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Resumen ejecutivo

Este informe resume los resultados de un estudio de transito
realizado en el kilémetro 1.1 de la carretera PR-349 asi como en la
interseccién de esta carretera con la calle Manantiales, barrio
Quebrada Grande, Mayagliez, Puerto Rico. EL estudioc fue realizado
por la firma Pérez Berenguer y Asociados por encomienda de
Urbanizacién Monte Sierra, Inc. El objetivo del estudioc es conocer
el impacto en la operacién de esta facilidad vial wuna vez se
construya la urbanizacién Monte Sierra en el kildmetro 1.1 de la
carretera PR-349, al sur de la misma. La geometria actual de la
carretera PR-349, en el lugar donde se propone el acceso al
proyecto consta de un carril en cada direccidn, sin paseos. El
pavimento de la carretera es flexible. En el lugar donde esta
carretera, bajo el nombre de calle Liceo, se interseca con la calle
Manantiales, ambas vias constan de un carril en cada direccidn, sin
paseos, con superficie asféltica. En este punto, tanto la calle
Liceo como la calle Manantiales tienen aceras a ambos lados, dado
que la interéeccién se encuentra en la zona urbana de Mayaguez, no
asi el tramo de la carretera PR-349 que sale hacia el este. 3Se
evalud tanto la carretera en el lugar donde se construira el acceso
al proyecto como la interseccién indicada ya dque se veran
directamente impactadas. Al presente no existen problemas en el
kilémetro 1.1 de la carretera PR-349 pero la interseccidén analizada

no puede manejar adecuadamente el flujo vehicular gue la utiliza,

vi



por ese motivo hay que hacerle ajustes. Estos ajustes consisten en
construir un carril adicional en los accesos por el sur y por el
este, asi como aumentar el ancho del acceso por el norte. También
se tiene que semaforizar dicha interseccidn. Se tiene que cerrar
el acceso a la interseccién por la calle Fortunet, ubicada al
oeste, ya que aungue no se utiliza por el transito vehicular, si
puede causar un problema de seguridad en el lugar. La interseccién
que se construya en el kilémetro 1.1 de la carretera PR-349 debe
cumplir con todas las guias y reglamentacidén vigente. Especial
atencién se le debe prestar a la visibilidad que tengan los
conductores en el sitio, ya que en el lugar la carretera PR-3490
tiene varias curvas. Estas recomendaciones aseguraran gque las
facilidades analizadas tengan capacidad suficiente para manejar el
transito que las utilizarad a corto, mediano y largo plazo. Es
importante notar que los ajustes a la interseccidn de la carretera
PR-349 con la calle Manantiales son necesarios independientemente
de si se construye la urbanizacidén Monte Sierra o no, por lo gue
los mismos no se deben, necesariamente, al impacto que producira el
proyecto. Una vez se hayan implantado las recomendaciones aqui
formuladas las vias del &rea manejardn adecuadamente el flujo

adicional que producird la urbanizacidn.



Introduccién y Objetivo

Este estudio de trénsito se condujo para conocer el impacto
gque tendrd el propuesto proyecto residencial urbanizacidn Monte
Sierra, a construirse en la carretera PR-349, Km. 1.1, barrio
Quebrada Grande, Mayagiiez, Puerto Rico (figuras 1 y 2).
Urbanizacidén Monte Sierra, Inc. encomendd a Pérez Berenguer y
Asociados la realizacidén del estudio. En este estudio se analizéd
1la condicién existente en la carretera PR-349, Km. 1.1 (figura 3)
asi como la interseccidén de esta carretera con la calle
Manantiales, en la zona urbana de Mayagiez (figura 4). Se
obtuvieron las horas pido en el lugar indicado y el flujo vehicular
durante estas horas para un dia laborable tipico. Con estos datos
se realizaron andlisis operacionales para conocer como la carretera
PR-349 y su interseccién con la calle Manantiales le sirven a los
conductores al momento del conteo. Se realizd una proyeccidn del
flujo vehicular al afic 2006, suponiendo qgue para ese afo esté
finalizado el proyecto propuesto, para tener una idea de cual sera
su efecto en las facilidades viales cercanas. También se hizo una
proyeccién del flujo vehicular al afio 2026 para tener una idea de
como operaran las facilidades analizadas a largo plazo. Los
resultados permitieron formular recomendaciones relacionadas a las
medidas que se deben implantar en las facilidades viales existentes

para que las mismas operen satisfactoriamente a corto, mediano y

largo plazo.



Antecedentes

Este estudio se realizd debido a la necesidad de conocer el
efecto de la urbanizacién Monte Sierra en la via adyacente. Asi se
pudieron recomendar medidas a tomar para que ésta se mantenga
operando de forma satisfactoria a corto, mediano y largo plazo. La
urbanizacién Monte Sierra serd un proyecto de interés social que se
ubicara al sur del kilémetro 1.1 de la carretera PR-349, por donde
serad su acceso. La urbanizacién constard de 302 residencias
individuales, en solares con una cabida aproximada de 350 metros y
una adrea comercial (figura 5). E1 proyecto producird un incremento
en el transito existente en el area. Por esto es importante'
conocer como operard la carretera en el futuro.

Se realizaron conteocs vehiculares en los dos carriles de la
carretera PR-349, asi como en todos los carriles de su interseccién
con la calle Manantiales, para determinar cuales son las horas pico
en un dia laborable tipico y cuantos vehiculos los utilizan durante
esas horas, asi como durante todo el dia. Con los datos que
surgieron de los conteos, una vez reducidos, se realizd el andlisis
operacional para la condicién actual. Se proyectaron estos datos
al momento en el que se espera que la urbanizacién Monte Sierra
esté ocupada, se sumaron los que generard este proyecto y se
efectud el respectivo anadlisis operacional. Asi se pudo tener una

idea de como operaran estas facilidades en el momento indicado.
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Aunque varias calles intersecan a la carretera PR-349 entre el
lugar donde se propone el acceso a la urbanizacién Monte Sierra y
la interseccidén con la calle Manantiales, estas no se analizaron
por la siguiente razdén. Estas calles son calles locales que son
utilizadas principalmente por los residentes de las mismas, quienes
componen las comunidades La Mineral y Felices Dias, entre otras.
Muchas de estas calles no tienen salida, por lo gue personas gue no
vayan para las mismas no las utilizan. Debido a gque 1la
interseccién mas inmediata de mayor importancia que utilizaran los
viajes que generarad el proyecto propuesto seri la de la carretera
PR-349 con la calle Manantiales y ya que estos vehiculos harén
cualquiera de los movimientos permitidos en esa interseccién, la
misma fue evaluada en este estudio.

L.a carretera PR-349 comienza en su interseccidén con la
carretera PR-105 y termina en el Centro Residencial de
Oportunidades Educativas de Mayaguez {CROEM), ubicado en el barrio
Rosario de este municipio. La carretera fue construida hace mas de
sesenta afios para servir a la Base de Proyectiles Teledirigidos del
Ejército de los Estados Unidos, la cual ubicaba en el lugar donde
hoy radica la instalacién educativa CROEM. En el punto donde
comienza la carretera la misma se llama calle Liceo y la carretera
PR-105 lleva el nombre de calle McKinley. La calle Liceo continta
hacia el sur hasta intersecar con la calle Manantiales donde la

carretera PR-349 continua hacia el este. De aqui en adelante la
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carretera sirve como el acceso principal a las comunidades La
Mineral, Quintas de San Francisco y al Cerro de las Mesas. Este

tramo también sirve a instalaciones tales como el Hospital Bella

Vista, el centro ESPIBI para tratamiento a personas con
impedimentos ¥y la escuela CROEM, entre otros, asi como
instalaciones privadas de radio y telecomunicaciones. Desde la

calle Manantiales hasta el final, la carretera PR~349 es mayormente
montarfiosa. Poco antes del fin, la carretera se interseca con la
carretera PR-3349, la cual permite a los usuarios llegar hasta la
parte sur del municipio de Mayagiiez, al Poblado Rosario en el
municipio de San German o al municipio de Hormigueros. E1 proyecto
residencial gque aqui se evalua estard ubicado en el tramo de la
carretera PR-349 entre La Mineral y el drea residencial del Cerro
de 1las Mesas. Dada la cantidad de instalaciones y areas
residenciales gque existen en la carretera PR-349, la misma es
bastante utilizada para las caracteristicas gque tiene.

La geometria de la carretera PR-349 se compone mayormente de
un carril en cada direccién con un ancho de alrededor de 3.00
metros, sin paseos, con superficie asféaltica. En algunos lugares,
especialmente en el tramo frente al proyecto propuesto, el ancho de
los carriles es mayor, pudiendo sobrepasar los cuatro metros cada
uno. Esto se debe a que en ese sector la carretera PR-349 tiene
muchas curvas y se han hecho mejoras geométricas para incrementar

1a visibilidad y la seguridad de los usuarios.



Alcance del estudio

Con este estudio se pretende principalmente conocer el impacto
en el transito y operacién de la carretera PR-349 debido a la
influencia directa de la urbanizacién Monte Sierra. Como resultado
del analisis se obtuvieron las horas pico en un dia laborable
tipico, el volumen y el Nivel de Servicio actual y futuro durante
esas horas, al que operan y operardn las intersecciones evaluadas.
También se calculé el transito promedio diario en el kildémetro 1.1
de la carretera PR-349 y en su interseccién con la calle
Manantiales. Se realizaron conteos por periodos 24 horas
consecutivas los dias martes, 9 y 16 de noviembre de 2004. Tanto
el dia previo como el posterior al periodo de 24 horas tenian que
ser laborables para tomar en cuenta la informacidén obtenida. Este
tipo de estudio permite conocer si las facilidades viales
existentes y futuras son adecuadas para manejar satisfactoriamente
el volumen vehicular al que se verdn sujetas o si hay que
modificarlas. Todo el volumen vehicular fue captado por un equipo
electrénico de conteo de alta precisién ("Countcard"), lo que
permite obtener datos de buena calidad. Esto, junto con la
constante supervisién del consultor encargado del estudio permitid

tener resultados confiables.



Métodologia utilizada

El método utilizado para obtener los datos fue el conteo y
clasificacién de vehiculos segin el movimiento que estos
efectuaron. Se instalaron detectores electrbénicos ("Countcard") en
el pavimento de cada carril de la carretera y la interseccidn
analizadas. Estos detectores se programan de antemano para que
realicen las lecturas durante el periodo y en los intervalos
deseados. Por medio de ondas magnéticas, el detector capta cuando
un vehiculo pasa sobre él, lo registra y lo clasifica. Luego esa
informacién se pasa directamente a la computadora, utilizando el
programa CDM 20/30 (Nu-Metrics, 1994), de donde se obtienen los
informes relacionados. Este equipo ofrece resultados exactos y
asegura gue Se utilizaron datos reales para efectuar los analisis
pertinentes.

F1 conteo de flujo vehicular se efectud por periodos de 24
horas desde la medianoche de martes hasta la medianoche de
miércoles. Para asegurar la validez de los datos, las 24 horas
previas y posteriores al conteo fueron laborables. Al hacer los
conteos de la forma como se describe aqui se obtiene un flujo
vehicular mas estable y se consiguen datos de mejor calidad.
cuando el objetivo del estudio de transito es captar el
comportamiento del flujo vehicular en cierto lugar en un dia
laborable v la instalacidn propuesta no altere el comportamiento de

los conductores, de forma que dias no laborables se conviertan en



7
dias criticos, se recomienda realizar el trabajo de campo en los
dias martes, miércoles o jueves (Robertson et. al., 1994)
(Homburger et. al., 1992). Los conteos se dividieron en intervalos
de 15 minutos durante todo el dia, para tener una idea mas exacta
de las variaciones del trdnsito a través de los periodos
estudiados.

Se utilizdé 1la hoja de cédlculo electrdénica Quattro Pro versidn
6.0.0.588 (Corel Corporation Limited, 1999a) para reducir los datos
de flujo vehicular y hacer un andlisis matemdtico de los mismos.
Para hacer el analisis operacional de las facilidades wviales se
utilizaron las guias que aparecen en la referencia Highway Capacity
Manual (TRB, 2000), parte de las que se ilustran en el Apéndice 2.
Esta referencia describe las guias para el andlisis operacional de
facilidades de transportacidn que actualmente utilizan las agencias
encargadas de la operacidén y mantenimiento de las carreteras en
Puerto Rico y Estades Unidos. Para facilitar este andlisis se
utilizd el programa de computadora Highway Capacity Software,
versién 4.le (University of Florida, 2003) el cual resume
electrénicamente los procedimientos para el analisis sugeridos en
el Highway Capacity Manual. Con las referencias Trip Generation
(ITE, 2003a, b) y Trip Generation Handbook (ITE, 2001) se estimaron
cuantos viajes adicionales se espera que genere el proyecto. E1
informe se redactd utilizando el procesador de palabras WordPerfect

versién 9.0.0.588 (Corel Corporation Limited, 1999b). Algunas de
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1as ilustraciones dque aparecen en el informe se realizaron con el
programa AutoCad 2000 (Autodesk, 1999). Utilizando estas
referencias y herramientas se realizd el estudio de impacto en el

rransito resumido en este informe.



Datos recopilados

Los datos recopilados durante los conteos fueron el flujo
vehicular y el porciento de camiones en las dos direcciones en el
kilémetro 1.1 de la carretera PR-349 y en todos los movimientos de
la interseccién de esta carretera con la calle Manantiales. Para
poder analizar los datos de forma tal que se pueda conocer el flujo
vehicular que realiza los movimientos en y fuera de las horas pico,
estos se identificaron utilizando una nomenclatura de dos letras
donde la primera indica desde donde transita el wvehiculo y la
segunda se refiere sobre hacia donde va. Por ejemplo, N-E se
refiere al movimiento que hacen los vehiculos que transitan de
norte a este. Un esquema describiendo los movimientos arriba
mencionados se puede apreciar en la figura 6. Una vez se
recopilaron y redujeron los datos se procedidé a realizar el

anidlisis de los mismos.
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Andlisis realizados

Los datos de flujo vehicular se recopilaron en periodos de 15
minutos, tal y como aparecen en el Apéndice 3. Con estos datos se
produjeron graficas que permiten visualizar el comportamiento del
flujo vehicular en el lugar durante un dia laborable tipico. Estas
graficas permiten también efectuar comparaciones en los datos de
flujo para cada movimiento entre diferentes periodos del dia. Se
calcularon parametros que describen el comportamiento del flujo

vehicular en una facilidad vial tales como:

® Tdentificacién de las horas pico del dia

° Flujo vehicular durante las horas pico

e Factor de la hora pico (PHF, por sus siglas en inglés)
o porciento del flujo vehicular durante las horas pico

compuesto por camiones
o Nivel de servicio (LOS, por sus siglas en inglés) al que
operan las facilidades analizadas durante las horas
criticas del dia
o Estimado del tréansito promedio diario en el lugar.
Fstos valores se calcularon para la situacién al momento del
conteo, se proyectaron para la situacidén al momento de ocupada la
urbanizacién Monte Sierra y para la situacidn 20 afios después. Los
valores para estos parametros se calcularon utilizando

procedimientos y férmulas aceptados (TRB, 2000) (University of

Florida, 2003) (Khisty, 1990) (Robexrtson et. al., 1994).
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F1 método utilizado en este estudio para conocer el
funcionamiento de las facilidades viales es el que se sugiere en la
referencia Highway Capacity Manual (TRB, 2000). El mismo describe
las condiciones en una facilidad de transportacidén utilizando el
conéepto de Nivel de Servicio. Este concepto es una medida
cualitativa que describe las condiciones operacionales dentro de
una corriente de trénsito basado en medidas de servicio tales como
velocidad, tiempo de viaje, libertad de manejo, interrupciones del
transito, comodidad y coﬁveniencia.

Se han definido seis LOS para cada tipo de facilidad donde
existe un procedimiento de andlisis establecido. Estos se designan
con las letras desde la A a la F, siendo A la que representa las
mejores condiciones operacionales y F las peores. Cada LOS
representa un rango de condiciones operacionales. Las agencias
encargadas del mantenimiento ¥y operacién de las carreteras
generalmente buscan que las facilidades de transportacidn operen a
un LOS D o mejor.

Fn intersecciones sin sem&foro con dispositivos para el
control del trénsito en los accesos nenores el Nivel de Sexvicio no
se define para la interseccidén completa. El 1L0OS se determina
basado en la demora por control medida o calculada para cada
movimiento en conflicto con otro. En los accesos a intersecciones
regulados por sefiales de “Pare”, como en el caso aqui evaluado, el

tiempo de detencidn neo tiene sentido porque en vez de haber colas
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mas o menos estables, existen filas de vehiculos avanzando vy
parandose intermitentemente. En ellas se ha utilizado mas bien la
“demora por control”. Las demoras por control son calculadas en
segundos por vehiculo y representan el tiempo desde que el
conductor llega al final de la cola hasta que sale de la linea de
“pare” de la interseccidén (Radelat, 2003). Este pardmetro mide la
dificultad que tiene el conductor que llega a la interseccidn por
la calle menor para determinar la brecha entre vehiculos de la
calle mayor gque le permita hacer el movimiento para salir.
Mientras mas altos sean los valores de densidad, menos brechas
adecuadas existiran, incrementandose la dificultad para que los
conductores de la calle menor puedan salir de la interseccidn.

En carreteras de dos carriles el Nivel de Servicio depende de
la clasificacidén de la carretera. Este tipo de carretera se divide
en Clase I para las que se transita a velocidades relativamente
altas vy Clase II para las gque se transita a velocidades
relativaménte bajas (TRB, 2000). En el caso aqui analizado la
carretera es de Clase II ya que pasa sobre terreno montarioso y
sirve como una ruta escénica. En carreteras Clase II la movilidad
es menos critica y el LOS se define en términos del porciento del
tiempo de seguimiento (“time-spent-following”). Esta medida toma
en cuenta el tiempo que un conductor ha transitado por la carretera
siguiendo a otro vehiculo. En carreteras de Clase II los

conductores toleran niveles mds altos del porciento del tiempo de
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seguimiento que en una facilidad de Clase I, porque usualmente las
facilidades Clase II sirven viajes maés cortos y con diferentes
propdsitos.

En intersecciones semaforizadas el LOS se define en términos
de demora por control promedio por vehiculo para cada grupo de
carriles. Esta se agrega por acceso a la interseccidn y para la
interseccidén completa. La demora por control promedico es una
medida de la incomodidad del conductor, su frustracién, consumo de
combustible y tiempo de viaje perdido. Ia medida cuantifica 1la
demora por deceleracidén inicial, tiempo en el que el conductor se
mueve en la cola, demora detenido y demora en la aceleracién final.
La demora exXperimentada por un motorista se debe a una serie de
factores que relacionan el control, la geometria, el transito y los
incidentes.

Otro concepto que se utilizd en el andlisis de los datos fue
el Factor de la Hora Pico. Este factor es el resultado de la
divisién del flujo vehicular total durante la hora pico por cuatro
veces el flujo del periocdo dé 15 minutos pico durante esta hora.
El valor de este factor tiene que estar entre 0.25 y 1.00, donde el
primer valor corresponde a que todo el flujo wvehicular de la hora
pico pasdé durante uno de los periodos de 15 minutos que lo
componen. El segundo valor representa cuando el flujo vehicular en
los cuatro periodes de 15 minutos gque componen la hora pico es

igual. El rango normal de valores estd entre 0.70 y 0.98. Valores
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menores de 0.70 representan un mayor grado de variacidén en el flujo
durante la hora pico. El1 PHF es una medida descriptiva de las
caracteristicas de generacidén de viajes (McShane, et.al., 1998).
Una descripcién mads detallada de estas gulas y conceptos aparece en

el Apéndice 2.
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Hallazgos Obtenidos

En la figura 7 se puede apreciar el comportamiento del flujo
vehicular en un dia laborable tipico en el kildmetro 1.1 de la
carretera PR-349. Se observa que el volumen comienza a aumentar a
eso de las 4:15 de la madrugada hasta las 8:15 de la mafiana, cuando
se registra un pico. El flujo vehicular baja hasta las 9:00 de la
mafiana, desde donde se mantiene constante hasta las 11:45 de 1la
mafiana, cuando comienza a aumentar nuevamente hasta las 3:00 de la
tarde, cuando se registra otro pico. Desde aqui en adelante
comienza a disminuir hasta llegar a un minimo durante la madrugada.
Los picos registrados responden a los generadores existentes en el
sector. Aungue el transito en ambas direcciones es casi similar
durante todo el dia, durante el pico de la mafiana el tréansito hacia
el oceste es un poco mayor. Esto se debe a las personas que salen
de las residencias ubicadas en el Cerro de las Mesas hacia sus
trabajos, estudios o a realizar gestiones. Durante el pico de la
tarde el transito hacia el este es un poco mayor al que va en
direccién contraria debido a que a media tarde una cantidad
considerable de personas llegan hasta el Hospital Bella Vista a
visitar a familiares y conocidos gque estén recluidos en la
institucién. De hecho, el trénsito que genera el Hospital Beila
Vista es uno constante durante todo el dia, debido a los diferentes
servicios que alli se ofrecen. Por esa razdédn, el volumen vehicular

es similar en ambas direcciones durante todo el dia. El que el
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patrdén del flujo vehicular se vea influenciado por el patrén de
generacion de viajes del Hospital Bella Vista demuestra que este es
el principal generador en el sector.

En la figura 8 se puede apreciar el comportamiento del flujo
vehicular en un dia laborable tipico en la interseccién de 1la
carretera PR-349 (calle Liceo en su tramo hacia el norte) con la
calle Manantiales. Se observa que el volumen comienza a aumentar
a eso de las 4:15 de la madrugada hasta las 7:30 de la mafiana,
cuando se registra un pico. El flujo vehicular baja hasta las
10:00 de la mafiana, cuando comienza a aumentar nuevamente hasta las
3:30 de la tarde, cuando se registra otro pico. Desde aqui
comienza a disminuir hasta llegar a un minimo durante la madrugada.
El pico de la mafiana se debe principalmente al transito de 1los
movimientos S-E, E-5 y N-S. Estos movimientos los producen las
personas que van hacia generadores ubicados en el Cerro de las
Mesas, tales como el Hospital Bella Vista y el centro ESPIBI, a
personas que salen de las &reas residenciales ubicadas a lo largo
de la carretera PR-349 y de personas residentes de otras &reas de
la ciudad o© de municipios aledafios que transitan por la
interseccidn para llegar al centro urbano de Mayagiiez, tanto para
trabajar como para estudiar o a realizar gestiones. Durante la
hora pico de la tarde los movimientos E-S, N-E y S-E son los que
mas influyen en el patrén del flujo vehicular de la intersececién

analizada. Estos movimientos los realizan las personas gue salen
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de los generadores ubicados en el Cerro de las Mesas asi como las
personas que residen en alguna comunidad ubicada a lo largo de la
carretera PR-349 y que regresan a sus viviendas después de
trabajar, estudiar o realizar gestiones. La mayor influencia en el
transito de esta interseccién la ejercen las comunidades ubicadas
a lo largo de la carretera PR-349 asi como el Hospital Bella Vista
v otros generadores mas pequefios ubicados en el Cerro de las Mesas.

El patrén del comportamiento descrito en las figuras 7 y 8 no
debe cambiar con la construccién de la urbanizacién Monte Sierra ya
que el actual se debe en gran medida a proyectos residenciales y
otros generadores ubicados a lo largo de la carretera PR-349. E1
cambio que se podria observar es que se carguen mas los movimientos
desde y hacia el este.

Las horas pico en los lugares evaluados se registraron entre
7:00 y 8:00 de la mahana y entre 2:45 y 3:45 de la tarde. La
primer hora pico responde principalmente a personas viajando de su
residencia a su trabajo, estudios o gestiones asi como personas que
van a citas médicas en el Hospital Bella Vista.o en el centro
ESPIBI mientras que la segunda hora pico se debe a las personas que
salieron del hospital o del centro de rehabilitacidn o que regresan
a sus viviendas.

El transito que utiliza el kildmetro 1.1 de la carretera PR-

349 durante la hora pico de la mafiana es 174 vehiculos por hora y

durante la hora critica de la tarde es 181 vehiculos por hora. La



18
interseccién de la carretera PR-349 con la calle Manantiales es
utilizada por 1348 vehiculos durante la hora pico de la mafiana y
1368 vehiculos durante la hora pico de la tarde. Los volumenes que
se registran en la interseccidn son relativamente altos para sus
caracteristicas y se deben a la funcidédn que tiene, descrita
anteriormente. El flujo por movimiento durante las horas pico es
el que se utilizé para realizar el andlisis operacional de las
facilidades viales indicadas. Estos wvolUmenes junto con el PHF
para cadarmovimiento aparecen en las figuras 9 y 10.

El patrén de flujo vehicular que se registra en las
facilidades viales aqui analizada demuestra gque son utilizadas
principalmente por los llamados "conmuters". Estas son las
personas que realizan practicamente el mismo viaje todos los dias
desde su casa, al trabajo, a estudios o a realizar alguna gestidn
y regresan a la casa. El hecho se verifica al observar a la hora
que aumenta o disminuye drasticamente el flujo vehicular. Se puede
decir gque los “conmuters” forman el grupo principal entre los
usuarios de la facilidad analizada.

En el kildmetro 1.1 de la carretera PR-349 el PHF para la hora
pico de la mafiana es 0.89 mientras que durante la hora pico de la
tarde es 0.72. En la interseccién de la carretera PR-349 con la
calle Manantiales se registra un PHF de 0.93 para la hora pico de
la mafiana v de 0.85 para la hora pico de la tarde. Los valores

registrados indican que el flujo vehicular durante las horas pico
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es uniforme y continuo, por lo tanto, las facilidades viales

analizadas tienen demanda continua en esos periodos de tiempo.

