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I n  the 1970 !:anual on Uniforr.1 Traffic Control Devices (t:IITCU), a 

dotted cxtension of the r i g h t  edge lint: i s  optional for deceleration 

lanes. 

of the optional <otter! lines. 

TIE objective o f  this study was t o  determine the effectiveness 

Twelve deceleration lank s i t e s  were utilized i n  t f i t  study, f i v e  

wcre categorized as parallel deceleration and five as tapered decel- 

eration types uith t w Q  control s i t e s  hotti of tile tapered variety. C x i t  

maneuvers were classified by tilrcc longitudinal zones for  para1 lel  and 

two zones for tapered deceleration lanes. 

were conducted a t  cqch s i t e .  

for exiting and through t ra f f ic  ciovtincrits were counted a t  four hour per 

day intervals before and af ter  t h r :  installation of extended d o t t d  lane 

lines. 

meter) vaps. 

brfore and after studies 

E x i t i n g  t r a f f i c  by zoiie and volumts 

Dotted lincs irere two feet  ( 3 . 6  iwter) long w i t h  25 foot (7.6 

The spacing tias determined by visual judgement and i s  

w i t h i n  the constraints provided by the t.!UTCU. 

of exiting maneuvers by zone wert matched on a 1Cminute interval basis,  

by t iw of day and day of the week, t o  see i f  t he  rates changed u i t h  a 

s t a t i s t i c a l  significance a t  the 95% level of confidmck. 

major inferences were dram froci the results of the kilcoxoil t e s t  of 

inatclwd pairs and the subsequknt analysis. 

T h i  lwfore and a f te r  rates 

The following 

1. The d o t t e d  extension of a right-edge l ine was mow 

effective than no d o t t e u  l ine a t  tapered and parallel 

deceleration lanes i n  orienting cxi t i n g  t r a f f i c  i n t o  

ti id deceleration lane sooner. 

i v  



2. !lo s i q n i f i c a n t  change was noted i n  Zone 3 e x i t s  (cross inq 

the pa in ted  gore regions) a t  p a r a l l e l  decelerat ion lanes. 

I t  was observed t h a t  e x i t i n g  vehic les use the shor ter  decelerat ion ' 

lanes w i t h  l ess  v a r i a t i o n ,  s ince there i s  less room t o  maneuver. As 

a r e s u l t ,  the use of dot ted lane l i n e s  d f d  no t  have as marked a 

l o n g i  t u d i n a l  ef fect  on o r i e n t i n g  vehic les i n t o  the shor ter  decelerat ion 

lanes sooner. 

V 
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INTRODUCTION 

T r a f f i c  cont ro l  devices, such as signs and markings, are the 

primary means o f  regulat ing,  warning, o r  guiding t r a f f i c  on a l l  s t reets  

and highways. The need for  we1 1 -designed, adequately maintai ned de- 

vices grows i n  proport ion t o  the density o f  t r a f f i c ,  speed o f  operation, 

and the complexity o f  maneuvering areas on highways and a t  intersect ions.  

Markings have d e f i n i t e  and important functions t o  p e r f o h  i n  a proper 

scheme o f  t r a f f i c  control .  They are used t o  supplement the regulat ion 

and warnings o f  other devices, such as t r a f f i c  signals, and they are 

used alone t o  produce resu l ts  which cannot be obtained by other devices.’ 

Pavement markings a t  interchange ramps provide a neutral  area 

which reduces the p robab i l i t y  of c o l l i s i o n  w i th  the curb nose and also 

d i rec ts  e x i t i n g  t r a f f i c  a t  the proper angle f o r  smooth divergence i n t o  

the ramp. 

(MUTCD) there i s  a prov is ion f o r  an opt ional  dotted extension o f  the 

r i g h t  edge l i n e  o f  pa ra l l e l  and tapered deceleration lanes. 

extensfon i s  usual ly formed by short segments, normally two feet i n  

length, and gaps, normally four fee t  o r  1onger.l 

Presently, i n  the Manual on Uniform T r a f f i c  Control Devices 

The dotted 

The object ive o f  t h i s  study i s  t o  determine the effectiveness o f  

the opt ional  dot ted extension o f  the r i g h t  edge l i n e  a t  deceleration 

1 anes . 
A p i l o t  study had been conducted by the New Jersey Department of 

Transportation a t  a pa ra l l e l  deceleration lane? The study was success- 

f u l  i n  demonstrating a more e f fec t i ve  channelization o f  t r a f f i c  with 

a treatment of extended dotted lane lines. The p i l o t  study, performed 

i n  the F a l l  o f  1974, dea l t  w i t h  only one o f  several kinds of interchange/ 

decel era ti on 1 anes . Tapered and para1 1 e l  decel e ra t f  on 
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lanes a m  used with various interchange geometries i n  N e w  Jersey. It 

i s  f e l t  t ha t  d i f ferent  e x i t  ramp and approach geometries may in te rac t  

t o  cause variations i n  dr iver  performance which may be affected by the 
3 extended dotted lane 1 ines. 

