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This analysis was conducted on data collected for the Interstate System 
Accident Research, Study II. This study, which was initiated in 1961, 
has as its objective the determination of the relationship between the 
geometrics of the Interstate Highway System and its accident experi
ence. The analysis reported here is concerned with the relationship 
between length of weaving areas, acceleration lanes, and deceleration 
lanes and the accident experience of these types of units. Also con
sidered in the analysis was the number of vehicles utilizing these units 
and their relationship to the total number of vehicles using the Inter
state. Results of this analysis indicate that increasing the length of 
weaving areas will reduce the accident rate and that increasing the 
length of acceleration lanes will reduce accident rates if the percentage 
of merging vehicles is greater than 6 percent of the mainline volume. 
Increased length of deceleration lanes will also reduce accident rates 
but to a lesser degree than the comparable increase in length of accel
eration lanes. A smaller decrease in accident rate becomes apparent 
after the diverging traffic exceeds 6 percent of the mainline traffic. 
Only those variables specified in the report were considered, and 
therefore application of the results must be limited only to those 
variables. 

•THE CONCEPTS OF ADEQUATE FACILITIES for handling traffic have evolved from 
many observations and analyses of traffic performance and driver behavior. As traffic 
volumes have increased over the years, the design of highway facilities has changed to 
accommodate this increase and to provide for the safe and efficient movement of people 
and goods. Initially roads were unpaved paths used by horses and horse-drawn vehi
cles . The advent of the automobile necessitated paving and making other improvements 
to provide safe, comfortable travel. 

Among those improvements were additional lanes to provide better vehicular flow 
and barriers (either median, median barrier, or guardrail) to separate lanes of oppos
ing traffic. However, vehicles still entered and exited all roadways by means of at
grade intersections. The parkway, designed in the late 1920's, was the forerunner of 
the freeway, i.e., a high-speed facility with access to and from the facility controlled 
by a grade-separated interchange. This drastic design change also introduced ramps 
to connect the crossing roadway. Initially these ramps were attached directly to the 
through traffic lanes, necessitating speed changes either on the main roadway or on the 
ramp. Subsequent research has shown (2, p. 73), that the variations in speed among 
the vehicles on the main roadway cause hazardous situations. 
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In addition ramps were neither designed for high speeds nor with sufficient length 
to allow a gradual speed transition. As the design of freeways improved and increased 
speed was possible, it became apparent that a modification to the existing design was 
necessary to aid the driver in executing the change in speed from the high-speed facil
ity to the exit ramp or from the entrance ramp to the high-speed facility. 

Thus the speed-change lane was developed and added to the end of the ramp adjacent 
to the main roadway to facilitate the speed changes. Many times these lanes were 
rather short, and some of the standards in use in the design of the Interstate System 
cause some queslions a!! to the proper length of these units (1, F' g . VITT- 8, p. 356). 
This is a report on an analysis of only one aspect of speed- change lanes: the effect of 
length on accidents. These lanes also have an operational aspect that, although related 
to safety, is not specifically considered in this analysis. This analysis was designed 
to determine the effect of providing additional length for J:>oth acceleration and decelera
tion lanes and for combined acceleration-deceleration lanes (weaving areas) on reduc
ing the accident rate in merging, diverging, and weaving areas of an interchange. 

Data used in this analysis were collected for the Interstate System Accident Research, 
Study II. This study, which was initiated in 1961, has as its objective the investigation 
of the relationship between the geometrics and the accident experience of the Interstate 
Highway System. Data were collected for this study by 24 state highway departments 
and were analyzed by the Bureau of Public Roads. 

DATA BASE 

Study sections, which are based at an interchange, were selected by each participat
ing state. Each study section consisted of the interchange plus one-half the distance to 

~ ~~~~ll~~~y~~~A USED IN 

!2] OTHER PARTICIPATING STATES 

D NOT PARTICIPATING 

Figure 1. States participating in Interstate System Accident Research, Study 11. 
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TABLE 1 

