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FOREWORD

This work was conduct ed as part ot the RI)T&E Army Program 6.37.34A, Project
4A763734DT08. “Military (‘oust ru ct i on Systems Development ,” Task 01 . “Military
Airfield Facih it ics , ’ Wo rk Unit 001 , “Systems Approach to Life-Cycle Design of Pave-
inetits. ” T h e  Technical Monitor  was Mt . E. I)udka , DA EN-MCE-D. Advanced Technology
Branch , higinccring Division . Military (‘o lisl r uc ti on . Office of the Chief of Eng ineers.

The work was conducted by t h e  Engineering and Materials Division (EM), U.S. Army
(‘on struction Engineering Research Laboratory (CERL) . The CERL principal investi gator
was Mr. E . S. Lindow. The L I F E I  computer program was developed by Drs. P. F. McM anus
and E. L. Marvi n .  Mr .  J. J. Brown was responsible for program m ing and operation oh ~lic
LI FE2 program.

Dr. G. Williamson is Chief of EM. COL J. E. Hays is Comm ander and Director of
CERL . and Dr. L. R . Shafle r is Technical Director.
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SYSTEMS APPROACH TO LI FE-CYCLE the user. Frost protection design criteria were computer-
DESIGN OF PAVEMENTS— ized and incorp orated in LJFF .2 . In addit ion , since
VOLUME I , LI F E2 USER ’S MANUAL earthwork and subsurfaces drainage costs vary according

to the selected pave m ent thickness desi gn . aut omated
procedures for considering these costs were included as
optional analyse s to the user.I INTRODUCTION

L I FF2 was field tested in 1976 at the Corps of
Engineers ’ Fort Wor th l)istrict Office. Based on results

Background of the field test and recent updating of the pavement
Facility design and maintenanc e based on life-cycle design criteria employed , minor modifications were

cost an alyses have been justified from economic and made in the system. LI FE2 is now an imp lem entable
serviceability standards. The Armed Services Procure- tool which can aid pavement managers in optimii. ing
ment Regu lation acknowledges this b y stati ng: “It is expenditures by basing decisions on life-cycle costs
the policy of the Department of Defense to procure ra ther  than solely on the least first cost.
supp lies and services fron t responsible sources at fair
and reasonable prices calculated to result in the lowest Objective
ultimate over-aU cost to the Government. ” To efficient- The objective of this research is to develop and
ly accommodate this guidance in pavement management validate computer-aided procedures for evaluat ing
activities, the Construction Eng ineering Research alterna tive pavement design schemes and maintenance
Laboratory (CERL) has developed a computerized sys- and repair strategies based on life-cycle costs. The re-
tem for performing life-cycle pavement anal yses. sultant system should aid the pavement manager in

analyzing flexible and rig id pavements for airfields , as
In the early l970s . CERL began developing an well as for roads and streets. The analyses should con-

automated system for designing airfield pavements sider all costs integral to the construction and operation
based on life-cycle cost comparisons. The first iteration of pave ment facilities during their design lives.
of this computer system , designated LI FE I , included
procedures for performing ri gid and flexible pavement Approach
and overlay desi gns for airfields , analyzing use r costs The computer program LIFE2 was developed to
and maintenance and repair costs on a macro scale , and meet the above objective. The program is based on
combining design schemes and maintenance strateg ies Corps of Engineers pavement design methods and
into life-cycle cost rankings. 2 ’3 criteria. In amal gamating the manual procedures into

an autont ated systent . certain deviations and additions
Subsequentl y, the system was expanded to include were necessary . However, for pavement conditions and

life-cycle design of pavements for roads , streets , and design lives, structural thickness desi gns for LIFE2 and
other surfaced areas. This second iteration , LIFE2 ,4 the manual procedure will be identical.
which this manual will replace, also included procedures
for considering maintenance costs on the basis of m di- This report provides the LIFE2 user with the neces-
vi duj l M&R activities . t h ereby m aking the sys eni more sary information to set up , operate , and interpret
responsive and eff ic ient  in terms of data available to results of the program . Chapter 2 explains the hardware

and software used in LIFE2. Chapter 3 provides the
operating procedures for the program. Chapter 4 sum-
marizes how LIFE2 can aid the user in the pavement

Arme d Services Procurement Re 1zulanon 3-801 (Depart-
ment f Defe n~~ , I July 1976). design and management decision-making process. The

2 . . . . appendices contain a glossary of terms , a definit ion of
j  I.. Marvin and P. McManus . l.ife Cede Analss,, c on an Ai r- . .

field Pa vement Faeilifs ’. Un p ubI i ~twd Report (Construct ion the program Input variables , a discussion of the vehicle
I nt~in c&-r in g Research Lab ora tur ~ I d ’  ~~ I . 1972) . data bank used in conjunction with LI FE2 .a  worksheet

3J , W i t t t i i c r .  Ct at . .  Veer Manua l fo r  l.lF ~.l computer ~~ 
to facilitate input preparation , and an example proble m.

gram . Technical Report S-28/AI )774849 (CI RL . Janu a ry
1974 ) . Mode of Technology Transfe r

4 E. Lindow , ci at.. !.IFE2 User ’s Manual. Technical Report The LIFE2 system was developed principally as an
~.cqfAI )~~O2 3~ 86 (CLRL.  Januar y 1976) . engineering tool for use by Corps of Engineers Distr ict 7
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Office personnel. The documents developed to effect Table I
technolog y t r att sfe r include: LIFE2 Applicable Publications

Volu m e I - L IFE 2 User ’s Manual TM No. Title
5-81 8-2 Paven te nt Desig n for Frost Condition

Volume II ‘ LIF E2 System Documentation 5-820-2 Subsurfac e Drainage Facilities for Ai rfields

Volume II I  — L I FE2 Program Listin g. 5-820-3 Drainage and Erosion Control Structures for
Airfields and Helip orts

Access to the LIFE2 program for Corps ot’ Engineers 5-820-4 Drainage for Areas Other Than Airfields

personne l will be through the Corps’ Engineering Com- 5-822-1 R oads, Streets , and Pavements Generally:

puter Program Library (ECPL) . * The procedure to be Traffic Study Requirements

used is illustrated in Figure 1. For other users , the 5-822-2 General Provisions and Geometric Desig n for

program and relevant documentation will be available Road s, Streets , Walk s, and Open Storage Areas

from National Technical Information Service, 5-822-5 Flexible Pavements for Roads , Streets , Walks ,
and Open Storage Areas

5-822-6 Rigid Pavements for Roads , Streets , Walk s,
and Open Storage Areas

2 PROGRAMMING APPROACH 5-824-I Airfields Other Than Army — General Provi-
sions for Airfield Desig n

5-824-2 Airfield Flexible Pavements—Air l orce
Traditionall y,  pavement design has been based on 5-824-3 R igid Pavement forA ir fi elds Otherl han Army

th e least first cost (i.e., construction cost) which pro-
vides a serviceable s t ructure for an anti cipated life . The *Technicel Manual number. These documents are prepared by

economics of maintenance and repairs (M&R) are not the Department of the Atmy and govern pavement design at
military installations. Many civilian agencies have also adopted

considered on this basis; however , when accrued over these procedures.
the  pave m en t ’s anticipated life , these M&R costs can
range from 25 to more titan 100 percent of the initial
construction cost of the facility, depending on the type
ot s t ructure  selected. Thus , to accurately compare to both rigid and flexible design analyses for airfields ,
desi gn a l t erna t iv es, the total cost of owning and operat- roads and streets , and parking areas. Figure 2 illustrates
l u g  the fac i l i ty over its lifetime mu st be analyzed. the framework of the LIFE2 methodology **

I pavement design , this type of anal ysis (termed Program Format
l i fe  cycle design ) becomes quite complex. The pavement LIFE2 is written in FORTRA N Extended for CDC-
m s an in~r m cat e  s t ruc tura l  system having a wide range of 6000 series computers and is currentl y used on a
t o te r ac t in g  variables. These variables include properties CDC6600 computer in a remote batch mode, The
of the cotup onent materials , section geometry, prevail- program is available on magnetic tape or computer
ing environment ,  traffic , construction quality, and cards.
M&R strategies. LIFE2 has been developed to account
l’or these va ri ah i es and their interactions when perform- LIFE2 was developed using a program overlay t
ing life-cycle economic anal yses of pavement design structure which reduces the amount of core memory
a lter na t ives.  storage required during execution , Figure 3 illustrates

the modular framework of the LIFE 2 program. The
TI m e LIF t  2 computer program mode lsadopted Corps following paragrap hs briefl y describe the purpose of

of Eng ineers pavement methodsa n d criteria as published the zeio overlay and each of the six primary pro gram
in the Department of the Army Technical Manual (TM) overlays.
5-800 series: Table I lists the applicable TMs on which
the LIFE 2 methodology is based. The program applies

**A detailed description of the design methods and criteria
________________ used is contained in: Systems Approach to Life-Cycle Design

~t. CPL ts located at the U.S. Army Waterways Expe riment of Pavements: Volume II—LIFE2 System Documentation .
Statio n . Vickcburg . Mississippi. t See Glossary for definition.

8 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~

. ----



LI FE2
USER

INFORMATION SOURCES:
ECPL CATALOGUE

NTIS, NASA , DCC DATA FILES
OCE , CERL CONTACT

USER REQUESTS LIFE2 1
MA NUALS A ND ACCESS PROC EDURES

FROM ECPL

_ _ _ _  I

HA RDWARE REQUIREMENTS NIPR TO NSRDC

r~~~ ~~~~~~~~~~~~

DEFINE PROBLEM

PREPARE INPUT

RUN PROGRAM

iNTERPRET RESULTS

1~~ _ _ _ _I USER BILLED BY 7 US ER REPORTS PROGRAM
[_NSRDC FOR SERVICE DIFFICULTIES TO CER L

I
f - i
I IMPLEMENT 1

L~~~~~ IKEY :

ECPL-CORPS ENGINEERING COMPUTER PROGRAM LIBRARY
MIPR- MILITARY INTERDEPARTMENTAL PURCHASE REQUEST
NSRDC — NAVAL SHIP RESEARCH AND DEVE LOPMENT CENT ER , BET HESDA , MD.NTIS —NATIONAL TECHNICAL INFORMATION SERVICE

Figure I .  Flowchart of LIFE2 access procedure.
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INPUT PARAMETERS

I. DESCRIPTION OF WORK
2. DESIGN DATA
3. MATERIAL PROPERTIES
4. COST DATA
5. TRAFFIC DATA

_ _ _ _ _ _ _ _ _  4
LEMTH WORK ANA LY SI S~~] STRUCTURAL OVERLAY DESIGN ]

FROST ANA LYSIS 1 [ US ER COST ANALYSIS
1

RIGID PAVEMENT STRUCTURAL 1 [ MAINTENANCE COST1
ANALYSIS I ANALYSIS 

J

_ _ _ _ _ _ _ _ _ _ _  . 1
FLEXIBLE PAVEMENT STRUCTURAL ] I COST EVALUATION OF MAIN TENANCE

L ANALYSIS I L STRATEGIES

L SUBSURFACE DR AINAGE DESIGN ]
DESIGN COST ANALYSIS 1

OPT IMIZE MAINT ENANC E COSTS
ASSOCIATED WI TH SEF~RATE RIGID
AND FLE X IBLE DESIGNS

RANK LIFE— CYCLE MANAGEMENT PLAN]~~

ii[ PRINT SUMMARY REPORT OF LIFE-CYCLE ANALYSIS 1
Figure 2. Framework of LIFE2 methodology. - —
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OVERLAY 0,0
MAIN PROGRAM

~~~~~~ALIZA TIO~~~~~~~~~ 
11~~~~~SLATION & ERROR (

~~~~1
I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~ ES 
—~~~~~~tAY 5,O

FROST PROTECTION
t 4 DESIGN ANALYSIS

EARTHWORK YES 
c{OVERLAY4,O 1

BASIC EARTHWORK
NO.1 

~ çOMP UTATIONS

CHARACTERIZATION 
VEHICLE

OF DESIGN TRAFFIC [ BANK

YES —.f tAY 2,~~~~~~~~~~1
RIGID PAVEMENT I

____________

~

- ~~~~~~~~~~~~~~~~~~~ ANALYSIS J
OVERLAY 3,0

I MIXED TRAFFIC ANALYSIS
FORMULATION OF THICKNESS
DESIGN SCHEMES AND

____________ ________ 
MAINTENAN CE STRATEGIES

________________ ~ DRAINAGE COMPUTATIONS
DEVELOP PROGRAM
OUTPUT 

I ________

COST COMPUTATIONS
AND RANKINGS
PRINTING OF RESULTS

Figure 3. Framework of LIFE2 progran t overlays.
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OVLRLAY(0 .O) is a control for calling the other The free-format allows the user to enter the appro-
program overlays. It remains j ut computer menmory priat e name or symbol 01’ an input variable followed
while the other overlays are loaded and unl oaded , by its value in any format. The program SCAN.~ which

is tn corp orat ed i t t OVERLAY ( 1 ,0) of LIFE2 , enables
OVF RLAY( 1 .0) meads the input  data  fro uti cards t i me cotnpu ter to id ent i fy  specifi c words or word str t ng s

am i d L’lmeck s iou dala crr om-s . The err or check is pr imari l y app earit ig oil I he in p i l l  i’ards . Wh eum ( l i e var i able ha s
to call at Lemi t i so l  to ism ni s s io mm s am id s v mi l a x  em t o t s ,  been ideitt i l i ed .  ( lie da t a  Io ll i iwin g the umamime ate  cad

and at ladmed In t h e  ap pmi ’pri aIc im t t emui a l  ~i mngm aiim
( ) V F R L A Y ( 2 , O) pc r lo iois l ime m i g id p av emmu et i t  s t mu c -  variable ,  him e x aumu p k’. ( ‘ON(’RE E.FI , l :X l~RA L .

mit ra l  aiial v sis . I l t e  n m in i numm n cm nucl e I c  bend tog si t  ess as STR I:N ( T1 I (iSO is m de um t  tI m ed by I lie lii SI let 1cm oI cacti
a f u n c t i o n  of pavenien t thicknes s is computed in I his word in the st ring (C’ ES). l I m e  program t lien at taches a
overlay for slab resting n it -grade and slab over asph al t .  value of 650 psi to the internal  variable designating the

t lexural strength of concrete. In the case of a sing le-
OVERLAY(.~ .0) formulates thickne ss design schemes word variable — WANDER CIIANNEL IZED—the pro-

and maintenance strateg ies for rigid and flexible pave- gram recognizes the first four letters in the word
nients. This m odule provides pav ent ent thickness vs. (WAND), and then reads and attaches the following
base thickness tradeoff for rigi d designs and executes word(s) or num ber(s) to the variable. The computer-
suboptimi i.at ion of maintenance strategies . identified symbols (e.g., CFS or WAND) may be sub-

stituted for the entire variable name in the input. In
OVI RLAY(4 .O) performs earthwork computations , light of the magnitude of options and input variables

calculat ing earthwork quantities in cut and fill for zero available to LIFE2 users, this free-form sty le makes
pavement thickness. These quantities are adjusted for data iv~ ut as convenient and error-free as possible.
the desi gn pavement thickness provided by OVERLAY
(6 ,0). Vehicle Characteristics

In addition to the input data listed in Appendix B.
OVERLAY(5 .O) contains the frost protection design operation of LLFE2 requires the characteristics of the

anal ys is, providing the required depth o frost protec- vehicles for which the pavement is being designed. The
tion for the app licable design method. This informa tion vehicle ’s gross load weigh t per gear for airfields or axle
is use d in OVLRLAY (3 .0). load for roads , tire contact area , tire or axle spacing.

and other data required for either rigi d or flexible pave-
OVERLAY ( 6, O) computes and totals all costs and nient design must be provided. Since this type of infor-

ranks alternatives by their total disc )unted cost. This mation is innate to the vehicle , it generally will not
overlay summarizes the program results and prepares change . Thus , to reduce the bulk of input data, these
the output report.  characteristics are placed in a vehicle data bank and

transferred to the program directly from magnetic tape ,
L I F E 2  Input disc file , or card storage . Appendix C discusses the con-

Input for the LIFE2 program includes: tents and use of the LIFE2 vehicle data bank.

a. General information to identify the project

h. Design data 3 OPERATING PROCEDURES

c. Material properties
Defining the Problem

d, Cost data The LIFE2 program is used in three types of pave-
ment analysis: least first-cost structural thickness design ,

e. Traffic data. maintenance strategy selection , and life-cycle design.
Defining the type of analysis will establish the set of

Appendix B describes each of the variables used as required input data. Selecting the proper options for
input . A free-format is used for all input except for decision variables and quantities for other input rele-
information required by the earthwork , frost , and
drainage optional anal yses. Appendix B also describes
the fixed format used for these analyses. 5SCAN, User ’s Manual (University of Illi nois . 1970) .
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gates the anal ysis to a specific p mo ~eet .  To t’ur t l ieu  define compot m ent thi ckne ss  ior both ri gid amid t1t’~ ib It ’ pave
the problem , time user may vamy certain input parameters nient designs. The solutions are ilm e m m mai i k c d by lowest
while allowing other s to r ema in constant . For examp le . estimated cons truc ti on cost . Figure 4 Is a block dm a gsa n t
the tu ser may wish to esa l u at e  various mmi ix desi gns: 1 m m de scribing the de~mg mm c a lculat ions.
this case . t lie mn at em ma I ~~ ~ I t  me s iii pu t  will  elm :mmmg e
Sluice I l l i s  ss ill requi te  I lu l t i p le ~i ti g ra ti nut s,  tIme use t  rime de smg im ~‘a ie t i l a t momms prmmvmile t ime lisci wm t  h i sesel al
c aum m in inti ,e co mil pu 1cm t ime amid cu t cost b y j udi cious op t io m i s. ‘( lI e eat I im w ork - di ai iiage . .i mmd I t  imsI  j m mah st ’s

i npu m se lectio n . For in sl a um c e .  if VEIII (’L E .TY PE . can he performed b~ time  p n m g m a m m m . c m r c u m m m v e m m t c t I  h~ l i m e

F RAN ( ;E .OF .T J I I (’KN I: SS . ~mm I&l St ‘I3GRADI .MUDU- useu- by cost or qU:uu m t i ly  spe cif icatmon .  i i  e~c It mde d
t.t.S remain unchanged , it will  he eco n o m m mi c In use time complete l y. In a d d m t i o u i  - l ime  progra m can he t esi I i~ t ed
“read” option of RIGI D .STRUCTURAL.ANALYS I S to either flexible or rig id designs: ii m l m s m m o t .  it wm Il
j u t subsequent run s. generate both types. Wh em m destgnirm g rm gi d p ave mneill s .

the user t a y  input  pavement stresses or have time pr o -
Design (‘aleulations grant perform these calculations. Tradeuf ~ hc lw ee mi

The design option gen erates a l t e r m m a t i v e  pavem ent base thickness ami d slab thickness m s also op tm on al mum
constru cti om i schemes ami d determines the required rigid desi gns. When designing flexible p av emem it s . tIme

( INPUT
I Pm-Us 1V DATA I

(RIGID) 

\..!9~....f 
(Ft.EXm BLE)

I CALCULAT E THE CONCRETE STRESSES I i~~ETERMmNE EFFECT OF
ON GRADE AND OVER ASPHALT IN THE I IM~~

0 TRA FFIC AND DEVELOP

__________________________________________ 

-IRIGID STRUCTURAL ANALYSIS I • THmCKNESS vi SERVICE LiFE
IRELAT ONSHIPS

[bETERMINE EFFECT OF MIXED TRAF FICI GENERATE LAYER COMBINATIONS USING1

I AND DEVELO P A THICK NESS vs SERVICES [ AVA ILABLE MATERmALS
LIFE RELATIONSHIP I

(NO) • (YES) ISAS E TRADEOFF

IDETERMINE SLAB THICKNESS t ~DETERMINE BASE TEvCKN ESS 
~~~

