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PREFACE AND LISTING OF PREVIOUS REPORTS

'This is the eleventh report issued under Research Study 1-8-69-123,
A Systems Analysis of Pavement Deéign and Research Implementation. The
_ study is being conducted by principal investigators and their staffs in
three agencies—-The Texaé Highway Department at Austin, The Center for
Highway Research at AustinAand the Texas Transportétion Institute at
College Station-—as part of a cooperative research program with the
Department of>Transportation, FederallHighway Administration.

"Previous reports emanating from Study 123 are the following:

‘Report No. 123-1, "A Systems Approach Applied to Pavement Design and
Research,'" by W. Ronald Hudson, B. Frank McCullough, F. H. Scrivner,
and James L. Brown, describes a long-range comprehensive research pro-
gram to develop a pavement systems analysis and presents a working
systems model for the design of flexible 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 Depart-
ment 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, describes the results of a study of the swelling clay para-
meter 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 working systems model for the design of rigid pavements.

Report No. 123-6, "Calculation of the Elastic Moduli of a Two-Layer Pave-
ment System from Measured Surface Deflectioms,' 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.
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Report No. 123-6A, ''Calculation of the Elastic Moduli of a Two-Layer
Pavement System from Measured Surface Deflections, Part II," is a
supplement to Report 123-6, prepared by the same authors (in publica-
tion).

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, "A 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 Considerations in the Flexible Pave-
ment Design System," by David C. Steitle and B, Frank McCullough, des-
cribes skid resistance consideration in the Flexible Pavement System
based on the testing of aggregates in the laboratory to predict field
performance and presents nomograph for the field engineer to use to
eliminate aggregates which would not provide adequate skid resistance
performance (in publication). ' :

Report No. 123-10, "Flexible Pavement System - Second Generation,
Incorporating Fatigue and Stochastic Concepts,' by Surenda Prakash

Jain, B. Frank McCullough, and W. Ronald Hudson, describes the develop-
ment of new structural design models for the design of flexible pavement
which will replace the empirical relationship used at present in flexible
pavement systems to. simulate the transformation between the input variables
and performance of a pavement.

The author is indebted to Mr. Frank Scrivner for the performance
equatibh and to Dr. Frank McFarland for the updated user cost tables
implemented in the computer program and documented in this report.

The contents of this report reflect the views of the author who is
fésponsible for the facts and the accuracy of the data presented herein.
The'conﬁents do not necessarily reflect the official views or policies
of the Fedéral Highway Administration. This report does not constitute
a standard, specification or régulation. Reference to épecific makes or

models of computer equipment is made for identification only and does not

implyrendorsement by the sponsors of this report.
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Abstract

This report giées the d0cum¢ntation of the computer program
FPS~9 used for impiementation of the flexible pavenent design system.
Ihis documentétion is also in machine readable form to make poSsible
a continuing documéntation system for updates and improvements in the
Flexible Pavement System (EPS)Fseries of combuter programs.

Included in this repdrt are:

1. Cross Reference tébles,

2. Input data formats,

3. Flowcharts,

4., Documentation of mathematicalrandAuSer cost formﬁlas,

5. Results of timing tests for computer CPU time on
example data,

6. A variable name diétionary,
7. Documentation aids, including "TEXLIS" a computer program

for printing the body of the report.

Key Words
Computer Program Documentation, Flexible Pavement System, Pavement
Design, Systems Analysis, Optimization, Pavement Economics, Highway

User Costs.
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© Summary

As pért of a Systems Analysis of Pavement Design and Research,
a computer program FPS, for Flexible PaVemeﬁt System, was developed
and tested. This study provides documentation and an easily updated
documentatidn system for the latest version of the computer program
FPS-9. The text listing program used to implement fhe dﬁcumentation

system may be of interest for other similar projects.



Implementation Statement

This documeritation is planned for immediate implementation in
the research project for Systems Analysis and Research in maintaining
the fPS seriesrof computer programs. 'To aid in this implementation
the body of the fepoft is available in machine readablé form with the
text editing program "TEXLIS" as well as the "FPS-9" computerwprogram.
It is expected that'this report will aid future research for im—
proving portions of the pavement design system by aiding intégfation
‘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. Léwis, Chairman _
-Research & Development Committee
Texas Highway Department - File D-8

11th and Brazos o
Austin, Texas 78701 (Phone 512/475-2971)

The following gortions bf the report are availablé on'80 pharacter
’éards or tape.from‘the addfess.given on page one of thé body of the
réport fbr thé cosf of reproduétion and mailing. 1If a tépe copy is
desired, enclose tape aﬁd indicate whether 7 or 97track and whether
200, 556, or 800 BPI. The tape will be 80 chara'cte‘r card.image records
blocked 10 records per block unless‘otherwise specified.

TEXLIS |
Tﬁe progfam given in Appéndix IiI of therreport:for producing an

edited text listing together with the data to reproduce Appendix ITT.
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FPS9
The‘~F_12§_—;9__ computer program whiéh is flowcharted in Appendix 1V.
FPS9 DOCU
, The data for TEXLIS which will reproduce the body of this report

giving FPS-9 documentation.
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PAGE 1

FPS=9
FLEXIBLE PAVEMENT SYSTEM
COMPUTER PROGRAM DUCUMENTAT ION

DALE L. SCHAFER
SYSTEMS ANALYST
DEPARTMENT OF HIGHWAY ECONOMICS
TEXAS TRANSPORTATION INSTITUTE
TEXAS A & M UNIVERSITY
"COLLEGE STATION, TEXAS
17843

THIS PAGE AND THE REMAINDER OF THE BODY OF THIS REPORT ARE
AVAILABLE ON TAPE OR 80 CHARACTER CARDS FROM THE ABOVE ADDRESS
FOR USE IN MAINTAINING AN INDEPENDENT DOCUMENTATION USING THE
*TEXLIS' PROGRAM IN THE APPENDIX *TEXT LISTING PROGRAM DOCUMENTATION'.

FPS—9 PROGRAM DOCUMENTATION



INTRODUCTION ’ PAGE 2

THE FPS—-9 COMPUTER PROGRAM IS ONE OF A SERIES OF COMPUTER PRO-
GRAMS IMPLEMENTING THE SYSTEMS APPROACH TO PAVEMENT DESIGN. THE
ORIGINAL FPS BY G« Re CAREY HAS BEEN MODIFIED AND CHANGED TO
INCORPORATE THE RESULTS OF LATER RESEARCH AND TO MEET THE NEEDS OF
USERS OF THE FPS COMPUTER PROGRAM.

A NUMBERING CONVENTION FOR THE SUFFIX, SUCH AS THE *'9' IN
FPS-9, WAS ADOPTED BY -THE RESEARCH AGENCIES, BEGINNING WITH FPS-3,
FPS—1 AND FPS—2 WERE THE ORIGINAL AND FIRST REVISION, RESPECTIVELY,
OF THE FPS COMPUTER PROGRAM, EACH OF WHICH UTILIZED PAVEMENT DE-
FLECTION EQUATIONS FOR PREDICTING PAVEMENT PERFORMANCE (REFERENCES
1 AND 2). AT THE TIME OF THE PUBLICATION OF REPORYT 123-1 *A SYSTEMS
APPROACH APPLIED TO PAVEMENT DESIGN' (REFERENCE 3), A NUMBERING
CONVENTION WAS ADOPTED TO BE USED FOR LATER REVISIONS OF FPS. THE
PAVEMENT DEFLECTION METHOD SERIES OF PROGRAMS WERE TO USE ODD NUM-
BERS FOR LATER REVISIONS (3, 5y Ty « « « )o THE PROGRAMS BASICALLY
SIMILAR BUT USING THE AASHO BASED EQUATION FOR PREDICTING PAVEMENT
PERFORMANCE WERE TO USE EVEN NUMBERS (44 6y 8y & « o« )o EACH PRO-
GRAM AS [T EVOLVED WOULD USE A FURTHER SUFFIX WHILE IN THE DEVELOP-
MENT, DEBUGGING, EVALUATION, AND TESTING STAGES (FPS-5-TTI, FPS~6-
CFHR, AND FPS-11~-THD AS EXAMPLES) UNTIL APPROVED FOR PUBLICATION BY
THE COOPERATING AGENCIES, AT WHICH TIME THE SUFFIX WOULD BE DROPPED.

SEVERAL CHANGES IN PROGRAM STRUCTURE AND VARIABLE NAMES WERE
IMPLEMENTED IN THE FPS-9 COMPUTER PROGRAM TO IMPROVE THE UNDER-
STANDING OF THE PROGRAM AND THIS DOCUMENTATION. HOWEVER; A
COMPREHENSIVE REVISION OF THE FPS COMPUTER PROGRAM WOULD HAMPER
THOSE FAMILIAR WITH EARLIER VERSIONS. AS A RESULT FEW MAJOR
PROGRAM MODIF ICATIONS HAVE BEEN MADE, BUT PRIMARILY AN EASILY
MAINTAINED SYSTEM OF CONTINUING PROGRAM DOCUMENTATION HAS BEEN
IMPLEMENTED. WITH THESE AIDS IT IS ANTICIPATED THAT FUTURE IMPROVE-
MENT, MODIFICATION, AND MAINTENANCE OF THE FLEXIBLE PAVEMENT SYSTEM
SERIES OF PROGRAMS MAY BE UNDERTAKEN BY USING AGENCIES. TO ASSIST
IN THIS GOAL PORTIONS Of THE PROGRAM WERE SEGMENTED TO AID IN
PROGRAM MODIF ICATION EFFORTS.

THE - INTENDED AUDIENCE OF THIS REPORT IS THE SYSTEMS ANALYST
OR PROGRAMMER WHO IS EXPECTED TO MAKE FUTURE CHANGES AND UPDATES OF
THE FPS SERIES OF PROGRAMS. A SIMILAR PUBLICATION IS NEEDED FOR EACH
VERSION OF FPS, AND SO DOCUMENTATION AIDS ARE INCLUDED TO ENABLE
THE ANALYST TO MAINTAIN A COMPLETELY UPDATED DOCUMENTATION.

THE PRIMARY AID FOR CONTINUING DOCUMENTATION IS THE 'TEXLIS!
PROGRAM USED TO PRODUCE AN EDITED LISTING OF A DOCUMENTATION DECK.
THIS METHOD HAS THE ADVANTAGE THAT CHANGES IN THE PROGRAM MAY BE
DOCUMENTED BY SIMPLE REPLACEMENT, REMOVAL, OR INSERTION OF CARDS
IN THE DOCUMENTATION DECK AND A PRINTING OF THE LATEST VERSION BY
A RUN OF THE °*TEXLIS' PROGRAM. LATER IT IS ANTICIPATED THAT THIS
DOCUMENTATION MAY BE IMPLEMENTED ON AN ON-LINE TERMINAL SYSTEM,

FPS-9 PROGRAM DOCUMENTATION



DEFINITION OF TERMS : PAGE 3

A BRIEF DEFINITION OF THE FOLLOWING TERMS IS GIVEN BELOW TO
AID IN UNDERSTANDING THIS DOCUMENTATION AND THE OUTPUT OF FPS-9,

l. PROBLEM
A PROBLEM IS DEFINED BY ONE SET OF DATA AS INPUT FOR THE FPS=9

COMPUTER PROGRAM AND ON QUTPUT BY CONSECUTIVELY NUMBERED PAGES WITH.
THE SAME HEADING. A COMPUTER RUN MAY CONSIST OF ONE OR MORE PROBLEMS.

2. DESIGN TYPE o . :
WITHIN A PROBLEM, A UNTQUE SET OF INITIAL DESIGN MATERIALS IS

A DESIGN TYPE. EACH DESIGN TYPF PRODUCES AN OPTIMUM DES IGN ON

OUTPUT OR A STATEMENT THAT NO DESIGN WAS POSSIBLE FOR THAT DESIGN TYPE,

3.  INITIAL DESIGN

WITHIN EACH DESIGN TYPE, FACH COMBINATION OF DIFFERENT LAYER
THICKNESS POSSIBLE WITH THE GIVEN LIMITS ON THICKNESSES AND INCREMENTS
MAKES AN INITIAL DESIGN. [F THE INITIAL DESIGN MEETS ALSO CONSTRAINTS
OF COST AND TOTAL INITIAL DESIGN THICKNESS, IT IS A FEASIBLE INITIAL
DESIGN. IN THIS VERSION OF FPS A FEASIBLE DESIGN IS NOT
*CONSIDERED® IF WITHIN THE SAME DESIGN TYPE THERE IS AN INITIAL
DESIGN OF LOWER COST WHICH IS OF EQUAL OR BETTER STRENGTH.

4. FEASIBLE _

THE WORD FEASIBLE USUALLY SHOULD BE COMBINED WITH A MODIFIER
SUCH AS 'FEASIBLE INITIAL DESIGN®', *'FEASIBLE OVERLAY', OR 'FEASIBLE
OVERLAY PULICY'. IF A DESIGN COR POLICY IS FEASIBLE, IT HAS MET ONF
OR MORE CONSTRAINTS. . IT MAY BE REJECTED 1F WHEN COMPARED TO OTHER
FEASIBLE DESIGNS IT IS OF HIGHER CoST,.

5., BEST OVERLAY POLICY

FOR A GIVEN INITIAL DESIGN, THE OPTIMUM OVERLAY POLICY OBTAINED
BY COMPARING COSTS BETWEEN ALL FEASIBLE OVERLAYS IS KNOWN AS THE
BEST OVERLAY POLICY WITH A PARTICULAR INITIAL DESIGN. |

5. UNITS OF MEASURE ‘

INPUT AND OUTPUT OF DATA MAY BE IN ANY UNITS CONVENIENT TN
THE .USER, BUT AS AN AID TO MODULARIZATION, IN COMMON 0OR AS SUBROUTINE
'ARGUMENTS, THE FOLLOWING UNITS ARE. CONSISTENT THROUGHOUT THE PROGRAM.

PAVEMENT OR PAVEMENY MATERIALS
YARDS, SQUARE YARDS, OR CUBIC YARDS AS APPLICABLE.

D{STANCES RELATED TO USER COSTS
" MILES.

 VEHICLE SPEEDS
MILES PER HOUR.

TIME ' :
' " YEARS WHEN RELATED TO PAVEMENT PERFDRMANCF, HOURS WHEN RFLATED

TO USER COSTS.

FPS~9 PROGRAM DOCUMENTATION



DEFINITION OF TERMS (CONTINUED) | , | PAGE 4

PROPORTIONS AND INTEREST RATES | :
ALWAYS AS A DECIMAL PROPORTION EQUAL TO (PERCENTAGE/100.0).

TRAFFIC
AVERAGE DAILY TRAFFIC AT A GIVEN POINT IN TIME.

TRUCK AXLE LOADS

MILLIONS OF 18 KIP AXLE EQUIVALENTS FROM THE TIME OF CONSTRUC‘
TION TO A GIVEN POINT IN YIME. !

FPS~9 PROGRAM DOCUMENTAT ION



INPUT DATA FOR FPS-9 ' ' PAGE 5

INPUT DATA FUR FPS-9 IS GNE OR MORE SE?S OF CARDS, ONE SET FOR
EACH PRUBLEM. AFTER THE LAST PRUBLEM THERE SHOULD BE ONE OR MORE
BLANK CARDS.

FACH PROBLEM IS DESCRIBED BY TEN OR MORE CARDS AS A SET.
A SET OF CARDS IS CCMPOSED OF EIGHT CARDS IN ORDER FOLLOWED BY A
GROUP OF MATERIAL PROPERTY CARLCSy ONE FOR EACH MATERIAL TO BE
CONSIDERED FOR THE PROBLEM ANLC UNE FUOR THE SUB-GRADE CHARACTERISTICS.

THE INFORMATION ON THE INPUT CARDS IS GIVEN BELOW. ALTHOUGH
THE FORMATS APPEAR TGO BE CCMPLFEX, WITH THE EXCEPTION OF THE HEADER
CARD AND THE MATERIAL PROPERTY CARDS, EACH VARIABLE IS IN A 10
CHARACTER FIELD. IF THE 'RCAL' VARIABLES (BEGINNING WITH LETTERS
A-H, 0-7) ARE PUNCHED WITH A CECIMAL AND 'INTEGER' VARIABLES
(BEGINNING WITH LETTERS I THRCUGH N) ARE RIGHT JUSTIFIED IN THEIR
FIELDS, THE FORMATS OF CARDS TwO THROUGH EIGHT MAY BE IGNORED.

SOMF VARIABLES HAVE BEEN RENAMED FROM FARLIER VERSIONS UF THE
PROGRAM SO THAT A CAREFUL DISTICTICN COULD BE MADE BETWEEN THOSE
VALUES WHICH ARE INPUT IN UNITS CONVENIENT FOR THE USER AND THE
VALUES WHICH ARE IN UNITS CONVENIENT FOR CALCULATION IN THE RE-
MAINDFR OF THE FPS COMPUTER PRGGRAM,

******#**********#**#*#******CARD'1*****#*****#******é****#********¢##**
HEADER CARD- FORMAT(A4, 6X, 16A4)

NPROB = PROBLEM NUMBER, ANY CHARACTERS IDENTIFYING THE PROBLEM
COLUMNS 1-4 % ' ' ,

AN2 - PROBLEM DFSCRIPTION: ADDITIONAL PROBLEM IDENTIFICATION.
COLUMNS 11- 74 * S '

v . G e iy e s

* NOTE - A BLANK CARO'(NPRUB ANC FIRST FOUR CHARACTERS OF ANZ AS
BLANKS) AS A HEADER CARD WILL FLAG THE END OF DATA,.

*#***************************CARD 2****#********************************
MISCELLANEOUS INPUTS FORMAT(ZIIO. 2F10.2, 1109

NMB-THE NUMBER OF QUTPUT PAGES FOR THE SUMMARY TABLF(S DESIGNS/PAGE) . -
‘ NMB CAN ONLY HAVE THE VALUF ly 2y UR 3.
COLUMN 10 :

NM-THE TOTAL NUMBER UF MATERIALS AVAILABLE,EXCLUDING SUBGRADE.
NM AS AN INPUT VALUE IS NOT REQUIRED AND IS IGNORED IN THIS
"VERSION OF FPS, IT IS CBTAINED INSTEAD BY COUNTING THE MATER-
[AL PROPERTY CARDS.
COLUMNS 11—20 IGNCRED

CL-THE LENGTH OF THE ANALYSIS PERIUD IN YEARS.
COLUMNS 21-30

FPS—9 PRUGRAM DUCUMENTATION



INPUT DATA FOR FPS-9 (CONTINUED) PAGE 6

XLW-THE WIDTH OF EACH LANE(FEET).
COLUMNS 31-40

NL-THE NUMBER OF LANES ON THE HIGHNAY, BOTH DIRECTIONS
COLUMNS 41-50

AR RO KRR R R R R CARD 33Kk % dokkok ook Kok R AR Aok ok ok ok ok
PERFORMANCE EQUATION VARIABLES FORMAT(5F10.2, 2F10.4)

ALPHA-THE DISTRICT OR REGICNAL TEMPERATURE CONSTANT.
COLUMNS 1-10

PSI-THE SERVICEABILITY INDEX OF THE INITIAL STRUCTURE.
COLUMNS 11-20

P1—-THE BEGINNING SERVICEABILITY INDEX OF THE PAVEMENT
AFTER AN OVERLAY. SET THE SAME AS PSI IN FPS-9. '
COLUMNS 21-30

P2-THE MINIMUM ALLOWED VALUE OF THE SERVICEABILITY INDEX
(POINT AT WHICH AN OVERLAY MUST BE APPLIED).
COLUMNS 31-40 '

P2P-NON-TRAFFIC DETERIORATION PARAMETER-THE LOWER BOUND ON THE
SERVICEABILITY INDEX WHICH WOULD BE ACHIEVED IN INFINITE
TIME WITH NO TRAFFIC.

COLUMNS 41-50

B ONE — A NON-TRAFFIC DETERIORATION PARAMETER, THE CONSTANT WHICH
DETERMINES THE EFFECT THAT SWELLING CLAY WILL HAVE UPON THE
SERVICEABILITY LOSS OF THE PAVEMENT DURING A FINITE
TIME INTERVAL.

COLUMNS 51-60

GAMMA — A SWELLING CLAY PARAMETER, THE DECREASE IN SERVICEABILITY
INDEX WHICH IS EXPECTED TO OCCUR EACH YEAR AT A CONSTANT RATE.
COLUMNS o1~ 70

*******************#*********CARD £ Aok o ok ok e ok ok o ok ok ook ok Aok o dokok ok ook o kol ok K
THE TBAFFIC VARIABLES FGRMAT(3F10.0' F10.2, 110}

RO - ONE-DIRECTION AVERAGE DAILY TRAFFIC AT THE BEGINNING OF THE
ANALYSIS PERICD. _
COLUMNS 1-10

R20 - ONE-DIRECTION AVERAGE DAILY TRAFFIC 20 YEAﬁsrAFTER
CONSTRUCTION.
COLUMNS 11-20

FPS-9 PROGRAM DOCUMENTATICON



CINPUT DATA FUR EPS-9 (CONTINUED) » PAGE 7

X220 — THE 20 YEAR ACCUM. 18-KIP AXLE EQUIV.
COLUMNS 21-30

PROPCT — PERCENT OF ADT WHICH wWwILL PASS THROUGH THE OVERLAY ZONE
DURING EACH HOUR WHILE CVERLAYING TAKES PLACE{NORMALLY ABOUT
6 PERCENT FOR RURAL AREAS , 5.5 PERCENT FOR URBAN AREAS, AND
ABOUT 4.2 IF TRAFFIC IS EVENLY DISTRIBUTED DURING THE 24 HOURS).

COLUMNS 31-40

ITYPE-IS A CODE FDOR THE TYPE OF ROAUD UNDER CONSIDERATION. -
ITYPE=1 DESIGNATES A RURAL ROAD AND ITYPE=2 DESIGNATES AN
URBAN ROAD. ALL OTHER VALUE ARF INVALID.
COLUMN 50 :

#*##*******#***##***#********CARD 65 st ok s ok ok ook o o ok o ok ok % o ok K ek o o ok o ook ok
THE VALUES OF THE CGNSTRAINT VARTABLES FORMAT{4F10.1, 4F10.2)

XTTO-THE MINIMUM ALLOWED TIME TO THE FIRST OVERLAY.
COLUMNS 1-10

XTBO-THE MINIMUM ALLCWED TIME BETWEEN COVERLAYS PERMITTED.
COLUMNS 11-20

TTSC-THE TIME TO THE FIRST SEAL COAT AFTER INITIAL OR OVERLAY
CONSTRUCTION. .
COLUMNS 21-30

TBSC-THE TIME BETWEEN SEAL COATS.
COLUMNS 31-40 ‘

CMAX THE MAXIMUM COST PER SQUARE YARD THAT IS TO BE ALLOWED FOR
INITIAL CCNSTRUCTION.
COLUMNS 41-50

TMAXIN - THE MAXIMUM ALLOHABLF TCTAL THICKNESS OF INITIAL
. CONSTRUCTION. . ‘
‘COLUMNS 51-60

OMININ - THE MINIMUM THICKNESS OF AN INCIVIDUAL OVERLAY.
COLUMNS 61-70

OMAXIN - THE ACCUMULATED MAXIMUM THICKNESS OF ALL OVERLAYS.:
COLUMNS 71~80C

Jok ok ROk R Rk R ok kR AR R IR R AOKC AR D 6 0K d0k sk ok ok ok ook ol ok FoR ok Rk R ok
OVERLAY PARAMETERS ASSOCIATED WITH USER CUSTS FORMAT(éFlO.Z' 2110}

ACPR- ASPHALTIC CONCRETE PRCDUCTION RATE{TONS PER HOUR)
COLUMNS 1-10

FPS<9 PROGRAM DOCUMENTATION



INPUT DATA FOR £PS-9 {CONTINUED) PAGE 8

ACCD-ASPHALTIC CONCRETE CONPACTED DENSITY (TONS/COMPACTED CY).
COLUMNS 11-20

XLSO~THE DISTANCE,MEASURED ALONG THE Cl.Le+OVER WHICH TRAFFIC IS
SLOWED IN THE BVERLAY DIRECTION (LS@ IN USER COST TABLES
APPENDIX) .,

COLUMNS 21-30

XLSN-THE DISTANCEyMEASURED ALONG THE Ce.l.yOVER WHICH TRAFFIC IS
SLOWED IN THE NON-~OVERLAY DIRECTIDN (LSN IN USER COST
- TABLES APPENDIX). ‘
COLUMNS 31-40

XLSD~THE DISTANCE, MEASURED ALONG THE DETOUR, AROUND THE OVERLAY
 ZONE. THIS VARIABLE IS USED ONLY FOR MODEL=5 (LSD IN USER
COST TABLES APPENDIX).
COLUMNS 41-50

- HPD-THE NUMBER OF HOURS PER DAY THAT OVERLAY CONSTRUCTION TAKES
PLACE. THE PRODUCT (HPD*PROPCT) SHOULD NOT BE GREATER THAN
100 PERCENT, HOWEVER IF THE STRIP IS UNDER CONSTRUCTION
TWENTY-FOUR HOURS A DAY: {HPD*PROPCT) WILL EQUAL 100.
COLUMNS 51-60 ’

NLRO-THE ‘NUMBER OF OPEN LANES IN THE OVERLAY DIRECTION IN THE
RESTRICTED ZONE.
COLUMN 70

NLRN-THE NUMBER OF OPEN LANES IN THE NON-OVERLAY DIRECTION IN THE
RESTRICTED ZONE, :
COLUMN 80

kot ok ok ok ok e s gk ok ok ok R ok kR CARD 7k skt ik ot kol ok sk e oo e el ek el o sl kol ok o ook o o
JDITIONAL PARAMETERS ABOUT USER COSTS ASSOCIATED WITH OVERLAYS
. JRMAT(2F10.2y 2F10.4%4y 3F10.2, 110)

PPO2 - PERCENT OF VEHICLES THAT WILL BE STOPPED IN THE OVERLAY
DIRECTION BECAUSE OF MOVEMENT OF PERSONNEL OR EQUIPMENT.
COLUMNS 1-10

PPN2 — PERCENT OF VEHICLES THAT WILL BE STOPPED IN THE
NON-OVERLAY DIRECTION BECAUSE OF PERSONNEL OR EQUIPMENT.
COLUMNS 11-20 '

DO2~THE AVERAGE DELAY PER VEHICLE STOPPED IN THE OVERLAY DIRECTION
BECAUSE OF MOVEMENT OF OVERLAY PERSONNEL AND EQUIPMENT IN THE
RESTRICTED ZONE.

COLUMNS- 21-30

DN2-THE AVERAGE DELAY PER VEHICLE STOPPED IN THE NON-OVERLAY
DIRECTION BECAUSE OF MOVEMENT OF PERSONNEL OR EQUIPMENT.
COLUMNS 31-40

FPS—9 PROGRAM DOCUMENTATION



INPUT DATA FUR FPS-9 (CONTINUED, PAGE 9

AAS-THE AVERAGE APPROACH SPEEU TO THE OVERLAY AREA, WILL BE THE
SAME FOR BUTH DIRECTIONS. (MILES PER HOUR) =* ;
COLUMNS 41-50

ASO-THE AVERAGE SPEED THROUGH THE OVERLAY AREA, IN THE OVERLAY
DIRECTION. (MILES PFR HOUR) *
COLUMNS 51-60

ASN—-THE AVERAGE SPEED THROUGH THE UVERLAY AREAY IN THE NON-
OVERLAY DIRECTION. (MILES PER HOUR) *
COLUMNS 61-70

MODEL-THE MODEL NUMBER WHICH DESCRIBES THE TRAFFIC SITUATION.
{ONLY NUMBERS 1, 24 3, 4y OR 5 ARE VALID)
COLUMN 80

——— i e e . g e

* NOTE ALTHOUGH SPEEDS MAY BRE INPULT AS ANY VALUE, THEY WILL BE
ROUNDED TO THE NEAREST 10 MPH WITHIN THE TABLE LIMITS UF 60
MPH AS GIVEN IN THE APPENDIX ON USER COSTS.

***********#*****************CARD 8*******#******t*************#****t***
MAINTENANCE €COSTS, SEAL COAT COSTS, TIMF VALUE OF MONEY
FORMAT(4F10.2) . ’

CM1- ANNUAL ROUTINE MAINTENANCE COST PER LANE MILE FUR THE FIRST YEAR
AFTER CONSTRUCTIGN OR AN OVERLAY.
COLUMNS 1~ 10

CM2=ANNUAL TNCREMENTAL INCREASE IN ROUTINE MAINTENANCE COSf PER

LANE MILE.
COLUMNS 11-20

SC —-THE COST OF A SEAL COAT PER LANE MILE.
‘COLUMNS 21-30

PCTRAT —~ THE INTEREST RATE OR TIME VALUF LF MUNEY, IN PERCENT,
COLUMNS 31-40

FPS-9 PROGRAM DOCUMENTATIGN



INPUT DATA FOR FPS-9 (CONTINUED) PAGE 10

*#*************#******##******#*****************************************

MATERTAL PROPERTY CARDS (TWO TO ELEVEN CARDS STARTING WITH CARD 9)
ok e ok ok ok ok ok ol ok ok ok ok dok ok o ok dokoka kR ik ok ok ok el e ook e ook sk ok sk ok sk ook

 CONSTRUCTION MATERIALS, THEIR PROPERTIES, AND ASSOCIATED CONSTRAINTS.
FORMAT(3Xy Ily 3X, Al, 3X, 6A3, Fb6.2, 4F8.2)

THE COLUMN DESCRIPTIONS ARE AS FOLLOWS--

FIRST FIELD-~1 COLUMN - ILAYER - THE LAYER NUMBER IN WHICH THE
MAT ERIAL MAY BE USED. (MUST NOT BE GREATER THAN 6) '

NOTE THAT THE FIRST FIELD MUST BE BLANK OR ZERQO FOR SUBGRADE.
COLUMN 4

SECOND FIELD~1 COLUMN-CODE LETTER OF THE MATERIAL.
THE CODE LETTER IS NOT APPLICABLE FOR THE SUBGRADE.
COLUMN 8

THIRD FIELD-18 COLUMNS-THE NAME OF THE TYPE OF MATERIAL.
COLUMNS 12-29 |

FOURTH FIELD-6 CULUMNS—THE.IN~PLACE COST PER COMPACTED CUBIC YARD.
THIS FIELD NOT APPLICABLE FOR THE SUBGRADE.
COLUMNS 30-35

FIFTH FIELD--8 COLUMNS-THE STRENGTH COEFFICIENT OF THE MATERIAL.
COLUMNS 36-43

SIXTH FIELD-=8 COLUMNS-THE MINIMUM LAYER THICKNESS ALLOWED.
THIS FIELD NOT APPLICABLE FOR THE SUBGRADE,
COLUMNS 44-51

SEVENTH FIELD-8COLUMNS—-THE MAXIMUM LAYER THICKNESS ALLOWED.
THIS FIELD NOT APPLICABLE FOR THE SUBGRADE.
COL UMNS 52-59

EIGHTH FIELD-8 COLUMNS-SALVAGE VALUE PERCENTAGE OF THE MATERIAL.
THIS FIELD NOT APPLICABLE FOR THE SUBGRADE. '
COLUMNS 60-67

NOTES ese
THE MATERIAL PROPERTY CARDS MUST BE IN ASCENDING SORTED ORDER

BY THE FIRST FIELDs AND THE SUBGRADE CARD MUST BE LAST.

IN OTHER WORDS, ALL LAYER 1 CARDS MUST BE FIRST, FOLLOWED BY
ALLT OF THE LAYER 2 CARDSy o o« o¢ AND LAST MUST BE THE SUBGRADE
CARD WITH THE ILAYER FIELD BLANK OR ZERO., THERE MUST BE AT
LEAST ONE MATERIAL FOR EACH LAYER, :

LAYER 1 IS THE SURFACE LAYER, ASPHALTIC CONCRETE.

OVERLAYS WILL BE ASSUMED TO BE CONSTRUCTED OF THE SAME

MATERIAL AS THE SURFACE LAYER,
ok A 3 e 2 o o 4 e ik e e o 3k ok o ok ok e o ok ok ok ok o ok 2Bk afe ik ki sfeali o ol sl ofe e ol i o o ook ik sk o e ok sk i ki sk K o ok ok sk sl e e ok o e o o

FPS—9 PROGRAM DOCUMENTATION
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SAMPLE INPUT DATA ' ' - PAGE

THE FPS-9 PROGRAM IS VERY FLEXIBLE. IN ADDITION TO THE MORE
CBVIOUS PROBLEMS., THE FULLOWING SETS OF INPUT DATA ILLUSTRATE HOW
SPECIAL PROBLEMS MAY BE CONSIDERED.

EACH EIGHTY CHARACTER CARD IS SHOWN UON TWO LINES, COLUMNS ONE
THROUGH 60 ON THE FIRST LINE, FOLLOWED BY DASHES, COLUMN 61-80 ON
THE SECOND LINE, PRECEEDED BY DASHES, OTHERWISE IT IS THE FXACT
DATA USED FOR THE TIMING EXPERIMENTS AND TO PRODUCE THE EXAMPLE
OUTPUT IN THE APPENDIX. COMMENTS ON THE FUUR SAMPLE DATA PROBLEM§
ARE ALSO INCLUDED IN THIS SECTION.

PROBLEM T-1. : ~
COLUMN NUMBERS

11

1 ' 2 3 4 5 6
.Q..SQQ.'O‘.V‘.S..'CO.‘ .050 ". oOoo-‘5..0'0:30'015.0t00¢o005oo¢00-"""_"‘"’.
v ; o
.....__...._..-_..—-.‘-.«-————-—-—-—---—-—~-—--‘-—«--—-‘-——-'-"'—“‘*""‘“"'. 'K 5. *es n LR 2N J 0_50 . e 00
Tl TEST DATA SIMILAR TO 123-1 REPORT ON FPS-3 —————
3 20,0 12.0 4 e
30,0 - 4.2 4.2 - 3.0 150 = 0407 =——————ee
- e e e e NDeN2 - _
’ 12000._ 18000, 2 0506 6.0 : 1 : ————————
2.0 5.0 . ' 5.0 3.0 5,0 LY R T p——
e e e e e e e e 0.5 8.0
75.0 " 1.80 0.5 0.5 10,0 ~——mmeee
2.C 0.0 0.1 0.l 60,L,0 40,0 —mim——a—
e e e i o e e e e e e e e 55.0 : 3
5060 20.0 1500,0 5.0 : S
1 A ASPHALTIC CONCRET 10,0 .82 - 1.00 1¢.0 o o o e
e e e e e S e o . S e i e e e wn 4.5 ()
2 L CR. LIMESTONE=1 5.0 .55 6.00C 160 = —e———————
e e . o e o e e o o . St e o e e S s e i e e s o e e e o o e e e 750 ‘ ’
2 G GRAVFL 1 3.0 0435 6,00 160 W —wmmmeee
——————————————————————————————————————————— 10C.0
3 G GRAVEL 1 3.0 0.35 6,00 16,0 W =——ceeew-
-------------------------------------------- 100.0
SUBGRADE _ 0,22 it e

—————, —— ———— ——— —— — - — " oy W o " ——— . ——— " — . —— — o o i ———_ A s W e

THIS PROBLEM WAS PRFPARED TO BF SIMILAR TU THF TEST DATA

"IN REPORT 123-1 (REFERENCE 3). THE VALUES (OF SWELLING CLAY WERE
CHANGED TO REFLECT THE NEW MODEL AND THE SERVICEABILITY INDEX AFTER
OVERL AY WAS MADE THE SAME AS THE SERVICEABILITY LNDEX AFTER INITIAL
CONSTRUCTION FOR.THE FPS—-9 PERFORMANCE EQUATION. THE MATFERIAL
*GRAVEL=1' WAS INCLUDED FOR EITHER LAYER 1 OR LAYER 2 T0O TLLUSTRATE
THE ADVANGAGE OF THIS CAPABILITY IN FPS=9. . .

" FPS-9 PROGRAM DOCUMENTATION
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SAMPLE INPUT DATA (CONTINUED) _ ' PAGE 12

IN THE RESULTS IT MAY BE NOTICED THAT A WIDE RANGE IN DEPTH OF
THE ASPHALTIC CONCRETE GAVE A LARGE NUMBER OF INITIAL DESIGNS, NEARLY
10,000 FOR ONE COMBINATION OF MATERIALS, AND REQUIRED ABOUT 1.5
MINUTES OF COMPUTER TIME FOR THE ENTIRE PROUBLEM.

If THE INPUT VALUE OF THE MAXIMUM THICKNESS OF ASPHALTIC CONCRETE

HAD BEEN LESS, A SAVING IN COMPUTER TIME WOULD HAVE RESULTED SINCE ONLY
THE ONE LAYER DESIGN WOULD HAVE BEEN AFFECTED IN THE OPTIMUM DESIGNS
OUTPUT. IT MAY BE NOTED THAT ALL OTHER DESIGNS USING MORE THAN ONFE
LAYER WERE OF MUCH LOWER COST AND HAD ASPHALTIC CONCRETE LAYER
THICKNESS IN THE OPTIMUM DESIGNS OF 1.0 TO 4.50 INCHES IN DEPTH.

PROBLEM T-2
COLUMN NUMBERS
1 2 3 -4 5 6
00005000 00.0005-‘060.0;.5...00.000500nnOoo.-So.o.Ono.aSvoooO““-""""‘-
7 8
- - - = = - ———— f'_“otooSoo.oOq.o.SooooG
T-2 EXISTING BASE USED AS EITHER 2ND OR 3RD LAYER ————
3 3 20 12 4 ——————
22 4.2 . 4.0 3.0 1.50 040600 =—==mmmmm
- - —— - - m—————— 0,05
1600. 3200. 800000. 5.0 1 emem———
5.0 5.0 | 22. 22, 7450  24.00=———=—=v
80 2.00 1.0 1.0 0.0 | L R A —
- _— -— -— -— 1 1
1.00 1.00 0. 01 0.01 60 r Y B ——
- - ——————ee 30 5
50.00 7 20900 0.00 7.0 e atuthend
1 A . ACP 16,00  0.95 1.50 2,00 ===m———m
- , -=== 50,0
2 B ASPH STAB BASE 11.00 0.85. 2.00 8,50 —~=—=—e—ew—
- ————- - e 60,0
2 X EXISTING BASE 0.00 0.46 14,00 14,00 =—=—v —
- - ————————— e e 100 4 0
3 X EXISTING BASE 0.00 0e46  14.00 14,00 =—=——=——m
- ——= e mmm——m——— 100.0

SUBGRADE - De24 e e

. W S D T S T B Tt N S A S S T e VS . . T S SO TS VU SRS O S e G B I D s T A S T S

AN EXISTING SUBGRADE WAS INCLUDED IN THE CHOICE OF MATERIALS FOR
THIS PROBLEM BY GIVING THE COST AS 0.0 DOLLARS PER CUBIC YARD.

ALTHOUGH THE NUMBER OF MATERIALS WAS AS GREAT AS IN PROBLEM T-1,
NOTE THAT PROBLEM T-2 REQUIRED LESS THAN 20 PERCENT OF THE COMPUTER
TIME AS THE PREVIQUS PROBLEM PRIMARILY BECAUSE OF THE LESSER NUMBER

FPS—9 PROGRAM DOCUMENTATION
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SAMPLE INPUT DATA {CONTINUED) ’ " PAGE 13

OF ASPHALTIC CONCRETE LAYER THICKNESSES. , :

- SEAL COAT EXPENSES WERE INCLUDED IN ANNUAL MAINTENANCE. THE
DELETION UF THE SEAL COAT SCHEDULE WAS ACCOMPLISHED BY EXTENDING THE
INPUT DATA RELATING TO SEAL COAT SCHEDULES.

PROBLEM T-3.
COLUMN NUMBERS

1 2 - 3 4 5 6
ooeoSoao -000605000.0-0 0.5-.,- .Ooooosocu00¢o ..5....0....5....@ ‘‘‘‘‘‘‘
. 7 , .8
bt taden i derdiestent it ol "“""""“"“"""""“"""‘“""“"""""““"“"‘"""o ess Sa L n- . 00 50 s .O
T-3 - HEAVIER TRAFFIC; FRONTAGE ROAD wITH LIGHT. --5-*~--
1 2 20.0 12.0 6  memm—————
26,00 4420 4420 - 3,0 1450 (T T AR ———
e e L e e e e e i o L 0.05 o
15000."  25000. 3.45E+06 5.5 2 eemm——
2.07 5.0 30,0 30.0 4.0 25,0 ——mmm——-=
e e i ——————— e e 1.0 5.0
75. 0 2.0 1.00 - 0. 1.10 , Bo mmmmoees
—_.—.--—-—-—-.——-—-———-—v—-—’-——‘-_-‘- -------------------- » 2 . 3
10,0 - 040 0167 0.0 50.0 30,0 ————————
25.0 19.0  1500.0 6.0 0 emmme—e—
1 A ASPHALTIC CONCRETE 24.0 0.90 1.0 P JE————
e e e e e e e e e e ————————— 25.0
2 S CRUSHED - STONE 4,0 0465 4.0 200 —mmm———
e e e e e e e m e e ] 00, 1) :
3 6 GRAVEL-1 3.0 0.35 6.0 20, | mm—mmeee
e e e s i < e o i et o o i S8 hme st s S A A o b | .--‘——4--—..—.'— _____________ 80.0 .
SUBGRADE 9.24 . cmmemman

St D e e Gt e et A e B i oD Al Vo o T A iy A o o T i s WD S s D i W T e Bt A L s A s s o -

THIS PROBLEM ILLUSTRATES HOW A DETCUR ONTO A FRONTAGE ROAD WITH
A TRAFFIC LIGHT MAY BE SIMULATED BY SUBSTITUTING INTD THE PROPORTION
OF VEHICLES STOPPED BY OVERLAY EQUIPMENT THE PROPORTION OF VEHICLES
STUPPED BY A TRAFFIC LIGHT ON THE FRONTAGE ROAD DETDUR.

FPS=9 PROGRAM DOCUMENTATION
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" SAMPLE INPUT DATA (CONTINUED) S | PAGE 14

PROBLEM T-4
. COLUMN NUMBERS ,
1 2 -3 4 5 6
....5....00...5.’..0.0..5....0“..5.'..0..'.5.0.00..7..5..0.0

7 8

o - - —— — — —— —— - “‘*“...cS.oo.Ooo.oSOO..o

T-4 SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS, =——————=-
1 2 20.0 12.0 6  mmme————
| 26.00 4.20 4.20 3.0 ~ 1.50 0,08  —————m—
- - - 0003
15000.  25000. 3. 45E+06 5.5 2 eeme——
2.0 o 5.0 30.0 30.0 1000 26¢ W mme—wemm——
- - ———— ———————————— e e 0.5 10.
75. 0 2.0 1.00 - 0. 1.10 80' e o
== - _ e 2 3
10.0 0.0 «0167 0.0 5040 = 30,0 =——————e
———- e -— 50,0 5
25.0 ©10.0 1500.0 6.0 ————————
1 A ASPHALTIC CONCRETE 24.0 0.90 1.0 1o ——memme——
- - - ——— : - m——— 25,0
1 A ASPHAL TIC CONCRETE 24.0 0.90 6.0 6e0 mmmm————
- _— - - 25.0
2 S CRUSHED STONE 4,0 0.65 4,0 4,00 ~————m————
- - - —_ - ~ 100.0
2 S CRUSHED STONE 4.0 0. 65 20. 20,0 ———m————
- e - - 100.0
3 G GRAVEL~1 3.0 0.35 20. 20. ————
e ',‘ - — - > - o 80.0
3 G GRAVEL~-1 3.0 0.35 6.0 60  —mm—mm———
- - ~-- 80.0

SUBGRADE 0.240 S

—— ——— - - — — - -—— - ——

- — > St o Ut s — - 4" . Y o Yt e T et A2l Aot R . U S .

THIS SET OF DATA, SIMILAR TO PROBLEM T-3, SHOWS A METHOD OF
OBTAINING INFORMATION ON A WIDE RANGE OF PAVEMENT MATERIAL THICK-
NESSES. THIRTY PAGES OF OUTPUT WERE PRODUCED BY THIS SET OF DATA
COVERING EXTREMES IN MATERIAL THICKNESSES AT A COST IN COMPUTER TIME
OF LESS THAN FIVE SECONDS. _

SLIGHTLY MORE INFORMATION WOULD HAVE BEEN OBTAINED AT A LOW COST
IF THE MAXIMUM AND MINIMUM THICKNESSES, INSTEAD OF BEING IDENTICAL
ON EACH MATERIAL CARD, HAD A DIFFERENCE OF AT LEAST ONE INCREMENT,.
THE CONSTRAINT MESSAGES WOULD THEN HAVE INDICATED WHETHER THE
OPTIMUM LAY BETWEEN THE THICK LAYER AND THE THIN LAYER.

