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SYNOPSIS 
The distribution of speeds of over 260,000 vehicles in normal travel (1934,1935 

and 1937) on 40 different sections of highways of various types in four eastern 
states has been examined, summarized and analysed in terms of percentile speeds 
Curve patterns of the distribution of speeds so expressed were found to be nearly 
identical over a wide range of highway types, average speeds, and traffic volumes 

Since the term "assumed design speed" is defined only with respect to future 
travel speeds, and the relation of present day travel speeds to future travel 
speeds is not known, the analysis was made to select a percentile definition of 
"speed rating" which term is used to denote the speed which bears the same 
relation to observed travel speeds that the assumed design speed is intended to 
bear to future travel speeds. 

Examination of the range of speeds found on the group of higher speed roads 
included, with average speeds of 40 to SO mph, shows that definitions in terms of 
percentile values of 90 to 98 are necessary if these are to be rated as 60 mph 
highways. Even higher percentile values are necessary to rate any of them as 
70 mph highways. 

Analysis of these data to determine a percentile speed value to be used as a 
definition point for speed rating indicates that an 80 percentile value is too low, 
a 90 percentile value is questionably low, a 96 percentile value is reasonably 
desirable, and a 98 percentile value appears to be the desirable definition point. 

An assumed design speed is being used 
to an increasing extent in the geometric 
design of highways. The A.A.S.H.O. 
approves the foUowmg definition for 
assumed design speed:' 

"The assumed design speed of a high
way is considered to be the maximum 
approximately uniform speed which prob
ably will be adopted by the faster group 
of drivers but not necessarily, by the 
small percentage of reckless ones." 

The term "assumed design speed" 
properly applies only to the design of 
roads not yet constructed and properly 
should refer to future travel speeds. 
We do not know the relation between 
present travel speeds and future travel 
speeds. We do not know the precise 
point in the range of future travel speeds 
that should be chosen as the assumed 
design speed. We do know that this 
point should be such that only a small 
percentage of drivers will exceed this 

1 "A Policy on Highway Claasification"— 
A. A. S. H. O., 1940. 

speed but we do not know just how small 
this percentage should be 

Roads on which the observations here 
reported were made, doubtless were not 
designed on the basis of an assumed de
sign speed. Therefore the expression 
"highway speed rating," or simply "speed 
rating," is used to denote the speed 
which bears the same relation to observed 
travel speeds that the assumed design 
speed is intended to bear to future travel 
speeds. Since the speeds of all vehicles 
on any road can be measured, knowledge 
of a permissible value for the percentage 
of vehicles exceeding the highway speed 
rating would make it possible to deter
mine the actual speed rating for that road. 
The object of this paper is to analyze 
speed data for existing roads and deter
mine the percentile value to be used as 
a definition for highway speed ratings. 

The term "percentile", while perhaps 
unfamiliar, is specific in meamhg and is a 
useful tool in reference to speed distribu
tion data A dictionary definition is: 

372 
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"Any seiics of values that indicate the 
distribution of a laigc group of measure
ments If the results obtained be ar
ranged in order of magnitude and divided 
into 100 equal groups, then a value lying 
just above the first group is the first 
percentile, one just above the second, the 
second percentile, etc" A percentile 
speed lefers to the cumulative percentage 
of the number of vehicles which travel at 
or below a certain speed It is the high
est speed of a lower speed group of ve
hicles, the number of vehicles in the 
group being a stated percentile of the 
total Percentile speed is a general 
term; only when it is applied to a par
ticular speed distribution can it be ex
pressed in actual miles per hour A 90 
percentile speed may be 28 mph on one 
road, 51 mph on another road, 35 mph 
on a third; in each case the roads and 
traffic conditions are totally different 
yet the speed given is that exceeded only 
by the faster 10 percent of vehicles. 

Data 

In a series of studies during 1934 and 
1935, the Division of Highway Transport 
of Public Roads obtained the individual 
vehicle speeds at a large number of high
way locations in three eastern states and 
cooperated with the Illinois State-wide 
Highway Planning Survey in a similar 
study during 1937 While these studies 
were designed primarily to obtain data 
for use in determining the traffic capacity 
for highways of different widths and num
ber of lanes, the data obtained covered 
such a large number of vehicles and high
way locations and have been tabulated 
in such a form that they have also been 
useful for a variety of other studies relat
ing to traffic flow. For this particular 
study, tables were made available show
ing the frequency distribution of speeds 
and average speed at each highway loca
tion Each study consisted of one or 
more days record of the speeds of all 
vehicles passing through a distance of 

about 5 mile, lesulting m spccd-volumo 
data for 2,000 to 25,000 vehicles at that 
location The studies were on 2-, 3- and 
4-lane roads, including some divided 
highways, and were for the most part on 
level tangent stretches although a few 
sections were on grades and curves 
Each study location was selected pri
marily as a point where high peak hour 
tiaffic volumes were anticipated. How
ever, the length of study was sufficient to 
obtain data for the low traffic volume 
periods as well Average data for the 
whole of each study are used 

The times of entrance and exit of each 
vehicle on the measuied study length 
were recorded by manually operated 
electrically controlled pens on charts 
revolving at unifoim speed, permitting 
scale reading of the time rcquucd to trav
erse the study section The accuracy of 
the recording device was such that indi
vidual vehicle speeds were determinable 
to an accuracy of one mile per hour for 
speeds under 40 miles per hour and from 
1 5 to about 3 0 miles per hour for the 
higher speeds 

A major portion of these data was 
obtained in 34 studies (12, 9 and 13 
studies on 2-, 3- and 4-lane roads, 
respectively) in which speeds were meas
ured for a total of 236,724 vehicles 
traveling over level tangent, or nearly so, 
sections of highways These 34 studies 
include all data obtained on level tangent 
study sections sufficiently removed from 
steep grades so that tiavel speeds were 
not affected by the grades Also in
cluded in the 34 studies are a few made 
on slight grades or on flat curves Speeds 
measured in these studies show no appre
ciable variations from the speeds on 
level tangent sections 

Another group examined consisted of 6 
other studies with a total of 12,336 
vehicles traveling up grades of 7 and 8 
percent and 11,205 vehicles traveling 
down the same giades 

The data used consisted of a summary 
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of speeds observed on each study section 
showing the cumulative percentage of 
total vehicles traveling at or below in
dicated speeds. Data for each section 
of the level-tangent group are indicated 
on Figure 1 by the connected series of 

served. Appended tabulations of such 
information for each study show average 
traffic volumes ranging from 240 to 1,694 
vehicles per hour. 

