ﬂansoura Engineering Journal {MEJ) Vol. 15, Mo. 1, June 1990 C. 35

PART-TIME ENTRY TRAFFIC SIGNAL CONTROL EFFECT
ON ROUNDABOUT CAPACITY AND PERFORMANCE

BY
DRAEL-SAYED ABDEL—-AZIM HOMAMED SHAWALY
ASSISTANT PROFESSOR OF TRANSFORT AMND TRAFFIC ENGINEERI NG
FACULTY OF ENGINEERING EL-MANSOURA UNIVERSITY

By, w0l clus) 3= a0l wl el Lala
Lo,0t 2t alabliall <laly dau ,in

by ot sl alabl lzal Jhas  albe odls 3., ol ya o da A s
Jha  Lehkn Bl l& gy Al e B0 0 Lt ] o mbE Aus ad gy al LAl LTS
calanlis i 2ks

L E Y P sha  yaal ole Al dpall olaglaedl Jodan, dal . Jl ald adl,
wd sl gaa AN A A P R I T | I B I Y | Ay Jpd Leapann am =il
Jo e MAL A M Lyl alpal dasy Ald Gaxp g dasaa ) | TN P W Y I P
JA s o) wlas sl Ghlall by gy ey akl_kn ) ol A papaldl g Nt
adl=ba il bl L b0l Alhacadl y LIAT 2 bl wloud oo Jl caes silStay g o 2t 1 Y ]
[CAFIPRNS WL P PO | B PP N | R U B SR e b Il s papallal b o 01 GLon
e ss) adt alaklistl Jphds Mlae oI a,an ) plladl ada JUASN] an,,  Jt
P Y SR R AR Y i | BTN R VP | ol g Vel Gaedl JAL 2 Raas gt
Lo Ay ,0 N el o laged alddlalll pmal yu

A wandl Al Ball JUssl sey ot &al ga )b owlol ., dpdosy dal o Jt a3 alia
ceR Il Ly el Sl ga s ple Jpdaolt o5 alladl L 3A L Ala ga oy pdyl,
oy JehAs s () agan Ml Al d] 1A Aaal T,998 pdgs da I Radi,
el gl b plel L3 Aol 3 e dal Ll udsl e sl ol olabl A=)l Val_im
b= yma ala bldsl ada Ju. 01 3,6l JAD as aws al pAlall o wt Llgedl
ane By, y el Vaya )l oM Ly wlal ol atlall o—t AtBu A Al sl
gt adl alatllol)l abha

Absiractl ¢ - In thio paper, study of the effect of part—time traffic signal
operation at same approaches to one of the busiest roundabouts in the City
of Sheffield (U.K) has haen carried out.'Before' and ‘After’ sltuationa of
thia roundahout performance and capacity are presented and compared. It i=
noteworthy that the introduction of Lthe part-time s=ignals has led to
congiderable increase in the entry capacity in the peak periodes from mest
approaches to this roundabout. Moreover, these signals have proved to be
the most effective and economical solution for sharing cut or balancing the
entry flows between different approaches of the roundabouts.

€1y IHTRODUCTION

81ince the introduction of the offside-priority rule in roundabout
operation in the late of 1960's and the early of 1970°'s, different
developments in both operation systems apnd geometric layouts have heen
adopted in practice [l1]. These developments usually aim at amooth operation
ag well as improving the performance and increasing the entry capacity of
roundabouts. Nevertheless, there are stiil some problems arising Efrom
unbalanced entries flows which in most cases result 1in long gqueues
extending for a considsrable distance and cause unbearable delays to the
walting vehicles. This wvehicles queue backup might cause blocking in the
praceding junction. It e8hould be mentioned that this situation is
frequently obmerved in central areas of large cities in particular during
the peak periods.
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In order to awveid such problems, rart-time traffic signals have been
nstalled on the approaches to thege roundabouts in order to control entry
lows on thege approaches in the favour of another heavy flow approaches
vich are already suffering from extengive delays and long vehiclas queuss.
1 addition, the installation of these traffic signals allows the
mndabout to be compatible with the naarby gsignal-controlled intersections

Urban Traffic Control (U.T.C} system is to be utilised in the whole area
ider consideration . Due to the above mentioned problems much emphasis has
‘en paid to tha traffic management and effective use of computer control

traffic signals to improve tLthe Flow through Ythese roundabouts |[2].
rt=-time traffic signal operation on some approaches is considered one of
wegse actiona which are thought to improve the performance of the
wundabout and make its operation much sasier and smoother than before.
sregver, these signals on tha roundabouts entries help to sgeparata the
nflicts between the vehicular movement particularly when there are nn
degtrian subways.