FPS-9 PROGRAM DOCUMENTATION:
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EXTERNAL CROSS-REFERENCE TABLES A PAGE 15

THE FGLLOWING TWO CRCSS-REFERENCE TABLES ARE DESIGNED TO AID
THE PROGRAMER R ANALYST TOU ALTER ONE PCRTION CF THE PROGRAM WITHOUT
CAUSING ‘UNKNGOWN OR DISASTROUS EFFECTS OGN CTHER PORTIUNS OF THE
PROGRAM,

l. SUBPROGRAM AND MAIN CRUSS REFERENCE TABLE.

EACH SUBROUTINE AND FUNCTION CALL IS IS LISTED DUWN THE LEFT
WITH AN *X' UNDER THE COLUMN FCR THE MAIN CR SUBPROGRAM WHICH REFERENCES

THAT SUBPROGRAM WHICH WAS CALLED.

THE FORTRAN LANGUAGE ALSC IMPLIES CERTAIN FUNCTION CALLS AND
THEIR NAMES MAY DIFFER DEPENDING ON THE COMPUTER SYSTEM. THE NAMES
SHOWN ARE THOSE BY THE [BM 0S/360 SYSTEM. IBCOM IS THE [BM FORTRAN
INPUT-0UTPUT. SUBPROGRAM. FRXPI AND FRXPR ARE IMPLICIT FUNCTICNS
CALLED FUR FLUOATING POINT AND INTEGER EXPGONENTIALS RESPECTIVELY.

2. COMMON VARIABLES CRCSS REFERENCE TABLE.

© THIS TABLE LISTS EACH OF THE VARIABLES IN COMMON AND IDENTI-
FIES THE PROGRAM CR PROGRAMS WHICH USE THOSE VARIABLES AND WHETHER
THEY ARE JUST REFERENCED (FETCHED) ANC/OR IF THE PROGRAM STORES A

NEW VALUE. ~SUBROUTINE CALLING ARGUMENTS WHICH ARE ALSQ IN CUMMON
ARE IDENTIFIED. - | .

FPS-9 PRUGRAM DUCUMENTATIGN
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TABLE 1. PROGRAM EXTERNAL CROSS—-REFERENCES ~ PAGE 16

BELOW IS A TABLE SHOWING THE EXTERNAL REFERENCES OF EACH OF THE
PROGRAMS; ; ' ,

o o ook Aok sk ok s oot e ook ool s ok ool o o ok ok o ok koK %**# o ok ok ok o e ok gk A ok deok kokojok Kk

* : CALLING PROGR&M NAME
CALLED ok ok dok ook o okok ok ok oo e ook ot ok oot o ok oo ook ook ok ek ok
EXTERNAL ¥ S 0 0 : S H L
NAME ¥ I 0 U v U E A
* M N L T R C U T p S M A Y
* A p Y p L A S 1 W E A D 1
* I u E u A L E M R A R - N D
% N T 2 1T Y C R E- M L Y 6 X
A ok ook ok ok R KR AR ok Rk R Bk ok Ok K ok ook ko ok ok R Kok Rk ok o
INPUT X
SOLVE?2 X

‘QUTPUT X

OVRLAY X

CALC o ox X

USER ) o X

TIME ' X

PWRM X

SEAL , S

SUMARY . X

HEADNG X X X

LAYIDX X ’

e m e e = 2 - - REFERENCES TO COMMON = = = = = = = = = = = — =
BLANK X X X X X X X X

————————— " EXPLICIT FORTRAN AND LIBRARY REFERENCES — — = - — — -
E XP : X X X ,

SQRT ' | | X

————————— I B M IMPLIED FORTRAN LIBRARY REFERENCES = — — — —
FRXPT , X X X X

FR XPR X X

IBCOM X X X X X X

FPS—9 PROGRAM DOCUMENTATIGON
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TABLE 2. REFERENCES TO COMMON ‘ PAGE 1

FETCH FCR COMPUTATION OR PRINTING
STORF A NEW VALUE IN CORE _
CALL ING ARGUMENT USED IN A SUBROUTINE CALL

oo

F
S
A

3 ke o ok o ook e ok ok R ook o ok ol ok o ot o o ok o o o ke ok ol ok ok kol ok ok ok Kok

VART- * o PROGRAM NAME o
ABLES % ik s o o b ook b ok ook R b ok
IN % 5 0 9
COM- * 1 o U v | |
MON % M N L T R C u T
kA p v P L A s .
x 1 u E u AL E M
| * N T 2 r Yy c R E
*#*******#**********##*************#**#********
A S === emm —mm mem e ee-
AAS I T
ACCD === SF === mmm eem e B —ee
ACPR === SF === —o= === —oe F oo
ALPHA === SF === F === === —o= §
ANZ A SFA == A mmm mem mee e
ASN - === SF == mmm mmm e B mee
ASO === SF === === == === F  —--
B SE —== m== mmm mem F mmm e
B8 SF  wo—  mml mmeose mee eme e
B ONE === SF === === F mme mm= e
CINT S === =mmm mmm e’ L mmm e
cL = ==~ SF F ~—~ AF  -=— === F
CMAX -——— SFF T T T
casT s --— F — F S
cl1 ee S mem fem A mmm —deaee
c2 e S Sem oo A S et e

- FPS—-9. PROGRAM DOCUMENTATION
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T X e~

TABLE 2. (CONTINUED) REFERENCES TO COMMON
e A ok ook ok koK ok Sk Kok kol dk ool o ke ok ol ak o ok ook ok ko o ok ook ko ok
VARI- * , PROGRAM NAME
ABLES ok & %ok ok ook Aok st ool o e o s o dkodkook ok ok e ok kool o e
IN  * s 0 0
COM- * I 0 u v
MON * M N L T R C U
¥ A P v P L A s
x 1 u E U A L E
* N T 2 T Y ¢ R
3 o A ek ook sk ok ol ok ook ok ok ok ok o o o Ak ok kol o ok kol ol ol ok ko ok o ok
DATA. F SF =-=—— F _— e e
DN2 —e—  SF —— e v e F
DG2 -—- SF - F
DMAX S -— F F —— o ———
DMIN s -— F F o oemm —mm —em
DOVER --= === SF SF FS F —-——
GAMMA - SF i
HPD == SF === —e= eme —=— F
INDEX SF === —— F — e e
IPAGE A SA  —-—— A
ITYPE ——— §F  m——m == —e= ——= F
KT S —-— SF F Y S —
LAYER SF - -— . F. F F F —
MATYPE SF  —m= —m=  —om mm e
MODEL —— §F  —=- .
NLO e SF o= mmm e ———  F
NLRN e SF  mm=  mm=  mmm —me F
NLRO = SF  =mm  mee mme —me  F
NM F SE -—— F —— ——— ———
NMB FA SF + === -—— F ——— e
NPROB — A —— e e

A SFA

FPS-9 PROGRAM DOCUMENTATION
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TABLE 2. (CONTINUED) REFERENCES TO COMMON ' ' PAGE 19

%0 % X o o ok K o o ok i ok kool ook ok ok ik kokok Rk ok Aokokok Kok

VAR[- % PROGRAM NAME
ABLES ok ok ok oo deokeodeok oo oo dokok o e ok oo e e e e e ook ok ok ko ok
IN % S 0 0
 COM- % I G u v
MON * M N L T R c u T
£ A PV P L A S I
] u E u A L E M
* N T 2 T Y C R E
***********#***********#***********************
OVCOST === S e
QVING === § T I
OVMAX ~—= SF === F F — -
CVMIN ——< §F === === F —— —em -e-
OVSALY === § === === F — e =
OVSTR — s —w= === [ === === -—- SEE NOTE
PN2 B T L - —
PG2 T N -
PROP e e
PSI ~—= §F === === F === ——= e
PSVGE S ——— === === F ——— e —m-
Pl —~= SF === === F T
P2 L
p2p L e L
RATE ~—= SF === === AF  -=— F -—
RC == SF === —=— F —— = F
RO B T - ——— ———
sC R
SCC -— 5 e mmm A mmm mmm e
NOTE

OVSTR [S REFERENCED ONLY FCR PRINTING IN FPS-9 BUT IS INCLUDED
IN COMMON FOR PLANNED FUTURE CHANGES IN £PS. FPS-9 AND EARLIER
VERSIGONS OF FPS USE THE STRENGTH OF THE FIRST LAYER AS THE OVERLAY
STRENGTH COEFFICIENT.

FPS-9 PRUGRAM DOCUMENTATION
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TABLE 2.

(CONTINUED)

REFERENCES TO COMMON

0 ok e e o el o b ool o oo e oo o ok ol o ok o ko ol o ok o o ok ok ok o ook sk o ok

PROGRAM NAME

ABLES *#*********#*******************#******#**

VARI- *
IN % s 0
CoM- * i o v
MON * M N L T

S A P v.ooP
* 1 u E U
« N T 2 T

2 X ok ook e ok ko ook ook ok Kok

TBSC -—— S === A

TCKMAX  —-—- SF F F

TMIN ——— 5 em— -

T

TISC -~ === S . === A

UPLEVL =-— §  -=—— F

X INC S — FS F

XLSD -~ SF  ——= ==

XL SN --— SF - ===

XL SO ~——= SF == -

XNC —= SF ——= ——-

X780 = SF ——m e

XTTO -—-~ SF -—=— F

z —- - s F

<P>Prox<o

O > O

xmncC

FPS—9 PROGRAM DOCUMENTATION
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NAME DICTIONARY PAGE 21

THE NAME DICTIONARY DGCUMENTS EACH OF THE VARIABLES IN
COMMON AND THOSE PASSED AS SUBROUTINE ARGUMENTS. VARIABLES LOCAL
ONLY TO A GIVEN SUBPRUOGRAM MAY BE MORE EASILY DOCUMENTED WITH COM-
MENT CARDS IN THE PROGRAM LISTING. :

SIGNTFICANT CIFFERENCES IN THE USE OF A VARIABLE IN THIS AND
PREVIQUS VERSIONS OF FPS ARE NCGTED,.

THE UNITS, SUCH AS FEFT OR YEARS, WHICH EACH VARTABLE IS ASSUMED
IN THE PROGRAM ARE GIVEN WITH A NOTATION IF DIFFERENT FROM EARLIER
VERSIONS OF THE FPS PROGRAM, THE SECTION ON DEFINITION OF TERMS
MAY BRE USFED FOR GENERAL INFDRMATION CF THE UNITS UF UF -MEASURE FOR

THE VARIABLES.

A | AN ARRAY OF STRENGTH COEFFICIENTS FOR EACH MATERIAL IN A
DESIGN SELECTED FROM THE DATA ARRAY USING THE INDEX ARRAY IN

*MAIN' FOR USE BY *CALC'.

AAS . THE AVERAGE APPRCACH SPEED TO THE OVERLAY AREA, ASSUMED TO BE
THE SAME FOR BOTH DIRECTIONS (MILES PER HOURIJ.

ACCD ASPHALTIC CONCRETE COMPACTED DENSITY (TONS PER COMPACTED
' CUBIC YARD).

ACPR ASPHALTIC CONCRETE OVERLAY MATERIAL PRODUCTION RATE(TONS
PER HOUR) .

ADT | ONE~-DIRECT ION AVERAGE CAILY TRAFFIC AT A GIVEN POINT IN TIME,
CALCULATED IN 'OVRLAY', FOR 'USER' SUBROUTINE. )

ALPHA "THE DISTRICT OR REGIGNAL TEMPERATURE CONSTANT.

AMINCT THE PRESENT WORTH OF THE TOTAL COST FOR THE BEST OVERLAY
POLICY FOR AN INITIAL DESIGN.

AN2. AN ARRAY({1l6 WURDS) CF- ALPHANUMERIC CHARACTERS ASSDC[ATED
' WITH THE PAVEMENT SYSTEM, USED FOR PAGE HEADINGS.

ASN THE AVERAGE SPEED THROUGH THE UVERLAY AREAy IN THE
NON-OVERLAY DIRECTION. (MILES PER HOUR)

ASO THE AVERAGE SPEED THRUUGH THE OVERLAY AREA,IN THE OVERLAY
DIRECTION. (MILES PER HOUR)

B AN ARRAY OF TERMS FOR THE SCI EQUATION, SELECTED FROM ARRAY BB
IN *MAIN' FOR USE BY *'CALC*'. ' :

BB AN ARRAY, UNE TERM OF THE SCI EQUATION FOR EACH MATERIAL.

BCOST THE:CALCULATED CCST PER SQUARE YARD CF THE BEST OVERLAY
POLICY WITH EACH DESIGN,
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NAME
BDEXT

BI

BIP

BONE

BPOCCT
BPRM
BPTUC
BPWSCC
BSAL
BTSC
BTT
CINT

cL

CMAX
cM1
CM2
CODE

cosT

DICTIONARY {CONTINUED) ' , ' PAGE 22
AN ARRAY OF OVERLAY THICKNESSES FOR THE BEST OVERLAY POLICY.

SWELLING CLAY TERM FOR THE PERFORMANCE EQUATION, CALCULATED
IN *OVRLAY' AND 'OUTPUT', USED IN *'TIME'. :

ACCUMULATED SURFACE CURVATURE TERM CUE TO SWELLING CLAY,
CALCULATED IN 'TIME' , USED IN *OUTPUT' AND 'OVRLAY' TO
CALCULATE THE NEXT BI TERM. ‘

NON-TRAFFIC DETERIORATCN PARAMETERy THE CONSTANT WHICH
DETERMINES THE EFFECT THAT SWELLING CLAY WILL HAVE UPON THE
‘SERVICEABILITY LOSS OF THE PAVEMENT DURING A FINITE
TIME INTERVAL.

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

THE PRESENT WORTH VALUE CF THE ROUTINE MAINTENANCE FOR THE
BEST OVERLAY POLICY (PRESENT VALUE DOLLARS PER SQUARE YARD).

THE PRESENT WORTH VALUE OF TOTAL USER-COSTS FOR THE BEST OVER-

LAY POLICY. (PRESENT WORTH DGLLARS PER SQUARE YARDI).

THE PRESENT WORTH VALUE OF SEAL COAT COSTS FOR THE BEST OVER~-

LAY POLICY (PRESENT'VALUE DOLLARS PER SQUARE YARDI}.

THE PRESENT WORTH OF THE SALVAGE VALUE TO BE SUBTRACTED

FROM OTHER COSTS FOR THE BEST OVERLAY POLICY OF A DESIGN.

AN ARRAY OF TIME PERIODS BETWEEN SEAL CGATS FOR THE BEST
OVERLAY POLICY (YEARS).

AN ARRAY OF PERFORMANCE TIME PERIODS (SET EQUAL CORRESPOND-
ING TT ITEM) FOR THE BEST OVERLAY POLICY (YEARS).

THE FIRST TERM IN THE SCI EQUATION, CALCULATED IN *MAIN'
AND USED BY *CALC®. :

THE LENGTH OF THE ANALYSIS PERIOD IN YEARS.

THE MAXIMUM COST PER SQUARE YARD THAT IS TO BE ALLOHED FOR

INITIAL CONSTRUCTION (DOLLARS) .

ANNUAL ROUTINE MAINTENANCE COST PER LANE MILE FOR THE FIRST
YEAR AFTER CONSTRUCTION OF AN OVERLAY (VERSION 9, SEE Cl).

ANNUAL INCREMENTAL INCREASE. IN ROUTINE MAINTENANCE COST PER

LANE MILE(VERSION 9, SEE C2}).

AN ALPHABETIC CODE LETTER, FOR DATA' ASSOC IATED WITH EACH

JLAYER OF THE CURRENT DESIGN.

THE COST PER UNIT 0OF THICKNESS OF THE JTH LAYER. COSTU(J)
DETERMINED_FRDM DATA( ,9) USING INDEX AND ILAYER.
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NAME DICTIONARY (CONTINUED? PAGE

Cl
c2

DATA

DELD
DON2
DD02

DMAX

DMIN

DN2

DUVER.

Doz

GAMMA

HPD

18T

FIRST YEAR MAINTENANCE COST PER SQUARE YARD FOR THE FIRST
YEAR AFTER CONSTRUCTION OF AN OVERLAY, CALCULATED FRUM CMI1.

ANNUAL INCREMENTAL INCREASFE IN ROUTINE MAINTENANCE COST PER
SQUARE YARD,

AN ARRAY WITH A ROW(LST SUBSCRIPT) FOR EACH MATERIAL. SEE

ALSO TLAYER,
SOME VERSIONS OF FPS DIFFER IN THE USE OF THE DATA ARRAY,

DATAC 41) IS THE INCREMENT IN THICKNESS OF THE MATERIAL.

DATA( ,2) IS A ONE CHARACTER ALPHANUMERIC PRINTED QUT FOR
REFERENCE IN- *SUMARY?®,

DATA( +3), THRU ,DATA{ ,8) IS 18 ALPHANUMERIC CHARACTERS
ASSOCIATED WITH EACH MATERIAL.

DATA({ 49) THE IN-PLACE COST PER COMPACTED CUBIC YARD .

‘DATA( 410) THE STRENGTH COEFFICIENTYT FOR THE THIS MATERIAL.

DATA{ ,11) THE MINIMUM LAYER THICKNESS.
DATA{ ,12) THE MAXIMUM LAYER THICKNESS. - <
DATA( ,13) THE SALVAGE VALUE PERCENTAGE FOR THIS MATERIAL.
THE OVERLAY THICKNESS (YARDS, EARLIER VERSIONS INCHES ) .
THE SAME AS DN2, SCME VERSIONS OF FPS.
THE SAME AS D02, SGME VERSIONS OF FPS.

AN ARRAY, ONE MAXIMUM LAYER THICKNESS PER LAYER, FOR THE

CURRENT DESIGN (YARDS, EARLIER VERSIONS INCHES).

AN ARRAY, ONE MINIMUM LAYER THICKNESS PER LAYER, FOR THE
CURRENT DESIGN (YARDS, EARLIER VERSIUONS INCHES). o

23

AVERAGE TIME STOPPED (IN HOURS) CF VEHICLES TRAVELING IN THE

NON-DVERLAY DIRECTION BY OVERLAY EQUIPMENT AND. PERSONNEL.

AN ARRAY OF CALCULATED LAYER THICKNESSES FOR A DESIGN {YARDS,

"EARLIER VERSIONS INCHES).

. AVERAGE TIME STOPPED (IN HOURS) OF VEHICLES TRAVELING IN

THE OVERLAY DIRECTION BY GVERLAY EQUIPMENT AND PERSONNEL
IN THE RESTRICTED ZONF.

A SWELLING CLAY PARAMETER USED BY *TIME® IN CALCULATION
OF SERVICEABILITY LOSS CVER TIME.

THE NUMBER OF HOURS PER DAY THAT OVERLAY CONSTRUCT!DN TAKES
PLACF.' :

THE NUMBER OF PERFGRMANCE P&RIODS AS USED IN *OVRLAY?',
*TIME®', AND PCRTIONS CF 'OUTPUT'.

THE NUMBER OF PERFORPMANCE PERIODS OF THE BEST OVERLAY POLICY.
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NAME DICTIONARY(CONTINUED) |  PAGE 24

ICOST

IDUMMY

ILAYER

INDEX

IPAGE

"IPOSS

ISKIP
ISW

ISwWoV

ITIME

- ITYPE

KNTOL

KOUNT

KT

A FLAG WHICH IS CHANGED FROM ZERO TO ONE IN 'SOLVE2' IF AN
INITIAL DESIGN IS MORE EXPENSIVE THAN CMAX (HAXIMUM ALLOW-
ABLE COST FOR INITIAL DESIGN)., :

A TEMPORARY ARRAY USEQ TO PRINT VALUES FROM THE‘POLICY
ARRAY 'IN INTEGER FORM,

AN ARRAY, ASSOCIATED WITH A MATERIAL PROPERTY IN THE DATA
ARRAY, WHICH IS THE LAYER NUMBER IN WHICH THE MATERIAL MAY
BE USED. (LAYER 1 IS THE TOP LAYER)

AN ARRAY USED FOR LAYER INDEXING AND POINTS TO”THE_
MATERIAL IN THE DATA ARRAY FOR EACH LAYER USED IN A DESIGN.

A PAGE COUNTER USED FOR HEADINGS.

AN ARRAY OF NMDGN{(THE DESIGN NUMBER) OF DESIGN TYPES WHICH
HAVE AN OPTIMUM DESIGN (ONE CR MURE FEASIBLE COMPLETE DESIGNS).

A FLAG WHICH IS CHANGED FROM ZERQ TO ONE BY"SOLVEZ' IF
AN INITIAL DESIGN IS THICKER THAN TCKMAX (TOTAL THICKNESS

ALLOWED).

A FLAG SET NON-ZERO [N 'TIME' TO INDICATE AN OVERLAY
OR INITIAL DESIGN LIFE LESS THAN THE MINIMUM TIME TO THE

NEXT OVERLAY.

A FLAG SET EQUAL ISW IN 'OVRLAY' IF ANY OVERLAY OF THE
CURRENT DESIGN WAS INCREASED IN DEPTH BECAUSE OF ISW.
THIS FLAG IS USED TO DETERMINE CONSTRAINTS OF THE BEST
DESIGN.,

INTEGER OF TPRIM, ROUNDED TO THE NEAREST YEAR,

A CODE FOR THE TYPE OF ROAD (RURAL OR URBAN) FORVTHIS

DESIGN.
ITYPE=1 DESIGNATES A RURAL ROAD
ITYPE=2 DESIGNATEA AN URBAN ROAD

WITHIN A PROBLEM, THE NUMBER OF COMPLETED FEASIBLE DESIGNS

"{FEASIBLE INITIAL DESIGNS WITH A FEASIBLE OVERLAY POLICY),

INITIALIZED IN 'MAIN', COUNTED IN 'QUTPUT',

A COUNTER WHICH DEEPS TRACK OF THE NUMBER OF FEASIBLE
INITIAL DESIGNS FOR A GIVEN DESIGN TYPE.

AN ARRAY OF COUNTERS, INITIALIZED FOR EACH DESIGN TYPE, USED
IN THE OQUTPUT OF THE PROGRAM ACTIVITY REPORT IN FPS-9.

CKT(1) INITIAL DESIGNS

KT{2) FEASIBLE INITIAL DESIGNS
KT{3) OVERLAYS

KT{4) FEASIBLE OVERLAYS

KT{5) OVERLAY POLICIES

KT¢6) FEASIBLE OVERLAY POLICIES
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NAME DICTIONARY (CONTINUED) PAGE 25
KT(7) FEASIBLE CCMPLETE DESIGNS.

LAST A FLAG WHICH IS SET NUN-ZERQ BY SUBROUTINE *'INPUT® TO SIGNAL
THE END OF DATA.

LAYER A COUNTER USED FOR THE NUMBER OF LAYERS (EXCLUDING SUBGRADE)
FOR EACH DESIGN. THE MAXIMUM VALUE CF LAYER EQUAL MATYPE.

LP1 THE NUMBER OF LAYERS IN A DESIGN PLUS CONE, THE SUBGRALE
" SUBSCRIPT VALUE.

MATYPE A LIMIT, USED IN 'MAIN', ON THE NUMBER OF LAYERS IN A DESIGN,
' THE VALUE CF THE LAST ILAYER UNDER CONSIDERATION AT THIS
STEP (EXCLUDING SUBGRADE). :

MODEL THE MODEL NUMBER WHICH DESCRIBES THE TRAFFIC SITUATION,
NBSC  THE NUMBER OF SEAL CGATS FOR THE BEST OVERLAY POLICY.
NDP  THE NUMBER OF DESIGNS PER SUMMARY PAGE.

NK THE NUMBER OF OESIGN TYPES WITH AN OPTIMUM DESIGN (ONE OR
MORE FEASIBLE COMPLETE DESIGNS). '

NLO NUMBER OF LANES IN CONE~-DIRECTION (NORMAL OPERATIUN}. USED
FOR TRAFFIC MODELS 3, 4, AND 5 IN 'USER'. FOR THESE
MODELS NLO MUST RANGE BETWEEN 2 AND 6 LANES (INCLUSIVE) .
EARLIER VERSIONS OF FPS ASSUMED NLC TO BE NLRO+1.

NLRN  THE NUMBER OF OPEN LANES IN THE NON-OVERLAY DIRECTION IN
THE RESTRICTED ZONE. MUST NOT BE LESS THAN 1 NOR GREATER

THAN 6.

NLRO THE NUMBER OF OPEN LANES IN THE OVERLAY DIRECTION IN:THé
RESTRICTED ZONE.

NM THE TOTAL NUMBER OF MATERIALS AVAILABLE, EXCLUDING SUBGRADE.

NMB ,THE NUMBER OF OUTPUT PAGES FOR THE PROBLEM SUMMARY OF BETTER
’ DESIGNS (NDP DESIGNS PER PAGE).

NMBEST THE NUMBER OF BEYTER DESIGNS TO BE PRINTED IN THE SUMMARY.

NMBT  THE NUMBER OF 4 CHARACTER WORDS COF LITERAL ‘**%%x%! T(Q BE
USED AS LINES IN THE SUMMARY TABLES.

NMDGN A COUNTER, USED IN *MAIN' ANC *OQUTPUTY® THAT KEEPS COUNT QOF THE
DESIGN NUMBER FOR THE MATERIALS UNDER CONSIDERATION.

NMP THE NUMBER OF MATERIAL PROPERTIES, INCLUDING SUBGRADE.
NMP = NM+]

NN AN ARRAY, USED FGR LAYER INDEXING IN 'MAIN'.
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NAME

NOK

NPOS

NPOSS

NPROB

NSC
"NUMBER

ucosTy

OMININ
ovcosT
OVINC
OVMAX
OMAXIN
OVMIN
OVSALYV

OVSTR

PCTRAT

DICTIONARY{CONTINUED) PAGE 26

A -FLAG RETURNED FROM "OVRLAY',
NOK=0 A FEASIBLE OVERLAY POLICY WAS NOT POUOSSIBLE WITHIN
THE CONSTRAINTS.
NOK=1 MINIMUM TIME TO FIRST OVERLAY CCNSTRAINT COULD NOT
BE MET BY AN INITIAL DESIGN,
NOK=2 THE BEST OVERLAY PCLICY WAS DETERMINED.

- THE NUMBER (OF DESIGN TYPES WITH NO FEASIBLE CCMPLETE DESIGNS.

AN'ARRAY OF NMDGN{THE LCESIGN NUMBER) OF DESIGN TYPES WITH
N(O FEASIBLE COMPLETE DESIGNS. :

AN ALPHANUMERIC LITERAL ASSGCIATED hITH ‘THE PROBLEM, USED
FOR PAGE HEADINGS.

THE NUMBER OF SEAL COATS DURING A GIVEN PERIGD, CALCULATED
IN SUBROUT INE 'SEAL'. : ’

A COUNTER OF THE NUMBER OF FEASIBLE INITIAL DESIGNS
AS DETERMINED BY *SULVE2'.

AN ARRAY OF COSTS PER SCUARE YARC{ONE FOR EACH IPOSS)
CALCULATED FOR EACH DESIGN WITH A POSSIBLE LGMBINATIUN OF
MATERTALS.

AN INPUT VALUE, THE MINIMUM THICKNESS OF AN OVERLAY IN INCHES,
CONVERTED TO YARDS FOR (QVMIN.

THE OVERLAY IN-PLACE COST (DCOLLARS PER CUBIC YARD, EARLIER

VERSIONS OF FPS IN DOLLARS PER SQUARE YARD ONE INCk THICK).

THE INCREMENT IN OVERLAY THICKNESS, NOMINALLY 1/2 INCH
(EXPRESSED IN YARDS IN FPS—9, EARLIER VERSIONS AS A CONSTANT).

THE ACCUMULATED MAXIMUM THICKNESS OF ALL OVERLAYS (YARDS,
EARLIER VERSIONS IN INCHES).

AN INPUT VALUE, THE ACCUMULATED MAXIMUM THICKNESS OF ALL
OVERLAYS, IN INCHES, CCNVERTED TC YARDS FOR QOVMAX.

THE MINIMUM THICKNFSS OF AN INDIVICUAL OVERLAY (YARDS, EARLIER
VERSIONS IN INCHES).

THE PROPORTICON OF THE CVERLAY COST WHICH HAS A SALVAGE
VALUE (LESS THAN OR EQUAL ONE}.

THE OVERLAY STRENGTH COEFFICIENT OF THE MATERIAL.
SOME VERSICNS OF FPS ASSUME THE OVERLAY AS ADDED THICKNESS
OF THE FIRST LAYER WITH THE SAME STRENGTH COEFFICIENT.

INITIAL SERVICEABILITY INDEX, AT A GIVEN TIME EITHER
PSI OR Pl. '

THE TIME VALUE CF MONEY EXPRESSEC AS A PERCENTAGE FOR INPUT.,
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NAME

PN2

POLICY

P02

POCCT

PPN2
PPO2
PROP

PS1

P SVGE

DICTIONARY(CONT INUED) PAGE 27
PCTRAT IS DIVIDED BY 100 TO CBTAIN RATE USED IN THE PROGRAM,

THE PROPORTIUN OF VEHICLES THAT WILL BE STOPPED IN THE
NON-OVERLAY DIRECTION BECAUSE OF PERSONNEL OR EQUIPMENT.

AN ARRAY WITH A COLUMN (SECUOND SUBSCRIPT) FOR EACH OF THE
BETTER DESIGNS TO BE PRINTED IN THE SUMMARY TASBLE.

ROWS (FIRST SUBSCRIPT) GF THE POLICY ARRAY ARE PRESENT
WORTH VALUES PER SQUARE YARD AND DESIGN SUMMARIES OF THE
BETTER DESIGNS.

POLICY(1l, ) DESIGN NUMBER (NMDGN]).
POLICY(2, ) INITIAL CCNSTRUCTION COST.
POLICY(3,y ) OVERLAY CONSTRUCTICON COST.
POLICY(4, ) USER COST.

POLICY(5, )} SEAL COAT COST.

POLICY(6, } ROUTINE MAINTENANCE COST.
POLICY{(7, )} SALVAGE VALUE COST.
POLICY(8, )} TOTAL COST.

POLTICY{9, ) NUMBER OF LAYERS.,

POLICY(I+9, },I FROM 1 TO POLICY(9, )} LAYER THICKNESSES.
POLICY{(20, } NUMBER OF PERFORMANCE PERIODS.
POLICY(I+#20,4 ), I FROM 1 TO POLICY{20, ) TIME OF EACH PERIOD.
POLICYLI+30, }+1 FROM 1 TO NO. OF OVERLAY THICKNESSES TU BE
PRINTED THE OVERLAY THICKNESS.
POLICY (40, } NUMBER OF SEAL COATS.
POLICY{(I+40, }),I FROM 1 TO THE NUMBER OF SEAL COATS TO
BE PRINTED THE LIFE OF THE SEAL COAT.

THE PROPORTION OF VEHICLES THAT WILL BE STOPPED IN THE
OVERLAY DIRECTION BECAUSE CF NMOVEMENT OF PERSGNNEL OR
EQUIPMENT. ,

THE PRESENT VALUE GF THE TOTAL OVERLAY CONSTRUCTION COST
FOR THE OVERLAY POLICY BEING EVALUATED. '

THE PERCENT OF VEHICLES THAT WILL BE STOPPED IN THE
NON-OVERLAY DIRECTION BECAUSE OF PERSONNEL CR EQUIPMENT
( VERSION 94 SEE PN2).

THE PERCENT OF VEHICLES THAT WILL BE STOPPED IN THE OVERLAY

DIRECTION BECAUSE CF MGVEMENT OF PERSONNEL OR EQUIPMENT
(VERSION 9, SEE PC2).

THE PROPORTION OF AVERAGE DAILY TRAFFIC WHICH WILL PASS
THROUGH THE OVERLAY ZONE DURING EACH HOUR WHILE OVERLAYING
TAKES PLACE (NORMALLY ABQUT 0.06 FOR RURAL AREAS, 0.055
FOR URBAN AREAS, AND ABCUT 0.042 IF TRAFFIC IS EVENLY
DISTRIBUTED DURING THE 24 HOUR DAY).

THE SERVICEABILITY INDEX OF THE INITIAL STRUCTURE.

THE PROPORTION OF THE CRIGINAL COST WHICH CAN BE DECUCTED
FOR SALVAGE VALUE (MAGNITUDE LESS THAN ONEs BUT MAY BE
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NAME

PHSCC

PWTSY
P1
P2

p2p
RATE

RMAINT
RC

RO

R20

SC

sCC
SC 1
SCOST

SS

T

T8SC

TCKMAX

DICTIUNARY (CONTINUED) PAGE 28

PUSITIVE, NEGATIVE, OR ZERO, EARLIER VERSIONS GOF FPS MAY BE
A PERCENTAGE).

PRESENT WORTH OF SCC, THE CCST OF SEAL COATS.

PRESENT WORTH OF USER COSTS PER SWQUARE YARD, CALCULATED
BY YUSER', AT TIME ITIME. :

THE BEGINNING SERVICEABILITY OF THE PAVEMENTY AFTER AN
OVERLAY., Pl IS SET THE SAME AS PSI IN FPS-9,

THE MINIMUM ALLOWED VALUE OF THE SERVICEABILITY INDEX (PUlNT
AT WHICH AN OVERLAY MUST BE APPLIELD).

P2 PRIME, A NON-TRAFFIC DETERICRATION PARAMETER, THE LOWER
BOUND ON THE SERVICEABILITY INDEX WHICH WOULD BE ACHIEVED IN
INFINITE TIME WITH NO TRAFFIC,

THE INTEREST RATE CR TIME VALUE CF MONEY. IF INTEREST IS
INPUT AS A PERCENT, SUCH AS 5.0 PERCENT, [T NEEDS TO BE
CHANGED TO 0.05 FOR RATE AS USED IN INTEREST CALCULATIONS.

THE PRESENT WORTH(PER SQUARE YARD) OF ROUT INE MAINTENANCE,
CALCULATED BY fPwRM',

THE ONE-DIRECTION AVERAGE DAILY TRAFFIC AT THE END OF THE
ANALYSIS PERIGD.

THE ONE-DIRECTION AVERAGE CAILY TRAFFIC AT THE BEGINNING
OF THE ANALYSIS PERIOD. :

AN INPUT VALUE, THE ONE~DIRECTION AVERAGE DAILY TRAFFIC AT
THE END OF A 20 YEAR PERIOD, RC IS THE SAME AS R20 IF THE
ANALYSIS PERIOD IS 20 YEARS.

THE COST OF A SEAL COAT PER LANE MILE.

THE COST OF A SEAL COAT PER SQUARE YARD.

THE SURFACE CURVATURE INDEX, A CALCULATED VALUE (VARIABLE
SS IN PORTIONS OF THE FPS PROGRAM),.

COST PER SGQUARE YARD, CALCULATED IN 'SOLVEZ2', OF AN
INITIAL DESIGN. '

THE SURFACE CURVATURE INDEX, SCI; CALCULATED BY *CALC?.,

TIME TO LOSS OF SERVICEABILITY COF A DESIGN, CALCULATED BY
'TIME!,

THE MINIMUM TIME BETWEEN SEAL COATS.

THE MAXIMUM ALLOWABLE TCTAL THICKNESS OF INITIAL CONS TRUCTIUN
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NAME DICTIONARY (CONTINUED) PAGE 29:

TMAXIN AN INPUT VALUE, THE MAXIMUM THICKNESS OF ORIGINAL CONSTRUC-

TMIN
TPRIM
TSC
1Y
TTSC

UPLEVL

TION IN INCHES, CONVERTED TO YARDS FOR TCKMAX.

THE MINIMUM TIME IN YEARS BETWEEN A SEAL COAT AND AN OVERLAY.
IT MAY BE AS SMALL AS [ZERQ,

TIME FROM INITIAL CONSTRUCTION TO THE PRESENT PERFORMANCE
PERIOD OR OVERLAY {YEARS).

AN ARRAY OF THE TIME PERIODS BETWEEN SEAL COATS FOR
A GIVEN DESIGN (YEARS). '

AN ARRAY OF T*S, FOR EFACH PERFCRMANCE PERIOD, THE TIME TO
THE NEXT OVERLAY (YEARS),

THE MINIMUM TIME TO THE FIRST SEAL COAT AFTER INITIAL
'‘OR OVERLAY CONSTRUCTION (YEARS).

IT IS ASSUMED THAT EACH TIME THAT AN OVERLAY IS CONSTRUCTED
THERE IS AN ADDITIONAL CHARGE, THE *LEVEL-UP' COST EQUAL
TO UPLEVL THICKNESS OF OVERLAY, NOMINALLY ONE INCH (EXPRESSED

- IN YARDS). UPLEVL IS NOT INCLUDED IN OVERLAY THICKNESS FOR

USERCT
X1C
XINC
XL SD
XL SN
XL SO

CXLW-

XN

XNC

XNDKP

MATERIAL STRENGTH CALCULATIONS, BUT IS INCLUDED IN PROUDUCTION
RATE AND COST CALCULATIONS. :

AN ARRAY OF PWTSY (USER COSTS) FOR EACH OVERLAY,
OBTAINED IN *OVRLAY'.

COST OF AN INITIAL DESIGN, SUBROUTINE OUTPUT (DOLLARS).
AN ARRAY WITH THE INCREMENT IN LAYER THICKNESS FOR EACH

LAYER OF AN INITIAL DESIGN, CALCULATED IN "MAIN®' AND /OR
FROM THE DATA ARRAY. :

-THE.DISTANCEy-MEASURED ALONG THE DETOUR, ARCOUND THE OVERLAY

ZONE IN MILES.

THE DISTANCE, MEASURED ALONG THE Ce.lL . »OVER WHICH TRAFFIC

‘IS SLOWED IN THE NON-OVERLAY DIRECTION IN MILES.

THE DISTANCE, MEASURED ALONG THE CoeloOVER WHICH TRAFFIC
IS SLOWED IN THE OVERLAY DIRECTICN IN MILES.

THE WIDTH OF EACH LANE(FEET).

THE NUMBER (IN MILLICONS) OF EQUIVALENT 18-KIP AXLE

EQUIVALENTS DURING TIME T, CALCULATED BY *'TIME"',

THE ONE-DIRECTION ACCUMULATED NUMBER OF EQUIVALENT 18-KIP

AXLES DURING THE ANALYSIS PERIOD IN MILLIONS (EARLIER

VERSIONS OF FPS HAD XNC IN UNITS WITH CONVERSTION TO MILLIONS

AS PART OF THE TRAFFIC EQUATION IN *TIME').

ALPHANUMERTC CHARACTERS ASSOCIATED WITH MATERIALS OF A
FPS-9 PROGRAM DOCUMENTATION

29



NAME DICTIONARY(CONTINUED) , PAGE

XNPRIM
XN20

X¥BO

XT7T0

-z
z
{

DESIGN (FRUM DATA( 42)) PRINTED FOR IDENTIFICATION IN THE
SUMMARY TABLES.

THE NUMBER OF 18-KIP EQUIVALENT AXLES DURING TPRIM,
CALCULATED IN SQVRLAY' AND *QUTPUT*, USED IN YTIME?
(MILLIONS, EARLIER VFRSIONS UNITS}. : o

30

AN INPUT VALUE, THE NUMBER UF 18-KIP AXLE EQUIVALENTS ACCUMU-

LATED IN 20 YEARS, CONVERTED BY THE TRAFFIC EQUATION TO
OBTAIN XNC.

THE MINIMUM ALLOWED TIME BETWEEN OVERLAYS PERMITTED (YFARS).

THE MINIMUM ALLOWED TIME TO THF FIRST OVERLAY (YEARS).

AN ARRAY OF INITIAL DESIGN INFORMATION BEFCRE OVERLAY, ONE

ROW (FIRST SUBSCRIPT) FOR EACH FEASIBLE INITIAL DESIGN

CONSIDERED. :

Z{ 41) SC1, SURFACE CURVATURE INDEX (SN, STRUCTURAL-NUMBER
IN EVEN NUMBERED VERSIONS OF FPS),

_ LIFE OF THE INITIAL DESIGN, SOME VERSIONS OF FPS.

( »2) COST OF INITIAL DESIGN (DOLLARS PER SQUARE YARD).

{ ,I+2) THE THICKNESS OF THE I'TH LAYER {YARDS).

VALIDITY OF ROW SUBSCRIPT VALUES CHECKED IN *SOLVE2').
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PROGRAM RUNNING TIME : : PAGE 31

THE FPS-9 PROGRAM HAS BEEN RUN ON AN IBM 360/65 COMPUTERv
BUT AN EFFORT HAS BEEN MADE TO AVOID MACHINE DEPENDENT FORTRAN
EXTENSIONS. EARLIER VERSIONS OF FPS HAVE BEEN RUN ON A CONTROL
DATA CORPORATION MODEL 6600 COMPUTER WITH ONLY MODIF{CATION OF
THE YEND-OF-FILE® TEST STATEMENT.

THE'CORE'MEMURY REQUIREMENT IS 100K BYTES{USING FORTRAN-G),
PROGRAM TESTING, WITH COMPARABLE RESULTS, HAS BEEN PERFORMED USING . .

IBM FORTRAN G N '

IBM FORTRAN Hy WITH OPT =C AND OPT=2

WATF IV ( IN-CORE . COMPILER DEVELOPED BY UNIVERSITY UF WATERLDD)

EXPERIMENTS WIPHVPROGRAM'RUNNING‘TIME NERE MADE ON THE -IBM
360765 AT TEXAS A&M UNIVERSITY COMPUTING CENTER MAKING USE OF A
SYSTEM SUBROUTINE *ACTTIM' WHICH RETURNS TIME REMAINING IN A JOB

: TIMING OF THE EARLIER VERSION OF FPS SHOWED THAT NEARLY ALL OF
THE COMPUTER TIME IN RUNNING TEST PROBLEMS WAS SPENT IN '"OVRLAY',
MUCGH OF THIS TIME WAS BY SUBROUTINE TIME WHEN CALLED FROM *OVRLAY'.
IN FPS=9. THE *TIME' SUBRUUTINE WAS REWRITTEN WHICH SPEFDED RUNNING
CPU TIME IN TYPICAL PROBLEMS ABOUT 30 PERCENT.

THE. PROBLEMS T~1, T-2, T-3y AND T~4 ON THE FOLLOWING TABLE
ARE FROM THE SAMPLE DATA. THE COMPUTER TIMES GIVEN ARE FOR ELAPSED
TIME AFTER THE PROGRAM IS IN EXECUTION AND OO NOT INCLUDE THE CPU
TIME FOR CUMPILING AND LOADING THE PROGRAN NOR DO THE TIMES INCLUDE
CLEAN- UP AT THE END OF THE JOB o
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ABLE 3. COMPUTER TIMEvFOR THE TEST PROBLEMS, ' ’ PAGE 32

PROGRAM RUNNING TIME (CPU SECONDS) ON AN 1BM 360/65
USING THE FORTRAN H COMPILER WITH OPTIMIZATION *OPT=2"

- -t A —— -—_——’—-—-————-——-u—-*——‘—-——_"——-———--.—-a——.-.——-———-—-.————--—_—.—— ——— —

e INITIAL DESIGNS GVERLAYS OVFRLAY POLICIES
PROB- cePu e — - e ———————— -
LEM DESIGN SEC, ; ALL CDNS!DERED ALL FEASIBLE ALL FEASIBLE
T-1 1A 3.7 37 37 840 788 420 384
2 AL Seb 177 61 904 855 437 439
3 ALG 22.0 9,960 221 24570 24453 1,388 1,286
4 AG 36,6 555 292 8,285 7,765 4,186 3,860
TOTAL* 69.0 11,329 611 12,599 11,861 = 6,431 5,969
T-2 1 A 0ul 3 3 0 0 0 0
2 AB 443 81 81 1,010 9nN6 531 427
3 ABX 6.8 78 78 14482 14326 780 624
4 AX Oste -3 .3 57 . 51 30 24
TOTAL® 12.6 165 165 24549 2,283 1s341 1,075
T-3 1 A Cot 21 21 119 66 57 12
2 AS 1.5 - 150 18 360 292 187 121
3 ASG 1.5 383 15 333 266 172 109
TOTAL* 4.0 554 36 812 624 416 2472
T-4 1 A 0.1 1 ! 0 0 0 0
2 AS [\PS} 1 1 0 n n 0
3 ASG Dot 1 1 53 .51 27 25
4 ASG 0,9 1 1 149 137 73 65
5 AS 0.3 1 1 41 © 39 21 19
6 ASG 0.1 0 0 0 0 G 0
T ASG 0.1 0 4] 0 0 -0 0
8 A Ceb 1 1 130 121 64 58
9 AS 0.3 1 1 41 39 21 19
10 ASG 0.1 0 0 0 0 0 0
11 ASG o4 1 1 41 39 21 19
12 ASG 0.3 1 1 41 39 21 .19
13 ASG Del 0 0 0 0 ) 0
14 ASG 0.1 0 0 0 0 0 0
TOTALX A 9 9 496 465 248 224
. &

NOTES ’

: * THE TOTAL CPU TIME GIVEN FOR A PROUBLEM IS SLIGHTLY MORE THAN
THE TOTAL OF EACH DESIGN SINCE THE PROBLEM TOTAL INCLUDES THE
COMPUTER TIME READING IN THE DATA AND PRINTING THE PROBLEM SUMMARY,

FPS-9 PROGRAM DOCUMENTATION
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CRITIAL DIMENSION STATEMENTS o PAGE

THE FOLLOWING VARIABLES WITH FORTRAN DIMENSION AND'CGMMON,
STATEMENTS SHOULD BE CHECKED WHEN PLANNING CHANGES TO THE FPS

PROGRAM TO PREVENT POTENTIAL ILLEGAL SUBSCRIPT VALUES AND STORING -

NUMBERS OUTSIDE THEIR ASSIGNED ARRAYS.

