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THE FOLLOW-UP TIME ISSUE ON SMALL ROUNDABOUTS

Summary. The follow-up time was investigated. The aim okthnalysis was to create
a formula that allows the follow-up time calculatesing the most important external
parameters. The studies were based on empirical adlected at small roundabouts
localized on Upper Silesia. The follow-up timelie taverage time gap between two cars
of the minor stream being queued and entered the saajor stream gap one behind the
other. Follow-up times were measured directly byeshing traffic flow. Resulting
follow-up times were analyzed to determine theipafedence on parameters such as
intersection layout, roundabouts diameter andvisibility. These parameters were tested
using the conventional calculation method (regmssanalysis). The dependence of
follow-up time was then integrated into the own a@fy estimation method for small
roundabouts localized on urban areas. One of tipgebt advantages this dependence is
that capacity and traffic flow on small roundaboegen be determined reliably and
appropriately for actual situations. The new folop time values for all range of
external diameters of small roundabout 26 (22) fdtave been presented in this article.

MINIMALNE ODSTEPY CZASU POMEDZY POJAZDAMI WJEZDZAJACYMI
Z KOLEJKI NA WLOTACH MALYCH ROND JEDNOPASOWYCH

Streszczenie. Wartasci minimalnych odstpow czasu analizowaneg gtownie podczas
obliczen przepustowgri skrzyowan regulowanych znakami drogowymi, czyli
skrzyzowan bez sygnalizacjwietinej oraz rond. W przypadku rond, decyzbyj wpltyw
na przepustowsd podporadkowanego wlotu jednopasowego lub dwupasowega maj
wielkosci nakzen nadrzdnych w obszarze kolizyjnym na jezdni ronda przyya
wlocie Qmw), graniczny odsgp czasowy () i odstp czasu porgdzy pojazdami
wijezdzajacymi z kolejki na wlocie podpogdkowanym ft;). Przy duych wartgciach
nakzen ruchu na wlotach odgty t; w gtdwnej mierze decydajo przepustovwiri
wlotéw podporadkowanych. W artykule przedstawiono wyniki pomiar@sstpow
czasu pongidzy pojazdami wjgdzajacymi z kolejki na wlocie wraz z ich analiz
statystyczn. Pomiary wykonano na matych rondach zlokalizowényw terenach
zabudowanych zlokalizowanych na Gorny$tasku. Wykorzystuic analiz regres;ji
i korelacji wielorakiej uzyskano zateos¢ funkcyjmm do wyznaczania minimalnych
wartasci odstpow czasu, ktéra mie postiy¢ w obliczeniach przepustoa wlotéw na
skrzyzowaniach regulowanych znakami drogowymi. Typowe t@éar minimalnych
odstpoOw czasu pomizy pojazdami wijgdzajacymi z kolejki na wlocie obliczone za
pomoa oszacowanej funkcji przedstawiono w artykule. \&knitt; podano dla petnego
zakresu mdgiwych srednic zewntrznych matych rond, czyli dla 26 (22) - 40 (45) m.
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1. INTRODUCTION

Usually capacity calculations for unsignalized istztions controlled by Yield or Stop signs are
based on gap acceptance theory. The fundamentaipgers in this theory are critical gaps and
follow-up times. Considering small roundabout witho streams-one major and one minor, the
vehicles in the minor stream can only pass thelico@irea when the time gap between the cars in the
major stream is long enough (fig. 1). That meamry tan only enter the conflict area when the time
gap between the major vehicles is larger than ttwtical gap —t,. Therefore the critical gaf is
defined as follows:

The critical gapt() - is the minimum time gap between the vehicleshef major stream that is
necessary for the vehicles in the minor streammterdhe conflict area.

In addition, several cars of minor stream can dallow one behind the other within a certain
time space, which is called their follow-up time. -

The follow-up time §) - is the average time gap between two cars ofnthier stream being
gueued and entered the same major stream gap bimel llee other.
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Fig. 1 Small roundabout with two conflicting stremm
Rys. 1 Kolizyjne potoki ruchu na matym rondzie

Typical situation at high traffic volume in conflicg area during merge manoeuvre was
illustrated on fig. 2.

Parameters like, andt; indicate the dependence of traffic conditions raérisections without
traffic signals on drivers’ behavior. Each drivesiiting in a minor stream has to decide when iafe s
to merge into the conflicting traffic streams. Térdical gaps and follow-up times take into account
the influence of external parameters, for examipdegeometric design of the intersection or decision
making process.

Capacity formulas based on gap acceptance theog een improved continuously. Different
methods were developed by many scientists likegl&, Harders, Brilon and Grossman in
Germany. Kyte, Tian, Mir, Hameedmansoor, Kittelsdandehey, Robinson and many other all over
the world [1], [2], [4], [6].
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moments when vehicles are merging from minor roads
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moments when vehihles from major roads entered in conflict area

where:G - waiting time at Yield line,&, - moment, when — vehicle is entering from minor road to

main road of small roundabout; - vehicles’ arrival moments at conflicting aregs, critical gapt;
- follow-up time, block - time interval, which staty seconds before the major stream vehicle arrives
and lasts until the beginning of the next majoeatn headway; 2t , antiblock - the time interval

between two blocks. An antiblock starts when a hvegdk; =2t starts and endg before the arrival
of the next major stream vehicle. Minor stream glgdsi can enter the intersection during antiblock.

