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ABSTRACT 

The purpose o f  t h i s  study i s  t o  perform a c r i t i c a l  eva lua t ion  o f  t h e  

REHAB and NULOAD computer programs. REI-IAB i s  c u r r e n t l y  be ing used by t h e  

Texas S t a t e  Department o f  Highways and Pub1 i c  Transpor ta t ion  ( DliT) t o  

fo recast  highway rehab i l  i t a t i o n  and maintenance funds t o  keep t h e  road 

system a t  an acceptable l e v e l  o f  s e r v i c e a b i l i t y .  

To t h i s  end, a complete documentation o f  t he  fo recas t ing  models i s  

provided and a1 1 the  s i g n i f i c a n t  assumptions are  discussed. Recomrnenda- 

t i o n s  are a l so  suggested fo r ' improv ing  the  o v e r a l l  p r e d i c t i v e  c a p a b i l i t i e s  

o f  REHAB and NULOAD. These recommendations i nc lude  (a) generat ion o f  1 i f e  

curves using the  Texas highway performance equations, (b) usage o f  several 

pavement r e h a b i l i t a t i o n  a1 te rna t i ves ,  ( c )  a p p l i c a t i o n  o f  new l o a d  r e d i s t r i -  

bu t i on  methods, and (d) development o f  a cos t  ana lys i s  methodology. 
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CHAPTER 1 

INTRODUCTION 

Th is  chapter summarizes t h e  fundamental concepts t h a t  w i l l  be used 

throughout t h e  repor t .  S p e c i f i c a l l y ,  t h e  chapter  discusses (a)  the  scope 

o f  t h e  study, (b) t h e  s i g n i f i c a n c e  o f  t h e  study, ( c )  some o f  t h e  r e l a t e d  

work, and (d) t h e  proposed general approach. 

1.1 Scope o f  t h e  Study 

The g lobal  o b j e c t i v e  o f  t h i s  study i s  t o  present  recomnendations t o  

improve t h e  fo recast ing  capabi l  i t i e s  o f  t h e  REHAB and NULOAD programs. 

These programs are computer-based procedures used f o r  e s t i m a t i n g  t h e  re-  

h a b i l  i t a t i o n  requirements o f  highway systems. I n  p a r t i c u l a r ,  REHAB i s  

being used by the  Texas Sta te  Department o f  Highways and Pub l i c  Transporta- 

t i o n  (DHT) t o  forecast  t h e  cos t  and road r e h a b i l i t a t i o n  requirements fo r  

a g iven p lann ing hor izon.  

By us ing  REHAB o r  NULOAD, and under the  assumption t h a t  a p a r t i c u l a r  

type of r e h a b i l i t a t i o n  i s  used, t h e  corresponding r e h a b i l i t a t i o n  cos t  

can be est imated f o r  each pavement category a t  t he  s t a t e  and/or d i s t r i c t  

l eve ls .  The proposed methodologies can a l so  be used t o  a s s i s t  i n  the  

eva luat ion  o f  t he  cos t  impact o f  changes i n  t r u c k  s ize,  weight, and ax le  

con f igu ra t i on .  Th is  i s  p a r t i c u l a r l y  use fu l  t o  assess t h e  r e h a b i l i t a t i o n  

costs induced by a change i n  l e g a l  ax le- load l i m i t s .  

I n  order  t o  achieve t h e  g loba l  o b j e c t i v e  o f  t h e  study, t h e  f o l l o w i n g  

tasks w i l l  be def ined and i n v e s t i g a t e d  i n  subsequent chapters: 

A. Analys is  of t he  c r i t i c a l  assumptions o f  REHAB and NULOAD. 

B. Eva luat ion  o f  data needs and data a v a i l a b i l i t y .  

C. Documentation o f  f i n d i n g s  and recomendat ions.  



1.2 Significance of the Study 

The Texas State  Department of Highways and Public Transportation 

needs to  evaluate the road rehabi l i ta t ion budget required in each of the 

periods of a given planning horizon, in order t o  provide an acceptable 

level of serviceabi l i ty  to  the users of the overall transportation system. 

Additionally, there i s  a great need t o  protect the massive investment 

in the exis t ing highway system. Since the funds allocated by the State  

Legislature are insuff ic ient  fo r  a total  rehabi 1 i ta t ion  of the overall 

Texas transportation system, i t  i s  c lear  tha t  sound decision-making 

procedures are  necessary to  identify and schedule construction, upkeeping, 

and rehabi l i ta t ion projects.  T h i s  will insure a substantial improvement 

in the use of avail able resources. 

Currently the DIiT i s  using the REHAB program t o  estimate the funds 

required to  upkeep the Texas transportation system a t  an adequate level 

of serviceabi l i ty .  This program has been modified a few times since i t s  

original conception and development in 1976. tiowever, additional modifi- 

cations must be made t o  increase the generality and r e l i a b i l i t y  of REHAB 

as a predicting road rehabi l i ta t ion cost mechanism. In par t icular ,  a sub- 

s tan t ia l  amount 'of data transformation should be eliminated so tha t  the 

Texas highway data base can be used d i rec t ly  as input fo r  REHAB. 

The significance of th i s  study i s  fur ther  emphasized by the current 

trend of increasingly higher payloads in the distribution of grain output 

from a1 1 agri cul tura l  sectors of the s t a t e .  This particul arl  y a f fec ts  

the low-volume rural roads, which must carry higher axle-loads than those 

for  which they were designed. 



1.3 Survey o f  Related Work 

Past work on the development and improvement o f  computerized methods 

f o r  est imat ing road rehabi l  i t a t i o n  requirements i s  summarized i n  the f o l -  

lowing three reports : 

A. The McKinsey repor t  [ 9 1  , which re la tes  t o  the o r i g i n a l  REHAB 

model. 

B. The Updated Documentation repor t  [ld, which contains the input /  

output ins t ruc t ions  f o r  the present REHAB model. 

C. The Ef fec ts  o f  Changes i n  Legal Load L im i ts  on Pavement Cost re-  

por t ,  Vol umes I [ 1 ] and I1 [ 2  I ,  which r e f e r  t o  the NULOAD model. 

1.3.1 The Or ig ina l  REHAB model 

The o r i g i n a l  Highway Rehabil i t a t i o n  Forecasting Model (REHAB) was 

j o i n t l y  developed by the DHT and McKinsey & Company i n  1976. The cor- 

responding methodology i s  explained i n  Reference [9 1. This i s  a repor t  

which contains (a )  the fundamental concepts behind the model, (b)  a des- 

c r i p t i o n  o f  the inpu t  data requirements, ( c )  an output descr ipt ion,  and 

(d) a few sample problems t o  i l l u s t r a t e  the ca lcu la t ions involved i n  the 

app l i ca t ion  o f  the method. 

The o r i g i n a l  method was developed t o  est imate fu tu re  road rehab i l i -  

t a t i o n  requirements using basic data on 1 anemileage, pavement age, 1 i f e  

expectancy, and r e h a b i l i t a t i o n  costs per lanemile, f o r  each pavement cat-  

egory. Essent ia l ly ,  the o r i g i na l  REHAB method can be described as fol lows, 

f o r  a planning horizon which i s  d iv ided i n  2-year periods: 

A. Determination o f  lanemile requirements f o r  each pavement cate- 

go ry : 

Based on t o t a l  mileage and surv ivo r  curves, the extent  o f  road 



rehabili tation i s  estimated fo r  the f i* r s t  2-year period of a 

planning horizon. 

B. Reaging procedure for  each pavement category: 

All mileage jus t  rehabili tated is  reclassif ied t o  the f irst  

period of the age dis t r ibut ion.  A11 mileage not rehabili tated 

i s  moved t o  the next age group. With  the new road age distribu- 

t i on ,  Step A i s  repeated and a l l  costs are accumulated. 

In order t o  support fur ther  discussion, the input and output portions 

of the original REI-IAB method are  described below. 

Input - Each lanemile of pavement i n  the s t a t e  is c lass i f ied  according 

to  ( a )  system type ( In ters ta te ,  Farm to Market, Other), 

(b) pavement type (A.C.P., i .e., asphalt concrete pavement, 

and mixed bituminous; bituminous - surface treatment; con- 

crete  with less  than one inch of A.C.P.  overlay; and front- 

age roads), ( c )  region, (e. g., coastal, West Texas), and (d) 

rural /urban. The model then requi res input concerning the 

age distribution of lanemiles in each category, the percent- 

age of these lanemiles tha t  i s  expected to  be rehabili tated 

each period, and the rehabil i t a t ion  cost per lanemile. 

O u t p u t  - There are two types of output available fo r  each pavement 

category : 

(1) Cost Summary - I t  consists of the number of lanemiles 

rehabili tated, the average cost per lanemile, and the 

to ta l  cost for  each system, and i s  totaled f o r  a l l  sys- 

tems. 

(2)  Snapshot - I t  consists of the age dis t r ibut ion of lane- 



mi les  a t  present  and a t  two 10-year i n t e r v a l s  f o r  each 

pavement category i n  each system- and i s  t o t a l e d  f o r  

a l l  systems. 

1 .3.2. The Present REHAE4 Model 

The o r i g i n a l  REHAB model [9] was modi f ied  by t h e  DHT, i n  1979, i n  

order  t o  achieve t h e  f o l l o w i n g  two ob jec t i ves :  

A. Analys is  o f  a d d i t i o n a l  rehab i l  i t a t i o n  costs needed i n  case o f  

new axle- load l e g a l  1 i m i t s .  

B. Analysis o f  r e h a b i l i t a t i o n  requirements a t  i n d i v i d u a l  d i s t r i c t  

l eve ls .  

The input /ou tput  i n s t r u c t  ions f o r  t h e  present REHAB model a re  documented 

i n  Reference C15 1 and i n  Chapter 2 o f  t h i s  repo r t .  

1.3.3. The NULOAD Program 

Recently, the Federal Highway Admin is t ra t ion  (FHWA) sponsored a re-  

search p r o j e c t  t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  changes i n  t r u c k  s ize,  

weight, and con f igu ra t i on  on pavement performance, and t o  r e l a t e  these 

e f f e c t s  t o  pavement maintenance and r e h a b i l i t a t i o n  costs. The study was 

conducted by Aust in  Research Engineers, and the  corresponding r e s u l t s  

have been documented i n  References [ 1 ] and [ 2 1 .  Reference [ 1 1  presents 

t h e  assumptions, methodology, and data requirements o f  NULOAD, and Refer- 

ence [ 2 1  i s  a user 's  manual f o r  t he  NULOAD computer program. 

A p re l im ina ry  review o f  NULOAD has i n d i c a t e d  the  p o t e n t i a l  f o r  imple- 

menting i t  t o  forecast  r e h a b i l i t a t i o n  requirements i n  Texas o r  f o r  us ing  

some o f  i t s  features i n  a f u r t h e r  mod i f i ed  vers ion  o f  REHAB. 

Essen t ia l l y ,  NULOAD p red ic t s  a 1 i f e  cyc le  based on present serv ice-  

ab i  1 i t y  index (PSI) est imates corresponding t o  g iven new axle- load 1 i m i t s .  



I n  t h i s  p red ic t i on ,  use i s  made o f  t r a f f i c  forecasts,  i n fo rma t ion  on 

s t r u c t u r a l  cross sect ions,  age o f  pavements, and t h e  MS-ITO equations 161 

f o r  pavement performance. Perhaps the  s t rongest  fea tu re  o f  NULOAD i s  i t s  

soph is t ica ted,  sound, and l o g i c a l  t reatment  o f  equivalency fac to rs .  

On t h e  o t h e r  hand, the program r a t h e r  l acks  r i g o r  and g e n e r a l i t y  i n  i t s  

economic ana lys is .  

1 .4 General Approach 

The r e s t  of t h i s  r e p o r t  i s  dedicated t o  (a) .a d e s c r i p t i o n  o f  t h e  

REHAB program, (b)  a d iscussion o f  t h e  NULOAD model, (c )  a c r i t i c a l  

eva lua t ion  o f  t h e  NULOAD and REHAB models, and (d) recommendations f o r  t h e  

improvement o f  REHAB and NULOAD. The d iscussion o f  REMAB inc ludes a review 

o f  i t s  purpose and assumptions, and an in-depth d e s c r i p t i o n  and ana lys is  

of i t s  i npu t ,  methodology, and output .  The study o f  REHAB i s  t h e  

purpose o f  Chapter 2. 

The d iscussion of t h e  NULOAD computer program i s  presented i n  

Chapter 3. It inc ludes a review of i t s  assumptions; a d e s c r i p t i o n  

o f  i t s  i npu t ,  methodology, and output ;  and a comparison w i t h  REHAB. 

The eva lua t ion  of t h e  c r i t i c a l  assumptions i n  REHAB, and the  recom- 

mendations t o  improve t h e  o v e r a l l  p r e d i c t i v e  c a p a b i l i t i e s  o f  REHAB and 

NULOAD as fo recast ing  models o f  road r e h a b i l  i t a t i o n  and maintenance re- 

quirements i s  t h e  ob jec t  o f  Chapter 4. 

Volumes 2 and 3 con ta in  supplementary ma te r ia l  needed f o r  t he  techn ica l  

completeness o f  t he  o v e r a l l  repo r t .  Volume 2 complements the  d iscussion o f  

t he  REHAB model and inc ludes a d e s c r i p t i o n  o f  terns,  f low char ts  o f  REHAB, 

a p r i n t o u t  o f  t h e  program, and a sample problem. Volume 3 supplements t h e  

study o f  NULOAD and conta ins a p r i n t o u t  o f  t h e  program and a sample problem. 



CHAPTER 2 

THE REHAB COMPUTER PROGRAM 

The purpose of t he  present REHAB model i s  t o  provide the  DHT with 

key information needed f o r  t h e  a l loca t ion  of l imi ted funds i n  t h e  rehab i l i -  

t a t i on  of the overal l  Texas t ranspor ta t ion system during a gi9en planning 

horizon. An important function o f  the  program is  the  evaluation of the  

cos t  impact due t o  changes i n  t ruck s i z e ,  weight, and axle configuration.  

This is  par t i cu la r ly  useful f o r  assessing the r ehab i l i t a t i on  costs  induced 

by a change i n  legal axle-load l im i t s ,  which a r e  cur ren t ly  under study 

by the  FIiWA and the  DHT. 

The object ive  o f  this  chapter  i s  t o  provide a descr ip t ion and docu- 

mentation of the  present  REHAB model. In pa r t i cu l a r ,  the following four 

aspects  of  t he  program will  be considered: 

A. Assumptions. 

B. Input. 

C. Methodology. 

D. O u t p u t .  

2.1 Assumptions of REHAB 

The fundamental assumptions o f  REHAB can be cl a s s i  f i ed  according t o  

s t r uc tu r a l ,  economic, t r a f f i c ,  and data avai 1 abi 1 i t y  cha r ac t e r i s t i c s .  

A l i s t  of t he  major assumptions i n  t he  program is  given below: 

Structura l  : 

(1 ) No s t ruc tu r a l  performance equations a r e  considered i n  t h e  

program. 

