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I. S U M M A R Y  A N D  C O N C L U S I O N S  

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

b e i n g  b u i l t ,  t h e  need f o r  a means o f  summoning a i d  by  s t r a n d e d  

m o t o r i s t s  i s  becoming o f  paramount  i m p o r t a n c e .  Emergency c a l l  s y s -  

tems a r e  a v a i l a b l e  u s i n g  l a n d  w i r e s  o r  r a d i o  p r o p a g a t i o n .  How- 

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

l o c a t e d  be tween 1 / 4  and 1 m i l e  a p a r t .  I n  an a t t e m p t  t o  p l a c e  c a l l  

s t a t i o n s  c l o s e r  t o g e t h e r ,  t h e  t w o - w i r e  emergency c a l l  sys tem w a s  

deve loped .  T h i s  sys tem p r o v i d e s  c a l l  s t a t i o n s  a l o n g  t h e  s h o u l d e r  

o f  t h e  h ighway on each d e l i n e a t o r  p o s t  spaced an a v e r a g e  o f  200 

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

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

s w i t c h ,  w h i c h  t h e  m o t o r i s t  dep resses  t o  i n d i c a t e  a need.  N o  p r o -  

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

r e c e i v e d ,  were  made. A v e h i c l e  i s  d i s p a t c h e d  t o  t h e  s i t e  o f  t h e  

c a l l  t o  c o l l e c t  t h e  r e q u i r e d  i n f o r m a t i o n .  F i e l d  s u r v e y s  and s y s -  

tem usage r e c o r d s  were  u t i l i z e d  t o  d e t e r m i n e  t y p e s  o f  needs and 

s e r v i c i n g  t i m e s .  

The sys tem was o p e r a t e d  f o r  57 c o n s e c u t i v e  days d u r i n g  t h e  

summer o f  1971. D u r i n g  t h i s  p e r i o d  t h e r e  were  21.6 m i l l i o n  v e h i c l e  

m i l e s  o f  t r a v e l  i n  t h e  sys tem o p e r a t i o n  a r e a .  A t o t a l  o f  539 c a l l s  

were  r e c e i v e d  a t  t h e  m o n i t o r i n g  s t a t i o n .  One h u n d r e d  and s e v e n t y  

were  s e r v i c e d  by  t h e  sys tem and 369 were  c l a s s i f i e d  as  "Gone on 

A r r i v a l  . ' I  

A sample  o f  t h e  s t o p p e d  m o t o r i s t s ,  made by  a f i e l d  s t u d y ,  

i n d i c a t e d  t h a t  37 p e r c e n t  o f  t h e  t o t a l  c a l l s  r e c e i v e d  were  " F a l s e  

A la rms, "  and 31 p e r c e n t  o f  t h e  t o t a l  c a l l s  s e r v i c e d  t h e m s e l v e s  or  

r e c e i v e d  a i d  f r o m  o t h e r  m o t o r i s t s .  
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The 1 7 0  m o t o r i s t s ,  s e rv i ced  by t h e  system, y i e lded  a r a t e  of 

7 . 9  veh ic l e s  s e r v i c e d  per m i l l i o n  v e h i c l e  miles  f o r  the  per iod of 

system o p e r a t i o n .  The r a t e  o f  m o t o r i s t s  needing a i d ,  a s  d e t e r -  

mined from t h e  f i e l d  survey ,  was 2 6 . 8  per  m i l l i o n  v e h i c l e  m i l e s ,  

showing t h a t  almost one i n  t h r e e  moto r i s t s  needing a i d  were s e r -  

viced through t h e  c a l l  system. 

The s t u d y  d i d  not show t h e  two-wire system t o  have a low 

maintenance o r  i n s t a l l a t i o n  c o s t  i n  comparison w i t h  o t h e r  t ypes  

of c a l l  systems on a per  mile  b a s i s .  However, t h e  two-wire 

system provided c a l l  boxes a t  200 f o o t  spac ings  i n s t e a d  of 1 / 4  

t o  1 mile  spac ings ,  t hus  reducing t h e  s t randed  m o t o r i s t s '  exposure 

t o  t r a f f i c  while  walking t o  a c a l l  s t a t i o n .  

For t h e  emergency c a l l  system s t u d i e d  t o  be e f f e c t i v e ,  t h e  

t ime f o r  a i d  t o  a r r i v e  must be reduced. The long per iods  o f  t ime 

taken f o r  a i d  t o  a r r i v e  can be p a r t i a l l y  expla ined  by t h e  f a i l u r e  

i n  some cases  of t h e  ope ra t ing  and s e r v i c i n g  personnel t o  respond 

i n  a s h o r t  per iod o f  t ime. I t  must be noted t h a t  t h i s  i s  t r u e  

w i t h  any type of c a l l  system a n d  should not  be cons idered  a s  a 

f a u l t  of t h e  two-wire system a lone .  The t o t a l  l eng th  of t ime 

stopped was much l o n g e r  f o r  t h e  m o t o r i s t s  who used t h e  c a l l  system 

t h a n  f o r  o t h e r  m o t o r i s t s  needing a i d .  This can be expla ined  by 

t h e  f a c t  t h a t  m o t o r i s t s  w i t h  s e r i o u s  (mechanical)  problems were 

more l i k e l y  t o  use t h e  c a l l  system than those  w i t h  more minor 

problems ( t i r e s ,  gas ,  e t c . )  thus  i n c r e a s i n g  t h e  t ime t o  e f f e c t  

r e p a i r s .  

A t  the  p resen t  s t a g e  of development, t h e  two-wire emergency 

c a l l  system d i d  n o t  prove t o  have any s i g n i f i c a n t  advantages over  

o t h e r  types  of c a l l  systems now i n  use .  I f  f u r t h e r  r e s e a r c h  i s  
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conduc ted ,  two a r e a s  s h o u l d  be i n c l u d e d .  F i r s t ,  t h e  equ ipment  

s h o u l d  be r e f i n e d  and second,  p r o c e d u r e s  must  be  imp lemented t o  

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

m o t o r i s t s  who need a i d .  One approach  i s  t o  i n v e s t i g a t e  t h e  ad- 

van tages  o f  c o n t r a c t i n g  w i t h  s e r v i c e  a g e n c i e s  f o r  t h e  s e r v i c e .  

11. I N T R O D U C T I O N  

Mos t  I n t e r s t a t e  h ighways  have no means f o r  m o t o r i s t s  t o  summon 

a i d  i n  t h e  e v e n t  o f  a breakdown o r  emergency, and t h e  I n t e r s t a t e  

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

even i n  u r b a n  and suburban  a r e a s ,  due t o  access  c o n t r o l .  

The demand f o r  improved  commun ica t i ons  between t h e  m o t o r i n g  

p u b l i c  and t h e  h ighway sys tem i s  s t e a d i l y  i n c r e a s i n g .  S e v e r a l  

s t a t e s  have imp lemen ted  emergency a i d  c a l l  sys tems,  i n c l u d i n g  v o i c e  

( t e l e p h o n e ) ,  coded c a l l  boxes ,  and m ic rowave  sys tems.  

Some o f  t h e  e x i s t i n g  sys tems i n c l u d e  t h e  f o l l o w i n g  ( N C H R P  

S y n t h e s i s  o f  Highway P r a c t i c e s  # 7 ) :  

( a )  r o a d s i d e  commerc ia l  t e l e p h o n e s  a t  s p e c i f i c  i n t e r v a l s ,  

( b )  r o a d s i d e  t e l e p h o n e s  c o n n e c t e d  t o  a c e n t r a l  c o n t r o l  

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

( c )  r o a d s i d e  c a l l  boxes  w i t h  coded messages c o n n e c t e d . t o  

a c e n t r a l  c o n t r o l  s t a t i o n  by  c a b l e  o r  r a d i o ,  

( d )  two-way r a d i o  c o m m u n i c a t i o n  o p e r a t e d  i n  a p a t r o l  n e t -  

work ,  and 

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

The New J e r s e y  Depar tmen t  o f  T r a n s p o r t a t i o n ,  i n  c o o p e r a t i o n  

w i t h  t h e  F e d e r a l  Highway A d m i n i s t r a t i o n ,  u n d e r t o o k  t h e  developmen' t  

o f  an  emergency c a l l  sys tem w i t h  t h e  p r i m a r y  o b j e c t i v e s  o f :  
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( a )  c l o s e l y  spaced emergency c a l l  s t a t i o n s ,  

( b )  l o w  i n s t a l l a t i o n  c o s t s ,  

( c )  l o w  m a i n t e n a n c e  c o s t s ,  and 

( d )  s i m p l i c i t y  o f  sys tem o p e r a t i o n .  