Tables 1, 2, 3 and 4 give the pavement 
width, grade, and alinement on the study 

T A B L E 1 

S U M H A R T O F 2 - L A N E R O A D S T U D I E S 

Study 
number 

Pavement 
width 
(feet) 

Grade and Curvature 
Aveiage 
speed 
(mph) 

Average 
volume 
(vph) 

Directional 
ratio 

(percent) 
Total 

vehicles 
included 

4 A 22 level tangent 21.9 1,061 45-55 8,028 
5 P 24 level tangent 29 7 632 44-56 3,678 
4 0 24 level tangent 30 1 860 47-63 6,086 
4N 20 level tangent 30.2 850 45-55 2,866 
5A 20 level reveree curve 34.4 649 45-55 9,155 
7 F 18 level tangent 35 9 519 45-55 4,060 
5 C 18 level tangent 37 0 739 47-63 14,709 
7 0 20 level 4" curve 37 9 371 45-55 2,691 
6D 18 si rolhng tangent 38 6 570 46-54 4,088 
7 K 18 level tangent 40 2 547 46-64 4,014 
7 B 18 0.4% tangent 41.7 240 50-50 1,741 
6 H 18 level tangent 42 7 525 48-62 3,737 

Total of 12. 64,762 

T A B L E 2 

S U M M A R Y O P 3 - L A N B R O A D S T U D I E S 

study 
number 

Pavement 
width 
(feet) 

Grade and Curvature 
Average 
speed 
(mph) 

Average 
volume 
(vph) 

Directional 
ratio 

(percent) 
Total 

vehicles 
included 

4 D 30 level tangent 30 5 1,243 41-59 4,069 
4 L 30 level tangent 33 0 1,254 37-63 8,492 
6 R 27 1% reverse curve 34 6 763 39-61 11,069 
5N 27 low crest si curve 35 1 1,284 39-61 18,689 
4M 30 level tangent 36 9 1,138 33-67 12,128 
4Q 30 level tangent 37 0 546 31-69 1,818 
5 K 30 level 4" 43.3 471 45-55 2,827 
5 J 30 level tangent 45 1 731 45-55 7,717 
5M 30 3% si. curve 45 2 463 50-50 3,348 

Total of 9. 70,157 

dots, producing an S-type curve. The 
small circles near the center of the curves 
indicate the average speeds for each of 
the studies The range of average speeds 
—from 22 to 47 mph—gives some indica
tion of the diversity of highway and 
traffic conditions that have been ob-

sections used and traffic data for the 
vehicles observed. The prefix number 
4, 5, or 7 of the study number (left 
column) indicates the years 1934, 1935 
and 1937, respectively. The speed and 
volume figures are combined averages 
for the total (two directional) number of 



LOUTZENIIEISER-PERCENTILE SPEEDS 375-

T A B L E 3 
S U M M A R Y O P 4 - L A N B R O A D S T U D I E S 

Study 
number 

Pavement 
%idth 
(feet) 

Grade and Curvature 

4 E 50 level tangent 
* 4 H 28-28 level tangent 
4 C 40 level tangent 
4 G 36 level tangent 
7 G 40 level tangent 
7 U 40 level 5 5° curve 
7 P 36 level tangent 

* 7 X 20-20 level tangent 
7 S 40 level tangent 

*7 L 22-22 level tangent 
7 V 40 level tangent 

*7 W 20-20 level tangent 
•7 Y 20-20 level tangent 

Total of 13 

Average 
speed 
(mph) 

30 4 
31 9 
33 7 
34 1 
41 0 
41 2 
41 2 
43 9 
44 2 
44 2 
44 4 
46 4 
46 7 

Average 
volume 
(vpn) 

1,694 
1,119 
1,099 

755 
475 
560 
358 

1,128 
1,051 

800 
728 
964 

1,095 

Directional 
ratio 

(percent) 

48- 52 
42-58 
39- 61 
49- 61 
46-54 
49-51 
45-55 
49-51 
35- 65 
40- 60 
44-56 
41- 59 
36- 64 

Total 
vehicles 
includi-d 

22,39(> 
5,909 
7,800 
4,433 
3,324 
2,981 
3,177 
9,761 

17,690 
4,108 
5,457 
6,143 
0,636 

101,816 

• Divided highway 

T A B L E 4 
S U M M A R Y O P S T U D I E S O N G R A D E S O P 7 & 8 P E R C E N T ( F I G U R E 5) 

Average Vol
ume 

Study 
number 

Pavement 
nidth 

(lanes) (feet) 
Grade and Curvature 

Aver
age 

speed 
(mph) 

1-
wa

y 
stu

di
ed

 
(v

ph
) 

•3 

| l 

Directional 
ratio 

(percent) 
Total 

vehicles 
studied 

Per
cent 

trucks 
Per-
cent 

busses 

6 0 3 27 up 7% tangent 24 4 500 856 42-68 3,641 10 8 0 9 
4 K 3 30 up 7% tangent 32 2 272 553 49-61 1,342 9 2 1 3 
6 E 2 18 up 8% winding 33 6 238 492 48-52 1,588 6 6 0 3 
4 J 3 30 up 7% tangent 33 8 327 706 46-54 2,387 9 1 0 8 
6 F 2 18 up 7% tangent 34 1 252 463 45-66 1,966 6 1 0 3 
6 G 2 18 up 7% tangent 34 2 229 486 47-53 1,412 5 9 0 1 

Total 6 Total 12,336 

6 0 3 27 down 7% tangent 29 2 357 854 42-58 2,308 14 5 1 1 
4 K 3 30 down 7% tangent 35 0 276 663 60-60 1,242 7 2 0 7 
5 E 2 18 down 8% w inding 35 7 255 493 48-52 1,716 5 2 0 2 
5 F 2 18 down 7% tangent 36 8 201 463 44-56 1,578 7 4 0 4 
5 G 2 18 down 7% tangent 39 4 248 477 48-62 1,539 4 7 0 2 
4 J 3 30 down 7% tangent 40 4 388 711 46-56 2,822 6 6 0 8 

Total 6 Total 11,205 

vehicles shown The diiectional ratio 
IS the latio between the percentage of 
total tiaffic tiavelmg in one duection and 

the percentage tiavelmg in the othci di-
lection foi the total time of study. The 
studies on grades and on 4-lanc divided 
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highways (and study 4E) were made 
separately for traffic in each direction but 
sufficient information is available for the 
total volumes and directional ratios 
shown. 

of the effect of volume on the speed dis
tribution curve. Other than this (Table 
5) all data used consisted of the combined 
average for all vehicles studied at each 
location. 

