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PREFACE AND L1STING OF PREVIOUS REPORTS 

This is the eleventh report issued under Research Study 1-8-69-123, 

A Systems Analysis of Pavement Design and Research Implementation. The 

study is being conducted by principal investigators and their staffs in 

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

Highway Research at Austin and the Texas Transportation Institute at 

College Station--as part of a cooperative research program with the 

Department of Transportation, Federal Highway 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 Reconunended 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. 12 3-4, "Developing A Pavement Feedback Data Sys tern, 11 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 Deflections," by F. H. Scrivner, 
C. H. Michalak, and W. M. Moore, describes a computer program which will 
serve as a subsystem of a future Flexible Pavement System founded on linear 
elastic theory. 
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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 variabl.es of the sys tern 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. J?rank Scrivner for the performance 

equation 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 

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

The contents do not necessarily reflect the official views or policies 

of the Federal Highway Administration. This report does not constitute 

a standard, specification or regulation. Reference to specific makes or 

models of computer equipment is made for idl'ntificat.i.on onl.y and does not 

imply endorsement by the sponsors of this report. 
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Abstract 

This report gives the documentation of the computer program 

FPS-9 used for implementation ot the flexible pavement design system. 

This documentation is also in machine readable form to make possible 

a continuing documentation system for updates and improvements in the 

Flexible Pavement System (FPS) series of computer programs. 

Included in this report are: 

1. Cro$S Reference tables, 

2. Input data formats, 

3. Flowcharts, 

4. Documentation of mathematical and user cost formulas, 

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

6. A variable name dictionary, 

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 part of a Systems Analysis of Pavement Design and Research, 

a cotilputer program FPS, for Flexible Pavement System; was developed 

and tested. This study provides documentation and an easily updated 

documentation system for the latest version of the computer program 

FPS-9. The text listing program used to implement the documentation 

system may be of interest for other similar projects. 
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Implementation Statement 

This documentation is planned for immediate implementation in 

the research project for Systems Analysis and Research in maintaining 

the FPS series of computer programs. To aid in this implementation 

the body of the report is available in machine readable form with the 

text editing program "TEXLIS" as well as the "FPS-9" computer program. 

It is expected that this report will aid future research for im-

proving portions of the pavement design system by aiding integration 

of new or revised program modules into the FPS computer program used 

to implement the research results. 

The published version of this report may be obtained by addressing 

your req ties t as follows : 

R. L. Lewis, Chairman 
Research & Development Committee 
Texas Highway Department - File D-8 
11th and Brazos 
Austin, Texas 78701 (Phone 512/475-2971) 

The following portions of the report are available on 80 character 

cards or tape from the address given on page one of the body of the 

report for the cost of reproduction and mailing. If a tape copy is 

desired, enclose tape and indicate whether 7 or 9 track and whether 

200, 556, or 800 BPI. The tape will be 80 character card.image records 

blocked 10 records per block unless otherwis.e specified. 

TEXLIS 

The program given in Appendix III of the report for producing an 

edited text listing together with the data to reproduce Appendix III. 
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The FPS-i computer program which is flowcharted in Appendix IV. 

FPS9 DOCU 

The data for TEXLIS which will reproduce the body of this report 

giving FPS-~ documentation. 
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PAGE 1 

THIS PAGE AND THE REMAINDER OF THE BODY OF THIS REPORT APE 
AVAILABLE ON TAPE OR 80 CHARACTER CARDS FROM THE ABOV~ ADDRESS 
FOR USE IN MAINTAINING AN INDEPENDENT DDCU~ENTATION USING THE 
'TEXLIS' PROGRAM IN THE APPENDIX 'TEXT LISTING PROGRAM DOCUMENTATION•. 

FPS-9 PROGRAM DOCUMENTATION 
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INTRODUCTION PAGE 

THE FPS-9 COMPUTER PROGRAM 1 S ONE OF A SERIES OF COMPUTER PRO­
GRAMS IMPLEMENTING THE SYSTEMS APPROACH TO PAVEMENT DESIGN. THE 
ORIGINAL FPS BY G. R. 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 1 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 ANO 2). AT THE TIME Of THE PUBLICATION OF REPORT 123-1 'A SYSTEMS 
APPROACH APPLIED TO PAVEMENT DESIGN' (REFERENCE 3), A NUMBERING 
CONVENT!ON 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, 5, 7, • • • ). THE PROGRAMS BASICALLY 
SIMILAR BUT USING THE AASHO BASED EQUATION FOR PREDICTING PAVEMENT 
PERFORMANCE WERE TO USE EVEN NUMBERS (4, 6, 8, ••• ). EACH PRO­
GRAM AS IT EVOLVED WOULD USE A FURTHER SUFFIX WHILE IN THE DEVELOP­
MENT, DEBUGGING, EVALUATION, AND TESTING STAGES (FPS-5-TTit FPS-6-
CFHR, AND FPS-11-THD AS EXAMPLESJ 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 MODIFICATIONS HAVE BEEN HADEr 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 tN 
PROGRAM MODIFICATION EFFORTS. 

THE INTENDED AUDIENCE OF THIS REPORT IS THE SYSTEMS ANALYST 
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OR PROGRAMMER WHO IS EXPECTED TO MAKE FUTURE CHANGES AND UPDATES OF 
THE FPS SER IE$ 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 1 TEXLIS' 
PROGRAM USED TO PRODUCE AN EDITED LISTING OF A DOCUMENTATION DECK. 
TKIS METHOD HAS THE ADVANTAGE THAT CHANGES IN THE PROGRAM MAY BE 
DOCUMENTED BY SIMPLE REPLACEMENT, REMOVAL, OR iNSERTION OF CARDS 
IN THE DOCUMENTATION OECK AND A PRINTING OF THE LATEST VERSION BY 
A RUN Of THE 'TEXLIS' PROGRAM. LATER IT IS ANTICIPATED THAT THIS 
DOCUMENTATION HAY BE IMPLEMENTED ON AN ON..:.LINE TERMINAL SYSTEM. 

FPS-9 PROGRAM DOCUMENTATION 
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DEFINITION OF TERMS PAGE 

A BRIEF DEFINITION OF TH£ FOLLOWING TERMS IS GIVEN AELOW TO 
AID IN UNDERSTANDING THIS DOCUMENTATION AND THE OUTPUT OF FPS-9. 

1. PROBLEM 
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A PROBLEM IS DEFINED BY ONE SET OF DATA AS INPUT FOR THE FPS-9 
COMPUTER PROGRAM AND ON OUTPUT BY CONSECUTIVELY NUMBERED PAGES WITH 
THE SAME HEADING. A COMPUTER RUN MAY CONSIST OF ONE OR MORE PROALE~S. 

2. DESIGN TYPE 
WITHIN A PROBLEM, A UNIQUE SET OF INITIAL DESIGN MATERIALS IS 

A DESIGN TYPE. EACH DESIGN TYPF PRODUCES AN OPTIMUM DEStGN ON 
OUTPUT OR A STATEMENT THAT NO DESIGN WAS POSSIBLE FOR THAT DESIGN TYPE. 

3. INITIAL DESIGN 
WITHIN EACH DESIGN TYPE, EACH COMBINATION OF DIFFERENT LAYER 

THICKNESS POSSIBLE WITH THE GIVEN LIMITS ON THICKNESSES AND INCREMENTS 
MAKES AN INITIAL DESIGN. lF THE INITIAL DESIGN MEETS ALSO CONSTRAINTS 
OF COST AND TOTAL INITIAL DESIGN THICKNESS, IT IS A FEASIBL.E INITIAL 
DESIGN. IN THIS V~RSION 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 INITII\L DESIGN•, 1 F[ASIBLF. OVERlAY', OR 'FEASIBLE 
OVERLAY POLICY'. IF A DESIGN OR POLICY IS FEASIBLE, IT HAS MET ONE 
OR MORE CU~STRAINTS. IT MAY BE REJECTED IF WHFN COMPARED TO OTHER 
FEASIBLE DESIGNS IT IS DF HIGHER COST. 

5. BEST OVERLAY POLICY 
FOR A GIVEN INITIAL DESIGN, THE OPTIMUM OVE~LAY POLICY OBTAINED 

aY 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 TO 

THE USER, BUT AS AN AID TO MODULARIZATION, IN COMMON OR AS SUBROUTINE 
ARGUMENTS, THE FOLLOWING UNITS ~RE CONSISTENT THROUGHOUT THE PROGRAM. 

PAVEMENT OR PAVEMENT MATERIALS 
YAROS, SQUARE YAROS, DR CUBIC YAROS AS APPLICABLE. 

DISTANCES RELATED TO USER COSTS 
. MILES. 

VEHICLE SPEEDS 
MILES PER HOUR. 

TIME 
YEARS WHEN RELATED TO PAVEMENT PfRFORMANCE, HOURS WHEN RFLATEO 
TO USER COSTS. 

FPS-9 PROGRAM DOCUMENTATION 
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DEFINITION OF TERMS (CONTINUED) PAGE 

PROPORTIONS ANO INTEREST RATES 1 

ALWAYS AS A DECIMAL PROPORTION EQUAL TO (PERtENTAG£/100.01. 

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 TIME. 

FPS-9 PROGRAM DOCUMENTATION 
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INPUT DATA FOR FPS-9 PAGE 

INPUT DATA FUR FPS-9 IS GNE OR MORE SEtS OF CARDS, ONE SET FOR 
EACH PROBLEM. AFTER THE LAST PROBLEM THERE SHOULD BE ONE OR MORE 
BLANK CAR OS. 

EACH PROBLEM IS DESCRI~EO HY TEN DR MORE CARDS AS A SET. 
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A StT OF CARDS IS COMPOSED OF EIGHT CARDS IN ORDER FOLLO~EO BY A 
GROUP OF MATERIAL PROPERTY CARCSt ONE FOR EACH MATERIAL TO BE 
CONSIDER[!) FOR THE PROBLEM ANC ONE FOR THE SUB-GRADE CHARACTERISTICS. 

THE INFORMAl ION ON THE INPUT CAf.~OS IS GIVEN BELOW. ALTHOUGH 
THE fORMATS APPEAR TO BE CCMPLFX, ~ITH THE tXCEPTION OF THE HEADER 
CARD ANO THE MATERIAL PROPERTY CARDS, EACH VARIABLE IS [N A 10 
CHARACTER FIELD. IF THE 'REAL' VARIABLES (BEGINNING WITH LETTERS 
A-H~ n-Zl ARE PUNCHED WITH A DECIMAL AND 'INTEGER' VARIABLES 
CREGINNING WITH LETTERS I THQGUGH N) ARE RIGHt JUSTIFIED IN THEIR 
FIELDS1 THE FORMATS OF CARDS TWO THROUGH EIGHT MAY BE IGNORED. 

SOMF VARIABLES HAVE BEEN RENAMED FROM EARLIER VERSIONS OF THE 
P f<.OGR.:AM SCI THAT A CAREFUL D l S TIC T I ON COULD BE MADE BET WE EN THOSE 
VALUES WHICH ARE INPUT IN UNITS CONVENIENT FOR THE USER AND THE 
VALUES WHICH ARE IN UNITS CONVENIENT FOR CALCULATION IN THE RE­
MAINDER OF THE FPS COMPUTE~ P~OGRAM. 

******•**********************CARD 1************************************* 
HEADER CARD FORMATCA4, 6X, 16A4} 

NPROB '- PRURLEM NUMBER, A1'4Y CHARACTERS IDENTIFYING THE PROBLEM 
COLUMNS l-4 * 

A~2 - PROBLFM OfSCRIPTION, ADDITIONAL PROBLEM IDENTIFICATIDN. 
COLUMNS 11-74 * 

* NOTE - A BLANK CARD (NPROB AND FIRST FOUR CHARACTERS OF AN2 AS 
BLANKS) AS A HEADER CARD WILL FLAG THE END OF O~TA~ 

*****************************CARD 2************************************* 
MISCELLANEOUS INPUTS FORMATC2110, 2Fl0.2, 1101 

NMH-THE NUMBER OF OUTPUT PAGES FOR THE SUMMARY TASLE(B DESIGNS/PAGE). 
NMR CAN ONLY HAVE THE VALUF 1, 2, OR 3. 
COLUMN 10 

NM-THE TOTAL NUMBER OF MATERIALS AVAllABLE,EXCLUDING SUBGRADE. 
NM AS AN INPUT VALUE IS ~OT REQUIRED Af\4D IS IGNOR~D IN THIS 

VERSION OF FPS, IT IS CBTAINED INSTEAD BY COUNTING TH~ MATER­
IAL PROPERTY CARDS. 
COLUMNS 11-20 IGNORED 

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

FPS-9 PROGRAM DOCUMENTATION 
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INPUT DATA FOR FPS-9 (CONTINUED) 

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

NL-THE NUMBER OF LANES ON THE HIGHWAY, BOTH DIRECTIONS 
COLUMNS 41-5:0 

PAGE 6 

*****************************CARD 3************************************* 
PERFORMANCE EQUATION VARIABLES FORMAT(5Fl0.2, 2F10.4t 

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

PSI-THE SERVICfABILITY 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 61-70 

*****************************CARD 4************************************* 
THE TRAFFIC VARIABLES FORMAT(3FlO.O, Fl0.2, 110) 

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

R20 - ONE-DIRECTION AVERAGE DAILY TRAFFIC 20 YEARS AFTER 
CONSTRUCTION. 
COLUti4NS 11-20 

FPS-9 PROGRAM DOCUMENTATION 
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INPUT DATA FOR f-PS-9 (CONTINUED) 

X f·U 0 - TH E 2 0 Y E A R A C C U M • 18- K l P A X L E t Q U I V • 
COLUMNS 21-30 

PAGE 

PRlJPCT -PERCENT OF AOT WHICH WILL PASS THROUGH THE OVEKLAY ZONE 
DURING EACH HOUR WHILE CVERLAYING TAKES PLACE(NORMALLY ABOUT 
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6 PERCENT FOR RURAL AREAS , 5.5 PERCENT FOR URBAN AREAS, AND 
ABOUT 4.2 If TRAFFIC IS EVENLY DISTRIBUTED DURING THE 24 HOURS), 

Cl1LUMNS 31-40 

ITYPf-IS A CODE FOR THE TYPE Of- ROAD UNDER CONSIOERATlON. 
ITYP£=1 DESIGNATES A RURAL ROAD AND ITYPE=2 DESIGNATES AN 
URRAN ROAD. All OTHER VALUE ARE INVALID. 

COLUMN 50 

*****************************CARD 5*********.*************************•* 
THE VALUES OF THF CONSTRAINT VARIABLES FORMAT(4Fl0.1, 4F10.2J 

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

XTBO-THE MINIMUM AllCWED TIME BETWEFN OVERLAYS PERMITTED~ 
COLUMNS ll-20 

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

~RSC-THE TfME 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 ALLOWABLf TCTAL THICKNESS OF INLTIAL 
C 0 N S T RU C T ION • 
COLUMNS 51-60 

OMININ- THE MINIMUM THlCK~ESS OF AN lNClVIDUAL OVERLAY. 
COLUMNS 61-70 

OMAXlN - THE ACCUMULATED MAXIMUM THICKNESS OF All OVERLAYS •. 
COLUMNS 71'-80 

*****************************CARD 6************************************* 
OVERLAY PARAMETERS ASSOCIATED WITH USER CCSTS FORMAT(6Fl0.2, 2110) 

ACPR-ASPHALTIC CONCRETE PRCOUCTION RATE{TONS PER HOUR) 
COLUMNS l-10 

fPS-9 PROGRAM DOCUMENTATION 
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INPUT DATA FOR FPS-9 (CONTINUEDt PAGE 

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

XLSO-THE DISTANCE,MEASURED ALONG THE C.L.,OVER WHICH TRAFFIC IS 
SLOWED IN THE OVERLAY DIRECTION (LS0 IN USER COST TABLES 
APPENDIX). 

COLUMNS 21-30 

XLSN-THE DISTANCE,MEASURED ALONG THE C.L •• OVER WHICH TRAFFIC IS 
SLOWED IN THE NON-OVERLAY DIRECTION {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 M00El=5 (LSD IN USER 
COST TABLES APPENDIX). 

COLUMNS 41-50 

· HPO-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*PROPCTt 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 

8 

*****************************CARD 1************************************* 
)01TIONAL PARAMETERS ABOUT USER COSTS ASSOCIATED WITH OVERLAYS 

.3RMAT(2Fl0.2, 2F10.4, 3Fl0.2, 110) 

PP02 - 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 0~ EQUIPMENT. 

COLUMNS 11-20 

D02-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 

ON2-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 
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INPUT OATA FOR FPS-9 (CONTINUlDJ PAGE 

AA~-THE AVERAGE APPROACH SPEEU TO THE OVERLAY AREA, WILL BE THE 
SAME FOR BOTH DIRECTIONS. (MILES PER HOUR) * 

COLUMNS 41-50 

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

COLUMNS ~1-60 

ASN-THE AVERAGE SPEEO THROUGH THE OVERLAY AREA, IN THE NON­
OVERLAY DIRECTION. (MILES PER HOURt * 

COLUMNS 61-70 

MODEL-THE MODEL NUMBER WHICH UESCRIBES THE TRAFFIC SlTUATION. 
{ 0 NL Y NUMBERS l , 2 , 3 , 4, OR 5 ARE VAL I D) 

COLUMN 80 

* NOTE ALTHOUG~ SPE~DS MAY BE INPLT AS ANY VALUE, THEY WILL BE 
ROUNOED TO THE NEAREST lO MPH WITHIN THE TABLE LIMITS UF 60 
MPH AS GIVEN IN THE APPENDIX ON USER COSTS. 

9 

*****************************CARD 8************************************* 
MAlNTENANCE COSTS, SEAL COAT COSTS~ TIMf VALUE OF MONEY 
FORMAT( 4F 10.2) 

CMl-ANNUAL ROUTINE MAINTENANCE COST PER LANE MILE FOR THE FIRST YEAR 
AFTER CONSTRUCTION OR AN OVERLAY. 
COLUMNS 1-10 

CM2-ANNUAL INCREMENTAL INCREASE IN ROUTINE MAINTENANCE COST PER 
LANE MILE. 
COLUMNS ll-20 

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

PClRAT - THE INTEREST RATE OR TIME VALUF CF MONEY, IN PERCENT. 
·cOLUMNS 31-40 

F PS-9 PROGRAM DOCUMENT AT I ON 
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INPUT OATA FOR FPS-9 (CONTINUED) PAGE 10 

************************************************************************ 
MATERIAL PROPERTY CARDS (TWO TO ELEVEN CARDS STARTING WITH CARD 9l 

************************************************************************ 
CONSTRUCTION MATERIALS, THEIR PROPERTIES, AND ASSOCIATED CONSTRAINTS. 
FORMAT(3X, I1, 3X, A1, 3X, 6A3, F6.2, 4F8.2) 

THE COLUMN DESCRIPTIONS ARE AS FOLLOWS--

FIRST FIELD--1 COLUMN - (LAVER - THE LAVER NUMBER IN WHICH THE 
MATERIAL MAY BE USED. (MUST NOT BE GREATER THAN 6) 

NOTE THAT THE FIRST FIELD MUST BE BLANK OR ZERO FOR SUBGRAOE. 
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 COLUMNS-THE IN-PLACE COST PER COMPACTED CUBIC YARD. 
THIS FIELD NOT APPLICABLE FOR THE SUBGRADE. 

COLUMNS 30-35 

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

SIXTH FIELD--S COLUMNS-THE MINIMUM LAYER THICKNESS ALLOWED. 
THIS FIELD NOT APPLICABLE FOR THE SUBGRAOE. 

COLUMNS 44-51 

SEVENTH FIELD-BCOLUMNS-THE MAXIMUM LAYER THICKNESS ALLOWED. 
THIS FIELD NOT APPLICABLE FOR THE SUBGRADE. 

COLUMNS 52-59 

EIGHTH FIELD-S COLUMNS-SALVAGE VALUE PERCENTAGE OF THE MATERIAL. 
THIS FIELD NOT APPLICABLE FOR THE SUBGRADE. 

COLUMNS 60-67 

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

BY THE FIRST FIELD, AND THE SUBGRADE CARD MUST BE LAST. 
IN OTHER WORDS, All LAYER 1 CARDS MUST BE FIRST, FOLLOWED BY 
ALL OF THE LAYER 2 CARDS, ••• , AND LAST MUST BE THE SUBGRAOE 
CARD WITH THE ILAYER FIELD BLANK OR ZERO. THERE MUST BE AT 
LEAST ONE MATERIAL FOR EACH LAVER. 

LAYER l IS THE SURFACE LAYER, ASPHALTIC CONCRETE. 

OVERLAYS WILL BE ASSUMED TO BE CONSTRUCTED OF THE SAME 
MATERIAL AS THE SURFACE LAYER. 

************************************************************************ 

FPS-9 PROGRAM DOCUMENTATION 
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SAMPLE INPUT DATA PAGE ll 

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

EACH EIGHTY CHARACTER CARD IS SHOWN ON TWO LINES, COLUM~S ONE 
THROUGH 60 ON THE FIRST LINE, FOLLOWED BY DASHES, COLUMN 61-80 ON 
THE SECOND LINE, PRECEEDED HY DASHESt OTHERWISE IT IS THE fXACt 
DATA USED FOR THE TIMING EXPERIMENTS AND TO PRODUCE THE EXAMPLE 
OUTPUT IN THE APPENDIX. COMMENTS ON THE FOUR SAMPLE DATA PROBLEMS 
ARE ALSO I~CLUOED IN THIS SECTION. 

PROBLEM T-1 
COLUMN NUMBERS 

1 2 3 4 5 
•••• s •••• o •• ~.s .•.• o •••• s •••• o •••• s •••• a •••• s •••• o$ ••• 5 •••• 0--------

7 8 
-----------~------------------------------------ •••• s •••• o •••• s •••• o 

T-1 tEST DATA SIMILAR TO 123-1 REPORT ON FPS-3 
------~-----------------------------------------

3 20.0 12.0 4 

------------------------------------------------
30.0 4.2 4. 2 3.0 1.50 0.07 --------

0.02 . . 
_________ ._.... _____________________________________ _ 

12000. 18000. 2.0E06 6.0 l --------
2.0 s.o 5. 0 3.0 5.0 36.0 --------

0.5 8.0 
75.0 1.80 o. 5 0.5 10.0 --------

1 2 
2.0 o.o o. l 0.1 60.0 40.0 --------

---~----·----------------------------------------- 55.0 3 
50.0 20.0 1500.0 5.0 --------

1 A A~PHALTIC CONCRET 10.0 .82 1.00 10.0 
------------------~-----------------------------45.0 

2 L CR. LIMESTONE-I 5.0 .55 6.00 l&.O 
------------------------------:...--------·---------7 5. 0 

2 G GRAVEL-l 3.0 0.35 6.00 · 16.0 
--------·--------------:...-----------------------1 00.0 

3 G GRAVEL-l 3.0. 0.~5 6.00 16.0 
---------- -------:---------------:...--------------'----1 00 .{1 

SUBGRAOE 0.22 

THIS PROBLEM WAS PRFPARED TO BF SIMILAR TU THE TEST DATA 
IN REPORT 123-l (REFERENCE 3). THE VALUES nr SWELLING CLAY WERE 
CHANGED TO RE~LECT THE NEW MODtL AND THE SERVICEABILITY lNDEX AFTER 
OVERLAY WAS MADE THE SAME AS THE SERVICf:ABILITY LNPEX AfTf:R INITIAL 
CONSTRUCTION FOR THE FPS:-9 PERFORMANCE EQUATION. THE MATFRIAL 
'GRAVEL-l' WAS INCLUDED FOR EITHER LAYER 1 OR LAYER 2 TO ILLUSTRATE 
THE ADVANGAGE OF THIS CAPABILITY IN FP$:...9. 

FPS-9 PROGRAM DOCUMENTATION 

II 



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 PROBLEM. 

IF THE INPUT VALUE OF THE MAXIMUM THICKNESS OF ASPHALTIC CONCRETE 
HAD BEEN LESS, A SAVING IN CO~PUTER TIME WOULD HAVE RESULTED SINCE ONLY 
THE ONE LAYER DtSIGN WOULD HAVE BEEN AFFECTED IN THE OPTIMUM DESIGNS 
OUTPUT. IT MAY BE NOTED THAT ALL OTHER DESIGNS USING MORE THAN ONE 
LAYER WERE OF MUCH LOWER CDST AND HAD ASPHALTfC 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 
•••• s •••• o •••• 5 •••• o •••• 5 •••• o •••• 5 •••• o •••• 5 •••• o •••• 5 •••• o--------

7 8 
------------~------------------------·--------- ••.• s .... o~ •.• s •.•. o 

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 0.0600--------
-------------~---------------------------------- 0.05 

1600. 3200. 800000. 5.0 1 --------

5.0 5.0 22. 22. 7.50 24.00--------
o. 50 4.'5 

80 2.00 1.0 1.0 o.o 10 --------
1 1 

1.00 1.00 o. 01 0.01 60 20 --------
------------------------------------------------ 30 5 

50.00 20.00 o.oo 7.0 

1 A ACP 16.00 0.95 1.50 2.00 --------
------------------------------------------- 50.0 

2 8 ASPH STAB BASE 11.00 0.85 2.00 8.50 --------
------------------------------------------------ 60.0 

2 X EXISTING RASE 0.00 0.46 14.00 14.00 --------
----------------------------------------- 100.0 

3 X EXISTING BASE 0.00 0.46 14.00 14.00 --------
------------------------------------------------ 100.0 

SUBGRADE 0.24 

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 PREVIOUS PROBLEM PRIMARILY BECAUSE OF THE LESSER NUMBER 

FPS~9 PROGRAM DOCUMENTATION 
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SAMPLE INPUT DATA (CONTINlJF:D) PAGE 13 

OF ASPHALTIC CONCRETE LAYER THICKNESSES. 
SEAL COAT EXPENSES WER~ INCLUDED IN ANNUAL MAINTENANCE. THE 

DELETION OF 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 
•••• s •••• o •• ~.s •••• o •••• s.~ •• o •••• s •••• o •••• s •••• 0 •••• s •••• o--------

7 8 
---~-~-~--~-~------------------------------..:...---- •••• 5 •••• o •••• 5 .•••• o 

T-3 HEAVIER TRAFFIC, FRONTAGE ROAD WITH LIGHT. 
-----------··----~--------------------------------

l 2 20.0 12.0 6 

26.00 4.20 4.20 3.0 1.50 0.08 --~-----
----~---- ~ _________ ....,. ___ ...._ _______ -...,.____________________ (). () 5 

15000 •. 25000. 3.45E+06 5. 5 2 -------- __ _.. ______ ..... ______________________________ _ 
2.0 s.o 30.0 30.0 4.0 25.0 --------

1.0 s.o 
75.0 2.0 ·1. 00 o. 1.10 8. ---------

2 3 
10.0 o.o e0l67 o.o 50.0 30-. 0 --------

-------------------------~---------------------- 50.0 5 
25.0 10.0 1 500. 0 6.0 

-----------~-------~----------------------------
1 A ASPHALTIC CONCRETE 24.0 0.90 1.0 6.r --------

------------------------------------------------ 25.0 
2 S CRUSH~O STONE 4.0 0.65 4.0 20.o0 --------

-----------------------.------------------------- 100.0 
3 G GRAVEL-l 3.0 0.35 6.0 20. --------

----------------------------------~------------- 80.0 
SUBGRADE 0.24 

THIS PROBLEM ILLUSTRATES HOW A DETOUR ONTO A FRONTAGE ROAD WITH 
A TRAFFIC LfGHT MAV BE SIMULATED BY SUBSTITUTING INTO THE PROPORTION 
OF VEHICLES STOPPED BY OVERLAY EQUIPMENT THE PROPORTION OF VEHICLES 
STOPPED BY A TRAFFIC LIGHT ON THE FRONTAGE ROAD DETOUR. 
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SAMPLE INPUT DATA (CONTINUED) PAGE 14 

PROBLEM T-4 
COLUMN NUMBERS 

1 2 3 4 5 6 
•••• 5 •••• o •••• 5 •••• o •••• 5 •••• o •••• 5 •••• o •••• 5 •••• o •••• 5 •••• o----~---

7 8 
-----~------------------------------------------ •••• s •••• o •••• s •••• o 

T-4 SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. --------
1 2 20.0 12 .o 6 --------

~-----------------------------------------------
26.00 4.20 4.20 3.0 1.50 o.o8 --------

0.03 
15000. 2 5000. 3.45E+06 5.5 2 -------

2.0 5.0 30.0 30.0 ioo. 26. --------
------------------------------------------ 0.5 10. 

75.0 2.0 1.00 o. 1.10 8. 
______ ..... _ 

2 3 
10.0 o.o .0167 o.o 50.0 30.0 --------

50.0 5 
25.0 10.0 1500.0 6.0 --------

---------------~--------------------------------
1 A ASPHALTIC CONCRETE 24.0 0.90 1.0 1.0 --------

------------------------------------------------ 25.0 
1 A ASPHALTIC CONCRETE 24.0 0.90 6.0 6.0 --------

------------------------------------------------ 25.0 
2 S CRUSHED STONE 4.0 0.65 4~0 4.00 --------

--------------------------------~--------------- 100.0 
2 S CRUSHED STONE 4.0 0.65 20. 20.0 --------

------------------------------------------------ 100.0 
3 G GRAVEL-l 3.0 O. 35 20. 20. --------

----------------------------------------------- 80.0 
3 G GRAVEL-l 3.0 0.35 6.0 6.0 --------

------------------------------------------------ 80.0 
SUBGRADE 0.240 

-----·---

THIS SET OF DATA, SIMILAR TO PROBLEM T-3, SHOWS A METHOD OF 
OBTAINING INFORMATION ON A WIDE RANGE OF PAVEMENT "ATERIAL 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. 
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EXTFRNAL CROSS-REFERENCE TABLES PAGE 15 

THE FCLLOWIN~ TWO CROSS-REFERENCE TAB~ES ARE DESIGNED TO AID 
THE PROGRAMER OR ANALYST TO ALTER ONE PCRTION OF THE PROGRAM WITHOUT 
CAUSING UNKNOWN OR DISASTROUS EF~ECTS ON CTHER PORTIONS OF THE 
PROGRAM. 

1. SUBPROGRAM AND MAl~ CROSS REFERENCE TAbLE. 

EACH SUBROUTINE AND F0~CTION CALL IS IS LISTED DOWN THE LEFT 
WITH AN 'X' UNDER THE COLUMN FCR THE MAIN OR 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 IBM OS/360 SYSTEM. lBCOM IS THE IBM FORTRAN 
INPUT-OUTPUT SUBPROGRAM. FRXPI AND FRXPR ARE IMPLICIT FUNCTICNS 
CALLED FUR FLdAT1NG POINT AND INTEGER EXPONENTIALS RESPECTIVELY. 

2. COMMON VARIABLES CROSS REFERENCE TABLE. 

THIS TABLF LISTS EACH OF THE VARIABLES IN COMMON AND IDENTI­
FIES THf PROGRAM CR PROGRAMS hHICH USE THOSE VARIABLES AND WHETHER 
THEY ARE JUST REFERENCED (FETCHED~ AND/OR IF THE PROGRAM STORES A 
NE~ VALUE. SUBROUTINE CALLING ARGUMENTS WHICH ARE ALSO IN COMMON 
ARE IDENTIFIED. 

FPS-9 PRUGRAM DOCUMENTATION 
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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. 

******************************************************************* 
* CALLING PROGR~M NAME 

CALLED *********************************************************** 
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 v p L A s I w E A D I 
* [ (J E u A L E M R A R N D 
* N T 2 T y c R E M L y G X 

******************************************************************* 

INPUT X 

SOLVE2 X 

OUTPUT X 

OVRLAY X 

CALC X X 

USER X 

TIME X 

PWRM X 

SEAL X 

SUMARY X 

HEAONG X X X 

LAYIDX X 

- - - - - - - - - - - - -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 -----
FRXPI X X X X 

FRXPR X X 

IBCOM X X X X X X 

FPS-9 PROGRAM DOCUMENTATION 
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TABLE 2. REFERENCES TO COMMON 

F = FETCH FCR COMPUTATION OR PRINTING 
S : STORF A NEW VALUE IN CORE 
A =CALLING ARGUMENT USED IN A SUBROUTINE CALL 

*********************************************** 
VARI- * PROGRA~ NAMl 
ABLES ***************~****~**************~***** i 

IN * S 0 0 
COM- * I 0 U V 
MON * M N L T R C U T 

*A P V P L A S I 
* I U E U A l E M 
* N T 2 f Y C R E 

*********************************************** 
A S F 

.AAS SF ·f 

ACCO SF F 

ACPR SF F 

ALPHA Sf F f 

AN2 A SFA A 

ASN SF F 

ASO SF F 

B SF F 

BB SF 

B ONE SF F 

CINT s f 

CL SF F AF f 

CMAX SF F 

COST s F F 

Cl s A 

C2 s A 

FPS-9 PROGRAM DOCUMENTATION 
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TABLE z. (CONTINUED) REFERENCES TO COMMON PAGE 18 

*********************************************** 
VARI- * PROGRAt-1 NAME 
ABLES ***************************************** 

IN * s 0 0 
COM- * I 0 u v 
MON * M N l T R c u T 

* A p v p L A s I 
* I u E u A L E M 
* N T 2 T y c R E 

*********************************************** 
DATA F SF F 

DN2 SF F 

002 SF F 

DMAX s F F 

OM IN s f F 

DOVER SF SF FS F 

GAMMA SF F 

HPD SF F 

INDEX SF F 

I PAGE A SA A 

I TYPE SF f 

KT s SF F SF 

lAYER SF f. F F F 

MATYPE SF 

MODEL SF F 

NLO SF F 

NLRN SF F 

NLRO SF F 

NM F SF F ----
NMB FA SF F 

NPROB A SFA A 

FPS-9 PROGRA~ DOCUMENTATION 
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TABLE 2. ( CONT lNUEDJ REFERENCES TO COMMON PAGE 

*********************************************** 
VARI- * PROGRAM NAME 
ABLES **********************************•****** 

IN * s 0 0 
COM- * I c u v 
MON * M N L T R c u T 

* A p v p L A s I 
* I tJ E u A L E M 

* N T 2 T y c Ri E 
*********************************************** 
OVCOS T ---: s F 

OVlNC s F 

DVM AX SF F F 

OVMIN SF F 

OVSALV s F 

UVSTR s F S tE NOTE 

PN2 SF F 

P02 SF F 

PROP SF F 

PSI SF F 

PSVGE s F 

Pl SF F F. 

P2 Sf F 

P2P SF F 

RATE SF AF F 

RC SF F F 

RO SF F F 

sc SF ---
sec s A 

------------------------------------------------
NOTE 

OVSTR IS REFERENCED ONLY FOR PRINTING IN 
IN COMMON FOR PLANNED FUTURE CHANGES IN fPS. 
VERSIONS OF FPS USE THE STRENGTH OF THE FIRST 
STRENGTH COEFFICIENT. 

FPS~9 BUT IS INCLUDED 
FPS-9 AND EAKLIER 
LAYER AS THE OVERLAY 

FPS-9 PROGRAM DOCUMFNTATION 
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TABLE z. (CONTINUED) REFERENCES TO COMMON 

*********************************************** 
VARI- * PROGRAM NAME 
ABLES ***************************************** 

IN * s 0 0 
COM- * I 0 u v 
MON * M N L T R c u T 

* A p v p l A s I 

• I u E u A L E M 
* N T 2 T y c R E 

*********************************************** 
TBSC 

TCKMAX 

TMIN 

TT 

TTSC 

UPLEVL 

X INC s 

XLSO 

XLSN 

XLSO 

XNC 

XTBO 

XTTO 

z 

s A 

Sf F F 

s A 

SAF 

s A 

s F F --
FS F 

Sf 

SF 

SF 

SF ---
Sf 

Sf F 

s f 

FPS-9 PROGRAM DOCUMENTATION 
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NAME D I C T 10 NARY PAGE 21 

THF NAME DICTIONARY DOCUMENTS EACH OF THE VARIABLES IN 
COMMON AND THOSE PASSED AS SUBROUTI~E ARGUMENTS. VARIABLES LOCAL 
ONLY TO A GIVEN SUBPROGRAM MAY BE MORE EASILY DOCUMENTED WITH COM­
MENT CARDS IN THE PROGRAM LISTING. 

SIGNIFICANT CIFFERENCES IN THE USE OF A VARIABLE IN THIS AND 
PREVIOUS VERSIONS OF FPS ARE NOTED. 

THE UNITS, SUCH AS FEFT OR YEARS, WHICH EACH VARIABLE IS ASSUMED 
IN THE PROGRA~ ARE GIVEN WITH A NOTATION lF DIFFERENT FROM EARLIER 
VERSIONS OF THE FPS PROGRAM. THE SECTION ON DEFINITION OF TERMS 
MAY RE USED FOR GENERAL INFORMATION OF THE UNITS UF OF 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 APPROACH SPEED TO THE OVERLAY AREA, ASSUMED TO BE 
THE SAME FOR ROTH DIRECTIONS (MILES PER HOURJ. 

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

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

ADT ONE-DIRECTION AVERAGE CAllY TRAFFIC AT A GIVEN POINT IN TIME, 
CALCULATED IN 'OVRLAY', FOR 'USER' SUBROUTINE. 

ALPHA THE DISTRfCT OR REGIONAL TEMPERATURE CONSTANT. 

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

AN2 AN ARRAY(l6 WORDS) OF ALPHANUMERIC CHARACTERS ASSOCIATED 
~ITH THE PAVEMENT SYSTEM, USED FOR PAGE HEADINGS. 

ASN THE AVERAGE SPEED THROUGH THE OVERLAY ARFA, IN THE 
NON-OVERLAY DIR£CTION. (MILES PER HOUR) 

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

B AN ARRAY Of TERMS FOR THF SCI EQUATION, SELECTEO FROM ARRAY BB 
[N 'MAIN' FOR USE BY 'CALC'. 

BR AN ARRAY, GNE TERM OF THE SCI EQUATION FOR EACH MATERIAL. 

8COST THE CALCULATED COST PER SQUARE YARD OF THE BEST OVERLAY 
POLICY WITH EACH OESIG~. 
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NAME DICTIONARY{CONTINUED) PAGE 22 

BDEXT AN ARRAY OF OVERLAY THICKNESSES FOR THE BEST OVERLAY POLICY. 

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

BIP ACCUMULATED SURfACE CURVATURE TERM DUE TO SWELLING CLAY, 
CALCULATED IN 1 TIME 1 , USED IN 'OUTPUT' AND '0VRLAY 1 TO 
CALCULATE THE NEXT BI TERM. 

BONE NON-TRAffiC OETERIORATCN PARAMETER; THE CONSTANT WHICH 
DETERMINES THE EFFECT THAT SWELLING CLAY WILL HAVE UPON THE 
SERVICEABILITY LOSS OF THE PAVE~ENT DURING A FiNITE 
TIME INTERVAL. 

BPOCCT PRESENT WORTH OF OVERLAY CONSTRUCT ION COST FOR THE BEST OVER­
LAY POLICY FOR A GIVEN INITIAL DESiGN. 

BPRM THE PRESENT WORTH VALUE Cf THE ROUTINE MAINTENANCE FOR THE 
BESt OVERLAY POLICY (PRESENT VALUE DOLLARS PER SQUARE YARD). 

BPTUC THE PRESENT WORTH VALUE OF TOTAL USER-COSTS FOR THE BEST OVER­
LAY POLICY. (PRESENT WORTH DOLLARS PER SQUARE YARD). 

BPWSCC THE PRESENT WORTH VALUE OF SEAL COAT COSTS FOR THE BEST OVER­
LAY POLICY (PRESENT·VALUE DOLLARS PER SQUARE YARD). 

BSAL THE PRESENT WORTH OF THE SALVAGE VALUE TO BE SUBTRACTED 
FROM OTHER COSTS FOR THE BEST OVERLAY POLICY OF A DESIGN. 

BTSC AN ARRAY Of TIME PERIODS BETWEEN SEAL COATS FOR THE BEST 
OVERLAY POLICY (YEARS). 

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

CINT THE FIRST TERM IN THE SCI EQUATION, CALCULATED IN 'MAIN' 
AND USED BY 'CALC'. 

CL THE LENGTH Of THE ANALYSIS PERIOD IN YEARS. 

CMAX THE MAXIMUM COST PER SQUARE YARD THAT IS TO BE ALLOWED FOR 
INITIAL CONSTRUCTION (DOLLARS). 

CMl ANNUAL ROUTINE MAINTENANCE COST PER LANE MILE FOR THE FIRST 
YEAR AFTER CONSTRUCTION Of AN OVERLAY (VERSION 9, SE€ Cl). 

CM2 ANNUAL INCREMENTAL INCREASE IN ROUTINE MAINTENANCE COST PER 
LANE MILE(VERSION ~' SEE C2l. 

