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Analysis of Speed Study Data

- Speadg of all motor vahicles in both directiona vere observed at the follow~

*fin@ five looationa in Ingham Couﬂty. Nichigan

St Station . e ' Location

1 ';i”,;*- M-8, 200 feot eastlof Touraine Avenue
:szsi B ;vaa, 200 feot cast of &1ﬁon Ro&ﬂ | . .
;3Q§} g o =78, Betwean Park Lake Road and end of jmlana yavamant
Eﬁ}&;j; ‘.;;.vaak 1,090,feet northgagt of {ake Lansing Boad ::““ :
”a;5  | :léaﬁ-kﬁ (ﬁiﬁhigan Avegue), neéf'Olin‘Street‘-. |

The gsuer&l loc&tion of statimnm 1 thru & may e daacribed o a*;ﬂ within

tla &istance of 5 milea aost of the inter&acﬁion af Usuié an& Mm78 Staﬁion 5

‘5~[f was on Michi A Avanue approxima%elj midwuay betWQen L&nsing and, ?ast Lanainga B

The abeervaticns extended ovar the pario& of Novamber 3. 1953 ﬁhru

S L‘,.\‘-..‘ ~.‘

._Bacam'bai’ '?9 1.951%

‘:‘;; Stations 1 zﬁ 3 and 5 opera%ed a tbotal nf 2& houra with each hour of th@
:day heing repreaentad Station @ oparated for tha aqn&valent of two 2L«hour f:?
:parioﬁs. Ona represanted th@ 2@ hours from iz M., Tuesday thru 121M°5 Wedneaday
_;and the othex repreﬁentsd tha 2@ hours from 6 A M., Snndag thru & 4. Meg Mnn&ay.
”  he 2& houra &uring which obaervationa wars made did not eoaaiet of 24 continnm : fv
?ous houra at all.atatienE, / B :
Since %here wera two Zaéhéﬁr oper#tiona at‘st&tion % aach Qf thesa two, ﬂr‘
q“ﬁ.as well as each oparation at stations l 2, 3, and 5, will frsquently ba referr@&
f%ta as é “atation»OPQra%ion“ rathar tban as a "s%ation" ‘ The op@ration a% ataw
i ?ntion L @xt@nding over Tuesday and Wednasday will be referred to as statiom or é,ﬁlt
flatatian«operation "& (mmﬂ)ﬂa and that extan&ing ovar Sunday and Monﬁay a8 . ;'1;:_-
:wl& (SMM)“ L | : o
f“ A% sﬁationﬁ 1 2 and 5 th@ traffia in the th &iraction& wag ohs@rve& at ;:4:
:;differant timeﬂo At atatzanuoperations 39 Iy, (Twﬁ) and & (SaM) the traffia was o

.;$035arved in hoth directiona aimult&neously, ,Ef*¥f5f'”'h




The number of lanes and maximum legal speed at each location were as

follows:
' , . Fumber _ Maximam
Sggiion o of E%geg ‘ Legal Spead

' . Lo
2 3 . . 50

3 2 50

L 2 + None

5 4D ks

The analysis of these data had three obJectives as follows:

1. Determine the slze of Ehegéampla of speed observationa that

should be taken.

2. Determine %the best time of day to iake speed observatio;s.

3. Develop a method for determining-whan a spaed'limit shoﬁld be

inposed and what the limit should be.

Before proceseding t§~fhese specific objectives, a general anal&sis was made
.to determine the compaxative beh&vior of drivers at the several statlon=opera«
tions undef.varying canditioﬁs of traffic volumes and time of day. |

It should 5@ clearly understood that the results of this analysls apply only
to the 1pcations at which the observati&ns wars madea They are ﬁot to bhe talken
ag representative of driver behavior on rural state trunklines in general. While
it is true thét sach station representsd a &iffefant combinatiOn of speed limit
and number of lames, thers was only one location for esch such combination and
this coﬁl@ haxdly bs acéepted as representative of such conditions statewide.

Iﬁ Table I are shown a few basic statistics from the data. It.is clear that
station 5 18 very different from the other 5 station-operations. It ia.fairly.
cortain that the difference is ﬁot due to the station being located on a 4-lans
dividqd roadway,lbut to its bheing in a suburban area and on the ﬁain-straet con=-
neciing two cenfters of population.