I n  the summer o f  1975, the 

i n  cooperation wi th the Federal 

New Jersey Department o f  Transportation 

Highway Administration performed a 

study of the effect o f  dotted l i nes  a t  both tapered and para l le l  r i g h t -  

hand, single, deceleration lane ex i t s  with varying approach and e x i t  

ramp qeometries on New Jersey's fnterstate system. 
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AREA CHARACTERISTICS 

Observation of t r a f f i c  was conducted a t  two d i f f e r e n t  geographic 

locat ions i n  the state.  I n  the northeast sections o f  the s tate,  Routes 

440 and 1-287 were u t i l i z e d ,  whi le i n  the southern section, Route 1-295 

i n  Camden County served as the loca t ion  o f  many s i tes  (see Figures 1 & 

2 ) .  

whi le  the remaininq four  were immediate upstream s i tes  which had extended 

Sixteen s i t es  were selected i n  a l l ;  twelve were used f o r  actual study, 

dotted lane l i nes  i ns ta l l ed ,  t o  help reduce a possible novel ty e f f e c t  a t  

the twelve study s i tes .  

O f  the twelve study s i t e s  u t i l i z e d ,  seven were categorized as 

taoered deceleration types and f i v e  as pa ra l l e l  deceleration types. 

Tapered and pa re l l e l  lanes were df f fe ren t la ted  by length. Deceleration 

lanes shorter than 400 fee t  (122 meters) are re fer red t o  as belng tapered, 

because dr ivers  used them as such 

as control  s i tes .  

i n  order t o  determine i f  any sign f i c a n t  changes i n  e x i t i n g  behavior 

occurred during the study period. 

the study s i t e  locations. 

Two s i t es  (Nos. 7 & 12) were selected 

No dotted lane l i n e s  were applied t o  the contro l  s i t e s  

Table 1 presents a b r i e f  sumnary o f  

An e l iminat fon process was car r ied  out t o  se lect  a l i m i t e d  number 

Extensive use was made of o f  representative s i t es  feas ib le  f o r  study. 

the Flew Jersey t!ighway Photo Inventory i n  order t o  determine the most 

comnonly found types o f  p a r a l l e l  and tapered deceleration lanes f n  the  

s t a t e .  Construction and maintenance schedules were checked t o  be sure 

t h a t  work crews would not i n t e r f e r e  w i th  the before o r  a f t e r  studies. 

F i e l d  invest igat ions were conducted t o  locate the best possible s i t es  

f o r  study based upon the types found t o  be most prevalent throughout 

the state. I 
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STUDY SITES ON ROUTE 295 

PENNSYLVANIA 

Eveshorn 

F igure  2 



TABLE 1 
E X I T  SITE INFORMATION 

TYPE REMARKS E X I T  LOCATIO! - 
Smith S t .  C I n d u s t r i a l  Ave. Tapered - 
E x i t ,  on R t .  440 East Decel . 

SITE NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

R t .  73 South E x i t ,  on 
R t .  1-295 North 

Tapered 
Decel . 

R t .  38 l lo r th  E x i t ,  on 
R t .  1-295 South 

Paral  1 e l  
Decel . 

R t .  168, Runnemede E x i t  , 
on R t .  1-295 t ior th  

Paral  l e l  
Decel . 

R t .  30, Barr ington E x i t ,  on Tapered 
R t .  1-295 South Decel . 
R t .  70 West E x i t ,  on R t .  
1-295 South 

Tapered 
Decel . Non-study loca t ion ,  no data co l lec ted ,  

do t ted  lane l i n e s  app l ied  t o  e l i m i n a t e  
uniqueness aspect 

I 

m 

R t .  70 East E x i t ,  on R t .  
1-295 Nor th 

Tapered Selected as a Control  S i te .  No dot ted  
Decel . lane l i n e s  were appl ied.  

