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ABSTRACT

Puerto Rico is a country with one of the highest vehicle dengties in the world,
therefore, highway safety is important to improve life qudity among dl the people that
day by day are continuoudy using our highways and roads. Every time we go to work we
ae a risk of suffering a car accident due to many factors that could involve the vehicle,
the road and oursdves as drivers A mgor god in Trangportation Engineering is to
provide innovationsin Traffic Safety to reduce fatdities due to motor vehicle crashes.

There are many types of accidents, but the worst of them are when people get
inured or life is log. Tha is why Traffic Safety deds mosly with the reduction of
fadities on our roads. For investigation purposes the data collection and maintenance is
essentid to identify hazardous zones, and establish tendencies about possble causes of
fetalities due to car accidents.

The Traffic Safety Commission of Puerto Rico has information on fatdities due to
ca accidents. Usng the data provided by the commisson the mgor god in this
investigation is to identify hazardous locations in the western region and part of the south
region of Puerto Rico with an emphass on the PR-2 road. This is the aterid with the
highest average dally traffic in the western region, and of course, a high risk route. The
identification of those hazardous locations is possble usng datisticd methodologies as
frequency and accident rate methodologies. Once we have identified those hazardous
regions it is possble to establish trends on fatd accidents in different intersections and

segmentsin order to implement strategies to reduce fata accidents on the roads.
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INTRODUCTION

Puerto is a place with a very particular Stuation in term of traffic accidents. Our
idand is 100 miles long and 35 miles wide. We have 3.9 million people usng a highway
network of 14,781 miles. From those 3.9 millions, 59 percent are drivers and 2.2 million
ae drivers with license. The most shocking detall is tha we have gpproximatdy 2.6
millions of vehides regigered in the DTPW. Is evident tha with high vehicle densty the
probability of suffering an accident increases.

There are 219,000 reported accidents per year, with 54,000 injuries, and 575
fataities average per year from 1995 to 2000. From those 575 average fataities dmost
33 percent are pededtrians. This percent is so high that there are dmost as many
pedestrians being killed than drivers. If we compare the 219,000 accidents reported with
575 fatdities per year, this is a very smdl percent. However, life is pricdess and this is
an issue we have to pay attention and work with.

This ressarch tries to offer an overview of how criticdl fad accidents are in
Puerto Rico, and it is possble to identify hazardous locations. While examining and
sudying carefully the daa files given by TSC we focus our atention on the PR-2 road.
The andyss performed usng the Frequency Method and the Accident-rate Method tries
to give an idea of which are the most dangerous road sections on that particular road, that
is by the way the mogt criticd in Puerto Rico. There is no single solution for this issue. It
is necessary to understand what is our Stuation in order to provide counter measures to

reduce or prevent fatal accidentsin Puerto Rico
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OBJECTIVES

The anadlyss of traffic fatd accident data can be extensve and comprising. The

scope of this research islimited to:

= Collect fatd accident datain Puerto Rico during years 1995 to 2000.

The research will be limited to andyze the data provided by the TSC during those years.

»  Usedatigicd andyds and traffic safety methods to identify hazardous
locations in the western and south regions of Puerto Rico with and emphasis
on PR-2 road. The purpose of this andyssisto establish trends on fatal

accidents in the Sudy Stes.

The PR-2 is the most important route in the western and southern regions. It comes from
the Metropolitan Area to Aguadilla, and passng through Aguada, Afasco, Mayaglez,
Hormigueros, San Germén, Sabana Grande, Yauco, Guayanilla, Pefiudas, Guanica, and

Ponce.

10
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= Provide a useful reference of datistics from 1995 to 2000 for future research

on traffic safety.

The appendixes include dtatistics and charts on fatal accidents based on the data provided

by the TSC that include dl regions of Puerto Rico.

11
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RESEARCH PLAN

Literature
REVIEN

Decoding of Fata Accident Traffic Safety
the Data Data (1995-2000) Commission
Provided by
the Traffic
Sefety

Commisson

Descriptive Analysis to ldentify
Satistica Hazardous L ocationsin the

Western and Southern
Regions of Puerto Rico

Andyss

Accident-rate
Method

Conclusions and Recommendations

Fig.1 Research Plan Flowchart
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L ITERATURE REVIEW

Literature review on Traffic Safety has been important to identify the factors that
may cause a fatd accident. The growing population in the United States and Puerto Rico
increases the exposure to car accidents. Those accidents are described by the Traffic
Safety Toolbox as complex because of the many factors that may be involved in a single
fad accident. That is why this engineering branch is continuoudy improving ther
methodol ogies and the management systems, because of the complexity of the problem.