NUMBER OF STUDY SECTIONS BY STATE AND YEAR 

State 1959 1960 1961 1962 1963 1964 1965 Total Percent 

Ariz. 0 0 0 12 12 12 0 36 1.6 
Calif. 0 0 0 49 58 57 0 164 7.2 
Conn. 0 0 53 oa 53 0 0 106 4.6 
Ill. 0 0 64 116 132 157 157 626 27.4 
Ind. 0 1 28 37 40 41 0 147 3.4 
Kan. 0 0 29 46 46 0 0 121 5.3 
Mich. 0 0 0 65 0 0 0 65 2.8 
Minn. 0 0 0 0 0 13 3 16 0.7 
Miss. 0 0 0 0 0 6 6 12 0.5 
Mont. 0 0 0 0 16 23 0 39 1.7 
N.Y. 0 0 0 7 7 7 7 28 1.2 
N.C. 34 40 59 74 124 128 127 586 25.6 
N.D. 0 0 0 0 0 15 0 15 0.7 
Ohio 0 3 10 9 10 11 0 43 1.9 
Penn. 0 0 15 0 0 0 0 15 0.7 
R.I. 0 0 4 4 4 6 8 26 1.1 
S.D. 0 0 0 0 13 13 13 39 1.7 
Vt. 0 0 0 6 0 0 0 6 0.3 
Va. 0 2 11 14 27 48 48 150 6.5 
Wisc. _Q 16 16 16 0 0 0 48 2.1 

Total 34 62 289 455 542 537 369 2,288 

Percent 1.4 2.6 12.6 19.8 23.6 23.4 16.1 

aThe tape containing 1962 data for Connecticut was misplaced, and the omission was not discovered 
until after the analysis had commenced. 

the preceding and succeeding interchange. Each study section was then divided into 
study units. Any portion of the study section that has a unique function or feature such 
as a ramp, speed-change lane, or underpass was defined as a study unit. Study units 
on the main roadway between interchanges that did not fit into one of these categories 
were determined according to the following definition: " ... not more than 9,999 feet in 
length and homogeneous throughout with respect to its geometric characteristics" (3). 

For each study unit, extensive information was collected on highway characteristics, 
traffic characteristics, and accidents that occurred on the unit. The 20 states whose 
highway departments submitted the data used in this analysis are shown in Figure 1. 
Data from the four remaining highway departments were not available at the time of 
analysis. The data used in this analysis represent over 9,000 year-miles of data. 
Mileage was computed for both directions of travel. In addition, no distinction was 
made among the different years of data. The chronological distribution of the data 

CROSSROAD 

W! AVIHG .\fft A 
INTERSTATE 

Figure 2. Weaving area. 

is given in Table 1. 
Because of the rules devised for coding the 

study units, each ramp could be associated with 
the speed-change lane, either merging or di
verging, to which it was connected. A distinc
tion could also be made between merging and di
verging study units. In this way, the effects of 
merging and diverging traffic as well as through 
traffic would be analyzed. 

ANALYSIS 

The objective of this analysis was to deter
mine if the length of weaving areas, accelera
tion lanes, and deceleration lanes had any effect 
on the accident experience of these types of 
units. Only length of speed-change lanes, spec
ified traffic characteristics, and accident rate 
were considered. All traffic volumes reported 
are one-way, average daily traffic (ADT). 
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TABLE 2 

ACCIDENT RATE BY LENGTH OF WEAVING AREA AND 
ONE-WAY TRAFFIC VOLUMES 

Length of One - Way Trame Volumes Number of Accident 
Weavin~ Area (avg. no. ve hicles per day) Units Rate a 

(ft 

400 to 449 <10,000 17 85 

450 to 499 <10,000 9 105 
10,000 to 19,999 20 39 
20,000 to 29,999 18 525 

500 to 549 <10,000 9 97 
10,000 to 19,999 23 241 
20,000 to 29,999 19 239 
30,000 to 39,999 11 206 

>40,000 20 446 

550 to 599 <10,000 .14 60 
10,000 to 19,999 31 195 
20,000 to 29,999 16 233 
30,000 to 39,999 21 337 

>40,000 26 328 

600 to 649 <10,000 6 161 
10,000 to 19,999 33 94 
20,000 to 29,999 26 155 
30,000 to 39,999 20 230 

>40,000 15 300 

650 to 699 <10,000 18 52 
10,000 to 19,999 27 82 
20,000 to 29,999 
30,000 to 39,999 20 154 

>40,000 17 245 

700 to 749 <10,000 16 152 
10,000 to 19,999 38 49 
20,000 to 29,999 36 63 
30,000 to 39,999 25 128 

>40,000 16 209 

750 to 799 <10,000 11 77 
10,000 to 19,999 31 48 
20,000 to 29,999 
30,000 to 39,999 22 128 

>'40,000 15 228 

8 Number of accidents per 100 million merging and diverging vehicles . 

Combined Acceleration-Deceleration Lanes-Weaving Areas 

There were approximately 700 weaving areas in the data base utilized. (Weaving 
areas consisted of the acceleration-deceleration lane plus the adjacent main roadway. 
The length was measured as shown in Figure 2 and reported to the nearest 10 ft.) In 
this study, weaving areas only appeared on full cloverleaf and some types of partial 
cloverleaf interchanges. In the data base almost all weaving areas were classified as 
existing in urban areas. Thus, a stratification of the data by type of area was not 
possible. 