I t  was f e l t  t h a t  an emergency c a l l  sys tem u t i l i z i n g  a b u r i e d  

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

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

The sys tem was d e s i g n e d  t o  p r o v i d e  c a l l  s t a t i o n s  a t  2 0 0 - f o o t  

i n t e r v a l s ,  t h u s  p r o v i d i n g  access  t o  t h e  sys tem much more f r e q u e n t l y  

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

a r e s i s t a n c e  m e a s u r i n g  t y p e .  An emergency c a l l  i s  made b y  d e p r e s -  

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

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

r e s i s t a n c e  m e a s u r i n g  u n i t ,  w h i c h  r e s i s t a n c e  can  be c o n v e r t e d  t o  a 

s p e c i f i c  l o c a t i o n  a l o n g  t h e  h ighway.  

S i n c e  t h e  sys tem u t i l i z e d  common p r i n c i p l e s  ( s h o r t i n g  a w i r e  

and  m e a s u r i n g  i t s  r e s i s t a n c e )  f o r  w h i c h  s i m p l e  equ ipmen t  a l r e a d y  

e x i s t e d ,  i t  was f e l t  t h a t  t h e  o b j e c t i v e s  o f  t h e  sys tem wou ld  be  

met .  

A f t e r  i n s t a l l a t i o n  o f  a t e s t  sys tem was comp le ted ,  a p e r i o d  

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

i f  t h e  s y s t e m  w o u l d  f u l f i l l  t h e  o b j e c t i v e s  as p lanned .  

111. S Y S T E M  D E S C R I P T I O N  

The s e c t i o n  o f  1-287 chosen f o r  t h e  t e s t  s i t e  was 8.2 m i l e s  

l o n g ,  e x t e n d i n g  f r o m  M a i n  S t r e e t ,  Metuchen t o  R i v e r  Road, P i s c a t a w a y  

Townsh ip  ( s e e  map - F i g u r e  1 ) .  A c a b l e  c o m p r i s e d  o f  two  #14 gauge 



I 
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c o p p e r  w i r e s  i n s u l a t e d  s u i t a b l e  f o r  d i r e c t  underg round  b u r i a l  was 

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

i n c h e s  be low t h e  s u r f a c e .  Wherever  b r i d g e s  and ramps were  encoun-  

t e r e d ,  t h e  c a b l e  was r u n  t h r o u g h  c o n d u i t s .  A t  each o f  t h e  425 

d e l i n e a t o r  p o s t s  l o c a t e d  on  t h e  n o r t h  and s o u t h  l a n e s  o f  t h e  8 .2 -  

m i l e  s e c t i o n ,  l o o p s  were b r o u g h t  up t o  a h e i g h t  o f  3-4 f e e t .  

The c a l l  s t a t i o n s ,  w h i c h  were  r e f l e c t i v e  p u s h - b u t t o n  s w i t c h e s  

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

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

( F i g u r e  2 ) .  I n s t r u c t i o n a l  s i g n s ,  as shown i n  F i g u r e  2, were  a l s o  

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

o f  t h e  system. 

The 8 . 2 - m i l e  s e c t i o n  o f  1 -287,  16 .4  m i l e s  i n  b o t h  d i r e c t i o n s ,  

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

f o u r  m i l e s  p e r  segment. W i t h  t h i s  a r rangement ,  t h e  c a b l e s  f rom 

t h e  f o u r  segments,  two  f r o m  t h e  n o r t h  l a n e s  and two  f r o m  t h e  s o u t h  

l a n e s ,  were  t e r m i n a t e d  a t  a c e n t r a l  l o c a t i o n .  The c e n t r a l  l o c a -  

t i o n  c o n t a i n e d  t h e  m o n i t o r i n g  equ ipmen t ,  as  w e l l  as t h e  r e q u i r e d  

e l e c t r i c a l  and t e l e p h o n e  u t i l i t i e s .  The m o n i t o r i n g  e q u i p m e n t  

c o n s i s t e d  o f  f o u r  i d e n t i c a l  t e s t  p a n e l s ,  one f o r  each segment  

of c a b l e ,  housed i n  an equ ipmen t  r a c k ,  as shown i n  F i g u r e  3. 

Each p a n e l  had a m e t e r  f o r  i n d i c a t i n g  an emergency c a l l  l o c a t i o n ,  

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

v a l u e ,  two  push b u t t o n s ,  and two i n d i c a t o r  lamps mounted i n  t h e  

f r o n t ,  and t h e  a s s o c i a t e d  e l e c t r i c a l  c i r c u i t r y  i n  t h e  back .  One 

i n d i c a t o r  lamp w o u l d  l i g h t  when an emergency c a l l  had been made 
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FIGURE 2 

FIGURE 3 
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and was t u r n e d  o f f  by  one o f  t h e  push b u t t o n s  a f t e r  t h e  n e c e s s a r y  

i n f o r m a t i o n  was r e c o r d e d .  The o t h e r  i n d i c a t o r  lamp warned t h a t  

a b r e a k  i n  t h e  t w o - w i r e  c a b l e  had o c c u r r e d  mak ing  t h e  sys tem i n -  

o p e r a t i v e .  By use  o f  a known t e r m i n a t i n g  r e s i s t a n c e  a t  t h e  end 

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

segment. Any b r e a k  i n  t h e  c o n d u c t o r  wou ld  i n t e r r u p t  t h e  c u r r e n t  

f l o w ,  c a u s i n g  t h e  w a r n i n g  lamp t o  be a c t u a t e d .  The r e m a i n i n g  

push b u t t o n  was used f o r  t e s t i n g  t h e  e l e c t r i c a l  m o n i t o r i n g  c i r -  

c u i t r y .  T y p i c a l  c o n n e c t i o n s  f o r  one segment o f  t h e  sys tem a r e  

shown i n  F i g u r e  4 w i t h  d e t a i l e d  m o n i t o r i n g  c i r c u i t r y  shown i n  

F i g u r e  5. 

The e l e c t r i c a l  s o u r c e  f o r  t h e  sys tem c o n s i s t e d  o f  two t w e l v e -  

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

1 1 0 - v o l t  AC ma in .  I n  t h e  e v e n t  o f  l o s s  o f  A C  power,  t h e  s t o r a g e  

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

t h e  sys tem f o r  up t o  14  days .  

P r e s s i n g  one o f  t h e  s w i t c h e s  a l o n g  t h e  h ighway  e f f e c t e d  a 

change o f  p o t e n t i a l  i n  t h e  c u r r e n t - c a r r y i n g  c a b l e  and caused  a 

s e n s o r  t o  a c t i v a t e  an a u d i o  and v i s u a l  a l a r m .  S i m u l t a n e o u s l y ,  a 

peak v o l t a g e  memory v o l t m e t e r  i n d i c a t e d  t h e  l e v e l  o f  t h e  change,  

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

t h e  r e a d i n g ,  t h e  a t t e n d a n t  r e s t o r e d  t h e  l i n e  and checked t h e  

l o c a t i o n  c h a r t  f o r  t h e  e x a c t  l o c a t i o n  o f  t h e  a l a r m .  

Once t h e  l o c a t i o n  o f  t h e  emergency c a l l  was d e t e r m i n e d ,  i t  

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

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

e t c . ) .  The S t a t e  P o l i c e  were  n o t i f i e d  b y  t e l e p h o n e  o f  each  c a l l  

and d i s p a t c h e d  a p a t r o l  c a r ,  if one was a v a i l a b l e .  I f  a S t a t e  
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P o l i c e  p a t r o l  c a r  m u l d  n o t  respond ,  a r a d i o - e q u i p p e d  Depar tmen t  

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

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

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

S t a t e  P o l i c e  who made a r rangements  f o r  t h e  a i d .  

I V .  STUDY P R O C E D U R E S  

The bases f o r  d e v e l o p i n g  an e f f e c t i v e  Two-Wire Emergency C a l l  

System r e s t s  on t h e  a b i l i t y  t o :  

( a )  keep i n s t a l l a t i o n  c o s t s  l o w ;  

( b )  have a sys tem where m a l f u n c t i o n i n g  i s  a m i n o r  p r o b l e m  

and damage caused b y  v e h i c l e s  o r  v a n d a l s  i s  m i n i m i z e d ,  

e a s i l y  d e t e c t e d ,  and q u i c k l y  t a k e n  c a r e  o f ;  and 

( c )  s e r v i c e  t o  t h e  m o t o r i s t  i n  need o f  a i d  i s  g i v e n  i n  a 

s h o r t e r  t i m e  t h a n  he w o u l d  have been s e r v i c e d  w i t h  no 

emergency c a l l  system. 