IF DIMENSIONS OF THE ARRAYS ARE DEFINED AS . . .

LAYD = MAXIMUM NUMBER OF LAYERS IN A DESIGN, EXCLUDING SUBGRADE.
NKD = MAXIMUM COUNTY OF DESIGN TYPES WITH AN OPTIMAL DESIGN.

NMD = NUMBER (OF MATERIALS EXCLUDING SUBGRADE.

NPERFD = MAXIMUM NUMBER OF PERFNRMANCE PERIODS.

33

NPD = NUMBER OF ITEMS ALLOWED FOR EACH BETTER DESIGN (59 IN FPS-9}. -

NPOSD = MAXIMUM NUMBER OF Dtﬂ[GN TYPES WITH NO FEASIBLE COMPLETE
DESIGNS.

NSUMD = MAXIMUM NUMBER OF SUMMARY DESIGNS (BETTER DESIGNS).

NUMBRD = MAXIMUM FEASIBLE INITIAL DESIGNS (MAXIMUM 'NUMRER'),

THE FOLLOWING ARRAYS SHOULD BE DIMENSIONED AS . . .

A(LAYD+1)}
B{LAYD+1)
BB{NMD+1)
COST(LAYD)
DMAX{LAYD)
DMIN(LAYD)

DOVER (LAYD)
INDEX{LAYD)
IPOSS(NKD)
NMBMAT{LAYD])
NN(LAYD)

" NPOSS(NPOSD)
OCOSTINKD) =~
POLICY(NPD,NSUMD)
PSVGE(LAYD)
"TTINPERFD)
XINC(LAYD)

Z (NUMBRD, LAYD+2)
XNDKP(LAYD,NSUMD) -

NOTES :
IN FPS-9, LAYD = 6, NKD=100, NMD=10, NPERFD=20, NPD = 50,
NPOSD=100, NSUMD=24, AND NUMBRD=100.

ALL PROGRAM GENERATED VARIABLES, SUCH AS NUMBER, ARE CHECKFD SO THAT

SUBSCRIPTS NOT UNDER DIRECT CONTROL OF THE USER WILL BE VALID.
HOWEVER, THE INPUT DATA SHOULD BE CAREFULLY CHECKED 70O PRPVFNT
PROGRAM FAILURE OR ILLOGICAL RESULTS.

FPS-9 PROGRAM DOCUMENTATION
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SPECIAL FEATURES OF VERSION 9 OF FPS ' PAGE 34

THE FOLLOWING FEATURES OR CHANGES. OF FPS = 9y AS COMPARED WITH .
EARLIER VERSIONS, SHOULD BE NOTED « « o oo o

l. THE GAMMA TERM HAS BEEN ADDED TO THE DEFLECTION EQUATION.

2. DATA MAY BE INPUT ON TWENTY YEAR TRAFFIC ESTIMATES AND THE
TRAFFIC EQUATION WILL CALCULATE DATA FOR ANALYSIS PERIODS OF ANY
LENGTH. PREVIOUS VERSIONS REQUIRED TRAFFIC ESTIMATES AND ANALYSIS
PERIODS TO BE OF IDENTICAL LENGTH. :

3, CERTAIN INPUT DATA PREVIOQUSLY REQUIRED RELATING TO TRAEFIC
SPEEDS IS N LONGER REQUIRED.

4. THE SEQUENCE AND FORMAT OF THE DATA CARDS WERE CHANGED;

5 THE PROGRAM CALCULATES THE TIME REQUIRED FOR OVERLAY FROM
INPUT . PRODUCTION RATES INSTEAD OF REQUIRING AN INPUT OF THE TIME
REQUIREMENT SFPARATFLY. :

6; THE SUMMAQY OF THE MUST OPTIMAL DESIGNS WAS CHANGED.
A. THE USER MAY [NPUT THE NUMBER OF PAGES OF OPTIMAL DESIGN
SUMMARIES DESIRED, EIGHT SUMMARIES PER PAGE (PREVIDUSLY THREE PAGE,

24 DESIGNS, ASSUMED).
‘ Be NDN'APPLICABLE DATA IS BLANK INSTEAD OF ZERO ON QUTPUT.

7. A LAYER NUMBER FOR EACH MATERIAL ON THE CARD WITH THE INPUT
DATA ELIMINATES SOME OF THE COMPLEXITY IN THIS PORTION OF THE INPUT

DATA,

8. ALL L INEAR, SQUARE, AND CUBIC MEASUREMENTS RELATED TO PAVE-
'MENT WERE CONVERTED TO YARDS BEFORE PLACING IN COMMON. INPUT AND
OUTPUT VALUES WERE NOT CHANGED.

9. OVERLAY INCREMENTS OF 1/2 INCH (IN YARDS) USED INSTEAD OF 1/4
INCH AS PREVIOUS VERSIONS.

10. TABLES OF USER COSTS IN 'SUBRQUTINE USER' WERE EXPANDED AND
UPDATED AS SHOWN IN THE APPENDIX ON USER COSTS.

11l. THE SERVICEABILITYVINDEXVMUST BE THE SAME AS THE SERVICEABILITY
INDEX AFTER AN OVERLAY IN THIS VERSION.

12. SUBROUTINE TIME HAS BEEN. CHANGED TO DECREASE RUNNING TIME OF
THE PROGRAM BY IMPROVING THE ITERATION SCHEME AND REMOVING CERTAIN
CALCULAT[CNS BUTSIDE OF THE INNER DO LOOPS.

13. SEVERAL CHANGES WERE MADE IN THE QUTPUT INCLUDING « « .
' A. DISTICTIONS BETWEEN DESIGN TYPES, PRQBLEMS. INITIAL CESIGNS
" FEASIBLE, AND A CHANGE OF TtRMiNuLnGv e BETTER DESTGNS
"INSTEAD OF BEST DESIGNS.
B. A PROGRAM EXECUTIOUN REPORT WAS ADDED TO ENABLE THE USER TO
HAVE SOME FEELING OF THE DESIGNS CALCULATED AS A RESULT 0OF THE
INPUT DATA.

FPS-9 PRDGRAM.DDCUMENTATION>
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* SPECIAL FEATURES OF VERSION 9 OF FPS , PAGE 35
l4. ALL VARIABLES IN COMMON WERE PLACED IN AN ALPHABETICAL ORDER,

15, SEVERAL POTENTIAL *BUGS' IN THE PROGRAM WERE REMOVED BY CHECKING
OF -GENERATED SUBSCRIPT VALUES WHICH COULD CAUSE PROGRAM FAILURE.

16« SOME OF THE CONSTRAINT MESSAGES.WERE CORRECTED.

17. FEASIBLE INITIAL DESIGNS WHICH ARE OF LESSER STRENGTH AT A
HIGHER INITIAL COST ARE NOT CONSIDERED WITHIN A DESIGN TYPE,

. FPS~9 PROGRAM DOUCUMENTATION
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APPENDIX I
Documentation of Mathematical and Cost Formulas

'Tﬁe basic equations used in FPS-9 are giVen in this appendix with -
their location (MAIN or SUBRdUTINE) given in the cbmputér progfam. When
appiicable, both the FORTRAN Qariable name and the mathematical equation

Vvariable are given.rAFORTRAN variaBle names and.subprogram names are
given in capital letters to distingﬁish them from the mathematical
variables.

_This appendix is divided into the fdliowing sections:

Section 17; Variables fér Basic Equations

A. Design Vatiabies
B. Deflection Vafiables
C. VTraffic Variablesr
D. Performance Variableg
VVSectibn 2 - Basic Equationsv
A. Deflection Equation
B. Traffic Equation
C. Performance Equation
Seétion 3 —‘EValuation of Swelling Cla& Parameters
Sectién 4 - Costs used in the Computer Program
A. Total
B. Cost 6f Initial Construction
C. Annual Routine Mainteﬂance Costs
D. Overlay Construction Cost
E. Traffic Cost of Overlay .
'F; Seal Coat Costs

G. Salvage Value
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Appendix I - Section 1

Variables for Basic Equatiomns

Design Variables

the strength coefficient of the 1th layer of a

A(T) - ag =
’ pavement,
i=1,2, .. .,n+1.
""DOVER(J) D; = the thickness of the ith layer in inches.
(in yards) D - - o
: Tntl

Deflection Variables

W the deflectioh sensed by the jth sensor of the DYnaflect.

J
r, distance, in inches, from the p01nt of appllcatlon of elther
- Dynaflect load, to the Jth sensor.

r,2 = 100. r;2 = 244,

Traffic Variables

T or TPRIM t = time (years) since initial construction.

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

XN or XNPRIM N

CL | " C = length in years of the analysis period.
XNC‘ NC =N ﬁhen t =C. | A
XN N, = Nwhen t =t (defined below) .

RO rol= ADT (one direction) when t = 0.

RC A . f; = "ADT (one'direétion) when t = C.

Performance Variables

P . P = the serviceability index at time, t.

the expected maximum value of P, octurring only

]

PST initial P

or P1 if - L immediately after initial or overlay construction.
overlay
P2 P, = the specified value of P at which an overlay will
‘ be applied. :
P2p : Pz', a swellihg clay parameter = the assumed value of P
' ~at t =®, in the absence of traffic. In general,
-0 §_P2' <Py ‘
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BI

GAMMA

T or TPRIM

ALPHA

a swelling clay parameter applying to the kth
performance period. A value between zero and 0.3
must be specified for b,, depending on the expected
activity of foundation Clays.

= b o P (B =t )
by =bee k ko k-l

y = a swelling clay parameter (constant) related to

a component of the foundation movement that persists

indefinitely. Specifically, dP/dt = -y serviceability

units per year, in the absence of traffic at

any time after bk (k > l) is small enough to be
“neglected. :

= the value of t at the end of the kth performance
period, or the beginning of the next period.

t0=0.

o, a daily temperature constant = 1/2 (maximum daily
temperature + minimum daily temperature) - 32°F.

& = the effective value of o for a typical year in a

given locality, defined by the formula for the har-
monic mean--

n

Xla,
1

i=

where n is the number of days in a year, and o, is
the value of o for the ith day of the year. T
~obtain an approximate value of & for this report,
the formula was used glth n =12, and o, = the mean
value of o for the i month averaged over a ten
year period. :
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Appendix I - Section2

Basic Equations

The Deflection Equatiqg_(MAIN and SUBROUTINE CALC)

The empirical equation used in this method for estimating the

surface curvature index S from the design-variables'ai and Di was

developed.frdm>deflecfion data gathered on the A&M Pavement Test
Facility located at Texas A&M University's Research Annex near

Bryan. A descfiption of the faecility is contained in Research Report

. 32-9 (reference 4). The equation is given below:

S =W, - W
1 1 2
where wj = ilAjk
p,, = oo 1 1
ak r.2 + C,(Z a,D,) r.2 4+ ¢, (£ a,D,)
. i : . i7i
i=0 . i=0
c = 0.891,
o)
Cl = 4,503,
02 = 6.25,
a.=D =0,
o o

and the other variables are as previously defined.

The Traffic Equation (SUBROUTINE TIME)

The Traffic Equation was furnished by Mr. James Brown of the
Texas Highway Départment and is given below in the form used in
this method.

CNg _[zrotk + ré - ro) tk?]
Nk = E?}*~; r ) ' C
. o c

where the symbols are .as previously defined.
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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 tﬁe swelling clay variables bk (BI), P2' (P2P),

.and vy (GAMMA) listed under performance variables and discussed more

- in detail mext.

| 2 |
o | e—— 53.6 (Nk - Ng-1)8 = .
VP =5 [%5 P+ = + (V5 P, v'5 Pl)
) . 7 -b, (¢, — t . ) i 2 N ‘ .
S @-ekk k1)) v (b =ty

SUBROUTINE TIME solves for t by iteration until |P - P2! < error,

where error is an arbitrary small number.
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 Appendix I - Sectyyi 3

Evaluation of Swelling Clay Parameters

Until future research proﬁidésAa link between laboratory sweil.
tests and the pgrformance curves of pavements, the designer willrbe
compelled to rely upon experience andAjgdgement in assigning values
to the sﬁelxing clay parameters, Pz'a bl’ and v. Megnwhile the
follOwing guide lines are offered as an aid in evaluating these param-—
eters.

PZ' is the ﬁalpe that P would reachrin_infinite timé with no traffic,
but since little or no data yet exists on which to base a judgement of
what value Pzi should have, it is recommended that P2' be assigned the
v?lue of zero for the present. Then, with ?2' fixed at zero, the

following table may help in selecting a value for b1 to represent a

given area.

_ _ Value

Past Experience In Area of b1
The accumulated effect of subgrade move-
ments barely noticeable 12 to 15 years
after comstruction ' .02
The accumulated effect of subgrade move-
ments noticeable 3 to 6 years after
construction ) .08
Severe heéving of éubgrade noticeable
within 1 year of construction - : .32

The value bl =0 is exciﬂded since it is inconceivable that no
subgrade movements whatever will occur during the life of a pavement.

GAMMA (y) is the loés in P2 expected per yeér and lasts throughout
the design life ét thét rate. . GAMMA would be 0.20 if a loss of'l.OO in
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P was expected in five yedrs, or, GAMMA would be 0.02 if only a 0.10 loss
in P would be expected over a five year period at a constant rate as loss

from swelling clay.
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Appendix I - Sectiom 4

Costs Used in the Computer Program

| 'There'éfe a number of cost cénéiderations associated with the
investment in a pavement. Other than initial cénstruction, this
invéstment is accumulated throughout the life of_the structure in
the form of different typesiof mainteﬁanéé charges, At the end of
the analysis period, the pavement will usually have some salvage
§alue (although this'may be a negétive Valuej. A complete list of
-thése cost considerations with the.locatipn éf'the calculations may
be outlined as follows: | |
I. Initial construction cost (SUBROUTINE CALC)
II. Future césts | |
A. Overlay costs
1. Overléy constructibh costs (SUBROUTINE OVRLAY)
2. User costs due to fraffié delays (SUBROUTINE USER)
B. Annual routine maintenance coéts (SUBROUTINE PWRM)
" €. Seal coat costs (SUBROUTINE SEAL) |
IIT. Salvage value (SUBROUTINE OVRLAY)
The pﬁrpdse of this ‘chapter is to desc¢ribe how each of these costs
is ‘computed. |
A Since the majority of these coéts wili be accrued in the future,
their‘presentwartﬁ values must be obfained for determining the present
value of the totai cost of thé.paVement.
| The present value of theAtotal cost may be computed as
TC = XIC + PRM + POCCT + PWSCC + "_SALVGE

where TC = the present worth value of the total cost.
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XIC = the cost of initial construction.

PRM = the sum of the present worth values of annual routine
maintenance cost.

POCCT = the sum of the present worth values of overlay construction
and user costs.
A PWSCC = the sum of the present worth'values of seal coat costs.
SALVGE = the present worth of salvage value at the end of the

analysis period.
A description of how each of these quantities is calculated will be
given in following sections. The cost of each of the above quantities

will be in terms of cost per square yard of pavement.

Cost of Initial Construction (SUBROUTINE SOLVE2)
The cost:per compacted cubic yard in place for each material
must be input into the computer program. The cost of initial con-

struction for a design can then be computed as

. n .
XiC = I D,C,
' 1]
j=1
wheré LAYER n = number of layers above the subgrade.
DOVER(K) = D, = depth of the jtP layer (yards)
COST(K) C., = in-place cost/cubic yard of the.material used

in the jth layer.

This initiai consfruction cost is compared with the maximuﬁ cost
constraint (CMAX) and if greater it is a "not-feasible' initial
design, otﬁerwise SQLVE2.st0res it in the 2 (j, 2) for the 1th initial
design, énd later fetched for XIC in SUBR()U'[“I"NI'] Ol,lb'l‘PU'l'.

Annual Routine Maintenance Costs (SUBROUTINE PWRM)

The cost of annual routine maintenance during each year after
initial or overlay construction is assumed to increase at a uniform

rate of the form

2
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where CMIL c, = routine maintenance cost/square yard during the
first year after initial or overlay construction.

m = number of years after initial or overlay construction.

CM2 C, = incremental increase in routine maintenance cost/
square yard per yeadr.

The model that has been developed assumes that all costs occurring
within a year are paid at the beginning of that year. After an over-

lay the cost of routine maintenance during the following year is again

Cl' The present value of all routine maintenance charges during the

analysis period can be found from

Ml : M

C, + (m~1) C.
a o & L - 2,
(1+1) =1 (1+41)

22 c,+ (1) c, & ¢, + (m-1) C,
' : Hot X

Lo+m-1 -\ Litm-1
o m=1 (1+1)

m=1

where RM = present value of the total cost per square yard of all
routine maintenance during the analysis period,

RATE i-= interest rate.

N MK = number of years in the kth performance period = t, - t, .,
(= IT - ITIME) where t, and t _4 (T and TPRIM) are rounded
to the nearest integerkbefore (N) is calculated.

K = number of performance periods within the analysis period.
k-1
LK = I M,
=1
The last performance period is truncated to terminate at the end of
the analysis period so that méintenance costs beyond the analysis

period are not considéred,

Overlay Construction Cost (SUBROUTINE OVRLAY)

Calculation of the overlay construction cost amounts to no more
than computing the present value of all future.overlays. In general,
it is assumed that overlays will be constructed from asphaltic con-

crete. It is also assumed that an overiay must be at least OVINC
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thick, and fhat all overlays greater thanAOVINC must 5e in even
incremeﬁts of OVINC. OVINGC is 1/2 inch (expressed in yards) in
FPS-9, | |
The final dassumption is that each tiTe an overlay is constructed,

there is an additional charge equal to the cost of UPLEVL thickness
of‘ovérlay. " This additional charge is iﬁcluded as a level-up cost..
UPLEVL is one inch (expressed in yards) in F§S~9.

»_The present.value of the total cost attributed to overiay con-

struction is

where K-1 = number of overlays constructed in analysis perlod (there
" are K performance perlods)

OVCOST - = C cost/cubic yard of asphaltic concrete.

-1
DEXT(I) Ok = overlay thickness, not including the level—up in-
' .. crement, applled at the end of the kth performance
‘period (yards).
ITIME  t = time (rounded to the nearest year) at the end of
k
. . the kth performance period, as previously defined.
RATE - i = interest rate

Traffié Cost gﬁ_Overlay (SUBROUTINE USER) .

Subroutine USER calculates users' (or motorists') increase in
. costs due to overlaying opefatibns..

Calculated froﬁ the inputs of production rate of asphalt in tons
pef hour (ACPR), énd the density of the overlay in tons per cubic
yards (ACCD),-the,time (in hours) for oVerlay operations per square

'yard of pavement (HPSY) is: (in FORTRAN)
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HPSY = ACCD#(DELD+UPLEVL)/ACPR

~where DELD = overlay thickness (yards),

-UPLEVL

"level-up" increment - (yards),
ACPR, ACCD and HPSY defined above. e
Total user cost per hour (TUCH) is: (in FORTRAN)

TUCH = TIPH#*(POlx (CO1+C02+C03) + (1.0-P01)%(CO3+C04) + PO2xCO5)
+ TIPH*(PNl*(CNl+CN2+CN3) + (1.0-PN1)%(CN3+CN4) + PNZ*CNS)

-where O for overlay direction and N for non-overlay direction,

TIPH = vehicles per hour from each direction,

POl & PN1

]

proportions of traffic, stopped because of congestion,

P02 & PN2 = proportion of.traffic,Stobped due to overlay personnel
and equipment, '

€Ol & CN1

excess costs of stopping from highway speeds,

C02 & CN2Z

excess costs of vehicle idling time while stopped,
CO3 & CN3 = excess costs for reduced speed,

 CO4 & CN& excess .costs of changing speed,

CO5 & CN5 =.excess costs due to delays from overlay persomnel and
equipment (stopping plus idling). '

The total uSer coét per'hourv(TUCH) is calculated using one of

" five methods (MODEL); tables 1 to 5, appéndix "User‘COSt Tables",

and the present worth of total user costs of an overlay per square
yard (PWISY) is: (in FORTRAN) |

PWISY = (HPSY#TUCH)/((1. + RATE) %% ITIME)

where ITiME' rounded integer time of overlay (years)

RATE interest rate

PWISY, HPSY, and TUCH as previously defined.
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The tables for calculating the excess costs by each of the five
methods of handling traffic near the overlay zone (MODEL = 1, MODEL = 2,
. . , MODEL = 5) are given in the appendix "User Cost Tables" and

are incorporated in the DATA statements in SUBROUTINE USER.

Seal Coat Costs (SUBROUTINE SEAL)

| The médel for the applicafion of seal coats assumes that the
deéign'engineer will specify the cost per lane mile of applying a
seél coat and a schedule ' of (1) the time in years before the first
,-and_(Z) the timeAin years between subsequentvéeal

seal coat, T

coatsg”Té::wThese"two times may be identical without loss of gen--

erality. This schedule is to initiate after initial construction

and after each overlay.
It is assumed that a seal coat_does not affect the serviceability
index of the pavement} It is also assumed that a seal coat will not

be appiied within TMIN.years prior to an overlay. TMIN is zero in

FPS-9 (seal coats may occur up to the time of overlay).

'The computer program first converts the seal coat cost to cost per
square yard of pavement{ The determination of the present value qf'
all‘Seal coats is actually rather simple to deséribe but rather com-
plicated to formulate'mathehétiCally. The basic idea is that of taking

the following sum :

sc - g —SCC_
3=1 (1+1)73
where SC = present value pér’square yard of all future seal coats,
SCC  SCEC = cost/square yard of a seal coat,

RATE ° i = interest rate,

-

NUM NUM = total number of seal coats,
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TSC(NSC) ¥y = year in which the jth seal coat is applied.
To. be mbre specific:
K Jj

k
sC = & pX __§§Q;
k=1 j=1 (1+i)

where SC = present value per square yard of all future seal coats,

SCC SCC = cost per équare yard of a single seal coat,

RATE i = interest rate,

1 K = numberrof performance periods (which is equal to omne plus

' the number of overlays within the analysis period)

POWER x = [: + .+ (§-1) = ] whetre t is the number of years,

' af%er initial comnstruction, tha elapse before the beglnnlng
of the kth performance period, with t, = 0, and Ty and Ty
are as previously defined, and :

NSC ‘Jk = the number of seal coats in the kth performance period,
and where:

Lo '33L~ tk—l -ty - TMIN . v

k - Ty + 1, 1f7tk - tk—l 3_11 4+ TMIN

0 , otherwise.
The reason TMIN is subtracted from the numerator of the first part
of the above equaflon is because of the assumption that no seal coat
is applled Withln TMIN‘years prlor.to an overlay, The quantity Jk

(NSC) is rounded down, i.e., truncated, to integer form.

Salvage Value (SUBROUTINE OVRLAY)

Thé.salvagervalue of each material is input as a percentage and
the prbportion_(pefcentage/lOO.) of the material costs of»each_pave—
ment layer (excluding 1éve1-up) are summed at the end of the analysis

period, then converted to the present worth value.
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APPENDIX IT

User Cost Tables

This group of tables from Research Report 32-11 (reference 3 ) és
~revised by later reports documents the user cdst tables in SUBROUTINE
USER incorporated aerATA statements. These éostskinclude those
associated with deiay (time), vehicle operation, énd accidents. Only
usér delays and vehicle operating césts are éonsidered at this time
since little inforﬁation is available on #he effect of overlaying on
éccident rates.

This appendix is divided into threeAparts, the first of whiéh
describes the assumed speed profiles'of vehicles in the vicinity of_
the overiay operation. The second part gives the time and operatiﬁg
costs associated with the:differentbmovéménté described by the speed
profiles. |

Iﬁ the third part of this appendix, the five methods of handling
traffic are described and equations are given for calcuiating the pro-
portion of vehicles stopped apd'aVerage time stbpped for conditions
where traffic congestioh'arises bécauSe of the overlay operation.

The formﬁlaé using these tables were given in the Appendix I

"Décumentation of Mathematical and Cost Formulas'.
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APPENDIX II - PART 1
Speed Profiles

It is.a§Sumed fhat‘all vehicles approach the overlay area at the -
Same Speed, called the "approach speed". It is further assumed that
there is a "rgstricted area', the length of which is LS@® or LSN, through
which vehiclesvtravel at a reduced sﬁeed. For some methods of handling
traffic thisrréduéed‘speed may be the same for vehicles traveling in both
directions but for othef methods it may be different for each difecfion;
it is assﬁmed to élwayS‘be the saﬁe for ali vehiclgs goihg in the same
direction. Generally; the {ehicles traﬁeling in the "overlay diréctionf
will have théir speed reduced as much or more than will those traveling
in the "ﬁoﬁ~o#érléyﬁdite¢tion", LS@ and LSN respectively.

The 1ength.Lé¢ 6f the restricted area generally will be longer than
theslength LY of the actual ovefléy'operatioﬁ. The amount by which ﬁSﬁ
is longer than L@ will be detérmined_by the road geometrics and the
method of handling traffic. This is discussed more fully bélowvin the
section on mgthods of handling traffic. |

As was meﬁtiéﬁéA'abové it is assumed that vehicles approach the
restricted area at an "approach speed" denoted by SA. If'there were no
'overlay taking place then the vehicles would travel thfough the area
which is restricted during overlay at the ”appfoach speed". During over-
lay, hoﬁever,'mOSt vehicles travel through the restficted area at a
reduced speedwcaliédrthe'"through speed, overia& direction" denoted by
SO or the "through épeed,‘nbn-overlay direction" denoted by SN. It is
assumed thafjvehicles_maintain these "through speeds" all the way tﬁrOugh

the restricted area.
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in the overlay direction and PN, in the

A proportion (called PO 1

1
non-overlay direction) of all vehicles will be stopped as they approach
tﬁe restricted area. It is assumed that these vehicles stop and then
accelerate back to the through speed which is reached at the moment

they enter the restricted area of length LS@ or LSN; the vehicles then
travel at the reduced speed (S0 or SN) through the restricted area for

a distance, and as soon as they leave the restricted area they return to
a speed which i; the same as their approach speed.

Figure AII-1 shows the speed profile for such a vehicle which is
stopped. The letters along the horizontal axis denote points where
spéeds are changed. The vehicle approaches the restricted area at a
speed of SA, begins decelerating at point A and is stopped by the time
it reaches point B, remains stopped for a time (DOl in the overlayrdirec—
tion and DN1 in the non-overlay difection):at point B, tﬁen accelerates
back to the through speed SO or SN which is reached at point C which is
the beginning of'the restricted area of length LS@ or LSN, then travels
from point C to point D at the through speed, and at point D begins
accelerating back to the approach speed which is reached at point E.

Vehicles which do not stop are slowed down when they pass through
the restricted area and it is assumed that their decelefation is such
that they reach the through speed (SO or SN) at the moment they enter
the restricted area. The proportion of vehicles which do not stop

equals one minus PO, for the overlay direction and one minus PNl for

1

the non-overlay directien.
Figure AII-2 shows the speed profile for a vehicle which is not
stopped but is slowed by the overlay operation. The letters along the

horizontal axis denote points where speeds are changed. The vehicle
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approaches the restricted area at a speed of SA, begins decelerating at
point A, decelerates to the through speed SO or SN which is reached at
point B which is the beginning of the restricted area of length LS@,
continues at the through speed from point B to point C which is at the
end of the restricted area, then at point C begins accelerating back to
thé approach speed which is reached at point D.

Becausé oquverlay operations, vehicles will travel through the
overlay area with speed profiles as shown in Figures AII-1 and AII-2.
In the absence of dveriay operations they would have traveled at the
approach speed tﬁrbugh the overlay area. The excess tréffic costs due
to overlay include thé excess time and opéfating costs due to reducing
froﬁ the approach speed to a stop (from A &6 B in Figure AII-1) and
rétﬁrning back to that speed (from B to C and from D to E in Figure AII-1),
the excess time énd operating (idling)vcosts &ue to being stopped (at
point B in.Figure‘AII—l), the excess time andioperating costs due to
reducing from the approach speed to the through speed (from A to B in
Figure AII-2) and returning to the approacﬁ speed (from C to D in Figure
ATI-2), and the ex¢ess time and operating coéts due to traveling distance
LS® or LSN (from C to D in Figure AII-1 ana f;om B to C in Figure AII-2)
at a:reduced speed (SO or SN) instead of traveling at the approach speed

(s4).
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APPENDIX II - PART 2

Time and Operating Costs

The excess user costs because of an 0ver1ay include the excess
cost of stopping-ahd slowing down, the cost of delay while stopped,
and the excess cost of traveiing at a reduced spéed thfough'thevre~
stricted area. .The information needed for.calcﬁlating these costs are
given in Tables AII-1 through AIT-4, The program user muét stipulaté
whether the overléy operation is in an urban or rural area and this
determines which tables or which columns in the tabie are used. The
differenée between the urban and rural costs ié the vehiéle distribu-
tions used to derive the costs. The operating costs for différent.
types:of vehicles were taken from a publicatibn by‘Winfrey sy, aﬁd
this same source wés used for the‘excéss time‘of making speed changes.
.The values of time used in calculations were based on informatiqn in
studies by_the Stanford Research.Institute>(6), Lisco (7), and Adkins
(8) . The proportions of vehicleg of different types for urbanvand
rural ére;s in Texas isjtaken from pfoportions'for 1966 given inAa
-study by the Pianning Survey Diviéion of.the Texas Highway Department
(9). The reéson that the costs are higher for rural areéé than for
" urban areas is thétrthete is a higher propdrtion of trucks in rural
areas. and their costs are higher than fhose for passenger cars.

TableérAII—l and AII-2 give the excess timé and oberntihg costs
forvstoppingr(in;the first columns) ahd'forrsloWing down (in the.other
columns) . Table‘Aii*B.gives the timé'and'operating costs for qperating

at a uniform (constant)~speed.. Table_AII—4 gives the .time and operating

costs of delay (or idling).
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Figure AII-1: Speed profile for vehicles which are'stopped during overlay.

* This speed is SO in the overlay direction but would be SN in the non-
. overlay direction. L@ is length of overlay work. L$@ or LSN is the
length of restricted area in the overlay direction or non-overlay

direction as applicable. ' ‘ -
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TABLE AIT - 1: DOLLARS OF EXCESS OPERATING AND TIME
. COST OF SPEED CHANGE CYCLES -~ EXCESS COST- ABOVE
CONTINUING AT INITIAL SPEED, FOR RURAL ROADS IN TEXAS

Initial . - ‘ ' Dollars Per 1000 Cycles, By

Speed L .Speed'Reduced To And Returned From (MPH)
wE 0 10 200 30 . 40 50
10 10.676 | |
20 -,22;932 o 11.860.
30 39.753  27.079 14.306
A 63}454'_ 49 .907 35.812  19.902
50 198.194  93.454  67.935  50.326  28.491
60 151.888  134.793  116.527 95.788 71.070  40.931
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TABLE AIT - 2: DOLLARS OF EXCESS OPERATING AND TIME
COST OF SPEED CHANGE CYCLES ~ EXCESS COST ABOVE
CONTINUING AT INITIAL SPEED, FOR URBAN ROADS IN TEXAS .

Initial Dollars Per 1000 Cycles
Speed . Speed Reduced To And Returned From @’JPH)
MPHE 0 A 10 20 30 - 40 29
10 7.395 \
20 14.829 . 7.059
30 | 24.570  16.200 8.191
40  ©37.838 28.896 20.130  10.845
50 56.703 47.046 37.309 27.024 ..14.939
60 L 85.514 74.330  61.884  50.705 36.994 20.704
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.Figure’AII-Z: Speed profile for vehicles which are not stopped but are
‘slowed during overlay.

7* This speed is'SO'in the overlay direction but would be SN in the noh~v
overlay direction. L@ is length of overlay. LS® or LSN is the length
of restricted area overlay or non-overlay direction respectively.
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TABLE AII -~ 3: DOLLARS OF OPERATING AND TIME COST
PER 1000 VEHICLE MILES AT UNIFORM SPEEDS IN TEXAS

Uniform

Speed,
MPH

10
20
30
40
50

60

Dollars Per 1000 Miles

Rural
Roads

495,77
270.31
196.62
162.58
145.54

138.80

Urban
Roads

456.66

248.30
179.64
147 .22
130.08

121.88
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TABLE AIT ~ 4: DOLLARS OF OPERATING AND TIME COST OF DELAY
(OR IDLING) PER 1000 VEHICLE HOURS, FOR TEXAS

Type ' - 7 ~_Dollars Per 1000 Hours
0f Delay : ' - Rural . : Urban
Cost . Roads v Roads
_Operating -8 166.60 . $ 154.84
Time _ 4,243,10 ‘ 3,956.68

Total . . ~4,409.70 - 4,111.52
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APPENDIX II - PART 3
Methods of Handling Traffic

There are several methods of handling traffic during an overlay
operatidn. The method used depends.mainly on highw;y geometfics,
especially the number of lanes, the tybe of ﬁedian (if any), and the
presence or absence of pavement shoulders, frontage rbads, or other
alternate routes. In the two following subsectionsiare described the
five metﬁods of handlihg traffic whicﬁ are most commbnly used and the

'waonf calculating averageAdelay and propqrtion of vehicles stopped
for each method;

The five methods. The first two methods of handling traffic are

for two-lane roads (with or without shoulders) and the other three methods
are for roads with four or more'lanes. Figures AII-3 through AII-7
depict in a general way the five situations. In'eaéh figure L@, LS@,

and LSN afe shown. L@ is the amount of road which'isboverlayed at any
one time -- not the total overlay job length. LS@ is the distance over
which traffic is slowed down by the overlay operation at any one time

in the overlay direction, LSN is the non—overlay'dire;tion.. In the
situations depicted in Figures AIT-3, 4, and 5, LS@ and LSN érernly
slightly longer than L@ by say one-tenth of a mile, but in the situations
depicted in Figures AII-6 and 7, LS@ may be'considérably longer than L§.
LS® and LSN are:input variables provided by the program user. L@ is

not used in thercalculation of user costs ana is included only for
illustrétion. (Note: The variable LO used aé a subscript in

SUBROUTiNE USER is not L@ as illustrated in these figdres.) In the

figures, the "overlay direction" is always to the left.
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Figure AII-3. MODEL=1: traffic routed to shoulder.-
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Figure AII-4. MODEL=2: alternating traffic in one lane.
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Figure AII—S;'»MODEL=3: two lanes merge, non-overlay direction
' not affected.
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MODEL = 1 (Figure AII-3). TFor two-lane roads with shoulders, one

lane of traffic can be diverted onto a shoulder. Traffic going "weét"
in the ”qverlay direction" can be diverted onto the shoulder as shown
in Figure AII-3 and such traffic will generally be slowed down. Tréffi¢
in the non-overlay dixgction‘proceeds as usual but also must sléw down
though probably not by aé'muéh as the traffic going in the oyeflay
direction. Another veréion bf this method is to divert the traffic in
the non-overlay direction onto their shoulder and divert the traffic
going in the overlay directioﬁ into the edstward lane. In addition to .
the delay due to traveling at a reduced speed, traffic méy,be additionally
‘delayed by having‘to stop due to movement of overlay persornel andv
eqpipmentrinrthe'overlayAaréa'and by the inability to overtake other
traffic in the overlay area. |

| MODEL - 2 (Figure,AIIeA); For tw9~lane roadsAwithout shoulders,
it is sometimes necessary to post flagmen at.eachrend of the o&erlay.
opefation and to stop traffic in one direction while traffic from the
other direction proceeds through the overlay érea. The flagmen deter-
mine from which direction traffic is let through the overlay area at
any one time. The vehicle arriving first usually has priority. If an
additional vehicle arrives while other vehicles going in the same direc-
tion are proceeding through fhe overlay area then thié'additional'vehicle
usually may also proceed through the area, excépt that it will be stopped
when the vehicles in the queue-from the other direction are of a number
or have been waiting a time which justifies priority for them. Tféffic
from each direction travels:th;ough the overlay area at a reduced speed.

Some vehicles from each direction are stopped to give way to vehicles

64



from the opposite direction, or because of the movement of overlay
personnel and equipment in the overlay ared, or because vehicles do not
have the ability .to overtake other vehicles in the overlay area. Gen-
"erally speaking, the proportion of traffic stopped to give way to
vehicles from the opposite direction will be higher the longer is LS§
and the larger is the traffic volume.. o |

MODEL = 3 (Figure.AII—s). For rpads with two or more lanes in
each direction and with a non-transversable median, it is assumed that
traffic in only one directién will be affected by the overlay operation.
It is also assumed that at.least one.lane inbthe overléy direction re-
mains open for traffic. For low tréffic volumes the effects on traffic
>in the overla& directioﬁ will be that of reduced speed thfough the area,
stops due to.movement of overlay personnel and equipment, and inability
to overtake other vehicles as éasily. For higher volumes for which the
flow ofvtréffid is above the capacity of the restricted roadway, a
queué willrresultvﬁpstream of the overlay operation and will‘léad to
véhicles being stopped due to congestion.

MODEL = 4 (Figure AII-6). For roads with two or mbre‘lanes in each
direction and with no medians or with medians which can be crossed at
aﬁy ﬁoiﬁt-dr Which have median openings, it may sometimes be desirable
to block éll_laneé inrthe overlay directioﬁ aﬁd divert thg overiay~
direction:traffié to non—oVerlay—direction lanes. MODEL = 1 depicts the
situation and those Witﬁ either no medién, or situationsrfor which it
is intended that traffié wiil.cross the median iﬁmediately in front
V aﬁd behind the overlay job, is that LS¢ and LSN in these latter two
cases-would bear approximately the same relation to L@ as is the rela-

tion where MODEL = 1, 2, or 3 instead of'being_the‘distahce between

" 65



!
!
r

~F1gU?e AIT~-6 MODEL=4: overlay diréction’traffic routed
to non-overlay lanes.
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Figure AII-7. MODEL=5: overlay direction traffic routed to frontage
: road or othetr parallel route.
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median openings at each end of thé overlay job as,wﬁen MODEL = 4. For
these situations both lanes of traffic will be affected, and the method
of calculéting average delay and;proportion of vehicleé stopped is-fhe
same as that used for MODEL = 3, but in MODEL = 4 trafficfgoing‘in,both
directioﬁs is affected.

MDDEL'=‘S'(Figure ATI-7). In some situationé traffic in the_o§erlay
directibn is diverted to &an alternate route such as a frontage road or
some other paraliel road or stfeet. The addition variable of LSD is the

distance traveled by detour in the overlay direction.

éveragq_gglgx andrPrQEprtion gﬁ!VehicleS'Stopped. The delay to
traffic due to overlay is of four basic types which are related to
vehicles: |

(1):‘travéling at a reduced "uniform" spéed in theArestricted area,

(2) not having the ability to overtake and passvéther vehiclesi

traveling in the same direction,

(3) having to stop because of the movement of 0veflay personnel

| and equipment in the overlay area, and

~(4) 'haVing to stop because of'coﬁgestion when the traffic demand

exceeds the capacity of the restricted area.

The déla& pet vehicle due to traveling at a reduced speed equals
’theAtravel time at the reducedbspeed through the restricted area minus
the travel timérvehiéles would have had through the restricted areé had.
it ﬁot been restriéted:’ |

The delay due to vehicles not héving the nbiiity to overtake
and pass cher—vehiclesvtraveiing'iﬁ the same direction‘beéauSe-of the
overlay operation may result both in the restricted area and outside

the restricted area. This delay when it occurs in the restricted area
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ié included in the delay discussed in the preceding péragraph if accurate
estimates of speeds through the restricted area are used. The delay due
to the inability to pass outside the restricted area because of the over-
lay ié'a more complicated calculation and is probably largest. in the cases
vwhere the capacity of the restricted area is smaller than the demand

(or input) for use of the area. In such cases wherein demand exceeds
capacity there will be congestion and queueing of veﬁicles. ‘These queues
must disperse after leaving the restricted area and before such disper-
‘sion occurs there probably will be some inability to pass outside the
restriétéd aréa. Such effects probably willrbe small in ali cases except
MODEL = 2 with considerable queueing. If the length of the restricted
areé is féirly long and/or the traffic volumes are fairly'large, then
when MODEL = 2, there will arise fairly long queues of vehicles. Such
queues arise in one direction while vehicles are traveling through the
restricted area from the other direction; then, when this queue is
allowed to proceed through the restricted area it will emerge as a
‘moving queue, sometimes of considerable length, and extra deléy will
result- outside the restricted'areaAuntil_the queué disperseé. The

rate of dispersion of this moving'queue'will depend mainly upon the
- amount of traffic from the opposite direction, the road géometrics,'

and the type of vehicles in the q@éue. This moving queue will also
impede passing by traffic from the opposite direction; however, there
Will be a considérable length of road in front of this queue in which
there will be no (or very few)'vehicleé which will somewhat:offset the

effects of the moving queue on traffic in the opposite direction.
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Since the type of delay discussed in this paragraph probably is small
in most cases and since it is difficult to calculatg, it is ignored (i.e.,
assumed to be zero).

Thé third type of délay, that resulting fr%m vehicles having to
stop because of the movement of overlay personnel and equipment in
the overlay area, is calculated by multiplyiﬁg the‘numbé£ of vehicles
stopped by the excess delay of stopping. The program user must estimate
(1) PO2 and PN2, the proportion of vehicles stopped due to the movement
of overlay persomnel and equipment and (2) DO2 and DNZ,'the average time
tﬁat each vehicle stopped (because of such movement) remains stopped.
It is expected that the'overiay operation will be conducted in a way
such that the number of vehicles stopped due to the movement of overlay
personnel and equipment will be sﬁall. xThereforé, in the aEsence of
infofmation on the number of such stops, the program user probably
should estimate that number to be near or‘equal torzero. |

The last type of delay (denoted by DOl in the overlay direction and

by DN. in the non-overlay direction) results when a proportion of vehicles

1

{denoted by PO, in the overlay direction and PNl in the non-overlay

1
direction) have to stop because of congestion which fesults when traffic
demand or input per hour (Q) exceeds the hourly capacity- or output (@)
of the restricted area. |

When MODEL = 1 (shouldef routed'traffic.model) is used, congestion

stopping delay should be almost nonexistent and is assumed to be zero;

i.e., DO1 =,DN1 = 0 and POl = PN1 = 0 for MODEL = 1.
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Whéﬁ MODEL = 2 (alternatingrtraffic quel) is used, it is assuﬁed
that thg hourly tréffic is evenly divided between directions. It is
also assumed that vehiclé arrivals from each direction=are.Poisson. The
proportion.of vehicies stopped due to congestion from each direction

(POl or PNl) is estimated by the following equation:

(=" 2
Pol - (= PNl) =.g_].£_a_Q_L

the time that it takes a vehicle to travel through the

where a =
restricted area, in hours, and
Q = the number of vehicles arriving at the overlay area per hour

in the overlay direction.
An equation for estimating the average delay per stopped vehicle (DOl
or DNl) for MODEL = 2 is developed from equations formulated by Tanner

(10) and given by:

o #e?®Yy (0 0-1)

DO, (= DN,) =
1 U 20®*%e* %) o,
where. a, Q, and POl are as previously defined.
If MODEL = 3 or 5, both PN, and DN, will equal zero. If MODEL =

1 1

3, 4, or 5 is used to handle traffic DO. for all thrge methods and DN1

1
for MODEL = 4 are calculated using the following equation developed

and verified by the Caiifornia Division of Highways (11):

HQ-O® -8) ;g

1

DOy = "9 PO, (R-Q)
o, =4 if Q < ¢
where H = the number of hours per day that overlay construction takes place,
R = the recovery rate in vehicles per hour,
@ = the restricted output rate in vehicles per hour, and
are as previously defined.