City of Sheffield (in the 1),K) has introduced the part—-time signal
mntkrol acheme at a number of roundabouts. One of these gites ig the Moore
reet roundabout which was basically suffering from unequal amount of
-lay occurresd at the different entries during both morning and evenina
‘ak hours. Therefore, it was basically intended to redistribute the delay
d impreove the performance of this roundabout in terms of queus langths
‘d accident record. Since then thsre was not much probiems and the
.,nction operates satisfactorily at other times than peak periods [3]. Tha
ilution deavised was to introduce part-time traffic signal 23 metres bark
‘om the ‘Give Way' line on all existing approaches to roundabout [4).

Data collection for both before and after situation has besn carriersl
tk. These data include the traffic voiumes and turning movementa, time
‘aclway distributions of the circulatory flows, gap acceptance
varacteri=ztics, and accidents records.

Supsaquently, statistical analy®9is on the obtained data ware
vwlertaken in order to assess the affectiveness of the entry signal control
itroduction on the roundabout capacity and performance. Finaliy conclusion
ints were arrived at coupled with recommendatione for further ralevant

wk,

$2) DATA COLLECTION AKMD ABSTRACTIOM

Moors Streast roundabout shown in Fig [1] i3 considered one of tLthe
i8iest intersections in the City of Sheffieid (U.K), it deals with
,000-5,500 veahicleas during the peak hours [4]. Therefore it was decided bt~
irry out data ceollection proceduras requirad for 'before’ and ‘after’
rudies . Thesse data procedures were carried out using video tape recordiua
¢tstem (V.T.R}. A 'before' video tape of thel{oundabout had basen taken in

384 during the evening peak hour on ‘ghe 9 of April and during the
a2llowing morning peak hour on the 10 of April immediately before thi»
ntroduction of the traffic signalas. Three yvyears later a gimilar video

ecording for the 'after' situatio was maﬂg in 1987 during also the
vaning and morning peake of tha 8 and the of April. It should Do
entgoned that on both ‘before' and ‘after’ recordings , tha tims—base wa~
uperimpoged in such a manner to allow measuring the time length of anv
raffic eavent later on in the subsaguent analysis of thea filmed tepes in
he traffic laboratory in Sheffield University,

The following types of measuremant2 have been abstracted from ¢the
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tilmed tapes using direct playback of the video recordings onte a viden
monitor in the traffic laboratory.

1) Measurements of traffic wvolumes and Lturning movemants from alt
approaches to the roundabout under conasideration.

(2) Measpuramente of the gaturated entry flow, Q¢, on the Hanover Way,

Ecclesail Road, and St. Mary's Gate approaches {i.e the flow entering the
roundabout from each approach when there was & queue presgent in Ethe
approach} and of , Qc' the corresponding circulatory flow (i.a the flow on

Lthe circulatory carriageway of the roundabout crosging the zaturated entrvy
flow}.

(3) Measurements of gaps or Lime headways in the circulatory traffic strean
acroge the Hanover Way and Ecclesall roads approacheno and Lthe numker of
antry vehicles accepting each gap length.

) In ordar to measure the Lime headwaye in the circulatory traffic
gtream, a reference line wag drawn on the video monitor in guch a way Lhal
it cut acrosa the circulatory carriageway in claogde proximity to the Hanover
Way and Ecclegall road. Simply the differanca bhetween Lthe superimposerl
timee at which two c¢onsecutive c¢irculating vehicles pasesed across the
raference line represents the time headway. The time headway measurements
ware made over a period of 30 minuktes on each of the twa approacheg (i.=
Hanover Way and Ecclesall roads). Moreover the numbers of snkry wvehicles
{rom the cenktre and offeide lanes accepting each gap were also recorded.