Measurement o f  i t e m s  ' 'a"  t h r o u g h  ' Ic"  i s  p o s s i b l e ,  b u t  u n l e s s  

a n o t h e r  sys tem i s  used f o r  compar ison ,  t h e  c o s t  and m a i n t e n a n c e  

f a c t o r s  o f  " a "  and " b "  can  o n l y  be s u b j e c t i v e l y  e v a l u a t e d .  To 

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

m a i n t e n a n c e  c o s t  o f  o t h e r  emergency c a l l  sys tems,  t h e s e  i t e m s  

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

e f f e c t i v e n e s s  o f  t h e  system, u s i n g  t h e s e  c o s t s ,  can  t h e n  b e  

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

m o t o r i s t s '  needs, e t c .  

D e f i n i t e  c o m p a r a t i v e  measures a r e  p r o v i d e d  f o r  i t e m  " c "  

be tween t h e  summer p e r i o d  o f  1970 (when no emergency c a l l  sys tem 

was i n  o p e r a t i o n )  and t h e  summer p e r i o d  o f  1971 (when t h e  t w o - w i r e  
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emergency c a l l  sys tem was i n  o p e r a t i o n ) .  I t  i s  a l s o  p o s s i b l e  t o  

compare t h e  s e r v i c e  t i m e s  be tween t h e  d r i v e r s  i n  1971 who chose t o  

use t h e  t w o - w i r e  c a l l  s y s t e m  and t h o s e  d r i v e r s  i n  1971 who chose 

t o  s e r v i c e  t h e i r  own needs ( e i t h e r  by  themse lves ,  t h r o u g h  o t h e r  

d r i v e r s ,  o r  by  w a l k i n g  o f f  t h e  r o a d  f o r  s e r v i c e ) .  

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

t h e  summer o f  1970 and t h e  summer o f  1971, c o n s i s t e d  o f  s t a t i o n i n g  

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

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

I n f o r m a t i o n  a b o u t  d r i v e r s  who used  t h e  c a l l  sys tem d u r i n g  

t h e  1971 s u r v e y  was d e t e r m i n e d  by m a t c h i n g  r e s u l t s  o f  t h e  f i e l d  

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

s t a t i o n  and t h e  S t a t e  P o l i c e  b a r r a c k s .  From t h e  1970 and 1971 

s u r v e y s '  i n f o r m a t i o n  a b o u t  t h e  t i m e  s topped ,  t i m e  f r o m  s t o p  t o  

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

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

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

D e f i n i t i o n  o f  Terms 

"Need A i d "  - Those m o t o r i s t s  seen d u r i n g  t h e  f i e l d  s u r v e y  by  

t h e  o b s e r v e r s  who, i n  t h e  o b s e r v e r ' s  o p i n i o n ,  needed a i d  f r o m  

a n o t h e r  p a r t y  i n  o r d e r  t o  be  on  t h e i r  way. 

" F i r s t  C o n t a c t "  - Those m o t o r i s t s  who s t o p p e d  d u r i n g  t h e  

s u r v e y  p e r i o d  n e e d i n g  a i d  and who were  o b s e r v e d  h a v i n g  c o n t a c t  

w i t h  a n o t h e r  m o t o r i s t ,  S t a t e  P o l i c e  o r  Depar tmen t  o f  T r a n s p o r t a -  

t i o n  p e r s o n n e l .  
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" S e r v i c e d  by System" - M o t o r i s t s  who pushed t h e  emergency 

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

S t a t e  P o l i c e  o r  Depar tmen t  o f  T r a n s p o r t a t i o n  p e r s o n n e l ,  and t h e i r  

needs were  s a t i s f i e d  by  a s s i s t a n c e  o b t a i n e d  t h r o u g h  t h e  c o n t a c t  

made by  means o f  t h e  system. 

"Gone on  A r r i v a l "  - Those c a l l s  w h i c h  were  responded t o  by  

t h e  S t a t e  P o l i c e  o r  Depar tmen t  o f  T r a n s p o r t a t i o n  p e r s o n n e l  b u t  

r e s u l t e d  i n  no c o n t a c t ,  o r  i f  c o n t a c t  was made, t h e  m o t o r i s t  

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

D a y t i m e  S t u d i e s  ( S t a t i o n a r y  O b s e r v e r s 1  

F i g u r e  1 shows t h e  p o s i t i o n s  o f  t h e  o b s e r v e r s  o v e r  t h e  s t u d y  

s e c t i o n  o f  1-287.  When a l l  p o s i t i o n s  were cove red ,  5.7 o f  8 . 2  

m i l e s  o f  t h e  sys tem were obse rved ,  w i t h  t h e  a i d  o f  b i n o c u l a r s .  

U s i n g  t h e  f o r m  shown i n  F i g u r e  6, t h e  o b s e r v e r s  were  s t a t i o n e d  

f o r  t h e  f o l l o w i n g  l e n g t h s  o f  t i m e  i n  each o f  t h e  summers o f  1970 

and 1971: 

1 4  days - 5:30 a.m. t o  1 :00  p.m., and 

14  days  - 12:30 p.m. t o  8 :30  p.m. 

The e n t r y  on F i g u r e  6 under  "T ime - Pushed Sw i t ch , "  was o n l y  

used d u r i n g  t h e  o p e r a t i o n  o f  t h e  emergency c a l l  sys tem d u r i n g  t h e  

summer o f  1971. 

Wooden p o s t s  were  p l a c e d  i n  t h e  median e v e r y  0.1 m i l e  as 

r e f e r e n c e  p o i n t s  f o r  t h e  o b s e r v e r s .  Because o f  t h e  r o a d  geomet ry ,  

t h e  f i e l d  o f  v i e w  o f  each  o f  t h e  o b s e r v e r s  v a r i e d .  

N i g h t t i m e  S t u d i e s  ( P a t r o l l i n g  V e h i c l e s )  I 

U s i n g  t h e  f o r m  shown i n  F i g u r e  6,  an o b s e r v e r  and d r i v e r  

i n  each o f  f o u r  v e h i c l e s  p a t r o l l e d  t h e  e n t i r e  8.2 m i l e s  o f  t h e  
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emergency c a l l  sys tem f o r  seven s u c c e s s i v e  n i g h t s  f r o m  8:OO p.m. 

t h r o u g h  5:30 a.m. The use  o f  f o u r  p a t r o l l i n g  v e h i c l e s  r e s u l t e d  

i n  an a v e r a g e  s p a c i n g  be tween v e h i c l e s  o f  7 .5  m i n u t e s .  To ma in -  

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

passed a s p e c i f i e d  p o i n t  on t h e  r o a d  a t  a s p e c i f i c  t i m e .  A f i f t h  

v e h i c l e  was used t o  a1 l o w  1 / 2 - h o u r  " b r e a k s "  e v e r y  2 -1 /2  h o u r s  o f  

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

Volume Da ta  

A permanent  c o u n t  s t a t i o n  ( w i t h  l o o p  d e t e c t o r s )  was l o c a t e d  

w i t h i n  t h e  8.2 m i l e s  o f  s t u d y  roadway.  C o u n t i n g  a t  t h e  s t a t i o n  

was c o n t i n u o u s  and was t a b u l a t e d  ( b y  h o u r  and day )  f o r  t h r e e  

weeks i n  t h e  p r i m a r y  d i r e c t i o n  and one week i n  t h e  o t h e r  d i r e c -  

t i o n .  The subsequen t  c o u n t s  were  t h e n  used t o  f o r m  t h e  b a s i s  

f o r  t h e  ' I r a t e "  o f  d r i v e r s  t h a t  had emergency needs d u r i n g  t h e  

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

be tween t h e  i n t e r c h a n g e s .  By sample c o u n t s  made t h r o u g h o u t  

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

c o u n t  s t a t i o n  was a d j u s t e d  t o  an " a v e r a g e "  vo lume f o r  t h e  8.2 

m i l e s  o f  r o a d  w i t h i n  t h e  t w o - w i r e  c a l l  sys tem l i m i t s .  

