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NOT1 CE 

The contents of th is  report re f l ec t  the views o f  the authors 

who are responsible for the facts and the accuracy o f  the data 

presented herein. The contents do not necessarily re f lec t  the 

o f f i c i a l  views or policies o f  the New Jersey Department o f  Trans- 

portation o r  the Federal Hlghway Administratlon. 

This report does not constitute a standard, speciflcatlon, 

or  regul ation. 

The New Jersey Department o f  Transportation and the United 

States Government do not endorse products or manufacturers. Trade 

o r  manufacturer's names appear heretn solely because they are 

consldered essential t o  the object o f  th is  report. 
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The mjor f i n d i n g s  t h a t  a r e  der ived  from this e v a l u a t i o n  a r e :  

1. The low number of a c c i d e n t  reports before and a f t e r  the 

I n s t a l l a t i o n s  precludes the making o f  a comparative state- 

ment w l t h  s t a t i s t i c a l  s i g n i f i c a n c e  a t  the 90 pe rcen t  l e v e l  

of confidence. When comparing t o t a l  a c c i d e n t s ,  there was 

an average  of 29 per year dur ing  the three y e a r s  before and 

31 dur ing  the f irst  y e a r  a f t e r  i n s t a l l a t i o n s .  

2. The v i s i b f l i t y  of a one y e a r  o ld  SRPM i n s t a l l a t i o n  was a t  

least 1400 f t .  a s  compared t o  the 200 t o  240 f t .  v i s i b i l i t y  

of the pa in ted  stripe w i t h  low beams f n  a dark l o c a t i o n .  

3. Up t o  9.5 percent o f  the markers needed t o  be rep laced  

a f t e r  one y e a r  o f  use. No c a s t i n g s  were damaged a f t e r  

one y e a r  o f  use. 

A 40 f t .  spac ing  o f  markers appears t o  be adequate  f o r  

f l a t  curves  of about 4'. 

previous i n s t a l l a t i o n s  t h a t  a s l i g h t  positive v e r t i c a l  

curve i n  combination w l t h  a 3" curve  can cause  an 80 ft.  

spacing o f  markers t o  be inadequate .  

a 40 f t .  spac ing  i s  fnadequate  on a f l a t  curve of 20". 

The cost o f  i n s t a l l a t i o n  w i t h  state purchased markers, 

vendor machines and o p e r a t o r s ,  and s t a t e  forces ass f  s t i n g  

i s  es t ima ted  a t  $26 per marker for  50 markers and $20 per 

I 

4 .  

I t  ha,s a l s o  been appa ren t  from 

I t  i s  appa ren t  t h a t  

5. 

marker f o r  700 markers. 

a1 lowed f o r  e q u i  prnent problems. 

F ive  t o  ten percent more should be 
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6 .  The des ign o f  t h e  groove c u t t i n g  and epoxy mixing machines 

used In this i n s t a l l a t i o n  should be improved. Radial saw 

spacing should be closer and epoxy pumps and 'valves should 

be e a s i e r  to c l ean .  
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- INTRODUCTION 

The New Jersey Department of Transportation's Division of Research, 

In cooperation w i t h  the Federal Highway Administration's Implementation 

Division, conducted an evaluation o f  snowplowable raised r e f l e c t i v e  pave- 

ment markers used a t  hazardous locations i n  the s t a t e  of New Jersey. The 

pro jec t  was funded wfth 100 percent FHWA administrative funds and i s  one 

of  a number of pro jec ts  sponsored by the Office of Implementation on the 

use of ra ised pavement markers a t  hazardous locations.  

Snowplowable ra i sed  r e f l ec t ive  pavement markers (SRPMs) a re  being 

considered f o r  l a rge r  s ca l e  i n s t a l l a t i o n s  a t  several  locat ions In New Jersey. 

The project  will  h e l p  t o  provide timely information f o r  these and o ther  

i n s t a l l a t i o n s  i n  s imi l a r  t r a f f i c ,  plowing, and snow conditions on the 

sa fe ty  value of these markers a t  hazardous locations.  

The main objectfve was t o  evaluate  snowplowable raised r e f l ec t ive  

pavement markers a t  hazardous locat ions as a method of increasing roadway 

v i s i b i l i t y  a t  n i g h t  and reducing n i g h t t i m e  accidents.  

The type of marker t h a t  was in s t a l l ed  i s  the "Stimsonite" Model 96 

a s  shown i n  F igure  1 .  T h i s  i s  a snowplowable raised reflective pavement 

marker t h a t  i s  not readi ly  visible i n  the daytime, b u t  can be seen in 

addi t ion t o  painted lines on a dry n igh t  and i s  espec ia l ly  visible on 

wet n i g h t s  when painted lines have very low v i s ib i l i t y .  



. 

FIGURE 1 

STIMSONITE MODEL 96 
SNOWPLOWABLE RAISED REFLECTIVE 

PAVEMENT MARKER 
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MARKER INSTALLATION AND ESTIMATED 
INSTALLATION COSTS 

After reviewing 975 accident sumnaries by location on selected roads 

and receivlng suggestions from the Bureaus of T ra f f i c  Engineering and 

T ra f f i c  Operations, a number of candidate s i tes were chosen. Locations 

on N.J. Route 29 f n  Hopewell Townshlp, N.J. Route 34 and County Route 524 

Clrc le i n  Wal l  Township, and U.S. Route 130 I n  Brooklawn Township were 

selected as I ns ta l l a t i on  sftes for t h e i r  record o f  having a r e l a t i v e l y  

high proportion of wet night t o  t o t a l  night accidents, t o t a l  night t o  

t o t a l  accidents, and a re la t i ve l y  high number o f  f ixed object and t o t a l  

acctdents. The f i n a l  s i tes were selected from the l l s t  o f  candidate 

s i tes as those that were mst l i k e l y  t o  be improved i f  re f l ec t i ve  markers 

were instal led. 

The cost estimates given i n  t h i s  report are typical  costs f o r  each 

o f  the three s i tes provlding that there are notmajor equipment or  other 

problems, The salary rates used were taken from "Compensation Schedule A 

f o r  the New Jersey State! Service - Effect lve July 1, 1978." The f i f t h  

o f  eight steps of each salary range plus 80 percent f o r  benefits and 

ind i rect  costs was used i n  the estimate. The schedule can be found i n  

the State o f  New Jersey Compensation Plan published by the New Jersey 

State C i v i l  Service Comnlssfon. the equipment estimates are calculated 

f rom "Equipment Rental Rate - Based on June 19, 1976 t o  July 1 , 1977 

Annual Cost Report'' available from the NJDOT's Bureau o f  Equipment. 