(2 )  There a r e  only four types of  pavement s t r uc tu r e s :  ( a )  bi tu-  



minous-surface treatment, (b )  A. C.P. and mixed bituminous, 

( c )  concrete w i t h  l e s s  than one inch  o f  A. C.P . over1 ay, 

and (d) f rontage roads. 

( 3 )  Only one type of r e h a b i l i t a t i o n  o r  recons t ruc t i on  i s  performed. 

Economi c : 

(1)  No standard economic ana lys is  i s  performed; t h a t  i s ,  t he  

present  worth and/or t h e  annual cos t  i s  n o t  computed f o r  

a s p e c i f i c  r e h a b i l i t a t i o n  a l t e r n a t i v e ,  us ing  an i n t e r e s t  

r a t e  and t h e  salvage value. 

( 2 )  A constant  annual i n f l a t i o n  r a t e  i s  used. 

(3 )  Maintenance and users t r a v e l  costs are no t  considered. 

T r a f f i c :  -- -- 

(1 ) The degree o f  adjustment o f  l i f e  ( s u r v i v o r )  curves 

i s  p ropor t i ona l  t o  t h e  r a t i o  o f  present 18-k ip E.S.A.L. 

(equ iva lent  s i n g l e  ax le  load) t o  f u t u r e  18-k ip E.S .A. L. 

under a new load  l i m i t  

Data A v a i l a b i l  i t y :  

(1) The t o t a l  number o f  lanemiles f o r  each pavement category i s  

obta ined from t h e  automated road inventory  f i l e  (R12). 

(2)  The age d i s t r i b u t i o n  o f  center  lanemiles, by pavement cate- 

gory, i s  obta ined from t h e  automated road l i f e  f i l e  (RL1). 

(3) Surv ivor  curves, cont inuous p r o b a b i l i t y  func t ions  descr ib ing  

the  l oss  o f  s e r v i c e a b i l i t y  f o r  a g iven pavement type over  

t ime, can be transformed i n t o  d i sc re te  func t ions  by an 

accurate 1 i nea r  approximation o f  t h i s  l o s s  o f  se rv i ceab i l  i ty .  

(4 )  Present and proposed 18-kip ESAL'sl appl i c a t i o n s  are 

c a l  cu l  a ted outs ide  REHAB. 



(5) Lanemile reconst ruc t ion  percentages must be spec i f i ed .  

(6) Road rehabi  1 i t a t i o n  and recons t ruc t i on  costs pe r  1 anmile 

must be spec i f i ed .  

2.2 REHAB'S Data Process 

The present vers ion o f  REHAB requ i res  a s i g n i f i c a n t  amount o f  compu- 

t a t i o n a l  work i n  order  t o  generate t h e  program's i npu t .  The output  o f  t he  

program provides essen t ia l  in fo rmat ion  concerning t h e  ex ten t  o f  road 

r e h a b i l i t a t i o n  requ i red  under present and proposed l e g a l  ax le- load l i m i t s .  

The input ,  basic methodology, and output  o f  REHAB a r e  expla ined i n  Sections 

2.3., 2.4, and 2.5, respect ive ly .  However, a b r i e f  desc r ip t i on  i s  given 

here t o  support the  d iscussion o f  t h e  REHAB data process. 

F igure 2.1 summarizes the  computational work requ i red  f o r  t he  i n p u t  

generation, and t h e  bas ic  components o f  t h e  proqram's output .  The purpose 

o f  "Operation A" i n  t h i s  diagram i s  t o  generate t h e  number o f  lanemiles 

t o  be r e h a b i l i t a t e d .  The corresponding r e s u l t s  are s to red  i n  f i l e  ( tape) 

8. 

The f i r s t  s tep  o f  t h e  i npu t  generat ion process f o r  REHAB i s  the  c las -  

s i f i c a t i o n  o f  each lanemi le o f  pavement according t o  the  fo l l ow ing  f o u r  

i tems: 

A. D i s t r i c t :  

Up t o  twelve d i s t r i c t s  can be considered per run. 

B. Rural / Urban 

C. Sys tern type : 

(1 ) I n t e r s t a t e  

( 2 )  Farm t o  Market 

(3)  Others 

D. Pavement type: 
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(1 ) A.C.P. and mixed bituminous 

(2) B i  tuminous-surface treatment 

( 3 )  Concrete w i t h  less than one inch  o f  A.C.P. over lay 

(4 )  Frontage roads 

The corresponding pavement categories are i 11 ust ra ted i n  Figure 2.2. 

l nterstote Form-To - Mor ket Other 

PVI PV2 PV3 PV4 PVI PV2 PV3 PV4 

PVI : Bituminous Surface Treatment 

W2: A. C. P. and Mixed Bituminous 

PV3: Asphalt Concrete w/ less than I inch thickness 

PV4: Frontage Rood 

Figure 2.2. Pavement Categories f o r  the REHAB model 

For each run o f  the program, the fo l low ing  three sets o f  i npu t  data 

are generated: 

(1 ) Control Cards - D i s t r i c t  se lec t ion  card, step i nd i ca to r  cards, 

comments-and-end-of-coments cards, p r i n t  se- 

l e c t i o n  cards f o r  the output  a t  the d i s t r i c t  



and a t  the accuhulated d i s t r i c t  levels,  inf la-  

t ion factor  card, anticipated year of heavier 

trucks card, and a delimiter card. 

(2) Age distribution of lanemiles in each pavement category. 

(3)  Life curves, rehabil i t a t ion  cost per lanemile, reconstruction 

and rehabili tation costs per lanemile a f t e r  heavier trucks, 

percent of lanemiles t o  be reconstructed s t a r t ing  w i t h  the 

year of new legal load l imi ts ,  number of 18-kip ESAL applications 

representing current trucks ' weights, and number of 18-kip ESAL 

applications representing the heavier trucks'  weights. 

As i l l u s t r a t e d  in Figure 2.1, the output from REHAB consists of 

three s teps : 

(1)  O u t p u t  f o r  Step 1 - I t  consists of the rehabili tation costs 

under present conditions, and i t  may be 

expressed in  any combination of the fo l l  ow- 

ing forms, (a)  d i s t r i c t  de ta i l ,  (b) d i s t r i c t  

summari es , (c) accumul ated d i s t r i c t  detai 1 , 

(d)  accumulated d i  s t r i  c t  summaries, and (e)  

snapshot a t  the tenth and twentieth years. 

(2) O u t p u t  f o r  Step 2 - I t  consists of the rehabili tation costs 

under new conditions and the number of 

miles to  ,be reconstructed. The number of 

lanemiles to  be rehabili tated and the 

costs to  do i t  may be expressed in any 

combination of the forms mentioned in ( I ) ,  

and the number of miles to  be reconstructed i s  

passed direct ly  t o  Step 3.  



(3) Output f o r  Step 3  - It consists o f  the number o f  mi les  t o  be 

reconstructed and o f  the rehab i l  i t a t i o n  

costs o f  mileage reconstructed a f t e r  new 

load l i m i t s .  Th is  output  may be p r i n t ed  i n  

any combination o f  the forms mentioned i n  [l]. 

2.3 Input  

This sect ion i s  d iv ided i n t o  three subsections. The f i r s t  subsec- 

t i o n  presents the i ns t r uc t i ons  t o  punch the cont ro l  cards. The second 

subsection provides the i ns t r uc t i ons  t o  produce Tape 8. The l a s t  sub- 

sect ion contains the  i ns t r uc t i ons  t o  generate Tape 10. 

2.3.1 CONTROL Cards 

The cont ro l  cards f o r  the present REHAB model are i npu t  t o  the pro- 

gram from the card reader (DDNAME = FT05F001). These cont ro l  cards are 

sequenced as f o l l  ows : 

Item 1  - D i s t r i c t  Se lec t ion Card 

I tem 2  - Step I nd i ca to r  Card (Step 1) 

I tem 3  - Comment Cards ( Step 1) 

I tem 4 - End-of-Comments Card (Step 1) 

I tem 5  - P r i n t  Select ion Card f o r  Output a t  D i s t r i c t  Level 

I tem 6 - P r i n t  Select ion Card f o r  Output a t  Accumulated D i s t r i c t  Level 

I tem 7 - I n f l a t i o n  Factor Card 

I tem 8 - Ant ic ipated Year o f  Rehab i l i t a t i on  Card 

*Note: If on ly  the output  from Step 1  i s  wanted, place a  De l im i te r  

card here,otherwise continue w i t h  I tem 9. 

I tem 9 - Step I nd i ca to r  Card (Step 2)  

I tem 10 - Comnent Cards (Step 2)  



I t em 11 - End o f  Comments Card (Step 2) 

I t em 12 - A n t i c i p a t e d  Year o f  Heavier Trucks Card 

*Note: I f  output  from o n l y  Steps 1  and 2 i s  wanted, place a  D e l i m i t e r  

card here; otherwise cont inue w i t h  I tem 13. 

I t em 13 - Step I n d i c a t o r  Card (Step 3) 

I t em 14 - Comment Cards (Step 3) 

I t em 15 - End o f  Comnents Card (Step 3) 

I t em 16 - De l im i te r  Card 

As can be seen from t h e  above sequence and comments, t h e  REHAB model 

can be terminated a t  t h e  end o f  any one o f  t h e  th ree  steps. However, it 

should be a1 so noted t h a t  execut ion of each successive step requ i res  t h e  

execut ion o f  t h e  previous s tep (s ) .  

Next, t h e  c o n t r o l  cards are  described and t h e i r  formats presented. 

I tem 1  - D i s t r i c t  Se lec t i on  Card 

A. Descr ip t ion  - The e n t i r e  s t a t e  can be sd lec ted by p u t t i n g  "ALL" 

i n  Cols. 45-47. I n d i v i d u a l  d i s t r i c t s  can be se lec ted by  l i s t i n g  

the  d i s t r i c t  numbers beginning i n  Col. 45 w i t h  the  format 

"XX, XX, XX, . . .ETCH. If the  i n d i v i d u a l  d i s t r i c t  o p t i o n  i s  chosen, 

a  maximum of twelve d i s t r i c t s  can be se lec ted f o r  a  s i n g l e  execut ion. 

Leave b l  ank any unneeded c o l  umns. 

*Note: I f  reg iona l  data are requ i red ,  simply s e l e c t  those d i s -  

t r i c t s  which comprise t h e  des i red  region.  Then choose 

t h e  appropr ia te  p r i n t  op t i on (s )  on I tem 6. The output  

f o r  t h e  summation o f  a l l  d i s t r i c t s  w i l l  be i d e n t i c a l  t o  

t h e  reg iona l  data. 



B. Format - 

Cols. 1-42: "SELECT ALL STATE OR INDIVIDUAL DISTRICT =". T h i s  

i s  a comment f i e l d  only. 

Cols. 43-44: Blank 

Cols. 45-79: Selected D i s t r i c t s  

(1 )  All S t a t e  - Punch "ALL" i n  Cols. 45-47. 

( 2 )  Individual d i s t r i c t s  - Indicate se lected d i s t r i c t s  

beginning i n  Col. 45. Each d i s t r i c t  i s  a two column 

f i e l d  followed by a comma o r  space. 

Col. 80 Blank 

Item 2 - Step Indicator  Card (Step 1 )  

A. Description - This card wil l  appear in the heading of the out-  

put tabula t ion f o r  Step 1 .  A "1" must appear i n  Col . 39. 

B. Format - 

Cols. 1-38: "HIGliWAY REHABILITATION FORECAST -- STEP". This 

i s  a comment f i e l d  only. 

Col. 39: 1 'I 

Cols. 40-68: "ASSUMES NO WEIGHT LOAD CHANGE." This i s  a 

comment f i e l d  only. 

Cols. 69-80: Blank 

Item 3 - Comment Cards (Step 1 )  

A. Description - Any number of cards can be used. They wi l l  be printed 

d i r e c t l y  before the  output f o r  Step 1 .  These cards should contain 

any desired information relevant  t o  Step 1 .  

B. F o r t ~ ~ t  - 

Cols. 1-80: Comnents 



Item 4 - End of Comments Card (Step 1)  

A. Description - This card denotes t he  end of the  comments section.  

B. Format - 
C O ~ S .  1 - 3: "END" 

Cols. 4 - 80: "OF COFSMENTS FOR STEP 1 ". T h i s  i s  a comment only. 

Item 5 - Print Selection Card f o r  Output a t  D i s t r i c t  Level 

A. Description - T h i s  card wi l l  determine the  d i s t r i c t  level s t r a t i -  

f i c a t i ons  of output produced from the  r u n .  

(1)  D i s t r i c t  Detail - If this option i s  chosen ("YES" punched 

i n  Cols. 47-49) the  resu l tan t  output wi l l  contain a break- 

down f o r  each d i s t r i c t  se lected (Item I ) ,  by rural  f o r  

each surface type and by urban f o r  each surface type. I f  

this option i s  not wanted punch "NO" i n  Cols. 47-49. See 

Note*. 

(2)  D i s t r i c t  Summaries - Choosing t h i s  option (IYYES" punched i n  

Col s .  26-28) w i  11 r e s u l t  i n  accumulated t o t a l s  of a l l  sur- 

face types by ru r a l ,  by urban and by rural  plus urban f o r  

each d i s t r i c t .  I f  t h i s  option i s  not wanted punch "NO" 

i n  Cols. 25-28. See Note*. 

*Note: Code of "NO" f o r  both options will  suppress a l l  

output a t  t he  d i s t r i c t  l eve l .  

B. Format - 
Cols. 1-25: "PRINT DISTRICT SUMh1ARIES?" 

Cols. 26-28: "YES o r  "NO". 

Col s. 31 -46: "DISTRICT DETAIL?" 

Col s. 47-49: "YES" o r  "NO". 

Cols. 50-80: Blank 



Item 6 - P r i n t  Selection Card f o r  Output a t  Accumuldted D i s t r i c t  Level 

A. Description - This card will  determine the  output reports  f o r  

the  data accumulated f o r  a l l  the  d i s t r i c t s  se lected i n  Item 1 .  

(1 ) S t a t e  o r  Regional Detail - I f  this option i s  chosen ("YES" 

punched i n  Cols. 65-67), the  output wi l l  have a breakdown f o r  an 

accumulation of a1 1 chosen d i s t r i c t s  by rural  f o r  each surface 

type and by urban f o r  each surface type. I t  t h i s  option i s  not 

wanted punch "NO" i n  Cols. 65-67. See Note *. 

( 2 )  S ta te  o r  Regional Summaries - I f  t h i s  option i s  chosen ("YES" 

punched i n  Cols. 35-37) the  output wi l l  have a summation of  a l l  

surface types by ru ra l ,  by urban and by rural  plus urban f o r  the  

accumulated data f o r  a l l  se lected d i s t r i c t s .  I f  this option i s  

not wanted punch "NO" i n  Cols. 05-37, See Note**. 

**Note: Code of "NO" f o r  both options wi l l  supress a l l  output 

a t  t he  accumulated d i s t r i c t  l eve l .  

B. Format - 
C O ~ S .  1-34: "PRINT STATE OR REGIONAL SUMMARIES?" 

Cols. 35-37: "YES1'or "NO". 