C e n t r a l  M o n i t o r i n g  S t a t i o n  

The m o n i t o r i n g  s t a t i o n  was l o c a t e d  n e a r  an i n t e r c h a n g e  i n  

t h e  c e n t e r  o f  t h e  8.2 m i l e s  o f  t h e  s t u d y  s e c t i o n .  The i n t e r -  

change a f f o r d e d  c o n v e n i e n t  access  t o  t h e  r o a d  f o r  t h e  Depar tmen t  

o f  T r a n s p o r t a t i o n  p e r s o n n e l  when t h e y  were  r e q u i r e d  t o  answer an  

a l a r m .  T h i s  was o n l y  n e c e s s a r y  when t h e  S t a t e  P o l i c e  i n d i c a t e d  

t h e y  were  u n a b l e  t o  respond .  I t  a l s o  p e r m i t t e d  t h e  c a l l  sys tem 

t o  b e  e a s i l y  d i v i d e d  i n t o  f o u r  segments,  two t o  t h e  n o r t h  and 
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two t o  t h e  s o u t h  o f  t h e  s t a t i o n .  Two Depar tmen t  o f  T r a n s p o r t a -  

t i o n  p e r s o n n e l  were  m o n i t o r i n g  t h e  sys tem a t  a l l  t i m e s  f o r  t h e  

57 days o f  o p e r a t i o n  o f  t h e  emergency c a l l  system. F i g u r e  7 i s  

t h e  f o r m  used a t  t h e  m o n i t o r i n g  s t a t i o n  f o r  r e c o r d i n g  t h e  i n f o r -  

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

When t h i s  f o r m  was matched w i t h  t h e  S t a t e  P o l i c e  l o g  (des-  

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

sys tem usage was o b t a i n e d :  

( a )  t o t a l  c a l l s  r e c e i v e d ,  

( b )  t i m e  and d a t e  o f  c a l l s ,  

( c )  n a t u r e  o f  m o t o r i s t ' s  need, 

( d )  e x t e n t  o f  m i s u s e  o f  sys tem (gone on a r r i v a l ) ,  and 

( e )  r e s p o n s e  t i m e  t o  a l a r m .  

S t a t e  P o l i c e  Log 

Each a l a r m  r e c e i v e d  a t  t h e  c e n t r a l  m o n i t o r i n g  s t a t i o n  was 

i m m e d i a t e l y  r e l a y e d  by t e l e p h o n e  t o  t h e  S o m e r v i l l e  S t a t e  P o l i c e  

b a r r a c k s  ( l o c a t e d  1 2  m i l e s  w e s t  o f  t h e  m o n i t o r i n g  s t a t i o n ) .  The 

desk  s e r g e a n t  on  d u t y  a t  t h e  t i m e  made t h e  a p p r o p r i a t e  e n t r i e s  

i n t o  a l o g  ( F i g u r e  8 )  and a d v i s e d  t h e  Depar tmen t  o f  T r a n s p o r t a -  

t i o n  p e r s o n n e l  a t  t h e  m o n i t o r i n g  s t a t i o n  as t o  w h e t h e r  a p o l i c e  

p a t r o l  c o u l d  r e s p o n d  t o  t h e  a l a r m .  I f  a S t a t e  T r o o p e r  responded ,  

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

t y p e  o f  s e r v i c e  r e q u i r e d ,  and t i m e  o f  a r r i v a l  a t  t h e  s i t e .  The 

desk  s e r g e a n t  t h e n  c o m p l e t e d  t h e  l o g  by  e n t e r i n g  t h e  t i m e  and 

name o f  t h e  s e r v i c e  agency c a l l e d  t o  r e s p o n d  t o  t h e  s i t e .  
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I f  a S t a t e  T r o o p e r  d i d  n o t  respond ,  b u t  Depar tmen t  p e r s o n n e l  

d i d ,  t h e  Depar tmen t  p e r s o n n e l  t h e n  s u p p l i e d  t h e  a p p r o p r i a t e  i n f o r -  

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

t h e  l o g .  

M o t o r i s t  I n f o r m a t i o n  S i g n i n q  

The m o t o r i s t s  on 1-287 were i n f o r m e d  o f  t h e  p r e s e n c e  o f  t h e  

emergency c a l l  sys tem b y  e l e v e n  5 '  x 1 2 '  i n f o r m a t i o n a l  s i g n s .  The 

s i g n s  were  p l a c e d  p r i o r  t o  and t h r o u g h o u t  t h e  system; t h e  l e g e n d s  

a r e  shown i n  F i g u r e  9, and t h e i r  p lacemen t  on t h e  r o a d  i s  shown 

i n  F i g u r e  1. 

S m a l l e r  i n s t r u c t i o n a l  s i g n s  ( F i g u r e  2 )  were  p l a c e d  be low 

each d e l i n e a t o r  s w i t c h .  No r e f e r e n c e  was made on t h e s e  s i g n s  

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

t h e  sys tem n e c e s s i t a t e d  t h e  d e t e r m i n a t i o n  o f  t h e  t y p e  o f  a i d  r e -  

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

t h e  m o t o r i s t  was made e i t h e r  t h r o u g h  t h e  S t a t e  P o l i c e  o r  D e p a r t -  

ment o f  T r a n s p o r t a t i o n  p e r s o n n e l .  

V .  RESULTS 

1970 and 1971 F i e l d  Surveys  

The f o l l o w i n g  r e s u l t s  r e f l e c t  o n l y  t h o s e  v e h i c l e s  t h a t  were  

o b s e r v e d  by  f i e l d  s u r v e y  p e r s o n n e l  and d e t e r m i n e d  by  them t o  need 

a i d .  The f i e l d  s u r v e y s  were  c o n d u c t e d  f o r  285 h o u r s  each  summer 

d u r i n g  t h e  1970 and 1971 s t u d i e s .  The emergency c a l l  s y s t e m  was 

i n  o p e r a t i o n  f o r  1,368 c o n s e c u t i v e  h o u r s  d u r i n g  t h e  summer o f  

1971. 
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M o t o r i s t  A i d  

N e x t  8 M i l e s  

Sys tem 

M O T O R I S T  INFORMATION S I G N S  
TWO-WIRE EMERGENCY CALL 

S I G N  NO. 

1 N .B .  - M.P .  0.1 

M o t o r i s t  A i d  

1 M i l e  Ahead 

System 

2 N . B .  - M.P.  1 .1  
[Beg i n l  

M o t o r i s t  A i d  

N e x t  8 M i l e s  

System 

3 N . B .  - M.P. 3.7 

M o t o r i s t  A i d  

N e x t  6 M i l e s  

System 

N.B. - M.P. 5.85 

M o t o r i s t  A i d  

N e x t  3 M i l e s  

5 N.B. - M.P. 9.3 
1 End 1 

I i 

M o t o r i s t  A i d  
Sys tem 

6 S . B .  - M.P. 10.3 

M o t o r i s t  A i d  

1 M i l e  Ahead 

System 

S I G N  N O .  

,7 S.l;s;eI.P. 9.8 ~, 
M o t o r i  s t A ?  d 

1 / 2  M i l e  Ahead 

9 S . B .  - M . P .  5 .6  
I 4 

M o t o r i s t  A i d  

N e x t  4 M i l e s  

Sys t em 

N e x t  2 M i l e s  

M o t o r i s t  A i d  
System 

NOTE: W h i t e  S c o t c h l l t c  1 0 - i n c h  
C S e r i e s  l e t t e r s  and  b l u e  
p a i n t e d  backg round  on 1 / 2 -  
i n c h  H.D. p lywood ,  5 f t .  
by  12 f t .  p a n e l s .  

FIGURE 9 
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The 1970 f i e l d  s u r v e y  r e s u l t s  i n d i c a t e  t h a t  62  m o t o r i s t s  were  

o b s e r v e d  t o  need a i d  f o r  t h e  2.48 m i l l i o n  v e h i c l e  m i l e s  t r a v e l e d ,  

y i e l d i n g  a r a t e  o f  25.0 m o t o r i s t s  n e e d i n g  a i d  p e r  m i l l i o n  v e h i c l e  

m i l e s .  D u r i n g  t h e  1970 s u r v e y  p e r i o d ,  a p p r o x i m a t e l y  3,250 m o t o r -  

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

s t o p p i n g  o f  1,310 p e r  m i l l i o n  v e h i c l e  m i l e s .  

