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PREFACE

T h i s  r e p o r t  w a s  p r e p a r e d  b y  ENSCO, I n c .  w i t h  a s s i s t a n c e  b y  

L o n d o n  T r a n s p o r t  I n t e r n a t i o n a l ,  L t d ,  u n d e r  c o n t r a c t  No.  DOT- 

T S C - 1 5 0 2  m a n a g e d  b y  t h e  T r a n s p o r t a t i o n  S y s t e m s  C e n t e r ,  C a m b r i d g e ,  

M a s s a c h u s e t t s .  The  c o n t r a c t  i s  p a r t  o f  a  p r o g r a m  t o  a s s i s t  

t r a n s i t  p r o p e r t i e s  t o  i m p r o v e  t r a c k ,  t h a t  i s  s p o n s o r e d  b y  t h e  

O f f i c e  o f  R a i l  a n d  C o n s t r u c t i o n  T e c h n o l o g y ,  O f f i c e  o f  T e c h n o 

l o g y  D e v e l o p m e n t  a n d  D e p l o y m e n t ,  U r b a n  Mass  T r a n s p o r t a t i o n  

A d m i n i s t r a t i o n  o f  t h e  U . S .  D e p a r t m e n t  o f  T r a n s p o r t a t i o n .

T h e  o v e r a l l  o b j e c t i v e  o f  t h e  c o n t r a c t  i s  t o  h e l p  e x p a n d  a n d  

s y s t e m a t i z e  t h e  s e a r c h  f o r  i m p r o v e m e n t s  i n  t r a n s i t  t r a c k .

T h i s  r e p o r t  d e s c r i b e s  t r a c k  c o n d i t i o n s ;  c u r r e n t  p r a c t i c e s  i n  

d e s i g n ,  c o n s t r u c t i o n  a n d  m a i n t e n a n c e ;  a n d  o p p o r t u n i t i e s  f o r  

i m p r o v e m e n t s .  I t  i d e n t i f i e s  a v a i l a b l e  t r a c k  t e c h n o l o g y  a n d  

new r e s e a r c h  t a s k s  o f  v a l u e  t o  t r a n s i t  s y s t e m s ,  p r o v i d e s  e v a l u 

a t i o n s  a n d  c o s t  a n a l y s e s  o f  r e s e a r c h  a n d  s u p p o r t  t a s k s ,  a n d  

p r e s e n t s  r e c o m m e n d a t i o n s  f o r  a  t r a c k  r e s e a r c h  p r o g r a m .

T h e  g u i d a n c e  a n d  s u g g e s t i o n s  o f  Mr .  G e r a l d  S a u l n i e r  o f  t h e  

T r a n s p o r t a t i o n  S y s t e m s  C e n t e r ,  t h e  t e c h n i c a l  m o n i t o r ,  a n d  o f  

Mr .  G . L .  B u t l e r  o f  t h e  U r b a n  Ma s s  T r a n s p o r t a t i o n  A d m i n i s t r a 

t i o n ,  t h e  p r o g r a m  m a n a g e r ,  w e r e  o f  g r e a t  h e l p  t h r o u g h o u t  t h e  

s t u d y .  E f f e c t i v e  a s s i s t a n c e  a n d  u s e f u l  s u g g e s t i o n s  w e r e  p r o 

v i d e d  b y  Mr .  F . J .  C i h a k  o f  t h e  A m e r i c a n  P u b l i c  T r a n s i t  A s s o c i a 

t i o n  a n d  b y  m e m b e r s  o f  t h e  P r o j e c t  L i a i s o n  B o a r d :  M e s s r s  B i l l

A n i d o ,  MDCTA, R a j  T .  B h a r a d w a j a ,  MTAB, Homer  Che n  a n d  Th o ma s  

O ' D o n n e l l ,  WMATA, J a m e s  F.  D e l a n e y ,  PATH, C h e s t e r  M a r c z e w s k i ,  

NYCTA, Roy T .  S m i t h ,  CTA, C h a r l e s  S t a n f o r d ,  SEPTA,  H a r r y  

T i e t j e n ,  MARTA, a n d  D o n a l d  R. W o l f e ,  PATCO. As C h a i r m a n  o f  

T r a c k  S e m i n a r  W o r k s h o p s ,  Mr .  E.  A.  T i l l m a n ,  A s s o c i a t e  V i c e  

P r e s i d e n t  o f  D a n i e l ,  Mann ,  J o h n s o n  § M e n d e n h a l l  a n d  Mr .  V.  P .  

Ma h o n ,  D i r e c t o r  o f  P o w e r  a n d  Way M a i n t e n a n c e ,  Bay  A r e a  R a p i d  

T r a n s i t  D i s t r i c t ,  C a l i f o r n i a ,  c o n t r i b u t e d  g r e a t l y  t o  t h e  p r o j 

e c t  b y  t h e i r  e f f e c t i v e  w o r k  a n d  l e a d e r s h i p .
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1.  SUMMARY

1 . 1  BACKGROUND

T r a n s i t  t r a c k  d e s i g n ,  c o n s t r u c t i o n  a n d  m a i n t e n a n c e  g e n e r a l l y  

f d l l o w  p r a c t i c e s  d e v e l o p e d  i n  t h e  r a i l r o a d  i n d u s t r y  w i t h  v e r y  

g o o d  r e s u l t s .  T r a n s i t  t r a c k  i s  s t r o n g ,  s a f e  a n d  d u r a b l e .  

I m p r o v e m e n t s  a r e  c o n s i d e r e d  n e c e s s a r y ,  h o w e v e r ,  t o  p r o v i d e  

a s m o o t h e r  a n d  q u i e t e r  r i d e  i n  many c a s e s  a n d  t o  h e l p  o f f s e t  

t h e  r i s i n g  c o s t s  o f  t r a c k  c o n s t r u c t i o n  a n d  m a i n t e n a n c e  i n  a l l  

c a s e s .

A c o n t i n u i n g  s e a r c h  f o r  i m p r o v e m e n t s  i n  t r a n s i t  t r a c k  i s  

c o n d u c t e d  b y  t h e  S u b c o m m i t t e e  o n  T r a c k  o f  t h e  Ways a n d  S t r u c 

t u r e s  C o m m i t t e e  o f  t h e  A m e r i c a n  P u b l i c  T r a n s i t  A s s o c i a t i o n  

(A P T A ) . I t s  m e m b e r s ,  who r e p r e s e n t  t r a n s i t  p r o p e r t i e s , *  c o n 

s u l t i n g  e n g i n e e r i n g  f i r m s  a n d  s u p p l i e r s ,  h a v e  c o n t r i b u t e d  

m any  o f  t h e  c o n c e p t s  t h a t  a r e  p r e s e n t e d  a s  r e c o m m e n d a t i o n s  

i n  t h i s  r e p o r t .

T h e  T r a n s i t  T r a c k  S y s t e m s  S t u d y  d e s c r i b e d  i n  t h i s  r e p o r t  was  

i n i t i a t e d  b y  t h e  U r b a n  Mass  T r a n s p o r t a t i o n  A d m i n i s t r a t i o n  

(UMTA) a n d  t h e  T r a n s p o r t a t i o n  S y s t e m s  C e n t e r  (TSC) t o  h e l p  
e x p a n d  a n d  s y s t e m a t i z e  t h e  c u r r e n t  s e a r c h  f o r  i m p r o v e m e n t s  

i n  t r a n s i t  t r a c k .  The  s t u d y  c o n c e n t r a t e s  o n  i d e n t i f y i n g  n e w ,  

c o s t - e f f e c t i v e  t e c h n o l o g y  i n  o r d e r  t o  a c c e l e r a t e  i t s  u s e  i n  

t r a n s i t  t r a c k ,  a n d  o n  e v a l u a t i n g  p o t e n t i a l  t r a c k  r e s e a r c h  

t a s k s  i n  o r d e r  t o  e s t i m a t e  t h e  p r o b a b i l i t i e s  o f  t h e i r  s u c c e s s  

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

1 . 2  INVESTIGATIONS AND STUDIES

T r a c k  p r o b l e m s  a n d  p r a c t i c e s  w e r e  i n v e s t i g a t e d  a t  t r a n s i t  
p r o p e r t i e s  i n  t h e  U n i t e d  S t a t e s ,  a n d  t e c h n o l o g y  w as  s t u d i e d  

i n  t h e  t r a n s i t  i n d u s t r y  a n d  o t h e r  i n d u s t r i e s  i n  t h e  U . S .  a n d

*Including the Toronto Transit Commission (TTC).
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V i s i t s  w e r e  m a de  t o  12 t r a n s i t  p r o p e r t i e s ,  a n d  r e p r e s e n t a t i v e  

s a m p l e s  o f  e x i s t i n g  t r a c k  w e r e  s u r v e y e d  i n  d e t a i l  a t  e i g h t  

o f  t h e m .  I n f o r m a t i o n  w a s  o b t a i n e d  o n  t r a c k  c o n d i t i o n s ,  p r o b 

l e m s ,  p r a c t i c e s ,  a v a i l a b l e  t r a c k  c o m p o n e n t s  a n d  t o o l s .

O p i n i o n s  a n d  i d e a s  w e r e  c o l l e c t e d  f r o m  t r a n s i t  e n g i n e e r s  a n d  

o t h e r s  a c t i v e  i n  t r a c k  d e s i g n ,  c o n s t r u c t i o n  a n d  m a i n t e n a n c e .  

T r a c k  c o n d i t i o n s  w e r e  d i s c u s s e d  w i t h  r e p r e s e n t a t i v e s  o f  t h e  

F e d e r a l  g o v e r n m e n t ,  a n d  i n f o r m a t i o n  w a s  o b t a i n e d  f r o m  m a n u 

f a c t u r e r s  b y  t e l e p h o n e  a n d  m a i l .

I n f o r m a t i o n  o n  E u r o p e a n  t e c h n o l o g y  w a s  c o l l e c t e d  b y  r e p r e 

s e n t a t i v e s  o f  L o n d o n  T r a n s p o r t  I n t e r n a t i o n a l  d u r i n g  v i s i t s  

t o  f i v e  t r a c k  s y s t e m s  i n  t h e  U n i t e d  K in g d o m  a n d  o n  t h e  

C o n t i n e n t .  T e c h n o l o g y  o f  p o s s i b l e  v a l u e  f r o m  o u t s i d e  t h e  

t r a n s i t  i n d u s t r y  w a s  s o u g h t  p r i m a r i l y  i n  t h e  r a i l r o a d  i n d u s 

t r y .  Some i n f o r m a t i o n  o n  c o n s t r u c t i o n  a n d  m a i n t e n a n c e  w as  

t a k e n  f r o m  a i r f i e l d  a n d  h i g h w a y  p r a c t i c e s ,  a n d  i n f o r m a t i o n  

o n  m a i n t e n a n c e  m a n a g e m e n t  w as  t a k e n  f r o m  p l a n t  e n g i n e e r i n g .

I n  t h e  l i t e r a t u r e  s e a r c h ,  n u m e r o u s  b o o k s ,  r e p o r t s ,  t e c h n i c a l  

p a p e r s ,  a r t i c l e s  a n d  t e c h n i c a l  n o t e s  w e r e  r e v i e w e d  t o  o b t a i n  

i n f o r m a t i o n  r e l e v a n t  t o  t r a n s i t  t r a c k  p r o b l e m s  a n d  p r a c t i c e s .  

W h i l e  m o s t  o f  t h e  l i t e r a t u r e  c o n c e r n s  r a i l r o a d  t r a c k ,  t h e  

i n f o r m a t i o n  p r e s e n t e d  c a n  s o m e t i m e s  b e  a p p l i e d  t o  t r a n s i t  

t r a c k  w i t h  a l l o w a n c e s  f o r  t h e  d i f f e r e n c e s  i n  t h e  o p e r a t i n g  

e n v i r o n m e n t  a n d  t h e  t r a f f i c .  The  p r i o r  e x p e r i e n c e  o f  t h e  

p r o j e c t  e n g i n e e r s  i n  r a i l r o a d  i n v e s t i g a t i o n s  a n d  t e s t s ,  a n d  

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

u s e f u l  i n  e v a l u a t i n g  i n f o r m a t i o n  i n  t h e  l i t e r a t u r e  a n d  

r e l a t i n g  i t  t o  t r a n s i t  t r a c k  c o n d i t i o n s .

Europe. Throughout the study, information was sought on
the best technological practices currently available and on
improvements that may be obtained through systematic research.
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V a l u a b l e  i d e a s  a n d  o p i n i o n s  w e r e  o b t a i n e d  f r o m  l e a d e r s  i n  

t r a n s i t  t r a c k  d e s i g n ,  c o n s t r u c t i o n ,  m a i n t e n a n c e  a n d  s u p p l y  

i n  tw o  w o r k s h o p  s e s s i o n s  a t  t h e  T r a n s i t  T r a c k  S e m i n a r  

s p o n s o r e d  b y  UMTA a n d  TSC o n  A p r i l  2 5 ,  1 9 7 9  i n  New Y o r k  

C i t y .

1 . 3  TRACK INVENTORY AND CONDITION

T r a c k  i n v e n t o r y  d a t a  w e r e  o b t a i n e d  f r o m  t h e  t r a n s i t  p r o p e r t i e s  

i n  a  f o r m a t  a p p r o v e d  b y  a T r a n s i t  T r a c k  S y s t e m s  S t u d y  L i a i s o n  

B o a r d  f o r m e d  b y  r e p r e s e n t a t i v e s  o f  t h e  t r a n s i t  p r o p e r t i e s  

a n d  m e m b e r s  o f  t h e  APTA s t a f f .  The  d a t a  w as  t h e n  s u m m a r i z e d  

t o  t h e  t o t a l  q u a n t i t i e s  o f  m a j o r  t r a c k  c o m p o n e n t s  i n  t h e  

U . S . ,  p r o v i d i n g  a  b a s e  f o r  b r o a d  e s t i m a t e s  o f  t r e n d s  a n d  

r e q u i r e m e n t s .

T r a c k  c o n d i t i o n  w a s  e v a l u a t e d  b y  o b s e r v a t i o n  o f  t h e  t r a c k s  

a n d  t h e i r  p e r f o r m a n c e  u n d e r  t r a f f i c ,  b y  t h e  s u r v e y  o f  r e p r e 

s e n t a t i v e  s a m p l e s  o f  t r a c k ,  a n d  b y  d i s c u s s i o n s  o f  t h e  

t r a n s i t  e n g i n e e r s '  e v a l u a t i o n s  o f  s a m p l e s  a n d  t h e  r e s t  o f  

t h e  r e v e n u e  t r a c k  a t  t h e i r  r e s p e c t i v e  p r o p e r t i e s .  The  t r a c k  

r a t i n g s  r a n g e d  f r o m  95 ( e x c e l l e n t )  t o  53 ( v e r y  p o o r ) . L e s s  

t h a n  t h r e e  p e r c e n t  o f  t h e  t r a c k  w as  r a t e d  60 ( p o o r )  o r  b e l o w ;  

a l t h o u g h  t h i s  t r a c k  i s  s a f e  f o r  l o w  s p e e d  t r a f f i c ,  a l l  o f  
i t  i s  s c h e d u l e d  f o r  e a r l y  r e p l a c e m e n t  o r  r e m o v a l .  The  

m a j o r i t y  o f  t h e  t r a c k  w as  r a t e d  i n  g o o d - t o - e x c e l l e n t  c o n d i 

t i o n ,  f a r  e x c e e d i n g  t h e  F e d e r a l  r a i l r o a d  s t a n d a r d s 1 f o r  i t s  

t r a f f i c  s p e e d .  I m p r o v e m e n t s  i n  r i d e  q u a l i t y  a r e  d e s i r a b l e ,  

h o w e v e r ,  t o  i n c r e a s e  b e n e f i t s  t o  c u s t o m e r s ;  a n d  i m p r o v e m e n t s  

i n  d e s i g n ,  c o n s t r u c t i o n  a n d '  m a i n t e n a n c e  p r a c t i c e s  a r e  

n e c e s s a r y  t o  o f f s e t  t h e  r i s i n g  c o s t s  o f  t r a c k  m a i n t e n a n c e  

a n d  r e p l a c e m e n t .

1F e d e r a l  T r a c k  S a f e t y  S t a n d a r d s , "  U n i t e d  S t a t e s  C o d e ,  T i t l e  4 9 , 
C h a p t e r  1 1 ,  P a r t  2 1 3 ,  O c t o b e r  1 9 7 1 .
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1.4 PROBLEMS AND PRACTICES
T h e  p r o b l e m s ,  p r a c t i c e s  a n d  o p p o r t u n i t i e s  f o r  i m p r o v e m e n t s  t h a t  

w e r e  s t u d i e d  w e r e  a r r i v e d  a t  w i t h  t h e  c o o p e r a t i o n  o f  t h e  t r a n s i t  

i n d u s t r y .  T h e y  w e r e  d i s c u s s e d  a t  m e e t i n g s  o f  t h e  P r o j e c t  

L i a i s o n  B o a r d  ( c o m p r i s e d  o f  r e p r e s e n t a t i v e s  o f  t h e  t r a n s i t  

p r o p e r t i e s  a n d  APTA s t a f f )  a n d  a t  a  t r a n s i t  t r a c k  s e m i n a r  i n  

l a t e  A p r i l  1 9 7 9 .  The  s e m i n a r  i n c l u d e d  o n e  w o r k s h o p  o n  d e s i g n  

a n d  c o n s t r u c t i o n  a n d  o n e  o n  m a i n t e n a n c e .  The  c o n c e p t s  f o r  

p o t e n t i a l  i m p r o v e m e n t s  t h a t  h a d  b e e n  d e v e l o p e d  d u r i n g  t h e  c o u r s e  

o f  t h e  s t u d y  w e r e  r e v i e w e d  i n  t h e s e  w o r k s h o p s .  C h a n g e s ,  d e l e 

t i o n s  a n d  a d d i t i o n s  w e r e  r e c o m m e n d e d ;  a n d  p r i o r i t i e s  w e r e  

r e c o m m e n d e d  f o r  some o f  t h e  r e s e a r c h  t a s k s  t h a t  h a d  b e e n  

i d e n t i f i e d .

1 . 4 . 1  PROBLEMS

P r o b l e m s  t h a t  o c c u r  i n  t r a n s i t  t r a c k  c a n  a l m o s t  a l w a y s  b e  p r e 

d i c t e d  a n d  a v o i d e d  o r  h a n d l e d  r o u t i n e l y  b y  e x p e r i e n c e d  m a i n t e n 

a n c e  m a n a g e r s  a n d  s k i l l e d  t r a c k  m e c h a n i c s .  I n  som e c a s e s ,  

i m p r o v e m e n t s  i n  m a i n t e n a n c e  p l a n n i n g  a n d  c o n t r o l  w o u l d  b e  h e l p 

f u l ,  a s  w e l l  a s  a d d i t i o n a l  t r a i n i n g .  I n  a l l  c a s e s ,  a d d i t i o n a l  

a n a l y s e s  o f  p o t e n t i a l  e m e r g e n c i e s  a n d  d a m a g e ,  a n d  f u r t h e r  

d e v e l o p m e n t  o f  r o u t i n e  p r o c e d u r e s  f o r  d a m a g e  c o n t r o l  a n d  r e 

c o v e r y ,  w o u l d  b e  v a l u a b l e .

M o s t  o f  t h e  p e r c e i v e d  p r o b l e m s  a r e  i t e m s  i n  w h i c h  f u r t h e r  i m 

p r o v e m e n t s  w o u l d  h e l p  t o  o f f s e t  r i s i n g  c o s t s  o r  p r o v i d e  s m o o t h e r  

a n d  q u i e t e r  r i d e s  f o r  c u s t o m e r s .  S e v e r a l  a r e a s  h a v e  b e e n  

i d e n t i f i e d  i n  w h i c h  a d d i t i o n a l ,  b a s i c  i n f o r m a t i o n  i s  n e e d e d  i n  

o r d e r  t o  o b t a i n  s u b s t a n t i a l  i m p r o v e m e n t  i n  t r a c k  m a i n t e n a n c e .  

T h e s e  i n c l u d e  t h e  w e a r  o f  r a i l  o n  c u r v e s ,  c o r r o s i o n  o f  t r a c k  

c o m p o n e n t s ,  e f f e c t i v e  u s e  o f  g u a r d  r a i l s ,  o p t i m i z a t i o n  o f  t i m e  

o n  t r a c k  f o r  m a i n t e n a n c e ,  a n d  s t r e s s  t r a n s f e r  b e t w e e n  c o n t i n u 

o u s  w e l d e d  r a i l s  a n d  l o n g  e l e v a t e d  s t r u c t u r e s .
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1.4.2 DESIGN PRACTICES
T r a n s i t  t r a c k  d e s i g n  t e c h n i q u e s  f o l l o w  r a i l r o a d  p r a c t i c e s  v e r y  

c l o s e l y  w i t h  som e  m o d i f i c a t i o n s ,  s u c h  a s  e x t e n s i v e  u s e  o f  g u a r d  

r a i l s  a n d  h e a v y - d u t y  s w i t c h  c o m p o n e n t s ,  t o  p r o v i d e  h i g h e r  l e v e l s  

o f  s a f e t y .  T h e  d e s i g n s  p r o v i d e  s a f e  a n d  a d e q u a t e  t r a c k  a t  

r e a s o n a b l e  c o s t .  A f e w  o p p o r t u n i t i e s  f o r  s m a l l  i m p r o v e m e n t s  

w e r e  s e e n ,  b u t  t h e s e  w o u l d  r e q u i r e  i n t e n s i v e  i n v e s t i g a t i o n  a n d  

w o u l d  o n l y  r e d u c e  c o s t s  s l i g h t l y  a n d / o r  i n c r e a s e  t h e  d u r a b i l i t y  

o f  t h e  t r a c k .

T r a n s i t  p r o p e r t i e s  p u r c h a s e  t r a c k  c o m p o n e n t s  i n  s m a l l  q u a n t i t i e s  

c o m p a r e d  t o  t h e  r e l a t i v e l y  l a r g e  p u r c h a s e s  o f  r a i l r o a d s ,  a n d  

c o n s i d e r  t h e  u s e  o f  a v a i l a b l e  c o m p o n e n t s  m o r e  e c o n o m i c a l  t h a n  

o r d e r i n g  t h e  m a n u f a c t u r e  o f  s m a l l  q u a n t i t i e s  o f  s p e c i a l l y  

d e s i g n e d  t r a c k  c o m p o n e n t s .  M a t e r i a l  s p e c i f i c a t i o n s  o f  t h e  

A m e r i c a n  R a i l w a y  E n g i n e e r i n g  A s s o c i a t i o n 2 (AREA) a r e  u s e d  i n  

c o n j u n c t i o n  w i t h  t h e  AREA P o r t f o l i o  o f  T r a c k w o r k  P l a n s 3 f o r  

r a i l  a n d  o t h e r  t r a c k  c o m p o n e n t s .  T h e s e  s p e c i f i c a t i o n s  a p p e a r  

a d e q u a t e  f o r  t r a n s i t  t r a c k  r e q u i r e m e n t s  w i t h  f e w  e x c e p t i o n s ,  

s u c h  a s  t u r n o u t s  o n  s h a r p  c u r v e s  a n d  f l a n g e w a y  g a p s  a t  f r o g  

p o i n t s  t h a t  a r e  n o t  o p t i m u m  f o r  s m a l l  d i a m e t e r  w h e e l s .

D a t a  f r o m  p r o p r i e t a r y  d e s i g n s  o f  m a n u f a c t u r e r s  a r e  u s e d  f o r  

s u c h  i t e m s  a s  s p e c i a l  t r a c k w o r k  c o m p o n e n t s  a n d  d i r e c t  f i x a 

t i o n  r a i l  f a s t e n e r s ,  b a s e d  o n  i n d u s t r y  e x p e r i e n c e  w i t h  t h e  

p r o d u c t s . R e q u i r e m e n t s  f o r  i n s p e c t i o n s  a n d  t e s t s  a r e  b a s e d  

o n  AREA s p e c i f i c a t i o n s ,  F e d e r a l  s p e c i f i c a t i o n s ,  s p e c i f i c a 

t i o n s  o f  e n g i n e e r i n g  s o c i e t i e s  a n d  i n s t i t u t e s ,  a n d  r e c o m m e n 

d a t i o n s  o f  v a r i o u s  t e c h n i c a l  c o m m i t t e e s .

2M a n u a l  o f  R a i l w a y  E n g i n e e r i n g  P r a c t i c e s  ( F i x e d  P r o p e r t i e s ) ,  
A m e r i c a n  R a i l w a y  E n g i n e e r i n g  A s s o c i a t i o n  (AREA) w i t h  r e v i 
s i o n s  t h r o u g h  1 9 7 7 .

3P o r t f o l i o  o f  T r a c k w o r k  P l a n s , A m e r i c a n  R a i l w a y  E n g i n e e r i n g  
A s s o c i a t i o n ,  Rev.. 1 9 7 3 .
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1.4.3 CONSTRUCTION PRACTICES
C o n s t r u c t i o n  t e c h n i q u e s  a l s o  t e n d . t o  f o l l o w  r a i l r o a d  p r a c 

t i c e s .  I n  t r a n s i t  c o n s t r u c t i o n ,  h o w e v e r ,  t h e r e  i s  l e s s  

u s e  o f  l a r g e  e q u i p m e n t  b e c a u s e  o f  l i m i t e d  c l e a r a n c e s  a n d  

t h e  r e l a t i v e l y  s m a l l  a m o u n t  o f  w o r k  a t  a n y  t r a n s i t  c o n 

s t r u c t i o n  s i t e .  T h e s e  c o n d i t i o n s  h a v e  a l s o  e n c o u r a g e d  t h e  

p r e f a b r i c a t i o n  o f  t r a c k  c o m p o n e n t s  i n  o r d e r  t o  r e d u c e  t h e  

w o r k  a n d  t i m e  r e q u i r e d  o n  t h e  c o n s t r u c t i o n  s i t e s .

I n  some c a s e s ,  c o n t r a c t o r s  h a v e  s u c c e s s f u l l y  e m p l o y e d  e x 

p e r i e n c e d  r a i l r o a d  p e r s o n n e l  o n  a  p a r t - t i m e  b a s i s  i n  o r d e r  

t o  o v e r c o m e  s h o r t a g e s  o f  h i g h l y  s k i l l e d  t r a c k  m e c h a n i c s .

I n  o t h e r  c a s e s ,  t r a n s i t  p r o p e r t i e s  h a v e  a d j u s t e d  new  t r a c k  

w i t h  t h e i r  own p e r s o n n e l  a f t e r  t h o r o u g h  t r a i n i n g  u n d e r  

e x p e r i e n c e d  e n g i n e e r s  a n d  s u p e r v i s o r s .

A fe w  c o n t r a c t o r s  h a v e  h a d  d i f f i c u l t y  i n  p l a c i n g  g r o u t  p a d s  

t o  a c c u r a t e  l i n e  a n d  g r a d e ,  a n d  t h e y  h a v e  r e q u i r e d  e x c e s s i v e  

n u m b e r s  o f  s h i m s  t o  s e t  f a s t e n e r s  a t  c o r r e c t  e l e v a t i o n s .

T h e y  a l s o  h a v e  h a d  p r o b l e m s  i n  d r i l l i n g  h o l e s  a n d  g r o u t i n g  

b o l t s  i n  c o r r e c t  a l i g n m e n t .

A v e r y  e f f e c t i v e  t e c h n i q u e  h a s  b e e n  d e v e l o p e d  b y  e n g i n e e r s  

o f  TTC t o  i n s t a l l  f a s t e n e r s  a c c u r a t e l y .  I n  t h i s  m e t h o d ,  

l e n g t h s  o f  c o n t i n u o u s  w e l d e d  r a i l  (CWR) a r e  h a u l e d  i n  a n d  

w e l d e d  t o g e t h e r  o n  t h e  c o n c r e t e  s l a b s ,  t h e n  j a c k e d  a n d  

b l o c k e d  a c c u r a t e l y  i n t o  f i n a l  p o s i t i o n .  T he  f a s t e n e r s  a r e  

a t t a c h e d  t o  t h e  r a i l s  w i t h  t h e  b o l t s  h a n g i n g  i n t o  p r e c a s t  

p o c k e t s  i n  t h e  s l a b s ,  a n d  t h e  b o l t s  a r e  g r o u t e d  i n  w i t h o u t  

f u r t h e r  a d j u s t m e n t .

1 . 4 . 4  MAINTENANCE PRACTICES

As i n  t h e  c a s e s  o f  d e s i g n  a n d  c o n s t r u c t i o n  p r a c t i c e s ,  t r a n s i t  

m a i n t e n a n c e  p r a c t i c e s  r e s e m b l e  t h o s e  o f  r a i l r o a d s  b u t  o n  a
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s m a l l e r  s c a l e .  I n  a d d i t i o n  t h e r e  i s  v e r y  s t r o n g  e m p h a s i s  on 

t h e  q u i c k  c o r r e c t i o n  o f  a n y  c o n d i t i o n s  t h a t  c o u l d  a d v e r s e l y  

a f f e c t  s a f e t y .

As m e n t i o n e d  e a r l i e r ,  t r a n s i t  t r a c k  i s  g e n e r a l l y  m a i n t a i n e d  

t o  e x c e e d  F e d e r a l  s t a n d a r d s 1 f o r  i t s  s p e e d  c l a s s .  G e n e r a l l y  

t h e  t r a c k  i s  i n  v e r y  g o o d  c o n d i t i o n  f o r  i t s  t r a f f i c  e x c e p t  

f o r  s h o r t  w a v e l e n g t h  r a i l  d e v i a t i o n s  t h a t  c o n t r i b u t e  t o  n o i s e  

a n d  p o o r  r i d e  q u a l i t y .

Some t e n d e n c i e s  w e r e  s e e n  t o w a r d s  m a j o r  r e p l a c e m e n t  o f  t r a c k  

r a t h e r  t h a n  r e p e t i t i v e  a d j u s t m e n t  a n d  r e p a i r ,  a n d  m a i n t e n a n c e  

w as  f o u n d  t o  v a r y  g r e a t l y .  I n  t h e  b e s t  p r a c t i c e s ,  e m p h a s i s  

i s  p l a c e d  o n  p r e v e n t i v e  m a i n t e n a n c e  a n d  on  c o r r e c t i n g  d e t e r i 

o r a t i n g  t r a c k  c o n d i t i o n s  r o u t i n e l y  a n d  a t  lo w  c o s t .  The  r e s u l t  

i s  t h a t  t h e s e  c o n d i t i o n s  do n o t  r e q u i r e  c o s t l y ,  e m e r g e n c y  

m a i n t e n a n c e  a s  t h e y  w o u l d  i f  l e f t  u n a t t e n d e d  u n t i l  t h e y  

a f f e c t e d  s a f e t y  o r  o p e r a t i o n s .

A t  t h e  l o w e r  e n d  o f  t h e  s p e c t r u m ,  o f  m a i n t e n a n c e  p r a c t i c e s ,  

m a i n t e n a n c e  w o r k  i s  b a s e d  o n  p r i o r  y e a r s '  c o s t s  r a t h e r  t h a n  

t h o r o u g h  i n s p e c t i o n ,  c a r e f u l  p l a n n i n g  a n d  a n a l y s e s  o f  a l t e r n a 

t i v e s .  I n  s u c h  c a s e s ,  e m e r g e n c y  m a i n t e n a n c e  a n d  u n i t  c o s t s  

a r e  h i g h ,  a n d  t r a c k  m a i n t e n a n c e  c r e w s  h a v e  l o s t  som e o f  t h e  

s k i l l s  t h a t  a r e  a p p a r e n t  i n  t h e  s t i l l - e x i s t i n g  w o r k  t h a t  was  

d o n e  y e a r s  a g o .

T h e  l a r g e s t  p o t e n t i a l  o p p o r t u n i t i e s  f o r  i m p r o v e m e n t s  a r e  s e e n  

i n  t r a c k  m a i n t e n a n c e .  T h e s e  i n v o l v e  t h e  a p p l i c a t i o n  o f  a v a i l 

a b l e  i n d u s t r i a l  e n g i n e e r i n g  t e c h n i q u e s  t o  m a i n t e n a n c e  m a n a g e 

m e n t  i n  o r d e r  t o  a c h i e v e  s y s t e m a t i c  p l a n n i n g  a n d  c o n t r o l  o f  

t h e  w o r k  a s  w e l l  a s  t h e  u s e  o f  t h e  b e s t  a v a i l a b l e  m e t h o d s ,  

m a t e r i a l s ,  t o o l s  a n d  e q u i p m e n t .

S t a n d a r d s ,  p .  3
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1.5 ADVANCED TECHNOLOGY
M o s t  o f  t h e  r e c e n t  t r a c k  r e s e a r c h  i n  t h e  U . S .  h a s  b e e n  a i m e d  

a t  i m p r o v i n g  t h e  t h o u s a n d s  o f  m i l e s  o f  b a l l a s t e d  t r a c k  o p e r a t e d  

b y  t h e  r a i l r o a d s .  T he  r e s u l t s  h a v e  o n l y  m i n o r  v a l u e  t o  t h e  

t r a n s i t  i n d u s t r y ,  s i n c e  t h e y  u s u a l l y  c o n c e r n  t r a c k  d e t e r i o r a 

t i o n  c a u s e d  b y  v e r y  h e a v y  w h e e l  l o a d s  o r  i n v o l v e  l a r g e  a n d  

e x p e n s i v e  e q u i p m e n t  t h a t  w o u l d  n o t  b e  c o s t - e f f e c t i v e  o n  s h o r t  

l e n g t h s  o f  t r a c k .

E u r o p e a n  r e s e a r c h  a n d  t e s t s  a r e  v e r y  o f t e n  a p p l i c a b l e  t o  t r a n s i t  

t r a c k ,  a s  t h e y  a r e  o r i e n t e d  t o  r a i l r o a d s  t h a t  c a r r y  l i g h t e r  

l o a d s  t h a n  U . S .  r a i l r o a d s  d o .  E u r o p e a n  r e s e a r c h ,  h o w e v e r ,  o f t e n  

t e n d s  t o w a r d s  c o m p l i c a t e d  p r o c e d u r e s  a n d  d e v i c e s  t h a t  a r e  f a v o r 

a b l e  o n l y  w h e r e  t h e  c o s t  o f  l a b o r  i s  l o w  i n  r e l a t i o n  t o  m a t e r 

i a l s  a n d  e n e r g y .

The  a d v a n c e s  i n  t e c h n o l o g y  t h a t  a r e  m o s t  s i g n i f i c a n t  t o  t r a n s i t  

t r a c k  h a v e  b e e n  i n  p r o c e s s  f o r  many y e a r s ,  b u t  o n l y  r e c e n t l y  

h a v e  c o n t i n u i n g  r e s e a r c h  a n d  t e s t s  m a d e  t h e m  v e r y  r e l i a b l e  

a n d  e f f e c t i v e .  The  a d v a n c e s  i n c l u d e :  c o n t i n u o u s  w e l d e d  r a i l

(CWR), d i r e c t  f i x a t i o n  o f  r a i l  t o  c o n c r e t e  s l a b s  a n d  i n v e r t s  

( t u n n e l  f l o o r s ) ,  f l o a t i n g  s l a b s  t o  r e d u c e  v i b r a t i o n s ,  c o n c r e t e  

t i e s ,  a n d  r a i l  f l a w  d e t e c t i o n  s y s t e m s .  T r a n s i t  p r o p e r t i e s  

a r e  w e l l  a w a r e  o f  t h e s e  d e v e l o p m e n t s  a n d  a r e  u s i n g  t h e  p r o 

d u c t s  i n  many c a s e s .

New p r o d u c t s  t h a t  a r e  p o t e n t i a l l y  u s e f u l  t o  t r a n s i t  p r o p e r t i e s  

w i t h  b a l l a s t e d  t r a c k  a r e :  l i m e  s t a b i l i z a t i o n  t o  s t r e n g t h e n

w e a k  s u b g r a d e s ,  f i l t e r  c l o t h s  t o  p r o t e c t  f i n e  s o i l  s u b b a s e s  

f r o m  t h e  e f f e c t s  o f  w a t e r  a n d  v i b r a t i o n ,  a n d  b a l l a s t  c o m p a c 

t i o n  t o  i n c r e a s e  t h e  s t a b i l i t y  o f  b a l l a s t e d  t r a c k  a n d  r e d u c e  

i t s  r a t e  o f  d e t e r i o r a t i o n  u n d e r  t r a f f i c .
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1 . 6  POTENTIAL IMPROVEMENTS

M ore  t h a n  a  h u n d r e d  p o t e n t i a l  i m p r o v e m e n t s  w e r e  d i s c u s s e d  d u r 

i n g  t h e  c o u r s e  o f  t h e  p r o j e c t .  T h i r t y - f i v e  o f  t h e s e  a r e  f a v o r 

a b l e  t r a c k  m a i n t e n a n c e  p r a c t i c e s  t h a t  a r e  i n  l i m i t e d  u s e  a t  

some o f  t h e  t r a n s i t  p r o p e r t i e s .  T h e s e  f a v o r a b l e  p r a c t i c e s  

w o u l d  b e  u s e d  m o r e  w i d e l y  i f  m a i n t e n a n c e - o f - w a y  (M/W) s u p e r i n 

t e n d e n t s  h a d  m o r e  t i m e  t o  i n v e s t i g a t e  t h e m ,  a d a p t  t h e m  t o  

l o c a l  c o n d i t i o n s  a n d  o v e r c o m e  l o c a l  r e s i s t a n c e  t o  c h a n g e s .  I t  

w as  e v i d e n t  t h a t  t h e  s i t u a t i o n  c o u l d  b e  i m p r o v e d  b y  p r o v i d i n g  

i n d u s t r i a l  e n g i n e e r i n g  s u p p o r t  t o  t h e  M/W s u p e r i n t e n d e n t s .  An 

e x p e r i e n c e d  i n d u s t r i a l  e n g i n e e r i n g  t e a m  c o u l d  a l s o  a s s i s t  t h e  

M/W s u p e r i n t e n d e n t s  t o  i m p r o v e  t h e  p l a n n i n g  a n d  c o n t r o l  o f  

r o u t i n e  t r a c k  m a i n t e n a n c e .

Some i t e m s  t h a t  h a d  b e e n  s u g g e s t e d  a s  p o t e n t i a l  i m p r o v e m e n t s  

w e r e  d r o p p e d  w h e n  r e p r e s e n t a t i v e s  o f  t h e  t r a n s i t  i n d u s t r y  

p o i n t e d  o u t  t h a t  t h e y  w e r e  n o t  w o r t h w h i l e ;  som e  w e r e  f o u n d  t o  

b e  i n c l u d e d  i n  w o r k  a l r e a d y  p l a n n e d  o r  t o  r e q u i r e  i n f o r m a t i o n  

f r o m  s t u d i e s  t h a t  a r e  u n d e r w a y ;  a n d  some w e r e  f o u n d  t o  i n v o l v e  

s e a r c h e s  f o r  b a s i c  i n f o r m a t i o n  o n  f o r c e s  i n  t r a c k  i n  a r e a s  

b e i n g  i n v e s t i g a t e d  f o r  t h e  r a i l r o a d  i n d u s t r y .

T w e n t y  p o t e n t i a l  i m p r o v e m e n t s  w e r e  f i n a l l y  s e l e c e d  f o r  

a n a l y s i s  a s  c a n d i d a t e  r e s e a r c h  o r  s u p p o r t  t a s k s .  One o f  

t h e s e  t a s k s ,  I n d u s t r i a l  E n g i n e e r i n g  S u p p o r t ,  i s  c o n s i d e r e d  

t o  i n c l u d e  t h e  35 f a v o r a b l e  m a i n t e n a n c e  p r a c t i c e s  m e n t i o n e d  
a b o v e  a l o n g  w i t h  a c c e l e r a t e d  u s e  o f  o t h e r  a v a i l a b l e  t e c h n o 

l o g y  a n d  t e c h n o l o g y  t r a n s f e r  f r o m  o t h e r  i n d u s t r i e s .

1 . 7  ANALYSES

C a n d i d a t e  r e s e a r c h  a n d  s u p p o r t  t a s k s  w e r e  a n a l y z e d ,  u s i n g  l i f e -  

c y c l e -  c o s t -  a n a l y s i s  p r o c e d u r e s  i n  c a s e s  w h e r e  s u f f i c i e n t  d a t a  

w e r e  a v a i l a b l e .  I n  many  c a s e s ,  t a s k s  w e r e  e v a l u a t e d  f o r  t h e i r  

o v e r a l l  e f f e c t s  o n  t h e  p r o d u c t i v i t y  o f  t r a c k  m a i n t e n a n c e  o r g a n i 

z a t i o n s  a n d  t h e  q u a l i t y  o f  t h e  m a i n t e n a n c e  w o r k .  I n  a l l  c a s e s ,
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t h e  a n a l y s e s  w e r e  s i m p l i f i e d  i n  o r d e r  t o  e m p h a s i z e  t h e  d i f 

f e r e n c e  i n  c o s t / b e n e f i t s  a n d  t o  c l a r i f y  n e c e s s a r y  a s s u m p t i o n s .  

T h e  c o s t s  u s e d  a r e  b r o a d ,  n a t i o n w i d e  a p p r o x i m a t i o n s  r a t h e r  

t h a n  t h e  d e t a i l e d  e s t i m a t e s  t h a t  c o u l d  b e  d e v e l o p e d  f o r  a 

p l a n n e d  p r o j e c t  a t  a  s i n g l e  l o c a t i o n  a n d  s p e c i f i c  t i m e ,  a n d  

w o u l d  b e  r e l a t e d  t o  l o c a l  a c c o u n t i n g  p r a c t i c e s  a n d  l o c a l  l a w s  
t h a t  r e g u l a t e  r a t e  o f  r e t u r n  a n d  a m o r t i z a t i o n .  The  b r o a d  

a p p r o x i m a t i o n s  a r e  s u f f i c i e n t ,  s i n c e  t h e  e s t i m a t e d  b e n e f i t s  

d e p e n d  i n  p a r t  on  p r e d i c t i o n s  o f  f u t u r e  c o n d i t i o n s  w h i c h ,  

f o r  p e r i o d  b e y o n d  f i v e  y e a r s  f r o m  t h e  p r e s e n t ,  c a n n o t  b e  

e x p e c t e d  t o  h a v e  a n  o v e r a l l  a c c u r a c y  m uch  b e t t e r  t h a n  +20%.

The  p o t e n t i a l  b e n e f i t  o f  a n  o v e r a l l  i m p r o v e m e n t  t o  a n y  o n e  

p r o p e r t y  d e p e n d s  o n  a l a r g e  n u m b e r  o f  l o c a l  f a c t o r s ,  o n e  o f  

t h e  m o s t  i m p o r t a n t  b e i n g  t h e  p r e s e n t  l e v e l  o f  e f f i c i e n c y  o f  

t h e  m a i n t e n a n c e - o f - w a y  o r g a n i z a t i o n .  A c c o r d i n g l y  c o s t s  a n d  

q u a n t i t i e s  h a v e  b e e n  e s t i m a t e d  c o n s e r v a t i v e l y  i n  a n  e f f o r t  

t o  a v o i d  o v e r s t a t i n g  t h e  b e n e f i t s  t h a t  may a c c r u e  f r o m  a 

c a n d i d a t e  r e s e a r c h  t a s k .

A 5 0 - y e a r  l i f e  c y c l e  w as  u s e d  i n  t h e  a n a l y s e s  s i n c e  a l i f e  o f  

o v e r  50 y e a r s  i s  i n d i c a t e d  f o r  t r a n s i t  t r a c k  b y  t h e  c o n d i t i o n  

o f  t h e  o l d e r  t r a c k  s y s t e m s ,  t h e  g r o w t h  o f  u r b a n  a r e a s ,  a n d  t h e  

p r o j e c t e d  d e n s i t y  o f  u s e  o f  r a p i d  t r a n s i t .  E x c e p t i o n s  t o  

t h i s  a r e  l i n e s  f o r  w h i c h  r e p l a c e m e n t s  a r e  a l r e a d y  p l a n n e d .  

P l a n n i n g  f o r  a  s y s t e m  l i f e  c y c l e  l o n g e r  t h a n  50 y e a r s  i s  

i n v a l i d a t e d  b y  h i g h  i n t e r e s t  r a t e s  a n d  u n c e r t a i n t y  f a c t o r s  

t h a t  i n c r e a s e  w i t h  t i m e .

T h e  a n a l y s e s  o f  c a n d i d a t e  r e s e a r c h  t a s k s  i n d i c a t e d  a v e r y  h i g h  

l e v e l  o f  b e n e f i t s ,  s i n c e  m any  o f  t h e  i m p r o v e m e n t s  w i l l  p r o d u c e  

c o s t  r e d u c t i o n s  i n  t r a c k  m a i n t e n a n c e  w h i c h  c o s t s  m o re  t h a n  

$60 m i l l i o n  p e r  y e a r  a t  p r e s e n t ,  a n d  t h e y  w i l l  b e  r e p e a t e d  
y e a r  a f t e r  y e a r  t h r o u g h o u t  t h e  5 0 - y e a r  l i f e  c y c l e  o f  t r a c k  

s y s t e m s .  When t h e  e s t i m a t e d  b e n e f i t s  . o f  t h e  20 m o s t  f a v o r a b l e
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t a s k s  w e r e  d i s c o u n t e d  t o  c u r r e n t  v a l u e s  ( a s  o f  t h e  t i m e  t h e  

t a s k s  a r e  s t a r t e d )  a t  a  10% i n t e r e s t  r a t e ,  t h e y  w o u l d  f o u n d  

t o  t o t a l  $66  m i l l i o n  m o r e  t h a n  t h e  e s t i m a t e d  $ 3 . 6  m i l l i o n  
c o s t  o f  t h e  t a s k s .

T h e  m o s t  v a l u a b l e  t a s k  b y  f a r  i s  t h e  I n d u s t r i a l  E n g i n e e r i n g  

S u p p o r t  T a s k .  I t  i s  c o n s i d e r e d  p r o b a b l e  t h a t  t h i s  t a s k  w i l l  

r e s u l t  i n  a n  i m p r o v e m e n t  i n  m a i n t e n a n c e  e f f e c t i v e n e s s  o f  a t  

l e a s t  9%. L a r g e r  i m p r o v e m e n t s  h a v e  b e e n  a c h i e v e d  e v e n  a t  

f a c i l i t i e s  t h a t  w e r e  a l r e a d y  v e r y  w e l l  m a n a g e d . 4 T h e  r e a s o n  

i s  t h a t  w e l l  q u a l i f i e d  m a i n t e n a n c e  s u p e r i n t e n d e n t s  w e l c o m e  

o p p o r t u n i t i e s  f o r  a d d i t i o n a l  i m p r o v e m e n t s  ( w h i c h  t h e y  w o u l d  

d e v e l o p  t h e m s e l v e s  i f  t h e y  h a d  a d d i t i o n a l  t i m e )  a n d  e n c o u r a g e  

t h e i r  p e o p l e  t o  a c c e p t  c h a n g e s  t h a t  p a y  b e n e f i t s .

1 . 8  PROGRAM IMPLEMENTATION PLAN

As a r e s u l t  o f  t h e  a n a l y s e s ,  19 o f  t h e  t a s k s  w e r e  r e c o m m e n d e d  

f o r  f u n d i n g  u n d e r  a  p l a n  t h a t  e x t e n d s  o v e r  f i v e  f i s c a l  y e a r s  

a t  a n  a v e r a g e  a n n u a l  c o s t  o f  $ 7 2 0 , 0 0 0 .  O t h e r  t a s k s  w e r e  

r e c o m m e n d e d  f o r  l a t e r  c o n s i d e r a t i o n ,  s i n c e  w o r k  o n  t h e m  w i l l  

d e p e n d  i n  p a r t  o n  d a t a  c o l l e c t e d  i n  e a r l i e r  t a s k s .  T h e  I n d u s 

t r i a l  E n g i n e e r i n g  S u p p o r t  T a s k  w as  d i v i d e d  i n t o  f i v e  p h a s e s ,  

e a c h  t a k i n g  o n e  y e a r  a n d  c o s t i n g  a n  e s t i m a t e d  $ 2 5 0 , 0 0 0 .  S i n c e  

t h i s  t a s k  w i l l  a c c e l e r a t e  t h e  u s e  o f  s t a t e - o f - t h e - a r t  t e c h n o 

l o g y ,  b e n e f i t s  a r e  e x p e c t e d  t o  b e g i n  t o  a c c r u e  w i t h i n  s i x  m o n t h s  

o f  i t s  s t a r t i n g  d a t a  a n d  t o  i n c r e a s e  a t  a  r a p i d  r a t e  t h e r e a f t e r .

S i n c e  new o p p o r t u n i t i t e s  f o r  i m p r o v e m e n t s  a r e  e x p e c t e d  t o  

d e v e l o p ,  a n d  t h e  r e l a t i v e  v a l u e s  o f  t a s k s  c o n s i d e r e d  i n  t h i s  

s t u d y  a r e  e x p e c t e d  t o  c h a n g e ,  t h e  p r o g r a m  p l a n  s h o u l d  b e  r e v i e w e d  

a n d  r e v i s e d  w i t h i n  t h r e e  y e a r s .

4 " C o s t  R e d u c t i o n  T h r o u g h  M a i n t e n a n c e  C o n t r o l , "  H e r c u l e s  P o w e r  
C om pa ny ,  1 9 6 4
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2. BACKGROUND OF TRANSIT TRACK DEVELOPMENT

2 . 1  TRANSIT DEVELOPMENT

The  f i r s t  r a p i d  t r a n s i t  l i n e  i n  t h e  U n i t e d  S t a t e s  w a s  o p e n e d  

i n  New Y o r k  C i t y  i n  1 8 6 8 5 f i v e  y e a r s  a f t e r  t h e  L o n d o n  U n d e r 

g r o u n d  h a d  o p e n e d  w i t h  s t e a m  l o c o m o t i v e s .  I t  w a s  a n  e l e v a t e d  

c a b l e  r a i l r o a d  o p e r a t e d  b y  t h e  W e s t  S i d e  E l e v a t e d  R a i l w a y  

Company  a l o n g  G r e e n w i c h  S t r e e t  a n d  w as  l a t e r  e x t e n d e d  o n  N i n t h  

A v e n u e  t o  T h i r t i e t h  S t r e e t .  A f t e r  1 8 7 1 ,  t h e  c a r s  w e r e  p u l l e d  

b y  s t e a m  l o c o m o t i v e s .  P r o g r e s s  w as  s l o w  a t  f i r s t .  E a r l y  

s y s t e m s  w e r e  a d a p t a t i o n s  o f  s t r e e t  r a i l r o a d s  a n d  c o m m u t e r  r a i l 

r o a d s ,  a n d  t h e r e  was  g r e a t  r e l i a n c e  o n  t h e  l a r g e  r a i l r o a d  

i n d u s t r y  a n d  i t s  s u p p l i e r s  f o r  t e c h n i c a l  i n f o r m a t i o n  a n d  t r a c k  

m a t e r i a l s .

E l e c t r i c  p o w e r e d  t r a i n s  w e r e  i n t r o d u c e d  i n  1 9 0 1 ,  a n d  t h e  f i r s t  

r e g u l a r  s u b w a y  w as  o p e n e d  i n  New Y o r k  i n  1 9 0 4 .  E x p a n s i o n  

a n d  i m p r o v e m e n t  w e r e  r a p i d  f r o m  t h i s  p e r i o d  u n t i l  t h e  e a r l y  

1 9 3 0 ' s  i n  New Y o r k ,  B o s t o n ,  C h i c a g o  a n d  P h i l a d e l p h i a .  A t  

t h a t  t i m e ,  t h e  i n c r e a s e d  a v a i l a b i l i t y  o f  a u t o m o b i l e s  a n d  b u s e s  

t e n d e d  t o  r e t a r d  t h e  d e v e l o p m e n t  o f  r a p i d  t r a n s i t  a n d  l i g h t  

r a i l  s y s t e m s  i n  c i t i e s  w i t h  s m a l l  c e n t e r  c o r e s  a n d  g r o w i n g  

s u b u r b a n  a r e a s .  I m p r o v e m e n t  o f  r a p i d  t r a n s i t  s t o p p e d  a l m o s t  

e n t i r e l y  d u r i n g  t h e  d e p r e s s i o n  y e a r s .

A f t e r  W o r l d  War I I ,  a n  a w a r e n e s s  d e v e l o p e d  o f  t h e  n e e d  t o  

i m p r o v e  t h e  q u a l i t y  o f  i n n e r  c i t i e s  b y  r e d u c i n g  n o i s e  a n d  

r e m o v i n g  u n s i g h t l y  s t r u c t u r e s .  I n c r e a s i n g  e m p h a s i s  w as  p l a c e d  

o n  r e m o v i n g  e l e v a t e d  s t r u c t u r e s  a n d  s t r e e t c a r  l i n e s .  U n t i l  

1 9 7 0  m o s t  o f  t h e  new c o n s t r u c t i o n  c o n s i s t e d  o f  s u b w a y s  b u i l t  

t o  r e p l a c e  e l e v a t e d  a n d  s u r f a c e  t r a n s i t  l i n e s .  M o re  r e c e n t l y ,  

p r o j e c t e d  e n e r g y  s h o r t a g e s  a n d  i n c r e a s i n g  g r o w t h  i n  t h e  c i t i e s  

h a s  l e d  t o  t h e  d e v e l o p m e n t  o f  new  r a p i d  t r a n s i t  s y s t e m s  f o r

5"Facts and Figures 1976," New York City Transit Authority.
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S a n  F r a n c i s c o ,  W a s h i n g t o n  a n d  A t l a n t a ,  a n d  t h e  s t a r t  o f  c o n s t r u c 

t i o n  f o r  s y s t e m s  i n  B a l t i m o r e  a n d  M i a m i .  I m p r o v e m e n t s  a n d  s m a l l  

e x p a n s i o n s  w e r e  made  t o  e x i s t i n g  s y s t e m s ,  a n d  l i n e s  t h a t  h a v e  

b e e n  d e s t i n e d  f o r  e l i m i n a t i o n  w e r e  r e h a b i l i t a t e d .

D u r i n g  i t s  d e v e l o p m e n t ,  t h e  t r a n s i t  i n d u s t r y  r i g h t l y  c o n t i n u e d  

i t s  r e l i a n c e  o n  t h e  r a i l r o a d  i n d u s t r y  a n d  i t s  s u p p l i e r s  f o r  t h e  

a v a i l a b i l i t y  a n d  i m p r o v e m e n t  o f  t r a c k  c o m p o n e n t s .  W i t h  t h o u 

s a n d s  o f  m i l e s  o f  o p e r a t i n g  t r a c k s ,  l e a d i n g  r a i l r o a d s  h a v e  b e e n  

t h e  m a j o r  i n n o v a t o r s  i n  t r a c k  i m p r o v e m e n t s  a n d  t h e  m a j o r  m a r k e t  

f o r  t h e  m a n u f a c t u r e r s  o f  t h e  t r a c k  c o m p o n e n t s  a n d  o t h e r  m a t e r 

i a l s  u s e d  b y  t h e  t r a n s i t  i n d u s t r y .

L o n g  y e a r s  o f  c a r e f u l  i n v e s t i g a t i v e  e f f o r t s  b y  r a i l r o a d  a n d  

t r a n s i t  e n g i n e e r s  o v e r c a m e  t h e  m o re  h a z a r d o u s  a n d  c o s t l y  p r o b 

l e m s  o n c e  f o u n d  i n  t r a n s i t  t r a c k .  T h e s e  e f f o r t s  a l s o  p r o v i d e d  

a  b o d y  o f  k n o w l e d g e  a n d  a q u a l i t y  o f  t r a c k  m a t e r i a l s  s u f f i c i e n t  

t o  b u i l d  a n d  k e e p  t r a n s i t  t r a c k  i n  v e r y  g o o d  c o n d i t i o n .

I n  r e c e n t  y e a r s ,  w i t h  r a r e  e x c e p t i o n ,  t r a n s i t  t r a c k  h a s  f a r  

e x c e e d e d  F e d e r a l  s t a n d a r d s 1 f o r  i t s  s p e e d  c l a s s .  I n  r e l a t i o n  

t o  t h e  w e i g h t  a n d  s p e e d  o f  t r a f f i c ,  t r a n s i t  r a i l  i s  h e a v i e r  

a n d  t h e  t r a c k  s t r u c t u r e  i s  s t r o n g e r  t h a n  r a i l r o a d  t r a c k .  T he  

s t r e n g t h ,  s a f e t y  a n d  d u r a b i l i t y  o f  p r e s e n t  d a y  t r a n s i t  t r a c k  

h a v e  r e s u l t e d  f r o m  many y e a r s  o f  e n g i n e e r i n g  e f f o r t s  t o  i m p r o v e  

r a i l r o a d  a n d  t r a n s i t  t r a c k .  A b o d y  o f  e x p e r t  k n o w l e d g e  w as  

d e v e l o p e d  am ong  t r a n s i t  e n g i n e e r s ,  a n d  t h e  b e s t  p r a c t i c e s  o f  

r a i l r o a d s  w e r e  u s e d  i n  t r a n s i t  t r a c k .  A l t h o u g h  i t  c a r r i e s  

l i g h t e r  l o a d s  t h a n  r a i l r o a d  t r a c k ,  t r a n s i t  t r a c k  h a s  h i g h  

s a f e t y  r e q u i r e m e n t s  a n d  h i g h  t r a f f i c  f r e q u e n c y .  T h e  l a t t e r  

m a k e s  r e p e t i t i v e  t r a c k  a d j u s t m e n t  a n d  m i n o r  r e p a i r s  m u c h  m o r e  

c o s t l y  t h a n  t h e y  u s u a l l y  a r e  o n  r a i l r o a d  t r a c k s .

S t a n d a r d s  , p . 3 .
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I n  r e c e n t  y e a r s ,  r a i l r o a d  r e q u i r e m e n t s  a n d  t r a n s i t  r e q u i r e m e n t s  

f o r  t r a c k  s t r u c t u r e s  h a v e  b e e n  d i v e r g i n g  m o r e  a n d  m o r e .  T h i s  

h a s  r e s u l t e d  f r o m  t h e  i n c r e a s i n g  w e i g h t  a n d  t o n n a g e  o f  m o d e r n  

r a i l r o a d  c a r s  t r a v e l i n g  o v e r  t h o u s a n d s  o f  m i l e s  o f  b a l l a s t e d  

t r a c k ,  w h i l e  t r a n s i t  s y s t e m s  u s e  r e l a t i v e l y  f e w  m i l e s  o f  b a l 

l a s t e d  t r a c k  o n  s o i l  e m b a n k m e n t s  a n d  c o n t i n u e  t o  l o a d  i t  

l i g h t l y .  A s t r o n g  a n d  c o n t i n u i n g  e f f o r t  i n  r e c e n t  r a i l r o a d  
e n g i n e e r i n g  h a s  b e e n  t o  f i n d  w a y s  t o  r e d u c e  d a m a g e  t o  o v e r 

l o a d e d  t r a c k  s t r u c t u r e s  a n d  t o  r e p a i r  a n d  s t r e n g t h e n  b a l l a s t e d  

t r a c k  a t  m in im um  c o s t .  T h e  i n f o r m a t i o n  p r o d u c e d  h a s  b e e n  o f  

o n l y  m i n o r  i n t e r e s t  s i n c e  m o s t  o f  i t  i s  n o t  a p p l i c a b l e  t o  t h e  

p r o b l e m s  o f  t h e  t r a n s i t  i n d u s t r y .

2 . 2  CURRENT STATUS

A t  p r e s e n t ,  o v e r  1340  m i l e s  o f  r a p i d  t r a n s i t  t r a c k  a r e  i n  

o p e r a t i o n .  On t h i s  r e v e n u e  t r a c k  o v e r  9 8 0 0  c a r s  p r o v i d e  m o re  

t h a n  1 . 7  m i l l i o n  p a s s e n g e r  r i d e s  p e r  y e a r  i n  10 U . S .  c i t i e s .

I n  a d d i t i o n ,  160  m i l e s  o f  r e v e n u e  t r a c k  a r e  i n  d e s i g n  o r  u n d e r  

c o n s t r u c t i o n ,  a n d  140 m i l e s  o f  t r a c k  a r e  p l a n n e d  w h i c h  w i l l  

b r i n g  r a p i d  t r a n s i t  t o  a  t o t a l  o f  12 c i t i e s .  N u m e ro u s  r e h a b i l i 

t a t i o n  p r o j e c t s  a r e  u n d e r w a y  o r  p l a n n e d ,  a n d  s t r e n u o u s  e f f o r t s  

a r e  b e i n g  made  t o  u p g r a d e  t r a c k  m a i n t e n a n c e  i n  o r d e r  t o  m e e t  

i n c r e a s i n g  d e m a n d s .  F u e l  s h o r t a g e s ,  e s p e c i a l l y  g a s o l i n e ,  h a v e  

r e s u l t e d  i n  i n c r e a s i n g  e m p h a s i s  o n  r p a i d  t r a n s i t  a s  a  f u e l -  

e f f i c i e n t  t r a n s p o r t a t i o n  a l t e r n a t i v e  t o  a u t o m o b i l e s .  The  

r e h a b i l i t a t i o n  o f  c i t y  h o u s i n g  a l o n g  w i t h  t h e  p o p u l a t i o n  m o v e 

m e n t  b a c k  t o w a r d s  t h e  c o n v e n i e n t  i n n e r  c i t i e s  i n d i c a t e  f u t u r e  

i n c r e a s e s  i n  t h e  d em an d  f o r  t r a n s i t .  T h i s  i s  e s p e c i a l l y  t r u e  

w h e r e v e r  l a r g e  c o r r i d o r s  o f  u r b a n  a c t i v i t y  e x i s t ,  c o u p l e d  w i t h  

i n t e r e s t  i n  a  s t r o n g  c e n t r a l  b u s i n e s s  d i s t r i c t .  I n  a d d i t i o n  

t h e  l a r g e  i n c r e a s e  i n  a i r  t r a v e l  h a s  g e n e r a t e d  a s i n g u l a r  

r e q u i r e m e n t  f o r  q u i c k  a n d  e a s y  a c c e s s  t o  a i r p o r t s .

A d d i t i o n s ,  e x p a n s i o n s  a n d  i m p r o v e m e n t s  t o  r a p i d  t r a n s i t  s y s t e m s  

a r e  h a m p e r e d  g r e a t l y  b y  h i g h  c o s t s  t h a t  c o n t i n u e  t o  r i s e
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r a p i d l y .  I n  a d d i t i o n ,  r i d e  q u a l i t y  a n d  n o i s e  o n  som e e x i s t i n g  

t r a n s i t  l i n e s  may a f f e c t  p a s s e n g e r  s a t i s f a c t i o n  e n o u g h  t o  k e e p  

t h e  p r o j e c t e d  d e m a n d  f o r  t r a n s i t  b e l o w  l e v e l s  t h a t  w o u l d  s u p p o r t  

e x p a n s i o n  a n d  i m p r o v e m e n t .

T h e s e  c o n d i t i o n s  d i c t a t e  t h e  n e e d  f o r  c h a n g e s  i n  t r a n s i t  t r a c k  

d e s i g n ,  c o n s t r u c t i o n  a n d  m a i n t e n a n c e  t o  h e l p  o f f s e t  r i s i n g  

c o s t s ,  i m p r o v e  r i d e  q u a l i t y  a n d  r e d u c e  n o i s e .  S u c h  c h a n g e s  

a r e  n o t  e a s y  t o  m a ke  o r  e v e n  t o  e n v i s i o n .  T h e  p r e s e n t  h i g h  

l e v e l s  o f  s a f e t y  a n d  s t r e n g t h  o f  t r a n s i t  t r a c k  a r e  a r e s u l t  

o f  t h e  e x p e r t  k n o w l e d g e  o f  t r a c k  g a i n e d  o v e r  m any  y e a r s  o f  

t r a n s i t  e n g i n e e r i n g  p r a c t i c e ,  t h e  u s e  o f  t h e  b e s t  m e t h o d s  o f  

r a i l r o a d s  t o  b u i l d  a n d  m a i n t a i n  t r a n s i t  t r a c k ,  a n d  t h e  n u m e r o u s  

i m p r o v e m e n t s  t h a t  h a v e  b e e n  a d d e d  y e a r  a f t e r  y e a r .

Many r a i l r o a d  p r a c t i c e s  a r e  n o t  a p p l i c a b l e  t o  t r a n s i t  t r a c k  

t o d a y  b e c a u s e  t h e  c o n d i t i o n s  u n d e r  w h i c h  t h e  t r a c k s ,  a r e  now 

u s e d  d i f f e r  s o  w i d e l y .  R a i l r o a d  t r a c k s  a r e  b u i l t  t o  r e s i s t  

h i g h  s p e e d s  a n d  v e r y  h e a v y  w h e e l  l o a d s .  The  l o n g  l e n g t h s  o f  

r a i l r o a d  t r a c k s  a n d  w i d e  c l e a r a n c e s  p e r m i t  t h e  u s e  o f  l a r g e  

c o n s t r u c t i o n  e q u i p m e n t  f o r  b u i l d i n g  e m b a n k m e n t s  a n d  d r a i n s ,  

h a n d l i n g  b u n d l e s  o f  t i e s ,  f a s t e n i n g  r a i l s  a n d  l i n i n g  t r a c k .

T h e  s a m e  c o n d i t i o n s  a f f e c t  i n s p e c t i o n  a n d  m a i n t e n a n c e ,  an d . ,  

e m p h a s i s  i s  p l a c e d  o n  l a r g e ,  h i g h - s p e e d  m a c h i n e s  f o r  i n s p e c t i o n  

a n d  m a i n t e n a n c e 2 a s  w e l l  a s  c o n s t r u c t i o n .  T h e s e  l a r g e  a n d  

e x p e n s i v e  m a c h i n e s  w o u l d  n o t  b e  a s  c o s t - e f f e c t i v e  on  t r a n s i t  

s y s t e m s  a s  o n  r a i l r o a d s ,  e v e n  i f  t h e y  c o u l d  b e  m o d i f i e d  t o  

f i t  t r a n s i t  c l e a r a n c e s ,  b e c a u s e  o f  t h e  r e l a t i v e l y  f e w  m i l e s  

o f  t r a c k  t o  b e  b u i l t  a n d  m a i n t a i n e d  a t  a n y  p a r t i c u l a r  l o c a t i o n .

T h e  s i t u a t i o n  i s  s i m i l a r  i n  r e c e n t  r e s e a r c h  o n  r a i l r o a d  t r a c k .

Some o f  t h e  i n f o r m a t i o n  o n  r a i l  w e a r 6 may b e  t r a n s l a t a b l e  t o

2AREA, p .  5.

6S t e e l ,  R . J .  a n d  K u c e r a ,  W . J . ,  " R a i l  M e t a l l u r g y  T e s t s  a t  F a s t -  
R e v i e w  a n d  U p d a t e , "  R a i l w a y  T r a c k  a n d  S t r u c t u r e s , May 1 9 7 8 .

15



t r a n s i t  t r a c k  c o n d i t i o n s ,  b u t  m o s t  o f  t h e  i n f o r m a t i o n  p r o d u c e d  

b y  r a i l r o a d  r e s e a r c h  i s  n o t  a p p l i c a b l e  t o  t r a n s i t  t r a c k .  W i t h  

t h e  e x c e p t i o n  o f  CWR, i t  a p p e a r s  t h a t  i t  w o u l d  n o t  b e  a d v a n t a 

g e o u s  t o  i n c o r p o r a t e  t h e  i m p r o v e m e n t s  d e v e l o p e d  f o r  t h e  U . S .  

r a i l r o a d . t r a c k s  o v e r  t h e  p a s t  t e n  y e a r s  i n t o  t r a n s i t  t r a c k .

I n  f a c t ,  t h e  r e s u l t s  w o u l d  b e  v e r y  c o s t l y  a n d  p r o b a b l y  n o  b e t t e r  

f o r  t r a n s i t  t r a f f i c  t h a n  t h e  t r a c k s  b u i l t  p r e v i o u s l y .

D e v e l o p m e n t s  am ong  E u r o p e a n  r a i l r o a d s  a n d  t r a n s i t  s y s t e m s  a r e  

o f  i n t e r e s t  t o  U . S .  t r a n s i t  s y s t e m s  b e c a u s e  w h e e l  l o a d s  h a v e  

r e m a i n e d  i n  a c o m p a r a b l e  r a n g e .  E u r o p e a n  e f f o r t s  h a v e  f o c u s e d  

o n  m any  d e v e l o p m e n t s  s u c h  a s  b a l l a s t  c o m p a c t i o n  t h a t  c o u l d  b e  

a p p l i e d  t o  t r a n s i t  t r a c k  a s  d i s c u s s e d  i n  S e c t i o n  7 .  Some o f

t h e ^ r e s u l t s  w o u l d  n o t  b e  a d v a n t a g e o u s ,  h o w e v e r ,  b e c a u s e  t h e y, I
w e r e § | d e v e l o p e d  f o r  a  s i t u a t i o n  t h a t  e x i s t e d  i n  E u r o p e  u n t i lS
q u i t e ,  r e c e n t l y  i n  w h i c h  l a b o r  c o s t s  w e r e  m u c h  l o w e r  t h a n  m a t e -H
r i a l  a n d  e q u i p m e n t  c o s t s .  As a  r e s u l t  som e  o f  t h e  t r a c k  c o m 

p o n e n t s  a r e  d e l i c a t e  a n d  c o m p l i c a t e d ,  a n d  s o m e  o f  t h e  m a i n t e n 

a n c e  m e t h o d s  a r e  l a b o r  i n t e n s i v e .

2 . 3  RESEARCH NEEDS

The  n e j | d  t o  d i r e c t  s p e c i a l  e f f o r t s  t o  t r a c k  p r o b l e m s  a n d  o p p o r 

t u n i t i e s  o f  p a r t i c u l a r  s i g n i f i c a n c e  t o  t r a n s i t  s y s t e m s  h a s  b e e n  

r e c o g n i z e d  i n  a  s e r i e s  o f  r e s e a r c h  s t u d i e s  u n d e r  t h e  UMTA T r a c k  

R e s e a r c h  P r o g r a m .  T h e  T r a n s i t  T r a c k  S y s t e m s  S t u d y  w as  i n i t i a t e d  

a s  o n e  o f  t h e s e  s t u d i e s .

O t h e r  p r o j e c t s  t o  m e e t  n e e d s  i d e n t i f i e d  u n d fe r  t h e  UMTA P r o g r a m  

i n c l u d e :  a  s t u d y  o f  d e s i g n  t o o l s  a n d  c r i t e r i a  f o r  b a l l a s t e d

t r a c k  a n d  s l a b  t r a c k  a t  g r a d e ; 7 a s t u d y  o f  r e q u i r e m e n t s  f o r

7P r a u s e ,  R . H . , M e a c h a m ,  H . C . ,  H a r r i s o n ,  H . D . , J o h n s ,  T . G . ,  
G i a e s e r ,  W . A . , a n d  W a d d e l l ,  J . , " A s s e s s m e n t  o f  D e s i g n  T o o l s  
a n d  C r i t e r i a  f o r  U r b a n  T r a c k  S t r u c t u r e s ;  V o l u m e  I ,  A t - G r a d e  
T i e - B a l l a s t  T r a c k . a n d  V o lu m e  I I ,  A t - G r a d e  S l a b  T r a c k , "
B a t t e l l e ,  R e p o r t  N o s .  UMTA-MA-0 6 - 0 0 2  5 - 7 4 - 3  a n d  - 7 4 - 4 ' ,  A p r i l  
a n d  A u g u s t ,  1 9 7 4 .
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e v a l u a t i n g  r a i l  j o i n t s  a n d  f a s t e n e r s ; 8 d e v e l o p m e n t  o f  a  p l a n  

t o  t e s t  a n d  e v a l u a t e  m e t h o d s  t o  c o n t r o l  u r b a n  r a i l  s y s t e m  

n o i s e ; 9 i n v e s t i g a t i o n  o f  c o n c r e t e  t i e  d e s i g n s ,  i n c l u d i n g  t h e  

p r e p a r a t i o n  o f  p r e l i m i n a r y  s p e c i f i c a t i o n s ,  l a b o r a t o r y  t e s t s  a n d  

e v a l u a t i o n s ,  10 a n d  a r r a n g e m e n t s  f o r  f i e l d  t e s t s ;  a n  i n v e s t i 

g a t i o n  now u n d e r w a y  t o  d e t e r m i n e  t h e  s u i t a b i l i t y  o f  s l a b  

t r a c k  a t  g r a d e  f o r  U . S .  t r a n s i t  r e q u i r e m e n t s ;  a  s t u d y  a l s o  

u n d e r w a y  t o  f i n d  t h e  m o s t  e f f e c t i v e  d e s i g n s ,  i n s t a l l a t i o n  

p r o c e d u r e s  a n d  m a i n t e n a n c e  m e t h o d s  f o r  t h e  r e s t r a i n i n g  r a i l s  

u s e d  i n  t r a n s i t  t r a c k ;  a n d  s u r v e y s  o f  t r a n s i t  p r o p e r t i e s  by.

APTA t o  o b t a i n  o p i n i o n s  o n  r e s e a r c h  n e e d s .

2 . 4  PROJECT SCOPE

The  T r a n s i t  T r a c k  S y s t e m s  S t u d y  w as  i n i t i a t e d  t o  h e l p  i n c r e a s e  

t h e  p e r f o r m a n c e ,  r e l i a b i l i t y  a n d  s a f e t y  o f  u r b a n  r a p i d  t r a n s i t  

t r a c k  s y s t e m s  b y  i d e n t i f y i n g  a n d  a s s e s s i n g  t r a c k - r e l a t e d  p r o b 

l e m s ,  a n d  i d e n t i f y i n g  p o t e n t i a l  s o l u t i o n s  a n d  r e s e a r c h  t a s k s  

w h i c h  c o u l d  a l l e v i a t e  t h e  p r o b l e m s .  T h e  o b j e c t i v e s  w e r e  t o  

e v a l u a t e  a n d  a s s e s s  U . S .  r a p i d  t r a n s i t  t r a c k  c o n d i t i o n s  ( i n 

c l u d i n g  d e s i g n ,  c o n s t r u c t i o n  a n d  m a i n t e n a n c e  p r o b l e m s  a n d  ; 

p r a c t i c e s )  a n d  t o  d e f i n e  r e s e a r c h  r e q u i r e m e n t s  i n  o r d e r  o f  

p r i o r i t y ,  b a s e d  o n  t h e  e v a l u a t i o n  a n d  o n  l i f e - c y c l e  c o s t  a n a l y 

s e s .  The  r e s u l t s  a r e  e x p e c t e d  t o  h e l p  e n s u r e  t h a t  c o n t i n u i n g  

t r a c k  r e s e a r c h  p r o v i d e s  maximum b e n e f i t s  t o  t h e  t r a n s i t  i n d u s t r y .