. Travelling eastboﬁnd on M=78 from its interssction with US-16 one passes
thrﬁ atations 1, 2, 3 and & in this order. Notige in fable I the increase in

average speed and percentile speeds from Stations 1 thru &, There is a slight



reduction ;n these speeds from statiqn 2 where there are 3 laﬁes 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 ;he average thru station 3 tﬁan thru
station 2,

Attention is called to the fact that at station 1 the average spead.of‘trucks
and busses as well &8 passenger caré}is more than the spsed limist. This one sta-
tistic alone means that many vehicles must be travelling far above the speed limit,

Tests upon the 2&—houf frequencj distribution of the speeds of all veﬁicieé
at each statlon-operation show that no two are alike. These are tests for simi-
larity of the ratios of the number of vehicles in each spead group.at one station=-
operation %o the number of vehicles in the same speed groups ab another sfation~
operation. Although the tests amploy sctual numbers of vehicles._éimilarities or
dissimil&rities ars best shown by percentage dismtributions as in Table II, Stﬁm
tions 2 and 3 come the nearest %o being allike, yot they are slgnifibn‘lly different.
To the extent that tﬁéée data represent the total situation one can conclude that
something is definitely inflﬁencing the drivers® speed differenflyrat eaéﬁWOf
these station;operationg. | |

Attention was given to the extent %o which the speed 1im1t was belng ‘excesded

at stations 1, 2, 3 and 5. Table III shows the'percantage of vehicles in each

hour exceedin&?the speed limit. Table IV shows the percentage of veﬁicles axcaod-
ing the speed limit by more than 5 miles per hour. Obviously the situation is
most serious at station 1 where in every hour of the day aund nigh? more than 53
percent of the drivers were exceedlng the speed limit; and Qggrg 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 1, The contrast between the per-
centages at station 1 and those at stations 2, 3 and 5 in Tables III and IV empha-.
alzes the sariougnass of the situation at station 1. It is clear that drivers in

an area waich is only slightly more densely populated than rural and surely less’



densaly populated than suburban and on a L-lane highway are not going to obey a
'MO,milefénmhour-spaed limit witﬁout strict enforcement which is apparently lacking
in the wvicinity of.station'l. | |

Théhrelationship between volume gf traffic and variation in speed Waé investi-
gatéd éﬁd it was found that in general this variation decreases as traffic volumel
inc;aaaés. Vehicles tend toward the same speed as more and more of them are
crowded onto the road. Coefficientszpf variation in speed for all vehicles,
vehicies travelling over 50 miles per hour and for vehicles %ravelling lesé than -
55 wiles per.hour are shown in Table V. They are shown for each of the 6 station-
operations and & houriy'traffic volune gZroups.

The coefficient of variation, rather than the standard deviation, is used
here becsauss i$ iz free of the unit of measuré and therefore allu}he,measuras in
Tadble V ars directiy comparable one with another.

There is a strong tendency for the coefficients of Table V {o increase from
station 1 thru stations 2, 3, 4 (T-W) and 5. This may be due to the pefcent&ge
of the total volume that is trucks, or to the difference in number of 1angs and
posted speeds, or both. I is believed that this particul&r»spudy doég&not con-
tain sufficianf datae to warrant investigation of this:inqreégg.

D;ivers' response to cgange in hourly traffic volumés and to changos in
ﬁumber of lanes and pogﬁed speeds repressnted by the several stations was studied
'by application of the methods of analysis of wvariance. Table VI shows the aver-
age speeds by these two criteris.

In evaiuating these findings from analysis of the variance in average_apeads
it would ﬁe well to keep in mind that differences in average speed.may also be
inflvenced by such things a8 percentage of trucks in the traffic sirsam, roadside
davelopment, grade and alignment, etc. To isolate the effect of such factors
upoen average driver speed would roequire a well planned survey of mﬁqh‘greatef"eXm

tent than this one.



Considering the speeds of all vshicles at all statiion-operations exceﬁt 5_
i% was found that: | |

1. The average speeds among the saveral station-operations di%fﬁred
gsignificantly. HNumber of lanes and posted speeds did affect
average driver spesd.

