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SOE FUDAVEGRTAL RELATICHRIIPS OF TTATTIC TIOW ¥ A ITCOMAT

by Donald P. Ryen

This study vas made to determine the relationships of speed
versus volusde, speed versus density, and voluie versus dencity for a
frecumy. The Edsel Ford Freeway in Detrolt was selected so that
internal and external factors eflecting traffic flow would be at a
minimaa. The primary factor arfecting traific Tlov would be internal
{riction. Speed, volune, and dencity are the characteristics of
traific flow for vhich data were gathered and mnalyzed.

Studice have been made in the past on this topie by Grecmshields,
Olcott, Darnetit, and others, each having e diflercnt sct of resulls
snd relationships. There is some egreement that the speed-volunme
relationship is parsbolic, but vith & tendency for the uper portion
of the curve to be lincar. It is believed timt the specd-density
relation 1s slightly curvilines:r. The volune-density relation is
believed to be parsbolic with the vertex upward.

A set of linear regression equations bave beem developed for
the area of non-critical {lovw for the tiwree interrelaticushipe.

The method of enalysis consisted primarily of a chronolozical plot
of data and the F-linearity tect. Other statistics used to sube
stantiate the Cindings were the determinatiom of correlstiom
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coef{'icienta, the standari error of estizate, ead conlidence 1limits
for slopes and standard deviatioms.

Tha speed-~volume reluliom Lhas an accepiable set ol rejressica
equations with good linearity but vith low correletiom (35 = kJ:).
The avaroge regressiom equation is § = 50.2 « 0.2/5 V. Tas regressiom
coelflcients are significently non-zero. The chrouclogicel plot of
lane 1 wder congestion {llustrates the need for separating none
ceritical ead eritical flow and the likeliness of the cutoiff line.

The sneed-density relation has an sccepiaile set of rezressiom
equations with good linearity mmd fairly good correlatioa (35 - T90).
The aversre regression epwiion 18 8 = 53.0 =« 0,3630. ALl regression
coafficients are sijuificently won-zerd. The chironoloizal plot of
lanes 1 and 3 1llustrete the need for separating mon-criticel exd
cricical flow and the need for a cutolf line.

The volune-density relatlouship hes an accepiable set of
regresslon equatious with very good linearity aad gocd correlation
(75 = 95/). The averaze regression equatiom is V = 5.7 « 0.L7™,
The regression coeificlants are significantly nom-zero. The chrond-
loi;ical plot of lunes 1, 3, and aversge 1llustrate ihe need for
separating non~eritical end critical flow and tha need for a cuto’f
liue.

The regults of the speed-volue enalysis di’fer with Creen-
shlells results in that the rate of spead dzcrezse with corresponding

voluse incresse is rnich hizher in his analysis and would not be &
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good eatinate of i'reewrny Flow. The speed-deasity resulta differ with
Creenstdelds in tiac hls relatiom is curvilinear with much lower values.
Oleoti's equatioas, § = 54%.7 = 0.L73D (fast lane) ad § = 23.5 - 0.2005
(slow lme), ealso differ in valuzs and rates of decreases of speed.

The liacar voluee-density relation datemiined far this analysis i8 for
moa-critical flow vhereas others beve used all data aud a parshbolic
relatica. In general, the linear relationship, as derived in this
sowty, eplaias the relgtiouws in non-critical ilovw aud the area between
1t (Geasity cut off at 55 vm and speed cut o.f at 4O muh) and eritical

flow.
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CAAPTR

LTCXICTION

Toe fundanental characteristices of traifie thet ere alwys
precent in a8 trofTic girem are ppeed, voluze, donsity, aad healmy.
These charscteristics have cortaln dnberrelatloazilys which ere
belleved to vary with the gexwetrie cezimm ol roadwnys, with & change
ia one or nmore of the charactaristics or with a change i ove of thae

our f‘:’ictioma]

The gooletric desizn ol @ Jecility will have eousiderablas
IafTuance on the extent o wlideh the four friciions will be preseni.
Three of the Irictioms, internel, medial, and ma~;inal, caa be miniaized
throuch the geouetric desiza of roadwny. Baxwever, laternal friction
is a'Tected by chranges In cpead, voluse, end Gensity.

In pom-cribical flow, internal Iriction is relatively low, dut
in critical flow this frictlon bullds uwp until comgestinon 13 caxplete
and all traffic cowed to a halt. This ocrwreuce irkes place during
peas flows at a tlise vien the facility should be Duuctioning flaviessly.
Because of these breat:idowns in operation, rusearch 15 needed to
deteormalne wuat 4s heprening up to the point of critical Ilow.

Tiw pwpose o this pepar is to determine the relstionchirs of
epecd versus voluwaze, spead versus dencity, and voluse versus deasity

in the area of nom-critical flow and to doterudine the line or evea

betwveen non-critical 1'lov and critical flow.

7?2113 putber indlcaces the suthor relcvence in the bibliogreply wnless
8 fooinote 13 plven.
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The inlerrelaticnships of the fualanental characteristics of
trafiic flow are determined and tected by stetistical methods end
thrrouzh the use of ane-ninute increnental chrouolosical plots ol

data.
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VTR OF LIT.VATSRl

Cnz nctlod of enalisis for stulles of ooeeld, voluss, Cenmsily,
S H 2 7 < 3

15,0

end strexs cap 1s the statistical arosch ol Dr. Gureenchiel

¥ith kis amlicatlisne to Gworetical woclie casacity (voluue),

relationshily of speed aad volune, and the snociar of vellsles vaa

obteined from a 10234 protozrashic stuly. In thace phowwrephie

obsaermvetlons 1t wes agsuied that vehilele spacing of veulcles traveling

In crowpg was at a minbzzy and wos aqprocteoetely egazl to dg = 1.1 - € / 21;

vhore d.sl eyqzels spaciag ia feet; S eguels speed in zmlles per bour; end

1.1 15 & Tactor for ue reactioa tine of 75 seconls. Thisz linear

Thds race cua cuiy Le

-

ezuntion proctuces en ideal Siow of LI30 voh.

protaced noneniarily. Dence, the voluze Zormu’a is mobt given becase

of i%g Lmpractlcedility. IIwever, it does point €9 tw similizaad
facts:
A. The volune increaser with ezoed bubt maparently Quyr-oaches
naxinut poiat &£t about ) rph, vhore the eonstunt 21
becases InsicudTloant
3. The nindinea enaclay dooends privarily on
percention-juldgient” tice.

2 uced these reletlonshins elong with shesistical moplications

He
for plotilng curves 1n the obtaining of a8 goeel-volupie reistion. Thia

relaiian vas found to be linzar, § = L3 - 2.5.7, whare 8 eruals soeed
r v .7 ' &

]"Sa-e Peoe 84 07 Lhwe Azpenlix for & camilcte list of all syuols
and abvreviations .
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In miles per hour and V equals voluie in veliicles per alnute. Sce
Filzwe L. By syslng that V=D - 8, (D beiry donctty), the equetion
becomas S = 13 . This equation ylelis & line with a slizht
17353 N

cierre. And here Dr. Greenchiclds ecays that, for all practical
pwpasss, the llae way be ascussl to be stral ht with only slisht
error. That statenent hias baen discassed pro and coa vith no
de.'inite decizion. Nowerer, thece curves were esteblizhed on a
liaited nurer of observabions and further only with two and four-
lase hijivas 1a rural arens.

De. T. W. Forbes® used a method of "spaced aerial photormaphy ' to
obiain data for his enalysis ol spoeed, volure, dancity, and headwny.
The Tilis outained in the i'ield were developed and an eralysis madz by
eanzlyzinzy the films. The saples were Lthen uced as the basis for loner-
raaced estizmates. From ths enalysis, Forbes foumd a reduction im speed
vhen the voluie per lane locreased from 600 vph to 1930 vvh. He also
concluled that thers was wo wmeorloun volune poiunt, and for a six-lane
dividad highwzy, the averm:2 cpeed of each lane (of the three in one
direciion) verled unler ziallar conditions. This suatcuent 1s coancary
1o whet egone others hare fomil. Tae curves of the speed-voluse relalion
show & definite trend avay from the straight line relation Greenshlelds
8eys exist. These dlse reenients on the relations orf trailic flow are
oot swpricing & the facilities tested were not siliallar in basic desigm
characteristics.

A paper entitled "On Kineuaile Vaves" by . J. Lighthi11™ and
C. 3. Waitana offers a theory of trarfic flov except that this is

related to "long crowded roads”, whereas previdus ctulies vere concerued
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vith & ctationary polut ctisdy. Cuow ol the Dodn polnis of the revovt is
that Lishthill does nob seped vith the reletion thet cpoed s liulally
related to doagisty. The linear relatioa ws detorzined *roa g liilsed
nrdber of poinis contained in a lesge intermeliate rance with no »oints
in high &ad low aress. Lighthill contends that this is a rosher drgetic
interolating &nd taas vhis intemmediate range pronsbly does pot lle in
e strai ht line.

Lizhthill elso counared the Plow-concentration curve (volimwe=

msity) of his study wiva that of Greeachields. Creeusiielis conclulud

the relation of voluie anld diensity tO be & dacabolle curve tlal went
throwh the ovdxla, with whe vertox wivards, having a mecinsm valas of
eporoclantely 2233 vpt.  Baever, Ligaithill's cwrve hodd no one particular
curve siwrdg. The curve had 2 macimin of goproxiwmtely 1523 vih, dut
the cwrve was such thet il could occur thumgh a greglor ruase in
coacentration. Lishthill eoncludes that traslic cozxydsitisa, gexiaetric
desigm, culture glong the histeray, and Ingion chmracteristics mey alter
the relation at any given tine. This was 8130 concluded by T. W. Forbes
o further 1plied that mmion characteristlics conld change within e
comiry. Lizhtid1l glso concluded theit the diflesence in the lengths
ol venicles would have sooe alfect on "concentration” relaticns.

Soia of the more recent lieas have aleo used or tested Greenshilelic!
lincar and pavedolic relatices. Ons of these is by E. S. Olecott.l3

In this study, tunnels were used as tectin; sites in the deterni-

tion of the effect of snced and spmcing on tunnel cspacity. Tne
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tunnels are savewiual ideal In that the fricilonal espects regardiing the
one-wry two-lane flow of tralilc edst only Internally aand, furthermore,
only vithin lancs because lane chenzing is not permitted. Decause there
are more lenes feeding tratic to and from the tunnel, toll booths have
little e’lect upon the {low of trallTic.

