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EXECUTIVE SUMMARY

A. OVERVIEW OF TRACK MAINTENANCE PROJECT

The s u b je c t o f  d e fe rre d  maintenance in  ra i lr o a d  p la n ts  and equipments 

and the consequences th e re o f,  has re ce ive d  cons ide rab le  n a tio n a l a t te n t io n  

s in ce  the la te  1960s. An issue o f  p a r t ic u la r  concern w ith in  t h is  general 

s u b je c t area has been the frequency and im pact o f  f r e ig h t  t r a in  acc iden ts  

caused by d e f ic ie n t  tra c k  c o n d it io n s  o r  in a p p ro p ria te  t r a in  speeds. P u b lic  

re a c t io n  to  t h is  issue led  Congress to  d i r e c t  th e  Federal R a ilro a d  A d m in is tra 

t io n  (FRA), in  1971, to  e s ta b lis h  tra c k  s a fe ty  standards s e t t in g  fo r th  

minimum s a fe ty  requirem ents f o r  s p e c if ic  t ra c k  c o n d it io n s . The prom ulgation  

o f  such re g u la tio n s  to g e th e r w ith  the passage o f  tim e s ince t h e i r  enactment 

ra is e s  two in te r re la te d  q u e s tio n s : (1) Have the  tra c k  s a fe ty  standards

c o n tr ib u te d  to  the  re d u c tio n  o f  t ra c k - re la te d  acc iden ts?  and (2) Have the 

t ra c k  s a fe ty  standards encouraged the  a l lo c a t io n  o f  h ighe r le v e ls  o f  resources 

f o r  t ra c k  maintenance w ith  the  purpose o f  reducing  o r e lim in a t in g  d e fe rre d  

maintenance?

The purpose o f  th is  s tudy was to  in v e s t ig a te  and, as fa r  as p o s s ib le , 

q u a n t ify  the  decis ion-m aking  process fo r  r a i lr o a d  tra c k  maintenance (T/M) 

expe nd itu res  in  o rd e r to :  (1) d e scrib e  how fe d e ra l tra c k  s a fe ty  standards

have in flu e n c e d  th is  process and (2) e xp lo re  the  p o s s ib i l i t y  o f  p re d ic t in g  

the  im pact o f  changes in  s a fe ty  re g u la t io n s  on T/M spending fo r  a l l  U.S.

Class I ra ilro a d s  o r se lec ted  groups o f  r a i lr o a d s .  A re la te d  o b je c t iv e  

was to  use p u b lic ly  a v a ila b le  data to  b u ild  models o f  t ra c k - re la te d  acc iden ts  

and t r a in  speeds- .

FINDINGS
In  s p ite  o f  the  l im ita t io n s  imposed by the use o f  p u b lic ly  a v a ila b le  

d a ta , th is  research has produced severa l in te re s t in g  in s ig h ts  in to  the e f fe c ts  

o f  the  fe d e ra l tra c k  s a fe ty  s tandards. The standards were in tended to  reduce 

t ra c k - re la te d  acciden ts by imposing speed r e s t r ic t io n s  in  accordance w ith  

t ra c k  c o n d it io n s . I f  the reduced speeds were imposed o n -h igh  d e n s ity  T ines, 

th e  increased o p e ra tin g  costs assoc ia ted  w ith  decreased car and locom otive

x



u t i l i z a t io n  would p ro v id e  the economic ju s t i f i c a t io n  to  incre ase  maintenance 

e xp e n d itu re s . I f ,  on the  o th e r hand, the increased o p e ra tin g  costs  were 

not s u f f i c ie n t  to  s t im u la te  increased maintenance a c t i v i t y ,  the  low er t r a in  

speeds would enhance s a fe ty .

Track Maintenance Expenditures

The r e s u lts  do in d ic a te  th a t  the im p o s itio n  o f  the standards has had 

the p re d ic te d  im pacts on both tra c k  maintenance spending and on t r a in  speeds.

In  the  years  s in ce  th e  standards were imposed, th e re  has been a s t a t i s t i c a l l y  

s ig n i f ic a n t  in c re a se  in  the  p ro p o rtio n  o f  ra ilw a y  revenues which has been 

devoted to  t ra c k  m aintenance. As m ight be expected, those ra ilro a d s  which 

operate t r a in s  a t h ig h e r speeds appear to  be more s e n s it iv e  to  the in tro d u c t io n  

o f  the  s a fe ty  standards than those which operate w ith  Tower system speeds.

In  c o n tra s t,  the  group o f  c a r r ie rs  which have ve ry  low system speeds were 

not a ffe c te d  by the  standards, p o s s ib ly  because the speeds a t which th e y  

operate were a lre a d y  lower than those which m igh t be imposed by the  fe d e ra l 

s tandards. P r o f ita b le  ra ilro a d s  were a lso  found to  be more s e n s it iv e  to  

the s ta n d a rd s , perhaps because they possess the  resources to  undertake 

r e h a b i l i t a t io n  e f fo r t s .

T ra in  Speeds

Average t r a in  speeds have a lso been in flu e n c e d  by the  im p o s it io n  o f  

the  s tandards . The models in d ic a te  th a t  the  standards have had a s t a t i s 

t i c a l l y  s ig n i f ic a n t  negative  in flu e n c e  on average t r a in  speeds. However, 

th is  r e s u l t  must be considered in  l ig h t  o f  o th e r in flu e n c e s , such as fu e l 

co n se rva tio n  e f f o r t s ,  which may a lso  have had nega tive  in flu e n c e s  on 

o p e ra tin g  speeds.

Accidents

The m ajor area in  which the standards have not had the in tended e f fe c t  

is  in  the re d u c tio n  o f  the number o f  t ra c k - re la te d  a cc id e n ts . In  s p ite  

o f  the  im p o s it io n  o f  the  standards, the acc id e n t ra te  has no t decreased;

" ra th e r ,  i t  has in c re a se d . I t  is  p o s s ib le , o f  course, th a t  the im p o s itio n  

o f  the  standards prevented a much la rg e r  increase in  the a cc id e n t ra te ,  

but i t  is  no t p o s s ib le  to  in v e s tig a te  th is  hypo thes is .

xi



The in d u s try ,  however, is  s e n s it iv e  to  a cc id e n t ra te s  in  the  maintenance 

budgeting process. C a rr ie rs  which are p r o f i ta b le  a t h ig h e r average speeds, 

o r which have numerous high d e n s ity  l in e s ,  are more s e n s it iv e  to  the  acc iden t 

ra te  than are s low , u n p ro f ita b le ,  o r  low d e n s ity  c a r r ie r s .

STRUCTURE OF THE RESEARCH

In  o rd e r to  re la te  the o b je c t iv e s  o f  t h is  research to  the  general problem 

o f  reduc ing  t ra c k - re la te d  acc iden ts  th rough s a fe ty  standards, and in  o rd e r 

to  d e fin e  the scope o f  th is  s tu d y , i t  is  u se fu l to  co n ce p tu a lize  the  in t e r 

a c tio n s  which are in vo lve d  (see F igure  .ES-1). The o p e ra tin g  speed l im i t s  and 

T/M expend itu res  have an e f fe c t  on t ra c k - re la te d  a c c id e n ts , income, m arket 

share, equipment u t i l i z a t io n ,  e t c . ,  which in  tu rn  p rov ide  feedback to  the 

dec is ion-m aking  processes, both d i r e c t ly  and in d i r e c t ly ,  th rough p u b lic  

tra c k  s a fe ty  re g u la t io n s .

The area o f  th is  study is  e n c irc le d  in  F igure  ES-1 and is  l im ite d  to  under

stand ing  the decis ion-m aking  processes re la te d  to  the s e le c t io n  o f  speed 

l im i t s ,  the  s e t t in g  o f  tra c k  maintenance expe nd itu re  le v e ls ,  and the  d ir e c t  

and in d ir e c t  feedback e f fe c ts  on these processes. The scope o f  the  study 

was l im ite d  to  the  Class I  ra ilro a d s  th a t  operated in  1978 and th e  16 

year p e rio d  from  1962 to  1977.

F in a l ly ,  i t  is  im po rtan t to  note t h a t ,  in  th is  s tu d y , th e  term  " t ra c k  

maintenance" ( d r ,  s im p ly , "m ain tenance") has a d i f fe r e n t  meaning than the 

in d u s try 's  standard n o tio n  o f  "m aintenance o f  way"; tra c k  maintenance expen

d itu re s  in c lu d e  expense and c a p ita l item s p r im a r i ly  re la te d  to  t ra c k  and 

exclude expe nd itu res  fo r  some s tru c tu re s .

Research Plan

The approach used to  accom plish th e  o b je c tiv e s  o f  th is  research inc luded  

a l i t e r a tu r e  search , f ie ld  in te rv ie w s  w ith  Federal Track S a fe ty  Inspecto rs  

and ra i lr o a d  o f f i c i a l s ,  fo rm u la tio n  and te s t in g  o f  hypotheses through conceptual 

models and case a n a ly s is , and m u lt iv a r ia te  a n a ly s is  o f  tim e s e rie s  data in  cross 

se c tio n s . The s p e c ific , tasks and the  products from each are shown in  F igure ES-2
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Task 1— In te rv ie w s

The purpose o f  Task 1 was to  e xp lo re  the dec is ion-m aking  process fo r  

T/M e x p e n d itu re s , id e n t i f y  p o te n t ia l e xp la n a to ry  v a r ia b le s ,  and develop 

hypotheses to  be te s te d . Task 1 was d iv id e d  in to  two phases. The f i r s t  

phase, a l i t e r a t u r e  search, was conducted to  id e n t i f y  in fo rm a tio n  a v a ila b le  

on r a i l r o a d  m anagerial processes, e s p e c ia lly  in  r e la t io n  to  T/M e xp e n d itu re s , 

and to  d is c o v e r how these processes have v a rie d  over tim e .

In  th e  second phase, a to ta l  o f  e ig h t in te rv ie w s  were conducted, seven 

w ith  s e n io r  o f f i c i a l s  o f  Class I  ra ilro a d s  and one w ith  a Federal Track 

S a fe ty  In s p e c to r . The ra ilro a d s  which were chosen fo r  in te rv ie w s  were 

se le c te d  by the p ro je c t  team w ith  the  advice and consent o f  the  Technica l 

M o n ito r.

The ra ilro a d s  th a t  were se le c te d  fo r  in te rv ie w s  were chosen on the 

bas is  o f  (1 ) s iz e ,  (2) f in a n c ia l  c o n d it io n , (3) o v e ra ll com position  o f  l in e s  • 

( e .g . ,  main vs . b ra n ch ), (4) t r a f f i c  c h a ra c te r is t ic s ,  (5) maintenance 

p h ilo so p h y  o r  p o l ic y ,  and (6) method o f  o rg a n iz a tio n  ( to  the  e x te n t such 

c h a ra c te r is t ic s  were c le a r ly  d is c e rn ib le ) .

The main o b je c t iv e  o f  these in te rv ie w s  was to  c h a ra c te r iz e  the r a i lr o a d  

d e c is io n -m a k in g  process fo r  s e t t in g  T/M e xpe nd itu re  le v e ls  and the  ro le  

o f  fe d e ra l t ra c k  s a fe ty  re g u la tio n s  in  th is  process.

Im p o rta n t co n s id e ra tio n s  in  the s e le c tio n  o f  ra ilro a d s  in c lu d e : (1) s iz e ,

(2) f in a n c ia l  c o n d it io n , (3) o v e ra ll com position o f  l in e s  ( e .g . ,  main vs. 

branch l in e s — to  the e x te n t th a t  o v e ra ll com position  is  c le a r ly  d is t in g u is h a b le )  

and t ra c k  m ile s , (4) basic  t r a f f i c  c h a ra c te r is t ic s  ( e .g . ,  coal in  u n i t  t r a in s  

vs. [TOFC], (5) maintenance ph ilosophy o r p o lic y  and e x te n t o f m echan iza tion , 

and (6) method o f  o rg a n iz a tio n  ( to  th e  e x te n t such c h a ra c te r is t ic s  are c le a r ly  

d is c e r n ib le ) .  Many o f  these c h a ra c te r is t ic s  overlapped, so th a t  even w ith  

a sm all sample, i t  was p o s s ib le  to  o b ta in  a f a i r l y  good cross s e c tio n .

Task 2— H yp o th e tica l Case Study

In  Task 2, th e  research team fo rm ula ted  and p a ra m e tr ic a lly  solved a 

s e r ie s  o f  h y p o th e tic a l ra ilro a d  d e c is io n  problems. These problems s im u la ted  

r a i l r o a d  decis ion -m a king  w ith  regard to  the s e le c t io n  o f  speed l im i t s  and
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associa ted le v e ls  o f  scheduled t ra c k  maintenance expend itu res on in d iv id u a l 

l in e s  o f  road. Research questions o f  in te r e s t  were: (1) How do r a i lr o a d

managers make d e c is io n s  on o p e ra tin g  speed l im i t s  on in d iv id u a l l in e s ?  and

(2) How do th e y  decide on the  le v e l o f  T/M spending which should be under

taken fo r  g iven speed l im its ?  In  addressing these q u e s tio n s , a key param eter 

was the  fe d e ra l r o le  ( in  the form o f  t ra c k  s a fe ty  re g u la t io n s ) .

Task 3— C o m pila tion  o f  Data

In  Task 3 , hypotheses o f  T/M e xp e n d itu re  behavior and a l i s t  o f  explana

to ry  v a r ia b le s  were developed. In  o rd e r to  te s t  these hypotheses, a data 

base was prepared c o n s is tin g  o f  h is to r ic a l  T/M expend itu res  and p h ys ica l 

q u a n t it ie s  o f  r a i l s  and t ie s ,  as w e ll as th e  e x p la n a to ry  v a r ia b le s .

Task 4— A n a lys is

This ta s k  re q u ire d  a s t a t i s t ic a l  s tu d y , us ing  the data developed in  

Task 3 , o f  the  le v e l o f  tra c k  maintenance perform ed by the  U.S. Class I 

ra il r o a d s .  Severa l e xp la n a to ry  v a r ia b le s  were in c lu d e d : a measure o f  the

r a i l r o a d 's  need to  perform  m aintenance, as determ ined by i t s  le v e l o f  t r a f f i c ;  

amount o f  t r a c k ;  t r a in  speeds; the  r a i l r o a d 's  a b i l i t y  to  perform  m aintenance, 

as measured by i t s  f in a n c ia l c o n d it io n ; and th e  p o te n t ia l b e n e fits  o f  

increased T/M in ve s tm e n t, as measured by t r a in  speeds, a cc id e n t le v e ls ,  

and co s ts . ~

Specia l a t te n t io n  was g iven  to  the p e rio d  covering  the im p o s itio n  o f  

the FRA tra c k  s a fe ty  standards to  determ ine what e f fe c t ,  i f  any, the  standards 

have had on t ra c k  m aintenance. I f ,  d u r in g  t h is  p e r io d , maintenance expendi

tu re s  rose and t r a in  speeds and acc id e n t ra te s  decreased (n o tin g  the  tim e 

la g  between maintenance expend itu res and decreased acc id e n t r a te s ) ,  i t  could 

be assumed th a t  the  tra c k  standards achieved t h e i r  o b je c t iv e .  I f ,  on the 

o th e r hand, maintenance expend itu res decreased and acc iden ts  and /or t r a in  

speeds in c re a se d , i t  could be assumed th a t  the  standards fa i le d  to  achieve 

the intended e f fe c t .

Task 5— Impacts o f  Changes in  S a fe ty  R egu la tions

In  Task 5, the  research team exp lored  the  q ue s tion  o f  how the re s u lts  

o f  the  preceding tasks  m ight be used to  p re d ic t  the impacts which h y p o th e tic a l
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changes in  fe d e ra l t ra c k  s a fe ty  re g u la tio n s  could have on T/M expe nd itu res  

by Class I  ra il r o a d s .

THE NEXT STEP

W hile these f in d in g s  have i llu m in a te d  some o f  the  e f fe c ts  o f  the  FRA 

s a fe ty  s tandards, th e y  do not say anyth ing  about how the standards m ight 

be a lte re d  o r  improved to  increase  t h e i r  e ffe c tiv e n e s s . T h is  cannot be 

accomplished w ith o u t an o b je c t iv e  measure o f  t ra c k  c o n d it io n  which has been 

s t a t i s t i c a l l y  re la te d  e i th e r  to  the occurrence o f  t ra c k - re la te d  acc iden ts  

o r  to  the le v e l o f  maintenance exp e n d itu re s . F igure  ES-3 i l lu s t r a t e s  the re 

la t io n s h ip  between maintenance a c t iv i t ie s ,  tra c k  c o n d it io n , a cc id e n t ra te s ,  

and s a fe ty  standards. The research d e ta ile d  in  th is  re p o r t in v e s tig a te d  the 

re la t io n s h ip s  lab e le d  "A" and "B ".

The next lo g ic a l phase o f  research is  noted as "C" and "D" in  F igure  ES-3. 

The c o l le c t io n  o f  s p e c if ic ,  d isaggregate  tra c k  c o n d it io n  data  on s p e c if ic  

ra ilr o a d  l in e  segments, as w e ll as the  corresponding a cc id e n t d a ta , w i l l  

p e rm it a s t a t i s t ic a l  a n a lys is  o f  the re la t io n s h ip  between the two data s e ts . 

A lte rn a t iv e  means o f  re p re se n tin g  t ra c k  c o n d it io n  should be e xp lo re d , 

in c lu d in g  the p o s s ib le  fo rm u la tio n  o f  a weighted Track Q u a lity  and Use Index. 

The development o f  such an index would p rov ide  a m eaningful basis  on which 

to  p re d ic t  acc iden t p r o b a b il i ty .  M oreover, the index can p ro v id e  the means 

to  assess what maintenance expend itu res would p rov ide  the g re a te s t re d u c tio n s  

in  a cc id e n t p r o b a b il i ty .
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Note: A-B = research  performed us ing  aggregate data

C-E = proposed research using  d isa g g re g a te , l in e - s p e c i f ic  data

F igure ES-3. R e la tio n sh ip s  Between M aintenance, Track C o n d itio n , and S a fe ty



B. METHODOLOGY

Besides a survey o f  the l i t e r a t u r e ,  two methods were used to  e xp lo re  the 

d e c is io n  framework fo r  T/M spending. I n i t i a l l y ,  p ro je c t  members in te rv ie w e d  

FRA and s e n io r ra i lr o a d  o f f i c i a l s .  A f te r  a l l  in te rv ie w s  were com pleted, 

a comprehensive h y p o th e tic a l case study was used to  e xp lo re  key re la t io n s h ip s  

suggested in  the l i t e r a tu r e  and in  the d iscuss ions w ith  r a i lr o a d  managers 

and FRA s a fe ty  o f f i c i a l s .

In te rv ie w s

The ba s ic  purpose o f  the  in te rv ie w s  was to  in v e s t ig a te  the ro le  o f  

the  Federal R a ilro a d  A d m in is tra t io n 's  t ra c k  s a fe ty  standards and the cost 

o f  t ra c k - re la te d  a cc id e n ts  in  the  o v e ra ll decis ion-m aking  process fo r  ra ilr o a d  

m aintenance-of-w ay spending. Im portan t research questions in c lu d e d :

1. What is  the  in flu e n c e  o f  FRA tra c k  standards on o p e ra tin g  

speed l im i t s ,  and the in flu e n c e  o f  speed l im i t s  on the 

p ro v is io n  o f  maintenance funds?

2. Do FRA t ra c k  standards cause ra ilro a d s  to  increase 

m ain tenance-of-w ay expend itu res fo r  the improvement 

o f  d e te r io ra te d  tra c k  co n d itio n s?

3. . Have the t ra c k  standards improved the s a fe ty  experience

o f  ra ilro a d s ?

To address these research q u e s tio n s , in -d e p th  personal in te rv ie w s  were 

conducted w ith  40 s e n io r o f f i c ia ls  o f  7 Class I r a ilro a d s .  The s e le c tio n  

o f  sample ra ilro a d s  was designed to  encompass a f u l l  range o f  d iffe re n c e s  in  

c lim a te , t e r r a in ,  s iz e ,  f in a n c ia l c o n d it io n s , network c h a ra c te r is t ic s ,  and 

t r a f f i c  m ix. Many c a r r ie rs  had ove rlapp ing  c h a ra c te r is t ic s ,  so th a t  even 

w ith  a small sample i t  was p o ss ib le  to  o b ta in  a f a i r l y  re p re s e n ta tiv e  cross 

s e c tio n .
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P ro je c t I d e n t i f ic a t io n

In s p e c tio n s , standard maintenance program s, and s a fe ty  a l l  p la y  im p o rta n t 

ro le s  in  p ro je c t  id e n t i f ic a t io n .  S ection  men, a s s is ta n t tra c k  s u p e rv is o rs , 

roadm asters, and s e n io r o f f ic e r s  (sometimes in c lu d in g  the company p re s id e n t)  

perform  o n -s ite  in s p e c tio n s . V isua l in s p e c tio n s  concen tra te  on roadbed, 

b a l la s t ,  r a i l  s e c tio n s , and t ie s .  S ection  men u s u a lly  perform  d e ta ile d  

m onthly in s p e c tio n s , w h ile  s e n io r s t a f f  members in s p e c t a t le a s t the  p r in c ip a l 

l in e  segments as o fte n  as th re e  to  fo u r  tim es per ye a r. In  a d d it io n ,  r a i l  

te s t  ca r in s p e c tio n s  are made two to  th re e  tim es per year over main l in e s  

and once per yea r over branch l in e s ;  some ra ilro a d s  a lso  make t ra c k  geometry 

ca r in s p e c tio n s .

S a fe ty

A cciden t e xp e rie n ce , hazardous m a te ria ls  ro u te s , and FRA tra c k  s a fe ty  

standards are p a r t  o f  the  p ro je c t  id e n t i f ic a t io n  process. W hile a cc id e n t 

experience is  considered to  be extrem ely  im p o rta n t, no e x p l i c i t  " t r ig g e r  

le v e ls "  ( in  terms o f  co s t per a cc id e n t o r  number o f  acc id e n ts ) guide p ro je c t  

id e n t i f ic a t io n .  In s te a d , management r e l ie s  on a case-by-case approach and 

s u b je c tiv e  judgm ent.

The general p a tte rn  o f  d e c is io n  making a lso  re q u ire s  the id e n t i f ic a t io n  

o f  key hazardous m a te r ia ls  ro u te s . These ro u te s  u s u a lly  re ce ive  g re a te r 

a t te n t io n  in  the work p la n , p a r t ic u la r ly  when the rou tes in c lu d e  lower d e n s ity  

branch l in e s .

The im p o s itio n  o f  FRA t ra c k  s a fe ty  standards has, in  g e n e ra l, increased 

the number o f  v is u a l in s p e c tio n s  performed each ye a r. The in flu e n c e  o f  

t ra c k  standards on cyc le  maintenance p la n n in g , however, v a rie s  in v e rs e ly  

w ith  the c a r r ie r 's  f in a n c ia l s tre n g th .. For weak roads, i t  is  o fte n  FRA 

standards th a t  p re s c rib e  le v e ls  o f  re q u ire d  m aintenance. For s tro n g  roads, 

tra c k  standards o fte n  do not s ig n i f ic a n t ly  a f fe c t  the  work p lan .

P ro je c t E va lu a tio n

In  g e n e ra l, d e c is io n  making in  the e v a lu a tio n  phase occurs on a 

system-wide basis w ith in  the framework o f  s t ra te g ic  o b je c tiv e s  and long-range 

p la n n in g . P ro je c t e v a lu a tio n , however, is  h ig h ly  c e n tra liz e d . W hile d iv is io n -  

le v e l d e c is io n s  in  both the  id e n t i f ic a t io n  and e v a lu a tio n  phases concentra te
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on re p la c e m e n t-in -k in d  p ro je c ts ,  m ajor c a p ita l programs and p lann ing  are 

p a r t o f  the  to p - le v e l rev iew  process. Most f irm s  are pursu ing  more soph is

t ic a te d  and accurate  methods fo r  id e n t ify in g  and e v a lu a tin g  work requirem ents 

and c a p ita l programs. To a s ig n i f ic a n t  degree, however, the  le v e l o f  soph is

t ic a t io n ,  as w e ll as the le n g th  o f  the p lann ing  h o riz o n , depends on the 

f in a n c ia l resources o f  the  c a r r ie r .

O p e ra tio n s /S e rv ice  O b je c tive s

C o n s is te n t, on -tim e  performance over s t ra te g ic  rou tes  was c ite d  by 

the ra ilro a d s  as th e  p rim a ry  s e rv ice  o b je c t iv e . T ra in  speeds depend p r im a r i ly  

on the c a r r ie r 's  s e rv ic e  s tra te g y , which, in  tu rn ,  is  a fu n c tio n  o f  the 

geographic, t r a f f i c ,  and f in a n c ia l  p r o f i le  o f  th e  c a r r ie r .  For most o f  

the  c a r r ie r s ,  o p e ra tin g  speeds se t in  accordance w ith  s e rv ic e  p r io r i t ie s  

ranged from  35 to  50 mph on main l in e s  and from 20 to  30 mph on branch l in e s .  

Where network and geographica l c o n d itio n s  p e rm itte d , c a r r ie rs  th a t  faced., 

s t i f f  co m p e titio n  fo r  t im e -s e n s it iv e  t r a f f i c  operated t ra in s  a t speeds o f  

60 mph o r  more.

For severa l c a r r ie r s ,  the  p ro v is io n  o f  s p e c ia liz e d  types o f  equipment 

f o r  key market segments was a lso  an im po rtan t s e rv ic e  g o a l. A lthough se n io r 

o f f i c i a ls  were aware th a t  heav ie r cars would re q u ire  co n s id e ra b ly  more tra c k  

m aintenance, a form al a n a lys is  o f  the re la t io n s h ip  between increased m ain te

nance costs  and increased car s ize  o r w eight was not undertaken.

M aintenance-of-W ay O b je c tives

The o b je c t iv e s  o f  th e  maintenance fu n c tio n  are keyed to  the achievement 

o f  s t ra te g ic  s e rv ic e  goals and p r io r i t ie s .  G e n e ra lly , the  goal was to  p rov ide  

an in f r a s t ru c tu r e  capable o f  supp orting  the f i r m 's  s e rv ic e  o b je c t iv e s . For 

c a r r ie r  management teams which e x p l i c i t l y  assumed a v ia b le ,  p r o f i ta b le  opera

t io n  in  the long ru n , i . e . ,  over the next 30 years o r more, p re se rv in g  the 

s t ru c tu ra l in t e g r i t y  o f  the  system was a top p r io r i t y .  P o lic ie s  and programs 

were designed, th e re fo re ,  to  prevent s u b s ta n tia l borrow ing ag a in s t the fu tu re .

A lo n g -te rm  goal fo r  most o f  the  c a r r ie r s ,  o f  course, was to  abandon some 

l in e  segments.

The bas ic  s h o rt-te rm  o b je c t iv e  fo r  the more prosperous ra ilro a d s  was 

to  s ta y  even, i . e . ,  to  m a in ta in  and preserve e x is t in g  le v e ls  o f  p la n t in te g r i t y
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where the le v e l o f  t r a f f i c  o r  earn ings ju s t i f ie d  norm alized maintenance.

More p re c is e ly ,  the  ty p ic a l p o lic y  was to  recoup maintenance d e fe rre d  d u rin g  

lean years on im p o rta n t l in e s  (those e xp e rie n c in g  ten  m i l l io n  gross tons 

per ye a r) and /or upgrade segments when estim ated  fu tu re  earn ings w arranted 

new investm ent and funds were a v a ila b le .  Low d e n s ity  o r m a rg in a lly  p r o f i ta b le  

l in e  segments, on the  o th e r hand, rece ived  o n ly  "adequate" m a in te n a n ce - 

maintenance th a t  met minimum s a fe ty  standards.

For c a r r ie rs  th a t  were c o n fro n te d , a f te r  years o f  d e fe rre d  m aintenance, 

w ith  d e te r io ra te d  t ra c k  and s tru c tu re s , the  o v e ra ll s h o rt-te rm  goal was 

to  re s to re  main l in e  tra c k  and y a rd - to  meet s h o rt-te rm  o b je c tiv e s  w ith o u t 

compromising, i f  p o s s ib le , s h o rt-te rm  p r o f i t a b i l i t y .  A lthough i t  was hard 

to  make a m istake in  p ro je c t  s e le c t io n , p r io r i t y  was g iven to  s tra te g ic  

rou tes w ith  subsequent "cascad ing" o f  r a i l ,  re p la c in g  o f  d e fe c tiv e  r a i l ,  

upgrading o f  crews (u s in g  fewer men w ith  b e t te r  equ ipm ent), and p ro v id in g  

o n ly  minimum maintenance necessary to  c o r re c t FRA in s p e c tio n  v io la t io n s  

(th e re b y  co n ce n tra tin g  on the  " r e a l ly  weak a re a s ") . The immediate concerns 

were to  m a in ta in  s t ra te g ic  rou tes  above the  minimum le v e ls  re q u ire d  by FRA 

standards fo r  des ired  speeds, keep im p o rta n t t r a f f i c  moving, and p rov ide  

c o n s is te n t d e l iv e r ie s .  Slow orders on im p o rta n t l in e  segments had to  be 

removed in  o rd e r to  p e rm it main l in e  speeds in  excess o f  30 mph. The bas ic  

s tra te g y  was to  e s ta b lis h  f in a n c ia l v i a b i l i t y ,  seek ra te  in c re a se s , expand 

maintenance programs, re b u ild  the system, and p ro v id e  safe and dependable 

s e rv ic e .

S a fe ty

S a fe ty  co n s id e ra tio n s  had v a ry in g  le v e ls  o f  in flu e n c e  on p ro je c t  eva lua

t io n  and maintenance d e c is io n s . A lthough s a fe ty  had l i t t l e  o v e ra ll impact 

on the s iz e  o f  the to ta l  m aintenance-of-w ay budget, acc id e n t experience 

and, sometimes, t ra c k  s a fe ty  standards s ig n i f ic a n t ly  in flu e n ce d  the a l lo c a t io n  

o f  maintenance funds. W hile se n io r o f f i c i a l s  knew th a t  dera ilm en ts  created 

"enormous" losses and th a t  o p e ra tin g  s a fe ty  was an im p o rta n t o b je c t iv e ,  

i t  was w e ll known th a t  causes o f  the  d e ra ilm e n ts  were d i f f i c u l t  to  assess.

The p re v a il in g  v ie w p o in t was th a t  no t much was known about the e f fe c ts  on 

t ra c k - re la te d  acc iden ts  o f  la rg e  cars and u n it  t r a in s  moving over w e ll-  

m ain tained tra c k  a t r e la t iv e ly  high speeds (b u t c o n s is te n t w ith  maintenance 

c o n d it io n s ) .  I t  was argued, fo r  example, th a t  h a l f  o f  a l l  accidents reporte d
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as t ra c k - re la te d  were no t r e a l ly  caused by tra c k  problem s. Unexplained 

acc iden ts  had occurred  on s t ra te g ic  l in e  segments w ith  the h ig h e s t maintenance 

standards. That a cc id e n t experience led some c a r r ie rs  to  reduce t r a in  speeds 

w h ile  s t i l l  m a in ta in in g  t ra c k  a t le v e ls  re q u ire d  fo r  h ig h e r speed o p e ra tio n s . 

The re d u c tio n  in  h igh  t r a in  speeds on main l in e s ,  in  tu rn ,  led  to  a dram atic  

re d u c tio n  in  unexpla ined a cc id e n ts  and has become an im p o rta n t p a r t  o f  the 

ra t io n a le  fo r  e s ta b lis h in g  c o n s is te n t,  ra th e r  than f a s t ,  d e liv e ry  tim es 

as a s tra te g ic  s e rv ic e  o b je c t iv e .

For f in a n c ia l ly  s tro n g  c a r r ie r s ,  t ra c k  s a fe ty  standards had l i t t l e  

e f fe c t  on the amount o r  a l lo c a t io n  o f  funds. T h e ir  view was th a t  FRA standards 

p re scrib e d  minimal maintenance c o n d it io n s . On h ig h -d e n s ity  l in e s ,  company 

standards s u b s ta n t ia l ly  exceeded FRA requ irem ents, i . e . ,  maintenance p ra c tic e s  

a t le a s t  met the standards fo r  the  next h igher c la ss  o f  t ra c k .  On low d e n s ity  

b u t im p o rta n t branch l in e s ,  the  same p ra c tic e  was fo llo w e d . When t r a f f i c  

o r earn ings d id  not support th is  maintenance p o l ic y ,  minimum s a fe ty  requirem ents 

were e s s e n t ia l ly  th e  o n ly  c o n s id e ra tio n ; maintenance a c t iv i t y  was placed in  a 

h o ld in g  p a t te rn ,  and tem porary slow orders were accepted. E v e n tu a lly , the  l in e  

segment was downgraded to  the  next lower c lass  o f  t ra c k ,  and permanent slow 

o rders  were accepted. Minimum FRA standards then became the normal maintenance 

requirem ents.

On the o th e r hand, FRA t ra c k  s a fe ty  standards o fte n  p re sc rib e d  the 

m aintenance-of-w ay requ irem ents  f o r  f in a n c ia l ly  weak c a r r ie r s .  In  o rd e r to  

a t ta in  s t ra te g ic  s e rv ic e  o b je c t iv e s ,  these firm s  had to  e lim in a te  slow orders 

o r upgrade t ra c k  to  meet minimum standards fo r  the c la ss  o f  t ra c k  th a t  

p e rm itte d  d e s ire d  o p e ra tin g  speeds over s t ra te g ic  ro u te s . In  th is  s i tu a t io n ,  

the r a i l  d e fe c t ca r te s t  re s u lts  generated cons ide rab le  pressure  to  re la y  

r a i l .

F in a l ly ,  FRA re g u la tio n s  caused the c a r r ie rs  to  devote a d d it io n a l ( a lb e i t  

m inor) resources to  a d m in is tra tiv e  tasks ( e .g . ,  t r a in in g )  and, in  some cases, 

to  more fre q u e n t v is u a l in s p e c tio n s . The p re v a il in g  v iew , however, was th a t 

a d d it io n a l in s p e c tio n s  add l i t t l e  i f  anyth ing to  s a fe ty  and are made o n ly  to  

comply w ith  re g u la t io n s . S en io r execu tives o f  prosperous c a r r ie r s ,  in  

p a r t ic u la r ,  f e l t  th a t  tra c k  s a fe ty  standards worked to  d i lu te  the e f fe c t iv e 

ness o f  ongoing programs. Managers po in ted o u t,  f o r  example, th a t  FRA 

re g u la tio n s  t r e a t  many d e fe c ts  id e n t i f ie d  by an in s p e c tio n  car as e q u a lly
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in  need o f  c o r re c t iv e  a c tio n . A lthough some d e fe c ts  are o b v io u s ly  worse 

than o th e rs , each must be re p a ire d  im m edia te ly . O ften  10 mph slow orders  

are app lied  to  d e fe c t iv e  r a i l  th a t  is  no t re p la ce d , even i f . t h e  re p a ir  adds 

n o th in g  to  s a fe ty .  Such a c tio n s  have caused resources to  be d iv e r te d  to  

re p a ir  tra c k  segments th a t  were a lre a d y  scheduled fo r  m aintenance, the reby 

d is ru p tin g  planned maintenance cyc le s  and reduc ing  the. e f f ic ie n c y  o f  mechanized 

maintenance gangs. Thus, a d is in c e n t iv e  fo r  in s p e c tin g  more tra c k  than the 

law re q u ire s  is  c re a te d : the  f irm  cannot a f fo rd  to  f in d  m inor d e fe c ts  th a t

have l i t t l e  to  do w ith  a c tua l s a fe ty  b u t must be re p a ire d  im m ediate ly. Test 

ca r in s p e c tio n  in s tru m e n ts , m oreover, are viewed as im p re c ise . Managers.see 

s a fe ty  more as a fu n c tio n  o f  age (o f  r a i l ) ,  t r a f f i c  d e n s ity ,  equipment (a x le  

lo a d s , type and le n g th  o f  c a r , o r  load c a p a c ity ) ,  and speed ra th e r  than o f  

te c h n ic a l s p e c if ic a t io n s  se t fo r th  in  FRA t ra c k  s tandards, e .g . ,  the  number 

o f  d e fe c tiv e  t ie s  per l in e  segment. Thus th e  p re v a i l in g  v ie w p o in t is  th a t  

t ra c k  standards mean fewer maintenance o p tio n s  and a less e f fe c t iv e  m ain te

nance program. .

Key F ind ings

• The le v e l o f  maintenance expend itu res  is  a fu n c tio n  o f  severa l 
fa c to rs ,  the  most im p o rta n t o f  which is  the  a v a ila b le  o p e ra tin g  
revenue.

• Maintenance expend itu res  are f re q u e n t ly  viewed from the p e rsp e c tive  
o f  the  percentage o f  o p e ra tin g  revenues devoted to  maintenance.

• The percentage o f  o p e ra tin g  revenues devoted to  tra c k  maintenance 
is  n o rm a lly  determ ined by the p r o f i t  ta rg e ts  o f  the c a r r ie r .

• During periods o f  d e c lin in g  t r a f f i c  and revenue, the tra c k  m ain te
nance budget is  o fte n  d e a lt  a double blow s ince  (1) the a v a ila b le  
revenues are reduced and (2) the  percentage o f  revenues devoted to  
tra c k  maintenance is  o fte n  reduced.

• Id e n t i f ic a t io n  o f  maintenance p ro je c ts  is  u s u a lly  in i t ia te d  in  the f ie ld  
At each successive le v e l o f  rev iew  the scope o f  the work p lan is  reduced 
to  conform w ith  the budget l im ita t io n s .

• S a fe ty  and a cc iden t experience are m ajor c o n s id e ra tio n s  in  both the 
p ro je c t  id e n t i f ic a t io n  and p ro je c t  e v a lu a tio n  phases. Hazardous 
m a te ria l rou tes  fre q u e n t ly  re ce ive  sp e c ia l c o n s id e ra tio n s .
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• The e f fe c t  o f  the  FRA s a fe ty  standards on la rg e  ra ilro a d s  is  m in im a l. 
The most severe problems stem from the d is ru p tio n  o f  planned m ain te
nance a c t iv i t ie s  to  c o rre c t problem areas id e n t i f ie d  by in s p e c to rs , 
even i f  the  area is  scheduled fo r  work a t a la te r  d a te . A d d it io n a l ly ,  
the  standards exe rted  pressure to  l im i t  r a i l  in s p e c tio n s  to  the 
number o f  d e fe c ts  th a t  can be replaced q u ic k ly .

t

• On f in a n c ia l ly  weak c a r r ie r s ,  the standards o fte n  served as goals 
th a t  c a r r ie rs  a ttem pt to  meet in  o rde r to  s a t is fy  s e rv ic e  o b je c t iv e s . 
The e lim in a t io n  o f  slow orders  imposed by the standards is  o fte n  a 
p rim a ry  o b je c t iv e  o f  the  maintenance program.

H yp o th e tica l Case Study

The h y p o th e tic a l case study provided an e f fe c t iv e  v e h ic le  fo r  id e n t i fy in g  

and d iscu ss in g  the  complex se t o f  in te ra c t io n s  among key fa c to rs .  The purpose 

was to  develop and r e f in e  fu r th e r  the conceptual fo u n d a tio n  necessary fo r  the  

c o n s tru c tio n  o f  hypotheses about T/M decis ion-m aking b e h a v io r. The fo cu s , 

in  p a r t ic u la r ,  was on th e  re la t io n s h ip s  between s a fe ty  ( t ra c k  s tandards, 

a c c id e n ts , and h y p o th e tic a l p o lic y  o p tio n s ) ,  t r a in  speeds ( in c lu d in g  the 

economic in c e n tiv e s  th a t  in flu e n c e  t r a in  speed), and le v e ls  o f  T/M spending.

A lte rn a t iv e  t ra c k  maintenance programs were eva lua ted  fo r  h y p o th e tic a l 

main and branch l in e  segments o f  a medium-sized and f in a n c ia l ly  weak Class I 

r a i l r o a d .  O ther than abandonment, the program le v e ls  o f  investm ent considered 

were minimum s h o rt- te rm , minimum lo n g -te rm , and r e h a b i l i t a t io n  lo n g -te rm . The 

s h o rt-te rm  minimum le v e l e f f o r t  means the le v e l o f  spending re q u ire d  o n ly  to  

meet p resen t FRA t ra c k  c la ss  requirem ents fo r  the  s h o rt- te rm . Acce lera ted  

t ra c k  d e te r io ra t io n  and increased r is k  and inc id ence  o f  acc iden ts  w i l l  r e s u l t .  

E v e n tu a lly , tem porary speed r e s t r ic t io n s  w i l l  become permanent when the tra c k  

is  downgraded to  the next lower tra c k  c la ss .

The minimum le v e l long -te rm  program w i l l  p e rm it main l in e  segments to  

s ta y  in  the same (C lass 3) t ra c k  s ta tu s , and p e rm it 30 mph t r a in  speeds on 

designated se c tio n s  o'f the N branch l in e .  Th is  program, however, does not 

p ro v id e  the spending necessary fo r  norm alized requ irem e n ts . Consumption o f  

the  in f r a s t ru c tu r e  w i l l  occur a t a g re a te r ra te  than maintenance replacem ents.