R t .  561, Haddonfield E x i t ,  Tapered 
on R t .  1-295 South Decel . 
R t .  561, Haddonfield E x i t ,  on Tapered 
R t .  1-295 North Decel . 
R t .  9 South E x i t ,  on 
R t .  440 East 

Par re l  l e l  
Decel . 

R t .  9 South and Parkway 
South E x i t ,  on R t .  440 West 

Paral  l e l  
Decel . 

Durham Ave. E x i t ,  on R t .  
1-287 North 

Tapered 
Decel . Selected as a cont!*ol s i t e ,  no dot ted lane 

1 ines were appl ied.  



TABLE 1 ( c o n t ' d )  

S ITE  NO. 

13 

14 

15 

16 

EXIT  LOCATION 

Parkway South E x i t  , On R t .  
440 East 

R t .  27 Nor th E x i t ,  on R t .  
1-287 l l o r t h  

R t .  30, Barr ington E x i t ,  
on R t .  1-295 North 

R t .  73 Nor th E x f t ,  on R t .  
1-295 South 

TYPE 

Paral  l e l  
Decel . 
7 

REMARKS 

- 

Tapered Flon-study s i t e ,  no data co l lected.  Dotted 
Decel . lane l i n e s  app l i ed  t o  e l im ina te  uniqueness 

aspect. 

Tapered lion-study s i t e ,  no data co l  
Decel . lane l i n e s  appl ied.  

Paral  l e l  flon-study s i t e ,  no data c o l  
Decel . lane l i n e s  appl ied.  

ec ted . Dotted 

ected. Dotted 

I 

U 

I 
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STUDY D E S I E  

Project Scope 

The project scope consists of the evaluation of the twelve dotted 

lane llne s i tes  i n  order to determine If any change i n  t ra f f ic  channelization 

can be attributed t o  the use of dotted lane lines. 

of the lines will a i d  New Jersey and other states i n  deciding whether 

or not t o  implement the MUTCD extended lane line option a t  deceleration 

lanes. 

project, the following work tasks were performed: 

Determining the effect  

In order t o  carry out the data collection procedures for the 

1. Before Studies - S k i p  lines a t  tapered deceleration lanes 

were removed prior t o  before studies. Each study s i t e  

2. 

3. 

was divided up i n t o  a prcde termi ned number o f  long1 t u d i  nal 

zones. 

counts of vehicles exiting i n  each of the different 

lonqitudinal zones were made. The data  yields the rate of 

vehicles exiting into each deceleration lane per zone. 

Installation o f  Extended Dotted Lane Lines - Dotted lane 

lines were provided a t  each study s i t e  once "before" 

studies were completed. Several days were provided a t  

each individual study s i t e  between installation of the 

dotted lane lines and the s ta r t  o f  "after" studies. 

Dotted lane lines were also placed a t  deceleration lanes near 

the study s t tes  t o  eliminate the uniqueness aspect. 

After Studies - After s tudy  counts of through and exit  

volumes and counts of vehicles exiting i n  each longitudinal 

zone were made. A l l  "after" study counts were matched by 

tone, the day o f  the week, and the time o f  day for the 

da ta  collected i n  the "before" study. 

Manual counts of through and exit volumes and 



After d a t a  collection was coiiipleted, a l l  da ta  were summarized and 

tabulated. 

af ter  study rates in order t o  Jeternline i f  any significant changes 

occurred in exi t zone maneuvers. 

A stat is t ical  analysis was used t o  coinpare the before and 

Preparation of Study Sites 

The deceleration lanes used for the study were f i r s t  standardized 

For parallel according t o  i lUTCG guidelines p r i o r  t o  the before study. 

deceleration lanes, fifteen foot skip-lines extended from the beginning 

of the qore area upstream t o  a distance of one-half the length of the 

full u i d t h  deceleration lanc. A t  tapercd deceleration lanes, a1 1 

existinq skip-lines upstream from the qore p o i n t  wcre removed. For 

the after study, extended dotted lane lines were installed from the 

gore p o i n t  on tapcrcd deceleration lanes and whcre the skip-lines ended 

on parallel deceleration lanes, upstream t o  t m  poin t  where the edge 

line begins t o  taper, thus siiowing the beginninq of the cxi t lane (see 

Figure 3 ) .  

placed cvcry 27 f re t  (2.2 meters) on ccnttr. 