8P r a u s e ,  R . H . ,  a n d  H a r r i s o n ,  H . D . ,  " D a t a  A n a l y s i s  a n d  I n s t r u 
m e n t a t i o n  R e q u i r e m e n t s  f o r  E v a l u a t i n g  R a i l  J o i n t s  a n d  R a i l  
F a s t e n e r s  i n  U r b a n  T r a c k , "  B a t t e l l e  R e p o r t  No.  UMTA-MA-06- 
0 0 2 5 - 7 5 - 8 ,  F e b r u a r y ,  1 9 7 5 .

- 9S a u r e n m a n ,  H . J . ,  a n d  H o l o w a t y ,  M . C . ,  " I n - S e r v i c e  P e r f o r m a n c e  
a n d  C o s t s  o f  M e t h o d s  t o  C o n t r o l  U r b a n  R a i l  S y s t e m  N o i s e ,
T e s t  a n d  E v a l u a t i o n  P l a n , "  W i l s o n , I h r i g  § A s s o c i a t e s ,  I n c . ,  
a n d  DeLeuw, C a t h e r  a n d  C o . ,  R e p o r t  No.  UMTA-MA-0 6 - 0 0 2 5 -  7 7 - 1 0 ,  
A p r i l ,  1 9 7 7 .

10H a n n a ,  A . N . ,  " M e a s u r e m e n t  P r o g r a m  f o r  E v a l u a t i o n  o f  C o n c r e t e  
T i e s  a n d  F a s t e n i n g s  i n  T r a n s i t  T r a c k , "  " P r e l i m i n a r y  S p e c i f i c a 
t i o n s  f o r . . . , ”  a n d  " L a b o r a t o r y  E v a l u a t i o n  o f . . . , "  P o r t l a n d  
C e m e n t  A s s o c i a t i o n  R e p o r t s  N o s .  U M T A - M A - 0 6 - 0 1 0 0 - 7 9 - 2 ,  3 a n d  8 ,  
M a r c h  1 9 7 9 .
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T he  w o r k  e f f o r t  w as  p l a n n e d  t o  c o v e r  a  g r e a t  m any  i t e m s  i n  

t r a c k  d e s i g n ,  c o n s t r u c t i o n ,  m a i n t e n a n c e  a n d  i n s p e c t i o n ,  i n  

o r d e r  t o  i d e n t i f y  a n d  d e f i n e  t h e  e s s e n t i a l  p r o d u c t s .  T h e s e  

e s s e n t i a l  p r o d u c t s  a r e  d e f i n i t i o n s  o f  f a v o r a b l e  r e s e a r c h  
t a s k s  i n  a  v a l u e - b a s e d  o r d e r  o f  p r i o r i t y ,  a n d  d e s c r i p t i o n s  

o f  s t a t e - o f - t h e - a r t  t e c h n i q u e s  t h a t  h a v e  p o t e n t i a l  f o r  r e d u c 

i n g  c o s t s  a n d / o r  i m p r o v i n g  t h e  q u a l i t y  o f  t r a c k .
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3.  TRACK INVENTORY

3 . 1  TRACK STRUCTURE TYPES

T h e r e  a r e  m any  d i f f e r e n t  t y p e s  o f  t r a n s i t  t r a c k  s t r u c t u r e s  i n  

u s e  i n  t h e  U . S .  Some t y p e s  t h a t  w e r e  o n c e  p o p u l a r  a r e  no  

l o n g e r  b u i l t  b e c a u s e  t h e y  a r e  n o i s y  o r  u n s i g h t l y ,  o r e  m o re  

d i f f i c u l t  t o  m a i n t a i n  t h a n  o t h e r  t y p e s .  E a c h  m a j o r  t y p e  o f  

t r a c k  s t r u c t u r e  h a s  many m i n o r  v a r i a t i o n s .  F i g .  1 s h o w s  a s u b 

way  t r a c k  w i t h  t h e  r a i l s  s u p p o r t e d  o n  w ood  b l o c k s  e m b e d d e d  i n  

a c o n c r e t e  s l a b .  The  c e n t e r  d r a i n  i s  u n i m p e d e d  e x c e p t  b y  t h e  

l o n g  t i e s  t h a t  h o l d  t h e  r a i l s  t o  g a g e  a n d  s u p p o r t  t h e  c o n t a c t  

r a i l ,  a t  i n t e r v a l s  o f  a p p r o x i m a t e l y  t e n  f e e t .  I n  l a t e r  v a r i a 

t i o n s  o f  c o n c r e t e  s l a b  t r a c k ,  t h e  l o n g  t i e s  w e r e  n o t  u s e d  

s i n c e  t h e  b l o c k s ,  f i r m l y  e m b e d d e d  a n d  b o l t e d  t o  t h e  c o n c r e t e ,  

w e r e  s u f f i c i e n t  t o  h o l d  g a g e  a n d  s u p p o r t  t h e  c o n t a c t  r a i l .

R a i l s  i n  s u b w a y s  may a l s o  b e  s u p p o r t e d  b y  e l a s t i c  f a s t e n e r s  

b o l t e d  d i r e c t l y  t o  t h e  c o n c r e t e  a s  s h o w n  f o r  a n  e l e v a t e d  t r a c k  

i n  F i g .  5 .

The  b a l l a s t e d  t r a c k  s how n  i n  F i g .  2 i s  n o  l o n g e r  i n s t a l l e d  i n  

s u b w a y s  e x c e p t  f o r  s h o r t  l e n g t h s  o f  s p e c i a l  t r a c k w o r k  t o  m a t c h  

e x i s t i n g  t r a c k .  The  w i r e s  s h o w n  i n  t h e  p i c t u r e  a r e  h e a v y  

c o p p e r  " b o n d s "  f a s t e n e d  t i g h t l y  t o  t h e  r a i l s  t o  m a ke  s u r e  t h a t  

e l e c t r i c a l  s i g n a l s  a n d  e l e c t r i c a l  p o w e r  f r o m  t h e  c a r s  h a v e  a  

g o o d  p a t h  t o  t h e  p o w e r  s u b s t a t i o n .  B a l l a s t e d  t r a c k  i s  s t i l l  

b e i n g  i n s t a l l e d  o n  t h e  s u r f a c e  a t  g r o u n d  l e v e l  a n d  o n  e m b a n k 

m e n t s ,  b o t h  w i t h  c o n c r e t e  t i e s  a s  s h o w n  i n  F i g .  3 ,  a n d  w i t h  

w ood  t i e s .

E l e v a t e d  t r a c k  w i t h  a n  o p e n  d e c k  s t r u c t u r e ,  s u c h  a s  t h a t  s h o w n  
i n  F i g .  4 ,  i s  n o  l o n g e r  f a v o r e d  b e c a u s e  <3>f h i g h  n o i s e  l e v e l s .  

E l e v a t e d  c o n c r e t e  s l a b  t r a c k ,  a s  s h o w n  i n  F i g .  5 ,  a n d  b a l l a s t e d  

t r a c k ,  a s  s h o w n  i n  F i g .  6 ,  h a v e  l o w e r  n o i s e  l e v e l s .  T h e  c o n c r e t e  

s l a b  t r a c k  i s  g e n e r a l l y  p r e f e r r e d  w h e r e  e l e v a t e d  s t r u c t u r e s  a r e  

n e c e s s a r y .
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F i g .  1

S ubw ay  T r a c k  W i t h  Wood 

B l o c k s  E m b e d d e d  I n  C o n c r e t e

L a r g e  t i e s  a r e  i n s t a l l e d  
e v e r y  t e n  f e e t  t o  h o l d  t r a c k  
g a g e  a n d  a l s o  t o  s u p p o r t  t h e  
c o n t a c t  r a i l  w h i c h  i s  o f f  t o  
t h e  r i g h t  o f  t h e  p i c t u r e .
T h e  r a i l s  a r e  f a s t e n e d  t o  
t h e  b l o c k s  w i t h  s c r e w s  a n d  
h e l d  l o n g i t u d i n a l l y  b y  r a i l  
a n c h o r s .

F i g .  2

S ubw ay  T r a c k  W i t h  Wood 

T i e s  I n  B a l l a s t

P a t t e r n e d  a f t e r  b a l l a s t e d  
s u r f a c e  t r a c k ,  t h i s  t r a c k  i s  
e a s y  t o  a d j u s t  b u t  d i f f i c u l t  
t o  c l e a n  a n d  d r a i n  w h e n  t h e  
b a l l a s t  c l o g s  w i t h  o i l y  d i r t

F i g .  3

S u r f a c e  T r a c k  W i t h  C o n c r e t e  

T i e s  i n  B a l l a s t

T h e  r a i l s  a r e  s e a t e d  o n  e l a s 
t i c  p a d s  a n d  f a s t e n e d  w i t h  
s p r i n g  c l i p s  b o l t e d  to. t h r e a d 
e d  h o l d e r s  i n  t h e  t i e s .  The  
s p r i n g  c l i p s  r e s t r a i n  t h e  
r a i l s  b o t h  l o n g i t u d i n a l l y  a n d  
v e r t i c a l l y .
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F i g .  4

E l e v a t e d  T r a c k  W i t h  Wood 

T i e s  On S t e e l  S t r u c t u r e

The  r a i l s  a r e  f a s t e n e d  w i t h  
t i e  p l a t e s  a n d  c u t  s p i k e s ,  
p l u s  a f e w  s p r i n g  c l i p s  f o r  
l o n g i t u d i n a l  r a i l  r e s t r a i n t .

F i g .  5
E l e v a t e d  C o n c r e t e  S l a b  

T r a c k

T h e  r a i l s  a r e  h e l d  b y  
f a s t e n e r s  t h a t  i n c l u d e  
e l a s t i c  p a d s  t o  p r o v i d e  
t r a c k  r e s i l i e n c y .

Fig. 6
E l e v a t e d  T r a c k  W i t h  Wood 

T i e s  I n  B a l l a s t

The  t r a c k  o n  t h e  l e f t  h a s  
b e e n  r e b u i l t  w i t h  s p r i n g  
c l i p s ,  w h i l e  t h e  t r a c k  on  
t h e  r i g h t  h a s  t r a c k  s c r e w s  
h o l d i n g  t h e  r a i l s .
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The  a n g l e  i r o n s  s how n  i n  F i g .  5 i n s t a l l e d  b e t w e e n  t h e  r u n n i n g  

r a i l s  s e r v e  a s  g u a r d r a i l s  t h a t  c o s t  l e s s  t o  b u y  a n d  i n s t a l l  

t h a n  T - r a i l  d o e s .  I f  a  c a r  w e r e  t o  d e r a i l ,  t h e  g u a r d r a i l s  

w o u l d  h o l d  i t s  w h e e l s  t o  a  p a t h  o n  t h e  c o n c r e t e  s l a b  c l o s e  

t o  r u n n i n g  r a i l  a n d  t h u s  p r e v e n t  t h e  c a r s  f r o m  h i t t i n g  o b s t r u c 

t i o n s  o r  r u n n i n g  o f f  t h e  e l e v a t e d  s t r u c t u r e .

T h e  b a l l a s t - o n - s l a b  e l e v a t e d  t r a c k  s h o w n  i n  F i g .  6 i s  q u i e t e r  

a n d  e a s i e r  t o  a d j u s t  t h a n  s l a b  t r a c k ,  b u t  i t  i s  m o r e  e x p e n s i v e  

t o  b u i l d  a n d  may c o s t  m o r e  t o  m a i n t a i n  e x c e p t  i n  c a s e s  w h e r e  

t h e  s u p p o r t  s t r u c t u r e  m o v e s  o r  s e t t l e s ,  c o n s e q u e n t l y  r e q u i r i n g  

l a r g e  t r a c k  a d j u s t m e n t s .

On s h o r t  b r i d g e s ,  t h e  t r a c k  s u p p o r t  s t r u c t u r e  i s  e i t h e r  c o n 

c r e t e  s l a b  o r  b a l l a s t - o n - c o n c r e t e  s l a b  t o  m a t c h  t h e  a d j a c e n t  

e m b a n k m e n t s ;  w h i l e  on  l o n g  b r i d g e s ,  t h e  t r a c k  i s  u s u a l l y  

s u p p o r t e d  b y  a n  o p e n  d e c k  a s  s h o w n  i n  F i g .  4 i n  o r d e r  t o  m i n i 

m i z e  w e i g h t .

3 . 2  INVENTORY DATA

T r a c k  i n v e n t o r y  d a t a  w e r e  c o l l e c t e d  u n d e r  m a j o r  t y p e s  o f  s t r u c 

t u r e s ,  a n d  m i n o r  v a r i a t i o n s  o f  t h e s e  w e r e  l u m p e d  t o g e t h e r .

T h u s  t h e  c o n c r e t e  s l a b  t r a c k ,  l i s t e d  u n d e r  s u b w a y  o r  t u n n e l  

a n d  e l e v a t e d  l o c a t i o n s  i n  T a b l e  1 ,  i n c l u d e s  s l a b  t r a c k  w i t h  

r a i l s  s u p p o r t e d  o n  w ood  t i e s ,  w o o d  b l o c k  " t i e s , "  o r  d i r e c t  

f i x a t i o n  f a s t e n e r s .  T he  w o o d  t i e s  o r  w o o d  b l o c k s  may b e  

f a s t e n e d  o n  t h e  c o n c r e t e  o r  e m b e d d e d '  i n  i t .

The  t r a c k  i n v e n t o r y  d a t a  w e r e  p r o v i d e d  b y  t h e  t r a n s i t  p r o p e r 

t i e s  o n  a n  i n v e n t o r y  f o r m  d e v e l o p e d  f o r  t h e  p r o j e c t  a n d  a p p r o v e d  

b y  t h e  T r a n s i t  T r a c k  S y s t e m s  S t u d y  L i a i s o n  B o a r d . *  T h e  f o r m  

w a s  d e v e l o p e d  t o  o b t a i n  d a t a  t h a t  c o u l d  b e  r e a d i l y  s u m m a r i z e d

*An a d v i s o r y  b o a r d  c o n s i s t i n g  o f  r e p r e s e n t a t i v e s  o f  t r a n s i t  
p r o p e r t i e s  a n d  m e m b e r s  o f  t h e  APTA s t a f f .
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to nationwide totals that would be useful in overall estimates 
of trends and replacement requirements. Track data are summa
rized in Table 1. Earlier track inventories with data collected 
by APTA11 and consultants12 were very useful, as was a prelimi
nary design study made by the Metropolitan Dade County Transit 
Authority.13 A large amount of information received on track 
features, design limits and maintenance practices varied so 
much that it could not be summarized to meaningful totals. 
However some of the items included had ranges of application 
that are of interest. These items are listed in Table 2.

Data on transit car sizes, weights and other characteristics 
are provided in an APTA report14 for cars built between 1945 
and 1977. The axle loads range from a minimum of approximately
10,000 lbs. for an empty 6001 series car of the Chicago Transit 
Authority (CTA) to a maximum of approximately 30,000 lbs. for 
an R-16 series car of the New York City Transit Authority 
(NYCTA) with a crush load of 220 passengers. The heaviest car 
built before 1945 and still in use is on the Broad Street Subway 
of the Southeastern Pennsylvania Transit Authority (SEPTA).
It weighs approximately 142,000 lbs. when carrying a crush 
load of 212 passengers, and the axle load on the truck equipped 
with traction motors is approximately 40,000 lbs. The wide 
range of axle loads in not very significant in the design of 
the track itself, since the track components normally available

11"Track and Right-of-Way Characteristics for Ballasted Track- 
Rolling Stock Characteristics - Operating Conditions," Sec
tion V of "Technical Reference Report No. 1," APTA, Oct. 1975.

12Dunn, R.H., et. al., "Trackwork Study Volume 1 Trackwork 
Practices of North American Rapid Transit Systems," DeLeuw, 
Cather and Co. , Report No. WMATA-DCCO-TWS-1, Nov. 1967 .

13"Basis for Design of Track, Metropolitan Dade County, Stage I 
Rapid Transit System," Draft, Aug. 1978.

14"Roster of North American Rapid Transit Cars, 1945-1976," 
American Public Transit Association Report No. UMTA-DC-06- 
0121-77-1, Jan. 1977.
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TABLE 1 TRANSIT TRACK SUMMARY

a. Track Location
and Structure ______ Miles of Single Track

In In Design or
Operation Construction Planned

Subway or Tunnel
Concrete Slab 378.9 68.7 11.2
Ballasted 257.3 0.6

Surface, Ballasted
Concrete Ties 95.2 18.6 40.1
Wood Ties 186.2 41.2 54.0

Elevated
Embankment, Cone. Ties — 1.7 —

Embankment, Wood Ties 69.7
Open Structure 257.6
Concrete Slab 56.2 56.5 32.8
Ballast on Concrete 27.0
Bridge 12.7 0.4

TOTAL (rounded) 1341 187 138

b. Rail by Weight
and Joint Type
85-lb. CWR 36.0 14.0. -  -

100-lb. CWR 123.6 2.1
112-lb. CWR 5.4.
115-lb. CWR 104.4 174.4 138.1
119-lb. CWR 136.1 3.2
132-lb. CWR 22.3
85-lb. BJR 13.2
90-lb. BJR 71.6

100-lb. BJR 791.3
115-lb. BJR 12.8 0.3
119-lb. BJR 8.0
130-lb. BJR 2.0

c. Components Number in Track
Wood Ties in Ballast 2,000,000 105,000 2,500
Wood Ties on Open Structure 890,000
Wood in Cone. Slab/Invert 860,000 90,000
Wood on Cone. Slab/Invert 20,000 300
Concrete Ties in Ballast* 205,000 65,000
Direct Fixation Fasteners

Pandrol 75,000
Hixen 145,000 280,000 180,000
Elastic 35,000 10,000
Toronto 11,000
Landis 200,000
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c. Components (cont'd) __________Number in Track
In

Operation
In Design or 
Construction Planned

Tie Plates 
6"xl0" to 8"xl4M§ 7"xl6"

7,540,000 390,000 5,000

Joint
36"
24"

Bars
300.000
270.000

2,500

Insulated Joints 
24"
36"
48"

1,300
20,000

30

300
1,500 300

d. Turnouts e. Crossovers

Size

In
Operation 
Line Yard

In Design or 
Construction 
Line Yard Size

In
Operation Construction 
Line Yard Line Yard

3.5 6 45 _  » -  - 4S 23 22 _  - —
4 17 329 5S 32 12
4.5 2 5D 19 8
5 34 463 1 6S 113 36
6 126 144 135 6D 63 17 3
7 40 14 7 S 30
8 89 195 33 66 7D 6
9 7 2 8S 93 9 14 6

10 166 5 5 2 8D 41 1 5
11 5 1 9S 24
12 18 2 10S 25 22
15 21 2 10D 21 8
20 10 2 n s 4
SPE 47 284 12S 4

• 12D 1
15S 4
15D 1
20D 1 - - .

SPE.S 89 17
SPE.D 63 20

Notes: Paragraphs a , b and c of the table do not include
yard track.
All ballasted subway track has wood ties.
All elevated tracks with open decks or ballast have wood ties.
CWR - Continuous, welded rail
BJR - Bolted-joint rail
SPE - Special, Unclassifiable
S - Single
D - Double
*Rail is fastened to concrete ties and some wood ties with 
bolted spring clips. The current trend is towards use of 
drive-type spring clips that require less maintenance.

25



TABLE 2. TRANSIT TRACK DATA

Range

3 to 5 percent
0.35 to 0.50 percent
115 to 1000-foot radius

3000-foot radius

100 to 800 feet

4.5 inches

Item

Grade, maximum
Grade, maximum in station
Curve, Horizontal, minimum
Curve, Horizontal, minimum 

in station
Curve, Vertical, minimum 

length
Superelevation, Balanced, 

maximum
Superelevation, Unbalanced, 

maximum
Lubrication in curves

Rail weight per yard*
Restraining rails

Guardrails

Rail Cant 
Gage on Tangent 
Gage Widening on curves 
Wood Tie Spacing', open 

deck bridges 
elevated structures 
surface
subways and tunnels 

Concrete Tie Spacing 
Concrete Tie Spacing, two- 

block ties
Direct Fastener Spacing 
Welded Rail Joints 
Rail Expansion Joints

1.75 inches
None to all curves to 1500-foot 

radius
85 to 132 pounds 
None to all curves to 1500-foot 

radius
None to all bridges, elevated 

structures, high embankments 
and wayside structures 

1 in 40 to 1 in 20 
56 1/4 to 66 inches ±1/8 inch 
1/2 to 1 inch ±1/8 inch

30 and 36 inches 
26 to 36 inches 
Tangent only to all track 
On. long bridges

15 to 18 inches 
24 inches 
24 to 30 inches 
22 1/2 to 24 inches 
30 inches

Note: *Ncw designs call for 115-lb rail except to match
existing rail.

and in use are adequate for the heaviest loads. The axle 
loads are significant, however, in the design of support 
structures such as bridges and elevated structures, and 
the heavier loads increase the rate of rail wear.
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3.3 RELATED INFORMATION

Three of the twelve rapid transit systems in the U.S. operate 
light rail systems as well as heavy rail systems. These are 
the Greater Cleveland Rapid Transit Authority (CRTA), the 
Massachusetts Bay Transit Authority (MBTA) and the Southeastern 
Pennsylvania Transit Authority (SEPTA) . All three properties 
provided data on their light rail systems, but since they con
stitute only a small part of the total light rail and commuter 
rail in operation in the U.S., the data have not been included 
in this report.

Miscellaneous track and track-related information was ob
tained from transit properties, architectural and engineer
ing firms, other consultants, and available reports. This 
information was evaluated with track inventory data as to 
its suitability for a track data base. While the data were 
adequate for comparative evaluations of current practices, 
they were found to lack sufficient accuracy and density and 
to have too much scatter to form an actual data base. Much 
of the information, other than track inventory, is approxi
mate; it was obtained from the recollections of transit 
personnel, since accurate records were available in only a 
few cases. Improvements in this situation can be expected 
when a project is completed which will produce a uniform 
chart of accounts plus uniform accounting and planning pro
cedures for the transit properties. Uniform procedures 
will assist in the identification and recording of relevant 
track data and will help to determine which track data should 
be collected and processed by management information systems 
into information that will assist management decisions.

The quantity of track and other facilities data that will be 
worth the costs of collecting and processing in a data base 
is not expected to be large. The data bases found to be 
effective by industrial organizations generally contain only
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very broad facilities data consisting of locations, capaci
ties, overall costs and trends. 15’16 Details are left in 
the hands of plant managers, plant engineers and consultants. 
The emphasis is on simplifying and reducing the data to quanti
ties that top management can use effectively in planning.
Major reasons for leaving detailed information on facilities 
in the hands of the local managers are that they make the most 
use of it, and they can maintain and update the data at mini
mum cost. In addition, the large variations in the detailed 
information caused by local conditions (usage rates, labor 
and material costs, availability of skills, weather conditions, 
age of facilities) detract from the significance of the details 
when they are assembled at a management center.

Similar situations were encountered when the principal inves
tigator worked with other data bases, including one for mili
tary facilities in the Pacific areas. These data bases 
contained large quantities of accurate and detailed informa
tion, but the quantity and complexity of the data made pro
cessing very costly and prevented managers from making 
effective use of them. When the collectors of data at the 
facilities involved realized the data were not being used 
extensively, the costs and efforts of data collection were 
gradually reduced, and error crept in rapidly during fre
quent updates. Restructuring these data bases was tedious.
It consisted of evaluating hundreds of items for significance, 
and simplifying and consolidating the relatively few data 
that were found to be essential. In the process, great 
advantage was found in leaving detailed facilities data with 
local managers and plant engineers, and providing them with 
uniform guidance on recording and using the data.

15Tsichritzis, D.C. and Lochovsky, F.H., Data Base Management 
Systems, Academic Press, 1977.

16R o s s , J. E., Modern Management and Information Systems, 
Reston Publishing Co., Prentice-Hall, 1976.
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4. TRACK CONDITION

4.1 GENERAL

A large number of factors govern the condition of transit 
track. A track in good condition is safe, has a smooth, 
comfortable ride quality and does not deteriorate rapidly 
under traffic.

The many factors that govern track condition range from the 
weight of rails and the amount of wear they have undergone to 
the drainage beneath the roadbed. Some items (such as track 
components) can be counted and measured, but only a few factors 
can be measured readily with consistent accuracy. These 
include the position of the rails (track geometry) and the 
accelerations forced upon cars as they travel over rail devia
tions. The evaluation of other factors (such as the condition 
of a tie with rot in it) can be improved by giving them 
separate consideration and by using check lists. These check 
lists improve the consistency in the evaluations and reduce the 
level of subjectivity inherent in all inspections.

The transit tracks that have been observed generally exceed 
Federal standards2 for their speed classes. In relation to the 
weight and speed of traffic imposed upon it, the transit rail 
is heavier, and the track structure is stronger than railroad 
track. Generally it is maintained in very good condition for 
its traffic except for short wavelength rail deviations that 
contribute to noise and poor ride quality.

A reduced level of maintenance has been noted on lengths of 
track that are soon to be rebuilt or removed, but safety has 
not been reduced, as operating speeds are commensurate with 
track condition. Safety can be maintained when track conditions

1 Standards, p. 3.
)

29



deteriorate by reducing the speed of traffic. This is indicated 
in the Safety Guidelines17 published by APTA where maximum 
allowable speeds are related to measurable track conditions.

Track condition becomes less critical as operating speed is 
reduced, because the lateral and vertical accelerations of 
cars that are caused by track deviations vary approximately 
with the square of the speed. At very low speed, a skillful 
motorman can ease cars over a serious track defect that would 
derail the cars at high speeds. Accordingly, traffic may be 
operated safely over tracks at many different levels of condi
tion, from excellent to very poor, by adjusting the operating 
speed to suit the track condition.

4.2 TRACK SURVEYS

In the course of the work under the track study, 52 sample 
lengths of track (nominal 1000-foot lengths) were surveyed and 
examined in detail. Automatic equipment was not available for 
collecting and processing either track geometry or ride quality 
data. Accordingly a "Roll Ordinator" was used to measure align
ment and profile deviations as shown in Figs. 7 and 8, and a 
"Track Chek" was used to measure crosslevel and gage as shown 
in Fig. 9. These inspection devices are normally used to iden
tify exceptions to allowable tolerances for corrective work by 
track maintenance crews. The. devices simplify the measurement 
processes when compared to the use of handtools such as string
line, tracklevel and gage, although they do not have the speed 
of automatic equipment or provide data in a form suitable for 
computer processing. In order to use the collected data to 
quantify track condition, a special methodology was developed. 
This methodology is not intended for general use, since auto
matic data processing techniques are more suitable when track 
survey data is to be used in planning and maintenance control.

17Moving People Safely, Safety Guideline for Urban Rapid lransit
Systems, 3 ed., American Public Transit Association, Nov 1977.
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Fig. 7
Measuring Rail Alignment 

And Profile

Alignment and profile are 
determined from midchord 
offsets measured from the 
rail to a straight line. 
The line is actually a 
taut wire moved along the 
rail with the device shown

Fig. 8
Reading Mid-Chord Offsets 

From A 20-Foot Chord

Flashlights were used in 
subways and at night on sur
face track when measuring 
rail alignment and profile.

Fig. 9
Measuring Track Gage and 

Crosslevel

Gage is shown on the small 
dial, being the distance 
between the flanges of the 
measuring wheels. Crosslevel 
is shown on the large dial, 
and is taken from the angle 
of a damped pendulum.
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The sample lengths of track were surveyed by measuring rail 
irregularities in alignment and profile as offsets from a 
20-foot chord at 10-foot intervals and at intermediate points 
wherever abrupt deviations were found. A 20-foot chord was 
selected, because it is a convenient length to use on sharp 
curves, and also because it gives good indications of the track 
irregularities in the wavelengths that seriously affect the 
ride quality of transit cars. The 20-foot chord was moved 
along the track on a "Roll Ordinator," which also carried a 
vertical and horizontal scale graduated in sixteenths of an 
inch, to show offsets from the chord as indicated in Fig. 9.
The gage and crosslevel measurements at the same points along 
the track were read from the dials of the "Track Check" which 
was rolled along the track as shown in Fig. 8. These measure
ments were checked with a combination track level-gage at 
the beginning and end of each survey zone to make sure the 
equipment was adjusted properly.

Unusual conditions such as large gaps between rail ends at 
joints, misalignment of rail ends, deep currugations in rails, 
worn frog points, and wide flangeways were measured with hand 
tools. These included straight edge, rule, surface depth gage, 
taper gage, probe and tools for cleaning track components.

Many miles of track were observed from trains to gain an appre
ciation of the general quality of the ride as well as the condi
tion of the track, and to observe any unusual conditions. Some 
zones with interesting features (in addition to those surveyed) 
were inspected on foot in order to relate them to the zones 
that had been surveyed for ride quality and general conditions.

Conditions observed in ballasted track are illustrated in Figs. 
10 and 11, while Fig. 12 shows elevated slab track. The bal
lasted surface track shown in Fig. 10, with continuous welded 
rails (CRW) in excellent condition, is on a high embankment 
at the approach end of a station. The short guardrail shown
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Fig. 10
Ballasted Track In 
Excellent Condition

The rails are fastened to the 
plates with spring clips to 
restrain the CWR longitudin
ally and vertically. The 
tie plates are fastened to 
the wood ties with lock 
spikes.

Fig. 11
Ballasted Track In Poor 

Condition

This rough track at the 
transition of an embankment 
and a station structure is 
scheduled to be rebuilt.

Fig. 12
Elevated Concrete Slab 

Track, Very Good Condition

The wood blocks and large 
ties embedded in concrete 
are similar to the subway 
track structure shown in 
Fig. 1.
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between the running rails to the left of the track center line 
has the function of preventing cars from hitting the end of the 
platform if a derailment should occur. In this case, the guard
rail would hold the derailed wheels to a path between it and 
the running rail. If a car were to derail towards the left 
side of the track shown in Fig. 10, the long guardrail to the 
right of the track center would prevent the car from hitting 
the poles or other obstructions to the left and from running 
off the embankment.

Fig. 11 shows a track in poor condition at the end of a station 
where changes in the stiffness of the supporting structure 
appear to have contributed to impacts and deterioration of the 
track. This structure is scheduled to be rebuilt in the near 
future. Fig. 12 shows an elevated concrete slab track in very 
good condition, while Fig. 13 shows a similar, older track that 
has deteriorated to a poor condition and is scheduled to be 
rebuilt. The exposure of wood ties on elevated tracks leads 
them to split and rot at a slightly faster rate than ties in 
ballasted surface track. The badly deteriorated ties in the 
elevated, ballasted track shown in Fig. 14 were said to be over 
35 years old. New ties and rails were installed shortly after 
the picture was taken.

Fig. 15 shows an elevated CWR slab track in excellent condition 
with direct fixation fasteners supporting the rails. The fasten
ers are fitted with elastic pads to give the track resiliency.

4.3 RATING TRACK CONDITION

4.3.1 CONDITION INDICATORS

As noted in Section 4.1, only a few of the factors that affect 
track condition can be measured consistently. Attempts to 
systematize the evaluation of all the important factors (mea
surable or not) showed that they can be grouped under three 
major qualities of the track:
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F i g .  13

E l e v a t e d  C o n c r e t e  S l a b  

T r a c k ,  P o o r  C o n d i t i o n  - ■■"

The  d e t e r i o r a t e d  w ood  
b l o c k s  a n d  t i e s  a n d  t h e  
w o r n  r a i l  a r e  s c h e d u l e d  
f o r  e a r l y  r e p l a c e m e n t .

feyif I . \jjBji

F i g .  14
E l e v a t e d  B a l l a s t e d  T r a c k  

I n  P o o r  C o n d i t i o n

The  d e t e r i o r a t e d  w ood  t i e s  
a n d  w o r n  r a i l  a r e  s o o n  t o  
b e  r e p l a c e d .  T h i s  p i c t u r e  
s h o w s  a  r e s t r a i n i n g  r a i l  
b o l t e d  t o  t h e  r u n n i n g  r a i l ,  
a  g u a r d  r a i l  t o  t h e  l e f t  
a n d  a  c o n t a c t  ( p o w e r )  r a i l  
w i t h  c o v e r  t o  t h e  r i g h t .

F i g .  15

E l e v a t e d  S l a b  T r a c k  I n  

E x c e l l e n t  C o n d i t i o n

T he  r a i l s  i n  t h i s  new  CWR 
t r a c k  a r e  h e l d  w i t h  d i r e c t  
f i x a t i o n  f a s t e n e r s  b o l t e d  
t o  t h r e a d e d  h o l d e r s  i n  t h e  
c o n c r e t e  s l a b .  A d e c k  d r a i n  
i s  sh o w n  b e t w e e n  t h e  r a i l s .
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•  S m o o t h n e s s  w h i c h  g o v e r n s  t h e  s a f e t y  a n d  
r i d e  q u a l i t y  o f  t h e  t r a c k .

•  D u r a b i l i t y  w h i c h  e n s u r e s  c o n t i n u i n g  s a f e t y  
a n d  r i d e  q u a l i t y  i n  t h e  i m m e d i a t e  f u t u r e .

•  M a i n t a i n a b i l i t y  w h i c h  p e r m i t s  l o n g - t e r m  
c o n t i n u a n c e  o f  t r a c k  s a f e t y  a n d  g o o d  r i d e  
q u a l i t y .

S m o o t h n e s s  a n d  d u r a b i l i t y  a f f e c t  o n e  a n o t h e r .  A d u r a b l e  t r a c k  

s t a y s  s m o o t h  l o n g e r  u n d e r  t r a f f i c ,  w h i l e  a  s m o o t h  t r a c k  i s  m o re  

d u r a b l e  t h a n  o n e  o f  e q u a l  s t r e n g t h  t h a t  i s  s u b j e c t  t o  j o l t s  a n d  

p o u n d i n g  i m p a c t s  b e c a u s e  o f  i t s  r o u g h n e s s  u n d e r  t r a f f i c .  I n  

a d d i t i o n ,  s m o o t h n e s s  i t s e l f  i s  a n  i n d i c a t o r  o f  d u r a b i l i t y  i n  

a t r a c k  t h a t  i s  s t i l l  r e l a t i v e l y  s m o o t h  a f t e r  c a r r y i n g  t r a f f i c  

f o r  s e v e r a l  y e a r s .  A c c o r d i n g l y ,  s m o o t h n e s s  i s  c o n s i d e r e d  t h e  

m o s t  i m p o r t a n t  i n d i c a t o r  o f  t r a c k  c o n d i t i o n ,  a n d  i t  w as  a s 

s i g n e d  a maximum o f  60 p o i n t s  o u t  o f  a p o s s i b l e  100  p o i n t s  

( f o r  a  t r a c k  i n  n e a r  p e r f e c t  c o n d i t i o n ) .

D u r a b i l i t y  i s  t h e  q u a l i t y  o f  s t r e n g t h  a n d  t o u g h n e s s  t h a t  g i v e s  

a t r a c k  i t s  r e s i s t a n c e  t o  d e t e r i o r a t i o n  u n d e r  t r a f f i c  a n d  

e n v i r o n m e n t a l  f a c t o r s . T h e  t r a c k  s h o u l d  c a r r y  t h e  l o a d s  i m 

p o s e d  u p o n  i t  b y  t r a f f i c  w i t h o u t  a n y  c o m p o n e n t s  b e i n g  o v e r -  

s t r e s s s e d  a t  a n y  p o i n t ,  e s p e c i a l l y  a t  t h e i r  c o n n e c t i o n s  a n d  

i n t e r f a c e s  w i t h  o t h e r  c o m p o n e n t s .  D u r a b i l i t y  i s  a  v e r y  i m 

p o r t a n t  t r a c k  q u a l i t y  a n d  w a s  a s s i g n e d  a maximum o f  30 p o i n t s .

M a i n t a i n a b i l i t y  ( e a s e  o f  m a i n t e n a n c e )  i s  i m p o r t a n t  t o  t h e  

c o n t i n u i n g  s m o o t h n e s s  a n d  d u r a b i l i t y  o f  t h e  t r a c k  b e c a u s e  

many c o m p o n e n t s  c a n n o t  b e  m ade  t o  l a s t  t h e  l i f e  o f  a  t r a n s i t  

t r a c k ,  a n d  o t h e r s  r e q u i r e  a d j u s t m e n t  t o  c o m p e n s a t e  f o r  g r a d u a l  

w e a r  u n d e r  t r a f f i c .  U n l e s s  s h o r t - l i v e d  c o m p o n e n t s  c a n  b e  

a d j u s t e d  a n d / o r  r e p l a c e d  e a s i l y  a n d  e c o n o m i c a l l y ,  t h e  w o r k  

t e n d s  t o  b e  d e f e r r e d ,  a n d  t h e  t r a c k  d e t e r i o r a t e s  t o  a  r o u g h e r ,  

w e a k e r  c o n d i t i o n .  A c c o r d i n g l y  m a i n t a i n a b i l i t y  i s  a s s i g n e d  a 

maximum o f  10 p o i n t s  o u t  o f  a  p o s s i b l e  100 p o i n t s  i n  r a t i n g  

t r a c k  c o n d i t i o n s .
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4.3.2 RATING PROCEDURES
4 . 3 . 2 . 1  S m o o t h n e s s

T r a c k  g e o m e t r y  p a r a m e t e r s  w e r e  m e a s u r e d  i n  s i x t e e n t h s  o f  an  
i n c h  f o r  t h e  c o n v e n i e n t  u s e  o f  a v a i l a b l e  t o o l s  a n d  i n s t r u m e n t s .  

D e v i a t i o n s  w e r e  f o u n d  f o r  a l i g n m e n t ,  p r o f i l e  a n d  c r o s s l e v e l  

b y  t a k i n g  g r o u p s  o f  t h r e e  c o n s e c u t i v e  m e a s u r e m e n t s  a n d  s u b 

t r a c t i n g  t h e  c e n t e r  m e a s u r e m e n t  f r o m  t h e  m ean  o f  t h e  tw o  e n d  

m e a s u r e m e n t s .  T he  d i f f e r e n c e s  f o u n d  f o r  a l i g n m e n t  a n d  p r o f i l e  

w e r e  i r r e g u l a r i t i e s  w h e r e  t h e  r a i l  d e v i a t e d  f r o m  a s m o o t h  s p a c e  

c u r v e .  The  c r o s s l e v e l  d e v i a t i o n s  i n d i c a t e d  t w i s t  o r  w a r p  

w h i c h  d e g r a d e s  r i d e  q u a l i t y  a n d  i n c r e a s e s  d e r a i l m e n t  t e n d e n 

c i e s .  Gage  d e v i a t i o n s  w e r e  f o u n d  by  c o m p a r i n g  t h e  d e s i g n  

g a g e  o f  t h e  t r a c k  t o  t h e  m e a s u r e d  g a g e .

The  m e a s u r e d  d e v i a t i o n s  w e r e  summed a n d  w e i g h t e d  a t  s e v e r a l  

l e v e l s  s o  a s  t o  d i s t i n g u i s h  a w i d e  r a n g e  o f  s m o o t h n e s s  l e v e l s  

among  t r a c k s .  T h e  maximum s m o o t h n e s s  r a t i n g  o f  60 w o u l d  b e  

g i v e n  t o  a t r a c k  w i t h  no  r a i l  d e v i a t i o n s  f r o m  a s m o o t h  c u r v e  

t h a t  e x c e e d s  3 / 1 6  o f  a n  i n c h  i n  20 f e e t  f o r  a l i g n m e n t ,  p r o 

f i l e  a n d  c r o s s l e v e l ;  n o  g a g e  m o r e  t h a n  5 / 1 6  o f  a n  i n c h  w i d e  

o r  l e s s  t h a n  3 / 1 6  i n c h  n a r r o w ;  a n d  no  a n o m a l i e s  ( r o u g h n e s s )  

a t  j o i n t s  o r  i n  s p e c i a l  t r a c k  w o r k .  P o i n t s  w e r e  d e d u c t e d  f r o m  

t h e  maximum r a t i n g  f o r  m e a s u r e d  d e v i a t i o n s  t h a t  e x c e e d  t h e  

l i m i t s  s t a t e d  a b o v e .  P o i n t s  w e r e  a l s o  d e d u c t e d  f o r  r o u g h n e s s  

f o u n d  a t  b o l t e d  j o i n t s  a n d  o t h e r  i r r e g u l a r i t i e s .

T h e  p r o c e d u r e s  u s e d  f o r  r a t i n g  s m o o t h n e s s  a r e  c o m p l e x ,  a n d  

t h e  w o r k  r e q u i r e d  w as  t e d i o u s .  As i n d i c a t e d  p r e v i o u s l y ,  a u t o 

m a t i c  s y s t e m s  t o  c o l l e c t  a n d  p r o c e s s  s m o o t h n e s s  d a t a  w o u l d  b e  

c o s t  e f f e c t i v e  i f  r e p e t i t i v e  m e a s u r e m e n t s  w e r e  n e e d e d  a s  i n  

t h e  p l a n n i n g  a n d  m o n i t o r i n g  t r a c k  m a i n t e n a n c e .  I n  a n y  c a s e ,  

c l o s e  o b s e r v a t i o n s  a n d  m a n u a l  m e a s u r e m e n t s  a r e  n e c e s s a r y  t o  

r a t e  t h e  d u r a b i l i t y  a n d  m a i n t a i n a b i l i t y  o f  a  t r a c k .



4.3.2.2. Durability
T r a c k  c o m p o n e n t s  w e r e  i n s p e c t e d  a n d  t h e i r  c o n d i t i o n s  w e r e  

e s t i m a t e d  o r  m e a s u r e d  a s  a p p r o p r i a t e .  Some f a c t o r s  s u c h  a s  

d e p t h  o f  b a l l a s t ,  s p a c i n g  o f  t i e s  o r  f a s t e n e r s  a n d  w e i g h t s  

o f  r a i l s  c a n  b e  m e a s u r e d .  O t h e r s ,  s u c h  a s  r a i l  c o r r o s i o n ,  

t h e  e x t e n t  o f  b a l l a s t  f o u l i n g  a n d  t h e  d e t e r i o r a t i o n  o f  

e l a s t i c  p a d s  i n  d i r e c t - f i x a t i o n  f a s t e n e r s ,  m u s t  b e  e s t i m a t e d .  

S t i l l  o t h e r s ,  s u c h  a s  w e a k e n i n g  o f  s u b b a s e  m a t e r i a l s ,  m u s t  

b e  o b s e r v e d  i n d i r e c t l y  t h r o u g h  t h e i r  e f f e c t s  ( s u c h  a s  s a g g i n g  

p r o f i l e  o r  mud p u m p i n g )  u n l e s s  e x p e n s i v e  t e s t s  a r e  m a d e .

The  m o v e m e n t  o f  r a i l s  u n d e r  t r a f f i c  l o a d s  i s  a  v e r y  g o o d  

i n d i c a t o r  o f  t r a c k  d u r a b i l i t y ,  b u t  s p e c i a l  e q u i p m e n t  w o u l d  

b e  r e q u i r e d  t o  make  m o r e  t h a n  a f e w  m e a s u r e m e n t s  o f  r a i l  

m o v e m e n t .

The s u p p o r t i n g  s t r u c t u r e ,  o r  s u b b a s e  u n d e r  b a l l a s t  o r  c o n c r e t e  

s l a b ,  s h o u l d  s u p p o r t  t h e  t r a c k  s t r u c t u r e  a n d  a l l  t r a f f i c  l o a d s  

w i t h o u t  d i s t r e s s .  A s u b b a s e  s h o u l d  a l s o  r e s i s t  mud p u m p i n g  

f r o m  b e l o w  t h e  b a l l a s t ,  r e s i s t  w o r k i n g  a t  j o i n t s  a n d  c r a c k i n g  

i n  t r a c k  s l a b s ,  p r e v e n t  s a g s  i n  t r a c k  p r o f i l e ,  a n d  r e s i s t  

d e g r a d a t i o n  o f  g e o m e t r y  i n  b a l l a s t e d  t r a c k .

B a l l a s t ,  i f  u s e d  t o  s u p p o r t  t h e  t r a c k ,  s h o u l d  f i l l  t h e  c r i b s  

a n d  s h o u l d e r s  t o  t h e  t o p s  o f  t i e s  e x c e p t  a t  s w i t c h e s .  The  

b a l l a s t  s h o u l d e r s  s h o u l d  e x t e n d  l e v e l  a t  l e a s t  6 i n c h e s  b e 

y o n d  t h e  e n d s  o f  t h e  t i e s ,  u n l e s s  l a t e r a l  s t a b i l i t y  i s  p r o 

v i d e d  b y  b r a c i n g  t h e  t r a c k  o r  a n c h o r i n g  i t .  The  b a l l a s t  s h o u l d  

b e  c l e a n  a n d  s h o u l d  m e e t  g r a d a t i o n  a n d  q u a l i t y  s p e c i f i c a t i o n s ;  

i t  s h o u l d  s u p p o r t  t i e s  f i r m l y  a n d  h o l d  t h e  t r a c k  i n  a l i g n m e n t .

T i e s  s h o u l d  b e  i n  c o n d i t i o n  t o  s u p p o r t  t h e  r a i l s  f i r m l y ,  h o l d  

t h e m  t o  s p e c i f i e d  g a g e ,  a n d  t r a n s f e r  v e r t i c a l  a n d  h o r i z o n t a l  

l o a d s  f r o m  t h e  r a i l s  t o  t h e  b a l l a s t ,  c o n c r e t e  s l a b  o r  o t h e r  

t r a c k  s u p p o r t  s t r u c t u r e .  T h e y  s h o u l d  b e  a t  s p e c i f i e d  i n t e r v a l s  

a n d  s h o u l d  n o t  b e  s k e w e d  o r  l o o s e  t o  t h e  e x t e n t  t h a t  i t  i m p a i r s
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t h e i r  f u n c t i o n .  T i e s  i n  s p e c i a l  t r a c k  w o r k  s h o u l d  b e  l o n g  

e n o u g h  t o  h o l d  t h e  e n t i r e  a s s e m b l i e s  t o g e t h e r  f i r m l y  w hen  

t r a f f i c  p a s s e s  o v e r  t h e m .

R a i l  f a s t e n i n g s  ( i n c l u d i n g  c u t  s p i k e s ,  s c r e w  s p i k e s ,  l o c k  

s p i k e s ,  b o l t s ,  s p r i n g  c l i p s ,  t i e  p l a t e s  a n d  p a d s )  s h o u l d  b e  

i n s t a l l e d  i n  t h e  n u m b e r s  a n d  l o c a t i o n s  s p e c i f i e d .  T h e y  s h o u l d  

b e  i n  c o n d i t i o n  t o  p e r f o r m  t h e i r  f u n c t i o n  o f  h o l d i n g  t h e  r a i l  

i n  p o s i t i o n  a n d  d i s t r i b u t i n g  t h e  l o a d  s o  a s  t o  p r o t e c t  t h e  

t i e .  S p i k e s  n e e d  n o t  b e  d r i v e n  down t i g h t l y  o n  t h e  f l a n g e  

o f  t h e  r a i l ,  a s  t h e  r a i l  t e n d s  t o  f l o a t  a b o v e  t h e  t i e s  w h e n  

a f f e c t e d  b y  t h e  u p l i f t  f o r c e  o f  r o l l i n g  w h e e l  l o a d s ,  a n d  t h e  

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

o v e r t u r n  i t .

D i r e c t  f i x a t i o n  f a s t e n e r s  s h o u l d  b e  i n  c o n d i t i o n  t o  p e r f o r m  

t h e  same f u n c t i o n s  a s  l i s t e d  a b o v e  f o r  t i e s .  I n  p a r t i c u l a r ,  

b o l t s  s h o u l d  b e  l u b r i c a t e d  a n d  t i g h t ,  b a s e  p l a t e s  s h o u l d  b e  

i n  c o n t a c t  w i t h  t h e  s u p p o r t  s t r u c t u r e ,  a n d  e l a s t i c  p a d s  

s h o u l d  b e  h e l d  i n  s p e c i f i e d  p o s i t i o n s .

R a i l s  s h o u l d  b e  t h e  s p e c i f i e d  s i z e  a n d  t y p e  a n d  s h o u l d  b e  

w i t h i n  s p e c i f i e d  w e a r  l i m i t s .  T h e y  s h o u l d  b e  f r e e  o f  v i s i b l e  

c r a c k s  a n d  l a r g e  s p a l l s  o r  c h i p p e d  a r e a s  o n  t h e  g a g e  s i d e  o f  

t h e  h e a d .  T h e y  s h o u l d  n o t  b e  w e a k e n e d  e x c e s s i v e l y  b y  c o r r o s i o n .

R a i l  e n d s  s h o u l d  b e  s m o o t h  a n d  s q u a r e  a n d  s h o u l d  b e  w i t h i n  

t h e  l i m i t s  s p e c i f i e d  f o r  m i s m a t c h ,  r a i l  e n d  b a t t e r  a n d  g a p s  

a t  j o i n t s .

B o l t e d  j o i n t s  s h o u l d  h a v e  t h e  s p e c i f i e d  s i z e  a n d  t y p e  a n g l e  

b a r s  a n d  b o l t s .  N u t s  s h o u l d  b e  t o r q u e d  t o  s p e c i f i e d  b o l t  

t e n s i o n ,  a n d  t h r e a d s  a n d  f i s h i n g  s u r f a c e s  s h o u l d  b e  l u b r i 

c a t e d .  J o i n t  b a r s  s h o u l d  b e  b e n t  t o  m a t c h  t h e  r a i l  on  s h o r t  

r a d i u s  c u r v e s .  J o i n t  b a r s  s h o u l d  n o t  p e r m i t  v e r t i c a l  m o v e 

m e n t  o f  e i t h e r  r a i l  e n d .
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S p e c i a l  t r a c k  w o r k  s h o u l d  n o t  b e  w o r n  b e y o n d  s p e c i f i e d  l i m i t s .

I t  s h o u l d  b e  f a s t e n e d  f i r m l y ,  s o  t h a t  c o m p o n e n t s  c a n n o t  d e f l e c t  

o r  move h o r i z o n t a l l y  b e y o n d  s p e c i f i e d  l i m i t s ,  a n d  s o  t h a t  s u b -  

a s s e m b l i e s  c a n n o t  move r e l a t i v e  t o  e a c h  o t h e r .  S w i t c h  p o i n t s  

s h o u l d  c l o s e  f i r m l y  a g a i n s t  s t o c k  r a i l s ,  a n d  f r o g  p o i n t s  s h o u l d  

b e  p r o t e c t e d  b y  g u a r d s  i n  s p e c i f i e d  p o s i t i o n s .

W h i l e  d r a i n a g e  i s  n o t  i t s e l f  a  t r a c k  c o m p o n e n t ,  i t  h a s  l a r g e  

a n d  c o n t i n u i n g  e f f e c t s  on  t r a c k  c o n d i t i o n .  W a t e r  g e n e r a l l y  

w e a k e n s  a l l  s u b b a s e  m a t e r i a l  e x c e p t  d u r a b l e  r o c k .  W a t e r  i s  

a l s o  t h e  p r i m a r y  c a u s e  o f  t h e  m o s t  s e r i o u s  p r o b l e m s  f o u n d  o n  

t r a c k  e m b a n k m e n t s .  A c c o r d i n g l y ,  g o o d  d r a i n a g e  i s  e s s e n t i a l  t o  

t h e  s a f e t y  a n d  e f f i c i e n c y  o f  t r a c k  t h a t  i s  i n s t a l l e d  o n  b a l l a s t  

o r  s l a b s  o n  e m b a n k m e n t s .  Good d r a i n a g e  i s  a l s o  i m p o r t a n t  f o r  

r e t a r d i n g  t h e  c l o g g i n g  o f  b a l l a s t e d  t r a c k  i n  t u n n e l s  a n d  s u b w a y s ,  

a n d  f o r  r e d u c i n g  t h e  r a t e  o f  c o r r o s i o n  o f  r a i l  a n d  f a s t e n i n g s .

D r a i n a g e  s h o u l d  k e e p  t r a c k  i n  s u b w a y s  a n d  t u n n e l s  d r y  a t  a l l  

t i m e s .  I t  s h o u l d  d r a i n  a l l -  w a t e r  f r o m  o u t d o o r  t r a c k s  s h o r t l y  

a f t e r  r a i n  h a s  s t o p p e d  o r  s n o w  h a s  m e l t e d .

F o r  c o n s i s t e n c y  i n  e v a l u a t i n g  d u r a b i l i t y ,  m a j o r  f a c t o r s  a r e  

i d e n t i f i e d  a n d  w e i g h t e d  a s  s h o w n  i n  T a b l e  3 .

4 . 3 . 2 . 3  M a i n t a i n a b i l i t y

A few  m a i n t a i n a b i l i t y  f a c t o r s  c a n  b e  c o u n t e d  o r  m e a s u r e d .

T h e s e  i n c l u d e  c l e a r a n c e s ,  t r a c k  a v a i l a b i l i t y  t i m e ,  f a s t e n e r s  

t h a t  c a n  b e  a d j u s t e d  t o  c o m p e n s a t e  f o r  m o v e m e n t  o f  t r a c k  

s u p p o r t s ,  b r a c e s  t h a t  c a n  b e  a d j u s t e d  t o  c o m p e n s a t e  f o r  w e a r  

o f  r e s t r a i n i n g  r a i l s ,  a n d  a n  a d e q u a t e  s u p p l y  o f  s p a r e s .

M a i n t e n a n c e  c o n t r o l  w a s  c o n s i d e r e d  t h e  m o s t  i m p o r t a n t  f a c t o r .

I t  i n c l u d e s  m a k i n g  t h e  t r a c k  a v a i l a b l e  f o r  m a i n t e n a n c e  w i t h  

m in im um  t r a f f i c  i n t e r r u p t i o n s  a s  w e l l  a s  p l a n n i n g ,  s c h e d u l i n g  
a n d  o t h e r  m a n a g e m e n t  f u n c t i o n s  t h a t  f a c i l i t a t e  e f f e c t i v e  a n d  

e c o n o m i c a l  t r a c k  m a i n t e n a n c e .
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TABLE 3. TRACK DURABILITY CHECK LIST

Maximum
P o i n t s

Track Support Structure - consider the support 12
structure as one of four basic arrangements 
with maximum allowances for components as 
follows:

C o n e ,  s l a b / i n v e r t :  s l a b  a n d  s u b b a s e - 1 0 ;
d r a i n a g e - 2 ;  o r  w ood  t i e s  i n  c o n c r e t e - 8  
d r a i n a g e - 3 .

O pen  d e c k :  t i e s  a n d  c o n n e c t o r s - 4 ;  s t e e l
s u p p o r t s - 7 .

B a l l a s t e d  d e c k :  t i e s - 3 ;  b a l l a s t - 3 ;  d e c k - 3 ;
d r a i n a g e - 2 .

B a l l a s t e d  e m b a n k m e n t :  t i e s - 3 ;  b a l l a s t - 3 ;
d r a i n a g e  3 ;  s u b b a s e - 1 .

F a s t e n e r s  - c o n s i d e r  d e s i g n ,  s p a c i n g ,  t i g h t n e s s  4
o f  b o l t s ,  l u b r i c a t i o n ,  c o r r o s i o n  a n d  a n y  d a m a g e .

R a i l  - c o n s i d e r  w e i g h t ,  w e a r ,  c o r r u g a t i o n s ,  6
d a m a g e - 4 ;  r a i l  e n d s  a t  j o i n t s  a n d  c o n d i t i o n s  
a t  w e l d s - 2 .

C u r v a t u r e  - c o n s i d e r  r a d i i } l e n g t h s  a n d  n u m b e r  o f  3
c u r v e s ;  r e s t r a i n i n g  r a i l  a n d  f a s t e n i n g s ;  a n d  
l u b r i c a t i o n .

S p e c i a l  T r a c k w o r k  - c o n s i d e r  q u a n t i t i e s ,  s i z e s ,  3
t y p e s ,  w e a r ,  p l a y  a t  p o i n t s  a n d  h e e l s  a n d  
b e t w e e n  c o m p o n e n t s ,  g u a r d r a i l s ,  a n d  o t h e r  
f e a t u r e s .

E x p o s u r e  - c o n s i d e r  c o v e r ,  p r e v a i l i n g  t e m p e r a t u r e s ,  2
r a i n f a l l ,  h u m i d i t y ,  f r e e z e - t h a w  c y c l e s  a n d  e x 
p o s u r e  t o  s a l t  w a t e r  a n d  d e i c i n g  s a l t s .  _____

30

A c c e s s i b i l i t y  i s  a l s o  a n  i m p o r t a n t  f a c t o r  o f  m a i n t a i n a b i l i t y .

F o r  e x a m p l e ,  a  s u r f a c e  t r a c k  a d j a c e n t  t o  a n  a c c e s s  r o a d  i s  m uch  

e a s i e r  t o  m a i n t a i n  t h a n  a s i n g l e  t r a c k  i n  a  s m a l l  t u n n e l .  

C l e a r a n c e s  a r e  i m p o r t a n t  i n  p e r m i t t i n g  t h e  u s e  o f  l a r g e  c a p a 

c i t y  t r a c k  m a i n t e n a n c e  e q u i p m e n t .  The  t y p e s  o f  t r a c k  c o m p o n e n t s  

u s e d  a r e  s i g n i f i c a n t  n o t  o n l y  b e c a u s e  som e a r e  e a s i e r  t o  a d j u s t  

a n d  r e p l a c e  t h a n  o t h e r s ,  b u t  a l s o  b e c a u s e  c o m p o n e n t s  co m m o n ly  u s e d
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b y  r a i l r o a d s  a r e  m o r e  l i k e l y  t o  b e  a v a i l a b l e  t h a n  s p e c i a l  

c o m p o n e n t s .  S h e l t e r  i s  a l s o  s i g n i f i c a n t ,  a s  r e p a i r  i s  e a s i e r  

i n  b a d  w e a t h e r ,  i f  a  t r a c k  i s  u n d e r  a n  o v e r p a s s  o r  i n  a  
s u b w a y .

F o r  c o n s i s t e n c y  i n  e v a l u a t i n g  m a i n t a i n a b i l i t y ,  m a j o r  f a c t o r s  

a r e  i d e n t i f i e d  a n d  w e i g h t e d  a s  s h o w n  i n  T a b l e  4 .

TABLE 4 .  TRACK MAINTAINABILITY CHECK L IS T

Maximum
P o i n t s

M a i n t e n a n c e  C o n t r o l  - c o n s i d e r  a l l  c o n t r o l l a b l e  4
f a c t o r s  t h a t  a f f e c t  m a i n t e n a n c e  q u a l i t y  a n d  p r o 
d u c t i v i t y .  The  o p t i m u m  i s  p o s i t i v e  c o n t r o l  o f  
t r a c k  a v a i l a b i l i t y ,  i n s p e c t i o n ,  p l a n n i n g ,  s c h e d u l 
i n g ,  t r a i n i n g ,  s u p e r v i s i o n ,  m e t h o d s ,  s u p p l i e s ,  ' 
a d v a n c e d  e q u i p m e n t  a n d  t o o l s  f o r  m a i n t e n a n c e  
e f f i c i e n c y .

A c c e s s i b i l i t y  - c o n s i d e r  a l l  l o c a l  c o n d i t i o n s  1 . 5
t h a t  a f f e c t  a c c e s s  t o  t h e  t r a c k .  T h e  o p t i m u m  i s  
a  t r a c k  o n  t h e  s u r f a c e  o r  l o w  s t r u c t u r e  t h a t  c a n  
b e  s e r v i c e d  f r o m  a d j a c e n t  r o a d s  a n d  t r a c k s .

C l e a r a n c e s  - c o n s i d e r  a l l  l o c a l  f a c t o r s  t h a t  l i m i t  1 . 5  
t h e  u s e  o f  m a i n t e n a n c e  e q u i p m e n t .  T h e  o p t i m u m  i s  
a  t r a c k  t h a t  c a n  u s e  r a i l r o a d  t y p e  m a i n t e n a n c e  
e q u i p m e n t .

R a i l  A d j u s t a b i l i t y  - c o n s i d e r  a l l  w o r k  t h a t  m u s t  1 . 5
b e  d o n e  t o  a d j u s t  a l i g n m e n t  o r  p r o f i l e .  The  o p t i 
mum i s  a  t r a c k  w i t h  b o l t e d  j o i n t s  o n  b a l l a s t .
A d j u s t a b l e  f a s t e n e r  a s s e m b l i e s  m ay  b e  a s  c o n v e n i e n t  
a s  t i e s  o n  b a l l a s t ,  b u t  CWR i s  c o n s i d e r a b l y  m o r e  
d i f f i c u l t  t o  r e p l a c e  t h a n  r a i l  w i t h  b o l t e d  j o i n t s .

C o m p o n e n t s  - c o n s i d e r  t h e  s p a r e s  o n  h a n d  a n d  t h e  1
e a s e  w i t h  w h i c h  r e p l a c e m e n t s  c a n  b e  o b t a i n e d .  T h e  
o p t i m u m  i s  a  t r a c k  w i t h  s t a n d a r d  c o m p o n e n t s  t h a t  a r e  
r e a d i l y  a v a i l a b l e  i n  t h e  a r e a .

S h e l t e r  - c o n s i d e r  w o r k i n g  c o n d i t i o n s  d u r i n g  w i n t e r  0 . 5  
s t o r m s .  T he  o p t i m u m  i s  a  t r a c k  u n d e r  c o v e r ,  s o  t h a t  
w o r k  c a n  c o n t i n u e  w i t h o u t  t r o u b l e  i n  v e r y  b a d  w e a t h e r .

10.0
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4.3.2.4 Track Rating Scale
Following the procedure described previously, ratings were ob
tained for all track zones surveyed under the contract. They
ranged from 95 to 62 on the following scale:

4 . 3 . 3  EVALUATION OF OVERALL TRACK CONDITIONS

The  t r a c k  s u r v e y  z o n e s  w e r e  n o t  r a n d o m  s a m p l e s ,  s i n c e  t r a c k  i n  

m any  a r e a s  c o u l d  n o t  b e  s u r v e y e d  b e c a u s e  o f  t r a f f i c  c o n d i t i o n s ,  

b u t  t h e  s u r v e y  z o n e s  w e r e  r e p r e s e n t a t i v e  o f  a l l  t h e  t r a c k  a n d  

i n c l u d e d  a  w i d e  v a r i e t y  o f  t r a c k  c o n d i t i o n s .  T h e  e v a l u a t i o n s  

o f  t h e  t r a n s i t  e n g i n e e r s  w e r e  o b t a i n e d  f o r  t h e  r e v e n u e  t r a c k  i n  

e a c h  s y s t e m ,  i n c l u d i n g  t h e  s u r v e y  z o n e s .  T h e i r  e v a l u a t i o n s  w e r e  

n o r m a l i z e d  b y  c o m p a r i n g  t h o s e  w h i c h  i n c l u d e d  l . s u r v e y  z o n e s  t o  t h e  

ENSCO e v a l u a t i o n s  f o r  t h e  s a m e  z o n e s  a n d  t h e n  a p p l y i n g  a p p r o 

p r i a t e  f a c t o r s  t o  a l l  t h e  t r a c k  i n  t h e  s y s t e m .  The  a p p r o x i m a t e  

e f f e c t  w a s  t o  a p p l y  a  u n i f o r m  b i a s  t o  a l l  t r a c k  e v a l u a t i o n s ,  s o  

t h a t  t h e  r e s u l t s  w e r e  c o m p a r a b l e  f o r  a l l  t h e  t r a n s i t  p r o p e r t i e s .

The  r e s u l t s  o f  t h e  e v a l u a t i o n s  a r e  g i v e n  i n  T a b l e  5 .  T h e  c o n d i 

t i o n  r a t i n g s  r a n g e  f r o m  95 ( e x c e l l e n t )  t o  53 ( v e r y  p o o r ) . The  

t r a c k  r a t e d  a t  53 i s  o n  a  s t r u c t u r e  t h a t  i s  s c h e d u l e d  t o  b e  

d e m o l i s h e d  i n  t h e  n e a r  f u t u r e .  I n  m o s t  c a s e s ,  t r a c k  r a t e d  

b e l o w  70 ( f a i r  c o n d i t i o n )  i s  e x p e c t e d  t o  b e  r e b u i l t  w i t h i n  t h e  

n e x t  tw o  y e a r s .  Some o f  t h i s  t r a c k  i s  i n  p o o r  c o n d i t i o n  b e c a u s e  

i t  w a s  p e r m i t t e d  t o  d e t e r i o r a t e  d u r i n g  p e r i o d s  w h e n  d e m o l i t i o n  

o f  t h e  t r a c k  s t r u c t u r e s  w a s  p l a n n e d ;  a n d  t h e s e  p l a n s  w e r e  r e 

v i s e d  l a t e r  w h e n  t h e  n e e d  f o r  t r a n s i t  e x p a n d e d .  No t r a c k  i s  

l i s t e d  i n  t h e  c a t e g o r y  " H i g h  E m b a n k m e n t ,  C o n c r e t e  T i e s  i n  B a l l a s t "  

a s  - t h e  s h o r t  l e n g t h s  o f  t h i s  t y p e  o f  t r a c k  w e r e  n o t  r e p o r t e d  

s e p a r a t e l y  f r o m  s u r f a c e  t r a c k  w i t h  c o n c r e t e  t i e s .

9 7 - 1 0 0  - P e r f e c t  
9 1 - 9 6  - E x c e l l e n t
8 5 - 9 0  - V e r y  Good
7 9 - 8 4  - Good
7 3 - 7 8  - F a i r l y  Good B e l o w  4 5 -  U n s a t i s f a c t o r y

6 7 - 7 2  - F a i r  
6 1 - 6 6  - P o o r  t o  F a i r  
5 5 - 6 0  - P o o r  
4 5 - 5 4  - V e r y  P o o r
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TABLE 5. TRANSIT TRACK CONDITION SUMMARY
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T
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ck
I n  o r d e r  t o  i l l u s t r a t e  t h e  d i s t r i b u t i o n  o f  t r a c k  b y  c o n d i t i o n  

l e v e l ,  i t  w a s  n e c e s s a r y  t o  s m o o t h  t h e  v e r y  h i g h  p e a k s  a n d  v o i d s  

t h a t  a r e  e v i d e n t  i n  T a b l e  5 .  T h i s  w a s  d o n e  b y  a v e r a g i n g  t h e  

q u a n t i t i e s  o f  t r a c k  a c r o s s  s e t s  o f  f i v e  c o n d i t i o n  l e v e l s ,  97 

t h r u  9 3 ,  92 t h r u  8 8 ,  a n d  s o  f o r t h .  T h e  a v e r a g e s  w e r e  p l o t t e d  

i n  F i g .  16 a n d  s m o o t h  c u r v e s  w e r e  d r a w n  b e t w e e n  t h e m .  A p p r o x i 

m a t e  q u a n t i t i e s  a n d  d i s t r i b u t i o n  o f  t r a c k  a r e  i n d i c a t e d  b y  t h e  

v o l u m e s  b e t w e e n  t h e  c u r v e s  a t  t h e  v a r i o u s  c o n d i t i o n  l e v e l s .

F i g .  16

T r a c k  Q u a n t i t i e s  a n d  C o n d i t i o n s

4 5



4.4 EFFECTS OF TRACK CONDITIONS
T r a n s i t  s y s t e m  r e l i a b i l i t y ,  s a f e t y  a n d  o v e r a l l  p e r f o r m a n c e  

d e p e n d  o n  many  f a c t o r s .  T h e s e  i n c l u d e  t h e  c o n d i t i o n  o f  t h e  

t r a c k s ,  c a r s ,  p o w e r ,  s i g n a l ,  a n d  v a r i o u s  s u b s y s t e m s  a s  w e l l  a s  

t h e  e f f e c t i v e n e s s  o f  t h e  p e o p l e  who o p e r a t e  a n d  m a i n t a i n  t h e  

s y s t e m .

When t r a c k s  a r e  i n  e x c e l l e n t  c o n d i t i o n ,  t r a i n  s p e e d s ,  r i d e  

q u a l i t y  a n d  n o i s e  l e v e l s  a r e  d e t e r m i n e d  b y  t h e  p l a n n e d  t r a c k  

d e s i g n  f e a t u r e s  a n d  t h e  d y n a m i c  c h a r a c t e r i s t i c s  o f  t h e  c a r s .

As t r a c k  c o n d i t i o n  d e g r a d e s ,  i n c r e a s i n g  r o u g h n e s s  a n d  a c c o m 

p a n y i n g  c h a n g e s  i n  c r o s s l e v e l  a n d  a l i g n m e n t  c a u s e  v e r t i c a l ,  

l a t e r a l  a n d  a n g u l a r  a c c e l e r a t i o n s  t h a t :

•  R e d u c e  r i d e  q u a l i t y .

•  I n c r e a s e  n o i s e .

•  I n c r e a s e  t h e  r a t e  o f  r a i l  w e a r .

•  R e q u i r e  s p e e d  r e d u c t i o n s .

•  I n c r e a s e  t h e  f r e q u e n c y  a n d  c o s t s  o f  e m e r g e n c y  t r a c k  
r e p a i r  a n d  t r a f f i c  d e l a y s .

•  A c c e l e r a t e  t h e  d e v e l o p m e n t  o f  t r a c k  d e f e c t s  ( s u c h
a s  d a m a g e d  s w i t c h  p o i n t s )  t h a t  may c a u s e  o r  c o n t r i b u t e  
t o  d e r a i l m e n t s .

•  C o n t r i b u t e "  t o  e x c e s s i v e  w e a r  o f  w h e e l  f l a n g e s ,  t r e a d s ,  
a n d  b e a r i n g s ,  a n d  c a u s e  v i b r a t i o n s  t h a t  l o o s e n  m i n o r  
p a r t s  o f  c a r s .

•  L o w e r  p u b l i c  a c c e p t a n c e  a n d  u s e  o f  t h e  s y s t e m .

T r a c k  c o n d i t i o n  a f f e c t s  r e l i a b i l i t y  d i r e c t l y  w h e n  t r a f f i c  h a s  

t o  b e  s l o w e d  t o  p a s s  s a f e l y  o v e r  t r a c k  t h a t  h a s  d e t e r i o r a t e d ,  

o r  w hen  t r a f f i c  h a s  t o  b e  s t o p p e d  t o  p e r m i t  e m e r g e n c y  r e p a i r s  

t o  t r a c k .  S a f e t y  i s  a f f e c t e d  w h e n  p o o r  t r a c k  c o n d i t i o n s  c a u s e  

o r  c o n t r i b u t e  t o  d e r a i l m e n t s .  T r a c k  c o n d i t i o n s  t h a t  i m p a i r  

r e l i a b i l i t y  o r  s a f e t y  c l e a r l y  a f f e c t  s y s t e m  p e r f o r m a n c e .  T r a c k
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c o nditions also reduce system p e r f o r m a n c e  w h e n  they increase 
the costs of operations or maintenance, or annoy users so as to 
decrease the nu m b e r  of rides sold.

Costs for track m aintenance and traffic delays for eme r g e n c y  
track repairs are strong indicators of overall system p e r f o r 
mance, and are clearly related to track condition. U n f o r t u 
nately m o s t  relations betw e e n  track con d i t i o n  and its effects 
are not di r e c t  or consistent. For example, the sharp curves 
and short lengths of tangents on some subways require r e l a t i v e l y  
low o p e r a t i n g  speeds no matter how good the track condition. 
Rais i n g  the c o ndition of such track to a level that w o u l d  a l l o w  
a speed of 75 miles per hour on long tangents w o u l d  improve 
ride q u a l i t y  b u t  u s u a l l y  w o u l d  not increase the a l l o w a b l e  speed.

W h i l e  m a n y  of the effects of track co n d i t i o n  cannot be m e a s u r e d  
or even d e t e r m i n e d  directly, track c o n d i t i o n  could be c o r r e l a t e d  
w i t h  p e r f o r m a n c e  by regression analysis of statistical data.
Good records are ne e d e d  for this, w h i c h  should be c o l l e c t e d  c o n 
t i n u o u s l y  over an appreciable length of time w hile t rack c o n d i 
tions change.

A  m e t h o d i c a l  pro c e d u r e  to evaluate the effects of track c o n d i 
tion at a tran s i t  p r o p e r t y  is o u t l i n e d  in Fig. 17. U nder this 
procedure, a track condition rating w o u l d  be derived p e r i o d i c a l l y  
by the e v a l u a t i o n  of all the m e a s u r e d  and es t i m a t e d  data that 
d e t e r m i n e  the m a j o r  track qualities of smoothness, d u r a b i l i t y  and 
m a i n t a i n a b i l i t y .  At the same time, the statistical data s e l ected 
to define the m ajor system p e r f o r m a n c e  indicators of reliability, 
safety and general performance w o u l d  be a s sembled and sorted.
This data w o u l d  then be a n a lyzed and w e i g h t e d  (according to 
local e x p e r i e n c e  and judgment) to p r o d u c e  a System P e r f o r m a n c e  
Rating.
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Condition Factors QuantificationWeighting Major Track Quali ti es Inter-Relations Status

Alignment, Profile X-1evel , Gage, Anomali es

Track Support Structure, Fasteners, Rail, Curvature, Sp. Trackwork, Exposure

Maintenance Control, Access, Clearances, Components, Adjustability, Shelter

C O

Primary Effects of Condi ti ons
Slow OrdersDelaysRerouting

Derailments Other Accidents Direct Costs

Passenger Trips CostsAcceptance

Quantification Performance Inter-Wei ghti ng Characteri sties Relations Status

F i g .  17
E v a l u a t i o n  o f  t h e  E f f e c t s  o f  Track  C o n d i t i o n  on S y s te m  P e r fo r m a n c e



The d e v e l o p m e n t  of d e t a i l e d  procedures to collect and analyze 
data for rating system p e r f o rmance was b e y o n d  the scope of the 
project. It appears, however, that the p r o c e d u r e s  u s e d  could 
fol l o w  the general p a t t e r n  and logic of those u s e d  in e v a l u a t i n g  
data for rat i n g  transit track condition, w i t h  ad j u s t m e n t s  to 
suit the type and quantities of data selected.

P l o t t i n g  the system p e r f o r m a n c e  and track c o n d i t i o n  ratings 
p e r i o d i c a l l y  on a time chart w o u l d  reveal trends in sy s t e m  p e r 
f o r m a n c e  and track condition. Plotting a series of bot h  ratings, 
d e t e r m i n e d  for the same times, on a chart (with p e r f o r m a n c e  
a long one ordinate and track condition a long the other ordinate) 
w o u l d  show the trends in any simple rela t i o n s h i p  that m a y  exist 
b e t w e e n  the two. It w o u l d  also indicate some gross effects of 
changes in t rack co n d i t i o n  u p o n  system performance, but these 
w o u l d  not be clear unless the effects of other m a j o r  factors 
c ould be r e m o v e d  from sys t e m  performance.