The lo n g -te rm  r e h a b i l i ta t io n  program w i l l  re s to re  the tra c k  to  norm alized 

c o n d itio n s  a t th e  end o f 5 ye a rs . The s u b s ta n tia l investm ent in  p ro p e rty  

w i l l  assure t r a in  o p e ra tio n s  a t Class 3 speeds (<_ 40 mph) on main l in e s  and 

25 to  30 mph on both branch l in e s .
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Besides i n i t i a l  p ro je c t  c o s ts , increased t ra c k  maintenance expe nd itu res  

th a t  re s u lt  from increased t ra c k  d e te r io ra t io n  fo r  d i f f e r e n t  program le v e ls  o f  

investm ent were inc lu ded  in  the  a n a ly s is . B e n e fits  in c lu d e d  savings in  o rd in a ry  

t ra c k  maintenance and savings in  t r a in  o p e ra tio n s . Savings in  t r a in  o p e ra tio n s , 

in  tu rn ,  were estim ated fo r  equipm ent, la b o r , f u e l ,  and a cc id e n t avoidance.

Several fundamental re la t io n s h ip s  emerged from the  c o s t-b e n e f it  ana lyses. 

The fo llo w in g  r e s u lts ,  however, should not be viewed as g en era lized  p r in c ip le s ,  

but ra th e r  as i l lu s t r a t io n s  o f  re la t io n s h ip s  and issues c o n fro n tin g  the d e c is io n  

maker.

• Speed-re la ted b e n e fits  ( la b o r  and equipment sav ings) have the g re a te s t 
impact on the IRR re s u lts  f o r  h igh d e n s ity  l in e  segments. For example, 
fo r  main l in e s ,  sp e e d -re la te d  savings com prise from  about o n e -h a lf  to  
tw o - th ird s  o f  the  to ta l  d o l la r  b e n e f its ,  w h ile  corresponding savings 
fo r  branch l in e s  re p re se n t less  than one -te n th  o f  the t o t a l ;  the  reason 
is  th a t  equipment and la b o r savings are a fu n c t io n  o f  the  re d u c tio n  in  
tim e and the volume o f  t r a f f i c .

• C onversely, on low d e n s ity  l in e s ,  T/M o r  a cc id e n t co s t avoidance has 
the g re a te s t in flu e n c e  on in te rn a l ra te s  o f  re tu rn .

• Track s a fe ty  re g u la t io n s , a t le a s t to  some e x te n t,  a f fe c t  the  d e c is io n  
process. I f ,  as suggested in  th is  case s tu d y , spee d-re la ted  savings fo r  
high d e n s ity  l in e  segments range from  50 to  67 percen t o f  to ta l  savings 
and, as a lre a d y  no ted , speed ( le n g th  and co n s is te n cy  o f  t r a n s i t  tim e )
is  a key de te rm inan t o f  s e rv ic e  and, u l t im a te ly ,  o f  f r e ig h t  revenues, 
then speed r e s t r ic t io n s  should p ro v id e  a ve ry  e f fe c t iv e  in c e n tiv e  
fo r  ra ilro a d s  to  meet correspond ing tra c k  s a fe ty  standards.

• On low d e n s ity  l in e s ,  however, the case a n a ly s is  in d ic a te d  th a t speed- 
re la te d  savings and s e rv ic e  were not key fa c to rs  in  the investm ent 
d e c is io n . In s te a d , a vo ida b le  (a cc id e n t and t ra c k  maintenance) costs 
were dom inant. S a fe ty  standards fo r  the low est t ra c k  c la s s i f ic a t io n ,  
th e re fo re , w i l l  p roba b ly  serve as a f lo o r .  H igher le v e ls  o f  investm ent 
w i l l  be made o n ly  when ( l j  the avo idab le  costs  are s u f f ic ie n t  to  j u s t i f y  
the d e c is io n ; o r (2) the  actua l o r p o te n t ia l revenue genera ting  c a p a c ity  
o f  low d e n s ity  l in e  segments ( in d iv id u a l ly  o r in  the agg re ga te ), when 
viewed as p a r t  o f  the  e n t ire  system, j u s t i f i e s  the  investm ent.

STATISTICAL ANALYSES

The s t a t i s t ic a l  analyses focused on th re e  areas: tra c k  maintenance

spending, t ra c k - re la te d  a c c id e n ts , and system t r a in  speeds. To a cons ide rab le  

e x te n t,  the accuracy, a g g re g a tio n , and a v a i la b i l i t y  o f . data from p u b lic  sources 

r e s t r ic te d  th is  ta s k . Given p u b lic ly  a v a ila b le  d a ta , the sm a lle s t u n it  o f
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o b se rva tio n  is  the  Class I r a i l r o a d ,  w h ile  the u n it  o f  tim e is  1 ye a r. 

V a ria b le  measurements, th e re fo re ,  represent annual systemwide averages. Thi 

le v e l o f  agg re ga tion  means th a t  the study re s u lts  p ro v id e  o n ly  a general 

p r o f i le  o f  t ra c k  m aintenance, a c c id e n t, o r t r a in  speed behavior in  response 

to  the m u l t i p l i c i t y  o f  o v e rla p p in g  in flu e n ce s  on such behavio r.

The a n a ly t ic a l techn ique  used to  develop f in a l  s t a t i s t ic a l  models 

and te s t  hypotheses was random c o e f f ic ie n ts  re g re ss io n  (RCR). The 

nature  o f  th e  s tudy (tim e  s e rie s  and cross s e c t io n a l)  made RCR e s s e n tia l 

from  a s t a t i s t i c a l ,  th e o r e t ic a l ,  and lo g ic a l p o in t  o f  v iew .

Track Maintenance E xpend itu re  Models

A lthough s t a t i s t ic a l  analyses were conducted in  th re e  re la te d  

areas, th e  p rim a ry  o b je c t iv e  was to  e xp la in  t ra c k  maintenance behavior.

Both f in a n c ia l  and p h y s ic a l measures were used to  re p re se n t tra c k  m ain te

nance a c t iv i t y .  For e xp e n d itu re  models, the  research questions were:

■ Which v a r ia b le s  b e s t e x p la in  how c u rre n t o p e ra tin g  revenues 
a v a ila b le  to  a r a i lr o a d  are a llo c a te d  to  tra c k  maintenance?

• Does a r a i l r o a d  devote a decreasing , c o n s ta n t, o r  in c re a s in g  
p ro p o rtio n  o f  i t s  a v a ila b le  resources to  t ra c k  maintenance 
in  response to  key v a ria b le s ?

To answer these  q u e s tio n s , re g re ss io n  models w ith  t ra c k  maintenance 

expend itu res per t ra c k  m ile  (TMEXP) and tra c k  maintenance expenditu res 

as a p ro p o rtio n  o f  t o ta l  annual o p e ra tin g  revenues (TMRATIO) were 

es tim ated . Both f o r  a p r io r i  reasons and fo r  purposes o f  re g u la t io n  and 

c o n tro l,  v a r ia b le s  re p re s e n tin g  speed (th e  change in  average system 

t r a in  speed o r  A SPEED), acc iden ts  (th e  number o f  acc iden ts  per m il l io n  

gross ton m ile s , lagged one ye a r (ACC)^._^, and th e  fre q u e n c y -s e v e r ity  

a cc id e n t indexes ( S I I ) ^ -| and (S I2 )t _ ^ ) , and the  in tro d u c tio n  o f  FRA 

s a fe ty  standards (DUMMY) were entered in to  models on an o b lig a to ry  

b a s is . Because measurements f o r  a cc id e n t indexes were a v a ila b le  on ly  

f o r  an e le ve n -ye a r (1967-1977) p e rio d , models were developed fo r  two 

tim e  fram es: (1 ) 1962-1977, where (ACC)t _-| was used and (2) 1967-1977,

where th e  indexes (SI1 ) t _-| and (S I2 )t _-j were in c lu d e d .



In  a d d it io n ,  analyses o f  t ra c k  maintenance e xp e n d itu re  models were 

made fo r  two d i f f e r e n t  le v e ls .  I n i t i a l l y ,  in d u s try  models were developed 

and eva lua ted . Subsequently, f in a l  in d u s try  models were te s te d  on s ix  

subgroups.

Key F ind ings

The re s u lts  in d ic a te  th a t  a v a ila b le  o p e ra tin g  revenues h e a v ily  

in flu e n c e  in d u s try  t ra c k  maintenance e xp e n d itu re s . Y e t, o p e ra tin g  

revenue per t ra c k  m ile  (REV) is  h ig h ly  c o l l in e a r  w ith  o th e r a p r io r i  

v a r ia b le s  o f  in te re s t .  Thus, th e  t ra c k  maintenance r a t io  model (TMRATIO), 

which perm its  REV to  be removed as an e xp la n a to ry  v a r ia b le  but keeps REV 

in  th e  model equation  and avo ids th e  use o f  p o s s ib ly  d e f ic ie n t  d e f la to r  

da ta , was co n c e p tu a lly  s u p e rio r .

S a fe ty-R e la ted  V a ria b le s

In  TMRATIO m odels, s a fe ty - re la te d  v a r ia b le s  are  s t a t i s t i c a l l y  

s ig n i f ic a n t  p re d ic to rs .  In  p a r t ic u la r ,  the  years  s in ce  FRA standards 

were in s t i tu te d  are  a ssoc ia ted  w ith  a 1 percent incre ase  in  the 

p ro p o rtio n  o f  revenues a llo c a te d  to  in d u s try  t ra c k  maintenance expen

d itu re s .  A lso , t ra c k  maintenance expe n d itu re  a llo c a t io n s  showed a 

s ig n i f ic a n t  p o s it iv e  response to  u n i t  increases in  a c c id e n t ra te s . The 

l in k  between s a fe ty  standards and t ra c k  maintenance e xp e n d itu re s , however, 

must be viewed w ith  c a u tio n . The s t a t i s t i c a l l y  s ig n i f ic a n t  upward s h i f t  

in  average tra c k  maintenance spending a f te r  1972 may be the  r e s u lt  o f  

fa c to rs  such as m ajor renewal programs w h ich , in  tu rn ,  may have been the 

r e s u lt  o f  growing revenues o r  o f  a n t ic ip a te d  grow th— in  coal o r  g ra in  

t r a f f i c  f o r  example— o r  o f  s t ra te g ic  goals th a t  re q u ire  upgrading s e rv ic e  

q u a li ty .

Furtherm ore, the  analyses o f ra ilr o a d  groups in d ic a te  th a t  s a fe ty -  

re la te d  v a r ia b le s  e x h ib i t  d i f f e r e n t ia l  e f fe c ts  on va rio u s  groups. Track 

maintenance d e c is io n s  o f  r a i l r o a d  companies th a t  opera te  t ra in s  a t 

h ig h e r speeds appear to  be more s e n s it iv e  to  a cc id e n t ra te s  and the 

in tro d u c tio n  o f  FRA s a fe ty  standards than s im i la r  d e c is io n s  o f  companies 

th a t  have slow er average system t r a in  speeds. As one m ight in t u i t i v e ly  

expect, ra ilro a d s  w ith  ve ry  low o p e ra tin g  speeds seem no t to  be a ffe c te d



by FRA standards in  t h e i r  tra c k  maintenance a llo c a tio n s  perhaps because 

th e  speeds are a lre a d y  so low th a t  the  standards do no t serve as a 

d is in c e n t iv e  to  low  t ra c k  maintenance a llo c a t io n s ,  o r  perhaps because 

th e  c a r r ie r  la c k s  th e  resources to  undertake the  m ajor upgrading which 

would be re q u ire d .

Large ra ilro a d s  appear to  be more s e n s it iv e  in  t h e i r  maintenance 

d e c is io n s  to  a cc id e n t ra te s ,  perhaps because they possess th e  resources 

to  undertake m ajor r e h a b i l i t a t io n .  P ro f ita b le  ra ilro a d s  appear to  be 

more s e n s it iv e  to  a c c id e n t ra te s  and to  the  es ta b lish m e n t o f  th e  FRA 

s tandards, w h ile  h igh d e n s ity  l in e s  seem more s e n s it iv e  to  a cc id e n t 

ra te s  than low  d e n s ity  l in e s .

For re g io n a l g roups, the  tra c k  maintenance expend itu res  o f  southern 

ra ilro a d s  appear more responsive  than the  expend itu res o f  n o rthe rn  

c a r r ie r s  to  a c c id e n t ra te s .  F in a l ly ,  f o r  the  passenger group, a l l  

models show a c c id e n t v a r ia b le s  w ith  s t a t i s t i c a l l y  s ig n i f ic a n t  c o e f f ic ie n ts  

th a t  are la rg e r  f o r  th e  passenger than f o r  th e  nonpassenger groups. Not 

s u r p r is in g ly ,  TMEXP and TMRATIO f o r  ra ilro a d s  w ith  passenger ope ra tions  

are more responsive to  (ACC)t _-j than c a r r ie rs  w ith o u t such o p e ra tio n s .

T ra in  Speed and Car Weight

O v e ra ll,  th e  change in  average annual system t r a in  speed (A SPEED) 

was not a s ig n i f ic a n t  fa c to r  in  th e  study o f  t ra c k  maintenance spending.

In  re g re ss io n  equations f o r  a l l  ra il r o a d s ,  A SPEED was not a s t a t i s t i c a l l y  

s ig n i f ic a n t  p re d ic to r  o f  TMEXP o r TMRATIO. In  th e  analyses o f  subgroups, 

o n ly  TMEXP was responsive  to  A SPEED in  medium s iz e , low ROI, o r low 

d e n s ity  r a i lr o a d  groups. For these groups, a re d u c tio n  in  average 

annual system t r a in  speed has a s ig n i f ic a n t  p o s it iv e  e f fe c t  on the  

p re d ic t io n  o f  nominal t ra c k  maintenance expenditu res per t ra c k  m ile .

On th e  in d u s try  le v e l ,  a lthough average system ca rlo ad  w e igh t 

(WEIGHT) has a s ig n i f ic a n t  d i r e c t  e f fe c t  on nominal t ra c k  maintenance 

expe nd itu res  per t ra c k  m ile  (TMEXP), i t  is  no t a s ig n i f ic a n t  p re d ic to r  

o f  re a l resources devoted to  tra c k  maintenance (TMRATIO). For speed 

groups, a lthough s ig n i f ic a n t  re la tio n s h ip s  are found in  the  low speed 

group, WEIGHT has a s ig n i f ic a n t  in flu e n c e  on the  p re d ic t io n  o f  both
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t ra c k  maintenance e xp e n d itu re  measures o n ly  in  the  medium speed group.

U n like  speed groups, n e tw o rk -s iz e  groups show no s ig n i f ic a n t  r e la t io n 

sh ips  between WEIGHT and TMRATIO; when TMEXP is  th e  dependent v a r ia b le ,  

s t a t i s t i c a l l y  s ig n i f ic a n t  re la t io n s h ip s  occur o n ly  f o r  th e  medium and 

the  la rg e  network le v e ls .  For ROI groups, WEIGHT does have a s ig n i f ic a n t  

e f fe c t  on both t ra c k  m aintenance measures, but o n ly  a t  th e  low ROI 

le v e l.  The re s u lts  f o r  d e n s ity  groups are  m ixed; c o n tra ry  re s u lts  fo r  

medium and high groups as opposed to  low  d e n s ity  groups make in te rp re 

ta t io n  d i f f i c u l t .  The re s u lts  are c le a r ,  however, f o r  re g io n a l o p e ra tio n s . 

Track maintenance expe nd itu res  o f  th e  n o rth e rn  group appear more s e n s it iv e  

to  changes in  average system ca rlo a d  w e ig h t. F in a l ly ,  f o r  passenger 

o p e ra tio n  versus nonpassenger o p e ra tio n  g roup ing s , no p a tte rn s  are 

apparent w ith  re sp e c t to  WEIGHT and t ra c k  maintenance measures.

T ie  and R a il Replacement Models

The second approach taken f o r  th e  a n a ly s is  o f  t ra c k  maintenance 

a c t iv i t y  was to  e s tim a te  t i e  and r a i l  replacem ent models. Besides the 

v a r ia b le s  found s t a t i s t i c a l l y  s ig n i f ic a n t  in  th e  in d u s try  le v e l study o f  

tra c k  maintenance e x p e n d itu re s , a p r ic e  index r a t io  (PIR) and th e  p ro p o rtio n  

o f  continuous welded r a i l  (CWRAIL) were te s te d . O ther o p e ra tin g  v a r ia b le s  

such as DENSITY, SIZE, and LENGTH were n o t eva lua ted  because they measure 

much o f  the  same th e o re t ic a l in flu e n c e s  as WEIGHT.

Other than REV, no v a r ia b le  is  s ig n i f ic a n t  in  any reg ress ion  equation 

fo r  a l l  r a ilro a d s ,  and REV is  s ig n i f ic a n t  o n ly  in  the  TIES model. In 

equations f o r  c a r r ie r s ,  o th e r  v a r ia b le s  are  s ig n i f ic a n t ,  but changes in  

s igns o r  in  s ig n if ic a n c e  make in te rp r e ta t io n  d i f f i c u l t .

A cc iden t and Speed Models

In  deve loping f in a l  a c c id e n t and speed models, v a r ia b le s  considered 

e sse n tia l (both a p r io r i  and from  th e  p o in t  o f  view o f  re g u la tio n  and 

c o n tro l)  as w e ll as n o n o b lig a to ry  v a r ia b le s  were te s te d . For acc iden t 

models, the  o b lig a to ry  p re d ic to rs  were DUMMY, WEIGHT, and a l te r n a t iv e ly ,  

(TMRATI0)t _-,, (TMEXP)t _r  o r  (REV)t _-,; o the rs  te s te d  were ROI, (T IE )t _1> 

(RAIL)^ p  LENGTH, and DENSITY. Regardless o f  th e  com bination o f  

v a r ia b le s , a cc id e n t models d id  no t g ive  u se fu l r e s u l ts , p r im a r ily
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because a m eaningful measure o f  tra c k  c o n d itio n  cou ld  no t be inc lu ded  in  

the  models te s te d ,  and because the le v e l o f  agg rega tion  tended to  b lu r  

the  e f fe c ts  o f  th e  v a r ia b le s  th a t  were inc lu ded .

Except f o r  th e  s u b s t itu t io n  o f  LENGTH f o r  WEIGHT, the  same s e t o f  

o b lig a to ry  v a r ia b le s  was s p e c if ie d  f o r  models o f  average system t r a in  

speed. N o n ob liga to ry  v a r ia b le s ,  however, inc lu d e d  o n ly  (T IES)t _^, 

(RAIL)t _.|, DENSITY, and SIZE. The reg ress ion  re s u lts  f o r  a l l  ra ilro a d s  

show th a t  a s ig n i f ic a n t  re d u c tio n  in  average system t r a in  speed occurred 

a f te r  the  in tro d u c tio n  o f  FRA tra c k  s a fe ty  standards. LENGTH, (REV)t _^, 

and th e  n o n o b lig a to ry  v a r ia b le s  were n o t s t a t i s t i c a l l y  s ig n i f ic a n t .  The 

re s u lts  f o r  lagged t ra c k  maintenance measures are u n c le a r and must be 

used c a u tio u s ly . A lthough th e re  are several p o s s ib le  exp lan a tions  fo r  

the  nega tive  s igns o f  the  s ig n i f ic a n t  (TMRATI0)t _^ and (TMEXP)t _^ c o e f f i 

c ie n ts ,  the  re s u lts  were c o n tra ry  to  i n i t i a l  th e o re t ic a l e xp e c ta tio n s . 

F in a l ly ,  no o th e r v a r ia b le s  proved s t a t i s t i c a l l y  s ig n i f ic a n t  in  reg ress ion  

models f o r  a l l  r a ilro a d s .
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1. INTRODUCTION

The s u b je c t o f  d e fe rre d  maintenance in  r a i lr o a d  p la n ts  and equipment 

and the consequences th e re o f ,  has rece ived cons ide rab le  n a tio n a l a t te n t io n  

since the la te  1960s. An issue o f  p a r t ic u la r  concern w ith in  th is  general 

su b je c t area has been the  frequency and impact o f  f r e ig h t  t r a in  acc iden ts  

caused by d e f ic ie n t  t ra c k  c o n d itio n s  o r in a p p ro p ria te  t r a in  speeds. P u b lic  

re a c tio n  to  th is  issue led  Congress to  d ire c t  the  Federal R a ilro a d  Adm inis

t r a t io n  (FRA), in  1971, to  e s ta b lis h  tra c k  s a fe ty  standards s e t t in g  fo r th  

minimum s a fe ty  requ irem ents f o r  s p e c if ic  tra c k  c o n d it io n s . The prom ulgation 

o f  such re g u la tio n s  to g e th e r w ith  the passage o f  tim e s ince  t h e i r  enactment 

ra is e s  two in te r re la te d  q u e s tio n s : (1) Have the tra c k  s a fe ty  standards

c o n tr ib u te d  to  the re d u c tio n  o f  tra c k - re la te d  acc iden ts?  and (2) Have the 

tra c k  s a fe ty  standards encouraged the a llo c a tio n  o f  h ighe r le v e ls  o f resources 

fo r  tra c k  maintenance (T/M) w ith  the purpose o f  reducing o r e lim in a t in g  de

fe rre d  maintenance?

PURPOSE AND SCOPE

The purpose o f  th is  study was to  in v e s tig a te  and, as fa r  as p o s s ib le , 

q u a n tify  the decis ion-m aking  process fo r  ra ilro a d  tra c k  maintenance (T/M) 

expend itu res in  o rd e r to :  (1) describe how fe d e ra l t ra c k  s a fe ty  standards

have in flu e n ce d  th is  process and (2) exp lore  the p o s s ib i l i t y  o f  p re d ic tin g  

the impact o f  changes in  s a fe ty  re g u la tio n s  on T/M spending fo r  a l l  U.S.

Class I ra ilro a d s  o r se lec ted  groups o f  ra ilro a d s .  A re la te d  o b je c t iv e  was 

to  develop a data base and b u ild  s t a t is t ic a l  models o f  tra c k  maintenance 

spending th a t  re la te d  T/M expe nd itu res , both in  d o l la r  and phys ica l term s, 

to  s ig n i f ic a n t  e xp la n a to ry  v a r ia b le s  such as t r a f f i c  le v e ls ,  t r a in  o pe ra tion  

param eters, tra cka g e , a cc id e n t experience, f in a n c ia l and geographical 

c h a ra c te r is t ic s ,  and tra c k  s a fe ty  re g u la tio n s .

In o rd e r to  re la te  the o b je c tiv e s  o f  th is  research to  the general 

problem o f  reducing t ra c k - re la te d  accidents through s a fe ty  s tandards, and 

in  o rd e r to  d e fin e  the scope o f  th is  s tudy, i t  is  use fu l to  conce p tu a lize  

the in te ra c t io n s  which are invo lved  (see F igure 1 ) .  The o p e ra tin g  speed
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l im it s  and T/M expe nd itu res  have an e f fe c t  on t ra c k - re la te d  a cc id e n ts , 

income, market share , equipment u t i l i z a t io n ,  e t c . ,  which in  tu rn  p rov ide  

feedback to  the decis ion-m aking  processes, both d i r e c t ly  and in d i r e c t ly ,  

th rough p u b lic  t ra c k  s a fe ty  re g u la tio n s .

The area o f  th is  study is  e n c irc le d  in  F igure  1 and is  l im ite d  to  

understanding the  decis ion-m aking  processes re la te d  to  the s e le c t io n  o f  

speed l im i t s ,  the  s e t t in g  o f  tra c k  maintenance e xpe nd itu re  le v e ls ,  and the 

d ire c t  and in d ir e c t  feedback e ffe c ts  on these processes. The scope o f  the 

study was l im ite d  to  the Class I ra ilro a d s  th a t  operated in  1978 and the 

16-year pe riod  from  1962 to  1977.

F in a l ly ,  i t  is  im p o rta n t to  note th a t ,  in  th is  s tu d y , the term " tra c k  

maintenance" (o r ,  s im p ly , "m aintenance") has a d i f f e r e n t  meaning than the 

in d u s try 's  standard n o tio n  o f  "maintenance o f  way"; tra c k  maintenance expen

d itu re s  in c lu d e  expense and c a p ita l items p r im a r ily  re la te d  to  tra c k  and 

exclude expend itu res f o r  some s tru c tu re s . S p e c if ic  d e ta i ls  are h ig h lig h te d  

in  the Appendix.

RESEARCH PLAN

The approach used to  accomplish the o b je c tiv e s  o f  th is  research 

inc luded  a l i t e r a tu r e  search, f ie ld  in te rv ie w s  w ith  Federal Track S a fety 

Inspecto rs  and r a i l r o a d  o f f i c i a l s ,  fo rm u la tio n  and te s t in g  o f  hypotheses 

through conceptual models and case a n a ly s is , and m u lt iv a r ia te  a n a ly s is  o f 

tim e se rie s  data in  cross s e c tio n s . The s p e c if ic  tasks and the  products 

from each are shown in  F igure  2.

Task 1 -- In te rv ie w s

The purpose o f  Task 1 was to  exp lore  the decis ion-m aking  process fo r  

T/M e xp e n d itu re s , id e n t i f y  p o te n tia l exp lan a to ry  v a r ia b le s , and develop 

hypotheses to  be te s te d . Task 1 was d iv id e d  in to  two phases. The f i r s t  

phase,.a  l i t e r a tu r e  search, was conducted to  id e n t i f y  in fo rm a tio n  a v a i l 

ab le  on ra ilro a d  m anagerial processes, e s p e c ia lly  in  re la t io n  to  T/M 

e xp e n d itu re s , and to  d isco ve r how these processes have v a rie d  over tim e.
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Task Description Expected Product

Task 1

Task 2

Task 3

Task 4

Task 5

F igu re  2. P ro je c t Tasks 
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In the second phase, a to ta l  o f  e ig h t in te rv ie w s  were conducted, 

seven w ith  s e n io r o f f i c i a l s  o f  Class I ra ilro a d s  and one w ith  a Federal 

Track S a fe ty  In s p e c to r. The ra ilro a d s  which were chosen fo r  in te rv ie w s  

were se lec ted  by the  p ro je c t  team w ith  the advice and consent o f  the 

Technica l M o n ito r.

Im portant c o n s id e ra tio n s  in  the s e le c tio n  o f  ra ilro a d s  in c lu d e d : (1)

s iz e , (2) f in a n c ia l c o n d it io n , (3) o v e ra ll com position o f  l in e s  ( e .g . ,  main 

vs. branch l in e s - - to  the e x te n t th a t o v e ra ll com position is  c le a r ly  d i s t i n 

gu ishab le ) and tra c k  m ile s , (4) basic t r a f f i c  c h a ra c te r is t ic s  (e .g . ,  coal 

in  u n i t  t ra in s  vs. TOFC), (5) maintenance ph ilosophy o r p o lic y  and e x te n t 

o f  m echanization, and (6) method o f  o rg a n iz a tio n  ( to  the e x te n t such 

c h a ra c te r is t ic s  are c le a r ly  d is c e rn ib le ) .  Many o f  these c h a ra c te r is t ic s  

overlapped, so th a t  even w ith  a small sample, i t  was p o ss ib le  to  o b ta in  a 

f a i r l y  good cross s e c tio n .

Task 2— H yp o th e tica l Case Study

In  Task 2, the  research team fo rm ula ted  and p a ra m e tr ic a lly  solved a 

se rie s  o f  h y p o th e tic a l ra ilro a d  dec is ion  problems. These problems sim ula ted  

ra ilro a d  d e c is io n  making w ith  regard to  the s e le c tio n  o f  speed l im i t s  and 

associa ted le v e ls  o f  scheduled tra c k  maintenance expend itu res on in d iv id u a l 

l in e s  o f  road. Research questions o f  in te re s t  were: ( l )  How do ra ilro a d

managers make d e c is io n s  on ope ra ting  speed l im i t s  on in d iv id u a l lin e s ?  and

(2) How do they decide on the le v e l o f T/M spending which should, be under

taken fo r  given speed l im its ?  In addressing these q u e s tio n s , a. key 

parameter was the fe d e ra l ro le  ( in  the form o f tra c k  s a fe ty  re g u la t io n s ) .

Task 3--Com pi1ation o f  Data

In Task 3, hypotheses o f T/M expenditu re behavior and a l i s t  o f  explana

to ry  v a ria b le s  were developed. In o rder to  te s t  these hypotheses, a data 

base was prepared c o n s is tin g  o f  h is to r ic a l T/M expend itu res and phys ica l 

q u a n tit ie s  o f  r a i l s  and t ie s ,  as w e ll as the e xp la n a to ry  v a r ia b le s .

' 5



Task 4 --A n a ly s is

T h is  ta s k  re q u ire d  a s t a t i s t ic a l  s tu d y , us ing  the data developed in  

Task 3 , o f  the le v e l o f  tra c k  maintenance performed by the U.S. Class I 

ra il r o a d s .  Several e xp la n a to ry  v a r ia b le s  were in c lu d e d : a measure o f  the

r a i l r o a d 's  need to  perform  m aintenance, as determ ined by i t s  le v e l o f  t r a f f i c ;  

amount o f  t ra c k ;  t r a in  speeds; the  r a i l r o a d 's  a b i l i t y  to  perform  m aintenance, 

as measured by i t s  f in a n c ia l c o n d it io n ;  and the p o te n t ia l b e n e fits  o f  

increased T/M investm ent, as measured by t r a in  speeds, a cc id e n t le v e ls ,  and 

co s ts .

Specia l a t te n tio n  was given to  the period  covering the  im p o s itio n  o f  

the  FRA tra c k  s a fe ty  standards to  determ ine what e f fe c t ,  i f  any, the 

standards have had on tra c k  m aintenance. I f ,  du rin g  th is  p e r io d , m ain te

nance expenditu res rose and t r a in  speeds and a cc id e n t ra te s  decreased (n o tin g  

the tim e lag  between maintenance expend itu res and decreased a cc id e n t ra te s ) ,  

i t  cou ld  be assumed th a t  the  t ra c k  standards achieved t h e i r  o b je c t iv e .  I f ,  

on the o th e r hand, maintenance expend itu res decreased and acc iden ts  and /o r 

t r a in  speeds increased, i t  could be assumed th a t  the standards fa i le d  to  

achieve the intended e f fe c t .

Task 5 - - Impacts o f  Changes in  S a fe ty  Regulations

In Task 5, the research team exp lored the question  o f  how the re s u lts  

o f  the  preceding tasks m ight be used to  p re d ic t  the impacts which h y p o th e tic a l 

changes in  fe d e ra l tra c k  s a fe ty  re g u la tio n s  could have on T/M expenditu res 

by Class I ra ilro a d s .

ORGANIZATION OF THE REPORT

This re p o r t is  d iv id e d  in to  f iv e  se c tio n s  keyed to  the  tasks ju s t  

described . S ection 1 conta ins an in tro d u c tio n  and overview  o f  the  re p o r t.  

S ection 2 inc ludes a review o f  the  work accomplished in  ta sk  1 ( In te rv ie w s ) 

and ta sk  2 (Case Study) and a comprehensive d iscuss ion  o f  the  d e c is io n  frame

work fo r  T/M spending. Section 3 describes the s p e c if ic  s t ru c tu ra l model, 

v a r ia b le  measurements and hypotheses, the data c o l le c t io n  and e d it in g  

procedures ( ta sk  3 ) , and the a n a ly t ic a l techn iques. S e ction  4 presents
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the  re s u lts  o f  the  work accomplished in  the S t a t is t ic a l  A n a lys is  ta s k . 

S ection  5 e xp lo re s  th e  problem o f  how the model and su p p o rtin g  data m ight 

be used to  p re d ic t  th e  impact o f  changes in  FRA tra c k  s a fe ty  standards on 

T/M expe nd itu res  o f  Class I  ra ilro a d s  ( ta s k  5 ) . F in a l ly ,  the  appendix 

p rov ides a d d it io n a l in fo rm a tio n  re le v a n t to  th is  re p o r t.
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2. DECISION FRAMEWORK

Besides a survey o f  the l i t e r a t u r e ,  two methods were used to  exp lo re  the 

d e c is io n  framework fo r  tra c k  maintenance (T/M) spending. I n i t i a l l y ,  p ro je c t  

members in te rv ie w e d  Federal R a ilro a d  A d m in is tra tio n  (FRA) and s e n io r r a i l 

road o f f i c ia ls .  A f te r  a l l  in te rv ie w s  were com pleted, a comprehensive hypo

th e t ic a l  case study was used to  e xp lo re  key re la tio n s h ip s  suggested in  the 

l i t e r a tu r e  and in  the d iscuss ions w ith  ra ilro a d  managers and FRA s a fe ty  

o f f i c i a l s .

The bas ic  purpose o f  the  in te rv ie w s  was to  in v e s t ig a te  the ro le  o f  the 

FRA tra c k  s a fe ty  standards and th e  costs o f  t ra c k - re la te d  acc iden ts  in  the 

o v e ra ll decis ion-m aking process f o r  ra ilr o a d  m aintenance-of-way spending. 

Im portan t research questions in c lu d e d :

1. What is  the  in flu e n c e  o f  FRA t ra c k  standards on o p e ra tin g  
speed l im i t s ,  and th e  in flu e n c e  o f  speed l im i t s  on the 
p ro v is io n  o f  maintenance funds?

2. Do FRA tra c k  standards cause ra ilro a d s  to  increase  
m aintenance-of-way expend itu res  fo r  th e  improvement o f  
d e te r io ra te d  tra c k  co n d itio n s ?

3. Have the tra c k  standards improved the s a fe ty  experience 
o f  ra ilro a d s ?

To address these research q u e s tio n s , in -d e p th  personal in te rv ie w s  were 

conducted w ith  f o r t y  s e n io r o f f i c i a l s  o f  seven Class I r a ilro a d s .  The s e le c tio n  

o f  sample ra ilro a d s  was designed to  encompass a f u l l  range o f  d iffe re n c e s  in  

c lim a te , te r r a in ,  s iz e ,  f in a n c ia l c o n d it io n s , network c h a ra c te r is t ic s ,  and 

t r a f f i c  m ix. Many c a r r ie rs  had o ve rla p p in g  c h a ra c te r is t ic s ,  so th a t  even w ith  

a small sample i t  was p o ss ib le  to  o b ta in  a f a i r l y  re p re s e n ta tiv e  cross s e c tio n .

S enior o f f i c ia ls  in te rv ie w e d  inc luded  the p re s id e n t o r  c h ie f  execu tive  

o f f i c e r ,  the  v ic e  p re s id e n t o f  o p e ra tio n s  o r  the  general manager, and the c h ie f  

eng ineer. During some v i s i t s ,  f in a n c ia l  o f f ic e r s  and subo rd ina te  s t a f f  members 

o f  the  eng ineering department were in te rv ie w e d . In d iv id u a l in te rv ie w s  g e n e ra lly  

la s te d  one hour. The form at was f le x ib le - - t o  perm it open-ended and candid 

d iscu ss io n ; a fre e  response environm ent was considered e s s e n tia l to  e l i c i t  

des ired  in fo rm a tio n . I t  was th e  consensus o f  the  in te rv ie w e rs  th a t  v i r t u a l ly  

every execu tive  gave fra n k  answers which provided va lu a b le  in s ig h ts  in to  the 

decis ion-m aking process.
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DECISION-MAKING PROCESS

The in te rv ie w s  revealed a c le a r -c u t  p a tte rn  o f  d e c is io n  making fo r  

m ain tenance-of-w ay spending. As shown in  F igure 3, from an o rg a n iz a tio n a l 

p e rs p e c tiv e ,th e  budget process is  b i - d ir e c t io n a l .  T o p -le ve l management 

e s ta b lis h e s  a c e i l in g  f o r  the  annual o p e ra tin g  budget a f te r  e v a lu a tin g  fo re 

casted o p e ra tin g  revenues, fo rm u la tin g  s t ra te g ic  o b je c t iv e s , and s p e c ify in g  

p r o f i t  ta rg e ts .  Proposed budgets fo r  m aintenance-of-w ay expend itu res are based 

on work plans which are developed i n i t i a l l y  a t th e  d iv is io n  le v e l and reviewed 

and re fin e d  a t su cc e s s iv e ly  h igher le v e ls .  During to p - le v e l re v ie w , management 

must re c o n c ile  th e  m aintenance-of-way budget w ith  the  o th e r departm ental budget 

proposals and w ith  th e  revenue c e i l in g .

A d m in is tra t iv e  Channels

The m aintenance-of-w ay budget is  developed w ith in  the  framework o f  to ta l  

o p e ra tin g  budgets and s t ra te g ic  plans and programs. The work p lan forms the  

basis o f  th e  budget re q u e s t. A l i s t  o f  p ro je c ts ,  developed i n i t i a l l y  a t the  

d iv is io n  le v e l ,  is  reviewed and screened as i t  progresses through channels.

In  la rg e r  companies, roadmasters o r  se c tio n  foremen in i t i a t e  the  work p lan 

when they subm it work requests through d iv is io n  and re g io n a l engineers to  the 

c h ie f  eng ineer. Lower le v e l requests concentra te  on re p la ce m e n t-in -k in d  

d e c is io n s , w h ile  m ajo r requests are norm a lly  id e n t i f ie d  and eva lua ted as p a rt 

o f  the  to p - le v e l rev iew  process. To a cons ide rab le  e x te n t,  work p lan requests 

a t th is  le v e l re p re se n t a "wish l i s t "  th a t must be c a r e fu l ly  screened a t each 

h igher le v e l o f  re v ie w . When the work plan reaches the c h ie f  eng in eer, i t  

p rovides the  basis  f o r  e s tim a tin g  m aintenance-of-way expenses and budget 

p roposa ls .

The procedura l path lead ing  to  the f in a l  p re p a ra tio n  and review  o f  the  

budget request v a r ie d  among the ra ilro a d s  s tu d ie d . Most c a r r ie rs  use a form al 

budget committee to  i n i t i a t e  the to p - le v e l rev iew . Sm aller roads ( in  terms o f  

revenues and geograph ica l e x te n t) ,  however, r e lie d  less on the form al budget 

committee s t ru c tu re  and more on successive in d iv id u a l reviews by s e n io r o f f i c i a l s .  

In  one case, a form al p lann ing and co s tin g  model was developed which attem pted 

e x p l i c i t l y  to  account fo r  basic t ra d e -o f fs .  W ith th is  system, management f e l t  

l i t t l e  need fo r  a form al committee review .
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Regardless o f  d iffe re n c e s  in  the  s p e c if ic  procedures fo r  f in a l  budget 

re v ie w , the  process re q u ire s  an e v a lu a tio n  o f  t ra d e -o f fs  among m ajor o rg a n i

z a tio n a l u n its  and a re c o n c i l ia t io n  o f  the  maintenance budget request w ith  

o th e r departm enta l budget requests , the  e s ta b lis h e d  revenue c e i l in g ,  and the  

s t ra te g ic  o b je c t iv e s  and p lans. O rd in a r i ly ,  c a r r ie rs  e s ta b lis h  long-range 

plans (5 years o r more) fo r  c a p ita l programs. Such p la n n in g , however, is  

a fu n c tio n  o f  f in a n c ia l  v i a b i l i t y .  The p lann ing  horizon  fo r  a weak c a r r ie r  is  

much s h o rte r  because the  o v e rr id in g  concern s im p ly  is  to  s u rv iv e .

In  most cases, t ra d e -o ffs  are eva lua ted in  budget committee m eetings.

Each o f f i c e r  defends h is  departm ent's in te re s ts  on th e  basis e ith e r  o f  a 

re tu rn  on investm en t o r  o f  need. A lthough severa l f irm s  employ s o p h is tic a te d  

p lann ing  to o ls ,  the  re s u lts  are t y p ic a l ly  determ ined by s tro n g  p e rs o n a lit ie s ,  

s u b je c tiv e  judgm ents, and a re c o g n itio n  o f  the  need " to  come up w ith  a f ig u re  

the p re s id e n t can l iv e  w ith , "  ra th e r than by any sys tem a tic  m o d e ling /p la nn ing  

in fo rm a tio n . M oreover, a lthough tra d e -o ffs  are fo rm a lly  addressed in  com m ittee, 

th e  re s o lu t io n  o f  c o n f l ic t in g  fu n c tio n a l o b je c tiv e s  ( p a r t ic u la r ly  f o r  small 

c a r r ie r s )  f re q u e n t ly  is  accomplished through in fo rm a l meetings and d iscu ss io n s  

among s e n io r e x e c u tiv e s . The c h ie f  execu tive  o f f i c e r  is  th e  f in a l  a r b i te r  

when c o n f l ic t in g  o b je c t iv e s  are not reso lved in fo rm a lly  o r  in  committee. In  

most in s ta n c e s , th e  p re s id e n t o r  c h ie f  execu tive  o f f i c e r  p lays a s tro n g , a c t iv e  

ro le  in  th e  fo rm u la t io n  o f  m aintenance-of-way work plans and in  the c o o rd in a tio n  

o f  fu n c tio n a l u n its  in  the o rg a n iz a tio n . In  one case, however, a c o o rd in a to r  

was appointed to  ensure cooperation between o pe ra tions  and eng in eering  because 

the i n a b i l i t y  o f  th e  m aintenance-of-way department to  o b ta in  s u f f ic ie n t  t ra c k  

tim e from th e  o p e ra tin g  department made i t  im poss ib le  to  complete programmed 

maintenance.

