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ABSTRACT 

Nine ty - four  freeway s t y l e  diagrammatic s igns were i n s t a l l e d  on 1-287 

i n  New Jersey, r e p l a c i n g  120 convent ional  s igns  a t  22 interchanges. T r a f f i c  

volumes and s p e c i f i c  unusual maneuvers were counted and categor ized f o r  a 

seven-day p e r i o d  a t  each o f  10 e x i t  s i t e s ,  bo th  be fore  and a f t e r  t h e  guide 

s i g n  changes. 

The e v a l u a t i o n  o f  t h e  s igns inc ludes  s t a t i s t i c a l  comparisons o f  unusual 

maneuvers r a t e s  as w e l l  as v i s u a l  observat ions.  Diagrammatic o r  convent ional  

s igns were examined f o r  t h e i r  p o t e n t i a l  e f f e c t i v e n e s s  according t o  t h e  

e x i t i n g  s i t u a t i o n s .  
b 

The e f f e c t  o f  t h e  separat ion by season and year  on unusual maneuvers 

r a t e s  i s  shown f rom the  r e s u l t s  o f  n ine ,  seven-day s tud ies  performed f rom 1969 

t o  1973 a t  one s i t e .  

The adequacy o f  the  diagram standards used f o r  t h e  study s i g n  designs 

were reviewed and recommendations f o r  f u r t h e r  research a r e  made f o r  t h e  s i g n  

des ignat ion o f  l a n e  drops a t  e x i t s ,  e x i t  ramp geometry and the use o f  

in te rmed ia te  s ign ing .  
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I .  SUMMARY AND CONCLUSIONS 

Driver exit ing maneuvers a t  freeway ramps have been the subject of 

study for many years. The Blatnik Committee highlighted some of the 

d i f f i cu l t i e s  t h a t  existed on the freeways d u r i n g  hearings held i n  1968. 

Subsequently, research e f for t s  were commenced t o  judge the effectiveness 

of the use of "diagrams" t o  supplement existing wording on freeway guide 

signs. 

The diagrammatic s i g n  is intended t o  present an image of the inter- 

change, i n  i t s  simplest form, t o  the approaching motorist. The con- 

ventional guide messages are placed on the same s i g n  panel w i t h  the diagram. 

Over 21 continuous miles a t  1-287, which included twenty-two in te r -  

changes, were signed w i t h  diagrammatic signs . T h i s  program was scheduled 

t o  allow the NJDOT t o  evaluate the new concept a t  a variety of different 

types of interchanges and on a roadway where the motorists had an 

oppor tuni ty  t o  become accustomed t o  "continuous" s i g n i n g  of the same type. 

. The basic method used t o  evaluate the effectiveness of the new 

diagrammatic signs against  the replaced conventional s i g n i n g  was the 

ident i f icat ion of a spec i f ic  type of unusual maneuver by the exi t ing 

motorists . . 
Varying degrees of reliance are  placed on the resul ts  of the studies 

performed a t  10 s i t e s ,  depending upon effects  from certain bias sources 

\ operating a t  the time, The following - summarizes the study findings: 
\ 

* . A t  a spl i t  t o  a dualized road, an additional intermediate 

conventional type sign was shown t o  be more effect ive than a l a t e r  

conversion t o  diagrammatic signs. 

A t  two loop ex i t s  w i t h i n  a clover leaf interchange, a conversion 

t o  diagrammatic effect ively reduced stopping and backing maneuver 

-/ 

. 
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rates,  b u t  resulted i n  e i ther  no change or an increase i n  unusual 

ex i t  gore maneuver rates. 

before and af te r  analysis, results in a decrease of stopping and 

Grouping this d a t a  for a combined 

backing maneuver rates and an increase in unusual ex i t  gore 

maneuvers rates. 

. A t  two r i g h t - h a n d  "tee" ramps, a conversion t o  diagrammatic signs 

appears t o  have reduced stopping and backing maneuver rates,  b u t  

resulted i n  e i ther  no 

. rates.  Grouping this 

' results i n  a decrease 

change or increased unusual exi t  gore maneuver 

data for  a combined before and af te r  analysis, 

o f  stopping and backing maneuvers rates and 
- 

an increase i n  ex i t  gore maneuvers rates. 

. A t  a r i g h t  hand ex i t  ramp terminating an auxiliary lane, the one 

and only s ign  used was shown t o  be more effective as a diagrammatic 

t h a n  as a conventional type. 

. The effectiveness of diagrammatic signs a t  a lane drop  is n o t  clear 

\ 

from the data collected. A t  the lane drop, the stopping and backing 

* maneuver rates were reduced and the unusual  ex i t  gore maneuver rates 

were increased, b u t  the effects of b i a s i n g  factors on the data are 

less certain t h a n  a t  other study s i t e s .  

The effectiveness of diagrammatic signs a t  a l e f t  hand ramp exi t  is  

n o t  clear from the data collected due t o  uncertain effects  from 

biasing factors. 

l e f t  hand ramp ex i t  d u r i n g  the before study has been impropevly 

collected and is thus disregarded as a f i n d i n g .  

t r ied a t  a t h i r d  l e f t  hand ramp ex i t  were n o t  shown to be as 

I t  i s  believed t h a t  the d a t a  relating to  a second 
- -  

. 

Diagrammatic signs 

effective as 

very unusual 

conventional signs. Several complaints relating t o  the 

diagrams have been received . 

- 2 -  



11. INTRODUCTION 

1 Since the Blatnik Committee advocated the t r i a l  of diagramatic  

type guide signs a t  freeway interchanges, there have been several major 

developments i n  the evaluation of these signs. The Federal Highway 

Administration sponsored a national program t o  design and evaluate U.S. 

s ty l e  diagramatics  aimed a t  reducing unusual maneuvers a t  h i g h  incidence 

exits. The ef fec ts  of diagrammatic signs were shown i n  a f ie ld  study a t  

a left-hand exit gore using a narrowly defined unusual maneuvers measure 
and a matched pairs s t a t i s t i c a l  analysis o f  unusual maneuvers rates.  2 

Diagrammatic s i g n  concepts were evaluated i n  a laboratory setting and 

recommendations were made for spec i f ic  applications and graphic design. 

The inclusion of graphic lane l ines  i n  signed diagrams was evaluated i n  

a f ield study.4 The relevance o f  e r r a t i c  maneuvers a t  several zones both 

3 

upstream and downstream of the e x i t  gore along w i t h  the resu l t s  of driver 

interviews was shown i n  a diagrammatic s i g n  evaluation. 

unusual maneuvers, 1 ane changes, speed changes, and headways i n  eval ua- 

5 The u t i l i t y  of 

t i n g  diagrammatic signs was demonstrated employing automated tape switches 

i n  several zones approaching exits, as well as driver interviews and 

learning curve detection .6 

In p i l o t  studies conducted a t  1-287 and U.S. 22 i n  New Jersey4, 

\ signs b o t h  w i t h  diagramatics and w i t h  - lane l ines  in the diagrams were 

' considered t o  be successively more effect ive than conventional signs *at 

However, some doubt  remained as t o  whether the improved 
/ 

t ha t  location. 

- performance found i n  unusual maneuvers was n o t  due t o  the e f fec ts  of 

novelty or sudden importance given t o  the signs. Hence, a study of dia- 

gramatics  over a continuous 22 mile section of 1-287 was conducted t o  

include a variety of geometric exit  ramp configurations. 

-3- 



I I I .  AREA CHARACTERISTICS 

1-287 i n  Somerset and Middlesex Counties was chosen for study, 

because of i t s  varied geometry and i t s  importance as par t  o f  a road 

system tha t  encircles New York City. 

The route i n  the study area i s  n o t  ye t  connected t o  the rest of 

the encircling system, although extending sections of the route i n  the 

study area were constructed between the 1971 and 1973 studies.  A t  the 

southern end, entrances from the Garden State  Parkway and U.S. 9 were 

opened'between the two main study years , extending the roadway approach- 

ing U.S. 1 from two t o  three and one-half miles and adding more entrances 

t o  the one a1 ready existing from U.S. 1,  the New Jersey T u r n p i k e ,  County 

Route 514, and Crows Mill Road. A t  the northern end, s i x  miles of road- 

way was added w i t h  new access t o  a country r o a d ,  i4.J. 24,and County Route 

510. A connecting in t e r s t a t e  route, 1-78, was constructed for seven miles 

t o  the eas t  of 1-287 during the 1971 s tudies ,  a to ta l  of  twelve miles were 

constructed prior t o  the 1973 studies.  Refer t o  Figure 1. 

- 

A noticeable amount of growth i n  shopping and industr ia l  areas took 

place during the study years i n  the study area and the section between 

U.S. 22 and County Route 527 was repaved w i t h  reconstructed concrete cen- 

t e r  barr iers  just  prior to  and dur ing  the study i n  1973. The repaving 

contract  was coordinated with the diagrammatic s i g n  study i n  such a manner 

as to  keep studies and construction as f a r  apar t  as possible. 

the cooperation i n  this respect was good, studies and repaving work were 

n o t  a great distance away from each other a t  a few s i t e s  and ef fec ts  on 

motorist behavior a t  the e x i t  were bound t o  have occurred i n  some cases. 

\ 

Although 
r 

-4- 
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Volumes changed i n  an unbalanced manner a t  several  s i t e s  suggest- 

i n g  a v a r i a t i o n  i n  d r i v e r  nav igat ional  pat terns.  The most not iceable 

volume changes were a t  t he  e x i t  f r o m  1-287 southbound t o  U.S. 1 nor th -  

bound and the e x i t  f rom 1-287 southbound t o  U.S. 22 eastbound. I n  1973, 

many southbound moto r i s t s  were apparent ly bypassing U.S. 1 f o r  d i r e c t  

access w i th  the Garden Sta te  Parkway instead o f  us ing U.S. 1 northbound 

f o r  i n d i r e c t  access as was necessary i n  1971. The southbound motor is ts  

i n  1973 were a lso apparent ly favor ing  more the use of 1-78 eastbound 

e x i t  over U.S. 22 eastbound ex1 t. A1 though 1-78 i s  n o t  signed f o r  the  

P la in f i e lds ,  i t  i s  a f a s t e r  and more d i r e c t  rou te  f o r  southbound 1-287 

o r  eastbound 1-78 motor is ts .  New access w i t h  U.S. 9 and the  Garden Sta te  

Parkway i s  a lso the apparent cause for increased percentage of use a t  the 

northbound e x i t  f o r  N.J. 27 southbound, the e x i t  t o  .I-78 westbound s ide  

o f  the northbound spl it, and the increased southbound throughput a t  the  

e x i t s  f o r  U.S. 202-206 southbound, and U.S. 22 eastbound. 

\ . 



I V .  STUDY AND SIGN DESIGN PROCEDURES 

Scope 

The present study includes an evaluation of 30 signs spread 

over ten ex i t  s i t e s  within a 22 mile section of  1-287 and 95 i n  

Somerset and Middlesex Counties (one of which  i s  the left-hand exi t  

t o  westbound U.S. 22 ) .  The ex i t  s i t e s  include bo th  simple and com- 

plex geometric si tuations,  among which are: l e f t  and right hand exi ts ;  

semi-direct, indirect  and direct  ramps; l e f t  and r i g h t  turn connections; 

and  interchanges t h a t  have b o t h  one and two ramps exiting from a single 

direction. E x i t  s i t e s  were originally selected for their  potential for 

unusual maneuvers occurrences. All the ex i t  s i t e s  i n  the study route 

were in i t i a l ly  studied for short  periods t o  determine this potential. 

A. l i m i t a t i o n  was placed on the study, i n  t h a t  no new structures 

for m o u n t i n g  signs could be bui l t .  

signs were modified t o  upgrade existing s i g n  messages before formal da ta  

W i t h i n  that  l i m i t a t i o n ,  several 

collection began. Unusual maneuvers and volume data were collected a t  each 

s i t e  during July and A u g u s t  of 1971, and a lso  a t  a s i t e  d u r i n g  August 

1972 af te r  an a d d i t i o n a l  sign had been erected a t  t h a t  location. 

(Refer t o  Figure 2 ) .  

A17 structures 'were analyzed f o r  maximum wind load to  determine 

\ maximum panel s ize  fo r  the increased area often required for  diagrammatics - 

' onground mounted signs. Less t h a n  s tandard  layouts had t o  be resorted t o  

on some ground mounted signs. Less overall area was usually needed i n  

cases where one diagrammatic sign replaced two or more conventional signs. 

- 7 -  
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Diagrammatic signs w i t h  breakaway posts on ground mounts replaced 

conventional signs in the s p r i n g  of 1973 and studies a t  a l l  ten s i tes  

were again made i n  July and August of 1973. One hundred and twenty con- 

ventional sign panels were replaced in the whole study section of 1-287 

by 94 diagrammatic sign panels. Twenty-two interchanges were involved 

i n  the change. 

Letters, numbers , diagrams, and lane 1 ines were reflectorized using 

cube corner, reflex b u t t o n s ,  while h i g h  intensity beaded reflex sheeting 

was used for shield backgrounds. Both cube corner and bead sheeting had . 

been tested for  diagram vis ib i l i ty  and recognizability a t  n i g h t  from up 

t o  about one thousand fee t .  