The 1971 f i e l d  s u r v e y  r e s u l t s  i n d i c a t e  t h a t  101 m o t o r i s t s  

were o b s e r v e d  t o  need a i d  f o r  t h e  3.77 m i l l i o n  v e h i c l e  m i l e s  t r a v -  

e l e d ,  y i e l d i n g  a r a t e  o f  26.8 m o t o r i s t s  n e e d i n g  a i d  p e r  m i l l i o n  

v e h i c l e  m i l e s .  D u r i n g  t h e  1971 s u r v e y  p e r i o d ,  a p p r o x i m a t e l y  

5,500 v e h i c l e s  were  seen t o  s t o p  a l o n g  t h e  s u r v e y  s e c t i o n  f o r  a 

r a t e  o f  s t o p p i n g  o f  1,460 p e r  m i l l i o n  v e h i c l e  m i l e s .  The p r e -  

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

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

t o  t h e  end o f  t h e  s u r v e y  p e r i o d ,  because t h e y  were  i n c l u d e d  i n  

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

A summary o f  t h e  t y p e s  o f  a i d  needed and t h e  a v e r a g e  t i m e s  

r e q u i r e d  f o r  f i r s t  c o n t a c t  t o  be made and f o r  a i d  t o  a r r i v e  ( a s  

w e l l  as  t h e  a v e r a g e  t o t a l  s t o p p e d  t i m e )  i s  g i v e n  i n  T a b l e  I .  

The summary i s  f o r  b o t h  t h e  1970 and 1971 f i e l d  s u r v e y s .  G r a p h i c  

r e p r e s e n t a t i o n s  o f  t h e  i n f o r m a t i o n  summar ized i n  T a b l e  I a r e  p r e -  

s e n t e d  i n  F i g u r e s  10 t h r o u g h  15 i n  t h e  Append ix .  F i g u r e s  10 t h r o u g h  

12  p r e s e n t  t i m e s  f o r  f i r s t  c o n t a c t ,  a i d  a r r i v e s ,  and t o t a l  s t o p p e d  

t i m e  f o r  a l l  v e h i c l e s  n e e d i n g  a i d  d u r i n g  t h e  s u r v e y s .  F i g u r e s  1 3  

and 1 4  p r e s e n t  t h e  number o f  s t o p s  b y  day o f  week and h o u r  o f  day  

f o r  a l l  v e h i c l e s  n e e d i n g  a i d . d u r i n g  t h e  s u r v e y s .  F i g u r e  15  p r e s e n t s  



TABLE I 

Need f o r  Stop 

Mechanical 

T i  re 

Gas 

-- 

Other2 

DETAILS OF NEEDS AND TIMES FOR ALL VEHICLES 
NEEDING A I D  DURING FIELD SURVEY PERIODS 

D 

1970 F i e l d  Survey 
(System Not i n  Operation) 

A l l  Vehs. 
No. % 

28 45 

13 21 

9 14 

12 20 

A l l  Vehs. 
No. % 

1971 F ie ld  Survey 
(System i n  Operation) 

Vehs. Not Ser. by System1 Vehs. Ser. by System1 
No. % No. % 

50 50 

25 24 

5 5 

21 21 

35 47 15 58 

20 27 5 19 

4 5 1 4 
I 
N 

I 
16 21 5 19 N 

To F i r s t  Contact 42 30 

Unt i l  Aid Arr ives 44 48 

Tota l  Time Stopped 65 74 

1. These tabulat ions do no t  include those vehicles which had stopped before the beginning o f  the day's f i e l d  
survey. 

2. The "other" category includes those motor ists whose needs could not  be determined by the f i e l d  observers, 
o r  by the f a i l u r e  o f  the operating personnel t o  proper ly f i l l  out the data log, and one motor is t  who required 
water f o r  h i s  vehicle. 

28 38 

44 60 

69 90 

3. Includes t imesfor on ly  those vehicles whose t o t a l  stopped time occurred w i th in  the time l i m i t s  o f  the survey 
periods . 
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t imes f o r  f i r s t  c o n t a c t ,  a i d  a r r ives ,  a n d  t o t a l  s t o p p e d  t ime f o r  

v e h i c l e s  which needed a i d  a n d  were se rv iced  by the  system d u r i n g  

t h e  1 9 7 1  survey.  

Emergency Cal l  System Usage 

D u r i n g  the  57 days o f  o p e r a t i o n ,  539 c a l l s  were rece ived  a t  

t h e  c e n t r a l  monitoring s t a t i o n ,  of which 170,  or 32 p e r c e n t ,  were 

c l a s s i f i e d  as  "Serviced by System." The remaining 369 c a l l s ,  o r  

68  p e r c e n t ,  were c l a s s i f i e d  a s  "Gone o n  Arr iva l . "  The 369 "Gone 

on A r r i v a l s "  can be d iv ided  i n t o  two groups.  The f i r s t  group 

inc ludes  those  c a l l s  where t h e  m o t o r i s t  h a d  l e f t  before  t h e  S t a t e  

Po l i ce  or Department personnel a r r i v e d ,  inc luding  t h e  t r u e  " f a l s e  

a l a r m "  c a l l s  a n d  t h e  ones where s e r v i c e  was  ob ta ined  from ano the r  

source (pas s ing  m o t o r i s t ,  e t c . )  before  S t a t e  personnel a r r i v e d .  

This group inc ludes  311, or 84  p e r c e n t ,  o f  t he  369 "Gone o n  A r r i v a l "  

c a l l s .  The second group inc ludes  those  m o t o r i s t s  w i t h  whom c o n t a c t  

was made by S t a t e  P o l i c e  o r  Department personnel ,  b u t  who l e f t  

p r i o r  t o  t h e  a r r i v a l  of t h e  s e r v i c e  v e h i c l e .  Because o f  t h e  i n i -  

t i a l  c o n t a c t  being made w i t h  t h e  S t a t e  personnel ,  i t  i s  doub t fu l  

t h a t  many of t h e s e  c a l l s  were t r u e  " f a l s e  a la rms ,"  b u t ,  i n s t e a d ,  

a s s i s t a n c e  was rece ived  from another  source  before  t h e  s e r v i c e  

v e h i c l e  a r r i v e d .  These c a l l s  comprise 58, o r  16 p e r c e n t ,  of t h e  

"Gone on Arrival" c a l l s .  O f  the  5 3 9  c a l l s  r ece ived ,  t h e  S t a t e  

P o l i c e  responded t o  2 2 4 ,  o r  4 2  p e r c e n t ,  o f  t h e  c a l l s ,  and Depart-  

ment of T ranspor t a t ion  personnel responded t o  315, o r  58 p e r c e n t ,  

o f  t h e  c a l l s .  

The r a t e  of v e h i c l e s  s e r v i c e d  by t h e  system f o r  t h e  57 days 

of system o p e r a t i o n  (170  v e h i c l e s  s e r v i c e d  by t h e  system w i t h  
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21.6 m i l l i o n  v e h i c l e  m i l e s  o f  t r a v e l )  was 7.9 p e r  m i l l i o n  v e h i c l e  

m i l e s .  D u r i n g  t h e  f i e l d  s u r v e y ,  26 v e h i c l e s  were  s e r v i c e d  b y  t h e  

sys tem f o r  3.77 m i l l i o n  v e h i c l e  m i l e s  0 %  t r a v e l ,  w h i c h  y i e l d s  a 

r a t e  o f  7.0 v e h i c l e s  s e r v i c e d  b y  t h e  sys tem p e r  m i l l i o n  v e h i c l e  

m i l e s .  

A summary o f  t h e  t y p e s  o f  a i d  needed by  t h e  m o t o r i s t s  who 

were  s e r v i c e d  by  t h e  sys tem i s  g i v e n  i n  T a b l e  11. 