The p e r f o r m a n c e  of any transit system is a f f e c t e d  by some f a c 
tors p e c u l i a r  to that specific system and by m a n y  other factors 
that change irregu l a r l y  w i t h  time and v a r y  g r e a t l y  among transit 
p r o p e r t y  locations. The variable factors include: number and
condi t i o n s  of transit cars, a v a i l a b i l i t y ,of p a r k i n g  at o u t lying 
stations and in central city areas, cost of gasoline, c o n v e 
ni e n c e  of locations, appearance of stations, fares, p a s s e n g e r  
safety, a v a i l a b i l i t y  of other public t r ansportation, locations 
of firms that employ or p r o v i d e  services to transit passengers, 
and local attitudes toward rapid transit.

Un l i k e  track condition, the results of system p e r f o r m a n c e  
a n a lyses are not expected to be comparable a mong transit p r o p 
erties. The p e r f o r m a n c e  ratings (when r e l a t e d  to t rack c o n d i 
tion) c ould be very us e f u l  to local m a n a g ement, as indicators 
of fav o r a b l e  levels for track maintenance, and as aids in f o r e 
c a s t i n g  r e q u i rements for m a j o r  repairs and replacements. On a 
b r o a d e r  scale, they could become useful indicators of trends 
and r e q u i r e m e n t s  in the transit industry.
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5. IDENTIFICATION OF TRACK PROBLEMS

5.1 GENERAL FACTORS

Events, track conditions and items rela t e d  to track are called 
problems whe n  they interfere w i t h  operations or routine track 
maintenance, or w h e n  their costs are higher than desired. The 
problems that were studied w e r e  i d e n t i f i e d  w ith the cooper a t i o n 
of the transit industry and w e r e  d i s c u s s e d  at m e e tings with 
members of the Project Liai s o n  B o a r d  as well as supervisors 
and M/ W  superintendents at the transit properties. B a s i c a l l y  
the problems are iden t i f i e d  areas w h e r e  improvements are 
possible. The common factor in these problems is a n e e d  to 
cut costs or at least find ways to help offset the rising 
costs of energy, materials, e q u i p m e n t  and labor.

The events and conditions that w i l l  interfere with operations 
or routine mainte n a n c e  can almost always be predicted. Most 
can be avoided^ through p l a n n i n g  and preve n t i v e  action, while 
u n p r edictable emergencies can u s u a l l y  be h a n d l e d  r o u t i n e l y  by 
e xperienced supervisors and s k i l l e d  track m e chanics who are p r e 
p ared to p e r f o r m  p r e - p l a n n e d  work. In man y  cases, however, there 
is room for improvement in the analyses of potential emergencies, 
the routine procedures for damage control and recovery, the t r a i n 
ing programs, and the p o s i t i o n i n g  of emergency equipment and 

-supplied.

Most of the items p e r c e i v e d  as p r o b l e m s  are those that cost 
more than managers think they should. Man y  of these items 
involve routine track design, c o n s t r u c t i o n  or maintenance; and 
methods, materials and e q u i p m e n t  for this w o r k  are not as e f f e c 
tive as they w o u l d  be if a d d i t i o n a l  k n owledge were available.
The m a j o r i t y  of these items are found in track maintenance, 
since the volume of m a i n t e n a n c e  w o r k  is usua l l y  m uch larger 
than the volume of design and c o n s t r u c t i o n  w o r k  at any time 
on a single property.
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Fig. 18
Guarded Turnout 

Ballasted Elevated
The r e s t r a i n i n g  rai: 
o£ and b e h i n d  the si 
points are lengths < 
b o l t e d  to the runni: 
in v e r t i c a l  positioi 
p oint rails are sel 
b e i n g  m a d e  of girde 
w i t h  b u i l t  in flang

Fig. 19
R e s t r a i n i n g  Rail o 

D e c k  E l e v a t e d  T

The r e s t r a i n i n g  rai 
curve is T rail hel 
tical p o s i t i o n  b y  s 
tie plates, spacer 
and large adjustabl 
The track also has 
rails, one showing 
right of the restra 
r a i l .

Fig. 20
R e s t r a i n i n g  Ra: 
C o n crete Slab

The r e s t r a i n i n g  ra: 
photo is i n s talled 
in a h o r i z o n t a l  po: 
It serves as a gua: 
also, and a second 
rail is ins t a l l e d  ; 
h i g h  rail to the 1'

The problems dis c u s s e d  in this section are iden t i f i e d  mainly 
because they may cost m ore m oney or time than is necessary.
Each can be cons i d e r e d  an o pportunity for improvement that will 
reduce costs or increase ride quality. Other opportunities for 
improvement have b e e n  found during the wor k  on this project 
that are not related to the per c e i v e d  problems.

5.2 DESIGN

Transit track designs follow railroad design practices w ith 
m o d i fications such as extensive use of g u a r d  rails and heavy 
duty switch components. The designs p r o v i d e  safe and adequate 
track at r easonable cost; a l t h o u g h  some probl e m s  are inherent 
in the practice beca u s e  of differences in the cars and traffic.
For example, transit cars cause more v i b r a t i o n s  and noise than 
desired at turnouts and crossings, since the wheels w h i c h  are 
smaller than those of r a i lroad cars, drop farther into the f l a n g e 
w a y  gaps at frogs d e s i g n e d  for railr o a d  cars.

C o m m u n i c a t i o n s . The i nterchange of i nformation betw e e n  designers, 
and c o n s truction and m a i n t e n a n c e  engineers varies c o n s i derably 
and is not always fully effective. A  list of "rocks and shoals" 
to be avoided in track design has not been developed.

G u a r d r a i l s . The v a l u e  of guardrails at approaches to obstructions, 
in tunnels and on e l e vated structures is not agreed. Railroads 
have b een eliminating guardrails except at frogs and on b r i d g e s 2 . 
Guardrails are shown in Figs. 3, 5 and 10 on transit track.

Tie S p a c i n g . The o p t i m u m  spacing for ties and direct fixation 
fasteners to m i n i m i z e  p o w e r  r e q u i r e m e n t s , * 18 w ear of rail and 
vehicle components, and d egradation of b a l l a s t e d  track is not 
known. Tie spacing over 24 inches ma y  c o ntribute to difficulties 
in m a i n t aining good line and surface of b a l l a s t e d  track.

2AREA, p. 5.
18Scales, B. T., "Rolling Resistance and Track," Railway E n g i n e e r 

ing J o u r n a l , M a y  1973.
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Restraining R a i l s , 
installation of rest 
effectiveness of the 
R estraining rails in 
Figs. 15, 18, 19 and

Design L o a d s . A  prc 
determination of the 
transfer of loads be 
and strengths of the 
available and suital 
roads. A l t h o u g h  the 
track, they cost lee

F a s t e n e r s . The ver^ 
fasteners, used ins' 
concrete slabs/inve: 
w h e n  compared to t n  
caused stress concel 
crete, thus adding

Floating Slabs and 
ver y  costly and m a y  
are u sed to impede 
to adjacent structu

Fastener A d j u s t m e n t  
not have sufficient 
settlement and warp 
slabs. Designs are 
range of adjustment 
fasteners if and wh 
track can be surfac

Suspended Joints have some a d v a ntages in b a l l asted tracks but 
not in tracks where the rails are sup p o r t e d  by slabs or other 
structures. The p ractice (vice pl a c i n g  the rail joints on 
fasteners) introduces extra stress concent r a t i o n s  because of 
the discontinuities at both w e l d e d  and b o l t e d  joints.

Bolted Joints ’continue to be the w e a k e s t  points in b a l l a s t e d  
track design as indicated in Fig. 21. B o lted joints will c o n 
tinue to require m a i n t e n a n c e  earliest and most often until 
extra support is designed to make the track structure a little 
stronger at joints than it is b e t w e e n  joints.

Stress T r a n s f e r . Reliable test data is not available on the 
transfer of stress b e t w e e n  CWR and elev a t e d  structures. The 
deflections of some e levated structures under live loads m a y 
contribute to the excessive rock and roll of transit cars 
traveling at resonant speeds.

T r a n s i t i o n s . Jolts are often felt in cars crossing tran s i t i o n  
slabs be t w e e n  b a l l a s t e d  track and rigid structures, such as 
shown in Figs. 22 and 23. This indicates that adequate i n f o r 
mation is not available for designs that will p r ovide a smooth 
rate of change in track impedance and thus avoid v i brations 
that cause d e t e r i oration of the b a l l a s t e d  track.

5.3 CONSTRUCTION

Quality Control over c o n s t r u c t i o n  m a t e r i a l s  and installed equip 
ment is very difficult if actions are left entirely to resident 
engineers during the on-site c o n s t r u c t i o n  phases of projects. 
Quality control is also v e r y  d i f f i c u l t  w h e n  only small q u a n t i 
ties of components are p u r c h a s e d  for small jobs.

S k i l l s . C o nstruction crews o f t e n  do not have the skills n e e d e d  
to install track accurately. T r a i n i n g  programs are not avail a b l e  
for them.
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D e t e r i o r a t e d  T r a c k  On 
B a l l a s t e d  E m b a n k m e n t

The bo l t e d  joints of this 
track have d e f l e c t e d  and 
poun d e d  the b a l l a s t  down, 
ma k i n g  the track v e r y  rough. 
Joint bars are n o t  as strong 
as the rails t hey connect.

F i g .  21

Fig. 22
T r a n s i t i o n  F rom A b u t m e n t  To 

Ballast On Soil Subgrade

Car wheels impact the b a l 
last heav i l y  b e c a u s e  of the 
change in track r e s i l i e n c y  
when they leave the rigid 
concrete abutment, and 
cause rapid d e t e r i o r a t i o n  
of the track.

Fig. 23
T r a n s i t i o n  Fro m  Abutment 

To Ballast on Slab

A l t h o u g h  the b a l l a s t  on 
slab track is m u c h  stiffer 
than ball a s t  on subgrade, 
the change in r e s i l i e n c y  
appears to have b e e n  a 
factor in track d e t e r i o r 
ation .
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Grout Pads. Contractors h a v e  d ifficulty in p l a c i n g  the concrete 
to support fasteners at corr e c t  elevation as i n d i c a t e d  by the 
h igh grout pads shown in Fig. 2 4 and the c h i p p e d  out concrete 
s hown in Fig. 25. Accurate, adjustable templates are ne e d e d 
so that grout pads can be p l a c e d  for fasteners ro u t i n e l y  wi t h i n  
a cceptable tolerances.

Rail Installation. D e t a i l e d  guidance is not av a i l a b l e  for the 
ins t a l l a t i o n  of rails on c o n crete slabs to a c c u r a t e  line and 
grade without drilling, s h i m m i n g  or using large amounts of epoxy

Tolerances specified for t rack appear to ex c e e d  the c a p a b i l i 
ties of construction crews and inspectors. Good information  
is not available on the r e l a t i o n  of ride q u a l i t y  to tolerances 
for rail deviations at i n t e r m e d i a t e  and long wavelengths.

5.4 MAINTENANCE

M a i n t e n a n c e  Management. T h e r e  is an under l y i n g  n e e d  for good 
guidance on mainte n a n c e  planning, control, t r a ining and t e a m 
w o r k  (industrial e n g i n e e r i n g  support). Where m a i n t e n a n c e  
mana g e m e n t  is good, e f fective and innovative pr a c t i c e s  are 
d e veloped for the e f f icient corr e c t i o n  of p r o b l e m  conditions 
such as the rail wea r  s h o w n  in Fig. 26.

M a n y  of the best m a i n t e n a n c e  practices, pr o v e n  in use b y  transit 
systems and/or railroads, are not u sed by all transit properties 
This deficieny will not be overcome by guidance alone, however 
clear, because of strong local factors that obstruct changes.

All changes are troublesome, even improvements. Some s u p e r 
visors are too busy and others do not want changes in wor k  that 
is already adequate and s a t i s f a c t o r y  to top management. In one 
case (another study), a b e l o w  average f a c ility igno r e d  clear 
guidance on improving m a i n t e n a n c e  p l a nning and control in order
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Grout Pads Under Fasteners 
On Second Pour Concrete

The rail fasteners were 
shim m e d  to correct e l e v a 
tion and grout was pl a c e d  
u n d e r  them, since the large 
p a d  of second pou r  concrete 
had bee n  installed too low.

Tig. 24-

Fig. 25
Rail Fasteners Set In 

Concrete

In this case the concrete 
slab was too high, and some 
c o n crete had to be chipped 
out, so that the rail f a s 
teners could be installed 
at correct elevation.

F i g . 26
W e a r  of Low Rail In Curve 

In Subway Track

The car wheels have caused 
w e a r  and metal flow towards 
the outside of the rail 
head. As wear continued, 
some of the flowed metal 
lip spalled off the side of 
the rail.
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to keep the authorized, higher level p o s itions in the front 
office rather than the m a i n t e n a n c e  department.

Rail W e a r . Discussions w i t h  M / W  supe r i n t e n d e n t s  indicated that 
the rapid wear of rail in curved track (including the curved 
side of turnouts) is a ver y  t r o u b lesome p r o b l e m  area in transit 
track maintenance. A n  example of severe w e a r  is shown in Fig.
26. The relative benefits of the m a n y  different practices used 
to reduce wear of rail on curves are not fully understood. 
Information is not available on w h i c h  to b ase decisions c o n 
cerning the most effective c o m b i n a t i o n  of p r actices for specific 
situations. This p r o b l e m  area was d i s c u s s e d  in detail b y  King 
in a 1976 w o r k s h o p  on wea r  c o n t r o l . 19

Corrosion is con s i d e r a b l y  less of a p r o b l e m  than rail wear, but 
it is a very common n u i s a n c e  as n o t e d  in ENSCO Technical Not e 
2-7-9.20 Cor r o s i o n  adds to m a i n t e n a n c e  w o r k  and costs on all 
transit properties as indicated in Figs. 27 and 28.

Mu d  Pumping is not found v e r y  o ften in transit track, beca u s e  
design requirements for drainage, subbase soil, and granular 
material b e l o w  the ballast are u s u a l l y  more than adequate.
W h e r e  m u d  pumping does occur, however, as shown in Fig. 29 and 
as discussed in ENSCO T e chnical Not e  1 - 7 - 7 9 , 21 it is v ery t r o u 
blesome. Simpl i f i e d  g u i d a n c e  is not available on the use of sand 
filters and filter fabrics to avoid or correct mu d  pump i n g  in 
b a l l a s t e d  track. The use of subballast as r e c o m m e n d e d  in the 
A R E A  m a n u a l 2 has not bee n  effective in some cases.

19King, F. E., "Wear at the W heel Rail I nterface," Seminar 5 
Paper, Proceedings of aN W o r k s h o p  on W e a r  Control to A c h i e v e  
Product Durability, Defense D o c u m e n t a t i o n  Center, P u b . N o .
A D - A O 557712 , 1976, p. X136-44,

20Boyd, P. L. and Cunney, E.G., " C o r r o s i o n  in Transit Track," 
ENSCO Technical N o t e  No. 2-7-9, 15 J une 1979.t

2 1 Cunney, E.G., "Mud P u mping," E NSCO Inc. T e c hnical Note No. 
1-7-9, 1 June 1979.

2AREA, p. 5. 58



C o r r o s i o n  of Rail In 
Wet Tunnel

The f l ashlight at the upper 
right shines on a rail head 
that has been p a r t i a l l y  eaten 
away by c o r r o s i o n  caused by 
w a t e r  d r i p p i n g  from the 
tunnel roof.

F i g .  27

Fig. 28
C o r r o s i o n  of Rail In 

Wet Tunnel

W ater d r i p p i n g  from the roof 
of the tunnel has caused 
heavy c o r r o s i o n  of the rail 
head shown in this picture. 
N e a r b y  rail had been so 
w e a k e n e d  by c o r r o s i o n  that 
it had to be replaced.

Fig. 29
M u d  P u m p i n g  In B a llasted 

T r a c k

The w h i t e  splashes are mud 
from wet limestone dust 
and/or subgrade soil that 
has bee n  p u m p e d  up by the 
ac t i o n  of car wheels p a s s 
ing over sa t u r a t e d  ballast
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Inspection E q uipment is not commo n l y  available to assist M / W  
superintendents in determ i n i n g  a c c u r a t e l y  the relative c o n d i 
tion of the track and its rate of d e t e r i o r a t i o n  at different 
locations. A c c u r a t e  determi n a t i o n s  are n e e d e d  for good decisions 
on the p r i o r i t y  of track m a i n t e n a n c e  work.

Good i n spection equipment is n e e d e d  b y  the transit properties 
to identify changing track conditions, so that they can d i s 
tribute their limited t rack m a i n t e n a n c e  resources most e f f e c 
tively. W hen a track g e o metry car was opera t e d  over the tracks 
periodically, N Y C T A  p e o p l e  wer e  able to identify and plan m a i n 
tenance requirements ver y  effectively. Space curves were p l o t t e d 
from the track geometry data c o l l e c t e d  at different times and 
compared. The c omparisons p i n p o i n t e d  areas w here track c o n d i 
tions w ere changing, so that m a i n t e n a n c e  w o r k  could be s c heduled  
b e f o r e  t rack d e t e r i o r a t i o n  b e c a m e  more costly to correct. The 
w i d e  use of track g e o m e t r y  cars is inhibited, however, by their 
high cost in r e l a t i o n  to the short lengths of most transit tracks.

Inadequate Inspection Tools p e r m i t  small deficiencies to be 
o v erlooked if they cannot be seen easily during a visual i n s p e c 
tion. Some c o m m o n l y - u s e d  tools such as the stringline that tdkes 
three me n  to meas u r e  rail deviations, an d  track levels w i t h o u t  
direct reading bubbles, are c u m b e r s o m e  and slow. I nadequate 
procedures often result in c o nditions such as those shown in 
Figs. 30, 31 and 32 being o v e r l o o k e d  although they can be found 
easily by an obs e r v a n t  inspector.

T r a c k A d j u s t m e n t . B a l l a s t e d  track on a soil subbase, such as 
shown in Fig. 21, is difficult to adjust accurately. It r e 
quires v e r y  frequent m a i n t e n a n c e  w o r k  in some of the transit 
systems. The adjustment of track on elevated structures w ith 
o pen decks is v e r y  difficult and costly. A d v a n c e d  equipment 
and techniques are not a v ailable for this work.
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Loose Bolts At Joint 
In Ballasted Track

Loose bolts allow the joint 
to deflect under traffic 
and pound the ballast down 
into the subgrade. Joint 
bars wear rapidly when 
bolts are loose; so they 
will not hold the rails 
firmly after bolts are 
tightened.

Fig. 30

Fig. 31
Wide Gap Between Rail 
Ends At Bolted Joint

Wide gaps cause accelerated 
batter of rail ends as car 
wheels drop into them 
slightly. They also cause 
impacts that gradually 
damage both car and track 
structure.

Fig. 32
Spall of Rail Surface 

At Bolted Joint

The battering by car wheels 
causes metal to flow toward 
gaps between rail ends. Hot 
weather expansion closes the 
gaps with great force and 
the lips of flowed metal 
spall off, leading to more 
batter in hot weather.
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Time on Track. Guidance is not available on the best mix of 
techniques and the cost-benefits of providing uninterrupted time 
on track for maintenance work. Delays and interruptions add 
much to the cost of maintenance.

Tie Deterioration. Wood ties on elevated structures, as shown 
in Figs. 13 and 15, deteriorate rapidly and are costly to re
place. Ties in surface track deteriorate at only a slightly 
slower rate. A simple, low-cost method is not available for 
in-place treatments to reduce the rate of deterioration of 
wood ties.

Joints on Curves. CWR in short lengths is much more expensive 
to obtain and install than bolted rail. Data are not available 
on the cost and benefits of using CWR versus bolted rail on 
sharp curves and short tangents.

Wheel Grinding. Information is not available on the best prac
tices for wheel grinding in relation to rail wear and damage.
The "false flanges" that develop near the outside edges of 
wheel treads are thought to cause rail flow and to damage 
switch points. Worn flanges are also thought to damage switch 
points.

Deterioration at Joints of ballasted track is common and often 
excessive as indicated in Fig. 21. Bolts loosen; fishing 
surfaces wear and allow differential movement of rail ends; 
bolts break in some cases; and ballast is forced down into the 
subgrade material, so that joints are depressed, and the 
impacts from car wheels become very severe.

Equipment and Materials for transit tracks present some prob
lems. Since the needs of transit properties are small compared 
to the large requirements of the railroads, manufacturers build 
track maintenance equipment and tools to suit railroads ; and
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transit personnel use railroad-type equipment, tools and mater
ials that they find reasonably suitable.

Spares. Track components and spare parts are difficult to 
obtain in the quantities needed for maintenance work. Non
standard parts are especially difficult to obtain. It is very 
difficult to obtain satisfactory replacement parts for non
standard track components and components that are no longer 
manufactured.

Tools. Some of the hand tools available for track maintenance 
are awkward and cumbersome to use, especially in confined spaces, 
and some are easily damaged.

Weld Failures. The possible failure of welded rail joints, . 
especially joints that were welded in a track by a thermite 
process,is a worry. The stress variations caused by car wheels 
passing over a joint in cold weather may cause cracks to grow 
from any small imperfection that has been included in a weld.

Broken Bolts. Bolts often break in fastenings for restraining 
rails and special trackwork, especially when differential move
ment of track components increases stresses.

Replacing ties embedded in concrete is very slow and costly 
work in cases where the deteriorated ties are bound firmly in 
strong concrete. Replacing any tie is difficult where clear
ances are limited and traffic is frequent.
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6. CURRENT PRACTICES

6.1 DESIGN

6.1.1 GENERAL

Transit tracks generally follow railroad designs, since the 
design consultants have designed many railroad tracks, and 
most track components came from the railroad industry. The 
railroad influence can be seen in the trend of new designs 
away from guardrails and restraining rails, although the 
engineers and managers of older transit systems are convinced 
of the advantages of both guardrails and restraining rails.

Routes for new tracks are selected to avoid sharp curves so 
as to minimize rail wear and noise. A 1000-foot radius is 
the minimum acceptable for curves in many designs, and efforts 
are made to install only tangent track in station areas.
Flange lubricators are included in most designs to reduce 
wear and noise on curves, but the use of guardrails and re
straining rails has been sharply reduced. Turnouts in new 
designs have longer radius curves than those in older track 
systems, a number 15 frog being the minimum at junctions. A 
31 maximum grade is achieved in new designs with few exceptions, 
and grade is generally held to 0.35% or less in station areas. 
Concern for saving energy has revived interest in designing 
track with the tops of grades at stations, so that cars will 
have the assistance of gravity in both acceleration and braking.

Superelevation is usually held to a maximum of 4.5 inches 
balanced and a maximum of 1.75 inches unbalanced. Rail cant 
of 1 to 40 is common. Gage on tangent track and wide curves 
is most often set at 56.6 inches and widened to a maximum of 
57 inches on sharp ^curves . A clearance of 14 feet center-to- 
center of tracks is common, with widening on curves to suit 
thp clearance envelope of the cars.

6 4



Track designs almost always call for a higher degree of pre
cision in installing rails than can be achieved by construc
tion contractors or by the transit property personnel, and 
the track is accepted and used with long wavelength devia
tions that exceed specified tolerances but do not affect 
ride quality very much.

6.1.2 TRACK STRUCTURES

Ballasted surface track, design follows the theory of a con
tinuous beam on an elastic foundation,22 A basic assumption 
is that the subbase has an elastic response to loads rather 
than combinations of elastic and plastic responses.

Many assumptions are evident in the numerous empirical equa
tions used to determine the distribution of wheel loads down 
through rails, ties, tie plates, ballast and subballast to 
the subgrade; and in the equations used to determine the sizes 
and strengths needed in the track components. The process as 
described by Clarke23produces safe and adequate design values 
and is enhanced by the practice of installing a thick subbal
last of select granular material. This has the effect of 
raising the bearing capacity of the track structure and making 
it more uniform where subgrade strength is variable.

Design parameters such as tie spacing and ballast depth are 
often manipulated without consideration of their effects on 
the assumed track modulus. Wide tie spacing is often used 
for economy; and large tie plates are used for strength when 
smaller, adequate'plates are available.

22Heteny.i, J., Beams on Elastic Foundations, Scientic 
Series Vol. llT , Univ. of Michigan Press, 1942.

23Clarke, C.W., "Track Loading Fundamentals," Series of 
7 articles, Railway Gazette, 1957.
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Concrete slab track at grade has been advocated for many 
years on the reasonable assumption that it will reduce the 
amount of adjustment and other maintenance work required for 
ballasted track. However its use has been held back by the 
lower initial cost of ballasted track and possible problems 
in adjusting rail on slab track.

As described by Prause,7 the design of a concrete slab track 
on a soil subbase follows continuous beam theory but with a 
somewhat more elaborate procedure than that used in the design 
of ballasted track. While tests may show the subgrade strength 
varies from place to place, a uniform value is assumed for the 
subgrade modulus, and used in design of the track structure. 
This can lead to the settling and cracking of some slabs at 
weak points in the subgrade.

When slab track is designed with wood ties or blocks for rail 
support, full size ( 6 x 8  inch or larger) ties or blocks are 
installed at right angles to the rails, although their beam 
strength and bearing area are not needed to distribute the 
loads as they are in ballast.

Ballasted track is no longer designed for use on concrete 
slab or invert except in the cases of special track work, 
transition slabs between embankments and rigid structures, 
and short bridges that join ballasted embankments. Transi
tion slabs are designed with ties and ballast on the assump
tion that the combination will provide a smooth change in 
track resiliency from that of a soil embankment to that of 
a rigid abutment.

Open deck structures are no longer designed except for long 
bridges. The designs continue to include full size wood ties

7Prause, et al, p. 16.
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to transmit vertical loads to steel girders and hold track 
alignment and gage, although the beam strength and bearing 
area are not needed to spread loads. Rail expansion joints 
are included in the designs, if continuous welded rail is used.

6.1.3 COMPONENTS

Recent designs call for 115-lb continuous, welded rail. Special 
trackwork is installed with bonded joints to transfer rail 
stresses, and insulated joints are bonded and bolted. Restrain
ing rails are not included in designs having only long radius 
curves except for the guards at frogs, although some M/W 
engineers consider them valuable in curves up to 1500-foot 
radius. At one property it was reported that when worn guard
rails were removed and not replaced for a trial period, increased 
scuffing and low-angle wear was found in the high rails. There 
were indications that car wheel flanges were climbing the high 
rail, and the tendency towards derailment had increased. Wear 
patterns found in curves and turnouts are indicated in Fig. 33 
The usual pattern of wear is shown in Fig. 33a. The wear pat
tern shown in Fig. 33b, found where wheel flanges tend to climb 
the rail, increases the chance of derailment.

a. Normal Wear b. Wear Pattern Caused 
by Wheel Flanges 
Climbing Rail

Fig. 33
Wear of High Rail in Curved Track



In some designs, guardrails are used only on bridges and at 
locations in tunnels or subways where clearances are critical. 
In these designs, reliance is placed on the self-guarding 
effect of equipment below the car body which, if the car 
derails, will drop down to a position between the rails and 
tend to hold the car to the line of the track, as it slides 
along between the running rails. Part of the argument against 
the use of guardrails on railroad tracks is the belief that 
they contribute to derailment damage by breaking loose and 
penetrating cars when hit by car wheels. However it is 
thought that such guardrails were improperly fastened and 
poorly maintained, and that the rail ends were loose at 
joints before car wheels hit them.

Concrete or wood ties are used in ballasted surface track 
depending on exposure conditions and relative costs. They 
are generally spaced at 30 and 27 inches respectively. To 
provide good stability in ballasted track, designs call for 
a ballast depth of 12 inches under ties with 8 inches of 
granular subballast on a prepared subgrade of selected soil.
Tie plates and pads with cut spikes (and rail anchors where 
needed) are used in some designs with wood ties on ballast. 
Other designs call for special tie plates with spring clips 
and lock spikes or screws. Wood ties are used for special 
trackwork in ballasted track, and some designs call for wood 
ties with special trackwork on slab track in order to avoid the 
problems and high costs that have been associated with the 
direct fixation of special trackwork. The wood ties are set 
in concrete with elastic separators to improve resiliency and 
to facilitate replacement when required.

Direct fixation fasteners at spacings of 30 or 36 inches are 
used in most new designs to support rails on concrete slabs in 
subways and on elevated structures. Small floating slabs, 
called "double concrete ties," have been designed for a few
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tracks to dampen vibrations at frequencies that disturb occu
pants of adjacent buildings.

6.1.4 SPECIFICATIONS

Designers use the material specifications of the American 
Railway Engineering Association (AREA)2 in conjunction with 
the AREA Portfolio of Trackwork Plans 3 for rail and other 
track components, as these specifications are adequate for 
transit track with few exceptions.. Generally straighter rail 
is specified than required by AREA tolerances for straightening 
rail, in order to obtain good ride quality over welded joints.

Data from proprietary designs of manufacturers are used for 
specifying special trackwork components and other special items 
such as direct fixation fasteners. This use is based on experi
ence with the products. The designers of new systems or exten
sions check the operators' recent experience with new products, 
as well as the established practices of the industry.

Where the products of several manufacturers are acceptable, 
the specification writer combines and adjusts their product 
specifications to facilitate competitive procurement. Where 
only one known item is acceptable, the brand name may be men
tioned in the specification with an "or equal" modified in an 
attempt to obtain competition. These practices have been satis
factory, and the specifications prepared with them have been 
adequate.

6.1.5 INSPECTION AND TESTS
Requirements for inspection and tests are based on AREA speci
fications; Federal specifications; specifications of engineer
ing societies and institutes such as the American Society for 
Testing Materials, The American Insititute of Steel Construction 
and the American Concrete Institute; and recommendations of 
various technical committees.

2AREA, p. 5 
3Plans, p. 5
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No difficulties were seen with quality control in cases where 
contracts are large enough to bear the expenses of formal 
inspection and tests, where actions are not left entirely in 
the hands of resident engineers on the construction phases of 
the contract, and where there are reports of factory inspection 
with requirements for additional on-site inspection and tests.

Quality control of welds at joints in continuous welded rail 
(CWR) is emphasized because of its importance. Ultrasonic 
inspection of plant welds is usually required not only at the 
plant but again on site before field welds are made to connect 
the strings of CWR. Rail ends are inspected both visually and 
ultrasonically before field welds are made, and the field 
welds are inspected after completion.

6.2 CONSTRUCTION

6.2.1 TOLERANCES

As noted in the Design Section, Paragraph 6.1, track contracts 
often called for the installation of rails to tolerances that 
cannot be achieved by contractors. Often the tolerances are 
tighter than the tolerances to which the rail is manufactured. 
Data in Table 5 was taken from the specifications of a recent 
contract.

The tolerances specified do not appear unusual until one notices 
that 1/8 inch in 62 feet is approximately one part in 6,000, a 
little better than third order survey accuracy, and much better 
than the 3/8 inch in 39 feet tolerance commonly used in rail 
manufacture. While it is possible to force a rail to a possi- 
tion in the track close to a straight line or smooth curve, 
even though it was manufactured with a long camber, short bends 
or kinks are not removed during installation. Unfortunately 
kinks are introduced in a straightening process commonly used 
by manufacturers in which a rail is bent at two points to bring 
it within overall tolerances.
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TABLE 6. TRACK CONSTRUCTION TOLERANCES(Tolerances in fraction of an inch)

Type and
Cross Level 

And Vertical Track Alignment Horizontal Track Alignment
Class of 
Track

Gage
Variation

Superelevation
Variation

Total
Deviation

Middle Ordinate 
In 62' Chord

Total
Deviation

Middle Ordinate 
In 62' Chord

Direct Fixation
Primary ±1/8 ±1/8 + 1/4 ±1/8 ±1/4. ±1/8

Ballasted
Primary ±1/8 ±1/8 ±1/2 ±1/8 ±1/2 ±1/8

Direct Fixation
Yard 6 Secondary ±1/8 ±1/8 +1/2 ±1/8 ±1/4 ±1/8
Ballasted 
Yard § Secondary

+1/4-1/8 ±1/4 +1 ±1/4 ±1/2 ±1/8

N o te : t o t a l  d e v ia t io n  I s  m easured between th e  t h e o r e t ic a l
and a c tu a l a lig n m e n ts  a t  any p o in t  a lo n g  th e  t ra c k .

6.2.2 SCHEDULING

No difficulties were seen in the scheduling of track construc
tion except where delays were encountered in the procurement 
of rail and other major track components, or where delays 
occurred in tunneling and other track-related construction;
Transit properties have overcome the first problem by the 
early procurement of rail and other long-lead track components 
and by welding strings of CWR in advance of the track construction. 
The second difficulty has been reduced by extensive investiga
tion of construction sites during .the planning phase of projects 
and by insisting that construction contractors use critical 
path scheduling techniques in the management of their contracts.

6.2.3 SPECIFICATIONS

The specifications used for track construction appear clear 
and adequate except for the very precise track geometry require
ment discussed under construction tolerances. Undoubtedly an 
in-depth study of the specifications for a particular job would 
produce some slight improvements just as a value engineering 
investigation of a design will usually produce some improvements 
or savings. In cases of other construction specifications
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studied by the principal investigator, lower bids could be 
obtained by reducing the quantity of words, simplifying the 
sentence structure and reducing the complexity of the docu
ments. Contractors were more likely to present lower bids 
if they did not have to procure and study many reference 
specifications, Therefore, it is particularly effective to 
delete reference specifications which would not be enforced 
by tests or certifications, as in cases where quantities are 
small or where special quality is not significant.

Quality control is maintained by inspection and test at manu
facturers' plants, at fabrication points, and at storage and 
construction sites. Inspection and testing are included in 
purchasing and construction contract specifications, in con
tracts with consulting engineers, in contracts with firms that 
specialize in providng inspection and testing services, or are 
performed by transit property employees on site or in their 
shops.

6.2.4 TRACK CONSTRUCTION

On a new embankment or subgrade, a temporary track may be laid 
with ties and rails pulled by a tractor or winch from the sup
ply cars on the temporary track. Subballast is then dumped 
on the track from ballast cars; the track is raised and tamped; 
and ballast is dumped on the track which is again raised and 
tamped. The ballast is usually placed in two layers to obtain 
specified compaction; and a final quantity of ballast is dumped, 
spread and tamped to fill the cribs and shoulders.

If the right of way has roads conveniently close to it and the 
ballast is delivered to the property by truck rather than rail, 
it is usually more efficient to dump the subballast and ballast 
from the trucks directly on the subgrade, distribute them in 
layers with a grader, and compact each layer with a road roller
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( a s  i n  h i g h w a y  p r a c t i c e )  b e f o r e  t i e s  a r e  l a i d  a n d  r a i l s  a r e  

f a s t e n e d .  E i t h e r  m e t h o d  may b e  u s e d  f o r  b a l l a s t e d  t r a c k  i n  

a  s u b w a y  o r  t u n n e l ,  d e p e n d i n g  o n  h a u l a g e  d i s t a n c e s ,  c l e a r a n c e s  

a n d  a v a i l a b l e  v e n t i l a t i o n .

C l o s e  c h e c k s  a r e  m a d e  a g a i n s t  s u r v e y  m a r k e r s  w h i l e  t h e  b a l l a s t  

i s  b e i n g  p l a c e d  a n d  t a m p e d ,  i n  o r d e r  t o  k e e p  t h e  t r a c k  c l o s e  

t o  i t s  d e s i g n - p o s i t i o n .  F i n a l  t r a c k  a d j u s t m e n t s  m ay  b e  g u i d e d  

b y  a t r a c k  l i n e r  o r  t r a c k  s u r v e y  e q u i p m e n t  a s  w e l l  a s  b y  m e a s u r e 

m e n t s  f r o m  t h e  s u r v e y  m a r k e r s .

I n  c o n s t r u c t i n g  c o n c r e t e  s l a b  t r a c k ,  t h e  c o n c r e t e  f q r  t h e  s l a b  

i s  u s u a l l y  p l a c e d  w i t h  n o r m a l  h i g h w a y  p a v i n g  t e c h n i q u e s ^  u s i n g  

t h e  l a r g e s t  p a v e r s  o r  t r u c k m i x e r s  a n d  t h e  l a r g e s t  s p r e a d e r -  

f i n i s h e r s  t h a t  t h e  j o b  c a n  a c c o m m o d a t e .  S p e c i a l  m i x e s  a r e  

o f t e n  u s e d  f o r  s u b w a y  a n d  t u n n e l  s l a b s  s o  t h a t  t h e  c o n c r e t e  

c a n  b e  p u m p e d  i n  f o r  l o n g  d i s t a n c e s  w i t h o u t  s e g r e g a t i o n  a n d  

l o s s  o f  s t r e n g t h .  G r e a t  c a r e  i s  t a k e n  i n  p l a c i n g  a n d  h o l d i n g  

r e i n f o r c i n g  s t e e l  i n  p o s i t i o n  s o  t h a t  i t  w i l l  n o t  i n t e r f e r e  

w i t h  f a s t e n e r  b o l t s } a n d  g r e a t  c a r e  i s  t a k e n  t o  p l a c e  t h e  t o p  

o f  s l a b  a t  d e s i g n  e l e v a t i o n  a n d  g r a d e  i n  o r d e r  t o  p r o v i d e  r e 

q u i r e d  c l e a r a n c e .

F a s t e n e r  b o l t s  a n d  b o t t o m  p l a t e s  a r e  u s u a l l y  d i s t r i b u t e d  b y  

s m a l l  m o t o r  v e h i c l e s  w e l l  a h e a d  o f  t h e  r a i l  s o  t h a t  h o l e s  

c a n  b e  d r i l l e d  i n  t h e  c o n c r e t e ,  b o l t s  g r o u t e d ,  a n d  f a s t e n e r s  

s e t  i n  c o r r e c t  p o s i t i o n  t o  r e c e i v e  t h e  r a i l  w h e n  i t  i s  p u l l e d  

a h e a d  o f  t h e  c a r s  o n  p i p e  r o l l e r s .

L a r g e  g r o u t  p a d s  o r  a  s e c o n d  p o u r  o f  c o n c r e t e  a r e  o f t e n  u s e d  t o  

p r o v i d e  a s u r f a c e  f o r  f a s t e n e r s  a t  c o r r e c t  e l e v a t i o n s  a s  s h o w n  i n  

F i g .  2 4 .  H o l e s  a r e  t h e n  d r i l l e d  i n  t h e  c o n c r e t e  i n t o  w h i c h  t h e  

b o l t s  a r e  g r o u t e d  i n  p r o p e r  a l i g n m e n t .  S h i m s  a r e  u s e d  t o  a d j u s t  

t h e  r a i l  t o  c o r r e c t  s u r f a c e  e l e v a t i o n .
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S p e c i a l  t r a c k w o r k  i s  u s u a l l y  p r e f a b r i c a t e d  b y  m a n u f a c t u r e r s  

o r  i n  t h e  t r a n s i t  p r o p e r t y  s h o p s .  I t  i s  a s s e m b l e d  a n d  

c h e c k e d  t h o r o u g h l y  o f f - s i t e  t o  make  s u r e  t h a t  a l l  c o m p o n e n t s  

a r e  c o m p l e t e  a n d  f i t  t o g e t h e r  p r o p e r l y ,  a n d  t h a t  t h e  o v e r a l l  

d i m e n s i o n s  o f  t h e  a s s e m b l y  a r e  w i t h i n  d e s i g n  t o l e r a n c e s .  

E x c e p t i o n a l  c a r e  i s  t a k e n  t o  i n s t a l l  e a c h  c o m p o n e n t  o f  a 

t u r n o u t  o r  c r o s s i n g  i n  t h e  e x a c t  p o s i t i o n  s h o w n  b y  t h e  p l a n s .

On s i t e ,  t h e  w o r k  i s  u s u a l l y  l a i d  o u t  f r o m  t h e  1 / 2 - i n c h  p o i n t  

o f  t h e  f r o g  w h i c h  h a s  b e e n  i n d i c a t e d  b y  a s u r v e y o r  w i t h  a 

s p e c i a l  s u r v e y  m a r k e r .  T i e s  o r  f a s t e n e r s  a r e  l a i d  o u t  a l o n g  

t h e  s t r a i g h t  t r a c k  o f  a  t u r n o u t ,  a n d  t h e  r a i l  a n d  o t h e r  

c o m p o n e n t s  a r e  i n s t a l l e d  i n  t h e  s e q u e n c e  i n d i c a t e d  b y  t h e  

m a n u f a c t u r e r  on  t h e  p l a n s .  T h i s  w o r k  r e q u i r e s  s k i l l e d  

m e c h a n i c s  a n d  a n  e x p e r i e n c e d  s u p e r v i s o r ,  a s  t h e r e  a r e  m o re  

t h a n  20 m a j o r  i t e m s  o f  w o r k  t h a t  m u s t  b e  d o n e  c o r r e c t l y  a n d  

i n  p r o p e r  s e q u e n c e .  N u m e r o u s  m e a s u r e m e n t s  m u s t  b e  m a d e  o f  

o f f s e t s  f r o m  t h e  s w i t c h  h e e l  a n d  o f  g a g e  a n d  g u a r d  d i s t a n c e s  

t o  m ake  s u r e  t h a t  each,  c o m p o n e n t  i s  i n  c o r r e c t  p o s i t i o n  t o  

f u n c t i o n  p r o p e r l y .

6 . 3  MAINTENANCE PRACTICES

6 . 3 . 1  MAINTENANCE MANAGEMENT

6 . 3 . 1 . 1  . G e n e r a l

T h e  m o s t  i m p o r t a n t  f a c t o r s  i n  t h e  c o s t - e f f e c t i v e n e s s  o f  t r a c k  

m a i n t e n a n c e  a r e  m a n a g e m e n t  s k i l l  a n d  e n t h u s i a s m .  W h e r e  m a n a g e 

m e n t  s k i l l  a n d  e n t h u s i a s m  a r e  h i g h  t h e r e  i s  a  c o n t i n u i n g  s e a r c h  

f o r  i m p r o v e m e n t s ;  a n d  new m e t h o d s ,  e q u i p m e n t  a n d  m a t e r i a l s  a r e  

t r i e d  a n d  a c c e p t e d  o r  m o d i f i e d  t o  s u i t  t h e  s p e c i f i c  n e e d s  o f  

t h e  s y s t e m .

T h e  g r e a t  r a n g e  o f  e f f e c t i v e n e s s  i n  t h e  m a i n t e n a n c e  o f  t r a n s i t  

t r a c k  c a n  b e  s e e n  m o s t  e a s i l y  i n  t h e  m e t h o d o l o g i e s  u s e d  b y  t h e  

t r a n s i t  p r o p e r t i e s  f o r  f u n d i n g  t r a c k  m a i n t e n a n c e .  T h e s e  a r e  

g e n e r a l l y  s i m i l a r  i n  t h e o r y ,  w i t h  l o n g - r a n g e  p l a n s ,  a n n u a l  

b u d g e t s  a n d  f o r m a l  a c c o u n t i n g  p r o c e d u r e s ;  b u t  t h e y  v a r y
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c o n s i d e r a b l y  i n  p r a c t i c e .  I n  t h e  b e s t  p r a c t i c e s ,  t h e  c o s t s  o f  

t r a c k  m a i n t e n a n c e  a r e  c o n s i d e r e d  c a r e f u l l y  i n  r e l a t i o n  t o  b o t h  

t h e  e s t i m a t e d  c o s t s  a n d  u r g e n c i e s  o f  o t h e r  t r a n s i t  r e q u i r e m e n t s  

a s  w e l l  a s  t h e  f u n d s  a v a i l a b l e .

E m p h a s i s  i s  p l a c e d  o n  p r e v e n t i v e  m a i n t e n a n c e  a n d  t h e  r o u t i n e  

c o r r e c t i o n  o f  d e t e r i o r a t i n g  t r a c k  c o n d i t i o n s  a t  l o w  c o s t ,  b e f o r e  

t h e s e  c o n d i t i o n s  r e q u i r e  c o s t l y ,  e m e r g e n c y  m a i n t e n a n c e  a s  t h e y  

w o u l d  i f  l e f t  u n a t t e n d e d  u n t i l  t h e y  i n t e r f e r e d  w i t h  s a f e  o p e r a 

t i o n s .  Top m a n a g e m e n t  i s  w e l l  a w a r e  o f  t h e  r e l a t i o n  o f  t r a c k  

q u a l i t y  t o  s y s t e m  p e r f o r m a n c e  a n d  i s  k e p t  f u l l y  i n f o r m e d  o f  

p r o b l e m s ,  p l a n s  a n d  p r o g r e s s .

T h e  o t h e r  e x t r e m e  s e e n  i n  p r a c t i c e  i s  t h e  a l l o c a t i o n  o f  a n n u a l  

f u n d s  f o r  t r a c k  m a i n t e n a n c e  a s  a  p e r c e n t a g e  o f  r e c o r d e d  c o s t s  

f o r  p r i o r  y e a r s ,  w i t h o u t  a n a l y s i s  o f  t r a c k  c o n d i t i o n s  a n d  r e 

q u i r e m e n t s  a g a i n s t  t o t a l  s y s t e m  r e q u i r e m e n t s .

S i n c e  t h e  q u a l i t y  o f  m a i n t e n a n c e  m a n a g e m e n t  d e t e r m i n e s  t h e  

e f f e c t i v e n e s s  o f  t r a c k  m a i n t e n a n c e  w h i c h ,  i n  t u r n ,  h a s  l a r g e  

e f f e c t s  o n  t h e  c o s t  a n d  p e r f o r m a n c e  o f  t r a n s i t  s y s t e m s ,  i m p o r 

t a n t  e l e m e n t s  o f  m a i n t e n a n c e  m a n a g e m e n t  a r e  d i s c u s s e d  i n  t h e  

p a r a g r a p h s  t h a t  f o l l o w .

6 . 3 . 1 . 2  M a i n t e n a n c e  O r g a n i z a t i o n

A t r a n s i t  t r a c k  m a i n t e n a n c e  o r g a n i z a t i o n  s h o u l d  b e  a b l e  t o  

m a i n t a i n  t h e  t r a c k  i n  c o n d i t i o n  f o r  s a f e  a n d  e f f i c i e n t  o p e r a 

t i o n s  a t  m in im u m  c o s t .  I t  s h o u l d  a l s o  b e  a b l e  t o  u p g r a d e  t h e  

q u a l i t y  o f  w e a k  p a r t s  o f  t h e  t r a c k  s y s t e m ,  s o  t h a t  f u t u r e  w o r k  

w i l l  b e  l e s s  t r o u b l e s o m e  a n d  c o s t l y .

I n  o r d e r  t o  do  t h i s ,  t h e  o r g a n i z a t i o n  h a s  t o :

•  I n s p e c t  t r a c k  a d e q u a t e l y .
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•  I d e n t i f y  c u r r e n t  a n d  f u t u r e  r e q u i r e m e n t s ,  a n d  p r e d i c t  
p r o b l e m s .

•  P l a n ,  e s t i m a t e  a n d  s c h e d u l e  m a i n t e n a n c e  w o r k  f o r  a c c o m 
p l i s h m e n t  a t  m in im um  c o s t .

•  S p e c i f y  a n d  g u i d e  w o r k  t h a t  i s  t o  b e  d o n e  b y  c o n t r a c t o r s .

•  P e r f o r m  w o r k  e f f i c i e n t l y ,  a n d  c o n t r o l  i t  e f f e c t i v e l y .

•  T r a i n  t r a c k  m e c h a n i c s ,  a n d  i m p r o v e  m a i n t e n a n c e  m e t h o d s  
o n  a  c o n t i n u i n g  b a s i s .

•  P r o v i d e  a c c u r a t e  a n d  t i m e l y  i n f o r m a t i o n  t o  t o p  m a n a g e m e n t .

I n  o r d e r  t o  p e r f o r m  i t s  f u n c t i o n s  e f f e c t i v e l y ,  t h e  t r a c k  o r  m a i n 

t e n a n c e  o f  way  (M/W) o r g a n i z a t i o n  s h o u l d  b e  s t r o n g ,  d i s t i n c t  

g r o u p  w i t h  w e l l - t r a i n e d  p e o p l e  who h a v e  c l e a r - c u t  a u t h o r i t y  

a n d  r e s p o n s i b i l i t y .  I f  t h e  M/W g r o u p  i s  t o o  s m a l l  t o  i n c l u d e  

a n  a d e q u a t e  e n g i n e e r i n g  s t a f f ,  i t  s h o u l d  b e  p r o v i d e d  w i t h  c o m 

p e t e n t  e n g i n e e r i n g  a s s i s t a n c e  f r o m  a n o t h e r  e l e m e n t  o f  t h e  t r a n s i t  

p r o p e r t y  o r g a n i z a t i o n  o r  f r o m  o u t s i d e .

T h e  w o r k  o f  t h e  M/W g r o u p  a n d  i t s  r e l a t i o n  t o  o t h e r  e l e m e n t s  

o f  t h e  t r a n s i t  p r o p e r t y  o r g a n i z a t i o n  s h o u l d  b e  d e f i n e d  i n  w r i t 

i n g .  T h i s  w i l l  a v o i d  m i s u n d e r s t a n d i n g s  o v e r  r e s p o n s i b i l i t i e s ,  

a n d  i m p o r t a n t  w o r k  w i l l  n o t  b e  o v e r l o o k e d  w h e r e  t r a c k  w o r k  i s  

i n t e r m i n g l e d  w i t h  o t h e r  f u n c t i o n s .

T h e  M/W s u p e r i n t e n d e n t  s h o u l d  c o n t r o l  a l l  t r a c k  w o r k  a n d  t h e  

w o r k  o f  a l l  p e o p l e  a s s i g n e d  t o  h i s  o r g a n i z a t i o n .  He s h o u l d  

p a r t i c i p a t e  i n  o v e r a l l  p l a n n i n g  a n d  s h o u l d  h a v e  p r i m a r y  a u t h o r 

i t y  a n d  r e s p o n s i b i l i t y  f o r  e v e r y  p h a s e  o f  t h e  t r a c k  w o r k .

As a minimum, t h e  M/W o r g a n i z a t i o n  s h o u l d  m a i n t a i n  t h e  t r a c k  

w i t h i n  t h e  l i m i t s  s e t  b y  t h e  p r o p e r y  f o r  t h e  s p e e d  a t  w h i c h  i t  

i s  o p e r a t e d .  B e t t e r  q u a l i t y  m a i n t e n a n c e  w i l l  c o r r e c t  p r o b l e m s  

b e f o r e  t h e y  c a u s e  t r o u b l e ,  s l o w  t h e  r a t e  o f  t r a c k  d e t e r i o r a t i o n ,  
a n d  o f t e n  h e l p  t o  h o l d  down o v e r a l l  c o s t s .
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M a i n t e n a n c e  s h o u l d  b e  d o n e  a t  t h e  t i m e  i t  i s  m o s t  c o s t  e f f e c t i v e  

F o r  e x a m p l e ,  w o r n  r a i l  s h o u l d  n o t  b e  r e p l a c e d  u n t i l  i t  r e a c h e s  

s p e c i f i e d  w e a r  l i m i t s ,  u n l e s s  s a v i n g s  c a n  b e  m a de  b y  r e p l a c i n g  

i t  a t  a  m o r e  c o n v e n i e n t  t i m e .  T h u s  i f  a  r a i l  i s  w e a r i n g  a t  a  

r a t e  t h a t  w o u l d  r e q u i r e  r e p l a c e m e n t  d u r i n g  v e r y  c o l d  w i n t e r  

w e a t h e r ,  t h e  w o r k  w o u l d  c o s t  l e s s  i f  d o n e  e a r l i e r  i n  t h e  f a l l .

A t  t h a t  t i m e , t h e r e  may b e  s e v e r a l  l e n g t h s  o f  r a i l  n e a r  t h e  e n d s  

o f  a  c u r v e  t h a t  w i l l  n o t  r e q u i r e  r e p l a c e m e n t  f o r  s e v e r a l  y e a r s ,  

b u t  i t  may p a y  t o  r e p l a c e  a l l  t h e  c u r v e d  r a i l  a t  o n e  t i m e .  J o b  

e s t i m a t e s  s h o u l d  sh o w  i f  t h i s  w i l l  r e d u c e  o v e r a l l  c o s t s .

6 . 3 . 1 . 3  M a i n t e n a n c e  P l a n n i n g  

P l a n n i n g  i n c l u d e s :

•  E v a l u a t i n g  p r e s e n t  a n d  p r o j e c t e d  l e v e l s  o f  t r a f f i c  
d e n s i t y  a n d  s p e e d  a n d  o t h e r  f a c t o r s  t h a t  a f f e c t  t r a c k  
q u a l i t y  r e q u i r e m e n t s  a n d  t r a c k  c o n d i t i o n .

•  D e t e r m i n i n g  t r a c k  c o n d i t i o n s  f r o m  s t u d y  o f  i n s p e c t i o n  
r e p o r t s ,  w o r k  p l a n s  a n d  o t h e r  i n f o r m a t i o n .

•  P r o j e c t i n g  c h a n g e s  i n  t r a c k  c o n d i t i o n  a n d  i d e n t i f y i n g  
f u t u r e  p r o b l e m s .

•  D e t e r m i n i n g  t h e  r e l a t i v e  u r g e n c y  a n d  i m p o r t a n c e  o f  
m a i n t e n a n c e  r e q u i r e m e n t s .

•  D e v e l o p i n g  p l a n s  f o r  k e e p i n g  t r a c k  i n  s a t i s f a c t o r y  c o n 
d i t i o n  a t  m in im um  c o s t .

o D e t e r m i n i n g  t h e  r e l a t i v e  c o s t - e f f e c t i v e n e s s  o f  a l t e r n a 
t i v e s  t h a t  b e c o m e  a v a i l a b l e  i n  t r a c k  m a i n t e n a n c e  m e t h o d s .

•  O b t a i n i n g  e s t i m a t e s  o f  a v a i l a b i l i t y  a n d  c o m m i t m e n t s  on 
f u t u r e  r e s o u r c e s  f o r  t r a c k  m a i n t e n a n c e .

« S c h e d u l i n g  m a i n t e n a n c e  j o b s  a n d  i n t e g r a t i n g  o n - t r a c k  
t i m e  w i t h  o p e r a t i o n s  s o  a s  t o  m i n i m i z e  c o s t s .

0  E s t i m a t i n g  t i m e  a n d  c o s t s .

•  D e t a i l e d  p l a n n i n g  a n d  s c h e d u l i n g  o f  m a i n t e n a n c e  j o b s .

® R e v i e w i n g  r e s u l t s  i n  o r d e r  t o  i m p r o v e  p l a n s  a n d  m e t h o d s .
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S i n c e  m a i n t e n a n c e  i s  p l a n n e d  f o r  t h e  q u a n t i t y ,  t y p e  a n d  c o n d i 

t i o n  o f  t h e  t r a c k  a n d  t h e  r e q u i r e m e n t s  o f  p r o j e c t e d  t r a f f i c ,  

a c c u r a t e  i n s p e c t i o n  m e a s u r e m e n t s  a n d  r e c o r d s  a r e  e s s e n t i a l .  

A c c u r a t e  m e a s u r e m e n t s  o f  c o n d i t i o n s  a n d  r e c o r d s  e n a b l e  t h e  

M/W s u p e r i n t e n d e n t  t o  i d e n t i f y  t r i v i a l  p r o b l e m s  t h a t  may 

l e a d  t o  g r e a t  e x p e n s e  o r  d a m a g e  i f  n o t  c o r r e c t e d .

M a i n t e n a n c e  r e q u i r e m e n t s  a r e  i d e n t i f i e d  b y  i n s p e c t i o n  o f  t h e  

t r a c k  a n d  f r o m  r e p o r t s  o f  t r a c k  d e t e r i o r a t i o n  o r  p r o b l e m s .  

M a i n t e n a n c e  r e q u i r e m e n t s  s h o u l d  a l s o  b e  d e r i v e d  f r o m  t h e  e v a l u a 

t i o n  o f  d a t a  i n  i n s p e c t i o n  r e p o r t s ,  e q u i p m e n t  r e c o r d s ,  p r o j e c t e d  

t r a f f i c  s c h e d u l e s ,  p l a n s  f o r  new e q u i p m e n t  a n d  c o n s t r u c t i o n ,  a n d  

o t h e r  d o c u m e n t s .  S t u d y  o f  t h e s e  d a t a  e n a b l e s  M/W e n g i n e e r s  t o  

p r e d i c t  r e q u i r e m e n t s  l o n g  b e f o r e  t h e y  c a n  b e  i d e n t i f i e d  b y  

i n s p e c t i o n  o f  t h e  t r a c k .

P r i o r i t i e s  o f  t h e  m a i n t e n a n c e  r e q u i r e m e n t s  a r e  d e t e r m i n e d  b y  

e v a l u a t i n g  t h e i r  e f f e c t s  o n  s a f e t y  a n d  p r o d u c t i o n  i f  l e f t  u n 

a t t e n d e d ,  a n d  b y  e s t i m a t i n g  how t h e  c o s t s  a n d  d i f f i c u l t y  o f  t h e  

w o r k  may i n c r e a s e  a s  t h e  w o r k  i s  d e f e r r e d .

M a i n t e n a n c e  C a t e g o r i e s , i n t o  w h i c h  t h e  w o r k  i s  u s u a l l y  d i v i d e d ,  

r e f l e c t  t h e  u r g e n c y  a n d  i m p o r t a n c e  o f  t h e  i n d i v i d u a l  j o b s .  T h i s  

h e l p s  t o  e n s u r e  t h a t  c r i t i c a l  c o n d i t i o n s  w i l l  b e  c o r r e c t e d  b e 

f o r e  t h e y  b e c o m e  d a n g e r o u s  a n d  t h a t  o t h e r  w o r k  w i l l  b e  d o n e  a t  

t h e  m o s t  s u i t a b l e  t i m e  t o  a v o i d  t r a c k  t r o u b l e s  a n d  m i n i m i z e  

c o s t s .

C a t e g o r i e s  o f  m a i n t e n a n c e  w o r k  t h a t  a r e  o f t e n  u s e d  i n c l u d e :  

p r e v e n t i v e  m a i n t e n a n c e ,  r o u t i n e  m a i n t e n a n c e ,  e m e r g e n c y  m a i n t e 

n a n c e ,  a n d  d e f e r r e d  m a i n t e n a n c e .  Some a c t i v i t i e s  a l s o  u s e  t h e  

c a t e g o r i e s  o f  m a j o r  r e p a i r s  ( s e p a r a t e d  i n t o  d i s c r e t i o n a r y  a n d  

n o n - d i s c r e t i o n a r y  m a i n t e n a n c e ) ,  a l t e r a t i o n s  o r  i m p r o v e m e n t s ,  

a n d  h o u s e k e e p i n g .  T h e  f i r s t  t h r e e  c a t e g o r i e s  a r e  g e n e r a l l y
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w e l l  u n d e r s t o o d .  D e f e r r e d  m a i n t e n a n c e ,  h o w e v e r ,  i s  o f t e n  

t h o u g h t  t o  i n c l u d e  d e s i r a b l e  w o r k  a s  w e l l  a s  n e c e s s a r y  m a i n 

t e n a n c e .  T h e  f o r m e r  w o u l d  b e  b e t t e r  p l a c e d  i n  t h e  c a t e g o r y  

o f  m a j o r  r e p a i r s ,  u n d e r  t h e  h e a d i n g  o f  d i s c r e t i o n a r y  m a i n t e n 
a n c e  .

S c h e d u l i n g  o u t l i n e s  t h e  m a n a g e m e n t  d e c i s i o n s  t h a t  i d e n t i f y  

w o r k ,  s e t  i t s  p r i o r i t i e s ,  a n d  d e s i g n a t e  w h e n  i t  i s  t o  b e  d o n e .  

S c h e d u l i n g  i s  a n  e f f e c t i v e  a n d  e s s e n t i a l  e l e m e n t  i n  t h e  m a i n 

t e n a n c e  s y s t e m .  I t  c o m m u n i c a t e s  t o  e v e r y o n e  c o n c e r n e d  h i s  

p a r t  o f  t h e  m a i n t e n a n c e  w o r k .  I t  a l s o  p r o v i d e s  c o n c i s e  m a n 

a g e m e n t  i n f o r m a t i o n  o n  m a i n t e n a n c e  e f f o r t s  a n d  c h e c k p o i n t s  f o r  

m e a s u r i n g  o u t p u t  a g a i n s t  p l a n s .

S c h e d u l e s  s h o u l d  i n c l u d e  a m p l e  a l l o w a n c e  f o r  u r g e n t  r e q u i r e 

m e n t s  t h a t  c a n n o t  b e  f o r e s e e n  i n  d e t a i l  m u c h  i n  a d v a n c e . .  T h i s  

e m e r g e n c y  a l l o w a n c e  s h o u l d  i n c l u d e  l a r g e  a l l o w a n c e s  f o r  s t a r t 

u p  t i m e ;  b e c a u s e  e m e r g e n c y  m a i n t e n a n c e  a l m o s t  a l w a y s  i n t e r r u p t s  

o t h e r  w o r k ,  r e q u i r e s  some m a t e r i a l s  o r  t o o l s  t h a t  a r e  n o t  a t  

h a n d ,  o r  l i e s  a  c o n s i d e r a b l e  d i s t a n c e  aw ay  f r o m  t h e  l o c a t i o n  

o f  s c h e d u l e d  w o r k .

S c h e d u l i n g  t r a c k  m a i n t e n a n c e  w o r k  i s  u s u a l l y  d o n e  i n  t h e  f o l 

l o w i n g  s e q u e n c e :

•  L i s t  a l l  f o r e s e e a b l e  w o r k  i t e m s .

•  B a l a n c e  p r o j e c t e d  w o r k  l o a d  a g a i n s t  r e s o u r c e s .

•  N o t e  c o n d i t i o n s  t h a t  a f f e c t  t h e  w o r k .

•  P l a n  j o b s  t o  s u i t  c o n d i t i o n s .

•  E s t i m a t e  m q n - h o u r s  f o r  e a c h  j o b .

•  B a l a n c e  a v a i l a b l e  m a n - h o u r s  a n d  j o b  e s t i m a t e s .

•  E n t e r  j o b s  a n d  m a n - h o u r s  o n  c a l e n d a r  c h a r t s  ( s c h e d u l e s )

•  C o l l e c t  c o s t  a n d  t i m e  d a t a  t o  i m p r o v e  e s t i m a t e s .
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T h e  c o m p l e t e  m a i n t e n a n c e  s c h e d u l e s  u s u a l l y  i n c l u d e  a  l o n g - r a n g e  

p l a n  ( a b o u t  5 y e a r s ) ,  a n  a n n u a l  o r  1 6 - m o n t h s  s c h e d u l e ,  a n  i n t e r  

m e d i a t e  s c h e d u l e  f o r  3 o r  4 m o n t h s  a n d  a  s h o r t - t e r m  s c h e d u l e  

c o v e r i n g  s e v e r a l  w e e k s .  I n  t h i s  o r d e r ,  t h e  s c h e d u l e s  r e f l e c t  

a n  i n c r e a s i n g  k n o w l e d g e  o f  f a c t o r s  t h a t  a f f e c t  t h e  a v a i l a b i l i t y  

o f  l a b o r ,  m a t e r i a l s  a n d  t r a c k  t i m e ,  s u c h  a s  v a c a t i o n  p l a n s  a n d  

e s t i m a t e d  t r a f f i c .

S c h e d u l i n g  i s  e s s e n t i a l  t o  c o s t  e f f e c t i v e  m a i n t e n a n c e  p l a n n i n g  

a n d  c o n t r o l ,  b u t  i t  c a n n o t  b e  d o n e  e f f e c t i v e l y  u n l e s s  a l l  o f  

t h e  r e l a t e d  f u n c t i o n s  o f  m a i n t e n a n c e  m a n a g e m e n t  a r e  a l s o  p e r 

f o r m e d  e f f e c t i v e l y .

6 . 3 . 1 . 4  M a i n t e n a n c e  C o n t r o l

M a i n t e n a n c e  c o n t r o l  i n v o l v e s  t h e  m e a s u r e m e n t ,  e v a l u a t i o n  a n d  

c o r r e c t i o n  o f  w o r k .  I t  e n s u r e s  t h a t  p l a n n e d  w o r k  i s  d o n e  

e f f i c i e n t l y ;  t h a t  p r o p e r  a d j u s t m e n t s  a r e  m ade  f o r  u n f o r e s e e n  

c o n d i t i o n s ;  a n d  t h a t  t h e r e  i s  g o o d  f e e d b a c k  o f  i n f o r m a t i o n  

a n d  i d e a s  f r o m  t r a c k  m e c h a n i c s ,  s o  t h a t  w o r k  m e t h o d s  a n d  e s t i 

m a t e s  c a n  b e  i m p r o v e d .

The  p r i m a r y  c o n t r o l  i n  m a i n t e n a n c e  i s  d i r e c t  s u p e r v i s i o n .  The  

s u p e r v i s o r  p l a n s  t h e  w o r k  i n  d e t a i l ,  d i s c u s s e s  i t  w i t h  a n d  

i n s t r u c t s  t r a c k  m e c h a n i c s ,  o b s e r v e s  t h e  w o r k  i n  p r o g r e s s ,  

c o r r e c t s  i t  w hen  n e c e s s a r y ,  a n d  c h e c k s  t h e  c o m p l e t e d  w o r k .

T r a c k  m a i n t e n a n c e  w o r k  o f t e n  h a s  t o  b e  d o n e  w i t h o u t  d i r e c t  

s u p e r v i s i o n ,  h o w e v e r ,  a s . n u m e r o u s  s m a l l  m a i n t e n a n c e  j o b s  a r e  

p e r f o r m e d  b y  a m e c h a n i c  w o r k i n g  a l o n e  o r  w i t h  a h e l p e r .  

A c c o r d i n g l y  o t h e r  c o n t r o l s  s h o u l d  b e  u s e d  t o  o b t a i n  g o o d ,  

u n i f o r m  q u a l i t y  i n  t h e  c o m p l e t e d  w o r k .

I n  a d d i t i o n  t o  d i r e c t  s u p e r v i s i o n ,  m a i n t e n a n c e  c o n t r o l s  i n c l u d e  

•  D e t a i l e d  s c h e d u l i n g .
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•  A s s i g n m e n t  o f  a  q u a l i f i e d  t r a c k  m e c h a n i c  
t o  e v e r y  j o b .

•  U se  o f  m a i n t e n a n c e  s t a n d a r d s .

•  C o l l e c t i o n  o f  t i m e  a n d  c o s t  i n f o r m a t i o n .

•  I n s p e c t i o n  o f  c o m p l e t e d  w o r k .

•  R e v i e w  o f  i n s p e c t i o n  r e p o r t s .

T h e  d e v e l o p m e n t  o f  m a i n t e n a n c e  s t a n d a r d s  h e l p s  p l a n n e r s ,  s u p e r 

v i s o r s ,  a n d  m e c h a n i c s .  S t a n d a r d i z a t i o n  o f  p r o c e d u r e s  a n d  a v a i l 

a b l e  e q u i p m e n t  f o r  b o t h  r o u t i n e  j o b s  a n d  e m e r g e n c y  w o r k  w i l l  

e n a b l e  s u p e r v i s o r s  t o  s p e n d  m o r e  t i m e  a n d  t h o u g h t  o n  u n u s u a l  

p r o b l e m s .

T h e  c o l l e c t i o n  o f  t i m e  a n d  c o s t  i n f o r m a t i o n  i s  a  f u n c t i o n  t h a t  

s h o u l d  n o t  b e  s l i g h t e d .  T im e  a n d  c o s t s  o f  l a b o r ,  m a t e r i a l ,  

e q u i p m e n t ,  e n g i n e e r i n g ,  a n d  o v e r h e a d  s h o u l d  b e  r e p o r t e d  i n  

d e t a i l .  T h i s  p e r m i t s  e s t i m a t e s  t o  b e  c h e c k e d  a n d  e s t i m a t i n g  

p r o c e d u r e s -  t o  b e  i m p r o v e d ;  i t  p i n p o i n t s  a r e a s  o f  u n u s u a l l y  h i g h  

o r  i n c r e a s i n g  c o s t s  w h e r e  i m p r o v e m e n t s  s h o u l d  b e  s o u g h t  i n  m a i n 

t e n a n c e  t e c h n i q u e s ;  a n d  i t  p r o v i d e s  m a n a g e m e n t  w i t h  n e e d e d  

i n f o r m a t i o n .

D e t a i l e d  i n s p e c t i o n  o f  a l l  c o m p l e t e d  w o r k  e n s u r e s  t h a t  t h e  w o r k  

w a s  d o n e  i n  t h e  r i g h t  p l a c e  a n d  t h a t  t h e  c o m p l e t e d  w o r k  m e e t s  

t h e  m a i n t e n a n c e  s t a n d a r d s .  When t h e  s u p e r v i s o r  k now s  t h e  w o r k  

r e q u i r e d  a n d  k e e p s  s i m p l e ,  a c c u r a t e  r e c o r d s  o f  j o b  a s s i g n m e n t s  

b y  l o c a t i o n  a n d  t i m e ,  h e  c a n  s p o t - c h e c k  f i n i s h e d  w o r k  w h e n  c o n 

v e n i e n t .  He c a n  t e l l  t h e  q u a l i t y  o f  t h e  t r a c k  m e c h a n i c s ' w o r k  

o v e r  a  p e r i o d  o f  t i m e  b y  o b s e r v i n g  t h e  r e s u l t s  a n d  b y  c o m p a r i n g  

t h e  r e s u l t s  t o  o t h e r  m a i n t e n a n c e  w o r k  t h a t  h a s  b e e n  d o n e  a n d  t o  

s t a n d a r d s  t h a t  h a v e  b e e n  d e v e l o p e d .  He c a n  r a i s e  t h e  q u a l i t y  

o f  t h e  w o r k  b y  p r o v i d i n g  a d d i t i o n a l  i n s t r u c t i o n  a n d  b e t t e r  

m a t e r i a l s  o r  t o o l s ,  o r  b y  a l l o w i n g  m o re  t i m e .  C o n v e r s e l y ,  w hen  

t h e  w o r k  q u a l i t y  e x c e e d s  n e e d s ,  b o t h  t i m e  a n d  m a t e r i a l s  may b e  

r e d u c e d .
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R e v i e w i n g  i n s p e c t i o n  r e p o r t s  h e l p s  t h e  M/W s u p e r i n t e n d e n t  

a n d  e n g i n e e r s  t o  d e t e r m i n e  t h e  o v e r a l l  q u a l i t y  o f  t r a c k  w o r k  

a n d  c h a n g e s  i n  t r a c k  c o n d i t i o n .  I t  a l s o  h e l p s  t o  i n d i c a t e  

w h e r e  a d d i t i o n a l  g u i d a n c e  i s  n e e d e d  i n  t h e  f o r m  o f  p l a n s ,  

s c h e m a t i c s ,  c h e c k l i s t s ,  w r i t t e n  p r o c e d u r e s  a n d  d i s c u s s i o n s .

6 . 3 . 2  METHODS

I n  g e n e r a l  t h e  M/W d e p a r t m e n t s  f o l l o w  t h e  b e s t  m a i n t e n a n c e  

p r a c t i c e s  d e v e l o p e d  i n  t h e  t r a n s i t  a n d  r a i l r o a d  i n d u s t r i e s .  

S p e c i f i c  p r a c t i c e s  t h a t  a r e  c o n s i d e r e d  a d v a n t a g e o u s  f o r  t r a n 

s i t  t r a c k  m a i n t e n a n c e  b u t  w h i c h  a r e  n o t  i n  f u l l  u s e  a r e  l i s t e d  

i n  A p p e n d i x  A. As n o t e d  i n  t h a t  a p p e n d i x ,  t h e s e  p r a c t i c e s  

w e r e  d i s c u s s e d  i n  t h e  t r a c k  m a i n t e n a n c e  w o r k s h o p .

Many v a r i a t i o n s  a r e  f o u n d  i n  t r a c k  m a i n t e n a n c e  p r a c t i c e s  b e 

c a u s e  o f  s p e c i f i c  l o c a l  c o n d i t i o n s .  T h e s e  i n c l u d e  t h e  o r i g i n a l  

c o n s t r u c t i o n ,  a g e  o f  t h e  t r a c k ,  t r a f f i c  l e v e l s ,  c l i m a t e  a n d  

t r a c k  e x p o s u r e ,  a v a i l a b i l i t y  o f  q u a l i f i e d  m a i n t e n a n c e  c o n t r a c 

t o r s ,  l a r g e  v a r i a t i o n s  i n  l o c a l  c o s t s  o f  l a b o r  a n d  m a t e r i a l s ,  

o p e r a t i n g  p r a c t i c e s  t h a t  r e s t r i c t  t i m e  o n  t r a c k  f o r  m a i n t e n 

a n c e ,  u n i o n  a g r e e m e n t s  r e q u i r i n g  s p e c i a l  p r a c t i c e s ,  a n d  p u b l i c  

p r e f e r e n c e s .  F o r  e x a m p l e ,  c l i m a t e  may h a v e  l a r g e  e f f e c t s  o n  

d u r a b i l i t y  a s  s e e n  i n  t h e  d i f f e r e n t  r a t e s  o f  d e t e r i o r a t i o n  o f  

w ood  t i e s  i n  B o s t o n  a n d  M i a m i .  I t  a l s o  h a s  l a r g e  e f f e c t s  o n  

t h e  p r o d u c t i v i t y  o f  a  t r a c k  m a i n t e n a n c e  c r e w  w o r k i n g  o n  a n  

e x p o s e d  t r a c k  d u r i n g  w i n t e r  w e a t h e r .

6 . 3 . 3  EQUIPMENT AND MATERIALS

T h e  l a r g e  a n d  e x p e n s i v e  e q u i p m e n t  u s e d  i n  r a i l r o a d  m a i n t e n a n c e  

i s  g e n e r a l l y  n o t  c o s t - e f f e c t i v e  o n  t r a n s i t  t r a c k  b e c a u s e  o f  

t h e  r e l a t i v e l y  f e w  m i l e s  o f  t r a c k  t o  b e  m a i n t a i n e d ,  s m a l l  

c l e a r a n c e s  a n d  v e r y  f r e q u e n t  t r a f f i c .  T h e r e  a r e  some e x c e p t  

t i o n s  w h e r e  r a i l r o a d - t y p e  e q u i p m e n t  w i l l  f i t  a n d  i s  u s e d ;  t h e s e  

o c c u r  w h e r e  r a i l r o a d  w a y s  w e r e  t a k e n  o v e r  a n d  a r e  o p e r a t e d  b y  

t h e  p r o p e r t i e s .  I n  a l l  c a s e s  w h e r e  l a r g e  m a i n t e n a n c e  e q u i p m e n t
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i s  p u r c h a s e d ,  i t s  u t i l i z a t i o n  r a t e  h a s  t o  b e  h i g h  e n o u g h  t o  

c o v e r  a m o r t i z a t i o n ,  o p e r a t i o n ,  m a i n t e n a n c e  a n d  s t o r a g e  c o s t s  b y  

s a v i n g s  i n  l a b o r  a n d  a d d i t i o n a l  p o w e r  t o o l s .

