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Analysis of Speed Study Data 

Speeds of all motor vehicles in both directions v1ere observed at the follOJ>~- _ 

, l.ng five locations in Ingham County, Michigan: 

',,. 

l 

2, 

.5 

Locatio 

~1-t,'S, 200 feat ae.at of Touraine Avenue 

~!-7Q, 200 feet east of Alton Road 

N-178, lletwe~n Park Lake Road and end of 3-lana pa.vem£mt 

)!!"'18, 1,000 feet northeast of Lake Lansing Road 

M-43 (Michigan Avenue), near Olin Street 

The general location of atationa 1 thru 4 may be described as N,,?f\ \11thin' 

a diatanco Pf 5 '~nee. east of the __ l.nter<Jeotion, of us-16 and M-78. 
' ' -,·-- •" . Station .5 

waa on Mlohi~ran Avenue approximately' mid:"way betvroen Lansing and East Lansing. 

:L'M obaerva. tiona extended over the ·period of Novemb~; :3, 19.53 · thrn • 

•· Dacemliar 7, 1953, 

Stations l, 2, 3 and .5 oparat~d a total of 24 hours ·~lith each hour of th~ · 

\.'day beixig represented,· Station 4 operated for the 'equivalent of'tvlo.24-hour 

periods: One rapreaanted the. 24 hours from 12 Me., Tuesday thru lii)I., \•ledn~·so.ai; 
•·. and .. the 'ethel· represented the 24 hours from 6 A.M., Sunday ,thru 6 A,~;~., ~lon~ay.·. 

The. 24 hours during which observa. tions. were made did not oona'ist of. 24 oontinu'­

'ous hours at all. stations. 
'. 

Sinoe there ware' two 24-hour operation:; at station 4 each of these' two, 

a.a "fell as each oporation at atation<J 1, 2, 3 .ah\1 .5, will frequently be, referred 

'to as a "Ata.tion-operation" rather than as a "station". The operation at ata-. 

, .tion 4 e~tending onr:.Tuasday and. Wsdr:esdAy vril~ ba referred t~ as station <)l" 

station-operation 114 (':C..yi)", and':Vhat elttending overSundtty· and Nonday a~ 
. "4 (S~M)". 

· .... · At ata.tionll ·1,· 2 Md 5 tho traffic in the bo di.:reotl.ons \1aa Ob~>orvad at' 

different time a •. : At atation-opera t:!.ons 3, 4 (T-1'1) and 4 (S-14) ths traffic was 
, - '' .. f.. ' 

·· ... 
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The number of lanes and maximum legal speed at each location ware as 

follows: 
Number l'iaximum 

Station of Lane~ ~1 Sneed 
1 4 40 
2 3 50 
3 2 50 
4 2 None 
5 4D 45 

The analysis of these data had three objectives as follows: 

) 1, Determine the size of the '·sample of speed observations that 

should be taken. 

2. Determine the best time of day to take speed observations. 

3. Develop a method for determining when a speed limit should be 

imposed and v1hat the limit should be. 

Before proceeding to,these specific objectives, a general analysis was made 

to determine the comparative behavior of drivers at the several station-opera-

tiona under varying conditions of traffic volumes and time of day. 

It should be clearly understood that the results of this analysis apply only 

to the locations at which the observations were made. They are not to be taken 

as representative of driver behavior on rural state trunklines in general. While 

it is true that each station represented a different combination of speed limit 

and number of lanes, there was only one location for each such combination and 

this could hardly be accepted as representative of such conditions statewide, 

In Table I are shown a few basic statistics from the data. It is clear that 

station 5 is very different from the other 5 station-operations. It is fairly 

certain that the difference is not due to the station being located on a 4-lane 

divided roadway, but to .its being in a suburban area and on the main street con-

necting two centers of population. 

Travelling eastbound on J.i-78 from its intersection with US-16 one passes 

thru stations 1, 2, 3 and 4 in this order. NotlC'S in Table I the increase in 

average speed and percentile speeds from 'Stations l thru 4. There is a slight 



' . 
reduction in these speeds from station 2 where there are 3 lanes to station 3 

where there are only 2 lanes. It was found that this reduction was due to east­

bound passenger cars reducing their speed and not to westbound increasing theirs. 

Trucks and busses, however, travel faster on the average thru station 3 than thru 

station 2. 
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Attention is called to the fact that at station l the averag§ speed of trucks 

and busses as wall as passallf:er cars'. is more than the speed limit. This one sta­

tistic alone means that many vehicles must be travelling far above the speed limit. 