Olcott tested the hypothecis that speed and Censity ave approx-
laetely lineally related as did CGresnshields. The general emuetlon,
Y=c¢ / m, wes used Tor the relation with Y being aversge spoed,

x arerare Gensity, ¢ the Y iatercept, end m the clope of the line.
Using this relation, calculations were mada for the data end linear
emuations derived.

The calculalion of thls speed-density relatlon ylelded an equetion
vhere 8 = £9.6 - 0.205 D for the slowest lane with the highest perceata;e
o corercial vehicles and an equation 8 = Sh.7 - 0.473 D in the lane
wvith hizhest cpeed and no coxzercial vehicles. This 15 sigmilicant in
that thils report of the iMrd has a similar situation. See Plgure 3.

Olcott Murther found that the critical density was 65 vpa at en
optlmxa speed of 21 mph. This 13 significant a3 the values obtained in
this repory are dillerent,

By using the esane basic equation apd finding the speed-volune
relation, & parsgbolic curve may be piotted. See Fizuwe b, The gpex of
the parebols is tie optiinea dencity. Points lying ebove the optimm are
those voluues which occur at hijher than averse epeeds. Mr. Olecott fur-

thur indicated that, whea critlcal density 18 exceelded, for the saue
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voluza a lowver aversge aneed 18 eectsd. This uny be dues pactly to
kwuan cheracieristics which deterudne whal is a sale or uwca’s hesduiy.

Iv way be concluded irom Oleott's report that the basie relstious
of Greansuields are satlsactory for the tuwwmel oiuly. Tae oaly Qiller-
ence Leing in the mzzerical relations; thet is, dliferant slovos on the
speed-denszity curve or peel: vazlues om specd-volusg curve. Iven with
thoge pinmilarlties, Olcott feels that farther ctady is necessary Tor

8 carpplete undsrstanding.

A second traffic flow stuly in twmmels wvas moda by Tiie and I"ooteb'
and they were trying to relaie volure snl conceuntration by cousidering
the evTact of botilonecis. Taey scurchod for a modsl to pulde tiea in
the ctudy. The model they choce wa: the basle relalionships of Cresn-
shilelds. They thow:ht the lipenr relation of speed and density, and the
parauolic reiation ol spezl and voluze, woull be the bast for laitlal
dzta collactlion.

Howover, duarinz the snalyzis, they fomd that the kinemtlc wave
theory was quite useiul 4in interpreting observed 11w concentratiom dala
wder more conditlans, but 1t did not predict ezcily the pobberns
otoerved wetrean and dosmosive2a from & bottlancex. A lTerence in
results and predicied velues occurred, end they thoucht this wms caused
by cingle-laae flow without passlog. Ancther cawe ny be driver reactious
and behavior.

They fuwrtner concludcd that consested flow at most sections ol the

tuwmnel had relacively little 4o Q0 with tunnel eniroment, apd they
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conclulad that Creeardilelds! model indicuies thee i weWaowus in
Jaterpreting flows Is livited. ¥Wiun Lhene 1Igitcolions fa nied, they
inll-ated & need Zor fu-ther recagrch on the oversall pnablem o0 vrarfic
{low end iws glications in tuaunel Ilow.

A »eper by J. Bamett® indlcoted that "G wrech ot ie” (amzicy)
i3 conz2 of the d@terziaanis in trarfic 197 bres dova. The gxerational
point of a hipglnmy 213 eirdlnr to the critical strcinins polul O Steel,
beyand the yleld polut fallure occars.

RBarnetvt further erphasizos that the cpead-volune relation i not
parebelic buv ic e conbinasicn of lluear snl pureinlic. Voblwies, uader
peek conCiiious &~ not 1500 tub 2090 vrh ub an ostiaua svecd of 4D i,

9 far, the previous resecrch ia treffic {low Indlegtes that
Greenchlglds providad tue most logicai basis o the relasizaniivs, bus
his thworiec have been quite contuvversial. The controrersy stens
pricmily froa the Tact thut he w3 the first O ¢O an exiencive stuly
into this aren. Movever, sxie controvercy does concern thoss portioms

of t:hg curves whera his data wos insuficleont.



CHAPITR III

YWETED OF O

Description of Tost Area

The stuly site of this research project was loceled on the Cdcel
Ford Freewsy ab Lo Strest in Detyolti. The Ford 1s a zix-lene,
dirided, and grale-ceparatod depressed freewyy, looatod gppraxlaasely
tw ziles north of tha (TD &l 1s sowe 15 cilies louy. It 13 @ part
of Tatersitate Route 94 ~ Chilzalo 9 Detolt.

Data weo colleciad on the three eertoonmdl lanes oo the Ford hy
welng clectronlc radse equipwent siwpended orer ke roaday. The
pleces of egalpuent ware mounteld on special brucicis factened to stesl
eae of & bridge. The racar dotentors were mountad on the far slde
o tae structure sucl that tihey were lavisible to &prroaching trallie.
(anmnstresm tratsic.)

Toers are tvo oneraye in the vieinity of the sitwiy arca: one
is on the west 6i1de ol the bridge approxizately a guarter of 8 mile
otant. The other r&xp is on tie eact slde ol the Lrifge spproviantely
600 reet disvant. In gemeral, talz scction of freovmy is typical in
decim o modern freowsys. See Figwee T for rap esst ol Lonyo.

Piloawe 5 1s & usp of the Driroit area siwoving tie stwdy site
in relation to the Pord and the C3D. Fi-ure O is a cross-section of
tlic Ford a: the Lonyo overpass glving roadvay wilvhs and the positioning

aof the eguipient.
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Figure 5: Map of Detroit area showing study site location

SIXTEEN

! 2
- wad ‘
r-o-"/'!}.-'_""--- l\\\‘ ' t'fr"_""
DA §TSTHO00 I
- Mm!h% e _ ., : <
Avs) N --dboi-—— e b ;
: 4 TR ‘
Loy

g e e et &

: A ‘ e

208 1

A 'oe.maonn ¥

S \

sy J= a4 S

[e-db = i S~

= 6 TR 4 o Lonyo Sz

DS W el o
P /(V‘v-
('m
el [ TR TP AT ST S G G
e [ ———]
>y SCALE IN MILES

ONTARIO

C AN ADA

ocreorr

DETROIT
METROPOLITAN
AREA




15

2N OANOT
LY
ONISSOD ACMSSTHIXT TS TISCTT
SHOLDTLTT TIZLS TN DN/LINAOD
D/47VE L 40 NO/ILVTTHISNI
: 9 7179/ S

,OE 2,0 :FTH08
[ =Y “
L L

T - g | _ ﬁ... &_L«
5 Ld:dw i :ﬂl:ly s ::_\MW fatprialyan o G,UETEL.LF#I A _
: e il ;
e | i - AR || Y
£ ] | rpudwanoy epim A Sy _
:\:vxht\.\\\ c .: M.A:TL 0-95 L9- L‘ .: .WJ,W.W, ___‘ iu/!/,/w.:f:: )
=5 [P o z= R, 5K o Sz Sy
/ é sl ol . | BN\ | ]
S e ———— Sy ot J, I A e e
E S e T A:huula
— i
J : v
| |
| |
- 08 6-,75 _l]l’ e - S AT o) Sabicr
Fi S e ,2-o¢ o




16

Figure 74 Ramp details --- entrance to Ford.

Ramp Entrance, Edsel Ford Expressway, Detroit. View
shows Michigan Avenue in relation to entrence.

/

Remp, Edsel Ford Expressway, Detroit. View shows the
Remp is void of any frictional features and is long
enough to provide for attaining speed of expressway and
proper merging when headway is ample.
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Ingtmrentation:

*

A% the conclusion o a prelizinary danvestisation 4o determine
tiie type of instrunentation that would best yicid the desised inlor-
natian, a decisiocn was wade t0 wse tha Zsterline-Anjus 20 Pex kRecorder
a3 the core ualt. Additional wiivs were needsd O cavploce the
insirwieniation necesssary for the collectlon oo volume, density, gnd
headwey data. Taese unlts consisted of a wndilied model of the RC
Streeter-Anet "Aaciron” dizited recorder, modilied models of the MC-ll
Electro-datice Electranice Cyecle Coputer each comuected with ar
Esterline-Angus Craphical Fecorder; modifled molels oi the S-24%
Eleciro-Matic Radar Speed Meter and accampaning Isterline-Arn;us
Grephical Epeed Fecorderz; acd tivcee model FD~14 Llectio-Matic Gverheal
Tadar Vebicle Doteclors.

Yach vetidcle that passced the "paint” o ©1eld stily, was dstected
Yy the overneed ralar d2ooctor. This imroruation was then seat over
telephone wires to the receiving station. Here the Lalormatian went
to a repeaiar relay where the Liloruation was sent Lo two recording
devicec--a 20-pen recorder and a Volwme-Densicy Carpuber. See Fijares
8 end 9.

The 2)-pen recorder contalns a one-undred foot roll o. graph
papar that can be geared to operate ac various constant speeds. There
are twenty pens bullt into the instrunent and each 1s actuated bty &
six-volt relay. The pens make longitudinal lines on the moving peper
rolls except whea & pen is actuated and then the pen moves laterally

pproxiustely one-elshth of an iach. Each relay 13 wired to two teminal
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posts on the pancl in the rear of the machine. Sae IFiqure 9.

In this study, one pen for each lanz was uscd. Thelr acivating
relays were connected to telephone wires. The telephone wires were
comnected to Radar Velidcle Detectors. The radar detecting devices,
in t:un, cent an electrical ipulse to the 20~Paag Recorder each time
a veliicls passed beaeath @ dztector. The 20-Pea Recorder thea plotted
thig irpulse on the moving peper. Tae irpulse appeared as & laterel
line, thus distimguishing it from the noral longitudinal lines wiich
vas a plot of time. By counting the laterel lines for a given time
period, volume was obtained.

The speed and volune densiiy recording devices cperated in a
manner glallar to the 20-Pen Recorder. That is, information was sent
over telzphone lines to be plotted bty the recording instrumeat by
making 8 lateral line acrogs the papsr. For these recorders, the len;th
of the lateral line wvarled, depending upon tiae speed or voluze of vehicles.

A line that is plotted on a graph requires the interpiretation
of its value by a person vaerens & dizital recorder prints the exsmct
value. The iInformatiocn prinied by the one dizilal recorder was volume
ol trafiic for one lane ior one minute of tize. Thie was the character
of the 8trecter Anet R.C. Diriial Recorder az capared with the
Esterline-Angus graphical recorder. IHowever, each recorder served its
purpose satislactorily.