Tabla 1. Nivel de Servicio y Demora por Control para cada acceso de la interseccion
de la carretera PR-349 y la calle Manantiales. La Demora por Control aparece entre
paréntesis, en segundos por vehiculo

“ Hora Pico Acceso por el Este | Acceso por el Sur | Acceso por el Norte
" AM A (7.8) F (221.7) F
| PM A (8.4) F (64.6) F

Basado en estos datos para las horas pico del dia se
realizaron anadlisis operacionales del tramo de la carretera PR-349
frente a donde se propone el proyecto, y de la interseccidn de esta
carretera con la calle Manantiales, ya que se verdn directamente
impactados por la urbanizacidn propuesta. Se utilizd el programa
de computadora HCS, versién 4.1e (University of Florida, 2003), que
se basa en el método del Manual de Capacidad de Carreteras (HCM,
por sus siglas en inglés) (TRB, 2000). Por medio de este
procedimiento se determina a que Nivel de Servicio (LOS, por sus
siglas en inglés) opera la seccién. Los resultados obtenidos
indican gue durante ambas horas pico el LOS de la carretera PR-349
frente al proyecto propuesto es A pero que en la interseccidn de la
carretera PR-349 con la calle Manantiales hay problemas. En la
tabla 1 se observa que, aungue la llegada a la interseccidén desde
o] Cerro de las Mesas y, por lo tanto, del predio donde se propone
el proyecto, opera de forma excelente, los otros dos accesos a la

misma no tienen la capacidad para manejar la demanda. De hecho,
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las demoras que experimentan los usuarios que llegan a la
interseccidén por el norte, durante ambas horas pico, son tan altas
gue el programa no las estima. Estos resultados demuestran que en
esta interseccidn existen serios problemas de capacidad actualmente
y que debe mejorarse la misma, independientemente de si se
construye el proyecto o no. En las figuras 11 y 12 se ilustran
graficamente los Niveles de S;rvicio obtenidos en el andlisis para
las dos facilidades indicadas. Los cémputos de este andlisis
operacional se ilustran en el Apéndice 4.

Basado en el anadlisis de los datos obtenidos en el conteo
realizado se estimd la cantidad promedio de vehiculos que durante
un periodo de 24 horas utilizan las facilidades estudiadas. Se
estimé que unos 1765 vehiculos transitan por el kildémetro 1.1 de la
carretera PR=-349 durante un dia laborable tipico y 15115 vehiculos
transitan por la interseccidén de esta carretera con la calle
Manantiales. Estos resultados indican que, aunque el transito que
produce la carrxetera PR-349 en su tramo desde la zona urbana hacia
el Cerro de las Mesas impacta directamente a la interseccidén aqui
evaluada, la mayoria del transito que la utiliza proviene del
transito del centro urbano de Mayagiliez asi como del que se produce
en las comunidades ubicadas entre los dos puntos aqui evaluados.

Se calculdé la razén a la que el transito que utiliza las
facilidades analizadas ha crecido a través de los afios. Debido a

que no existen suficientes datos histéricos del transito promedio
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diario de esta carretera se supuso que el transito en las
facilidades evaluadas crecera a la misma razén que los vehiculos
registrados en el municipio de Mayagiiez. Se hizo esta suposicién
debido a la obvia relacién entre los vehiculos registrados en un
municipio y el volumen vehicular que utiliza sus vias. El1 factor
de crecimiento obtenido se utilizé para proyectar los datos de
flujo wvehicular al futuro. Los datos histéricos de vehiculos
registrados en Mayagliez se obtuvieron de informes del Departamento
de Transportacidén y Obras Publicas.

Tabla 2. Vehiculos Registrados en el Municipio de Mayagiiez

Ao Vehiculos Registrados
1989 45439
1990 47196
1891 45586
1992 46572
1993 48872
1994 52962
1995 55357
1996 56861
1997 58330
1998 ©1350
1999 61509
2000 52142
2001 52631
2002 53202

Fuente: Departamento de Transportacidén y Obras Publicas
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Con los datos histéricos se desarrolld una ecuacidén de
regresidén lineal. Una vez se obtuvo esta ecuacidn se proyectd la
cantidad de vehiculos registrados en Mayagliez al afio 2026 y se
determind el factor de crecimiento (i) utilizando la ley de interés
compuesto! (Sepilveda, et.al., 1984). Esta se utiliza en la
Ingenieria de Transito para determinar el factor de crecimiento.
Se obtuveo un factor de crecimiento (i) de 1.4% anual. Este valor
de 1 es aceptable y es cdénsono con el comportamiento del entorno ya
gue hace algun tiempo no se construyen grandes generadbres en el
sector. Debido a las caracteristicas topcocgraficas del Area, aparte
del proyecto propuesto, no se espera que el patrdn de desarrollo
cambie en los préximos afiocs. Por esos motivos, este valor para i
se utilizdé para proyectar el transito a mediano y a largo plazo.
Utilizando el wvalor de i obtenido y con la ley de interés
compuesto se proyectaron los valores actuales de transito vehicular
en las facilidades analizadas para ambas horas pico. Esta
proyeccién se realizdé para el afio en el dque se espere que el
proyecto propuesto esté ocupado. A estos datos se le sumaron los
viajes que se espera que genere la urbanizacidén Monte Sierra. Se

supuso que las horas pico del dia y los valores del Factor de la

1F= P(1+1)"
donde:
valor futuro
valor presente
factor de crecimiento
numero de periocdos (afios)

8ok g o
il
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Hora Pico se mantendran iguales porque no se espera que las
caracteristicas del lugar cambien. Estos supuestos se basan en el
analisis del patrén del flujo vehicular resumido anteriormente, en
1a naturaleza del proyecto propuesto y en las caracteristicas del
entorno. E1 andlisis para la proyeccidn de los datos aparece en el
Apéndice 5. Los datos de transito obtenidos para el afio 2006
fueron proyectados al afio 2026 utilizando el mismo procedimiento.
£1 estimado del volumen que producird el proyecto propuesto se
realizé utilizando el procedimiento sugerido por el Instituto de
Ingenieros de Transportacién (ITE, por sus siglas en inglés). E1
procedimiento aparece en la séptima edicidén de la publicacidn Trip
Generation (ITE, 2003a,b). Los datos utilizados para esta
publicacién fueron tomados desde los afios sesenta hasta la década
del 2000 a través de los Estados Unidos y Canada. La publicacidn
divide los terrenos segﬁﬁ su uso. Para este caso se utilizaron los
usos codificados 210 (“Single-Familiy Detached Housing”) y 820
(“Shopping Center”) por esta referencia. Estos uscs se basan en
los que se han propuesto para el proyecto. Un esquema de los usos
propuestos en el proyecto se ilustra en la figura 5.

Segin Trip Generation el uso de terreno 210 incluye todas las
unidades sencillas de vivienda unifamiliares, en lotes separados.
Un ejemplo tipico de este uso de terreno es una subdivisidn
suburbana o una urbanizacidn. Este uso de terreno incluye

informacién para una amplia variedad de unidades con diferentes
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tamafios, rangos de precios, localizaciones y edades. Como se
espera, las unidades mas grandes, mas costosas o mas lejos de los
centros urbanos tienen una razén de generacidén de viajes mds alta
gque las mas pequeflas, menos costosas o mas cercanas al centro
urkano. Otros factores como, por ejemplo, la localizaciédn
geografica y el tipo de desarrollo adyacente y colindante, pueden
tener un efecto en la generacidn de viajes del lugar. En este
estudio se utilizd este uso de terreno para conocer cuantos viajes
generard la parte residencial de la urbanizacidn Monte Sierra
durante las horas pico.

Este uso de terreno tiene la razdédn de generacidn de viajes
mayor por unidad de vivienda entre todos los usos residenciales
porgue son las unidades mas grandes en tamafio y tienen mas
residentes y vehiculos por unidad gque otros usos de terreno
residenciales. Las unidades residenciales de este uso de terreno
generalmente estdn localizadas mas lejos de grandes centros
comerciales, Aareas de empleo y de otras instalaciones gque atraen
viajes, al compararlas con otros usos residenciales. También este
uso de terreno generalmente tiene menos modos de transportacidn
alternos disponibles porgque tipicamente no es tan denso como otros
usos de terreno residenciales. Las horas pico de este generador

tipicamente coinciden con las horas pico del transito de las calles

adyacentes.
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Trip Generation define el uso de terreno 820 como un grupo
integrado de establecimientos comerciales que es de un solo duefio,
planificado, desarrollado y administrado como una unidad. La
composicién del centro comercial depende de su drea de mercado en
términos de tamafio, localizacién y tipo de tienda. Un centro
comercial también provee suficientes facilidades de estacionamiento
en el lugar para servir su propia demanda. En este estudio se
utilizaron los datos de este uso de terreno para conocer la
generacién de viajes del solar que se propone para uso comercial en
la urbanizacién Monte Sierra.

Como se puede apreciar, las descripciones y supuestos con los
que se desarrolld la informacién que provee la referencia Trip
Generation coinciden con las caracteristicas que tendra el proyecto
aqui evaluado. Por este motivo es adecuado aplicar la informacion
que provee la referencia a los analisis realizados y resumidos en
este informe. La cantidad de viajes que generara el proyecto
propuesto y como se distribuiran por las intersecciones analizadas
se resume en la figura 13.

Utilizando los procedimientos y supuestos descritos en los
Gltimos parrafos se obtuvieron datos acerca de la cantidad de
vehiculos que utilizarén las intersecciones analizadas durante las
horas pico en los afios 2006 y 2026. Estos datos se resumen en las
figuras 14 a la 17. Para obtener estos datos se sumaron los

volumenes actuales proyectados y los gque generara la urbanizacién
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Monte Sierra. EL patrén del viajes en las horas pico sera similar
al actual. Los detalles sobre como se calcularon los viajes que
generard el proyecto propuesto, como se asignaron y como se
proyectaron los volimenes aparecen en el Apéndice 6 del informe.
Debido a que la interseccién de la carretera PR-349 con la
calle Manantiales no funciona adecuadamente, se evalud cambiar los
dispositivos de contrel del transito en la misma asi como la
geometria. Para recomendar los dispositivos de control del
transito a utilizar, antes de realizar el andlisis operacional de
la interseccidn, se evalué utilizando como  guias las
justificaciones® que aparecen en el Manual de Dispositivos de
control del Transito Uniformes (MUTCD, por sus siglas en inglés)
(ATSSA/ITE/AASHTO, 2003). Al aplicar estas justificaciones a la
situacidén que se experimenta en la interseccidén se tTiene una
recomendacién acerca de si la interseccién deberia estar controlada
por un sistema de semaforos o por otros dispositivos. Las
justificaciones aparecen en el Apéndice 7 de este informe. Al
aplicar las justificaciones relacionadas al transito durante ocho
horas del dia, cuatro horas del dia y durante la hora pico se
obtuvo gque es recomendable la instalacidén de un sistema de
semaforos en el lugar. Esta evaluacién, con los datos futuros,

también se hizo para la interseccidn que se formard al construir el

2En este informe se utiliza el término “justificaciones” para
definir la palabra en inglés “warrants”
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acceso a la urbanizacién Monte Sierra. De la misma se obtuvo que
no es necesario instalar un sistema de semdforos alli.

Del andlisis operacional para la condicién actual se obtuvo
que la capacidad de la interseccién estd por debajo de la demanda.
Por esta razdén también se propone que se afiada un carril a los
accesos a la interseccién por el sur y por el este. También se
debe ampliar el carril que llega al lugar por el norte. De esta
manera se aumenta la capacidad de la interseccién. Ademds de estos
ajustes se debe modificar la interseccién de manera que la
carretera PR-349 lleque a la calle Manantiales a un é&ngulo mas
cercano a los 90 grados. El &ngulo al gue actualmente se
encuentran ambas vias hacen de esta interseccidn una peligrosa ya
que hay &reas donde la visibilidad no es la adecuada, lo que se
incrementa con las pendientes pronunciadas que existen en los tres
accesos. Esto también aplica, por las mismas razones, a la
interseccién que se formard en la entrada al proyecto propuesto.
Tanto lo indicado en este parrafo como en el anterior debe ser
implantado en la interseccién de la carretera PR-349 con la calle
Manantiales independientemente de si se construye el proyecto
propuesto o no, ya que la situacién actual no se debe al mismo.

En la figura 18 se resumen los resultados del analisis
operacional de la entrada al proyecto propuesto para ambas horas
pico para el escenario durante el afio 2006 asi como en la figura 19

se ilustran los resultados correspondientes para la interseccidn de
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la carretera PR-349 con la calle Manantiales. Fn las figuras 20 vy

21 se ilustran 1los resultados correspondientes para ambos

escenarios durante ambas horas pico para el afio 2026. En los
analisis operacionales para ambas fechas se supusieron los cambios
en la geometria propuesta y en los dispositivos de control del
transito, indicados en los pasados parrafos, para asegurar el mejor

funcionamiento de las vias.

Tabla 3. Nivel de Servicio y Demora por Control que se experimentaran durante las
horas pico, en el afio 2008, en las intersecciones evaluadas en este estudio. Las
Demoras por Control aparecen entre paréntesis, expresadas en segundos por vehiculo

Hora Pico | Acceso por | Acceso por | Acceso por | Acceso por Total
el Sur el Norte el Este el Oeste
Interseccidn Carretera PR-349 y Calle Num. 1
AM B {(11.9) A {T7.7)
PM C (17.3) A (8.5)

{Calle Liceo)
(23.3) B
(63.1) D

Interseccién Carretera PR-349 y Calle Manantiales
(12.0) C

(67.1) E

AM A (7.4) B

(15.7) E

(14.3)
(51.2)

PM B

De acuerdo con los resultados obtenidos, resumidos en la tabla
3, las facilidades viales modificadas podran manejar aceptablemente

el volumen vehicular para el afic 2006. Se observa gue solamente,

durante la hora pico de la tarde, los accesos por la carretera PR~

349 operarédn a capacidad en su interseccién con la calle

Manantiales. Aun asi, la interseccién en su totalidad operaran de
forma satisfactoria. El accesc a la urbanizacién Monte Sierra
operara muy bien durante ambas horas pico del afo 20086. Estos

resultados se ilustran graficamente en las figuras 18 y 19.
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Tabla 4. Nivel de Servicio y Demora por Control que se experimentaran durante las
horas pico, en el afio 2026, en las intersecciones evaluadas en este estudio. Las
Demoras por Control aparecen entre paréntesis, expresadas en segundos por vehiculo

Hora Pico | Acceso por | Acceso por | Acceso por | Acceso por Total
el Sur el Norte el Este el Oeste

Interseccién Carretera PR-349 y Calle Num. 1

AM B (14.4) A (7.8)

PM E (38.1) A (9.2)

Tnterseccidn Carretera PR-349 (Calle Liceo} y Calle Manantiales

AM B (12.0} D (53.3) D {50.4) D {37.3)

PM B (12.9) E (77.8) E (75.3) E (58.4)

Al efectuar el analisis operacional para el escenario
correspondiente al afio 2026 se obtuvo que las facilidades, aungue
experimentaran una disminucién en la calidad del servicio brindan,
podran manejar el flujo vehicular que las utiliza ya que la demoras
que sufriran los usuarios aun seran tolerables. Se observa que el
caso mas critico sera en la interseccidn de la carretera PR-349 con
la calle Manantiales durante la hora pico de la tarde. En este
momento la interseccidén operard a capacidad. Durante el resto del
dia los usuarios de ambas intersecciones experimentaran demoras
menores.

De acuerdo a los resultados obtenidos, las facilidades viales,
con los ajustes aqui indicados, podran manejar el transito que
utilizard las vias impactadas por la urbanizacién Monte Sierra
tanto desde el momento en el que se ocupe el proyecto como veinte
afios después. Los computos para efectuar los analisis

operacionales aparecen en el Apéndice 4. De acuerdo con estos
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resultados, la gecometria y dispositivos de control del transito
existentes en la interseccidén de la carretera PR-349 con la calle
Manantiales debe modificarse para que puedan manejar adecuadamente
el trénsito wvehicular que 1la utiliza. Por otro lade, la
interseccidn propuesta para entrar a la urbanizacidén Monte Sierra
debe modificarse de manera que el Aangulo que se forme entre la
carretera PR-349 y la calle Num. 1 se acerque, en lo posible, a 90
grados. Los resultados indican que el &rea analizada opera
actualmente de forma deficiente y operara de forma adecuada a
mediano y largo plazo haciendo los cambios aqui propuestos. Se
debe tener en consideracidn que las mejoras a la interseccidén de la
carretera PR-349 con la <calle Manantiales son necesarias,
independientemente de si se construye el proyecto propuesto o no.
Por esta razdn los desarrolladores de la urbanizacién Monte Sierra
solamente deben costear la interseccidn de acceso a su proyecto y

las mejoras que haya que hacer a la carretera PR-349 exclusivamente

en este lugar.
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Conclusiones

La urbanizacidén Monte Sierra proveerd al municipio de Mayaglez
con 302 nuevas unidades de vivienda. Existiendo una necesidad de
vivienda en el &rea oeste, el proyecto ayudaria a gque varias
familias no tengan que mudarse a otros municipios, produciendo
beneficios para la econcmia de Mayagliez. Este proyecto se
convertird en el limite de la zona urbana de Mayagliez, integrandose
a la comunidad existente en el area. Esto permitira gque 1los
residentes de la urbanizacidn satisfagan sus necesidades en el
centro urbano de Mayagliez, aungque el proyecto contard con un area
comercial que pondrd a disposicién de los residentes del lugar
servicios y articulos de primera necesidad de forma inmediata. La
carretera PR-349 podrd manejar el transito que la utilizara una vez
se haya construido el proyecto propuesto, aunque serd necesario
modificar su interseccidén con la calle Manantiales para poder
segulr sirviendo a los usuarios, Iindependientemente de si se
construye la urbanizacién Monte Sierra o no. Se deben implantar
las mejoras a la geometria y dispositivos de control del tfénsito
aqui recomendados. Al dia de hoy existen serios problemas de
capacidad en esta intersecciédn.

De acuerdo a los resultados obtenidos se observé que las
facilidades viales analizadas registran un patrédn de flujo
vehicular durante un dia laborable tipico de acuerdo a su funcidn

v al lugar donde se encuentran. La urbanizacién Monte Sierra es
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cénsona con el desarrollo residencial existente en el area, por lo

que su construccién no debe cambiar los patrones vehiculares que se

registran.
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Recomendaciones

La urbanizacidén Monte Sierra traerd una cantidad adicional de
vehiculos al lugar gue serd manejada adecuadamente por la carretera
PR-349. Solamente habrian problemas en su interseccidn con la
calle Manantiales si no se hacen cambios en la geometria vy
dispositivos de control del transito existentes. De manera
inmediata se debe construir un carril adicional en los accesos por
el este y por el sur a esta interseccidn, asi como el acceso por el
norte debe ser ampliado de manera que se haga cdmodo tanto el
transitar hacia el sur como maniobrar hacia el este. En esta
interseccidén existe un pequefio acceso por el oeste, conocido como
calle Fortunet. Esta calle no es utilizada debido a que es muy
incémoda para transitar en vehiculo aunque si se podria hacer.
Debido a que no se utiliza, la misma no fue considerada en los
andlisis agqui realizados. Ya que podria ser posible que alguien la
utilizara, se recomienda que se cierre su acceso a la interseccidn
analizada. Cerrar este acceso no significa que se vaya a
incomunicar a los residentes del lugar ya que esta calle también
tiene acceso cercano por la calle Salud. De esta manera se
incrementa la capacidad de la interseccidén y se aumenta la
seguridad para los usuarios de la misma.

La interseccidén para accesar al proyecto propuesto debe ser
redisefiada de manera que la calle Num. 1 de la urbanizacidn llegue

a la carretera PR-349 a un angulo més cercano a los 90 grados.
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Actualmente se propone que este angulo esté cerca de los 45 grados,
lo que podria traer problemas de visibilidad y de seguridad a los
usuarios. Aparte de esto, la geometria puede ser la propuesta ya
que no se vVislumbra que se necesite mas de un carril en cada
acceso. E1 control de transito en esta interseccién debe consistir
de un rotulo de wpare” ubicado de manera gue se detengan los
vehiculos que salgan de la urbanizacidn. También se debe ajustar
1a interseccién de la carretera PR-349 con la calle Manantiales de
forma que la primera llegue a un dngulo recto a la segunda.

Los criterios gue se deben tomar en consideracién al efectuar
el disefio geométrico y de los dispositivos de control del transito,
de acuerdo a lo agqui recomendado, aparecen en el Reglamento para el
control de Accesos a las Vias Publicas de Puerto Rico (ELA, 1976)
y demas guilas vigentes (AASHTO, 2001) (AATSA/ITE/AASHTO, 2003)
(AcT, 1996). Por ser algunas de estas mejoras necesarias de manera
inmediata, se le debe requerir a los desarrolladores de la
urbanizacién Monte Sierra costear solamente la construccidn de la
interseccién que le dard acceso a su proyecto. Las otras deben ser
costeadas por el Departamento de Transportacién y Obras Publicas
y/o la Autoridad de Carreteras y Transportacidn. En las figuras 18
a la 21 se ilustra, de forma esquematica, las mejoras aquil
propuestas.

con las recomendaciones aqui resumidas, el segmento de

carretera analizado deberd operar bien a mediano y largo plazo,
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tomando en consideracién la construccién de la urbanizacién Monte
Sierra. La mejora en el funcionamiento a corto plazo dependeréd de

la rapidez c¢on la que se implanten las recomendaciones aqui

formuladas.
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Certificacion
Este informe fue preparado basado en las condiciones
existentes al momento del trabajo de campo y otras condiciones
citadas en las referencias aqui indicadas e informacidén provista
por el proponente y/o duefio. Los disefladores del proyecto deben
verificar gque ninguna condicién haya sido pasada por alto,
requiriéndose mayor clarificacién y/o comentarios adicionales.
Este documento fue preparado por Pérez Berenguer y Asociados y
aplica unicamente al proyecto Urbanizacién Monte Sierra, propuesto
por Urbanizacién Monte Sierra Inc., para la carretera PR-349, Km.
1.1, barrio Quebrada Grande, Mayagliez, Puerto Rico. Los datos,
analisis, discusiones, conclusiones y recomendaciones aqui

formuladas no aplican a ningun otro proyecto.
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Apéndices

Apéndice 1. Figuras
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Figura 3. Carretera PR-349, kildmetro 1.1, vista desde el este. La urbanizacion Monte Sierra
se propone en el predio que se observa a la izquierda de la carretera
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Figura 4. Interseccion de la carretera PR-349 y la calle Manantiales, vista desde el este. La
calle Manantiales sale hacia la izquierda, la calle Liceo (PR-349) sale hacia la derecha y la
carretera PR-349 sale hacia la parte de abajo de la figura. De frente se puede observar la
calle Fortunet, la cual no es utilizada por el transito vehicular
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Figura 9. Flujo Vehiculary Factor de la Hora Pico actual, por movimiento y total, para ambas
horas pico, en el kilometro 1.1 de fa carretera PR-349. El Factor de la Hora Pico aparece

entre paréntesis
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Figura 10. Flujo Vehicular, Factor de la Hora Pico y Porciento de Camiones actual, por
movimiento y total, para ambas horas pico, en la interseccion de la carretera PR-349 y la calle
Manantiales. El Factor de la Hora Pico aparece entre paréntesis



49

Figura 11. Nivel de Servicio y Razén de Volumen a Capacidad (v/c) actual, durante ambas
horas pico, en el kildmetro 1.1 de la carretera PR-349
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Figura 13. Generacién y Distribucion de los viajes del proyecto propuesto
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Lrl, Monte

Figura 14. Flujo Vehicular y Factor de la Hora Pico para el afio 2006, para ambas horas pico,
por movimiento y total, en la futura interseccion de la carretera PR-349 y la calle Ndm. 1 de
la urbanizacion Monte Sierra. El Factor de la Hora Pico se ilustra entre paréntesis. Se ilustra
la ubicacion esquematica del rétulo de “PARE” recomendado
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Figura 15. Flujo Vehicular, Factor de la Hora Pico y Porciento de Camiones para el afio 2006,
para ambas horas pico, por movimiento y total, en la interseccién de la carretera PR-349 y la
calle Manantiales. El Factor de la Hora Pico se ilustra entre paréntesis. Se ilustra la geometria
y el control de trénsito recomendado para la interseccion asf como el cierre de la calle Fortunet
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Urk, Monte Tie

Figura 16. Flujo Vehiculary Factor de la Hora Pico para el afio 2026, para ambas horas pico,
por movimiento y total, en la futura interseccion de la carretera PR-349 y la calle Ndm. 1 de
la urbanizacion Monte Sierra. El Factor de la Hora Pico aparece entre paréntesis
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Ur:. Monte Sierrg

Figura 18. Nivel de Servicio y Demora por Control que se experimentara durante ambas
horas pico, en el afo 20086, en los accesos de la interseccidn de la carretera PR-349 y la calle
Ndm. 1 de la urbanizacion Monte Sierra. La demora por control aparece entre paréntesis
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Figura 19. Nivel de Servicio y Demora por control que se experimentara durante ambas horas
pico, para el afio 2006, por movimiento, por accesa y total, en la interseccion de la carretera
PR-349 y la calle Manantiales. La Demora por Control aparece entre paréntesis
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Uit Monte Sierrg

Figura 20. Nivel de Servicio y Demora por Control que se experimentara durante ambas
horas pico, para el afio 2026, en los accesos de la interseccién de la carretera PR-349 con
la calle Num. 1 de la urbanizacion Monte Sierra. La Demora por Control aparece entre
paréntesis
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Apéndice 2. Guias utilizadas en el analisis operacional (TRB, 2000)
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EXHRIT T0-8. SYRABOLS, DEFINITIONS, AND UNITS FOR FUNDARIENTAL WARAELES (F TRAFFIC L
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1. INTRODUCTION

SCOPE OF THE METHODOLOGY
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meiwsicdogy Thoeses ofl e determmtion of LOS for known ar projecict eoiditons.
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crtaldisfeing sipmakbagion pligs, The firss is e guick csmigion wieinod, which produees
sy uf 1he eyole lenpib aml green Bmoes fhal cun be constdonad g0 Constiame &
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LIMITATIONS TO THE METHODOLOGY
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Porcent ime-spent-
following defined

Car-following criterion is
3s

Average travel speed
defined

Ciass | highways

Class I highways

Tratfic eperalions on two-lune, two-way highways differ (rom those on other
ummterrupted-Tow facilivies. Lane changeng and passmg are possible only m the faee of
oncoming raffie in the opposing lane. Passing demand inereases rapidly as traffic
vaolumes inercase, and passing capacity in the opposing lane declines as valumes increase,
Therefore, on two-kane highways, unlike athey types of unimerrupted-Tlow Frcibinies,
normal tradfic flow in one direction inflaences Mow tr the other dircction, Motorists must
adjust thew travel speeds as volume inereases and the ability w pass declines.