} ~~~~ 
DEPTHS OF PROTECTION

IFOR SPECIFIED DESIGN LIFE I Iv, SURGRAD E MODULUS RELATIONSHIP REQUiRED FOR EACH LAYER CHECKING

~~i s. , F~ TER COURSE) I __________________________________ CBR , OENSI~~ AND FROST REQUIREME~~~ 
jlAND USE NIH. BASE THICKNESSI 

___________________________________

[USE ABOVE RELATIONSHIP TO DET ERMI~~ ]I [SLA B vs BASE THICKNESS RELATmONSHIP IO€TERM INE LAYER THICKNESS ALLOW ING

I __________________________________ IFOR INN. THICKNESS REQUIREMENTS j
I ION THE BASIS OF AN ECONOMIC TRADEOF1 

_______________ __________________

ISELECT THE OPTIMAL SLAB AND BASE [CALCULATE EARTHWORK AND DRAINAGE
ITHICKNESS COSTS FOR EACH DESIGN SCHEME ]

IADJ UST BASE THICKNESS IF NECESSARY
110 CONFORM TO FROST PI~OTECTION REdUIREMENTSI

ICALCULATE EARTHWORK AND DRAINAGE COSTS
I FOR THE OPTIMAL DESIGN SCHEME

______________________________ 1 _________________________________

IESTIMAT E CONSTRUCTION COSTS FOR THE
[RIGID SCHEME AND ALL FLEXIBLE SCHEMES j

4
JDETER MINE TOTA L COST OF ALL SCHEMES ANDI
IRANK RIGID AND FLEXIBLE DESIGNS
[ACCO RDINGLY I

[CREATE OUTPUT PRODUCTS

Figure 4. Desig n ca l cu latio mm procedure .
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user may specify the combin ations of layers desired or Design cak ’ulation
imav e the prog ualn use (lie input u mm at eria l s to generate all Figure 7 illustrates the set of variables required for
com itbin ations. the design calculation analysis. To prepare input for

this type of problem , the user begins with NAME.OF.
l it the design calculations. (lie computed thicknesses BASE and follows the flow of the diagram through the

are assu m ed w pro side a paveme nt that  will remain branches chosen. At specific decision points , such as
servm c eabl e for time entire design life. Howeve r , it should DESJGN .RESTR ICTION , the option chosen stipulates
he noted that flexible pa v em ne mtl s are designed for com- the necessary set of data cards.
plete fai iure ,* while rigid pavements are designed for
i m i mtia l  fai lur c . * All blocks in the diagram use either variable or option

names. The variables are enclosed in solid blocks , and
Ma intenan ce calculat ions the options are enclosed by boxes of dashed lines;

Figure 5 i I I t i s I r a t - ~s the i)r ocedll re followed in time boxes formed with long dashes separated by dots m di-
Imla in ( eut : Imt c c ca tcl l l a t io ns .  This procedure considers the cate data required by the associated variable option.
pavem ient ’s ovem lay require ment s . the M&R . and the
ne t costs , ranking the various maintemmance strategies Maintenance calculation

by their total discounted costs (i.e.. the cos s are dis- Figure 8 is a flow diagram of the data card set re-
counted to present worth in the first year of the quired for a maintem iance calculation analysis . To
stial egy).  prepare input for this type of problem , the user beg ins

with NAME.OF.BASE and follows the selected path
The principal options provided to the user with the through the diagram.

maintenance calculations are the overlay restriction
and time method of computing n ia intenam t ce costs. The Life-cycle calculation
program can he restricted to design either flexible or Input can be prepared for life-cycle calculation
ri gid overlays: it it is not , it will select the optimal type analysis by following the flow diagram shown in Figure
fo r  each time of overlay. Maintenance cost s can be 9. The user begins with NAME.OF.BASE and proceeds
specified by cost curves for individual activities (MAIN- along the selected branches , as described for the desi gn
TENANCL.COST .ANALYS J S YES) or by a cost curve calculation.
for a single parameter which includes all M&R activities
( ROUTINE.MA INTENANCE). Deck Setup

Following is an example of the LIFE2 deck setup
I . iJ c.Cm ’cle (‘alculations for a typical run , assuming that  the program is compiled

Life-c ycle ca lcu latiot i s combine the desi gn and on a CDC6600 computer. For this case , the input in-
tr talnl e liami ce procedures: Figure 6 is a block diagram formation is submitted omi cards , and the LIFE2 program
il lus t ra t ing the calculation procedure . The design and vehicle data bank are on magnetic tapes.
schemes for each overlay strategy have service lives
equal to the nunmber of years before placement of the Job Card
first overlay. Rigid and flexible life-cycle designs are Charge Card
saved separately and ranked by total adjusted cost (i.e. , *

construction cost plus the total of all discount M&R LABEL (lfn , L = LIFE. tape parameters)
costs ) . (tape number/tape ring option)

LABEL (ADATA , I = VDB, tape parameters)
Input Data Preparation (tape number /tape ring option)

l~r e p a r a t i ( m m I  at ’ Ih e LIF E2 input data is predicated ~~
ou t l i i i .- type of analysis  to he performed (I e., design , lfn .
I l m a l l l l e n a m m c c . or life-cycle). Time following sections REW IND(OUT I ,OUT2,OUT3 ,OUT4 ,OUT5 .
describe time input  necessary for each type of analysis . OUT6)
Appendix B contains detailed imi forma t ion about the COPYBF(OUTI .OUTPUT)
input  vauab les amid their options , the input  format , and COPYBF(OUT3 , OUTPUT)
default values. Appendix D provides an input work- COPYBF(OUT4 ,OUTPUT )
sheet to aid in data preparation. COPYBF(OUT S ,OUTPUT)
__________ 

COPYBF(O UT6,OUTPUT)
‘See (,lossary (Appendi x A) for definitions. EXIT.
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_

, 1

CALCU LATE THE CONCRETE STRESSES ON
GRADE AND OVER ASPHALT IN TH E
RIGID STRUCTURAL ANALYSIS

DETERMINE EFFECT OF MIXED TRAFF IC
AND DEVELOP PAVEMENT TeI ICK NESS VS
SERVICE LIFE RELATIONSHIPS FOR
RIGID AND FLEXIBL E DESIGNS

Jr 
________OVERLAY STRATEGY

I GENERATE A TYPE COMBINATION’ FOR

~~~ 
OVERL AY STRAT EGY

CALCULATE OVERLAY THICKNESS I
_ _ _ _ _ _ _ _ _ _ _ _  4
I COMPUTE PAVEMENT MAINTENANCE1 [COMPUTE USER COST~ 1[COSTS I I

4 — 4
I MAINTENANCE cosT] [ROUTINE MAINTENANCE
[ANALYSIS PAR AMET ERS

LESTABLISH TOTA L ADJUSTED COST

I
SAV E THE LEAST EXPENSIVE TYPE COMBIN-
AT ION FOR T H E  OV E R L A Y  S TRATEGY

I
I RANK OVERLAY STRAT EGIES BY TOTAL

ADJUS T ED COST

FOR EXAMPLE , IF THE OVERLAY STRAT EGY SPECIFIES OVERLAY S
AT 7 AND IS YEA RS , FOUR TYPE COMBINATIONS ARE POSSIBLE:
BOTH FLEXIBLE , BOTH RIGID, RIGID AT 7 AND FLEXIBLE AT IS,
AND FLEXIBLE AT 7 AND RIGID AT IS.

Figure 5. Main tenance calculation pro cedure.
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REW IND ( OUT I .OUT2 .OtJT3 .0111 4 .OUTS .
01116)

(‘OPYBF(OUT I .OUT PUT ) USER
COPYBF (OUT2 OUTP L I T) INPU T
COPY BF(OUT3 ,OUTPIJ I )  ~~i

j~
COPYBF(O LJ T4 .OIJ TPU T) BANK
COPY BF (OUT S .OUTP U T)
COPYBF (OUTb .OUTPU T) __________________________________
7/8/9 CALCULA TE THE CONCRETE STRESSES

ON GRADE AND OVER ASPHALT IN THE
RIGID STRUCTURA L ANALYSIS

Input  Deck
I) ! 71~ /~ _____________________________________________________________________________

DETERMW4E EFFECT OF MIXED TRAFFIC
-. - AND DEVELOP PAVEMENT THICKNESS VSNotes: I )  tin = log ical t i le name (L ll ’E2 object code SERVICE L IFE RELAT IONSH IPS FOR RIGID

on tape named LIFE am i d vehicle data AND FLEXIBL E
bank on tape named VDB)

2) If the vehicle data is subtuitted :n  cards READ AN OVERLAY STRATEGY krather titan using the data bank , delete
LABEL (ADATA . - - .) card and insert: FOR THE TIME TO THE FIRST OVERLAYVSN (tape label) IMPLIED BY THE OVERLAY STRATEGY,
** COPYBR (Inpu t , ADATA) GENERATE RIGID AND/O R FLEXIBLE

~“ Vehicle data DESIGNS AS INDICATED ON FIGURE 6
7/8/9

[~~NERATE OVERLAY TYPE COMBINATIONS
Input-Output Files I AND COMPUTE OVERLAY THICKN ESSES

Twelve tape units  are reserved for each LIFE2 coni- AND COSTS AS INDICATED ON FIGURE Il
puter run .  Uses of each unit are :

SUBOPTIMIZE TOTA L COSTS ASSOCIATED
Tape I - file for the input card deck. The internal ~~TH RIGID AND FLEXIBLE DESIGNS SEPAR

designation is INPUT. ___________________________________________

Tapes 2. 3 . 5. 7 scratch files used for temporary RANK ST RATE~ ES FOR RIGID AND FLEXIBLE
storage and communication of data . The DESIGNS SEPARATELY

internal  designations are SF2, SF3, SF5 ,
and SF7. Lç~EATE OUTPUT PRODUCTS 1

Tape 4 file for the earthwork analysis otmtput.
The internal  designation is OUT4.

OUTPUT
Tape 6 or mtp u t  scratch file used for debugging

time program. The internal  designation is
01 T 2 .

Tape ‘. ou tput  file for general results of the Figure 6. Life-cycle calculation procedure.
Li F f 2  program. The internal designation
is OUTI .

l an e  9 file fo r  the frost analysis output. The Tape I i  -~ output file for plotting of the earthwo rk
internal  designation is OUT3. mass diagram. The internal designation

is OUTS.
Fape 10 im i put storage file for tim e Vehicle Data

Hank.  II can be stored on a tape or disc Tape 12 - output file for the drainage analysis re-
tile.  Time internal  designation is ADATA. suIts. The internal desi gnation is OUT6.
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EII~~ME.OF SA SEW ]

I_ LOCATIg N pF~~A S1W]

I IDENTrfle~ TtoN NUNB~R~~
[ GENERAL DESCHIPTIONW 1

ICA LCV LATJON. TYPfl
RWE. CYCL~~ 1D~~I~fl r 1 i~~ TJ__

~~s% ~~~~GN. UFE]
~ FIGURE

) ILENGTII OF SECTION~~J (~FIG~ RE)
1~JPLH. OF~SECTION~1
145]

~~~~~ DES IGJfl
&iaj 1 L ~W~J

1~AATHWORK 1

~bi LPAVEMENTJ I E ~~fN~ ~~~~~~~~~~~~ 
-j

I —1-- _:::j——I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~— J~ 
I~RAIr,N A C El

YE 
~~~~~ITJ~ ~ DOLCA~~~~TO~ N~ flI D~ P~ T~~J 1 1

~ ESIGN . RESTRICTIONI

~~~~~~~p. STRUCTURAL. ANA E~~1~I ~ ENERA TE - MATERIAL. COMBINAT$ONSI
I~AL cU~~~~~ IYE~1 W~J

~~~~~~~~~~~~~~~~~~~~~ I~MMBER. OF. SUBBASE.

[RANGE OF THICKNESS] 1!~B~~St.TYPES1IBASE.TRADE0FF1 I1~~~ ME I

1. IcjLI~~~~ITRADEOFI~ lNOi @~~J__~
ORMAL)

____

E~~ ANULA R.BASE. MAT~kI~~~ IFLEXIBLE . PAVEMENT. MATERIAL .PROPERTIES]
r WrLL GRA~ E~ 

— 
j rNA~~~~L S A N~ J IICRUSHED.MATERIAL I lA ND GRAVEL I E~~~GRADE1— —  —-—~~ - —— -- I——(~~~~RAD E MODULUS1 

~ OMPACTE~ I
I.~~!P. PAVEMENT. BA SEI 

~~ BB~ S?I

~~~~D.P~VEMENfl
[c~NcRETE. FLEXURAI . STRENG~~~J PMPACTE D. SU8GR~D~ j

LFLEXIBLE. PAV EMENT BASE1

[~~ EXI8LE . PAVE~~~~JJ

Figure 7. Input for DESIGN calculation.
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I SUBGRAOE. COHESION. INDEX]