The dotted lane lines were made up o f  two foot (0.G meter) s t r ips  

Tile spacing was visually 

detc-rniirwf b;~ o!jscrving several gap lenctiis applied a t  a deceleration 

l a n c .  

feLt (7 .6  rxter)  lotig rii t t i  gaps of  four f t e t  (1.2 twtkrs) or longer. 

fin page 173, the !?UTCD notcs t h a t  a dotter! line i s  norinally ttro 

Lxtciidcd d o t t e d  lailt: litics \wrr a l so  placd a t  cxit s i t e s  up- 

strcar.i of t iw study s i t s  t o  I i ~ l p  rcduce t h ~  ur1iqueiit:ss dffcct. 

riasoiling l.;*Aiitid this application i s  that i f  a ototorist sees L;xtcnJed 

Tile 

dotted lane lints a t  only certairi s i tes ,  he may regard tiier.1 as special 

or unique and rcract i n  a special illantier in perforniirig exiting naneuvcrs. 

A t  each study s i t r ,  a painted reference p o i n t  was used t o  iielp 

define the zones for observers. Each vehicle entrancc i n t o  the 

dxrleration lane was classified by trie observers according to the zone 

entered. The reference point was either tne beginning or end o f  an 
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BEFORE 

Tapered Deceleration Lane 

BEFORE 

AFTER I 

I 
Zone I 

Parallel  
4 
Decelerat 

Zone 2 

on Lane 

E X P E R I M E N TAL CH AN GE 

FIGURE 3 

4 Z o n e  3 
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existinn s t r f p e  or a 12" by S" (30 cni by 3 ciii) w h i t t .  s t r ipe vhicl; was 

nlaced dour! prior t o  the s t a r t  o f  the heforc study. The same reference 

point was used for  the a f te r  study. 

n o i n t  p1acccI on tttr: roatiway surfdce for  the bc-forc study, then had the 

The s i t e s  which had a reference 

point incorroratcd as a wide d o t t e d  lane l ine f o r  the a f te r  study. 

Thc placcvwt o f  the refcrctrce point was not a t  a yometrically 

predetormincd p o i n t  on the dcceleration lane. 

xas located a t  a roint on the deceleration lane where tlicre wa.s a one 

t o  one rroportion o f  ?one 1 and lone 2 ex!ting maneuvers, as determined 

bv the observa t i on  of t r a f f i c  p r i o r  t o  the beforr! sttldy. 

that  an equsl distriliution of Zone 1 and Zone 2 c x f t i n q  niarleuvi:rs would 

nrovide the most sensitive neasure of a chancle tn exitlnq 1)ciiavior. 

The reference p o i n t  

I t  was f e l t  

Para1  le l  docclerdtion lanes w r e  divided i n t o  thrtc loncri tiidlnal 

zones and tanered deceleration lanes werc d f v i d e d  f n t o  two lonrji tudfnal 

zones. 

Zones 1 and  3 ,  and  the painted gore point separated Zoncs a and 3 .  

A t  parallel dcceleration lanes, the reference point separated 

A t  tapered deceleration lanes, tne reference point separatcd Zones 1 

and 2 ,  ? o w  ? k i n r l  everything downstreaei of the rfferencc point i n -  

cludinn the rjore area. 

For a car to  have Seen recorded as  a Zone 1 t x i t ,  the l e f t  rear 

t i r e  had t o  pass upstream of the referrnce ooint. 

reference p o i n t ,  i t  was recorded as a Tone II ex!t. 

tlecelc!ra+ion l a w ,  a car v a s  recorded as  a 7one 7 (!xit i f  thc l e f t  rcar 

t f r e  nassed upstrmii of the gort! p d n t  anc! elt.her on or  cIovmstri.ai!i of 

thc referewx point. 

was consiiiered as a Tone 3 exi t .  f t  tapercd 

I f  i t  ran ovsr the 

At a parallel 

I f  the t i r e  crossed any p a r t  of the qore area, i t  
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deceleration lanes, i f  the l e f t  rear t i r e  of a car passed on top of 

the reference ooint  o r  downstream o f  it, i t  was considered a Zone 2 e x i t .  

Other types o f  maneuvers counted include crossing i n t o  the decel- 

erat ion lane and then crossing back out i n t o  the through t r a f f i c .  

event was labeled a Type 4 maneuver. 

This 

The placement o f  the reference po in t  was the ch ie f  reason f o r  

having only two zones a t  tapered deceleration lanes. A t  a number o f  

deceleration lanes, the distance between the reference po in t  and the 

gore po in t  would have been too short  t o  be meaningful. 