Tests Upon the 24-hour fre~uency distribution of the speeds of all vehicles 

at each station-operation show that no two are alike. These are teats for simi­

larity of the ratios of the number of vehicles in each speed group at one station­

operation to the number of vehicles in the same speed groups at another s~ation­

operation. Although the tests employ actual numbers of vehicles, .similarities or 

dissimilarities are best sho;m· by percentage distributions as in Table II, Sta­

tions 2 and 3 come the nearest to being alike, yet they are significantly different. 

To the extent tlli~t these data represent the total situation one can conclude that 

something is definitely influencing the drivers' speed differently at each of 

these station-operations, 

Attention was given to the extent to which the speed limit was being exceeded 

at stations l, 2, 3 and 5. Table III sho11s the percentage of vehicles in each 

hour exceedini[ the speed limit, Table IV shows the pr.rcente.ge of vehicles exceed­

ing the speed limit by more than 5 miles per hour, Obviously the situation is 

most serious at station l where in every hour of the day and night more than 53 

percent of the dri vera were exceeding the speed limit, and vthere in one hour 

(6 A.M. to 7 A.M.) more than 83 percent exceeded the speed limit. In each hour 

more than 15 percent and in two hours more than 40 percent exceeded the speed 

limit· by more than 5 miles per hour at station l, The contrast .betv1een the per­

centages at station 1 and those at stations 2, 3 and 5 in Tables III and IV empha­

sizes the seriousness of the situation at station 1. It is clear that drivers in 

an area which is only slightly more densely populated than rural and surely less· 
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densely populated than suburban and on a 4-lane high\1/J.Y are not going to obey a 

· 40. mile:-an-hour speed limit without strict enforcement which is apparently lacking 

in the vicinity of station 1. 

The relationship between volume of traffic and variation in speed 'vras investi­

gated and it was found tha.t in genAral this variation decreases as traffic volume 

increases. Vehicles tend to>rard the same speed as more and more of them are 

crowded onto the road. Coefficients '.of variation in speed for all vehicles, 

vehicles travelling over 50 miles per hour and for vehicles travelling less than 

;50 miles per hour are shown in Table V. They are shown for each of the 6 station­

operations and 4 hourly traffic volume groups. 

The coefficient of variation, rather than the standard deviation, is used 

here because it is free of the unit of measure and therefore all the~ measures in 

Table V are directly comparable one with another. 

There is a strong tendency for the coefficients of Table V to increase from 

station 1 thru stations 2, 3, 4 (T-W) and 5. This may be due to the percentage 

of the total volume that is trucks,. or to the difference in number of lanes and 

posted speeds, or both; It is believed that this particular study does not con­

tain sufficient data to warrant investigation of this increase. 

Drivers' response to change in hourly traffic volumes and to changes in 

number of lanes and posted speeds represented by the several stations was studied 

by application of the methods of analysis of variance. Table VI shows the aver­

age speeds by these t'<IO criteria. 

In evaluating these findings from analysis of the variance in average speeds 

it would be well to keep in mind that differences in average speed may also be 

influenced by such things as percentage of trucks in the traffic stream, roadside 

development, grade and alignment, etc. To isolate the effect of such factors 

upon ave;rage driver speed would require a well planned survey of much greater ex­

tent than this one. 



Considering the speeds of all vehicles at all station-operations except 5 

it was found that: 

1. The average speeds among the several station-operations differed 

significantly. Number of lanes and posted speeds did affect 

average driver speed. 

2. The average speeds among the several hourly traffic volume groups 

differed significantly. S~ze of hourly traffic volume did affect 

average speeds. 

J. The effect of number of lanes and posted speeds is probably sig­

nificantly greater than that of hourly traffic volumes. 

4. There vms significant interaction in the speeds between station­

operation and hourly traffic volume group. Driver response to 

changes in hourly traffic volume was not the same at all station­

operations, Or, what ·is the same thing, driver response to 

changes in number of lanes and posted speed (changes in station­

operation) was not the same in different hourly traffic volume 

groups. 

5. There is a definite trend toward reducing speed as hourly traf­

fic volumes increase up to about 500 vehicles par hour. Beyond 

this there is no decrease shown. 

Station 5 is obviously much different from the other 5 station-opera tiona. 

It W!J.S treated separately because its inclusion 11ith1:the other 5 station­

operations would have unduly accentuated otherwise normal differences. 

5 

Considering only station-operations 4 (T-'11) and 4 (S-11) l.t was found that the 

average speed of the former was significantly greater than that of the latter, 

This may be due to the fact that a greater percentage of the total vehicles are 

concentrated in the high traffic volume hours on Sunday than on weekdays. Driver 

response to change in hourly traffic volume was significantly different between 

4 (T-'1/) and 4 (S-1.1). 
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Considering only station-operations 3 and 4 (T~i) affords an opportunity to 

compare tV~o locations Vlith the same number of lanes (2) but VIi th different speed 

limit conditions. The speeds VIera significantly lo~<er at station 3 with its 50 

miles per hour speed limit than at station 4 (T-W) ">lith no speed limit. The 

average driver' a response to this change in speed limits >1as significantly 

greater than his response to change in hourly traffic volume. The drivers tended 

to change their speeds in the s~~e ,manner at both these stations as hourly traf­

fic volumes changed. 