There are three mgor reasons for analyzing traffic data (1) to identify accident
patterns that may exist in a specific region of interest (2) to determine the probable causes
of accidents with respect to drivers, highways and roads, vehicles, and (3) to develop
countermessures that will reduce the rate and severity of accidents'. The identification of
accident trends and patterns can be achieved by having access to the data that is
continuoudy gathered by the different traffic security agencies. In Puerto Rico the TSC
callects information from the police agencies. This data has modly fatd accidents in a
gpecific region. The commisson organizes and keeps the data in a database that is
connected to the NHTSA in the United States. Figure 1 and 2 shows an example of the

type of data collected in the United States usng FARS,

1The Traffic Safety Toolbox, Chapter 1, pag. 11-22

13
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DEATHS Y CUMULATIVE %
Single Vehicla/Hit Fixed Object 12,331 27.6 27.6
Two Vehicle/Angle 7485 16.8 44.4
Two Vahicle/Head On 6.324 14.1 58.5
Single Vericle/Hit Pedestrian 5,349 13.1 71.6
Single Vehicle/Overturn 4,008 9.2 80.8
Single Vehicle/Other 208 6.6 87.4
Multiple vehicle 2,323 6.3 9.7
Two Vehicle/Rear-End 1,421 43 Y/.0
Two Vehicle/Other 1.378 a0 100.0

Table 1 Fatal Accident Reporing System Data for the United States, 1990,

SN" EPY MANAGEMENT

Figure 2. FARS data for the United Sates, 1990

14
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National Statistics:
2000 1999 1998 1997 1996 1995 1994
Motor ¥ehicle Traffic Crashes
Fatal Crazhes 37,409 37,140 37,107 37,324 37,494 37,241 36,254
Traffic Crash Wictims
Occupants
Crrivers 25,492 25,257 24,743 24,667 24,534 24,390 23,691
Fassengers 10,669 10,521 10,5320 10,944 11,058 10,782 10,518
Urknown a8 T 109 114 103 113 109
Monmotorst
Pedestrians 4,739 4,939 5,228 5,321 S,449 5,584 5,489
Pedalcyclists 590 754 FEO 814 TES 833 802
Other/Unknown 143 143 131 153 154 109 i07
Total 41,821 hil T 41,501 42,013 *42,085 41,817 40,716
DOther National Statistics
Vehicle Miles Traveled (Millions] = 2,691,335 | 2,631,522 | 2,561,695 | 2,485,848 | 2,422,696 | 2,357,588
Reszident Population (Thousands) - 272,691 270,248 267,704 263,229 262,803 250,327
Registered Wehicles (Thousands) = 212,685 208,076 202,568 201,621 197,065 132,497
Licensed Drivers (Thousands) = 187,170 184,980 182,709 179,539 176,628 175,403
Mational Rates: Fatalities
Fatalities per 100 Million Wehicle Miles Traveled = 1.8 1.6 1.6 1.7 2 B bt
Fatalities per 100,000 Populatian = 15,30 15,36 15.69 15. 86 15.91 15.64
Fatalities per 100,000 Reqgistered Wehicles - 19,61 19.95 20,64 20,86 21.22 21.15
Fatalities per 100,000 Licensed Drivers = 22.29 22.44 22,99 23,432 23.68 23.21

* Taotal fatalities for 1996 include 2 fatalities of unknown person type.

Figure 3. Data collected by the Fatal Accident Reporting System from 1994 to 2000.
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The table in figure 1 explains that 80% of highway deaths were produced bye five
types of crashes, being the most critica the single vehicle/hit fixed object accident. Once
the data is revised, accident rates can be used to compare them with accident rates in
other locationsin a specific period of time,

The andyss can be done usng various procedures. The Frequency Method uses
traffic accident data to rank locations according to the number of accidents during a
period of time. The accidents can be divided in different types, including fatd accidents.
The second method is the Accident Rate Method, which can be divided for intersections
and for road sections. The commonly used rate for intersections is the rate per million of

entering vehicles (RMEVs) which is defined as:

RMEV = A* 1,000,000
ADT*365

where:
= RMEV isthe accident rate per million entering vehicles
= A is the totd number of accidents or accidents by type ( single vehiclehit
fixed object ) during 1 year at the location

= ADT isthe average dally traffic times 365 days.

The rate used for road sections is the accidents per million vehicle-miles of travel

(Rse) Which isdefine as

Re = A*1,000,000
(ADT*365* length of road)

16
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where:
= A isthe totad number of accidents or accidents by type during 1 year at the road
section

= ADT isthe average daly traffic times 365 times the length of the road.

These two rates can be used for other periods of time like days, or months. The third
method is the Freguency-rate Method, which combines the Frequency Method with
accident rates. A procedure is to plot accident frequency on the horizontd axis and

accident rate on the vertical axis?

MuLTicimens tona, Actioest Dats Ama_vsis faraix

T o E———

| ! l WOms T

| ) L{ELL —

| Ry = _._._,.-l-l__l——-lIl =

]

r
1=

3 =

£ =

4 2
= ST L

Peciprnr Faesuonc

Figure 4. Frequency-rate Matrix.

2 Transportation Engineering: An Introduction, 2" ed, Khisty and Lall, pp. 680, fig. 16-7.
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The Rate Quality Control Method determines whether the accident rate for a
paticular location is dgnificantly higher than a predetermined average rate for smilar

locations, which is define as follows:

R = Ry + K(Ry/M)Y2

where:
» Rcisthecritica accident rate for a spot or a section
* Ra is the average accident rae for dl goots or sections with smilar
characteristics
= M is millions of vehicles passng over a oot (intersection) or million of vehide-
miles of travel over a section or road

= K isthe probability factor determine by the desired leve of sgnificance.

A fifth method is the Accident severity method which is used to identify and rank
hazardous | ocations where accident severity is dassfied asfollows:

» (F) Fata accident or desths

(A) Incapacitating accident

(B) Noncapacitating accident

(C) Probable injury

(PDO) is property damage only.