The datecting deices operated on th2 radar priunciple; that is,
the gondiny and recelving of electrical impuleses. The speed detector

messures the time dif erence beiween sismals (irmpulses) received and



converts this informablon {0 electrlcal cwreni. Tais curreat 1s
recelved by the recorder and plotied on a scale thas rea’s P fustesd
of an &mere acale. The overhcad vehicle dotoobtor diilers 1a that
recelved Lmpulses causes tne elactrical circuit o be broen far as
lowg; as & vexicle is aba the ranze of Logpulses. Tils bree: {a the
current 15 recordsd on the 20-FPen grapluical rezoxlsr as a lateral line.
Heace, the diztaace botwesn lateral liues will bs tize cpacing or
readuxy. Tids saae Irpulse was also seut to the volune dzusity
cxputer. Howvovrer, each Imtlac was pot plottod $Infiilinlly as in 4
20-Pean or spued recordars, bub toe Lpulse was sant Yo & condensor vhore
addi tional lopuises cowdd e alded, and released &t gpecliled iatervals
o tize. HOwacs, tea ierovaeation derived froa the voluwie deasiiy coapubar
vas daa Interrated over savet periods of tiie. Toe plot of which
would siow grophically the voluse of tralile dn rzlabion Lo tise.

Delore any data could be collected for usae, all of thwe egquipteat
had to be torouhly tested. The detectors had 40 te insiallod at the
study locatinsa and the recorders or receiving ualis lastalled at the
raceivlyy statfon. The deteclors transaitied the Informatloa over tclephone
lincs to the recordars. 2 use of telophane llaes for toc trauncmission
of data was also a vactor whilch necessitated the preliudnary testing
and also dally testing whea the units were ectuawlly oblalzinz deta for
the ressarch project. See Filowe2 10 for the f121d aud recelving fnstal-
lsiiona.

The [i¢ld lastallstion conslsted of placingg the overhaal radar
detectors and spocial mounitia; braclets above the roadway. The bracists

vere clarmped rifidly o ths botim flange of an exterlor beam o the
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Figure 10: Office and field equipment installeations.

Recording Equipment: Recording devices are of three types;
Two volume-density, one twenty-pen, and two speed recorders.
Cable behind equipment is a Bell Telephone line used for
transmitting date from field (one mile distant) to office.

Lonyo Bridge Location: View shows overhead vehicle
detectors on downstream side of bridge. Speed detectors
are in th= shadows. The detecting devices were not

readily discernible when approaching the bridge and did
not affect the traffic flow in any way.
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steel beam bridi;e. The spead deitectors were placed in a eiallar noaner
gt Tirst until extensive testing finally ylelicd data that vas satle-
factory when the detectors were near the ground. This made it nececcary
to eaclose the gpeed detectors co that they would not be discernidle {roa
the trsveled rvadwgy. The enclosure was & box with ex opening in one
side Just large enouzh for the detector to emit aud recelve its impulses.
The box wos then located &pproxinetely 30 inches above tie ground aad
eizht feet from the side of the road. ¥ith all equipment installsd
and tested for satisiactory operation, 1t was tiien assuicd that the
data collected would be th2 best possible because 1t would be void of
most hunan errors. See Fijure 11 for speed detecior mowntirng.

The dats that wes collacued by tha detectors would not be
caplete with just one set up. This was due to equimnent linitatious.
The radar speed detector could be adlusted to discerm individual cars
i in one lane or traiiic. Howersr, oaly two speed detectors were avall-
abla {or the tiwee-lusne hizhway. Toils mesnt tlial the information desirel
for each car (cpeed and spacing) would have to be obtained in steps.
The iiret stcp was to secure the speed and spacing data (includes volumc)
for lanes 1 end 3 and spacing (includes volume) only on lane 2. When
this had been caapleted, the speed equipment wes moved so that speeds
wvere detected in lane 3 by one detector and in lanes 2 and 3 by the
other detector. By subtractling the speeds recorded in lane 3 fram the

speeds of 2 acd 3, the speeds of lane 2 were then discernible.
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Data Collectedy

It would be 1irpossible to say that thwe éata collected vas cane
pletaly void of errors, but it was assumed that the instrument errors
wers minor. The specd devectors were accurste t0 * 2 mpi Jor all
speeds, which 4s better than Olcott's nethod of speed detection whica
had verying accuracy, depaaling upon tie speed of the veidcles (tue
cremter the speed the larger the ervor). The overhead dctectors were
cagble of distinouishing cars thet hal as 1ivi.le & six fect headvny.
Tae recorders couvld record and dbe latzrpreted a8 accurately es tiw
devectors couwld detect.

In ovtaining deta for {is siudy, 1t was desirsble to tace
sxples quring perdods of peak tralific flow or, in other words, have
sufficient volune to cause a dzereace in spced and an increase 1n
densisy, thus producing & backing wp of trafYie. Siace the detecting
uniis wvere aounted on the intound tiafilc laue, the pesk flow of tralliec
woull ba in the porning. A tine was sclected to include this peak flow
of trafiic and with flow conditions just prior and i-mediately followin;
te peak. From volume count records obtained from the City ol Detroit,
Dopax-zaent of Strects and Tralfic, the tise of 6:45 a.n. vas selected
a3 the ctarting point and 2:00 a.m. es the ending polat. The backip of
tratiic generally occurred between these times.

All éata pathered For this study were clacsilled by one-uwinute
intermals. The belief has alveys beea tO use sazplas ol data taken at

five<wrdnuate or longer intervals. It is the belie? of thio suthor taat
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nach valuanlie lafirmation has been lost due to dmrpending effzct cmused
by averssing data over a :lve-minuie perlod. This is Lecawse dwring any
clven {ive-uinubte sapie of dala, the extraues could occur bul, tarough
averacing, taey wild be lost.

The eatire iastallalion of equipient was comevhalh more desiravle
tuan Glecoti's or Noman’s.l CGlcovt collevtaed bils dava in & iuanal with
Lig ohsercers alijacent to the Jiovw oF trallic. Toe coobgervers vere non-
miiomed and this rarely occurs; hence, it nxy have hud sane ei.ect
woa the drivers. 0. K. Foruan wed & mbber-one and vire-ctrip as:sedly
placed across tiy pavesent. This Cdellultely had some eflect upon
&rivers as drivers tear “speed Trops’ and tend to slow down &8 soon #s
they sea 1t. Howeier, tae ejuiguent used in tlils siuly wns very hand
o dlacern. Tae overhead radar detectoss were mpounied adove the roadway
oa the Zar sice of the bridse and were not visible 4o the A&river until
aiter he hed passed wnder thoa. The specd detectors, as mentioned
earlier, were mounted In & box and pasiiloaed ol'f the rusliay anproxl-
Aately elsat feet,. Tae box did not hare the epprtarance of being related
0 & ppeed trap; hence, tiere was no elect upon tie Zilvers. The
receiving equipaent wes & rowie Insvallacion, agproiiaatily Lwes-Touritis
of a uile eway. This meant that there was no need for obscrvers ia {ue
iield. With this type of inccallabion, 1t was thoucht 1o be the best
Ps86ible for collectlns dutm accwralely aad wiil the lesct elect upon
tiae trallic.

The majority of vehicles studied were drivon bty poople working ia
or gvurd Detroit. It wac, thererore, asowmed that most drivers would

be fanillar with the hi Fnsgr,
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The posted speed limits for the Ford Epresswgy are 55 mph maxiunm
end 40 mph minimm "when conditions permit”. Tractor-trailer units and
buses were restricted to operating only on the outeide lane. Bowever,
this was oot fully coplied vith as an occasional truck or bus would
be in the center lane pa&ssing slower trucks in the ocuter lane. The
mmbar of trucks or buses observed on the inner lasre wvas neglipible
due to the high gpeed of the lane, the fact of a 45 mph maxirm speed
linit for truciis, and also ths law restricting thelr use to the cuter

lana.
Method of Anal-sis:

In the past, many enalyses have been made on speed, volume, and
density data with resulis being partly linear and pestly curvilinear
relationships. GBame 07 the gquestions that have been asked rezarding the
sisnilicance of relationships have not beem snswered. One question is:
Vuat is tue signilicance ol two entirely diililerent relatiomnsliips for
ane set 07 data? Therelore, which relation is more significantee
critical flow where coagestiion prevails or non-criticeal flow where
flow is relatively free? Furthermore, one might ask, vhat is critical
flov or vhat 13 non-criticel flow? Is there & grey area between criti-
cal flow and non-critical tlow and can 4t be delined?

This analysis will be nade on the basis ol dstermining s linear
relationship for data in the non-critical {low arce and then with the
aid of this relation determine the dividing line or area between
critical flow and non-critical {low.



Tae main steps {a the wnalysis of the data consisted of calcula-
ting several statistics, making & chrovolorical plot of data, and tien
trying to correlate the two 1nto & set of lozical decductions. This will
be done for sach lane ol data and then for a cabined lane snalysis.

Tae Cirst step, calculating the statlstics, imvolved the develop-
nent of a correlation table(’ vhich shows numerically as well as grsph-
{ically the two-way distributions of speed-volune, speed-density, snd
volune-density. The tadle produced the {ollowiany statistics needed in
the analysis: N (auaber of data pairs),?Y (che s of the Y valuesn),
i’,[a the sua of all Y2 values),$X (the sum of the X values), %% (the sun
of a1l X2 valuca), aad$XY (the product sua of all X times Y values).
The t;pes of tatles uced end above-listed statistics are found in
Fimxes 32, 33, end 3 in the Appendix.

Ouce the sbove-listed statistics were calculated, other statistics
and test thereof were nade. The first two values determlned are the
means for X and Y data. These are given in Tables 1 throuch 4 as X and
¥. T.e means were calculated by the equations

X X+ (M},
and 7Ry H{2YINI,
viere X, and Y, are estiaales of ¥ and Y and wucve i",, and 1, = the
class iaterval.
The next statistic to be calculated wves the slope of the resression.

This 18 the value shown in the Tebles 1 throuch k as L This value



ves obtained from the equation

= Ly NEXY) = (€x)EY)

Y/x “x N(E x3) - (;‘_x)"

The confidence limits for the slopes of the re~ressions were determined

by the equation
’ -
—wé - *SA .t‘,;'jz,ﬂ-—-z.

w here Sy = SV/*/ijy-,'

Ziven sy/x = the standa~d error of estinate (saee Paga 32)

Sx = the standard deviation in X direction

and where ¢ /2,0-2 = & value obtained from Table 3 of Crov®
The puwrpose of the alope conidonce linmi%4s 18 to determine vwhether the
slope ::x:’,/x is a valid esiliate for the ragrescimm.