When investigating the safety aspects of weaving areas, we thought it reasonable to 
assume that the number of conflicts or potential accidents has some relationship to the 
amount of merging and diverging traffic. This relationship was investigated and the re
sults are given in Table 2. As expected, as the average daily traffic in one direction 
increases in a weaving area of a specific length, the accident rate exhibits a general 
upward trend. The information in Table 2 was also plotted and is shown in Figure 3. 
For one-way ADT greater than 10,000 vehicles, as the length of the weaving area in
creases, the accident rate decreases. For some volumes, this decrease in accident 
rate is quite severe; but for other categories, the reduction is of lesser magnitude. 
There appears to be no discernible trend for ADT under 10,000 vehicles, probably be
cause the sample in this volume category was limited or because the length of weaving 



E 
~ I 
1 

I .. 
~ 

~ ~ 
~ 

) ~ 

- ~ v J / 

_,V 
v 

I-------~ ,..,,. 

,, fr-
~ I-. 

/ :li 
i 

~~ v 
~ / -~ / 

.J v 
) .........--

I,..-/ 

1---

a B ~ j @ ii ~ . 
~~~---.---,--,_,.--.--~ J ,, 

~ 
I- • - 1---+---t----t---t---t--i---I 

" i 
-~-~------+---+---1---t---t----1 

~ 

~!-+--!-!f·~r-----1~--t--~--1---1 ,______.._,__,__..__._.._______, 
II 

• E 

i 
" / ,_rul j 

!Hi J If iL - iiU / j 
II / v - 1111 / / / 

/ v' ~ /" ....... -"' /~ 
// ...... · .,, :;..---

~ .,........-:; v ------- ---

I-

j 

~ 
I 

/ 
/v 

v 
/ 

v 

8 I t- • 
:§ 

) ~ 

~ 
ill 

~ J ~ 

I y ! 
~ 

/ 
/ 

/ 
......--

-

? l • ft i I 
tn~...,.tMIJ flrn ~,..,.,_(II)..,. UJli'll»)t R •:.NW~:l.~T .. .ili:»Xl'f 

21 

.,; 
Cll 

E 
::i 
0 
> 
t) 

i 
~ ... 
> 
"' f c: 
0 

~ 
"' 
~ 
"' "' c: 
-~ 

~ -0 

t c: 
..!!! 

~ 
~ 
~ ... 
c: 
Cll 

"'C 

~ 
C"i 
~ 

.~ 
u. 



22 

areas provided in areas of low volume is adequate. 
Thus it appears that the provision of longer weaving 
areas will effectively reduce the accident rate. 

Acceleration and Deceleration Lanes 

The arrangement of the data base allowed the in
vestigation of individual acceleration and deceleration 
lanes to be conducted ·n a slightly diffe-rent manner. 
{Acceleration or deceleration lanes are defined as the 
acceleration or deceleration lane plus the adjacent 
main roadway. The length of these units is measured 
as shown in Figure 4 and reported to the nearest 
10 ft.) Of major interest here was the relationship of 
accident rate to the 1·atio of merging or diverging 

"TABLE 3 

----"¥' DECELERATION --r---
LANE 

ACCELERATroN 
LANE 

INTERSTATE 

Figure 4. Acceleration and decelera
tion lanes. 

ACCIDENT RATE FOR ACCELERATION LANES 
OF VARIOUS LENGTHS 

Length of Percent Merging Number of Number of Accident Acceleration Lane 
(ft) Traffic Units Accidents Ratea 

<200 <2 27 14 81 
2.0 to 3.9 17 12 161 
4.0 to 5.9 21 14 157 
6.0 to 7.9 16 20 252 
8.0 to 9.9 18 33 350 

>10 27 30 448 

200 to 299 <2 17 9 77 
2.0 to 3.9 16 11 98 
4.0 to 5.9 14 8 141 
6.0 to 7.9 19 24 170 
8.0 to 9.9 20 31 275 

>10 42 49 376 

300 to 399 <2 15 10 70 
2.0 to 3.9 55 21 116 
4.0 to 5.9 30 17 141 
6.0to7.9 49 39 129 
8.0 to 9.9 35 67 200 

>10 70 121 292 

400 to 499 <2 19 8 69 
2.0 to 3.9 25 31 103 
4.0 to 5.9 38 58 130 
6.0to7.9 37 58 178 
8.0 to 9.9 90 50 200 

>10 178 123 300 

500 to 599 <2 4 68 
2.0 to 3.9 50 10 92 
4.0 to 5.9 82 35 118 
6.0 to 7.9 58 68 161 
8.0 to 9.9 116 76 199 

>10 205 99 250 

600 to 699 <2 18 11 64 
2.0 to 3.9 13 8 91 
4.0 to 5.9 65 25 128 
6.0 to 7.9 102 62 100 
8.0 to 9.9 143 87 153 

>10 214 151 193 

>700 <2 17 8 61 
2.0 to 3.9 12 6 90 
4.0 to 5.9 10 16 100 
6.0 to 7.9 212 118 123 
8.0 to 9.9 761 473 137 

>10 538 498 168 

8 Number of accidents per 100 million vehicles. 
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traffic to mainline volumes. This ratio was investigated in conjunction with the length 
of the individual spe·ed-change lane. 

The results of this analysis are given in Tables 3 and 4 and shown in Figure 5. As 
the percentage of merging or diverging traffic increases, the accident rate also in
creases regardless of the length of the speed-change lan~~. The increase in accident 
rate, however, is substantially greater on acceleration lanes thanondecelerationlanes. 
In addition, the shorter the length of the speed-change lane, eit,her acceleration or de
celeration lane, the higher the accident rate is rega1·dJes5 of the percentage of mergin.g 
or diverging h·affic. 

The range of accident rates for the various lengths of ;a,cceleraUon and deceleration 
lanes is shown in Figure 6. There is little difference in accident rates for acceleration 