Cols. 38-64: "STATE O R  REGIONAL DETAIL?" 

Col s .  65-67: "YES' or "NO". 

Cols. 68-80: Blank 

Item 7 - Inf la t ion Factor Card 

A. Description - This card wi l l  contain the  value of  the  expected 

i n f l a t i on  f ac to r  f o r  two year  increments. A code of 1.000 would 

indicate  no i n f l a t i on .  A code of  1.140 would indicate  a 14% 

increase over a two year  period. 



B. Format - 
Cols. 1-17: "INFLATION FACTOR=" 

Cols. 18-22: Expected i n f l a t i o n  f a c t o r  punched i n  the format 

" X .  XXX" .  

Cols. 23-80: Blank 

I tem 8 - Ant ic ipated Year of Rehab i l i t a t i on  Card 

A. Descr ipt ion - This card w i  11 have t he  f i r s t  year o f  rehab i l  i t a t i o n  

i n  Cols. 1 and 2. This value w i l l  normally be one greater  than 

the year of the l a t e s t  aged LANEMILE Data. 

B. Format-  

Cols. 1-2: " X X "  where XX equal$ the year o f  rehab i l  i t a t i o n .  

Cols. 7-29: "YEAR OF LATEST DATA + 1"  

Cols. 30-80: Blank 

I tem 9 - Step I nd i ca to r  Card (Step 2) 

A. Descr ipt ion - This card w i l l  appear i n  the heading o f  the  out-  

pu t  f o r  Step 2.A "2" must appear i n  Col . 39. 

B. Format - 
Col s 1-37: "HIGHWAY REI-IABILITATION FORECAST--STEPH . This 

i s  a comment f i e l d  only.  

Col. 39: "2" 

Cols. 41-78: "HEAVY TRUCKS I N  YR X --DO RECONSTRUCTS". Th is  i s  

a comment f i e l d  only.  

Cols. 79-80: Blank 

I tem 10 - Comment Cards (Step 2) 

A. Descr ip t ion - Any number o f  cards can be used. They w i l l  be 

p r i n t e d  before output  f o r  Step 2. These cards should contain 

any desired in format ion re levant  t o  Step 2. 



B. Format - 
Cols. 1-80: Comments 

Item 11 - End of Comments Card (Step 2) 

A. Description - This card must be included t o  denote the  end of 

the comments ' sect ion.  

B. Format - 
C O ~ S .  1-3: "END" 

Cols. 5-26: "OF COMMENTS FOR STEP 2". This i s  a comment f i e l d  

only. 

Cols. 27-80: Blank 

Item 12 - Anticipated Year of Heavier Trucks Card. 

A. Description - This card wi l l  have the  ant ic ipated year of heavier 

trucks punched i n  Cols. 1 & 2. This year  cannot exceed 1999. 

B. Format - 
Cols. 1-2: Year code. 

Cols. 4-31: "YEAR X (YEAROFHEAVY TRUCKS)". This i s  a comment 

f i e l d  only. 

Cols. 32-80: Blank 

Item 1 3  - Step Indicator Card (Step 3) 

A. Description - This card wi l l  appear i n  the heading o f  the  output 

tabulation f o r  Step 3. A "3" m u s t  appear i n  Col. 39. All other  

columns are t rea ted  as comments. 

B. Format - 
Cols. 1-37: "HIGHWAY REHABILITATION FORECAST--STEPN 

Col. 39: 113" 

Cols. 41 -80: "HEAVY TRUCKS IN YEAR X--REHAB RECOf.lSTRUCTS" 



I tem 14 - comment Cards (Step 3) 

A. Descr ipt ion - Any number of cards can be used. They w i l l  be 

p r i n t e d  before the output  f o r  Step 3. These cards should contain 

any in format ion re levant  t o  Step 3. 

B. Format - 
Cols. 1-80: Coments 

I tem 15 - End o f  Comments Card (Step 3) 

A. Descr ipt ion - This card denotes the end o f  the comments' sect ion.  

B. Format - 
Cols. 1-3: "END" 

Ools. 4-80: "OF COMMENTS FOR STEP 3". This i s  a comment f i e l d  

on ly .  

I tem 16 - De l im i te r  Card 

A. Descr ip t ion - A De l im i te r  Card contains a 'I/*" i n  Cols. 1-2. 

This card ind ica tes  the end o f  a data set .  

B. Format -  

Cols. 1-2: "/*" 

Cols. 3-80: Blank 

2.3.2 Tape 8 

Tape 8 (DDNAME = FT08F001) contains t he  number o f  lanemiles of  each 

pavement category o f  a given d i s t r i c t ,  c l a s s i f i e d  according t o  pavement 

age. I n  the preparat ion o f  the age p ro f i l e ,  twenty- f ive  2-year age groups 

are defined. Each record of  Tape 8 i s  d i v ided  i n t o  7 f i e l d s  as described 

i n  Table 2.1. 



Table 2.1 Record Descr ip t ion  o f  Tape 8 

The desc r ip t i on  and corresponding formats f o r  each f i e l d  o f  t h e  

records s tored i n  t h i s  f i l e  are given below: 

Cols. 1-3: Blank 

Cols. 4-5: D i s t r i c t  Number. Each d i s t r i c t  i s  a two column f i e l d .  

Cols. 6: Rural o r  Urban. (1) Rural - "R" (2 )  Urban - "U". 

Cols. 7-8: Highway System. (1) I n t e r s t a t e  - " I H "  (2) Farm t o  Market 

"FM" (3) A l l  Others - "OT" 

Col s. 9-1 1 : Pavement Type. (1 ) Bituminous - sur face t reatment  - "PV1". 

(2) A.C.P. and mixed bituminous - "PV3". 

(3) Concrete w i t h  l ess  than one i n c h  o f  A.C.P. over lay  - 
"PV3". 

Cols 12-22: Blank 

Cols.23-147: Number o f  lanemi les i n  each o f  t h e  25 age groups. The 

number o f  aged lanemi les f o r  each group i s  a five-column 

f i e 1  d. 

I t em Descr ip t ion  

Blank 

D i s t r i c t  Number 

Rural o r  Urban 

Highway System 

Pavement Type 

Blank 

Number o f  lanemiles f o r  t h e  25 
age groups 

F i  e l  d 

1 

2 

3 

4 

5 

6 

7 

* 

F i e l d  Length 

3 

2 

1 

2 

3 

11 

125 



2 . 3 . 3  Tape 10 

Tape 10 (DDNAME = FT10F001) contains the l i f e  curves, the rehabili ta- 

t ion costs per lanemile, the percent of lanemiles t o  be reconstructed, the 

reconstruction and rehabil i ta t ion costs per lanemi l e  a f t e r  changing the 

legal load l imi ts ,  and the KIPS representing the current trucks' and the 

proposed trucks ' weights. Each record of Tape 10 i s  divided into 8 

f ie lds  as described in Table 2.2. 

In Table 2.2 the following notation will  be used: 

LI : Li f e  curves 

CS: Rehabi 1 i t a t  ion cost per 1 anem4 1 e 

RC: Percent of lanemiles to be reconstructed a f t e r  changing the 

legal load 1 imi ts 

CN: Reconstruction and rehabili tation costs per lanemile a f t e r  

new legal load l imits  

K1: KIPS representing current trucks'  weights 

K2: KIPS representing the weights of the proposed heavier trucks 

Table 2.2 Record Description of Tape 10 

4 

t 
Field 

1 

2 

3 

4 

5 

6 

7 

8 

Field Length 

2 

2 

3 

1 
3 

65 

3 

1 

I tem Descri p t  i on 

Record Type: LI, CS, RC, CN, 
K1 , K2 
Hi ghway System 
Distr ic t  Number 

Rural or Urban 

Pavement Type 
Data 

Blank 

Sequence Indicator (Defined only 
for  LI) 



A detailed description of the format of each f i e l d ,  fo r  each of the 

s ix  record types mentioned i n  Table 2.2, i s  given as follows: 

A. Life Curves: 

Cols. 1-2: Record Type - "LI" 

Col s. 3-4: Highway System* 

(1) In ters ta te  - "IH" 

( 2 )  Farm to Market - "FM" 
(3) All Others - "OT" 

CoJs. 5-7: Distr ic t  Number*. Each d i s t r i c t  i s  a two column 

f ie ld ,  and a "D" goes i n  front of the d i s t r i c t  

number. 

Col. 8: Rural o r  Urban* 

(1)  Rural - "R"  

( 2 )  Urban - "U" 

Cols. 9-11: Pavement Type * 

(1 ) Bituminous - surface treatment - "PVl ". 

(2)  A.C.P.  and mixed bituminous - "PV2". 

(3) Concrete w i t h  less  than one inch of A.C.P .  

overlay "PV3". 

(4) Frontage roads "PV4". 

Cols. 12-79: Data fo r  the f i r s t  thir teen age groups. The data 

for  each age group i s  a five-column f i e ld .  

Col. 80 Sequence Indicator ("1" o r  " 2 " ) .  When coding a 

continuation record, ("2" i n  Col. 80) code Cols. 

1-11 identical t o  the f i r s t  record. 

*Note: I f  any of the columns 3 through 11 are  blank, then a l l  

codes are used. 



B .  Rehabil i tat ion Cost per Lanemile: 

Cols. 1-2: Record Type - "CS" 

Cols. 3-11 : Same as f o r  Life Curves. 

Cols. 12-16: Cost f o r  t he  f i r s t  age group i n  thousands of do1 lars*. 

Cols. 17-80: Blank 

*Note: The cost  f o r  fu tu re  age groups will  be generated by applying 

the  i n f l a t i on  f ac to r  t o  the  previous cost  (Cols. 12-16). 

Generation of costs  f o r  fu tu re  years i s  compounded. 

C. Percent of Lanemiles To Be Reconstructed After Changing the  

Legal Load Limits 

Cols. 1-2: Record Type - "RC". 

Cols. 3-11 : Same as f o r  Life  Curves. 

Cols. 12-16: Percent of  lanemiles to  be reconstructed s t a r t i n g  

w i t h  t h e  year  of heavier trucks. The data i s  a 

five-column f i e l d ,  and i t  must contain one decimal 

place. For example, 100.6. 

Cols. 17-80: Blank 

D. Reconstruction and Rehabi 1 i t a t i on  Costs per Lanemile After  

New Legal Load Limits 

Cols. 1-2: Record Type - "CN" 

Cols. 3-11: Same as f o r  Life Curves. 

Cols. 12-16: Cost f o r  the  f i r s t  age group i n  thousands of  dollars*. 

Cols. 17-80: Blank 

*Note: The cost  f o r  fu tu re  age groups wi l l  be generated by applying 

t he  i n f l a t i on  f ac to r  t o  the  previous cost  (Cols. 12-16). 

Generation o f  costs  f o r  future  years i s  compounded. 



E. ESAL'S Representing Current Trucks'  Weights 

Cols. 1-2: Record Type - "K1". 

Cols. 3-11 : Same as f o r  L i f e  Curves. 

Cols. 12-16: 18,000 pound equ iva len t  s i n g l e  ax le  l oad  appl i c a t i o n s  

represent ing  t h e  cu r ren t  t r u c k  weights . 
Cols. 17-80: Blank 

F. ESAL'S Representing the  Proposed Trucks ' Weights 

Col s. 1-2 : Record Type - "K2" 

Col s. 3-1 1 : Same as L i f e  Curves. 

C O ~ S .  112-16: ESAL'S represent ing  the  weights o f  t h e  proposed 

t rucks .  

Cols. 17-80: Blank 

2.4 Basic Methodology 

The bas ic  methodology o f  REHAB i s  summarized i n  F igure 2.3. As 

can be seen from t h i s  f l ow  chart ,  t h e  f i r s t  phase o f  t h e  REHAB methodo- 

llogy i s  t h e  generat ion o f  i n p u t  data, which was discussed i n  Sect ion 

2.3. 

The second phase o f  t h e  methodology i s  t o  ca l  cullate t h e  number o f  

1 anemiles i n  need o f  r e h a b i l i t a t i o n  i n  the  nex t  2-year period, by pavement 

category and age group. This i s  accomplished by m u l t i p l y i n g  the  number of 

lanemiles i n  each age group by t h e  corresponding p r o b a b i l i t y  o f  r e h a b i l i -  

t a t i o n ,  as i n d i c a t e d  by t h e  s u r v i v o r  curve. The t o t a l  number o f  r e h a b i l i -  

t a t e d  lanemiles i n  t h e  f i r s t  2-year pe r iod  i s  g iven by t h e  sum o f  mi leage 

r e h a b i l i t a t e d  i n  each age group. 

The remaining 1 anemiles t h a t  were n o t  r e h a b i l i t a t e d  are  reaged by 

s h i f t i n g  them t o  t h e  next  age group. Those r e h a b i l i t a t e d  are placed i n  



I Generate Input Data 
I 1 

Calcul a t e  lanemiles i n  need o f  
rehab i l i t a t ion ,  by pavement 
category and age group, f o r  

the  next 2-year ~ e r i o d  

I Produce Output f o r  Step 1  
I 

Compute Rehabi 1  i t a t i on  
Costs under new load 

Estimated Number of rehab i l i t a ted  
miles t o  be reconstructed f o r  
each pavement category and each 
period a f t e r  new t rucks  I 

I Produce O u t p u t  f o r  Step 2 
I I 

I Produce O u t p u t  f o r  Step 3 1 

Figure 2.3 Basic Methodology of  REHAB 

the  f i r s t  age group. Using t h i s  new age p ro f i l e ,  the  procedure i s  repeated 

t o  f i n d  the  t o t a l  lanemileage t o  be rehab i l i t a ted  i n  the  second 2-year 

period of t h e  planning horizon, and so on. 

Assuming a  rehab i l i t a t ion  a l t e rna t i ve  and a  rehab i l i t a t ion  cost  per 

lanemile, t he  t o t a l  rehab i l i t a t ion  requirement i n  each period of  the  

planning horizon can be transformed in to  a  rehab i l i t a t ion  cost .  T h i s  



i s  the output  f o r  Step 1, and i t  w i l l  be f u r t h e r  discussed i n  Section 

2.5. 

The next phase of  the  methodology consists o f  r eca l cu la t i ng  the l i f e  

curves and the r e h a b i l i t a t i o n  costs s t a r t i n g  the year i n  which the lega l  

l oad  l i m i t s  are changed. Figure 2.4 i l l u s t r a t e s  the basic t ransformat ion 

o f  the l i f e  curves as a r e s u l t  o f  an increase i n  the  lega l  load l i m i t s .  

It i s  assummed t h a t  t he  reduct ion o f  the  remaining l i f e  i s  proport ional  

t o  the 18-kip r a t i o .  With the new l i f e  curves and the new rehabi- 

l i t a t i o n  costs i t  i s  possib le t o  repeat the procedure f o r  Step 1 

PERCENT 
SURVIVING 

TIME 

Figure 2.4. L i f e  Curves' S h i f t i n g  Procedure Use I n  REHAB 

and compute the r e h a b i l i t a t i o n  costs under new load l i m i t s .  Since a 

percentage o f  r e h a b i l i t a t e d  lanemiles t o  be reconstructed i s  known, i t  i s  

therefore  possib le t o  est imate the number o f  lanemiles t o  be reconstructed 



fo r  each pavement category and each period a f t e r  the year i n  which new 

load 1 imits are  adopted. This completes the output fo r  Step 2.  Figure 

2.5 shows the relationship between the costs of Step 1 and Step 2.  