Regressions are determired so that an analyiical relationship may
be obtalned. The relationskip is hypoithesized to be linear but is
teoted {or lincarity by the F-linearity test.

The F-linearity test indicates the relative linearity of data.
The F test wvas made with the equaiion

o M (v-k)
w (= =2)
whare M = C = W,

- ! 2 N'é)(V)1
c= W[Niy T (Ngx?) ]’

avd W= & [ (£, )




(€1}
=

Calculs.ions o7 the F value £0uld be lecs than the 95% lsvel o be
accepted. Values of F larger thea the 953 level would be rejected, but
this bit of inTommation 1s Just as uselul &3 it helps explain the
relatiza as ruch a3 eccoptabls F valuves, I the F-linearily test 1s
rejected, a new lover cutoll line will bte used end a re-calculation made.
This w11l be repeated wntll an acceplable F test is made.

Hext 4s the calculation o the correlatlion coefficient. This
calculation is used to detervr’tie vhether the regression coe’ficient 1s
sl nificantly roa-zero. The null hypothesls is tested; that 1s, it is
believed that the regreseion coeificlent is zero. Theequation used

for deteraining the corvelaiion coelficieny i3

P NIXY —(EX)EY) _
7 / [WV2x-(e0? fneyz - (2 V) Sl

I” resulting r velues are larger tLan the 95% level values, the hypo-
thesls is relected and it can then be sald thal the coelflclent is
gignilicantly non-zers>. Tue closer Lie value ol r to 1, in genersl,
the greater the sirnilicance o non-zeiro and correimcion of Y on X.

From the regjression coeificlent scm.e.rcd.--—::2

--it may be secn that the

regression of Y on X saccownts for (1'2 x 170) per cent o the variance

of Y. Tae larger the percentage the betier the explanation of ¥ on X.
Tue last statistic uced in the analysis i3 the stantard ervor ol

estinate which determines thwe scatter, in the ordinate (Y) deviation,



S the olswved polits eloul Lle reression line. Tuis may be deternuined

by eliher the ejuation

:-~// Zx2sy® — (exv)=
! (M~-2) sx2

or tie equalion

N,
y - -
/% A/~ 2

-

?
rA . 2
— N Z )
y/x 5;(

= varlance o Y values
end Ey = ghanad aclacion of Y values

A lazrge value of 8 neans dava 1s more wiwely ecastered, whercas 8

v/x
saall Sy /x Indicates the data o be relatively close o the regression
ine; and, as far es tra’lic i‘l.ov i3 coucernel, saell values ol Sy /x
are noce desirable beceuse this shwuld Inddcace relgslvely smooth-ilowing
Lral’ic. It s Inter:upslion "0 Ilow Lot cauces ithe ccallcr of daca and
large exzror o estfiaate. Tie gunllily Sb’ /xf.’ estinates that part of the
veriance 0i" Y left werplained by the repression ol ¥ on X.
Two statisiics calculated wiich pacallel the stanlard error ol

ectinate we the standad Gedgtlons for the X anld ¥ directions. These

are piven by the equations

Sy=~/ mzsy? — (s9)%
-/ (V=)

¥

5‘ / A5 XE — (zx)iﬁ
v(w-7)
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The squared values, Sy2 and Sxa, are the variances and msy be used in
the second equalion given for the stanlard error of estiagie. The
standaxrd deviations indicate the relative scatter of data moy de
correlaied to the type of {low.

The second step in the snalysis 1s the maklng of the chronological
plot of data. This is a successive plot of datsa from the beginning of
the study period to the end. The plot 1s made by taking two pairs ol
data &ad loceting them on a greph and then draving an acrow between
thon Indicaving which occurred first according to time. To help dis-
tincuish data in critical iflow from non-critical flow, the points and
arrovs ace shown in red. The cubtoff line 1s shown ia blue. The
chronological plot gives an fllustration of some o the gtatistics
calculated in step one. Toe chromological plot will also help to point
out the difference between dala in critical and non-critical flow.

The correlation of data sad logical deductiocns will caprise the
chepters on "Analysis of Date”, "Coze Fundameutel Relationships of

Traf"ic Flov oa & Freeway', and the "Coacluesions”.



CDAPTZR IV
ANALYSIS OF FIELD IATA

Analirsis of Speed-Volime Relationship:

Specds used in the regression analycis were liafted to thoce above
L) mphe-the 50 mph line being the dividing line betveen non-critical flow
and eritical flow. Critical flow is tuat movement of vehicles which
occurs wuen tod many vehicles are operating such that lane chansing and
passing are restricted and speeds are, therelore, necessarily reduced.
Non-critical flow 1s that movenent of veldcles which allows lane chansing
and passiog as desired. There 1s one speed-volume line in Flrure 12
vhich crosses the eritical spesd line with the reaaining speed-volune
lines iz this critical area and they appear to be very erratic in
occurrence.

Tae chronological plot of data also glves en indication to a
greater range in speeds ia the eritical flow area as capared to the
ron-critical flow. The latter rezlon of flow has & ranse of six mph
vhile the critical region of flow has & rsage or sasze 31 nph.

Paralleling tils 1line of thousht is & couparison of average specd
chanzes. Averace specd lncreases per one-minmute interval in non-critical
flow are 1.%4 wph whereas in critical flow, aversge increases are 3.59
mpi. Average speed duecreases ace, respectively, 1.77 mph as capared
with 4.43 mph. The sisnificance o this camarison is that chanjes in
soeed gnd volune are nove prondunced in the critical flow and, thus,
reflect lncreases in internal friction to such @ degree that it becaoues

difidcult Lfor the trarfic stream to overcome thiz internal friction.

34
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Howevrer, vhen the fluctuation in epecd is less pronounced, as is
illustrated in Figure 13, the apparent elTect of further conzestion is
not present and saall incresses in internal {ricticn are soon dissipated
and the lane egpeed soon increases back into tihe recion of non-criticel
flow. Average cpeed increeses and decresses are 2.15 and 1.7 mph for
this lane widch copares to volurmes found for lane 1 in the recion of
non-critical {low.

Figure 15, which 18 & speed-volume plot o laune 3, illustiraies
data where sveraze speed increases and decrcases, 3.23 and L.1Lk,
recpeclively, are slallar to thbse ol lane 1, but coplete congestion
does not occur a8 it did in lane 1. This may be due to the @&irfference
in dencities between lane 1 and 3. Lone 1 has an average density of
61.% viea which is more thaa tvice lane 3's éensity of 26.7 vpa.
Density 13 related to healvny in that headvey ia the reciprocal of
density. This means that the headwmy for lane 3 is twice that of
lane 1 anld would, therelore, be more likely to accarwdate the larger
chances in speed with lesg elfect to traffic flow in that streaa. It
would, therelore, seem from this analysis theb density, or its
reciprocal --headwsy--16 a more critical characteristic of the tnrece
being studied.

For each ol the tiwee lanes, regression enalyses ware also made
in order to determine an analytical relationciip betwecn the two

characteristics.
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Values for the slopes of th2 re;rescion ling for laae 1 were
(=)0.17 and (=)0.13; for lave 2, (-)2.27 axd (+)9.01; end for laze 3,
(-)0.27 aad (~)0.23. A calewlatlon of the 975 coniidence linits for
lane 1 indicate that all the slopes lle witiiia the liidis except for
the lgne 2 I'riday data wiich had s positive slope. Tiese linits are
<0.32 < m < =02 for lane 1L and <0.k0 < m < -0.05 for lane 3. Tue
significance of the conridence liaits is that they show that the siopes
of all but ans of the resrescicn lines lie within the 95% cowlidence
1imits.

It is the eaathor's bellia?l that the positive slope for the spesd-
volue relatloasidp of lane 2 occurred by chaice &d rot by a nomal
distributicn of data. Thae tread of tae llne undor morual civcuistances
ras been that the slope of the recression is nogmtive. This can be
further substantialed because 0l the many facitors which influeace the
relatioaship such as the incirease in internal friction as volue
Increases; or as voluue increases, density increases; or as dencity
Iacreases, speed degresses; and as speed incrceses, the decired headvay
increases. Sece Figure 14 for plot of data.

Therelore, excluding the lane 2 regression from this analysis,
it can be said tiat all resresslon slopes sare satisTactory and for
lme 1 ibe slope is svproxieately «0.172, -0.231 for lane 2, and ~0.252
for lane 3.

Each of the re/ressions were tested for lineecity of relationchins.

The results of this test indicated at thae 955 level there was no tasis



L1

for rejecting the hymothesls thet the relationship of gpeed-volicie vao
linear. The recults o7 the F-lincarliy test asd the values of F at the
95% level are shovn in Tadle 1. The rosults fwiher indicate that

there 18 some basciz for saying thas speced aad voluwze are linearly relaved
in the area of non-critical {low and not in the arca ol critical {low.

The factor which poluts out the previow statenent is 2 cirono-
lo/-ical plot of speed~volurie daca for lsne 1. Thals plot indicates quite
forcelully the need to handls the critical flow by itsell and not to
ooup it with all the data with intent of trylny 1o £it jJust oue
regression to 1t. Therefore, treating the data ssparetlely, we can say
thet the area ol non-criticel flow is linesr aud a tendency for critical
{low to dbe nou-linear.

The square of the correlmition coellicient as deoterrined do not olfexr
too much help in explaining the variance of ¥ on X. Only 30% of tie
rogression of Y on X is explained by t‘l;ie snalysis. Dowever, tie mull
hopothesis that the population of gpreeds and volumes have zoro cor-
relgtioun was rejected in a8ll cases except lane 2 vhich hed the positive
slope. It 18 signilicent that thers 1s some corrcelsiion even thoush
the r2 paercentass for each analysis 1s relatively low.

