE PROCUCTION RATE ( TONS/HOUR)

WIDTH OF EACH LANE [FEET)

FIRST YEAR COST OF ROUTINE MAINTENANCE (DOLLARS/LANE-MILE)

ANNUAL INCREMENTAL INCREASE IN MAINTENANCE COST (DCLLARS/LANE-MILE)

DETOUR DES1IGN FOR OVERLAYS
ok kg ok ook R ok R ROk Rk kK %

TRAFFIC MODEL USED DURING OVERLAYLING

TOTAL NUMBER OF LANES OF THE FACILITY

NUMBER OF DPEN LANES IN RESTRICTED ZCNE (OVERLAY DIRECTION)
NUMBER OF OPEN LANES IN RESTRICTED ZONE (NON-CVERLAY DIRECTION)
DISTANCE TRAFFIC IS SLOWED (OVERLAY DIRECTICN) (MILES)

DISTANCE TRAFFIC IS SLOWED (NON-OVERLAY DIRECTICN) (MILES)
DETOUR DI1STANCE AROUND THE OVERLAY ZGONE (MILES)

EXISTING PAVEMENT AND PROPOSED ACP
& gokookokokRoRolok Rk Rk Rk Rk Rk Rk ok kR ok Rk

THE AVERAGE SCI OF THE EXISTING PAVEMENT

THE STANDARD DEVIATION OF SCi

THE COMPOSITE THICKNESS OF THE EXISTING PAVEMENT (INCHES)

THE IN-PLACE COST/COMPACTED C.Y. OF PROPOSED ACP (DOLLARS)

SALVAGE VALUE OF PROPOSED ACP AT END OF ANALYSIS PERIOD (PERCENT)
IN-PLACE VALUE OF EXISTING PAVEMENT (DOLLARS/C.Y.)

SALVAGE VALUE OF EXISTING PAVY. AT END OF ANALYSIS PERIOD (PERCENT)
LEVEL-UP REQUIRED FOR THE FIRST GVERLAY (INCHES)

PAGE

N ~NOwWw
¢ o & o
OO WY

120.0
12.0
100.00

10.00

QO m Wwrm OO W

L ] .

[N oo

0.100

0.035
2850
15.48
10.0

5.21
66.0



TEXAS HIGHWAY DEPARTMENT
FPS - 11
ACP OVERLAY DESIGN

PROB DIST. COUNTY CONT. SECT. HIGHWAY DATE 1PE
180 14 TRAVIS 3136 1 LP 1 MOPAC 05/24/72 238
AVERAGE SCI = 0,100 CUCNFIDENCE LEVEL = D

SUMMARY OF THE BEST OVERLAY SCHEMES
IN ORDER OF INCREASING TCTAL COST

1 2 3 4
s ek e Aotk %ok s sk e e ol ookt e s ook o ok ok o ok o o ok ok ok ke ok o ok o ok o ok ok % Ok
INITIAL OVERLAY
CONSTRUCTION COST 3.22 2.36 1.93 1.93
USER COST 2.38 1.75 1.43 1.43
FUTURE OVERLAY(S)

CONSTRUCTION COST 0.0 0.19 0.75 0.40
USER COST 0.0 6.16 12.00 1l4.l4
ROUTINE MAINT. COST 0.28 0-23 0.22 0.21
SALVAGE VALUE -0.76 —0.75 =0.76 -0.74

e oo e ok R R AR ROk R Rk Rk R R kR Rk ko kR kR kR kR ok R KRRk
sk skl ok ok oK % 30K R R ook B st o oo 2 o B ol 3 ok 3k ool %0 g o ok ke ok R koK
T0T4aL COST 5.13 9.35 15.58 17.37

e ok ok Sk ok ROk ol R ek R o ook ROk ok o ke sk o ol o ook ok ok ol R ROk ROROKK
At e Ao e ok Ok ok otk Rk ok ok dok ok ok R ko Bkl Rk Rk Rk R R Rk Kok
NO.OF PERF.PERIODS 1 2 2 3

e ook o o Aok o R ok R ol o e R o Ok o o ok koK g ok ook o R kg ok ok ol sk ok ook
PERF., TIME {YEARS}

T(1) 22.9 12.2 8.2 8.2

T(2) 245 217 16.1

T{3} 23.3
stk Ao e e ok A e o kR e sk ok koK 3 o o ok ok i ok sk ok ok ok ool koK R K R kR ek
1ST LEVEL-UP(INCHES) 1.0 1.0 1.0 1.0
FUTURE LEVEL-UP(S) 0.5 C.b5 0.5 0.5

e e sk ke 0ol oK o o o ok ok e g ok ook ok ook 30k i ok o o oK s RO R ok R AOR Rk

OVERLAY POLICY(INCH)
( INCLUDING LEVEL—-UP}

01} 7.5 5¢5 445 4.5
0t2} 1.0 3.0 1.0
0{3} 1.0

ek g e gl o ok o ook ok ok ok ok R ok ok ok ok ok i Rk ok ROk R R R kR Rk Rk kR K

SWELL ING CLAY LOSS

{SERVICEABILITY)

SCil) 0.55 Co4l 0.32 0.32
SC{2} C.16 0.22 0.16
SCi{3} C.C3

6 ook s ook s Bk o ok e o o o e ko A o g o e ok ok okl o sk ok ek oMKl ok % ROR SROK

THE TOTAL NUMBER OF FEASIBLE OVERLAY SCHEMES CONSIDERED WAS
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