X = POINT AT WHICH LEGAL LOAD LIMITS ARE CHANGED 

COSTS 

X 

TIME 

Figure 2 .5 .  Cost Relationship Between Step 1 and Step 2 o f  REHAB 

The l a s t  phase of the REHAB methodology consists of calculating 

the cost of reconstruction of rehabil i ta ted mileage. This i s  accomplished 

by mu1 t iplying the number of rehabi 1 i t a t ed  miles in need of reconstruc- 

t i on ,  which was computed in Step 2 ,  by the cost of reconstruction per 

lanemile. The output for  Step 3 contains the number of lanemiles in need 

of reconstruction, and the  corresponding cost fo r  each pavement category 

and time period, s t a r t ing  the year in which the legal load l imits  are  



changed. This output i s  fur ther  discussed i n  Section 2.5. 

2.5 Output 

As previously mentioned, the REHAB program can be terminated and out- 

put obtained a t  the end of any of the three steps of the model. This 

section has been divided into three subsections t o  discuss the output 

of each of these steps. 

2.5.1. Output From Step 1 

The output of Step 1 ,  which assumes no change i n  the legal load 

l imits ,  consists of the following two types of information lfior each 

pavement category: 

(1) Snapshot - I t  consists of the age dis t r ibut ion of lanemiles 

at present and a t  two 10-year intervals foreach pavement category. 

(2) Cost Sumnary - I t  consists of the number of lanemiles to  be 

rehabil i ta ted,  the average rehabi 1 i ta t ion cost per 1 anemile, 

and the to ta l  cost for  each highway system. Costs are totaled 

for  a1 1 systems, for  each 2-year period. 

The two types of output from Step 1 can be expressed in any of the 

fol lowing four printing opt ions, fo r  each pavement category: 

(1 ) Detailed Output a t  the Single Distr ic t  Level - The resultant 

output by using t h i s  p r i n t i n g  option will  produce a breakdown 

of the mileage by pavement category and age group, fo r  each 

d i s t r i c t  selected. 

(2)  Sumarized O u t p u t  a t  the Single Distr ic t  Level - Choosing th i s  

option will resul t  in accumulated t o t a l s  of a l l  pavement types 

by rural ,  by urban, and by rural plus urban, fo r  a l l  highway 

systems and age groups, 'for each d i s t r i c t .  



(3 )  Detai led Output a t  the Accumulated D i s t r i c t  Leve l - I f  t h i s  opt ion 

i s  chosen, the output w i l l  have a breakdown o f  the t o t a l  mi le-  

age of a l l  chosen d i s t r i c t s  by pavement category and age group. 

(4)  Sumnarized output a t  the accumulated d i  s t r i c  l eve l  - choosing 

t h i s  op t ion  w i l l  r e s u l t  i n  t o t a l s  o f  a l l  pavement types by ru ra l ,  

by urban, and by r u r a l  p lus urban, f o r  a l l  highway systems and 

age groups, f o r  the accumulated data corresponding t o  the selected 

d i  s tri cts. 

2.5.2 Output From Step 2 

The output from Step 2 can be expressed i n  any o f  the fou r  p r i n t i n g  

opt ions mentioned f o r  Step 1. However, the content o f  the output from 

Step 2 d i f f e r s  as follows from the information output  by Step 1: 

A. The content of the output from Step 2 i s  i den t i ca l  t o  the output  

from Step 1 u n t i l  the year i n  which new lega l  load l i m i t s  are 

appl ied. A t  t h i s  po in t  i n  tS~me, the format o f  the outputs re- 

main the same, but  the numbers w i l l  vary due t o  the  reca lcu la t ion  

o f  the su rv ivo r  curves and the r e h a b i l i t a t i o n  costs. 

B. The content of the output  of Step 2 a lso d i f f e r s  from the one 

o f  Step 1, because Step 2 generates the number o f  lanemiles t o  

be constructed s t a r t i n g  the year o f  new load l i m i t s  and outputs 

t h i s  information d i r e c t l y  t o  Step 3. 

2.5.3. Output From Step 3 

The output  from REHAB'S t h i r d  step consists, f o r  each pavement 

category, o f  the number of lanemiles t o  be reconstructed a f t e r  the i n t m -  

duction of heavier t rucks i n  Step 2, and o f  the  road r e h a b i l i t a t i o n  cost  

o f  the lanemileage reconstructed a f t e r  new load l i m i t s .  The output  



from Step 3 can be expressed in any of the four forms described in Section 

2.5.1. 





CHAPTER 3 

THE NULOAD PROGRAM 

The purpose o f  t h i s  chapter i s  t o  present a s i m p l i f i e d  descr ip t ion 

o f  NULOAD, t o  i d e n t i f y  the c r i t i c a l  assumptions o f  t he  program, and t o  

compare t he  basic methodologies f o l  lowed by NULOAD and REHAB. 

3.1 General Descr ipt ion 

The overa l l  ob j ec t i ve  o f  NULOAD i s  t o  determine the e f f e c t s  o f  changes 

i n  t r uck  size, weight, and conf igura t ion on pavement performance and t o  

r e l a t e  those e f f ec t s  t o  pavement maintenance and r e h a b i l i t a t i o n  require-  

ments. Once these requirements are establ ished, t he  corresponding costs 

are estimated. I n  t h i s  way, the f i n a l  purpose o f  t he  program i s  t o  i n j e c t  

su f f i c i en t  in format ion i n t o  the decision-making process concerning the  

a l l o c a t i o n  o f  l i m i t e d  funds i n  the upkeeping and r e h a b i l i t a t i o n  o f  a 

t ranspor ta t ion system dur ing a given planning horizon. Figure 3.1 shows 

the basic methodology f o l  lowed by the NULOAD program. 



1 Generate Input Data 
I I 

Ca1 cu1 a te  : 
Total A1 lowabl e 18- k i  p ESAL 
Number 18-kip ESAL per year 

I Traffic Loading Forecast I 

Proposed Legal Limits? 
I 

Yes 1 
I Load Distribution Shifting I 

I Traff ic  Loading Under New Limits 
1 

---- 

Determine Life Cycle f o r  each 
representative section, including : 
1 . Performance History 
2 .  Time of Overlay 
3. Overlay Requirements 
4. Remaining Life 

Jt 

Cal cul a te  Routine Maintenance 
costs f o r  each representative section 

Calculate Overlay costs fo r  each 
representative section 

I 
--- 

Calculate Total Costs fo r  a1 1 
1 anemil es of each representative 
section by year of analysis period 
for  both loading s i tuat ions 

I Generate O u t p u t  for  System 

Figure 3.1. Basic Methodology of NULOAD 



The input data for  NULOAD can be classif ied according to  the fol-  

lowing categories : 

A. Traffic and load survey 

B. Performance prediction variables 

C. Economic cost prediction data 

D. Program control d 

Each of the above categories will be subdivided into specific data re- 

quirements in the next section. 

3 .2  Assumptions of NULOAD 

The fundamental assumptions of NULOAD can be classif ied according 

t o  s t ructural ,  economic, t r a f f i c ,  maintenance, and data avail abi 1 i t y  

characteristics.  

Structural 

(1) Response Variable: pavement fa i lure  i s  assumed t o  be independent 

of environmental conditions, since the AASHTO regi'onal factor i s  con- 

sidered by many agencies as insufficient.  

( 2 )  The Performance Equation: the AASHTO Interim design guide equations 

for  f lexible  and r igid pavements are assumed t o  apply to pavement 

performance i n  s ta tes  other than I l l i n o i s .  

( 3 )  Rehabil i tation Activity: rehabil i ta t ion  i s  defined i n  terms of 

over1 ays only, excluding other reasonable rehabil i ta t ions  a1 te r -  

natives for  the s t a t e  of Texas, as well as other s t a t e s  i n  the nation. 

The thickness of overlays i s  assumed to be a function of only type 

of pavement and the ride condition. 

(4 )  Single Tires: the effect  of single t i r e s  i s  separated t o  compute 

equivalency factors. 



Economi cal 

(1) Over1 ay Costs: the program assumes that unit costs are indepen- 

dent of thickness. 

( 2 )  Salvage Value: salvage value i s  addressed from a purely structural 

point of view, not  including other elements such as geometry and 

safety. 

(3) Infl ation Effects : inflation effects are no t  directly considered. 

Budget levels, however, are assumed t o  be dependent on inflation 

rates. 

Traffic 

In order to predict what will happen to the distribution of gross 

vehicle weights for the various types of trucks af ter  a law 

change, National Cooperative Highway Research Program (MCHRP) 

researchers [ll] examined measured GVW (gross vehicle weight) dis- 

tributions before and af ter  size and weight law changes. A pattern 

existing ir: these data show a sh i f t  to heavier trucks with a small 

sh i f t  on the empty weight portion of the distribution. A sh i f t  

approximately proportional to the rat io of the practical maximum 

gross weight under the new law to the practical maximum gross weight 

under the 01 d law exists on the loaded weight portion of the dis- 

tribution. Figure 3.2 i l lustrates this  trend. 

Maintenance 

(1 ) Maintenance Costs of Roads Other than Freeways : the predictive equa- 

tions have been developed for only mu1 tilane-freeways. If a road 

does not belong t o  th is  category, i t s  maintenance cost i s  estimated 

as a percentage of the cost as i f  the road were a freeway. 





( 2 )  Maintenance Predictive Models : i f  the his tor ical  maintenance option 

i s  not chosen, the model uses existing predictive equations to  e s t i -  

mate the amount of maintenance required f o r  f lex ib le  pavements, . 
r ig id  pavements, mudjacking concrete pavements, and blowups per year. 

( 3 )  Accelerated Maintenance : maintenance costs increases between two 

PSI levels a re  the same f o r  both present and new axle-load l imi ts ,  

b u t  time i s  shorter  fo r  the new l imits .  Figure 3 . 3  i l l u s t r a t e s  th i s  

assumption. 

INCREASING 
TRAFFIC 

TIME 

Data Avail abil i t y  

(1 ) Traffic and Load Survey ~nformation: 

percent of each truck type projection for  years of planning 

horizon. Information comes from W-4 and W-5 tables .  



Systems are c l a s s i f i e d  as i n t e r s t a t e  r u r a l ,  o t h e r  r u r a l ,  a l l  r u r a l ,  

a l l  urban, a1 1 system. 

(2) Performance Pred ic t  i o n  Variables : 

Highway network s t a t i s t i c s  : number o f  1 anemiles, age, P S I  values, 

f o r  each s t r u c t u r a l  design sect ion.  

Design Sect ion S t ruc tu re  : 1 ane widths, reg iona l  fac tors ,  ma te r ia l  

types, 1 ayer thicknesses, s o i l  support 

values l a y e r  c o e f f i c i e n t s ;  f o r  po r t -  

land cement concrete and composite 

pavements, composite s o i  1 support values, 

e l a s t i c  m d u l  us o f  concrete, and con- 

c r e t e  f l e x u r a l  s t rength.  

Pavements Older than Terminal Serv iceah i l  i t y :  lanemi les o f  pave- 

ment which a t  the  t ime o f  eva luat ion  

have se rv i ceab i l  i t y  values 1 ower 

than t h e  system termina l  P S I .  Data 

needed inc lude:  percent o f  lane- 

mi les  remaining below termina l  P S I  

a t  end o f  ana lys is  per iod,  percent 

t o t a l  lanemiles never ove r la in ,  

percent o f  i n f l a t i o n  used i n  ob ta in ing  

p red ic ted  over lay funding leve ls ,  and 
- *, 

annual p ro jec ted  over1 ay funds. 

( 3 )  Economi c Cost Predi  c t  i o n  Data : 

Data needed f o r  a p p l i c a t i o n  o f  maintenance models (MWA EAROMAR 

models). 

H i  s t o r i c a l  Maintenance Data. 

Overlay Costs: geometric, cost,  placement data. 



3.3 REHAB-NULOAD Comparison 

Both NULOAD and REHAB were developed t o  per form t h e  same func t ion .  

There a re  d i f f e r e n t  approaches and assumptions i n  each program. NULOAD 

i s  a complete computer program t h a t  uses t h e  AASHTO i n t e r i m  guide performance 

equations t o  p r e d i c t  " s u r v i v o r  curves". On t h e  o t h e r  hand, REHAB uses 

" s u r v i v o r  curves" d i r e c t l y  developed from t h e  TTI f l e x i b l e  pavement 

data base and from some assumptions concerning pavements n o t  i n  the  

data base. Both programs incorpora te  assumptions i n  the  areas o f  econ- 

omics, maintenance costs, and r e d i s t r i b u t i o n  pat te rns  o f  t r u c k  weights 

when the re  i s  a change i n  t r u c k  weight l i m i t s .  I n  p rac t i ce ,  REHAB re-  

qu i res  a s i g n i f i c a n t  amount o f  hand c a l c u l a t i o n s  o r  use o f  data entered 

from the  DHPT data base. On t h e  o the r  hand, NULOAD i s  se l f -conta ined and 

requ i res  no a d d i t i o n a l  amount o f  data manipulat ion.  The major d i f f e r -  

ences between t h e  outputs o f  t h e  two programs w i l l  be l a r g e l y  exp la ined 

by the d i f f e rences  i n  the  assumptions concerning maintenance cos ts  and 

weight r e d i s t r i b u t i o n ,  and by t h e  use o f  t h e  AASHTO i n t e r i m  guide equations. 

The r e s u l t s  from the comparison o f  the two programs are  sumnarized 

i n  Tables 3.1, 3.2, and 3.3. Table 3.1 compares t h e  i n p u t  requirements; 

Table 3.2 compares t h e  output  requirements; and Table 3.3 compares REHAB 

and NULOAD from t h e  f o l l o w i n g  standpoints:  

1. Use o f  AASHTO Equations 

2. Use o f  Su rv i vo r  Curves 

3. Road Rehabi 1 i t a t i o n  

4. Road Maintenance 

5. Equivalency Factors 

6. Axle Load D i s t r i b u t i o n  

7. Salvage Value 

8. I n t e r e s t  Rate 



Table 3.1 Input Description 

REHAB NULOAD 

1 . Road Inventory Fi 1 e: 1. Serviceabil i t y  Cri ter ia  
Total number of lanemiles for  
each pavement category. 