TABLE 5 
SiTHMABT O F S T U D I E S B T V O L X J U E G R O U P S ( F I O U R B 6) 

(Data for 10-minute intervals combined into volume groups) 

Study 
number 

Fave-
ment 
width 
(feet) 

Grade and Curvature Avenge 
speed (mph) 

AvetBse 
volume 
(vph) 

Directional 
ratio 

(percent) 
Total 

vehicles 
included 

7 F 
7 0 
5 C 
7 K 

18 
20 
18 
18 

level tangent 
level 4° curve 
level tangent 
level tangent 

35 7 
38 0 
40 7 
44 3 

Average 

369 
340 
355 
314 

342 

42-58 
49-51 
49-51 
29-71 

Total 

323 
1,305 
1,043 

419 

Total 4 

18 
20 
18 
18 

level tangent 
level 4° curve 
level tangent 
level tangent 

35 7 
38 0 
40 7 
44 3 

Average 

369 
340 
355 
314 

342 

42-58 
49-51 
49-51 
29-71 

Total 3,090 

4 N 
7 F 
6 A 
7 0 
5 C 
5 D 
7 K 
5 H 

20 
18 
20 
20 
18 
18 
18 
18 

level tangent 
level tangent 
level reverse curves 
level 4° curve 
level tangent 
si rolling tangent 
level tangent 
level tangent 

32 0 
34.2 
34 4 
37 2 
38 7 
38 7 
40.7 
42 5 

Average 

528 
566 
586 
513 
556 
548 
559 
569 

552 

49- 51 
50- 50 
32-68 
32-68 
50-50 
43-57 
47-^ 
4ft-54 

Total 

761 
1,131 
1,894 

939 
1,510 
1,628 
1,118 
1,244 

Totol 8 

20 
18 
20 
20 
18 
18 
18 
18 

level tangent 
level tangent 
level reverse curves 
level 4° curve 
level tangent 
si rolling tangent 
level tangent 
level tangent 

32 0 
34.2 
34 4 
37 2 
38 7 
38 7 
40.7 
42 5 

Average 

528 
566 
586 
513 
556 
548 
559 
569 

552 

49- 51 
50- 50 
32-68 
32-68 
50-50 
43-57 
47-^ 
4ft-54 

Total 10,225 

4 A 
5 A 
4 0 
5 C 
7 K 
5 H 

22 
20 
24 
18 
18 
18 

level tangent 
level reverse curves 
level tangent 
level tangent 
level tangent 
level tangent 

24 3 
31 5 
32 0 
35 5 
39 1 
41 8 

Average 

716 
765 
795 
752 
711 
738 

746 

no data 
41-59 

48-52 
41-59 
50-50 

Total 

1,312 
2,419 
1,216 
2,693 
1,066 

249 

Total 6 

22 
20 
24 
18 
18 
18 

level tangent 
level reverse curves 
level tangent 
level tangent 
level tangent 
level tangent 

24 3 
31 5 
32 0 
35 5 
39 1 
41 8 

Average 

716 
765 
795 
752 
711 
738 

746 

no data 
41-59 

48-52 
41-59 
50-50 

Total 8,955 

4 A 
4 0 
5 A 
4N 

22 
24 
20 
20 

level tangent 
level tangent 
level reverse curves 
level tangent 

22 8 
28 9 
31 3 
31.4 

Average 

1,011 
1,052 
1,065 
1,093 

1,055 

no data 
29-71 

no data 
43-57 

Total 

2,823 
1,557 
1,293 

809 

6,482 Total 4 

22 
24 
20 
20 

level tangent 
level tangent 
level reverse curves 
level tangent 

22 8 
28 9 
31 3 
31.4 

Average 

1,011 
1,052 
1,065 
1,093 

1,055 

no data 
29-71 

no data 
43-57 

Total 

2,823 
1,557 
1,293 

809 

6,482 

For purposes of studying highway ca
pacity the basic data had been tabulated 
in 10-min. interval groupings and com
bined into various volume groups. Table 
5 indicates the only portion of these de
tailed data used herein for examination 

Speed Distributton Curves 

Figure 1 demonstrates the form of the 
combined average speed distribution data 
for each study The three parts show 
the data for the various lane-width roads 
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in the group of 34 studies on level tangent 
highways. A general examination of 
the data in this form indicates that the 
speed distribution curves for any road 
width are of the same general form over a 
rather wide range of average speeds and 
volumes. All factors jointly control only 
the steepness or speed range of the curves. 
Further, comparing the curves for the 
different road widths, the range of speeds 
covered is about the same (with the 
single exception of the 2-lane study 4A) 
for considerably different volumes Even 
the distribution of speeds on the 4-lane 
divided highway (dashed) with their 
higher volumes show no marked variation 
from those on the 4-lane undivided high
ways Accordingly data for both divided 
and undivided 4-lane highways are con
sidered jointly 

The speed distribution data presented 
in Figure 1 clearly illustrate the con
venience and specific meaning of a per
centile value in reference to a group of 
speed studies. The different highway 
and traffic conditions on the various 
locations studied gave speed distribution 
curves that are similar but widely varied 
for any actual speed value For instance, 
the studies on 2-lane roads show a speed 
of, say, 30 miles per hour (vertical fine) 
for percentages of vehicles ranging from 
5 to 98; for each study there is a different 
percentage at this speed. However, use 
of any one percentile value, say 90, 
(horizontal line) determines the same 
relative point on all of the curves— t̂he 
speed that is exceeded by only the faster 
10 percent of the total vehicles. 

The lowest speeds in Figure 1 are 
about 10 to 15 mph in all cases and top 
speeds vary widely, from 50 to 90 mph. 
The average speeds (indicated by small 
circles) are in all cases less than 50 
mph and fall chiefly within a range of 30 
to 47 mph. On the speed distribution 
curve the average speed invariably is 
slightly above the median speed, falling 
within the range of 50 to 60 percent of 

vehicles. That is to say, about 55 per
cent of the vehicles observed on the high
ways were traveling at or slower than the 
average speed of all vehicles. 

Examination of the 34 curves of Figure 
1 indicates that, regardless of the volume 
or the lanes of road, the curves for the 
same average speed are nearly identical. 
This suggests that combination and 
analysis of data can convemently be made 
in terms of the average speed for each 
study. This basis is desirable since the 
term "average speed" is umversally used 
and is not confusing. Most engineers 
have no immediate conception of highway 
and traffic conditions identified by a 
"speed range (say 40 miles per hour 
between limits of 1 to 99 pereent of 
vehicles) or by a 90 "percentile" speed 
of 40 miles. But all have some immedi
ate visuahzation of highway and traffic 
conditions that result in an average speed 
of (say) 40 miles per hour on a highway of 
(say) 2 lanes. 