18
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Locations are ranked based on the EPDO factor which isdefine as:

EPDO = 95(F + A) + 35(B + C) + PDO

A sxth method is the Hazard index, which develops a rating index usng a formula for
each hazardous location. The seventh method is the Hazardous roadway features
inventory, which compares highway and road features with safety and design standards
previoudy defined.

All this methods have to be revised in order to identify the most suitable for our
casss in Puerto Rico. Once the comparison were made it will be necessary to establish
accident patterns. Accident patterns can be identified by a completed summay of
accident data or usng mathematicd and datisticd methods. This is necessary to locate
hazardous zones such as intersections, basic segments on highways, or a specific line and
direction on aroad

Motorized vehicle crashes can be grouped into three mgor categories: (1) driver,
occupant, pedestrian (2) highway, and (3) any failure in the vehicde. The mog criticad
caiegory is the one that involves directly the driver. The driver has the mgor
responghbility with the vehide he is in control. In this category we could find many
important factors such as. speed, age, acohol, drugs, unbelted drivers, reckless and
visudly or physcdly impared. There are important facts that have been identified in the
literature review in terms of speed, acohol, and age. Speed is a mgor factor causing fatal
accidents. The driver cannot control the vehicle efficiently at high speeds, and there is not

enough time for proper reaction and action to any Situation on the road. The case of bwer

19
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gpoeeds is equaly dangerous because the possbility for an accident increases when a
vehicle tries to pass another car going at lower speed invading the other line.

Statigtics in Puerto Rico for year 2000 reflect that 36% of dead drivers in car
accidents were people between 15 and 25 years old, and 15% were drivers between 15
and 20 years old. Between 15 and 25 years old, 41% were drunk, and 15% were using
other drugs. Alcohol and drugs affect the senses of any driver. In 1990, according to
FARS, 60% of the dngle vehicehit fixed objects 55% of dngle vehicle/overturn, and
37% of two vehiclefhead-on crashesinvalve dcohal.®

The second mgor category involves the design characteridtics of the highway or
road. There are dso many factors like warning sgns, delinegtion, the disance of warning
dgns from intersections, the geometry conditions of the highway, and the friction
between the whedls and the road surface. Warning signs are very important because they
provide information for the security of the driver and pededtrian. They communicate
knowledge to the driver about how they have to operate their vehicles, like a “reducing
geed” dgn or “sop” dgn. Deficiencies in dgn improvements can cause accidents.
Traffic dgning is the third mogt cost-effective highway improvement that can be done for
reducing accidents on highways and roads. The distance of one of a waning sgn from
the intersection is ggnificant because the driver needs a cetan amount of time for
reaction.

The geometry conditions on the road can be critical. On highways, there must be a
trangtion zone between the draight line and the curve known as spirds to prepare the
driver for the change in the curve. Without this trangtion, the driver could loose control.

Also, the geometry hasto provide for low changesin veocity, not aruptly changes.
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The type of materia used on the road influences friction between the road and the
wheds of the vehicles. The type of aggregates used on the paviment, or the roughness of
the surface, and the wet surface during rainy days could reduce the coefficient of friction,
which could cause afata accident.

The failures on the vehicle can be unpredictable, and not dl vehicles perform the
same way in the same gtuations. The NHTSA has data on many vehicles, such as trucks,
cas sport utility vehicles, and how they peform in front, 9de, and angle collisons,
including performance under rollover accidents.

All methods of andyss dready mentioned will no be used in this research. The
frequency method and the accident-rate method are going to be used as previoudy

specified in the Research Plan Flowchart.

3 The Traffic Safety Toolbox, Chapter 1, pag. 11-22

21
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V. DECODING OF THE TSC DATA

Characteristics of theTSC Fatal Accident Filesfrom 1995 to 2000

The TSC files from 1995 to 2000 on fatal accidents were obtained in ASCII
format in Spanish language. The use of a WordPad was necessary to read the files. The
data is divided in lines in which every single one is a fatdity. This means that there are
more than one fatdity in accdents in which many people were involved. When the files

are opened using a WordPad there are six groups of data.

Bl Fu6 WordPad &=

bile Ect “iew Inzat Fomal dep

Ds|@l Sl @l o]ce | ]