2. The average spesds among the several hourly traffic voluma’gTOups'
daiffered significantly. s;a.zg- of hourly traffic volume did affect
avgrage speeds.

3s The effect of_number of lanes énd posted speeds‘is probably aig-'
aificantly greater than that of hourly traffic-volumeso

L, There was slgnificant interaction in the sfeeds betwsan station~-
operation and hourly traffic volume group. Driver response %o
changes in howrly traffic voiume was not the same at all sta£i0n~ ,
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 volune
Zroups . 7

5._ The:e:is a defin?te trend toward reducing speed as hourly traf-
fic volumes increase up to about 500 vehlcles per hour.- Beyond
thls there 1s no decrease shown.

Stétion 5 is obviously much diffsrent from the other 5 station-operations.

It was treated separately because its inclusion withithe other 5 station-
operatigns would have unduly accentuated otherwise normal differeﬁces.

Gonsldering only statlon-operations 4 (T-W) and & (S-M) 1% wagkfound that the

average speed of the fofmér was significantly grgater than that of the latter,
This may be due to the fact th&t e greater pergentage of the total vehlcles are
concentr&?ed in the high traffic volume hours on Sunday than on weekﬁays, Dr;ver
-response-to‘change in hourly traffiq volume was significantly d;fferegt betwésn

L (T-%) and & (S-M).



Considering only station-operations 3 and.h {7-) affords'an.opportunity to
compare two locatlons with the same number of lanes (2)‘but with different speed
1imit conditions. Tha speeds wers siwnificantly lower at station 3 with its 50
mniles per hour speed limit than at station 4 (T_w) with no speed limit. The
average driver's response to this change in speed limits was slgnificantly
'greatar than his response to change in hourly traffic volume, The drivers tended
toréhange their speeds in the aqye'manner at both these stations as hourly i{raf-
fic volumes changed. ‘

Anslysing stations 2 and 3 affords an opportunity to test the efféct of
number of lanes (3 at station 2 and 2 at station 3) when the speed limit is con-
' stant at 50 miles per hour at both atatlons. The averege speed at statlion 2 was
'gignificantly greater than that at station 3. This is an indication that number
of lanes does affect average speed. Driver responss 1o chénge in hourly tfaffic
volumes was thes séme atrboth<stations and not significantly larga.

The variance between. the average speeds at stations 2 and 3, both of which
have 50 miles pef hour speed limi%é, is not nearly as great as the variance be=-
tween the average speeds at stations 3 and & (T-%) of which station & (T-W) has
ho spesd limit. This would seem %to show the greater effect of a speed Limit
over that of a differehCe in pumber of lanes. However, with sé few statioﬁs
‘ possessing these various characteriatics available, the evidence is not conclu-
'$ive. The two vapiances wers not staﬁistically significantly-diffsrente 7

At station 5, analyzed separately from the other 5 staﬁion«operations, the
driver response %0 change in hourly traffic volume was highly significant. |
Drivers tended %o drive slower as hourly iraffic volume lncreased ﬁp to 500
vehicles per hour. Beyond this volume the average speed incre&éedﬂélightlya

Using only those drivers driving over 50 miles per hour the same analysis
of variance tests were made for the same groups of statlon-operations as for
all drivers., Generally speaking, these faster drivers made the same types of

response to changes in Bpeed limits, nunber of lanes and hourly traffic volume

S



as all drivers, but tgei} responses were legs pronounced. Algo, they showed more
nearly the same degree of response to changgs in speed limits,.number ofwlanas.
~and hourly traffic wvolumes than d4id all drivers. In othér words, the faster
-driver changed his spesed less frequenily and by s lesser amocunt due fo spéad
.zonas, nunber 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 shown in Table VI.

Analysis of variance technigues were next applied todt§e data divided into
several times of day and night pe?iods fcr.each of the 6 station-operations indi-
viduaily, The pﬁrpose of this was to determine whether or not the avérage épeed
‘of all véhicles was significantiy higher at night than during the day. 1t was
found that this depends upén what 1s considered as "day™ and "night'.