Etficient mubality is the prineipal function of major twa-lane highwavs diat conncet
nwjer traflic generstors or that serve as prinary links in state and national highway
networks. These routes ond to serve long-distance commerciad and recreational
travelers, and long sections muy pass through rural areas withowt frafficeconere]
mierruptions. Consistent higl-specd operitions and infrequent passing delays are
desirable tor these facilities.

Oiber paved. two-lane rural highways serve for accessibifity. They provide all-
weather aceess Lo an arca, often for relatively kow trailic volumes, Cost-cfieclive access
16 the donunant consideration. Although beneficial, high speed s not the principad
concern. Delay—-as indicaled by the formution of platouns—ix more relevint o a
measure of service quality,

Twoulane roads also serve scenic and recreationad arcas in which the vista il
environmenl are meznt o be experienced snd enjoved withew! tralfic micrruption o
delay. A safe roadway s desired, but high-speed operation i neither expected nor
desired. For these reasons, fhere are two performarice measures o deseribe sorvice
quality for two-lane highways: percent time-spent-following and average travel speed.

Percent ime-spent-following represents the fireedom 1o mancuver and the comiort
amd convemence of travel. [t is the average percentage of ravel time that vehicies must
travel i platoons behind slower vehicles due 10 the inability to pass. Percent time-spent-
following is difficult w measure in the field. However, the percentage of velueles
traveling with headways of Tess than 3 » at a representative location can be used as a
SUFFOLAIe Measure.

Average ravel spead reflects the mobility on a two-laae highway: it is the length of
the lnghway sepment divided by the average travel tme ofall vehicles traversing the
segment in both directions during a desigmnited mterval,

108 eriteria use batt these perlormance measures. On major two-fane hghways. for
which ef¥icient mobtlity 15 parsnount, both percent time-spent-following and uverage
travel speed define LOS, However, ruadway alignnients with redueed design specids wil]
limt the LOS that can be achioved. On highways for which accessibility is paramount
and mobility less eritical, LOS is defined vnly in terms of pereent tme-spent-following.
witheut consideration of average wavel speed,

CLASSIFICATION OF TWO-LANE HIGHWAYS

Two-lane highways are citeporized inte two classes for mtalysis:

« Class 1--These wre two-lane highways on which metopises cxpect to trave] at
refatively high speeds. Two-lune highwiays that are major intercity routes, primary
arterials connceting mujor fraffic penertors, daily commueter roes. or primary links in
state or mational bighway networks gencrally are assigned (o Class | Chass | facilities
most piten serve lig-distanee ips or provide connecting links berween facilities tha
serve long-distaee trops.

o Class {b—These are twe-lane highways on which matorists do not necessarily
eapect to travel at ugh spoeds, Two-lane highways thad funchion as access roules fu
Class [ fucthitics, serve as scenic or recreutional poutes that are not primary wicrials. nr
patss through rugged terrain generally are assigned w Class [ Clas< E Tacilities most
often serve refatively short trips. the begnning and endhing portions of Tonger inps. or
trips for which siglitscemg plays a sigmiicant role.

Chapter 12 - Highway Concepls
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The classes of two-lane roads closely relate o their functions- ~most arterialbs are
constdered Class L and most collecrors and loeal roads are considered Class IL However.
the primtary determinant of 3 facility’s classilication in an operational analysis is the
matorist's expectations, which might not ageee with the functional classification. For
example, an intercity route that passes throwgh rugged nountainous errain might be
Jdeseribed as Class 1 instead of Class Lif motorists recognize that o mgh-speed roure is
not feasable in that corndor.

The LOS tor Class T highwayvs on which elTicrent mobility is paramouni is detined in
rers of both pereent ume-spent-tollowing and average ravel speed. On Class I
highways. mobility is ess eritical. and LOS is defined only in termw of pereent tinie-
spent-fallowing. Drivers generally talerate ligher levels of pereeni time-spent-followng
on 1« Class T Gceity thim on a Class T facility. because Class [T highways usually serve
shorker tnps and different trip purposes,

BASE CONDITIONS

The base conditrons Tor 1 two-lane highway are the absence of reslrictive geomelric.
wradTie, or environmentad factors, Buase conditions are not the same as typical or default
conditions.  The methadology in Chapter 20 accounts Tor the effeets of geomerric, traitic,
ar envirenmental conditions that are more restrictive than the base condilions. The base
candifions melude

o Lane widths greater than or equal w 3.6 m:

« Clear shoulders wider than or equal 1o 18 me

o No pospamsing, 2oes:

» AH passenger cars;

« Neo pmpediments w thivugh trafiie, such as raffic control o umimg velncles; and

« J.evel rerrain,

For the anabysis of two-way flow (i.e., both dircenions), a 3050 dircetional splin of
trattic is akse considered a base condition. Most directional distribution on rurad two-fane
higdnwiays ranges from 3050 w 7030, On recreational routes. the divectionsl distribution
nay be as high as 8620 or more during heliday or other peak perfods. Some variation in
specd und pereent tme-spem-followny oeeurs with changing divectional distribution and
volume. For direetional anadysis e separate analysis of cach direcuon), directional
distribuiton is net a base condition.

Trallie van operate ideally only if lunes and shoulders are wide enpugh not e
constrain speeds, Lanc and shoulder widths fess than the buse values of 3.6 mand 1.8 m,
rospectively, are fikely o reduce speeds and may merease pereent time-spent-followimg.

The fregueney of no-passing zones s used to characlerize roadway design und to
anulyze expected tattic condinions along a two-lane highway. A no-pussing zone 1s any
zone marked for no passing or any section of road with a passing sight distance o 300 m
ar fess. The wverage percemtage of no-pussing zones in both directions wlong a section 18
wset] Tor the analysis af twvewway low., The percentage of ne-passing zones for a
particular direction af fravel is used in directional analysis.

No-passing zenes typivally range from 24010 Mpercent of o reval two-lane highway
Values approactung 10 percent can be found on sectiens of winding, mountsnous roads.
No-passing zones have o greater effect in mountainous terrain than i level or ralling
terrin. Teavy platoon furmation along a highway section alse can cause greater-than-
expeeted eperational problems on an adjicent dowastream section with restricted passing

nppurtinitios.

BASIC RELATIONSHIPS
Exahibit 12-6 shows the relationslng of flow rate, average wravel speed, and pereent
wme-spent-following for base comditions on an extended two-way facility (7).
Nighway geomciric features mclode a gencral deseription of longitudinal section
characteristics and specific roadway cross-section mformation. Longitudinal seetion

For Class | highways, two
ciiteria define LOS! percent
lime-spent-following and
avarage ravel speed. For
Class H highways, LOS is
based only on percent time-
spent-following,

MNo-passing zohe

The sight distance value of
300 m s equivalent to that

- used by the Manualan
Uniform Traffic Contro)
Devicas for passing and no-
passing zenes on highways
with an §5th-psrcentile speed
of 80 km#
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Analysis of two-way flow
usuzlly is pstformad on
extended lengths, but
directional analysis is
applied to relatively
short. uniform segments

Two-way segments and
directional segments

characteristies are described by the sverage pereentage of the highway with NO-passing
aones i either divection, Roadway cross-secton dit inelude Lane widih mud vsable
shotlder width. Geemetrie dara and design speed are considered in estimating the FFS.

EXHIBIT T2-6. SPEED-FLOW AND PERCENT TIME-SPENT-FOLLOWING FLOW RELATIONSHIPS FOR
TWO-WAY SEGMENTS WITH BASE CONDITIONS

2. Average Trave] Speed vs. Two-Way Flow
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Twa-dune highways can be analyzed cither as twomway segments obtaning waltic
performance measures for both directions of travel combined, or us dircetional seginents,
with each direction of rave| considered separately. Sepurate anulysis by direction is
appropriate for steep grades and ior segments with passing lanes.

Exmbi 12-7 illusirates the relationship of flaw rate. average travel speed. and
percent time-spent-following For base conditions of a directional segment of a nea-way
facility (7). These relationships are coneeptually analogous to the relanonships Tor the
Wwa-way sepments in Exhibit 12-0: however, the relationships lor directiona] seaments
mearporate the eifect of the opposing flow rate on the average reavel speed and parcent
tme=spent-followmy. In Exhibit 12-77a). the yv-intercept represents the FFS in the
analysis direction, incorparating the effect of the demand flow vute in the opposing
direction. Exhibit 12-7¢l) graphs the relationships between direetionul flow rate and
pereent ime-spent-following when opposing flow rates range Teom 200 ta LOUE pesh.
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EXHIBIT 12-7. SPEED-FLOW AND PERCENT TIME-SPENT-FOLLOWING FLOW RELATIONSHIPS FOR
DIRECTIONAL SEGMENTS WITH BASE CONDITIONS
2. Average Travel Spoed vs. Directional Flow
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PASSING LANES ON TWO-LANE HIGHWAYS

A passing lane is o lane added i one direction of ravel an a conventional two-lane
highway te improve epportmitics for passing. The addition of a passing lane to u iwo-
fane highway pravides a three-lane cross section with tva lanes in one direction of travel
and one ke in the ather. Bxlibie 12-8 flastrates o typical passig lane on a iwa-kune
highway. {)Ll'kndm" on fecal practice, traffic in the oppesing dircction may be
prohibited from passing or may be permitted 1o pass i adequane sight (||.'-1¢Hlu. is
available, os shown i Exhilut [2-8. O some two-lane highways, passing lanes are
provided intermittently or at intervals for cach direction of travel. On other highways,
addad passing lanes aliernate continuously between the two directions of travel. Passing
lanes also can be pravided in both divections of wavel at e sane location. resulting ina
shori section of four-lane undivided highway with impreved pissing opporivnities in both

direetions.

EXHIBIT 12-8. PLAN VIEW OF A TYPICAL PASSING LANE

- — A
I —
Lane addition Passing fane Lane drop
e e ke ”
Yaper taper
LOS

The primary measures of service qualiey Tor Class [ two-lane highways are percent
ime-spent-fellowing and average iravel speed. For Class [T twoslane highways, service

Capracily Mool 2000
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quality 1% hased enly un percent fime-spent-following. LOS eriteriu are defined for peak
E5-min Aow periods and are intended lor apphication to segments of significant kength.
LOS A describes the highest quality of traflic service, when motorist< are able o
travel at their desired speed. Without siriet enforcement. this highest quabity would result
b average speeds of 90 kb or more on two-fane highways 10 Class 1. The passing
frequeney required to maintain these speeds has not reached o demanding level, so that
passing demand is well below passing eapacity, amd pliioens of three or more vehicles
are rare. Drivers are delayed no more than 33 percent of their ravel dme by sfoiv-
moving vehicles, A maxium flow rake of 494 pedh total in both dircetions may be
achieved with base conditions. On Cluss [T highways, speeds may Gall bebow U0 kmeh.

but motorists will not be delayed in platvens for more than 40 percent of their travel ume.

LOS B churacterizes tralfic low with speeds of 80 kmh or slighthy ligher on level-
terrain Class | highways. The demond for passing 1o maintum desired speeds becomes
significant and approximates the passing capacity at the lowser botndaey o LOS B.
Drivers are delayed in platoons up to 30 pereent of the time. Service fow rates of 780
peh total in boll directions can be achieved under base conditions, Abave this flow rute,
the number of plateons inereases deamaucally. On Class ) highways, speeds may: fall
below 80 knvh, bat motorists will not be delaved in platoons for more than 33 pereent of
their travel time,

LOS C desenibes further increases in flow, resulting i neticeable wereuses in
platoon formation, platcon size. and frequency of passing impediments, The average
speed still exceeds 70 kmidr on level-terran Class [ highsvays, even though unrestricted
passing demand exceeds passing capucity. At higher volumes the chaining of platsons
amd significant reductions in passing capacity oceur. Although Leaifie flow is stable. 1 is
susceptible w congestion due to wrning vaflic and slow-moving vehicles, Percent tinte-

spent-following may reach 63 percent. A service flow vate of up to F 19U pedh 1ozl in

both dircctions can be accommodated under base conditions. O Class 1 highways.,
speeds may fall below 70 km‘h, but motorists will not be delaved in plaleons for more
than 7 percent of their ravel ume.

LOS D deseribes unstable tralfic flow. The two opposing traffiv streams bogin ne
operate separately at higher volume levels. as passing beeomes extremely dilTicait,
Passing, demand is hagh, but passing capaciy approaches zero, Mean platoon staes of 8
te T8 vehieles are common, although specds of 643 kb stubl can be mamained under
buse conditions on Cluss [ highways, The prepertion of no-passing zonvs along
roadway section usually has lirde inflaence on passing. Turnmg velicles and roudside
distractions cause nuyor shovk waves in the raffic stream. Motorists are delayvaed n
plataons for ncarly 80 percenr of therr ravel tme. Maximum service low rates of 1,830
pe'h totdd in both dircetions can be maintained under base conditions, it Class 1
highways, specds may fdl betow 60 knvvh. But in nu case will motarists be delayed in
platouns for mere than 83 percent of their ravel time.

ALLOS E. wradlie flow conditions ave o percent time-spent-Tollowing greater than
8 pereent an Class 1 higlhways and greater than 85 pereent on Class [ Even under hase
conditons. speeds may drop befow 60 knvh. Average travel speeds on highways with
less than base conditions will be slower, even down 1o 40 kinh on sustained upgracles.
Cassing is virlually impossiblc ot LOS E. and platosning becomes intense, as slowy
vehicles or other interruptions are encountered.

The highest volume attainatle under LOS E defines the capacity of the highway,
generally 3,200 pech wotal in both directions, Operating conditions a¢ capacny are
unstable and difficult 1o predict. Traffic operations seldom reach near capaciy on rurl
highways, prinarnily because of a lack of demand.

LOS F represents heavily congested Tew with traific demand exeveding eapagiry,
Volumes are kvwer than capacity and speeds are highly variable,

Chapter 12 - Highway Concepts
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CAPACITY

The capaeny of a two-lane lughway s 1,700 pesh for cach dircetron of travel, “The
capacity 15 nearly ndependent ol the dircetional distribution of traffic on the facility,
exeept that Tor extended Tengths o twe-lane highway, the vigracity will mol exceed 3.200
perh for both directions of travel combined. For short lengths of two-tane highwav—such
as tunnels o bridges. - a capacity of 3,200 © 3,408 peh for botl directions of ravel
combined may be attained bat cannol be expected for an excended lengthy.

LEVELS OF SERVICE

The service measires For & two-lune highway are detined m Chapter 12, ~Highway
Convepts.” Un Class ) highways. efficient mobitity is paramoont, and LOS 15 defined in
terms of both percent tme-spen-feliowing and average travel speed. On Class [l
highways. mobifity is Jess eritical, and LOS is defined only i terms of percent time-
spent-following, without consideration of average travel speed. Drivers will talerate
higher levels of percent time-spent-following on a Class {1 facility than on a Class 1
Tacihity, because Class 1 facibifics usuatly serve shoreer teips amd different trip purposes.

L.OS enteria for two-lane highways in Classes Land 1 are presented in Exhibis 20-2,
2023, and 26-4. Exhibi 20-2 reflects the masimum values of percent lime-spent-
fotlow ing and average wavel speed for cach LOS for Class [ highways, A scomentoia
Class { highway must meet ihe ertena for both the percent tirme-speni-following and ¢he
average fravel speed showat in Exhibd 20-2 1o be classified  any particular LOS.
Exhibit 28-3 ilustrates the LOS eritenia Por Class | highways. For example, o Class |
wwo-tane higlway with percent ime-spent=-following cyuat to 43 percent and an averagpe
trave] speed of 63 ko'l would be classitied as LOS D based on Exhibat 20-2, However, a
Class [ highway witli the same condirions would be classified as LOS B based on
Exhibit 204, The difference between these LOS assessments represents the differonee in
mntorist expeclations for Class Fand [ facilitios.

The LOS eriterta in Exhibits 202 thraugh 20-3 apply tw all tvpes of two-lane
highways. mclading exended two-way scgmenes, extended directionsd scgments, specific
upgrades, and specific dewngrades.

TWO-WAY SEGMENTS

The twie-way segment incthododogy estimates measures of trathic operation along o
scotion of highway, based on terruin, geometric design. and traffic conditions. Terein s
classefied us level or rolfing, as deseribed below. Mountainous terrain is addressed in the
wperational snalysis af specific upgrades and downgrades, presented bedow., This
methadology typieally is applied 1o highway sections of st least 310 k.

Traftic dak needed o apply the two-way segment methedelogy include the two-way
hourly velume, a peak-hour factor (PHE), and the directional distribution of nafiie Aow.
The PHF may be computed from fiekl data, or appropriate default values may he selected
from the wbulated values presented in Chapter 12, Traffic data adso include the
preporton of tueks and reereational vehicles (RVs) in the watlic stream. The operavonal
analyvsis af exiended two-way segments Tor a two-tane highway involves several steps.
deseribed i the following seetions.

EXHIBIT 20-2. LOS CRITERIA FOR TWO-LANE HIGHWAYS I CLASS |

Capacity = 1.700 pe/h for
each dirsclion. and 3,200 for
both diractions combined

For definfions of tha service
measures for kvo-lane
mi;hw.aya percent time-spec
following. and avarage trave
SIEI'?EG' see Chapter 12,
“Highway Concepls

For definitions of Clags | and
t;gzghways. also see Chapter

LOS Percent Time-Spent-Following Average Travel Speed {km/h)

A £35 B

B  35-50 > 8099

¢ » B0-B5 » T0-80

() » 6580 > 60-70

£ > Bl £ 60
Hote:
LOS F applics shenaver the flow rate exceeds the segment epacity.
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Free-flow speed occurs
at bwo-way flows of 200
poh or less

EXHIBIT 20-3. LOS CRITERIA (GRAPHICAL) FOR TWO-LANE HIGHWAYS I CLASS |
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EXHIBIT 20-4, LOS CRITERIA FOR TWO-LANE HIGHWAYS IN CLASS Il
L0S Percent Time-Spent-Following
A =40
B » 40-55
C > 56=T0
[} > J0-85
E » 86
Hlote;

LOS F applies whenever the flov: rate excecds the segment capatity,

Determining Free-Flow Speed

A key stepr in the wsessment of the LOS of 2 two-lane highway is 10 determine the
free-flow speed (FFSY. The FFS &5 incastred using the mean spead of raliic under low
flow conditions {up o two-way flows of 200 perhy, [f field measurements st be made
with two-way fTow rates of more than 200 pedh, a volume adjustiment miust be masde in
determining FFS. This volume adjustment is discussed below.

Two general methods can be used o determine the FES Gor o cwo-fane highway field
measurement and estimation with the guidelines provided in this chaprer, The ficld-
measurement procedire assists in gathering these duta direetly or ncarporaning the
meusurements inte a specd monitering program.  However, field measurements are not
necessary for an operabonal analysis- - the FFS can be estimated fivnm field data and wser
kpowledge of conditions on the highway.

Field Measurement

The FFS of o highway cun be deiermined divectly from a speed study conducted
the ficld. No adjusiments are miade 1o the field-measured Jia. The speed study should
be conducted ata representative focatton within the highway segment being evaluated:
for example, a site on u short upgrade should not be selected within i segment that is
generadly fevel. Any speed measurement fechnigue aecepiable for other tvpes of g Tic
engieenng speed studies may be used. The ficld study should be conducted in periods
of fow raffic low {up o a two-way flow of 200 peshy and should messure 1he speeds of
all vehicles or of y systematic sampling fe.g.. of every T vehicleh A representative

Chapter 20 - Two-Lane Highways
Methadology
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. INTRODUCTION

Fliroe basie varmbdee—yvodume of B g, speech, and detsizy —can be aed @
doseribie wariie og any oedvay. [ this mamiak, velitme oF taffie How i 3 pazanweier
wevimen o hosh ungagerupted- asl gsreonpred-tlow faciies, bl speed am densicy
appby permandy s vnsneerupled Pow. Some paramerres relared 1 2w mae, sich os
spsreang wod Headway, abseane usest for bt rypos of facitities; otfter pasmsete?s, wawh an
saprrkin o or gap, are specife 0 wderropied flow.

II. UNINTERRUPTED FLOW

VOLUME AND FLOW RATE

Soknme andt e rale ane eso meastees that guastay the aowoeet of inadfis passtg a
posiert o ot b o rosxdvery during a givers tine dogerval, These terms are defiwd as
Tl hwas

» Yalame—he o0l reeber of vehteles dul pass over & givest poiil oe section o a
liagse 1or tyadway darine @ siven dme dxerval; vohiries can bo eajuiessed 0 100s o
anml. ditily. oy, e sabhom Dy pecienls,

« Litoww mige—ahe ogidvalent oaly G3le ab weitich velicles pass over a gven poent or
srcriidy el # B o eossBway during o piven e taterval of kess dmn b, wsually 13 nan
Yadame and {lowe sre virablos tus aaantily derand. that s he ausnber of selicle
QTR v T et by expressed a5 ahe sumber of vehiclesT slin desise 1o use o
piven facsiiny duping o specsfic noue petiod. Congestion e iltoenos detsil. asd
aorved vobimes seabetmes retleet capacity oonstraints farhier it ine chennsng,

The distuzetion belwoen vabisms: and Mo entle ts iepaant, Volame st mommbere of
wehivies ohwervoes oF predicied M pass o point during a e dniervid. Flow nie represents
shpe nasrhes of selicles passing o poln doring a o interval loss than B o bagexpoossd
4% ah cativalenr Ivalely v A floas rane i e e of veldleles observed
satbehontely perlond, drvrdid by b o {in hoarsy of the observativa. Eor cunmple.
vodumwe i LD veldebes obaervasd 30 a 15-mdn perice implaes a ow nise nf HHLve¥O25 0
s AGG wehh

Soulaame ot flovw Tafe cum b losiesies by 1he volumes abserved b e
crmsaetive 13-an periods. Tl feur couens are 10000 1 200 3108, andd LAHL "The
el soliome oy 3hie hods s e st of tiese ceonzs, ar 4308 veh. The B aoe,
frowaeser. wagtes Tor esch e periad. Doring e 15-man peciod of maximo Dow il
(Lo wate 15 12000wehAR IS b ar L8060 vehdh, Nt fiat 4800 velteles do o pass the
eimerviEng podas diring thee stisdy o, e ey do pass o dhat mae for E3 e,

¢Consesderation of peak fles cales 18 imgoriant w capreily amatysiz, 8 e capacity o
she seement of Riglway stadiod as & 500 welvi, cageity woudd e waecded during the
peag P-pan poriod of fow. when vebieles aedve o g care-of £ 3K vehifin, sven thonoh
veslenne B Jiss i cagrscely during e Dot beasr. Tiiis Bs & serions poobdems, heciiea
dissupmiiy & hrenkdingi: of capuelly can exicnd congaestion for up 1o several [FIVES

Peak T sies aind hoarly viduiitas prodinge the peak-hods facm 1PEEE, 1he nuter ol
susnatd henarby vobpmn 10 the peak flow ate within the o, comygnated by Lguatoea 7-1

Hourly valuine

PR =~k Fowrate \werduier e Prour -1

[F L5-mhisk pezivads, e wsed. e I may he compansd by Eguaior 3-2
I/ 4
PHF = Tx Ve {73
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Spesd pamanies

whine
FHE = poak-luner [acky.
o= Hourly violtume dveithl, s
Vs = wohine doritg e poeok F5 min of the pesk boue (eeld LS nany,

When tee PHE is krown, e copvent o peak-hoor sodaine 0 0 peik By e, as in
lapuatton 7-3:
I

V:W 1533
wisere
¥ = flowe sate for s peak 1S-min period {vehin,
V= poad-bosr vodame fach/ asul
PHF = pead-lener fucbor,

Viepeations 7-3 dies mt oeed tor be wsed o ostintate peuk fowy rates of raffie 2ouos ene
asisdithles bswover, thwe chesen ooy Beereal ek sdencily e masigmn 15-nuis Siow
perand. Fhe mse then <an be coanpiasd dinscdy as 4 fInws the msimess 13-min gemni
When Pl rates b serms f vehiscles dre Kpnwi, & coRverseon 1 i TEnw e i i of
passenger oar equivaleals gpoet can b conpuzted usdng the P wsd the beavy vebiole
[ACH.