The p re s id e n t and the  board o f  d ire c to rs  make th e  f in a l  d e c is io n  on the  

annual o p e ra tin g  budget as w e ll as on the m aintenance-of-way and in f ra s t ru c tu re  

c a p ita l e xp e n d itu re  budgets. The basic approach is  th a t  s t a f f  p lanners fo re c a s t 

t r a f f i c ,  e s tim a te  gross ton m iles and, in  tu rn ,  annual o p e ra tin g  revenues, and 

e s ta b lis h  the ta rg e t  p r o f i t .  The s ize  o f  the to ta l  budget is  the  d iffe re n c e  

between the expected to ta l  revenues and the  annual p r o f i t  ta rg e t .  The s ize  o f 

the  m ain tenance-of-w ay budget is  then c a lib ra te d  to  meet p r o f i t  goals and o th e r 

departm ental requ irem ents. I n i t i a l l y ,  the  a llo c a t io n  o f  revenues to  each 

fu n c tio n a l u n i t  is  based on standard ra t io s  rang ing from 14 to  18 percent fo r
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maintenance o f  way and from : 12 to  13 percen t fo r  mechanical o p e ra tio n s . Sub

s e q u e n tly , t ra d e -o f fs  are d iscussed , e va lu a te d , and n e g o tia ted  in  h ig h - le v e l 

budget committee meetings as w e ll as th rough  in fo rm a l channels. U lt im a te ly ,  

s p e c i f ic  p ro je c ts  are se lec ted  on th e  basis  o f  economic fa c to rs  and s u b je c tiv e  

judgm ent. In  a d d it io n ,  p e r io d ic  reviews o f  p ro je c te d  revenues are used to  

m od ify  planned e xp e n d itu re s . An adopted budget may be fu r th e r  m o d ifie d  to  

r e f le c t  a c tua l business le v e ls .  D e le tio n  o r  deferm ent o f  scheduled maintenance 

p ro je c ts  is  common d u rin g  an unexpected downturn in  th e  economy.

The ra ilro a d s  considered an a l lo c a t io n  o f  17-18 percent o f  o p e ra tin g  

revenues to  be standard fo r  m ain tenance-of-w ay and s tru c tu re s  e xp e n d itu re s , 

w h ile  an amount less  than 14 percen t was g e n e ra lly  considered u n s a tis fa c to ry .

The assum ption, o f  course, is  th a t  m ain tenance-of-w ay costs va ry  d i r e c t ly  w ith  

th e  le v e l o f  t r a f f i c .  L i t t l e  a t te n t io n  has been given to  th e  economies th a t  

p o te n t ia l ly  can be derived  from increased maintenance a c t iv i t y  in  s la c k  p e rio d s ,

e . g . , more t ra c k  tim e and b e t te r  m aintenance p ro d u c t iv ity  w ith o u t s e rv ic e  

in te r r u p t io n s ,  as w e ll as more fa v o ra b le  m a te ria l p r ic e s . In s te a d , sh o rt-te rm  

p r o f i t a b i l i t y  dominates the management ph ilosophy o f  most companies. In  some 

cases, th is  p e rsp e c tive  a p p a re n tly  stems from board members who in s is te d  on 

maintenance o f  earn ings per share , even a t  th e  expense o f  maintenance o f  way.

In  a d d it io n ,  m aintenance-of-w ay expe nd itu res  s u f fe r  from th e  r e la t iv e ly  

f ix e d  nature  o f  planned expend itu res  in  o th e r departm ents. When t r a f f i c  is  

d e c lin in g ,  the  o p e ra tin g  department may be slow to  reduce i t s  expend itu res  by 

reduc ing  the number o f  t r a in s ,  sw itc h  engine hours, e t c . ,  and th is  de lay  

increases the  p ro p o rtio n  o f  a v a ila b le  funds spent by the  o p e ra tin g  departm ent. 

O fte n , the  source o f  these a d d it io n a l funds is  the  m aintenance-of-w ay budget.

Thus m aintenance-of-w ay a c t iv i t ie s  are reduced as a re s u lt  o f  a re d u c tio n  in  

the  to ta l  budget and an increase in  th e  share o f  the  budget used by o th e r 

departm ents. In  " le a n " ye a rs , th e  p ro p o rtio n  o f  the  budget a llo c a te d  fo r  

m aintenance-of-w ay expenditu res may be reduced to  12-15 pe rcen t.

Since the prim ary o b je c t iv e  is  to  meet the  annual p r o f i t  ta rg e t  e s ta b lish e d  

by th e  board, u s u a lly  maintenance w i l l  be d e fe rre d  in  o rde r to  support the  p r o f i t  

g o a l. In  a re ce ss io n , th e re fo re ,  expensive p ro je c ts  are fre q u e n t ly  postponed, 

f o r  these p ro je c ts  represen t the  most d ram atic  changes in  the  annual budget 

and th e  most s ig n i f ic a n t  c o n tr ib u tio n s  to  the  p r o f i t  ta rg e t.  In  lean ye a rs , 

moreover,' th e  c a r r ie r  can mask d e fe rre d  maintenance in  o rd e r to  re ta in  proper 

le v e ls  o f  p r o f i t .
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P ro je c t I d e n t i f ic a t io n

In s p e c tio n s , standard maintenance programs, and s a fe ty  a l l  p la y  im p o rta n t 

ro le s  in  p ro je c t  id e n t i f ic a t io n .  Section men, a s s is ta n t t ra c k  s u p e rv is o rs , 

roadm asters, and s e n io r  o f f ic e r s  (sometimes in c lu d in g  the company p re s id e n t)  

perform  o n -s ite  in s p e c tio n s . V isual in sp e c tio n s  conce n tra te  on roadbed, b a l la s t ,  

r a i l  s e c tio n s , and t ie s .  Section men u s u a lly  perform  d e ta ile d  m onthly inspec

t io n s ,  w h ile  s e n io r  s t a f f  members in sp e c t a t  le a s t  the  p r in c ip a l l in e  segments as 

o fte n  as th re e  to  fo u r  tim es per year. In  a d d it io n , r a i l  te s t  ca r in sp e c tio n s  

are made two to  th re e  tim es per year over main l in e s  and once per ye a r over 

branch l in e s ;  some ra ilro a d s  a lso  make tra c k  geometry ca r in s p e c tio n s . - 

Im portan t in s p e c tio n  in fo rm a tio n , th e re fo re , inc lu d e s  the  tra c k  geometry car 

te s t  r e s u lts ,  th e  measurements o f  r a i l  wear o r d e fe c ts , and th e  more s u b je c tiv e  

judgments o f  experienced in sp e c to rs .

Cycle Maintenance P lann ing. In the 1950s, la rg e -s c a le  m echanization o f  

maintenance o p e ra tio n s  led  to  the development o f  cyc le  maintenance p lann ing  

(CMP). CMP attem pted to  e s ta b lis h  norm alized c o n d itio n s  o r  standards fo r  

maintenance o f  way and, thereby, determ ine the minimum amount o f  maintenance 

re q u ire d  to  p reven t tra c k  c o n d itio n s  from f a l l i n g  below standard.

•A lthough th e  comprehensiveness and the s o p h is t ic a t io n  o f  cyc le  maintenance 

p la n n in g  va ry  c o n s id e ra b ly  among ra ilro a d s ,  th e re  is  widespread re c o g n it io n  o f 

the  need f o r  more p re c ise  and accurate in d ic e s , measurements, and methods to  

judge whether more is  taken out o f  t ra c k  than p u t in to  i t .  Both f in a n c ia l ly  

weak ra ilro a d s  and those th a t  are f in a n c ia l ly  s tro n g  used o u ts id e  co n su lta n ts  

to  help develop c y c le  maintenance programs. The q u a l i ty  o f  in-house m aintenance- 

of-w ay a n a ly s is  is  h ighe r fo r  s tro n g e r ra ilr o a d s ,  which understandably tend to  

use more s o p h is t ic a te d  p lann ing techn iques. Some ra ilr o a d s ,  fo r  example, use 

s im u la tio n  and s tandard cost models th a t  a ttem pt e x p l i c i t l y  to  eva lua te  in t e r 

a c tio n s  among t ra c k  s tru c tu re s , equipment, c a p a c ity , and speed. Most weaker 

c a r r ie r s ,  however, do not have norm alized maintenance programs in  fo rc e . The 

p ro p e r ty 's  most u rgen t arrearages must be overcome before such approaches can 

be implemented.

S a fe ty . A cc id e n t experience, hazardous m a te ria ls  ro u te s , and FRA tra c k  

s a fe ty  standards are p a r t o f  the  p ro je c t id e n t i f ic a t io n  process. W hile
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acc iden t experience is  considered to  be extrem ely  im p o rta n t, no e x p l ic i t  

" tr- ig g e r le v e ls "  ( in  terms o f  co s t per a cc iden t o r  number o f  a cc id e n ts ) guide 

p ro je c t  id e n t i f ic a t io n .  In s te a d , management r e l ie s  on a case-by-case approach 

and s u b je c tiv e  judgment.

The general p a tte rn  o f  d e c is io n  making a lso  re q u ire s  the id e n t i f ic a t io n  

o f  key hazardous m a te ria ls  ro u te s . These rou tes  u s u a lly  re ce ive  g re a te r 

a t te n t io n  in  the work p la n , p a r t ic u la r ly  when the  routes in c lu d e  lower d e n s ity  

branch l in e s .

F in a lly ^  the  im p o s itio n  o f  FRA t ra c k  s a fe ty  standards has, in  gen era l, 

increased th e  number o f  v is u a l in s p e c tio n s  performed each y e a r. The in flu e n ce  

o f  t ra c k  standards on cyc le  maintenance p la n n in g , however, v a rie s  in v e rs e ly  

w ith  the  c a r r ie r 's  f in a n c ia l s tre n g th . For weak roads, i t  is  o fte n  FRA standards 

th a t  p re s c rib e  le v e ls  o f  re q u ire d  m aintenance. For s trong roads, tra c k  

standards o fte n  do no t s ig n i f ic a n t ly  a f fe c t  the work p la n .

P ro je c t E va lua tion

In  g e n e ra l, d e c is io n  making in  th e  e v a lu a tio n  phase occurs on a system-wide 

basis w ith in  the  framework o f  s t ra te g ic  o b je c tiv e s  and long-range p lann ing . 

P ro je c t e v a lu a tio n , however, is  h ig h ly  c e n tra liz e d . W hile d iv is io n - le v e l 

de c is io n s  in  both the id e n t i f ic a t io n  and e v a lu a tio n  phases conce n tra te  on 

re p la ce m e n t-in -k in d  p ro je c ts ,  m ajor c a p ita l programs and p lann ing  are p a r t o f  

the  to p - le v e l review  process. As a lre a d y  in d ic a te d , most f irm s  are pursuing 

more s o p h is tic a te d  and accurate methods fo r  id e n t i fy in g  and e v a lu a tin g  work 

requirem ents and c a p ita l programs. To a s ig n i f ic a n t  degree, however, the le ve l 

o f  s o p h is t ic a t io n ,  as w e ll as the  le n g th  o f  the  p lann ing  h o riz o n , depends on 

th e  f in a n c ia l resources o f  the  c a r r ie r .

O p e ra tio n s /S e rv ice  O b je c tiv e s . C o n s is te n t, on -tim e  performance over 

s t ra te g ic  rou tes  was c ite d  by the  ra ilro a d s  as the  prim ary s e rv ic e  o b je c t iv e . 

A lthough , in  a few in s ta n ce s , speed o f  d e liv e ry  was ranked w ith  cons is tency 

as a to p  s e rv ic e  p r io r i t y ,  on-tim e performance was g e n e ra lly  considered more 

im p o rta n t. In  a d d it io n , many c a r r ie rs  c ite d  the p ro v is io n  o f  s p e c ia liz e d  

equipment (ca r ty p e , s iz e , and a v a i la b i l i t y )  as an im p o rta n t s e rv ic e  goa l.

These t r a n s i t  performance p r io r i t ie s  were based on a number o f  fa c to rs :  

network c h a ra c te r is t ic s ,  geographical c o n s tra in ts ,  and t r a f f i c  p r o f i le .  For
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sm a lle r ne tw orks, in c re a s in g  t r a in  speeds would not s ig n i f ic a n t ly  reduce 

d e liv e ry  tim es between m ajor nodes on s t ra te g ic  ro u te s , i . e . ,  major t r a f f i c  

lanes. For some c a r r ie r s ,  an o p e ra tin g  ph ilosoph y th a t  c a lle d  fo r  lo n g , 

heavy f r e ig h t  t r a in s  runn ing  a t speeds o f  60-65 mph was abandoned because 

the tim e sav ing  from  h ighe r speeds was d is s ip a te d  in  yard and te rm in a l 

a c t iv i t ie s ,  the  consumption o f  fu e l and the r is k  o f  d e ra ilm en ts  increased 

s ig n i f ic a n t ly ,  and th e  maintenance cyc le  was co n s id e ra b ly  shortened. A 

c o n s is te n t s e rv ic e  s tra te g y , moreover, was viewed as b e t te r  s u ite d  to  networks 

ch a ra c te rize d  by (1 ) nunerous nodes and r e la t iv e ly  s h o rt d is ta nces  between 

nodal p a irs  o r  (2 ) numerous and w id e ly  d ispersed branch l in e s  f o r  g a th e rin g  

im po rtan t t r a f f i c ,  because these c h a ra c te r is t ic s  l im ite d  the  o p p o r tu n it ie s  f o r ,  

and thus th e  savings ( e .g . ,  in  la b o r and per diem) from , h ighe r o p e ra tin g  speeds. 

L ikew ise , h i l l y  t e r r a in  and numerous curves were geographical c o n d itio n s  th a t  

r e s t r ic te d  o p p o r tu n it ie s  f o r  high-speed o p e ra tio n s . Furtherm ore, in  c o ld e r 

re g io n s , w in te r  weather may o f fs e t  m aintenance-of-way improvements designed to  

improve t r a in  speed.

Key aspects o f  th e  t r a f f i c  p r o f i le  were m ix , volume, and c o m p e tit io n . For 

some ra i lr o a d s ,  a sm all number o f  commodities were hauled over the  s t ra te g ic  

ro u te s , but these commodities produced most o f  th e  o p e ra tin g  revenues. When 

these commodities had r e la t iv e ly  low d o l la r  and w e ig h t d e n s it ie s ,  c o n s is te n t 

ra th e r  than fa s t  d e liv e ry  b e tte r  met sh ip p e rs ' needs. The prim ary o b je c t iv e ,  

th e re fo re ,  was to  meet customers' d e liv e ry  needs and to  p ro v id e  prompt re tu rn  

o f  empty cars to  meet s h ip p e rs ' load ing  requ irem ents. For o th e r roads, in te n se  

in tram odal and in te rm oda l com petition  combined w ith  a h ig h ly  d iv e r s if ie d  t r a f f i c  

mix led  to  a s e rv ic e  s tra te g y  o f  c o n s is te n t and fa s t  d e liv e ry  tim e . In  one 

case, s e n io r e xe cu tive s  considered th a t  t r a in  speeds in  excess o f  60 mph were 

e s s e n tia l to  m a in ta in  d r  to  s trengthen th e i r  c o m p e titiv e  p o s it io n .  I t  was a lso  

be lieved  th a t  fa s te r  t r a in  speeds meant a d d it io n a l savings in  crew and equipment 

c o s ts ; however, a form al ana lys is  o f  increm enta l savings measured a g a in s t 

a d d it io n a l costs ( la b o r ,  maintenance c y c le s , fu e l e f f ic ie n c y ,  o r a cc id e n ts ) 

was not undertaken. The se rv ice  s tra te g y  fo r  f in a n c ia l ly  tro u b le d  c a r r ie rs  

was s im p ly  to  re s to re  c o n s is te n t and safe s e rv ic e , a t le a s t over key t r a f f i c  

lanes. The im plem entation  o f  th is  s tra te g y  meant the  e lim in a t io n  o f  slow 

orders on s t ra te g ic  rou tes to  p rov ide  minimum 30 mph s e rv ic e .

Thus, t r a in  speeds depend p r im a r ily  on the  c a r r ie r 's  s e rv ic e  s tra te g y , 

w h ich , in  tu rn ,  is  a fu n c tio n  o f  the  geographic, t r a f f i c ,  and f in a n c ia l
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p r o f i le  o f  the  c a r r ie r .  For most o f  th e  c a r r ie r s ,  o p e ra tin g  speeds s e t in  

accordance w ith  s e rv ic e  p r io r i t ie s  ranged from 35 to  50 mph on main lin e s  and 

from 20 to  30 mph on branch l in e s .  Where network and geograph ica l c o n d itio n s  

p e rm itte d , c a r r ie rs  th a t  faced s t i f f  co m p e titio n  fo r  t im e -s e n s it iv e  t r a f f i c  

operated t ra in s  a t speeds o f  60 mph o r  more.

For severa l c a r r ie r s ,  the  p ro v is io n  o f  s p e c ia liz e d  types o f  equipment 

f o r  key m arket segments was a lso  an im p o rta n t s e rv ic e  g o a l. U s u a lly , th is  

meant su p p ly in g  shippers w ith  100-ton hopper ca rs . A lthough s e n io r o f f i c i a ls  

were aware th a t  heavie r cars would re q u ire  co n s id e ra b ly  more t ra c k  m aintenance, 

a form al a n a lys is  o f  the  re la t io n s h ip  between increased maintenance costs and 

increased car s ize  o r  w e igh t was no t undertaken. In  a t le a s t  one case, ins te ad  

o f  in c re a s in g  the maintenance budget to  match the  m arke ting  e f f o r t  ( th e  p ro v is io n  

o f  100-ton c a rs ) ,  top  execu tives expected th e  maintenance fu n c t io n  to  a d ju s t 

by becoming more p ro d u c tiv e .

M aintenance-of-W ay O b je c tiv e s . The o b je c tiv e s  o f  th e  maintenance fu n c tio n  

are keyed to  th e  achievement o f  s t ra te g ic  s e rv ic e  goals and p r io r i t i e s .

G e n e ra lly , the  goal was to  p ro v id e  an in f r a s t ru c tu r e  capable o f  supp orting  

the f i r m 's  s e rv ice  o b je c t iv e s . For c a r r ie r  management teams which e x p l i c i t l y  

assumed a v ia b le ,  p ro f i ta b le  o p e ra tio n  in  the  long ru n , i . e . ,  over th e  next 

30 years o r  more, p re se rv in g  th e  s t ru c tu r a l in te g r i t y  o f  th e  system was a 

to p  p r io r i t y .  P o lic ie s  and programs were designed, th e re fo re ,  to  p reven t 

s u b s ta n tia l borrow ing ag a in s t th e  fu tu re .  A long -te rm  goal f o r  most o f  the  

c a r r ie r s ,  o f  course, was to  abandon some l in e  segments.

The basic  s h o rt-te rm  o b je c t iv e  f o r  th e  more prosperous ra ilro a d s  was to  

s ta y  even, i . e . ,  to  m a in ta in  and preserve e x is t in g  le v e ls  o f  p la n t in te g r i t y  

where th e  le v e l o f  t r a f f i c  o r  earn ings j u s t i f ie d  norm alized m aintenance. More 

p re c is e ly ,  the  ty p ic a l p o lic y  was to  recoup maintenance d e fe rre d  d u rin g  lean years 

on im p o rta n t l in e s  (those e xp e rie n c in g  a t  le a s t ten  m il l io n  gross tons per year) 

and /o r upgrade segments when estim ated  fu tu re  earn ings w arranted new investm ent 

and funds were a v a ila b le . Low d e n s ity  o r  m a rg in a lly  p r o f i ta b le  l in e  segments, 

on the o th e r hand, received o n ly  "adequate" m aintenance-wnaintenance th a t  met 

minimum s a fe ty  standards. I t  should be noted th a t ,  a lthough the  use o f  t r a f f i c  

d e n s ity  to  id e n t i f y  im po rtan t l in e s  is  alm ost u n iv e rs a l,  d e n s ity  c u to ffs  vary  

w id e ly  from one company to  a no the r; a " l ig h t  d e n s ity "  l in e  fo r  a la rg e r  

c a r r ie r ,  th e re fo re ,  may be the "main l in e "  o f  a small c a r r ie r .
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For c a r r ie r s  th a t  were con fro n te d , a f te r  years o f  d e fe rre d  m aintenance, 

w ith  d e te r io ra te d  t ra c k  and s tru c tu re s , th e  o v e ra ll s h o rt-te rm  goal was to  re s to re  

main l in e  t ra c k  and yard  to  meet sh o rt-te rm  o b je c t iv e s  w ith o u t compromising, 

i f  p o s s ib le , s h o r t- te rm  p r o f i t a b i l i t y .  A lthough i t  was hard to  make a m istake 

in  p ro je c t  s e le c t io n ,  p r io r i t y  was given to  s t ra te g ic  rou tes  w ith  subsequent 

"cascading" o f  r a i l ,  re p la c in g  o f  d e fe c tiv e  r a i l ,  upgrading o f  crews (us ing  

fewer men w ith  b e t te r  equ ipm ent), and p ro v id in g  o n ly  minimum maintenance 

necessary to  c o r re c t  FRA in sp e c tio n  v io la t io n s  (th e re b y  co n ce n tra tin g  on the  

" r e a l ly  weak a re a s " ) .  The immediate concerns were to  m a in ta in  s t ra te g ic  rou tes 

above the  minimim le v e ls  re q u ire d  by FRA standards fo r  des ired  speeds, keep 

im po rtan t t r a f f i c  m oving, and provide  c o n s is te n t d e l iv e r ie s .  Slow o rde rs  on 

im po rtan t l in e  segments had to  be removed in  o rd e r to  p e rm it main l in e  speeds 

in  excess o f  30 mph. The basic  s tra te g y  was to  e s ta b lis h  f in a n c ia l v i a b i l i t y ,  

seek ra te  in c re a s e s , expand maintenance programs, re b u ild  th e  system, and p rov ide  

safe and dependable s e rv ic e .

The p a tte rn  o f  p r io r i t ie s  fo r  the  a l lo c a t io n  o f  maintenance expe nd itu res  

is  thus r e la t iv e ly  s tra ig h tfo rw a rd . Not s u r p r is in g ly ,  economic c r i t e r ia ,  

e s p e c ia lly  p o te n t ia l e a rn in g s , dominate p r io r i t i e s .  In  most cases, the  volume 

o f  t r a f f i c  is  used as an in d ic a to r  o f  p o te n t ia l earn ings and to  id e n t i f y  key 

l in e  segments, d e fin e d  as those on which th e re  is  a minimum o f  one m i l l io n  gross 

tons (MGTs) per y e a r ; u s u a lly ,  ten  MGTs per ye a r in d ic a te  a s t ra te g ic  ro u te .

One no tab le  e xce p tio n  occurred when the actua l earn ings ( t r a f f ic ,d e n s i t y  and 

ra te  s t ru c tu re )  on l in e  segments were e va lua ted . T h is  process led to  a m ajor 

renewal program f o r  lo w -d e n s ity  branch lin e s  th a t  played a m ajor ro le  in  

g a th e rin g  im p o rta n t t r a f f i c .  A l l  f irm s  use d iscoun ted  cash f lo w  o r  ra te  o f  

re tu rn  methods to  e va lu a te  p o te n tia l earnings and to  a llo c a te  funds; minimum 

ROI requirem ents f o r  p ro je c ts  ranged from 18 to  30 p e rce n t. But these f irm s  

fre q u e n tly  found i t  d i f f i c u l t  to  q u a n tify  savings re la te d  to  c o n d itio n s  such 

as runn ing  t im e , equipment c o s ts , crew c o s ts , and s h o rte r  maintenance c y c le s . 

O c c a s io n a lly , p ro je c ts  were,completed w ith o u t ROI ana lyses, because management 

deemed these p ro je c ts  necessary in  order to  "s ta y  in  b u s in e ss ."

S a fe ty . S a fe ty  co n s id e ra tio n s  had va ry in g  le v e ls  o f  in flu e n c e  on p ro je c t  

e v a lu a tio n  and maintenance d e c is io n s . A lthough s a fe ty  had l i t t l e  o v e ra ll 

impact on the s iz e  o f  the  to ta l  m aintenance-of-way budget, acc iden t experience 

and, sometimes, t ra c k  s a fe ty  standards s ig n i f ic a n t ly  in flu e n ce d  the a l lo c a t io n
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o f  maintenance funds. W hile s e n io r  o f f i c i a ls  knew th a t  d e ra ilm e n ts  created 

"enormous" losses and th a t  o p e ra tin g  s a fe ty  was an im p o rta n t o b je c t iv e ,  i t  

was w e ll known th a t  causes o f  the d e ra ilm e n ts  were d i f f i c u l t  to  assess.

The p re v a i l in g  v iew p o in t was th a t  no t much was known about the  e f fe c ts  on 

t ra c k - re la te d  accidents o f  la rg e  cars and u n it  t ra in s  moving over w e ll -  

m ain ta ined tra c k  a t r e la t iv e ly  h igh  speeds. I t  was argued, fo r  example, th a t  

h a l f  o f  a l l  acciden ts re p o rte d  as t ra c k  re la te d  were not r e a l ly  caused by 

tra c k  problem s. Unexplained a cc id e n ts  had occurred on s t ra te g ic  Tine segments 

w ith  the  h ighe s t maintenance s tandards. That acc iden t experience led some 

c a r r ie r s  to  reduce t r a in  speeds w h ile  s t i l l  m a in ta in in g  t ra c k  a t le v e ls  re q u ire d  

fo r  h ig h e r speed o p e ra tio n s . The re d u c tio n  in  high t r a in  speeds on main 

l in e s ,  in  tu rn ,  led to  a d ram atic  re d u c tio n  in  unexplained acc iden ts  and has 

become an im po rtan t p a r t o f  the ra t io n a le  fo r  e s ta b lis h in g  c o n s is te n t,  ra th e r  

than fa s t ,  d e liv e ry  tim es as a s t ra te g ic  s e rv ic e  o b je c t iv e .  Thus, to  a la rg e  

e x te n t,  to p - le v e l management has r e l ie d  upon s u b je c tiv e  judgment and a case- 

by-case approach when e v a lu a tin g  a c c id e n ts . No e x p l ic i t  numbers (e ith e r  ra te  

o f  in c id e n ce  o r  costs o f  a cc id e n ts ) were used to  guide m aintenance-of-w ay 

e x p e n d itu re s ; nonetheless, a cc id e n t experience was an im p o rta n t element in  

the budget a llo c a t io n  process. The fa c to rs  considered inc lu ded  s t a t i s t ic a l  

d e ta i ls ,  lo c a t io n , c o s ts , and causes by road type and ya rd . S im ila r ly , ,  

hazardous m a te ria ls  rou tes were id e n t i f ie d  and evaluated on a s u b je c tiv e  

b a s is , but these routes rece ived  sp e c ia l a t te n t io n  in  the p ro je c t  e v a lu a tio n  

phase.

The impact o f  FRA tra c k  s a fe ty  standards on m aintenance-of-w ay spending 

is  la rg e ly  a fu n c tio n  o f  the  c a r r ie r 's  f in a n c ia l c o n d it io n . For f in a n c ia l ly  

s tro n g  c a r r ie r s ,  tra c k  s a fe ty  standards had l i t t l e  e f fe c t  on th e  amount o r 

a l lo c a t io n  o f  funds. T h e ir  view was th a t  FRA standards p re sc rib e d  minimal 

maintenance c o n d itio n s . On h ig h -d e n s ity  l in e s ,  company standards s u b s ta n t ia lly  

exceeded FRA requirem ents, i . e . ,  maintenance p ra c tic e s  a t le a s t  met the  standards 

fo r  the  next h igher c lass o f  t ra c k .  On lo w -d e n s ity  but im p o rta n t branch l in e s ,  

the  same p ra c tic e  was fo llo w e d . When t r a f f i c  o r  earn ings d id  not support th is  

maintenance p o lic y ,  minimum s a fe ty  requirem ents were e s s e n t ia l ly  the  on ly  

c o n s id e ra tio n ; maintenance a c t iv i t y  was placed in  a ho ld ing  p a tte rn ,  and 

tem porary slow orders were accepted. E v e n tu a lly , the  l in e  segment was down

graded to  th e  next lower c lass  o f  t ra c k ,  and permanent slow o rders  were 

accepted. Minimum FRA standards then became th e  normal maintenance requirem ents.
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On the  o th e r hand, FRA tra c k  s a fe ty  standards o fte n  p re sc rib e d  the  

m aintenance-of-w ay requirem ents fo r  f in a n c ia l ly  weak c a r r ie r s .  In  o rd e r to  

a t ta in  s tra te g ic  s e rv ic e  o b je c t iv e s , these firm s  had to  e lim in a te  Slow orders  

o r  upgrade tra c k  to  meet minimum standards fo r  the  c lass  o f  t ra c k  th a t  p e rm itte d  

des ired  o p e ra tin g  speeds over s t ra te g ic  ro u te s . In  t h is  s i tu a t io n ,  the  r a i l  

d e fe c t car te s t  re s u lts  generated considerab le  pressure to  re la y  r a i l .

F in a l ly ,  FRA re g u la tio n s  caused the c a r r ie rs  to  devote a d d it io n a l ( a lb e i t  

m inor) resources to  a d m in is tra tiv e  tasks ( e .g . ,  t r a in in g )  and, in  some cases, 

to  more fre q u e n t v is u a l in s p e c tio n s . The p re v a il in g  v iew , however, was th a t  

a d d it io n a l in sp e c tio n s  add l i t t l e  i f  anyth ing to  s a fe ty  and are made o n ly  to  

comply w ith  re g u la t io n s . S en io r executives o f  prosperous c a r r ie r s ,  in  

p a r t ic u la r ,  f e l t  th a t  t ra c k  s a fe ty  standards worked to  d i lu te  the  e ffe c tiv e n e s s  

o f  on-going programs. Managers po in ted o u t, f o r  example, th a t  FRA re g u la tio n s  

t r e a t  many de fe c ts  id e n t i f ie d  by an in sp e c tio n  ca r as e q u a lly  in  need o f  

c o r re c t iv e  a c tio n . A lthough some de fects  are o b v io u s ly  worse than o th e rs , 

each must be re p a ire d  im m ediate ly. This requirem ent has caused resources to  

be d iv e rte d  to  re p a ir  t ra c k  segments th a t  were a lre a d y  scheduled fo r  m aintenance, 

thereby d is ru p tin g  planned maintenance cycles and reducing  the e f f ic ie n c y  o f  

mechanized maintenance gangs. Thus, a d is in c e n tiv e  fo r  in s p e c tin g  more tra c k  

than the law re q u ire s  is  c rea ted : the f irm  cannot a f fo rd  to  f in d  m inor

de fe c ts  th a t  have l i t t l e  to  do w ith  ac tua l s a fe ty  but must be re p a ire d  imme

d ia te ly .  Test ca r in s p e c tio n  ins trum en ts , moreover, are viewed as im prec ise . 

Managers see s a fe ty  more as a fu n c tio n  o f  age (o f  r a i l ) ,  t r a f f i c  d e n s ity , 

equipment (ax le  lo a d s , type and leng th  o f c a r, o r load c a p a c ity ) ,  and speed 

ra th e r  than o f  te c h n ic a l s p e c if ic a t io n s  set fo r th  in  FRA tra c k  standards,

e .g . ,  the number o f  d e fe c tiv e  t ie s  per l in e  segment. Thus the p re v a il in g  

v iew p o in t is  th a t  t ra c k  standards mean fewer maintenance o p tio n s  and a less 

e f fe c t iv e  maintenance program.

CASE STUDY

As in d ic a te d  in  the d iscuss ion  o f the decis ion-m aking  process, many 

in te r re la te d  fa c to rs  e n te r in to  the T/M d e c is io n . The fo llo w in g  h y p o th e tic a l 

case study provides an e f fe c t iv e  ve h ic le  fo r  id e n t i fy in g  and d iscu ss in g  the 

complex se t o f in te ra c t io n s  among key fa c to rs .  The purpose is  to  develop 

and re f in e  fu r th e r  the conceptual foundation necessary fo r  the c o n s tru c tio n
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o f  hypotheses about T/M dec is ion-m aking  behavior. The fo c u s , in  p a r t ic u la r ,  

is  on the  re la tio n s h ip s  between s a fe ty  ( tra c k  s tandards, a c c id e n ts , and 

h yp o th e tica l p o lic y  o p t io n s ) ,  t r a in  speeds ( in c lu d in g  the economic in c e n tiv e s  

th a t  in flu e n c e  t r a in  speed), and le v e ls  o f  T/M spending. The re s u lts ,  th e re 

fo re ,  should not be viewed as gen era lized  p r in c ip le s ,  but ra th e r  as i l l u s t r a 

t io n s  o f  re la tio n s h ip s  and issues c o n fro n tin g  the d e c is io n  maker.

The co n d itio n s  described c h a ra c te r iz e  a medium-sized and f in a n c ia l ly  weak 

Class I ra ilro a d .  As a lre ady no ted, top  ra ilro a d  execu tives  a t  s tro n g  roads 

in d ic a te d  th a t  they do n o t b e lie v e  tra c k  s a fe ty  standards are a s ig n i f ic a n t  

fa c to r  in  p ro je c t  e v a lu a tio n . The s e le c tio n  o f  a medium-sized ra i l r o a d ,  

moreover, reduces co m p le x ity , w h ile  s t i l l  p e rm itt in g  id e n t i f ic a t io n  and 

d iscuss ion  o f  key re la t io n s h ip s .  The system c o n d itio n s  are d e rive d  ( to  

the  e x te n t p o ss ib le ) from p u b lic  sources. T/M requirem ents fo r  se lected  

l in e  segments, however, are h y p o th e tic a l but re p re s e n ta tiv e  and g e n e ra lly  

c o n s is te n t w ith  in fo rm a tio n  gathered from the l i t e r a tu r e  (c ite d  in  sub

sequent sections o f  th is  re p o r t)  and the in te rv ie w s .

System P ro f i le

E ig h ty - f iv e  percent o f  th e  ro u te  s tru c tu re  is  main l in e ,  s in g le  tra c k  r a i l 

road. The remainder is  c la s s if ie d  as branch l in e .  The main l in e s  are d iv id e d  in to  

n o rthe rn  and southern t e r r i t o r ie s .  In  the  n o rthe rn  t e r r i t o r y ,  l in e s  are loca ted  

in  h i l l y  te r r a in ;  g rad ien ts  are fre q u e n t ly  in  excess o f  .5 percent but never 

exceed 1.5 percen t. Heavy cu rva tu re  is  a lso  encountered w ith  two to  th re e  

l ° - 2 °  curves per m ile ,  fre q u e n t (1 -2  m ile )  curves in  th e  3 °-5 ° range, and 

occasional curves up to  8 ° 3 0 '. Southern lin e s  are much f l a t t e r ,  w ith  grades 

seldom exceeding 0.5 p e rce n t, a lthough grades approaching 1 percent can be found 

a t several is o la te d  lo c a tio n s . Curvature on the southern lin e s  is  a lso heavy 

w ith  several m iles o f  8° curves.

Network C ondition

Main L in e s . As shown in  Table 1, h yp o th e tica l but re p re s e n ta tiv e  main 

l in e  co n d itio n s  va.ry from f a i r  to  poor. In  both N and S t e r r i t o r ie s ,  worn r a i l  

co n d itio n s  p re v a il .  In  p a r t ic u la r ,  the 112 lb  jo in te d  r a i l ,  r o lle d  in  the 

1930s, is  g e n e ra lly  bent and has some ra il-e n d  b a t te r .  Furtherm ore, r a i l  

tran spos ing  is  needed, in s u la te d  jo in ts  are in  poor c o n d it io n , and surface
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Table 1. L ine Segments

Track S ection  (m ile s ) Route C o nd itipn*
O perations

Line
Segments

Speed
(mph)

T r a f f ic  
(MGT/mi)

A cciden ts
(n)

Passenger 
(Yes, No)90 lb  112 lb 130 lb  132 lb R a il T ies Surface

Main

N 50 150 F-P F-P F-P < 30 25.0 5 No

S

Branch

100 F-P F-P F-P < 30 10.0 5 Yes

N 10 30 F-P F-P F-P < 25 2 .0 2 No

S 5 10 P P. P < 10 < 1.0 1 No

F = f a i r  

P = poor
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g r in d in g  e f fo r t s  are inadequate. T ie  c o n d it io n  is  f a i r  to  poor. M ajor t i e  

renewals were performed in  the e a r ly  1950s. D e ra ilm e n ts , s in g le  shou lder 

p la te s ,  and la c k  o f  p la te -h o ld in g  spikes have c o n tr ib u te d  to  th e  p o p u la tio n  

o f  d e fe c t iv e  t ie s  and th e  re d u c tio n  o f  t i e  l i f e .

R a il c o n d it io n s , t i e  renewal requ irem e n ts , and poor d ra inage  are the 

p rim a ry  fa c to rs ,  in  tu rn ,  th a t  have led  to  s ig n i f ic a n t  su rfa ce  and a lignm ent 

problem s. During th e  re ce n t work season, 10.3 m ile s  o f  th e  main l in e  were 

under 5 mph slow o rd e rs . In  a d d it io n ,  nunerous 10 mph slow o rd e rs  e x is te d  on 

b rid g e  approaches and a t road cross in gs  which were bad ly o u t o f  a lignm ent.

The volume o f  t r a f f i c  is  co n s id e ra b ly  g re a te r in  th e  N than in  the  S 

t e r r i t o r y .  The 25 M6T moved a n n u a lly  over th e  N segment re q u ire s  about 5,250 

t r a in s ,  w ith  3 locom otives and 70 cars per t r a in .  Only 1,000 t ra in s  per year 

handle th e  10 MGT fo r  the  S segment, w ith  a s im i la r  number o f  locom otives and 

cars per t r a in .  Despite the  lower t r a f f i c  d e n s ity  on the  southern  (S) main 

l in e ,  passenger ope ra tions  over t h is  ro u te  re q u ire  maintenance to  a t le a s t 

Class 3 standards.

Branch L in e s . L ike  the  main ro u te s , the  N branch l in e  is  in  f a i r  to  poor 

c o n d it io n . Most o f  the  segment meets Class 2 s tandards. Temporary slow o rders  

(< 20 mph) are in  e f fe c t  a t numerous lo c a t io n s . On th e  average, 350 t r a in s  per 

y e a r, 2 locom otives per t r a in ,  and 30 cars per t r a in  opera te  over th is  branch 

1 i  ne.

The S branch l in e  is  in  the  w o rs t c o n d itio n ,a n d  some lo c a tio n s  do not meet 

Class 1 standards. The 90 lb  r a i l  should be rep laced because Sperry in s p e c tio n  

car d e fe c ts  are ve ry  h igh— 5.7  per m ile  per y e a r. In  a d d it io n ,  the  t i e  c o n d it io n  

is  poo r; d e fe c tiv e  t ie s  exceed 1,000 per m ile .  T ra in  speeds are r e s t r ic te d  to  

10 mph o r  le s s . The average t r a in  c o n s is ts  o f  2 locom otives and 20 ca rs . About 

150 t ra in s  move over th is  l in e  each ye a r.

Track Maintenance Programs ■

A lte rn a t iv e  T/M programs f o r  main and branch l in e  segments are shown in  

Table 2. T/M investm ent co s t is  de fined  as the  to ta l  expe nd itu re  to  improve 

l in e  segments from one se t o f  c o n d itio n s  to  ano the r. U n it costs were d e rive d  

p r im a r i ly  from in te rv ie w s  and in d u s try  sources [ 1 - 5 ] . *  The s h o rt-te rm  minimum

*Numbers in  brackets re fe r  to  th e  l i s t  o f  re fe rences a t th e  end o f  the  re p o r t.
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Table 2. Annual Track Maintenance Programs

Minimum Level 
(Short Term)

Cost

Minimum Level 
(Long Term)

Cost

Rehabilitation 
(Long Term)

Cost
Work Tasks Unit Qty Unit Total Qty Unit Total Qty Unit Total

Main Line
(N)

Rail Trk-mi. 3 175,000 525,000 5 175,000 875,000 10 175,000 1,750,000
Ties No. 25,000 30 600,000 40,000 30 1,200,000 50,000 30 1,500,000
Surface & Line Miles 20 9,300

1.
186,000
311,000

30 9,300 279,000
2,354,000

50 9,300 465,000
3,715,000

(S)
Rail Trk-mi. 2 175,000 350,000 5* 63,000 315,000 10 ** 1,505,000
Ties No. 20,000 30 60,000 40,000 30 1,200,000 50,000 30 1,500,000
Surface

Branch

& Line Miles 10 9,300 93,000
503,000

25 9,300 232,500
2,007,500 40 9,300 322,000

3,770,500

(N)
Rail Trk-mi. - 63,000 - 5* 63,000 315,000 5* 63,000 315,000
Ties No. 5,000 30 150,000 8,000 30 240,000 10,000 30 300,000
Surface & Line Miles Spot

150,000
10 9,300 93,000

648,000
20 9,300 186,000 

801,000
(S)

Rail Trk-mi. 5* 63,000 315,000 5* 63,000 315,000 5* 63,000 315,000
Ties No. 10,000 30 150,000 10,000 30 300,000 10,000 30 300,000
Surface & Line Miles 5 9,300 46,500 

511,500
5 9,300 46,500 

661,500
5 9,300 46,500

661,500

♦Relay 
**5 Relay
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le v e l (L(M.jn_5i - ) )  e f f o r t  means the  le v e l o f  spending re q u ire d  o n ly  to  meet 

p resen t FRA tra c k  c lass  requ irem ents fo r  the s h o rt te rm . A cce le ra ted  tra c k  

d e te r io ra t io n  and increased r is k  o f  acc iden ts  w i l l  r e s u l t .  E v e n tu a lly , 

tem porary speed r e s t r ic t io n s  w i l l  become permanent when the t ra c k  is  down

graded to  the next low er t ra c k  c la s s .

The minimum le v e l lo n g -te rm  (L (Min_LTj ) program w i l l  p e rm it main l in e  

segments to  s ta y  in  the same (C lass 3) tra c k  s ta tu s , and p e rm it 30 mph t r a in  

speeds on designated se c tio n s  o f  the  N branch l in e .  T h is  program, however, 

does not p rov ide  the spending necessary fo r  norm alized requ irem ents .

Consumption o f  th e  in f r a s t ru c tu r e  w i l l  occur a t a g re a te r ra te  than maintenance 

replacem ents.