Analyzing stations 2 and 3 affords an opportunity to test the effect of 

number of lanes (3 at station 2 and 2 at station J) when the speed limit is con­

stant at 50 miles per hour at both stations. The average speed at station 2 VIas 

significantly greater than that at station 3. This is an indication that number 

of lanes does affect average speed. Driver response to change in hourly traffic 

volumes was the same at both"stations and not significantly large. 

The variance between the average speeds at stations 2 and 3, both of which 

have 50 miles per hour speed limits, is not nearly as great as the variance be­

tween the averaee speeds at stations 3 and 4 (T-vl) of •thich station 4 (T-vr) has 

no speed limit. This •tould seem to sho>1 the greater effect of a speed limit 

ov~r that of a difference in number of lanes. However, with so fe•t stations 

possessing these various characteristics available, the evidence is not conclu­

'Sive. The two variances >~ere not statistically significantly different. 

At station 5, analyzed separately from the other 5 station-operations, the 

driver response tQ change in hourly traffic volume was highly significant. 

Drl. vera tended to drive slovter as hourly traffic volume increased up to 500 

vehicles per hour. Beyond this volume the average speed increased slightly. 

Using only those drivers driving over 50 miles per hour the same analysis 

of variance testa were made for the same groups of station-operations as for 

all drivers. Generally speaking, these faster drivers made the same types of 

response to changes in speed limits, number of lanes and hourly traf:Ci""> volume 

. -----
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as all drivers, b11t their responses were less pronounced. Also, they showed more 

nearly the same degree of response to changes in speed limits, nUJilber of lanes 

and hourly traffic volumes than did all drivers. In other words, the fastt)r 

driver changed his speed less frequently and by a lesser amount due to speed 

zones, number of lanes of roadway and hourly traffic volumes than did the slower 

driver. Average speeds of these vehicles travelling over 50 miles per hour are 

also sho1m in Table VI. 

Analysis of variance techniques were next applied to the data divided into 

several times of day and night periods for each of the 6 station-operations indi-

vidually. The purpose of this >Jas to determine whether or not the average speed 

of all vehicles was significantly higher at night than during the day. It was 

found that this depends upon what is considered as "day" and "night". 

The periods 6 A.M. to 6 P.t,1. and 6 P.~I. to 6 A.M. were first considered as 

' day and night respectively. The average speed at station 1 was significantly 

higher at night than during the day; at station 5 exactly the reverse was true. 

At station-operations 2, 3, 4 (T-'11) and 4 (S-M) there \vas no significant differ-

ence betvteen the average day and night speeds. 

\'/hen the periods 6 A.M. to 12 P.M. and 12 P.M. to 6 A.M. were considered 

as day and night, respectively, the situation 11as entirely different. At sta-

tions 1 and 2 there 11as no significant difference bet11een the average day and 

night speeds; at station-operations J, 4 (T~I), 4 (S-M) and 5 the average speed 

at night is significantly greater than during the day. 

In general, the night speeds are not less than .the day speeds. They are 

either greater than or no different from the day speeds. 

Although the complete analysis was not carried out in detail there is no 

doubt that the variance of the average speeds among station-operations is far 

greater than that of the- average speeds among.- the time periods. And therefore 

the data indicate that speed is influenced more by number of lanes and spe-ed 

limits than by time of day or night. 



There is also strong indication, although again the analysis ~<as not' carried 

out in detail, that the variance of the average speeds among hourly traffic 

volume groups is greater than tha.t. among time periods of the day and night, but 

is les.s than that among station-<)perations. 

It is. important to note the conclus.ion to be dra>m from this analysis of 

variance: The physical characteristics of the highway have thA greatest influ-

ence on the average dri vAr' s speed;, . The traffic volume is next in importance as . . . 

an influence on speed and time of day or night is least of the three. The driver 

has no control over the first two but he could reduce his speed at night if he 

chose to do so. Many do not so choose. 

Determination of the size of sample presents a problem to which there is no 

ono answer because several factors are involved. Firat, there is the amount of 

variation existing in the population to be sampled. Second, there is the amount 

of error that t1ill be tolerated in the estimate of the average speed from the 

sample data. Third, there is the probability level for which the sample size is· 

to be estimated. This is a measure of the assurance that the average speed com-

puted from the sample will differ from the average speed of the total population 

by no more than the amount of error that will be tolerated. Fourth, if the pop-

ulation being sampled is relatively small, a smaller sample than that required 

from an infinite population may suffice for a given error tolerance and l~vel 

of probability. 