SPEED

Adthvagh waflic volmmes prodcde s method oF quantitybee capachs yadoes, spost o
s secipencal of el i) 15 an npodlant measre af e qualizy of the st sers e
prrovicted 10 e mosarist, Bbs i Beportane megsoee of effedtivones dedinm bevels ol
SEEVERe T Y Y pes oF Beibibtes, suclt as rocsl Dayi- B Jeimrs, 2iPiel sirces,
Frecway sweaving scgments, and oilers.

Specd iy dofinod 1« rae of mntion expressecdt as dissinee pur wiae od e, geseral by
a% Kafnniees e Bour demdh}. Bo chargererizing M speed of 2 il stosen. a
ropaesennitive valie wust he used, borsese o frowt distribaceon of sdbvichial spoads
observable 1o 1he wratfic stenrs. e divs manaal, avernge raved sposd is nsed s ke speed
weasure hecswse I s eusidy eneepaied Trom obseoapzon of findiidial velncbes witiue the
a{fic stream and 38 he MOST SEESHeRlY selsvant moadny i pelitonsiig werl oty
varmblos, Averpe waved Speedd 18 conyneet Ry dividing the Jesigeb ool dic baphw v, stimeey
SCLTLCHE, D SCoIKAL wikler enastderanion by 1he v wavel time of the vedtiches
waversing {0 IFraved Boses 15, 13, 11, .0 3 (30 Resters e seisred Joo 2wt [[2
weEed sing A segment of fevgth 1, dee avenspe wwavel Speed i oonipanst using
Fapuat s T4

S:—ﬁ :—1 n :1_. [7-4}
}-:*I '_"}-t; 5
Pud Mg

wihere

avezagne Lnvel spaseed {kmdde,

Tenprn of the Jhpbieay segent Ckmy,

trawel We of the gh velrele (o ravess e seeion 1Ry
i = mumber of feavel dnwes olserved, gl

e 3
£, = = ¥ = aversse maeeh Hime over T,

T yat

Ll '3
il

It

H

The teavel Himes Uy this compagathun ncbad stppod delines due o Hsed infenupiteas v
waf e eomgestkan, Ty are ok raved mmes 1o meaense the defined soordazy Jenn

Revera! difforent speed panneiers cait be appdied g 8 irait sereant. These mcludy
the fodhywing:
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ANGEIES TUDEENE AFR0etlm A Traffiy s meessure bisest nn the GRSorsnng of Sovsrange Lirurgg sped

vebicie truvel tlmes sraveesing o secnon of highvay of known beogds. Tis Hae leagal of
it seyeent divicszed By e average nedag e af veltickes o fsverse the segment,
Hunnie s dnehedos ooy (e o vebieles aee dg imation.

Average 1nevel speed—8 teadfle stecan measaze pased on travel Mme observed on g
known jengih of fghvway, U s che leageh of the seamem divided by the AveIHEE ]
taege 0 velicies avensuny she segment. incladiog 200 stopped Selay imes. B s slsooa

Average avel gpoed

Apate enuaty sped
Spaoe s spend—A statistical terin denotbrg e aversge speed bised un Bue e ripesats e

avegige trweed sy ooF vobivies 1o tnasemse s of rogwbeoay. Boss eadied a space
st spoed hecanse tw avempe dogvel Hene waighss 100 average 1 e e each veliele
spebudy sa the detbeed moadway sogiene or space.

Finne eear spood—The arithanene wveape of speads of vebizies nhserved passing o
gt on a biglaway s adse ceferred 10 as e average spot speed. Tiie sndividisd spesds of
wehbchiss pussing & prasd ane revorded amd avesagel srithnetcally

Frog-flow speed—The average speed of seduclos on a given Tacily. messoeed wwber
bvwereodiime eorsditans, wien drivers emed o ceive s chedr desteed spoed aad are mo
st b contnod delmy,

Frar vaexst oof dhe procaddinres wedsig spwed s 2 nsesesnge of cEleptivetoss 30 155 manim.
average rravel speed i the defining permncter. For nninfeerupied-tloay eifitics aor
vperating an leved of service FLOSTF, e average travel speed s egusl (o e gverge

Tiezrs suteens o

Fresstiowy spend

rafining s{red,

Tixhilil F-1 shows o typdeal gelatsonship beteesst e mean ssd HPRUE Baealy speeds,
Siace pneean spaest 8 abwiys [oss daan 1hme sean sped. bae thee detfecenes doerenses s
st adwalere vahne of speod sncressis, Based ca the statisticnl wnalysis of observisd dasa
thih qektennald e ik aselbl Bedsitis me mean speeds GETen AR easier IO nwsse i the
fhebd thuen space e speeda.

EARBIT 710 TYRCK, RELATIONSHIP BETNEEN TIME BAEAN XL SEa0E MEAN SPEED
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I s proastiile we calesbae both me mean and sgaee mesi speeds fruo o sapple o
ieilzvichand vobeede speedds, For examipie, three vebiaclos sy reencded with specdds pl I
GO st 30 kAL The e g0 iimerse | ks S e, 10 s, and 9,75 nia.
raspeviivety. Tl doe Mo specd o5 BN Ko, caralaed as 030 + 611+ BO003. Fle speve
ey aperd is 533 kel citlonlated as i3 <0 LS + 00+ 073
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Vi capuciey aolysis. speods ire Bast meastred by DERCOVING 12050 ] DI i o
Kuown heagih of dghway, Forubmenapiod-fling faedises opeaating i the o ange o

sithde Moy, the lesgeth niie be as sboet a5 30t 100 1y dor cuse of Dhseoyation.

As weasires of effeciivoness, speod ertena mwd nvogrize deiver eapecianioss aut
risndway fonetion. For examgle. g driver expoon & haghe spoed vt o tree il Lot sl i
arbage sizeet. Loeer free-thw speeds an tolerable oo a fasdvwny wath singe sevene
Rodizontad and vermiesl aligremen, Sineg dovers an Dot comomabie elravang a haplh
spoads. TS criforen reflect ke eapertassiims,

DENSITY

Drersity is the mimeber of vebiclos (or podostinms.y oewLprkng B gavedl beresth o @ haae
oF roundway g naﬂ:cui.&r lnssans. For the compucssznms 1a dis mancal. detesary ix
averaged over thine and s wasdly cxpressed as vetuclos pes kiforaetes Coehfhan o
FsseRQer cngs e Rakormerer (pekm).

Direct vsmsaresnens of densily it the Gehd s il TEUIEITEE i Vanlage Pl fuy
phorcgraphiong. videoupang. or nhserving significant long ths ni By, Deasaty can be
compiied. Dowever, from ehe avonsgs teaved speod and flony oate, whech ase measind
maore cusity, Fouation 7-3 & ased foe andorsamanted aitie vonditaons,

¥
= <
wiwne
Nore gager fvedeing,
avernge bnpvel spead fanhy, aod
denshy Pvclefiang,

Gy
[}

]

A heghwvay Sedmient ity @ cie o1 Hene of LAKE vl and ae ave B tRis of sy s
A0y ki wenlid ave & densaty of

OO0 vell
= “EaRamn = 40 ek

EXensiny g5 crtticad peravporer for anslerrapten Gow Dcilerios beeasas 16 chagae eizees the
puatiyy «d teailie opermtions. & deseribes e pooseimicy of welisedes 19 ane ovabicn and
reflenty the frending o manenved wathin the raffic siseam,

Roadwny swcnpancy 1 fuenty sed os & saesogane 3or oty 1 2ot SYSICTIS
hecaiive I8 s casier fo nestaure, Toonpaney o space b e PrGpeerioar o reselwoery hegh
ereverid By velticles. aad oucwpaney o teme idenifies the proposien »f daw 3 (TSNS
e aeatiots 1% ceengas by vehusles,

HEADWAY AND SPACING

Spacting 35 the daanes betwen successive vebdcles e o it s, peisinod
Trven e saser potit oo esch vehiele fe.g.. Trear Pemper. rear aale. e, Headvy s the
L Pebiven sioressive elsckes as ey s 0 POl odr 2 e oF foadvy L sl
tevenseineg fron thae sme podet on ench vehicke.

Fhese chusractenisties ane MACaO e, Sinee they telate 1 Uatvidue rors v vehacios
within the tratfic sieare. Wihitin any draffte senoan, ol thie spactee amd e hees ity 4o
tdivirtiand vebiodes aze diswdied snae o rasge of vatues. penerstly refared 16 o « speed o
e eradfie stream il provaiting coodhiions. Do de Ay, eose muonmougiy
rarameters aelare o e macteseopie Mo parmelers nf density il Sy noe,

Spaging, 55 a dislance. moessannd s meers, B can be determised disectly by
sty B disianoe bobreen Loneson poiits on suceesayve veliches o a restiviake
st This geserally seoqueecs comphes, sevial phatpgrphic rechnigiess. si i Spgerng
wstally deglven front sehes dinset mensarcments, Peadway, i cortamt. cun be cusly
ncaskrod wiEh sdepawateh ohwervaiions oy veldades sy o BCIfE o e fisdsay

Chapder ¥ - Taslhs Flow Paramelers

Unzilerrupisd MNow



88

HIGEay Caartoiy A0 FO00

vehiaries oy the ooty bhat iy the nght-of-way o an nsigoalized lwersection., Cap
pwveprence desoribes e completion of a vebibcle's eosement e 4 sip

Fho cagacity of o mitnor sirect appieoarh depeiss on tees fasis:

w Thae chseribotion o pegilahle gaps da the mgjor-street wdfic sireans, jod

o o gy stan regiised by nugoe-sireet deivers v exeone et dosired mavessenes,

oy cisushuarioa of wvaefable phps in e madoe-stret watfic saeam depends o the
ol vodmine v e stneed. i divectonal distridbution the number of Brmes on the najoe
serowt. ek He degait and e of platooning bn the outfle dremm. The gap slzes roguised
oy s prine-steecd duivensdepend on te type of mapetver §lets, threwigh, righey, the
maiber o0 danes ol U major steeer. e spicd of majpr-sieces iwaffie, saalal dlistzinces, the
lenguh nf Hane The mbnor-sarect velucle has bovn veatting, el driver charscrersgics
fevostaht, reaction Ame, age, ol ), The criticst gap 15 the sininaany toe bierval hessoen
he Trond bumpes N Iwo saocessive vehiches 3o the major eralfic steegm that will alkow
ihe ety o one rinor-sirect yehick. When mone i bie minos-sueat vehicke nswes are
Toajesr-stroel gap, 13 dime eabway berwoen the g mtinor-sireet veldobes 1s eptind
Iptbiswe-gpe e, B gotersl. tee Endlow-up tome 18 shorter dutn the oritest PN
Wandiehsous operate el 1o twn-way stop-controied intersectivas,  In smansiabuonte.,
nowever. enfering delvens sean saly ooe stream of wufee—e elecuknting senem—foe an
aueepratule gags.

Ad an ey stepeeniimibed dnessection. all drivers st cone o a complete s,
Fwe desbedy g proceed L biised i pare an die nales of e road, which RIggest il e
ddrbver 1 che pght fas e nghi-cf-way: it mdso is o Fanckion of the tralBe condition on the
catier approseehies, The departune hembway foribe subjeet approoets 35 defined as te tome
fetween the degentone of ot veddele aid that of e nex bodind 1. A depanen hemingy
is comsblerod @ e medieay 3 e secoad veldehs stapes boldnt the Bust & the Sy
b, 81 theege bs rudfhe o0 one appeoact endy. veldeles cun depart as capidly as the daivers
v sidely soceterate e and Odvar the interpacninn. [F fzadtic is prssent on oilier
approgeiies, the saturation headway on e sabject apprgch wifl sncrease, dependung e
she dewree of oodsttict betwepn veluples,

Adoat stenatized orsecioas, the froaw axles of Iwo consecntive weldcles ane e
gefersin posnts Jor determising e srurstion eadways of e videles dopasting from
ahe stanp Bine oF tee-weisy ait ab-nay siop-conalied intersection appenaches, e
anepsiring 1o wncksinicied Mo of velicles et wajor soalway an & (wo-way sop-
comtrntlod dnsersection. (he relvsence podnts nenmsdly are fve Iroa bumpors,

SPEED

Fne frterenpresd-How comditions, detay tuther tha speed s the peimary measoe: of
cpenticns.  Heswever. sped moeaseres sidlar 1o those for anineermiptsd Sow ase helphiot
it chereranining the added toavel ime dee o deselerstion. mrreement i gasbes. e
gregleritions o veRiclos peesing 1hrough an intersectinn.

DELAY

Doday b oriical performance measane on interrupted-tow boilides, There anc
sevgrat o9 DU deday, b i 1ds manidal. ool delay 35 the principal serviee measitee
o evaluating OIS o sagratiasd and moesignabized isfersectivas. Adibeongls the delindtion
el ooatend chelay 35 ihe supe for ssgnalined asd ansipnaliced faterseciaons, s application.
inchiding LEIS threshold vidues, iffees.

£ anred dhzkay LRDIVOS IDVEINEIES Al sluwver speeds nd Sps o ikereeing
apprehes, as webiches move ap i the quene o slow down apstneane of an intenseetion.
Derivpes fronuendly sedscs specd whien a dowasiream ssgost is red or there is o guetic
b dosssgreadn satersection appooach. Comgol doliey roguites e delecmdmtion of o
sasslistia avurge speotd for cach rondway segient. Ay estimare of the aversge rravet
spoenl ot e sirets pdies e effects of oomrol delay.
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Currputing sahestian
Hoas 1aler ared bost e

Al tweeway stag-eontmiled and all-wiy siop-pontecd led Dversections, wonind dolay
45 The ot clapsat tite Trom a veldebe finmeng e quose wiod s lepuimtae Frosn e
seppedk frrsitiodr at b o of dhe gueng, The cattrel dolny i e hides ds e
renjatsred o deveherate do s stop and 1o accelecnte ke He - thowe spoead
SATURATION FLLOW BATE AND LOST TIME

Sntsteation STorw rate 35 dafind a5 (e Divw fite per 3a2te an wincd velicles van [N
theatph o signadiant bateosection, By detinticn it 55 comgpaied by Bguaunn 7-9

SN
3= £

wheae
3 saturigens Mo cate Pvehind, and
o= syrasenn Dendeeay (.

The sapragson ow cee nepsrsemds te sumber of veblcles par b pee bene i cin
prass thieugh o signatized buersectiva I the precn sigral was avaifabde for e falt oy,
e Tlow nf vebiehes wis mever el s chere wese 16 Jarge uubsays.

Bt time i £low b5 stoppusd. 3t inst st agedia, s he frst fomr velieies
expericising the sart-up seaction st scoelorsiva headways shown i Fxldbi 7-3, I
s exbibt the firse fonar veliiedos s the ginese ciinntes eadsays Innges i e
sahriee deimbway. b The increments. o, are called siart-ap sl tisnes, e 1ol stas-
s Wasd e dor the veicles s e som of the ixerersents. somipied usag Beogumon F- 45

b= %1, {410

wlwne

It

1oal shart-op Lss e €4),
lowat daroe For i wedudele an e 155, ad
T vebhdede sn guene.

s
i

B o of i stvean of wehaclos is another ssugree of dos) b, Wt fee sissam e
vehieles Sops. silery regutires sesne cloamie e hefore 4 contlatum sicam Of aric 5
ablowwed 1o ener the mersecthor This intervad wlen mo velicles o Shie Qe roslig o
vilipd pleararee st e, L.

Lix presecnace, sigaeat cyetes provvade tor this cleatapee dironpd shange BI0rvids, whicl
st irchde yedtow or sll-red imBoasions o bos, Drivers gesenlly castine nbsese this,
weitire imereil it can wse chie irbersection duping soaac postedt of 15 Tl Clearties sl
erie, 1y, i e poatbon off s change anrenval no ised by deiveers,

The relaticnship bepween suturation Fos rate s st Lmhes 1 orstieal snse. faer g ny
SIVOR JHe o BIOvSInenE, veldobes ise e snerietion al the SGrativg [hek 1t e
peranl el 10 s avatlible green N plus the clrange peeval smisus e startag ol
clenrance (oer tanes. Becalss loss o iy expetsenceed wiilk cach st atd s300 of a
Ierveenl, 1he ot anionsn of tme Jost ovier ar eas s selinsed oo the sgiod sning, o
imstance. 3 i signal s i fls ovelo Jeagrbn, ot widfd sean and st cach movenent 540 s
por bowsr, dat the waal bt thme per movarsent widl be G0, + 351

Lawss timwe alfocts capacily snd deday, 18 ndghe appear et the vapaviny o an
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Apéndice 3. Datos de Flujo Vehicular Tomados Durante el Conteo
Interseccion de la carretera PR-349 (calle Liceo) y la calle Manantiales

Termina

Periodo
12:15 AM
12:30 AM
12:45 AM
01:00 AM
01:15 AM
01:30 AM
01:45 AM
02:00 AM
02:15 AM
02:30 AM
02:45 AM
03:00 AM
03:15 AM
03:30 AM
03:45 AM
04:00 AM
04:15 AM
04:30 AM
04:45 AM
05:00 AM
05:15 AM
05:30 AM
05:45 AM
06:00 AM
06:15 AM
06:30 AM
06:45 AM
07:00 AM
07:15 AM
07:30 AM
07:45 AM
08:00 AM
08:15 AM
08:30 AM
08:45 AM
09:00 AM
09:15 AM
09:30 AM
09:45 AM
10:00 AM
10:15 AM
10:30 AM
10:45 AM
11:00 AM
11:15 AM
11:30 AM

E-N

UTC»)C;)N-—LOQJ—LQJO—LONOOA—*O-&-OJ—*J&

O WWMNWNMN = < MR

E

-3
4
2
4
2
1
5
1
0
4
2
1
1
2
2
1
2
1
1
0

5

5

4
15
11
18
27
34
46
65
81
61
51
53
65
39
40
34
30
40
34
36
31
37
33
32
25

S-N
1

4
5
3
3
0
1
2
0
0
0
0
0
0
1
0]
0
0
3
1
3
3

1

9
12
13
25
31
33
49
37
47
58
34
19
23
31
18
27
27
27
28
25
46
51
66
54

P
i

[AS] Amammmmbmmmﬂm@mmmhmmm-&
(.OC)“\IO‘II\)COODJNG)—-*-*O\I-PO(DCH-P-O-—*I\)CO\J\IS\JO-meO-b—LOQJM—-‘CJONO!\)CHO‘)O

N

DN =wNONO=L 2 OOORN® = © n

<
m

— ad
NOOCWOWMND OO

—

S OO 20000 O0CNMO0O -

Total
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11:45 AM
12:00 PM
12:15 PM
12:30 PM
12:45 PM
01:00 PM
01:15 PM
01:30 PM
01:45 PM
02:00 PM
02:15 PM
02:30 PM
02:45 PM
03:00 PM
03:15 PM
03:30 PM
03:45 PM
04:00 PM
04:15 PM
04:30 PM
04:45 PM
05:00 PM
05:15 PM
05:30 PM
05:45 PM
06:00 PM
08:15 PM
06:30 PM
06:45 PM
07:00 FM
07:15 PM
07:30 PM
07:45 PM
08:00 PM
08:15 PM
08:30 PM
08:45 PM
09:00 PM
09:15 PM
09:30 PM
09:45 PM
10:00 PM
10:15 PM
10:30 PM
10:45 PM
11:00 PM
11:15 PM
11:30 PM
11:45 PM
12:00 PM

Total

B J S —h _L_.L_L-.....l.._:.__l.m_l. —t 5

MMG)(I)ANO’)CDG)U‘I'\IS-—’-

1483

29
38
41
40
49
63
51
41
44
46
53
54
60
112
124
134
137
71
72
64
53
66
75
66
56
44
55
43
50
43
47
27
46
28
41
32
29

30
21
14
16
25
16
21
12
23
19

3324

63
16
13
32
17
19
24
36
48
28
40
45
26
11
13
17

35
54
38
60
69
66
63
36
38
58
73
60
82
77
106
87
104
74
38
94
89
98
92
98
80
55
74
57
69
54
57
39
45
36
33
25
18

23
25
17
20
34
18
14
14
13
10

3706

53
45
25
56
67
42
55
62
78
75
58
63
43

13
13
16
58
59
65
105
71
76
76
50
64
38
45
34
27
22
29
10
20
16

10
38
19
31
14
17

Lo o

286

126

2204

232
174
199
219
230
264
239
256
300
255
272
300
258
290
314
404
360
277
253
267
266
258
290
265
227
228
198
183
183
156
160
116
143
105
157
g7
124
71
136
113
65
75
104
o4
83
42
99
&2
29
21
15113
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Carretera PR-349, Km. 1.1

Termina

Periodo Hacia Este Hacia Qeste

12:15 AM
12:30 AM
12:45 AM
01:00 AM
01:15 AM
01:30 AM
01:45 AM
02:00 AM
02:15 AM
02:30 AM
02:45 AM
03:00 AM
03:15 AM
03:30 AM
03:45 AM
04:00 AM
04:15 AM
04:30 AM
04:45 AM
05:00 AM
05:15 AM
05:30 AM
05:45 AM
06:00 AM
06:15 AM
06:30 AM
06:45 AM
07:00 AM
07.15 AM
07:30 AM
07:45 AM
08:00 AM
08:15 AM
08:30 AM
08:45 AM
09:00 AM
09:15 AM
09:30 AM
09:45 AM
10:00 AM
10:15 AM
10:30 AM
10:45 AM
11:.00 AM
11:15 AM
11:30 AM
11:45 AM

0
1
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
1
2
2
3
2
3
8

5
15
25
23
24
17
22
25
31
16

U"I"-JCONI\)F\)-L-—*OODOOOOD—‘OOOOOO*O

Total

mhm%mmoooooooomoocooomo
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12:00 PM
12:15 PM
12:30 PM
12:45 PM
01:00 PM
01:15 PM
01:30 PM
01:45 PM
02:00 PM
02:15 PM
02:30 FM
02:45 PM
03:00 PM
03:15 PM
03:30 PM
03:45 PM
04:00 PM
04:15 PM
04:30 PM
04:45 PM
05:00 PM
05:15 PM
05:30 PM
05:45 PM
06:00 PM
06:15 PM
06:30 PM
06:45 PM
07:00 PM
07:156 PM
07:30 PM
07:45 PM
08:00 PM
08:15 PM
08:30 PM
08:45 PM
09:00 PM
09:15 PM
09:30 PM
09:45 PM
10:00 PM
10:15 PM
10:30 PM
10:45 PM
11:00 PM
11:15 PM
11:30 PM
11:45 PM
12:00 PM

Total

SN WRNMN OGS OO

<]
[s)]
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Apéndice 4. Computos para el andlisis operacional
'IWO-WAY STOP CONTROL SUMMARY

Analyst José L. Pérez Berenguer Hntersection i

Agency/Co. §Pérez Berenguer y Asoc. Murisdiction Mayagiez
Date Performed 11/24/2004 lAnalysis Year 2004

Analysis Time Period 7:00 - 8:00 AM

Project Descri ption Estudio de Impacto en el Trénsifo Urb. Monte Sierra

East/West Street: PR-349 INorth/South Street: Liceo (PR-349)/Manantiales
intersection Orientation: Fast-West lStudy Period (hrs): 0.25

’ g B

saand“dj‘ s
hajor Street Eastbound Westbound
'Movement 1 2 3 4 5 )

Volume (veh/h) 0 0 258 4] 189
Peak-hour factor, PHF}1.00 1.00 1.00 .80 1.00 0.88

Hourly Flow Rate LO LO
veh/h) EO P 22 214

Proportion of heavy
vehicles, P, N B 3 ~ B

Median type ndivided
RT Channelized? b b
Lanes 0 1 IO

Configuration TR

Lipstream Signal {0 lo

bﬂinor Street Northbound Southbound
'Movement 7 8 9 10 11 12
L T R L T R

NVolume (veh/h) b0 191 348 110 252
Peak-hour factor, PHF §7.00 . 82 k088 .53 .93 1.00

Hourly Flow Rate
veh/h) EO 232 395 207 270

Proportion of heavy
vehicles, Py he !6 2 2

S




85

Percent grade (%)

Flared approach

Storage

==

RT Channelized?