Insta l la t ion and Costs on Route 29, Milepost 10.5 t o  12.0 

This section i s  a two lane narrow road i n  ru ra l  Hopewell Township, 

Mercer County, New Jersey wi th  several sharp curves along the Delaware- 

Rarltan Canal. The posted speed l lrnft i s  45 mph. The 1977 AADT was 

6100. There i s  no street l i g h t i n g  and the pavement i s  bltuminous concrete. 
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In  several stretches of this road, a stone wall w i t h  u t i l i t y  poles between 

the wall and the roadway protrudes w i t h i n  a few feet of the edge line. 

In places on the other side, a gu ide  rail i s  as close' as one foot from 

the edge line. Refer t o  photographs i n  Figure 2. The roadway width  is 

generally 24 feet b u t  i s  a few inches less a t  the stone wall .  F igu re  3 

shows the approximate 'alignment of this roadway. 

walls, guide rails ,  and the installation treatment o f  the raised pave- 

ment  markers i s  shown i n  Appendix A.  

Locations of stone 

The diagram In Appendix A shows the treatment used i n  passing and 

no passing zones. The trianqular symbols are oriented so t h a t  the 

pointed side indicates w h a t  the driver can see a t  n i g h t .  The passing 

zone pattern follows a method like the one used i n  California.  The 

passing zone pattern i s  such t h a t  a driver can see double amber 

reflectors every 4(! feet when not  allowed t o  pass and stngle amber 

reflectors when allowed t o  pass. The spacing was 5c) feet i n  no passing 

zones and 40 feet a t  each opening i n  skip lines i n  passing areas. T h e  

markers were Dlaced about  2 inches on the t r a f f i c  side of a l l  solid 

striping. 

w h i c h  Included 327 monodirectional crystal edge, 230 bidirectional amber 

and 94 monodirectional amber center markers. 

S i x  hundred and fifty-one markers were placed a t  this s i te  

The installation of markers involved two separate operations - 
groove cutting and marker placement. On April  24, 1978, the Amerace 

Corporation, S igna l  Products Division personnel arrived w i t h  the cutting 

machine. Half of this day was spent setting up the concrete saw machine 

w i t h  matching water hose connections through the water pump which was 

tied t o  the back of the water truck. The concrete saw was self-propelled 

and moved behind the water t a n k  truck. The machine and truck moved rather 

slowly, reducfnq the chance o f  tearing the connecting hose. Hoses had t o  

be dfjccnnected and used f o r  r9f:llfns the water truck a t  a nearby f ire  
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hydrant .  The 1500 g a l l o n  wa te r  t r u c k  needed t o  be filled t h r e e  t o  four 

times a day. 

on the d l s t a n c e  from the si te t o  the hydrant .  

I t  took UP t o  a half  hour t o  have the t r u c k  filled depending 

The o p e r a t l o n  was pressed for time and a l a r g e  number of people were 

used t o  e n s u r e  a quick complet ion of the work. F ive  maintenance men were 

used for  handl ing  the s a f e t y  setup, hold ing  the wa te r  hoses, and d r i v i n g  

the wa te r  t r u c k .  

assist and s u p e r v i s e ,  spot  marker l o c a t i o n s  and c l e a n  cuts. 

Products  D iv i s ion  person was a v a i l a b l e  t o  o p e r a t e  the machine. 

Two e n g i n e e r s  and two eng inee r ing  aides were used t o  

One Signal  

The groove c u t t i n g  o p e r a t i o n  was e n t i r e l y  completed a t  thls si te 

before the marker  placement o p e r a t i o n  s t a r t e d .  About 75 c u t s  were done 

d u r i n g  the second h a l f  o f  the f irst  day. The c u t t i n g  ope ra t ion  was 

f i n i s h e d  on Apr i l  28 a f t e r  a to ta l  o f  4-1/2 days. 

Same adjus tments  and c o r r e c t i o n s  were necessary  du r ing  the groove 

c u t t l n q  o p e r a t i o n .  A s p a r e  c a s t i n g  was used t o  check the cut  depth.  A t  

ttmes, the cuts were found t o  be too sha l low and the depth stop gauge 

on the saw machine had t o  be r e a d j u s t e d .  

w l t h  a small  hand pick.  

c u t  prevent ing  the test c a s t i n g  from s i t t i n g  p rope r ly  I n  the cut. The 

c l r c u l a r  blades were n o t  spaced closely enough t o  produce a c l e a n  cut. 

T h i s  d i d  n o t  delay the o v e r a l l  project, however, b u t  I t  was a n o t h e r  

aspect t h a t  had t o  be checked and o f t e n  c o r r e c t e d  w i t h  an e x t r a  o p e r a t i o n .  

The epoxy o p e r a t l o n  s t a r t e d  on May 1 and was completed on May 4. 

Saw cuts had t o  be c leaned  out  

The  saw blades left  ridges I n  the c e n t e r  of the 

T h i s  o p e r a t i o n  moved r a p i d l y  when i t  worked. However, the epoxy machine 

expe r i enced  s e v e r a l  breakdowns. The appl i c a t l o n  gun clogged s e v e r a l  

tlmes and r e q u i r e d  e n t i r e  d l sassembly  and cleanlng. 

t h a t  powers the c u t  of f  va lves  for the two epoxy compounds stopped 

The vacuum pump 
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running. The operation continued with the valves open, but the epoxy 

leaked a l i t t l e  from the gun when the epoxy pump was,off. 

This s i t e  was d i f f i c u l t  t o  maintain a safety setup and an e f fec t i ve  

flagging routine. The standard set  epoxy used required about one hour 

t o  harden i n  a 60°F temperature. A t  t h i s  s i t e  the center amber marker 

i ns ta l l a t i on  was rather d i f f i c u l t  because o f  rerouting t r a f f i c  past the 

epoxy truck. A t  places t ra f f i c  had t o  cross the center s t r l p lng  and the 

markers. These markers had j u s t  been Insta l led and the epoxy was s t i l l  

wet. Vehicle t i r e s  tracked the epoxy over several ref lectors which had 

t o  be replaced. 

a t  times cars did t ravel  over the markers a f te r  cones were blown astray 

by passing vehicles. The epoxy operatfon moved so f a s t  that  many times the 

operatlon moved out o f  sight o f  the flagmen due t o  curves i n  the road. 

Flagmen were made t o  move closer t o  the operatlon. 

Cones were placed next t o  each insta l led marker, however, 

The cost per marker i n  th i s  Ins ta l l a t i on  I s  estimated a t  $21. 