lanes of various lengths when the percentage of merging traffic is less than 6 percent 
of the mainline traffic. Thus when merging traffic is less than 6 percent of the main
line traffic, the savings in accidents for the additional length of speed-change lanes 
probably would not offset the cost of the additional length. However, the wide spread 

TABLE 4 

ACCIDENT RATE FOR DECELERATION ):.ANES 
OF VARIOUS LENGTEIS 

Length of Percent Diverging Number of Number of Accident 
Deceleration Lane Traffic Units Accidents Ratea 

(ft) 

<200 <2 21 10 62 
2.0 to 3.9 17 14 65 
4.0 to 5.9 13 17 119 
6.0 to 7,9 18 23 151 
8,0 to 9.9 10 15 196 

>10 27 43 259 

200 to 299 <2 13 10 58 
2.0 to 3.9 19 19 69 
4.0 to 5.9 46 35 125 
6.0to7.9 28 56 140 
8,0 to 9.9 63 65 178 

>10 139 216 227 

300 to 399 <2 30 16 39 
2.0 to 3.9 52 120 60 
4,0 to 5.9 41 28 123 
6.0 to 7.9 193 105 124 
8.0 to 9.9 33 30 172 

>10 217 56 200 

400 to 499 <2 12 9 33 
2.0 to 3.9 38 24 60 
4.0 to 5.9 146 71 109 
6.0 to 7.9 97 40 129 
8.0 to 9.9 122 47 151 

>10 231 190 176 

500 to 599 <2 16 7 29 
2.0 to 3.9 20 8 58 
4.0 to 5,9 30 20 127 
6,0 to 7.9 42 23 105 
8.0 to 9.9 348 190 129 

>10 230 171 200 

600 to 699 <2 14 8 25 
2.0 to 3.9 41 16 41 
4.0 to 5.9 100 18 88 
6.0to7.9 57 31 120 
8.0 to 9.9 47 41 118 

>10 158 78 149 

>700 <2 17 6 39 
2.0 to 3.9 11 5 48 
4.0 to 5.9 37 12 79 
6.0to7.9 36 18 111 
8.0 to 9.9 44 31 112 

>10 177 166 148 

aNumber of accidents per 100 million vehicles. 
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of points for lanes between 6 and 7 .9, between 8 and 9.9, and greater th.an 10 percent 
indicates that, as the percentage of merging traffic increases beyond 6 percent, the ad
ditional length on acceleration lanes provides a significant savings in accidents. In ad
dition, increased length on acceleration lanes should improve the operation of the fa
cility if properly used by vehicle drivers . 

Relatively little benefit is obtained from additional length of deceleration lanes when 
the percentage of diverging traffic is less than 6 percent of the mainline volume. When 
the percentage of diverging traffic is over 6 percent, the length of the speed-change 
lane does provi!ie some benefit in terms of decreased accident rate; but this decrease 
is not of the same magnitude as was apparent on acceleration lanes as the closeness of 
the points indicates. 

The indication here is that additional length on speed-change lanes will be beneficial 
m terms of reduced accident rates if the percentage of merging or diverging traffic is 
above 6 percent. Increased length on acceleration lanes appears to be more beneficial 
than increased length on deceleration lanes, but deceleration lanes are, in general, safer 
than acceleration lanes regardless of the length of the lane and the percentage of merg
ing or diverging traffic. 

CONCLUSIONS 

Results of this analysis indicate that increasing the length of weaving areas will de
crease the accident rate. Accident rates on individual speed-change lanes exhibited a 
similar relationship with length. The effect of increasing the length of acceleration 
lanes appears to be substantial when the percentage of merging traffic is above 6 per
cent. The effect of increasing the length of deceleration lanes is not as great. Thus 
the relative benefit (i.e., savings in terms of lower accident rates) is greater from 
longer acceleration lanes than from longer deceleration lanes. For a given length of 
acceleration or deceleration lane, the accident rate increases respectively as the per
centage of merging or diverging traffic increases. 
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Discussion 
W.R. BELLIS, Manasquan, N. J.-Thls paper is on a very important subject and helps 
to validate experienced judgment. Simila!' analysis should be undertaken for all design 
features. It iS often said that good highways are safe highways, and there is no doubt 
about this· but what constitutes a good highway? Each generation prides itself with 
building good highways, and they justify expenditures (which far outstrip the cost of the 
old) on promised reductions in accidents, injuries, and fatalities. 

Road design of today is only better than that of yesterday when we can differentiate 
conclusively between the good and the bad as proven by the severe test of public use. 
The overall problem is very complex. We make improvements here and there within 
our ability, but after due reflection we note that the accidents, injuries, and fatalities 