Q and PO
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TABLE AIT - 5: CAPACITY TABLE (MODEL = 3, 4, or 5)

Overlay
Variable Rural or
Name B A or Recovery
~ (FORTRAN) Trucks  Urban Zone
RUTFOV 10+ RU ¢
RUTFRV 10+ RU R
URTFOV 0-10 UR ¢
URTFRV 0-10 UR R

Lane Capacities in
Vehicles per Hour
Lanes (one direction)

=

1350
na
1400

na

2 3 4 El
2700 4350 6000 7650
3000 4500 6200 7900
2800 4500 6200 7900

3000 4700 6400 8100

6 1
9300 na
9600 11300

9620 na

9800 11500

Note: In SUBROUTINE USER additional lanes are ignored if beyond the table limits
of 6 lanes for the overlay zonme and 7 lanes for the recovery zone.



It is assumed that the input rate Q is the same for both directions of
travel and equals 6 percent of average daily traffic in rural areas and
5 percent of average daily traffic in urban areas. The output rate @
and recovery rate R are taken frpm the California study (11) and are
given in Table AII~5. The California study also gives the number of
vehicles which will be stbpped at the time when recovery begins, i.e.,
when all lanes are reopened for travel, and this number equals H(Q-@).
The average number of vehicles which will be stopped at any one time
during overlay will be H(Q-$)/2. - By assuming that each vehicle which ‘
is stopped stays stopped for some avefage amount of time D, which is
assuﬁed to equal 1/12 hour, not including the time stopped after
recovery begins, and assuming that no vehicles are stopped after
reco&ery begins, the total number of vehicles stopped can be estimated
as HZ(QFQ)/ZD if Q > @ and is zero if Q < @#. Thus, for MODEL = 3, 4, or
5, the proportion of vehicles stbpped PO1 (and also PNl fpr MODEL = 4)
is estimated by dividing the total number of vehicles stopped by the |

~total inbut of vehicles during overlay (H x Q):

_H@Q -@ .
PO, = 250 if Q > @

P01=0 if Q < @,

with the constraint that: if this value exceeds 1.0, it is_assigned a
value of 1.0.

More research, including field observations, needs to be done on .
the precisé number of stops under stop-—and-go operation which results
frbm congestion. Use of the above formulas gives reasonable accurate
estimates of hours of delay but may underestimate the vehicle operating

costs associated with stop-and-go operation.
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APPENDIX III TEXT LISTING PROGRAM DOCUMENTATION s PAGE 1

TEXLIS

THE PROGRAM *'TEXLIS' IS INCLUDED IN THIS REPORT TO AID IN A
SYSTEM UPDATING THE FPS SERIES OF PROGRAMS. WITH THIS PROGRAM
THE BODY OF THE 123-9 REPORT MAY BE EASILY CHANGED, LINE BY LINE.
OR AN ENTIRE SECTION, AND AN UPDATED REPORT GENERATED IMMEDIATELY
BY SUBMITTING 'TEXLIS*' AND THE UPDATED DECK OF COMPUTER CARDS.

THIS PROGRAM IS USED TO LIST ALPHABETIC TEXT TO FORM AN EDITED
LISTING OF PROGRAM DOCUMENTATION. THIS LISTING WAS PRINTED BY THE
PROGRAM, THE PROGRAM PROVIDES FOR CHANGING THE PAGE SIZE, AND ALLOWS
FOR THREE BASIC OUTPUT FORMATS. '

ACKNOWLE DGEMENT.
THE PROGRAM TEXLIS IS BASED ON AN EARLIER PROGRAM TXTLST BY

LARRY BRISTOL, TEXAS AEM UNIVERSITY, COLLEGE STATION, TEXAS.

o SHOULD ANY PROBLEMS ARISE WHEN USING THIS PROGRAM, PLEASE
DIRECT THE INQUIRY TO + . .

DALE L. SCHAFER
TEXAS TRANSPORTATION INSTITUTE
TEXAS A&M UNIVERSITY.
COLLEGE STATION, TEXAS
- 77801

PHONE 713 845-1717

PROGRAM ACTION.

THE PROGRAM READS INPUT CARDS SEQUENTIALLY AND PRODUCES SE~
QUENTIAL LISTINGS AS DIRECTED BY THE INPUT CARDS. ANY CARD WITH A
DOLLAR SIGN ($) IN COLUMN 1 IS TREATED AS A CONTROL CARD. ALL OTHER
CARDS ARE TEXT CARDS. THE PROGRAM PRINTS EACH TEXT CARD ON A LINE
SINGLE SPACING. IT AUTOMATICALLY DETECTS THE END OF A PAGE AS SET
BY A PAGE LINE LIMIT, AND PRODUCES FOOTINGS AND HEADINGS AT THESE
POINTS,

"TEXLISY -~ TEXT LISTER PROGRAM DOCUMENTAT ION
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CONTROL CARD FORMATS : : PAGE

CONTROL CARDS.

THERE ARE SEVEN CONTROL CARD TYPES. A CONTROL CARD IS INDICATED

BY A DOLLAR SIGN ($) IN COLUMN 1. THE CONTROL TYPE IS PUNCHED IN
COLUMNS 2-9. IN COLUMN 10, ADDITIONAL DATA IS READ FROM THE CONTROL
CARD YO FURTHER PROVIDE CONTROL INFORMATIOGN,

1) $START - THIS CARD ENDS ONE DATA GROUP, AND INDICATES
- THE START OF A NEW GROUP. SIX ADDITIONAL
FIELDS ARE READ FROM THE CARD IN THE FORMAT
(99X, 412,2L1)

PAGE NUMBER OF THE FIRST PAGE OF
THE LISTING. [IF ZERQO, THE PAGE
COUNTER WILL NOT BE CHANGED.

FIELD 1}

FIELD 2 -~ LINE NUMBER FOR THE FIRST TEXT
LINE OF EVERY PAGE.

CFLELD 3 ~ LINE NUMBER FOR THE LAST TEXT
LINE ON EVERY PAGE. '

FIELD 4 - LINE NUMBER TO PUT FOOTING.
FIELD 5 — PUNCH T TO TAKE FULL SIZE OPTION,
FIELD & - PUNCH T TO TAKE CARD 2 OPTION.

NOTE THE DEFAULT VALUES SELECTED IF ALL OF THE
FIELDS ARE BLANKS ARE (043,56458,F,F)

2) SHEADING — THIS CARD SPECIFIES VYEXT TO BE PRINTED AS A
PAGE HEADING ON ALL SUBSEQUENT PAGES. THE

HEADING TEXT IS TO BE PUNCHED IN COLUMNS
- 10-72. THESE 63 CHARACTERS ARE CENTERED ON
~LINE 1 OF EACH PAGE. ’ ’

3) S$FOOTING ~- THIS CARD SPECIFIES TEXT TO BE PRINTED AS A
PAGE FOOTING ON ‘ALL SUBSEQUENT PAGES. THE
FOOTING TEXT IS PUNCHED IN COLUMNS 10-72.
THESE 63 CHARACTERS ARE CENTERED ON THE
SPECIFIED FOOTING LINE OF EACH PAGE.

'TEXLIS' - TEXT LISTER PROGRAM DOCUMENTAT ION
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CONTROL CARD FORMATS (CONTINUED)

PAGE 3

4) $PAGE - THIS CARD CAUSES A NEW PAGE TO BE STARTED BY

GENERATING A FOOTING FOR THE CURRENT PAGE,
PRODUCING THE HEADING ON THE NEXT PAGE, AND
POSITIGNING TO THE FIRST TEXT LINE SPECIFIED.

= THIS CARD SPECIFIES AN ABSOLUTE LINE ON A PAGE

TO BE SKIPPED TO. THE SKIP IS MADE IN A
FORWARD DIRECTION ONLY. [IF THE SPECIFIED
LINE HAS BEEN PASSED ON THE CURRENT PAGE,

. THE PROGRAM SKIPS TO THE LINE ON THE
FOLLOWING PAGE, GENERATING FOOTING AND
HEADING. [IF THE LINE SPECIFIED IS OUTSIDE
THE TEXT RANGE (FIRST LINE TO LAST LINE)
THE EFFECT IS THE SAME AS THE $PAGE CARD.
THE LINE NUMBER IS SPECIFIED IN COLUMNS 10-
11. ’

~ THIS CARD CAUSES A SPECIFIED NUMBER OF LINES

~ TO BE SKIPPED. FIELD 1 (COLUMNS 10-11)
SPECIFIES THESE NUMBER OF LINES. FIELD 2
(COLUMNS 12-13) SPECIFIES THE NUMBER OF LINES
THAT MUST REMAIN ON THE CURRENT PAGE AFTER
THE SKIP. [IF THE SKIP WOULD RESULT IN FEWER
THAN THE SPECIFIED LINES TO REMAIN, THE
ACTION TAKEN IS THE SAME AS A $PAGE CARD.

= THLS CARD IS THE LAST CARD OF THE DECK.

YTEXLIS' - TEXT LISTER PROGRAM DOCUMENTATION
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TEXT CARD PROGRAM OPTIONS PAGE 4

PAGE SIZE OPTIONS.

THE TWO OPTIGNS AS SPECIFIED ON THE $START CARD HAVE THE
FOLLOWING EFFECTS (NOTE THAT THEY WORK IN COMBINATION.)

1) NO FULL SIZE AND NO CARD 2 - EACH INPUT CARD IS A
SEPARATE LINE IN THE LISTING. THE PAGE FORMAT FOR
8 1/2 X 11 FORMS IS ASSUMED. B

2) NDO FULL SIZE WITH CARD 2 - THIS CCMBINATION IS ILLEGAL,

3) FULL SIZE WITH NO CARD 2 - EACH INPUT CARD IS A SEPARATE
LINEs THE PAGE FORMAT IS ASSUMED TO FIT 132
CHARACTER (14 X 11) FORMS,

4) FULL SIZE AND CARD 2 - TWO TEXT CARDS FORM A SINGLE PRINT
LINE. THE FIRST 72 Of CARD 1 AND 60 FROM COLUMNS
1-66 OF CARD 2 FORM A 132 CHARACTER LINE. NOTF THAT
CONTROL CARDS STILL USE ONLY ONE CARD.

TEXT CARD FORMAT,

THERE ARE TWO FORMATS FOR TEXT CARDSy DEPENDING ON THE USE OF
CARD 2 OPTION. [IF THE OPTION IS NOT USED, TEXT IS READ FROM COLUMNS
1-72 OF EACH CARD. COLUMNS 73-80 ARE IGNCRED. IF THE OPTION IS
USED, THE FIRST 72 CHARACTERS OF THE LINE COME FROM COLUMNS 1-72 OF
CARD 1, AND THE REMAINING 60 COME FRCM COLUMNS 7-66 OF CARD 2. THE
REMAINING COLUMNS ARE IGNORED. NOTE, HOWEVER, THAT COLUMNS 1-6 OF
CARD 2 MUST BE BLANK. ‘

MULTI-PRINTING @N @NE LINE.

THE FO@LLBWING PARAGRAPH @8N @VERPRINTING APPLIES IF A '+°¢
IN COLUMN @BNE AS CARRIAGE CONTRPOL WILL CAUSE THE PRINTER 1@ PRINT
WITHAUT SKIPPING T@® A NEW LINE.

MULTIPLE TEXT CARDS CAN BE BVER-PRINTED ON A SINGLE LINE ‘BY
PLACING A PLUS SIGN (+) IN COLUMN 72 FOR NGO CARD 2, PR IN CBLUMN 66
‘@F CARD 2 FPR USE WITH THE CARD 2 @PTI®N. ' :

¢TEXLIS* = TEXT LISTER PROGRAM DOCUMENTATION
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'TEXLIS' PROGRAM LISTING - k : PAGE 5

C..-....-..-...-........ — —— —— " i o -t b T it A —— i — 220 v 4 420 A S i S . Ha i P o S e B
o

C PROGRAM TEXLIS, A TEXT LISTING PROGRAM

c ACKNOWLEDGEMENT BASED ON *TXTLST?®* BY LARRY BRISTOL

C TEXAS A&M UNIVERSITY

C

Lot e e e e e — e e e e e e e e e et e e s e

INTEGER LINEl(?Z)o LINE2(64), HEADNG(64), FOOTNG(64)s PAGE,
* SLINE, FLINE :
INTEGER HT, CHKl, CHK2, PLUS, BLANK, DOLLAR, COMND(T)

LOGICAL FULLSZ, CARD24y FIRST ,

COMMON HEADNGy FOOTNGy LINEl, LINE2, LINE, PAGEs SLINE, MLINE,
1 FLINE, FULLSZ, CARD2y FIRST , :

DATA BLANK /1H /, DOLLAR /1HS$/4 PLUS /1H%/, HT/1HT/
DATA COMND/1HS, 1HH, 1HF, 1HP, 1HL, 1HS, 1HE/

FULLSZ= JFALSE.
CARD2= LFALSE.
FIRST= .TRUE.
DO 20 1 = 1,64
HEADNG(I) BLANK
FOOTNG(I) BLANK
LINE2(I) = BLANK

20 CONTINUE
LINE 100
PAGE 0
SL INE 3
MLINE 58
FL INE 56

ol

[

C : '
CHxkk FOR OTHER THAN I1BM MACHINES, ok Kok
C*%&x% EXCHANGE THE 'C* ON THE FOLLOWING TWO STATEMENTS. ok ok
c 1 READ{5,501 © ) LINE1L
1 READ(5,501,END=170) LINE1L
SO01 FORMAT {72A1)
IF (LINE1{l) .EQ. DOLLAR) GO T0O 100
FIRST = JFALSE.
IF (.NOT. CARD2) GO TO 10
READ(5,502) ' CHKl, CHK2, (LINE2(I), I=1,60)
502 FORMAT (A3, A3, 60Al) ‘
IF( CHK1.NEJBLANK .OR. CHK2.NE.BLANK )GO TO 1000

10 CALL WRITE
GO 10 1
C
100 DO 101 I = 1,7
IF(C LINEL(2).EQ.COMNDI(I) )
1 GO TO(110, 120, 130, 140, 150, 110, 170), I
101 CONTINUE |
G0 To 1002
C--$START IF NOT $SKIP (THIRD CHARACTER NOT A *Tt)
110 IF( LINEL(3) .NE. HT ) GO TO 160

'TEXLIS* - TEXT LISTER PROGRAM DOCUMENT AT ION
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*TEXLIS® PROGRAM LISTING (CONTINUED) PAGE 6

NPAGE=INTG(LINELl, 72, 10, 2)
PAGE = O '
SLINE=INTG{LINEL,72,12,2)
MLINE=INTG(LINELl+72+414,2)
FLINE=INTG(LINEL,72,16,42)
IF{ LINE1(18) +EQe HT )FULLSZ = .TRUE.
IF{ LINEL(19) +EQ. HT JCARD2 = ,TRUE.
IF (NPAGE .NE. 0) PAGE = NPAGE - 1
IF (CARD2 .AND. «NOT. FULLSZ) GO TO 1001
IF {SLINE +LT. 3 .0OR. SULINE .GT. 24) SLINE = 3
IF (MLINE «LT. SLINE .ORs MLINE .GT. 56) MLINE = 56
IF (FLINE .LT. MLINE+l . OR. FLINE .GT. 58) FLINE = MLINE + 2
LINE = 100 '
GO YO 1
C-—-$HEADING ,
~120 D3 121 I = 2464
121 HEADNG(I) = LINEL(8+])
GO 1O 1
C~-$FOOT ING
130 DO 131 I = 2464
131 FOOTNG(I) = LINEL(B+I)

G0 TO 1
- C==$PAGE
140 IF (PAGE .EQ. D) GO TO 1
CALL FOOT
CALL HEAD
G0 10O 1
C--SLINE

150 L =INTG{(LINF1,72,10,42) o _
161 IF (L LT, SLINE .OR. L .GT, MLINE) L = SLINE
IF (LINE .LE. L) GO TO 152 :
IF (PAGE .EQ. 0) GO TO 151
CALL FOOT
151 CALL HEAD
152 CALL POS (L)
GO 10 1
C—--$SKIP
160 L =INTG(LINEL,72,10,2)
M =INTG(LINELl,72412,2)
L = LINF + L
IF (L+M .GT. MLINE} GO TO 140
GO TO 16l
C—-—-$END OR EOF
170 CALL FOOT
WRITE(6,666)
666 FORMAT (23H1PROGRAM = TEXLIS END )
STOP S
1000 WRITE(6,6000) CHKl, CHK2y (LINE2(I}, I=1,60)
6000 FORMAT (-
1 18HLILLEGAL CARD 2 - A4, A4, 60CAL)
SToP . : '
1001 WRITE(6,6001)

A'TEXLIS‘ - TEXT LISTER PROGRAM DOCUMENTATION
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*TEXLIS* PROGRAM LISTING (CONTINUED) ‘ PAGE 7

6001 FORMAT({S5S5H1CARD-2 OPTION MUST ALSO HAVE FULL-SIZE OPTION )
STOP |
1002 WRITE(6,6002) LINEL
6002 FORMAT(20HLUNDEF INED COMMAND-- , /1H , B80Al)
STOP
END o | ,
FUNCTION INTG( IALPHA, NDIM, IBEG, NCHAR) .
C-—INTG AN INTEGER FROM ALPHA CONVERSION FUNCTION. ASSUMES ALL NON-
C—-NUMERICS TO BE ZEROS.
DIMENSTION NUMBRS( 9), IALPHA(NDIM)
DATA NUMBRS /1Hle 1H2, 1H3, 1H4, 1H5, 1H6, 1HT, 1H8, 1H9 /
INTG=0 - ' .
ITEN=1
IEND=IBEG#NCHAR-1
DO 10 I = IBEG, IEND
INDEX = IEND + IBEG - I
D0 8 J = 1, 9
IF (IALPHACINDEX) «NE. NUMBRS{J) ) GO TO 8
INTG = INTG + J * ITEN
| GO, TO 10 -
8 CONTINUE
10 ITEN = ITEN * 10
RE TURN
END
SUBROUTINE POS (L) |
INTEGER  LINE1{(72), LINE2(64), HEADNG{64), FOOTNG(64), PAGE,
*  SLINE, FLINE
LOGICAL  FULLSZ, CARD2, FIRST _ :
COMMON HEADNG, FOOTNG, LINEl, LINE2, LINE, PAGE, SLINE, MLINE,
1 FLINE, FULLSZ, CARD2, FIRST
1 IF (L +LE. LINE) RETURN
LINE = LINE + 1
WRITE(6,600)
600 FORMAT (1H )
GO TO 1
END |
SUBROUTINE FOOT
INTEGER ~ LINE1(T2), LINE2(64)}, HEADNG(64), FOOTNG(64), PAGE,
*  SLINE, FLINE . |
LDGICAL  FULLSZ, CARD2, FIRST - -
COMMON HEADNG, FOOTNG, LINEl, LINE2, LINE, PAGE, SLINE, MLINE,
1 FLINE, FULLSZ, CARD2, FIRST
CALL POS (FLINE)
IF (FULLSZ) WRITE(6,601) FOOTNG
601 FORMAT (35X,64A1)
IF (.NOT. FULLSZ) WRITE(6,602) FOOTNG
602 FORMAT (9X,64A1)
'RE TURN
END
SUBROUTINE HEAD : |
INTEGER  LINEL(72), LINE2(64), HEADNG(64), FOOTNG(64), PAGE,
*  SLINE, FLINE ,
LOGICAL  FULLSZ, CARD2, FIRST
COMMON HEADNG, FOOTNG, LINELl, LINE2, LINE, PAGE, SLINE, MLINE
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"TEXLIS

- 601

602

601

10
. 602

100
603
110
604
150

605

160
606

'T

* PROGRAM LISTING (CONTINUED) PAGE .8

1 FLINE, FULLSZ, CARDZ2, FIRST
PAGE = PAGE + 1 :

IF (FULLSZ) WRITE(6,601) HEADNG, PAGE
FORMAT (1HL +28X364A1 410X SHPAGE ,13)
IF (NOT. FULLSZ) WRITE(6,602) HEADNG, PAGE
FORMAY (1H1 43X ¢64A142X,5SHPAGE ,13)
LINE = 2

CALL POS (SLINE)

RE TURN

END

SUBROUTINE WRITE

INTEGER LINEL(72), LINE2(64), HEADNG{64), FOOTNG(64), PAGE,
* SLINE, FLINE

INTEGER PLUS

LOGICAL FULLSZ, CARD2, FIRST ,

COMMON HEADNG, FOOTNG, LINEl, LINE2, LINE, PAGE, SLINE, MLINE,
1 - FLINEy FULLSZy CARD2,4y FIRST

DATA PLUS /1lH+/ _

IF (LINE «LE. MLINE) GO TO 1

IF (PAGE .NE. 0) CALL FOOT

CALL HEAD

IF (FULLSZ) GO TO 100 :

IF (LINEL(T72) .EQ. PLUS) GO TO 10

WRITE{6,601) LINEL :

FORMAT (9X,T2A1)

LINE = LINE + 1

. RETURN

WRITE(6,602) {(LINEL{I), I = 1,71)

FORMAT (1H+,8X,72A1)

RE TURN '

IF (CARD2) GO TO 150

IF (LINE1(72) .EQ. PLUS) GO TO 110

WRITE(6,603) LINEL o

FORMAT (27X,80A1) .

LINE = LINE + 1

RETURN . _

WRITE(6,604) (LINEL(T)y I = 1,71}

FORMAT {IH+ 426X, 79A1)

RETURN o

[F (LINE2(60) EQ. PLUS) GO TO 160
- WRITE(6,605) LINEly LINEZ2 '

FORMAT (1X,132A1)

LINE = LINE + 1 ‘

RE TURN :

WRITE(6,606) LINELl, (LINE2(I}, I = 1,59)

FORMAT (1H+,131A1)

RE TURN

END

EXLIS' — TEXT LISTER PROGRAM DOCUMENTATION
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APPENDIX IV

. FLOWCHARTS

This appendix is cbmposed of a Summary Flowchart drawn to
ANSI X3.5 Standard (référghce 12) and a computer produced flowcharted
program listing.

The Summary Flowéhart serves as a mdcro flowcﬁart with the flowchart
listing? b& program FORTCHT, to sefve d4s a micro flowchart and program
listing combination (reference 13).

The micro flowcﬁért of the MAIN program is first with éll SUBROUTINE

flowcharts following in alphabetical order.
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¢ FLEXTBLE PAVEMENT SYSTEM
€ COMPUTER PROGRAM - VERSION 9
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€LCCLCCCTECCECEereeeeeetrCCCCertiteCeeettreeCeceeteccceCeeecceeceeece
COMMON A(T1( AAS, ACCO, ACPRy ALPHAL ANZ(16), ASN, ASD: B(7)
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C--INCLUDING SUBGRADE. ’
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C~=KNTOL 1S A COUNTER FOR THE NUHBER OF COMPLETED FEASIBLE DESIGNS.
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KNTOL = 0 .
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testeetdessstnccrseransrrteeersesccssrasors

MAIN

PAGE 2 )
LAYER = O Coe
S sressrusersaereirtsarrent s ariveeesract atetaettesiotacrtsttrerevont
€ NMOGN 1S A COUNTER THAT KEEPS TRACK OF THE DESIGN TYPE FOR THE
c MATERJALS UNDER CONSIOD RAY{ON

Y R X R R e L R R TR T T

100

oK
0 e
ggecceceececcocececcceccecoecececeecct
UAVER  INDEX
gccc&ccccccécccccclccccccccccccccccccc

R R L R R L TR PR

[ EXE R R YIS LA ) o.co.o'.--o---oo-ol"o'.cooco.-ouc-cu.o-o‘o.--aoo-.-u»'o
509873 LT CLAVER .

R R R R R R e R R R R T R P T R Y Y

R LR R R R R R R R R R XY T

. seetrerecseses
: 0% =" INDEXT 3] :
. B{J) = 8BLIDX} . :
: XINC(J) = DATA(1DX, 1} :
. CODE(J) = DATA(IDK:2) - .
: COST{I1 = DATA(IDK,9) .
: ALH) = OATA(1DX,10f ;
. oMiNGd) = DATACIOX, 111 .
. OMAK(31 = OATA(IDX,12) .
. PSVGE(J) = DATA(IDX,13) .
ottt decetetretsisceasatsbotrany eoassactosesaontsirestrarosantatoransonssne

.o esces
C--THE SAME HAYERIAL MAY NOT BE USE? IN SUCCESIVE LAYERS OF A DESIGN.
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€ L/% INCH INCREMENTS ASSUMED IF CALCULATED INCREMENT IS LESS,

TETTCO0RTIITIEGLTCOOETIZTITITE0"T60 .

eve sesnee
XINC ARE INVALID FOR THE SUBGRADE.
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. OVSALY = PSVGE(1)

D N L T R R R R R L
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i . PAGE_ 3 4 o 3.
f 1 {
creecenseiaesrsteteeassesassacectereossetrrestrareroiotrirrsartactivressons
. GO 10 150 I
P T R O R R R R R L L LI T L R I T TR L TYs papipa e %
1
C-THE FOLLOWING DESIGNS ARE INMPOSSEBLE UNDER THE CRITERION. {
1
[+'3 - R Rt
1
cecaee s Ly LR R R AL

JUiAst POS M T .
. NPOSS(NPOS) = NMDGN .
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HEADNG

EEEEEEEEEEEEFEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEFEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

SUBRUUTINE HEADNG{NPROB, AN2, IPAGE)
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE&FEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEFEE
C  SURRDUTINE HEADNG IS A PROGRAM TO PRINT. A PAGE HEADING WITH AN
[ INCREMENTED PAGE NUMBER.,
C 'NPROB _§S AN ALPHNUMER[C 2 BYTE PROBLEM NUMBER, .
C ANZ2 IS A 16 WORD {4 BYTES PER WORD} HEADING OR PROBLEM YITLE,
C IPAGE 1S5 THE PREVIOUS PAGE NUMBER. IPAGE WILL BE INCREMENTED BEFORE
C PRINTING ) I

DIMENSTON. AN2(16} 1
Cveevsesans csve s esesrescateetrsrretsearttoresasestosnresvres s Vanurs
. IPAGE <’ {PAGE ¢+ 1} .

B R R T R T R R R R R LR R E R R PRI
HuwdhNHNHHHH?BHHNHHH;HNHNHHHNNHNHHW“NWHNHHﬂHHHNHHHNH“HVHHHHHHHHHNNHHHHNHHH

E ) 1,1
HHHdHHNHNHH“HNNHHHHHKMNHHHHHHVVNHHHHH““WNHVHHVVHHHHHHHHHHHHHN“HHHHHNNHHHNH

YI(TYYTYTTTYTTTTYTTYYYTTTTT?TTTTTTTTTTTTYTTTYTTTTTTYTTTTTYYTTYTTTTTTTTTTYT

RE TURN
LIRS RAREARR A SRR AR RAAREARARARASSAERRRASAAREASRERARAARAREAARERARAARRAAET

875 FORMAT(6HIPROB o A4, LlH®, 16A4, 3Hx P, 13, 4X, 1OHI==~-—-TRIM /}

06000 00 s eresratetaser v taretasettares o testresrervioisstiestecrersrisncns

CALC
EEEEEEEEEEE e EEEEEEEEEEEECEE CEEREEEE CEEEREEREEFEEECEEFRFEREEFFFEEEEEREFEEL
SUBROUT[NE CALC(SS)
EECEEEEEEEEEEEEEFEECEFEECEFEFEEEEEEEECEEEEEEFEEFEFEEEEFEFECEEEEFEFEEEEEEEFE
COMMON A(T), AAS, ACCD. ACPRy ALPHAL ANZ(lgly ASN: ASQy B(T)
1 BBLILY, B ONE, CINT; C(y CMAX, cl, cZ, CO$1¢ DATA(LL, 150,
L O b0t DREk (G bnThle T ABhvER 6T GamMA, tb0o INGEXLIO)
5 1PAlE, TFYPE, KT(S),. LAYER, MATY YPe ROSEL RO DR AN N KOS NM
COMMON NMB, NPROB, OvCOST, OVINC, OVM viIn, OVSALY, DVSTR,
I . PN3, PROP, PSI, PSVGE(6Iy Pl, P2, P2P, RRIE, REy BB,
2 SE, SCCy T85C, 'TCKMAX, THIN, fr«zb; irs PLEVL , XINCi1,
5. xtdn, x{sN, XS0, XNC, XT80; X7, M1
¢ GIVES SCI FOR ANY SET OF DEPTHS. CINT IS THE FIRST TERM DF THE
€ JEFLECTION EQUATION. .
s enssaseecsenasetonoieaeettasnteacetetosteseeitacntetosecatiertaranses
. TERM = O, .
. sS = cInt :

R R R R S N R R A R R R

cesen csesnsasven

sereercasnesensseassasessaeciteicsrocnccansranetones

. es s evasennae

C DOVER, THE THICKNESS OF THE JTH %AVFR' {S CCONVERTED TO INCHES.

@setosreteesvesseesesnnootnaranenere

sevesesertesversssrsasnrossnase

etveserervesravrasnesasacssenectrenases e

T‘TITTTTT'TTYTITYTTYTTYTYTTTTTTYTTT?%TYTYT!TTYTTYYYTYYTITTTITTTTYTTTTTTTTY
1228808 ARARARA0ARAAREAGRRSARERARSSRRERaRAREASARRRRARRARARRRRARRARAAEY

P T R L R R Y
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INPUT
FEEEEEEEEEEEEEEEEEEEEEEEEEEEEEECEEEEEFEEEEEEEEFEEEEEEEEEEEEEEEEECEEEEEEEEE
SUBROUTINE  {NPUT(ILAYER, NOP, LAST)
erseeeeseesseseeeeseeeseeeeeEséEseséFeEeEseseeseesessseseeeeseeesesseeeese
COMMON A(T), AAS, ACCD, ACPR, ALPHA, AN2(161, ASN, ASQ, B(7,
1 BBL1TY, b ONE, CINT, CL, CMAX, Cl, C2: €O§T(5) oAtlxtl 1ih.
2 N2, pb2, OMAK(6), OMINlei. DOVERVel, GAMMA, HPD, INDEX{i0},
5 ipade, 11vPE, KT(9), LAYER HATYPE) RODEL, ALO. RLRN.NLRODY " M
COMMON NMB, NPRGB, OVCOST, GVINC, QvRAXx, OVMIN, OVSALY, OVSTR,
L~ P02, PN3, PROPs PSI, PEVGE(6l) Pl; P2, PZP¢ RATE, R, RO,
2 SCy SCC, TBSE cxnlx. THIN, fT0281, “F1sC,"upLev!, XInCid),
IR (T Tt e L A TR PSS
OIMPREION TLAVERTIT) .
CCC & BLANK CARD WILL SERVE AS A JOB DELIMITER
DATA BLANK/IH /o NBLANK/1H / |

C--THE MAXEMUM NUMBER OF LAYERS INC%UOING SUBGRADF 1S NMPD.

DATA NMPO/LIL/ ,

|4 . - L
CHESRRERTEB NS ERAERE SRR AUCARD | $AE SRR SRS R R RKRER AR KRR RN RENIE S 4 ¥
¢ READ THE HEADING CARD(BLANK CARD ASSUMED TG BE END OF DATA}

RRRRRRRRRﬁRRRRRRRRRRRRRRRRRkRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR&RRRRRR&.

RE T804END=
RRRRRRﬂRRRRRRiRRR‘RRRRRRRRRRRRR&R

Csesetes FOR STANOARD FORTRAN REPL

Coedskas :NG READ STATEMENT SV kE
READ{5,780}

Cresntsp BLA&K CARDS READ AS A Hé

LT IRINBROS DEQIABLARK  CARD L TANZTITIEGIBLARKT 807FD7848 T et

8 0t s eee e re st Iotae st taertentatIese s el it serTerouvenrettatntcestosasrtenas

€ CALL SUBROUTINE MEADNG TO WRIYE %HE HEADING

540)  NPROB, (AN2{N) ;1 N=
t] AR NRER N AR kL8 kr R RRRRRRRRRARRRARRARRAR

AD WITH 'END=* WiITH VTHE FOLLOW-
¢ IN COLUMN ONE.

1,16)

L T

HE END OF DATA

-

c
9
AG

A

cense . seons

esesereseervanse

D R T R T R S R N N R N L

‘CCCCCCCCCCCCCCECCCCCCCCCCC&CCCCCCCCC ceececcecceccececcceccceccecececceecce
CCCCCCCCCCCCCCCCCCCCCCCC&CCCC&CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
WA W W 5 W W W W W W W W W W W W W W wh LULUILY DL
HHHHwHNHﬂHHNHNﬁHHuHHHHNHMHHQHHNHHHHHNHHHHHHHHHHHHHNHHHW“HHNHHHHHW“NHNHHHHH

EERRFEES KRS R AR

CERANERNEREREE SRR ENRRREERCARD 2 %% ¥

¢ READ NlSCELLANFOUS INPUTS
g NDP TH S RHBER OF DESIGNS PER SUMMARY PAGE(DEPENDENT ON SUBROUTINE

sesscsdteenceverestesttesnctnontorsen asvessecassessoe

RRRRRRKRRARRRRRRARRARRARRARARRARARARR RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR;
anakaaunaannaéakaaana RANR A% HRRRTARNERRRRRARRRARARRRRR RRRARRARRRRRARRR RRRAR

NMB-THE NUMBER OF OUTPUT PAGES FOR THE SUMMARY TA LE(B DESIGNS/PAGE) .,
NM=THE TOTAL NUMBER OQF MATERIALS AVAILABLE EXCLUDING SUBGRADE.

NM IS NOT REQUIRED [N THIS VER €8S, THE ILAYER FIELD
MUST BE BLANK DR ZERD FOR THE SU GRADEITHE LAST MATERIAL

ROPE ROV,
CL"HE LENGTH DF THE A NALVSIS PERIOD IN YEARS,
XUW-THF WIDTH OF EACH LANE(FEET
NL=THE NUMBER nF LANES ON THE HI?NVAY' BUTH OIRECTIONS

[alzlalalalelale)
.
)
m
=
pat
<
o
>

R R I R N R R R R R R LR R R TR PR PR
. NLO = NL/2 .
R T R R N R R R R R R PR R R P PR
CRERRRER RS SR SR S RESRIRRERERAACARD FHERERAREREARRORNARREREKCEERERR R AR RRE
C READ IN THE PERFORMANCE VARTABLES.

RRRRRRAAARARARRARRRARARARARKRARRARRARRARRANR ARRRRARRARRRRRRRRRRRRRRRRRRRRA
(5,793) BONE, GANMA

R RRRRRR AR R AR AL AR R AL ARk AL AR R AR ARARRRRA AR NARRRRRRRRRRRRARRRRRRRRRRAR

¢ ALPHACTHE DISIRICT OR REGLONAL TEMPERATURE CONSTANT

€ PSI-THE SERVICEABILITY INDEX HE _INLT 1AL S TRUC TURE,

€ PI-THE BEGINNING SERVICEABILITY INDEX OF THE PAVENE

¢ AFTER AN OVERLAY..

P2-THE MININUM AULOWED VALUE OF THE SERVICEABILITY INDEX

4 (POINT AT WHICH AN OVERLAY MUST BE APPLIED)«

¢ P2P-NON-TRAFFIC DETERIORATION PARAMETER-THE LOWER BOUND ON_ THE

¢ SERVICEABILITY INDEX WHIGCH WOULG -BE ACHIEVED IN INFINITE

¢ TIiME WITH NO TRAEEIC -

¢ BONE~NON-TRAFFIC_DETERIORATION PARAMETER-TME CONSTANT WHICH

¢ DETERMINES THE EFFECT THAT SWELL ING CLAY WILL HAVE UBON THE

¢ SERVICEABTLITY (0SS OF THE PAVEMENT OURING A FINITE

Ct#ttttltt.‘tl!tic!t%‘ skedse &L ARD 6.“““*.““‘3“#“““““““““.
" € READ IN YHE TRAFFIC VARIABLES, t
RRRRRRRRRRRRRRRRARRRARRRRRARRRRRRRARARRRERRRRRRRRRRRRRRRARARRARRRARRARRRRAR

READ(5,795) RO, R20, XN20, PROPCT, [TYPE )

RRRRRRARRRRRAKRRRARRRRARRR AR RRRRARRRRRRERRRRRRRRRRRRR RRRRARRRRRRRRRRARRRRR

C  RO-THE ONE-DIRECTION AVERAGE OAILY FRAFFIC AT THE BEGINNING OF THE

ANALYSIS PERIQOD. i

€ 20 1S ABT AT END OF 20 YEAR PERIOD.

SITTIITPPPRrPeTe: saesstevaseaceenrutat eaniterentenreratren
. RETZRETITELTH TR0 RO TED245 - :

D T L T R R A R LR PRy

{ .
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ZaMe -

C  PRUPLT- PERCENT OF ADT WH{
ul ACH HOUR WHIL
OR_RYURAL

THRUUCH THE DVERLAV LONE
E KES
F 1RAFFIC i
P
A

S
TA L ACE(NORMALLY ABOUT

[ ERCENT FGR URBA A EAS. AND

I STRIRUTED DURING THE 24 HOURS).
-FOR THE Tv NDER CONSIDERATIQ
RESIGNATES AN
[4

MmO

3 D ITYPE=2 DESYGNAYES AN

C
4
4 AB
€ ITyPE-l
¢
€ ORT 1ON EXPRESSED[AS PERCENTAGE 8Y PROPCT.

PRUP IS

cresreens R L N L L R R P PR T RN REE
. PROP:TPROPET 4700 o1 .

[ T L TR R R R LA
CONMROASEUARESRSRSES SRR SRR RRCARD SERXEEERSRERIRERREERREEREF SRR RERBE R X%
C READ IN THE VALUES OF THE RESIRI?T!DN VARTABLES,

RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR

R AD(S §XIBOTTSC, TBSC (CHAX, THAX Ny GMIN MAX IN R
R P RRRRRRAD KA AR RARRRARRARKRAAR RRARRA RN N L IMAX N el

RRRRRRRR RRRR& RRRRARAR
O S PP
.0 .
i
C XTTO-THE MINIMUM ALLOMED TIME TO THE FIRST OVERLAY,
¢ {OWED TIME BETMEEN OVERLAYS #irreo,
¢ D Th e e TRy EEr ALV EORT A TER NI TAL
€ TRUCT [ON.
¢ E BETWEEN SEAL CONATS.
¢ T PER"SQUARE VARD THAT IS TO bE ALLOWED FOR
€ CLOWABLF TOTAL THICKNESS OF INITIAL CONSTRUCTION.
¢ TCKNESS OF AN INDIVIDUAL OVERLAY
¢ D MAXTMUM THICKNESS OF ALl OVERLAYS,
C 1 seesdsCARD 6““..‘.t“.“‘.‘.‘t“““(‘.‘t.“.“
€ READ IN OVERLAY PARAMETERS ASSOCIATED WITH OVERLAY
€ AND ROAD GEUMETRICS. .
QRKRRRRRRRKRRRARRRARRARRRRRRRRRRARARR RRRRARRRRRRRRRARRRRRRRRRRRRRRRRRRRRARRR
READ(S ¢800) ACPR;ACCD XL SO XLSNy XL SD o HPO,NLRO (NLRN
RRRRRRRRRRRRRRRRRRRR“kRRRRRRkﬁRRRRRR?RRRRRRRﬁRRRﬁRRRRR&ﬁRRRRRRRRRRRRRRRkRR
¢ ACPR-ASPHALTIC CONCRETE PRODUCTION RATE(TONS PER HOUR)
¢ ACCO-ASPHALTIC CONCRETE CONPACTED DENSITY(TONS/COMPACTEQ CY)
€ XUSO-THE DISTANCE jMEASURED ALONG THE C.L . OVER .WHICH TRAFFIC IS
¢ LOWED [N THE OVERLAY DIRECTION.
¢ XUSN-THE DISTANCE ;MEASURED ALONG THE C.L..OVER WHICH TRAFFIC IS
I LOWED [N THE NON-OVERLAY OIRECTION. )
€ xLSD-THE DISTANCE ,MEASURED ALONG THE oefnun,anuuuo THE OVERLAY ZUNE.
C HPO-THE NUMAER OF OURS PER DAY THAT OVERLAY CONSTRUCTION TAKES BLACE
€ THE PRODUCT .OF PROP#HPD -SHOULD NO] BE GREATER THAN 1. TF THE STRIP
[ LS UNDER CONSTRUCTION FOR 26 HOJRS CACH. DAY, pROPEURD, = 1.
C  NCRO=THE NUMBER OF OPEN LANES IN THE OVERLAY OIRECTION IN THE
¢ RESTRICTED ZONE,
€ NURN-THE NUMBER OF OPEN LANES IN THE NON-OVERLAY DIRECTION IN THE
¢ STRICTED ZONE. .
W W B B W M M M W W W

{PROP*HPD) ,GT. 1.00) ~WRITE(6,80
uwwiuuuuuuwuuuuwuuwuwuuuuuuwwuuuwuwuruuuwﬂwuwuuuuuuwuuuhuwwuuuhuuwwuuwnuwu
Ct‘.“.i.ttt.tt“‘tt.‘tlttittcﬂ .#.‘tt‘ttt.’ﬁ“.tt‘#t“t‘ttt#tt*‘tt't
C  READ IN OTHFR (OVERLAY. PARAMETGRS ASSOCEATED WITH YRAFFXC

C SPEEDS AND DELAYS.

i
RRRRRRRRRRRRRRRRRBﬂRRRRRRRRRRRRRRRRQRRRRRRRRHRRRRRRR&RRRRRRRQRKRRRHRRRRRRR
(95,8051 PPO2, PPN2 AAS yASO4 ASN R
RRRRRRRRRPRRRRRRRRRRRRRRRRRR&RRRRRR &RRRR&RRRRRRR&RRRRRRRRRRRRRRRRRRRRﬂPﬂ

-...-...-..--.-....o.---..-...--.'...--..-...-.-.--

1 .

CeeesmsEsteeseerrsetasatesterreaTsese T IRIR etV IS OO

.
L d
*
.