Groove cut t ing and marker placement costs are estimated a t  $3232 and 

9733, respectively. The cost o f  the 651 markers insta l led a t  t h i s  

s i t e  was $8137.50. The marker cost included the use o f  a concrete saw 

with two operator/mechanlcs. Cost detai ls may be found i n  Appendix B. 
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- Installation and Costs on the Route 34 and 524Jfrcle.~~alepost 2.6 

This s i te  i s  the nor thbound approach t o  a circle on Route 34, 

Fonmouth County, i n  rural Wall Township, New Jersey. 

divided highway w i t h  a grass center island and two lanes i n  each direction. 

The posted speed limit i s  55 mph and the 1976 AADT was 13,400 on Route 34. 

Route 34 i s  a 

Route 524 i s  a two lane county road. There are small t r iangular  islands 

a t  the entrances of this road t o  the circle. Refer t o  photographs i n  

Figure 4 and t o  Figure 5. The Route 34 approach enters the circle just 

after a 20". 150 f t .  long  curve. The circle has an oval grass p l o t  

center w i t h  curbing around I ts  perimeter. T h e  curbing on the center i s  

beveled a t  the location where northbound Route 34 t raff ic  enters the 

circle. There i s  street l i g h t i n g  around the outside of the circle. The 

pavement i s  Portland cement concrete. 

Twenty markers were installed on the northbound Route 34 approach 

t o  the circle. The complete installation treatment i s  illustrated i n  

Figure 5 .  

80 f t .  spacings. Monoamber markers were placed next t o  the left edge 

lines a t  40 f t .  spacings. Nine monoamber markers were placed next t o  

the circle curbing a t  20 f t .  spacings and ten monocrystal markers were 

placed i n  the front  o f  an exit gore a t  10 f t .  spacings i n  f ront  of the 

t r i angu la r  island a t  the exit t o  Route 524 eastbound. 

Lane line markers were placed a t  every other dashed line a t  

This insta!latfon was started on Friday, May 12, 1978 and completed 

on !.?onday, May 15. This si te would have normally been completed f n  one 

day, b u t  after seven cuts i n  this well aged Portland cement concrete, 

two teeth on one o f  the diamond blades broke off .  C u t t i n g  discontinued 

f o r  the day .;n order t o  ob ta in  advice from the saw manufacturer. I t  



1 
6 

t- 

- 13 - 

t 

w 

Y 



FIGURE 5 - f;ORTItBOUI!D ROUTE 34 AND 524 CIRCLE --.---- - INSTALLA"-- 

I 

t 
\ 

1 

P 

I 

d 



- 15 - 

was determined that the cutt ing operation could continue unless ten or 

more teeth were broken. The marker placement operation ran smoothly, 

installing a l l  39 markers i n  about one hour. The safety setup was 

r e l a t i v e l y  simple f o r  t h i s  s i te .  The e n t i r e  lane where the operation 

was going on was closed. Traf f ic  cones and advance warning signs were 

used f o r  these closures. 

, 

The cost per marker a t  t h i s  s i t e  i s  estimated a t  $26. Groove 

. cut t ing and marker placement costs are estimated a t  $512. The cost o f  

39 markers including the use of a concrete saw, epoxy machine and two 

operator/mechanics was $487.50. Cost deta i ls  a r e  shown I n  Appendix B. 
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Ins t a l l a t ion  and Costs on Southbound Route 130, Wlepos t  26.2 t o  25.9 

The site on U.S. Route 130 is the southbound side of a s i x  l ane  

hiqhway through a highly comnercialized community i n  Brookiawn Borough, 

Camden County. The 1977 AADT was 20,400. The si te includes a 4", 800 f t .  

long r i g h t  curve from 350 f t .  south of the Browning Lane t r a f f i c  l i g h t  

t o  about Haakon Road. The sect ion is  dawnhlll beginning just p a s t  the 

King's Highway t r a f f i c  l i g h t .  Refer t o  the photos In  Figure  6 and t o  F i g u r e  7. 

The i n s t a l l a t i o n  is about 1400 f t .  long. There i s  some street l i g h t i n g  

and the roadway sur face  i s  bituminous concrete. There i s  a 27 inch 

concrete  center b a r r i e r  which extends south f o r  about 200 f t .  then changes 

t o  a grass  median f o r  about 700 f t .  T h e  center  grass median then becomes 

a concrete median b a r r i e r  again f o r  the remainder of the site. There is  

a concrete curbing on the edge of the grass median and the r i g h t  road 

edge w i t h  no shoulder o r  r i g h t  edge s t r ip ing .  

Seventy-three markers were ins t a l  led. Thirty-four monoamber markers 

a t  40 f t .  spacings were p u t  along the center median stripe and 33 mono- 

c rys t a l  markers along the dashed lane l i n e s  a t  80 f t .  spacings o r  every 

o the r  dashed line. 

Highway t r a f f i c  l i g h t  were placed a t  about 40 f t .  spacings on the r i g h t  

side o f  the s o l i d  approach stripes. The cu t t ing  operation took one day, 

May 18, 1979. Dcring this operat lon,  refilling the water truck became a 

problem. 

ment  tank, pemiss ion  was not granted f o r  further usage. T h l s  caused some 

delay since another source had t o  be found. As a result, the cut t ing  

operatlon took most of the day and the epoxy operation had t o  be delayed 

u n t i l  the following day. The  eooxy operation took just a few hours. The 

The s i x  c rys ta l  markers a t  the approach t o  the King's 

Apparently, a f t e r  the f i rs t  f l l l i n g  a t  the p u b l i c  water depart- 
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safety setup involved closing two lanes where the operation was going on. 

Cones and advanced warning signs were used for  these closures. 
I 

The cost per marker on the Route 130 si te  is estimated a t  $20. The 

same manpower and equipment cost o f  $512 Is estimated for this si te as 

a t  the Route 34 and 524 Circle slnce it  would normally take one day and 

the same operation was involved. The.cost of 73 markers including the 

use of a concrete saw, epoxy dispensing machine, and two operator/mechanics 

was $912.50. Thus, the to t a l  cost estimate for  the installation a t  this 

si te i s  $1,424.50. 
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MARKER VISUAL EFFECTIVENESS 

A f t e r  almost a year of use and dur ing the l a s t  two weeks o f  March 

1979, 16mn n i g h t  movies, 35mn co lo r  n i g h t  s l ides,  and d r i v e  through 

v isua l  inspections o f  the three s i t es  were conducted. 

Photography 

A Bolex H16 Reflex 16mn movie camera was used a t  a l l  three s i tes.  

