Hazard exposure of bicyclists at urban intersections

Brigth Ureta Javier
Facultad de Ingenieria Civil
Universidad Peruana de Ciencias aplicadas
Lima, Peru
u201619385@upc.edu.pe

Bryan Ningles Villegas
Facultad de Ingenieria Civil
Universidad Peruana de Ciencias aplicadas
Lima, Peru
u201520268@upc.edu.pe

Dr. Fernando Mauricio Tarquino Torres
Facultad de Ingenieria Civil
Universidad Peruana de Ciencias
aplicadas
Lima, Peru

Abstract—  Traditionally, mobility problems and
automobile traffic congestion have increased in cities around
the world due to the urban development process, especially in
the city of Metropolitan Lima. For this reason, the gover nment
of the Peruvian capital has established temporary detours in
certain sections of the arterial roads of the network, to invite
new cyclists, due to the effects of Covid-19. Today, Lima has a
network of 294 km of bicycle lanes, which have been
implemented without adequate planning. In view of this, we
evaluated therisk of poor planning on the vulnerable user (the
cyclist) at an intersection of thisroad network, with a high rate
of motorized congestion. The main objective of this study has
been to propose corrective actions to avoid the exposure to
danger on the users of the bicycle lane (counter measures); due
to lack of safety at the intersection of La Marina Ave. and
Universitaria Ave. In this sense, a risk matrix was developed
with the most concurrent factorsthat occur at thisinter section;
to then obtain arisk level and take actions in each of them, to
mitigate the impact. The result obtained in the analysis of this
study for the intersection is classified as a level 2 risk:
Important risk, which meansthat it presents several important
danger factors. Finally, in addition to the analyses developed, a
treatment scheme was proposed for the intersection to provide
greater safety to the users of the bicycle lane, avoiding fatal
and non-fatal accidents.

Keywords—: exposure, danger, urban road safety,
countermeasures, risk matrix cyclists, bicycle lanes, bicycle
accidents.

I. INTRODUCTION

The increase in the number of cyclists, whether for
leisure, recreation or eventual use in recent years has caused
a concern for their safety. Studies have been carried out in
different countries where the importance of the
implementation of a bicycle lane network in urban areas is
evidenced, as well as how to correct the problems that arise
from the encounter between motor vehicles and users of the
bicycle lane, mostly presented at intersections. New
approaches are sought to understand and modify urban
problems. Articles that support this research topic identify
the risks to cyclists, and then propose treatments to reduce
the exposure to danger [1].

In a research conducted by G Pesshana et a. (2020), it
mentions that in Rio de Janeiro, bicycle travel has increased,
since it has bicycle lanes built for more than 30 years and
preserved for the safe use of the population. Therefore, a
methodology was developed to propose a viable bikeway
evaluation index (IBC) that serves as a tool for municipal
administrators to diagnose and monitor the quality of
bikeway infrastructure in an urban environment [2].
Similarly, the authors Alshehri et a. (2020), using a binary
logistic regression model, analyze the factors involved
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The main objective of this study is to determine the factors
that contribute significantly to the severity of these accidents
[3]. The General Controller's Office of the Republic of Peru
carried out a Control Report, with the purpose of verifying
and evaluating whether the implementation of bicycle lanes
was developed in accordance with the Work Plan for Cycle
Lanes 2020 and the technical legal provisions in force. The
Metropolitan Institute of Planning and the Submanagement
of Study, Regulation and Road Safety, confirms an
inadequate planning of the cycle road infrastructure in the
implementation of the 46 km of temporary bicycle lanes; due
to the lack of studies of vehicular flows, traffic and / or
transport [4].

The objective of this study is to develop and propose
corrective actions on the evaluation of accidents at the
intersection under study, which can be used as a practica
tool by municipal authorities and transportation planners,
traffic engineers and others. A treatment scheme will be
proposed to avoid vehicular and cyclist congestion at the
intersection.
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Fig 1. Main conflicts at signalized intersections according to scale of
danger, adapted from the Guide to the Composition and Operational
Design of Cicling.