[y PROPORT[UN OF VEHICLES THAT wiLL BE STOPPED IN THE UVERLAY

OIR ECYIDN BECAUSE OF MOVEMENT OF PERSUNNEL OR EO lPHE
PNZ~- PﬁUPUR 10 VEHICLES THAT Witt BE STOPPED IN
.NOi VERLA Dl RECTION BECAUSE OF VERSONN L OR FQUIPHENT.
DOZ—IH& AVERAG DELAY PER VEHICLE STOPPED IN QOVERLAY DIRECTICN
BE%%g%Ergg ?ngMENT OF OVERLAY PFRSONNEL AND EOUIPHFNT IN THE
ONZ~THE AVERAGE DELAY PER VEHICLE SIOPPEDN IN THE NON-OVERLAY
DIRECTIUN BECAUSE OF MOVEMENT OF PERSONNEL OR EQUIPMENT,
AAS-THE AVERAGE APPROACH SPEED TO THE OVERLAY AREA,ASSUMED YO BE
THE SAME FAR BOTH DIRECTIONS.
ASU»&?E é¥?R£GF SPFED THROUGH THE OYERLAY AREA, IN THE OVERLAY
[RE aNy
ASN-THE AVERAGE SPEED THROUGH THE OVERLAY AREA.IN YNE
ON-OVERLAY DIRECTION,
~THE MQOEL NUMBER WHICH DESCRIBES THE TRAFFIC SITUA Tl N,
Coensssbikntscsssnessstsssrxa(ARD BERSEREE R RRSEEREE AR K EERSRERERFE RS K E &
C CUST CONSTDERATIUNS I
RRRRRRRRRRRRRRRRgRRRRRRRRRgFgRRRRRR%R%RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRHRR
807} 3

EA| PC
RRQQQRRRRRRRR&RRRRRRPRR&RRR RR&RRRRRRRRRRRRRRRRRRRRRR&RRRRRRRRRRRRRRRRRRRR

C RATE CHANGED FROM THE PEPCENTAGE‘RATE {PCTYRAT}.

svsersresseevsserveastrenny

:'....'.aié';'

R R N R R )
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PAGE 3
I

C CMI-ANNUAL ROUTINE MAINTENANCE COST PER LANE MILE FOR THE FIRST YEAR
[ AFTER CONSTRUCTION OR AN OVERLAY
2 CHZCA“EU:%LéNCREHENTAL INCREASE IN ROUTINE MAINTENANCE COST PER
[4 SC <THE COST'OF A SEAL COAT PER LANE MILE.
C RATE-THE INTERESY RATE OR TIME VALUE OF MONEY
C--COST PER LANE MILE IS CONVERTED {D €OST PER sd. vo.
R R Ry R LR R TR R T R R PR PR P
. Cl =CMl*9 0/(5580- * XLW } .
. €2 =CM2+9.0/(5 * XLW ) .
. SCC = SC ‘9 0/7(5280. * XiwW) .
T Ry R L R R R R T R PR P ]
Coredsnssrsas —“‘.t“"#‘t‘.““l't‘tl"t“‘“t

CossersaMATERIAL PRDPERYV CARDS (TWO OR MORF STARTING WITH CARD 9)suesss
c«t..‘.t.ct“tt‘ttttllttt‘tt‘ttl#t‘ttt‘ttt##‘t‘t#tttttt#t#ll‘ltttt#ttttt

C READ IN THE CONSTRUCTION HATER!A%S AND THEIR PROPFRTIES,

vesscrcorey LR R R R R R R Y R RN

B e S P 06°20" <1 Kipd .
R L T T T L P L ST TP OO TS PI TIPS ETISTLIR:
aunnuRuknkﬁuakakkkkazgknnnkkz ERRRRRRRRRRRE §RRRR§RRRRRRRRRRRRRRQRRRRRR&
RrraranRRARERARARARRRALRR AL R ARARAR HARARRRRARR RacRALRARRRAR &ﬁ&kaﬁkﬁzaanknr
S S
. (TCAVER{II T IBQ 67760 Ta" 31 . -~
et teteseactoasactnsetecsonatatensnnsanarensrserasssnassoravacerarsoreniee

€ THE COLUMN DESCRIPTIONS ARE AS FOLLOWS--
¢ THREE BLANK SPACES
€ FIRST FIELD-2) COLUHN-LAYER 1D (THE LAYER NUMBER IN WHICH
¢ THE MATERIAL WAY B USEQ.)
¢ a%ss NOTE 4#xwa EIRST FIELD MUST SE BLA IERO FOR SUBGRADE®*%*
¢ THREE BLANK SPACES
¢ $ECOND_FIELDZ] LETTER OF THE MATERIAL.
¢ THES RYRNS.T8 NAME OF THE TYPE OF MATERJAL
¢ B A i YA B RE e EBs T PR CEoMPRET LS tuB1C varD,
¢ FIFTH FIELD--4 STRENGTM COEFFICIENT OF THE MATERIAL.
¢ SIXTH FIELD--8 MINTMUM {AYER THICKNESS ALLOWED.
¢ SEVENTH FIELD- MAXIMUM CAYER THICKNESS AULOWED.
¢ EIGHTH F1ELD-8 ZSALVAGE VALUE PERCENTAGE OF THE MATERIAL.
- € THICKNESSES D FROM INCHES TO YA&RDS AND PERCENT TO
€ PROPORTION. )
MesvEsINsoecn 9920 SRPETEIRNIIITIOIEROIIRRIPIITSIIOERORNTRNRIOIRSS
: BATATS, 11 .
: QATA(Y 12 .
: DATA(Y,13 :
PP RS0 ettt
§ VATALJ, 1) IS THE INCREMENT IN LAYER THICKNESS, MAY BE RECALCULATED
€ ONE FQURTH EnE INCREMENTS IN ALL LAYERS ASSUNED RATHER THAN READING
THE' INCRENENTS FROM INPUT CAROS.
et totsreastontcennasressasevstansonssasesssosntasttasnansosssossossasanes
ORI IRGE Tttt ettt e e
cevcearienrescecntatenescctcannn
cenns
s
& . PO S
f

R R R R LR R R R R R R R RN Y )
. 21 NM = g—-]

R R R R R R R R A R S N TR R T PR R R R Y]

[T E L2

CRESEASETESRERSTAR **
USER INPUTS, SET DTHER PROGRAM VAR[ABLES

CHENEAREBRREEERERA *95-9 DOES NOT ALLOW NITIAL SERVICEABILITY

Cresedessssnbesndst AFTER OVERL AY D{FFERENT YHAN INITIAL STRUCTURE,

iecececvsevan . tersgestrsasseancessiataessrsteesersenenttnesrenran
B AT AN T3 15 A S b 1 51

P R R R R R R N R R

€ OVINC-THE INCREMENT IN QVERLAY THICKNESS,
[ ir72 INCH CONVERTED TO FRACT[DNA% YARD

e veseeioeeraaseeateesereteteteseeritentsoeosattatassasterateseansraaneoy
. OVING ="0057736.6 .
R R R L R R R R R R R

C  UPLEVL-THE AMOUNT OF LEVEL-UP YH}CKNESS REQUIRFD [N OVERLAYS

eves

C-~0OVSTR IS THE STRENGTH COEFFICIEN} OF THE OVERLAY MATERIAL.

essacecees TR R R R R R R R R R R R R RN

. Ov3TR 2700988

C VTMIN THE MINIMUM TIME IN YEARS BE{HEEN A SEAL COAY AND AN OVERLAY

R R Y R C R LR R R R R R L LR PR R TR P PR
- TMIN = 0.0 .

0800000000t ss Pt ate P It 00estetierentoscertoratstivecstsorsencosacareneso

IF LANFS NOT INPUT,

C--CALCULATE NLOJNUMBER OF LANES [N ONE DIRECTION
C-~THIS wWitl ALLd

W USE OF DATA ROH[PREVIOUS VERs foNs

s8esscessrtssrrencentansenee

€ e e et tmmecaa ————————

v
1
1
2
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INPUT

23t et v o ottt

PAGE, 4
Ceeaensssssseanarsrtocracacatersnarsasstenacosasstartorreratrestttarsoone
:
seveccsnnis S R R R A P T TR Y
. NCOT 2 MAXRGEE S TNCROS T ;
R TRty CE LR T R R TR L e PP S U PR RTET PPPRRRYS
OK e — -
veaesne T
Tt onTinGE :

D R R R R R F Y X R R RY

CHSSERFARERIRAASRSRRNB SR KR SARNERSERRC SRS ER R RRR RS E R IR NEER SRR IR S H A KK
E LIST THE INPUT DATA

1
HNHHHHVNHNHNHH““NNHNHNQNHHHHNHHNHHHH&HNNNNHHHNHH“HHNNHH

HHHJNNNHRHN:Y:H;S?V
HNHHNNHHHNHKHH&HNkNHHHHHH“HHHNHHHHHHrHNHNNNHHNNWHH“HHHHHHVNHHHHNhwhHHHHHHV
seecccrvans R R R R L R R R R T R R R TR R R .
L e il 3¢} 36" lJle.NM .
= . R R L LR R R R R R T E T R e
i C WRITE DUT THE DATA ARRAY [TEMS I? INCHES AND PERCENTAGE .
1 .
i .
1
: ----.i-on-c-----~.oo------;--o----.-o--.--.
{ HWHHhNNNHHH HhﬂﬂHHHHMHHH WH W WA WA NN HNN“HNHHHVHHH“HHHHNH“HHHHNHHNHNHHHHN
-------------------- * 30 iT 02)  TLAYER (lJK + LDATA (IJK|LK|.LK-2 10}, i
NH“HHHHHHNHHNHHHH Wb J n"nuuHNNHHN&NHHHhVHHHHHHHH

1
C-~WRITE THE PROPERTIES OF THE SUBGRADE.

HHHHHHHS:HVHHHHHHHHHWHHHNuHHHHNHHHHHIHVNNHNNHHHN“HHNHHNHHHHHHHHHUHHNHHHHNH

61903} (DATA{NM+1,LK) LK=3, 8)¢ DATAINMeLl; 10}
uuuuhuuuuuuuuuuuuwuuuuuuuuuuHuuuwuuuuwuuuwuuuuuuuuwuuuuhHuuwuuuuuuuuuuuuuw

C LANES FOR UyUTPUT AS TOTAL LAMES.[ROTH DIRFCTJONS
TR TR R R R R R R R N R R L L L R R R T T

Os2

D L R R R

RHHNHHNHHHHNNHHNHHHHnH:NVNHVHHHHHHHVHVHHH“HHNHHHHHHHHHHHHHVHHHHHHHMHHHHHNH

TE( 6, DP, NMB, NM, CL
I R A S T S I B L T PN
uuuuuwuuuuuuuuuuuuuwuuuuuuuwuuuuuwuuﬁwuuwuuuuuuuuwuuuwuwuuuuuuwuuuuuuuwuuu
e OPURTION CHANGED. TO PERCENT FOR PRINTING OUT
E i SR UERE T R TR ke T E VARIABLES [N 20 YEAR VALUES AS INPUT
YL TP PR RPTPTIES

R R R R R R

HHHHHHHH:HHE?HHg;?yhHHWHH“HH“:“NHHH;H“HNHNHH“H“NHHHHHHHHHHHNNHHHHHHNHHNHN:
W
HhﬂﬂNNNHHHHHNHH“HNHHHHH“WHHNﬁHHHHHH“YHHHHHHHNNNHHRHHNHHNH“HHNHhHNHHNHwHHHH

HHHHNHNHH?N:HHHHNHHH?HHHHHHHNHNHﬁHHHRNHHHNHHHHNHHHNHVNHHHHHNHNHVHNHNHHNHHR

938}
HHHHHH“HNHHNNHHHHkHNH“HHHHHNNNHHMHHH?HHHﬂHHHNNHNVHRNHHHHHWHHENHHNHHNHHHHHH

Chesenessassessesasacostetaneietenanreorbeeetssocaarassiartortatossarans
. 60770 39 o e e v

et tesasecs et teantaTenentseetactacas e tIeer eI er T erTrtest oot ianrr e

oK -——

] .
Nuuuuuuuuwuuuuuuuuuuuuwuuuwuuuuuuuuuuuuuuuwwuwuwuwuuuuuhuunuwuuuuwuuwuuuww
W 37 WRITE(6,939) ITYPE W
uuuwuwuuuuuwwuuuuuuwuuuuuwuuuuwuuwuuuuuuuwuuwuuwuyuuuwuwuuwwhuuuwwuwuwuuuw

oK . W

. i X

Y R
B 39 CONTINUE . ;

I I I N T N e R K R R R O P X )

W W WA MMM MM B M WM WM M WM M W
it 301 XTTOLXTEO TTSC TReC

b MRHEo331) A DHIART KINIRS omaxin

B W e P Bt 4 o W o 4 W M WA W W W R W R

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC cceeeeceeecececccecceceeecceaeeccceecec

CALL REAONG [NPR T4 GE
CecccccEebbc PR ccccéccccccccccc?ccccccccccccccccccccccccccccccccccccc
HVHdHHHiwiuu‘N“NHN“H“NH“H““HHHHHHHHHHHRNH“HHHH“HHKHHHHVhHHhNth&HHHkRKNNHw
W WEITE(6,920) ACPR (ACCD,XLSO,XLSN W
W wRITE(8:933) - xL5D,APO W
W WRITE(8,932) NLROJNLRN W
W WRITE(609%3) P02 EPNZ; DOZ, ON2 W
W TE( 6, 944) AAS,ASC,ASK,MODEL .. ]
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SYMBL KEY
3577 © TEaMinat
LAYIDX _ €CCCC = CALL
. RRRRR = QFAD
WWHWW = WRITE
L EE e EE e EEEEEEEEEEEEEEEEEPEEErEEEEEEEECEEFEEFEFECLE
ceper PUBROUTINE LAYIOX(NN, [LAYER) NWD) LAYERs INGEX; LAYO)
EEEEEEEEEEEEEEE EE EEEEEEE Eeéeeeeseek;ese&eeees feececebeEEEEREEEEERERREEFE
C--LAYIOX? IS A LAYER INDEXING SUBROUTINE. EACH CALL TO.*LAYIDX'
C--RETURNS A UNTQUE LAYER INDEXING ARRAY UNTIL ALL COMB INATIONS
C--ARt EXAUSTED AND LAYER' IS RETURNED AS ZERO, THE FIRST CALL fa
§--LAVIDX MUST WAVE *LAYER® EQUAL ZERO FOR INITIALIZATION.
C--GIVEN + o o
¢ NM T8’ MUMBER OF MATERTALS, MUST BE GREATER THAN ZERO, NOT
% GREATER THAN NMD, .
¢ ILAYER AN ARRAY WITH THE LAYERS WHICH EACH MATERIAL MAY
¢ OCCUR,  ILAYER MUST BE SORTED IN ASCENDING ORDER WITH
¢ AY LEAST GNE MATERIAL PER LAYER.
¢ MO THE DIMENSION OF THE ILAYER ARRAY. )
¢ UAYER MUST BE EQUAL ZERG THE EIRST CALL FOR A GIVEN SET OF
C . MATERTALS, OTHERWISE MUST BE RETURNED WITH THE VALUE FROM
4 THE LAST CALL TO LAYIOX.
C-=RE TURNED
¢ UAYER THE NUMBER OF LAYERS FOR THIS DESIGN TYPE, DR LAYER SET
¢ FQUAL ZERD IF NO MORE DESIGN TYPES FOR This Sev of
¢ INDEX AN ARRAY (“ONE PER LAYER POINTING 1O THE ILAYER ARRAY
¢ AND THE VDATA' ARRAY! FOR THE SELECTION OF MATERIALS
¢ FOR THIS DESIGN TYPE.

1
DIMENSION ILAYER(NMD), INDEX{LAYD)

C~-THE FOLLOWING OIMENSIONS MUST BE NOT LESS THAN THE MAXTMUM NUMBER
~C--0F LAYERS (THE MAXTMUM VALUF IN THE [LAYER ARRAY)

DIMENSION NN(10}, NMBMAT (10)
c

!

P R R R R R R L L R X LR R S R e T Y]
=0 . .
R R R R R R T R LR O R P P P T P R TR RN

. R R I I R I I I T P T R NS PR PR T
————————————————————— 56°40°3 = 1, AM .

ER R R R S L LR R R R A R R N N R ]

......-.....9......---.--....-.-.-..q-.o.o--....----.................-...-
LAY =

sedearacsssscsvane

SORTING(AND MAXTMUM VALUES OF ILAYER

B ' R g R B R R L R N T L R R R R R R P R T
e e ntaindebde et * 40 NMAMAT(LAY} = NMBMAT(LAY)¢ 1 .
-.-......................-.......-..iu..'n--..........-.-.-.-...-.........

P A R L N L L L R R R R R R Ry R R XY
MAXLAY = LAY . . .

etsereacrrctsgreiesssacnene

S e seae e sserassenasaseneterenaneatsensoce st itotetesateronsrertatatabates
. 60 TF(LAYER .GE. MAXLAY) GO TO 55 -

P R TR R T R R P R R L Y R Y R R TN

e st e s 080088000000 0000000a0etesenetssTIPeertettretocretsettetenatetutan
. 60 10 &0 e e ———— i ————

R R R R R e R L R R RS P TR

:.-.-.‘q..i;l-ia?eﬁ-:éq..i;.éb.faniiaoco-o-.-.-----------.--.-..-u.u------‘ ___________________________

P L R R S R R R L X PR R

R R R R R R Ry R RN

UTTTTTUURNILAYER) CES .
: LAYER = LAYER -1 .

P R R O e N R R R T

P S R R T R X R R R R LR
. GO Tu 5% Uy U g -

P R R R I R R R X R R
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LAYIDX

PAGE 2
1

L N R R PR R RY Y

o.u-..--ootct-o--ooo--..xq..-citoo--.-"p.-o'oo..--c.oc-...o--ola--co--co-

00 90 J = 1, HA

seseestsesiane

*esvesssssssessnense
INDEX(J) = NNCJ} .

DR R R N R R R e IR R R

cecamcssssasesecteeresnscaanstssrraivsatassovertantace

e6osssecersrssasssenccennran

[mmmmmm e e e --o--o-o--éaoiaoi-;-i:cja--..o.-.....-...-.......

.
i D L R R R R T

NDEXEJS)

1 R L IS R R R I R R R I R NN I .
70 INDEX(J A

1 .
0000 00 es Nu o lI e eresaeerettestveettesttestectdeenissstetsstonssesernossonrse
............... ————ce Q0 CONTINUE .

R R S LN L R R Y R PR

oK
TTTTTTTYTTTTTYTTTTTTYTT%TTTTTTYTTYTTTTTTTTTTTTYTTTTTTTTTYTTTT
AR AR AR AR AR A AR RN AR AR RARRARSARREASRRRRRERRRRIRRRARAE

oK
T

--.6-.--.-oo..ac......-..----o..o--oo--.--.--...-..-.-..v.--..--.--.......
Y =

sssvccens
TVTTTTYIE;ITTTYTTTTTTYTTYT?TT TTTTTT}TYTTTTTTTTTTITYTTTTIITTTTITTTTTTYTTTT
AR AR AR E R R AR AR AR AR AR A RN AR RARRIRARRARASRREARRRERRRRAASARRARRRARSAL)

L L R R T R TRy R R L X R R P
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QUTPUT
H"lFf-tFEEEEEEEEEE&EFFEEEEEFEEEEE(EEEFEEE}EEEFEEEEEEEEE&FEEEFEE‘FFEEEEFG((
UBROUTINE OUTPUT(BCOST ¢NMOGN , KNTOL , KOUNT (POLTICY (NMREST, ISKIP,
Lcost, MiMaEs $cOst, xnokb, (LavER, CODE}
tetretrereet EE e&tffseseéEEEEtEEEEEEéseeessées;sese&seseeeEsesrskttrseset
COMMUN A{T), AAS, ACC?' ACPR, ALPHA, AN2(16), ASN, ASO, Bi7)
1 8B(1Y), A-NNE, CINT, CC; CmMAX, Ci, €2, cob1(8), pAtA(itl, 1},
é UN2y NDOZ, ODMAX{6), OMIN(G6T, DOVER(&}, GAMMA, HPD, INDEX(ICH,
3 ipabe, THype, KT(31, LAYER: MATYPE, “OOEL, NLO, NURNy NLRO, N
comMON N, NPRDR, OyCOST, ovinc, OvRAx, GVMIN, QVSALV, UVSIR,
L P02, PN, PROP, PSTy PSVGE(6T, Ply P2, 2P, RATF, RCy RO,
b SCC, TASL, TTCKMAX, TMIN, T1(ad), ¥rsc, vptEvl, XINCihY,
3 xtdo, XlsNy XUSO¢ KNCy KTBO; XTTO, 2075081
DAMENSIUN BT\"ZOIH\\!)EXY(EO] 90[l(Y(SbyZ’t)'lNUKP(b,ZLI.llAYhF(ll‘
DEMENSJON BBTT(ZO)'RBDFXT(Zbli GODEL6)BYSC(20)1,88TSCL2CH
(=-DATA STATEMENT, 2ND DIMENSION OF PILICY AND XNDKP ARRAYS

1
OATA NPO/SC/, LAYD/ G/

1
€ PAGE HEADING NESCKIBING THE MATERIALS UNDER CONSIDEFATION,

ccegece CCCCCCCC:}&&%CCCCCCCE&%CCCCCCCCCCCC(CCCCCCCCCCC [dddqdaddgagdgEauANES

LCCCCCCCCCCCCCC(CCCCCCCC{CCCC(‘,CCCC&CCCCCCCCCCtCCECCCCCCCCCCC(.(ZU‘L(.( (et

RNH-‘kRHHNNHH“HNNNhHHHHHHHHNNHHHHNNHWHHHHNHHHHH“HH“HHHHhHNHHhHkhNHhh\-HHWhNﬂ
l Eloy 359! MDGN. LAVER' (CODE{L}, (=1,LAYER) H

ITE{® 1 .
un«Jduhuwwﬂuuuuuuuuuw 1HH J uuhuwuuuuuwwwuwwuu

C  CONVERTY DAYA TO INCHES AND PER(‘.??H’AGE.

D R N N e Y T P L L L L LR N L L T R TR P

. OAT1L = OMIN(LY * 36,0

. DATIZ2 = DMAX(L} * 36.0 .

. DAT13 = PSYGE{L) * 100.0 .

. DATL = XINC{L) ¢ 36,0 .

R R T T R R R LR R L R RNy R R P R T
11 WM L, HHHHHHNHHH“H“HNHHH“HNHﬂNunNHhHhHhHHthHH

42 RlTE(b 902) t, (DAYA(JeK), K=2,10}, DAT1], Tle Ti3, DAT
HHHHkHiHHIHHHHHHHNH\‘HHUHHHHHHNN“HHHHNHHHHHHHHHV‘HNV«!‘HN‘J""-HH*HH&HHHHNNHV‘RHNH

C«~WRIFTE THE SUBGRADE PROPERTIES. '

WHWH W WiW W WA W WH W WO W W W R W W A W W W W R W W W W
W WRITEC649031 {DATA{NM#]1,K), K=3,8), DATA{NM¢l,10}
Whiw d L1} ¥ HVHVHNHHHHHH“H&VHH“HHHHHHH&NHHHHVHV

WHW NN ot M W e W W W NHIHHH“HHHNHVHH“HHHHHHHHHHHHHHHHHH
w RITE(6,904) OVCOST, OVSTR, GMININ, OMAXINs OPCTSL, OINCIN
LLELLELAL L AT PLLSL L EECDE L AL T PR UL b L WHWNWW
€  UVERLAY POLICIES MUST NOW BE EXAMINED FOR EACH OF THE INITIAL

N OESIGNS. THTS 1S DONE [N DO LOOP 69 BELOW

E CONSTRUCT (O

eseracanes

R T R R R R R T R T RN R R PR T PR
1.0€20 .
veea

R R R R R N P RN R P NPT P T

£S_A COUNTER }HA‘ KEEPS TRACK OF THE NUMBER OF FEASIBLE
SIGNS FOR VHES SEY OF HATFR!ALIS.

JUTTUUHE ROMBEA T TEQDTET e

P R R R R L R T T R R R R R N PR R Y

R R I R I O e L L L TR R PR P
. IMESS = 1 .
R R L R R T X T E R R R PP PR I

C--LSWIN & ISWUV SET JERGs ND CONS”‘MIN' FAELURFS YET,

sesserrsensass
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QUTPUT

PAGE 2
i

aseeserans

seasssssree

esveestrvessace

R Y N L L LR LR L R L e R
R e T46 BOVERTRKRITITETIL RKE2T .

LR R R T T R P P R E R R T

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC CCCCCCCCCCCCCCCCCCCCCCCCCCCCCLCCfLF(C
CALL OVRLAY(IBT PﬂC T,BPRH
c.srséé Iy

o T BIT,BOEX
ccccccccccccccccécccécc ctodeeedie ccccEccccccécccccccccccccccccrccccrcr

ame
I
am
ore Zi
20
et
e

bl

ot

=3
)

P N L L L L L R O N R T R R P R P R R R )
iF( NOX .EQ. 1 } GO T0O 69

Atsevscescsacsnsretrcraraourtasarttosotrobatserrtornrneens

»
£

: iRESs 278

ceesens

. seesecnces

€48 e T Ess e Reseateasseetesesesnioeeresstntotattovrensetoratatbrotsenanes

. NEW = 1 .

vecsesesnresscserstenionasrers s

: € NOW CHECK T0 SEE [F_THE T lNCYl OF THE CURRENT DESIGN
A - € RANKS AMONG THE BEST NMBE

IO TATIARINGT LYY

essesrsscrrseesrsnntsasns sty

“sesescsssssesrsnecacrestecenne

sateeessescesrsrsatbsserancsesrovar e etbetivaan
. MERT2TIRORTT

.
P S T T L L R R T R D R D P R R R R

secusessmeseestnesetavacsasesssnsoene serneens
. GO TO 265

eesrcencosrarrsenscncononas

0K

ceesss T
----------- wmmmeen DT EUE 007220 " RER TS TES T INDR .

L R R Y R PR N teessrssave
1

------------------ 35T CORTIRGE T :

C-- INSERT DESIGN IN COLUMN AEw 0OF POLICY.

sarsese srvecsaes ctbtessseserersseetetessranssnseesnart

CTUIIETIETINENTIEQTNMBESTITEOTINT 245 : PO

L--ALL MURE JOSTLY NESIGNS SHIFIED ?UHN ONt o

i {NMRESTLE, .
: JCONST = TENEW :

S L L R R R
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QUTPUT

PAGE 3
1

D S N R R R R R Ry R RN

Wsteesressesrerertssanasesset vt

‘330 poLEEY” (K-JJ*II = POL!CY (KrJJ’ .
Cle s evonererntsanttaettonetesststotesssesiocestocsernsasossstosessssssssnse
rrescrrsesas B O T T R Ry PR P T R PRI

0o 235 l - ly LAYD .

D e R T R R N AR R RNy

esosvrescnes

1
C--NOW INSERT THE CURRENT DESIGN IN COLUMN NEW OF THE ARRAY POLICY.

oK
1

R R Y TR Y

teesestsevsstetesncerasettend
. 265 POLICY (1 NEW) = NMOGN .
. POLICY (5.NEN‘ = Xlgc .
. POLICY (3,NEW) = BPOCCY .
. POLICY (4,NEW} = BPTUC .
. POLICY (5.NEW) = BPWSCC . .
. PDL(CY (6. NEW) = BPRM .
. POLICY (T,NEW} = BSAL .
. POLICY (B,NEW} = AMINCY .
D R R T S R L R R Y R PR TR Y

C--POLICY(9, ) CONTAINS ‘ﬁE'NUHBERlDF LAYERS OF THE DESIGN
Creantiers T Neu»'i'ﬁi&éiié"ii?éé)""""""'""""""""""2

.....................--..--..-..'...i.....-o..--.---o--.............-.....
tresssarsessse B LR R R R T R R TR
00 270 11 LAYER .

R R R R R R R R R Y R X R R YR

tseesserrveos e R R I N e R TR

C~-POLICY{20+ } CONTAINS THE NUHBEllﬂﬁ PERFORMANCE PERIOD FOR THE OESIGN

ceevsrrescenn ............................................................
. KK = MINO(10, (8T) .
. POLlCY(ZO-NEH) = KK .

B LR R R R R R R ]

sceevsaneie R R R e Y R R
00 275 l=l|KK .
D R R R PR TR esverese

ceeeveosasens Weeasesesnesietereenenovierrtenesaortasereresosrereres
. (ES AR 3 Mt ) .
""""""""""""'"'""""i"""""""""'"""""""""
crreerasaes e A

DO 380 1217 1ATA :

P L L T T e LR R L X TR P R

ceestesnee

O PALTCY T TI330, hENT T BDERT TT0ET”

seassas .l.'.....Q..‘...'...'....'.IC.'...'...'......'.I.l..
385 kK = HINOTS,NBSET ) :
POLxcv(Ao.Né = KK - .

.......--.----.-----o-..--..-c..---.o-‘...------.-....-...o-.-;-..--..---

vesesrersens .. cseesvevercretrave st s arsstorestresretran
1F (NBSC LEQ. 017667167306
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cerreas secesessecinasersoscrnan

ssevesvscscacs
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seccrecasssavree
. IF (AMINCT .GE. BCOST 77807069
R R R R s R R R R
BCOSY lS THE TOTAL COST OF THE ?‘ST OESIGJ SO FAR_FOR THE SEY

C
C-‘*AYER ALS UNDER CONSIDERATIDN. AMINCY IS LESS THAN BCOST THIS BESTY
: C--1S REPLACED BY THE CURRENT DES IGN UNDER CONSTDERATION,

..-..oa..--o---c-.-.«--..--------qc....-.......-....u-..

sererrrecssoresvre
. JBEST = JL .
. 8COSY = ?NINCY .
. 81CC = xIC .
. B8IS55S = RISS .
. BBPOCC = BPDCET .
. BBPTUC = BPTU .
. 8BPSCC = BPWSCC .
« BBPRM = BPRM .
. BBSAL = BSAL .
. NBBSC = NBSC .
IR R R Y LN T L R R R T T T seivsees

C--SET THE OVERLAY TIME CONSTRAENT ?LAG' FOR THE CURRENT BEST DESIGN.

..-.-.-..-.u.....-..............--..--.u....,....................-.-...--
. ISWINB = WIN . .
. 1SWOvVE = ISHDV .

R S R L L PR R P R Y PR PP TP PR TP

C--RESET CONSTRAINY FLAG IN CASE A gETYER DESIGN NOT FLAGGED.

R R R R N N R I
. ISWiN=0 .
. ISwnv=0 .

R R R R R N Y TR N R R Y Y]

C--NBSC WILL BE THE OPTIMAL NUMBER l,JF SEAL COATS DUR ING THE ANALYSIS PER

veresvesnas s zeeeeetseeuractocecccntarterressestarerareneannerenee
e L R D6" 61" kivei RBd §¢ .

R R R R L R R L LR Y S P T R T T )
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D R R Y YN Y Yoy

| S
C~-1887T HWILL HE THE OPTIMAL NUMBER l'lF PERFORMANCE PERIODS.
o .
1
seesesees R R R Y L X LYY PP PR PR PP P PR
62 BT =BT .

P R L R N S R T R Ry R Ry N R Y T Y

1

I .

1 1

] P R N Y S S N L A T T N R R R R R I T YT YY Y
i . TR RN TIGTL 11T BR0EXTIRRT 2" BDEXTIRAT .
= B e R e AR L LR RIS S R R
i

R LR R R AR L A LR e R T R Y R T T

= BTT(KN

20 ot et it ot st st e e o L

54 e et essveesesstcetesseractastenorrerotratesotensotnsesien
mermmmm— e « 59 CORTINDE .
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R Ry R R R RN

tscscessrecese

. PF{TRESS IEQIT0T17 760 16 92
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C--PRINV THE OPTIMAL DESKGN FOR THE SET OF MATERTALS
C- ~UNDER CUNSIDERATION

i N
Wha dhuh’u;u;‘grgh;:?,ﬂ,l\iﬂwuN\iHHHHHHHV“NHHVHHUN“HNH\‘NHHHHHHKHN“NNRHHH\'NHNHNHHH:
W Wi -
Hh«HkNHhNHHHHm'iHHHNHVHH}IVHNHHHNHHHﬁH‘IHH“HHHHNHHHHHNHNHHHHHHNHNHNHNHHHHHHNN

ceieenscsnsses et ceeceisentticonsoontoratesssssesaracesanrreasstnnesas
Jomommm e DO T RET, CAVER .
1

|

x: C--THE LAYER THICKNESS IS CONVFRTED TO INCHES FOR PRINTING.

1 ceressesass Gssesesscseussasteerisnaseresotronetstneren
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i S
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-------------------- . 71 HRITE(6,968) (DATA(L,9) =3 SO
dedNHNNHNkhHHNHNNHHNHWHHHVHNN“HHNHN‘HHHHVHHHHN W W W W 1

97




PAGE 5
W oo O W W W D B W W W W R W W W W W W A W W W W W W R W W
W WRITE(6,970) BBISS W
W WRIYE{6,969) BBTT(1) L
HHhAhhhHHHHHNHHHHHHHHHHHNHNHHHHHHHHH?HHHHHHHHHNHHHHHHHHHHHRHﬂHNHuHHHHNHHHH
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R LR R R R Y R R PR PN RS LR T RPN

-LEVEL UP IS ADDED FOR PRINTEING OUT BUT IS NOT ADDED TO OVERLAY
C~—THICKN€SS ACCUMULATED FOR DVERALL DEPTH OF OVERL

AR T AL I T ;.55:6....-....o.-.-...t..-...----..-.a.........-.:
. TOVER ={(BBOEXT(I} ¢ UPLEVL}) * 36,0 .

L R L R AR AR R LR R R
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TE(6,975) - TOVER, UPLVIN, BATT
NthHHHH&HHH“HHHHNHHHHHHHHHN“H“VHHHHYNHHﬂNHﬂHHHNHHHHNHNHHHHWHNHHHNHHNHHHNH

seee

AN M W M W W M W A WM WM W W R M
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. GO 161« e fmedceeenee -y
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) 1
1
N
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T3 WRITEI6,982) BBYT(IBBT) . 1
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?K 0
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C-~THt REMAINOER OF THIS SUBROUTINE IS USED TO DETECT AND LIS
C--ALL RESTRICTIONS THAT ARE BlNDlN? AT THE OPTIMAL SOLUTION.
CCrEECCCCECCEELTCeereeeteCCCLeCECCCCLCCCCCCCCCCLCCLCCLCLLCLCCCCLceCeeccece
CALL HEADNG{NPROB AN% IPAGE ] :
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C-~THE CONDITIONS FOR LISTING OF THE_FOLLOWING TWO CONSTRAINTS MAY NEED
C--FURTHER CHECKING, HOWEVER THIS N%TNOD IS BETTER THAN THE PREVIOUS.

1
uHHNHHH&HHHHHHHrNNHHHHHVH“HHH“HHNHN“NﬂHﬁHHHHHNNHHHNHHﬁHHVhN WA NN NN
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EEEEE = ENTR
OVRLAY ETEEE = FhRATnaL
CCCCe = CALL
RRARK = READ
WHWHW = WRITF
BEEEEEF e EE EEEE e EErEEEEEEEEEEEEEE EErEEEEEEEEEEEEECEEEECFEEEEEEEEEEE
£ SUBROUTINE OVRLAY(IBT,SSINOK,BPIUC, BROCCT.,BPRY
€ 1 BPWSCC s AMINC T BTT(BOEXT oNBE Cy. BT SE, BSAL lgllﬁ 1SWoV) E
EFEeseeeeseeseeéEeeeeséesEéseeeeéees;&eseeéeeeeéee EEELEEFEEEEEEEEEEEEEEEE
COMMUN A(T), AAS, ACCD, ACPRy ALPHA, AN2(1614 ASNe ASO, BIT}
(ORI T8 SRy ATRT BETRuARTIeL ARSUtELLASY: BRTL TN,
2 DN2, Db2; DMAK(E), DMENI&T, DOVERL6T GAMMA, wBD, INDEX{1Q:
5 1pPade, 1tYPE, KT(3)e LAVER SatyeE HOBEL, NLO, NLRNs NLROy ' NM
CoMMON NMB, NPROB, OVCOST, OVINC, o Kx, OvAiN, uééALv o¥STR,
1" P02, PN3, PRGP, PS P§VGF_6» Pl, P2, P2p, "RATE, RE, ROy
2 SCy SCC, TRSC, TCKMAX: TNIN, 11281, “11sC, uptevl, XINC(&),
Zoundis o e BB IO NG XER0R MR HARRL c1 20) amt 200
LT ERR T oh BT 201 6 ERT120) £ F3 106 SFSLI RS ' '
C==NPERFD IS MAXIMUM PERFORMANCE vs%(oos. DIM. OF TT AND ABOVE ARRAYS.
DATA NPERFD/20/ N
c
1
N e uensatesueenesebarnen st otanactnetastebitasetotosbeniesrararrrocttne
: TPRIN 2°0,0 .
: XNPREM = 0.0 :

LR RN I RN N Y R N R N R R AN RN R R R X
C  THE MINIMUM COST IS INITIALIZED ?T A VERY HIGH VALUE{100,000,000}

G eeatasgsssteesersiasentcs ansae s norocareoasesonorsreterettonsnersants
ARIRCT
.

tseees
= 1.0¢ 08
NOK =
USERCT (1) = 0.0
acerily = o.

P R R R Y N R e R R Y

C  DETERMINE THE SALVAGE VALUE OF T?IS DESIGN MITHOUT OVERLAYS.

.
.
.
.
.

R R Ty Y G L R R R R T T
. SALY = 0.0 .

L R R R N R N R LR PR Y P T T Y

1 P I L N T L N L R L T T N LT L T T R R R PR R PR R
e e 1 SALY = SALV - DDVERiJl * CbSTiJI * PSVGE () .

P R R R R R R e T R R T Y PR TR

C DETERMINE THE COST OF LEVEL~UP 0% AN OVERLAY

Y Ry R Y R R T T Y
.

.

. .

B R T T e X LR R P T R PR PPV PR PR

ETERMINE HOW MANY YEARS THE INITIAL DESIGN WILL LASY AND THE
C ACCUMULATED NUMBER OF EQUIVALENT 18-KIP AXLES.

Q

'~0tQ-Dalooaococ--‘t....o.oooo-.--coo'oco.....oo.v-.oc-o-ano--o--coo'o-cto
= .

St

4ssessvsecvevesn .

geeccoegecceeececreeeceeeece CCOCECTirEeEeeeeeCereeeeeeceeeeeteetereeeeocs
SALC TIHECT T SS XN TRRIN XNBRIN, [5W, BT 8 1E ¢
cccceceecccecececclcdecdecteccecteccccctclilecteceteceececececcecececceccce
C IF ISW EQUAL 1, THEN T(1) IS LESS THAN THE MINIMUM TIME TO OVERLAY.

seseiecances .

L R T T T L T T L L L T T T T T PP PR R P P PR TP
ISW +EQ. 0} GO 70 5 . B i T TR

P R S R R R P R Y Ry Y XY )

€080 8000809 P8Es 0800000000 s Iertaitor it tetnite ettt ttisciennerveonnersony
60 T0 60

essesvesesssssesrcsscacnernscne

L R R R XX S RN

OF ROUTINE MAINTENANCE DURING THE FIRST

. OK~--= : . b
: i
c CCECCCEEELCCCECeCereletCerceecCttctCeeeCceeeceeeeee
T NS AL (4414 3449)

ccccccceecete

ceeceee gece
ctcécéccccc?cc ¢cleéceccccecccccccceoceeeceeeecect

cceeece

sseese R R R R Ry P L]

XN
» = 8IP

T L L R R R R N R R N R S R R T

C ABDD 1S THE ACCUMULATED DEPTH OF ?LL PREVIOUS DVERLAYS,

P PP T T P R L R
. ABDD = 0.0 .

€5 9¢00600680a0e08000000ePsatectacrrasssitcsiocnsatesosnesntcscstcsaccirencroe

e
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OVRLAY
PAGE 2

eescssvrtsesns L R R N R R LYY

: TRUTE706E0°E0" 1778010733 O,

LR R L R R R R E R R R Y ]

C THE REMAINDER OF THE OVERLAV DPTIMIZATION RESEMBLES A '¢TREE! - IT
IS NECESSARY TO SELECT THE OVERLA¥ POLICY WITH THE LEAST COST.

R R R R R R T T

=
z
tser e

oK - PR’

1
D LN R S R R R T L R R R L R
. 8 DELD = OVMIN

LR R S R Y X E R R R R P R

€ THE DEPTH OF LAYER | IS = ORIGINAL D{1l? + SUM OF PREVIOUS OVERLAYS ¢
C CURRENT OVERLAY DEPTH

dx g
H

R S N Ny L N L R L I T L R R T R R R R T L

. 10 DQVER(1) = DSAV ¢ ABDD + DELD .

. KT(3) = KV(3} +1 .

R R R R R R Y Ry

“eivteevetsnestorersssenees R R Ry L R R
. iF{ (a8DD ¢ D AK 1 GO YO 36
ssovrvrtssrrevsenceressernses D R IR PR TP TR PP PP PR PP PR

C ODETERMINE THE NEW SCI AFTER THE OVERLAY OF DELD THICKNESS.
CCCCCCCCCCECCCECCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
ceceecccccccccccecccecccegcccecececeegecceccecceeceecceceeececcecccceccceccce

C DETERMINE HOW LONG THIS OVFRLAYED PAVEMENT WILL LAST,

XYY R R

-

sese

sescee asssesssrrane

i
gogeceeeceeccecceecceeceecccececeececcceeeg
M, XNPRIM
ct péedeieelletlcecececceccecceccocct

e

W m e

-;cc.--n'cu~-.a.-.o0'q-n.--n-i.-.coo(-oc.--ooc'.--.cu

C--INCREASE OVERLAY THICKNESS TO PR%VENT FATLURE, SEY FAILURE SWITCH

esserevsssrrecrne ..-....-.-o....o--.....v..-......--.................-.-.
. 1SWOV = ) SWOY .
. DELD = DELD + OVINC .

P R R S R Ry R T Y

P R T R PP R R PR RN

ssesvee

C--FEASIBLF -OVERLAY,¢ SAVE THICKNESS FOR LATER

?K - - -

DR R Ry R R L R PR P PR

15 DEXT(I} = OFLO .

. KT{4) = KT{s} ¢1 .

. ADT = RO ¢ ({RC-RO}/CL 1*TPRIM .

R R R R R R L R T L LR T TR R P PR P R
C DETERMINE THE PRESENT WORTH OF USER COST DURING THE I TH PERFORMANCE

C PERIOD {(DURING THE (1-11 OVERLAY}.
CCCCCCCCCCCCCC CCCCECC CCCCCCCCCCCCCCCCCCCCgCC?C(CCCCCCCCCCCCCCCCCCCCCCCC
GALL USER { DY TPRIM,PHTISYITIME
€ccccecéeccecteccececcde CCCCCéCCCCC&CCCCC&CCCCCCFCCCCCCCCFCCCCCCCCCCCCCCC

R R N N R T T PR PRy YN

N A

“essesscrersrscoany

w
.
c DEIERNINE THE PRES
4 HE COST. UF LEVEL

.o

B

I R TR TR T T T R

2
sY
.
NT MORTH OF OVERLAY CONSTRUCTION COST INCLUDING
UP DURING THE ;'TH PERFORMANCE PERIGD

.
T
.
(3

ssessoae

C DETERMINE TH
C I TH PERF

1
CELLELLaeCeereeeereereeeeeeeeeeeeeeeeeeeeet
cccccﬁccécc&ccccccccccccccccccccccccccccccc

geeeece
(ool of o of !

canses oa.-n......h-o....--..¢..o--....-.....-.n-.-

.
.
.
.

N
xsi(i} = slp

P T R N O L L L R R R R R R R R R R P L

€ INCREMENT THE OVERLAY YH!CKNESS'IVNEN TEST FOR COMPLETION.

.
.
.
.
.

P RN R L L N R R O R R TN
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. PAGE_ 3 ‘ . . . 4 o ; .
€ THE PREVIOUS OVERLAY WAS NOY. SUFFICIENT TO LAST THROUGH THE ANALYSIS
C PERIOD IF T IS LESS THAN CL. 1 .

cerresssssesenes
. A 1

sesesessevnsee

’ °ret .
C--1F EXCESSIVE NUMBER OF OVERLAYS OR THICKNESS EXCESSIVE, SELECT
C~~ANOTHER POL?CV. 1 SSIVEs

o

[T OEOIPI S NIV I JEOR JUS

cecreersse
- 112

{"4805

L L R R R R R PR Y TR Y

o.-o-.i.;a -

.
.
-
.
.
.

SRR TP L e b
S reeceitareserarasane s iursesstateneetsateratrrartatanasetortsreieetssite
C DETERMINE THE PRESENT WORTH OF ALL SEAL COATS THAT WILL BF REQUIRED
€ DURING THIS ALTERNATIVE OVERLAY POLICY.
oKk N S
U T R T P TR S
Eccchdcbitbcatctilicte cécéccécccécéfc&ccccEcccccécccéccctcccccccccccccccc
C DETERMINE THE PRESENT WORTH OF THE SALVAGE VALUE OF THE PAVEMENT. THIS
€ WILL BE THE COST OF REBUILDING THE PAVEMENT AT THE END OF THE
€_ANALYSES PERIOD,
€-~FEASIBLE OVERLAY POLICY .

....v..-&.....-.o-on......o.'.-.o..-i..- seseseeterscacensrsstenaveossare

sesecserseiee PR R R Y Y Y TR YR PP FYY R T Y RS

1

i

I

f

1 . POCCT
1 PR

1

i

i

»
=
M = PR

L R R Ry R Y R X TN

€ EVALUATE THE COST OF THE ALTERNAT IVE OVERLAY PROCEDURE AND COMPARE
ST COSTY SO _FAR,
ALL PRESENY WORTHS ?F DOVERLAY COSTS.

cescoae

L e S R R TR Y P R R R R R N T TR

X R S S R TR sew [ .
IF{ ANINCT JLE. TC } GO YO 36 U S

L I R R R R R R R Y T

ssves

sessses R R L R R PRy Y YR T YR

.
.
.
.
.
.
.
.