have continued to increase unchecked no matter how we analyze the accident experience. 
Yes, we can draw attention to a few design features or even a few sections of modern 
highways that are relatively safer than selected old sa.in1)les. This we do repeatedly; 
but it is also possible to select modern designs that have a record much worse than 
certain selected old designs. This we do not do. The cases where we can demonstrate 
improvement must be very insig:nilicant compared to the overall picture; otherwise, 
their impact would be recognizable in the overall record or the improvement at one 
location has only aggravated the condition at another location. 

Let us assume that a section of road or a system of roads is divided into 2 equal 
parts AB and BC; the overall accident rate for AC is 1,000 accidents per 100 million 
vehicle miles and the rate for AB and BC each is also 1,000. The BC half is modern
ized, and the expectation is that the accident rate will be reduced by 30 percent from 
1,000 to 700. After the modernization, the accident rate for AC is 1,200 or an increase 
of 20 percent. .Although the expected accident reduction did materialize on BC, in order 
to have a rate of 1,200 on AO, the rate on AB increased 70 percent to 1, 700 after the 
modernization of BC. 

This is an explanation of what is going on in every state in the country. We are 
making improvements within our ability, but we do not have the ability to reduce the 
accident rate · instead we are witnessing a continuing increase in the rate. The con
clusion can only be th~l.l we must not be doing the right thing. 

The definition of terms is very often a problem for the reader. Cirillo states "the 
effects of merging and diverging as well as through traffic could be analyzed." She 
also states "the number of conflicts or potential accidents has some relationship to the 
amount of merging and diverging traffic." And then, "as the average daily traffic in
creases ... the accident rate exhibits a general upward trend ." 

Therefore, by deduction, merging traffic is that traffic that enters the main road
way; diverging traffic is that traffic that leaves the main roadway; and the through traf
fic is that traffic that stays on the main roadway. For example, assume that 30,000 
vehicles approach a weav'ing area, 10,000 enter the main roadway from a ramp or side 
road, and then downstream from this point 8,000 leave the main roadway to· enter a 
ramp or side road . Cirillo apparently calls the 10,000 cars "merging" and the 8,000 
cars "diverging," and by her definition of accident rate "traffic volume" or "ADT" 
means the average daily merging or diverging traffic and does not include the through 
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traffic. In the discussion of speed-change lanes, it is not clear what is meant by 
"mainline." In the preceding example, is 30,000 or 40,000 the mainline traffic for the 
merging condition, and is 40,000 or 32,000 the mainline traffic for the diverging 
condition ? 

I would prefer that merging or diverging traffic meant the sum of the 2 approaching 
traffic streams or the sum of the 2 separating traffic streams. In my example, there 
would be 40,000 merging cars. Cirillo states that, for a weaving area of specific 
length, the accident rate inc,reases as the average da.ily traffic entering and leaving the 
main roadway increases. In the preceding example, if the 10,000 vehicles should be
come 15,000, the 8,000 should become 12,000 (a 50 percent i11crease), and the 30,000 
should become 12,000, I am sure that the accident rate as defined would decrease. H 
the 10,000 and the 8,000 should remain constant and the 30,000 should increase to 
60,000, I believe the accident rate as defined would increase. I am sure that the acci
dent rate is a function of the through traffic as well as the turning traffic. H the anal
ysis were made similarly but the volumes of through traffic were held as constants, the 
gene1·al conclusions would be the same but much more valid. 

I am very surprised at the large volume categories for the traffic entering and leav
ing the weaving areas from and to the ramps or side roads. 

It should be made clear which accidents are included. Are all accidents in the weav
ing area and the immediate approaches to and departures from the weaving areas in
cluded? Or are only those accidents included that are interpreted as involving only ve
hicles making either an entering or a leaving movement? 

Cirillo states that, as the percentage of merging or diverging traffic increases, the 
accident rate increases. Assume that there is a merging condition where 10,000 cars 