2. b a d  Life File: 2.  Structural Characteristics 
Age distribution of lanemi les 
by pavement category 

3. Life Curves 3 .  Soil Support Values 

4. Rehabilitation Costs 4.  Regional Factors 

5. Reconstruction Costs 5. Traf f ic  Data 

6. Reconstruction Percentages 6 .  Age-lanemi l e  Distribution 

7. Traffic Data 7.  Flaintenance and Rehabil i t a t ion  
Data 

Tab1 e 3 . 2  O u t p u t  Description 

REHAB NULOAD 

1 .  Rehabil i t a t ion  costs under 
present conditions (Step 1 ) 

2. Rehabil i t a t ion  costs under 
new conditions, and miles t o  
be reconstructed (Step 2 )  

3.  Rehabilitation costs of mileage 
reconstructed a f t e r  new load 
limits (Step 3 ) .  

1. Predicted Cost Ratios by sec- 
t ion,  system, o r  t o t a l .  

2. Resulting Cost Difference 
between present and new 
conditions. 

3. Remaining Life in terms of 
18-kip ESAL's. 



Tab1 e 3 . 3  REHAB-NULOAD Compari son 

- 

FIULOAD 

RASH0 Equations a re  used t o  
determine the number of  18-kip 
ESAL tha t  a typical  pavement 
s t ruc ture  wi l l  sus ta in  before 
reaching terminal PSI. 

Survivor curves a r e  used t o  
determine the  time during t he  
analysis  period when m i  1 eage 
of  a ce r ta in  age require time- 
l y  overlay. 

Only one type of  rehab i l i t a t ion  
(overlay).  Cost of  rehabil i t a -  
t ion  = cost  o f  overlay plus 
shoul der cost .  One over1 ay f o r  
any representative section i s  
allowed. 

Routine maintenance includes 
work re la ted to  pavement con- 
d i t ion .  There a r e  two options: 
FHWA EAROMAR models, and his-  
t o r i ca l  data. 

These factors  a re  used in the  
calcula t ion of  number of  18- 
kip ESAL. 

The axle load d i s t r ibu t ions  
f o r  present load l imi t s  a re  
sh i f t ed  i n  order t o  evaluate 
the  e f f ec t  of  legal  load l imi t  
changes on future  truck weight 
d i s t r ibu t ions .  

Defined as value of ex i s t ing  road- 
way plus value of overlay. I t  id 
calculated from both a s t ruc tura l  
standpoint and a monetary stand- 
point. 

A constant annual r a t e  i s  used. 

I- 

I tem 

1 . AASHTO Equat i  ons 

I 

REHAB 

2.  Survivor Curves . Directly input i n -  ' 

, t o  the  program. 
The curves a re  
used t o  determine 
the number of 
lanemi l e s  t o  be 
rehabil i  t a ted .  

3. Rehabilitation 

4. Maintenance 

5.  Equivalency 
Factors 

6. Axle Load 
Distr ibution 

7. Salvage Value 

-- - 

8. In t e r e s t  Rate 
I 

One type of  re- 
. hab i l i t a t i on  i s  
defined. Cost 
of  rehabi 1 i  t a t i on  
= cost  per mile 
X number of miles. 

ESAl's represen- 
t i n g  current  
and heavy truck 
weights a r e  di- 
rcctly input in to  
the  program. 



CHAPTER 4 

CRITICAL EVALUATION AND RECOMMEFI DATIONS 

The purpose of t h i s  chapter i s  t o  evaluate t h e  assumptions of REHAB 

and t o  recomnend s p e c i f i c  improvements i n  t h e  fo recas t ing  c a p a b i l i t i e s  

o f  both REHAB and NULOAD. For NULOAD (Sect ion 3.2) and REHAB (Sect ion 2 . I ) ,  

t h e  assumptions were c l a s s i f i e d  according t o  s t r u c t u r a l  design, economic 

analysis, t r a f f i c  condi t ions,  maintenance (on ly  used i n  NULOAD), and 

data a v a i l a b i l i t y .  I n  the  d iscussion o f  t h e  assumptions o f  REHAB, the  c r i t -  

i c a l  aspects are c l a s s i  f i e d  according t o  data a v a i l a b i l  i ty,  road r e h a b i l  i t a -  

t i o n ,  road maintenance, and economic ana lys is .  

I n  o rde r  t o  propose an o v e r a l l  course of a c t i o n  t o  be assessed by  the  

WIT, the  f o l l o w i n g  a l t e r n a t i v e s  can be considered: 

A1 t e r n a t i v e  1 : 

(1)  Fbdify NULOAD t o  produce repor t s  f o r  t h e  s t a t e  l e g i s l a t i v e  body. 

These repor t s  w i  11 a i d  f i n a l  decision-maki ng concerning rehab- 

i l i a t i o n  and maintenance fund ing l e v e l s .  

( 2 )  Ebdify NULOAD again fo r  i n t e r a c t i o n  w i t h  the  s t a t e  highway data 

base. 

A l t e r n a t i v e  2: 

(1) Modify REHAB t o  produce repor t s  fo r  t h e  l e g i s l a t o r s .  

(2)  Modify REHAB again f o r  i n t e r a c t i o n  w i t h  the  data base. 

A1 t e r n a t i  ve 3: 

Develop a h y b r i d  fo recast ing  model which combines t h e  most a t t r a c t i v e  

features o f  both NULOAD and REHAB. For the  implementation o f  t h i s  a l t e m a -  

t i v e ,  bo th  A1 t e r n a t i v e  1 and A l t e r n a t i v e  2 must be c a r e f u l l y  examined. 

A l t e r n a t i v e  3 seems t o  be the  best  course o f  ac t ion .  The corresponding 

research proposal f o r  i t s  development and implementation i s  given i n  



Appendix C. 

Section 4.1 discusses the c r i t i c a l  assumptions of REHAB. Section 

4.2 ident i f ies  the recomnended modifications fo r  NULOAD. Finally, Section 

4 . 3  recomnends modifications for  REHAB. 

4.1 Discussion of Critical Assumptions in REHAB 

The c r i t i ca l  aspects of REHAB to  be discussed can be classifed as 

fol 1 ows : 

A. Data Avai labi l i  t y  

B.  Paad Rehabilitation 

C. Road Maintenance 

D. Economic Ana lys i s  

4.1.1 Data Availability 

In order t o  successfully run  the present REHAB model, a substantial 

amount of data transformation i s  required. This limitation significantly 

affects  the readiness and overall usefulness of the program. 

Age profi les  for  each pavement category i n  each d i s t r i c t  must be 

externally computed using information from the road inventory f i l e  (RI2) 

and the road l i f e  f i l e  (RL1) before being input to  REHAB. 

Tho other c r i t i ca l  ac t iv i t i e s  tha t  must be completed before using 

REHAB are (a) generation of the survivor curves and (b) development of 

a shif t ing procedure t o  predict what will happen to  the distribution 

of gross vehicle weights for the various types of trucks a f t e r  a law 

change . 

4.1.2. Road Rehabilitation 

The REHAB program presently considers only one type of road rehab- 



il i ta t i on .  The t o t a l  rehabi l  i t a t i o n  cost  i s  computed by -mu1 t i p l y i n g  the 

number o f  lanemiles i n  need o f  r e h a b i l i t a t i o n  by the cost  o f  r e h a b i l i t a t i o n  

per 1  anemi 1  e  . 
One s p e c i f i c  r e h a b i l i t a t i o n  a l t e r n a t i v e  i s  cu r ren t l y  used f o r  in te rs ta te ,  

farm t o  market and other  road types. The assumption o f  one r e h a b i l i t a t i o n  

technique sewre ly  r e s t r i c t s  the choice o f  investment poss ib i l  i t i e s  under 

l i m i t e d  funding. 

4.1.3 Road Maintenance 

The cur rent  version o f  the REHAB model does no t  inc lude the ca lcu l -  

a t i on  and analysis o f  road maintenance costs. Since maintenance costs 

represent a  s i g n i f i c a n t  por t ion  o f  the t o t a l  t ranspor ta t ion cost, the 

cur rent  output o f  the program i s  i n s u f f i c i e n t  f o r  f i n a l  decision-making 

concerning the a1 loca t ion  o f  1  im i ted  funds. 

4.1.4 Economic Analysis 

The present REHAB program does not  perform any k i nd  o f  economic 

analysis, which l i m i t s  i t s  scope since no mechanism i s  ava i lab le  t o  com- 

pare the cost impact o f  several possib le rehabi 1  i t a t  ion  a1 t e r n a t i  ves . 
The lack o f  such a  mechanism i s  due t o  no t  considering the ra te  o f  i n t e r e s t  

and the salvage value t o  est imate present values o f  annual costs. 

4.2. Recomended Modi f icat ions f o r  MULOAD. 

The recornended changes i n  NULOAD seek t o  improve the forecast ing 

capab i l i t y  o f  the program f o r  t y p i c a l  condi t ions o f  Texas highways. 

Although a h igh number o f  minor modi f ica t ions could be implemented, the 

most s i g n i f i c a n t  changes are l i s t e d  below: 

A. Use o f  Texas performance s t r uc tu ra l  equations. 

B .  Use o f  the highway cost index i n  the economic analysis. 



C. Use o f  a modified load red is t r ibu t ion  procedure. 

D. Use o f  a maintenance cost methodology f o r  roads other  than 

A.C.P. 



4.2.1. Use of Texas Performance Structural Equations 

4.2.1.1 Performance Equations in NULOAD a t  Present 

Both the f lex ib le  and r igid pavement performance equations used in 

NULOAD were developed a t  the M!jHTO Road Test and are part  of the AASHTO 

Interim Design Guide. In the i r  simplest form, both equations are as 

given below 

where 

W18 = the number of 18-kip equivalent single axle loads 

tha t  have passed over a pavement 

g = the damage ra t io  which i s  discussed in detai l  below 

B = a power whi ch di ffers between rigid and flexi bl e pavements 

and which depends upon the layer thickness, AASHTO 

layer coefficients of each layer,  and the confiqura- 

tion of wheel loadings applied. 

p = the to ta l  number of 18-k equivalent single axle 

loads that  will cause the amount of damage represented 

by the dama9e ra t io ,  g. The  quantity depends 

upon 1 ayer thicknesses, 1 ayer coeff ic ients ,  and wheel 

configurations . 

R = the regional climatic factor. 

The damage function, g, i s  a r a t io  of serviceabi l i ty  indexes, as given 

be1 ow: 



where 

Pn = the present s e r v i c e a b i l i t y  index a t  the present t i ne ,  n 

years a f te r  construct ion o r  major rehabi 1 i t a t i o n  

Pi = the i n i t i a l  s e r v i c e a b i l i t y  index 

Pt = the terminal  s e r v i c e a b i l i t y .  These are shown i n  Fig. 4.1. 

The damage funct ion i s  a number t h a t  begins a t  0.0 when the pave- 

ment i s  new and becomes 1.0 when the pavement reaches i t s  terminal 

s e r v i c e a b i l i t y  index. The number o f  18-k ip equivalent  s ing le  axle 

loads (ESAL) requ i red t o  reduce the s e r v i c e a b i l i t y  index t o  Pn i s  

The number o f  18-kip ESAL t h a t  remain t o  be car r ied  by the pavement i s  

The annual number of 18-kip ESAL t h a t  have caused the damage thus 

f a r  i s  wn, as given below. 

where n = the number o f  years since the pavement was constructed 

o r  rehabi l  i ta ted  

i = the annual growth ra te  i n  18-k ESAL 

I f  growth r a t e  i s  zero, the equations are as fo l lows:  

- 'n 
'n 

- -  
n 

and 



Servi ceabil i t y  
Index 

TIME, yr. 

Figure4.1 Graph of  Serviceabili ty Index versus Time 



Once t h e  t ime remaining i n  t h e  l i f e  o f  t h e  pavement i s  known, 

t h e  s u r v i v o r  curve f o r  t h i s  type o f  pavement can be generated. 

4.2.1.2. Modi f i c a t i o n s  Using Texas F l e x i b l e  Pavement Performance 
Equations. 

The AASHTO performance equat ion f o r  f l e x i b l e  pavements has been 

found t o  be inadequate f o r  desc r ib ing  the  performance o f  these pave- 

ments i n  Texas. It has been found necessary t o  determine separate 

equations f o r  t h e  f o l l o w i n g  types o f  pavements: 

1. Hot mix a s p h a l t i c  concrete on f l e x i b l e  base i n  i t s  f i r s t  

performance per iod.  

2 .  Thick hot  mix a s p h a l t i c  concrete pavements. 

3. Hot mix a s p h l a t i c  concrete pavements on bituminous base. 

4. Over la id  f l e x i b l e  pavements. 

5. Surface t r e a t e d  pavements. 

The mate r ia l  p r o p e r t i e s  used i n  these equations need t o  be measurable 

i n  t h e  l abo ra to ry  o r  i n f e r r e d  from non-destruct ive t e s t s  i n  t h e  f i e l d .  

The e l a s t i c  moduli o f  t h e  ma te r ia l s  i n  each l a y e r  are  more convenient 

ma te r ia l  p roper t i es  t o  use than the  AASHTO l a y e r  c o e f f i c i e n t s  c u r r e n t l y  

used i n  NULOAD. The r e c e n t l y  developed Russian equations ( i n  TTI 

Research Report 207-7F) make i t  poss ib le  t o  c a l c u l a t e  Dynaf lect  de f lec-  

t i o n s  which are used i n  the  Texas f l e x i b l e  pavement performance equations. 

The form o f  each o f  these equations i s  d i f f e r e n t  from t h a t  o f  t he  

AASHTO I n t e r i m  guide. 

where g = a damage func t i on  s i m i l a r  t o  the  one discussed prev ious ly .  



W18 = t h e  number of 18-k ip ESAL's t h a t  has caused the  damage. 

K = a d e t e r i o r a t i o n  r a t e  constant which depends upon c l i m a t i c  

var iab les ,  Dynaf lect  measurements ( e i t h e r  ca l cu la ted  o r  

measured i n  the  f i e l d ) ,  age, d a i l y  t r a f f i c ,  and subgrade 

proper t ies .  

n = a power of t h e  18-k ip ESAL. 

Equations have been found f o r  t h e  K-values f o r  each o f  t h e  types 

o f  pavements mentioned above us ing ac tua l  data from Texas pavements. 

The c l  i m a t i  c  var iab les  are actual  1 y measureabl e quant i t ies ,  such as 

annual r a i n f a l l ,  freeze-thaw cycles, minimum annual temperature, and 

so on, r a t h e r  than t h e  ill -def ined reg iona l  f a c t o r  i n  the  AASHTO 

equation. 

The form o f  t h e  equation q iven above produces an S-shaped curve 

which has been found t o  be more c h a r a c t e r i s t i c  o f  ac tua l  pavement 

performance than t h e  convex curve produced by t h e  AASHTO equation. 

The damage funct ion as def ined here i s  

where P i  = the  i n i t i a l  s e r v i c e a b i l i t y  index.  

P = the  present s e r v i c e a b i l i t y  index . 
Pf = the  asymptote value o f  s e r v i c e a b i l i t y  index which i s  

discussed below. 

The value o f  g changes from 0.0 when t h e  pavement i s  new t o  some 

value less  than one. The te rmina l  value o f  g i s  de f ined by 

where Pt = the  te rmina l  value o f  s e r v i c e a b i l i t y  index 



These f o u r  values o f  s e r v i c e a b i l i t y  index a re  i l l u s t r a t e d  i n  the  fo l l ow-  

i n g  f i g u r e  (F igure 4.2). The value o f  pf, t h e  asymptote va l  ue o f  ser-  

v i c e a b i l i t y  index i s  ca l cu la ted  us ing  an equat ion t h a t  was der ived from 

f i e l d  data. I n  general, pf was found t o  vary w i t h  c l imate,  t r a f f i c ,  

Dynaflect,  and subgrade var iab les .  