CODE AN ALPHABETIC CODE LETTER, FOR DATA, ASSOCIATED WITH EACH 
LAYER Of THE CURRENT DESIGN. 

COST THE COST PER UNIT OF THICKNESS OF THE JTH LAYER. COST(J) 
DETERMINED FROM DATA( ,9) USING INDEX AND ILAYER. 
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NAME OICTIONARYCCONTINUEO) PAGE 23 

Cl FIRST YEAR MAINTENANCE COST PER SQUARE YARD FOR THE FIRST 
YFAR AFTER CONSTRUCTION Of AN OVERLAY, CALCULATED FROM CMl. 

C2 ANNUAL INCREMENTAL INCREASE IN ROUTINE MAINTENANCE COST PER 
SQUARE YARO. 

DATA AN ARRAY WITH A ROw(lST SUtlSCRIPT) FOR EACH MATERIAL. SEE 
ALSO !LAYER. 
SOME VERSIONS OF FPS DIFFER IN THE USE OF THE DATA ARRAY. 
DATA( ,U IS THE INCREMENT IN THI~KNESS OF THE MATERIAL. 
DATA ( , 2) tS A ONE CHARACTER ALPHA t--UMERIC PRlNTED OUT FOR 

REFERENCE IN 'SUMARY 1 • 

DATA( ,3), THRU ,DATA{ 1 8) IS 18 ALPHANUMERIC CHARACTERS 
ASSOCIATED WITH EACH MATERIAL. 

DAJA( ,9) THE IN-PLACE COST PER COMPACTED CUBIC YARD. 
DATA( ,lOt THE STRENGTH COEFFICIENT FOR THE THIS MATERIAL. 
DATA( ,lU THE MINIMUM LAYER ThiCKNESS. 
DATA{ ,12) THE MAXIMUM LAYER tHlCK~ESS. 
DATA( ,13) THE SALVAGE VALUE PERCENTAGE FOR THIS MATERIAL. 

DELD THE OVERLAY THICKNESS (YAROS, EARLIER VERSIONS INCHES). 

DDN2 THE SAME AS DN2, SOME VERSIONS Of FPS. 

0002 THE SAME AS 002, SOME VERSIONS OF FPS. 

OMAX AN ARRAY, ONE MAXIMUM LAYER THICKNESS PER LAYER, FOR T~E 
CURRENT DESIGN (YAROS, EARLIER VERSIONS INCHES). 

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

DN2 AVERAGE TIME STOPPED (IN HDURS) CF VEHICLES TRAVELING IN THE 
NON-OVERLAY DIRECTION BY OVERLAY EQUIPMENT AND PERSONNEL. 

DOVER AN ARRAY OF CALCULATED LAYER THICKNESSES FOR A DESIGN {YARDS, 
EARLIER VERSIONS INCHES). 

002 AVERAGE TI~E STOPPfD (IN HOURS) OF VEHICLES TRAVELING IN 
THE OVERLAY DIRECTION BY OVERLAY EQUIPMENT AND PERSONNEL 
IN THE RESTRICTED ZONE. 

GAMMA A SWELLING CLAY PARAMETEK USED BY •TIME' IN CALCULATION 
Of SERVICEABILITY LOSS OVER TIME. 

HPD THE NUMBER OF HOURS PER DAY THAT OVERLAY CONSTRUCTION TAKES 
PLACE. 

·r THE NUMBER OF PERFORMANCE PERIODS AS USEO IN 'OVRLAY', 
•TIME•, AND PCRTIONS CF 'OUTPUT'. 

IBT THE NUMBER OF PERFOPMANCE PERIODS OF THE BEST OVERLAY POLICY. 
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ICOST A FLAG WHICH IS CHANGED FROM. ZERO TO ONE IN 1 SOLVE2' IF AN 
INITIAL DESIGN IS MORE EXPENSIVE THAN CMAX (MAXIMUM ALLOW-
ABLE COST FOR INITIAL DESIGN). . 

IDUMMY A TEMPORARY ARRAY USEQ TO PRINT VALUES FROM THE POLICY 
ARRAY IN INTEGER FORM. 

ILAYER 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) 

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

IPAGE A PAGE COUNTER USED FOR HEADINGS. 

IPOSS AN ARRAY OF NMDGN(THE DESIGN NUMBER) OF DESIGN TYPES WHICH 
HAVE AN OPTIMUM DESIGN (ONE OR MORE FEASIBLE COMPLETE DESIGNS). 

ISKIP A FLAG WHICH IS CHANGED FROM ZERO TO ONE BY 'SOLVE2 1 IF 
AN INITIAL DESIGN IS THICKER THAN TCKMAX (TOTAL THICKNESS 
ALLOWED). 

ISW A FLAG SET NON-ZERO IN 'TIME' TO INDICATE AN OVERLAY 
OR INITIAL DESIGN LIFE LESS THAN THE MINIMUM TIME TO THE 
NEXT OVERLAY. 

lSWOV A FLAG SET EQUAL ISW IN '0VRLAY 1 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. 

ITIME INTEGER OF TPRIM, ROUNDED TO THE NEAREST YEAR. 

ITYPE A CODE FOR THE TYPE OF ROAD (RURAL OR URBAN) FOR THIS 
DESIGN. 

ITYPE=l DESIGNATES A RURAL ROAD 
ITYPE=2 DESIGNATEA AN URBAN ROAD 

KNTOL WITHIN A PROBLEM, THE NUMBER OF COMPLETED FEASIBLE DESIGNS 
(~EASIBLE INITIAL DESIGNS WITH A FEASIBLE OVERLAY POLICY), 
INITIALIZED IN 1 MAIN', COUNTED IN 'OUTPUT•. 

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

KT AN ARRAY OF COUNTERS, INITIALIZED FOR EACH DESIGN TYPE, USED 
IN THE OUTPUT OF THE PROGRAM ACTIVITY REPORT IN FPS-9. 
KT(U INITIAL DESIGNS 
KT(2t FEASIBLE INITIAL DESIGNS 
KT(3) OVERLAYS 
KT(4t FEASIBLE OVERLAYS 
KT(5) OVERLAY POLlCIES 
KT(6} FEASIBLE OVERLAY POLICIES 
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KT(7) FEASIBLE CC~PLETE DESIGNS. 

LAST A FLAG WHICH IS SET NUN-ZERO BY SUHROUTINE 'INPUT• TO SIGNAL 
THE END OF DATA. 

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

LPl THE NUMBER OF LAYERS IN A OESlGN PLUS ONE, THE SUBGRADE 
. SUBSCRIPT VALUE. 

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

MODEL THE MODEL NUMBER WHICH DESCRIBES fHE TRAFFIC SITUATION. 

NBSC THE NUMBER OF SEAL COATS FOR THE BEST OVERLAY POLICY. 

NDP THE NUMBER OF DESIGNS PER SUMMARY PAGE. 

NK THE NUMBER OF DESIGN TYPES kiTH AN OPTlMU~ DESIGN CONE OR 
~ORE FEASIBLE COMPLETE DESIGNS). 

NLO NUMBER OF LANES IN CNE-DIRECTION (~ORMAL OPERATION). 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 ASSU~ED NLO TO BE NLRO+l. 

NLRN THE NUMBER OF OPEN LANES IN THE NON-OVERLAY DIRECTION IN 
THE RESTRICTED ZONE. MUST NOT BE LESS THA~ 1 NOR GREATER 
THAN 6. 

NLRO THE NUMBER OF OPEN LANES IN THE OVERLAY DIRECTION IN ~H~ 
RESTRICTED ZONE. 

NM THE TOTAL NUMBER OF MATERIALS AVAILABLE, EXCLUDING SUBGRADE. 

NMB THE NUMBER OF OUTPUT PAGES FOR THE PROBLEM SUMMARY OF BETTER 
DESIGNS (NOP DESIGNS PER PAGEJ. 

NMBEST THE NUMRER OF BETTER DESIGNS TO BE PRINTED IN THE SUMMARY. 

NMBT THE NUMBER OF 4 CHARACTER WORDS OF LITERAL '****' TO BE 
USED AS LINES IN THE SUMMARY TAHLES. 

NMDGN A COUNTER, USED IN 'MAl~' AND 'OUTPUT' THAT K~EPS COUNT OF THE 
DESIGN NUMBER FOR THE MATERIAlS UNDER CONSIDERATION. 

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

N N AN ARRAY , US E 0 F G R lAYER I N DE X l N G IN 1 M A I N ' • 
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NOK ~FLAG RETURNED FROM 1 0VRLAY 1 • 

NOK=O A FEASIBLE OVERLAY POLICY WAS NOT POSSIBLE WITHIN 
THE CONSTRAINTS. 

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

NOK=2 THE BEST OVERLAY POLICY WAS DETERMINED. 

NPOS THE NUMRER OF DESIGN TYPES WITH NO FEASIBLE COMPLETE DESIGNS. 

NPOSS AN ARRAY OF NMDGN(THE CESIGN ~UMBER) OF DESIGN TYPES WITH 
NO FEASIBLE COMPLETE DESIGNS. 

NPROB AN ALPHANU~ERIC LITERAL ASSOCIATED WITH THE PROBLEM, USED 
FOR PAGE HEADINGS. 

NSC THE NUMBER OF SEAL COATS DURING A GIVEN PERIOD, CALCULATED 
IN SUBROUTINE 'SEAL'. 

NU~BER A COUNTER bF THE NUMBER OF FEASIBLE INITIAL DESIGNS 
AS DETERMINED BY 'S0LVE2'. 

UCOST AN ARRAY OF COSTS PER S~UARE YARC(O~E FOR EACH IPOSS) 
CALCULATED FOR EACH DESIGN WITH A POSSIBLE COMBINATION OF 
MATERIALS. 

OMININ AN INPUT VALUEr THE MINIMUM THICKNESS OF AN OVERLAY IN INCHES, 
CONVERTED TO YARDS FOR OVMIN. 

OVCOST THE OVERLAY IN-PLACE COST (DOLLARS PER CUBIC YARD, EARLIER 
VERSIONS OF FPS IN DOLLARS PER SQUARE YARD ONE INC~ THICK,. 

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

OVMAX THE ACCUMULATED MAXIMUM THICKNESS OF ALL OVERLAYS (YARDS, 
EARL If R Vf R S I 0 N S I N I N C 1-l E S ) • 

OMAXTN AN INPUT VALUE, THE ACCUMULATED ~AXIMUM THICKNESS OF ALL 
OVFRLAYS, IN INCHES, CCNVERTED TO YARDS FOR OVMAX. 

OVMIN THE MINIMUM THICKNFSS OF AN INDIVIDUAL OVERLAY (YAROS, EARLIER 
VERSIONS IN INCHES). 

OVSALV THE PROPORTION OF THE CVE~LAY COST WHICH HAS A SALVAGE 
VALUE (LESS THAN OR EQUAL ONE). 

OVSTR THE OVERLAY STRENGTH COEFFICIENT OF THE MATERIAL. 
SOME VERSICNS OF FPS ASSUME THE OVERLAY AS ADDEO THICKNESS 
OF THE FIRST LAVE~ WITH THE SAME STRENGTH COEFFICIENT. 

P INITIAL SERVICEABILITY INDEX, AT A GIVEN TIME EITHfR 
PSI OR P 1. 

PCTRAT THE TIME VALUE Cf MONEY EXPRESSED AS A PERCENTAGE FOR INPUT. 
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PCTRAT IS DIVIDED BY 100 TO OBTAIN RATE USED IN THE PROGRAM. 

PN2 THE PROPORTION OF VEHICLES THAT WILL BE STOPPED IN THE 
NON-OVERLAY DIRECTION BECAUSE OF PERSONNEL OR EQUIPMENT. 

POLICY AN ARRAY WITH A COLUMN (SECOND SUBSCRIPT) FOR EACH OF THE 
BETTER DESIGNS TO BE PRINTED IN THE SUMMARY TABLE. 
ROWS (FJ~ST SUBSCRIPT} OF THE POLICY ARRAY ARE PRESENT 
WORTH VALUES PER SQUARE YARD AND DESIGN SUMMARIES OF THE 
BFTTER DESIGNS. 

POLICY(l, ) OI:SIGN NUMBER (NMDGN). 
POLICY(2, ) INITIAL CC~STRUCTION COST. 
POLICY(3, ) OVERLAY CONSTRUCTION COST. 
POLICY(4, ) USER COST. 
POLICY(5, ) SEAL COAT COST. 
POLICY(6, ) ROUTINE MAINTENANCE COST. 
POLICY(7, J SALVAGE VALUE COST. 
POLICY(8, ~ TOTAL COST. 
POLICY(9, ) NUMBER OF LAYERS. 
POLICY{I+9, ),I FROM l TO POLICYC9, ) LAYER THICKNESSES. 
POLICY(20, J NUMBER OF PERFORMANCE PERIODS. 
POLICY(I+20, ), I FROM 1 TO POLICY(20, ) TIME OF EACH PERIOD. 
POLICY(I+30, ),I FROM l TO NO. OF OVERLAY THICKNEiSES TO BE 

PRINTED THE OVERLAY THICK~ESS. 
POLICY(40, t NUMBER OF SEAL COATS. 
POLICY(I+40, ),1 FROM l TO THE NUMBER OF SEAL COATS TU 

BE PRINTED THE LIFE OF THE SEAL COAT. 

P02 THE PROPORTION OF VEHICLES THAT WILL BE STOPPED IN THE 
OVERLAY DIRECTION BECAUSE CF ~OVEMENT OF PERSONNEL OR 
EQUIPMENT. 

POCCT THE PRESENT VALUE OF THE TOTAL OVERLAY CONSTRUCTION COST 
FOR THE OVERLAY POLICY BEING EVALUATED. 

PPN2 THE PERCENT OF VEHICLES THAT WILL BE STOPPED IN THE 
NON-OVERLAY DIRECTION BECAUSE OF PERSONNEL OR EQUIPMENT 
(VERSION 9, SEE PN2). 

PP02 THE PERCENT OF VEHICLES THAT WILL BE STOPPED IN THE OVERLAY 
DIRECTION BECAUSE CF MOVEMENT OF PERSONNEL OR EQUIPMENT 
<VERSION 9, SEE P02). 

PROP THE PROPORTION OF AVERAGE DAILY TRAFFIC WHICH Will PASS 
THROUGH THE OVERLAY ZU~E DURING EACH HOUR WHILE OVERLAYING 
TAKES PLACE (NOR~ALLY ABOUT 0.06 FOR RURAL AREAS, 0.055 
FOR URBAN AREAS, AND ABCUT 0.042 IF TRAFFIC IS EVENLY 
DISTRIBUTED DURING THE 24 HDUR DAY). 

PSI THE SERVICEABILITY INDEX OF THE INITIAL STRUCTURE. 

PSVGE THE PROPORTION OF THE ORIGINAL COST WHICH CAN BE DEDUCTED 
FOR SALVAGE VALUE (MAGNITUDE LESS THAN ONE, BUT MAY BE 
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PUSITIVE, Nt:GATIVE, OR ZERO, EARLIER VERSIONS Of FPS MAY BE 
A PERCENTAGE). 

PWSCC PRESENT WORTH OF SCC, THE CCST OF SEAl COATS. 

P~TSY PRESENT WORTH OF USER COSTS PER SQUARE YARD, CALCULATED 
BY 'USER', AT TIME ITIME. 

Pl THE BEGINNING SERVICEABILITY OF THE PAVEMENT AFTER AN 
OVERLAY. Pl IS SET THE SAMt AS PSI IN FPS-9. 

P2 THE MINIMUM AllOWED VALUE OF THE SERVICEABILITY INDEX {POINT 
AT WHICH AN OVERLAY MUST BE APPLIEC). 

P2P P2 PRIME, A NON-TRAFFIC DETERICRATION PARAMETER, THE LOWER 
ROUND ON THE SERVICEABILITY INDEX WHICH WOULD BE ACHIEVED IN 
JNFINITF TIME wiTH NO TRAFFIC. 

RATE THE INTEREST KATE OR TIME VALUE CF MONEY. IF INTEREST IS 
INPUT AS A PERCENT, SUCH AS 5.0 PERCENT, IT NEEDS TO BE 
CHANGED TO 0.0~ FOR RATE AS USED IN INTEREST CALCULATIONS. 

R~AINT THE PRESENT WORTH(PER SQUARE YARDt OF ROUTINE MAINTENANCE, 
CALCULATED BY •PwRM 1 • 

RC THE ONE-DIRECTION AVERAGE DAllY TRAFFIC AT THE END OF THE 
ANALYSIS PERIOD. 

RO THE ONE-DIRECTION AVERAGE DAILY T~AFFIC AT THE BEGINNING 
OF THE ANALYSIS PERIOD. 

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

SC THE COST OF A SEAl COAT PER LANE MILE. 

SCC THE COST OF A SEAL COAT PE~ SQUARE YARD. 

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

SCOST COST PER SQUARE YARD, CALCULATED I~ 1 SOLVE2 1 , OF AN 
INITIAL DES f GN. 

SS THE SURFACE CURVATURE INDEX, SCI, CALCULATED BY •CALC'. 

T TIME TO LOSS OF SERVICEABILITY OF A DESIGN, CALCULATEa BY 
'TIME'. 

TOSC THE MINIMUM TIME BETW£E~ SEAL COATS. 

TCKMAX THE MAXIMUM AllOWABLE TCTAL THICKNESS .OF INITIAL CONSTRUCTION 
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TMAXIN AN INPUT VALUE, THE MAXIMUM THICKNESS OF ORIGINAL CONSTRUC­
TION IN INCHES, CONVERTED TO YAROS FOR TCKMAX. 

TMtN THE MINIMUM TI~E IN YEARS BETWEEN A SEAL COAT AND AN OVERLAY. 
IT MAY BE AS SMALL AS ZERO. 

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

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

TT AN ARRAY OF T'S, FOR EACH PERFCRMANCE PERIOD, THE TIME TO 
THE NEXT OVERLAY (YEARS). 

TTSC THE MINIMUM TIME TO THE FIRST SEAL COAT AFTER INITIAL 
OR OVERLAY CONSTRUCTION (YEARSJ. 

UPLEVL IT IS ASSUMED THAT EACH TIME THAT AN OVERLAY IS CONSTRUCTED 
THERE IS AN ADDITIONAL CHARGEt THE 'LEVEL-UP' COST EQUAL 
TO UPLEVL THI~KNESS OF OVERLAY, NOMINALLY ONE INCH (EXPRESSED 
IN YAROS). UPLEVL IS NOT INCLUDED IN OVERLAY THICKNESS FOR 
MATERIAL STRENGTH CALCULATIONS, BUT IS INCLUDED IN PRODUCTION 
RATE AND COST CALCULATIONS. 

USERCT AN ARRAY OF PWTSY (USER COSTS) FOR EACH OVERLAY, 
OBTAINED IN 1 0VRLAY'. 

XIC COST OF AN INITIAL DESIGN, SUBROUTINE OUTPUT (DOLLARSJ. 

XINC AN ARRAY WITH THE INCREMENT IN LAYER THICKNESS FOR EACH 
LAYER OF AN INITIAL DESIGN, CALCULATED IN 'MAIN' AND /OR 
FROM THE DATA ARRAY. 

XLSO THE DISTANCE, MEASURED ALONG THE DETOUR, AROUND THE OVERLAY 
ZONE IN Ml LES. 

XLSN THE DISTANCE, MEASURED ALONG THE C.L.,OVER WHICH TRAFFIC 
IS SLOWED IN THE NON-OVERLAY DIRECTION IN MILES. 

XLSO THE DISTANCE, MEASURED ALONG THE C.L. ,OVER WHICH TRAFFIC 
IS SLOWED IN THE OVERLAY DIRECTION IN MILES. 

XLW THE WIDTH OF EACH LANE{FEETt. 

XN THE NUMBER (IN MILLIONS) OF EQUIVALENT l8-KIP AXLE 
EQUIVALENTS DURING TIME T, CALCULATED BY 'TIME'~ 

XNC 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 CONVERSION TO MILLIONS 
AS PART OF TH£ TRAFFIC EQUATION IN •TIME 1 ). 

XNOKP ALPHANUMERIC CHARACTERS ASSOCIATED WITH MATERIALS OF A 
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DESIGN (FRUM DATA( ,2H PRINTED FOR IDENTIFICATION IN THE 
SUMMARY TABlE S. 

XNPRIM THE NUMBER OF 18-KIP EQUIVALENT AXLES DURING TPRIM, 
CALCULATED IN 'OVRLAY• AND 'OUTPUP, USFD IN 'TIMF' 
(MILLIONS, EARLIER VFRSIONS UNITSt. 

XN20 AN INPUT VALUE, THE NUMBER UF 18-KIP AXLE EQUIVALENTS ACCUMU­
LATED IN 20 YEARS. CONVERTED BY THE TRAFFIC EQUATION TG 
OBTAIN XNC. 

XTBO THE MINIMUM ALLOWED TIME BETWEEN OVERLAYS PFRMITTED (YFARS). 

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

Z AN ARRAY OF INITIAL DESIGN INFORMATION BEFCRE OVERLAY, ONE 
ROW (FIRST SUBSCRIPT) FOR EACH FEASIBLE INITIAL DESIGN 
CONSIDERED. 
Z( ,U SCI, SURFACE CURVATURE INDEX (SN, STRUCTURAL·NUMBER 

IN EVEN NUMBERED·VERSIONS OF FPS), 
LIFE OF THE INITIAL DESIGN, SOME VERSIONS OF FPS. 

l( ,2) COST OF INITIAL DESIGN (DOLLARS PER SQUARE YARD). 
l( ,1+2) THE THICKNESS OF THE 1 1 TH LAYER (YAROS). 
(VALIDITY OF ROW SUBSCRIPT VALUES CHECKED lN •SOLVE2'). 
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THE FPS-9 PROGRAM HAS BEE~ RUN ON AN IBM 360/65 COMPUTER, 
BUT AN EFFORT HAS BEEN MADE TO AVOID MACHINE DEPENDENT FORTRAN 
EXTENSIONS. EARLIER VERSIONS OF FPS KAVE BEEN RUN ON A CONTROL 
DATA CORPORATION MODEL 6600 COMPUTER WITH ONLY MODIFICATION OF 
THE 'END-OF-FILE' TEST STATEMENT. 

THE CORE MEMORY REQUIREMENT IS lOOK BYTES{USING FORTRAN-G). 
PROGRAM TESTING, WITH COMPARABlE RESULTS, HAS BEEN PERFORMED USING 

IBM FORTRAN G 
IBM FORTRAN H, WITH OPT =0 AND OPT~2 
WATF IV (IN-CORE COMPILER DEVELOPED BY UNIVERSITY OF WATERLOO) 

EXPERI~ENTS WITH PROGRAM RUNNING TIME WEKE MADE ON THE IBM 
360/65 AT TEXAS A&M UNIVERSITY COMPUTING CENTfR MAKING USE 0~ A 
SYSTEM SUBROUTINE 'ACTTIM' WHICH RETURNS TIME REMAINING IN A JOB 
STEP. 

TIMING OF THE EARLIER VERSION OF FPS SHO~EO THAT NEARLY All OF 
THE COMPUTER TIME IN RUNNING TEST PROBLEMS WAS SPENT IN 1 0VRLAY'. 
MUCH OF THIS TIME WAS BY SUBROUTINE TIME WHEN CALLED FROM 'OVRLAY'. 
IN FPS-9 THE 'TI~E' SUBROUTINE WAS REWRITTEN WHICH SPE£0~0 RUNNING 
CPU TIME IN TYPICAL PROBLEMS ABOUT 30 PERCENT. . 

THE PROBLEMS T-1, T-2, T-3, AND T-4 ON THE FOLLOWING TABLE 
ARE FROM THE SAMPLE DATA. THE COMPUTER TIMES GIVEN ARE FOR ELAPSED 
T l ME AFTER THE PROGRAM IS IN EXECUTION AND DO NOT INC LLJDE THE CPU 
TIME FOK COMPILING AND LOADING THE PROGRAM t\IOR DO THE TIMES INCLUDE 
CLEAN-UP AT TH£ END OF THE JOR 
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PROGRAM RUNNING TIM~ {CPU SECONDS) ON AN IBM 360/65 
USING THE FORTRAN H COMPILER WITH OPTI~IZATION 1 0PT=2' 

------------------~------------------------------------.-....--------------
INITIAL DESIGNS OVERLAYS OVF.RLAY POLICIES 

PROB- CPU --------------- --------------- ---------------
LEM DESIGN SEC. A(L CONSIDERED ALL FEASIBLE All FEASIBLE 

------ ---- ------ ------
T-1 1 A 3.7 

2 Al 5.4 
3 ALG 22.0 
4 AG 36.6 

TOTAL* 69.0 

T-2 1 A 
2 AB 
3 A BX 
.4 A X 

TOTAL* 

T-3 1 A 
2 AS 
3 A SG 

TOTAL* 

T-4 1 A 
2 AS 
3 A SG 
4 ASG 
5 AS 
6 A SG 
7 ASG 
8 A 
9 AS 

10 A SG 
11 A SG 
12 ASG 
13 ASG 
14 A SG 

TOTAL* 

NOTt=S 

0.1 
4. 3 
6.8 
0.4 

12.6 

C.4 
1. 5 
1.5 
4.0 

0.1 
0.1 
0.4 
0.9 
0.3 
0.1 
0.1 
0.6 
0.3 
0.1 
0.4 
0.3 
0.1 
0.1 
4.4 

37 
777 

9,960 
55~ 

11,329 

3 
81 
78 

3 
165 

21 
150 
383 
554 

1 
l 
1 
1 
1 
0 
0 
1 
1' 
0 
1 
1 
0 
0 
9 

37 
61 

221 
292 
611 

3 
81 
78 

3 
165 

21 
18 
15 
~6 

1 
1 
1 
1 
1 
0 
0 
1 
1 
0 
1 
1 
0 
0 
9 

840 
904 

2,570 
8,285 

12,599 

0 
1 '01 0 
1,482 

57 
2,549 

119 
360 
333 
812 

0 
0 

53 
149 

41 
0 
0 

130 
41 

0 
41 
41 

0 
0 

496 

788 
8'i5 

2,453 
7,76'5 

11 '861 

() 

9()6 

1 '32 6 
51 

2,283 

66 
292 
266 
624 

0 
0 

51 
137 

39 
0 
0 

121 

39 
39 

0 
0 

465 

• 

420 
437 

1,388 
4,186 
6, 4 31 

0 
5 31 
780 

30 
1,341 

57 
187 
t 72 
4ln 

0 
I" 

27 
73 
21 

0 

64 
21 

0 
21 
21 

0 
0 

24B 

384 
439 

1,286 
3' 860 
5, 969 

0 
427 
624 

24 
1,075 

12 
121 
109 
242 

0 
0 

25 
65 
lCJ 

0 
0 

58 
19 

0 
19 
19 

0 
0 

224 

* THE TOTAL CPU TIME GIVEN FOR A PROBLEM 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. 
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THE FOLLOWING VARIABLES WITH FORTRAN DIMENSION AND COMMON 
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, EXCLUniNG SUBGRADE. 
NKO = MAXIMUM COUNT OF DESIGN TYPES WITH AN OPTI~Al DESIGN. 
NMD = NUMBER OF ~ATERIALS EXCLUDfNG SUBGRADE. 
NPERfD = MAXIMUM NU~BER OF PEQFQRMANCE P~RIODS. 
NPD =NUMBER OF ITEMS ALLOWED FOR EACH BETTER DESIGN (50 IN FPS-9). 
NPOSD = MAXIMUM NUMBER OF DESIGN TYPES WITH NO FEASIALE COMPLETE 

DESlGNS. 
NSUMD = MAXIMUM NUM~ER OF SUMMARY DESIGNS CHETTER DESIGNSJ. 
NUMBRD = MAXIMUM FEASIBLE l~ITIAL DESIG~S (MAXIMUM 'NUMRFR'). 

THE FOLLOWING ARRAYS SHOULD B~ DIMENSIONED AS ••• 

A(LAYD+l) 
B(LAYD+l) 
BB(NMD+l) 
COST(LAYD) 
DMAX(LAYO) 
DMIN(LAYO) 
DOVER (LAY D) 
INOEX(LAYO) 
IPOSS(NKO) 
NM BMA T (LA YO j 
NN(LAYDJ 

. NPOSS ( NPO SD) 
OCOSTtNKD) 
POLICY(NPO,NSUMD) · 
P S VG E ( LAY 0 ) 
TT(NPERFD) 
XINC(LAYDJ 
l ( NUMBRD, LAYD +2) 
XNOKP(LAYO,NSUMO) 

NOTES 
IN FPS-9, LAYD = 6, NKD=lD0, NMD=lO, NPERFD=20, NPD = 50, 

NPOSD=lOO, NSUMU=24, AND NUMBRD=lOO. 
ALL PROGRAM GENERATED VARIAHLES, SUCH AS NU~BERt ARE CHECKFD SO THAT 
SUBS C R I P T S N 0 T UN 0 E R D I R E C T C 0 NT R 0 L 0 F T H E US ER \11 LL B E V A L I D • 
HOWEVER, THE INPUT DATA SHOULD BE CAREFULLY CHECKED TO PREVFNT 
PROGRAM FAILURE OR ILLOGICAL R~SULTS. 

FPS-9 PROGRA~ DOCUMENTATION 
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SPECIAL FEATURES UF VERSION 9 OF FPS PAGE 34 

THE FOLLOWING FEATURES OR CHANGES Of FPS ~ 9, AS COMPARED WITH 
E A RL I E R V E R S I 0 N S , S H 0 U l 0 B E N 0 T E D • • • 

1. THE GAMMA TERM HAS BEEN ADDEO TO THE DEFLECTION EQUATION. 

2. DATA _MAY BE INPUT ON TWENTY YEAR TRAFFIC ESfiMATFS 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 PREVIOUSLY REQUIRED RELATING TO TRAFFIC 
SPEEDS IS NO LONGER REQUIRED. 

4. THE SEQUENCE AND FORMAT Of THE DATA CARDS WERE CHANGED. 

5. THE PROGRAM CALCULATES THE TIME REQUlREO FOR OVERLAY FROM 
INPUT PRODUCTION RATES INSTEAD OF REQUIRING AN INPUT OF THE TIME 
REQUIREMENT SEPARATELY. 

6. THE SUMMARY OF THE MOST OPTIMAL DESIGNS WAS CHANGED. 
A. THE USER MAY INPUT THE NUMBER OF PAGES OF OPTIMAL DESIGN 

SUMMARIES DESIRED, EIGHT SUMMARIES PER PAGE (PREVIOUSLY THREE PAGE, 
24 DESIGNS, ASSUMED). 

B. NON-APPLICABLE DATA IS BLANK INSTEAD OF ZERO ON OUTPUT. 

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. 

R. ALL LINEAR, 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 CIN YAROSt USED INSTEAD OF l/4 
INCH AS PREVIOUS VERSIONS. 

10. TABLES OF USER COSTS IN 'SUBROUTINE USER' WERE EXPANDED AND 
UPDATED AS SHOWN IN THE A~PENDIX ON USER COSTS. 

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

12. SUBROUTINE TIME HAS REEN CHANGED TO DECREASE RUNNING TIME OF 
THE PROGRAM BY IMPROVING THE ITERATION SCHEME AND REMOVING CERTAIN 
CALCULATICNS OUTSIDE OF THE INNER DO LOOPS. 

13. SEVERAL CHANGES WERE MADE IN THE OUTPUT INCLUDING ••• 
A. DISTICTIONS BETWEEN DESIGN TYPES, PROBLEMS, INITIAl CESIGNS 

FEASIBLE, AND A CHANGE OF TERMINOLOGY TO BETTER DESIGNS 
INSTEAD OF BEST DESIGNS. 

B. A PROGRAM EXECUTION REPORT WAS ADDED TO ENABLE THE USFR TO 
HAVE SOME FEELING OF THE DESIGNS CALCULATED AS A RESULT OF THE 
1 NPUT DATA. 

FPS-9 PROGRAM DOCUMENTATION 
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SPECIAL FEATURES OF VERSION 9 OF FPS PAGE 35 

14. ALL VARIABLES IN COMMON WERE PLACED IN AN ALPHABETICAL ORDER. 

15. SEVERAL POTENTIAL 1 BUGS 1 IN THE PROGRAM WERE REMOVED BY CHECKING 
OF GENERATED SUBSCRIPT VALUES WHICH COULD CAUSE PROGRAM FAILURE. 

16. SOME OF THE CONSTRAINT MESSAGES WERE CORRECTfO. 

17. FEASIBLE INITIAL DESIGNS WHtCH ARE OF LESSER STRENGTH AT A 
HIGHER INITIAL COST ARE NOT CONSIDERED WITHIN A OESIG~ TYPE. 

FPS-9 PROGRAM DOCUMENTATION 
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APJ>ENDIX 1_ 

Documentation of Mathematical and Cost Formulas 

The basic equations used in FPS-9 are given in this appendix with 

their location (MAIN or SUBROUTINE) given in the computer program. When 

applicable, both the FORTRAN variable name and the mathematical equation 

variable are given. FORTRAN variable names and subprogram names are 

given in capital letters to distinguish them from the mathematical 

variables. 

This appendix is divided into the following sections: 

Section 1 - Variables for Basic Equations 

A. Design Variables 

B. Deflection Variables 

C. Traffic Variables 

D. Performance Variables 

Section 2 - Basic Equations 

A. Deflection Equation 

B. Traffic Equation 

C. Performance Equation 

Section 3 - Evaluation of Swelling Clay Parameters 

Section 4 - Costs used i.n the Computer Program 

A. Total 

B. Cost of Initial Construction 

C. Annual Routine Maintenance 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 

Vari,?bles for Basic Equations 

A. Design Variables 

A(J) 

DOVER(J) 
(in yards) 

ai = 

D· 1. = 

the strength 
pavement, 

i = 1, 2, . 
the thickness 

D = Co 
· n+l 

coefficient of the ith layer of a 

. ' n + 1. 

of the ith layer in inches. 

B. Deflection Variables 

W. the deflection sensed by the jth sensor of the Dynaf1ect. 
J 

r. = distance, in inches, from the point of appiication of either 
J Dynaflect load, to the jth sensor. 

C. Traffic Variables 

T or TPRIM 

XN or XNPRIM 

CL 

XNC 

XN 

RO 

RC 

t = time (years) since initial construction. 

N 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. 

C = length in years of the analysis period. 

N = N when t 
c 

Nk = N when t 

c. 

tk (defined below) . 

r = ADT (one direction) when t = 0. 
0 

r 
c 

ADT (one direction) when t c. 

D. Performance Variables 

p 

PSI initial 
or Pl if 
overlay 

P2 

P2P 

p the serviceability index at time, t. 

P1 =the expected maximumvalue of P, occurring only 
immediately after initial or overlay construction. 

P
2 

= the specified value of P at which an overlay will 
be applied. 

a swelling clay parameter = the assumed value of P 
at t = oo, in the absence of traffic. In general, 
0 :5.. P 2 ' :5.. P1 • 
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BI 

GAMMA 

T or TPRIM 

ALPHA 

bk = a swelling clay parameter applying to the kth 
performance period; A value between zero and 0.3 
must be specified for b

1
, depending on the expected 

activity of foundation clays. 

-b (t - t ) 
bk+l = bke k k 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 > 1) 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 .. 

t 0 = o. 

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

a = the effective value of a for a typical year in a 
given locality, defined by the formula for the har­
monic ·mean--

n 
a = 

where n is the number of days in a year, and a. is 
the value of a for the ith day of the year. TB 
obtain an approximate value of a for this report, 
the formula was used fii th n = 12, and r~.. = the mean 
value· of a for the :it· month <'lVeraged o~er a ten 
year period. 
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W~rtdix 1.. - Section 2 

Basic Equations 

The empirical equation used in this method for estimating the 

surface curvature index S from the design variables a. and D. was 
1 1 

developed from deflection data gathered on the A&M Pavement Test 

Facility located at Texas A&M University's Research Annex near 

Bryan. A description of the facility is contained in Research Report 

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

n+l 
where W. = E 6.k 

J k=l J 

c 0.891, 
0 

c1 = 4.503, 

c2 = 6.25, 

a = D = 0, 
0 0 

r 2 + 
j 

s = w - w 1 2 

1 
k-1 2 

C2 0:: a.D.) 
i=O .1 1 

1 

k 2 
r 2 + c2 (E aiD.) 

j i=O 1 

and the other variables are as previously defined. 

B. The Traffic Equation (SUBROUTINE TIME) 

The Traffic Equation was furnished by Mr. James Brown of the 

Texas Highway Department and is given below in the form used in 

this method. 

where the symbols are as previously defined. 
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C. The Performance Equation (SUBROUTINE TIME) 

The empirical relationship between the performance variables 

used in this method was developed from AASHO Road Test data and then 

modified to include the swelling clay variables bk (BI), P 2
1 (P2P), 

and y (GAMMA) listed under performance variables and discussed more 

in detail next. 

p = 5 - fls- P + .21..&_..lN.k...: Nk-J)S2 + <Is - P. i - Is - P ) L:' 1 a 2 1 

SUBROUTINE TIME solves for t by iteration until IP :... P2 i :':.._error, 

where error is an arbitrary small number. 
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AE_p_e_gdix .!.. - Sec_!Jon l 
Evalu_.?_f:ion of ~_ling Clay Parameters 

Until future research provides a link between laboratory swell 

tests and the performance curves of pavements, the designer will be 

compelled to rely upon experience and judgement in assigning values 

to the swelling clay parameters, P 2 ', b
1

, and y. Meanwhile the 

following guide lines are offered as an aid in evaluating these param-

eters. 
' ' 

P
2

' is the value that P would reach in infinite time with no traffic, 

but since little or no data yet exists on which to base a judgement of 

what value P
2

' should have, it is recommended that P
2

' be assigned the 

value of zero for the present. Then, with P
2

' fixed at zero, the 

following.table may help in selecting a value for b
1 

to represent a 

given area. 

Past Experience In Area 

The accumulated effect of subgrade move­
ments barely noticeable 12 to 15 years 
after construction 

The accumulated effect of subgrade move­
ments noticeable 3 to 6 years after 
construction 

Severe heaving of subgrade noticeable 
within 1 year of construction 

Value 
of b1 

.02 

.08 

.32 

The value b
1 

= 0 is excluded since it is inconceivable that no 

subgrade movements whatever will occur during the life of a pavement. 

GAHMA (y) is the loss in P
2 

expected per year and lasts throughout 

the design life at that rate. GAMMA would be 0.20 if a loss of 1.00 in 
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P was expected in five years, 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. 

43 



· • ~ndix I - Section 4 

Costs Used in the Computer Program 

A. Total Cost 

There are a number of cost considerations associated with the 

investment in a pavement. Other than initial construction, this 

investment is accumulated throughout the life of the structure in 

the form of different types of maintenance charges. At the end of 

the analysis period, the pavement will usually have some salvage 

value (although this may be a negative value). A complete list of 

these cost considerations with the location of the calculations may 

be outlined as follows: 

I. Initial construction cost (SUBROUTINE CALC) 

II. Future costs 

A. Overlay costs 

1. Overlay construction costs (SUBROUTINE OVRLAY) 

2. User costs due to traffic delays (SUBROUTINE USER) 

B. Annual routine maintenance costs (SUBROUTINE PWRM) 

C. Seal coat costs (SUBROUTINE SEAL) 

III. Salvage value (SUBROUTINE OVRLAY) 

The purpose of this chapter is to describe how each of these costs 

is computed. 

Since the majority of these costs will be accruecl in the future, 

their present worth values must be obtained for determining the present 

value of the total cost of the pavement. 

The present value of the total 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. 

PWSCC the sum of the present worth values of seal coat costs. 

SAi.VGE = 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. 

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 ~ L: D.C. 

where LAYER 

DOVER(K) 

J J 

n = number of layers above the subgrade. 

D. = depth of the jth layer (yards) 
J 

COST(K) C. - in-place cost/cubic yard of the material used 
J in the jth layer. 

This initial construction cost is compared with the maximum cost 

constraint (CMAX) and if greater it is a "not-feasible" initial 

design, otherwiseSOLVE2.stores it in theZ .th 
(j, 2) for the J initi~J 

design, and later ·fetched for XIC in SUBROliTTNE OUTPUT. 

G. An_!lual Routine Maintenance Costs _{_~UBROUTINE 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 

ANNUAL COST = c1 + {ril-l) c2 
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where CMl c1 = routine maintenanc~ cost/square yard during the 
first year after initial or overlay construction. 

m = number of years after initial or overlay construction. 

CM2 c2 = incremental increase in ro,utine maintenance cost/ 
square yard per year. 