The periods & A.M. to 6 P.M. and 6 P.M. to & A.M. were firet considered as
&ay and night respectively. The average sveed at statlon 1 wés slenificantly
higher at night than daring the.day; at station 5 exactly the reverse was irue,
At station-operations 2, 3, & (T-W) and 4 (8-M) there was no significant differ-
ence between the average day and night spaedsgi | |

When the periods 6 A.M, to 12 P.M, end 12 P.M. to 6 A.M. wafg.conaidafed
as da& and night, respectivelj, the situation was entirely different. At sta~
btions 1l and 2 there was no signifidant difference between the average day and
night speeds; at statlon-operations 3, 4 (P-4), 4 (S-M) and 5 the avgrage'spead |
at night is significantly greater than during the day.

In general, the nlght speeds are not less than .the day speadé. They are
elther 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
greaber %than that of the’average speeds amonghthe‘time périods. And thqrefore
the data indicate that speed is influencéa mors by nomber of lanes and spghd

limite than by time of day or night.



There 1s also strong indication, although again the analysis was not carried
put in detail, fhat the variance of the average'speeds anong hourlyrtraffic
volume groups 18 greatsr than that among time:periods of %the day and night, but
is less‘than that among station-operations.

It ig,important_to note the conclusion to be drawn from this anzlysia of
variance: _fhp physical characteristics of the highway have the graatest.influ—
ance on £he average driveris sneed' Theltraffic.vclume is next in‘importénce as
an influence on speed and time of day or night is leaat of the three. The driver
'has no control over the first two but he could reduce his sveed at night if he
ohose to do so, Many do not 80 choose,

Determination of the slze of éample presents a problem to which thsre 15 no
~ one answer because several factors are involved First, there is the amount of
variaﬁidn ex?sﬁing in the population to be sampled. Second, theré.is.the amount
o of error that will be tolerated in the estimate of ﬁée avérage speed frog ;hé
sample data. Third, there is the probability level for which the sample‘éiza 1s-
to be estimated. This is a measure of the assurance that the averags sﬁeed com=
puted from the sample will differ from the average speed of the total ponulation
by no more than the amount of arror that will be toleratad Fourth, 1f:tne popm
ulatiou being sampled is relatively small, a smaller sample than thaf Qequired 
from én infinite pgpulation may suffice for a given error tolerance and lgval
of probability; . \

The first faétor,'amount of variation in ths-pgpulation,‘is generally the
most difficult to determine. MNowever, with the data from these 6 station-opera-
tions available; the variation can be computed fairly close. fh}eé”setslpf“coéfv
ficients of wariation, each by a different set of criteria, were‘compﬁtedrfrom
these data. A large p;oportion of them lay between 0.14 and 0,188' T};erefor§s 8

‘- conservatlve figura,of_o.zo for qoafficiegt of wvariastion would belsatiafactory
for estimating slizge of ééﬁpla, There seems little reascon to expecﬁ thé coefficient

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



is & rather stable statistic.

The secénd and third factors, error tolerance and leve; of probability, must

be defarmined on fha basis of judggment. past experience or perha?s cost of ob=-

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

Where speed observations are o be made the fourth factor, size of population
to’be sampled,-i.e. traffic volume,-yill ganarally be lmown with sufflcient accu=
racy for eatimating 8ize of samplé. iIf the $raffic volume is not ‘mown and caanot
be feadily‘or'easily determined the sample sizé can be determined on.the basis of
an infinite population. Such an estimate may be larger_than necesséry but the
error is on the safe side.

‘In most cases %hé pfoblem will %e'éo sacure a sufficiently representative

- sample rather than s sufficiéntly large one. -Segments of the populatien ﬁhoaa
representatioﬁ in the sambla may be desirable are‘ﬁhe two directlons of travel,
type-§f vehicle, hdur of day, day of week and segsdn of year. It may also be de-
sirable %o have varioué weather and surface conditions represented, eapecially if
the sample is to be used to eétimate average year around conditions. ’fo have all
these various conditions represenﬁed several sub-samples wouid be necessary and
the resulting total sample may turn out 56 be much more fhan adéquate, For a spot
check of the average speed at a single location it is quite possible‘that a b= to
6~hour observation would suffice. To obtain the average spsed or a sufficiengly
accurate frequency distribution of the speeas along a route, in a large area or
on a state-wide basis, it may Ee mora imporﬁaﬁt %0 have various éurface typés,
surface wid%hﬂ, nambers 6f laﬁes} types of terrain and traffic volumes represented
‘than to have the various days of the week or seasons représented, .