The camera was operated a t  18 frames per second w i th  a f u l l y  opened 

f/ l.1, 2 6 m  Macro-Switar lens and was mounted on a t r i pod  on the f r o n t  

seat and f l o o r  o f  the sedan. The vehic le  was dr iven a t  about 30 mph 

through each s i t e  wh i le  the camera recorded the d r i ve r ' s  view o f  the 

road and the  markers. 

o f  the  ASA 160 co lo r  f i l m  used, the high beams o f  the vehic le had t o  be 

on during fi lmfng. The use o f  h igh beams made the f i l m  look more l i k e  

seeing the actual i n s t a l l a t i o n  a t  n igh t  using low beams. The f i l m  was 

a lso pushed two stons past normal developing. 

It was found tha t  due t o  the l i m i t e d  capab i l i t y  

A t  Route 29 and Route 34, co lo r  n igh t  s l ides  were taken w i th  a 

Nfkon 35mm re f lex  camera w i th  a f u l l y  opened f/1.2, 50mn Nikon lens se t  

a t  1/30 second shut ter  speed and using ASA 400 f i l m .  Two hundred ASA 

f i l m  pushed one stop i n  processing was used f o r  the Route 130 s f te .  

The camera was mounted on a t r i p o d  on the f r o n t  seat and f l o o r  of the 

sedan. The vehic le  speed was about 30 mph during f i l m i n g  a t  each s i t e .  

Route 29 

Sfnce the Route 29 s i t e  has several curves w i t h  trees and under- 

growth near the road edge, the n i g h t  s iqh t  distance o f  the markers i s  

l imf ted.  

po in t  where the road c'Jrves out o f  s i t e .  Refer t o  photos I n  Figure 8. 

Powever, wf th  low beans the markers can be seen t o  the fa r thes t  
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N I G H T T I M E  VIEWS OF ROUTE 29 
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Five t o  s t x  dashed center s t r ipes  were v i s i b l e  t o  two engineers whi le  

r i d i n g  i n  a car a t  30 mph wi th  low beams. This i s  about a 200 t o  240 ft. 

s t r i p e  v i s i b i l i t y .  The longest distance t h a t  markers could be seen as 

judged from 16mn movies I s  about 1400 ft. and t h i s  was l imi ted by a 

hor izonta l  curve. 

.' 

Beyond several hundred fee t  ahead of the  car, the markers tend t o  

blend together presenting the appearance o f  a s o l i d  r e f l e c t i v e  l fne.  

This i s  due t o  the decreasing angle o f  v i s ion  a t  greater distances. 

The center amber markers seem t o  be cleaner and more v i s i b l e  than 

It i s  believed t h a t  vehicles crossed over the the edge l i n e  crysta ls .  

center amber markers more of ten than over the  c rys ta l  markers and helped 

t o  clean them. The c rys ta l  markers along the stone wal l  areas and where 

quide r a i l  o r  telephone poles are w i th in  one t o  two fee t  from the roadway 

are not  as v i s ib le .  Apparently, dr ivers  tend t o  d r i ve  away from the 

edge o f  the road i n  these areas and as a resu l t ,  t i r e s  do no t  help wash 

d i r t  o f f  these markers. Also, water tends t o  lay more along the edge 

o f  these par ts  o f  the roadway. 

c f  edge markers f n  these problem areas. 

The 16mn movies documented the v i s i b i l i t y  

The markers a t  n igh t  were q u i t e  e f f e c t i v e  when observed. 

t h a t  they v i sua l l y  dominate the ex i s t i ng  s t r i p i n g  which was I n  good 

conditdon. The 40 t o  50 ft. spacing was adequate around the  curves i n  

t h a t  the roadway was c lea r l y  wel l  delineated from the approach and i n  

the curves. 

It seems 

Route 34 and 524 C i r c le  

This s i t e  was also f i lmed wi th  16mn movies and 35mn s l ides  a t  n lght .  

It '3s a r e l a t i v e l y  short s f te .  On the approach, a l l  29 o f  the approach 
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markers could be seen after going over the crest of a hill which is 

about  1/4 mile before the f i r s t  marker. The markers on the circle and 

a t  the f i r s t  triangular island cannot be seen until the driver i s  i n  

the circle. 

There i s  a sharp Z O O ,  150 ft. long curve t o  the r i g h t  just before 

entering the circle. On the approach I t  looks like one o r  two crystal 

lane line markers are misslng. This is  due t o  the sharp curve and the 

80 ft. spacing. The marker spacing 

should be shorter a t  this curve so tha t  more markers are visible from 

the approach. 

Refer t o  the photo i n  Figure 9. 

The  amber markers were installed on the circle where i t  is a 

23" curve and placement seems t o  be too close t o  the curb ing  around the 

circle median. 

d i r t .  Others are not vfsible due t o  the sharp curve of the circle. There 

i s  no edge line adjacent t o  the circle median. 

Several o f  these markers are completely covered w i t h  

The same problem exists w i t h  the crystal markers around the triangular 

fsland. They are somewhat 

more vfsible a t  n i g h t  t h a n  the amber circle markers, however, they also 

do no t  define the island effectively. 

traffic side of d i r t y  o r  potentially d i r t y  road edge areas and trial 

reftector angling should be experimented w i t h  prior t o  casting lnstalla- 

t ions  a t  difficult curves. 

They are also covered w i t h  stones and dirt.  

Markers should be placed on the 

Route 130 

The Route 130 si te has a sltght 4' curve t o  the r i g h t  w t t h  street 

and comrcial  l i g h t i n g  along this entire section. The greater ambient 

l i g h t  reduces t!te briahtness o f  the markers and thus they do not have a 

dcrfnant visual effect over stripes on a dry  n i g h t .  Refer t o  photos i n  

Figure 10. The curve cuts o f f  t h e  vislbilfty of a b o u t  the last t h i r d  
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FIGURE 9 

NIGHTTIME VIEW OF ROUTE 34 AND 524 CIRCLE 
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o f  marker i n s t a l l a t i o n  whi le  j u s t  d r i v ing  pass the Browning Lane signal .  

The i n s t a l l a t i o n  i s  about 1400 ft. long. 

Sixteen m i l l ime te r  movies and 35mm s l ides  were takCn a t  n ight  t o  

i l l u s t r a t e  the marker v i s i b i l i t y .  The cameras were se t  up i n  the same 

manner as a t  the other s i tes .  

D i r t  does not  seem t o  be a problem a t  t h i s  s i te .  The slope o f  the 

road allows r a i n  t o  clean the markers su f f i c i en t l y .  Drivers can more 

sa fe ly  t rave l  over the markers a t  t h i s  loca t ion  without coming too c lose 

t o  f ixed objects. 