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 

c1 . The present value of all routine maintenance charges during the 

analysis_period can be found from 

RM= 

where RM 

RATE i 

Ml 
L: c1 + (m-1) c2 -----;;:..+ 

(l+i)in-1 
m=l 

M2 . 
L: cl + (m-1) c2 

(l+i)Lz+m-1 
m=l 

+ .... + 

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

interest rate. 

number of years in the kth performance period= tk- tk-l' 
(= IT - ITIME) where tk. and t~61 (T and TPRIM) a. re rounded 
to the nearest integer-before rX (N) is calculated. 

K = number of performance periods within the analysis period. 

k-1 
L: M. 

j=l J 

The last performance period is truncated to terminate at the end of 

the analysis period so that maintenance costs beyond the analysis 

period are not considered. 

D. Overlay Construction Cost (SUBROUTINE OVRLAY) 

Calculation of the overlay construction cost amounts t.o 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 overlay must be at least OVINC 
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thick, and that all overlays greater than OVINC must be in even 

increments of OVINC. OVINC is 1/2 inch (expressed in yards) in 

FPS-9. 

The final assumption is that each tife an overlay is constructed, 

there is an additional charge equal to the cost of U'PLEVL thickness 

of overlay. This additional charge is included as a level-up cost ... 

UPLEVL is one inch (expressed in yards) in FPS-9. 

The present value of the total cost attributed to overlay con-

struction is 

where K-1 = number of overlays constructed in analysis period (there 
are K performance periods) . 

OVCOST c
1 

= cost/cubic yard of asphaltic concrete. 

DEXT(I) =overlay thickness, not including the level-:-up in­
crement, applied at the end of the kth performance 
period (yards) . 

I TIME 

RATE 

time (rounded to the nearest year) at the end of 
the kth performance period, as previously defined. 

i = interest rate 

E. Traffic Cost of Overlay (SUBROUTINE USER) 

Subroutine USER calculates users' (or motorists') increase in 

costs due to overlaying operations. 

Calculated from the inputs of production rate of asphalt in tons 

per hour (ACPR), and 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 ' 1 level~up" increment· (yards), 

ACPR, ACCD and HPSY defined above. 

Total user cost per hour (TUCH) is: (in FORTRAN) 

TUCH =' TIPH*(POl*(COl+C02+C03) + (l.O~POl)*(C03+C04) + P02*COS) 

+ TIPH*(PNl*(CNl+CN2+CN3) + (l.O~PNl)*(CN3+CN4) + PN2*CN5) 

where 0 for overlay direction and N for non-overlay direction, 

TIPH vehicles per hour from each direction, 

POl & PNl = proportions of traffic, stopped because of congestion, 

P02 & PN2 proportion of traffic.stopped due to overlay personnel 
and equipment, 

COl & CNl = excess costs of stopping from highway speeds, 

C02 & CN2 excess costs of vehicle idling time while stopped, 

C03 & CN3 excess costs for reduced speed, 

C04 & CN4 = excess.costs of changing speed, 

COS & CNS excess costs due to delays from overlay personnel and 
equipment (stopping plus idling). 

The total user cost per hour (TUCH) is calculated using one of 

five methods (MODEL), tables 1 to 5 , appendix "User Cost Tables", 

and the present worth of total user costs of an overlay per square 

yard (PWTSY) is: (in FORTRAN) 

PWTSY = (HPSY*TUCH)/((1• +RATE) ** ITIME) 

where ITIME rounded integer time of overlay (years) 

RATE interest rate 

PWTSY, 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. 

F. Seal CoatCosts (SUBROUTINE SEAL) 

The model for the application of seal coats assumes that the 

design engineer will specify the cost per lane mile of applying a 

seal coat and a schedule·of (1) the time in years before the first 

seal coat, T
1

,· and.(2) the time in years between subsequent seal 

coats-,- T f; These 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 applied within TMIN years prior to an oV.erlay. 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 of 

all seal coats is actually rather simple to' describe but rather com-

plicated to formulate mathematically. The basic idea is that of taking 

the following sum : 

sc 
NUM sec 

L: 
j=l (l+i)Yj 

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

sec sec cost/square yard of a seal coat, 

RATE i = interest rate, 

NUM NUM = total number of seal coats, 
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TSC(NSC) Yj =year in which the jth seal coat is applied. 

To be more specific: 

sc 
K 3k sec 
2: 2: 

k=l j=l (l+i)x 

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

sec sec = cost per squa~e yard of a single seal coat, 

RATE 

I 

i - interest rate, 

K = number of performance periods (which is equal to one plus 
the number of overlays within the analysis period) 

POWER x ·~ _
1 

+ T + (j-1) T
2
], where t _

1 
is the number of years, 

af~er initial construction, tha~ elapse before the beginning 
of the kth performance period, with t = 0, and Tl and T2 
are as previously defined, and 

0 

. ili d NSC Jk = the number of seal coats in the k . performance perio , 

and where: 

tk - tk-l - T l - TMIN 

T z + 1 , if tk - tk -l 2._ T l + TMIN 
J = k 

0 , otherwise. 

The reason TMIN is subtracted from the numerator of the first part 

of the above equation is because of the assumption that no seal coat 

is applied within TMIN years prior to an overlay, The quantity Jk 

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

G. Salvage Value (SUBROUTINE OVRLAY) 

The salvage value of each material is input as a percentage and 

the proportion (percentage/100.) of the material costs of each pave-

ment layer (excluding level-up) are summed at the end of the analysis 

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

User Cost Tables 

This group of tables from Research Report 32-11 (reference 3 ) as 

revised by later reports documents the user cdst tables in SUBROUTINE 

USER incorporated as DATA statements. These costs include those 

associated with delay (time), vehicle operation, and accidents. Only 

user delays and vehicle operating costs are considered at this time 

since little information is available on the effect of overlavin)." on 

accident rates. 

This appendix is divided into three parts, the first of which 

describes the assumed speed profiles of vehicles in the vicinity of 

the overlay operation. The second part give~; the time and operating 

costs associated with the different movements described by the speed 

profiles. 

In the third part of this appendix, the five methods of handling 

traffic are described and equations are given for calculating the pro-

portion of vehicles stopped and average time stopped for conditions 

where traffic congestion arises because of the overlay operation. 

The formulas using these tables were given in the Appendix I 

"m5cumentation ofMathematical and Cost Formulas". 
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APPENDIX II - PART 1 
Speed Profiles 

It is assumed that all vehicles approach the overlay area at the 

same speed, called the "approach speed". It is further assumed that 

there is a "restricted area", the length of. which is LS0 or LSN,· through 

which vehicles travel at a reduced speed. For some methods of handling 

traffic this reduced speed may be the same for vehicles traveling in both 

directions but for other methods it may be different for each direction; 

it is assumed to always be the same for all vehicles going in the same 

direction. Generally, the vehicles travelirtg in the "overlay direction" 

will have their speed reduced as much or more than will those traveling 

in the "non-overlay direction", LS0 and LSN respectively. 

The length LS0 of the restricted area generally will be longer than 

the length L0 of the actual overlay operation. The amount by which LS0 

is longer than L0 will be determined by the road geometries and the 

method of handling traffic. This is discussed more fully below in the 

section on methods of handling traffic. 

As was mentioned above 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 through the area 

which is restricted during overlay at the "approach speed". Dur.ing over-

lay, however, most vehicles travel through the restricted area at a 

reduced speed called the "through speed, overlay directiort" denoted by 

SO or the "through speed, rton-overlay direction" denoted by SN. It is 

assumed that vehicles maintain these "through speeds" all the way through 

the restricted area. 
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A proportion (called P0
1 

in the overlay direction and PN
1 

in the 

non-overlay direction) of all vehicles will be stopped as they approach 

the 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 LS0 or LSN; the vehicles then 

travel at the reduced speed (SO or SN) through the restricted area for 

a distance, and as soon as they leave the restricted area they return to 

a speed which is 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 

speeds 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 (D01 in the overlay direc­

tion and DN
1 

in the non-overlay direction) at point B, then 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 LS0 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 deceleration 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 P0
1 

for the overlay direction and one minus PN1 for 

the non-overlay direction. 

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 LS0, 

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 

the approach speed which is reached at point D. 

Because of overlay operations, vehicles will travel through the 

overlay area with speed profiles as shown in Figures AII-1 and AII-2. 

In the absence of overlay operations they would have traveled at the 

approach speed through the· overlay area. The excess traffic costs due 

to overlay include the excess time and operating costs due to reducing 
·, 

from the approach speed to a stop (from A to B in Figure Alt-1) and 

returning back to that speed (from B to C and from D toE in Figure AII-1), 

the excess time and operating (idling) costs due to being stopped (at 

point Bin Figure AII-1), the excess time and1operating costs due to 

reducing from the approach speed to the through speed (from A to B in 

Figure AII-2) and returning to the approach speed (from C to D in Figure 

AII-2), and the excess time and operating costs clue to traveling distance 

LS0 or LSN (from C to D in Figure AII-1 and from B to C in Figure AII-2) 

at a reduced speed (SO or SN) instead of trav~:ding at the approach speed 

(SA). 
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APPENDIX fl - PART . .£ 
Time and Operating Costs 

The excess user costs because of art overlay include the excess 

cost of stopping and slowing down, the cost of delay while stopped, 

and the excess cost of traveling at a reduced speed through the re-

stricted area. The information needed for calculating these costs are 

given in Tables AII-1 through AII-4. The program user must stipulate 

whether the overlay operation is in an urban or rural area and this 

dete-rmines which tables or which columns in the table are used. The 

difference between the urban and rura1 costs is the vehicle distribu-

tions used to derive the costs. The operating costs for different 

types of vehicles were taken from a publication by Winfrey (5), and 

this same source was used for the excess time of making speed changes. 

The values of time used in calculations were based on information in 

studies by the Stanford Research Institute (6), Lisco (7), and Adkins 

(8); The proportions of vehicles of different types for urban and 

rural areas in Texas is taken from proportions for 1966 given in a 

study by the Planning Survey Division of the Texas Highway Department 

(9). The reason that the costs are higher for rural areas than for 

urban areas is that there is a higher proportion of trucks in rural 

areas and their costs are higher than those for passenger cars. 

Table.s AII-1 and AII-2 give the excess tit11e <md operating costs 

for stopping (in the first columns) and for slowing down (in the other 

columns). Table AII-3 gives the time and operating costs for operating 

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. L0 is length of overlay work. L$0 or LSN is the 
length of restricted q.l."ea in the overlay direction or non-overlay 
direction as applicable. 

56 



TABLE Ail - 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 

Speed 
MPH 

10 

20 

30 

40 

50 

60 

Dollars Per 1000 Cycles, By 
· -·-· ________ _§peed R..§!_d~_ced _T,E And ~~tus.ped Fro.!!l_ (MPH2_ _____ . _ 

Q_ 10 20 30 .40 50 

10.676 

22.932 11.860 

39.753 27.079 14.306 

63.454 49.907 35.812 19.902 

98.194 93.454 67.935 50.326 28.491 

151.888 134.793 116.527 95.788 71.070 40.931 
- -.-·-··----------. ---- ------··-----.-----------
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TABLE All - 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 
Speed 

MPH 

Dollars Per 1000 Cycles 
--·----~~L_Red~ed T~Jl.nd Returned From (MPH) 

Q 10 20 30 . 40 

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 85.514 74.330 61.884 50.705 36.994 
---------~---·- ----- -------· 
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Figure AII-2: Speed profile for vehicles which are not stopped but are 
·slowed during overlay. 

* This speed is SO in the overlay direction but would be SN i~ the non­
overlay direction. 10 is length of overlay. LS~ or LSN is the length 
of restricted area overlay or non-overlay direction respectively. 
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TABLE All - 3: DOLLARS OF OPERATING AND TIME COST 
PER 1000 VEHICLE MILES AT UNIFORM SPEEDS IN TEXAS 

Uniform Dollars Per lOO_Q Miles 
Speed, Rural Urban 

MPH Roads Roads 

10 495.77 456.66 

20 270.31 248.30 

30 196.62 179.64 

40 162.58 147.22 

50 145.54 130.08 

60 138.80 121.88 
----:..----·-·--·--------- ---·---··-
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TABLE AII - 4: DOLLARS OF OPERATING AND TIME COST OF DELAY 
(OR IDLING) PER 1000 VEHICLE HOURS, FOR TEXAS 

---------·-·----------------·--·-- -. --· ----
Type 

Of Delay 
Cost. 

. Operating 
Time 
Total 

__ ...,.D'-o_1 .... 1.?~.:P_er 1000_Ii.o~--
Rura1 Urban 
Roads Roads ---

$ 166.60 
4,243.10 
4,409.70 

$ 154.84 
3,956.68 
4,111.52 

--------· -------------
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APPENDIX II - PART l 
Methods of Handling Traffic 

There are several methods of handling traffic during an overlay 

operation. Themethod used depends mainly on highway geometries, 

especially the number of lanes, the type of median (if any), and the 

presence or absence of pavement shoulders, frontage roads, or other 

alternate routes. In the two following subsections are described the 

five methods of handling traffic which are most commonly used and the 

way of calculating average delay and proportion 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 each figure L0, LS0, 

and LSN are shown. L0 is the amount of road which is overlayed at any 

one time -- not the total overlay job length. LS{b 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 direction. In the 

situations depicted in Figures AII-3, 4, and 5, LS{b and LSN are only 

slightly longer than L0 by say one-tenth of a mile, but in the situations 

depicted in Figures AII-6_ and 7, LS0 may be considerably longer than L0. 

LS0 and LSN are input variables provided by the program user. L0 is 

not used in the calculation of user .costs and is included only for 

illustration. (Note: The variable LO used as a subscript in 

SUBROUTINE USER is not L¢ as illustrated in these figures.) In the 

figures, the "overlay direction" is always to the left. 
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t------c--- LS0 -------'~---1~1 

1~----LSN~----~1 

Figure AII-3. MODEL=l: traffic routed to shoulder.· 

1~----- LS0 {LSN)---------~1 

n t !tn ;,:~:n::t: :::;:::::r:;::l:::::~:: :~j i w:g:::: :::: .;::;::' :::;;m:t:::tn 1 :' , t: 
~=~_..='~ ~llliill!llllllllil~ r=' ~ : 

Figure AII-4. MODEL=2: alternating traffic in one lane. 

Figure AII-5. MODEL=3: two lanes merge, non-overlay direction 
not affected. 
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MODEL= 1 (Figure AII-3). For two-lane roads with shoulders, one 

lane of traffic can be diverted onto a shoulder. Traffic going "west" 

in the "overlay direction" can be diverted onto the shoulder as shown 

in Figure AII-3 and such traffic will generally be slowed down. Traffic 

in the non-overlay direction proceeds as usual but also must slow down 

though probably not by as much as the traffic going in the overlay 

direction. Another version of this method is to divert the traffic in 

the non-overlay directiononto their shoulder and divert the traffic 

g·oing in the overlay direction into the eastward lane. In addition to 

the delay due to traveling at a reduced speed, traffic may be additionally 

delayed by having to stop due to movement of overlay personnel and 

equipment in the overlay area and by the inability to overtake other 

traffic in the overlay area. 

MODEL= 2 (Figure AII-4). For two-lane roads without shoulders, 

it is sometimes necessary to post flagmen at each end of the overlay. 

operation and to stop traffic in one direction while traffic from the 

other direction proceeds through the overlay area. 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 the overlay area then this additional vehicle 

usually may also proceed through the area, except 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. Traffic 

from each direction travels through the overlay area at a reduced speed. 

Some vehicles from each direction are stopped to give way to vehicles 
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from the opposite direction, or because of the movement of overlay 

personnel and equipment in the overlay area, 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 LS0 

and the larger is the traffic volume. 

MODEL= 3 (Figure AII-5). For roads with two or more lanes in 

each direction and with a non-transversable median, it is assumed that 

traffic in only one direction will be affected by the overlay operation. 

It is also assumed that at least one lane in the overlay direction re­

mains open for traffic. For low traffic volumes the effects on traffic 

in the overlay direction will be that of reduced speed through the area, 

stops due to movement of overlay personnel and equipment, and inability 

to overtake other vehicles as easily. For higher volumes for which the 

flow of traffic is above the capacity of the restricted roadway, a 

queue will result upstream of the overlay operation and will lead to 

vehicles being stopped due to congestion. 

MODEL = 4 (Figure AII-6) . For roads with two or more lanes in each 

direction and with no medians or with medians which can be crossed at 

any point or which have median openings, it may sometimes be desirable 

to block all lanes in the overlay direction and divert the overlay­

direction ·traffic to non-overlay-direction lanes. MODEL= 1 depicts the 

situation and those with either no median, or situations for which it 

is intended that traffic will cross the median immediately in front 

and behind the overlay job, is that LS0 and·LSN in these latter two 

cases would bear approximately the same relation to L0 as is the rela­

tion where MODEL = 1, 2, or 3 instead of being the distance between 
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·1---------~ LS0(LSN) ---~---~--.-J 

Figure All-6 MODEL=4: overlay direction traffic routed 
to non..:.overlay lanes. 

~--------------------~ LS0 

•••••••••·••••••••• •• ···-~ I; { I i I ' ! I i.Il ; i !I; ';}_; ' ; ;; ' .; Ht .,. ,,_ .••••• ,.,, .•••••••••••••• , •• 
+ 

-
~------T---

1-----------~-LSN -1 

Figure AII-7. MODEL=S: overlay direction traffic routed to frontage 
road or othet parallel route. 
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median openings at each end of the overlay job as when MODEL = 4. For 

these situations both lanes of traffic will be affected, and the method 

of calculating average delay and,proportion of vehicles stopped is the 

same as that used for MODEL = 3, but in MODEL = 4 traffic going in both 

directions is affected. 

MODEL = 5 (Figure AII-7). Irt some situations traffic in the overlay 

direction is diverted to an alternate route such as a frontage road or 

some other parallel road or street. The addition variable of LSD is the 

distance traveled by detour :i.n the overlay direction. 

Average delay and Proportion of Vehicles Stopped. The delay to 

traffic due to overlay is of four basic types which are related to 

vehicles: 

(1) traveling at a reduced "uniform'' speed in: the restricted area, 

(2) not having the ability to overtake and pass other vehicles 

traveling in the same direction, 

(3) having .to stop because of the movement of overlay personnel 

and equipment in the overlay area, and 

(4) having to stop because of congestion when the traffic demand 

exceeds the capacity of the restricted area. 

The delay per vehicle due to traveling at a reduced speed equals 

·the travel time at the reduced speed through the restricted area minus 

the travel time vehicles \vould have had through the restricted area had 

it not been restricted. 

The delay due to vehicles not having the ability to overtake 

and pass other vehicles traveling in the same direction because .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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is included in the delay discussed in the preceding paragraph 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 is a more complicated calculation and is probably largest in the cases 

where 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 vehicles. 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 

restricted area. Such effects probably will be small in all cases except 

MODEL = 2 with considerable queueing. If the length of the restricted 

area is fairly 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 delay will 

result outside the restricted area until the queue disperses. The 

rate of dispersion of this moving queue will depend mainly upon the 

amount of traffic from the opposite direction, the road geometries,· 

and the type of vehicles in the queue. This moving queue will also 

impede passing by traffic from the opposite direction; however, there 

will be a considerable length of road in front of this queue in which 

there will be no (or very few) vehicles 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 calculate, it is ignored (i.e., 

assumed to be zero). 
i 

The third type of delay, that resulting from vehicles having to 

stop because of the movement of overlay personnel and equipment in 

the overlay area, is calculated by multiplying the number of vehicles 

stopped by the excess delay of stopping. The program user must estimate 

(1) P02 and PN2 , the proportion of vehicles stopped due to the movement 

of overlay personnel and equipment and (2) D0
2 

and DN
2

, the average time 

that each vehicle stopped (because of such movement) remains stopped. 

It is expected that the overlay 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 small. Therefore, in the absence of 

information on the number of such stops, the program user probably 

should estimate that number to be near or equal to zero. 

The last type of delay (denoted by D0
1 

in the overlay direction and 

by DN1 in the non-overlay direction) results when a proportion of vehicles 

{denoted by P0
1 

in the overlay direction and PN
1 

in the non-overlay 

direction) have to stop because of congestion which results when traffic 

demand or input per hour (Q) exceeds the hourly capacity or output (0) 

of the restricted area. 

When MODEL = 1 (shoulder routed traffic model) is used, congestion 

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

i.e., DOl = DN1 = 0 and POl = PN1 = 0 for MODEL = 1. 
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When MODEL = 2 (alternating traffic model) is used, it is assumed 

that the hourly traffic is evenly divided between directions. It is 

also assumed that vehicle arrivals from each directionare Poisson. The 

proportion of vehicles stopped due to congestion from.each direction 

(P0
1 

or PN
1

) is estimated by the following equation: 

where a 

= 
(l-e-aQ)2 

2 

the time that it takes a vehicle to travel through the 
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 (D0
1 

or DN
1

) for MODEL = 2 is developed from equations formulated by Tanner 

(10) and given by: 

where a, Q, and P0
1 

are as previously defined. 

If MOD~L 3 or 5, both PN1 and DN1 will equal zero. If MODEL = 

3, 4, or 5 is used to handle traffic D0
1 

for all three methods and DN1 

for MODEL = 4 are calculated using the following equation developed 

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

where H 

= lliQ_ - 0) (R, - 02 
2Q P01 (R-Q) if Q > 0 

if Q .5.. 0 

the number of hours per day that overlay construction takes place, 

R = the recovery rate in vehicles per hour, 

0 the restricted output rate in vehicles per hour, and 

Q and P01 are as previously defined. 
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TABLE All - 5: CAPACITY TABLE (MODEL= 3, 4, or 5) 

Overlay Lane Capacities in 
Variable Rural or Vehicles per Hour 

Name % or Recovery Lanes {one direction) 
(FQRT_RAN) l'ruck~ urban Zone 1 2 3 i .2. .§_ l 

RUTFOV 10+ RU (/J 1350 2700 4350 6000 7650 9300 na ..., 
1-' 

RUTFRV 10+ RU R na 3000 4500 6200 7900 9600 11300 

URTFOV 0 - 10 UR ¢ 1400 2800 4500 6200 7900 9620 na 

URTFRV 0 - 10 UR R na 3000 4700 6400 8100 9800 11500 

Note: In SUBROUTINE USER additional lanes are ignored if beyond the table limits 
of 6 lanes for the overlay zone 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 0 

and recovery rate R are taken from the California study (11) and are 

given in Table AII-5. The California study also gives the number of 

vehicles which will be stopped at the time when recovery begins, i.e., 

when all lanes are reopened for travel, and this number equals ll(Q-0). 

The average number of vehicles which will be stopped at any one time 

during ov·erlay will be H(Q-0) /2. · By assuming that each vehicle which 

is stopped stays stopped for some average amount of time D, which is 

assumed to equal 1/12 hour, not including the time stopped after 

recovery begins, and assuming that no vehicles are stopped after 

recovery begins, the total number of vehicles stopped can be estimated 

as H2(Q-0)/2D if Q > 0 and is zero if Q 2_ 0. Thus, for MODEL= 3, 4, or 

5, the proportion of vehicles stopped P0
1 

(and also PN
1 

for MODEL = 4) 

is estimated by dividing the total number of vehicles stopped by the 

total input of vehicles during overlay (H x Q) : 

= H(Q - 0) 
2DQ if Q > 0 

POl = 0 if Q 2_ 0, 

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 precise number of stops under stop-13;nd-go operation which results 

from 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 II I TEXT LISTING PROGRAM DOCUMENTATION PAGE 

TEXLIS 

THE: PROGRAM 1 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 UPDATEn DECK OF COMPUTER CARDS. 

l 

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

ACKNOWLEDGEMENT. 
THE PROGRAM TEXLIS IS BASED ON.AN EARLIER PROGRA~ TXTLST BY 

LARRY BRISTOL, TEXAS A&M UNIVERSITY, COLLEGE STATION, TEXAS. 

SHOULD ANY PROBLEMS ARISE WHEN USING THIS PROGRAM, PLEASE 
D lREC T l HE INQUIR-Y TO • • • 

PROGRAM ACTION. 

DALE L. SCHAFER 
TEXAS TRANSPORTATION INSTITUTE 

TEXAS A&M UNIVERSITY 
COLLEGE STATION, TEXAS 

77801 

PHONE 713 B45-l717 

THE PROGRAM READS INPUT CARDS SEQUENTIALLY AND PRODUCES SE­
QUENTIAL LISTINGS AS DIRECTED BY THE INPUT CARDS. A~Y CARD WITH A 
DOLLAR SIGN ($) IN COLUMN 1 tS 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. 

1 TEXLIS'- TEXT LISTER PROGRAM DOCUMENTATION 
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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 l• THE CONTROL TYPE IS PUNCHED IN 
COLUMNS 2-9. IN COLUMN 10, ADDITIONAL DATA IS READ FROM THE CONTROL 
CARD TO FURtHER PROVIDE CONTROL INFORMATION. 

l) $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 
(qx, 4I2,2LU 

FIELD 1 - PAGE NUMBER OF THE FIRST PAGE OF 
THE LISTING. IF ZERO, THE PAGE 
COUNTER WILL NOT BE CHANGED. 

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

FIELD 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 6 - PUNCH T TO TAKE CARD 2 OPTION. 

NOTE THE DEFAULT VALUES SELECTED IF All OF THE 
FIELDS ARE BLANKS ARE (0,3,56,58,F,Ft 

2) $HEADING - THIS CARD SPECIFIES TEXT 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) $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 DOCUMENTATION 

74 

2 



CONTROL CARD FORMATS (CONTINUED) PAGE 

4) $PAGE 

5) $LINE 

6J $SKIP 

7) $END 

- 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 
POSITIONI~G 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 BEfN PASSED ON THE CURRENT PAGE, 
THE PROGRAM SKIPS TO THE LINE ON THE 
FOLLO~ING 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 lO­
ll. 

. . 

- 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 NUMaER 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. 

•TEXLIS' -TEXT LISTER PROGRAM DOCUMENTATION 
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TEXT CARD PROGRAM OPTIONS PAGE 

PAGE SIZE OPTIONS. 

THE TWO OPTIONS AS SPECIFIED ON THE $START CARD HAVE THE 
FOLLOWI~G EFFECTS (NOTE THAT THEY WORK IN COMBINATION.} 

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

2) NO FULL SILE WITH CARD 2 - THIS COMBINATION IS ILLEGAL. 

3) FULL SIZE WITH NO CARD 2 - EACH INPUT CARD IS A SEPARATE 
LINE~ 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 
7-66 OF CARD 2 FORM A 132 CHARACTER LINE. NOTF THAT 
CONTROL CARDS STILL USE ONLY ONE CARD. 

TEXT CARO FORMAT. 

THERE ARE TWO FORMATS FOR TEXT CARDS, DEPENDING ON THE USE OF 
CARD 2 OPJION. IF THE OPiiON IS NOT USED, TEXT IS READ FROM COLUMNS 
1-72 OF EACH CARU~ COLUMNS 73-80 ARE IGNORED. 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 FROM COLUMNS 7-66 OF CARD 2. THE 
REMAINING COLUMNS ARE IGNORED. ~OTEt HOWEVER, TH~T COLUMNS 1-6 OF 
CARD 2 MUST Bf SLANK. 

MULTI-PRINTING 0N 0NE LINE. 

THE F0LL0WING PARAGRAPH 0N 0VERPRINTING APPLIES IF A '+' 
IN C0LUMN 0NE AS CARRIAGE C0NTR0L WILL CAUSE THE PRINTER T~ PRINT 
WITH0UT SKIPPING T0 A NEW LINE. 

MULTIPLE TEXT CARDS CAN BE 0VER-PRINTED 0N A SINGLE LINF 'BY 
PLACING A PLUS SIGN (+) IN COLUMN 72 FOR N0 CARD 2, 0R IN C0LUMN 66 
~F CARD 2 F0R U$E WITH THE CARD 2 0PTI0N~ 
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'TEXLIS' PROGRAM LISTING PAGE 5 

c------------------------------~--~-------------------------------------

PROGRAM TEXLIS, A TEXT LISTING PROGRAM 

ACKNOWLEDGEMENT BASED ON 1 TXTLST• BY LARRY BRISTOL 

c 
c 
c 
c 
c 
c 

TEXAS A&M UNIVERSITY 

c----------------.... -----------------------------... -------~-----------------
INTEGER LINE1(72), LINE2(64), ~EAONG(64), FOOTNG(64), PAGE, 

* SLINE, FLINE 
INTEGER HT, CHK1, CHK2, PLUS, BLANK, DOLLAR, COMN0(7) 
LOGICAL FULLSZ, CAR02, FIRST 
COMMON HEAONGt FOOTNGt LINE1, LINE2r LINE, PAGE, SLINE, MLINE, 

c 

c 

1 FLINE, FULLSl, CAR02, FIRST 
DATA BLANK /1H /, DOLLAR /1H$/, PLUS /1H+/, HT/lHT/ 
DATA COMND/lHS, 1HH, lHF, 1HP, lHL, 1HS, lHE/ 

FULLSZ= .FALSE. 
CAR02= .FALSE. 
FIRST= .TRUE. 
DO 20 I = 1 ,64 
HEADNG(I) =BLANK 
FOOTNGCit = BLANK 
LINE2(1) =BLANK 

20 CONTINUE 
LINE = 100 
PAGE = 0 
SLI NE = 3 
MLlNE = 58 
FL I NE = 56 

C***** FOR OTHER THAN IBM MACHINES, 
C***** EXCHANGE THE 'C' ON THE FOLLOWING TWO STATEMENTS. 
C 1 READ( 5, 501 t LINE1 

1 REA0(5,501,END=170J LINEl 

c 

c 

501 FORMAT (72A1) 
IF (LlNE1(1) .EQ. DOLLAR) GO TO 100 
FIRST = .FALSE. 
IF (.NOT. CAR02) GO TO 10 
REA0(5,502) CHKl, CHK2, (LlNE2(1J, 1=1,60} 

502 FORMAT (A3, A3, 60Al) 
IF( CHK1.NE.BLANK .OR. CHK2.NE.BLANK )GO TO 1000 

10 CALL WRITE 
GO TO 1 

100 DO 101 I = 1, 7 
IF( LINEU2).EQ.COMNO( I) J 

1 GO T0(110, 120, 130, 140, 150, 110, 11'0), I 
101 CONTINUE 

GO TO 1002 
C--$START IF NOT $SKIP (fHlRD CHARACTER NOT A 'T') 
110 IF( LINE1(3) .NE. HJ 1 GO TO 160 · 

1 TEXL I s• - TEXT L l STER PROGRAM DOCUMENT AT ION 

77 

***** 
***** 



'TEXLIS' PROGRAM LISTING (CONTINUED» 

NPAGE=INTG(LINEl, 72, lOr 2) 
PAGE = 0 
SLINE=lNTG(LlNElr72,12,2) 
MLINE=lNTG(LINElt72,14,2) 
FLINE=INTG(LINE1,72,16,2t 
IF ( L IN E 1( 18) • E Q. H T ) fULLS Z = • TRUE. 
IF( LINEUl9) .EQ. HT tCARD2 =.TRUE. 
IF {NPAGE .NE. 0) PAGE = NPAGE - l 
IF (CARD2 .AND •• NOT. FULLSZ) GO TO 100Li 
IF (SLINE .LT. 3 .OR. SLINE .GT. 241 SLINE = 3 
IF (MLINE .LT. SLINE .OR. MLINE .GT. 56) MLINE = 56 

PAGE 

IF (FLINE .LT. MliNE+1 .oR. FLINE .GT. 58) FLINE:::: MLINE + 2 
lINE = 100 
GO TO 1 

C--$HEADlNG 
· 12 0 DO 12 1 I = 2 , 6 4 

121 HEADNG(It = LINEU8+U 
GO TO 1 

C--$FOOTING 
130 DO 131 I = 2t64 
131 FOOTNG{I) = LINE1(8+1t 

GO TO 1 
· C--$PAGE 

140 IF (PAGE .EQ. 01 GO TO 1 
CALL FOOT 
CALL HEAD 
GO to 1 

C--$LINE 
150 L =INTG(LINE1,72,10,2) 
161 IF (L .LT. SLINE .OR. L .GT. MLtNE) L = SLINE 

IF (LINE • L E. L) GO TO 152 
IF (PAGE .EQ. OJ GO TO 151 
CALL FOOT 

151 CALL HEAD 
15 2 CALL PO S ( L) 

GO TO 1 
C--$SKIP 

160 L =INTG(LINE1,72,10,2) 
M =INTC(LINE1,72rl2,2) 
If ( L .LE. 0) L = 1 
L = LINE + L 
I F ( L + M • G T • M L I N E t GO T 0 14 0 
GO TO 161 

C--$ENO-DR EOf 
170 CALL fOOT 

WR 1 TE ( 6, 666 ) 
666 FORMAT (23HlPROGRAM = TEXLIS END J 

STOP 
1000 WRITE(6,6000) CHKl, CHK2t (UNE2(It, 1=1,60) 
6000 FORMAT ( 

1 18H11LLEGAL CARD 2 - ,A4, A4t 60A1) 
STOP 

l 001 WR I TE ( 6, 600 l) 
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'TEXLIS' PROGRAM LISTING (CONTINUED) PAGE 7 

6001 FORMAT(55HlCARD-2 OPTION MUST ALSO HAVE FULL-StZE OPTION 
STOP 

1002 WRITE(6,6002) LINEl 
6002 FORMAT(20H1UNDEFINEO COMMAND-- , /lH , BOAl) 

STOP 
END 
FUNCTION INTG( IALPHA, NOIM, IBEG, NCHAR) 

C--INTG AN INTEGER FROM ALPHA CONVERSION FUNCTION. ASSUMES All NON-, 
C--NUMERICS TO BE ZEROS. 

DIMENSION NUMBRS( 9), IALPHA(NDIMI 
DATA NUMBRS /lHl, 1H2, lH3, lH4, 1H5, 1H6r 1H7, 1H8, lH9 I 
INTG=O 
ITE N=l 
IE N D= IBEG+NCHAR-1 
DO 10 I = IBEG, lEND 

INDEX = lEND + IBEG - I 
008J=l,9 

IF(IALPHA(INOEX) .NE. NUMBRS{JI ) GO TO 8 
INTG = INTG + J * ITEN 
GO, TO 10 

8 CONTINUE 
10 ITEN = ITEN * 10 

RETURN 
END 
SUBROUTINE POS (l) 
INTEGER LINE1(72t, LINE2(64), HEADNG{64), FOOTNG(64}, PAGEr 

* SLINEr FLINE 
LOGICAL FULLSZt CARD2r FIRST 
COMMON HEADNG, FOOTNG, LINEl, LINE2, LINE, PAGE, SLINE, MLlNE, 

1 FLINE, FULLSZ, CAR02, FIRST 
l I F ( L • L E • l IN E ) R E TURN 

LINE = LINE + 1 
WRITE ( 6, 600) 

600 FORMAT (lH ) 
GO TO 1 
END 
SUBROUTINE FOOT 
INTEGER . LINE1(72), LINE2(64), HEADNG(64), FOOTNG(64), PAGE, 

* SL IN E, F LINE 
LOGICAL FULLSZ, CAR02, FIRST 
COMMON HEAONG, FOOTNG, LINEl, LINE2, LINE, PAGE, SLINE, MLINE, 

1 FllNE, FULLSZ, CAR02, FIRST 
CALL POS (FLINE) 
If (FULLSZ) WRITE(6,60l) FOOTNG 

601 FORMAT (35X,64Al) 
IF (.NOT. FULLSZt WRITE(6,602) FOOTNG 

602 FORMAT (9X,64Al) 
RETURN 
END 
SUBROUTINE HEAD 
INTEGER L1NE1(72), LINE2(641, HEAONG{64), FOOTNG(64), PAGE, 

* SLINE, FLINE 
LOGICAL FULLSZ, CAR02, FIRST 
COMMON HEAONG., FOOTNG, LINEl, LINE2, LINE, PAGE, SLINE, MLINE 
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'TEXLIS' PROGRAM LISTING (CONTINUED) 

1 FLINE, FULLSZ, CAR02, FIRST 
PAGE = PAGE + 1 
IF (FULLSZJ WRITE(6,60l) HEADNG, PAGE 

601 FORMAT (lHlr28X,64Al,lOX,5HPAGE ,13) 
IF (.NOT. FULLSZ) WRITE(6,602) HEADNG, PAGE 

602 FORMAT (1H1,3X,64Al,2X,5HPAGE ,13) 
LINE = 2 
CALL POS (SLINE) 
RETURN 
END 
SUBROUTINE WRITE 

PAGE 

INTEGER LINE1l72), LINE2(64J, HEAONG{64t, FOOTNG(64), PAGEt 
* SLINE, FLINE 

INTEGER PLUS 
LOG1CAL FULLSZ, CARD2, FIRST 

8 

COMMON HEAONG, FOOTNG, LINE1, LINE2, LINE, PAGE, SLINE, MllNE, 
1 FLINE, FULLSZ, CARD2, FIRST 

DATA PLUS /1H+/ 
IF (LINE .tE. MLINE) GO TO 1 
IF (PAGE .NE. 0) CALL FOOT 
CALL HEAD 

l IF (fULLSZt GO TO 100 
If (LlNEU72J .EQ. PLUS) GO TO 10 
WRITE(6,60l) LINEL 

601 FORMAT (9X,72Al) 
·LINE = LINE + 1 
.RETURN 

10 WRITE(6,602) (LlNEl(l), I= 1,71) 
602 FORMAT (1H+t8X,72AU 

RETURN 
100 IF (CARD2) GO TO 150 

IF (LLNEU72) .EQ. PLUS) GO TO 110 
WRlTE(6,603) LINE1 

603 FORMAT (27X,80Al) 
LINE = LINE + 1 
RETURN 

. 11 0 WR I TE ( 6, 60 4 t { LINE l ( I J , I = 1 , 71 ) 
604 FORMAT (LH+,26X,79Al) 

RETURN 
150 IF (LINE2(60) .EQ. PLUS) GO TO 160 

WRITE(6,605~ LINElt LINE2 
605 FORMAT (lX,l32Alt 

LINE = LINE + 1 
RETURN 

16 0 WR I TE ( 6, 6 06 ) L I NE 1 , ( L I N E 2 ( l ) , = 1 , 59 I 
606 FORMAT (1H+,131A1) 

RETURN 
END 
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Al'rENDIX IV 

FLOWCHARTS 

This appendix is cotnposed of a Suttnnary Flowchart drawn to 

ANSI X3.5 Standard (reference 12) and a computer produced flowcharted 

program listing. 

The Summary Flowchart serves as a macro flowchart with the flowchart 

listing, by program FORTCHT, to serve as a micro flowchart and program 

listing combination (reference 13). 

The micro flowchart of the MAIN program is first with all SUBROUTINE 

flowcharts following in alphabetical order. 
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~ccccccccccccccccccccccccctccccccccccccccccccccccccccccccccccccccccccccc 

l FLEXI8rPPAV~MENT SYSTEM 
C COMPUTER PROGRAN - YERS ION 9 
c c . 
ccccccccccccccccccccccccccccccccccc·ccccccccccccccccccccccccctccccccccccc 

COMMON A1711 AAS, ACCD; ACPRt ALPHA ANZill>l ASN 1 ASO 8171 
I 861111.1 8 ONE, CINTi .• CLl ~MA~~ ell C2, CO~TII>lt DAT11llll~l, 
2 DN2 1 .Dn2f DMAXI61 1 Uf'OIN 61, uuYER 61_, GAMMA,_ HP01. INDEX 101. 
3 IPAvEI!sl YPE(J KT~"!tJ LAYERf MAT'I'PEl "ODELl NLOt .NLRN, NLROt NM 
lCOH~g~,NPH~,N~~J: it¥Y SJ~v8M~• ~YM ~~ O~Np~'pm~Llt O~~TR, 
2 SC, sec, T8SC, TCtr.M1x, TIIIN, f.rc}6t, hsl, UPlfYL, xfNctl.t, 
3 XLSD, XLSN, XLSO, XHC, XTBOo XTTO, LIT 50, ol 

~==Y~ltuAfME~b~~R:~t DIMENSIONS AllOW A 6 LAYER DESIGN, ll HA.TER IALS 

DIIIENSION IDUMMYI241 1 COOEI61b POLI~Y~50bZ41 

8l:~f8~ ~g~m~~l~~~rmA~ttiNPD s 10 1 

.8:f~ Bt:~~ft~• ,MD/11/t NSUHD/24/o NP0/50/, NKTD/9/ 

c•••••••••••••••••••••••••••••••••••••••••••••••••••••·•••••••••••••••••• 
fEEEEEEEEEEfEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEf 
E LAST 8 0 E 
E EE E EEE EE EEEEEE EE EE EEe E EEEEEEEE EEEEEEEEE EEE EEEE EEEEEEEEE EEE Ef.EE EEEEEE EEEE E 

c-~READ IN PROGRAM AND PROBLEM IDENftFICATION 
I 

SYMBOL KEY 

EEEEE • ENTRY 
TTTTT • TERMINAL 
CCCCC • CALL 
RRII.R.R • RF.AO 
WWWWW = WRITE 

OK------------------------------------------------------------------------J I I 
• •• • •• • •• • • • • • • • ••• • • • • • • • • • • •• •• ••• •• • • •• • • • •• •• •• • • • • • • • • • • •• • • • • • • •.... I 
• 10 CONTINUE • I 
····································j····································· 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
~cccccc~~~~cl~rgl~!~~l~~~c~~~~c~~~~~ccccccccccccccccccccccccccccccccccccc~ 

I 
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NPOS • 0 
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I 
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I -------------------- ••••••• DO. i i. j.:. i:. NM"iE Si •••••••••••••••••••• ~ •••••••••••••••••••••••••• : 
I ····································i····································· 
l I ----------------- ••••••• 00. i i . .i.:. i: .NPD ••••• ••••• •.• •••••••••••••••••••••••••••.••••••••••• : 
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I
t l .•••••.••.•.•.•.••..••..•.•..••..••• ! .................................... . 