The first factor, amount of variation in the population, is generally the 

most difficult to determin~. Ho\1ever, vlith the data from these 6 station-<)pera-

tions available, the variation can be computed fairly close. 7h,rea 'sets of coef­

ficients of variation, each by a different set of crit~ria, were computed from 

these data. A large p~oportion of them lay between 0.14 and 0.18. Therefore, a 

conservative figure of 0.20 for coefficient of variation would be satisfactory 

8 

for estimating size of sample. There seems little reason to expect the coefficient 

of variation to change much from one part of the state to another. Generally it 



is a rather stable statistic. 

The second and third factors, error tolerance and level of probability, must 

be determined on the basis of judgement, past experience or perhaps cost of ob­

taining the sample. These may also depend upon the use to be made of the sample 

data. 
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Where speed observations are to be made the fourth factor, size of population 

to .be sampled, i.e. traffic volume, will generally be known vrith sufficient accu­

racy for estimating size of sample. If the traffic volume is not known and cannot 

be readily or easily determined the sample size can be determined on the basis of 

an infinite population. Such an estimate may be larger than necessary but the 

error is on the safe side. 

In most cases the problem will be to secure a sufficiently representative 

sample rather than a suffici~ntly large one. Segments of the population whose 

representation in the sample may be desirable are the two directions of travel, 

type of vehicle, hour of day, day of >leek and season of year. It may also be de­

sirable to have various weather and surface conditions represented, especially if 

the sample is to be used to estimate average year around conditions. To have all 

these yarious conditions represented several sub-samples would be necessary a:nd 

the resulting total sample may turn out to be much more than adequate. For a spot 

check of the average speed at a single location it is quite possible that a 4- to 

6-hour observation would suffice. To obtain the average speed or a sufficiently 

accurate frequency distribution of the speeds along a route, in a large area or 

on a state-wide basis, it may be more important to have various surface types, 

surface widths, numbers of lanes, types of terrain and traffic volumes represented 

than to have the various days of the week or seasons rapresentP.d. 

Clearly the problem of sample size is a complex one. In addition to the 

purely statistical factors there is the kind of use to be made of the sample data 

and the area to be represented. Each sample size problem ~1l.ll generally have to 

be considered on its ovrn merits. As a general guide to sample size for spot checks 
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of speed and perhaps to size of sub-na.mplea of a larger total sample Table VII 

. ab:ovts some sample sizes for estimating average speed. These are shown for various 

traffic volumes flovting during the time the sample is to :represent. These traffic 

volumes are not necessarily the volumes flowing only while the sample is actually 

being observed. The sample sizes are shown for three different tolerable errors, 

1%, 2.5% and 5%, at each of tv10 probability levels, 95% and 99)1:. The entire table 

is based· on a coefficient of varia~ion of 0.2. 

The "required size of sample" values shotm in Table VII are computed on the 

assumption that the observations will be taken at random from. the "traffic volume 

to be represented". From an operational standpoint it would not be feasible to 

attempt to secure a purely random sample of vehicles for speed measurement. An. 

alternative method, vary widely used, is systematic sampling. :By this ·method 

every n-th vehicle is selected and its speed measured. The value of n is deter­

mined by computing the ratio of the estimated total traffic volume that will pass 

t<hile the sample is being taken to the number of vehicles to be included in the 

sample. In applying this method the observer must be extremely careful to count 

the vehicles correctly and measure the speed of every n-th vehicle and not the 

n-th minus 1 or n-th plus 1 vehicle. 

In c:~eses where it is desired to know the average speed. during each hour over 

a period of time it may be necessary to observe every second, third or fourth 

vehicle in order to secure a sufficiently large sample for each hour. To meet 

these· conditions t<ith radar equipment it has been found feasible to let the equip­

ment register the speed of every vehicle on the tape and then later in the office 

read from the tape only every second, third or fourth vehicle as required for 

analysis purposes. This results in a substantial reduction of the amount of 

office work required. 

In cases where it is desired to know the average speed over a comparatively 

long pe.riod of time, it may suffice to record the speed of only every lOth, 15th 

or 20th vehicle. To meet these conditions it has been found feasible to turn on 
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the radar equipment for only each n-th vehicle required. Here again the office 

\<Ork is greatly reduced. 

As a. general guide to sample size for estimating frequency distributions of 

speeds Table VIII contains some sample sizes for this purpose. Again these are 

shovm for various traffic volumes flowing during the time the sample is to repre'-

sent. These traffic volumes are not necessarily the volumes flowing only v1hile 

the sample is actually being obse.z:ve.d. The sample sizes are sh01m for four dif-

ferent tolerable errors, 5%, 2.5%, 1% and 0.5%, at each of two probability levels, 

95% and 99%. 