The next 1tens to be tested were the standaud desiations for cpecd
and volune a&aud standard error o0 estiaate. Standard deviations of
voluze for laaz 1 reige fram 2.11 to 2.73 with a confidencs iateral o
1.63 8y £ 2.84. Standard deviations of volume for lane 2 range froa

2.02 to 2.08 with & confidence imterval of 1.96 < 8, < 2.79. And, the
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EPRID-VOLET IUFATICH STATISTICS

TAZLE 1

S LANE 1 LANE 2 NiE 3
TR Fax TR FRI FHUR ¥2I
N 30 L7 €3 [ Ly 53
b 4 5.7 23.4 30.8 30.0 131 2.9
¥ 43.0 43.0 k7.3 K5.4 £3.8 LY
R «0.179 D.165 «).231 0.01) ~0.27 <0.231
c k7.6 52.7 Sk .6 5.1 13.5 k9.2
) 4 0.3%5 0.935 1.07 1.065 1.0k 0.%52
qu 2.2 2.1 2.02 2.03 2.25 2.00
r. «0.621 «0.523 ~0.632 0.025 ~0.650 <0.51h
%5 0.3:9 0.232 0.245 0.25 0.276 0.25)
Sy/x 0.02 1.93 1.37 1.31 1.11 1.2
Sy /" 0.673 3.2 1.83 1.72 1.24% 114
Sy 0.607 0.866 0.0:5 1.02 0.5 0.375
8¢ 2.11 2.73 2.30 2.55 1.91 1.9%
CUZOFF e - . - —— ——-
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otandard deviations of voluae for lane 3 ranze from 1.91 to 1.5% with

a conridence interval of 1.50 < 8, < 2.39. The significance of tais
determination 1s that the coufidence interval of lanes 1 esad 2 iadicates
thet the standard deviations of volume for these lancs are within the
coalidence limits of boih lancs and that each standard deviation could
te a valld estinate of tie other. The conlidznce 1imits of lane 3
indicate that the estimate or standard doviavion of either laze 1 or 2
would not necessarily indicate the standard deviation of lane 3. This,
howvever, should follow as the average and rense ol volwme values for
lanes 1 and 2 are much difierent Iroam those oi' lane 3.

Tue standacd error of estimatcs raage Trom 0.92 to 1.97 with all
values being largar than thelir respective sitandard deviation for the
Y direction. This would indicate that the actual deviation ia the Y
dlirection is less than the estluate ol error about the regrecsion in
the ¥ direction. Tals would be a result of a grecater variance in the
X value or volume values.

One thing that should be noted ia the chronologlcal plot of speed-
voluae data 18 the fact that critical flow (conyestion) does not alwmys
occur irmediately following peak flow. There 1s sone delay after peak
non~cricical [low belore congestion occurs. This can be seen in
Figwe 8. Furthewnore, pesk minute volwies do not necessarily occur
in non-critical {low but are more likely to ocour dwring critical flow
vhen specds are baitween 35 and k0 mph for lanes 1 and 2 and 30 to 35 mph
for lane 3. Figure 1 and Figure 4 also indicate that critical flow

ocourred o lames 1 and 2 vhen the speeds were less than 45 mph end when
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welares were Tren 30 o 1D veideles per ninace.  Leae 3 hed gliaily
Ailllcrend erltoris ln LAt Lie voluse racce was 1oa 15 6o 25 wehilcles
por ninuse.

Fisuvres 15 tiwoush 17 Llingtruse e varicous {1ows of tra.tic.

Oigh and lowv voluacs, hish acd low domnily, and Ddch enld low Leadays.

Analmis ol Soeci-Donsioy Polatimsiing

Speeds were desisnated ac non-crilisal sove {0 mph and as eriiical
below L) mpa for the spocd-voliae and speal-diomeity eoalysis. This cot-
o{ line nay be soen in Floare 20 virleh 13 a specd-Casity plot o lane 1.

To Low cluwowolo Jical plot of the ppeclediwnlyy dala, e wic o7
tie 40 rph e gs tae criiesis Dor dotesinisg eviiical Jlow anl noae
critleal {low rosilied 13 a gerics of goeed—Con:lily plinng Lelow 8D ipa
ad gove & Cosivy o 55 vehicles per wlle. Tds sories of poiuts wece
treated es bWelng points in cricleal (lov a3 were taose poluts Lelovw
L) =ph in tae spezal-volune plot. Tols is the series of red lines showm
on Fiowe 23.

Ia tids plot of data for lane 1, as In the spocl-ioluuwe plet, e
rance o specds 1s a1 inddcation of the t;pe o Zlow. Toe range in
aon-critizal flow is eix mph waile the rance in critical flow 15 31 mph.
The rane of densitles is 30 vpa for nom-critical flow to 57 vaa for
critical {low. Not ornly is the range in density higher in cridical
1w, but the averae ninrte chanse in donsliy 1s 8lso greater. Thue
averace dvasity increwee in non-critical flov 4s 7.70 vim vhile in
eritical Ilow it is 10.45 vpm. The arrae dencléy docreace in non-
eriiical ilow 13 7.64 vpa while in critical {low thw docreaze is
13.55 vpn. Tiese are 3% sad 70% increase ia the dawity chavyres in

crlideal low. This meuns that at a crivical densizy ol 95 +x1, &
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Pigure 16: Illustrations of varying densities.

Light Volume, Light Density. Edsel Ford Expressway,
Detroit. View is looking West, upstream.

High Volume, High Density. Edsel Ford Expressway,
Detroit. Treffic is approaching critical flow conditions.
View is looking West, upstream.
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Figure 17+ Illustrations of varying densities.

High Density, Low Volume, Low Speed. Edsel Ford

Expressway, Detroit. Note the headway caused by the truck
in relation to other vehicles.

High Density, Low Volume, Low Speed. Edsel Ford
Bxpressway, Detroit. Note the bus in lane two and the
headways caused by it in relation to other vehicles.
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Figure 18 Illustrations of varying densities.

Density: Edsel Ford Expressway, Detroit. Note the
density in lene two. Truffic is free flowing and
average speed is apvroximately 45 MPH.

Denaitys Density in lenes two and three have reached an
opersting maximum and traffic is forced to reduce its
speed to zero for short periods of time.
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Illustrations of small heedways st high speeds.

Figure 19:

Headways Bdsel Ford Expressway, Detroit. Note the
minimum headway between these cars, actually less than
twenty feet, at speeds between 5C and 60 !'PH. Time
spaecing of these cars is approximately 0.3 seconds.

Headways Edsel Ford Expressway, Detroit. Note the
minimum headway between these curs, actually less than
25 fert at speeds between 50 end 60 MPH in both lanes.
Car in the center lane has little effect on spacing.
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10.45 vpu increase reduces the Lealway per vcehicle {ruon 20 reet to 80.7
Teat. This 13 almost & car lenzth reduction in headmy for the avera;e
density change. However, the maxiauwm deusiiy chanse was Trom a density
of 60 vom to a density of 107.5 vpm--a 40.5 vpa density changze.

This 10 & decrease in beadvsy £rwa 03 feet to 52.7 test. Such deasity
changes could not take place at hizWer specds--this occuwrred a% 13

moh, due to drivers' desired tlie headvey dbetween cars. At 13 nph, the
time beatway 48 1.3 secouds wilal 18 close to the tw-sccond hoetvay
that i3 pomally considered as averape. The maxira deusity attained

. was 111 v or & headvmy of 47.5 fect.

It should be noved that the caronolofleal plot i daita indicaves
that maximm demsity does not occwr with mlufirza speed.

It was pointed out in the speed-volurne analysis that with saall
chans2s 1a speed there was lintle erilect oa travic {low 4n the eriti-
cal flov area. This is aiso true in the speed doasity relationsiips.
It can be seea in F{ ure 81, Tor lane 2, tuab there are oily a few
Points in the below &) rph and mbove 55 vpn goup. Tiae gpeed changs and
density changes are sinilar to those of lane 1 for critical rflow. Averace
donsity iacreases in critical flow are 7.1 vpn with decreases being 3.3
vpa. In non-critical flow, the average denclty lucercase 13 9.2 v
wvich aversse decreases being 7.8 vpa. Tois is not a sizniricant
dii'fereace between critical ilow aid non-cricical ilow.

A look at Fisjure 22, laaz 3's speed-densilty plot, gives e sanevhag

dirrerent picture of the relationship. The critical speed line or LI mph:
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soparaces a serles of points ia the critical flow area 1wt have drde
sities lecs than the 55 vpa eritical denslity of lane 1, in ell instawes
ewept ore waere the density is 53.1 vpa. Tuis cerles oF points would
indicate that for tiils lane criilcal density should be lesa than 55 vpa.
The plotted data indicates that bebtween 30 to 35 vpa 1s the critical
denolty arca. Turtheruore, it can be secn iIn Figure 22 that fluctuations
in deasity are greater ia the area Ifraa 30 vpa aud wp thaa in the none
critdcal flovw relon.

For each of the thwrze laacs, rejeension acelrses woere mad: i{n
ordor o detemilue an eualyiizal relationchdp belwees the spend aad
dmaity caeracierlsties.

Valies for the slyyis of the regression liszz for lane 1 are
(-) 0.371 and (-) 0.159; for laae 2, () 0.271 enl (-) 0.31); and for
lane 3, (-) 0.323 end (-) 0.L27. A caleulation of the 95# confilonce
1iad%s for lane 1 indicate that all the slopes lie within the limits.
The limita are (-) 0.723¢m {(-) 0.0C3. Calculations for tie other
lanes give 1imits which alod encazpacs &1 of the calculated slores.
Tals would 1mply, then, thet any slope could Le aa estliate of the
slope of the rejressis Ling for the speed-Censily relation. Sce
Tabla 2 for tihese and other statistics.

Cne thing tiwat 13 pointcd out in the regression calculatiosns is
the data for lanes 1 and 3 yielded a rejection in the F-linearliy test
wiica all deasities were used. Deasicies wendt a3 high as 105 v in

lane 1 and 72 vpa for lane 3. A cutoff at 65 vpa vas wed for lane 1l's



TADLE 2

SPED-TIISITY RELATICH STATISTICS

STATICTIC LA 1 IAE 2 LA 3

g e e [rabetive T e, 2
IR I Tun I TUX I

u 32 LL i 74 73 73

X 35.2 35.1 42,0 %5.3 % 257

¥ L2.9 3.3 55,3 53,0 5.5 L2k

™l =0.152 | D1 | L.z | =031 | -0.303 | -0.b2y
X/A -

b 2.3¢ I 2.03 1.6 2.0 2.15
.05

r D .61 o WS =0.53 Gl “J.diL
1“95 0.3 2.003 0.223 0.223 0.20% 0.22

i

Sy 0.0u2 0.713 1.%0 2.52 1.22 1.53
Sy 3.22 2,073 2.5 2.0 3.7% 1.05
CUMNITE 55 55 55




N
W

sgoond trial recression caloidasion.  Pads alco was rejected by the Fe
liceastSy test. A Galrd trial celouwdalion wns nale wlil a culols av
£S5 vzi. The F-linearivy test vas accopued this tiao. The {irst trial
rvezession calaudacion ov lace 3 was made using all dopsivies but wao
rejocted.  The nett trial wes made at a cubo:'” o' 55 vna, wudel vas
sccopted Uy tho F-llncarity test.