€4) Accident record occurring at the roundabout or within 50 metres of it=
mite wae obtained (or thrse vyears pariod 'before’ and ‘after' GLthe

installation of ths traffic signal . [t is noteworthy that at the end of

the Lthres yeara immediately following the installation of Lthe traffic

gignal some road workse of widening the carriageway of the remainder sacktion

of Hanover Way were in progress. in addition, eome changeg of tha road

ueera’ habits ware expected due to the implemantation of the new 3zignal

acheme. Therefore it was decided to overlook the three vyears immediately

after the installation of the traffic aignal because of the above mentionesl

reasons. -

Concerning the accidents record, the author contacted the Incal
highway authority in the City of Sheffield and they provided him with Lhe
required accident information . From themse accident data it was possible Ln
clasgify the injury accidenta occurred in three ysars time periorl
represanting the ‘before' and ‘after’ situationa. These -three yaars were
namely 1981,1982, and 1983 of the 'before’ mituation and 1987, 1988, amnd
19689 of the 'after' situation. Table (1) axhibits tha accidents dala
obtainad in terma of ysar and date of accident, accident sevarity (fatal.
gerjous, or alight), location, deacription of each accident, and surface
condition prevailing at the time of each accident.

(3) DATA ANALYSIS AND RESULTS

(3=-1) Traflic VYolumes and Turning Movements at Moore Strael Roundabout

Since the cycle timea feor the morning and the evening peak hours in
'‘after’ =ituation ara 40 and 35 seconds regpectively the counts of enkvy
and circulatory flows were racorded continucusly and then combined [for
succegsive 280 seconds intervals as an integral multiple of the cycle ktimes
for the aake of comparison. Vehicles were clagagifled as 'light' {a.n
paseenger car or any other vehicle with pnot more than 4 tyresa} or 'heavy’
vehicle {(e.g truck, or busa, or any okher vshicle with more than 4 tyrea).
One 'light' vehicle ie eguivalent %o one P.C.UJ whareas one ‘heavy' wvehicle
is equivalant to twe P.C.U's . Thess counts wWere made on lane by lann»
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bastm, and thoes repulting from unsaturmated periods of lane flow were
rejactad. 1t is notaworthy thet the Eturning movement wvolumes requires
enormous amount of time for analysis, therefore only 5 minutes of
observation time has been analysed and scaled up for tha whole peak period.
Fig (2) shows tha traffic volumes at Moore Street roundabout during the
morning peak hour for tha 'before’ and ‘'after’ gituvations. Also, the
approaches volumes of traffic and turning movaments for the four periods of
observatlon are summarised in Table (2). In addition, summary of the total
traffic volumes entering the roundabout in both 'bafore' and ‘after'
gituation are pregented in Table {3)

(3=-2) Enlry and circulatory (lows relationships

The enalysig of "the observed deta concerning entry flows and Lthe
corresponding circulating flews was <conducted for thes above mentioned
roundabout approachea, namely, llanover Way, Ecciesall Road, and St. Mary's
Gate for 'before' and 'after' situationsa. Firstiy, the saturated 40-gecond
anegd 35-gecond lane entry flowa for morning and evenlng peak hours were
regpectively obLained. Each lane was congsidered esaturated as long as
cantinuous queuelng existed. Secondly. Lhesa flows were summed up for the
whole approach lanea for these fully saturated periods and plotted against
tha correeponding circulatory flowg Acrogs the approach under
congideration. The relationships between the entry flowa and the
circulatory flowg during tha morning peak periods for Ecclssall, St.Mary's,
and llanover Way approaches are gshown in Fig. (3}, (4),and Fig. (5}
regpectively.

In order to allow statistical comparisongs to be made, mean valusg of
the entry flows data and the corresponding circulatory flows data werae
calculated for each study period . Moreover reaegression linea for the
‘before’ and ‘after' data pasging through ths respective means were drawn
on the same graph, the slope of theme regression lines being equal to that
of the theorsaticai capacity line. In Appendix {A) the theoretical entry
caparcity equakion used and an example of calculation for Ecclesall Road
approach are given.