|Couricr‘lc:N[vv’cetcm| L‘ I‘ID LI DIIIQ |L‘éi E :EI'_ £I|
F T B Lo g

I O ! |
NITEZ FEATCH FEMANALTI CALLE GUAYAMNEY PARCEL.H36 ENEROD 100 Sﬂ
IR RES TR LT, bEVEFL BLJA Fh B8/ Bi_yREzULIA ELE AL 110U
'OINES CONDTCTOI 2RCANOVANAS I'L 82 0.2 ENE2OD 20620
GUEZ CUMID TCTUR 1ELGFULDILLE FE & _ZB.ENERD JE3.0C0
NTIN PASATERD FAAGUADILLL PE 2 _Z6 _ENEZD 32300
APONTE PEATON JCHARANJIITD PE 011 1.0 ENERO LoD, 0C
TRTGITER JTITETRE FECOMTRTO FEF 773 9.5 FIIR=I0 S9N
MAN FPELTCHM AZARECTIED PE 23 3.7 ENEROD JEZEC
ARILLA CONDICTOR, JSLOIZA FE .51 _&. FTENERD TO4: 30
ToINE CIOIY HTIOR ATHAHIKLOMS L Hk RRS INT. HE 5RA o4 KRR B 5
ODES JINETE 11TAETCOL BC.JATANERD 2C.D.BLANCAZ ENERC 718412
RIGUEZ UL TCTOR, BESAN SEBFASTIAN FE _LL i3.3EITERD SE3.0Z
NiL SINTILED  PELTOM SZBARIMNOUITILS PE _EZ 3.4 ENEZD 22210
o CICLIGTA 1TMATAGUEZ FE .02 0.0 EHNERO J15:acC
© MO T AL FPLAELIFRO RZHATTILI FF z3 Z . 9FETTER0 ERERANIE
HCO DELTIN EERIC PIEDRLAD AVE BAPEOSA INT.A.LE DIEGO ENERC 1223:3¢C
N FELTCT ZSCATIT FE 32 il1l.SENERD 12E3: 52
WAl Hals ol RO T HOM R Hk R L LAV ] TALE N
TROE CONDTCTO, SZACUADILLA 'L 2 _31.ENERD 130230
LD CONDTCTOR, F1AGUADILLL FE & _31.EHNERD 130230
IDL DASATERD 2EAGUADILLA PL 2 _31.ENEZD 1302: 3¢
MUNIZ FAGATERD O4FOHNCE ANE CEMENTIEIOQ INT.L.AMERICASENERD 1401:3C
VES PELTCH SCHARLNIITO PE _©54% 7.2 ENERD 1313 35¢
HNTOS COMDICTOR, 3TSAN GERMAI PE & INT. 7R Z&2 _75.ENERD 1220:0C
CRUZ FEATCH VTAGUADILLA FE 07 .5 EHNERO 150612
oS AMCHK Y FE LTI AESANTIHC K Hb dh IN 0 DEL 10 LAVE o 9] ThllA: 4=
JADREZ CONDTCTO JECTAVMAED AYVE I.DE.LZCH ED.ANELIA ENEXO 1216: 30~
s | o

ForHelp. press F1

Fig 5. TSC Data sample (1996)
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These groups are sub-divided in eighteen categories, which are described below usng a

legend given by the TSC.

The fird two numerical spaces represent the number of the accident
reported in the year. When the same number is repeated it means that
those fatadities were reported at the same time because they were involved

in the same accident. Thisisthefirst category.

6017 PASAJEROD S4NAGITAEC

6113 PEATCI 60CARCL IMAL
6219 MOTOCICLISTA ZZ3ANTA ISAEBEL
6347 PASAJIEROD 15CAROLINL
6443 CICLISTA 13VEGL BEALJL

Fig 6. TSC Data. Categories from 1 to 6 (1996)

The next two numerica spaces are the number of the accident reported per
month. This numbers, as the other two on the firs category follow an
ascending order. In figure 5 the 19, and 47 are not part of the same order
but they were reported as the 62 and 63 fatdities in the 1996. The fact is
that those fatdities occurred in different months, therefore, the 17, 18, and
19 are from a different month than the 47, and 48, but they were reported

asthe 60, 61, 62, 63, and 64 fatditiesin 1996.

The third category is the name of the victim from spaces 6 to 35.
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= The fourth category is the condition of the victim a the time of the
accident (driver, passenger, pededtrian, motorcyclist, cydlist, and

horseman).

= The next 2 numerical spaces represent the age of the victim (figure 5),

which isthe fifth category.

PR 31 INT. FRE 971 FEBRERO 917:00 0 113 1 5 2 2
PR 3 3.3 FEBRERD T13:58 01 9 2 3 0 2
PR 153 9.0 FEBRERO 41z:30 011 1 7Y 0O 2
AVE.3SANCHEZ C30RIO ENERO 2120:45 018 2 7 12
FR 155 66.2ENEROQ 313:25 0 113 1 3 0O 2

Fig 7. TSC Data. Categories from 7 to 18 (1996)

= The sixth caegory and the following 15" spaces are the name of the

Municipdity in which the fatd accident heppened (figure 5).
= The next column offers information on the location of the accident by
road. Following that column there are 4 spaces identifying the kilometer in

which the accident occurred. These are the seventh and eighth categories.

=  Thenext 14 spaces give information on the month.

24
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The following 9 categories are codified. The fird 2 numericd paces
represent the day of the month. The next 6 characters represent time of the
day. After the time of the day the next two spaces offer the Blood Alcohol

Content Index.

The next number represents the number of fadities. If there are three
victims on the same accident they will be represented by three lines on the
file, but the number “3” is assgned to the firg victim reported. The other

two victimswill have a“0” on those spaces.

FE =2 131.EMERO 1302:30 17 3 . 1 6 2 1
FR =2 131.EMERD 1302:30 00O . 1 698 2
FR =2 131.ENERD 1302:30 0O 0 1 2 698 2

Figure 8. TSC Data. The number of fatalities on the same accident is assigned

to the first victim reported

The next category gives information on the type of infraction that was

involved in the accident.

The next numerica character represents the genre of the victim. These are

just two numbers. 1 for male and 2 for femae.

The next category is the day of the week in which the accident occurred.

This number goes from 1, which is Monday, to 7, which is Sunday.