J~IJ~GRADE - CBWJ
ISUBGRAD E. DEN~~~ J

IDISCOUNT’J
[ESCALATION. RATE~1

~GEOGRAPHIC. FACTOR*J

~~~HICLE. TY~E]

YEARLY .TRAFFIC
OR

______ ________ 

E~1
DESIGN. INOEX.RIGID
IDESIGN. INDEX.FLEXIBL

ft~At1 CATEGORV1
______________________ I _______________________

FLIGHT I INEDIUMI IHEAVYI
KEY:

~~ANDERI
— DESIGNATES A PROGRA M VARIABLE.
— DESIGNATES A VARIABLE OPTION. ~~~~~~~~~~~~~~~~~~~~— DESIGNATES A REQUIRED INPUT WHEN ASSOCIATED ITRAFFIC. AR~K]OPTION IS CHOSEN .

* - THIS VARIABLE IS OPTIONAL. I OR ICLASS OF. ROA O1
-- - THESE CARDS (CSOG ~ CSOA) MUST FOLLOW THE APPROPRIATE _____________________

V EHICLE. TYPE IN THE INPUT CARD DECK. 
~~- THESE BLOCKS CONTAIN THE KEY WORD OR ABBREVIATI ON

USED TO IDENTIFY A FIXED FORM INPUT CARD. SEE APPENDIX
C FOR DESCRIPTION OF DATA CONTAINED ON EACH CARD. I~~QJ

Figure 7 (cout ’d).

Ty pe assignments are made in the PROGRAM MAIN to serve as an engineering aid for pavement design and
(. . .) card in OVERLAY(0, O) . * The desired files can be management. Information which will aid in the decision-
printed by the following command: making process can be obtained quickl y and efficiently

COPY BF(OUT n , OUTPUT) through proper program usa ge .

wlm ere n equals the interna l designation of the tape. If
an abnormal terminat ion occurs , the EXIT card (see The program provides the user with life-cycle , main-

tenance , and design calculations. The life-cycle calcula-Deck Setup) cause s the remaining job control corn-
inands to be executed. Thus , by printing selected files , tion option provides the user with information about

the required maintenance strategy implied by var iousan aborted run can be debugged more easily.
design alternatives , as well as life-cycle costs , t o faci l i tate

Examp le Problem economical design decisions. The program ’s niain-
Appendix E contains an examp le problem illustrating tenance calculation option can provide information to

the use of LIF F2 .  Input data for the example are ex- insure maximum return from M&R tunds. If a service
plained individually to further clarify the variable s. The life is predetermined , or if a user does not feel that
program mi output is partially reproduced and discussed. enough information is available for a life-cycle anal ysi s,

the design calculation option aids in selecting an
economical pavement design based on the construction

4 SUMMARY AND CONCLUSIONS costs of alternative designs.

Summary Conclus,ons
This report provides the necessary information for LIFE2 is an implementable tool which can he used

using the LI FE2 computer program. LIFE2 is intended by pavement engineers to analyze both rig id and flexible
pavements for airfields as well as roads and streets. TheSA complete description of tapes used by individual routines

a nd the contents of the tapes is included in Systems App roach program evaluates alternative pavement design schemes
to Life-Cycle Design of Pavements: Volume IJ —LIFE2 System and/ or maintenance and repair strategies and ranks
Documentation, them according to their life-cycle costs. Capability is

18
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~ju ~~~~~ 
- -

~~~~~~~~ 

~:. .I:~TTTTTT~~

[NAME OF BASE*1
f LOCA TION. OF B~~SE* J

[ IDE NTIFI CA T I 
_______

~~EhER AL. DESCRI

II~ALC IJLAT ION TYP~J
rDEsU3N1 W~~tI~ NANCE I
— — —  

[DE5IGr[LIFII 
——

SEE [I GT H. QF SECTIO~~ SEE
FIGURE FIGU RELW IDTH OF SECTION1 9

LTIMES OF . OVERL A~~]
IMINIMUM THICKNES S. RIGID. OVERLAY ~1IMINJM UM. THJCXUE SS .F L EXJB L E OVERLAY J

~~ J~ICKNES~]

L~~~j !5j

Lc~N~ TIO~I
__

~ I~~ _ .  _ _.L 
~~~~~~~~~~~ 

-
~~~~~.....IG000 I IINITIAL I 1~HATTER EDI ICOMPLETE 1ON A i~L~~~_ j  ~ AH URE I

LBONDING I - -

i~O,!~J i~~ 2~~ 2J
!INIT IA ~~FAILiJR]~~

IOVERLAY RESTRICTION1
_-

~~ 1__ _ __ 
-IRIGID~ I NONE I LFLEX IB LE I— r —  — -

IRIGID OVERLAs’. PARTIAL. B~NO~ [FLEXIBLE. PAVEMENT. MATERIAL. PROPERTt~~1
I.RIGIC1OVERLAY. UNBO~~~~~J

[DELAY COST RIGID. OVERLAY 1 [FLEXIBLE . PAVEMENT. BASE1 . [FLEXIBLE. OVERLAY J
I ~~ç~~~y COST FLEXIBLE OVEA~A~1

[RIGID. STRUCTURAL. ANA LYSIS]
- - _J-=~

.=- 
—~~ -ICALCuLATE’

~ IREAD I
ICONCRETE . STRESSES.ON. GRAD~~~~~1

~__~~~ 
LCONCRETE STRESSES.OVER .ASP±~~~~J

I~~~GE. OF TH ICKN 
~~~

[~~~~~~~~ R4OE ~~~~8]~~~~

L~~.DGRADE. MODUL US]

Lç~~CRETE. FLEXURAL. STRE~4~ f~f~
P1 0UN1

[~~cALAT ION. RATE]

~~~~~ PAPHIC. FACT~ A]

IY~J~CLE. MAINTENAN~E1

Figure 8. Inp u t  for  MAINTENAN C E calculation.

19

L



~-~~~~~
_ .—~~~~-~~~~- 

- 

IROUTINE.~.AINTENANcE I E~AL NTENANCE. COST ANALYSIS I
I , N O ~~— 

II RIGID.OVERLAY. SYSTEM - ________________________________
FLEXIBLE INITIAL .CONSTRUCTIQN; I MAINTAIN. D R A I N S

~~~~~~~~~~~~~~~~~~~~~~~ REPLACE SLA B S.R IGIO PAVEMENT 
~]

SEA L.CRAC KS.JOI NTS.R IGIDPAVEMENT

1~~~
HER. MAINTENANCE.  RIGIDPAVEMENT 1

I OTHER. MAINTENANCE FLEXIBLE.  PAVEMEN7~

[ CRACKSEALING. FLEXIBLE. PAVEMENT ]
~~~~

I CLEANING. SwEEPING FLEXIBLE. PAVEMEN T I
I CLEANING.SwEEP ING RIGIOPAVEMEN-1 1
I SUR FA CE.TREATMENT. FLEXIBLE. PAVEMENT]

LR~~PAIR .SCALES. POPOUTS. RIGIDPAVEMENT 1
L OTHER. REPAIRS. FLEXIBL E.PAVEMENE 1
IOTHER.REPAIRS.RiGIDPAVENENT 1

_________________________________ F PATCHING FLEXI8L.~~ PAVEMENT

LV~~iJCL E.TY PE I
L!~ T. TRAFFIC I

I YEARLY. TRAFFIC
I OR
I DESIGN. INDEX.FLEXI BLE
1!c~ IGN. INDEX. RIGID

1~A!~PER1

I TRAFFIC.AREA
OR

I~ 1,~ASS OF. ROAD

[~J [~J~~~
ELOADL CATEGORY]

tI~~ff ;~ r~uj 
~I END]

- DESIGNATES A PROGRAM VARIABL E.
- DESIGNATES A VARIABLE OPTION.

‘ J  DESIGNATES A REQUIRED INPUT WHEN ASSOCIATED OPTION
IS CHOSEN .

* - THIS VAR IABLE IS OPTIONAL
THESE CARDS (CSOA & CSOG~MUST FOLLOW THE APPROPRIATE
VEHICLE. TYPE IN THE INPUT CARD D~~K.

Figure 8 (cont’d).
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t
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ICONCRETE .STRESSES.OVE R.ASPHALT I

~~~1~~~~IRANGE OF . THICKNESSI
IDESIGN. RbTRIcTI~~ 1

i~i~~ t ~~~~I 1~
[
~iThtE1

T R T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ENERATE~~~ TERIAL C~~~B IN~~ ION S

If E’
~~~ j r No j  IVE~I No l— -

I!~ A NULAR.B A SE. MATFRIA[] INUMBER.OF SUBBASE. SOHE~~~~I
rWELL.GRADEo ~~~~~ I~~~r~~~~L c ~~~~ I
ICRUSHED MAT ERIAL IIA ND GRAVEL p 1~d~ 8ASE TYPES I

- 
1

fEONDITj2~j
IGOOD. I fiNTh~~~I ~~1ATTERE r~ IEOMPLETEI
~~ONDITiON~IFAu UREl ~~LA B  j ~~~LURE J (QRY J 1~OR M A ~~-r -~~ __________

~4~~~ l I~~ f~ l
I1~mAL FAILURE]

[T1MES.OF.ÔVER1A~~1

Figu re 9 . I n p u t  for [.lFt -CY( L. I- calculation .
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IiiIII MUM. THICKNESS. RIGID. OVERLAY ~1LMINIMUM. THICKNES S. FLEXIBLE. OVERLAY

— —~~~~~~~ E~VERLAY RESTRICTI0N1 
—

~~GIGJ

?ir ~~lBLE. PAVEMENT~ MATERIAL. PROPERT1tS1

.:1-_-=-
ISUBBASE I

E~~BGRADE. MODULUS]
ISUBGRADE.~ BR]

[SUBGRADE’ DENSITVJ

!~~JSGRAoE. COHESION. INDE1J

[CONCRETE. FLEXIJRAL. STRENGTH 1
1~iS COU NT]

IESCALATION. RATES1
[~.EOGRAPHIC. FACTOR1
I~OMPACTED. SUBGR A!c]

1i~~I~ClBLE. PAVEMENT. BASEJ
LSUBBASE1

[!jE~CIBLE. PAVEMENT1
1~J~ID. PAVEI~IENt BAS~1

L~!G~P. PAVEMENT]
LRIGID, OVERLAY. PARTIAL. BOND1
I. !~a OVERLAY. UNBONOED]

F~i:ExIBLE .OVERLAYJ
L

[DELAy’. COST. RIGID. OVERI A]~
[DELAY. COST. FLEXIBLE. OVEAL~.!J

Figure 9 (con t ’d).

22

- - -
~~~~~~~~~~~~~-~~~~~~~~~~~~~~~



______  ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~

[VEHIC LE MAINTENANCE I
IROUTINE,MAINTENAi~~~1 ~~~INT ENA NCE COST ANALY~I~]

~~ I~~DMrflAL CONST RU CT RDN t ’ [~~I [~~jRIGID.OVERLAY . SYSTEM IFLEXIBLE. INIT IAL.CONSTRUCTION [ REPLACE . SLABS. RIGIDPAVEM!!I]
IFLEXI8LE.OVERLAY . SYSTEM I

— - - — —‘  F~~EAL .CRA C KS.JOt NTS.RIGI0PAVE MENT 1

[~fl~~R MAINTENANCE RIGIDPAVEMENT 1
[ OTHER. MAINTENANCE. FLEXIBLE. PAVE MENTJ

I CRACK SEALING. FLEXIBLE. PAVEMENT I
[cLEANING SWEE PII~IG. FL EX IB L E . PAVEMEnT]

Lc~EANtN0.SW EEP1NG. RtGIOPAVEMENT I
I SURFACE.T REAT MENT. FLEXIBLE. PAVEMENT J

- I REPAIR.SCALES POPOUTS. RIGIOPAVENENTI
- 

~~~~~~R.REPAIRS . FLEXIBL E.PAVEMENT I
[OTHER. REPAIRS. RIGIDPAV EMEP~ J

_________________________ 

[PATCHING . FLEXI8LE. PAVEMEN~fl
— 

[VEI-IICLE.TYPEI
[~A~t TRAFFIC 1
YEARLY.TRAFF IC

- OR
DESIGN. INOEX. FLEXI BLE
DESIGN NDEX. RIGI D

~~~~~~~~~~~~~~~~~~~~~~~ 
IWAN OERI

[~ H A N N E L I Z E ~J 
L 

[~ NcHANNELIZ EDI

FTRAFFIC.AREA
OR

CLA SS OF. ROAD

[[~ AD CATE GORV I
— --a --

I LIGHT) LMEOIUMJ LHEAVY I

~1~[ ENi~KEY:
___ - DESIGNATES A PROGRAM VARIABLE.

- DESIGNATES A VARIABLE OPTION.
- DES1GNATES A REQUIRED 1NPIJT WHEN ASSOCIATED OPTION IS CHOSEN

• - TH I S VARIABL E IS OPTI ONAL.
- THESE CARDS (CSOG & CSOA ) MUST FOLL~ .Y THE APPROPR IATE

V EHICLE TYPE IN THE INPUT CARD DECK.
t - THESE BLOCKS CONTAIN THE KEY WORD OR ABBREVIATION USED TO

IDENTIFY A FIXEQ FORM INPUT CARD. SEE A PPENDIX C FOR
DESCRIPTION OF DATA CONTAINED ON EACH CARD.

Figure 9 (cont ’d).
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provided for de termining  t i le  cost of ear thwork , pav e ’ design life: The length of t ime (in years)  f u r  wiu cil
n i ent con str u ct ion . suhs mrt ace  drainage. mai ntenan c e pavement fa cil i ty is being designed . Inc lud Ing pro-
and r e p amr a c t iv i t ies , and user- t elated expenditures gramn ied rehabi l i ta t ion . At t he d I d  i t t  t i l l s  p etiod ,
tuc ur red dii r i l Ig  the l i f e  of th e  faci l i ty  - t i l e  pl>ysival l i fe  of the facil i ty is con sider ed he

en ded , i .e. .  the p a ve nknt  . . t i U ~~t i ~~~~~i~~ t~ t: t~~~i alcd
to a po int where total  rec~n i st ru cI io n would he
necessary .

APPENDIX A: design scheme: A cunth ina tii . iit of pavcmnenl miiaieri , il
GLOSSARY OF TERMS layers wh ic h aie It> hC ct ) Iisi d eie d iii t ime s i t u c t u r a l

thickness coin pt mt a lions.

The to h low ing al phabetical glossary is included to equivalent single-wheel load (ESWL ) : The load on a
insu re an ac cu r ate unders tand im i g of t h e  terms used in sing le wheel (with the same conta ct area as one
i l i is  report .  While most of t i mese terms have widely wheel of a mult iple—wheel conf i guration ) Iha t  pro-
accepted de fi ni t ions , some are unique to LI FE2 or duces a maximum deflection equal to that  be n eath
Corps ut Engineers pavement design procedure s. the multiple-wheel confi guration.

base course: Nat ural or processed materials placed on flexible pavement: A pavement tha t  mainta ins  close
the simbgrade or subbase beneath a pavement,  contact with and distributes loads to the suh grade

and wh ich depends on aggregate interlock , part i cle
CBR : California Bearing Ratio. CBR is a semi-empirical friction , and cohesion for stabil i ty.

im t dex of a mu ate r ial ’s ability to resist shear deforma-
t ion.  It is determined by a penetration-type test heavy load category: A gross aircraft load of 480.000
( Mil i ta ry  Standard MIL-STD-62 1A . test method lb (192 ,000 kg) su pported b y twin-twin wheels
101). abreast on each of two main landing gears of an

aircraft having a bicycle landing gear configurat ion.
compacted subgrade: The upper part of the sub grade , The twin wheels are spaced 37 in . (939 mm ) center-

which ts compacted to a density greater than that to-center ; the inside wheels of each set of twin
uI the na tura l  soil, wheels are spaced 62 in. (1575mm) center-to-center :

and each main gear tire has a constant tire contact
complete failure:  A collapse of the pav ement structure area of 267 sq in. (1722 cm 2 ).

or a breakdown of one or more of the pavem ent
components of enoug h magnitude to make the pave- initial failure:  The point at which a crack . ori g im lati ng
merit incapable of sustaining the loads imposed at the bottom of the structure and propagating up-
upon Its surface (I .e .. a s t ructural  failure). ward to the surface . coniniences to spall or ravel

(i.e.. a functional failure).
complete frost protection: Tlt e design method in which

surface deformation from frost is eliminated by pro- life-cycle design: An analysis which consider s the con-
viding a suf f i cient  thi ckness of nonfrost -susceptible struction. operation , and maintenance of a facility
base to co mpletely protect um ider l y ing frost- during its entire design life . In LIFE2 . cost is the
suscept ible mater ials from freez ing. dependent variable in the analysis.

coverage : On e pass of a wheel over every point in the light load category : A gross aircraft load of 60.000 lb
trac k ing l a m me. In roadways , t h is is normally equated (24 .000 kg) is supported by a single wheel wi th  a
to a PASS. since traff i c is hig hly channeli , .ed. constant tire-contact area of 100 sq in.  (645 cni 2 )

on each of the two main landing gears of an a i rcraf t
desi gn index : An index used in desi gning pavements for with a tricycle landing gear confi guration .

roads which represents all  t raff i c expected to use
t he facil i ty during its l i fe , It is based on typical traf- limited subgrade frost protection: The desi gn method
fmc magnitudes and compos ition s. reduced to equiva- which at tempts to hold surface deformatio ns to
lents  in tt ’rms of repetitions of ’an 18 ,000-lb (72.00- small , acceptable values , instead of eliminating them
k g) . smng le-axle dual-t ire load, comp letel y. This is the normal method of desi gn.
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r ,aintenance: An act i ’. i I \  mi e cessai ~ 10 ke ep -~ p ave t ic i t reduced subgrad e strength : A lr osl des igi t  m ime t l io d based
operable at its pres ent  sI r ( m cl i mra l  c m i il  i l i u m > (e .g .  . on a l lowin g a red uct m on in suh gr a d c .~t i em i g l I t d u t mm ig
patching, sealing joints) ,  t hawing  periods.

maintenance strategy: A c o m il p i ts i le  of am > u se i lay  repair: S t r u c t u t a l  i e s t u ra t lon  of a l aml ed om lading
st rategy , ro tmt j oe main t cit :lflce , ve t > ide m iii ten an ~~~ , ~~ t ion of pave mu en t to en able lu l l  m I l l ne il I 01 m l

and overlay delay costs. desig miated purpose (e.g.. over la) ) .

medium load category: A gro ss a i rc ra f t  load i>f320 .000 rigid pavement: A p a vem li ent  s t r uc t lm r e  I h i a t  di~t i i h u me s
loads to the suhgr ade :  one of its cour ses is :i p l i r m i a l I d  jlb ( 12 8 ,000 k g) supported b~ twi l l  tam l d citi wheels

omi each of two m a i t t  l andim i g gears of ’ an ai r cra f t cement concrete shah having  re la t ive l y  hig h h e m l d l n g
resista nce.having a tricycl e l am i dim i g gear con t i gi mrat i o n . The a

twin wheels are spaced 32. 5 in.  ( 825.5 m om )  center-
routine maintenance : A cost category in t end e d  toto-ce nter , and each main gear t ire has a constam it

reflect ,i pa t te rm i  of rout ine m f l a i n l e m t a f l c e  at i d r epa i rt ire-contact area of 21)8 in. (1  342 crl i 2 
).

act iv i t i es  t hat  mig ht take place durmng a pavem ne m it
service lif t .’ . It would include su t. Ii act is  i l ies as surfaceove rlay delay costs: Cost s in cur rcd  dtmrin g  s t r t m cl ur a l  t rea l i n ents , pa tching.  l o im i t  and t . rack sealin g , slabpave ment overhay cot ts t1  uction resul t in g tromn S i l i f t -  j ack i rmg.  a nd t hi ml  overl as 5. Am t e s l im a t ’  of e~ p endi ’ing of operations to other p avem em it facilities or to l ures for  such act iv i t i e s  must he de le r n i mm ie d  ove r t i t h eanother base. k the program tmse i amid i np i m t  as a piece-wise l im m c ar
f ’um i ct l o n of duratiom i . The maintenam i ce niiIsI he

over lay pavement: Pavement superimposed on existing comprehensive emiough so that  a pavement rt.’t namn ~pave ment and base to re intor ce its load-carrying serviceable throug hout its life .
capacity .

service life : The length of lime (in years)  th a t  a pave~
overlay strategy : Poii it s in t ime when s l r i mctura l  pave- n ient taci l i ty  is used for its m a t o r  intended func t i on

ment overlays are sched imled to he com i s t r i mc ted .  wi thout  extensive rebuilding (e.g., str uct t mra l s e t .
laying).

pass: One operation of a vehic le in airfield usage . a
ta ke-off and a landing : in road usage. one ni ovem n ent  subbase . A layer used mmi a pavement sys t em >> between

t he subgrade amid the base course,of the vehicle over the desi gn sect ion.

subgrade: The m i atura l  soil or the fill material  I mpom ipavement: A surface > 1  p t . ’pa red or r nai i uf ’act ured 
~ hic h a pavement , base, or subbase course is con-n iater ia l superimp osed upon t h e  base , subbase, or st ructed.subgrade et l h e r  as a s t r mi c t  u ra l  mnemh et  or as a

weat her- and abrasion-r e sis tant  rn edi m mn i ,
su bsu rface drai nage system: A subsurface d m a i n i n g  s~ s-

tern cunl pr ism ti g f’ac i l i t ies  to collect amid dispose of
pavement management. The e n t i r e  pr oce ss of provId i ng water occurring below the surface of the gr oum id

.111 ade qi mate  paved surf at .c  for t r ansp o m ’I a t i o m i fa c ih l -  (pavement)  and const i tut ing a th rea t  I i i  h ea l th >  or to
ties . inc l l md l n g  de smgn . const r l m c l t u o , n r aim i t enance.  adequac y . stabil i ty ,  or proper mn aintenancc of
id l lahI lmI , m t t i n , and i ep lace nico t .  s t ructures , pavements. groum ids , and uti l i t ies . Sub-

surface ~Ir ain in g facilities include open -j ointed .
program overlay: Im i co t i t p t i t c r  l~~t t n i o u h m t g y ,  a program perforated , or porous collector pipes . condu i t s ,

over lay is .i s i i b p r o g t a i r i  I t he  i t l a t l l  s~ ste m which observatio n risers . cl eanouts , filters , blind drains.
res emb les a conipkt e c i i t n p t m t e t  program. Whem i o m t l e l  s l ruct mres . and appur tenant  s~o t ksa s  required.
ca lled by l ime mi i a im i  pr ogram . the overh ay is loade d
and exec t m t es .1 sp cci l mc a l tak sm s . Imsi ng data  I r :II1 S- type A traffic a rea: Pav emn ent facilities tha t  re ceive the
lerr ed I ru in common storage or from external  channe l ized t raff ic  and fu ll desi gm i weig hl of heavy
mmI ~~l I ls .  m u l t i p le-wheel t omber ami d cargo a i r c r a f t .

25 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