------------------• 11 POLICYII,JI • 0.0 
I ····································i····································· 
I , _________________ ·······oo·i2·i·::·i:·L~vo·················································: 
II ::::::::::::::::::: :·::: :: :·::: :: ::::: !::: :::::::::::::::::::-::::::::::::::: 
I ------------------• 12 X~OKPI I,JI • BLANK 
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l ······-···································································· --------------------• 13 CONTINUE . • 

··································~-~····································· 
t--KNTOL IS A COUNTER FOR THE HUMBER OF COMPLETED FEASIBLE DESIGNS, 

I 
·······l~i~t·:·6···································~······················ 

···················-~···············1····································· 
C--NHP IS THE SUBGRADE IN THE DATA tRRAY 
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..................................... i ................................... .. 
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C--INCLUOE THE PROPERTIES OF THE SUSGRAOEo 
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B ( lAYfR+ll = 6·8(tlM+ II .................................... i .................................... . 
C uVCOST-THE OVERlAY IN-PlACE COST PER COMPACTED CUBIC YARO. 
C--INClUOE THE OVERlAY PROPERTIES1 ASSUMEO TO SESAME AS 1ST lAYER. 
C OVSAlV-THE OVERLAY SAlVAGE VAlUt Of THE MATERIAl. 

I 

· ·· · .. · ovcosr·::. • cosril i · · ··· · ·· ·· ··· · ·· · ··· · · · · ·· · · · · ·· · · ·· ·· · · · ·· · · · · · · · · 
OVSAlV • PSVGEIII .................................... i .................................... . 

tiNT IS THE INITIAL TERM ltl THE DEFlECTION EQUATION, USED IN •CAlC•. 
I 

:······ciNr·~·slii'*'i44:·;·z44oa:·······································: 
..................... ~··············i·· .. ·······~····················· .. ·· 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c CAll SOlVEZIISKIP,ICOST,NUM8Eil,_SCOSTI C 
C CAll UUTPUTISCOST,NP40Gf!lfKPlTOL~1<0UtlT,POliCY,NP46~ST.tSKIP,ICOST, C 
tccccc~cccccccccccc~g~~~~c~fg~c~~~g~ccltttt~ccfgg~lccccccccccccccccccccccf 
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I 

·······iFi"KouNr··:Eo:·o·i··Ga"fo'i4o······································-----------------------l---v 
I I ••••••••••••••••••••••••••••••••••• _.j .................................... . 

C--THE FOllOWI~G DESIGN TYPES HAVE Atl OPTIMAl SOlUTIO~. 
I ... · ... NK.;,. NK.;. i ... ............................................ ~ ...•...•• 

IPOSSIPlKI • NHOGN 
OCOSTIPlKI = BcOST .................................... i .................................... . 
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I PAGE 4 3 

l
l ·······ao·to~iso····················!······································-------------------v1 !

1 
I 

• • • • •• • • • • • • • • • • • • • • • • • • • • • • • •• ••• • • • • • • •• • • • • • •• • • • • • • • • • • • •• • • • • • • • • •• • • I I I I I 

\ C-THE FOLLOWING DESIGNS ARE IMPOSSIBlE UNDER THE CRITERION. ! ! ! 
I I I I I OK--~-----------------------------------------------------I---1---0 I I I I 
f ···i40.NPos·:·,..;os·;.·i···················································· I l 
I ....... ~~?:~~ ~~?~!.:. ~~~~~ .. ... ... .. ... .. .. . . .. .. .. . . ...... .. ... . . .. . ..... I I 
I ~ I I l c--CHftK IF ALl coMBINATIONS EXAusT

1
o, IF.NOT oBTAIN A NEW cOMBINATION. 1 1 

I OK--------------------------------------------------------0 I I I I 
: ___________________ .···iso·coNTiNue··························································· I 

..................................... i ............................ '........ l 
c--OPTIONAL, A MESSAGE HERE THAT Nol All DESIGN TYPes oBTAINED. 1 
....... N~OGN. =. i Oi........................................................ I 
····································A:~~:~::~:~::::~:::::::::::::::::::~:: ________________________ A 

I 

l 
I 
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I 
I 
I 
I 
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I 
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I 

I 
I 
I 
I 
I 

• .. no· NMDGN. =· t.i.oioN':.i .. •••• •• •• ••• ••• • • •••• • • •• • ••• •• • • • • •• ••• •• •• •• •• • • I .................................... i'....... .. . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
C--PRINT THE PROBLEM SUMMARY I 

. I I 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC I 

~ .cALL suM&R~NroL ~~g~~ ";~L~~~Ro~~o~"zt.P~rtGet.KuP~~~~s ocos., ~ I 
cccccccccccccccccccccclcccccclcccccccccccccc<ccccclccccccccr.ccccc~cccccccc 1 

I I 
••• , ••••••• • • •• •• •• •• ••. • • ••• •. ••. •• ••••• ••. •• ••• • •••••••• • ••••••• • •...... I I 

GO TO 10 •------------------------'-------1---A 
I 
I 
I 
I 

OK--------------------------------------------------------------------0 
I 

···lzb·t~~ti~~~················································•·········· 

;;;;;;;;;;;~;;;~;;;;;;;;;;;;;;;;;;;;J;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 
t STOP T 
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 

·······eNo································································ 
············~·········-~··················································· 

85 



HEADflG 

EEEEEEEEEEEEFEfEfEEEEEEEEEEEEEEEEEEEEEEEEEfEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 
~ E f E fEE ~m~~ u ~ ~E ~~ m~~ m~he~~~~ E~~ m~ E EE E Ef EE E E EE E EEE EE EE EE E E EE E E FE~ 

C SURROUTINE HeADNG IS A PROGRAM rb PRINT A PAGE HEADING WITH AN 
C INCREMENTED PAGE NUMBER. 
C 'NPROB IS AN ALPHNUMERIC 2 AYTE PltOSlEM NUMBER. 
~ t~~G~SI~ l~eW~~~V~~U~y~~~Ep~n~~~~~~~ ~~~~~N~~r~ ~~oy~~~E~~~\~o BEFORE 
C PRJ NTING 

DIMENSION AN2Cl61 

" ... " """ i·PAGE";,. iPAGE"+. i" ........ " ..•.. "" .•• "" ••••••.•••••• "" •.. " •... " ... "" 
.•••..•••••.•••••••••••.•••••••.••• 'j .................................... . 

~ww••ww~~rrrr~~~~~~~~~~~w~%~~1~~~w~~r~~~~~w~~r~~wwwwwwwwwwwwwwwwwwwwwwww~ 
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 

. . I . 
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 
T RETURN T 
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 

dl~ FORHATlbHlPR06 , A4, lH•, l6A4, 3H* P, 13, 4X, lOHI-----TRIH II 

....... END ............................................................... . 

CALC 

EEEEEEEfEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEfEEEEEEEEEEEEEffEEEEEEEEEEEF 
E SUBROUTINE CALCCSSI . F 
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEFEEEEfEFEEEEfEfEfEEEEEEff 

I 
1CUM~g'(41fl~ 1 H ~~~: tm• ~tPRcH:~PH~l,A~~! 1t~hm' ~l~ltWl!t, 
2 oNz, DU2f DHAXI6t, 6HrNl&t, OOVERI&t, GAMHAN H~o. INnex.hot, 
\oM~~~6~f4s! ~~~os~T~~lbs}:vs~IJI~T6~~1x~08S~IN,l8vs~te~·n~H~: NM 
1 P02, PNz, PROP, PSil· P>VGEC6·1f Pl 1 Plt P2P, RATE, RCI RO, 
2 SC, SCC, TBSC, TCKM X, THIN, TC2ul, TSC& UPLEVL, X NCC61, 
3 XLSO, XLSN, XLSO, XNC, XTB?t XTTO, l(75.0, I 

C GIVES SCI FOR ANY SET OF DEPTHS, CIHT IS THE fiRST TERM Of THE 
C OEHECTION EQUATION • 

. .. • . . . • i~RH'"; ·o: .......... ................................................ . 
SS s CINT .................................... i .................................... . 

t--------------------·······oo·60*j~i;LAYER*·•················································· I .................................... i .................................... . 
I DOVER, THE THICKNESS OF THE JTH LAYER, IS CCNVFRTEO TO INCHES. 
I I 
\ •• " ...... TERM.~. TEKM'" ~. Af j i ;uoVfRij). * ·;6:0 ..... ................. • ................. . 
1 PART = h. 25*TERM**Z 
I ......................................................................... . 
I I ' ··········································································· -------------~------• 60 SS • SS • CAIJ•ll - BIJII*l~4./CClOO.•PARTI•I2~4.•PARTII • 

;;;;;;;;;;;;;;;;;;;;;~;;;;;;;;;;;;;;{;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 
~TTTTTT~l~¥~~TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTfTTTTf 

·······[;.o ............................................................... . 

86 

SY~ROL KEY 
ffEEE 
TTTTT ccccc 
RRRRR wwwww 

FNTRY 
TERMINAL 
CALL 
READ 
WRITE 

SYMROL HY 

fEFH 
TTTTT ccccc 
RRRRR 
wwwww 

FNTRY 
TFRMIIIIAL 
CAI.L 
RFAO 
WOITf 



IliPUT 

c . . . . 
C****************************CARO !************************************* C READ THE HEADING CARDIBLANK CARD ASSUMED TO BE END OF DATAl 

I . 

SYMBOL KEY 

EEEEE nm 
RRRRR wwwww 

ENTRY 
TERM! NAL CALL. 
PEAO 
WRITE 

RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR 
~RRRRRR~Ka2~~lJR~l~~~R~;~lRR~:=~RA~~~~~~lkR~;AkA~~RRRRRRRRRRRRRRRRRRRRRRRR•----------------------C------------r 

I I 
, ........ FOR STANDARD FORTRAN REPLACE READ WITH 'ENOs' WITH THE FOLLOW- I 
C ....... lNG READ STATEMENT BY REMOVING THE 'C' IN COLUMN ONE. 1 
C REAOIS,.7801 NPROBtiANZINI, Ns\,161 I 
C ....... BLANK CARDS READ AS A HtAD~R WILL FLAG THE END OF DATA l 

: ••• ' .. iFi i'<Hos:ee.: NBLANK. :1oo: 'lNZi i l:ea:mNKi' M'fo' 540'.'' •••• '.' •• ' •• •-----------------------------------J 

....... ii>Ai;e':'o'"''''""'"'""'"'''"''''"''"'''"''""""''"'' 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~!~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
lcccccc~~~~c~~~~~~~~~~~tct~~~cl~~g~~ccccccccccccccccccccccccccccccccccccg 

.I 
WWW~WWWWWIIWWWWWWW.IfWWWWWWIIWIIWWWWWWIIWIIWIIWIIWWWWWWWWWWIIWIIWWWWWWWWWioWWWWW~~~~~~~~W 
II WRITEI6 0 9001 . . . . W 
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww¥wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 
c•••••··~··••••••••••••••••••cARD z••••••••••••••••••••••••••••••••••••• 
C READ MI.SCELLANEOUS INPUTS 
C NDP THE NUMBER OF DESIGNS PER SUMMARY PAGEIDEPENIJENT ON SUBROUTINE 
C SUMARYI 

I ....... Nov~·e··· ....................................................... .. 
;;;;;;;;;;;;;;;;;;~;;;;;;;;;;;;;;;;;&;;;;;;;;;;~;~;~;;;~;;;;;;;;;;;;;;;;;; 
aRRRRRR~~~R~~~x~~~RR~~:~~~~~~A~~~AR~~RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR~ 

. . I 
NMB-THE NUMBER OF OUTPUT PAGES FOR THE SUMMARY TA8LE18 DESIGNS/PAGEI. 
NM-THf TOTAL NUMBER OF MATERIALS AVAILABLE~EXCLUDING SUBGRAO~. 

~M\~0~L:~~u~~~~e~~ :tll\~~R~&RM~eh~E Lm A~mMmo 
PROPERTY CARDI.o . . .. 

CL-THE LENGTH OF THE ANALYSIS PERIOD IN YEARS, 
~t~'T~~F N~m~ g~ H~~sL~~e~~~EMGHWAY, sotH DIRECTIONs 

I 
·······Nto·;·Ntiz''''''''''''''''''''''''''''''··························· 
.................................... i .......... ~ ......................... . 
C****************************CARO 3************~**•********************* 
C READ IN THE PERFORMANCE VARIABLES. 

I 
RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR 
~RRRRRR~~~R~~~~;~lR:k=~~A=~~A:lk~~A:l:~RR~~~~:=::RRRRRRRRRRRRRRRRRRRRRRRR~ 

C ALPHA-THE DISTRICT OR REGIONAL T1MPERATURE CONSTANT, 
C PSI-THE SERVICEABILITY INDEX OF fHE INITIAL STRUCTURE, 
C PI-THE BEGINNING SERVICEABILITY INDEX OF THf PAVEMENT 
~ P2-~~fE~~~7M3~E~tt6wED VALUE OF THE SERVICEABILITY INDEX 
C !POINT AT WHICH AN OVERLAY MUST BE APPLIED!• 
C P2P-NDN-TRAFFIC DETERIORATION PARAMETER-THE LOWER BOUND ON THE 
C SERVICEABILITY INDEX WHICH WOULD BE ACHIEVED IN INFINITE 
~ BONE!A~-~H~F7g '/;~~~~~&RATION PARAMETER-THE CONSTANT WHICH 
C DETERMINES THE EFFECT THAT SWELLING CLAY WILL HAVE UPON THE 
C SERVICEABILITY LOSS OF THE PAVEMENT DURING A FINITE 
C TIME INTERVAL. 
C****************************CARO 4********************~**************** 
C READ IN THE TRAFFIC VARIABLES, 

I 
RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR 
~RRRRRR=~~~~~~~~~~RR:2~R~~2RR~~~~~R~:~:~~kRl~~~~RRRRRRRRRRARRRRRRRRRRRRRR~ 

I 
C RO-TH~ ONE-DIRECTION AVERAGE DAILY TRAFFIC AT THE BFGINNING Of THE 
C ANAL YS I~ PER 100. 
C R20 IS ADT AT ENO OF ZO YEAR PERIOD. 

I 
.•.••. ·Rc...; ·Ro.:. C.L. *. i R20:Roi. :o:o; ................. • • .............. • ... . .................................... i .................................... . 
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I N PUT 

PAGE 
I 

C RC-THE ONE-DIRECTION AVERAGE DAILY TRAFFIC AT THE END OF THE 
C ANALYSIS PERIOD, 
C XN20 IS THE 20 YEAR ACCUM, IS-KIP AXLE EQUIV. 
C XNC-THE ONE-DIRECTION ACCUMULATED NUM8£R OF EQUIVALE'IT 18-KIP AXLES 
C DURI'IG THE ANALYSIS PERIOD ·ICO'IVERTED TO foiiLLIONSI 
C THE TRAFFIC EQUATION CONVERTS XNC FOR CL YEARS FROM XN20. 

I 
: ...... KNC.;. i KN20ii 20:04. i RQ;R20 j j. •. i z:o;RO*Cl + i i R2Q!ROii.iO:Oi•CL**ii i .. : 

1 • l. OE-06 

····································i····································· 
C PROPCT- PtRCENT OF AllT WHICH WILL PASS THROUGH THE OVERLAY lONE 
C OURINu EACH HOUR WHILE OVERLAYING TAKES PLACE(NOR~ALLY ABOUT 
C 6 PERCE'IT FOR RURAL AREAS t 5.~ PERCENT FOR URRA'I AREAS, ANO 
C AUOUT 4.2 IF TRAFFIC IS EVENLY DISTRIRUTFD DURING THE 24 HOURSI. 
C ITYPF-IS A CODE·FOR THE TYPE OF ROAO UNDER CONSIDERATION. 
C !TYPE~! DESIGNATES A RURAL ROAD AND ITVPE=2 DESIGNATES AN 
C URRAN ROAD. 
C PRUP IS THE PROPORTION EXPRESSED AS PERCENTAGF 6Y PROPCT. 

I 
........ PROP.;. PKOPCT. ;·o:oi· • .. • ................................ • ........ . 
.................................... i .................................... . 
c••••••••••••••••••••••••••••cARO s••••••••••••••••••••••••••••••••••••• 
C READ IN THE VALUES Of THE RESTRICTION VARIABLES. 

I 
RR~R~RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR~RRRRRRRRRRRRRRR~RRRRRRR 

~PRRRRR~~~~~~~~~g~.R~m~m~Am~R~=~~A~~~~AR~~~~A~~R~~~~A~~R~~:~J~RRRRR: 
I 

" ••..•• TCKHAX.; "iMAXiN" i" 36:o·· .... " ••••• " •• " •••••••••. "."" ••••••••••. " •••• 
OVMIN • OMININ/)6.0 
OVMAX • OMAXIN/)6,0 

·;··;;;~~;~~·:;~;~~~·:~~~~;~·;;~;·;~i;~;·;;~~;·~~;~~:~:··················· 
C XTBU-THE ~INIHUM ALLOWED TIME BETWEEN OVERLAYS PERMITTeD. 
C TTSC-THE MINIMUM TIME TO THE FIRST SFAL COAT AFTEP INITIAL 

·C OR UVERLAY CONSTRUCT ION. 
C TBSC-THE MINIMUM TIME BETWEEN SEAL COATS. 
C CMAX-THE MAXIMUM COST PER SQUARE YARD THAT IS TO Bf ALLOWED FOR 
C I~ITIAL CONSTRUCTION, 
C TCKMAX-THE MAXIMUM ALLOWABLE TOTAL THICKNESS nF INITIAL CONSTRUCTION. 
C 0VMIN-TH€ MINIMUM THICKNESS Of AN INDIVIDUAl OVERLAY. . 
( OV>IAX-THE ACCUMULATED MAXIMUM THICKNESS Of All OVERLAYS. 
C********•••••••••••••••··~**CARD &**************~********************** 

.C REAO IN OVERLAY PARAMETERS ASSOCIATED WITH OVERLAY 
C AND ROAO ~FUMETRICS. 

RRKRRRflRRR.RRRRRRRRRRRFrRRRRRRRRRPRRRRARRRR.RRftRRRRRRRRRRRRRRRRRRPRRRRRRRRRRR 

~ .•• ~·. ~ m ~~ R~~g ~. R*~~~ R~~~ 2 R~~~g R~ ~ ~~,.m~ R~~g~ ~~ :g R~~ :~RRR RRRRRRR. RRRR~ 
C ACPR-ASPHALTIC CONCPETE PROOUCTI~N RATEITONS PER HOURI E ACCO-ASPHALTIC CO~CRETE CONPACTED OENSITYITONSICOMPACTEO CYI 
( XL so-~~~ .. n sr~N¥~f"6n~a~ ~\~~gT I~L c.L. ,ave• .WHICH TRAF.f(C rs 
C XlSN-THE DISTANCE,MEA.SURfD ALONG THE C.L .. OVER WHICH f.OAFfiC IS 

~ XL SD-~~P"I\? s }~Nt~F .~~~sU~f~L:to~JRt~P&~inuR, AROUND THF OVfRL4Y ZONE .• 
C HPU-TH~ NU"6ER Of HOURS PER DAY TH4T OVERLAY CONSTRUCTION TAKES PlACE 
C THE PRODUCT OF PROPOHPD SHOULD NOT Rf GREATER THAN 1; H THE STRIP 

t ~~.~~y~~ ~G~~~~ug~~g~E~O~A~~sH?~·~H~Ag~e~t~; ~?g~~~~gN=I~·THE 
C RESTRICtEO lONE. 
C ~LRN-THE NU"BER OF nPEN lANES IN THE NON-OVERLAY OIRFCTION IN THE 
C R~STRICTEO lONE. 

I 
ww~wwwwwww~wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww~wwwwwwwwwwwwwww 
W IF( (PROP•HPDI .G·T. 1.001 WRITEI6,8031 . W 
www~wwkwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww~wwwwwwwwwwwwwkwwwwww~wwwwwwwwwww 

I C•••••••••••••••••••••••••***CARO 7•••••••••••••••••••••**************** 
C •EAt> ~IN LITHFR OVERL·A.Y PARAMETERS ASSOCIATED WITH TRAFF!t 
C SPEEOS ANO DELAYS. 

I 
RRRRRRRRRRRRR.R~RRRfiRRRR-RRRRRR-RRRRRRRRRRRRRRRRRRRRRRRR.RRRR.RRRRRRRRRRRRRq,RRR 

~RRRRRR~m~~~m~Rmh~m~2~~ARm~R~~h~~~kmR~2mRRRRRRRRRRRRRRRPP~ 
I 

....... POi.;· PP02•;. ·o:Oi .. •..•••....•...•.•.•.....•.....••••............. " 
PN2 = PPNl 0 0.01 ...................................... i .................................... . 

C PC?-PROPORTION Of VEHICLES THAT WILL BE STOPPED IN THE OVERLAY 
C DIRECTION BECAUSE OF ~OVEMENT OF PERSONNEl OR EQUIPMENT, 
C PN2-PRUPURTION OF VEHICLES THAT Will 6E STOPPED IN THE 

f 002-~s~-~~~~~~~ mwm ~~Mm ~~o:mo7~e~HgRo~~~mE~fRECTiuN 
C BECAUSE Uf MUVEM~NT Of OVERLAY PERSONNEl ANn EQUIP~fNT IN THE 
C RESTRICTED lONE, 
C DN2-THE AVERAGE DElAY PER VEHICLf STOPPEO IN rHE NON-OVERLAY 
C OIRfCTIUN BEC4USf OF MOVEMENT Of PERSONNFl OR EQUIPMENT. 
C AAS-THc AVERAGE APPROACH SPEED TO THE OVERLAY ARFA,4SSUMfD TO BE 
C THF SAME HJR BtlTH DIRECTIONS. 
C ASu-.THE 4VF.RACF SPFF.O THPOUGH THE OVERLAY AREA, lN THE OVfRlAY 
C DI.RECTION. 
C ASN-THf AVERAGE SPEED THROUGH THE OVERLAV APfA, IN THE 
C NUN-OVERLAY DIRECTION. 
C MODEL-THE ~OOEl NUMBER WHICH DESCRIBES THE TRAFFIC SITUATION. 
c•••••-•••••••••••••••••••••••C~Ro a••••••••••••••••••••••••••••••••••••• 
C CUST CONSIDERATION~ 

RRRRRRR~RRRRR~R~RRRRRRRRRRRPRRRRRRRR~RRR~RRRRRRRRRR~RRRRRRRRRRkRRRRRRRRRRR 
~ R~ p ~ R R ~E :wA~ ,~g ~ AR R~ :AA~:~~~~A R=~~~ ~~R R RRR R R ~R RRRRR R RRRR R.RR RRR RRR RR RR RR R: 

. . . I . 
C R4TE CHANG~Q FROM THE PEPCE .. TAGE RATE I PC fRAT I. 

I 

: · · · · · ·w..a.rE· ~ ·pcf~Ar· •··r :ni· · ·· · · · · · · · · · · · · · · e- • • • • • • • • • • • • • • • •• • • • • • •• • • ·: .................................... i .................................... . 
I 
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INPUT 
PAGE 3 

I 
C CHI-ANNUAL ROUTINE MAINTENANCE COST PER LANE MILE FOR THE FIRST YEAR 

~ CMZ~~~~~AfO~~l:~~~~v~LOfNt~E~~~R\~YROUTINE MAINTENANCE COST PER 
C LANE MILE. 
C SC -THl COST OF A SEAL COAT PER LANE MILE. 

~--~~~~-~~~ l~~~R~f(eRt~ecg~v~~~~nvtbu~o~ ~~~e!o. vo. 
I 

· · · · · · • ci · :u.i•q:oiBZiio: • •· x.:,;· i · · · · ·· · · · · · · · · ·· ·· · · · · · · · .. · · ...... · · · .. · 
C2 •CMZ09,0/15280. o KLW I 
SCC • SC 09,0/15280. 0 XLWI .................................... i .................................... . 

~:::::::~::::r:~·;~~::;~·t:~~;·:~=~·~=·~o::·:f::f~~~·:~;~·c:~~·;r:::::: c••••••••••••••••••••••••••••••••••••••••••••••••·••••••••••••••••••••••• 
C READ IN THE CONSTRUCTION MATERIALS AND THEIR PROPFRTIES. 

I 
~-------------------- ....... Dii' ici. j;j :Ni4ioo .................. ' ..... • .......... · · · · · · .... •• .... .. 

' i::::::aiinii:ii;i::itsiiii~i~i~~i~i~~iiii~i:iii~:~iiii;:iaiiii:iiiii::::i 
I I 
I 1 ·······iFii.:ivERiji':Eo:·qi"Ga·ia'ii·······································-------------------------------~ 
I ·~ .. ;~;. ~~~~~~· ~;~;; ;;; ~~;. :;~. ~~. ~i~~;:,;~~... .. . . . . . . . . .. . . .. . . . . . . . . . . . \ 
I C THRH 8LANK SPACES • I 
1
1 

C FIRST FIELD--I COLUM't-LAYER 10 fTHE LAYER NUMBER IN WHICH I c THE MATER AL MAY sE us eo. 1 J 
I ,CC oooo NOTE ooooo FIRST FIELD MUS 8E BLANK OR ZERO FOR SUBGRAOE**** I 

~ THREE BLANK SPA~ES, I ~ECONO FIElD-! ~UMN-CODf LETTER Of THE MATERIAL. I 
1 ~ T:f!~E H~N~-~~A lidiMNS-THE NAM oF TH TVP o MAT RIAL 1 
I C fOURYH Flho-6 COLUMNS-THE IN-~LACE d)sr P~R ~OMPAtrEO tuBIC YARD. I 

I E ~~~t~ ~~~tg::g ~8t~=~~=l~~ ~I~f~8~HL~~~kF{~lf~~E~~ l~[o0:6;RI~L. 1
1 I C SEVENTH FIEL0-8COLU14NS-THf MAXIMUM LAYER THICKI'tESS ALLOWED. 

I ~ THn~~M! E~te 8 c~~Wmos~~~~Gf N~~~~ET~ em~I AX~o 0~ E~~~N~Al&R I AL. l 
I C PROPOR TJ ON. I 

! ·······olrlij:iii'!'oirii'i'i&:o····!..................................... l 
1 . m:u:m : &NH ' ~?a? l 
I . ~ .. ~~; :j ~: ~;.;;. ;~;. ;;;;~~;~;. ;~. ~:t;;. ;~;~~~;;~:· ~~;. ~;.; ;~:~~~~:;;~.... I 
f E ONE F~U;~~~~~I:H INCREMENTS IN ALL LAYERS ASSUMED RATHER THAN READING I I THE INCREMENTS FROM INPUT CARDS. l 
I ·······olriij;i;·:·o:25'i'j6:o······!..................................... I 
I .................................... i...................................... I 
! ___________________ .··za···caNriNuE··························································· l .................................... i..................................... I 

·······j;NMPO····························································· I 
• •• • • • • • • • • •• • • • • •• • • • • • • • •"' • •• •• • •• • •• • •• •• • •• • • •• • • • • • • • • • • • • •• • • • • • • • • • I I I OK--------------------------------------------------------------------0 I 
.... ii"'NM·;·j~i··························································· 
.................................... i .................................... . 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
t.~~.~.~~~~.~~~~lSFP~~~ g~~~RN~~Ox~t~V~R\~1~llL SERVICEABI ITY 
C****************** AFTER OVERLAY DIFFERENT t~N lNfTIAL STRU~TURE. 

I 

• • · • ••• iFiPi" :Ne: 'Hi; 'i>i • ;· i>si •• ••• ••• • ••• • •• • • • •• •• •• • .. • • • •• • • • •• • • · ··: .................................... i .................................... . 
C OVI~C-THE INCREMENT IN OVERLAY THICKNESS, 
C 112 INCH CONVERTED TO FRACTIONAL YARD 

I 
·······aviNc·~·o:;i-36:o·················································· 

·~-·~;~~~~~;~;·:~~~~;·~~-~~~;~~~-;~\~~~~~~·~;~~~~;~·~~·~~~;~:~~·········· 
I . 

• .. • •• 'uPi.evi. ·; 'i :o · i'i6:o ·• • · · · · · ..... · ··• .. ·· •· ···· · · · · .. · ··· • · · ·· · • · · · · 
.................................... i .................................... . 

C--OVSTR IS THE STRENGTH COEFFICIENT OF THE OVERlAY ~ATERIAL. 
I 

··· · · "ovsrR·:· o:q56 · •··· · ·· • ·· · ·•·· ··· · ·•· ·· ·· ·· · · · · · · · · · ·· ... · .... · · · · · · .................................... i .................................... . 
C THIN THE MINIMUM TIME IN YEARS BETWEEN A SEAL COAT AND AN OVEPlAY 

I ....... ritiN·;·o:o ........................................................ . 
.................................... j' ................................... . 

~::m~u~m ~tr~::umRo~fDkW~RA~ !l!HvfA/l~c~mfu~~.lANFS 'lOT INPUT. 
I 

·······~~i-~ta·:at:·a·i·a5·t~·i~···········································-------------------------------r .................................... i..................................... J 
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INPUT 
PAGE 

I 
4 

..... ··Nt.O:i· .....•.......•.....•.••....••••...•..•..•................••.. 

.................................... i····································· 
i 
I 
I 

I · ···.··iF i MOOEL ·: l t :j i. GO· TO. i9 · · · ... · ........... · · · · · · · · · · · · · · · · · · · · · · · · · · •-------------------------------v 
.................................... i .......•.......•..................... I 

I .•••••• NLO":. MAXOC2;. NtR.o; ii ..... • ...... '" .. •.............................. t 

····································r···································· I 
OK--------------------------------------------------------------------0 
I · .. · z.q· CONTiNUE·· •• · •••••.•.••• •·· •• ·• •••••••..•• ·····"·· .. ••••••••••••···· 

.................................... i ........................... ............ . 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• C LIST THE INPUT DATA 
c 

I 
www~wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 
W WRITEI6o9011 . ' . W 
WWWoiWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWWwWWWWWWWWWWWWWWWWWWWWifWWWWWWWWhWWWWWWW 

I 
~-----------~-------- ·······oo·io·ijK~i:NM····················································· 
I .................................... i .................................... . 

C WRITE OUT THE OATA ARRAY ITEMS IN INCHES AND P ERtENTAGE. 
I 

l 
I r ·······oii·:·oATACijK:iii*.i6:o··········································· 
I OlZ • OATAIIJK,IZI* 36.0 
I 013 • 0ATAIIJK,131*100o0 
I • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • 

l wwww•wwowwwwilwwwwwwwwwwwwwwwwwwwwwww~wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 
--------------------• 30 WRITE{6,q021 ILAYERIIJKI,IOATAIIJKolKI,lK=Z,IOI, Oil, 012, 011 W 

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww~twwww~owwwwwwwww 
. I 

C--WRITE THE PROPERTIES Of THE SUBG~AOE. 

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww~wwwwwwwwwwwwwwwwwwwwwwwwwwwww~twwwwwww 
w WRITEI6 0 9031 IDATAINM+lolKI,LK•h 81, OATAINM+l,IOI W 
www~•wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww I . 

LANES FOR OUTPUT AS TOTAl lA<IES, ROTH OIRFCT!ONS 
I ••••••• Nt..• ~. NLO*i. •••••••••••••• •••••••••••••••••••••••••.•••••••••••••••••• 

····································i····································· wwwwwwwwwwwwwwwowwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 
~ ~mm:m: ~~~~.~=~l,~~:P~~~Z~~~CIN~~GAMMA ~ wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww•wwwwwwlfwwwwwwwwwwwwww 
C PROPORTION CHANGFO TO PERCENT 

1
FOR PRINTING OUT 

C THIS VERSION PRINTS TRAFFIC VARIABLES IN ZO YEAR VALUES AS INPUT 
I 

·······pRQPCT·~·pRoP·*·ioO:o·············································· 

····································i····························.········· 
wwww~wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwhwwwwwwwwwww 
\II WR(TE(6w9271 RO• RlO, XN20, PROPCT W 
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwhwwwwwwwwwww 

I . 

·. · · ... · i;;. i-T VPE _··:Eo:. 2.; .• GO. TO. i 7 .••..••.•.•• •.•••.•••..••••••• • .•....... • ------------------------- ------v 
I 

:~::::::~~:::~::::::::::::::::::::::~::::::::::::::::::::::::::~:::~:::::: l 
~wwwwww~~~~~~~~:~~~~~~~~:Swwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww~ I 

I I 

:······aa~ta·;~:···························································---------------------------v I 
• -• • • • • • • • • • • • • • • •·• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • ~ • • • • • • • • • t I I I 

I I 
I I OK--------------:...---------------------------------------------_,_ t- --0 

I I 
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww·wwwwwwwwwww .. ww•www\liwwwwwwwwwww 1 
w 31 WRTTEib,9391 !TYPE W I wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwhwwwwwwwwwwwww 1 

I I 
OK-----------------------------------------------------------,----0 
I 

• • · · 39. CilNTiNUE ••.•.•• ••••..••••••.••••••••• •· •••.•••••.••••••.......•••... 
................• · .••.•.•.•••••..•.•• i" ••...••••......••••..•••..••.•.••.•• 
www~wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww~w~wwwwwwwww 

~ ~an~~~~m 1cm?t~mN~T8~f~f~~ O>IAXIN ~ 
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwww~wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww I . 
tcccccc~~ttc~~l(5~~~~~~5~cc~~i;c~~i~~ycccccccccccccccccccccccccccccccccccc~ 
ccccccccccccccccccccccccl:.ccccccccccccccccccccccccccccccccccccccccccccccccc 

I 
WW"~WW~WWkWW~WWWkWWWWWWWWWWWWWHWWWWWWWriWWWWWWWMWWWWWWWW~WWhWh~WhWWW~WWWWWW 

~ =~~~~~~:~~g~ A~L~b~~~g,xlSO,XLS~ = 
w WR[TEC6,q32t NLRO,NLRN . W 

~ :mm:ml A:~~hb':~~~.~gij~L DNZ · ~ 
www4wwwwwwwwwwwwwwwwwwwwwww~wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww~wwwwwwwwwwww 

I 
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I 
I 
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INPUT 
PAGE ~ 

c PERCENTAGE RATE PRINTED OUT FOR INTEREST, LANE MILES FOR COST. 
I 

:······e~i·:·e~·~·;i~fi:b·~·•r~·)·;:a·····································: 
CM2 s C2 * 5280.0 • XLW I 9.0 
PCTRAT • RATE • 100.0 .............................. ~ ..... i .................................... . 

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 
~ww•www~~L~~~~~~~C~ww~:~w~:~,~~,:~~~e~wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww= 

I 
·······co·ro·;so···························································-------------------------------v 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• I 

I 

l 
1 
·I 
I 
I 
I 
I 
I 
I 
I 

l 
I 
I 
I 
I 
I 
I 
I 

. I I 
OK--------------------------------------------------------------------1---o 
I I :··s4o·tAsr·:·i··························································: ' 

• • • • • • • • • • • • • • • • • • • • • •• • • • • • • •• • • • • • •·• • • • • • • • • • •• •• •• • • • • • • • • • • • • • • • • • • • •• I I I OK--------------------------------------------------------------------n 
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTfTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 
T ~50 RETURI\I ' · T 
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 

.......................................................................... 
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LAVlDX 

~FEEEtl~G~~fiijff~EE(fiffiiE~~EEffi~€~EE~~gEet~~~KEE¥ES~~EEti~tEEEEEEEfEFEfE~ 
EEcEEE~EEEEEEEEE~EEEEEEE~EEfEEEEFEE~EEEE~EEEEEElEE~EEE~EEEEE~EEEEEEEEEEEfE 
C-- 1 LAYIO•• I~ A lAYER INDE•ING SUB~OUTINE. EACH CAll TO .'LAYIDX• 
C--RtlURN~ A UNIQUf LAYER INDEXING ARRAY UNTIL All COMBINATIONS 
C--ARt EXAUSTEO AND 'LAYER' IS RETURNED AS ZERO. THE FIRST CALL TO 
C--lAYIDK MUST HAVE 'LAYER' EQUAL ZERO FOR INITIAliZATION. 
c 
C--GIVFN • • • 
C NM THE NUMBER Of MATERIALS, MUST BE GREATER THAN ZER0 1 NOT 
C GREATER THAN NMD. 
c 
c 
c c c c 
c 
c 

!LAYER AN ARRAY WITH THE lAYERS WHICH EACH MATERIAl MAY 
OCCUR. !LAYER MUST BE SORTED IN ASCENDING ORDH WITH 
AT lEAST ONE MATERIAl PER lAYER. 