Clearly the problem of sample éize isla comﬁlex ong. in additibn_to the
purely statistical factors there is the kind of use to ﬁe made ofrthe sample data
and the area %o be reprasenfed. Each aémple size problem will géﬂarally have to

bercpnsidered on its own merits. As a general gulde to sample size for spot checks
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of spged and perhaps to size of sub-samples of:a.larger total sample Table VII
‘shiows some sample sizes for estimating average speed. .These are.shown for various
traffic volumes flowing during %he timé the sampla‘is Lo represént. These traffic
volumes are not neceésarily tha volumes flowing 6nly while the sample is actuslly
being observed. The sample sizes are shown for thfee diffarant @olerabl@ errora,
1%, 2.5% and 5%, at each of two probability levels, 95% and 99%, The entire table
1s based on & coefficlent of variatien of 0.2, | | |
The “required size of sample" values shown in Table VII are computed on the :
assumption that the observations will ba taken at random from {the "traffic volume
to be represented®, Irom an oparatiOnal standpoint it would not be feasible to
attempt to securs & purely random sample of vehicles for speed maaaurerento An
alternative method, very widely used, is systematic sampling. By this method
every.n—th vehicle is selected and its spsed measured. The value of u ls deter-
mined by compubing the ratio of the estimated total traffic volume that will pass
while the sample is being taken to the pumber of venhlcles ﬁb_be included in the
sample. In‘applying this method the observer must be extremely;careful to count
the vehicles correctly énd measurs the speesd of every n-th vehicle and not the
n-th migus 1 or n-th plus 1 vehicle. |
In cases where it 1s‘desire&1to know the average‘sﬁeed during sach hour over
a period of time it‘m&y be necessary to observe every second, third or fourth
vohlcle in order to secure a sufficiently large sample for each hourg To meet
theée-conditioﬁs with radar equipmént.it has been found feasible to lat the equip;
ment ragister the speed of every vshicle on the tape and then later in the offlce
read from the tape only every second, third or fourth vehicle as Eéquired for.
analysis purposeé. This results in a substantial reduction of the amount of-
offics work required. | .
©'  In cases whaere it is desired to know the average speed over a comparatively
long period of time, it.m@y'suffice %o record'the speed of only avery'lotha 15%h

or 20th vehicle. To meei these conditions it has been found feaslble. to turn on
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the radar equipmegt for only each n-th vehicle required. Here again the office
work is greatiy reduced.. |

As & general guide %o sample size for sstimating frequency digtributions of
gpeeds Table VIII containg some sample sizes for this purpose. Again these are

shown for various trafflc volumes flowing during the time the sample is to repre-

sent., These traffic volumes are not necessarily the volumes flowing only while

the sample 1s actually'being obsarvé&, The sample sizes are shown for four dif-
ferent tolarable errors, 5%, 2.5%, 1% and 0.5%, at each of two probadility levels, -

95% and 99%.

Table VIII 1& made on 4he assumption that in such frequency distributions

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

appear, may contsin as many as 50% or more of the wvehicles. If it is known that
no class will contain as many as 50% of the vehicles (umone do in Table II), then
the sample sizes In Table VIII are slightly larger than necessary for.esti@ating'
frequeﬁéy distribution. | |

To determine the best time of day to make speed observations a search was

made for those time periods during which the frequency distribuiion of spseds

differad insiénificantly frém the distribution for 2l-hours, The chi;ﬁquare test
.was used to determlne significance or insignificance of differaﬁceé between dis—
tribu;ions, Each-station;operation was teeted separately.

. Detailed results of these tests will not be gi%én. The following teble

gives the hour perleds found {0 be most satisfactory:

Tamber All Station-
of Hours Cperations Station
in Period Excapt Sta, 5
9 - 9 AM,=6 P M,
-9 - i2 ¥, -9 P.M,
S 9 A M.~ 3 P.M, -
by 7 AM.-11 AM, 1 P.M.~5 P.M,
L L'P.M,-8 P.M, 2 P.M.=b6 P.H.
b 5 PM.= 9 P.N, 3 P.M.-7 P.H,
L h 7 P.M.=11 P.M, -
& 8 P.M.-12 P.M, -
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3egarding the third odbjective, to develop a method for determining when a
speed limip should be imposed and what the limit should be, no method was Found
from the data avallable. An attempt at 2 solution %o this prcbleﬁ.waa made by
computing certain statistics relating to the number of passing maneuvers that
would take place in an hour at the observad distributions of speed if passing
opportunities were always-évailable when desired. Graphs of these sﬁatiatics
géve no clues to the sélution quthé problem.