Figure 2 shows the average speed 
plotted against the average volume for 
each of the 34 studies on level tangent 
sections on roads havmg different num
bers of lanes. In this form the data may 
be said to show a general trend of lower 
average speeds for higher volumes of traf
fic (slopmg down toward the right) for 
each width, as we all know should be the 
case But this trend is not clear cut, 
particularly for the 4-lane roads. It is, 
in fact, quite indicative of the usual shot
gun diagram obtained with widely varied 
volumes of traffic. From this chart it 
can just as logically be stated that, con
sidering all studies jointly, roads of the 
same average speeds may be carrying 
almost any volume of traffic. This is in 
effect a restatement of the apparent con
clusion from Figure 1, i.e., that speed 
distribution curves for different roads 
with the same average speed are nearly 
identical, regardless of the traffic volumes 
or the number of lanes. It is concluded 
therefore that combination and analysis 
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of these data can logically be made in 
teims of the aveiage speeds. 

Analysis 

The method of analysis m tei ms of the 
aveiage speed is indicated by Figure' 3 
Speeds foi three pcicentilcs, 98, 95 and 
90, are shown fiom top to bottom foi the 
loads of 2-, 3- and 4-lane widths from 
left to right Each dot is the speed for 
one study at which the indicated peicent-
age of vehicles was included plotted 
against the average speed for the study 
AVhilc only high pcicentile values aie 

speed divided by the aveiage speed of 
the study to obtain a latio, which is 
designated as K The value of K, then, 
is a latio that is the quotient of a selected 
speed of tiavel and the aveiage speed foi 
a study It is a speed scale in piopoi-
tions of the aveiage speed These latios 
for a gi\en pcicentile weie then avciaged 
numeucallv to obtain a gioup aveiage for 
diffcicnt types oi combinations of loads, 
which IS icferred to as aveiage K foi an 
indicated pcicentile 

In Figure 3 the light solid lines indicate 
values of K to show the limited spicad 
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Figure 2 

lUustiated in Figuie 3, the same type of 
chait relation is found at all pcicentiles 
It IS appaicnt m all cases illustiated that 
there is little erior m expiessing the pci
centile specd-aveiage speed relation as 
a straight line, or that foi any pcicentile 
speed its ratio to the aveiage speed is 
neailv a constant for all the studies 

This presents a ready means for com
bining the values of the vanous studies 
The proccduic consisted of plotting the 
separate speed distiibution cuivcs m the 
foim shown in Figuie 1, and loundmg the 
values to a smooth S-cuive Fiom this 
loundcd cuive the value of the speed was 
lead foi a designated pcicentile and this 

for the pcicentile. While the K values 
vary for the diffeient percentiles thcic is 
little variation between the gioups of 
studies foi diffeicnt load widths The 
slope of heavy line is the aveiage value 
of K at that pcicentile, foi the gioup of 
studies. 

Figuie 4 presents the aveiage values 
of K foi the whole range of peiccntiles, 
with a sepaiate line foi each lanc-width 
gioup of studies The heavy dots in
dicate the combined aveiage \alue ot K 
foi all 34 studies, the cuncd line itsclt 
being omitted foi clearness The cal
culated values foi these loui ciiixcs aie 
shown m the fii st hve columns of Table C. 
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The data at the bottom of this table 
indicate thi.s combined cunc to be the 
lesult of obsenations of 236,724 vehicles 

The avciagc K values foi the giouiDS of 
studies on 3- and 4-lanc roads aic ncailv 
the same except foi less than 20 pcicciit 

T A B L E 6 

S U M M A R Y O P C A L C U L \ T E D V A L U E S O F K ( S P E E D O P T R A V E L A V E R A G E S P E E D ) 

Average values of K 

Percent of vehicles 
included 

Major stud> by road widths Grade stud} 
(l-nay) Volume study Percent of vehicles 

included 
Z-lane 3-lane 4-lane Com

bined 
total 

Up Doun 
7-8% 

grades 

Average volume of 
roads roads roads 

Com
bined 
total ' o/o 

grades 

Doun 
7-8% 

grades 342 vph 552 vph 746 vph 1055 vph 

100 
99 
98 
97 

2 025 
1 496 
1 419 
1 376 

1 S9S 
1 407 
1 355 
1 317 

1 826 
1 420 
1 354 
1 318 

1 915 
1 444 
1 378 
1 338 

1 913 
1 562 
1 502 
1 455 

1 718 
1 420 
1 357 
1 320 

1 788 
1 472 
1 420 
1 385 

1 989 
1 474 
1 402 
1 356 

1 807 
1 488 
1 418 
1 372 

1 702 
1 445 
1 372 
1 330 

95 
93 
90 
85 

1 324 
1 285 
1 240 
1 183 

1 270 
1 242 
1 207 
1 161 

1 265 
1 235 
1 200 
1 158 

1 287 
1 255 
1 216 
1 168 

1 390 
1 347 
1 300 
1 243 

1 275 
1 245 
1 205 
1 158 

1 330 
1 288 
1 245 
1 190 

1 302 
1 270 
1 228 
1 176 

1 310 
1 267 
1 225 
1 167 

1 270 
1 232 
1 190 
1 135 

80 
70 
60 
50 

1 138 
1 078 
1 022 

975 

1 128 
1 069 
1 022 

977 

1 125 
1 070 
1 024 

981 

1 130 
1 072 
1 023 

978 

1 202 
1 133 
1 067 
1 002 

1 127 
1 072 
1 025 

980 

1 148 
1 085 
1 030 

980 

1 135 
1 070 
1 019 

975 

1 127 
1 057 
1 003 

962 

1 098 
1 040 
1 005 

965 

40 
30 
20 
15 

928 
878 
823 
792 

934 
891 
842 
813 

937 
894 
837 
802 

933 
888 
833 
803 

940 
870 
783 
715 

938 
897 
852 
818 

925 
868 
812 
778 

930 
881 
828 
799 

922 
880 
842 
812 

935 
895 
855 
830 

10 
6 
2 

752 
707 
626 

778 
737 
661 

758 
709 
607 

761 
716 
628 

620 
512 
333 

778 
735 
652 

738 
690 
585 

760 
716 
654 

778 
740 
663 

795 
758 
685 

No of studies 
No vehicles in-

included 
Range of avg 

12 

64,752 

9 

70,157 

13 

101,815 

34 

236,724 

6 

12,336 

6 

11,205 

4 

3,090 

8 

10,225 

6 

8,955 

4 

6,482 

Low 
High 

Range of avg vols 
Low-
High 

Plotted on figure 

21 9 
42 7 

240 
1,061 
4 & 5 

30 5 
45 2 

463 
1,284 

4 

30 4 
46 7 

358 
1,694 

4 

21 9 
46 7 

240 
1,694 
4 & 7 

24 4 
34 2 

238/492 
500/856 

5 

29 2 
40 4 

201/453 
388/711 

5 

35 7 
44 3 

314 
359 

6 

32 0 
42 5 

513 
586 

6 

24 3 
41 8 

711 
795 

6 

22 8 
31 4 

1,011 
1,093 

6 

at 34 locations, in average study volumes 
ranging fiom 240 to 1,694 \chicles per 
hour and foi a\eiage speeds ranging from 
22 to 47 miles per houi 

