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Resumen ejecutivo

Este informe resume los resultados de un estudio de transito
realizado en el kildémetro 1.1 de la carretera PR-349 asi como en la
interseccidén de esta carretera con la calle Manantiales, barrio
Quebrada Grande, Mayagliez, Puerto Rico. El estudio fue realizado
por la firma Pérez Berenguer vy Asociados por encomienda de
Urbanizacidén Monte Sierra, Inc. El objetivo del estudio es conocer
el impacto en la operacidén de esta facilidad wvial una vez se
construya la urbanizacidédn Monte Sierra en el kildémetro 1.1 de 1la
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 asfaltica. En este punto, tanto la calle
Liceo como la calle Manantiales tienen aceras a ambos lados, dado
que la interseccidn se encuentra en la zona urbana de Mayagiiez, no
asi el tramo de la carretera PR-349 gue sale hacia el este. Se
evalud tanto la carretera en el lugar donde se construird el acceso
al proyecto como la interseccidén indicada vya que 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 que la utiliza,
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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 interseccidén. Se tiene que cerrar
el acceso a la interseccidédn por la calle Fortunet, ubicada al
oeste, ya gue aungque no se utiliza por el transito vehicular, si
puede causar un problema de seguridad en el lugar. La interseccidn
que se construya en el kildémetro 1.1 de la carretera PR-349 debe
cumplir con todas las guias y reglamentacidén vigente. Especial
atencidén se le debe prestar a la visibilidad que tengan 1los
conductores en el sitio, ya que en el lugar la carretera PR-349
tiene varias curvas. Estas recomendaciones aseguraran dque las
facilidades analizadas tengan capacidad suficiente para manejar el
transito que las utilizard a corto, mediano y largo plazo. Es
importante notar que los ajustes a la interseccidédn de la carretera
PR-349 con la calle Manantiales son necesarios independientemente
de si se construye la urbanizacidén Monte Sierra o no, por lo que
los mismos no se deben, necesariamente, al impacto que producira el
proyecto. Una vez se hayan implantado las recomendaciones aqui
formuladas las vias del A&area manejaran adecuadamente el flujo

adicional que producird la urbanizacién.
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Introduccion y Objetivo

Este estudio de trédnsito se condujo para conocer el impacto
que tendrd el propuesto proyecto residencial urbanizacidén Monte
Sierra, a construirse en la carretera PR-349, Km. 1.1, Dbarrio
Quebrada Grande, Mayagliez, Puerto Rico (figuras 1 vy 2).
Urbanizacidén Monte Sierra, Inc. encomendd a Pérez Berenguer vy
Asociados la realizacidn del estudio. En este estudio se analizbd
la condicidén existente en la carretera PR-349, Km. 1.1 (figura 3)
asi como la 1interseccién de esta carretera con la calle
Manantiales, en la zona urbana de Mayagliez (figura 4). Se
obtuvieron las horas pico 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 interseccidédn con la calle Manantiales le sirven a los
conductores al momento del conteo. Se realizd una proyeccidn del
flujo wvehicular al afio 2006, suponiendo que para ese afio esté
finalizado el proyecto propuesto, para tener una idea de cual seréa
su efecto en las facilidades viales cercanas. También se hizo una
proyeccidén 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 urbanizacidén Monte Sierra en la via adyacente. Asi se
pudieron recomendar medidas a tomar para gque ésta se mantenga
operando de forma satisfactoria a corto, mediano y largo plazo. La
urbanizacidén Monte Sierra serd un proyecto de interés social que se
ubicard al sur del kildémetro 1.1 de la carretera PR-349, por donde
serd su acceso. La urbanizacidén constard de 302 residencias
individuales, en solares con una cabida aproximada de 350 metros y
una area comercial (figura 5). EIl proyecto producird un incremento
en el tréansito existente en el A4rea. Por esto es importante
conocer como operard la carretera en el futuro.

Se realizaron conteos vehiculares en los dos carriles de 1la
carretera PR-349, asi como en todos los carriles de su interseccidn
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 condicidn actual. Se proyectaron estos datos
al momento en el gque se espera que la urbanizacidén Monte Sierra
esté ocupada, se sumaron los gque generard este proyecto y se
efectud el respectivo andlisis 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 urbanizacidn Monte Sierra vy
la interseccidén con la calle Manantiales, estas no se analizaron
por la siguiente razdén. Estas calles son calles locales gque 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 que personas gue no
vayan para las mismas no las utilizan. Debido a que 1la
interseccidén mas inmediata de mayor importancia que utilizaréan los
viajes que generard el proyecto propuesto serd la de la carretera
PR-349 con la calle Manantiales y ya que estos vehiculos haréan
cualquiera de los movimientos permitidos en esa interseccidn, la
misma fue evaluada en este estudio.

La carretera PR-349 comienza en su interseccidén con la
carretera PR-105 vy termina en el Centro Residencial de
Oportunidades Educativas de Mayagliez (CROEM), ubicado en el barrio
Rosario de este municipio. La carretera fue construida hace més 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 instalacidén 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
montafiosa. 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 Mayagliez, al Poblado Rosario en el
municipio de San Germédn o al municipio de Hormigueros. El proyecto
residencial que aqui se evalla estara ubicado en el tramo de 1la
carretera PR-349 entre La Mineral y el &rea residencial del Cerro
de las Mesas. Dada la cantidad de instalaciones vy A&reas
residenciales que existen en la carretera PR-349, la misma es
bastante utilizada para las caracteristicas que tiene.

La geometria de la carretera PR-349 se compone mayormente de
un carril en cada direccidédn con un ancho de alrededor de 3.00
metros, sin paseos, con superficie asfaltica. 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

la visibilidad y la seguridad de los usuarios.



Alcance del estudio

Con este estudio se pretende principalmente conocer el impacto
en el trénsito y operacidédn de la carretera PR-349 debido a la
influencia directa de la urbanizacidédn Monte Sierra. Como resultado
del andlisis 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 operaran las intersecciones evaluadas.
También se calculd el transito promedio diario en el kildmetro 1.1
de la carretera PR-349 y en su interseccidn 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, Jjunto 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 vy
clasificacidén de vehiculos segin el movimiento que estos
efectuaron. Se instalaron detectores electrdédnicos ("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 él1, lo registra y lo clasifica. Luego esa
informacidén 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 vy
asegura que se utilizaron datos reales para efectuar los analisis
pertinentes.

El 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 yv la instalacidén propuesta no altere el comportamiento de

los conductores, de forma que dias no laborables se conviertan en
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dias criticos, se recomienda realizar el trabajo de campo en los
dias martes, miércoles o Jjueves (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 més exacta
de las variaciones del transito a través de los periodos
estudiados.

Se utilizdé la hoja de cédlculo electrdnica Quattro Pro versidn
9.0.0.588 (Corel Corporation Limited, 1999a) para reducir los datos
de flujo vehicular y hacer un andlisis matematico de los mismos.
Para hacer el andlisis operacional de las facilidades viales 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 transportacidén que actualmente utilizan las agencias
encargadas de la operacidén y mantenimiento de las carreteras en
Puerto Rico y Estados Unidos. Para facilitar este analisis se
utilizdé el programa de computadora Highway Capacity Software,
versién 4.le (University of Florida, 2003) el cual resume
electrdénicamente los procedimientos para el andlisis 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. El
informe se redactd utilizando el procesador de palabras WordPerfect

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

trdnsito 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 interseccidén 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 vehiculo 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

andlisis 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 wvial tales como:
Identificacién de las horas pico del dia
Flujo vehicular durante las horas pico
Factor de la hora pico (PHF, por sus siglas en inglés)
Porciento del flujo vehicular durante las horas pico
compuesto por camiones
Nivel de servicio (LOS, por sus siglas en inglés) al que
operan las facilidades analizadas durante las horas
criticas del dia
Estimado del trédnsito promedio diario en el lugar.
Estos valores se calcularon para la situacidén al momento del
conteo, se proyectaron para la situacidén al momento de ocupada la
urbanizacién Monte Sierra y para la situacidén 20 afios después. Los
valores para estos pardmetros se calcularon utilizando
procedimientos y férmulas aceptados (TRB, 2000) (University of

Florida, 2003) (Khisty, 1990) (Robertson et. al., 1994).
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El método wutilizado 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 transportacién utilizando el
concepto de Nivel de Servicio. Este concepto es una medida
cualitativa que describe las condiciones operacionales dentro de
una corriente de transito basado en medidas de servicio tales como
velocidad, tiempo de viaje, libertad de manejo, interrupciones del
transito, comodidad y conveniencia.

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 vy operacidédn de las carreteras
generalmente buscan que las facilidades de transportacidn operen a
un LOS D o mejor.

En intersecciones sin semdforo con dispositivos para el
control del tréansito en los accesos menores el Nivel de Servicio no
se define para la interseccidédn completa. El LOS 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 aquil evaluado, el

tiempo de detencién no tiene sentido porque en vez de haber colas
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méas 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 parametro mide la
dificultad que tiene el conductor que llega a la interseccidn por
la calle menor para determinar la brecha entre vehiculos de 1la
calle mayor que le permita hacer el movimiento para salir.
Mientras méds 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 interseccién.

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 y Clase II para las que se transita a velocidades
relativamente bajas (TRB, 2000). En el caso aqui analizado la
carretera es de Clase II ya que pasa sobre terreno montafioso 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 1los

conductores toleran niveles mas altos del porciento del tiempo de
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seguimiento gue en una facilidad de Clase I, porgque usualmente las
facilidades Clase II sirven viajes méas 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 interseccidén y para la
interseccidén completa. La demora por control promedio es una
medida de la incomodidad del conductor, su frustracidn, consumo de
combustible y tiempo de viaje perdido. La medida cuantifica 1la
demora por deceleracidédn inicial, tiempo en el que el conductor se
mueve en la cola, demora detenido y demora en la aceleracidén final.
La demora experimentada 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 utilizdé en el andlisis de los datos fue
el Factor de la Hora Pico. Este factor es el resultado de 1la
divisién del flujo vehicular total durante la hora pico por cuatro
veces el flujo del periodo de 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 vehicular de la hora
pico pasdé durante uno de los periodos de 15 minutos que 1lo
componen. El segundo valor representa cuando el flujo vehicular en
los cuatro periodos de 15 minutos que componen la hora pico es

igual. EI1 rango normal de valores esta 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. El PHF es una medida descriptiva de las
caracteristicas de generacidén de viajes (McShane, et.al., 1998).

Una descripcidén mas detallada de estas guias 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 kildémetro 1.1 de 1la
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 1la
tarde, cuando se registra otro pico. Desde aquili en adelante
comienza a disminuir hasta llegar a un minimo durante la madrugada.
Los picos registrados responden a los generadores existentes en el
sector. Aunque el transito en ambas direcciones es casi similar
durante todo el dia, durante el pico de la mafiana el transito hacia
el oeste 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 gque 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 que estén recluidos en la
institucién. De hecho, el trédnsito que genera el Hospital Bella
Vista es uno constante durante todo el dia, debido a los diferentes
servicios que alli se ofrecen. Por esa razdn, el volumen vehicular

es similar en ambas direcciones durante todo el dia. El que el
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patrén del flujo vehicular se vea influenciado por el patrdn de
generacidédn 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 interseccidén 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 maflana,
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 trédnsito de 1los
movimientos S-E, E-S 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 areas 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
interseccidén para llegar al centro urbano de Mayagiez, 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 patrdén del flujo vehicular de la interseccidn

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

El patrdédn del comportamiento descrito en las figuras 7 y 8 no
debe cambiar con la construccidén de la urbanizacidén Monte Sierra ya
que el actual se debe en gran medida a proyectos residenciales vy
otros generadores ubicados a lo largo de la carretera PR-349. EI
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 vy 8:00 de la mafiana 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 rehabilitacidédn o que regresan
a sus viviendas.

El trédnsito 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
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interseccidén 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 interseccidén son relativamente altos para sus
caracteristicas y se deben a la funcidén gque tiene, descrita
anteriormente. El flujo por movimiento durante las horas pico es
el que se utilizd para realizar el andlisis operacional de las
facilidades viales indicadas. Estos volumenes junto con el PHF
para cada movimiento aparecen en las figuras 9 y 10.

El patrén de flujo vehicular que se registra en las
facilidades viales aqui analizada demuestra que 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 gestioén
y regresan a la casa. El hecho se verifica al observar a la hora
que aumenta o disminuye dréasticamente el flujo vehicular. Se puede
decir gque los “conmuters” forman el grupo principal entre los
usuarios de la facilidad analizada.

En el kildémetro 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 1la
tarde es 0.72. En la interseccidédn de la carretera PR-349 con la
calle Manantiales se registra un PHF de 0.93 para la hora pico de
la mafiana y de 0.85 para la hora pico de la tarde. Los wvalores

registrados indican que el flujo vehicular durante las horas pico
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es uniforme y continuo, por 1lo tanto, las facilidades wviales

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 (64.06) F

Basado en estos datos para las horas pico del dia se
realizaron andlisis operacionales del tramo de la carretera PR-349
frente a donde se propone el proyecto, y de la interseccidén de esta
carretera con la calle Manantiales, ya que se veran directamente
impactados por la urbanizacidén propuesta. Se utilizd el programa
de computadora HCS, versidén 4.le (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 1inglés) opera la seccidn. Los resultados obtenidos
indican que 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, aunque la llegada a la interseccidn desde
el 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 gue experimentan los usuarios dque llegan a la
interseccidén por el norte, durante ambas horas pico, son tan altas
que el programa no las estima. Estos resultados demuestran que en
esta interseccidédn 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 Servicio obtenidos en el andlisis para
las dos facilidades indicadas. Los coébmputos de este analisis
operacional se ilustran en el Apéndice 4.

Basado en el analisis de los datos obtenidos en el conteo
realizado se estimé 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 interseccién de esta carretera con la calle
Manantiales. Estos resultados indican que, aunque el transito que
produce la carretera PR-349 en su tramo desde la zona urbana hacia
el Cerro de las Mesas impacta directamente a la interseccidn aqui
evaluada, la mayoria del transito que la utiliza proviene del
tradnsito del centro urbano de Mayagiiez asi como del que se produce
en las comunidades ubicadas entre los dos puntos aqui evaluados.

Se calculd la razén a la que el transito que utiliza 1las
facilidades analizadas ha crecido a través de los afios. Debido a

que no existen suficientes datos histdéricos del transito promedio
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diario de esta carretera se supuso que el transito en las
facilidades evaluadas crecerd a la misma razdn que los vehiculos
registrados en el municipio de Mayagliez. Se hizo esta suposiciédn
debido a la obvia relacidén entre los vehiculos registrados en un
municipio y el volumen vehicular que utiliza sus vias. E1l factor
de crecimiento obtenido se utilizdé para proyectar los datos de
flujo vehicular al futuro. Los datos histéricos de vehiculos
registrados en Mayaglez se obtuvieron de informes del Departamento

de Transportacidédn y Obras Publicas.

Tabla 2. Vehiculos Registrados en el Municipio de Mayaguez

ANno Vehiculos Registrados
1989 45439
1990 47196
1991 45586
1992 46572
1993 48872
1994 52962
1995 55357
1996 56861
1997 58330
1998 61350
1999 61509
2000 52142
2001 52631
2002 53202

Fuente: Departamento de Transportacidén y Obras Publicas
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Con los datos histdéricos se desarrolld wuna ecuacidn de
regresién lineal. Una vez se obtuvo esta ecuacidén se proyectd la
cantidad de vehiculos registrados en Mayagliez al afio 2026 y se
determindé el factor de crecimiento (i) utilizando la ley de interés
compuesto’ (Sepulveda, et.al., 1984). Esta se utiliza en 1la
Ingenieria de Transito para determinar el factor de crecimiento.
Se obtuvo un factor de crecimiento (i) de 1.4% anual. Este valor
de i es aceptable y es cdnsono con el comportamiento del entorno ya
que hace algun tiempo no se construyen grandes generadores en el
sector. Debido a las caracteristicas topograficas del area, aparte
del proyecto propuesto, no se espera que el patrdédn de desarrollo
cambie en los préximos afios. Por esos motivos, este valor para i
se utilizbé para proyectar el trénsito a mediano y a largo plazo.
Utilizando el valor 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
proyeccidén se realizd para el afio en el que 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

LF = P1+D)"
donde:
F = valor futuro
P = valor presente
i = factor de crecimiento
n = numero de periodos (afios)
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Hora Pico se mantendrdn iguales porque no sSe espera que las
caracteristicas del lugar cambien. Estos supuestos se basan en el
andlisis del patrdédn del flujo vehicular resumido anteriormente, en
la naturaleza del proyecto propuesto y en las caracteristicas del
entorno. EIl andlisis para la proyeccidén 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.

El estimado del volumen gque 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 wutilizados para esta
publicacidén fueron tomados desde los afios sesenta hasta la década
del 2000 a través de los Estados Unidos y Canada. La publicaciédn
divide los terrenos segin su uso. Para este caso se utilizaron los
usos codificados 210 (“Single-Familiy Detached Housing”) vy 820
(“Shopping Center”) por esta referencia. Estos usos se basan en
los que se han propuesto para el proyecto. Un esquema de 1los usos
propuestos en el proyecto se ilustra en la figura 5.

Segun 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 urbanizacién. 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 razdédn de generacidn de viajes méas alta
que las més pequeflas, menos costosas o mads cercanas al centro
urbano. Otros factores como, por ejemplo, la localizacidén
geografica y el tipo de desarrollo adyacente y colindante, pueden
tener un efecto en la generacidén de viajes del lugar. En este
estudio se utilizd este uso de terreno para conocer cuantos viajes
generard la parte residencial de 1la urbanizacidén 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
porque son las unidades m&s grandes en tamafio y tienen méas
residentes y vehiculos por unidad gque otros usos de terreno
residenciales. Las unidades residenciales de este uso de terreno
generalmente estdn localizadas més lejos de grandes centros
comerciales, &areas de empleo y de otras instalaciones que atraen
viajes, al compararlas con otros usos residenciales. También este
uso de terreno generalmente tiene menos modos de transportacidn
alternos disponibles porque tipicamente no es tan denso como Otros
usos de terreno residenciales. Las horas pico de este generador
tipicamente coinciden con las horas pico del tréansito 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
composicidén del centro comercial depende de su area de mercado en
términos de tamafio, localizacidén 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
generacidén de viajes del solar que se propone para uso comercial en
la urbanizacidén Monte Sierra.

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

Utilizando los procedimientos y supuestos descritos en 1los
ultimos péarrafos se obtuvieron datos acerca de la cantidad de
vehiculos que utilizaradn 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 que generara la urbanizacidn
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Monte Sierra. El patrdn del viajes en las horas pico serd similar
al actual. Los detalles sobre como se calcularon los viajes que
generard el proyecto propuesto, como sSe asignaron y como se
proyectaron los volumenes aparecen en el Apéndice 6 del informe.
Debido a que la interseccidén de la carretera PR-349 con la
calle Manantiales no funciona adecuadamente, se evalud cambiar los
dispositivos de control del trédnsito en la misma asi como la
geometria. Para recomendar los dispositivos de control del
trédnsito a utilizar, antes de realizar el andlisis operacional de
la intersecciédn, se evalud utilizando como guias las
justificaciones? que aparecen en el Manual de Dispositivos de
Control del Trénsito 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 tiene una
recomendacidén acerca de si la interseccidn 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 que es recomendable 1la instalacién de un sistema de
semdforos en el lugar. Esta evaluacidén, con los datos futuros,

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

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

Del analisis operacional para la condicidén actual se obtuvo
que la capacidad de la interseccidén estd por debajo de la demanda.
Por esta razdn también se propone que se aflada un carril a los
accesos a la interseccidén 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 interseccidén. Ademéds de estos
ajustes se debe modificar la interseccién de manera que la
carretera PR-349 1llegue a la calle Manantiales a un angulo més
cercano a 1los 90 grados. El 4&ngulo al gque actualmente se
encuentran ambas vias hacen de esta interseccidén una peligrosa ya
que hay &4reas donde la visibilidad no es la adecuada, lo gue 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 interseccidén de la carretera PR-349 con la calle
Manantiales independientemente de si se construye el proyecto
propuesto o no, ya que la situacidén actual no se debe al mismo.

En la figura 18 se resumen 1los resultados del anélisis
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. En las figuras 20 y
21 se ilustran los resultados correspondientes para ambos
escenarios durante ambas horas pico para el afio 2026. En 1los
andlisis operacionales para ambas fechas se supusieron los cambios
en la geometria propuesta y en los dispositivos de control del
trédnsito, 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 ano 2006, 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 Nuam. 1

AM B (11.9) A (7.7)

PM C (17.3) A (8.5)

Interseccidén Carretera PR-349 (Calle Liceo) y Calle Manantiales

AM A (7.4) B (12.0) C (23.3) B (14.3)

PM B (15.7) E (67.1) E (63.1) D (51.2)

De acuerdo con los resultados obtenidos, resumidos en la tabla
3, las facilidades viales modificadas podrdn manejar aceptablemente
el volumen vehicular para el afio 2006. Se observa que solamente,
durante la hora pico de la tarde, los accesos por la carretera PR-
349 operardn a capacidad en su interseccidén con la calle
Manantiales. Aun asi, la interseccidén en su totalidad operaran de
forma satisfactoria. E1l acceso a la urbanizacidén Monte Sierra
operara muy bien durante ambas horas pico del afio 2006. 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 ano 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

Interseccidén Carretera PR-349 y Calle Num. 1

AM B (14.4) A (7.8)

PM E (38.1) A (9.2)

Interseccidén 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, aunqgque
experimentardn una disminucidén en la calidad del servicio brindan,
podran manejar el flujo vehicular que las utiliza ya que la demoras
que sufrirdn los usuarios aun seran tolerables. Se observa que el
caso mas critico serd en la interseccidén de la carretera PR-349 con
la calle Manantiales durante la hora pico de la tarde. En este
momento la interseccidn operard a capacidad. Durante el resto del
dia los usuarios de ambas intersecciones experimentaridn demoras
menores.