Night observations showed tha t  nine amber edqe markers a t  40 ft. 

spacings o r  f i v e  lane l i n e  markers a t  80 ft. spacings could be seen 

wh i le  four  lane l i nes  could be seen. The f i lms  also show these same 

s iqh t  distances. The s l i g h t  r i g h t  curve i s  barely adequately defined 

using t h i s  coniblnation o f  spaclngs. 

i s  no neqatlve ve r t i ca l  curve I n  t h i s  locat ion.  A s l i g h t  ve r t i ca l  curve 

w i th  a s l i g h t  hor lzonta l  curve has, i n  combination, caused 80 ft. 

spacings i n  lane l i n e s  t o  be inadequate i n  other locat ions not  included 

i n  t h i s  pro ject .  A spacing o f  40 ft. between the lane l i n e  markers 

would have provided adequate del ineat ion and provided a margin for  

missing re f l ec to rs  due t o  wear. 

I t i s  a lso worth not ing tha t  there 

The v isual  ef fect iveness of SRPMs a t  Route 130 should be markedly 

greater i n  the ra!n a t  n igh t  even though the ambient I l l umina t ion  i s  

hiah since r a i n  g rea t ly  lowers the effectiveness o f  painted l i nes  under 

a11 conditions o f  l i g h t .  
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MARKER MAINTENANCE AND DURABILITY - 

The effects of snowD 

flectors were observed on 

for  casting and reflector 

owing and t ra f f ic  wear on castings and re- 

a regular basis. 

damage about once every two months. About 

Each marker was inspected 

28 i n .  of snow during three major storms fell i n  the Trenton ,  N e w  Jersey 

area I n  the 1978-79 winter. 

Route 29 

Several months after these markers were installed, I t  was observed 

t h a t  the last five reflectors a t  the northern end of the si te were 

missing and the f i rs t  two reflectors a t  the southern end of the si te 

were smashed. The areas where these reflectors were damaged or  missing 

are  popular canal fishing areas. This type of damage was not found i n  

any other section of this site. No castings were damaged. 

In December 1978, a complete inspection and replacement campaign 

was conducted just prior t o  the winter snowplowing season. Ten (1.5 per- 

cent) reflectors were found t o  be missing or damaqed and were replaced. 

The damaged reflectors seemed t o  have been vandalized w i t h  a b l u n t  

fnstrument. There were about 15 snowplow passes d u r i n g  the winter. The 

f i r s t  snowplowing occurred f n  early January 1979. The site was plowed 

for  three days w i t h  a t o t a l  of four  t o  five passes. Thirteen reflectors 

were broken and 17 were cracked. No castings were damaged. 

In March 1979, after the snow season, 54 more reflectors (8.3 percent) 

were replaced due to  damage. No reflectors were missing, however, these 

reflectors had 30 percent or more loss of the reflective surface. There 

were many other reflectors w i t h  damage b u t  they were not  as severe. 

The Dlow damage was generally of the same nature throughout the s l t e .  
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The damage was usually a 1 /2  

fairly deep down i n t o  the f i  

caused reflectors t o  crack, 

the reflector, and sometimes 

t o  fhe photos In FIgure 11. 

i n .  wide long i tud ina l  scrape whlch was 

ler material i n  the reflector. This 

ose a pa r t  of the plastic on the top of 

lose pa r t  of the reflective surface. Refer 

Some of the damage near the edge o f  the 

reflector as seen i n  the photo  was caused by removal w l t h  a screwdriver. 

The  scrape was found t o  be mostly on center ltne amber reflectors. 

The edge line crystal markers were generally not damaged i n  this manner. 

This damage was assumed t o  have been caused by plow blades. Steel 

blades are used on this roadway. 

t h a t  two blades had a b a r  t h a t  extended downward behind the blade t h a t  

could have caused this type o f  damage. Available resources d i d  not 

permit a fleld test t o  determine i f  this was likely t o  have been the 

cause. 

Inspection of the blades revealed 

Four castings had their reflectors replaced twice. Subtract ing 

four from the t o t a l  o f  64 replacemnts over the two dates leaves 60 

different reflectors replaced i n  one year between Play 1978 t o  May 1979. 

Thfs i s  a replacement rate of 9.2 percent for one year. 

The damage t o  reflectors caused by traffic volume seemed t o  be 

rather small I n  comparison t o  the plowing damage. 

damage from studded snow tires,  b u t  I t  was minor. 

There were signs of 

During replacement it was observed t h a t  many reflectors had only 

about 30 t o  50 percent butyl t o  casting adhesion. 

were very easy t o  r m v e  although this problem did  not cause any loss 

of reflectors i n  the f l r s t  year. 

Installed i n  the castings a t  the factory.  

These reflectors 

The reflectors were originally 



Route 130 - 
A t  this s i te  74 markers were installed. About every two months 

the markers were insoected. 

after the f i r s t  snowplowing a t  w h i c h  time one crystal marker was broken 

and t h r e e  crystal reflectors were chipped. No castings were damaged 

after about five passes of steel snowplows. 

110 damage was observed u n t l l  January 1979 

A t  the end of the snow season i n  Parch 1979, another inspection 

was taken after two more snowstoms and about  ten a d d i t i o n a l  passes 

of steel snowplow blades. 

had most of the top plastic and much of the reflective surface missing 

causing reduced reflective capabf l i ty  (refer t o  photo l lB) .  

Seven reflectors were badly  cracked and 

No castings 

were damaqed. 

r i g h t  hand outside dashed lane llnes. Subsequently, these seven re- 

flectors (9.5 percent) were replaced. There was abou t  SO percent 

reflector butyl t o  casting adhesfon for each of those replaced. The 

r i g h t  hand w h e e l  pa th  i n  this lane seems t o  be r i g h t  over these 

reflectors. 

possible t h a t  these markers received some hits from chained tire 

traffic. 

All of these damaged reflectors were consecutive i n  the 

This was the only place where damage occurred. I t  i s  

Route 34 and 524 Circle 

A t  this s i te  39 markers were installed. On January '19, 1979, the 

39 markers Installed a t  this s i te  were inspected revealing two amber 

reflectors slightly cracked and chipped. No damage t o  castings was found. 

A t  this time one snowstorm had occurred which produced about  six passes 

of steel plow blades over these markers. 

There were two a d d i t i o n a l  snowstorms this winter which caused S I X  

more passes of steel snowplow blades. 

No markers were rep1 aced. 

No further damage was discovered. 
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ACCIDENT STUDIES -- 
An accident study was done fo r  each of the installation sites. 