Fig.2 Gap acceptance and queue discharge at ssnatiabouts
Rys.2. Proces wjazdéw pojazdoéw z wlotu podpdkpwanego na jezdanimatego ronda

2. THE EMPIRICAL STUDY

Measurements were taken at 12 urban intersectibradfic flow at these intersections was
videotaped with a time signal recorded. The timgecbelped identify each vehicle’s arrival time at a
specific point along the road within 0.04 secondcltvehicle of a minor stream was recorded in a
database using vehicle type, time of arrival imfrposition and time of departure. These data were
then used to record drivers’ follow-up times cob&lderived. Example of location places for follow-
up times measurement has been presented in fig. 3.

Defining arrival and departure times turned outhw® difficult. Many minor stream cars
approached the yield line easily and stopped figfitont of the yield line. Other vehicles approadh
hesitantly and rolled to stop slowly. To addresséhquestions, generalizations had to be made, Thus
after a series of experiments, the definitions wegde according to the best knowledge of the
researcher. Once defined however, the definitiomewapplied to all intersections consistently.
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Fig. 3. Example of Iocai Iaef owuB masrent
Rys. 3. Przyktadowe lokalizacje stanowisk do pomizdsgpow czasu pomilzy pojazdami wjgdzajacymi
z kolejki na wlocie

4. DETERMINING FOLLOW-UP TIMES

The first results were used to verify the assummgtimade for estimating the critical values. The
resulting follow-up times varied within relativelwide margins as illustrated on fig. 4. These
variations were investigated to determine whethely tare natural characteristics of the follow-up
times or if there are any systematic influencepaasible for the variations.

The follow-up times were tested for their depenéenn several external parameters listed in
table 2. The critical values were tested usingstudent test. The regression coefficient was tested
using a t-student test to determine whether it diffisrent from zero which means that correlations
exist. The results of these tests were shown aldakile 1. When a parameter turned out to have a
significant influence on the follow-up time it isdicated by ,,yes”. In those cases, the coefficidnt
correlation is given. From the coefficient of cdateon one can see how significant the influence of
the external parameter is on the follow-up timee Thigger the coefficient of correlation is the
stronger the correlation between variables is. dther geometric effects were not relevant becallse a
measured intersections were designed accordingh¢oquadelines and there were no extreme
conditions such as acute angles between interssciions or uncharacteristic approach gradient etc.
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Tab.1
Results from the determination of follow-up times
Small roundabout in The range of follow-up times
1.
Swierklaniec 2.60 4.88
2. | Tarnowskie Gory |l
1.64 3.00
3. | Tarnowskie Gory |
1.16 4.04
4. | Bytom-Radzionkow
1.52 4.32
5. |Katowice
2.50 4.84
6. | Mystowice
276 3.92
7. | Tychy |
yeny 1.16 4.04
8. |Tychy I
1.92 3.96
9. |Tychy
1.20 3.32
10.| Tychy IV
e 1.44 3.60
11.| PiekarySlaskie
2.00 3.84
12.| Siemianowice
1.56 3.76
I I I I I I I I I | I
O 1 2 3 4 5 6 7 8 9 10
follow-up times [s]

The follow-up time values obtained from new formulas given in table 3. The follow-up times
was given for main road lane width equal 4.0 m.akdmng to polish guideline, small roundabouts are
intersections with external diameter from range26f (22) - 40 (45) m. Values is brackets are
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permissible in exceptional situations. In tabld& typical values of external diameter are highégh
in bold.

Tab. 2
Dependence of follow-up times on external pararmseter
External parameter Dependence
1 | Three or four armed small roundabouts no
2 | Existence of island on minor road no
3 | Sight distance no
4 | Minor road width no
5 | External diameter of small roundabout yes
R =-0.99
6 | Major road width yes
R=-0.72
Tab. 3
Follow-up time values recommended for one-lanedismandabouts localized in urban areas
D,[m]| 22 23 24 25| 26 27 28 29 30 31 32 33
t[s] |3.32] 3.30| 3.28| 3.26 3.24 322 320 3.18 316 314 312038
D,[m]| 34 | 35 36 37 38 39 40 41 42 43 44 45
t[s] |3.08] 3.06| 3.04| 3.02 3.00 298 296 294 292 290 28862

4. CONCLUSIONS

The paper provides detailed investigations on #wgous factors that affect on follow-up time.
The investigation was based on the database esdtadliduring the traffic flow parameters
measurements on few small roundabouts localizedrban area. The step-wise regression analysis
was conducted to investigate the potential facédfiescting the follow-up time. General observations
of the various factors can be summarized below:

- It was found that the major factors affecting fallop time include intersection geometry like
small roundabout external diameter and major laidéw

- With the increase of major stream volume driverslt® seek smaller gaps.

- With the increase of small roundabouts externamdiar, the follow-up time value tends to
decrease.

- With the increase of major lane width the follow4impe value tends to decrease. It was due to
the increase of the easiness of the movement mareeu

- Follow-up time of heavy vehicles is found to be sistently higher than for passing cars.

- It was proved after control measurements that dhewi-up time values proposed in the article
can be used in small roundabouts capacity caloulati
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Although the regression analysis provided insighisthe relationships among various factors,
practical engineering judgment still played an im@ot role while recommending the final set of
follow-up time values. For example the other fewtdas appeared to be significant in the regression
analyses were not included in the final recommeadst These factors were dealt with specifically in
other parts of the capacity analysis procedure.

The newly recommended follow-up time values havenbadopted in the own method for small
roundabouts capacity calculations.
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