25
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= According to the legend provided by the TSC, these 2 spaces represent the
number of injured people in the accident.
= The lagt category deds with the presence of drugs on the victim. This

number is independent from the Blood Alcohol Content Index as we can

seeonfigure7.
PR 102 0.6 ENERO 815:30 18 1 9 1 1 0O 2
PR 129 12 .2ENERD 91e6:00 0O 113 2 2 1 2

Figure 9. TSC Data. BAC and drug presence

26
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V1. DESCRIPTIVE STATISTICS

In order to identify hazardous locations it is necessary to identify those roads with

a high accident frequency. The following charts provide the roads with mogt fatdities

from 1995 to 2000. This analysis covers dl region of Puerto Rico.

Roads with Most Fatalities Reported (1995)

Fatalities

PR-1 PR-2 PR-3 PR-22 PR-26

Roads

Roads with Most Fatalities Reported ( 1995 )
Roads Fatalities
PR-1 26
PR-2 92
PR-3 52
PR-22 21
PR-26 12

Figure 10. Roads with most fatalities reported in 1995

27
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Fatalities

Roads with Most Fatalities Reported (1996)

120
100
80
60

PR -1 PR-2 PR-3 PR-22 PR-52
Road

Roads with Most Fatalities Reported ( 1996 )

Roads Fatalities
PR-1 27
PR-2 109
PR-3 57
PR-22 23
PR-52 17

Figure 11. Roads with most fatalities reported in 1996




D.D Eisenhower Fellowship Program Francisco O. Padua Rosado
Final Report

Roads with Most Fatalities Reported (1997)

k)
%
©
L
PR-1 PR-2 PR3  PR22,30, PR52
165
Road
Roads with Most Fatalities Reported ( 1997 )
Roads Fatalities
PR-1 26
PR-2 92
PR-3 50
PR-22, 30, 165 14
PR-52 26

Figure 12. Roads with most fatalities reported in 1997
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Roads with Most Fatalities Reported (1998)

Fatalities

PR -1 PR-2 PR-3 PR-22 PR-52
Roads

Roads with Most Fatalities Reported ( 1998 )
Roads Fatalities
PR-1 29
PR-2 81
PR-3 59
PR-22 14
PR-52 18

Figure 13. Roads with Most Fatalities Reported in 1998
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Fatalities

Roads with Most Fatalities Reported (1999)

PR-1 PR-2 PR-3 PR-26 PR-22

Roads

Roads with Most Fatalities Reported ( 1999 )

Roads Fatalities
PR-1 20
PR-2 72
PR-3 51
PR-26 12
PR-22 11

Figure 14. Roads with most fatalities reported in 1999
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Roads with Most Fatalities Reported (2000)

Fatalities

PR-1 PR-2 PR-3 PR-52 PR-26

Roads with Most Fatalities Reported ( 2000 )
Roads Fatalities
PR-1 16

PR-2 77
PR-3 41
PR-52 18
PR-26 15

Figure 15. Roads with most fatalities reported in 2000
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Based on the information on these charts we can identify PR-2 as the road with
the highest frequency of faid accidents in Puerto Rico. This includes al regions from the

Metropolitan Areato Ponce.

Fatalities on PR-2 ( 1995-2000 )

120

100 \

80

60

Fatalities

40

20

0
1994 1995 1996 1997 1998 1999 2000 2001

Year

Fatal Accidents on PR-2 ( 1995-2000)
Year Fatalities
1995 92
1996 109
1997 92
1998 81
1999 72
2000 77

Figure 16. Fatalities reported on PR-2 from 1995 to 2000
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Figure 14 shows that the number of fataities reported raises from 1995 to a
maximun vaue of 109 fadities, and then goes down to a minimun vaue of 72 fadities
in 1999. The regresson line has a negative dope indicaing that the number of fadities
on PR-2 had a decreasing trend from 1995 to 2000. The mean for this distribution was
87.16 fadities and the median was 86.5 indicating that the digtribution is fairly uniform.
The standard deviation was 13.38. Table 1 summarizes the descriptive datistics from

figure 14.

Descriptive Statistical Analysis

Mean 87.17

Standard Error 5.46
Median 86.50
Mode 92.00
Standard Deviation 13.38
Range 37.00
Minimum 72.00
Maximum 109.00
Largest (1) 109.00
Smallest (1) 72.00

Table 1. Descriptive Statistics summary for Figure 14
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VI. ANALYSIS TO IDENTIFY HAZARDOUS LOCATIONS IN THE

WESTERN AND SOUTHERN REGION OF PUERTO RICO

A. Freguency Method

The Frequency Method uses traffic accident data to rank locations according to
the number of accidents during a period of time. The following andyss covers those
fatdities reported from Aguadilla to Ponce. The road has been divided in 6 ssgments of
19 kilometers covering a distance of 115 kilometers. There is a seventh category for those
fatdities that heppened a intersections where the kilometer was not specified. The

Municipdities shown in the tables are where the accidents actually occurred.
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Critical Zoneson PR-2 (1995)
9
8
7
6
2
g 4
LL
3
2
1
0
116-135 136-155 156-175  176-195 196-215 216-235 Intersections
Kilometer
Hazardous Zonesin PR-2 ( 1995)
Municipality Kilometer Fatalities
Aguadilla, Aguada 116-135 7
Aguada, Afasco, Mayaguez 136-155 9
Mayaguez, Hormigueros 156-175 4
San German, Sabana Grande 176-195 2
Y auco, Pefiuelas 196-215 3
Pefiuelas, Ponce 216-235 9
Mayaguez, S. German,Ponce Intersections 6
(no km specified)