Lanes

(S8 X

Configuration

Approach EB WB Northbound Southbound
Movement 1 4 7 8 9 10 11 12
Lane Configuration TR TR b

Volume, v {vph) 1322 kezr 177

Capacity, ¢, (vph) 1617 445 fo

vic ratio {0.20 1 41

Queue length (95%) ;O 74 230, 47

Control Delay

(siveh) 7.8 221.7

L OS A = I

(As?\;,)éﬁ?ch delay B o1 7

Approach LOS — | &

Copyright ©© 2003 University of Florida, All Rights Reserved Version 4.1d



HCS2000: Two-Lane Highways Release 4.1d

José L. Pérez Berenguer

Pérez Berenguer y Asococlados

Apartado 6512

Marina Station

Mayagiiez, Puerto Rico, 00681-6512

Phone: {787) 254-8321 Fax: (787) 254-8321
E-Mail: PBAsocfcentennialpr.net

Two-Way Two-Lane Highway Segment Analysis

Analyst José L. Pérez Berenguer
Agency/Co. Pérez Berenguer y Ascciados
Date Performed 11/24/2004
Analysis Time Period 7:00 - 8:00 AM
Highway PR-349
From/To Mayagiiez - Las Mesas
Jurisdiction Mavagliez
Analysis Year 2004
Pescription ‘Estudio de Impacto en el Trénsito, Urb. Monte Sierra
Input Data
Highway class Class 2
Shoulder width 1.0 m Peak-hour factor, PHF 0.87
lL.ane width 3.6 m % Trucks and buses 0 %
Segment length 1.0 km % Recreational wvehicles 0 %
Terrain type Rolling $ No-passing zones 0 %
Grade: Length km Access points/km 1 /km
Up/down %
Two-way hourly volume, V 174 veh/h
Directional split 51 / 49 3
Average Travel Speed
Grade adjustment factor, fG 0.71
PCE for trucks, ET 2.5
PCE for RVs, ER 1.1
Heavy-vehicle adjustment factor, 1.000
Two-way flow rate, {(note-1l} vp 282 pc/h
Highest directional split proportion (note-2) 144 pc/h
Free-Flow Speed from Field Measurement:
Field measured speed, SFM - km/h
Observed volume, V£ - veh/h
Estimated Free-Flow Speed:
Base free-flow speed, BFFS 70.0 km/h
Adj. for lane and shoulder width, fLS 4.2 km/h
Adj. for access points, fA 0.7 km/h
Free-flow speed, FFS 65.1 km/h
Adjustment for no-passing zones, fnp 0.0 km/h
Average travel speed, ATS 61.6 km/h
Percent Time-Spent-Following
Grade adjustment factor, £fG 0.77
PCE for trucks, ET 1.8
PCE for RVs, ER 1.0
Heavy-vehicle adjustment factor, fHV 1.000
Two-way flow rate, (note-1} wvp 260 pc/h
Highest directional split proportion (note-2) 133
Base percent time-spent-following, BPTSF 20.4 2

Adj.for directional distribution and no-passing zones, fd/np 0.1
Percent time-spent-following, PTSF 20.6 %



Level of Service and Other Performance Measures

97

Level of service, LOS A
Volume to capacity ratio, v/c 0.09

Peak 15-min vehicle-kilometers of travel, VkmT15 50 veh-km
Peak-hour vehicle-kilometers of travel, VkmT60 174 veh~-km
Peak 15-min total travel time, TT15 0.8 veh-h
Notes:

1. If vp >= 3200 pc/h, terminate analysis-the LOS is F.
2. If highest directional split vp >= 1700 pc/h, terminate
analysis—-the LOS is F.



TWO-WAY STOP CONTROL SUMMARY

iGeneral Informatio ite Informatio

Analyst José L. Pérez Berenguer lntersection 1
Agency/Co. Pérez Berenguer y Asoc. Jurisdiction ayagiez
Date Performed 11/24/2004 Analysis Year 2004
Analysis Time Period 2:45 - 3:45 PM

Project Descrigtion Estudio de Impacto en ef Transito Urb. Monte Sierra

East/West Street; PR-349 lNorthISouth Street; Liceo (PR-349)/Manantiales

intersection Orientation. East-West

IStudy Period {hrs): 0.25

Eastbound Westbound
lMowement 1 2 3 4 5 6
L T R T R
Volume (veh/h) b o o lso7 b 63
Peak-hour factor, PHE|1.00 1.00 1.00 .03 1.00 .55
i-‘llr;t;r}lr):)Flow Rate b HO i54 5 L 108
Proportion of heavy
vehicles, Py, P N i ? N i
edian type Undivided
RT Channelized? IO Ia
| anes IO o 1
Configuration ILTR
Upstream Signal Eo lo
hlinor Street Northbound Southbound
ﬁ\novement 7 8 9 10 11 12
L T R L T R
Volume (veh/h) 0 45 374 337 42 {0
Peak-hour factor, PHF]7.00 .66 .88 .67 $0.66 1.00
Q;‘;;g)mw Rete o iss 425 502 los o
rcrionf o bk bk}
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Percent grade (%)

5

Flared approach

Storage
RT Channelized? o
l_anes 1 hO 1 0
Configuration TR !LT
Cantr ngth, Level of Service..
Approach EB WB Northbound Southhound
fMovement 1 4 7 8 9 10 11 12
Lane Configuration R TR wr
Molume, v {vph) 545 493 565
Capacity, ¢, (vph) 1617 02 32
v/ ratio 0.34 bos 765
Queue length (95%) 1.51 13.05 §69.67
Control Delay
oo lo.4 e 70
0S A I -
Approach delay
byt - h&4.6 7730
Approach LOS — l‘ F
Copyright ©© 2003 University of Florida, Ail Rights Reserved Version 4,14



HCS2000: Two-Lane Highways Release 4.1d

José L. Pérez Berenguer

Pérez Berenguer y Asociados
Apartado 6512

Marina Station

Mayagiiez, Puerto Rico, (00681-6512
Phone: ({787) 254-8321

E-Mail: PBAsoclcentennialpr.net

Fax: (787) 254-8321

Analyst José L. Pérez Berenguer
Agency/Co. Pérez Berenguer y Asociados
Date Performed 11/24/2004

Bnaliysis Time Period 2:45 - 3:45 PM

Highway PR-349

From/To Mayagliez - Las Mesas
Jurisdiction Mayagtiez

Analysis Year 2004

Two-Way Two-Lane Highway Segment Analysis

100

Description Estudio de Impacto en el Transito, Urb. Monte Sierra

Input Data

Highway class Class 2
Shoulder width 1
Lane width 3.
Segment length 1
Terrain type R
Grade: Length

Up/down %
Two-way hourly volume, V 181
Directional split 56 / 44

Grade adjustment factor, fG
PCE for trucks, ET

PCE for RVs, ER
Heavy-vehicle adjustment factor,

Two-way f£low rate, (note-1) wvp

Highest directional split proportiocn (note-2) 198
Free~-Flow Speed from Field Measurement:

Field measured speed, SFM
Observed volume, VI

Estimated Free-Flow Speed:

Base free-flow speed, BFFS

Adj. for lane and shoulder width,
Adj. for access points, fA
Free-flow speed, FFS

Adjustment for no-passing zones, fnp

Average travel speed, ATS

Grade adjustment factor, fG
PCE for trucks, ET
PCE for RVs, ER

Heavy-vehicle adjustment factor, fHV

Two-way flow rate, (note-1) vp

Highest directional split proportion (note-2)
Base percent time-spent-following, BPTSF

Peak-hour factor, PHF 0.72
% Trucks and buses 0 %
% Recreational vehicles 0 %
% No-passing zones 0 %
Access peints/km 1 /km
veh/h
$
Average Travel Speed
0.71
2.5
1.1
1.000
354 pc/h
pc/h
- km/h
- veh/h
70.0 km/h
fLs 4.2 km/h
0.7 km/h
65,1 km/h
.0 km/h
60.7 km/h
Percent Time-Spent-Following
0.77
1.8
1.0
1.000
326 pc/h
183
24.9 %
0.5
25.5 %

Adj.for directional distribution and no-passing zones, fd/np

Percent time-spent-following, PTSF



Level of Service and Other Performance Measures

101

Level of service, LOS A

Volume to capacity ratio, v/c 0.11

Peak 15-min wvehicle-kilometers of travel, VkmTl5 63 veh-kn
Peak-hour vehicle-kilcometers of travel, VkmT60 181 veh-km
Peak 15-min total travel time, TT15 1.6 veh-h
Notes:

1. If vp »= 3200 pc/h, terminate analysis-the LOS is F.
2. If highest directional split vp >= 1700 pc/h, terminate
analysis-the LOS is F.



102
HCS2000: Signalized Intersections Release 4.le

José L. Pérez Berenguer

Pérez Berenguer y Asociados

Apartado 6512

Marina Station

Mayagiiez, Puerto Rico, 00681-6512

Phone: (787) 254-8321 Fax: (787) 254-8321
E-Mail: PBAsoc@centennialpr.net

PLANNING ANALYSIS

Analyst: José& L. Pérez Berenguer

Intersection: 1

Agency/Co.: Pérez Berenguer y Asociados

Area Type: CBD or Similar

Date Performed: 11/26/2004

Jurisdiction: Mayaglez

Analysis Time Period: 7:00 - 8:00 AM

Analysis Year: 2006

Project 1ID: Estudio de Impacto en el Transito Urb. Monte Sierra

East/West Street North/Socuth Street

PR-349 Liceo (PR-349)/Manantiales

VOLUME DATA

{ Eastbound | Westbound | NWorthbound |  Southbound |

[ L T R [ L T R | L T R | L T R |

| ! i [ I
Num. Lanes |0 0 0 |1 0 i [0 1 1 |0 1 W]
Volume | 1324 237 |0 196 403 1127 259 0 i
Parking | | N f N ; N
Coord. i | N | N | N |
LT Treat. | | ? |7 | 2 I
Peak hour factor: 0.93 Area Type: CBD or Similar

LANE VOLUME WORKSHEET
EAST WEST NORTH SOUTH
BOUND BOUND BOUND BOQUND

LEFT TURN MOVEMENT

1. LT volume 324 0 127
2, Opposing mainline wvolume 0 259 599
3. Number of exclusive LT lanes 1 0 0
Cross Product [2] * [1] 0 0 76073
Left Lane Configuration (E=Excl, S=Shrd): E S [
Left Turn Treatment Type: P U P
4. LT adjustment factor 0.950
5. LT lane vol 341 0 127
RIGHT TURN MOVEMENT

Right Lane Configuration (E=Excl, S=Shrd) E E g
6. RT wolume 237 403 0
7. Exclusive lanes 1 1 0
8. RT adjustment factor 0.850 0.850 0.850
9, Exclusive RT. lane volume 279 474

0

10. Shared lane vol

THROUGH MOVEMENT
11. Thru volume G 196 259



12. Parking adjustment factor

13. Neo. of thru lanes including shared

14, Total approach volume

15. Prop. of left turns in lane group

16. Left turn equivalence
17. LT adj. factor:
18. Through lane volume
19. Critical lane volume
Left Turn Check {if [16] > 3.5}

20. Permitted left turn sneaker capacity:

7200 /Cmax

SIGNAL OPERATIONS WORKSHEET

Phase Plan Selection from Lane Volume

Critical through-RT wvol: [19]

LT lane wvol: [5]

Left turn protection: (P/U/N)

Dominant left turn: (Indicate by '<")
Selection Criteria based on the
specified left turn protection

< Indicates the dominant left turn
for each opposing pair

Phase plan selected (1 to 4)

Min. cycle (Cmin} 60 Max,
Timing Plan

Value
Movement codes
Critical phase vol [CV]
Critical sum [CS] 942
CBD adjustment [CBD] ¢.900
Reference sum [RS] 1431
Lost time/phase [PL]
Lost time/cycle [TL] 16
Cycle length [CYC] 60.0

Phase time
Critical v/c Ratio [Xcm] 0.90

103

1.00 1.00 1.00
0 1 1
0 196 259
0.00 0.00 0.33
1.80
1.000 1.000
0 196 259
279 474 259
60
EAST WEST NORTH SOQUTH
Worksheet BOUND BOUND BOUND BOUND
279 474 259
341 0 127
P U P
Plan 1: U U U )
Plan Za: U P U P
Plan 2b: P 9] P U
Plan 3a:<P P <p P
Plan 3b: P <P P <P
Plan 4: N N N N
4 2a
cycle (Cmax) 120
EAST-WEST ___ NORTH-SOUTH
Ph 1 Ph 2 Ph 3 Ph 1 Ph 2 Fh 3
ETL WL STL NST
@] 341 0 127 474 0
4 4 0 4 4 ¢]
0.0 19.9 0.0 9.9 26.1 0.0

Status Near capacity
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HCS2000™~ DETAILED REPOR

General Informatio j

Analyst LJosé L. Pérez Berenquer iintersection 1

Agency or Co. erez Berenguer y Asociados Area Type {CBD or Similar

Date Performed |711/26/2004 Jurisdiction IMayagL'iez

Time Period 7.00 - 8:00 AM tAnalysis Year 12006

Froject D Ufglc;;% gfe Ig.}gzt;to en ef Transito
ks
bt i Rr bt b Rt bt Rt BT e Rt

Number of lanes, N, b b b b b b bbb
Lane group i R T R wr
Volume, V (vph) 324 237 196 K03 27 §259

[% Heavy vehicles, %HV 3 3 g B £ B
Peak-hour factor, PHF $0.80 [0.88 IO.82 EO 88 §0.53 §0.93
Pretimed (P) or actuated (A) A A A 4 A A
Start-up lost time, |4 2.0 2.0 20 2.0 2.0
Fxtension of effective green, e 2.0 2.0 2.0 R0 2.0
Arrival type, AT 3 3 3 3 3

Unit extension, UE 3.0 3.0 3.0 3.0 3.0
iltering/metering, | 1.00041.000§1.000 1.00011.0004 1.000
fnitial unmet demand, Q, 0.0 0.0 0.0 100 0.0

Ped / Bike / RTOR volumes f0 lo 50 0 550

| ane width 3.7 3.7 3.7 3.7 4.7
Parking / Grade / Parking N W 3 W W BB W WV 5 N
Parking maneuvers, N,

Buses stopping, Ny 0 0 [ 4 0
Min. time for pedestrians, G, 3.2 3.2 3 2
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Phasing WB Only 02 03 04 NS Perm 06 07 08
= 19.1 = LG= iG = G=34.9 = G= =
Timing
Y = 3 Y = Y = Y = Y =3 Y = Y = Y =
Duration of Analysis, T = 0.25 Cycle Length, C=60.0

Rt fu Rt Bt o Rt bt kRt b e ke
Adjusted flow rate, v 405 213 239 HO1 518
i.ane group capacity, ¢ 1515 161 j925 |786 735
v/C ratio, X IO 79 f0.46 IO 26 [0.51 10.70
Total green ratio, g/C IO 32 l0.32 !0 58 !0 58 lO 58
Uniform delay, d, 18.6 16.3 |6 2 |75 I8.9
bragression factor, PF 1.000 1.000] 1.000'1.000' 1.000
Delay calibration, k §0.33 §0.11 .11 IO 12 b.27
incremental delay, d, 7.9 IU 7 IO 1 l0.6 3. 1
Initial queue delay, d,
Control delay 26.5 17.1 3 80 12.0
Lane group LOS ic B A A B
Approach delay 23.3 7.4 12.0
Approach LOS ic A B
Intersection delay 14.3 X = 0.73 fintersection LOS lB
Copyright ©© 2000 University of Florida, All Rights Reserved Version 4.1e
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TWO-WAY STOP CONTROL SUMMARY

. - i Isf%é&%ﬁ%%% ati
Analyst José L. Pérez Berenguer Entersection 2
Agency/Co. iPérez Berenguer y Asoc. Murisdiction Wayagtiez
Date Performed 11/26/2004 Analysis Year 2006
Analysis Time Period - §7.00 - 8:00 AM

Project Description Estudio de Impacto en el Transito, Urb. Monte Sierra
EastiWest Street. PR-349 ForthlSouth Street: Calle Nom. 1

intersecuon Onentgttpn East—West IStudy Period (hrs): 0.25
haior Street Eastbound Westbound
l\novament 1 2 3 4 5 6
L T R L T R
Volume (veh/h) 0 90 159 58 ks /4]
peak-hour factor, PHF |1.00 0.8 .85 lo.s6 lo.s6 1.00
*j‘;‘;]j'r!l’)"'c’w Rate go 102 e+ Isr 102 bo
Proportion of heavy
vehicles, Py B s ﬂo B —
Median type IRaised curb
RT Channelized? b b
Lanes 1 !0 hO U IO
Configuration TR ILT
Upstream Signal b b
L\ﬂinor Street Northbound Southbound
hovement 7 8 9 10 11 12
L T R L T R
Volume (veh/h) 102 104 0 o 4]
Peak-hour factor, PHF j0.86 1.00 80.88 1.00 1.00 1.00
z—\i’:t;?rylr)F low Rate 118 P 118 b b b
potonoteny b b b b b b
Percent grade (%) <4 lo
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Flared approach N IN
Storage i0 lo
RT Channelized? 0 to
Lanes 1 IO IO
Configuration iLTR
Approach EB WB Northbound Southbound
Movement 1 4 7 8 9 10 11 12
Lane Configuration L7 LTR
Volume, v (vph) l67 236
Capacity, Co (vph) 1421 758
vic ratio .05 f0.31
Queue length (95%) .15 1.33
Control Delay
siveh) 7.7 11.9
.0S A 1B
Approach delay _ N
{siveh) 11.9
Approach LOS - = iB
Copyright ©C 2003 University of Florida, All Rights Reserved Version 4.1d



HCS2000: Signalized Intersections Release 4.le

José 1. Pérez Berenguer

Pérez Berenguer y Asociados

Apartado 6512

Marina Station

Mayagiiez, Puerto Rico, 00681-6512

Phone: (7B7) 254-8321 Fax: (787
E-Mail: PBAsocfcentennialpr.net

PLANNING ANALYSIS

) 254-8321
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Analyst: José L. Pérez Berenguer
Intersection: 1
Agency/Co.: Pérez Berenguer y Asociados
Area Type: CBD or Similar
Date Performed: 11/26/2004
Jurisdiction: Mayagiiez
Analysis Time Periocd: 2:45 - 3:45 PM
Analysis Year: 2006
Project ID: Estudio de Impacto en el Trénsito Urb. Monte Sierra
East/West Street North/South Street
PR-34% Liceo (PR-349)/Manantiales
VOLUME DATA
|  Eastbound | Westbound | Northbound |  Scouthbound |
| L T R [ L T R | L T R | T R
| I | I |
Num. Lanes |O 0 0 |1 0 1 |0 1 1 10 1 0 |
Volume ] | 603 75 10 46 470 |4 43 &)
Parking I | N I N | N [
Coord. | f N | N | N |
LT Treat. | | 2 [ I I
Peak hour factor: 0.85 Area Type: CBD or Similar
LANE VOLUME WORKSHEET
EAST WEST NORTH SOUTH
BOUND BOUND BOUND BOCUND
LEFT TURN MOVEMENT
1. LT volume 603 0 424
2. Opposing mainline volume 0 43 516
3. Number of exclusive LT lanes 1 0 0
Cross Product [2] * [1} 0 0 218784
Left Lane Configuration (E=Excl, S=Shrd): E S 5
Left Turn Treatment Type: P 4] P
4. LT adjustment factor 0.850
5. LT lane vol 635 0 424
RIGHT TURN MOVEMENT
Right Lane Configuration (E=Excl, S=Shrd) E E 5
6. RT volume ) 75 479 0
7. Exclusive lanes 1 1 0
8. RT adjustment factor 0.850 0.850 0.850
9. Exclusive RT lane veolume 88 553
10. Shared lane vol 0
THROUGH MOVEMENT
11. Thru volume 0 46 43
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12. Parking adjustment factor 1.00 1.00 1.06
13. No. of thru lanes including shared 0 1 1
14, Total approach volume 0 46 43
15, Prop. of left turns in lane group ¢.00 0.00 ¢.91
16. Left turn egquivalence 1.44
17. LT adj. factor: 1.000 1.000
18. Through lane volume 0 46 43
19, Critical lane volume 88 553 43
Left Turn Check (if [16] > 3.5)
20. Permitted left turn sneaker capacity: &0
7200/Cmax
SIGNAL OPERATIONS WORKSHEET
EAST WEST NORTH SOUTH
Phase Plan Selection from Lane Veolume Worksheet BOUND BOUND BOUND BOUND
Critical through-RT wvol: [19] 88 553 43
LT lane vel: [5] 635 0 424
lLeft turn protection: (P/U/N) P 8] P
pominant left turn: (Indicate by '<'")
Selection Criteria based on the Plan 1: U U 9]
specified left turn protection Plan 2a: U p U P
Plan 2b: P U P U
< Indicates the dominant left turn Plan 3a;:<P P <P P
for each opposing pair Plan 3b: P <P P <p
Plan 4: N N N N
Phase plan selected (1 to 4) 4 2a
Min. cycle (Cmin) 60 Max. cycle (Cmax) 120
Timing Plan EAST-WEST NORTH-SOUTH
Value Ph 1 Ph 2 Ph 3 Ph 1 Ph 2 Ph 3
Movement codes ETL WTL STL NST
Critical phase vol [CV] 0 635 0 424 553 0
Critical sum [CS] 1612
CBD adjustment [CBD] 0.900
Reference sum [RS] 1308
Lost time/phase [PL] 4 4 0 4 4 0
Lost time/cycle [TL] 16
Cycle length [CYC] 120.0
Phase time 0.0 45.0 0.0 31.4 39.7 0.0
Critical v/c Ratic [Xcm} 1.42

Status

Over capacity
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HCS2000™~ DETAILED REPOR

ot i’

Analyst LJosé L. Pérez Berenguer lntersection 1

Agency or Co. _[Pérez Berenguer y Asociados Area Type ICBD or Similar
Date Performed 1 1/26/2004 Jurisdiction IMayagﬁez
Time Period 2:45 - 3:45 PM Analysis Year 2006

studio de Impacto en ef
Transito, Urb. Monte Sierra

Froject iD

Number of lanes, N, iO EO 17 [0 1 IO 1 1 IO 1 0
Lane group i R T R LT
Volume, V (vph) I603 75 46 M70 H24 M3

% Heavy vehicles, %HV 7 7 Is 5 1 1
Peak-hour factor, PHF 10.93 j0.58 io 66 §0.88 [j0.67 [0.66
Pretimed (P) or actuated {(A) A A A A A LA
Start-up lost time, I, 2 0 2.0 2.0 §2.0 2.0
Extension of effective green, e 2.0 2 0 >0 {20 2.0
Arrival type, AT 3 3 3 3 3

tnit extension, UE 3.0 3.0 3.0 3.0 3.0
Filtering/metering, | 1.000)1.00031.000 1.00011.000§ 1.000
initial unmet demand, Q, 0.0 0.0 0.0 0.0 0.0

Ped / Bike / RTOR volumes 0 b 50 50

Lane width 3.7 3.7 3.7 3.7 4.7
Parking / Grade / Parking v W ks W iw b W IV b W

Parking maneuvers, N,

Buses stopping, Ny -4 © 0 0
Mn. time for pedestrians, G, 3.2 3.2 3.2
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Phasing WB Only 02 03 04 NS Perm 06 Q7 08

iIG=320 = = = iG=41.0 = = =
fiming Y = 3 Y = Y = Y = Y =3 Y = Y = Y =
Duration of Analysis, T=0.25 Cycle Length, C = 79.0

hty, Control Delay, and LOS Determination.
= e e =
kr fv Rt bt bu RT BT R b fu Rt

Adjusted flow rate, v I648 43 70 W77 j698
| ane group capacity, ¢ 1631 1565 {833 708 l666
vi/c ratio, X 1.03 EO 08 iO 08 30.67 1.05
Total green ratio, g/C [0.41 I0.41 |0.52 §0.52 [0.52
 niform delay, d, 23.5 14.4 I.9.6 14,1 19.0
brogression factor, PF 1.000 1.0001 1.00041.000 1.060
Delay calibration, k §0.50 j0.11 0.11 |0.25 j0.50
incremental delay, d, 42.9 IO 1 l0.0 2.5 18,1
Initial queue delay, d;
Control delay l66.4 14.5 los li66 l67.1
|_ane group LOS IE B A B lE
Approach delay i63. 1 15.7 §67.1
Approach LOS lE B !E
intersection delay 51.2 X = 1.04 hnterse'ction LOS ED

Copyright ©© 2000 University of Florida, All Rights Reserved

Version 4.1e
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TWO-WAY STOP CONTROL SUMMARY

:

ite Informatio

Analyst LJosé L. Pérez Berenguer lntersection 2
Agency/Co., tPerez Berenguer y Asoc. Murisdiction gMayagtiez
Date Performed 11/26/2004 Analysis Year 2006
Analysis Time Period 2:45 - 3:45 PM

Project Description Estudio de Impacto en el Transito, Urb. Monfe Sierra

East/West Street: PR-349 horthlSouth Street: Cafle Num. 1

intersection Orientation; East-West btudy Period (hrs). 0.25

hajor Street Eastbound Westbound

LVIovement 1 2 3 4 5 6
L T R L T R

Volume (veh/h) | 3 105 162 125 f81 0

Peak-hour factor, PHF 17.00 80.73 §0.73 10.71 IO 71 1.00

i‘\"z‘;jﬁ)':"’“’ Rate 143 221 176 114 bo

Proportion of heavy

pehicles, Py Io B B lo B B

Median type l‘?aised curb

RT Channelized? !0 !0

L anes 50 1 EO |4 1 lo

Configuration TR ILT

Upstream Signal 0 o

hinor Street Northbound Southbound

E\novement 7 8 9 10 11 12
L T R L T R

Volume (veh/h) 892 0 120 0 |- ] 0

Peak-hour factor, PHF lO 71 1.00 [0.73 1.00 1.00 1.00

"\"‘;‘Iflﬁh’)':"’w Rate  ly29 o 164 s o lo

entes. oy P P P P i

Percent grade (%) 4 lo
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Flared approach

b
b

SN b

Storage

RT Channelized? o b
Lanes 0 1 iO 0 EO
Configuration LR

eﬁ‘gﬁiihaveli

E S g

Approach EB wWB Northbound Southbound
Movement 1 4 7 8 10 11 12
1 ane Configuration BT LTR

Volume, v (vph) 176 293

Capacity, ¢, (vph) 1206 fs81

v/c ratio §0.16 !0 50

Queue length (95%) 10.51 2.83

Control Delay

[ siveh) l6.5 17.3

1.0S 4 Ic

Approach delay 5

{s/veh) 17.3

Approach LOS -~ | &

Copyright ©© 2003 University of Florida, All Rights Reserved Version 4.1d
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José I1.. Pérez Berenguer

Pérez Berenguer y Asociados

Apartado 6512

Marina Station

Mayagiliez, Puerto Rico, 00681-6512

Phone: (787) 254-8321 Fax: (787) 254-8321
E—-Mail: PBAsoc@centennialpr.net

PLANNING ANALYSIS
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Analyst: José L. Pérez Berenguer