The panel backgrounds were made from extruded aluminum coated w i t h  

a polyvinylidene fluoride paint. 

S i q n  Design Procedure 

The diagram design methodology was aimed a t  satisfying the follow- 

1)  greater v i s ib i l i ty  t o  compensate for increased i n -  i n g  requirements: 

formation content, 2)  simplici.ty for  ease o f  interpretation, 3) road- 

diagram relatabi l i  ty,  4)  diagram continuity w i t h i n  each interchange, 

5) message redundancy for continued confirmation w i t h i n  ex i t  appriaches, 
7 

and 6 )  uniform application among a l l  interchanges for reliable driver re- 

cognition. 
a \ 

Diagram designs and s i g n  layoutswere developed w i t h  the use of,a 

/ photo inventory film. Slides of s i t e s  were projected against a large 

screen t o  t e s t  t he i r  adequacy from a driver 's  visual p o i n t  of view. 

Opini ons from engi neeri ng and non-engi neeri ng  persons were sol i ci ted on 

an informal basis. 

-9- 



3 
Both "p lan  view " and a more symbolic s ty le  of diagram were simu- 

lated and reviewed. 

A practical procedure enabling a consistent and reliable basis for 

designing a diagram for  any geometric condition was arrived a t  u s i n g  the 

more symbolic s tyle  of plan view. L 

Guidelines used i n  designing the s i g n  panel messages and diagrams 

can be summarized as follows: 

\ 

1, The lane widths  on diagrams were varied according to  

exit proximity and function: 

a. Advanced signs had 6-inch w i d t h  lanes, 

b. E x i t  direction signs had 8-inch lanes, and 

c. E x i t  gore and overhead signs had 12-inch 

w i d t h  lanes. 

2. Lane l ines  were presented on signs wi th  12-inch w i d t h  

lanes only. 

3. A l l  main highway approaches t o  exits and t h r o u g h  

directions were shown w i t h  straight stems. Exit 

ramps were curved according t o  a symbolic p l a n  view 

to  the nearest 90-degree d i  recti  on, 

4. No more t h a n  two choices a t  a time were displayed 

diagraminatically for any gore (e.g., an ex i t  and 

through arrow or a r i g h t  and l e f t  arrow) even i f  . - 

the motorist is  given two choices further down an 

ex i t  ramp. 

5. Messages and shields were placed so as t o  best locate 

them i n  relation to  associated arrowheads. 

-1 0- 



6. A diagram symbolically shows a l l  major geometry a t  

and  downstream of i t s  sign location except decelera- 
.. 

t i  on or auxi 1 i ary 1 anes added downstream. 

A modified s t y l e  of diagrammatics was employed f o r  . .  
s i tua t ions  where the road diverges t o  paral le l  road- 

ways, e.g., a dual sp l i t ,  s l ip  ramp between dual road I 

roadways, or main roads and service roads. 

In'general , when panels were replaced: ( a )  "EXIT" o r  "EXITS" was 

n o t  used, ( b )  "KEEP RIGHT" o r  "LEFT," "RIGHT," o r  "LEFT LANE," and "EXIT - . 

ONLY" were not used, while (c) the same dest inat ions,  

cardinal directions were used. 

Overhead signs were often eas ie r  t o  design than 

signs, because l e s s  space was needed a f t e r  organizing 

several signs onto  one w i t h  a diagram. 

route numbers and 
0 

ground mounted 

the messages from 

Data Collection 

D u r i n g  each s i t e  study, unusual maneuvers and volumes were counted 
1 

by hidden observers. Three observers counted a1 1 unusual maneuvers and 

two observers counted a7 1 volumes concurrently. An unusual maneuver was 

defined in this study as any s t o p p i n g  or backing in the e x i t  gore sect ion 

or driving on the gore line between the  physical gore and a predetermined 

p o i n t  upstream o f  i t  (Figure 3 ) .  A t  each s i t e ,  unusual maneuvers and 

volumes were collected f o r  b o t h  through and e x i t  movements as well a s  f o r  

two axle and  three or more axle  vehicles in each hour from2:OO t o  5:Q0 

p.m. on seven consecutive days. 

8 

I 
- .- 

* 

I) 8 

Days when data were collected f o r  "before" and "af te r" '  conditions 

- - - . .. . . . . were matched t o  the c l c ses t  date from year t o  year.. . 

I '  

. - . .. . .  . - -  ._ . < P . -  .._. 

.) 
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Analysis 

The rates of unusual maneuvers (maneuvers per thousand vehicles) 

for the conventional and diagrammatic s i g n  conditions were compared a t  

each s i t e .  Only the rates for two-axle vehicles were compared. Differ- 

ences between studies were tested s t a t i s t i ca l ly  by using the conserva- 
t ive ,  non-parametric, Wilcoxon matched pairs, signed ranks t e s t .  8 

The following formula was used: 

Z = (T  - [N(N + 1)]/4)/ [N ( N  + 1)(2N-+ 1)]/24 

Where: T = sum o f  positive ranks 

N = number of qualified ranks 

Z = normal standard d e v i a t i o n  

Rates are paired by hour ,  day, and movement. Rates paired by 

movement are referred t o  i n  an abbreviated form as follows: 

a. EUR - ex? t i n g  unusual maneuvers ra tes ,  e.g., a 3 to 4 

maneuver i n  Figure 3.  

b. TUR - t h r o u g h  unusual maneuvers rates,  e.g., a 4 to 3 

or 3 t o  3 maneuver. 

c. SBR - stopping and back ing  unusual maneuvers rates 

for both ex i t  and th rough  movements. 

d .  UR - t o t a l  of b o t h  EUR and TUR.  

A change i s  considered significant when i t  can be accepted a t  greater 

,\ t h a n  the 95 percent level of confidence, using a one-tailed t e s t .  ..' 
The analysis of da t a  for each s i t e  Sncludes statements relating t o :  -8 

1. Stat is t ical  comparisons pairing unusual maneuvers rates 

for each s i g n  condition. 

- 13 - 



2. The sufficiency or val idi ty  of the data. 

3. The possible or probable e f fec ts  produced by extraneous 

factors  , such as construction ac t iv i ty  , new access , 
changed volume, accidents, and rain. 

A s t o p p i n g  or backing maneuver can be considered t o  be more c r i -  

t i ca l  than a gore weaving maneuver. However, SBR's are included w i t h  

the EUR O r - U P .  t o t a l s ,  as well ,as separated for  before and a f t e r  com- 

partsons. I t  i s  assumed the i r  inclusion i n  EUR or  UR 

l i t t l e  e f f ec t  on the comparisons because SBR's are  quite infrequent. 

. _  - 
-totals has very 

Non-Experi men t a l  Factors Control 

Repavi ng and res tri p i  ng , independent s i g n i n g  programs , new access, 

changing t r a f f i c  volumes, changing travel patterns , and new industr ia l  

development are  sources tha t  can produce biasing effects  on comparisons 

between before and a f t e r  data. 

In laboratory experiments, the ef fec ts  from a par t icular  change o f  

condition on experimental individuals as a group i s  measured. A control 

group made up o f  the same k i n d  o f  individualslupon which no change is 

made, is  often included i n  the experimental design. With this design, 

many of the biasing effects  of unplanned o r  uncontrollable changes on the 

control group may be measured and approximated for  the experimental 

group. 

condition a re  not exactly determinable because they are mixed w i t h  the. 

Without this design,  the ef fec ts  from a par t icular  change o f  
J 

\ 

d effects  from unplanned or  uncontrollable changes. 

In this diagrammatic s ign  study, motorists using an e x i t  a re  the 

equivalent of an experimental group i n  the laboratory. Since a l l  the 

signs were changed t o  diagrammatic versions w i t h i n  the study area and 

-1 4- 



a l l  the exi ts  have different characteristics, control groups for each 

ex i t  were n o t  available. ' 

Although control groups were n o t  used, a large e f for t  was made t o  

reduce biasing effects from outside influences. 

t h a t  was conducted simul taneously w i t h  the "after" study, plans were prepared 

fo r  repaving and restriping work so t h a t  ex i t  str iping was done i n  the same 

manner i n  bo th  studies. This was accomplished by documenting the dimensions 

of o r i g i n a l  gore stripes and entering them in restriping plans. The 

contractor was scheduled t o  conduct his work away from planned s i t e  studies. 

Requests were made t o  other agencies t o  refrain from making their  own 

For a repaving project 

s i g n  changes a t  locations relating t o  planned studies. Needed changes i n  

destination names and ex i t  numbering were mostly postponed. The one 

exception was a t  S i te  6 where gore mounted supplemental signs were removed 

and a standard ex i t  gore sign w i t h  a number was installed. 

The method of analysis used enabled the minimization of effects 

from factors tha t  were identified by hour  of day o r  day of week. 

v i s ib i l i ty  d u r i n g  heavy ra in  i s  rare,  b u t  one hour o f  effected 

data was eliminated from the analysis. Effects from daily and weekly driver 

population mix variations were minimized w i t h  the matched-pairs, i o n -  

parametric analysis- technique. 

Loss of 
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V .  STUDY SITE INFORMATION 

SITE 1 - 1-287 NORTHBOUND TO U.S. 1 SOUTHBOUND 

Background 

As seen i n  Figure 4 ,  the 'ex i t  under observation i s  the second of 

-two right-hand exits for U.S. 1 ,  a loop ramp for an indirect  l e f t  turn. 

Five lanes approach the interchange. The r i g h t  lane is  dropped a t  the 

f i r s t  exi t ;  an 800 foot (240 meter) weaving lane i s  added for  an entrance 

ramp and dropped a t  the loop ramp, while four lanes continue t h r o u g h .  

There was about a 48% increase i n  t r a f f i c  volumes d u r i n g  the two - 

year period between before and a f t e r  studies, which may be par t ia l ly  

attr ibuted t o  additional access a t  the southern end of the route. 

. 

Observations 

Two of the four  original overhead signs for t h r o u g h  movement a t  the 

f i r s t  ex i t  gore displayed the word "SOUTH." The word "SOUTH" was intended 

for  future shared r o u t i n g  of 1-95 w i t h  1-287 t r a f f i c ,  b u t  was potentially 

confusing t o  motorists w i t h o u t  reference t o  a route number while shown 

alongside another panel w i t h  the word "NORTH" which referred to  1-287. 

A greater degree of driver orientation could have been achieved 

w i t h  lane assignment (down-oriented) arrows, had they been used. Other 

s i g n i n g  differences may be seen i n  Figure 4 .  

B o t h  signs and ex i t  gore locations can be viewed from an adequate 
\ 

1 - 
distance. < 

The choice of routes by some of the drivers were changed i n  this 

section of New Jersey because o f  extensions t o  1-287, made between studies. 

The increased use of this ex i t  w i t h  these construction changes may account 

# .- 

for some of the increase i n  the unusual maneuvers rates.  

-16- 



. . .- 

I - 287 NORTHBOUND 
TO 

US. I SOUTHBOUND 
8 

1 ma-- 

’ ./ 

/ FIGURE 4- STUDY SITE I . , 
1 



Only EUR were selected for  analysis a t  th i s  s i t e ,  since most o f  the 

t h r o u g h  unusual maneuvers were generated by entering motorists who would 

not have been exposed t o  the whole ex i t  approach. 

Remarks 

There was a non-significant decrease i n  SBR and a significant i n -  

crease i n  EUR when comparing the convent? onal and di agrammati c si gns . 
The change i n  SBR and EUR was conflicting for  this s i t e .  

page 47). 

(See Figure 1 4 ,  

The diagrammatic sign system a t  this s i t e  appears t o  be more pre- 

sentable t h a n  the conventional sign system, b u t  based on the results of 

SBR and EUR comparisons alone, they are n o t  more effective. 

Bo th  th is  s i t e  and Si te  10 are similar i n  that  they are bo th  clover- 

leaf type interchanges, b u t  i n  other small b u t  impor t an t  ways, they are 

.different.  The second ex i t  gore sight dis tance ' is  inadequate a t  Site 10, 

while the conventional s i g n i n g  was fa i r ly  straightforward. 

is  true of Si te  1. 

i n  t r a f f i c  between the study years. An increase i n  exiting volumes a t  

Site 1 and a decrease in exiting volumes a t  S i te  10 indicate an opposite 

effect  from extensions of 1-287 made between studies. The only aspect 

of the results t h a t  agree between studies a t  both  s i t e s  are SBR comparisons, 

The reverse 

There were also different effects produced by changes 

\ which show a decrease i n  both cases, a l though  only SBR comparisons a t  
c 

A Site 10 were significant. 
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SITE 2 - 1-287 NORTHEOUP!D TO 1.I.J. 27 SOUTHBOUND 

Background 

As seen i n  Figure 5 ,  the ex i t  under observation is the second of two 

right hand exits for 14.3. 27, a semi-direct l e f t  turn ramp from a p o i n t  

beyond the actual interchange route. 

A deceleration lane i s  added for the f i r s t  e x i t ,  and the r i g h t  lane i s  

dropped for the s tudy  ex i t ,  leaving three lanes for through t ra f f ic .  

Four lanes approach the  interchange. 

There was about a 29% increase i n  t r a f f i c  volumes d u r i n g  the two 

year period between before and a f te r  studies, which may be partially 

attributed t o  additional access a t  the southern end of the route. 