The lo n g -te rm  r e h a b i l i t a t io n  program w i l l  re s to re  the

tra c k  to  norm alized c o n d itio n s  a t the  end o f  f iv e  ye a rs . The s u b s ta n tia l 

investm ent in  p ro p e rty  w i l l  assure t r a in  o p e ra tio n s  a t Class 3 speeds 

(<. 40 mph) on main l in e s  and 25 to  30 mph on both branch l in e s .

In  a d d it io n  to  the th re e  program a lte rn a t iv e s ,  a fo u r th  o p tio n  is  to  

d is c o n tin u e  o pe ra tions  on the l in e  segment. In  sumnary, the  fo u r  le v e ls  o f  

spending are id e n t i f ie d  as fo llo w s :

1.

2 .

3.

4.

L(l^o) -  d iscon tin uance

^"(Min ST) "  mi'nimuni ^eve^» s h o rt-te rm  program

^■(Min LT) ~ niinimum le v e l ,  long -te rm  program

L (Rehab l t ) “  l ° n9“ tenn r e h a b il i ta t io n  program

Problem

The problem to  be s tu d ie d  is  how .managers determ ine the le v e l o f  T/M 

spending fo r  each l in e  segment and what ro le s  t r a in  speed, t ra c k  sa fe ty  

s ta n d a rd s , • and acc iden ts  have in  the spending d e c is io n s .
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Costs

Besides i n i t i a l  p ro je c t  co s ts , i t  is  necessary to  estim ate  th e  subsequent 

increased T/M expenses th a t  re s u lt  from increased t ra c k  d e te r io ra t io n  fo r  le v e ls  

and The increased expenses w i l l  be a fu n c tio n  o f  the  r e la t iv e

change in  tra c k  c o n d itio n s  and the u n it  costs fo r  o rd in a ry  maintenance. The 

estim ated annual u n i t  co s t fo r  r a i l  is  $3,000 per tra c k  m ile , w h ile  fo r  t ie s ,  

su rfa ce , and l in e  th e  co s t is  $1,500 per tra c k  m ile . The c h ie f  eng in eer, however, 

must assess tra c k  c o n d itio n s  before and a f te r  the i n i t i a l  investm ent in  o rd e r to  

estim ate  the  increm enta l le v e l o f  o rd in a ry  maintenance re q u ire d , i . e . ,  to  what 

e x te n t th e  T/M stems from tra c k  d e te r io ra t io n .  F re q u e n tly , th is  p rocess, a lthough 

supported by q u a n t i ta t iv e  in fo rm a tio n , is  la rg e ly  s u b je c tiv e  and is  based on 

many years o f  experience in  the f ie ld .  In  th is  re g a rd , some o f  the  la rg e r  o r  

more p r o f i ta b le  ra ilro a d s  are using more s o p h is tic a te d  in fo rm a tio n  systems and 

m ode lling  techniques to  support d e c is io n  making [6 ,7 ] .

In  o rd e r to  understand th is  judgmental process and i t s  co m p le x ity , as 

w e ll as exp lo re  th e  e f fe c ts  o f  speed r e s t r ic t io n s  and s a fe ty  standards on the  

d e c is io n  process, a h y p o th e tic a l tra c k  c o n d itio n  m odel, based on in fo rm a tio n  

gathered d u rin g  in te rv ie w s  and derived  from o th e r in d u s try  sources and l i t e r a 

tu re  on the s u b je c t,  is  developed and discussed.

Track C o n d itio n  Model. The o b je c tiv e  o f  the  t ra c k  c o n d itio n  model (TCM) 

is  to  q u a n tify  th e  r e la t iv e  importance o f  m ajor fa c to rs  th a t  a f fe c t  tra c k  

co n d itio n s  and arrange the  fa c to rs  in  a way th a t  s y s te m a tic a lly  y ie ld s  reason

able estim ates o f  r e la t iv e  d iffe re n c e s . A m u lt ip l ic a t iv e  arrangement, where 

one is  the  base on a scale th a t  measures r e la t iv e  im portance, provides a method 

fo r  a t ta in in g  th is  o b je c t iv e .  A value o f  one, o f  course , means no change, w h ile  

values g re a te r o r  le s s  than one r e f le c t  the  r e la t iv e  in flu e n c e  o f  va rio u s  fa c to rs  

on the c o n d it io n  o f  t ra c k .  W ith th is  approach, i t  is  p o ss ib le  to  q u a n tify  and 

b e tte r  eva lua te  th e  s u b je c tiv e  judgments in  the d e c is io n  process.

As shown in  Table 3, im portan t fa c to rs  th a t  a f fe c t  tra c k  c o n d itio n s  

in c lu d e  r a i l  c h a ra c te r is t ic s  (phys ica l a t t r ib u te s  and t ra c k  m odulus), d e fe c tiv e  

t ie s ,  su rface  and l in e  ( p r o f i le  and end b a t te r ) ,  and te r r a in  (grade, c u rv a tu re , 

and subgrade) [2 ,8 ,9 ,1 0 ,1 1 ] .  O perating c o n d itio n s  (tonnage, axle  loads, t r a in  

le n g th , and speed), o f  course, also a f fe c t  tra c k  c o n d itio n s  [2 ,1 2 ,1 3 ,1 4 ].  The 

TCM combines these fa c to rs  as fo llo w s  to  produce a tra c k  c o n d itio n  fa c to r  

(TCF) measure:
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Table 3. T rack C o n d itio n  Model Factors and Value Ranges

Factors
(TCF)

Network

1. Modulus

• R a il W eight
• Bal 1 a.st
• Subgrade

2. R a il

i • Age
• Length
• Type

3. T ies

4. Surface and L ine

• P r o f i le
• End B a tte r

5. T e rra in

• C urvature
• Grade

O perations

• Tonnage
• Speed
• Axle Loads

Values
(Range)

1. 0- 1.2
0 .9 -5 .5  
0 .5 -1 .0

0 . 9- 1.0 
0 .9 -1 .0  
0 .9 -1 .0

0.5-1.0

0 . 9- 1 . 0
0 . 9- 1 . 0

0 .9 -1 .0  
0 .9 -1 .0

0 .5 -3 .0  
1. 0- 1.5 
0 . 8- 1.5
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TPF _ (R a il)  (Modulus) (T ie s) (S&L) (T e rra in )
(O perations)

Thus, fo r  network fa c to rs ,  la rg e r  values increase th e  TCF, w h ile  f o r  o p e ra tio n  

fa c to rs ,  la rg e r  values g re a te r  than- one in d ic a te  g re a te r consumption o f  in f r a 

s tru c tu re  and produce a downward in flu e n c e  on th e  TCF.

The values shown in  Table 3, a lthough h y p o th e tic a l,  are in  general 

c o n s is te n t w ith  f in d in g s  reporte d  in  th e  l i t e r a tu r e  as c ite d  below and the  

in te rv ie w s . O b v io u s ly , fo r  each o f  the  fa c to rs ,  s p e c if ic  re la t io n s h ip s  between 

c o n d it io n  values and fa c to r  le v e ls  would have to  be determ ined e m p ir ic a lly  and 

would v a ry , to  some e x te n t,  from ra ilro a d  to  r a i l r o a d .  In  th is  case,, the 

c o n d it io n  va lues are c a lib ra te d  to  produce a standard o f  4.00 to  rep resen t 

norm alized c o n d itio n s  when t r a in  speeds approach 40 mph, when th e re  are no u n it  

t r a in  o p e ra tio n s , when cu rva tu re  and grade are not s ig n i f ic a n t ,  and when t r a f f i c  

volume is  about 25 MGTs. S p e c if ic a l ly ,  va lues are based on the  fo llo w in g  

ra t io n a le .

(1) Track Modulus

Track modulus is  a measure o f the  tra c k  s t ru c tu r e 's  a b i l i t y  to  r e s is t  d e f le c 

t io n  under load . T ra d it io n a l methods o f  tra c k  a n a ly s is  o fte n  u t i l i z e  modulus as 

the s in g le  measure o f  tra c k  s tre n g th . D e fle c t io n , in  tu rn ,  g re a t ly  a f fe c ts  the  

ra te  o f d e te r io ra t io n  o f  the tra c k  [1 0 ,1 5 ,1 6 ].  The w e igh t o f  r a i l ,  the  ty p e , dep th , 

and c o n d itio n  o f  b a l la s t ,  and the c o n d itio n  o f  the subgrade are im p o rta n t elements 

in  the tra c k  modulus. B a lla s t  and subgrade c h a ra c te r is t ic s  are u s u a lly  the  most 

s ig n i f ic a n t  elements in  the  modulus and a re , th e re fo re ,  im p o rta n t fa c to rs  in  the  TCM

(2) R a il

The age, ty p e , and le n g th  o f  r a i l  have much less in flu e n c e  on o v e ra ll 

t ra c k  c o n d itio n  than tra c k  modulus. The e f fe c ts  o f  age, in  p a r t ic u la r ,  are 

not w e ll d e fin e d , a lth o u g h , g e n e ra lly , o ld e r r a i l  is  less s e rv ice a b le . Most 

r a i l  in  main l in e  use is  adequate from a bending s tre n g th  s ta n d p o in t. Even 

assuming th a t  the  r a i l  is  approaching the maximum a llo w a b le  headwear (25-30%), 

bending s tre n g th  is  no t a problem [1 7 ].  I f  the r a i l  has a h is to ry  o f  being 

sub jected to  heavy wheel loads, however, the ra te  o f  in te rn a l de fec ts  may 

r is e  s u b s ta n t ia lly  as the  r a i l  ages [1 8 ,1 9 ,2 0 ]. Premium r a i ls  w i l l  wear more 

s lo w ly  and be s u b je c t to  lower d e fe c t ra te s  than standard r a i l  [2 1 -2 4 ]. Yet 

th is  does not s u b s ta n t ia lly  a f fe c t  the c o n d itio n  o f  the  tra c k .
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F in a l ly ,  longer r a i ls  w ith  fewer jo in t s ,  o r Continuous Welded R a il (CWR), 

w ith  i t s  e lim in a tio n  o f  jo in t s ,  may rep resen t s u b s ta n tia l maintenance savings 

because r a i l  jo in ts  represen t a m ajor expense item  ( jo in t s  must be tig h te n e d  

and in s p e c te d ), and r a i l  t ie s  in  the  j o in t  area are sub jected  to  h ighe r s tre ss  

le v e ls  than r a i l  and t ie s  in  o th e r areas [1 1 ].

(3 ) T ie s

T ie  c o n d itio n s  a f fe c t  th e  s e r v ic e a b i l i t y  o f  t ra c k  in  severa l ways. T ies 

th a t  have o b v io u s ly  fa i le d  (broken, ro t te d  th ro u g h , e tc . )  w i l l  not support the  

r a i l  c ro s s - le v e l (h o r iz o n ta lly  o r  v e r t ic a l ly )  in  a s a t is fa c to r y  manner. This can 

lead to  su rfa ce  bent r a i l ,  which increases the dynamic loads on th e  tra c k  and may 

render the r a i l  unusable fo r  h igh speed o p e ra tio n s . D e fe c tiv e  t ie s  w i l l  a lso  

decrease the s e rv ic e  l i f e  o f  ad ja ce n t t ie s  [1 1 ,1 5 ].  Lack o f  h o r iz o n ta l support 

may g iv e  r is e  to  w ide -ga uge-re la ted  d e ra ilm e n ts . The p r in c ip a l problem a ris e s  in  

de te rm in ing  th e  e f fe c t  o f  a d e te r io ra te d , but not com ple te ly  f a i le d ,  t i e .  The 

performance o f  a t i e  which is  p a r t ia l l y  ro tte d  o r  is  nearing th e  end o f  i t s  

s e rv ic e a b le  l i f e  is  not c le a r .  Thus, o n ly  com ple te ly  fa i le d  o r  m iss ing  t ie s  

can be seen as a f fe c t in g  the TCM.

(4) Surface and Line

The p r in c ip a l e f fe c t  o f  su rfa ce  and l in e  c o n d itio n s  is  th e  re s u lta n t  

dynamic fo rce s  generated in  the  t ra c k .  As su rfa ce  and l in e  c o n d itio n s  

d e te r io ra te ,  cars moving over th e  t ra c k  a t any speed w i l l  induce s ig n i f ic a n t ly  

h ighe r dynamic fo rce s  in  the t ra c k  s tru c tu re  [2 5 ] .  The h ig h e r fo rce s  w i l l  

decrease th e  l i f e  o f  most t ra c k  components, as w e ll as g ive  r is e  to  p o te n t ia l 

d e ra ilm e n ts .

R a il-end  b a t te r  is  a sp e c ia l case o f  lo c a liz e d  su rfa ce  i r r e g u la r i t ie s .  

Excessive deform ation  in  the  r a i l  j o in t  a rea, to g e th e r w ith  the  associated 

impact fo rce s  generated by moving wheels, can s ig n i f ic a n t ly  shorten  j o in t  t ie  

l i f e  and lead to  b a lla s t  and subgrade degradation and v ic e  versa . R a il cos t 

may a lso  be increased due to  shortened r a i l  l i f e  and an associa ted  weld ing 

expense. CWR m igh t e lim in a te  th e  a d d it io n a l T/M expense from th is  c o n d it io n .

(5) T e rra in

Elements o f  te r r a in  p la y  a ro le  in  the l i f e  o f  the  v a rio u s  components o f  

the  tra c k  s tru c tu re .  C urva ture , and to  a le s s e r e x te n t g ra d ie n t, w i l l  shorten 

th e  se rv ice a b le  l i f e  o f  th e  components. L a te ra l fo rce s  generated during  curve
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n e g o tia tio n  w i l l :  (1) cause the  r a i l  to  wear fa s te r  as tonnage in c re a se s ,

(2) p o s s ib ly  g ive  r is e  to  more de fec ts  in  the  r a i l ,  (3) increase  wear on t ie s  

and fa s te n e rs , and (4); re q u ire  more a lignm ent a t te n t io n  than tangen t s e c tio n s . 

Although th e  r e la t iv e  e f fe c t  o f  cu rva tu re  is  d i r e c t ly  re la te d  to  th e  degree 

o f  cu rve , T/M costs  are thought to  be more dependent on the  to ta l  c e n tra l angle 

than on the  r e la t iv e  sharpness o f  the  curve [1 5 ] .  Sharp curves may, however, 

re q u ire  lower speeds and, th u s , o f fs e t  some o f  th e  expected co s ts .

Grades a lso  a f fe c t  th e  ra te  o f  consumption o f  t ra c k  resources. The 

process o f  n e g o tia t in g  a grade re q u ire s  th a t b rak ing  o r  t r a c t io n  fo rce s  be 

app lied  to  the r a i l — fo rce s  th a t  w i l l  shorten the  l i f e  o f  t ra c k  components.

In  a d d it io n , sand used to  increase adhesion on grades w i l l  e v e n tu a lly  

reduce the d ra inage c a p a b il i t ie s  o f  the tra c k  s t ru c tu re ,  and a d d it io n a l t ra c k  

maintenance w i l l  be re q u ire d  to  decrease the degrada tion  ra te  o f  t ra c k  

components.

(6) O perations

T r a f f ic  volum e, t r a in  speeds, and ax le  loads a f fe c t  t ra c k  c o n d it io n s .

The l i f e  cyc le  fo r  most t ra c k  components is  d i r e c t ly  re la te d  to  the  volume o f  

t r a f f i c  passing over the  tra c k  [1 1 ,2 5 ,2 6 ]. A lthough severa l c h a ra c te r is t ic s  

o f  the  t r a f f i c  are im p o rta n t, the  volume, measured in  terms o f  gross to n s , is  

the most u n iv e rs a lly  used and the e a s ie s t to  measure. Since most t ra c k  

components d e te r io ra te  w ith  use, the d e n s ity  measure p lays a s ig n i f ic a n t  ro le  

in  the TCM.

Speed p r im a r i ly  a f fe c ts  tra c k  maintenance in  two ways. The dynamic fo rce s  

th a t are imposed on the  tra c k  by moving ve h ic le s  increase approx im ate ly  l in e a r ly  

w ith  speed [1 0 ,1 5 ,2 5 ].  Thus, t ra in s  moving a t h ig h e r speeds w i l l  e x tra c t  more 

from the tra c k  s t ru c tu re .  On the o th e r hand, to  m inim ize such dynamic fo rc e s , 

high speed t ra c k  is  g e n e ra lly  m aintained to  a h ighe r degree o f  geom etric 

q u a li ty ,  and, th e re fo re ,  m inor i r r e g u la r i t ie s  in  l in e  and surfa ce  must be 

corrected  q u ic k ly .

Track d e f le c t io n  is  o fte n  considered to  va ry  l in e a r ly  w ith  axle  load

[2 5 ].  Labora to ry  te s ts ,  moreover, have shown th a t  increases in  ax le  load can 

cause s ig n i f ic a n t  re d u c tio n  in  the performance o f  such items as b a lla s t  and 

subgrade [2 7 ] .  In  a d d it io n ,  heavy axle  loads may increase s ig n i f ic a n t ly  the 

ra te  o f  d e fe c t fo rm a tio n  in  the r a i l  [2 ,8 ,1 7 ,2 2 ].
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B e n e fits

B e n e fits  f a l l  in to  two m ajor c a te g o r ie s : ( l )  savings in  o rd in a ry  T/M

and (2) savings in  t r a in  o p e ra tio n s .

O rd ina ry  Track M aintenance. When tra c k  r e h a b i l i t a t io n  is  perform ed, the 

annual increase in  T/M expenses th a t  re s u lts  from increased t ra c k  d e te r io ra t io n  

is  avoided. The norm alized t ra c k  c o n d it io n  fa c to r  r e la t iv e  to  th e  ac tu a l t ra c k  

c o n d it io n  fa c to r  cap be used to  e s tim a te  th e  annual incre ase  in  T/M expenses.

For example, g iven a TCF o f  4.00 th a t  represents  norm alized c o n d it io n s  and an 

actua l TCF o f  1 .0 0 , the  estim ated annual increase ($ T/M) is :

$ T/M = -j -'-gg- x annual u n it  co s ts .

S p e c if ic  estim ates o f  such a vo ida b le  costs fo r  main and branch l in e s  are 

item ized  in  Table 4. As shown in  t h is  ta b le ,  the  southern  t e r r i t o r y  main l in e  

(S) was given an ac tua l TCF o f  1 .0 0 , w h ile  th e  n o rthe rn  t e r r i t o r y  main l in e  

(N) was assigned a 1.50 TCF. The i n i t i a l  values in d ic a te d  th a t  ac tu a l tra c k  

co n d itio n s  were worse fo r  (S) because d e fe rre d  maintenance was assumed to  be 

more ex tens ive  on th is  main l in e .  Both branch l in e s ,  however, were g iven the 

same i n i t i a l  TCF o f  1 .25. A lthough th e  i n i t i a l  TCF value is  g re a te r fo r  the  

branch lin e s  than fo r  the  south main l in e ,  i t  s t i l l  in d ic a te s  comparably 

poor tra c k  c o n d itio n s  because, g iven s im ila r  tra c k  c o n d it io n s , the much lower 

t r a f f i c  volume on branch lin e s  in f la te s  the TCF.

In  a d d it io n , i t  is  assumed th a t  re p la c in g  jo in te d  r a i l  w ith  CWR generates 

T/M savings, fo r  su rfa c in g  requirem ents are reduced, j o in t  maintenance is  o fte n  

e lim in a te d , and the l i f e  o f  tra c k  m a te r ia ls  is  extended. The amount o f  sav ings, 

o f course, w i l l  depend on the le v e l o f  t r a f f i c .  The estim ated annual saving per 

m ile  o f  CWR fo r  main l in e  segments N and S is  $1,900 and $1,700, re s p e c tiv e ly .

For the N and S branch l in e s ,  the  f ig u re s  are $1,500 and $1,200 per m ile  per ye a r, 

re s p e c tiv e ly . When worn CWR,is re la y e d , o n ly  50 percen t o f  the  estim ated 

savings per m ile  was assumed.

T ra in  O pera tions. T ra in  speed and a cc iden t avoidance are key elements 

in  re a liz in g  savings in  t r a in  o p e ra tio n s . During in te rv ie w s , s e n io r ra ilro a d  

o f f i c ia ls  in d ic a te d  th a t norm a lly  o n e -h a lf to  tw o - th ird s  o f  p ro je c t  savings 

were speed re la te d .
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Table 4. Increased Annual O rd inary  T/M Expenses from  Track D e te r io ra tio n

T/M PROGRAM

L(M in-LT) L(Rehab-LT)

Line Segment Net U n it TCF Increased Net U n it TCF Increased
and Work Item Change Cost Adjustm ent T/M Change Cost Adjustm ent T/M

Mai n 

N

Rail 2 $3,000 (4 .0 /1 .5 ) $ 16,000 7 $3,000 (4 .0 /1 .5 ) $ 56,000
Surface & Line 10 1,500 (4 .0 /1 .5 ) 40,000 30 1,500 (4 .0 /1 .5 ) 120,000

TOTAL $ 56,000 $176,000

S

Rai 1 3 $3,000 (4 .0 /1 .0 ) $ 36,000 8 $3,000 (4 .0 /1 .0 ) $ 96,000
Surface & Line 15 1,500 (4 .0 /1 .0 ) 90,000 25 1,500 (4 .0 /1 .0 ) 150,000

TOTAL

Branch

N

Rail

$126,000 $246,000

5 $3,000 (4 .0 /1 .2 5 ) $ 48,000 5 $3,000 (4 .0 /1 .2 5 ) $ 48,000
Surface & Line 10 1,500 (4 .0 /1 .2 5 ) 48,000 20 1,500 (4 .0 /1 .2 5 ) 96,000

TOTAL $ 96,000 $144,000

S

Rail 0 $3,000 (4 .0 /1 .2 5 ) $ 0 0 $3,000 (4 .0 /1 .2 5 ) $ 0
Surface & Line 5 1,500 (4 .0 /1 ,2 5 ) 24,000 5 1,500 (4 .0 /1 .2 5 ) 24,000

TOTAL $ 24,000 $ 24,000
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(1) Equipment

Equipment costs are de fined  as th e  p o r t io n  o f  locom otive  and car costs 

which is  a llo c a te d  by management to  th e  p a r t ic u la r  l in e .  Investm ent in  t ra n s 

p o r ta t io n  equipment is  c le a r ly  a fu n c t io n  o f  equipment u t i l i z a t io n .  The la t t e r  

i s ,  in  tu rn ,  a fu n c tio n  o f  o p e ra tin g  speed. Depending upon the  volume and 

nature  o f  t r a f f i c ,  low o p e ra tin g  speeds could lead to  low u t i l i z a t io n  and 

equipment shortages and thereby re q u ire  a d d it io n a l investm ents in  equipment.

The ta s k  is  to  estim ate  the  re d u c tio n  (o r  d iffe re n c e )  in  runn ing  tim e (minutes 

per ye a r) th a t  w i l l  r e s u lt  from  and L(Rehab-LT) 1evels o f  investm ent

and the d o l la r  savings per m inu te . O bv io us ly , in  p ra c t ic e ,  th is  is  a complex 

and d i f f i c u l t  ta sk . H yp o th e tica l t r a in  speeds fo r  a 6 -year d e c is io n  h o riz o n , 

each le v e l o f  investm ent, and each l in e  segment are shown in  F igures 4 through

7. Based on system averages and u t i l i z a t io n  le v e ls  suggested d u rin g  in te rv ie w s , 

the assumed u n it  cost fo r  locom otives is  $.06 per locom otive per m ile  per 

m inute and represents both ownership and maintenance c o s ts . For f r e ig h t  

c a rs , the estim ated u n it  cos t is  $.0016 per c a r-m ile  m inute . Given these 

c o n d it io n s , the estim ated annual equipment saving in  the second year fo r  

program L (Rehab-LT) on main l in e  fo r  examPl e » 1S computed as fo llo w s :

T. 15,750 lo co m o tive s /y r x 50 m ile s  x 4.5 m inutes x $ .0 6 /lo c o -m ile s  
per m inute = $212,625.

2 . 367,500 c a rs /y r  x 50 m ile s  x 4.5 m inutes x $ .0 0 1 6 /c a r-m ile
per m inute = $132,300.

(2) Labor

Increased t r a in  speeds may reduce crew costs and o ve rtim e . The sav ings, 

however, are not l i k e ly  to  be g re a t unless re -c rew in g  and overtim e  are i n i t i a l l y  

a t r e la t iv e ly  high le v e ls  and new investm ent reduces these le v e ls  s ig n i f ic a n t ly .  

The amount o f  savings is  a fu n c tio n  o f  the overtim e and re -crew  costs (OT&R) 

a p p lic a b le  to  the l in e  segment, the  p ro p o rtio n  o f  these costs a t t r ib u ta b le  to  

slow o rd e rs , and the tim e saved from  fa s te r  t r a in  speeds. 0T&R costs are 

se t a t $5.00 per t r a in  m ile  f o r  a l l  l in e  segments; th is  f ig u re  in d ic a te s  a 

r e a l t iv e ly  high le v e l o f la b o r c o s ts . The approxim ate ly  30 percen t o f the 

0T&R costs th a t  are saved per m inute are shown in  Table 5.

(3) Fuel

S ig n if ic a n t  savings in  fu e l may be a tta in e d  where slow o rders  fo r  s h o rt 

segments are removed and so is  th e  requirem ent fo r  repeated d e c e le ra tio n  and
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DECISION HORIZON

TRAIN
SPEED

F igure  4. Main L ine (N) Speed D e te r io ra tio n  Curves 
fo r  Levels o f  Investm ent (L)

DECISION HORIZON

YEARS

F igure  5. Main L ine (S) Speed D e te r io ra tio n  Curves 
fo r  Levels o f  Investm ent (L)
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DECISION HORIZON

TRAIN
SPEED

Figure 6. Branch L ine  (N) Speed D e te r io ra tio n  Curves 
fo r  Leve ls o f  Investm ent (L)

DECISION HORIZON

L (M in-LT) L (Rehab-LT) 

L(Min-ST)

J___________ |_____________ |____________ 1_____________ 1_____________ j

I 2 3 4 5 6
YEARS

TRAIN
SPEED

40 h 

25 

10

Figure 7. Branch L ine  (S) Speed D e te r io ra tio n  Curves 
fo r  Levels o f  Investm ent (L)
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Table 5. Overtime and Re-Crew Savings per M inute

Line
Segment

T ra ins  
Per Year M iles

$ OT&R
Per T ra in  M ile

% o f  $ OT&R 
from Slow Orders

Added M in ./T ra ck  M ile  
from Slow Orders

$ Savings OT&R 
per M inute

Main

N 5250 50 5.00 30 4.0 87,500

S 1000 40 5.00 30 4.0 15,000

Branch

N 350 20 5.00 30 4.0 2,625

S 150 5 5.00 30 3.5 313

s

X



a c c e le ra tio n . On the  o th e r hand, increased speeds no rm a lly  r e s u lt  in  g re a te r 

fu e l consumption. Th is happens when slow o rders  a p p lic a b le  to  long segments 

are removed. In  the a n a ly s is , any changes in  fu e l consumption are assumed to  

negate each o th e r and generate no sav ings.

(4) A cc iden t Avoidance

As in d ic a te d  in  the d iscu ss io n  o f  d e c is io n  m aking, s e n io r ra ilr o a d  

execu tives co n s id e r t ra c k - re la te d  acc iden ts  an im p o rta n t fa c to r  in  p ro je c t  y 

e v a lu a tio n . The A sso c ia tio n  o f  American R a ilro a d s , m oreover, has taken the 

p o s it io n  th a t  th e  economic in c e n tiv e s  o f  a cc id e n t avoidance and assets p reserva

t io n  are s u f f ic ie n t  fo r  proper T/M [2 8 ] .  The e v a lu a tio n  o f  a cc id e n t costs (and 

fre q u e n t ly ,  causes) though, is  la rg e ly  s u b je c t iv e .  In  th is  case s tu d y , the  

savings th a t  r e s u lt  from acc iden t avoidance re p re se n t th e  d iffe re n c e  between 

the expected costs o f  acciden ts be fore  and a f te r  T/M program investm ent.

P r in c ip a l d i r e c t  costs in c lu d e  damage to  t ra c k ,  r ig h t  o f  way, equipment and 

s tru c tu re s ,  and wreck c learance. S tud ies have in d ic a te d  th a t  t o ta l  acc id e n t 

costs ( d ir e c t  and in d ir e c t )  are about two to  th re e  tim es th e  d ir e c t  costs  

[4 ,5 ,2 9 ].

The breakdown o f number o f  acc iden ts  per ye a r by l in e  segment is  (see 

Table 1) as fo llo w s :  f iv e  each fo r  main l in e s  and two and one fo r  branch l in e s  

N and S, re s p e c t iv e ly .  I t  is  assumed th a t  th e  number o f  acc iden ts  w i l l  s ta y  

the same fo r  the  minimum s h o rt-te rm  program L ^ ^ - ^  bu t w i l l  become zero a f te r  

f u l l  r e h a b i l i ta t io n  L ^ g ^ ^ T ) • minimum le v e l long -te rm  program L ^ -n_|_j) 

fo r  main l in e  N w i l l  reduce the number o f  acc iden ts  to  th re e  fo r  the f i r s t  th re e  

years and to  two th e re a f te r .  This tre n d  r e f le c ts  the h ighe r d e n s ity  on main N 

and the in s ta l la t io n  o f  on ly  o n e -th ird  o f  the  new r a i l  re q u ire d  fo r  f u l l  re h a b il i  

ta t io n  L(Rehat> _ u )• In  c o n tra s t,  f o r  main l in e  S, program le v e l L (|v|n*n-LT) 

e lim in a te s  a cc id e n ts . Main l in e  S is  a lower d e n s ity  l in e ,  and le v e l 

provided fo r  h a l f  o f the new r a i l  re q u ire d  in  program L ^ ehab _ L j) * L ikew ise , 

program le v e l L(M in-LT) 1S assumec* t0  e lim in a te  acc iden ts  on both branch l in e s .  

F in a l ly ,  the estim ated cost per a cc id e n t is  the  sum o f the average system cost 

per acc iden t ($16,000) and the average system c o s t fo r  wreck clearance ($5 ,000). 

These f ig u re s  were derived  from 1977 FRA a cc id e n t data fo r  a re p re s e n ta tiv e  

ra ilro a d .
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F in a n c ia l A n a lys is

Program summaries ite m ize  c o s ts , cash flo w s , in te rn a l ra te  o f  re tu rn  on 

increm enta l investm ent (IR R ), and ne t present va lues (NPV). f o r  a lte rn a t iv e s  

*"(Min-LT) (m‘*mmuni maintenance— lo n g -te rm ) and L(Rehab-LT) ( r e h a b i l i t a t io n — lo n g 

term ) (see Tables 6 -9 ) .  Programs were tre a te d  as one-tim e investm ent d e c is io n s .

The s ix -y e a r  cyc le  represented the  elapsed tim e before  the  choice o f  new increm enta l 

maintenance c o n fro n ts  the d e c is io n  maker. Furtherm ore, the  r a i lr o a d  was assumed to  

be in  a c a p ita l r a t io n in g  s i tu a t io n .  I f  both le v e is  L ^ . ^ y j  and L ^ g ^ ^ y )  met 

a minimum c u to f f  ra te  ( fo r  example, 15 p e rc e n t) , the  a lte rn a t iv e  w ith  the  h ig h e s t 

IRR represented the  most e f f i c ie n t  use o f  c a p ita l.  I f  n e ith e r  a l te rn a t iv e  met the 

c u to f f ,  then minimum T/M o r ,  p o s s ib ly , abandonment L ^ Q  ̂ was a p p ro p ria te .

F in a l ly ,  a l l  cash flow s i l lu s t r a t e d  here were assumed to  be in  constant 

d o lla rs  o f  year ze ro . I n f la t io n  can be tre a te d  in  two ways. F i r s t ,  th e  cash 

flow s can be increased a t th e  compounded expected in f la t io n  ra te .  The proper 

d isco u n t r a te ,  th e n , is  the  tru e  minimum des ired  re tu rn  on c a p ita l p lus  th e  

in f la t io n  ra te .  W ith p e r fe c t fo re c a s ts  o f  in f la t io n ,  t h is  method g ives p re c ise  

es tim ates o f  hard cash f ig u re s  f o r  p lann ing  and c o n tro l.  U n fo rtu n a te ly , the  

u n c e rta in ty  surround ing  the  expected in f la t io n  ra te  makes p e r fe c t  fo re c a s ts  

o f  in f la t io n  ra te  ra th e r  d i f f i c u l t  to  achieve.

The second method (used here) is  to  ignore  in f la t io n  as a fa c to r  in  

e v a lu a tin g  a c a p ita l p ro je c t.  The d isco u n t ra te  is  th e  minimum d e s ire d  ra te  T 

o f  re tu rn  on c a p ita l (u s u a lly  determ ined by the  p r ic e  earn ings r a t io  and 

f in a n c ia l  leverage p la n s ).

Main L in e s . A lthough both program le v e ls  f o r  main l in e  N meet the 15

i f  L (Rehab-LT)

is  o p tim a l. Even 

cash flow s are overestim ated  by 27 p e rce n t, the  IRR s t i l l  meets

percent c u to f f ,  the  f u l l  r e h a b i l i ta t io n  program

the re q u ire d  15 percen t re tu rn .  Furtherm ore, i f  e i th e r  T/M o r a cc id e n t

savings are e lim in a te d , L
(Rehab-LT)

remains optim al because o p e ra tio n s  have

a d is p ro p o rtio n a te  in flu e n c e  on to ta l  savings.

By c o n tra s t,  n e ith e r  a lte rn a t iv e  (IRR = .122) nor a l t e r n a t iv e ”

L(Rehab-LT) ( IRR = ,081  ̂ fo r  main l in e  S a tta in s  the 15 Percervt l evel ( see Table 7 ). 
A lto g e th e r , however, a 10 percen t increase in  to ta l  saving flo w s  o f  L (M in_i_y) 

would mean the program c le a rs  the 15 percent IRR h u rd le . For f u l l  r e h a b i l i t a t io n
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Table 6. Main Line (N) T/M Program Summary

CO
00

COST-BENEFIT L(Min-LT) L(Rehab-LT)

Costs

Initial $1,311 ,000* $1,311 ,000*

Avoidable 56 ,000 176 ,000

Total 1,367 ,000 1,487 ,000

Incremental 987 ,000 2,228 ,000

Total 2,354 ,000 3,715

Ooo

Savinqs Year Year

(yr) 1 2 3 4 5 6 1 2 3 4 5 6
(min)

T/M
(0.0) (3.6) (3.6) (0.0) (0.0) (0.0) (0.0) (4.5) (4.5) (4.5) (4.0) (4.0)

Avoidance -0- 56,000 56,000 56,000 56,000 56,000 -0- 176,000 176,000 176,000 176,000 176,000

CWR 3,800 3,800 3,800 3,800 3,800 3,800 13,300 13,300 13,300 13,300 13,300 13,300

Operations

Equipment -0- 275,940 275,940 -0- -0- -0- -0- 344,925 344,925 344,925 306,600 306,600

Labor -0- 315,000 315,000 -0- -0- -0- -0- 393,752 393,752 393,752 350,000 350,000
Fuel -0- -0- -0- -0- -0- -0- -0- -0- -0- -0- -0- -o-
Accidents 42,000 42,000 42,000 21,000 21,000 21,000 105,000 105,000 105,000 105,000 105,000 84,000

Total 45,800 692,740 692,740 80,800 80,800 80,800 118,300 1,032,977 1,032,977 ,032,977 950,900 929,900

IRR 214 256

NPV @ 15% $153,426 $800,542

@ 25% $-71,570 $ 35,096

Initial cost for level 1,



Table 7. Main Line (S) T/M Program Summary

COVO

COST-BENEFIT L(Mi n-LT) L (Rehab-LT)

Costs

Initial $ 503,000** $ 503 ,000**

Avoidable 126, 000 246 ,000

Total 629, 000 749 ,000

Incremental 1,678, 500 2,628 ,000

Total .2,307, 500 3,377 ,000

Savinqs furl 1 2 3 4 5 6 1 2 3 4 5 6
(min) (0) (3.6) (3.6) (3.6) (3.6) (3.6) (0) (4.5) (4.5) (4.5) (4.5) (4.5)

IZii
Avoidance -0- 126,000 126,000 126,000 126,000 126,000. -0- 246,000 246,000 246,000 246,000 246,000

CUR 5,100 5,100 5,100 5,100 5,100 5,100 *10,800 10,800 10,800 10,800 10,800 10,800

Operations

Equipment -0- 42,048 42,048 42,048 42,048 42,048 -0- 52,560 52,560 52,560 52,560 52,560

Labor -0- 216,000 216,000 216,000 216,000 216,000 -0- 270,000 270,000 270,000 270,000 270,000

Fuel -0- -0- -0- -0- -0- -0- . -0- -0- -0^ -0- -0- -0-

Accidents 105,000 105,000 105,000 105,000 105,000 105,000 105,000 105,000 105,000 105,000 105,000 105,000

Total 110,100 494,148 494,148 494,148 494,148 494,148 115,800 684,360 684,360 684,360 684,360 684,360

IRR .122 .081

NPV @ 15% $-142,360 $ -532,541

0 2 5% $-527,298 $-1,063,011

*5 miles relay and assume .5 savings

ir*
Initial cost for level 1.

i i i
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Table 8. Branch (N) T/M Program Summary

*
Initial cost for level 1.

i



Table 9

COST-BENEFIT L(Min-LT) = L (Rehab-LT)

Costs

Initial $ 436,500*

Avoidable 24,000

Total 460,500

Incremental 201,000

Total 661,500

Savings (vr) 1 2
(min) (0) (3.6)

T/M
Avoidable -0- 24,000
CUR 3,000 3,000

Operations

Equipment -0- 410
Labor -0- 1,125
Fuel -0- -0-
Accidents 21,000 21,000

Total 24,000 49,535

IRR

NPV @ 15%

@ 25%

•*
Initial cost for level 1.



Branch (S) T/M Program Summary

3 4 5 6

(3.6) (3.6) (3.6) (3.6)

24,000 24,000 24,000 24,000

3,000 3,000 3,000 3,000

410 410 410 410

1,125 1,215 1,125 1,125
-0- -0- -0- -0-

21,000 21,000 21,000 21,000

49,535 49,535 49,535 49,535

.087

$ -35,740 

$ -75,229
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*"(Rehab-LT)’ cas^ ^ ows would have to  increase 26 pe rcen t. The choice between 

minimum maintenance s h o rt-te rm  and lo n g -te rm  L(n/|in_|_T)» th e re fo re ,  is

somewhat s e n s it iv e  o n ly  to  underestim ation  o f  le v e l (jv|in_i_T) cas^ '•"low5 * ° f  which 

o p e ra tio n -re la te d  savings are most im p o rta n t. Thus, to  the e x te n t th a t  o rd in a ry  

T/M expenses increase as a r e s u lt  o f  c o n tin u in g  track- d e te r io ra t io n  o r acc iden t 

costs (understa ted because acc iden ts  are g e n e ra lly  more c o s t ly  on h igher speed 

main l in e s ) ,  w i l l  approach o r exceed the c u to f f .

Branch L in e s . The IRR and NPV f ig u re s  fo r  branch Line N (see Table 8) show 

f u l l  r e h a b i l i ta t io n  L ( Rehab-LT) *3e °Ptirna l -  Th is tim e , however, the program

d e c is io n  is  q u ite  s e n s it iv e  to  cash flo w  es tim a te s . Level (Ml-n-LT) cash flow s 

would on ly have to  change by 4 percent to  have an IRR e q u iv a le n t to  le v e l (Rehab-LT)

As shown in  Table 9, program le v e ls  (iv|-fn-LT) and L (Rehab-LT) are 

e q u iva le n t fo r  branch l in e  S. The IRR on increm enta l investm ent re q u ire d  

fo r  f u l l  r e h a b i l i ta t io n  is  s l ig h t ly  more than h a l f  o f  the re q u ire d  15 percen t 

re tu rn . Given IRR as the  so le  d e c is io n  c r i t e r io n ,  cash flow s would have to  

increase 22 percen t fo r  the a d d it io n a l investm ent re q u ire d  fo r  r e h a b i l i ta t io n  

to  cross the 15 percent th re s h o ld .

R e la tive  Importance o f  F a c to rs . Table 10 summarizes th e  re s u lts  o f  each 

f in a n c ia l a n a ly s is , the  r e la t iv e  importance o f  T/M o p e ra tio n  and acc iden t 

sav ings, and the  s e n s i t iv i t y  o f  program le v e l s e le c t io n  de c is io n s  to  changes 

in  savings flo w s . Several fundamental re la t io n s h ip s  emerge from the  summarized 

re s u lts .  S peed-re la ted b e n e fits  ( la b o r  and equipment sav ings) have the  g re a te s t 

impact on the IRR re s u lts  fo r  high d e n s ity  l in e  segments. For example, fo r  

main l in e s ,  spee d-re la ted  savings comprise from about o n e -h a lf  to  tw o - th ird s  

o f  th e  to ta l  d o l la r  b e n e f its ,  w h ile  corresponding savings fo r  branch l in e s  

rep resen t less than one te n th  o f  the  t o t a l ;  the  reason is  th a t  equipment and 

la b o r savings are a fu n c tio n  o f  the  re d u c tio n  in  tim e and the  volume o f  t r a f f i c .  