Intersection: 1

Agency/Co.: Pérez Berenguer y Asociados

Area Type: CBD or Similar

Date Performed: 11/26/2004

Jurisdiction: Mayagiiez

Analysis Time Period: 7:00 - 8:00 AM

Analysis Year: 2026

Project ID: Estudio de Impacto en el Transito Urb. Monte Sierra

East/West Street North/South Street
PR-349 Liceco ({PR-349)/Manantiales
VOLUME DATA

| Eastbound | Westbound I  Northbound |  Southbound
| L T R | L T R | L T R | L T R
[ [ | |

Num. Lanes |0 0 0 |1 C 1 |0 1 1 10 1 i}

Volume ! 1428 313 [0 259 532 168 342 0

Parking [ I N | N | N

Coord. | { N i N | N

LT Treat. | [z Pz | 2

Peak hour factor: 0.93 Area Type: CBD or Similar

LANE VOLUME WORKSHEET

EAST WEST NORTH SOUTH

BOUND BOUND BOUND BOCUND

LEFT TURN MOVEMENT

1. LT volume 428 0 168
2. Opposing mainline volume e] 342 701
3. Number of exclusive LT lanes 1 0 0
Cross Product [2] * [1] 0 0 132888
Left Lane Configuration ({E=Excl, S=Shrd): E s [
Left Turn Treatment Type: P U P

4. LT adjustment factor 0.950

5. LT lane wvol ] 451, 0 168

RIGHT TURN MOVEMENT

Right Lane Configuration (E=Excl, S$=Shrd) E E s

6. RT wvolume 313 532 0

7. Exclusive lanes 1 1 0

8. RT adjustment factor 0.850 0.850 0.850
9. Exclusive RT lane wvolume 368 626
10, Shared lane vol o

THROUGH MOVEMENT
11. Thru volume 0 259 342
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12. Parking adjustment factor 1.00 1.00 1.00
13. No. of thru lanes including shared 0 1 1
14, Total approach volume 0 259 342
15. Prop. of left turns in lane group 0.00 0.00 0.33
16. Left turn .equivalence 1.96
17. LT adj. factor: 1.000 1.000
18. Through lane volume 0 259 342
19. Critical lane volume 368 626 342
Leftr Turn Check (if [18] > 3.5)
20. Permitted left turn sneaker capacity: 60
7200 /Cmax
SIGNAL OPERATIONS WORKSHEET
EAST WEST NORTH SOUTH
Phase Plan Selection from Lane Volume Worksheet BOUND BOUND BOUND BCUND
Critical through-RT vol: [19] 368 626 342
LT iane vol: [5] 451 0 168
Left turn protection: (P/U/N) P U P
Dominant left turn: (Indicate by '<')
Selection Criteria based on the Plan 1: U U 3] U
specified left turn protection Plan 2a: U p U P
Plan 2b: P U P U
< Indicates the dominant left turn Plan 3a:;:<P P <P P
for each opposing pair Plan 3b: P <p B <P
Plan 4: N N N N
Phase plan selected (1 to 4) 4 2a
Min. cyecle (Cmin} 60 Max. cycle (Cmax) 120
Timing Plan EAST-WEST ______NORTH-SOUTH
Value Ph1 Ph2 Ph3 Phl Ph2 ©Pha3
Movement codes ETL WTL STL NST
Critical phase vol [CV] 0 451 0 168 626 G
Critical sum [CS] 1245
CBD adjustment [CBD] 0.900
Reference sum [RS] 1431
Lost time/phase [PL] 4 4 0 4 4 0
Lost time/cycle [TL] 16
Cycle length [CYC] 120.0
Phase time 0.0 41.7 0.0 18.0 56.3 0.0
Critical w/c Ratio [Xcm] 1.00

Status

Over capacity
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HCS2000"‘"“ DETAILED REPORT
Analyst LJosé L. Pérez Berenguer fintersection 7
Agency or Co. hPérez Berenguer y Asociados Area Type ICBD or Similar
Date Performed [11/26/2004 Jurisdiction lMayagﬁez
Time Period 7:00 - 8.00 AM Analysis Year 2026
prssio S

V‘omm o and Timir f&%ﬁ - e

EB E‘NB E\IB SB

b v Rt bt B Rt bkt fv R kT e Rt

Number of lanes, N, lo 10 1 0 1 IO 1 1 lo u lO
Lane group i iR T IR T
\Volume, V (vph) 428 313 259 i532 168 342

1% Heavy vehicles, %HV 3 3 i !6 2 2
Peak-hour factor, PHF j0.80 j0.88 |0.82 lo 88 §0.53 §0.93
Pretimed (P) or actuated (A) A A A A A A
Start-up lost time, |, 2.0 2.0 2.0 2.0 2.0
Extension of effective green, e 2.0 2.0 2.0 12.0 2.0
Arrival type, AT 3 3 3 3 3

Unit extension, UE 3.0 3.0 3.0 B.0 3.0
Filtering/metering, | 1.000}1.000§1.000] 1.000}1.000 1.000]
initial unmet demand, Q, 0.0 §0.0 00 0O 0.0
Ped / Bike / RTOR volumes 0 iﬂ l50 i 50

Lane width 3.7 3.7 3.7 B.7 4.7
Parking / Grade / Parking N W s W W b W Wb I
Parking maneuvers, N,

Buses stopping, Ny 0 0 fo o |
Min. time for pedestrians, G, 3.2 3.2 3.2
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Phasing WB Only 02 03 04 NS Perm 08 07 08
iG=280 G= IG= (G =500 = = =
Timing
Y =3 Y = Y = Y =3 Y = Y = Y =

Duration of Analysis, T= 0.25

{Cycle Length, C=84.0

TH kT
Adjusted flow rate, v 535 299 316 I548 685
l.ane group capacity, ¢ &540 483 946 |805 l680
vic ratio, X ﬂ0.99 fo.62 Io.33 Io 68 1.01
Total green ratio, g/C 10.33 10.33 IO.GO lo.so £0.60
Uniform delay, d, 27.9 23.5 5.6 (71.6 17.0
brogression factor, PF 1.000¢ 1.000} 1.00041.000 1.000|
Delay calibration, k £0.49 0.20 0.11 0.25 0.50
Incremental delay, d, 36.2 2.4 .2 Jo4 36.3
Initial queue delay, d;
Control delay 4.1 25.9 188 1139 153.3
| ane group LOS lE ic A B !D
Approach delay l50.4 12.0 53.3
Approach LOS lp B |8}
IIntersection delay 37.3 X = 1.00 Entersection LOS ID

Copyright ©© 2000 University of Florida, All Rights Reserved

Version 4.1e
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IG

Analyst 2
ﬁgencleo. Pérez Berenguer y Asoc. Hurisdiction Wayagaez
Date Performed 11/26/2004 Analysis Year 2026
Analysis Time Period 7:00 - 8:00 AM

Project Description Estudio de Impacto en el Transifo, Urb. Monte Sierra

East/West Street; PR-349 F

ortn/South Street: Calle Num. 1

Iintersection Orientation: East-West

IStudy Period (hrs): 0.25

Vehicle Volume

Sig

£

Fapassiny

h!ajor Street Eastbound Westbound

thovement 1 2 4 5 6
L T T

\Volume (veh/h) bo 119 78 77 116

Peak-hour factor, PHF §1.00 0.88 10.88 §0.86 .86 1.00

*j‘;‘;%’)”"w Rate b 135 88 leo 134 bo

Proportion of heavy

vehicles, Py B B IO B B

Median type Raised curb

RT Channelized? Io IO

1 anes 0 1 IO 0 1 IO

Configuration TR ILT

LUpstream Signal 0 o

ﬁinor Street Northbound Southbound

L\novement 7 8 10 11 12
L T L T R

\Volume (veh/h) 135 b 137 o o

Peak-hour factor, PHF £.86 1.00 b 88 1.00 1.00 1.00

22‘;&2’)’:'0‘” Rate 1156 P 155 Eo 0 o

ol I T 2 I

Percent grade (%) 4 !0
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Flared approach

X
b

S[< |

Storage

RT Channelized? 0 {0
| anes 10 1 2 {0 | b
Configuration HLTR

e

ngth; Level of Service. -

lApproach EB WB Northbound Southbound
Movement 1 4 7 8 10 11 - 12
| ane Configuration iLr hl_TR
\Volume, v (vph) 89 3711
Capacity, ¢, (vph) 1358 {690
vic ratio i0.07 l0.45
Queue length (95%) .21 2 35
Control Delay
</veh) 7.8 14.4
1 0S5 LA 1B
Approach delay
(s/veh) B 14.4
Approach LOS - - B
Copyright ©© 2003 University of Florida, All Rights Reserved Version 4.1d
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HCS2000: Signalized Intersections Release 4.le
José L. Pérez Berenguer
pérez Berenguer y Asociados
Apartado 6512
Marina Station
Mayagliez, Puerto Rico, 00681-6512
Phone: (787) 254-8321 Fax: (787) 254-8321
g-Mail: PBAsoc@centennialpr.net

PLANNING ANALYSIS

Analyst: José L. Pérez Berenguer

Intersection: 1

Agency/Co.: Pérez Berenguer y Asociados

hArea Type: CBD or Similar

Date Performed: 11/26/2004

Jurisdiction: Mayagliez

Analysis Time Period: 2:45 - 3:45 EM

Analysis Year: 2026

project ID: Estudio de Impacto en el Transito Urb. Monte Sierra

East/West Street Noxrth/South Street

PR-349 Liceo ({PR-349)/Manantiales

VOLUME DATA

|  Fastbound |  Westbound | HNorthbound | Southbound |

| L T R ] L T R | L T R | L T R |

I I | f I
Num. Lanes |0 0 0 [1 0 1 |0 1 1 [0 1 0 i
Valume [ | 796 99 |0 6l 621 |560 57 0 i
Parking [ I N ] N I N ]
Cooxd. | | N f N I N |
LT Treat. | b2 | 72 | 2 |
Peak hour factor: 0.85 Area Type: CBD or Similar

LANE VOLUME WORKSHEET

EAST WEST NORTH SOUTH
BOUND BOUND BOUND BOUND

LEFT TURN MOVEMENT

1. LT volume 796 0 560

2. Opposing mainline volume 0 57 682

3. Number of exclusive LT lanes 1 0 0]

Cross Product [2] * [1] 0 0 381920

Left Lane Configuration (E=Excl, S=Shrd) : E S S

Left Turn Treatment Type: P U P

4. LT adjustment factor 0.950

5. LT lane vol 838 0 560
RIGHT TURN MOVEMENT

Right Lane Configuration (E=Excl, S=Shrd) E E s

6. RT volume 99 621 0

7. Exclusive lanes 1 1 0

8. RT adjustment factor 0.850 0.850 0.850

9. Exclusive RT lane volume 116 731

10. Shared lane vol 0
THROUGH MOVEMENT

11. Thru volume 0 6l 57

12, Parking adjustment factor 1.00 1.00 1.00
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13. No. of thru lanes including shared 0 1 i
14. Total approach volume 0 61l 57
15. Prop. of left turns in lane group 0.00 0.00 0.91
16. Left turn equivalence 1.46
17. LT adj. factor: 1.000 1.000
18, Through lane volume 0 61 57
19. Critical lane wvolume 116 731 57
Left Turn Check (if [16] > 3.5)
20. Permitted left turn sneaker capacity: 60
7200/Cmax
SIGNAL OPERATIONS WORKSHEET
EAST WEST NORTH SOQUTH
Phase Plan Selection from Lane Volume Worksheet BCUND BOUND BOUND BOUND
Critical through-RT vol: [19] 116 731 57
LT lane wvol: [3] 838 0 560
Left turn protection: (P/U/N} P U p
Dominant left turn: (Indicate by '<')
Selection Criteria based on the Plan 1: © U U g
specified left turn protection Plan 2a: U P U P
Plan 2b: P U P 9)
< Indicates the dominant left turn Plan 3a:<P P <P P
for each opposing pair Plan 3b: P <P P <P
Plan 4: N N N N
Phase plan selected (1 to 4) 4 2a
Min. cycle (Cmin) 60 Max. cycle (Cmax) 120
Timing Plan BAST-WEST ___ NORTH-SOUTH
Value Ph 1 Ph 2 Ph 3 Ph 1 Ph 2 Ph 3
Movement codes ETL WTL 8TL NST
Critical phase vol {CV] 0 838 0 560 731 0
Critical sum [CS] 2129
CBD adjustment [CBD] 0.900
Reference sum {RS] 1308
Lost time/phase [PL] 4 4 0 4 4 0
Lost time/cycle [TL] 16
Cycle length [CYC] 120.0
Phase time 0.0 44.9 0.0 31.4 39.7 0.0
Critical v/c Ratio [Xcm] 1.88

Status

Over capacity
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HCSZOOO“"" DETA[LED REPORT
Analyst LJos¢ L. Pérez Berenguer fintersection 1
Agency or Co. __ jPérez Berenguer y Asociados IArea Type ICBD or Similar
Date Performed 111/26/2004 Jurisdiction . lMayagﬁez
Time Period 245 - 3:45 PM Analysis Year 2026
Froject iD U.?LL.I(;;(:) gfe Iggfrc;to en el Transito

R

ming INput.

Volume and-Tin

- Lo -

mH RT kT v kT bt bn kT kT fm RT

Number of lanes, N, 0 lO 2 b lO lO 1 1 IO 1
Lane group |8 ILR TR IR LT
Volume, V (vph) 796 99 b le21 |0 |57

o, Heavy vehicles, %HV 7 7 5 5 7 1
Peak-hour factor, PHF 10.93 {0.58 .66 §0.88 [0.67 [0.66
Pretimed (P) or actuated (A) A A A A LA A
Start-up lost time, |4 2.0 (2.0 2.0 2.0 2.0
Extension of effective green, e 20 PO 2.0 2.0 2 0
Arrival type, AT 3 3 3 3 3

Unit extension, UE 3.0 3.0 3.0 [3.0 3.0
Filtering/metering, | 1.000§1.000} 1.06041.000 1.000}
Initial unmet demand, Q, 0.0 o0 [0.0 0.0 ©.0
Ped / Bike / RTOR volumes &0 IO 50 |0 |50

! ane width 3.7 13.7 3.7 3.7 4.7
Parking / Grade / Parking v W W 3 N W 5 W W BB W
Parking maneuvers, N,

Buses stopping, Ng b o b b lo
Min. time for pedestrians, G, 3.2 3.2 3.2
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Phasing 01 WB Only 03 04 NS Perm 05 07 08
= =300 = = G=735 = = G =
Timing
Y = Y =3 = Y = Y = = Y = Y =
Duration of Analysis, T = 0.25 Cycle Length, C = 109.5

Control Dalay, ahd LOS |

(111

A ﬁrz&v ,%?i‘af%ﬁ;'?gﬁ;?%%y

EB l\NB hB SB

b b Rt bt fn Rt bt I ke bt o ke
Adjusted flow rate, v I856 fo4 j92 I649 {922
t ane group capacity, ¢ I629 382 1078 I.916 843
v/c ratio, X 1,03 [0.22 $0.09 Io 71 1.09
Total green ratio, g/C 10.27 IO.27 l0.67 |0.67 {0.67
Uniform delay, d, 39.8 §30.7 56.3 11.3 18.0
brogression factor, PF 1.000'1.000'1 1.00011.000 1.000
Delay calibration, k lo.50 Jo.11 b.11 jo.27 fo.50
incremental delay, d, 39.9 IG.'3 I0.0 > 6 59.8
initial queue delay, d,
Control delay 79.7 831.0 B3 138 77.8
Lane group LOS E IC A 1B I£
Approach delay 75.3 12.9 77.8
Approach LOS e B e
intersection delay 58.4 X, = 1.08 Entersection LOS IE
Copyright ©© 2000 University of Florida, AH Rights Reserved Version4.1e
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TWO-WAY STOP CONTROL SUMMARY

Bitinfor

Analyst José L. Pérez Berenguer Intersection “
IAgency/Co. Pérez Berenguer y Asoc. Murisdiction Wayagiiez
Date Performed 11/26/2004 Analysis Year 2026
Analysis Time Period 2:45 - 3:45 PM

East/West Street. PR-349

Project Descn‘gtion Estudio de Impacto en el Transito

horthlSouth Street: Calle Num. 1

intersection Orientation: East-West

IStudy Period (hrs) 0.25

&ie Volumes and Adjustmer

hﬂajor Street Eastbound Westbound

lVlovement 1 2 3 4 5 6
L T R T R

Volume (veh/h) o 139 214 165 107 0

Peak-hour factor, PHF17.00 0.73 10.73 0.71 .71 1.00

mﬁ%ﬂw Rate Eo 190 293 232 150 o

Proportion of heavy iO N |

vehicles, P, io i N

Median type Raised curb

RT Channelized? b l

L_anes 0 1 lO [ 4 1 b

Configuration TR ILT

Upstream Signal 0 o

Einor Street Northbound Southbound

E\novement 7 8 g 10 11 12
L T R L T R

fVolume (vehih) 121 0 158 0 0 | 4

Peak-hour factor, PHF 0.717 1.00 {0.73 1.00 1.00 1.00

’12‘;1;';’)':‘0‘” Rate 70 P 216 o 0 lo

popondtvems b P P b b b

Percent grade (%) 4 !0
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Fiared approach

b
b

1=

Storage

RT Channelized? 0 b

| anes 0 u io 0 0 IO .
Configuration LTR

g‘ontml@ﬁe!ay; Level of Service

Approach EB WB Northbound Southbound
Movement 1 4 8 10 11 12
| ane Configuration ' gTR

Volume, v (vph) 232 366

Capacity, ¢, (vph) 1090 174

iv/c ratio j0.21 .81

Queue length (95%) b_81 7. 73

Control Delay Eg

[ siveh) .2 38. 1

L.OS A E

Approach delay

¥siveh) B 38.1

Approach LOS - £

Copyright ©© 2003 University of Florida, All Rights Reserved Version 4.1d
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Apéndice 5. Determinacién del Factor de Crecimiento del Transito Promedio Diario
Proyeccién de Vehiculos Registrados, Mayaguez, Puerto Rico

Vehiculos | Vehiculos Regression Output:
Afo  |Registrados| Proyectados f Constant -172027585711716
1989 45439 468940 Std Err of Y Est 423637609772689
1890 47196 47828 R Squared 454717797545048
1991 45586 48717 No. of Observations 14
1982 46572 49605 Degrees of Freedom 12
1983 48872 50494
1994 52062 51382 X Coefficient(s) 888494505481629
1995 55357 52271 Std Err of Coef. 280869000328634
1996 56861 53159
1997 58330 54048
1998 61350 54938
1999 61509 55825
2000 52142 56713
2001 52631 57602
2002 53202 58490
2004 60267
2006 62044
2026 79814
80000

[<2]

§ 75000

ﬁ 70000

g 65000 _

@ 60000 -

3 55000 -

= - o

£ 50000 | o=

45000 USRI 3 -?, S VO IR M
1980 1990 2000 2010 2020 2030
Afo
= AfO Registrados

Ley de Interés Compuesto:

F=P(Q1+1)"

F
== (1+ )"

126



127

1+i=1%

N

i= -1

f 9814
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Apéndice 6. Generacion, Asignacion y Proyeccion de Viajes
GENERACION DE VIAJES

Con el propodsito de determinar el flujo vehicular que generara
la urbanizacidén Monte Sierra se utilizdé la referencia Irip
Generation (ITE, 2003a,b). Esta referencia define una serie de
usos de terreno e indica el flujo vehicular gue se espera que cada
uno genere, basado en estudios realizados previamente.

La urbanizacidédn Monte Sierra se compondrid de 302 unidades de
vivienda de interés social ubicadas en solares individuales con
cabida de 350 metros cuadrados, aproximadamente. También existira
un predio para uso comercial con cabida de 2150 metros cuadrados,
aproximadamente. Para estimar el flujo gque generara la parte
residencial de este proyectc se utilizé el uso de terreno 210
(“Single-Family Detached Housing”), seguin definido por Trip
Generation (ITE, 2003a). El estimado del volumen en las horas pico
se realizé basado en el numero de unidades residenciales
propuestas.

Se utilizé el uso de terreno 820 (“Shopping Center”) (ITE,
2003b) para estimar los viajes que generara la parte comercial del
proyecto, basado en el &rea para alquiler, en pie cuadrado. Como
no se tiene aun cuales van a ser las caracteristicas del area
comercial, se supuso que se utilizarén parametros de un distrito de
zonificacidén C-1 (Comercial Local), segun definidos por la Junta de

Planificacié4n (ELA, 2000). Se usaron estos parametros, aungue esta
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no es la zonificacién del predio debido a que un proyecto comercial
en el lugar serd basicamente para servir a los residentes del area.
Ya que los usos permitidos en el distrito de zonificacidn C-1 se
ajustan a este supuesto, se utilizaron sus parametros para estimar
cual podria ser la situacidén mas critica que se podria dar en el
lugar y utilizar este escenario en el analisis. De acuerdo al
Reglamento de Planificacién Numero 4, se puede desarrollar un
proyecto comercial que tenga parametros de disefio correspondientes
a C-1 de manera que se provea un 210% del &rea del solar como area
de piso. Por lo tanto, la situacidén mas critica que se podria dar
en este solar seria gue se desarrollara un proyecto comercial con
un area para alquiler de 48000 pies cuadrados, escenario que se
utilizd para el analisis.

AJUSTE POR VIAJES “PASS-BY”

Es reconocido que los viajes generados por centros comerciales
y otros establecimientos (bancos, farmacias, restaurantes de comida
rapida, etc.) poseen caracteristicas diferentes a los viajes
generados por otros tipos de facilidades. Una proporcién
significativa de los viajes generados por centros comerciales son
simplemente viajes desviados del trédnsito actual en el sistema de
carreteras adyacente. Estos viajes se conocen como “pass-by”.

Debido a que en el &area existird un centro comercial, los
viajes generados por estos deben ser ajustades por viajes “pass-

by”. El Trip Generation Handbook (ITE, 2001) incluye estadisticas
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para estimar los porcientos de viajes “pass-by” en funcién del area
| de algquiler comercial. De esta referencia, el porciento promedioc
de viajes “pass~-by” para un area comercial de 48,000 pies cuadrados
es 48.2%. Por 1o tanto, se supuso gue 48.2% de 1los viajes
generados por el area comercial del desarrollo propuesto seran
viajes que actualmente transitan por el lugar. Los resultados de
la generacioén de viajes realizada, ajustada por viajes “pass-by” se
resumen en la tabla A6-1.

Tabla A6-1. Flujo Vehicular gue Generara la Urbanizacion Monte Sierra

Hora Pico Uso de Terreno Viajes Generados (veh/hr)
Entrando Saliendo Total
AM 210 55 166 221
820 62 40 102
PM 210 190 107 297
820 277 299 576
820 (ajustado) 187 202 389

DISTRIBUCION DE VIAJES

Una vez determinado el flujo wvehicular que generarda el
proyecto propuesto, se procedié a distribuir la nueva demanda de
vehiculos. Esta d;stribucién se realizd basado en la proporcidn
direccional obtenida en los conteos realizados recientemente en las
cercanias del proyecto propuesto, durante un dia laborable tipico.
En la figura 13 se ilustran los viajes que se generaran y como se

distribuyeron por la red de carreteras analizada.
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PROYECCION DEL TRANSITO

Para proyvectar los conteos de flujo vehicular actuales hacia
el futuro, se supuso que el volumen vehicular en el &area de
andlisis crecerd a una razdn similar que el numero de vehiculos
registrados en el municipio de Mayaglez. Se obtuvieron datos
histéricos de vehiculos registrados, recopilados por el
Departamento de Transportacidén y Obras Publicas. Con estos datos
se llevd a cabo una regresidén lineal para determinar la curva que
mejor se les ajusta. Los resultados se detallan en el Apéndice 3.
Utilizando la férmula de interés compuesto y el crecimiento anual
obtenido, se proyectaron los datos actuales al afio 2006. En las
figuras 14 y 15 se ilustran los datos de flujo wvehicular
proyectados a dicho afio. De forma similar se hizo la proyeccidn de
los datos de flujo vehicular durante las horas pico al afio 2026 y

los resultados aparecen en las figuras 16 y 17.
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Apéndice 7. Justificaciones para la Evaluacién de la Instalacién de Sistemas de
Semaforos (ATSSA/ITE/AASHTO, 2003)

2003 Edition Page 4C-|

CHAPTER 4C,. TRAFFIC CONTROL SIGNAL NEEDS STUDIES
Section 4C.01 Studies and Factors for Justifying Traffic Control Signals

Standard:

An engineering study of traffic eondifions, pedestrian characteristics, and physical eharacteristics of
the tocation shall be performed o determine whether instatlation of a traffic control signal is justified at o
purticular location.

The investigation of the need for a traffie control signal shall include an analysis of the applicalle
Faclors contained in the following traffic signal warraels and other factors refated to existing operation
and safety at the study location:

Warrant 1. Eight-Hour Vehicular Volame.

Waurrant 2, Foar-Hour Vebicular Volume.

Warrant 3, Peak Hour.

Warrant 4, Pedestrian Volume.

Warrant 5, Schoot Crossing.

Warrant 6, Coordinsted Signal System.

Warrant 7, Crash Experience.

Warrant 8, Roadway Network.

The satisfnction of a iraffic signal warrant or warranis shall not in itself require the installation of a
traffic control signai.

Support;

Sections 8D.07 and 10D.05 contain infonmation regarding the use of waffic control signals instead of gates
and/or flashing light signads af highway-railroad grade crossings and highway-light tail trunsit grade erossings,
respectively.

Guidance: .

A traffic control signal should not be installed unless one or more of the factors described in this Chapter
are met,

A rraffic control signal should not be installed unless an engineering study indicates that instabling a traffic
control signal will improve the overall safety and/or operation of the intersection.

A traffic controf sipnal should not be instailed if it will seriously disrupt progressive wraftic Now.