I n  a d d i t i o n  t o  m a n y  s m a l l  p o w e r  t o o l s  s u c h  a s  s a w s ,  d r i l l s ,  

w r e n c h e s  a n d  h o i s t s ,  t h e  e q u i p m e n t  u s e d  b y  t r a n s i t  p r o p e r t i e s  

i n c l u d e s :  c r a n e s ,  r a i l  b e n d e r s ,  t a m p e r s ,  l i n e r s ,  s p e c i a l l y

e q u i p p e d  w o r k  c a r s ,  s h o p  e q u i p m e n t  s u c h  a s  m i l l i n g  m a c h i n e s  a n d  

g r i n d e r s ,  p o r t a b l e  r a i l  g r i n d e r s  a n d  g r i n d i n g  t r a i n s .

Two o f  t h e  t r a n s i t  p r o p e r t i e s  h a v e  o r d e r e d  s p e c i a l  w e l d i n g  

t r a i n s  t h a t  h a v e  a  r e c o r d  o f  p r o d u c i n g  v e r y  h i g h  q u a l i t y  f l a s h -  

b u t t  w e l d s .  T h e s e  a r e  e x p e c t e d  t o  p r o v i d e  s a v i n g s  i n  t h e  l a r g e  

n u m b e r s  o f  f i e l d  w e l d s  t h a t  a r e  p l a n n e d  i n  t h e  c o n v e r s i o n  o f  t h e  

t r a c k  t o  c o n t i n u o u s  w e l d e d  r a i l .  T h e y  a l s o  a r e  e x p e c t e d  t o  

p r o d u c e  h i g h e r  q u a l i t y  w e l d s  t h a n  a r e  p o s s i b l e  w i t h  t h e r m i t e  

p r o c e s s e s .

The  m a t e r i a l s  u s e d  b y  t h e  t r a n s i t  p r o p e r t i e s  a r e  s i m i l a r  t o  t h o s e  

u s e d  b y  t h e  r a i l r o a d s .  I n  r e c e n t  y e a r s ,  e f f o r t s  h a v e  b e e n  i n 

c r e a s e d  t o  s t a n d a r d i z e  o n  t r a c k  c o m p o n e n t s  a n d  m a t e r i a l s  t h a t  

a r e  i n  common u s e  i n  t h e  l o c a l  a r e a  o f  e a c h  t r a n s i t  p r o p e r t y ,  

s o  t h a t  r e s u p p l y  w i l l  b e  l e s s  d i f f i c u l t .  The  b e t t e r  q u a l i t y  

m a t e r i a l s  s u c h  a s  m a n g a n e s e  s t e e l  f o r  f r o g s  a n d  p o i n t s ,  h a r d e n e d  

s t e e l  r a i l  a n d  h i g h - s t r e n g t h  t r a c k  b o l t s  a r e  p r e f e r r e d  b e c a u s e  

o f  t h e i r  l o n g e r  u s e f u l  l i v e s  i n  l o c a t i o n s  w h e r e  h i g h  f r e q u e n c y  

t r a f f i c  a n d  o t h e r  f a c t o r s  make  r e p l a c e m e n t  d i f f i c u l t  a n d  c o s t l y .

6 . 3 . 4  INSPECTION

S t a n d a r d s  a r e  r e c o g n i z e d  a s  n e c e s s a r y  b y  a l l  o f  t h e  t r a n s i t ^  

p r o p e r t i e s .  T h e y  c o n f o r m  w i t h  t h e  r e c o m m e n d a t i o n s  p u b l i s h e d  

b y  APTA17 a n d  t e n d  t o  f o l l o w  r a i l r o a d  m a i n t e n a n c e  p r a c t i c e s 2 a n d

1 7APTA, p .  5 0 .  

2AREA, p .  5.
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F e d e r a l  s t a n d a r d s . 1 Some o f  t h e  p r o p e r t i e s  h a v e  d e v e l o p e d  

t h e i r  own s t a n d a r d s  w i t h  s i m i l a r  b u t  s t r i c t e r  r e q u i r e m e n t s .  

T r a n s i t  t r a c k  g e n e r a l l y  e x c e e d s  F e d e r a l  s t a n d a r d s 1 w h e r e  s a f e t y  

i s  c o n c e r n e d ,  a s  i n  t h e  r e p l a c e m e n t  o f  w o r n  r a i l s  a n d  d e f e c t i v e  

t i e s .

I n s p e c t i o n  i s  d i f f i c u l t  b e c a u s e  o f  t h e  f r e q u e n c y  o f  t r a f f i c .

On many o f  t h e  t r a n s i t  p r o p e r t i e s ,  a n  i n s p e c t o r  ( t r a c k w a l k e r )  

i s  s u p p o s e d  t o  make  m i n o r  a d j u s t m e n t s  a n d  r e p a i r s  w h i l e  i n 

s p e c t i n g  t h e  sam e  l e n g t h  o f  t r a c k  r e p e a t e d l y .  E x p e r i e n c e  i s  

n o t  s h a r e d  v e r y  w e l l ,  a n d  j u d g m e n t s  a r e  n o t  i m p r o v e d  b y  c r o s s 

c h e c k i n g  a n d  d i s c u s s i o n .  Some i n s p e c t o r s  t e n d  t o  b e  v e r y  f o r 

g i v i n g  o f  d e f e c t s  t h e y  w o u l d  h a v e  t o  c o r r e c t  t h e m s e l v e s ,  s u c h  

a s  l o o s e  b o l t s  a n d  l o o s e  t i e  p l a t e s .  G e n e r a l l y  t h e  o n l y  r e g u l a r  

i n s p e c t i o n s  a r e  t h o s e  m a de  b y  t h e  t r a c k w a l k e r s  a n d  t h e i r  

s u p e r v i s o r s .  S o m e t i m e s  a s u r v e y o r  may b e  c a l l e d  i n  t o  c h e c k  

a  m a j o r  r e a l i g n m e n t  i f  i t  s e e m s  n e c e s s a r y .  A t r a c k  l e v e l ,  

g a g e  a n d  s t r i n g l i n e  a r e  u s e d  a t  t i m e s ,  b u t  m any  a d j u s t m e n t  

n e e d s  a r e  j u d g e d  b y  e y e .

R a i l  f l a w  d e t e c t i o n  s e r v i c e s  a r e  u s e d ,  a n d  a  f e w  t r a n s i t  p r o p 

e r t i e s  a r e  p l a n n i n g  t o  p u r c h a s e  e q u i p m e n t  f o r  r e p e t i t i v e  t r a c k  

g e o m e t r y  m e a s u r e m e n t s  t o  a i d  i n s p e c t i o n  a n d  m a i n t e n a n c e  p l a n n i n g .

6 . 4  EUROPEAN PRACTICES

A d v a n c e d  E u r o p e a n  p r a c t i c e s  a n d  o t h e r  p r a c t i c e s  t h a t  w o u l d  b e  

new a n d  p o t e n t i a l l y  v a l u a b l e  t o  U . S .  t r a n s i t  s y s t e m s  a r e  d i s 

c u s s e d  i n  S e c t i o n  7 .  The  p r a c t i c e s  d i s c u s s e d  i n  t h i s  S e c t i o n  

a r e  m o r e  c o n v e n t i o n a l .  T h e y  h a v e  b e e n  e f f e c t i v e  f o r  many y e a r s ,  

b u t  some o f  t h e m  w i l l  b e  d i s p l a c e d  b y  n e w e r  m e t h o d s  a s  t h e i r  

r e l i a b i l i t y  i s  p r o v e n .

1 S t a n d a r d s ,  p . 3 .
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6 . 4 . 1  INSPECTION

I n  o r d e r  t o  o b t a i n  t h o r o u g h  a n d  u n i f o r m  i n f o r m a t i o n  on  t r a c k  

c o n d i t i o n s  a n d  t r e n d s  t h r o u g h o u t  t h e  s y s t e m ,  L o n d o n  T r a n s p o r t  

h a s  d e v e l o p e d  t h e  p r a c t i c e  o f  h a v i n g  c o m p l e t e  s e m i - a n n u a l  

i n s p e c t i o n s  c o n d u c t e d  b y  a s p e c i a l l y  t r a i n e d  a n d  e x p e r i e n c e d  

t e a m  o f  i n s p e c t o r s .  T h e s e  i n s p e c t i o n s  a r e  i n  a d d i t i o n  t o  

i n s p e c t i o n s  b y  t r a c k w a l k e r s ,  s u p e r v i s o r s  a n d  o t h e r s .  The  

i n s p e c t o r s  a r e  c o m p l e t e l y  s e p a r a t e  f r o m  o t h e r  e l e m e n t s  o f  

t h e  M/W D e p a r t m e n t .  T h e y  u s e  t o o l s  t o  e x p o s e  a n d  t o  m e a s u r e  

t r a c k  c o n d i t i o n s ,  a n d  f o l l o w  a  s t a n d a r d  c h e c k  l i s t  w hen  

i n s p e c t i n g  t r a c k  c o m p o n e n t s  a n d  a l l  w a y s i d e  f e a t u r e s ,  s u c h  

a s  d r a i n s  a n d  f e n c e s .  T h i s  h e l p s  t o  r e d u c e  b i a s  a s  f a r  a s  

p o s s i b l e  a n d  p r o v i d e s  a  n e a r l y  u n i f o r m  b a s e  f o r  t h e  i n s p e c 

t i o n  o f  a l l  d i v i s i o n s  o f  t h e  s y s t e m .  T he  i n s p e c t o r s  a r e  

c a l l e d  " t r a c k  m a r k e r s "  b e c a u s e  t h e y  r a t e  e a c h  t r a c k  f e a t u r e  

i n  e a c h  400 m e t e r s  o f  t r a c k  a c c o r d i n g  t o  a s t a n d a r d  c o n d i t i o n  

s c a l e ,  t o t a l  t h e i r  m a r k s ,  a n d  a s s i g n  o v e r a l l  m a r k s  t o  
e a c h  l e n g t h  o f  t r a c k .  T h i s  n o t  o n l y  p r o v i d e s  g o o d  c o m p a r i s o n s  

o f  c o n d i t i o n s  a n d  t r e n d s  i n  t h e  d i f f e r e n t  d i v i s i o n s ,  b u t  

a r o u s e s  c o m p e t e t i v e  i n t e r e s t  i n  t r a c k  m a i n t e n a n c e  among t r a c k  

s u p e r v i s o r s  a n d  m e c h a n i c s .

6 . 4 . 2  RAILS

L o n d o n  T r a n s p o r t  u s e s  a  b u l l - h e a d  r a i l  b u t  e x p e c t s  t o  c h a n g e  

g r a d u a l l y  t o  T - r a i l s  a s  t h e  f o r m e r  b e c o m e s  r e l a t i v e l y  m o re  

e x p e n s i v e .  T r a n s i t  s y s t e m s  o n  t h e  C o n t i n e n t  u s e  T - r a i l s .

T h e  6 0 - f o o t  r a i l s  o f  L o n d o n  T r a n s p o r t  a r e  s h o p  w e l d e d  i n t o  

3 0 0 - f o o t  l e n g t h s  o f  CWR, a s  t h e s e  a r e  t h e  l o n g e s t  l e n g t h s  o f  

w e l d e d  r a i l  t h a t  c a n  b e  m o v e d  c o n v e n i e n t l y  t h r o u g h  t h e  c u r v e s  

a n d  i n t e r c h a n g e s  o f  t h e  t r a c k  s y s t e m .  T h e  CWR i s  c o n n e c t e d  

i n  t h e  t r a c k  w i t h  b o l t e d  j o i n t s  i n t o  n o m i n a l  l e n g t h s  o f  0 . 5  

m i l e .  T h e  f i s h i n g  s u r f a c e s  o f  b o t h  t h e  j o i n t  b a r s  a n d  t h e  

r a i l s  a r e  m a c h i n e d  f o r  a  s m o o t h ,  t i g h t  f i t .  H i g h - s t r e n g t h  

b o l t s  a r e  u s e d ,  a n d  t h e y  a r e  o i l e d  a n d  t o r q u e d  r e g u l a r l y  t o  

s p e c i f i e d  t e n s i o n .  T h e  r a i l s  a r e  l o o s e n e d  t o  r e l i e v e  s t r e s s
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a n d  a r e  s e t  t o  t h e i r  n o m i n a l  l e n g h t s  a t  m e a n  t e m p e r a t u r e  i n  

t h e  e a r l y  s p r i n g  o f  e v e r y  y e a r ,  t o  m i n i m i z e  t h e  c h a n g e  o f  

b u c k l i n g .  O n l y  o n e  j o i n t  f a i l u r e  h a s  b e e n  r e p o r t e d  i n  30 

y e a r s ,  a n d  t h e  b o l t e d  j o i n t s  a t  3 0 0 - f o o t  i n t e r v a l s  a r e  c o n 

s i d e r e d  v e r y  c o n v e n i e n t  f o r  t r a c k  m a i n t e n a n c e  w o r k .  I n  

c u r v e d  t r a c k  o f  l e s s  t h a n  1 0 0 0 - f o o t  r a d i u s ,  CWR i s  n o t  u s e d .  

S i x t y - f o o t  r a i l  l e n g t h s  a r e  c o n n e c t e d  b y  b o l t e d  j o i n t s .  I n  

t h e  e a r l y  s p r i n g  o f  e a c h  y e a r ,  t h e s e  j o i n t s  a r e  r e g a p p e d  t o  

m i n i m i z e  t h e  p o s s i b i l i t y  o f  b u c k l i n g  a n d  t o  r e d u c e  r a i l - e n d  

b a t t e r  a n d  n o i s e .

A s e p a r a t e  r a i l  i s  i n s t a l l e d  a l o n g  t h e  c e n t e r l i n e  o f  t h e  t r a c k  

f o r  r e t u r n  p o w e r .  T h i s  c r o w d s  t h e  w o r k i n g  s p a c e  a v a i l a b l e  

f o r  t r a c k  m a i n t e n a n c e ,  b u t  i t  r e d u c e s  c o r r o s i o n  o f  t h e  r u n 

n i n g  r a i l s  a n d  f a s t e n e r s .  I t  a l s o  s i m p l i f i e s  t h e  i n s t a l l a t i o n  

o f  t r a c k  s i g n a l  c i r c u i t s .

M o s t  o f  t h e  E u r o p e a n  t r a n s i t  s y s t e m s  a r e  u s i n g  f i e l d - w e l d e d  

j o i n t s  t o  c o n n e c t  l e n g t h s  o f  s h o p - w e l d e d  CWR. T h e r m i t e  

w e l d i n g  i s  w i d e l y  u s e d ,  b u t  e l e c t r i c  a r c  w e l d i n g  i s  u s e d  i n  

S t o c k h o l m .  I n  t h e  e l e c t r i c  a r c  m e t h o d ,  l a r g e  c o p p e r  h e a t  

s i n k s  a r e  c l a m p e d  t o  t h e  r a i l s ,  a n d  a n  a s b e s t o s - c o p p e r  f o r m  

i s  u s e d  a t  t h e  b a s e  o f  r a i l  t o  m i n i m i z e  e x t r u s i o n  o f  w e l d  

m a t e r i a l .  Good r e s u l t s  a r e  c l a i m e d  w i t h  b o t h  m e t h o d s ,  w i t h  

v e r y  f e w  w e l d  f a i l u r e s  i n  a n y  o n e  y e a r .

C h e c k  r a i l s  ( r e s t r a i n i n g  r a i l s )  a r e  c o m m o n ly  u s e d  o n  c u r v e s  

b e l o w  1 0 0 0 - f o o t  r a d i u s ,  a n d  f l a n g e  l u b r i c a t o r s  o f  many t y p e s  

a r e  u s e d  on  s h a r p  c u r v e s .  I n  a f e w  c a s e s ,  w a t e r  s p r a y s  a r e  

u s e d  t o  r e d u c e  w h e e l  s q u e a l ,  a l t h o u g h  t h e  s p r a y s  w e r e  t h o u g h t  

t o  c o n t r i b u t e  t o  s h e l l i n g  o f  t h e  r a i l  s u r f a c e .

R a i l  g r i n d i n g  t o  r e m o v e  c o r r u g a t i o n s  i s  common i n  E u r o p e a n  

t r a n s i t  s y s t e m s .  S l i p  s t o n e s  a r e  u s e d  i n  some s y s t e m s  a n d  

r o t a r y  g r i n d i n g  s t o n e s  i n  o t h e r s .  C o r r u g a t i o n s  w e r e  t h o u g h t  

t o  b e  m o r e  common i n  r a i l  o n  c o n c r e t e  t i e s  t h a n  on  w ood  t i e s .
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6 . 4 . 3  TIES AND FASTENERS

B a l l a s t e d  t r a c k  c o n t i n u e s  i n  w i d e  u s e  b e c a u s e  o f  i t s  r e l a 

t i v e l y  l o w  c o s t  a n d  i t s  c o n v e n i e n c e  f o r  m a i n t e n a n c e  w o r k .  

T he  e m p h a s i s  i n  r e c e n t  y e a r s  h a s  b e e n  o n  i n c r e a s i n g  t h e  

b a l l a s t  l a y e r  a n d  c o m p a c t i n g  i t  t o  r e d u c e  t h e  f r e q u e n c y  

o f  m a i n t e n a n c e  w o r k .

The  h i g h  v a l u e  o f  s a l v a g e d  w ood t i e s  ( s a i d  t o  b e  a s  h i g h  a s  

70 p e r c e n t  o f  t h e  c o s t  o f  new  t i e s  i n  G e rm a n y )  t e n d s  t o  

f a v o r  t h e  u s e  o f  c r e o s o t e d  wood  t i e s  w h e r e  g o o d  w ood  t i e s  

c a n  b e  o b t a i n e d ,  a n d  w h e r e  w e a t h e r  a n d  d r a i n a g e  c o n d i t i o n s  

do  n o t  e n c o u r a g e  e x c e s s i v e  g r o w t h  o f  r o t  o r g a n i s m s .
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7 .  ADVANCED TECHNOLOGY

7 . 1  GENERAL

Among t h e  c o n c e p t s  a n d  m e t h o d s  i n c l u d e d  i n  t h i s  s e c t i o n  a r e

some t h a t  h a v e  b e e n  i n  u s e  f o r  y e a r s  i n  o t h e r  i n d u s t r i e s  o r

i n  o t h e r  c o u n t r i e s .  T h e y  a r e  i n c l u d e d  b e c a u s e  t h e y  a r e  n o t  

i n  u s e  i n  U . S .  t r a n s i t  s y s t e m s  a n d  may b e  o f  v a l u e  w h e n  t h e y  
a r e  m o d i f i e d  t o  s u i t  t r a n s i t  s y s t e m  r e q u i r e m e n t s .

R e c e n t  a d v a n c e s  i n  t r a c k  t e c h n o l o g y  h a v e  n o t  b e e n  t h e  r e s u l t  

o f  s u d d e n  b r e a k t h r o u g h s  o r  t h e  e x p l o i t a t i o n  o f  new  d i s c o v e r i e s  

i n  b a s i c  s c i e n c e .  A d v a n c e s  o f  t h a t  s o r t  w e r e  made  y e a r s  a g o  

i n  t h e  e a r l y  d a y s  o f  t r a n s i t  t r a c k  d e v e l o p m e n t .  R e c e n t  a d v a n c e s  

i n  t r a c k  t e c h n o l o g y  h a v e  come a b o u t  s l o w l y ,  a s  t h e  r e s u l t  o f  

p e r s i s t e n t  e f f o r t  a n d  m any  i n v e s t i g a t i o n s  o f  s p e c i f i c  t r a c k  

c o n d i t i o n s  t h a t  w e r e  p e r c e i v e d  a s  m a j o r  p r o b l e m s  o r  o p p o r t u n i 
t i e s  f o r  i m p r o v e m e n t s .  I n  t h e  U . S . ,  a s  n o t e d  i n  S e c t i o n  2 ,

t h i s  e f f o r t  h a s  b e e n  a i m e d  p r i m a r i l y  a t  p r o b l e m s  a s s o c i a t e d

w i t h  v e r y  h e a v y  w h e e l  l o a d s  a n d  i n c r e a s i n g  d e n s i t y  o f  t r a f f i c  

o n  r a i l r o a d  t r a c k s .  T h e  r e s u l t s  h a v e  b e e n  o f  o n l y  m i n o r  

v a l u e  t o  t r a n s i t  t r a c k .

E u r o p e a n  a n d  A s i a n  r a i l r o a d s  a n d  t r a n s i t  s y s t e m s  h a v e  w h e e l  

l o a d s  a n d  t r a f f i c  f r e q u e n c i e s  t h a t  a r e  r e a s o n a b l y  c l o s e  t o  

U . S .  t r a n s i t  c o n d i t i o n s ,  a n d  t h e  r e s u l t s  o f  t h e i r  r e s e a r c h  

a r e  o f  g r e a t  i n t e r e s t .  C o n v e r s e l y  t h e i r  r a t i o  o f  m a t e r i a l  

c o s t s  t o  l a b o r  c o s t s  h a s  b e e n  m uch  h i g h e r  t h a n  i n  t h e  U . S .  

u n t i l  r e c e n t l y ,  a n d  t h e  u s e  o f  t h e i r  r e s e a r c h  p r o d u c t s  i s  

o f t e n  l a b o r  i n t e n s i v e  o r  r e q u i r e s  h i g h  l e v e l s  o f  s k i l l .

T h e  a d v a n c e s  t h a t  h a v e  b e e n  s i g n i f i c a n t  t o  t r a n s i t  t r a c k  h a v e  

b e e n  i n  p r o c e s s  f o r  m a n y  y e a r s ,  b u t  o n l y  r e c e n t l y  h a v e  

c o n t i n u i n g  r e s e a r c h  a n d  t e s t s  m a d e  th e m  v e r y  r e l i a b l e  a n d
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e f f e c t i v e .  T h e s e  a d v a n c e s  i n c l u d e  some g e n e r a l  i m p r o v e m e n t s  

o f  v a l u e  o n  a n y  t y p e  o f  t r a c k  s u c h  a s :

•  C o n t i n u o u s  w e l d e d  r a i l  (CWR) t o  r e d u c e  
m a i n t e n a n c e  a n d  n o i s e  a t  r a i l  j o i n t s  a n d  
i m p r o v e  r i d e  q u a l i t y .

•  R a i l  f l a w  d e t e c t i o n  e q u i p m e n t  t o  f i n d  
s m a l l  a n d  i n t e r n a l  d e f e c t s  i n  r a i l  e a r l y ,  
s o  t h a t  c o r r e c t i v e  r e p a i r s  c a n  b e  m ade  
b e f o r e  d a m a g e  o c c u r s .

•  I n - t r a c k  w e l d i n g  m e t h o d s ,  f i r s t  t h e r m i t e  
p r o c e s s e s  a n d  l a t e l y ,  f l a s h  b u t t  w e l d i n g ,  
t o  p e r m i t  c o n v e r s i o n  o f  t r a c k  f r o m  b o l t e d  
j o i n t s  t o  CWR w i t h o u t  r e m o v i n g  a n d  r e p l a c 
i n g  r a i l .

T h e  a d v a n c e s  l i s t e d  a b o v e  a r e  w e l l  know n t o  t r a n s i t  e n g i n e e r s  

a n d  a r e  b e i n g  a p p l i e d  w h e r e  a p p r o p r i a t e  t h r o u g h o u t  t h e  i n d u s 

t r y .  U l t r a s o n i c  r a i l  f l a w  d e t e c t i o n  s e r v i c e s  h a v e  b e e n  v e r y  

e f f e c t i v e  i n  h e l p i n g  t o  u n c o v e r  a n d  e l i m i n a t e  s m a l l  o r  h i d d e n  

r a i l  f l a w s .

Many a d v a n c e d  p r a c t i c e s  w e r e  n o t e d  i n  t h e  L o n d o n  T r a n s p o r t  

s y s t e m  o r  i n  s y s t e m s  o n  t h e  C o n t i n e n t  t h a t  w e r e  v i s i t e d  b y  

r e p r e s e n t a t i v e s  o f  L o n d o n  T r a n s p o r t  I n t e r n a t i o n a l  S e r v i c e s  

( L T I ) .  I n  s o m e  o f  t h e  t r a n s i t  s y s t e m s ,  t h e  i n t r o d u c t i o n  o f  

b l o c k - j o i n t l e s s  t r a c k  s i g n a l  c i r c u i t s  h a s  e n a b l e d  t h e m  t o  

r e m o v e  i n s u l a t e d  j o i n t s  c o m p l e t e l y ,  a n d  t h e  r a i l s  h a v e  b e e n  

w e l d e d  t o g e t h e r  c o n t i n u o u s l y  t h r o u g h  t u r n o u t s  a n d  c r o s s i n g s .

I n  t h e  1 9 3 0 ' s  h i g h - m a n g a n e s e  s t e e l  r a i l s  (13% t o  14% m a n g a 

n e s e )  w e r e  i n t r o d u c e d  i n  E n g l a n d  f o r  u s e  o n  s h a r p  c u r v e s  a n d  

w e r e  u s e d  o n  a 3 6 0 - f o o t  r a d i u s  c u r v e  i n  t h e  L o n d o n  s u b w a y .
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The  m a n g a n e s e  s t e e l  e x t e n d e d  t h e  l i f e  o f  t h e  r a i l s  g r e a t l y ;  

b u t  p r o b l e m s  w e r e  e n c o u n t e r e d  i n  d r i l l i n g  t h e  t o u g h  s t e e l ,  

a n d  i t s  h i g h  e l e c t r i c a l  r e s i s t a n c e  w as  o b j e c t i o n a b l e ,  When 

t h e  r a i l s  h a d  t o  b e  r e n e w e d  d u r i n g  W o r l d  War I I ,  m a n g a n e s e  

s t e e l  r a i l s  w e r e  n o t  a v a i l a b l e ,  a n d  h a r d e n e d  c a r b o n  s t e e l  

r a i l s  ( w i t h  l u b r i c a t o r s )  w e r e  s u b s t i t u t e d  a n d  h a v e  b e e n  u s e d  

o n  t h e  c u r v e s  s i n c e  t h e n .  W h i l e  t h e  m a n g a n e s e  s t e e l  r a i l s  

c o s t  a p p r o x i m a t e l y  f i v e  t i m e s  a s  m uch  a s  r e g u l a r  s t e e l  r a i l s ,  

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

o p e r a t i o n  make  t h e m  a p p e a r  m a r g i n a l l y  f a v o r a b l e  ( i f  a v a i l a b l e  

f o r  u s e  o n  s h a r p  c u r v e s  w i t h  h i g h  d e n s i t y  t r a f f i c .

When i t  i s  n e c e s s a r y  t o  u s e  t e m p o r a r y  j o i n t s  b e f o r e  s t r i n g s  

o f  CWR c a n  b e  w e l d e d  t o g e t h e r  o n  t h e  H a m b u rg  a n d  S t o c k h o l m  

s y s t e m s ,  t h e  t e m p o r a r y  j o i n t  b a r s  a r e  c l a m p e d  t o  t h e  r a i l s  

w i t h  h e a v y  d u t y  C c l a m p s .  T h i s  a v o i d s  t h e  n e e d  f o r  d r i l l i n g  

t h e  r a i l s  a n d  b o l t i n g  t h e  j o i n t  b a r s  t o  t h e m .

A s i m p l e  t e c h n i q u e  f o r  t r a n s p o s i n g  t h e  r u n n i n g  r a i l s  h a s  b e e n  

d e v e l o p e d  i n  S t o c k h o l m .  T h e  r u n n i n g  r a i l s  a r e  u n f a s t e n e d ,  

a n d  t h e i r  e n d s  a r e  t h r e a d e d  t h r o u g h  a " t h i m b l e "  d e v i c e  c o n 

t a i n i n g  p a i r s  o f  r o l l e r s  w h i c h  i s  h e l d  i n  t h e  a i r  by  a  

c r a n e .  T he  c r a n e  t h e n  b a c k s  down t h e  t r a c k ,  a n d  t h e  r a i l s  

a r e  l i f t e d  b y  t h e  " t h i m b l e "  a n d  d e p o s i t e d  o n  t h e  o p p o s i t e  

s i d e s  o f  t h e  t r a c k .

G r i n d i n g  w h e e l s  t o  a  w o r n - w h e e l  p r o f i l e  w as  s a i d  t o  h a v e  

i n c r e a s e d  t h e  i n t e r v a l s  b e t w e e n  w h e e l  g r i n d i n g s  f r o m  1 5 5 , 0 0 0  

t o  3 7 0 , 0 0 0  m i l e s  i n  H am b u rg  a n d  w i l l  p r o b a b l y  b e  i n c r e a s e d  

t o  4 3 5 , 0 0 0  m i l e s .  The  u s e  o f  r h e o s t a t i c  b r e a k i n g  a t  s p e e d s  

a b o v e  1 . 9  m i l e s  p e r  h o u r  w as  s a i d  t o  h a v e  v i r t u a l l y  e l i m i 

n a t e d  w h e e l  f l a t s  o n  t h e  s a m e  s y s t e m .
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7 . 2  BALLASTED TRACK

Many a d v a n c e s  i n  t r a c k  t e c h n o l o g y  h a v e  b e e n  made  s p e c i f i c a l l y  
t o  i m p r o v e  b a l l a s t e d  t r a c k .  C o n c r e t e  t i e s  h a v e  b e e n  f u l l y  

a d e q u a t e  f o r  t r a n s i t  t r a c k  s e r v i c e  f o r  many y e a r s ,  a l t h o u g h  

som e d e s i g n s  f a i l e d  i n  r a i l r o a d  s e r v i c e  a s  r e c e n t l y  a s  f i v e  

y e a r s  a g o .

New d e v e l o p m e n t s  t h a t  a r e  p o t e n t i a l l y  u s e f u l  t o  t r a n s i t  p r o 

p e r t i e s  w i t h  b a l l a s t e d  t r a c k  a r e :

•  L im e  i n j e c t i o n  t o  s t r e n g t h e n  w e a k  s u b g r a d e s  
w h e r e  d r a i n a g e  i m p r o v e m e n t s  a n d  o t h e r  s t a b i l i 
z a t i o n  m e t h o d s  a r e  n o t  a d e u q a t e . 21*

•  F i l t e r  c l o t h s  t o  p r o t e c t  f i n e  s o i l  s u b b a s e s  
f r o m  t h e  e f f e c t s  o f  w a t e r  a n d  v i b r a t i o n  a n d  
p r e v e n t  mud p u m p i n g ,  a s  a n  a l t e r n a t i v e  t o  
t h e  i n s t a l l a t i o n  o f  a  s a n d  f i l t e r  l a y e r . 25

•  B a l l a s t  c o m p a c t i o n  t o  i n c r e a s e  t h e  s t a b i l i t y  
o f  b a l l a s t e d  t r a c k  a n d  r e d u c e  i t s  r a t e  o f  
d e t e r i o r a t i o n  u n d e r  t r a f f i c . 26

I n t e r e s t  i n  l i m e  s t a b i l i z a t i o n  t e c h n i q u e s  d e v e l o p e d  among 

A m e r i c a n  r a i l r o a d s  a s  a  r e s u l t  o f  s u c c e s s e s  o b s e r v e d  f i r s t  

i n  b u i l d i n g  c o n s t r u c t i o n  a n d  l a t e r  i n  h i g h w a y  c o n s t r u c t i o n  i n  

t h e  S o u t h w e s t * ;  w h e r e  e x p a n s i v e  s o i l s  h a v e  c a u s e d  s e r i o u s  f o u n d a 

t i o n  p r o b l e m s  a n d  d a m a g e  t o  s t r u c t u r e s .  Much w ork  h a s  b e e n  d o n e

2 ^ B l a c k l o c k ,  J .  R . ,  L a w s o n ,  C. H . ,  a n d  L e d b e t t e r ,  R. H . ,  ' " H a n d 
b o o k  f o r  R a i l r o a d  T r a c k  S t a b i l i z a t i o n  U s i n g  Lime S l u r r y  
P r e s s u r e  I n j e c t i o n , "  G r a d u a t e .  I n s t i t u t e  o f  T e c h n o l o g y ,  L i t t l e  
R o c k ,  AR, a n d  U . S .  Army E n g i n e e r  W a t e r w a y s  E x p e r i m e n t  S t a t i o n ,  
R e p o r t  No.  FRA/O RD-7 7 / 3 0 ,  R e v .  A p r  1 9 7 9 .

2 5 S c h a a f ,  H. L . ,  " I n v e s t i g a t i n g  a n d  C h o o s i n g  E n g i n e e r i n g  F i l t e r  
F a b r i c s , "  R a i l w a y  T r a c k  a n d  S t r u c t u r e s , J u n e  1 9 7 9 .

2 6R e i s s b e r g e r , K. H. , " M e an s  a n d  M e t h o d s  t o  I n c r e a s e  T r a c k  
S t a b i l i t y , "  A n n u a l  T e c h n i c a l  C o n g r e s s ,  A m e r i c a n  R a i l w a y  
A s s o c i a t i o n ,  C h i c a g o ,  I L ,  Mar 1 9 7 4 .
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t o  a d a p t  l i m e  s t a b i l i z a t i o n  t e c h n i q u e s  t o  r a i l r o a d  r e q u i r e 

m e n t s .  F i l t e r  f a b r i c s  h a v e  r e s u l t e d  f r o m  w o r k  d o n e  i n  E u r o p e  

a n d  t h e  U . S . ,  a n d  b a l l a s t  c o m p a c t i o n  w as  d e v e l o p e d  i n  E u r o p e  

a n d  l a t e r  d e m o n s t r a t e d  o n  U . S .  r a i l r o a d s  b y  t h e  F e d e r a l  R a i l 

r o a d  A d m i n i s t r a t i o n  ( F R A ) .

F o r  many y e a r s  a  g r e a t  a m o u n t  o f  E u r o p e a n  r e s e a r c h  h a s  f o c u s e d  

o n  d e v e l o p i n g  b a l l a s t e d  t r a c k  t h a t  w i l l  n o t  r e q u i r e  f r e q u e n t  

a d j u s t m e n t  u n d e r  h i g h  s p e e d  t r a f f i c .  Some o f  t h e  e f f o r t  h a s  

b e e n  a i m e d  a t  r e d u c i n g  t h e  t r a f f i c  f o r c e s  t h a t  d i s t u r b  t r a c k ,  

b y  b u i l d i n g  s m o o t h e r  r a i l  a n d  d e s i g n i n g  s m o o t h e r  t r a n s i t i o n s  

b e t w e e n  c u r v e s  a n d  t a n g e n t s .  Some h a s  b e e n  a i m e d  a t  p r o v i d i n g  

m o r e  r e s i l i e n c y  i n  f a s t e n e r s ,  s o  t h a t  l a r g e r  p r o p o r t i o n s  

o f  t h e  f o r c e s  t h a t  d i s t u r b  t r a c k  w i l l  b e  a b s o r b e d  a b o v e  t h e  

b a l l a s t .  And some o f  t h e  e f f o r t  h a s  g o n e  t o w a r d  s t r e n g t h e n 

i n g  t h e  s u b b a s e  a n d  s u b s o i l ,  a n d  i n c r e a s i n g  t h e  d e n s i t y  o f  

t h e  b a l l a s t  l a y e r  i n  o r d e r  t o  g i v e  t h e  t r a c k  m o r e  r e s i s t a n c e  

t o  t h e  f o r c e s  t h a t  d i s t u r b  i t .

S t u d i e s  b y  t h e  B r i t i s h  R a i l w a y s  B o a r d  R e s e a r c h  D e p a r t m e n t 27 

s h o w e d  t h a t  a  much t h i c k e r  t r a c k  s t r u c t u r e  t h a n  i n d i c a t e d  b y  

e l a s t i c  f o u n d a t i o n  t h e o r y 22 i s  n e e d e d  t o  a v o i d  e a r l y  f a i l u r e  
o f  b a l l a s t e d  t r a c k  o n  w e a k  s o i l  f o r m a t i o n s .  T h e y  f o u n d  t h a t  

a  s u b b a l l a s t  l a y e r  ( c o m p a c t e d  g r a n u l a r  s u b b a s e )  a s  t h i c k  a s  

5 f e e t  w o u l d  b e  n e c e s s a r y  i n  som e c a s e s .  A t h i c k  l a y e r  o f  

b a l l a s t  w o u l d  h a v e  t h e  s a m e  e f f e c t ,  o f  c o u r s e ,  a s  s h o w n  o n  t h e  

S t o c k h o l m  s y s t e m .  B a l l a s t  i s  r e l a t i v e l y  c h e a p  i n  S t o c k h o l m  

b e c a u s e  o f  t h e  l a r g e  q u a n t i t y  o f  s p o i l  f r o m  t u n n e l  e x c a v a t i o n s  

t h o u g h  s o u n d  r o c k ,  a n d  b a l l a s t  i s  p l a c e d  i n  c o m p a c t e d  l a y e r s  

t o  a  d e p t h  o f  20 i n c h e s  e v e n  o v e r  g o o d  f o r m a t i o n s .  T h i s  p r a c 

t i c e  w as  s a i d  t o  p r o d u c e  a  v e r y  f i r m  t r a c k  t h a t  s e l d o m  r e q u i r e s  

m a i n t e n a n c e .

27H e a t h ,  D. L.  S h e n t o n ,  M . J . ,  S p a r r o w ,  F .W. a n d  W a t e r s ,  J . M . ,  
" D e s i g n  o f  C o n v e n t i o n a l  R a i l  T r a c k  F o u n d a t i o n s , "  P r o c e e d i n g s  
I n s t i t u t i o n  o f  C i v i l  E n g i n e e r s ,  L o n d o n ,  P a p e r  No.  7 4 6 8 ,  1 9 7 2 .

22H e t e n y i ,  p .  6 5 .
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S i n c e  t h e  f o r c e s  t h a t  d a m a g e  t r a c k  i n c r e a s e  a p p r o x i m a t e l y  

w i t h  t h e  s q u a r e  o f  t h e  t r a f f i c  s p e e d ,  i t  h a s  b e e n  v e r y  d i f 

f i c u l t  t o  o p e r a t e  r a i l r o a d s  a t  s p e e d s  m uch  h i g h e r  t h a n  90 

m i l e s  p e r  h o u r ,  e v e n  w i t h  l i g h t w e i g h t  c a r s ,  w i t h o u t  r e q u i r i n g  

e x c e s s i v e  t r a c k  m a i n t e n a n c e .  H o w e v e r  p e r s i s t e n t  r e s e a r c h  

e f f o r t s  h a v e  g r a d u a l l y  p r o d u c e d  h i g h  s p e e d  t r a c k  w i t h  r e d u c e d  

m a i n t e n a n c e  r e q u i r e m e n t s .  W h i l e  t r a n s i t  s y s t e m s  do n o t  

o p e r a t e  a t  v e r y  h i g h  s p e e d s ,  t h e  r e s u l t s  ( p a r t i c u l a r l y  s t r e n g 

t h e n i n g  t h e  t r a c k  s u b b a s e  a n d  i n c r e a s i n g  t h e  b a l l a s t  d e n s i t y )  

h a v e  b e e n  v a l u a b l e  t o  t h e m .  M r .  W o o d s ,  o f  LTI r e p o r t e d  a t  

t h e  T r a n s i t  T r a c k  S e m i n a i r  ( A p p e n d i x  F) t h a t  E u r o p e a n  t r a n s i t  

a u t h o r i t i e s  h a v e  b u i l t  v e r y  s t r o n g  t r a c k  s u b b a s e s  a n d  h a v e  

i n s t a l l e d  t h i c k  l a y e r s  o f  c o m p a c t e d  b a l l a s t  u n d e r  t h e  t i e s .

The  r e s u l t s  l e a d  t h e m  t o  e x p e c t  t h a t  m a j o r  t r a c k  a d j u s t m e n t  

a n d  r e s u r f a c i n g  w i l l  b e  r e d u c e d  t o  a f r e q u e n c y  o f  a b o u t  o n c e  

i n  t e n  y e a r s .

B a l l a s t  c o m p a c t i o n  h a s  b e e n  f o u n d  v e r y  a d v a n t a g e o u s  i n  E u r o p e  

f o r  m a i n t a i n i n g  o l d  t r a c k  a s  w e l l  a s  i n  new c o n s t r u c t i o n . 26 

I n  t h e  e x i s t i n g  t r a c k ,  t h e  b a l l a s t  i s  c o m p a c t e d  i n  t h e  c r i b s  

a n d  s h o u l d e r s  a f t e r  t h e  t r a c k  h a s  b e e n  d i s t u r b e d  b y  r e s u r 

f a c i n g  .

When t r a c k  i s  r e s u r f a c e d  w i t h o u t  b a l l a s t  c o m p a c t i o n ,  t h e  b a l 

l a s t  i s  t a m p e d  u n d e r  t h e  t i e s  n e a r  e a c h  r a i l ,  a f t e r  t h e  t r a c k  

h a s  b e e n  r a i s e d  a n d  a d j u s t e d .  E a c h  t i e  i s  t h e n  l e f t  s i t t i n g  

o n  tw o  p e d e s t a l s  o f  c o m p a c t e d  b a l l a s t ,  w h i l e  t h e  b a l l a s t  i n  

c r i b s  a n d  S h o u l d e r s  i s  r e l a t i v e l y  l o o s e .  S i n c e  t h e  p e d e s t a l s  

o f  t a m p e d  b a l l a s t  u n d e r  t h e  t i e s  a r e  n o t  c o m p l e t e l y  r e s t r a i n e d  

b y  t h e  l o o s e  b a l l a s t  i n  c r i b s  a n d  s h o u l d e r s ,  t h e  b a l l a s t  t e n d s  

t o  s h i f t  l a t e r a l l y ,  a n d  t h e  t i e s  s e t t l e  u n e v e n l y  u n d e r  t r a f f i c  

e v e n  w h e n  s u b g r a d e  c o n d i t i o n s  a r e  v e r y  g o o d .  T h i s  e f f e c t  i s

2 6R e i s s b e r g e r , p .  9 1 .
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s e v e r e  w h e n  a l l  c a r s  h a v e  s i m i l a r l y  d y n a m i c  c h a r a c t e r i s 

t i c s ,  s o  t h a t  t h e y  a l l  r e s p o n d  s i m i l a r l y  t o  s m a l l  i r r e g u l a r i 

t i e s  a n d  s o o n  p o u n d  l a r g e  i r r e g u l a r i t i e s  i n t o  t h e  r e s u r f a c e d  

t r a c k  e v e n  w h e n  w h e e l  l o a d s  a r e  r e l a t i v e l y  l i g h t .  When t h e  

b a l l a s t  i n  c r i b s  a n d  s h o u l d e r s  i s  c o m p a c t e d ,  t h e  b a l l a s t  

t a m p e d  u n d e r  t i e s  i n  r e s t r a i n e d ,  s o  t h a t  i t  c a n n o t  move  

l a t e r a l l y ,  a n d  t i e s  c a n n o t  s e t t l e  a p p r e c i a b l y .

I n  FRA t e s t s ,  b a l l a s t  c o m p a c t i o n  w a s  f o u n d  t o  i n c r e a s e  t h e  

l a t e r a l  r e s i s t a n c e  o f  f r e s h l y  d i s t u r b e d  t r a c k  b y  a p p r o x i m a t e l y  

40 p e r c e n t .  I t  a l s o  r e d u c e d  t h e  v e r t i c a l  s e t t l e m e n t  o f  t i e s  

a t  b o l t e d  j o i n t s  t h a t  h a d  b e e n  d i s t u r b e d  b y  r e s u r f a c i n g  w o r k ,  

b y  1 5 - t o - 2 0  p e r c e n t . 28 When a n  LTI  r e p r e s e n t a t i v e  v i s i t e d  t h e  

H am burg  t r a n s i t  s y s t e m ,  h e  w a s  i n f o r m e d  t h a t  b a l l a s t  c o m p a c 
t i o n  h a d  d e f i n i t e l y  h e l p e d  t o  r e d u c e  t r a c k  m a i n t e n a n c e  r e q u i r e 

m e n t s .  K e e l  p l a t e s  a r e  f a s t e n e d  t o  t h e  b o t t o m  o f  t i e s  o n  t h e  

H am burg  s y s t e m  t o  i n c r e a s e  t h e  l a t e r a l  s t a b i l i t y  o f  t h e  t r a c k  

o n  c u r v e s ,  a n d  m a j o r  r e s u r f a c i n g  h a s  b e e n  r e d u c e d  t o  l e s s  t h a n  

o n c e  i n  t e n  y e a r s .

A b a l l a s t  s t a b i l i z i n g  c o m p o u n d  d e v e l o p e d  u n d e r  FRA s p o n s o r s h i p  

w as  t e s t e d  i n  1969  a n d  f o u n d  t o  i n c r e a s e  g r e a t l y  t h e  r e s i s t a n c e  

o f  t i e s  t o  v e r t i c a l  a n d  l a t e r a l  l o a d s . 29 T he  c o m p o u n d  i s  

s p r a y e d  o n  w a s h e d  b a l l a s t  a f t e r  t h e  b a l l a s t  h a s  b e e n  p l a c e d  o n  

t h e  r o a d b e d  a n d  t h e n  c u r e d  w i t h  a m m o n i a .  T h i s  l e a v e s  t h e  o p e n  

b a l l a s t  g l u e d  t o g e t h e r  w i t h  a n  e l a s t i c ,  r u b b e r - l i k e  m a t e r i a l .

i n  t e s t s  p e r f o r m e d  i n  1 9 7 4 ,  t h e  o p e n ,  g l u e d  b a l l a s t  w as  

s u p p o r t e d  d i r e c t l y  o n  a  s u b g r a d e  o f  c l a y  a n d  c l a y e y  s i l t  w i t h 

o u t  t h e  p r o t e c t i o n  o f  a n  i n t e r m e d i a t e  s a n d  f i l t e r  l a y e r  o r  
f i l t e r  c l o t h .

2 8 C u n n e y ,  E . G . ,  M ay ,  J . T .  a n d  J o n e s ,  H . N . ,  " T h e  E f f e c t s  o f  
A c c e l e r a t e d  B a l l a s t  C o n s o l i d a t i o n , "  ENSCO R e p o r t ,  FRA-OR^D 
7 6 - 2 7 4 ,  M a r c h  1 9 7 6 .

2 9 M a g e e ,  G .M . ,  e t .  a l . ,  " S t a b i l i z e d  B a l l a s t  I n v e s t i g a t i o n , "  
AAR R e p o r t  No.  DOT-FRA-ONSGT, A u g . ,  1 9 6 9 .
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A f t e r  a  h e a v y  r a i n ,  f i n e  m a t e r i a l  was  p u m p e d  u p  t h r o u g h  t h e  

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

w i t h o u t  a  t r u e  t e s t  o f  t h e  s t a b i l i z e d  b a l l a s t .  T h i s  

t e s t  i n d i c a t e d  t h a t  a  l a y e r  o f  f i l t e r  s a n d  o r  f i l t e r  

f a b r i c  a n d  g r a n u l a r  s u b b a l l a s t  i s  r e q u i r e d  b e t w e e n  t h e  

s t a b i l i z e d  b a l l a s t  a n d  a  c l a y  s u b b a s e  i n  o r d e r  t o  p r e v e n t  

mud p u m p i n g  a n d  e a r l y  f a i l u r e  o f  t h e  s t a b i l i z e d  b a l l a s t .

When p r o p e r l y  i n s t a l l e d ,  t h e  s t a b i l i z e d  b a l l a s t  c a n  b e  e x 

p e c t e d  t o  h a v e  g o o d  r e s i l i e n c y  a n d  r e s i s t a n c e  t o  d e f o r m a t i o n  

c a u s e d  b y  t r a f f i c  a n d  t h u s  r e d u c e  t h e  f r e q u e n c y  o f  t r a c k  

m a i n t e n a n c e .

I n  l a t e r  t e s t s , 30 a  l a y e r  o f  r e g u l a r  b a l l a s t  w a s  p l a c e d  on  

t o p  o f  t h e  s t a b i l i z e d  b a l l a s t ,  u n d e r  a n d  b e t w e e n  t h e  t i e s ,  

t o  f a c i l i t a t e  a d j u s t m e n t  o f  t h e  t r a c k  i n  c a s e  o f  s e t t l e m e n t .

As a  r e s u l t  o f  t r a f f i c ,  t h e  r e g u l a r  b a l l a s t  l a y e r  s h i f t e d  

l a t e r a l l y  o n  t o p  o f  t h e  s t a b i l i z e d  l a y e r .  T h i s  s h i f t i n g  

m i g h t  b e  p r e v e n t e d  b y  b r a c i n g  t h e  t r a c k  o n  c u r v e s  o r  r o l l i n g  

i r r e g u l a r i t i e s  i n t o  t h e  s t a b i l i z e d  l a y e r  t o  r e s i s t  s h e a r .

J a p a n e s e  e n g i n e e r s  h a v e  d e v e l o p e d  a  b a l l a s t  m a t  m ade  f r o m  

c h o p p e d  s c r a p  t i r e s  t h a t  i s  p l a c e d  u n d e r  b a l l a s t  s u p p o r t e d  

b y  a  c o n c r e t e  s l a b  o r  t u n n e l  i n v e r t . 31 T h e  m a t  i n c r e a s e s  t h e  

r e s i l i e n c y  o f  t h e  t r a c k  t o w a r d s  t h a t  o f  a  t r a c k  o n  a n  e m b a n k m e n t ,  

a n d  t h e  p r a c t i c e  c o u l d  b e  o f  v a l u e  w h e r e  b a l l a s t  i s  u s e d  o n  

c o n c r e t e  t r a n s i t i o n  s l a b s  b e t w e e n  e m b a n k m e n t s  a n d  s l a b  t r a c k  

o r  a b u t m e n t s .  T h e  m a t  a l s o  r e d u c e s  t h e  c r u s h i n g  a c t i o n  o n  t h e  

b a l l a s t  t h a t  o c c u r s  b e t w e e n  c o n c r e t e  t i e s  a n d  s l a b  w hen

30W e b e r ,  J . W . ,  " E v a l u a t i o n  o f  I m p r o v e d  T r a c k  S t r u c t u r a l  Com
p o n e n t s  u n d e r  S u b - A r c t i c  C o n d i t i o n s , "  P o r t l a n d  C e m e n t  A s s n . ,  
R e p o r t  t o  t h e  F e d e r a l  R a i l r o a d  A d m . , No.  F R A /O R D - 7 9 - O l ,
J a n .  1 9 7 9 .

M i y a m o t o ,  T . ,  W a t a n a b e ,  K . ,  a n d  A o k i ,  M . , " D e v e l o p m e n t  o f  
U n c o n v e n t i o n a l  T r a c k  b y  J N R , "  R a i l  I n t e r n a t i o n a l , M a r c h  1 9 7 5 .
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p a s s i n g  t r a i n s  e x e r t  r o l l i n g  l o a d s .  T h e  c r u s h i n g  e f f e c t s  a r e  

s m a l l e r  w i t h  w ood  t i e s  o n  t h e  b a l l a s t ,  e s p e c i a l l y  w h e n  t h e  r a i l  

i s  f r e e  t o  f l o a t  w i t h o u t  l i f t i n g  t h e  t i e s ;  b u t  the ties still 
s e e m  t o  w e a r  m o r e  r a p i d l y  t h a n  t h e y  do  o n  b a l l a s t  on soil e m b a n k 
m e n t s .  R u b b e r  m a t s  h a v e  b e e n  p l a c e d  u n d e r  b a l l a s t  i n  t h e  s u b 

w ay  s t a t i o n s  o f  t h e  E d m o n t o n  S y s t e m  t o  h e l p  r e d u c e  n o i s e .

B r i e f  n o t e s  h a v e  b e e n  s e e n 32 o n  w h a t  a p p e a r s  t o  b e  a  v e r y  f a v o r 

a b l e  c o n c e p t  f o r  p r o v i d i n g  b e t t e r  s u p p o r t  t o  r a i l s  a n d  m o r e  l a t e r a l  

s t a b i l i t y  t h a n  t i e s  n o r m a l l y  do  i n  b a l l a s t .  T h e  c o n c e p t  i s  a  

p r e c a s t  c o n c r e t e  p a n e l  i n  t h e  f o r m  o f  a  h o l l o w  s q u a r e  t h a t  t a k e s  

t h e  p l a c e  o f  f o u r  c o n c r e t e  t i e s ,  w i t h  a b o u t  t h e  s a m e  a m o u n t  

o f  m a t e r i a l  i n  i t  a s  i n  t h e  f o u r  t i e s .  T h e  p a n e l s  a r e  

p l a c e d  e n d  t o  e n d ,  a n d  t h e  r a i l s  a r e  s u p p o r t e d  c o n t i n u o u s l y  o n  

t h e  l o n g i t u d i n a l  s i d e s  o f  t h e  p a n e l s  w h i c h  a r e  a b o u t  16 t o  18 

i n c h e s  w i d e ,  w h i l e  t h e  t r a n s v e r s e  s i d e s  ( i n  t h e  n o r m a l  p o s i t i o n  

o f  c r o s s  t i e s )  a r e  a b o u t  8 i n c h e s  w i d e .  T h e  h o l l o w  p a n e l s  

a c t  a s  a  p a i r  o f  p a r a l l e l  b e a m s  s u p p o r t i n g  t h e  r a i l s  w i t h  a d d i 

t i o n a l  b e a r i n g  a r e a  a t  t h e  j o i n t s  p r o v i d e d  b y  t h e  t r a n s v e r s e  

s i d e s .  T h i s  e x t r a  b e a r i n g  a r e a  s h o u l d  c o m p e n s a t e  f o r  t h e  d e f i 

c i e n c y  o f  w e a k n e s s  a t  j o i n t s  i n  b e a m s  a n d  s l a b s  o n  e m b a n k m e n t s  

w h i c h  o t h e r w i s e  r e s u l t s  i n  l a r g e  f o r c e s  t h a t  d a m a g e  t h e  s u b b a s e .  

T h e  c o n c e p t  w as  d e v e l o p e d  i n  R u s s i a  a b o u t  1 9 7 4 ,  a n d  p a n e l s  

w e r e  p l a c e d  i n  a  t e s t  t r a c k  n e a r  M o sc o w ,  b u t  n o  d e t a i l e d  r e p o r t s  

h a v e  b e e n  f o u n d .

Wood t i e s  a r e  b e i n g  u s e d  l e s s  a n d  l e s s  i n  E u r o p e  b e c a u s e  o f  

t h e i r  h i g h  c o s t  i n  r e l a t i o n  t o  c o n c r e t e  t i e s .  T h e y  a r e  u s e d  

o f t e n  i n  t e m p o r a r y  i n s t a l l a t i o n s  a n d  i n  a r e a s  w h e r e  e q u i p m e n t  

c a n n o t  b e  u s e d  f o r  t r a c k  m a i n t e n a n c e ,  a s  t h e i r  l i g h t  w e i g h t  i s  

a n  a d v a n t a g e  w h e n  m a n u a l  m e t h o d s  a r e  u s e d  f o r  t r a c k  a d j u s t m e n t  

a n d  r e p a i r .  E l a s t i c  f a s t e n e r s  a r e  g e n e r a l l y  u s e d  w i t h  w ood

32M eacham ,  H . C . ,  " N o n - C o n v e n t i o n a l  T r a c k  R e s e a r c h  N e e d s  O v e r  
t h e  N e x t  F i f t e e n  Y e a r s , "  R a i l r o a d  R e s e a r c h  S t u d y  B a c k g r o u n d  
P a p e r s ,  A s s o c i a t i o n  o f  A m e r i c a n  R a i l r o a d s ,  R . B . C r o s s  C o . ,
1 9 7 5 .
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t i e s  i n  E u r o p e .  T h e y  a r e  a l s o  u s e d  i n  a  f e w  c a s e s  i n  U . S .  

t r a n s i t  t r a c k  a s  s h o w n  i n  F i g .  3 4 .

7 . 3  CONCRETE SLAB TRACK

The  e a r l i e s t  c o n c r e t e  s l a b  t r a c k s  a t  g r a d e  o n  r e c o r d  w e r e  

s h o r t  s e c t i o n s  b u i l t  o n  t h e  New Y o r k  C e n t r a l  i n  1 9 0 9 .  P r e 

s u m a b l y  t h e s e  e a r l y  t r a c k s  f a i l e d  a s  d i d  g e n e r a t i o n s  o f  s l a b  

t r a c k s  a s  l a t e  a s  1 9 7 7  b e c a u s e  o f  p u l l - o u t  o r  b r e a k i n g  o f  

f a s t e n e r  b o l t s  o r  a d j a c e n t  c o n c r e t e .  T h e  h i g h  s t i f f n e s s ,  l o w  

d a m p i n g  a n d  h e a v y  m a s s  ( r e l a t i v e  t o  w o o d  t i e s )  o f  a  c o n c r e t e  

s l a b  a l l  t e n d  t o  i n c r e a s e  d y n a m i c  l o a d s  a t  h i g h  f r e q u e n c i e s ;  

a n d  w h e n  f a s t e n e r s  p r e v e n t  t h e  f l e x i n g  a c t i o n  o f  r a i l s  t h a t  

n o r m a l l y  r e d u c e s  s t r e s s e s  a n d  d i s t r i b u t e s  l o a d s ,  v e r y  h i g h  

s t r e s s  c o n c e n t r a t i o n s  r e s u l t .

E a r l y  i n  t h e  c e n t u r y ,  U . S .  r a i l r o a d s  a n d  t r a n s i t  s y s t e m s  f o u n d  

t h a t  t h e y  c o u l d  s u c c e s s f u l l y  f a s t e n  r a i l  t o  w o o d  t i e s  t h a t  

w e r e  b o l t e d  t o  c o n c r e t e  s l a b s  i n  t u n n e l s  a n d  o n  b r i d g e s ,  a n d  

t h a t  t h e s e  f a s t e n i n g s  w e r e  a d e q u a t e  f o r  l o w  a n d  m e d i u m  t r a f f i c  

s p e e d s .  H o w e v e r  r e s e a r c h  on  d i r e c t  f i x a t i o n  o f  t h e  r a i l s  t o  

t h e  s l a b s  c o n t i n u e d ,  e s p e c i a l l y  i n  J a p a n  a n d  i n  E u r o p e a n  c o u n 

t r i e s ,  a s  i t  a p p e a r e d  t o  o f f e r  r e d u c e d  m a i n t e n a n c e  a n d  i n c r e a s e d  

s t a b i l i t y  f o r  h i g h  s p e e d  t r a f f i c  a n d  a s  w oo d  t i e s  a r e  r e l a t i v e l y  

c o s t l y  i n  t h o s e  c o u n t r i e s .  The  f a s t e n e r  p r o b l e m s  h a v e  b e e n  

o v e r c o m e  w i t h  m o d e r n  d o u b l e  e l a s t i c  f a s t e n e r s  t h a t  a l l o w  l i m i t e d  

r a i l  m o v e m e n t  a n d  h a v e  s p r i n g  r a t e s  t h a t  a r e  n o t  t o o  h i g h  f o r  

t h e  s t r e n g t h  o f  t h e  f a s t e n e r  b o l t s .  I n  J a p a n  t h e  e m p h a s i s  

h a s  b e e n  o n  r e d u c i n g  t h e  f r e q u e n c y  o f  h i g h  c o s t  m a i n t e n a n c e  

w h i l e  r e t a i n i n g  a  r i d e  q u a l i t y  s i m i l a r  t o  t h a t  d f  b a l l a s t e d  

t r a c k .  A v e r y  i n t e r e s t i n g  d e v e l o p m e n t  h a s  b e e n  a  d o u b l e  s l a b  

t r a c k  w i t h  a  l a y e r  o f  e l a s t i c  m a t e r i a l  b e t w e e n  t h e  s l a b s . 31

S h o r t  c o n c r e t e  s l a b s  o n  e l a s t i c  s u p p o r t s  c a l l e d  . " d o u b l e  t i e s "  

a r e  s h ow n  i n  F i g .  35 i n  p o s i t i o n  o n  t r a c k  o f  t h e  T o r o n t o

31M i y a m o t o ,  e t  a l ,  p .  95 .
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T r a n s p o r t a t i o n  C o m m i s s i o n ,  b e f o r e  i n s t a l l a t i o n  o f  r a i l s .  T h e s e  

s l a b s  a r e  d e s i g n e d  t o  d a m p e n  v i b r a t i o n s  t h a t  w o u l d  b o t h e r  o c c u 

p a n t s  o f  a d j a c e n t  a p a r t m e n t  b u i l d i n g s .  When i n s t a l l e d ,  t h e  CWR 

w i l l  b e  p l a c e d  a b o v e  t h e  s l a b s  o n  t h e  a d j u s t a b l e  " l i f t  p l a t e s "  

o r  c h a i r s  s h o wn  i n  F i g .  3 6 ;  t h e n  c o n n e c t i n g  w e l d s  w i l l  b e  m a d e ,  

a n d  i n s u l a t e d  j o i n t s  w i l l  b e  i n s t a l l e d .  F i n a l  a d j u s t m e n t s  w i l l  

b e  ma de  t o  c o r r e c t  l i n e  a n d  p r o f i l e ;  t h e  r a i l s  w i l l  b e  b l o c k e d  

a g a i n s t  t h e  t u n n e l  w a l l  a n d  c u r b s  t o  h o l d  t h e m  i n  c o r r e c t  p o s i 

t i o n ;  p l u g s  w i l l  b e  r e m o v e d  f r o m  h o l e s  c a s t  i n t o  t h e  s m a l l  

s l a b s ;  f a s t e n e r s  w i l l  b e  a t t a c h e d  t o  t h e  r a i l s  w i t h  b o l t s  h a n g i n g  

i n t o  t h e  h o l e s ;  a n d  t h e  b o l t s  a n d  f a s t e n e r  b a s e  p l a t e s  w i l l ’ be  

g r o u t e d  p e r m a n e n t l y .  S i m i l a r  s m a l l  s l a b s  a r e  i n  u s e  i n  t h e  

A t l a n t a  s y s t e m .

B e c a u s e  o f  t h e i r  i n i t i a l  c o s t ,  s l a b  t r a c k s  a r e  b u i l t  a t  g r a d e  

i n  E u r o p e  o n l y  i n  l o c a t i o n s  w h e r e  t h e  s u b g r a d e  c o n d i t i o n s  a r e  

v e r y  p o o r  o r  w h e r e  i t  i s  d i f f i c u l t  t o  p e r f o r m  t h e  r o u t i n e  m a i n 

t e n a n c e  n o r m a l l y  r e q u i r e d  o n  b a l l a s t e d  t r a c k .  H o w e v e r  some  

o f  t h e  s l a b  t r a c k  b u i l t  i n  E u r o p e  a p p e a r s  t o  b e  e l a b o r a t e  a n d  

e x p e n s i v e  w h e n  c o m p a r e d  t o  d e s i g n s  t h a t  h a v e  p r o v e n  t o  b e  e f f e c 

t i v e  f o r  a i r f i e l d  a n d  h i g h w a y  p a v e m e n t s .

T h e  c o n c r e t e  s l a b  t r a c k  a t  A d e l e  S t a t i o n  i n  G e r m a n y  i s  d e s c r i b e d 33 

a s  c o n s i s t i n g  o f  9 i n c h e s  o f  c o n t i n u o u s  r e i n f o r c e d  c o n c r e t e  on  

a n  8 - i n c h  t h i c k  l a y e r  o f  i n s u l a t i n g ,  l i g h t w e i g h t  c o n c r e t e  h a v i n g  

a  p l a s t i c  a d d i t i v e .  U n d e r  t h i s  i s  a n  8 - i n c h  t h i c k  l a y e r  o f  l e a n  

c o n c r e t e ,  on  a n  8 - i n c h  l a y e r  d e s c r i b e d  a s  m i n e r a l  c o n c r e t e .

T h i s  3 3 - i n c h  t h i c k  s t r u c t u r e  i s  s u p p o r t e d  o n  a  p r e p a r e d  s o i l  

s u b b a s e  p r o t e c t e d  b y  d e e p  f i e l d  d r a i n s .  A s i m i l a r  m u l t i - l a y e r  

s t r u c t u r e  i s  d e s c r i b e d  a t  R h e d a  S t a t i o n ,  w i t h  c o n c r e t e  t i e s  on  

t o p  o f  t h e  c o n t i n u o u s  r e i n f o r c e d  s l a b  a n d  c o n c r e t e  f i l l  b e t w e e n  

t h e  t i e s .

3 3E i s e n m a n n ,  J . ,  " R a i l r o a d  T r a c k  S t r u c t u r e s  f o r  H i g h - S p e e d  L i n e s , "  
P r o c e e d i n g  P a p e r ,  1 9 7 5 ,  R a i l r o a d  T r a c k  M e c h a n i c s  a n d  T e c h n o l o g y , 
K e r r ,  A.  D . ,  E d i t o r ,  P e r g a m o n  P r e s s ,  1 9 7 8 .
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F i g .  34

E l a s t i c  F a s t e n e r s  o n  

Wood T i e s

T h e  s p r i n g  c l i p s  h o l d  t h e  
r a i l s  f i r m l y  t o  t h e  t i e  p l a t e s  
a n d  t i e .  T h e y  e x e r t  e n o u g h  
l o n g i t u d i n a l  r e s t r a i n t  s o  t h a t  
r a i l  a n c h o r s  a r e  n o t  n e e d e d .  
L a r g e  s c r e w s  a r e  u s e d  a t  t h e  
i n s u l a t e d  j o i n t  w h e r e  t h e r e  i s  
n o t  e n o u g h  c l e a r a n c e  f o r  t h e  
s p r i n g  c l i p s .

F i g .  35

S m a l l  C o n c r e t e  S l a b s  o n

E l a s t i c  S u p p o r t s

T h e s e  s m a l l  c o n c r e t e  s l a b s  a r e  
u s e d  t o  r e d u c e  t r a f f i c  v i b r a 
t i o n s  i n  a r e a s  w h e r e  t h e  
v i b r a t i o n s  w o u l d  o t h e r w i s e  
a n n o y  o c c u p a n t s  o f  n e a r b y  
b u i l d i n g s .  E a c h  s l a b  h a s  
h o l e s  c u t  i n  i t  f o r  t h e  b o l t s  
o f  f o u r  r a i l  f a s t e n e r s .

F i g .  36

T e m p o r a r y  R a i l  S u p p o r t s

T h e s e  " l i f t  p l a t e s "  o r  " c h a i r s "  
w e r e  m a d e  f r o m  s a l v a g e d  t i e  
p l a t e s  b y  t h e  T o r o n t o  S y s t e m .  
T h e  t h r e a d e d  b o l t s  c a n  b e  a d 
j u s t e d  t o  h o l d  r a i l s  i n  c o r r e c t  
p o s i t i o n ,  s o  t h a t  f a s t e n e r s  c a n  
b e  a t t a c h e d  t o  t h e  r a i l s  a n d  
t h e i r  b o l t s  c a n  b e  g r o u t e d  i n t o  
h o l e s  i n  t h e  s l a b s .
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S l a b  t r a c k  t h a t  p r o v i d e s  c o n t i n u o u s  s u p p o r t  t o  t h e  r a i l  h a s  

b e e n  b u i l t  i n  many  l o c a t i o n s  u n d e r  a  B r i t i s h  d e s i g n .  I t  h a s  

b e e n  u s e d  i n  s e v e r a l  c o u n t r i e s  f o r  r a i l r o a d  t r a c k ,  a n d  f o r  m i n e  
h a u l a g e  t r a c k  i n  o n e  c a s e  i n  t h e  U n i t e d  S t a t e s .  T h i s  d e s i g n  

p l a c e s  t h e  r a i l s  o n  c o n t i n u o u s  e l a s t i c  p a d s  on  a  c o n t i n u o u s  

c o n c r e t e  s l a b ,  a n d  h o l d s  t h e  r a i l s  down w i t h  s p r i n g  c l i p s  

a t t a c h e d  t o  f a s t e n e r  d e v i c e s  e m b e d d e d  i n  t h e  c o n c r e t e .  3 ** The  

d e s i g n  p e r m i t s  t h e  u s e  o f  s l i p - f o r m  c o n c r e t e  p a v e r s  w h i c h  s h o u l d  

o f f e r  s u b s t a n t i a l  s a v i n g s  i n  c o n s t r u c t i o n  c o m p a r e d  t o  o t h e r  

m e t h o d s .  H o w e v e r ,  t h e  c o n t i n u o u s  s l a b  may i n t r o d u c e  some  new 

p r o b l e m s ,  a s  a d j u s t m e n t  o f  t h e  r a i l s  w i l l  b e  d i f f i c u l t , i f  t h e  

s l a b  s e t t l e s  o r  w a r p s  a t  w e a k  p o i n t s  i n  e m b a n k m e n t s  o r  t r a n s i 

t i o n s  f r o m  r o c k  t o  s o i l  i n  t h e  s u b b a s e  m a t e r i a l .  I n  t h i s  

d e s i g n ,  t h e  r e i n f o r c i n g  s t e e l  i s  w e l d e d  t o g e t h e r  c o n t i n u o u s l y ,  

b u t  i s  n o t  p r e s t r e s s e d  o r  p o s t - t e n s i o n e d ,  a n d  t h e  c o n c r e t e  c a n  . 

b e  e x p e c t e d  t o  c r a c k  w h e n  a d j u s t i n g  t o  l a r g e  t e m p e r a t u r e  c h a n g e s .  

A l t h o u g h  t h e  r e i n f o r c i n g  s t e e l  w i l l  h o l d  t h e  c r a c k e d  c o n c r e t e  

c l o s e l y  t o g e t h e r ,  s o  t h a t  v e r t i c a l  s h e a r  w i l l  b e  t r a n s f e r r e d  

a c r o s s  t h e  c r a c k s ,  momen t  w i l l  n o t  b e  t r a n s f e r r e d  a c r o s s  a 

c r a c k  e f f e c t i v e l y ,  a n d  t h i s  r e s u l t s  i n  h i g h e r  l o a d s  o n  t h e  s u b 

b a s e  a t  c r a c k s .

T h e  P a n d r o l  Company h a s  r e c e n t l y  d e s i g n e d  a  p a t e n t e d ,  a d j u s t a b l e  

f a s t e n e r  f o r  t h e  s p r i n g  c l i p  t h a t  a l l o w s  0 . 3 5  i n c h  o f  l a t e r a l  

r a i l  a d j u s t m e n t  a n d  0 . 5 9  i n c h  o f  v e r t i c a l  a d j u s t m e n t .  T h e  

l a t e r a l  a d j u s t m e n t  i s  made  b y  r o t a t i n g  a n  i n s u l a t e d  c o l l a r  t h a t  

h a s  a  d i f f e r e n t  w a l l  w i d t h  on  e a c h  o f  f o u r  s i d e s ,  s o  t h a t  t h e  

d i s t a n c e  b e t w e e n  t h e  c l i p  h o l d e r  a n d  t h e  r a i l  i s  s e t  b y  t h e  

s e l e c t e d  w a l l  w i d t h .  V e r t i c a l  a d j u s t m e n t  i s  made  b y  t u r n i n g  

a n  o u t e r  i n s u l a t e d  c o l l a r  t h a t  r e s t s  b e t w e e n  t h e  s p r i n g  c l i p  a n d  

t h e  r a i l  b a s e ,  t h a t  h a s  a  d i f f e r e n t  w a l l  d e p t h  o n  e a c h  o f  f o u r  
s i d e s .  T h e  r a i l  e l e v a t i o n  i s  s e t  b y  t h e  s e l e c t e d  w a l l  d e p t h ,  

a n d  s h i m s  a r e  p l a c e d  b e n e a t h  t h e  r a i l  b e f o r e  t h e  s p r i n g  c l i p  

i s  r e p l a c e d  i n  t h e  h o l d e r .

31* B e r r y , J . S . , MNZR' s  K a i m a i  T u n n e l  N e a r s  C o m p l e t i o n , "  R a i l w a y  
G a z e t t e ,  O c t  1 9 7 7 .
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8 .  OPPORTUNITIES FOR IMPROVEMENTS

8 . 1  POTENTIAL IMPROVEMENTS

As d i s c u s s e d  i n  S e c t i o n  5 ,  e v e r y  e v e n t  o r  c o n d i t i o n  t h a t  i s  

p e r c e i v e d  a s  a  p r o b l e m  a l s o  r e p r e s e n t s  a p o t e n t i a l  o p p o r 

t u n i t y  f o r  i m p r o v e m e n t .  I n  a d d i t i o n  t o  t h e  p o t e n t i a l  i m 

p r o v e m e n t s  t h a t  a r i s e  f r o m  p r o b l e m s ,  a  f e w  p o t e n t i a l  i m p r o v e 
m e n t s  a r e  f o u n d  w h e n  n o r m a l  p r a c t i c e s  a r e  e x a m i n e d  a g a i n s t  t h e  

t e c h n o l o g y  a v a i l a b l e  f r o m  o t h e r  i n d u s t r i e s  a n d  o t h e r  c o u n t r i e s .

Some o f  t h e  i t e m s  p e r c e i v e d  a s  p r o b l e m s  ( s u c h  a s  t h e  w e a r  o f  

r a i l  o n  c u r v e s )  w e r e  s e e n  t o  b e  p r o b l e m  a r e a s  t h a t  c o n t a i n  

many i n d i v i d u a l  p r o b l e m s ,  some u n i d e n t i f i e d .  I n  a d d i t i o n ,  

t h e  p r o b l e m s  i d e n t i f i e d  i n  t h e s e  a r e a s  v a r i e d  g r e a t l y  i n  i m 

p o r t a n c e  f r o m  p l a c e  t o  p l a c e  a n d  t i m e  t o  t i m e .  I t  s o o n  b e c a m e  

a p p a r e n t  t h a t  o v e r a l l  s o l u t i o n s  c o u l d  n o t  b e  e x p e c t e d .  A v e r y  

o r d e r l y  a n d  s y s t e m a t i c  e x a m i n a t i o n  w o u l d  b e  n e c e s s a r y  t o  

i s o l a t e  s p e c i f i c  p r o b l e m s  a n d  o p p o r t u n i t i e s  f o r  i m p r o v e m e n t s  

f r o m  t h e s e  a r e a s ,  s o  t h a t  t h e y  c o u l d  b e  e v a l u a t e d  i n d i v i d u a l l y .  
I t  a p p e a r e d  a d v i s a b l e  t o  d i s s e c t  a f e w  s i m p l e  p r o b l e m s  i n  o r d e r  

t o  d e v e l o p  a  s y s t e m a t i c  p r o c e d u r e  f o r  e x a m i n i n g  t h e m  b e f o r e  

g o i n g  d e e p  i n t o  p r o b l e m  a r e a s .