~~~~~
- -—- .



~
- —.- -~ -~ - . -

~
— ~~~~~~~~~~~~~ 

ty pe B traffic area : F a cmlit ie s in which the traffi c is ty pe D traffic area: Facilities in which the traf fi c
moo re evenly dis t ri h ’lt ed over Ihe full width of fI le  volume is extremely low and the weight oftpera l i ng
p avem m ient hut wh ich recemve the fu l l  wei ght of the aircraft is considerabl y lower than the design weig ht .
am rera I t  dim ring opera I 10115 .

vehicle maintenance : A ~t t s I  c s I i I l I a I e  whi ch i umcli m tles
type C traffic area I acm hmIIes  i l l  WII CII the t m : m l  lie vo lume expected costs of wliick re pa ims miccessll a led by

is low i i i  I l l  Wil ic h lI m e w e m glml oI l i m e mi p eral imi g ai r— p a V C m t i C u I I  m o m i g li mm es s a mid expecle d cosis dm ie In l i m e
d a l I  is gent.’I a l l v  less I l Ian l ime i les I g m I w e mg lil . pr ob ahi l i ly 01’ j~’cideuils cr uised by slippe l illess .
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APPENDIX B:
PROGRAM VAR IABLES

Variables used in t h e  l . IFE 2 progra m are divided 1010 two categories: free - lorm and fixed-form input.

In free-for m >> input . t he variable mi a li>e oust begim > wi th in  a card ’s firs t nine columns. I f the variable con la ins more
t han one word - a Peri od must he used Ii ’ separa le each , The variable ’s optiom i or value m u s t  begin wi l l > the next nmn e
card ctml um n ns . There mmms t he at leas t ot le b lan k emml umm imi  between Ih e variable and ils value: blanks m a y  nut appear
wi th in  a var i able  i >r mt ne or i ts  va li me . M it r e  t i tan  o mme var iable  may be placed om > the sam i>e data card i t  the  second
varia b l e beg im m s w i th in  m m i m le ~o hm mi i i t t  if 1 liv ’ l ’ir sl : I lowe Vv ’r . Ihe po mgi am>> ignores dzm tn im > colu m ns 73— 80 . If the  pro gr :m in
e m l c t t l m m i l e r s  1Cm > ui h ole b l ank  spaces . m t ski ps i i >  I he mie \ I  cru d i m > d searches i ’or a m> ew variab le.

Tht e fixed l’orm ’nat is used It > p to i , i dc data for three variables:  E ART H WORK . DRAINA GE ,  and FROST .Dl: SIGN.

In a d d i t i m i l l  to f o r m a t  r e q u i m c m m i e t m l s . l Ime l o l howim mg seqm me mice r eq i i i r e mucmt t s  n > mIsI he fol lowed:

- DE SIGN .[.lF I t l i i is t  piec ede VEI IIC LI:. TY I ’l : .

2. VEU1 (’LE.TYPE mii u st immediately precede YE ARLY.TRAF F I (  amid PAST .TRAFI ’lC for  Ihe specific
aircraft or DE SI GN .IND EX for road way pavements.

3, If the RIGID.STRUCTURE .ANALYS I S option is READ . the CSOA and CSOG cards must immediately
follow YEARLY.T RAFFI C for the vehicle being considered ,

4. FLEX IBLE ,PAVE MEN T.MATER IAL. PROP ERT ES mu st precede all cost data .

5. The SUBGRADF.. COMPACTED. SUHBASE , and BASE information cards must directl y follow the
FLEX IBLE .PAVEM ENT.MAT ERIAL.PROPERTY header card ,

6. The comiip lete set of data mnu st he followed by a card having the word END pum > ched within its first n im > e
columns. TIt is card indicates Ihe end of th ~ pou ched-card input deck amid is separate from the control language etid-
of-informatiot i  or separator cards.

Table B I is am > ind ex for f inding the page in the Variable Nan >e Section on which a specific variable is defim > e d.
The descriptiom i of it ipu  for th i c examp le problem im > Appemidix E can be used to fur ther  clarify input  preparat iom > .

Fre e-Form Variable Descriptions
Variables using free-form inpu t  are defined in this section : where app licable , the variable ’s a llowable options n mr e

given and defined. To pro vide a log ical pat tern for input preparation , the related variables are categoricall y ar ram iged
as follows:

(;~n~ -~d information

2. Design data

3. Material properties

4. (‘ost data

5. Traffi c data ,
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Table Bi
Variable Names

Free-Form input Variable Abbreviation Page

It,.’tSI . ‘FRAI )L Ol ‘I B I’ 31
BONDING BOND 33
(‘AI. ( ’l .LAFION . F YPI’ CT 30
(‘LASS.OI’ .ROA L) (‘OR 4 1
CLEANING.SWLI’PING.l’ L.t XIb[.E.PAVEMENT Csl P 39
CLL :A NING.SWtI :PING.RIGID PAVE MEN1’ CSR 39
CL IMATE (‘LIM 33
COMPACTED.SU BGRA DI; Cs 35
CON(’Rl TI ..l Ll :XURAL.STRL NGTH Cf ’S 35
(‘ON(’RL TI: .STRI•:SSE S.ON.GRADI CSOG 31
(‘ONCRE i i  .STRI.ssI ; S.OVE R.ASPII ALT CSOA 30
CONDITION COND 34
CRACKSEAL ING.FLEXIBLE.PAVEMENT CFP 38
DEL AY. COST.FLEX I BLE ,OVERLAY DCE O  36
L)ELAY.COST.RICID.OVERLAY DCRO 36
DESJGN.INDEX,FLEXIBLE DIF 40
DESIGN.LNDEX.RIGID DIR 40
DES IGN.L LFE DL 30
DE SIGN.RESTR ICTION DR 3t
DISCOUNT DISC 36
DRAINAGE DRAI 32
DTHJCKNESS DTHI 34
DTYPE DTYP 33
EARTHWORK EARl 32
E SCA LAT I ON .R A TE ER 36
I LEXIBL E.OVERLAY FO 36
IL L XIBLE.PAVEMENT FP 36
FLEXIULI:.PAVEMENT.BASE FF11 36
ILEXIBLE,PAVEMENT.MATER1AL.PROPERTIES FPMP 34
F ROST.DESIGN ED 31
GF:NE RAL.DESCRIPTION GD 30
GI NFRAT E.MATERIAL .COMBINATIONS CMC 32
GE OGRAPHIC.I ACTOR CF 36
GRA NULA R.BASE.MATE RIAL GBM 35
IDLNTIFICATION.NUMBER IN 29
INIT1AL.FA ILURE IF 34
Lt :NGTH.OF.SECTION LOS 30
LOAD.CATEGORY LC 40
LOCATION.O F.BAS E LOll 29
MAINTFNANCL.COST.ANALYS IS MCA 37
MAINTAIN.DRA INS MD 37
MINIM U M.TH ICKNESS.FLEX IBLE ,OVE RLAY MTFO 33
MINIMUM.THICKNESS.RIGID.OVERLAY MTRO 33
NAME.OF.BASE NOB 29
NUMBER.OF.SUBBASE.SCHEMES NOSS 32
OTIII R.MAINTENANCE.l:LEXIBL E,PAVEMENT OMFP 38
OIlIER MAINTENANCE.RIGIDPAVEME NT OMR 38
OTHER.REPAIRS.I LEXIIILE.PAVEMENT ORFP 39
OTIIER.REPAIRS.RIGIDPAVEME NT ORR 39
OVER LAY,RESTRICTION OR 31
PAST.T RAFFIC PT 40
PATCHING.ELEXIBLEPAVE MENT PEP 38
RANGE.OF THICKNESS ROT 31
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Table SI lcont ’d)

Free-Form Input Variable Abbrevia lior’ Page

RI ’ PAIR .S( ’ A t.I S.POPOt ’TS.RIGID PAVI ’ .MI N’I RSPR 38
RI’ PLACI .SLABS.RIGItMtAV[ MINI’ RSR 39
RICID.OVI” RI.AY.PART IAL.ll ONI) KOPIS 36
RIGID.OVI :RLAY .UNBON DLD ROU 36
RIGID.PAVI;Ml ;NT RI’ 36
RI( ; ID.PAv I :Ml :NT.sA s l . RPB 36
RIGID.SI’RU(” I I.J RAI .ANAI. ’m ’SI.S RSA 30
ROUTINI .N A IN1 l NA N(’ l ’ kM 37
SI’AI ..JO IN IS.(’ KM’~~S.ku ; IDl iA\ I .MI NI SJ( ’R 38
SUBB A SI’ SI!BB 36
SUBBASF.TY PI’ .S SI . 32
StJ B(; RADI (:DR S(’ 35
SUBG KA DI .(‘OIIESION.INDEX 5(1 35
SUBGRA DI..DENSITY Si) 35
SUBGRADE .MOI)ULUS . SM 35
SURFACE.TREATM ENT.I :LEX1B LI :.PAVI MI.;NT SlI P 38
lIMES TIME 31
IIMES.Ol’ .OVERLAYS TOO 33
TRA FFIC.AREA IA 41
\‘EIIICLE.MAl NTENANCE VM 37
VEHI CLE TYPE VT 40
WANDI:R WAND 40
WIDIII.OI” .SL(” l ION WOS 30
YEARI.Y.IRAFF IC YT 40

(;enera ! I nj or,,,arzon

Variable Descr iption

NAME ,OF.BASE The name of the installation in w h ic l m th e pavement is to
be located. The name must be enclosed in quotes and
can be no longer thai > 20 characters . a*

LOCATION.OF.BAS E The installation ’s location (state , d ist r ict . courmtry ) .  The
location must be enclosed in quotes and cam > be no
longer than 32 characters .a

IDENTIF I CAT ION.NUMBF R The project ’s idem itification number must be enciosed in
quotes and canm iot be longer than 12 characters , a

*Footflot es are provided at the en d of this section.
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I ‘ariub le’ Description
GlNI’ R A L .DE SCR I PT ION This variable allows up lo 10 ou lpu l  lines b r  a general

description ut  the project. One card may con taim i a maxi-
mum >> of 60 characters : two cards const i tute one line of
ou tpu t ,  Thus , t he n iaxin sumn field is 1 200 characters.
Quo ’cs must be placed at the beginning and end of each
por tion i t t ’ a statement tin every card , The description
n>ay he alphanumeric : however , a dollar sign may not be
used.a

Design Data

( ‘AI.CL I I . AT I ON , T Y PE Specifies the type oI analysis to be performed.t’

Options: DESIGN
MAiNTENANCE
LIFE.CYCLE

DE SI GN.L IFE The design life of the pavem ent in years. This variable
must precede the definition of traffic (i .e. , VEHICLE.
TYPE) in the inpuL t>

LENGT II .OF.SECTION The length of pavement in the section being considered
(in feet).b

WIDTH.OF .SECTION The width of pavement in the section being considered
(in feet) .b

RIGID.STRUCTURAL.A N ALYS I S Provides the option of having rigid pavement stresses
(CSOA and CSOG) either calculat ed* or read. Ii > the
READ option , the user can omit redundant calculations
by using results from a previou s run as input. (Both
CSOA and CSOG must be input in this option regardless
of the type of problem ,) CALCULATE produces a set of
stresses (in psi) for 10 pavement thicknesses based on
RANGE.OF.THICKNESS ,

Options: READ
CALCULATE

Defau lt : ’ CALCULATE

( ON ( ’R } TE .STRE SSES,OVER ,ASPHALT A set of 10 rigid pavement stresses used when the READ
options of RSA are selected. To use results of a previous
run , the problem must have the same VEH ICLE .TYPE ,
RANGE .OF .TH I CK NESS . and SUBGRADE ,MODULUS
as that of the previous run. Since the stresses are um > i que
to VEHICLE .TYPE , they must be placed immediately
after YEARLY.TR AFF I C for that vehic le. 1

5The st ress catculat ions follow the method presented in W. C. Kreger . Computerized A ircraft Ground Flotation Analysis.-Edge.
Loaded Rigid Pavement , Report ERR-FW-572 (General Dynamics Corp.. 1967).
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~~w,
I ’ariablt’ /)(‘sm’riplim ’FI

( ‘ON (’ R I’ I I ’  .S FRESSE S.ON .GRAI ) I :  ( ‘SOC ii.is l Ime sa mmme I e q n i m e m m l c l t l s  m s ( ‘St )~\ N ’’It ’ Il m ; mt
hol im mmitmsl  lie i m i p i m I  w lme im m ms imm g t i me  R E A l )  t i p t k o m )

1)E SIGN. RI :STRICTION ( ) p t i m m m m  code s l m p t i l a l m m i g  m e s l m i e l i o m m s  ‘ ‘ m m  l I m e  l \  lie 01 p:I5t ’ .

m mmc m i I de si gm m ,~I

Optiom is: NON E
RIG ID
FLEXIBLE

Defa u l t :  NONI:

OVE RLAY.RESTRICTIO N Option code st ipulat ing restrictions on the  type  of over-
lay to he considered .e

Opt ions: NONE
RIGID
FLEX I BLE

De faul t :  NONE

RANG E .OF .THI CKN ESS Mim>im> > un > and maximum > > thicknesses expected to he em > -
countered ii> lime design of ri gid pa vem il en t s or overlays.
Tl>is mange is used to establish un i t s  for the CSOA a m>d
CSOG ealcu latio ns , b

lIMES Years during the design life in which the user desires a
req uired pavemnent th ii ckness to be cal culated. This vari-
ab le is used to develop thickness vs. time (service I i l ’e)
curves , TI>e first value must be I , and t l>e t i i axim>>u om
value must equal the design life . The number  ut points
must no t exceed 20. If this  vamiable is not part of the  in.
put , the program selects 6 equall y spaced values ( e.g. .  I .
4 , 8, 12 . 16 , and 20 would he used for a design l i fe  of

BASE .TRADEOFF In rigid pavement design , this variable provides lI m e
option of having the program consider a tradeoff be-
tween the thickness of base course and t l>e thickm ies s of
PCC slab. d

Options: NO
TRAI)EOFF

l)e fau l t :  NO

FROST ,DESIGN Ti>i s option code specifies w l > et l >e t  I ’rosl c r i t e ri a w i l l  he
considered ii > Ii > e de s igm> . ’~ (‘A L Ct F LAT i  de lemmi l i rm e s  l i ic
required depth of frost protection for each desigit
scheme. READ is followed by the use r ’s es t ima te  (it t he
required depth of pro tection (in ir>ches).  Both t ime igid
and the flexible design schemes will use this q u a m > t i t \  as
the required depth of nonfrost-susceptible material.