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

operacionales aparecen en el Apéndice 4. De acuerdo con estos
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resultados, la geometria y dispositivos de control del tréansito
existentes en la interseccidén de la carretera PR-349 con la calle
Manantiales debe modificarse para gque puedan manejar adecuadamente
el transito vehicular que la wutiliza. Por otro lado, la
interseccidén propuesta para entrar a la urbanizaciédn Monte Sierra
debe modificarse de manera que el angulo 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 A&rea analizada opera
actualmente de forma deficiente y operard de forma adecuada a
mediano y largo plazo haciendo los cambios aqui propuestos. Se
debe tener en consideracidén que las mejoras a la interseccidn de la
carretera PR-349 con la <calle Manantiales son necesarias,
independientemente de si se construye el proyecto propuesto o no.
Por esta razdédn los desarrolladores de la urbanizacidén Monte Sierra
solamente deben costear la interseccidén de acceso a su proyecto y
las mejoras que haya gque hacer a la carretera PR-349 exclusivamente

en este lugar.
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Conclusiones
La urbanizacidén Monte Sierra proveerd al municipio de Mayagiiez
con 302 nuevas unidades de vivienda. Existiendo una necesidad de
vivienda en el &rea oeste, el proyecto ayudard a gque varias
familias no tengan que mudarse a otros municipios, produciendo
beneficios para la economia de Mayagiez. Este proyecto se
convertird en el limite de la zona urbana de Mayagiiez, integréandose
a la comunidad existente en el area. Esto permitira que 1los
residentes de la urbanizacidédn satisfagan sus necesidades en el
centro urbano de Mayagiez, aunque 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 utilizard una vez
se haya construido el proyecto propuesto, aunque serd necesario
modificar su interseccidén con la calle Manantiales para poder
seguir sirviendo a los usuarios, independientemente de si se
construye la urbanizacién Monte Sierra o no. Se deben implantar
las mejoras a la geometria y dispositivos de control del trénsito
aqui recomendados. Al dia de hoy existen serios problemas de
capacidad en esta interseccidn.
De acuerdo a los resultados obtenidos se observd que las
facilidades viales analizadas registran un patrdédn de flujo
vehicular durante un dia laborable tipico de acuerdo a su funcidn

y al lugar donde se encuentran. La urbanizaciédn Monte Sierra es
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cénsona con el desarrollo residencial existente en el area, por lo
qgue su construccidén 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 que serd manejada adecuadamente por la carretera
PR-349. Solamente habrian problemas en su interseccidén 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 cbémodo 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 1los
andlisis aqui realizados. Ya gue 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 1la interseccidén y se aumenta la
seguridad para los usuarios de la misma.

La interseccidn para accesar al proyecto propuesto debe ser
redisefiada de manera que la calle Nuam. 1 de la urbanizacidén 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 vislumbra gque se necesite mds de un carril en cada
acceso. El control de trédnsito en esta interseccidén debe consistir
de un rdétulo de “Pare” ubicado de manera gque se detengan 1los
vehiculos que salgan de la urbanizacidén. También se debe ajustar
la interseccidn de la carretera PR-349 con la calle Manantiales de
forma que la primera llegue a un angulo recto a la segunda.

Los criterios que se deben tomar en consideracidén al efectuar
el disefio geométrico y de los dispositivos de control del trénsito,
de acuerdo a lo aqui recomendado, aparecen en el Reglamento para el
Control de Accesos a las Vias Publicas de Puerto Rico (ELA, 1976)
y deméds guias vigentes (AASHTO, 2001) (AATSA/ITE/AASHTO, 2003)
(ACT, 1996). Por ser algunas de estas mejoras necesarias de manera
inmediata, se 1le debe requerir a 1los desarrolladores de la
urbanizacidén Monte Sierra costear solamente la construccidén de la
interseccidén que le dard acceso a su proyecto. Las otras deben ser
costeadas por el Departamento de Transportacidén y Obras Publicas
y/o la Autoridad de Carreteras y Transportacidédn. En las figuras 18
a la 21 se ilustra, de forma esquematica, las mejoras aqgquil
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 consideracidén la construccidédn de la urbanizacidn Monte
Sierra. La mejora en el funcionamiento a corto plazo dependeréd de
la rapidez con 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 agqui indicadas e informacidén provista
por el proponente y/o duefio. Los disefiadores del proyecto deben
verificar que ninguna condicidén haya sido pasada por alto,
requiriéndose mayor clarificacidén y/o comentarios adicionales.
Este documento fue preparado por Pérez Berenguer y Asociados vy
aplica uUnicamente al proyecto Urbanizacidédn Monte Sierra, propuesto
por Urbanizacidén 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 ninguin otro proyecto.

Certifico Correcto

José L. Pérez Berenguer, MSCE, PE, PTOE
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Apéndices

Apéndice 1. Figuras
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Figura 1. Mapa de carreteras del area.
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Figura 2.

L

]

Cuadrangulo del area. No esta a escala
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Figura 3. Carretera PR-349, kilbmetro 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 carreteraPR-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



Figura 5. Planta con el proyecto propuesto
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Flujo Total: AM: 174 (0.22)
Pr: 181 (0.72)

Figura 9. Flujo Vehiculary Factor de la Hora Pico actual, por movimiento y total, para ambas
horas pico, en el kilémetro 1.1 de la carretera PR-349. El Factor de la Hora Pico aparece
entre paréntesis



Hama Calle San Balgel —e=

AN 110 (055) T=7% Calle Liceo (PR-349]

5 &
- E5E -
|| |
— 1l —
f—m|— el
| =1
=gl 1
Tr—
(o | 1
L Tl B}
-] = =
=T L (1N
1 ~f
Calle Foriumet ;5. A
HJ
sy
Ly

—I—
-
esf oo o
e o i
o (e [ o |
1 [ —
| oo
E#Em GFE’&
= 0 Flujo Total: AmM: 1348 (O.23) Ry
=n | = .
o == Fh: 1288 (0.8%)
4
= =
o =
i
=2 |3
£

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



Figura 11. Nivel de Servicio y Razén de Volumen a Capacidad (v/c) actual, durante ambas
horas pico, en el kilémetro 1.1 de la carretera PR-349



-
—a
=
]
|l
e
S A
R
|13
[ .E
< =
Do|E
1
A [
]
-l
[T (.
==
=T [
i

Calle Fartunet
E—

—

oles  AM: F (272173

Calle Manantioles

-at— Horig Calle Nenodich

Figura 12. Nivel de Servicio y Demora por Control actual, para ambas horas pico, para cada
acceso a la interseccion de la carretera PR-349 y la calle Manantiales



51

™
-+
P
o
oL
'
G
—
ks
=
()
T
g Abd: 43 bt 58
Phi: 10 21
PR-349 PH: 123
Akl 59 Al 5%
Pi: B2 Ph: 162

=0

1 L [
=+ d) Lo Ll
- - aa -
= = o -
o L =
o< 38 37
au
=
"g Urk Monte Sierro
[~
a
=
i
=
Lk

Figura 13. Generacion y Distribucion de los viajes del proyecto propuesto



. Flujo Total: A 501 Eu_agg
PR: 685 [(0.72

o

o1 e B3

i

o

a'or| e O

=1 =l

Urbh. Monte Sierra

Figura 14. Flujo Vehiculary Factorde la Hora Pico para el ano 2006, para ambas horas pico,
por movimiento y total, en la futura interseccion de la carretera PR-349 y la calle NUm. 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 18. Nivel de Servicio y Demora por Control que se experimentara durante ambas
horas pico, en el ano 2006, en los accesos de la interseccion de la carretera PR-349 y la calle
NUm. 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 ano 2006, por movimiento, por acceso y total, en la interseccion de la
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Figura 20. Nivel de Servicio y Demora por Control que se experimentara durante ambas
horas pico, para el afno 2026, en los accesos de la interseccion de la carretera PR-349 con
la calle NUm. 1 de la urbanizacién Monte Sierra. La Demora por Control aparece entre
paréntesis
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Apéndice 2. Guias utilizadas en el analisis operacional (TRB, 2000)

Highway Capacity Manual 2000

It s ik ple-periond analysis s seleceed, the analyst onest carey over the residaal
ptieste Eromn onee period 1the mext as discinssed in Chaper Vo, Appendix F {Exension ¢l
Signmud Dy Models 1o Incorporgie the Effect of an Inital Quiewser, The amaly st will have
iy mexckify o adapt these proceduares in the case of unskgnnlized inlecsectkons, Speed,
dizbay. and LOMS cam then be cormpuined For each amalysis period, The analy st mos
determiane bovw 00 repan these fesalis, sinoe averaging LOS across muliiple asalvsis
peninds may ohseuse some of th resuls.

It a1 single longer analysis period s selecied {such as | b, the aralyst shonald ose
wiltknn 4o peciorming the analy sy and intempeeting the sesulis, The peak-hour facior
{which minmally 5 used g0 comgpuate the peal L3-min Oow e fromea 1-h voloms) may
v 1o b oo e 1o providee the appropriae T rae dor thee longer analysis perlocd.
Thee arcilyst miust slao recogniae that LOS crilera Gor arban strects, sigalized
Inregsecitons. wl unsigrall el bersectans were developed Tor g 13-min analysis peiod.
Conditons that persist Goe longer perods (peesumably with worse peak conditions wiilin
those perboadsd masy oo loager mest the 15-min LOS criteria provaded b chis manial,

SERVICE VOLUME TABLE

Exhdbar 107 b5 an examiple service volume tabde o8 the Bour urban streer classes
This tahbe 15 uselul (or estimates of how many vehicles an orban sineel ci camy 5 4
aiven level of service., for a parttendar class and oumber of tnes (per drection), ©is
mest accuraie when the delanlis shown b Exhabi 10-7 ase applicable, 1 conditions o a
oiven streel vary conskderably from those wsed o coeate this tahle, the ubular vilues ane

1M AppROpEriane

. SIGHNALIZED INTERSECTIONS

The cagactty of an nrban street 15 relaed primandy woihe signal lming end the
wenimetnie charmeteristes af the faciliny s owell 85w the cormpostion of tratfic on the
fctlary, Chepmetnics ane o Mxed charactensio of @ facility, Thos. whalbe iraflic
compasitinn may vary somewhat over e, the capacity of 2 facilley is gencradly a stable
valiee that can be siznilicantly bmproved only by initating geometns impeoyvensents,

Ad shgmabized inlersections, the sddinonal clement of tme allocation is introduced
inen the comeept of capacity. A rralfic signal essencially allocates dme anong conflicting
teaffic movements thar seek 1o use the same space. The way o which tme s allocared
sagnificantly alfects the operation and the capacity of the inlersection and a5 approaches

L analvadng 4 sienalised lersecton, the physieal vt of anielysis 45 the L group,
A lane grop comsisis of one o meone Bines on an dntersection appeoach. The ourpmeis
Trevms appbicatkom of the meethod in s manial are eepomed on the Basis of cach L
L.

SIGMALIZED INTERSECTION FLOW CHARACTERISTICS

For a glvien laee group al @ stenalieed intecsecton, theree sagnal ndieacions ane
displayed: green, yellow, and red. The red mdleation may include @ shi period dirtng
which all indicatinns are red, refeered to s anall-red interval, which with the yelloow
incication forms the change and clearancs interval Berwean feo green pliases

Exhibar -8 peosdches o reference for omseh ol the discussbon in thds section. D
presens some Dusdamental arcnbuies of flow ar stipnalbesd iersections, The diangeam
fepeesenis d simple siivmion of a one-way appooacls 1000 s onalised imersecion hiving
twr phises o ihe eyveke.

Lane group defined
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Hignweay Capacily Manual 2000

EXHIBIT 10-8. FUNDAMENTAL ATTRIBUTES OF FLOW AT SICGNALIZED INTERSECTIONS
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The exhibil is divicied intn theee pans. The fiest pan shows a tme-space plon of
viehbeles om the nonhhound approasch o the intersection.  The intervals for the signal
cyele are indicated v the disgram. The second pan repeaats the tming intervals and labels
the varioes thime dntervals of inberest wath the symbols used theong ot this chaplier. The
thirel pan s an ddealized plod of Now cave passing the stop lne. indicating hoow saiuraikon
flonw 45 dbefined. Further defindibons of these variahlbes and oiher basie terms are provided
in Exhibdn 10-9,

The sdgnal cycle for a given lane group has vwo simplified componenis: efiective
grecn and effective red. Effective green tme Es the time that may be used by wehieles on
the subject lane geoup at the saratkon Now cate. Effective red time 15 defined as the
cyele kength minos the effeciive green fime

[t b5 srmportand that the reladonshap bebwesn the actual green, yellonw, and red times
shown on signal feces and ithe effective green and red tmes be undersiood, Easch tdme a
mowement b5 staried and stopped, two st dmes are expenenced. Al the beginning ol
movement, the st several vehicles i the guewe experience stan-up losses that resull bn
mivement @ less than the sataraton Gow rate CEshdbar 10-81 Ad the end of & movement,
a podtion of the change and clearance interval (yellosw and all-red) 45 nod wsed for
vehbeular movement.

ENesciivee gresert delinesd
Elleciivee rewd deliresd
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EXNHIRIT 10-9. SYMBOLS, DEFINIMTIONS, AND UNITS FOR FUNDAMENTAL VARIABLES OF TRAFFIC FLOW

AT SIGNALIZED IMTERSECTIONS

Mame Symbod Delinition Limit
Change and L The yellow plus all-red imeral that ocows belwesn 5
clearance inlerval phases of & raffic signal o provide fior clearance of the

miersection before conflicting movements &e mieased
Clezrance iost lime i The lime bebwean signal phases dunng which an 5
intersection is nol used by amy irzflic
Control delay d The component of defay thal resufs when a control sagral 5
cairses a lane group i reduce speed or do stop: il is
mazsued by mompanson wilh the unconrolled conditon
ycle & complele sequence of signal indications
Cycle lemgh G The Iolal time for @ sagal 1o complete one cypce 5
[Effective grean lime q The lime dunng which a given affic movement or set ol 5
mouements may proceed; il is egual 1o the cyde length
miress lhe sffective red time
[Effiactine red time Ly The lime duning which a given Taffic movemert ar set ol 5
mawemenis & direcled o slop f i equal o e oycle
fangth minus the eHective green time
txlension ol elizcinme [ The ammmt ol the change and clearance inlerval, at the 5
arean lime ant of the phaze for 2 fane group, thal is usahlz fior
maemant of ils vehicles
Green lime G The duration of the green indicalion for a given movemen 5
al a sigmalived mfarsection
nimra # peniod of fime im wihich all trallic signal indications
remain conslag
Liest lime b The time durirg which an inlersaction is nat used 5
efiectnety by @y mosement: il is the sum of clearance |ost
trme plus star-up bosl lime
Phase Ihe part of the signal cycle allocaled 1o sy combination
of waffic movaments receiving the right-of -way
simulzresusly durmg one or more mierls
e tima B The patiod m the signal cycle dunng which, lor a given 5
phasa or lame group. the signal is red
Sauration flow ke 5 The equimlent howrly rate a1 which previcusly guened ueth
uehicles can lravarse an Ewerseclion appioach under
prevailing condilions, assuming al the green signal is
available & all tmes and no ksl limes am experienced
Stzn-up lost lime [ The addiional sme corsumed by e firsl fes vehickes ina 5
quene 3l 3 sagnalized imerseclion above s beyond 1he
saluralion headway, becauss of the need to react 1o the
immization of the green phase and o acceferals
Tl losd time L The tolal lost e per cycle duving which the inlersaction 5

i5 efflertively nol usad by any mowemenl, which ooours
during the change and clearance inlervals and al 1he
beginning of mosl phases

A the beginning of green. the stn-wp ksses are called suar-up lose ame (). Al the
heginming of the yvellow, when sehicles rend 10 comtanue 1 enler the inersection foc a
shon period of time. an extensenn ol elffective green de b by expenienced. When this
extension of green lns been exhausied. the remainder of the change and clenrance interval
is consubered 1o be clearanoee st tme £, The 1ost wme For o Lase group. £, 45 the som

ool the stam-up and clearance lost thimes.
Fesearch (21 has shown that stan-oge los dome o s about 2 5 ancd thae ihe exiensbon

af effective groen eh b5 abont 2 5 (sommeiimes longer wider congested comditinns

T,

ihe celabonship shown in Equation 10-1 exlsis for typdeal condidons. and the relanonship
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g wcinal green, lesd dme, exiension of elfective green, and effective green ks shivwn
in Exhibdy LO-000 When L) = 2 and ¢ = 2 dypdcall then iy =%,

tp=hrla=lh+¥-e (10-1)

ENHIBIT 10-10. RELATIONSHIP BMONG ACTUAL GREEN, LOST-TIME ELEMENTS, EXTENSION OF
EFFECTIVE GREEN, SND EFFECTIVE GREEN

Gy - ¥, ———| K, ————————=
Iy g Iz B —m-
|, —= |y > | —— =
o — | = |r 1=

A showem in Exhebit -1 the bost time dor the movement s dedacied Doom the
beginning of the actual green plase. Thuos. a small porion of O becomes pari of e
cifecuve red, 1 This portion s equal e the lost e e the movement, | Becaase all
wl the bosi dme for the movemend s dedacied ai the beginning ol the green. cifecive
green can e assumed ioonmn ihemsgh the end of e yellow-phes-all-red change anxd
clearance imerval. Y, Thas, for any given movement. etfective groen wme b5 computed
by Equation 10-2 amd effective red time by Equation 10-3

g=G+¥ -1 (10-2)

n=Rort (10-3)

The simplified concepl of applyang all of the lost dmse o the beginmng of 4
movement makes il epsier o amlyee more complex signalizaion bvolving
rrobected-phus-permited lefi-tarm phasing. As a gemeral e, a loso vime, 1, 45 applisd
cach fire a movemeni 85 starbed. Thus, where a given mosvement stams in o protected
phase and contimees through a permiied phase (or vice versa), only one lost me s
dhedueied, Mo s dme s assameid toooccor at the koodary berween the permiied amd
prolecied phases for conbnudng moverments.

Fshuiar 10-1 1 diagrams a more conmples sapaatkon involvioeg a prodected-plus-
permiied amd permined-phis-protected componnd lei-iem phastng, o classie lead-lag
phasing scheme in which lef tims are procecred in Phase Lo [easthoand (EB ) and Phase
¢ [westhound (W H ] awd permined dunng the common Phase 1, The question ol how
iy dosttkmes are incloded (v soch a phase sequeence s impoetand, Using the general
riele that the entkre bosi iime for @ movemen ks applicd @ the dme the movement beglns,
the following may be deermined:

* T Phase Ta, the ER throng b and ledi-tum movements begin. This, o lose tme b5
appled wr both mdvements.

# I Plase 1he the EBR throagh and lefr-inm movements continue. Mo los) imes are
assigned e contmdng movements in s phase. The WEH throueh and kedi-ium
movenenis begin in this phase, and a loss dme s applied o these movemenis.

= [ Phase 1o, anly e WH throogh and lefi tmrns continue., Because these
morvenmenis did nos stan in thds phase, no bost dme s applied bere,. Forther, becanse no
mowvements hepin in Plase beone bost tme s applicd io any movement i Phase 1o

A Jest lime is spplied sach
trne a movemen is slated

10-13 Chapier 10 - Liban Straal Concaps
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Tolal losl limee s T sum
al loed lires Far (e path
Eirough 1he critical

i rrls

= [ Plase 20 poahboand (MB) and sowmihbound (58 movemenis begin., amd a bosi
e s appliccl.

EMHIBIT 10-17. LOST TIME APPLECATION FOR COMPCLUND LEFT-TURN FHASING

Phase 14 Fraase 1h Plarse 16 Phise 2

e == 11

"'r_} P

&—— Indicates losl ime appled

The todal lost dme by the signal oyele, L. is also impoman. This s the woaal Iosi iime
nvodvisd i ehe erbtdcal paih through the signal evele, Determaning the critical path and
Mking L.oare discussed o Chapeer 16,

TRAFFIC SIGNAL CHARACTERISTICS

Muodem iradlie signals albocate s o a vasicny of ways, Inom ihe simples
eea-phase pretmcd nde o the most complex macliipluse scianied maode

There are three types of e signal controllers:

= Pretmed, in which a sequence of plascs s displaved e eepetitive order. Each
phase s a lxed green time and change amld clearance interval thal are repeated i eaclh
cyile o prodiece 3 comsiam cycle lengih

= Fully aciuared, dn which the aming oo all of the appooeches ooan iniersecieon 15
infheenced by vehicle deteetors. Each phase s sabject iooa mindmiam and maxinnim
green thme, and some phases may be skipped Bono demismd b deiected. The eyvele length
for fully seneabed control vardes from cvebe woeycle,

* Sembaciwated. dn which some approaches (oypleally on tee mdnes sireet ) have
cheteciers amd some ol the approaches {ypleally on tse mapor stecen) have no degecinrs.

While these equipment-hased delinibions ave persisred o rratfic engineering
termminadcoy ., the evoluiion of iratfic comeal iechmoloey has complicaicd tseir fanction
Lrowm qhie walyst’s perspective. Foe pumposes of capacity amd level-of-service analysis. b
15 w0 longer sufliceenn 10 wse the controller ype as @ slohal deseripior of the Inersecton
operaton. Instead, an expanced sei of these defindoons mosi be applied individually o
each lane pronap.

Each iralthc mavement may be served by a phase thai by elither aciosed o
nomacinaled, Signal phiases may be cooedinaied with neighboring sdgnals on the same
coahe. o they may fencibon w an ssobieed maeode wiihoad intleence Tron ciher saznaly
Maomactualed phases generally operste with aed minimaam groen dmes, which may be
calended by reassigning wnesed green thme Iroem actoted phases with low' demand, L
sach phases exisr

Agitnmied phases are subject 10 belng shonensd on eveles with low demand, On
cvgles with no demandd, they may he skipped entinely. or they may be displayved (o thedr
mintmwm dueation. With systems i which the nensciuated phases e coordinaied. the
aciuaied phases are alzo subject ooeaidy terminadon (force i) W accommiodate (he
peogression destgn o the svsiem.

