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Abstract. One of the possible solutions to improve safety on un-
regulated pedestrian crosswalks isto use special stop-bars before
crosswalks. The aim of these stop-bars is to determine a point,
where motorist should stop the vehicle for the pedestrian on a
multi-lane roads. The experiment was conducted to determine
and calculate the optimal distance, at which the stop-bar should
be located before a crosswalk. Experiment was carried out using
five different types of motor vehicles, adhesion factor on road
surface was measured and calculated. Following article contains
experimental data, calculations and conclusions.
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INTRODUCTION

The main idea of the conducted experiment was
determine the optimal distance for the locatioracgtop-bar
before the un-regulated pedestrian crosswalk. acor
distance will not give the proper effect from thpsbar,
because the basic parameter, which determinesafaty ®n a
multilane crosswalk with stopped vehicle beforesithe road
centerline blind spot angle.

The shallower this angle is, the greater distarepamates
overtaking vehicle and road-crossing pedestrian, tlaes
distance at which pedestrian is able to notice @praaching

— measurement of the centerline blind spot angleiémte
depending on the distance from vehicle to the evalis
(two different experinemtal distances were adopted)

— selection of the effective distance, maintainingesa
interval between pedestrian and motor vehicle
different situations.

This experiment was carried out by using five motor
vehicles of different types: one class “A” premiwmpermini
2001 Volkswagen Lupo 3L 1,2 TDI, two class “C” coaaps —
2007 Dacia Logan 1,5 TDI and 2006 Renault Thalia 1,
(which was not equipped with the ABS system, $® tiotor
vehicle was used also in order to measure an aathésctor
of the road pavement surface), one class “K” 1998ide
Grand Caravan SE 3,3 passenger van and one 20@7 For
tbransit 2,2 TDCI cargo van (due to its size andstattion
this cargo van was used as a vehicle, which wagpstb
before the un-regulated pedestrian crosswalk arsgdurbd a
view for crossing pedestrian to create a worse ipless
scenario of road crossing in urban conditions).

First braking distances of all vehicles which werged
during an experiment braking distances were medsime
different road conditions, and before every measerd in a
conditions, that varied from previous, an adhe$amtor of the
road surface pavement was measured. Then a FortsifTra

in

motor vehicle becomes greater with the decreasea of cargo van was stopped before the un-regulated pidfes

centerline blind spot angle. Five different classésmotor
vehicles were chosen for the conduction of the expnt and
it was carried out in several stages, using differepad
conditions to be able to gain the most realistitadar the
calculations.

Adhesion factor of the road surface was actuallgutated
from the measurements and braking distances oérdiit
vehicles were calculated, measured and the resutte
compared and illustrated in charts. Speed of thertaking
motor vehicle was choosen as 40 km/h, which wasroghed
as the most probable speed in the real situatiochamtould
take place at the urban traffic near the pedestiiasswalk on
a multi-lane road [1].

SCHEME OF THE EXPERIMENT

crosswalk and a pedestrian started to cross tiyeasame time
a Renault Thalia was approaching this crosswallingr to

overtake the stopped van. At the moment pedestridited

the apprioaching vehicle it stops, and at the madnba

overtaking motorist notices the pedestrian it begm brake.
This action was taken under two different condgienwhen a
cargo van was stopped directly before the crossamatkwhen
it was stopped some distance away. Then centdslind-spot

angles were calculated and the optimal stop-baatioc

distance was determined.

PROCEEDING OF THE EXPERIMENT

Experiment was divided into several stages. Tt $itep of
the experiment conduction was measurement and latitou
of road surface adhesion factor.

The scheme of the experiment is based on four mairMeasurement and calculation of a real adhesiorofact

divisions which can be described as follows:

On the road where vehicles’ braking experiment tplaice

— comparison of calculated braking distances Withe rea| road surface adhesion factor was measaret
measured distances using an accepted value of rqagqjated. As adhesion factor, which is only chitad, may

surface adhesion factor;
— calculation of vehicles’ stopping distances usingepted
value of motorist’s reaction time

not always represent a true value of real road asarf
condition, several measurements were conductedy faee
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the result which was used as a base for the prealse of the further calculations. The overall formula of theopgting
road surface adhesion factor. distance is the following (4. formula) [4]:
Adhesion factor was calculated using measured déta
vehicle’s braking distance (1. formula) [4]: S =S +S, S )
where
Vz(m) Vz(kj‘) ) ) Sst — vehicle’s stopping distance;
s = S _ h V- _V . Q) S, — distance travelled during the time of motoridtigent
BR 2j 2g¢p 26gp 2549 reaction;
where S, - distance travelled during the time of braking syste