Observations 

The o r ig ina l  overhead sign a t  the f i rs t  gore t h a t  served as an ex i t  

direction sign for the second ex i t  displayed two black-on-yellow "ONLY" 

signs t h a t  were n o t  transferred t o  the new diagrammatic sign. The dis- 

tinguishing feature given t o  the lane drop H a s  in the diagram. The "ONLY" 

signs referred t o  the downstream lane drop a t  the study ex i t  and are mutat 
9 OF "EXIT ONLY",  which i s  advised for  this  k i n d  of si tuation i n  the MUTCD. 

All signs approaching the e x i t s  have adequate sight distances, except 

t h e  ex i t  gore sign for the s tudy  ex i t  which i s  mounted on a cantilevered 

structure and placed i n  a manner that  results i n  a reduced sight distance 

..@ 

i n g  of 

exi t  d 

arrows 

' reduced sight d 

a h i l l .  

d n o t  fu 

for  each 

ons 

\ 
due t o  interfering l i g h t  poles. More - important, perhaps, i s  the drastically _I 

stance o f  the second exi t  gore i t s e l f ,  produced by the crest-  

The conventional overhead signing on the approach t o  this  

ly u t i l i ze  the lane assignment principle w i t h  down pointing 

1 ane. 
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The choice o f  routes by some o f  the d r i ve rs  was changed i n  t h i s  sec- 

t i o n  o f  New Jersey, because o f  extensions t o  1-287 made between stud ies.  

The increased use o f  t h i s  e x i t  w i t h  these cons t ruc t ion  changes may account 

f o r  some o f  the increase i n  the unusual maneuvers ra tes,  as i n  the case 

o f  S i t e  1. 

Remarks 

There was a non-s ign i f i can t  decrease i n  SBR and a s i g n i f i c a n t  i n -  

crease i n  UR. Although there  was a change i n  t r a f f i c  using t h i s  e x i t  

as evidenced by the change o f  the percentage e x i t i n g  and the assumed 

e f fec ts  o f  the extensions t o  1-287 a t  the  southern end, SBR and UR were 

- 

not a f fec ted  i n  the  same manner. There was only one stopping and back- 

i n g  maneuver observed and i t  occurred dur ing the study o f  conventional 

signs. Not on ly  i s  there very l i t t l e  space t o  stop o r  back on- the  

shoulder o u t  o f  the way o f  t r a f f i c ,  b u t  a lso i t  i s  very hazardous t o  

do so because o f  f requent l a s t  i n s t a n t  weaving i n t o  the through lanes. 

The diagrammatic s igns a t  t h i s  l o c a t i o n  do n o t  have more 

adiantage than conventional signs. Lane drop symbolism could be . 

more accentuated or the lane drop could be changed f o r  improved 

performance. The r e s u l t s  o f  SBR and UR comparison show t h a t  the d ia -  

, 

grammatic signs do no t  appear t o  be more e f f e c t i v e  than the  conventional 

signs. \ d ._ 

.- 
This s i t e  i s  the  on ly  s i t e  i n  the study w i t h  the p a r t i c u l a r  com- 

2 

b ina t i on  o f  sho r t  gore s i g h t  distance and e x i t  lane drop cha rac te r i s t i cs .  
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SITE 3 - 1-287 NORTHBOUND TO r4.J. 18 

Background 

As seen i n  Figure 6 ,  the ex i t  under observation i s  a r i g h t  hand "tee" 

connection for N.J. 18. Three lanes approach the interchange and a decelera- 

t i o n  lane i s  added on the r i g h t  for  t h e  e x i t ,  while three lanes continue for 

t h r o u g h  t ra f f ic .  

There was about a 23% increase i n  t r a f f i c  volumes during the two- 

year period between before and a f te r  studies, which may be par t ia l ly  attributed 

t o  additional access ' a t  the southern end of the route. 

Observations 

The signs for this  ex i t  are .well placed w i t h  simple and easy t o  read 

messages, and the ex i t  gore can be seen from an adequate distance. 

were no unusual influences known t o  have been operating d u r i n g  the studies, 

There 

w i t h  the exception of one h o u r  of very heavy rain and consequent atypical 

driving behavior, the data from which were n o t  included i n  the analysis. 

Remarks 

There was a significant decrease in SBR and a non-significant de- 

crease i n  UR.  

The diagrammatic signs do n o t  appear t o  be more informative for  

\ motorists using this  particular ex i t ,  b u t  - the results of SBf? comparisons 
* 

alone present evidence t h a t  the diagrammatic signs are more effective. 
_, 
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The occurrence o f  unusual maneuvers o f  a l l  types d u r i n g  b o t h  con- 

ventional and diagrammatic sign studies was infrequent a t  this s i t e .  

This s i t e  is somewhat similar t o  Si te  8. Both s i tes  are singular 

r igh t -hand exits w i t h  deceleration lanes. 

on a tangent, while the approach t o  Si te  8 i s  on a curve t o  the l e f t .  

The approach t o  Si te  3 is  

. 

\ 
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SITE 4 - 1-237 NORTHBOUND TO U.S. 22 WESTBOUND 

Background 

As seen i n  Figure 7 ,  the exit  under observation i s  the second of 

two exits,aleft-hand ex i t  w i t h  a two lane ramp for a direct  l e f t  turn 

following a right-hand ex i t  w i t h  a single lane ramp for  a direct  r ight 

t u r n .  Three lanes approach the interchange. One lane is added a t  the 

overpass on the l e f t  for the second exi t .  Then, a deceleration lane is  

added o n  the r i g h t  for the f i r s t  ex i t .  A second lane for  the second 

ex i t  i s  then added on the l e f t  beyond which three lanes continue t h r o u g h .  

Repaving and restriping was ju s t  barely finished prior t o  the a f te r  

study i n  1973 and was active during the a f te r  study on the southbound 

roadway ( in  fu l l  sight of nor thbound motorists approaching the study loca- 

t i o n ) .  Although a h i l l  in the median cut o f f  direct  sight of  construction 

i n  p a r t  of the approach, trucks were sometimes parked or active i n  the 

immediate median area near the second exi t .  

There was a b o u t  a 21% increase in t r a f f i c  volumes d u r i n g  the two- 

year period between before and a f te r  studies. 

Observations 

There are only s l igh t  visual differences between before and a f te r  

sign messages. The a f te r  diagrams are thicker, include lane l ines ,  and 

\ are i n  a reversed position i n  relation t o  associated messages on ex i t  gore - 
* 

J signs. 

The message and diagram l a y o u t s  were well organized i n  b o t h  diagram- 

matic s i g n  systems studied here, b u t  the diagram displayed a t  the study 

ex i t  gore could have been a l i t t l e  longer for  better visual impact ( refer  

t o  Figure 7 ) .  

- 25 - 
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Remarks 

The1 2 was a s ign i f icant  decrease i n  SBR and a s ignif icant  increase 

i n  U R ,  result ing i n  a conf l ic t  between the outcome of the s t a t i s t i c a l  

analysis of the two nieasures. 

Unusual maneuvers ra tes  ( U R )  i n  1971 (old diagrammatic) were much 

below What was expected based on previous studies performed a t  this s i t e  

( re fer  t o  Figure 15).  Approximately 30 unusual maneuvers per thousand 

vehicles per hour on the average could have been expected, b u t  l ess  than 

f ive per thousand vehicles per hour occurred. The U R  measured i n  1973 

averaged 26 per thousand vehicles per h o u r ,  which is  more i n  l ine w i t h  

previous studies.  

t o  a credible comparison of U R  a.t this s i t e .  

The unexplained occurrence i n  1971 does not lend i t s e l f  

I t  i s  possible t h a t  the 

data collectors used an incorrect def ini t ion o f  the gore weaving area a t  

th i s  s i t e .  

The new diagrams a t  this s i t e  i n  1973 are  more informative than the 

older ones i n  t h a t  lane l ines  are included and a s ign i f icant  decrease i n  

Up was expected along w i t h  the decrease i n  SBR found ,  based upon the 

resul ts  of a former s t u d y  of nearly the same s ign  conditions performed i n  

May and June of  1970. 4 

\ 
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SITE 5 - 1-287 NORTIIBOUI4D SPLIT FOR 1-78 
INTERCHAIIGE: THREE STUDIES 

Background 

As seen i n  Figure 8 ,  the exi t  under observation is  a s p l i t  of lanes 

with the l e f t  hand side leading to bo th  an ex i t  t o  1-78 westbound and 

1-287 nor thbound.  

by signing, leads t o  a through movement only (when, i n  f ac t ,  there i s  

a downstream s l i p  ramp for access t o  the l e f t  s ide) .  

the right hand side is  planned for providing information on exiting t o  

1-78 eastbound. 

l e f t ,  prior t o  the f i r s t  overhead bridge. 

par ted  from the right lane, leaving a grass median between them. 

The r i g h t  hand side,  as the motorist can perceive 

Future signing for 

. 

Two lanes approach the  s i t e .  One lane is added on the 

Then, the two l e f t  lanes are 

Two separate changes were made t o  the signing, necessitating three 

studies a t  the s i t e  i n  1971, 1972 and 1973. Between 1971 and 1972, two 

conventional signs were mounted on the f i r s t  overhead bridge where none 

had existed before. Between 1972 and 1973, a l l  the overhead signs were 

replaced with diagrammatic versions using the same messages. Conventional 

s;gns were added for the 1972 study because the sign system, as had existed a t  

the s i t e  in 1971, was not regarded t o  have suff ic ient  advance information t o  

be used t o  represent the conventional standards adequately i n  a comparison 

wi t h  d i  agrammati c versions . 
There was about a 23% increase i n  t r a f f i c  volumes from July of 1971 t o  - - 

July of 1972 and about another 52 increase was indicated in July of 1973. 
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Observations 

Prior t o  the addi t ion  of signs on the f i r s t  bridge, the unfamiliar 

motorist was n o t  fully aware of lane function a t  the s p l i t  u n t i l  the 

gore signs and physical s p l i t  were i n  view. The motorists' view i s  

blocked over p a r t  of the approach by the two overhead bridges and a 

curve t o  the r i g h t ,  as shown i n  Figure 8. 

Remarks 

In 1972, a f te r  the addition of two conventional overhead signs a t  

an intermediate location, there was a non-significant decrease i n  SBR 

and a significant decrease i n  UR. 

matics, there was a significant increase i n  SBR and a significant i n -  

crease i n  UR. 

In 1973, a f te r  the change t o  diagram- 

The additional conventional signs were considered t o  be necessary, 

and the s t a t i s t i ca l  results show them t o  be more effective. The d i a -  

grainmatic signs appear to be as informative, b u t  the s t a t i s t i ca l  results 

show them to be less effective t h a n  the improved conventional signs 

u i e d  a t  Site 5. 

\ d 

... 

-30- 



SITE 6 - 1-287 SOUTHBOUND TO U . S .  202-206 SOUTHBOUND' 

Background 

As seen in Figure 4 ,  the exi t  under observation i s  the left-hand and 

only ex i t  from the l e f t  side of dualized 1-287 for  U.S. 202-206, a two 

lane ramp for  a semi-direct right turn. Two lanes approach the study s i t e  

and continue of f  the ex i t  t o  the l e f t  while one tapered lane diverges t o  

the right for through movement. 
\ .  

There was about a 27% increase inL t ra f f i c  volume d u r i n g  the two year 

s t u d y  period. 

Observations 

The supplemental sign shown i n  Figure 9 t h a t  reads "SOMERVILLE KEEP ~ 

LEFT" was in place during bo th  "before" and ' 'after" studies,  b u t  an 

"EXIT 13" t a b  was placed on t o p  of the panel between the studies. The 

"EXIT 13" sign was inst,alled i n  the exi t  gore between studies and replaced 

a supplemental sign t h a t  read "NEIJ YORK" and "SONERVILLE".  

. The left-hand ex i t  has the appearance of  a th rough  movement, while the 

th rough  movement lane has the appearance of an ex i t .  This s i t e  presents the  

most confusing exi t  and t h r o u g h  geometry found . i n  the ent i re  study. 

the diagrams represent actual geometry, they are as unusual in appearance 

Since 

as the ex i t  i t s e l f .  

movement motorists per 1,000 made weaves over the painted gore t h a n  .. 

exiting notor5sts. 

D u r i n g  the studies, about  ten times as many t h r o u g h  
\ 

d 

,. 
This was apparently due t o  the effect  of reversed geometry. 4 
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REMARKS 

There was a non-significant decrease i n  SBR and a s ignif icant  i n -  

crease i n  UR. 

Motorists may have diff icul ty  accepting the confusing exi t  geometry 

as displayed diagrammatically on the signs. The s t a t i s t i c a l  results o f  

SBR and UR comparisons indicate tha t  the diagrammatic signs used do n o t  

appear t o  be more effect ive than the conventional signs. 

\ . 

c 
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SITE 7 - 1-287 SOUTHGOUFID TO U.S. 22 EASTBOUllD 

Background 

As seen i n  Figure 10, t h e  ex i t  under observation i s  the l e f t  hand 

and only ex i t  for  N.J. 18, a ramp for  a direct  l e f t  turn. Two lanes 

approach the interchange. Two lanes are added on the l e f t ,  one for an 

additional t h r o u g h  movement lane, and the other for ex i t  deceleration. A t  

the ex i t  gore, three lanes are provided for th rough  movement, beyond which 

an entrance lane i s  added on the right. 