of the vehicles, and even then are not 
far removed The curve for the group of 
studies on 2-lanc loads is somewhat flat
ter m slope indicating a greater spread 
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in the range of speeds. While there is a 
measurable difference between the three 
curves, the combined curve is sufficiently 
close to any one of the three that it alone 
may be used for further analysis, without 
appreciably affecting the results. 

The value of K is 1.0 at the average 
speed, which is found to be that of 55 
percent of vehicles That is, the average 
speed of travel is a 55 percentile speed, 
slightly above the median speed (50 per
cent of vehicles). The maximum or 100 

values (left scale), and is only slightly 
S-curved between 10 and 90 percentile 
values. Dividing the K scale roughly 
into thirds, it is found that almost half 
of the vehicles travel at speeds in the 
lower third of the speed range, about half 
of the vehicles travel at speeds in the 
intermediate-third of the speed range, 
leaving only a small percentage of vehi
cles that travel at speeds in the upper 
third of the speed range. Or, stated 
otherwise, an overwhelming majority of 
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Figure 5 

percentile speed is 1.92 times the average 
speed for the combined curve, while a 
near maximum or 99 percentile speed is 
1.44 times the average speed. The 
minimum speed is only 0 5 the average 
speed. Accordingly the range of travel 
speeds is from 0 5 to 1 9 or about 1.4 
times the average speed. By substitu
tion of actual mile per hour values for 
any one average speed in lieu of the K 
scale this chart becomes a typical dis
tribution curve for that average speed. 

The combined speed distnbution curve 
of Figure 4 is nearly a straight Ime for 
speeds between 20 and 80 percentile 

the vehicles travel at speeds in the lower 
two-thirds of the speed range. Simi
larly, it is found that nearly 90 percent of 
vehicles travel in the lower one-half of 
the speed range. 

Before proceeding further in a per-
centile-speed rating analysis it is per
tinent to note the effect of grades and of 
volumes on the type of curves of Figure 4. 
For the effect of grades Table 4 gives 
details of six other studies made on 7 and 
8 percent grades, the available speed 
data being for one-way operation. The 
calculated average values of K are shown 
in the sixth and seventh columns of 
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Tabic 6 and aic plotted on Figuic 5 
The data fo i these 6 studies on giades 
showed no appreciable diffeicncc between 
those on 2-lanc ioad& and those on 3-lanc 
loads Accoidmgiy they aie summaiized 
together, and aic to be compaicd with the 
level groups of the same lane width 
Figuie 5 shows speed distiibution cuivcs 
foi tiavel in both diiections on the 
giades The ccntial cuive, as indicated, 
IS the a^clage for the 2-lane ic\el roads 
The cuivc fo i the 3-lane level loads so 

a\eiagc speeds downgrade are 2 to 6 
mph fastei than the aveiage speeds up-
giadc 

Foi the cfifect of volume. Table 5 in
dicates the vaiious volume gioupmgs of 
data available in the 12 studies on 2-lane 
loads, consisting of basic data fo i 10-
mmute intei vals combined into groups of 
the indicated volumes Each of these 
is only a pai t of the total data foi the 
study as pie\iou&lv used The last 
four columns m Table 6 list the calculated 
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closelv follows the cuive fo i downgiade 
travel that i t was omitted foi clalItJ^ 
Figuie 5 indicates that the effect of a 
steep grade is a decided flattening of the 
K curve fo i the tiavel upgiade and a 
slight steepening of the cuive foi the 
tiavel downgiade The flatter curve 
foi the tiavel upgiade shows a ^Mdcr 
lange of tiavel speeds, doubtless due to 
the lower t iuck speeds I t is inteiesting 
to note that the speeds downgrade aie 
not more extensive m lange than those 
fo i level 2- and 3-lane highwaj-s The 

aveiage values of K , which are plotted 
on Figure 6 The foui volume groups 
aie indicated by diffeient line symbols 
and the combined average for 2-lanc 
loads I S shown bv the heavy dots. This 
chait indicates that there is relativelj'^ 
l i t t le diffeience in the K values between 
volume ranges of 342 and 1055 This 
diffeience is onlj"^ slightly greater than 
that between the 2-lane and 4-lane loads 
(Fig 4) and is less than that between the 
upgrade and downgrade tiafhc (Fig 5). 
The steepening f o i m of cuivc fo i the 
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higher volumes (Fig 6) indicates a re
ducing range of speeds at which the 
vehicles travel showing the influence of 
the bunching of vehicles While the 
various effects of different volumes of 
traffic may be extensively discussed, it 
is not the purpose of this analysis to 
elaborate on such phases. This chart 

55 percentile value as unity, and is shown 
as the right cui^e in Figure 7 The 
combined speed distribution similarly 
can be presented with other percentile 
values as unity, i.e., replotting the curve 
on'such proportions on the horizontal 
scale that the unity point falls on other 
desired percentile values. The com-

T A B L E 7 
COMPABISON OF SPEED DISTRIBUTION IN T E R U S OF VARIOUS PERCENTILE SpEEDS (FiGURE 7} 

(Combined average of 34 studies) 

Speed of travel as a multiple of 

vehicles 
included «• 

percentile 
speed 

70 
percentile 

speed 

80 
percentile 

speed 

90 
peroentde 

speed 

S5 
percentile 

speed 

98 
percentile 

speed 

99 
percentile 

speed 

100 
percentile 

speed 

100 1 915 1 786 1 695 1 575 1 485 1 390 1 326 1 000 
99 1 444 1 347 1 278 1 188 1 120 1 048 1 000 .754 
98 1 378 1 285 1 220 1 134 1 069 1 000 954 719 
97 1 338 1 248 1 185 1 100 1 037 971 927 699 

95 1 287 1 204 1 140 1 058 1 000 936 893 .674 
93 1 255 1 170 1 110 1 032 973 911 869 655 
90 1 216 1 135 1 076 1 000 943 883 842 .635 
85 1 168 1 086 1 034 961 906 848 807 610 

80 1 130 1 054 1 000 930 876 820 783 590 
70 1 072 1 000 949 882 832 778 743 560 
60 1 023 954 906 842 793 742 708 534 
50 978 912 865 804 758 710 677 510 

40 933 S70 826 767 724 677 646 .487 
30 888 828 786 730 689 645 615 458 
20 833 777 737 685 646 604 577 435 
15 803 747 709 659 621 582 554 .419 

10 761 .710 .674 .626 590 552 527 397 
6 716 .668 634 589 555 519 496 370 
2 .628 .586 556 .517 487 456 435 317 

* Average speed. 

is used primarily to demonstrate that in 
the form of K values the effect of volumes 
is relatively small. 