Sk - braking distance;
V (m/s)— speed of the vehicle measured in m/s;
V (km/h)— speed of the vehicle measured in km/h;

engagement;
Ssr - braking distance.
The time of motorist's latent reaction was accepasdl
g - G-force; second [2], the time of braking system engagemeas w
¢ — road surface adhesion factor. accepted as 0,1 seconds [3], the time of maximagldeation
From the above mentioned formula it is possible t9..assion is 0,1 seconds (parameter not given grabv
calculate a real road surface adhesion factor, W®W& {5 115 of stopping distance). All results are ashated.
braking distance of the vehicle (2. formula) [4]: Determining distance travelled during the time aftomist's

o =V2 12545 @ latent reaction, distance travelled during the tiofidoraking
BR system engagement and braking distance, calcutaticere
where based on a full stopping distance formula (5. fden(#]:
¢ — road surface adhesion factor; 2
V- speed of the vehicle; Sqp T Y TV F 05V V2], ®)

Sgr - braking distance. where

As the speed, which was chosen for the experimesst W s _ vehicle’s stopping distance;
equal to 40 km/h, measurement of the adhesion rfagéts V- vehicle’s speed;
conducted at that exact speed, using vehicle whiab not t, - time of motorist’s latent reaction;
equipped with ABS system (in this experiment it vikenault t, - time of braking system engagement;
Thalia 1,2, year of construction 2007). VehicleKa three . _ time of maximal deceleration accession;
times on the same road and at each braking thandistwas

measured. Every measured distance varied fromotheone  Tne calculated stopping distance from three measemes

meter. The following braking distances were meakufiest 5t the speed of 40 km/h on the dry paved road ceiifaequal
measurement — 9m, second measurement — 11,3m, tng%_ formula) [4]:

measurement — 10,1m. So the average braking déstaas ) v
calculated as 10m. Using this value, the real readface  Sqp =4V *+ LV + 05V +V /2] =(t +t 0S8 )"V +70 =

j — vehicle’s decelration.

adhesion factor was calculated (3. formula) [4]: , 2J (6)
11
o =V? 2545 = 40°12540= 063 A3) - G DR 0sTON T o
BR where
where Sst — vehicle's stopping distance;
¢ — road surface adhesion factor; V- vehicle's speed;
V- speed of the vehicle; t; - time of motorist’s latent reaction;
Ser - braking distance. t, - time of braking system engagement;

t; - time of maximal deceleration accession;

j — vehicle’s decelration

Measured braking distances of different vehicles on
different road surfaces gave the following res(fig. 1):
The stoppnig distance of the vehicle was calculaed AS adhesion factor was measured using only onecheefas

different speeds and using different road surfadkesion mentlone_d above It was Renault _Thaha . 12, year of
i , construction 2007) which was not equipped with ABStem

factors to d_etermlne a mean value, which could tb_en so the wheels were blocked during braking in ortter

compared with that value which was measured anasbd in  determine an adhesion factor on a real road syrfheevalue

of 0,63 was accepted as the most precise.

Measurement and calculation of stopping distance
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Fig. 1 Measured braking distances of different elglsi with adhesion factor Fig. 3 Measured braking distances of different elglsi with adhesion factor

of 0,63

of 0,1

Similar measurements were taken on a wet paved roadEvaluation of the most suitable braking calculatied to a
surface, representing different results, as théaseradhesion conclusion, that the most realistic data could digesved from

factor decreased seignificantly. Results are dygulaon a
chart (Fig. 2):

Braking Distance [m]

Dacia Logan Renault ThaliaDodge Caravan Ford Transit
Vehicle

the experiment on a dry paved road surface, bedausther
cases distances from the stop-bar to a crosswalkdwbe
practically impossible to introduce in real traféituation.

RESULTS OF THE EXPERIMENT

As the results of the experiment, three main aehients
were reached. They are the following:

— the real braking parameters of different motor
vehicles were compared with theoretical calculated
values;

— technical abilities of the overtaking vehicle topst
before the crosswalk after detecting a pedestman a
the crosswalk were evaluated,;

— the effective distance of the pre-crosswalk stopbar
was determined.