The equat ion f o r  t h e  number o f  18-k ESAL1s t h a t  have passed over 

the  pavement t o  t h e  present i s  

The number o f  18-k ip ESAL1s t o  te rmina l  s e r v i c e a b i l i t 9  index i s  

The number o f  18-k ip ESAL1s t h a t  remain t o  be c a r r i e d  by  t h e  pave- 

ment i s  

wr = wt - 'n 

Once these values have been ca lcu la ted,  t h e  computation o f  t h e  annual 

l & k i p  ESAL app l i ca t i ons ,  wn, and t h e  remaining years o f  l i f e  l e f t  i n  t h e  

pavement are as done before.  

Th is  approach expla ined thus f a r  bases t h e  c a l c u l a t i o n  o f  remain- 

i n g  pavement l i f e  upon s e r v i c e a b i l i t y  index alone. However, i t  i s  

w e l l  known t h a t  pavements may be se r ious l y  d is t ressed and i n  need 

o f  major r e h a b i l i t a t i o n  before t h e  s e r v i c e a b i l i t y  index drops t o  i t s  

te rmina l  value. Th is  i s  p a r t i c u l a r l y  t r u e  o f  pavements w i t h  severe 

a1 1 i g a t o r  and t ransverse cracks. I n  cases when pf i s  h igher  than pt 

o r  when t h e  remaining 1 i f e  ca l cu la ted  f r o m  the  s e r v i c e a b i l i t y  

index equat ion i s  very l ong  (say 30 t o  40 years),  t h e  pavement 

w i l l  probably need major r e h a b i l i t a t i o n  due t o  d i s t ress ,  and 
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Figure 4.2 Graph o f  Serviceabil i t y  Index versus Time Using The 
Texas Fl e x i b l  e Pavement Performance Equation 



an auxiliary distress equation must be used to determine the values of 

W n ,  W t ,  and Wr.  

The distress equations developed from Texas flexible pavement 

data are of the same form as the damage equations;. 

where 

a = the percent of the pavement surface area covered by the 

distress expressed as decimals from 0 t o  1. 

s = the severity of  distress expressed in numerical fom: 

s l ight ,  0 - 0.16; moderate, 0.17 - 0.33; and severe, 0.34 - 
0.50. 

K1 , K2 , K3 = deterioration rate constants 

These equations can be used as alternatives to determine !'In, W t ,  W r ,  

w a n d r .  n' 

These modifications will allow the revised NULOAD to reflect 

actual pavement distress, performance, and likely rehabilitation his- 

tories and are bcsed upon data collected in Texas. The resulting 

estimates of pavement costs under current and revised size and weight 

limits should be more accurate and reasonable. 



4.2.1.3. Modifications Using Texas Rigid Pavement Performance Equations 

In the current version of REHAB, for  each pavement category the 

program user can define the pavement performance by inputting a survivor 

curve based on the age of the pavement. This curve indicates what per- 

centage of the total  lane miles i n  a par t icular  pavement category will  

probably have to  be rehabili tated a t  a given time, depending on the 

pavement age. Normal ly , i f  the pavement has recently been constructed 

there i s  a zero probability that  i t  will need immediate rehabi l i ta t ion,  

and therefore relat ively new pavements have an approximately 100% survivor 

probability. As the pavement age increases, i t  becomes more l ikely tha t  

rehabil i t a t ion  will be required, and the survivor probabil i t y  decreases. 

A t  some point in time the pavement age i s  high enough t o  make i t  almost 

certain that  a rehabi l i ta t ion would have been required before that  time, 

and the survivor probabil i t y  goes to  zero. 

Survivor curves presently used by the DHT are i l l u s t r a t ed  in 

Figures 4.3 through 4.12. These curves represent the predicted time t o  

rehabil i ta t ion for  each pavement category, as indicated below: 

Figure 4.3 - In ters ta te ,  Pavement Type 2 

Figure 4.4 - In ters ta te ,  Urban, Pavement Type 3 

Figure 4.5 - In ters ta te ,  Rural, Pavement Type 3 

Figure 4.6 - Farm-to-Market, Pavement Type 1 

Figure 4.7 - Farm-to-Market, Pavement Type 1 

Figure 4,.8 - Farm-to-Market, Pavement Type 2 

Figure 4.9 - Farm-to-Market, Pavement Type 3 

Figure 4.10 - Other, Pavement Type 1 

Figure 4.11 - Other, Pavement Type 2 

Figure 4.12 - Other, Pavement Type 3 
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Figure  4.4 
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Surface Treatment -Farm to Morket 
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Figure 4.6 
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Essentially, the survivor curve i s  a cumulative probability dis t r ibut ion,  

which i s  formed by adding cumulatively over the length of the analysis 

period the probabili t ies of requiring rehabi l i ta t ion i n  each year. In 

each of the figures l i s t e d  above, both the cumulative dis t r ibut ion (sur- 

vivor curve) and yearly probability dis t r ibut ions are i l  lustrated. An 

examination of the survivor curves used by the Texas SDHPT reveals tha t  

for  most of the pavement categories, the probability dis t r ibut ion fo r  

time t o  rehabil i t a t ion  i s  nearly a uniform dis tr ibut ion.  This means 

tha t  a t  any point in time there i s  approximately an equal probability 

tha t  a pavement will require rehabi l i ta t ion,  regardless of age. 

The reason for  t h i s  character is t ic  of the survivor curves comes 

mainly from the assumptions and simplifications made when using the REHAB 

program. F i rs t ly ,  i t  i s  necessary t o  assume tha t  a l l  pavements i n  the 

same category will  have identical behavior. With the broad pavement 

categories shown in F i g  2 . 2  there i s  no chance t o  d i f fe rent ia te  different  

pavement thicknesses, so i l  types, climate conditions, and most important- 

ly  t r a f f i c  volume and growth rates .  There are ,  therefore, many different  

kinds of pavement s i tuat ions within each category, thereby reducing the 

accuracy of the performance prediction and "spreading out" the probab- 

i l i t y  dis t r ibut ions.  Secondly, the procedure fo r  inputting the survivor 

curve recommends tha t  the curve be assumed t o  be l inear  (See Figure 4.13) 

When t h i s  assumption i s  made the yearly probability dis t r ibut ions auto- 

matical l y  become uniform. Thirdly, the survivor curves used by the Texas 

SDHPT were developed primarily from subjective reasoning and experience, 

without the benefit of a s ignif icant  amount of data. 

The capabili ty for  analyzing the e f fec ts  of heavier load l imits  

with program REHAB depends en t i re ly  upon the user. There i s  no way to  
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simply i n p u t  the new load l imits  and have the program calculate the 

effects .  Instead, the user must calculate the number of 18-kip equi- 

valent axle loads with the old load l imi t  (K1), and f o r  the proposed load 

limit  (K2), and i n p u t  the r a t io  of K1/K2.  The program will then s h i f t  

the survivor curve according to  t h i s  r a t i o  (See Figure 4.14). This re- 

quirement fo r  user input i s  typical of the REHAB program, which generates 

a great deal of work f o r  the user. The fac t  t ha t  the user must i n p u t  

survivor curves for  each pavement category, and also determine the 18-kip 

equivalent axle load applications f o r  different  load l imi ts ,  i s  a serious 

drawback of program REHAB. As s tated e a r l i e r ,  there are  no pavement 

deterioration "models" in the program. The user must define the per- 

formance of the pavements under a l l  conditions. 

In summary, the following features are  noted concerning the pave- 

ment deterioration charac ter i s t ics  of program REHAB: 

1 ) because of the broad pavement categories, pavements with di f fe rent  

so i l  types, th i  cknesses , t r a f f i c  vol umes, e tc .  , are grouped to- 

gether and assumed t o  have the same performance, 

2) assumptions made i n  the program and program input have resulted 

in survivor curves tha t  are  nearly a uniform probabili ty d i s t r i -  

bution, and 

3) the user must define a l l  pavement deterioration fo r  the d i f fe rent  

conditions being considered, thereby requiring a great deal of 

work f o r  the user. 

The modifications recommended fo r  the r igid pavement portion of 

REHAB a re  the following: 

1 .  After t r i a l  ver i f icat ion using the AASHTO rigid pavement equation 

as i s  currently programed i n  NULOAD, e i the r  use i t  as modified 
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for  Texas conditions o r  use another equation developed from 

Texas data. In any case, the equation needs to  be sensi t ive 

to  differences i n  pavement structure,  soi l  type, t r a f f i c ,  and 

cl imate. 

2. Determine from Texas data whether the normal dis t r ibut ion of 

pavement l i f e  that  i s  assumed in NULOAD t o  apply t o  r igid pave- 

ment survivor curves actually does apply. Also, determine from 

Texas r igid pavement data some typical values fo r  the coefficient 

of variation of pavement 1 i fe .  From these determinations, modify 

the method of generating survivor curves tha t  i s  currently used 

in NULOAD as i s  necessary. 

4.2.2 Highway Cost Index 

Use of the Highway Cost Index (HCI) would provide up-to-day 

cost information related to  the maintenance and rehabi l i ta t ion require- 

ments forecast by NULOAD and REHAB. 

House Bill  3 specifies the Highway Cost Index t o  be based on the 

weighted combined costs of Highway Construction, Operations and Mainte- 

nance. The Department has elected to  determine a separate cost index 

fo r  each of these functional areas and to compute the HCI as the weighted 

average of the three indices. The weight of each functional area i s  de- 

fined as i t s  respective cost during the base period expressed as a percen- 

tage of the to ta l  expenditures of the Department during the same base 

period, excluding the expenditures tha t  are nontypical of any functional 

area, 1161. 

Throughout the HCI procedures manual many references are made t o  

current weights. During the base year, a l l  weights---functional area, 

category, element, control i tem--wi 11 r e f l ec t  current values. However, 



the weights shown on the Twelve Month Moving Report for the period ending 

August 31 w i  11 become the of f ic ia l  base period weights. A t  tha t  time 

necessary changes will be made i n  the HCI Procedures Manual t o  correct 

a l l  inappropriate references to  current weights. 

In determining HCI expenditures i n  each of the three functional 

areas d u r i n g  the base year, the Department considers an expenditure 

t o  be made when an obligation i s  consummated; tha t  i s ,  when a purchase 

order i s  issued for  a specif ic  quantity of materials, equipment o r  com- 

modities; when payment is made for  personal o r  comnercial services o r  

when a contract i s  executed for a specific quantity of work. 

Each of these functional areas has been carefully examined and 

the major expenditure ac t iv i t i e s  selected to serve as a basis for  cal- 

culating the functional area indices and the HCI. The major expenditure 

ac t iv i t i e s  of each functional area were analyzed and placed i n  categories. 

These categories were subdivided in to  one o r  more classes of expenditure, 

each called elements, composed of one o r  more s e t s  of one o r  more items. 

Some se t s  have only one item of expenditure, and one of these serves as 

the control item representing tha t  se t .  

To determine the index f o r  each functional area i t  i s  necessary to  

calculate the index for  each control item element and category. 

A control item cost index i s  obtained by dividing i t s  current u n i t  

price by i t s  respective base period u n i t  price. An element cost index 

i s  the sumnation of the product of each control item cost index i n  that  

element and i ts  control item base period weight. For elements that  are 

represented by only one control item, the weight assigned to  tha t  control 

item will be 100,OO. I f  any control item i n  an element has no current 

u n i t  price du r ing  the reporting period, the l a s t  unit price recorded 



fo r  tha t  control item will  be substi tuted. I f  i t  becomes apparent a f t e r  

a period of monitoring tha t  a selected control item i s  no longer being 

used o r  no longer represents i t s  respective s e t  of items, the Department 

will request HCI Committee approval t o  replace the control item by another 

item of expenditure from the s e t  of items that  will  be representative 

of tha t  s e t .  The base period u n i t  price f o r  any new control item will be 

determined so tha t  the calculated control item cost index fo r  the new 

item will  be related t o  the same base period as the other items in the I-ICI. 

The element cost indices are determined by calculating the weighted 

average of control item cost indices within the element. The category 

cost indices are determined by calculating the weighted average of the ele- 

ment cost indices within a category. The functional area cost indices 

are determined by calculating the weighted average of the categdry cost 

indices within the functional area. The Highway Cost Index i s  determined 

by calculating the weighted average of the  functional area indices. 

E ach of these four weighted averages i s  calculated using the weights 

determined from the base year. The control item data i s  updated monthly 

t o  introduce current quantit ies and current u n i t  prices and t o  introduce 

the current expenditure in the segment of the element represented by the 

control item [16]. 

I f  HCI forecasts are prepared by the DHT for  relat ively short  periods 

(3-5 years), the e f f ec t s  of inf lat ion can be estimated and used i n  both 

REHAB and NULOAD to  more accurately predict maintenance and rehabili tation 

costs. This proposed methodology is  more effect ive than considering 

a constant inf lat ion annual ra te  (REHAB) o r  estimating inflation-dependent 

budgets (NULOAD) fo r  road rehabi l i ta t ion.  



4.2.3 Load Red i s t r i bu t ion  Procedures  

The proposed methodology i s  t h e  same as t h a t  developed i n  t h e  Texas 

Truck Study C 1 7 1 .  Conceptually t h e  load  s h i f t i n g  procedure when new 

load  l ega l  limits a r e  cons idered  can be summarized a s  i n  Figure 4.15. 

Gross Vehlcle Welqhl - 
FWES€NT LAW 

fUTURE LAW 

i 

z 

! CHANGES 

Figure  4.15 Truck Populat ion and Changes Resul t ing  
From An Inc rease  i n  Maximum Legal GW 

The NULOAD s tudy  c u r r e n t l y  i n c o r p o r a t e s  t h e  FICHRP laod  s h i f t i n g  

methodology developed and documented i n  Reference [ 111. The p re sen t  

d i s cus s ion  of t h e  proposed load s h i f t i n g  procedure a p p l i e s  t o  two s c e n a r i o s  

A and B, def ined a s  fo l lows:  

Scenar io  A: 

S i n g l e  ax l e  = 88.9 K N  

Tandem a x l e  = 151.24 K N  



GVW = 355.87 KN 

Scenario B:  

Single axle = 115.66 KN 

Tandem axle = 195.73 KN 

GVW = 533.8 KN 

The NCHRP researchers examined his tor ical  GVId distr ibut ions before 

and a f t e r  changes in s ize  and weight laws. There i s  a pattern in these 

data tha t  shows a s h i f t  t o  heavier trucks and a small s h i f t  on the empty 

weight portion of the dis t r ibut ion.  A s h i f t  t ha t  i s  approximately pro- 

portional t o  the r a t i o  of the practical maximum gross weight under the new 

law to  the  practical maximum gross weight under the old law exis t s  on the 

loaded weight protion of the dis t r ibut ion.  