Table VIII is made on :the assumption that in such frequency distributions 

the modal class, i.e. the speed group in which the largest number of vehicles 

appear, may contain as many as 50% or more of the vehicles. If it is kno>m that 

no class will contain as many as 5Cf/, of the vehicles (none do in Tabla II), then 

the sample sizes in Table VII! are sltghtly larger than necessary for estimating 

frequency distribution. 

'l'o determine the best time of day to make speed observations a search v1as 

made for those time periods during which the frequency distribution of speeds 

differed insignificantly from the distribution f~r 24-hours. The chi-square test 

\tas used to determine significance or insignificance of diffarEmces bet1·1een dis-

tributions. Each station-operation was tasted separately. 
,--. 

Detailed results Of these tests will not be given. The follov1ing table 

gives the hour periods found to be most satisfactory; 

Number 
of Hours 

in Period 
9 
9 
6 
4 
4 
4 
4 
4 

All Station­
Operations 

Except Sta, 5 

9 A.~l.- 3 P.M. 
7 A .N .-11 A.M. 
4 P.14.- 8 P.M. 
5 P.M.- 9 P.M. 
7 P,H.-11 P.N. 
8 P.M.-12 P.~!. 

Station 

9 A,l·l.-6 P.lf.. 
12M. -1) P.N. 

1 P .N.-5 P.M. 
2 P.M.-6 P.hl. 
3 P.~l.-7 P.M. 
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Regarding the third objective, to develop a method for determining when a 

speed limit should be imposed and wlk'lt the limit should be, no method lias found 

from the data available. An attempt at a solution to this problem was made by 

computing certain statistics relating to the number of passing maneuvers that 

would taka place in an hour at the observed distributions of speed if passing 

opportunities were always available ~then desired. Graphs of these statistics 

gave no clues to the solution of ·th~ problem. 

It is believed that no amount of speed data alone will solve these problems 

regarding speed limits. At the present time speed limits are determined more or 

less arbitrarily and often imposed only a:fter considerable public clamor is 

raised. The reasons for speed limits n~y occasionally be economic, but they are 

usually imposed for the purpose of reducing or preventing accidents.* It '"ould 

seem, therefore, that the determination of whether or not to impose a speed limit 

should include an examination' of the accident record, or an evaluation of the 

accident potential, or both. 

Admittedly there is evidence both pro and con to the question of speed lim-

its reducing accidents. Nevertheless, if it were not for the ever present poasi-

bility of an accident, most driving would be at greater speeds tban at present. 

On modern turnpikes where roadside friction is nearly zero, speed limits are 

set as high as 70 miles per hour. Few drivers would consider this limit too high. 

'l4any drivers exceed it. But where roadside friction is high, as it is on many 

free roads and streets, there are fev1 >tho would condone a speed limit as high as 

70 miles per hour. 

The point is that a connection between high speed and accidents is clearly 

recognized and whether or not to establish a speed limit should rest on the acci-

dent record and the accident potential due to roadside friction.. The question 

cannot be. answered from speed data alone. 

* Except i.n the case of local and National came teries where a speed limit is im­
posed to compel respect for the dead rather than to protect the living. 



It should be recognized also that a speed limit has little value if it is 

not enforced. 

lJ 
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Table I 

Number of Vehicles, Percentage Trticks and Busses, Average Speeds and Percentiles 

Item 

Total Vehicles Observed 

Percentage Trucks and Busses 

Average Speed (1-lis./Hr. ): 

All Vehicles 

Passenger Cars 

Trucks and Busses 

Percentile Speed (All Vehicles): 

75 

80 

85 

90 
\ 

; I 
\ 

by Station-Operation 

s t a t i 
1 2 

9,67) 8,553 

14.9 16.5 

42.11 44.96 

42.)9 45.43 

40.48 42.55 

45.26 49.42 

46.65 50.65 

48.04 52.24 

49.44 53 .8) 

on-OJlerat i o n 
3 4(T-'11) 4(S-M) 

6,969 6,094 5,882 

17.3 19.8 5.9 

44.25 46.22 :44.96 
~· .~ 

44.40 46.72 45.04 

43.56 44.20 4).80 

49.22 51.83 49.51 

50.47 5).01 50.86 

51.97 54.19 52.64 

53.47 56.20 54.43 

5 

13,312 

10.8 

)6.68 

36.73 

)6.27 

40,20 

41.57 

42.93 

44.)0 



Tabla II 

Percentage Distribution of s·pe~ds at the 6 Station-Operations 

Percenta~e in· Ji:ach Slleed Groull-
Speed Group Station Station Station Station Station Station 