Mt onby the allncation of green tme bl also the manner inowhich naming
movements are aceommesdared whthin the phase sequemnce signilbcantly afiects capacity
and operations al a sigmuliced mnersection. Skgnnl phasieg can provide For protecied,
pemmiied, ar i opposed eming movemens

Chapler 10 - Uiban Streel Conoapls 1G-14
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A penmliest nemeng movement ks macke theoegh a confbcing pedesirian o hacyche
o o opposing velicke how. Thaes, a left-nam movement concacrent with the opposing
ihrough maovement bs consddersd € be penmniiced. s 85 & dghi-nem movement concurnent
with pedestcian crossings o a comtleting crosswilk. Protecred nems ane those made
wlthour these conflects. such as turns meacle during an exchsdve efi-nem phase ora
righi-nem phase diertng which confticiing pedesirian movements are proohdhibed.
Pesminted nems expedence the friction of sclecting and passing chroazh gaps in g
confliering vehdele or pedestrian o Thos, oo single permined ium ofen consumes
mcee ol the availabbe grsen e than a single pooecied e, Biber pesmdgeed or
peoected miming phases may be more efficient in g given siheation, depending on the
mrming and apposing sobomes, Mersecton geometry, and other Feeiors.

Tuming movemems that are not opposeld do el recedve a dedicased Bei-mrn phase
iLe. a green ancona ), bl hecaase ol the nanere of the inregsection. tey ane never in
conflicr with through traffic, This conduion cecurs on one-way sirecis, ai T-bersectbons,
and with signal phasing plans that provide complete sepaciiion kerween all movemenis in
opposite directons (e, split-phase opertion). Such movements musst be breated
whifferently in sodne cases becanse they can be aceommeasdaced in shared lanes withaon
Impeding the theoarh craffic, el oams thar ane ol opposed ad any dme shoeld he
ehisrimgulshed from those that may be nooppaosed durnng pan of the stgnol cvele and
opposed doring another pan, Lefn twms than are opposed docing any pan of the sequeenc:
will imipeche throwgh tralfic wn shaced lines

SATURATION FLOW RATE

Saturatbon flow rate 45 0 Basie parameier used o derive capaciey. I s defised in
Fshdindes TO-E and 0090 I 45 essentinlly derermianed on the basds o the minlmeam
headway that the Lane gronp can sustain aceoss thee stop Hne as the vehaeles depann the
intersection. Saturatbon flow raie is compued Por ezch ol the lane groups csiaghlished fos
the analysis. A saterpiion Tow sace foe prevailing conditions can e deteemaned derecily
troem Hebd measpremenn and can be nsed as the rate for the sbe withooe adpestmend. I a
chefault wvoloe is selected fow base sameation flow raie. o masst be ad justed for g variely of
Lactors that reflect geometoic, waf e, st enviconmental conditions spectfic w ehe skne
uaher sy

SIGMALIZED INTERSECTION CAPACITY

Capaciey al inerseciions 45 defied for cach bBane groap, The lane aroap capacity 15
the muesdmum hourly rate al whach vehicles can reasomably be expecied oo pass through
the intersecton under prevatling ieaflfic, roadway, and sdgnalizaion combitinns, The Mo
it by enerally measused o projecied dor & 15-min peciod., amd capaciiy bs scaoed by
vehieles per hour (velwh),

Traftie conditions include volumes on esch approach. the disirthigion of yvehieles hy
movement Cleft, theough, and raghel, the vehicle evpe distribmion within each movemei,
the Iocarion anc ase of hos seops wiihin the intersection area; pedesirian crossing Mows,
and parking movemants on appiasches oo the mecaection,  Roadway condidons inchede
the hasic geometrtes ol the intersecrion, nehsding the mamber and wedth of Llines, gracdes,
and lane wse allocatkons (inclwding parking bines), Slgralization conditions inclode & full
definttion of the sdgnal phosing, dmdng. and vype of conrol, and an evaluaion of signal
pengression Foresch lase groape The analysis of capachy @ signabized imerseciions
(U hapter DA} Focses on e compeiation of satucation (s nmies, capaciies, wie ring.
and level of serviee Eor lane gooeps,

LEVEL OF SERVICE

Laawel oo service for sdgmalised inersectons s defined inowerms of oomrol delay,
whilch 45 a measore of defver discomton. Frusiraton, Tael consampiion. amd incressed
teaved tme, The delay expericnced by o mogorisn 65 masde up of a aumeber of Baciors ihal

Permiied lummp movemend

!

-,

Prolecied luminp mossemient

.
1

Lane group capacity delied

Contred delay s e serdce
rnmasure lhal defines LOS
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Back al gqueus delined

Cycle lailore gocwns
4 given gresn
phase does ol seree
quened vehiches, and
averllows oot

relade o control., geomeieics, iraffic. and mcwlenis. Toal delay 15 the difference bebsecn
the travel mme actally cxpersenced and the referemnee ravel tirme that would reselr doring
hase condatbons: in e ahsence of waffie control. geoanetaie debay., any meidenis, sl any
ather vehleles, Specifically, TOYS eoltenn Do ralfic sionals are stated in terms of the
average cordrol delay per vehicke, tvpically toc a L5-min analvsis perbod. Delay a5 a
comples measore and depends en oo nomber of vaclables, nchuding the gqualiy o
progressaon, the eyele length, the green ratio. and the v oo for the lane groa).

The critical s/ ik 15 an approxamate isdicaior of the overall selficlency of an
intersection. The critieal vie ratio depends on the conflcting critical lone flow rates and
the shgmil phasing, The compaation of the crfleal wic eatlo ks described i detnil i
Appencdis Aosmd iy Chaper |6,

The avernge hack of queise s anodhes performance measing thia s onsed wo enalyes a
signalized intersection. The back of gueas is the onmber of vehicles that ane quened
depending onaroval potterns ol vehicles and sehicles that o noe clear the imersection
during a given green phase. The computation of average back of queae is explakoed in
Appendix Goof Chapres 1o

Lewels ol service are defimed (o represem reasonahle canges in comieal delay,

LANS A deserihes operations with Low comrol delay, wp oo 10 sfveh. This O oocurs
when progression s exiremely Givoeahle and most vehbcles arrbve durtog the green plase.,
Many vehicles do not stop at all. Shoat cyele lengihs may temd wo contrabiee 1o low delay
valises.

LS B descnbes operations with control delay greaser than 10k and wp to 200 sfveh.
This lewvel generudly ocears with good proeeession, shon cycle lengihs, o boch, Mose
wvehibcles stope than with L0 AL cansing igher levels of delas,

LA5 O descrehes operations with comtrol delay greaner than 200 and ap o 35 afveh.
These higher delays may result from only G progression, longer cycle lengths. or both.
Indbviclual cyobe Fadlunes may begin do appear at (s level, Oyele Falure ocours wlhen a
given green phase does ool serve gqueted vehicles, and nvertiows occur, The numbers of
velibeles supeng 15 sligmdficant an this devel, thoagh many suall pass theoogh 1he
inrersection withoan stopdng.

LOS [ abeseribes operations with conteal deluay greater than 35 and op 1o 55 sfveh,
Ao LS T the inflocnce of congestdon becomes more nottceahle. Bonger delayvs may
resull from somse combbnaebon of undfavorable progrsssion. ong cyele lengths, and high
wic ratles. Blany vehicles stop, and the proporiion of vehicles nod stopping declises.
Indiviclual cyvebe Fallunes are nodoeahle.

LS E deseribes operations with control delay sresier than 55 and ope to 80 2fveh.
These high delay values gererally indicaie paor progression, lomg cycle lengrhs, amd hagh
wie ratbos. Inclividianl cyvele tallures are frecuent.

LS F deseribes operations wiih conieol delay i excess of B0 sfveh. This level,
cnnsldered anascceprabde 1o most deivers, often occnrs wilh oversatceon, thas {5, when
arvival fow rates exeeed the capacily of line groaps. I may also oo at high vic ralos
with many indsvidieal evele falluses. Poor progeession and long cvele lengihs may also
conbrtbute sigmificantly o hagh delay levels.

aelays dn the range of 10N F junaccepiable ) can cocur whiale the vic enilo b5 below
LAk Yery high delays can oeour al such wie ratins when some combanation af ihe
Following eomncitbons exdsts: the cycle lengih s Bong. the lang gronp in giestaon a5
chsabvantaged by the sdgnal dommag (hoes a long red dlme ), and the slonal peogression for
the subdect movemients s ponr. Thee reverse s also possible (for o limibied dasationd: a
sairated lane group (e, Wi eacla greater dhan 100 may have oo dislays el the cyvele
lengih s shom or the skgnal progressdon s Gavorable, or baah

Thas. the desdgnaiion LO5 T does nor asomatically imply than the aneersecion.
approach. o lane groap ks over copacity, mor does an 1OS betier thon E aubomatically
imply thai unased capacity s avadlable.

Chapier 10 - Uiban Stieet Concapbs 116
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l. INTRODUCTION

SCOPE OF THE METHODOLOGY

This chapler contians a methodaloay for analyeing the capacity and level of service
(LS of ssgnalized antersections,  The analysis mast consdder o wide vareny ol
prevalling condidons, including the amoan and disiribarbon of ralfic movemends, ratfic
compsitinn, geomeirie characiensides, and demiks of mecsectbon signalizaion. The
methodolooy Tncuses on the deteemination ol 10N (o knovan or peojected conditions.

The methodolepy adioesses the capaciiy, [0S, and other porfomones mensures for
lane wroups and inecseciinn approsches and e 1O for the mersection 4 0 whobe
Capaciey 45 eviluared inoerms of the rato of demand Gow rae i capsacity (vic o).
whereas LOS s evaluaied on the basis of conirod delay per vehdcle dn secommis per
vehibeled, Coneeol delay i the pordon of the e de iy anribaied woirafie signal
geeration for sigmalieed mersections, Conteol delay wclodes inbtisl decelesatbon delay.
e mve-ags e, stopeed debay, and Goal accelerason debay. Appendax A presents g
methedd for ohserving imersecibon comirol delay inothe fleld, BExhibie 1025 provides
dhefinbtions of the basic termes osed o chis chapier.

Each lame group is analyeed sepasacely. BEguatkons o this chapies ose the subscripl L
o imbcate each lane group. The capacity of the inersection a5 a whole bs non addressed
ecamse baih the design amd the signabieataion of inersecibons Foeus oan the
accommodation of waflie movemsnt on approaches i the inrersecinn,

The capacity anndvsls methodobogy for signalizoed inersections is based on kKigosm o
projected stgnnlization plans, Two peocediines are aviilabde 1o assist the analyst o
calahiishing signabizntion plians. The firsg 45 the quick estimutkbon method, which produces
ertimates of e eyele lengih and green times thal can be consldered o consiiiae a
seasoiable and effecive stgnal nming plan. The quick estimation method sequires
minbmal febd dida and eelies insiesd on defaull values for the reguined iraflie and controd
parameters. I ds described and docimneneed in Chapees 100

Aomore detatled procediere 1s provided i Appendes Bood this chapier for estmating
ihe timdng plan at both pretneed and ieaflic-zciuaied signals, The procedure for preimed
sagrkls prowides the basis for the design of sigoal nming plans thar egqualize the degree of
saluraiion on the critical appeoaches for cach phase of the stznal sequence. This
procediere does mol, Rowever. provide o0 oprimal ogrerataon.

The methocdodogy in this chapier b hased an pan o the reseles of a Natloaat
Cooperatve Highway Besearch Program (NCTTRPY study 14, 250 Critbeal movement
capacily analvals echnlgues have been developed intee Unlied Sures { 3-5), Avsinda
(. Cireat Bridaln (7)., and Sweden (8). Background for delay cstbmation procedumes was
dueveloped b Crest Brvain ¢ 710 Aoseralia 09 A0, and the nbied Siaves (00 lpdaes o
ihe ociginal methodology were developed subsequently (1 2-249,

LIMITATIONS TO THE METHODOLOGY

The methoddology does ol ke inlo eecoant the poteniial mmpact of downsiscam
congestiom on imersection operatbon, Mo does the methodology detect and adjest Coe the
impacts of nem-pocken overflows on theoegh rralfic amd mecsection operation,

. METHODOLOGY
Eshibhar 1e-1 shovws the inpur and ithe hasic commpanadon ardes for ihe metbod. The
primary oapant of the method is level of service (L0151 This methodology covers a wide
range of operatlonal configurations, including combinations of phase plans. Gne

Backgmoursd and unidedying
cancapls lor his chaptar are
in Chagles 10

A lane graup is indcaled in
tarmulas by the subscript s

Bes Cirggler 100 1or
descriphon ol quick estimalion
rnethod
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L& crilarnia

wialieatinn. and left-turm creacosent abiermaves, 1 s important go mote thist seme of these
confizuraiions may be consldersd onaccepiabie by some operating agencies from a wralfic
satedy poi of vlew. The safery aspect of stgnalized inferseciions cannod be ignosed. sl
ihe provision in s chagier of a capacity amd 1O analysks methodology For o speciiic
aperational conflguratkon docs nor imply an esdorsement of the suacabdlitg for applicarion
ol such & condiguratinn,

EXHIBIT 16-1. SHCNALIZED INTERSECTRIN METHODOLOGY

[y ey omalers
- fanmeric
- Trallic
- Signal

L "

Lane I:'i'|1|||1ll1[| and Desmand Saluration Flow Bae
Flow Habe :

Bask equation
::IF qroping Adjusimen lainrs
K11

™y
-

Lapecity ami wic
LAy
W
e

¢ Prelinmanca Measures
- Diefay

- Progression adjusimen
- L&

h...- Badk ol quene

LOS

The average comirol deley per vehilele bs estimated Lor gach lane group and
ageregated for each appeoach andd foe the imersection as o whobe. LOS ks direcely relaged
1 the control delay valise. The eofteria are lsed o Exibde 16-2,

EXHIBIT 16-2. LOS CRITERLA FOR SIGHALIZED INTERSECTHNG

QG Cortrol Delay per Yehicke (siveh)

=10
= M-
* #M1-35
» 30-55
= bh-E0
= &l

= o B B
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EXHIBIT 10-24. EXAMPLE SERWICE YOLUMES FOR SGNALIZED INTERSECTION
{SEE FOOTNOTE FOR ASSUMED VALUES)

LS
Thrnugh Lanes A | B | [ | [ | [
Service Volumes fwehuh)
1 ffA, 130 o0 w3 ==
z A a0 50 100 TEH)
3 A A 1530 1310 1530

Moles

Mt - ool achievalibe given assumptions fisled belos.

This Labike & deriverd kom e [olowing assus e

a. Enlries are tolal Bourly wolumes bor suhjedt appemach inchnling s,

b. AE approaches ol atesieclion fore e same Snand s he subijec! approach,

c Lek s equal i 10% al approach dernand. Rght lurres equal o 1096 ol appiasch demamd.

o, Phersng is prodcied kB with eachesve iH1-um ke in adddion (o thiomgh lanes.

e Ml approaches are lvo way shesds.

I. Peab-henk bactor = 0102

- Sodoration lom b each epproech is computed aesaming Lhe lolloany Selaulls: line wigth = 305 m, parcer besvy vesicles -
T, gradies = 0%, pewrkioy = @M, s = 3, pedesiiare « Sivh, aree type = CBD, bane uliztion = 105 o 2 ke, 1000w 3
[anes, b sawraion llom rate = §900 pofulin. These assm pioes resadl = adpested saboration om sstes of 1770 S the del
L Famnes. aned 1560 wehSn ber the ¥arough e

h. Losl tane i 16 .

i Mo ugslieam sigmal {1 = 1100,

§- Prdtined sigrial {& = 0.50).

K it lype = 1.

L. ey period (T} = 025 h.

m. Mitizl guense = 0.

n. Signal liming & 1o magimiee saovice yolumes schjed (o pedesttion clerance Gime requiserments, minimum phas: eshs,
aml magimue sigeal kagthol 150 5

o, Tyde lzngihs ave 25 lolows.

Theougs Lates LOG A LOG B LOG T LOE D LOSE
] [T [ [ ks 1T
2 M s a0 s Mds 160s
] M M (I §00 & I0 s

Bole [t minimum cycle lenglies b serve pedeskioes ae B s lor sogle: line approach niecsection. 105 401 lee-bee approsch
imersection. and B 5 lof a thiee- lane approch iferseclion. Minamsm pedeskion desraroe limes e 3 % per lrmagh lane pius
T s lor E-min bee plos B 5wl display. Minisus leB-lars pheess wes dd 206 5 plus phase charge and déarasce imeraal of
q4s.

V. UNSIGHALIZED INTERSECTIONS

Theee pvpes of unsignalized inersectons are addressed in (s manoal: rwo-way sop-
conimbled (TWSC, all-way stop-conmobled {AWSC wnd rouncabons

CHARACTERISTICS OF TWSC INTERSECTIONS

TWSLC interseciions ane commaon i the Ulnited Stades and abroad. Stop signs anc
wsed] fo controd vehlele movements al sueh intersections, A TWS imersections, the
step-contrbled apprissches ae refeered 10 as the minoe street appeoaches: ey can e
chther public sireets o private deivessays, The imiersectbon approaches thai are nni
conirniled by siop sizns are refermed to as the major streed approaches,

M three-les inrerscctinn 45 considencd (o be o standard tyvpe of TWS intersection 10
the single minor sieeel appenach (e, the <tem of the T configuramiion ) is comteolled by a
st sign. Three-leg intersections where two of the three approaches ae contralled by
sfop signs ane a spectal Tomm of unsignalized intersection controd.

FLOW AT TWSC INTERSECTIONS

TWED imersections assten the dahi-od-way among conflicting iradlle sineams
accnrcing o the following hberarchy:

1027 Chapiter 10 - Urban Strest Cancapls
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Crilical gap s the
o

imum lime bebween
SUCCEERive rejer sires]
wathicles whers mimai
shreel veloles make a
FILEFTEy

Fabow-up Bme s the
irne s bedwesn e
depariures of orne vahicle
frami the minee simsal and
e deganture ol the nead
wahicle using thae sams
gap

[Link | Adl contlicting movements vield the righi-ol-way 1w any thaoagh or
right-twrmbmg vehdele on the magor seeced approaches, The majos st
through and cight-tuming movements are the ghesi-poionty movemenis
ab a TWAD intersection.

[ink 2 fehbeles Daming lelt from dse magor steeet onlao the minos street yacld only
o condlicting majpor steeed throngh and clghe-moemdng vehicles, Al ogher
conflicting mosvements gt o TWSC intersecton vield to these magor sireet
leti-ruming movements, Vehickes mrning nght foom the mior seceet aido
the major sbreet yield cnly o contlicring major sivee through movemeants,

Feank 3 Minor street thicazh vehacles vield 1o all contbicting major street through.
right-tirning ., and leli-numing movements,

[tank & Minore street leti-twmibng vehdeles vield v all coniliciing mapod sirect
throueh, figh-nning, and left-mming vehieles and o all coniliciing
mianne sireel throngh and sighi-mrming veldcles,

Even thoagh the derirchy described above sugeests that the hghest-praomy
mowvements experience nn delay as they travel theough a TWSC intersecibon, expenence
shovws that (helr righi-o-way s sometines preempled by other confloing mavemens.
Such preempuions most otten ocour diering periods of congestion when vehicles in the
conflicting movements ane experiencing long delays and quees ior when separate Lefi-
e hays ane ol provided on the major street ).

GAP ACCEFTANCE MODELS

Chap acceprance mddlels begin with the recopmition that TWSO mlersections give mo
posative dnddearkom o comtecl 10 the drives on the minor sieect as 1o when i is sate w leave
the seop line and enter the major gaffe seeam. The dover most determine both when a
fap in the majos stream 45 large enosueh 1o permit sate cory and when i s the drvver’s
T 1o enter on ehe basis of the relative prioriy of the comipeging watfic sireams.  This
dectsbon-making process has been formalized o whai is commonly known zs gap
acceprance theory. Ciap acceprance theory inclacles three hasic elemenis: the siae amd
chistrahaiion Cavadlabiliiy ) of gaps o the major irdie steeam, the osefulness of these gaps
e the minor siream drivers, and the selative praocicy of the vasious rallic streams ae the
InfcT sl

Availability of Gaps

Thez fiast element i consider i5 the propomion of gaps of a particular siee i the
major tralfic stream odtered o the driver entenng Trom the minor siream. as well as the
praiiem of arcival thimes of veldeles: The distnibutlbon of gaps berween ihe vehicles in the
chilerent streamis has & major elfect on the pedomunce of the mtecsection,

Uselulness of Gaps

The second element o consider is e exient o whikch drivers find gaps of a
paricular size wselul when atiempiing o ender the inlecsection, 1i ks generally assomed i
fap acoepiance theory that deivers are both Cconsistent and bomogeneons, 1o reality., this
assumpdinn 15 ol emtirely correct, Shwdies have demonstrared thoo different deivers have
didlesent gap accepuunce thresholds and cven thar the gap acceplance threshaold of an
incavidueal driver often changes over dme (91, In this moanual e eoltbcal gap and folbow-
up times are consddered represendative of a sutkstical average of the deiver population u
the 1 lmicecl Saics,

Relative Priority of Various Streams at the Intersection

Drifferent sireams have differen ranking in s peioriay hierarchy. The gap acceplance
process evaluates them with Ampedance eenms through the osder of depanures, Typreally,
fap accopHance processes assumme ial dovers on the majos coad or seream are unatfecied

Chapler 10 - Lban Streed Comcapis 1028
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by the minoe seream deivers. [0 ilds 15 oon the case. the gap accepiance process has o e
mcrlifed,

CAPACITY OF TWSC INTERSECTIONS

A TWSC imersections, dnvers on the conrnlled approachies ane seduired 1o sclect
waps i the major streel o thrcongh which i execune crossing o Tuming mansEyvers o
the basds of judement. Iothe presence of o quene, each deiver on the conredled approach
minsk also use sonme s 0o move o the front-od-gquese posiibon and prepare 1o evialuale
gaps in e major sireel fow, Thins, the capacisy of the comrolled legs = hised on three
factors; the distribution of aps inthe magor sifeel rallie stream, driver pedgment in
sebecting gaps thooaeh which o execute the desined mancovess, and the follow-up time
requiared by each driver b a gocie.

The basibe capaciry model assumes that gaps i the comdliciing siream ane ranchoamly
chstrbured. When realtic signals on e major sircet are within (od km ool the subject
intersectinn, fows meay ol be random e wall lkeely have some plaicon senciuee.