The combined speed distribution curve 
for the 34 studies on level tangent high
ways has been derived (Fig. 4) in terms 
of K , which is the speed of travel ex
pressed as a multiple of the average speed. 
This is a speed distribution in terms of a 

bined speed distribution is shown in 
Figure 7 with values of unity at 65, 70, 
80, 90, 95, 98, 99 and 100 percentiles; 
these data are listed in Table 7. In 
this form the combined data may be 
studied to determine the effect of various 
percentile values as definitions of the 
highway speed rating. 

For convenience the data of Figure 7 
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are shown in the same f o i m but on actual values as definitions The right insert 
mile pel houi abscissae in Figure 8 shows the 97 to 100 percent values on an 

SPEED O F IR tVCL OS A MULTIPLE O F MDrCATEO P E H C E N I U SPEED 

Figure 7 

so 60 TO SO 90 
TRAVEL SPEED - MILES PER HOUR 

B O H P H S P E E D RATINO 

20 JO 40 50 eo 70 80 90 100 

TRAVEL SPEED - MILES PER HOUR 

Figure 8 

A speed rating of 60 mph is assumed fo i enlarged veitical scale, of paiticular use 
this demonstration of vaiious percentile in reading the top speed 
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Percentile Defimtton of Highway Speed 
Rating 

The data presented have demonstrated 
that for any given highway (and to some 
extent for any traffic volume upon it) 
the range of speeds at which all types of 
vehicles travel upon it and the distribu
tion of the traffic within this range of 
speeds follow a defimte curve pattern 
when expressed in terms of the average 
speed or any one percentile speed. This 
curve pattern is the same whether the 
combinations of highway, topography 
and traffic are such as to produce a low 
average speed or a high average speed 
The combined distribution pattern is in a 
form to be examined to determine at what 
point in the speed range the speed rating 
should be defhied. 

To agree with the definition it is ap
parent that a highway speed rating should 
be such that only a few of the highest 
speed vehicles are not included. But 
the speed rating need not be as high as 
the top speeds measured Obviously the 
speed rating should be considerably 
Idgher than the average speed, which 
would include only 55 percent of vehicles 
A low percentile value results in a low 
speed rating and consequent low stand
ards to accommodate vehicles at or below 
it, but a greater proportion of vehicles 
will exceed the speed rating As the per
centile value approaches 100 there is an 
increase in the speed rating and the stand
ards to accommodate vehicles at or below 
it, but few vehicles will then exceed the 
speed rating. 

Figure 8 strikingly demonstrates the 
different speed distributions that can be 
represented by various percentile defini
tions,of a speed rating of 60 mph. Note 
first the range of average speeds that 
these definitions would cover, from 31 
mph for the 100 percentile to 60 mph for 
the 55 percentile. Referring to the origi
nal data. Figure 1, the higher speed group 
of studies showed average speeds between 
40 and 50 mph. 

Referring to Figure 8 and projecting 
40 to 50 mph speeds (lower scale) it is 
obvious that percentile definitions of 90 
to 99 are necessary in order to rate these 
highways at 60 mph Figure 8 also 
shows that a percentile definition less 
than 90 would result in an average speed 
or a range of speeds well above those so 
far found on our highways if the rating 
is to be 60 mph. 

The extent of the difference between 
the speed rating and the average speeds 
of travel for various percentile values as 
definitions. Figure 8, gives a clue toward 
selection of a proper percentile value 
For percentile defimtions of 70, 80, 90 
and 95 the speed rating of 60 mph is 
4, 7, 11 and 14 mph above the average 
speeid, respectively For 99 and 100 
percentile values the speed rating is 19 
and 29 mph above, respectively It 
appears that little would be gained unless 
the speed rating is at least 10 mph above 
the average speed, corresponding to a 
percentile value of about 90 for the 60 
mph rating, and it certainly need not 
exceed about 20 mph above, correspond
ing to a percentile value over 99. For 
speed ratings less than 60 mph (not illus
trated) higher percentile values yet are 
necessary in order that the speed rating 
will be at least 10 mph above the average 
speed. This means that the speed rating 
definition should be high enough that 
not over 10 percent of the vehicles will 
exceed it, but by the same token it need 
not be high enough to include all vehicles. 

Considering only speeds c^ove the 
speed rating, the distributions in Table 8 
are noted from Figure 8 (assumed speed 
rating of 60 mph). 

These data indicate that only the 
first two percentile values as definitions, 
95 and 98, are well within the scope of 
desired speed ratings The 90 percentile 
values as a definition might be included, 
but is on the questionable verge. Lower 
percentile • definitions definitely are be
yond the desired limits. 
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Considering the distiibution of tiaffic 
spccdib below the speed latmg, Figuic 8 
shows the data m Table 9 (assumed 
speed lating of 60 mph) The data of 
Tabic 9 indicate the undesiiablc low 
propoition of vehicles, 6 to 42 pciccnt, 
that would be tiavehng slower than 
speeds of 40 to 50 mph (i e , 0 67 or 0 83 
times the speed rating) if the speed latmg 
weie to be defined as one of the lowci 
peicentilc values I t appears dcsiiablc 

T A B L E 8 

Percentile 
value as a 
definition 
of speed 

rating 

95 
90 
80 
70 

Percent of vehicles exceeding speeds of 

60 mph 85 mph 70 mph 75 mph 80 mph 

2 0 6 0 2 0 06 0 02 
5 1 7 0 5 0 2 0 05 

10 4 1 3 0 5 0 2 
20 9 4 1 4 0 5 
30 16 7 3 1 2 

T A B L E 9 

Percentile 
value as 
a defini
tion of 

Percent of vehicles traveling at or belon 
speeds of 

Percentile 
value as 
a defini
tion of 
speed 
rating 40 mph 45 mph 50 mph 55 mph 60 mph 