on the main roadway are joined by 800 cars from the side. This is 8 or 7 .4 percent 
merging traffic (as defined) depending on whether the mainline traffic is 10,000 or 
10,800. Now, if the 10,000 should reduce to 8,000 and the 800 should not change, the 
percentage of merging traffic would be 10 or 9.1. I fail to see how there would be an 
increase in the accident rate, e"specially as the accident rate is defined. Also, if the 
10,000 should increase and the 800 remain constant, the percentage of vehicles merg
ing would decrease ; therefore, according to Cirillo, the accident rate would decrease. 
Certainly the number of accidents would increase and, because the number of merging 
vehicles stays constant, the rate would increase. 

If the 10,000 is ta.ken as mainline traffic and the 800 increases, then the percentage 
of merging traffic increases and the paper shows that the accident rate increases. In 
this case, however, the accident rate increases as the number of merging (as defined) 
vehicles increases. Then why not use number of vehicles instead of converting to a 
percentage? The same comments apply for diverging (decelerating) speed-change lanes 
as for the merging (accelerating) speed-change lanes. 

Cirillo states that the longer the acceleration or deceleration lane, the lower the 
accident rate will be. This is a very important observation. I think such curves would 
be very helpful if illustrated. She also finds that increasing the length of acceleration 
lanes is more beneficial than increasing the length of deceleration lanes. To me, in
creasing the length of both is very beneficial. From her plottings I deduce that, with 
the 8 to 9.9 percent category, the accident rate is 74 percent greater for merging and 
46 percent greater for diverging on a speed-change lane, from 200 to 299 feet than on a 
speed-change lane from 600 to 699 feet. Both are of sufficient benefit to justify addi
tional lengths. 

I hope that Cirillo and others having extensive data available to them will continue 
and even accelerate such studies and make the results available to others so that ulti
mately conclusive evidence is available to justify the cost of improvements that will 
really reduce the accident rate. Apparently such improvements will be radically dif
ferent from those made by current practices. 
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S. R. BYINGTON, Bureau of Public Roads, Federal Highway Administration, U.S. 
Department of Transportation-It is frequently observed by research personnel and 
administrators that the "true" value of a piece of research work may not be known until 
a long time, perhaps years, after the work is completed. But, the "true" value of a 
piece of research is never totally known for as long as there are people; and as long 
as people are characterized by change, the value of things, including research, will be 
subject to change. Still, value being person-space-time related, there is always the 
need to know how scientific output can be immediately applied by those on the opera
tional sid& of a profession. Accordingly, the Iollowing discussion is devoted to the 
possible app1ication of Cirillo's research .results. 

Based on the independent variables examined-speed-change lane lengths and ramp 
and mainline volumes-there are potentially 2 possible applications of the research re
sults: (a) establishment of refined design criteria for minimum speed-change lane 
lengths, and (b) establishment of gross safety guidelines that should be considered in 
the ramp metering of traffic. 

Only the first potential application is studied here with respect to deceleration, ac
celeration, and weaving area speed-change lanes. The examination of these geometJ:ic 
elements includes an abbreviated review of existing design criteria and their compari
son with the findings in the reviewed paper. The second potential application is not 
studied because of the apparent need for more refined analysis of the existing data base. 

Deceleration Lanes 

Currently, desirable lengths of deceleration lanes are determined as a function of the 
following 3 factors: "(a) the speed at which drivers maneuver onto the auxiliary lane; 
(b) the speed at which drivers turn after traversing the deceleration lane; and (c) the 
manner of decelerating or the deceleration factor" (1, p. 348). From these assumptions, 
desirable lengths of deceleration lanes are calculated for various combinations of high
way and exit curve (ramp) design speeds. The calculated lengths for those design speed 