€3-3) Time Headways Dlstribution in the Clreulatory Stream

As mentioned marlier in gection (2}, the time headways for circulating
vehicles across Hanover Way and Ecclesall Road approaches ware abstractaed
from the filmad tapes for a period of 230 minutes of observation. It should
ba mentioned that thig measurement ig a time consuming process. Tha time
headway distribution for wvehiclee in the circulatory gstream across Hanover
Way and Ecclesalil roads are represented graphically by histograme shown in
Fig (61 , and (7). For comparison purpomes, for the 'bafore' and the
'after' gituations tha percantagee of headwaye of epecifiead eizes offered
in the circulatory mskraam are represanted for each case study. Also, for
both of these Lwo approachas the number of vehicles accepting different gap
gizem offerad in the circulatory streem are recordad on lane by lanes baesis.
Tahle {A) gives these number obtained for Ecclesall Road approach.

3=-4) Aecldent Data Analyzls and Result=x

It is c¢clear from Table{l}) that, the number of accidents per vyvear for
the *‘before’ period are 4, %, and 4 eucceamively for ysear 1981, 1982, and
1983 and 6, 3, and 4 for the 'after' peariod of yeay 1987, 1988, and 1989
respacktively. At glance, ona can find that the total numbar of injury
accidents for the 'before’ and '‘after’ sltuations are eaqual. This means
that there i3 no eignificant difference batwean both gituations.
Meverthaeless, one can expsct marginal decreeme in the rata of accidents
gince the ohserved traffic volumee using the roundabout, being soma 19%
over the coursge of thyee yeaye (2] (1.8 from 1984 to 1987). However, from
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analvygis of the accident by road user involved as given in Table (1), 1t is
clear that ths number of pedal cycles involved 1n accidents has increased
from 2 to 5 [rom the ‘before’ to the 'mfter’' sgituation. Also, the number of
public service vehicles (P.5.V¥} involved in accidenkts has increased from 2
to 4 from the “before' to the ‘after' mituation. In conktrast to other forms
of traffic signal c¢ontrol at intersection®s which in most cases result ir
reduction in number of injury accidents and number of collisions(6]. Wik:n
regard to number of motor vehicles involved in accidents in both situations
ne significant difference haz been detected.

4) Discuxsion of Resullks

(4-1) Traflfic Yolumes: - [t can be seen from Table{3) that the total traffir
volumes entering Lhe roundabout have increased in both morning end evening
peak periods in Lhe course of three years from 1984 to 1987. Although the
gignalling scheme may not have directly contributed Lto the increase,
however, the introduction of part-Lime entry traffic signal at the juncktion
doeg prove iks capability in handling such high volumes of traffic,

(4-2) Entry and Circulatory Flow: = Fig. (3), and (3) show Lhat the entry
capacity of Hanover Way and Ecclesall Road approaches corregponding to the
mean of the circulating flows have increased by 30% and 12% regpectively in
the morning peak hour after the introduction of ths part—time entry signals
at the roundabout. As for St. Mary's Gate. it is clear from Fig.(4) that
the entry flow has slightly decreaeed by 5% for all levels of [lows during
the morning peak hour. It gheould be mentioned Lthat such decreass was
expected because one of the purposeg of installation of this traffic signal
at the juncticon is to control the dominant flow from St. Mary's Gate and to
provide more gaps in the circulatory stream for entering wvehicles in the
next two entries, namely, Ecclesall Road and Hanover Way.

Finally, it can be seen from Table{2) that in the morning peak periodse
the enktry flowe from the Hanover Wey, Moore Street, and Ecclssall Road
approaches have increagsed by 27% , !1% and 23% regpectivsly whersas the
entry flow from St. Mary's Gate approach hasgs decreaged slightly by only
5%. This gives an indication that the enkry signal control et the Jjunction
has operated effectively in controlling the flows from the different
epproachss, The entry flows [from Gthe approaches which previously
experienced most delay, i.e the Hanover Way and Ecclesali Road approaches,
has increased significantly. For the evening peak periode, the increases in
entry flowa are 25, 25, and 40 per cent for the Hanover Way, B5t. Mary's
Gete and Ecclesall Road approaches whereas the decrease in entry (low s
only 13 per cent for the Moore Street approach. This decrease ie probably
due to the hlgh increese in enkry flows from the previous two entries,