. e

tsseasenersana

________ e 50°34 J;i:ﬁagéouno-o--otcglu.'--~o!--ocoo---o-oocnoulool'oﬁﬁttv-ac:

L L R R R R R R R L LAY

TTUUREACATSEUII SIS

D I R R P R L R

€ =187 = NUMBER OF PERFORMANCE PERIODS.

R R N R R R R PP YR R Y
.

esess0sssscacce

R I I I N R O R R

i et ot
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PAGE, & 5 .4
esssonesy P R R e R R R R R LR I

’ ’ gdévssspenee
e W0 eTHEIKI =TT IKI .

D R R R Y I A R R R L R L ey

L R R R R R Y P Y]
*

C SELECT A DIFFERENT OVERLAY POLICY (ANOTHER BRANCH OF THE TREE) AND
C GO BACK TO STATEMENT 10 TO DETERMINE THE OVERLAY COSTS.

K
1

R Ry L N Ly Oy L R R Y R R R R TN

SUUURCIR{CIILETRTI60 1666 SN

LR R R Y N Y R T R Y R PPy Ry Y

"
1

e rm———— i —————

D R Y R Y TP

AR ARSARARAARAAARAAARRARANARAARAAARARARARARARARARARRSRARARARAY
LARARAR A AR AR AR RN ARARARRARARAREARARSARARARRAAARARRAARANR]

RN N R R R R R R R S R R R Y Y R P PR R PRy
0 . - .

P R L R R A R Y Y Y R Y R PR R TR
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KFY
EEEEE = ENTRY
PWRM FTFPT - TPRmTnaL
CCCCL ‘= CALL
RRRRR = READ
. WHHWH = WRITF
BB L EEEE FEEEEEE EEEEEEEEEEEEEREEE EEEEEEEEEEEEEEEEERFEE
cor SUBROUTINE PURALRMAINT RATE (T TPR 1Ny C1yCoyCL)
EEEEEEEEEEEEGEEEEEEEEEEEEEEEEEEEEEEE% ceeELEFEEELEEEECEEEREEEEFEEEEEEEEEEF
C THIS SUBROUTINE UETERMINES THE PRESENT WORTH PER $95. 105 OF ROUTINE
€ MAINTENANCE (WHICH INCREASES UINEARLY) WHICH 1S PERFORMED DURING THE
1 TH OVERLAY PERTOD. )

Py R S g R R X I T L L R E R R TP Y PE Y PR PR
. IFO N (EQ.. 0 ). GO TO 20 . —————————————

L A R R R e Y YR TR PRy PR R R Y Y

T R R PP
----------- B 00°10° d=13N

R L N N I RN R Y

ceesrsss
(J-ijsed

.
P R R S R e R LR Y R RN

L Y Ny S C R R S R RN R P PR R R Y P TR P R Y
GO TO 20 Brmme et e e ——— ———— ——

L R X Y

(O = e o e e S 4
R T L R R R R R R R N LT R R PR PR Y PR P Y
. 15 AN = N E .
. RP1 = 1.0 ¢ RAYE . .
. CONCT = CL3(RPL®ON=-1, ) /{RATE4RPI*2({N~1] } .
. AINCY =" C2S(RPISSN-RATE®AN=1.)}/{RATE*#24RP 144 (N-1) ) .
. RMAINT =(CONCT ¢ AINCTI/ (1. ¢ RATE)SSITIME .
B R R R T P P R T R TR R PR TR P R R R T TR

(‘)K e e e o o P 8+ S o e e o o 2 e e e 8 2 o

TTYTTgT{ITngTTITVYTTTTTTTTTTTTTY?TT;TTTTYYTYYYTTTTTTTTYTTTTJYTTTTTYTTTTYT
vy YTT;}gTYTTTTYTTTTTTTTTYYTTTTYTTTTTtTTTY'TYYTTTTYTTYTTTTTTYTTYTYTTTTTT

$ 6000400000000 010700000t 0I0I0ONEEsEIPIIITROIRIOIsOOLIEtIRILIRIOIIOIOITUETIITR IR
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ot ot 1 8t g o B 5 i e

SYMADL KEY

EEEEE = ENTRY
SEAL TETTT = TERMINAL
€CLCC = CALL
RRRRR = READ
WHWWW = WRITE

EEEEEEFE
EEEEEEEE
C—-YHlS S
SEAL €
C--VSC WitL Bt

DIMENSION YY(ZO’.NUH(?O);‘SC(%

EEEEE E
U8 ROU s
EEEEE ?
UBR R
0AT

g
f

R R Ty R R S N Y PR TR Y TR EY

D R S N R e R N R R AR

oono-oqéé.é.&-i.i...0.0.0000000---000-..00..-0-10....-....to----cdoo---v-c
=
v . ..

€148 e easreeas P ee v ot s rattesstous toassssiorstbossstosenceeditorscassace

vcave

R L R R R R R ]

. .
: YEAKS = TY . .
: .

Geevesssressvacccancs

IF{ YEARS .GT. CL } YEARS = CL

00 ¢ 86600 0E0000 tacertteetn iesestes sucsietacstscsiesstoesessesttveveosens

C--NO SEAL COAT WILL BE APPLIED IF ?VERLAY IS WITHIN THIN YEARS

0K
1

sessessess N S N L S L SRR R P Y PRy PR PR e PR R TR

3TIFUTIVERRSITISCI TLLEL T THINITT60°10°10 * —————

et 00 e et ee it totartnseenrecreertteretettsarerrssrentsascasretsstotassrervoe
teeerresasecesssasnnnay P R R Y F TR T P AT TP PR
REMAIN = VCARS 2UrEse .

R R R R R R R Y R YT TR

{~=-NUM SEAL CUATS WILL BE APPLIED D?RING THE ITH OVERLAY PERIOD.

R Y R TR S A A F AL S E L] [ LR R R Y P R TR RPN
+

. (REMATN/TASCH

P R T P R R N Y Y T TR R TR R R RN

%-—THF 1IN THE NEXT RELATIONSHIP [S FOR THE SEAL coar

APPLIED AFTER TYSC YEARS.

secserrrssesesirrsersesessssTenteuns evssserserorioserreravey
. TF( (REMAIN-XNUMSTBSC) LT, uMidr-1 .

R R R R R R T R R S X R TR Y Py Y EY PR RN

sevenvstessetioscnsarsnne

tessuesrevsevererares T tertacrTrtoscibiortedtenstotasae

srecesrnedesenes :
. YEARS = TT(J4} = TTLJ-11 .
. IF( TT(J) +GY¥. CL }  YEARS = CL-TTUJ4-1} . .
ctesensan . evsss .
. even -
C--DETERMINE THE PRESENT WORTH OF ALL SEAL COATS FOR THF ANAL. PERIOD.
oK ———
1

evsessassee
. 15 PWS Q.
. PY = 0,0

..--.....-------.-....---o.-o----.----o--u----n--o-------.-......-.'.-...

I R R R R R R r Y R X PR T

T N L R R R R L L LR R R P RS

sssssve

07655

seseeevgaes P L R R R R R LR R T TR RN
. OHER STETSETe AT .
. KK = NUM(K .
sesscsssrsesssevssevenes .

P I R R R L L E R R TS T RS N Y

cessrereevns R L R R T P R L
NSETETRSETT - . .

B R R R R LR R Y

NSC) CONTAINS THE TIME AT WHICH YNE NSC TH SEAL COAV 1S APPLIFD.
E tEC:SSTHECNU;BER OF SEAL COATS IT THE-K .TH PERF. PERIOC.

1recsnase sessessentesttensurbtsrieveborrr b oveesaseranttseroneet
TECTREEI "2 hOmER .
P T T R R R D R Ry S S R R R

sevrese
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it 2 o et ot e s
o e e et 4t 4t )

et e s i i e, e -

LR R R R R P TR Y )
TTTITTTTT?L(TYTYTTTTYTTTTIIYIYTYTTTY{TYYYTTTYTTTTTTYTYTTYTTTTTTTTTTYYTYTTY
(A SRR AR R AR ARGARARANARARA SRR ANARARESRARRRARRA IR RRiRRRatRRaRASREnast
LR Y N L T R R O R e L L L X T R T R RS P P PY T R T Y Y

END .

L R R R R TN
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3 SUBROUTINE SOLVE2(TSKIP, 1COST 4NUMBER 4 SCOST)
EFEEEFEE eeesetseeessseeeeeereéeeese%eeeseeéeseeseseeEEEEEEEEEEEEEFEEEEEEE
COUMMUN A(T}, AAS, ACCD, ACPR, ALPHA, AN2(16)s ASNs ASQy B{Tl,
1 BB{11}, B ONEy CINTy CU, CMAKs Cly C2, COST(8)4 oA{l;ll 1ih,
2 ON2, 082, DMAK(6), DMINI6Y, DOVERY6T GAMMA, HPD, INDEX{101:
5 ieAbe, T1YPF, KT(9), LAYER; MATYPE, NODEL NLO, NLRN, NLRO, NM
COMMUN NMa, NerbE, oveOsT, ovinc, OvMAx, OvMIN, OVSACV, OVSTR,
1 P02, PN3. PROP, PST, PSVGE(6ls Pl, P2, P20, RAIE, RE, RO
2 SCyTSCCy TBSC, 'TCkMAx, TRIN, F1(281, YisE 'upLevl, XINCi&),
3 xU%0, XUSN, XLSO, XNC, XTBOs XTYO, 1(750,5}
0IMERSEON TIX(6F o XTINCTSD .
€--NUMBRD 1S THE FIRST DIMENSION OF I TO PREVENT SUBSCRIPT OUT OF RANGE.
C--FOZL IS USED.TO PREVENT ARBITRARY ROUNDING BY FORTRAN FROM CAUSING
C--TRGUBLES. v
OATA NUMBRO/T50/, FUZZ/ 1.0001/
XXX y . XN RN

24

D R R R RN R Y L L R L L R R

R e R R R P L L R R R
. XIINCEJ) = XINCEJ}

R R R R R N L R Ry R R R T P R PN

R R S R TR

secasccsccsens

S ee 00 et tessncssenestosreetiecseserasvtsenctscrntecnae

R

secsevssaase

o0 5

3= LAVE

P R S e TR Y T T R TS Y PR R R N e

R R R R R LR R R R Y PR N RN]

* DMINC(J)

e

¢ e

cepoe

veees

R T AN

versessesvesssu e ca

oLEa

feiin o.---.'q-.-a-..o-..{-w.--...;....

ssteressrresne L R T R IR T P PR TR PREY

GO 10 39

P R R L L R R R R R R R N R e L

oK

D R Y R R e R R R
*

SYMROL KEY
EEEEE = ENTRY
TTITY = TERMINAL
GLLCC = CALL
RRRRR = READ
WWWHW = WRITE

[P,

1
L

7i°64

Tvrsavasgevene

R ILEITERAXT O

ces e srei

ceee eoee

?K —
...........i............-.......-..-....--..--...-...-....................
. *

. IN=D
.

tetevevesrrtsrevinerecsstsv st

fceaeecceccecc

Cocohs CALL CALCISS !
CCCCCLCCCCCCCLLLCCl CCCCCCCCCCCCCCCC%CCOCCCCCCCCCCCCCCCCCCCCCC(CCCCCLCCCCC
T
. IN=IN¢] - .
. NUMNOW = NUMBER .

B AL L SE L L R PR R T RS L AR YRRy
P T T L T T T Ty T T X T T TIPY P P P
. IFUNUMBER " LT 1) GO TO 159 ’

R R R T R N S R L Ry

ceevvae

: T )

C--THE FOLLOWING ELIMINATES HIGH COST, LOW QUALITY DESIGNS FROM THE

C--ARRAY 0F FEASIBLE DESIGNS. A DESIEN OF HIGHER cOST MUST NOT HAVE

C--A SHORTER INITIAL PERFCRMANCE PERIOD (SS NOT GREATER) TO BE CON-

C--SIDERED. THE FOLLOWING DO LONP CHECKS THE 7 ARRAY ‘WHILE KEEPING

€-~Z SURTED IN DESIGNS OF ASCENDING 'STRENGIH Ty BE CONSIDERED.

C--REMOVE ALL STATEMENTS BETWEEN HERE AND STATFMENT 158 [F ALL INITIAL

C--OESIGNS T0 At CONSTOERED AND REPLACE 158 WITH *IN=NUMNOW *1.

e e eaesaesssissetentazasatecerertesractirenctaratattainstasettttrtatnrses
O e bt LSS L Pl 0071887 Tx=1, NUMBER .
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...--.--.o..---.....u---o--.-o-o-c..a--o-o...-.-i.--.-o.----......-...----

————

"""'iﬁ?'iﬁ':éi:'&ﬁi&bii'on 'D-igs.n.-...-.-..‘....--.o.....-o--.-..--.. .

R R e R L e A AR RS T

If THIS DESIGN IS NOT NEAKER' GO'TD A CHECK OF FORME® DESIGN.

LR R R R R T PR TN

C-~tLSE DISCARD THIS DESIGN IF IT l? NOT CHEAPER, SINCE IT 1S WEAKER,

Pf{CT"s #oeme

P TR A £ e AR L LA AL L LR L AR AL

R N L N T T Y R R PR Y Y

1
C--ELSE 60 TU INCLUDE IN I ARRAY OF DESIGNS TO BF CONSIDERED.

....--......-.......--........--.-...--o-...-..--.....o---...............- K
. G0 1O 159 LR ] PR P

R R R R R N XY

C-~1F THE FORMFR DESIGN 1S CHEAPER, KEEP IT,

oK eml-~-0
i o

L SiSSTCTIRITITING ST TTROLY

2ssevecsae ?.-.-oo-.-'n g-o-o.o....-.......o-.--....-.-

s+ LYY GOT

[P SR PN

.-..o--.....c----...c--'.--...-c---coc-.-.a..-.o-oo.o----'---ccu.'........

C--ALSO KEEP [F COST AND STRENGTN-N;AR&Y EQUAL .

seesenss are
Z) GO 10 L SIS PO
ves
.

L el CETS PN

B et R BT nG 1537372 IN; "RORNOW :

desssessssensvsrsnan 9B eeE TN IENINGIRNERNITISEIIIIIROOGIICEIESITTIRITCSEROIOTOIRERTSE

ereesecscassrasse ................-....................................
. it l(J'l' ) .

R R R R Y R T N X R R P YRR P R

§ e ey it 6 it

P R N R R R R R Py Y R R R Y R

——-+""158" 1IN

se .ooo-o'--oo--io...c-oo.....-o---.o-ov--t.-o---o‘n.c.oc-t

JT1887 TROMROW = T NdMROw ¢ 1 .

.;..---c.....-.-....o-.-.....--.....i---.....--'..o.-.--.-qo.-------..---.

C-~INSERT THE OESIGN AT '[N',

R R R R T Ry N Ny N R R R R A LRI R IR
. TR{TINT 060 NOMKONT &6” ié 16 L —

R R R R R R A Y E RN R R PPy

Sersecssvoca

NUR NOw * .
: SCOnss MNNY o .

teevsestssenrs seesssresicetstrsreescserastarssectoteteasnsrseservone
Rttt b S D At 66" 16473 "IN, NOR .

R R N Y R F T N P R P X Y]

R R R L R R R R R R P PP R

fom e em R IS T T AT AL ALY :
{ A P i Y

§ e
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~==n

K
I

e B Ty T Y T L Ty Y R T e O R TP DL PP RP L PP OPRPEDY,
] S Gtsetaeentacunesenaastasenacesrrsnasebenianrsritoracnoasionssserinonaaesn
1

IR AREOYTIER D ERART ST EOREE 60" T30

L R R L R R R R R L LR

griitost”

sesisce

SUTTTUHRU A

sesestisacnicaverae,

srecesvran gegaessrssesascscsasseressoncrane

iei’ (TRIXINGTTTI IGT TORMAK 3 802717607020

L R R R T R R R N XY

sesee

seeresene

[ CRR SR

secee

cesevevssne esecenveaesstuestseslestetesetenssesoteretarenasnstanee
TE{ OMARTTT 2EQ"DRIATTITI TG0 1028

.--..-......-a-.u--...-....-..-o.-ooio---.--...-a...o..-u......--........c

LR R R R N R N R ]
- .
.

Lttt

---0
Casessessececteccrasectrsorrrntrratesen,
sstisarsessesesssecrecarasasaene
PRAXTLITT 80 b e
A g RN
-0

i et e Peteets v neTtreateatesrtttsres e oI tecateast ettt slTeescot R
i Pl L R IR R R R R R L TR X T PR R R
{ . 1x¢g) =0 .
1 “tessasasecrsst s estasrecosr sty P T R TR R TR L N Py P P T
1 ces
....... SRR ———

.

.

.

R R R R R T R R R R R LR

sesessrgaeans --..o-..----6..-....;---.--..--..---..-...-.................

as 1. ER(K

.'o.....-.-c.r.-.o-o----...J..-.--.-i.---‘.--.......-...--.--c..o-..'-.o.-

C e e ne e nuaia et e Pe s s e s esRtatesteancss enerrosetesnttetatioseasanares
. kRCAST S R ¢ COSTITIaKINCTTY : .

S leveceesaarenser et eretsesetentaer s testoenassstrisrasontesoadosstseronins
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32. FORMA Xy 2OHMATERTAL ARRANGEMENT, &X,8(5A1,2Xx) }
36 EORMAT( 2K, ITHINIT. CONST, COST axiar1ia)
36 EORMAT( 2X.19HOVERTAY CONET. 08T 2%, B 7.3)
38 FORMAT( 2X, QHUSER COST,12X3;8F7.3)
40 FORMAT( 2X,14HSEAL COAT'COST,TX;8F7.3)
42 FURMA Xe 1 9HROUTINE MAINT. CUgT 2X4¢ BF7.3)
44 FORMA Xy 3“§A%VAGE YALUE,8X 8F’.3‘
46 FORMAT( 2X;1OHTOTAL CUST;i1k,8%7.31
48 FORMAT( 2Xs16HNUMBER OF LAVERS,2X,8171
49 FORMAT( 3Xs2O0MLAYER DEPTH {INCHES}] }
32 EQRMAT( 2X,18HNO.OF PERE.PERIGDS, 817)
53 FORMA Xs1 BHPERF. TIME EARSY )
56 EORMAT( 2X;20HOVERLAY POLICYINCHI/2X, 20HIINCLUDING LEVEL-UP) )
9 EORMATI 3X.1OHSEAL COAT SCREDULE/SK- Butyeassi iy
1 3
BE6 EORMA /f/}? T hThe SOt At CNGRBER OF ' efAS TELE DES1GNS CONSIDERED wa
370: EORMAT(/77/10X,60HTHERE WERE NO FEASIBLE DESIGNS FOR THE CONDITION
1S SPECIFLED./777)
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SYMROL KFY
EEEEE = ENTRY
USER FEEEF - FERRTNAL
€CLEC = CALL
RRRRR = READ
R WHWWW = WRITF
£ EEEEECECEELEEEEEEEEEEEEEEEEEEEEEEEE FEEEEEEEEEEEEEEEEECECEEEEEEEEEEFEEEEEE
SUBROUTINE usga faciY rSalﬁgpgrsv FTIMECREEC" i
EEEEEEEEEEEEEEE EEEEE ssssseeéeéseseele cEEleEEcEl CECEEEEEEECEEEEEEEFEEEEEE
(COMBON ALT1, ARS, ACCE, ACPRy ALPHAL ANZ(161¢ ASNy ASOL 807}
(ORI TN GREr Q5RE < ¢max, cl, €2, COSTUaYy 1!).
2 ON2, 082, DMAK(6), Ominlel, DGVERéé)._GAHMA' 1) oexl
5 ipAde, THYPE, KT(d), LAYER: MATYP HODEL R SR AN ERL RO ) N
coMhOn kb NpRBa L Svehst s Y INe . yshx COWHING CgUSALV: OVS TR,
1 PQ2, PN3, PROP, PSI P§¥GF(6| Pl, P3, @2P, RATEy RCy RO
2 SCy'SCCy veSC, rckmhx, THIN, Prizbi, tvsC, veLevl, KInc(br,
3 xtdo x{sN %($0, XNC) XTBO, XTTD, 2{750:8)
DIMENSION € ;ﬁcu 7)e €CSUL6,70 CuRsis72), £OD(1,2)
DIMENSTON RUTFOV{ed | Rursnvie{. ORTFOVIE! ) ORTFRYT6)
[+ REPNAT 123-11, APPENOIX Il-PARY 2, .
AN AR 15, %) TR e s 102)s CCSRE242)
CITEESRUA AL CERRIT M cctris,SSREO. 1 EERRIL: 3' rele e e
€ cast of sCowiNG DOWN' IN A RURAL aReR
OATA CCSR/ 10,676y 225932, 39,753, 63.45& 94, 151.888
e 0.0, Ils860, g?.ove 28,305 7%23, 83001179 % + 151.888,
M T Tt PRSP TR AL N b T+ T
I T B RO TR R
& 0.0) 0.0y 050s 0.0% 0.0, ‘?.91 07310, 0.04 0.0, 0.0, 0.0, 0.0/
C COST OF SLONING DOWN IN AN uﬂBAN;ARE

OATA CCSUY/Z 1.395, 14.829, 24,570, 37.6838 703, 85.51¢
9.9 7.055 10.5005238,8%2,79.00: 054,335 7 O '
- 3,191y 20,130 i.
o.o. 0. 9.9, %065‘31 g!ﬁ
M 8 8 8:8: 8:2; 20.704¢ 0204 0.0, 0.0y 0.0, 0.0, 0.0/
C COST OF OPERATING AT A REOQUCED SPEED

DATA CURS/ 493,71, 270.31, 196,62, 162.58 145,54, 136.80
4Rl 238000 §79:2k; 139235 134:88; 131135 12000

C  COST OF DELAY 1
DAYA €0D/ 4 409.70, 4 111.52 /

XXX

C TRAEELC HODELS AND THEIR ASSOCIATED CAPACITY TABLES DOCUMENTED BY .
< LlgApeENDIX [T, PART 3.
€ AuThEToRDaAE TR RRASE R BvEA A Ton2in0. OF LANES OPEn suBsCRIPT)
DATA RUTEOV/L350. ¢ 2700s+ 4350as 6000.s T650.¢ 9300./
¢ RUTFRY-RURAL TRAEEIC N RECOVERY ZONE(ONE LESS ENAN NUMBER OF UANES,
¢ "UNE-GIRECTION (NORMAL TRAEFICI FOR A SUBSCRIPT)

DATA RuTFﬁVI!OOO."ﬁ5QO.' 6200,¢ T900.+ 96004, 11300,/
C  URTFOV AND URTFRV-STMILAR TO ABOVE FOR.URBAN TRAFFIC.

DAYA URTFOV/1400., 2800.. 4500., 6200., .7900.+ 960047
OATA URTFRV/3000., 4€700., 6400+, 8100., 9800+, 11500,/

C-=HPSY=PROGUCTION RATE IN HOURS PER $Q. YARD OF OVERLAY.

.c-..-..'o--.....-o-‘-..o-o-o.-..-......c-u---'--.o.c--.-.......-...-.-...
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$ (D€ } 7 ACPR
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C--RESTRICTED SPEED SUBSCRIPTS FOR gTDPPING-SLOHlNG TABLES.

o--...--.....-.-qo-¢...~--o..o...-.o-.---..-.-.
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C PNZ2 [S THE PROPORYION IN THE NON-OVERLAY DIRECTION WHICH WILt B8E STnP
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Dt i o 1 et et )

C-—NDH COLLECT . AL
C FOR THE OVERLA
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csevrsssessenass .-.-;..-.----.-o..o-....ow--ocoo..----..-...--...o....

PR ¥ %Di =ECSUTKk, 117771066+ :
...............................;.........................................:
C CCST OF SLOWING TO THRU SPEED IN AN URBAN AREA.
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. €04 = Ui /100 .
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PAGE 4.
C DETERMINE THE PRESENT WORTH OF fﬂf USER COSTS.
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APPENDIX V

OUTPUT OF FPS-9 EXAMPLE DATA

The following output is that produced by FPS-9 with the data
listed in the . section INPUT DATA FOR FPS-9 and the execution time
for these four test probleﬁs is given in the section PROGRAM RUNNING

TIME.
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PROB T-1 *TEST DATA SIMILAR TO 123-1 REPORT ON FP5-3 | * P

INPUT DATA
THE CONSTRUCTION MATERIALS UNDER CONSIDERATION ARE

MATERIALS - cosT STR., ~ MIN.  MAX. SALVAGE

LAYER CODE  NAME PER CY COEFF. DEPTH  DEPTH PCT.

1 A~ ASPHALTIC CONCRET 10.00 0.82  1.00 10.00 45,00

2 L CR. LIMESTONE~1 = 5.00 0.55 6.00 16,00  75.00

2 G  GRAVEL-1 3.00 0.35 6,00 16,00 100,00

3 G  GRAVEL-1 3.00 0.35 6.00 16.00 100.00

'SUBGRADE ~ m=m—e 0022 —mm—mm emmmme e
NUMBER OF SUMMARY OUTPUT PAGES DESIRED( 8 DESIGNS/PAGE) 3
'TOTAL NUMBER OF INPUT MATERIALS,EXCLUDING SUBGRADE 4
LENGTH OF THE ANALYSIS PERIOD (YEARS) - 20.0
WIDTH OF EACH LANE (FEET) 12.0
NUMBER OF LANES (BOTH DIRECTIONS) 4
DISTRICT TEMPERATURE CONSTANT 30,0
SERVICEABILITY INDEX OF THE INITIAL STRUCTURE 4,2
SERVICEABILITY INDEX Pl AFTER AN OVERLAY 4.2
MINIMUM SERVICEABILITY INDEX P2 3.0
SWELLING CLAY PARAMETERS -- P2 PRIME 1.50
B1 . 0.0700
GAMMA | 0.02
'ONE-DIRECTION ADT AT BEGINNING OF ANALYSIS PERIOD (VEHICLES/DAY) - 12000.
'ONE-DIRECTION ADT AT END OF TWENTY YEARS (VEHICLES/DAY) 18000.
ONE-DIRECTION 20.-YR ACCUMULATED NO. OF EQUIVALENT 18-KIP AXLES 2000000,

PROPORTION OF ADT ARRIVING EACH HOUR OF CONSTRUCTION (PERCENT) 6.0

~ THE ROAD IS IN A RURAL AREA. 1
MINIMUM TIME TO FIRST OVERLAY (YEARS) 2.0
MINIMUM TIME BETWEEN OVERLAYS (YEARS) 5.0
TIME TO FIRST SEAL COAT AFTER INITIAL OR OVERLAY CONST.(YEARS) 5.0
TIME BETWEEN SEAL COATS (YEARS) 3.0
MAX FUNDS AVAILABLE PER $Q.YD. FOR INITIAL DESIGN (DOLLARS) 5.00
MAXIMUM ALLOWED THICKNESS OF INITIAL CONSTRUCTION (INCHES) 36.0
- MINIMUM OVERLAY THICKNESS (INCHES) 0.5
ACCUMULATED MAXIMUM DEPTH OF ALL OVERLAYS (INCHES) 8.0
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PROB T-1 #TEST DATA SIMILAR TO 123-1 REPORT ON FPS~-3 * P

INPUT DATA (CONTINUED)

ASPHALTIC CONCRETE PRODUCTION RATE (TONS/HOUR) 75.0
ASPHALTIC CONCRETE COMPACTED DENSITY (TONS/C.Y.) o 1.80
Cel. DISTANCE OVER WHICH TRAFFIC IS SLOWED IN THE 0.De. (MILES) 0.50
Cele DISTANCE OVER WHICH TRAFFIC IS SLOWED IN THE N.OeDs (MILES) 0.50
DETOUR DISTANCE AROUND THE OVERLAY ZONE (MILES) 0.0

OVERLAY CONSTRUCTION TIME (HCOURS/DAY) 10.0
NUMBER OF OPEN LANES IN RESTRICTED ZONE IN O«D.. ' 1
NUMBER OF OPEN LANES IN RESTRICTED ZONE IN N.O.D. - 2
PROPORTION OF VEHICLES STOPPED BY ROAD EQUIPMENT IN 0.D. (PERCENT) 2.00
PROPORT ION OF VEHICLES STOPPED BY ROAD EQUIPMENT IN N.O.D. (PERCENT) 0.0

AVERAGE TIME STOPPED BY ROAD EQUIPMENT IN 0.D.  (HOURS) 0.100
AVERAGE TIME STOPPED BY ROAD EQUIPMENT IN N.O.D. (HOURS) 0.100
AVERAGE APPROACH SPEED TO THE OVERLAY ZONE (MPH) 60,0
AVERAGE SPEED THROUGH OVERLAY ZONE IN OeDo- (MPH) ) . 40.0
AVERAGE SPEED THROUGH OVERLAY ZONE IN N.OQ. D. {(MPH) 55.0
TRAFFIC MODEL USED IN THE ANALYSIS . : 3
FIRST YEAR COST’OF ROUTXNE MAINTENANCE (DOLLARS/LANE MILE) ' 50,00
INCREMENTAL INCREASE IN MAINT, COST PER YEAR (DULLARS/LANE MILE) 20,00
COST OF A SEAL COAY (DOLLARS/LANE MILE) . o - 1500.00

INTEREST RATE OR TIME VALUE OF MONEY (PERCENT) AR 5.0
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DESIGN TYPE

L AYER CODE

DESIGN TYPE 1

PROB T-1 *TEST DATA SIMILAR TO 123-1 REPORT ON FPS-3

1 WITH 1 LAYERS, MATERIALS A

MATERIALS cosT STR MIN. MAX. SALVAGE INCRE-
NAME PER CY COEFF. DEPTH DEPTH PCT. MENT

A ASPHAL TIC CONCRET 10.00 0.82 1.00 10.00 45.00 0.25

SUBGRADE L mem——— C.22 - —— e

OVERLAYS 10.00 0.96 0.50 8.00 45.00 0.50

. FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE

ASPHALTIC CONCRET 8.75 INCHES

THE SCI OF THE INITIAL STRUCTURE 0.503

5.00 YEARS

"

THE LIFE OF THE INITIAL STRUCTURE

THE OVERLAY SCHEDULE IS

2.00 INCH(ES)
"1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL=-UP)
TOTAL LIFE = 21.12 YEARS

SEAL COATS SHOULD OCCUR AFTER
(1) 10.00 YEARS
(2) 17.15 YEARS

THE TOTAL COSTS PER SQ. YD.

INITIAL CONSTRUCTION COST 2.431
TOTAL ROUTINE MAINTENANCE COST 0.190-
TOTAL OVERLAY CONSTRUCTION COST 0.667
TDTAL USER COST .DURING
- . OVERLAY CONSTRUCTION 0.241
TOTAL SEAL COAT COST . 06224
SALVAGE VALUE ~0.483
TOTAL=0VERALL COST , 3,270
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THE OPTIMAL DESIGN FOR THE MATERTIALS UNDER

{INCLUDING 1.0 INCH LEVEL-UP)

FOR THESE CONSIDERATIONS
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PROB T-1 *TEST DATA SIMILAR TO 123-1 REPORT ON FPS-3

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE A
T THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE--
NONE
NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 16
COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE
37  INITIAL DESIGNS |
37 INITIAL DESIGNS CONSIDERED
16 WHICH WERE FEASIBLE TO FIRST OVERLAY

840 OVERLAYS ,
788 WHICH WERE FEASIBLE

- 420 OVERLAY POLICIES
384 WHICH WERE FEASIBLE

16 FEASIBLE COMPLETE DESIGNS
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PROB T-1 *TEST DATA SIMILAR TO 123-1 REPORT ON FPS-3 , * p

DESIGN TYPE 2 WITH 2 LAYERS, MATERIALS AL

MATERIAL S : cosT STR. MIN. MAX., SALVAGE INCRE-
LAYER CODE NAME PER CY COEFF. DEPTH DEPTH PCT. MENT
1 A ASPHALTIC CONCRET 10.00 0.82 1.00 10.00 45.00 0.26
2 L CR«s L IMESTONE-1 5,00 = 0.55 6.00 16,00 75.00 0.50
SUBGRADE ————— 0622 ~-m=~—  =-- - - - , -+
OVERLAYS 10.00 0.96 0.50 8.00 45.00 0.50

DESIGN TYPE 2 THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CUNSIDERATION—*
FOR INITIAL CUNSTRUCTION THE DEPTHS SHOULD BE

ASPHALTIC CONCRET 1.00 INCHES
CR. LIMESTONE-1 - 12.00 INCHES

#

THE SCI OF THE INITIAL STRUCTURE 0.516

4.91 YEARS

#

THE LIFE OF THE INITIAL STRUC TURE

THE OVERLAY SCHEDULE IS
2.00 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 4.91 YEARS.
1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 11.78 YEARS.
TOTAL LIFE = 26.39 YEARS '

SEAL COATS SHOULD OCCUR AFTER
(1) 9.91 YEARS
(2) 16,78 YEARS
(3) 19.78 YEARS

THE TOTAL COSTS PER SQ. YD. FOR THESE CONSIDERATIONS ARE
INITIAL CONSTRUCTION COST 1.944
TOTAL ROUTINE MAINTENANCE COST 0.190
TOTAL OVERLAY CONSTRUCTION COST 0.667
TOTAL USER COST DURING

| OVERLAY CONSTRUCTION 0.240
TOTAL SEAL COAT COST 0.304
SALVAGE VALUE - =0.589

TOTAL=OVERALL COST | 2,757
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PROB T-1 *TEST DATA SIMILAR TO 123-1 REPORT ON FPS-3

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE AL

AT THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE=--
1. THE MINIMUM DEPTH OFf LAYER 1

NO. INITIAL DES[GNS EXAMINED FOR OVERLAY POLICY = 57
. : | .
COUNT OF DESIGN OPTIONS CALCULATED. FOR THIS TYPE
177 INITIAL DESIGNS
61 INITIAL DESIGNS CUNSIDERED
57 WHICH WERE FEASIBLE TDO FIRST OVERLAY

904 OVERLAYS
855 " WHICH WERE FEASIBLE

473 OVERLAY POLICIES
439 WHICH WERE FEASIBLE

- 57 FEASIBLE COMPLETE DESIGNS
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PROB T—1 *TEST DATA SIMILAR TO 123-1 REPORT ON FPS-3 | | * p

DESIGN TYPE 3 WITH 3 LAYERS, MATERIALS ALG

MATERIALS cosr STR.  MIN, MAX. SALVAGE INCRE=-
L AYER CODE ~ NAME " PER CY COEFF. DEPTH  DEPTH PCT.  MENT
1 A ASPHALTIC CONCRET 10.00 0.82 1.00 10.00 45.00 0.25
2 L CR. LIMESTONE-1 5.00 0.55 6.00 16,00 75,00  0.50
3 G GRAVEL-1 o 3.00 0435 6.00 16,00 100.00 0.75
SUBGRADE ——— 0.22 - —————
OVERLAYS 10.00 0.96 0.50  8.00 45.00  0.50

DESIGN TYPE 3  THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERATION--
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE _

ASPHALTIC CONCRET 1.00 INCHES
CRe. LIMESTONE-1 650 INCHES
GRAVEL-1 8+25 INCHES

0.645

]

THE SCI OF THE INITIAL STRUCTURE

(1}

THE LIFE OF THE INITIAL STRUCTURE 4,02 YEARS
THE OVERLAY SCHEDULE IS ’ ' :
1.50 INCH{ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 4.02 YEARS,
1.50 INCH{ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 9.02 YEARS.
1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 15.07 YEARS.
TOTAL LIFE = 22,29 YEARS ‘

SEAL COATS SHOULD OCCUR AFTER
- (1) 14,02 YEARS

THE TOTAL COSTS PER SQ. YD. FOR THESE CONSIDERATIONS ARE
INITIAL CONSTRUCTION COST 1.868
TOTAL ROUTINE MAINTENANCE COST 0.163
TOTAL OVERLAY CONSTRUCTION COST 0.812
TOTAL USER COST DURING

- OVERLAY CONSTRUCTION — 0.299
TOTAL SEAL COAT COST - 0.108
SALVAGE VALUE -0.632

'TOTAL=OVERALL COST 2.617
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i S . : , :
PROB -1 *TEST DATA SIMILAR TO 123-1 REPCORT ON FPS-3

{FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE ALG
[ THE OPTIMAL SOLUTION; THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE=-
1. THE MINIMUM DEPTH OF LAYER 1
2. THE MINIMUM TIME BETWEEN OVERLAYS
NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 221
COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE
‘9960 INITIAL DESIGNS
221 INITIAL DESIGNS CONSIDERED |
221 WHICH WERE FEASIBLE TO FIRST OVERLAY

2570  OVERLAYS S
2453 WHICH WERE FEASIBLE

1388 OVERLAY POLICIES
1286 WHICH WERE FEASIBLE

221 FEASIBLE COMPLETE DESIGNS
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PROB T-1 *TEST DATA SIMILAR TO 123-1 REPORT 0& £PS-3 ' * p

ESIGN TYPE 4 WITH 2 LAYERS, MATERIALS AG

MATERIALS = COST STR. MIN. MAX. SALVAGE INCRE-
AYER CODE NAME PER CY COEFF. DEPTH DEPTH PCT. MENT
1 A ASPHALTIC CONCRET 10.00 0.82 1.00 10.00 45.00 0.25
2 G GRAVEL -1 3.00 0.35 6.00 16.00 100,00 0.75
SUBGRADE = = = —=——— 0.22 - .- Tee——
OVERLAYS 10.00 0.96 0.50 8.00 45.00 0.50

DESIGN TYPE 4 - THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERATION=~
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE

ASPHALTIC CONCRET 4.50 INCHES

GR AVEL~-1 10.50 INCHES
THE ‘SCI OF THE INITIAL STRUCTURE = 0,647
THE LIFE OF THE INITIAL STRUCTURE =

4,02 YEARS

THE OVERLAY SCHEDULE IS v
1.50 - INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 4.02 YEARS.
1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 9.02 YEARS.
1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 15.13 YEARS,.
TOTAL LIFE = 22.44 YEARS

SEAL COATS SHOULD OCCUR AFTER
: (1) 14.02 YEARS

THE TOTAL COSTS PER SQ. YD. FOR THESE CONSIDERATIONS ARE
INITIAL CONSTRUCTION COST 24125
TOTAL ROUTINE MAINTENANCE COST 0.163
TOTAL OVERLAY CONSTRUCTION COST 0.812
TOTAL USER COST DURING

OVERLAY CONSTRUCTION 0.299
TOTAL SEAL COAT COST 0.108

SALVAGE VALUE -0.612

TOTAL=0OVERALL COST
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PROB T—-1 *TEST DATA SIMILAR TO 123-1 REPORY ON FPS-3 ' o * P10

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE AG

T THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE--
l. THE MINIMUM TIME BETWEEN OVERLAYS

1}

NO. INITiAL DESIGNS EXAMINED FOR OVERLAY POLICY 251

COUNT. OF DESIGN OPTIONS CALCULATED FOR THIS TYPE
555 INITIAL DESIGNS -
292 INITIAL DESIGNS CONSIDERED v
- 251 WHICH WERE FEASIBLE TO FIRST OVERLAY

8285 OVERLAYS
- 7765 WHICH WERE FEASIBLE

4186 OVERLAY POLICIES
3830 WHICH WERE FEASIBLE

251 FEASIBLE COMPLETE DESIGNS
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PROB T—-1 *TEST DATA SIMILAR TO 123-1 REPORT ON FPS—-3

PROBLEM SUMMARY OF OPTIMUMS FOR EACH DESIGN TYPE
IN ORDER OF INCREASING TOTAL COST

DESIGN TYPE TOTAL COST
2.617.
2.757
2.894
3.270

S NTNE™

ALL MATERIAL COMBINATIONS HAVE AT LEAST ONE FEASIBLE DESIGN.
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PROB T—-1 *TEST DATA SIMILAR TO 123-1 REPORT ON FPSjB

MATERTAL ARRANGEMENT

INIT. CONST. COST
OVERLAY CONST.
USER COST

SEAL COAT COST
ROUTINE MAINT.

SALVAGE VALUE

casT

cost

* P 12
PROBLEM SUMMARY (QF THE BETTER FEASIBLE DESIGNS
IN ORDER OF INCREASING TOTAL COST
, 2 3 4 5 6 7 8
e ok o o e ok e o ok ok o gl sk Rk ol kX ok ko ok ke ook ke o ek ok K i ol o o ke o ok ok kol e ook ook sl ook akodok ook ook ok ok ko kol ok ok ok
ALG ALG ALG ALG ALG AL ALG
1.743 1.958 2.014 1.944 1.875 1.944 1.889
0,926 0,743 0.667 0.764 0.802 0.667 0.789
0.333 0.281 0.240 04287 0.296 0.240 0.294%
0.188 0.228 0.304 0.233  0.245 0.304 0.240
0.163 0,175 04190 0.170 0.167 0.190 0,166
~0.609 -0.,640 -0.,667 -0.648 -0.628 ~0.589 -0.620

1

ALG
1 .868
0.812
0.299
0.108
0.163

-0+.632

e e ook ok ok okl ok ok d ok ok ko 8k A ok 3 ok kol sk ok o s sk g ol ofe e ol ok sl e ol ok o ok kol ook ok s ok ok kol ok ok ek kol k kol ok
e ok ek ok ok gk ek ok 3 ok ok B ok ok ok K o oo ok ok ok ook sk ook ook o ok ko o ke ook e s kol ok ek e ol o ook ik ok ok k ok d
TOTAL COST 2,617 2.745 2.746 2.748 2.751 2.757 2.757 2.758

ok s e o ook o ok ok oo ok o sl sk sk ook ok ol o ok e o kol ok oo ke st ol ok ok ok ok sl Sk e ko e ol ok ol ok o e ek ok ok ok Kk ok ok o
#***##*##********#***#***************#****#**************#*****t***#*#*********4

‘NUMBER OF LAYERS

LAYER DEPTH (INCHES)

IR
D(2)

3 3 3 3 3 3 2 3
A o ook o ok o ke 2 o ol ol ol ok o ok ok e kol ok ok o sk oo R ok o o gk ke ok ook kol ek skt ok o4 skl ook o ok ok ok ok o
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
6.50 6.50 8.50 8.00 T.50  7.00 12.00 "8.00
8.25 6,15 6. 00 750 T.50 7.50 6.00

D(3)

***##*t********#************************#*#******************#************t*****
************#*#*##*********************#***************************#************

NO.OF PERF.PERIODS

4

4

4

3

4

4

3

4

****##**t*****#************************************************************#****

PERF. TIME (YEARS) _
T(l) i 400 3:5 4.7 4.9 4'5 ‘9’02 409 "' 3
T(2) . - _ 9.0 8.5 10.56 11.8 10.2 93 11 8 9.7
Te3) 151 . 1l4.6 17.8 20.3 17.0 . 15.5 2044 16.3
T(4) ' 2243 22.0  26.4 25.2 22.9 2441

*********************#****************************##**#*************************
OVERLAY POLICY{INCH)
(INCLUDING. LEVEL-UP)

0(1) 1.5 2.0 1.5 2.0 ‘1.5 1.5 2.0 1.5

a(2) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 ~1e5

0(3) 1.5 1.5 1.5 1.5 1.5 1.5
o e o e AR oK ok e ol o ok S B oK ko ot o ok ek ko ok ot 2K ok i o ol o ol o ok e ok oK ok o ok ol o o o o Bk ek ok o
VUMBER OF SEAL COATS 1 2 2 3 2 2 3 2

***#**********#*******************#*#****#*#***##*###*#*****#***##********#*#***
SEAL COAT SCHEDULE

(YEARS) -

SC(1) 14,0 13.5 9.7 9.9 9.5 9.2 9.9 9,3
Sc(2) 19.6 15.6 16.8 15.2 14.3 16.8 14.7
SC{3) 19.8 19.8

***##************#****#**********************#********#*#***%**********t#*******

136



PROB T—-1 *TEST DATA SIMILAR TO 123-1 REPORT ON FPS-3 * P 1

PROBLEM SUMMARY OF THE BETTER FEASIBLE DESIGNS
IN ORDER OF INCREASING TOTAL COSY

9 10 11 12 13 14 15 16

A ook Kok Rk RO AR RO K K R R R ROK KoK K kK R R Aok ok okl ko ok ook okl ok kol koK Xok kR
MATERI AL ARRANGEMENT ALG AL ALG ALG AL ALG ALG ALG
INIT. CONST. COST 2021 1,875 1.951 2.007 1.806 2.153 1.882 2.090
OVERLAY CONST. COST 0.667T 0764 0764 0.743 0.802 0.532 0.802 0.558
USER COST 0e24) 0288 0.288 04282 0,297 0.196 0.298 0.204
SEAL COAT CcoOST 0.304 04233 0.233 0.228 0.245 04380 0.245 0.391
ROUTINE MAINT., COST 0.190 0.170 0,170 0,175 0.167 0.190 0.167 0.190
SALVAGE VALUE ~0e663 ~0.569 ~0.644 ~0.,671 ~0.550 0683 —=0.,624 ~-0.660

£ K o o o s o A o ook koK o o o ol R o o ok ok ok o st ok ol ool ook sl oK o o ol o ook ok ok ok ook ok ks
Aok A AR R KK A Rk KR ok ok KRR ok ook ok Rk R ok ok ok ok ok ok ok ok ok e Rk ok ok ek ks
TOTAL COST 2.760 2.761 2.763 2.764 2.767 2.768 2.769 2,175

A Aok 3 e R ok o ok ok ok 3 ko o A o ok oK o o R R o ok ok e e o R ok ik e ok ok ok ok
AR A A A o ook o Kok o o B K ok ok ok ok ek ok ok ok ok ok ok sk ok AR ko gk ok ok ok ook

NUMBER OF LAYERS 3 2 3 3 2 3 3 3
T T T T T o R o e T E T P VP T S

LAYER DEPTH (INCHES)

o{l) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
D(2) 8.50 11.50 8.00 7.50 11.00 9,00 7.50 9.00
0(3y 6.75 675 8. 25 7.50 6.75 6.75

AR A R KA AR K ol ek e o o ook ok A ok oo ok ok Rk ok ek R o o ol o ek oK ok o o o ek ook Aok sk ok oK
ot ok Aok ok ook ek ok kol ok o ok S ol o ol o ok ok o skl Sk o ki o sie ek ok ook ok e e Ak ol ok Al deakak ek ok ook ok ok ok
NC.OF PERF.PERIODS 3 4 4 4 4 3 - 4 3

t**********#*#*********#****#****************************#*******#******#*****4

PERFe TIME (YEARS)

T(1) 5.0 4.6 4o 6 4.8 442 55 4.3 5.3
T(2) 12.0 10.3 10.4 10.8 9.4 12.7 9.5 12.1
T(3) 20.6 17.2 17.4 18.0 15.8 21.4 15.9 20.4
Ti(4) 25.5 25.7 26,6 23.3 23.4.