Becauce lace 1's Thursioy end Frijay data vee quite sinilar, i
vas belfleved tlad the Thwrsley data siould elso give seae indicatioa
as to the poscible critical dzasity of 55 vpm. T4 the first eslculavion
o ell the statistics Oor lane 1 on Thwrudny, all of the data were used.
Tae resulting F-linearily test was acceptable=--1.234 calculated with tae
95% level of accepiance beiag 1.00. Tuae cosvelavion coerriciont cal-
culaced O be r = «. 007 with rg = .02, Vhea the dasa was re-used wita
& cutoll alb 35 vpu, tie resulis were dillereal. Tae F-linearity test
yielded an acceopiabdble value = 0.1215 with a 9% level of ecceptance

n

equal to 2.37. Tnis recult iucicates tuat this data bas g greater dog

[l\

of lineariiy tian wiacn all cdata were used. Tuis Jact helps 10 polit out
that thcre 13 sauz chauge in the relationchip of speed and density lor
values above 55 vpm. Houweer, the siatistle coelilciant ou' correlation,
wiich explains the verisiion of ¥ on X is less Jor tie caloulations using
the 05 vpn cuwoll then Jor the caleulatloss uclug all the data. The
co2i'fedent of correlation for 55 vpa cutol is r = 0.5 with »2 = 0.L31
aad, Jor gll data, r = =0.707 vith 1'2 = 0.202. Tuaese recults Lulicate that

tie variaice of ¥ on X is cxplained more wheie &ll data were used than
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wiuesd Azta were cut o0 &¢ @ daacity o 85 vpxe. Tae dpwooluand tiing
that 1s indicated by the calowlavions ia thay hare I3 pone reascn O

bhelicra tuat &xve 55 v the relacionohin of cne2d and deonslity cian s,
Tlaoce Jacts, along with tac aualysis o the chioaololcal plod, ghive
a food ladicecioa that thwe eriiicel arcs of coenclty 4o 55 vma end greater.
Tae naxt itessicsced vere the gtendard deviations of speed and
Qumcity. The standard devlatlons of speed Jfor laue 1 vere 0.652‘1“,
3.5%2,% and 0.713 with confidence dntervals of 0.525 < s, < 0.8,
3.03 & 8y < k.22, ana 0.3530 £ 5., { 9.903, recpeciively. Tue firot
two data are for Tuuvsday. Tae {irat of thiese two Is for the cutoff
a: 55 voa aad iIs the reason for beins $o mach saaller. The thixd datua
is for Iriday ard is sl-dlar to Tawrsdey as it was calculeted or a
culoll’ of 55 voya also.
The stanlard deviations of speed for lane 2 speeds are 1.%5 aud
2.:2 with con’ilcace intervels of 1.25 < 8y < 1.75 ead 2.03 & sy<
2.29, respectively. Ko cuto.D of densily was used Jor tihwse calculacions.
Tie sitandard devistions of lane 3 speels are 1.617 ead 1.53 vith
coniidence Umita o2 1.39 < 8, < 1.93 aad 1.35 £ 5y < 1.8, recpec-
tively. These me giallar e thworsh the {iret cavua is a product or
a culoll ab 55 vma. Tuls is vecause e cutolf imvolved only oue datux

belng cut oll.

1Stan.lm<1 aeviasions for lene 1 calculatione with dencitics cut
o7 av 55 vpa.

~
Stanlard devialions for lagse 1 calewlation uslog all davla.



=T

The standacd deviationg of density oifes 115438 in the war OF
eplaining the relaticaship of spoed and deasiyy and ars, thara’ore, not
co.ered in this snalysia.

Tha stardard error ol estinzalces {or the onecd-diasity relgticn
rance fron 1.20 to 4.03. This would {dicace & oreaser seatteriag o
points &id more than litely less correla’.ion o.' dsla.

The correlatian coel:ilclents wore calouletcd ior all date & wore

[al
7 values wbien fodliceis the per cent of variaacs 07 ¥ egnleined by X

Valus of r raame fivva 0.377 10 0.7 wilh cormecnanling re vaiks of
<351 8ad .20, Tae latter valuzs 1odicate that rral 35 1o 30% of ww
sarin,lom 1o Y can Le eplained oy the vawigtion ol X, ‘This prouadly i3
& resali of the groaier scattesty of data. Then Geusity duata wera

et oo’ at 35 vpa, the per conbt of variaticn of Y on X was less than whca
all dasa were used. Approcivately 54 of the mariation vas eplained
wiih & cutoii at 55 vz but w to 805 could be eplained ucing all data.
Table 3 mives all ths vaiues of r and alss the 2U% levcl of acceptance
for r. Tae odnus sit om all the ciefficients indicate & nezative
corclacion beveen speed and density. Tais means thatb a&s density

Increases, speed decivaces.
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faalyuls of Voluze-Density Polalinaiizs

In tiwe ¥ previous portiomns of tzie malywis, the avhept wes nade
to explain the variation of specd by wwmriatlons of volaxe end of aensity.
This analysis will eattampt to explala the variation of voluce by the
variation of deusitics.

The chronological ploh of data was nade uwwing 55 voa oo ke liue
betioen eritical and none-critical flow. Fijwes 23, 24, aid 25 are
plobz of vwolume-<Censity datg for laues 1, 2, ead 3, reéspectively.

In Lthe plot of wnlume \ervas deasiby for laae 1 Thawsisy dala, thw
razgse and Mlactuatlions of dmcity are gaia aa indicatlon that the
flow o1 %Al ic has & dirfercat charecter for deasiiies above 55 vpa.
The range in deasity for noa-critical flow is 36 vpu and in eriticel {low
57 vpa. Toe gvernge iacrease aald decrease in density changes are 10.L15
and 13,45 vm, respretively, for critical flow. For naa-critical flow,
tue aversyrs sre sraller with values of 7.73 and 7.08% vpi, resseciively.
Tha &ifference in these chayes glves same indicatlon that the flow
characteristics ave diUereut o1 nworal flov. See paraizaph three
of the Anal;ris of Specd~Denciiy Relationsihips for adiiticual densiiy
analycis. The rayres of dansiby aud tie graront acersse 1ncreca.cs aad
decireases may be seen in Figurre 23 which helps to ephesize tais fact of
Al "arent flow chavectovichics prevalling i1a coxitical 1o, Tue fizure
8loo cliws the 1elative liueacily ol volwie versus Censlly up 4o 59 voa.

The ranse in voluis is not too diiverens ia critical 1low (3D vpu)

irx noa-~critlcal flow (84 o), mor are the arerase woluwse lncreacces and
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deares widely dilierent,  These saoorars duovedied @il Gaireaced 8o,

rospe tlely, 8010 @Al 6.573 v for evitical flow. Tho one dhdny wial
i poiawxd oul hera o gt avery 2 docreasus ars lavger Lhan grerare
iLncreases in eritcical [low wiile ererasze {acrease in critical {iow are
larcer than averase doercases 1a non-critical ©low. Thls wuxy te caused
Ty e gresater Iviction in copsesilon.  Asodier factor may ba thw deanily
charax orisbic Cillerences ol adne-criti~al Low anl eritlcal flow. Tae
mon-erdilosld Tlow =gy haco the atllisy o ooy thone cnonges by dolvers
seeoptlys goaller Dealkns, Eyvever, o ceviilloal Jlisn, o wry ool
L @l s limy to soedD the Corlved docroeace 1u 22l oy locovase
i Llllidf.

lasc 8'p voluse<izralty plot doas pot sivaw a3 vividly the rela-
tilasldy as lase 1's pilot, buh there ia a trace o7 Lie gomeral tendancy.
Floive 24 shows the ploc of lase 2 ad it cma bLe scen thas ghove &
dennity ol 59 wpm there 18 a tendoncy o0 tae charasier of 110w 1O change.
The everass incovase i crlilesl Ilow &oops Swo voa Tran nmon-critlcesl
flow vidle aversa e docredses 1a densilty dnercase Ly hall a veldels per
mila. Y% st &lcd be poiated out hewrs that in a%t:ala an eoceptatls
F by e F-linemdty test, dositlls kad to be cuy off ab 55 vpm.

Firzove 25 doplols the plot of voluze~icawlty 2ala Tfor lane 3.
The densiiice, used In the caloulation of llacardity of data; had to L
cut ¢of ab L3 vz da oudor to atoatn e ecceviaals F-ldacandty teut.
A cloes sdsunl inepectiing OF the plotiwd da'a indicaizs & geaile cwre

Pricasily auore 32 vpa. IU 1z f21t that a Xl jer Ao e of lfacacliy
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could be atsained 1 tne deasity ware ool o L Latveen 30 and 35 v
Tals bellel 18 also suppoested Ly the avalysls ol soacud-woliiie data.
Another factor alTecting or creatin: this lower doisits 13 the {act

that post of the truciks use tiis laare.

For each of tie Urre2 lmaes, repescoion anal,ses weie male L

e

onder to dctermine ax analyclceal relatlanstiip bwetireva volaze il comeliny
chacuaeristics.

Valazs for Uhe slonss of Uie rezessilon 1i.e sor law2 1 are 9.3.5
acd 0.€25; for lane 2, 0.5 and C.57h; asd for Lo 3, 0.4507 aad 0.3
T calelations for the 957 eoncidimes 1iilts oo sluss velues are for
lare 1, 0.130(a 0552 md 0.5 (= 0. 5{1; for luwe 2, .55 (a CR%
acd 0.30m {0.73; and for lane 3, 0.143¢m {2.5C1 anl 0.427u 0.0,
Tne {irst set of lialts for lsue 1 is for ds'a taren wvien toe racilivy
vaaz fuily conzested and with a cul-olf ol 55 vzu. Tae other 1liiis mee
for data tzxen vhen the Tacility was oporsiing wnvizr peak oonditlions Lus
not fully concested aud, in most cases, wita & donsisy cutol{ of 55 vir:.
Tie exception may be woied In Tetle 3. Vaeca lane 1 Thurclyy Cala woo
recalcidated for & cutol T of 55 vas, the slope value was detinviiaeld en
bolng 0.C12. The conviicnce lidts for the slope alues bold witiis a
lasiz hat &0 not necescarily inclule all other dats. Tae vaiue of ()
alsd [its this last staleniant 1o thal e Y Lulcreedis sithin lancs ase
very close, but this I8 rouv tiue vhen caparing lane aatust lanc. There-

fore, ior lane 1 a resression eguation 13 V = 0.512 D + 3.7, for laue 2

1t 48 V= 0.534 D + 7.0, and Sor lane 3 it is V = 0.1)7T D+ 3.3.