It is believed that no amount of speed data alone will solverthese prob;ems'
regarding épeed limits. At the present time speed limits sres determined more or
less arbitrarily and often imposed only afier considerable public.clamor is
raised. The reasons for speed limits may accasioﬁally be econonmlc, but they are
usualiy imposed for the purpose of reducing'or preventing accidents,* It Qould
- geem, 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
accideﬁt potential, or both.

Admittedl& there i3 evidence both pro znd con to the question of speed limf
ita reducing #;cidents, Navertﬁeless, if‘iﬁ werea not for the ever present possi-
bility of an éccident, mqst driving would be at greater speeds than at present.

On modern turnpikes where roadside friction.is nearly zero, speed limits are
set as high as 70 miles per hour. Tew drivers would consider this limit too high.
“Many drivers exceed it. But where roadside friction is high, as iV is on.many
free reoads and streets, there are few who would condone a speed limit as high as
70 mile;e, per hour, _ |

The point is that a connaction between high speed and accidents is clearly
recognized and whether or'not to establish a speed limli should rest on the accl-
dent recofd and the aceldent potentilal due to roadside friction. The question
cannod be_answered from speed data a}.one°

* Except la the case of local and Fational cemeteries where a speed limit is im-
posed to compel respect for the dead rather than to protect the living.
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It should be recognlzed also that a spead limit has little value if 1% is

not enforced.
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Humber of Vehicles, Percentage Trucks znd Busses, Average Speseds and Parcentiles

Item

Total Vehicles Observed |

Psrcentage-Trucks and Busses

AﬁerageVSpeed (Mis./Hr.):
.Ali Vehicles
_Passenger Cérs

Trucks and Busses

Percentile Speed (All Vehicles):

75
80
85
90

Table I

by Station~0peration

Station-0Operation

1 2 3 L{p-4) 4(5-4) 5
9,673 8,553 | 6,969 6,094 5,882 13,312
14,9 16.5 17.3 19.8 5.9 10.8
b2,11 il 96 ki 25 46,22 i, 96 36.68
42.39 15,43 bty 10 46,72 h5.08 36,73
40,48 42,55 43,56 L4,20 43,80 36.27
55,26 49 42 49.22 51.83 49,51 40,20
146,65 50.65 50.47 53.00 50.86 4157
bg.o  s2.24 51.97 b9 52,60 42,93
49tk 53,83 53.47 56.20 5k 43 14,30



Table II

Porcentage Distribution of ﬁ?eéds at the 6 Station=-Operations

' . : Percentare in Fach Spesad Group.
Spesd Group Station Station Station Staiion Station Station

(Miles per Hour) 1 2 3 Iy (=4 ) 4{(s-1) 5

1 =25 0.20 0.30 0.62 0.66 0.26 1.85
25 mljo 1,06 AIRC0 1.86 143 - 1.67 9.84
30 ~ 35 ey 6,00 7.8 6.07 5,13  26.35
35 = 4o . 26.92' 12,09 13,49 10.85 18,05 36.25
bo - 45 39 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 o 1.67 1.32 3.85 1.99 ©  0.06
65 - 70 0.06 - 0.31 0,10 0.85 - 0.4k~ 0.02
70 & uwp 0.01  0.14 o0 031 0.26 0.01

Total 100,00 100.00 100.00 | 100.00 100.00 = 100.00
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Table III