' *#*#*****#****#*****t*********#*****************#************#**#****#****t***:

OVERLAY POLICY(INCH)
( INCLUDING LEVEL-UP)

ad(L) _ 2.0 1.5 1.5 1.5 1.5 1.5 1.5 1.5

02} 1.5 1.5 1.5 1.5 1.5 1.5 1.5 15

0(3’ 1.5 1.5 le5 1.5 1.5 '
*****#*************************************#********************************#*
NUMBER OF SEAL COATS 3 2 2 2 2 3 2 3

ok ok gk ok Kokl ook & ok ok ok kol ok ok ook ko koo ok ok ook ok ek sk kool ol de ok ool ol ook ook ok ok
SEAL COAT SCHEDULE

(YEARS)

SC(I’ 10.0 9.6 9.6 9.8 9.2 5.0 9.3 : 5.0
SC(2) 17.0 15.3 15.4 15.8 l4.4 10.5 14.5 10.3
SC(3) 20.0 17.7 17.1

Aok gk e Aok ok ok kAR ek A oo R o Gk o o ok o o o ok o ek kol ok ek ok o ko s ool ok o e o ko ok o ook ok ok sk ok
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PROB T—1 *TEST DATA SIMILAR TO 123-1 REPORT ON FPS-3 : * P 14

PROBLEM SUMMARY OF THE BETTER FEASIBLE DES IGNS
IN ORDER OF INCREASING TOTAL COST

17 18 19 20 21 22 23 24
*******************************************#*******#***************************ﬁ
MATERTAL ARRANGEMENT ALG AL ALG ALG ALG AL ALG ALG
INIT. CONST. COST 1.937 2.083 2,160 2.097 2.167 1.667 2.146 2.215
OVERLAY CONST. COST 0.789 (0.532 0.532 0.558 0.532 0.962 0.558 0.532
USER COST N 0.295 0,196 0.197 0,205 0.198 0.346 0,205 0.198
SEAL COAT COST 0.240 0.380 0.380 0.391 0,380 0.193 0,391 0.380
ROUTINE MAINT. COST  O.l66 0.190 ©0.190 0.190 0.190 0,167 0.190 0.190

ot o ook el ok Aok ok Aok o ol ok ok koo 8 ks e ool ok o o ok i o e ok o oo o 3 o oot oo o o o o o ok oo o ok ok ok ok sk ok Kk ook o 4 K
2ok e o o o o ok ool o ol o ok o ok ol et R sl ok o ook ok o ok ok o oo ek ool o ok ko o ok o e ook ook ok ek ook ok
TOTAL COST 2776 2.718 2. 780 2.786 24791 2.801 2.803 2,809

e o o A ok ootk dok K et o ok kool o o ko ek ok ok ook ok oo ok X6 ook oo ook ok ok kol ekl ook ok kol Ak ok ook ok ok ok ok ook %k
A AR A AR AR K ok R R Rk KK AR KRR R R B KK AR R JOR K R K o o ok ok K

NUMBER OF LAYERS 3 -2 3 3 3 -2 -3 3
***********************#*#**********#****#*******#****#*#**********************

LAYER DEPTH (INCHES)

(1) 1.00 1.00 1.00 1.00 1.00 1.00 1.00  1.00
D(2) 7.00 13,00 9.50 9.50 10.00 10.00 8,50 9.00
D(3) ‘ ~ B.25 6.75 6.00 6,00 8.25 8.25

s ke ok o Aok fojok gk ok ook ook kol ok ok sk ol ok sk kol koo ok ok ok ok ok ok ok delokok ok ook ok ok ok kool ok
***##*****#*******t*****************************************#**************t****
NO .OF PERF PERIODS 4 3 3 3 3 4 3 3

o e ok ks o ok e ok ok o ok ok akak ook ok ok o ok ok ook o ok ok e o ook ook ok ok ok ok ok 3k o sk ook ko okl o sk ook Ak ol ok ook ok o ok ok

PERF. TIME (YEARS)

T(1) : 4e4 5.6 5.7 5.4 5.8 3.5 5¢4 5.8
T(2) , 9.9 12.8 12,9 ~ 12.3 13.2 8.5 12.4  13.2
T(3) . 165 21.6 21.9 20.7 222 14.5 20.9 - 22.5
T(4) 24.4 21.8

********##***************#***#***t***********#********************t*************
OVERLAY POLICY(INCH) .
( INCLUDING LEVEL=-UP)

o1 1.5 1.5 1.5 1.5 1.5 2.0 1.5

0(2) 1.5 1.5 l.5 1.5 1.5 1.5 1.5

0(3) 1.5 - ' ] 1.5
***#*#**#****#*****************************#**#***********#**********#**********

UMBER OF SEAL COATS 2 3 3 3 3 2 3 3
v***************#*********#**************##********#******t******#********#*****

SEAL COAT SCHEDULE

(YEARS) : '

sC(1) o 9.4 5.0 5.0 5.0 5.0 13.5 5.0 5.0
sct2y 14,9 10.6 10.7 10.4 10.8 19.5 " 10.4 10.8
SC(3) ‘ 17.8 17.9 17.3 18,2 17.4 18.2

##**************#*#*******#********#*******#*#*****#****************************

THE TOTAL NUMBER OF FEASIBLE CESIGNS CONSIDERED WAS 545
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PRO. T-2 * EXISTING BASE USED AS EITHER 2ND OR 3RD LAYER

INPUT DATA
THE CONSTRUCTION MATERIALS UNDER CONSIDERATION ARE

MATERIALS cosT STR. MIN. MAX. SALVAGE

LAYER CODE NAME PER CY COEFF, DEPTH DEPTH PCT.
1 A ~ ACP 16.00 0.95 1.50 2.00 50.00

2 B ASPH STAB BASE 11.00 0.85 2.00  8.50 60.00

2 X EXISTING BASE 0.0 0.46 14.00 14.00 100.00

3 X EXISTING BASE 0.0 0.46 14.00 14,00 100.00
SUBGRADE —=——n 0.24 _— ————

NUMBER OF SUMMARY OUTPUT PAGES DESIRED( 8 DESIGNS/PAGE)
TOTAL NUMBER OF INPUT MATERIALS,EXCLUDING SUBGRADE
LENGTH OF THE ANALYSIS PERIOD (YEARS)

WIDTH OF EACH LANE (FEET)

NUMBER OF LANES (BOTH DIRECTIONS)

DISTRICT TEMPERATURE CONSTANT
SERVICEABILITY INDEX OF THE INITIAL STRUCTURE
SERVICEABILITY INDEX P1 AFTER AN OVERLAY
MINIMUM SERVICEABILITY INDEX P2 ’
QHELL[NG CLAY PARAMETERS —-— P2 PRIME

Bl

GAMMA

_ONE-DIRECTION ADT AT BEGINNING OF ANALYSIS PERIOD (VEHICLES/DAY)
ONE-DIRECTION ADT AT END OF TWENTY YEARS (VEHICLES/DAY) '
ONE-DIRECTION 20.-YR ACCUMULATED NO. OF EQUIVALENT 18-KIP AXLES
PROPORT ION OF ADT ARRIVING EACH HOUR OF CONSTRUCTION (PERCENT)

THE ROAD IS IN A RURAL AREA.

MINIMUM TIME TO FIRST OVERLAY (YEARS)

MINIMUM TIME BETWEEN OVERLAYS (YEARS)

TIME TO FIRST SEAL COAT AFTER INITIAL OR OVERLAY CONST.(YEARS)
TIME BETWEEN SEAL COATS (YEARS)

MAX FUNDS AVAILABLE PER SQ.YD. FOR INITIAL DESIGN (DOLLARS)
MAXIMUM ALLOWED THICKNESS OF INITIAL CONSTRUCTION (INCHES)
MINIMUM OVERLAY THICKNESS (INCHES)

ACCUMULATED MAXIMUM DEPTH OF ALL OVERLAYS (INCHES)
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PROB T—2 * EXISTING BASE USED AS EITHER 2ND OR 3RD LAYER * P

INPUT DATA (CONTINUEDI

ASPHALTIC CONCRETE PRODUCTION RATE (TONS/HOUR) 80.0
ASPHALTIC CUNCRETE COMPACTED DENSITY (TONS/C.Y.) 2.00
CeL. DISTANCE OVER WHICH TRAFFIC IS SLOWED IN THE 0O.De (MILES) 1.00
C.lLs DISTANCE OVER WHICH TRAFFIC IS SLOWED IN THE N.O. D. (MILES) 1.00
DETOUR DISTANCE ARQUND THE OVERLAY ZONE (MILES) 0.0

OVERLAY CONSTRUCTION TIME {(HOURS/DAY) '10.0
NUMBER OF OPEN LANES IN RESTRICTED ZONE IN 0.D. : 1
NUMBER OF OPEN LANES IN RESTRICTED ZONE IN NeOeDe 1
PROPORT ION OF VEHICLES STOPPED BY ROAD EQUIPMENT IN O.C. (PERCENT) 1.00
PROPORTION OF VEHICLES STOPPED BY ROAD EQUIPMENT IN N.O«sDe (PERCENT): 1.00
AVERAGE TIME STOPPED BY ROAD EQUIPMENT IN 0O.D. (HOURS) 0.010
AVERAGE TIME STOPPEFD BY ROAD EQUIPMENT IN N.Q.D. (HOURS) 0.010
AVERAGE APPROACH SPEED TO THE OVERLAY ZONE (MPH) o 60.0
AVERAGE SPEED THROUGH OVERLAY ZONE IN 0O.D. (MPH) . 20.0
AVERAGE SPEED THROUGH OVERLAY ZONE IN N,O0.De. (MPH) 30.0
TRAFFIC MODEL USED IN THE ANALYSIS : 5
FIRST YEAR COST OF ROUTINE MAINTENANCE (DOLLARS/LANE MILE) 50,00
INCREMENTAL INCREASE IN MAINT, COST PER YFAR (DDLLARS/LANE MILE} 20.00
COST OF A SEAL COAT (DOLLARS/LANE MILE) - : 0.0

INTEREST RATE OR TIME VALUE OF MONEY (PERCENT) 7.0
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PROB T-2 * EXISTING BASE USED AS EITHER 2ND OR 3RD LAYER ' %

UESIGN TYPE 1 WITH 1 LAYERS, MATERIALS A

MATERIALS casT STR.
_AYER CODE NAME PER CY COEFF.
1 A ~ ACP 16.00 0.95
SUBGRADE ————— 0.24

OVERLAYS 16.00

O. 96

SALVAGE INCRE+

MIN.  MAX. .
DEPTH DEPTH PCT. MENT
0.50 50.00 0.50"

4.50

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

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 0

COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE

INITIAL DESIGNS ,
INITIAL DESIGNS CONSIDERED

OVERLAYS.
WHICH WERE FEASIBLE

CO oOoww

OVERLAY POLICIES
WHICH WERE FEASIBLE

QO Do

FEASIBLE COMPLETE DESIGNS
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PROB T-2 #* EXISTING BASE USED AS EITHER 2ND OR 3RD LAYER _ | % p
ESIGN TYPE 2 WITH 2 LAYERS, MATERIALS AB

MATERIALS - COST - STR. MIN. | MAX. SALVAGE INCRE-

" AYER CODE - NAME PER CY COEFF. DEPTH DEPTH PCT, MENT
1 A ACP 16.00 0.95 1.50 2,00 50,00 0.25

2 ] . ASPH STAB BASE 11.00 0.85 2.00 8.50° 60.00 0.25

’ . SUBGRADE —===~ 0e24 ———m=— <—mme=— memmes e
OVERLAYS 16.00 .96 0.50 4:50 50.00 0.50

DESIGN TYPE 2 THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERATION-—
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE

ACP 1.75 INCHES
ASPH STAB BASE  4.75 INCHES
THE SCI OF THE INITIAL STRUCTURE = 0.593
THE LIFE OF THE INITIAL STRUCTURE = 5.52 YEARS

THE OVERLAY SCHEDULE IS )
1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 5.52 YEARS.,
1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL~UP) AFTER 12.22 YEARS.
TOTAL LIFE = 20,07 YEARS

NO SEAL COATS SCHEDULED.

THE TOTAL COSTS PER SQ. YD. FOR THESE CONSIDERATIONS ARE
INITIAL CONSTRUCTION COST ' 2,229
TOTAL ROUTINE MAINTENANCE COST 0.161
TOTAL OVERLAY CONSTRUCTICON COSTY 0.740
TOTAL USER COST DURING

OVERLAY CONSTRUCTION 0.030

TOTAL SEAL COAT COST. 0.0
SALVAGE VALUE ~0.383
TOTAL=0VERALL COST ' 2.778°
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PROB T~2 * EXISTING BASE USED AS EITHER 2ND OR BRD LAYER

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE AB

AT THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE-~-
1. THE MAXIMUM DEPTH OF LAYER 1

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 52
COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE

81 INITIAL DESIGNS

81 INITIAL DESIGNS CONSIDERED

52 WHICH WERE FEASIBLE TO FIRST OVERLAY

1010 OVERLAYS
906 WHICH WERE FEASIBLE

531 OVERLAY POLICIES
427 WHICH WERE FEASIBLE

52 FEASIBLE COMPLETE DESIGNS
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PROB T-2 * EXISTING BASE USED AS EITHER 2ND OR 3RD LAYER % P

I SIGN TYPE 3 WITH 3 LAYERS, MATERIALS ABX

MATERIALS cosT STR. -~ MIN. MAX. SALVAGE INCRE-
L YER CODE NA ME PER CY COEFF. DEPTH DEPTH ~ PCT.  MENT
1 A ACP 16.00 n.95 1.50 2.00 50.00 0.25
2 B ASPH STAB BASE 11.00 0.85 2.00 8.50  60.00 0.25
3 X EXISTING BASE 0.0 0,46  14.00 14,00 100.00 0.25
SUBGRADE ===== 0,24 =—==== —————— ———eem oo
OVERLAYS 16.00 0.96 0.50  4.50 50,00 0. 50

DESIGN TYPE 3 ~ THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERATION--
' FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE

ACP 1.50 INCHES
ASPH STAB BASE 2.00 INCHES
EXISTING BASE 14.00 INCHES
‘THE SCI OF THE INITIAL STRUCTURE = 0.228
THE LIFE OF THE INITIAL STRUCTURE = 7.44 YEARS

THE OVERLAY SCHEDULE IS
1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 7.44 YEARS.
L.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 17.06 YEARS.
" TOTAL LIFE = 28.54 YEARS

NO SEAL COATS SCHEDULED.

THE TOTAL COSTS PER SQ. YD. FOR THESE CONSIDERATIONS ARE

INITIAL CONSTRUCTION COST 1.278
TOTAL ROUTINE MAINTENANCE COST G.180
TOTAL OVERLAY CONSTRUCTIGON COST 0.626
TOTAL USER COST DURING
, OVERLAY CONSTRUCTION 0.027
TOTAL SEAL COAT COST 0.0 .
SALVAGE VALUE -0.,238
TOTAL=0VERALL €OST ' - 1.873
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PROB T~2 * EXISTING BASE USED AS EITHER 2ND OR 3RD LAYER

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE ABX
AT THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE--

l. THE MINIMUM DEPTH OF LAYER 1
2. THE MINIMUM DEPTH OF LAYER 2
3. THE MINIMUM DEPTH OF LAYER 3
4. THE MAXIMUM DEPTH OF LAYER 3
NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 78

COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE
78 INITIAL DESIGNS
78 INITIAL DESIGNS CONSIDERED
78 WHICH WERE FEASIBLE YO FIRST OVERLAY

1482 OVERL AYS
1326 WHICH WERE FEASIBLE

780 OVERLAY POLICIES
624 WHICH WERE FEASIBLE

78 FEASIBLE COMPLETE DESIGNS
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PROB T-2 * EXISTING BASE USED AS EITHER 2ND OR 3RD LAYER * p

'ESIGN TYPE. 4 WITH 2 LAYERS, MATERIALS AX

MATERIALS CosT STR. MIN. MAX. SALVAGE INCRE~-
AYER CODE NAME -~ PER CY COEFF. DEPTH DEPTH PCT, MENT
1 A ‘ACP 16.00 0.95 1.0  2.00 50.00 0.25
2 X EXISTING BASE 0.0 Q.46 14.00 14,00 100.00 0.25
SUBGR ADE =—==~==~ 0s24 —~=—=-—- - - -
OVERLAYS 16.00 0.96 0,50 4.50 50.00 0.50

DESIGN TYPE 4 . THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERATION--
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE

" ACP 1.50 INCHES
EXISTING BASE  14.00 INCHES
THE SCI OF THE INITIAL STRUCTURE = 0.392
THE LIFE OF THE INITIAL STRUCTURE = 6.59 YEARS

THE OVERLAY SCHEDULE IS o '
1,50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 6.59 YEARS.
1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 14.T74 YEARS.

TOTAL LIFE = 24.28 YEARS
NO SEAL COATS SCHEDULED.

THE TOTAL COSTS PER SQ. YD. FOR THESE CONSIDERATIONS ARE

INITIAL CONSTRUCTION COST 0.667
TOTAL ROUTINE MAINTENANCE COST 0.169
TOTAL OVERLAY CONSTRUCTION COST 0.657
TOTAL USER COST DURING
OVERLAY CONSTRUCTION 0.028
TOTAL SEAL COAT COST 0.0
SALVAGE VALUE -0.144
TOTAL=0VERALL COST S , 1.377
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PROB T-2 * EXISTING BASE USED AS EITHER 2ND OR 3RD LAYER

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE AX
T THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE--
1« THE MINIMUM DEPTH OF LAYER 1

2. THE MINIMUM DEPTH OF LAYER 2
3. THE MAXIMUM DEPTH OF LAYER 2

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 3
- COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE

3 INITIAL DESIGNS

3 INITIAL DESIGNS CONSIDERED ,

3 WHICH WERE FEASIBLE TO FIRST OVERLAY

57 OVERLAYS
51 WHICH WERE FEASIBLE

30 OVERLAY POLICIES
24 WHICH WERE FEASIBLE

3 FEASIBLE COMPLETE DESIGNS
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PROB T-2 * EXISTING BASE USED AS ETITHER 2ND OR 3RD LAYER

PRUBLEM SUMMARY OF OPTIMUMS FOR EACH DESIGNVTYPE
IN ORDER OF INCREASING TOTAL COST

DESIGN TYPE TOTAL COST
4 ‘ 1.377
3 1.873
2 2.778

THE MATERIALS ASSOCIATED WITH EACH OF THE FOLLOWING DESIGN
TYPES DO NOT HAVE AT LEAST ONE FEASIBLE DESIGN.
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PROB T—2 * EXISTING BASE USED AS EITHER 2ZND OR 3RD LAYER * P 1]

PROBLEM SUMMARY OF THE BETTER FEASIBLE DESIGNS
IN ORDER OF INCREASING TOTAL COST

1 2 3 4 5 6 7 8
e 2 2 s ok 3k s e e o ok o o e e o s e e e e ke e e o ok ol i ko o 3K e ek ol ek e ol ok ok ok sk ok Aok ke ek o ok ok 3k ok sk 3k ok sk ok ak ko
MATERIAL ARRANGEMENT AX AX AX ABX ABX ABX ABX ABX
INIT. CONST. COST 0.667 0,778 0.889 1.278 1.354 1.389 1.431 1.465
OVERLAY CONST. COST 0.657 04657 0.657 0.626 0.599 0.599 0.585 0.585
USER COST 0.028 0.028 0.028 0.027 0.026 0.026 0.026 0.026
SEAL COAT COST 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ROUTINE MAINT. COST 0.169 0.169 0.169 0,180 0.181 0.181 0.187 0,187
SALVAGE VALUE ~0e144 ~0.158 0172 ~0.238 ~04250 -0.253 —0.262 -0.265

2 e 3k 6 2 e X e ok ke sl ol ol e o ok ok e e o ok ok K ok 2K o a3k ok ok ok ol o ok ok o ok o ok kol o ook e ok S ook skl okok ok ok ok sk ke ok b
ook e ek ol kg ke X ol ko ok koK o e kol ok kol ool ok %ok ok o o ok Ak ko ok ok sk ok sk ok e e kol s ook ok B ok e ok ok ok ke kol o
TOTAL COST 1377 1474 1,571 1.873 1.910 1.943 1.967 1.999

oo el 3k e e ok o ook kAo ol Aok o sk ek ok ok ok e ook ol ook e s ke s e ol o ek e ol skt s o ok ke sk ook 5 ek X ek ok sk ok ks e ok e ak ok o
Aok Aok ook d ook ok d ol ko ko ko ok Kok ol ook ol ok ol ok ok ok ok ke kol sl o Rk R ok okok ok Kokolok ks ook ik b

NUMBER OF LAYERS : 2 2 2 3 3 3 3 3
Rk oK ok ok & ok Rk R ok Rk kR ko Rk K okok Rk ok ok Kok ok el bk ok ook ok d ok ok ok Kok ok ok ok 9

LAYER DEPTH (INCHES)

pDll) 1.50 1. 75 2.00 1.50 1.50 1.75 1.50 1.75
D(2) 14.00 14.00 14.00 2.00 225 2.00 2450 2.25
D{(3) 14,00 14.00 14.00 14.00 14.00

Al e ko e o ol Aok %0k o K sk ok Ak o sk 3k ok Ko ik dk e Bk ok 0k ook skl ok ok ook ol ot ol ik ol ok s e ook ook ok ook ok ke ok &
a0 2 o o oo o o ook ol dakake s ol ek Aok ok e & o e ek ok otk ko ok ok ket ok ok dk ok o oo gk ek ook X ok ok ko ook ok ok ok ok ok

NO.OF PERF.PERIODS 3 3 3 3 '3 3 3 3
RARE R AR R KRR R kKRR kg SRk kR Rk Rk kR kR kR kR kR ok Rk ook Xk fokkk Kok ko Kok kk s kk %

PERF. TIME (YEARYS)

T(1l) 6.6 6.8 6.9 Te4 T.5 Te5 7.6 T«6
T(2) 14.7 15.2 15.5 17.1 17.2 17.2 17.5 i7.5
T(3) . 2443 25.1 25. 7 28.5 28.7 28.9 29.3 29.3

Ao Ak A e o ok Ak oKk o o e ok Ak ok ok ok ok ok ko ok ok ok ok ko ok ok skok Ok ok o skl Kok ok ok K ok kR ok A ko ko ok Kok ok

OVERLAY POLICY({INCH)
( INCLUDING LEVEL-UP)

oty 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

0(2) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
*********ﬁ**#**ﬁ***#**##*****#********#**#************************************!
NUMBER OF SEAL COATS 0 0 0 0 0 0 0 0

sk e el o ook Aokl oKk ok Aok koK K e ke ok kol ook ok koK ok o ok ot ook S sk ko ok kol ok ok ook ke ok sk o e ek

SEAL COAT SCHEDULE

( YEARS) ;
o ok ok ok o o g ko koo ko ol ok ok ok kol o okl ok ookl o ook ok ok ko ok Bkl dokakok ok Rk ok Kok ok R kok Kok
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PROB T—-2 * EXISTING BASE USED AS EITHER 2ND OR 3RD LAYER ¥ P 12

PROBLEM SUMMARY OF THE BETTER FEASIBLE DESIGNS
IN ORDER OF INCREASING TOTAL COST

g- 10 11 12 13 14 1% 16

e otk o o ok o oo o o e ol o o ok o ol R ook ok ok ol ok ok ok sk ok ok o ok o ok o kol ook o ok o ok e o ok o ook ok ok ok ook ke ok ook ok
MATER I'AL ARRANGEMENT ABX AB X ABX ABX ABX ABX ABX ABX
INIT. CONST., COST - 1.500 1.507 1542 1.576 1.583 l.618 1.653  1.660
QOVERLAY CONST., COST 0.585 0.585 0.585 0.585 0,585 0.585 (0,585 0,585
USER COST "0.026 0,026 0.026 0,026 0,026 0,026 0.026 0,026
SEAL COAT COST 0.0 0.0 - .0 0.0 0.0 0.0 0.0 0.0
ROUTINE MAINT, COST 0.187 0.187 0.187 0.187. 0.187 0.187 06187 0.187
SALVAGE VALUE ~0.267 =0s274 ~0.276 ~0.279 ~-0.286 -0,288 —-0.291 -0,.298

e ok o ek o ol ok ol ool kol oo otk oo kol ook ook ok ol o e e ol 3 ok ok o ol o ol ol o o e ko ok oo K sk o o o ot ok ok ok o o Sk ok ok
e o o e o 3 ok o o ok ook 3k ok ok kol K ook Kk ook 2k o ok ok ok ok e ol ook o ok sk ok ok kol ko Kokl o o ko sk ok o o oo o ok ol o o ok ok e
TOTAL COST : 2.031 2.031 2.064 2.096 2.096 2.128 2.160 2.161

e A ok ok oKk ook ok Kok ok ko A6 ok ook o ok ok oKk ok ok oo o sk o i ok o ok o o ook o s ook ok ol o ek KoK Aol ok
*******#******#******#*#*************##*****************#****#**********#*******

" NUMBER OF LAYERS 3 -3 3 3 3 3 3 3
*******#****#******************#*******#****************#*##****************t#*

LAYER DEPTH (INCHES)

DI 2.00 1.50 1. 75 2400 1.50 1.75 2.00 1.50
D2} ~ 2.00 2,75  2.50 2425 3.00 2,75 2.50 3.25
D(3) , - 14.00 14.00 14.00 14.00 14.00 14,00 14.00 14,00

o ok oo o o ok ok kR 3 ol ook oo ool ok Ko o oK ko K ok s o ok ke o ol ool o o el ot ol el o et ok o ol ook ok ke ok ok ok
He ik e ook ok oK sk ook ol ek ook ool ok ok ok ok o o o o ook ook e ok e ol ok e ek e ek ok ok ook e dkkok ok ook ook ok Sk % ok

ND.OF PERF.PERIOOS 3 3 3 3 3 3 3 3
**#*t*t**************#****************#*********#**********#**********t********

PERF. TIME {YEARS)

T(1) 7.6 7.6 1+ 6 Te6 Te6 7.6 Tebd T.7
T(2) 17.5 l7a5 17.5 17.5 17.5 17.5 17.6 i7.8
T(3) . 29.3 29.3 29.5 29.5 2945 29.5 29.6 29.8

***#**##************#***********************#****##**#*******#***#*****#********
OVERLAY POLICY(INCH)

{INCLUDING LEVEL-UP) _ , o
of(l) : 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

0(2) ' 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
T*****#****************#******#********************************#**********#*****
'NUMBER OF SEAL COATS 0 0 o 0 0 0 0 0

**###********##**********************#*******#*********************#*#***#******

EAL COAT SCHEDULE

(YEARS) _
*******#**************#*********#**#*************#**********#*******************
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PROB T—~2 * EXISTING BASE USED AS EITHER 2ND OR 3RD LAYER * P 1

PROBLEM SUMMARY OF THE BETTER FEASIBLE DESIGNS
IN ORDER OF INCREASING TOTAL COST

17 18 19 20 21 22 23 24

ok e ok o o oK ks Ak ok o ok ok ko ok ook ok Kol o o 3 ok o o o o o sl Aok ool e ol ook ok ok ok ok stk ok ek ko ok ok ok ok
MATER IAL ARRANGEMENT ABX AB X ABX ABX ABX ABX ABX ABX .
INIT. CONST., COST 1.694 1,729 1.736 1.771 1.806 1.812 1.847 1.882
OVERLAY CONST, COST 0.585 0,585 0.585 0.585 0.585 0.585 0.585 0,585
USER COST 0.026 0.026 0.026 0.026 0.026 0,026 0,026 0.026
SEAL COAT COST 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ROUTINE MAINT. COST 0.187 0.187 0.187 O0.187 0,187 0.187 0.187 0,187
SALVAGE VALUE -0.300 -0,303 -0.309 -0.312 ~0.314 —-0.321 -0.324 -0.326

HEE R R Rk okok & Rk ARk A ok ol ok ok Aok o Sokokok ok okl o ok dakok Rk Kk ko ok ok ok Rkl okok ok Rk
Mok ek ok ok ok ok e KoKk K ok ok Sk oK ok Ak ok Rk KKK ok ook ok oKk K ok ok ik ok R okok ok ok ok ko kK
TOTAL cOsST 20193 2.225 24225 2.257 2.290 2.290 2.322 2.354

ok ok K ok ok % kokakk g0k A g ok ok ok 3ok e ok ok ok sk ok deokolokakok ok koo kb sk ok ok ook fok ok
Aok ok ke sk kool o ok ook K ok dk ok ok ok Kk ook koK dok R0k ok ok Aokkakok ok ok ok dor dok ko ok dokkok ok ok ok Kok ok

NUMBER OF LAYERS . 3 3 3 3 3 3 3 3
Aok ook R ROk ko Rk KR Rk Rk ok R kR ok ok ok Kk ok ok ok Rk kol ok dokok ok ok ok dk akak dlokok ik ok %o

LAYER DEPTH (INCHES)

b(1) 1.75 2.00 1.50 l1.75 2.00 1.50 1.75 2.00
Dt 2) 3.00 2.75 3.50 3.25 3.00 3.75 3.50 3.25
D(3) 14.00 14.00 14.00 14.00 14.00 14.00 14.00 14.00

Aok o ok ok R o Bk o koK Kok o s o o o ok o o o o ok ek s e ke ok ok ok o ok ok e ook ol ok Stk ok ok gk kol e o ok el okl ok sk akok ok
A ok o R o ook ok ok ok Aok ok okl ok Aol ok ook o e ok o ok Kok 3K o ok ok o ofok ok ok & & ok ko Kok Rkl ok ok ok ks

NO.OF PERF.PERIODS 3 3 3 3 3 3 3 3
**t#*t#t*******#**#t**#*#***t***#*#***#***t*************t*****#***********#***:

PERF. TIME (YEARYS)

T(1) T.7 T 7 T.7 7.7 T.7 T8 7.8 T8
T(2) : 17.9 17.9 17.9 17.9 17.9 i8.0 18.0 18.0
T€(3) 29.9 29.9 29,9 30.1 30.1 30.3 30.3 30.3

ORI ok ook ok ke otk okl 3 ok ok ok ok ok sk ok oo kol o s ok el e ok e ok e kol ol o ek o ko ok ke ok ok ek ook ko ook ok ok

OVERLAY POLICY(INCH)
(INCLUDING LEVEL-UP)

o1 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5

agq2) | 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
**ﬁ**f****##************#*******************************#*********************
NUMBER OF SEAL COATS O 0 0 0 0 0 0 0

A gl b o o Ak ok ok ook o dolokoR okl ok e ol gk ok ek ok ok tekok ook Sk % ok B ol o e oo ote ok kol o ook Aok kb Kok okl ok ek %

SEAL COAT SCHEDULE

{ YEARS) |
ok o e e e 0 0o 3 2 4K o A okl o ko AR ok ok o ok ok o b ok ok ok o 0o ok o ok ok ke ok 3 ok ol ook Kkl e ool o deofkook Kokdokok ko kK kKA

THE TOTAL NUMBER OF FEASIBLE DESIGNS CONSIDERED WAS 133
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PROB T—-3 *HEAVIER TRAFFIC, FRONTAGE ROAD WITH LIGHT,

INPUT DATA
THE CONSTRUCTION MATYERIALS UNDER CONSIDERATION ARE
MATERIALS cosrt STR. MIN. - MAX. SALVAGE
LAYER CODE NAME - PER CY COEFF, DEPTH DEPTH  PCT.
1 . A ASPHALTIC CONCRETE 24.00 0. 90 1.00 6.00 25.00
2 S CRUSHED STONE 4.00 0. 65 4.00 20.00 100.00
3 G GRAVEL-1 ' : 3.00 0.35 6.00 20.00 80.00

SUBGRADE ————= 0.24 ===——— e e e —————

NUMBER OF SUMMARY OUTPUT PAGES DESIRED( 8 DESIGNS/PAGE)
TOTAL NUMBER OF INPUT MATERIALS,EXCLUDING SUBGRADE
LENGTH OF THE ANALYSIS PERIOD (YEARS)

WIDTH OF EACH LANE (FEET)

NUMBER OF LANES (BOTH DIRECTIONS)

" DISTRICT TEMPERATURE CONSTANT
SERVIGCEABILITY INDEX OF THE INITIAL STRUCTURE
SERVICEABILITY INDEX Pl AFTER AN OVERLAY
MINIMUM SERVICEABILITY INDEX P2
SHELLING CLAY PARAMETERS —-- P2 PRIME
B1
GAMMA

ONE-DIRECTION ADT AT BEGINNING OF ANALYSIS PERIOD (VEHICLES/DAY)
- ONE-DIRECTION ADT AT END OF TWENTY YEARS (VEHICLES/DAY)

ONE-DIRECTION 20.-YR ACCUMULATED NO. OF EQUIVALENT 18~-KIP AXLES

PROPORTION OF ADT ARRIVING EACH HOUR OF CONSTRUCTION (PERCENT)

THE ROAD IS IN AN URBAN AREA,

"MINIMUM TIME TO FIRST OVERLAY (YEARS)

MINIMUM TIME BETWEEN OVERLAYS (YEARS}

TIME TO FIRST SEAL COAT AFTER INITIAL OR OVERLAY CONST,{YEARS)
TIME BETWEEN SEAL COATS (YEARS)

MAX FUNDS AVAILABLE PER SQ.YD. FOR INITIAL DESIGN (DOLLARS)
MAXIMUM ALLOWED THICKNESS OF INITIAL CONSTRUCTION (INCHES)
MINIMUM OVERLAY THICKNESS (INCHES)

ACCUMULATED MAXIMUM DEPTH OF ALL OVERLAYS (INCHES)
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6.0
4.2’
442
3.0

1.50

0.0800

0.03

15000.
25000.
3450000.
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PROB T—3 *HEAVIER TRAFFICy FRONTAGE ROAD WITH LIGHT. *x p

INPUT DATA (CONTINUED)

ASPHALTIC CONCRETE PRODUCTION RATE (TONS/HOUR) 75.0
ASPHALTIC CONCRETE COMPACTED DENSITY (TONS/C.Y.) 2.00
CelLo DISTANCE OVER WHICH TRAFFIC IS SLOWED IN THE O.De (MILES) 1.00
Cel s DISTANCE OVER WHICH TRAFFIC IS SLOWED IN THE N.O.D. (MILES) 0.0
DETOUR DISTANCE AROUND THE OVERLAY ZONE (MILES) , 1.10
OVERLAY CONSTRUCTION TIME (HOURS/DAY) ' _ : 8.0
NUMBER OF OPEN LANES IN RESTRICTED ZONE IN O.D. 2
NUMBER OF OPEN LANES IN RESTRICTED ZONE IN N.O.D. 3
PROPORTION OF VEHICLES STOPPED BY ROAD EQUIPMENT IN D.De. (PERCENT). 10.00
PROPORTION OF VEHICLES STOPPED B8Y ROAD EQUIPMENT IN N.O.D. (PERCENT) 0.0
AVERAGE TIME STOPPED BY ROAD EQUIPMENT IN 0.D. (HOURS) 0.017
AVERAGE TIME STOPPED BY ROAD EQUIPMENT IN N.O.D. (HOURS) 0.0
AVERAGE APPRDACH SPEED TO THE OVERLAY ZONE (MPH) 50.0
AVERAGE SPEED THROUGH OVERLAY ZONE IN G.D. (MPH) 30.0
AVERAGE SPEED THROUGH OVERLAY ZONE IN N.O.D. {(MPH) 50.0
TRAFFIC MODEL USED IN THE ANALYSIS ' : 5
FIRST YEAR COST OF ROUTINE MAINTENANCE (DOLLARS/LANE MILE) : 25.00
INCREMENTAL INCREASE IN MAINT, COST PER YEAR {(DOLLARS/LANE MILE) ' 10.00
" COST OF A SEAL COAT (DOLLARS/LANE MILE) 1500.00
'INTEREST RATE OR TIME VALUE OF MONEY (PERCENT) 6.0
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PROB T~3 *HEAVIER TRAFFIC, FRONTAGE ROAD WITH LIGHT, * P

J

»IGN TYPE 1 WITH 1 LAYERS, MATERIALS A

1

MATERIALS casT STR.  MIN. MAX. SALVAGE INCRE-

'ER CODE NAME PER CY COEFF, DEPTH  DEPTH PCT.  MENT
A ASPHALTIC CONCRETE 24.00 0.90 1.00 6.00  25.00 0.25
SUBGRADE ——=~— 0.s24 ====—e —————— -- -

OVERLAYS 24,00 0.96 1.00 5.00 25.00 0.50

JESIGN TYPE 1 THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERATION-~

FOR. INITIAL CUNSTRUCTIGN THE DEPTHS SHOULD BE

'ASPHALTlC CONCRETE 6.00 INCHES
"THE SCI OF THE INITVIAL STRUCTURE = 0,666
THE LIFE OF THE INITIAL STRUCTURE = 2.54 YEARS

THE OVERLAY SCHEDULE IS : - -
3.00 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 2.54 YEARS.
2.00 INCHI(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER T7.74 YEARS.
2,00 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 14.99 YEARS.
TOTAL LIFE = 24.75 YEARS Co

NO SEAL COATS SCHEDULED.,

THE TOTAL COSTS PER SQ. YD. FOR THESE CONSIDERATIONS ARE

INITIAL CONSTRUCTION COST 4.000
TOTAL ROUTINE MAINTENANCE COST = 0.077
TOTAL OVERLAY CONSTRUCTICN COST 3,072
TOTAL USER COST DURING ,
 OVERLAY CONSTRUCTION 0445
TOTAL SEAL COAT COST 0.0
SALVAGE VALUE ~ -0.520

- TOTAL=0VERALL COST o T«074
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PROB T—-3 *HEAVIER TRAFFIC, FRONTAGE ROAD WITH LIGHT,

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE A
AT THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE--

1. THE MAXIMUM DEPTH OF LAYER 1
2+ THE MAXIMUM FUNDS AVAILABLE FOR INITIAL CONSYRUCTION

3, THE MINIMUM TIME BETWEEN OVERLAYS
NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 3
COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE
21 INITIAL DESIGNS
21 INITIAL DESIGNS CONSIDERED
3 WHICH WERE FEASIBLE TO FIRST OVERLAY

119 OVERLAYS
66 WHICH WERE FEASIBLE

57 OVERLAY POLICIES
12 WHICH WERE FEASIBLE

3 FEASIBLE COMPLETE DESIGNS
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PROB T-3 *HEAVIER TRAFFIC, FRONTAGE ROAD WITH LIGHT. ' % p
VESIGN TYPE 2 WITH 2 LAYERS, MATERIALS AS ‘

MATERIALS COST - STR. . MIN. MAX. SALVAGE INCRE-

"' AYER CODE NAME PER CY COEFF. DEPTH DEPTH PCT. MENT
1 A ASPHALTIC CONCRETE 24.00 - 0.90 1.00 6.00 25.00 0. 25
2 S CRUSHED STONE 4. 00 0,65 4,00 20,00 100.00 1. 50
SUBGRADE =~==-- 024 =~=eomm coosee s—mees e
OVERLAYS 24.00 0. 96 1.00 5.00 25.00 0.50

DESIGN TYPE 2 _fHE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERATION-~
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE

ASPHALTIC CONCRETE  1.00 INCHES
CRUSHED  STONE 11.50 INCHES

]

THE SCT OF THE INITIAL STRUCTURE 0.248

it

THE LIFE OF TYHE INITIAL STRUCTURE 5.66 YEARS

THE OVERLAY SCHEDULE IS | : o
2,00 INCH(ES) (INCLUDING 1.0 ENCH LEVEL-UP) AFTER 5.66 YEARS.
2.00 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 13.75 YEARS.
TOTAL LIFE = 24462 YEARS
NO SEAL COATS SCHEDULED.

THE TOTAL COSTS PER SQ. YD. FOR THESE CONSIDERATIONS ARE

INITIAL CONSTRUCTION COST 1l.944
TOTAL ROUTINE MAINTENANCE COST 0.089
TOTAL OVERLAY CONSTRUCTION COST  1.530
TOTAL USER COST DURING N
( OVERLAY CONSTRUCTION 0.237
TOTAL SEAL COAT COST 0.0
SAL VAGE VALUE - ~0.554%
TOTAL=0OVERALL COST - 3.246
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PROB T-3 *HEAVIER TRAFFIC, FRONTAGE ROAD WITH LIGHT.

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE AS

AT THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE--
1. THE MINIMUM DEPTH OF LAYER 1

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 16
COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE
150 INITIAL DESIGNS
18 INITIAL DESIGNS CONSIDERED
16 WHICH WERE FEASIBLE TO FIRST OVERLAY

360 OVERLAYS
292 WHICH WERE FEASIBLE

187 OVERLAY POLICIES
121 WHICH WERE FEASIBLE

16 FEASIBLE COMPLETE DESIGNS
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PROB T-3 *HEAVIER TRAFFIC, FRONTAGE RUAD WITH LIGHT. * P

DESIGN TYPE 3 WITH 3 LAYERS, MATERIALS ASG

MATERIALS cosT STR, MIN. MAX. SALVAGE INCRE~
LAYER CODE NAME PER CY COEFF. DEPTH DEPTH . PCT.  MENT
1 A ASPHALTIC CONCRETE 24.00 0. 90 1.00 6,00  25.00 0.25
2 S CRUSHED  STONE 4.00 0. 65 4,00 20.00 100,00 1.50
3 G GRAVEL-1 3,00 0.35 6.00 20.00 80,00 2.00
SUBGRADE =—==== 0424 ====== ——m———  —memee e -—
OVERLAYS 24,00 0.96 1.00 5,00  25.00 0.50

.DESIGN TYPE 3 THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERAT[ON--
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE

ASPHALTIC CONCRETE 1.00 INCHES
CRUSHED STONE 10.00 INCHES
GRAVEL-1 6.00 INCHES

f

THE SCI OF THE INITIAL STRUCTURE 0,208

THE LIFE OF THE INITIAL STRUCTURE 6.09 YEARS

THE OVERLAY SCHEDULE IS _
2.00 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 6.09 YEARS.
2.00 INCH{ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 14.87 YEARS.
TOTAL LIFE = _ 26,72 YEARS

NO SEAL COATS SCHEDULED

THE TOTAL COSTS PER SQ. YD. FOR THESE CONSIDERATIONS ARE

INITIAL CONSTRUCTION COST 2.278
TOTAL ROUTINE MAINTENANCE COST 0.091
TOTAL OVERLAY CONSTRUCTICN COST 1.496
TOTAL USER COST DURING »
OVERLAY CONSTRUCTION 0.236
TOTAL SEAL COAT COST 0.0
SALVAGE VALUE ~04627

TOTAL=0VERALL COST 3,474
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PROB T-3 *HEAVIER TRAFFIC, FRONTAGE ROAD H{TH LIGHT.