(Miles per Hour) 1 2 3 4(T-'1/) 4(S-M) 5 

1- 25 0.20 0.30 0.62 0.66 0.26 1.85 

25 - 30 1.06 1.44 1.86 1.1>3 1.67 9.84 

30 - 35 6.47 . 6,00 7-38 6.07 5.13 26.35 

35 - 40 26.92 12.09 13.49 10.85 18.05 36.25 

40 - 45 39.41 32.60 33.46 27.65 25.81 18.26 --

45 -50 17.97 25.53 21.61 20.58 26.69 5.91 

50 -55 6.37 15.73 16.69 21,20 13.99 1.18. 

55 - 60 1.19 4.19 3.43 6.55 5.71 0.27 

60 - 65 0;34 1.67 1.32 3.85 1.99 o.o6 

65 - 70 0.06 0.31 0.10 0.85 0.44 - ~ 0.02 

70 & up 0.01 0.14 0.04 0.31 0.26 o.o1 

Total 100.00 100,00 100.00 100.00 100.00 100.00 



Table III 

Percentage of Each Hour's Traffic Volume Exceeding 
the Speed Limit at 4 Stations 

P e r c entaf;e E x c e e d i n g, 
Hour Station Station Station Station 

of Il9.y 1 • ' 2 :3 5 

12 P.M .. - 1 A.M. 58.8 17.7 )1.6 . 10.6 
1 A,}!. - 2 A.~!. 61.1 28.0 22.5 20.:3 
2 A.M. - :3 A.~!. 62.4 28.6 2J.J 28.9 
3 A.~l. - 4 A.M. 56.6 30.4 35-7 20.8 
4 A .. M. - 5 A.M. 56.1 25.2 26.0 25.1 
5 A.l1, - 6 A.M. 71.4 21.3 22.1 13.6 

6 A.N. - 7 A.M. 83.8 23.1 22.2 12.0 
7 A.H, - 8 A.M. 79.9 21.6 19.2 6.7 
8 A.M. - 9 A.M. 58.0 2J.5 19.0 6.6 
9 A.M. - 10 A.M. 63.8 27.2 28.4 8.5 

10 A,l4, - 11 A,11, . 56.5 28.6 29,5 _4,6 
11 A.N, - 12 M, 53.9 23.8 34.7 9.0 

12 l•!. - 1 P.M. 6o.o 19.7 17.9 11.9 
1 P.H. - 2 P.M. 65.5 15.5 18.7 8.6 
2 p .~1. - 3 P.l•1. 60.5 21.0 16.1 6.8 
3 P.H. - 4 P.l4. 61.7 18.2 18.8 6.2 
4 P .. M. - 5 P,l!, 66.9 22.0 21.0 6.2 
5 P.M. - 6 P.H. 58.3 17.3 17.8 6.8 

6 P.H. - 7 P.M. 72.9 24.9 23.1 5-7 
7 P .. H .. - 8 p .!4. 69.8 25.8 25.0 5.0 
8 P.M. - 9 P.t-1 .. 66.1 19.2 11.4 4.1 
9 P.M. ~ 10 P.M. 69.2 26.8 20.0 6.8 

10 P.M. - 11 P.M. 70.1 18.3 20.7 7.0 
11 P.M .. - 12 P.~!. 70.7 23.3 18.3 8.0 

Total 100.0 100.0 100.0 100,0 

Speed Limits: 
Station 1 - 40 mis./hr. 
Station 2 -50 mis./hr. 
Station 3 -50 mis./hr. 
Station 5 - 45 mis./hr. 



Tabla IV 

Percentage of Each Hour's Traffic Volume F.xceeding the 
Speed Limit by Nora Than 5 14iles per Hour at 4 Stations 

p 8 rcenta.~e F.xcee d i n g 
Hour Sta. tion Station Station Station 

of Day 1 2 3 5 

12 P,H, - 1 A.M. 35.0 3.9 9.7 4.1 
1 A.M. - 2 A.M. 28.4 10.0 10.0 .6.7 
2 A,.J.(l., - 3 A.~\. 33.8 9.2 4.2 11.9 . 
3 A .. N .. - . 4 A.M. 15.7 7.2 -0- 11.4 
4 A.M. - 5 A.l·l, 26.8 5.5 6.0 7.2 
5 A.J;,. - 6A.j,l, 40.5 5 .l 2.0 4.5 

6 A.M. - 7 A.M. 43.2 5.0 5.7 1.7 
7 A.~l. - · 8 A.M. 33.5 5.1 J.4 0.9 
8 A.H. - 9 A.M~ 23.0 6.3 4.2 0.3 
9 A.~l. - 10 A.H. 27.0 8.4 8.7 1.4 