Thus, w h ile  spee d-re la ted  savings s t i l l  have th e  g re a te s t impact on the in v e s t

ment d e c is io n  fo r  main l in e  S, the  t r a f f i c  d e n s ity  is  in s u f f ic ie n t  to  generate 

the  to ta l  savings necessary to  j u s t i f y  investm ent (g iven  the  15% IRR c u to f f )

in  L (Min-LT) o r L ( Rehab-LT)’

Conversely, on low d e n s ity  l in e s ,  T/M o r a cc id e n t cost avoidance has the 

g re a te s t in flu e n c e  on in te rn a l ra te s  o f  re tu rn .  For the n o rth  branch l in e ,

T/M is  the most im p o rta n t s in g le  fa c to r .  The choice between program le v e ls ,  

moreover, is  ve ry  s e n s it iv e  to  estim ated T/M savings flo w s . By c o n tra s t,
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Table 10. F in a n c ia l A n a lys is  Summary

Line Segments and 
Program Levels IRR T/M

Cash Flows 
Relative Importance 

Operations Accidents T/M

Sensitivity
% Change to Modify Decision 
Operations Accidents Total

Main

North

L(Mi n-LT). .214 .16 .73 .11 64 13 82 10a

L(Rehab-LT) 

South

;256 .19 .69 .13 * 39 it 27b

L (Min-LT) .122 .25 .49 .26 37 19 36 10c

L(Rehab-LT)

Branch

.081 .36 .45 .19 71 57 134 26c

North

L(Min-LT) .214 .60 .07 .33 06 48 10 04a

L(Rehab-LT) .226 .68 .07 .25 30 * 81 21b

South

L (Min-LT) = L(Rehab-LT) .087 .49 .03 .48 44 799 45 22c

*Cou1d be eliminated and still make 15 percent cutoff.
aAverage percent change in cash flows to meet L(Rehab-LT) internal rate of return. 
^Average percent decrease in cash flows to meet 15 percent cutoff. 
cAverage percent change in cash flows to meet 15 percent cutoff.

t i



accident, co s t avoidance is  n e a rly  e q u iv a le n t to  T/M savings in  i t s  in flu e n c e  

on IRR fo r  th e  south branch l in e .  Furtherm ore, u n lik e  the  branch N program 

s e le c tio n  d e c is io n , the  d e c is io n  to  s e le c t minimum s h o rt-te rm  maintenance 

L (Mi n_sT)> or p o s s ib ly  abandonment L ^ q j , is  no t ve ry  s e n s it iv e  to  changes in  

any o f  the  fa c to rs .  To the  e x te n t th a t  average a cc id e n t costs  o v e rs ta te  a cc id e n t 

savings (because acc iden ts  a t low er t r a in  speeds g e n e ra lly  in c u r less  damage and 

because subsequent delays in  s e rv ic e , lo s t  custom ers, per diem charges, e t c . ,  are 

more s ig n i f ic a n t  fo r  h igh d e n s ity  l in e s ) ,  program s e le c t io n  fo r  branch lin e s  is  

more c le a r ly  d e fin e d .

O ther C onsiderations

Thus f a r ,  the  d e c is io n  c r i t e r ia  have in c lu d e d  o n ly  NPV and, in  p a r t ic u la r ,  

IRR. O ther c o n s id e ra tio n s , o f  course, e n te r in to  th e  d e c is io n  process.

S e rv ic e . An im p l ic i t  assumption in  th e  f in a n c ia l  a n a lys is  has been th a t  

program investm ent le v e ls  do not a f fe c t  t o ta l  t r a f f i c  o r  revenues. Y e t, speed, 

freq uency, u n it  c a rry in g  c a p a c ity  ( i . e . ,  ca rlo a d  and t ra in lo a d  s iz e s ) ,  and 

r e l i a b i l i t y  are c r i t i c a l  determ inants o f  a r a i l  f r e ig h t  c a r r ie r 's  c o m p e titive  

s tre n g th  and p r o f i t a b i l i t y .  The c a r r ie r 's  a b i l i t y  to  re ta in  and a t t r a c t  t r a f f i c  

and generate revenues is  dependent upon th e  achievement ( v is - a - v is  competing 

c a r r ie rs )  o f  (1) c o m p e titive  o r ig in - to - d e s t in a t io n  t r a n s i t  tim es f o r  in d iv id u a l 

shipm ents, (2 ) e f f i c ie n t  ca rlo ad  and t ra in lo a d  s iz e  l im i t s ,  (3) a fa vo ra b le  

le v e l o f  t r a n s i t  tim e  co n s is te n cy , and (4) a low f r e ig h t  lo ss  and damage 

r a t io  [3 0 ] .  The a tta in m e n t o f  such a t t r ib u te s  o f  r a i l  f r e ig h t  s e rv ic e  re q u ire s  

a tra c k  s tru c tu re  s u f f ic ie n t  to  s u s ta in  re q u ire d  t r a in  speeds and ax le  load ings 

and to  conduct road and yard  movements w ith in  acceptab le  l im i t s  o f  de lay and 

o f  shock to  la d in g .

As the tra c k  c o n d it io n  model dem onstrates, increased tonnage on a l in e  

segment means less T/M co s t avoidance, fa s te r  speed d e te r io ra t io n  over tim e , 

and, u lt im a te ly ,  a downward b ias on savings flow s in c lu d e d  in  the  f in a n c ia l 

a n a ly s is . N everthe less, the  net p a y o ff is  l i k e ly  to  be g re a te r. A s im ila r  

chain o f  events occurs when 100-ton cars and u n it  t r a in  movements are inc luded  

in  the a n a ly s is . W hile such equipment and o p e ra tio n s  may improve s e rv ice  and 

u t i l i z a t io n  and, th e re fo re ,  to ta l  revenues, the  net p a y o ff is  less c e r ta in  

in  th is  ins ta nce  because tra c k  consumption and, e s p e c ia lly ,  s tru c tu ra l 

d e fe c ts  may increase s u b s ta n t ia lly  [2 ,6 ,8 ,9 ] .
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S erv ice  q u a l i ty  thus presents i t s e l f  as a de te rm ina n t o f  th e  a llo c a t io n  

o f  funds to  t ra c k  m aintenance. P a r t ic u la r  segments o f  trackage  should be 

m ain ta ined a t le v e ls  th a t  maximize the  ne t va lue ( p r o f i t )  o f  the  p r in c ip a l 

types o f  t ra n s p o r ta t io n  Service produced through use o f  those segments. Main 

l in e s  ded ica ted  to  th e  lo n g -d is ta n c e  movement o f  h ig h ly  t im e -s e n s it iv e  (and 

tru c k -c o m p e tit iv e )  merchandise t r a f f i c  re q u ire  m aintenance standards commen

s u ra te  w ith  the o p e ra tio n  o f  r e la t iv e ly  high speed f r e ig h t  t r a in s .  L ike w ise , 

l in e s  dominated by u n it  t r a in s  o f  100-ton cars re q u ire  maintenance o u tla y s  

s u f f ic ie n t  to  o f fs e t  th e  h ighe r ra te s  o f  phys ica l d e p re c ia tio n  th a t  such heavy 

c a rry in g  u n its  impose upon r a i l ,  t ie s ,  b a l la s t ,  and subgrade. Yard trackage 

a lso  re q u ire s  adequate a t te n t io n  i f  cars are to  be moved through te rm in a ls  

w ith o u t excessive t ra c k - re la te d  de lays. Other examples could a lso  be c ite d  

[3 1 ,3 2 ] ,  b u t, fu n d a m e n ta lly , they  a l l  in v o lv e  th e  quest f o r  a balance o r 

t r a d e - o f f  between ( i ) the  revenues which re la te  to  p a r t ic u la r  s e rv ice  q u a l i ty  

and ca p a c ity  le v e ls ,  and ( 2) the  costs o f  p ro v id in g  such q u a l i ty  and c a p a c ity  

le v e ls ,  o f  which maintenance is  an im po rtan t e lem ent.

S a fe ty . Besides th e  economic costs o f  a cc id e n ts ,, t ra c k  s a fe ty  re g u la t io n s , 

a t  le a s t to  some e x te n t,  a f fe c t  the  d e c is io n  process. I f ,  as suggested in  th is  

case s tu d y , sp e e d -re la te d  savings fo r  high d e n s ity  l in e  segments range from 

50 to  67 percen t o f  t o ta l  savings and, as a lre a d y  no ted, speed ( le n g th  and 

co ns is tency o f  t r a n s i t  t im e ) is  a key determ inant o f  s e rv ic e  and, u lt im a te ly ,  

o f  f r e ig h t  revenues, then speed r e s t r ic t io n s  should p ro v id e  a ve ry  e f fe c t iv e  

in c e n tiv e  f o r  ra ilro a d s  to  meet corresponding t ra c k  s a fe ty  standards. On low 

d e n s ity  l in e s ,  however, the  case a n a lys is  in d ic a te d  th a t  sp e e d-re la ted  savings 

and se rv ice  were not key fa c to rs  in  the investm ent d e c is io n . In s te a d , avo idab le  

(a cc id e n t and tra c k  maintenance) costs were dom inant. S a fe ty  standards fo r  the  

low est t ra c k  c la s s i f ic a t io n ,  th e re fo re , w i l l  p robab ly  serve as a f lo o r .  Track 

maintenance spending w i l l  be se t a t the  minimum le v e ls  re q u ire d  to  meet the  

standards o r  p reven t ce ssa tio n  o f  o p e ra tio n s . H igher le v e ls  o f  investm ent 

w i l l  be made o n ly  when (1) the  avo idable  costs are s u f f ic ie n t  to  j u s t i f y  the 

d e c is io n ; o r  (2) the  a c tu a l o r  p o te n tia l revenue gen era ting  ca p a c ity  o f  low 

d e n s ity  l in e  segments ( in d iv id u a l ly  o r  in  the a g g re g a te ), when viewed as p a r t 

o f  the  e n t ire  system, j u s t i f i e s  the  investm ent.

Furtherm ore, t ra c k  s a fe ty  standards a p p lic a b le  to  low d e n s ity  l in e  segments 

may be c o u n te rp ro d u c tive . A t issue is  the p o te n t ia l mi sal lo c a t io n  o f  resources 

[1 2 ,1 3 ,2 8 ,3 3 ,3 4 ]. FRA re g u la tio n s  sometimes re q u ire  immediate re p a ir  o f  t ra c k
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and re la te d  d e fe c ts  on, fo r  example, 5 to  10 mph l in e  segments (where hazardous 

m a te r ia ls  are in v o lv e d ) . Such re p a irs  may no t a f fe c t  t ra c k  s a fe ty  nor reduce 

the number o f  a cc id e n ts ; however, such a requ irem ent d is ru p ts  and d i lu te s  

maintenance programs on high d e n s ity  l in e  segments where the frequency and 

s e v e r ity  o f  acc iden ts  are s ig n i f ic a n t ly  g re a te r.

Budget Process. Budget a llo c a t io n s  f o r  t ra c k  maintenance expend itu res 

o b v io u s ly  must compete a g a in s t o th e r uses o f  co rp o ra te  fu n d s , e .g . ,  investm ent 

in ,  and maintenance o f ,  r o l l i n g  s to ck  and m otive power, and payments o f  in te re s t  

and d iv id e n d s . The p ra c tic e -m a d e  p o s s ib le  by use o f  s o -c a lle d  replacement 

o r  betterm ent accounting— o f  d e fe r r in g  tra c k  maintenance d u rin g  periods  o f  

depressed earn ings e ith e r  to  m in im ize re p o rte d  net lo ss  o r  to  p reven t reporte d  

net income from f a l l i n g  below a c e r ta in  le v e l ,  is  w e ll known. Indeed, th e re  is  

evidence th a t  some c a r r ie rs  have s a c r if ic e d  maintenance e s s e n tia l to  the  long

term  in te g r i t y  o f  t h e i r  t ra c k  f o r  the  purpose o f  m a in ta in in g  earn ings per share 

and d iv idends w ith in  a s h o rt-te rm  tim e frame. F in a l ly ,  compounding the  problem 

is  the in a b i l i t y  o r  u n w illin g n e s s  o f  many ra ilro a d s  to  e s tim a te  savings from 

good tra c k  o r to  re la te  good t ra c k  to  p r o f i t  [1 3 ,3 5 -3 9 ].
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3. METHODOLOGY

As a lre a d y  in d ic a te d  in  Section 1, two prim ary o b je c tiv e s  o f  th is  research 

p ro je c t  were ( l )  to  develop a model to  e xp la in  T/M e xpe nd itu re  behavior and

(2) to  develop a data base derived  from p u b lic ly  a v a ila b le  sources th a t  would 

be adequate to  te s t  th e  model. The decis ion-m aking process and case study 

described in  the p rev ious s e c tio n  were employed to  develop a s t ru c tu ra l model 

o f  $/M e xp e n d itu re s . Th is  model, in  tu rn ,  provided the  basis f o r  id e n t ify in g  

a l i s t  o f  v a r ia b le s  th a t  could be presumed to  a f fe c t  T/M. These v a r ia b le s  

were then associa ted  w ith  a lte rn a t iv e ,  a v a ila b le  e m p iric a l measures. Various 

ra t io s  and tra n s fo rm a tio n s  o f  v a r ia b le s  were developed so th a t  the  model cou ld  

be fo rm u la ted  in  re a l o r  norm alized measures. A l l  o f  these procedures are 

discussed below. The s t ru c tu ra l model is  discussed f i r s t .  Then the data 

c o l le c t io n  is  d e sc rib e d ; the sources, n a tu re , arid l im ita t io n s  o f  th e  data and 

the  e d it in g  procedures are discussed in  d e ta i l .  A comprehensive o u t l in e  o f  

the data base and correspond ing documentation are in c lu d e d  in  the Appendix. 

F in a l ly ,  the a n a ly t ic a l methodology is  reviewed. Th is review  begins by 

emphasizing the p o te n t ia l lo g ic a l and s t a t is t ic a l  problems in  th is  type o f  

data a n a ly s is . An e x p la n a tio n  o f  a s t a t is t ic a l  methodology f o r  managing 

these problems is  then p ro v id e d , and a d iscuss ion  o f  the  re le v a n t te s ts  o f  

hypotheses is  a lso  presented.

FACTORS AFFECTING MAINTENANCE OF WAY

Decisions by r a i lr o a d  companies to  provide norm alized maintenance and 

to  upgrade o r re b u ild  t ra c k  depend on network c h a ra c te r is t ic s ,  o p e ra tio n s , 

resources, and expected re tu rn  on investm ent. From the d iscu ss io n  in  

Section 2, and from  an in t u i t i v e  s ta n d p o in t, one can see th a t  these fa c to rs  

a re , to  a la rg e  e x te n t,  in te rdependent. F inanc ia l and phys ica l resources 

both pe rm it and l im i t  e xpe nd itu res . Maintenance equipment, manpower, o p e ra tin g  

revenues, borrow ing c a p a b i l i ty ,  and in fo rm a tio n  systems a f fe c t  the le v e l o f 

spending and, u lt im a te ly ,  network c o n d itio n s . S im ila r ly ,  o p e ra tin g  c o n d itio n s  

( t r a in  speed and le n g th , ca r c a p a c ity , and tonnage), as w e ll as the f in a n c ia l 

and phys ica l resources a v a ila b le ,  both a f fe c t  and are l im ite d  by network 

c o n d it io n s . O perations and resources, in  tu rn ,  are a ffe c te d  by the volume and 

mix o f  f r e ig h t  t r a f f i c ,  th e  scope o f  passenger s e rv ic e , the s t ra te g ic  s e rv ic e  

g o a ls , the  tra c k  s a fe ty  re g u la t io n , and the number and co s t o f  d e ra ilm e n ts .
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Thus, general economic c o n d it io n s , government p o l ic ie s ,  and te ch n o lo g ica l 

in n o va tio n s  are the broad ca te g o rie s  th a t  a f fe c t  n ia in tenance-of-w ay spending 

d e c is io n s . F igure  8 prov ides an o v e ra ll view o f  some o f  the  basic  in te r 

re la tio n s h ip s '.  Dashed re c ta n g le s  on the r ig h t  hand s id e  o f  th is  f ig u re  h igh

l ig h t  prim ary fa c to rs ,  w h ile  o th e r less d i r e c t ,  but key fa c to rs  are shown on 

th e  l e f t  hand s id e .

S tru c tu ra l Model o f  Track Maintenance

The s tru c tu ra l model shown in  F igure 9 was de rived  from the  in te rv ie w s , 

the case s tu d y , and the l i t e r a tu r e  d iscussed in  S ection 2. As i l lu s t r a t e d  in  

F igure  9, v a r ia b le s  re p re se n tin g  T/M behavior inc luded  both phys ica l and 

f in a n c ia l measures. Network c h a ra c te r is t ic s  were broken down in to  system 

and ro u te  geometry c a te g o rie s . V a ria b le s  associa ted w ith  ope ra tions  were 

d iv id e d  in to  th re e  groups: t r a f f i c  (d e n s ity  and gross ton m ile s ) ,  s e rv ice

( t r a in  speed, equipment, and passenger o p e ra tio n s ) , and s a fe ty  (acc iden ts  

and presence o r absence o f  s a fe ty  s ta n d a rd s ). The v a r ia b le s  th a t  represented 

the  c a r r ie r s ’ resources were gross o p e ra tin g  revenue, re tu rn  on investm en t, 

and d iv id e n d  payout.

To te s t  th is  model, the v a r ia b le s  shown in  F igure  9 (o r th e i r  su rro ga tes) 

had to  be associa ted  w ith  measures developed from a v a ila b le  e m p irica l da ta .

For severa l v a r ia b le s , however, i t  was no t p o s s ib le  to  develop the des ired  

measurements from p u b lic ly  a v a ila b le  da ta . The re s u lts  o f  th is  process are 

shown in  Table 11 where the s p e c if ic  model v a r ia b le s  used in  th is  study and 

t h e i r  working d e f in it io n s  are id e n t i f ie d .  The nature and ra t io n a le  fo r  

s p e c if ic  v a r ia b le  measurements are discussed below.

Dependent V a ria b le s . T h is  study inc luded fo u r  measures o f  tra c k  m aintenance. 

The phys ica l measures ( t ie s  in s ta l le d  and m ile s  o f  r a i l s  la id  in  replacem ent) 

were d iv id e d  by the to ta l  number o f  t ie s  and the  to ta l  system tra c k  m ile s , 

re s p e c t iv e ly ,  to  c rea te  t i e  (TIES) and r a i l  (RAIL) replacem ent r a t io s .  Replace

ment measures p rov ide  some in s ig h t  in to  the maintenance ph ilosophy o f  a r a i lr o a d .

Besides the phys ica l measures o f T/M, two f in a n c ia l measures were inc luded in  

the  s tudy. The f i r s t ,  nominal T/M d o l la r  expend itu res per tra c k  m ile  (TMEXP), was 

used to  address the fo llo w in g  research q u e s tio n : Which v a r ia b le s  e xp la in  how c u r

re n t o p e ra tin g  revenues a v a ila b le  to  a ra ilro a d  are a llo c a te d  to  tra c k  maintenance?
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Table 11. Model Variables and Working Definitions

Variable
Name Description

Measure
(For railroad  ̂ for year t)*

Dependent

TMEXP Track maintenance expenditures 
per track mile

Sum of nominal capital outlays and nominal main
tenance expenses * total system track miles
(r 1000)

TMRATIO Track maintenance ratio Track maintenance expenditures * gross operating 
revenues (x 100)

TIES Tie replacement ratio Ties Installed * total ties in place (x 100)

RAIL Rail replacement ratio Miles of rail Installed r total system track 
miles (x 10)

Independent

CWRAIL Proportion of continuous welded rail Miles of CWR * total system track miles (x 100)

SIZE Track miles Total system track miles (* 1000)

DENSITY Traffic density Million gross ton miles t total system track miles

WEIGHT Average carload weight Average system tons per train * average cars 
per train (* 1000)

LENGTH Average train length Average system car miles * average train 
miles (* 10)

ASPEED Change In average train speed First difference in average system train miles * 
system train hours
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Table 11. Model Variables and Working Definitions (Continued)

Variable
Name

ACCt-1

SI1

SI2

DUMMY

REV

ROI

DIV

PIR

Grouping***

PAX

REGION

Description

Track-related accidents per 
million gross ton mile

Severity-frequency accident 
index - main/branch lines

Severity-frequency accident 
index— yard, siding, or 
way switching track

Measure
(For railroad  ̂ for year t)*

Total system track-related accidents * million 
gross ton miles x 1000 lagged 1 year

Median dollar value of track-related accidents on 
line (main or branch) track x total system 
accidents on given track f million gross ton 
miles**

Median dollar value of track-related accidents on 
yard, siding, or way switching track x total 
system accidents on given track * million gross 
ton miles**

Dummy variable for introduction 
of FRA track safety standards

0, if years are 1962-1971; 1, if years are 
1972-1977

Gross operating revenues per 
track mile

Nominal gross operating revenues * total system 
track miles (t 1000)

Return on investment

Dividend payout ratio

Return on investment calculated using ICC 
methodology (x 100)

Dividends paid * ordinary Income

Price index ratio AAR price Index without fuel component * AAR 
price index with fuel component

Passenger service operations

Proxy variable for climatic conditions

Size of system in track milesSIZE



Table 11. Model Variables and Working Definitions (Continued)

Variable
Name Description

Measure
(For railroad  ̂ for year

ROI Financial strength

DENSITY Traffic volume

SPEED System train speed

w  *i = 1.... 31 and t = 1 .... 16

**t = 6.... 16

***Specific categories and railroad groupings are shown in Table 12.



Since the  p h ys ica l s ize  o f  Class I  ra ilro a d s  v a rie s  c o n s id e ra b ly , and T/M 

expend itu res are a fu n c tio n  o f  s iz e ,  the  T/M measure was a d jus ted  by d iv id in g  

i t  by to ta l  system tra c k  m iles  in  o rd e r to  e lim in a te  s ize  as a confounding 

in flu e n c e .

Another im po rtan t research q u e s tio n  was: Does a r a i l r o a d  devote a de

c re a s in g , c o n s ta n t, o r in c re a s in g  p ro p o rtio n  o f  i t s  a v a ila b le  resources to  

tra c k  maintenance in  response to  key va ria b le s ?  To answer th is  q u e s tio n , the 

r a t io  o f  T/M expenditu res to  gross o p e ra tin g  revenues (TMRATIO) was used.

This tra c k  maintenance r a t io  addressed the research question  and allowed the 

research team to  avoid the problem o f  having to  use p o s s ib ly  inadequate p r ic e  

le v e l data to  d e f la te  nominal f ig u r e s ,  fo r  p r ic e  was ca n ce lle d  in  the numerator 

and denom inator.

E xp lanatory V ariab les

(1) Network C h a ra c te r is tic s

(a) System

The phys ica l s iz e  o f r a i l r o a d  systems, measured in  terms o f  gross tra c k  

m ile s , was used in  th re e  d i f f e r e n t  ways. I n i t i a l l y ,  as a lre a d y  noted, when 

T/M expenditu res were o f  in te r e s t ,  t o ta l  system tra c k  m ile s  (SIZE) was used to  

a d ju s t o r norm alize the T/M measure. S im ila r ly ,  SIZE was used to  a d ju s t to ta l  

o p e ra tin g  revenues (REV), fo r  revenues are a lso  a. fu n c tio n  o f  network s iz e .

In the second in s ta n ce , when T/M expend itu res per gross tra c k  m ile  was not 

the dependent v a r ia b le  o f  in te r e s t ,  SIZE was inc luded  as an independent 

v a r ia b le  to  c o n tro l fo r  p o s s ib le  economies o f  sca le  in  t ra c k  maintenance 

o p e ra tio n s . The th ir d  approach crea ted  th re e  groups o f ra ilro a d s  arranged 

by s iz e  (see Table 12) in  o rd e r to  eva lua te  fu r th e r  the e f fe c ts  o f  s iz e .

The c o n d itio n  o f  the  tra c k  c le a r ly  a f fe c ts  the le v e l o f  resources re 

qu ired  fo r  norm alized tra c k  m aintenance. I f  a la rg e  percentage o f  tra c k  

components approaches the end o f  a l i f e  c y c le , a g re a te r le v e l o f resources 

must be devoted to  maintenance and replacem ent. This o fte n  happens in  

instances where a major tra c k  upgrading o r replacem ent program was completed 

30 to  40 years ago. In a d d it io n ,  when maintenance has been c le a r ly  d e fe rre d , 

a g rea te r-than -no rm a l le v e l o f  resources is  re q u ire d  to  m a in ta in  th e  tra c k  

in  a "s ta tu s  quo" c o n d it io n . U n fo r tu n a te ly , the le v e l o f  data aggregation
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Table 12. C h a ra c te r is tic s  o f  Class I R a ilro ads (a)

CHARACTERISTIC

RAILROAD SPEED SIZE ROI DENSITY
PASSENGER
OPERATIONS REGION

ATSF H L H H Yes S
BLE L S H H No N
BM L M L L Yes N
BN M L M M Yes N
B0 L M H M L Yes N
CNW L L M L Yes N
CO L M H M Yes N
DH L S L M Yes N
DMIR L S H L No N
DRGW M M H M Yes N
DTIR L S H L No N
EJE L S H L No N
FEC M S M L No S
GTW M M L L Yes N
ICG L L M L Yes Omit*
KCS L M H M No S
LN L L H H Yes S
MILW M L L L Yes N
MKT L M L L No S
MP M L H M Yes S
NW L L H H Yes N
PLE L S H M Yes N
RI L M L L Yes Omit*
SCL L L H M Yes S
SLSF M M H M No S
SOO M M H L No N
SOU M L H H Yes S
SPT M L M H Yes Omit*
UP H L H H Yes N
MM L S H L No N
MP H M M H No N

aKey for grouping railroads:

Speed (average train speed): L = low = less than 20
M = medium = 20 to 27 
H = high = greater than 27

Size (track miles): S = small * less than 1,500 
M = medium = 1,500 to 10,000 
L = large = greater than 10,000

R0I (return on investment): L = low = less than 0
M = medium = 0 to .035 
H = high = greater than .035

Density (gross ton miles * track miles): L = low = less than 5
M = medium = 5 to 7 
H = high = greater than 7

Region (proxy for climatic conditions): N = North
S = South

*Ind1cates that roads are too heterogeneous.
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(measures fo r  e n t ire  network systems) precluded any a ttem pt to  develop tra c k  

c o n d itio n  indexes in  th is  s tudy.

(b ) Route Geometry

The heterogeneous nature  o f  network systems made network measures (quan

t i t a t i v e  o r q u a l i ta t iv e )  o f  grade o r cu rva tu re  too vague fo r  a n a ly s is . An 

a ttem pt was made, though, to  address the  e f fe c ts  o f  c lim a te  on T/M a c t iv i t y .  

R a ilroads were grouped in to  n o rth e rn  and southern reg ions (REGION) (see 

Table 1 2 ), except fo r  c a r r ie rs  w ith  a n o rth -s o u th  ro u te  s t ru c tu re ,  o r c a r r ie rs  

th a t  were no t c le a r ly  c la s s i f ia b le ,  which were excluded. The assumption was 

th a t  ra ilro a d s  in  the southern group would spend less on tra c k  maintenance 

than the n o rth e rn  group o f  ra ilro a d s  because work seasons in  the South are 

lo n g e r, and weather is  less severe. Cold w eather, w ith  fre e ze -th a w  c y c le s , 

increases subg ra de-re la ted  maintenance. The s h o rte r  work seasons associa ted 

w ith  co ld  weather re g io n s , moreover, decrease gang e f f ic ie n c y .

(2 ) O perations

The s t ru c tu ra l model inc luded  v a r ia b le s  re p re se n tin g  th re e  fa c e ts  o f 

o p e ra tio n s : t r a f f i c ,  s e rv ic e , and s a fe ty .

(a ) T r a f f ic

As demonstrated in  Section 2 , t r a f f i c  d e n s ity  (DENSITY), no rm a lly  measured 

by the ra ilr o a d  in d u s try  as m i l l io n  gross ton m iles per m ile ,  a f fe c ts  tra c k  

maintenance d e c is io n s . Senior r a i l  execu tives norm ally  id e n t i f ie d  high d e n s ity  

l in e  segments as s tra te g ic  ro u te s , and, as demonstrated in  the case s tudy, 

spee d-re la ted  savings were most s ig n i f ic a n t  fo r  these ro u te s . H igher d e n s ity  

l in e  segments, th e re fo re , are no rm a lly  m ain tained a t (h ig h e r) le v e ls  commensurate 

w ith  s tra te g ic  speed and s e rv ic e  o b je c t iv e s . Thus, DENSITY should have a 

p o s it iv e  e f fe c t  on T/M measures. The e f fe c t ,  however, may be undetectab le  

because the le v e l o f aggregation is  ra th e r  g ross; the model was unable to  

d is t in g u is h  between high o r low d e n s ity  l in e  segments. In s te a d , on ly  a broad 

measure- o f  d e n s ity  fo r  the o v e ra ll network system was a v a ila b le . A lso , much o f 

the  expected e f fe c t  may be lo s t  because, a t the given le v e l o f  agg re ga tion , 

t r a f f i c  d e n s ity  m ight be no more than a proxy v a r ia b le  fo r  o p e ra tin g  revenues.

To address th is  p o te n tia l problem , ra ilro a d s  were de fined  as low, medium, or 

high d e n s ity  systems (see Table 12) and analyzed by group.

Market fo rce s  and t r a f f i c  c o n d itio n s  have led most f irm s  in  the ra ilro a d  

in d u s try  to  use b igger cars and lo n g e r, heavie r f r e ig h t  t r a in s .  This p a tte rn  

has meant in c re a s in g  consumption o f  tra c k  and s tru c tu re s . As po in ted ou t in
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the tra c k  c o n d it io n  model d iscu ss io n , heavy cars u s u a lly  are harder on 

tra c k  and s tru c tu re s  than l ig h t  cars moving a t the  same speed. In  a d d it io n ,  

a t r a in  o f  id e n t ic a l heavy cars may shorten tra c k  component l i f e  by 

e s ta b lis h in g  harmonic a c tio n  in  the t ra c k . In  an a ttem pt to  cap tu re  the 

e f fe c ts  o f  t h is  p a t te rn ,  two proxy v a r ia b le s  were inc luded  in  the model:

(1) average system ca rlo a d  w e igh t (WEIGHT) and (2) average system t r a in  

le n g th  (LENGTH).

(b ) S erv ice
o .

In  the s e rv ic e  ca tegory , v a r ia b le s  re p re se n tin g  t r a in  speed and passenger 

opera tions  were developed. The f i r s t  d iffe re n c e  in  average system t r a in  speed 

(ASPEED) p rov ided  the on ly  q u a n tita t iv e  measure o f  speed in  the T/M model.

The problem w ith  us ing  average speed ( ra th e r  than the change in  speed) was 

th a t i t  v a rie d  g re a t ly  among ra ilro a d s . Since the  data were no t o f  p a r t ic u la r ly  

high q u a l i ty ,  m oreover, average system t r a in  speed m igh t be more represen ta 

t iv e  o f  t ra c k  c o n d it io n  than speed. On th e  o th e r hand, ASPEED norm alized 

the T/M -  speed re la t io n s h ip  because i t  e s ta b lis h e d  a measure th a t  was inde

pendent from  the  a b so lu te  le v e l o f  speed ( e .g . ,  a re d u c tio n  from  40 mph to  

30 mph was e q u iv a le n t to  a change from 25 to  15 mph). Furtherm ore, from  a p o lic y  

p e rs p e c tiv e , i t  was d e s ira b le  to  examine th e  in flu e n c e  o f  changes in  t r a in  

speed (as a r e s u l t  o f  slow o rde rs) on tra c k  maintenance exp e n d itu re s . As 

suggested in  th e  case s tu d y , though, a re d u c tio n  in  speed from 40 to  30 mph is  

l ik e ly  to  have le ss  o f  an impact on T/M spending than a change from  25 to  15 mph 

Consequently, average system t r a in  speed (SPEED) was used to  p lace c a r r ie rs  in  

the th re e  groups (lo w , medium, and high speed) shown in  Table 12. The ASPEED 

v a r ia b le  was then eva lua ted  fo r  each group.

In  a d d it io n ,  c a r r ie rs  were c la s s if ie d  by the presence o r  absence o f 

passenger o p e ra tio n s  (PAX). Each group was analyzed in  o rde r to  is o la te  the 

e ffe c ts  o f PAX on the  T/M spending d e c is io n .

(c ) S a fe ty

In  the s a fe ty  a rea , the model inc lu ded  severa l measures o f  t ra c k - re la te d  

acc iden ts  and a dummy v a ria b le  re p re se n tin g  the in tro d u c tio n  o f  FRA s a fe ty  

standards. Only the  to ta l  number o f  t ra c k - re la te d  acc iden ts  fo r  the  e n t ire  

network system was a v a ila b le  fo r  the 16-year study p e rio d . Since the FRA
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th re s h o ld  ( in  d o lla rs )  fo r  re p o r tin g  acc iden ts  changed du rin g  the  tim e frame 

o f  the  s tu d y , o n ly  accidents th a t  had d e fla te d  d o l la r  values g re a te r  than 

the la rg e r  o f  the two th re sh o ld  va lues were counted. F u rth e r, the  annual 

number o f  acc iden ts  (ACC)t _  ̂ was lagged one y e a r, the  assumption being th a t  

the  number o f  acc iden ts  in  the p rev ious ye a r a f fe c ts  budget d e c is io n s  in  the 

subsequent ye a r. In  a d d it io n , t h is  v a r ia b le  (ACC)t _^ (as w e ll as a l l  o th e r 

a cc id e n t v a r ia b le s )  was norm alized by d iv id in g  i t  by gross ton m ile s  in  

o rd e r to  re la te  the number o f  a cc id e n ts  to  the exposure o r  p o te n t ia l f o r  an 

a c c id e n t. The more t r a f f i c  o r ca rs  th a t  a r a i lr o a d  handles, the  more th e re  

is  exposure to  o r  l ik e l ih o o d  o f  an a c c id e n t. S im ila r ly ,  the  g re a te r  the  

d is ta n ce  each ca r is  moved, the g re a te r  the p o te n t ia l is  f o r  an a c c id e n t.

The to ta l  number (o r the to ta l  cost) o f  network system acc iden ts  per y e a r, 

a lone , however, may produce m is lead ing  re s u lts  s ince  the to ta l  number o f 

acc iden ts  f a i l s  to  in d ic a te  se rio u s  s a fe ty  problems when few , bu t severe, 

acc iden ts  occur. S im ila r ly ,  to ta l  c o s t may be m is lead ing  because a few ex

pensive acc iden ts  may be a ty p ic a l and, th e re fo re ,  no t re p re s e n ta tiv e  o f  any 

se rio u s  s a fe ty  problem. Thus, fo llo w in g  the procedure o f  Shulman and T a y lo r , . 

frequency -  s e v e r ity  a cc iden t indexes ( SI 1) and (S I2 ) t _^ were crea ted  fo r  l in e  

(main o r  branch) and yard  ( in c lu d in g  s id in g  o r  way s w itc h in g ) t ra c k - re la te d  

acc iden ts  [ 5  ] .  Changes in  re p o r tin g  methods o f  FRA acc id e n t re p o rts  in  1973 

made i t  im possib le  to  develop separate s a fe ty  index measures f o r  main and 

branch l in e  a cc id e n ts .

The e f fe c t  o f  fe d e ra l tra c k  s a fe ty  re g u la tio n s  may be re f le c te d  in  

increased le v e ls  o f  expend itu re  f o r  t ra c k  maintenance. I f  ra ilro a d s  were 

m a in ta in in g  l in e s  to  le v e ls  below those re q u ire d  by the fe d e ra l re g u la t io n s , 

the  FRA standards would re q u ire  h ig h e r e xp e n d itu re s , unless t r a in  speeds were 

reduced. A d d it io n a l ly ,  the o fte n  c i te d  " lo s s  o f  maintenance e f f ic ie n c y "  

re s u lt in g  from r ig id  enforcement o f  th e  re g u la tio n s  would ra is e  t ra c k  m ain te

nance expenses, a lthough phys ica l measures ( r a i l  and t ie s )  would probab ly  

remain u n a ffe c te d .

In an a ttem pt to  id e n t i fy  the  im pact o f  FRA tra c k  s a fe ty  standards on 

the T/M d e c is io n , a dummy v a r ia b le  (DUMMY), which in d ic a te d  the  presence or 

absence o f  the  standards, was inc lu d e d  in  the a n a ly s is . U n fo rtu n a te ly , 

comparable ra ilro a d s  not su b je c t to  FRA t ra c k  standards were not a v a ila b le  to  use 

as c o n tro ls .  Thus, th is  approach and i t s  re s u lts  must be viewed w ith  c a u tio n , 

fo r  r iv a l  hypotheses are a v a ila b le . For example, given th a t  t i e  in s ta l la t io n
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s in ce  the e a r ly  1950s and in  the 1960s was less than norm a lized , as Dyer has 

noted, and g iven  a 30-year maintenance c y c le , mounting t i e  replacem ent re 

quirem ents would p lace  cons ide rab le  pressure  on management to  increase 

e xp e n d itu re s , re g a rd le ss  o f  FRA s a fe ty  standards [4 0 ].

(3) Resources

The model in c lu d e d  th re e  v a r ia b le s  to  r e f le c t  the f in a n c ia l dimension 

o f  the  T/M spending d e c is io n . The c le a re s t message promulgated by the  r a i l 

road in d u s try  ( in  tes tim ony  before  the FRA, du rin g  in te rv ie w s , and in  tra d e  

l i t e r a tu r e )  has been th a t  o p e ra tin g  revenues (REV) have the g re a te s t s in g le  

in flu e n c e  on the s iz e  o f  the  m aintenance-of-way budget; the im p lic a t io n ,  o f  

course, is  th a t  i f  s u f f ic ie n t  revenues were a v a ila b le ,  t ra c k - re la te d  acc iden ts  

would la rg e ly  d isapp ear. The f ix e d  na tu re  o f tra c k  and s tru c tu re s  combined 

w ith  the  d i f f i c u l t y  in  recovering  investm ent costs should bankruptcy o ccu r, as 

w e ll as the b e tte rm e n t accounting system, make e x te rn a l sources o f  f in a n c in g  

fo r  t ra c k - re la te d  programs d i f f i c u l t  to  o b ta in  and p lace much g re a te r  re lia n c e  

fo r  such expe n d itu re s  on in te r n a l ly  generated o p e ra tin g  revenues. The p ra c t ic e  

o f  d e fe r r in g  maintenance programs in  lean years and im plem enting them in  good 

y e a rs , m oreover, is  probab ly widespread. Thus, when t r a f f i c  and revenues 

d e c lin e , not o n ly  are few er funds a v a ila b le ,  bu t a lso  a sm a lle r p ro p o rtio n  o f  

those funds may be a llo c a te d  to  maintenance programs.

The. v a r ia b le  measuring ra te  o f  re tu rn  on investm ent (ROI) p rov ided  an 

in d ic a tio n  o f  the  c a r r ie r 's  a b i l i t y  to  generate funds. In a d d it io n , ROI was 

used as a q u a l i ta t iv e  (g roup ing) v a r ia b le  (see Table 12) to  assess the impact 

o f  key v a r ia b le s  on f in a n c ia l ly  weak o r s trong  c a r r ie rs .  A confounding i n f l u 

ence, however, is  d iv id e n d  p o lic y ;  the  amount o f  ne t income paid out in  d i v i 

dends (DIVIDEND) l im i t s  revenues a v a ila b le  f o r  tra c k  maintenance e xpe nd itu res .

F in a l ly ,  th e  r a t io  o f  the AAR p r ic e  index w ith o u t the fu e l component to  

the to ta l  index (PIR) was inc luded  f o r  c o n tro l purposes. This r a t io  re f le c te d  

th e  a d d it io n a l budget needs o f  the  o p e ra tin g  department v is  a v is  the m ainte

nance fu n c tio n  as fu e l p r ic e s  increased.

A cciden t and Speed Models

In o rd e r to  id e n t i f y  and eva lua te  s t a t i s t i c a l l y  s ig n i f ic a n t  changes in  the 

inc idence o f  t ra c k - re la te d  a cc id e n ts , o r  the average system t r a in  speed s ince
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the in tro d u c tio n  o f  FRA tra c k  s a fe ty  s tandards , a cc id e n t and speed models 

were s p e c if ie d  and te s te d  w ith  the same data base. In  s p e c ify in g  the a cc iden t 

model, on ly  th e  v a r ia b le s  in  the  o r ig in a l data se t th a t  were determ ined to  be 

e s s e n tia l,  both a p r io r i  and from a re g u la to ry  and c o n tro l p o in t o f  v iew , were 

in c lu d e d . These v a r ia b le s  represented th e  presence o r  absence o f  t ra c k  s a fe ty  

standards (DUMMY), ax le  loads (WEIGHT), t ra c k  co n d itio n /sp e e d  (SPEED), and 

resources, i . e . ,  lagged v a ria b le s  re p re se n tin g  the  c a r r ie r 's  a b i l i t y  to  under

take a commitment to  tra c k  m aintenance. S im ila r ly ,  f o r  the  speed model, on ly  

v a r ia b le s  deemed e s s e n tia l were analyzed. Besides DUMMY and lagged resource 

v a r ia b le s , on ly  LENGTH was in c lu d e d  in  th is  model.

DATA COLLECTION

Track maintenance and re la te d  data fo r  a l l  the  Class I ra ilro a d s  in  1978 

e s s e n t ia l ly  were developed from two secondary sources: the  ICC’ s Annual R-l

Report and the  FRA's Annual S a fe ty  S ta t is t ic s .  FRA a cc id e n t d a ta , however, 

were a v a ila b le  on ly  in  summary form  p r io r  to  1966; consequen tly , more d e ta ile d  

acc id e n t data were c o lle c te d  o n ly  f o r  the  1966-1977 p e rio d . A lthough v a r ia b le  

tra n s fo rm a tio n s  o r redundancy reduced th e  to ta l  number o f  v a r ia b le s  fo r  

analyses to  n in e te e n , a complete raw data f i l e  c o n ta in in g  the  component p a rts  

o f v a r ia b le  tra n s fo rm a tio n s , as w e ll as the  redundant v a r ia b le s ,  was created 

as p a r t o f  t h is  p ro je c t.  A d e ta ile d  d e s c r ip tio n  o f  th is  f i l e  is  found in  the 

Appendix.