Few t r a n s i t  t r a c k  p r o b l e m s  a r e  c l e a r  a n d  u n c o m p l i c a t e d .  One 

s e e m i n g l y  s i m p l e  e x a m p l e  was  s e e n  i n  t h e  many l o o s e  b o l t s  

f o u n d  i n  j o i n t  b a r s  i n  o n e  l i n e  o f  a  t r a n s i t  s y s t e m .  O n l y  a  

f e w  o f  t h e  l o o s e  b o l t s  w e r e  v i s i b l e  a t  a  g l a n c e ;  o t h e r s  w e r e  

d e t e c t e d  b y  t a p p i n g  t h e m  w i t h  a  s m a l l  h a m m e r .  The  l o o s e  b o l t s  

a r e  s u p p o s e d  t o  b e  k e p t  t i g h t  b y  a t r a c k w a l k e r  ( i n s p e c t o r )  

who d o e s  m i n o r  w o r k  o f  t h i s  s o r t  i n  a d d i t i o n  t o  i n s p e c t i n g  

t h e  t r a c k .

The supervisors' answer to the loose bolt problem (in more
forceful language) was, "Holler at the trackwalker."
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The  e x p e r i e n c e  o f  t h e  i n v e s t i g a t o r s  w i t h  p r o b l e m s  o f  t h e  same 

g e n e r a l  n a t u r e  i n d i c a t e d  t h a t  i f  t h i s  w e r e  a n  e f f e c t i v e  a n s w e r ,  

t h e  b o l t s  w o u l d  n o t  b e  l o o s e .

The  s i m p l e  a n s w e r  t o  t h e  a p p a r e n t l y  s i m p l e  p r o b l e m  o f  k e e p 

i n g  t h e  b o l t s  t i g h t  i s  t o  t i g h t e n  t h e m  p e r i o d i c a l l y  w i t h  a 

w r e n c h .  U n f o r t u n a t e l y  t h i s  a n s w e r  b e g s  o t h e r  q u e s t i o n s  s u c h  

a s ,  "Who s h o u l d  do i t ? " ,  "How o f t e n ? " ,  " Wha t  k i n d  o f  a  w r e n c h ? " ,  

"How do we p a y  f o r  t h e  w o r k ? " ,  a n d  m o s t  s i g n i f i c a n t l y ,  "Why 

a r e n ’ t  t h e  b o l t s  k e p t  t i g h t  n o w ? "

S i n c e  a n s w e r s  w e r e  n o t  r e a d y  f o r  t h e s e  a n d  s i m i l a r  q u e s t i o n s ,  

s e v e r a l  s i m p l e  p r o b l e m s  w e r e  e x a m i n e d  i n  o r d e r  t o  d e v e l o p  a 

c h e c k  l i s t  t h a t  c o u l d  b e  c o n s i d e r e d  i n  e v e r y  c a s e  a n d  w o u l d  

h e l p  p r o v i d e  t h e  i n f o r m a t i o n  n e e d e d  f o r  g o o d  d e c i s i o n s .  T h i s  

l i s t  i s  s h o wn  i n  T a b l e  7 a s  a p p l i e d  t o  t h e  l o o s e  b o l t  p r o b l e m .

O b v i o u s l y  much d e t a i l e d  l o c a l  i n f o r m a t i o n  w o u l d  h a v e  t o  b e  

c o l l e c t e d  a n d  c o n s i d e r e d  b e f o r e  a  g o o d  d e c i s i o n  c o u l d  b e  

ma de  i n  t h e  c a s e  o f  t h e  l o o s e  b o l t s  o r  a n y  o t h e r  s m a l l  t r a c k  

p r o b l e m  f o u n d  a t  a  t r a n s i t  p r o p e r t y .  A l t h o u g h  t i m e  w a s  n o t  

a v a i l a b l e  i n  t h i s  s t u d y  f o r  d e t a i l e d  i n v e s t i g a t i o n  o f  t h e  

l o c a l  f a c t o r s  t h a t  a f f e c t  s m a l l  p r o b l e m s ,  t h e  s y s t e m a t i c  

a p p r o a c h  was  h e l p f u l .  K e e p i n g  i t  i n  m i n d  a s s i s t e d  i n v e s t i 

g a t o r s  t o  c o n s i d e r  a l l  a s p e c t s  o f  p e r c e i v e d  p r o b l e m s ,  t o  

a v o i d  i n v a l i d  c o n c l u s i o n s ,  a n d  t o  i m p r o v e  t h e i r  u n d e r s t a n d i n g  

o f  t h e  c o m p l e x i t y  o f  p r o b l e m  a r e a s .

A s i m i l a r  s y s t e m a t i c  a p p r o a c h  w a s  d e v e l o p e d  f o r  t h e  c o n s i d e r a 

t i o n  o f  p r o b l e m  a r e a s ,  w i t h  a  b r e a k d o w n  o f  a n  a r e a  i n t o  i d e n t i 

f i a b l e  p r o b l e m s  a n d  s u b - p r o b l e m s  a s  o u t l i n e d  i n  T a b l e  8.

N u m e r o u s  p r o b l e m s  a n d  p r a c t i c e s  w e r e  e x a m i n e d  d u r i n g  t h e  c o u r s e  

o f  t h e  p r o j e c t .  The  p o t e n t i a l  o p p o r t u n i t i e s  f o r  i m p r o v e m e n t
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TABLE 7. EXAMINATION OF TRACK PROBLEM

E v e n t  o r  C o n d i t io n  

C a u s e :

F a c t o r s :

D i r e c t  E f f e c t s :  

I n d i r e c t  E f f e c t s :

N o rm a l P r a c t i c e :

P o t e n t i a l  
Im p ro v e m e n t :

E f f e c t i v e n e s s :

S u b -p r o b le m : 

A c t i o n s :

L o o s e  b o l t s  a t  j o i n t s  

T r a f f i c  v i b r a t i o n s

T r a f f i c  d e n s i t y ,  sp e e d  and w h e e l lo a d s
C o n d i t io n  o f  t r a c k  s u p p o r t  s t r u c t u r e
T h e  t r a c k  w a lk e r  c o n s id e r e d  h is  w o rk  a c c e p ta b le *

W ear o f  j o i n t  b a rs  and r a i l s * *

L o w e r r i d e  q u a l i t y  
In c r e a s e d  m a in te n a n c e  c o s t s

L u b r ic a t e  b o l t s  an d  t i g h t e n  p e r i o d i c a l l y  a t  s p e c i f i e d  to r q u e  
T r a c k  w a lk e r  c h e c k s  and t i g h t e n s  a fe w  lo o s e  b o l t s

U se  g lu e  o r  lo c k  n u ts  as an a d d -o n  t o  n o rm a l p r a c t i c e

L e a d in g  r a i l r o a d s  and t r a n s i t  p r o p e r t i e s  a g re e  t h a t  i s  p a y s  
t o  l u b r i c a t e  and t i g h t e n  t r a c k  b o l t s  p e r i o d i c a l l y ,  and t h a t  
t r a c k  d e g ra d e s  r a p i d l y  an d  e x p e n s iv e ly  w hen b o l t s  a r e  lo o s e

W ork  a s s ig n m e n t  -  Who w i l l  do th e  w o rk ?
R e s o u rc e s  -  How w i l l  we p a y  f o r  i t ?

H ave  th e  t r a c k  w a lk e r  l u b r i c a t e  and t i g h t e n  b o l t s  p e r i o d i c a l l y

Make t im e  a v a i l a b l e  b y
R e d u c in g  q u a n t i t y  o f  o t h e r  w o rk  
L e s s  f r e q u e n t  in s p e c t io n s  
F e w e r r e p a i r s  o r  a d ju s tm e n ts  
L e s s  t im e  on f e w e r / s h o r t e r  r e p o r t s  
Im p r o v in g  t r a c k  w a lk e r 's  p e r fo rm a n c e  

T r a i n i n g
Im p ro v e d  m e th o d s  and t o o ls
M o t i v a t i o n :  r e c o g n i t i o n ,  e n c o u ra g e m e n t ,  c o m p e t i t io n

Form  an d  t r a i n  s p e c ia l  team  o f  tw o  men t o  l u b r i c a t e  and 
t i g h t e n  b o l t s  p e r i o d i c a l l y

H i r e  a d d i t i o n a l  t r a c k  m e c h a n ic s  
O b t a in  a d d i t i o n a l  fu n d s  
R e d u ce  o t h e r  c o s t s

Make M/W p e o p le  a v a i l a b l e  b y
R e d u c in g  q u a n t i t y  o f  o t h e r  w o rk  
R e d u c in g  l o s t  t im e
P la n n in g ,  s c h e d u l in g  and m a in t a in in g  c o n t r o l  
I n c r e a s i n g  t r a c k  a v a i l a b i l i t y  
Im p r o v in g  p e r fo rm a n c e  

T r a i n i n g
M ore  § b e t t e r  e q u ip m e n t and p o w e r t o o l s  
M o v iv a t io n :  r e c o g n i t i o n ,  e n c o u ra g e m e n t ,  c o m p e t i t io n

* T h e  w e a r  b e tw e e n  j o i n t  b a r s  a n d  r a i l s  and lo o s e n e s s  o f  t i e  p l a t e s  in d ic a t e d  t h a t  
m any o f  th e  b o l t s  had  b e e n  lo o s e  f o r  a lo n g  t im e .  O b v io u s ly  th e  t r a c k  w a lk e r 's  
w o rk  h a d  b e e n  a c c e p te d  b y  s u p e r v is o r s  o v e r  t h a t  same p e r io d  o f  t im e .

**When th e  t r a c k  b o l t s  a re  l o o s e ,  m ovem ents o f  th e  j o i n t  b a rs  s t r a i n  t h e  b o l t s  and 
s o m e tim e s  c a u s e  them  t o  b e n d  o r  b r e a k .  The  m ovem ents a ls o  a l lo w  in c r e a s e d  
d e f l e c t i o n s  a t  th e  j o i n t  ' t h a t  a c c e le r a t e  th e  b re a k d o w n  o f  th e  b a l l a s t  an d  s u b b a s e . 
I f  th e  b o l t s  a r e  n o t  t i g h t e n e d  t o  t h e  r e q u i r e d  t e n s io n ,  m ovem ent w i l l  c a u s e  th e  
f i s h i n g  s u r f a c e s  ( c o n t a c t  s u r f a c e s )  o f  th e  j o i n t  b a rs  and r a i l s  t o  w e a r  e x c e s 
s i v e l y .  E v e n t u a l l y ,  th e  j o i n t  b a r s  w i l l  n o t  p r o v id e  a d e q u a te  s t r e n g t h  e v e n  when 
t h e  b o l t s  a r e  t i g h t e n e d .
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TABLE 8. EXAMINATION OF TRACK PROBLEM AREA

1 . C l a r i f y  p ro b le m  a r e a .

• I s o l a t e  an d  d e s c r ib e  m a jo r  p ro b le m s  i n  th e  a r e a .

• I d e n t i f y  a n y  g e n e r a l  c o n d i t i o n s  t h a t  r e l a t e  to
th e  p ro b le m  a r e a .

2 . E x a m in e  e a c h  m a jo r  p ro b le m

• I d e n t i f y  c a u s e s  an d  f a c t o r s  t h a t  a f f e c t  th e  p ro b le m .

• C o n s id e r  i t s  r a n g e .

• C o n s id e r  i t s  f r e q u e n c y .

• I d e n t i f y  a c t i o n s  t h a t  a r e  know n t o  a v o id  o r  re d u c e
th e  p r o b le m .

3 . I n v e s t i g a t e  e a c h  m a jo r  p r o b le m  t o  u n c o v e r  s p e c i f i c  s u b 
p r o b le m s ;  i d e n t i f y  and  d e s c r ib e  th e s e  s p e c i f i c  p r o b le m s .

4 . R e v ie w  t e c h n o lo g y  t o  f i n d  p r a c t i c e s  a v a i l a b l e  t o  c o r r e c t  
o r  re d u c e  th e  p r o b le m / s u b -p r o b le m s .

5. D e te r m in e  th e  e x t e n t  o f  th e  p r o b le m / s u b -p r o b le m s  t h a t  
c a n n o t  b e  c o r r e c t e d  o r  re d u c e d  w i t h o u t  r e s e a r c h  p r o d u c t s .

6 . S e a rc h  t r a c k  an d  r e la t e d  r e s e a r c h  p ro g ra m s  f o r  ta s k s  
t h a t  b e a r  o n :
• T h e  m a jo r  p r o b le m .

• S p e c i f i c  s u b -p r o b le m s .

• C o n d i t i o n s  an d  o t h e r  f a c t o r s  r e l a t e d  t o  th e  
m a jo r  p r o b le m .

7 . E x a m in e  r e s e a r c h  r e p o r t s  f o r  u s e f u l  p r o d u c t s .

• I d e n t i f y  p r a c t i c e s ,  m a t e r i a l s ,  t o o l s  o r  e q u ip m e n t
t h a t  m ay re d u c e  th e  p r o b le m  o r  i t s  e f f e c t s .

• C o n s id e r  t h e i r  e f f e c t s  a n d  r e l a t e d  f a c t o r s .

• H a ve  t h e  p r o d u c t s  b e e n  u s e d ?  I f  n o t ,  w h y n o t?

• I f  th e  p r o d u c t s  h a ve  b e e n  u s e d ,  how  e f f e c t i v e  h a ve  
t h e y  b e e n ?  How c o s t l y ?  H as t h e i r  u s e  b e e n  
a c c o m p a n ie d  b y  a n y  new  o r  i n t e n s i f i e d  p ro b le m s ?

8 . C h e c k  c u r r e n t  r e s e a r c h  f o r  e x p e c t e d  p r o d u c t s  t h a t  may 
c o r r e c t  o r  r e d u c e  th e  p r o b le m .

9 . F o r m u la te  r e s e a r c h  ta s k s  t o  c o r r e c t  o r  r e d u c e  s i g n i f i c a n t  
p ro b le m s  t h a t  a r e  n o t  c o v e r e d  a d e q u a t e l y  b y  c u r r e n t  
t e c h n o lo g y ,  p a s t  r e s e a r c h  o r  r e s e a r c h  i n  p r o g r e s s .
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t h a t  w e r e  f o u n d  w e r e  p r e s e n t e d  i n  m o n t h l y  r e p o r t s  a n d  i n  

m e e t i n g s  t o  r e p r e s e n t a t i v e s  o f  UMTA a n d  TSC,  a n d  t o  t h e  APTA 

P r o j e c t  L i a i s o n  B o a r d .  F i n a l l y ,  t h o s e  p o t e n t i a l  i m p r o v e m e n t s  

t h a t  h a d  n o t  b e e n  c u l l e d  a s  a  r e s u l t  o f  e a r l i e r  d i s c u s s i o n s  
w e r e  p r e s e n t e d  a t  t h e  t r a c k  s e m i n a r  i n  A p r i l ,  1 9 7 9 .  T h e y  

i n c l u d e d  i t e m s  u n d e r  d e s i g n ,  c o n s t r u c t i o n  a n d  m a i n t e n a n c e ,  

a s  l i s t e d  a n d  d e s c r i b e d  b r i e f l y  i n  A p p e n d i x  A.

8 . 2  RELATIVE IMPORTANCE

8 . 2 . 1  EVALUATIONS

R e l a t i v e  i m p o r t a n c e  i s  t h e  f i r s t  c o n s i d e r a t i o n  i n  d e t e r m i n i n g  

w h e t h e r  o r  n o t  a  r e s e a r c h  p r o j e c t  s h o u l d  b e  f u n d e d  t o  d e v e l o p  

a p o t e n t i a l  i m p r o v e m e n t .  The  o t h e r  c o n s i d e r a t i o n s  a r e  t h e  

p r o b a b i l i t y  o f  s u c c e s s  f o r  t h e  p r o j e c t  a n d  t h e  e s t i m a t e d  r a t i o  

o f  i t s  b e n e f i t s  ( i f  s u c c e s s f u l )  t o  i t s  c o s t s .  I n  m o s t  c a s e s ,  

t h e  p r o b a b i l i t i e s  o f  s u c c e s s  a r e  v e r y  h i g h ,  a s  t h e  p r o j e c t s  

i n v o l v e  t h e  a p p l i c a t i o n  o f  known m a t e r i a l s  a n d  m e t h o d s  t h a t  

a r e  c o n s i d e r e d  m o r e  e f f e c t i v e  t h a n  t h e  m a t e r i a l s  a n d  m e t h o d s  

u s e d  i n  t h e  p a s t  f o r  s i m i l a r  w o r k .

T h e  r e l a t i v e  i m p o r t a n c e  o f  p o t e n t i a l  i m p r o v e m e n t s  i s  d e t e r m i n e d  

b y  t h e  f r e q u e n c y  a n d  s e v e r i t y  o f  t h e  p r o b l e m s  t h e y  w o u l d  c o r r e c t ,  

t h e  r e d u c t i o n  i n  t h e  e f f e c t s  o f  t h e s e  p r o b l e m s  o n  o p e r a t i o n s ,  

a n d  t h e  d i r e c t  c o s t s  o f  t h e  p r o b l e m s .  I n  m o s t  c a s e s  t h i s  i n 

f o r m a t i o n  c o u l d  n o t  b e  q u a n t i f i e d  a c c u r a t e l y .  A c c o r d i n g l y  

t h e  e x p e r i e n c e  a n d  j u d g m e n t  o f  t h e  M/W s u p e r i n t e n d e n t s  a n d  

t h e i r  s t a f f s  w e r e  d r a w n  u p o n  t o  f i n d  t h e  r e l a t i v e  i m p o r t a n c e  

o f  t h e  ma ny  o p p o r t u n i t i e s  f o r  i m p r o v e m e n t  t h a t  a p p e a r  t o  e x i s t  

i n  t r a n s i t  t r a c k .  T h e s e  j u d g m e n t s  w e r e  m o s t  v a l u a b l e  w h e n  

a p p l i e d  t o  m a i n t e n a n c e  p r a c t i c e s .  D e s i g n  a n d  c o n s t r u c t i o n  

p r a c t i c e s  w e r e  a p p r a i s e d  m a i n l y  i n  r e l a t i o n  t o  t h e i r  e f f e c t s  

o n  m a i n t e n a n c e  a n d  o p e r a t i o n s .
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I n  o r d e r  t o  o b t a i n  a b r o a d  r e v i e w  o f  t h e  p o t e n t i a l  i m p r o v e 

m e n t s  t h a t  w e r e  i d e n t i f i e d  d u r i n g  t h e  c o u r s e  o f  t h e  s t u d y ,

UMTA a n d  TSC i n c l u d e d  a s e m i n a r  w i t h  w o r k s h o p  s e s s i o n s  i n  

t h e  p r o j e c t .  T h i s  s e m i n a r  p r o v i d e d  t h e  j u d g m e n t s  o f  e x p e r i 

e n c e d  c o n s u l t i n g  e n g i n e e r s ,  s u p p l i e r s  a n d  t r a n s i t  e n g i n e e r s  

f r o m  o t h e r  d e p a r t m e n t s  a s  w e l l  a s  t h e  M/W s u p e r i n t e n d e n t s .

A l l  o f  t h e  o p p o r t u n i t i e s  f o r  i m p r o v e m e n t s  i n  t r a n s i t  t r a c k  
d e s i g n ,  c o n s t r u c t i o n  a n d  m a i n t e n a n c e  t h a t  h a d  b e e n  c l e a r l y  

i d e n t i f i e d  up  t o  t h e  t i m e  o f  t h e  s e m i n a r  a n d  h a d  n o t  b e e n  

c u l l e d  a s  a  r e s u l t  o f  d i s c u s s i o n s  w i t h  M/W s u p e r i n t e n d e n t s ,  

w e r e  r e v i e w e d  i n  t h e  w o r k s h o p s .

T h e  r e s u l t s  o f  t h e  s e m i n a r  w o r k s h o p  s e s s i o n s  a r e  s u m m a r i z e d  

i n  A p p e n d i x  A.

8 . 2 . 2  DESIGN AND CONSTRUCTION TASKS

P a r t i c i p a n t s  i n  t h e  D e s i g n  and C o n s t r u c t i o n  W o r k s h o p  f o u n d  

v a l u e  i n  o n l y  a  f e w  o f  t h e  i t e m s  t h a t  w e r e  l i s t e d  a s  p o t e n t i a l  

i m p r o v e m e n t s  a s  n o t e d  i n  A p p e n d i x  A . 2 . 1 . 1  a n d  A . 2 . 1 . 2 .  I t e m s  

w e r e  n o t  c o n s i d e r e d  i f  p a r t i c i p a n t s  f e l t  t h a t  c u r r e n t  p r a c t i c e s  

w e r e  a d e q u a t e  o r  t h a t  d e s i g n e r s  a n d  c o n t r a c t o r s ,  u s i n g  a v a i l 

a b l e  i n f o r m a t i o n ,  c o u l d  d e c i d e  u p o n  a p p r o p r i a t e  a c t i o n s  a s  

t h e  s i t u a t i o n s  o c c u r r e d .  T h e  i t e m s  t h a t  w e r e  g e n e r a l l y  c o n 

s i d e r e d  t o  b e  w o r t h  some  s t u d y  a r e  l i s t e d  a s  t a s k s  1 t h r o u g h  
5 i n  T a b l e  9 ,  a n d  a r e  e v a l u a t e d  i n  A p p e n d i x  B.

P a r t i c i p a n t s  i n  t h e  D e s i g n  a n d  C o n s t r u c t i o n  W o r k s h o p  a l s o  p r o 

p o s e d  t e n  i t e m s  f o r  s t u d y .  T h e s e  p r o p o s e d  t a s k s ,  l i s t e d  i n  

A p p e n d i x  A . 2 . 1 . 3  a n d  a s  t a s k s  7 t h r o u g h  16 i n  T a b l e  9 ,  w e r e  

n o t  d i s c u s s e d  t o  a n y  e x t e n t  d u r i n g  t h e  w o r k s h o p  s e s s i o n s .

T a s k  7 i n  T a b l e  9 ,  o n  w e a t h e r - r e l a t e d  p r o b l e m s ,  i s  o b v i o u s l y  

v e r y  i m p o r t a n t  a n d  s h o u l d  b e  g i v e n  s p e c i a l  a t t e n t i o n  i n  v i e w  

o f  t h e  p r o b l e m s  a n d  h i g h  c o s t s  e n c o u n t e r e d  l a s t  w i n t e r  w h e n  

s e v e r a l  s y s t e m s  w e r e  c o m p l e t e l y  c l o s e d  a t  t i m e s .  T a s k  13  i n  

T a b l e  9 ,  on  t h e  d e v e l o p m e n t  o f  a  r a i l - b r e a k  d e t e c t i o n  s y s t e m ,
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TABLE 9 .  PROPOSED RESEARCH AND SUPPORT TASKS APPROVED 
OR ADDED IN TRANSIT TRACK SEMINAR WORKSHOPS

No.
Work
Shop

1. D§C“
2. DSC01
3. D§C“
4. D§C“
5. D§Ca

6. D8C“
7. D§C +
8. D§C+
9. D§C+

10. D§C+
11. D§C+
12. Df}C+
13. DSC+
14. D§C+
15. DSC+
16. D§C+
17. M“
18. M®

19. M“
20. Ma
21. M“
22. Ma

23 Ma
24. M°
25. M®
26. M“
27. M“
28. Ma
29. M®
30. M®
31. M“
32. M“
33. Ma
34. M“
35. M+

36. M+
37. M +

38. M+

N ote

Task  T i t l e

G u a rd ra il  E f fe c t iv e n e s s  S tu d y
P r o t e c t iv e  F i l t e r s  on Embankments
C o o rd in a t io n  o f  D e s ig n  and M ain tenan ce
Im proved  R a i l  f o r  C u rves
R a i l  S t re s s e s ,  E le v a te d  S t ru c tu r e s
C o n tin u o u s  M ain R a i l  F ro g s
W eather Damage C o n t r o l  and R e c o v e ry ,  I
R e s t ra in in g  R a i l  E f f e c t iv e n e s s  S tu d y
R e la t io n  o f  R a i l  Wear to  S u p p o rt S t i f f n e s s
N o n d e s tru c t iv e  T e s t in g  o f  R a i l  W elds
R a il-W h e e l In t e r f a c e  Prob lem s
Optimum T ie  S p ac ing
R a i l -B r e a k  D e te c t io n  System
R e s t r a in in g  R a i l  D e s ig n  and I n s t a l l a t i o n
R a i l  C o r ru g a t io n  and Load E n v iro n m e n t
Dynam ic F o rce s  C o n c re te  T ie  F a s te n e rs
I n d u s t r ia l  E n g in e e r in g  S u p p o rt
S im p l i f ie d  G uidance on M ain tenan ce  Management
O p tim a l S ta n d a rd  In s p e c t io n  and M ain tenan ce  Forms

G u id e lin e s  f o r  T r a n s i t  T ra c k  System s
T ra c k  In s p e c t io n  T e c h n iq u e s , T ra c k w a lk e rs
T r a in in g  S u p p o rt
D e m o n s tra tio n  P ro j e c ts
R id e  Q u a l i t y  R e c o rd in g  System
T ra c k  A v a i l a b i l i t y  f o r  M a in tenan ce
In -P la c e  T re a tm e n t o f  Wood T ie s
P ra c t ic e s  to  Reduce R a i l  Wear
W elded V s . B o lte d  J o in t s  in  C u rve s
W heel G r in d in g  P ra c t ic e s
F o llo w -u p  S tu d ie s  on S te e ra b le  T ru c k s

C o rro s io n  C o n t r o l
In s p e c t io n  Methods and T o o ls ,  Im provem ent 

A d ju s tm e n t o f  Elevated Track 
M aintenance Hand T o o ls ,  Im provem ent 

P ro ce sse s  f o r  W e ld in g  R a i l  in  T ra c k
S w itc h  M a in te n an ce , S w itc h  P o in t  and F ro g  R e h a b i l i t a t io n
E l e c t r i c  S w itc h  H e a te r I n s t a l l a t i o n  on S w itc h  P o in ts  and 
Guard R a i ls
F a v o ra b le  M ain tenance P r a c t ic e s  in  L im ite d  Use

D§C ' -  T ra c k  D e s ig n  and C o n s t ru c t io n  W orkshop 
M -  T ra c k  M ain tenance W orkshop 
a -  Task p re s e n te d  as a r e s u l t  o f  th e  p r o je c t  

d is c u s s io n s  and a p p ro ve d  in  w orkshop 
+ -  Task added in  workshop
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i s  a l s o  c o n s i d e r e d  v e r y  i m p o r t a n t  b e c a u s e  o f  t h e  s a f e t y  f a c t o r s  
i n v o l v e d .  An a n a l y s i s  o f  t h i s  t a s k  i s  i n c l u d e d  i n  A p p e n d i x  B.

T a s k s  8 a n d  14 i n  T a b l e  9 ( o n e  o n  t h e  e f f e c t i v e n e s s  o f  r e s t r a i n 

i n g  r a i l  a n d  o n e  on  i t s  d e s i g n  a n d  i n s t a l l a t i o n  p r a c t i c e s )  a r e  

c o v e r e d  b y  a  s t u d y  o n  r e s t r a i n i n g  r a i l s  t h a t  w a s  r e c e n t l y  

i n i t i a t e d ,  a n d  b y  a  p r o p o s e d  s t u d y  o f  c u r r e n t  p r a c t i c e s  f o r  t h e  

r e d u c t i o n  o f  t h e  w e a r  o f  r a i l s  o n  c u r v e s .

T a s k  10 i n  T a b l e  9, o n  t h e  n o n - d e s t r u c t i v e  t e s t i n g  o f  w e l d s ,  i s  

b e i n g  s t u d i e d  b y  ma ny  d i f f e r e n t  l a b o r a t o r i e s  a n d  u n i v e r s i t i e s  

m o s t l y  i n  r e l a t i o n  t o  l a r g e  s t r u c t u r e s  a n d  e q u i p m e n t .  H o w e v e r  

f i e l d  a p p l i c a t i o n s  o f  t h e  r e s e a r c h  ( o t h e r  t h a n  t h e  u l t r a s o n i c  

t e s t i n g  now i n  w i d e  u s e )  a r e  d i f f i c u l t  t o  f o r e s e e .  Good 

r e s u l t s  w i t h  u l t r a s o n i c  t e s t i n g  a r e  c l a i m e d  b y  s e v e r a l  r a i l 

r o a d s  a n d  t r a n s i t  p r o p e r t i e s .  The  q u a l i t y  o f  t h e  r e s u l t s  

d e p e n d s  m a i n l y  o n  t h e  t r a i n i n g ,  s k i l l ,  i m a g i n a t i o n  a n d  d i l i 

g e n c e  o f  t h e  i n s p e c t o r .  F o r  b e s t  r e s u l t s  a l l  e x t r u s i o n s  o f  

w e l d  m a t e r i a l  h a v e  t o  b e  r e m o v e d  f r o m  t h e  r a i l  a n d  a l l  s u r f a c e s  

g r o u n d  c l e a n ,  s i n c e  t h e  e x t r u s i o n s  w o u l d  m a s k  d e f e c t s .  I n  

a d d i t i o n  a  s u r f a c e  e f f e c t s  p r o b e  s h o u l d  b e  u s e d  t o  f i n d  s u r -  

f a c t  c r a c k s  t h a t  w i l l  n o t  b e  d e t e c t e d  b y  t h e  p r o b e  u s e d  t o  

d e t e c t  i n t e r n a l  f l a w s .

T h e  f i v e  o t h e r  t a s k s  ( n u m b e r s  9 ,  1 1 ,  1 2 ,  15 a n d  16 i n  T a b l e  9)  

c o n c e r n  t h e  c o l l e c t i o n  a n d  d e v e l o p m e n t  o f  b a s i c  i n f o r m a t i o n  on  

w e a r  a n d  l o a d  t r a n s f e r  p r o c e s s e s ,  b u t  t h e y  a r e  n o t  f o c u s e d  o n  

c o n d i t i o n s  t h a t  a r e  p e c u l i a r  t o  t r a n s i t  p r o p e r t i e s .  T h e y  a r e  

c o n s i d e r e d  a p p r o p r i a t e  f o r  r a i l r o a d  r e s e a r c h ,  a s  t h e  p o t e n t i a l  

b e n e f i t s  w o u l d  b e  much  h i g h e r  f o r  r a i l r o a d s  t h a n  f o r  t r a n s i t  

s y s t e m s  i n  r e l a t i o n  t o  t h e  h i g h  c o s t  a n d  u n c e r t a i n t y  o f  o b 

t a i n i n g  u s a b l e  p r o d u c t s  f r o m  t h e  r e s e a r c h .

L a t e r  r e v i e w  o f  t h e  s e m i n a r  d i s c u s s i o n s  a n d  c u r r e n t  p r a c t i c e s  

i n d i c a t e d  n e e d s  f o r  c r i t e r i a  t o  s u p p l e m e n t  AREA g u i d a n c e  f o r  

c o n c r e t e  t i e s ,  s u b b a l l a s t  a n d  s o i l  p r o t e c t i o n ,  d i r e c t  f i x a t i o n
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f a s t e n e r s ,  t i e  p l a t e s  i n  r e l a t i o n  t o  n o i s e  d a m p i n g ,  c u r v a t u r e ,  

s u p e r e l e v a t i o n ,  a n d  t h e  e f f e c t s  o f  e l e v a t e d  s t r u c t u r e  c h a r a c 

t e r i s t i c s  o n  r i d e  q u a l i t y .  F l a n g e  l u b r i c a t i o n  i s  a n  i t e m  
t h a t  e s p e c i a l l y  r e q u i r e s  d e f i n i t i v e  c r i t e r i a  b e c a u s e  o f  t h e  

e x c e s s i v e  w e a r  a n d  h i g h  n o i s e  l e v e l s  o f t e n  a s s o c i a t e d  w i t h  

t h e  s h a r p  c u r v e s  t h a t  a r e  n e c e s s a r y  i n  som e s e c t i o n s  o f  t r a n s i t  

t r a c k .

8 . 2 . 3  MAINTENANCE TASKS

N i n e  s u g g e s t e d  o p p o r t u n i t i e s  f o r  i m p r o v e m e n t s  w i t h  c u r r e n t  

t e c h n o l o g y  w e r e  r e v i e w e d  b y  p a r t i c i p a n t s  i n  t h e  M a i n t e n a n c e  

W o r k s h o p  a s  n o t e d  i n  A p p e n d i x  A . 2 . 2 . 1 ,  a n d  s e v e n  w e r e  a p p r o v e d .  

T h e  s e v e n  a r e  l i s t e d  a s  t a s k s  17 t h r o u g h  23 i n  T a b l e  9 .  Of  

t h e s e  t a s k s ,  18 a n d  19 a r e  c o n s i d e r e d  t o  b e  i n c l u d e d  i n  1 7 ,  

t h e  t a s k s  f o r  i n d u s t r i a l  e n g i n e e r i n g  s u p p o r t .  T a s k  20 o n  

g u i d e l i n e s  a n d  r e c o m m e n d e d  p r a c t i c e s  s h o u l d  b e  e v a l u a t e d  a f t e r  

i n f o r m a t i o n  b e c o m e s  a v a i l a b l e  f r o m  s t u d i e s  on  r e l a t e d  s u b j e c t s  

t h a t  a r e  u n d e r w a y .  T a s k  2 3 ,  on  t h e  s u p p o r t  o f  d e m o n s t r a t i o n  

p r o j e c t s ,  i s  a l r e a d y  b e i n g  f u n d e d  o n  a c a s e - t o - c a s e  b a s i s .

T h e  r e m a i n i n g  t a s k s ,  n u m b e r s  21 a n d  22 i n  T a b l e  9 ,  h a v e  b e e n  

a n a l y z e d  f o r  c o s t s  a n d  b e n e f i t s  a l o n g  w i t h  t a s k  17 s h o w n  i n  

A p p e n d i x  B.

T a s k  2 2 ,  o n  t r a i n i n g  s u p p o r t ,  w a s  e n v i s i o n e d  a s  a  P h a s e  I e f f o r t  

t o  d e f i n e  t h e  s c o p e ,  v a l u e  a n d  c o s t  o f  a t r a i n i n g  s u p p o r t  

p r o g r a m .  T h e  p r o g r a m  s h o u l d  e n h a n c e  t h e  t r a c k  t r a i n i n g  now 

b e i n g  c o n d u c t e d  b y  some o f  t h e  t r a n s i t  p r o p e r t i e s ,  e x t e n d  t h e  

b e n e f i t s  o f  a d e q u a t e  t r a i n i n g  t o  a l l  p r o p e r t i e s ,  a n d  a s s i s t  

t h e m  t o  t a k e  f u l l  a d v a n t a g e  o f  a v a i l a b l e  t r a i n i n g  r e s o u r c e s .

E l e v e n  t a s k s  p r o p o s e d  f o r  r e s e a r c h  o r  i n v e s t i g a t i o n  w e r e  

a p p r o v e d  d u r i n g  t h e  m a i n t e n a n c e  r e v i e w  a s  n o t e d  i n  A p p e n d i x  

A . 2 . 2 . 2 .  T h e y  a r e  l i s t e d  a s  t a s k s  24 t h r o u g h  34 i n  T a b l e  9 ,  

a n d  a l l  b u t  t a s k  30 h a v e  b e e n  a n a l y z e d  a s  s h o w n  i n  A p p e n d i x  B.

1 0 9



T a s k  30 i s  b e i n g  h a n d l e d  a s  a  p r o j e c t  s e p a r a t e  f r o m  t h e  t r a c k  
r e s e a r c h  p r o g r a m . .

T h r e e  c a n d i d a t e  t a s k s  p r o p o s e d  b y  p a r t i c i p a n t s  i n  t h e  T r a c k  

M a i n t e n a n c e  W o r k s h o p  a r e  l i s t e d  a s  t a s k s  35 t h r o u g h  37 i n  

T a b l e  9 .  T a s k  3 5 ,  r e s e a r c h  o n  r a i l  w e l d i n g ,  i s  c o n s i d e r e d  

v e r y  i m p o r t a n t ,  b u t  i t s  s c o p e  a n d  p o t e n t i a l  a r e  d i f f i c u l t  t o  

d e t e r m i n e  w i t h o u t  a n  e x t e n s i v e  i n v e s t i g a t i o n  o f  t h e  r e l a t i v e  

m e r i t s  o f  t h e  c o m m e r c i a l  w e l d i n g  s y s t e m s  t h a t  a r e  now a v a i l 

a b l e ,  w h i c h  w o u l d  b e  f e a s i b l e  u n d e r  t a s k  1 7 .  F l a s h  b u t t  

w e l d i n g  o f  r a i l  ( u s i n g  a  R u s s i a n  w e l d i n g ,  h e a d )  i s  p r e f e r r e d  

b y  s e v e r a l  r a i l r o a d s  b e c a u s e  o f  t h e  r e l i a b i l i t y  o f  t h e  w e l d s  

a n d  b e c a u s e  no  a d d i t i o n a l  m a t e r i a l  h a s  t o  b e  b o u g h t .  E x c e l 

l e n t  r e s u l t s  w i t h  t h e r m i t e  w e l d i n g  a r e  c l a i m e d  b y  t h e  T o r o n t o  

T r a n s i t  C o m m i s s i o n .  T h e  C o m m i s s i o n  h a s  t r a i n e d  i t s  own t e c h n i 

c i a n s  t o  i n s p e c t  r a i l s  a n d  w e l d s  w i t h  p o r t a b l e  u l t r a s o n i c  

d e v i c e s .  F l a w e d  r a i l  e n d s  a r e  c u t  o f f  b e f o r e  w e l d i n g  a n d  

w e l d s  w i t h  s l a g e  i n c l u s i o n s  a r e  c u t  o u t  a n d  r e p l a c e d .  One 

o f  t h e  E u r o p e a n  t r a n s i t  s y s t e m s  c l a i m s  e x c e l l e n t  r e s u l t s  

w i t h  a n  e l e c t r i c  a r c  w e l d i n g  s y s t e m ,  c l a m p i n g  l a r g e  c o p p e r  

h e a t  s i n k s  t o  t h e  r a i l  a n d  f i n i s h i n g  w i t h  a s p e c i a l  e l e c t r o d e  

t h a t  g i v e s  a h a r d ,  t o u g h  r a i l  s u r f a c e .  Good i n f o r m a t i o n  on  

w e l d i n g  t e c h n i q u e s  u s e d  e f f e c t i v e l y  b y  r a i l r o a d s  t o  r e b u i l d  

f r o g s  a n d  s w i t c h  p o i n t s  a n d  r e p a i r  s u r f a c e  d a m a g e  i n  r a i l s  

i s  a v a i l a b l e  f r o m  m a n u f a c t u r e r s .

I n f o r m a t i o n  o n  e f f e c t i v e  t e c h n i q u e s  f o r  s w i t c h  m a i n t e n a n c e  

a n d  r e h a b i l i t a t i o n  o f  s w i t c h  p o i n t s  a n d  f r o g s  ( t a s k  36 )  i s  

a v a i l a b l e  i n  m a n u f a c t u r e r s '  l i t e r a t u r e  a n d  i n  t r a d e  m a g a z i n e s .  

R e v i e w  o f  t h i s  i n f o r m a t i o n  a g a i n s t  t h e  p r a c t i c e s  o f  t r a n s i t  

s y s t e m s  t h a t  h a v e  b e e n  d o i n g  s u c h  w o r k  c o u l d  b e  i n c l u d e d  i n  

t h e  i n d u s t r i a l  e n g i n e e r i n g  s u p p o r t  t a s k ,  n u m b e r  1 7 .  I n f o r 

m a t i o n  a n d  p r a c t i c e s  f o r  i n s t a l l a t i o n  o f  e l e c t r i c  s w i t c h  

h e a t e r s  on  s w i t c h  p o i n t s  a n d  g u a r d r a i l s  ( t a s k  37 )  c o u l d  b e  

r e v i e w e d  u n d e r  t a s k  1 7 ,  a n d  n e e d s  f o r  i n t e n s i v e  i n v e s t i g a 

t i o n  o r  r e s e a r c h  c o u l d  b e  c l a r i f i e d  a t  t h a t  t i m e .
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T h i r t y - f i v e  f a v o r a b l e  m a i n t e n a n c e  p r a c t i c e s  t h a t  h a d  b e e n  

i d e n t i f i e d  a s  b e i n g  i n  l i m i t e d  u s e  w e r e  r e v i e w e d  a n d  a p p r o v e d  

w i t h  a f e w  q u a l i f i c a t i o n s  a s  n o t e d  i n  A p p e n d i x  A . 2 . 2 . 4 .  T h e y  

a r e  g r o u p e d  a s  t a s k  38 i n  T a b l e  9 .  T a s k  17 f o r  i n d u s t r i a l  

e n g i n e e r i n g  s u p p o r t  i s  c o n s i d e r e d  t o  b e  t h e  b e s t  v e h i c l e  f o r  

t h e  f u r t h e r  e v a l u a t i o n  o f  t h e s e  f a v o r a b l e  p r a c t i c e s  a n d  f o r  

e n c o u r a g i n g  t h e i r  u s e  t h r o u g h o u t  t h e  t r a n s i t  i n d u s t r y .  B e 

c a u s e  o f  t h i s  a n d  o t h e r  f a c t o r s  d i s c u s s e d  i n  S e c t i o n  8 . 3 . 5 ,  

t h e  i n d u s t r i a l  e n g i n e e r i n g  s u p p o r t  s h o u l d  b e  p r o v i d e d  b y  a 

h i g h l y  q u a l i f i e d  t e a m  a n d  s h o u l d  b e  t a i l o r e d  t o  t h e  i n d i v i d u a l  

n e e d s  o f  t h e  s e p a r a t e  t r a n s i t  p r o p e r t i e s .

Two a d d i t i o n a l  t a s k s  o f  p o t e n t i a l  v a l u e  w e r e  i d e n t i f i e d  d u r i n g  

r e v i e w  o f  n o t e s  o n  t h e  s e m i n a r  a n d  c o n s i d e r a t i o n  o f  c u r r e n t  

m a i n t e n a n c e  p r a c t i c e s :  i m p r o v e m e n t s  i n  p o w e r  t o o l s ,  f o r  t r a c k

m a i n t e n a n c e  a n d  i m p r o v e m e n t s  t o  m a i n t e n a n c e  e q u i p m e n t .

T h e  t a s k  f o r  i n d u s t r i a l  e n g i n e e r i n g  s u p p o r t  i s  c o n s i d e r e d  t o  

b e  o f  s u c h  l a r g e  p o t e n t i a l  v a l u e  t h a t  f u r t h e r  d i s c u s s i o n  i s  

w a r r a n t e d .

T r a n s i t  t r a c k  m a i n t e n a n c e  w as  o b s e r v e d  t o  h a v e  p r o d u c e d  r e 

s u l t s  t h a t  a r e  g e n e r a l l y  o f  much h i g h e r  q u a l i t y  t h a n  i s  common 

i n  o t h e r  i n d u s t r i e s .  P r o d u c t i v i t y  t e n d s  t o  b e  l o w e r ,  h o w e v e r ,  

s i n c e  c l e a r a n c e s  a n d  d e n s e  t r a f f i c  i m p e d e  t h e  u s e  o f  e q u i p m e n t  

a n d  i n t e r r u p t  w o r k  c r e w s .  I n  a d d i t i o n ,  t h e  r e l a t i v e l y  s m a l l  

q u a n t i t i t e s  o f  w o r k  p e r f o r m e d  o f t e n  a r e  n o t  c o n d u c i v e  t o  t h e  

d e v e l o p m e n t  a n d  r e t e n t i o n  o f  t h e  s k i l l  l e v e l s  n e e d e d  f o r  h i g h  

q u a l i t y  w o r k .  New t e c h n o l o g y  i s  a v a i l a b l e  t o  h e l p  i n  t h i s  

s i t u a t i o n .  One  o f  t h e  g r e a t  a d v a n c e s  i n  e n g i n e e r i n g  t e c h n o 

l o g y  i n  t h e  l a s t  30 y e a r s  h a s  b e e n  t h e  a d v a n c e  i n  t h e  p l a n n i n g  

a n d  c o n t r o l  ( m a n a g e m e n t )  o f  m a i n t e n a n c e  e n g i n e e r i n g .  When 

i m p l e m e n t d d ,  i t  e n a b l e s  m e c h a n i c s  a n d  s u p e r v i s o r s  t o  do t h e i r  

b e s t  a n d  n o t  b e  h a m p e r e d  b y  d e l a y s ,  i n a d e q u a t e  i n f o r m a t i o n ,  

a n d  i n a d e q u a t e  t o o l s  a n d  m a t e r i a l s .  T h e s e  a d v a n c e s  h a v e  b e e n
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a n  o u t g r o w t h  o f  o p e r a t i o n s  r e s e a r c h  s t u d i e s  a i m e d  a t  o p t i 

m i z i n g  t h e  u s e  o f  m i l i t a r y  r e s o u r c e s  a n d  i n d u s t r i a l  e n g i n e 

e r i n g  s t u d i e s  a i m e d  a t  i m p r o v i n g  t h e  p r o f i t a b i l i t y  a n d  q u a l i t y  
o f  m a n u f a c t u r e d  p r o d u c t s .  G u i d a n c e  i s  a v a i l a b l e  i n  h a n d b o o k s 35’ 36 

b u t  i s , d i f f i c u l t  t o  a p p l y  t o  s i t u a t i o n s  f o r  w h i c h  i t  was  n o t  

s p e c i f i c a l l y  p r e p a r e d .  T h i s  i s  e s p e c i a l l y  t r u e  w h e n  M/W s u p e r 

i n t e n d e n t s  a r e  k e p t  v e r y  b u s y  b y  r o u t i n e  d e m a n d s  o n  t h e i r  t i m e  

a n d  b y  i r r e g u l a r i t i e s  t h a t  o c c u r  f r e q u e n t l y  i n  t r a c k  m a i n t e n 

a n c e  a n d  dem an d  s p e c i a l  a t t e n t i o n .

I n  t h e  s i t u a t i o n ,  c e n t r a l i z e d  i n d u s t r i a l  e n g i n e e r i n g  s u p p o r t  

c a n  p r o v i d e  v e r y  v a l u a b l e  a s s i s t a n c e .  I t  s h o u l d  c o n t i n u e  o v e r  

a  p e r i o d  o f  t i m e  l o n g  e n o u g h  f o r  t h e  s p e c i a l i s t s  t o  g a i n  a  

f u l l  u n d e r s t a n d i n g  o f  t r a n s i t  c o n d i t i o n s  a n d  f o r  t h e m  t o  

o b t a i n  i n d u s t r y - w i d e  a c c e p t a n c e  o f  i m p r o v e m e n t s  i n  t h e  q u a l i t y  

a n d  p r o d u c t i v i t y  o f  t r a c k  m a i n t e n a n c e .  T h e  a d v a n t a g e  o f  v a r i 

o u s  f a v o r a b l e  p r a c t i c e s  c a n  b e s t  b e  s e e n  b y  c o m p a r i s o n ,  a n d  

t r u e  c o m p a r i s o n s  c a n n o t  b e  m ade  i f  e f f o r t s  a r e  r e s t r i c t e d  t o  

a  l o c a l  l e v e l .  A t  t h e  l o c a l  l e v e l s ,  t h e r e  a r e  o f t e n  s t r o n g  
i n c e n t i v e s  a g a i n s t  c h a n g e  a n d  s t r o n g  i n c e n t i v e s  f o r  m a n a g e r s  

a n d  s u p e r v i s o r s  t o  a l l o w  l o c a l  p r e f e r e n c e s  t o  d o m i n a t e  d e c i 

s i o n s  t h a t  m i g h t  o t h e r w i s e  i n t r o d u c e  c h a n g e s  w h i c h  c o u l d  

i m p r o v e  t r a c k  m a i n t e n a n c e .

8 . 3  COST ANALYSES

8 . 3 . 1  LIFE CYCLE COSTS

T h e  l i f e  c y c l e  c o s t s  u s e d  i n  t h e  a n a l y s e s  a r e  t h e  t o t a l  c o s t s  

o f  o w n e r s h i p  o f  t h e  s u b s y s t e m  o r  c o m p o n e n t  t h a t  i s  u n d e r  c o n 

s i d e r a t i o n .  T h e s e  c o s t s  i n c l u d e :

3 5 L e w i s ,  B. T .  a n d  M a r r o n ,  J .  P . ,  E d i t o r s ,  F a c i l i t i e s  a n d  P l a n t  
E n g i n e e r i n g  H a n d b o o k , McGraw H i l l  1 9 7 3 .

3 6F e 1 d m a n , E . B . ,  I n d u s t r i a l  H o u s e k e e p i n g ,  I t s  T e c h n o l o g y  a n d  
T e c h n i q u e , M c M i l l a n ,  1 9 6 3 .
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•  R e s e a r c h  a n d  d e v e l o p m e n t  c o s t s

•  P l a n n i n g  a n d  d e s i g n  c o s t s

•  P u r c h a s e  c o s t s ,  i n c l u d i n g  s p a r e s  a n d  n e c e s s a r y  
t o o l s

•  I n i t i a l  c o s t s  o f  s u c h  i t e m s  a s  t r a n s p o r t a t i o n ,  
i n s t a l l a t i o n ,  down t i m e  o r  s l o w  o r d e r s  d u r i n g  
i n s t a l l a t i o n , ,  r e m o v a l  a n d  d i s p o s a l  o f  i t e m s  
r e p l a c e d ,  r e v i s i o n  o f  r e c o r d  d r a w i n g s  a n d  
t r a c k  p l a n s ,  a n d  a n y  s p e c i a l  t r a i n i n g .

•  O p e r a t i n g  c o s t s  a n d  o p e r a t i n g  o v e r h e a d

•  M a i n t e n a n c e  c o s t s  a n d  m a i n t e n a n c e  o v e r h e a d

A c o m p o n e n t  o r  s u b s y s t e m  may l a s t  o n l y  a  f r a c t i o n  o f  t h e  l i f e  

c y c l e  o f  t h e  t r a c k  s y s t e m ,  a n d  i t s - t o t a l  l i f e  c y c l e  c o s t s  w i l l  

t h e n  i n c l u d e  s e v e r a l  c o m p l e t e  r e p l a c e m e n t s  p l u s  t h e  r e m o v a l  

a n d  d i s p o s a l  o f  t h e  i t e m s  r e p l a c e d .  I n  m any  c a s e s  i t  i s  n o t  

f e a s i b l e  t o  i d e n t i f y  t h e  o p e r a t i o n s  a n d  m a i n t e n a n c e  (0§M) 

c o s t s  a s s o c i a t e d  w i t h  a  t r a c k  c o m p o n e n t  e x c e p t  a s  an  a p p r o 

p r i a t e  s h a r e  o f  t h e  0§M c o s t s  o f  t h e  e n t i r e  t r a c k  s y s t e m .

When a  m o r e  d u r a b l e  c o m p o n e n t  i s  c o n s i d e r e d ,  no  d i f f e r e n c e  

may b e  s e e n  i n  0§M c o s t s  e x c e p t  f o r  r e p l a c e m e n t  c o s t s  d u r i n g  

t h e  t r a c k  s y s t e m  l i f e  c y c l e .

8 . 3 . 2  L IFE  CYCLE

R e v i e w  o f  t h e  t r a n s i t  t r a c k  u s a g e ,  p r o j e c t e d  d e n s i t y  o f  u s e ,  

a n d  g r o w t h  o f  u r b a n  a r e a s  i n d i c a t e  a  l i f e  c y c l e  o f  m o r e  t h a n  

50 y e a r s  f o r  t r a n s i t  s y s t e m s  e x c e p t  i n  t h e  c a s e s  o f  l i n e s  f o r  

w h i c h  r e p l a c e m e n t s  a r e  a l r e a d y  p l a n n e d .  P l a n n i n g  a s y s t e m  

l i f e  c y c l e  l o n g e r  t h a n  50 y e a r s  i s  i n v a l i d a t e d  b y  h i g h  i n t e r 

e s t  r a t e s  a n d  u n c e r t a i n t y  f a c t o r s  t h a t  i n c r e a s e  w i t h  t i m e .

W i t h  a n  i n t e r e s t  r a t e  o f  10%, a s a v i n g s  t o  b e  made  i n  50 

y e a r s  ( s u c h  a s  o n e  t o  b e  o b t a i n e d  b y  p r o v i d i n g  a  m o r e  d u r a b l e  

t r a c k  c o m p o n e n t  w i t h  a n  e x t e n d e d  u s e f u l  l i f e )  h a s  a p r e s e n t  

v a l u e  o f  l e s s  t h a n  1% o f  t h e  f u t u r e  s a v i n g s .  C o n v e r s e l y ,  

t h e  u n c e r t a i n t y  f a c t o r  t h a t  m u s t  b e  c o n s i d e r e d  i n  a l l  p l a n n i n g
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i n c r e a s e s  r a p i d l y  a s  p l a n s  a r e  p r o j e c t e d  f a r t h e r  a n d  f a r t h e r  

i n t o  t h e  f u t u r e .  I t  i s  d o u b t f u l  t h a t  many c o n d i t i o n s  c a n  

b e  p r e d i c t e d  w i t h  a n  a c c u r a c y  b e t t e r  t h a n  +20% f o r  p e r i o d s  
o f  m o r e  t h a n  5 y e a r s  f r o m  now .  A c c o r d i n g l y ,  p l a n n i n g  f o r  

t h e  u s e  o f  a  f a c i l i t y  b e y o n d  50 y e a r s  i n  t h e  f u t u r e  w o u l d  

n o t  b e  m e a n i n g f u l .

T r a c k  r e s e a r c h  p r o j e c t s  s h o u l d  e x t e n d  t h e  u s e f u l  l i f e  o f  

t r a c k  c o m p o n e n t s  a n d / o r  m a k e  t h e i r  c y c l i c a l  r e p l a c e m e n t  e a s i e r  

a n d  c h e a p e r  d u r i n g  a n  o v e r a l l  l i f e  c y c l e  o f  50 y e a r s ;  o r  t h e y  

s h o u l d  r e d u c e  t h e  c o s t  o f  t r a c k  m a i n t e n a n c e  b y  i n c r e a s i n g  p r o 

d u c t i v i t y  a n d / o r  q u a l i t y  d u r i n g  t h e  5 0 - y e a r  l i f e  c y c l e .

8 . 3 . 3  CONDITIONS

T a n g e n t  t r a c k  h a s  l a s t e d  a s  l o n g  a s  50 y e a r s  i n  a  f e w  c a s e s  

w i t h  n o  m a j o r  r e p l a c e m e n t  o f  c o m p o n e n t s .  C u r r e n t  i n t e r e s t  

r a t e s  a r e  a b o v e  10%. T h e  c o s t  o f  s e r v i c i n g  t h e  g o v e r n m e n t  

d e b t  i s  o v e r  10%. A l t h o u g h  l o w e r  i n t e r e s t  i s  p a i d  o n  t a x -  

s h e l t e r e d -  b o n d s  , t h e r e  a r e  h i d d e n  c o s t s  t o  t h e  g o v e r n m e n t  

i n  c o n n e c t i o n  w i t h  s u c h  b o n d s .  H i g h  i n t e r e s t  r a t e s  t e n d  t o  

f a v o r  t h e  i n c r e a s e  o f  r o u t i n e  m a i n t e n a n c e  a n d  f r e q u e n t  r e 

p l a c e m e n t  o f  c h e a p  c o m p o n e n t s  i n  o r d e r  t o  a v o i d  o r  d e f e r  

a d d i t i o n a l  i n v e s t m e n t .  On t h e  o t h e r  h a n d ,  l o w e r  i n t e r e s t  

r a t e s  t e n d  t o  f a v o r  i n c r e a s e s  i n  c a p i t a l  i n v e s t m e n t s  a n d  

e x p e n d i t u r e s  w h i c h  w i l l  i m p r o v e  m a i n t e n a n c e  p r o d u c t i v i t y /  

q u a l i t y ,  s o  a s  t o  r e d u c e  a n n u a l  m a i n t e n a n c e  c o s t s .

A c t i o n s  t o  i n c r e a s e  t h e  o v e r a l l  e f f i c i e n c y  o f  t r a c k  m a i n t e n 

a n c e  a r e  g e n e r a l l y  f a v o r a b l e  a t  a n y  l e v e l  o f  i n t e r e s t .  The  

p r e s e n t  v a l u e  o f  f u t u r e  s a v i n g s  t o  b e  o b t a i n e d  b y  i m p r o v i n g  

m a i n t e n a n c e  i s  g r e a t e r  a t  l o w  i n t e r e s t  t h a n  i t  w o u l d  b e  a t  

h i g h  i n t e r e s t .
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8 . 3 . 4  ASSUMPTIONS

C o s t s  ( o f  l a b o r ,  m a t e r i a l s  a n d  e q u i p m e n t )  a n d  i n c o m e  w i l l  

t e n d  t o  r i s e  a t  t h e  sam e  r a t e .  T h i s  b r o a d  a s s u m p t i o n  p e r m i t s  

t h e  o m i s s i o n  o f  t h e  c o m p l i c a t e d  e f f e c t s  o f  i n f l a t i o n  f r o m  t h e  

c a l c u l a t i o n s  a n d  m a k e s  c o m p a r i s o n s  e a s i e r .  E n e r g y  c o s t s  a r e  

a  m a j o r  e x c e p t i o n  t o  t h i s  g e n e r a l i z a t i o n ;  b u t ,  i f  t h e y  c o n 

t i n u e  t o  r i s e  a t  a b o v e  a v e r a g e  r a t e s ,  t h e  e f f e c t  w i l l  t e n d  

t o  i n c r e a s e  t h e  v a l u e s  o f  s a v i n g s  i n  w o r k  a n d  m a t e r i a l s .

S i m p l i f i e d  a n a l y s e s  w i t h  i n t e r e s t  c o m p o u n d e d  a n n u a l l y  a r e  

a d e q u a t e ,  s i n c e  c o s t ’s  u s e d  a r e  b r o a d ,  n a t i o n w i d e  a p p r o x i m a 

t i o n s  r a t h e r  t h a n  t h e  p r e c i s e  c o s t  e s t i m a t e s  t h a t  w o u l d  b e  

d e v e l o p e d  i n  p l a n n i n g  a p r o j e c t  a t  a  s p e c i f i c  l o c a t i o n  a n d  

d e f i n i t e  t i m e .  T h i s  s i m p l i f i c a t i o n  i n c l u d e s  t h e  a s s u m p t i o n  

t h a t  c a s h  f l o w  w i l l  b e  u n i f o r m  y e a r - e n d  c a s h ,  f l o w  e a c h  y e a r .

8 . 3 . 5  TASKS

T h e  c o s t  a n a l y s e s  o f  i n d i v i d u a l  t a s k s  t h a t  a r e  r e c o m m e n d e d  

f o r  f u n d i n g  a r e  p r o v i d e d  i n  A p p e n d i x  B .  R e v i e w  o f  t h e s e  

a n a l y s e s  s h o w s  t h a t ,  f o r  a n  i m p r o v e m e n t  t o  b e  b e n e f i c i a l ,  

i t  w o u l d  h a v e  t o  i n c r e a s e  t r a c k  s a f e t y  a n d / o r  r i d e  q u a l i t y ,  

r e d u c e  c o n s t r u c t i o n  c o s t s  o r  r e d u c e  m a i n t e n a n c e  c o s t s .  ( T h e r e  

w e r e  no  i n d i c a t i o n s  t h a t  a n y  o f  t h e  p r o p o s e d  t a s k s  c o u l d  

d i r e c t l y  r e d u c e  o p e r a t i n g  c o s t s ) .

P o t e n t i a l  i m p r o v e m e n t s  i n  t r a c k  s a f e t y  a n d  r i d e  q u a l i t y  

( i n c l u d i n g  n o i s e  r e d u c t i o n )  c a n n o t  b e  q u a n t i f i e d  e a s i l y ,  b u t  

t h e y  a r e  c o n s i d e r e d  v e r y  i m p o r t a n t  t o  t h e  o v e r a l l  p e r f o r m a n c e  

a n d  f i n a n c i a l  s t r e n g t h  o f  t r a n s i t  p r o p e r t i e s  b e c a u s e  o f  t h e i r  

c l o s e  r e l a t i o n  t o  p a s s e n g e r  s a t i s f a c t i o n  a n d  p u b l i c  s u p p o r t .

The changes made to improve a track component or its mainten
ance as a result of research and tests will not adversely
affect other track maintenance or operating costs.
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Many i n f o r m a l  c o m m e n ts  t o  t h i s  e f f e c t  w e r e  m a d e  b y  r e p r e s e n 

t a t i v e s  o f  t h e  t r a n s i t  i n d u s t r y  d u r i n g  d i s c u s s i o n s  o f  t h e  

c u r r e n t  p r o j e c t  a n d  i n  r e p l y  t o  q u e s t i o n s  p r e s e n t e d  a t  t h e  

T r a n s i t  T r a c k  S e m i n a r  h e l d  i n  New Y o r k  C i t y ,  A p r i l  1 9 7 9 .

R e d u c t i o n s  i n  c o n s t r u c t i o n  c o s t  come a t  t h e  b e g i n n i n g  o f  a 

t r a c k ' s  l i f e  c y c l e .  T h e y  h a v e  f u l l  v a l u e  a n d  a m o u n t  t o  

r e d u c t i o n s  i n  i n v e s t m e n t ,  a s  t h e y  do  n o t  h a v e  t o  b e  d i s 

c o u n t e d  t o  p r e s e n t  v a l u e  i n  t h e  w ay  t h a t  e s t i m a t e d  f u t u r e  

s a v i n g s  m u s t  b e  d i s c o u n t e d .  T h u s  t h e y  a r e  p a r t i c u l a r l y  

s i g n i f i c a n t  w hen  i n t e r e s t  r a t e s  a r e  h i g h .  I n  a d d i t i o n ,  some 

r e d u c t i o n s  i n  c o n s t r u c t i o n  c o s t s  c a n  b e  e x p e c t e d  t o  r e p e a t  

w hen  s i m i l a r  c o n s t r u c t i o n  i s  p e r f o r m e d  i n  t h e  f u t u r e .  U n

f o r t u n a t e l y  f e w  o p p o r t u n i t i e s  w e r e  f o u n d  d u r i n g  t h e  p r o j e c t  

f o r  r e d u c t i o n s  i n  c o n s t r u c t i o n  c o s t s .  W h i l e  t h e s e  o p p o r t u 

n i t i e s  c e r t a i n l y  e x i s t ,  f i n d i n g  a n d  d e f i n i n g  t h e m  w o u l d  t a k e  

i n t e n s i v e  e f f o r t s  d u r i n g  t h e  c o u r s e  o f  d e s i g n  a n d  c o n s t r u c t i o n  

o f  a t r a c k  s y s t e m ,  s u c h  a s  t h o s e  m a de  i n  a v a l u e  e n g i n e e r i n g  

s t u d y .

R e d u c t i o n s  i n  m a i n t e n a n c e  c o s t s  o b t a i n e d  b y  a n  i m p r o v e d  t r a c k  

c o m p o n e n t  o r  i m p r o v e d  m e t h o d s  a r e  u s u a l l y  r e p e a t e d  y e a r  a f t e r  

y e a r  t h r o u g h o u t  t h e  l i f e  c y c l e  o f  t h e  t r a c k ,  a n d  t h e  p r e s e n t  

v a l u e  o f  t h e  r e p e t i t i v e  s a v i n g s  i s  much h i g h e r  t h a n  t h e  i n i t i a l  

s a v i n g s  a t  t h e  t i m e  t h e  c h a n g e  i s  m a d e .  An i n c r e a s e  i n  

t r a c k  d u r a b i l i t y  i s  e q u i v a l e n t  t o  a  d e c r e a s e  i n  m a i n t e n a n c e  

c o s t s ;  b u t  t h e  e f f e c t s  w i l l  u s u a l l y  b e  d e f e r r e d  f o r  a  l o n g  

t i m e ,  a n d  t h e i r  p r e s e n t  v a l u e  w i l l  b e  v e r y  l o w  b e c a u s e  o f  

c u r r e n t  h i g h  i n t e r e s t  r a t e s .  H i g h  i n t e r e s t  r a t e s  a r e  n o t  

e x p e c t e d  t o  d e c r e a s e  i n  t h e  f o r e s e e a b l e  f u t u r e ,  u n l e s s  a 

l o n g  r e c e s s i o n  o c c u r s ,  b e c a u s e  t h e  a d d i t i o n a l  t a x  a d v a n t a g e s  

r e c e n t l y  g i v e n  t o  s p e c u l a t i v e  i n v e s t m e n t s  w i l l  t e n d  t o  d r i v e  

i n t e r e s t  r a t e s  h i g h e r  a s  s i m i l a r  i n c e n t i v e s  h a v e  a l r e a d y  d o n e  

i n  o t h e r  c o u n t r i e s .
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B e c a u s e  o f  t h e  h i g h ,  r e p e t i t i v e  c o s t  o f  t r a c k  m a i n t e n a n c e ,  

e s t i m a t e d  a t  m o r e  t h a n  $60 m i l l i o n  p e r  y e a r  t h r o u g h o u t  t h e  

5 0 - y e a r  l i f e  c y c l e  o f  t h e  t r a c k ,  t h e  a c c u m u l a t e d  s a v i n g s  o r  

c o s t  r e d u c t i o n s  t h a t  r e s u l t  f r o m  e v e n  a s m a l l  m a i n t e n a c e  

i m p r o v e m e n t  w i l l  b e  v e r y  l a r g e .  F o r  t h i s  r e a s o n ,  t h e  h i g h 

e s t  v a l u e  t a s k  w as  f o u n d  t o  b e  i n d u s t r i a l  e n g i n e e r i n g  s u p p o r t ,  

c o n t i n u e d  o v e r  a  p e r i o d . o f  a t  l e a s t  f i v e  y e a r s .  I t  w i l l  

f a c i l i t a t e  t h e  w i d e  u s e  o f  t h e  35 f a v o r a b l e  m a i n t e n a n c e  

p r a c t i c e s  l i s t e d  i n  A p p e n d i x  A . 2 . 2 . 4  a n d  o t h e r  a v a i l a b l e  

t e c h n o l o g y  t h a t  w i l l  b e  b e n e f i c i a l  t o  t h e  t r a n s i t  p r o p e r t i e s .  

T h e  f u l l  b e n e f i t s  o f  t h e  i n d u s t r i a l  e n g i n e e r i n g  s u p p o r t  t a s k  

w i l l  n o t  b e  r e a l i z e d  u n t i l  a f t e r  f i v e  y e a r s  o f  c o n t i n u i n g  

e f f o r t ;  b u t ,  a f t e r  t h e  f i r s t  s i x  m o n t h s ,  t h e  s t r e a m  o f  

b e n e f i t s  s h o u l d  b e  c o n t i n u o u s .  T h e  t o t a l  w as  e s t i m a t e d  t o  

b e  a  c o n t i n u i n g  i m p r o v e m e n t  o f  9% i n  t h e  e f f e c t i v e n e s s  o f  

t r a c k  m a i n t e n a n c e  w h i c h  h a s  a  p r e s e n t  v a l u e  o v e r  $30  m i l l i o n  

w h e n  d i s c o u n t e d  a t  10% i n t e r e s t .

T h i s  h i g h  v a l u e  t a s k  w i l l  r e q u i r e  c a r e f u l  i n v e s t i g a t i o n  o f  

l o c a l  c o n d i t i o n s  a n d  t h e  m o d i f i c a t i o n  o f  f a v o r a b l e  p r a c t i c e s  

t o  s u i t  t h e m ,  f o l l o w - t h r o u g h  a c t i o n s  t o  g i v e  f i r m  s u p p o r t  t o  

t h e  t r i a l  a p p l i c a t i o n s  o f  new m e t h o d s ,  f u r t h e r  a d j u s t m e n t s ,  

f o l l o w - u p  v i s i t s ,  a n d  v a l i d a t i o n  o f  i m p r o v e m e n t s .  I t  c a n  b e  

a c h i e v e d  o n l y  b y  a n  i n d u s t r i a l  e n g i n e e r i n g  t e a m  t h a t  i n c r e a s e s  

i t s  k n o w l e d g e  a n d  s k i l l  a s  t h e  t a s k  p r o g r e s s e s ,  b y  c o m p a r i n g ,  

t h e  c o s t - e f f e c t i v e n e s s  o f  t r a c k  m a i n t e n a n c e  p r a c t i c e s  i n  

s e v e r a l  t r a n s i t  s y s t e m s .  P r o v i d i n g  i n d u s t r i a l  e n g i n e e r  

s t a f f s  a t  e a c h  o f  t h e  t r a n s i t  p r o p e r t i e s  w o u l d  n o t  b e  a s  

e f f e c t i v e  a s  p r o v i d i n g  c o n t i n u i n g  c e n t r a l  s u p p o r t ,  b e c a u s e  

t h e  e l e m e n t s  o f  c o n s i s t e n c y  a n d  c o m p a r i s o n  w o u l d  b e  l o s t .

T h e  35 f a v o r a b l e  m a i n t e n a n c e  p r a c t i c e s  l i s t e d  i n  A p p e n d i x  

A . 2 . 2 . 4  a s  i n  l i m i t e d  u s e  a n d  s e v e r a l  o t h e r s  w e r e  n o t  a n a l y z e d  

s e p a r a t e l y  b u t  w e r e  c o n s i d e r e d  i n  t h e  a n a l y s i s  o f  t h e

117



i n d u s t r i a l  e n g i n e e r i n g  s u p p o r t  t a s k .  E a c h  o f  t h e  35 f a v o r a b l e  

q u a l i t y  o f  t r a c k  m a i n t e n a n c e  a t  d i f f e r e n t  p r o p e r t i e s ,  b u t  

e a c h  w o u l d  c o n t r i b u t e  t o  t h e  e s t i m a t e d  o v e r a l l  i m p r o v e m e n t  

o f  9 % i n  m a i n t e n a n c e  e f f e c t i v e n e s s .

T h e  m o s t  f a v o r a b l e  t a s k  t h a t  w a s  i d e n t i f i e d  i n  t h e  d e s i g n  a n d  

c o n s t r u c t i o n  a r e a s  w a s  t h e  i n v e s t i g a t i o n  o f  s t r e s s e s  i n  CWR 

o n  e l e v a t e d  s t r u c t u r e s .  I t  h a s  a  h i g h  e s t i m a t e d  v a l u e  b e c a u s e  

i t  w o u l d  p e r m i t  t h e  c o n v e r s i o n  o f  b o l t e d  r a i l  t o  CWR o n  o p e n -  

d e c k  e l e v a t e d  s t r u c t u r e s  a n d  t h u s  l e a d  t o  r e p e t i t i v e  s a v i n g s  

i n  f u t u r e  t r a c k  m a i n t e n a n c e .  T h e  d e s i g n - r e l a t e d  t a s k  n e x t  

i n  v a l u e  ( a  s t u d y  o f  c o m m u n i c a t i o n s  b e t w e e n  p l a n n e r s ,  d e s i g n e r s ,  

c o n t r a c t o r s  a n d  m a i n t e n a n c e  e n g i n e e r s )  w o u l d  a f f e c t  t h e  c o n 

s t r u c t i o n  o f  new t r a c k  b u t  w o u l d  h a v e  a p r e s e n t  v a l u e  o f  

a b o u t  $ 7 0 0 , 0 0 0  m a i n l y  b e c a u s e  o f  e s t i m a t e d  s a v i n g s  i n  f u t u r e  

t r a c k  m a i n t e n a n c e .
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9 .  CONCLUSIONS AND RECOMMENDATIONS

9 . 1  CONCLUSIONS

9 . 1 . 1  TASK IMPORTANCE

T h e  r e v i e w s  b y  m e m b e r s  o f  t h e  D e s i g n  a n d  C o n s t r u c t i o n  W o r k s h o p  

a n d  t h e  M a i n t e n a n c e  W o r k s h o p  p r o v i d e d  v e r y  e f f e c t i v e  s c r e e n i n g  

o f  t h e  p o t e n t i a l  r e s e a r c h  a n d  s u p p o r t  t a s k s  r e c o r d e d  i n  A p p e n 

d i x  A. T h e  s e l e c t i o n  o f  t a s k s  f o r  a n a l y s i s  s h o u l d  b e  b a s e d  

p r i m a r i l y  o n  t h e s e  r e v i e w s .  T h e  t a s k s  t h a t  w e r e  a p p r o v e d  

o r  a d d e d  i n  t h e  w o r k s h o p  a r e  l i s t e d  a n d  n u m b e r e d  i n  T a b l e  9 ,  

p a g e  1 0 7 .

S e v e r a l  p o t e n t i a l  i m p r o v e m e n t s  s u g g e s t e d  i n  d e s i g n  a n d  c o n 

s t r u c t i o n  w e r e  a g r e e d  t o  b e  o f  l i t t l e  v a l u e  d u r i n g  t h e  r e v i e w .  

T h e s e  i t e m s  s h o u l d  n o t  b e  c o n s i d e r e d  f u r t h e r .  T h e y  a r e  d i s 

c u s s e d  i n  A p p e n d i x  A . 2 . 1 . 1  a n d  A . 2 . 1 . 2 ,  b u t  a r e  n o t  l i s t e d  a s  

p r o p o s e d  t a s k s  i n  T a b l e  9 ,  p a g e  1 0 7 .

F i v e  o f  t h e  s i x  c a n d i d a t e  t a s k s  t h a t  w e r e  f o u n d  t o  b e  w o r t h  

f u r t h e r  s t u d y  d u r i n g  t h e  d e s i g n  a n d  c o n s t r u c t i o n  r e v i e w  ( t a s k s  

1 t h r o u g h  5 i n  T a b l e .  9 a n d  A p p e n d i x  A . 2 . 1 . 1  a n d  A . 2 . 1 . 2 ) ,  

s h o u l d  b e  c o n s i d e r e d  f o r  f u n d i n g .  T a s k  6 ,  a  s t u d y  o f  c o n 

t i n u o u s - m a i n - r a i l  f r o g s ,  s h o u l d  b e  d e f e r r e d  u n t i l  r e s u l t s  a r e  

a v a i l a b l e  f r o m  a s t u d y  b y  MBTA t h a t  i s  now u n d e r w a y .

Two o f  t h e  t e n  a d d i t i o n a l  t a s k s  s u g g e s t e d  b y  m e m b e r s  o f  t h e  

D e s i g n  a n d  C o n s t r u c t i o n  W o r k s h o p  ( A p p e n d i x  A . 2 . 3 . 1 ,  t a s k s  7 

t h r o u g h  16 i n  T a b l e  9)  s h o u l d  b e  c o n s i d e r e d  f o r  f u n d i n g .