A.2. Risk Method with Weighting Matrices.
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Fig 2. Phases of the elaboration of arisk matrix. Adapted from the Chilean
Risk Prevention Experts Portal .



B. Methodology

The tools to take actions and reduce the exposure of
cyclists to danger are focused on the evaluation with a
danger index and the elaboration of a risk matrix in the
studied intersection, to then propose corrective urban road
safety measur es (counter measur es).

Data collection was carried out through virtua surveys of
users of the bicycle lane, which intercepts the intersection of
Avenida La Marinaand Avenida Universitaria, in addition to
the record of police statistics on traffic accidents in the area,
obtained by the San Miguel district police station, in order to
develop a statistical and quantitative analysis.

After that, to be able to perform an operational evaluation
by means of a Risk Matrix and a Danger Index, to identify
the factors that endanger the users of the bicycle lane.
Knowing the current situation, risk treatments are proposed
based on the results in terms of safety, conflicts and comfort,
in order to mitigate fatal and non-fatal accidents between
motor vehicles and cyclists.

C. Data collection

C.1. Location of the intersection to analyze

The intersection of Av. Universitaria block 24 - Av. de
la Marina block 16 belongs to the end of the Pershing - La
Marina temporary bicycle lane that starts from Av.
Salaverry. This has atotal length of 3.8 km and is part of the
46 km of temporary bicycle lanes implemented during 2020
by the Municipality of Lima.

Fig. 3. Permitted turns at the intersection of the bicycle lane (Av.
Universitaria at 24th block - Av. de la Marina at 16th block).

C.2. Satistical Collection
a) Police Reports

The collection of police data on traffic accidents
involving bicycles and motor vehicles helped us to define the
intersections with the greatest conflict aong the Pershing and
Marina avenues. These data were obtained through a letter of
request to the National Police of Peru (PNP) approved by the
person in charge of the San Miguel police station. Figure 4
shows the area distribution involving the San Miguel PNP
Police Station, which involves the intersection of the
Pershing-La Marina bicycle path under study.
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Fig. 4. Map of the areainvolving the PNP San Miguel Police Station.
b) Virtua Surveys

A survey was carried out with the users of the Pershing-
La Marina Av. bicycle path to collect their opinions on the
exposure to danger they perceive on a daily basis along the
entire stretch of the path. This survey was based on questions
about how often they ride on the road, if they have witnessed
any type of accident, how many hours and number of trips
they make per day, what factors they believe cause accidents
on the bicycle path, and the perceived safety when riding on
the bicycle path. To this end, the number of samples for the
elaboration of the surveys was calculated: N (population)
was found by means of equations 1, 2 and 3.

n;
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Donde:
X= Length in km of the cycle path

ni= Total number of people counted by each runner
and by activity

vj= Own speed of each group in km/h.

For equation 1, the following assumptions and
requirements are noted:

e Aphorists will be randomly located along the
intercept road and in each corridor pathway.

e Thelength of the corridors will be sufficiently long,
so that a person will not be counted (gauged) more
than twice during the counting time.

A characteristic speed is assigned to each activity:
bicycle (10 km/h), electric bicycle (24 km/h),
electric scooter (15 knv/h), skateboard (7.5 kmvh).

. It is necessary to know the distance of the bikeway
circuit (Pershing-La Marina bikeway 3.8 km).

The counting time was defined for this research during
the first 15 minutes of each hour of service, which wasin the
morning (7:30 to 7:45). Two people located one in front of
the other are in charge of counting by corridor and type of
users of the bicycle lane. Likewise, the schedule with the
highest number of users is chosen, and then the number of
people per corridor is estimated, using the sum of Nj found
(Equation 1). The result isdetailed in Table 1.



TABLE .

Highest count during 15 minutes of users of the Pershing-Marina bicycle
lane at each point evaluated..