NHD THE DIMENSION OF THE !LAYER ARRAY. . 
lAYER MUST BE EQUAL ZERO THE FIRST CAll FOR A GIVEN SET OF 

~~~EU~~SlA~~H~~~~H~~s~~T BE RETURNED WITH THE VALUE FROM 
c 
c-~RETURNED 
C LAYER 
c 
c 
E 
c 
c 

INDEX 

I 
DIMENSION llAYERINMDI, INOEXILAYDI 

C--THE fOLlOWING DIMENSIONS MUST 8E
1

NOT LESS THAN THE MAXIMU~ NUMBER 
,c--OF lAYERS ITHf MAXIMUM VAlUf IN THE !LAYER ARRAYI 

DIMENSION NNilOI, NMBMATilOI 
I 

SYMBOL KE V 

EFFH 
TfTTT 
ccccc 
RRRRR 
wwwww 

FNTRY 
TERMTNAL 
CALL 
o EAD 
wR ITf 

:::::::!~!~~!~~::~~=:~!:~?:!~:~~:::::::::::::::::::::::::::::::~::::::::::·-----------------------------------y 
I j 

!--------------------::::::::::~~:~?:~:::!::~~~~:::::::::;::::::::::::::::::::::::::::::::::::: l 
! ·········~NNiii·;.·o······························-························· \ 
I • • • • • • • • • • • • • • • • • •• • • • e • • • • • • • • ••• • • j•• • • • • • • •• •• • • • • • • • • • • • • •• • • • • • • • • • • • \ 
~----- ----------- ---• •••• 30 • .... ··NMBMA f iii.;. 0 •••••••••• ". -· .............. " •••••••.•••••••••• "...... J .................................... i..................................... l 
1 ----··--·-------- ----- • • • • • • • • • ·oo ·to· j ·: · i; ·NM'" • • • • • •• • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • ' l .................................... j"• ••••• ••••••••• •••••• ••••••• •••• •••• l 
I ········ .. uv·;·ii.AHRijj................................................. I 
I I 

I
I •••••••••••••••••••••••••••••;O·;;;N·;j~~~·~~;;~~~·~~~~~;·~;·;~:~;;·•••••••• l 
I (--------OPTIONAl, CHfCK CF I I 

, ! ----1------------ ---• •••• 40 •••• NMHMA i i lAY; • .:. NMBM AT i l.AYi:. i ... • ............... • .. • .. •.......... f .................................... i..................................... I 
.......... i.l.iiiLlv";"L.iiv .. •••••••••••••••••••••••••••••••••••••••••••••••••• 1 ..................................... A;~~~:~~~:::::::~:~::~~=~::-:~~~::::: __ --------------------------------_j} 

I 

::~?:::~~!~~~~~:=~~=:~~~~~~~:~~:~?:~~:::::::::::::::::::::::::::::::::::::·-----------------------------------~ 
I 
I 
I 
I 
I 

: ... ···tAYER·~·LAYER. ;·i . ...................... ····•· ................ ····: 
.................................... i .................................... . 

:::::::~~:~~:~~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::·-------------------------------y : 
I I OK-------------------------------------------------------------------I---n 

1 I I 

:·;;···iFi.NNi£lveRi·:lr:·NMeM.iiri(.iiveRii"lo"fo"6o······················~····-------------------------------S I 
··········································································· l l I I I 
··········i?i.~i;iA·:~~:·ii.~6-i6.itb······································---------------------------y f I 
••••••••••••••••••••••••••••••••••••i"""""""""""""""""""""""""""""""""""" I I I 

·•···•·• .. r:.r:.iUHR;·:·o· .. ••••··••·•·•·•·•·•······•··•·•··•·•·•···••···•·· l I l 
lAYER = lAYER -1 I I I 

••••••••••••••• ,. ................ •• • • ••••• ••.............................. ... • 1 1 I 
I I I I 

:·········~6·i~·;;·························································---------------------------!---i---l 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• I I 

I I 
I I 

OK----------------------------------- -----------------------------t---(1 
I I 

i i 
·I I 
I I 

' 
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LAYlDX 
PAGE ~ 

I I :·&a···;.;.ni.vER;·;·;.;.n;.vur H........................................... I 
····································i····································· : 

1--------------------....... oo. 9o" j.:. i;. it.HLi.v ..................... •. • •••••••••••••••••••••••• l 
I •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• I 

I .................................... !.. . . .. . .. . . . . . .. . . . . . . . . . . . . . . .. . . . . . l I . IFI NNI Jl .EQ. OJ GO TO 100 ·---------------------------~-------~ 
1 ••••••••••••••••••••••••••••••••••••i••••••••••••••••••••••••••••••••••••• I I 

l ·······i;.a~iili·:·~illli··················································· I I 
l •••••••••• • ••• • • • ••• • •••• • •. • ••. •. •• •••. • ••. •••. • • •. •. • • •• • •. •• •• • ••• • •• • • I I I I I I 
I ., • •. • ••••••• • •. •• •• • •. •. • •. • • •• ••• •• •. •. • •• • • •. ••••. •. ••. •. •. ••. • ••• •..... I I l . IFI J.EQ. 11 GO ro qo •---------------------------~---y I 
l ····································i····································· t ' l 
I I I I 

1 1----------------- ··········uo·1o·i·:·2:·j·················································· f 1 l 
I I •••• •••••• ••••• •••••••••••••••••••••i••••••••• •••••••••••••••••••••••••••• I I I 

II •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• I I I 
I ------------------• 70 INOEXIJI • INOEXIJI + NMSMATII-11 I I I 
I •••••••••••••••••••••••••••••••••••• i .......... ...... _............. .. . . . . . . I I : 
l OK----------------------------------------------------------------1---n I 
l .................................... !..................................... Ill Ill 
--------------------• qo CONTINUE 

····································A:::::::::::::::~~::~::::::~:::~~~~~----------------------------1-------~ 
I I 

TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT I 
TIOO RETURN T I 
TT~TTTTTTTTTTTTTTTTTTTTTTTITTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT I 

I 
I 

OK----------------------------------------------------------------0 I 
:iro···tAveR·;·o·························································· 
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;i;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 
T RETURN . T 
TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT 

••••••• ~NO •••••••••••••••••••••••• •• ••••••• ••• • •• • ••• • ••• • • •••.•• • ••••••••• 
.. . . . . . . . . . . . . .. . . .. . . . . . . . . .. . .. . . . . . . . . . . . . . . .. .. .. . . . .. . . .. . . .. . . . . . . . . .. . 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

OUTPlJT 

lJATA NPO/'>C/, LAYO/b/ 
I 

C PAI..t: Ht-AOlNG n~SCkiRING THE: MAHRlALS UNOER CONSIOE:PAf(Or... 

c cccccc ccccccccu cccccccccc·ccccccccc~cccccccccccccccc cccctcccrr crcr{ c t t t < c 
i.cccccc~~~~c~E~~~~~~~~g~lct~llclt~r.t~cccccccci:cccccccccccccccuru.t < ( r rt rf 

I 
W WWof trfWW WW WWWW ~W WWhWW WWWWWWWWWWWWWW WW WWiol W WWWWWWWWWWWWW W._WWWW lot W'-'k W W'ro W\o WWW\Ot Wl'i 
lot wRlTHb,-<jl)ql NMOGN, LAYFR, ((00Elll, l"'\ 1 LAYERt W 
ft WRI TH b 1 <J6('\t . . w 
W W ,( <4 NWh WW WW WW ~W "''W WWWWWWWWWWWWWWWWWW W WW 1'1 WWWWWWWWWWWWWW WWW WWkW._. WWW W I'IWW\ooi"'~<:WWW 

I 
------------- ······-·oo·42"l~i;lAYfP""""················································ ····························.········i········ ............................ . 

....... j";"i~OEKili'""""'"'"'""'"'"'"'""'"'"""·································•o·•· 

.................................... i .................................... . 
C.ONV~RT DATA TIJ INCHES AND PERCf~TAGE. 

I 
• 

0 
•• 

0 
•• OA. t i i.;. 0 MiNi l i.;. ib: 0 •••••• 0 

• "· " " • •• • ..... " ......... • • • • • • • • • • "
0 

•• • • • • 

OAT12 : DMAK{l) * 36.0 
OA Tll • PSVGJ: ( l1 * 100.0 
OATl "' XINtlLI • 36o0 .................................... i .................................... . 

ff fl r 
TTTTT 
(((f_f 
loiHR\l_j./ 
WWWWi>l 

I •JlRY 
T~tlM.I J\"t\.1 
fAll 
!If 1\0 
WIJ t ff 

I WWW" A \IIWWW~WWWW WW WW \'IW WWWWWWWWW WWWWWW W\14 \oofWW WWWWWWiofW WWWWWWWWWWWW;.. ~ W~ Wh·W~ W Wh ~WW.W 
--------------------• 42 WRITEtb, qQZJ L, tOATA(J,KI, K=Z,lOI, OATll, OATlit OATll, OATl W 

W114WWWWhW"'WWWWWWWWWWWWWWWWWWWioiWWWWWWWWWWWWWWWWWWWWW\IIWlrr:~:O:~WWWWWWWWWWWWWWWWWW 
I 

C--WRI H TH£ SUR~RAOE PROPERTIES. 
I 

IIIWW ... li!WWWWWWWWWW WWhWWWWWWWWWWWWWWW WWW WWW W WWW WWW WWWWWWW WWiof WWW)IIWWWW W'- ~to·w W~ '1'1 WW 

=wwwwww~:L~t~tw~e~~ .. w~~e~Q~~=:~w~~Ww~W~w:~wwSC~O~~=~~'~e~wwwwwwwwwwwwwwww~ 
I 

C--wRI TE OVERLAY PROPEPTI£S 

••••••• UHiNiN"~. OYMiN*ib:o·· • •• • • • • • • • • • • •• • • • • •• • ••• • • 0 

•• • • • •• • • • • • • • • • • • 

ONAXIN s OVMAX- * 36o0 
OPCTSL s O'f'SALV • 100.0 
OINCIN : OYINC * 36~t'l 

·····································i··································••o 
WWWAWWHWWkWWWWWWWWWWWWWW~WWWWW~HWWWWWWWWWW114WWWWWWWWWWWWWWWWWWWWWWWWWWWWWW!i 
w WRITE(6,9041 OVCOST, OVSTR, 0Jr41NIN, OMAXtN, OPC.TSL, OINCIN 1"1 
WW.lMWWWWWWWWtiWWW,WWWWWWWWWWWWWWWWWWWWWWWWWWW111WWWWWWWWWWWWWWWWWWWWWWWWWWWWW 

I 

t PX~~~~~ct?a~c~~~.~~~~ ~~rs 6 fsE~~~:Nf~ b8\~~~Hb~Falr6w 1 NITtAL 
c 

I ....... KOUHT":.·o·························································· 
.................................... i .................................... . 

BEST COST lNITlAlllEO AT A VERY H1GH VALUE 
I ···· ·r·ecosr~· i:oEio"""" ............................................. . 

.................................... i .................................... . 
l***~~~~l~lSF~Rcv~~~E~elHa: ~i¥:~~I~~:K OF THE NUMBER OF FEASIBLE 

. I 

::::::: !~ ~: !~~~!: :-~~=:!:!: :~~:!?:?~: :::::::::::::::::::::::::::::::::::::: ·------------ ------------- ----------r 
I I ••••••• i; l. iSKi ;,· :Fo:. i. i. "GO ·y,;· Q~ ....................................... 0 

• ---·-- ------------------------ --~ 1 
• 0 ...................... j •••••••••• 0 • i ........................ 0 • • • • • • • • • • • • • ~ ~ 

........ ifi"NUMSER'":t.u:~n·;··Gu·ioos~····················o················· ------·----· ----------- -y l ~ 

•••o································i··················••o•o•••··········· 1 l : 
·······iHfss·;·i············o···o·o·······················o··············· t 1 : 
-~:~;;:;~·~·;;:~~·~;;·;~:~:··~~-~~~~;t:~~;·;:;~:,;;~·~:;:··•••oo•••·······•o i \ i 

I 1 I I ·······isWiN·:·o························o·····························o···· 1 • 1 

....... !~~~~:? ........ o ............. i .. ooo•••o••••••o•o•••••••o••········· 1 \ i 
1 I I I 
1 t 1 1 
l I 1 I 

t J ~ \ 
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OUTPUT 

PAGE 2 
I 

,_ -------------------::::::: ~~~:~?: ~~=! =~~~~~~:: :::::::::::::::::::::::::::::::::::::::::::::::: 
I I 
r ............................................................................ . 
~ : ~~c·.Zlf~t!~t . : 
~ • 61 SS a SS • 
I ••••••••••••••••••••••••••••••••••••i••••••••••••••••••••••••••"'••••••····· 

I I------------------ ........ DO. 46. Ktt:i :LAYER ................................................... : II ····································i····································· 
, ·--------------• • •• • ~6 ·ooveRiKKi.:. • ii jL.;KK+ii •• • • • •• ••• •• ••• • •• •• • • • • • • • • • •• • • • • • • • • • • • • ·: 

I ~~~~ ~~~~~~~~~ ~~~~ ~~~~ ~~~ ~ ~~~ ~~~ ~~~~~i;.~~~~~~~~~;~~~ ~~ ~~; ~~ ~~~ ~~~ ~; ~~ ~;. ~;;. ~ 
1 E ,c•Lk"n~~·m·~bHtN£~~~~~¥~~·~~tr·?~07~··m5v, F 
1 cc c c ccc cccccccc cl:cccccccc cl:cc cc ccccc l:cccctc cccccl:cccc cccccc c c cc cccr ccc cr c r 
I I 

f ::::::: !~!:~?~: =~?: :! :! :: ~?:!~: ~?: :: ;:: ::::::::::::::::::::::::::::::::::: ·--------------~-----.-- -: 
I : · · · · · · ift· iMESS ·:eo:· 2· i ··GO ·ro ·so········································------------- ------v I 
: ····································i····································· l : 
I ·······iMess·.:·o·························································· f : 
I •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• I f 
( I I I 
I OK-----------------------------~------------------------- -n I 
I I I 
f •••• ~0. if;. NOK.: EQ:. 0. i .. GO. TO" 6Ci •••• • .......................... "' •••••••••• • ·-----------------------~ 
\ ....................................... i... .•. . . .•..•. .. . .. ... . . .. .. . . .. . . . . . . : 

l ·······Kti7i":,"Ktt7i"+i··················································· 1 
I lfltESS • 2 l 
I kOUNT .. KOUNT + 1 I 

[ ~=f~~r·~K:~?~cf ~ XIC \ 
' ····································i····································· } 
I : · · · · · · tF c KNrot.·: NE :· i i ·GO ·ro·zos • •·• • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • · • • • ·-------------------\' l 
I ····································i····································· : : 
: ·······New·:· i .. ··· ······ ··· · ····· ·· ······· ·· ······ ·· ··· ··· ···· · ···· ······ : : : ····································i····································· f I 
I 1 I \ : ::·: ::: ~~:!?: !~~: ::::::::::::::::::::::::::::::::::::::::::: :·::::::::::: :: ·---------------y l 1 
I J I I 
I I I l 
I I I I 
1 OK-------------------------------------------- -------1 ---(1 I 
I I I I 

I ···ioS"iNur..·:·HiMOiNHREsr:·KNro.:.:ii······································· f ~ 
I ••••••••••••••••••••••••••••••••••••j••••••••••••••••••••••••••••••••••••• I I 

I c' NOw CHECK ro SEE •~ THE TOTAL cosTIAKINCTI oF THE cuRRENT oESIGN l l 
} ' RANKS AMONG THE BEST NMBEST OESIVNS SO FAR. I ~ 

f ••• i iO. if" i AMi NC T. :L f:. POi. it Yi8: iNUM i i. GO ·ro" 2 i 5"." "."." •••• " ••••••• • •••• "•---------------:- --v I 
~ ........................................ i.... . .. • . . . • • • . . • . . . . . . . • . . . • . . .. • • . . . • • l } : 
f ••••••• if"iiNUM.:fo:·NMBESii.GO"iO.lOO·····································-----------v l f ~ 
1 · · · · · · • • · • · · • · • · • • • • • • • · • · • · · · · • · · • • i · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ~ I : : 
I ·······Nrw·:·iNuM·:·i····················································· I : f : 
I I I I I l ..................................... i....................................... I : : 1 
1 ·······r.u·ro·z;,;···························································-----------•---v 1 , 
I •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• I 1 I 1 I 1 I I T 
I I I t I 

I OK-------------------------------------..:----------1-- -1-- -h I 
I I . I I I 

\1-----------... ------ ···zi5"00.2iO.NE~·:·i:"iNUi4'"···••n········································ ~ ~ ~ 

I
I II •••••• · ............................... i ....................................... ___________ ll _\, ll 

·······i;·cAt1iNcr·:tT:·p,-n:icv·ca:~Fwii·co·ro·zi~·························· - ---v 
I I ••••••••••••••••••••••••••••••••••••i••••••••••••••••••••••••••••••••·•••· I I I I ! !_ ________________ ,· ·;;o··u,;.fi;.u;·········· ..................... ··················· ··· ·· ··· · ( ( l I 
I ·{~:~:~~;;;·~;;~~~-;~·;~~~~~-~;:·;1;·;;1~;;;:································ I I I l 
l 1\K------- ---------- ··---- ------------------ ------- -1---: ---{11 I 
I I I I I l ::: ~~~: !~ :!~~~: :~~= :~~~~~!~:~·::!~,:~~~::: :::::::::::::::::::::::::::::::::: ·-------- ---! ---t l 
I t.--ALL MUAl (;ISTlV fltSIGN~ 5HH·TCJJ DOWN l1M. t I ( 

l I ~ l I 
I ········~t;l~~~i~Oi~~~i~i:i:"HH~;.,;·········································· I : I 
I •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1 I I 1 1 6 4 
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OUTPUT 

I PAGE 1 
I I I l :------------------ ·······oo·z6n·j·~·New:·ii················································· 1 ! ! :::::::;;:~:;~~~~~:~:;::::::::::::::!::::::::::::::::::::::::::::::::::::: l ! I ..................................... j'' •.•• •• ..... •• •. •• • ••• • • ••• •. . • • • • • • • ! 
, , , ________________ ·······on·2iO'K;i:NPo····················································· • 
t t l • .......... • •. • .. •. • • ••. • • •. • • •. • • • •• • • • • •• • • • • • • • • • • • • • • • • •, •• • • •• • • • • • •. • • •. I 
I I I I I 
I I I • • •. • • • • • •. • • •. • • • • • • • • • • • •. • • • • • •• • ••• • •• • • • • • • • • • •• • • • • • • • • •• • • • • • • • • • • • I 
1 1 ----------------• BO POLTCY IK,JJ+ll ~POliCY IK,JJI , I I ~ ··· ................................. i"..................................... l 
1
:1 :1 1----------------·······oa'zi;'i';'i;·Livo·················································· 

1

:
1 

I • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • •• •• • • • • • • •• • • • • • • • • • • • 
I I . 

I I f • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • e •• • ••• • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • 
I I ----------------• ZH XNDKPII ,JJ+ll • Kf'IDKPII 1 JJI , I I f .................................... !..................................... I 
l ~-----------------•'"'ii6'l6~ii~Gi''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' I. 

b 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I· 
I 
( 
I 
I 
I 
I 
I 
I 
I 
I 
I 
( 
I 
I 

l I • • •• • •. •. •. • • • ... • ••. • • • •• • •. • • ••• • •. • •• • • • • • • • •. • • • •• • • • • ••. • • • • • • • • • • • • • • I 

l C--NOW INSERT THE CURRENT DESIGN 11'1
1

tOLUMN NEW OF THE ARRAY POLICY, \ l 
~ . hK-----------------------------------------------1---h 
I I I· 

I

I ... 2;,;·Poi.icv'ii:New·
1
·;·NHOGN............................................. ,I 

POliCY 12,NEW XIC 
I POliCY 13,NEWI • BPOCCT I 
1 POLICY I~,NEWI • BPTUC I 
I POliCY (5,NEWI • BPWSCC I 

1 ~gun :~:~m : m~ 1 
I POliCY IB,NEWI • AMINCT , I 
I I l . ~::~~~ ;~~;~: .. ;. ~~~;~;~~. ;~; ·~~~;;; i~;· ~~;;;;. ~;. ;~;. ~;;;~~ .... .. . . . . . . .. I 
I . I I 
\ : .. ····PutW'i':·Newi';'iliNom:·um; ................................. : I 
I .................................... i..................................... l 
l 1------------------ ....... oo'Ho'i~i:UH"................................................... I 
1 .1 ""'"'"""""""'"'"''"'""j'"""''"'"""'""'""""""' I l I I 
• 1 •••• ···xNOKPtl:·New;·~·cooetii·············································· • l : .................................... i..................................... I 
I ! _________________ .... ~io'l&liefii:':~e~;·:·ttlt:i:l;········································ I 
\ .................................... i..................................... I 
1 c--POLICYIZO, 1 coNTAINS THE f'IUHSER oF PERFOIIMANCE PERIOD FOR THE DESIGN 1 
I I I , :······KK·:·MiNOiio:·ist;················································: • 
1 POl!CYIZO,NEwl = KK I l .................................... i..................................... •I 
I 1------------------ .... ···tio'H5'i~1:<.<...................................................... l 
l I . .................................... i ........................... ,......... ·l 
: ~-----------------*···i75.POliCYii:?o;NEWi;Bftiii·~·········································· f l .................................... i..................................... l 
\ ·······i;·iiit•:t~:-ii.&b.ib·~~~···········································-----------1-------v 
~ .................................... i..................................... I I 
! ....... isiM·;·ra;..:i··..................................................... I I 
I ... -................................ !..................................... l I 

i :------------------::::::: ~~:~~? :! :! :!~~~:::: ::::::::: :;:: ::::::::::::::::::::::::::::::::::: i l 
: ~-----------------····2so·Poticv·ti+iO;New;·:·ooext·ii+i;···································· l I 
I • • .................. • ••• •. • •. • ... •• • • • •• • • • • • • • • • • • •• • •. • • • •• • • • • • •. • • •• • ••• •. I l 

l AK-------------------------------- -------- -·-- -----1-- -----A 
I I . I 
1

1

1 ···za;· .. ,·;·HiNoiq;Nssti·················································· ·:
1 POLICY(4Q,NtWt = KK 

/ · · · · · · · · · · · · · ·· · · ·· · · · · · · · · ·· · · · · · · · i. · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·· · · · · · · I 
1 • .. ····iF 'iil~st · :£<i:· oi ·ao·ro'ioo ....... · ........... · · · · · · · · · · · · · · .. · · · · .. · ·-----------~ ! .................................... i..................................... I 
I 1------------------ ·······ao'iqoi;i;K.i<."''······............................................. ·: 
I I ....... ·····························;····································· l 
I ! _________________ .···~~3-~aii~~~;r:~&:~~~i·:·~tifiii········································ : ·I .......................................................................... I 

I AK------------------------------------------------~ 
I I l I 
I I 
I I 
1 
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~ ~ 2 I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I 
I I I I 
l I I I 
I I I I 
I I I I 
I I J I 
I I I 
I I I I 
I ( I I 
I I I I 
I ( I I 
I I I I 
I I ( I 
I I I I 
I I ( I 
I I I I 
I ( I 
I I I I 
I I r I 
I I I I 
r I I I 
I I I I 
I I I I 
r I I I 
I I I 
r ( r I 
I I I I 
I I I I 
I I r ( 
I I ( I 
( I I I 
I I ( I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I ( I 
I I I I 
I I I I 
I I I I 
I I I ( 
( I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

:I I I ( 

I I I I 
I I I I 
I ( I I 
I ( I ( 

I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

·( I I I 
I I I I 

l I I I 
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3 I I 
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DATA NPERFD/20/ 
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·······i~~i~·:·a:5························································ 
XNPRIM • 0.0 

····································i····································· 
C THE MINI~UM COST IS INITIALIZED AT A VERY HIGH VAlUEIIOOrOOO,OOOI 
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:······1~~~~t·:·r:~i*6i··················································: 
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C ACCUMULATED NUMBER OF EQUIVAlENT 18-KIP AXL~S. 
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• ~~111,·.xt1P 
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C ABDD IS THE ACCU.MULATED DEPTH Of tLL PREVIOUS OVERLAYS. 
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I r 
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • •• • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • 1 
• IFf T .G~. CL I GO TO 2) •-------------------------------1---V 

. ; . ;~;. ;;~: ;~~~;. ~ ·;~;. ~;;;~;;. ~;;; ~;~~; ;~. :;;;~;~;;. ~. ;: ;~;;::: ··;; ..... 
C IS NECESSARY TO SELECT THE OVERI.Al POLICY WITH THE LEAST CIJST. 

:······osAv·;·oovERiit······································!···~········: 
TP~IM = T 
XNPRIM = XN 
Sl • BIP 
I • Z .................................... i .................................... . 

r--------------------.--------------------------------------------(1' 
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.................................... i .................................... . 
C THE DEPTH OF LAYER 1 IS • ORIGINAL Dill +SUM OF PREVIOUS OVERLAYS+ 
C CURRENT OVERLAY DEPTH. 
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C OETERMIN~ THE NEW SCI AFTER THE OVERlAY OF DELD THICKNESS. 
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" ••• "" "USER.Cii i i ",:· PWTSY.""" ••• """ """ "• " .• """ •• " •• "" "" """ ••• "" •• "".".". "" "" 
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C DErERHINE THE PRESENT WORTH OF OVERlAY CONSTRUCTION COST INCLUDING 
C THE COST. UF LEVEL-UP DURING THE I'TH PERFORMANCE PERIOD. 
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........•...•.....•.••..••..•.•.•••• i" •.• •••..•..•.••••.•••.....•••.•...•. 
C UETERMINE THE PRESENT WORTH OF ROUTINE MAINTENANCE D~ING THE 
C I TH PERF. PERIOD. 
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XRI Ill = SIP .................................... i .................................... . 
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• •••••• • • • • • • • ••••• • • • • • • • • •. •• • • • • • • • • • • • • •• • • •• •• •• • • •. • • • • • •. • • • • •• • •• • 1 I I I I 
• GO TO 8 . o-------------------1---1---A I I 

• • · · ·· · • • · · ·· •· · · •· · • · •· • • ·· • • •·• · • ·• • •• • ·•• • · • • ·· •• · • • • · · •• • • •• • • • •· · · •• • · l I I f 
C DETERMINE THt PRESENT WORTH OF All SEAL COATS THAT Will Bf REQUIRtD 
C DURING THIS AlTERNATIVE OVERlAY POliCY• 

I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

OK--------------------------------------------------------1---1-------1---n I I I I 
cccccccccccccccccccccc~ccccccccccc~ccccccccccccccccccccccccccccccccccccccc 1 1 1 

~ccc~lc~~~~ct~t~l~~~~tc2l~tllt~~~tct~~t~tl~t~~~~~c~~Ecl~~cc~~l~lccccccccc~ I I I 
I I I I 

C DETERMINE THE PRESENT WORTH OF THE SALVAGE VAlUE OF THE PAVEMENT• THIS I I I 
C Will BE THE COST OF REBUilDING THE PAVEMENT AT THE END OF THE I I I 

~-~~mml~~~~rAv POLICY 1 : 1 
I I I 

:······Kii6j';"Kii6i'+i'''''''''''''''''''''''''''''''''''''''''''''''''": I l I 
SALVGE • ISALV-ABDOOOVCOSHOVSALVI I IRATE+I.OIOOCL I I I 
POCC T • o. I I I 
PRM • 0,0 I I I 
PTUC c 0.0 I I I 

························~···········i····································· l l I 
1-------------------- ....... M"H'j:i:r·· .................................................... : l I I 
I . I I I I •••• ••• •••••••••••••••••••••• •• •••••(•••••••••••••••••••••• • • ••••••••••••• I I I 

I · •• • • • • ;.occr·:. · Poccr·:. ·occ:ri j ;· ·• • ·· · •• • • •• • • · • •• ••· • • • • · · ·• · · • · •· · · • · · • · · I l I 
I PRM a PRM + RMI Jl I I I 
I • •• ••• • • • •• • ••• •. •• • • • • • •. •• • • • •• • • • • •• •. • •. • •• •• •• •• • • • ••••• •• • • • •• •••• •. 1 I I 
I I I I I 
l ..... • • • •• •• •. •• • • •• •• •• • • ••• • •• • • • •• • ••• • • • • • •. •• • •• •• •. • • •• • •• • •. • • • •. • •. I I I 
--------------------• 27 PTUC = PTUC + USERCTI J I • I I I .................................... i..................................... 1· I I 

C EVALUATE THE COST OF THE ALTERNATIVE OVERLAY PROCEDURE AND COMPARE I I I 

£ I2-I~~ ~tl~A~~slL£0~~E~~N~•:oRrHs oF ovERlAY cosrs. I I I 
I I I I 

• • ••••• • ••• • ... • • •• • • • • e •-• • • • • • • • • ••• • •. • • • • •• • • • • ... • • • • • • • • • •••• •. • ...... •. I I I 
TC = POCC T+PTUC+PRI'I+PWSCC+SALVGE I I I 

• •• ............. •• •••••••••••••••••••••••• ••. •• • • ............... ••........... I 1 t 
I I I I 

• • • • • • • • • • • •• •·• • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • I T T • IFI AHINCT .LE. TC I GO TO 34 0-------------------V I I .................................... i..................................... I I I 
·······NoK·:·2···························································· 

AMINCT = TC 
BPOCCT • POCCT 
SPTUC = PTUC 
BPRM • PRM 
BPWSCC = P.WS CC 
NBSC = NSC 
BSAl = SALVGE .................................... i ................................... .. 

I I I 
I I I 

·I I I 
I I I 
I I I 
I I I 

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

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

....... !~!.~~:.:~~=-~.! .. ~~-~?.~~···j······································----~--------------,---,-------~---: 
1----------------- ········oo"ift'j;i:Nssc..................................................... I l I I 
l .................................... i..................................... I I I I 
I •••• • • • •. •. • • •••••• • • • •••• • • •••• • • • •••••• • • • • • ••• • • ••••••• • •••• • •• • • • • • • • • l J I I 
--------------------• 28 8TSCIJI • TSCIJI I I I I 

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

C I•IBT • NUMBER OF PERFORMANCE PERIODS• I I I I 

~K------------------------------- -------------------------1---l-------l---1\ 
I I I I 

I I I 
I I I 
I I I 
·1 I I 

.... 29.i8i·:·i···············································~············ 

.................................... i .... . -................................ . 
I I I 
I I I •-------------------- ·•· ····oo·3o· jK.;i :t · · ······· · ······· ·········· ·· ····-····· ·· · · ···· ·· ··· ····· 

I 
I 
I 
I 
I 
I 
[ 

...................................... i ..................................... . 
I 
I 
I 
I 
I 
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I I I 
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OVRLAY 
PAGE ~ 5 

I ·I I 
I •••·••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• I 
-------------------•• 10 8TTC JKI • TH JKI • I 

•••••••••••••••••••••••••••••••••••• .. •••••••• .. •••••••••••••••••• .. •••••• I 
I I 

• • • • • • • • • • • • • • • • • •• • • • • • • • •• • • • • • • •• • • • • • • • • • •• • • • • • • • • • • • • • • • • • "• • • • • • • • • I • IFC I .EQ. 1 I GO TO 14 •-------------------V .................................... i .......... ........................... . 
1--------------------·······6~-~i"l~=i:i··················~···································: 
I • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • •• • • •• • • • • • • • • • •• •• • • •• • • •• • • • • • • • • • • • 
I I 
~ ---------------- --·• •••. 3i. BOEXti jK i .. .:. OEX.ii jK; ••••••••••••••••••••••••••••• • •••• • •••• • •••••• : 

I 
I 
I 
I 
[ 
I 
I 
I 

• • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • •• • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • I 
I l 

C SHECT A DIFFF."ENT OVERLAY POllCYIANOTHER RRANCH OF THE TREEI AND I 
C GO BACK 10 SUTEMENT 10 TO DETERMINE THE OVERLAY COSTS. I 

AK·--------------------------------------.-----------------h 

4 ? 
I I 
I I 

I l 
I I 
I I 
I I 
I I 

I I 
l l 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I I I 
• • • • • • • • • • • •• • • • • •• • • • •• • • • • • • • • • • • • • • • • • • • • • •• • • • • • • •• • •·• • • • • • • • • • • • • • • • • I l • )4 IFI I .LE • 2 I GO TO 60 •-----------;------------~-------y 
···········--························j••!'•••••····························· f 1 

···.····iii5i";"ifi5i":i····································•·············· 
I • I - l 
D£LD • fJADOIII + OV INC 
IM • I - I 
ASOO • 0.0 ..................................... i .... ................................ . 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I f 

1--------------------·······aa·;;·~:r;r~······················································· l I 
I , •• • •., •• • •••••• • •• •• •• ••• •• • •• • •• •• •••, • •• •. • •. • •• •• • •• • • • • •............. I I 
I / . I I I 
I ••••••••• •• •• •• •. ••. • •• • • • •• • ••• •. • •. •• • • •. •. • •. •. • •• •••• •. • •••• • •• • ••. •.. I I 
--------------------• 15 A8DD • A80D + DAODIKI • I I .................................... i...................................... l I 

•• • •••••• • •••••• • •••••••• • •• •. • •• • •• • • •• •••. • •••••• •• ••• •. • • • • •• • • ••. • • • •. I l 
TPRIH • TTIIMI I I 
XNPRIM • TNIIMI I I 
61 • X8IIIMI I I 

·······························~····~·····························;....... : I 
• •• • • •• • • • • • • • • • • • • • • •• • • • • • • • • ••• •• ••• • • •• • • •• •• •• •• •• • • • • • • •• • • • • • • • • • • • ' 1 

GO TU 10 •-----------------------• I I 
I 

I 
r-----------------~------------------------------------------------<1 

TTT f T TTTTTTTTTT TT TTT TTTTTT TTTTTTTTTTTTTTTTHTTTTTTTTTTTTTTTTTTTT TTTTTTTTT T 
~TfT~VT~~lY~~TTTTTTTTTTTTTTTTTTTTtrTTTTTTTTTTTTTTTTTTTTTTTrTTTTTTTTTTTTTT~ 

•...... END''······························································ ...................... _. ............ ~ ..................................... . 

lOu 



PWRM 

·······it*!*f•:·&:;······················································· 
IFI T .GT, CL I IT • Cl 
~~!~fr=-rr~l=e• 0

' 5 

R"AINT = Oa 
·····•·············•·••···•········•············•··············•··········· . I 

SYMBOL KFV 

EfEEf • ENTRY 
TTTTT TFRMINAL 
CCCCC • CALL 
RRRI\R • READ ·wwwww WA!TF 

'.' .•.. if;·-;.,. :e~: .· 0' j ''GO' TO' 20' •••••• ''' •• '' •• '.'' ••••• ''''' •••••• ' •• '' •• •-----------------------------------~ 
.................................... i .. . . . . . . . . .. . . .. . . . . .. . . .. . . . . . . . . . . . l 
· · · · · · · ifi ·~HE·: ilr; • o: • i .. ao • ici • i 5 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •-------~-~---------------------v 1 

····································i····································· : : 
I I 

:--------------------:::::::~~:!~:~:!:~:::::::::::::::::::::::::::::::::::::::::::::::::::::::: \ \ 
I I I I 
: ____________________ • • • • • iO ·AHA i NT·:· RMA.i Nr·.:. • c i ·; · i j!i r •c2 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ·: 1 1 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• I I I I I 
• •• • • • • • • •• • • • •:• • • • •• •• • • • •• • •• •• • •• • •• • •• • • • • • • • •• •• • • • •• • • • • • • ... • • • • • • • • I I : ...... ~~. !~. ~~ ........................................................... ·------------------------------:---r 

I I 
I I 
I I 

OK--------------------------------------------------------------------P I 
I I 

····i;·it;::~::;·:·;~;;··················································· I 
mg: a:rm::~b}mt!f~~~t:m;H.&PI .. ,N-11 1 1 
RMAINT •ICONCT • AINCTI/11. • RATEI••ITrME I ................. ~ ............. • ..... !:::.::.::~2~2~~~~:::::::::::::::::::::~--------------------------------- ---1\ 

TH T TTT TT TT TTTT T T TT T TTTTTT TT T TTTTTTt hn TTTT TTT TTTTTT TTTTT TT.fTTTTTTTTT TT TT 

hn f~T ~' J¥~~ TT TT TTTTTTT T TTT TTT TTTTTTTT TTTTTTTT TTTTTTT TTTTTTTTT TT fTTTT TTTf 

·······i~&································································· ...............................................•......•................... 
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SEAL 

~eeeeeEm~5m~~emmmF~~we~emeiEefeA~ne~meemem;EmijfEEF~ E EE fEE E E EE E EE EE EE EE EE EEEEE fl Ef EE~h~ eEd E~EEh E EE ~E EE E~~ EE.fl E EE EEEEEEE EE E E I . . 
c--THIS SUBROUTINE DETERMINES THE PRESENT. WORTH PER SQUARE YARD Of All 
C SEAL COATS WHI.CH WILL BE APPLIED ·ouR lNG THE ANALYSIS PERIOD 1. 
C--~SC WILL Bt THE NUMBER Of SEAL COATS PERFORMED. 

I 
DIMENSION TTI20I,NUMI20l,TSCI201 

I 

• • • • • • • N SC • ~ • 0" "· • • • • ·" • • • ·" "" "" "· • • • • "· • ·" • • • • • • • • • "· • • • • • • • • • • • • • • • • • • • • .................................... i ............ •.• ...................... . 

EEEFE 
TTTTT 
ccccc 
RRRRR wwwww 

ENTRY 
TFRMINAl 
CAll 
RFAO 
WR!Tf 

l--------------------······~56"i"~:i:i························································· 
I 
I ····································i····································· 
I • •• • • • • • • •• • • • • • • • • • • • • • • • •• • • • •• • •• • •• • • • • • • • • • • •• •• • • • • •• • • •• • • • • • • • • • • • 
,-------------------• 2 NUMIKI = 0 ...................................... i .... ................................ . 

·······j·;·j······························································ 
YEAKS = TTIII 

• IF I YEARS .GT. Cl I YEARS • CL .................................... i .................................... . 
C--NO SFAL COAT WILL BE APPLIED IF OVERLAY IS WITHIN TNIN YEARS 

~------------------------------------------------------------------------0 
e e e • e e e e e ee e • e e e e e e e e e e e e e e e e ee II e4t ee!. e e •• • e e • •·• e • •• e e e • e e • e e e e e e e e e e • e e e • 1 
..... ~. !~!. ~ ~~~~ ~:!!~~!.: ~~=. !~~ ~! .. (?. !? . ! ? ..•••••..•.••.••••.••..•..••.. ·-------------------------------: ! 

I I • ·• · ···Hi1AiN·; ·vv.P.s··:.·ns.:··· •••••••••••••• •• •••• •• ••••••••••• •••••• ••• • 1 1 
• • • • • • • • • • • • • • • • • •• • • • • • • • •• • •• • • •• • j • • • ••• • • • • • • •• •• ••• • •• • • • • • • • • • • • • • • • t I 
C--NUH. SEAL COATS WILL BE APPLIED DURING THE ITH OVERLAY PERIOD. I I 

I I I 

· ·· · · ·· Nulii ji ·; ·i:o ·:. ·itl.EiiaiNitosci· • •• • • •• • • •• • • •••• •• • •• • • • •• • •••• • • •• • • I I 
· · · · · · · · · · · · · · · · · ·· · · ·· · · · ·· · ·· ··· ·· i .. ··· · · · · ·· · ··· ·· · · · · ·· · · ·· · · • · · · · · · · · l I 
t--x~~LIEJNA~~~RNiHcR~HU?NsHIP 1s FoR THE .sEAL coAT 1 1 
·······i~~~·:·~~~ili~=·r···········~! ....•.. i............................. i J 

· I I · ~~~:~:;~ · ~~ · ;;:~ · ~~~; ·~;;,~~ ~ ·: ;~;~: i~;:~ ;;.;. ;; ;~;. ;~ -~~;;~~;............. l I 
- I . . I I 

· ·· · • •· hT irHO..\irt=xMiiHBsc; ·:H: ·ti1iNi ··Nu.:.m;Nuoliji:.i·· • • •• • • • •• • • • • · • 1 I 
•••••••••••••••• , • •• • •• ••• •• • •• •• ••• ••• •• •• • •• • • • •• •. •• •• , ••. ••, • •••• •.... I I 

I I I OK------------------------------------------------------------.-----0 I 
I I 

:···io·i;i·irfij;·;·trsci·:Ge:·cL•i··ca·ro·is······························-------------------------------v l 
::::::::::::::::::::::::::::::::::::!::::::::::::::::::::::::::::::::::::: t l 

.J · = ·.J + 1 I I 
YEARS= TTIJI - TTIJ-11 I I 

....... !~~.!!~~~.:~!:.~~-~-.!~~~~.:.~~:~:~~:!!............................ l l 
I I I 

:······co·io·3························~·····································------------------------~------t---1 
• • • • • • • • • • • • • • • • • •• • • • • • • • • • • •• •• • • • • • • • • • • • • •• •• • • • • • • • • • • • • • • • • • • • • • • • • • I 

I 
c--oETERHINE THE PRESENT woRTH OF ALL SEAL coATs FOR THF ANAL. PERIOD. 1 

( 

Ok-------------------------------------------------------------------·11 
I .... n· i>wscc; 'o:ii ........................... ' •••••••• •• • •• • • • ••• • • •• • • · • • • 

PT • ('1.0 .................................... i .................................... . 
I-------------------- ....... DO. iS. t(;, i: j ..•...................... ............................... 
I 
I 
I 
I 
I 
( 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
1 

.................................... r· .................................. . 
:::::::~~!:~~~~~!::~~=:~:~::~~:!?:~~;:::::::::::::::::::::::::::::::::::::·-----------------------------------, 
· ······;.oweR·;· rrsc·; ·;,r · · ·· · ·· ··· ·· · ·· · ··· · · ·· ·· · · ·· · · · · · · · · ·· · · · · · · · ·· · · 

KK • NU"IKI ····································i····································· 
•------------------·······oo·2o·t~i;KK······················································· 

•••••••••••••••••••••••••••••••••••• t•• ••••••••••••••••••••••••••••••••••• 
: .... ··Nsc·: ·Ns.C. :.· i .. ................ -... ' ............................... . ..................................... , .................................... . 
c--TSCIHSCI CONTAINS THE TIME AT WHICH THE NSC TH SEAL COAT IS APPLIFO. 
c--KK IS. THE NUMBER Of SEAL COATS IN THE•K TH PERf. PERIOD. 

I 
••••••• T S.C.(" NSC i . ; . POWER ••••••.••••.••.•••••••• • •.•• ' ' •• ' •••.••••• ' ••• ' •••.• ............................. ·······r· ........ ······ .................... . 
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I 
I 
I 
I 
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I 
I 
I 
I 

I 
I 
·I 
I 

I 
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SEAL 
I Z PAGE Z I 

.l I c--i>RESENT wORTH IS cucuLATEil To t~e NEAREST INTEGER YEAR. l 
I I I I 

I I :······Pwm·:·pwsccTsltm:cm.m;.:mFIHPawwo:m·················: I 
I I POWER • POWER + T8SC . I l I .... -..... -............................ i •................... ·................. I 
I ! _________________ .····zo·co~tiNuE·············~············•·······························: : 
I ~••••••~•••••••••••••••••••••••••••••••••••••••••••••••••••••••~•·•••••••• t I · I 1 I Ok------~--------------------------------------------------------------11 
I I 

!-~-----------------·····zs·;j·;·rtcKr························································: 
;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;,;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 
t TT T T TT ~~ ~v~~TT T TTTTTTTTTTTT T TTTTTTTTTTJTTT t TT T TTTT TT TTT TTTTT TT TTTTTTT tnl 

·.''' •• END ••••••••••••• ' •••• ' •••••••••• • .................................. . 
...................••..•.......•......•...........•.............•......... 
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SOLVE2 

tEEtm~~mm~~e~gnnrmw~it3W~mwmmeeeememmemnm~ 
EFEEEFfEEEEEEEEEEEEEEEEEEEEEFEtEEEEE~EEEEEEtEEEEEEEEEEEEEEEEEEEEEEfEEEffff 

I 
COHMt.JN Al71, AAS, ACCO, ·ACI'RC Ali'HAI AN21161~ ASN, ASO! 8171, 

} 3W 1l>oz H mkc~INT 0..~~161 ~·Mvhl6~~· Gl~Ml16Mo~·INmtl6l: 
3 JPAGh Ifypfb.KTC91, LAYER! MATYPE, HOOEll ,.lU, NlRN, NlRO, NM 

lC0'1~~~.N~~i,N~~0~: mos~~Vg~C~T' ~~MA~} O~~p~'Rm~l~C O~~TR, 
2 SCS SCC, TBSC, TCKM1x, THIN, frcz61, hscb UPLEVlo xfNCCbl, 
3 01 ,.~~~70NXLf~~~~~~~~~~z~~~XTBO, XTTO, l17~0, I 

I 
C--NUM~RO IS THE FIR.ST DIHENSIOfl Of l TO PREVENT SUBSCRIPT OUT OF RANGE. 
C--FOll IS IJSFO TO PREVENT ARBITRARY ROUNDING BY FORTRAN FROM CAUSING 
C-- TROUHlH. 

I 
DATA NUMSROI750/, FUll/ 1.0001/ 

I 

SYMROl KFY 

HEEF 
TTTTT 
ccccc 
RRRRR 
WWIIIWW 

f NTRY 
TFRMINAI 
CALl 
RFAD 
WRIH 

, -------------------- '· •••••• 00 •. i. j~ i :t.AYER. '' ••••••••• ' • •• ·' • '''''.' •• ''' •• • ''' ''' •• '·' '' ·' '' ·' 
: ................•................... i ................................... .. 
l ·······xiii.ciji'~'iii.ciji ................................................ . 
} .................................... i .... ................................ . 
I • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • •• • • •• • • • • • • •• • • • • • • • • • • •• • • • •• • • • • • • 
--------------------• 2 IIXIJI = 0 .................................... i .................................... . 

·······rK·:·o:·························································· ·· 
C T a O, 
scosr • o. 
ISKIP • 0 
ICOST • 0 
NUMBER = 0 
ll ~- LAYER +2 

.................................... i ................... ··············· ... . 
1--------------------·······oo·;·j;i:LAYER····················································· 
I 
I 
I 
I 
I 
I 
I 

.................................... i .................................... . 
·····t·t~·:·i~·:·&~iAili·················································· 

CT = CT + COSTCJI • DMINIJI 
•••••••••••••••••• "! ••••••••••••••••• i .•.••... •......•.•...••••••...•...... 

~ ---------------- ---• •••.• S. OOV·ER i j ;··:. OMi Ni j i ...................................... ··· ........ . 
··~··················.; ... .; ........... i··~···················-··············· 
: •••••• iF i. iK..: L.E:. TlKMA X.;. FUii. i. GO •fa. A. • ••••••.• • ••••••• • • • ••.••••••••••• •--"----------------------------··----~~ 
........... ······ .................... i .................................... . 
·······ist<.ii>;·j·························································· 
·~·························· .. ···· .. i····································· 

I 
I 
I 

I 
I 
1 

:::::::~~:!~:!~:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::·-------------------------------y I 
I I 
1 I 

. I I 01<-.-------------------------------------------------------------------I··-_, 
I 1 

·····a·iFi'cr·:cE:·cM4•·•·Fuiii'aa·ra'io···································----------------~--------------1---v .• ................................... i ..................................... . 
·······ic-ost·:·i··························································· 
.................................... i .................................... . 

I I 
I I 
I I 
1 I 
I I 
I I 

·······aa·i6·1~····························································-------------------------------J I 
. I I 

f I 
Ok--------------------------------------------------------------------1---ll 
I 1 f 

· · · · io · i ·; · i · · · · · ·· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
IN•f" .................................... i ..................................... . 

Qk----------------------------------------------------------------11 
ccccccccccccccccccccccccccccLccccccc~ccccccccrcrcccccccccccccccccrLccccccc I 
~cc cHc~t~ ~cl~~H ~Ucccccccccccccccc cccccccc c cccccc cc cccccccccccccuccccc~ I 

I I 
....... iN:iN+i······························································ 

NUMNOW = NUPISER ..................... •·• .............. i ................ ..................... . 
: •....• iF ·r. Nl'"~~p.: l t: i·i . GO. TO. iS9 •. •..••.••••• • .•• •. • •••••.• ·• • .•....• • •..• •-----.---- ---- ----------v 
..................................... i ....... ~............................. I 
~==l~~.~n~~o~miKH"A~m~s~IG~ mlGNlg~ ~mJ~\8H 1~~~TF~8i mr I 
C--A SHORTER INITIAL PERFORMANCE PERIOO ISS NUT GREATfRI TO BE CON- I 
C--SIDfR~O. THE FOLLOWING 00 lOOP CHECK~ THF l ARRAY wlcl(Lt KEePING I 
C--l SURTfU IN DESIGNS Of ASCENDING STRENGTH TU 6£ CONSlDEP£0. I 
C--REHOVE AlL S T A TE"FNT S BnWffN HERr. •NO STAT f~FNT I ~8 IF All IN I T1 Al T 
C--DESIGNS TO ~f CONSIOEHD AND REPlACE 1~8 WITH 'IN•NUHNIJW <I. I 

I I 

I . 
I 
1 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 

t I 
I I 
I 1 
I 1 
I 1 
I I 
I I 
I I 
I I 
1 f 
1 1 
1 I 

1------------------- ..... • ·ou· i ~a.· i i~ i: .NUMBER •••••••••••••••••••••••••••••••••••••••••••••••• I 
I 
4 

f 
I 
I 
[ 
~ 

I I 
I I 
I I 
I I 
I I 
f I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I z 1 I 
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f P~E ' .................................... i .. . ... . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . 1 

l : ...... if t· iN.: GT:. HUMNONi ~oo·to. i 59 •••••••••••• • •••••••••••• • ••••••• •·• ••• •-----------------------~ 
I · · • · • • · •• • · •• · • · • ·• •• • •· • • •• • •• • · •• • i • • • •• • • · • • · • · • • • • • • • •·• ••• • • •• • • • • •• • • ~ 
I e--lf' THIS DESIGN IS ~OT WEAKER, GO TO A CHECK OF FORHEO DESIGN, I 
I I I 

I :······if iSS·: l t: ·iii;.: i; · • ~ FUiz·; ·GO· fO • i ;;, · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · •-------------------v 1 
I ·~==~~ ;~ · ~; ;~:; ~ · ;~;; · ;;; ;~~ · ;; ·; ~ ·; r ~~; · ~~;:;;;: · ;;~~; · ;; · ;;· ~;:;~;:.... ! \ 
! :······iFicr·;;u;z·:Ge:'iiiN:zi'i'Go!ro'fto································---------------v ! ! 
I • • ................ •• •• • • ••• •• • ••. •• •• •• • •. • •. • • •. • •• •• • •• • •. • • •• • ••••• ., ••• • I f t 
I c--ELSE Go TU INCLUDE IN z ARR4t OF

1
DESIGNS TO Bf CONSIDERED. I l I 

I I I I I 
I """""""'""''"'"""""""'"'"""'"""'""'"""'""" I I I I GO TO 15q •---------------1---1---V I .,,, • .,., .. ,.,. .. ,.,. ... .,.,,.,, • .,.,.,.,.,.,., .. .,.,.,,.,.,.,.,, ... .,.... I I I 
I I I I 

I e--lF THE FORHFR DESIGN IS CHEAPER, KEEP n. I I l 
I I I I 
I I I I 
I OK----------------------------------------------------1---n I I I I I 

~: : · i 56·· iF c·z i iN :2; · • ·Fuiz-· :t. r:·cr·;· Go·ro·t~e · · ·· ·• ·· • · · !" • •• • • • • • • •• • • • • • • •---------------1 ---v I 
I •••• • •• ••• • •• • ••• •• • ••. • • • ••. •• • • ••• •• •• • • •• • • • •• • • ••.,. • ••• •. •. •. •. • • •• •• • I f I 

I c--ALSo KEEP 1~ cosT AND ~TREI'IGTH.N~ARLY EQUAL, I l l 
1

1

1 

.................................... ! ...... 1.............................. I I l 
, lf1ZIIN,21 .LE. CTO FUZZoAND, liiN,1 oLE, SSOFUlll GO TO i~8 o---------------1---V I 

J • •• • •• • •• •• • •• • •• •• •. •. •• •••• •• • • ••. • • • • • • • • •• • •• •• ••. • •• • •. ••• •. • • •. •. • • • I I I 
·1 I I I I 
I C-•ELSE DISCARD THE FOPHER DESIGN, I I I 
I I I I 

I ··········Kris;·:·Krce;·!i················································ I I I 
I NUM .. OW & NUMNOW -1 I I I I ...................................... i ........ ~····························· I ~ I 
I ••• • • •• •. •• •••••• •• • • ••. • •, •. • • • • •. • • •• •. •• •••• •• •• •. ••. • •• •• •• • • •••••• •.. l t I I IFIIN.GT. NUMNOWI GO TO 159 ·---------------:---~---y 

l ... ··································i······································ 1 I I 
1 t------------------··········no·i;T·j·:·iN:·NuMNow··········································· , , , : I ..................................... i'.................................... I : I 
\ I 1----------------.......... ou'iH'L·:·i:·u·............................................... l I I 
I I I ........ .,.,, • .,.,.,.,,.,,.,,..,.,.,j""'"""""""'"'""""'"'" I I I 
I I I I I I 
I I I ::::::::::~!~!~~:::~~~:!!~!:::::::::;::::::::::::::::::::::::::::::::::::: I I I 
1 LL ______________ .··Ht''co;.n;.ue""""'""""""""""""""""""'"'"'....... ! ! I 
I .................................... i..................................... I :/ I 
l :·········i~~:·i~·:i·····················································: l I l 
I ...... •• ••••• • •••• •• ••• •• • • •• • ••• • •• • • • • ••• • • •. • •• •• •• •• • • • • • • ••. • •••• •. •. • I I I 

l At<---------------------------------------------------1--"~ l I I I I 

~------------------•''i;&''iit':··i;.·;·i'""''"''""'"""""'"""""'"'''"'''"''"'' I I 
•. • • •••••• • • ••••• • • • •• • ••. •·• •••• •• •. ••• • •••• •• • • •• • •• • • •• • •• • ••. ••. •. •.... I I 

I I I 
OK----------------------------------------------------1-------n 
I I 

.. i ~ q •• NU-4NOW.:. NU"NOW.: i . ...... • ......... ' ............... " .......... ' ... ' . I 
I 

:::::::·:::::::::::::::::::::::::::::!::::::::::::::::::::::::::::::::::::: i 
IFI "UMNUN ,GT. NUHBROI GO TO 35 •---------------1-------V .................................... i..................................... I I 

C--INSfRT THf OESIGN 4T 'IN'• I I 
I I 1 

, .. , ....... ., .... .,.,,.,.,.,.,,.,.,,,..,.,.,.,,.,.,.,,., • .,,.,. ....... .,,. I I 
IH IN ,r.1, NUMNOWI GO TO 16 •---------------1---V I .................................... i ................................... .. 

••••••• NUH. ~. NUI4NOW! i " .. ,. " ...................... ' ... ' ....... ·-· ........ ' .. . 
JCONS1 = NUM + IN 

.................................... i'''"''"'""""''''''"'""'''''' 

I I I 
I I ·I 
I I I 
I I I 
I 1 I 
I I ·1 

f-------------------- .......• 00. i60. j. :··iN:. NUM •....••..••.•••• ~ .••.•..•.••..•.•••..•••..• I ••• : 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I ·I I 
J I I 
I I J 
I I I 

I 
I 
I 
I 
I 

.................................... i ..................................... . 
·······jj·:·~cON$r·:·j···················································· 
................................... ~i"'"''"'""""''''''"'''''''''" 

I f 1----------------- ....•.. "OO"ibO"L.":·i;·ti································-··················· 
I I ..................................... i ................................... .. 
!_.! _________________ • • .. i6o · · H jj; i :n · ~ · HJ.j:l' i · · .. · · .... · .... · .. · · · ·· ....... · .. ·· · .... · · .. · · 

······•••"!•••························i···························-············ 
I 
I 
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I. 
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PAGE 3 6 • 5 4 J Z 

AK----------------------------------------------------1---A I l ·I 
I I I I I 

:--------------------::!~:::~~:!~!:~:::!::~~!~~::::::::::;::::::::::::::::::::::::::::::::::::: i I ! ! 
~------------------•''il.i''iiiN:la;•;·ooveu.:;················· ............................. : 1 

' I I .................................... i'.................................... l ! ! ! 
:······iiiN:ii':·~~······················································: II 't II I 
• l(IN.2t • CT • 
... • •• • •. • • • ••.•• •• •• •. •• •• • •• • •• ••. •• • ••. • • •. • •• •• •. •• ••••••• • •• •• • • •• • •... I I t I 

I , I I I I 
OK-------------------------------,..--------------------0 I t· I 
r I I I : .. m·~tm;=:Ku~~~F ......... ~ ...................................... _.: l ! ! 

XNCOST = CT • COSTiliOXINCIII , I I I 

····································i····································· I l l 
.;······;;i·i~t&~t·:at:·e~~~·;·,~iii'io'f5'~5·······························-------------------v I I l .................................... !................ ..................... I I l l 
: ··· ·· ·m· iNc&w:at:uon· 1 ··scost·:· 1;.cm········ ... ·· ... ·· · ·· ·· · .... : l l l l 
•••••••••'"'"'"'•••••••• .. ••••"''"""''"'"''""''"''"'''"'"''' I I I I 
.................................... ~..................................... l I l l 
• lfl ITK+XINCIIII .GT.TCKMAX * FUZll GO TO 20 •-------------------V I I I 
····································i····································· - t : l : 
:······iFi'iuov£Riil:xfNctii'i*'Fuii":ai:·oMAiiiii'Go·ta"i9'''"''''"''"'''•-------------,..-v l l I l 
••••••• • • •••• • • •. • • • •• • •. • • •. • •• • • •• • • •. •. • • • • • • • •. • • • ••••••• • • •••• •........ 1 I I I l 

I I I I I I 
OK------------------------------------------------0 I I I I I 
I I I I I I I 

:"'is'ooveRiii'~·ooveRHn·HN!iii"'"""""'"""""''····· ........... : l l l l I l 
l~: l~! mml•xiNCill I l I l l I 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 111111 

............... · ..................... ~..................................... I I I l I I 
, GU TO 15 •-----------1---1---t---t---A I 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• Jill. I I I I I I 

I I I I I 
I I I I I 

OK------------------------------------------------1---n I I I 
I I I I I 

····iq'iri'iiiiii':e&:·i·;··Ga"r5"z5''"'···································-----------l-------~ I l 
····································i····································· I l l I 
·······iFi'uM~xiii':eg:'o"iNiii"i""io'fn'io································-----------1-------~ l l .................................... i..................................... I I l l 
....... mm;·;·oioi.xm·:.·oaWiii""'"""""'""··· .. ··.............. I l I l 

IIXIII•l I I I I 

·······~····························i····································· I I I l 
•••• •• •••• • •••••• • • ••••• •••.•• • • •. •• • ... • ...... •. • •• .. • .... ••. • ••• • • •• • ••• • •. • •. J I I I 

GO TU 18 0-----------A I I I 
.......................................................................... I I I. 

I I I 
OK--------------------------------------------------------0 I I 
I I I I 

.......................................................................... I I I 
20 IFf I .EQ, LAYER I GO TO 30 •------------•------1---t-------V 

I I I 
I I I 

.................................... i ........ ............................. . ................................ " .......................................... . I I I 1-------------------- DO 120 Jolol I I I I .................................... i ................................... .. 
I 
I ....... ii~i~i·:·~·······~·······························~················· 
( ......................................................................... . 
I I 
I • • • • •• • •• • • • • •• • • • • • • • • •• • • • • •• •• •• • • • • • ••• • • • • •• • • • • • • • • •• • •• • • • • • • • • • • • • 
--------------------• 120 XINCIJI • XIINCIJI • ............................ ~ .......... i .................................... . 

· .. · "'oovetii ii ·:·oi4i~iii ....................................... ·• ....... . 
I ,. I + 1 
TK = 0. 
C T = (', .................................... i ..................................... . 

• ------------------- · · · · · · · ou.· is· K: i: LA YFR • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
I 
I 
I 
I 
I 

..................................... i .................................... . 
: .. · .. • c r·: ·ct·; ·cosHi<i ·• 'oovHiKi' •·• · · · · .... ·• .... ••• · .. · · .. · · · •· • .... : 
.................................... i .................................... . 

I ---------------------• ..... 2~ .. TK.: .. ·T"K.:. OOVf.Ri K i .................................................. . 
........................................ i .... ................................ . 
: ... '"ii;coH·:·ct· :·cosiiiiHlitciii ....................... · · ............ : 
..................................... i ... = ......••••..•..•.•..•....•....•.•. 
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'PACE "' ' 4 
I I 

• •• • • • • •• • • • ._ • • • • •• • • • • • •.• •.• •·• • •• • • • • •• • • •• • • • • •• • • •• • • • • • • • • •• • • • • • • • • • • • I 
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·W WKITE: (0 1 831» (STAR, t s lt NMRTI W 
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I 

~-------------------····~iO*CONjiNU~··························································· 
............................... ·.· ... i ..................................... . 
wwwwww.~www•wMwwwwwwwwwwwwwwwwwwwwuwwwwwwwwwwwwwwwwwwwwwwwww~wwwwwwwwwwwww 
k WRITf~b 0 8661 KNTOL. W 
WWW .. W\IIIWWWWWWWWIII"'WhWWWWWWWWtoiWWWl4WWWWWrWWWWWWWWWWWWWWWW"-Rltt."-WWWWW\.WWWkWWWWWWW 

·······Gu·rn·;~o···························································------------------------~------v 
•"•••••••••••••••oo••••••••••••oo••••••••••• .. •••••••••••••••••••••·••••• I 
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PAGE 6 l • l 
I I 
I I 

OK----------------------------------------------------~---------------1---0 I ! 

• .. Bo'coNTiNue· ••••••••••••• .......... ••••• ......... ••••••••••••••• • · •••• l 
I 
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I I 
OK-------------------------------------------------------------•------0 
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c c 
c 
c 
c 

TIME 