combinations prevalent in Cirillo's data base and kindly supplied by her on request are 
given in Table 5 (!, p. 351). 

Location 

Rural 

Urban 

TABLE 5 

RECOMMENDED LENGTHS FOR DECELERATION LANES 

Highway 
Design Speed 

(mph) 

70 
70 
BO 
BO 

50 
50 
60 
60 

Exit Curve 
Design Speed 

(mph) 

25 
35 
25 
30 

25 
25 
20 
~5 

Deceleration 
Lane Length 

550 
525 
650 
600 

375 
350 
475 
450 

Comments 

Sixty-five percent of Cirillo's 
data base involved decelera
tion lanes in rural areas for 
which the mainline design 
speeds were all 70 mph or 
greater. Exit ramps (as
sumed to b-0 predom lnanUy 
diamond) had design speeds 
of 30 mph or greater In 90 
percent of the cases. 

Thirty-five percent of Ciril
lo's data base involved de
celeration lanes In urban 
areas for which the main
line design speeds were 
about evenly split between 
SO and 60 mph. Exit ramps 
{assumed l.o consist of loops , 
outer connecUons, and the 
Uke) had design speeds of 
20 and 25 mph in 80 to 90 
percent of the cases de
pending on the exact type 
of ramp. 
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Figure 6 offers a comparison with the deceleration lane lengths given in Table 5 and 
demonstrates quite clearly the safety advantages of a minimum 600 to 700 ft decelera
tion lane length. Figure 6 shows that, regardless of the percentage of diverging traffic 
except for one grouping, the lowest accident rate occurred on deceleration lanes of 
600 ft or greater. Even for the one exception, when the percentage of diverging traffic 
was 6.0 to 7 .9 percent, the second lowest accident rate occurred when the deceleration 
lane length was 700 ft or greater. Such results indicate that the existing recommended 
minimum deceleration lane lengths are too low. 

However, before such a change is recommended, the study's data should be reana
lyzed with rural and urban deceleration lanes separated. Such an analysis might reveal 
different optimum lengths for rural and urban deceleration lanes. If the sample size 
permits, an even finer analysis should be made that would consider the effect of vary
ing combinations of mainline and ramp design speeds on accident rates. The results 
could then be directly compared with the ex.isling design standards and, when combined 
with a cost analysis, used in determining how or if the existing standards should be 
modified. The importance of such an analysis is emphasized by the large percentage, 
65 percent, of short deceleration lanes, 500 ft or less, found in the study's sample of 
deceleration lanes. 

Other refinements might include grouping by geometric type of ramp, such as dia
mond or clover, or total length of ramp because portions of the ramp itself can func
tion as an acceleration or deceleration lane. 

Acceleration Lanes 

Factors similar to those employed for determining deceleration lane lengths are 
used presently in establishing minimum acceleration lane lengths. If design speed com
binations similar to those in Table 5 are used, the recommended lengths for rural and 
urban areas are respectively in the ranges of 1,300 to 1,400 ft and 600 to 1,000 ft (1, 
p.351). -

Figure 6 shows that, regardless of percentage of merging traffic, the optimum lane 
length is 700 ft or greater. Thus, there is fairly good agreement in desirable lane 
lengths between existing standards and that supported by accident analysis. The one 
question remaining is whether additional refinement of the present study data, in terms 
of acceleration lane le11gth groupings, would have shown increased accident savings as 
the lane length increased. As shown in Figure 6, this may be particularly important 
where the percentage of merging traffic exceeds 6 percent. 

Weaving Areas 

Weaving area length, weaving volume, and quality of flow are the basic variables 
incorporated in the weaving volume determination chart presented in the Highway Ca
pacity Manual (.!, p. 166). Thus, to determine the recommended length of weaving 
section requires knowing both the total weaving traffic and quality of flow. Because 
this information was not available in the reviewed study, no comparison could be made 
between existing design standards and the results obtained by Cirillo. Nevertheless, 
the results are still of interest, for Figure 3, all volumes, shows that, regardless of 
the weaving section traffic volume, the ~ccident rate continually decreases as the weav
ing area length increases up to a length of around 700 to 750 ft. Consideration of acci
dent and construction costs might then dictate that the length of a combined acceleration