T h e s e  a r e :  t a s k  7 ,  a  s t u d y  o f  w e a t h e r - r e l a t e d  p r o b l e m s ,  a n d

t a s k  1 3 ,  d e v e l o p m e n t  o f  a  r a i l - b r e a k  d e t e c t i o n  s y s t e m .  The  

o t h e r  t a s k s  ( 8 ,  9 ,  10', 1 1 ,  1 2 ,  1 4 ,  15 a n d  1 6 )  s h o u l d  b e  d r o p p e d  

f r o m  f u r t h e r  c o n s i d e r a t i o n  a t  t h i s  t i m e .  As d i s c u s s e d  i n  

S e c t i o n  8 . 2 . 2 ,  t h e y  a r e  i n c l u d e d  i n  o t h e r  t a s k s ,  o r  i n v o l v e  

r e s e a r c h  t h a t  i s  g e n e r a l l y  f u n d e d  b y  a n o t h e r  a g e n c y ,  o r  c o v e r  

i n f o r m a t i o n  t h a t  i s  a l r e a d y  a v a i l a b l e .

119



S e v e n  t a s k s  (17  t h r o u g h  23 i n  T a b l e  9)  p r o p o s e d  f o r  i m p r o v e 

m e n t s  w i t h  c u r r e n t  t e c h n o l o g y ,  w e r e  a p p r o v e d  i n  t h e  M a i n t e n 

a n c e  W o r k s h o p ,  a s  n o t e d  i n  A p p e n d i x  A . 2 . 2 . 1 .  T h r e e  o f  t h e s e  

s h o u l d  b e  c o n s i d e r e d  f o r  f u r i d i n g :  t a s k  1 7 ,  I n d u s t r i a l

E n g i n e e r i n g  S u p p o r t ;  t a s k  2 1 ,  T r a c k  I n s p e c t i o n  T e c h n i q u e s ;  
a n d  t a s k  2 2 ,  T r a i n i n g  S u p p o r t .  T h e  i n d u s t r i a l  e n g i n e e r i n g  

s u p p o r t  t a s k  s h o u l d  b e  h a n d l e d  o n  a n  i n d i v i d u a l  p r o p e r t y  

b a s i s ,  a s  r e c o m m e n d e d  d u r i n g  t h e  r e v i e w ;  b u t  i t  s h o u l d  b e  

h a n d l e d  b y  o n e ,  h i g h l y  s k i l l e d  i n d u s t r i a l  e n g i n e e r i n g  t e a m  

t h a t  w i l l  n o t  m i s s  a n y  o f  t h e  e x p e r i e n c e  t o  b e  g a i n e d  a t  t h e  

d i f f e r e n t  p r o p e r t i e s .

A c t i o n  s h o u l d  b e  d e f e r r e d  o n  o n e  o f  t h e  a p p r o v e d  t a s k s ,  n u m 

b e r  20 i n  T a b l e  9 ,  G u i d e l i n e s  f o r  T r a n s i t  T r a c k  S y s t e m s ,  

u n t i l  i n f o r m a t i o n  i s  a v a i l a b l e  f r o m  o t h e r  s t u d i e s  t h a t  a r e  

u n d e r w a y  o n  r e l a t e d  s u b j e c t s .

Two o f  t h e  a p p r o v e d  t a s k s ,  n u m b e r  18 G u i d a n c e  o n  M a i n t e n 

a n c e  M a n a g e m e n t ,  a n d  n u m b e r  1 9 ,  O p t i o n a l  S t a n d a r d  I n s p e c t i o n  

a n d  M a i n t e n a n c e  R e p o r t  F o r m s ,  s h o u l d  b e  i n c l u d e d  i n  t a s k  1 7 ,  

I n d u s t r i a l  E n g i n e e r i n g  S u p p o r t .  T h e  r e m a i n i n g  a p p r o v e d  t a s k ,  

n u m b e r  2 3 ,  S u p p o r t  o f  D e m o n s t r a t i o n  P r o j e c t s ,  i s  a l r e a d y  

b e i n g  h a n d l e d  o n  a c a s e - t o - c a s e  b a s i s .

T e n  p r o p o s e d  t a s k s  t h a t  r e q u i r e  r e s e a r c h  o r  i n v e s t i g a t i o n  

w e r e  a p p r o v e d  a n d  a s s i g n e d  p r i o r i t i e s  d u r i n g  t h e  m a i n t e n a n c e  

r e v i e w s ,  a s  n o t e d  i n  A p p e n d i x  A . 2 . 2 . 2 .  T h e s e  t a s k s  ( n u m b e r s  

24 t h r o u g h  29 a n d  31 t h r o u g h  3 4 )  s h o u l d  b e  c o n s i d e r e d  f o r  

f u n d i n g .

T h r e e  t a s k s  w e r e  p r o p o s e d  b y  t h e  m e m b e r s  o f  t h e  M a i n t e n a n c e  

W o r k s h o p ,  a s  l i s t e d  u n d e r  A p p e n d i x  A . 2 . 2 . 3 .  T h e s e  a r e  t a s k s  

3 5 ,  36 a n d  37 f o r  r a i l  w e l d i n g  p r o c e s s e s ,  s w i t c h  m a i n t e n a n c e  

a n d  r e h a b i l i t a t i o n ,  a n d  s w i t c h  h e a t e r  i n s t a l l a t i o n .
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Much t e c h n o l o g y  h a s  b e e n  d e v e l o p e d  c o n c e r n i n g  e a c h  o f  t h e s e  

s u b j e c t s  a s  d i s c u s s e d  b r i e f l y  i n  S e c t i o n  8 . 2 . 3 .  I n f o r m a t i o n  

o n  t h e s e  t h r e e  s u b j e c t s  s h o u l d  b e  r e v i e w e d  a n d  made  a v a i l a b l e  

t o  t h e  t r a n s i t  p r o p e r t i e s  u n d e r  t a s k  17 f o r  i n d u s t r i a l  e n g i n e 

e r i n g  s u p p o r t ,  b e f o r e  f u r t h e r  s t u d i e s  a r e  p l a n n e d .

T h i r t y - f i v e  f a v o r a b l e  m a i n t e n a n c e  p r a c t i c e s  t h a t  a r e  i n  v e r y  

l i m i t e d  u s e  w e r e  d i s c u s s e d  a n d  a p p r o v e d  d u r i n g  t h e  m a i n t e n 

a n c e  r e v i e w  w i t h  some q u a l i f y i n g  c o m m e n ts  a s  n o t e d  i n  A p p e n d i x  

A. 2 . 2 . 4 .  W i d e r  u s e  o f  t h e s e  f a v o r a b l e  p r a c t i c e s  s h o u l d  b e  

e n c o u r a g e d  u n d e r  t a s k  17 f o r  i n d u s t r i a l  e n g i n e e r i n g  s u p p o r t .

9 . 1 . 2  TASK VALUE

T h e  d a t a  u s e d  i n  t h e  a n a l y s e s  o f  t h e  c a n d i d a t e  t a s k s  i n  A p p e n 

d i x  B a r e  a p p r o x i m a t e  b u t  a d e q u a t e  f o r  s o u n d  d e c i s i o n s  on  t h e  

r e l a t i v e  c o s t - e f f e c t i v e n e s s  o f  o p t i o n s  t h a t  a r e  a v a i l a b l e  f o r  

t h e  i m p r o v e m e n t  o f  t r a n s i t  t r a c k .  The  d a t a  g e n e r a l l y  a r e  

w e l l  w i t h i n  t h e  r a n g e  o f  a v a i l a b l e  p r e d i c t i o n s  o f  f u t u r e  

c o n d i t i o n s  t h a t  w i l l  a f f e c t  c o s t s  a n d  b e n e f i t s .  C o n d i t i o n s  

i n  t h e  m i d - t e r m  f u t u r e  (5 t o  15 y e a r s  f r o m  now)  w i l l  h a v e  

l a r g e  i m p a c t s  o n  t h e  e s t i m a t e d  b e n e f i t s  f r o m  m o s t  o f  t h e  

t a s k s  t h a t  c o u l d  b e  i m p l e m e n t e d ,  a n d  p r e d i c t i o n s  o f  c o n d i 

t i o n s  i n  t h a t  p e r i o d  c a n n o t  b e  e x p e c t e d  t o  b e  b e t t e r  t h a n  ±20

T h e  a n a l y s e s  i n  A p p e n d i x  B a r e  c o n s i d e r e d  v a l i d ,  a n d  t h e  c a n d i  

d a t e  t a s k s  s h o u l d  b e  r a n k e d  a c c o r d i n g  t o  t h e i r  r e l a t i v e  b e n e 

f i t s  o v e r  t h e  l i f e  c y c l e  o f  t h e  t r a c k ,  d i s c o u n t e d  t o  t h e i r  

p r e s e n t  v a l u e .  C o n s i d e r a t i o n  s h o u l d  a l s o  b e  g i v e n  t o  t h e i r  

r e l a t i v e  i m p o r t a n c e  ( u r g e n c y )  a s  d i s c u s s e d  i n  p a r a g r a p h  9 . 1 . 1  

a n d  A p p e n d i x  A ,  a n d  t o  t h e  s e q u e n c e  a n d  l e v e l  o f  e f f o r t  a t  

w h i c h  t h e  t a s k s  c a n  b e  a c c o m p l i s h e d  m o s t  e f f e c t i v e l y .

9 . 1 . 3  PROGRAM IMPLEMENTATION PLAN

No tasks were found that could produce immediate results,
although a considerable volume of technology was found
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a v a i l a b l e  i n  t h e  U . S .  a n d  o v e r s e a s  t h a t  c o u l d  b e n e f i t  t r a n s i t  

t r a c k .  The  m o s t  e f f e c t i v e  t a s k  i n  t h i s  r e s p e c t  w o u l d  b e  

n u m b e r  1 7 ,  t o  p r o v i d e  h i g h l y  s k i l l e d  i n d u s t r i a l  e n g i n e e r i n g  

s u p p o r t .  T h i s  w o u l d  a s s i s t  M/W s u p e r i n t e n d e n t s  ( a l r e a d y  v e r y  

b u s y  w i t h  r e g u l a r  m a i n t e n a n c e  a n d  i r r e g u l a r  p r o b l e m s  t h a t  

o c c u r  f r e q u e n t l y )  t o  e v a l u a t e  a n d  a d a p t  f a v o r a b l e  t e c h n o l o g y  

t o  t h e  s p e c i a l  n e e d s  o f  t h e i r  t r a n s i t  s y s t e m s .  P h a s e  I o f  

t h i s  t a s k  i s  s how n  a s  t h e  f i r s t  i t e m  i n  T a b l e  1 0 ,  T r a n s i t  

T r a c k  R£jD T a s k  E s t i m a t e s .  I t  s h o u l d  b e g i n  t o  p r o d u c e  some 

b e n e f i c i a l  r e s u l t s  w i t h i n  s i x  m o n t h s  a n d  a t  a n  i n c r e a s i n g  

r a t e  t h e r e a f t e r ,  u n t i l  i t  h a s  d r a i n e d  t h e  p o o l  o f  t e c h n o l o g 

i c a l  i m p r o v e m e n t s  t h a t  a r e  c u r r e n t l y  a v a i l a b l e .

S e v e r a l  o t h e r  t a s k s  t h a t  w e r e  d i s c u s s e d  s h o u l d  b e g i n  t o  p r o 

d u c e  b e n e f i c i a l  r e s u l t s  w i t h i n  a  y e a r  o f  t h e  t i m e  t h e y  a r e  

s t a r t e d .  M o s t  o f  t h e  t a s k s  w i l l  t a k e  l o n g e r  p e r i o d s  t o  p r o 

d u c e  r e s u l t s  a s  i n d i c a t e d  i n  T a b l e  10 w h i c h  l i s t s  a l l  o f  t h e  

t a s k s  t h a t  w e r e  e v a l u a t e d .  O b t a i n i n g  r e s u l t s  f r o m  many 

r e s e a r c h  a n d  s u p p o r t  t a s k s  i n  t h e  b r i e f  p e r i o d s  i n d i c a t e d  

i n  T a b l e  10 i s  v e r y  u n u s u a l .  I f  t h e  t a s k s  a r e  p u r s u e d  v i g o r 

o u s l y ,  i t  w i l l  o c c u r  i n  t h i s  c a s e  b e c a u s e  o f  a l l  t h e  t a s k s  

b u i l d  o n  t h e  u s e  o f  p r o v e n  t e c h n o l o g y  a n d  t h e  a p p l i c a t i o n  

o f  r e s e a r c h  p r o d u c t s  t h a t  h a v e  a l r e a d y  b e e n  u s e d  e f f e c t i v e l y  

i n  o t h e r  w o r k .

Two t a s k s  h a v e  b e e n  o m i t t d d  f r o m  T a b l e  10 b e c a u s e  i n f o r m a t i o n  

was  n o t  a v a i l a b l e  t o  s u p p o r t  e s t i m a t e s  o f  t h e i r  c o s t s  o r  

a n a l y s i s  o f  t h e i r  p r o b a b l e  b e n e f i t s .  T h e s e  t a s k s  a r e  T r a i n 

i n g  S u p p o r t ,  P h a s e  I I ,  a n d  W e a t h e r  D am age ,  C o n t r o l  a n d  R e c o v e r y ,  

P h a s e  I I .

T a s k  25 on t r a c k  a v a i l a b i l i t y  f o r  m a i n t e n a n c e  w as  g i v e n  f i r s t  

p r i o r i t y ,  i n s t e a d  o f  p r i o r i t y  3 a s  r e c o m m e n d e d  i n  t h e  w o r k s h o p ,  

b e c a u s e  o f  t h e  e s t i m a t e d  h i g h  v a l u e  o f  i t s  r e s u l t s .
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TABLE 10. TRANSIT TRACK R§D TASK ESTIMATES*
P r i o r i t i e s

C a t e g o r y T a s k 2

I n t e r i m - - R e s u l t s  w i t h i n  o n e  y e a r

MS** I n d u s t r i a l  E n g i n e e r i n g  S u p p o r t ,  P h a s e  I 250
MS T r a c k  I n s p e c t i o n  M e t h o d s ,  T r a c k w a l k e r s 70
y * A T r a c k  A v a i l a b i l i t y  f o r  M a i n t e n n a c e 100
MS P r o t e c t i v e  F i l t e r  on  E m b a n k m e n t s
T W h e e l  G r i n d i n g  P r a c t i c e s
DS** G u a r d r a i l  E f f e c t i v e n e s s 80
MS T r a i n i n g  S u p p o r t ,  P h a s e  I 30
MS W e a t h e r  D am age ,  C o n t r o l  a n d  R e c o v e r y , 30

P h a s e  I

S h o r t  T e r m - - R e s u l t s  i n  A p p r o x i m a t e l y
Two Y e a r s

MS I n d u s t r i a l  E n g i n e e r i n g  S u p p o r t ,  P h a s e  I I 250
T C o o r d i n a t i o n  o f  D e s i g n  a n d  M a i n t e n a n c e 130
T R i d e  Q u a l i t y  R e c o r d i n g  S y s t e m 90
MS I n - P l a c e  T r e a t m e n t  o f  Wood T i e s 150
DS R a i l  S t r e s s e s ,  E l e v a t e d  S t r u c t u r e s 150
DS W e l d e d  J o i n t s  v s .  B o l t e d  J o i n t s  i n  Curves 90
MS C o r r o s i o n  C o n t r o l 110
MS R a i l  B r e a k  D e t e c t i o n  S y s t e ,  P h a s e  I 100

I n t e r m e d i a t e - - R e s u l t s  i n  2 t o  5 y e a r s

MS I n d u s t r i a l  E n g i n e e r i n g  S u p p o r t ,  P h a s e  I I I 250
MS I n d u s t r i a l  E n g i n e e r i n g  S u p p o r t ,  P h a s e  IV 250
DS P r a c t i c e s  t o  R e d u c e  R a i l  Wear 120
T I n s p e c t i o n  M e t h o d s  § T o o l s ,  I m p r o v e m e n t 120
T M a i n t e n a n c e  Hand  T o o l s ,  I m p r o v e m e n t
MS R a i l  B r e a k  D e t e c t i o n  S y s t e m ,  P h a s e  I I 275
DS A d j u s t m e n t  o f  E l e v a t e d  T r a c k
DS I m p r o v e d  R a i l  f o r  C u r v e s

L o n g  T e r m - - R e s u l t s  a f t e r  5 y e a r s

MS I n d u s t r i a l  E n g i n e e r i n g  S u p p o r t ,  P h a s e  V 250
DS C r i t e r i a  t o  S u p p l e m e n t  AREA S p e c i f i c a t i o n s 170
T M a i n t e n a n c e ,  P o w e r  T o o l  I m p r o v e m e n t
T M a i n t e n a n c e ,  E q u i p m e n t  I m p r o v e m e n t

TOTAL PROGRAM 1 8 4 5 1 2 2 0

* T im e  e s t i m a t e d  f r o m - s t a r t  o f  t a s k  t o  i n i t i a l  r e s u l t s .
C o s t s  e s t i m a t e d  i n  t h o u s a n d s  o f  1979  d o l l a r s .

**DS-design standards, MS-maintenance standards, T-technology

C o s t s“3

25
60

120
180
280

120
120
905
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Some o f  t h e  t a s k s  l i s t e d  i n  T a b l e  10 o v e r l a p  t h e  c a t e g o r i e s  

i n d i c a t e d  f o r  t h e m :  d e s i g n  s t a n d a r d s ,  m a i n t e n a n c e  s t a n d a r d s ,
a n d  t e c h n o l o g y .

9 . 2  RECOMMENDATIONS

T h e  p r o p o s e d  s e q u e n c e  a n d  r e l a t i o n  o f  t h e  t a s k s  r e c o m m e n d e d  

f o r  f u n d i n g  a r e  s h o w n  i n  F i g .  3 7 .  I t  i s  r e c o m m e n d e d  t h a t  t h e  

19 r e s e a r c h  a n d  s u p p o r t  t a s k s  a n d  t a s k  p h a s e s  m a r k e d  ( l )  i n  

F i g .  37 b e  f u n d e d  i n  t h e  f i s c a l  y e a r s  i n d i c a t e d  o n  t h e  f i g u r e .  

T h i s  r e c o m m e n d a t i o n  i s  b a s e d  o n  t h e  s t u d y  o f  t r a c k  c o n d i t i o n s ,  

r e q u i r e m e n t s  a n d  a v a i l a b l e  t e c h n o l o g y  a s  d i s c u s s e d  i n  o t h e r  

s e c t i o n s  o f  t h i s  r e p o r t ,  a n d  t h e  c o m m e n t s  a n d  r e c o m m e n d a t i o n s  

o f  r e p r e s e n t a t i v e s  o f  t h e  t r a n s i t  i n d u s t r y  a s  s u m m a r i z e d  i n  

A p p e n d i x  A. The  19 t a s k s  a n d  t a s k  p h a s e s  h a v e  e s t i m a t e d  b e n e 

f i t s  t h a t  f a r  e x c e e d  t h e i r  e s t i m a t e d  c o s t s  a s  a n a l y z e d  i n  

A p p e n d i x  B.  T h e y  a r e  t h s k  n u m b e r s  2 ,  3 ,  5 ,  1 3 ,  1 7 ,  2 1 ,  2 4 ,

2 5 ,  2 6 ,  2 7 ,  3 1 ,  3 2 ,  33 a n d  34 i n  T a b l e  9 ,  p a g e  1 0 7 .  T a s k  1 3 ,  

R a i l - B r e a k  D e t e c t i o n  S y s t e m ,  h a s  two p h a s e s  a n d  t a s k  1 7 ,  

I n d u s t r i a l  E n g i n e e r i n g  S u p p o r t ,  h a s  f i v e  p h a s e s .

The  f u n d i n g  o f  t h r e e  t a s k s  w h o s e  b e n e f i t s  c o u l d  n o t  b e  e s t i 

m a t e d  a t  t h i s  t i m e  i s  a l s o  r e c o m m e n d e d  b e c a u s e  o f  t h e  i m p o r t a n c e  

o f  t h e s e  t a s k s  f o r  t r a c k  s a f e t y .  T h e s e  t h r e e  t a s k s  ( n u m b e r s  

1 ,  28 a n d  29 i n  T a b l e  9)  a r e  m a r k e d  (2) i n  F i g .  3 7 .

T h r e e  o t h e r  t a s k s  w h o s e  b e n e f i t s  h a v e  n o t  b e e n  e s t i m a t e d  s h o u l d  

a l s o  b e  f u n d e d  a n d  a r e  m a r k e d  ( J )  i n  F i g .  3 7 .  Two o f  t h e m  

( n u m b e r s  7 a n d  22 i n  T a b l e  9 )  a r e  p r e l i m i n a r y  t o  t a s k s  t h a t  

c a n  b e  e x p e c t e d  t o  p r o d u c e  s u b s t a n t i a l  b e n e f i t s .  T h e  t h i r d  

t a s k ,  C r i t e r i a  t o  S u p p l e m e n t  AREA S p e c i f i c a t i o n s ,  i s  n o t  

l i s t e d  i n  T a b l e  9 a s  i t  w a s  i d e n t i f i e d  a f t e r  t h e  T r a n s i t  T r a c k  

S e m i n a r .  I t  i s  c o n s i d e r e d  i m p o r t a n t ,  a s  i t  w i l l  p r o d u c e  s i m p l e  

c r i t e r i a  f o r  t h e  u s e  o f  i n f o r m a t i o n  d e v e l o p e d  u n d e r  s e v e r a l  

o t h e r  t a s k s  a n d  c o l l e c t e d  f r o m  o t h e r  s o u r c e s .
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NOTIiS: Tasks marked (l) » © or © are recommended for funding ns discussed on page 124.The task marked (4) is recommended for reconsideration in 1981 as changes in conditions may. improve its estimated benefit cost ratio.

S e q u e n c e a n d  R e l a t i o n  o f  T a s k s
F i g .  37

i n  T r a n s i t  T r a c k  R$D P r o g r a m  I m p l e m e n t a t i o n  P l a n



T a s k  n u m b e r  4 ,  o n  t h e  i n v e s t i g a t i o n  o f  i m p r o v e d  r a i l  f o r  c u r v e s  

m a r k e d  (4)  o n  F i g .  3 7 ,  h a s  a n  e s t i m a t e d  b e n e f i t  l e s s  t h a n  i t s  

e s t i m a t e d  c o s t .  T h i s  t a s k  s h o u l d  b e  r e c o n s i d e r e d  i n  1 9 8 1 ,  

a s  d e v e l o p m e n t s  i n  m e t a l l u r g y  a n d  t r i b o l o g y  may i n c r e a s e  i t s  
p o t e n t i a l  v a l u e .

Two f o l l o w - o n  t a s k s ,  i d e n t i f i e d  a f t e r  t h e  T r a n s i t  T r a c k  S e m i n a r  

a n d  n o t  l i s t e d  i n  T a b l e  9 ,  h a v e  n o t  b e e n  a n a l y z e d  f o r  b e n e f i t s  

a n d  h a v e  n o t  b e e n  e n t e r e d  o n  F i g .  3 7 .  T h e s e  t a s k s  a r e  t h e  

i m p r o v e m e n t  o f  p o w e r  t o o l s  a n d  i m p r o v e m e n t  o f  e q u i p m e n t  f o r  

t r a c k  m a i n t e n a n c e .  I t  i s  r e c o m m e n d e d  t h a t  t h e s e  t a s k s  b e  c o n 

s i d e r e d  f o r  f u n d i n g  i n  a  l a t e r  p e r i o d ,  i f  a n a l y s e s  ( u s i n g  d a t a  

f r o m  p r e c e d i n g  t a s k s  32 a n d  34 o n  i m p r o v e d  h a n d  t o o l s  f o r  

t r a c k  i n s p e c t i o n  a n d  m a i n t e n a n c e )  sh o w  t h a t  t h e y  w i l l  h a v e  

h i g h  v a l u e  b e n e f i t s .

T a s k  6 ,  o n  c o n t i n u o u s - m a i n r a i l  f r o g s ,  o m i t t e d  f r o m  F i g .  3 7 ,  

s h o u l d  b e  c o n s i d e r e d  w h e n  i n f o r m a t i o n  b e c o m e s  a v a i l a b l e  f r o m  

a  r e l a t e d  s t u d y  b y  MBTA.

T a s k  2 0 ,  o n  g u i d e l i n e s  a n d  r e c o m m e n d e d  p r a c t i c e s  f o r  t r a n s i t  . 

t r a c k  s y s t e m s ,  n o t  i n c l u d e d  i n  F i g .  3 7 ,  s h o u l d  b e  c o n s i d e r e d  

w hen  d a t a  b e c o m e s - a v a i l a b l e  f r o m  r e l a t e d  s t u d i e s  b y  APTA t h a t  

a r e  now u n d e r w a y .

T a s k  35 o n  t r a c k  w e l d i n g ,  t a s k  36 o n  s w i t c h  m a i n t e n a n c e  a n d  
r e h a b i l i t a t i o n ,  a n d  t a s k  37 o n  s w i t c h  h e a t e r  i n s t a l l a t i o n ,  a l l  

o m i t t e d  f r o m  F i g .  3 7 ,  s h o u l d  b e  r e c o n s i d e r e d  a f t e r  t h e  i n f o r 

m a t i o n  a v a i l a b l e  o n  t h e s e  s u b j e c t s  h a s  b e e n  c o l l e c t e d  i n  t h e  

c o u r s e  o f  t h e  i n d u s t r i a l  e n g i n e e r i n g  s u p p o r t  t a s k .

Many o f  t h e  t a s k s  r e c o m m e n d e d  a r e  r e l a t i v e l y  s m a l l  i n  s c o p e  

a n d  e f f o r t ,  a n d  t h e  c o m b i n a t i o n  o f  s u c h  t a s k s  i n t o  l a r g e r  

p r o j e c t s  s h o u l d  b e  c o n s i d e r e d .  T h i s  s h o u l d  h a v e  t h e  e f f e c t
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o f  r e d u c i n g  a d m i n i s t r a t i v e  a n d  t r a v e l  c o s t s  i n  r e l a t i o n  t o  

t h e  c o s t  o f  p r o d u c t i v e  w o r k  a n d  h e l p  e n s u r e  h i g h  q u a l i t y  

r e s u l t s .

Suggested com b i n a t i o n s  of tasks are as follows:

T r a c k  A v a i l a b i l i t y  f o r  M a i n t e n a n c e  
G u a r d r a i l  E f f e c t i v e n e s s

T r a c k  I n s p e c t i o n  M e t h o d s ,  T r a c k w a l k e r s  
R i d e  Q u a l i t y  R e c o r d i n g  S y s t e m  
I n s p e c t i o n  M e t h o d s  a n d  T o o l s ,  I m p r o v e m e n t

W h e e l  G r i n d i n g  P r a c t i c e s
W e l d e d  J o i n t s  v e r s u s  B o l t e d  J o i n t s  i n  C u r v e s  
P r a c t i c e s  t o  R e d u c e  R a i l  Wear

T r a i n i n g  S u p p o r t ,  P h a s e  I
W e a t h e r  D a m a g e ,  C o n t r o l  a n d  R e c o v e r y ,  P h a s e  I 
C o o r d i n a t i o n  o f  D e s i g n  a n d  M a i n t e n a n c e

I n - P l a c e  T r e a t m e n t  o f  Wood T i e s  
R a i l  B r e a k  D e t e c t i o n  S y s t e m ,  P h a s e  I

R a i l  S t r e s s e s ,  E l e v a t e d  S t r u c t u r e s  
A d j u s t m e n t  o f  E l e v a t e d  T r a c k

C o r r o s i o n  C o n t r o l
M a i n t e n a n c e  H a n d  T o o l s ,  I m p r o v e m e n t

T h e  p r o g r a m  p l a n  s h o u l d  b e  r e v i e w e d  w i t h i n  t h r e e  y e a r s ,  s i n c e  

c h a n g i n g  c o n d i t i o n s  w i l l  r e v e a l  a d d i t i o n a l  o p p o r t u n i t i e s  f o r  

i m p r o v e m e n t s  a n d  w i l l  a f f e c t  t h e  v a l u e s  o f  p o t e n t i a l  b e n e f i t s  

f r o m  t a s k s  t h a t  w e r e  c o n s i d e r e d  u n d e r  t h e  c u r r e n t  s t u d y .
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APPENDIX A
SUMMARY OF TRANSIT TRACK SYSTEMS SEMINAR 

NEW YORK CITY 
25 APRIL 1979

A. 1 PRESENTATIONS

The  p r o j e c t  s t a t u s  w a s  r e p o r t e d  b y  t h e  p r i n c i p a l  i n v e s t i g a t o r .

He d i s c u s s e d  t h e  w o r k  b r i e f l y  a n d  p r e s e n t e d  t e n t a t i v e  f i n d i n g s  
a n d  r e c o m m e n d a t i o n s  f o r  r e v i e w  i n  t h e  s e m i n a r  w o r k s h o p .  One 

s e t  o f  t e n t a t i v e  f i n d i n g s  a n d  r e c o m m e n d a t i o n s  c o v e r e d  t r a c k  

d e s i g n  a n d  c o n s t r u c t i o n ,  w h i l e  t h e  s e c o n d  c o v e r e d  t r a c k  m a i n 

t e n a n c e ,  i n c l u d i n g  i n s p e c t i o n .  E a c h  s e t  o f  c o n c l u s i o n s  a n d  

r e c o m m e n d a t i o n s  i n c l u d e d  p o t e n t i a l  i m p r o v e m e n t s  a v a i l a b l e  f r o m  

s t a t e - o f - t h e - a r t  t e c h n o l o g y ,  a n d  i m p r o v e m e n t s  c o n s i d e r e d  a t t a i n 

a b l e  t h r o u g h  f a v o r a b l e  r e s e a r c h  t a s k s .  P a r t i c i p a n t s  i n  t h e  

s e m i n a r  w o r k s h o p s  w e r e  g e n e r a l l y  f a m i l i a r  w i t h  t h e  t e n t a t i v e  

c o n c l u s i o n s  a n d  r e c o m m e n d a t i o n s  a s  a  r e s u l t  o f  d i s c u s s i o n s  a t  

t h e i r  r e s p e c t i v e  t r a n s i t  p r o p e r t i e s ,  t h e i r  w o r k  o n  t h e  P r o j e c t  

L i a i s o n  B o a r d  a n d  i n f o r m a t i o n  t h a t  h a d  b e e n  f o r w a r d e d  t o  t h e m  

i n  p r e p a r a t i o n  f o r  t h e  s e m i n a r .

A r e v i e w  o f  E u r o p e a n  t e c h n o l o g y  w as  p r e s e n t e d  b y  J . A .  Woods o f  

L o n d o n  T r a n s p o r t  I n t e r n a t i o n a l  ( L T I ) ,  who b r i e f l y  d i s c u s s e d  

d i f f e r e n c e s  i n  t r a c k  p r a c t i c e s  a n d  e f f o r t s  t o  i n c r e a s e  t r a c k  

d u r a b i l i t y  a n d  r e d u c e  c o s t s .  T h e  d i s c u s s i o n  w a s  p r i m a r i l y  c o n 

c e r n e d  w i t h  t h e  t r a n s i t  p r o p e r t i e s  o f  f o u r  c i t i e s :  L o n d o n ,

P a r i s ,  H am burg  a n d  S t o c k h o l m .

L o n d o n  T r a n s p o r t  (LT) u s e s  b u l l - h e a d  r a i l  w h i c h  i s  r o l l e d  

w i t h  tw o  s y m m e t r i c a l  h e a d s ,  s o  t h a t  i t  c a n  b e  t u r n e d  o v e r  a n d  

- k e p t  i n  u s e  a f t e r  t h e  t o p  h e a d  h a d  b e e n  w o r n  b e y o n d  s p e c i 

f i e d  l i m i t s .  U n f o r t u n a t e l y  t h e  " c h a i r s ” t h a t  s u p p o r t  t h e  r a i l  

w e a r  g r o o v e s  i n t o  t h e  b o t t o m  h e a d ,  s o  t h a t  i t  i s  n o t  s u i t 

a b l e  f o r  a  r u n n i n g  s u r f a c e .  H o w e v e r  t h e  b u l l - h e a d  r a i l  h a s  

o t h e r  a d v a n t a g e s .  I t s  n a r r o w  w i d t h  p e r m i t s  t h e  i n s t a l l a t i o n  

o f  c h e c k  ( r e s t r a i n i n g )  r a i l s  w i t h o u t  h a v i n g  t o  c r o p  o f f  a
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b o t t o m  f l a n g e ,  a n d  i t s  d e p t h  p l a c e s  c a r  w h e e l s  3 / 4  i n c h  l o w e r  

t h a n  T - r a i l  w o u l d  ( w i t h  t h e  s a m e  s i z e  h e a d  f o r  w e a r  r e s i s t a n c e )  

s o  a s  t o  g i v e  b e t t e r  v e r t i c a l  c l e a r a n c e .  B u l l - h e a d  r a i l  i s  

b e c o m i n g  i n c r e a s i n g l y  c o s t l y  s i n c e  LT i s  now t h e  o n l y  u s e r ,  

a n d  LT p l a n s  t o  c h a n g e  g r a d u a l l y  t o  T - r a i l ,  a s  t h e  b u l l - h e a d  

r a i l  w e a r s  b e y o n d  u s e .

C o n t i n u o u s  w e l d e d  r a i l  (CWR) i s  c o n s i d e r e d  t h e  m o s t  i m p o r t a n t  

d e v e l o p m e n t  o f  t h e  l a s t  30 y e a r s  i n  h e l p i n g  t o  r e d u c e  t r a c k  

c o s t s .  LT w e l d s  6 0 - f o o t  r a i l s  i n t o  3 0 0 - f o o t  l e n g t h s ,  t h e  

l a r g e s t  t h a t  c a n  b e  h a n d l e d  i n  i t s  y a r d s ,  a n d  c o n n e c t s  t h e  

w e l d e d  r a i l s  w i t h  m a c h i n e d  j o i n t  b a r s  a n d  h i g h  s t r e n g t h  b o l t s  

w i t h  no  f i e l d  w e l d i n g .  LT h a d  h a d  f e w  w e l d  f a i l u r e s ,  a n d  

o n l y  o n e  b o l t e d  j o i n t  f a i l u r e  i n  30 y e a r s .  A t  a  f a i l e d  w e l d ,  

t e m p o r a r y  j o i n t  b a r s  a r e  c l a m p e d  o n  t h e  r a i l  p r o m p t l y  a n d  

t h e  j o i n t  i s  r e w e l d e d  l a t e r ,  a s  s o o n  a s  t h e  w o r k  c a n  b e  d o n e  

c o n v e n i e n t l y .  W h i l e  b o l t e d  j o i n t s  a r e  c o n v e n i e n t  f o r  m a i n t e n 

a n c e  w o r k ,  LT i s  i n t e r e s t e d  i n  t h e  p r a c t i c e  t h a t  h a s  d e v e l o p e d  

o n  t h e  C o n t i n e n t  o f  w e l d i n g  a l l  j o i n t s ,  s o  t h a t  t h e  r a i l  i s  

c o n t i n u o u s  t h r o u g h  t u r n o u t s  a n d  c r o s s i n g s .  I n  t r a c k  s y s t e m s  

on  t h e  C o n t i n e n t ,  l e n g t h s  o f  CWR a r e  c o n n e c t e d  w i t h  t h e r m i t e  

w e l d s  e x c e p t  i n  S t o c k h o l m  w h e r e  e l e c t r i c  a r c  w e l d s  a r e  u s e d .  

F ro m  0 t o  30 w e l d  f a i l u r e s  a r e  e x p e c t e d  e a c h  y e a r  on  d i f f e r e n t  

s y s t e m s .

LT e n g i n e e r s  a r e  i n t e r e s t e d  i n  f a s t e n e r s  t h a t  w i l l  p r o v i d e  

l o n g i t u d i n a l  r e s t r a i n t ,  s o  t h a t  r a i l  a n c h o r s  w i l l  n o t  b e  

n e e d e d  w hen  t h e y  c h a n g e  t o  CWR T - r a i l .  The  e l a s t i c  s p i k e s  

t h a t  t h e y  h a v e  t r i e d  do n o t  h o l d  t h e  r a i l  down t i g h t l y .  T h e y  

h a v e  s t u d i e d  many  f a s t e n e r s  d e v e l o p e d  i n  r e c e n t  y e a r s  i n  o r d e r  

t o  o b t a i n  f a s t e n e r s  w i t h  g o o d  t o r s i o n a l  s t r e n g t h  t h a t  w i l l  

h e l p  r e s i s t  t r a c k  b u c k l i n g  f o r c e s ,  a s  w e l l  a s  a d e q u a t e  l o n g i 

t u d i n a l  a n d  l a t e r a l  r e s t r a i n t .  T h e y  h a v e  a v o i d e d  f a s t e n e r s  

w i t h  b o l t s  a n d  o t h e r  t h r e a d e d  c o n n e c t o r s  t h a t  n e e d  r e p e t i t i v e  

o i l i n g ,  t i g h t e n i n g  a n d  c a r e f u l  i n s p e c t i o n .  F a s t e n e r  c l i p s  

t h a t  a r e  d r i v e n  a t  r i g h t  a n g l e s  t o  t h e  r a i l s  c a n n o t  b e  u s e d ,
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b e c a u s e  t h e  w o r k i n g  s p a c e  o n  LT t r a c k  i s  c o n f i n e d  b y  a r e t u r n  

p o w e r  r a i l  i n s t a l l e d  b e t w e e n  t h e  r u n n i n g  r a i l s ,  a s  w e l l  a s  

a  c o n t a c t  r a i l  on  o n e  s i d e .  LT e n g i n e e r s  h a v e  d e c i d e d  t h a t  

t h e  P a n d r o l  c l i p  b e s t  s u i t s  t h e i r  n e e d s .

C h e c k  ( r e s t r a i n i n g )  r a i l s  a r e  u s e d  o n  s h a r p  c u r v e s  o f  t h e  LT 

s y s t e m  a n d  a r e  r e q u i r e d  b y  l a w  o n  c u r v e s  o f  6 6 0 - f o o t  r a d i u s  o r  

l e s s .  LT e n g i n e e r s  a r e  v e r y  i n t e r e s t e d  i n  t h e  e l i m i n a t i o n  o f  

c h e c k  r a i l s  b y  B r i t i s h  R a i l  a n d  o t h e r  s y s t e m s ,  e x c e p t  f o r  g u a r d  

r a i l s  a t  f r o g s  a n d  c r o s s i n g s .  Many e n g i n e e r s  c o n s i d e r  c h e c k  r a i l s  

u n n e c e s s a r y  w h e r e  a l l  c a r s  h a v e  t h e i r  w h e e l s  m o u n t e d  i n  t r u c k s .

R e c e n t l y  LT h a s  d e v e l o p e d  a  t r u c k  w i t h  a m o t o r  on  e a c h  a x l e  

a n d  t h e  p i n t l e  i n  t h e  c e n t e r  t o  r e p l a c e  t h e  o l d  t r u c k  w i t h  a 

h e a v y  m o t o r  o n  o n e  a x l e  a n d  a n  o f f s e t  p i n .  T h i s  new  t r u c k  

h a s  r e d u c e d  n o i s e  a n d  w h e e l  w e a r  a n d  i s  e x p e c t e d  t o  r e d u c e  w e a r  

o f  t h e  r a i l s .  R h e o s t a t i c  b r a k i n g  h a s  b e e n  i n t r o d u c e d  w i t h  g o o d  

r e s u l t s ,  i n c l u d i n g  a r e d u c t i o n  i n  t h e  o i l y  d u s t  f o u n d  o n  t r a c k  

a n d  a n  i n c r e a s e  i n  t h e  i n t e r v a l  b e t w e e n  w h e e l  g r i n d i n g s  f r o m

5 0 . 0 0 0  t o  1 5 0 , 0 0 0  m i l e s .  F o r  t h e  Hamburg,  s y s t e m ,  t h e  w h e e l  

g r i n d i n g  i n t e r v a l  w as  s a i d  t o  h a v e  b e e n  i n c r e a s e d  f r o m  1 5 5 , 0 0 0  t o

3 7 0 . 0 0 0  m i l e s ,  a n d  a p p r o v a l  i s  b e i n g  s o u g h t  t o  l e n g t h e n  i t  t o

4 3 5 . 0 0 0  m i l e s .

LT h a s  b e e n  i n v e s t i g a t i n g  w h e e l - r a i l  n o i s e  a n d  i s  i n t e r e s t e d  

i n  d a m p i n g  t h e  r i n g i n g  o f  t h e  r a i l s .  B e d d i n g  t h e  r a i l s  i n  s a n d  

w i l l  do i t ,  b u t  t h e  s a n d  i n t e r f e r e s  g r e a t l y  w i t h  m a i n t e n a n c e  w o r k .

S t u d i e s  b y  t h e  B r i t i s h  R a i l w a y s  R e s e a r c h  G ro u p  h a v e  s h o w n  t h a t  

a  t o t a l  d e p t h  o f  a l m o s t  f i v e  f e e t  o f  g r a n u l a r  m a t e r i a l  a n d  

b a l l a s t  i s  n e e d e d  on p o o r  s o i l s  t o  a v o i d  i n c r e a s i n g  d e f o r m a 

t i o n  o f  t h e  s u b s o i l  a n d  d e g r a d a t i o n  o f  t h e  t r a c k  u n d e r  t r a f f i c .

T h i  f i n d i n g  i s  s u p p o r t e d  b y  t h e  e x p e r i e n c e  o f  t r a n s i t  s y s t e m s  

o n  t h e  C o n t i n e n t .  T h e y  h a v e  b e e n  a b l e  t o  r e d u c e  t r a c k  r e s u r f a c 

i n g  t o  a p p r o x i m a t e l y  o n c e  i n  t e n  y e a r s  b y  p l a c i n g  a n d  c o m p a c t i n g  
d e e p  l a y e r s  o f  b a l l a s t  a n d  u s i n g  t i e  s p a c i n g s  o f  23 t o  27 i n c h e s .
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S t o c k h o l m ,  u s i n g  a t i e  s p a c i n g  o f  31 i n c h e s  o n  20 i n c h e s  o f  

c o m p a c t e d  b a l l a s t  o n  v e r y  g o o d  s u b s o i l s ,  h a s  a l s o  r e d u c e d  

r e s u r f a c i n g  t o  a b o u t  o n c e  i n  t e n  y e a r s .  LT ,  u s i n g  a  m in im u m  o f  

10 i n c h e s  o f  b a l l a s t  u n d e r  t i e s  a n d  a  t i e  s p a c i n g  o f  31  i n c h e s ,  

r e s u r f a c e s  o n c e  e v e r y  tw o  y e a r s .  C o n c r e t e  t i e s  t e s t e d  o n  LT 

w e r e  s u c c e s s f u l  w h e n  i n s t a l l e d  a t  a  s p a c i n g  o f  31 i n c h e s  b u t  

f a i l e d  a t  a  s p a c i n g  o f  36 i n c h e s ,  p o s s i b l y  b e c a u s e  t h e  t i e  

s p a c i n g ,  c a r  c h a r a c t e r i s t i c s  a n d  s p e e d  r e s u l t e d  i n  r e s o n a n t  

v e r t i c a l  f o r c e s .

A . 2 WORKSHOPS

The  s e m i n a r  p a r t i c i p a n t s  s e p a r a t e d  i n t o  tw o  g r o u p s  t o  r e v i e w  

a n d  d i s c u s s  t h e  t e n t a t i v e  f i n d i n g s  a n d  r e c o m m e n d a t i o n s  d e v e l o p e d  

u n d e r  t h e  c o n t r a c t  a n d  t o  c o n t r i b u t e  t h e  v i e w s  o f  t h e  t r a n s i t  

i n d u s t r y  f o r  t h e  f i n a l  c o n c l u s i o n s  a n d  r e c o m m e n d a t i o n s .

A . 2 . 1  DESIGN CONSTRUCTION WORKSHOP

C h a i r m a n :  E r l a n d  A. T i l l m a n ,  A s s o c i a t e  V i c e  P r e s i d e n t
D a n i e l ,  M ann ,  J o h n s o n  § M e n d e n h a l l

M e m b e r s :

W i l l i a m  A n i d o  
P r i n c i p a l  C i v i l  E n g i n e e r  
M e t r o p o l i t a n  D ade  C o u n t y  

T r a n s p o r t a t i o n  Adm.

K e n n e t h  J .  B e l o v a r a c  
A s s i s t a n t  P r o j e c t  M a n a g e r  
T r a c k  I m p r o v e m e n t  P r o g r a m  
M a s s .  B ay  T r a n s p .  A u t h o r i t y

S t a n l e y  J .  C a r r o l l  
C h i e f ,  T r a n s i t  C i v i l  S e c t i o n  
P h i l a d e l p h i a  D e p a r t m e n t  o f  

P u b l i c  P r o p e r t y

F r a n k  C i h a k
M g r . ,  T e c h n i c a l  P r o g r a m s  
A m e r i c a n  P u b l i c  T r a n s i t  A s s n .

T h o m as  F .  C o n n o l l y ,  J r .
R e s i d e n t  E n g i n e e r
M a s s .  B ay  T r a n s i t  A u t h o r i t y

W i l l i a m  L.  B a r n e s  
P r o j e c t  M a n a g e r  
C h i c a g o  U r b a n  T r a n s p o r t a t i o n  

D i s t r i c t

J o h n  B l e d s o e  
R e s e a r c h  E n g i n e e r  
U n d e r g r o u n d  T e c h n o l o g y  

D e v e l o p m e n t  C o r p .

Homer Chen  
D e s i g n  E n g i n e e r  
W a s h i n g t o n  M e t r o p o l i t a n  A r e a  

T r a n s i t  A u t h o r i t y

R o b e r t  C le m o n s  
P r o j  e c t  M a n a g e r  
B e c h t e l ,  I n c .

R o b e r t  J .  C o n r i g u e  
K a i s e r  T r a n s i t  G ro u p  
T r a c k w o r k  P r o j e c t  E n g i n e e r
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W i l l i a m  J .  C u s t e r ,  J r .  
P r o j e c t  M a n a g e r  
K a i s e r  E n g i n e e r s ,  I n c .

R o b e r t  D. G a r r i s o n  
M a n a g e r ,  C o n s t r u c t i o n  Mgmt.  
T r a n s i t  S y s t e m s  D e v e l o p m e n t

M a r t i n  C. H e a r n e  
C a n a d a i r  S e r v i c e s ,  L t d .

W i l l i a m  J o r d a n  
ENSCO, I n c .

M i c h a e l  M c l n n i s
R e s i d e n t  E n g i n e e r
M a s s .  Bay T r a n s i t  A u t h o r i t y

R o b e r t  H. P r a u s e  
M a n a g e r ,  A p p l i e d  D y n a m i c s  
B a t e l l e  L a b o r a t o r i e s

D o n a l d  S c h o f f
C h i e f  T r a c k w o r k  E n g i n e e r
D a n i e l ,  M ann ,  J o h n s o n  §

M e n d e n h a l l / K a i s e r  E n g i n e e r s

F r a n c i s  H. T.  W a g n e r  
DeLeuw, C a t h e r  § Company

R o n a l d  H. Dunn
P a r s o n s  B r i n c k e r h o f f  C e n t e c ,  I n c .  
E n t e r p r i s e  C e n t e r

T h e o d o r e  C.  H a r d y ,  D i r e c t o r  
P l a n n i n g ,  C o n s t r u c t i o n  § D e v e l o p .  
A l l e g h e n y  C o u n t y  P o r t  A u t h o r i t y

S h e n - Y i  Hu
D e l o n ,  H a m p t o n  § A s s o c i a t e s  

M a r t i n  K o r n s p a n
New Y o r k  C i t y  T r a n s i t  A u t h o r i t y

A .D .  P a r k ,  G e n e r a l  S u p e r i n t e n d e n t  
E n g i n e e r i n g  D e p a r t m e n t  
T o r o n t o  T r a n s i t  C o m m i s s i o n

T .  J a m e s  R u d d ,  D i v i s i o n  M a n a g e r  
T r a n s p o r t a t i o n  § I n s t r u m e n t a t i o n  

S c i e n c e s  D i v i s i o n  
ENSCO, I n c .

H a r r y  T i e t j e n ,  P r o j e c t  M a n a g e r  
M a i n t e n a n c e  o f  Way 
M e t r o p o l i t a n  A t l a n t a

R a p i d  T r a n s i t  A u t h o r i t y

G e o r g e  P .  W i l s o n , P r e s i d e n t  
W i l s o n ,  I h r i g  § A s s o c i a t e s ,  I n c .

A . 2 . 1 . 1  P o t e n t i a l  O p p o r t u n i t i e s  f o r  I m p r o v e m e n t s  w i t h  C u r r e n t  
T e c h n o l o g y

T h e s e  i t e m s  a r e  l i s t e d  i n  t h e  o r d e r  i n  w h i c h  t h e y  w e r e  d i s 

c u s s e d .

1 .  C o n d u c t  v a l u e  e n g i n e e r i n g  r e v i e w s  o f  a l l  d e s i g n s  a s  a n  
e f f o r t  f u n d e d  s e p a r a t e l y  f r o m  t h e  d e s i g n  c o n t r a c t s .

The  m e m b e rs  o f  t h e  c o m m i t t e e  w e r e  v e r y  d i v i d e d  o n  t h i s  t o p i c ,  
a l t h o u g h  a  m a j o r i t y  o p p o s e d  i t .  T h o s e  i n  f a v o r  o f  t h e  t o p i c  
f e l t  t h a t  i t  m i g h t  s u p p l y  u s e f u l  i n f o r m a t i o n  f o r  f u t u r e  c o n 
s t r u c t i o n  o f  l a r g e  p r o p e r t i e s .  T h e y  a l s o  s u g g e s t e d  t h a t  v a l u e  
e n g i n e e r i n g  m i g h t  g i v e  a new p e r s p e c t i v e  t o  g e n e r a l  e n g i n e e r i n g  
c o n s u l t a n t s  w h o s e  m e t h o d s  h a v e  n o t  c h a n g e d  f o r  some y e a r s .

M embers  who w e r e  a g a i n s t  t h e  t o p i c  s t a t e d  t h a t  v a l u e  e n g i n e e r i n g  
m i g h t  n o t  b e  u s e f u l  f o r  a l r e a d y  e x i s t i n g  s y s t e m s  u s i n g  p r e 
d e t e r m i n e d  d e s i g n  t e c h n i q u e s  a n d  c o m p o n e n t s .  T h e y  f e l t  t h a t

132



t h e  p r a c t i c a b i l i t y  o f  v a l u e  e n g i n e e r i n g  was  n o t  j u s t i f i e d  
g i v e n  t h e  f i n a n c i a l ,  p o l i t i c a l  a n d  s c h e d u l i n g  l i m i t a t i o n s  
i m p o s e d  u p o n  d e s i g n e r s .  S t i l l  o t h e r s  n o t e d  t h a t  d e s i g n  e n g i n e 
e r s  a r e  b e s t  q u a l i f i e d  t o  do v a l u e  e n g i n e e r i n g ,  a n d  t h a t  t h e y  
a r e  a l r e a d y  d o i n g  i t .  F i n a l l y ,  me mb e r s  w e r e  n o t  s u r e  t h a t  
v a l u e  e n g i n e e r i n g  s h o u l d  b e  f u n d e d  s e p a r a t e l y .  T h e y  s u g g e s t e d  
t h a t  t r a n s i t  p r o p e r t i e s  s u p p l e m e n t  v a l u e  e n g i n e e r i n g  w i t h  
t h e i r  own e f f o r t s .

2.  O f f e r  i n c e n t i v e s  t o  c o n s t r u c t i o n  c o n t r a c t o r s  t o  o b t a i n  
t h e  f u l l  b e n e f i t  o f  t h e i r  i n g e n u i t y  a n d  l o c a l  k n o w l e d g e  
b y  s h a r i n g  w i t h  t h e m  t h e  s a v i n g s  t h a t  a r e  o b t a i n e d  f r o m  
a n y  o f  t h e i r  r e c o m m e n d a t i o n s  t h a t  a r e  a c c e p t e d .

C o m m i t t e e  m e mb e r s  w e r e  i n  a g r e e m e n t  on t h i s  i d e a  w h i c h  i s  b e i n g  
u s e d  by  a n u m b e r  o f  p r o p e r t i e s  t h a t  c o n s i d e r  i t  v e r y  v a l u a b l e .
I t  was  a g r e e d  t h a t  v e r y  f ew  d e s i g n  c h a n g e s  w e r e  made  b u t  t h a t  
t h e  s a v i n g s  came a b o u t  t h r o u g h  d i f f e r e n t  c o n s t r u c t i o n  m e t h o d s  
a n d  t h a t  t h i s  i t e m  c o u l d  b e  c o n s i d e r e d  v a l u e  e n g i n e e r i n g  f o r  
c o n t r a c t o r s .  MARTA was  s a i d  t o  b e  g e t t i n g  g o o d  r e s u l t s  w i t h  
i t  i n  c o n s t r u c t i o n .

One d i s c u s s i o n  c e n t e r e d  a r o u n d  p e r f o r m a n c e  s p e c i f i c a t i o n s .  I f  
p e r f o r m a n c e  s p e c i f i c a t i o n s  a r e  d r a w n  up  i n i t i a l l y  f o r  t h e  c o n 
s t r u c t i o n  j o b ,  t h e n  t h e  c o n t r a c t o r  h a s  s e v e r a l  o p t i o n s  a v a i l a b l e  
t o  do t h e  c o n s t r u c t i o n  w o r k  w h i c h  w i l l  m e e t  t h e  s p e c i f i c a t i o n s .  
P e r f o r m a n c e  s p e c i f i c a t i o n s  w e r e  f e l t  t o  b e  p a r t i c u l a r l y  u s e f u l  
i n  c h o o s i n g  f a s t e n e r s .  An e x a m p l e  was  c i t e d  i n  w h i c h  l i g h t e r  
f a s t e n e r s  m i g h t  b e  c h o s e n  t o  m e e t  p e r f o r m a n c e  s p e c i f i c a t i o n s .  
A n o t h e r  e x a m p l e  g i v e n  was  t h e  s h i e l d  u s e d  a t  WMATA. Member s  
b a s i c a l l y  a g r e e d  t h a t  t h i s  i s  a  g o o d  i d e a  w h i c h  c a n  p r o t e c t  
t h e m  f r o m  a p o o r  c o n t r a c t i n g  p e r f o r m a n c e ,  a n d  t h a t  t h o s e  
p r o p e r t i e s  c u r r e n t l y  p r a c t i c i n g  t h i s  i d e a  f i n d  i t  v a l u a b l e .

3.  I n s t a l l  g u a r d r a i l s  a t  t h e  e n d s  o f  a l l  s t a t i o n  p l a t f o r m s ,  
t h r o u g h - g i r d e r  b r i d g e s  a n d  o t h e r  o b s t r u c t i o n s .

The  c o m m i t t e e  wa s  v e r y  d i v i d e d  on  t h e  u s e  o f  g u a r d r a i l s .  T h e r e  
a r e  many  p r o s  a n d  c o n s  t h r o u g h o u t  t h e  i n d u s t r y .  Some m e mb e r s  
f e l t  t h a t  mone y  i s  s a v e d  t h r o u g h  t h e  u s e  o f  g u a r d r a i l s  s i n c e  
a c c i d e n t s  a r e  r e d u c e d .  O t h e r s  n o t e d  t h a t  b a c k u p  r e s e a r c h  i s  
n e e d e d ,  b e c a u s e  t h e  i m p o r t a n c e  o f  t h e  t o p i c  d e m a n d s  a d d i t i o n a l  
s t u d y .  I t  was  g e n e r a l l y  t h o u g h t  t h a t  r e s e a r c h  w o u l d  be  i n t e r 
e s t i n g  b u t  may n o t  b e  v a l u a b l e  b e c a u s e  m o s t  d e s i g n e r s  h a v e  p r e 
c o n c e i v e d  i d e a s  on  t h e  u s e  o f  g u a r d r a i l s .  Of  t h e  new d e s i g n s ,  
BART a n d  MARTA do n o t  h a v e  g u a r d r a i l s .  UMATA h a s  g u a r d r a i l s  
b u t  o n l y  b e c a u s e  o f  l e g a l  r e q u i r e m e n t s .
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4.  R e i n f o r c e  t h e  e d g e s  o f  s t a t i o n  p l a t f o r m s  s o  t h e y  w i l l  a c t  
w i t h o u t  f a i l u r e  a s  s m o o t h  g u a r d r a i l s  a n d  r e d u c e  c a r  d a m a g e  
i n  c a s e s  o f  d e r a i l m e n t s .

I t  was  a g r e e d  t h a t  n e g l i g i b l e  
a n d  t h e r e f o r e  n o  i m p r o v e m e n t s  
s e r v e d  t h a t  t h e  p o p u l a t i o n  o f  
m e n t s  i n  s t a t i o n s  i s  s o  s m a l l

da ma ge  t o  c a r s  o c c u r s  i n  s t a t i o n s ,  
a r e  n e c e s s a r y .  One member  o b -  
a c c i d e n t s  a s s o c i a t e d  w i t h  d e r a i l -  
t h a t  i t  d o e s  n o t  w a r r a n t  s t u d y .

5 .  I n s t a l l  g u a r d r a i l s  a t  t h e  e n d s  o f  l o w  o b s t r u c t i o n s  b u i l t  
c l o s e  t o  o r  b e t w e e n  t h e  r a i l s ,  s o  t h a t  t h e  o b s t r u c t i o n s  
c a n n o t  k n o c k  t h e  t r u c k s  f r o m  u n d e r  a  c a r  t h a t  may d e r a i l  
a t  h i g h  s p e e d .

I t  was  a g r e e d  t h a t  t h i s  i s  s i t e  s p e c i f i c  a n d  t h a t  d e s i g n e r s  
s h o u l d  r e a l i z e  t h i s  a n d  t a k e  n e e d e d  a c t i o n .

6.  C o n s i d e r  i n s t a l l i n g  c o m b i n e d  s a f e t y  b a r r i e r s  - n o i s e
d e f l e c t o r s  on  e l e v a t e d  t r a c k  s t r u c t u r e s  i n  q u i e t  z o n e s .

The  c o m m i t t e e  a g r e e d  t h a t  t h i s  s u g g e s t i o n  w o u l d  b e  v e r y  e x p e n 
s i v e  a n d  n o t  c o s t  e f f e c t i v e .  A v e r y  e x p e n s i v e  e x a m p l e  i n  Sao  
P a u l o  was  c i t e d .  A n o t h e r  commen t  was  t h a t  b a r r i e r s  w o u l d  b e  
i n e f f e c t i v e  i n  s t o p p i n g  v e h i c l e s  j u s t  a s  g u a r d r a i l s  a r e .
T h e r e  was  some d i s c u s s i o n  o f  a t t e n u a t i n g  n o i s e  v e r s u s  r e d u c i n g  
t h e  g e n e r a t i o n  o f  n o i s e ,  w i t h  n o  c o n c l u s i o n  r e a c h e d .

7.  E l i m i n a t e  s u s p e n d e d  j o i n t s  i n  a l l  b u t  b a l l a s t e d  t r a c k  
i n  o r d e r  t o  a v o i d  t h e  e x t r a  s t r e s s  c o n c e n t r a t i o n s  a n d  
w e a r  t h a t  o c c u r  b e c a u s e  o f  t h e  d i s c o n t i n u t i e s  a t  b o t h  
w e l d e d  a n d  b o l t e d  j o i n t s .

One member  c o m m e n t e d  t h a t  t h i s  i s  a  g o o d  i d e a  b u t  p r e s e n t s  
v e r y  d i f f i c u l t  l o g i s t i c s  p r o b l e m s .  A n o t h e r  n o t e s  t h a t  i t  
w o u l d  b e  v e r y  d i f f i c u l t  t o  p r o v i d e  d i r e c t  s u p p o r t  f o r  an  
i n s u l a t e d  j o i n t .  I n  g e n e r a l  t h e  c o m m i t t e e  f e l t  t h a t  t h i s  
w o u l d  b e  e x t r e m e l y  d i f f i c u l t  t o  do a n d  n o t  c o s t  e f f e c t i v e  
c o n s i d e r i n g  t h e  l i g h t  l o a d s  o f  t r a n s i t  t r a i n s  on  t h e  t r a c k

8.  R e d u c e  t r a c k  c o n s t r u c t i o n  t o l e r a n c e s  t o  l i m i t s  t h a t  c a n  
b e  a c h i e v e d  b y  c o n t r a c t o r s  a n d  m e a s u r e d  b y  i n s p e c t o r s .

The  c o m m i t t e e  t o t a l l y  d i s a g r e e d  w i t h  t h e  r e d u c t i o n  o f  t o l e r 
a n c e s .  T h e y  f e l t  s t r o n g l y  t h a t  c o n s t r u c t i o n  l i m i t s  s h o u l d  h o t  
b e  l o w e r e d ,  a n d  t h a t  p r e s e n t  t o l e r a n c e s  s h o u l d  b e  m e t  b y  c o m 
p e t e n t  c o n t r a c t o r s .
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9.  I n s t a l l  c r u s h e d  s t o n e  t o  t h e  t o p  o f  t h e  r a i l  web on  s l a b
t r a c k  i n  o r d e r  t o  r e d u c e  n o i s e  i n  s t a t i o n s  a n d  q u i e t  z o n e s ,  
b y  d a m p i n g  t h e  r a i l s  t o  r e d u c e  t h e i r  e f f i c i e n c y  a s  n o i s e  
g e n e r a t o r s  a n d  b y  i m p e d i n g  t h e  r e f l e c t i o n s  o f  n o i s e  f r o m  
t h e  c o n c r e t e  s l a b .

I t  w a s  n o t e d  t h a t  t h i s  i d e a  h a s  b e e n  e f f e c t i v e  on  t h e  T o r o n t o  
s y s t e m ,  a l t h o u g h  b a l l a s t  g e t s  c l o g g e d  w i t h  d i r t .  One me mber  
m e n t i o n e d  t h a t  c r u s h e d  s t o n e  i s  s a t i s f a c t o r y  f o r  t h e  p u r p o s e ,  
b u t  i t s  c l e a n i n g  i s  d i f f i c u l t ;  a n d  t h e  s t o n e s  m u s t  b e  s m a l l  
i n  o r d e r  t o  a b s o r b  s o u n d  e f f e c t i v e l y .  The  c o m m i t t e e  a g r e e d  
t h a t  t h e  s u g g e s t i o n  w o u l d  n o t  b e  e f f e c t i v e ,  s i n c e  i t  w o u l d  
c a u s e  t o o  ma ny  p r o b l e m s  i n  e l e c t r i c a l  c i r c u i t s ,  i n s p e c t i o n  
c l e a n i n g  a n d  o t h e r  m a i n t e n a n c e .

1 0 .  D e s i g n  a c c u r a t e ,  a d j u s t a b l e ,  t e m p l a t e s  s o  t h a t  g r o u t  p a d s  
c a n  b e  p l a c e d  f o r  r a i l s  r o u t i n e l y  w i t h i n  a c c e p t a b l e  
t o l e r a n c e s .

1 1 .  P r e p a r e  d e t a i l e d  g u i d a n c e  f o r  t h e  i n s t a l l a t i o n  o f  r a i l s  
o n  c o n c r e t e  s l a b s  t o  a c c u r a t e  l i n e  a n d  g r a d e  w i t h o u t  
d r i l l i n g ,  s h i m m i n g  o r  u s i n g  l a r g e  q u a n t i t i e s  o f  e p o x y .

The  c o m m i t t e e  f e l t  b o t h  i t e m s  10 a n d  11 t o  b e  t h e  r e s p o n s i 
b i l i t y  o f  t h e  c o n t r a c t o r s ,  a n d  t h a t  t h e  c o n t r a c t o r s  s h o u l d  b e  
r e s p o n s i b l e  f o r  d e v e l o p i n g  t h e  t e c h n i q u e s  n e e d e d  t o  i n s t a l l  
t h e  r a i l s  p r o p e r l y .

1 2 .  S t a n d a r d i z e  on  t h e  s m a l l e s t  a v a i l a b l e  t i e  p l a t e s  a n d  
f a s t e n e r s  t h a t  w i l l  d i s t r i b u t e  w h e e l  l o a d s  w i t h i n  t h e  
b e a r i n g  c a p a c i t i e s  o f  t i e s  a n d  s l a b s ;  a n d  e l i m i n a t e  t h e  
l a r g e ,  c o s t l y  p l a t e s  a n d  f a s t e n e r s  d e s i g n e d  f o r  h e a v y  
r a i l r o a d  w h e e l  l o a d s .

I t  w a s  n o t e d  t h a t  m o s t  t r a c k  i s  d e s i g n e d  a r o u n d  w h a t  i s  r e a d i l y  
a v a i l a b l e  a n d  t h a t  d e v e l o p i n g  s m a l l  t i e  p l a t e s  a n d  f a s t e n e r s  
may n o t  r e d u c e  c o s t s .  One me mbe r  n o t e d  t h a t  a v a i l a b i l i t y  i s  
a  p r o b l e m .  A n o t h e r  m e n t i o n e d  t h a t  n o i s e  i s  a  p r o b l e m  i n  d i r e c t  
f i x a t i o n  i f  s m a l l  p l a t e s  a r e  u s e d ,  a n d  a n o t h e r  c o m m e n t e d  on 
t h e  U n i o n  P a c i f i c  t e s t s  o f  t i e  p l a t e s .  T h e  c o m m i t t e e  c o n 
c l u d e d  t h a t  t h e r e  a r e  n o  r e a l  p r o b l e m s  i n  u s i n g  o v e r - s t r e n g t h  
f a s t e n e r s  d e v e l o p e d  f o r  r a i l r o a d s ,  p a r t i c u l a r l y  w h e n  t h e y  
c o s t  l e s s  t h a n  s p e c i a l  f a s t e n e r s .

1 3 .  P r o v i d e  a t  l e a s t  two i n c h e s  o f  f i l t e r  s a n d  w i t h  a  g r a d u 
a t i o n  d e s i g n e d  t o  p r e v e n t  t h e  m o v e m e n t  o f  f i n e s  b e t w e e n  
c l a y  o r  s i l t y  c l a y  s o i l s  a n d  s u b b a l l a s t s  o f  a v a i l a b l e  
g r a n u l a r  m a t e r i a l .
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The  c o m m i t t e e  c o n s i d e r e d  t h i s  s u g g e s t i o n  a p p l i c a b l e  i n  c e r t a i n  
c a s e s  s u c h  a s  p o o r  s u b g r a d e  c o n d i t i o n s ,  b u t  i t  s h o u l d  n o t  b e  
u s e d  e v e r y w h e r e  a s  a m a t t e r  o f  p o l i c y .  An i n t e r e s t  was  e x p r e s 
s e d  i n  f i l t e r  f a b r i c s ,  a n d  t h e  c o m m i t t e e  a g r e e d  t h a t  i n f o r m a 
t i o n  on  t h e i r  u s e  w o u l d  b e  v a l u a b l e .

1 4 .  S t r e n g t h e n  b a l l a s t e d  t r a c k  w i t h  b o l t e d  j o i n t s  b y  p r o 
v i d i n g  s p e c i a l  l a r g e  t i e s  u n d e r  t h e  j o i n t s .

I t  was  a g r e e d  t h a t  t h i s  i s  n o t  w a r r a n t e d  f o r  t r a n s i t  l o a d i n g s ,  
a n d  t h a t  t h e  c o s t  w o u l d  n o t  b e  j u s t i f i e d .

A . 2 . 1 . 2  P o t e n t i a l  O p p o r t u n i t i e s  f o r  I m p r o v e m e n t s  R e q u i r i n g  
R e s e a r c h

1 .  I n v e s t i g a t e  f a c t o r s  i n  t h e  e f f e c t i v e  a s s o c i a t i o n  o f  
d e s i g n e r s  w i t h  c o n s t r u c t i o n  a n d  m a i n t e n a n c e  e n g i n e e r s ,  
a n d  d e v e l o p  r e c o m m e n d a t i o n s  f o r  a c t i o n s  t h a t  w i l l  e n h a n c e  
t h e  t r a n s f e r  o f  i n f o r m a t i o n  a n d  i d e a s .  The  p u r p o s e  i s  
t o  a s s i s t  d e s i g n e r s  t o  a v o i d  f e a t u r e s  t h a t  a r e  h a r d  t o  
b u i l d  a n d  m a i n t a i n ,  a n d  t o  i n c l u d e  i t e m s  t h a t  w i l l  f a c i l i 
t a t e  m a i n t e n a n c e .  I t  a p p l i e s  t o  s t r u c t u r e s  a n d  e q u i p m e n t  
c l o s e  t o  t h e  t r a c k  o r  r e l a t e d  t o  i t  a s  w e l l  a s  t h e  t r a c k  
i t s e l f .

The  c o m m i t t e e  m e mb e r s  a g r e e d  t h a t  i m p r o v e m e n t s  i n  c o m m u n i c a 
t i o n  w o u l d  b e  v a l u a b l e  i n  ma ny  c a s e s ,  b u t  t h e y  w e r e  u n c e r t a i n  
a s  t o  how an  i n v e s t i g a t i o n  s h o u l d  b e  c o n d u c t e d .  Member s  
c o m m e n t e d  on  t h e  e f f e c t i v e n e s s  o f  i n t e r d e p a r t m e n t a l  c o o r d i n a 
t i o n  a t  t h e  p r o p e r t i e s .  A t  NYCTA f o r  e x a m p l e ,  d e s i g n s  a r e  
a l w a y s  s u b m i t t e d  t o  m a i n t e n a n c e  - o f - w a y . I n  f a c t ,  w o r k  t h a t  
t h e  c o n t r a c t o r  d o e s  f o r  t h e  d e s i g n e r  h a s  t o  b e  s i g n e d  o f f  b y  
t h e  m a i n t e n a n c e - o f - w a y  m a n a g e r .  I n  B o s t o n ,  t h e  c p n t r a c t  
d e s i g n e r  p r e p a r e s  a  b r i e f  f o r  t h e  m a i n t e n a n c e - o f - w a y  p e o p l e .
I f  t h e r e  a r e  i t e m s  t h a t  n e e d  i n v e s t i g a t i o n ,  t h e  d e s i g n e r  o r  
c o n s u l t a n t  w o r k s  d i r e c t l y  w i t h  t h e  o f f i c e  o v e r s e e i n g  t h e  
p r o j e c t .  A t  TTC d e s i g n e r s  w o r k  h a n d - i n - g l o v e  w i t h  m a i n t e n 
a n c e  a n d  o n  t h e  DMJM s t a f f  t h e r e  a r e  c o n t r a c t o r  p e r s o n n e l  
among t h e  d e s i g n e r s .

P r o b l e m  a r e a s  w e r e  a l s o  n o t e d  d u r i n g  t h e  d i s c u s s i o n .  The  i n t e r 
a c t i o n  b e t w e e n  d e p a r t m e n t s  i s  h a n d i c a p p e d  b y  p e r s o n a l i t i e s  a n d  
o r g a n i z a t i o n a l  c o n s t r a i n t s .  One member  o b s e r v e d  t h a t  t h e r e  i s  
n o t  o n l y  a l a c k  o f  c o m m u n i c a t i o n  b e t w e e n  d e s i g n e r s  a n d  e n g i n e e r s ,  
b u t  t h e r e  i s  a l s o  a  d i f f e r e n c e  i n  t h e i r  p r i o r i t i e s .  M a i n t e n a n c e  
p e o p l e  o f t e n  w a n t  m o r e  i n  t h e  d e s i g n  t h a n  i s  a f f o r d a b l e ,  a n d  
d e s i g n e r s  s o m e t i m e s  c u t  c o r n e r s  t o  r e d u c e  c o s t s  w h i c h  c a n  
make  m a i n t e n a n c e  d i f f i c u l t .  U n i q u e  p r o b l e m s  a r e  a l s o  e n 
c o u n t e r e d  i n  new s y s t e m s .  A r e p r e s e n t a t i v e  f r o m  WMATA p o i n t e d  
o u t  t h a t  when  t h e  s y s t e m  was  b e i n g  d e s i g n e d ,  t h e r e  was  no  m a i n 
t e n a n c e  s t a f f .  He w e n t  o n  t o  s a y  t h a t  b e c a u s e  m a i n t e n a n c e
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p e o p l e  m u s t  b e  r e c r u i t e d  f r o m  e l s e w h e r e ,  t h e y  may n o t  be  
f a m i l i a r  w i t h  t h e  d e s i g n  o f  t h e  WMATA t r a c k  a n d  c o n s e q u e n t l y  
r e q u i r e  o r i e n t a t i o n .

The  c o m m i t t e e  f i n a l l y  o b s e r v e d  t h a t  d e s i g n e r s  s h o u l d  s e r v e  
t h e  p l a n n e r s ,  a n d  t h a t  p e r h a p s  a s e t  o f  d e s i g n  p l a n s  s h o u l d  
r e q u i r e  a c o n s e n s u s  f r o m  a t r a n s i t  p r o p e r t y .  T h e y  n o t e d  t h a t  
APTA i s  e x a m i n i n g  t h i s  a r e a .

2.  I n v e s t i g a t e  t h e  u s e  o f  g u a r a n t e e d  q u a n t i t y  c o n t r a c t s  t o  
r e d u c e  c o n s t r u c t i o n  c o s t s ,  a n d  c o n d u c t  d e m o n s t r a t i o n  
p r o j e c t s  i n  t h e  U n i t e d  S t a t e s .

The  c o m m i t t e e  f e l t  t h a t  a s  f a r  a s  t h e y  u n d e r s t o o d  w h a t  g u a r a n 
t e e d  q u a l i t y  c o n t r a c t s  a r e ,  t h e  s y s t e m  i s  b e i n g  u s e d .  I t  
a p p e a r s  t o  b e  s i m i l a r  t o  u n i t  p r i c i n g .  H i d d e n  c o s t s  i n v o l v e d  
w i t h  m i n o r i t y  b u s i n e s s  e n t e r p r i s e  o r  t h e  s t a t e - o f - t h e - m a r k e t  
a t  t h e  t i m e  a r e  c o n s i d e r e d  much b i g g e r  p r o b l e m s  t h a n  t h e  
q u a n t i t i e s .

3. D e v e l o p  r a i l  f o r  s h a r p  c u r v e s  t h a t  w i l l  h a v e  
d u r a b i l i t y  a n d  w e a r  r e s i s t a n c e .  I n v e s t i g a t e  
m a n g a n e s e  s t e e l ,  h o t - f o r g e d  o r  c a s t  i n  s h o r t  
a  r a i l  c r o s s - s e c t i o n ,  t o  b e  b o l t e d  o r  w e l d e d  
t u r a l  s t e e l  b a s e  i n  t h e  e v e n t  t h a t  r o l l e d  r a i  
n e s e  s t e e l  o r  o t h e r  v e r y  t o u g h  a l l o y s  c a n n o t

i n c r e a s e d  
t h e  u s e  o f  
l e n g t h s  w i t h  
t o  a s t r u c -  
l s  o f  m a n g a -  
b e  o b t a i n e d .