Options: NO
CALCULATE h
READ

Default: NO
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Variable /) eserip tion
EAR’Ii IWORK An opt i om > code which detern > ines wh e t l mer  at> earl i>w ork

analysis will he pertorm ed f~ r the various pav e m im ent
thickness desi gns. PAVEMENT computes the earthwork
quan t i t y  for time paved areas onl y. PAVEMENT.PLUS.
APPROACH includes the earthwor k in airfield approach
zones. The fin al option is to input the cost in dollars
(without the do llar sign) as an integer number,  Ti>is cost
will be included as a lump sum in every design scheme
(i.e., earthwork is then a constant).

Options: NO
PAVEMENT 1’
PAVEM ENT.PLUS.APPR OACH II
(dollar an mo unt)

Default: NO

DRAINAGE This option code determines whether the cost of subsur-
face drainage will be included in the projec i ana iysis. d
YES determines the cost , if any,  of subsurface drainage
for each thickness desi gn. FIXED.DEP 1’H mt mst be fol-
lowed by the required depth (in inches) to the underdrain
(from top of subgrade to center of pipe). The final option
is the user ’s estimate of the total cost of underdrains
(input as an integer without the dollar sign). This will be
included as a lump sum in every design scheme (i.e ,,
drainage is then a constant).

Options: NO
YESh

FIXED .DEPTH h
(dollar amount)

Default: NO

(.[~N I RATE.MAT E RlAL COMBINATIONS Option code which specifies wi>ether subbase combina-
ti ons for the design of flexible pavements will he gener-
ated by the program or input  h y time user , d

Options: YES
NO

Default: YES (i .e,, all combinations generated by time
program).

NI.MBER .OF .StJ BBASE , SCIJEMES If the material combinations are input (i.e.. GMC option
NO), this variable must be used to specify the number of
subbase schemes being considered by the user. Each
scheme designates the combination of subbases to be
used in the design .d

SUBBASE.TYPES This variable is the heading used for reading Ihe subbase
schemes desired by the user . This is necessary if GM(’
option NO is selected. The heading is followed by a series
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Variable Description

of statements (up to 20) specifying SCHEME , a sequence
number , and the m> um h ers of the subbase mater ials wh ich
are to be considered in combination in that  scheme. Time
subbase material nun mbers are t h ose assigned to the
material  in the variable FLEX IBL E .PAV EMENT .MA-
TERIAL.PROPERTIES. d

C [.I MAT E Option code for considering moisture condit iomms ii> the
desig n of flexible pavements. The DRY option is selected
if the annual precipitation is less thai > 15 in .  (38 1 mn>) .
the water table is at least 15 ft (4.5 n> ) below finished
grade , and if the moisture content of the subgrade is not
armticipated to exceed the opt imum. This option reduces
the total  pavement thickness above the suhgrade by 20
percent ,d

Options: NORMAL
DRY

Default : NORMAL

TIME S.OF .OVERLAYS This variable is the heading for the input of overlay
strategies (i.e. . t i> e projected time spacing for overlay s).
The heading is followed by a series of statements lup  to
10) specifying STRATEGY , a sequence number , and the
years when the user predicts the need for s t ruc tural  over-
lays. If the sequence numb er is followed by blanks. it is
assumed that  an overlay will not be required during time
design life of the paven ient. e

MIN IMUM JHI CKNESS .FLEX IBLE .OVE RLAY A decimal number specif ying the minimum > i allowable
thickness for .m flexible over lay.~

Defaul t :  4.0

MIN I MUM .TH I CKNESS .R I GID.OVERLAY A decimal m iu mm > her  specifying ti >e t u im l i mn um allowable
thickness for a rigid overI ay. ’~

Defau l t :  5.0

I3 ONL)ING Timis variable designates whether  tIme bo n d im> g he twe c mm a
ri gid overlay ammd a rig id ex i st i m >g pavem ’n e m > t wi l l  he par t ia l
or unh om ided. C The program will select time more ccmi-
mm omica l of the two when time option is BOTH .

Options: PARTIAL
UNBONDED
BOTH

Default: BOTH

DTYPE Defines time existing pavement ty pe .C

Options: RIGID
FLEXIBLE
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Variable Description
DTIIICKNESS Defines the thickness of the existing pavement ‘ total

thickness if DTYPE is FLEXIBLE , and slab thickn ess if
DTYPE is RIG ID, c

I N I T I AL. I A I I . L I RE Specifies whether  a flexible overlay over a ri gid paveme nt
sy stem mm will he desigime d for i m m i t i a l  failure , If YES , l ime F
t’actor in the overlay design eq ua t i o m> is set lo 1 .0: if NO ,
the factor is det c rm m> ined based on time modulus of sub.
grade reaction. ”

Opt ions: YES
NO

Defaul t :  YES

CONDITION Option code for classifyin g the condition of time existin g
ri gid pavement ; this will be used to calculate the required
thickness of the over lay .e Based on this classifi cation ,
the C factor in the applicable thickness design equation
will be given the following values:

INITIAL.FAILURE — C 0.75 for rigid overlay
C = 1 .00 for flexible overl ay

SHATTERED.SLAB — C = 0.50 for rigid overlay
C = 0.75 for flexible overlay

COMPLETE.FA ILURE — C = 0.35 for rigid overlay
Flexible overlays will not be
considered,

GOOD.CONDITION C = 1 .00 for rigid overlay
C = I .00 for flexible overlay

Options: GOOD.CONDITION
IN I T I AL .FA I LURE
SHATTERED.SLA B
COMPLETE .FAILURE

Default: GOOD.CONDITION

Material Properties

FLEX IBLE .PAVEMENT .MA TERIAL PROPERTIES This variable is the head ing for input of the properties of
flexible pavement design materials. This heading must
immediately precede the list of materi al variables and all
cost data in the input deck. The materi al variables in-
cluded under this he ading are SUBGRADE , COMPACT-
ED, SUBBASE , and BASE. BASE is limited to two
materials; other layers may have up to n ine materials to
be considered by the program. The properties necessary
for each material are : SUBGRADE (number) (CBR)
(density) (thickness) (cohesion) (frost susceptibility) :
SUBBASE (num ber) (CBR) (density ) (cohesion) (frost
susceptibility); BASE (number) (CBR).

34 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Variable’ De’seript ioi:

I l m e
~

e prop er lk ’s are m i m l c t p m e m e d  as fo l lows:
( I )  N m a m m m b ’m is I he sequ emmce ass igi m i’d to dm1 te m i ’ m ml ia t c

b etwe e mm a l le r im at iv e  m m > a l c t  ia l s imm a l aye r .
(2)  l’lme seq uem > c e n u m m m b e r s  for StJ BC RAI ) l  mmmu sl  he

a m m a m i g e d  begim i m>immg w i t h  lime lowest layer .
(3) CBR aimd d em ms i ty  are time values expected j i m t i me field

af ter  co immpa ct ing the material to t i me con stru ctio m ,
speci fi c at i om > . Density is ii> percent of Ci .~ S mmmaxi-
im m um dry dem m si ty .

(4) Time t im i ckness of each > SUBGRAD L’ layer mmmust  he
im mp ut  ( i i i  im> che s) .

( 5 )  Cohesion is specified as ei t h er cohesive or coh me s io ,m
less, This p roper ty  def ines t I me pos t -c ommstruc l io mm
commd it ion of ’ t Ime mm s a t erial s.

(6) Frost susceptibil i ty is desi gnated as ES ( frosl sus-
ceptible) or NFS (nonfrost - suscept ible ) .

(7) BASE CBR rmmust be 50, 80. or 100.

SUBGRADE.COHES ION.IN I)EX Defines the cohesiom i and frost susceptibility of the
natural  subgrade n > ateria l . d

Options: COHESIONLESS FS or NFS
COHESIVE FS or NFS

SUBGRADE ,CBR I)e f’mnes the CBR of the subgrade nmateria l in t l >e na tu ra l
undisturbed state. b

SUBGRADE .DENS ITY Defines time density of the undisturbed subgrade m aterial .
It is expressed as perce n t of CE55 maximut i> dry demmsi ty
(up to a maximum of 100 percent). d

SUBGR AD E. MODULUS Defines tim e nmo du lus of stmhgrade reaction ( in pci) . h

GRAM ! L.A R .BASL.MATER IA L l)escrihes tIme base imia te r ia l ,  This vat i ah l e is mmecess :mi y for
BASE.TRAD E OFF it t  t I > e ri gid pa ve i l me m mt  dcsigtt .’t *

Opt h mns :  WE LI. .GR ADED .CRU SIIE D . M A U I R I A I
N ATI.T RA [..SAND .AND . (, R A V I I.

CONCRE IE .FLEXURAL,STRENGT I1 Defines the design f lexural  s t r c r m g li m of tI >c p o r l l ammd
cement concrete to be used (in psi). b

Cost Data

COMPA(’TI D SUBGRAI )E These dat a define a thickness (inches) vs. cost ( $ )cu r ve
for each material coimsidered , The data strimm g imm cludes:
variable name; sequence number (coinciding with t im a l
assigned in FPMP): an al pimanumeric description in quotes
(optional — no longer than 28 characters) : and a set of

Rigid Pavements for .4 irfields Other Than Armi’. TM 5-824-3 (Department of the Army. 7 December 1970).
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ti mick n ess vs. cost pa i t  s (up  to nine pairs to define t ime
c t mrve ) .  TI m e use of da t a  corresponding to I i i> . (25.4 mmmm ti )
ot mm i a te rial is m u mt ii> 1c m > de d to i mm > p ly t ima I ma IC r ial would
he placed at I irm . (25 .4 mmmii i )  at  that  price , but  ra ther  to
set aim c u d  poin l to tIme cost fund lou t .  (See Fi gure B I .)
For values greater t i ma i m t ime input  data , linear extrap ola .
tion of the final curve segmm ient is performed for all cost
data.

FLE\ l  Bl.E .PAVEMENT .BASE Same as above.

SUBBASE Same as above .

RIGID. PA V E M ENT.BASE Sammie as above.

FLI XI B LE .OV ERLAY Same as above .

I L I X I B L E  PAVEMENT Same as above.

RIG ID.OVERL .AY.PART IAL.BOND Same as above ,

RIG II) .OV ERLAY .UNBO N DED Same as above.

RI GID .PAVE ME NT Same as above, This relationship is also used to compute
the cost of ri gid overlays over flexible pavement.

DELAY.COST .FLEXIBLE .OVERLAY A lump sum (in dollars) reflecting the cost of closing the
facility during construction of a flexible overlay,e

Default: 0,0

DELAY. (’OST ,RIGID .OVERLAY A lump sum (in dollars) reflecting the cost of closing time
facility during construction of a rigid over lay,e

Default: 0.0

DISc OUNT Rate (given as a decimal) used to express costs in terms
of present wortim . This value may include the escalation
rate.

Defaul t :  0.0

ES(’ALATION .RATE Rate (given as a decimal) used to escalate dollar am si ounts
to account for the effects of inflation.

Default: 0.0

C I • .OG RAP HI C .FACTO R Factor used o adjust costs to account for variation in a
project ’s geographic location.

Default : 1 .00
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Variable l)eoription

VE II ICL E .M AI N T ENANC L This v a mi ab l e  allows t h e  usem to in clude at > e s t im m > at e  of
ant ic ipated  vehicle m m i a m t i te n a nc e costs caused h~ pave-
om ent roughness . sl ip pe r immess . or st I oct t mra l  t a i lur c s . C It m a
in put  as a tirmm e ( ears ) vs. cost (S ) curv e .  f i p to ni ne
pai rs of timm ie  and cost d a t . m  can he used t ’  de f i t i e  t I m e
em irve. ‘I ’Imc , > max i n mummm I m ot e mse d m ust he gi e :m te m tI m ~m mm t ime
i mmaxi mn um service l i f e  of tIme fac i l i ty .  Ti m e t o m t l t m s  S a l
ab le is reset at zero af ’ter conmplet i on of ’ eaclm s t m i m L t u f a l
overl ay or I e co i i s Im uc t io t i  a e l i v i t y .  (See Fi g ure 112).

R O 1 T i N I . M A I N T E N A N C E  This var iable  is a gem iera l e s t im > mate  of t ime cost/Sq yd
which is a t > t i c ipate d to be in curred h et weemm s t r u c t u r a l
upgradi iigs (overlay or re construct  hu m ) to  m i > a in t a l m l  a
I u n ct iom sal l y serviceable faci l i ty . ” It is mnpu l  as a t ime
(years) vs. cost (S ,sq di  curve.  Up to mm m c pairs ot ti m e
a nd cost data ca it be used to define t I>e curve. T h e  maxi-
m u m time used mt mst be greater t h an t I me maximum
service life of the facility. Since time cost of main ta in ing
vario us paven ient systetm i s differs , this variable is divided
in to  four categories. each having a cost curve . An example
of input showing the four categories is:

ROUTIN E .MAINT ENAN ( ’ F RIGID. INITIAL.CONSTRUCT ION I .01 20 .03
ROUTIN E .MA INT ENANC E RIGID.OV ERLAY.SYSTEM I .01 20 .08
ROUT INE .MA INT ENANCE FLEX I BLE.INITIAL.CONSTRUCT ION I .01 20 .05
ROUT INE .MA INTENAN CE FLEXIBLE.OV ERLAY.SYSTEM I .01 20 .1 2

The abbreviations RIC , ROS , FIC , an d FOS can be used
in place of the category names in the input .  (See Figure
B3.)

De faul t :  (all ROUT INE.MA INTENAN CE costs are de-
faulted to zero )

MAINT FNAN CE .COST.AN ALYSIS Option code which specifies whether a maintenance cost
anal ys is will he performed.

Options: YES
NO

Defaul t :  NO

M.- \ I N T A I N  DRAINS The est imated cost of maim s ta immi tmg t h >e drain age sy stem .
The decimal 1ollos~. i ng the variable is the cost/sq yd of
paven > ent . The second miu miib er . at m in lc ~ er .  mc t i me year in
whic i> t l m i s  cost will he applied iii the  a m m a l y s i s .  For
exanmp l .. MAINTAIN. D RA INS 0.95 3 indicates th a t  a
cost of ¶0,95 times tI me pave immet i t area will he app lied
every t hird se ar  (i.e.. ii> year 3. 6. 9 . etc . ) .  (See Fig ure
134. 1

D e f aul t :  . t t  I
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Variable l) eseripiion

SI A l.. .J IN 1 S . ( ’ R A ( ’ K S . R I G I I W A V F M I N-I ‘l ’ lm e ‘ s l i m i m a t m _’d cost m i s ea l i mmg jmimls  am i d cm: mcks imm m g id
I a v e mmm e m i t s .  ‘ I l m i c  vat  i : , hmk is i m m p m m t  u t  t I m e  s ami me m m m . m m m m m e m  as
M A I N  ‘IA IN .1) RAINS.

1)e f’at m l t . .02 7

OT EIF R .M A INT E NANCE.FL E X I B[ .E . P AVE MEN T This variable provides lime user wi th  time f lexibi l i ty  of
accounting for  I lie cost of f lexible pave n m etm t > mai r mte na nce
activi ties other t lm an timose specifically listed as variables.
It is input in the  same mm iat m m mer as MA I NT AI N.DRA I NS.

Defau l t :  .0 I

OT II F R.M A INT ENAN ( ’E , RIGID P A V EME N T Ttmis variable is the same is t l m a m  l isted l o r O T H E R . M A I N .
TENANCE .F L E X I BL E.P . \ \ ’ lMIN T except t ima t  it de-
scrib es rigid pave ment mn a im ste nance.