Accident reports were collected from each sf t e ' s  police department 

and were reviewed and categorized t o  h e l p  reveal any relationship w i t h  the 

use of raised reflective pavement markers. Three years of p r i o r  

t o  marker installation accidents and one year of after installatfon 

accidents were reviewed and are summarized i n  Tables 1 ,  2 and 3 of 

Appendlx C.  

occurrinq i n  a marker installation section were summarized. 

Only accidents which could be positively located as 

I n  a comoarison of total accidents for the three s i tes ,  there was 

an average o f  33 per year before Installation and there were 31 dur ing  

the year after.  No stat is t ical ly  significant statement a t  the 90 per- 

cent level of conffdence can be made a b o u t  the difference o r  sameness of 

the numbers. Reflective pavement markers a r e  most visually effective a t  

n i g h t  and d u r i n g  wet n i g h t  periods. As the tables reveal, there were 

very few dark-wet condition accident reports for t h e  three years hefore 

and one year after installatfon, and the difference between "before" and 

"after" accidents i n  each condition i s  not significant. 

A1 t h o u g h  significant differences were not found i n  a comparison 

between before and after installation accidents using three years of 

before d a t a ,  a large difference i n  accidents i s  apparent i n  the f i r s t  

and second years of before installation d a t a  a t  P!.J. Route 29. The total 

accidents i n  the f t r s t  year were reportedly 25, while they were 10 i n  

the second year. 

reveale4 t h a t  the rnalntenance forces had repaved and widened the usable 

Further inquiry into possible causes for this reduction 
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roadway froin 20 t o  24 feet, while the shoulder was narrowed by 4 feet,in 

October 1975. The roadway surface was repaved w i t h  a special s k l d  resistant 

material. 

Better skld resistance could explain the accident reduction between 

the f i r s t  and second year periods. 60th multlvehicle and one vehicle 

accidents and the number of people i n j u r e d  were reduced. The largest 

reduction i n  accidents occurred on level curve sections of road, In 

ra iny  and wet pavement conditions, and i n  day l igh t .  

If the f i r s t  year of before d a t a  were excluded and only the second 

and t h i r d  year a t  Route 29 were compared t o  the one year of after d a t a ,  

then to ta l  accidents for a l l  sites were actual ly  slightly higher from an 

average of 29 t o  31. This change i s  n o t  significant a t  the 90 percent 

level of confidence, and the overall conclusion i s  not essentially 

different. 

One of the reasons for the lack of significance may be the low 

totals of accidents due t o  the short length of the sites. The Wall 

Township and Brooklawn sites were only 720 f t .  and 1400 f t . ,  respectively. 

The sites do not seem t o  be long enough t o  supply an adequate number 

of accidents for  a statistical comparison. 

m i g h t  have sufficient accident numbers for a statistical comparfson If 

a few more years of after data  could be accumulated. 

The Route 29, Hopewell s i te  

Perhaps if this data  were aggregated w i t h  like da ta  from other sites 

i n  the country, a meaningful cornparison could be made. 

-_ 
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DISCUSS ION 

Instal 1 a t f  on 
I 

A summary of  afterthoughts relatfng t o  our installation may be 

fnformatfve t o  aqencfes planning  on making installations. 

We found t h a t  f t pays t o  ensure, efther through rental, purchase, 

or loan, the acqufsftfon and full-scale testing of groove cutting and cleaning 

equfpment well i n  advance of actual need for operation. The reasons 

for  thfs include: 1)  the d i f f i cu l ty  i n  acquiring equfpment i n  popular 

demand such as compressors, water trucks and water pumps; 2 )  the one t o  

two day lead tfme neded t o  f i t  hoses and brackets and acquire lncfdental 

accessories; and 3) the unpredictable lead time t o  repafr o r  f l n d  suitable 

alternative arrangements fo r  equfpment t h a t  does no t  actually work as 

expected. 

I n  our lfmited experfence w i t h  two o f  several epoxy mixing 

machfnes avaflable, we have experienced major delays resulting from 

malfunctdon. I t  i s  hfghly  recommended t h a t  pr ior  t o  the purchase o f  

an epoxy mixing machine, the experiences of users be thorouahly 

researched and serious consideration be given to :  1)  specifying 

equipment w i t h  pumps, valves and other parts of epoxy passageways 

t h a t  can very easfly be accessed, opened, disassembled and cleaned; 

2 )  testing equfpment from each vendor before specification and acqui- 

sition ( a )  the ease o f  use and relfabflfty f o r  erratfc operation and 

frequent nonuse dur ing  fnstallat?on for periods up  t o  one ha l f  hour a t  

a ttme, (b)  the practfcabilfty and economy i n  methods of clearing 

passageways between uses, ( c )  the external simp1 i c i  t y  , openness and 

resistance of the eauipmnt t o  rigorous and frequent cleanlng o f  both 

t h e  m!xed and u m f x e d  components o f  t?e epoxy, and ( d )  the mfxfng and 

cut o f f  D W C ~ S ~ O R .  
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Certain contingencies should be prodded f o r  p r i o r  t o  the equipment 

test ing stage. I n  planning the time required f o r  groove cutt ing, safety, 

setups, travel, small and large jobs, and breakdowns are normal factors 

that  need t o  be considered. A healthy contingency should also be pro- 

vided for coming across unusually hard concrete since i t  can take up t o  

f i v e  times longer t o  cut grooves i n  it. I n  organizing f o r  the groove 

cut t ing operation, water resources should be located and p r i o r  under- 

standings reached with the water authorit ies concerning t h e i r  use and 

the pressure required i f  from a hydrant. A noncollapsible hose with a 

screen w i l l  be needed f o r  suction f r o m  a pond. I f  there i s  any need t o  

place markers where there are no painted l ines t o  supplement, then 

provision should be made t o  a t  least  lay out the location f o r  a well  

placed l f n e  on the t r a f f i c  side o f  d i r t y  untraveled areas so t h a t  the 

markers may then be located I n  re la t i on  t o  t h i s  layout. The l i n e  can 

be applied l a t e r  using the markers as reference. Extra time should be 

provided f o r  inclement weather. Groove cutt ing can be done i n  the 

r a i n  and snow, but the use o f  epoxy must take place when the weather 

i s  warmer and dryer. The colder the a i r  and pavement temperature, 

the longer i t  takes f o r  epoxy t o  set. A faster set t ing epoxy tha t  

w i l l  require a shorter protection t i m e  i s  planned f o r  test ing i n  

another Mew Jersey Ins ta l l a t i on  t h i s  F a l l .  

costs 

The costs per marker have a tendency t o  be lower I n  a larger, con- 

ttnuous operation because o f  lesser times required f o r  safety, preparation 

and start-up. The smaller insta l la t ions a t  the N.J. Route 34 c i r c l e  and 

C 

the U.S. Route 130 curve are estimated a t  $26 and $20 per marker, r v ! S p e c t i d y  
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while the larger, more continuous Installation on r4.J. *Route 29 i s  

estimated a t  $21 per marker i n  spite of the difficulty,of working on 

a narrow road and the added workmen necessary fo r  protection. 