Data Co l lec t ion  

Data was col lected a t  the 12 s i t es  by three hidden observers. 

One observer counted t o t a l  e x i t i n g  t r a f f i c ,  which had two axles only,  

and a l l  t o t a l  through t r a f f i c  regardless o f  the number of axles. The 

other two observers independently counted two axled ex1 t i n g  vehic les 

by maneuver type. 

Observation o f  t r a f f i c  was conducted between the hours of 1O:OO 
) 

a.m. t o  12:lO p.m. and from 1:00 p.m. t o  3:lO p.m. w i th  a 10 minute 

break a t  11:OO and a t  2:OO. A t o t a l  of four  hours o f  t r a f f i c  data was 

recorded per day, Monday through Friday. 

the before and a f t e r  conditions were matched t o  the day and time of 

For each day o f  data co l lected,  

week, three weeks l a t e r .  

The two control  s i t es  used i n  the study (Sl tes Ro. 7 & 12), which 

were located a t  each of the two geographic locat ions,  are shown by 

Figures 1 and 2. 

f i r s t  three days of before studies, for  three days between the before 

and af ter  studies, and for the l a s t  three days o f  a f t e r  studies (see 

Table 2). 

Traf f ic  was observed a t  each contro l  s i t e  f o r  the 
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S I T E  NO. 

1 

2 

3 

4 

5 

8 

9 

10 

11 

13 

TABLE 2 

DATES OF BEFORE AND AFTER STUDIES 

1975 

DATES OF 
UEFORE STUDY 

7/24 & 7/25 

7/16 - 7/18 

7/16 - 7/18 

7/21 & 7/22 

7/21 a 7/22 

7/14 & 7/15 

7/14 & 7/15 

7/28 & 7/29 

7/23 - 7/25 

7/28 t 7/29 

DATES OF 
AFTER STUDY. 

8/14 & 8/15 

816 - 8/8 

816 - 818 

8/11 & 8/12 

8/11 & 8/12 

814 & 815 

814 & 8/5 

8/18 & 8/19 

8/13 - 8/15 

8/18 & 8/19 

CONTROL S I T E S  

DATE 
DATES OF BETWEEN CEFORE h DATES OF 

BEFORE STUDY AFTER STUDIES AFTER STUDY S I T E  HO. 

7 7/9 - 7/11 7/30 - 811 8/20 - 8/22 

12 719 - 7/11 7/30 - 811 8/20 - 8/22 
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The study plan inc luded  a provision for an adequate quantity of data 

from each study site. The study sites were divided into h i g h  and low 

volume s i tes .  The sites selected i n  the h i g h  volume category had the 

six h ighes t  exiting volumes of the twelve sites. Each week was separated 

by studying h i g h  volume s i t e s  on Monday and Tuesday and low volume 

sites on Wednesday, Thursday, and Friday. T h i s  gave the lower volume 

s i t e s  more matched data periods than the h igher  volume s ik s ,  b u t  the 

l a t t e r  had larger samples i n  each data period. 

Only two axle vehicles were counted for  exit and #4 type maneuvers. 

The opinion is that vehicles w i t h  more than two axles do not exit  

i n  the same fashion as two axle vehicles, and because of their often 

very large size, they cannot physically drive i n t o  a given zone as can 

a two axle vehicle. 

signed only for  two axle vehicles. 

The placement of the reference points were de- 

The total through t r a f f i c  volume was counted regardless of number 

of axles, since i t  was f e l t  that  a driver's exit behavior may be de- 

pendent on the amount of through t r a f f i c  from which he exi ts .  As an 

example, witha h i g h  amount of t h r o u g h  t ra f f ic ,  a motorist may be more 

conscious of his relation t o  other vehicles and t h u s  ex i t  ear l ie r  t o  

get out of the stream of t raff ic .  Conversely, w i t h  a small amount o f  

t h r o u g h  t ra f f ic ,  a motorist may ei ther  become more lax i n  his d r i v i n g  

awareness or choose a more direct  e x i t i n g  method and, therefore, exit  

l a t e r  i n t o  a deceleration lane. 

Method of Evaluation 

Before and af te r  rates of exi t  maneuvers, by time of day and day 

of the week, were matched i n  order to  see i f  the rates changed w i t h  
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s t a t i s t i c a t  s i o n i f i c a n m  a t  the  95': confidencc l e ~ e l .  P s i g n d f i c a n t  

d i f f e r e n c e  I s  declared when the standard d e v i a t i o n  i s  1.64 o r  g r e a t e r ,  

t hus  rerwescqtinc s i q o i f i c a n c e  a t  t h e  357 level o f  confidence o r  

I l c t t e r ,  usin? a o n e - t a i l e d  t e s t .  