Default :  .0 I

CRACKSEALING .FLEX I BLE ,PAVEME NT As the estimated cost m l  cr ack sea ling for flexible pave-
ments , this variable is followed by one deci mal number
which is the cost per sq yd. This cost is accrued a u m i mua h l y .

Default: .01

SURFA CE .TREATMENT ,FLEXIBLE ,PAVEMEN T This var iable is an estimate of surface t reatments  app lied
to flexible pavements. It is followed by one decti n al
number , which is the surface treatment cost per sq vd.
The cost is applied as follows: if an overlay is not planned
within the first 8 years , a surface treatment is placed
during the fift h year : if an overlay is not planned during
the sixth to thirteenti > years . surface t rea tment  is placed
during the tenth year . etc. If an overlay is scheduled
within the 8-year period, the surface treat i> me n t  is deleted.
and the next 8-year period is begun from the time of the
overlay; when the design life ends withi n the 8-year
period , no surface treatment is placed , and the calcula-
tions stop,

Default: 0.4 1

PATCHING FLEX IBLE.PAVE MENT The cost estimate for this variable is given as cost per sq
yd of pavement. This cost is applied dur im i g each ear of
the design life.

De fault:  .02

REPA IR .SCALING .POPOUT S.RIGIDPAVEMENT Th is varia ble is an estimate of the cost to rep air scaling
and popouts. The input value is in S/sq yd. This cost is
applied using the r elationship:

B - - 4Cost A ( l .  +
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I ‘ariahie Description

wh ere A input value in S/sq yd
B = year beir >g considered
C’ = pavenment area.

B. the year h eimmg coim sid ered . is reset to / e io  at  e.m ci m
over lay.

I )e fau lt :  .01

REPLA CE .SLABS RIG IDPAVE MENT The periodic cost of replacing ri gid pav emm mer> t slabs is
estmmated by this  varia ble , The input value is in S/sq yd;
in. Time yearly cost is determined within  the progra m b y
the product of time inpu t value , the tota l  pavement t imi ck-
ness . the pavet ii emmt area , ar > d a yearl y factor. The yearl y
factor is the percenta ge of slabs to he replaced ii m any
give n year. From past data ,* the yearly fac ors are:

Year 4 6 8 10 12 14 16 18 20 22 24
Factor .04 .13 ,28 ,31 .51 .99 1.16 1.41 1.2 1 .88 .41

Default: 2.0

OTHE R ,REpAIR S,R IGI DPAVEM EN T This var iable provides the user w i t h  the capabili ty of
acco untimig for repairs other th an those specif ’ica lly listed.
TIme cost est i t mmate is i im p u t  by time year in w lmich tIme cost
is i micurred , followed by a I ummmp sum >> d ollar  a i > mo t mm > t .
Costs cam > be inpmm t for up to 10 years. Time is reset to
zero at each > overlay.

Default:  I 0.

OTII ER .REPA IRS .FL EX I BLE .P AVEMENT This variable is time sam e as the preceding variable . except
that  it considers flexibl e pavement repairs.

Default:  1 .0

CLEANIN G, SWEEP ING ,FLEX I BLE .PAV EMEN T This variabl e is an estimate of the cleaning and sweeping
operation for flexible pavermments. The input  is in S/sq yd
of paveme mm t.  The cost is applied by t ime r e l a t i o m mstm ip:
Cost = (pavenme nt arca)( input vahue)(y ear of the ac t iv i ty) .
The year of the activity is reset to zero at each overlay.
Thus , the cost of this activ ity is a linear progression fro m>>
the start of time design life to the time of the first overlay.

Default: .0

C1.L ANING .SWEEP ING .RI GIDP AVEME NT This is the same as the prev ious variable , except t i mat  time
operation is for rigid paveme umt s.

Default:  .0

tMaintenance Cost Predictions for Airfield Pavements. Unpublished Report (C’E RL , 1974).
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~ ‘ariable Des fl pt ion

Traffic Data

VEIII CL E .TYPE A uni que descriptive m m a mmme of time type of vehicle fur
which the facility is being designed. This nat iie nmust cor-
respond with a matching set of data in time Vehicle Data
Bank (see Appendix C), For airfield projects . t h is ~ar i-
able is the name of the ai rcraf t  (e .g.. BOEING-707). For
highway projects , this variable is designated as ROAD,
LOAD. It can be al phanumeric with a maximum of 12
characters. Ten is the maximum number of vehicle types
accepted in one run b y the program. Note that  blanks
are not allowed in the vehicle name .

\ ‘EARLY.TRAFF IC This variable must immediately follow the correspond ing
VEHICLE.TYPE card for airfield problenms , It is the esti-
mated number of aircraft passes per year —one value is

L listed for each year in the design life, The values may
continue on a second card. ’

DES IGN .IND EX .FLEX IBLE This variable represents the traffic volume predicted fom
roadway flexible pavement design. It is given as a single
value from I t o  10 (see TM 5-822-5 for calculation). DIF
and DIR must immediately follow the VEHICLE.TYP E
ROAD.LOAD card .

DES IGN .INDEX .R IGID Same as DIF except for roadway rigid pavement desi gn
(see TM 5-822-6 for its calculation).

PAST .TRAFF IC A sing le numerical valu e estimating the traffic (passes for
airfields am >d 18 kip EAL for roads) previousl y applied to
the facility by a specific vehicle type. It must follow time
corresponding vehicle type in time input. This variable in-
directl y indicates the present pavement Cofldit iofl .e.m

Default : 0

LOAD .CATEGORY This variable is the user ’s qualitative estimate of the traf-
fic magnitude and is required only for airfield design . It
is used to deternmine minimum thickness of surface and
base course. (See Glossary [Appendix Al for a definition
of the option.)

Options: LIGHT
MEDIUM
HEAVY

Default: LIGHT

WANDER Specifies the traffic pattern ott (he facility being designed.
The CHANNEL JZED option should he used for roads.

Options: CHANNEL IZED
UNCHANNEL I ZE D

Default: CHANNELIZE D
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Variable Description

TR AF1 ” JC .A R LA In airfield design , t h mis variable specmfi es time design load-
ing concem itrat ion .b Four categories are def ined : A. B . C.
and D. The Glossary c om mtairm s spe citica tmon s for  each t ra l ’
tic area , For fu r the r  description. co imsult TM ~-~ 24-3

Options: A
It

I )

(‘LASS.OF.ROAI) T lmis varia l) le d ef immes tIme class of roads A t l m m o u g i m F .
based om > time desigmi volumm i e of traffi c. t ’ Speci li cations
for se l ect immg the class of road are contained in TM 5-822-2.

Options: A
B
C
D
E
F

Notes:
a. May be omitted.
b. Must be part of the input.
c . A default value is the value in the option code which is assumed by the program if that variable is not part of the input .
d. ltnneces,sary when the calculation type is MAINTENANCE .
e. Unnecessary wlmen t h e  calcut-at ion type is Dhsl(;N.
f . Necessary only If the READ op t isn  01’ RIGID.STRUCT URAL .ANALYS IS is ctmose n .

If this option is selected , the input deck nmust include the appropriate fi xed-fo rm data card ,
h. Repeated for each VEH I CLE.TYPE.

Fixed-Form Variable Descriptions
In the free-fo mn> input , the user is presented with three options which , if called , require additional data to coin-

piete the anal ysis. The three options are: FROST .DESIGN . EARTHWORK , and DRAINAGE.

J”ros/ /ksign
Fi g i mme 135 is a I ayom ll  sheet d epictimmg the fixed form -nat data card required when time CALCULAT I: opt iomi of ’

i-RO ST.DF SIGN is called . Foll ow immg is a descriptio n of each va r ia bl e on t im e card :

( ‘an!
C’a Iu,mzs Variable Description

1-5 Frost Heading The word FROST in columns 1-5 sign ifies to the program that
frost data is available.

6 Blank.

7- 12 Design Load Enter Design Load (ri ght-justified) in the six-column field (in
pounds). Do not enter decimal point.

13 Confi guration Code Enter a single-d igit numerical code in the range 1 to ~ to de-
scribe the Design Load Confi guration. Codes are :
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C’ard
(i,lup,zns Variable Description

I Sing le Wheel 100 Sq in.  (64 5 cmm i 2 ) contact area.

2 Twim i Asse mmibly Tricycle Gear . 20-in. (S 0S-i m m m i m ) spac immg .
267 sq ii > . ( 1722  cmmm 2 ) iii area for eacim wheel ,

3 = Twin Assembly Tricycle Gear . 37-in. ( 9 4 0- mm t mmm) spacimmg.
267 sq in. ( 172 2 cmmm 2 ) contact area for each w lm e el ,

4 Sing le Tandem Assemm ib ly Tricycle Gear . 60-in. ( I  5 2 4 - m m )
spacing, 400 sq in. (2580 cm 2 ) contact area for eac i> wheel ,

5 = Twin Tandeni Assembl y Tricycle Gear , 31 X 63 in. (787 X
1600 m m )  spacing, 267 sq in. (1722 cm 2 ) contact area for
each wheel.

6 Twin Assembly Bicycle Gear , 37-in. (940-mm) spacing.
267 sq in. (1722 cm 2 ) contact area for each wheel.

7 = Twin Assembly Bicycle Gear , 37- to 62-it > . (940- to 1574-
m m )  spacing, 267 sq in. ( 1722 cm 2 ) contact area for each
wheel.

8 = Road Load,

14-15 Traffic Area Code A single , right-justified , alphanumeric character. (For airfields
the traffic area [A through E] and for roads , the design index
[1 through 10] , with 0 representin g design index of 10).

16 Blank.

1 7-2 1 Design Freezing Index Design Freezing Index entered right-justified (in degree days), *

22-24 Total Depth of Frost Penetration Total Depth of Frost Penetratio n entered right-justified (in
inches). *

25-30 Blank.

31 Minor This field is used to indicate whether time pavement is of minor
classification. See TM 5-818-2 , p 6, Table 2.
Code is: X = Minor Classification

Blank = Not Minor Classification

32 Frost Group Enter a single-digit Frost Group code in the range of I to 4 to
describe the engineer ’s jud gment of the subgrade composition
with respect to frost design conditions. See TM 5-81 8-2 for
definitions.

= Fl

*The user must use either Design Freezing or Total Depth (not both),
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Card
Columns Variab le Description

2 F 2

3 = F3

4 F4

33-34 Moisture Enter the percentage of water content of time sub grade immater ia l
(ri glmt -justified ) .  The following mmio isture content ranges m > must
be used for (lie respective dry weigh ts:

‘yd ( pct) mm m / c ( ~~)

100 5-20
10 1- 11 5  5 - I S
116-134 5-7
135 2-7
136-I SO 2-5

35-39 Horizontal Variability Enter a single-digit numerical code in the range of I to 4 to
indicate Hori i.ontal Variability. Codes are :

= Unifo mnm

2 = Slig ht ly  Var~ah1e

3 = Variable

4 = Extremel y Variable

4 142 Moisture Content Enter time percentage of water content of the Base Course
Material (rig ht-justified).

4345 Dry Unit Weight Enter the Dry Unit Weigh t of the Base Course Material . Value
must be in the range of 100 to 150 pcI (pounds per cubic
foot) (1602 to 2403 kgfm 3 ). See relationsh ip given in de-
scription of moisture variable.

4647 Blank.

48-80 Comnients Enter any comments which will appear on time rep ort.

Earth work
Fixed format data cards are required if the PAVEMENT or the PAVEMENT.PLUS .APPROAC H options are called

for  time variable EARTHWORK. Figure B6 illustrates the I I  card types used. The contents of each card are defi rm ed
below .
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Card Card
Type thlumus Description

A 1-2 TL~-(Terrain L t iv)  Identifies heading for end points of survey
base line.

3-1 0 Blank.

11-20 North-south coordinate of base line starting point.

2 1-30 East-west coordinate of base line starting point.

3140 North-south coordinate of base line end point.

4 I-SO East-west coordinate of base line end point.

B 1-2 TD—(Terrain Data)* Identifying head ing for the coordinates
and elevations of original ground cross section. Limited to 100
cross sections with 20 points per cross section.

3-10 Blank.

11-20 Distance (in feet) along the base line (proceeding up-station)
from the origin to the point of the cross section.

21-30 Transverse distance from the base line to the cross section
elevation point— .(+) for right and (—) for left of base line.

3140 Elevation of the cross section point.

41-50 Blank .

51-60 Distance along base line for next cross section point.

61-70 Transverse distance to next point.

7 1-80 Elevation of next point.

C 1-3 TDR—(Terrain Data Read) * Identifying heading for deter mni n-
ing cross section elevations directl y from the survey data.

4- 10 Blank.

11-20 Distance along base line to the point of the cross section.

21-30 Transverse distance to cross section point.

3140 Heigh t of the instrument.

4 1.50 Rod reading at the point.

‘This card is repeated as often as necessitated by the data.
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Card Card
Type Columns Description

I) 1-7 PGLENDS~—( Pro fil e Grade Line End Points) Ident i fying Imead-
ing for coordinates and elevations of the beginning and end of
t Im e pavem > me lmt center line.

8-10 B lank.

11-20 North-south coordinate of the profile grade l imme st ar t ing po im i t .

2 1-30 East-west coordinate of the profile grade line start ing point .

3140 Elevation of the starting point .

41-50 Blank.

SI -60 North-south coordinate of the profile grade line end point.

6 1-70 East-west coordinate of the profile grade line end point.

71-80 Elevation of the end point.

E 1-6 PGLBRI(—(Pr ofile Grade Line Break Points)* Identifying
heading for the distance to and elevation of break points (i.e. .
changes in slope) in the profile grade line. Limited to tmine
break points.

7-10 Blank.

11-20 Distance from> > the PGL starting point to the first break po ini .

21-30 Elevation of the first break point.

3140 Distance to second break point .

4 I-SO Elevation of second break point.

SI  -60 Distance to third break point from starting point of PGL.

( 1-70  Elevation of third break point.

71-80 Blank ,

F 1-3 TMP— (Temp late) Identifies imeading for defining the width of
earthwork used in calculations.

4-10 Blank.

I 1-20 Distance from PGL to left edge of section entered as a negative
number.

‘These data may be repeated up to three cards .
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(‘ard Card
Columns Description

2 1-23 0.0 - - a constant.

24-3( 1 Blank.

31 - 41) I ) isla m ic e l r mnmi  l~Gl .  t o  m i g h t  ed ge ot sec ( imm m m e i m l e , e m l  as . m
t iumber.

4 1-43 0.0—a constant ,

44-80 Blank.

G 1-4 EL 1M—(E levat ion Limits) Identifies heading wimich establishes
limits on highest and lowest elevations to be considered in the
calculations.

5- 10 Blank.

11-20 Upper elevation limit established by specifying increment (in
feet) above highest elevation point in the terrain data.

2 1-30 Lower elevation limit established by specifying increment (in
feet) below the lowest elevation point in the terrain data.

31-80 Blank.

14 COST—Identifies card containing cost of cut and fill.

5- 10 Blank ,

11-20 Cost of excavation in S/ cubic yard.

2 1-30 Cost of fill in-p lace in S/cubic yard .

1-5 APRUN— (Approach Zone)* Identifies heading for the approach
zone plan geometry.

6-10 Blank.

11 Approach zone number—I through 9.

1 2-20 Blank.

2 1 -30 Length of prism for volume calculations in the approach zone.

31-40 Width of approach zone.

4 1-80 Blank.

‘This card may be repeated as necessary to account for changes in the glide slope or width of approach, Up to nine zones m a y  be
used.
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Card (ard
Type C’olumns Description

J I - S  APEN I) (Approac h Zone End Po ints ) ’ lde m t i fies Imea diimg fo r
coordi nates amid e leva t i o m is of tIme appr oa cim t omm e end p o m m i t s .

10 Rlz mmm k -

I Appr oac im ,.omm e mmum i mb c m ( I  to () ) co immcmdm m mg wml l m m m m , mm mi , e ,  to m
card type 11.

12-20 Blank.

21-30 Nortim -south coordinates of the bcg in m m m:m g of time appr oac im
i.one s~ ...’ f l .

31-40 East-west coordinates o1 the beginning of the approach lone
section ,

4 1-SO Elevation of the beginning point.

51-60 North-south coordinate of the end of the approach lone section.

6 1-70 
- 

East-west coordinate of the end of the approach lone secti on .

7 1-80 Elevation of the end point.

K 1-3 RUN -—(Run Car d) Identifies heading for commands regard im ig
options. Must be last card of time Earthwork fixed- fo rm im al data .

4-10 Blank.

11-20 l.,ength (in feet ) of prism >> to he used in tIme eart i>w ork volume
calculations.

2 1 Extrapolatio n option code. Wimen earthwo rk calcula tions ex-
ceed the furthest point in the orig imma l groum id cross section . t ime
program can be requested to extend the cross sectio sm h~ am >
extrapolation of the final two points in the section.

Options : 0—No extrapolation allowed.
E—Extrapo lation witim message indicating where

extrapolation occurred.
X — Extrapo lation witimout message .

22 Mass diagram option code.

Options: P— A plot of the mass diagram will be placed omm tape
OUT S.