Aggregation

With the excep tion o f  the  C l in c h f ie ld ,  the Long Is la n d , and C o n ra il,  the 

a n a lys is  was conducted w ith  data f o r  a l l  Class I  ra ilro a d s  in  ex is te nce  in

1978. During th is  p e rio d , severa l b a n k ru p tc ie s , m ergers, and a c q u is it io n s  

took p lace. In o rd e r to  achieve comparable ye a r-b y -y e a r s t a t i s t ic s ,  the data 

fo r  a s s im ila te d  ra ilro a d s  were aggregated w ith  data fo r  "p a re n t" ra ilro a d s  

(see Table 13). In one case, a lthough the name o f  the  s u rv iv in g  e n t i t y  was 

the N o rfo lk  Southern, the actua l c o n tin u in g  f irm  was the C a ro lin a  and N orth

western,and from  1965 u n t i l  the  m erger, the C a ro lina  and Northwestern was a
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Table 13. Class I Railroads and Assimilated Companies

A tch iso n , Topeka and Santa Fe 
Boston & Maine Corp.
B a ltim o re  & Ohio 
Bessemer & Lake E rie  
B u rlin g to n  Northern

Chicago, B u rlin g to n  & Quincy 
Great Northern 
Northern P a c if ic  
Spokane, P ortland  & S e a ttle  

Chicago & North Western T ra n s p o rta tio n  Co.
Chicago Great Western 

Chesapeake & Ohio 
Colorado & Southern 
Chicago Milwaukee, S t. Paul & P a c if ic  
C entra l R. R. o f  New Jersey*

Central R. R. o f  Pennsylvania 
C o nra il C orp.*
Chicago, Rock Is lan d  & P a c if ic  

Chicago, Rock Is la n d  & G u lf 
C l in c h f ie ld *
Delaware & Hudson 
Denver & Rio Grande Western 
D u lu th , Missabe & Iro n  Range 
D e tr o i t ,  Toledo & Iro n to n  
E lg in ,  J o l ie t  & Eastern 
E rie  Lackawanna*
F lo r id a  East Coast 
F o rt Worth & Denver 
Grand Trunk Western 
I l l i n o i s  Centra l G u lf 
G u lf M obile & Ohio 
Kansas C ity  Southern

Lou is iana & Arkansas 
L o u is v i l le  & N a sh v ille

Monon (Chicago, In d ia n a p o lis  & L o u is v i l le )  
Long Is la n d *
Lehigh V a lle y *
M issouri-Kansas-Texas 
M issouri P a c if ic

Chicago & Eastern I l l i n o i s  
Texas & P a c if ic  

N o rfo lk  & Western
New York, Chicago & S t. Louis 
P itts b u rg h  & West V irg in ia  
Wabash

P itts b u rg h  & Lake E rie

*N ot inc luded in  s t a t is t ic a l  analyses.
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Table 13. Class I Railroads and Assimilated Companies (Continued)

Penn Central T ra n s p o rta tio n  Co.
New York C entra l
New York Connecting R a ilro ad
Pennsylvania
New York, New Haven & H a rtfo rd  

Reading*
Seaboard C o a s tlin e

A t la n t ic  C o a s tlin e  
Seaboard A ir  L ine 
Piedmont & N orthern  

S t. Louis-San Francisco 
Soo Line R. R. Co.

D u lu th , South Shore & A t la n t ic  
M inneapo lis , S t. Paul & S a u lt S te. Marie 

Southern
Alabama Great Southern 
C in c in n a ti,  New Orleans & Texas P a c if ic  
Georgia Southern & F lo r id a  
New Orleans & N ortheastern  
N o rfo lk  Southern 
Central o f  Georgia 

Southern P a c if ic
Texas & New Orleans 
P a c if ic  E le c t r ic  
S t. Lou is-Southw estern 

Union P a c if ic  
Western Maryland 
Western P a c if ic

*  Not inc luded  in  s t a t i s t ic a l  analyses.
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Class I I  r a i l r o a d .  For the purpose o f  co ns is tency in  ag g re g a tio n , R-2 

re p o rts  f o r  the  C a ro lin a  and Northwestern were ob ta ined  from  th e  ICC and 

inc lu ded  in  th e  s tudy.

Three c a r r ie rs  —  the C onsolidated R a il C o rp o ra tio n , the  C l in c h f ie ld ,  

and the Long Is la n d  —  were excluded from  the study because o f  a ty p ic a l 

c o n d it io n s . C o n ra il 's  massive fe d e ra lly  fina nced  tra c k  maintenance program 

in vo lve d  the  e lim in a t io n  o f enormous amounts o f  d e fe rre d  maintenance in  

the p ro p e rtie s  o f  the  bankrupt c a r r ie rs  th a t  were taken over when C onra il 

was formed. Hence, C onra il had a maintenance program in  a sca le  and tim e 

frame com p le te ly  d i f f e r e n t  from  th a t  o f  o th e r c a r r ie r s .  C o n ra il,  m oreover, 

was developed from  se lec ted  p o rtio n s  o f  th e  bankrupt c a r r ie r s ;  th u s , aggre

g a tio n  o f  th e  bankrupt c a r r ie r s ' data would not have been m ean ingfu l. The 

C lin c h f ie ld  was excluded because o f  i t s  unique ownership and fu n d in g  s ta tu s  

w ith in  the Fam ily Lines System. F in a l ly ,  the Long Is la n d  was excluded 

because i t  is  p r im a r i ly  a suburban passenger c a r r ie r  ( r e la t iv e ly  h igh t r a in  

freq uenc ies  and r e la t iv e ly  low axle  lo a d in g s ) w ith  tra c k  maintenance co n d i

t io n s  q u ite  d is t in c t  from those o f  f re ig h t - o r ie n te d  Class I  c a r r ie r s .

ANALYTICAL TECHNIQUES

In the c u rre n t type o f  e m p irica l s tu d y , the  data a n a lys is  has the poten

t i a l  f o r  c e r ta in  s t a t i s t ic a l  as w e ll as lo g ic a l problem s. On the  s t a t i s t ic a l  

s id e , a common data base s u ita b le  f o r  model e s tim a tio n  is  a v a ila b le  o n ly  f o r  

16 annual o b se rva tio n s  and fo r  31 Class I ra ilro a d s .

I f  a t im e -s e r ie s  a n a lys is  is  d e s ire d , the number o f  degrees o f  freedom 

fo r  measuring model e r ro r  are l ik e ly  to  be too small f o r  much t r u s t  in  the 

r e l i a b i l i t y  o f  the  model. I f  ;a c ro s s -s e c tio n a l a n a lys is  is  d e s ire d , the  number 

o f  degrees o f  freedom— e s p e c ia lly  a f te r  the  ra ilro a d s  are grouped accord ing 

to  some s in g le  c h a ra c te r is t ic  fo r  homogeneity— are not l ik e ly  to  be la rg e  

enough to  p e rm it even a numerical s o lu t io n .

This s tudy is  t ra c ta b le  on ly  by augmenting the  sample s ize  w ith  panel 

da ta , i . e . ,  by p o o lin g  t im e -s e rie s  and c ro s s -s e c tio n a l da ta . Th is procedure 

p e r fe c t ly  f i t s  the  research o b je c tiv e  o f  e x p la in in g  m aintenance-of-way expendi

tu re s  by c e r ta in  groups o f  ra ilro a d s  over tim e ; however, i t  may cause s t a t is 

t ic a l  d i f f i c u l t i e s  o f  considerab le  m agnitude. I t  is  not unexpected to  f in d  

tim e -s e rie s  re la t io n s  su b je c t to  the problem o f a u to c o rre la tio n  and c ro ss - 

s e c tio n  re la t io n s  s u b je c t to  the problem o f  h e te ro s c e d a s tic ity . W hile the
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e x is te n ce  o f  e i th e r  problem destroys the  usefu lness o f  the s t a t i s t ic a l  model 

f o r  making in fe re n c e s , these problems are easy to  diagnose and to  c o r re c t  when 

they e x is t  s in g ly  in  e ith e r  a t im e -s e r ie s  o r  a c ro s s -s e c tio n a l re la t io n s h ip .  

However, when panel data are employed, the  problems may e x is t  s im u lta n e o u s ly  

w ith  th e  cross s e c tio n  being h e te ro sce d a s tic  and th e  tim e s e rie s  being a u to - 

c o r re la te d . In  th is  s i tu a t io n ,  d ia g n o s is  and rem edial a c tio n  is  n o t s im p le ; 

unless a g e n e ra lize d  e s tim a tio n  approach is  employed which guarantees the 

absence o f  both problems, the estim ated  model is  no t use fu l f o r  s t a t i s t ic a l  

in fe re n c e .

Log ica l e rro rs  in  a n a lys is  may be committed when cross se c tio n s  o f  data 

are used in  te s t in g  a s t a t is t ic a l  model. As Swamy p o in ts  o u t,  th e re  are two 

types o f  d i f f i c u l t i e s  which a r is e  w ith  the  use o f  c ro s s -s e c tio n a l data [4 1 ] .  

The f i r s t  d i f f i c u l t y  is  th a t  i t  is  u n l ik e ly  th a t  in te r in d iv id u a !  d iffe re n c e s  

can be exp la ined  by a sim ple re g re ss io n  e q u a tion  w ith  a few independent 

v a r ia b le s . W hile in d iv id u a l c ro s s -s e c tio n a l u n its  may respond to  exogenous 

in flu e n c e s  over tim e , d iffe re n c e s  among u n its  w ith in  a tim e p e r io d , when the  

exogenous o r  "m arket" fo rce s  are c o n s ta n t, become much more d i f f i c u l t  to  

e x p la in . The o th e r d i f f i c u l t y  is  th a t ,  in  c ro s s -s e c tio n a l models, the  im p l ic i t  

assumption is  th a t  a l l  in d iv id u a l u n its  are s u b je c t to  id e n t ic a l beh av io ra l 

p a tte rn s  in  a l l  regards. Unless th is  u n l ik e ly  assumption is  t ru e  (and th is  

s tudy w i l l  t r e a t  th is  assumption as a s t a t i s t i c a l l y  te s ta b le  p ro p o s it io n ) ,  a 

macro e q u a tio n , obta ined by aggregating  a m icro  equation over m icro  u n its ,  

w i l l  have biased c o e f f ic ie n t  e s tim a te s .

S ta t is t ic a l  Methodology

A l l  o f  the  d i f f i c u l t i e s  mentioned above, s t a t is t ic a l  and lo g ic a l ,  can be 

managed and e lim in a te d  by employing a random c o e f f ic ie n t  re g re ss io n  (RCR) model 

developed by Swamy [4 1 ].  The d i f f i c u l t i e s  are managed by a llo w in g  the  co

e f f i c ie n t  ve c to r o f  a regression  model to  be a random v a r ia b le  to  account fo r  

in te r in d iv id u a l  h e te roge ne ity  ( i f ,  in  f a c t ,  the  h e te ro g e n e ity  assumption is  

w a rra n te d ). Thus, the RCR model a llo w s correspond ing c o e f f ic ie n ts  to  be 

d i f fe r e n t  among the various in d iv id u a l c ro s s -s e c tio n a l u n its .  The RCR model 

then focuses on e s tim a tin g  the mean and va ria n ce  o f  th e ,v e c to r  o f  reg ress ion  

c o e f f ic ie n ts .  I t  should a lso  be noted th a t  Swamy's procedure prov ides A itke n
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g en era lized  le a s t  squares es tim a to rs  -  the  e s tim a to r fo r  the  mean v e c to r  is  

c o n s is te n t and a s y m p to tic a lly  e f f i c ie n t  w h ile  the e s tim a to r o f  the  va ria n ce - 

covariance m a tr ix  o f  the c o e f f ic ie n t  v e c to r is  unbiased and c o n s is te n t [4 1 ].  

The A itke n  procedure guarantees the absence o f  both a u to c o rre la tio n  and 

h e te ro s c e d a s tic ity  in  the estim ated re la t io n s h ip s .  The re s u lt in g  s t a t i s t ic a l  

p ro p e r t ie s ,  p a r t ic u la r ly 'w i th  the la rg e  sample s iz e  in  th is  s tu d y , a llo w  a l l  

re le v a n t s t a t i s t i c a l  in fe re n ce  procedures to  be employed.

TESTS OF HYPOTHESES

The RCR program provides a te s t  s t a t i s t i c  to  te s t  the n u ll  hyp o th e s is :

H0 : = @2 = = =

where 3- is  a (A x l) v e c to r o f  f ix e d  c o e f f ic ie n ts  and where A is  the  number o f 

independent v a r ia b le s  in  the regress ion  equ a tion . I f  Hq is  not re je c te d , i t  

can be concluded th a t  a l l  o f  the in d iv id u a l (c ro s s -s e c t io n a l)u n its  are homo

genous w ith  respec t to  the c o e f f ic ie n t  vecto rs  g | .  The panel data can then 

be pooled w ith o u t b ias  in  e s tim a tio n . Even w ith  f ix e d  c o e f f ic ie n t  e s tim a tio n , 

the A itke n  g e n e ra lize d  le a s t squares procedure is  employed, and the re s u lt in g  

e s tim a tio n s  are fre e  o f  a u to c o rre la tio n  and h e te ro s c e d a s tic ity .

The te s t  s t a t i s t i c  has the asym ptotic d is t r ib u t io n  o f  x 2 w ith  A (N -l)  

degrees o f  freedom , where N is  the number o f  ra ilro a d s  in  the equ a tion . I f  

X2 is  s m a ll, a f ix e d  c o e f f ic ie n t  model is  used; i f  x 2 is  la rg e , the  RCR 

model must be employed.

Other te s ts  o f  hypotheses w i l l  be conducted on the c o e f f ic ie n ts  o f  the 

independent v a r ia b le s  s p e c if ie d  in  Section 2 above. The RCR program provides 

t - s t a t i s t i c s  f o r  each independent v a r ia b le  used to  perform  s in g le  c o e f f ic ie n t  

t - te s ts  o f s t a t i s t ic a l  s ig n ific a n c e  on each v a r ia b le . The f in a l  equation or 

equations are se le c te d  on the c r i t e r ia  o f  good s t a t i s t ic a l  f i t  and h ig h e s t 

s ig n i f ic a n t  t - s t a t i s t i c s  from among re q u ire d  groupings o f  v a r ia b le s .
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4. STATISTICAL ANALYSES

T h is  s e c tio n  con ta ins the s t a t i s t i c a l  s tudy o f  the tra c k  m aintenance, 

a c c id e n t, and speed models presented in  S e c tio n  3 and has th re e  p a r ts .

The f i r s t  p a r t  p rov ides an overview  o f  the  s t a t i s t ic a l  study and a 

summary o f  key f in d in g s .  The second p a r t  co n ta in s  a d e ta ile d  d iscu ss io n  

o f  th e  t ra c k  maintenance models. F in a l ly ,  the  t h i r d  p a r t inc lu d e s  the  

analyses o f  a cc id e n t and speed models.

OVERVIEW OF STATISTICAL STUDY AND KEY FINDINGS

The s t a t i s t ic a l  analyses focused on th re e  areas: tra c k  maintenance

spending, t ra c k - re la te d  a cc id e n ts , and system t r a in  speeds. In  g e n e ra l, 

the  ta s k  was to  e va lua te  s t a t i s t ic a l  models developed from the th e o re t ic a l 

framework fo rm u la te d  in  Sections 1 -3 . To a co n s id e ra b le  e x te n t,  the  

accuracy, a g g re g a tio n , and a v a i la b i l i t y  o f  data from  p u b lic  sources 

r e s t r ic te d  t h is  ta s k . Given p u b lic ly  a v a ila b le  d a ta , the  s m a lle s t u n it  

o f  o b se rva tio n  is  th e  Class I r a i l r o a d ,  w h ile  the  u n it  o f  tim e is  one 

y e a r. V a ria b le  measurements, th e re fo re ,  re p re se n t annual systemwide 

averages. T h is  le v e l o f  aggregation  means th a t  the  study re s u lts  p ro v id e  

o n ly  a general p r o f i le  o f  tra c k  m aintenance, a c c id e n t, o r  t r a in  speed 

beh av io r in  response to  the m u l t i p l i c i t y  o f  o ve rla p p in g  in flu e n c e s  on 

such b eh av io r.

The a n a ly t ic a l technique used to  develop f in a l  s t a t is t ic a l  models 

and te s t  hypotheses was random c o e f f ic ie n ts  re g re ss io n  (RCR). The 

na tu re  o f  th e  study (tim e  se rie s  and c ro s s -s e c tio n a l)  made RCR e s s e n tia l 

from  a s t a t i s t i c a l ,  th e o r e t ic a l,  and lo g ic a l p o in t  o f  view.

Track Maintenance Expenditure Models

A lthough s t a t is t ic a l  analyses were conducted in  th re e  re la te d  

areas, th e  p rim ary  o b je c t iv e  was to  e x p la in  t ra c k  maintenance behavio r.

Both f in a n c ia l  and phys ica l measures were used to  represen t tra c k  maintenance 

a c t iv i t y .  For expend itu re  models, th e  research questions were:
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• Which v a r ia b le s  best e x p la in  how c u rre n t o p e ra tin g  revenues 

a v a ila b le  to  a ra ilr o a d  are a llo c a te d  to  tra c k  maintenance?

• Does a r a i lr o a d  devote a decrea s ing , c o n s ta n t, o r  in c re a s in g  

p ro p o rt io n  o f  i t s  a v a ila b le  resources to  tra c k  maintenance 

in  response to  key va ria b le s?

To answer these  q u e s tio n s , reg ress ion  models w ith  tra c k  maintenance 

expend itu res  per t ra c k  m ile  (TMEXP) and tra c k  maintenance expend itu res 

as a p ro p o rt io n  o f  to ta l  annual o p e ra tin g  revenues (TMRATIO) were ' 

es tim a ted . Both f o r  a p r io r i  reasons and fo r  purposes o f  re g u la t io n  and 

c o n tro l,  v a r ia b le s  re p re se n tin g  speed (th e  change in  average system 

t r a in  speed o r  A SPEED), acc iden ts  (th e  number o f  acc iden ts  per m i l l io n  

gross to n  m ile s ,  lagged one year (ACC) t _-j, and the  fre q u e n c y -s e v e r ity  

a cc id e n t indexes (S I I ) t _-j and (S I2 ) t _ ^ ) ,  and the in tro d u c tio n  o f  FRA 

s a fe ty  standards (DUMMY) were entered in to  models on an o b lig a to ry  

b a s is . Because measurements fo r  a cc id e n t indexes were a v a ila b le  o n ly  

fo r  an e le ve n -ye a r (1967-1977) p e r io d , models were developed f o r  two 

tim e fram es: (1) 1962-1977, where (ACC) t   ̂ was used and (2) 1967-1977,

where th e  indexes (S I I )-(-_-[ and ( SI 2 ) were in c lu d e d .

In  a d d it io n ,  analyses o f  tra c k  maintenance expe nd itu re  models were 

made f o r  two d i f f e r e n t  le v e ls .  I n i t i a l l y ,  in d u s try  models were developed 

and e va lu a te d . Subsequently, f in a l  in d u s try  models were te s te d  on s ix  

subgroups.

Key F ind ings

The re s u lts  in d ic a te  th a t a v a ila b le  o p e ra tin g  revenues h e a v ily  

in flu e n c e  in d u s try  tra c k  maintenance e xp e n d itu re s . Y e t, o p e ra tin g  

revenue per t ra c k  m ile  (REV) is  h ig h ly  c o l l in e a r  w ith  o th e r a p r io r i  

v a r ia b le s  o f  in te r e s t .  Thus, the  tra c k  maintenance r a t io  model (TMRATIO), 

which p e rm its  REV to  be removed as an e xp la n a to ry  v a r ia b le  bu t keeps REV 

in  the  model e q u a tion  and avoids the use o f  p o s s ib ly  d e f ic ie n t  d e f la to r  

da ta , was c o n c e p tu a lly  s u p e rio r.
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S a fe ty -R e la te d  V a ria b le s . In  TMRATIO m odels, s a fe ty - re la te d  v a r ia b le s  

are s t a t i s t i c a l l y  s ig n i f ic a n t  p re d ic to rs .  In  p a r t ic u la r ,  the  years  s ince  

FRA standards were in s t i tu te d  are a ssoc ia ted  w ith  n e a rly  a 1 p e rcen t 

increase  in  th e  p ro p o rtio n  o f  revenues a llo c a te d  to  in d u s try  tra c k  m aintenance 

e xp e n d itu re s . A ls o , tra c k  maintenance expe nd itu res  show a s ig n i f ic a n t  

p o s it iv e  response to  u n i t  increases in  t ra c k - re la te d  a cc id e n t ra te s .

The l in k  between s a fe ty  standards and t ra c k  maintenance e xp e n d itu re s , 

however, must be viewed w ith  c a u tio n . The s t a t i s t i c a l l y  s ig n i f ic a n t  

upward s h i f t  in  average tra c k  maintenance spending a f te r  1972 may be the 

r e s u lt  o f  fa c to rs  such as m ajor renewal programs which, in  tu rn ,  may 

have been th e  r e s u lt  o f  growing revenues o r  o f  a n t ic ip a te d  grow th— in  

coal o r  g ra in  t r a f f i c  f o r  exam ple--o r o f  s t ra te g ic  goals th a t  re q u ire  

upgrading s e rv ic e  q u a l i ty .

Furtherm ore, th e  analyses o f  r a i l r o a d  groups in d ic a te  th a t  s a fe ty -  

re la te d  v a r ia b le s  e x h ib i t  d i f f e r e n t ia l  e f fe c ts  on va rio u s  groups. Track 

maintenance d e c is io n s  o f  r a i lr o a d  companies th a t  operate t r a in s  a t 

h ig h e r speeds appear to  be more s e n s it iv e  to  a cc id e n t ra te s  and the  

in tro d u c tio n  o f  FRA s a fe ty  standards than s im i la r  d e c is io n s  o f  companies 

th a t  have s low er average system t r a in  speeds. As one m igh t i n t u i t i v e ly  

expect, ra ilro a d s  w ith  very  low o p e ra tin g  speeds seem no t to  be a ffe c te d  

by FRA standards in  t h e i r  t ra c k  maintenance a llo c a tio n s  perhaps because 

the speeds are a lre a d y  so low th a t  th e  standards do n o t serve as a 

d is in c e n t iv e  to  low tra c k  maintenance a l lo c a t io n s ,  o r  perhaps because 

the  c a r r ie r  lacks  th e  resources to  undertake th e  m ajor upgrading which 

would be re q u ire d .

Large ra ilro a d s  appear to  be more s e n s it iv e  in  t h e i r  maintenance 

d e c is io n s  to  a cc id e n t ra te s , perhaps because they possess the  resources 

to  undertake m ajor r e h a b i l i ta t io n .  P ro f ita b le  ra ilro a d s  appear to  be 

more s e n s it iv e  to  acc iden t ra te s  and to  th e  estab lish m e n t o f  the  FRA 

standards (c o n tra ry  to  in d ic a tio n s  g iven  du rin g  in te rv ie w s ) ,  w h ile  

high d e n s ity  network systems seem more s e n s it iv e  to  a cc id e n t ra te s  than 

low d e n s ity  network systems.
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For re g io n a l groups, the  tra c k  maintenance expend itu res o f  southern 

ra ilro a d s  appear more responsive than the  expenditu res o f  n o rthe rn  

c a r r ie rs  to  a c c id e n t ra te s .  F in a l ly ,  f o r  the passenger group, a l l  

models show a c c id e n t v a r ia b le s  w ith  s t a t i s t i c a l l y  s ig n i f ic a n t  c o e f f ic ie n ts  

th a t are la rg e r  f o r  the  passenger than f o r  the nonpassenger groups. Not 

s u r p r is in g ly ,  TMEXP and TMRATIO f o r  ra ilro a d s  w ith  passenger o p e ra tio n s  

are more responsive  to  (ACC)t _^ than c a r r ie rs  w ith o u t such o p e ra tio n s .

T ra in  Speed and Car W eight. O v e ra ll,  the change in  average annual 

system t r a in  speed (A SPEED) was not a s ig n i f ic a n t  fa c to r  in  the study 

o f  tra c k  m aintenance spending. In  re g re ss io n  equations f o r  a l l  r a ilro a d s ,

A SPEED was n o t a s t a t i s t i c a l l y  s ig n i f ic a n t  p re d ic to r  o f  TMEXP o r  TMRATIO.

In the  analyses o f  subgroups, o n ly  TMEXP was responsive to  A SPEED in  

medium s iz e , low  ROI, o r  low d e n s ity  ra ilro a d  groups. For these groups, 

a re d u c tio n  in  average annual system t r a in  speed has a s ig n i f ic a n t  

p o s it iv e  e f fe c t  on the  p re d ic t io n  o f  nominal t ra c k  maintenance expend itu res 

per t ra c k  m ile .

On th e  in d u s try  le v e l ,  a lthough average system ca rlo ad  w e igh t 

(WEIGHT) has a s ig n i f ic a n t  d ire c t  e f fe c t  on nominal t ra c k  maintenance 

expend itu res per t ra c k  m ile  (TMEXP), i t  is  not a s ig n i f ic a n t  p re d ic to r  

o f  re a l resources devoted to  tra c k  maintenance (TMRATIO). For speed 

groups, a lth ough  s ig n i f ic a n t  re la tio n s h ip s  are found in  the low speed 

group, WEIGHT has a s ig n i f ic a n t  in flu e n c e  on the p re d ic t io n  o f  both 

tra c k  maintenance e xpe nd itu re  measures o n ly  in  the medium speed group.

U n like  speed groups, n e tw o rk-s ize  groups show no s ig n i f ic a n t  re la t io n s h ip s  

between WEIGHT and TMRATIO; when TMEXP is  the dependent v a r ia b le ,  s t a t i s t i c a l l y  

s ig n i f ic a n t  re la t io n s h ip s  occur o n ly  f o r  the  medium and the la rg e  network 

le v e ls . ' For ROI groups, WEIGHT does have a s ig n i f ic a n t  e f fe c t  on both 

tra c k  maintenance measures, but on ly  a t the low ROI le v e l.  The re s u lts  

fo r  d e n s ity  groups are m ixed; c o n tra ry  re s u lts  fo r  medium and high 

groups as opposed to  low d e n s ity  groups make in te rp re ta t io n  d i f f i c u l t .

The re s u lts  are c le a r ,  however, f o r  re g io n a l o p e ra tio n s . Track maintenance 

expend itu res o f  the  n o rth e rn  group appear more s e n s it iv e  to  changes in  

average system ca rlo a d  w e ig h t. F in a l ly ,  f o r  passenger o p e ra tio n  versus 

nonpassenger o p e ra tio n  group ings, no p a tte rn s  are apparent w ith  respec t 

to  WEIGHT and tra c k  maintenance measures.
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T ie  and Rail Replacement Models

The second approach taken f o r  th e  a n a ly s is  o f  t ra c k  maintenance 

a c t iv i t y  was to  es tim a te  t i e  and r a i l  replacem ent models; Besides the  

v a r ia b le s  found s t a t i s t i c a l l y  s ig n i f ic a n t  in  the  in d u s try  le v e l s tudy o f  

tra c k  maintenance e xp e n d itu re s , a p r ic e  index r a t io  (PIR) and th e  p ro p o rtio n  

o f  continuous welded r a i l  (CWRAIL) were te s te d . Other o p e ra tin g  v a r ia b le s  

such as DENSITY, SIZE, and LENGTH were n o t eva lua ted  because they measure 

much o f  the  same th e o re t ic a l in flu e n c e s  as WEIGHT.

Other than REV, no v a r ia b le  is  s ig n i f ic a n t  in  any re g re ss io n  equa

t io n  fo r  a l l  r a i l r o a d s ,  and REV is  s ig n i f ic a n t  o n ly  in  the TIES model.

In  equations f o r  c a r r ie r s ,  o th e r v a r ia b le s  are s ig n i f ic a n t ,  bu t changes 

in  s igns o r  in  s ig n if ic a n c e  make in te rp r e ta t io n  d i f f i c u l t .

A cc iden t and Speed Models

In  deve loping f in a l  a cc id e n t and speed m odels, v a r ia b le s  considered 

e s s e n tia l (bo th  a p r io r i  and from  the p o in t  o f  view o f  re g u la t io n  and 

c o n tro l)  as w e ll as n o n o b lig a to ry  v a r ia b le s  were te s te d . For a c c id e n t 

models, th e  o b lig a to ry  p re d ic to rs  were DUMMY, WEIGHT, and a l te r n a t iv e ly ,  

(TMRATI0)t _-,, (TMEXP)t _r  o r  (REV)t _-|; o th e rs  te s te d  were ROI, (T IE )t _1 ,

(R AIL)t  -j, LENGTH, and DENSITY. Regardless o f  the  com bination o f  

v a r ia b le s , a cc id e n t models d id  n o t g iv e  u se fu l r e s u l ts , - p r im a r i ly  

because a m eaningful measure o f  t ra c k  c o n d it io n  could no t be in c lu d e d  in  

th e  models te s te d , and because th e  le v e l o f  aggregation  tended to  b lu r  

the  e f fe c ts  o f  the  v a r ia b le s  th a t  were in c lu d e d .

Except f o r  the  s u b s t itu t io n  o f  LENGTH f o r  WEIGHT, the same se t o f  

o b lig a to ry  v a r ia b le s  was s p e c if ie d  f o r  models o f  average system t r a in  

speed. N o nob liga to ry  v a r ia b le s ,  however, in c lu d e d  o n ly  (T IES)t _-|,

(R AIL)t  .j, DENSITY, and SIZE. The re g re ss io n  re s u lts  f o r  a l l  ra ilro a d s  

show th a t  a s ig n i f ic a n t  re d u c tio n  in  average system t r a in  speed occurred 

a f te r  the  in tro d u c tio n  o f  FRA tra c k  s a fe ty  s tandards . LENGTH, (REV)^._-|, 

and the  n o n o b lig a to ry  v a r ia b le s  were n o t s t a t i s t i c a l l y  s ig n i f ic a n t .  The 

re s u lts  fo r  lagged tra c k  maintenance measures are unc lea r and must be 

used c a u tio u s ly . Although th e re  are severa l p o ss ib le  e xp lan a tions  f o r  

the nega tive  s igns o f  the s ig n i f ic a n t  (TMRATI0)^._-| and (TMEXP)^._-| c o e f f ic ie n ts ,  

the  re s u lts  were c o n tra ry  to  i n i t i a l  th e o re t ic a l e xp e c ta tio n s . F in a l ly ,
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no o th e r v a r ia b le s  proved s t a t i s t i c a l l y  s ig n i f ic a n t  in  re g re ss io n  models 

fo r  a l l  ra il r o a d s .

ANALYSIS OF TRACK MAINTENANCE

In th is  p a r t  o f  S ection  3, tra c k  maintenance models are developed 

and d iscussed . The i n i t i a l  focus is  on f in a n c ia l measures (TMEXP and 

TMRATIO) o f  t ra c k  maintenance. In  o rd e r to  analyze f in a n c ia l measures, 

in d u s try  models were developed and eva lua ted f i r s t .  These models were 

then te s te d  on th e  s ix  subgroups o f  ra ilro a d s .  The ensuing d iscu ss io n  

covers models th a t  use phys ica l measures as dependent v a r ia b le s . A lthough 

a s im i la r  approach was taken fo r  the  a n a lys is  o f  p hys ica l measures o f  

tra c k  m aintenance, th e  in v e s t ig a tio n  was la rg e ly  unproductive  and the  

d iscu ss io n  o f  i t  is  l im ite d .

Track Maintenance Expenditu re  Models

In  deve lop ing  re g re ss io n  re s u lts  f o r  tra c k  maintenance expe nd itu re  

models, th e  two research questions asked were: Which v a r ia b le s  best

e x p la in  how o p e ra tin g  revenues a v a ila b le  to  a ra ilr o a d  are a llo c a te d  to  

tra c k  maintenance? Does a ra ilr o a d  devote a decreasing , c o n s ta n t, o r  

in c re a s in g  p ro p o rt io n  o f  i t s  a v a ila b le  resources to  tra c k  maintenance in  

response to  key v a r ia b le s ?  To answer these q u e s tio n s , re g re ss io n  models 

were es tim ated  where tra c k  maintenance expend itu res per t ra c k  m ile  

(TMEXP) and t ra c k  maintenance expenditu res as a p ro p o rtio n  o f  to ta l  

annual o p e ra tin g  revenues (TMRATIO) were the  dependent v a r ia b le s .

In  deve lop ing  e xp la n a to ry  equa tions, v a r ia b le s  re p re se n tin g  speed, 

a cc id e n ts , and th e  in tro d u c tio n  o f  FRA tra c k  standards were entered in to  

the models on an o b lig a to ry  b a s is , both a p r io r i  and fo r  purposes o f  

re g u la t io n  and c o n t ro l.  S p e c if ic a l ly ,  these v a r ia b le s  were: the  change

in  average system t r a in  speed (A SPEED); the  number o f  acc iden ts  per 

m il l io n  gross to n  m ile s  lagged one year (ACC)^._-|; the  s e v e r ity - fre q u e n c y  

a cc id e n t indexes f o r  l in e  (main o r branch) and yard  ( in c lu d in g  s id in g  o r 

way s w itc h in g ) segments lagged one ye a r (S I I ) t _ i and (S I2 ) t _^, re s p e c t iv e ly ;  

and th e  dumny v a r ia b le  fo r  the in tro d u c tio n  o f  FRA s a fe ty  standards 

(DUMMY). S ubsequently, o th e r independent v a r ia b le s , alone and in
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com binations, were evaluated in  the  presence o f  th e  o b lig a to ry  v a r ia b le s .

As la te r  d iscu ss io n  w i l l  dem onstrate, however, the  re s u lts  d id  no t y ie ld  

any co m p e llin g  reason f o r  keeping ( S I l ) t _1 in  the  f in a l  models.

Regression R esu lts  f o r  A l l  R a ilro ads

(1) 1962-1977 and (ACC) t _ i as the  Measure o f  Accidents

The random c o e f f ic ie n ts  re g re ss io n  equations fo r  the  f in a l  in d u s try  

models are shown in  Tables 14 and 15. C onsidering  TMEXP models f o r  the 

16-year (1962-1977) period  f i r s t  (see Models 1 and 2, Table 1 4 ), i t  can 

be seen th a t  when the  annual o p e ra tin g  revenue v a r ia b le  (REV) is  added 

to  A SPEED, (ACC)j._.|, and DUMMY, as w e ll as average ca rlo ad  w e igh t 

(WEIGHT) (which was the  o n ly  o th e r n o n o b lig a to ry  p re d ic to r  found s i g n i f i 

cant in  o th e r  m odels), the  re s u lts  are those th a t  appear in  Model 1.

(See Table 11 f o r  v a r ia b le  d e f in i t io n s . )  Only th e  c o e f f ic ie n t  o f  the*
REV v a r ia b le  is  s t a t i s t i c a l l y  s ig n i f ic a n t .  L ike w ise , when o th e r in d e 

pendent v a r ia b le s  are inc luded  in  th e  model w ith  REV and the  o b lig a to ry  

v a r ia b le s ,  o n ly  REV is  s t a t i s t i c a l l y  s ig n i f ic a n t .

P lo ts  o f  va lues among the independent v a r ia b le s ,  however, in d ic a te  

h igh c o l l in e a r i t y  o f  REV w ith  o th e r independent v a r ia b le s . W hile the 

importance o f  REV in  e x p la in in g  TMEXP is  recogn ized , the  c o l l in e a r i t y  

in d ic a te s  th a t  REV is  ca p tu rin g  the independent e f fe c ts  o f  o th e r v a r ia b le s  

and is  dom inating the o th e r c o e f f ic ie n ts  and standard e r ro rs .

As shown in  Model 2, when REV is  removed and o th e r independent v a r ia 

b les are eva lu a te d , on ly  WEIGHT is  s t a t i s t i c a l l y  s ig n i f ic a n t  in  the presence 

o f the  o b lig a to ry  v a r ia b le s . N e verthe less , every c o e f f ic ie n t  in  Model 2, 

except f o r  A SPEED, is  s t a t i s t i c a l l y  s ig n i f ic a n t  a t  the .01 le v e l and has the 

expected s ig n . Furtherm ore, when DENSITY, DIVIDEND, and ROI are added, none 

is  s t a t i s t i c a l l y  s ig n i f ic a n t .  When th e  p r ic e  index r a t io  (PIR) is  added 

to  the e q u a tio n , i t s  c o e f f ic ie n t  is  h ig h ly  s ig n i f ic a n t ,  bu t has the 

wrong, i . e . ,  neg a tive  s ig n . Since th e re  is  no a p r io r i  support f o r  a

*
A ll  t - t e s t s  f o r  regress ion  c o e f f ic ie n ts  are o n e - ta ile d  te s ts  s ince 
the re  are a p r io r i  expecta tions o f  s igns o f  c o e f f ic ie n ts .
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Table 14. Random Coefficients Regression for All Railroads-
Track Maintenance Expenditure Models 1962-1977

INDEPENDENT VARIABLES (a)

X2- S t a t is t ic
Dependent
V a ria b le Model Constant A SPEED (ACC)t _1 DUMMY WEIGHT REV

fo r  Test o f , . *  
Homogeneity'0 '

1 -0.4548 -0.0550 0.1212 -0.0746 -  1.5501 0.1268 2294
(0 .0 192)* (0.1097) (0.1719) (0.2537) ( 1.6066) (0 .0 2 7 2 )* [1 8 0  d . f . ] *

TMEXP
-5.8206 -0.1537 1.1018 1.5765 13.3332 2336L (2 .1 1 2 8 )* (0.1599) (0 .2 2 7 1 )* (0 .3 3 1 2 )* ( 3 .3 0 5 5 )* [  150 d . f . ] *

TMRATIO 5.7211 -0.1294 1.0494 0.7909 3.9737 16685 (2 .3 8 1 0 )* (0.1781) (0 .1 7 8 1 )* (0 .2 5 7 7 )* ( 4.1469) [  150 d . f . ] *

(a l'  'Numbers in  parentheses are standard e r ro rs .

^N u m b e rs  in  brackets are degrees o f  freedom fo r  s t a t is t ic a l  te s ts .

In d ic a te s  s ig n if ic a n c e  a t the  .01 le v e l.



Table 15. Random Coefficients Regression for All Railroads-
_________ Track Maintenance Expenditure Models 1967-1977

INDEPENDENT VARIABLES

X2-Stat1st1c
Dependent (c) for Test of.. * * 

Homogeneity'0'Variable Model Constant A SPEED ( s i i ) t _i < 5 1 2 ) ^  . DUMMY WEIGHT

1 -5.9413 -0.1024 0.0266 0.5166 0.9091 15.0550 2361
(4.5332) (0.1591) (0.0841) (0.1978)* (0.2787)* ( 8.0672)** [180 d.f.]*

TMEXP
2 -4.9327 -0.1051 0.5505 1.0626 13.1792 2420

(3.1838) (0.1283) (0.2005)* (O.Z807)* ( 4.9276)* [150 d.f.]*

3 9.8019 -0.0694 0.0533 0.4165 0.4482
l-

- 1.1396 1738
(2.8958)* (0.1640) (0.0758) (0.2314)** (0.6945) ( 3.7726) [180 d.f.]*

TMRATIO
4 8.7334 -0.0242 0.5549 0.6320 0.6061 1869

(0.7282)* (0.1422) (0.1976)* (0.3386)** ( 0.3859) [150 d.f.]*

(a) Numbers In parentheses are standard errors.
(bj Numbers in brackets are degrees of freedom for statistical tests, 
(c) Data available from 1967.
* Indicates significance at the .01 level.

** Indicates significance at the .05 level.



n e g a tive  c o e f f ic ie n t ,  the  r e s u lt  is  judged to  be a spurious re la t io n s h ip ,  

and PIR was e lim in a te d  from  the  re g re s s io n .

Thus, Models 1 and 2 p rov ide  some evidence on which fa c to rs  determ ine 

le v e ls  o f  TMEXP. I t  appears th a t  t ra c k  maintenance expend itu res per 

t ra c k  m ile  are p o s i t iv e ly  re la te d  to  c u rre n t revenues, th e  number o f  

a cc id e n ts  in  the p rev ious p e rio d , average carload  w e ig h t, and the  in tro d u c  

t io n  o f  FRA tra c k  s a fe ty  standards.

However, a second research q u e s tio n , as noted above in  the s e c tio n  

on d e lin e a t io n  o f  th e  t ra c k  maintenance model, was a lso  o f  in te r e s t .  A 

d e te rm in a tio n  was to  be made whether ra ilro a d s  devote a decreasing , 

c o n s ta n t, o r  in c re a s in g  p ro p o rtio n  o f  th e i r  a v a ila b le  resources to  tra c k  

maintenance in  response to  key v a r ia b le s .  Hence, th e  a n a ly t ic a l focus 

in  t h is  case s h i f t s  to  Model 3 (Table 14) and to  the  r a t io  o f  tra c k  

maintenance expend itu res to  o p e ra tin g  revenues (TMRATIO). Furtherm ore, 

when TMRATIO is  employed as a dependent v a r ia b le  (see Model 3 ) ,  the 

model determ ines th e  r a i lr o a d  and in d u s try  a c tio n  toward road r e h a b i l i 

t a t io n ,  s in ce  TMRATIO represents commitment o f  re a l resources. M oreover, 

because t ra c k  maintenance is  e s s e n t ia l ly  funded from  o p e ra tin g  revenues, 

TMRATIO rep resen ts  th e  share o f  a v a ila b le  f in a n c ia l resources th e  company 

is  w i l l i n g  to  commit to  the  maintenance fu n c tio n  v is -a - v is  o th e r 

departm ents.