Figure 17. Critical Zoneson PR-2 in 1995
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Critical Zones on PR-2 (1996)

8
=
©
LL
116-135 136-155 156-175 176-195 196-215 216-235  Intersections
Kilometer
Hazardous Zonesin PR-2 ( 1996 )
Municipality Kilometer Fatalities

Aguadilla, Aguada 116-135 16

Aguada, Mayaguez 136-155 7

Mayaguez, San German 156-175 5

San German, Sabana Grande, Guénica 176-195 6

Y auco, Pefiudas 196-215 3

Pefiuelas, Ponce 216-235 5

Mayaguez, Aguada, S. Germéan, Hormigueros, Ponce Intersections 9

(no km specified)

Figure 18. Critical Zones on PR-2 in 1996
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Critical Zoneson PR-2 (1997)

Fatalities

116-135 136-155 156-175 176-195 196-215 216-235  Intersections

Kilometer

Hazardous Zonesin PR-2 ( 1997 )

Municipality Kilometer Fatalities

Aguadilla 116-135 5

Afasco, Mayaguez 136-155 10

Mayaguez, San German, Hormigueros 156-175 7

Sabana Grande 176-195 1

Y auco, Pefiudlas 196-215 2

Ponce 216-235 3

Mayaguez, Hormigueros, Ponce Intersections 7

(no km specified)

Figure 19. Critical Zoneson PR-2in 1997
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Critical Zoneson PR-2 (1998)

5

Fatalities
O kL N W B O O ~N ® ©

116-135  136-155  156-175  176-195  196-215  216-235 Intersections
Kilometer

Hazardous Zonesin PR-2 (1 1998)
Municipality Kilometer Fatalities
Aguadilla 116-135 5
Afiasco, Mayaguez, Aguada 136-155 9
Mayaguez, San German, Hormigueros 156-175 10
San German, Guanica 176-195
Pefiuelas, Guayanilla 196-215
Ponce 216-235
Mayaguez, Hormigueros, Y auco, Ponce Intersections 10
(no km specified)

Figure 20. Critical Zoneson PR-2 in 1998
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Critical Zones on PR-2 (1999)

g
g BB
116-135 136-155 156-175 176-195 196215 216-235 Intersections
Kilometer
Hazardous Zonesin PR-2 (1 1999)
Municipality Kilometer Fatalities
Aguadilla 116-135 1
Mayaguez 136-155 4
Mayaguez, Hormigueros 156-175 3
Guanica, Yauco 176-195 3
Guayanilla, Y auco, Ponce 196-215 6
Ponce 216-235 5
Mayaguez, Hormigueros, Ponce Intersections 7
(no km specified)

Figure 21. Critical Zoneson PR-2 in 1999
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Critical Zones on PR-2 (2000)

Fatalities

116-135 136-155 156-175 176-195 196-215 216-235  Intersections
Kilometer

Hazardous Zonesin PR-2 ( 2000)

Municipality Kilometer Fatalities
Aguadilla, Aguada 116-135 7
Afasco, Mayaguez 136-155 8
Mayaguez, San German 156-175 3
Guanica 176-195 1
Guayanilla 196-215 1
Ponce 216-235 7
Mayaguez, Hormigueros, Ponce, Afiasco, San Germéan Intersections 9
(no km specified)

Figure 22. Critical Zones on PR-2 in 2000
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Ranking of Hazardous Locationsin 1995

Kilometer Municipalities ' Fatalities

136-155 Aguada, Afiasco, Mayaguez 9
216-235 Pefiuelas, Ponce 9
116-135 Aguadilla, Aguada 7
Intersections Mayaguez, S. German,Ponce 6
(no km specified)

156-175 Mayaguez, Hormigueros 4
196-215 Y auco, Pefiuelas 3
176-195 San German, Sabana Grande 2

total 40

Table 2. Ranking of Hazardous Locations in 1995

Ranking of Hazardous L ocationsin 1996

Municipalities Fatalities
116-135 Aguadilla, Aguada 16
Intersections Mayaguez, Aguada, S. German, Hormigueros, Ponce 9
(no km specified)

136-155 Aguada, Mayaguez 7
176-195 San German, Sabana Grande, Guénica 6
156-175 Mayaguez, San German 5
216-235 Pefiuelas, Ponce 5
196-215 Y auco, Pefiuelas 3

total 51

Table 3. Ranking of Hazardous Locations in 1996
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Ranking of Hazardous Locationsin 1997

Kilometer Municipalities ' Fatalities

136-155 Afasco, Mayaguez 10
156-175 Mayaguez, San German, Hormigueros
Intersections Mayaguez, Hormigueros, Ponce
(no km specified)

116-135 Aguadilla 5

216-235 Ponce 3

196-215 Y auco, Pefiuelas 2

176-195 Sabana Grande 1
total 35

Table 4. Ranking of Hazardous Locations in 1997

Ranking of Hazardous Locationsin 1998

Kilometer Municipalities | Fatalities
156-175 Mayaguez, San German, Hormigueros 10
Intersections Mayaguez, Hormigueros, Y auco, Ponce 10
(no km specified)
136-155 Afasco, Mayaguez, Aguada 9
116-135 Aguadilla 5
216-235 Ponce 3
196-215 Pefiuelas, Guayanilla 3
176-195 San German, Guanica 2
total 42