. Electric  Electric  skateb .
Turn Schedule Bikes Bicyde  Scooter ocard Nj
Morning  7:30- 7:45 11 0 2 3 o
37 1 13 0

For the estimation of the total number of users at the time
of counting. Equation 2 will be used:

= Z N;
]
Where:

M = Egtimator of the total number of people at the
time of count.

Ec. 2

Nj = Number of people per point (found in Table 2).

Where M is equal to the sum of Nj equal to 95.
The maximum number of users during the total day of the
bicycle lane is estimated by taking into account that the

number of hours the bicycle lane is used during the day is
18. Equation 3.

Frpaxr = Kx M = 18 x 95 = 1710 user Ec.3

Where:

K = Number of hoursthe cycle path lasts.
M = Estimator of the total number of people at the time of
counting.

Finally, the calculated values are replaced in Equation 4 to
calculate the sample number:

EPxpxgxN
n=— - — Ec.4
e“IN-1D+Z:xpxg
Where:
n= Sample

Z= Confidence level (5%)
p= Population in favor

0= Population against

N= Population

E= Sample error

3 1.95% x 0.5 x 0.5 % 1710
T0.095° x (1710 — 1) + 1.95* x 0.5%x 0.5

n =99.17

n =100 sample

With the equation obtained, it was determined the
approximate number of 100 samples needed to carry out the
surveys, with a correct estimation of variables and required
parameters. Next, one of the most important statistics of the
surveys conducted will be shown:

» Factors that are causative of accidents on the
bicyclelane

At this point according to the results of the surveys
conducted, the factors mentioned are: Characteristics of
barriers and signage within the bikeway, sex of cyclist, high
levels of traffic flow, weather conditions, the time of day and
position and infrastructure of the bikeway; which, represent
38%, 1%, 28%, 19%, 11% and 8% respectively, as shown in
the following pie chart Fig. 5.
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Fig. 5. Statistics on factors endangering cyclists on the Pershing-Marina
bikeway based on surveys.

I11. ANALYSIS

Based on the police statistics provided by the PNP Police
Stations of San Miguel, we proceeded to identify the critical
intersections along the Pershing-Marina bikeway in stages
within June 1, 2020 to June 1, 2021. Once the percentages of
accidents occurred were identified, it was concluded:

TABLEI.
Pershing- de La Marina Bikeway conflict point.

POINTS OF CONFLICT
STAGE 1

Av. Dc la Marina cuadra 17 con Av. Universitaria cuadra 24 449,

A Dangerousness Index

A.1. ANALYSIS OF SIGNALIZED INTERSECTIONS
IN CRITICAL AREAS

The analyzed intersection is the critical point identified as
aresult of the location of the implemented bicycle lane. First,
the turns in motion of motor vehicles that conflict with the
flow of cyclists areidentified as shown in Fig. 6. After that, a
score is assigned in relation to the danger scales for
signalized intersections (High: 3 points, Medium: 2 points,
Low: 1 point).

STAGE1
AV, De la Marina cd. 17-Av.
Univarsitaria =d. 24 FN
N 2 conflicts. one cf
A mediurm and ore of high
| I canger: 5 paints (243)
SN
BN 3 conflicts, two meadium
and one high hazard: 7
- > coins (2+2+3).
-+ -

5N

Fig. 6. Representation of turns at the intersection (Av. dela Marina cdra. 17
- Av. Univerditaria cdra. 24

Finally, the sum of the scores obtained per intersection
will correspond to the PI, being the intersection with the
highest score the highest level of danger. For the present, the
analyzed intersection is a critical point of the Pershing-



Marinabicycle lane. A summary table of the numerical result
of the I P of the bicycle lane is detailed below.

TABLE I11.

Representation of conflicting turns and danger score of the bidirectional
Pershing-Marina bike lane.

CONELICT TURNS DANGER SCORE

PN 2 conflicts, one of medium hazard and one 21435

of hizh hazerd.
SN 3 conflicts, two o7 medum hazard and one 2+24+3=T

of hizh hazerd.
EN I contlicts, one of mednun aazard and one I+3=h

ot hagh hazerd.