TABLE I 1  

DETAILS OF NEEDS FOR VEHICLES S E R V I C E D  BY THE S Y S T E M  

No. o f  V e h i c l e s  P e r c e n t  o f  V e h i c l e s  

M e c h a n i c a l  100 59 

T i r e s  30 1 8  

Gas 25 1 5  

O t h e r  15 8 

G r a p h i c  r e p r e s e n t a t i o n s  o f  i n f o r m a t i o n  c o n c e r n i n g  usage o f  

t h e  emergency c a l l  sys tem a r e  p r e s e n t e d  i n  F i g u r e s  1 6  t h r o u g h  1 8  

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

t h e  1971 f i e l d  s u r v e y  show ing  t h e  number o f  c a l l s  and r a t e  o f  s e r v i c e  

by  day  and by  h o u r  o f  day,  a l o n g  w i t h  t o t a l  s t o p p e d  t i m e ,  t i m e  t o  

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

V I .  M A I N T E N A N C E  OF SYSTEM 

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

k e p t  f o r  a p e r i o d  o f  seven months .  The l a s t  two  months were  d u r i n g  

t h e  o p e r a t i o n  o f  t h e  sys tem.  A t o t a l  o f  45 m a i n t e n a n c e  c a l l s  were  

hand led .  Two m a j o r  p r o b l e m s  were  e n c o u n t e r e d :  (1 )  f a i l u r e  o f  s y s -  

tem due t o  e l e c t r i c a l  s h o r t s  t o  g round ,  and ( 2 )  d e s t r u c t i o n  o f  p o s t s  



-25- 

and s w i t c h e s  by v e h i c l e s  and l a w n  mowers. The t y p e s  o f  m a i n t e n a n c e  

p rob lems  e n c o u n t e r e d  a r e  r e f l e c t e d  i n  T a b l e  I 1 1  be low:  

TABLE I 1 1  

COMPONENTS O F  S Y S T E M  REPLACED 

Q u a n t i t y  

P o s t s  Rep laced  31 

Pos t s  S t r a  i gh t e n e d  10 

S w i t c h e s  Damaged 21 

S w i t c h e s  S t o l e n  4 

I n s t r u c t i o n a l  S i g n s  S t o l e n  2 

B u r i e d  Cab le  Rep laced 4 0  f e e t  

D u r i n g  t h e  two months o f  o p e r a t i o n ,  t h e  sys tem o r  p a r t  o f  t h e  

sys tem was down f o r  a t o t a l  o f  35  hou rs ,  due t o  a v a r i e t y  o f  e l e c -  

t r i c a l  and t e s t  equ ipmen t  m a l f u n c t i o n s .  

The most  s e r i o u s  p r o b l e m  was due t o  s h o r t s  t o  g round ,  t r a c e d  

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

m o i s t u r e  and c o r r o s i o n  i n  t h e  s p l i c e s  above g round .  T h i s  p r o b l e m  

was t h e  mos t  d i f f i c u l t  t o  t r a c e  and r e p a i r .  R e p a i r  t i m e  a v e r a g e d  

f i v e  h o u r s  f o r  t h e  m a j o r  down p e r i o d s .  

The r e m a i n i n g  down p e r i o d s  were  due t o  component f a i l u r e  i n  

t h e  t e s t  s t a t i o n  m o n i t o r i n g  equ ipmen t .  These down t i m e s  were  

r e l a t i v e l y  s h o r t  compared t o  t h e  p e r i o d s  d e s c r i b e d  above.  A f t e r  

one month  o f  o p e r a t i o n ,  a l l  a u d i o  and v i s u a l  a l a r m  s e n s o r  c a r d s  

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

r e p l a c e d .  However, t h i s  d i d  n o t  i n  any way i n h i b i t  t h e  o p e r a t i o n  o f  
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t h e  system. One memory v o l t m e t e r  c a r d ,  t h r e e  r e l a y s ,  two capa-  

c i t o r s ,  and i n d i c a t o r  lamps were a l s o  r e p l a c e d  d u r i n g  t h i s  p e r i o d .  

A l t h o u g h  t h e  m o i s t u r e  p rob lems  were  c o r r e c t e d  d u r i n g  t h e  down 

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

e x c e s s i v e  h u m i d i t y ;  t h e  s h o r t  w o u l d  be r e l i e v e d  as t h e  g round ,  

c a b l e  o r  s w i t c h e s  d r i e d .  

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

I n s t r u m e n t a t i o n  S e r v i c e s  o f  t h e  Depar tmen t  o f  T r a n s p o r t a t i o n .  

V I I .  SYSTEM COST 

T a b l e  I V  i s  a p r e s e n t a t i o n  o f  t h e  c o s t s  i n c u r r e d  i n  t h e  i n s t a l l a -  

t i o n  and o p e r a t i o n  o f  t h e  Two-Wire Emergency C a l l  System. The sys tem 

c o m p r i s e d  8 .2  m i l e s  o f  h ighway  a l o n g  I n t e r s t a t e  Rou te  287. 

The c o s t  o f  i n s t a l l i n g  t h i s  sys tem r e f l e c t s  t h e  expense o f  

t h e  m a t e r i a l s  and equ ipmen t  used,  a l o n g  w i t h  t h e  s a l a r i e s  o f  t h e  

p e r s o n n e l  who i n s t a l l e d  and i n s p e c t e d  t h e  system. The c o s t  a l s o  

i n c l u d e s  a l l  o p e r a t i o n a l  and m a i n t e n a n c e  c o s t s  i n c u r r e d  f o r  57 days,  

o r  1.9 months o f  o p e r a t i o n .  

The o p e r a t i o n a l  c o s t s  i n c l u d e  u t i l i t i e s ,  v e h i c l e  usage  and 

s a l a r i e s  f o r  two men p e r  s h i f t  f o r  t h r e e  e i g h t - h o u r  s h i f t s  p e r  day  

m a i n t a i n i n g  t h e  c e n t r a l  m o n i t o r i n g  s t a t i o n .  A l l  p e r s o n n e l  used i n  

t h e  m o n i t o r i n g  s t a t i o n  were  employed b y  t h e  New J e r s e y  Depar tmen t  o f  

T r a n s p o r t a t i o n  w i t h  t h e i r  s a l a r i e s  computed a t  an ave rage  r a t e  o f  

$1,000 p e r  man month.  However,  i t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  

sys tem may be i n t e n d e d  t o  be  o p e r a t e d  by  t h e  S t a t e  P o l i c e .  Thus, 

t h e  o p e r a t i n g  c o s t s  o f  t h e  system, i f  r u n  as i n t e n d e d ,  may be  q u i t e  
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TABLE I V  

T W O - W I R E  EMERGENCY CALL S Y S T E M  COSTS 
1 2 0 0  FEET A V E R A G E  S P A C I N G )  

INSTALLATION EXPENSE (8 .2  MILES) 

MATERIALS A N D  E Q U I P M E N T :  

E l e c t r i c a l  I n s t a l l a t i o n  C o n t r a c t  $52,479.00 
E l e c t r i c a l  Equ ipmen t  3,500.00 
V e h i c l e  Expense 1,073.00 

C o s t  o f  425 S w i t c h e s  a t  $15.54 a S w i t c h  6,605.00 

I n f o r m a t i o n a l  S i g n s  1,500.00 
$75,157.00 

A p p r o x i m a t e  C o s t  o f  W i r e  9,000.00 

H o u s i n g  f o r  Equ ipmen t  1,000.00 

( 1 )  SALARIES: 

Equ ipment  I n s t a l l a t i o n  ( 1  man mon th )  $ 1,000.00 
D e l i n e a t o r  S i g n  and S w i t c h  5,000.00 

I n s t a l l a t i o n  ( 5  man mon ths )  
I n s p e c t i o n  and T e s t i n g  o f  t h e  System 

( 2 - 1 / 2  man m o n t h s )  2,500.00 
$ 8,500.00 

TOTAL INSTALLATION E X P E N S E  $83,657.00 

C o s t  P e r  M i l e  ( 8 . 2  m i l e s )  
C o s t  P e r  C a l l  S t a t i o n  ( 4 2 5  s t a t i o n s )  

$10,202.00 
197.00  

M A I N T E N A N C E  E X P E N S E  (57  D A Y S )  

D e l i n e a t o r  P o s t  and S w i t c h  Rep lacement  $ 800.00 
E l e c t r i c a l  Equ ipmen t  and C a b l e  M a i n t e n a n c e  200.00 

TOTAL M A I N T E N A N C E  EXPENSE (2 -mon th  p e r i o d )  $ 1,000.00 

C o s t  P e r  M i l e  P e r  Month (8 .2  m i l e s )  8 60.00 

O P E R A T I O N  E X P E N S E  ( 5 7  D A Y S )  

1 6  Man Months  a t  $1,000 P e r  Month $1 6,000.00 

U t i l i t i e s  250.00 

TOTAL O P E R A T I O N  EXPENSE $1 6,450.00 

1 V e h i c l e  a t  $100 P e r  Month (2 -month  p e r i o d )  200.00 

C o s t  P e r  Month ( 1 . 9  m o n t h s )  $ 8,660.00 

( 1 )  NOTE:  S a l a r i e s  a r e  based on  $1,000 p e r  man month .  
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n e g l i g i b l e  because o f  t h e  use o f  normal p o l i c e  p a t r o l s  t o  respond 

t o  t h e  c a l l s  a n d  t he  desk se rgean t  t o  monitor the ope ra t ion  i n  

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

The maintenance o f  t h e  system was a l s o  conducted by Department 

o f  T ranspor t a t ion  personnel .  Maintenance c o s t s  involved m a t e r i a l s  

a n d  equipment needed t o  r e p a i r  breakdowns i n  t h e  system, a n d  per-  

sonnel s a l a r i e s  f o r  t ime involved i n  m a k i n g  t h e  r e p a i r s .  I f  t h e  

system, as  i n t ended ,  was r u n  by t h e  S t a t e  P o l i c e ,  i t  may have been 

necessary t o  c o n t r a c t  personnel f o r  h a n d l i n g  t he  maintenance of t h e  

system. 