98 37 63 82 94 98 
95 24 48 71 86 95 
90 16 35 58 78 90 
80 9 22 42 63 80 
70 6 16 31 51 70 

to so "peg" the speed rating that about 
half of the vehicles aic tiavehng slower 
than speeds in the lange of 0 7 to 0 8 of 
i t (Figure 7), or about 40 to 50 mph as 
shown in figure 8 Again only the 95 
and 98 percentile values are as dcsiicd 
foi definition, and the 90 peicentile value 
I S just on the edge Lower pciccntile 
definitions wil l not suffice 

Choice of a jjcrccntile value foi use as 
a dchnition of speed rating would be 
simple if the combined speed distribution 
curve (Fig 4, 7 oi 8) had a decided bi eak 
in the uppci i cgion There is no marked 

point of change in curvature, but i t is 
possible roughly to deteimine at what 
percentile value inciement changes begin 
to increase rapidly. Such analj'sis in
dicates that the more abrupt change in 
curvature occui-s in the 96 to 98 range of 
percentile values Below these values a 
unit increment in the percentage of 
vehicles included results m a nearlj-^ 
piopoitionate inciease in the speed 
But above these values a unit inciemcnt 
wil l lesult in a much greater mcicase in 
speed The higher speed rating to in
clude the few vehicles going faster than 
these peicentile speeds appeals cnt i ie l j ' 
out of propoition to their numbci I t 
theicfoie appeals desiiable to u.se a 96 to 
98 peicentile value as a dehnition point 
foi the speed i ating 

Anothei conhimation of the choice of a 
peicentile definition in the high nineties 
may be found m the iisk involved m 
vehicles traveling at speeds higher than 
the speed rating I f the shai pest cui vcs 
are such that vehicles travel sing them at 
the lated speed can hold the road by 
using only the side fnotion considered 
safe in design, and the vehicles t i aveling 
at higher speed.s do not slow dow n w hen 
rounding these cuives, then the peicentile 
definition should be such that the higher 
speed vehicles are not only few in number 
but that their speeds, while somewhat 
hazardous, are not great enough to le-
quiic f i ic t ion appioaching that at im
pending skid to keep them on the road 

Minimum ladius of cuive foi a given 
speed may be calculated by the formula 

R m i n — 
067 
E - f F 

where 
V is the speed m mph 
E is the ma\imum supeiele\ation, 

feet pel foot, and 
F I S the friction factoi 

The l imiting value of E geneiallv is con-
sidcied to be 0 10 The amount of fric-
tional resistance to tiansvcisc sliding 
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that may be developed with safety by a 
vehicle traveling around a curve is 
represented by a value of F of 0.16 for 
speeds of 30 to 60 mph and by a value of 
0.14 for a speed of 70 mph.« Omitting 
the relatively minor effect of the latter 
value, the expression for the minimum 
radius then is: 

Substituting for Rmia the speeds are in 
the ratio: 

0 26 
(0.10 + Fx) 0.10 + Fx 

.067 0.26 

or 

Rnun — 
.067, 
0.26 V y 0.26 

016 020 025 
• VALUE OF FRICTION FACTOR 

OJO a35 040 O.AS OlSO 

12 13 
FRACnON OF SPEED RAT1N6 

Figure 9 

16 

Let Vx represent any speed higher than 
V and Fx the factor for the friction 
developed when rounding the above curve 
at speed Vx Then 

Rmm(0.10 + Fx) 
.067 

» "Safe Side Friction Factors and Super
elevation Design" by J Barnett Proceedings, 
Highway Research Board, Vol 16, 1936. 

For any assumed value of the friction 
factor (Fx) the ratio of the speed cor
responding to this factor to the speed 
corresponding to a friction factor of 0.16 
can be found by the foregoing formula. 
By superimposing this ratio on the 
upper portion of the curves of Figure 7 
( K multiple greater than 1) the per
centage of vehicles traveling faster than 
these higher speeds can be found for each 
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peicentile \alue as a definition of speed 
rating These relations aic plotted in 
Figuie 9 and are tabulated as follows foi 
thiee values of the higher f i ic t ion factor 

Percentile 
value as a 

definition of 

Percentage of vehicles exceeding speed 
indicated 

speed rating Fx = 0 26 Fx = 0 30 Fx = 0 35 

98 0 2 0 07 0 01 
95 0 6 0 2 0 OS 
90 1 5 0 5 0 2 
80 4 0 1 6 0 6 
70 7 8 3 3 1 4 

Use of a 90 oi higher peicentile value as a 
dchnition of speed rating wil l lesult in 
less than 0 5 percent of \ chicles tia\ei"s-
ing cuives at the neai ciitical f i ic t ion 
factor of 0 3 0 and less than 1 5 pcicent 
at the onlv slightlj ' less ciitical factor of 
0 2 5 Use of lower peicentile definitions 
result in 1 6 to 7 8 peicent of vehicles at 
the coiresponding excess speeds A 99 
peicentile \ a\uc as a definition wi l l assuie 
that all vehicles do not e\ceed ti ict ion 
factois of 0 35 . 

Conclusions 

This analysis of speed distribution 
data foi neaily a quartei million vehicles 
on 3 4 sections of level-tangent highways 
shows a definite curve pattei n foi spced-
peicent-of-vehicles i elation when ex
pressed m teims of anv peicentile speed 
These cuive patterns aie neailv identical 
ovei a wide langc of highwav conditions. 
pa\ement widths, aveiage speeds and 

traffic volumes Lowest speeds were 
about 0 5 and highest speeds about 1 9 
times the average speed. Nearl3' 9 0 pei cent 
of vehicles weie traveling at speeds in the 
lower half of the total range of speeds 
observed 

Since the term "assumed design speed" 
IS not specifically applicable to speeds 
on existing roads, the term "speed rat ing" 
or "rated speed" is used to denote the 
speed which bears the same relation to 
observed travel speeds that the assumed 
design speed is intended to beai to 
future travel speeds 

Examination of the range of speeds 
found on the group of higher speed roads 
included, with average speeds of 4 0 to 5 0 
mph, shows that definitions in terms of 
percentile values of 90 to 9 8 aie necessaiy 
if these aie to be rated as 6 0 mph high
ways Even higher percentile values 
aie neccssaiv to rate anv of them as 70 
mph highways 