TOTAT. 17
B. Risk matrix

The implementation of the risk matrix has been carried
out with the objective of determining which are the relevant
threats to the safety of the users of the Pershing-Marina
bicycle path; which involves the intersection to be analyzed
(Av. La Marina with Av. Universitaria). The analysis of the
matrix serves as an indicator of the level of risk that occurs
daily, in order to use the results to propose concrete actions
to reduce it and estimate an impact of continuous
improvement. The frequent risks that occur in users of the
bicycle path are the following.:

= Presence of accidents that physically harm the cyclist
due to the central |ocation of the berm on the road.

= Invasion of the bicycle lane by linear motorcycles,
which violates the safety of the cyclist's free transit.

= Lack of horizontal and vertical signage at intersections
where cyclists and motor vehicles mest.

= Lack of maintenance of bicycle lanes.

=  Recklessness of vehicle drivers towards cyclists at
intersections to gain passage.

= Weather conditions.

TABLE IV and TABLE V show the levels of Impact and
Probability of occurrence, respectively, of the risks that
occur in the section of the bicycle lane analyzed (Pershing-
Maring).

TABLE IV.
Table of Probability and Impact for risk analysis.

MIPACT TARLE

LFVET. DESCRTPTOR NESCRIPTION

s Very Hizh I[ such s evenl wers Lo oveur, i would fwve disasbous
censcquenecs or sifccts on the quality ct'the produet, serviee or
process.

4 ILeh If the event were to occur, it would have high conseoueness or
ctfcots on the quality.

3 Medium If the event were to occur, it would have medium sonsequences
or cffzets en the guality of the produet or scrviec

2 Low If the event were to ocevr, it would have a low impaet or cffeet
o the quahiy of the produel servize, or process.

1 Very Low If the event were to secur, it would have minimal consequences
or effeets on the guality of the product service. or process.

TABLE V.

Frequency or Probability of Occurrence of Accidentsin the risk matrix.

CRAVITY (IMPACT)

PROBABILITY VEEY LOW MEDIUM HICH VERY
LOW1 2 3 4 LOWS
VERY HIGCH 5 5 10 15 a0 2Ll
HIGH 4 4 8 12 1¢ 20
MEDIUM 3 3 L] 9 12 1=
T.OW 2 2 4 & 2 17
VERY LOW 1 1 3 3 4 5

B.1. Analysis of the Risk Matrix in the section involving
the intersection.
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Fig. 7. Evaluation of the risk matrix at the intersection of Av.
Universitaria with Av. La Marina.

IV. RESULTS

Regarding the Danger Index, the aim is to avoid
conflicts in high danger intersections considered as very
dangerous, avoiding cyclist turns directed towards the
vehicular flow. Likewise, the representation of danger scores
is 17 points for the bidirectional Pershing-Marina bicycle
lane, which is considered a dangerous zone.

The Matlab program was used as a tool to facilitate the
analysis of risks in bicycle path intersections; using as data:
the probability of occurrence and severity of the impact of
the intersection Av. de laMarinacdra. 17 - Av. Universitaria
cdra. 24.

Command Window

INGRESE EL NUMERC DE RIESGOS: 6
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Fig. 8. Placement of probabilities and impacts of each risk belonging to
the intersection.

Then we obtained as a result the risk value (R), the risk
level (Rt) showninFig. 9:
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Fig.9. Results of therisk value (R) and risk level (Rt) of the intersection



Finally, an average risk (Rprom) of 12 was obtained for the
intersection, represented as a significant risk as shown in Fig.
10 (Matlab) and Fig. 11 (Excel).

Command Window

Rtprom =

" IMPORTANTE"

Fig. 10. Average result of the intersection according to itsrisks.
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Fig. 11. Average risk level evaluation using Excel for the conflict point of
Av. Univerdtaria- LaMarina.

In light of the results, it is necessary to take corrective
actions to help reduce this conflict that endangers the users
of the bicycle lane who travel daily through that intersection.