10 A .. i·L. - 11 A.M. 21.9 8.5 9.0 0.9 
11 A.M .• - 12 ~~. 20.8 8.3 11.2 1.3 

12 M. - 1 P.M. 21.1 5,0 J.9 2.8 
1. P.M. - 2 P.M. 24.7 J.7 J,2 1.8 
2 P.M. - 3 P.t-1, 22.0 6.7 2.6 1.3 
3 P.M. - 4 P.l-1, 15.6 4.5 2.0 0.9 
4 p .!4. - 5 P.M. 20.3 6.5 2.2 1.3 

.5 P.M. - 6 P.M. 22.9 4.1 3.8 1.0 

6 P.M. - 7 P.M. 30.2 10.0 6.7 l.l 
7 P.!l.. - 8 P.M. 30.2 8.0 7.1 0.8 
8 P.~!. - 9 P,!l., 26.9 5.8 4.0 1.0 
9 P,M. - 10 P.H. 29.5 7.2 4.2 1.0 

10 P.,J-1 .. - 11 P.M. 27.2 5.4 5.4 2.7 
11 P.l4. - 12 P.H. 29.4 10.1 J.6 2.5 

Total 100.0 100.0 100.0 100.0 

Speed Limit: 
Station 1- 40 mis./hr. 
Station 2 -50 mis ./hr. 
S ta. tion 3 - 50 mis. /hr. 
Station 5 - 45 mis. /hr. 



Table V 

Coefficient of Variation of Speeds of Vehicles by Station-Operation 
and Hourly Traffic Volume Groups 

AlL Vehicles 

c 0 e f f i c i e n t 0 f V a riati o n 
Hourly Traffic Station Station Station Station Station Station 

Volume Group 1 2 3 lj.(T-W) 4(S-1•l) 5 

0 - 199 0.146 0.157 0.169 0.181 0.182 0.212 

200 - 399 0.146 0.167 0.163 0.178 0.160 0.178 

400 - 499 0.135 0.155 0.165 0.169 0.168 0.170 

500 or more 0.125 0.144 0.147 0.168 0.146 0.158 

Vehicles Travelling Over 50 ~liles Per Hour 

0 -199 0.067 0.081 o.o66 0.089 0.088 0.106 

200 - 399 0.069 0.073 0.057 0.081 0.075 0.057 

400 - 499 0.053 0.068 . 0.070 0.073 0.068 0.044 

500 or more 0.041 0.061 0.040 0.071 o.o66 0.049 

Vehicles Tro.velline: Less Than 50 Miles per Hour 

0 -199 0.117 0.111 0.134 0.132 0.126 0.174 

200 - 399 0.116 0.128 0.128 0.129 0.121 0.163 

400 - 499 0.111 0.120 0.127 0.124 0.136 0.153 

'5oo or more 0.108 0.112 0.122 0.126 0.106 0.150 



Table VI 

Average Speeds of Veh:i.cl~·s by Station-Operation and 
Hourly Traffic Volume Group 

A 1 l Vehicle s 
Hourly Traffic Station Station Station Station Station Total Station 

Volume Group 1 2 .3 l!-(T-<1) i!-(S-N) 5 

0 - 199 41.82 45.29 44.22 46.79 46~50 45.43 39.16 

200 - 399 42.68 44.86 44.)5 46.30 45.07 44.83 37.61 

400 - 499 42.)0 .45.01 44.11 45.72 43.45 43.66 36.19 

500 or mora 41.75 44.88 44.15 45.76 45.16 43.65 36.60 

Total 42.11 44.96 ' 44.25 46.22 44.96 44.29 36.68 

vehicles Travelling over 50 Miles per Hour 

0 - 199 5Lf.l7 54.97 54.15 55-57 56.38 55-34 56.40 

200 - 399 54.38 54.77 54.20 55.33 55.05 54.84 55.19 

400 - 499 53-76 54.49 54.38 54.87 5l.J..6o 54.40 54.32 

500 or more 53.45 54.19 53.30 55.04 54.53 54.12 53.62 

Total 5,3.82 54.57 54.02 55.28 55.22 54.68 54.10 



Table VII 

Required Size of Sample from Various Traffic Volumes for 
Estimating Average Speod 

(Based on Coefficient of Variation of 0.2) 

Traffic 
Volume Probabili t;v Level of 22~ Probabilit;v Level of 22:& 
to be ' . Tolerable Error Tolerable 'Error 

Represented 5/U 2 .5')0 1;\ 5% 2.5% 1% 
25 18 23 25 20 24 25 
50 28 42 48. 3Lf 45 49 
75 34 58 72 44 64 73 