~~~m~AmR~fR~ner~~~~~TffL•~o2~hu~l76N!0R~lmegvw~TM~H~gKeo 
.LOSS OF SERVICEABiliTY, 

~~~&~~f~~~¥~lV~~siN8~XEQUIV. AXLES IN ONE DIRECTION DURI NG TIHF 
·r. 

ONE UIRECHON 18-KIP EQUIY. AXlES DURING A'IALYSJS PERIDDii" 
MILLIONS I. 

~~~~r,.rA~~ET~Q~~s.r~~~E~~Rf~~~v~RIM 
Cl lENGTH liN YEARSI OF THE ANALYSIS PERIOD •. 
IS• A SWITCH RFTURNED NON-lERO If TIME CONSTRAINTS TO OVERLAY NOT MET 

I 
DATA ACCUR/0.011, TLIH/99,9/, HITER/20/ 

I 
ACCUR IS THE AllOWABlE P. ERROR IN TIME CALCULATION 
TliH IS AN ARBITRARY MAXIMUM T . 
m~~ ~"~~~ml~mm~~~. mmlsM~rmm~w 
WHERE Al0G2 IS LOGRITHM; 8tSE TWO. 

·······isw·~·i···················································••········ 
PI • P · 
Tl a TPRifi1 

. ~~~ ;~~. ~;~:.;; ~;. ~;;~~;~. ~~;;~~;;.; i. ~;;~. ;~~~;; ·; ~· ;~;. ;;; . ;~~~~~:. ~;;~. 
I . 

·······a~lt·:·;,~a·········································~·············· 
IF I I .EQ, I I OELt • XTTO . ~~~ ;;;~~. ~;. ;:;;;:~. ;~;~;. ~;. ;~~. ;;f;~ ;~. ;~~~; ;~~ ....................... . 

·······tl6ifi'~·1~f!~ii';'ft'''''''''''''"'"''''''"''"''"'; ••.•••••.•••..• 
TRFTRM = XNC I ICL*IRO.+RCII 
R02 = RO + RO . ........................... ._ ........ i···.·····.·~······-~~··················· 

C-- TERMS OR PARTIAl TERMS FROM. THE PERFORMANCE EQUATION 
I 

• • • • •• ·sQRHi> • ~ ·so.ni5:!i>i ;· • •• ... •· ••• • ••• •• • • • • • ••• ··' •• • · • ·· • • • • • • • • · • • 
~~~~~= : ~~~~·~·~~~~!zt S~RT1rPHA 

.................................... i .....................•................. 
c--ESTIMATE Of T MADE USING MINIMUM CONSTRAINT TIMES. 

I 
···~···i~i·i·:·tl·~-5~tf··············~··································· 
........................................ i .................................... . 
C--SOlVE FOR T, UNLESS A .CONSTRAINT FAILURE, 

. I 

l--------------------·······oa·4o·iTER!i;MiiER···············•·······•························: 
•••••••••••••••••••••••••••••••••••• j ...................................... . 
C--TRAFFIC EQUATION 

. · ...•. KN.;.. TRF iRM.;. iAdi.:. tROEt.T•EST ·; i*ES i ~ T. ··· • ••. ·. • · • · · · · • · • · • · · · · · · 

...............................•.... i .................................... . 
C--PERFOR"A~CE EQUATION !NEXT THREE STATf .. fNTSI 

[ 

:·.· •• ·iii.: ass.;. i>iRi.il4.;. w . .:xNP!ii14i •••••••••••••••••••••••••••••••••••• ·: 
• SWLOSS•SWLTRM •t ·loO-EXPI-BI*IEST l - Till I • 

FST P • ~.o- ISQRT'P+TRlOSS+SWlOSSr .. 2 - GAMMA *lEST T- Til 
P FRRO~• A8SIEST P - P21 •••••••••••••••••••••••••••••••••••• i ...................................... . 

ITER~TION CUMPLETE IF P ERROR WITHIN •rCURACY RfQUIREHfNT, .I 

SYMBOl KFV 

~~f~f ~~J:r NAl 
cccrt • c 4LL 
RRRRR • REAO 
IIWWWW WR ITF 

I 
I 
! 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
[ 
[ 
I 
I 
I 
[ 
I 
[ 
I 
I 
I 

::::::: :!~ ~ ~: ~~~~~: =~!:: ~?~~~!:~?:!?;~?: ::.::::::::::::::::::::::::::::::: :·-----------------------------------~ 
I 

I 

l 
··········oe:Lr··=·o~tr·•·-o:;················································ 

·····································i······································· 
I 
I 
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TIME 
l PAGE 2 I r c OVERESTIMATE OF TIME IF p .J ESTIMATED J IS LESS THAN P2. 1 
I ·I I 

l : · · ······iF r·e: s-r • P ·: l f: · P2 i ·co· TO· 20 • • • • • ·• • • • • .-• • • • • • • • • • • • • • • • • • ·-· • • • • • • • • •--~----------------------------v I 
I · I I 
t ·····································i······································· J f 

I :···········i~iJ~~-:~~:·ai"5llt·:·~~t·t·:·it~~···························: I I 
I ESTT•ESTT+DElT I I 
I ••••••••••••••••••••••••••••••••••••i•••••••••• .. ••••"''"'"""''"""""""""'" I I 
I . . . . . . . . . . . . . . . .. . . . . ... . . . .. . . . . . . ... .. . . . . . . . .. .. .. . . . . . . .. . . . . . .. . . . . . . . . I f 
I CU TO 40 •---------------------------V I I 
I ....... •••• •••• •••••••••••••••••••••••••••,.••• •••••• •••••• ••••••• .. •••••• I I I I I I I 

I c IF IJVEREST. Of T FIRST ITERATION, A TIME CONSTRAINT FAILURE II I I 
.1 I I 
I I I I I OK----------------------------------------------------------------1---~ I I . I I I 
l : .• • zo· .. iF liTER. :fQ:. i i. Go· TO. 60 ••••••••••••• •• •. • • •• • •••••••••••• • ••.•• ·• •---------------------------1 - ... -----~ 
I ······································i····································· f : 
I :···········est·t·;·~st·t·:·o~tt·········································: I l 
I ............. ! ~~.:. ~............ .. . . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . I I 
I I t l I r---------------------------------------------------------------•1 I 
!-------------------·····4o·coN~iNVE··························································· ; 

I 
I 
I 
I 
I 
I 
I ·······~~i·t·:•iti~······································~········~······· 

····································~····································· I 
C I 
C--ITERATION CIJ04PLETE, ISW•l IF OVEREST. WITH MIIIINUH TIME CONSTRAINT. I 

I I OK-----------------------•------.------------------- ----- --- ---- ----------.1 
I 

····~a·t·~·i§t·i···~···········································~··········· 

~~~A~sr~·elLA=I ~Le. 1 ~l~uRt 1sw•o 
. ~::~:~~~~:;~. ;;;~. ~;;~. ;~;. ~;~;. ;;;i~;~~~~;. ~;; ~~~: ..................... . 

I 
:······~~~·:·it;~iPi!if;iest"t:tiii"""""""""""""""""""""""""""""""""""""": 

;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;,;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 
ltrrTrT~~I¥~~TTTrTTTTTTTTTTTTTTTrTTTtTTTTTTTTTTTTTTTTTrrrtTTTTTTTTTTTTTTTt 

·······eNo································································ .......................................................................... 
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USER 

· •...•• • L-0.: i ASOii.O:Oi. +. o: 5 •• • • •• • •••••.••• ~ •. • • • ••••• • • ••••..• • • • .•••. • .• 
LN- •IASN/10.0·1 + 0,5 .................................... i .................................... . 

C--APPROACH SPEED SUBSCRIPT FOR STOPPING-SlOWING TABLES. 
I 

·······~·=t~A~Ji&:&r·:·a:~················································ 

. ~~~;~~;~;;;~;·~;;~;;;·;~:~·;;;~:· ~;t;· ;~;~. ;: ........................... . 
I 

....... i:a:.:.,;.xoi'i;'ilii4oi6:.:oi 'i ..................................... ••••• • 
kN:m&l 1 ~ =~~~~:~o: 1 
TIPH = ADT • PROP .................................... i ................................... .. 

C--FROM COMMON THE FOLLOWING TRAFFIC VARIABLES ARE USED. 

~ ;2n~ m m;sm~ ~~ J~~ ~~~~b¢h~l~EW~MSN'~~~~~E~.~~'ht m~ 
C DOZ IS THE TIME STOPPED IN HOURS OF VEHICLFS IN OVERLAY DIRECTION. 
C DN2 IS THE TIM£. STOPPED IN HOURS M VEHICLES IN NON-OYERl.AY OIRfCTION 
C NlO IS THE NUMftER Of LANES IN THE OVERLAY OIREC T ION. 
C NlRO IS THE NUMAER OF LANES, RESTRICTED ZONE, OVERLAY DIRECTION, 
C--MOOH l 

I . . ·······poi·:·o:···························································· 
PN1 • O. 
001 • o. 
ONl • O. 
0 • 1. /. 12 • 

.................................... j .................................... . 

SYMBOl 

nm 
ccccc 
RRRRR 
wwwww 

KfY 

ENTRY 
TfRMINAL 
CAll 
·~•o WR!Tf 

~::::::~~::~:~~~:~~::~~::~~::~~:::::~~~~~::::::::::::::::::::::::::::::::::==================c============r-1 
I I I 
I 1 I 

.1 I I 
I Z • 1 
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USER 
PAGE 

I 

~--CAPACITY TABLES SUBSCRIPTS, ALSO LiN.ITEO FROM I TO 6, 
I 

: ••• io'i4CP.o';'"mi"i;·,mm;mo;·;· .. ••·•••••••••• ............... •· ···: 
• MLO • MAXOI 1 0 NlN016 0 NLD-ll I , 

·······~~···························i····································· 

2 l I I 
1 l 
I i 
I I 

I I 
\ I :······iF;· i.TYPE ·:eo:· z · ;ao · ro· i i · · · · · · · · · · · · · · · · · · · · ··· · · · · · · · ·· · · · · · · · · · · · •---------------;..,-----------y 1 I 

· ~ · · ~~¥;~; ·i~8~i~i:~~:;: · :;~:i: ~ · :~; i~ • ~:; • ::~::~ ·:~::: • ~::::::: • • • • • • • • • : 1 1 
I I I I 

:······auun·~·P.ufFiivi"illP.o"i"""""""""""""""""'""'"""""""""'""··········: 1, 11
1 I 

• RE-COVY • RUTFRV I MLO I • I 

···· ··· ·············· ······· ··· ..... i .......... ······ ········ ············· ! I I 
••••••• GO. TO. ii .. .................... · ........ • ... · · ..... • · · ..... · · ... • ... •. •-----------------------v

1 
1
1 

t
1 

1
1 ......................................................... ~ ................. . 

c c 

I I I I 
I I I I 

I I I I 
I ·1 I I 
I I I I 

OK------------------------------------------------------------1---n I I 
I I I I 

:···ii"Mtm·:·urHFMi'r.m·r······ .. ·•··•••·•·••••··••• ................ : I I I 
RECOVY = URTFRVI MlO I I I I 

• ••••• •. • •• • • • ••• •• •••• •. • •• • • •. • • •• • • •. •• • • •• • • •. •. • • •. • •••• • •• •• •• ••••• • I I I 
I I I I 
OK-------------------~----------------------------------------0 I I 
I I I 

:···ri·i;iAiiii~[!,i'ta;·ia;·;a··············································---------------------------v I :
1 . •-----------------------V I I ..................................................................................... 

C--MOOtl Z 

•-------------------V I I I I 
I I I I I 
I I I I I 
I I ! I I 
I I I I I 
I I I I I Ok---------------------------------•----------------------1---1---1---n I I I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I I 
I I I. I 
I I I I 
I I .I I 
I I I I 

........................................... i .......................................... . 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• , 1 t t r 

GO TO 60 •-------~-----------1---1---1-------V •••••• , ................................................... , • • • • •• • • •.• • • • • • • • r t t 1 
I I I I 
I I I I 

C--MOOH 3 I I I I 
I I I I 
I I I I OK--------------------------------------------------------1---I---n I I I I I 

: · · · io' iFi • ni>,;· :u: • ouu.u· r .. lio"fo "6o · · •• · • · • · · • · ·• •• • •• • • • •· · · · · • • · • • • • •-------------------l---1-----------~ 
• •, •.,,,, • •., ••• , •, • •, •• • • • • • •• •,. • • • ••,,. • •,,. •.,,, • • • •• •• • •, ••• ,.,,. ••., I I I 

I I r I 

·······Poi·;· tii>o*im,;·:. • aumma: ;m,;•oi • • • •• •• • • • • • • •• • • • • • • • • • • • • • • • 
IF'! POl iGTo lo I POl a 1. 
DOl • HPO•ITIPH - OUTRATI • IRECOVY - OUTRATI I 

I IZ.•TIPH•POI*IRECOVY- TIPHI I ........ •.• ........... ••.• ............... i .......... ............................ . 

I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

• •• • • • •,;,. • ..... ,,,, • •, •••,. • •• • •. ••. • • •• •, •• • • • • •. •• • •• • •• •• , • • •• •, •• •.,.,,, t 1 I 
GO TO 6C •-------------------1---1-----------v 

• • •, •• , •••• , •••• ,,, •• •• ,, •• , ••, •• ••,.,, •,, • • • •, •• •• , •,,.,., •.,.,. •• • •.,, •., f l I 
I I I 
I I ·1 

C--MOOEL 4 I I I 
I I I 
I I ·1 

Ot<.------------------------------------------------·------1-- -n 1 
I I I 

····~&"iii"iii>~·:t~:·&ufP.if'i"'i&"t&·,;,····································-------------------1-----------v I 
····································i················· .. ·················· I I I 

I I I 
·······;.&i·~·,;i>&>Hii>"·:·oumHm:Hii>ii>oi'""""'"'"''""·................ I I l 

IFI PUI .GT. I. I POl • 1. I I I 
llOI = HPOOITIPH- OUTRATI • IRECOVY- OUTUTI I I I I 

I IZ.•HPH*POI*IRECOVY - TIPHI I I I I 
••••••••••• •• •• •••••• •• •••••• •• • ••. •. ••. • ••••• •, ••• •• ••. •• ••• ••. •• •••• •• o. I I I 

I I I I 
OK-------------------------------------------------~------1-----------0 I 
I I ·I 

I I 
I I 
I I 
I I 
I I 

•••• 44. ouiriH.; · oi.ufFoViiiUNi •• -........................................... . 
IF( ITYPE .EO. ZIOUTRAT • URTFOVINLRNI • .................................... i .................................... . 

, , • • ••• , ••••• ••,, •• •• , ••,, •,, •.,,,,. •,,, •, • • •,.,. •• •• • •••• ,.,,.,,., •...... I I 
IFI TIPH .LE. OUTRAT I GO TO 60 •-------------------1---------------V ....................... -............. !........................... .......... I ,: 

I I 
l I 
I I 
I I 
-1 I ..................................... .; ........... · ............................ . I I 
S I 
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USER 

PAGE S I 
I I I 

:······Go·to·6o··························~·································-------------------f---------------S ...................................... •.. .. . . . . . . .. .. .. . . .. ... . . . . . . . . . . . . . I I 
l l 

C--MQUH 5 I I 
I I 
I I 

OK--------------------------------------------------------0 I 
I I 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ~ 1 
, SO If( TIPH .LE. OUTRAT I GO TO 60 •-----------------------------------~ 

~::::::;~;:;:~;~~;;;;~:~:~~;~~;;;;;;i;;;~~~;:::::::::::::::::::::::::::::; ! 
• IH POl ,Gl• t. I POl = 1. , I 

1 n01 1 i.m~mb~•iRmw~ ti~MC?VY- UUTRATI I j ...................................... i..................................... l' 
C--!iOW COLLECJ All PERTINENT INFORMAtiON SO THAT THE USER COST I 

FOR THE OVERLAY CAN BE COMPUTEo,
1 

l 
OK-----~------------------------------------------------------------------n I 

::::~~:~?:~~:!~~:~~!!!!!~~::::::::::;:::::::::::::::::::::::::::::::::::::·-----------------------------------: 
f--COST OF STOPPING FROM APPROACH SPEED IN A RURAL ARfA, I 

I I 
:···6s·coi·:·ccsRiK~i;iiooo:·································~···········: , 

CNl a COl I 
'"''"''""""'''"'"''''""'"j""""""""'""'"'""''''"" I 
c COST OF SLOWING TO THRU SPEED IN A RURAL AREA. I 

I I 
:·~····co4·;·ccSRiK:LO+iiiiC.OO:···········································: r

1 CN~ = CCSRIK,LN+llllCOO. 
1 .................................... i..................................... l 

·······aa·i5.i5·········~··········~·j·····~·······························-------------------------------v , 
I I 
I I 

C--COST OF STOPPING FROM APPROACH SPFEO IN AN URBAN AREA. 
I I 
I I 
I I 

· I I 
OK--------------------------------------------------------------------1---<J 

· .. · 6a'coi' :·usuiK:ii" ;·iooo: ...... !................ ... .... ... ... .... .... ! 
• CNl = COl • l 
• • • • • • • • • • • • • • • • • • • • • • • •"' • • • • • • ••• • • j • • • ••• • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • I 

C CCST Of SlOoiNG TO THRU SPEED IN AN URBAN AREA. I 
I l ....... i:a4·:·usui-.:to+iiiiooo:........................................... I 

CN4 • CCSU(K,tN+llflOOO. I ..................................... ;..................................... I 
C CCST Of DELAY DUE TO CONGESTION OUTSIDE THE RESTRICTED AREA, I 

I I OK--------------------------------------------------------------------0 I 
····7o'caz·;·oai"O'CoDii:mmTicioo:· .. ····· .. ·· .. ··· ................. . 

CNZ = DNl • CODil,lfYPEI I 1000, ..................................... ; ................................... .. 
C CCST Of DRIVING AT A REDUCED SPEED~ 

I 
••••..• COi.:. iCURSiLO: i TYPE i . .: *CURS iK;·iTYPEi. ;;x;_so. i. tooo:. · · ...... .- .... . 

If ( MODEL· .EQ, 5 I COl • 
1

r.N3 • ~~~:~lt~:lf~~€1*~L~8R~V~~~~v~lrp~!~tk~0} fcA8?0
• 

.................................... i .................................... . 
C E•CESS COST Of STOPPING fROM THRU SPEED +COST OF IDl£ TIME,ALL 
C WITHIN T~E RESTRICTED ARfA, 

I 

:::::::~?:!~:!~~=~?~!!!!~~::::::::::;:::::::::::::::::::::::::::::::::::::·-----------------------------------~ 
····so·cos·:·ccsRtLo:iiiiOOo:·;·ooi•cooci;iTYPEiiiOoo:···················· 

CNS = CCSR(LN,llllOOO. + ON2•COO(l,ITYPEI/1000, .................................... i ................................... .. 

I 
I 
I 
I 
I 
I 

:::::::~~:~~:!~?::::::::::::::::::::::::::::::::::::::::::::::::::::::::::·-------------------------------~ \ 
I I 
I I 
I I 

OK--------------------------------------------------------------------1---n 
I I : .. • qo ·co5 · :·usmo:i iiiooa:· ;·ooZUooii: ifYp~ iiiooo: ............. , · .... : 1 

=••••••~~~.:.~~~~~~~:!!~!~~?:~:.~~!=~~?!!:!!!~.!~!~?~=•••••••••••••L•••••= I 
I I 
OK----------------~---------------------------------------------------0 
I 

: ... i 00. iUCH.:i iPH;t· POi ;r·coi+COZ+C63i ":" i i:.:Poi i *i C03+Cci4 i.;. POl*C05" i.:" ": 
• 1 TIPH*I PNl*ICNl+CN2+CN31 + (l.-PNII*ICN3+CN4·1 + PN2*CN5 I , 

TUCSY = HPSY * TUCH 
ITIME = TPRIH + 0,5 ..................................... i .................................... . 
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p·AGE 4 

C DfTE·RMINE THE PRESENT WORTH OF TH~ USER COSTS. 
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·······eNo································································ .....................•..............•..........•.........•................ . . 
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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 e~ecution time 

for these four test problems is given in the section PROGRAM RUNNING 

TIME. 
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PROS T-1 *TEST OA TA SIMILAR TO 123-1 REPORT ON FPS-3 

INPUT DATA 

THE CONSTRUCTION MAT~RIALS UNDER CONSIDERATION ARE 
MATERIALS COST STR. MIN. MAX. SALVAGE 

LAYER 
1 

CODE NAME PER CY COEFF. 
A ASPHALTIC CONCRET 10~00 0.82 

DEPTH DEPTH PCT. 
1.00 10.00 45.00 
6.00 16.00 75.00 
6.00 16.00 100.00 
6.00 16.00 100.00 

2 l CR. LIMESTONE-1 5.00 0.55 
2 G GRAVEL-l 3.00 0.35 
3 G GRAVEL-l 3.00 0.35 

SUBGRADE ----- 0.22 

NUMBER OF SUMMARY OUTPUT PAGES DESIRED( 8 DESIGNS/PAGE) 
TOTAL NUMBER OF INPUT MATERIALS,EKCLUDING SUBGRADE 
LENGTH OF THE ANALYSIS PERIOD (YEARS) 
WIDTH OF EACH LANE (FEETI 
NUMBER OF LANES (BOTH DIRECTIONS) 

DISTRICT TEMPERATURE CONSTANT 
SERVICEABILITY INDEX OF THE INITIAL STRUCTURE 
SERVICEABILITY INDEX Pl AFTER AN OVERLAY 
MINIMUM SERVICEABILITY INDEX P2 
SWELLING CLAY PARAMETERS -- P2 PRIME 

8~ 
GAMMA 

ONE-DIRECTION ADT AT BEGINNING OF ANALYSIS PERIOD (VEHICLES/DAY) 
ONE-OIRECTIO~ 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) 

* p 1 

3 
4 

20.0 
12.0 

4 

. 30.0 
4.2 
4.2 
3.0 

1.50 
0.0700 

0.02 

12000. 
18000. 

2000000. 