Table  V is a p r e s e n t a t i o n  o f  the  expendi tures  o f  two o t h e r  

emergency c a l l  systems.  Both of t h e s e  systems provide t h e  m o t o r i s t s  

with a means of s u m m o n i n g  a i d ,  a s  t h e  Two-Wire Emergency Call  System 

does,  b u t  d i f f e r  i n  t h e  mechanics of a c t u a l  use.  The two systems 

a r e  t h e  Michigan Telephone System a n d  t h e  Texas Call-Box System. 

The c o s t s  of t h e  two systems a r e  broken down by i n s t a l l a t i o n ,  

maintenance a n d  o p e r a t i o n .  These c o s t s  may be used as  a comparison 

between t h e  systems. 

VII I .  DISCUSSION 

The r e s u l t s  o f  t h e  s tudy  i n d i c a t e  t h a t  not a l l  of t he  primary 

o b j e c t i v e s  were obta ined .  The system, a s  des igned ,  d i d  a f f o r d  t h e  

m o t o r i s t  w i t h  c a l l  swi tches  spaced very c l o s e  t o  each o t h e r  a n d  was 

s imple t o  o p e r a t e .  However, t h e  two-month ope ra t ing  p e r i o d  d i d  not 

i n d i c a t e  a low maintenance c o s t .  I n s t a l l a t i o n  c o s t s  o n  a per-mile  



TABLE V 

ALTERNATE CALL SYSTEM COSTS 

MICHIGAN TELEPHONE  SYSTEM(^ 
11  MILE AVERAGE SPACING) 

TOTAL I NSTALLAT I ON $290,170.00 
EXPENSE (30 miles) 

TEXAS CALL-BOX SYSTEM (2)  
(1/4 MILE AVERAGE SPACING) 

TOTAL INSTALLATION $161,025.00(3) 
EXPENSE (11 miles) 

COST PER MILE (30 miles) $9,670.00 COST PER MILE (11 miles) $1 4,639.00 
COST PER CALL STATION (2/mile) 4,835 .OO COST PER CALL BOX (8/mile) 1,830.00 

TOTAL MAINTENANCE $ 55,895.00 
EXPENSE (3-1/2 years) 

COST PER MILE 
PER MONTH (30 miles, 

42 months) 

TOTAL OPERATION $ 5,114.00 
EXPENSE (Annual ) 

COST PER MONTH 
(12 months) 

TOTAL MAINTENANCE 
EXPENSE (Annual ) $ 20,000. oo(4) 

COST PER MILE 
8 56.00 PER MONTH (1 1 m i  les  , 

12 months) 

TOTAL OPERATION 
EXPENSE 

$ 426.00 

(1) Roth, Walter J., Fina l  Report, Study, Michigan State 
Highway Comnission, August 1971, pp. 10, 11. 

(2) Goolsby, Merre l l  E., and McCasland, Wil l iam R., 
Evaluation o f  an Emergency Call-Box System, 
Texas Transportation I n s t i t u t e ,  December 1969, p. 41. 

(3) Includes Ca l l  -Box Mai ntenance Faci 1 i ty Cost . 

$ 151.00 

NOT GIVEN 

(4) Estimated Amount. 
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b a s i s  were  h i g h ,  b u t  because t h e r e  were  50 s w i t c h e s  p e r  m i l e ,  t h e  

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

t i o n  c o s t  was t h e  c o n t r a c t  t o  b u r y  t h e  w i r e .  The c o s t  o f  b u r y i n g  

t h e  w i r e  may have been much l e s s  i f  i t  had been p e r f o r m e d  b y  S t a t e  

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

may have  made t h e  t w o - w i r e  sys tem i n s t a l l a t i o n  c o s t  l e s s  t h a n  t h a t  

o f  e i t h e r  o f  o t h e r  sys tems l i s t e d  i n  T a b l e  V .  

1970-1971 F i e l d  S t u d y  Compar ison 

I n  c o m p a r i n g  t h e  1970 and 1971 f i e l d  r e s u l t s ,  c o n s i d e r a t i o n  

mus t  be g i v e n  t o  t h e  t y p e s  o f  a i d  r e q u i r e d .  The c o m p a r i s o n s  i n  

T a b l e  I show t h a t  a s l i g h t  i n c r e a s e  i n  t h e  p e r c e n t a g e  o f  t h e  m e c h a n i -  

c a l  and t i r e  needs was e v i d e n c e d  d u r i n g  1971.  However,  t h e  1971 

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

f o r  t h o s e  m o t o r i s t s  u s i n g  t h e  sys tem,  compared t o  t h o s e  m o t o r i s t s  

t h a t  chose n o t  t o  use  t h e  sys tem.  

It may  be  assumed t h a t  many m o t o r i s t s  who f e l t  t h e y  had a 

s e r i o u s  p r o b l e m  ( m e c h a n i c a l )  were  i n c l i n e d  t o w a r d  u s i n g  t h e  emergency 

c a l l  sys tem.  The needs o f  t h e  1970 m o t o r i s t s  and t h e  1971 m o t o r i s t s  

t h a t  were  n o t  s e r v i c e d  by  t h e  s y s t e m  were  v e r y  s i m i l a r .  

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

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

1970 and 1971, some i n t e r e s t i n g  o b s e r v a t i o n s  can be made. The 

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

f o r  t h o s e  t h a t  were  s e r v i c e d  by  t h e  sys tem were  s i g n i f i c a n t l y  h i g h e r  

t h a n  t h e  c o r r e s p o n d i n g  t i m e s  i n  1970 and i n  1971 o f  t h o s e  t h a t  d i d  
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n o t  u t i l i z e  t h e  emergency c a l l  systems. Although n o  conclus ive  

evidence i s  a v a i l a b l e ,  we may assume t h a t  many o f  those  m o t o r i s t s  

w h o  f e l t  they h a d  a s e r i o u s  problem u t i l i z e d  the  system. Also,  

when a mo to r i s t  used t h e  system, he f r e q u e n t l y  re fused  a i d  from 

passing m o t o r i s t s ,  i n d i c a t i n g  t h a t  he h a d  a i d  coming; b u t  t h e r e  

were t imes when the  a i d  was delayed.  For  those  m o t o r i s t s  t h a t  d i d  

n o t  use t h e  system ( i n  1 9 7 0  a n d  1 9 7 1 ) ,  t h e  f i r s t  c o n t a c t  was f r e -  

quent ly  the  source  of a i d ,  p r o b a b l y  because the  type o f  a i d  requi red  

was of a minor na tu re .  

Emergency Cal l  System U s + e  - 
The f a c t  t h a t  t h e  system experienced a f a l s e  alarm ("Gone on 

A r r i v a l " )  r a t e  of 68 percent  i s  d i f f i c u l t  t o  e x p l a i n .  Although we 

have n o  a b s o l u t e  evidence except  during t h e  survey ,  n o t  a l l  t h e  

"GOA's" should be c l a s s i f i e d  a s  no a i d  needed. I t  i s  shown a 

percentage o f  GOA's d id  need a i d ,  b u t  were a b l e  t o  s e r v i c e  them- 

s e l v e s  o r  rece ived  a i d  from passing m o t o r i s t s  p r i o r  t o  i n i t i a l  con- 

t a c t  by the  S t a t e  Po l i ce  o r  Department pe r sonne l ,  or in  some cases  

( 1 6  p e r c e n t ) ,  a f t e r  i n i t i a l  c o n t a c t ,  b u t  before  t h e  s e r v i c e  v e h i c l e  

a r r i v e d .  See Table V I  f o r  a breakdown o f  reasons  f o r  G O A ' s  dur ing  

the  1971 f i e l d  survey pe r iod .  

The ope ra t ion  of the  emergency c a l l  system f o r  57 d a y s  showed 

t h a t  t he  niajor i ty  o f  c a l l s  rece ived  a n d  s e r v i c e d  were f rom those  

m o t o r i s t s  h a v i n g  some form of mechanical problem ( 5 9  p e r c e n t ,  

Table 1 1 ) .  