100 39 71 94 52 81 96 
150 44 94 137 63 111 11>2 
200 48 111 177 70 lJ6 186 
250 50 124 215 75 158 229 
300. 52 136 251 79 176 270 
1}00 54 153 318 85 206 348 
500 56 165 377 88 230 421 
750 58 186 504 94 272 585 

1,000 59 198 606 97 299 727 
1,500 60 212 760 100 332 959 
2,000 61 220 870 102 351 1,141 
2,500 61 225 952 103 364 1,288 
3,000 61 228 1,017 103 373 1,409 
3,500 61 231 1,069 104 380 1,510 
4,000 62 233 1,111 104 385 1,596 
5,000 62 235 1,176 105 392 1,734 
6,000 62 237 1 ,22Lf 105 397 1,841 
8,000 62 240 1,290 106 404 1,994 

10,000 62 241 1,333 . 106 408 2,098 
15,000 62 243 1,395 106 414 2,256 

.. 20,000 62 244 1,428 107 417 2,344. 
25,000 62 244 1,449 107 419 2,400 
50,000 62 246 1,492 107 422 2,521 
75,000 62 246 1,507 107 423 2,564 

100,000 62 246 1,514 107 424 2,586 
200,000 62 247 1,526 107 425 2,620 
300,000 62 247 1,530 107 . 425 2,632 
400,000 62 247 1,532 107 425 2,637 
500,000 62 247 1.5:33 107 Lf25 2,641 
750,000 62 247 1,535 107 425 2,646 

1,000,000 62 247 1,535 107 425 2,648 

Infinite 63 247 1,538 108 426 2,655 



,. 

' 

Table VIII 

ReCJ.Uired ~~aximum Size of Sample from Various Traffic Volumes for 
Estimating FreCJ.uency Distribution of Speeds 

(Nodal class· containing as much as 50% or more of the vehicles) 

Traffic 
Volume Probabil.i t;,: Level o£ 2S<"b Probability Level of 29'.\ . . 
To be To1~rabl !il 'F.rror T o 1erable E r r o r 

Represented 5% 2.5% 1% 0.5% :fp 2 ·51• 1p 0.5;6 

25 23 25 25 25 21; 25 25 25 
50 '44 48 50 50 46 49 50 50 
75 63 72 74 75 67 73 75 75 

100 79 94 99 100 87 96 99 100 
150 108 137 148 149 122 142 149 150 
200 132 177 196 199 15L> 186 198 199 
250 151 215 244 248 182 228 246 249 
300 lb8 . 251 291 298 207 270 295 299 
400 196 317 384 396 250 348 391 398 
500 217 377 475 494 285 421 485 496 
750 254 501f 996 736 352 585 718 742 

1,000 278 6o6 906 975 399 726. 943 985 
1,500 306 759 1,297 1,1;44 460 958 1,376 1,467 
2,000 322 869 1,655 1,901 498 1,141, 1·, 785 1,941 
2,500 .333 952 1,984 2,347 524 1,287 2,173 2,1>09. 
.3. 000 341 1,016 2,286 2,783 51~3 1,408 2,541 2,870 
3,500 346 1,068 2,565 3,208 558 1,509 2,890 3,325 
L;, 000 350 1,110 2,824 3,623 569 1,595 3,223 3.773 
5,000 357 1,175 3,288 4,424 585 1,734 3,842 4,650 
6,000 361 1,223 3,693 5,189 597 1,840 4,406 5,502 
8,000 367 1,289 4,364 6,621 613 1,993 5,397 7,139 

10,000 370 1,332 4,899 7,934 622 2,097 6,239 8,690 
15,000 375 1,394 5.855 10,788 635 2,255 7.877 12,234 
20,000 377 1,427 6,488 13,152 642 2,343 9,067 15 ,J68 
25,000 378 1,448 6,938 15,144 646 2,399 9.971 18,15$ 
50,000 381 1,491 8,056 21,724 655 2,520 12,455 28,513 
75,000 382 1,506 8,513 25,1.03 658 2,563 13,583 35,205 

100,000 383 1,513 8, 762 27,753 659 2,585 14,227 J9,885 
200,000 383 1,525 9,164 32,225 661 2,619 15,317 49,821 
300,000 .J84 1,529 9,306 34,054 662 2,631 15,718 54,333 
400,000 384 1,531 9,378 35,048 662 2,636 15,927 56,909 
500,000 384 1,532 9,423 . 35,674 663 2,640 16,055 58,576 
750,000 J84 1,533 9,482 36,543 66J 2,645 16,228 60.957 

1,000,000 384 1,534 9,512 36.993 663 2,647 16,317 62,221 

Infinite 384 1,537 9,604 38,414 66J 2,654 16,587 66,349 