Dif ferences between before  and a f t e r  r a t e s  vere  tested hy using 

t he  conservat ive.  non-rarametr ic,  L'ilcoxon matched-pairs,  signed-ranks 

t es t .  A 



Tablc 3 presents a comparison of total ex i t  narreuver rates by zone 

for each study s i t e .  

iiefort and a f te r  stud ies  Ly type of maneuvtr by tiirk of day arid day 

The d a t a  for E x i t  maneuvers were paired Letween 

of the week. E x i t  aaneuver rates wtre broken down i n t o  10 rniiiutc 

intervals for  each hour o f  d a t a  collected. The differences between 

ratcs for Each 13 minute interval were tested s t a t i s t i c a l l y  by u s i n g  

the conservative non-parametric, ililcoxon matched-pairs, signed-ranks 

tes t .  

("2" value) i s  equal t o  or greater than +7.645, t h u s  reprssfnting 

significancc a t  tne 95 percent level of confidwce or better w i t h  a one- 

tailed tes t .  

F. significant difference is  declared when the s t anda rd  deviation 

Froc Talilc 3 i t  can LL? noted, w i t h  tiiti  exceptfon of s i t e  number 

1 t h a t  tiierc i s  a significant incrcase i r i  Zone 1 exi t  iiianeuvers and a 

corresponding decrease i n  Zorie 2 exi t  iiiancsuvers aftc-r d o t t e d  lane l ines 

were installcd.  

t r a f f i c  into the deceleration larii: soontr. l io significant change was 

noted i n  be fo re  and a f t e r  rates for Zoiie 3 exi t  maneuwrs 011 parallel  

deceleration lanes. 

This i s  a beneficial effect  as fa r  as or imtiny exiting 

Table 4 and 5 presents a s ta t i s t ica l  summary of each s i t e  location. 

can be s,i!:tn froki the table, only Sites 1 ,  2, and 10 were suLjcct t o  any 

substantial accumulation of Type 4 maneuvers. I t  would anpear that  thc 

Type 4 maneuver prot~l e~il i s  caused 1,y dri ver unawareness or unfami l i  a r i  t y  . 
I t  s h o u l d  l ~ t :  noted t l i a t  Sites 1 a i d  I f )  arc hotti located 011 Ibutc 410 east  

T h r c  are sevtral cxits withiti s one t o  tm iiiiIc ( 1  . ( I  t o  3.:.' kilotoetcrs) 

distance i n  this vicinity,  wt-iere a motorist riiay beconic confused when 

selecting his proper ex i t  route. 

Howver, when a l l  the Type 4 maneuvers for  each s i t e  are compared t o  the 

through volumE, they constitute less than 1% of the total volunic. 

Refer t o  photos for Sites 1 ,  10 and 13. 

As 



TABLE 3 

CONPARISOti OF TOTAL E X I T  HA11CUVE:: RATES 

3 295 

4 295 

10 440 

11 440 

13 440 

% EXIT MANEUVERS BY ZONE 1 

54 46 0 

31 66 3 

24 75 1 

70 30 0 

45 53 2 

S i t e  I 

Before 
1 2 

55 45 

50 50 

No. Route Before - -I  2 3 

Be tween 
1 2 

52 48 

58 42 

TAPERED DECELERATIOH LAFIE 

1 440 

2 295 

5 295 

8 295 

9 295 

48 52 -- 
45 55 -- 
41 59 -- 
58 42 

60 40 -- 
-- 

CONTROL LANES (BOTH ARE TAPERED) 

7 295 

12  287 

(1) Meters 

1 

47 

69 

64 

60 

77 

66 

50 

37 

75 

51 

Feet x 3.3CS8 

After 
2 3 

53 -- 
31 -- 
36 -- 
40 -- 
23 --  

33 1 

48 2 

62 1 

25 0 

47 2 

A f t e r  
1 2 

60 40 

56 44 

S t a t i s t i c a l l y  
S i q n i  f . (Zones 

1 & 2 o n l y )  

!lo 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Length o f  Dece lera t ion  i n  Feet (1)  
Zone 

1 

168 

21 8 

204 

236 

222 

31 6 

50E: 