Calculation of a centerline blind spot angle andezimantal
determination of a stopbar location

The stopping distance of vehicles was calculatehiious

Fig. 2 Measured braking distances of different viglsi with adhesion factor road conditions in order to determine a mean vlesveen

of 0,4

Considering the fact, that all of the participatinghicles
during an experiment were equipped with “mud + shiype
tires, to evaluate braking distances on wet pawed surface,
the adhesion factor was not measured, but the lagdclione
was used. This was done due to a fact that measutsrof
the adhesion factor for different types of vehiclesild not be
precise (even though one of the vehicles was naippgd
with ABS system) on wet paved road surface comptoretty
surface. That effect could cause a significantatem of the
experiment results.

Next step was to determine a stopping distance cgn
pavement. As in previous case, adhesion factoroaksilated

(Fig. 3):

different vehicle types and braking conditions.

Using the above mentioned results, the concludido be
made that the most suitable scenario for the aeeraban
traffic is the 40 km/h speed on the dry paved serfd&urther
measurements of a safe distance between overtakingles
and pedestrians were based on these values. Spemtking
pedestrian was accepted as 5 km/h (1,4 m/s) whiek w
considered to be a normal average walking speed.

Now, when a large vehicle (in this case it was adFo
Transit cargo van) is stopped before the un-regdlat
pedestrian crosswalk, approximately 1m before jtedestrian
.approaches a crosswalk and starts to cross thélamgt road
'till the moment when he/she notices an overtakieliale. In
this experiment an overtaking vehicle was the s&m®pault
Thalia, which was previous used in the determimat road
surface adhesion factor. Ford Transit van is dedgagh as
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vehicle ,A” and an overtaking Renault Thalia is icé ,B”
(Fig. 4). Here is to be mentioned, that this cavgm was
choosen for the role of stopped vehicle becaus at cargo
van and it has no side windows in a cargo compatereo
pedestrian in unable to see anything through tefscle, thus
imitating the worse scenario.

Considering above mentioned calculation resultsnifthe
charts) it is obvious that after noticing a pedasta Renault
Thalia driver has no technical possibility to stiye vehicle
before the crosswalk. This leads to a conclusia the only
possibility of avoiding a collision is that pedéstr could

notice the approaching vehicle and stop beforesangsits
path.

In this experiment pedestrian had stopped on thd end,
when passing vehicle had already stopped well aaftey the
crosswalk, the interval between a pedestrian ardvthicle

was measured. Next thing that was measured was the

centerline blind spot angle, which was determinexnf the
imaginary extension of the port side line of stappehicle
(this line was chosen because the pedestrian coatidsee
anything further beyond this line). The result ispthyed in
graphic scheme on Fig. 4:

Sa
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Fig. 4 Graphic display of centerlifmb spot angle with a vehicle stopped directlydvefthe crosswalk

The distance “g that is displayed on the scheme, describegossibility of small, very shallow-angled avoidintanouvers

the actual distance with the given road centerbhied-spot
angle between the lateral frontline of an overtgkirehicle
and the walking path of the road-crossing pedestRasitions
“1”, “2" and “3” designates actual positions of thedestrian
at the different stages of road crossing — a positefore
walking on a road, when pedestrian can’t physic#g the
approaching vehicle, a position when pedestriatoated
approximately at the middle of the width of thepgied cargo
van and when he/she is now able to see the ovegaichicle
and finally when a pedestrian crosses the roacderd.

which, when performed by overtaking motorist, coblave
some effect in passing a pedestrian without coltisi

Experiment was carried out on a 8m wide multi lanad,
the distance between an overtaking vehicle angduestrian
trajectory was measured as 3,5m when pedestriambidcks
an approaching vehicle and the interval betweencieand
pedestrian was equal to 2m.

There is important conclusion that can be made from

analyzing the above mentioned data: if a pedestrahbeen
pushing a baby trolley (trolley length in horizdnpaojection

The distance “g describes the measured distance, that was approximately 0,8m) the trolley surely wouldrirde a path

actually travelled by the pedestrian from the montex'she
was able to detect an approaching vehicle till thement
he/she had actually stopped (including a reactiore tof a
pedestrian).

of an overtaking vehicle ,B”. Vehicle ,B” would ceiinly
collide with a baby trolley just at the moment wteitrolley-
pusher pedestrian would notice this vehicle.