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

Percentasrs Exceading

Station Station Station Station
Lo 2 .3 : 5

1AM, 58,8 17.7 31.6 - .10.6
2 AM, 61.1 ‘ 28.0 22.5 20,3
3 A.M. 62 .4 28.6 23.3 ..28,9
b A M, 56.6 304 35.7 T 20.8
5 AWM, 56.1 25,2 ' 26.0 25,1
&AM, 71.4 21.3 22.1 13.6
7 AM. 83.8 : 23.1 22,2 12,0
B AN, 79.9 21.6 ‘ 19.2 6.7
9 A.H, 58,0 23.5 19,0 6.6
10 ALM, 63.8 27.2 28,k 8.5
11 AMe © 56,5 ' 28,6 20,5 A6
2 M., - 53.9 23.8 34,7 9.0
1 P.M. 60,0 19,7 17.9 11.9
2 P.M, 65.5 15.5 18,7 8.6
3 PM, 60,5 21.0 16,1 6.8
L P.M, 61.7 18.2 18,8 6.2
5 P.M, , 66,9 22,0 21.0 6.2
6 P.M, 58.3 17.3 17.8 6.8
7 P.M, 72.9 24,9 23,1 5.7
8 P.M, 69.8 25.8 - 25.0 5.0
9 P.M, 66.1 19,2 11.4 L,1

- 10 P.M, 69,2 26.8 _ 20.0 6.8
. 11 P, M, . 70,1 18.3 20.7 . 7.0
P, M. - 70.7 23.3 18.3 8.0
100.0 100.0 100,0 100.0

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



Table IV

Psrcentage of Each Hour's Traffic Volume Fxceeding the
Speed Limit by More Than 5 Miles per Hour at 4 Stations

Exceediling

Porcenta T g

Station Station Station
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Station 2 = 50 mis./hr.
Station 3 = 50 mis./hr,
Station 5 ~ 45 mis. /hr.



Table V

Coafficient of Variation of Speeds of Vehicles by Statioanperation
and Hourly Traffic Volume Groups .
All Vehicles

: Coefficient of Variation
Bourly Traffic Station Station Station  Staftion  Station Station

Volume Group 1 ' 2 -3 Lip=w) - L{S-u) - 5
0 - 199 0.146  0.157  0.169 0,181 0,182 0,212
200 - 399 06 0.167 0.163" 0,178 0.160 0,178
Loo - 499 0.135 0.155 0.165 0.169 0.168 | 0.170
500 or more 0.125  0.1b  0.147  0.68  0.146  0.158

Vehicles Travellins Over 50 Miles Per Hour

0 -~ 199 0,067 -0.081 ©0.066 0.089 0.088 0.106
200 - 399 | 0,069 0.073 0.057 0.081 0.075 - 0,057
k0O - 499 0,053  0.068- 0.070 0,073 0.068 0.0
500 or more 0.0k1 0,061 0.0k0 0.07L 0,066 - 0.049

Vehicles Provellins Less Than 50 Miles vpar 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

'500 or more 0.108 0.112 0.122 0.126 0.106 0,150



Table VI

" Average Speeds of Vehiales by Station-Operation and
Hourly Traffic Volume Group

' ‘ A1l Vehilcles _
Hourly Traffic Station Station Station Station Station Total Station

~ Volume Group 1 2 3 (T4} 4(s-M) 5
0-199 41,82 45,29  Wh.22 4679 46.50 - LS.A3  39.16
200 ~ 399 42.68 W86 B35 46,30 45,07 WhB3 37.61
500 - 499 h2.30  45.01 44,11 ‘45.;2 ' B3.45  W3.66 36,19
500 or more - L1.75  hh.88  Wh.15 45,76 45,16 B3.65  36.60
| Total 42,11 L, 96 @4,25' 46,22 Uh,96 Ll 29 36.68

Vehicles Travelline oaver 50 Miles par Hour

0 - 199 5407 sh.o7 shas  55.57  S6.38. 55.3b  S6.40
200 -399  54.38 54,77 s4.20 5533 55.05  S5h.8%  55.19
400 - 499 53,76  SL,49 54,38 54,87  54.60  5h.AO 54,32

500‘or mors 5ﬁ,h5' 54.19 53.30  55.0% 54,53 5h.12 53°6$

Total 53.82 54,57 sk,02 55,28 55,22 54.68' | 5&.16



Table VII

Required Slze of Sample from Various Traffic Volumss for
. Estimating Average Speed
(Based on Coefficient of Variation of 0,2)

