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ANALYSIS OF FOREIGN EXPERIENCE IN REDUCING THE NUMBER
OF ACCIDENTS AT REGULATED INTERSECTIONS
WITH VULNERABLE ROAD USERS

Pedestrians and cyclists are the most vulnerable road users, especially in urban areas — this is largely
due to their high traffic intensity during morning and evening rush hours, as well as significant differ-
ences between these users and vehicles. These differences are related to both the degree of protection and
speed characteristics. Comparison of these factors largely explains the increased number of injured and
killed in accidents involving vulnerable road users. Therefore, the movement of these users should be
“separated” from the movement of vehicles both by separating them in space and in time. Separation in
space is based on the use of appropriate technical means that respectively separate the “zones” of their
movement (barriers of various designs, etc.), and separation in time is based on the use of traffic light
regulation, namely, for example, the organization of a separate pedestrian phase in the structure of the
regulation cycle. This article is devoted to the consideration of the application of such approaches
abroad (with the identification of the specific share of the reduction in the number of road accidents when
they are applied).

Keywords: road accident, vulnerable participants, pedestrians, pedestrian crossings, safety islands, road
markings.

Introduction

Every year, more than 270 000 pedestrians are
killed on the world's roads. Worldwide, pedestrians
account for approximately 22 % of all road traffic fa-
talities, and in some countries, up to two-thirds of these
deaths. In addition, millions of pedestrians are injured
and disabled in road traffic accidents. These situations
cause great suffering and grief, and even result in both
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economic hardship for families and heavy losses of all
kinds for nations [1]. Although many countries have
made significant improvements in road safety in recent
decades, further improvements in safety are becoming
increasingly difficult. Overall, the ability to improve
pedestrian safety is a key component of efforts to pre-
vent road traffic injuries. Pedestrian collisions, like
other types of road traffic accidents, should not be con-



sidered a necessary evil. Because the collisions are, in
fact, predictable and preventable. The main risks to
pedestrians are well known and include many factors.
Driver behavior is primarily associated with speeding
and drunk driving. The level of development of pedes-
trian infrastructure, taking into account the absence of
sidewalks, intersections and overhead boundaries. and
the design of the vehicle — the presence of a rigid front
part that does not cushion the force of the impact when
hitting a pedestrian [2].

Reducing or eliminating risk factors affecting pe-
destrians is an important and achievable goal of any
policy, including ours. Pedestrian safety measures im-
prove pedestrian spaces and contribute to the regenera-
tion of the urban environment, the development of lo-
cal economies, social cohesion, improved air quality
and the reduction of negative impacts of road noise.
The implementation of measures to improve pedestri-
an safety requires increased attention and informed de-
cision-making by governments, industry, non-
governmental organizations and international organi-
zations.

Main part

Improving the conditions of motor transport in
modern cities requires the use of a whole range of ar-
chitectural, planning and technical measures. While
the implementation of road, architectural and planning
measures requires, in addition to significant capital in-
vestments, a fairly long period of time, measures to or-
ganize road traffic can provide a quick effect, and in
some cases act as the only means of solving transport
problems. Below, we will consider some of the indi-
cated measures in more detail using examples.

Reducing accidents at pedestrian crossings using
artificial structures. Safety islands. Safety islands
(fig. 1) are small buffer zones for pedestrians in the
middle of the roadway, marked out with markings and
built in the form of a platform. Such structures are
good for many reasons. Firstly, they allow people to
cross the road in stages: cross one side, stop in a spe-
cial place, make sure it is safe to cross, and then calmly
continue crossing. Secondly, such islands attract the at-
tention of drivers and narrow the roadway, forcing mo-
torists to reduce speed to avoid hitting the curb.

Figure 1 — Pedestrian crossing with a safety island
in London [2]

Obviously, such islands are especially needed
to “divide” wide streets, but, oddly enough, in
some cities they are even installed on two-lane
streets (fig. 2). If you think about it, there is logic
here too. For example, a pedestrian often decides
to cross the road when there is a traffic jam on the
first lane. At the same time, the parked cars block
the person’s view of the oncoming lane, which
may not be congested. As a result, a person risks
simply not noticing a car moving in the oncoming
lane.