Table 5. Ranking of Hazardous Locations in 1998
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Ranking of Hazardous L ocationsin 1999

Kilometer Municipalities ' Fatalities
Intersections Mayaguez, Hormigueros, Ponce 7
(no km specified)

196-215 Guayanilla, Yauco, Ponce 6
216-235 Ponce 5
136-155 Mayaguez 4
156-175 Mayaguez, Hormigueros 3
176-195 Guanica, Yauco 3
116-135 Aguadilla 1

tota 29

Table 6. Ranking of Hazardous Locationsin 1999

Ranking of Hazardous L ocationsin 2000

Kilometer Municipalities Fatalities
Intersections Mayaguez, Hormigueros, Ponce, Afiasco, San Germéan 9
(no km specified)

136-155 Anfasco, Mayaguez 8
116-135 Aguadilla, Aguada 7
216-235 Ponce 7
156-175 Mayaguez, San Germéan 3
176-195 Guanica 1
196-215 Guayanilla 1

total 36

Table 7. Ranking of Hazardous Locations in 2000
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In tables 2 to 7 the behavior of fatal accidents in the western and southern regions
of Puerto Rico has been changing every year from 1995 to 2000. Intersections or those
locations where no kilometer is specified finish with the top ranking in 1999 and 2000.
On the other hand, kilometers 136-155 that cover Aguada, Afasco, and Mayagliez were
the locations with the highest frequency of fad accidents in 1995, and 1997. This
particular location is very intereting because is the only one tha is present in the top
three in 4 consecutive years from 1995 to 1998, and again in 2000. A closer view to the
Municipdities reveds that Mayagliez gppears 12 times among the top three places, Ponce
appears 8 times, and Aguada appears 7 times. The segment covering kilometers 116-135
is present among the top three places 3 times: in 1995, 1996, and 2000. In 1996 this road
section finish firgd with 16 fadities An intereing detal is that the year with least fatd
accidents reported was 1999 according to table 6, and this is the only year in which
kilometers 136-155 did not gppear among the top three places. In fact, this particular year
kilometers 116-135 arived in the last spot of the ranking. Those 2 road sections are
continuous from kilometer 116 to 155. This andyss shows that 88 fatdities of 233 were
reported in these 2 segments from 1995 to 2000. This represents approximately 38
percent of al fad accidents reported in those 6 years. According to the frequency
method kilometers 116 to 155 covering the municipdities of Aguadilla, Aguada, Afiasco,
and Mayaguez are criticd. This andyss offers an idea of how important it is to provide

adequate solutions to reduce the amount of fatal accidents on those locations.
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B. Accident-rate M ethod

The Accident-rate Method can be used for intersections and for road
sections. The commonly used rate for intersections is the rate per million of entering

vehicles (RMEVs) which is defined as

RMEV = A* 1,000,000
ADT*365

and he rate used for road sections is the accidents per million vehicle-miles of travel (Re)

which is defined as;

Re = A*1,000,000
(ADT*365* length of road)

For this method the average daily traffic is needed. The anayss was done using
accident-rate for road sections. Different ADT vaues were obtained for many road
sections in 1999 and 2000 and are shown in table 8. For purposes of andyss an average
of different ADT for continuous road sections is used as the ADT in the formula for road

sections.
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Kilometer \| Municipality

119.75 Aguadilla
121.60 Aguadilla
121.70 Aguadilla
12525 Aguadilla
125.36 Aguadilla
12840 Aguadilla
129.50 Aguadilla
130.20 Aguadilla
134.10 Aguada
138.30 Aguada
14150 Afiasco
154.70 Mayaguez
154.80 Mayaguez
154.90 Mayaguez
155.30 Mayaguez
156.10 Mayaguez
157.65 Mayaguez
202.80 Guayanilla
204.35 Guayanilla
206.00 Guayanilla
207.00 Guayanilla
209.00 Guayanilla
21340 Pefiuelas
221.70 Ponce
22450 Ponce

Description

Entre PR-110y PR-462
Entre PR-462 y PR-469
Este De Aguadilla
Entre PR-459 y PR-107
Entre PR-107y PR-2R
Entre PR-2R y Ave. Juan J. Santos

Entre Ave. Juan J. Santosy PR-111
Entre PR-111y PR-417
Entre PR-417y PR-419
Sureste De Aguada
Entre PR-110y PR-402

Entre Comienza Viaducto y Term.Viaducto
Entre Final Viaducto y Calle Cristy
Entre Calle Cristy y Calle Nenadich

Entre Calle Nenadich y Calle Duscombe
Entre Calle Duscombe y Calle Carolina
Entre Calle Carolinay Calle Post Sur/PR-2R

Limite Municipal Y auco-Guayanilla
Al Sur Sector Guaydia
Sureste Puente Sobre/PR-127
Al este PR-127
Este Guayanilla
Entre PR-385y PR-127
Al Oeste PR-52
Entre Calle Baramayay PR-2R