In addition, according to the results of the matrix
analysis, risk measures were evaluated for the different
points that occur frequently at the intersection, and then the
values of each measure were taken according to their level
and actions were proposed to reduce the danger at that
specific point..

TABLE 6 shows the preventive actions that are foreseen
for each risk that occurs at the analyzed intersection.
Pershing Avenue - La Marina is a protected bicycle lane
because it has bollards that separate the vehicular lane from
the bicycle lane. Therefore, we are implementing elements
that will help us to carry out corrective actions at the
intersections to reduce the risk..

The corrective actions for each risk at each point of
conflict are shown below.

Acciones Correctivas de las Medida de Riesgo en la Av. De la Marina cuadra 17 con Av. Universitaria cuadra 24

Av. DelaMarinacuadra 17 con Av. Universitaria cuadra 24

RIESGO P |

Medida del riesgo

Acciones Correctivas

Presence of accidentsthat physically harm cyclists 3 3 Avoid Implementation of traffic lights per lane and refuge

dueto the central location of the berm on theroad. islands to react to possible risks.

Invasion of the bicycle lane by linear motor cycles, 4 5 Avoid Reinforce the separation between the bicycle lane and

which violate the safety of the cyclist's freetransit. the vehicle lane or penalize those who invade the
cyclists lane.

Lack of horizontal and vertical signaling at 4 3 Assume Implement  vertica and horizontal signage at

inter sections wher e cyclists and motor vehicles intersections to reduce stress on cyclists and facilitate

meet. crossing an intersection.

L ack of maintenance of bicycle lanes. 2 3 Assume Periodic maintenance of the pavement and signals where
they are deteriorated, to avoid and perceive future
accidents.

Recklessness of vehicle driverstowards cyclists at 5 4 Avoid High visibility crossing markings at intersections to help

intersectionsin order to gain theright of way. control intersections.

Weather conditions. 2 3 Assume Implementation of horizontal signage, retro-reflective

striping on the bikeway roadway, and delineator posts.

TABLE VI shows the preventive actions foreseen for
each risk at the intersection analyzed. Pershing Avenue -
La Marina is a protected bicycle lane because it has
bollards that separate the vehicular lane from the bicycle
lane. Therefore, we are implementing elements that will
help us to carry out corrective actions at the intersections
to reduce the risk.

C. Proposed Treatment for the Mitigation of Fatal
and Non-Fatal Accidents Involving Bicyclists - Motor
Vehicles.

After operationally analyzing the bikeway involving
the Pershing-Marina bikeway in the area of cyclist safety;
obtaining statistical information with police reports and
virtual surveys regarding cyclist safety; and finaly
analyzing the conflicts that occur on the Pershing-Marina
bikeway. In light of this, treatments will be proposed to
mitigate accidents between bicyclists and motor vehicles,
allowing for improved protection and prioritization of
bicyclist safety at intersections. Providing confidence,
visibility and comfort to cyclists when traveling on the
Pershing-Marina bikeway.

Fig. 12 shows the schematic of the intersection in the
state analyzed, how the bikeway works in a bidirectional
manner in the east-west vehicular lane.



Fig. 12. Diagram of the current state of the intersection of Av. De la
Marina block 17 with Av. Universitaria block 24.

In Fig. 13, the scheme of the proposed intersection of
Av. La Marina block 17 with Av. Universitario block 24
is shown, how the bicycle lane would function in a
unidirectional manner circulating in the direction of
vehicular flow, without causing danger to cyclists and
pedestrians, including horizontal and vertical signaling as
well as the indications of the traffic lights.
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Fig. 13. Diagram of the proposed condition of the intersection of Av.
Dela Marina block 17 with Av. Universitaria block 24.

V. CONCLUSIONS

The danger index obtained for the Pershing-Marina
bicycle path (Av. de la Marina block 17 with Av.
Universitaria block 24) was 17 points, considering 3
conflicts in the dangerous intersection, for which it is
considered as very dangerous (see TABLE N° IlI) and
which should be reduced with the proposed scheme and
corrective measures of thisarticle.