TASLE 3

VOLZ I-0500T0Y REIATION STATICTICS

) A-Tm A e
COVIA YTV OrTT I‘\v‘u L’uw < I-t\
e Nk o o '
S el T = =
PR YU N L dusd FORU R FRVIVIAY

N 31 ks 61 ((8] 3

X 35.2 35.4 335.2 k3.3 25.0

4 .9 el 7 23.3 32.0 15.3

., /x 0.612 G 0.551 0.57% 0.4¥97

0
c 3.7 3.1 7.5 7.1 3.3

F .07 1543 1.295 1.5k 1.3%25

F.. 2.32 2.35 2.23 2.0k 1.97

r 3.955 2.9.3 6.955 0.551 0.941

r.. 0.385 0.201 0.25 C.23% 0.237

SJ, - 3.623 0.523 0.771 1.2 0. 50k

0.3 0.0u7 SN 1.635 0.4

By 2.10 2.0k 1.9 2.55 .07

Sy 1.97 2.12 1.95 2.2 3.03

CIXIF 22 52 25 ™ k5




&

Toa resecsion awiyuis Al ducizaie da Jire o tie six saslyves toas
@ wse o all data would not give au acoeplale F-ilineasily tesi. Lenes
1 82 2 Inficatel & deasity cutel? of 55 vpa vidle lane 3 dzia regalreed
& cusoty ab LS vpa, Lone ) Tiraoday data sud laue 2 Yridas cata had
Cuaclty cutolTs ah 05 aad 75 voa, respeetively. It wos believed Ghat
8 nighor deres 0Ff Iincarlty emild be attalncd 10 the cuboif were
lorered vo D) vpa. Bocaleulations of data wewe male oy tiils ascwypuian
acd Lhe reowlts puooved 10 1a all) regpects. T culuilaled F ovaluss wore
0.0 for the 3 vma cubotd sad 1,91 foo thae 5 vpa cutorr. Tails cace
poloon dodiceaes W da'a 0l 5 voea culusl to e nore llaseclr related
was Jor the duta ol Lhe 05 vou. Eucoudly, Ve eoellicicab of conzila-
tisa four the 55 vpa vas 0.700 & compared Lo tho 0.0LL sor the 95 vpa.
s WAoo poolidcicat of corvelation gives aa 1'2 value egual to 0.913,

. 2

It can e sald thea that 2156 ol tha varlance o7 volace 19 explaioe

Ly Lue variaace of dancliy. Thlrxdly, tae sian’ard evror o estliasta

ot
A
ct
oy
)
C

13 exallcer for fhe 55 v S vie-ggooilagiely one-tnird as
larce. These facls indicete tmb the 55 voan cvbodi wnldld be 8 dDeller
chalee for Wie Llue Letweon pai-critical flow snd eriilcal Mlow.

ae to lass 3's relative sizilavity of provlem oa a cutoif line
Lt 15 Lellewed thad siniiar recaleulaiions wiili a cuioif ab 35 v
resdt in an facrease iIn lisoacity and correlabion of drita. T

epwlacicsl plot, whish alco helps to poln® s o1, was disownsad



A3 in the previous analysea, the coellicients o corrclation were
deteriined for all data. These valuss are given in Table 3 along with
the 970 acceptance value Jor r and the valuss of 2, Taese values
ren~ed from a low of 0.411 for lane 1 o & hi-h of 0.9%7 for the 3=ne
laune. Tids means that for the Thrsday data only k1% of the variance
ol voluaie could be eplained by e varloace of causicy. This was wlth
a cusolf of density values ab &5 vpu. Eowaver, with a cusor? of 55 v,
the r° value becaios larger--0.913 or 91 of the varimace of the volirae
being eoplained by variaasce of deasiiy. Tuls 1s cloze to the calculated
value of 0.947 or 90% for lane 1's Friday date which also used &
cutot of 57 v@a. The oaly low squured correlasiam coelficient iz for
lene 2 Friday date,Lut Lids vas wilh & deuslly culoll of T3 vy aad not
e 53 v cutoll used for most other data.

Te siandard deviasions of either Sy (voluue), S Sy (Cencities), or
the stardard exor of estizave Sy Jx (voiwzes/densities) do not aid in
eplatning the relatlon of voluae versus dencdty. Nowerer, it docs
e an Indication concerning the cuzol? value. Yacn the cutoll values
are gbove 55 vy, the standard error of ecllizets Is greaieor then 1.0
vidle with cubolTs of 57 vpa or lees, the standard error of estluste

values are less taau 1.0.

Caxililred Averare Dala Aaalyuis

The caabined lanes a:tal**s*s ware nade in the saie geaneral marner
as the individual lance sialycis. Ia general, the results of tue

anal iz and general t-ends are 1ittle &ifTerent frov those of tae
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1a7ividuel lane results.
Tle cironolosical plots of data indlcate the same cutoff lines
£or specd and dousity. These are shown in Fisweac 25, 27, and 23,

The statisties for the aualyses are swmarized ia Table L.
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relationsidps OF rpecd versas voluze, spood velous donslvy, and velme
- S dmae H N R TP T b . . H I S Y e
vergas Geaedty. The zeouol o andlsis whed to dotomiine these rela-

tloashdps cealeredl on the wae of & clrwwwlis izal wlot ol data and e

Flinearity tost.

o o VD
e

P2lyuianchis of oo vwemae Vol

Theosh 8 cobhliation plot of ¢ata and stalistical tesiing, it
Wi deteciingd that & culol? Line Tor soeeds st L0 moh would be wred to
dirrereniiase betweca non-cirisical flow (ghove Lo oph) and crizical flow
(Gerow L) i), The P-linearity taot vas uced tmow iout the etuly in
dete.wiidary Lhe cuiol’f lines.

The curanglazizal plot of data Inddicated a groater ranse in gpeels
in erisizal flaw tan for noa~critical {low--31 tph verius 5517 Mikie~
vien a lane develops cowy ssbloa (cg. lase 1). Tuis plot also sureris
that the Cata 1n tha ciritical arca ehould be hendlied goparetely and pos
with the aau-critical deia. I o2 data were mot honlled soparsiely,
e resulus condl be guie misleallny. FPardliernaore, the cata in criniral
flow ofTers litule fu the exmlanatisn of he relaticnsiily becauss it is
erratlic end 1ucousistest. The e <hing that ic porinied out in all tae
plotz :13 thet conrestion ddes woi recessarily ocowr Lauweidately fol-

lovine: mactooza volune in non-criticel flow. Tids i sluevhal conboary
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% the relations thas nme Doct pemy~oed Iy we paca ol oo o) Wi
spocleynlim plot. The vasabollc cume of T b Lowdics Dol wad v
volize accurs Just bLevore canyaction or critionk flow, This is not )
ac~oviing to the curonolosizel plows easim La Floxeos 12 4ivea 13, To s
believed that this i cswod by the so-called Varz fotica' of slowiowas
wvidch have occurred downsivess Jroa the stwly poiat.

The two plots ¢ snecd-voluze dats 1or lales 2 and 3 ace oot as
eephaide sbout the relatinushin as ihe lase 1 plot, b they still 1l
8 siilar story. A1l laacs Indicale sverw e sveed incrcaces are lar ey
in non-critical flow whila avernsc specd decreases ave lexier in
critical {low. The reasua Yor this is that in pos-crisizal {low, donsioile:
ace lovw and caa accoczodate Lie spred fnuareases wWiilile cliicel fiow 1o
gt & density viere tiere is Lizslz 1oz fnr ecosrwnlariny larsoe chaniia
in mueed.  Howvever, spead uorcames 4 none-criilical {lov arz soaller
becare tiere 1s move mavearer area widle & foovowee 11 eritlosl [lowr
Yizits the pancuver erce too inwh and causes larsiv docresses, taus
produeing an overall mierarn docvease larper tiaa thab of pone-criiicgl
flow. Tuis relailon aleo grslics o wlis Inereascs sl docreases.

Tae Yioear relation 9. spzed &yl voloww Ly ny-criileal 17y vou
svasistically provem guoe sccegtalle Ty tuas F-lincasity towl, even

l

o1 the corvalaiion coulficioenis were Yow (37) in wmes faslacnes.

Tais low correlatlion is guite surpsdsiig becnd:c ol Bie modatlvely Wi
correlaiion () Lerwsen spoed and donsiur end voluas snd density,

Thae resyossion relawixl 90 spead vercus doveiyy In noascoiulesl (o i
& W)

Gaoatl e in tas ar volale fncrveascs, gpeed donreacen.  To orivical

Tlow, the trend 13 for gpead o decreasa wioh decreaces In wolus, bus

tds 1 wilh @ sabglentlal laciemse 1a dousivr.
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The recrassion equatiom for the areree ol tie wree lanes 1o
8 = D.275 V + 53.2. Qreensliells indicaied & repession of 8 = <0.20)
+ 13 vhich 12 quite diflorent from this mialysis. Ils slope does not
it the ¢% conidmee linits either and his Y intercept is 17% less.
It would al=0 appear that tie slipe of Greensllelds'! regecsion equalion
would pot test sixndificanily nom-zerd which would in2icate the lne to
be alnost horizontal end not i accordance with the general tremd.

The calculations do ot indlcate too sauch dilference between
lane relatlonshiipns, but the cluondlolcal plots dd Indicate a diflsrcaoce
hetween lane 3 and lanes 1 or 2. A eoaparizon of Figwre 15 with Ploures

12 and 13 will show the difference quite realily.

Folgidorehly 0F Snned wprmega Doasd by

The cuwo?l Lducs for the epecd-Consily relatlion were dotermined

b7 both the F-linearity tesct and the chronologicsl plov of data. Tae

density cutoiT Lize 13 55 vpa for lanes 1 anl 3 and not spocisi=d for
lai2 2.