THE ROAD IS IN A RURAL AREA. 
6.0 

1 

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 1INCHES) 
MINIMUM OVERLAY THICKNE$S (l~CHES) 
ACCUMULATED MAXIMUMOEPTH OF All OVERLAYS (INCHES) 
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5.0 
5.0 
3.0 

5.00 
36.0 
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PROS T-1 *TEST DATA SIMILAR TO 123-1 REPORT ON FPS-3 * p 2 

INPUT DATA (CONTINUED) 

ASPHALTIC CONCRETE PRODUCTION RATE (TONS/HOUR) 75.0 
ASPHALTIC CONCRETE COMPACTED DENSITY (TONS/C.Y.) 1.80 
C.L. DISTANCE OVER WHICH TRAFFIC IS SLOWED tN THE O.D. (MILES) 0.50 
C.L. DISTANCE OVER WHICH TRAFFlC IS SLOWED IN THE N.O.D. (MILES) 0.50 
DETOUR DISTANCE AROUND THE OVERLAY ZONE (MILES) 0.0 
OVERLAY CONSTRUCTION TIME (HOURS/DAY) 10.0 
NUMBER Of OPEN LANES IN RESTRICTED ZONE IN 0.0. 1 
NUMBER OF OPEN LANES IN RESTRICTED ZONE IN N.o.o. 2 

PROPbRTION OF VEHICLES STOPPED BY ROAD EQUIPMENT IN 0.0. (PERCENT) 
PROPORTION OF VEHICLES STOPPED BY ROAD EQUIPMENT IN N.O.O. (PE~CENT) 
AVERAGE TIME STOPPED BY ROAD EQUIPMENT IN O.p. ·(HOURS) 
AVERAGE TIME STOPPED BY ROAD EQUIPMENT IN N.O.O. (HOURS) 
AVERAGE APPROACH SPEED TO THE OVERLAY ZONE (MPH) 
AVERAGE SPEED THROUGH OVERLAY lONE IN O.D. (MPHJ 
AVERAGE SPEED THROUGH OVERLAY ZONE IN N.O.D. CMPH) 
TRAFFIC MODEL USED IN THE ANALYSIS 

FIRST YEAR COST bF ROUTlNE MAINTENANCE (DOLLARS/LANE MILE) 
INCREMENTAL INCREASE IN MAINT. COST PER YEAR (DOLLARS/LANE MtLEJ 
COST OF A SEAL COAT (DOLLARS/LANE MILE) 
INTEREST RATE OR TIME VALUE OF MONEY (PERCENTt 
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2.00 
o.o 

0.100 
0.100 

60.0 
40.0 
55.0 

3 

50.00 
20.00 

1500.00 
5.0 



PROB T-1 *TEST DATA SIMILAR TO 123-1 REPORT ON FPS-3 

DESIGN TYPE 1 WITH 1 LAYERS, MATERIALS A 

MATERIALS COST STR. MIN. 
LAVER CODE NAME PER CY COEFF. DEPTH 

1 A ASPHALTIC CONCRET 10.00 0.82 1.DO 
SUBGRADE ----- 0.22 ------
OVERLAYS 10.00 0.96 0.50 

* p 

MAX. SALVAGE tNCRf;-
DEPTH PCT. MENT 
10.00 45.00 0.25 

------ ------ ------
8.oo 45.00 o. 50 

DESIGN TYPE 1 THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERATION-­
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE 

ASPHALTIC CONCRET 8.75 INCHES 

THE SCI OF THE INITIAL ST~UCTURE = 0.503 

THE LIFE OF THE INITIAL STRUCTURE = 5.00 YEARS 

THE OVERLAY SCHEDULE IS 
2.00 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 5.00 YEARS. 
1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 12.15 YEARS. 

TOTAL LIFE = 21.12 YEARS 

SEAL COATS SHOULD OCCUR AFTER 
( U 10.00 YEA'RS 
( 2) 17. 15 YEARS 

THE TOTAL COSTS PER SQ. YO. FOR THESE CONSIDERATIONS ARE 
INITIAl CONSTRUCTION COST 2.431 
TOTAL ROUTINE MAINTENANCE COST 0.190 
TOTAL OVERLAY CONSTRUCTION COST 0.667 
TOTAL USER COST DURING 

OVERLAY CONSTRUCTION 0.241 
TOTAL SEAL COAT COST 0.224 
SALVAGE VALUE -0.483 

TOTAL=OVERALL £0ST 3.270 

127 



PROB T-1 *TEST DATA SIMILAR TO 123-1 REPORT ON FPS-3 

FPS PROGRAM ACTIV lTV REPORT, DESIGN TYPE A 

,T THE OPTIMAL SOLUTIO~, THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE--

NONE 

NO~ INI~lAL DESIGNS EXAMINED FOR OVERLAY POL[CY = 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 

MATERIALS COST STR. MIN. MAX. SALVAGE I NCR~-
LAYER CODE NAME PER CY COEFF. DEPTH DEPTH PCT. MENT 

1 A ASPHALTIC CONCRET 10.00 0.82 1.00 10.00 45.00 0.2t5 
2 L CR. L IMESTONE-1 5.00 0.55 6.00 16.00 75.00 0.5() 

SUBGRADE 
_ .... ___ 

0.22 ------ ------ ----...... -----~ 

OVERLAYS 10.00 0.96 0.50 8.oo 45.00 o.so 

DESIGN TYPE 2 THE OPTIMAL DESIGN FOR THE MATERtAlS UNDER CONSIDERATION-­
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE 

ASPHALTIC CONCRET 
C R • L I ME S TONE -1 

1. 00 INCHES 
12.00 INCHES 

THE SCI OF THE INITIAL STRUCTURE = 0.516 

THE LIFE OF THE INITIAl S-TRUCTURE = 4.91 YEARS 

THE OVERLAY SCHEDULE IS 
2.00 INCH(ES) (INCLUDING 1.0 lNCH LEVEL-UP» AFTER 4.91 YEARS. 
1.50 I~CH(ESl (INCLUDING 1.0 INCH LEVEL-UP) AFTER 11.78 YEARS. 

TOTAL LIFE = 20.39 YEARS 

SEAL COATS 
( 1) 
c 2 , 
( 3) 

SHOULD OCCUR AfTER 
9.91 YEARS 

16.78 YEARS 
19.78·YEARS 

THE TOTAL COSTS PER SQ .• YO. 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 VA~UE -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 PROGRA~ ACTIVITY REPORT, DESIGN TYPE AL 

'T THE OPTIMAL SOLUTION, THf fOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE-­
I. THE MINIMUM DEPTH OF LAYER 1 

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 57 
I 

COUNT OF DESIGN OPTIONS CALCULATED. FOR THIS TYPE 

777 INITIAL DESIGNS 
61 INITIAL DESIGNS CONSIDERED 
57 WHICH WERE FEASIBLE TO 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 

DESIGN TYPE 3 WITH 3 LAYERS, MATERIAlS ALG 

* p 

MATERIALS 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.oo 1o.oo 45.00 0.25 
2 L CR. LIMESTONE-1 5.00 0.55 6.00 16.00 75.00 0.50 
3 G GRAVEL-l 3.00 0.35 6.00 16.00 100.00 o. 75 

SUBGRAOE ----- 0.22 ----- ----- ------ ------
OVERLAYS 10.00 0.96 0.50 8.oo 45.00 0.50 

DESIGN TYPE 3 THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERATION-­
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE 

ASPHALTIC CONCRET 
CR. L l MES TONE-I 

GRAVEL-l 

1.00 INCHES 
6.50 INCHES 
8.25 INCHFS 

THE SCI OF THE INITIAL STRUCTURE = 0.645 

THE LIFE OF THE INITIAL STRUCTURE = 4.02 YEARS 

THE OVERLAY SCHEDULE IS 
1.50 INCHCES) (INCLUDING 1.0 INCH LEVEL-UPJ 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 
( U 14.02 YEARS 

THE TOTAL COSTS PER SQ. YD. FOR THESE CONSIDERATIONS ARE 
INIHAL 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 
PROB ~-1 *TEST DATA SIMILAR TO 123-1 ~EPORT ON FPS-3 

\FPS P~OGRAM ACTIVITY REPORT, DESIGN TYPE ALG 

r THE OPTIMAL SOLUTION~ THE FOLLOWING ROUNOARY RESTRICTIONS ARE ACTIVE--
1. THE MINIMUM DEPTH OF LAYER 1 
2. THE MINIMUM TIME BETWEFN OVERLAYS 

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY • 221 

COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE 

9q6Q INITIAL DESIGNS 
221 INITIAL DESIGNS CONSIDERED 
221 WHICH WERE FEASIBLE Tn FIRST OVERLAY 

2570 OVERLAYS 
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 ON FPS-3 * p 9 

ESIGN TYPE 4 WITH 2 LAYERS, MATERIALS AG 

HATER IALS COST STR. MIN. MAX. SALVAGE INCRE-
AVER CODE NAME PER CY COEFF. DEPTH DEPTH PCT. MENT 

1 A ASPHALTIC CONCRET to.oo 0.82 1.00 10.00 45.00 0.25 
2 G GRAVEL-l 3.00 0"35 6.00 16.00 100.00 0.75 

SUBGRA DE ----- 0.22 ----- ------ ----- -----
OVERLAYS 10.00 0.96 o.so 8.00 45.00 0.50 

DESIGN TYPE 4 · THE OPTIMAL DESIGN FO~ THE MATERIALS UNDER CONSIDERATION-­
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE 

ASPHALTIC CONCRET 
GRAVEL-l 

4.50 INCHES 
1 O. 50 INCHES 

THE SCI OF THE INI Tl AL STRUCTURE = O. 647 

THE LIFE OF THE INITIAL STRUCTURE = 4.02 YEARS 

THE OVERLAY SCHEDULE IS 
1.50 INCHCES) (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(ESt (INCLUDING 1.0 INCH LEVEL-UP) AFTER 15.13 YEARS. 

TOTAL LIFE = 22.44 YEARS 

SEAL COATS SHOULD OCCUR AFTER 
C U 14.02 YEARS 

THE TOTAL COSTS PER SQ. YD. FOR THESE CONSIDERATIONS ARE 
IN I Tl AL CONSTRUCT I ON COST 2.125 
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=OVERALL COST 2.894 

'133 



PROB T-1 *TEST DATA SIMILAR TO 123-1 REPORT ON FPS-3 

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE AG 

T THE OPTIMAL SOLUTION; THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE--
1. THE MINIMUM TIME BETWEEN OVERLAYS 

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 251 

COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE 

555 INITIAL DESIGNS 
292 INITIAL DESIGNS CONSIDERED 
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 OPt I MUMS FOR EACH DESIGN TYPE 
IN ORDER OF INCREASING TOTAL COST 

DESIGN TYPE 
3 
2 
4 
1 

TOTAL COST 
2.617 
2.757 
2.894 
3.270 

All MATERIAL COMBINATIONS HAVE AT LEAST ONE FEASIBLE DESIGN. 
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PROB T-1 *TEST DATA SIMILAR TO 123-1 REPORT ON FPSl3 
I 

PROBLEM SUMMARY OF THE BETTER FEASIBLE DESIGNS 
IN ORDER OF INCREASING TOTAL COST 

l 2 3 4 5 6 

* p 12 

1 8 

*******************************************************************************' 
MATERIAL ARRANGEMENT ALG ALG ALG ALG ALG ALG AL ALG 
INIT. CONST. COST 1.868 1.743 1.958 2.014 1.944 1.875 1.944 1.889 
OVERLAY CONST. COST 0.812 0.926 0.743 0.667 0.764 0.802 0.667 0.789 
USER COST 0.299 0.333 0.281 0.240 0.287 0.296 0.240 0.294 
SEAL COAT COST 0.108 0.188 0.228 0.304 0.233 0.245 0.304 0.240 
ROUTINE MAINT. COST 0.163 0.163 0.175 0.190 0.170 0.167 0.190 0.166 
SALVAGE VALUE -0.632 -0.609 -0.640 -0.667 -0.648 ~0.628 -0.589 -0.620 
***** *** ******** ******** *** ** ****** ** *********** *********** ************** ******~ 
*******************************************************************************~ 
TOTAL COST 2.617 2.745 2.746 2.748 2.751 2.757 2.757 2.758 
*******************************************************************************~ 
*******************************************************************************~ 
NUMBER OF LAYERS 3 3 3 3 3 3 2 3 
****************************************"**************************************~ 
LAYER DEPTH (INCHES) 

0(1) 1.oo 1.oo t.oo 1.oo 1.oo 1.oo 1.00 1.oo 
0(2> 6.5o 6.5o 8.5o 8.oo 7.50 7.oo 12.00 e.oo 
0(3) 8.25 6.75 6.00 7.50 7.50 7.50 6.00 

***·************* ******* * ************* ******* ***** ** ***** ***************** ******* 
******************************************************************************** 
~O.OF PERF.PERIOOS 4 4 4 3 4 4 3 4 
******************************************************************************** 
PERF •. TIME (YEARSt 

T(l) 4.0 3.5 4.7 4.9 4.5 4.2 4.9 4.3 
T(2J 9.0 8.5. 10.6 11.8 10.2 9.3 11.8 9.7 
T(3) 15.1 14.6 17.8 20.3 17.0 15.5 20.4 16.3 
T(4) 22.3 22.0 26.4 25.2 22.9 24.1 

******************************************************************************** 
OVERLAY POLICY(INCH) 
(INCLUDING, LEVEL-UP• 

0<1) 1.5 2.0 1.5 2.0 1.5 1.5 2.0 1.5 
0(2) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 
0(3) 1.5 1.5 1.5 1.5 1.5 1.5 

*******************************************************************************~ 
\lUMBER OF SEAL COATS 1 2 2 3 '2 2 3 2 
******************************************************************************** 
SEAL COAT SCHEDULt 

(YEARS) 
SC(l) 14.0 13.5 9.7 9.9 9.5 9.2 9~9 9.3 
SC(2) 19.6 15.6 16.8 1~.2 14.3 16.8 14.7 
SC(3) 19~8 19.8 

******************************************************************************** 
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PROS T-1 *TEST DATA SIMILAR TO 123-1 REPORT ON FPS-3 

PROBLEM SUMMARY OF THE BETTER FEASIBLE DESIGNS 
IN ORDER OF INCREASlNG TOTAL COST 

9 10 11 12 13 14 

* p l 

15 16 
****************************************************************************** 
MATERIAL ARRANGEMENT ALG AL ALG ALG AL ALG ALG ALG 
INIT. CONST. COST 2.021 1.875 1.951 2.007 1.806 2.153 1.882 2.090 
OVERLAY CONST. COST 0.667 0.764 0.764 0.743 0.802 0.532 0.802 0.558 
USER COST 0.241 0.288 0.288 0.282 0.297 0.196 0.298 0.204 
SEAL COAT COST 0.304 0.233 0.233 0.228 0.245 0.380 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 -0.663 -0.569 -0.644 -0.671 -0.550 -0.683 -0.624 -0.660 
******************************************************************************l 
******************************************************************************: 
TOTAL COST 2.760 2.761 2.763 2.764 2.767 2.768 2.769 2.775 
******************************************************************************: 
******************************************************************************~ 
NUMBER OF. LAYERS 3 2 3 3 . 2 3 3. 3 
*****************************************************************************' 
LAYER DEPTH (INCHES) 

ocu 1.oo 1.oo 1.oo 1.oo t.oo 1.oo t.oo 1.oo 
oc21 8.5o 11.50 8.oo 7.50 11.00 9.oo 7.50 9.oo 
0(3) 6.75 6.75 8.25 7.50 6.75 6.75 

******************************************************************************) 
******************************************************************************) 
NO.OF PERF.PERIODS 3 4 4 4 4 3 4 3 
******************************************************************************~ 
PERF. TIME (YEARS) 

T(l) 5.0 4.6 4.6 4.8 4.2 5.5 4.3 
T(2) 12.0 10.3 10.4 10.8 9.4 12.7 9.5 
T(3) 20.6 17.2 17.4 18.0 15.8 21.4 15.9 
T(41 25.5 25.7 26.6 23.3 23.4 

5.3 
12.1 
20.4 

******************************************************************************) 
OVERLAY POLICY(INCH) 
(INCLUDING LEVEL-UP) 

0(11 2.0 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 
0(31 1.5 1.5 1.5 1.5 1.5 

1.5 
1.5 

*****************************************************************************~ 
NUMBER OF SEAL COATS 3 2 2 2 2 3 2 3 
******************************************************************************~ 
SEAL COAT SCHEDULE 

(YEARSt 
SC(lt 10.0 9.6 9.6 9.8 9.2 5.0 9.3 5.0 
SC(2J 17.0 15.3 15.4 15.8 14.4 10.5 14.5 10.3 
SC(3) 20.0 17.t 17.1 

******************************************************************************~ 
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PROB T-1 *TEST DATA SIMILAR TO 123-1 REPORT ON FPS-3 

PROBLEM SUMMARY OF THE BETTER FEASIBLE DESIGNS 
IN ORDER OF INCREASING TOTAL COST 

* p 14 

17 18 19 20 21 22 23 24 
*******************************************************************************~ 
MATERIAL 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 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 0.166 0.190 0.190 0.190 0.190 0.167 0.190 0.190 
SALVAGE VALUE -0.652 -0.605 -0.679 -0.656 -0.675 -0.534 -0.687 -0.707 
******************************************************************************** 
******************************************************************************** 
TOTAL COST 2.776 2.778 2.780 2.786 2.791 2.801 2.803 2.809 
******************************************************************************** 
******************************************************************************** 
NUMBER OF LAYERS 3 2 3 3 3 2 3 3 
******************************************************************************* 
LAYER DEPTH (INCHES) 

D(l) t.oo 1.oo 1.oo t.oo t.oo 1.oo 1.00 1.oo 
0(2) 7.00 13.00 9.50 9.50 10.00 10.00 8.50 9.00 
D{3) 8.25 6.75 6.00 6.00 8.25 8.25 

******************************************************************************** 
************************************************•******************************* 
~O.OF ~ERF.PERIODS 4 3 3 3 3 4 3 3 
******************************************************************************** 
PERF. TIME (YEARS) 

TC1t 4.4 5.6 5.7 5.4 5.8 3.5 
T(2) 9.9 12.8 12.9 12.3 13.2 8.5 
T(3) 16.5 21.6 21.9 20.7 22.2 14.5 
T(4) 24.4 21.8 

5.4 
12.4 
20.9 

5.8 
13.2 
22.5 

********.**~*********************.********************************************** 
OVERLAY POLICY(INCHt 
(INCLUDING LEVEL-UP) 

0(1) 1.5 1.5 1.5 1.5 1.5 2.0 
0(2) 1.5 1.5 1.5 1.5 1.5 1.5 
0(3) 1.5 1.5 

1. 5 
1.5 

******************************************************************************** 
UMBER 0 F SEAL COATS 2 3 3 3 3 2 3 3 

•******************************************************************************* 
SEAL COAt SCHEDULE 

(YEARS) 
SC(lJ 9.4 5.0 5.0 5.0 5.0 13.5 5.0 5.0 
SC(2) 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 DESIGNS 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 
1 

CODE NAME PER CY COEFF. DEPTH DEPTH PCT.,; 
A ACP 16.00 0.95 1.50 2.00 50.00 

2 
2 
3 

8 ASPH STAB BASE 11.00 0.85 2.00 8.50 60.00 
X EXISTING BASE 0.0 0.46 14.00 14.00 100.00 
X EXIStiNG BASE 0.0 0.46 14.00 14.00 100.00 

SUBGRAOE ----- 0.24 ------ ------ ------

NUMBER Of SUMMARY OUTPUT PAGES DESIRED( 8 DESIGNS/PAGEJ 
TOTAL NUMBER OF INPUT MATERIALS,EXCLUDING SUBGRAOE 
LENGTH OF THE ANALYSIS PERIOD (YEARS) 
WIDTH OF EACH LANE (fEET) 
NUMBER OF LANES (SOTH DIRECTIONS) 

OISTRitT TEMPERATURE CONSiANT 
SERVICEABILITY INDEX OF THE lNlTIAL STRUCTURE 
SERVICEABILITY INDEX Pl AFTER AN OVERLAY 
MINIMUM SERVICEABILITY INDEX P2 
SWELLING 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-KlP AXLES 
PROPORTION OF AOT ARRIVING EACH HOUR OF CONSTRUCTION (PERCENT) 

MINIMUM TIME TO FIRST OVERLAY (YEARS). 
MINIMUM TIM€ BETWEEN OVERLAYS (YEARS) 

THE ROAD IS IN A RURAL AREA. 

TIME TO FIRST SEAL COAT AFTER INITIAL OR OVERLAY CONST.(YEARS) 
TIME BETWEEN SEAL COATS (YEARS) 
MAX FUNDS AVAILABLE PER SQ.YO. FOR INITIAL DESIGN (DOLLARS) 
MAXIMUM ALLOWED THICKNESS OF INITIAL CONSTRUCTION (INCHES) 
MINIMUM OVE~LAY THICKNESS (INCHES) 
ACCUMULATED MAXIMUM DEPTH OF ALL OVERLAYS (INCHES) 
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3 
4 

20.0 
12.0 

4 

22.0 
4.2 
4.2 
3.0 

1.50 
0.0600 

0.05 

1600. 
3200. 

800000. 
5.0 

1 

5.0 
5.0 

22.0 
22.0 
7.50 
24.0 
0.5 
4.5 



PROB T-2 * EXISTING BASE US~D AS EITHER 2ND OR 3RO LAYER * p 2 

INPUT DATA (CONTINUEDt 

ASPHALTIC CO~CRETE PRODUCTION RATE (TONS/HOURJ 80.0 
ASPHALTIC CONCRETE COMPACTED DENSITY ITONS/C.Y.J 2.00 
C.L. DISTANCE OVER WHICH TRAFFIC IS SLOWED IN THE 0.0. (MILES) 1.00 
c.L. DISTANCE OVER WHICH TRAFF[C IS SLOWED IN THE N.o.o. (MILES) 1.00 
DETOUR DISTANCE AROUND THE OVERLAY ZONE (MILES) 0.0 
OVERLAY CONSTRUCTION TIME (HOURS/OAYJ 10.0 
NUMBER OF OPEN LANES IN RESTRICTED ZONE IN 0. D. 1 
NUMBER OF OPEN LANES IN RESTRICTED ZONE IN N.O.O. 1 

PROPORTION UF VEHICLES STOPPED BY ROAD EQUIPMENT IN O.D. (PERCENT) 
PROPORTION OF VEHICLES STOPPED BY ROAD EQUIPMENT IN N.o.D. (PERCENT)· 
AVER.AGE Tlp.4E STOPPED BY ROAD EQUIPMENT IN O.D. (HOURS) 
AVERAGE TIME STOPPfD BY ROAD EQUIPMENT IN N.O.O. (HOURS) 
AVERAGE APPROACH SPEED TO THE OVERLAY ZONE (MPH) 
AVERAGE SPEED THROUGH OVERLAY ZONE IN D.O. (MPH) 
AVERAGE SPEED THROUGH OVERLAY ZONE IN N.O.O. (MPH) 
TRAFFIC MODEL USED IN THE ANALYSIS 

flRST YEAR COST OF ROUTINE MAINTENANCE (DOLLARS/LANE MILE) 
INCREMENTAl INCREASE IN MAINT. COST PER YfAR (DOLLARS/LANE MILE) 
COST Of A SEAL COAT {DOLLARS/LANE MILE) 
INTEREST RATE OR TIME VALUE OF MONEY (PERCENT) 
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1.00 
1.00 

0.010 
0.010 

60.0 
20.0 
30.0 

5 

50.00 
20.00 
o.o 

7.0 



PROS T-2 * EXISTING BASE USED AS EITHER 2ND OR 3RD LAYER * 

uESIGN TYPE 1 WITH 1 LAYERS, MATERIALS A 

MATERIALS COST STR. MIN. MAX. SALVAGE INC REt 
-AYER CODE NAME PER CY COEFF. DEPTH DEPTH PCT • MENT 

1 A ACP 16.00 0.95 1.50 2.00 50.00 o. 25 
SUB GRADE ------- 0.24 

___ _....._ ----- ------ -----
OVERLAYS 16.00 0.96 0.50 4.50 50.00 o. 50 

THE CONSTRUCTION RESTRICTIONS ARE TOO BINDING TO OBTAIN A STRUCTURE 
THAT WILL MEET THE MINIMUM TIME Ta THE FIRST OVERLAY RESTRICTION. 

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY= 0 

COUNT OF ~ESIGN OPTIONS CALCULATED FOR THIS TYPE 

3 INITIAL DESIGNS 
3 INITIAL DESIGNS tONSIOERED 
0 WHICH WERE FEASIBLE TO FIRST OVERLAY 

0 OVERLAYS 
0 WHICH WERE FEASIBLE 

0 OVERLAY POLICIES 
0 WHICH WERE FEASIBLE 

0 FEASIBLE COMPLETE DESIGNS 
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PROB T-2 * EXISTING BASE USED AS EITHER 2ND OR 3RO LAYER * 
IE SIGN TYPE 2 wITH 2 LAYERS, MATERIALS AB 

MATERIALS COST STR. MIN. MAX. SALVAGE INCRE-
. AYER CODE NAME PER CY COEFF. DEPTH DEPTH PCT. MENT 

l A ACP 16.00 0.95 1.50 2.00 50.00 0.25 
2 a ASPH STAB BASE 11.00 0.85 2.00 a. 50' 60.00 0.25 

SUBGR ADE ----- 0.24 ------ ------ ------ -----
OVERLAYS 16.00 0.96 0.50 4.50 50.00 o. 50 

DESIGN TYPE 2 THE OPTIMAL DESIGN FOR THE-MATERIALS UNDER CONSIDERATION-­
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE 

ACP 
ASPH STAB BASE 

1.75 INCHES 
4. 75 INCHES 

THE SCI OF THE tNITIAL STRUCTURE = 0.593 

THE LIFE OF THE INITIAL STRUCTURE = 5.52 YEARS 

THE OVERLAY SCHEDULE IS 

p 

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 CONSTRUCTlON COST 0.740 
TOTAL USER COST DURING 

OVERLAY CONSTRUCTION 0.030 
TOTAL SEAL COAT COST 0.0 
SALVAGE VALUE -0.383 

TOTAL=OVERALL COST 2.778' 
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PROB T-2 * EXlSTING BASE USED AS EITHER 2ND OR 3RD 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 ~HICH WERE FEASIBLE TO FIRST OVERLAY 

1010 OVERLAYS 
qo6 WHlCH 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 6 

I SIGN TYPE 3 wiTH 3 LAYERS, MATERIALS ABX 

MATERIALS COST STR. MIN. MAX. SALVAGE INCRE-
YER CODE NAME PER CY COEF F. DEPTH DEPTH PCT. MENT 
1 A ACP 16.00 0.95 1.50 2.00 50.00 0.25 
2 B ASP H STAB BASE 11.00 0.85 2.00 8.50 60.00 0.25 
3 X EXISTING BASE o.o 0.46 14.00 14.00 100.00 0.25 

SUBGRADE ----- n.24 ------ ------ ------ ------
OVERLAYS 16.00 0.96 0.50 4.'50 50.00 o. 50 

DESIGN TYPE 3 THE OPTIMAL DESIGN FOR THE MATERIALS UNbER CONSIDERATION-­
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE 

ACP 
ASPH STAB BASE 

EXISTING BASE 

l• 50 INCHES 
2.00 INCHES 

l 4. 0 0 I NC HE S 

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. 
1.50 INCH1ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 17.06 YEARS. 

TOTAL LIFE = 28.54 YEARS 

NO SEAL COATS SCHEDULED. 

THE TOTAL COSTS PE~ SQ. YO. FOR THESE CONSIDERATIONS ARE 
INITIAL CONSTRUCTION COST 1.278 
TQTAL ROUTINE MAINTENANCE COST 0.180 
TdTAL OVERLAY CONSTRUCTION COST 0.626 
TOTAL USER COST DURING 

OVERLAY CONSTRUCTION 0.027 
TOTAL SEAL COAT COST 0.0 
SALVAGE VALUE -0.238 

TOTAL=O~ER~LL COST 1.873 
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PROB T-2 * EXISTING BASE USED AS EITHER 2ND OR 3RO lAVER 

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE ABX 

~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 MINIMUM DEPTH OF LAYER 3 
4. THE MAXI~UM DEPTH OF lAYER 3 

NO. INITIAL DESIGNS EXA~lNED FOR OVERLAY POLICY = 78 

COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE 

78 INITIAl DESIGNS 
78 INITIAL DESIGNS CONSIDERED 
78 WHICH WERE FEASIBLE TO FIRST OVERLAY 

1482 OVERLAYS 
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 * 
1ESIGN TYPE 4 WITH 2 LAYERS, MATERIALS AX 

MATER lAL S COST STR. MIN. MAX. SALVAGE INCRE-
AVER 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 X EXISTING BASE o.o 0.46 14.00 14.00 100.00 0.25 

SUBGR ADE ----- 0.24 ------ ------ ------ ____ ._._ 

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 
E X I S Tl NG BA S E 

1. 50 INCHES 
14.00 INCHES 

THE SCI OF THE INITIAL STRUCTURE = 0.392 

THE LIFE OF THE INITIAL STRUCTURF. = 6.59 YEARS 

THE OVERLAY SCHEDULE IS 

p 

1.50 INCH(ES) iiNCLUDING 1.0 INCH LEVEL-UP) AFTER 6.59 YEARS. 
1.50 . INCH<ES) CINCLUDING.l.O INCH LEVEL-UP) AFTER 14.74 YEARS. 

TOTAL LIFE = 24.28 YEARS 

NO ~EAL COATS SCHEDULED. 

THE TOTAL COSTS PER SQ. YO. 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 
TOTAL SEAL COAT COST 
SALVAGE VALUE 

TOTAL=OVERALL COST 
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PROS T-2 * EXISTING BASE USEO AS EITHER 2ND OR 3RD LAYER * p <J 

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 CO~PlETE DESIGNS 
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PROB T-2 * EXISTING BASE USED AS EITHER 2ND OR 3RD lAYER 

PROBLEM SUMMARY OF OPTIMUM$ FOR EACH DESIGN TYPE 
IN ORDER OF INCREASING TOTAL COST 

DESIGN TYPE 
4 
3 
2 

TOTAL COST 
1.377 
1.873 
2. 778 

fHE MATERIALS ASSOCIATED WITH EACH OF THE FOLLOWING DESIGN 
TYPES 00 NOT HAVE AT LEAST ONE FEASIBLE DESIGN. 

1 
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PROS T-2 * EXISTING BASE USED AS EITHER 2ND OR 3RD LAYER 

PROBLEM SUMMARY OF THE BETTER FEASIBLE DESIGNS 
IN ORDER OF INCREASING TOTAL COST 

* p 11 

1 2 3 4 5 6 1 8 
******************************************************************************• 
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 0.657 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 -0.144 -0.158 -0.172 -0.238 -0.250 -0.253 -0.262 -0.265 
******************************************************************************$ 
******************************************************************************• 
TOTAL COST 1.377 1.474 1.571 1.873 1.910 1.943 1.967 1.999 
******************************************************************************* 
******************************************************************************ill 
NUMBER OF LAYERS 2 2 2 3 3 3 3 3 
***************************ill**************************••·····················~ 
LAYER DEPTH (INCHES) 

0(1) 1.50 1.75 z.oo 1.50 1.50 1.75 1.50 1.75 
D(2) 14.00 14.00 14.00 2.00 2.25 2.00 2.50 2.25 
0(3) 14.00 14.00 14.00 14.00 14.00 

******************************************************************************* 
******************************************************************************* 
NO.OF PERF.PERIOOS 3 3 3 3 3 3 3 3 
******************************************************************************'* 
PERF. TIME (YEARS) 

TCl) 6.6 6.8 6.9 7.4 7.5 7.5 7.6 7.6 
f(2) 14.7 15.2 15.5 17.1 17.2 17.2 17.5 17.5 
T(3) 24.3 25.1 25.7 28.5 28.7 28.9 29.3 29.3 

******************************************************************************* 
OVERLAY POLICY(INCHt 
(INCLUDING LEVEL-UP) 

0(1) 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 

******************************************************************************! 
NUMBER OF SEAL COATS 0 0 0 0 0 0 0 0 
*********'*********************************************************************' 
SEAL COAT SCHEDULE 

(YEARSI 
******************************************************************************* 
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PROB T-2 * EXISTING BASE USED AS EITHER 2ND OR 3RD LAYER 

PROBLEM SUMMARY OF THE BETTER FEASIBLE DESIGNS 
IN ORDER OF INCREASING TOTAL COST 

* p 12 

9 10 11 12 13 14 15 16 
******************************************************************************** 
MATERIAL ARRANGEMENT ABX ABX ABX ABX ARX ABX ABX ABX 
INIT. CONST. COST 1.500 1.507 1.542 1.576 1•583 1.618 1.653 1.660 
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 C.O 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 0•187 0.187 
SALVAGE VALUE -0.267 -0.274 -0.276 -0.279 -0.286 -0.288 -0.291 -0.298 
******~************************************************************************* 
*****************.************************************************************** 
tOTAL COST 2.031 2.031 2.064 2.096 2.0q6 2.128 2.160 2.161 
******************************************************************************** 
******************************************************************************** 
NUMBER OF LAYERS 3 3 3 3 3 3 3 3 
**********************************************~************************•••····· 
LAYER DEPTH (INCHES) 

DC U 
0(2) 
0(3) 

2.00 
2.00 

14.00 

1.50 
2.75 

14.00 

1• 75 
2.50 

14.00 

2.00 
2.25 

14.00 

1. 50 
3.00 

14.00 

1. 75 
2.75 

14.00 

2.00 
2.50 

14.00 

1.50 
3.25 

14.00 
******************************************************************************** 
******************************************************************************** 
NO.OF PERF.PERIOOS 3 3 3 3 3 3 3 3 
******************************************************************************** 
PERF. TIME (YEARS) 

TCU 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.7 
TC2) 17.5 17.5 17.5 17.5 17.5 17.5 17.6 17.8 
T(3) 29.3 29.3 29.5 29.5 29.5 29.5 29.6 29.8 

******************************************************************************** 
OVERLAY POLICY(INCH) 
(INCLUDlNt L~VEL-UP1 

0(1) 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 

~···••************************************************************************** 
NUMBER OF SEAL COATS 0 0 0 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 i 
PROBLEM SUMMARY OF THE BETTER FEASIBLE DESIGNS 

IN ORDER OF INCREASING TOTAL COST 

17 18 19 20 21 22 23 24 
****************************************************************************•* 
MATERIAL ARRANGEMENT ABX ABX ABX ABX ABX ABX ABX ABX 
INIT. CONST. COST 1.694 1.729 1.736 1.771 1.806 1.812 1.847 1.88, 
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 HAINT. COST 0.187 0.187 0.187 0.187 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 
****************************************************************************** 
****************************************************************************** 
TOTAL COST 2.193 2.225 2.225 2.257 2.290 2.290 2.322 2.354 
******************************************************************************• 
**************** **************************************************************: 
NUMBER Of LAYERS 3 3 3 3 3 3 3 3 

···················~·························································· LAVER DEPTH (INCHES) 
DClJ 1.75 2.oo 1.5o 1.15 2.oo 1.50 1.15 2.00 
0(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 

******************************************************************************l 
******************************************************************************l 
~O.OF PERF.PERIODS 3 3 3 3 3 3 3 3 
******************************************************************************l 
PERF. TIME (YEARS) 

TClJ 7.7 7.7 1.1 1.1 1.7 7.8 7.8 7.8 
T(2J 17.9 17.9 17.9 17.9 17.9 18.0 18.0 18.0 
T(3) 29.9 29.9 29.9 30.1 30.1 30.3 30.3 30.3 

·····~····••******************************************************************l 
OVERlAY POLICY(INCH) 
(I~CLUDING LEVEL-UP) 

OClJ 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 

··~··*•****************************************** ***************************** 
NUMBER OF SEAL COATS 0 0 0 0 0 0 0 0 
****************************************************************************** 
SEAL COAT SCHEDULE 

(YEARS) 
******************************************************************************~ 

THE TOTAL NUMBER OF FEASIBLE DESIGNS CONSIDERED WAS 133 
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PROB T-3 *HEAVIER TRAFFIC, FRONTAGE ROAD WITH LtGHT. 

INPUT DATA 

LAYER 
l 
2 
3 

THE CONSTRUCTION MATERIALS UNDER 
MATERIALS COST STR. 

CODE NAME PER CY COEFF. 
A ASPHALTIC CONCRETE 24.00 0. 90 
S CRUSHED $ TONt 4. 00 O. 65 
G GRAVEL-l 3.00 0.35 

SUBGRADE ----- 0.24 

CONSIDERATION ARE 
MIN. MAX. SALVAGE 

DEPTH DEPTH PCT. 
1.00 6.00 25.00 
4.00 20.00 100.00 
6.00 20.00 80.00 

NUMBER OF SUMMARY OUTPUT PAGES DESIRED( 8 DESIGNS/PAGE) 
TOTAL NUMBER OF INPUT MATERIALS,EXCLUOING SUBGRADE 
LENGTH OF THE ANALYSIS PERIOD {YEARS) 
WIDTH OF EACH LANE (FEETJ 
NUMBER OF LANES (80TH DIRECTIONS) 

DiSTRICT TEMPERATURE CONSTANT 
SERVICEABILITY INDEX OF T~E INITIAL STRUCTURE 
SERVICEABILITY INDEX Pl AFTER AN OVERLAY 
MINIMUM SERVICEABILITY INDEX P2 
SWELLING CLAY PARAMETERS -- P2 PRIME 

ONE-DIRECT toN 
ON E-D lR ECT ION 
ON E-D IR ECT IO~ 
PROPORTION OF 

Bl 
GAMMA 

ADT AT BEGINNING OF ANALYSIS PERIOD (VEHICLES/DAY) 
ADT AT END OF TWENTY YEARS (VEHICLES/DAY) 
20.-YR ACCUMULATED NO. OF EQUIVALENT 18-KlP AXLES 
ADT ARRIVING EACH HOUR OF CONSTRUCTION (PERCENT) 

THE ROAD IS IN AN URBAN 

'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) 
MAXlMUM ALLOWED THICKNESS OF INITIAL CONSTRUCTION (INCHES) 
MINIMUM OVERLAY THICKNESS CINCHES) 
ACCUMULATED MAXIMUM DEPTH OF All OVERLAYS (INCHES) 
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1 
3 

20.0 
12.0 

6 

26.0 
4.2 
4.2 
3.0 

1.50 
o.oaoo 

o.o3 

15000. 
25000. 

3450000. 
5.5 

AREA. 2 

2.0 
5.0 

30.0 
30.0 
4.00 
25.0 
1.0 
5.0 



PROS T-3 *HEAVIER TRAFFIC, FRONTAGE ROAD WITH LIGHT. * p 2 

INPUT DATA (CONTINUED) 

ASPHALTIC CONCRETE PRODUCTION RATE (TONS/HOURt 75.0 
ASPHALTIC CONCRETE COMPACTED DENSITY tTONS/C.Y.) 2.0Q 
C.L. DISTANCE OVER WHICH TRAFFIC IS SlOWED IN THE O.D. (HILES) 1.00 
c.L. DISTANCE OVER WHICH TRAFFIC IS SLOWED IN THE N.O.O. (HILESJ 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 0.0. (PERCENT) 
PROPORTION Of VEHICLES STOPPED BY ROAD EQUIPMENT IN N.O.D. (PERCENT) 
AVERAGE TIME STOPPED BY ROAD EQUIPMENT IN 0.0. (HOURSt 
AVERAGE TIME STOPPED BY ROAD EQUIPMENT IN N.O.D. (HOURSJ 
AVERAGE APPROACH SP~ED TO THE OVERLAY ZONE (MPH) 
AVERAGE SPEED THROUGH OVERLAY ZONE IN 0.0. (MPH) 
AVERAGE SPEED THROUGH OVERLAY ZONE IN N.O.D. tMPH) 
TRAFFIC MODEL USED IN THE ANALYStS 

FIRST YEAR COST OF ROUTINE MAINTENANCE (DOLLARS/LANE MILE) 
INCREMENTAL INCREASE IN MAINT. COST PER YEAR {DOLLARS/LANE MILE) 
COST OF A SEAL COAT (DOLLARS/LANE MILEt 
·INTEREST RATE OR TIME VALUE Of MONEY (PERCENT) 
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0.017 
o.o 

50.0 
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)ROB T-3 *HEAVIER TRAFFIC, FRONTAGE ROAD WITH LIGHT. * p 3 

) dGN TYPE 1 WITH 1 LAYERS, MATERIALS A 

MATERIALS COST STR. MIN. MAX. SALVAGE INCRE-
- 'ER 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 
SUBGR ADE ----- 0.,24 ------ ------ ------ ------

OVERLAYS 24.00 0.96 1.00 5.00 25.00 o. 50 

>ESIGN TYPE 1 THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERATION--
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE 

ASPHALTIC CONCRETE 6.00 INCHES 

THE SCI OF THE lNITIAL STRUCTURE = 0.666 

THE LIFE OF THE INITIAl STRUCTURE = 2.54 YEARS 

THE OVERLAY SCHEDULE· IS 
3.00 INCH(ESJ {INCLUDING 1.0 INCH LEVEL-UP) AFTER 2.54 YEARS. 
2.00 INCH(E$) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 7.74 YEARS. 
2.00 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 14.99 YEARS. 

TOTAL LIFE = 24.75 YEARS 

NO SEAL COATS SCHEDULED. 