Pdestrions crosstng an dntersectinn impecke lower-ranked minor stecet vehicles, b
oimly o fane e a ume. This is hecase vehickes pecfoming a given throagh o tuming
mvemenl end o pass i dront of or behind pedestrians onee a deiver’s wmrgel line s
clewr. Pedesirian Tows are counded somewhar differently than ane vehicbe (heas. I the
ivpacal patem ds for pedesiclans o walk dndsvedieally, each pedesician is counied
individuplly dn the pedestrian Sow. Howewver, if pedesirians temd o cross ingroaps. tee
nuwmber of gemeps s conenied, The dmpomant Tactor 15 10 detenmiee the number of
Rlocknges, Inomosl cases, tds will be o combimntion of individual pedescrians and groups
ol pedestrins. Thos, as defined for the purpose of detenmdndng ihe pedesinian impedamce.,
the pedesirean volume 15 the sum of indeyichial pedesirians erossing incdividoally and
groups of pelesirians crossing wgether during the analysis dme perlosd,

The extsience of & ralsed or striped median o o two-way kefi-oorn ke D@ LTL) on
ihe mujor streel odien causes some degree of a gap accepiance phenomenca kisown as
“twen-stage map accepiance.” For example. the existence of A rudsed or striped median
canzes a slgniiosmt propoation ol the mines sireet drivers 10 (irsl coosa pan ol the majos
street approach and then pause In s middle of the road 1o wall for another gap an the
aifier approsch. I a TWLTL exists on the mapor sircet. the minas sireet Jel-rum vehicle
wsually merges ot the TWLTL firsn, then secks a usable gap on the ather approach while
slovwly mowving some dastance abong the TWIEETL, HBoth of these behavinrs can inerease
capsacily.

The genmaine clements near the siop lne an the stop-contmlled approaches of many
intersectinons may eesult ima higher capaciy than the shansd-lane capacity eoquation may
precict. This is because, at sucl approaches, two veéhicles may occupy o depart (rom ihe
st lne simaclianeoasly as a reselt of g large curb cadings, o tapered curb, o & pasking
prohibdion, The magnimicde of this effecn will depend in pan on e woming movensenl
vialomies and the sesuliane probabality of two veldeles being sinulianeonsly b the stop
line amdf on the storage length avallabbe w teed the second position at the stop lne,

Oien. v or three mavemens share a singhe lane on the mings approach. With this
lamse shanng. vehdeles from different movements do nog kave simuleaneons secess 0 gaps.
o can moge than cae vehbebe from the shanog movoments vse the same gap. which
influcnees capacity.

The cxtstence of nearby slenalized tuersectons (e, wraffic signals o the mapor
sprect within 0.4 kmoof the subject intessection b typloally cinses vehicles ioarclve at the
incersection in platoons. This indlucoces the sbee ancd disiribamion of avialable gaps ancd
miay cause an increase o the mimor sireet capacity,  The greaier the number of vehickes
iraveling in platoons, the higher the minor sieeed Capacity Tor 8 given opposing valume.
Ths is due 10 the greater proporiion of large gaps that mose than one mimor sieeet vehbele
can pse. IF stomalized uersectbons exist upsireant ol the subpect udersecton b bodh
chreciinns., the effect s misch mode complex

10-28 Chapter 10 - Uitan Sirest Conoapts
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PREFACE

OVERVIEW

The peocedures b this chapler can e wsed o analvee the capacity and kevel ol
service, lane requelrememis. and eltects of wralfic and design featres of two-way
siop-coarodied CTWSCT and all-way stop-comirolled (ANSC interscctinns. D adadiiinn.
a procedure for estimaiing capachty of mundabaons s presented.

Fach type ol unsignalized inersecion {PWSC, AWSC, and roundshoant b oy addnessed
in a separate pan of dus chaper. TWSC imersecions are covered fn Pan AL AWSC
intersections are covered in Pan B, and intormystiaon on coandabouis s peovided in Pan 0,
References for all pans are tound in Pan 3. Examgple problems tha demonsicare the
citlewlgrions and resanlis achieved by applying the procedones are also found o Pan T,

LIMITATIONS OF THE METHODOLOGY

This chamer does non inchede a decatled methnd for estmating delay fow vield sien—
conrnlled iniersecions. However, with approgwiaie changes in ihe values of key
paramciers, the analys coald apply the TWSC method 10 vield-conimlled interseciinns.

Al the miethods ace for steacy-state comditions (e the demand aned capacioy
conditions are constant during the analysis pertod s the methods are not destgned 1o
evaluate how Gast or kow alten the faciliy ransinons fom one demandficapacaly s1ate i
annther. Analysis intesested i et kKind of intomnmation should consider applying
samanbai o models.

FART A. TWO-WAY STOP-CONTROLLED INTERSECTIONS

L. INTRODUCTION - PART A

Lin ghis seciion a methodnioney of analyveing capacity and level ol service of pen-way
stop-conmmolled WSO inrersections 15 presennad.

Il. METHDDOLOGY - PART A

Clapactty analyses s TWSC intersecinns depends on a clear descriprion and
nnderstanding ol the wnveractdon of deivers on the mdnoe ar siop-coatrolled appeoach with
chrivers on the major siseci. Both gap acceplance amd ecmpdrical models have been
desveloped o deseribe this ineraction.  Procedures described inoibis chaprer rely on u gap
aeceprance modet developed and refined in Giermany { £ The conceprs from this model
are descrbel b Chapeer 1. Exhibin 17-1 ostrases mpul o ad the hasic compaision
orrder of e methosd deseribed o his chaper,

LEVEL-OF-SERVICE CRITERIA

Level of service (L% for a TW SO intersecilon s determineed by the coamipated or
mensured comtrol delay ard 15 defined for sach mines movement. LOES 35 ned defined for
the inreeseciion as & whole, LOKS criteria are given in Exhihig 17-2

Background and concepls for
THVEL intersections ara in
Chapler 19

Bodh theoralical and edmpircal
approachies have baen wsed
o arrive al a methodology

L5 s mot delinead bor (he
averll inersection
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EXHIBIT 17-1. TWSC UNSIGNALWED INTERSECTION RNETHODOLOGY
Inpul

GEOmeric data

Husuirhy T mchetient sliimis
Heavy wetmcle pereniages
Pedirsirian dala

Uprstream siqial data

- Compute flow rale

Compule cap limes
- ldenity conllicing rallic

Critical (ap times

Mo - Fuollows-up limes

( Compule palerilial capacity )
!

Adjust peleniial capacity end compule movemeni cepacity
Impedeance alfecis
Shared lane operalion
Eflzcis of upsiream sigrals
Twi- Slage (A ACCEplance Irocess
Flared minor-siraet approschas

:

( Compuite qrua lerigttrs ::|

( Compuie control delays ::l
C [etarming avels of sarvice _)

EXHIBIT 17-2. LEVEL-OF-SERVICE CRITERIA FOR TWAE INTERSECTIONS

Lewel of Service fverage Comrol Delay (siveh)

o-10
= 10-13
= 15-F3
= 25-33
= 33-50
= 4l

- B E D
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Thee [0S criterta for TWSE intersections are somewhar differcm feom ke criteria
wsed dn Chapler Lo for signalized infegsections primanily becsse dafferent iransportiaison
tactlities creace dilferemt drver pescepiions. The expecotion i5 that a signalised
interseciion 45 designed 10 carey higher rabfic volumes and experlence greater delay than
an unsignalized inferseciion.

INPUT DATA REQUIREMENTS

[aaea regpudremenss For the TWSC imersecion methodology are stmalae to those dog
caher capacity analvsis wchnlguwes. Deingbed descripiions of the geometnics. conieol, am
wiplumies gf the intersecuion ane needed.

Koy genmaetnic faciors beclsde muamber and vse ol ey, channelizadon. owo-wiy
leti-turn lane CTWELTL b or radsed or sintped median sicenge (o hoth). approach geade, and
extstence of Mared approaches on the minor sireer,

Thee number and wse of lanes are oriiical faciors. Vehdeles in adjacenn lanes can nse
the same gap in the ratfic seream sanelianeonsky dunless unpeded by a conflciing oser al
the gap), When movements shane bnes, only one vehicle from those moverments can use
each zap, A TWLTL or & raised o sniped median (o hoth) allows 3 minnr-siream
wvizhbeke 1o crnss one major radtie stream a1 o dme, The grade of the approach has a diceer
and measurable etfect an the capacity of cach minor movemaent. Compased wiih o kevel
approach. downeeades increase capactyy and upgrades decrease capacity. S Dlared
approach on the minos steeer increases the capacity by allowing more vehicles i he
served stmaliamennsly.

Wolumes must be speciied by movemient. Fog the analysis o retlect condatbons,
during the peak 15 min. the analyst must divide the full hoas volamees by the peak-binar
Tacior (PHE) before beginning compaviaions. I the analyst kas peak |5-min flow cates,
they can be entered directly with the PHT set o 100 The sdjusied flow e For
movement X s desigonatesd s vy in this chaper.

By convention. subscripis | oo & define vehicle movements on the major sireel. and
subscriprs 7o L2 defiee movements on the minor sireel, Pedestrian flows bopede all
minnr-sifeet movensenis, Podesirian volumes musst be speciiied by osoyemeni
Subscripds 13 o 1é dedine the pedesirian moverents,

Thee presence of traffic signats npsiream from the inierseciion oo the major sireel will
produce nonrandom Tlowes and affect the capacity of the minor-sireet approaches o the
sdgmal b5 owithin L4 ko of the mersection. The hasde copachy madel assumes that the
headwavs on the major sireet are exponencilly disirihged. To assess the eflect on
capacity, n separiate analysiz s provided thar requiares the sigmallzed imersectbon data
feyele lengih, preen time ), the saturation ow rate, and intommskon on placooned ow .

PRIORITY OF STREAMS

Ly misang 1he meihodoiogy. e priony of rghi-cd-way given W each iralfie sifeam
miuisl e ademificd. Some streams have absolule proomiy, wheneas nihers have o glve way
o yiaeld 1 higber-order sircams. Exhibia 17-3 shows the relative priovity of sireams al
il T- and four-leg interscciinns.

Movements of Rank | (denoted by the subserip 43 melude throwzh teaffie oo te
o sreet amd rlighi-iurmdng raific from the major sireet. Movements of Rank 2
{subordinace 1o 1 and denoed by the subsceip | inclode lel-teming cralfic from the
miajorr areet and righi-teming ralfic onin ihe major sieeet,

Movemenis of Bank 3 Csubosdinae 1o § and 2 and denoted hy ihe subscript k)
incluch: through tradtie onihe misor sireed {0 the case af a Tour-leg niersecebon) and leii-
turmdng raltic from the minoe strect (in the case of a T-intecsection). Movemenis of Rank
4 1subordingie we il athers and denored by the aubacripn 1) inchede lef-iurning wraflic
frowm the mindr siceet. Bank 4 movenenis oaly acewr ab four-leg iversecions.

LOS thresholds dilfar Irom
Ercese far sigmah
inlersections o redlecl
dillesenl drivar eapectalions

Hank  Subsaript
1 i

2 i
a k
4 I
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Pedesirians are Ineated
A% moiresanis

I

EXHIBIT 17-3. TRAFFIC STREAMS AT & TWSC INTERSECTION

Four-leg mbarsection [ imierseciion
121
16
W —
- -
1 IF_d
AR ———— e ——— CHFCHR e L R U, R
= T —
- S— b
- 15 & L. % =
"
~ |
g4 T
fank Traffic sieam fRank [raflic slream
1 2,3, 5.6, 15, 18 1 334514
Z L4173, 142 1 2 1,13.14, &
3 H, 11 3 !
4 (1]

o exammple, 16 a let-neming veldoebe on the major sirect and o throngh vehiele foom
the minor sieeet are watllng to cross the major ralfee siream, the first avadlable gap o
acceprable size woald be taken by the kefi-noming veldele, The minor-sireel through
vehicle moest wadt for the second avadlable gap. In ageregaie termns, o large number of
such lefi-ieming vehicles conbd use up somany of ihe available gaps that mimor-sireet
through vehdeles would be severely impeded or unable 1o make sale crossing movemenis,

Bocanse right-turndng vehacles foom the minoes soreet menely merge inio gaps b the
right-hand lane of the stream dnto wiieh they e they requine onby @ gap o tha lane,
M in the entboe major-saneet radfee osy (s may wol be e for some ks and vans
with long wheelhazes that encronch on mose than one lane in making theds tamh,
Furihermdre, & gap in the overall major-street wrafiic could be osed simulianeonsly by
annther vehacle. For s reason, the method assumes that elght nerns deom the minos
sqreet o nol dmipede any of the other Gows wsang magor-sireet gaps.

Pedesirian movements also have priocities with respect o veldeolar mayvements,
While this may be a policy dssue varying by jurisdicton, boch the Ameriean Assocdation
ol e Highway and Transporacion C0icials CAASHTO {20 and the Mol on
Lirigernr Trafiie Comernl Devices (MIUTTCD (20 nder thar pedesarians miseuse aceeptahlbe
gaps in majpsr-sereet (Rank 1y ralfic streams and thas pedestrians have priority over all
minnr-sireed iraltic an a TWS interseciion. Specific rankings are shaooan in Exhibin 17-3

CONFLICTING TRAFFIC

Fach movemens ot a TWSC intersection faces a dilterens sei od conllicts that are
cirecily related o the namse of the movemem. These contlbers are shovwmn in BExhibin E7-4.
which illusiraces the computation of the parameter v the conllicing Eow rae bor
mowvement x. that is, the toral Now rale thar comtters wath movement x (vehtk,

Thez righ-tum movement feomm the minos strect, foresample. 5 mocontbien with only
the mutjor-street through movement in the elghi-kand lane oo whikch righi-nemess will
merge. Exhihin 17-4 inclsdes one-hall of the nght-nun mevement rom the major sireet,
mecanse only some of these mrms rend o inhdvdn the subject maosemen

Chapter 17 - Unsignalized Inlssections
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Lt turns from the magor seeet are in contlicn with the iodal gpposing through ad
righi-turn fows, becagse they most cross the throngh ow and merge with the oghi-tom
e, The method does o differemiiae between crossing and merging contlicns. Left
nens from e miapor sareet and the opposing sight tems from the major sifeel are
cionsidered o merze, repardless of ihe numbers of lines provdded on the exin madway.

Minor-sigee throngh moverments have a divect crossing o merging contlien with all
mowvernenis on the major sireer. s indacaced in Exhibbl 17-4, exeept the righi neam imo the
sumect approach. (ndy one-half of thes movement 5 included nothe compgarion, ter fhe
reasons discussed ahove, Inoaddicbon, feld research 40 as shosn thae the effeer ol
lefi-turn wehicles ts pwice thelr genmd number. This effect 15 eeflected in Exhibi 17-4

Thez lett tuen rom the minoe street 35 the most diffceh maneuver 10 execute 3 a
TWSL infersection, and i faces ihe most complex sef of conflicting ows, which inelide
all major-sireed thvws. i additdon (oo the opposing mghi-tem and theog e miwemends on
the minr sieect. Ulnly one-hald of the opposing nghi-iemeand theough movement Bow
pate b5 inclnded as condlicting thew rage because both movemenis are siop-contoedbed and
thelr eiiect om befl nems 15 ddminlshed. The additional capacity impedance eifects of the
opposing rigli-tem and iheoweh movemend fow rades are aken o account eksewhere by
ihe procedune.

Pedesirians may also conflict with vehicular iraiftic sireams. Pedestrian flow rates,
also detined as v, with & noting the keg of the intersection being crossed. shoukd be
inclhuced a5 pan of the conflicing (how rares, sance they, Hee velicular (ows, deline the
regimming or ending of 2 gap tha may be used by o minoe-siream veldele, Alihoogh i
fechEnlees some poculiariees assoctsted with pedesirian floss, this method wkes o
wndfoarn approach in vehicular and pedesirian meovemmenis.

While regulatinny of practices may vary between juresdicions, this methodalogy
assiemes that pedesirians crossing the subjecy of opposing approaches have Rank 1 2as
anid tha pedesrians crossing the tawo conflicing spproaches o befn oo dlgha of the
subyject minnr-strcet approach have Rank 2 azaps. The conflicting pedestrian flow rates
are adengaficd o Fxhibar 17-4,

Exhibar 17-4 also denrifbes the contbicing Oow rates 1or each stage of a pwo-stage
pap accepunes process thal mkes place at some imersecions whene vehicles siore i the
median area. IFa two-siage gap acceplance peocess s ool present. the conflicting Tow
pates shoown dn the soows labelbed Smage [ and Siage I shoubd be sdded woeether and
considered as one confHeing Mow rate for the mvemen i quesiinn.

CRITICAL GAP AND FOLLOW-UF TIME
The critbcal gap. b, ds defined &5 the minamm thme dnterval dn e majos-sinsen ralfic

atream that alloves indersecton eniry foe one mibear-sireet vehicke £33, Thas, the dover's
enteal gap bs the minimem gap thar would e aceepiable. A pardeular deiver wonld
seject iy gaps bess than the eritical gap and seould accepe gaps greater than o egeal o
ihe erivical gap. Esiimares of eritkeal gap can be made on the basts of ohservatlons of ihe
largest rejected and smallest socepied gap for g given intersection.

In using Exlabal 17-4 1o
cormpute conflicling Aow rales
e analysl should canelully
cansyll he faoinotes, which
allow modhicalicns 1o the
suualions in specal capes,

Critical pap defined

The: nise berween ihe departare of one vehicke from the manor sieeet and the Pt - g R ]
deparinge of the nexl vehicle using the same majoe-sirect gap, under o conditbon of
continaas gqueting o e mines sereet. s called the folhw-up tme, i Thes, i s the
hzadway ihal defines the satucation Oow rale for the appaoach if these were no conflicting
vehieles on movemenis of higher rank.
17-5 Chapler 17 - Unsignalized Inlersectiae
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Percen time-spant-
fedwing cefined

gar-full:r#rq cTiiBrion &
=

Aierage Travel ed
deﬂn?.-% e

Class | highways

Chazs 1| highwass

Troflic operstions on twe-lane, two-way haghwoys differ from these on ather
uninterrupted-How faethties, Lane changing and passing are passible only m the fice of
oncaming trafhis i the opposing bane. Passing demand mereases rapudly s trafTic
volumes imerease, s passing capaciiy n the opposig bine dechings as volumes mereass
Therefore, on two-lane higlwavs: unbike other rvpes of unmsterrupicd-flow Facilities,
mormnal traffie fow inone divcetion mfluences low mebe other divecooon, Motorsts most
acdpust teerr travel spoeds as volume mereascs and the ability o pass declines

Eificaent mobility is the principal funcoon of mmor two-lane legheavs that connect
major traffic genemiors or thid serve as primary Links m siate and notional haghwoy
retworks, Thess routes tend 1o serve long-distance commiercml aml receeational
travelers, and long sections moy pass through rural areas without traffic-control
mterruptions Consistent ligh-speed operations and infrequent passing delavs are
desirable for these factlites.

Ohilier paved, twio-Tane rural highways seeve for acecssabality. They provide all-
witther access to an arca, often for selanvely o traflic volumes,  Cos-effecnive access
ta the diwrent consideraton. - Although beneFew], bigh speed s nob the proseipal
corcern, Debay—as indicared by the formation of plateens—i8 more relevant as a
mensure of service quality,

Two-lane rowds also serve scenic and recreationa] arcas i which the vista and
environment are meant 1o be expenienced and erpoved without trdise e rupton or
debay. A sofe rondway s desired, bt bigh-speed operation 1= rethar expectad nor
desired. For these reasons, there are two perfirmance memsares w deseribe service
quality for two-lane highwavs: percent time-spent-following and average travel speed.

Percent time-speni-follewing represents the freedoim o maneuver aid the combor
and comvemence of ravel. s the average porcentage of mavel tme than vehicles micsa
travel in platoons behimd slower velucles due 1o the mability so pess. Pereent ime-spent -
tollowing 1= difficult to measire m the ficld, However, the percentage of vehicles
iraveling with headwiys of less than 3 5 a0 i representative lacanon can be used a3 a
sUTROZIE TR,

Avverage travel spoed refloces the mobiliy o o two-Tane haghway: it is the length of
the haglsway sepmsent divided By the average travel time of all vehicles raversing ihe
segrnent i both divcetions durisg o designated inierval.

LO3S eriteria use both these performance measures. On nsgor mwvo-tane |l glways, fon
wlich efficient mability e paramownt, both percent time-spent-followim e and average
travel speed define LO%, Howewver, roadway oligrnments with reduced design speeds will
Lt the LAFS that can be achieved On highwas for which sccessibility 1= paramsumi
anel mabality less eniticul, LOWS 15 defined only in terms of percent time-spant-following,
without considerion of avernge ravel spead.

CLASSIFICATION OF TWO-LANE HIGHWAYS

Two-lane leghwavs are categonzod e two classes for analysis:

& Class |—These are ewo-laiee hghocays on which maotoeisis expect to travel al
relatively high speeds, Twao-lane lighways thit are migor infercity rowtés, primary
arterials cannecting mamor raffic genersors, daily commater routes, or primiry links in
stabe or naional highway networks generally are assigned to Class | Class | facihitres
mos=t ofben serve long-distanes wips o provide connecting hinks between facihnes thal
servie Jong-distanee e

# Uliss [F—These are two-lawe highways on which moterizis doonol necessarily
expect o avel ab high speeds. Twio-Line higliways that function as sceoss rouies o
Class [ lacilities, serve as seenic of fecreational routzs thil are ool peimary afeials, ol
pass throogh rugged e generally are assigned o Class 1 Class [ feilines mas
often serve relatively short trips, the beginning anad ending pertions of longer tnps, o
imip= tor which sightsceing plavs o sigmificam nole.