Block —No mass diagram >> plot is calculated.

‘Ttmi s card m a y  he repeated as necessary to account for changes in the glide slope or width approach. Up to nine zones may be
usc d .
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Card Card
Type thlumns Description

23-30 Blank.

31-40 Distance from the start in g point of PGL at which earthwork
computations begin.

4 1-50 Distance from the starting point of PGL at which earthwork
computations end. Note: The length of the earthwork calcula-
tions must be less than or equal to the length of PGL ,

5 1 -80 Blank.

Drainage
Figure B7 depicts the fixed -form imat input card which is required if the YES option of the variable DRAINAGE is

chosen. Each item on the card is defined below. The geometry of the section required as input is shown in Figure B8.

Card
Columns Description

I -b DRAINAGE --Identifies heading used to signify drainage data
card.

7-1 0 Blank.

11-13 Depth to ground water table from the top of pavement (in
inches). (Right-justified integer.) If large r than 999 in. ( 2 5 1 5
mm), enter 999.

14-lb Blank.

I 7-20 The effective porosity of the base course material expresse d
as a decimal.

21-2 5 The drainage length (see Figure B8) expressed to the mmearest
tenth of a foot.

26-33 The permeability of the base course (in feet /mm .). This value
is expressed in E notation (e.g., 2.2 X IO ~~ = 2.2 E— 5).

34-3h Vertical height of cross slope (see Figure B8) expressed as a
decim al in inches.

3943 Longitudinal length of drainage line (right-justified integer).
The default value is the length of section from the free-form
input.

4448 The unit cost for trench excavation (in S/cu yd) which may
have two decimal places.

49-53 The in-place unit cost for filter material ($/cu yd) which may
have two decimal places.
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Card
I)eseri,;iioii

l I m e  i im .~i l;i~m.’ m ii m i t  & i y ~t m i t  m m m m s l e , t l m a i m m  iu1 l 5 ( ’(’ ~h l m m t t _ h l  I m i i m I ) s s l i i ~l i
mm may im av e Iwo d ’ c mmmm al  p lace s .

59-63 Time l om i gi tudiumal  siope of tIme pipe expicssed as a t o um -p km ce

decim im a l . Time j mmi m mimmmu t mm slope . wh elm is also tIme de fau l t  value , is
0 .0015.

64-68 The Manning Roug hness Factor expressed as a three-p l ace
decimal, Usual values are .013 for a smooth pipe and .024 for
a corrugated pipe.

69 The number of sides to which the pipe outlets drain.

0—Outlets not considered.
1 —Al l outlets drain to one side.
2—Outlets drain to both sides.

70-72 The average length of outlet pipe (in feet) as a rig ht-justified
integer. The default is 25 ft (7.5 m).

73-80 Blank.

2 I ‘ 6 ’ 8 10 2 1 4 ’

COST (i/sq. yd.)

Figure B l .  Construction material cost curve.
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10 1 20 ’ 30 ‘ 40 ‘ 50 ‘ 60 ‘ 70’
COST (91000)

Figure B2. Vehicle maintenance cost curve.

_ _ _ _

2 ‘ 4 ‘ 6 ‘ 8 ’ lO ’ 12 ’ I4 ’
COST (I/sq. yd )

Figure B3. M&R cost curve .
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Figure B4. M&R periodic costs.
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KEY: Ho: Height of cro ss-slope
H: Thickn ess of base
D: Drainage length
0 = Diameter of pipe
DIP Depth to pipe
DGWT Dept h to ground wat er
DF= Depth of frost penetrati on

Figure B8. Typical underdra mnage cross section.
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APPENDIX C:
VEHICLE DATA BANK

Pa v e mm w m m t d c smgmm requite s  knowledge of t i m e  c l ma ra c te r i s t i c s  o f v e lmicu la r  t ra f f ic  a m m t i c i p at ed to US~ t I m e t a c i l t t ~ - \1 ist
me t t ime t r a f f ic  dat a m e qi m mee d  i m i t ime 1.11 - 1-2 ~t muml ~ sis is imi mm a te  t~ t ime ty l ) e me t s e lmic l c  l i i i  w l mi c l m t Ime  t ae i I i t ~ m~ des igned
:m m m d t lmere imi r e  ms m mol subt ect to cl matm ge . I l m i m s . to dcc ie:ms e t Im e  imw’ i tmm p t mt m c q i m m m e m m m e m m t s . vel m kIe cI m am ~m~t e i l s t k  t m m I o m m m m ~i—
li on can be ctmi mmpi l ed iii a data bat m k - Th is a ppe rm d ix describes time l or imma t  a mmd com m te mm t s oh t ime  velmic l e d a l i  h.m mmk used
by t ime L IFE2 progr am. This data bammk co ola imis l ime necessary t raf f i c informmmat iom i  (except for vo l ummm e s )  f o r  consider-
ing roadway pave mmien t s as well as airfield pavemmm ei m t s . Procedures for up mla t i mmg imm l ormmm a tion imm time data  bat i k  a mmd l m r
adding other ve lmicles is pr ovided im i Vo i ummme I I .

Data Format
Timirt e em e card s  are necessary tim code tl tc  i n f o m i t m : m t m o m t  I~m r e :mch type of sel mic le . l I m e t i rs t  eig ht cards I w m t : m m i I  t o  m i g iti

pavem m me mm I desigmi , wh ile the last live pert :m imm to f lexib le pav en m e mmt des igmm - Time dat a ham mk imses a fixed to m mmm a t  -

I tems contained in eacim card amid ti m e required input format are described on pp 56. 57, *

Vehicle Data Bank Content s
Time vehicle data bank presentl y used with the LIFE2 program contains information about 33 vehicles. T lmis

includes information for 32 aircraft and one set of data for road desi gn. Vehicles contained in the data bammk are.

Road-Load
Heavy-Lo ad C-I24 C
Medium-Load C-130E KC-97G
Light-Load C- l 3 5A KC-135A
Special-Load C-l4OA Boeing-707
B-47E C-1 4 1A Boeing-727
B-52 F-4E Boeing-747
B-57B F- 104G DC-S-JO
C-7A F-I I A  DC-9-30
C-8A A-7D DC- I 0 -lO
C-54G A-26A Cummv ai r -880
C-I 23K HC- 130H C-5A

Figure C3 is a com puter  pr in t out  of the vehicle data bank contents. The information , as shown , conforms to time
fi ,rn mat giv em i i m m t Ime i) ata Format sect i um m

Use of the Data Bank
The vehicle data hank used with  the LIF 1— 2 program can he a mul t i p le fIle (as prese tmted in time Vehicle Data Bank

C~ ,mte pzt s secti otm ) or a retaimmed s ingular  file for atm individual project.

The im iultip le file would contain data about vehicles which could be required as design traff i c.  This file can be
retained on a computer card deck , a magnetic tape . or a computer disc file. The entire  file would time n be called by
LIF E 2 and searched for t h e  required vehicle types.

The singular file would be developed for a specific project. It would contain only time vehicles being considered as
design traff ic  for a specific proble mi m.  The data (coded as in the Data Format section) should he placed on computer
cards and inpu t  after the LIFE 2 contro l cards.

‘Although the descriptions sometimes use aircraft terminology, they arc applicable to roadway vehicles. Data for ( -5A .m mr c r , mtt . if
used, should always appear as the last vehicle En the data bank , because of its unsymmetr ical landing gear configuration. Tt mc- cone-
plete vehicle data bank mrm ust be followed by a card having a dollar sign ( 5) in columnn I. 
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Curd Card Input
Type Item Column Format Description

A I I Al  Dollar sign ($) required to signify beginning of data for a par-
ticu iar vehicle.

2 2 - l .  A I 2  VE I1I CL E ,TYP E

3 1-40 At) R IG ID

4 1 -4’) Blank

4 50,5’) F 10.5 Pass/coverage ratio for cha mmne l i i ed traffic.

5 60-6’) F 10.5 Pass/coverage ratio for  ummc l mammne l ized traffic.

77-78 12 Designates type of gear: 01 for tricycle; 02 for bicycle. Specify
01 for road design.

7 79-80 12 Designates wheel type : 02 for twin-tandem; 00 for all others
(including Road Load).

B I 1-50 A50 VEHICLE.TYPE

I 1-10 FlO.O Weight/gear for airfields and weight/axl e for roads (lb).

2 20-30 F 10.0 Wheel contact area (sq in.).

3 3 1-40 F5.O Number of gammas (set equal to 1; i.e., onl y one gear locatio ,m
will be considered in LtFE2—see Figure Cl ) .

D 1 1-10 FlO .0 a

2 11-20 Fl0.0 b
Gear spacing parameters—see Figure C2.

3 21-30 F l0 ,O c

4 31-40 Fl0 .0 d

5 4 1-50 FlO .O Number of deltas (set equal to I :  i.e., only one gear location
will be considered in LIFE2 --see Figure C I I .

6 5 1 -60 F lO , O Number of a-G pairs; i.e., extra pairs of pavement stress and
the correlative gear load to be considered (set equal to 0).

I 1- 10 FlO .O na

2 11-20 FlO .O n b
Gear spacing parameters—see Figure C2.

3 21-30 FlO.0 n
C

4 31-40 F 10.O n d

56
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Car d (_‘ard I npu t
rm ’p t ’ itet~t Co/upon I’~ermat Description

5 4 1 -~~~() H o t )  Time t i re  pr im i t  w i d t h / t i m e  p i i mm l  le mm g t l m . ( l ) e l a u l t  v ; mh m e
is I .667 iI~ m m m t  e mm lc ted .  I

I - I 1 — 1 0  1: 1~ 10 Beta. T lmi s p a r a m m m e l e r  pmm sv k i es c o m m t m o l  t e e m  t i e t eme mm mm m i m ig  l ime
n um e mbe r of points used to de te r m m m iime I lie slmap c mit t ime f i l e  pr l m m t
perimeter. (Set equal to 75.)

G 1 1-10 F 10.0 Gamma. A gear locatiomm parameter -see Figure C I .

II 1 1-10 F lO .O Delta. A gear location parameter - see Figure C I .

I Dup licate of card type A. except FLEXIBL E rep laces R IGII )
irm co lt mn m . ns 3l_4 0 . *

.1 1-7 1 -70 71:10.0 Equivalent single-wheel loads for seven pa vemmment ti i i ckmm esse s . * *

K 1-7 1 -70 7E lO.O Equivalent single-wheel loads for seve n pavenment timi ck ime sse s .

L 1-6 1 -60 6E IO. 0 Equi va lemmt simig le -wim eel loads for six pavemen t th ickmme ss es.

M 1 1- 10 F 10.0 Tire contact area for omme wim eci (sq in. ) .

2 11-20 Fl0.0 Nuniber of wheels used to compute equivalent single-wheel
loads.

F

‘I-or t win-tandem wheels , the pass-mo-coverage ratio for flexible pavements is m,ne-half that of rigid pave nments;Ie owever . imi m.mm dmn g
t hese data , the rig id value is use d on both Card A and Card I . and t he reduction is perfo rmed in the program.

“Card types 3. K , and L contain the relationship of ESWL to pavement th ickness. The thicknesses used in airfield tlesi~me ar c I. 2 .
3. 4, 5 , tO , 15. 20, 25. 30, 40. 50, 60 , 70, 80, 90 , 100, 120 . 140 , and ISO. h e r  road desi gn, the t hickness es are: I . 2. 3 4 , ~ . 6 . 7 . tI .

9, 10 , 12 . 14 . 16 . 18 , 20. 22 . 24 , 28, 32 , and 36.
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Figure CI - Description of gamma delta parameters. (From W. C. Kreger , Computerized Aircraft Ground
1-lota t ion Anah’sis Edge-Loaded Rigid Pavements, Report ERR-FW.572 [General Dyn amics
( m e m p . .  I”76 1 .)
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Figure C2 . WImee l cotmfigura ti on spacing paranmeters. (From W. C. Kreger . c’omputerized A ircraft Ground

Flota tion Anal sis Edge-Loaded Rigid P aveme,zts, Report ERR-F W -572 IGeneral Dyn anmic s
Corp.. 1967 1.)
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Figure C3. Vehicle data bank contents— September 1977.
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APPENDIX 0:
LIFE2 INPUT WORKSHEET

~~ LII [- .2 lililUt \~ 4I Tk SI(CCt IIJS bccii ~kVclI4pcd ( 41 t ac i l i late l)R g Tai l l  iil ~~1i( p iepa ra t iX I l i .  l l l i% woiksl icci  _ I pp c i i ~ t I l l

the kIltowlilg pages and h a s  been designed too local reprtld lict ion. It contains a lisiiiigot all plogi llil vaiij l’lcs .11 Ia I I f & ’ II

Lat eg(irIcallv as pet- Appendix B. Instruct ions to the designer and to the keyp ti :icloei a te also piovided (Iii (lie w o tk-

sheet -

LIFE2 PROGRAM INPUT

Pr oject: 
—— 

Section:
Date : Trial No.:
Designer: _____________________________________________________________________________

IflStfl4 Ct ions

Designer: Fill in input value or option desired for each variable to be used in the analysis in accordance
with the LIFE2 User Manual. Strike out variables which are not requir ed or for which the default value is
desired .

Keypuncher :  Th i s data is in free format.  Columns 73-80 are (sot to be used. Do not leave more than 9
blanks at the beginning of a card or between any entries on a card. Dollar signs (S) may never be used. The
italicized headings should not be coded and blank cards should not be included.

General Infor m ation

Variable Inpu t or Option

NAME.OF.BASE
LOCATION.OF.BASE
IDENT IFICATION .NUMBER
GENERAL .DESCR IPT ION

Design Data

Variable Inpu t or Op tion

CALCULATION TYPE
DES I GN.L I FE -

LENGTH .OF.SECTION
WIDTF -L OF.SECTION
RIG ID.STRUCTURAL.ANALYS IS
DESIGN.RESTRICT ION
RAN t~; E.OF THICKN ESS
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Variable Inpu t or Option

TIN1 ES

BASE TRADEOFF ~~ 
- - __________________________

IROST.DESIGN 
______ _______________________________________________

DRAINAGE 
.

EART HWORK
C LI MATE 

_____ _________

G EN E RA TE .MA IF R IA L .COM BIN ATIONS
NI. iM I3I R.OF .SUBBAS E. SCIII ME S
S V BBASE TYPES

S C I h I M I :  I 
- ____________________________________________________________________________________

S( ’IIIi ME .2
SCHEME 3
SCh EME 4

OVERLAY. RESTRICTION
MINIMUM .THICKNESS.FLEX IBLE.OVERLAY
MINIMUM .TI-IICKNESS.RIG ID OVERLAY
TIMES.OF.OVERLAYS

STRATEGY I
STRATEGY 2
STRATEGY 3
STRATEGY 4
STRATEGY 5
STRATEGY 6

BONDING
DTYP E

DTHICKNESS

IN I TIAL .FAILURE 
____ _________________

CONDITION
FLEXIBLE.PAVEMENT .MATERIAL.PROPERT I ES

SUBGRADE

COMPACTED

SUBBASE

BASE
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I ari uhle I nj mimi ~r (1/Jill Ill