247 

330 

354 

21 0 

152 

Zone 
2 

404 

280 

278 

269 

256 

332 

328 

226 

23G 

122 

254 

360 

Pa i  n ted 
Gore 

31 2 

138 

168 

128 

138 

124 

160 

134 

140 

178 

138 

222 

T o t a i  . 
Length 

572 

4 98 

482 

496 

478 

I 

-1 
4 

772 I 

994 

607 

70€ 

6 54 

464 

51 2 



TABLE 4 

No. o f  Days Stud ied  
(Before  & A f t e r )  

1 2 3 4 5 8 9 10 11 13 

4 6 6 4 4 4 4 G 6 4 

T o t a l  Ex1 t Volume 

To ta l  Thru Volume 

1 A f t e r  
I 

Eefore 1124 2007 1804 1389 1281 1794 1553 2304 2332 2369 

A f t e r  1074 2082 1004 1323 1310 1398 1607 2379 2647 2603 

Before 7669 14645 7758 9476 10264 6251 8259 9085 3204 2629 

Type 4 Manuey?rs I Before 

I A f t e r  

7273 14362 7957 10580 10397 8767 7746 8804 3668 za i  2 

23 66 -- 3 1 4 2 57 13 10 

5 34 11 4 2 6 5 37 10 7 

"Z"Va1 ue bli 1 coxon 
Test of Before 

and A f t e r  

E x i t  Maneuver 

No, o f  Matched 
P a i r s  

Zone. 1 

Zone 2 

Zone 3 
-~ ~ 

Zone 1 

Zone 2 

Zone 3 

.207 7.07 5.85 5.36 5.78 2.33 4.99 6.14 3.59 2.34 
tlS S S S S S S S S S 

.207 7.07 6.07 5.33 5.78 2.42 4.99 5.97 3.49 2.55 
N S  S S S S S S S S S 

--- .441 
"S ' IJS NS Fi s N S 

41 69 67 38 44 41 33 65 67 33 

--- ---- --- --- --- --- --- ,483 

41 63 67 38 44 41 33 65 67 40 

~ 

S - S i g n i f i c a n t  d i f f e r e n c e  a t  95% l e v e l  o f  conf idence 

NS - Non-S ign i f i can t  d i f f e r e n c e  

F 



TABLE 5 

Be tween 

Before 

Between 

STATISTICAL SUMMARY 

3819 2415 Af te r  3028 2594 

17102 17122 Be tween 14322 1631 9 

17122 16471 A f t e r  1631 9 17669 

CONTROL SITES 

SITE NUMBER 

, 
1 7  12 i 1 7  12 

Zone 1 

~ 

No. o f  Days Studied 
(Before & A f t e r )  

2.77 4.84 
S S 

Total E x i t  Volume 

Zone 2 

Zone 1 

Zone 2 

Total Thru Volume 

2.77 5.28 5.30 2.17 
S S S s 

67 61 49 71 

67 59 69 71 

Type 4 Maneuvers 

"Z" Value 
Wilcoxon Test o f  
Before & AFter 
E x i t  Maneuver 
Rates by Zone 

No. o f  Matched Pairs 

I 1 I 
I r 

l 6  l 6  6 

I I I 

Before I 3553 2143 I Between I 381 9 241 5 

Before 13 1 Between 7 4 

Between I 7  4 1 A f t e r  I 58 2 

5.30 2.17 
S S 
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S i te  8 experienced a high increase i n  through volume (4%) ,  whi le  

the e x i t  volume decreased by 22'6 f o r  the period between the before and 

a f t e r  studies. This large variance may be i nd i ca t i ve  o f  a bias e f f e c t  

on e x i t  maneuver rates. The r e s t  o f  the s i t es  experienced less than a 

15 percent change o f  volume. 

Table 3 also presents a sunmary o f  e x i t  maneuver ra tes and the 

length o f  each deceleration zone f o r  the two control  s i t es .  As can be 

seen from the Table, s ign i f i can t  changes i n  e x i t  maneuver ra tes occurred 

f o r  each combination o f  data co l l ec t i on  periods compared. 

dotted lane l i n e s  were i n s t a l l e d  a t  the control  s i tes ,  the changes i n  

ex i t i nq  maneuvers would ind icate tha t  the dr ivers  path o f  divergence 

from the highway i s  constantly changing a t  tapered type decelerat ion 

1 anes . 