In the next phase of experiment a cargo van waspstb

The distance I’ describes a measured interval between theome 5m before the crosswalk. And here is a simifi

stopped pedestrian and the passing vehicle. Incée the
interval measurement was taken from the longitudixa of
the overtaking vehicle to include in the calculatoa
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Fig. 5 Graphic display of cetites blind spot angle with a vehicle stopped 5rfobethe crosswalk

In this case centerline blind spot angle (deterdhiag equal

to a vehicle’s “A” port side line extension angléiad

decreased significantly thus increasing the distaatcwhich

road-crossing pedestrian had noticed an approackehicle
“B” and stopped.

As previous, the distance ;Sthat is displayed on the
scheme (Fig. 5), describes the actual distance thighgiven

road centerline blind-spot angle between the lateoatline

of an overtaking vehicle and the walking path of tlvad-

crossing pedestrian.

Also the meaning of the distance,*Stayed the same — it
describes the measured distance, that was actteliglled by
the pedestrian from the moment he/she was abletecdan
approaching vehicle till the moment he/she had algtu

stopped (including a reaction time of a pedestrian)

CONCLUSIONS

This experiment was conducted in aim to determine a
optimal distance and location of the pre-crosswsttipbar,
which would be effective not to allow a situatiohen a road-
crossing pedestrian or a baby trolley which he/sbeld be
pushing ahead would ever cross the trajectory of th
overtaking vehicle due to a blind spot phenomenon.

The centerline blind spot angles, which were calad
from the measured values, were accordingly equaBtand
56° without the pre-crosswalk stop-bar (Fig. 4), buthvthe
stop-bar located 5 meters before the crosswalketlaegles
had changed to 22ind 33 (Fig. 5).

There were some theoretical calculations carrigchewvell
as a practical experiment was done. After all eixpents and
calculations the conclusion can be made, that ¢élasanable

The distance ' describes a measured interval between thg, 4 actually suitable distance between the stoplar the

stopped pedestrian and the passing vehicle — asewgethis
interval has now increased by approximately 0,8this-is a

plane length of a baby trolley (assumed for theeexpent)

that could be located in the front of a pedestri&m,in this
case it is a large difference, because now it staydside of

the path of passing vehicle.

Positions “1a” and “2a” at the Fig. 5 designatesualc

positions of the pedestrian at the different stagésoad

crosswalk is equal to approximately 5 meters.
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Pavels Jelinskis. Gaj&ju par €jas stoplinijas optimala novietojuma eksperimentalais aprekins

Viens no iespiamajiem risirajumiem, kas vaitu uzlabot satiksmes diib§ uz nereg@jamam dijgju parejam, ir specilu stopiniju izmantoSana pirmsadam
parejam. Sidu stopiniju uzdevums ir noteikt d@umu, kida vadtajam bitu jaapstjas, lai dotu cli gajéjam, kas Eérso vaitikjoslu brauktuviNemot \&ra to, ka
vairakums negagumu, kuros iesaif gajgji uz neregutjamam gaj&ju parejam, notiek apsteigSanas manevru datopiniju izmantoSana i@vojami palieliritu
gajeju redzes leki, samazinot brauktuves vidusias akiis zonas leki ta, lai ¢gjgji spetu pamaft tovojoSos transportizekli un nekersotu apsteidzas
transportidzeKa trajektoriju. $du stopiniju izmanto3ana, ldiautu apsteidzastransportidzeKa vadtajam laikus pamaih gajju un aptugt transportidzekli,
tika atata par nelietdégu, nemot \era faktu, ka 8da uzdevuma veikSanai stopjas atilums no gj&ju parejas litu tik liels, ka tas natiu praktiski izmantojams
cdu satiksm. Eksperiments tika veikts, lai noteiktu un &pnatu optinalo at@lumu, kada batu jaizvieto stopinijas pirms gj&ju parejam. Eksperimerat tika
izmantoti pieci dadtlu tipu transporttizeKi, tika nonerits un apgkinats cda virsmas dgeres koeficients. Sis raksts satur eksperimesidatus, agkinus un
secirgjumus. lidzgi risinajumi jau tiek izmantoti daudzviet pasauton®r Sis eksperimentiiva precizt, ka tieSi visefekivak izmantot &du sistmu, ka an
pateicoties tam, ka eksperim&tika izmantoti da@du klaSu automolij tika iediti rezultti, kas ir daudz tuaki realajai satiksmes sificijai, nekd tas hitu tad, ja
tiktu izmantots tikai vienas noteiktas klases audbitis. Eksperiments tika vaikkart atkartots daZdos céa apsiklos.