There was about  a 6% increase i n  t r a f f i c  volumes d u r i n g  the two- 

year period between before and a f te r  studies which i s  the smallest i n -  

crease among the ten study s i t e s .  Apparently, since 1-78 has been extended 

t o  a location very close t o  U.S..22 i n  Plainfield, east o f  this  study s i t e ,  

many motorists have preferred t o  use i t  rather t h a n  this  ex i t ,  because of 

the shorter distance involved. 

Observations 

The "EXIT" sign positioned i n  the gore i n  1971 was n o t  present in 

1973, neither was the white concrete gore p o i n t  curbing and the white 

concrete gore p o i n t  was removed leaving dirt and  grass prior t o  the 

study in 1973 as part of a repaving project. 

The added lane on the l e f t  f o r  the t h r o u g h  movement requires the 

l motorist t o  travel , l a te ra l ly ,  12  feet,.more t h a n  normal i n  order t o  get 
., 

2 i n t o  the deceleration lane. 

the painted gore p o i n t  more vulnerable t o  being traversed. 

This functional requirement tends t o  make 

T h i s  deviation 

may have been a greater problem t o  motorists in 1973 t h a n  i n  1971 due t o  

the loss of the exi t  sign and  gore p o i n t  curbing as targets ,  
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Remarks 

There was a significant decrease i n  SBR and a significant increase 

i n  U R ,  resulting i n  a disagreement between the outcomes of s t a t i s t i ca l  

analysis of the two measures. 

The diagrammatic signs present information about the ex i t  being 

on the l e f t  side of the roadway. 

would appear t o  be needed by motorists using the exit. 

This a d d i t i o n a l  piece of information 

The lack of agreement in the s t a t i s t i ca l  analysis may be the resul t  

of the missing 'I EXIT" sign i n  the gore d u r i n g  the 1973 studies. 

A reduction i n  the percentage o f  exiting motorists indicates that  

a change i n  driver route choice had taken place between the before and 

after studies. The decreased use of this  ex i t  would not account for the 

increase i n  UR b u t  may partially account fo r  some o f  the decrease i n  

SBR due t o  an assumed decrease i n  the proportion of "infrequent" drivers 
.. 

exiting a t  th is  p o i n t .  

\ 
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SITE 8 - 1-287 SOUTHBOUIID TO COUNTY ROUTE 527 

Background 

As seen i n  Figure 11 ,  the e x i t  under observation i s  the r i g h t  hand 

and only e x i t  for  N.J. 18, a ramp f o r  both a d i r e c t  r i g h t  and a semi- 

d i r e c t  l e f t  t u r n .  Three lanes approach the interchange on a curve t o  

the l e f t .  A deceleration lane i s  added on the r i g h t  f o r  the e x i t ,  while 

three lanes continue through. ( 

Repaving work w i t h  concrete median barr ier  rep1 acement was i n  process 

a b o u t  one mile upstream, d u r i n g  the study i n  1973, w i t h  subsequent lane 

closures and frequently backed up t r a f f i c .  

There was a b o u t  a 25% increase i n  t r a f f i c  volumes d u r i n g  the two year 

period between before and a f t e r  s tudies ,  which may be par t ia l ly  a t t r ibuted 

t o  additional access a t  the southern end of the route. 

Observations 

. There i s  an a b r u p t  t ransi t ion from the deceleration lane t o  the e x i t  

ramp on the r i g h t  s ide of the roadway near the e x i t  gore which, when 

cimbined w i t h  the 1 eft-hand curve i n  the main roadway, encourages motorists 

t o  e x i t  d i rec t ly  from the through movement lanes, ra ther  t h a n  from,the 

decel e r a t i  on 1 ane .* 

Remarks 
\ 

d 

There was a non-significant decrease i n  SBR and a s ign i f icant  inc,rease 
+ 

i n  UR. / 
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The e x i t  geometry i s  somewhat s imi l a r  t o  S i t e  3 and the diagrammatic 

s igns  do not appear t o  be p a r t i c u l a r l y  more informative than the conven- 

t iona l  signs studied here, as  i n  the case of S i t e  3. 

ana lys i s  a t  Site 8 d i d  not yie.ld the same results, 

were unexpectedly high a f t e r  the diagrammatic signs were i n s t a l l e d .  

B u t ,  the s t a t i s t i c a l  

A t  S i t e  8, the UR 

The fane c losures  and backed up  t r a f f i c f a  mile upstream could have 

e a s i l y  caused a bias  i n  t he  1973 data .  

much of the  unusually h i g h  UR found i n  1973, i f  upstream delays 'caused 

motori.sts t o  make more downstream e r r a t i c  exiting maneuvers than they 

This condition could account f o r  

nornial l y  would have. 

\ 

\ 
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SITE 9 - 1-287 SOUTHBOUND TO ! I .  J . 18 

Background 

As seen i n  Figure 12, the ex i t  under observation i s  the r i g h t  hand 

and only ex i t  for 11.3. 18, a ramp for a direct  r i g h t  and semi-direct 

l e f t  t u r n .  Three lanes approach the interchange and a deceleration lane i s  

added on the r i g h t  fo r  the ex i t  while three lanes continue through. 

Repavi ng work w i t h  concrete medi an barrier rep1 acement was in process 

a b o u t  1-1/2 miles upstream d u r i n g  the 1973 study, with subsequent lane 

closures and frequent t r a f f i c  back ups.  

There was about a 26% increase i n  t r a f f i c  volumes d u r i n g  the two year 

period between before and a f te r  studies which may be par t ia l ly  attributed 

t o  additional access a t  the southern end of the route. 

Observations 

Only one directional guide sign i s  provided for th i s  ex i t  and i s  located 

w i t h i n  the auxiliary lane. 

as additional wording and special placement of the auxiliary lane sign 

& a t  emphasizes the ex i t  lane drop. 

There should be an advanced guide sign as well 

Remarks 

There was a significant decrease i n  SBR and a significant decrease i n  

U R .  
d 

\ 

The diagrammatic sign a t  th is  study s i t e  appears t o  have an increased 

target value t h r o u g h  the add; t i  on of the white diagrammatic symbol , a1 though *= 

i t  does n o t  seem t o  have added badly needed information. The s t a t i s t i ca l  

results indica.ted t h a t  the diagrammatic sign was more effective than  the 

conventional sign . 

- 40 - 



6 

c 

I' 

-. 

d ... : .. ', 

....- ........ *'!J. ..... 
.. , 

.. 



SITE 10 - 1-287 SOUTHBOUND TO U.S. 1 NORTHBOUND 

Background 

As seen i n  Figure 13, the exi t  under observation i s  the second of two 

r i g h t  hand exits for  U.S. 1 ,  a l o o p  ramp for  an indirect l e f t  turn. 

lanes approach the interchange. The right lane i s  dropped a t  the f i r s t  

exi t ,  an auxiliary lane for t r a f f i c  from County Route 501. 

(220 meter) weaving lane i s  added for  an entrance ramp and dropped a t  the 

loop ramp, while four lanes continue t h r o u g h .  

Five 

A 730 foot 

There was a b o u t  a 40% increase i n  t r a f f i c  volumes d u r i n g  the two year 

period between before and a f te r  studies, which may be par t ia l ly  attributed 

to  additional access a t  the southern end of the route. 

Observations 

The s ign  i n  the observed gore i s  the only one i n  the ser ies  of signs 

for  this  interchange t h a t  i s  n o t  clearly visible a t  an adequate distance, 

since i t  i s  positioned f a r  t o  the r i g h t  and thus partially obscurred by 

the underpass bridge ra i l  and weaving t ra f f ic .  The painted gore does n o t  

have an adequate sight distance, because of a crest  created by the under- 

pass bridge. An ex i t  direction s i g n  should be added for  the second ex i t  t o  

help compensate for problems associated w i t h  the unusual' modification of 

the cloverleaf design, the subsequently greater distance between the f i r s t  

. 

and second exi ts ,  and the shortened sight distance of the nor thbound ex i t  \ 

\ 
. 

P. gore and s i g n .  

As i n  the case of Site 1 ,  only EUR were selected for analysis a t  th is  

s i t e ,  since many of the through unusual maneuvers were generated by entering 

motorists who would n o t  have been exposed t o  the whole ex i t  approach. 
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Remarks 

There was a s ignif icant  decrease i n  SBR and a non-significant de- 

crease i n  EUR. There was a decrease i n  the proportion of motorists 

exiting from 38 t o  24 percent .of the to ta l  approach volume. 

i n  the percentage of exi t ing motorists may indicate a lower proportion 

of "unfamiliar" motorists, which may i n  t u r n  p a r t i a l l y  account f o r  the 

lower UR f o u n d  i n  1973. 

A decrease 

This s i t e  i s  s imilar  t o  S i te  1 i n  t h a t  they a re  b o t h  w i t h i n  clover- 

leaf interchanges, b u t  unlike S i te  1 ,  the e x i t  under observation has 

a short  sight distance,  lacks an e x i t  direction sign, and had a decreased 

as opposed t o  an increased percentage of e x i t i n g  motorists. 

If there had been no change i n  driver route choices due  to  added 

connections a t  the southern end, the resu l t s  of s t a t ?  s ti cal comparison 

may have been more al ike.  

. 

... 
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RESULTS 

Table 1 summarizes the data collected and results of s t a t i s t i ca l  

analysis. Figure 14 visually sumvarizes the overall results of before and 

a f te r  compariscns of unusual maneuvers and the effect  of bias a t  each 

study s i t e .  The direction and magnitude of change i n  rate from "beforel' 

t o  "af ter"  conditions as well as  the magnitude of each rate are shown 

graphically with arrows. The significance of the ra te  change i s  shown 

from the use of a Wilcoxon, nonparametri c ,  matched pairs tes t .  The change 

i n  rate from "before" t o  "after" conditions, representing twenty t o  twenty- 

one matched hourly pairs,  i s  shown t o  be significant or n o t  significant 

a t  the 95% level o f  confidence, in the direction of the change. 

direction o f  change of SBR and UP, are n o t  the same, or i n  other words 

If the 

conflict ,  th is  i s  shown within the row enti t led "Change Conflict". In 

general, a conflict  i n  direction i s  indicative of a weak or inconclusive 

difference, especially i f  t h e  change i n  b o t h  SBR and U R  are significant. 

The source of apparent bias effecting the d a t a  from the "after" studies is  

shown. The degree t o  which the bias affected the d a t a  cannot be accurately 

determined, b u t  an assumption has been made for each s i t e  as t o  whether the 

b i a s  source would tend t o  have made the a f te r  study rates h i g h e r  or lower 

t h a n  they would have been without an operating bjas. 

As seen i n  Figure 14, Study Sites 3 and 5 were the only s i t e s  a t  which 

'\ b o t h  the direction of SBR and UR change agreed and there were no observable 

source of bias. Conclusions may be based on the results of these studieswith- 

.. 

* 

o u t  qualification. 

Agreement between the SBR and UR direction of change i n  rates i s  shown 
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S i t e  Murnber 

S B R ~  Before 

Mnvrs. / 
1 00,000 After 

U R2 Before 

Mnvrs. / 
1,000 After 

AHV3 
Before 

After 

x 
Vol . Before 

Exited After 

z value4 SBR 
Wi 1 coxon 
Test 

(Hourly UR 
Rates ) 

L 

TABLE 1 . 

UNUSUAL MANEUVERS AND STATISTICAL 
SUMMARY BY STUDY SITE 

30.8* 3.1 0.8 15.9 38.7 46.1 44.4 1804 14*1 O o 6 .  22*7* 

1002 7292 1232 1226 671 826 506 836 1335 1209 1309 

1 - Stopping  and backing maneuver ra te .  
2 - Unusual e x i t  gore maneuvers ra te .  
3 - Average hourly volume o f  2 axle vehicles approaching t h e  e x i t .  
4 - Normal standard deviate,  Non-Parametric Test. 
5 - Not Significant 
6 - Significant - 
* - Includes unusual e x i t  gore maneuvers ra tes  f o r  e x i t i n g  vehicles only. .- 

NOTE: Tabulation or  analysis o f  three of more axle vehicle a re  not included 
i n  this report. 

# -- 
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Site Number 

Maneuver' 
rate 

Category 

Significance 
of Change2 

Change 
Conf 1 i c t  

Bias Source 

Bias :. 
D;' recti  on 

t 

4 

1 2 3 4 5A 50 6 7 8 9 10 

N S S N S S  S N S S S N S S  S S  NS S S S NS S S S S NS 

C A  A C C C A A C c ,  A 

E P  E P  OB E P  MS/EP CW CW EP 

H H L H L H/L H H - L  

l-,-- Categories are: stopping and backing (SBR); exiting maneuvers ( E U R ) ;  b o t h  exiting and 
th rough  maneuvers (UR) . 

2 - Rates compared on an hourly basis a t  the 95% confidence level are either:  significant ( S  
or; n o t  significant (NS) with one-tailed, nonparametric t e s t .  

3 - The direction o f  change o f  SBR and UR rates between before and af te r  studies e i ther  
conflict  ( C )  or agree ( A ) .  

4 - Change o f  conditions between before and a f te r  studies may have a b ias  on the t e s t  result  
The bias sources were: change in % exiting ( E P ) ;  consistent observer error (05) ;  missirfg 
ex i t  sign (MS);  construction work upstream (CW).  