(4-3) Headway Dislribulions and Gap Acceplance Characleristics: - it i
obvious from Fig.(6) and (7)) that under the entry signel control scheme in
the Moore Street roundabout the percentages of headways less then 0.5
second hava increased by 25% and 27% respectively for Hanover Way and
Eccleeall Road during the morning peak periods. These increases are
aecribed to the pletooning of the circulating vehliclea which have been
discharged from the previous entries under the signal control. In contrast,
the percentages of headways in the range of 0.3 to 2.0 seconde have
decreaeed by 10% for the circulating vehiclee across Hanover Way and by 16%
tor the headways In the range of 0.5 to 1.3 sgecond of the circulating
vehicles acroes Ecclesall road. 1t is noteworthy that for Ecclesall Road
high percentages of larger gaps were obeerved in the ‘after' situation
compared with those observed in the 'before' situation. This is apparent
from Fig.{7). For headways of value in the range of 1.5 to 6.5 seconds,
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their percentages romainaed fairly constant in both ‘beafore’ and ‘'after’
gituvations.

{5y Conclugion and Recommandatlons

A far as traffic 9lgnals at roundabouts ara concernad the
introduction of traffic eignats has proved to ba Lthe most affectiva and
economical solution for sharing out or balancing the entry flows bektwaan
the approachss Lo roundabouts. On the othar hand, they help coping with
tratfic arriving from adjacent slgnal-controlled intersections.

With regard to the 'bhefore' and tha ‘aftear' studies carried out In
thig research work, the following points can be concluded:-

1- The traffic volumess entering the roundabout has increasad by 17% and 6%
in the avening and morning peak periods in Lthe course of thrae vyaars
time from 1984 ta 1987,

2— The intrnduction of the entry signal control has led to some 30% and 1:2%
increasa in the entry capacity in both peak periods from Hanover. Way and
Ecclesall Road approachee which had suffered great difficulties under the

former offaide priority opsraktion.

39— The observed increase in capacity can be attributed to the platooning of
circulating wvehiclms as a result of sgignal introduction. The qumsue
mcceptance phenomena frequently occurs after the signailing schema has basn
implemented and this atlows bunchas of wvehicles accept Lthe largs gaps
offered in the circulatary flow [7].

in order to obtain an overall picturm of the effactiveneas of tLthe
entry signal control at such roundabouts, it is recommended to carry out
memgurements of vehicles delays and aueue lengths on all approaches to the
roundabout and compare the 'before’ and 'after' sgituations. Im fact, this
will gshow to what extent the adopted golution ig sffective,
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Appendlx CA)
The theoretical capacity equation ugsed for tha calculation of the enktr
capacity of tLthe approaches Lo roundabcut under congideration is as

followg:—

Using the fnllowing equation. and Lhe gecometric parameters of the approach

under consideration, cene can proceed ag follows :—

Qa- F (K - ECQC} when rcq= < K
Qe- 0 When fcq: 3> K
Where :-—

K =1 -0.00347(+ -30) -0.978(1/r-0.03)
F = 303 Xq
fc- 0.2190 tD(1+0.2x }
tD- 1+0.5/(1+M)

M = exp [(D-60)/10]
Xq= vi{e-v)/(1+28)

g = 1.6 (e —U)/LI = gharpnees of flare

e = anktry width (m}
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v = approach half width (m)

. = average sffecbtive flare length
D = jnscribed circle diamater (m}
f = enktry angle (dagree)

r = enkevy radive ()

_= enkry capacity (p.c.u/hr}

Qc- circulatinq flow (p.c.u/hr)

(m)

Submtituting the gaometric paramebters of Ecclesall Road approach in

the above squalbicn, one can cbtain Lhe theoretical entry capacity line ap given

aw« 5.0 m
v = 10.0 m
L= A0 "m
g~ 1.6 (o ~v)/L = 1.0
D =78 m
r = 36 m
Xq* 11.667

M = 0,588

£ = 1.315
IC‘ 0.921

F = 3535

[ = 1.068

The thenretical entry capacity Jins enuatlon
form :—
Qe- 3775 - 0,981 Qc
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