The safety island also reduces the turning radius
of cars — which forces drivers to slow down
(fig. 3).

Some widening of the sidewalk in the area of
the pedestrian crossing also has a positive effect on
safety: the zebra crossing itself becomes narrower
(i. e. people have to cover a shorter distance), and
conditions are created for drivers that force them to
be more attentive and reduce their speed (fig. 4).

Figure 3 — Pedestrian crossing with a safety island [3]

Pedestrian barriers. Statistics show that on
streets with modern barriers, the number of acci-
dents with pedestrian injuries is 24 % lower. Pe-
destrian barriers should be installed in places with
active traffic of vehicles and pedestrians, in places
where cars are parked near supermarkets, factories,
warehouses, etc. [4]. Correct installation of pedes-
trian barriers separates the movement of pedestri-
ans (including cyclists) from the movement of var-
ious types of vehicles (fig. 5). Installed barriers
direct pedestrian traffic to nearby intersections
with excellent visibility of the road and the absence
of potential obstacles on it. In addition, pedestrian
barriers eliminate the possibility of parking cars on
sidewalks (fig. 6).
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Figure 4 — Intersection with widened sidewalks
and safety islands in London [3]

Reducing accidents at pedestrian crossings us-
ing various types of road markings. Luminescent
road markings (fig. 7). Luminescent markings in
Nantes (France) help drivers to recognize them
better at night (including at a greater distance) [5].

Figure 7 — Luminous road markings in France [5]
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Longitudinal and transverse noise markings
(fig. 8). In many European countries, longitudi-
nal noise (vibrating) markings are widely used,
which warn the driver of the approach or cross-
ing of a dangerous section. They are used on mo-
torways (or before the first intersections in cit-
ies) to notify drivers of an unintentional
departure of a car from the lane. They help driv-
ers to keep to the lane and reduce the risk of con-
flict situations.

This method of organizing traffic serves to at-
tract additional attention of drivers in places on
roads (streets) near pedestrian crossings, forcing
them to slow down when approaching a crossing
with the corresponding road markings.

Figure 8 — Installation of noise strips before
a pedestrian crossing [6]

Noise strips are often placed not only before
pedestrian crossings, their application is also effec-
tive in places before dangerous, accident zones.
The main task of the noise strip is to wake up
sleepy drivers or attract the attention of distracted
ones [7].

Projection road markings on pedestrian cross-
ings. Projection road markings have begun to appear
on pedestrian crossings in Moscow and other cities,
which illuminate a section of the road at night. LED
projectors with color filters create a bright light corri-
dor on the road, thanks to which drivers can see pe-
destrians on a poorly lit roadway at a sufficient dis-
tance to take the necessary actions. To do this, stands
with LED projectors are installed above the roadway
near the pedestrian crossing. A lighted crossing is
created that “duplicates” the zebra crossing and illu-
minates the person, making him more visible. Thus,
the driver sees the pedestrian and the markings at a
distance of 100-150 m, even if there are puddles or
snow on the road. Such markings can be useful at pe-
destrian crossings where there is an increased number
of accidents. Or in places where additional caution is
required — on the streets, for example, near schools

(fig. 9).
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Figure 9 — Projection road markings on pedestrian
crossings [8]

Reducing accidents at pedestrian crossings by
separating traffic and pedestrian flows in time. Of-
ten, at regulated pedestrian crossings, pedestrians
cross the road simultaneously with moving (turn-
ing) vehicles. In this case, conditionally acceptable
conflicts arise between turning vehicles and pedes-
trians. That is, there is a risk of an accident involv-
ing turning vehicles and pedestrians. In this case,
organizing a separate pedestrian phase reduces the
number of such conflict situations, and as a conse-
quence — accidents. In addition, it becomes possi-
ble to organize a diagonal pedestrian crossing,
where pedestrians have an additional opportunity
to cross the intersection diagonally. However, this
increases the duration of the pedestrian phase due
to the increase in the length of the pedestrian cross-
ing, but at the same time this solution increases the
convenience for pedestrians crossing diagonally. In
Germany, diagonal pedestrian crossings are
equipped with additional pedestrian traffic lights
and diagonal road markings (fig. 10).