5 - The bias source would tend t o  have rnade the a f te r  study rates higher(fi) or lower ( L )  t h a  
they would have been w i t h o u t  bias. 
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f o r  Study Sites 9 and 10 b u t  a biasing factor was known to  have been 

operating during the a f te r  studies o f  each of these s i t e s .  A t  S i te  1 0 ,  

the effect  of bias from a lower percent of approach volume t h a t  exited 

would tend t o  have made the reduction i n  rates appear t o  be greater t h a n  they 

would have been w i t h o u t  bias, because the effect  of b ias  would be t o  make 

the "after" study rates superficially low. 

o f  upstream construction activity would tend t o  have made the reduction i n  

A t  Site 9 ,  bias froni the effects 

rates shown in Figure 14 t o  be less than  w i t h o u t  bias, because the "after" 

study rates tend t o  be superficially high. 

Conflict between the SBR and U R  direction of change i n  rates i s  shown 

for Study Sites 1 ,  2 ,  4 ,  6 ,  7 and 8. A source of bias was known t o  have 

existed d u r i n g  the "after" studies a t  each o f  their  s i t e s .  

bias may be interpreted from Figure 14. 

The effects of 

Estimated results of studies a t  Sites 1 ,  3 ,  8 and 10 are made on the 
I 

basis t h a t  the d a t a  may be combined for  analysis i n t o  geometric groups. 

'The before study data a t  Si te  4 should be disregarded, and the results of 
4 the "Diagrammatic S ign  Study" performed in 1970 should be reviewed and re- 

garded as a somewhat l iberal  estimate. 
L 

The results a t  Si te  9 may be re- 

garded as being conservative . 
The d a t a  a t  Sites 1 and 70 are grouped for analysis since they are 

geometrical ly s i  mi 1 a r  1 oop exi t s  wi t h  the same interchange. The bias 

\ effects from a change in percent exited are in opposition and should 

I hypothetically cancel. On applying the Nilcoxon Test for  one direction a t  I 

the 95% level of confidence, we find a significant decrease i n  SSR and a 

significant increase in Em,. 



When the data from Sites 3 and 8 are grouped for analysis there i s  a 

Both s i t e s  significant decrease i n  SBR and a significant increase i n  UR. 

are similar i n  t h a t  b o t h  exi ts  are single right hand interchanges each 

p r o v i d i n g  a turn i n  e i ther  direction a t  the end of the ex i t  ramp. The 

effects of bias are only present a t  Si te  8, meaning t h a t  less reliance 

should be placed on the results of this  grouped analysis t h a n  on the 

resul ts  from grouping  S i te  1 and 10 d a t a .  

The reduction of rates from Si te  9 studies should be regarded as 

conservative, since effects of bias may tend to  make the a f t e r  study rates 

superficially h i g h .  

A t  S i te  2 both SBR and U R  rates are-very low, and i n  contradiction; 

as a resul t  should be regarded as inconclusive. 

I t  i s  believed that  the d a t a  a t  Site 4 were n o t  collected correctly .- 
;(refer t o  "Discussion" on S i te  4 Study) .  

. Diagrammatic signs designed fo r  the unusual l e f t  hand ex i t  a t  S i te  6 

do not  appear t o  be more effective t h a n  the conventional signs t h a t  were 

there. 
. 

The results of the S i te  7 analysis are inconclusive, because ,of a 

missing ex i t  s i g n  i n  the gore dur ing  the af ter  s tudy i n  1973. 

-- \ ., 
C' 

I 
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DISCUSS ION AND RECOMMENDATIONS 

Graphic Adequacy o f  1-287 Diagrams 

The method developed t o  design diagrams f o r  1-287 could be improved 

upon t o  the benefit of the draftsman's ease and perhaps the motoris ts ' s  

perception. Modification t o  both the method and the diagrams is recomended 

as fol  lows : 

NOW RE CO MME N D E D 

. complete separation between graphic movements f o r  exit  lane 

drops and splits ( i . e . ,  Sites 2 ,  5 ,  and 9 ) .  

NOU RECOMMENDED 

arrows t h a t  
L curve ( i . e . ,  S i tes  1 ,  2 ,  4 ,  6 ,  and 10).  

. establishment of standard stem lengths f o r  ground mounted advance 

guide and e x i t  direction sign diagrams ( i . e . ,  S i t e s  3 ,  8, and 9 ) .  
I ., 
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NOW RECOMI4E NDED 

. widening o f  lane l ines to  3 inches instead of 2 inches. 
NOW RECOMMENDED 

. heavier arrowhead overhang. 

In general, more panel space should be considered for advance guide 

diagrammatic ground mounted signs t h a n  was used on 1-287, since the addition 

b f  a diagram requires more space w i t h  given l e t t e r  s tandards .  
/ 

Besides 

' needing more space, diagrammatics require a greater degree o f  overall 

graphic organiza t ion  than  conventionals. There should be deliberate design 

standards that  tend t o  minimize incorrect message-to-diagram associations 

while maximizing correct associations and organize diagram-to-message and 

message-to-message interfaces so tha t  they are i n  predictable locations. 

Wi th  the exception o f  sign panel space, these goals  were accomplished on 

b 

\ 1-287 by means o f  standardization. - J 

z. c There i s  some uncertainty regarding the specific design o f  diagram 

symbols beyond the long narrow "plan view" (1-495) type6 and the short wide 

more symbolic type (1-287). The " p l a n  view" type i s  a truer reproduction of 4 
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the gore area approach i n  t h a t  main roadway curvature i s  shown. 

the "plan view" type show exiting sides,  i t  does n o t  shovl ex i t  ramp turn 

directions. The more symbolic type i s  a symbolic reproduction of the gore 

area approach w i t h  a1 1 approach roadways shown vertical ly regardless of ' 

approach curvature. I n  the more symbolic type, exiting sides as well as 

exit  ramp turn directions are displayed. 

V!hile 

All dri 

PLAN VIEW 

!f i l  1 1  

rers should profit  from 

p 
knowing the exi 

c 

SYNBOLIC 

t i n g  sides i n  advance 

and the information s h o u l d  n o t  be too  hard t o  understand, graphically. There 

i s  some d o u b t  as t o  the abi l i ty  o f  a l l  drivers t o  perceive the synibolic 

-, .value of an implied ex i t  ramp turn direction when i t  i s  semidirect or indirect .  
5' 

Further research i s  suggested to  document the values of these differences 

i n  sign types i n  terms of ex i t  performance since i t  has n o t  been adequately 

dQcumented with deliberate experimentation t o  date. 

Comments on Unusual Maneuvers i n  Fie1 d Experiments 
> 

Unusual maneuvers can be used t o  measure the effect  of sign and other 

types o f  changes. Rigid definitions of unusual maneuvers by category should 

\ be required for f ie ld  studies since they can occur almost anywhere on or -. 

near the road and can vary i n  degree of potential hazard  and frustration 
2 
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t o  those involved. 

In t h e i r  use as measures i n  before and a f t e r  type studies, 

a cer ta in  amount of experimental control can be obtained over unusual 

maneuvers. 

i n  the motorists, the roadway, the vehicles, as well as by t rans ien t  

Extraneous variation i n  sign 'studies may be produced by changs  

environmental events. 

over some of this variation by defining categories for  comparison ahead Df 

Some basic analytical  control may be eas i ly  a t ta ined 

time, holding conditions as constant as possible, and noting a l l  un- 

controllable factors  t h a t  m i g h t  a f f e c t  the data.  

The data collection procedure f o r  this project was designed f o r  

matched pair  analysis,  b u t  does n o t ,  however, minimize the variation from 

changes i n  speed prof i les  or proportion of unfamiliar motorists t h a t  may 

occur a f t e r  several years. The proportion o f  unfamiliar motorists i n  the  

t r a f f i c  stream can be an especially important fac tor  i n  affect ing the number 

of unusual maneuvers a t  any given point i n  time, since motorists t h a t  

a re  unfamiliar t o  a route interchange would tend t o  be more eas i ly  

confused than a regular commuter. 

4 

, 
In this study, the frequency of unusual maneuvers was divided by the 

volume t o  obtain an hourly r a t e  w i t h  the assumption t h a t  the number of 

unfamiliar motorists increases l inear ly  w i t h  the number of vehicles. 

i s  l i t t l e  evidence t o  suppor t  o r  deny this assumption. The va l id i ty  o f  this 

There 

\ assumption will  not hold w i t h  a change i n  the dr iver  population or a 1 

*. change i n  routing. 

F i n d i n g s  from Studies a t  S i t e  4 

In Figure'l5, a l l  the studies performed t o  date a t  S i t e  4 a r e  plotted 

by month according t o  the average unusual maneuvers per 1,000 vehicles f o r  
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,- 

499' 
627 

277 
472 
662 I 

TABLE 2 

15 
20 

17 
X 

24 

UNUSUAL MANEUVERS RATES FOR SITE 4 STUDIES 
TWO AXLE E X I J I N G  UNUSUAL MANEUVERS PER THOUSAND VEHICLES 

2 

Conv. 
Upgraded 
10/69 

3 * 4  
' "  . 

5 G 9 
L . . .. 7 8 1 

Conv. 
As Found 

7/69 

Cust. Diag. I CuSt.*" 
\d i th  L ines  ~ Diag. 

6/70 8/70 

Cust. cust.** 
Diag. Diag . 
5/71 8/71 

*.1 
S t d z d  . 
Diag . 
8/73 

UM Vol. 

25 483 
22 652 
18  1119 

8 505 
13 644 
9 1065 

16 . 552 
8 6116 

40 1088 

12 513 
21 687 
23 1151 

11 499 
12 926 
19 1213 

25 598 
20 555 
20 543 

27 656 
29 549 
17 433 

395 15117 
18.8 720 

.0261 

Cust. Cust. 
Diag. D i  ag . 
11/69 5/70 

UM Vol Vol . 
274 
373 
464 

271 
478 
692 

334 
465 
757 

267 
409 
579 

337 
538 
629 

344 
373 
41 5 

X 
3 87 
342 

8728 
43 6 

Vol . 

N 
0 
T 

A 
V 
A 
I 
L 
A 
0 
L 
E 

539* 

UM 

15 
X 

21 

X 
X 

31 

22 
12 
24 

29 
13 
20 

26 
30 
20 

18 
23 
30 

61 
59 

X 

Vol. UP1 V O l .  UM 

12 
13 
29 

9 
15 
23 

13 
12 

X 

15 
20 
30 

11 
16 
16 

24 
X 
X 

50 
42 
31 

381 
27.2 

Vol , 

3 90 
555 
713 

303 
535 
742 

365 
546 

X 

349 
505 
730 

356 
609 
842 

423 
X 
X 

632 
454 
383 

9462 
526 

UM 

15 
14 
10 

19 
18 
12 

10 
14 

X 

12 
12 
19 

7 
8 

19 

20 
X 
X 

37 
43 

9 

298 
16.6 

Vol. UM 

383 16 
482 25 
GO5 38 

457 18 
778 30 
489 14 

451 32 
615 33 

X 40 

383 .' 12 
485 28 
719 27 

370 28 
572 13 
771 , 38 

465 27 
X 33 
X 25 

667 X 
470 27 
327 22 

9489 1526 
527 26.3 

Uf-1 

18 
13 
33 

14 
17 
17 

24 
23 
23 

6 
17 
23 

14 
13 

X 

27 
38 
25 

42 
33 
35 

460 
23.0 

Monday 13 
12 
14 

395 
476 
662 

361 
484 
51 6 

339 
531 
777 

388 
505 
780 

325 
47 6 
658 

401 
566 
749 

355 
37 7 
41 9 

400 
399 
348 

3 369 
1 557 
1 460 

5 460 
0 571 
1 821 

2 418 
4 718 
3 960 

3 465 
1 611 
6 1112 

4 579 
5 793 
1 846 

3 454 
4 462 
1 406 

7 691 
2 526 
0 376 

57 12655 
2.7 603 

.0044 

Tuesday 7 
13 

407 
467 
764 22 

Wednesday 13 
I 21 

19 v1 
ul 
I 

341 
437 
543 

Thursday 22 
6 

13 

573 
495 
456 

F r i d a y  X 
X 

X 
X 
X X 

Saturday 30 
24 
21 

450 
41 6 
389 

Sunday 43 
7 

36 

495 
41 1 
340 29 

21.9 

321 

8770 
439 

454 10154 
26.7 483 

.0552 

Total 336 
Average 18.7 

851 9 
473 

.0523 .0406 Rate .0395 
* - L a t e  i n  Month 

** - E a r l y  i n  month 

-0403 I .0314 .0603 

3. - Est imated .,', 



each study. 

the same signs i n  d i f fe ren t  seasons w i t h i n  a 12 m o n t h  period t o  i l l u s t r a t e  

the seasonal variation t h a t  can be expected. 

i s  also shown between studies performed w i t h  the same signs on the c loses t  

dates of the same month. 

A base curve i s  drawn betncen three s t u d  es performed w i t h  

Variation found between years 

Several observations a re  made from these comparisons. 

1. 

2. 

Seasonal variation i s  greater than annual var ia t ion.  

There is  l i t t l e  difference between years.  