THE TOTAL COSTS PER SQ. YO. FOR THESE CONSIDERATIONS ARE 
INITIAL CONSTRUCTION COST 4.000 
TOTAL ROUTlNE MAINTENANCE COST 0.011 
TOTAL OVERLAY CONSTRUCTION COST 3.072 
TOTAL USER COST DURING 

OVERLAY CONSTRUCTION 0.445 
TOTAL SEAL COAT COST 0.0 
SALVAGE VALUE -0.520 

TOTAL=OVERALL COST 7.074 
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PROS T-3 *HEAVIER TRAFFIC, FRONTAGE ROAD WITH LIGHT. * p 

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE A 

AT THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTlVE--
1. THE MAXIMUM DEPTH OF LAYER l 
2. THE MAXIMUM FUNDS AVAILABLE FOR INITIAL CONSTRUCTlbN 
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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PROd T-3 *HEAVIER TRAFFIC, FRONTAGE ROAD WITH LIGHT. * p 5 

IE SIGN TYPE 2 WITH 2 LAYERS, MATERIALS AS 

MATERIALS COST · STR. MIN. MAX. SALVAGE INCRE-
AVER CODE NAME PER CY tOEFF. DEPTH DEPTH PCT. MENT 

1 A ASPHALT IC 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 .oo 1. 50 

S UBGR. ADE ----- 0.24 ------ ------ ------ -------
OVERLAYS 24.00 o. 96 1.00 5.00 25 .oo o. 50 

DESIGN TYPE 2 THE OPTIMAL DESIGN FOR THE MATERIAL~ UNDER CONSIDERATION-­
FOR INITIAL CONSTRUCT~ON THE DEPTHS SHOULD BE 

ASPHALTIC CONCRETE 
CRUSHED STONE 

1.00 INCHES 
11.50 INCHES 

THE SCI OF THE INITIAL STRUCTURE 0.248 

TrE.LIFE OF THE INITIAL STRUCTURE= 5.66 YEARS 

THE OVERLAY SCHEDULE IS 
2.00 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 5.66 YEARS. 
2.00 INCH(ES) (INCLUDING 1.0 INCH LE~EL-UP) AFTER 13.75 YEARS. 

TOTAL LIFE = 24.62 YEARS 

NO SEAL COATS SCHEDULED. 

THE TOTAL COSTS PER SQ. YD. FOR THESE CONSIDERATIONS ARE 
INITIAL CONSTRUCTION COST 1.944 
TOTAL ROUTINE MAINTENANCE COST 0.089 
TOTAL OVERLAY CONSTRUCTION COST 1.530 
TOTAL USER COST DURING 

OVERLAY CONSTRUCTION 0.237 
TOTAL SEAL COAT COST 0.0 
SALVAGE VALUE -0.554 

TOTAL=OVERALL COST 3.246 
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PROS 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. IMITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 16 

COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE 

150 INITIAL DESIGNS 
18 INITIAL OEiiGNS CONSIDERED 
16 WHICH WERE FEASIBLE TO FIRST OVERLAY 

360 OVERLAYS 
292 WHICH WERE FEASIBLE 

187 OVERL /J.Y POLICIES 
121 WHICH WERE FEASIBLE 

16 FEASIBLE COMPLETE DESIGNS 
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PROB t-3 *HEAVIER TRAFFIC, FRONTAGE ROAD WITH LIGHT. * p 

DESIGN TYPE 3 WITH 3 LAYERS, MATEfH ALS ASG 

MATERIALS COST STR. MIN. MAX. SALVAGE INCRE-
LAYER COOt NAME PER CY COEFF. DEPTH DEPTH PCT. .MENT 

l A ASPHALTIC CONCRETE 24.00 0.90 1.00 6.00 2S.OO 0.25 
2 s CRUSHED STONE 4.00 o. 65 4.00 20.00 100.00 l. 50 
3 G GRAVEL- 1 3.00 0.35 6.00 20.00 ao.oo 2.00 

SUBGR AOE ----- 0.24 ------- ------ ----- ------
OVERLAYS 24.00 0.96 1.00 5.00 25.00 0.50 

DESIGN TYPE 3 THE OPTIMAL DESIGN FOR THE MATERIAlS UNDER CONSIDERATION-­
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE 

ASPHALTIC CONCRETE 
CRUSHED STONE 
GRAVEL-l 

1. 00 INCHES 
10.00 INCHES 
6.00 INCHES 

THE SCI OF THE INITIAL STRUCTURE = 0.208 

T~E LIFE OF THE INITIAL STRUCTURE = 6.09 YEARS 

THE OVERLAY StHEDULE 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 CONSTRUCTION COST 1.496 
TOTAL USER COST DURING 

OVERLAY CONSTRUCTION 0.236 
TOTAL SEAL COAT COST 0.0 
SALVAGE VALUE -0.627 

TOTAL=OVERALL COST 3.474 
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P ROB T-3 *HEAVIER TRAFfIC, FRONTAGE ROAD WITH LIGHT. 

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE ASG 

AT THE OPTlMAL SOLUTION, THE FOllOWING BOUNDARY RESTRICTIONS ARE ACTIVE--
1. 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 

DESlGN TYPE 
2 
3 
1 

TOTAL COST 
3.246 
3.474 
7.074 

ALL MATERIAL COMBINATIONS HAVE AT LEAST ONE FEASIBLE DESIGN. 
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PROB T-3 *HEAVIER TRAFFIC, FRONTAGE ROAD WITH LIGHT. 

PROBLEM SUMMARY OF THE BETTER FEASIBLE DESIGNS 
IN ORDER OF INCREASING TOTAL COST 

1 2 3 4 5 6 

* P 1C 

7 8 

*************************·****************************************************** 
MATERIAL ARRANGEMENT AS AS AS AS AS ASG ASG ASG 
INIT. CONST. COST 1.944 1.778 2.111 2.278 2.444 2.278 2.111 2.444 
OVERLAY CONST. COST 1.530 1.659 1.465 1.382 1.382 1.496 1.621 1.412 
USER COST 0.237 0.249 0.232 0.222 0.225 0.236 0.249 Q.227 
SEAL COAT COST 0.0 0.0 0.0 o.O 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 
******************************************************************************* 
******************************************************************************* 
TOTAL COST 3.246 3.271 3.297 3.321 3.439 3.474 3.494 3.498 
******************************************************************************* 
******************************************************************************* 
NUMBER OF LAYERS 2 2 2 2 2 3 3 3 
*************************************************************************'***** 
LAYER DEPTH CINCHES) 

D(1) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
D(2) 11.50 10.00 13.00 14.50 16.00 10.00 8.50 11.50 
0(3) 6.00 6.00 6.00 

******************************************************************************* 
******************************************************************************* 
NO.OF PERF.PERIODS 3 3 3 3 3 3 3 3 
******************************************************************************* 
PERF. TIME (YEARS) 

T(l) 5.7 4.8 6.3 6.6 7.0 6.1 5.4 6.5 
T(2) 13.8 11.6 15.5 16.6 17.4 14.9 13.1 16.2 
T(3) 24.6 20.8 28.0 30.0 31.6 26.7 23.4 29.2 

*******************************************************************************: 
OVERlAY POLICY(INCHl 
CINClUDING LEVEL-UP) 

0(1) 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 2.0 2.0 2.0 2.0 

******************************************************************************~ 
.NUMBER OF SEAL COATS 0 0 . 0 0 0 0 0 0 
'******************************************************************************~ 
S~Al COAT SCHEDULE 

(YEARS) 
············•******************************************************************! 

THE TOTAL NUMBER OF FEASIBLE DESIGNS CONSIDERED WAS 34 
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PROI:S T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. 

INPUT DATA 

THE CONSTRUCTION MATERIALS UNDER CONSIDERATION ARf 
MATERIALS COST STR. MIN. MAX. SALVAGE 

lAVER 
l 

CO D E M ME PER C Y C 0 E F F • 
A ASPHALTIC CONCRETE 24.00 c.qo 

DEPTH DEPTH PCT. 
1.00 1.00 25.00 

1 A ASP~ALTTC CONCRETE 24.00 o.qo 6.00 6.00 25.00 
2 S CRUSHED STONE 4.00 0.6S 4.00 4.0~ 100.00 
2 S CR USHE 0 STONE 4. 00 o. 6'5 ~o.oo 2o.oo 10n.oo 

20.00 20.00 80.00 
6.oo 6.0n so.oo 

3 G GRAVEL- 1 3. OC 0. 3 5 
3 G GP A V ~l - 1 3 • 0 0 0. 3 5 

SUBGRADE ----- 0.24 

NUMBER OF SUMMARY OUTPUT PAGES DESiRED( 8 DESIGNS/PAGE) 
TOTAL NUMBER OF INPUT MATERIALS,EXCLUOING SURGRAOE 
LENGTH UF THE ANALYSIS PE-RIOD (YEARS} 
WIDTH OF EACH LANE (FEET) 
NU~BER OF LANES {BOTH DIRECTIONS) 

DISTRICT TEMPERATURE CONSTANT . 
SERVICEABILITY INDEX OF THE INITIAL STRUCTURE 
SERVICEABILITY INDEX Pl AFTER AN OVERLAY 
MINIMUM SERVICEABILITY INDEX P2 
SWELLING CLAY PARAMETERS -- P2 PRIME 

ONE-DIRECT ION 
JNE-DIRECT ION 
ONE-DIRECT 10\J 
PROPORTION OF 

fH 
GAMMA 

ADT AT BEGINNING OF AN~LVSIS PERIOD {VEHICLES/DAY) 
ADT AT END OF TWENTY YEARS (VEHICLES/DAY) 
20.-YR ACCUMULATED NO. OF EQUIVALENT 18-KIP AXLES 
AOT AR~IVING EACH HOUR OF CONSTRUCTION (PERCENTJ 

THF ROAD IS fN AN URBAN 

MINIMUM TIME TO FIRST OVERLAY (YEARS) 
MINIMUM TIME BETWEEN OVERLAYS (Y~ARS) 

TIME TO FIRST SEAL COAT AFTER INITIAL OR nVERLAY CONST.(YEARS) 
TIME BETWEEN SEAL COATS (YEARS) 
MAX FUNDS AVAILABLE PER SQ.YD. FOR INITIAL DESIGN (DOLLARS) 
~AXIMUM ALLOWED THICKNESS UF INITIAL CONSTRUCTION (INCHES) 
MINIMUM OVERLAY THICKNESS (INCHES) 
ACCUMULATED ~AXIMUM OEPTH OF ALL OVERLAYS (INCHES) 
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1 
6 

20.0 
12.3 

6 

26.0 
4.2 
4.2 
3.0 

1.50 
0.0800 

0.03 

15000. ' 
25000. 

3450000. 
5.5 

ARFA. 2 

2.') 
5.0 

30.0 
30.0 

***** 26.0 
0.5 

10.0 



PROB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. 

INPUT DATA (CONTINUED) 

ASPHALTIC CONCRETE PRODUCTION RATE (TONS/HOUR} 
ASPHALTIC CONCRETE COMPACTED DENSITY (TONS/C.Y.) 
C.L. DISTANCE OVER WHICH TRAFFIC IS SLOWED IN THE 0.0. (MI~ES) 
C.L. DISTANCE OVER WHICH TRAFFIC IS SLOWED IN THE N.O.D. (MILES) 
DETOUR DISTANCE AROUND THE OVERLAY lONE (MILES) 
OVERLAY CONSTRUCTION TIME (HOURS/DAY) 
NUMBER OF OPEN LANES IN RESTRICTED ZONE IN O.D. 
NUMBER OF OPEN LANES IN RESTRICTED ZONE IN N.O.O. 

PROPORTION OF VEHICLES STOPPED BY ROAD EQUIPMENT IN O.D. (PERCENTJ 
PROPORTION OF VEHICLES STOPPED BY ROAD EQUIPMENT IN N.O.D. (PERCENT) 
AVERAGE TIME STOPPED BY ROAD EQUIPMENT IN O.D. (HOURS) 
AVERAGE TIME STOPPED BY ROAD EQUIPMENT IN N.O.D. (HOURS) 
AVERAGE APPROACH SPEED TO THE OVERLAY ZONE {MPH) 
AVERAGE SPEED THROUGH OVERLAY ZONE IN 0.0. (MPH) 
AVERAGE SPEED THROUGH OVERLAY ZONE IN N.O.D. (MPH) 
TRAFFIC MODEL USED IN THE ANALYStS 

FIRST YEAR COST Of ROUTINE MAINTENANCE (DOLLARS/LANE MILE) 
INCREMENTAL INCREASE IN MAINT. COST PER YEAR (DOLLARS/LANE MILE) 
COST OF A SEAL COAT (DOLLARS/LANE MILEt 
INTEREST RATE OR TIME VALUE Of MONEY (PERCENT) 
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PR6B T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. 

OESIGN TYPE l wiTH 1 LAYERS, MATFRTALS A 

* p 

MATERIALS COST STi<.. MIN. MAX. SALVAGE INCRE-
LAYER CODE NAME PER CY COEFF. DEPTH DEPTH PCT. MF.NT 

1 A ASPHALTIC CONCRETE 24.00 0.90 r.oc 1.00 25.00 0.25 
SUBGRADE ----- 0.24 ------ ------ ------ ------
OVERLAYS 24.00 o.q6 0.50 10.00 25.00 ().50 

THf CONSTRUCTION RESTRICTIONS ARE TOO RINDING TO OBTAIN 4 STRUCTURE 
THAT WILL MEET THE MINIMUM Ti~E TO THE FIRST OVERLAY RESTRICTION. 

NO. INITIAL DESIGNS EXAivliNEO FOR. OVERLAY 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 OVE:RLAYS 
0 WHICH WERE FEASIOLE 

0 OVtRLAY POLICIES 
0 WHlCH WfQE FEASIBLE 

0 FEASIBLE COMPLETE DESIGNS 
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PROS T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. * p 

DESIGN TYPE 2 WITH 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 1.00 1.00 25.00 0.25 
2 s CRUSHED STONE 4.00 0.65 4.00 4.00 100.00 1. 50 

SUBGRADE ----- 0.24 ------ ------ ------ ------
OVERLAYS 24.00 0.96 0.50 10.00 25.00 o. 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 

1 INITIAL DESIGNS 
1 INITIAL DESIGNS CONSIDERED 
0 WHICH WERE FEASIBLE TO FIRST OVERLAY 

0 OVERLAYS 
0 WHICH WERE fEASIBLE 

0 OVERLAY POLICIES 
0 WHICH WERE FEASIBLE 

0 FEASIBLE COMPLETE DESIGNS 
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~ROB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. * p 

DESIGN TYPE 3 WITH 3 LAYERS, MATERIALS ASG 

MATERIALS COST STR. MIN. MAX. SALVAGE INCRE-
LAYER CODE NAME PER CY COFFF. DEPTH DEPTH PCT. MENT 

1 A ASPHALTIC CONCR.ETF 24.00 (' .. 90 1.00 l. 0 () zs.oo 0.25 
2 s CRUSHED S TONI: 4.00 0.6'5 4.00 4.00 1 oo. 00 1. 50 
3 G GRAVEL-l 3.00 ('.35 20.00 20.00 80.00 ?.00 

SUBGRA DE ----- 0.24 ------ -----.,- ------ -----·-
OVERLAYS 24.00 0.96 0.50 10.()0 zs.oo 0.50 

11ES1GN TYPE 3 THE OPTIMAL DESIGN FOR THF MATERIALS UNDER CONSIDERATION--
FOR INITIAL CONSTRUCTION THF DEPTHS SHOULD BE 

ASPHALTIC CONCRE:TE 
CRUSHED STONE 
GPAVfL-1 

1.00 INCHES 
4.00 INCHES 

20.00 INCHES 

THE SCI :JF 'rt-lE INiriAL STRUCTURE = 0.3fl3 

T~E LI~E OF THE INITIAL STRUCTURE = 4.53 YEARS 

THE OVERLAY SCHE:DULE IS 
1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 4.53 YEARS. 
1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 10.35 YEARS. 
1.50 INCH(ESl {INCLUDING 1.0 lNCH LEVEL-UP, AFTER 17.53 YEARS. 

TOTAL LIFE = 26.11 YEARS 

NO SEAL COATS SCHEDULED. 

THE TOTAL COSTS PER SQ. YO. FOR THESE CONSIDERATIONS ARF 
INITIAL CONSTRUCT I ON COST 2. 778 
TOTAL ROUTINE MAINTENANCE COST 0.081 
TOTAL OVERLAY CONSTRUCTICN COST 1.&56 
TOTAL USER COST DURING 

OVERLAY CONSfRUCTION 0.260 
TOTAL SEAL COAT COST 0.0 
SALVAGE VALUE -0.684 

TOTAL=OVFRALL COST 4.091 
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PROS T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. * p 

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPF 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 

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 

53 OVERLAYS 
51 WHICH WERE FEASIBLE 

21 OVERLAY POLICIES 
25 WHICH WERE FEASIBLE 

1 FEASIBLE COMPLETE DESIGNS 
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PRGB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. * p 

DESIGN TYPE 4 W T TH 3 LAVERS, MATERIALS ASG 

MATER tAL S COST STR. MIN. ;.,Ax. SALVAGF INCRE-
LAVER CODE NAME PER cv COEFF. DEPTH DEPTH . PCT. MENT 

1 A ASPHALTIC CONCRETE 24.00 0.90 1.00 1.00 25.00 0.25 
2 s CR USHEO SlONE 4.00 C.o65 4.00 4.00 100.00 1. 50 
3 G GRAVEL -1 3.00 0.35 6.00 6.00 80.00 2.00 

SUBGRA DE ----- 0•24 ------ ------ ------ ------
OVERLA V S 24.00 0.96 0.50 10.00 25.00 0.50 

DESIGN TYPE 4 THE OPTIMAL DESIGN FOR THE MATERIALS UNbER CONSIDERATION-­
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE 

ASPHALTIC CONCRETE 
CRUSHED STONE 
GRAVEL-l 

1.00 INCHES 
4. 00 INCHES 
6.00 INCHES 

THE SCI OF THE INITIAL STRUCTURE = 'J. 772 

THE LIFE OF THE INITIAL STRUCTURE - 2.09 YEARS 

THE OVERLAY SCHEDULE IS 
3. 50 INCH ( E S J (INCLUDING 1. 0 INCH lfVEL-U P) 
1. 50 INCH(ES) (INCLUDING 1.0 INCH LfVEL-UPt 
1. 50 INCH (E S l (INCLUDING 1 • 0 INCH LEVEL-UPt 

TOTAL LIFE = 21.64 YEARS 

NO SEAL COATS SCHEDULED. 

AFTER 
AFTER 
AFTER 

THE TOTAL COSTS PER SQ. YD. FOR THESE CONSIDERATIONS ARE 
INITIAL CONSTRUCTION COST 1.611 
TQTAL ROUTINE MAINTENANCE COST 0.078 
TOTAL OVERLAY CONSTRUCTION COST 3.184 
TOTAL USER COST DURING 

OVERLAY CONSTRUCTION 0.443 
TOTAL SEAL COAT COST 0.0 
SALVAGE VALUE -0.497 

TOTAL=OVERALL COST 
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PROS T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. * p 

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE ASG 

AT THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RESTRICTIONS ARE ACTIVE--
1. THE MINIMUM DEPTH OF LAYER 1 
2. THE MAXI MUM 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 

l fEASIBLE COMPlETE DESIGNS 
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PROB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. * p 

DESIGN TYPE 5 WITH 2 LAYERS, MATERIALS AS 

MATERIALS COST STR. M lN. MAX. SALVAGE lNCRE-
LAYER CODE NAME PER CY COEFF. DEPTH DEPTH PCT. MENT 

1 A ASPHALTIC CONCRETE 24.00 0.90 1.00 1. 00 25.00 0.25 
2 s CRUSHED STONE 4.00 c. 65 20.00 ?0.0n 1 oo.oo 1. 50 

SUBGRA DE ----- 0.24 ------- ---·--- ------ -------
OVERLAYS 24.00 0.96 0.50 10.00 25.00 0.50 

DESIGN TYPE 5 THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERATION-­
FOR INlTIAL CONSTRUCTION THE DEPTHS SHOULD BE 

ASPHALTIC CONCRETE 
C R U S HE 0 S TON E 

1.01 INCHES 
2 0. 00 INCHES 

THE SCI JF THE INITIAL StRUCTURE = 0.076 

THE l·Iff OF THE INITIAL STRUCTURE 7.19 YEARS 

THE OVERLAY SCHEDULE IS 
L.50 lNCHCE$) (INCLUDING 1.0 INCH LEVEL~UP) AFTER 7.19 YEARS. 
1.50 !NCH{E$) (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 

dVERLAY CONSfRUCTION 0.166 
TOTAL SEAL COAT COST 0.0 
SAlVAGE VALUE --0.797 

TOTAL=OVERALL £0ST 3.376 
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PROB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. * p 

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE AS 

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 

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 1 

COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE 

l INITIAL DESIGNS 
1 INITIAL DESIGNS CONSIDERED 
l WHICH WERE FEASIBlE TO FIRST OVERLAY 

41 OVERLAYS 
39 WHICH WE.RE FEASIBLE 

21 OVERLAY POLICIES 
19 WHICH WERE FEASIBLE 

1 FEASIBLE COMPLETE DESIGNS 
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' f>F<.OB T-4 *SAME AS PREVFlUS BUT EXPLICIT MATERIAL THICKNESS. 

DESIGN TYPE 6 W l TH 3 LAYERS, MATERIALS ASG 

MATERIALS COST ST~. MIN. MAX. 
LAVER CODE NAME PER CY COEFF. DEPTH DEPTH 

1 A ASPHALTIC CONCRETE 24.00 0.90 1.00 1.00 
2 s CRUSHE 0 STONE 4.00 0.6'5 20.00 20.00 
3 G GRAVEL-l 3.00 0.35 20.00 ?.0.00 

SUBGRA 0 E ----- 0.24 ------ ------
OVERLAYS 24.00 0.50 10.00 

EACH OF THE '-!ATERIALS AT THEIR MINIMW>1 DEPTH RESULTS 
IN A TOTAL DEPTH THAT IS GREATER THAN THE MAXIMUM 
ALLOWED TOTAL THICKNESS. 

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY = 

COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE 

0 INITIA~ DESIGNS 
0 INITIAL DESIGNS CONSIDERED 
0 WHICH WERE FEASIBLE TO flRST OVERLAY 

0 OVERlAYS 
0 WHICH WERE FEASIBLE 

IJ OVERLAY POLICIES 
0 WHlCH WERE FEASIBLE 

0 FFASlBLE COMPLETE DESIGNS 
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SALVAGE INCR.E-
PCT. MENT 

25.00 0.25 
1 00.00 1. 50 
80.00 2.00 

------ ------
25.00 0.50 



PROS T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. 

DESIGN TYPE 7 WITH 3 LAYERS, MATERIALS ASG 

MATERIALS COST STR. MIN. MAX. 
LAYER CODE NAME PER C--Y COEFF. DEPTH DEPTH 

1 A ASPHALTIC CONCRETE 24.00 0.90 1.00 1.00 
2 s CRUSHED STONE 4.00 0.65 20.00 to.oo 
3 G GRAVEL-l 3.00 0.35 6.00 6.00 

SUBGRAOE ----- 0.24 ------ ------
OVERLAYS 24.00 0.96 0.50 10.00 

EACH OF THE MATERIALS AT THEIR MlNIMUM 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 OPTIO~S CALCULATED FOR THIS TYPE 

0 INITIAL DESIGNS 
0 INITIAL DESIGNS CONSIDERED 
0 WHICH WERE FEASIBLE TO FIRST OVERLAY 

0 OVERLAYS 
0 WHICH WERE FEASIBLE 

0 OVERLAY POLICIES 
0 WHICH WERE FEASIBLE 

0 FEASIBLE COMPLETE DESIGNS 
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SALVAGE INCRE-
PCT. MENT 

25.00 0.25 
100.00 1. 50 
ao.oo 2.QO ___ ...,. __ ----..... -
25.00 0.50 



PROB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. * p 13 

1ESIGN TYPE 8 WITH l LAYERS, MATERIALS A 

MATERIALS COST STR. MIN. MAX. SALVAGF INCRE-
_AVER CODE NAME PER cv cnEFF. OEPTH DEPTH PCT. MENT 

1 A ASPHALTIC CONCRETE 24.00 0 .. 90 6.00 6.00 25.00 0.25 
SUBGRA D F. ----- 0.24 ------ ------ ------ ------
OVERLAYS 24.00 0.96 0.50 10.00 25.00 o. 50 

DESIGN TYPE 8 THE OPTIMAL DESIGN FOR THf MAtERIALS UNOER CONSIDERATION--
FOR INITIAL CONSTRUCTION THE D~PTHS SHOU~O BE 

ASPHALTIC CONCRETE 6.00 INCHES 

THE SCI OF THE INITJAL STRUCTURE = 0.666 

THE LIFE OF THE INITIAL STRUCTURE = 2.54 YEARS 

THE OVERLA~ StHEOULE IS 
3.00 INCH(ES) (INCLUDtNG 1.0 INCH LEVEL-UP) AFTER 2.54 YEARS. 
1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 7.74 YEARS. 
1.50 INCH.(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 14.24 YEARS. 

TOTAL LIFE = 22.09 YEARS 

NO SEAL COATS SCHEDULED. 

THE TOTAL COSTS PER SQ. YO. FOR THESE CONSIDERATIONS ARE 
INITIAL CONSTRUCTION COST 4.000 
TOTAL ROUTINE MAINTENANCE COST 0.076 
TOTAL OVERLAY CONSTRUCTION COST 2.749 
TOTAL USER COST OUR I NG 

OVERLAY CONSTRUCTION 0.392 
TOTAL SEAL COAT COST 0.0 
SALVAGE VALUE -0.468 

TOTAL=OVERALL COST 6.748 
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PROS T-4 *SAM& 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 THlS TYPE 

1 INITIAL DESIGNS 
1 INITIAL DESIGNS CONSIDERED 
1 WHICH WERE FEASIBLE TO FIRST OVERLAY 

130 OVERt AYS 
121 WHICH WERE FEASIBLE 

64 OVERLAY POll C lES 
58 WHICH WERE FEASIBLE 

1 FEASIBLE COMPLETE DESIGNS 
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PROB T-4 *SAMf- AS PREVIOUS BUT EXPliCIT MATERIAL THICKNESS. * p l ~ 

OES IGN TYPE 9 WITH 2 LAYERS, MATERIALS AS 

MATERIALS COST STR. MIN. MAX. SALVAGE INCRE-
LAVER CODE NAME PER CY COEFF. DEPTH DEPTH PCT. MENT 

1 A ASPHALTIC CONCRETE 24.00 o. 90 6.00 6.00 25.00 0.25 
2 s CRUSHED STONE 4.00 0.65 4.00 4.00 100.00 l. 50 

SUBGRA DE ----- 0.24 ------ ------ ------ ------
OVERLAYS 24.00 o. 96 0.50 10.00 25.00 o. 50 

DESIGN TYPE q THE OPTI~AL DESIGN FOR THE MAT~RIALS UNDER CONSIOERATION-­
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE 

ASPHALTIC CONCRETE 
CR USHEO STONE 

6.00 INCHES 
4.00 INCHES 

THE S C I Q F THE I N I Tl A L S T R U C T U R E -= f) • 2 58 

THE LIFE OF THE INITlAL STRUCTURE = 5.55 YEARS 

THE OVERLAY SCHEDULE IS 
1.50 INCH(ES) (INCLUDING 1.0 INCH LEVEL-UP) AFTER 5.55 YEARS. 
1.50 INCH(ESJ {INCLUDING 1.0 INCH LEVEL-UP) AFTER 12.98 YEARS. 

TOTAL LIFE = 22.28 YEARS 

NO SEAL COATS SCHEDULED. 

THE TOTAL COSTS PER SQ. YO. FOR THESE CONSIDERATIONS ARE 
I~ITIAL CONSTRUCTION COST 4.444 
TOTAL ROUTINE MAINTENANCE COST 0.088 
TJTAL OVERLAY CONSTRUCTION COST 1.174 
TOTAL USER COST DURING 

OVERLAY CONSTRUCTION 0.181 
TOTAL SEAL COAT COST 0.0 
SALVAGE VALUE -0. 502 

TOTAL=OVERALL COST 5.384 
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PROB T-4 *SAME AS PREVIOUS BUT EXPLICIT ~ATERIAL THICKNESS. * p 

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPF AS 

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 

NO. INITIAL DESIGNS EXAMINED FOR OVERLAY POLICY= 1 

COUNT OF DESIGN OPTIONS CALCULATED FOR TH t S TYPE 

1 INITIAL DESIGNS 
1 INITIAL DESIGNS CONSIDERED 
1 WHICH WERE FEASIBLE TO FIRST OVERLAY 

41 OVERLAYS 
39 WHICH WERE FEASiBlE 

21 OVERLAY POLlC IES 
19 WHICH WERE FEASIBLE 

1 FEASIBLE COMPLETE DESIGNS 
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PROB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. 

)ESIGN TYPE 10 WITH 3 LAYERS, MATERIALS ASG 

MATERIALS COST STR. MIN. MAX. 
.AVER CODE NAME PER CY COEFF. DEPTH DEPTH 

1 A ASPHALTIC CONCRETE 24.00 0.90 6.00 6.00 
2 s CRUSHED STONE 4.00 0.65 4 .oo 4.00 
3 G GRAVEL -1 3.00 0.35 20.00 20.00 

SUBGRA 0 E ----- C.24 ------ ------
OVERL.t\ Y S 24.00 0.96 0.50 10.00 

EACH OF THE MATERIALS AT THEIR MINIMUM DEPTH RESULTS 
IN A TOTAL DEPTH THAT IS GREATER THAN THE MAXlMUM 
ALLOWED TOTAL THICKNESS. 

NO. INITIAL DE~IGNS EXAMINED FOR UVFRLAY POliCY= 0 

:aUNT OF DESIGN OPTIONS CALCULATED FUR THIS TYPE 

0 IN IT I AL DE S I G N S 
0 INITIAL DESIGNS CONSIDERED 
0 WHICH WERE FEASIBLE TO FIRST OVERLAY 

0 OVERlAYS 
0 WHICH WERE FEASIBLE 

0 OVERLAY POLICIES 
0 wHICH WERE FEASIBLE 

0 FEASIBLE COMPLETE DESIGNS 
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SALVAGE INCRE-
PCT. MENT 

25.00 0.25 
1 oo.oo 1. 50 

80.00 2.00 
------ ------

25.00 0.50 



PROS T-4 *SAME 1\S PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. 

DESIGN TYPE 11 WITH 3 LAYERS, MATERIALS ASG 

MATERIALS COST STR. MIN. MAX. 
LAYER CODE NAME PER CY COEFF. DEPTH DEPTH 

1 A ASPHALTIC CONCRETE 24.00 o.qo 6.00 6.00 
2 s CRUSHED STONE 4.00 0.65 4.00 4.00 
3 G GRAVEL-l 3.00 0.35 6.00 6.00 

SUBGRADE ----- 0.24 ------ ------
OVERLAYS 24.00 0.96 o.so 10.00 

* p u 

SALVAGE INCRE-
PC T. MENT 

25.00 0.25 
100.00 1.50 
80.00 2.00 ------ -~-....-·-

25.00 o.so 

DESIGN TYPE 11 THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERATION•­
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE 

ASPHALTIC CONCRETE 
CR USHEO STONE 
GRAVEL-l 

6.00 INCHES 
4.00 INCHES 
6.00 INCHES 

THE SCI OF THE INITIAL STRUCTURE = 0.156 

THE LIFE OF THE INITIAL STRUCTURE = 6.64 YEARS 

THE OVERLAY SCHEDULE IS 
1.50 INCH(ES) liNCLUDlNG 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 
INITIAL CONSTRUCTION COST 
TOTAL ROUTINE MAINTENANCE COST 
TOTAL OVERLAY CONSTRUCTION COST 
TOTAL USER COST DURING 

OVERLAY CONSTRUCTION 
TOTAL SEAL COAT COST 
SALVAGE VALUE 

TOTAL=OVERALL COST 
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CONSIDERATIONS ARE 
4.944 
o.oq4 
1.059 

0.170 
o.o 

-0.627 

5.640 



PROB T-4 *SAMF AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. * p 

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPE ASG 

AT THE OPTIMAL SOLUTION, THE FOLLOWING ROUNDARY RESTRICTIONS ARE ACTIVE--
l. THE MINI MUM DEPTH OF LAYER 1 
2. THE MAXIMU~ 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. PiE MAXIMUM DEPTH OF lAYER 3 

NO. INITIAL DESIGNS EXAMINED FO~ OVEPLAY POLICY = 1 

COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPE 

1 INITIAL DESIGNS 
1 INITIAL DESIGNS CONSIOERED 
1 WH(CH WERE FEASIBLE TO FIRST nVERLAY 

41 OVERLAYS 
3Q WHICH WERE FEASIBLE 

21 OVERLAY POLICIES 
19 WHICH WERE FEASIBLE 

1 FEASIBLE COMPLETE DESIGNS 
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PROS T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. 

DESIGN TYPE 12 WITH 2 LAYERS, MATERIALS AS 

MATERIALS COST STR. MIN. MAX. 
LAYER CODE NAME PER CY COEFF. DEPTH OEPTH 

1 A ASPHALTIC CONCRETE 24.00 0.90 6.00 6.00 
2 s CRUSHED STONE 4.00 0.65 20.00 20.00 

SUBGRADE ---- 0.24 ------ ------
OVERLAYS 24.00 0.96 0.50 10.00 

* p 

SALVAGE INCRE-
PCT. MENT 

25.00 0.25 
100.00 1. 50 
----- ------

25.00 0.50 

DESIGN tYPE 12 THE OPTIMAL DESIGN FOR THE MATERIALS UNDER CONSIDERATION-­
FOR INITIAL CONSTRUCTION THE DEPTHS SHOULD BE 

ASPHALTIC CONCRETE 
CRUSHED STONE 

6. 00 INCHES 
20.00 INCHES 

THE SCI OF THE INITIAL STRUCTURE = 0.029 

THE LIFE OF THE INITIAL STRUCTURE= 7.41 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 CONSTRUCT I ON 0.164 
TOTAL SEAL COAT COST 0.0 
SALVAGE VALUE -1.057 

TOTAL=OVERALL COST 6.432 
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PROB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. 

FPS PROGRAM ACTIVITY REPORT, DESIGN TYPF AS 

'T THE OPTIMAL SOLUTION, THE FOLLOWING BOUNDARY RFSTRICTIONS ARE ACTIVE--
1. THE MINIMUM DEPTH OF LAYER 1 
2. THE MAXIMUM DEPTH OF LAYER 1 
3. THE MINIMUM DEPTH OF LAYER 2 
4~ fHE MAXIMUM DEPTH OF LAYER 2 
5. THE MAXIMUM THICKNfSS OF INITIAL CONSTRUCTION 

NO. INITIAL DESIGNS FXAMINED FOP OVERLAY POLICY = 1 

COUNT OF DESIGN OPTIONS CALCULATED FOR THIS TYPF 

1 INITIAL DESIGNS 
1 I N IT I Al 0 E SIGNS C 0 N S I 0 E R ED 
1 WHICH WERE FEASlBLE TO FIRST OVERLAY 

41 OVERLAYS 
39 WHICH WERE FEASIBLE 

21 OVERLAY POLIC lES 
19 WHICH WERE FEASIBLE 

1 FEASIBLE COMPLETF DESIGNS 
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PROS T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. 

DESIGN TYPE 13 WITH 3 LAYERS t MATERIALS ASG 

MATERIALS COST STR. MIN. MAX. 
LAYER CODE NAME PER CY COEFF. DEPTH DEPTH 

1 A ASP HALT IC CONCRETE 24.00 o.qo 6.00 6.00 
2 s CRUSHED STONE 4.00 0.65 20.00 20.00 
3 G GRAVEL-l 3.00 0.35 20.00 20.00 

SUBGRADE ----- 0.24 ------ -----
OVERLAYS 24.00 0.96 0.50 10.00 

EACH OF THE "1ATERIALS 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 OPT IONS CALCULATED FOR THIS TYPE 

0 INITIAL DESIGNS 
0 INITIAL DESIGNS CONSIDERED 
0 WHICH WERE FEAS(BLE TO FIRST OVERLAY 

0 OVERLAYS 
0 WHICH WERE FEASIBLE 

0 OVERLAY POLICIES 
0 WHICH WERE FEASIBLE 

0 FEASIBLE COMPLETE DESIGNS 
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SALVAGE INCRE-
PCT. MENT 

25.00 0.25 
1 oo.oo l. 50 
ao.oo 2.00 ----- ____ _...... 

25.00 0.50 



PROB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. 

DESIGN TYPE 14 WITH 3 LAYERS, MATERIALS ASG 

MATERIALS COST STR. MIN. MAX. 
LAVER CODE NAME PER CY COEFF. DEPTH I)E PT H 

I 

1 
2 
3 

A ASPHALTIC CONCRETE 24.00 0.90 6.00 6.00 
s CRUSHED STd"JE 4.00 0.6'5 20.00 20.00 
r, GRAVEL- 1 3.00 0.3'5 6.00 6.00 

SUBGRAOE ----- 0.24 ------ -------
OVERLAYS 24.00 o. 96 0.50 10.00 

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 

0 I N IT I At D E S I G N S 
0 INITLAL DESIGNS CONSIOERFD 
0 WHICH WERE FEASIBLE TO FIRST OVERLAY 

0 OVERLAYS 
0 WHICH WERf FEASIBLE 

0 OVERLAY POLICIES 
0 WHICH WERE FEASIBLE 

0 FEASIBLE COMPLETE DESIGNS 
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SALVAGE lNCRE-
PCT. MENT 

25.00 0.25 
100.00 l. 50 
80.00 2.00 

------
___ ....,. __ 

25.00 0.'50 



PROB T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. 

PROBLEM SUMMARY OF OPT lt-4UMS FOR EACH DESIGN TYPE 
IN ORDER OF INCREASING TOTAL COST 

DESIGN TYPE 
5 
3 
4 
9 

11 
12 

8 

TOTAL COST 
3.376 
4.091 
4.819 
5.384 
5.640 
6.432 
6.748 

THE MATERIALS ASSOCIATED WITH EACH OF THE FOLLOWING DESIGN 
TYPES DO NOT HAVE AT LEAST ONE FEASIBLE DESIGN. 

1 
2 
6 
1 

10 
13 
14 
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PRO~ T-4 *SAME AS PREVIOUS BUT EXPLICIT MATERIAL THICKNESS. 

PROBLEM SUMMARY OF THE BETTER FEASIBLE DESIGNS 
IN ORbER OF INCREASING TOTAL COST 

1 2 3 4 5 6 7 
************************************************************************ 
MATERIAL ARRANGEMENT AS ASG ASG AS ASG AS A 
INIT. CONST. COST. 2.889 2.778 1.611 4.444 4.944 6.222 4.000 
OVERLAY CONST. COST 1.015 1.656 3.184 1.174 1.059 0.996 2.749 
USER COST 0.166 0.260 0.443 0.181 0.170 0.164 0.392 
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 -0.797 -0.684 -0.497 -0.502 -0.627 -1.057 -0.468 
************************************************************************ 
************************************************************************ 
TOTAL COST 3.376 4~091 4.819 5.384 5.640 6.432 6.748 
************************************************************************ 
************************************************************************ 
NUMBER OF LAYERS ?. 3 3 2 3 2 1 
************************************************************************ 
LAYER DEPTH (INCHES) 

0( u 
0( 2) 

0(3) 

1. 00 
20.00 

1.00 
4.00 

20.00 

1. 00 
4.00 
6.00 

6.00 
4.00 

6.00 
4.00 
6.00 

6.00 
20.00 

6.00 

************************************************************************ 
************************************************************************ 
NO.OF PERF.PERIODS 3 4 4 3 3 3 4 
************************************************************************ 
PERF. TIME (YEARS) 

T(l) 7.2 4.5 2.1 5.5 6.6 7.4 2.5 
T(2) 18.2 10.4 7.2 13.0 16.2 18.9 7.7 
T(3) 33.0 17 •. 5 13.7 22.3 28.5 34.8 14.2 
T(4) 26.1 21.6 2?..1 

************************************************************************ 
OVERLAY POLICY(INCHJ 
{INCLUDING LEVEL-UP) 

0( 1) 
0( 2) 

0{3) 

1.5 
1.5 

1. 5 
1.5 
1.5 

3. 5 
1.5 
1.5 

1.5 
1.5 

1.5 
1.5 

3.0 
1.5 
1.5 

************************************************************************ 
NUMBER OF SEAL COATS 0 0 0 0 0 0 0 
************************************************************************ 
SFAL COAT SCHEDULE 

(YEARS) 
************************************************************************ 

THE TOTAl NUMBER OF FEASIBLE DESIGNS CONSIDERED WAS 7 
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