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE ASG
AT THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RESTRICTIDNS ARE ACTIVE--
l. THE MINIMUM DEPTH OF LAYER 1 '
2. THE MINIMUM DEPTH OF LAYER 3
NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 15
COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE
383 INITIAL DESIGNS
15 INITIAL DESIGNS CONSIDERED
15 WHICH WERE FEASIBLE TO FIRST OVERLAY

333 OVERLAYS
266 WHICH WERE FEASIBLE

172 OVERLAY POLICIES
109 WHICH WERE FEASIBLE

15 FEASIBLE COMPLETE DESIGNS
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PROB:T-3 *HEAVIER TRAFFIC, FRONTAGE ROAD WITH LIGHT.

PROBLEM SUMMARY OF OPTIMUMS FOR EACH DESIGN TYPE
IN ORDER OF INCREASING TOTAL COST

DESIGN TYPE TOTAL COST

2 3.246
3 3.474
1 T.074

ALL MATERIAL COMB INATIONS HAVE AT LEAST ONE FEASIBLE DESIGN.
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PROB T-3 *HEAVIER TRAFFIC, FRONTAGE ROAD WITH LIGHT. * P 1C

PROBLEM SUMMARY OF THE BETTER FEASIBLE DESIGNS
IN ORDER OF INCREASING TOTAL COST

1 2 3 4 5 6 7 8

ok e ok o ok o o ok ek ook e ool o ok ok o e ok ok ok Ao K sk ok o ol kol ook ok ok sl o o ak ook e kol o ok ook ook e ok o o kol ok ok ok kokok ik
MATERIAL ARRANGEMENT AS AS AS AS AS ASG ASG - ASG
INIT. CONST. COST 1.944 1778 2.111 2.278 2.4%444 2,278 2.111 2.444
OVERLAY CONST. COST 1.530 14659 1,465 1.382 1.382  1.496 1.621 1.412
USER COST ' 0.237 04249 0.232 0.222 0,225 0,236 0.249 0.227
SEAL COAT COST 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ROUTINE MAINT. COST 0.089 0.087 0.095 0.098 0.098 0.091 0.088 0.094
SALVAGE VALUE - =0.554 ~0.502 -0.606 ~0,658 ~0.,710 -0.627 -0.575 —-0.679

A ok ok ok ok ok ok ok 3ok o et ol ok ok ok ok Ak ol ok o o ok o ok oK o b o sk e s s sk ok oK e o ok ook o otk ok ok ok ok
Ak ook ok ok o o ok ok ol ok ok ok o ok e A R K Ko ok ok ok o ok ok kol ok okok Aok ok ok ok ok ok ok ok ok ko
TOTAL COST 36246 3,271 3.297 3,321 3.439 3,474 3.494 3.498

sk e ok e o o s ol o o ek ekl ok ok ok R o ks o ok % ok ok ok o o s ok ok ks o ok o ok ko e el el ok ok g ok ok ko ok
e ok oK el KK Ko o bk Kok ol Ak o ok ok ok ool ol ok ok oK ok ook o ok o ok ok o oo ek e ook kol o ok ek ek ek

NUMBER OF LAYERS . 2 2 2 2 2 3 3 3
**#**#***#********t#****#****************#*******t********#**#*******t**#***##

LAYER DEPTH {INCHES)

D(1) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
bt 2) 11.50 10.00 13.00 14.50 16,00 10.00 8,50 1l1.50
D{3) ' 6.00 6.00 6.00

***#t*****&*************#*********************#**********#**t********t********t
Aot ok ok o ke ok ol Aok e o ok ko kokolok ok ook Kok Kook ok Rk okdok ok ki Kok Kok ok ok kkokkokok ok ok k
NO.OF PERF.PERIODS 3 3 3 3 3 3 3 3

*****t******#**************************#***#**#**#**t*******tt**********#*****#

PERF. TIME (YEARS)

T(1) 5.7  4e8 6.3 6.6 1.0 6.1 5.4 645
T(2) 13.8 11.6 15.5 16.6 17.4 14.9 13.1 16.2
T(3) 2446 - 20.8 28.0 30.0 3l.6 26.7 23.4 29.2

**t*******#********#******#****#***#*****#*****##****t#**********#**&*********t
OVERLAY POLICY{INCH)

( INCLUDING LEVEL-UP) _ : ' ' , , v
o(l) ~ 2.0 2.0 2.0 2.0 2.0 2.0 2,0 2.0

) 0(2) ) 2.0 2.0 ] 2.0 ) 2.0 260 2.0 2.0 2.0
******************************************************************************i
NUMBER OF SEAL COATS 0 0 -0 0 0 0 0 -0

Ak Rk KR ARk AR s Aok ook o ok s ol sk ook ok ok ok o ok o ok ok o ool ol ol oK Al oK ok sk e ol ok Sk ek o

SEAL COAT SCHEDULE

(YEARS) o
*****#*****t********##***********#******************t*******************#******l

THE TOTAL NUMBER OF FEASIBLE DESIGNS CONSIDERED WAS 34
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PROB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. * P
INPUT DATA
THE CONSTRUCTION MATERTALS UNDER CONSIDERATION ARFE
- MATERIALS cosT STR. MIN. MAX. SALVAGE
LAYER CODE - NAME PER CY COEFF. DEPTH  DEPTH PCT,
1 A ASPHALTIC CONCRETE 24.00 Ce99 1.0n 1.00 25,00
1 A ASPHALTIC CONCRETE 24.00 0.90 6.00 6.00 25.00
2 S CRUSHED  STONE 4,00 C. 65 4400 4,00 100,00
2 S CRUSHED  STONE 4,00 0.65 20.00 20,00 100.00
3 G GRAVEL-1 3.00 ° 0.35 20.00 20,00 80,00
3 G GRAVEL-1 3,00 Ge35 = 6400 6.00 80 oo
SUBGRADE —— 024 —=——=— S mmm e e
NUMBER OF SUMMARY OUTPUT PAGES DESIRED( 8 DESIGNS/PAGF) 1
TOTAL NUMBER OF INPUT MATERIALS,FEXCLUDING SUBGRADE 6
LENGTH UF THE ANALYSIS PERIOD (YEARS) 20,0
WIDTH OF FACH LANE (FEET) 12.0
NUMBER OF LANES (BOTH DIRECTIONS) 6
DISTRICT TEMPERATURE CONSTANT o 26.0
SERVICEABILITY INDEX OF THE INITIAL STRUCTURE 4.2
SERVICEABILITY INDEX P1 AFTER AN OVERLAY 4.2
MINIMUM SERVICEABILITY INDEX P2 3.0
SWELLING CLAY PARAMETERS ~- P2 PRIME 1.50
: B1L 0800
GAMMA 0.03
ONE-DIRECTION ADT AT BEGINNING OF ANALYSIS PERIOD (VEHICLES/DAY) 15000.
INE-DIRECTION ADT AT END OF TWENTY YEARS (VEHICLES/DAY) 2500¢0.
ONE-DIRECTION 20.-YR ACCUMULATED NO. OF EQUIVALENT 18-KIP AXLES 3450000,
PROPCRTION OF ADT ARRIVING EACH HOUR OF CONSTRUCTION (PERCENT) 5.5
. ' THE ROAD IS IN AN URBAN ARFA., 2
MINIMUM TIME TO FIRST OVERLAY (YEARS) 2.0
MINIMUM TIME BETWEEN OVERLAYS (YEARS) 5.0
TIME TO FIRST SEAL CUAT AFTER INITIAL OR NVERLAY CONST.{YEARS) 30.0
TIME BETWEEN SEAL COATS (YEARS) 30.0
MAX FUNDS AVAILABLE PER SQ.YD. FOR INITIAL DESIGN (DOLLARS) ok
MAXIMUM ALLOWED THICKNESS UF INITTAL CONSTRUCTION (INCHES) 26.0
MINIMUM OVERLAY THICKNESS {(INCHES) 0.5
10.0

ACCUMULATED MAXIMUM DEPTH OF ALL OVERLAYS {INCHES)

162



PROB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERTAL THICKNESS. * P

INPUT DATA (CONTINUED)

ASPHALTIC CONCRETE PRODUCTION RATE {(TONS/HOUR) 7547
ASPHALTIC CONCRETE COMPACTED DENSITY (TONS/C.Y.) v : 2.0
C.L. DISTANCE OVER WHICH TRAFFIC IS SLOWED IN THE O.De. {MILES) 1.0t
C.Lo DISTANCE OVER WHICH TRAFFIC IS SLOWED IN THE N.DeD. (MILES) 0.0
DETOUR DISTANCE AROUND THE OVERLAY ZNNE (MILES). 1.1¢
OVERLAY CONSTRUCTION TIME (HOURS/DAY) B.¢

NUMBER OF OPEN LANES IN RESTRICTED ZONE IN O.D.’
NUMBER OF OPEN LANES IN RESTRICTED ZONE IN N.0.D.

~o

Fad

PROPORTION OF VEHICLES STOPPED BY ROAD EQUIPMENT IN 0.D. (PERCENT) 10.0¢
PROPQRTION OF VEHICLES STOPPED BY ROAD EQUIPMENT IN N.O.D. (PERCENT}) 0.0
AVERAGE TIME STOPPED BY ROAD EQUIPMENT IN O.D. {(HOURS) - 0.011
AVERAGE TIME STOPPED BY ROAD EQUIPMENT IN N.G.D. (HOURS) 0.0
AVERAGE APPROACH SPEED TQ THE OVERLAY ZONE (MPH) 50.C
AVERAGE SPEED THROUGH OVERLAY ZONE IN O.D. (MPH) 30.C
AVERAGE SPEED THROUGH OVERLAY ZONE IN N.D«D. {(MPH) 5047
TRAFFIC MODEL USED IN THE ANALYSIS ' ‘

FIRST YEAR COST OF ROUTINE MAINTENANCE (DOLLARS/LANE MILE) 25,00
INCREMENTAL INCREASE IN MAINT, COST PER YEAR (DOLLARS/LANE MILE) 10.C
COST OF A SEAL COAY (DOLLARS/LANE MILE) ' 1500.0u

INTEREST RATE OR TIME VALUE OF MONEY (PERCENT) 6.0
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PR@B T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS,

DESIGN TYPE 1 WITH 1 LAYERS, MATFRIALS A

, MATERIALS cosT STR.- MIN. MAX .
LAYER CODE NAME PER CY COEFF. DEPTH  DEPTH

1 A ASPHALTIC CONCRETE 24.00 0.90 1.00 1.00

SUBGRADE = ==—m—e 0424 ———m== ——————

OVERLAYS 24.00 0.96 0.50  10.00

SALVAGE  INCRE-
PCT. . MENT
25,00 0,25
25.00 0.50

THE CONSTRUCTION RESTRICTIUONS ARE TOO BINDING TO OBTAIN A STRUCTURE
THAT WILL MEET THE MINIMUM TIME TO THE FIRST OVERLAY RESTRICTIGN.

NO. INITIAL DESIGNS EXAMINED FUR QVERLAY POLICY = 0
COUNT.OF DESIGN OPTIONS CALCULATED FOR THIS TYPE
1 " INITIAL DESIGNS

1 INITIAL DESIGNS CONSIDERED
0 WHICH WERE FEASIBLE TO FIRST OVERLAY

0 OVERLAYS -
0O WHICH WERE FEASIBLE
0 OVERLAY POLICIES
0 WHICH WERE FFASIBLE
0 FEASIBLE COMPLETE DESIGNS
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PROB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. *

DESIGN TYP

: M
LAYER CODE
1 A
2 S

E 2 WITH 2 LAYERS, MATERIALS AS

ATERIALS caost STR. MIN.

NAME PER CY COEFF. DEPTH
ASPHALTIC CONCRETE 24.00 0.90 1.00
CRUSHED STONE 4, 00 0.65 4.00
SUBGRADE = —=m—— 024 —m—=——=
OVERLAYS 24.00 C.96 0.50

MAX, SALVAGE INCRE-
DEPTH PCT., MENT
1.00 25,00 0.25
4.00 100.00 1.50
10.00 25.00 0.50

THE CONSTRUCTION RESTRICTIONS ARE TOO BINDING 10 OBTAIN A STRUCTURE
THAT WILL MEET THE MINIMUM TIME TO THE FIRST OVERLAY RESTRICTION,

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY =

COUNT OF D

D s pa

SO (R =)

(w)

ESIGN OPTIONS CALCULATED FOR THIS TYPE
INITIAL DESIGNS |
INITIAL DESIGNS CONSIDERED
WHICH WERE FEASIBLE TO FIRST OVERLAY

OVERLAYS
WHICH WERE FEASIBLE

OVERLAY POLICIES
"WHICH WERE FEASIBLE

FEASIBLE COMPLETE DESIGNS
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PROB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERTAL THICKNESS. P

DESIGN TYPE

MATER IALS cosT STR,
LAYER CODE NAME PER CY COEFF.
1 A ASPHALTIC CONCRETE 24.00 0. S0
2 S CRUSHED STONE 4.00 0. 65
3 G GRAVEL-1 3,00 0.35
SUBGRADE ——— C.24 -
OVERLAYS 24,00

NDESIGN TYPE 3

3 WITH 3 tAYERS, MATERIALS ASG

0,96

MIN. MAX. SALVAGE INCRE-
DEPTH DEPTH PCT, MENT
1.00 1.00 25.00 0.25
4.00 4.00 . 100.00 1.50
20.00 20,00 80,00 2.00
0.50 10.00 25,00 0.50

THE OPTIMAL DESIGN FOR THF MATERIALS UNDER CONSIDERATION--

FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE

1.00
4.00
20,00

ASPHALTIC CONCRETE
CRUSHED  STONE
GRAVEL-1
THE SCI OF THE INITIAL STRUCTURE = 0
THE LIFE OF THE INITIAL STRUCTURE =

THE OVERLAY SCHEDULE IS

1.50 INCHI(ES) (INCLUDING 1.0
150 TINCH(ES) (INCLUDING 1.0
1.50 INCH{ES) {INCLUDING 1.0
TOTAL LIFE = 26,11 YEARS

NO SEAL COATS SCHEDULED.

THE TOTAL COSTS PER SQ. YD. FOR THESE
INITIAL CONSTRUCTION COST ,
TOTAL ROUTINE MAINTENANCE COST
TOTAL OVERLAY CONSTRUCTICN COST
TOTAL USER COST DURING _

, , OVERLAY CONSTRUCTION

TOTAL SEAL COAT COST
SAL VAGE VALUE

TOTAL=0VERALL COST
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INCHES
INCHES
INCHES

e 363

4.53 YEARS

INCH LEVEL-UP) AFTER 4.53 YEARS.,
INCH LEVEL-UP) AFTER 10.35 YEARS,
INCH LEVEL-UP) AFTER 17.53 YEARS.

CCNSIDERATIONS ARE
2.778
N.N81
1.656

0.260
0.0
"00684
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PROB T—4 *SAME AS PREVIDUS BUT EXPLICIT MATERIAL THICKNESS.

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPF ASG

AT THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE--
1. THE MINIMUM DEPTH OF LAYER
2. THE MAXIMUM DEPTH OUF LAYER
3. THE MINIMUM DEPTH OF LAYER
4, THE MAXIMUM DEPTH OF LAYER
5. THE MINIMUM DEPTH OF LAYER
6. THE MAXIMUM DEPTH OF LAYER

W NN e e

NO. INTTIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 1
COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE

1 INITIAL DESIGNS

1 INITIAL DESIGNS CONSIDERED

1 WHICH WERE FEASIBLE TO FIRST OVERLAY

53 OVERLAYS
51 WHICH WERE FEASIBLE

27 OVERLAY POLICIES
25 WHICH WERE FEASIBLE

1 FEASIBLE COMPLETE DESIGNS
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PROB T-4 *SAME AS PREVIOUS BUT EXPLICITY ﬁATERIAL THICKNESS.

DESIGN TYPE

MATER IALS cosT STR.
LAYER CODE NAME PER CY COEFF.
1 A - ASPHALTIC CONCRETE 24.00 0.90

2 S CRUSHED STONE  4.00 0,65

3 G GRAVEL~-1 3.00 0.35
SUBGRADE L mm—— 0424

OVERLAYS 24,00 0. 96

4 WITH 3 LAYERS, MATERIALS ASG

MIN. MAX,
DEPTH DEPTH
1.00 1.00
4.00 4,00
6.00 6.00

0.50 10.00

DESIGN TYPE 4 ~ THE OPTIMAL DESIGN FOR THE MATERIALS UNDER
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE

ASPHALTIC CONCRETE 1.00
CRUSHED  STONE 4,00
GRAVEL-1 6.00

THE SCI DF THE INITIAL STRUCTURE
THE LIFE OF THE INITIAL STRUCTURE

THE OVERLAY SCHEDULE IS

3.50 INCH(ES) (INCLUDING 1.0
150 INCHA{ES)Y {INCLUDING 1.0
1.50 INCHUES)Y (INCLUDING 1.0
TOTAL LIFE = 21 .64 YEARS

NO SEAL COATS SCHEDULED.

INCHES
INCHES
INCHES

i

i

N.772
2.09 YEARS
INCH LEVEL=UP)-

INCH LEVEL-UP)
INCH LEVEL-UP)}

THE TOTAL COSTS PER SQ. YD. FOR THESE CONSIDERATIONS

INITIAL CONSTRUCTION COST 1.611
TOTAL ROUTINE MAINTENANCE COST 0.078
TOTAL OVERLAY CONSTRUCTICN COST 3.184
TOTAL USER COST DURING '
OVERLAY CONSTRUCTION 0.443

"TOTAL SEAL COAT COST 0.0
SALVAGE VALUE -0e497
TOTAL=0OVERALL COST 4,819
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SALVAGF INCRE-
PCT. MENT :
25.00 0.25
100.00 1.50
80.00 2.00

————— s oot . e o

25.00 0.50

CONSIDERATION--

AFTER 2,09 YEARS.,
AFTER T.22 YEARS,
AFTER 13.72 YEARS,

ARE



PROB T-4 *SAME AS PREVIOUSVBUT EXPLICIT MATERIAL THICKNESS.

FPS PROGRAM ACT(VITY REPORT, DESIGN TYPE ASG

AT THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE--

' 1. THE MINIMUM DEPTH OF LAYER 1
2+ THE MAXIMUM DEPTH OF LAYER 1
“3. THE MINIMUM DEPTH OF LAYER 2
4. THE MAXIMUM DEPTH OF LAYER 2
5. THE MINIMUM DEPTH OF LAYER 3
6. THE MAXIMUM DEPTH OF LAYER 3

7. THE MINIMUM TIME BETWEEN OVERLAYS

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 1
COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE

1 INITIAL DESIGNS

1 INITIAL DESIGNS CONSIDERED

1 WHICH WERE FEASIBLE TO FIRST OVERLAY

149 OVERLAYS
137 WHICH WERE FEASIBLE

73 OVERLAY POLICIES
65 WHICH WERE FEASIBLE

1 FEASIBLE COMPLETE DESIGNS
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4

PROB. T~4 %SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS.

DESIGN TYPE 5 WITH 2 LAYERS, MATERIALS AS

MIN. MAX.,
DEPTH DEPTH

.00 1.00

20,00 20.0n

0.50 -~ 10.00

MATER IAL S cosT STR.
LAYER CODE NAME PER CY COEFF,
1 A ASPHALTIC CONCRETE 24,00 0. 90
2 S CRUSHED  STONE 4.00 0. 65
SUBGRADE ~ =—=me-e 0424 —mmmmm —ee -—
OVERLAYS 24,00 N.96

SALVAGE INCRE-
PCY. MENT
25,00 0.25
100,00 1.50

B e e e

25,00 0.50

DESIGN TYPE 5 THE OPTIMAL DESIGN FUR THE MATERTALS UNDER CONSIDERATION-—
FOR INITIAL CONSTRUCTION THE NDEPTHS SHOULD BE

ASPHALTIC CONCRETE 1.092
CRUSHED STONE 20.00

THE SCI OF THE INITIAL STRUCTURE

'THE LIFE OF THE INITIAL STRUCTURE

THE OVERLAY SCHEDULE IS

INCHES
INCHES

L}

£

n.076

7.19 YEARS

1.50 [INCH(ES) (INCLUDING 1.0 iNCH LEVEL-UP) AFTER 7.19 YEARS.
1.50 INCH{ES) {INCLUDING 1.0 INCH LEVEL-UP) AFTER 18.16 YEARS.

TOTAL LIFE = 32.98 YEARS

.- NO SEAL COATS SCHEDULED.

THE TOTAL COSTS PER $SQ. YD. FOR THESE CONSIDERATIONS ARE

INITIAL CONSTRUCTION COST 2.889
TOTAL ROUTINE MAINTENANCE COST 0.102
TOTAL OVERLAY CONSTRUCTION COST 1.015
TOTAL USER. COST DURING
OVERLAY CONSTRUCTION 0.166
TOTAL SEAL COAT COST 0.0
SAL VAGE VALUE C «0.797
3,376

TOTAL=0VERALL COST
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PROB T—4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS.

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE AS

AT THE OPTIMAL SOLUTIONy THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE~-
1. THE MINIMUM DEPTH OF LAYER 1
2. THE MAXIMUM DEPTH OF LAYER

1
3., THE MINIMUM DEPTH OF LAYER 2
4. THE MAXIMUM DEPTH OF LAYER 2

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 1
COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE

1 INITIAL DESIGNS

1 INITIAL DESIGNS CONSIDERED

1 WHICH WERE FEASIBLE TO FIRST OVERLAY

41 OVERLAYS
39 WHICH WERE FEASIBLE

21 OVERLAY POLICIES
19 WHICH WERE FEASIBLE

1 FEASIBLE COMPLETE DESIGNS
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PROB T-4 *SAME AS PREVINUS BUT EXPLICIT MATERIAL THICKNESS. : %
DESIGN TYPE & WITH 3 LAYERS, MATERIALS ASG

‘MATERIALS cosT STR, MIN. MAX. SALVAGE INCRE-

LAYER CODE © NAME PER CY COEFF. DEPTH  DEPTH PCT.  MENT
1 A ASPHALTIC CONCRETE 24400 . 90 1.00 1.00 25,00 0.25

2 S CRUSHED  STONE 4. 00 0,65  20.00 20,00 100.00 1. 50

3 G GRAVEL-1 3.00 0.35  20.00 20.70  80.00 2.00
SUBGRADE ~ ==—=—- 024 =mmmm— | —mm——e ——— ————

OVERLAYS 24.00 0e96 0.50 10.00 25,00 0.50

EACH OF THE MATERIALS AT THEIR MINIMUM DEPTH RESULTS
IN A TOTAL DEPTH THAT IS GREATER THAN THE MAXIMUM
ALLOWED TOTAL THICKNESS.,

NC. INITIAL DESIGNS EXAMINED FOR QOVERLAY POLICY = 0
COUNT 0OF DESIGN OPTIONS CALCULATED FOR THIS TYPE
INITIAL DESIGNS |

INITIAL DESIGNS CONSIDERED
WHICH WERE FEASIBLE TO FIRST OVERLAY

«::oc':y

OVERLAYS
WHICH WERE FEASIBLE

QO

OVER{ AY POLICIES
WHICH WERE FEASIBLE

(& 2]

0  FEASIBLE COMPLETE DESIGNS
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PROB T—4 *SAME AS PREVIOUS BUT EXPLIGCIT MATERIAL THICKNESS.

DESIGN TYPE 7 WITH 3 LAYERS, MATERIALS ASG

MATERTALS cosT STR. MIN. MAX. SALVAGE

LAYER CODE  NAME PER -CY COEFF. DEPTH DEPTH PCT.
1 A ASPHALTIC CONCRETE 24.00 0.90 1.00 1.00  25.00

2 S CRUSHED  STONE 4,00  0.65 20.00 20.00 100,00

3 G GRAVEL-1 3,00 0.35 6.00 6.00  80.00
SUBGRADE ~ =———- 0024 ——m=== ————— —————

OVERLAYS 24.00 0.96 0.50 10.00 25,00

EACH OF THE MATERIALS AT THEIR MfNIMUM DEPTH RESULTS
IN A TOTAL DEPTH THAT IS GREATER THAN THE MAXIMUM
ALLOWED TOTAL THICKNESS.

NOe INIT!AL DESIGNS EXAMINED FOR OVERLAY POLICY = 0O
COUNTVDF DESIGN OPTIONS CALCULATED FOR THIS TYPE
INITIAL DESIGNS

INITIAL DESIGNS CONSIDERED

"WHICH WERE FEASIBLE TO FIRST QOVERLAY

OVERLAYS
WHICH WERE FEASIBLE

OVERLAY POLICIES
WHICH WERE FEASIBLE

O Q0o Q0o 00O

FEASIBLE COMPLETE DESIGNS
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PROB T—4 *SAME A'S PREVIOUS BUT EXPLICIT MATE

JESIGN TYPE - 8 WITH 1 LAYERS, MATER[ALS A

MATERIALS cosT STR.,

_AYER CODE NAME PER CY COEFF.
1 A ASPHALTIC CONCRETE 24,00 0.90
SUBGRADE = = 0.24

DVERLAYS 24. 00 0.96

8 THE OPTIMAL DESIGN FOR THF
INITIAL CONSTRUCTION THE DtPTHS S

DESIGN TYPE
FOR
6.00

ASPHALTIC CONCRETE INC

THE SCI OF THE INITIAL STRUCTURE

THE LTFEAOF THE INITIAL STRUCTURE

THE DVEPLAY SCHEDULE IS
3,00 INCHI(ES)
1.50 INCH{ES)
1450 INCH{(ES)

TOTAL LIFE

{ INCLUDING
(INCLUDING
(INCLUDING 1

22,09 YEAR

pt et
[ e 26 ]

S
“NO SEAL COATS SCHEDULED.

THE TOTAL COSTS PER SQe YD. FOR THESF
INITIAL CONSTRUCTION COST
TOTAL ROUTINE MAINTENANCE COST
TOTAL OVERLAY CONSTRUCTION COS
TOTAL USER COST. DURING

OVERLAY CONSTRUCTION

JTAL SEAL COAT COST
SAL VAGE VALUE

TOTAL=OVERALL COST
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RIAL THICKNESS.

¥ P 13
MIN. MAX. SALVAGF INCRE~-
DEPTH  DEPTH PCT,  MENT
6.00 6,00 25,00 0.25
0.50 10.00 25.00 0.50

MATERIALQ UNDFR CONSIDERATION--
HOULD BE

HES

0.666

2.54 YEARS
INCH LEVEL-UP) AFTER 2.54 YEARS.
INCH LEVEL-UP) AFTER 7.74 YEARS.
INCH LEVEL-UP) AFTER 14.24 YEARS,

CONSTIDERATINONS ARE
4,000
0.076
T ~ 2.749
- 0.392
0.0
"(,‘0468

6.748



PROB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS,

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE A
AT THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE-—-
" 1. THE. MINIMUM DEPTH OF LAYER 1

2. THE MAXIMUM DEPTH OF LAYER 1
3. THE MINIMUM TIME BETWEEN OVERLAYS

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 1
COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE
INITIAL DESIGNS

1
1 INITIAL DESIGNS CONSIDERED
1 WHICH WERE FEASIBLE TO FIRST OVERLAY

130 OVERLAYS
121 WHICH WERE FEASIBLE

" 64 OVERLAY POLICIES
58 WHICH WERE FEASIBLE

1 FEASIBLE COMPLETE DESIGNS
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PROB T—4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS, * P o1t
DESIGN TYPE 9 Q!TH 2 LAYERS, MATERIALS AS

MATERIALS cosT STR. MIN, MAX. SALVAGE INCRE-

LAYER CODE . = NAME  °~  PER CY COEFF. DEPTH DEPTH  PCT.  MENT
1 A ASPHALTIC CONCRETE 24,00 0. 90 6.00 6,00  25.00 0.25
2 S CRUSHED  STONE . 4,00 0.65 4,00 4,00 100,00 1. 50
SUBGRADE = = —=—e- Ny 24 =mm—m—=m  ———eee  m————— ———
OVERLAYS 24400 0.96 0.50 10.00 25.00  0.50

DESIGN TYPE 9 THE OPTIMAL DESIGN FOUOR THE MATERIALS UNDER CONSIDERAYION--
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE

ASPHALTIC CONCRETE 600 INCHES
CRUSHED STONE 4,00 INCHES

fi

THE SCI OF THE INITIAL STRUCTURE N.258

THE LIFE OF THE INITIAL STRUCTURE 5455 YEARS

'THE OVERLAY SCHEDULE IS o |
1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 5.55 YEARS.
1.50 INCH{ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 12.98 YEARS.
TOTAL LIFE = 22.28 YEARS |
NO SEAL COATS SCHEDULED.

THE TOTAL COSTS PER SQ. YD. FOR THESE CONSIDERATIONS ARE

INITIAL CONSTRUCTION COST 4,444
TOTAL ROUTINE MAINTENANCE COST 0.088
TOTAL OVERLAY CONSTRUCTION COST lel74
TOTAL USER COST DURING
' OVERLAY CONSTRUCTION 0.181
TOTAL SEAL COAT COST 0.0
SAL VAGE VALUE -0.502
TOTAL=0OVERALL COST S.384
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PROB T—4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS.

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE AS

AT THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE--
l. THE MINIMUM DEPTH OF LAYER
2. THE MAXIMUM DEPTH OF LAYER
3. THE MINIMUM DEPTH OF LAYER
4. THE MAXIMUM DEPTH OF LAYER

NN bt s

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 1
COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE

1 INITIAL DESIGNS |

1 INITIAL DESIGNS CONSIDERED

1 WHICH WERE FEASIBLE TO FIRST OVERLAY

41 OVERLAYS '
39 WHICH WERE FEASIBLE

21 OVERLAY POLICIES
19 WHICH WERE FEASIBLE

1 FEASIBLE COMPLETE DESIGNS
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PROB T-4 *=SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. * P17
JESIGN TYPE 10 WITH 3 LAYERS, MATERIALS ASG

MATER IALS o COST STR. MIN, MAX. SALVAGE INCRE-

.AYER CODE NAME PER CY COEFF, DEPTH DEPTH PCT. MENT
1 A ASPHALTIC CONCRETE 24.00 = (.90 6,00 6.00 25.00 0,25

2 S CRUSHED  STONE - 4,00 0.65 4,00 - 4,00 100,00 1.50

3 G GRAVEL-1 3.00 0.35 20.00 20.00 80,00 2.00
SUBGRADE = =—=-- Ce24 =—m==w smmemee mmmmee m—eee

OVERLAYS , 244,00 0. 96 0.50 10.00 25,00 0.50

EACH OF THE MATERIALS AT THEIR MINIMUM DEPTH RESULTS
IN A TOTAL DEPTH THAT IS GREATER THAN THE MAXIMUM
ALLOWED TOTAL THICKNESS.

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 0

.OUNT UF DESIGN OPTIONS CALCULATED FOR THIS TYPE

0 INITIAL DESIGNS

0 INITIAL DESTIGNS CUNSIDERED :
0 WHICH WERE FEASIBLE TO FIRST OVERLAY
0 QVERLAYS ,

0 WHICH WERE FEASIBLE

C  OVERLAY POLICIES

0 WHICH WERE FEASIBLE

0

FEASIBLE COMPLETE ODESIGNS
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PROB T~4 *SAME AS PREVIOUS BUT EXPLICIT ﬁATERIAL THICKNESS. * P 1t

DESIGN TYPE 11 WITH 3 LAYERS, MATERIALS ASG

_ "MATERIALS ' caosT STR. MIN. MAX. SALVAGE INCRE~-
LAYER CODE NAME PER CY COEFF. DEPTH = DEPTH PCT. MENT
1 A ASPHALTIC CONCRETE 24.00 0.90 6.00 6.00 25.00 0.25
2 - S CRUSHED STONE ~  4.00 0.65 4.00 4,00 100,00 1.50
SUBGRADE = = = mem—- .24 - —-——- - -= -
OVERLAYS 24,00 .96 0.50 10.00 25.00 0.50

DESIGN TYPE 11 THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONS!DERATIGN**
’ FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE , :

ASPHALTIC CONCRETE
CRUSHED STONE
GRAVEL~-1

THE SCI OF THE INITIAL STRUCTURE

THE LIFE OF THE INITIAL STRUCTUQE

THE OVERLAY SCHEDULE IS

6,
4
6.

00 INCHES
00 INCHES
00 INCHES

D.156

[}

6.64 YEARS

1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 6.64 YEARS.
1.50 INCH{ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 16.18 YEARS.
TOTAL LIFE = 28.46 YEARS

NO SEAL COATS SCHEDULED.

THE TOTAL COSTS PER SQ. YD. FOR THESE CONSIDERATIONS ARE

INITIAL CONSTRUCTION COST 4.944
TOTAL ROUTINE MAINTENANCE COST 0.094
TOTAL OVERLAY CONSTRUCTION COST 1.059
TOTAL USER COST DURING
OVERLAY CONSTRUCTION 0.170
TOTAL SEAL COAT COST 0.0
SALVAGE VALUE -0.627
5.640

TOTAL=0VERALL COST
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PROB T—4 %*SAMF AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS.

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE ASG

AT THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE--
1. THE MINIMUM DEPTH OF (AYER
2. THE MAXIMUM DEPTH OF LAYER
3, THE MINIMUM DEPTH OF LAYER
4, THE MAXIMUM DEPTH OF LAYER
5. THE MINIMUM DEPTH OF LAYER
6. THE MAXIMUM DEPTH OF (AYFR

L NN e e

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = - 1
COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE R
1 INITIAL DESIGNS
1 INITIAL DESIGNS CONSINERED
1 WHICH WERE FEASIBLE TO FIRST NVERLAY

41 OVERLAYS
39 WHICH WERE FEASIBLE

21 OVERLAY POLICIES
19 WHICH WERE FEASIBLE

|  FEASIBLE COMPLETE DESIGNS
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PROB T—4 *SAME AS PREVIQUS BUT EXPLICIT MATERT AL THICKNESS., * P

DESIGN TYPE 12 WITH 2 LAYERS, MATERIALS AS

MATERIALS : cosY STR. MIN. MAX. SALVAGE INCRE-
LAYER CODE ~ NAME PER CY  COEFf. DEPTH DEPTH PCT ., MENT
1 A ASPHALTIC CONCRETE 24.00 - 0. 90 6.00 65.00 25,00 0.25
2 . S CRUSHED STONE 4a 00 0.65 20.00 20.00 100.00 1. 50
SUBGRADE ———— 0.24 - . - - m———

DESIGN TYPE 12 THE OPTIMAL DESIGN FOR THE MATERTIALS UNDER CONSIDERATIDN*-
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE

ASPHALTIC CONCRETE 6.00 INCHES

CRUSHED ~ STONE 20,00 INCHES
THE SCI OF THE INITIAL STRUCTURE = 0.029
THE LIFE OF THE INITIAL STRUCTURE = 7T.41 YEARS

THE OVERLAY SCHEDULE IS , ,
1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 7.41 YEARS,
1.50 INCH{(ES) (INCLUDING 1.0 INCH LEVEL UP) AFTER 18.90 YEARS.
TOTAL LIFE = 34.79 YEARS

NO SEAL COATS SCHEDULED.

THE TOTAL COSTS PER SQ. YD, FOR THESE CONSIDERATIONS ARE

INITIAL CONSTRUCTION COST 6.222
TOTAL ROUTINE MAINTENANCE COST 0.107
TOTAL OVERLAY CONSTRUCTION COST 0.996
TOTAL USER COST DURING
OVERLAY CONSTRUCTION C.164
TOTAL SEAL COAT COST 0.0
SALVAGE VALUE ' ' -1.057
TOTAL=0OVERALL COST r 6.432
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PROB T—4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS.

FPS PROGRAM ACTIVITY REPUORT, DESIGN TYPF AS

AT THE OPTIMAL SQLUTION:

NO. INITIAL DESIGNS FXAMINED FORP OVERLAY POLICY

COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE

1
1
1

41
39

21
19

1

l.
2.
3
. 4‘
54

INITIAL DESIGNS

THE
THE
THE
THE
THE

MINIMUM
MA X I MUM
MINIMUM
MAXIMUM
MAXIMUM

THE FOLLOWING BOUNUDARY RESTRICTIONS ARE ACTIVE--

DEPTH OF LAYER 1
DEPTH OF LAYER 1
DEPTH OF LAYER 2
DEPTH OF LAYER 2
THICKNESS OF INITIAL CONSTRUCT ION

INITIAL DESIGNS CONSIDERED

WHICH WERE FEASIBLE TUO FIRST OVERLAY

OVERLAYS

WHICH WERE FEASIBLE

OVERLAY POLICIES
WHICH WERE FEASIBLE

FEASIBLE COMPLETF DESIGNS
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PROB T—4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. .

DESIGN TYPE 13 WITH 3 LAYERS, MATERIALS ASG

‘o MATERIAL S cosT STR. MIN. MAX. SALVAGE
LAYER CODE NAME PER CY COEFF. DEPTH  DEPTH PCT.

1 A ASPHALTIC CONCRETE 24.00 0.90 6.00 6.00 25,00

2 S CRUSHED  STONE 4.00 0.65 20.00 20.00 100.00

3 G GRAVEL-1 3.00 0.35 20.00 20.00 80.00
SUBGRADE  —=mm— 0424 —————n R

OVERLAYS 24.00 0.96 0.50 10.00 25.00

EACH OF THE MATERIALS AT THEIR MINIMUM DEPTH RESULTS
IN A TOTAL DEPTH THAT IS GREATER THAN THE MAXIMUM
ALLOWED TOTAL THICKNESS.

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 0
COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE
INITIAL DESIGNS

INITIAL DESIGNS CONSIDERED

WHICH WERE FEASIBLE TO FIRST OVERLAY

OVERL AYS
WHICH WERE FEASIBLE

OVERL AY POLICIES
WHICH WERE FEASIBLE

o o0 OO (=N eNeo)

FEASIBLE COMPLETE DESIGNS
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PROB T-4 %*SAME AS PREVIOUS BUT EXPLICIT MATERTAL THICKNESS. *

DESIGN Typ

M

L AYER CODE
.’1 A
2 S
3 G

E 14 WITH 3 LAYERS, MATERIALS ASG
ATERIALS casT STR. MIN. MAX. SALVAGE INCRE-
NAME PER CY COEFF. DEPTH  DEPTH PCT.  MENT

ASPHAL TIC CONCRETE 24.00 0. 90 6.00 6,00 25,00 0.25
CRUSHED  STONE 14,00 0,65  20.00  20.00 100.00 1.50
GRAVEL -1 3.00 0.35 6.00  6.00 80.00 2.00
SUBGRADE ————— 0024 —==—==  Sememe —eeeee ———
OVERLAYS 24400 0496 0.50 10,00 25,00 0.50

EACH OF THE MATERIALS AT THEIR MINIMUM DEPTH RESULTS
"IN A TOTAL DEPTH THAT IS GREATER THAN. THE MAXIMUM

ALLOWED
" NO. INITIA

COUNT OF D

0
0
0

< O

(] oD

TOTAL THICKNESS.
L DESIGNS EXAMINED FOR'OVERLAY POLICY
ESIGN OPTIONS CALCULATED FOR THIS TYPE
INITIAL DESIGNS
INITIAL DESIGNS CONSIDERFD
WHICH WERE FEASIBLE TO FIRST OVERLAY

OVERLAYS |
WHICH WERF FEASIBLE

OVERLAY POLICIES
WHICH WERE FEASIBLE

FEASIBLE COMPLETE DESIGNS
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PROB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS.

PROBLEM SUMMARY OF OPYIMUMS FOR EACH DESIGN TYPE
IN ORDER OF INCREASING TOTAL COST

DESIGN TYPE TOYAL COST
3,376
4,091
4.819
5.384
5. 640
6.432
6.748

P
N O W0

THE MATERIALS ASSOCIATED WITH EACH OF THE FOLLOWING DESIGN
TYPES DO NOT HAVE AT LEASY ONE FEASIBLE DESIGN.
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PROB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS.

PROBLEM SUMMARY OF THE BETTER FEASIBLE‘DESIGNS
IN ORDER OF INCREASING TOTAL COST

1 2 3 4 ‘ 5 6 7

Aok o ok e ok ok ok KoK ok ok o ke ok e ol ok ok ok sk ok ok Bk ok ok o ok ool i ook oK ok ok sk otolok ok o kool ok ok R kR ko
MATER JAL ARRANGEMENT AS ASG ASG AS ASG AS A
INIT. CONST. COST, 2.889 2.778 1e61l1 4,444 4,944 6,222 4,000
OVERLAY CONST. COST 1,015 1.656 3,184 1174 1.059 0.996 2.749
USER COST D166 0,260 0,443 0,181 0.170 0O.164 (.392
SEAL COAT COST 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ROUTINE MAINT., COST 0.102 0.081 0.078 0,088 0,094 0,107 0.076
SALVAGE VALUE : “DeTIT =N 684 —0e497 ~0.502 =D627 ~1.057 =0 .468

o ok 9 ook ook o ok ok e ot o ook ok ok ok e ol sk ok Aok Ko ok ok kol ok okl e ok 0k Rkl ko kol ok ak ol ok 2 of ok ok ok kol ok sk
ek i ok ok o e ook ko ok e e o ok i e sk ok ok ok o o o o ok o sk ook ok ok o o o ok o ol e o ok ok ko s sl o o sl o ok ok
TOTAL COSTY 3,376 4.091 4,819 5,384 5,640 6,432 6.748

Rk e 8k ook koK o et e ok ok ok ok e koK sk o e A s ook o o ko e o oo el ook o e o RO ROR B0k ok ok
e i ok ook o ok Rk ol ool g 8 ok o ok ok ko ok o ok ok o ok sk ook ok ok ok ol okl o ool e ok o e o ok el koo o ok

NUMBER OF LAYERS 72 3 3 2 3 2 1
************************************************************************

LAYER DEPTH {INCHES)

o(l1) 1.00 - 1.00 I.OO 6.00 6.00 6. 00 6.00
D(2) 20,00 4.00 4,00 4.00 4,00 20,00
D(3) 20.00 6. 00 6.00

‘**********#******************************#*************#**************#*
s e e e o o oke 3k 36 e s ok ok ok s sk e gk ol o skt ok ok ek oo ok ek ke ool o s ok ok ok ko ol ok ekl 3k ok koo ok ok X

NO.OF PERF.PERIODS 3 4 4 3 3 3 4
#***#*#****##***#*******#**************************#********************

PERF. TIME (YEARS).

S T(1) 7.2 4.5 2.1 505 6.6 Tt 2.5
T(2) 18.2 10.4 7.2 13.9 16.2 18.9 7.7
T(3) 33.0 17.5 13.7 22.3  28.5 34,8 14.2
T{4) , . 2641 21.6 22.1

Aok ROk Rk R R RO KRR R ok ok ok R R kR kol otk S oR O R ROk oR ok ki ook tok Rk lok otk K
OVERLAY POLICY{INCH)
(INCLUDING LEVFL ued

ot1) 1.5 1.5 3.5 1.5 1.5 1.5 3,0
o(2) o 1.5 1.5 1.5 1.5 1 5 1.5 1.5
0{3) - , 1.5 1.5 , 1.5
s e 3 o o e o o ko e g ok ok o ol e sk ki ok o o ek ok e ko ek o ke ok ok e o ok ok e ok i o e ke ol ook ko dk ko ek dokok ok ok
NUMBER OF SEAL COATS 0 0 n 0 0 0 0

'*****#********************************#**********#*******************#**

SEAL COAT SCHEDULE

{YEARS)
»*##***********#*****#**********************#****************************

THE TOTAL NUMBER OF FEASIBLE DESIGNS CONSIDERED WAS 7
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