1999

1999
1999
1999

36,100
37,600
44,800
50,800
63,200
51,900

39,800
36,100
38,300
39,800
40,800

46,700
63,600
61,400
71,400
69,100
75,100

37,800
37,800
38,000
32,600
34,700
45,400
48,400
44,900

Table 8. ADT values for different road sections of PR-2
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1. Analysis of PR-2, Mayaguez (1999)
a Km. 154.8-Km. 157.65
1) ADT average
69800 veh/day
2) Rate per 100 million vehicle miles (RMVM)
RMVM = A*100,000,0000VMT
RMVM = 5*100,000,000/(69800* 365* (157.65-154.8)* 0.62137)

11.08221511 fatal/100 million vely mi

2. Analysis of PR-2, Mayaguez, Hormigueros, San German (1999)
a Km. 151.60-Km. 173.00
1) ADT average
57223.1veh/day
2) Rete per 100 million vehicle miles (RMVM)
RMVM = A*100,000,000/VMT
RMVM = 11*100,000,000/(57223.08* 365* (151.60-173.00)* 0.62137)

2.834107852 fata/100 million vehy mi
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3. Analysis of PR-2, Aguadilla (2000)
a Km. 121.70-Km. 128.40
1) ADT average
49166.7 veh/day
2) Rate per 100 million vehicle miles (RMVM)
RMVM = A*100,000,0000VMT
RMVM = 4*100,000,000/(49166.67* 365* (128.40-121.70)* 0.62137)

5353912598 fatd/100 million ven/ mi

4. Analysis of PR-2, Aguadilla, Aguada, Afiasco (2000)
a Km. 119.75-Km. 141.50
1) ADT average
44033.3veh/day
2) Rate per 100 million vehicle miles (RMVM)
RMVM = A*100,000,000/VMT
RMVM = 8*100,000,000/(44033.33* 365* (141.50-119.75)*0.62137)

3.683036449  fatal/100 million vely mi
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5. Analysis of PR-2, Guayanilla, Pefiuelas, Ponce (2000)
a Km. 202.80-Km. 224.50
1) ADT average
40700veh/day
2) Rate per 100 million vehicle miles (RMVM)
RMVM = A*100,000,0000VMT
RMVM = 5*100,000,000/(40700* 365* (224.50-202.80)* 0.62137)

24961617 fatal/100 million veh/ mi

In 1999 the municipdity of Mayaglez had a rate of 11.08 fata accidents’100
million'velVmi from kilometer 154.8 to 157.65. This is congstent with the results of the
Frequency Method in which Mayagliez appeared 12 times among the top three locations
in the ranking for dl 6 years The municipdity of Aguadilla ended with 535 fad
accidents’100 million'velVmi from kilometer 121.70 to kilometer 12840. If we examine
pat 2, 4, and 5 each one analyzes three municipdities. In year 2000 the road section
covering Aguadillay Aguada, and Afesco finished with 3.68 fad accidents/100
millionvelmi which is higher than 250 fad accidentd100 millionvelVmi  in
Guayanilla, Pefiudas, and Ponce. In fact this is dso consgent with the Frequency
Method because fata accidents from Aguadilla to Mayaglez has been more frequent than
fatd accidents from Guayanilla to Ponce. From both methods we see that there is a trend

of having more fatd accidents in the city of Mayagliez than a more populated city like
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Ponce. Many would think that this is not logica, but according to table 8 if we compare

ADT vduesin PR-2 on both cities, those of Mayagiiez are higher.
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CONCLUSIONSAND RECOM M ENDATIONS

According to the overview of the gStuation in Puerto Rico that was presented in
the introduction of this report, fatal accidents are a very smal percent of dl accidents that
are continuoudy happening in Puerto Rico. However, dmost Sx hundred desaths per year
are ggnificant for those families who suffer the consequences. The purpose of this project
was badcdly identifying hazardous locations in the southern and western regions of
Pueto Rico udng two mehods commonly used in traffic engineering. Using the
Fregquency Method we conclude that the road section going from kilometer 136 to 155 are
the mogt criticd. This location is the only one to gppear in the top three locations with the
highest frequency four consecutive times from 1995 to 1998. Ancther criticd road
section goes from kilometer 116 to 135, which is present in the top three critical locations
for three years (1995, 1996, and 2000). This means that the PR-2 road section from
Aguada to Mayaguez is the mog criticd in the western and southern regions of Puerto
Rico according to the results obtained from the Frequency Method. The anadyss points
Mayagiez as the city with the highest frequency of fata accidentsin the western region.

The Accident-rate Method gave us interesing results The road section going
from kilometer 1548 to 157.7 had 11.08 fatd accidents100 million/'vehVmi in 1999
which is high for a smal road section. According with the andyss done with this
method, in 2000 the road segment from Aguadilla to Afiasco has a higher rate of fad
accidents than the road ssgment going from Guayanilla to Ponce. If we compare the
Aguadilla-Afiasco section to the Mayaglez-San Germén section the firs one is more

critical. We conclude the same with the Frequency-Method, that road section of PR-2
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going from Mayaglez to Aguadilla is more critical than the road section going from
Mayagliez to San Germén and Guayanillato Ponce.

The reduction of fata accidents in the western and southern region of Puerto
Rico, specificdly in the PR-2 depends highly in what kind of counter measures could be
implemented from kilometers 116 to 155 from Aguadilla to Mayagiez. The andyss
proved that those high numbers on fatd accidents in PR-2 from Aguadilla to Ponce

depend enormoudly of this road section.
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