The random c o e f f ic ie n ts  re g re ss io n  re s u lts  in d ic a te  th a t  th e  in d u s try  

as a whole does have a re a l resource p o s it io n  on maintenance o f  way th a t  

is  respon s ive  to  equation  v a r ia b le s . Although WEIGHT is  no t a s ig n i f ic a n t  

p re d ic to r ,  the  s igns o f  v a r ia b le s  correspond to  those in  Models 1 and 2, 

and both DUMMY and (ACC) t   ̂ are s t a t i s t i c a l l y  s ig n i f ic a n t  a t th e  .01 

le v e l.

(2 ) ' A lte rn a t iv e  A cc iden t Measures fo r  1967-1977

In  Table 14, the  t ra c k -s a fe ty  v a r ia b le  was measured by (ACC)t _^, 

the  to ta l  number o f  acc iden ts  in  the  previous y e a r. However, th is  

measure has a m ajor weakness because i t  f a i l s  to  capture  the  impact o f  

the  s e v e r ity  o f  a cc id e n ts . To remedy th is  weakness, ACC was rep laced by 

two measures: SI1 and SI2. Since the data necessary to  c a lc u la te  SI1

75



and S I2 were a v a ila b le  o n ly  f o r  the  p e rio d  1967-1977, regress ions w ith  

the  dependent v a r ia b le s  TMEXP and TMRATIO were run f o r  th a t  p e r io d ; th e  

re s u lts  are presented in  Table 16.

Table 16 shows th a t  when (S I1 ) _-j and (S I2 )_^ are both in  the equation  

(Model 1 ), th e  c o e f f ic ie n ts  o f  DUMMY and WEIGHT are s ig n i f ic a n t ,  w h ile  

the  c o e f f ic ie n t  o f  A SPEED is  n o t. Th is p a tte rn  is  the  same as when 

(ACC)_1 was employed as an e xp la n a to ry  v a r ia b le .  However, th e  c o e f f ic ie n t  

o f  (S I2 )_ -j is  s ig n i f ic a n t ,  and th e  c o e f f ic ie n t  o f  (SI1)_-| is  n o t. The 

unim portance o f  (S I1 )_ -j as a v a r ia b le  seems fu r th e r  to  be borne o u t by 

th e  small magnitude o f  th e  c o e f f ic ie n t  e s tim a te . S ince th e re  d id  n o t 

seem to  be any com pe lling  reason to  keep (S I1 ) -j in  th e  equation as a 

m ain ta ined h yp o th e s is , (S Il)_ - j was e lim in a te d . The p re fe rre d  equation  

is  shown as Model 2 in  Table 16.

The e le ve n -ye a r in d u s try  models (3 and 4 in  Table 15) w ith  the 

a lte rn a t iv e  a c c id e n t measure e s s e n t ia l ly  c o rro b o ra te  the  re s u lts  o f  the  

corresponding in d u s try  models (2 and 3 in  Table 14) f o r  the  1962-1977 

p e rio d . A cc id e n t v a r ia b le s  have a s ig n i f ic a n t  in flu e n c e  on the p re d ic t io n  

o f  nominal (TMEXP) and re a l (TMRATIO) t ra c k  maintenance e xpe nd itu res . 

Moreover, a f te r  th e  in tro d u c tio n  o f  FRA tra c k  s a fe ty  s tandards, th e re  

was a s t a t i s t i c a l l y  s ig n i f ic a n t  increase  in  th e  in d u s try 's  tra c k  m a in te 

nance expend itu res (as de fined  in  th is  s tu d y ) . An e xce p tio n , however, 

is  WEIGHT. A lthough th e  average system ca r w e ig h t has a p o s it iv e  e f fe c t  

on th e  p re d ic tio n  o f  nominal t ra c k  maintenance e xp e n d itu re s , i t  is  n o t a

s ig n i f ic a n t  p re d ic to r  o f  re a l resources (as measured by TMRATIO) devoted*
to  t ra c k  m aintenance. F in a lly :,  in  no in d u s try  model was A SPEED a 

s ig n i f ic a n t  v a r ia b le .

*
I t  should be emphasized here th a t  a lthough c o n s is te n t re s u lts  f o r  16- 
and 11-y e a r models enhance confidence in  th e  f in d in g s ,  i t  does not 
n e c e s s a rily  fo llo w  th a t  in c o n s is te n t re is u lts  d im in is h  the f in d in g s .  
D iffe re n c e s  may r e s u lt  not on ly  from  re p la c in g  (ACC) ._  ̂ w ith  (S I2 ) . , ,  
b u t a lso  from  changing the sample from  16 to  11 yearsT
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Table 16. Random Coefficients Regression for Track Maintenance
Expenditure Models Estimated by Speed Groups

INDEPENDENT VARIABLES^

Group
Dependent
Variable

Time
Frame
(Yrs) Constant A SPEED (ACC)t_1 (SI2)t_i DUMMY WEIGHT

X2-Stat1st1c^  ̂
for Test of 
Homogeneity

TMEXP
16

- 7.7959 
( 8.5118)

-0.3270
(0.2993)

3.4912
(2.5379)

2.1873
(0.5904)*

16.8247
(11.5734)

58.31
[ 10 d.f.]*

11
-19.6775
(17.0866)

, 0.0803 
(0.3069)

1.3181
(0.4868)*

0.7416
(0.5554)

35.5387
(23.8179)

61.14
[ 10 d.f.]*

High Speed

TMRATIO
16

10.8381 
( 3.1074)*

-0.4980
(0.6167)

6.5567
(2.6637)*

1.3133
(0.7643)**

- 3.5375 
( 3.7138)

19.73
[ 10 d.f.]*

11
7.8086 

( 5.1467)
-0.2337
(0.5695)

1.2051
(0.9782)

0.4307
(0.5868)

3.9274 
( 5.8450)

25.85
[ 10 d.f.]*

TMEXP
16

- 8.7769 
( 2.2337)*

0.2518
(0.1884)

1.8326
(0.7862)**

1.8126
(0.590?)*

18.3345 
( 3.1560)*

606.33
[ 45 d.f.]*

Medium Speed
11

- 5.1605 
( 6.1784)

0.0309
(0.1353)

0.8735
(0.3540)*

0.8405
(0.3695)**

12.9918 
( 9.7643)

684.54
[ 45 d.f.]*

TMRATIO
16

0.3797 
( 4.3442)

0.3495
(0.3079)

1.3923
(0.7345)**

1.2742
(0.5407)*

15.8344 
( 9.3361)**

366.83
[ 45 d.f.]*

11
7.2789 

( 2.3512)*
-0.0163
(0.1977)

1,0223
(0.3638)

0.3237
(0.9419)

5.6445 
( 3.0449)**

503.78
[ [45 d.f.]*

16
- 5.8139 
( 3.3080)**

0.0673
(0.2490)

0.8621
(0.2088)*

1.3157
(0.4717)*

13.4195 ' 
( 5.3519)*

1113.84 
[ 85 d.f.]*

Low Speed

TMEXP
11

- 3.9513 
( 3.5499)

0.0851
(0.2549)

0.3082
(0.1680)**

1.0644
(0.4373)*

11.5194 
( 5.6167)**

928.77
[ 85 d.f.]*

TMRATIO
16

7.5011 
( 3.2002)*

0.0094
(0.2557)

0.7169
(0.3490)**

0.5638
(0.3687)

- 0.3379 
( 4.6677)

1047.29 
[ 85 d.f.]*

11
8.6790 

( 2.0580)*
-0.0654
(0.2492)

0.1710
(0.1946)

0.6311
(0.4737)

- 0.9285 
( 1.4704)

1076.20 
[ 85 d.f.]*

(a) Numbers 1n parentheses are standard errors. * Indicates significance at the .01 level.
(b) Numbers 1n brackets are degrees of freedom for statistical tests. ** Indicates significance at the .05 level.



Regression R esu lts  fo r  R a ilro a d  Groups. D i f fe r e n t  le v e ls  o f  s ix  

c h a ra c te r is t ic s  d e fin e d  the groups in to  which ra ilro a d s  were c la s s if ie d  

f o r  a n a ly s is  (see Table 12). The se le c te d  c h a r a c te r is t ic s  represented 

v a rio u s  netw ork, o p e ra tin g , o r  f in a n c ia l  fa c to rs  l i k e l y  to  a f fe c t  tra c k  

maintenance expe nd itu res  o f  r a i lr o a d  groups in  d i f f e r e n t  ways. The 

purpose was to  p resen t a d e s c r ip t iv e  comparison o f  such d i f f e r e n t ia l  

e f fe c ts ,  as w e ll as to  in v e s t ig a te  the  re s u lts  o f  in d u s try  models a p p lie d  

to  p a r t ic u la r  subsets o f  r a i lr o a d s .  The comparisons are  d e s c r ip t iv e  

ra th e r  than s t a t i s t ic a l  because, in  random c o e f f ic ie n ts  e s t im a tio n , the  

problem is  th a t  the  to ta l  sum o f  squares w i l l  n o t n e c e s s a r ily  p a r t i t io n  

in to  an e r ro r  sum o f  squares and a model sum o f  squares. T h is  r e s u l t  thus 

p re c lu d e s , f o r  example, any a n a ly s is  based upon genera l a n a ly s is  o f  

covariance .

In  a d d it io n ,  a lthough the  p rim a ry  focus is  on th e  TMRATIO model 

(Model 3, Table 1 4 ), th e  e q u iv a le n t TMEXP model (Model 2, Table 14) was 

in c lu d e d  in  the  analyses o f  subgroups in  o rd e r to  p ro v id e  a d d it io n a l 

in fo rm a tio n  and p o s s ib le  c o r ro b o ra tiv e  ev idence. Tables were developed 

to  show s im u lta n e o u s ly  the re s u lts  o f  a l l  models (1 6 - and 11-y e a r models 

f o r  both TMEXP and TMRATIO) f o r  each le v e l o f  th e  g roup ing  v a r ia b le .  

A lthough somewhat cumbersome, th e  arrangem ent o f  ta b le s  a llo w s one, by 

c o n c e n tra tin g  on a p a r t ic u la r  le v e l ( e .g . ,  h igh  speed) and v a r ia b le  

column ( e .g . ,  WEIGHT), to  id e n t i f y  e a s i ly  any d iffe re n c e s  in  model 

r e s u lts .  F in a l ly ,  be fo re  proceeding to  the r e s u l ts ,  i t  should be noted 

th a t  a lthough c a r r ie r s  were placed in to  " l i k e "  groups w ith  respec t to  

th e  b lo ck in g  c h a r a c te r is t ic ,  x 2 te s ts  o f  homogeneity in d ic a te d  d iv e rs e  

beh av io r even w ith in  groups to  be the  ru le  ra th e r  than the  e xce p tio n .

(1) Average System T ra in  Speed

Focusing on A SPEED in  Table 16, i t  is  seen th a t ,  as in  the aggre

gate in d u s try  models, A SPEED is  an in s ig n i f ic a n t  p re d ic to r .  By c o n tra s t,  

a cc id e n t measures are s ig n i f ic a n t  in  e ig h t o f  th e  tw e lve  models. W ith 

one excep tion  ( i . e . ,  as a p re d ic to r  o f  TMEXP in  the  high speed g ro u p ), 

c o e f f ic ie n ts  o f  (ACC)t _-j are s ig n i f ic a n t  p re d ic to rs .
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The s iz e  o f  these c o e f f ic ie n ts  increases as th e  le v e l o f  speed goes 

from low to  h igh . Th is  suggests th a t  tra c k  maintenance expend itu res 

become more s e n s it iv e  to  th e  number o f  acc iden ts  per m i l l io n  gross ton 

m iles  in  th e  p rev ious y e a r as th e  group le ve l o f  average system t r a in  

speed incre ases.
/

E leven-year models w ith  (S I2 ) t _^ as the measure o f  acc iden ts  con firm  

the  s ig n i f ic a n t  in flu e n c e  o f  a cc id e n ts  in  p re d ic tin g  TMEXP, b u t not in  

p re d ic tin g  TMRATIO. F o r th e  11-year TMRATIO models, however, the  signs 

and the  r e la t iv e  magnitudes o f  (S12 )  ̂ c o e f f ic ie n ts  are c o n s is te n t w ith  

the  f in d in g s  f o r  (ACC)t _^.

A s im i la r  p a tte rn  o f  re s u lts  occurs fo r  DUMMY in  the  16-year tim e 

fram e. A l l  b u t one o f  th e  c o e f f ic ie n ts  o f  DUMMY is  s ig n i f ic a n t ,  and the 

same h ie ra rc h y  appears. The re s u lts  o f  the 11-y e a r models, though, are 

m ixed. Medium and h igh speed groups show DUMMY to  have s ig n i f ic a n t  

re la t io n s h ip s  w ith  TMEXP, bu t th e  h ie ra rc h y  o f  c o e f f ic ie n ts  is  reversed. 

Furtherm ore, DUMMY is  no t a s ig n i f ic a n t  p re d ic to r  o f  TMRATIO in  th e  11- 

ye a r models. A lthough s ig n i f ic a n t  re la tio n s h ip s  are found in  the low 

speed group, th e  medium speed group is  the o n ly  g ro u p .in  which WEIGHT 

has a s ig n i f ic a n t  in f lu e n c e  on th e  p re d ic tio n  o f  both tra c k  maintenance 

expe nd itu re  measures. Thus, i t  appears th a t  WEIGHT is  s t a t i s t i c a l l y  

im p o rta n t o n ly  in  th e  medium speed group.

(2) Network Size

W hile th e  response o f  both t ra c k  maintenance expend itu re  v a r ia b le s  

to  (ACC) t  i , (S I2 ) t _-j, and DUMMY v a r ie s  among s iz e  groups, o n ly  TMEXP 

has a s t a t i s t i c a l l y  s ig n i f ic a n t  response to  A SPEED and WEIGHT. As 

shown in  Table 17, a c o n s is te n t p a tte rn  o f  re s u lts  occurs f o r  a cc id e n t 

measures fo r  the  la rg e  r a i l r o a d  networks. Both (ACC)t _^ and (S I2) 

are s ig n i f ic a n t  p re d ic to rs  o f  TMEXP and TMRATIO. On the  o th e r hand,

DUMMY e x e rts  i t s  g re a te s t in flu e n c e  in  the medium s iz e  group. A lthough 

the c o e f f ic ie n ts  o f  DUMMY in  th e  16-year TMEXP models are g re a te r  in  the 

la rg e  group than in  the  medium and small group, o n ly  the medium group 

shows DUMMY to  have an e f fe c t  on TMRATIO.
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Table 17. Random Coefficients Regression for Track Maintenance
Expenditure Models Estimated by Size Groups

INDEPENDENT VARIABLES (a)
Xs-Stat1st1c^ 
for Test of 
HomogeneityGroup

Dependent
Variable

Time
Frame
(Yrs) Constant A SPEED (ACC),., (SI2>t-l DUMMY WEIGHT

TMEXP
16

- 7.1651 
( 3.9702)

-0.1838 
(0.2115)

2.5612
(0.5320)*

1.0913
(0.4495)*

14.6057 
( 6.3784)*

1299.45 
[ 55 d.f.]*

Large Size
11

- 5.8873 
( 5.5902)

-0.0057
(0.1825)

0.8531
(0.2799)*

0.6805
(0.3251)**

14.3327 
( 8.5526)**

1077.69- 
[ 55 d.f.]*

TMRATIO
16

7.0977 
( 3.7743)

-0.1780
(0.3084)

2.4007
(0.6779)*

0.6366
(0.4460)

1.7008 ' 
( 5.9979)

436.47
[ 55 d.f.]*

11
10.6586 
( 4.8946)**

-0.0759
(0.2666)

0.7800
(0.2989)*

0.2516
(0.3330)

1.8449 
( 7.4784)

661.24
[ 55 d.f.]*

TMEXP
16

- 7.8892 
( 3.3721)**

-0.3746
(0.2217)**

0.4454
(0.2531)**

1.5956
(0.3567)*

17.1948 
( 5.4728)*

403.31
[ 50 d.f.]*

Medium Size
11

- 8.4275 
( 3.1634)**

-0.5530
(0.1449)*

0.1974
(0.2203)

1.0519
(0.3425)*

18.4891 
( 4.9943)*

735.85
t 50 d.f.]*

TMRATIO
16

3.2342 
( 3.9938)

-0.1301
(0.3773)

0.7149
(0.4461)

1.1309
(0.5356)**

8.0317 
( 5.3819)

579.50
[ 50 d.f.]*

11
8.2537 

( 0.9892)*
-0.3198
(0.2727)

0.0986
(0.1628)

1.2197
(0.4174)*

0.5486 
( 0.4958)

474.16
[ 50 d.f.]*

TMEXP
16

0.8795 
( 3.4679)

-0.0126
(0.3821)

0.7961
(0.6231)

3.1039
(1.3060)*

3.1018 
( 4.0724)

244.91
[ 35 d.f.]*

Small Size
11

- 2.1779 
( 9.0147)

0.2049
(0.4043)

0.1240
(0.5548)

1.9343
(0.8429)**

9.4746
(14.2505)

177.55
[ 35 d.f.]*

16
5.7034 

( 1.2707)*
0.1244
(0.3258)

1.1918
(1.1048)

0.7650 , 
(0.4628) .

3.8358 
( 6.9509)

255.15
[ 35 d.f.]*

11
9.0606 

( 1.9054)*
0.1656
(0.3772)

0.3495
(0.4412)

-0.2222
(1.2204)

0.7418 
( 0.9109)

248.02
[ 35 d.f.]*

(a) Numbers in parentheses are standard errors. * Indicates significance at the .01 level.
(b) Numbers in brackets are degrees of freedom for statistical tests. ** Indicates significance at the .05 level.



A SPEED and WEIGHT are s ig n i f ic a n t  p re d ic to rs  o f  TMEXP o n ly  fo r  

medium o r la rg e  groups. The c o e f f ic ie n ts  o f  A SPEED have n eg a tive  

s ig n s , an in d ic a t io n  th a t  a ne t re d u c tio n  in  average system t r a in  speed 

has a p o s it iv e  in flu e n c e  on the p re d ic tio n  o f  TMEXP. In  c o n tra s t,  the  

s ig n s  f o r  WEIGHT are a l l  p o s it iv e ,  but c o e f f ic ie n ts  are g re a te r  in  the 

la rg e  group.

(3 ) Return on Investm ent

As shown in  Table 18, a cc id e n t v a r ia b le s  are s ig n i f ic a n t  in  a l l  

models f o r  medium and high ROI le v e ls .  C o e ff ic ie n ts  o f  (ACC)t _^ and 

(S I'2 )^  -j in  regress ions o f  the  m idd le le v e l group, however, a re  ro u g h ly  

tw ic e  as la rg e  as corresponding c o e f f ic ie n ts  found in  th e  high ROI 

le v e l.  Thus, i t  appears th a t  t ra c k  maintenance e xpe nd itu re  d e c is io n s  o f  

le s s  prosperous, though not poor, ra ilro a d s  (m idd le  le v e l)  are r e la t iv e ly  

more s e n s it iv e  to  acc iden ts  than s im ila r  de c is io n s  o f  r e la t iv e ly  

prosperous o r  poor c a r r ie rs  (h ig h  and low ROI le v e ls ,  re s p e c t iv e ly ) .

The t h i r d  s a fe ty - re la te d  v a r ia b le ,  DUMMY, is  a c o n s is te n t ly  s i g n i f i 

can t p re d ic to r  o n ly  f o r  the  h igh ROI group. A p p a re n tly , more p r o f ita b le  

c a r r ie r s  have had a s ig n i f ic a n t  increase in  t ra c k  maintenance expend itu res 

a f te r  th e  in tro d u c tio n  o f  FRA tra c k  s a fe ty  s tandards. A lthough the low 

ROI group does show a s ig n i f ic a n t  p o s it iv e  re la t io n s h ip  between the 

in tro d u c t io n  o f  the  standards and d o lla rs  spent per t ra c k  m ile  in  each 

tim e fram e, re a l resource (TMRATIO) models do no t show DUMMY to  be 

s ig n i f ic a n t .

A lto g e th e r , w ith  the excep tion  o f  DUMMY'S s ig n if ic a n c e  in  the high 

ROI group models, these re s u lts  are b a s ic a lly  c o n s is te n t w ith  the framework 

developed in  S ection  2. Regardless o f  the f in a n c ia l  c o n d it io n  o f  the  

r a i l r o a d  v is i te d ,  s e n io r o f f i c ia ls  c o n s is te n tly  in d ic a te d  in  in te rv ie w s  

th a t ,  w h ile  acc iden ts  are o fte n  im p o rta n t in  the  d e c is io n  process, FRA 

tra c k  s a fe ty  standards had r e la t iv e ly  l i t t l e  in flu e n c e  on tra c k  maintenance 

spending d e c is io n s . S im ila r ly ,  the  case study presented above demon

s tra te d  how a cc id e n t costs m ight a f fe c t  the investm ent d e c is io n , e s p e c ia lly  

f o r  low  d e n s ity  branch l in e s ,  and a lso  h ig h lig h te d  the  economic in c e n tiv e s  

f o r  a cce p tin g  the slow o rd e rs , temporary o r permanent (v ia  downgrading 

th e  t ra c k  c la s s i f ic a t io n ) ,  th a t  the  FRA m ight impose on the branch lin e s
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Table 18. Random Coefficients Regression for Track Maintenance
Expenditure Models Estimated by ROI Groups

INDEPENDENT VARIABLES^
X2-Statistic*b* 
for Test of 
HomogeneityGroup

Dependent
Variable

Time
Frame
(Yrs) Constant A SPEED (ACC)t-1 <SI2)t_i DUMMY WEIGHT

TMEXP
16

- 7.6208 
( 3.1939)*

-0.0656
(0.2010)

0.7235
(0.2000)*

1.6582
(0.4715)*

16.6345 
( 5.0316)*

859.96
[ 90 d.f.]*

High ROI
11

- 7.9058 
( 3.9507)

0.0480
(0.1539)

0.5747
(0.2274)*

1.1290
(0.4310)*

18.0715 
( 5.9518)*

922.00
[ 90 d.f.]*

TMRATIO
16

6.3096 
( 3.2430)

-0.0521
(0.2272)

1.3271
(0.5445)*

0.9096
(0.3719)*

2.0891 
( 4.9681)

1266.71 
[ 90 d.f.]*

- 11
9.8925 

( 3.6672)*
0.0438
(0.1805)

0.5139
(0.2517)**

0.5315
(0.3126)**

- 1.3538 
( 5.1874)

1317.13 
[ 90 d.f.]*

TMEXP
16

- 1.3396 
( 4.3359)

0.1241
(0.2047)

2.5164
(1.0589)*

1.1163
(1.0059)

7.5123 
( 7.0342)

690.56
[ 25 d.f.]*

Medium ROI
11

- 1.6334 
( 7.8136)

0.1576
(0.2037)

1.3397
(0.5518)**

0.7946
(0.3714)**

8.2030
(11.6685)

383.36 
[ 25 d.f.]*

TMRATIO
16

3.5099
(4.5326)

-0.5435
(0.4819)

2.2756
(1.1838)**

0.7059
(0.3699)**

11.4775
(11.7177)

226.745 
t 25 d.f.]*

11
8.2013 

( 2.7327)*
0.2695
(0.3553)

1.6576
(0.5494)**

0.3591
(1.3477)

5.0098 
( 2.5248)**

295.70
[ 25 d.f.]*

TMEXP
16

- 8.4345 
( 2.0550)*

-0.5511
(0.2941)**

0.4484
(0.4193)

1.5805
(0.3835)*

17.4056 
( 3.7520)*

151.325 
[ 25 d.f.]*

11
- 5.5908 
( 2.3843)

-0.5258
(0.3027)**

0.1894
(0.1973)

1.3453
(0.4018)*

12.4285 
( 4.2162)*

127.67
[ 25 d.f.]*

TMRATIO
16

- 3.4393 
( 6.4397)

-0.1698
(0.5130)

0.6877
(0.6888)

1.3202
(1.4470)

18.9022 
( 9.9897)**

60.59
[ 25 d.f.]*

11
4.0084 

( 5.7142)
-0.3048
(0.3169)

0.2298
(0.1217)**

0.6973
(0.5982)

6.8034 
( 9.8380)

36.75
[ 25 d.f.]*

a) Numbers in parentheses are standard errors. * Indicates significance at the .01 level.
b) Numbers in brackets are degrees of freedom for statistical tests. ** Indicates significance at the .05 level.



where sp e e d -re la te d  savings are no t s u f f ic ie n t  to  j u s t i f y  norm alized 

m aintenance. The s ig n if ic a n c e  o f  the  e xce p tio n , o f  course , is  te n ta t iv e ,  

f o r  th e  high ROI g ro u p 's  incre ase  in  tra c k  maintenance expend itu res 

a f te r  th e  in tro d u c tio n  o f  s a fe ty  standards may s im p ly  r e f le c t  r is in g  

le v e ls  o f  t r a f f i c  and revenue du rin g  the  same p e rio d  o r ,  p o s s ib ly , 

independent renewal programs f o r  tra c k  la id  ju s t  a f te r  World War I I .

In  th re e  o f  th e  fo u r  models f o r  the  low ROI group , WEIGHT is  a 

s ig n i f ic a n t  p re d ic to r  o f  e i th e r  TMEXP o r TMRATIO. In  th e  high ROI 

group, WEIGHT is  s ig n i f ic a n t  in  the TMEXP models f o r  th e  16-year pe rio d  

o n ly ,  in  t h is  g roup , TMRATIO is  unresponsive to  changes in  average 

system ca rlo a d  w e ig h t.

(4 ) T r a f f ic  D e ns ity

As shown in  Table 19, s a fe ty - re la te d  v a r ia b le s  a f fe c t  d e n s ity  

groups d i f f e r e n t ly .  (ACC)t _^ o r  (S I2 )t _^ c o e f f ic ie n ts  a l l  e x h ib i t  

expected s igns and are  s ig n i f ic a n t  in  ten o f  tw e lve  models. A lthough 

a cc id e n t v a r ia b le s  are c o n s is te n t ly  s ig n i f ic a n t  p re d ic to rs  o f  tra c k  

maintenance expe nd itu res  f o r  a l l  d e n s ity  groups, expe n d itu re  measures 

e s s e n t ia l ly  are su cce ss ive ly  more responsive to  changes in  (ACC)t _  ̂ and 

(S I2 ) t _.| f o r  medium and h igh d e n s ity  ra ilro a d s .

L ike  a cc id e n t v a r ia b le s ,  DUMMY a ffe c ts  d e n s ity  groups d i f f e r e n t ly .  

The r e s u lts ,  e s p e c ia lly  f o r  TMRATIO models in  the  16-year tim e fram e, 

are b a s ic a lly  th e  same as the f in d in g s  fo r  a cc id e n t v a r ia b le s  in  e ith e r  

tim e fram e. The s ig n i f ic a n t  c o e f f ic ie n ts  o f  DUMMY in d ic a te  th a t  DUMMY 

has su cce ss ive ly  g re a te r  in flu e n c e  on the p re d ic tio n  o f  t ra c k  m ain te

nance v a r ia b le s  as d e n s ity  le v e ls  progress from low to  h igh . A p p a re n tly ,

many medium and h igh  d e n s ity  ra ilro a d s  have spent more nominal d o lla rs
*■>

f o r ,  and devoted a g re a te r  share o f  o pe ra ting  revenues to ,  t ra c k  m ainte

nance s in ce  1972.

U n lik e  the  re s u lts  f o r  s a fe ty -re la te d  v a r ia b le s ,  the  re s u lts  fo r  

A SPEED and WEIGHT are m ixed. A SPEED is  a s ig n i f ic a n t  p re d ic to r  o f 

TMEXP in  the low d e n s ity  group, bu t the  signs change in  o th e r models; 

in  a d d it io n ,  A SPEED is  not s ig n i f ic a n t  in  any o f the  TMRATIO models. 

L ike w ise , l i t t l e  c o rro b o ra to ry  evidence is  shown in  the re s u lts  f o r  

WEIGHT.
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Table 19. Random Coefficients Regression for Track Maintenance
Expenditure Models Estimated by Density Groups

INDEPENDENT VARIABLES^

Group
Dependent 
Variable

Time
Frame
(Yrs) Constant A SPEED (Ace)t1 <SI2)t-l DUMMY WEIGHT

Xz-Statist1c^ 
for Test of 
Homogeneity

TMEXP
16

- 8.3370 
( 4.2222)*

-0.1111
(0.3587)

2.8897
(1.0245)*

2.5280
(0.9115)*

16.6267 
( 5.4554)*

180.54 
[ 35 d.f.]*

High Density
11

-10.8200 
( 7.2169)

0.2426
(0.3537)

0.9809
(0.3346)*

1.2489
(0.7678)

21.6217
(10.0175)**

166.80 
[ 35 d.f.]*

TMRATIO
16

7.3734 
( 3.0330)**

-0.2856
(0.4015)

3.2198
(1.0986)*

1.2863
(0.6206)**

0.6617 
( 4.5068)

191.19 
[ 35 d.f.]*

11
9.0368 

( 5.1606)
-0.1027
(0.2452)

0.9442
(0.3905)*

0.5671
(0.3978)

0.4322 
( 7.6056)

399.24 
[ 35 d.f.]*

TMEXP
16

- 9.2796 
( 5.5073)**

0.1678
(0.1798)

1.2691
(0.4400)*

1.0035
(0.5488)**

18.7657 
( 9.0372)**

269.76 
[ 45 d.f.]*

Medium Density
11

-10.6510 
( 5.5257)

0.0919
(0.1566)

0.4988
(0.1954)*

0.7612
(0.5537)

22.5725 
( 8.7929)*

289.81 
[ 45 d.f.]*

TMRATIO
16 ,

16.3122 
( 5.5501)*

-0.0755
(0.2102)

0.9964 . 
(0.8013)

1.8192
(0.5502)*

-11.6618 
( 9.8328)

499.08 
[ 45 d.f.]*

11
2.9133 

( 6.2247)
0.3590
(0.2498)

0.7985
(0.2144)*

1.0594
(0.5077)**

11.0992 
( 9.1538)

566.56 
[ 45 d.f.]*

TMEXP
16

0.7705 
( 0.4695)

-0.2748
(0.1445)**

0.7102
(0.3939)**

1.6834
(0.9115)**

1.7448 
( 1.1860)

794.36 
[ 60 d.f.]*

11
1.2424 

( 3.6323)
-0.3744
(0.1266)*

0.7530
(0.3562)**

1.2592
(0.2607)*

2.4275 
( 5.7155)

465.07 
[ 60 d.f.]*

TMRATIO
16

5.3279 
( 1.2396)*

0.1840
(0.3368)

0.9965
(0.7535)

0.9533
(0.4019)*

4.9141
(4.4604)

809.44 
[ 60 d.f.]*

11
7.6238 

( 1.0352)*
-0.2507
(0.2342)

0.6847 / 
(0.2552)*

-0.2064
(0.7362)

2.7780 
( 0.8636)*

685.42 
[ 60 d.f.]*

(a) Numbers In parentheses are standard errors.
(b) Numbers in brackets are degrees of freedom for statistical tests.

* Indicates significance at the .01 level. 
** Indicates significance at the .05 level.



(5) Regional O perations

The tra c k  maintenance expend itu res o f  southern ra ilro a d s  appear 

more responsive than th e  expend itu res o f  northern  c a r r ie r s  to  a cc id e n t 

v a r ia b le s  (see Table 2 0 ). A l l  fo u r  models fo r  th e  southern  group show 

(ACC)t _.j and (S I2 ) t _^ as s t a t i s t i c a l l y  s ig n i f ic a n t  v a r ia b le s  th a t  have 

la rg e r  c o e f f ic ie n ts  in  th e  southern group than in  the  n o rth e rn  group.

The re s u lts  f o r  DUMMY, however, are mixed. W hile the  southern group 

appears more responsive  to  DUMMY in  the 16-year models, 11-ye a r models 

suggest th e  o p p o s ite . L ike  the  11-year model re s u lts  f o r  DUMMY, the 

c o e f f ic ie n ts  o f  WEIGHT a lso  in d ic a te  th a t  tra c k  maintenance expend itu res 

o f  th e  n o rth e rn  group are  more s e n s it iv e  to  changes in  WEIGHT. A SPEED, 

however, is  u n ifo rm ly  in s ig n i f ic a n t .

(6 ) Passenger O perations

Not s u r p r is in g ly ,  TMEXP and TMRATIO f o r  ra ilro a d s  w ith  passenger 

o p e ra tio n s  are more responsive  to  (ACC)t _^ o r (S I2 ) t _^ than c a rr ie rs , 

w ith o u t such o p e ra tio n s . For the passenger group, a l l  models show 

a cc id e n t v a r ia b le s  w ith  s t a t i s t i c a l l y  s ig n i f ic a n t  c o e f f ic ie n ts  th a t  are 

la rg e r  f o r  the  passenger than f o r  the  nonpassenger groups (see Table 21) 

A lthough the  re s u lts  f o r  DUMMY a lso  e x h ib it  a r e la t iv e ly  h igh degree o f  

co n s is te n cy , i t  is  th e  nonpassenger group, ra th e r  than the  passenger 

group, th a t  appears to  have undertaken increased t ra c k  maintenance 

spending a f te r  the  in tro d u c tio n  o f  FRA tra c k  s tandards. The re s u lts  f o r  

WEIGHT, however, are m ixed, and no p a tte rn s  are apparent.

T ie  and R a il Replacement Models

An a tte m pt was made to  estim ate  both t ie  replacem ent (TIES) and 

r a i l  replacem ent (RAIL) models. Both TIES and RAIL were regressed 

a g a in s t DUMMY, A  SPEED, (ACC) and WEIGHT. Since th e  r ig h t-h a n d  s ide

o f  the  f in a l  t ra c k  maintenance expe n d itu re .e q u a tio n s  has no f in a n c ia l 

v a r ia b le s ,  th e  e x p la n a to ry  v a r ia b le s  in  expenditu re  models should app ly 

e q u a lly  to  p h ys ica l models. In  a d d it io n , the  a n a ly s is  in c lu d e d  the 

p r ic e  index r a t io  (PIR) and the p ro p o rtio n  o f CWR in  the  network system 

(CWRAIL), because these p re d ic to rs  had a s trong l ik e l ih o o d  o f  being
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Table 20. Random C o e ff ic ie n ts  Regression fo r  Track Maintenance 
E xpenditure Models Estim ated by Region Groupings

INDEPENDENT VARIABLES^
X2-Statistic^ 
for Test of 
HomogeneityGroup

Dependent
Variable

Time
Frame
(Yrs) Constant A SPEED (ACC)t_1 (SI2)t_i DUMMY WEIGHT

THEXP

16
- 7.8693 
( 2.7353)*

-0.0119
(0.2404)

0.9446
(0.2432)*

1.6045
(0.4282)*

16.8008 
( 4.1864)*

1293.09 
[ 90 d.f.]*

Northern
11

- 8.1837 
( 2.7092)*

0.0528
(0.2395)

0.3754
(0.1767)**

1.2239
(0.4082)*

18.4793 
( 4.1207)*

1593.08 
[ 90 d.f.]*

TMRATIO
16

1.4497 
( 2.6781)

-0.0647
(0.2434)

0.4709
(0.3848)

0.7574
(6.3429)**

10.2687 
( 3.9965)*

1164.01 
[ 90 d.f.]*

11
7.9303 

( 1.2533)*
-0.0253
(0.2415)

0.3461
(0.1627)**

0.9901
(0.2946)*

0.2147 
( 6,1847)

1029.19 
[ 90 d.f.]*

TMEXP
16

- 2.4922 
( 4.1844)

0.0443
(0.2864)

1.8755
(0.4745)*

2.1806
(0.6764)*

7.3779 
( 6.7323)

253.72
[ 40 d.f.]*

Southern
11

- 0.8760 
( 8.6316)

0.1853
(0.1857)

0.8494
(0.4147)**

0.9368
(0.4010)*

5.9161
(12.8476)

228.12
[ 40 d.f.]*

TMRATIO
16

7.5905 
( 4.7969)

-0.0707
(0.3146)

2.0729
(0.9458)**

1.1939
(0.6638)**

3.8580
(10.8333)

168.74
[ 40 d.f.]*

11
10.5811 
( 1.4735)*

0.0780
(0.2857)

0.9859
(0.4190)*

0.0948
(1.0476)

1.5374 
( 0.7536)**

322.21 
[ 40 d.f.]

a) Numbers In parentheses are standard errors. * Indicates significance at the .01 level.
b) Numbers in brackets are degrees of freedom for statistical tests. ** Indicates significance at the .05 level.
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Table 21. Random C o e ff ic ie n ts  Regression fo r  Track Maintenance
E xpenditu re  Models Estim ated by Passenger S e rv ice  Groups

INDEPENDENT VARIABLES^
X2-Statistic  ̂
for Test of 
HomogeneityGroup

Dependent
Variable

Time
Frame
(Yrs) Constant A SPEED (ACC)t.1 (SI2)t.i DUMMY WEIGHT

TMEXP
16

- 8.1806 
( 2.9264)*

-0.0451
(0.2073)

1.37078
(0.3268)*

1.1202
(0.3357)*

16.8333 
( 4.7797)*

1826.93 
[ 95 d.f.]*

Passenger 
Servi ce

11
- 8.3510 
( 3.7493)**

0.0629
(0.1333)

0.6574
(0.2079)*

0.7944
(0.3059)*

18.4883 
( 5.7874)*

1845.05 
[ 95 d.f.]*

TMRATIO
16

3.4622 
( 3.4410)

-0.2057
(0.2302)

1.2194
(0.5482)**

0.7599
(0.3498)**

7.5809 
( 5.3593)

896.96
[ 95 d.f.]*

V 11
6.4806 

( 2.8645)**
-0.0131
(0.1944)

0.5982
(0.2327)*

0.8513
(0.2717)*

3.9138 
( 3.7079)

1069.12 
[ 95 d.f.]*

TMEXP
16

0.1147 
( 2.7540)

0.1055
(0.3329)

0.9417
(0.4489)**

2.6138
(0.9833)**

3.9789 
( 1.1027)*

477.70
[ 50 d.f.]*

No Passenger 
Servi ce

11
- 0.7106 
( 5.6331)

0.2895
(0.3304)

0.4259 
( .4758)

1.6164
(0.6573)**

5.8868 
( 8.4302)

558.27
[ 50 d.f.]*

TMRATIO
16

6.0717 
( 1.9029)*

-0.2824
(0.3123)

1.1809
(0.8055)

1.0429
(0.4075)*

' 4.4870 
( 5.8452)

633.49
[ 50 d.f.]*

11
9.0087 

( 1.2824)*
0.0401
(0.2921)

0.2352
(0.3449)

0.1111
(0.8742)

1.4117 
( 0.6624)**

662.58 
[ 50 d.f.]*

(a) Numbers in parentheses are standard errors. * Indicates significance at the .01 level.
(b) Numbers in brackets are degrees of freedom for statistical tests. ** Indicates significance at the .05 level.



s ig n i f ic a n t .  Other o p e ra tin g  v a r ia b le s  such as DENSITY, SIZE, and 

LENGTH were no t in c lu d e d  in  th e  p h ys ica l models because, in  t ra c k  m ain te

nance expend itu re  models, th e y  were h ig h ly  c o l l i  hear w ith  WEIGHT; in  

f a c t ,  these v a r ia b le s  measure much o f  the  same th e o re t ic a l in flu e n c e s  on 

phys ica l m aintenance-of-w ay a c t iv i t y .  WEIGHT, m oreover, is  the  th e o r e t ic a l ly  

s u p e rio r  and thus th e  p re fe rre d  measure. F in a l ly ,  as in  the  expe nd itu re  

models, REV was eva lua ted  in  the  presence o f  the  p r io r i  v a r ia b le s .

U n fo rtu n a te ly , in  the  p r io r i  models no c o e f f ic ie n t  is  s t a t i s t i c a l l y  

s ig n i f ic a n t .  L ike w ise , when the  v a r ia b le s  PIR and CWRAIL are added to  

these models, both s in g ly  and in  com bination , no c o e f f ic ie n ts  are s ig n i f ic a n t  

When REV is  added to  the  e q u a tio n , however, i t  is  s ig n i f ic a n t ,  b u t o n ly  

in  the  TIES model. As b e fo re , no o th e r p re d ic to rs  a re  s t a t i s t i c a l l y  

s ig n i f ic a n t .  Thus, TIES is  responsive  o n ly  to  changes in  REV; i . e . ,  

in d u s try  t i e  replacem ent ra te s  are d i r e c t ly  re la te d  to  th e  le v e l o f  

in d u s try  revenue per t ra c k  m ile . Caution must be e xe rc ised  when in t e r 

p re t in g  these re s u lts  because m u lt ic o l l in e a r i t y  was apparent in  the 

in d iv id u a l tim e  s e rie s  re g re s s io n s . W hile s ig n i f ic a n t  c o e f f ic ie n ts  fo r  

REV were a l l  p o s it iv e ,  co n s id e ra b le  s h i f t s  in  s ign  o r  in  s ig n if ic a n c e  

occurred f o r  o th e r v a r ia b le s  in  th e  in d iv id u a l e qu a tion s.