I t  i s  theorized t h a t  a decreased r a t e  o f  unusual maneuvers may he 

expected w i t h  an increase i n  volume. A logical explanation of how this 

r.elationship could e x i s t  is  t h a t  as both the e x i t  and through movement 

volume a t  a given e x i t  increases, niotorjsts would be given fewer opportuni- 

t i e s  for gore weaving and stopping maneuvers, and would be more a t ten t ive  t o  

a l l  aspects of t h e i r  d r i v i n g  t a s k .  

Seasonal variation of  unusual maneuvers ra tes  may have a marked e f f e c t  

'bn "before" and "af te r"  comparisons w i t h  a month betwen s tudies .  The r a t e  

.'reduction found w i t h i n  the addition o f  lane l ines  i n  the diagrams by 

directly comparing point 4 with p o i n t  5 i n  Figure 15 i s  greater than a com- 

parison between a point on the customized diagrarmatic curve a t  6/70 with 

p o i n t  5. 

The data i n  Figure 15 suggest t h a t  year t o  year comparisons would be 

more re l iab le  than coniparisons w i t h  a month betvreen before and a f t e r  s tud ies ,  

unless a large change i n  volume i s  anticipated.  

E x i t i n g  Pro51 ems and Freeway Characterist ics 

\ 

./ 

Advanced plan view perception o f  turn provisions were n o t  as necessary 

i n  the past since speeds were slower and turn provisions were usually i n  

- 56 - 



plain view. 

proceed t o  the next opportunity for a U- tu rn  suffering l i t t l e  delay. 

If the motorist were t o  make an incorrect choice, he \iould just  

On the i n t e r s t a t e  freeways l ike  1-287 and 1-495, an incorrect choice 

could force a motorist i n t o  a half hour delay due t o  controlled access and 

long distances between ex i t s  where U-turns could be made. An  advanced view 

of ramp sequences, e x i t  s ides ,  and ramp configurations prior t o  an interchange 

i s  notsusually available t o  the Bpproaching motorist. This e x i t  information 

deficiency i s  aggravated by truck interference and  lane changing resistance.  

On 1-287 some of these problem seemed t o  have been a resu l t  of d i f f icu l ty  in 

predicting 20 year volumes, gecmetric design and cost  t rade-offs ,  and lack of 

motorist information needs guidelines a t  the time of design. 10 

Unusual maneuvers a t  1-287 ex i t s  are  asscciated w f t h  misleading or 

unexpected geometry, lack o f  sign location space, short e x i t  gore, s igh t  

distance, lane drops a t  exi:ts, undersigning a t  c r i t i c a l  route decision p o i n t s ,  

and perhaps unorgan i  zed exi t 1 ocated trai  1 blazers . 

x q e s  ted Research -- 
b A. Further research i s  suggested t o  document the values of small 

differences i n  the design of diagramatic  symbols i n  terms of dr iver  

performance a t  exi'ks. Sonie of the differences t h a t  need fur ther  investigation ._: 

i ncl ude : 

. k conpsrison between a simple ramp arroi-; and a more detailed 

f i n a l  ramp direction arrow for  a semidirect and an  indirect  t u r n .  

FINAL DIRECTIOt4 ARROI! SIKPLE ARRO!; FINAL I! DIRECT IOt4 ARROI.! SIKPLE ARRO!; 

- 57 - 



. A comparison between a partial separation and a 'complete 

separation for a diagram w i t h  a symbolic lane drop  indication. 

I I " PARTIAL SEPARATIOt4 I \  

B. As b r o u g h t  o u t  i n  the report the use of diagrammatic signs sho#s 

p o t e n t i a l  i n  certain si tuations.  I t  i s  a l s o  evident from the studies per- 

formed on 1-287, t h a t  the following other types of improvements should be 

further investigated : 

. Accurate use of conventional lane assignments, when chosen. 

. Consistent use of special intermediate sign locations t o  

emphasize important  and unusual interchanges. 

Alteration o f  existing lane drops a t  exits so t h a t  exiting and . 
l a s t  instant merSing are separated, longitudinally. 

Special signing i n  auxiliary lanes t o  warn motorists of the lane 

drop a t  t h e  ex i t .  

* . 

\ 

. Design of gore striping layouts to maximize ex i t  gore sight 

distances . 
C 

. Design of vertical/horizontal geometry t o  maxiniize ex i t  gore 

sight distances. 

. Organizaticn and functional placement of trailblazers t o  minimize 

decision conflicts a t  ex i t s .  4 

-8 Parameters used i n  (6)  a n d  this report t o  evaluate diagrammatic type 

signing can also be used t o  f ie ld  study lane d rop  a t  ex i t  al terations,  gore 

sight distance improvenents, as well as the effect  of trailblazers used a t  ex i t  

gores. These same parameters may be used t o  liieasure the values of improved 

conventional sign designs and placements as well. 

- 58 - 



REFERENCES 

1. 

2. 

3. 

4. 

5. 
.c 

*- . 

6. 
b 

7. 
\ 

z -.. 

8. 

Highway Safe ty ,  Design and Operations: Freeway Signing and Related 

Geornetrics (90-39) , Hearings before the Special  Subcommittee on the  

Federal Aid Highway Program o f  the Cornvittee on P u b l i c  Works, House of 

Representat ives ,  Ninet ie th  Congress, Second Session,  U.S. Government 

P r i n  in Office, Washington, D. C . ,  1968. 

D iag rama t i c  Sign Study: 

Department of Transportat ion , May 29, 1970.’ 

C r i t e r i a  f o r  Design and Deployment of Advanced Graphic Guide Signs,  

John \ I .  Eberhard and Wallace G.  Berger, Highway Research Record Number 

414, 1972. 

Diagrammatic Sign Study: 

Department of Transportat ion,  Highway Research Record Number 414, 1972. 

Evaluation o f  Diagrammatic Signing s t  Capi ta l  Beltway E x i t  1 ,  Fred 

R. Hanscom, Virginia  Highway Research Council , Highway Research Record 

Phase I Report, A.  W .  Roberts, New Jersey 

Final Report, A.  W. Roberts, New Jersey  

414, 1972. 

Diagramat1 c Guide Signs f o r  Use on Control 1 ed Access Highways, Vol un;e 

I11 - T r a f f i c  Engineering Evaluation of Diagramvatic Guide Signs,  P a r t  

11, The 1-495 (Capital  Beltway)/I-70S Field Study, Final Report, 

Gretchen S. Kolsrud, BioTechnology, Inc., Federal Highway Administration, 

December 1972. 

Development o f  Information Requirements and Transmission Techniques f o r  _. 

Highway Users, G .  J .  Alexander, G. F. King ,  and 14. S. Warskow, Tekas 

Transportat ion I n s t i t u t e ,  Research Report 606-1 , 1969. 

S t a t i s t i c a l  Analysis i n  Psychology and Education, George A. Ferguson, 

McGraw-Hill Book Company, 1966, Library of Congress, Cat. Card No. 

- 59 - 



65-25541. 

9. Manual on Uniforin T r a f f i c  Control Devices f o r  S t r e e t s  and Highways, 

U. S. Department o f  Transpor ta t ion ,  Federal Highway Adminis t ra t ion,  1971. 

10. Study of the Left-Hand E x i t  from Southbound Express 1-287 t o  U.S. 202- 

206, A .  W .  Roberts and E. F. Rei l ly .  Unpublished Report. New Jersey  

Department of Transpor ta t ion ,  1969. 



A C KN 0!4 L E D G ENE M T S 

The authors wish t o  acknowledge D. W. Gwynn for i n i t i a l  project  impetus, 

J .  Powers for  co-designing the signs,  supervising i n  the f i e l d ,  and co- 

programming the s t a t i s t i c a l  analysis w i t h  R. L.. Hollinger who a lso  co- 

supervised the w i t i n g  of sign specifications f o r  the s ign  replacement 

contract ,  and R. Str izki  who deterrnined the wind  load capabi l i ty  of the 

sign supports. 

S u p p o r t  from the Federal Highway Adminis t ra t ion and from the Bureaus of 

Structural  Design, Contract Adminis t ra t ion,  Traff ic  Engineering and 

Maintenance of the i\ievr Jersey Department of Transportation, and from the 

New Jersey Department o f  Law and Public Safety, Divis ion of S ta te  Police 

is  also grateful ly  acknowledged. 

The cooperation given t o  us by the Pennwal t Corporation , Porce-Len 
c 

Cgrnpany , PPG Industries,  Amerace Corporation , 3M Company , In te rs ta te  

Highway Si  gn Conipany , and \ / h i  tmyer Brothers Corporation by p r o v i d i n g  timely 

technical information and materials re la t ing to  the s i g n  replacement 

contract  i s  a1 so appreciated. 
b 

\ 

- 61 - 



.. 

J 



DATES -- 
o n v e n t i o n a l  (a D i a g r a m a t i c  ( D )  

( A f t e r )  (Before) 
7/6/71 

7/7/71 

7/13/71 

7/9/71 

7/ 10171 

7/11/71 . 

711 2/71 
L 

711 0173 

711 1/73 

711 2/73 

711 3/73 

7/14/73 

711 5/73 

Day Hour 

Tues. 2-3 
3-4 
4-5 

Wed. 2-3 
3-4 
4-5 

T h u r .  2-3 
3-4 
4-5 

Fri. 2-3 
3-4 
4- 5 

I 

Sat.  2-3 
3-4 

L 4-5 
- 

Sun. :2-3 
3-4 
4- 5 

Mon. 2-3 
3-4- 
4-5 

7/16/73 , 
' _, 

C 

0 
0 
0 

0 
1 .O 
0 

2.0 
0 
1 .o 
0 
0 
0 

0 
0 
1 .o 
0 
0 
5.0 

1 .o 
0 
0 

Ex; t 
. T o t a l  Hancuvcrs . Stopping Vol umc 

Thru and Cackinq . E x i t  Thru 
D 
2.0 
9.0 
3.7 

3.3 
3.3 
2.7 

5.0 
5.0 
4.6 

0 
7.3 
7.0 

3.0 
1.3 
2.0 

6.3 
2.0 
8.7 

2.7 
10.7 
5.7 

C 

0 
1 .o 
0 

0 
1 .o 
0 

0 
0 
1 .o 
0 
0 
3.0 

0 
0 
2.0 

1 .o 
3.0 
1 ;o. 
0 
1 . 3  
1. .O 

- 
0 C D 

4.6 0 0 .  
7 - 0  0 1 .o 
7 .O 0 0 

2.3 0 0 
.3 2.0 0 

2.0 ,. 0 0 

3.0 . 0 0 
2.0 0 0 1  

11.3 0 0 

2.0 0 0 
2.3 0 1 .o 
3.0 0 0 

2.3 0 0 
2.0 0 0 
1.7 1.0 0 

.# 

2.0 0 0 
1 .o 1.0 0 
2.7 0 0 

2.0 ' .  0 0 
.3 0 0 

3.7 0 0 

c 
37 
79 

140 

49 
78 

106 

54 
74 

141 

43 
87 

139 

'"48 
53 
35 

35 
38 
19 

51 
111 
705 

D 
105 
160 
198 

, 104 
197 
232 

123 
156 
229 

122 
174 
227 

107 
126 
104 

84 
92 
72 

1-2 a 
146 
212 

C 
727 
872 

1570 

660 
956 

1285 

659 
888 

1401 

7 4 2  
1087 
1737 

697 
649 
657 

7 80 
730 
629 

GO4 
81 8 

1364 

D 

1013 
1327 
1953 

991 
1293 
1812 

1'0 5 7 
1339 
1990 

1218 
1 GO3 
21 26 

1059 
1003 
1139 

1122 
1 OG2 
963 

9 76 
1271 
1786 



i 

. Tota l  Maneuvers S top  p i n g Vol uine DATES 
nventional ( . r 6 i a g r a n i i n a t i c  ( D )  E x i t  T h r u  and Cacking . E x i t  
(Be f o r e )  ( A f t e r )  Day Hour C 0 C 0 C D C D 

7/16/71 

7/ 17/71. 

113 178 
1 2 3  243 

4-5 0 3.3 1.0 8.7 0 0 162 243 

2.7 0 4.0 0 0 
3-4 0 3.3 2.0 8.0 0 0 

Fri. 2-3 0 7/20/73 

7/18/71 

7/21/73 S a t .  2-3 0 2.0 0 4.0 
3-4 0 4.0 1.0 5.0 

0 0 
0 0 

4-5 0 1.3 1.0 1.7 .- 0 0 

1.0 1.0 2.'3 . 1.0 0 50 10G 
81 3-4 1.0 2.3 0 6.0 0 0 '  50 

4-5 0 2.3 1.0 2.3 0 0 30 56 

Sun. 2-3 0 7/22/73 

7/19/71 

7/20/71 

7/21/71 

7/22/7 1 
\. 