Analj'sis of these data to determine a 
percentile speed value to be used as a 
definition point foi speed rating indicates 
that an 8 0 peicentile value is too low, 
that a 90 percentile value is question
ably low, that a 9 5 peicentile value is 
reasonablv desiiable, and that a 98 
percentile value appeals to be the desii
able definition point As a conciete 
example, a highway on which the dis
tribution of speeds shows a lowest speed 
of 2 5 mph, an aveiage speed of 4 5 mph 
and a top speed of 8 5 mph w ould have a 
98 peicentile value oi speed lating of 6 0 
mph 

DISCUSSION ON P E R C E N T I L E SPEEDS O N H I G H W A Y S 

D R B D C i R E E N S H I E L D S , BiooUyn 
Polykchmc Instttutc I n the paper i t is 
show n that at present w i th aveiage speeds 
ranging f i o m 20 to 4 7 m p h , theie is a 
ceitain distiibution and lange of speeds 
I f we boost that average speed up to 
6 0 m p h , what w ould the top speed be' 

I n other words, would the cuive staj"^ 
just the same' 

M R L O U T Z E N H E I S E R - You raise a 
point that IS bej-ond the scope of this 
studv and is entiielj- a mattei of con
jecture I t w as found in this study that 
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average speeds on highways do not exceed 
50 m.p.h. Yesterday Dr. DeSilva re
ported average speeds of only 44 to 46 
miles an hour on open highways under 
relatively high speed conditions It will 
be helpful to know if the distnbution of 
speeds for traffic under freeway con
ditions—as will be found on the Pennsyl
vania Turnpike—follow the same pattern 
as that on other roads While the whole 
range of speeds would be higher I would 
guess that they will follow the same 
general distribution pattern found here. 

This report should be considered only 
a first step in a broad project of research 
on speeds to be used in design. It will 

be necessary to carry out studies for many 
other factors and conditions before the 
whole field has been covered. 

D E . G H B E N S H I E L D S : This paper has 
shown that the "curve patterns of the dis
tribution of speeds are found to be nearly 
identical over a wide range of highway 
conditions, pavement widths, average 
speeds, and traffic volumes." This is the 
important finding, and Mr Loutzenheiser 
has used it to determme what percentile 
speed to use in design. But it has other 
and to my mind just as important signifi
cance. 
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A know ledge of tiaffic flow patterns, has 
made i t po&biblc to use shoi t-tiaffic counts 
to determine tiaffic flow with sufficient ac-
cuiacy foi all piactical purposes Ivnow-
ing the pattcin of the distribution of the 
speeds of vehicles a comparativelj'^ few 
ob&er\ cd speeds, say 100, should in most 
cases give all the ncccssaiy infoimation 
about speeds at any paiticular location 
I f conditions warrant more accuiate in
foimation sevcial 100-cai samples taken 
at different times of the daj"^ give a more 
accuiate result than the same number 
taken at one time 

M r Loutzenheisei has demonstrated 
that the speeds at which people drive 
when plotted accoiding to ficquency, fa l l 
into that chaiacteiistic "S" shaped curve 
of a 1 andom oi noi mal disti ibution This 
I S to be expected foi i t has been found to 
apply to many mcasui cments such as the 
heights of poisons, the length of eais of 
corn, the size of grains of sand, the pre
cipitation of rain and to human abilities 
as mcasui ed by examination or other 
means 

The "S" shaped cuncs 4-0 and 5-H of 
Figuic 1 of M r Loutzenheisei's paper 
have been plotted on aiithmetic prob
ability papci m Figure 1 of this discussion 
I t wi l l be noticed that the points in 5-H 
fall in neailj'^ a stiaight, and m 4-0 in a 
slightlv cuivcd, line This makes plot
ting casiei I t also suggests that speed 
recordings should be made by classes oi 
groups such as those less than 30, 40, 50, 
60, 70 and 80 miles pei houi A count 
of the vehicles tiaveling in each of the 
class mteivals would make the arrange
ment of data for plotting a short and 
simple pi occss Pi eliminai v design w oi k 
and field tiials aic being conducted on a 
selective speed recoidei based upon this 
principle I t seems to mc that, say, five 
points would be sufficient to plot such 
a cuive 

The mathematical basis foi M r Loutz-
enheiser's use of the quotient of the speeds 
divided by the mean speed is given bv 
W A Adams, authoi of "Road Traffic 

Considcicd as a Random Seues," Joui'nal 
of Institution of Civ i l Enginceis, Novem
ber 1936 He states in a letter to the 
wliter that according to a result fust 
demonstiated by Whi twoi th "Choice and 
Chance" that the probability of any in-

teival e\cecding"a" (speed) ise - r^whc ie 
M 

M I S the aveiage "speed " This implies 
that the percentage of speeds exceeding 

"s" will be 1000 e ^ . 
Af 

M R L O U T Z E . \ H E I S K R The "S" shaped 
speed distnbution cuives aie skewed 
rathei than noimal distribution curves 
They aie not coricctlv approximated as 
stiaight lines on aiithmetic probability 
scales, particularly foi the highci values 
The skew ed distribution can best be illus
trated by plotting bell-shaped curves foi 
noncumulativc peicentagcs The use of 
piobabilitj'^ and also logaiithmic scales 
was consideied early in the study, but was 
discarded; wi th such scales i t is difficult 
diicctlj- to make and demonstiatc the 
conclusions drawn The ccntial line has 
been added to Figuic 1 of D i Grecn-
shiclds' discussion to show the average K 
value for the 34 studies (Table 6) e\-
picsscd in teims of a unit value of 35 
m p h (in ordei to be on the same scale 
and fall between the two studies shown 
m detail) Note that while the values 
below 90 pel cent are ncai ly a sti aight line, 
the higher values cunc upwaid 

I question the accuiacy of the use of 
observed speeds of only 100 vehicles to 
determine a speed distnbution curve. 
Such shoit tiaffic counts could be applied 
only to determine an aveiage (or selected 
central percentile) speed, which value 
w ould serve to detci mine the exact loca
tion of a predetermined general speed 
distribution curve, such as denvcd in this 
studv Most studies show a laige dif-
feience between average speeds for suc
cessive groups of 100 vehicles, even duiing 
conditions of similar traffic volume and 
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directional flow concentrations. Several 
100 vehicle counts at different times dur
ing the day, prorated as necessary, appear 
desirable to determine the average speed 
for the whole of the day. 

A speed distribution curve could be 
approximated on anthmetic probability 
paper with five or more points distributed 
over the range of values, eliminating the 

need for a greater number of points to 
correctly plot the "S" type curve. But in 
either case the speeds of all vehicles in 
the sample must be determined, either 
separately for unit mcrements or in suc
cessive speed groups. Speed meters with 
cumulative counters that automatically 
group the vehicle speeds into desired 
speed ranges already are in use. 