Traffic
Volume Probability Level of 95% Probability Level of 99%
%0 be - Tolerable Brror Tolersble Frror
Represented ‘ 5 2.5 1% 5% 2.5% 1%
25 18 23 25 20 2k 25
50 28 2 Lg 3h g g
75 | 3k 58 72 bl 64 73
100 39 71 aly 52 81 96
150 L&y gy 137 63 111 ' 142
200 48 111 177 70 136 186
250 50 124 215 75 158 229
300 52 136 251 79 176 270
100 sl 153 318 85 206 348
500 56 . ‘165 377 88 230 L2l
750 58 186 50k ol 272 585
1,000 59 198 506 97 299 727
1,500 60 212 760 100 332 959
2,000 61 220 870 102 351 1,141
2,500 : 61 225 952 103 361 1,288
3,000. 61 228 1,017 103 373 1,409
3,500 61 231 1,069 104 380 1,510
L, 000 62 2313 1,111 1ok 185 1,596
5,000 . 62 235 1,176 105 392 1,73
6,000 62 237 . 1,224 105 Co397 1,841
8,000 62 240 - 1,290 106 Lol 1,994
10,000 . 62 251 . 1,333 - 106 Lo8 2,098
15,000 62 243 1,395 106 hilk 2,256
. 20,000 - 62 24l 1,428 107 Ly Co2,34
25,000 62 2hly 1,449 107 419 2,400
50,000 . 62 . 244 C1,h92 107 Lp2 - 2,521
- 75,000 62 246 1,507 107 423 2,564
100,000 .62 2hs 1,514 107 Ll - 2,586
200,000 ' 62 207 1,526 107 4zs 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 1,533 107 425 2,641
- 750,000 62 - 247 1,535 107 425 2,646
1,000,000 62 2Ly 1,535 - 107 425 . 2,648

Infinite 63 247 1 1,538 108 k26 2,655



Table VIII

Required Maxlmum Size of Sample from Various Traffic Volumes for
Estimating Frequency Distribution of Speeds
- (Modal class containing as much as 50% or more of the vehicles)

384

1,537

Traffic : ‘
Volume Probability Level of 957 Probability Level of 99%
To be "Tolerable Wyrror Tolerable T rpyror
 ~Represented 5% 2,55 1% 0.5% 56 2.5% 1% 0.5
25 23 25 25 25 24 25 25 25
50 - bl 48 50 50 W6 b9 50 50
75 - 63 72 74 75 67 73 75 75
100 79 oly 99 100 87 96 99 100
150 108 - 137 148 149 122 142 149 150
200 132 177 196 199 154 186 198 199
250 151 215 2l - 248 182 228 246 2k9
300 168 251 291 298 207 270 - 295 299
400 196 317 - 384 396 250 348 391 398
500 217 377 L7s Lol 285 L21 L85 496
750 254 504 . 696 736 352 585 718 7ho
© 1,000 278 606 906 975 399 726 ol 985
1,500 306 759 1,297 1,00 L60 958 1,376 1,467
2,000 322 869 1,655 1,901 438 1,141, 1,785 1,941 -
12,500 333 952 1,984 . 2,347 524 1,287 2,173 2,409
3,000 341 1,016 2,286 2,783 5143 1,408 2,541 2,870
3,500 346 1,068 2,565 3,208 558 1,509 2,890 - 3,325
Ly, 000 350 1,110 2,824 3,623 569 1,595 3,223 3,773
5,000 357 1,175 3,288 L L2l 585 1,734 3,842 ,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
020,000 377 l,h27 6,488 13,152 642 2,343 9,067 15,368
25,000 378 1,448 &,938 15,144 646 2,399 9,971 18,158°
50,000 381 1,L9 8,056 21,724 655 2,520 12,455 28,513
75,000 382 1,506 8,513 25,403 658 2,563 - 13,583 35,205
100,000 383 1,513 8,762 27,753 659 2,585 | 14,227 39,885
200,000 383 1,525 9,164 32,225 661 2,619 15,317 49,821
300,000 384 1,529 9,306 3k ,054 662 2,631 15,718 5445333
400,000 284 - 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
750,000 384 1,533 9,482 36,543 663 2,645 16,228 60,957
1,000,000 384 - 1,534 9,512 36,993 663 2,647 16,317 62,221
Infinite 9,600 38,414 663 2,654 16,587 66,349