Since no 

The graphic presentations i n  Figures 4 and 5 o f  Zone 1 e x i t i n g  

nercentages comparing exoerimental and control  s i t e  resu l t s  shows the 

neg l ig ib le  ef fect  tha t  control  s i t e  percentages have i n  an ana ly t i ca l  

comparison w i th  experimental s i  t e  percentages. Using a simple 

ar i thmet ic correct ion o f  experimental s i t e  percentages, the d i f fe rence 

i n  percentages between points on the contrbl  s i t e  curve a t  the dates 

o f  each experimental s i t e ' s  before and a f t e r  studies are subtracted 

from o r  added t o  the experimental percentage obtained i n  the a f t e r  

study, depending on the d i rec t ion  o f  the di f ference. As an exaiiiple, i n  

Figure 5 , a correct ion o f  Zone 1 resu l ts  a t  S i t e  11, involves subtract -  

i n g  the difference between control  percentages in terpolated f o r  Ju l y  

24 and August 14 from the percentage determined for the S i t e  11 a f te r  

study. The di f ference i n  t h i s  case i s  about 1.5%, thus changing 

J 

the actual increase o f  5% a t  S i t e  11 t o  an apparent e f fec t i ve  increase o f  3.5%. 
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FIGURE 5 
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Usinq this procedure f o r  a l l  s i t es  from the results of applicahle 

control s i t e  d a t a ,  does not produce any more t h a n  a minor change i n  

the overall results. The corrections applied vary from Q t o  1.5% for . 

1-287 and 410 si tes  and from .5 t o  3% fo r  1-295 si tes .  The two s i tes  

receiving a 3% correction on 1-295 are reduced from 19% and 23% before 

t o  af ter  differences which only makes a minor change i n  the results. 

The s i tes  receiving the .5% correction are increased from a 2% and a 172 

difference which, again, only produces a minor effect on the results. . 

Since the control s i tes  are not identical t o  the experimental s i tes  

they represent, i t  i s  not actually known what the precise corrections 

should be, The correction accuracy i s  also limited by the validity of 

assumfnq linear relationships between the percentage of exit maneuvers 

i n  Zone 1 and the passaqe of time as deteriiiined by only three points 

representinn control s i t e  v a r i a t i o n .  A visual exaiiiination of Fiqures 

6 and 7 verifies t h a t  control s i t e  rates do not produce a major effect 

on the outcome of the comparisons i r ! i . w  + ! I D  r,tt(s are a d j u s t e d  v i t h  

interpola?w! valucs. 

I 
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D I SCllSS ION 

The use of extended dotted lane lines a t  both parallel and tapered 

deceleration lanes appears to be beneficial i n  orienting t r a f f i c  into 

the deceleration lane sooner. 

dotted lines is  minimal and should be worth the effect  of reducing the 

la te  movements into the deceleration lane. 

The cost of providing the additional 

The  use of dotted lane lines may prove to  be inore useful a t  parallel 

deceleration lanes due t o  the p a t h  of divergence used by exiting motorists. 

A t  short tapered deceleration lanes the motorist often chooses the 

simplest, most direct  path of divergence. 

lines may not have a noticeable effect  i n  orientinq the driver into the 

deceleration lane sooner, since there i s  a limited aniount of ex i t  space. 

Ilowever, a t  loncr narallel deceleration lanes, there niay often be lonq 

wide stretches of unmarked pavement before dashed skip lanes and the 

painted qore area is reached. 

The use of dotted lane 

Drivers' exit  p a t h s  a t  these deceleration lanes are often niore 

complex. The avcraae driver will f i r s t  enter thc  deceleration lane, 

then travel down the lane before exiting. Figure 8 Indicates common 

types of paths followed by vehicles exiting a t  tapered and parallel 

deceleration lanes. I t  was noted t h a t  a t  Sites 1 and  C, both short 

deceleration lanes, exi t i n 9  behavior was less affected by tho  instal  lat ion 

of dotted lane lines than a t  other s i tes .  

a nearly straiqht p a t h  of diverqence, w i t h  only s l ight  deviation, due 

t o  the limfted s ize  of the deceleration lane. 

F x i t i n q  vehicles tiwe t a k i n g  
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A t  the longer tapered deceleration lanes and para l le l  deceleration 

lanes, which provided longer ex i t ing paths, ex i t ing behavior was 

s ign i f icant ly  affected by the dotted lane l i n e  extension i n  that  t r a f f i c  

was oriented i n to  the ex i t lng lane sooner. Although not wi th in the 

scope o f  t h i s  study, dotted extended l ines may provide an additional 

benefit during periods o f  l imi ted v i s i b i l i t y .  

. 
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