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and section 5 (W, Bridge Rail US 33) and from section 12(Kelton Ave o/p)
to the inner belt. Tor the evening peak' hour from section 7 (Merge sign
Bexley St) to section 9 (Speed Limit Sign) where found to cavse some
problems on a Tuesday and Thursday, though section speed stay ed above

20 m. p.

7.3 EVALUATION OF HYSTERESIS DATA

Conditions for aerial tralfic surveys were different for I-70 since
air control restricted tlying to an altitude of about 2000 ft, The coverage is
therefore about 3000 ft as can be seen in Figs. 7.27 and7.28 which show
the vehicle trajectories for two adj acent traffic lanes hetween Nelson Road
and 18 th Street,

" For westbound traffic , Mean traffic density for traffic approaching
the disturbance in lane three is about 78 vehicles per mile and 87 vehicles
per mile after recovering from the disturbance, The average speed in
approaching the disturbance is 21 mph prior and 23 mph after going through
the disturbance,

Traffic flow in lane four is less disturbed, The approach speed is
ahout 30 mph and the speed after recovery is about 29 mph. The more
pronounced disturbances in lane three were chosen for further evaluation, .
There were numerous disturhances, along that section of the freeway and
traffic was moving in a typical stop and go operation, Unfortunately, due
tﬁ a strong tailwind component the helicopter was not able to follow one
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Fig. 7.29 Contiruous record of the speed density relationship of a
platoon of cars going through a kinematic disturbance.
(Acrial survey data, morning peak hour, I-7 1)
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Fig, 7.30 Continuous record of the volume~density relationship of &

platoon of cars going through a kinematic disturbance,
(Aerial survey data, I~71, morning peak hour.)
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platoon of cars through the disturbances, The aerial survey data therclore,
represent simnall platoons of about 7 to 11 vehicles over a limited dislunce,
The stopage time of about 14 seconds in the disturbance however, is
similar to the delay observed previously on I-71, Figs, 7.29 and 7, 3¢ ave
typical for the hysteresis phenomenon obscerved on I-71 which is to he_
compared with the data from I-70, The A and B hystcfesis loops arc
clearly defined for both the speed-density and volume density relationship,
Comparing Pip,7. 29 with Tig, 7, 31 (bom Figures depict ﬁwzm speed-density
relationships) tratfic conditions on I-70 show the A-loop but no B-loop
was observed for platoon 313, Maximum fraffic densitics on I-70 were
higher thmll that on I-71 and values as high as 280 v, p.m, were observed
for émall platoéns. It appears that the “stop and go' operation Vmode has a
émnpressing elfect on traffic flow since jum densities on I-70 exceeded in
most cases 260 v, p,m, The most important difference from previously
analysed disturbances on I-71, however, 1s that ithe A-loop is reversed,
Traffic is entering the disturbances at a lower speed than the speed gained
in the recovery phase, The deterioration of tréffic flow occurs at a
density of about 125 v,p,m, whereas the recovery occurs at a density of
about 80 v, p.m, which density is close to the density of recovery phases
obsevvedon I-71 (Fig, 7.29), No B-loop is formed though it appearé that
the recorded situation is.a typical example of recycling around the A-loop

which does result in V'stop and go' operations. This observation is also
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supported by the observed speed range, The speed range for the A-loop,
observed on I-71, was from zero to about 25 mph, and recovery occurcd at
a range of about 25 to 50 mph, Platoon 313 on I-70 reached about 25 mph.
in the recovery phase but the phase of generating and entering a new
disturbance starts at about 18 mph with a rather substantial reduction in
speed ﬁt a cqnstunt density of about 1256 v, p.m,

The volume-~density relationship (I'ig.7.32) shows a pattern similar
to fhe speed-density relationship except for the more pronounced drop
off in traffic volume during the recovery phase, An attempt was made 1o
confirm the findings of platoon No, 313 by studying other platoons, It was
found that the most ixnporfant difference to previous studies i, e, the
reversed A-loop conditions with lower speeds in approaching the disturbance
and generally higher spéeds in recovering from the disturbance, held for all
p.la'toons though the difference was not as pronounced as in platoon Ne, 313,
Platoon No, 301 and No, 308 (Figs. 7.33, 7,34, and 7. 35) show similar
tendencies in the drop off and femvery phase with regardto traffic densities,
speed and volume, Table one lists these data for platoons No, 301, 302,

309, and 313,
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Densify in Platoon No, .
Phase of 301 302 309 E ‘313
Drop-off 126 / 128 | not defined | 145 : 122 / 126
Recovery 92 /95 | 75/76 | 95 ; 77 / 80

" fable 1 Densities in drop-off and recovery phases,

Some explanation can be deducted from the data obtained in the studies
on I-71 (Iig, 7.36), In this study traffic density was ploted against space
mean speed v , safe spacing S g average headway H and the standard
deviation of speed g for traffic approaching a kinematic disturbance, It
was found in these studies that the headway H is gradually increasing in the
100 to 160 V.p.m, density range while g,, reaches a max. in tjhe same
region., It appears that this maximum range of the standard deviation
which can be considered as the disturbance of the vehicles speed from
uniform speed (acceleration noise) qan also be identified as the internal
energy of traffic flow or {riction in tralfic flow, Thus it can be expected
that a high level of friction will result in a very pronounced deterioration
of traffic flow, though, this was never observed in the I-71 study, The
data available so far indicate that the following cycle could describe the
'stop and go" operation on urban freeways, After going through the first
disturbance, traffi;: reaches the low .ucceleration noise area at a density
of about 70 V,p.m. (Fig, 7.37).

This condition seems to be transfered into the density range of about
196
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70 to 100 V. p.m. and projects into the range of 125 V, p.m. Fig. 7,87
shows a record of the standard deviation against density for a platoon of
vehicles which recovered completely from a disturbance, The cluster

of data points of low 0'y,'s in the 70 V,p,m density range can lead to the
left - i, e, a complete recovery with increasing speed in the0y, range of
about 8 mph - or to the right and join the low g, range of traffic approach-
ing a disturbance,

Not all platoons, however, did show the fypical cycle as recorded in Figs,
7.81,7.33and 7,35, Platoon No, 302 (Fig, 7,38) shows a gradual decrease in
speed over the density range of 75 to 200 V,p, m, and no specific drop off
density wés found. The volume~density plot (Fig, 7. 39) shows a similar
characteristic though there is a marked concentration of data points in the

80 V,p.m. range, The hysteresis loop is indicated but no closed A-loop is

formed,

Conclusions

The data obtained by aerial surveys on I~70 have added new knowledge
to the dynamic characteristics of traffic flow, The hysteresis phenomenon
previously observed on I~71 has been expanded from the cycle of single
disturbance to recycling of the "stop and go'! operation, A-loops only have
been recorded and it appears that multiple disturbances have a character-
istic which shows the following differences from the single disturbance

characteristic :
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1) The sequence of the A-loop is reversed with lower approach and

higher recovery speeds,

2} Though recovery occurs in the 70 to 90 V, p, m, density rangce

similar fo the data recorded for the single disturbance, the drop
off in approaching multiple disturbances occurs about 120 to 150
vehicles per mile,

3) iligher peak densities have been recorded for stop and go "' operat-

ing condifions,

It appears that understanding kinematic disturbances is of great
importance for a successfull and efficient computer control system,
Research findings indicate that traffic density together with the space mean
speed at critical sections are useful and sensitive parameters to determine
the operational mode for a computer based control system,

Still more data are required to develop an optimum operation model

for traffic control on urban freeways.

201