The next  l a r g e s t  g r o u p  h a d  a t i r e  problem (18  p e r c e n t ,  Table 
I 

1 1 ) .  The l a r g e  va r i ance  between these  two groups may be expla ined  
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i n  t h a t  o n l y  t h o s e  m o t o r i s t s  t h a t  had p o t e n t i a l l y  s e r i o u s  problems 

tended  t o  use  t h e  systeni t o  summon a i d .  

T A B L E  VI 

REASONS F O R  G O N E  Ot1  ARRIVALS-FIELD S U R V E Y  PERIOD - 1971 

Reason f o r  G O A  ( B e f o r e  G O A  ( B e f o r e  T o t a l  
G O A  1 s t  C o n t a c t )  S e r v i c e )  

F a l s e  Alarm 24  73 0 0 24  55 

Fixed S e l f  1 3 2 20 3 7 

C a l l e d  O w n  
S e r v i c e  0 0 3 30 3 7 

Other  M o t o r i s t  3 9 5 50 8 19 

Unknown 5 1 5  0 0 5 12  
~ ~- - 

T o t a l  33 100 10 100 43 100 

A comparison of t h e  f i e l d  s u r v e y  d a t a  f o r  t h o s e  who used t he  

system ( T a b l e  I )  and t h e  l o g  of t h e  c e n t r a l  m o n i t o r i n g  s t a t i o n  f o r  

system usage ( T a b l e  11)  i n d i c a t e s  a d i f f e r e n c e  i n  p e r c e n t a g e s  o f  

two o f  t h e  r e a s o n s  f o r  m o t o r i s t s  summoning a i d ;  t h o s e  a r e ,  p a s  and 

o t h e r .  The r e a s o n s  f o r  t h e s e  d i f f e r e n c e s  can be a t t r i b u t e d  t o  t h e  

small  t ime sample f o r  t h e  1971 f i e l d  s u r v e y ,  a l a c k  o f  a c c u r a t e  

i d e n t i f i c a t i o n  on t h e  p a r t  of t h e  f i e l d  s u r v e y  p e r s o n n e l ,  and t h e  

f a i l u r e  t o  p r o p e r l y  comple te  both t h e  c e n t r a l  m o n i t o r i n c  s t a t i o n  

and t h e  S t a t e  P o l i c e  logs. 
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\ ! i t t i o u t  a n  emergency c a l l  systerr ,  i t  may be expected t h a t  , .  

some m o t o r i s t s  w i l l  have t o  wait  excess ive ly  Tona per iods o f  time 

before  a f i r s t  c o n t a c t  i s  made ( a n o t h e r  mo to r i s t  s t o p p i n g ) .  I n  

f a c t ,  t h i s  wai t ing  per iod wi l l  a d d  s u b s t a n t i a l l y  t o  t h e i r  t o t a l  

time stopped o n  t h e  r o a d .  However, t he  opera t ion  of a n  emergency 

c a l l  system should show a reduct ion  in t h e  d i s t r i b u t i o n  o f  " t ime 

u n t i l  f i r s t  c o n t a c t "  ( a t  l e a s t  with the  two-wire system, a s  des-  

c r ibed  h e r e i n ) .  The exp lana t ion  o f  why t h i s  was n o t  t r u e  ( s e e  

Table I )  f o l lows .  

The d i s t r i b u t i o n  o f  t imes f o r  lr iotorists awai t ing  a i d  ( u t l l  i -  

zing t h e  c a l l  system) a r e  shown in  Figure 1 5 .  If  i t  i s  assumed 

t h a t  one-ha l f  h o u r  i s  a reasonable  time f o r  t he  ope ra t ing  personnel 

t o  respond t o  a c a l l ,  a n d  i f  t he  f a i l u r e  of the  ope ra t inq  personnel 

t o  respond t o  a l l  c a l l s  k i t h i n  t h a t  t i n e  could be overcome, t he  

average t ime t o  f i r s t  c o n t a c t  could be reduced by 18 minutes 

(Table I a n d  Figure 1 5 ) .  S i m i l a r l y ,  i f  t h e  a i d  t h a t  i s  reques ted  

t o  respond t o  mo to r i s t  can a r r i v e  wi th in  one h o u r  a f t e r  bein9 

n o t i f i e d  o f  t h e  need ( a  maximum of 1 - 1 / 2  hours a f t e r  t h e  t ime t h e  

moto r i s t  s t o p p e d ) ,  t h e  average t ime stopped u n t i l  a id  a r r ives  

could be reduced t y  1 5  minutes (Table  I a n d  Figure 1 5 ) .  I t  fo l lows  

t h a t  a r educ t ion  of 1 5  r i n u t e s  in  t h e  average t ime from s t o p  u n t i l  

a i d  a r r i v e s  would r e s u l t  i n  a s i m i l a r  reduct ion  in  t h e  average  

t o t a l  stopped t ime (Table  I a n d  Figure 1 5 ) .  The increased  number 

of s e r i o u s  problems (mechanical)  i n  1 9 7 1  over 1 9 7 0  ( 5 0  vs.  28, see  

Table I )  a t  l e a s t  p a r t i a l l y  e x p l a i n s  t h e  longer  average stopped t ime 

f o r  1971. 
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T h e  r a t e o f  motorists serviced by the system was 7.C per 

million vehicle miles during the survey periods and 7.9 per million 

vehicle miles f o r  the 57 days o f  system operation. The rate o f  

need aids, 26.8 per million vehicle miles, determined from the 

survey periods, is assumed to be constant for the 57 days o f  systen: 

operation. From these figures, it is determined that between o n e  

o f  three and o n e  o f  four motorists needing aid utilized t h e  emer- 

gency call system during the period o f  system operation. 

. 
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2-WIRE EMERGENCY CALL SYSTEM 
1-287 TEST SECTION 

1970, 1971 FIELD SURVEY 

LEGEND 

NUMBER 011970 a3-1971 
PERCENT 0 -1970 m-lQ7l 

THIS FIGURE DOES NOT INCLUDE 
THOSE VEHICLES WHICH WERE 
STOPPED AT THE START OF THE 
DAY$ SURVEY OR THOSE THAT 
WERE NOT CONTACTED BY ANY- 

TIME (STOP TO FIRST CONTACT) HOURS 

FIGURE 10 
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2-WIRE EMERGENCY CALL SYSTEM 
1-287 TEST SECTION 

1970, 1971 FIELD SURVEY 

LEGEND 

NUMBER 0 - 1 9 1 0  ea-1911 
PERCENT 0 -1970 0 -1911 

NOTE: 
THIS FIGURE DOES NOT INCLUDE 
THOSE VEHICLES THAT WERE 
STOPPED AT THE START OF THE 
DAYS SURVEY, THOSE THAT WERE 
STILL THERE AT THE END,OR 
THOSE THAT DID NOT RECEIVE AID. 

T IME (STOP TO AID ARRIVESIHOUR 

FIGURE I I  



2-WIRE EMERGENCY CALL SYSTEM 
1-287 TEST SECTION 

1970, 1971 FIELD SURVEY 

U!&!!!Q ,z 

NUMBER 0 -1910  =-I971 
PERCENT 0 -1970 0 -1971 

FIGURE I2 
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2-WIRE EMERGENCY CALL 

1-287 TEST SECTION 
1970,1911 FIELD SURVEY. 

LEGEND 
0 1970 

1971 

SUN YON TUE W €0 THUR FRI SAT 

DAY OF WEEK FIGURE 13 
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2- WIRE EMERGENCY CALL 
USE OF EMERGENCY CALL 
1-287 TEST SECTION 
1971 FIELD SURVEY 

LEGEND 

0 
a 

TIME (STO? TO FIRST COUTACT) 

TIME (STOP TO AID ARUlVE8) 

TOTAL TIME STOPPED 

NOTE: THIS FIGURE OOES WOT INCLUDE 
TMOSE VEHICLES THAT STOPPED 
BEFORE THE START OR STILL 
STOPPED AT THE END OF THE 
D A V ~  SWIVEY PERIOD. 

* 
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* 
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FIGURE IS  
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2-WlRE EMERGENCY CALL 
USE OF EMERGENCY CALL 

1-287 TEST SECTION 
JULY - AUGUST 1971 

WEEK 
FIGURE I6 

I 

DAY 

FIOUM 17 

*RATE OF VEHICLE SLRVICLD 
Q P ( O  OF VEHICLES DURIW PER100 

+ RATE OF VEHICLES SLUVICLD 
-9. NQ. Of VEMICLES DURING OCCRATION 