Chapler 12 - Highusay Concepls
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The clusses of two-lane roads closely pebuie w therr Turetons—miost anerdials are

conaidered Class Loand most collectors and local roads are consadered Class [L However.

the prmary detcemanant of a facilin's clagsification in an operationnd analvsis is the
motorest’s cxpostatons, whch moght net agree with the functional classificatnon. For
example, an mtercity note that passes through rugeed mosntaimous ran might be
descrbed as Class |1 instend of Class | of metorists recognaze that a high-speed reade 1=
nat feasible im that corradar,

The LOS for Class | highwavs on which efficient mabiliny = pasamonnt i=defined in
s of both percent mme-spent-followang and average avel spesd. On Class 11
huagliways, musbiliny as less cntical. and LOS s detined ondv in tenves of porcent tmee-
spemi-followmgz, Deivers generally tolerate higher levels of percent time-spent-following
ot o Class 1 Faeiliny than om o Class T faciling, Because Class 1 highways waally serve
shorter trips ard different tnp purposes

BASE CONDITIONS

The base conditions for i feee-lane iighway are the ahsenee of resirichive geomeiric,
traffie, or ewarenmental foctors, Base condstions are not the same as tvpacal or defal
conilinores The methodalogy in Chapier 20 aceounts for e effeets of geameine, rallfe,
or covarcomental condiions that are more restrictive than the base conditions, The base
conliniores wwelude

+ Lane widths greater than or egual 1o 3.6 m:

= Clear shoulders wider tham or coqual 1018 m;

= Mo no-passing 2oncs;

= All pos=enger coars;

= Moampediments to threugh traffie, sueh as iffic controd o tummg vehicles: and

« Level terraan,

For ihe analysis of pwo-way flow (e boils directansp, a S0 duceronal split of
tratfic s also copsidened o base condinoin. Mo divecrional distrbution on riral two-lane
higlewivs ranges feom 350010 OG5 On recreational routes, the dircetiomal dasrrdatog
moy ke s hagh as 8020 or maore denng holiday or other peak periods. Some varoton
specd and percent bime-spent-following occurs with changimg directional distribution and
vodume, For directionnl analvsis e, sepanite onalveis of each dircetion, directional
distribution 15 nod a base camiinon,

Traffic can operte waenlly only i Lanes and shoulders are wide cnough tol to
constram speeds. Lone and shoulder widihs less than the base salues of 36 moamd 1.8 i,
respectively. are lkely w reduce speeds and may mcrease peroent ime-spent-fol low i,

The frequiency of no-passing Zeacs s used o charactenze roadway design and to
unalyee expested iraffic conditions along a two<lane highwoy, A po-poassmig wone 1s any
zome marksd for no passing or any section of road with o passing sighi distance of 3000m
or kess, The wverage pereentage of no-passing sone< i bath directions along a sechion 1=
usedl for the annlysiz of two-way flow, The percentugs of no-passing vones fora
particular direction of tavel 15 vsed in directional analvsis,

Mo-passing 2ones typically raee Trom 20010 54 percent of & rueal pwi- e highway

Values approaching HEF perceat can be foumsd on sections of winding, mountaines roads.

Mirpassing zones lave o greater effect o imsuntaimeus ereain Daion level os eolling
terrin. Heavy platoon formation along a lighway sectwn also can cause greater-than-
expected operational problems on an adpeent downsiream section with restncted passing
apparin s

BASIC RELATIONSHIPS
Exhibit 12-6 shows the rebationsbop of flow mite, average iravel spead, wnd pescent
turme-speni-Fol losyang For Base conditions on an extended twe-wiy faciliny (7).
Highway geomerne features melude a general desenption of longifuding] section
characteristies and specific roadway crees-secton information. Longitdinal section

For Class | higmeays, ko
criteria dafing LO5: parcant
Grne-spent-folaing and
Evaraps aval spesd. Fol
Claga 11 highvays, LOS ks
based ooly G pefcen tine-
apert-fallawig

Mo-passing 2one

Tt slghil ciakance valus of
30 m s aqurrakant 1o that
usad by the Manual on
Irsfarm Traffic Gonfrel
Deeaices for passmﬁard re-
passing zonas on Mghways
wiith an Asth-percenlila spaed
of B0 kil
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choractenshes are desenbed by the average percentage of the highway with no-passing
zones in either direction. Roadway cross-section data include lane wadth and usable
shoulder width, Geometne data and design speed are consadered in estimating the FF3

EXHIBT 12-6. SPEEC-FLOGW AND PERCENT TIME-SPENT-FOLLOWING FLOW RELATIONSHIPS FOR
TWOo-WAY SEGMENTS WITH BASE CONDITIONS

Aralysis af beo-way Tlow
Lstaily 1 pefared on i a, Fuernge Travel Speed vs. Two-Way Flow
exfendad kngihs: bt 1
directional analysis is E T r
pliad 1o relativaly E 1 ]

short, unriorm sagments = 1

E il

- ]

E o

E‘ 2

]

0 S0 1000 1500 2000 2500 3000 3500
Tso-Wery Flom Raie (pe/h)

b Percant Time-Spanl-Following ws. Teo-Way Flow

Lkl
B oo
E -
= filH
‘E_ ]
Lo
F -
T I
E “- T T T T T T
L} S0 000 180 2000 2500 R000 2500
Tweo-'May Flow Riote {pch)
Two-wery sagments and Two-lane highways can be analyzed either os two-way segments abtaining taffic

diractional segmants . '
performance messures for both dircenions of travel combined, or as directional segments,

with each direction of travel considered separniely. Separate analysis by direction 1=
appropriate for stecp grades and for segments with passing lanes.

Exhibat 12-T illustrates the relatonship of flow rate, average travel speed, and
percent tme-speni-fol lowing For base conditions of a directional segment of a two-way
facility 1 7). These relanonships are conceptually analegous w the relationships For the
two-way segrments i Exhaba 12-6; however, the relationships for directional segrsents
meorporate the effect of the opposing flow rote on the averoge travel speed and percent
time-spant-following. In Exhibat 12-T(a), the v-imtercept represent= the FES i the
anilysis direchion, neorperating the offect of the demand flow rate in the cpposing
direction, Exhibut 12-7ik) graphs the relationships between directional flow rate and
percent tme-apent-following when opposing flow rates range from 200 10 LS00 pehe

Chapler 12 - Highwway Concepls 12-14
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EXHIBT 12-7. SPEED-FLOW AND PERCENT TIRE-SPENT-FOLLOWING FLOW RELATIONSHIFS FOR
DIRECTIONAL SEGMENTS WITH BASE CONDITIONS
1. frverage Traeel Speed vs. Dreciomal How

i

T T T T T T T T T
] M M B0D ED 00 1200 1400 1600 1300 B
Directicnal Flos Rate fpei]

Arerag Trawel Spond fen'hi
=

b, Porcant Tima-Speni-Following ws, Dieeciznal Flos
10T g Fiow = 16 oty

“ipparing Fioer = 8 pet

Prrcann Time-5poni-Fol kesdng

T T T T T T T T T T
0 20 0 B0 SO0 0 120 140 10 1300 0D
Chirestiored Floes Rata [pcii)

PASSING LANES ON TWO-LANE HIGHWAYS

A passing lane 1= a lane added i oone direction of travel on o conventiomal two-line
higlwway to improve epportunitics for passing. The addition of a passing lane 1o a two-
lane highway provides a throe-lane cross section with two lanes in one direction of travel
and one Llane in the other. Exhibin 12-8 illustrates a tvpical passing lane on a pwo-lane
higlway. Deperling on local practice. waffic in the eopposing dircetion may be
prefubatad from passang or may be penmitted to poss iF adeguate sight distaines is
avinlable, as shewn i Exhobt 12-8, O some two-lane highways, passing lunes are
provided intermittently or at intervals for ench direction of travel, Om other highways,
sdded passing lanes alternate continuously between the twe directions of travel, Passing
lanes also can be provided in both divections of travel at the same location, resulting in a
short section of four-lare undivided highway with smproved passing opportunities in both
directions.

EXHIBT 12-8, PLANIEW OF A TYPICAL PASSING LAKE

— —
Lare addilion Passing lane  Lang deop
g T

LOS

The primary measures of serviee quality for Class | ewo-lane highways are percem
tme-spent-following and sverage travel speed, For Class 11 iwo-lane lghways, service

1Z-15
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quality 1= based only on percent me-spent-following. LOS ertena are defined for peak
1 E-min flow penods and are intended for application 1o segments of sigmificant length,

LO5 A descnbes the highest quality of traffic service, when motonsts are able o
iravel at their desired speed, Without sinict enforcement, this highest quality would resalt
in average specds of M Knh or moee on pvo-lane highways in Class | The passing
frequency required to maintain these speeds has not reached a demanding level, o thar
passing demand is well below passing capacity, and plateons of theee or more vehicles
ape rare. Deivers are delaved no moree than 33 pescent of their travel me by slow-
moving vehicles, A maximum fow rate of 490 pe'h total i both directions may be
achieved with base condinons, O Class [1 highways, speeds muy fall below 960 kmh,
bt mestorists wall not be delayed in plaoons for more than 40 percent of their travel tme,

LOS B charactenzes traffic fow with speeds of 80 kmv'h or shightly higher on level-
tervam Class 1 highwavs, The demand For passing to maintain desived specds becomes
significant and approximates the passing capacity at the lower bousdary of 1LOS B
Diavers are delaved in platoons ap o 50 percent of the time. Servee flow rates of TR0
el tatal an bodh divcctions can be aclieved usder base conditions. Above this flow rate,
the numiber of platosns incieases dramaticallv, On Class 1 lighways, speeds mav fall
belovay B0 kmch, bur motorists will not be delaved in plateons for mare than 35 pereent of
thair ravel fime,

LO5 © deseribes further inereases n Aow, resulting in noticaakle mereases m
plateon formation, plateon size, and frequency of passing impadiment=. The average
speed snill exceeds 70 ko'l on level-terrain Class | highways, even though unrestricied
passing demand exceeds passing capacity. AL higher volumes the chaining of platoons
and significant reductions in passing capacity occur. Although traffic flow = siable, s
susceptible o congestion due 1o tuming traflic and slow-moving vehieles. Poreont time-
spent-followimg may reach 65 pereent, A serviee Aow mie of up 1o 1,190 peh tofal m
both directions can be accommodated under base conditions. O Class 1] highways,
speeds may fall below T kb, but matonsts will net be delaved i platoons for more
than 70 pereent of their frovel tims

LS D describes unstable walfic flow, The two opposing traffie streams begin to
operate separately al higher volume levels, as passing becomes extremely difficulic
Passang demaind 15 high, bui passing capacity approaches zero, Mean platoon sizes of 3
i L vehicles are comman, although speeds of G0 kmd'l sill can be maintained ander
base conditions on Class [ highways. The proportion of no-passing zones along the
rosdway section usually has bttle ifluence on passing. Tuming vehicles and readside
distractions cause major shock waves i the traffic stream. Maotonsts are deloved in
plateons for nearly 80 percent of their trave] time, Maximuom service flow rates of 1,830
el votal an bodh divections can be maintaised wnder base conditions. On Class 11
highwavs, spoeds may fall below &0 ki, bt in no case will moterists be delayed in
plateons for maere than 83 peroent of therr ravel time.

ArLOS E, raffic low conditions have a percent time-spent-following greater than
Bl percent on Class | highwavs and greater than 35 percent on Class [1L Even under base
conditions, speeds may drop below 8 kmh. Average ravel speeds on highwavs with
less than base conditions will be slower, even down to 40 km/'h on sustained upgrdes,
Passang is virmally impossible ot LOS E and platconing becomes intense, as slower
vehicles or ether mterruptions are encountered

Tlhee highest volunse attaimable under LOS E defines the capacity of the highway,
generally 3200 pe'ls total in both dircctions. Operating conditions at capacity are
unstable and difficult to predicr. Traffic operations seldom reach near capacity on rural
Bighwavs, promanly because of a lack of demand.

L5 F represents heavily congested flow with traffic demand exceading capacity,
Volumes are lower than capacity and speeds are highly varnable

Chagiler 12 - Highway Concepls
TwerLana Highways
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CAPACITY

The capacity of o two-lane lghway 1= 1,700 po'h for each direction of travel, The
capaeity 1= nearly independent of the directional distnibution of traffic on the faciliby,
exzepd that for extended lengths of two-lane highway, the capacity will not exceed 3,240
pe'h for both directions of ravel cembased. For shaort lengths of bwo-lane liglway—such
as tumnels or bndges—a capacity of 2200010 2400 peh for boily dircetions of ravel
combined may be attained but cannot be expected for an expended lengthe

LEVELS OF SERVICE

The service measures for a two-lane highway are defined i Choper 12, *Highway
Cormeepts.” On Class | ghways, efficient mabality 1= parameunt, and LOS = defined in
terms of both percent tme-spent-following and avernge avel speed, Cmn Class (]
hagliways, mobility 15 less entieal, and LOR s defined onlv infenes of percent tme-
spent-follow ing, without consideration of average wravel spoed. Drivers will wolerate
higher levels of pereent time-speni-following ona Class 1 facility tharn on a Class |
facility, because Class 11 faeilities usually serve shorter tnps and different trip purposes.

LO¥S eriberin for two-lane lighways i Classes [ arad 1 are presented i Exhibit= 20-2,
20-3, and 20-4, Exhibit 20-2 reflects the maximum values of percent ime-spent-
following and average trave] speed for each LOS for Class | highways, A segment of o
Class | highwary must miest the cnteria for bath the pereent ime-spent-following and the
average teavel spead shown in Exbibit 248-2 1o be classified i any particular LOS.

Exhibin Z0-3 illustrabes the LOS enteria for Class [ highways For example, a Class |
pwvo-lane highway with pescent time-spent-follewing equal w0 45 perecnt and an average
trave] speed of 63 km'l would be classified as LOS I based on Exbabii 248-2. However, a
Class 11 highway with the same conditions would be classified as LOS B based on

Exhibit 20-4, The difference between these LOK assessment=s represents the difference in
miotanst expectations for Class Land [ facilines

The LOS critena in Exhibits 20-2 through 20-4 apply to all types of two-lane
highways, ncluding extended two-way segment=, extended directional segments, speeific
uprzrades. and specific downgrades.

TWO-WAY SEGMENTS

The two-way segment methodology estimates measures of traffic operation along a
section of highway, based on terrn, geometne design, and traffic conditions. Termam is
classified o= lovel or rolling, a5 desenbed below, Mountamows terramn is addressed i the
opertional analysi< of speaific wperades and downgrdes, presented below, This
miethodology bepieally 15 apphed to highway sections of at least 20/ km

Teaffic data necded 1o apply the two-way segnent methodology welude the two-way
howirly varlumie, a peak-hour factor (PHFL and the diveeional distribution of traffic flow.
The PHF may be computed from ficld data, or approprate defaull values may be selected
from the tabulated values presented in Chapter 120 Traffie data also imelude the
prepertion ef trucks and recreational vehieles (RVs1in the traffic siream. The operational
analysis of extended two-way segments for o two-lane highway imvolves several steps,
deserbed in the following sections

EHiBIT -2, LOS CRITERL FOR TWO-LANE HIGHWATYS IN CLASS |

LS Fancent Ture- Spent-Followag Avsraige Trnel Spesd femih)
A =35 =9

B = 3540 = B0-90

C = 5l-55 = T0-80

1] = h5-80 = G071

3 = A0 = &

Pl
L% F applies shenaver ihe Nos ik eeceeds te seqment capaciny

Capacity = 1,700 pz'h far
aach diracticn, and 3,500 0
both diractions combinad

For dafintions of the service
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fa l:r-.mg and ar-nar & frave

hair
sﬁa h-.uay -::-:-m:&nls
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EXHIBST 20-% LOS CRITERE (GRAPHCAL) FOR TiD-LANE HIGHWAYS IN CLASS 1
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EXHIBIT 20-4- LO5 CRITERIA FOR TIWO-LANE HIGHRAYS i CLASS I
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Determining Free-Flow Spead

A ke stop in the wszessment of the LOS of o twe-lane highway 15 o determine the
tice-flow speed (FFS1. The FFS 15 measured using the mean specd of traffie under low
flovw conditions (up b bwo-way flows of 2000 peh), 1 feld messirements must be mak:
with two-wuy flow rtes of more tham M8 peh, o volume sdpstment muest be mads in
determanng FFE This volume adjusemant o5 discussed beloy,

Two general mothads can be wsed 10 determue the FFS for a owa-lane higlsway: ficld
mbeasurement and estimation with the guidelnes provided  tas chapter. The ficld-
meeasureinent procedure assasi= in gathering these data dircetly or i orpoeating the
messurements infe o speed momtonng program, Hewever, Neld mensarements are ne
repessary for an operstiona] analvsi=—the FFS can be estirnated from field st and vser
knowledee of conditions on the highway

Field Measurement

The FFS of a highwey can be determuied divceily from o speed snidy condacted i
the fiell Mo sdjusinsents are masde o the Debl-measred dala. The speed study shoald
be comducted at g represenative locanion within the heghwiay segment beng evaluaed
tor example, a sie on o sheet upgrade should not be selecied within o segment that =
generally level Ay speed measerement technigus acceptable for other tvpes of traffic
engireermy speed stusdies may be used. The field study should e conducted 1 penods
of o trafTie fow (up g mwo-say flow of 200 pe'h) ol should mensune the speeds of
all vehicles or of a svstematie sampling (e, of every 10y vehiclel, A representative

Chegler 20 - Twee-Lane Highways
KaalFacakagy
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I. INTRODUCTION

Three basic vanables—volume or Uow oate, speed, and densiiy—can be wsed
deseribe ratfic on any roadway. Inihis mamal, volume o rratfic flow s & pasameter
commmon W hoth wdnierrupeed- ad iniecnpred-Tlow faciliies, bl speed and densiy
apply primarily K oninecrapled Dow, Some pacameters related 1o flow rste, sech oy
spacing and headway. also are nsed for bosh types of facibides; other pneameters, such as
satration Mow oF gap, are specilie 1o mierrpied ow,

Il. UNMINTERRUPTED FLOW

VOLUME AND FLOW RATE

Wolume and flow ralg are vwo measunes thiat gquanity the amenon of rallie passing a
pednt om i bane or moadway dunng a given time dncerval. These terms are defined as
Tollows;

= Wolume—ihe towl memberob vehbeles that pass over & gaven pobi or section of a
L o poadway during @ given dme fnterval; volomes can be expressed inotemns of
annual. dadlv. howely, oe suhhionrly pooods.

= Plhw ruse—ahe egpulvatenr hoarly rate an which vehdeles pass over & given pokni og
sectbon of a lane o roadway during a given e intervad of 1ess than L b, usaally 15 min.
Wolume and fow are variables thad quancity demand. that 15, 1he noumber of vehicle
ceeupEanis or drivers (usially expressed as the number of velicles) whio desiee 10 ose a
glven facality duning o specific thme penod. Congestion can isthsence denmmnl, amd
ofcrved volumes sometimes refllect capaciny constraines sather than toe demand.

Thez chistisetion hetween volinmee and (ow eate s impedant. Yolume s the number od
viehitcles observed or prediceed 1 pass a pobmt doring a twme inerval. Flow rse represents
the numiber of vehicles passing g polm dienng & mae imerval less than |, b expressed
as an eqqeivabent hourly caie. A flow caie 45 the number of vehicles observed 1o a
subnrly periodd, divided by the time {in boges) of e ohservation. For example., a
virlumie of {1 vehickes abserved inoa 15-min peciod Implies o thow mage of HH) veh.25 h
o dii) wehth.

Wanlime amd fow rate can be lostrated by the volumes observed For foar
consecibive 15-min peciods. The Toor counes sre 1000, 120 10D, and LIWK. The
togal woliueme for the hour 5 the sum of these coants, o 4300 veh. The Bow e,
howwever, varies for each 15-min periodk Puang the 15-min period of maximom (o, the
Moo rave b5 1200 veh 25 he o 4 800 vehihe Moie ihat S8 vehdeles do ool pass the
observadion pednt diering the sivdy boue, b they o pass an thai rae Tor 15 min,

Constderailon of peak Mow aies 15 Impoan in capaciy aalvsls. W the capacity ol
ihe segment of highway siudied s 4,500 veh', capacity would be exceeded during the
peak E3-min perted of floaw, when vehicles agrve ae a aate of 4,800 vehila. even thongh
vislumie ks bess than capacity during the Tall bour, This is @ serios problen, beciaiese
csstpating a beeakdown of capaciy can extend congestan for up 1o several boars.

Peak flow rates and hourty volumes pooduce the peak-hour facene (PEHF). the ratko ol
foe] Bonarly wodume o the peak flosw caie whihdn the houe, compuied by Equation 7-1:

% Haurly voline
PHF = paak Riow rate (within the houn (#1)
0 L 5-oeim pegiols are wsed. the PHE may be compaed by Eguatkon 7-2:
It ]
PHIF = T"’rs [i-21

Gasic concepls &y
e Mo lacililies:
walume, Tk rabe, speed,
dersity, hesdway, and

== T b

Calsulaling & peak-hour lacion

Chapler T - Tiallic Flow Parametars
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Spead parEmelerns

where
BHE = peak-lwoir faciorn,
¥ = howrly volume {vehfhl, and
. = wvolume dunng the peab 13 min of the peak hoor (vehy' ]S ming,

When the PHE 45 known, W ocan conven o peak-hour volwme to a peak Gow rage, as io
Fepntion 7-3:

¥
¥ = BHF 3}
where
¥ o= llow eae for a peak L3-min period {vehdig,
¥ = peak-bowr volome (velhl, ancd

PHE = peak-lour Bicior,

Fopation 7-3 does ot peed o be wsed tooestimare peak ow rates of iradlie counts ane
available: bowewver. the chosen oot imerval masst ddenikiy the masimom | 5-min Gow
period, The ruge then can be companed direcily as 4 wmes the masdmuom 15-min coans
When (low rages i termes of vehicles are knosan, a conversion o a (low cate o feqms of
passenger car equuivalenes (poed can e compuried using the PHE and the beavy vehiclke
fnctor,

SPEED

Adihough it volumes provide & method of quanitying capacity values., spead {or
its reciprocal of iravel dmel i3 an imposant measiere of the guuakity of the waffic service
provwided W the mogocise, 1 s an imporian measuce of effectivensss defining levels ol
servEce for many tvpes of Tacblites, such as mical pao-lame Mghwavs, urban sireeis,
Treeway weaving segiments, and others.