The problem, o f  course , is  th a t  r a i l  and t i e  replacem ent ra te s  are 

o n ly  two o f  severa l p h ys ica l measures o f  tra c k  m aintenance. M ile s  o f  

s u r fa c in g , cub ic yards o f  b a l la s t  p laced , and m ile s  o f  d itc h in g ,  are 

o th e r phys ica l measures th a t  cou ld  be used to  re p re se n t t ra c k  m ain te

nance e f fo r t s .  RAIL and TIES were, however, the  two v a r ia b le s  f o r  which 

data were p u b lic ly  a v a ila b le .  Given the number o f  a c t iv i t ie s  fo r  which 

tra c k  maintenance d o lla rs  can be spen t, i t  is  no t s u rp r is in g  th a t  the  

phys ica l models inc lu d e d  in  th is  study were d is a p p o in tin g .

ACCIDENTS AND TRAIN SPEED .

A cc iden t Models

In  s p e c ify in g  an a cc id e n t model, th re e  v a r ia b le s  are considered 

e s s e n tia l to  the model, both a p r io r i  and from  the p o in t  o f  view o f  

re g u la tio n  and c o n tro l.  The v a r ia b le s  are DUMMY, WEIGHT, and lagged
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v a r ia b le s  re p re s e n tin g  the  c a r r ie r 's  a b i l i t y  to  undertake a commitment 

to  maintenance o f  way. (The lagged v a ria b le s  were represented  a lte rn a 

t iv e ly  by (TMRATI0)t _ .j, (TMEXP)t _ ^ , o r  ,(REV)t _ ^ . )  Besides the  o b lig a to ry  

v a r ia b le s ,  n o n o b lig a to ry  p re d ic to rs  inc luded in  the  models te s te d , 

e i th e r  alone o r  in  com binations, are R O I, (T IE )t _^ , .(R A IL ) , LENGTH, 

and DENSITY.

In  g e n e ra l, th e  a cc id e n t models d id  not perform  w e ll s t a t i s t i c a l l y .

The re s u lts  o f  e s tim a tin g  these models are g iven in  Table 22. Using the  

to ta l  number o f  a cc id e n ts  per yea r (ACC) as the  dependent v a r ia b le ,  on ly  

w e ig h t is  s ig n i f ic a n t  in  e x p la in in g  ACC, and th e n , o n ly  when (TMRATI0)t _-| 

is  inc lu d e d  in  th e  e q u a tio n . When (TMEXP).^ and (REV) ar e inc luded  

in  th e  model, no c o e f f ic ie n ts  are s t a t i s t i c a l l y  s ig n i f ic a n t .  Thus, the 

re la t io n s h ip  between acc iden ts  and tra c k  maintenance expend itu res  appears 

to  l i e  in  one d ir e c t io n ,  f o r  w h ile  (ACC) i s s ig n i f ic a n t  in  e x p la in in g  • 

both TMEXP and TMRATIO, n e ith e r  (TMEXP)t _^ nor (TMRATI0)t _^ is  s t a t i s t i c a l l y  

im p o rta n t in  th e  p re d ic t io n  o f  ACC.

When n o n o b lig a to ry  v a r ia b le s  are added to  the e q u a tio n , above o r  in  

com bination , no c o e f f ic ie n t  o f  any v a r ia b le  is  s t a t i s t i c a l l y  s ig n i f ic a n t  

in  re g re ss io n  models f o r  a l l  ra ilro a d s .  Furtherm ore, th e  re s u lts  o f  the 

reg ress ion  equations f o r  in d iv id u a l c a r r ie rs  showed fre q u e n t changes in  

th e  s ig n , s ig n if ic a n c e ,  and s ize  o f  v a r ia b le  c o e f f ic ie n ts  as d i f fe r e n t  

ra ilro a d s  and d i f f e r e n t  models fo r  the  same r a i lr o a d  were examined. 

V a ria b le  tra n s fo rm a tio n s  and in te ra c t io n  terms d id  n o t make a d if fe re n c e . 

F lu c tu a tio n s  in  c o e f f ic ie n t  a t t r ib u te s ,  m oreover, were apparent among 

weak (low  ROI) and s tro n g  (h igh  ROI) ra ilro a d s .

Two re la te d  reasons help to  e xp la in  the poor performance o f  the 

a cc id e n t models. F i r s t ,  what should be the most im p o rta n t exp lan a to ry  

v a r ia b le ,  t ra c k  c o n d it io n , is  not inc luded in  the model because the data 

gathered from  p u b lic  sources and the le v e l o f agg rega tion  precluded i t s  

use. Second, the  le v e l o f  agg re ga tion , which p rov ides o n ly  average 

network system measurements, tends to  b lu r  the  e f fe c ts  o f  independent 

v a r ia b le s  in  th e  a cc id e n t models. To provide m eaningful re s u lts  f o r  

assessing c u rre n t t ra c k  s a fe ty  re g u la tio n s  o r  deve lop ing new s a fe ty  

p o l ic ie s ,  a cc id e n t models should be s itu a t io n  s p e c if ic ,  th a t  i s ,  they
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Table 22. Aggregate Random C o e ff ic ie n ts  Regression R esu lts  fo r  D eterm in ing T o ta l 

Number o f  A cciden ts (ACC) and Speed, A l l  R a ilro a d s , 1962-1977^

INDEPENDENT VARIABLES

Dependent
Variable Constant Dummy Length Weight TMRATI0t_1 ™ EXPt-l (R E V )t.i X2

ACC ■ - 2.1685 
( 1.2409)**

0.2609
(0.1892)

3.4601
(1.8840)**

0.1086
(0.0745)

3565.88 
[120 d.f.]* * **

ACC - 0.9833 
( 1.1895)

0.1203
(0.1285)

1.9911
(1.8279)

0.2923
(0.1807)

4134.25 
[120 d.f.]*

ACC - 0.4519 
( 0.6502)

0.0226
(0.3354)

0.1487
(0.6065)

0.0430
(0.0315)

4389.87 
[120 d.f.]*

SPEED 23.6241 
( 2.0398)*

-1.2274
(0.3071)*

0.0565
(0.2897)

-0.2795
(0.1659)**

26027.40 
[120 d.f.]*

SPEED 22.0754 
( 2.4864)*

-0.6126
(0.2794)*

0.1594 • 
(0.3580)

-0.5076
(0.2130)*

25229.00 
[120 d.f.]*

SPEED 22.9082 
( 2.6158)*

-0.5970
(0.2875)*

0.1209
(0.3703)

-0.0416
(0.0538)

32650.40 
[120 d.f.]*

(a) Numbers in parentheses are standard errors.

* Indicates significance at the .01 level.

** Indicates significance at the .05 level.



shou ld  focus on s p e c if ic  l in e  segments and in c lu d e  measurements o f  

e x p la n a to ry /p o lic y  v a r ia b le s  d i r e c t ly  re la te d  to  th e  g iven  segments.

Speed Models

In  speed m odels, th e  v a r ia b le s  s p e c if ie d  as e s s e n tia l to  th e  model 

from  th e  a p r io r i  and th e -re g u la to ry  and c o n tro l p e rsp e c tive  inc lu ded  

DUMMY, LENGTH, and t ra c k  maintenance expe nd itu re  measures lagged one 

y e a r. F in a l models were developed a lso  by e v a lu a tin g  o th e r independent 

v a r ia b le s  (DENSITY, (T IE S)t _^, (RAIL)t _^, and SIZE) in  the  presence o f  

the  o b lig a to ry  p re d ic to rs .  The re s u lts  o f  e s tim a tin g  f in a l  models are 

shown in  Table 22. A lthough LENGTH and (REV)t _ | do n o t have a s ig n i f ic a n t  

in flu e n c e  on the  p re d ic t io n  o f  SPEED, o th e r v a r ia b le s  do, e .g . ,  DUMMY, 

(TMRATI0)t _-j, and (TMEXP)^_|. The re s u lts  f o r  DUMMY c le a r ly  in d ic a te  

th a t  a s ig n i f ic a n t  re d u c tio n  in  average in d u s try  t r a in  speed occurred 

a f te r  th e  in tro d u c tio n  o f  FRA tra c k  s a fe ty  s tandards. The re s u lts  f o r  

t ra c k  maintenance e xp e n d itu re  measures, however, are no t as c le a r  and 

must be viewed w ith  c a u tio n . The s t a t i s t i c a l l y  s ig n i f ic a n t  c o e f f ic ie n ts  

o f  both  (TMRATI0)t _-j and (TMEXP)t _^ have signs th a t  are c o n tra ry  to  

i n i t i a l  th e o re t ic a l e x p e c ta tio n s . When ra ilr o a d s ,  in  a g iven  y e a r, 

devote a g re a te r  share o f  t h e i r  o p e ra tin g  revenues per tra c k  m ile  to  

t ra c k  maintenance and spend more nominal d o lla rs  per t ra c k  m ile ,  one 

would expect these a c tio n s  to  have a p o s it iv e  e f fe c t  on average system 

t r a in  speeds in  th e  fo llo w in g  ye a r. A p o ss ib le  e xp la n a tio n  o f  the 

a c tu a l re s u lts  is  th a t  the  in tro d u c tio n  o f  the  s a fe ty  standards has 

meant a re d u c tio n  in  average system t r a in  speeds, which has le d , in  

tu rn ,  to  increased t ra c k  maintenance expenditu res ( fo r  example, to  

re s to re  s e rv ic e  le v e ls  a t  le a s t  over s t ra te g ic  ro u te s ) ,  bu t these 

expend itu res have been in s u f f ic ie n t  to  stem a s ig n i f ic a n t  amount o f  

t ra c k  d e te r io ra t io n .  Furtherm ore, w h ile  tra c k  s a fe ty  standards m ight 

have le d  some ra ilro a d s  to  spend more on tra c k  maintenance in  o rd e r to  

m a in ta in  des ired  t r a in  speeds, o th e r roads no t so s e n s it iv e  to  speed- 

re la te d  savings m igh t have responded by a llo w in g  o p e ra tin g  speeds f o r  

many n o n s tra te g ic  l in e  segments to  decrease, w h ile  m a in ta in in g  o r  

in c re a s in g  tra c k  maintenance programs fo r  s t ra te g ic  ro u te s .
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5. SUMMARY

This  s e c tio n  co n ta in s  a d iscu ss io n  o f  the  l im ita t io n s  and p o s s ib le  

uses o f  the  tra c k  maintenance models developed in  t h is  research- In  the 

f i r s t  p a r t ,  the  na tu re  o f  th e  data which were used to  develop the  models 

is  d iscussed. P a r t ic u la r  a t te n t io n  is  g iven  to  the  l im ita t io n s  o f  the  

data and th e  e f fe c t  o f  these l im ita t io n s  on the  models. N ext, p o te n t ia l 

uses o f  the  tra c k  maintenance models which have been developed are 

d iscussed . F in a l ly ,  a summary o f ,th e  f in d in g s  o f  the  models is  presented. 

Inc lu ded  in  th is  summary is  a suggestion  f o r  a d d it io n a l research which 

would be re q u ire d  be fore  the  e f fe c ts  o f  m o d ific a tio n s  in  th e  tra c k  

s a fe ty  standards can be examined.

LIMITATIONS OF THE DATA

A p p lic a t io n  o f  th e  models o f  (1 ) t ra c k  maintenance e xp e n d itu re s ,

(2 ) tra c k  maintenance r a t io ,  (3) acc iden ts  * and (4 ) p h ys ica l components 

o f  th e  tra c k  s t ru c tu re ,  which a re  used to  study the impact o f  changes in  

th e  na tu re  o f  fe d e ra l s a fe ty  re g u la t io n s , must be examined w ith  respect 

to  th e  l im ita t io n s  o f  th e  models. The l im ita t io n s  stem from  two sources:

(1 ) the  na ture  o f  the  data u t i l i z e d  to  develop the  models a n d .(2) the 

tim e  frame associa ted  w ith  th e  da ta .

Sources

As was p re v io u s ly  d iscussed , the development o f  the  tra c k  m ain te

nance models was l im ite d  to  p u b lic ly  a v a ila b le  da ta . Data o f  s u f f ic ie n t  

d e ta i l  f o r  purposes o f  t h is  s tudy and reasonably c o n s is te n t throughout 

th e  tim e  p e rio d  and between c a r r ie rs  were a v a ila b le  from  o n ly  two sources: 

th e  annual re p o rts  o f  Class I  ra ilro a d s  to  the  In te rs ta te  Commerce 

Commission (ICC Form R - l)  and the a cc id e n t re p o rts  f i l e d  by the c a r r ie rs  . 

w ith  the Federal R a ilro ad  A d m in is tra tio n  (FRA), fo rm e rly  f i l e d  w ith  the ICC. 

Both sources o f data have some degree o f  u n c e rta in ty  associa ted  w ith  the 

q u a l i ty  o f  th e i r  data.
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Annual Reports o f  R a ilroads o f  Class I to  th e  In te rs ta te  Commerce 

Commission. A lthough the  R -l re p o rts  are based on a un ifo rm  system o f  

accounts, th e re b y  p ro v id in g  some degree o f  re p o r tin g  co ns is tency between 

the va rio u s  r a i l r o a d s ,  re p o r tin g  and re co rd in g  e r ro rs  were o c c a s io n a lly  

found. For example, in  severa l cases, where separate columns were 

provided f o r  d e b its  and c re d its  to  a s p e c if ic  account, neg a tive  numbers 

were entered in  the  c r e d i t  lo c a t io n s , o r  p o s it iv e  numbers in  the  d e b it  

lo c a t io n , o r  both . In  o th e r cases, numbers which were expected to  add 

up d if fe re d  s ig n i f i c a n t ly  from  the  reporte d  to ta ls .

Other problems f o r  users o f  tim e  se rie s  data stem from  changes in  

the  Uniform  System o f  Accounts. These changes are o f  two basic typ e s :

(1 ) re v is io n s  in  th e  c la s s i f ic a t io n  o r ca te g o rie s  f o r  expense, revenue, 

asse t, and l i a b i l i t y  elements and (2) changes in  the  methods f o r  d e te r

m ining values held in  balance sheet accounts. S iza b le  d iffe re n c e s  in  

the magnitude o f  c e r ta in  v a r ia b le s  may occur as a r e s u lt  o f  these and 

o th e r changes and thus impede the co m p a ra b ility  o f  data over periods o f  

tim e th a t  s tra d d le  such changes. For example, in  1963, the  In te rs ta te  

Commerce Commission re q u ire d  Class I ra ilro a d s  to  a d ju s t the  book co s t 

o f  th e i r  p ro p e rtie s  to  a va lue determined by the Commission. This 

change in  the  va lue  o f  r a i l  assets caused a d is c o n t in u ity  in  the tim e 

se rie s  re la t io n s h ip s ,  e .g . ,  f o r  ra te  o f  re tu rn  on n e t in ve s te d  asse ts .

The s ta te d  asse t va lues o f  some roads were increased by the ad justm ent, 

w h ile  those o f  o th e rs  were decreased.

The degree o f  agg rega tion  o f  much o f  the R -l data a lso  in tro d u ce s  a 

s ig n i f ic a n t  l im i t a t io n .  The p o s tu la te d  e f fe c t  o f  severa l o f  the  fa c to rs ,  

such as t r a in  speed and car w e ig h t, are based on s p e c if ic  va lu e s ; va lues 

obta ined from  the  R -l re p o rts  are system average va lu e s . On la rg e  

systems, w ith  heterogenous c h a ra c te r is t ic s  w ith  re sp e c t to  t r a f f i c  

d e n s ity  and t r a in  speed, the system average values w i l l  d i f f e r  from 

those on a s p e c if ic  l in e .  Thus, the  use o f  system average values w i l l  

underestim ate maintenance requirem ents on some lin e s  and overestim ate  

them on o th e rs . I f  th e  e f fe c ts  o f  some parameters are n o n lin e a r, the  

overestim ates and underestim ates w i l l  not balance.
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A cciden t Data. The a c c id e n t data u t i l i z e d  in  th e  s tudy were taken 

from  th e  a cc id e n t re p o rts  th a t  ra ilro a d s  f i l e d  w ith  the  In te rs ta te  

Commerce Commission and, la t e r ,  th e  Federal R a ilro a d  A d m in is tra t io n  

Reports p r io r  to  1965 c o n ta in  o n ly  in fo rm a tio n  on the  to ta l  number o f  

a cc id e n ts  by cause. A f te r  1965, however, copies o f  the  in d iv id u a l 

a cc id e n t re p o rts  were a v a ila b le .

As w ith  the  R -l re p o r ts ,  re co rd in g  e r ro rs ,  re p o r t in g  e r ro rs ,  and 

changes in  th e  re p o r tin g  c r i t e r ia  a f fe c t  the  q u a l i ty  o f  th e  a cc id e n t 

da ta . Since the  re p o r tin g  th re s h o ld  is  based on the d o l la r  va lue  o f  the  

damages, both the  number o f  a cc id e n ts  re p o rte d  and th e  va lue  o f  the 

damage re p o rte d  are s u b je c t to  in f la t io n a r y  e f fe c ts .  M oreover, the 

re p o rte d  co s t o f  th e  a c c id e n t r e f le c ts  o n ly  damage to  equipment and 

f a c i l i t i e s .  O ther c o s ts , which management should co n s id e r in  assessing 

th e  t ra d e -o ffs  between maintenance le v e ls  and acc iden ts  (such as t r a in  

delays and lo s t  t r a f f i c ) ,  are n o t in c lu d e d .

The a cc id e n t cause, as l is t e d  in  th e  re p o r t ,  may a lso  lead  to  some 

b ia s  in  th e  a n a ly s is . During th e  in te rv ie w  phase o f  th e  s tu d y , several 

o f f i c i a ls  were asked to  comment on t h e i r  p e rce p tio n  o f  the  r e l i a b i l i t y  

o f  th e  reporte d  causes. Responses ranged from  "o fte n  q u e s tio n a b le " to  

"h ig h ly  a c c u ra te ."  The degree o f  confidence v a r ie d  w ith  th e  procedure 

th a t  was e s ta b lish e d  to  determ ine cause when no c le a r -c u t  evidence was 

a v a ila b le .  I t  was suggested d u rin g  in te rv ie w s , f o r  example, th a t  o fte n  

the  cause is  determ ined by th e  h ig h e s t rank ing  o f f i c i a l  on the  scene, 

who is  l i k e ly  to  fa v o r h is  own departm ent i f  the  cause is  n o t obvious.

On ra ilro a d s  where g re a t con fidence was expressed in  th e  accuracy o f  the  

re p o rte d  cause, in te rd e p a rtm e n ta l committees were o fte n  e s ta b lis h e d  to  

determ ine the  cause o f  an a c c id e n t in  u n c le a r cases. Given the  la ck  o f  

confidence in  the  re p o rte d  cause, th e  damage due to  t ra c k - re la te d  acc iden ts  

as re p o rte d  may no t a c c u ra te ly  in d ic a te  actua l t ra c k - re la te d  damage.

V a ria b le s  Selected

In  rev iew ing  the  l im ita t io n s  o f  th e  model th a t  has been developed, 

i t  is  h e lp fu l to  review  th e  model development phase and the  s e le c tio n  o f  

v a r ia b le s  th a t  were used in  the  s t a t i s t ic a l  a n a ly s is .
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The v a r ia b le s  which were used in  the development o f  s t a t is t ic a l  

a n a ly s is  are presen ted in  Table 11. By comparing these v a r ia b le s  to  

those p o s tu la te d  in  th e  s t ru c tu ra l model o f  the  tra c k  maintenance fu n c tio n  

(F ig u re  9 ) ,  th e  proxy n a tu re  o f  many o f  these v a r ia b le s  is  e v id e n t.

The p rim ary  tra n s fo rm a tio n  between the p o s tu la te d  independent 

v a r ia b le s  and th e  v a r ia b le s  which were derived  from  p u b lic ly  a v a ila b le  

data is  th e  system wide v is - a - v is  l in e - s p e c if ic  na tu re  o f  the  v a r ia b le s . 

Car w e ig h t is  a good example o f  how system average values may d im in ish  

the  e x p la n a to ry  va lu e  o f  a param eter. A recen t study in d ic a te d  th a t 

r a i l  wear w ith  125 -ton cars is  5 tim es th a t  experienced w ith  100-ton 

cars [1 7 ] .  Thus r a i l  wear is  a fu n c tio n  o f  the  w e igh t o f  in d iv id u a l 

cars in  a d d it io n  to  th e  to ta l  tonnage moving over the  l in e .  Average car 

w e ig h t does n o t r e f le c t  s u f f i c ie n t ly  the  a c tu a l spectrum o f  ca r weights 

o p e ra tin g  on an in d iv id u a l l in e .

In  severa l o th e r  cases, v a r ia b le s  which were p o s tu la te d  in  the 

s tru c tu ra l model were e i th e r  no t q u a n t if ia b le  o r  no t a v a ila b le  in  the 

data base. Where p o s s ib le , proxy va ria b le s  were used to  approxim ate the 

e f fe c t  o f  th e  th e o re t ic a l v a r ia b le .  Track c o n d it io n  is  a good example 

o f  t h is  type  o f  a p p ro x im a tio n . Track c o n d itio n  is  d i f f i c u l t  to  q u a n t ify ,  

and what va lues do e x is t  are not inc luded in  p u b lic ly  a v a ila b le  sources. 

The model u t i l i z e s  th e  change in  system average t r a in  speed to  capture 

the tre n d s  in  t ra c k  c o n d it io n , i . e . ,  as tra c k  c o n d it io n  d e te r io ra te s ,  

the im p o s itio n  o f  a d d it io n a l slow orders reduces average t r a in  speed. 

Average t r a in  speed may, however, be a ffe c te d  by o th e r fa c to rs  such as 

lo n g e r t r a in s ,  o r  a ttem pts  to  reduce fu e l consumption. Furtherm ore, f o r  

one ra i l r o a d ,  average t r a in  speed was reduced d u rin g  periods o f  increased 

maintenance spending, a p p a re n tly  due to  t r a in  delays occasioned by the 

maintenance o p e ra tio n s .

L im ita tio n s  Imposed by the Time Frame

The re s u lts  o f  an a n a ly s is  o f  tim e se rie s  data may a lso  be a ffe c te d  

by the  d u ra tio n  o f  th e  tim e se rie s  se le c te d . The f a i r l y  long in -s e rv ic e  

l iv e s  o f  t ra c k  components such as r a i l  and t ie s  re q u ire  th a t  tim e frames 

be se le c te d  which are s u f f ic ie n t ly  long to  capture  the l i f e  cycles

95



o f these components. However, tim e  s e rie s  which are o f  s u f f ic ie n t  

d u ra tio n  to  encompass component l i f e  cyc les  may a lso  in c lu d e  o th e r 

fa c to rs  which a f fe c t  th e  maintenance fu n c t io n .  Recent events which have 

a ffe c te d  th e  a l lo c a t io n  o f  maintenance resources in c lu d e  changes in  ca r 

s iz e  and w e ig h t, development o f  improved maintenance te ch n iq u e s , and 

changes in  managerial p h ilo s p h y .

The tim e frames which have been u t i l iz e d  in  the  a n a ly s is  rep re se n t 

a compromise among the  requ irem ents  o f  t ra c k  component l i f e .  These tim e 

frames m inim ize e x te rn a l in flu e n c e s  and cons ide r the  a v a i la b i l i t y  o f  

s u f f ic ie n t  da ta . However, changes in  m anagerial commitment to  the 

p re s e rv a tio n  o f  the  r a i l r o a d  in f r a s t r u c tu r e  have a ffe c te d  th e  re s u lts  o f  

severa l o f  th e  re g re ss io n  m odels. Other changes, such as the  in c re a s in g  

use o f  long high c a rs , u n i t  t r a in s  and s ix  a x le  lo co m o tive s , as w e ll as 

improved r a i l  m e ta llu rg y  and increased m echanization o f  maintenance 

o p e ra tio n s , are embodied in  these  tim e s e r ie s .

USE OF THE MODEL

Nonetheless, th e  Track M aintenance Models developed in  th is  s tudy 

are use fu l in  a na lyz ing  the  b e h a v io r and s e n s i t iv i t y  o f  th e  in d u s try  as 

a w hole, as w e ll as the  r a i l r o a d  groups, to  changes in  the  va rio u s  

netw ork, o p e ra tio n , o r  resource  fa c to rs .  The s ig n if ic a n c e  o f  the  key 

e xp la n a to ry  v a r ia b le s  s p e c if ie d  in  the model prov ides in s ig h t  in to  the 

r e la t iv e  importance o f  each fa c to r  to  th e  tra c k  maintenance budgeting 

process. The equations p e rm it q u a n t i ta t iv e  estim ates o f  t ra c k  m ain te

nance expenditu res both in  term s o f  nominal d o lla rs  and as a p ro p o rtio n  

o f  revenues. Changes in  th e  magnitude o f  parameters such as ca r w e igh t 

and acc iden ts  can thus be examined in  l i g h t  o f  t h e i r  im pact on tra c k  

maintenance expe nd itu res .

The focus o f  these models has been p r im a r ily  on the tra c k  m a in te 

nance a llo c a tio n s  process, which is  o n ly  p a r t o f  the  o v e ra ll re la t io n s h ip  

between tra c k  maintenance e xp e n d itu re s , t ra c k  c o n d it io n s , t ra c k - re la te d  

a cc id e n ts , and FRA s a fe ty  s tandards. The use o f  p u b lic ly  a v a ila b le  data 

precluded the development o f  an o b je c t iv e  measure o f  t ra c k  q u a l i t y ,  

w ith o u t which i t  is  im po ss ib le  to  say anyth ing  about how FRA s a fe ty , 

standards m ight be s tren g th ened , a lte re d  o r  improved, o r  to  e x p la in  the 

im pact o f  any re v is io n s  on th e  resources a llo c a te d  to  tra c k  maintenance.
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FINDINGS

In  s p ite  o f  th e  l im ita t io n s  imposed by the use o f  p u b lic ly  a v a ila b le  

d a ta , th is  research has produced several in te re s t in g  in s ig h ts  in to  the 

e ffe c ts  o f  the  fe d e ra l tra c k  s a fe ty  standards. The standards were 

in tended ,to reduce t ra c k - re la te d  accidents by imposing speed r e s t r i c 

t io n s  in  accordance w ith  tra c k  c o n d itio n s . I f  th e  reduced speeds were 

imposed on h ig h -d e n s ity  l in e s ,  the  increased o p e ra tin g  costs asso c ia te d , 

w ith  decreased ca r and locom otive  u t i l i z a t io n  would p rov ide  the economic 

ju s t i f i c a t io n  to  increase  maintenance e xpe nd itu res . I f ,  on the o th e r 

hand, the  increased o p e ra tin g  costs were not s u f f ic ie n t  to  s t im u la te  

increased maintenance a c t iv i t y ,  the  Tower t r a in  speeds would enhance 

s a fe ty .

Maintenance Expenditures

The re s u lts  suggest th a t  the im p o s itio n  o f  the standards has had the 

p re d ic te d  impacts on both maintenance spending and on t r a in  speeds. In  

the years s ince the standards were imposed, th e re  has been a s t a t i s t i c a l l y  

s ig n i f ic a n t  increase in  the p ro p o rtio n  o f  ra ilw a y  revenues which have been 

devoted to  tra c k  m aintenance. As m ight be expected, those ra ilro a d s  which 

operate t r a in s  a t h ighe r speeds appear to  be more s e n s it iv e  to  the in tro d u c tio n  

o f  the s a fe ty  standards than those which operate w ith  lower system speeds.

In c o n tra s t,  the group of. c a r r ie rs  which have ve ry  low system speeds were not 

a ffe c te d  by the s tandards, p o s s ib ly  because the speeds a t  which they  operate 

were a lre a d y  lower than those which m ight be imposed by the fe d e ra l standards. 

P ro f ita b le  ra ilro a d s  were a lso found to  be more s e n s it iv e  to  the s tandards, 

perhaps because they possess the resources to  undertake r e h a b i l i ta t io n  e f fo r t s .

T ra in  Speeds

I t  appears th a t  average t r a in  speeds have a lso  been in flu e n c e d  by the 

im p o s itio n  o f  the  standards. The models in d ic a te  th a t  the  standards have had 

a s t a t i s t i c a l l y  s ig n i f ic a n t  negative  in flu e n c e  on the p re d ic tio n  o f  average 

t r a in  speeds. However, th is  r e s u lt  must be considered in  l ig h t  o f  o th e r 

in f lu e n c e s , such as fu e l conserva tion e f fo r t s ,  which may a lso  have had n e g a tive  

in flu e n c e s  on o p e ra tin g  speeds.
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A cciden ts

The m ajor area in  which th e  standards have no t had th e  intended 

e f fe c t  is  in  th e  re d u c tio n  o f  th e  number o f  t ra c k - re la te d  a cc id e n ts . In  

s p ite  o f  th e  im p o s itio n  o f  th e  s tandards, th e  a cc id e n t ra te  has not 

decreased; ra th e r ,  i t  has inc re ased . I t  is  p o s s ib le , o f  course , th a t  

the  im p o s itio n  o f  the  standards prevented a much la rg e r  inc re ase  in  the 

a cc id e n t ra te ,  bu t i t  is  n o t p o s s ib le  to  in v e s t ig a te  th is  hypo the s is .

The in d u s try ,  however, is  s e n s it iv e  to  a cc id e n t ra te s  in  the  m ain te

nance budgeting process. C a rr ie rs  which are p r o f i ta b le  opera te  a t 

h ig h e r average speeds; c a r r ie rs  which re p resen t h igh d e n s ity  1ines are 

more s e n s it iv e  to  the  a cc id e n t ra te  than are s low , u n p ro f i ta b le ,  o r  low 

d e n s ity  c a r r ie rs .

ADDITIONAL RESEARCH

W hile these f in d in g s  have i l lu m in a te d  some o f  th e  e f fe c ts  o f  the  

FRA s a fe ty  s tandards, they  do n o t say a ny th ing  about how th e  standards 

m ig h t be a lte re d  o r,im proved  to  increase th e i r  e f fe c tiv e n e s s . This 

cannot be accomplished w ith o u t an o b je c t iv e  measure o f  t ra c k  c o n d it io n  

which has been s t a t i s t i c a l l y  re la te d  e ith e r  to  the  occurrence o f  t ra c k -  

re la te d  acc iden ts  o r  to  th e  le v e l o f  maintenance e xp e n d itu re s . F igure  

10 i l lu s t r a t e s  th e  re la t io n s h ip  between maintenance a c t i v i t ie s ,  tra c k  

c o n d it io n , a cc id e n t ra te s ,  and s a fe ty  standards. The research d e ta ile d  

in  th is  re p o rt in v e s tig a te d  th e  re la t io n s h ip s  la b e le d  "A" and "B ."

The next lo g ic a l phase o f  research is  noted as "C" and "D" in  

F igure  10. The c o l le c t io n  o f  s p e c if ic ,  d isaggregate  t ra c k  c o n d it io n  

data on s p e c if ic  r a i lr o a d  l in e  segments, as w e ll as the  corresponding 

a cc id e n t da ta , w i l l  p e rm it a s t a t i s t ic a l  a n a lys is  o f  the  re la t io n s h ip  

between the  two data s e ts . A lte rn a t iv e  means o f  re p re s e n tin g  tra c k  

c o n d it io n  should be e xp lo re d , in c lu d in g  the  p o s s ib le  fo rm u la tio n  o f  a 

weighted Track Q u a lity  and Use Index. The development o f  such an index 

would provide  a m eaningful basis  on which to  p re d ic t  a cc id e n t p ro b a b il i ty .  

Moreover, the  index can p ro v id e  the means to  assess what maintenance 

expenditu res would p rov ide  th e  g re a te s t re d u c tio n s  in  a cc id e n t p r o b a b il i ty .
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Track Maintenance Programs
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Note: A-B = research  performed using aggregate data

C-E = proposed research using d isa g g re g a te , l in e - s p e c if ic  data

F igure  10. R e la tio n sh ip s  Among Maintenance, Track C o n d itio n , and S a fe ty
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* <* r,

Maintenance of Way Expenditure - Master File

FIELD NO. COLUMNS FORMAT DESCRIPTION ______________ SOURCE______________ _____

1 1-4 A4 Four letter railroad abbreviation code

2 5-6 12 Year

3 7-18 112 Gross operating revenues 
(deflated 1967)*

Line 1, Schedule 300-R-l report

4 19-30 ll2 Total of all expense accounts 
relating to maintenance of.track 
and structure (deflated 1967).

Lines 1-28, Line 49, Schedule 320, 
R-l report

Lines 9-13 (1962, 1963), lines 8-12
5 31-42 112 Net change in capital, accounts . 

Related to Track and Structure 
(deflated 1967)

(1964-1977), column i, Schedule 211, 
R-l report

6 43-44 12 Dummy variable reflecting the 
existence of Amtrak passenger . 
operations (1 = yes, 0 = no)

Quantitative judgement

7 45-50 F6.3 Return on investment (old ICC 
methodology)

i •

Line 22, Schedule 300, divided by 
sum of lines 1, 13, and 41, 
Schedule 200, R-l report

8 51-55 F5.1 Estimate of Average train speed 
calculated by dividing total train 
miles by total train hours

Line 6, col. a  + b divided by line 
30, col. a + b, Schedule 531,
R-l report

9 56-61 16 Total system track miles Dyer tape, Rl, field //6

10 62-68 17 Gross ton miles Dyer tape, Rl, field //ll

*A11 deflated monetary variables adjusted by the AAR regional price index
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Maintenance of Way- Expenditure - Master File (cont.)

FIELD NO. COLUMNS FORMAT DESCRIPTION SOURCE

o
00

11
12
13

14
15
16

17
18

19

20 

21

69-77
78-86
87-94

95-104

105-116

117-128

129-138
139-143

144-151

152-155

156-165

19

19
18

F10.2

112
112

F10.2
F5.1

18

14
110

Total cross ties' in place■fond'ns

TotajLo crps® tallê -iy To ’ )

To tai i (track males:.1 or-f 'rail' ins tailed

> r '■} 1 <tr. c  f r iQ U C r i

 ̂ ,>r ii jsvtqor*?. ^ccrqtsur-"; r '

:?r ' y i 'ns r. t vj r ■:='! ' I . ■no SR n

ru 'ibt i. u.

Dyer tape, Rl, field i t8

Dyer tape, R2, fields 2, 5,8, 11

Dyer tape, R3, derived by following 
formula.
Quantity (tons) + weight class =
yard tons. x 2000 Lb x 3 ft 

Lb ’ ton 1 yard

x 1 mile ^ 2 Rails = Track miles of Rail

CWR rail installed

Total train miles
- ! v , i i u '-il;l ' i 

Total car miles

CWR ’f a i l '  iri pl'ace f 1 ' 1 ' >•: *
Es timate!' of:'average ct'rairf length . 
car miles/train miles

:■ -7 i. n c o T O ‘ / ' ! 7  ' [ 7  7 h t u i: -

Estimate of average train weight 
grossr'tort miles/train miles

i t of accidents in speed Category 1

Total damage in Cat. 1 (deflated 1967)

5280 ft Track 

First difference of field #17 this report *** 

Line 6, Schedule 531,- R-l report 

Line 26, Schedule 531, R-l report 

Dyer tape, R3, field #8 

Fields 15 and 16 this report

Fields 10 and 15 this report

Safety Tapes**

**See Appendix I for explanation of the Accident Variables.
***Where differences were found between the miles of CWR installed as reported on line 29 Schedule 515 

of the R-l and the first difference, of field #17 the miles of CWR laid as reported is contained
in this field.
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Maintenance of Way Expenditure - Master File (cont.)

FIELD NO. COLUMNS FORMAT •DESCRIPTION SOURCE

22 166-168 13 Total It of hazardous material Safety Tapes**
accidents in Cat.' '1 'r

23 169-172 ' 14 It of accidents in Speed Cat. 2, t» 11

24 173-182 n o Tocal.'damage i'd'-Catv 2. (deflated . 1967) »l , ( II

25 183-185 13 Total?// Of hhfcarodous accidents II II
Cat. 2

26 186-189 14 //of accidents in speed Cat. 3 . U II

27 190-199 n o Total damage in Cat. 3 (deflated 1967) II II

28 200-202 13
• ' : • 1 1 • 1 i
Total It of hazardous accidents Cat. 3 M II

29 .203-206 14 It of accidents in speed Cat. 4 It II

30 207-216 n o Total damage in Cat. 4 (deflated 1967) it tv

31 217-219 13 Total It of hazardous accidents Cat, 4 II II

32 220-224 15 Total accidents II II
1

33 225-230 F6.3 Proportion of jtEack miles Tin r.CWR‘Gq Fields 9 and 17 this report
34 231-236 F6.3 Ratio .;o:fi.'(jCapi;tolr rEacpi.t nkiMaint. Exp. ) Fields 3, 4, and 5 this report

Revenue; m  ct-.-ev; t raa x?»- Fjj ocp
35 237-245 F9.6 Ratio of Gross Ton Mile Fields 9 and 10 this report

Gross Track Miles

t
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Maintenance of Way Expenditure - Master File (cont.)

FIELD NO. COLUMNS FORMAT DESCRIPTION SOURCE

36 246-257 112 Revenue in nominal dollars Line 1, Schedule 300, R-l report

37 258-269 112 Maintenance Exp. in nominal dollars See field no. 4

38 270-281 112 Capital Exp. in nominal dollars See field no. 5

39 282-291 n o Nominal dollars Field #21 this report

40 292-301 n o
» «. i i  # 2 4  ri

t
41 302-311 n o

1
t TM\o " //27 . 11

i  •»: i o oi j c i- r ft
K  " #30 ‘ "
! f . r !• >j runs- •: i-. [ hg i 

Median value of accident damage 
on ."main" track. ,\\ Nominal dollars

42 312-321 n o

43 • 322-331 n o Safety Tapes**

44 332-341 n o Median value of accident damage 
on "main"‘~;jr :>g> o.‘Deflated dollars

I I  I t

45 342-351 n o
1

Mediarrrvalue;:ofracaide.nt, damage
on "b/rancji"‘rtrrae!lc.x ''Nontinai.-dollars1

I I  I I

46 352-361 n o Median valine \0,f '■accidenQ damage 
ion branch!'vr pefiyateid: dollars

I I .  I I

47 362-371 n o Total accidents; oa "maint"' track I I  I t

48 372-381 n o Total accidents on "branch"track I I  I I

49 382-391 F10.6 Accident index 1. (field # 43 * 
field #47)/.field #10.

This report

c*' -J c
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Maintenance of Way Expenditure - Master File (cont.)

FIELD NO. COLUMNS FORMAT DESCRIPTION SOURCE

50 392-401 F10.6
- y n :

- 'Accident index 2. (field it44 *  

 ̂field; #-r4'7)/.field'; ; // i l .p  r r  ;,-

This report

51 402-411 F10.fr--; , [Accident. index 3 > £  r.(rfieirfl <7/4;5; <*'. 

s £i e l d y  ;'lh  4c8i) /inrei'd' i itl 0 ; *? ni k ?

This report

52 412-421 F10.fr u
: ’ <3q

,rA'Ocdde;ntt.lindjex 4?,̂ ”CfieildW/j4]6:&? 
. field. 4 4 8 ) J  £iterld:<ltl0  q g m - ' > L

This report

53 422-431 F10.3v:
’ l r. rt

Diyddent p a y o u t s  ratjidq <70; rvi-a
■ 311 . - i f - i 6 ■ . ) q - m r i - G '

Line 11, Schedule 305, divided by Line 55, 
Schedule 300 Rl-report.

54 432-438 F7..1 Price index* w/qn:fuelT « • q  i n<: AAR price index

55 439-445
- qF7. i

x >j ‘jixry^r  o f  s r u i ,  • • }<-■ !! r

Price index w fuel II  I I  I I

56 446-451 F6.3 ;.  * * 11 V? 0  11 Ratio of main line/total track "Consad" Tape
.■mile 1976 ... „

I I  < i  • ^  v

’ ;iJ X U q o r p n r . 3  f  C U T - :  r .G b  n - ' f

J TC  ' T F ; y b  • i d  u o i

' M i ' ' • r - i i s n p  yr\ * r

rc u;.i  u ^ j
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Safety Tape Variables

The Safety variables Fields 20-32 were derived in the following manner: 
total damage (TOT-DMG - old files; sum of EQUIPDAMAGE and TRACKDAMAGE on 
new file) was read off of each individual report which met the following 
criteria:

1. It was an original report.

2. The cause code (CAUSE on old files CAUSE 1 on new files) was 
related to track failure.

3. The damage of the incident was above the threshold. (The 
threshold was calculated using deflated values of the 
FRA's threshold).

The incident was classified according to speed (TRN - SPD on old file,
SPEED on new file) and whether or not hazardous materials were involved 
(EXPZP on old, HAZMAT on new). Within each speed category (0 - 20 MPH = 1;
20 - AO MPH =2; AO - 60 MPH = 3; over. 60 MPH = A) the total damage value, 
the number of accidents, and the number of accidents involving hazardous
materials were calculated. " ^

The index variables fields A3 - A6, were calculated using the same total 
damage and criteria above. However,, each incident was classified according -t
to the type of track on which the incident occurred (DEFECT on olds files,
TYPTRACK on new files). The median values of accidents for the categories 
"Main" (codes 1, 6j 7) or "Branch" (codes 2, 3, 8) were calculated. The 
index was calculated by (median value * number of accidents in that category 
•s- Gross Ton Miles.

J-

112



APPENDIX B
REPORT OF NEW TECHNOLOGY

This re p o r t  con ta ins  a s t a t i s t i c a l  ana lys is  o f  h i s t o r i c a l  r a i l r o a d  maintenance 

of-way spending. As such no new technolog ies have been explored i n  t h is  study.
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