At the intersection of Av. La Marina block 17 with
Av. Universitaria block 24, a level of 2 was obtained,
meaning an Important Risk (see Fig.10 and 11) according
to the analysis of the risk matrix, where six concurrent
risks were identified that exist in the avenue according to
the police record until 2020 and surveys carried out,
therefore corrective actions are proposed to improve and
avoid each of the risks.

The proposed design scheme will help improve the
operation of the Pershing-Marina bicycle lane (see Fig.

N°13) at the intersection considered as a critical point.
This proposal includes horizontal and vertical signage,
physical separation, islands and traffic signals exclusively
for cyclists. This will help counteract the 35% accident
rate recorded by the Peruvian National Police on the
Pershing-Marina bicycle path. The treatment will also
increase cyclist safety and confidence when using the
Pershing-Marina bikeway.

REFERENCES

[1] Lin, Z,, & Fan, W. (2021). Cyclist injury severity analysis with
mixed-logit models at intersections and nonintersection locations.
Journal of Transportation Safety and Security, 13(2), 223-245.
https://doi.org/10.1080/19439962.2019.1628140

[2] Pesshana, G., Romanel, C., & Novo, J. (2020). An Index for
Evaluation for Urban Bicycle Lanes. |OP Conference Series: Earth
and Environmental Science, 503(1). https://doi.org/10.1088/1755-
1315/503/1/012001

[3] Alshehri, A., Eustace, D., & Hovey, P. (2020). Analysis of Factors
Affecting Crash Severity of Pedestrian and Bicycle Crashes
Involving Vehicles at Intersections. International Conference on
Transportation and Development 2020: Traffic and Bike/Pedestrian
Operations - Selected Papers from the International Conference on
Transportation and Development 2020, 49-58.
https://doi.org/10.1061/9780784483152.005

[4] World Bank Group. (2020). Propuesta de actualizacion del Plan de
Infraestructura Cicloviaria para Lima y Callao (Spanish). 118.
Retrieved from
http://documents.worldbank.org/curated/en/294041589874919754/
Propuesta-de-actualizacion-del-Plan-de-Infraestructura-Cicloviaria-
para-Lima-y-Callao

[5] SIGWEB. (2000). Matriz de Riesgo, Evaluacién y Gestion de
Riesgos. Editorial, 8.

[6] Municipalidad Metropolitana de Lima. (2020). MUNICIPALIDAD
DE LIMA INICIO IMPLEMENTACION DE UNA RED DE 46
KM DE CICLOVIAS TEMPORALES.

[7] MTC. (2020). Manual para ciclistas del Perl. Retrieved from
www.gob.pe/mtc

[8] chimek, P. (2018). Bike lanes next to on-street parallel parking.
Accident  Anadlyss  and Prevention, 120, 74-82.
https://doi.org/10.1016/j .aap.2018.08.002

[9] Schultheiss, B., Goodman, D., Blackburn, L., Wood, A., Reed, D.,
& Elbech, M. (2019). Bikeway Selection Guide. Fhwa-Sa-18-077,
(February), 1-52. Retrieved from
https://safety.fhwa.dot.gov/ped_bike

[10] Tabe, F., Askarian, B., & Chong, J. W. (2021). Accident Detection
System for Bicycle Riders. IEEE SENSORS JOURNAL, 21(2).
https://doi.org/10.1109/JSEN.2020.3021652

[11] CROW. (2011). Manua de Disefio para € Tréfico de Bicicletas.
392. Retrieved from www.crow.nl

[12] Bahmankhah, B., Fernandes, P., & Coelho, M. C. (2019). Cycling
at intersections: A multi-objective assessment for traffic, emissons
and safety. Transport, 34(2), 225-236.
https://doi.org/10.3846/transport.2019.8946

[13] Bdla, F., & Ferrante, C. (2021). Effects of the cross-section on the
driver’s behaviour approaching bicycle crossroads. Transportation
Research Part F: Traffic Psychology and Behaviour, 76, 109-120.
https://doi.org/10.1016/j..trf.2020.11.003