The costs from epoxy mixing machine problems and the delay caused 

by missing teeth on the rad ia l  saw are not included i n  these estimates. 

T h e  estimated costs from these problems are estimated a t  five t o  ten 

percent of the whole installation. 

NI qh t Photography 

Better methods and materials f o r  t a k i n g  16mn color n i g h t  movies 

from a moving car w i t h  headlights only have been found since the f i l m i n g  

i n  this project. An ASA 400 speed f i l m  f o r  use w i t h  a tungsten l i g h t  

source (headlights) i s  available. T h i s  film is  "Eastman Ektachrome 

Video News F i l m ,  High Speed, 7250, Tungsten" and normal processing 

produces a much finer grained picture t h a n  ASA 160 film pushed two 

extra times i n  developing. A s  a result, an  increased number of single 

reflectors and smaller visual cues normally seen by motorists a t  great 

distances are vfslble while viewing thls film. 

i s  operated w l t h  the shutter i n  the open position, a t  12  frames per 

second w i t h  the car traveling no faster t h a n  30 mph. The 26m f/ l .1 

lens Is s t i l l  required b u t  I t  i s  debatable I f ,  w i t h  this extra qual i ty ,  

the h i g h  beam a r e  necessary for  low beam shulatlon when viewing. 

When the film f s  projected a t  18 frames per second, it  gives the 

appearance that the car i s  traveling a t  45 mph. 

For this film, the Bolex 

Marker P1 acement 

There a r e  three items of concern mqarding marker placement. 

They are:  1 )  p l ac ing  markers t o  the t r a f f i c  side o f  d i r t  accumulatfons; 
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2) narrowing the lanes wtth the o f f se t  placement o f  markers; and 3)  

providing visual continulty around curves. 

Recently, representatives from the Department's Bureaus o f  T r a f f i c  

Engtneerlng, Surface Design, T r a f f l c  Operations, and Operations Research 

met and came t o  a tentat ive agreement regarding guidellnes t o  address 

these and other items o f  concern. Since each o f  the bureaus were 

involved I n  raised pavement marker projects, a more uni f ied approach 

was desired so as t o  reduce the var lety needed t o  stock f o r  maintenance 

purposes and t o  make maximum use o f  past experience and present trends 

i n  the colors, spacing and placement of SRPMs. 

, 
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FIGURE 128 

ROUTE 29 - SECTION 2 

i 
I 
I 
I 
I 
I 
I 

* * * + * + * + * *  
R T . 2 9  North 

Q Q Q q  a a  ~ a a a a  - 
C FIDDLERS 

CREEK ROAD 

RT. 29  North b- 

I a a  a Q a a a a a a  a a 4 a Q Q I 

Ouidoroil K E Y :  + B I  /AMBER REFLECTORS - 
Tolophone poler 

4 MONO/ AMBER REFLECTORS 
FACING TRAFFIC. 

Q MONO/CRYSTAL REFLECTORS 
FACING TRAFFIC. 

... ... ...... - -  

I 



FIGURE 12C 

ROUTE 29 - SECTIOf I  2 
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FIGURE 120 

ROUTE 29 - SECTION 3 
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FIGURE 12F 

ROUTE 29 - S E C T I O N S  5 & 6 
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FIGURE 126 

ROUTE 29 - SECTION 7 
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APPENDIX B 

Detailed Cost Estimate f o r  Route 29 I n s t a l l a t i o n  

Groove c u t t i n g  operation included: 

1 1500 gallon water truck (a $20/day 

2 Club cab dump trucks e $25/day 

1 1-1/2" water pump 8 $40/day 

5 Maintenance Workers I 8 $64 day 

1 Maintenance Foreman (a $99/day 

1 Truck Drtver I 0 $68/day 

1 Safety setup 8 $50/day 

Total 

Five days x $647/day = 93235.00 

- $ 20.00 

- 25.00 

- 40.00 

- 320.00 

- 99.00 

- 68.00 

- 50.00 

5647 .OO/day 

Marker placement operation included: 

1 Air Compressor (portable)  @ $14/day - $ 14.00 

2 Club cab dump trucks @ $25/day - 25.00 

6 Maintenance Workers I @ $64/day - 384.00 

1 Maintenance Foreman @ $99/day - 99.00 

2 Truck Drivers @ $68/day - 136.00 

1 Safety setup 0 $50/day - 50.00 

Total 733.OO/day 

T h r e e  days x $733/day = $2199.00 
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Markers included: 

2 Sf gnal Products Div is ion operators 

1 65 Horsepower g a s o l l n e  powered radla l  

concre te  saw with  four  20" diameter by 

1 /4" and fourteen  18" diameter diamond 

blades 

Gulf Industr ies  epoxy machine wfth epoxy 

(St imsonite  A15522-66, Cal i fornla  spec. 

1 

721 -80-42) 

651 markers x $12.50/marker = $8137.50 

TOTAL $13,571 .SO 
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Detailed Cost Estimates for  the Route 34 and 

524 Circle Ins t a l l a t ion  

Groove cut t ing  and marker placement operation included: 

1500 gallon water truck @ $20/day 

Club  cab dump truck @ $25/day 

1-1/2" water pump (h $40/day 

Air compressor 0 $14/day 

Truck Drivers (h $68/day 

Maintenance Workers I Q $64/day 

Maintenance Foreman @ $99/day 

Safety setup 0 $50/day 

Total 

One day x $512/day = $512.00 

Markers included : 

2 Signal Products Division operators 

1 Concrete c u t t i n g  machine 

1 Epoxy machine 

39 markers x 912.50/marker = $487.50 

$ 20.00 

25 .OO 

40.00 

14.00 

136.00 

128.00 

99 .oo 
50.00 

5572.00 

TOTAL $999.50 
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ACCIDENTS AT 
ROUR 29, HOPEWELL 

Total Accldents 

One Vehicle Accldents 

Mu1 t l -Veh lc le  Accidents 

Type o f  Vehlcles Involved 

Car 

Truck 

Other 

Total I n j u r y  Accldents 

No. In jured 

Total F a t a l  Accldents 

110. o f  F a t a l l t l e s  

T r a f f i c  Condl t ions  

L lgh t  

Medl urn 

bad Characterlst lcs 

St ra lght  ti l eve l  

St ra ight  h grade 

Curve & l eve l  

5/9/75 5/9/76 5/9/77 
to t o  t o  

5/8/76 5/8/77 5/8/78 

25 10 13 

17 9 10 

8 1 3 

22 8 

11 3 

0 0 

9 3 

22 6 

1 0 

3 0 

17 

8 

10 

2 

12 

9 

1 

- ~. 