Magex Ennncknii. DKcrnepuMeHTANLHBIH pac4éT ONTHMAILHOTO PACHOI0KEHHS CTON-THHUH epe] MelIeX0HbIM Iepexo1oM

OmHuM U3 BO3MOXKHBIX DEIIEHHH, CIIOCOOHBIX IOBBICHTH 0€30IIACHOCTH JOPOXKHOTO [BIDKGHHS Ha HEPEryIHPYEeMbIX MEeHNIeXOAHBIX IMEepexofax, SBISCTCS
HCIIONB30BaHHE CIIEHANBHBIX CTON-TMHUM Nepesl TAKUMH IepexoiaMu. 3aj1aua 3TUX CTOIN-JIMHUI 3TO ONpeJieIeHHE PACCTOSIHUSA Ha KOTOPOM BOJUTEIIIO CIIENyeT
OCTaHOBHTbH TPAHCIIOPTHOE CPEJCTBO I TOTO YTOOBI YCTYIHUTh AOPOTY MELIEXOY, MEPEeceKaroleMy MHOTOMOIOCHYIO NTPOE3XKYI0 YacTh. YUHUThIBas (aKT, 4To
OONBIIMHCTBO JJOPOXKHO-TPAHCIIOPTHBIX MPOUIIECTBHI C yUacTHEM IEMIeX0[0B Ha HeperylIupyeMbIX HNeMeX0AHbIX Iepexoax MPOUCXOAUT BO BpeMsl MaHEBPOB
OIepeXKeHNs], UCI0b30BaHNUE CTON-TUHUM B 3HAYUTENIBLHON CTENIEHH YBEIUYUIO ObI yroi 0630pa NeIeX010B, yMEHbIIAs YTOJl CIIENOoN 30Hbl TAKMM 00pa3oM, 4To
THEIIEXOAbl MOTIIM OBl 3aMETHUTh MPHOIMKAIONIIOECS TPAHCIIOPTHOE CPEACTBO M HE INEpeceKand Obl TPACKTOPHIO ONEPEXKAOIIEr0 TPAHCIIOPTHOTO CPEACTBA.
Hcnonp3oBaHMe TaKUX CTON-IMHUN C LIENBIO JaTh BO3MOXKHOCTH BOAMTENIO ONEPEXKAIOLIEr0 TPAHCIOPTHOTO CPEACTBA BO BpEMs 3aMETUTh IEMIEXOJa U
OCTaHOBHTbH TPAHCIOPTHOE CPEACTBO HE COYTEHO LEIECOOOPa3HBIM IO MPUYMHE HAJINYMA TOro (haKTa, YTO B 3TOM CIIydae PacCTOSHHE MEXY CTOI-JIMHHUEH U
THEIIEXOAHBIM NIEPEX0I0M ObLIO OBl CTOJb BEJIUKO, YTO HEOBUIO OBI MPAKTUYECKH IPUMEHUMBIM B JOPOXKHOM JBHKCHHH. DKCIIEPUMEHT OB IIPOBEEH C LEIbI0
ompeneeHHsT U pacuéra ONTHMAIBHOTO PACCTOSHUS, HAa KOTOPOM CIEAOBAIO OBl PACIONOXKUTH CTON-THHHIO IIepe] IeMEeXOTHBIM IepexonoM. Bo Bpems
SKCIIEPHUMEHTA OBUIO HCIHOJB30BAHO MATh Pa3HBIX THUIIOB TPACIOPTHBIX CPEACTB, KOB(MHIMEHT CICIUICHHUS JOPOKHOH MOBEPXHOCTH OBLI 3aMEpPEH U PACUUTAH.
CTaThst COCPKHUT FKCIIEPUMEHTANIbHBIC JJAHHBIC, PACUETHI U BHIBOBL. [10/J00HBIC peICHHs yKe UCIIOIB3YIOTCS MIUPOKO B MHUPE, HO 3TOT SKCIIEPUMEHT MO3BOIHIT
YTOYHUTH, KaKk Haiibonee d>(h(eKTUBHO HCIOIB30BaTh Ty CHCTEMY a Takke OIarogaps TOMY, YTO B JKCICPHMEHTE HCIOJIB30BATUCH ABTOMOOWIH Pa3HBIX
KJIacCOB, OBLIN MOJTyYCHBI PEe3ysIbTaThl, HaifboIee COOTBETCTBYIOIIHE PeabHON JOPOKHOM CUTYaLMU HEXEIN 3T0 ObUIO ObI IPU MCTIONB30BAHHH OTHOTO Kiacca.
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