The study should consider the effects of the right-tum vehicles from the minor-street approaches.
Engineering judgment shonld be used 10 determine what, if any, portion of the right-turn traffic is subtraered
from the minor-street traffie count when evaluating the count against the above signal warranrs,

Engineering judgment should also be used in applying various traffic signal warrants (o cases where
approaches consist of one lane plus one feft-tam or right-tur lane. The site-specific traffic characteristics dictale
whether an approach should be considered as one lane or two lanes. For example, for an approach with one lane
for through and right-wirniag traffic plus a lefi-tarn lane, engineering judgment could indicate that it shouid be
considered a one-lane approach if the iraffic using the left-turn lane is minor. in such & case, the fotal trafiic
volmne approuching the intersection shoudd be applied against the signal warrants as & ene-lane approach, The
approach should be considered two lanes if approximately half of the traffic on the approach wms left and the
{eft-tuen fane is of snfficient length to accommodate all lefi-tum vehicles.

Sim#ar engineering judgment and rationale should be applied to a street approach with one lane phis a right-
tarn lane. In this case, the degree of conflict of minor-street right-tum traffic with raffic on the major strect
should he considered. Thus, right-tum traific should not be included in the minorstreel volume if the movement
enters the major street with minimat conflict. The approsch should be evaluated as a one-lane appronch with
only the rraffic volimne in the through/left-tura Jane considered.

At a location that is under development ar construction anrd where it is not possible to obtain g traftic count
thit would represent future traffic conditions, hourly volumes should be estimated as parl of an engineering study
for comparison with traftic sigaal warrants. Except for locations where the engincering study uses the
satisfaction of Warrant 8 1o justify a signal, a traffic control signal instailed nnder projected conditions should
have an engineering study done within 1 year of putting the signal into stop-and-go operation 1o determine if the
signal is justified. If not justified. the signal shoutd be taken out of stop-and-go vperation or removed.

For signal warrant analysis, a location with a wide median, even if the median widih is grester than
& m {30 1), should be considered as one intersection,

Movember 2003 Hest, 4011
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Option:

At an intersection with a high volume of left-turn traffic from the major street, the signal warrant analysis
may be performed in a anner that considers the higher of the major-street left-turn volumes as the “minor-
street” volume and the corresponding single direction of opposing traffic on the major street as the “major-strect”
voluine.

For signal warrant analysis. bicyclists may be counted as either vehicles or pedestrians.

Support:

When performing a signal warrant analysis, bicyclists riding in the street with other vehicular lrafiic are
usuaily counted as vehictes and bicyclists who are clearly using pedestrian facilities are usualy counted as
pedestrians.

Option:

Engineering study data may include the following:

A. The number of vehicles entering the intersection in each hour from each approach during 12 hours of un
average day. It is desirable that the hours selected contain the greatest percentage of the 24-hour waffic
volume.

B. Vehicular volumes for each traffic movement from each approach, classified by vehicle type (heavy
trucks, passenger cars and light trucks, public-transit vehicles, and, in some locations., bicyches), during
each 15-minute period of the 2 hours in the maming and 2 hours in the afternoon during which 1otal
traffic entering the inicrsection is greatest.

C. Pedestrian volume counts on each crosswalk during the same periods as the vehicular counts in ltem B
above and during hours of highest pedestrian volume. Where young, elderly, and/or persons with
physical or visual disabilities need special consideration, the pedestrians and their crossing times wmay be
classified by peneral observation,

D. Information about nearby facilities and acrivity centers that serve the young, elderly. andfor persons with
disabilities, including requests from persons with disabilities for accessible crossing improvements sl the
tocation under study. These persons might not be adequately reflected in the pedestrian volume count if
the absence of a signal restrains their mobility.

E. The posted or statutory speed limit or the 83th-percentils speed on the uncontrolied approaches (o the
location.

A condition diagram showing details of the physical layout, including such features ss intersection
geometrics, channelization, grades, sighi-distance restrictions, transit stops and rouies, parking
conditions. pavement markings, roadway lighting, driveways, nearby railroad crossings, distance 1o
ncarest wraffic control signals, utility poles and fixtures, and adjacent land use.

G. A collision diagram showing crash experience by type. location, direction of movement, severity,
weather, time of day, date, and day of week for at least 1 year.

The following data, which are desirable for a more precise understanding of the operation of the intersection.

may be obiained during the periods specified in ltem B of the preceding paragraph:

Vehicle-hours of stopped time delay determined separately for each approach,

The number and distribution of acceptable gaps in vehicular traffic on the major street for entrance from
the minor street.

The posted or statutory speed limit or the 85th-percentile speed on controlled approaches at a point near
1o the intersection but unaffected by the control,

Pedestrian delay time for at least two 30-minute peak pedestrian delay periods of an avernge weekday or
like periods of & Saturday or Sunday.

L. Queue length on stop-controlled approaches.

Section 4C.02 Warrant 1, Eight-Hour Vehicular Volume

Support:

The Minimum Vehicular Volume, Condition A, is intended for application at locations where 2 large volome
of intersecting traffic is the principal reason to consider instatling a traffic control signal,

The Interruption of Continuous Traffic, Condition B, is intended for application at locations where Condition
A is not satisfied and where the traffic volwne on a major street is so heavy that traffic on a minor intersecting
street suffers excessive delay or conflict in entering or crossing the major street.

It is intended that Warrant 1 be weated a5 a single warrant, If Condition A is satisfied. then the criteria for
Warrant 1 is satisfied and Condition B and the combination of Conditions A and B are not needed. Similarly, if
Condition B iy satisfied, then the criteria for Warrant | is satisfied and the combination of Conditions A and B is

not needed.

S N =

Seal, 4001 10 4002 Novembor 2003
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1able 4C-1. Warrant 1, Eight-Hour Vehicular Volume

Condition A—Minimum Vehlcular Volume

Vehicles per hour on
higher-volume
Number of ianes for Vehicles per hour on major street] minor-street approach
moving traffic on each approach {(total of both approaches) {one direction only)

Major Street Minor Street 100%° 80%" 70% 56%" | 100%" 80%" 70%" 56%"

§ [P ) FOSTITT 500 400 350 280 150 120 105 84
2 or more... | I 600 480 420 336 150 120 105 84
2 or more... 2 ormore... 600 480 420 336 200 118D 140 112
| 2 ormore..... 500 400 350 280 200 160 140 112

Condition B--interruption of Continuous Traffic
Vehicles per hour on
higher-volume
Number of lanes for Vehicles per hour on mafor sireet] minor-street approach
moving traffic on each approach {total of both approaches) {one direction only)

Maijor Streat Minor Street 100%" 80%° 70%" 56%° | 100%" 80%" 70%' 56%"

b TR Tt iaemsrane 750 600 525 420 75 80 53 42
2 or more... | DI 900 720 630 504 75 60 83 42
2 Or more... 2 oFr more... 00 720 630 504 160 80 70 56
i DTN 2 or more.,... 750 600 525 420 100 80 70 56

? Basic minfmum hourly volume.

¥ Usad for combination of Conditions A and B aRter adeguate trial of other remedial measures.

“ May be used when the major-sirest speed excaeds 70 kmh or sxceeds 40 mph or in an isolated commupity with a

.y population of less than 10,000.
May be usad for combination of Conditions A and B after adequate trial of other remedial measures when the major-
sirewt spead exceads 70 kmi or exceeds 40 mph or in an isolated cammunity with a poprdation of less than 10.000.

Standard:
The need for a traffic control signal shall be considered if an engineering stody finds that one of the
following conditions exist for each of any 8 hours of an average day:
A. The vehicles per hour given in both of the 100 percent columns of Condition A in Table 4C-1 exist
on the major-street and the higher-volume miner-street approaches, respectively, to the

intersection; or
B. The vehicles per hour given in both of the 100 percent columns of Condition B in Talile 4C-1 exist

on the major-street and the higher-volame minor-street approaches, respectively, to the
intersection.
In applying each condition the major-street and minor-street volumes shall be for the same 8 hours, On
the minor street, the higher volume shall not be required to be on the same approach during each of these

§ hours.

Option:

If the posted or statutory speed limit or the 85th-percentile speed on the major streel exceeds 70 kivh or
exceeds 40 mph, or if the intersection lies within the built-up area of an isolated community having a population
of less than [0,000, the traffic volumes in the 70 percent columns in Table 4C-1 may be used in place of the 100

percent colamis.

November 203 Bect, 40,02
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Guidanee:

The combination of Conditions A and B is intended for application at locations where Condition A is not
satisfied snd Condition B is not satisficd and should be applied only afier an adequare mrial of other aliernutives
rhat could cause less delay and inconvenience to traffic has failed to solve the tralfic problems.

Standard:

"Fhe need for a traffic control signal shall be considered if an engineering study finds that both of the
following conditions exist for each of any 8 hours of an average day:

A. The vehicles per hour given in both of the 80 percent columns of Condition A in Table 4C-1 exist
on the major-strect and the higher-volume minor-street approaches, respectively, to the
intersection; and

B. The vehicles per hour given in both of the 30 percent columns of Condition B in Table 4C-1 exist
on the major-street and the higher-velume minor-street approaches, respectively, to the
intersection,

These major-street and minor-street volumes shall be for the same 8 hours for each condiiion; however,
the 8 hours satisfied in Condition A shall not be required to be the same 8 hours satisfied in Condition B,
On the minor street, the higher volume shall not be required to be on the same approach during each of
the 8 hours.

Option:

I the posted or statutory speed limit or the 85th-percentife speed on the major street exceeds 70 kin/h or
exceeds 40 mph, or if the intersection lies within the built-up area of an isolated community having a populaiion
of less than 10,000, the traffic volumes in the 56 percent columns in Table 4C-1 may be used in place of the 80
percent columns,

Section 4C.03 Warrant 2, Feur-Hour Vehicplar Volume
Support:

The Fous-Hour Vehicular Volume signal warrant conditions are intended to be applied where the volume of
intersecting traffic, is the principal reason o consider installing a trutfic control signul.
Standard:

The need for a traffic control signal shall be considered if an enginecring study finds that, for each of
any 4 hours of an average day, the plotted points representing the vehicles per hour on the major street
{total of both approaches) and the corresponding vehicles per hour on the higher-volume minor-street
approach (one direction only) all fall above the applicable curve in Figure 4C-1 for the existing
combination of appraach limes. On the minor street, the higher volume shall net be required to be on the
same approach during each of these 4 hours,

Option:

If the posted or statalory speed limir or the 85th-percentile speed on the major street exceeds 70 kav/h or
exceeds 40 mph or if the intersection lies within the built-up area of an isolated community having a population
of less than 10,000, Figure 4C-2 may be used in place of Figure 4C-1.

Section 4C.04 Warrant 3. Peak Hour
Support:

The Peak Hour signal warrant is iniended for use at a location where traffic conditions are such that for a
minimurm of 1 hour of an average day, the minor-street traffic suffers undue delay when entering or crossing the
major street.

Standard:

'This signal warrant shall be applied only in unusual cases, such s office complexes, manufacturing
plants, indusirial complexes, or high-occupancey vehicle facilities that attract or discharge large numbers
of vehicles over u short time.

The nieed for a traffic control signal shall be considered if an engineering study finds that the criteria
in cither of the following two categories are met:

A. If all three of the follewing conditions exist for the same 1 hour (any feur consecutive I5-minute

_periods) of an average day:

1. The total stopped time delay experienced by the traffic on one minor-street approach {one
direction only) conirolled by a STOP sign equals or exceeds: 4 vehicie-hours for a one-lane
approach; or 5 vehicle-hours for a two-lane approach, and

Sect, 4702 1o 3004 November 2005
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Page 4.5
Figure 4C-1. Warrant 2, Four-Hour Vehicular Volume
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2. The volume on the same minor-sireet approach (one direction only) eguals or exceeds 100
vehicles per hour for one moving lane of traffic or 156 vehicles per hour for twe moving lanes,
and

3. The total entering volime serviced during the hour equals or exceeds 650 vehicles per hour for
intersections with three approaches or 800 vehicles per hour for intersections with four or more
approaches.

B. The plotted point representing the vehicles per hour on the major street (total of both approaches)
and the corresponding vehicles per hour on the higher-volume minor-street approach {one
direction only) for 1 hour (any four consecutive 15-minute periods) of an average day falis above
the applicable curve in Figore 4C-3 for the existing combination of approach lanes.

Option:

if the posted or statulory speed limit or the 85th-percentile speed on the major street exceeds 70 km/h or
exceeds 40 mph, or il the intersection lies within the bailt-up area of an isolated community having a population
of less than 10,000, Figure 4C-4 may be used in place of Figure 4C-3 to satisly the criterta in the second
category of the Standard,

Section 4C.05 Warrant 4, Pedestrian Volume
Support:

The Pedestrizn Volume signal warrant is intended for application where the traffic volume on a major street
is so heavy that pedestiians experience excessive delay in crossing the major street.
Standuard:

The need for a iraffic coniral signal at an intersection or midblock crossing shall be considered if an
engineering study finds that hoth of the following criteria are met:

A. The pedestrian volume crossing the major street at an infersection or midblock location during an

average day is H0 or more for each of any 4 hours or 13 or more during any 1 hour; and

B. There are fewer than 68 gaps per hour in the traffic stream of adequate length to allow pedestrians
to cross during the same period when the pedestrian volume eriterion is satisfied. Where there is a
divided street having o median of sufficient width for pedestrinns 1o wait, the requirensent applies
separately to each direction of vehicolar traffic.

The Pedestrian Volume signal warrant shall not be applied at locations where the distance to the
nearest traffic control signal along the major street is less than % m {300 1), unless the proposed traffic
conlrol signal will not restrict the progressive movement of traffic.

If this warrant is met and a traffic control signal is justified by an enginecring study, the traffic control
signal shall be equipped with pedestrian signal heads conferming to requirements set forth in Chapter 4K,
Guidange:

If this warrant is met and a traffic coatrol signal is justificd by an engineering study, then:

A. If at an intersection, the traffic control signal should be traffic-acteated and should include pedestrian

detectors.

B. If at & nonintersection crossing, the traffic control signal should be pedestrian-actuated, parking and other
sight obstructions shoold be prohibited for at least 30 m (100 ft) in advance of and at feast 6.F m {20 1)
beyond the crosswalk, and the installation should include snitable standard signs and pavement
markings.

C. PFuorthermore. if installed within a signal system, the uaffic control signal should be coordinated.

Option:

The eriterion for the pedesirian volume crossing the major roadway may be reduced as much as 50 percent if
the average crossing speed of pedestrians is less than 1.2 m/sec (4 fifsec).

A traffic control signal may not be needed at the stody location if adjacent coordinated trafiic control signals
consistently provide gaps of adequate length for pedestrians 1o cross the street, even if the rate of gap ocenrrence
is less than one per minute,

Scetion 4C.06 W, 5, Scheol Crossing

Support:
The School Crossing signal warrant is inlended for application where the fact that school children cross the
mjor street is the principal reason to consider installing a traffie control signal.

Serl. 4T3 0 4C.06 November 2043
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Figure 4C-3. Warrant 3, Peak Hour
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Standard:

The need for a traffic controt signal shall be considered when an engineering study of the frequency
and adeguacy of gaps in the vehicular traffic stream as reiated to the numbey and size of groups of school
children at an established schoal crossing acress the major street shows that the pamber of adequate paps
in the traffic stream during the period when the children are using the crossing is less than the number of
-minutes in the same period (see Section 7A.03) and there are a minimum of 20 studenis during the highesi
crossing hour.

Before a decision is made to install a traffic control signal, consideration shall be given to the
‘implementation of other remedial measures, such as warning signs and flashers, school speed zones, school
crossing guards, or a grade-separated crossing,

‘The Schoul Crossing signal warrani shall not be applied at locations where the distance to the nearest
traffic control signal along the major street is Jess than 90 m (300 fr), unless the proposed tratfic control
signal will noet restrict the progressive movement of traffic,

Chiidance:

If this warrant is met and a traffic control signal is justified by an engineering study, then:

A IF at an intersection, the waffic control signal should be traffic-actuated and should include pedestrian

detectors.

B. W at a nonintersection crossing, the traffic control signal should be pedesirian-actuated, parking and other

sight obstructions should be prohibited for at feast 30 m (100 f0) in advance of and at least 6.1 m {20 f)
beyond the crosswalk, and the installation should include suitable standard signs and pavement

markings.
C. Furthermore, if installed within a signal system, the traffic control signal should be coordinated.

Section 4C.07 Warrant 6, Coordinated Signal System

Support:
Progressive movement in a coordinated signal system sometintes necessitates insialling traffic controt signals
at intersections where they would not otherwise be needed in order to maintain proper platnoning of vehicles,

Standard:
The need for a traffic control signal shall be considered if an engineering study finds that one of ihe
Tollowing criteria is met:

A. On a one-way street or a street that bas traffic predominantly in one direction, the ndjacent traffic
control signals are so far apart that they do not provide the necessary degree of vehicular
platooning.

B. On a two-way street, adjacent traffic control signals do not provide the necessary degree of
platooning and the proposed and adjacent traffic control signals will collectively provide a
progressive operation.

Guidance:
The Coordinated Signal Systent signal warrant should not be applied where the resultant spacing of waffic

conirol signals would be fess than 300 m (1,000 f1).

Section 4C.08 Warrant 7. Crash Experience

Suppuort:
The Crash Experience signal warrant conditions are intended for application where the severily and
frequency of crashes are the principal reasons to consider installing a traffic control signal,

Standard:
The need for a traffic control signal shall be considered if an engineering stady finds that all of the
following criteria are met:
A, Adequate trial of alternatives with satisfactory observance and enforcement has failed to reduce
the crash frequency; and
B. Five or more reported crashes, of types susceptible to correction by a traffic conirol signal, have
occurred within a 12-month period, each crash involving personal injury or property damage
apparently exceeding the applicable requirements for a reportable crash; snd
C. For each of any 8 hrours of an average day, the vehicles per hour ( yph) given in both of the 86
percent columns of Condition A in Table 4C-1 (see Section 4C.02), or the vph in beth of the 80
percent columns of Condition B in Table 4C-1 exists on the major-street and the higher-volome
minor-street approach, respectively, te the intersection, or the volume of pedestrian (raffic is not

SeeL, 40706 0 1008 November 2(603
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less than 80 percent of the requirements specified in the Pedestrian Volume warrant. These major-
street and niinor-street volumes shall be for the same 8 hours, On the minor street, the higher
volume shall not be required to be on the same approach during each of the 8 heurs.

Option:

I the posted or statutory speed limit or the 85th-percentile speed on the major street exceeds 70 knv/h or
exceeds 40 mph, or if the intersection lies within the built-up area of an isolated community having a population
of less than 10,000, the traffic volumes in the 56 percent columns in Tabla 4C-1 may be used in place of the 80
percent columns,

Section 4C.09 Warrant 8, Roadway Network

Support:
tastalling a traffic control signal at some interseciions might be justified to encourage concentration and
orgapizafion of traffic flow on a roadway network.
Standard:
The need for a traffic control signal shall be considered if an engineeving study finds that the common
intersection of two or more major routes meets one or both of the following eriteria:
A. The intersection has a total existing, or immediately projected, entering volume of at least 1,060
vehicles per hour during the peak hour of a typical weekday and has S-year projected traffic
volumes, based on an engineering study, that meet one or more of Warrants 1, 2, and 3 during an

average weekday; or
B. The intersection has a total existing or immediately projected entering volume of at least 1,000
vehicles per hoar for each of any 5 hours of & nonmormal business day (Saturday or Sunday).

A major route as used in this signal warrant shall have one or mere of the following characteristics;

A. It is part of the street or highway system that serves as the principal roadway network for through
traffic flow; or

B. It includes rural or suburban highways outside, enteving, or traversing a City; or

C. T¢ appears as a major route on an official plac, such as a4 major street plan in an urban area traffic
and transporiation study.

Noveinbur 2003 Seel, 4008 1y OO0
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Curriculum Vitee del consultor

José Luis Pérez Berenguer, M.S.C.E., P.E., P.T.O.E.

EDUCATION:

P.O0. Box 6512, Marina Station
Mayagiiez, Puerto Rico 00681-6512
Phone & Fax (787) 254-8321
PBAsocficentennialpr.net

CURRICULUM VITE

JANUARY 1992 TO MAY 1994

Master of Science in Civil Engineering, Pavement Design
and Transportation. University of Puerto Rico - Mayagiiez
Campus, Mayagliez, Puerto Rico

AUGUST 1986 TO DECEMBER 1991
Bachelor of Science in Civil Engineering. University of
Puerto Rico - Mayagliez Campus, Mavagiiez, Puerto Rico

PROFESSIONAL LICENSES AND CERTIFICATIONS:

Professional Engineer - License 12673 P.E.

Professional Transportation Operations Engineer -
Certificate Number 840

Certified Worksite Traffic Supervisor - Certification
54159

RESEARCH PROJECTS:

JULY 1998 TO FEBRUARY 1999

Analisis del Disefio de los Accesos, Facilidades de
Transferencia Intermodal, Estacionamientos y "Kiss and
Ride” en las Estaciones del Tren Urbano. Research
supervisor of the undergraduate student Joel A. Martinez
Vega for the UPR/MIT Tren Urbano Internship Program -
coordinated by the Civil Infrastructure Research Center.
Poster and presentation

JULY 1997 TO MAY 1998

Analisis de los Planes de Mantenimiento de Transito a
Implementarse Durante la Construccidén del Tren Urbano.
Research supervisor of the undergraduate student Jorge L.
Ramos Ortiz for the UPR/MIT Tren Urbano Internship
Program - coordinated by the Civil Infrastructure
Research Center. Written report, poster and presentation
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SEPTEMBER 1996 TO MAY 1998

El Impacte Futuro en el Patrén de Flujo Vehicular en las
Intersecciones Adyacentes al Corredor del Tren Urbano.
Research supervisor of the undergraduate student Diego
Torres for the UPR/MIT Tren Urbano Internship Program -
coordinated by the Civil Infrastructure Research Center.
Written report, poster and presentation

MARCH 1996 TO FEBRUARY 1998

Measurement and Analysis of Pavement Condition and
Improvement of Existing Roughness Mathematical Models
Applied to the Puerto Rico Highway Network. Principal
Investigator, supported by the Puerto Rico Department of
Transportation and Public Works - coordinated by the
Civil Infrastructure Research Center. Written report
poster and presentation

JUNE 1996 TO AUGUST 1996

Medidas y Analisis de Rugosidad en el Pavimento en la Red
de Carreteras de Puerto Rico. Research supervisor of the
undergraduate student Jorge L. Ramos Ortiz, sponsored by
the Puerto Rico Alliance for Minority Participation.
Written report, poster and presentation

AUGUST 1995 TO MAY 1996

Andlisis Operacional de un Sistema de Transportacidn
sobre Rieles; Plan de Servicio Propuesto para el Tren
Urbano. Research supervisor of the graduate student
Ginger M. Rossy Robles for the UPR/MIT Tren Urbano
Internship Program - coordinated by the Civil
Infrastructure Research Center. Written report and

presentation

MAY 1992 TO MAY 1994

Develop of the thesis Andlisis de datos de Rugosidad y
Desarrollo de Modelos para Estimar la Tendencia del
Deterioro de Pavimentos. Requirement to obtain a Master
Degree in Pavement Design and Transportation Engineering
Area. University of Puerto Rico - Mayaglez Campus,
Mayagiiez, Puerto Rico. Written report and oral exam

SEPTEMBER 1996

Replicabilidad de Medidas de Rugosidad del Pavimento
Utilizandeo el egquipo ARAN. Published. IX Congreso
Panamericanc de Ingenieria de Tréansito y Transportes, La
Habana, Cuba
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JULY 1996

Analysis of Roughness Measurements for Delineating
Homogeneous Units for Pavement Management Application.
Co-author, submitted for consideratiocn to the
Transportation Research Board 76" Annual Meeting

JUNE 1994

Un Nuevo Enfoque en el Analisis de Datos de Rugosidad
para un Sistema de Gerencia de Pavimentos. Published.
VIII Congresco Panamericano de Ingeneria de Transito y
Transportes, Ciudad de Mexico, Mexico

PRESENTATIONS:
DECEMBER 2, 1996 TO DECEMBER 6, 1996

Replicabilidad de Medidas de Rugosidad del Pavimento
Utilizando el eguipo ARAN. IX Congreso Panamericanc de
Ingenieria de Trédnsito y Transportes, Capitolio Nacional,
La Habana, Cuba

OCTOBER 24, 1996

Measurement and Analysis of Pavement Condition and
Improvement of Existing Roughness Mathematical Models
Applied to the Puerto Rico Highway Network. Ciwvil
Engineering Department, University of Puerto Rico -
Mavagiiez Campus. Sponsored by the Civil Infrastructure

Research Center

APRIL 1994

Analisis de datos de Rugosidad y Desarrollo de Modelos
para Estimar la Tendencia del Deterioro de Pavimentos.
29*" ACS Junior Technical Meeting, University of Puerto
Rico - Mayagiez Campus. Sponsored by Puerto Rico
Alliance for Minority Participation.