16 

0 

0 

6 

13 

0 

0 

11 

2 

AFTER DATA 

5/9/78 
to 

5/8/79 

15 

10 

5 

18 

2 

1 

9 

10 

0 

0 

12 

3 



AFTER DATA BEFORE D A T A -  --._---.. ---. 
5/9/75 5/9/76 5/9/77 
to to to 

5/8/76 5/8/77 5/8/78 

5/9/78 
to 

5/8/79 

1 3 0 Curve 81 grade 0 

Curve & H i l l  Crest  1 0 0 0 

Surface Condition 

Dry 7 

14 

2 

1 

10 

0 

0 

0 

Wet 

Snowy 

I 

P 
m 
I Weather 

C1 e a r  10 

12 

2 

2 

10 

0 

0 

0 

11 

4 

0 

0 

Rain 

Snow 

Fog 

L l g h t  Condit lon 

Day l ight  

Dark 

Col 1 i slon Involved 

O.M.V. 

Fixed Object  - 

Animal 

19 

6 

3 

7 

7 

6 

6 

9 

7 

15 

0 0 

7 11 

0 3 1 



Sfgn Post 

Abutment, Embankment Wall 

Other Object 

Dark-Wet Condf t f  on Accf dents 

F1 xed Object Accidents 

Dark-Dry 

Da r k  - Wet 

Da r k - Snowy 

BEFORE DATA .- 

5/9/75 5/9/76 5/9/77 
t o  t o  t o  

5/8/16 5/8/77 5/8/78 

0 0 0 

0 0 0 

3 0 1 

2 

15 

3 

1 

0 

7 

5 

0 

1 

11 

5 

1 

0 0 0 

5/9/78 
t o  

5/8/79 

1 

1 

0 

4 

a 

2 

2 

1 



, Total  Accidents 

One Vehicle Accidents 

Mu1 t i -Veh ic le  Accidents 

Type o f  Vehicles Involved 

Car  

Truck 

Total  I n j u r y  Accidents 

Ho. In ju red  

T r a f f i c  Condl t ions  

L i g h t  

Medi urn 

Heavy 

Road Characteris t l  cs 

Curve & l eve l  

Curve R grade 

St ra igh t  & grade 

ACCIDENTS AT 
ROUTE 34 AW D 524 CIRCLE 

-.- BEFORE DATA 

5/15/75 5/15/76 5/15/77 
t o  t o  t o  

5/14/76 5/14/77 5/14/78 

I-.- I_ 

6 7 8 

4 5 3 

2 2 3 

10 

0 

0 

0 

10 

1 

1 

3 

AFTER DATA 

5/15/78 
t o  

5/14/79 

2 

1 

1 



Surface Condi t lons 

Dry 

Wet 

1 CY 

Weather 

Clear 

Rain 

Snowy 

Fog 

Liqht  Condition 

Day1 i gh t 

Dark 

Col 1 I sion Invol ved 

O.M.V. 

Fixed Object 

tlead-on 

Dark-Wet Condi t l o n  Accidents 

BEFORE DATA - 
5/15/75 5/15/76 5/15/77 

t o  t o  t o  
5/14/76 5/14/77 5/14/78 

3 

3 

0 

0 

1 

5 

4 

2 

1 

0 

1 

6 

7 

0 

0 

1 

4 

4 

AFTER DATA 

5/15/78 
t o  

5/14/79 

0 

2 

1 

1 

1 

1 



Fixed Object Accidents 

Dark-Dry 

Dark -Wet 

BEFORE DATA AFTER DATA 

5/15/75 5/ 1 5/76 5/ 15/77 5/15/78 
t o  t o  t o  t o  

5/14/76 5/14/77 5/14/ 78 5/14/79 

4 '  5 5 1 

2 3 4 1 

2 2 0 0 



ACCIDENTS AT 
ROUT-AWN 

Total Accidents 

One Vehicle Accidents 

Mu1 t f  -Vehlcle Accldents 

Type o f  Vehicles Involved 

Car 

Truck 

Other 

Total I n j u r y  Accidents 

No. In ju red  

T r a f f i c  Conditions 

Lf  ght 

Medi urn 

Heavy 

Road Characterfst ics 

S t ra igh t  & l eve l  

St ra ight  & grade 

Curve & l eve l  

Curve & grade 

Before Data 

t o  t o  t o  
511 8/76 5/ 18/77 511 8/78 

511 9/75 5/ 1 9/76 5/19/77 

10 10 10 

4 2 3 

6 a 7 

14 

1 

1 

3 

6 

16 

2 

0 

4 

8 

15 

4 

0 

3 

5 

A f te r  Data 
511 9/78 

t o  
5/18/79 

14 

7 

7 

14 

2 

3 

4 

5 

7 

6 

1 

a 
3 

3 

O 

I 

ul 
w 
I 



Surface Conditions 

‘Dry 

Wet 

1 CY 

Weather 

Clear 

R a l  n 

L igh t  Condltion 

Dayl ight  

Dark 

Col 1 1 s lon Invo l  ved 

O.M.V. 

Flxed Object 

Center Ba r r i e r ,  Medlan, 

Gulde Rall 

Center I s 1  and 

Curb, Catch Basin, Culvert  

Dark-Wet Condi t lon Accidents 

t~ 

Before Data 

5/ 19/75 
t o  

5/18/76 

8 

1 

1 

9 

1 

5 

5 

6 

4 

0 

0 

0 

1 

5/19/76 
t o  

5/18/77 

7 

3 

0 

8 

2 

2 

8 

8 

2 

0 

0 

0 

3 

5/19/77 
t o  

5/ 18/78 

8 

2 

0 

8 

2 

2 

8 

6 

4 

0 

0 

0 

1 

A f te r  Data 

5/19/78 
t o  

5/18/79 

10 

4 

0 

11 

3 

4 

10 

6 

5 

1 

1 

1 

3 

I 

u1 
P 
I 



FIxed Object Accldents 

Dark -Dry 

Dark- Wet 

Dark - Icy 

Before Data 

5/19/75 5/19/76 5/19/77 

5/18/76 5/18/77 5/18/78 
t o  t o  t o  

4 2 4 

1 0 2 

1 2 1 

1 0 0 

After Data 

5/19/78 
to  

5/18/79 

5 

1 

2 

0 