The resu l t s  of applying t h i s  type of s h i f t  t o  scenario A f o r  one 

hundred 3-52 trucks on a representati ve 1.6 km (1 mi l e )  of In ters ta te  

highway are  shown in Figure 4.16. Figure 4.16 ( a )  shows a large decrease 

i n  80-kN SALS fo r  trucks tha t  are  operating near the current legal 1 imit. 

This decrease i s  negated by the increase caused by the new heavy trucks. 

Figure 4.16 ( b )  i s  s imilar  expect that  a large savings i n  truck operating 

costs i s  indicated f o r  empty and l ight ly  loaded vehicles. Such data caused 

us t o  rexamine the sh i f t ing  procedure. 

I f  weight laws (only) were changed, certain consequences might be 

expected. Those trucks tha t  operate near the legal axle o r  GVW l imi t  

would increase t h e i r  loads, and t h i s  would resul t  in fewer loaded and 

empty t r i p s .  Vehicle tha t  carry 1 ow-densi ty cargo and are  constrained 

by vehicle volume (s ize)  woud be unaffected. A signif icant  number of par- 

t i a l l y  loaded vehicle t r i p s  are  made. Some of these a re  delivery t r i p s  

in which vehicle weight decreases or  increases along the route. Segments 
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Figure 4.16 Results of Use of NCHRP Sh i f t :  
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Costs 

of these t r i p s  could be affected by the  change i n  the weight laws, whereas 

the less-loaded t r i p s ,  which are made because the demand i s  only f o r  a 

partial  load, would be unaffected. 

I t  was concluded tha t  a sh i f t ing  procedure would be used tha t  would 

have the fol lowing character is t ics :  ( a )  heavily 1 oaded vehicle t r ip s  would 

shift  t o  a larger  GVW in proportion to  the previously mentioned ra t io  

of practical maximum gross weights, (b) l igh t ly  loaded vehicles would 

be unaffected by the change i n  the law, and ( c )  empty-vehicle t r i p s  would 

be reduced in proportion to  the reduction of loaded-vehicle trips. 

I t  i s  postulated tha t  the his tor ical  changes i n  GVW distr ibut ions 

tha t  were used as a basis for  the NCHRP s h i f t  were the resu l t  of factors  

other than changes in weight laws. To explore t h i s  phenomenon, a sensi- 



t i v i t y  study was conducted t o  examine t h e  e f f e c t s  o f  several  poss ib le  

s h i f t s  on t h e  computed savings i n  t r u c k  opera t i ng  costs and increased 

80-kN SALs. I n  general, t r u c k  opera t ing  cos t  savings are more s e n s i t i v e  

than 80-kN SAL t o  s h i f t s  t h a t  increase t h e  weight o f l i g h t l y  loaded t rucks .  

Furthermore, f o r  s h i f t s  t h a t  p r i m a r i l y  a f f e c t  h e a v i l y  loaded vehic les,  

n e i t h e r  ou tput  i s  extremely s e n s i t i v e  t o  the  s h i f t i n g  procedure. 

The r e s u l t s  ob ta ined by us ing  t h e  s h i f t s  are shown i n  Figures 4.17 

through 4.20. Results f o r  t h e  NCHRP procedure are  based on one hundred 

3-S2 t rucks  i n  scenar io A and 61.7 t r u c k s  w i t h  the  same payload i n  scenar io 

B on a rep resen ta t i ve  1.6 km (1  m i l e )  o f  I n t e r s t a t e  highway. Results 

f o r  t he  Texas procedure are based on one hundred 3-S2 t rucks  i n  scenario 

A and 85.7 t r u c k s  w i t h  t h e  same payload i n  scenario B. 
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Figure 4.17 Change i n  SO-kN SAL versus GW: 
NCHRP s h i f t  
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Figure 4.19 Change i n  Truck Operat ing Costs versus 
GVW: NCHRP s h i f t  
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Figure 4.20. Change i n  Truck Operat ing cos t  versus 
GVW: TSDHPT s h i f t  



Note t h a t  fo r  the adopted (TSDHPT) s h i f t  the fo l l ow ing  resu l t s  

were obtained: 

1. Fewer empty t r i p s  resu l ted  i n  savings. 

2. Some p a r t i a l l y  loaded o r  l i g h t l y  loaded t rucks were unaffected. 

3. The number o f  t rucks poss ib ly  constrained by axle o r  GM laws 

was reduced. 

4. The number of t rucks t ha t  exceed the present law (but  are constrained 

by f u tu re  law) was increased, This resu l ted  i n  increased savings. 

5. Net savings i n  t ruck  operat ing costs were a f fec ted  much more 

than was the net  increase i n  80-kN SALs by the adopted s h i f t  

versus the NCHRP s h i f t .  

Figure 4.21 shows the NCHRP and TSDHPT s h i f t i n g  factors.  The TSDHPT 

s h i f t  i s  considered a "most 1 i k e l y "  outcome; i t  must be pointed out, however, 

t h a t  the  basis f o r  i t s  se lec t ion  lacks prec is ion.  For much cargo, the 

po in t  o f  d imin ish ing re turns as f a r  as gross o r  axle-weight l i m i t a t i o n s  

are concerned may a1 ready have been reached. 

4.2.4 Road Maintenance Cost Methodology f o r  Pavements Other Than A.C.P. 

The purpose o f  t h i s  sect ion i s  t o  describe a general method f o r  

es t imat ing maintenance costs of low-vol ume r u r a l  roads. This d i  scussion 

was developed and documented i n  Reference [ 4) , and i s based on the 

work by C. H. Oglesbyh,lZl . The types o f  roads under considerat ion, t h e i r  

descript ion, and the  corresponding mater ia ls  are given i n  Table 4.1. 

The general approach t o  evaluate maintenance costs consists o f  e s t i -  

mating the k i nd  and frequency o f  maintenance operations, and then develop- 

i n g  estimates of the costs o f  equipment, manpower, and mater ia ls  required 

t o  perform these operat ions. 
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Table 4.1 Road Surface Type Description 

I DESCRIPTION 

I 

TYPE OF ROAD 

I .  Bituminous surface-treated 

2.  Surfaced with rcad mix 

'' 3. Surfaced with p lant  mix 

A tfiin layer of asphal t  ag- 
gregate covered with chips o r  
screenings is added t o  type 2 

Asphalt,screenings 
Gravel 
Emhnkment 

A layer  of pvement mixed i n  
pLace is placed on top  of a 
gravel base 

- - - - - - - --- - -- - 

Only surface maintenance costs are  considered. Overhead costs of 

the maintenance organization are not included since they are a fixed 

charge under any al ternat ive t o  be considered. 

Figure 4.22 summarizes the maintenance cost methodology. 1 1  

Seal coat  
Road m i x  
Gravel 

Same as previous one, but 
plant m i x  is used instead of 
raid m i x  

Seal ccat  
Plant m i x  
Gravel 



L A B O R  Ci TRUCK PLANT MIX 
DISTRIBUTOR GRAVEL 

ASPHALT 

Figure 4.2 2 Maintenance Cost Methodology for Bituminous Roads 



A summary of the specif ic  actions indicated by Oglesby i s  given i n  Table 4.2. 

Table 4.2 Maintenance Operations f o r  Rural Paved Roads - 

In each case (surface patching o r  edge patching), the corresponding 

maintenance cost can be broken down into the following components: 

B I TUMI NOUS 'MAT 

Cl ean pot hol es , coat 
surfaces with asphalt 
from dis tr ibutor ,  f i l l  
holes w i t h  plant-mix 
material, and rol l  with 
truck 

Same as fo r  surface 
treatments 

SURFACE 
PATCH ING 

EDGE 
PATCHING 

(1) labor costs ,  (2) equipment costs ,  and ( 3 )  materials costs. The 

SURFACE TREATMENT 

1. Where potholes have formed: 
clean potholes, coat surfaces 
w i t h  asphalt form dis t r ibutor ,  
f i l l  holes with plant mix ma- 
t e r i a l ,  rol l  with truck 

2 .  Where surface treatment has 
broken o r  frayed, but no pot- 
holes have formed: spray af-  
fected areas with asphalt from 
dis t r ibutor ,  cover asphalt with 
pea gravel 

Coat affected areas with as- 
phalt and then f i l l  them w i t h  
plant-mix materials 

following notation wi 11 be used here: 

Pj  
F i r s t  cost of equipment j 

N j  
Service l i f e  ( in  years) of equipment j 

D j  
Average number of days per year equipment j i s  i n  use 

Mj 
Daily maintenance charge ( fue l ,  oi 1 ,  grease, repairs,  storage, 

e t c )  for  equipment j 

a Average daily need of material j 
j 

Per-unit cost of material j 



Sj  
Sum o f  monthly wages and b e n e f i t s  f o r  worker j 

Nm Number o f  ma te r ia l s  

Ne Number o f  pieces of equipment 

Nc, Number of workers i n  the  maintenance crew 

rC Estimated crew p r o d u c t i v i t y  r a t e  (mi les  per  year )  
A 

C1 Labor cos t  ($/year) 
A 

Ce Equipment cos t  ($/year) 
A 

'm Ma te r ia l  cos t  ($/year) 

A. Annual Labor Cost 

Assuming 22 work ing days i n  a month, and 5 working days i n  a week, 

we can w r i t e :  
Nc 

D a i l y  l a b o r  cost  = z Sj / 22 
j = 1  

A 

C1 = (52) (5) ( D a i l y  l abo r  cos t )  

!c 
= 11.82 c S 

j = l  j 

B. Annual Equipment Cost 

Ne P j  CRF(Nj , i )  
D a i l y  equipment cost  = c + M 

j =I Dj j 

A 

Ce = (52) (5) ( D a i l y  equipment cos t )  

C. Annual Ma te r ia l  Cost 



D. Annual Maintenance Cost 

The annual maintenance cost per mile ( for  e i the r  surface patching o r  

edge patching) can be obtained by adding up the labor cost, the equip- 

ment cost,  and the material cost,  and dividing t h i s  to ta l  by the estimated 

crew production rate  (miles per year) 

2Cn r , FI , 
Annual Maintenance Cost = - 

Using Eq. (4-3) fo r  surface patching we obtain is, and using Eq. (4-3)  

A The total  annual cost will  be given again fo r  edge patching, we obtain Ce' 

4.3 Recommended Modi f i  cations for  REHAB 

A t  present the REHAB program requires a s ignif icant  amunt of com- 

putational work in order t o  generate the program's i n p u t  data. The pur- 

pose of the recomnded changes i s  to  reduce o r  eliminate th i s  phase and 

to  provide REHAB w i t h  be t t e r  predictive capabi l i t ies .  A l i s t  o f  the re- 

comnended changes i s  given below: 

A. Generation of survivor curves. 

B. Consi deration of several rehabil i  ta t ion a1 ternatives 

C. Incorporation of 1 oad redistribution methods. 

D. Use of a Costlbenefit methodology. 



4.3.1. Generation of Survivor Curves 

I t  i s  eas ie r  t o  generate survivor curves within a computer program 

than t o  read them in point by point as i n p u t  data. The data tha t  are  

needed to  generate a survivor curve are  the following: 

1. The mean remaining 1 i f e  of the pavement. 

2. The standard deviation of the remaining l i f e .  

3 .  The type of probability dis t r ibut ion of remaining l i f e  time. 

Currently, NULOAD assumes tha t  the probabi 1 i t y  dis t r ibut ion for  

the remaining 1 i f e  time i s  symmetric about the mean, and normal. The 

survivor curve thus produced i s  S-shaped with i t s  steepest slope a t  

the predicted value of the remaining l i f e  time of the pavement. This 

curve, i t s  probability dis t r ibut ion,  and the predicted serviceabi l i ty  

index curve are shown in Figure 4.2.3. 

TI!c survivor curves currently usnd in REIIAE zre based upon t~ i s to r i ca l  

data on some pavement types and on the remainder were simply assumed. They 

are  more l inear  and are l ike the curvein Figure 4.24 which i s  generated by 

a uniform probability dis t r ibut ion.  

The survivor curves tha t  have been determined from his tor ical  data 

in TTI's f lexible  pavement data base have been S-shaped b u t  unsymmetrical, 

such as shown i n  Figure 4.25. The equation for  the survivor curve has been 

found to be dependent upon the 18-kip ESAL's tha t  have been applied t o  the 

pavement, and i s  of the following form 

time < to; Percent Surviving (p) = 1.0 

- K / ( w ~ ~ ) ~  
time > to; p = 1 - e 

where n > 2 
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The mean value and standard deviation of these curves depend 

upon K and n and are  found by using the method of maximum 4 ;  

1 i kel ihood estimators. The 1 a t t e r  type of survivor curves 

may be preferable t o  the other two because they make the survival 

ra te  of pavements dependent upon: 

1. Historical data.  

2. The 1 eve1 of 18-k ESAL appl ied t o  the pavement 

instead of the assumed values used i n  NULOAD and the rough approximations 

used in REHAB. 

4 . 3 . 2 .  Consideration of Rehabilitation A1 ternatives 

Currently, the only rehabil i t a t ion  a1 ternat ive considered by NULOAD 

i s  an overlay whereas the i n p u t  data for  REHAB simply considers a 

single unit cost fo r  rehabi l i ta t ion a f t e r  havina worked out ,by hand 

an average u n i t  cost considering the use of several alternatives over the analysis 

period before inputting i t  t o  the program. The desirable arrangement 

would automatically generate the cost of using several rehabi 1 i tation 

a1 ternatives internal to the computer program. 

The way t h i s  can be done simply i s  the following: 

1 .  For each type of pavement, input the percent of those pavements 

tha t  usually (h is tor ica l ly)  receive rehabil i t a t ion  a1 ternatives 

1 ,  2 ,  3,  . . . , n .  Also i n p u t  the u n i t  costs of a11 n a l ternat ives .  

2. For each type of pavement, compute internal ly  the average 

u n i t  cost w i t h  the following formula: 



- 
where C .  = the average u n i t  cost rehabi l i ta t ion of pavement type j. 

J 

'i j 
= the percentage of pavement type j tha t  receives rehabi l i ta-  

t ion al ternat ive i .  

'i j = the u n i t  cost  of rehabi l i ta t ion al ternat ive i when applied 

t o  pavement type j. 

This is  a simple a l te ra t ion  t o  e i the r  NULOAD o r  REHAB and will probably 

resul t  in  more real i s t i c  estimates of rehabi l i ta t ion costs.  The per- 

centages and uni t  costs may be tables tha t  can be generated as a report 

from the Sta te  data base. 

4.3.3 Incorporation of Load Redistribution Methods 

The load redistribution procedure presented in Section 4.2.3 can a1 so 

be implemented in REHAB. Currently t h i s  procedure i s  generated before the 

program i s  r u n .  

In summary, the necessary revisions will  change the REHAB program so 

tha t  when heavier trucks are applied the l i f e  curves are  shortened, which 

causes the pavements to  wear out fas te r .  The "worn-out" pavements are then 

rehabili tated. Those t h a t  receive minor rehabi l i ta t ion (thin overlays) 

continue t o  wear out a t  the accelerated rate .  However, those tha t  receive 

major rehabi l i ta t ion are  redesigned a t  an increased cost t o  handle the 

heavier trucks. These redesigned pavement s t ructures  now begin to  wear 

out a t  a slower ra te .  The slower ra te  i s  the same rate  as the original 

l i f e  curves f o r  these pavements. 