-
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Figure 10 — Intersection with a separate pedestrian
phase in Germany [9]

The three-phase traffic light mode for providing a
separate pedestrian phase increases the waiting
time for a green light for both vehicles and pedes-
trians. Traffic safety in this case also depends on
pedestrians observing the prohibiting traffic light
signal, i. e. with a long wait for a green light, there
is a high risk of an accident when a pedestrian
crosses the roadway on a red light. However, as
practice shows, this measure is very effective, es-
pecially at intersections with high pedestrian traffic
intensity. A separate pedestrian phase in most cas-
es allows for a higher level of road safety for pe-
destrians compared to the standard regulation
scheme. According to observations, after the intro-
duction of a separate pedestrian phase, several
months are required for pedestrians to adapt to the
new conditions.

In case of high traffic intensity at the intersec-
tion, separate pedestrian phases may be arranged
only as a last resort to reduce accidents with vul-
nerable road users (after using all other measures
in the standard traffic light scheme). When choos-
ing a traffic light regulation program, in addition to
other implemented measures, statistics on acci-
dents involving pedestrians and turning vehicles
for at least the last 3 years must be taken into ac-
count.

Thus, in order to reduce the number of conflicts,
and accordingly, accidents, involving pedestrians
and turning vehicles, separate pedestrian phases can
be a very effective measure. However, it is neces-
sary to carefully adhere to the conditions (during de-
sign and installation), under which pedestrians will
not enter the roadway at a red light.

Conclusion
Thus, the most effective measures aimed at im-
proving the traffic safety of vulnerable partici-
pants, with a brief description, are given in table 1.

Table 1 — Measures aimed at improving the traffic safety of vulnerable road users

Ne Name Description Country Efficiency
1 Safety islands Allow pedestrians to cross the roadway in stages: | UK, Germa- | Reduction in pedestrian
cross one side, stop in a special place, make sure it is | ny, Poland accidents by 45 %
safe to cross, and then calmly finish crossing, also at-
tract the attention of drivers and narrow the roadway,
forcing motorists to slow down
2 | Pedestrian Separate pedestrians and cyclists, including from | United Reduction in pedestrian
barriers large vehicles, direct pedestrians to nearby intersec- | Kingdom accidents by 24 %
tions with excellent visibility and without potential
obstructions
3 | Isolation of the pe- | Allows complete elimination of conflict between ve- | Germany, Reduction of accidents
destrian phase hicles and pedestrians, thereby minimizing the likeli- | France with pedestrians by 87 %
hood of accidents
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The above-mentioned measures, the implementa-
tion of which yields positive results in increasing the
level of safety for pedestrians, are no less useful for
other road users (except for vulnerable ones) [2]:

— the installation of median strips at different lev-
els with the roadway on streets with multi-lane traffic
reduces the number of accidents not only involving
pedestrians, but also head-on collisions of vehicles
(when driving into the oncoming traffic lane);

— the installation of acceleration and deceleration
lanes reduces the number of accidents involving pe-
destrians moving along the shoulder, as well as the
number of accidents involving vehicles whose drivers
lost control or collided with stationary objects;

— the use of a separate phase for vehicles turn-
ing left at regulated intersections, which reduces
the number of accidents — both involving pedestri-
ans and involving vehicles moving in the transit di-
rection, etc.
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Jlureparypa