80 96 
70 117 
70 . 90 

I 

IS~OII .  2-3 0 6.3 0 2.7 0 0 107 199 
3-4 0 5.3 1.0 3.3 0 0 118 198 
4-5 1.0 1.3 0 6.7 0 0 129 226 

7/ 2 3/ 73 

. 
7/24/73 Tues. 2-3 1.0 2.7 1.0 1.0 0 0 109 201 

7, 3-4 1.0 2.7 3.0 4.0 0 0 116 220 
4.0 2.0 6.7 0 0 149 227 'i 4-5 0 - -  
2.0 2.0 4.0 0 0 98 179 Wed. '2-3 0 

7/25/73 3.0 2.0 3.0 0 0 111 232 3-4 0 
4-5 0 0 1.0 4.0 0 0 133 216 

1.7 0 3.0 -' 0 0 104 1S3 
3-4 1 .0  2.7 1.0 10.3 0 0 131 238 

i 0 0 161 248 4-5 1.0 1.0 4.0 12.7 

7/26/73 '-,.+., T h u r .  2-3 0 
'A 

t , 
, 

., .. . 

T h r u  
c D 

1007 1294 
142G 1802 
2128 ' 2409 

1053 1217 
833 1311 
936 1230 

1120 1383 
962 .1177 
870 1170 

855 1095 
1086 1345 
1563 2094 

820 1064 
1108 1464 
l E l l  2023 

884 1052 
1073 1387 
1567 20G9 

833 1163 
l l l G  1440 
1805.;' 2072 



onventional 

AND VOLUIXS OF TCJO.AY,LE VEIIICLES OriLY - 

DATES 
( E 5 T i  a a ramma t i c ( D 1 . .  

(Before)  

7/26/71 

7/27/71 

7/28/71 I 

7/29/71 

7/30/ 71 

7/31/71 

8/1/71 

( A f  t c r )  

7/ 30/ 7 3 

7/31/73 

8/1/73 

8/2/73 

8/3/73 

8/4/73 

, Total klaneuvcrs 
E x i t  . .  

Day Hour C 

Plon. 2-3 1.0 
3-4 0 
4-5 0 

Tues. 2-3 0 
3-4 0 
4-5 0 

Wed. 2-3 1.0 
3-4 0 
4-5 0 

I 

T h u r .  2-3 0 
3-4 0 
4-5 0 

Fri. 2-3 0 
: 3-4 0 
& . -  4-5 1.0 

Sa t .  2-3 1.0 
3-4 0 
4-5 1.0 

Sun.  2-3 1.0 
3-4 0 
4-5 1.0 

' 8 .  

8/5/73 '* , 

i 
\ '  

D 

0 
1 .o 
0 

0 
0 
0 

0 
0 
0 

1.0 
0 
0 

0 
0 
0 

1 .o 
0 
1 .o 
0 
0 
0 

C 

0 
0 
2.0 

1.7 
0 
1 .o 
2.0 
0 
0 

0 
2.0 
4.0 

0 
1 .o 
1 .o 

1 .o 
1 .,o 
1 .o. 

12 
1 .o 
0 

T h r u  
D 

2.0 
1 .o 
1 .o 
0 
0.. 7 
1 .o 
1.5 
2.0 
1 .o 
1 .o 
1 .o 
1 .o 

2.0 
3.0 
1 .o 
0 
1 .o 
0.5 

1 .O '  
0 
1 .o 

\ 

Stopping Volume 
and Lackinq E x i t  T h r u  - 

r C D 

0 0 
0 0 
0 0 

0 0 
0 0 
0 0 

1.0 0 
0 0 
0 0 

0 0 
0 0 

0 0 

0 0 
0 1 .o 

r 

L 

a2 
95 

156 

100 
94 

35 1 

I 100 
, 127 

151 

111 
92 

151 

101 
153 

0 0 .  207 

1.0 0 94 
1.0 0 97 
1.0 0 105 

0 , 0 63 
0 0 61 
0 0 43 

D C 

130 704 
123 831 
122 1438 

132 696 
144 790 
167 1606 

120 794 
129 1093 
157 1613 

154 817 
136 1104 
139 1543 

133 714 
143 1025 
209 1549 

126 1340 
114 1117 
106 1253 

78 992 
65 1031 

122 1116 

0 

902 
1229 
21 31 

932 
1236 
2077 

936 
1258 
1898 

1027 
1290 
1875 

1351 
1610 
2291 

1325 
1191 
1149 

380 
101 5 
1167 



\ 

8/5/71 

8/6/71 . 

8/7/71 

6/8/71 

8/9/71 

I/ 10/71 

ill 1/71 
\. 

8/9/73 Thur. 2-3 3.0 
3-4 1.0 
4-5 6.0 

8/10/73 F r i .  2-3 4.0 
. 3-4 5.0 

4-5 1.0 

8/11/73 S a t .  2-3 3.0 
3-4 4.0 
4-5 1.0 

8/ 1 2/ 73 Sun. 2-3 7.0 
3-4 2.0 
4-5 0 

8/13/73 MOn. 2-3 3.0 
3-4 1.0 

i 4-5 1.0 

Tues. 2-3 5.0 
3-4 0 
4-5 1.0 

I 

r. . 

8/ 14/73 

8/15/73 '" Wed. 2-3 2.0 
' '. 3-4 4.0 

4-5 3.0 ., 

t 

>. . 

12.0 
21 .o 
23.0 

10.7 
12.0 
19.3 

25.0 
20.3 
20.3 

27.0 
28.7 
17.3 

25.0 
22.3 
18.3 

8.0 
12.7 
9.0 

16.3 
8.0 

40.0 

2.0 2.7 0 
2.0 2.3 1 .o 
3.0 2.7 0 

0 3.0 2.0 
1 .o 8.7 0 
1 .o 9.7 .: 0 

0 4.0 
0 5.7 
0 2.7 

1 .o 4.7 
7.0 0 
0 33.0 

0 2.3 
0. .7 
0 1 .o 

1 .o 
0 
0 

0 
1 .o 
0 

2.0 
0 
0 

.c 

1 .0 0 2.0 
1 ..o 2.0 0 
0 -  2.0 0 

3.0 3.0 -' 1.0 
1 .o 1.3 1 .o 
0 5.0 0 

1 .o 
0 
0 

0 
1 .o 
0 

0 
1.0 ' 
0 

1 .o 
0 
0 

1 .o 
0 
0 

0 
0 
0 

0 
0 
0 

465 513 
611 687 

1112 1151 

579 499 
793 92G 
846 1213 

454 593 
462 555 
40G 543 

691 656 
526 549 
376 433 

369 483 
557 652 
460 ' 1119 

460 505 
571 644 
821 1065 

418 552 
718 686 
960 1088 

435 
545 

1024 

625 
835 
879 

656 
5E8 
453 

945 
664 
575 

364 
439 
484 

384 
523 

l O l E  

321 
554 
723 

5 76 J 

038 
1025 

567 
1000 
1412 

841 
696 
656 

91 7 
6 88 
775 

475 
589 

1002 

457 
628 I '  

1035 

503 
550 
942 



S I T E ~ L  IIUSUAL Wd IEUVERS -__ 
.- 

Volume To t a 1 Ma n e u v cr s Stopping 
€xi  t T h r u  and Backing . Ex1 t 

llour C M C 11 C M C PI 

2-3 -- 10.0 -- 33.7 -- 0 -- 497 
3-4 14.3 8.7 34.7 25.3 1 .o 0 349 412 
4-5 12.7 8.3 25.7 23.7 1 .o 0 290 380 

2-3 7.0 5.0 15.0 13.2 0 1 .o 190 243 
3-4 8.7 11.5 10.0 9.0 0 0 304 299 
4-5 12.7 16.4 13.0 16.6 .. 0 0 315 547 

2-3 0.7 2.3 15.3 19.0 . 0 0 219 262 
0 0 ' 312 356 3-4 18.0 9.7 14.0 18.3 

4-5 10.7 18.0 14.7 6.3 0 0 373 598 

DATES - -  
onvent ional  (CJ Mod. Conv. (MI 

(ilefore) (After) Day 
T h r u  

C M 

-- 61 0 
429 , 506 
31 3 466 

8/15/71 8/20/72 Sun. 

221 260 
268 275 
287 443 

8/16/71. 8/14/72 Mon. 

228 24 G 
271 2 S4 
326 435 

8/17/71 8/ 15/72 Tues. 

I 

8/18/71 8/16/72 bled. 230 254 
368 302 
376 478 

2-3 
3-4 
4- 5 

24.3 
19.0 
19.0 

4.7 
12.7 
31 .O 

25.0 
18.7 
15.0 

15.3 
14.7 
18.3 

0 0 273 * 274 
0 1 .o 328 351 
0 0 313 603 

228 275 1 .o 0 
1 .o 0 280 361 
1 .o 0 367 602 

. 
8/19/71 8/17/72 Thur. 

c 

8 - -  

8/20/71 8/18/72 F r i  . 

237 271 
286 341 
304 502 

11.0 
20.3 
20.6 

9.0 
17.7 
17.7 

2-3 
3-4 
4-5 

10.3 
13.6 
27.0 

8.7 
8.7 

25.7 

266 342 0 1 .o 
0 0 354 410 
0 - 0  500 670 

443 461 
561 566 . 

736 775 

447 488 
424 406 
381 360 

2-3 
3-4 
4-5 

13.0 
14.7 
35.3 

13.7 
22.7 
16.0 

21.7 
21.6 
23.0 

12.7 
13.7 
29.7 

-' ' 0 1 .o 341 424 
0 0 329 351 
1 .o 0 357 3G8 

2-3 
3-4 
4-5 

10.3 
37.0 
21 .o 

9.3 
23.0 

4.0 

19.0 
35.0 
22.0 

17.6 
40.7 

9.0 

8/21 /71 ,. 
S a t .  

d . ,  
8/19/72 '- . 

. 

. .  



'I, 

DATES . Total Maneuvers Stopping Vo 1 unic 
Mod.. Conv. ( 3 7 i a g r a r n m a t i c  (D)  E x i t  T h r u  and Backing E x i t  
(Before)  ( A f t e r )  Day llour M D 14 D M 0 M D 

8/20/72 

811 4/72, 

81261 73 Sun. 2-3 10.0 23.3 33.7 15.3 0 1 .o 497 627 
3-4 8.7 21.7 25.3 24.3 0 0 412 474 
4- 5 8.3 12.0 23.7 16.3 0 0 380 453 

812 7/73 Mon. 2-3 5.0 14.5 13.2 14.5 1.0 1.0 243 487 
299 497 
547 563 

0 0 
0 1 .o 

3-4 11.5 20.5 9.0 14.0 
4-5 16.4 26.0 16.6 25.0.. 

I 8/21/73 Tues. 2-3 2.3 13.7 19.0 14.7 0 1 .0 262 300 
3-4 9.7 17.7 18.3 16.3 0 2.0 ; 356 282 

I 4-5 18.0 30.3 6.3 14.0 0 0 598 434 

8/ 1 5[72 

I 

8/ 1 6/72 

8/17/72 , 

8/18/72 

8/ 2 2/ 73 Wed. 2-3 4.7 15.0 15.3 9.0 0 2.0 274 263 
3-4 12.7 17.0 14.7 T6.O 1.0 0 351 327 
4-5 31.0 30.3 18.3 16.3 0 0 GO3 451 

.* 
8.7 16.7 9.0 17.0 0 1 .o 275 295 

3-4 8.7 17.3 17.7 10.3 0 0 361 345 
0 0 602 426 

T h u r .  2-3 8/23/73 
2 - -  4-5 25.7 31.7 17.7 12.3 

Fri. 2-3 13.0 22.7 21.7 15.7 1.0 1.0 342 410 
3-4 14.7 36.0 21.6 21.3 0 0 410 534 
4-5 35.3 54.7 23.0 21.3 0 0 670 747 

8/ 24/73 

8/ 2 5/ 7 3 Sa t .  2-3 9.3 19.0 17.6 20.3 1.0 1.0 424 473 

4- 5 4.0 16.7 9.0 19.0 0 0 368 403 
L -!: \ * 3-4 23.0 21.7 40.7 26.7 0 0 351 437 

8/19/72 
'*., 

T h r u  
M u 

610 541 
50G 339 
466 364 

260 432 
275 453 
443 501 

246 29 3 
224 ' 331 
435 559 

254 31 4 
302 337 
478 555 

271 293 
341 3 80 
502 530 

46 1 342 
566 455 
775 680 

488 41 8 
406 392 
360 374 

I 

. 



i 

Vol unx . Total  Maneuvers S t o p p i n g  
E x i t  T h r u  and Oacking E x i t  T h r u  

DATES 
Conventional (tmi agramrnati c ( D) 

(Eefore) (Aft c r ) Day llour C D c D C r l  C D C D 

8/5/71 

8/6/ 7 1 ' 

8/7/71 ' 