4.3.4 Cost and Benefit Methodology 

The overall purpose of the cost and benefit analysis i s  to  ident i fy 



acceptable pub1 i c  pro jec ts .  The output f r o m  REHAB should be modif ied as t o  

incorporate information useful  t o  the s ta te  administrators responsible f o r  

requesting and eva luat ing road work pro jec ts .  This in format ion essen t i a l l y  

would a l low an est imat ion and evaluat ion o f  net  bene f i t s  associated w i t h  pro- 

posed r e h a b i l i t a t i o n  a l te rna t i ves  t o  achieve speCif ied l eve l  s o f  road service- 

ab i l  i ty.  

I n  add i t i on  t o  road r e h a b i l i t a t i o n  costs, the fo l low ing  elements are 

fundamentally important t o  the develqpment o f  the cost  and bene f i t  analysis:  

A. Mai ntenance Costs. 

B. User Costs. 

C. Salvage Value. 

D. Highway Cost Index. 

4.3.4.1 Maintenance Costs 

The EAROMAR Equations [1  1 cu r ren t l y  used i n  NULOAD t o  estimate main- 

tenance costs f o r  A. C.P. roads can be incorporated i n  REHAB. For roads o ther  

than A.C.P., the proposed methodology i s  exact ly  the same as t ha t  already 

explained i n  Section 4.2.4. 

4.3.4.2 User Costs 

The two types o f  var iab le  user costs t h a t  are  genera l ly  associated w i t h  

the operation o f  a t r a n s i t  system are the mileage-dependent cost ( V , )  and the 

time-dependent cost  (V* ) .  RF 1 eage -dependent costs inc lude the cost  o f  power 

and the cost of keeping vehicles i n  operat ive condit ions. Time-dependent 

costs a r i se  from the value o f  passanger t r a v e l  t ime and the  wages pa id  operat- 

i n g  personnel t r a v e l i n g  w i t h  the vehic le.  The two costs under discussion 

can be combined i n  a s i ng le  user cost  parameter, cU, given t he  speed, S, i n  



miles per hour: 

The running cost i s  affected by the following factors: (1) the high- 

way, ( 2 )  the vehicle, (3) the operator, and (4) the weather and topografy. 

Here i t  is  assumed tha t  only the type of vehicle, the type of road surface, 

and the running speed of the vehicles are relevant factors. 

For a given road and a given vehicle, the operating cost V1 can be 

written as 

where ii i s  the cost of the ith input in $/mile. The following i n p u t s  

must be considered i n  order to  derive an estimate of current operating 

costs : 

( a )  Fuel ( i = l  ) 

(b) Engineoil  ( i=2)  

(c) Ti re wear ( i=3)  

( d )  Depreciation ( i = 4 )  

(e )  In teres t  ( i  =5) 

( f )  Maintenance ( i  =6) 

The notation to  be used here i s  given as follows: 

rf rate  of consumption of fuel i n  gallons per mile 

Cf cost of one gallon of fuel 

r rate  o f  consumption of o i l  in quarts per mile 
0 

co cost of one quart of oi l  

rt percent wear of one t i r e  per mile 

Nt number of t i r e s  

9 1 



Ct cost of one t i  re 

Cv vehicle cost 

rv estimated service l i f e  of the vehicle in miles 

Cd depreciable value of the vehicle (vehicle cost minus t i r e s  cost) 

p percentage of vehicle cost depreciated by constant speed operation 

r interest rate 
i 

f l  present average value factor (average value of vehicle as a percent 

of c,) 

f2 percentage of f leet  i n  commercial utiliaation 

m mileage peryear  

M1 cost of parts per mile, expressed as a percentage of the depreciable value 

of the vehicle 

average number of hours of labor required permile traveled 

h cost of an average maintenance labor hour, including overhead, 

The per-mile costs of the inputs under study can be expressed i n  terms 

of the previously explained notation. A short explanation i s  given in each 

case. 

(a)  Fuel cost 

Fuel consumption of vehicles i s  the most obvious item of vehicle operat- 

i n g  cost. Major factors affecting the rate of fuel consumption ( r f )  are 

the type of the vehicle, the speed of the vehicle, the rate of r i se  and 

fa1 1 of the road, the curvature of the road, and the type of surface of the 

road. The fuel cost per mile i s  given by 

In Figure 4.26 we can seethe procedure required to  estimate the rate of fuel 



consumption fo r  the  fo l lowing types of vehic les and road surfaces: 

The methodology given i n  Figure 4.26 must be combined w i t h  the use o f  tab les  

which give a  v a r i e t y  o f  parameters needed fo r  s p e c i f i c  ca lcu la t ions re l a ted  

t o  a  p a r t i c u l a r  s i tua t ion .  Such tab les can be obtained from 131, [141., 

and l18  1. 

(b)  Engine o i l  cost  

This i tem i s  by f a r  the l e a s t  important i n  the t o t a l  makeup o f  veh ic le  

operating costs. Because o f  i t s  low r a t e  o f  consumption and the technical  

d i f f i c u l t y  invo lved i n  r e l a t i n g  o i l  consumption t o  d i f ferences i n  speed, 

l i t t l e  research has been done on t h i s  subject .  O i l  consumption i s  more a 

factor  of engine speed (p is ton  t r a v e l )  than i t  i s  o f  road speed, but  o i l  

consumption increases w i t h  veh ic le  road speed. The cost o f  engine o i l  

i s  given by 

I n  Figure 4.27 we show the methodology which must be fo l lowed t o  est imate C2. 
Again, use o f  tab les  i s  required. 

(c )  T i r e  wear cost 

This i s  a  much more important i tem than engine o i l .  For each ind iv idua l  

type o f  vehicle, t i r e  wear can be measured as a  percentage o f  wear o f  - one t i r e .  

This percentage i s  given per  mile, and combined w i t h  the cost o f  a  t i r e  

can be converted i n t o  do l l a r s  per mi le .  The number o f  t i r e s  i s  already taken 

care o f .  Figure 4.28 gives the basic procedure t o  est imate t i r e  wear costs. 

The corresponding tables are given i n  1 3  1 . 



The following expression can be used to  determine the t i r e  wear cost 

a f t e r  extimating the percentage of t i r e  wear per t i r e  and per mile. 

(d) Depreciation cost 

The depreciation expense of a vehicle i s  a real cost related t o  time 

and use of the vehicle. There i s  no t  a proved just base on which t o  divide 

to ta l  depreciation cost among mileage, time, and nonhighway factors,  so 

i t  must be done by judgement. As i n  [14], the following assumptions can be 

made in order to  estimate depreciation: 

(1) The fu l l  value of the vehicle (not including tires) should be 

depreciated over i t s  useful l i f e  

(2 )  Only the portion of depreciation due to constant speed operation 

must be considered 

(3) Operation a t  higher speed reduces useful l i f e  of vehicles. As 

indicated by L.  G. Shippy, J .  De Weille C3 1 does n o t  develop 

depreciation costs under th i s  assumption, confl ic t ing with the 

opinion of some people in the f ie ld  of transportation [14 1. 

In Figure 4.29, the reader can find the methodology to  estimate depreciation 

costs, once proper parameters are obtained from the tables.  The depreciation 

cost per mile can be written as 



(e)  Interest  cost 

The calculation of depreciation costs does not include any charge fo r  

the capital invested i n  the vehicle. However, since vehicles l a s t  i n  average 

from 7 to  14 years [ 3 1  , in te res t  costs are rather s ignif icant .  The method 

to estimate these costs i s  given i n  Figure 4.30. Once corresponding parameters 

are obtained from the tables ,  the following formula may be used. 

( f )  Plaintenance cost 

In C31, two components of the maintenance cost are considered. One i s  

the cost of repair  materials, and the other i s  the cost of hours of labor. 

Maintenance expense i s  defined as the monetary cost of cleaning, adjusting, 

repairing, rep1 acing worn and damaged parts ,  1 ubricating (except o i l  ) , and 

ant i  freeze. The methodology fo r  estimating maintenance costs related to  

vehicle operation in the road i s  shown in Figure 4.31. Here t h i s  formula 

may be used. 

Now that  each ii has been considered, i t  i s  possible t o  express \I1 as 

fol lows, 

where Cd = Cv - N t  Ct i s  the depreciable value of the vehicle. When suf f ic ien t  

past data can be obtained, a regressian analysis approach can be used t o  

identify proper relationships between each component of V1 and the corres- 

ponding factors  affecting i t .  An example of such a study is  given in C131. 



The time-dependent user costs will  be now considered. The value of  

travel time of commercial vehicles has two fundamental components : drivers ' 

wages and drivers '  nonwage compensation. Also, i t  i s  possible to  include 

such factors as return on investment, depreciation, and property tax C183 , 

since they are affected by a reduction in travel time due to road improve- 

ments. In C143, a l i s t  of 1974 travel time costs i s  given. There the travel 

time cost i s  considered as a function of speed and type of vehicle. 
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4.3.4.3. Salvage Value 

There i s  an inter-relationship between salvage value and the length of 

the analysis period. Ideally, the analysis period should end when i t  i s  

expected tha t  the road will be abandoned o r  have major reconstruction work 

done on i t ;  and the salvage value of the pavements should be estimated a t  

the end of t h i s  analysis period. since very few roads are completely aban- 

doned, the end of the ideal analysis period usually i s  expected to  be the 

time a t  which the road will  have major reconstruction work done on i t .  For 

purposes of designing pavements, which i s  the concern here, major reconstruc- 

tion work on a road relates  to  major reconstruction tha t  will  affect  the 

pavement tha t  i s  being desi gned. This incl udes major pavement reconstruc- 

tion w i t h  the same vertical  and horizontal a1 ignment or  w i t h  new vertical  and/ 

o r  horizontal a1 ignment. Major pavement reconstruction where vertical  and 

horizontal alignment are not changed might be done where (1)  i t  i s  decided 

tha t  i t  i s  more economical to  perform major reconstruction than to  continue 

to  repair the old (present) pavement, ( 2 )  lane widths are changed o r  extra 

lanes and/or shoulders are added w i t h  major reconstruction being performed sim- 

ultaneously on the old pavement, (3)  continued overlaying of the old pavement 

would be too costly because of curb and median heights and bridge clearances. 

One of the problems encountered i n  estimating salvage value i s  related, 

then, to  the fac t  that  the analysis period tha t  i s  used does not end a t  

the time major pavement reconstruction i s  expected to  take place; i t  i s  

instead an analysis period tha t  i s  l e s s  than the pavement's l i f e ,  and i s  one 

tha t  has been chosen primarily because i t  i s  the length of time over which 

i t  i s  thought tha t  program inputs can be estimated w i t h  reasonable accuracy. 

Thus, a t  the end of t h i s  "practical" (as opposed to  the "ideal") analysis 



period, i t  i s  i n  f ac t  expected t h a t  the pavement presently being designed 

will be used fo r  some additional time. During th i s  additional pavement 

l i f e ,  routine maintenance will  be performed on the pavement and seal coats 

and overlays may also be applied to  the pavement. In f ac t ,  fo r  most analysis 

periods, t h i s  probably will be the case. 

I t  seems reasonable, therefore,  to  make some allowance i n  the calcul- 

ation of pavement costs for  the fac t  t ha t  the l a s t  overlays fo r  the different  

pavement designs l a s t  fo r  different  amounts of time beyond the end of the 

analysis period. Thus, with, say, and analysis period of twenty years, the 

l a s t  overlay of one design might decrease to  the acceptable serviceabi 1 i t y  

index precisely a t  the end of twenty years whereas tha t  of another design 

might reach tha t  index f ive  years beyond the end of the analysis period. 

There are two principal ways in which the currently-used procedure might 

be changed to  adjust  f o r  overlays tha t  l a s t  beyond the analysis period. 

One way would be to  adjust  the l a s t  overlay (down, say, even t o  hundredths 

of an inch) so tha t  i t  lasted exactly to  the end of the analysis period. 

The other way would be to  increase the salvage value of the pavement 

i f  the l a s t  overlay l a s t s  beyond the end of the analysis period. There 

are several ways i n  which th i s  might be done, e i the r  by adjusting the to ta l  

pavement salvage value o r  by adjusting the salvage value of only the l a s t  

overlay. However, i t  i s  believed tha t  the adjustment should be made only 

to  the salvage value of the l a s t  overlay, [8 1. 

A procedure fo r  calculating the salvage value fo r  both the existing 

pavement s t ructures  and the future overlays has been developed and i s  included 

in NULOAD. The procedure requires tha t  the user develop estimates of the 

present monetary value of the materials and remaining l i f e  of the existing 



pavement s t ructure for  each representative section. These present pavement 

structure values must be estimated f o r  an average mile of pavement of each pave- 

ment age in the age, lane-mile dis t r ibut ion.  In addition, the ra te  of 

loss of value of the pavement s t ructure i s  also a required i n p u t .  This r a t e  

of loss may be changed fo r  each pavement age but should probably change only 

when a causative factor  such as a new construction procedure or  change of spec- 

i f ica t ion  occurred. Using the present value of the pavement s t ructure 

and the rate  of loss in value, the salvage value of the pavement structure 

can be calculated a t  the end of the analysis period. 

The salvage value of the overlay i s  based on estimates of the remaining 

l i f e  of the to ta l  overlaid s t ructure a t  the end of the analysis period. 

The remaining l i f e  i s  calculated to  be the difference between number of 

design 18 kip (80 kN) ESAL and the number experienced between the overlay 

and the end of the analysis period. The salvage value fo r  a mile of pavement 

from one age s l i c e  i s  the product of the ra t io  of remaining 18 k i p  (80 kN) 

ESAL of the overlay to the design ESAL and the overlay cost. The to ta l  

salvage value f o r  a l l  pavements i s  accumulated a t  the end of the analysis 

period and then output in terms of present worth. The salvage value repR- 

sents the positive value of the investment i n  the pavement s t ructure and, 

therefore, i s  of opposite sign from the construction, maintenance, and overlay 

costs, [ I ]  . 
A be t te r  model for  estimating salvage values and f o r  taking into account 

the relationship between the salvage value, the pavement 1 i f e ,  and the length 

of the analysis period i s  needed. An overall consideration should attempt to 

determine the major variables tha t  inf l  uence salvage values. Development of 

be t te r  models probably would enta i l  the consideration of the overall highway 



system and not just the pavement system. 

In addition t o  considering better models f o r  salvage values, there i s  

a need to  develop be t te r  data on how salvage values vary with different  

material types and road types. 

I f  REHAB i s  t o  be modified, then a salvage value calculation needs to  be 

included. I f  NULOAD i s  t o  be modified, the salvage value routine currently 

used should be modified to  re f lec t  a more comprehensive "value in use" 

concept of salvage value. Such a concept views the salvage value of a pave- 

ment as the dol la r  value of the pavement a f t e r  i t  i s  improved minus the cost 

of the improvements. 

4.3.4.4 Highway Cost Index 

The proposed modification for  REHAB i s  identical t o  tha t  recommended 

for NULOAD, and discussed i n  Section 4.2.2.  
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