The  c o m m i t t e e  a g r e e d  t h a t  i n v e s t i g a t i o n  w o u l d  b e  v a l u a b l e  
a n d  t h a t  a n y  i n v e s t i g a t i o n  s h o u l d  i n c l u d e  l i f e  c y c l e  c o s t s  
a n d  w e l d i n g  t e c h n o l o g y .  I t  was  n o t e d  t h a t  w e a r - r e s i s t a n c e  
r a i l s  h a v e  b e e n  d e v e l o p e d  i n  E n g l a n d  a n d  G e r m a n y ,  a n d  t h a t  
a n y  i n v e s t i g a t i o n  s h o u l d  s t a r t  i n  E u r o p e .  One commen t  was  
t h a t  p e r h a p s  we s h o u l d  l o o k  a t  a l t e r n a t i v e s  t o  h a r d e n e d  s t e e l .

4 .  I n v e s t i g a t e  w a y s  t o  r e d u c e  t h e  c r u s h i n g  o f  b a l l a s t  
b e t w e e n  c o n c r e t e  t i e s  a n d  c o n c r e t e  t r a n s i t i o n  s l a b s .

No o n e  k n e w  o f  a n y  p r o p e r t y  h a v i n g  t h i s  p r o b l e m ,  a n d  t h e r e f o r e  
no  n e e d  was  s e e n  f o r  a n  i n v e s t i g a t i o n .

5.  I n v e s t i g a t e  t h e  s t r e s s e s  i n  c o n t i n u o u s  w e l d e d  r a i l s  on  
e l e v a t e d  s t r u c t u r e s  i n  o r d e r  t o  o b t a i n  v a l i d  d a t a  t o  
s u p p o r t  d e s i g n  a s s u m p t i o n s ;  a n d  d e v e l o p  a s t a n d a r d  m e t h o d  
f o r  t h e  c o m p l e t e  a n a l y s i s  o f  t h e  s h a r i n g  a n d  t r a n s f e r  
o f  t e m p e r a t u r e  s t r e s s e s  b e t w e e n  e l e v a t e d  s t r u c t u r e s  a n d  
c o n t i n u o u s  w e l d e d  r a i l .
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T h e  c o m m i t t e e  a g r e e d  t h a t  t h i s  i n f o r m a t i o n  w o u l d  b e  v e r y  i n t e r  
e s t i n g ,  s i n c e  i n d i v i d u a l  p r o p e r t i e s  h a v e  u n i q u e  p r o b l e m s  w h i c h  
c a l l  f o r  s p e c i f i c  s o l u t i o n s .  I n  t h e  BART s y s t e m ,  f o r  e x a m p l e ,  
e a r t h q u a k e  f o r c e s  m u s t  b e  c o n s i d e r e d .  The c o m m i t t e e  a g r e e d  
t h a t  a n y  i n v e s t i g a t i o n  t h a t  may b e  c o n d u c t e d  s h o u l d  i d e n t i f y  
e a c h  p r o p e r t y  p r o b l e m  a n d  e x p l a i n  t h e  s o l u t i o n .

One p a r t i c i p a n t  s t a t e d  t h a t  b e t t e r  i n f o r m a t i o n  was  n e e d e d  
o n  r a i l  f a s t e n e r s  a n d  o n  l o a d i n g  t h e  r a i l .  A n o t h e r  c o m m e n t e d  
t h a t  s e v e r a l  s y s t e m s ,  i n c l u d i n g  BART a n d  WMATA, h a v e  p r o b l e m s  
i n  d e t e r m i n i n g  t h e  s t r e s s e s  i n  t he  s t r u c t u r e s . T h e  c o m m i t t e e  
c o n c l u d e d  t h a t  t h e  i n v e s t i g a t i o n  s h o u l d  b e  d e s i g n e d  t o  g a i n  
i n f o r m a t i o n  r a t h e r  t h a n  f o r  t h e  p u r p o s e  o f  s e t t i n g  s t a n d a r d s .

6 .  I n v e s t i g a t e  t h e  p e r f o r m a n c e  o f  r a i l  f a s t e n e r s  on  c o n c r e t e  
t i e s  a n d  c o n c r e t e  s l a b s  t o  o b t a i n  d a t a  f o r  u s e  i n  a n a l y s e s  
a i m e d  a t  r e d u c i n g  t h e  s i z e  a n d  c o s t  o f  d i r e c t  f i x a t i o n  
f a s t e n e r s .

One member  q u e s t i o n e d  w h e t h e r  r a i l  f a s t e n e r s  a r e  o v e r - d e s i g n e d  
The  c o n s e n s u s  was  t h a t  a n y  i n v e s t i g a t i o n  i n  t h i s  a r e a  w o u l d  
b e  b e s t  s p e n t  i n  d o c u m e n t i n g  t h e  s t a t e - o f - t h e - a r t  o f  f a s t e n e r s  
p r e s e n t l y  a v a i l a b l e .

7.  I n v e s t i g a t e  p o s s i b i l i t i e s  f o r  t h e  c o n t i n u o u s  s u p p o r t  o f  
r a i l s  on  c o n c r e t e  s l a b s ,  I n  o r d e r  t o  a v o i d  s t r e s s  c o n 
c e n t r a t i o n  a n d  o t h e r  p r o b l e m s  a s s o c i a t e d  'Wnth d i s c r e t e  
f a s t e n e r s .

The  c o m m i t t e e  a g r e e d  t h a t  t h e  s t r e s s  c o n c e n t r a t i o n s  i n  t r a n s i t  
r a i l  a r e  n o t  t h a t  h i g h  i n  c o m p a r i s o n  t o  r a i l r o a d  r a i l s ,  
a n d  t h e r e f o r e  s p e c i a l  i n v e s t i g a t i o n  i s  n o t  n e e d e d .  I t  was  
n o t e d  t h a t  c o n t i n u o u s  s u p p o r t  was  b e i n g  u s e d  i n  E u r o p e ,  
b u t  t h a t  a d j u s t m e n t  i s  a  p r o b l e m  w i t h  PAC s y s t e m .  One mem
b e r  w o n d e r e d  i f  t o l e r a n c e s  c o u l d  b e  a c h i e v e d  i n  t h e  U . S .  
f o r  c o n t i n u o u s  s u p p o r t ,  n o t i n g  t h a t  E u r o p e a n  t o l e r a n c e s  s e e m e d  
t o  b e  much  t i g h t e r .  A n o t h e r  n o t e d  t h a t  t h e  B r i t i s h  u s e  a 
s y s t e m  i n  w h i c h  t h e y  p r e s s  a n c h o r  b o l t s  i n t o  f r e s h  c o n c r e t e  
r a t h e r  t h a n  d r i l l i n g  h o l e s  f o r  t h e m ,  t h e r e b y  a c h i e v i n g  g r e a t e r  
a c c u r a c y .  O t h e r  f a c t o r s  i n  w h i c h  c o m m i t t e e  m e m b e r s  w e r e  i n t e r 
e s t e d  w e r e  d r a i n a g e  ( w h i c h  i s  a  p r o b l e m  i n  M i a m i ) ,  a d j u s t m e n t  
a n d  g r o u n d - b o r n e  v i b r a t i o n .

8.  I n v e s t i g a t e  t h e  u s e  o f  p r e s t r e s s e d  c o n c r e t e  s l a b s  f o r  
t r a n s i t  t r a c k .  T h e y  o f f e r  many a d v a n t a g e s  i n  r e d u c i n g  
t h e  a m o u n t  o f  c o n c r e t e  r e q u i r e d ,  r e d u c i n g  t h e  n u m b e r  o f  
s l a b  j o i n t s  w i t h  t h e i r  a t t e n d a n t  p r o b l e m s ,  a n d  v a r i a t i o n s  
i n  t h e  s t r e n g t h  o f  s u b g r a d e s .
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The  c o m m i t t e e  c o n s i d e r e d  t h i s  t e c h n o l o g y  t o  be  v e r y  e x p e n s i v e .
I t  was  n o t e d  t h a t  p r e s t r e s s i n g  t h e  s t e e l  i n t r o d u c e d  p r o b l e m s  
w i t h  a n c h o r  b o l t s  a n d  e l e c t r i c  c i r c u i t s .  Two s y s t e m s ,  t h e  
L o n g  I s l a n d  a n d  T o r o n t o ,  do  h a v e  some  s l a b  a t  g r a d e .  I n  T o r o n t o  
2000  f e e t  o f  1 1 - i n c h  s l a b  t r a c k  a t  g r a d e  i s  i n  s u c c e s s f u l  
o p e r a t i o n .  More  i n f o r m a t i o n  on t h i s  t r a c k  w o u l d  b e  v e r y  v a l u 
a b l e  f o r  f u r t h e r  p l a n n i n g .

9 .  I n v e s t i g a t e  t h e  u s e  o f  s e l e c t e d  s a n d ,  c o n f i n e d  u n d e r  s l a b  
t r a c k s ,  i n  o r d e r  t o  r e d u c e  t h e  t r a n s m i s s i o n  o f  v i b r a t i o n s  
t o  n e a r b y  s t r u c t u r e s .  T h i s  p r a c t i c e  h a s  b e e n  e f f e c t i v e  
i n  some  c a s e s  o t h e r  t h a n  t r a c k  a n d  w o u l d  be  l e s s  c o s t l y  
t h a n  t h e  d o u b l e  s l a b  s y s t e m .

The  c o m m i t t e e  d e c i d e d  t h a t  t h i s  w o u l d  n o t  b e  a  p r a c t i c a l  
a p p r o a c h  t o  t h e  p r o b l e m  a n d  s h o u l d  n o t  b e  i n v e s t i g a t e d .  I t  
w a s  n o t e d  t h a t  i f  e n o u g h  s a n d  t o  s u p p o r t  t h e  l o a d  i s  p r o v i d e d ,  
t h e n  i t  i s  t o o  s t i f f  t o  i s o l a t e  s o u n d  v i b r a t i o n .

1 0 .  D e v e l o p  s t r u c t u r e s  f o r  t r a n s i t i o n s  b e t w e e n  b a l l a s t e d  
e m b a n k m e n t s  a n d  r i g i d  a b u t m e n t s  o r  s l a b s  t h a t  w i l l  
p r o v i d e  a s m o o t h  r a t e  o f  c h a n g e  o f  t r a c k  i m p e d a n c e  
a n d  t h u s  r e d u c e  j o l t s  a n d  d e t e r i o r a t i o n  o f  t h e  b a l 
l a s t e d  t r a c k .

T h e  c o m m i t t e e  n o t e d  t h a t  t h i s  i s  a l r e a d y  b e i n g  d o n e  a n d  
f u r t h e r  i n v e s t i g a t i o n  i s  n o t  n e e d e d .

1 1 .  I n v e s t i g a t e  t h e  c o s t  a n d  p e r f o r m a n c e  o f  l a r g e  s t e e l  p l a t e  
a s s e m b l i e s ,  f l o a t i n g  s l a b s  a n d  s p e c i a l  b r a c e s  a s  s u b 
s t i t u t e s  f o r  wood  t i e s  i n  s p e c i a l  t r a c k w o r k .

T h e  c o m m i t t e e  w a s  n o t  s u r e  w h a t  was  m e a n t  b y  t h e  t o p i c .  Mem
b e r s  d i d  n o t e  t h a t  MARTA h a s  some s p e c i a l  a s s e m b l i e s  d e v e l o p e d  
b y  T r a n s i t  P r o d u c t s .  The  e x c e s s i v e  w e a r  a t  N a t i o n a l  A i r p o r t  
o n  t h e  WMATA s y s t e m  was  a l s o  d i s c u s s e d .  The  s y s t e m  was  s a i d  
t o  b e  t e m p o r a r i l y  o v e r t a x e d  b y  t h e  s t o p p i n g  a n d  s t a r t i n g  a t  
t h i s  l o c a t i o n .  WMATA i s  i n v e s t i g a t i n g  t h e  d y n a m i c s  o f  t h e  
t r u c k s  t o  f i n d  how t h e y  w e a r  t h e  s p e c i a l  t r a c k w o r k .

1 2 .  I n v e s t i g a t e  t h e  p e r f o r m a n c e  o f  c o n t i n u o u s  m a i n  r a i l  
f r o g s  ( j ump  f r o g s )  u s e d  o n  some p r o p e r t i e s  t o  r e d u c e  
w e a r  a n d  n o i s e .
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I t  was  a g r e e d  t h a t  i n v e s t i g a t i o n  w o u l d  b e  v e r y  i m p o r t a n t .  
B o s t o n  i s  a l r e a d y  i n v e s t i g a t i n g  t h i s  s u b j e c t .

1 3 .  D e v e l o p  a n d  t e s t  d e c e l e r a t i o n  b u m p e r s  f o r  t h e  e n d  o f  h i g h  
s p e e d  l i n e s  t h a t  w i l l  s t o p  c a r s  w i t h i n  s a f e "  d e c e l e r a t i o n  
p e a k s .

The  c o m m i t t e e  c o n s i d e r e d  t h i s  i t e m  t o  b e  r e l a t i v e l y  u n i m p o r t a n t ,  
n o t i n g  t h a t  i t  i s  a  p r o b l e m  r e l a t e d  m o r e  t o  v e h i c l e s  t h a n  t o  
t r a c k .

1 4 .  D e v e l o p  f a s t e n e r s  w i t h  a w i d e  r a n g e  o f  a d j u s t m e n t s  f o r
u s e  w h e r e  s l a b  t r a c k s  s e t t l e  o r  move b e y o n d  e x p e c t e d  l i m i t s .

T h e  c o m m i t t e e  d e c i d e d  t h a t  i t  i s  p r e f e r a b l e  t o  d e s i g n  s u b g r a d e  
a n d  s l a b s  s o  t h a t  e x c e s s i v e  s e t t l e m e n t  d o e s  n o t  o c c u r .  The  
c o s t  o f  w i d e - t o l e r a n c e  f a s t e n e r s  w o u l d  b e  p r o h i b i t i v e  f o r  
s e t t l e m e n t  t h a t  o c c u r s  o n l y  a t  a  f e w  s p e c i f c  a r e a s .  I t  was  
n o t e d  t h a t  e l e v a t i o n  c a n  a l w a y s  b e  a d j u s t e d  w i t h  s h i m s .

1 5 .  D e t e r m i n e  t h e  e f f e c t i v e n e s s  o f  f u l l y  g u a r d e d  t u r n o u t s
i n  p r o t e c t i n g  s w i t c h  a n d  f r o g  p o i n t s  a n d  r e d u c i n g  w e a r .

The  c o m m i t e e  c o n s i d e r e d  t h a t  f u l l y  g u a r d e d  t u r n o u t s  d i d  v e r y  
l i t t l e  t o  p r o t e c t  s w i t c h  a n d  f r o g  p o i n t s  a n d  r e d u c e  w e a r .
F u l l y  g u a r d e d  t u r n o u t s  h a v e  some  v a l u e  i n  k e e p i n g  c a r  w h e e l s  
o n  t r a c k .  H o w e v e r  AREA s p e c i f i c a t i o n s  a r e  g e n e r a l l y  a d e q u a t e .

1 6 .  I n v e s t i g a t e  t h e  d y n a m i c  e f f e c t s  o f  c o n s t r u c t i o n  t o l e r 
a n c e s  i n  e l e v a t e d  s t r u c t u r e s  a n d  d e f l e c t i o n s  o f  l o n g  
m e mb e r s  u n d e r  l i v e  l o a d  on  t h e  r i d e  q u a l i t y  o f  t r a n s i t  
c a r s ,  a n d  d e v e l o p  d a t a  f o r  d e s i g n  a n a l y s i s .

T h i s  was  n o t  c o n s i d e r e d  a  p r o b l e m  a t  t y p i c a l  t r a n s i t  s p e e d s .
I t  was  c o n s i d e r e d  a  d e s i g n  p r o b l e m ,  n o t  a  r e s e a r c h  r e q u i r e m e n t ,  
a n d  d e s i g n e r s  s h o u l d  l o o k  a t  s p e c i f i c  c o n d i t i o n s  a n d  s t r u c t u r e s .

A . 2 . 1 . 3  A d d i t i o n a l  I t e m s  f o r  R e s e a r c h  P r o p o s e d  by W o r k s h o p s  
Members

•  S t u d i e s  o f  w e a t h e r - r e l a t e d  p r o b l e m s  s u c h  a s  
3 r d  r a i l  i c i n g  a n d  s n o w  r e m o v a l .

•  S t u d i e s  o f  u s e  o r  n o n - u s e  o f  r e s t r a i n i n g  r a i l .

•  S t u d i e s  o f  t h e  r e l a t i o n s h i p  o f  r a i l  w e a r  t o  
s t i f f n e s s  o f  s u p p o r t  a n d  how t h e  i m p a c t s  c a u s e  
t h e  w e a r .
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•  N o n d e s t r u c t i v e  t e s t i n g  o f  r a i l  w e l d s  t o  h e l p  
i d e n t i f y  t h e  c a u s e s  o f  b r e a k s .

•  I n v e s t i g a t i o n  o f  r a i l  i n t e r f a c e  p r o b l e m s  i n c l u d i n g  
w h e e l  s h a p e ,  w h e e l  c a n t ,  w h e e l / r a i l  c l e a r a n c e s  
a n d  d u p l i c a t i o n .

•  A s o i l  m e c h a n i c s  s t u d y  r e l a t i n g  t h e  e f f e c t s  on  
t h e  s u b g r a d e  o f  t r a c k  v i b r a t i o n s ,  d e f l e c t i o n s  
a n d  l o a d i n g  t o  d e t e r m i n e  o p t i m u m  t i e  s p a c i n g .

•  D e v e l o p m e n t  o f  a  r a i l - b r e a k  d e t e c t i o n  s y s t e m .

•  A s t u d y  o f  r e s t r a i n i n g  r a i l s :  how t o  i n s t a l l  t h e m
i n  v e r t i c a l  a n d  h o r i z o n t a l  d i r e c t i o n s ;  a n d  how t o  
w r i t e  b e t t e r  s p e c i f i c a t i o n s  w i t h  a p p r o p r i a t e  t o l e r 
a n c e s  .

•  A r a i l  c o r r u g a t i o n  s t u d y  a n d  b e t t e r  d e f i n i t i o n  
o f  l o a d  e n v i r o n m e n t  o f  t h e  r a i l .

•  D y n a m i c  s t u d y  o f  t h e  f o r c e s  a c t i n g  on  f a s t e n e r s  
f o r  c o n c r e t e  t i e s  a n d  c h a r a c t e r i z a t i o n  o f  f a s t e n e r  
l o a d s .

A . 2 . 2  MAINTENANCE WORKSHOP

C h a i r m a n :  V i n c e n t  P .  Ma hon ,  D i r e c t o r  o f  P o w e r  § Way M a i n t e n a n c e ,
B a y  A r e a  R a p i d  T r a n s i t  D i s t r i c t ,  C a l i f o r n i a

M e m b e r s :

D e a n e  N.  A b o u d a r a ,  D i r e c t o r  
T e c h n i c a l  § R e s e a r c h  S v c s . 
A m e r i c a n  P u b l i c  T r a n s i t  A s s n .

A n t h o n y  T.  B r u n o  
S e n i o r  P r o j e c t  E n g i n e e r  
ATB A s s o c i a t e s

E d w a r d  G. C u n n e y  
S t a f f  C i v i l  E n g i n e e r  
ENSCO, I n c .

C e c i l  S .  G r e e n
A s s t .  S u p e r i n t e n d e n t  T r a c k
N . Y .  C i t y  T r a n s i t  A u t h o r i t y

R o b e r t  C.  B e l f i  
C h i e f  T r a n s i t  E n g i n e e r  
C i t y  o f  P h i l a d e l p h i a

G i l b e r t  L.  B u t l e r ,  P r o g r a m  Mgr 
C o n s t r u c t i o n  T e c h n o l o g y  

D e p a r t m e n t  o f  T r a n s p o r t a t i o n  
U r b a n  Mas s  T r a n s p o r t a t i o n  Adn>.

J a m e s  F .  D e l a n e y  
S e n i o r  E n g i n e e r ,  P o r t  A u t h o r i t y  

o f  New Y o r k  a n d  New J e r s e y

W a r r e n  L.  H a l e  
E x e c u t i v e  V i c e  P r e s i d e n t  
Thomas  K. D y e r ,  I n c .
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G e o r g e  H.  H a y e s  
M e c h a n i c a l  E n g i n e e r  
ENSCO, I n c .

G r e g o r y  E.  M e s t e r  
C h i e f ,  Y a r d s ,  S h o p s  § 

T r a c k w o r k
D e l e u w ,  C a t h e r  § Company

R o b e r t  P a t t i s o n ,  P r e s i d e n t  
P a r s o n s  B r i n c k e r h o f f  C e n t e c ,  

I n c .
E n t e r p r i s e  C e n t e r

Roy T.  S m i t h ,  S u p e r i n t e n d e n t  
C i v i l  E n g i n e e r i n g ,
C h i c a g o  T r a n s i t  A u t h o r i t y

E d w a r d  J .  War d  
R a i l  T r a n s i t  S p e c i a l i s t  
T r a n s p o r t a t i o n  R e s e a r c h  B o a r d  
N a t i o n a l  R e s e a r c h  C o u n c i l

D o n a l d  R.  W o l f e  
S u p e r i n t e n d e n t  Way § P o w e r  
P o r t  A u t h o r i t y  T r a n s i t  C o r p .

C h e s t e r  M a r c z e w s k i  
S u p e r i n t e n d e n t  o f  T r a c k  
N . Y .  C i t y  T r a n s i t  A u t h o r i t y

Thomas  O ' D o n n e l l ,  S u p e r i n t e n d e n t  
T r a c k  § S t r u c t u r e s  

W a s h i n g t o n  M e t r o p o l i t a n  A r e a  
T r a n s i t  A u t h o r i t y

G e r a l d  R.  S a u l n i e r  
C i v i l  E n g i n e e r
T r a n s p o r t a t i o n  S y s t e m s  C e n t e r

C h a r l e s  S t a n f o r d
G e n e r a l  S u p e r i n t e n d e n t  T r a c k  S e c .  
S o u t h e a s t e r n  P e n n s y l v a n i a  

T r a n s p o r t a t i o n  A u t h o r i t y

J . A.  W o o d s , C . Eng . ,
M e t h o d s  E n g i n e e r
L o n d o n  T r a n s p o r t  I n t e r n a t i o n a l

A . 2 . 2 . 1  P o t e n t i a l  O p p o r t u n i t i e s  f o r  I m p r o v e m e n t s  w i t h  C u r r e n t  
T e c h n o l o g y .

T h e s e  i t e m s  a r e  l i s t e d  a n d  c o m m e n t s  a r e  s u m m a r i z e d  i n  t h e  o r d e r  
i n  w h i c h  t h e y  w e r e  d i s c u s s e d .

1 .  P r o v i d e  i n d u s t r i a l  e n g i n e e r i n g  s u p p o r t  t o  t r a n s i t  
p r o p e r t i e s .

T h e  c o n s e n s u s  was  t h a t  t h i s  t y p e  o f  s u p p o r t  w o u l d  b e  h e l p f u l  
b u t  s h o u l d  b e  h a n d l e d  o n  a n  i n d i v i d u a l  p r o p e r t y  b a s i s .  I n d u s 
t r i a l  e n g i n e e r s  w o r k  a s  p a r t  o f  t h e  t r a n s i t  o r g a n i z a t i o n s  a s  
w e l l  a s  i n  c o n s u l t i n g  p o s i t i o n s .  T h e y  a r e  e f f e c t i v e  w h e n  t h e  
t o p  p e o p l e  h a v e  h a d  t r a c k  e x p e r i e n c e ,  n o t  w h e n  t h e y  h a v e  h a d  
o n l y  s t a n d a r d  t r a i n i n g .  I n  o n e  c a s e  a n  i n d u s t r i a l  e n g i n e e r i n g  
d e p a r t m e n t  w o r k e d  w e l l  w i t h  t r a c k  s u p e r v i s o r s  a n d  f o r e m e n  u n t i l  
i t  was  e l i m i n a t e d  i n  a n  e c o n o m y  m o ve .  Work m e t h d d s  a n d  e f f i 
c i e n c y  s t u d i e s  s h o u l d  b e  made  a n d  s t a n d a r d s  d e v e l o p e d  f o r  e a c h  
m a i n t e n a n c e  t a s k .  R e s p o n s i b i l i t y  a c c o u n t i n g  c o u l d  b e  u n d e r t a k e n  
w i t h i n  t h e  g u i d e l i n e s  e s t a b l i s h e d  u n d e r  t h e  F i n a n c i a l  A c c o u n t i n g  
a n d  R e p o r t i n g  E l e m e n t s  (FARE) P r o g r a m .  H o w e v e r  t h i s  a c c o u n t i n g
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s y s t e m  h a s  n o t  b e e n  d e v e l o p e d  down t o  w o r k  u n i t  r e p o r t i n g  a n d  
p r o d u c t i v i t y  d a t a  a s  was  e x p e c t e d .  P h a s e  4 a n d  5 w e r e  p l a n n e d  
t o  c o v e r  r e p o r t i n g  o f  o p e r a t i o n s  a n d  m a i n t e n a n c e .

E f f o r t s  a r e  c o n t i n u i n g  on  a c c i d e n t  i n c i d e n t  r e p o r t i n g .  The  
U r b a n  Mass  T r a n s p o r t a t i o n  A d m i n i s t r a t i o n  (UMTA), w i t h  r e g u 
l a t o r y  r e s p o n s i b i l i t y  f o r  s a f e t y ,  w a n t s  t h e  t r a n s i t  p r o p e r t i e s  
t o  p o l i c e  t h e m s e l v e s .  A r e p o r t i n g  f o r m a t  o f  t h e  F e d e r a l  R a i l 
r o a d  A d m i n i s t r a t i o n  i s  u n d e r  a  t w o - y e a r  t r i a l  i n  t h e  c o l l e c t i o n  
o f  a c c i d e n t  d a t a  f o r  UMTA. Two i m p o r t a n t  q u e s t i o n s  c o n c e r n  
t h e  k i n d  o f  i n f o r m a t i o n  t h a t  w i l l  b e  c o l l e c t e d  a n d  how i t  
w i l l  b e  u s e d .  A T r a n s p o r t a t i o n  R e l i a b i l i t y  I m p r o v e m e n t  P r o 
g r a m  ( TRI P)  h a s  b e e n  d e v e l o p e d  f o r  r a i l  v e h i c l e s , w i t h  a 
v e h i c l e  d a t a  b a s e  s t r u c t u r e d  t o  FARE. A s i m i l a r  p r o g r a m  may 
b e  a p p r o p r i a t e  f o r  w a y s i d e  m a i n t e n a n c e .  A p r o g r a m  r e p o r t i n g  
s y s t e m  i s  n e e d e d .

2.  P r o v i d e  c e n t r a l i z e d  s p a r e  p a r t s  a n d  r e b u i l d  ( t r a c k  c o m 
p o n e n t s )  s u p p o r t .

T h i s  w a s  n o t  c o n s i d e r e d  d e s i r a b l e  b e c a u s e  o f  t h e  h i g h  c o s t  o f  
c e n t r a l  o r g a n i z a t i o n s .  J o i n t  c o o p e r a t i o n  s h o u l d  b e  e n c o u r a g e d .  
G r o u p  b u y i n g  o f  s p a r e  p a r t s  i s  v e r y  d e s i r a b l e  t o  m i n i m i z e  c o s t s  
a s s o c i a t e d  w i t h  s m a l l  o r d e r s .  T h e r e  i s  a n  i n d u s t r y - w i d e  p r o b 
l e m  u s i n g  r a i l r o a d  f r o g s  w i t h  r e l a t i v e l y  s m a l l  t r a n s i t  w h e e l s ,  
r e s u l t i n g  i n  a  3 / 1 6 - i n c h  d r o p  i n  s i x  i n c h e s  a c r o s s  t h e  f l a n g e -  
w a y s .  D e l a y s  o f  s i x  m o n t h s  t o  a  y e a r  c a n  b e  e x p e c t e d  f o r  a l l  
s u p p l i e s ,  w i t h  l o n g e r  d e l a y s  f o r  r a i l .  N o n - s t a n d a r d  s i z e s  a d d  
t o  t h e  p r o b l e m s ; .  I n  t h e  p a s t  BART h a s  o b t a i n e d  1 1 0 - l b  r a i l  a s  
a n  a d d - o n  t o  r a i l r o a d  o r d e r s ,  a n d  SEPTA h a s  o b t a i n e d  1 0 0 - l b  
r a i l  a s  a n  a d d - o n  t o  NYCTA o r d e r s .  P u r c h a s i n g  r a i l  i s  now a n  
e n o r m o u s  p r o b l e m  t h r o u g h o u t  t h e  c o u n t r y ,  e s p e c i a l l y  i n  t h e  
E a s t  w h e r e  C o n r a i l  a n d  A m t r a k  h a v e  l o n g - t e r m  o r d e r s  a t  a l l  
m i l l s .  E v e n  S o u t h e r n  i s  now b u y i n g  E u r o p e a n  r a i l .  L o n g - r a n g e  
p l a n n i n g  f o r  r a i l  r e n e w a l  i s  a  m u s t .

3 .  D e v e l o p  s i m p l e  g u i d a n c e  f o r  o p t i o n a l  u s e  i n  t h e  m a n g e m e n t  
o f  t r a c k  m a i n t e n a n c e ,  e s p e c i a l l y  p l a n n i n g ,  e s t i m a t i n g  a n d  
s c h e d u l i n g .

An i n d u s t r y - w i d e  s e t  o f  g u i d e l i n e s  s h o u l d  b e  e s t a b l i s h e d  f o r  
t r a c k  m a i n t e n a n c e  m a n a g e m e n t .  T e c h n i q u e s  a r e  n e e d e d  f o r  
e v a l u a t i n g  m a i n t e n a n c e  w o r k  i n  t e r m s  o f  l i f e  c y c l e  c o s t i n g  
a n d  r e l a t i n g  i n i t i a l  c o s t s  t o  l o n g - t e r m  b e n e f i t s .  M a i n t e n 
a n c e  p l a n n i n g  a n d  s c h e d u l i n g  s h o u l d  b e  r e l a t e d  t o  t h e  u s e  o f  
a  t e s t  c a r ,  a n d  t h e  c o m p u t e r  p r o c e s s i n g  o f  d a t a  s h o u l d  b e  
c o n s i d e r e d .
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4 .  D e v e l o p  s i m p l i f i e d ,  o p t i o n a l  r e p o r t  f o r m s  f o r  l o c a l  c o n t r o l  
o f  t r a c k  i n s p e c t i o n  a n d  m a i n t e n a n c e .

T h e r e  i s  a  g e n e r a l  n e e d  f o r  a  c o m p l e t e  p a c k a g e  o f  s t a n d a r d  f o r m s  
f o r  i n s p e c t i o n ,  p r o g r a m m e d  m a i n t e n a n c e  a n d  c r i t i c a l  m a i n t e n a n c e .  
T h i s  s h o u l d  b e  t i e d  t o  i t e m s  1 ,  3 a n d  6 .  T h e r e  i s  n o  i n t e r e s t  
i n  e s t a b l i s h i n g  e n f o r c e a b l e  t r a c k  s t a n d a r d s  b u t  r a t h e r  t r a c k  
g u i d e l i n e s .  T h e  N a t i o n a l  D e s i g n  P r a c t i c e s  M a n u a l  i s  c u r r e n t l y  
b e i n g  f o r m u l a t e d  b y  APTA a n d  UMTA. L o n d o n  T r a n s p o r t  w i l l  p r o 
v i d e  t h e  B r i t i s h  c o d e .  More  r e s e a r c h  i s  r e q u i r e d .  A t r a c k  
g e o m e t r y  t a s k  f o r c e  m e t  i n  T o r o n t o  i n  N o v e m b e r  1 9 7 7 ,  a n d  r e c o m 
m e n d a t i o n s  w e r e  d e v e l o p e d .  A c o p y  o f  t h o s e  r e c o m m e n d a t i o n s  
s h o u l d  b e  r e v i e w e d .  T h e  c o n s e n s u s  w a s  t h a t  t h e  T o r o n t o  T r a c k  
G e o m e t r y  S y s t e m  ( u s e d  o n  r e v e n u e  c a r s )  i s  g o o d .

5 .  D e v e l o p  i n c e n t i v e s  f o r  i m p r o v i n g  t r a c k  m a i n t e n a n c e  e f f e c 
t i v e n e s s  s u c h  a s  a w a r d s  t o  p r o p e r t i e s  t h a t  ma ke  n o t a b l e  
i m p r o v e m e n t s .

I n c e n t i v e  a w a r d s  ct o  p r o p e r t i e s  f o r  i m p r o v e m e n t s  i n  t r a c k  m a i n t e n 
a n c e  e f f e c t i v e n e s s  w e r e  n o t  d e e m e d  a d v i s a b l e .  A d m i n i s t r a t i o n  o f  
a w a r d s  w o u l d  b e  t o o  c o n t r o v e r s i a l  a n d  d i f f i c u l t .

6 .  D e v e l o p  s t a n d a r d s  f o r  t r a n s i t  t r a c k  s y s t e m s ,  d e s c r i b i n g  i n  
d e t a i l  w h a t  s h o u l d  b e  m e a s u r e d .

The  c o n s e n s u s  w a s  t o  c h a n g e  " s t a n d a r d s "  t o  g u i d e l i n e s  a n d  r e c o m 
m e n d e d  p r a c t i c e s .  T h e  APTA s u b c o m m i t t e e  o n  T r a c k  a n d  S t r u c t u r e  
h a s  b e e n  w o r k i n g  o n  g u i d e l i n e s .

7 .  P r o v i d e  g u i d a n c e  o n  i n s p e c t i o n  t e c h n i q u e s ,  " how t o  do i t "  
i n f o r m a t i o n  f o r  i n s p e c t o r s .

The  c o n s e n s u s  w a s  t h a t  s u c h  g u i d a n c e  i s  n e e d e d .  T r a c k  g e o m e t r y  
(TG) a n d  r i d e  q u a l i t y  m e a s u r e m e n t s  s h o u l d  b e  c o o r d i n a t e d  w i t h  o t h e r  
i n s p e c t i o n s  s u c h  a s  t h e  m e a s u r e m e n t  o f  r a i l  w e a r .  T h e  I o w a  
H y - R a i l e r  w a s  m e n t i o n e d .  H o w e v e r  i t  c o l l e c t s  u n l o a d e d  TG d a t a  
f r o m  c o n t a c t  s e n s o r s  a n d  c a n n o t  b e  u s e d  i n  r e v e n u e  s e r v i c e .
NYCTA f o u n d  t h e  116  c a r  e x p o s e d  p r o b l e m s  t h a t  w e r e  n o t  f o u n d  b y  
i n s p e c t o r s  a n d  i s  o b t a i n i n g  a n  EM80 t r a c k  s u r v e y  c a r  w h i c h  w i l l  
b e  m o d i f i e d  t o  f i t  c l e a r a n c e s .  BART h a s  o r d e r e d  a  M a t i s a  
v e h i c l e  m o d i f i e d  f o r  w i d e  g a g e .  Much  r e s e a r c h  a n d  t r a i n i n g  a r e  
n e e d e d  f o r  p r o p e r  i n t e r p r e t a t i o n  o f  t r a c k  g e o m e t r y  d a t a ,  a s  s t r i p  
c h a r t s  s e e m  t o  b e  t o o  v o l u m i n o u s .  T h e  J a p a n e s e  N a t i o n a l  R a i l 
way  i s  u s i n g  c a r  a c c e l e r a t i o n s  a s  a  b a s i s  f o r  i n s p e c t i n g  c o n 
t r a c t  w o r k  a n d  p l a n n i n g  m a i n t e n a n c e .  S o u t h e r n  R a i l w a y  h a s  
c o r r e l a t e d  d e r a i l m e n t  t e n d e n c i e s  w i t h  a l i g n m e n t  d e v i a t i o n s  a n d  
t w i s t .
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A u n i f o r m  s y s t e m  f o r  m a r k i n g  t r a c k  d i s t a n c e  may b e  d e s i r a b l e ;  
a t  l e a s t  s t a n d a r d  r e f l e c t i n g  m a r k e r s  c o u l d  b e  p u r c h a s e d  a t  
l o w e r  p r i c e s  i n  l a r g e  q u a n t i t i e s .

A s t a n d a r d  s u r v e y  c a r  f o r  a l l  t r a n s i t  s y s t e m s  w o u l d  b e  d e s i r 
a b l e ,  b u t  g a g e  a n d  c l e a r a n c e  d i f f e r e n c e s  make  t h i s  u n l i k e l y .  
D o c u m e n t a t i o n  f r o m  a s u r v e y  c a r  i s  u s e f u l  i n  m a n a g e m e n t  o v e r 
v i e w  a s  w e l l  a s  i n  m a i n t e n a n c e .

A t r a c k  i n s p e c t i o n  p a c k a g e  s h o u l d  i n d i c a t e  d a t a  t o  c o l l e c t  
a n d  how t o  a n a l y z e  a n d  u s e  i t .  R o t a t i o n  o f  i n s p e c t o r s  i s  
a  g o o d  t e c h n i q u e  t o  o b t a i n  a  f r e s h  p o i n t  o f  v i e w .  L o n d o n  
T r a n s p o r t  u s e s  a s p e c i a l  t e a m  t o  i n s p e c t  a l l  t r a c k  a t  i n t e r 
v a l s  a n d  c h e c k  r o u t i n e  i n s p e c t i o n s .

R a i l r o a d s  a r e  t r y i n g  t o  go f r o m  TG t o  p e r f o r m a n c e  s t a n d a r d s .  
R i d e  q u a l i t y  w o u l d  b e  o n e  m e a s u r e  o f  p e r f o r m a n c e .  A c c e l e r a 
t i o n  t h r e s h o l d s  a r e  t o  b e  i d e n t i f i e d  t h a t  c o r r e l a t e  w i t h  
TG e x c e p t i o n s .  A p o r t a b l e  r i d e  q u a l i t y  p a c k a g e  was  t h o u g h t  
t o  b e  a g o o d ,  i n e x p e n s i v e  c o n c e p t ,  s i n c e  t h e  t r a n s i t  v e h i c l e s  
a r e  s i m i l a r ,  a n d  i t  c o u l d  b e  u s e d  o n  a l l  o f  t h e m .

8 .  S u p p o r t  t h e  f u r t h e r  d e v e l o p m e n t  o f  t r a i n i n g  c o u r s e s  a n d  
s e m i n a r s .  A p o s s i b i l i t y  i s  t h e  a r r a n g e m e n t  o f  t r a i n i n g  
a t  l a r g e  p r o p e r t i e s  f o r  p e o p l e  f r o m  s m a l l  p r o p e r t i e s .

The  c o m m i t t e e  a g r e e d  on  t h i s  t o p i c .  I n d u s t r y - w i d e  t r a i n i n g  
p r o g r a m s  f o r  t r a c k  f o r e m e n  w e r e  d e e m e d  n e c e s s a r y .  The C o n r a i l  
p r o g r a m  i n i t i a t e d  b y  F o r d ,  B a c o n  § D a v i s  a n d  c o n t i n u e d  by  
S c h a f f e r  A s s o c i a t e s  w as  d e s c r i b e d  a s  a  m o d e l  p r o g r a m  w h o s e  
c l a s s e s  a r e  c o n d u c t e d  b y  C o n r a i l  p e r s o n n e l .  UMTA c o u l d  f u n d  
t h i s  p r o g r a m  f o r  t r a n s i t  p e r s o n n e l .

9 .  S u p p o r t  d e m o n s t r a t i o n  p r o j e c t s  t o  v a l i d a t e  t h e  e f f e c t i v e 
n e s s  o f  f a v o r a b l e  t r a c k  m a i n t e n a n c e  p r a c t i c e s .

T h e  c o m m i t t e e  s u p p o r t e d  t h i s  i d e a  a n d  n o t e d  t h a t  i s  i s  b e i n g  d o n e  
i n  t h e  c a s e  o f  c o n c r e t e  t i e s .

A . 2 . 2 . 2  P o t e n t i a l  O p p o r t u n i t i e s  f o r  I m p r o v e m e n t  t h a t  R e q u i r e  
R e s e a r c h  o r  I n v e s t i g a t i o n

T h e s e  i t e m s  w e r e  d i s c u s s e d  a s  f o l l o w s .

1 .  D e v e l o p  a p o r t a b l e  r i d e  q u a l i t y  r e c o r d i n g  s y s t e m  t o  i d e n t i 
f y  c h a n g e s  i n  t r a c k  c o n d i t i o n  a n d  p r o v i d e  t h e  M/W s u p e r 
i n t e n d e n t s  w i t h  i n f o r m a t i o n  f o r  d e c i s i o n s  o n  t h e  p r i o r i t y  
o f  t r a c k  m a i n t e n a n c e  w o r k .
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T h i s  w as  d i s c u s s e d  u n d e r  I t e m  3 o n  t h e  c u r r e n t  t e c h n o l o g y  l i s t .  
I t  was  a g r e e d  t h a t  a s y s t e m  s h o u l d  b e  d e v e l o p e d ,  a n d  t h i s  i t e m  
w as  a s s i g n e d  a h i g h  p r i o r i t y .

2 .  I n v e s t i g a t e  t h e  a v a i l a b i l i t y  o f  t r a c k  f o r  m a i n t e n a n c e
w o r k ,  i n c l u d i n g  a l l  e f f e c t s  o n  c o s t s  a n d  o p e r a t i o n s ,  a n d  
d e v e l o p  g u i d a n c e  f o r  t h e  m o s t  f a v o r a b l e  p r a c t i c e s .

T h e  c o m m i t t e e  a g r e e d  o n  t h i s .  A s t u d y  s h o u l d  b e  made o f  m a i n 
t e n a n c e  c o s t s  a n d  t r a c k  a v a i l a b i l i t y  t o  v e r i f y  t h e  d o l l a r  v a l u e  
o f  t r a c k  t i m e .  D e s i g n e r s  f o r  new t r a c k s  a n d  t r a c k  r e h a b i l i 
t a t i o n  s h o u l d  i n c l u d e  f e a t u r e s  t h a t  w i l l  h e l p  a r r a n g e m e n t s  f o r  
t r a c k  a v a i l a b i l i t y .  The  c o m m e n t s  u n d e r  i t e m  2 i n  t h e  l i s t  o f  
m a i n t e n a n c e  p r a c t i c e s  w e r e  a l s o  c o n s i d e r e d  a p p l i c a b l e .  T h i s  w as  
a s s i g n e d  a l o w  p r i o r i t y .

3 .  D e v e l o p  a c o s t - e f f e c t i v e ,  i n - p l a c e  t r e a t m e n t  f o r  d e t e r i 
o r a t e d  t i e s ,  u s i n g  a v a i l a b l e  f u n g i c i d e s ,  f i l l e r s  a n d  
p r o t e c t i v e  c o v e r i n g s  i n  o r d e r  t o  e x t e n d  t h e  u s e f u l  l i f e  
o f  t h e  t i e s  a n d  d e f e r  t h e  h i g h  c o s t s  o f  r e p l a c e m e n t s .

T h e  c o m m i t t e e  a g r e e d  on  t h i s  p r o p o s a l ,  s t a t i n g  t h a t  a  s i m p l e ,  
l o w - c o s t  m e t h o d  i s  n e e d e d .  I t  was  a s s i g n e d  a l o w  p r i o r i t y .

4 .  D e v e l o p  a s m a l l  v i b r a t o r y  b a l l a s t  c o m p a c t o r  t o  s t a b i l i z e  
b a l l a s t  i n  t h e  c r i b s  a n d  s h o u l d e r s  o f  r e s u r f a c e d  t r a c k  
a n d  t h u s  h e l p  t o  h o l d  l i n e  a n d  g r a d e .

T h e  c o m m i t t e e  d i s a g r e e d  w i t h  t h i s  s u g g e s t i o n .  M em bers  n o t e d  
t h a t  s u i t a b l e  e q u i p m e n t  i s  a v a i l a b l e ,  a l t h o u g h  som e a d a p t a t i o n  
may b e  n e c e s s a r y .

5.  I n v e s t i g a t e  i n  d e p t h  a l l  c u r r e n t  p r a c t i c e s  a n d  a v a i l a b l e  
t e c h n i q u e s  t o  e x t e n d  t h e  u s e f u l  l i f e  o f  r a i l  on  c u r v e d  
t r a n s i t  t r a c k ,  a n d  d e v e l o p  g u i d a n c e  f o r  c o s t - e f f e c t i v e  
p r a c t i c e s .

T h e  c o m m i t t e e  a g t e e d  w i t h  t h i s  p r o p o s a l .  The  c o m m e n ts  u n d e r  
m a i n t e n a n c e  p r a c t i c e s ,  i t e m  1 7 ,  w e r e  c o n s i d e r e d  r e l e v a n t .
The  i t e m  was  a s s i g n e d  a  l o w  p r i o r i t y .

6 .  I n v e s t i g a t e  t h e  m a i n t e n a n c e  o f  CWR a n d  BJR o n  c u r v e s  a n d  
s h o r t  t a n g e n t s ,  a n d  d e v e l o p  g u i d a n c e  f o r  t h e  c o s t - e f f e c 
t i v e  u s e  o f  t h e  tw o  t y p e s  o f  r a i l  j o i n t s .

T h e  c o m m i t t e e  s u p p o r t e d  t h i s  i t e m ,  n o t i n g  t h a t  s t u d i e s  s h o u l d  
f i n d  t h e  b r e a k - e v e n  p o i n t s  ( c u r v e  r a d i u s  a n d  l e n g t h )  f o r  m a i n 
t e n a n c e  c o s t s .  T h e s e  w i l l  v a r y  i n  r e l a t i o n  t o  t r a f f i c  a n d  o t h e r  
f a c t o r s .  The  i t e m  w as  a s s i g n e d  a m e d iu m  p r i o r i t y .
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7.  I n v e s t i g a t e  t h e  r e l a t i o n  o f  t h e  t r a n s v e r s e  w h e e l  t r e a d  
p r o f i l e  t o  r a i l  w e a r ,  a n d  d e v e l o p  g u i d a n c e  f o r  g r i n d i n g  
w h e e l s .

The  c o m m i t t e e  a g r e e d  w i t h  t h i s  p r o p o s a l .  M embers  c o m m e n t e d  
t h a t  AAR s t a n d a r d s  s h o u l d  b e  r e v i e w e d .  I t  w as  n o t e d  t h a t  
f a l s e  f l a n g e s  t h a t  d e v e l o p  on  w h e e l  t r e a d s  n e a r  t h e  o u t s i d e  
e d g e ,  p i c k  u p  w o r n  s w i t c h  p o i n t s  a n d  d a m a g e  t h e m .  A n o t h e r  com m en t  
was  t h a t  t h e  p r o b l e m  s h o u l d  b e  d i s c u s s e d  w i t h  c a r  s h o p  s u p e r 
i n t e n d e n t s  a n d  d e s i g n e r s .  T h i s  i t e m  w as  a s s i g n e d  a low  
p r i o r i t y .

8 .  F o l l o w - u p  s t u d i e s  b y  t h e  F e d e r a l  R a i l r o a d  A d m i n i s t r a t i o n  
on  t h e  u s e  o f  s t e e r a b l e  t r u c k s  t o  r e d u c e  w e a r  o f  r a i l  a n d  
w h e e l s  o n  c u r v e s ;  r e l a t e  t h e  f i n d i n g s  t o  t r a n s i t  t r a c k  
r e q u i r e m e n t s  a n d  p e r f o r m  s u c h  a d d i t i o n a l  s t u d i e s  a n d  
t e s t s  a s  a r e  n e c e s s a r y  t o  o b t a i n  t h e  b e n e f i t s  f o r  t r a n s i t  
t r a c k .

The  c o m m i t t e e  f a v o r e d  t h i s  s u g g e s t i o n ,  n o t i n g  t h a t  UMTA i s  
r e q u e s t i n g  b i d s  o n  a p r o j e c t  t o  b u i l d  a s t e e r a b l e  t r u c k .
T h i s  i t e m  w as  a s s i g n e d  a h i g h  p r i o r i t y .

9 .  I n v e s t i g a t e  c o r r o s i o n  o f  r a i l  a n d  o t h e r  t r a c k  c o m p o n e n t s ,  
a n d  d e v e l o p  g u i d a n c e  on  e f f e c t i v e  m e t h o d s  t o  r e d u c e  t h e  
r a t e  o f  c o r r o s i o n .

The c o m m i t t e e  a g r e e d  w i t h  t h i s  s u g g e s t i o n .  C o r r o s i o n  o f  b o l t s  
a n d  c o m p o n e n t s  was  n o t e d  t o  b e  v e r y  t r o u b l e s o m e .  The i t e m  
w as  a s s i g n e d  a m e d iu m  p r i o r i t y .

1 0 .  D e v e l o p  i m p r o v e d  m e t h o d s  a n d  t o o l s  f o r  t r a c k  i n s p e c t i o n
i n  o r d e r  t o  r e d u c e  t e d i o u s  w o r k  a n d  o b t a i n  b e t t e r  r e s u l t s .

The c o m m i t t e e  a g r e e d  w i t h  t h i s  i t e m  w h i c h  i s  r e l a t e d  t o  r i d e  
q u a l i t y  s y s t e m ,  I t e m  1 ,  a n d  o t h e r  i n s p e c t i o n  i t e m s .  I t  was  
a s s i g n e d  a m e d iu m  p r i o r i t y .

1 1 .  D e v e l o p  f a v o r a b l e  m e t h o d s  f o r  s m o o t h i n g  l i n e  a n d  g r a d e
o f  t r a c k  o n  e l e v a t e d  s t r u c t u r e s  t h a t  h a v e  l a r g e  c o n s t r u c 
t i o n  t o l e r a n c e  o r  h a v e  s h i f t e d  s i n c e  c o n s t r u c t i o n .

T h e  c o m m i t t e e  a g r e e d  t h a t  t h i s  i s  a  g o o d  s u g g e s t i o n ,  a l t h o u g h  
i t  i s  a  p r o b l e m  a r e a  on o n l y  a f e w  p r o p e r t i e s .  M em bers  c o m 
m e n t e d  t h a t  l a s e r  b e a m s  may b e  u s e f u l  i s  e s t a b l i s h i n g  r e f e r e n c e  
l i n e ,  a n d  s o m e  t r a c k  l i n e r s  may b e  u s e f u l  o n  e l e v a t e d  t r a c k .
T he  FRA T r a c k  S u r v e y  D e v i c e  may a l s o  b e  v a l u a b l e .  The  i t e m  
w as  a s s i g n e d  a  l o w  p r i o r i t y .
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1 2 .  D e v e l o p  i m p r o v e d  h a n d  t o o l s  f o r  t r a c k m e n  t h a t  w i l l  p r o v i d e  
m o re  j o b  s a t i s f a c t i o n  a n d  e n c o u r a g e  m o r e  i n t e r e s t  i n  t h e  
w o r k .

T h e  c o m m i t t e e  a g r e e d  on t h i s  i t e m ,  n o t i n g  t h a t  some t o o l s  a r e  
a w k w a r d  a n d  c u m b e r s o m e  t o  u s e ,  e s p e c i a l l y  i n  c o n f i n e d  s p a c e s .  
The  i t e m  was  a s s i g n e d  a l o w  p r i o r i t y .

A . 2 . 2 . 3  T h r e e  R e s e a r c h  I t e m s  P r o p o s e d  b y  t h e  W o r k s h o p  G roup  

T h e s e  i t e m s  r e q u i r i n g  e x t e n s i v e  i n v e s t i g a t i o n  a n d  t e s t s  a r e :

•  T r a c k  w e l d i n g  p r o c e s s .  T h e  n e e d  f o r  r e s e a r c h  
on  w e l d i n g  w as  c o n s i d e r e d  v e r y  i m p r o t a n t .

•  S w i t c h  m a i n t e n a n c e ,  s w i t c h  p o i n t  a n d  f r o g  r e h a 
b i l i t a t i o n .

•  E l e c t r i c  s w i t c h  h e a t e r  i n s t a l l a t i o n  on  s w i t c h  
p o i n t s  a n d  g u a r d  r a i l s .

A . 2 . 2 . 4  F a v o r a b l e  M a i n t e n a n c e  P r a c t i c e s  i n  L i m i t e d  U se

P r a c t i c e s  w e r e  d i s c u s s e d  t h a t  h a d  b e e n  o b s e r v e d  i n  a  f e w  t r a n s i t  

s y s t e m s .  Many o f  t h e s e  p r a c t i c e s  h a v e  b e e n  d e v e l o p e d  o r  m o d i 

f i e d  b y  i n d i v i d u a l  t r a n s i t  p r o p e r t i e s  t o  s u i t  t h e i r  s p e c i f i c  

n e e d s .  Some o f  t h e  t r a n s i t  p r o p e r t i e s  a r e  u s i n g  m o s t  o f  t h e  

p r a c t i c e s  a n d  i t e m s  n o t e d  b e l o w ;  a l l  a r e  u s i n g  some o f  t h e m .  

W i d e r  u s e  o f  s u c h  p r a c t i c e s  w i t h  m o d i f i c a t i o n s  t o  s u i t  s p e c i a l  

n e e d s  o f  t h e  p r o p e r t i e s  w o u l d  h e l p  i n c r e a s e  t h e  e f f e c t i v e n e s s  o f  

t r a c k  m a i n t e n a n c e .  The  c o n s e n s u s  o f  t h e  w o r k s h o p  m e m b e r s  ( w i t h  

f e w  e x c e p t i o n s )  was  t h a t  t h e  p r a c t i c e s  a r e  g o o d  o n e s  a n d  s h o u l d  

b e  u s e d .  S p e c i a l  c o m m e n t s  w e r e  made on  o n l y  a  f e w  o f  t h e  

i t e m s  a s  n o t e d .

1 .  T i g h t e n i n g  m a i n t e n a n c e  p l a n n i n g  a n d  s c h e d u l i n g  h e l p s
i n c r e a s e  p r e v e n t i v e  a n d  r o u t i n e  m a i n t e n a n c e  w h i l e  r e d u c i n g  
e m e r g e n c i e s  a n d  r e d u c i n g  t h e  f r e q u e n c y  o f  m a j o r  r e p l a c e 
m e n t s  .

I t  w as  n o t e d  t h a t  e a c h  p r o p e r t y  h a s  s p e c i a l  c o n d i t i o n s  
a n d  n e e d s .
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2 .  I n c r e a s i n g  u n i n t e r r u p t e d  t r a c k  a v a i l a b i l i t y  t i m e  f o r  
m a i n t e n a n c e  h e l p s  i m p r o v e  m a i n t e n a n c e  p r o d u c t i v i t y  a n d  
q u a l i t y .

A v a i l a b i l i t y  o f  t r a c k  t i m e  f o r  m a i n t e n a n c e  i s  a  g e n e r a l  p r o b 
l e m  e s p e c i a l l y  o n  p r o p e r t i e s  t h a t  o p e r a t e  24 h o u r s  a  d a y .  
D e s i g n e r s  a n d  o p e r a t i o n s  s t a f f  s h o u l d  c o n s u l t  t o  l o c a t e  c r o s s  
o v e r s  a n d  a s s o c i a t e d  s i g n a l  s y s t e m s  t o  f a c i l i t a t e  r e d i r e c t i o n  
o f  t r a f f i c  t o  a l l o w  f o r  t h e  m a i n t e n a n c e  o r  r e p a i r  o f  t r a c k .  
S e v e r a l  p r o p e r t i e s  h a v e  b e e n  a b l e  t o  p r o v i d e  b u s  s e r v i c e  t o  
m a k e  t r a c k  a v a i l a b l e  f o r  l o n g  p e r i o d s  o f  m a i n t e n a n c e  w o r k .

3 .  S t r e n g t h e n i n g  m a i n t e n a n c e  c o n t r o l  w i l l  h e l p  i m p r o v e  
q u a l i t y .

4 .  S t a c k i n g  s i m i l a r  m a i n t e n a n c e  j o b s  w i l l  g e n e r a l l y  i n c r e a s e  
b o t h  q u a l i t y  a n d  p r o d u c t i v i t y .  T h e  s c h e d u l e r  s t a c k s  t h e  
j o b s  s o  t h a t  t h e y  a r e  i n  t h e  sam e  g e n e r a l  a r e a  w i t h o u t  
e x c e s s i v e  t r a v e l  b e t w e e n  j o b s ,  t h e y  c a n  b e  d o n e  c o n s e c u 
t i v e l y  w i t h o u t  b a c k t r a c k i n g ,  a n d  t h e r e  a r e  n o  i n t e r r u p 
t i o n s  b y  o t h e r  t y p e s  o f  w o r k  t h a t  r e q u i r e  d i f f e r e n t  
m a t e r i a l s ,  e q u i p m e n t  a n d  t o o l s .

5.  T h e  u s e  o f  s t a n d a r d  "How t o  do i t "  j o b  i n s t r u c t i o n s  p r o 
v i d e s  g o o d  b a s i s  f o r  p l a n n i n g ,  d o i n g  a n d  s u p e r v i s i n g  
t r a c k  m a i n t e n a n c e  w o r k .

6 .  U se  o f  s t a n d a r d ,  "How t o  do i t "  i n s t r u c t i o n s  h e l p s  i n 
c r e a s e  t h e  e f f e c t i v e n e s s  o f  a l l  t r a c k  i n s p e c t i o n s .

7.  E n c o u r a g i n g  t r a c k  m e c h a n i c s  t o  p r o v i d e  i d e a s  f o r  i m p r o v 
i n g  m a i n t e n a n c e  a n d  i n s p e c t i o n  i n s t r u c t i o n s  h e l p s  e v e r y o n e  
t o  do  a  b e t t e r  j o b .

8 .  A u g m e n t i n g  t h e  f o r m a l  t r a i n i n g  o f  t r a c k  m e c h a n i c s  a n d  
s u p e r v i s o r s  w i l l  a s s i s t  t h e m  t o  i m p r o v e  t h e  q u a l i t y  o f  
t r a c k  m a i n t e n a n c e  w o r k .

9 .  W e l l  p l a n n e d  a n d  c o n s i s t e n t  p o l i c i e s  t o  c o n t r o l  a b s e n t e e 
i s m  a r e  h e l p f u l  i n  i m p r o v i n g  t h e  r e l i a b i l i t y  o f  t h e  m a i n 
t e n a n c e  f o r c e s .

1 0 .  I n s p e c t i n g  a n d  r e p o r t i n g  a l l  c o m p l e t e d  m a i n t e n a n c e  w o r k  
g i v e s  r e c o g n i t i o n  t o  t r a c k  m e c h a n i c s  a n d  e n c o u r a g e s  t h e m  
t o  i m p r o v e  t h e  q u a l i t y  o f  t h e i r  w o r k .

T h i s  i s  a  q u a l i t y  a s s u r a n c e  i t e m .

1 1 .  I n s p e c t i n g  t r a c k s  a n d  c o m p o n e n t s  o n  r e g u l a r  s c h e d u l e s ,  
r e l a t e d  t o  t h e  a m o u n t  o f  t r a f f i c  a n d  f r e q u e n c y  o f  p r o b l e m s ,  
h e l p s  p l a n n e r s  a n d  s u p e r v i s o r s  t o  a d j u s t  t o  m a i n t e n a n c e  
e f f o r t s  t o  t h e  n e e d s .
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I t e m s  1 1 ,  12 a n d  14 a r e  c l o s e l y  r e l a t e d .  The  s i g n a l  a n d  
M/W p e o p l e  o f  many p r o p e r t i e s  i n s p e c t  s w i t c h e s  a n d  o b 
s t r u c t i o n s  j o i n t l y  a t  30 d a y  i n t e r v a l s .  E v e r y  t h i r d  
i n s p e c t i o n  i s  e x p a n d e d  i n t o  a d e t a i l e d  c h e c k  o f  t h e  
e n t i r e  s w i t c h  m e c h a n i s m .  S w i t c h  i n s p e c t i o n  r e p o r t s  a r e  
m a n d a t o r y .

1 2 .  R o t a t i n g  i n s p e c t o r s  c h a n g e s  t h e  b i a s  i n  t r a c k  i n s p e c t i o n s ,  
a n d  c o m p a r i s o n s  o f  r e p o r t s  p r o v i d e s  a  c l e a r e r  p i c t u r e  o f  
t r a c k  c o n d i t i o n s .

1 3 .  U s i n g  t o o l s  t o  m e a s u r e  t r a c k  p r o b l e m s  s e e n  o r  s u s p e c t e d  
d u r i n g  i n s p e c t i o n s  w i l l  r e v e a l  c h a n g e s  o c c u r r i n g  i n  t r a c k  
s t r u c t u r e s .  The  m e a s u r e m e n t s  s h o u l d  i n c l u d e  r a i l  i r r e g u 
l a r i t i e s ,  t i e  c u t t i n g ,  d i s p l a c e d  p a d s ,  w i d e  j o i n t  g a p s ,  
e n d  b a t t e r ,  s p a l l s ,  m i s a l i g n m e n t s ,  s l a c k  i n  s w i t c h  m e c h a n 
i s m s ,  d e f l e c t i o n  o f  s w i t c h  h e e l s  u n d e r  t r a f f i c ,  a n d  w e a r  
o f  f r o g s  a n d  s w i t c h  p o i n t s .

1 4 .  R e p o r t i n g  a l l  i n s p e c t i o n s  o n  s h o r t ,  s t a n d a r d  f o r m s  h e l p s  
e n s u r e  h i g h  q u a l i t y  i n s p e c t i o n  a n d  t i m e l y  f o l l o w - u p  
a c t i o n s .

1 5 .  D o c u m e n t i n g  a n d  r e p o r t i n g  f a i l u r e s  o f  e q u i p m e n t  a n d  t o o l s  
w i l l  h e l p  a v o i d  t h e  c o n t i n u i n g  p u r c h a s e  o f  i n a d e q u a t e  
i t e m s .

1 6 .  S t a n d a r d  p r o c e d u r e s  a n d  r e c o r d s  f o r  t h e  t r i a l  o f  new 
m a t e r i a l  o r  e q u i p m e n t  w i l l  s u p p o r t  g o o d  d e c i s i o n s  on  
c h a n g e s .

1 7 .  T r a n s p o s i n g  w o r n  r a i l ,  t o  g e t  m o r e  o u t  o f  i t  b e f o r e  
r e p l a c i n g  i t ,  w i l l  u s u a l l y  h e l p  h o l d  down m a i n t e n a n c e  
c o s t s .

I n  s o m e  c a s e s ,  t h e  l a b o r  c o s t s  f o r  t r a n s p o s i n g  r a i l  w e r e  
t h r e e  t i m e s  a s  h i g h  o n  c u r v e s  a s  o n  t a n g e n t  t r a c k .  G r i n d 
i n g  o f f  a n d  i n s t a l l i n g  n ew  b o n d s  o n  t h e  r i b  ( f i e l d )  s i d e  
o f  t h e  r a i l  a r e  e x p e n s i v e .  I n  some c a s e s  t h e  r a i l  t o  b e  
t r a n s p o s e d  c a n  b e  m o v e d  a h e a d  t o  a  r e v e r s e  c u r v e  a n d  u s e d  
w i t h o u t  c h a n g i n g  b o n d s .

1 8 .  T h e  u s e  o f  h a r d e n e d  s t e e l  r a i l s ,  l u b r i c a t o r s ,  r e s t r a i n i n g  
r a i l s ,  r e d u c e d  s p e e d ,  s u p e r e l e v a t i o n  a n d  g a g e  w i d e n i n g  
a r e  a l l  t h o u g h t  t o  h e l p  r e d u c e  t h e  r a t e  o f  w e a r  i n  c u r v e s .  
Good l o c a l  r e c o r d s  w i l l  p r o v i d e  f a c t s  t o  s u p p o r t  d e c i s i o n s  
o n  p o s s i b l e  c h a n g e s .

I t  w as  a g r e e d  t h a t  w e a r  o f  r a i l s  i n  c u r v e s  c a n  b e  r e d u c e d  
c o n s i d e r a b l y  b y  t h e  s u g g e s t i o n s  ( h a r d e n e d  s t e e l  r a i l s ,  
r e s t r a i n i n g  r a i l s ,  r e d u c e d  s p e e d s ,  s u p e r e l e v a t i o n  a n d  
g a g e  w i d e n i n g ) ; l u b r i c a t o r s  r e q u i r e  a t r a i n i n g  p r o g r a m  
t o  a s s u r e 1p r o p e r  d i s t r i b u t i o n  o f  l u b r i c a n t s .
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T h e r e  a r e  m any  p r o b l e m s  i n  r a i l  w e a r ,  a n d  i n t e n s i v e  
s t u d y  i s  n e e d e d .  F o r  e x a m p l e  SWPTA h a s  h a d  som e f u l l y  
h e a t  t r e a t e d  r a i l  o n  s h a r p  c u r v e s  t h a t  w o r e  o u t  ( g a g e  
s i d e )  a s  f a s t  a s  p l a i n  r a i l  d i d .

UMTA i s  c u r r e n t l y  r e q u e s t i n g  b i d s  o n  a  s t e e r a b l e  t r a n s i t  
t r u c k ;  i t s  i m p l e m e n t a t i o n  s h o u l d  h e l p  c o n s i d e r a b l y .  
C h r o m e - m o l y  w as  m e n t i o n e d  a s  t h e  b e s t  n ew  a l l o y  a v a i l a b l e  
f o r  r a i l  s t e e l .  T h e  UMTA t r a c k  a t  t h e  P u e b l o  T r a n s p o r t a 
t i o n  T e s t  C e n t e r  may b e  v a l u a b l e  i n  t e s t i n g  p r a c t i c e s .
BART i s  g o i n g  t o  t r y  some 1 1 9 - l b .  c h r o m e  a l l o y  r a i l  on  
c u r v e s .  U s i n g  sum m er  a n d  w i n t e r  g r a d e  l u b r i c a n t s  a n d  
a d d i n g  a c o n t r o l  v a l v e  on  l u b r i c a t o r s  f o r  a d j u s t m e n t  b y  
i n s p e c t o r s  h a s  h e l p e d  a t  NYCTA. S p e c i a l ,  e x t r a  t r a i n i n g  
i s  n e e d e d .

1 9 .  M e a s u r e m e n t s  a n d  r e c o r d s  o f  r a i l  c o r r u g a t i o n s  a n d  g r i n d 
i n g  p r o v i d e  v a l u a b l e  s u p p o r t  f o r  d e c i s i o n s  o n  t h e  e x t e n t  
o f  r a i l  g r i n d i n g .

2 0 .  R e p l a c i n g  b o l t e d  j o i n t s  w i t h  w e l d e d  j o i n t s  r e d u c e s  p e r 
i o d i c  j o i n t  m a i n t e n a n c e  a n d  t h e  m a i n t e n a n c e  o f  b a l l a s t e d  
r o a d b e d s .

2 1 .  P e r i o d i c  l u b r i c a t i o n s  a n d  t o r q u i n g  o f  j o i n t  b o l t s  t o  
s p e c i f i e d  t e n s i o n ,  p l u s  f r e q u e n t  i n s p e c t i o n  a n d  r e t i g h t e n 
i n g  a s  n e e d e d ,  a r e  n e c e s s a r y  t o  k e e p  t h e  b o l t s  t i g h t .  
S p e c i a l  g l u e s  w i l l  h e l p  k e e p  t h e m  t i g h t .

2 2 .  E x c e s s i v e  w e a r  o f  t h e  j o i n t  b a r s  a n d  r a i l  c a n  b e  a v o i d e d  
b y  l u b r i c a t i n g  t h e  f i s h i n g  s u r f a c e s  a n d  k e e p i n g  t h e  b o l t s  
t i g h t  t o  s p e c i f i e d  t e n s i o n s .

2 3 .  T h e  f r e q u e n c y  a t  w h i c h  j o i n t  b o l t s  b r e a k  c a n  b e  r e d u c e d
b y  r e p l a c i n g  d e t e r i o r a t e d  t i e s ,  k e e p i n g  t h e  b a l l a s t  f i r m l y ,  
t a m p e d  a t  j o i n t s ,  l u b r i c a t i n g  f i s h i n g  s u r f a c e s  a n d  k e e p 
i n g  b o l t s  t i g h t .

2 4 .  The  n u m b e r  o f  b o l t s  t h a t  b r e a k  i n  r e s t r a i n i n g  r a i l s  a n d  
s p e c i a l  t r a c k w o r k  c a n . b e  r e d u c e d  b y  u s i n g  h i g h  s t r e n g t h  
a n d / o r  l a r g e  s i z e  b o l t s .

2 5 .  C o r r o s i o n  i n  s u b w a y s  a n d  t u n n e l s  c a n  b e  r e d u c e d  b y  s e a l i n g  
l e a k s ,  i m p r o v i n g  d r a i n a g e  a n d  o i l i n g  w i t h  r u s t  i n h i b i t o r s .

2 6 .  W ide  g a p s  a t  a  f e w  b o l t e d  j o i n t s  c a n  b e  r e d u c e d  b y  r e g a p 
p i n g  t h e  r a i l s - ,  o i l i n g  t h e  f i s h i n g  s u r f a c e s ,  k e e p i n g  
b o l t s  t o r q u e d  t o  s p e c i f i e d  t e n s i o n  a n d  i m p r o v i n g  r a i l  
a n c h o r a g e .
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2 7 .  S p a l l i n g  r a i l s  a t  b o l t e d  j o i n t s  c a n  b e  a v o i d e d  b y  c r o s s  
c u t t i n g  t o  r e m o v e  f l o w e d  m a t e r i a l  f r o m  t h e  t o p  a n d  s i d e s  
o f  t h e  r a i l  e n d s  a t  b o l t e d  j o i n t s .  I t  c a n  b e  c o r r e c t e d  
b y  w e l d i n g  a n d  g r i n d i n g .

2 8 .  The  n u m b e r  o f  f i r e s  t h a t  i g n i t e  i n  d e b r i s  a c c u m u l a t e d  
i n  t h e  c r a c k s  o f  o l d  w o o d  t i e s  c a n  b e  r e d u c e d  b y  e a r l y  
r e p l a c e m e n t  o f  t h e  t i e s  o r  f i l l i n g  t h e  c r a c k s .

2 9 .  F r e q u e n t  a d j u s t m e n t  a n d  t a m p i n g  o f  b a l l a s t  a d j a c e n t  t o  
s l a b  t r a c k  a n d  a b u t m e n t s  h e l p s  s l o w  t h e  r a t e  o f  t r a c k  
d e t e r i o r a t i o n .

3 0 .  P r o m p t  c l e a n i n g  o f  c l o g g e d  d r a i n a g e  a n d  f o u l e d  b a l l a s t  
h e l p s  r e d u c e  t h e  r a t e  o f  t r a c k  d e t e r i o r a t i o n  i n  a l l  c a s e s .

3 1 .  The  s h o r t i n g  o f  s i g n a l s  b y  m e t a l l i c  d u s t  a t  i n s u l a t e d  
j o i n t s  c a n  b e  e l i m i n a t e d  b y  b o n d i n g  t h e  j o i n t s  w i t h  
e p o x y  s o  a s  t o  f i l l  a l l  c r e v i c e s .

3 2 .  L a t e r a l .m o v e m e n t  o f  t r a c k s  o n  c u r v e s  c a n  b e  r e d u c e d  b y  
h e a v y  b a l l a s t  ( t r a p )  i n  l a r g e  s i z e s .  T i m b e r s  h a v e  b e e n  
f a s t e n e d  a c r o s s  t h e  e n d s  o f  t i e s  i n  t h e  b a l l a s t  t o  
r e s i s t  l a t e r a l  m o v e m e n t s .

3 3 .  Good d r a i n a g e  a n d  a  s u b b a l l a s t  c a r e f u l l y  g r a d e d  t o  f i l t e r  
o u t  f i n e  m a t e r i a l  h e l p  a v o i d  mud p u m p i n g  i n  b a l l a s t e d  
t r a c k .

34 .  L o o s e n i n g  t h e  b o l t s  a t  l o w  j o i n t s  a n d  s t r a i g h t e n i n g  
b e n t  j o i n t  b a r s  a r e  e s s e n t i a l  f o r  o b t a i n i n g  g o o d  r e s u l t s  
f r o m  s u r f a c i n g  b a l l a s t e d  t r a c k .

3 5 .  S h im m in g  t o  r e m o v e  o p e n  s p a c e  b e t w e e n  r a i l  a n d  f a s t e n e r ,  
o r  f a s t e n e r  a n d  s l a b ,  r e d u c e s  t h e  b r e a k i n g  a n d  p u l l o u t  
o f  f a s t e n e r  b o l t s .
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APPENDIX B

COST-BENEFIT ANALYSES OF 
CANDIDATE RESEARCH AND SUPPORT TASKS

G . 1 GENERAL

As d i s c u s s e d  i n  S e c t i o n  8 o f  t h e  r e p o r t ,  a  l i f e  c y c l e  o f  50 

y e a r s  a n d  a 10% i n t e r e s t  r a t e  a r e  u s e d  i n  t h e  a n a l y s e s  o f  

c a n d i d a t e  t a s k s .  T h e  5 0 - y e a r  l i f e  c y c l e  i s  b a s e d  on  e x p e r i e n c e  

w i t h  t h e  o v e r a l l  d u r a b i l i t y  o f  t r a n s i t  s y s t e m s ,  t h e  v e r y  low  

p r e s e n t  v a l u e s  o f  s a v i n g s  o r  c o s t s  t h a t  w i l l  n o t  b e  r e a l i z e d  

u n t i l  50 y e a r s  i n  t h e  f u t u r e ,  a n d  u n c e r t a i n t i e s  i n  p r e d i c t i n g  

c o n d i t i o n s  t h a t  w i l l  a f f e c t  f u t u r e  c o s t s  a n d  l e v e l s  o f  u s e .