8/8/71 

8/9/71 

8/10/71 

8/11/71 

8/9/73 Thur. '2-3 1.0 2.0 
3-4 2.0 1.0 
4-5 1.0 3.3 

8/10/73 F r i .  2-3 0 4.0 
3-4 1.7 2.0 
4-5 0 1 .o 

' 8/11/73 S a t .  2-3 3.0. 1.0 
f 3-4 3.0 3.0 

4-5 0 3.0 

8/12/73 Sun. 2-3 4.0 2.0 
3-4 2.0 3.0 
4-5 3.7 1.0 

8/13/73 Mon. 2-3 2.7 2.0 
i 3-4 4.7 2.0 

4-5 3.0 1.7 

8/14/73 Tues. 2-3 2.0 1.0 
3-4 3.0 3.0 
4-5 2.0 1.0 

', 
5 ,  Ued. 2-3 0 2.0 

\ 3-4 0 1.3 
8/15/73 

4-5 .7 0 

6.0 22.3 
9.0 34.0 

19.0 48.3 

4.3. 20.7 
10.0 28.0 
15.7 36.0 

11.0 22.3 
15.0 18.0 
13.0 21.7 

16.7 26.3 
17.0 32.3 
24.3 58.7 

15.3 21;7 
18.3 24.0 
17.3 19.0 

13.3 14.7 
9.0 '  . 14.7 
5.0 14.7 

E.7 16.0 
10.0 24.7 
8.3 25.7 

1.0 0 193 
0 0 21 2 
1.0 0 268 

0 1 .o 165 
. .. 0 1.0 ' 176 

1.0 1.0 31 5 

1.0 0 . ! 231 
0 1 .o 208 
0 1 .o 222 

1.0 0 360 
2.0 0 . 436 
0 .* 1'. 0 474 

0 0 184 
1.0 0 184 
0 0 266 

1.0 1.0 146 
0 0 191 
0 0 248 

1.0 ' 1.0 174 
1.0 2.0 ' 196 
0 . 1.0. 263 

213 213 
209 227 
354 311 

222 261 
243 300 
346 370 

265 313 
225 314 
235 358 

304 246 
270 235 
251 222 

199 188 
248 203 
254 322 

205 173 
258 231 
291 290 

238 224 
249 234 
317 273 

280 
342 
453 

332 
436 
4G2 

379 
381 
373 

386 
454 
591 

265 
3 31 
31 6 

273 
332 . ' 377 

290 
331 
403 



DATES 
Conventional (C-)TTiagramciatic (D) 

(Eefcre) ( A f t e r )  

8/15/71 

8/16/71 

8/17/71 

8/18/71 

8/19/71 

' 8/20/71 
1 

8/21/71 

8/19/73 

8/ 20/ 7 3 

8/21/73 

I 

8/2 2/ 73 

8/ 2 3/ 73 

8/24/73 

Day f l o u r  

Sun. ..2-3 
3-4 
4-5 

Mon. 2-3 
- 3-4 

4- 5 

Tues. 2-3 
3-4 
4-5 

b!ed. 2-3 
3-4 
4-5 

T h u r .  2-3 
: 3-4 

. -4-5 

Fri. 2-3 
3-4 
4-5 

'i 

8/25/73 'x,. Sat .  -2-3 

4-5 
\ 

1 .  3-4 

. Total Nancuvers 
E x i t  lhru 

C 

12.0 
12.0 
15.0 

6.7 
8.0 
7.0 

7.0 
17 :3 
7.0 

11 .o 
4.7 
9.0 

7.0 
10.0 
9.0 

15.0 
9.7 

12.3 

9.0 
13.0 
8.5 

0 C 0 

22.0 7.0 0 
31.0 3.0 2.0 
17.0 3.0 0 

15.3 1.0 1.0 
10.0 2.0 0 
15.3 3.0 ' .7 

9.0 1.0 1.0 
11.0 1.3 0 
12.0 3.0 0 

8.0 4.0 0 
21.0 1.0 0 
14.0 1.0 2.0 

17.7 0 0 
10.0 2.0 0 
11.0 1.0 1.0 

19.7 1.0 1.0 
lG.0 1.0 0 
19.3 2.0 '  0 

23.7 1.0 1.0 
1'4.3 2.0 0 
14.0 2.0 1.0 

Stopping 
acd Lacking 

C II 

1.0 3.0 
0 1 .o 
2.0 0 

0 0 
0 0 
0 0 

1.0 0 
2.0 0 
0 0 

1.0 0 
0 0 
0 0 

1.0 0 
0 0 
0 0 

1.0 0 
1.0 0 
1.0 Q 

i 0 0 
2.0 0 
0 0 

I 

\ 

C 

2 30 
238 
293 

114 
110 
164 

148 
' 132 

139 

121 
138 
128 

124 
156 

Vol unic 
E x i t  T h r u  

D c 1) 

149 863 974 
197 897 10G8 
123 984 939 

101 493 670 
122 527 130 1 
123 709 650 

65 572. 49 i 
94 535 674 

136 584 64 7 

63 516 406 
117 559 72 1 
139 705 755 

28 552 51 2 
, 115 647 719 

199 113 715 851 

162 114 624 G9 1 
163 154 714 974 
188 152 798 896 

140 136 72G 797 
155 132 663 82 3 
202 122 722 732 



'8 , 

i 

DATES . Tota l  Maneuvers Stopping Vo 1 unie 
Conventional ( O T i a g r a w m t i c  ( 0 )  E x i t  T h r u  and Uacking . E x i t  T h r u  

(kefore) (After) Day Hour C D C D C u C D C u 
7/30/ 73 Mon. 2-3 3.0 

3-4 6.0 
4-5 4.0 

26.3 
10.7 
14.3 

21 .o 
14.0 
13.0 

14.0 
29.3 
22 .3  

23.0 
41.7 
46.0 

11.3 
23.3 
17.3 

23.3 
30.0 
36.3 

1.0 1 .7  
1.0 1.0 
0 0 

1 .o 217 251 854 (1 
2.0 0 2138 370 1019 

415 530 1175 0 1 .o 
2.0 0 237 246 792 

281 373 921 0 1 .o 
387 490 1141 1.0 0 

1030 
1294 
1702 

1001 
1210 
1369 

1055 
1245 
1521 

1305 
1532 
1485 

1252 
1466 
1691 

1276 
1304 
1188 

7/26/71 

7/27/71 , 

7/28/71 

7/29/71 

7/31/73 1.7 1.3 
1.0 4.7 
2.0 . 7 .. 

Tue. 2-3 3.6 
3-4 3.0 
4-5 6.0 

0 1 .o 242 235 909 
0 0 : 252 356 922 
0 0 348 471 1149 

Wed. 2-3 1.0 
3-4 2.0. 
4-5 1.0 

0 3;7 
1.0 4.3 
2.0 3.0 

8/1/73 

I 

5/2/73 0 0 240 
1.0 0 304 
1.0 1.0 398 

0 1 .o 230 
1.0 0 31 7 
0 0 425 

.* 

408 891 
476 1113 
486 1151 

366 941 
496 1127 
560 1217 

256 1004 
286 1041 
235 1015 

2.0 1.7 
1.0 ,3.3 
1.0 4.7 

Thurs.2-3 4.0 
3-4 4.0 
4-5 8.0 

8/3/73 Fri. 2-3 8.3 

a 4-5 5.3 
- % 3-4 3.0 

* -  

.7 3.3 
1.0 1.3 
1.7 1.0 

.7 1.7 
2.0 1 .0 
0 . 2.3 

7/30/71 

7/31 /71 1.0 0 ~ 240 
1.0 0 : 264 
0 0 259 

Sat. 2-3 3.0 
3-4 2.0 
4-5 2.0 

8/4/73 

1 

. 8/1/71 8/5/73 % Sun. 2-3 4.7 15.7 2.3 0 ' 0  0 259 205 1101 1107 
\ 5-4 4.0 11 .3  0 2.0 0 1.0 229 235 1143 1196 

i 4-5 2.0 8.0 . 3  0 0 0 262 210 1303 12CO 



r- 

L 

DATES 
Conventional ( t J 7 i a g r a n ; n a t i c  (D)  

( 8 e f o  r. ) ( A f t e r )  

7/16/71 ' 71 201 73 

711 7/71 712 1/73 

' 7/18)71 , 7/22/73 

711 9/71 

7/20/71 

7/21/71 

I 

7/22/71 

I 

712 3/ 73 

7/24/73 

7/25/73 

Day Hour 
F r i .  2-3 

3-4 
4- 5 

Sa t .  2-3 
3-4 
4- 5 

Sun. 2-3 
3-4 

. 4-5 

Mon. 2-3 
3-4 
4-5 

Tues. 2-3 

4 4-5 

Ned. 2-3 
3-4 
4-5 

s. 3-4 
* .  

T h u r .  2-3 

4-5 
\ ' 3-4 

7/26/73 \A 

i 1.I 

c 
2.0 
2.0 
0 

2.0 
0 
0 

2.0 
2.0 
2.0 

2 .o 
1 .o 
1 .o 
0 
1 .o 
1 .o 
0 
0 
0 

0 
1 .o 
0 

E x i t  
D 
0 
0 
0 

1 .o 
0 
1 .o 

. 3  
0 
1 .o  
0 
0 
0 

1 .o 
0 
1 .o 
0 
0 
0 

0 
0 .  
0 

C 

0 
0 
0 

2.0 
0 
0 

1 .o 
0 
0 

1 .o 
1 .o 
0 

0.  
2.0 
0 

0 
0 
0 '  

C 
1 .o 
0 

T h r u  
D 
0 
1 .o 
0 

0 
1 .o 
1 .@ 

.7 
0 
0 

2.0 
0 
1 .o 
0 
0 
1.0 

3 . 0  
0 
0 

0 
2.0 
0 

Stopping 
and Cacking  

C I, 

0 0 
0 0 
0 0 

2.0 0 
0 0 
0 0 

1.0 0 
0 0 
0 0 

1.0 1.0 
0 0 
0 0 

0 0 
1.0 0 
0 0 

0 0 
0 0 
0 0 

, o  0 
1.0 0 
0 0 

7 

Vol lime 
€ x i  t T h r u  

C 

241 
31 6 
368 

263 
244 
251 

184 
' 197 

230 

21 4 
200 
26 1 

171 
196 
2G8 

202 
178 
238 

203 
21 5 
208 

3 

1 i38 
233 
435 

275 
230 
350 

176 
227 
21 5 

236 
252 
295 

21 0 
2 54 
323 

220 
276 
34 1 

2 55 
252 
356 

C 
1071 
1351 
1280 

1085 
1114 
105G 

622 
8CO 
985 

86 3 
964 
975 

721 
89 6 

1031 

777 
1015 
994 

773 
833 

1040 

u 
'156 

1598 
2275 

033 
1120 
1310 

953 
1143 
1327 

9G 1 
1173 
1545 

989 
1240 
1617 

9133 
1172 
1525 

1053 
1204 
176ti 
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T IALE 13 --- 
re 

t, 
SITE 1 OUIIUSCAL IVi l iEUVERS ____ ___I - _.___I_--- - 

ArlD VOLUllES GF TCKI AXLE VEtiICLES --.I-- 

O L S E I Y E R  AVLI?AGESL \ -_--- 

S t o p p i n g  Vo 1 uiiic 
E x i t  T h r u  

DATES . Total  Maneuvers 
Convent iona l  ( c n i a g r a n m a t i c  ( D )  E x i t  Thru  ' and Backing 

(After) Day l l o u r  C D C D C D C D C D ( Be fcre  ) 

7/6/71 

7/7/71 

7/8/71 

7/9/71 

7/ 10/71 

7/11/71 

I 

7/12/71 

7/10/73 Tues. 2-3 
3-4 
4-5 

7/11/73 k!ed. 2-3 
' 3-4 

4- 5 

7/12/73 Tl iur. 2-3 
3-4 
4-5 

7/13/73 F r i .  2-3 
3-4 
4-5 

7/14/73 S a t .  2-3 - 3-4 
. 4-5 b 

6.0 
22.0 

6.7 

4.0 
10.0 
15.0 

11.7 
16.3 
22.0 

9.0 
15.0 
15.0 

6.0 
6.3 
9.0 

Sun. 2-3 15.3 
3-4 10.0 
4-5 7.7 

7/15/73 

7/16/73 ', Mon. 2-3 7.0 
-\ 3-4 9.0 

4- 5 6.0 

8.0 2.0 2.0 2.0 2.0 361 347 
9.0 3.7 0 2.0 0 533 469 

16.0 4.0 1.0 2.0 0 G58 629 

7.0 0 3.0 0 0 356 343 
24.0 3.0 5.0 2.0 1.0 531 470 
18.7 7.0 7.0 -- 1.0 0 838 609 

7.0 
6.0 
8.0 

17.3 
15.3 
8.0 

9.7 
10.6 

3.3 

3.3 
3.0 
4.0 

6.0 
11.5 

7.0 

5.0 1.0 
2.3 3.0 
2.0 4.0 

1.0 0 
6.7 1.0 
0 1 .o 
5.0 5.0 
3.0 2.0 
1.0 4.0 

7.0 2.0 
1.0 0 ' 

2 . 3 .  2.0 

2.0 0 .. 
1.0 1.5 
0 3.0 

3.0 1.0 360 331 

3.0 1.0 821 634 
3.0 0 ' 601 538 

1.0 1.0 353 358 
2.0 2.0 572 485 
2.0 0 839 654 

3.0 3.0 367 3G7 
2.0 1.0 377 , 372 
2.0 1.0 318 299 

P 

3.0 0 285 274 
0 1 .o 316 290 
4.0 0. 292 315 

."'O 0 400 339 
0 0 , 593 466 
0 1 .o 747 542 

607 
760 

1008 

575 
796 

1240 

G12 
81 5 

1189 

714 
896 

1302 

594 
701 
6 38 

655 
751 
768 

563 
759 

1025 

892 
1402 
21 58 

954 
1499 
2274 

1019 
1420 
2228 

1129 
1722 
2345 

930 
1 os1 
1 OGO 

989 
929. 

1173 

896 
12C5 
1984 