WORK EXPERIENCE:
JULY 19294 TO PRESENT
Pérez Berenguer y Asoclados; Principal, Transportation

and Civil Engineer

AUGUST 1994 TC DECEMBER 1998

University of Puerto Rico -~ Mayagliez Campus, Civil
Engineering Department; Professor ¢of the courses:

b ° Highway Location and Curve Design

% ° Highway Engineering

E ° Undergraduate Research

E% ° Seminar of Civil Engineering

R
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OCTOBER 1992

Traffic Study in Lomas Verdes Ave. and Ramirez de
Arellano Ave. at Guaynabo, Puerto Rico. Dr. Sergio L.
Gonzalez Quevedo - Consultant; Technical support

JANUARY 1992 TO MAY 1992
University of Puerto Rico - Mayagliez Campus; Teacher
Assistant of Dr. José F. Lluch Garcia, Construction

Management Course

MARCH 1991 TO JANUARY 1992

Office for the Improvement of the Public Schools,
Department of Education, Commonwealth of Puerto Rico;
Engineer's Assistant, Field Inspector

DECEMBER 1990 TO JANUARY 1991

Office for the Improvement of the Public Schools,
Department of Education, Commonwealth of Puerto Rico;
Engineer's Assistant, Field Inspector

AUGUST 1990 TO DECEMBER 1990

University of Puerto Rico - Mayagiiez Campus; Assistant of
Dr. Milton R. Martinez Delgado {(R.I.P.) in the
development of Structural Analysis Computer Programs

GRADUATE COURSES TAKEN:
Analysis and Design of Public Transportation Systems
Urban Transportation Planning
Traffic Engineering I
Pavement Design
Advanced Engineering Economics
Bituminous Mix Design and Construction Techniques I
Bituminous Mix Design and Construction Techniques II
Pavement Management
Applied Soil Mechanics
Operations Research
Geosynthetics in Civil Engineering
Design of Intelligent Traffic-Control Systems

CONTINUING EDUCATION COURSES TAKEN
AUGUST 2004 TO PRESENT
Theory of Map Projection - Evi de la Rosa Ricciardi,
M.S.C.E., University of Puerto Rico - Mayagiiez Campus,
Mayagiiez, Puerto Rico
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SEPTEMBER 24, 2004

The Process of Forced Expropriation: Important Aspects
for Engineers and Land Surveyors - Johnny Colédén Diaz,
P.E., Polytechnic University of Puerto Rico, San Juan,

Puerto Rico

JANUARY 2004 TO MAY 2003
Physical Geodesy - Julio C. Rios, M.S.L.S., University of
Puertc Rico - Mayagiez Campus, Mayagliez, Puertc Rico

AUGUST 2003 TO DECEMBER 2003

Adjustment Computations I - Julio C. Rios, M.S.L.S.,
University of Puerto Rico - Mayagliez Campus, Mayagiiez,
Puerto Rico

JANUARY 2003 TO MAY 2003
Geodetic Astronomy - Julio C. Rios, M.S.L.S., University
of Puerto Rico - Mayagliez Campus, Mayagliez, Puerto Rico

AUGUST 2002 TO DECEMBER 2002

Special Surveys - José L. Flores Malavé, M.S.L.S.,
University of Puerto Rico ~ Mayvagliez Campus, Mayagiiez,
Puerto Rico

JANUARY 2002 TO MAY 2002

Topographic Drawing - José L. Flores Malavé, M.S.L.S.,
University of Puerto Rico - Mayagliez Campus, Mayagiiez,
Puerto Rico

AUGUST 2001 TC DECEMBER 2001
Astronomy I — Leszekan Nowakowski, Ph.D., University of
Puerto Rico - Mayagliez Campus, Mayagliez, Puerto Rico

OCTOBER 13, 2001

Professional Traffic Operations Engineer Certification
Exam Refresher Course = Benjamin Colucci Rios, Ph.D.,
Institute of Engineers and Surveyors of Puerto Rico, San

Juan, Puerto Rico

JUuLy 31, 2001

Addressing lLead-Based Paint Hazards During Renovation,
Remodeling and Rehabilitation in Federally Owned and
Assisted Housing -Benjamin Cintrédén, Quantech - Fort
Buchanan, Guaynabo, Puerto Rico. Sponsored by HUD



146

JANUARY 2001 TO MAY 2001

Photogrammetry I - José 1. Flores Malavé, M.S.L.S.,
University of Puerto Rico - Mayagiiez Campus, Mayagiliez,
Puerto Rico

AUGUST 2000 TO DECEMBER 2000

Elements of Optics and Photography in Surveying and
Photogrammetry - Linda L. Vélez Rodriguez, B.S.C.E.,
M.S.L.S., University of Puerto Rico - Mayagiiez Campus,
Mayagliez, Puerto Rico

JANUARY 2000 TO MAY 2000

Geodesy I - José L. Flores Malavé, M.S.L.S., University
of Puerto Rico - Mayagiiez Campus, Mayagiiez, Puerto Rico

JULY 14-16, 1998

Worksite Traffic Supervisor Training Course - James A.
Brandon, Jr., P.E., BAmerican Traffic Safety Services
Associlation. PGA Mariott Hotel, Palm Beach Gardens,
Florida

JULY 1998

Public Transportation in Boston - Nigel Wilson, Ph.D. and
Kenneth Kruckemeyer, Ph.D., MIT. Massachussetts

Institute of Technology, Cambridge, Massachussetts

JULY 1997

Reglamentacién y Procedimientos para el Desarrollo de
Terreno y Permisos de Construccién en Puerto Rico - José
F. Lluch Garcia, Ph.D., P.E., Institute of Engineers and
Surveyors of Puerto Rico (CIAPR). University of Puerto
Rico-Mayagliez Campus, Mayaglez, Puerto Rico

JULY 1997
Public Transportation in Boston - Nigel Wilson, Ph.D. and
Kenneth Kruckemeyer, Ph.D., MIT. Massachussetts

Institute of Technology, Cambridge, Massachussetts

FEBRUARY 8, 1996

Standard Drawings of the Puerto Rico Highway and
Transportation Authority - 1Isabel Cristina Victoria
Jaramillo, M.S.C.E., PRHTA - Institute of Engineers and
Surveyors of Puerto Rico (CIAPR), Hato Rey, Puerto Rico
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SEPTEMBER 1995 TO DECEMBER 1995
Autocad I - Surveyor José Vigo, University of Puerto Rico
- Mayagiliez Campus, Mayagliez, Puerto Rico

JULY 1995
Public Transportation in Boston - Nigel Wilson, Ph.D. and
Kenneth Kruckemeyer, Ph.D., MIT. Massachussetts

Institute of Technology, Cambridge, Massachussetts

MEMBERSHIP IN PROFESSIONAL AND COMMUNITY ORGANIZATIONS:
Institute of Engineers and Surveyors of Puerto Rico
(CIAPR) - License 12673 P.E.

Institute of Civil Engineers of Puerto Rico

Member - Institute of Transportation Engineers
Associate Member - American Society of Civil Engineers
Miembro - Centro Cultural Salvador Brau, Cabo Rojo

NOVEMBER 1998 TO NOVEMBER 2000
President, Asociacidén de Residentes de Urbanizacidén y
Extensién La Concepciédn, Inc., Cabo Rojo, Puerto Rico

NOVEMBER 1994 TO DECEMBER 1998

Tren Urbanc Internship Program -~ coordinated by the Civil
Infrastructure Research Center, University of Puerto Rico
~ Mayagiliez Campus, Mayagliez, Puerto Rico

1995 TO 1998

Member of the University of Puerto Rico evaluating
committee for grant the Dwight D. Eisenhower Scholarship
for Transportation Engineering studies

NOVEMBER 1994 TO OCTOBER 1997

Faculty Advisor - Institute of Transportation Engineers,
Student Chapter, University of Puerto Rico - Mayaglez
Campus, Mayagliez, Puerto Rico

NOVEMBER 1995 TO AUGUST 1996

Member of the Academic Affairs Committee of the Civil
Engineering Department, University of Puerto Rico -
Mayagliez Campus, Mayagiiez, Puerto Rico
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WORK DONE BY THE OFFICE IN RELATED FIELDS:
MAY 2003 TO PRESENT
Mailntenance of Traffic Plans for projects to be
constructed in 27 municipalities as part of the Urban
Cores Improvements Program, for the Directorate of
Urbanism, Department of Transportation and Public Works

DECEMBER 2004

Traffic Study to analyze the impact of Monte Sierra
housing development in the adjacent area, to be located
at the State Highway PR-349, Km. 1.1, Quebrada Grande
ward, Mayagiez, Puerto Rico, for Urbanizacidén Monte
Sierra, Inc.

OCTOBER 2004

Traffic Study (written report and comparison to public
hearings) to analyze the impact of Frailes Centro
shopping center in the adjacent area, to be located at
the State Highway PR-873, Km. 0.8, Tortugo ward, San
Juan, Puerto Rico, for Best Propertiles

OCTOBER 2004

Evaluation of the Traffic Impact Study (written report
and comparison to public hearings}) submitted by the
proponents of the Expansion of the Actual Facilities of
SER de Puerto Rico, located at 500 Biaez street, Pérez
Morris Housing Development, Universidad ward, San Juan,
Puerto Rico, for Asociacidén de Residentes y Propietarios
de la Urbanizacidén Pérez Morris, Inc.

MAY 2003 TO OCTOBER 2004

Maintenance of Traffic Plan for the Reconstruction of
Intersection number 5 (Junction of the State Highways PR-
1, PR-25, PR-26 and PR-35), Santurce ward, San Juan,
Puerto Rico for Orval E. Sifontes, A.I.A.

OCTOBER 2 AND 10, 2004

Instructor - Review for the Professional Civil Engineer
Exam, sponsored by the Institute of Engineers and
Surveyors of Puerto Rico



149

AUGUST 2004

Evaluation of the impact in the traffic of the adjacent
area of Caribbean Medical Testing Center, located at 300
Clemson street, University Gardens Housing Development,
Hato Rey Sur ward, San Juan, Puerto Rico, for Farmacias
E1 Amal

AUGUST 2004

Evaluation of the impact in the traffic of the adjacent
area of Terrazas del Turabo Housing Development, to be
located at Reina de las Flores road, Rincdn ward, Gurabo,
Puerto Rico, for Terrazas del Turabo

MAY 2004

Traffic Count to determine the Average Daily Traffic at
McKinley and Méndez Vigo streets, immediately at west of
State Highway PR-2, Marina Meridional ward, Mayaglez,
Puerto Rico, for Mr. Eduardo Ruiz Valentin

MAY 2004

Traffic Count to determine the Average Daily Traffic at
the intersection of State Highway PR-2 and Carlos Charddn
street, Rio ward, Mayagliez, Puerto Ricc, for Mr. Eduardoc
Ruiz Valentin

MAY 2004

Consultant hired by the opposite part in the procedures
for a Necessity and Convenience Certificate for a
Walgreens Drug Store proposed at Boulevard street, Pueblo
ward, Bayamén, Puerto Rico, for Farmacias El Amal

MAY 2004

Traffic Study to analyze the impact of Laurel Sur Housing
Development in the adjacent area, to be located at the
State Highway PR-506, Km. 1.7, Coto Laurel ward, FPonce,
Puerto Rico, for D.I.S., Inc.

MARCH 2004

Feasibility Study to Evaluate the Public Transportation
System of the Municipality of Dorado, Puerto Rico -
Project FTA - P.R. 80-X011 -~ Task 22-01, for the
Municipality of Dorado
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MARCH 6 AND 20, 2004
Instructor - Review for the Professional Civil Engineer
Exam, sponsored by the Institute of Engineers and

surveyors of Puerto Rico

DECEMBER 2003

Traffic Study to analyze the impact of Plaza La Cumbre
project in the adjacent area, to be located at the State
Highway PR-199, Km. 4.0, Cupey ward, San Juan, Puerto
Rico, for Alvarez-Diaz Group, P.S.C.

OCTOBER 2003

Report with the results of an evaluation of the future
street network of Multeado Estrella urban development,
Playa ward, Ponce, Puerto Rico, for Administracidén de

Terrenos

SEPTEMBER 2003

Expert witness report of an accident occurred on
September 27, 1997 in 435 Street, Villa Carolina Housing
Development, Carolina, Puerto Rico, for Mrs. Sonia
Carballo Fernandez

SEPTEMBER 13 AND 27, 2003
Instructor -~ Review for the Professional Civil Engineer
Exam, sponsored by the Institute of Engineers and
Surveyors of Puerto Rico

MARCH 29 AND APRIL 5, 2003

Instructor - Review for the Professional Civil Engineer
Exam, sponsored by the Institute of Engineers and
Surveyors of Puerto Rico

MARCH 2003

Expert witness report analyzing the Maintenance of
Traffic Plan approved for the projects AC-014206 and AC-
14207 ({(State Highway PR-~142 Quebrada Arenas ward, Toa
Alta, Puerto Rico), for American International Insurance

Company

OCTOBER 5 AND 19, 2002
instructor - Review for the Professional Civil Engineer
Exam, sponsored by the Institute of Engineers and

Surveyors of Puerto Rico
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SEPTEMBER 2002

Composed Pavement Design for a frontage road of the State
Highway PR-199, Rio Piedras, Puerto Rico, for A.S.
Consulting Engineers

SEPTEMBER 2002

Traffic Study to analyze the impact of the operation of
Antonio S. Paoli Fine Arts Center in the adjacent area,
to be located at Los Caobos Avenue, Bucand Ward, Ponce,
Puerte Rico, for Urban Venture Group, P.S.C.

JUNE 2002

Traffic Study to analyze the impact of a proposed housing
development in the State Highway PR-4466, Km. 0.8, Bajura
Ward, Isabela, Puerto Rico, for Mr. Hauger Martin Hau

APRIL 2002

Traffic Study to analyze the impact of the expansion of
the Panamerican Terminal in the adjacent area, located at
Lindbergh Street interior, Isla Grande sector, Santurce
Ward, San Juan, Puerto Rico, for Royal Caribbean and RAY
Architects Engineers

APRIL 6 AND 13, 2002

Instructor - Review for the Professional Civil Engineer
Exam, sponsored by the Institute of Engineers and
Surveyors of Puerto Rico

MARCH 2002

Traffic Study to determine the Average Daily Traffic at
the State Highway PR-54, Km. 3.0, Guayama, Puerto Rico,
for Mr. Oscar Rodriguez Crespo

JANUARY 2002

Traffic Study to analyze the impact of the expansion of
the Winnie’s Active Learning Kids School in the adjacent
area (including depositions at public audiences), located
in the State Highway PR-104, Km. 1.9, Algarrobos Ward,
Mayagtiez, Puerto Rico, for WALKS

NOVEMBER 2001

Traffic Study to analyze the impact of Apartamentos
Marazul housing and commercial development in the State
Highway PR-187, Km. 9.7, Mediania Baja Ward, Loiza,
Puerto Rico, for Ossam Construction
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NOVEMBER 2001

Traffic Study to analyze the impact of Paraiso de
Mayagiiez housing development in the adjacent roads,
Sabalos ward, Mayagiiez, Puerto Rico, for Pulte Homes
Caribbean

SEPTEMBER 29 AND OCTOBER 6, 2001

Instructor - Review for the Professional Civil Engineer
Exam, sponsored by the Institute of Engineers and
Surveyors of Puerto Rico

FEBRUARY 2001 TO JULY 2001

Inspector of the Project “Widening of the Bridge over
Maricao River”, located at the State Highway PR-120, Km.
11.30, Maricao, Puerto Rico, for Ingeniar Engineering
Scolutions, P.S5.C.

JULY 2001

Traffic Study to analyze the impact of Garden State
Commercial Center project in the State Highway PR-100,
Kms. 3.3 to 4.6, Guanajibo and Miradero wards, Cabo Rojo,
Puerto Rico, for Mr. Guisseppe Marino Damiani

JUNE 2001

Traffic Study to determine the Average Daily Traffic at
the State Highway PR-980, Km. 1.1, Florida ward, San
Lorenzo, Puerto Rico, for Mr. Rafael Martinez Santana

MARCH 28 AND APRIL 2, 2001

Instructor - Review for the Professional Civil Engineer
Exam, sponsored by the Institute of Engineers and
Surveyors of Puerto Rico

FEBRUARY 3, 2001
Instructor - Review for the Professional Civil Engineer
Exam, sponsored by the Interamerican University of Puerto
Rico at Arecibo

JBNUARY 2001

Traffic Study to determine the Average Daily Traffic at
the junction of the State Highways PR-3 and PR-901, Juan
Martin ward, Yabucoa, Puerto Rico, for Farmacias El Amal
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DECEMBER 2000

Traffic Study to determine the Average Daily Traffic at
the junction of the State Highways PR-14 and PR-721
(including depositions at public audiences), Pueblo Norte
and Pueblo Sur wards, Aibonito, Puerto Rico, for
Farmacias El Amal

OCTOBER 2000

Traffic Study to determine the Average Daily Traffic at
the State Highway PR-1, Km. 88.1, Lapa ward, Salinas,
Puerto Rico, for Mr. Bernardo Olmeda Morales

SEPTEMBER 30, 2000

Instructor - Review for the Professional Civil Engineer
Exam, sponsored by the Institute of Engineers and
Surveyors of Puerto Rico

SEPTEMBER 2000

Traffic Study to analyze the impact of Haciendas ELl Monte
project in the State Highway PR-2, Kms. 173.2 to 174.7,
Cain Alto ward, San German, Puerto Rico, for Paseos de
San Antonio Development Corporation

AUGUST 2000

Expert witness report with the results of a traffic study
to analyze the impact of Percon Industrial park at the
junctions of the State Highway PR-14 with the future
Caribe Principal Street, State Highway PR-52, Puerto
Viejo road and the future Contreras Avenue, Playa ward,
Ponce, Puerto Rico, for Percon Development Corporation

MAY 2000

Traffic Count to determine the Average Daily Traffic at
Ave. Del Pescador, La Parguera ward, Lajas, Puerto Rico,
for Carlyle Benavent, M.D.

APRIL 1%, 2000

Instructor - Review for the Professional Civil Engineer
Exam, sponsored by the Institute of Engineers and
Surveyors of Puerto Rico

MARCH 2000

Expert witness report based on the results of an
evaluation about the possible access for the project
Percon Industrial Park, Playa ward, Ponce, Puerto Rico,
for Percon Development Corporation
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FEBRUARY 2000

Traffic Study to determine the Average Daily Traffic at
the State Highway PR-348, Km. 8.8, Rosario Bajo ward, San
German, Puerto Rico, for Félix J. Redriguez Arroyo

DECEMBER 1999

Traffic Study to determine the impact of an extension of
the PRTC facilities at the junctions of the State Highway
PR-5 with the access of the Puerto Nuevo Distribution
Center and the 11" street of Las Vegas Housing
Development, Palmas ward, Catafio, Puerto Rico, for Puerto
Rico Telephone Company

NOVEMBER 1299

Traffic Study to determine the Average Daily Traffic at
the junction of the State Highways PR-921 and PR-9922,
Collores ward, Las Piedras, Puerto Rico, for Mr. Carlos
Beltran Rodriguez

OCTOBER 16, 1998

Instructor - Review for the Professional Civil Engineer
Exam, sponsored by the Institute of Engineers and
Surveyors of Puerto Rico

OCTOBER 1559

Traffic Study to determine the Average Daily Traffic at
the junction of the State Highways PR-189, PR-9919 and
Hormazabal street, Pueblo Norte ward, dJuncos, Puerto
Rico, for Mr. Carlos L. Beltran Rodriguez

JULY 1997 TO JULY 1999

Maintenance of Traffic Plan for the Bayamén Alignment
Section Contract-Tren Urbano (project AC-500007), for
ICA-Miramar Metro San Juan, Corp.

MAY 1999

Expert witness report of an accident occurred on June 21,
1998 in the junction of the State Highway PR-823 and the
access to the construction project of the future PR-142,
Quebrada Arenas ward, Toa Alta, Puerto Rico, for Mr.
Ismaesl Diaz Santos
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MAY 1999
Expert witness report of an accident occurred on May 27,
1996 in the State Highways PR-335, Km. 11.0, Indios ward,
Guayanilla, Puerto Rico, for Mr. Frank A. Quifiones
Martinez

MAY 1999

Pavement design for projects AC-000136, AC-100202 and AC-
100203 (Mejoras a la PR-1 desde PR-735 a PR-170), Cayey,
Puerto Rico, for A.S. Consulting Engineers

MARCH 13, 1999

Instructor - Review for the Professional Civil Engineer
Exam, sponsored by the Institute of Engineers and
Surveyors of Puerto Rico

FEBRUARY 1999

Traffic Count to determine the Average Dalily Traffic at
the State Highway PR-111, Km. 0.4 at Aguadilla, Puerto
Rico, for Fidel De Frias, M.D.

NOVEMBER 1998
Expert witness report of an accident occurred on June 19,
1994 in the junction of the state highways PR-2 and PR~
114, Sabalos ward, Mayagiiez, Puerto Rico, for Eng. Pablo
Crespo Pérez

OCTOBER 1998

Expert witness report of an accident occurred on December
6, 1997 in state highway PR-307, Km. 8.9, Boquerdn ward,
Cabo Rojo, Puerto Rico, for Mrs. Anabelle Rodriguez
Sepulveda

OCTOBER 1998

Report with the results of an evaluation about the
proposed alternatives for the project AC-030108 (Conector
PR-100 Interseccién PR-101 a PR-301), Boguerdn ward, Cabo
Rojo, Puerto Rico, for Dr. Ricardo Ramirez Ramirez

OCTOBER 17, 1998

Instructor - Review for the Professional Civil Engineer
Exam, sponsored by the Institute of Engineers and
Surveyors of Puerto Rico
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MAY 1988

Traffic Study to analize the impact of Isla Azul housing
development, proposed at the State Highway PR-472; km.
2.7, Bejucos ward, Isabela, Puerto Rico, for Mr. Luls A.
Pérez Villanueva

MAY 1998
Traffic Impact Study and preliminar design of access for
the Parque de Diversiones de ZLuquillo (including

depositions at public audiences), proposed at the State
Highway PR-3, kms. 33.0 to 35.0, Mata de Platano ward,
Lugquillo, Puerto Rico, for Fernando L. Rodriguez, P.E. &
Associates

MARCH 1998

Evaluation of the Haul Route used by Betteroads Asphalt
Corp. when operates the extraction area at Cercado and
Cidra wards, Afiasco, Puerto Rico, for Betteroads Asphalt

Corp.

FEBRUARY 28, 1998

Instructor - Review for the Professional Civil Engineer
Exam, sponsored by the Institute of Engineers and
Surveyors of Puerto Rico

JANUARY 1998

Traffic Study to determine the impact of Garden State
Commercial Center at the junction of the State Highways
PR-100 and PR-311, Miradero and Guanajibo wards, Cabo
Rojo, Puerto Rico, for Mr. Guisseppe Marino Damiani

DECEMBER 1997

Traffic Study to determine the impact of an extension of
3.E.S.0. school at the junction of their access and the
Cuba road, Miradero ward, Mayagiez, Puerto Rico, for
Southwestern Educational Society

NOVEMBER 1997

Rigid Pavement Design for Project AC-006608 (State
Highway PR-66, Carolina - Canédvanas, Puerto Rico), for
Behar-Ybarra Associates

OCTOBER 4, 1997

Instructor - Review for the Professional Civil Engineer
Exam, sponsored by the Institute of Engineers and
Surveyors of Puerto Rico
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AUGUST 1997

Traffic Count to determine the Average Daily Traffic at
the State Highway PR-128, Km. 2.0, Yauco, Puerto Rico,
for PCO Associates

APRIL 1997

Traffic Study to determine the Average Daily Traffic at
the junction of the State Highways PR-102 and PR-308, La
Garita Sector, Miradero ward, Cabo Rojo, Puerto Rico, for
Chaibén J. Fas Alzamora, Esq.

AUGUST 1996
Quality tests of the asphalt concrete used on the parking
of the Municipal Drop-Off Center, for the Municipality of

Las Marias

JULY 1996

Traffic Study (written report and comparison to public
hearings) to determine the Average Daily Traffic at the
State Highway PR-3, Km. 16.3, Candévanas, Puerto Rico, for
Moravarcy Engineering Group.

JULY 1996

Traffic Study to determine the Average Daily Traffic at
the State Highway PR-128, Km. 2.0, Yauco, Puerto Rico,
for Moravarcy Engineering Group

MAY 1996

Pavement Design for the project AC-053603, Rehabilitation
of State Highway PR-536, Santa Isabel, Puertoc Rico, for
A.S. Consulting Engineers

MARCH 1996

Origin and Destiny Study for the preliminary design of
the future interchange of the State Highways PR-148 and
PR-828, Bayamén and Toa Alta, Puerto Rico, for CGSA
Architects and Engineers

FEBRUARY 1996

Traffic Study to determine the Average Daily Traffic at
the State Highway PR-110, Km. 9.7, Moca, Puerto Rico, for
Moravarcy Engineering Group
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NOQVEMBER 1995

Traffic Study to determine the Average Daily Traffic at
the Jjunction of the State Highways PR-2 and PR-402,
Afiasco, Puerto Rico, for Moravarcy Engineering Group

AUGUST 1995
Pavement Design for preliminary design of State Highway
PR-66 (Rio Piedras-Loiza), for Lebrdén Associates

JULY 1995

Pavement design for project AC-001732 (Mejoras inmediatas
a carretera PR-17), dJesus T. Pifierc Avenue, Hato Rey,
Puerto Rico, for Lebrdén Associates

JULY 1985
Pavement design for Piers N 1/2 & O. San Juan, San Juan,
Puerto Rico, for EBP Design Group Consulting Engineers

MARCH 1995

Traffic Study to determine the Average Daily Traffic at
the State Highway PR-111, Km. 4.0, Moca, Puerto Rico, for
Moravar Engineering Group

MARCH 1995

Traffic Study to determine the Average Daily Traffic at
the State Highway PR-420, Km. 5.2, Moca, Puerto Rico, for
Moravar Engineering Group

FEBRUARY 1995

Traffic Study to determine the Average Daily Traffic at
the State Highway PR-115, Km. 26.6, Aguada, Puerto Rico,
for Moravar Engineering Group

SEPTEMBER 1994
Structural evaluation of the streets of Montesol Housing
Development for the Municipal Legislature of Cabo Rojo