The racs;e 1a spoeds shown In the carcnolasical plot of data ase
e sate a3 for the specl-volurie analysis. Thds plot of lane 1 slco
pwrents that the data 1n the critical ares should be handled separat:ly.
Thls, hovever, could rat be verifiel by the F-liunearity test which aid
rot reject the hypothecis of linegrity of data when a&ll doncities wore
un3:l. Lane 2 did uot subetantiate the rejection of linearity at deu-
siticc above 5 vpa. lane 3, howerer, is linear ouly for velues lecs

taza 55 vpa.  laze 1 cslewlatisus for all data yislisd an acesptalls Fe
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Linea Iy tese wiin 8 ».207 covrddation coefliciaut. LDuwevyer, the 05
i cuwo s calvwlacion produced grealor liscarity Lioh wiv: a sualler
cavslation coesilclent, -~0.C0Lk. The standard erunr of estime is
also sanlier wiidch zeana & lesc cealterisg of dstg--1.272 capared to
the i) 6.97 Jor all daia.

Tae cladaological plots uelp to spubsisaliace tiw culoli lincs of

Losis epecd and densltias, The avermie facressss mnd decreases of eperd

)

and deceloy fariier giyoost the position of e cuboll line as they «id
ia U= speel-voliter volallo,

e Uacas relabioa of speeld zud danclsy 1a noa-crislcal Llovw was
swgLlstlcally provea gute axeepzasle Ty the Fellaooarlyyr went, Tle
coelacion eoellloiants are larser foxr tids sedatiosshly than sfor Ut
smoodeynlue, Vidch wrald g150 falicate 8 hetler corrclacicn ol dala.

-

° -
Taa r~ vatuss Indicase Loas

.

Cnae varimice 0F spoed el be

wiplal e by e varisace o7 Junsisys
ToE rescesslon apaation for e averase ol Lae Lrree laoes 1o

£ u «D,33 D+ 50,0, Grerwilelds fadfegted a ragiosslon oU § =

1
1’73‘332'23" vidch gives & slijas cwrve e the lire, but ke tlen oyjes
hat a UWUnear 1=lasion would be satisiactory with ouly slight error.
Qleont, owenxm, foid 8 cpsed-dawsliy regressis Jor tumel fiow of
€ = Q.47T3I D ¢ 54T Lor the Miga-cpood lave &l 8§ = <0.223 D + 29.%
Zor tas slow=vpeod luie wlil high pacentars oo caxesciad veal2las,

Tig bl u-spoad lauo oo the Tord Lms & reioession of § = «0.15 D + 53,6
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&1l & slow-spoed lane regrecsioa of 8§ = <0.427 D+ 53.0. It would,
therelore, sppear tha® tunnel flow 18 not relalted to {reeway low nor
is the flow analyzed by Creeashields. Thore 13 the possibility that the
estizate of slope by Ol-oit wou'ld be acceptable but there 15 a need for
a8 diferent Y intercept. Twther analysis aan Y Intercepis mizht lead

Lo a set of accepiable canidence 1inits for tie dillferent specd
controls on facilities.

T4 vs previonzly polnted out that the speci-deasity resessions

»

ace dillerents for hiju-rpoud larnes and low=cpacd lacas, T3 Durder
gpports the contontion Lgplied that the maln ¢iiiference in relazionghips

13 e charsclier ol prevailing speeds.

?7-1!,\.\«,’)‘-?014»-\”\» n«r.,ﬂva-il

The cutol liaes tor e voluau~izisnity relation vere also doter-
wlred Ly both P-lincanity test and the chronologizal plot of dats.
T Cowity cuwiy 1inzy are 95 vor for lanes )L aid 2 and 45 vom tor
lanz 3. Tierz is als? & pood indiication that the lade 3 cutoff woull
2. The srergge incrzases sl daoreaces In dousily
caange for lane 1 support the cutolf &t 55 v

The cliroaological plat of data 1s more ephalic about the crhans:
12 chiavacter of flovw {n the critical rejlom acd is suwbstantiated by tue
F-lincarity taoct wilch rejects Mneg-ity gbove 55 v,

Tie correlation coelfleiants for this relation indicste a hish

deree of corvelation--the gverage r is 0.5L1. The variance of dunaity,
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r2, accounts for about 8% of the variance in voluze. The scatter of
points 13 small as the standard error of estimate, in general, is less
then 1.0.

The regression equation for the threc-lane averaze is V = 0.472
D + 5.7 for nom-critical {low wp to the critical {low line. This is not
coupared to Greenshields' or Olcoitt's relation as they did not use the
linear relation. Olcott ¢éil discuss the area of critical flow which he
sald wvas at a density of G5 vpm and a epeed of 21 mph. The density of
65 vpa and e speed of 21 mph indicate a volume o 1355 vph which would be
below the deci:a capacity of 1502 vph used whon toe Ford was pleanaed.
Eis results do differ consideredbly froam this snnlysis in that eritical
tlow 18 S5 vpn at e speed of 40 rph and tids 15 alaost twice that of the
twwel flovw. Greenshilelds indicated that macioe volune is 2000 vpa
which does corpeare wiih the maximrim of 2230 vph for this analysis.
Lighthill, however, inélcated the maxinrma to be only 1500 vph.
Daraett indicates that peax flow occurs at a voluie of 2000 vph and &t
a spezd of L) mph which would aoree with the recults of this analysis.
Tha genersl indication is, therefore, for a madmun flow of 2200 vph at
a epe2d of L0 mph with a eritical density of 55 vna.

Proposed Correlaclon Potential

It vms pointed out in the spead-volume anslysis the correlation of
spead and volune was love-r = =0.53; in the specd dencity analysis ebout
neddun~~r = «0,72; and in the volume-density the correlation was high--

r = 0.9, There would sea@: 1O be & pattern in this aet of {irwes.
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A possitle eplana’ i of wois would be t.a oue ¢f ine coarace
oxisisdes doee vt Dadicate tealfle fow as weil a9 e omiwere. I7 A
wei:hited valna wore given o speed (3), wlmie (V), eyl donotli (D)
acocling to tha correlation nrotuced, the claractorissle wiizh produces
ihe sandlest wol ted walue garild then be tha oue vith e leart ooz
relabion poteatial. The table below gives the wel-lited valaes accoriing
W Loz comrelation yleldod 49 the snalysls. Isca chermeterdsiic of the
relabion with the lowest eo:;mmnma wvaz glven & welcat of 1. Tho
correlalim valie Letveon the lov &ad hicrh wvas plven g8 welsht of 2

Y -
The relatlm vith the M hent correlzatlom ww dven a wisht of 3.
TAYE S

VTSN VALULD FCR CORILTUATION POTTTAL

AT COARACTR WoICTD VATSS

RS
1 2 S v D
A S S———

8/ (0=.55)

8 1 1 -
8/D (r=.72) 8
v

g U <
2
1
N

¥v/D (r=.9%)

TORCAL

(93}
-

The resulia of the weihted walues dnllscave Wist speed hals wioe
aiant corrclaticon potential of the hren chns slics vl donsicy
Y premiect potensial of correlatio. I0 Wile coddd be fwillsr b

ranidaled, then 1t nls be Lest O bace thw wRlacenlys of traliic

Flow oa the valuwe-dencliy relacioncid,
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1. Toere is & good indication that the cutoll llaecs bdetween eritical
end non-critical flov e as follows:
A. B mph ior the speed=volune relation.
Be 55 vpa for the speed-densiiy relatioca.
C. 55 wpm for lanes 1l and 2 aud k5 vpu for lane 3
for the voluie-density relauvion.

2. The F-linearity test indicates that a linea- relation is accentanvle
below the avove cutolls for the speed-volume, cpeed-dznsity, and
volwe=Canslty relstionshiyps.

3. The chrondolorical plot of data substantiates the need for scparating
critical flow from noa-critlical flov and is generally very wselul
in the explanation of relationships.

4. Tae correla:ion ol data is not tie sane for all relatloncilps:

A. Speed-.ﬁlm:e correlation eoefficient r= 0.67%
B. Epeed-density correlation coelficient r= <0.875
C. Volune-density correlation coelricieat r= 0.272

5. There i3 reason i believe that speed has a low poteniial {or cor-
reletion with volune and doasity. The begt indicated correlstiom
is that of vomluue and density.

6. There i3 a difference in slope of Lhe regression eguations for hijh-

speed lanes and lov-speced lanes.
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Undexr full concestiorn, tue cpeed raye ia criticel {low is sevoral
L0z the range 1o nou<eriLicel flow.

Acera e ppeed inciuusis are lave:r then decrsasce in non-critical
Tilow. Arerge specd decvegoes &te larcer wlhaa inereases in
critical flov. Avessse gpeed Cecreasos of colileal Ilov are
IRCE wan specd dnorcased of non-criiicel ITlav.

Duvher resesed s0uwlld be porioried 1a thic arce vith sanples
wnler Sl congosllan, undsr peak rlov bue wila no congestiuy,

of Treewm:s with siilar operating chavecterisiics, azl wilh nore

(nta on boil sldes o il peaic parind of ilow.
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APRLOIX



STL.OCL a'D ADBRIVILTICH SLILT

The symbols and sbbreviutions listed below are used throughout the report.

£> = sonfidance limits for slope m ./,
¢ @ Yaris intercept
D = density of vehicles
2 distenice spucing of vehioles

P o P=linearity test culoulcted value
F.QS w 95 percent lsvel of mcceptince value

X = elass irtsrval in X diroc‘.ion
= class intervsl in Y direction

k @ mxbder of paired data

B Or 2y /y s slope of the regression Y on ¥
moh or .24 g wiles per hour --- spsed
N g the runber of saxples
r g the correlation coefficiant
5, = the standard error of regression coefficlert b
S g spszd --- miles per hour
x = #tondard devistion in the X direction
sz g veriunce in the X direction
8; g stundard devistion in the Y direction
y? g variance in the Y direction
’ Syﬁ' s standard errnr of estin:te
Yo/a,ne2 @ the ¢ distribution, two-teiled test with n=2 d.f.

¥ e volune of vehicles



vra

vph or VP4
VP!

X

X

2 x

g x2

Z Xy

<

$ 12

&3

vehicles per mile === density
vehicles per hour

veniclas per minute === volume
variudble in the X dirsotion

mean of data in the X diraction

sun of the values in the X direction
suz of the X? vu:lues

sum of the X times Y vulues
varizble in tne Y direction

maen of duta in the Y direction

swa of the values in the Y dirsction

sumn of ‘he Yz values
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