deceleration lane be 700 ft. Additional increases in the length of such lanes is question
able because the accident rate levels off at this distance. 

Reference 

4. Highway Capacity Manual-1965. HRB Spec. Rept. 87, 1965. 
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JOHN A. DEACON, University of Kentucky-In this study of accident rates at speed
change lanes and weaving areas, Cirillo has limited her evaluation to 2 independent 
variables, namely, length of lane or area and traffic volumes. Some of the unexplained 
variability in the reported data is doubtlessly due to the omission of other significant 
independent variables. Row ever, some portion of the unexplained variability is prob
ably due to an improper selection of the pertinent volume variables. 

Consider for illustrative purposes the case of merging traffic at an on-ramp. It is 
hypothesized that the accident rate is a function of (a) the probability of conflict be
tween merging and through vehicles, (b) the ability of drivers to detect potential con
flicts, and (c) the ability and willingness of drivers to make adjustments necessary to 
avoid such conflicts. The probability of conflict is in turn a function of factors such as 
relative speeds and the volumes in each of the merging and through lanes. The drivers' 
ability to detect potential conflicts is a function of factors such as sight distance and 
angle of merge. Finally, their ability and willingness to make required adjustments 
are functions of factors such as acceleration lane length, gradient, and vehicular ac
celerative characteristics. 

For merging areas, Cirillo has identified the pertinent volume variable as the per
centage of merging traffic. It is a simple matter to show, however, that the expected 
number of potential conflicts is a function of volume on the through facility as well as 
the percentage of merging traffic. Figure 7, which is based on certain simplifying as
sumptions concerning peak-hour fractions, directional and lane distributions, gap dis
tribution and critical size and the like supports this conten on. Might it not be rea
sonable to assume, therefore, that traffic volume on the through facility is equally as 
important in its effect on accident rate as percentage of merging traffic? Similar anal
yses would indicate the importance of extending the number of volume variables for 
both weaving areas and deceleration lanes as well as for acceleration lanes. 

In order to evaluate the effect of length of speed-change lane on accident rates, a 
plot such as that shown in Figure 8 is preferred to Figure 6. Figure 8 is based on 

... 
" 0 :x: 
... 
OJ 
a. 

200 

160 

ti) 120 ... 
u 
'rl ,.., .... 
" 0 
u 

"' 80 
OJ ... 
u 
OJ 
a. 
>< 
"' 40 

0 
0 20,000 40,000 60,000 

Mainline Daily Traffic Volume (Vehicles) 

Figure 7. Merging conflicts for 7 percent merge volume. 
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Figure 8 . Effect of length of speed-change lanes on accident rates. 
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700 

Cirillo's data as shown in Figures 3 and 5 with individual points being omitted for 
clarity. It shows that the reduction in accident rate (reduction in accidents per 100 
million vehicles) for each 100-ft increase in length of speed-change lane varies from 
about 6 to 25 for deceleration lanes and from about 3 to 45 for acceleration lanes, de
pending on the percentage of merging or diverging traffic . 

Cirillo implies that, when merging or diverging volumes are less than 6 percent of 
the mainline volumes, increased length of a speed-change lane is not justifiable from 
the Viewpoint of accident reduction. Let thEi reader be cautioned to avoid considering 
this 6 percent level as invariant because (a) there is no abrupt change in accident rate 
at this level of merging or diverging, (b) an explicit economic analysis was not re
ported, and (c) factors other than safety are important. 
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The extensive accident data of this study have potentially significant lmplications 
for the pr oper design of speed-change lanes and weaving areas because safety together 
with capacity, speed, operational flexibility, cost, and service constitute fundamental 
design criteria. However, it should be noted that Cirillo has not chosen to fully exam
ine the design implications of her findings. To enable the reader to do this for him
self would require minimal additional information such as the number of study units in 
each of the various data categories as well as the corresponding number of accidents 
and traffic volumes . 