Speed s defined @5 rate of moton expressed as disance per unae of time, generally
as kilomerers per howr (kmdhy In characienzdng the speed of o iraflle siream. a
represeniatve valoe most be nsed, becazse o benid distributgon of indbvidaal speeds 15
cebservable dn the ralfic seream. I this manual, average wavel speed 5 used as ihe spesd
measure hecarse i s easily compiied from observation of individiend veblebes wiilin the
traftic siream and is e mos sestisileally relevant measre i relutbonships wich other
varighles., Average iravel speed s compaged by divading the kengih ool the highway, sireer
sectbon. or segment under conskderation by the average rravel thme of (he veldceles
iraversing b, If ravel dimes 14, 12, 1. (0 howrs) are measared foor o vehicles
irgversing o seoment of lengih Lo the average trave] speed s compated osing
Fepatbon 7-4.

nk L L
5 — n — T:r |__||-4'|
2t =l .
=1 njar
wherne
5 = average mavel speed (kmedh),
L = length of the Meheay segment (km),
f, = travel dmeof dee dith vehicle 1o raverse ihe section (h,
= mumber of ravel nmes ohserved, and
3 n
{, = =% =average travel tme over Looh

iz

The ieavel dmes i chis compatation inclisle siopped delays doe i Tixed intermipebons or
wraflic congestbon, They are potal travel dmes 10 raverse the defined roadway lengih:

Several different speed parnmeters can be apglecd 1ooa rradlie stoeam, These inclucte
the following:

Chapter 7 - Toallic Flow Paramebais
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Mverage running specd—aA iraffic siream measure hased on the observatinn ol
vehbehe travel times raversing a seciion o highway of known lengrh, i ks the lengily od
the segment divided by the averee running dme of veldeles fo iraverse the segiment.
Ruonnkng timee inclindes only dme thar vehicles are in masticn

Avverage iravel speed—a~A iraflic strcam measune hased on wravel dme observed onoa
kngown bengih of highwavy, 1 bs the length of the segmem divided by the average ravel
e of vehicles raversing the segment, inclucing all svopped defay dmes, 1 s also a
space mean speed.

Space mean specd—aAa statstcal eom denoting an average specd hased on the
avernge raviel time of vehieles 1o raverse a segmemn of roadway. [ as called o space
mizan speed because te average wavel wme welghts the average 10 the Hme each vehicle
sperds in the delined roadway segment oF space,

Time mean speed—The artthmendc average of speeds of vehieles ohserved passing a
pednr om 8 highway: also relerred 1o as the average spot speed, The individienl speeds ol
viehbeles passing a podnt are recorded and averaged asiibmetically.

Froe-ow speed—The average specd of vehicles on o glven faciliy, measired wder
lvoe-volume conditions. when delvers tend oo deive an thear desared spoed and are nog
constraned by contd delay.

For maet of the procedunes using speed a5 a measure of effectivencss in this manual,
averpze travel speed 45 the definkng parameter. For nniniecnapad-tlow faciliies nog
aperating af level of servbee (108 Fothe average travel spoad 45 equal o e average
rnning speed.

Exhibar 7-1 shows ooiypdcal relationship hedween time mean amd space mean speeds.
Space mean speed 15 abways less than time mean speed. bur the defference decrepses as
the absoluie value of speed increases. Based on the stabsieal analysds of observed data,
ithis relatinnship ks nsefl becanse e mean speeds niten are easder o measuse o the
lehd than space mean speeds.

EXHIBIT 7-1. TYPUCAL RELATIONSHIP BETWEEN TIRE MEAN AND 58ACE MEAN SPEED

100
o] e
=
1
£ 8
; an
n
1]
a 0 a0 i} B 1

Tiimie Mixgin Spasei, 5y il
Soirre: Dok e ol (7,

I by possible o calculate both thime mean and space mean speeds Toom g sample o
indavidunl viehicle specds. For example, three wehicles are reconded with speeds of 40,
s, and B0 kv The dme o iraverse | kmoas LS mdng 14 mis, ancd 0,75 min,
respectively. The tme mean speed b5 60 kmdhe calculated as (40 + ol + B0 The space
mean speed b 554 k', calculaved as (6N =015 + 10+ 00750

SVETADE LN Speed

Average el speed

Spesos mean spesd

Time rmean speed

Frea-llaw spaed

T3
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Coenputing dersity

FFor capaciny analysis, specds ane hest measured by observing iravel Hmes over a
kenowen lengih of Mehway, For unimermped-flow facilinies operacing i the range of
snable oo, the length meay be as shooas 540 w0 10 mo o ease of nhseraatbon,

Ay masirea 0f eflectiveness, speed criteria must recognize deiver expeaciatbons and
roadway Nmctkon, For example, a driver eapects a higher speed on g freeway than on an
urhan steeel. Lower free-Tlow speeds are iwlerable on a rosdway wiil mione severns
hegtennl and vertieal alignment, sktece drivers are ool cominmable driving ai high
spoeds. LOS erlienn rellect these expectalinns,

DENSITY

Drensiy s the number of vefucles (06 pedestrians b occupying a given bkengeh of & Line
of poadway ala pardcwlar instan. Fog the compuratinns an this mamual, denssey 45
averaged over imee and 45 wsieally expressed as vehicles per Kilomerer (vehvkm) o
passenger cars per kilometer (podomn).

IHrect measurement of denstty i the field s diificul, reguiring a vaniage poini fog
phaodooraphing, videniapang., or observing sigmificant lengihs of highway. Densiiy can be
compiied. howeyver., fFrom the average iravel speed amd fow reie. which are measured
moee easdly, Louatkon 7-5 s osed o undersamrsied wrabfic comditinns.

L4
D=§ |7-4)

Mavw rate (v,
average trvel speed (koe'h), and
density (vehd'kmp,

Qn=
[}

A highway segmend with a cate of Dow of LK velw'h anc an average iravel speed ni
S0 kmvh woudd have a densiy of

1000 vedvh
A kel

Drensiny is @ erttenl parameter foe uninteerapled Dow Tacilites becamse it chaeacterzes the
puabiny of iwaflie operations. [t deseribes the proximioy of vehieles w one anomber and
reflees the freedom o maneoves within the ralfic siream,

Roadway acoupancy bs frequently msed a5 a suemgane o densiny in conirsl sysiems
hecanse it s easler o measame . Oecupancy in space is the propotion of rsbseay lengih
covered by vehdeles. and ocoupancy w me ddennifes the propoaion of dme a rosdway
Cross secton is accupasd by vehbeles.

o= = 20 vefukm

HEADWAY AND SPACING

Spacimg 15 the distance benween successive vehicles o a wraffic sorenm. measused
Crowm the same poant on cach vebibele te.g., Cronl humper. reas asle. esc. b Headway s the
lnme herween suocessive vehicbes as they pass o podnt on a lane or roadway, alsn
measired from the same pol on cach vehicke

Fhese characteristkes are mcrescnpic. sioce they relae 1o dtividuasl paics of vehicles
wlihin the traffic streams, Wihihdn any iraffic sincam. hoth the spacing amwd the headway of
inclividuan] viebieles ane disibuied over a range of valees. generally relaied we the speed ol
ke pratfic stream asl provailing conditions, Inthe ageregate, these microsobpde
paramelers relabe 10 e macooscople ow parameters of density and fow oe,

Spacing 15 a distance. measiered n meters, 1 can be deiermibned disectly by
measiiing the distince between common polnts on suecessive veldeles ala particular
inztant. This generally requires complex serial photographic rechnbquees. sotha spacing
isually derives from ather direct measurements, Headway, in comirast, can be easily
measired wish sdopwalch observations as vehicles pass a podnn an the roadweay.

Chapter T - Trallic Flow Parametears T4
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velibeles o the rosdwiny thot has the nghe-of-way ad an ensdenalised ersection, Giap
acceprance describes the completion of a vehlele's movemend bntc a gag

The capacity of @ mistr sirees approach depemds on 1w faciors:

= The distrimuion of avallabbe gaps in the majoe-sirect iralfic soream, and

* The gap stacs required by minoe-street deivers o execule thelr desired movemens,

The distribudon of avallable gaps o the majog-siree walfic siream depends oo the
towal wolwme oo the soeced. iis directboneal diserebition, the number of Bines on the majos
sireet. and the degree and rype of pleiooning in ke raflic sieeam. The gap slzes rechudned
by e minoe-street deivers depend on the iype o mancaves (et throogh, cighel, the
naember of lanes on the mapor strees. the speed of oeajor-sieeet wadtbe, sight distances, the
length of fme e minoe-sereel vehicle has boen widting, and driver charsceesiaies
{eyesighe, reacton time, age, cte ), The critcal gap s the minmom dme imerval berween
e from humpers of o suceessive vehdeles in e majos ratfic stream ihat will albos
ihe ey of one minos-stoeet vehbeke. When maore than ong oinos-sireet velicle wses one
major-sireet gap, the wme headwiy becween the two minge-sereet vehdeles s called
follosw-up imme. In genegal. the Collow-up me s shorer than the eriteal gap.
Roundaehouis operate similarcly footwo-way stop-contmolled intersections: Tn soumdabours,
homever, enicring drivers scan andy one stream of raiiie—ihe clecubaring siream—ior an
acceprahle gan,

Al an mll-way stop-conrmolbbed dntersection, all drivers mgst come 10 a complete st
Thee checastom o proceed 15 hased o par on the mubes of the road. which suggest thar the
driver on the mighe has the dghi-of-way; i also 45 o fanction of the tralfie conddton on the
cdfter approsches, The deparmure heacdway Tor the sabject appeoach s defined as the jams
etween the depamuane of one vehdele amd thad of the nexn behdnd 0 A depanere heasdway
is constdercd a samrateon headway if the secemd vehicle stnps behind the Gese at the swop
line. It there 15 tralthe on one approach ondy. vehicles can depan as capldly as the deivers
can safely seockerate inacr and clear the incesseciton. 1 waflic §s present on other
approaches, e saneackon headway on the subject appooach will increase. depencing on
e degree of conflich hetween vehicles.

s slgnatized imersectons, the from axles of two consecumive veldeles are the
referenee podnts fo determiening the saturation beasdwiys of the vehicles deparing Teom
e srop line of twa-way amd all-way siop-conirodled imersecton approaches. In
measuring the unohsiracted ow of vehdcles on the mapor soadway al a pwo-way siop-
contrniled ingerseciion, the reference podnts nodmally are the nonn bumpers,

SPEED

For tmerrupaed-Dlow conditleas, debay rather than speed 15 the primary measune of
operations. However, speed measares soed lar (o these Tor wndntermapoed flow ace helpiul
i derenmining the sdded wavel dme due o deceleration, movement i queses. and
accelernibon of vehicles passing thropzh an intersection.

DELAY

Daclay s a critical performance measure on inierrapied-ow Tacilikes. There are
sevweral tvpes of delay, bt in this manoal, conirol delay s the principal service measire
for evaloaing LU @ sienakbeed and unsignabieed mersectibons, Alilongh the delinduion
of comirol delay 15 the same for signilized amd ansignalieed intersections. s application,
inclhing Loys threshald vidues, differs,

Conered delay involves mowvements at slovwer speeds and stops on inlersection
approseches, as vehldcles move up i che gquecoe o sl dosas apsiream of an imerses i,
[Frivers frequentdy reduce speedt when a downsiream signil is ned o these 5 0 gqueeue @
e dowmnsiream iniersection approach. Conteol delay regubres the delermination ol 3
realisibe average speed for each roadway segment, Any estomare of the average irmvel
apoed on urhan atreets implies the effecs of comrol delay.

Critical gap are gap
Apceplance

Contred delay

Chapiler 7 - Trallic Flow Parametars
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Cornpulityg sslusation
tlow rale ard los] lime

Al pwo-way stop-controlled and all-way stop-coneoled mieesectons, control delay
is the sotal ebipsed e from a vehlele jodning the geeee wnidl its depanage Trom the
stoqpred postidon o ihe head of the quewe. The conemod delay also inclodes the tme
required o deceberate 1 stop sl o accelerate i the free-Tlow speed.

SATURATION FLOW RATE AND LOST TIME

Safuiraibon flow raie s defined as the (oo sate per lane ai which velhdcles can pass
iheegh a sigmalieed intecsectbon, By definiten. it is computed by Equation 7-9:

Ja
5 == (19
where
5 = samgamnn Dow eate (vehdh), and
fi = saturatkon heacdway (51

The saneration (low eane represents the number of vehleles per hor per bine that can
pass throsgh a signatized imersection b the orcen stgnal wos available fog the full hows,
ihe flow of vehicles was never halieds amd there were o large easdways.

Each tme a flow s stoppeid, i must sian again, with the fesi fower vehieies
experiencing the seari-up reaction and aceeleration headways shown dn Exhibis 7-3, In
ihis exhibde, the ficsi fonr vehicles i the gueas encouniers headwavs longes than the
saturation headway. b, The increments, 1, are colked sian-ap lost tmes. The votal sean-

upr ot tme fod the vehicles is the snm el the ierements, computed sing Eqoatson 7- M),

4
Iy = %1, [7-10)

1=1

when:

1otil starm-up lost e (s,
Lot tamwe For dthe vehdcle dn guoeoe (55, and
Tast wehicle an epibeie.

=
i

Each siop od 4 seream od wehicles §s annther sonerce of lost time. When oe siream of
vehicles siops., salety reuines some clesrance thme before a conflicting stream of (raflfic.as
ablowed o enter the intersection,  This interval when o vehicles wse the inbersection is
citlbedd clearance oSt ime, Ly,

Im praciace. sigmal oycles provide for this clearance thooagh change iniervals. whach
can inclinde velbow or all-red edications o hoth, Drivers generally cannot nhserve this
cnnfe inderval bl can wse the imersecton during some pogtica of . The elearance bost
famse, 1, A5 (he porton of this change interval nod esed by doivers.

Thee pelatinnship berween samaraton (oo rate and lost dimes 5 a coteal one. Foe any
given lane o movement, vehickes wse the intersecton at the soaration Bow rase for a
pericnd equal e e available green ime plus the change meerval mimes the sian-up and
clearunce losi mes. Because losl dme i experienced with each stan and siop of o
movement, e ) amount of tme lost over an hoas 15 relaed (o the sigoal dming. For
inseance, i o slonal has a G5 cyele lengih, 50wl sean and siop cach movement &0 tunes
peer beonar, ansd the ol ost Ume per movement will be GiK1, + 1.0

Lot timie alfects capacily and delyy. 10 might appear that the capacity of an
intersection would inerease with increased eyele lemgth, Bt this s offser aomewhar by
the ohseryateon tha the sangation headway. b can increase 1 the length of a conlinuoas
green indication increases. Other imgrsecion feawines, such as iurndng Lines, also can
offsed the reduction in capachy due (o shoat oveles, Limger cwvele kengihs increase the
maumber of vehickes in e gueenes and can canse s left-mwm lane i overflos, redocing
capacily by hlocking the throogh-lanes.

Chapier 7 - Trallic Flow Parametars 710
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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
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175
216
256
335
364
315
334
252
299
192
237
169
183
201
176
211
163
241
253
288
208
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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
06:15 PM
06:30 PM
06:45 PM
07:00 PM
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

DN DN OO O

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

— = NN O DNMOWPAMOO ®

1531

35
54
38
60
69
66
63
36
38
58
73
60
82
77
106
87
104
74
88
94
89
96
92
98
80
55
74
57
69
54
57
39
45
36
33
25
18

23
25
17
20
34
19
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

23

(O IN¢) I e RNe) B o)RNe)RNe))]

2865

18

59

16
46
25
57
64
31
13
41
12
74
43
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
97
124
71
136
113
65
75
104
54
83
42
99
62
29
21
15113
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Carretera PR-349, Km. 1.1

Termina

PeriodoHacia Este Hacia Oeste

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
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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 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
06:15 PM
06:30 PM
06:45 PM
07:00 PM
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
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29
27
20
38
20
20
19
17
32
45
63
42
65
48
33
39
28
17
23
27
23
28
30
42
27
27
32
23
21
30
16
12
13

21
15

14
13

16
10
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Apéndice 4. Computos para el analisis operacional
TWO-WAY STOP CONTROL SUMMARY

General Information Site Information

Analyst José L. Pérez Berenguer Intersection 1
Agency/Co. Pérez Berenguer y Asoc. Jurisdiction Mayagiiez
Date Performed 11/24/2004 Analysis Year 2004

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

ntersection Orientation: East-West

Vehicle Volumes and Adjustments

ajor Street Eastbound

overent o N - § . W s J o |
4 0 - 0 <~ J . 0 - § < |
boume ey b b s b Jloo |
beaicnour factor Pirlboo  Jhoo Moo Jbso  Woo  Jbss |

veh/h
ehicles, P

e
el B D T D D

e
onfiguratin ]

pstream Signal

inor Street Northbound Southbound

ovement

- 1 = ¥ . ¥ - I <
T T TEE T

52 pss _ Mbos  fpbos  Jhoo |

2

Proportion of heavy
ehicles, P,
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onfiguration R T
Control Delay, Queue Length, Level of Service
Approach EB WB Northbound Southbound
Movement 1 4 7 8 9 10 11 12
Lane Configuration LTR TR LT
Volume, v (vph) 322 627 477
Capacity, c,, (vph) 1617 445 0
v/c ratio 0.20 1.41
Queue length (95%) 0.74 30.47
Control Delay
(s/veh) 7.8 221.7
LOS A F F
Approach delay ) .
(s/veh) 221.7
ApproachLOS -- -- F
Copyright ©© 2003 University of Florida, All Rights Reserved Version 4.1d



HCS2000: Two-Lane Highways Rele

José L. Pérez Berenguer

Pérez Berenguer y Asociados

Apartado 6512

Marina Station

Mayagiez, Puerto Rico, 00681-6512

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

Two-Way Two-Lane Highway Segment

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

Analysis Time Period 7:00 - 8:00 AM

Highway PR-349

From/To Mayagiiez - Las Mesas
Jurisdiction Mayagiez

Analysis Year 2004

Description Estudio de Impacto en el Transito, Urb.

Input Data

96

ase 4.1d

254-8321

Analysis

Monte Sierra

Highway class Class 2
Shoulder width 1.0 m Peak-hour factor, PHF 0.87
Lane width 3.6 m % Trucks and buses 0 %
Segment length 1.0 km % Recreational vehicles 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 %
Average Travel Speed
Grade adjustment factor, f£G 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-1) 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, Vf - 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, f£G 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) vp 260 pc/h
Highest directional split proportion (note-2) 133
Base percent time-spent-following, BPTSF 20.4 %
Adj.for directional distribution and no-passing zones, fd/np 0.1
Percent time-spent-following, PTSF 20.6 %
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Level of Service and Other Performance Measures

Level of service, LOS A

Volume to capacity ratio, v/c 0.09

Peak 15-min vehicle-kilometers of travel, VkmT1l5 50 veh-km
Peak-hour vehicle-kilometers of travel, VkmTo60 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.
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TWO-WAY STOP CONTROL SUMMARY

General Information Site Information

Analyst José L. Pérez Berenguer Intersection 1
Agency/Co. Pérez Berenguer y Asoc. Jurisdiction Mayagiliez
Date Performed 11/24/2004 Analysis Year 2004

Analysis Time Period 2:45- 3:45 PM

ntersection Orientation: East-West Btudy Period (hrs): 0.25

Vehicle Volumes and Adjustments

ajor Street Eastbound Westbound

boveren 0 N o ¥ o W . K - I - |
& 4 o< ¥ . B - § < |
PRI T T T T T TR
beaicrouiacior prlboo oo oo Tbos W  Tbss ]

ehicles, P,

Ungivigeg |
Richanneize> 1 b § b |

p B B ¥ b ]
I I I
pstream Signal ‘ D D
inor Street Northbound Southbound

ovement 1 7 _f| s o J o N 1 W 1o |
I . J - § < 4§ . § - J < |
voume venrny __Jb s Jbrs Jbsr Wo b |

b oal-hour factor, PHAl.00  Jbes | T T

veh/h

Proportion of heavy
ehicles, P,
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7 onfiguration R

Control Delay, Queue Length, Level of Service

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

Volume, v (vph) 545 493 565

Capacity, c,, (vph) 1617 502 32

v/c ratio 0.34 0.98 17.66

Queue length (95%) 1.51 13.05 69.67

(Cscl’cérho)' Delay 8.4 64.6 7730

LOS A F F

,E-\S;;\p,);cr)]r;\ch delay . 64.6 7730
ApproachLOS -- F F

Copyright ©© 2003 University of Florida, All Rights Reserved

Version 4.1d



HCS2000: Two-Lane Highways Rele

José L. Pérez Berenguer

Pérez Berenguer y Asociados

Apartado 6512

Marina Station

Mayagiez, Puerto Rico, 00681-6512

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

Two-Way Two-Lane Highway Segment

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

Analysis Time Period 2:45 - 3:45 PM

Highway PR-349

From/To Mayagiiez - Las Mesas
Jurisdiction Mayagiez

Analysis Year 2004

Description Estudio de Impacto en el Transito, Urb.