Tewexoow u genocuneducmol A6IAMCA HAUOONEe YAZBUMBIMU YUACHHUKAMU OOPOICHO20 OBUNCEHUS,
0COOEHHO NpU 0BUNCEHUU 8 YCILOBUAX 20P00d — SMO 8 DONbULEl CIMeNneHU C8A3AHO C UX BbICOKOU UHMEH-
CUBHOCTBIO OBUIICEHUSL 8 YMPEHHUU U BeYePHULl YACbI-NUK, A MAKJICE C CYUJeCMBEHHbIMU PA3TIULUIMU
MeAHCOY IMUMU YYACTHUKAMU U MPAHCROPMHBLIMU CPeOCmEamu. Dmu pasiuyiusi Ces3aHbl KaK co cmene-
HbIO 3AUUWEHHOCMU, MAK U CO CKOPOCmHbIMU Xapakmepucmuxkamu. Cpasnenue YKa3anHbix Gpaxmopos 6
bonvuiell cmenenu u 00vACHsIEM NOBbIUEHHOE YUCIO0 paneHblx U noeubwux 8 JJTII ¢ yuacmuem ysa36umvix
YyUacmHukog osudicenuss. Ilosmomy osudicenue 3mux y4acmHuKo8 O0JIHCHO OblMb «OMOENEeHO» OMm O08U-
JHCEHUSL MPAHCHOPTHBIX CPEOCME KAK C NHOMOWbIO PA30eNeHUs. UX 8 NPOCMPAHCIEe, MAK U 80 8PEMEHU.
Pazoenenue 6 npocmpancmee o0cHO8bI8AEMCS HA NPUMEHEHUU COOMBEMCMBYIOWUX MEXHUYECKUX
cpeodcms, COOmMBEEMCMEEHHO PA30eNAIOUWUX «30HBLY UX OBUICEHUS (02PAdICOeHU PASTIUYHOU KOHCMPYKYUU
u m. n.), a pazoenexue 60 peMenU — Ha NPUMEHEHUU CBeMOYOPHO20 Pe2yIUPOBaHUs, 4 UMEHHO, K npuMe-
PV, OpeaHuzayuu OmoeibHOU Neuexoo0Hol (paszvl 6 CMpYKmype Yukia pe2yiupoeanus. Jannas cmamost
NOCEAUCHA PACCMOMPEHUIO NPUMEHEHUSL TAKUX N0OX0008 3d PYOedcoM (C 8biseleHUeM KOHKDEMHOU 00-
au cHudicerus yucaa JTI npu ux npumenenuu).

Knrouegvie cnosa: 0oposcHo-mpancnopmuoe npoucuiecmaue, yAa3eumble YYacmHuKy, neuexoosbl, neuexoo-
Hble nepexodbl, OCMPOBKU DE30NACHOCHIU, OOPOICHAS PAZMEMKA.
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MATEMATHYECKOE MOIAEJIMPOBAHUE 'MIPOOBBEMHOI'O
PYJIEBOI'O YIIPABJIEHVSI YHUBEPCAJIbHON

MOBWJIBHOUW MAIIIUHBI

B cmamve paccmampusaemcst n00xo0 Kk Mamemamuieckomy MoOeruposanuio 2uopoodbeMHo20 pyie-
6020 ynpasaenus (I'OPY) ynueepcanvnoii MoOunbHOU MawuHvl. AHAIUUPYIOMCA NPUHYUNBL pabOmbl
T'OPY, c akyenmom Ha e20 08a OCHOBHBIX KOMNOHEHMA: MEXAHUUECKYIO U 2udpagiuyeckyio vacmu. B
pabome npugoOUMCs: MamemMamuyeckoe onucanue, 0Xeamvleaioujee YnpasieHue Koiecamu Mauunsl u
UX yenvl n08OPOmMa, KOMopwvle ONpedesiion yCmoudusoCcms U ManedpeHHocmy. Paspabomannas mame-
Mamuyeckas Mooelb NO380AAem PacCyumvléams 3a6UCUMOCIU MeHCOY Yeramu noeopoma npagozo u
ne6020 Koaeca. Bvisedennoe oupgepenyuanvrvie ypaeuenus, onucvl@aem OUHAMUKY U 63AUMOOeEl-
cmeue OCHOBHBIX KOMNOHEHMOS. YPaeHenus YYyumvlgarom GRUsSHUE PA3IUYHLIX (AKMOPO8, GKII0UASL
8513K0CMb pabouell HCUOKOCMU, CORPOmMusieHue mpyoonposooos u dAACMUYHOCTb WUH, YO NO38015-
em MOYHO CRPOSHO3UPOBAMb NoGedeHUe Mawiulbl. Baxcholl ocobennocmuio aensiemcs unmezpayusi 00-
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