St B GR AI )E. CO IIESION.INI ) I x 
- — -

L_~~u ;RA1 1:~ 8R 
______

I
- SV RGRADLDEN ~~Ty 

—~~~~~~~~~ H
SI BGRA[)E MO[)[JLtrs 

_______ - ___________ ______________________ ____________ 

1
~~~A~~lii~R.BASEMATELW\L 

- _ _ _ _ _ _ _

CON CR IT I : .FLEXU RAL .STR EN G TH

(‘ost Data

I enable Input or Option

( UMPA( [I-D.SI. BGRMW 
__________________________

FLFX I B IF PAy FM ENT.BASE

L~~~~
]B BASE 

— _____ ______ _____-_____ _________________________

1. - -— — — — ~~~~~~ - — ———--__ — -  — _____________________________

R l( . II ) .  PA VI ME NT . BA Sh:
I- LI X IB L I : .PA V E M ENT 

________

FLEXIBL E OVERLAY
RIG ID.OVERLAY.PARTIAL. BOND
RI GID.OV ER LAY.UN BONDED
DE LAY .COST.FLEX IBLE.OVERLAY
DELAY.COST.R1GID.OVERLAY

DISCOUNT 
_______ ___________________________________________________

ESCALATION RATE
GEOG R APHIC~FACTOR _______________________________________________

I VEHICLE .MAINTENA N CE
P ROUT INE .MA INTE N ANCE RIGID. INITIAL.CONSTRUCT ION

ROUTINE.MAINTENANCE RIGID.OVERLAY.SYSTEM

ROUTINE.M A INTENANC E FLEXIBLE .INITIAL.CONSTRUCTION
ROUTINE.MAINTENANCE FLEXIBLE .OVERLAY.SYSTEM

MAINTENANC E .COST.A NALYSIS 
-_______________ 

_____

MA1N TAIN. DRAINS ________________________________________________________
SI: \E.JOINTS.CRA ( K S .RIGIDPAVEMENT _______________________________________ —

HCRACKSLALING.FLFXIBLL.PAVEMENT

(. 1.1 A N I N ( . S W E F P I N G RI (; ID PAVE M ENT
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~~~ ar iahle Input or Option

(1 l-ANING.SWELPING.FL [.XIBLE.PAVEMENT

[ P A T ( I I I N G . I - I I X I B L L . P A V E M F N T  
- - _______________

RI PL ACI .SLAI3 S .RIGII ) PA V I :MI N I

SL R1’A CE .TR LAT M F NT. F L FXIB L E .P AV I :MI NT 
________

RI P Ai R . SCAL iN Gj ~OPO V TS .R I ( , IDPA V iM E NT 
-— __________

I 
01111 R .MA INT E NANC E .R I CI DPAVEM E NT 

- ___________

01111- R .MA(NT [ : N ANd ] LI XIBL E .PA V EM liNT
LU TIU ;R .REPAIR s .R l( ;I I PA vE MENT 

______ ________ _________________

OrHFR. R EP A I RS FLEXJB LI  PAVEMENT 
___  —-___________

Traff ic Data

Variable Input or Option

-~~ VEHICLE.TYPE

~ DES I GN. INDEX
L~.

VE II I CLE.TYP E
YEARLY .TRAFF I C
PAST.TRAFF IC
CONCRETE.STRESSES.OVER.ASPI-IALT 

—_____________________

CONCRETE.STRESSES.ON.G RADE
-
~~ ~~ VEI IICL F .TYPE
= 1511
-
~~ ~ YEARL \  TRAFFIC

~~

CONC ETE STRESS ES OVER .ASPHA LI

CONCRET E .STRESSE S.ON .GRADE
LOAD.CATEGORY
WANDER
TRAFF I C.AREA

END OF INFOR MATION
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APPENDIX E:
LIFE2 EXAMPLE PROBLEM

Th is appendLx provides a life-cycle design analysis for an airfield runway to exemplif y use of the LIFE2 program.
The program input is described followed by an exp lanation of the output.

Input
NAMEOF .BASE 

(The user may insert the name of the base or area in which the project is to be constructed. The name must he
enclosed in quotes.)

LOCATiON .0 F. BASE
(The user may insert the location of the project in quotes. )

IDE NT I F I CATION .NU MBER “EXAMPLE PROBLEM ”
(The user may insert an agency or organizational identification number u n  quotesj for this project.)

( ;ENERA L. lwscRl PrIoN “AIRFIELD RUNWAY LIFE-CYCLE DESIGN ”
(The user may insert a general description of t h e  project t in quotesj.)

CALCULATION.TYP E LIFE -CYCLE

DE SIGN.LIFE 25

LENGTFLOF.SECTION 90

WIDTH.O F .SECTION 90

FROST .DESIGN READ 30
(The READ option bypasses the frost design analysis and can be used when depth of frost penetration is
known for the project site. The 30 in the examp le is the depth in inches which will be used in the program as
a constraint for complete protection against frost penetrating the subgrade.)

EARTHWORK PAVEMENT
(The PAVEMENT option indicates that the program will calculate the earthwork quantities and costs for the
paved area. This option requires an additional set of data on fixed fo rmat cards which appear later in the input
deck.)

DRAINAG E YES
(YES specifies that the analysis will consider whether underdrains are necessary . This option requires an addi-
tional set of data on fixed format cards which appear later in the input deck.)

RIGID .STRUCTURAL.ANALYS IS READ
(This indicates that  CSOG and CSOA are known and will be included as input. The stresses are input with the
associated VEHICLE.TYP E .)

RANGE .OF.TIII CKNESS IS 35
(This is the user ’s estimate of the range of thickness of rigid pavement for which the structural anal ysis data
[CSOA and CSOG J may he required in the problem.)

DESJGN RESTRICTION NONE
(Both rigi d and flexible desi gn schemes are to be considered.)
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BASE.TRADEOFF TRADEOFF
(This indicates that a tradeoff between base thickness and rigid slab thickness is to be executed.)

GRANULA R .B AS L .MAT L R IAL NATUR AL. SAND.AN D GRAV E L
( In per to rn o ing the TRAD E OFF , a revised subgrade modulu s will be determined for each base thickness the
pr~ gra iii co iisiders. Ihe  rev ised value is derived from data appropriate to a base mat erial th at is categorized as
N Li RA L SAN D A N  D.G RA VEL

C ON D I I I O N  SUA T T L R I D.SLAB
Fli e calculat io n ot ov erlays for rig id pavement designs generated in this run assu m es tha t  the s t ruc tura l  condi-

tion at the time of the overl ay can be classified as SUATT ERED.SLAB Isee definition in Appendix BI - )

ltO\DIN(. 130111
(The program will conskter b oth partial  and unbon ded conditions f or  rigid overlays on rigid pavement. The
least exp cn sive w i ll he selected tor each strategy.)

I N I T I A L . F A I L U R F  YE S
(Th is specifies that  flex ible overlays on rig id pavement wi ll be desi gned for initial failure , thereb y establishing
the overlay design factor.)

GENERATE .MATER IAL.COMBINAT ION S YES
(In flexible pavement design , the program will generate all possible layer combinations.)

CLIMATE NORMAL

OVERLAY RESTR ICTION NONE
(Both flexible and rigid overlay s will be considered.)

MINIMIJM.TFIICKNESS.FLEXIBLE.OVERLAY 4.0

MIN I MUM.TH I CKNESS .RIG ID.OVERLAY 6.0
(These two cards specify the noinimum allowable overlay thicknesses; calculated thicknesses less than the mini-
mums will be revised to those thicknesses.)

TIMES.OF.OV ERLAY S
STRATEGY I
STRATEGY 2 10 20
STRATEGY 3 14 20
(The above data indicate that  three overlay strategies are being considered; no overlay in the design life , over-
lays at 10 and 20 years ; and overlays at 14 and 20 years.)

FLEXIBL E PAV E MEN T.MATER IAL PROPERTIES

SUBGRADE I 5 96 12 COHESIVE FS
(This card specifies that the subgrade material has a CBR of 5 and a density of 96 percent of maximum for a
depth of 12 in. [305 mm] ,  and that it is cohesive and frost-susceptible.)

COMPACTED 1 15 100 COHESIONLESS NFS
(This card specifies that the compacted subgrade [select material layer] has a CBR of 15 , in-place density of
100 percent , and that it is cohesionless and nonfrost -susceptib le.)

SUBBASE I 50 100 COHESIONLESS NFS
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SUBBASE 2 30 100 ( ‘OIIE SIONL I SS NI :S

SUBBASE 3 22 100 ( ‘OIIE SIV I : I s
(The SUBBASE cards provide the (‘BR . itt-p lace density,  cohesion , and tr o st-sus c ep ti hi l i t v i lata tin iliice , I V I I I -

ab le moo at erials )

BASE 1 100
(The base material has a CBR of 100.)

SUBGRAD E .MODULUS 75

SUBGRADE.CBR 5

SUBGRA I)F.DI NSITY 90

SIF B GRA DE .COIIE SIO N. IND FX COHESIVE ES
( [ h i s  set of suh grade cards provides the characteristics of the naturall y occurring roadbed mater ia l . )

CONCRI TLF LFXU RAL.ST RE N ( ;T 11 600

I)ISCOUNT 0 10
( Rate used to discount costs to present worth. )

ESCALAT ION.RATE 0.05
(Rate used to account tor the effect of inflation.)

GEOGRAP HIC .FA CTOR 0.95
(Th is indicates that  the unit  costs used in the problem are 5 percent higher than the anticipated costs at the
project site.)

COMPACTED.SI~BGRADE I I .10 30 1. 1 5

FLEX IBLE.PAVEMENT.BAS E 1 1 .35 50 17.50

SUBBASE I 1 .60 40 8.00

SUBBASE I 50 40 6.00

SUBBASE 3 I .35 40 5.10

FLEX IBLE.PAVEMENT I 35 40 30

RIGID.PAVEMENT.BASE 1 .50 40 8.00

RIGID.P AVEMENT 1 1 30 35

RIGID .OVERLAY.PART IAL.BOND I 1.1 30 33

RIGID OVERLAY.UNBON DEE ) I 1.2 30 34

FLEXIBLE.OVERLAY 1 .65 20 13.
(The above I I  cards present cost data for each material which will be considered in this problem.)
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DELAY.COST.RIGID.OVE RLAY 35000 1

DE LA’t’.COST.FL EXIBLE.OVE RLAY 15000
(These two variables provide the estin sated cost incurred b y users of the facility during cessation of operations
b r  con s t ruc t ing  an overlay.)

VFII ICL E .MAINT E NAN CE 1 1000 15 10000 25 50000
(This is an estimate of the cost function which defines user costs incurred from rough or failing pavements.)

ROI J TIN I: .MAI NT EN AN CE RIC I .01 10 .10 25 .35

R U V T IN I . M A I N T E N A N C E  ROS I .01 10 .1 7 25 .33

R OL JTIN E .MAINT E NAN CE I - I ( ’  I .01 10 .08 25 .40

R OU TIN E .MAINTENANCE FOS I .01 10 .20 25 .40
(The above four variables define the estimated cost functions for total maintenance and repair activities for
four conditions:
RIC —-rigid initial construction
ORS -— rigid overlay system
FIC —flexible initial construction
FOS— flexib le overlay system.)

VEHICLE.TYPE HEAVY-LOAD

YEARLY .TRAFFIC 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500
500 500 500 500 500 500 500 500 500

CONCRETE.STR E SSES.ON.GRADE 881.7 730.6 623.3 533.3 462.8 403.5 354.7 318.7 287 .7 261.4

( ONCRETE.STR ESSES.OVER.ASP I-IALT 722.8 598.7 503.1 431.8 379.8 336.6 301.0 27 1. 1 244.5
220 .2

(The above two cards list concrete stresses on-grade and over asphalt for 10 pavement thicknesses. These data
are required for each VEHICLE.TYPE when the READ option of RIGID .STRUCTURAL .ANALYS IS is
selected.)

VEIII ( LE.TYP E C-SA

YI ARLY .TRAFF I C 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500
500 500 500 500 500 500 500 500 500

CONCRETE.STRESSES.ON.GRADE 428.4 361.6 312.1 273.5 240.4 212.4 189.5 170.9 155.5 142.6

CONCRETE.STRESSES.OVER.ASP HALT 332.9 281.6 24 1.6 211.7 188.0 169.4 153.4 139.3 126.8
116.0

TI 5540.0 250.0 870.0 4920.0

PGLENDS 5500.0 250.0 550.0 1000.0 4660.0 560.0

TD 0.0 - 100.0 547.3 0.0 --60.0 547.5

TD 0.0 0.0 547.5 0.0 40.5 547.9
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— TI) 0.0 95.0 54~ .2

11) 500 .0 100 .0 547 . 1 500.0 50.0 547. )

— TI) 500.0 0.0 547 .5 500.0 60.0 547.9

Fl) 500 .0 I 00.() 548.1

TI) 1 000.0 99 .0 5473 1000.0 50.0 547 .5

TD 1000.0 0.0 547 .6 1 000.0 70.0 547 9

TI) 1000.0 100.0 548.3

ID 1 500.0 100.0 5473 1 500.0 50.0 547.8

TI) 1500.0 0.0 547.9 1500.0 50.0 548.2

TD 1500.0 100.0 548.4

ID 2000.0 -99 .0 547 .4 2000 0 -50.0 547.5

ID 2000.0 0.0 547.9 2000.0 100.0 547.9

TD 3000.0 101.0 547.5 3000.0 - 45.0 547 9

TO 3000.1) 0.0 548.1 3000.0 52.0 548.3

TI) 3000.0 970 548.5

ID 4000.0 --97.0 547 9 4000 .0 —55.0 548.3

TD 4000.0 0.0 548.5 4000.0 50.0 548.7

TI) 4000.0 105.0 549.0

ID 5000.0 --100.0 548.4 5000.0 —50.0 548.8

ID 5000.0 0.0 549.3 5000.0 50.0 549 .7 —
TI) 5000 .0 100.0 550.1

TDR 6000.0 -IOO D 559.3 4.2

TDR 6000.0 —55.0 559.3 3.9

TDR 6000.0 0.0 559.3 3.5

TDR 6000.0 47.0 559.3 3.3

TDR 6000.0 105.0 559 .3 3.1

TDR 6600 .0 — 100.0 5618 4.8
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Tl)R 6600.0 51.0 562.8 4.5

TDR 6600.0 0.0 562.8 4 .3

TDR 6600 49 .0 562.8 4.0

TI)R 6600.0 103.0 562.8 3.7

PGLBRK 5000.0 556.0

TMP 45.0 0.0 45.0 0.0

I: LIM 2.0 2.0

COST 1.1 5 1 .40

RUN 75.0 liP 0.0 6300.0
(The preceding cards from TI to RUN contain the fixed-format earthwork data. Appendix B describes these
data.)

WANDE R UNCHANNE LIZED

TRAFF I C.AREA A
(The runway section being considered is classified as traffi c area A, based on the loads it will carry .*)

LOAD.CATEGORY MEDIUM
(Based on the traffic projections , the load category is medium .** This variable establishes minimum thickness
requirements for the pavement.)

DRNAGE 60 .011 45 22E-04 4.00 6300 3.35 2.50 2.20 .0020 0.130 1 35
(This card provides the fixed-format data for the drainage anal ysis. Appendix B explains these data.)

END OF DATA

Resu lts
Figures I: I throug h E9 are extracts of the LIFE2 output for the examp le problem using the preceding data.

Figure El  presents the pavemen t thickness vs. service life array. The years during the design life used in this array
are taken from the input variable TIMES. In flexible pavement design , the pavement thicknesses given are those
required to provide structural adequacy above the material with a corresponding CBR. For example . subbase material
3 in the input has a CBR of 22; for the cumulative traffi c to the 25th year , this material requires 19.5 in. (495 mm)
of material above this subbase layer based on its structural properties .t In rigid pavement design , the required slab
thickness is provided at each service life for the subgrade material with a modulus of reaction of 75 pci (2076 g/cm 3 )
for this examp le.** The program uses this array to determine required thicknesses of the materials for designing
pavements which will be functional to the variou s TIMES.OF.OVERLAYS. It should be stressed that these are
structural requirements and th at the actual design thickness for each ma ter ial may be controlled by density or frost
p rotection re quirements .

*See TM 5-8 24-1 for a complete definition of traffic areas anti load categories.
•*See TM 5-824-2 for the Corps of Engineers ’ flexible pavement design method for airfields.
~Se~ TM 5-824-3 for the Corps of Engineers’ rig id pavement design method for airfields.
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Figure E2 summarii.es the life-cycle costs for each combination of design scheme and maintenance strategy.  The
costs of construction and mainten ance during the facilit y ’s life are combined to give the total  life-cycle cost
(adjust ed to Nesent wort h ). The results are separated into rigid designs and flexible designs and ranked ac c oidi i ig  tO
their l i fe—cycle cost - In t I m is ex anipl e , six overlay st ame gi es are conside red t Ii ree wit Ii rigid itm i t  lal comtsl m m m c i  ion a m i d
t hree w i m l i  l 1c\ibl e in i t i a l  c t l l 1 ~~t r uct iot1 (base d ott ti m e vamiabf e  TIME S.OE .OVER I.AY S) . Un iv m I m e op t i tmm:mI  schic i i ie  -

( i.e - - c mien I ~I es i gi m I is ~ sled t om - e:mclm m igid I ta v em t t e t t t  st m a t egy - l i i  time t i ex ible  pa V eitie m il m esi m lts . ~~~~~ ss Iie i i mes - - -

at e  gIr ~ - I I  t t i t e t ch ~I i .m m egy .  l Im c sc  m e p t e s e l i m  a l l  poss It k ’ l ave m co i tilt i um:mlmom m s tom l Im e  m m i : m t e m  i :mls a v ;i i iahle .  — 
-

1-igmir es 1- 3 ati mi 1:4 sli i tw t ime  sm mh o p t i i i i i i e d  so lu t i u mi s  ki t  oveil ay s imal egi es  5 amid 6. lim ese Stm ategi cs pmuvit k tot a im
overlay it s the I 4th and the 20th years . Strategy 5 is used for rigid immi t i a l  construct ion , amid s trategy 6 is used tur
flexible initial construction. The optimal overlay type and thickness arc given for each solution. This type of output  -

is presented for each strate gy evaluated by the progran s .

Figures ES and Lb provide the design schemes associated with the overlay strategies presented in Figures E3 and - -

E4 . Figure ES is the constructio n cost anal ysis for the optimal rigid pavement desi gn associated with strategy 5. A - -

base tradeoff was performed resu ltim ig in a reduction of the slab thickness by employing 6 in. (152  mm) of base .
Figure E6 presents the seven flexible design schemes associated with strategy 6. Note that there is a var ia t ion in earth-
work costs because of differen ces in total thickness and that  drainage is required for three of the schemes. This type
of output  is provided for each design scheme analyied by the program.

The volume of cut and fill and total  earthwork cost is provided in the output  for each design scheme. Figure E7
illustrates this output . Figure E~ is the ear thwork  mass diagram plotted by the program as a user option.

Figure E9 suminar lies the draina ge analysis performed by the program. If drainage is required , its co ns t r uc t iomi
cost becomes a line item in the design scheme analysis (see Figure E6) and is included in the io t a l  cost of construc-
tion tor that scheme.

L 
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