Input Data

100

ase 4.1d

254-8321

Analysis

Monte Sierra

Highway class Class 2
Shoulder width 1.0 m Peak-hour factor, PHF 0.72
Lane width 3.6 m % Trucks and buses 0 %
Segment length 1.0 km % Recreational vehicles 0 %
Terrain type Rolling % No-passing zones 0 %
Grade: Length km Access points/km 1 / km
Up/down %
Two-way hourly volume, V 181 veh/h
Directional split 56 / 44 %
Average Travel Speed
Grade adjustment factor, f£G 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-1) vp 354 pc/h
Highest directional split proportion (note-2) 198 pc/h
Free-Flow Speed from Field Measurement:
Field measured speed, SFM - km/h
Observed volume, Vf - 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 60.7 km/h
Percent Time-Spent-Following
Grade adjustment factor, f£G 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) vp 326 pc/h
Highest directional split proportion (note-2) 183
Base percent time-spent-following, BPTSF 24.9 %
Adj.for directional distribution and no-passing zones, fd/np 0.5
Percent time-spent-following, PTSF 25.5 %
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Level of Service and Other Performance Measures

Level of service, LOS A

Volume to capacity ratio, v/c 0.11

Peak 15-min vehicle-kilometers of travel, VkmT1l5 63 veh-km
Peak-hour vehicle-kilometers of travel, VkmTo60 181 veh-km
Peak 15-min total travel time, TT15 1.0 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.
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Signalized Intersections Release 4.1le

Pérez Berenguer y Asociados

Apartado 6512
Marina Station

Mayagiez, Puerto Rico, 00681-6512
Phone: (787) 254-8321 Fax: (787) 254-8321
E-Mail: PBAsoclcentennialpr.net
PLANNING ANALYSIS
Analyst: José L. Pérez Berenguer
Intersection: 1
Agency/Co.: Pérez Berenguer y Asociados
Area Type: CBD or Similar

Date Performed:
Jurisdiction:
Analysis Time Period:
Analysis Year:
Project ID:

11/26/2004

Mayagiez

7:00 - 8:00 AM

2006

Estudio de Impacto en el Tréansito Urb.
East/West Street

Monte Sierra
North/South Street

PR-349 Liceo (PR-349)/Manantiales
VOLUME DATA
| Eastbound | Westbound | Northbound | Southbound |
| L T R | L T R | L T R | L T R |
| | \ | |
Num. Lanes |0 0 0 |1 0 1 |0 1 1 | 0 1 0 |
Volume | 324 237 |0 196 403 127 259 0 |
Parking | | N | N | N
Coord. | | N | N | N
LT Treat. | |2 | 2 |2 |
Peak hour factor: 0.93 Area Type: CBD or Similar
LANE VOLUME WORKSHEET
EAST WEST NORTH SOUTH
BOUND BOUND BOUND BOUND
LEFT TURN MOVEMENT
1. LT volume 324 0 127
2. Opposing mainline volume 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 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 S
6. RT volume 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
10. Shared lane vol 0
THROUGH MOVEMENT
11. Thru volume 0 196 259



12. Parking adjustment factor
13. No. of thru lanes including share
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 capaci
7200/Cmax

SIGNAL OPERATIONS WORKSHEET

Phase Plan Selection from Lane Volume

Critical through-RT vol: [19]

LT lane vol: [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] 0.900
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

Status Near capaci

1.00
1

196
0.00
1.80
1.000
196
474

60
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1.00
1
259
0.33

1.000
259
259

1.00

d 0

0
0.00

0
279

ty:

EAST WE
Worksheet BOUND BO
27
34
P
Plan 1: U U
Plan 2a: U P
Plan 2b: P U
Plan 3a:<P P
Plan 3b: P <P
Plan 4: N N

4

cycle (Cmax) 120

_ EAST-WEST
Ph 1 Ph 2 Ph 3 P
ETL WTL S
0 341 0 1
4 4 0 4
0.0 19.9 0.0 9

ty

ST NORTH
UND BOUND

9 474
1 0
U
U
U
P
<P
P
N
___ NORTH-S
h 1 Ph 2
TL NST
27 474
4
9 26.1

SOUTH
BOUND
259

OUTH
Ph 3

0
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HCS2000 " DETAILED REPORT

General Information Site Information

m Pérez Berenquer v Asociados w BD or Similar

studio de Impacto en el Transito|
rb. Monte Siera

Project ID

Volume and Timing Input

B B B 5B

-_--_-\_--_-
-------\_----
oumoviom I 0 0 Jboo |l s B oo fos Bbor bso ||
o Heavy vehicles, %HV B B 5 b D D
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Btart-up lost time, |
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pearoike rRrorvoumes b 0 0B 0 B0 b A %o I N I
onewion 00 0 B 0 B0 b b -0 k-0
Parking / Grade /Parking 3 -__._

in. time for pedestrians, G,




Duration of Analysis, T = 0.25

Lane Group Capacity, Control Delay, and LOS Determination

B B 5B
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Delay calibration, k
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Approach delay

Approach LOS

ntersection delay
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TWO-WAY STOP CONTROL SUMMARY

General Information Site Information

Analyst José L. Pérez Berenguer Intersection 2
Agency/Co. Pérez Berenguer y Asoc. Jurisdiction Mayagiliez
Date Performed 11/26/2004 Analysis Year 2006

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

ajor Street

ovement _\

glume (veh/h _ b | _ THE T

b ealchour factor, PHE l_\ bss s bss Jhoo |

ehicles, P,

\
7 b 1 § b
T T T T T N
I B T T _ |
pstream Signal ‘ D
inor Street Northbound Southbound

Movement 1 7 f1 s o H§ o N 1 W 1o |
I . d - § < 4 . § -~ J < |
Volume (vehrn) Moo b Whos B b Jb |
Peak-hour factor PHAlD 86 oo Wbes Moo Moo oo |

(veh/h
ehicles, P,

Percent grade (%)
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Btorage

RT Channelized?

anes

Control Delay, Queue Length, Level of Service

Approach

Movement

Lane Configuration
Volume, v (vph)
Capacity, c,, (vph)
v/c ratio

Queue length (95%)

Control Delay
(s/veh)

LOS

Approach delay
(s/veh)

ApproachLOS

Bcszon ]

EB
1

WB

4 7

LT

67

1421

0.05

0.15

7.7

Northbound
8 9

LTR

236

758

0.31

1.33

Copyright ©© 2003 University of Florida, All Rights Reserved

Southbound
11 12

Version 4.1d
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Signalized Intersections Release 4.1le

Pérez Berenguer y Asociados

Apartado 6512
Marina Station

Mayagiez, Puerto Rico, 00681-6512
Phone: (787) 254-8321 Fax: (787) 254-8321
E-Mail: PBAsoclcentennialpr.net
PLANNING ANALYSIS
Analyst: José L. Pérez Berenguer
Intersection: 1
Agency/Co.: Pérez Berenguer y Asociados
Area Type: CBD or Similar

Date Performed:
Jurisdiction:
Analysis Time Period:
Analysis Year:
Project ID:

Estudio de Impacto en el Tréansito Urb.
East/West Street

11/26/2004

Mayagiez

2:45 - 3:45 PM

2006

Monte Sierra
North/South Street

PR-349 Liceo (PR-349)/Manantiales
VOLUME DATA
| Eastbound | Westbound | Northbound | Southbound |
| L T | L T R | L T R | L T R
| | \ | |
Num. Lanes |0 0 0 |1 0 1 |0 1 1 | 0 1 0 |
Volume | | 603 75 |0 46 470 |424 43 0 |
Parking | | N | N | N
Coord. | | N | N | N
LT Treat. | |2 | 2 |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 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 S
Left Turn Treatment Type: P U P
4. LT adjustment factor 0.950
5. LT lane vol 635 0 424
RIGHT TURN MOVEMENT
Right Lane Configuration (E=Excl, S=Shrd) E E S
6. RT volume 75 470 0
7. Exclusive lanes 1 1 0
8. RT adjustment factor 0.850 0.850 0.850
9. Exclusive RT lane volume 88 553
10. Shared lane vol 0

THROUGH MOVEMENT
11. Thru volume 0 46 43



12. Parking adjustment factor
13. No. 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 (i1f [16]

> 3.5)

20. Permitted left turn sneaker capacity:

7200/Cmax

SIGNAL OPERATIONS WORKSHEET

Phase Plan Selection from Lane Volume Worksheet

Critical through-RT vol:
LT lane vol: [5]

[19]

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

Timing Plan

Movement codes

Critical phase vol [CV]
Critical sum [CS]

CBD adjustment [CBD]
Reference sum [RS]

Lost time/phase [PL]
Lost time/cycle [TL]
Cycle length [CYC]
Phase time

Critical v/c Ratio [Xcm]
Status

Max. cyc

Value Ph 1
ETL
0
1612
0.900
1308
4
16
120.0
0.0
1.42

Over capacity

Plan
Plan
Plan
Plan
Plan
Plan

le (Cmax)

EAST-WEST

Ph
WTL
635

2a:
2b:
3a:
3b:

2
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1.00 1.00 1.00
0 1 1
0 46 43
0.00 0.00 0.91
1.44
1.000 1.000
0 46 43
88 553 43
60
EAST WEST NORTH SOUTH
BOUND BOUND BOUND BOUND
88 553 43
635 0 424
P U P
u U U U
u P U P
P U P U
<P P <P P
P <P P <P
N N N N
4 2a
120
77777 ___NORTH-SOUTH
Ph 3 Ph 1 Ph 2 Ph 3
STL NST
0 424 553 0
0 4 4 0
0.0 31.4 39.7 0.0
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HCS2000 " DETAILED REPORT

General Information Site Information

m Pérez Berenquer v Asociados w BD or Similar

studio de Impacto en el
ransito, Urb. Monte Sierra

Project ID

Volume and Timing Input

B B B 5B
-_--_-\_--_-
-------\_----
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Duration of Analysis, T = 0.25

Lane Group Capacity, Control Delay, and LOS Determination

B B B 5B
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TWO-WAY STOP CONTROL SUMMARY

General Information Site Information

Analyst José L. Pérez Berenguer Intersection 2
Agency/Co. Pérez Berenguer y Asoc. Jurisdiction Mayagiliez
Date Performed 11/26/2004 Analysis Year 2006

Analysis Time Period 2:45- 3:45 PM

ntersection Orientation: East-West Btudy Period (hrs): 0.25

Vehicle Volumes and Adjustments

ajor Street Eastbound Westbound

1 . ¥ - ¥ . ¥ - I . |

—\-_-_\
oumeery b Wos o Wos B b |
DTS T T T T2 T7EE TR

veh/h
ehicles, P,
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(veh/h
ehicles, P,

Percent grade (%)
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Btorage

RT Channelized?

anes

Control Delay, Queue Length, Level of Service

Approach

Movement

Lane Configuration
Volume, v (vph)
Capacity, c,, (vph)
v/c ratio

Queue length (95%)

Control Delay
(s/veh)

LOS

Approach delay
(s/veh)

ApproachLOS

Bcszon ]

EB
1

WB

4 7

LT
176

1206

0.51

8.5

-- 17.3

- c

Northbound
8 9

LTR
293
581
0.50

2.83

17.3
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Pérez Berenguer y Asociados

Apartado 6512
Marina Station

Mayagiez, Puerto Rico, 00681-6512
Phone: (787) 254-8321 Fax: (787) 254-8321
E-Mail: PBAsoclcentennialpr.net
PLANNING ANALYSIS
Analyst: José L. Pérez Berenguer
Intersection: 1
Agency/Co.: Pérez Berenguer y Asociados

Area Type:

CBD or Similar

Date Performed:

Jurisdiction:

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

Analysis Year: 2026

Project ID: Estudio de Impacto en el Transito Urb.
East/West Street

11/26/2004
Mayagiez

Monte Sierra
North/South Street

PR-349 Liceo (PR-349)/Manantiales
VOLUME DATA
| Eastbound | Westbound | Northbound | Southbound |
| L T R | L T R | L T R | L T R |
| | \ | |
Num. Lanes |0 0 0 |1 0 1 | 0 1 1 | 0 1 0 |
Volume | 1428 313 |0 259 532 168 342 0 |
Parking | | N | N | N
Coord. | | N | N | N
LT Treat. | |2 | 2 |2 |
Peak hour factor: 0.93 Area Type: CBD or Similar
LANE VOLUME WORKSHEET
EAST WEST NORTH SOUTH
BOUND BOUND BOUND BOUND
LEFT TURN MOVEMENT
1. LT volume 428 0 168
2. Opposing mainline volume 0 342 791
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 S
Left Turn Treatment Type: P U P
4. LT adjustment factor 0.950
5. LT lane vol 451 0 168
RIGHT TURN MOVEMENT
Right Lane Configuration (E=Excl, S=Shrd) E E S
6. RT volume 313 532 0
7. Exclusive lanes 1 1 0
8. RT adjustment factor 0.850 0.850 0.850
9. Exclusive RT lane volume 368 626
10. Shared lane vol 0
THROUGH MOVEMENT
11. Thru volume 0 259 342



12. Parking adjustment factor
13. No. of thru lanes including share
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 capaci
7200/Cmax

d

ty:

SIGNAL OPERATIONS WORKSHEET

Phase Plan Selection from Lane Volume

Critical through-RT vol: [19]

LT lane vol: [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] 1245
CBD adjustment [CBD] 0.900
Reference sum [RS] 1431
Lost time/phase [PL]
Lost time/cycle [TL] 16
Cycle length [CYC] 120.0
Phase time
Critical v/c Ratio [Xcm] 1.00
Status Over capaci

Worksheet
Plan 1:
Plan 2a:
Plan 2b:
Plan 3a:
Plan 3b:
Plan 4:

cycle (Cmax)

_ EAST-WEST

Ph 1 Ph 2

ETL WTL

0 451

4 4

0.0 41.7

ty
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1.00 1.00 1.00
0 1 1
0 259 342
0.00 0.00 0.33
1.96
1.000 1.000
0 259 342
368 626 342
60
EAST WEST NORTH SOUTH
BOUND BOUND BOUND BOUND
368 626 342
451 0 168
P U P
u U U U
u P U P
P U P U
<P P <P P
P <P P <P
N N N N
4 2a
120
_____ ___ NORTH-SOUTH
Ph 3 Ph 1 Ph 2 Ph 3
STL NST
0 168 626 0
0 4 4 0
0.0 18.0 56.3 0.0
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HCS2000 " DETAILED REPORT

General Information Site Information

m Pérez Berenquer v Asociados w BD or Similar

studio de Impacto en el
ransito, Urb. Monte Sierra

Project ID

Volume and Timing Input

B B B 5B

-_--_-\_--_-
-------\_----
oume vivory | BB Bos ll Jbs | oo fbso hos o | |
Vo Heavy vehicles, %HV B B b b D %
eaicnouriacior prE I Jbaoll Jbosll boolbaslbsslbosl |
T B EE T EEEEEE TR

Btart-up lost time, |

xtension of effective green, e

D D D D D
vepenr 4 4 B 0 B 0 b b | b I |
nitexensionve B B Boll Boll bolboll boll |

e NG
pitialumetgemanc o, W0 0ol _Bo d ool Bod
pearoike rrrorvoumes T WM B B B b A o N N I
onewion N0 0 B 0 B0 bk 0 k-0
Parking / Grade /Parking 3 .__._

in. time for pedestrians, G,
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Duration of Analysis, T = 0.25

Lane Group Capacity, Control Delay, and LOS Determination

B B B 5B

T NECE T YECE T Y T Y
haustcaowraie v 00l Jos B oo | Jbis s Bl Jos § |
ane group capaity ¢ HEEENENNEAEETYE
HMEPNERNTEYE
ol ol Boolbooll ool

/c ratio, X

otal green ratio, g/C
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~
©
)
@
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E
=
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N
S

niform delay, d

BEEEENEN
73 I 373 I P 7 )
B 7N I 7 7H B T
B
LTELEEL L
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Progression factor, PF

Delay calibration, k

ncrem ental delay, d

(p) (-]
RN EN
~ il o
Y

nitial queue delay, d

ontrol delay

AREEENEREN
ARRRENEER

ane group LOS

Approach delay

Approach LOS

ntersection delay

HCS2000™ Copyright ©© 2000 University of Florida, All Rights Reserved Version 4.1e
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TWO-WAY STOP CONTROL SUMMARY

General Information Site Information

Analyst José L. Pérez Berenguer Intersection 2
Agency/Co. Pérez Berenguer y Asoc. Jurisdiction Mayagiliez
Date Performed 11/26/2004 Analysis Year 2026

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

ntersection Orientation: East-West Btudy Period (hrs): 0.25

Vehicle Volumes and Adjustments

ajor Street Eastbound Westbound

1 . ¥ - ¥ . ¥ - I . |

—\-_-_\
YT T T TE TEE TR T
DTS T T T YT YT T

D s B D
ehicles, P,

Median type __Wraisedopry |

Rrchaneizecr 1 fJ B 0§ b |
Y T T T T T T

_\_E-___\

pstream S|gnal ‘

inor Street Northbound Southbound

overen 07 N o B o W o K o T o |
& - ¥ < ¥ . ¥ - § = |
peaichouricctr priose _Wioo  Tbas Moo Moo Thoo |

(veh/h
ehicles, P,

Percent grade (%)
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Btorage

RT Channelized?

anes

Control Delay, Queue Length, Level of Service

Approach

Movement

Lane Configuration
Volume, v (vph)
Capacity, c,, (vph)
v/c ratio

Queue length (95%)

Control Delay
(s/veh)

LOS

Approach delay
(s/veh)

ApproachLOS

Bcszon ]

EB
1

WB

4 7

LT

89

1358

0.07

0.21

7.8

- 14.4

- B

Northbound
8 9

LTR

311

690

0.45

2.35

14.4

Copyright ©© 2003 University of Florida, All Rights Reserved

Southbound
11 12

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
Mayagiez, Puerto Rico, 00681-6512
Phone: (787) 254-8321 Fax: (787) 254-8321
E-Mail: PBAsoclcentennialpr.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: Mayagiez

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

Analysis Year: 2026

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

East/West Street North/South Street

PR-349 Liceo (PR-349)/Manantiales

VOLUME DATA

| Eastbound | Westbound | Northbound | Southbound |
| L T R | L T R | L T R | L T R |
| | \ | |
Num. Lanes |0 0 0 |1 0 1 | 0 1 1 | 0 1 0 |
Volume | | 796 99 |0 61 621 |560 57 0
Parking | | N | N | N
Coord. | | N \ N | N
LT Treat. | | 2 [ 2 [ 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 61 57
12. Parking adjustment factor 1.00 1.00 1.00
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13. No. of thru lanes including shared 0 1 1

14. Total approach volume 0 61 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 61 57

19. Critical lane volume 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 SOUTH

Phase Plan Selection from Lane Volume Worksheet BOUND BOUND BOUND BOUND
Critical through-RT vol: [19] 116 731 57
LT lane vol: [5] 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 U 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 p <P
Plan 4: N N N N

Phase plan selected (1 to 4) 2a

Min. cycle (Cmin) 60 Max. cycle (Cmax) 120

Timing Plan ~ EAST-WEST
Value Ph 1 Ph 2 Ph 3

Movement codes ETL WTL

Critical phase vol [CV] 0 838 0

Critical sum [CS] 2129

CBD adjustment [CBD] 0.900

Reference sum [RS] 1308

Lost time/phase [PL] 4 4 0

Lost time/cycle [TL] 16

Cycle length [CYC] 120.0

Phase time 0.0 44.9 0.0

Critical v/c Ratio [Xcm] 1.88

Status Over capacity

__ NORTH-SOUTH

Ph 1 Ph 2 Ph 3

STL NST
560 731 0
4 4 0
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HCS2000 " DETAILED REPORT

General Information Site Information

m Pérez Berenquer v Asociados w BD or Similar

[ime Period __Ib-45.3.45 Py hnaivsis Year  Bpo2e

studio de Impacto en el Transito|
rb. Monte Sierra

Project ID

Volume and Timing Input

B B B 5B
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Duration of Analysis, T = 0.25

Lane Group Capacity, Control Delay, and LOS Determination

B B B 5B
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TWO-WAY STOP CONTROL SUMMARY

General Information Site Information

Analyst José L. Pérez Berenguer Intersection 2
Agency/Co. Pérez Berenguer y Asoc. Jurisdiction Mayagiliez
Date Performed 11/26/2004 Analysis Year 2026

Analysis Time Period 2:45- 3:45 PM

ntersection Orientation: East-West Btudy Period (hrs): 0.25

Vehicle Volumes and Adjustments

ajor Street Eastbound Westbound

1 . ¥ - ¥ . ¥ - I . |

—\-_-_\
PYTTI T T TE T T T
DTS T T T TZE T7EE T

veh/h
ehicles, P,

Median type __Wraised gy |

Richaneizecr § f B b |
P T T T T N T

_\_____\

pstream Slgnal ‘

inor Street Northbound Southbound

overen 07 N o B o W o K . W o |
& - ¥ = ¥ . ¥ - § < |
peaichourccor prib 7 Moo Tbrs Moo Moo Thoo |

[veh/h
ehicles, P,

Percent grade (%)
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Btorage

RT Channelized?

anes

Control Delay, Queue Length, Level of Service

Approach

Movement

Lane Configuration
Volume, v (vph)
Capacity, c,, (vph)
v/c ratio

Queue length (95%)

Control Delay
(s/veh)

LOS

Approach delay
(s/veh)

ApproachLOS

Bcszon ]

EB
1

WB

4 7

LT
232
1090
0.21

0.81

9.2

-- 38.1

- E

Northbound
8 9

LTR

386

474

0.81

7.73

38.1

Copyright ©© 2003 University of Florida, All Rights Reserved

Southbound
11 12

Version 4.1d



Apéndice 5. Determinacion del Factor de Crecimiento del Transito Promedio Diario

Proyeccién de Vehiculos Registrados, Mayagiez, Puerto Rico

Vehiculos | Vehiculos Regre ssion Output:
Ano Registrados| Proyectados| Constant -172027585711716
1989 45439 46940 Std Errof Y Est 423637609772689
1990 47196 47828 R Squared 454717797545048
1991 45586 48717 No. of Observations 14
1992 46572 49605 Degrees of Freedom 12
1993 48872 50494
1994 52962 51382 X Coefficient(s) 888494505481629
1995 55357 52271 Std Err of Coef. 280869000328634
1996 56861 53159
1997 58330 54048
1998 61350 54936
1999 61509 55825
2000 52142 56713
2001 52631 57602
2002 53202 58490
2004 60267
2006 62044
2026 79814
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Apéndice 6. Generacion, Asignacion y Proyeccion de Viajes
GENERACION DE VIAJES

Con el propdsito de determinar el flujo vehicular que generara
la wurbanizacién Monte Sierra se utilizdé la referencia Trip
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 urbanizacidén Monte Sierra se compondrad 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 proyecto se utilizdé el uso de terreno 210
(“"Single-Family Detached Housing”), segun definido por Trip
Generation (ITE, 2003a). El estimado del volumen en las horas pico
se realizd Dbasado en el nUlmero de unidades residenciales
propuestas.

Se utilizdé 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 éarea
comercial, se supuso que se utilizaran pardmetros de un distrito de
zonificacidén C-1 (Comercial Local), segun definidos por la Junta de

Planificacién (ELA, 2000). Se usaron estos parametros, aunque esta
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no es la zonificacidén del predio debido a que un proyecto comercial
en el lugar sera basicamente para servir a los residentes del area.
Ya que los usos permitidos en el distrito de zonificacién C-1 se
ajustan a este supuesto, se utilizaron sus pardmetros para estimar
cual podria ser la situacidén mas critica que se podria dar en el
lugar y utilizar este escenario en el andlisis. De acuerdo al
Reglamento de Planificacidén Numero 4, se puede desarrollar un
proyecto comercial gque tenga pardmetros de disefio correspondientes
a C-1 de manera gque se provea un 210% del &rea del solar como &area
de piso. Por lo tanto, la situacidén més critica que se podria dar
en este solar seria que se desarrollara un proyecto comercial con
un area para alquiler de 48000 pies cuadrados, escenario que se
utilizdé 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 proporcidn
significativa de los viajes generados por centros comerciales son
simplemente viajes desviados del transito actual en el sistema de
carreteras adyacente. Estos viajes se conocen como “pass-by”.