The  c o m p l i c a t e d  e f f e c t s  o f  i n f l a t i o n  a r e  o m i t t e d  f r o m  t h e  a n a l y 
s e s  o n  t h e  s i m p l i s t i c  a s s u m p t i o n  t h a t  a l l  c o s t s  a n d  v a l u e s  w i l l  

r i s e  a t  a p p r o x i m a t e l y  t h e  same r a t e .  W h i l e  t h e  c o s t  o f  e n e r g y  

i s  r e c o g n i z e d  a s  a  m a j o r  e x c e p t i o n ,  a  c o n t i n u i n g  r i s e  o f  

e n e r g y  c o s t s  a t  a n  a b o v e  t h e  a v e r a g e  r a t e  w i l l  t e n d  t o  i n c r e a s e  

t h e  b e n e f i t s  o f  s a v i n g s  i n  w o r k  a n d  m a t e r i a l s .  A n o t h e r  s i m p l i 

f i c a t i o n  i s  t o  c o m p o u n d  i n t e r e s t  a n n u a l l y  o n  t h e  a s s u m p t i o n  

t h a t  t h e  c a s h  f l o w  w i l l  b e  u n i f o r m  y e a r - e n d  c a s h  f l o w .  T h i s  

i s  r e a s o n a b l e ,  s i n c e  t h e  c o s t s  u s e d  a r e  b r o a d ,  n a t i o n w i d e  

a p p r o x i m a t i o n s  r a t h e r  t h a n  t h e  d e t a i l e d  c o s t  e s t i m a t e s  t h a t  

w o u l d  b e  u s e d  i n  p l a n n i n g  a p r o j e c t  f o r  o n e  t r a n s i t  p r o p e r t y  

a t  a  s p e c i f i c  t i m e .

The  b e n e f i t s  t o  b e  o b t a i n e d  f ro m  a  r e s e a r c h  t a s k  a t  a n y  o n e  p r o 

p e r t y  a r e  a f f e c t e d  b y  a l a r g e  n u m b e r  o f  l o c a l  f a c t o r s .  P e r h a p s  

t h e  m o s t  i m p o r t a n t  o f  t h e s e  l o c a l  f a c t o r s  i s  t h e  p r e s e n t  l e v e l  

o f  e f f i c i e n c y  o f  t h e  m a i n t e n a n c e  o f  way  o r g a n i z a t i o n .  O t h e r  

f a c t o r s  i n c l u d e :  p r e s e n t  c o n d i t i o n  o f  t h e  s y s t e m ,  t r a f f i c  l e v e l ,

o p e r a t i n g  c o s t s ,  w a g e  r a t e s ,  a v a i l a b l e  s k i l l s  a n d  s p a r e  p a r t s  

s u p p o r t .  B e c a u s e  o f  t h e  v a r i a b i l i t y  o f  l o c a l  d a t a ,  t h e  a v e r a g e  

c o s t s  a n d  q u a n t i t i e s  h a v e  b e e n  e s t i m a t e d  c o n s e r v a t i v e l y  i n  a n  

e f f o r t  t o  a v o i d  o v e r s t a t i n g  t h e  b e n e f i t s  t h a t  may a c c r u e  f r o m  a 

c a n d i d a t e  r e s e a r c h  t a s k .
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C a n d i d a t e  t a s k s  t h a t  a f f e c t  a  s p e c i f i c  t r a c k  c o m p o n e n t  a r e  

e v a l u a t e d  i n  t e r m s  o f  t h e  b e n e f i t s  t h a t  may a c c r u e  f r o m  r e d u c 

i n g  t h e  c o s t  o f  t h a t  c o m p o n e n t ,  e x t e n d i n g  i t s  u s e f u l  l i f e  i n  

t r a c k  o r  s i m p l i f y i n g  i t s  r e p l a c e m e n t ,  a n d  t h e  n u m b e r  o f  com 

p o n e n t s  i n  u s e .  C a n d i d a t e  t a s k s  t h a t  a f f e c t  o v e r a l l  e f f i 

c i e n c y  a r e  a n a l y z e d  f o r  b e n e f i t s  t h a t  may a c c r u e  f ro m  r a i s 

i n g  t h e  a v e r a g e  c o s t  e f f e c t i v e n e s s  o f  t r a c k  m a i n t e n a n c e .

A p p r o x i m a t e l y  2700 p e o p l e  a r e  e m p l o y e d  n a t i o n w i d e  i n  t h e  

m a i n t e n a n c e  o f  way  ( l e s s  p o w e r )  f o r  t r a n s i t  s y s t e m s - .  I t  i s  

d i f f i c u l t  t o  d e t e r m i n e  how m u c h  o f  t h e i r  t i m e  i s  s p e n t  i n  

t h e  m a i n t e n a n c e  a n d  r e p a i r  o f  t r a c k  v e r s u s  o t h e r  w ay  s t r u c 

t u r e s .  A c o n s e r v a t i v e  e s t i m a t e  w o u l d  b e  a t  l e a s t  tw o  t h i r d s  

o f  t h e  t i m e  i s  s p e n t  o n  t r a c k  w o r k  a n d  i t s  s u p p o r t .  T h i s  

t h e  e q u i v a l e n t  o f  1800  p e o p l e .

D i r e c t  p a y  p l u s  b e n e f i t s  a n d  o t h e r  o v e r h e a d  c o s t s  a v e r a g e  

a p p r o x i m a t e l y  $ 2 2 , 5 0 0  p e r  p e r s o n  p e r  y e a r ,  a  t o t a l  o f  $ 4 0 . 5  

m i l l i o n .  T r a c k  c o m p o n e n t s ,  c o n s u m a b l e s ,  r e p a i r  a n d  r e p l a c e 

m e n t  o f  e q u i p m e n t ,  a n d  o t h e r  m a t e r i a l s  s u p p o r t  c o s t  a p p r o x i 

m a t e l y  h a l f  t h e  t o t a l  l a b o r  c o s t s .  T h u s  c u r r e n t  t r a n s i t  t r a c k  

m a i n t e n a n c e  a n d  r e p l a c e m e n t  c o s t s  a r e  o v e r  $60  m i l l i o n  d o l l a r s  

p e r  y e a r ,  i n c l u d i n g  y a r d  t r a c k .  T h i s  f i g u r e  i s  i n  r e a s o n a b l e  

b a l a n c e  w i t h  t h e  c u r r e n t  r e p l a c e m e n t  c o s t s  o f  t h e  t r a c k .  T h i s  

i s  e s t i m a t e d  a t  a n  a v e r a g e  o f  $150  p e r  l i n e a r  f o o t  f o r  1600  

e q u i v a l e n t  m i l e s  o f  s i n g l e  t r a c k  i n c l u d i n g  y a r d  t r a c k  b u t  n o t  

s t r u c t u r e s  s u c h  a s  v i a d u c t s ,  b r i d g e s  a n d  t u n n e l s .  T o t a l  t r a c k  

r e p l a c e m e n t  c o s t  i s :  150  x  1 6 0 0  x 5280  = $127,0 m i l l i o n .  The

r a t i o  o f  a n n u a l  m a i n t e n a n c e  c o s t  t o  c u r r e n t  r e p l a c e m e n t  c o s t  

i s  t h e n :  6 0 / 1 2 7 0  = 4 . 1%.

I t  s h o u l d  b e  n o t e d  t h a t  a  p e r c e n t  g a i n  i n  e f f i c i e n c y  i s  n o t  

e q u i v a l e n t  t o  t h e  sam e  p e r c e n t  s a v i n g s  o r  i n c r e a s e  i n  v a l u e .

A t  t h e  l o w e r  e n d  o f  p o t e n t i a l  g a i n s  i n  e f f i c i e n c y ,  a  2% g a i n  

w o u l d  p r o d u c e  a n  e q u i v a l e n t  s a v i n g s  ( o r  v a l u e  i n c r e a s e )  o f :
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c o s t  • c o s t  nn 1 . 0 0  o 
' e f f i c i e n c y  '  1 -0U " 1 . 0 2  = 1 ' 96< s a v l n * s

A t  t h e  h i g h e r  e n d ,  a  100% g a i n  i n  e f f i c i e n c y  w o u l d  p r o d u c e  a n

e q u i v a l e n t s a v i n g s  ( o r  v a l u e  i n c r e a s e )  o f :

1 . 0 0  - ' ° °  = 50.0% s a v i n g s

C a n d i d a t e  t a s k s  t h a t  w e r e  i d e n t i f i e d  a s  i m p o r t a n t  a r e  d i s 

c u s s e d  i n  t h e  a n a l y s e s  t h a t  f o l l o w .  E a c h  i s  i d e n t i f i e d  w i t h  

t h e  n u m b e r  a s s i g n e d  t o  i t  i n  T a b l e  9 ,  p a g e  1 07 .
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TASK No.  1

OBJECTIVE:

S u b -
Obj e c t i v e : 

TARGETS:

SITUATION:

I n v e s t i g a t e  t h e  U s e  o f  G u a r d r a i l s  a t  t h e  E n d s  o f  
S t a t i o n  P l a t f o r m s ,  T h r o u g h - G i r d e r  B r i d g e s  a n d  O t h e r  
O b s t r u c t i o n s

D e t e r m i n e  t h e  e f f e c t i v e n e s s  o f  g u a r d r a i l s  i n  p r e v e n 
t i n g  c a r s  f r o m  c o l l i d i n g  w i t h  w a y s i d e  o b s t r u c t i o n s .

C o m p i l e  d a t a  on  t h e  c a u s e s  o f  d e r a i l m e n t s  a n d  t h e i r  
c o s t s .

C o s t s  - -  I n v e s t i g a t e  c a u s e s  a n d  p r o b a b i l i t i e s  o f  
d e r a i l m e n t s ,  a n d  t h e  c o s t s  a n d  e f f e c t i v e n e s s  o f  
g u a r d r a i l s ,  a n d  d e v e l o p  c o n c l u s i o n s  a t  a  c o s t  o f  n o t  
m o r e  t h a n  $ 8 0 , 0 0 0 .

Time - -  C o m p l e t e  t h e  i n v e s t i g a t i o n ,  a n a l y s e s  a n d  r e 
p o r t  w i t h i n  10 m o n t h s  o f  c o n t r a c t  a w a r d .

D e r a i l m e n t s  may b e  c a u s e d  b y  t r a c k  d e f e c t s  o r  c a r  
d e f e c t s  a n d  b y  c o m b i n a t i o n s  o f  b o t h .  A g u a r d r a i l  i s  
i n s t a l l e d  t o  h o l d  t h e  w h e e l s  o f  d e r a i l e d  c a r s  t o  a  
p a t h  b e t w e e n  i t  a n d  t h e  a d j a c e n t  r u n n i n g  r a i l ,  s o  
t h a t  t h e  c a r s  c a n n o t  move aw ay  f r o m  t h e  l i n e  o f  t h e  
t r a c k  a n d  h i t  w a y s i d e  o b s t r u c t i o n s .  I t  a l s o  h e l p s  
p r e v e n t  d e r a i l e d  c a r s  f r o m  r u n n i n g  o f f  a n  e l e v a t e d  
s t r u c t u r e  o r  e m b a n k m e n t .  E q u i p m e n t  t h a t  h a n g s  b e l o w  
c a r s  a n d  i s  b e l o w  t h e  t o p  o f  r a i l  a f t e r  a  c a r  h a s  
d e r a i l e d ,  p e r f o r m s  a  s i m i l a r  f u n c t i o n .

I n  a d d i t i o n  t o  d i r e c t  c o s t s ,  d e r a i l m e n t s  may h a v e  
h i g h  c o s t s  i n  f a c t o r s  t h a t  a f f e c t  t r a n s i t  s y s t e m  
p e r f o r m a n c e  s u c h  a s  a d v e r s e  p u b l i c i t y ,  p a s s e n g e r  
a t t i t u d e s  a n d  r e g u l a t o r y  a c t i o n s .

G u a r d r a i l s  c a n n o t  b e  e x p e c t e d  t o  r e d u c e  t h e  c o s t s  o f  
m i n o r  d e r a i l m e n t s  w h e r e  t h e r e  a r e  no  o b s t a c l e s  f o r  
c a r s  t o  h i t ;  b u t  t h e y  c a n  b e  e x p e c t e d  t o  r e d u c e  
p o t e n t i a l l y  s e r i o u s  d e r a i l m e n t s  t o  a  m i n o r  l e v e l ,  b y  
h o l d i n g  t h e  c a r s  a l o n g  t h e  l i n e  o f  t h e  t r a c k  a n d  
p r e v e n t i n g  t h e m  f r o m  h i t t i n g  w a y s i d e  o b s t a c l e s  o r  
r u n n i n g  o f f  e l e v a t e d  s t r u c t u r e s  o r  e m b a n k m e n t s .

R e p o r t e d  d e r a i l m e n t s  a r e  f e w  a n d  f a r  b e t w e e n ,  a n d  
t h e  p r o b a b i l i t y  i s  v e r y  l o w  t h a t  a  d e r a i l e d  c a r  w i l l  
h i t  a  w a y s i d e  o b s t a c l e  o r  r u n  o f f  a n  e l e v a t e d  s t r u c 
t u r e  e v e n  w i t h o u t  a  g u a r d r a i l  a t  t h e  d e r a i l m e n t  
s i t e .  H o w e v e r  t h e  m a r k s  o f  d e r a i l m e n t s  s e e n  o n  
t r a c k  s t r u c t u r e s  a n d  i n f o r m a l  d i s c u s s i o n s  h a v e  i n d i 
c a t e d  t h a t  a s  m a n y  a s  t h r e e  d e r a i l m e n t s  c a n  b e  
e x p e c t e d  e a c h  y e a r  w h i c h  w o u l d  b e  s e r i o u s  i f  n o t  
c o n t r o l l e d  b y  g u a r d r a i l s .  From t h i s ,  a  r o u g h  i n d i c a 
t i o n  c a n  b e  o b t a i n e d  t h a t  g u a r d r a i l s  a r e  v a l u a b l e  
w h e r e  t h e y  a r e  i n s t a l l e d  n e a r  o b s t a c l e s  o n  e x i s t i n g  
s y s t e m s .
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The average cost of a serious derailment is assumed 
to be $500,000, and the average minor derailment is 
assumed to cost $20,000 as discussed under task 13 
for a rail break detection system. With three 
potentially serious derailments a year, the benefits 
of the installed guardrails may save as much as:

3(500,000) - 3(20,000) = $1.4 million per year savings 
in derailment costs.

The miles of guardrails in use at the ends of 
station platforms, through-girder bridges and other 
wayside obstacles have not been measured, but the 
total appears to be in the range of 200 miles. The 
replacement cost of these guardrails (with used rail 
or structural steel angles) would be approximately 
$14 per foot. However they have a useful life equal 
to the 50-year life cycle of the track and require 
no maintenance unless damaged by derailed cars, 
dragging equipment or corrosion. Their cost per year 
then would be :

Annual cost = replacement cost / i
(1 - ( 1 + i) " 5 0

= 200 x 5280 x 14 

= $1.5 million (rounded).

These very rough approximations are not conclusive.
In addition, the benefits of guardrails for total 
transit system performance may far exceed the benefits 
that can be estimated in the reduced severity of 
derailments. Since the primary issue is safety, the 
effectiveness of guardrails should be investigated 
in detail.

0.1
1-1.1- -  5 0
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TASK No. 2 

OBJECTIVE: 

Sub
Obj ective: 

TARGETS:

SITUATION:

ANALYSIS:

Review, Clarify and Summarize Available Information 
on the Use of Protective Sand Filters and Filter 
Fabrics in Track Structures.

Provide information on protective sand filters and 
filter fabrics for the use in track design and 
maintenance.

Identify needs for developing improved methods of 
repairing track in which mud pumping has occurred.

Costs -- Complete review and report at a cost of not 
more than $25,000.

Time -- Finish task within 8 months of contract 
award.

Problems and track failures in ballasted track, slab 
track at-grade, and transition slabs between rigid 
structures and ballasted track have been observed 
where mud pumping occurs. Both protective sand 
filters and filter cloth are used to prevent the 
ballast or concrete from being forced down into wet 
soil below it, and to prevent fine soil mixed with 
water being pumped up under the concrete or up through 
the interstices of the ballast. Although mud pump
ing has occurred infrequently in transit track, the 
costs of repairs are very high, and some of the work 
has not been fully effective. Definitive informa
tion on the use of sand filters and filter fabrics is 
not readily available to track designers and to 
maintenance supervisors.

Observation of conditions in ballasted track both 
in lines and yard indicate that, on the average, 
approximately one mile of track per year would re
quire repairs because of mud pumping. However the 
repair sites will be small and at widely scattered 
locations. Consequently, the unit repair costs 
will be high, in the range of $50 per track foot 
(without rail replacement) and some of the work will 
be ineffective. Total costs of this work are then 
expected to be approximately $300,000 per year.

It is considered probable that the provision of 
good, clear information on the best construction and 
repair techniques available will assist M/W superin
tendents to improve the cost-effectiveness of repair 
work by 2 0% as well as_ reduce the frequency of the 
problem in new track. This would" save o~r" offset 
rising costs by:

300,000 (1.00 - $5 0 ,0 0 0/yr.
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These savings would be expected to begin 1 year 
after the end of the task.

The present value of the savings over a 50-year life 
cycle starting at the beginning of the task would 
then be:

-50
1 ~ Cl + iD

O i )PV = s 1 + i 25,000

50,000

$430,000 (rounded).

25,000
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TASK No. 3: 

OBJECTIVE:

Sub
Obj ectives: 

TARGETS: 

SITUATION:

ANALYSIS:

Investigate Coordination of Planners, Designers, 
Contractors and Maintenance Engineers on 
Design, Construction and Maintenance.

Enhance the life-cycle cost effectiveness of transit 
track by assisting planners, designers, contractors 
and maintenance engineers to coordinate and pool 
their ideas and requirements.

Prepare check lists of actions that tend to simplify 
and improve coordination.

Prepare check lists of track features that have 
increased life cycle cost effectiveness and features 
that have reduced it.

Costs--complete investigations, guidance and report 
at a cost of not more than $130,000.

Time--complete work within 14 months of contract 
award.

Coordination and cooperation are good in most cases, 
but even small improvements may have a very high 
value over the life cycle of the track.

As-built transit tracks vary greatly in durability, 
maintainability and in overall cost effectiveness. 
Most track features that increase durability and/or 
maintainability so as to reduce future maintenance 
costs also increase construction costs. Examples 
are long-radius curves and wide clearances. However 
some features in tracks and adjacent structures 
can be arranged to enhance maintainability with 
little or no increase in construction costs.
Examples are the use of track components that are 
wideiy used by railroads in the local area, pro
vision of convenient access to the tracks 
switching arrangements that facilitate single 
track operation so that adjacent tracks can be 
closed for maintenance work.

The current cost of constructing transit track (not 
including related structures such as tunnels, 
bridges, and viaducts) exceeds $150 per track foot. 
Current construction and plans indicate that approxi
mately 10 miles of new track and 10 miles of 
replacement track will be built each year in the 
foreseeable future, at a cost of approximately 
$16 million (1979 dollars) per year.

Maintenance of the present 1600 miles of line 
and yard track costs approximately $60 million per

1 6 0



year. However any increases in track durability 
and maintainability that could be obtained as a 
result of this task could affect only the new track 
and replacement track being built at an estimated 
rate of 20 track miles per year. The normal main
tenance cost of this annual increment of track 
would be:

20 x = 0.75 million

In the second year two increments of track would be 
maintained at $L50 million; the third year, three 
increments would be maintained and so on.
The present value of the normal maintenance cost 
of all track expected to be built during the next 
50 years would then be:

PV 0.75 [ (1 + i)~ 1 +

0.75

rs o n
0.75 1 nrdnJo

f5 0
0. 75 I an Jo ne

50 -50,+ (l + l) ]

5(W ]  = 75[(T!T) + ... + 50(TiT)5°]1.1 -1.1'

where ae r 1
1.1

(Taking the natural logarithms of both 
sides of this equation gives: a = -0.09531.)

an
= 0.75 [-—  (an - 1 ] §u 

. a2

( e 5 0 a l
“ °-75 j ^ “ ( 5 0 a - 1 J  '  (-1}

- [es 0 a (50a-l) +1]
a2

= q otjTj'55 = 79 million (rounded)
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The present value of a 1% improvement in the 
maintenance of the new and replacement track 
that is built would then be:

79 million (1.00 - = $780,000

Subtracting the cost of the task leaves a net 
present value of:

$780,000 - 130,000 - $650,000 (rounded).

It is considered probable that a formal study- 
will assist the interested parties to obtain 
improvements totaling more than 1 % diiring a 
few years of efforts.
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TASK No. 4: 

OBJECTIVE: 

TARGETS:

CONSTRAINTS

SITUATION:

ANALYSIS:

Develop Rail with Very High Resistance to Wear 
in Curves.

Extend the useful life of rail in curves by 200 
percent.

Costs -- The new, wear-resistant rail should not 
cost mote than 4 times as much as high-carbon, heat 
treated rail.

-- Determine the composition and structural form of 
the new rail at a research cost of not more than 
$200,000.
-- Fabricate 4 prototype (demonstration) rails at a 
cost of not more than $80,000.
Time -- Complete all studies, fabrication and demon
strations within 3 years of the contract award.

Use proven materials that are available in commercial 
quantities. Do not increase the wear of car wheels.

The annual costs for hardened steel rails in curved 
transit track are very high. In an analysis of a 
candidate research task to determine the most bene
ficial combination of current practices to reduce 
rail wear, an estimate of $790,000 per year is given 
as the current replacement cost of rails in sharp 
curves. There are approximately 10 miles of curves 
< 300-foot radius in U.S. track. The high-carbon 
steel used in these rails has low fracture toughness 
which contributes to rail flaw problems, and it loses 
hardness when heated which contributes to accelerated 
wear at welds.

Several alloy steels are available that have high 
wear resistance and much greater fracture toughness 
than high-carbon steel does.

Manganese steel is widely used to resist wear in 
frogs and switch points and has been used for rails 
on curves in British transit and railroad track. 
Chrome-molybdenum steel and other alloy steels may 
also be suitable for rail in curved track.

As noted in the analysis of the task for determining 
the best combination of current practices to reduce 
rail wear, the high rails on curves < 300-foot 
radius cost approximately $4,000 to replace and have 
an average service life of 2.5 years; the restrain
ing rails cost approximately $5,600 to replace and 
have a service life of approximately 4.0 years.
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The annual cost of replacing the rails is:

10 x 5280 (4000 L 5600 
200 [ 2.5 4 264 x 3000 * $790,000

The present value of these costs over the 50-year 
life cycle of the transit systems is:

i n  • n - 5 0
PV = 790,000 - " u .+ 1J----’ i

_ 5 0

= 790,000   (PT^---  = million

The 200 linear feet (LF) of 115-lb., heat treated 
rail costs approximately $1500 (in large quantity 
purchases). The 200 LF of restraining rail costs 
approximately $1500 + $600 because of the cost of 
shearing off one side of the bottom flange. Assume 
the more durable rail will not add to the $600 cost 
of finishing the restraining rail or to the cost of 
labor for installing the rails, then the high rail 
will cost installed a maximum of
4 x 1500 + 2500 = $8500 and will last 2.5x3 = 7.5 yrs 
and the restraining rail will cost:
4 x 1500 + 600 + 3500 = $10500 and will last 4x3 = 12

Assuming that more durable rails become available 
4 years from the time of project approval, the 
existing high rails would be replaced with the more 
durable rails by 1979 + 4 + 2.5, and the existing 
restraining rails would all be replaced by 
1979 + 4 + 4 .

Then through 1979 + 4, the cost of replacing the 
rails would be $790,000 per year. From 1979 + 4 
through 1979 + 6.5, the cost of replacing the high 
rails alone would be:

264 x = $ 897,600/yr .

From 1979 +6.5 through 1979 + 50 the cost of the 
high rails would be:

264 x = $ 299,2 00/yr .

From 1979 + 4 through 1979 + 8 the cost of replacing 
restraining rails would be:

264 x 1 0 ;j00- = $693,000 /yr.

From 1979 + 8 through 1979 + 50, the cost of re
straining rails would be:

264 x 1^ ° -° = $231,000/yr.

yrs
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The present value of these repetitive costs is:

790,000 1-1.1'
0.1 + 897,600 1-1.1'

0.1
1-1.1

0.1
-  !»

+ 299,200

+693,000 ( 1 - 1 . 1 " 8 
\  0 . 1

1 - 1 . 1 "
0 . 1 : )

+231,000
/ - '5 0 
( 1 - 1 . 1 1 - 1 . 1 " 8 )
 ̂ 0 . 1 0 . 1 ) -

2.50 + 1. 30 + 1.58 + 1.06 = $7.9 million (rounded)

Add to this the research and development costs and 
the total is $8.20 million (rounded), which is $0.4 
million more than the present value of costs 
associated with the continuing use of rails now 
available for curved track.

At current high interest rates, this candidate tasjk 
would not be beneficial unless the improved rail 
were much more durable and/or cheaper than expected



TASK No. 5: Investigate the Stresses in Continuous Welded 
Rail (CWR) on Elevated Structures and the Transfer 
of Stresses Between Rail and Structures.

OBJECTIVE:

Sub
Obj ective:

TARGETS:

SITUATION:

Provide data to facilitate the safe use of CWR 
on open-deck elevated structures.

Determine by field tests the stresses in CWR on 
elevated structures and the transfer of stresses 
between CWR and support structures.

Costs -- Complete investigations, tests, and 
reports at a cost of no more than $150,000.

Time -- Complete all work within 18 months from 
the date of contract award.

Over 325 miles of transit track (without ballast) 
are built on elevated structures or bridges. More 
is planned. Of the existing track 257 miles are 
on open-deck structures with bolted rail joints. 
Conversion to continuous welded rail (CWR) would 
be advantageous in reducing maintenance at joints, 
reducing noise and increasing ride quality.
However engineers are concerned that the transfer 
of thermal and braking stresses from rail to 
structure could cause high stress concentrations, 
particularly when superimposed on normal dynamic 
stresses. In addition there are uncertainties 
in the distribution of stresses b.etween existing 
CWR and elevated structures of reinforced concrete 
or composite construction. These uncertainties 
arise from the range of longitudinal restraint 
provided by the fasteners and other factors and 
may result in stress concentrations that will 
cause structural distress in some cases.

Maintenance at bolted joints is. considered to com
prise over half of the routine cost for ballasted 
track on embankments but is a much lower percent 
of the maintenance of track on a steel or concrete 
structure, say 20%. Welding the joints would 
greatly reduce joint maintenance, say to 8% of 
the total track maintenance, a reduction of 12%.
Approximately 80% (205 track miles) of the elevated 
rail could be welded if good data were available 
on stress transfer. The remaining 20% of the rail 
is considered to be in curves of short radius 
(where bolted joints would be favorable because of 
the frequent replacement of worn rail) or on 
structures that would not be suitable for CWR.
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The current average cost of maintaining track is 
approximately $60 million/yr for 1600 miles 
of line and yard track, an average of $37,500 
per track mile/yr. A reduction of 12% by the 
conversion from bolted to welded'joints would 
represent a savings of $4500 per mile for the 
205 miles of track suitable for CWR on open-deck 
elevated structures. This cost reduction would 
continue year after year throughout the life 
cycle of the track but would be reduced by the 
initial cost of cropping rail ends and welding.

The rail welding could probably start within 
three years of the start of the task and would 
cost approximately $100 per joint, using the flash 
butt welding process, and including the cost of 
rail to make up for cropped ends. When the welding 
is in full progress, approximately 25 miles of 
track could be welded per year. Welds would be 
approximately 36 feet apart in the rail (39- 
ft rails with ends cropped) or 18 feet apart 
in track. The average cost per track mile would 
then be

$100 x = $29,330

Half of the task costs would be incurred by the 
end of the first year of the task and half by the 
end of the second year. To simplify the analysis 
all cash flow is considered to take place at the 
end of each year. Estimated costs and savings 
can then be calculated in thousands of dollars as 
follows:

Year 1 2 3 4 5 6 7 8 9 10 11 12
Miles 0 0 10 25 25 25 25 25 25 25 20
Welded (cumulative) 10 25 60 85 110 135 160 185 205
Costs 75 75 293 733 733 733 733 733 733 733 587

Savings 45 158 270 383 495 608 72 0 833 923
Net 75 -75 - 293 -688 -575 -463 -350 -238 -125 -13 246 923

The $923,000 net cost reduction would con
tinue from year 12 through year 50.
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The present values of the net costs and savings 
are calculated in thousands of dollars and 
summed as follows:

PV = - 75 (1 + i)~1 - 75(l+i)"2 - 293(l+i)“3 -688(l+i) 

-575(l+i)~5 - 463 (1 + i) -350(l+i)~7 -238 (l + i)

- 125 (1 + i)~ 9 - 13 (1 + i)_1° + 246 (1 + i)'11

+ 923 (1 + i) -50 (l + i) 11

= - 75 x l.l"1 - 75 x l.l'2 - 293 x l.l'3

-688 x l.l"4 - 575 x l.l'5 - 463 x l.l'6

350 x 1.1 238 x 1.1 - 125 x 1.1

- 13 i i -10 ^x 1.1 + 246 x 1.1 -11

+ 923 1 - 1.1 -50 1 - 1.1 11
0.1 0.1

= $1.5 million (rounded).

Half of this projected savings could be wiped 
out by an increase in estimated welding costs 
(1979 dollars) from $100 to $125. However, 
the improvement in ride quality and reduction 
noise would both be valuable, and some small

of

savings may be feasible 
new elevated track when 
transfer of stresses is

m  the construction of 
better data on the 
available for designers
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Sub
Obj ectives: 

TARGETS:

SITUATION:

TASK No. 7:

OBJECTIVE:

Investigate Track Problems Caused by Severe Weather 
Conditions, Damage Control and Recovery, Phase I.

Define needs, scope, cost and value of a task to 
develop guidance on practices to minimize the effects 
and costs of weather problems.

Obtain data on costs, damage control and recovery, 
and the effects of track conditions on system per
formance that will be useful in other tasks.

Costs -- Complete the investigation and report at a 
cost of not more than $30,000.

Time -- Complete all work within 8 months of contract 
award.

Severe weather conditions, especially heavy snow 
storms, disrupt transit traffic and raise the cost 
of system maintenance. Weak preventive measures and 
slow recovery from the effects of storms cause 
passenger dissatisfaction and loss of revenue. The 
ranges of conditions, costs and actions taken to 
reduce or correct problems have not been studied. 
Information is needed on which to base plans for the 
development of effective guidance on favorable prac
tices for the control of and recovery from storm 
damage. The information will be valuable also in 
considering needs for other damage control and 
recovery guidance.

This is a preliminary task, and data is not avail
able on which to base an analysis of its value.
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Sub-
Obj ective: 

TARGETS:

TASK No. 13:
OBJECTIVE:

CONSTRAINTS:

SITUATION:

Develop Rail Break Detection System

Provide information on rail continuity automati
cally.

Develop a rugged, low-maintenance, sensing and 
display system with a self-monitoring capability.

Costs -- Investigate requirements and conditions, 
and develop concept plan at not more than $100,000.

-- Design, fabricate, install and test prototype 
system at not more than $275,000.

Time -- Develop concept plan within one year of 
contract award. Test prototype within 2 years 
of authorization to proceed.

Detection system must not interfere with other 
track signals and controls.

The probability of a rail break occurring is very 
small. Rail breaks occur very infrequently at 
welded joints during cold weather and hardly ever 
at other places in a rail in transit system rails. 
Information obtained informally by a London Trans
port representative in Europe indicated that 10- 
to-30 rail breaks can be expected per year in 
systems with new CWR, but this frequency can be 
expected to diminish rapidly as the joints that 
separate are repaired and the internal flaws that 
caused the breaks are eliminated.

Tracks are designed to limit the separation that 
will occur if a joint fails in cold weather, so 
that a derailment will not occur. Track and cars 
are designed with characteristics that are intended 
to limit the seriousness of a derailment that could 
occur as a result of a rail break. A serious 
derailment is tentatively defined as one that would 
result in damage and/or claims for injuries amount
ing to more than $100,000. The average serious 
derailment may cost over $500,000. The average 
minor derailment may cost approximately $20,000.

Informal discussions have indicated that as many 
as ten rail separations per year may be expected in
U.S. transit tracks, that on the average only one 
of these will cause a minor derailment, and that 
serious derailments are unlikely to occur more often 
than once in five years as a result of rail separa
tions. From this a derailment cost of $120,000 per 
year can be assumed. This does not include the 
cost of adverse publicity and passenger reaction.
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It assumed that fully effective rail break 
detection systems would eliminate derailments 
caused by rail separations, that they would cost 
approximately $1.4 million to install at $1,000 
per track mile, and they would be effective two 
years after the completion of the task. Savings 
would then accrue beginning in the fifth year 
after initiation of the task, would reach a 
$12,000 level in the sixth year and would continue 
throughout the 50-year cycle of the track. For 
analysis purposes, this 50-year life cycle begins 
when the task is started.

The present net value of the task calculated in 
thousands would then be:

PV = -100 (1 + i) ~1 - 1+i)'2 - -^-(1 + i)'3

- i|oCi+i)-s * 120 A-c1; ^ : 5.1. - M f 1)'-)

100
1.1

2.75 2.75 , 1.20 
.2x1.l2 2x1.1i 2x1.1

+ 120
/ - 5 0 - 5 \  / 1-1.1 1 + 1.1 \

V “-1 /
= $560, 000 (rounded).
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OBJECTIVE:

Sub
Obj ectives:

TASK No. 17:

TARGETS: 

CONSTRAINTS:

SITUATION:

Provide Continuing Industrial Engineering Support 
to Maintenance-of-Way (M/W) Superintendents.

Improve the cost effectiveness of track maintenance 
by nine percent over a period of five years.

Adapt and modify available maintenance methods to 
suit local conditions.

Provide information to top management that will 
clearly relate track maintenance to transit system 
performance.

Develop outlines, check lists and other guidance to 
suit M/W needs.

Analyze the effectiveness of changes that are made 
in M/W maintenance and prepare summaries for use 
of other transit properties.

Costs -- Provide effective support at a cost of 
not more than $250,000 per year.

Time -- Initiate support work in 4 months.
-- Provide first products within 6 months 

and regularly thereafter.

Recommendations for changes in M/W organizations, 
staffing and management procedures must be accep
table to the top management of transit properties. 
Procedures recommended for collecting, storing 
and analyzing track maintenance data must be 
compatible with other data processing programs 
now being developed.

Transit track maintenance in general is noticeably 
better than the average of facilities maintenance 
in other industries. However further improvements 
are needed to help offset rising costs.

The M/W superintendents who have done the most to 
improve the effectiveness of track maintenance are 
interested in further improvements, but they and 
their staffs do not have as much time available as 
they would like for investigating potential im
provements , modifying them to suit local conditions 
and monitoring trial applications.

Under the present study, thirty-five favorable 
available maintenance practices have been identi
fied, only a few of which are in fully effective 
use at any one transit property.
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ANALYSIS: With continuing industrial engineering support 
provided over a period of not less than five years, 
it is probable that an average improvement of at 
least 9% could be achieved in track maintenance 
effectiveness.

Projected costs and savings -- As discussed in the 
paragraph on overall costs and quantities, the 1979 
cost of transit track maintenance and replacement 
in the United States is over $60 million, and this 
figure can be expected to rise. An improvement of 
9% in the cost effectiveness of track maintenance 
would provide savings of:

S = $60 x 106 (1.00 - 1.00
1.09 = $4.9 million/yr,

However this level could not be reached until the 
second year after completion of the task. A few 
readily-identifiable improvements should be intro
duced during the first year of the task, but 
appreciable savings would not accrue from then 
until the second year. The savings would rise 
rapidly as potential improvements that are rela
tively easy to investigate and validate were put 
into wider practice, but the rate of increase 
would gradually fall as the remaining potential 
improvements available from existing technology 
would be more and more difficult to adapt to local 
conditions and would tend to be less and less 
profitable.

Costs and savings per year (in thousands of dollars)
are estimated as follows •

Year 1 2 3 4 5 6 7

Costs 250 250 250 250 250

Savings 0 300 1000 2100 3300 4400 4900

Net 250 + 50 + 750 + 1750 + 3150 + 4400 + 4900

The present value (PV) of the estimated repetitive 
savings over a 50-year life cycle for transit systems 
would be:

PV of savings =
-2 50 (1 + i) +50 (1 + i) +750(l+i)~ *+1750(l+i) ’ ,

+ 3150 (1 + i) ' 5 +4400 (1 + i) " 6 +4900 --  - 1" C1+.1),.*-

- 3

= $34.0 million (rounded).
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TASK No. 21:

OBJECTIVE:

Sub
Obj ectives: 

TARGETS:

CONSTRAINTS:

SITUATION:

Investigate Inspection Practices Used by Track
walkers and Develop Guidance on Favorable 
Inspection Techniques

Provide clear information for track inspectors on 
what and how to inspect, using available tools 
and techniques.

Identify needs for improved tools and inspection 
techniques.

Cost -- Develop handbook and back-up information 
at a cost of not more than $70,000.
Time -- Complete investigation, handbook and re
port in 1 year from the contract award.

Guidance on ride quality inspections is included 
in the task on developing a ride quality record
ing system. The development of guidance on track 
geometry measurements should be deferred pending 
the completion of related.work by others.

Trackwalkers inspect track at frequent intervals 
and perform minor maintenance such as tightening 
loose bolts. The guidance they have is general
ized, and they carry very few t'ools besides a 
wrench. They often miss conditions that should 
be reported, and do not tighten bolts or take 
other corrective actions that help resist deter
ioration of the track.

On the average, 80 trackwalkers are engaged in 
inspection and minor maintenance work. They 
usually inspect all of 1340 miles of line track 
twice each week and inspect yard track about once 
a month. Their direct pay and overhead costs 
amount to more than $1.8 million per year. 
Improvements in the quality of their work 
that could be made if they were provided with the 
best available information on favorable inspection 
techniques, would not result in reduced inspection 
costs but in increases in the overall affective
ness of track maintenance.

Improved inspection and reporting would contri
bute to more effective use of track maintenance 
resources; so more maintenance would be done 
routinely at the time it is riiost cost-effective 
before it becomes emergency work with higher unit 
costs. Improved performance of minor maintenance 
by trackwalkers would result in longer useful 
life for track components such as bolts, fasteners 
and joint bars.
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Even a 0.1% improvement would produce an 
appreciable savings:

$60 x 106 = $60,000/yr.

Assuming that this rate would be achieved during 
the second year after the start of the task, the 
present value calculated in thousands over the 
50-year life of the track would be:

= $490,000 (rounded).

In addition, small improvements in the quality of 
inspection could be expected to be beneficial to 
safety and the general attitude of the M/W 
department.

PV = -70 (1 + i) + 60
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OBJECTIVE:

Sub
Obj ectives: 

TARGETS:

SITUATION:

TASK No.22: Investigate Training Requirements, Available 
Programs and Effectiveness.

Define scope, costs and value of training support 
program.

Obtain data on costs, damage control and recovery, 
and training practices that will be useful in other 
tasks.

Costs -- Complete investigation and report at a 
cost of not more than $30,000.

Time -- Complete all work within 8 months of contract 
award.

Track maintenance training is being conducted in- 
house by some of the transit properties and is 
considered very effective. Correspondence courses 
are used in some cases. Commercial training courses 
are available that may be very beneficial.

The requirements and benefits of track maintenance 
training have not been evaluated. Information is 
needed on which to base plans for training support 
that will benefit all the transit properties.

This is a preliminary task, and data is not available 
on which to base an analysis of its value.
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TASK No.24: 

OBJECTIVE:

Sub
Obj ective: 

TARGETS:

SITUATION:

ANALYSIS:

Develop a Ride Quality System for use in Transit 
Track Maintenance Planning.

Develop a rugged, packaged ride quality system that 
can be used on any car on any transit system to 
record smoothness of the track.

Develop techniques for deriving track condition and 
changes in track condition from ride quality data.

Assist transit engineers to increase the effective
ness of track maintenance a minimum of 2% by pin
pointing areas that need maintenance urgently as 
opposed to areas in which savings can be made by 
deferring maintenance.

Costs -- Complete design, assemble ride quality 
package and train operators at a cost of not more 
than $90,000.

Time -- Start field tests within 18 months.

It is very common to overmaintain sections of track 
that seem bad and undermaintain sections of track 
that seem relatively good but are beginning to 
deteriorate rapidly. Visual inspections and manual 
measurements do not provide sufficient data on track 
condition and changes in condition for making the 
best decisions on the most effective use of mainten
ance resources. While ride quality measurements will 
not take the place of other inspections such as 
visual inspections of ties and fasteners and measure
ments of rail wear, gage and cross level, they will 
provide revealing information for decisions by the 
M/W Superintendent who is trying to maintain the 
most effective balance in the use of his limited 
track maintenance resources.

The probability of success for this task is very 
high since similar ride quality systems have been 
developed and have worked, and since ride quality 
has been found to be an excellent indicator of 
changes in track condition.

As mentioned previously, the current cost of transit 
track maintenance and replacement in the United 
States exceeds $60 million per year. An improvement 
of 2% in the efficiency of trackwork would amount to 
a savings of:

S = 60 x 106 (1.00 -

= $1.2 million per year.
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These savings would begin within 18 months after 
the start of the task and would be repeated through
out the 50-year life cycle of the track system. Of 
course some of the savings will be offset by annual 
operating and maintenance costs for the ride quality 
recording system as well as the initial development 
costs.

Operation of the system will require the efforts of 
two trained technicians plus a small amount of 
engineering support to overcome normal problems that 
will arise. It is expected ride quality surveys 
could be performed on all line transit track in the 
U.S. every four months. The costs are:

36 days on track for 2 technicians and 24 days of 
travel for a total of 360 man-days per year.

Assuming an average loaded salary of $45,000 per 
man-year means labor costs total $67,550. Travel 
expenses are estimated at $6,000; engineering support 
from the transit systems is 0.2 man-years @ $65,000 
per man-year which is $13,000; maintenance and repair 
costs are estimated at 10% of initial costs which 
amounts to $8,000. Total annual costs are therefore 
$94,500.

The net savings per year is therefore 

= $ (1.2 - 0.095) x 10 6 

= $1.1 million

The present value of the repetitive savings over the 
50-year life cycle of transit systems, starting 
18 months after project approval, with interest at 
10% per year is:

pv = s i - ( i + ± y 5 0 . s i-^i+i^"1‘5

(
-1 *1 T “ 5 0 T I *1 “ * • ̂  \
— -jp j-------  — q" ---j = $9.4 million

From this we have to subtract the research cost of 
$90,000 and the present value of the replacement 
costs for the ride quality recording system through-
out the 50-year life cycle of the track system.



It is assumed that, with, good maintenance, the tide 
quality system will have a useful life of .10 years. 
Then the system will have to be replaced completely 
in 1979 + 1 + 1 0  and at 10-year intervals thereafter 
Replacement of all the components plus assembly and 
check out is estimated at $30,000 (no development 
costs). The present value of future replacement 
costs is:

PV = 30,000 (l.l"11 + l.l"21 + l.l"31 + 1.1"41)

= $16,700.

The net present value of the project is therefore:

PV = 9.4 million - 90,000 - 16,700 

= $9.3 million (rounded).
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TASK No. 25: Investigate Practices in Making Track Available
for Maintenance Work.

OBJECTIVE: Develop guidance on the most favorable practices 
in making track available for maintenance work.

Sub-
Ob j ectives:

Identify design and construction track features 
that are helpful in arrangements for track avail
ability. Identify all effects of track availability 
on costs and operations.

TARGETS: Assist M/W superintendents to improve maintenance 
productivity a minimum of one percent.

Costs--Develop effective guidance at a cost of 
not more than $100,000.

Time--Complete task within a period of 10 months.

SITUATION: The time spent actually performing productive work 
in track maintenance is low because of the time 
lost in travel and start-up on small scattered 
jobs. Thus when track crews are also interrupted 
by frequent traffic, productivity is very low. 
Properties with older tracks and higher levels of 
maintenance reroute traffic during off-peak hours 
and close tracks completely in order to increase 
track availability for maintenance work. Central 
control of switching facilitates single track 
operation to make other tracks available for 
maintenance.

Some properties have provided temporary bus service, 
so that tracks could be closed completely for main
tenance. While the costs of bus service were high, 
the value of increased productivity was said to 
be even higher.

ANALYSIS: The analysis of this task is similar to that for 
the task to develop a ride quality recording system. 
As estimated in the paragraph on overall costs and 
quantities, the current cost of track maintenance 
exceeds $60 million per year. The principal 
investigator has found that productivity* in 
plant maintenance usually runs less than 50% even 
with good maintenance management and without 
interruptions by traffic. Thus an increase of 
1 % in productivity would be equivalent to more

^Productivity is defined as the actual performance of work on the 
job site. It does not include travel, assembling tools and 
materials, discussing the job, laying out the work, inspecting 
it, clean-up, reporting and other necessary support work.
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than a 2% increase in maintenance effectiveness. 
This would help offset rising costs and would be 
worth:

S = $60 x 106 (1.00 1.00 )1.02-
= $1.18 million per year

The savings/improvements would be repeated each 
year throughout the 50-year life cycle of the track. 
Assuming the savings would begin one year after 
completion of the track, their present value would 
b e :

PV = 1.18 x 106 f 1 “ C1 + 1l  50 1 - (1+i)

= 1.18 x 105 ^1 '1 *0 ~ 1 -1--- j = $10.63 million

The estimated cost of the task is subtracted 
from this, leaving a net estimated value for the 
task of $10.6 million.
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OBJECTIVE:

Sub
Obj ective: 

TARGETS:

T A S K  N o .  2 6 :

CONSTRAINTS:

SITUATION:

ANALYSIS:

Extend Useful Life of Ties 10 years minimum.

Treatment should be repeatable and effective 
at least three times before replacing tie.

Costs '-- Develop in-place treatment technique at 
not more than $100,000.
-- Treatment should cost not more than $15.00/tie 
(1979 prices).
-- Train maintenance teams and conduct demonstra
tions at not more than $150,000.
Time -- Begin tie treatment in 2 years.

Ties must be treated while they can still perform 
functions effectively, approximately five years 
before replacement would be necessary.

Ties— on-open- s t r u c t u r e s Population is 960,000 
plus. The ties require replacement at an average 
life of 30 years because of drying, checking, 
retention of dust and debris in cracks, and rot.
Many ties are old, and many have been replaced 
recently. Average age is 15 years plus.
It costs about $55 each to replace single ties at 
random intervals along elevated track.

Ties in ballast (surface -- including yards -- 
embankments and ballasted decks). Population is
1,300,000 plus. These ties require replacement 
at average life of 40 years. Average age is 20 
years plus. It costs about $50 each to replace 
single ties at random intervals along ballasted track.

Ties on open structures. Without treatment the 
ties need replacement every thirty years. Assum
ing a representative tie is 15 years old in 1979, 
it will need replacement at 15 and 45 years during 
the 50-year transit system life cycle. The 
present value (PV) of future costs @ 10% interest 
compounded annually is:

PV = Cost (l+i)'n ^ears
= 55(1 + 0.1)"15 + 55(1 + 0.1)-1*5

= $13.92

I n - P l a c e  T r e a t m e n t  f o r  D e t e r i o r a t e d  W o o d  T i e s ,
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With treatment at 10 years, 20 years and 
30 years and replacement at 40 years, the pre
sent value of costs would be:

PV = 15 (I -1“ 1 0 + l.l"20 + l.l'30) + 55 C -1 - D “ ** 0 
= $10.09

The present value of the savings would then be: 

$13.92 - 10.09 = $3.83 per tie

Based on a 960,000 population of ties, overall 
savings would be: 960,000 x 3.83 = $3.4 million.

Ties in Ballast. Without treatment, the ties 
need replacement every 40 years. Assuming a 
representative tie is 20 years old in 1979, it 
will need replacement 20 years from now.

Present value of replacement costs = 50(1.1)"20
= $7.43

With treatment of an average tie at 15 years,
25 years and 35 years and replacement of it 
after 45 years, the present value of the treat
ment and replacement costs would be:

PV = 15(1.I)"15 + 15(1.I)'25 + 15(1.I)"35 + 50(1.l)'^5 
= $6.19

Present value of savings/per tie = $1.25. Based 
on an overall population of 1,3000,000 ties, this 
gives an overall savings of $1.6 million (rounded).

NOTES

The above analysis based on the average life of a 
tie is probably conservative. When the population 
of oldest ties and newest ties are considered on 
open deck structures, the savings are shown to be 
even higher. For the oldest ties, the present 
value of savings would be $8.22 per tie. For the 
newest ties the savings would be $1.03 per tie.

If the life cycle of a system were reduced because 
of changes in city planning or other causes, the 
relative savings obtained by treating ties and 
deferring tie placements would increase.
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OBJECTIVE:

Sub
Obj ective: 

TARGETS:

CONSTRAINTS: 

SITUATION:

T A S K  N o .  2 7 ; Investigate Practices Used to Reduce Wear of Rail 
on Curves

Determine the most beneficial combinations of 
current practices to reduce wear of rail on curves

Reduce wear of transit rail on curves at least 10%

Costs -- Complete study at not more than $120,000. 
Time -- Provide guidelines in 2 years.

Preferred combination of practices will add not 
more than 5% to current maintenance and/or replace 
ment costs.

The use of flange lubricants and other techniques 
to reduce rail gage wear should not increase 
wheel wear or surface of the rail, or cause rail 
corrugations.

The rate of gage wear on the outside rails of 
curves is affected by the radii of curves, traffic 
speed and frequency, and car characteristics.
Rails on very sharp curves require replacements 
in as little as 9 months, while rails on long- 
radius curves under light traffic often last 
more than 20 years. Of the hundreds of miles of 
curved transit track, over 10 miles is on curves 
of 300-foot radius or less. On these sharp curves 
the average life of the high rail is approximately
2.5 years, and the average life of the restraining 
rail is approximately 4 years. The low rail lasts 
longer, as it is subject only to surface wear and 
is lightly loaded when compared to railroad rail.

Practices now used to help reduce rail wear 
include: gage widening, increasing superelevation
using tapered wheels, lubricating the gage side 
of the high rail and lubricating the flanges of 
the wheels, hardening the rails, alloying rail 
steel with other minerals, transposing the high 
and low rails to distribute the gage and surface 
wear between them, using restraining rails inside 
the low rails, and lubricating the restraining 
rails. A variety of lubricants are used.

Some studies have been made on modifying the 
trucks of railroad cars to make them "steerable." 
This eases the angle of attack of the lead wheel, 
as the two axles assume positions on radii of the 
curve rather than being held rigidly at right 
angles to a short-chord.
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ANALYSIS: The current replacement costs of rail on curves 
averages approximately $5,000 for the high rail 
and $7,000 for the restraining rail (350-foot 
long curve). If replaced at the same time as 
the restraining rail, the low rail costs about 
$3,500, but because of its longer life, it is 
omitted from this analysis.

Sharp curves with radii £ 300 feet are usually less 
than 350 feet long, say 200 feet on the average. 
However the costs of rail replacement are not 
reduced proprotionately because the costs of 
job preparation and lost time tend to dominate.
Say the average costs of rail replacement on 
these sharp curves are $4000 for the high rail 
and $5600 for the restraining rail. Then the 
annual replacement costs would be:

A 10% reduction in average rail wear at a 5% 
increase in unit replacement and maintenance cost: 
would produce a 5% savings per year over the life 
cycle of the track:

S = $790,000 x 0.05 = $39,500 per year

The savings actually start two years after the 
research work is initiated. The present value 
of the repetitive savings over the 50 year life 
cycle of the system would then be:

$790,000

-50
s 1-Cl + i)

- 2
1

= 39,500

Subtracting research costs, the net present 
value of the task would be:

323,000 - 120,000 = $200,000 (rounded).
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TASK No. 28: Investigate Use of Bolted and Welded Joints for 
Rail in Curves and Short Tangents.

OBJECTIVE:

Sub-
Obj ective:

TARGETS:

SITUATION:

Determine the break even points on a life cycle 
cost basis, for rail with bolted joints (BJR) and 
rail with welded joints (CWR) in terms of curve 
radius and/or length.

Provide guidance that will help M/W superinten
dents to reduce the cost of maintaining curved 
track.

Develop a procedure and outline for the systematic 
consideration of all significant .factors (such as 
clearances, access to the worksite and time avail
able on track) in the decision process.

Costs: Complete the investigation and analyses at
not more than $90,000.

Time: Provide guidelines in 18 months.

CWR in small quantities is costly and difficult to 
obtain and handle when replacements are needed for 
worn rail in curves. In-track welds by thermite 
processes are also costly, and they add to the 
probability that rail flaws will develop.

BJR in standard lengths can be handled and bent to 
sharp curves easier than CWR can, and bolted joint 
bars can be installed in less time on track than is 
needed to weld joints. However bolted joints add 
considerably to the maintenance of ballasted track 
at grade and on soil embankments, where traffic vi
brations and variations in the stiffness of the rail 
at joints increase the rate of degradation of ballast 
and subgrade.

Transit engineers have estimated in discussions that 
the replacement of CWR costs as much as 50% more 
than the replacement of BJR in short curves regard
less of their radii. When many miles of track are 
replaced at one time on a railroad, the total costs 
for CWR are less than for BJR, and savings in main
tenance (for ballasted track at grade and on embank
ments) have been estimated at $1,800 to $2,000 per 
year per single-track mile.

Most of the CWR installed in curves at present is on 
newer track systems in curves of 500-foot radius or 
more, and the life of the high rail in these curves 
is relatively long (say 8 to 10 years) depending on
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ANALYSIS:

traffic. Another interesting condition is that 
many of the curves are on concrete slabs, with 
direct fixation fasteners or wood block supports.
In these cases, the bolted joints will not add 
greatly to track maintenance as they would in 
ballasted track at grade or on soil embankments.

NYCTA and SEPTA plan to weld a total of several 
hundred miles of rail in track with a flash butt 
weld process. This could greatly increase the 
quantity of CWR in curves and short tangents.

Cost data and other information collected under the 
present contract and available from other sources 
are not adequate for a cost analysis. However 
since there are over 100 miles of transit track in 
curves below 1,500 foot radius, and it is probable 
that over half of this could eventually be con
sidered for the option of BJR and CWR, it is 
evident that information to support sound decisions 
would be very valuable.
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OBJECTIVE:

Sub
Objective: 

TARGETS:

SITUATION:

T A S K  N o .  2 9 :

ANALYSIS:

Review the Relation of Transverse Wheel Tread and 
Flange Profile to Rail Wear, and Study Wheel Grinding 
Practices.

Develop guidance for grinding wheels so as to mini
mize wear of rail and wheel.

Assist equipment and M/W personnel to improve their 
mutual understanding and cooperation.
Identify any needs for detailed investigations and/ 
or tests.

Costs -- Complete investigation, guidance and report 
at a cost of not more than $60,000.
Time -- Complete task within 8 months of contract 
award.

Transit properties grind wheels to improve the ride 
quality of the cars by removing flat spots and re
storing the design contour of the transverse wheel 
tread profile. The frequency and quality of wheel 
grinding may vary considerably,as the number of 
flat wheels observed varies greatly among transit 
systems.

The transverse wheel tread profile is considered to 
have large effects on rail wear. In particular, 
insufficient conicity or wheel taper contri
butes to flanging on curves and accelerated wear of 
the gage side of the high rail. The reverse 
curvature (false flange) that develops on the 
tread of worn wheels produces heavy contact pressures 
that contribute to head flow and corrugation of the 
low rail.

The literature concerning transverse wheel tread 
profile and its relation to wear of wheel and rail 
is limited. However a thorough review may reveal 
some opportunities for improving even the better 
wheel grinding practices, and study of current 
practices at the transit properties should assist 
managers to raise them to the level of the best 
practices.

Data has not been collected that could be used to 
quantify the potential benefits of this task. How
ever since rail and wheel wear are costly problems, 
and the operation of cars with flat wheels contri
butes to the degradation of car and track components, 
it is considered probable that the task will provide 
benefits that far exceed its costs.

1 8 8



TASK No. 31 

OBJECTIVE: 

Sub -
Obj ective: 

TARGETS:

CONSTRAINTS:

SITUATION:

ANALYSIS:

Investigate Corrosion of Rail and Other Track 
Components.

Develop guidance on cost-effective practices to 
reduce corrosion of rail components.

Provide information useful to transit engineers 
on materials and methods for corrosion control.

Assist M/W superintendants to increase the effec
tiveness of corrosion control by a minimum of 20%.

Costs--Investigate corrosion of track components 
and develop guidance on effective corrosion control 
methods for a cost of not more than $110,000.

Time--Complete investigation, analyses and report 
within 16 months of contract award.

Do not reduce the fire safety of the transit system 
or introduce materials that could produce poisonous 
fumes in confined spaces.

Corrosion is a common nuisance in transit track 
that adds to the maintenance work and costs. It is 
usually most bothersome in its attacks on small 
components such as bolts, that soon become difficult 
to clean and adjust and are often damaged beyond use. 
It is a serious problem when it weakens rails to the 
extent that they may break under traffic. The rate 
of corrosion depends largely on conditions at the 
site. It is usually bad where dripping water or wet 
materials ground track components to a saturated 
subbase. The only methods normally available to 
reduce the rate of corrosion of transit track 
components is to keep them dry and/or protect them 
with coatings of paint or rust-inhibiting oils.

The costs of corrosion-related maintenance work have 
not been kept separate from other track maintenance 
costs. However inspection of track conditions and 
discussions with M/W personnel indicate that all 
corrosion related work amounts to less than 0.2 
of total track maintenance. This includes corrosion 
control, replacement of damaged components, extra 
cleaning of components and extra difficulties in 
normal track maintenance work because of corrosion. 
The cost of this is approximately:

$0,002 x $60 million = $120,000/yr.

A 20% improvement would produce a savings of:

120 (1.00 - 1.00/1.20) = $ 20,000/yr.
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This savings or improvement would be repeated each 
year to help offset rising costs throughout the 50- 
year life cycle of the track. Assuming the savings 
would start the year following completion of the 
task, its present value would be:

Subtracting the task costs, the net present value 
of the project would then be:
PV = 180 - 110

20,000 $180,000

$70,000.

190



TASK No. 32: 

OBJECTIVE:

Sub-
Obj ectives: 

TARGETS:

CONSTRAINTS:

SITUATION:

Obtain and Develop Improved Methods and Tools for 
Track Inspection.

Increase the accuracy of inspection results by 
providing methods and tools that are more conven
ient and effective than those available at present.

Increase inspectors' interest and feeling of 
responsibility.

Costs -- Obtain and develop improved methods and 
tools at a cost of not more than $120,000.

Time -- Complete study, development, and trials 
on track within 18 months of contract award.

Methods and tools should not require the assistance 
of a helper or a power source other than batteries 
carried by the trackwalker.

Trackwalkers inspect track at frequent intervals 
and perform minor maintenance such as tightening 
bolts. The work is difficult and time-consuming 
even with the best techniques and hand tools now 
available. Track gages and levels are cumbersome 
and difficult to read under poor light conditions.
A trackwalker needs the help of two assistants to 
measure rail deviations with a stringline. He 
has.to carry a number of small tools to do all 
his work properly. He should clean and probe 
deteriorated ties; measure rail end gap, batter 
and misalignment; measure wear of rails, joint 
bars, switch points and frogs; and check voids 
under ties and fastener plates.

The most favorable of the available methods and 
tools that a trackwalker can use in his inspec
tion will have been identified under a prior 
task. Systematic study of the use of these 
methods and tools would indicate where improve
ments would be most beneficial. Review of 
new developments in tools and inspection methods 
in other industries would show where technology 
could be transferred effectively and where further 
improvements could be made. Soliciting ideas and 
obtaining assistance from trackwalkers and super
visors in on-site trials of new and modified tools 
would help raise their level of interest and 
enthusiasm.
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As noted under task number 21, for investiga
tion of inspection methods used by trackwalkers, 
this type of inspection costs approximately 
$1.8 million per year. However improvements in 
the quality of the work would help increase the 
average effectiveness of track maintenance rather 
than reduce the cost of inspection. An improve
ment of even one tenth of one percent in overall 
track maintenance effectiveness would produce a 
savings or help offset rising costs by $60 thou- 
sand/year.

Assuming this rate of improvement would be 
achieved within three years of the start of the 
task, the net present value of this small improve
ment, calculated in thousands, over the 50-year 
life cycle of the track would be:

PV = -120x(l+i) + 60 1-Cl + i)
i

5 0 1- Cl+i)
i

•120x1.1 - i + 60 1.1 _ 3 - 1.1 
0.1

-50

- $340,000 (rounded).
In addition, small improvements in the quality of 
inspection could be expected to be beneficial to 
safety and the general effectiveness of the M/W 
department.
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TASK No. 3 3 : I n v e s t i g a t e  t h e  A d j u s t m e n t  o f  T r a c k  o n  E l e v a t e d  
S t r u c t u r e s

OBJECTIVE: I d e n t i f y  f a v o r a b l e  m e t h o d s  f o r  a d j u s t i n g  t r a c k  
w i t h o u t  b a l l a s t  o n  e l e v a t e d  s t r u c t u r e s  a n d  f o r  
c o n t r o l l i n g  t h e  a d j u s t m e n t  p r o c e s s .

S u b -
Obj e c t i v e :

A s s i s t  M/W s u p e r i n t e n d e n t s  t o  r e d u c e  t h e  c o s t  a n d  
t i m e  r e q u i r e d  t o  a d j u s t  t r a c k  o n  e l e v a t e d  s t r u c t u r e s

TARGETS: C o s t s  - -  C o m p l e t e  i n v e s t i g a t i o n ,  d e v e l o p  r e c o m m e n 
d a t i o n s  a n d  p r e p a r e  r e p o r t  a t  a  c o s t  o f  n o t  m o r e  
t h a n  $ 1 8 0 , 0 0 0 .

T im e  - -  C o m p l e t e  w o r k  a n d  s u b m i t  r e p o r t  w i t h i n  2 
y e a r s  o f  c o n t r a c t  a w a r d .

CONSTRAINTS: E q u i p m e n t  m u s t  b e  l i g h t  e n o u g h  t o  b e  l i f t e d  f r o m  
t r a c k  b y  tw o  t r a c k  m e c h a n i c s  a n d  s m a l l  e n o u g h  t o  
c l e a r  a l l  t r a f f i c  w hen  p l a c e d  o n  a c a t  w a l k .

SITUATION: S l i g h t  v a r i a t i o n s  i n  t h e  c o m p o s i t i o n  a n d  s t r e n g t h  
o f  t h e  m a t e r i a l s  u s e d  i n  e l e v a t e d  s t r u c t u r e s ,  c o n 
s t r u c t i o n  t o l e r a n c e s  a n d  d e f l e c t i o n s  u n d e r  l i v e  
l o a d s ,  a l l  c o n t r i b u t e  t o  i r r e g u l a r i t i e s  i n  t h e  
t r a c k  t h a t  a f f e c t  r i d e  q u a l i t y  a n d  s h o u l d  b e  com 
p e n s a t e d  f o r  b y  p r e c i s e  a d j u s t m e n t  o f  t h e  t r a c k .  
A f t e r  c o n s t r u c t i o n ,  t h e  s t r u c t u r e  may b e  a f f e c t e d  
b y  s e t t l e m e n t  a n d  s t r e s s - r e l i e v i n g  m o v e m e n t s .
T h e s e  m o v e m e n t s  a n d  t h e  w e a r  a n d  p o s s i b l e  s h i f t i n g  
o f  t r a c k  c o m p o n e n t s  t e n d  t o  c h a n g e  t h e  s m o o t h  s p a c e  
c u r v e  o f  t h e  a d j u s t e d  t r a c k ,  s o  t h a t  a d d i t i o n a l  
a d j u s t m e n t  i s  n e c e s s a r y .

T r a c k  f a s t e n e d  t o  e l e v a t e d  s t r u c t u r e s  i s  m o r e  d i f f i 
c u l t  t o  a d j u s t  t h a n  b a l l a s t e d  t r a c k  b e c a u s e  o f  t h e  
l i m i t e d  a d j u s t m e n t  r a n g e  o f  f a s t e n e r s  a n d  t h e  c o m 
p l e x i t y  o f  b l o c k i n g  a n d  s h i m m i n g  w ood  t i e s  w h e n  
t h e y  a r e  u s e d  t o  s u p p o r t  t h e  r a i l s .  C o n t r o l  i s  
h a m p e r e d  b y  v i b r a t i o n s  f r o m  p a s s i n g  t r a i n s  a n d  i n  
a  f e w  c a s e s ,  b y  v i b r a t i o n s  f r o m  g r o u n d  t r a f f i c  o n  
a d j a c e n t  r o a d s .  D i f f i c u l t i e s  i n  c o n t r o l l i n g  t h e  
a d j u s t m e n t  o f  t h e  t r a c k  a d d  t o  t h e  t i m e  a n d  c o s t  
o f  t h e  w o r k  a n d  t e n d  t o  r e s u l t  i n  l o w e r  r i d e  q u a l i t y  
t h a n  p l a n n e d  f o r  t h e  a d j u s t e d  t r a c k .

A t o t a l  o f  o v e r  325  s i n g l e  t r a c k  m i l e s  o f  t r a n s i t  
t r a c k  i s  i n s t a l l e d  w i t h o u t  b a l l a s t  o n  e l e v a t e d  
s t r u c t u r e s , a n d  90 m o re  m i l e s  i s  u n d e r  c o n s t r u c t i o n  
o r  p l a n n e d .  The  a v e r a g e  a n n u a l  c o s t  o f  m a i n t a i n 
i n g  t h e  i n s t a l l e d  t r a c k  i s  o v e r  $12 m i l l i o n .

I m p r o v e m e n t s  i n  t h e  w o r k  o f  a d j u s t i n g  t h e  t r a c k  a n d  
t h e  c o n t r o l  o f  t h e  a d j u s t m e n t  p r o c e s s  w i l l  r e d u c e  
t h e  c o s t  o f  t h e  w o r k  a n d  h e l p  p r o d u c e  s m o o t h e r  t r a c k
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w h i c h  w i l l  d e g r a d e  l e s s  r a p i d l y  u n d e r  t r a f f i c .
The  n e t  r e s u l t s  o f  e v e n  a  s m a l l  i m p r o v e m e n t  i s  
e x p e c t e d  t o  i n c r e a s e  t h e  e f f e c t i v e n e s s  o f  t h e  
m a i n t e n a n c e  o f  e l e v a t e d  t r a c k  b y  a n  a v e r a g e  o f  
a t  l e a s t  2%.

T h i s  w i l l  p r o d u c e  a n  a n n u a l  s a v i n g s  o r  h e l p  t o  
o f f s e t  t r a c k  m a i n t e n a n c e  c o s t s  b y  a n  a m o u n t  e q u a l  
t o :

T h i s  c o s t  r e d u c t i o n  w i l l  b e g i n  w i t h i n  f o u r  y e a r s  
o f  t h e  s t a r t  o f  t h e  t a s k  a n d  w i l l  b e  r e p e a t e d  
e v e r y  y e a r  o v e r  t h e  5 0 - y e a r  l i f e  c y c l e  o f  t h e  
t r a c k .  The  n e t  p r e s e n t  v a l u e  o f  t h i s  r e p e a t e d  
s a v i n g s  c a l c u l a t e d  i n  t h o u s a n d s  w o u l d  b e :

12 x  10 6 ( 1 0 0  - = $ 2 4 0 , 0 0 0 .

- 1 8 0 x 1 . 1
_ 2

+ 240

$ 1 . 9  m i l l i o n  ( r o u n d e d ) .
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TASK No. 34 :

OBJECTIVE:

S u b -
Obj e c t i v e s : 

TARGETS:

CONSTRAINTS:

SITUATION:

I n v e s t i g a t e  t h e  U se  o f  H and  T o o l s  b y  T r a c k m e n  a n d  
O b t a i n  a n d / o r  D e v e l o p  I m p r o v e m e n t s .

I m p r o v e  t r a c k  m a i n t e n a n c e  b y  p r o v i d i n g  h a n d  t o o l s  
t h a t  a r e  m o r e  e f f e c t i v e  t h a n  t h o s e  now i n  u s e .

I n c r e a s e  j o b  s a t i s f a c t i o n  o f  t r a c k  m e c h a n i c s .  
E n c o u r a g e  i n t e r e s t  a n d  i n i t i a t i v e .

P r o v i d e  a c c u r a t e  d a t a  t o  s u p p o r t  a  f o l l o w - o n  s t u d y  
o f  t h e  u s e  o f  p o r t a b l e  p o w e r  t o o l s .

C o s t  - -  O b t a i n  a n d  d e v e l o p  i m p r o v e d  h a n d t o o l s  f o r  
t r a c k m e n  a t  a  c o s t  o f  n o t  m o r e  t h a n  $ 1 2 0 , 0 0 0 .

T im e - -  C o m p l e t e  s t u d y  d e v e l o p m e n t  a n d  t r i a l s  on  
t r a c k  w i t h i n  18 m o n t h s  o f  c o n t r a c t  a w a r d .

T o o l s  s h o u l d  b e  e a s i l y  c a r r i e d  a n d  u s e d  b y  one .  . 
m a n .  T h e y  s h o u l d  n o t  i n t r o d u c e  o r  i n c r e a s e  a n y  
s a f e t y  h a z a r d s .

Many o f  t h e  t r a c k  t o o l s  now i n  u s e  a r e  h e a v y ,  
c u m b e r s o m e  a n d  a w k w a rd  t o  u s e  i n  c o n f i n e d  s p a c e s .  
Some a r e  e a s i l y  d a m a g e d  a n d  d i f f i c u l t  t o  r e p a i r  
o r  a d j u s t .

S y s t e m a t i c  i n v e s t i g a t i o n  o f  t h e  u s e  o f  h a n d t o o l s  
b y  t r a c k  m e c h a n i c s  w o u l d  i n d i c a t e  w h e r e  i m p r o v e 
m e n t s  w o u l d  b e  m o s t  b e n e f i c i a l .  R e v i e w  o f  new 
d e v e l o p m e n t s  i n  h a n d t o o l s  f o r  o t h e r  i n d u s t r i e s  
w o u l d  i n d i c a t e  w h a t  t e c h n o l o g y  c o u l d  b e  t r a n s f e r r e d  
e f f e c t i v e l y  a n d  w h a t  f u r t h e r  i m p r o v e m e n t s  may b e  
f e a s i b l e .  O b t a i n i n g  t h e  p a r t i c i p a t i o n  o f  t r a c k  
m e c h a n i c s  i n  t h e  p r o j e c t  w i l l  h e l p  i n c r e a s e  
e n t h u s i a s m  a n d  i n t e r e s t  i n  t h e  q u a l i t y  o f  t r a c k  
m a i n t e n a n c e  w o r k ;  t h i s  c a n  b e  d o n e  b y  s o l i c i t i n g  
t h e i r  i d e a s  f o r  i m p r o v i n g  t o o l s  a n d  o b t a i n i n g  
t h e i r  a s s i s t a n c e  i n  t h e  o n - t r a c k  t r i a l  a n d  e v a l u a 
t i o n  o f  new o r  m o d i f i e d  t o o l s .

A p p r o x i m a t e l y  1 2 0 0  o f  t h e  p e o p l e  e n g a g e d  i n  t r a c k  
m a i n t e n a n c e  n o t  i n c l u d i n g  t r a c k w a l k e r s  ( i n s p e c t o r s )  
u s e  h a n d  t o o l s  f r e q u e n t l y  i n  t h e i r  w o r k .  A t  a n  
a v e r a g e  c o s t  o f  $ 2 2 , 5 0 0  e a c h  p e r  y e a r  f o r  d i r e c t  
p a y ,  b e n e f i t s  a n d  o v e r h e a d ,  p l u s  $ 1 1 , 0 0 0  f o r  
m a t e r i a l  a n d  e q u i p m e n t ,  t h e y  r e p r e s e n t  $40  m i l l i o n  
o f  t h e  c u r r e n t  t r a c k  m a i n t e n a n c e  c o s t s .
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E x p e r i e n c e  w i t h  m i l i t a r y  c o n s t r u c t i o n  u n i t s  h a s  
s h o w n  t h a t  s m a l l  i m p r o v e m e n t s  i n  q u a l i t y  a n d  
p r o d u c t i v i t y  a r e  r e a d i l y  o b t a i n e d  t h r o u g h  a  
p r o g r a m  t o  i m p r o v e  h a n d  t o o l s ,  e s p e c i a l l y  w hen  
t h e  p r o g r a m  i n v o l v e s  p a r t i c i p a t i o n  b y  t h e  
m e c h a n i c s .

I t  i s  c o n s i d e r e d  p r o b a b l e  t h a t  a n  i n c r e a s e  i n  
p r o d u c t i v i t y  w e l l  o v e r  1% c a n  b e  g a i n e d  w i t h i n  
3 y e a r s  o f  t h e  s t a r t  o f  t h e  t a s k .  T h i s  w o u l d  
p r o d u c e  a s a v i n g s  o r  h e l p  o f f s e t  r i s i n g  c o s t s  
b y  $ 4 0 0 , 0 0 0  p e r  y e a r .  The n e t  p r e s e n t  v a l u e  
( a t  t h e  t i m e  t h e  t a s k  i s  c o m p l e t e d )  o f  t h i s  
s m a l l  i m p r o v e m e n t ,  c o n t i n u i n g  o v e r  t h e  5 0 - y e a r  
l i f e  c y c l e  o f  t h e  t r a c k ,  a n d  c a l c u l a t e d  i n  t h o u s a n d s ,  
w o u l d  t h e n  b e :

= $ 2 . 9  m i l l i o n  ( r o u n d e d ) .

As i n  t h e  c a s e s  o f  o t h e r  s t u d i e s  o f  t o o l s  a n d  
m e t h o d s ,  t h i s  s t u d y  c o u l d  b e  e x p e c t e d  t o  b e  
b e n e f i c i a l  t o  t h e  g e n e r a l  e f f e c t i v e n e s s  o f  t h e  
M/W d e p a r t m e n t .

PV = - 1 2 0 ( 1 + i ) ~  5 + 400 1 - (1 + i ) " 50 _ 1 -  ( l + i ) ~ 3
i i
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APPENDIX C

REPORT OF NEW TECHNOLOGY

T h i s  r e p o r t  d e s c r i b e s  t h e  s t u d y  o f  t r a n s i t  t r a c k  c o n d i t i o n s ;  

c u r r e n t  p r a c t i c e s  i n  t r a c k  d e s i g n ,  c o n s t r u c t i o n  a n d  m a i n t e n a n c e ;  

o p p o r t u n i t i e s  f o r  i m p r o v e m e n t s ;  a v a i l a b l e  t r a c k  t e c h n o l o g y ;  a n d  

r e s e a r c h  t a s k s  t o  f i l l  i d e n t i f i e d  n e e d s .  No d i s c o v e r i e s  o r  

i n v e n t i o n s  w e r e  m a de  d u r i n g  t h e  c o u r s e  o f  t h e  w o r k .

C o n c e p t s  w e r e  d e v e l o p e d  f o r  e v a l u a t i n g  t r a c k  c o n d i t i o n ,  f o r  

r e l a t i n g  t r a c k  c o n d i t i o n  t o  t r a n s i t  s y s t e m  p e r f o r m a n c e ,  a n d  f o r  

e v a l u a t i n g  r e s e a r c h  t a s k s .
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