Debido a que en el &rea existird un centro comercial, 1los
viajes generados por estos deben ser ajustados por viajes “pass-

by”. El1 Trip Generation Handbook (ITE, 2001) incluye estadisticas
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para estimar los porcientos de viajes “pass-by” en funcidén del area
de alguiler comercial. De esta referencia, el porciento promedio
de viajes “pass-by” para un adrea comercial de 48,000 pies cuadrados
es 48.2%. Por lo tanto, se supuso que 48.2% de 1los viajes
generados por el &rea comercial del desarrollo propuesto serén
viajes que actualmente transitan por el lugar. Los resultados de
la generacidén de viajes realizada, ajustada por viajes “pass-by” se

resumen en la tabla A6-1.

Tabla A6-1. Flujo Vehicular que 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 vehicular gue generara el
proyecto propuesto, se procedid a distribuir la nueva demanda de
vehiculos. Esta distribucidén 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 gque se generardn y como Sse

distribuyeron por la red de carreteras analizada.
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PROYECCION DEL TRANSITO
Para proyectar los conteos de flujo vehicular actuales hacia
el futuro, se supuso que el volumen vehicular en el &rea de

andlisis crecerd a una razdédn similar que el numero de vehiculos

registrados en el municipio de Mayagiez. Se obtuvieron datos
histéricos de vehiculos registrados, recopilados por el
Departamento de Transportacidén y Obras Publicas. Con estos datos

se llevd a cabo una regresidn lineal para determinar la curva que
mejor se les ajusta. Los resultados se detallan en el Apéndice 5.
Utilizando la férmula de interés compuesto y el crecimiento anual
obtenido, se proyectaron los datos actuales al afio 2006. En las
figuras 14 vy 15 se ilustran 1los 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 vy

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

3 Edition Page 4C-1
CHAPTER 4C. TRAFFIC CONTROL SIGNAL NEEDS STUDIES
Section 4C.01 Studies and Factors for Justifving Traffic Control Signals

Standard:

An engineering study ol traffic conditions, pedestrian characteristics, and physical characteristics of
the location shall be performed 1o determine whether installation of a traffic control signal is justified at a
particular location,

The investigation of the need for a traffic control signal shall include an analysis of the applicable
factors contained in the following traffic signal warrants and other factors related (o existing operation
and safety al the study location:

Warrant 1, Eight-Hour Vehicular Volume,
Warrant 2, Fowr-Hour Vehicular Vilume,
Warrant 3, Peak Hour.

Warrant 4, Pedestrian Volume,

Warrant 5, School Crossing.

Warrant 6, Coordinated Signal Svstem.
Warrant 7, Crash Experience.

Warrant 8, Roadway Network.

The satisfaction of a traffic sipnal warrant or warrants shall not in itsell require the installation of 5
traliic control signal.

Support:

Sections 807 and 100005 contain information régarding the use of raffic control signals instesd of gates
andfor lashing light signals at highway-railroad grade crossings and highway-light mil ransit grade crossings,
respectively.

Ciuidance:

A traffic control signal should not be installed unless one or more of the factors deseribed in this Chapler
are met

A traffic control signal should not be installed unless an engineering study indicates that installing a traffic
conirol signal will improve the overall safety amdlior operation of the intersection,

A traftic control signal should not be installed i it will seriously disropt progressive traffic fow,

The study should consider the effects of the right-turm vehicles from the minor-street approaches.
Engineering judgment should be used to deétermine what, il any, porion of the right-tum traffic is subtracied
from the minor-street traffic count when evalusting the count against the above signal warrants,

Engineering judgment should also be used in applying various traffic signal warrants o cases where
approaches consist of one lane plus one fefi-tum or right-tum lane, The site-specific waffic characienstics dictate
whether an approach should be considered as one lane or two lanes. For example, for an approsch with one lane
for through and night-turning teafTic plus o lefi-temn lane, engineering judgment could indicate that it showld be
considered a one-lane approach if the traffic using the lefi-lurn lane is minor, |n such a case, the ol ralfic
volume approaching the mierseciion should be spplied against the signal warrants as & one-lane approgch. The
approach should be considered two lanes if approximately half of the traffic on the approsch mwms left amd the
left-turn lane is of sufficient length 1o accommodate all lefi-tum vehicles

Similar engineering judgment and rationale should be applied to a street approsch with one lune plus a right-
turn lane. [n this case, the degree of conflict of minor-street right-turn traffic with traffic on the major street
should be considersd. Thus, nght-turn teaffic should not be included in the minor-street volume il the movement
eniers the major street with minimal conflict. The approach should be evaluated as 4 one-lune approach with
cnly the traffic volume in the through/eit-mm lane considened.

Ara location that is under development or construction and where it is nol possible o obtain i tradfic count
that would represent future raffic conditions, hourly volumes should be estimated as part of an engineering study
for comparisen with traffic signal warrants. Except for locations where the engineering study uses the
sutisfaction of Warrant £ to justify a signal, o traffic control signal installed under projected conditions should
have an engineering study done within | year of putting the signal into stop-and-go operation 1o determine if the
signal is justified. I not jusified, the signal should be taken out of stop-and-go operation or removed.

For signal warrant analysis, a location with a wide median, even if the median width is greater than
9 m (30 ft), should be considered as one intersection,

Py A Sacr, AC00
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Pape 4C-2 203 Edition

Option:

Al an intersection with a high volume of left-tum traffic from the major street. the signal warranl analysis
may be performed in o manner that considers the higher of the major-sireet lef-tum volumes as the “minor-
sireet” volume and the corresponding single direction of opposing traffic on the mapor sireet as the “major-sireet”™
volume,

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

Suppoat;

When performing o signal warrant analysis, bicyelists rnding in the street with other vehicular traffic are
usually counted as vehicles and bicyelists who are clearly using pedesirian facilities are usually counted us
pedesirians,

Oiption:

Engineering study data meay imclude the following:

AL The number of vehicles entenng the inlersection in cach howr from each approsch during 12 howrs of an
average day, I is desirable that the hours selected contain the greatest percentage of the 24-hour mradiic
volume.

B. Wehicular volumes for ench taffic movement from esch approach, classified by vehicle type (heavy
trucks, passenger cars amd light trucks, pablic-transit vehicles, and, o seme locatons, bicyelesy, during
each I5-minute perod of the 2 hours in the moming and 2 hours in the afternoon during which total
traffic entering the intersection is grealest

C. Pedesman volume counts on each crosswalk dunng the same periods as the vehicular counts in Irem B
above and during hours of highest pedesinan volume. Where young, elderly. andfor persons with
physical or visual disabilities need special consideration, the pedesirians and their crossing times may be
classified by general observation,

13, Information aboul nearby facilities and activity centers that serve the young, elderly, andfor persons with
disahilitics, including requests from persons with dizabilities for accessible crossing improvements at the
location umder study. These persons might not be adequately reflected in the pedestrian volume count if
the absence of a sipnal restrains their mobility,

E. ‘Il'tm posted or statutory speed limit or the 85th-percentile speed on the unconirolled approaches o the
DCation,

F. A condition diagram showing details of the physical layour, including such features as intersection
geometrics, channelizaton, grades, sight-distance restrictions, transit stops and routes, parking
conditions, pavement markings, roadway lighting, driveways, nearby  railroad crossings, distance to
nearest traffic control signals, utility poles and fixtres, 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 | year.

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

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

A, Wehicle-hours of stopped time delay determined separstely Tor each approach,

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

C. The posted or statutory speed limit or the #5th-percentile speed on controlled approaches at a point near
o the intersection but unaffected by the control,

[, Pedestrian delay time for at least two 30-minute peak pedestrian delay perods of sn average weekday or
like periods of & Ssturday or Sunday.

E. Queue length on stop-controlled spproaches.

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

The Minimum Vehicular Volume, Condition A, is intended for application at lecations where a large volume
of intersecting traffic is the principal reason 1o consider installing a mraffic control signal.

The Interruption of Contimuous Traffic, Condition B, is intended for application st locations where Condition
A is not satisfied and where the traffic volume on a major street is so heavy that traffic on 4 minor intersecting
street suffers excessive delay or conflict in eniering or crossing the major sireel.

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

B, SC0H L 40700 Howenibei HEI3
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2003 Editaom Page 4(C-3

Table 4C-1. Warrant 1, Eight-Hour Vehicular Volume

Condition A-——Minimum Vehlcular Volume

ehicles per hour an

highar-wolume
Mumber of lanes for Vehicles par hour on major streat]  minor-street approach
moving traffic on each approach {total of both approaches) (one direction anly)

Major Straat Minor Street 100%" 80%" 70% 56%° | 100%° B0%® T0%" 56%

L FE R — y - 500 400 a50 280 160 120 106 84
201 more. Rk 800 480 420 398 150 120 105 B4
2 O0r mora... 2 or more... 600 480 420 338 200 160 140 112
Mo 2 or more.... 500 400 as0 280 200 160 140 112

Condition B—Interruption of Continuous Traffic
Vahicles per hour on

highar-valume
Mumbser of lanas for \ahicles per hour on major streat|  minor-streat approach
maving traffic on each approach {total af both approaches) {one diraction only)

Major Street Minor Street 100%" B80%° 70%° 56%" | 100%" 80%° 70%" 56%

N, | [ 750 800 K25 420 75 B0 53 42
2 or more... b [ e 00 720 B30 50 75 60 653 42
2 or morg... 2 or more... 900 720 630 504 100 80 70 58
g RO 2 oF mora ... 750 600 525 420 00 BDO 70 56

* Basic minimuim howly volimea,

* Used for combinaticn of Cenditions & and B alier adequsie trhal of other remadial measares

" May be used when the major-streel speed axcosds 70 ki of excesds 40 mgh of 0 an isclatad commuriy ik a
population of less than 10,000

" bday be wsed for combinadion of Conditions A and B afler adequale Irial of othar remedial measures whish the majes-
sireal spesd axcesds 70 km'h or exceads 40 mph or 1 an solated community with & populstion of kees Han 10,000,

Standard:
The need for a traffic control signal shall be considered iF an engineering study 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-sireet and the higher-volume minor-street approsaches, respectively, to twe

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

om the major-street and the higher-volume minor-street approaches, respectively, to the
intersection.
In applying each condition the major-sireet 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
B hours,
Chpion;

If the posied or stafutory speed limit or the B5th-percentile speed on the major street exceeds 70 k' ar
exceeds 40 mph, or if the intersection lies within the built-up area of an isolsted community having a population
of less than 10,000, the traffic volumes in the 70 percent celumns in Table 4C-1 may be wsed in place of the 100
percent columns,

Mavember 2000 Sect. dC ATy
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Owdance:

The combination of Conditions A amd B iz intended for application ot locations where Condition A s nod
gatisfied and Condition B is not satisfied and should be applied only after an adequate rial of other aliernatives
that could canse less delay and inconvenience to traffic has failed 1o solve the malfic problems,

Standard:

The 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-street and the higher-volume minor-street approasches, respectively, to the
intersection; and :

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

These major-sireet and minor-street volumes shall be for the ssme 8 hours for each condition; however,
the & hours satisfied in Condition A shall not be required (o be the same 8 hours satisfied in Condition B,
(i the minor street, the higher yolume shall not be required (o be on the same approach during each of
the 8 hours,

Ciption:

If the posted or statutory speed limit or the BSth-percentile speed on the major street exceeds 70 km/h or
exceeds 40 mph, or if the intersection lies within the buili-up area of an isolated community having a population
of Jess than 10,0000, the traffic volumes in the 56 percent columns in Table 4C-1 may be used in place of the B0
FH."I'CL"I'I.[ columns.

Section 4C.03 Warrant 2, Four-Hour Vehicular Volume
Support.:

The Four-Hour Yehicular Volume signal warrani conditions are intended to be upplied where the volume of
intersecting traffic is the principal reason to consider installing a traffic control signal,
Standard:

The need for a traffic control signal shall be consideved if an engineering study finds that, for cach 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-sireet
approach (one direction only ) all fall above the applicable curve in Figure 4C-1 for the existing
combination of approach lanes, On the minor street, the higher volume shall not be required to be on the
same approach during each of these 4 hours.

Crption:

If the posted or statutory speed limit or the 85th-percentile speed on the major street excesds 70 kowh or
exceeds 4} mph or if the intersection lies within the built-upr area of an isolated community having o 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 intended for use at a location where wafic conditions are such that for a
minirmum of 1 hour of an average day, the minor-strect traffic suffers undue delay when entering or crossing the
ML SIreed,

Sitandard:

This signal warrant shall be applied only in unusual cases, such as office complexes, manufacturing
plants, industrial complexes, or high-occupancy vehicle facilities that atiract or discharge large numbers
ol vehicles over a shorl time,

The need for a traffie control signal shall be considered il an enginecring study finds that the criteria
in either of the following two categories are met:

A. [If all three of the following conditions exist for the same 1 hour (any four consecutive 15-minute

periods) of an average day:

1. The total stopped time delay experienced by the traffic on one minor-street approach (one
dircetion only ) controlled by o STOP sign equals or excecds: 4 vehicle-hours for a one-lang
approach; or 5 vehicle-hours for & two-lane approach, and

St A0 AT oA 0 Bavember 2000
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Figure 4C-1. Warrant 2, Four-Hour Vehicular Volume
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Figure 4C-2. Warrant 2, Four-Hour Vehicular Volume (70% Factor)
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2. The volume on the same minor-streel approach (one direction anly ) equals or exceeds 100
vehicles per hour for one moving lane of tralfic or 150 vehicles per hour for twa moving lanes,
and

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

BE. The plotied 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 falls above
the applicable curve in Figure 4C-3 for the existing combination of approach lanes,

Chpliom:

If the posted or statuiory speed limit or the 85th-percentile speed on the major street exceeds 70 kimdh or
exceeds ) mph, or if the intersection lies within the built-up area of an isolated community having a population
of less than 1L, Figure 4C-4 may be used in place of Figure 4C-3 to satisly the criteria in the secomd
category of the Standard.

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

The Pedestrian Volume signal warrant is intended for application where the traffic volume on a major street
is w0 henvy that pedestrians experience excessive delay in crossing the major street,
Standard:

The need for a traffic control signal at an intersection or midblock erossing shall be considered iC an
engineering study finds that both of the following criteria are met:

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

average day is 100 or more for each of any 4 hours or 190 or more during any 1 hour; and

B. There are fewer than 60 gaps per hour in the traffic stream of adegquate length to allow pedestrians
to cross during the same period when the pedestrian volume criterion is satisfied. Where there is a
divided street having a median of sufficient widih for pedestrions to wait, the requirement applies
separately Lo each direction of vehicular traffic.

The Pedestrian Volume signal warrant shall not be applied at locations where the distance (o the
nearest traffic control signal along the major street is less than 90 m (300 fi), unless the proposed traflic
control signal will not resteiet the progressive movement of teafTic.

If this warrant is met and a traffic control signal is justified by an engineering study, the traffic control
signal shall be equipped with pedestrian signal heads conforming io requiremenis set forth in Chapter 4E.
Ginidance:

IF this warrant is meel and a traffic control signal is justified by an engineering soody, then:

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

detecions.

B, If ut a nonintersection crossing, the mraffic control signal should be pedestrian-actuated, parking amd other
sight obstructions should be prohibited for an Jeast 30 m (100 ft) in advance of and at Jeast 6.1 m (20 1)
beyond the crosswalk, and the installation should inchede seiwble standard signs and pavement
markings.

. Furthermore, if installed within a signal svstemn, the traffic control signal should be coordinated.

Crpriom:

The criterion for the pedestrian volume crossing the major roadway may be reduced as much as 50 percent if
the average crossing spesd of pedestrians is less than 1.2 mfsec (4 fWfsec).

A traffic control signal may not be needed at the study location if adjacent coordinated traffic control signals
comsistently provide gaps of adequate length for pedestrians to cross the street, even if the rate of gap occurrentce
is less thuan one per minute,

Section 4C.06 Warrant 5, School Crossing

Suppaoti:
The School Crossing signal warrant 15 intended for application where the fact that school chikdren cross the
major street is the principal reason 1o consider installing a traffic control signal.

Hogt AT {4 10 S0, MG Porvemiber 203
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Figure 4C-3. Warrant 3, Peak Hour
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Standard:

The need for a trafTic control signal shall be considered when an engineering study ol the lrequency
and adequacy of gaps in the vehicolar traffic stream as related to the number and size of groups of school
children at an established school crossing across the major streel shows that the number ol adeguate gaps
In the traffic stream during the period when the children are using the crossing is less than the number of
minutes in the same perlod (see Section TA03) and there are 8 minimum of 20 students during the highest
crossing lour,

Before a decision is made 1o install a traffic control signal, consideration shall be given to the
implementation of other remedial measures, such as warning signs and Nashers, school speed zones; school
croszsing guards, or a grade-separated crossing,

The School Crossing signal warrant shall not be applicd s locations where the distance to the nearest
tralfic control signal along the major sireei is less than 90 m (300 fi), unless the proposed trafTic control
signal will not restrict the progressive movement of traffic.

Guidance:

IT this warrant is met and o traffic control signal is justified by un engineering study, then:

Ao 11wt an intersection, the traffic control signal should be maffic-actuated and should include pedestrian

deteciors.

B, I a1 a nonintersection crossing, the raffic conmral signal should be pedestman-actuated, packing and other
sight obstructions should be prohibited for at least 30 m (100 ft) in advance of and at least 6.1 m (20 fi)
beyand the crosswalk, and the installation should include suitable standord signs and pavemeni
mEErkings.

. Furthermaose, if installed within a signal system, the traffic control signal should be coordinated.

Section 4C07 Warrant 6, Coordinated Signal System
Support!

Progressive movernent in a coordinated signal svstem sometimes necessitates installing traffic control signals
at infersections where they would not otherwise be needed in order to maintain proper platoomng of vehicles,
Stamdiard:

The meed for a traffic control signal shall be considered if an engineering study finds that one of the
following criteris is melt:

A. Dm s one-way strect or a street that has traffic predominantly in one direction, the adjacent traffic

-cTntlmI signals are so far apart that they do not provide the necessary degree of vehicular
atoonin

I, fmn a lwu-l:rug' streel, adjacent traflic control signals do not provide the necessary degree off

plateoning and the proposed amnd adjacent traffic control signals will collectively provide o
progressive operalion,
Cinncfance:

The Coordinated Signal System signal warrant should ned be applicd where the resultant spacing of rafTic
control signals would be less than 3000 m (1,000 fi),

Section 4C.08 Warrant 7. Crash Experience
Supporm:
The Crash Experience signal warrani conditions are intended for applicatien where the severity and
frequency of crashes are the principal reasons 10 consider mstalling & waffic control signal,
Standard:

The need for a trafTic control signal shall be considered if an engineering study finds that all of the
following criteria are met:

A. Adeqguate 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 o traffic control signal, have
oceurred within a 12-month period, sach crash involving personal injury or property damage
apparently exceeding the applicable requirements for a reportable crash; and

. For each of amy 8 hours of an average day, the vehicles per hour (vph) given in boih of the 80
percent columns of Condition A in Table 4C-1 (see Section 4C,02), or the vph in both of the 80
percent columns of Condition B in Table 4C-1 exists on the major-street and the higher-volume
minar-street approach, respectively, to the intersection, or the volume of pedestrian traffic is not

Bect, 407 N po 40 08 B ovesnter J003
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less than 80 percent of the regquirements specified in the Pedestrian Volume warrant. These major-
streef and minor-street volumes shall be Ffor the same § hours. On the minor sireed, the higher
volume shall not be required to be on the same approach during cach of the B hours.

Oiption:

If the posied or stutory speed limit or the 85th-percentile speed on the major sireet exceeds 70 km/'h or
exceeds 40 mph, or if the intersection lies within the built-up area of an isolated community heving a population
of less than 10,000, the raffic volumes in the 56 percent columns in Table 4C-1 may be used in place of the B0
percent columns,

Section 4C.09 Warrant 8§, Roadway Network
Support:
[nstalling a traflic control signal ol seme intersections might be justified w encourage concentration amd
orgamzation of traffic Mow on a roadway nelwork.
Standard:

The need for o traffic control sipnal shall be considered if an engineering study finds that the common

intersection of lwo or more major roules meets one or both of the following criteria:

A, The intersection has a todal existing, or immediately projected, entering volume of ai least 1,000
vehicles per hour during the peak hour of a typical weekday and has S-year projected traffic
vilumes, based on an engineering sindy, 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 1,004
vehicles per hour for each of any 5 hours of a nonmormal business day (Saturday or Sunday ).

A mujor route ns used in this sipnal warrant shall have one or more of the following characteristics:

Ao It is part of the street or highway system that serves as the principal roadway network for through
traffic Mow; or

B. It includes rural or suburban hiphways outside, entering, or traversing a City; or

C. It appears as a major route on an official plan, such as a major street plan in an urban ares traflic
and transportation study.

Movember 21K S, A0 M Do JU
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Curriculum Vitee del consultor

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

EDUCATION:

P.O. Box 6512, Marina Station
Mayagiez, Puerto Rico 00681-6512
Phone & Fax (787) 254-8321
PBAsoc@centennialpr.net

CURRICULUM VITE

JANUARY 1992 TO MAY 1994

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

AUGUST 1986 TO DECEMBER 1991

Bachelor of Science in Civil Engineering. University of
Puerto Rico - Mayagliez Campus, Mayagliez, 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 1los 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 Construccién 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 Impacto 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
Analisis Operacional de un Sistema de Transportacién
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 Dby 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,
Mayagiez, Puerto Rico. Written report and oral exam

SEPTEMBER 1996

Replicabilidad de Medidas de Rugosidad del Pavimento
Utilizando el equipo ARAN. Published. IX Congreso
Panamericano 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 consideration 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 Congreso Panamericano de Ingeneria de Tréansito y
Transportes, Ciudad de Mexico, Mexico

PRESENTATIONS:
DECEMBER 2, 1996 TO DECEMBER 6, 1996
Replicabilidad de Medidas de Rugosidad del Pavimento
Utilizando el equipo ARAN. IX Congreso Panamericano de
Ingenieria de Transito 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. Civil
Engineering Department, University of Puerto Rico -
Mayaglez 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 1994 TO PRESENT
Pérez Berenguer y Asociados; Principal, Transportation
and Civil Engineer

AUGUST 1994 TO DECEMBER 1998
University of Puerto Rico - Mayaglez Campus, Civil
Engineering Department; Professor of the courses:
Highway Location and Curve Design
Highway Engineering
Undergraduate Research
Seminar of Civil Engineering
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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 - Mayagiez 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 - Mayagiez 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 - Mayagiez Campus,
Mayagiez, Puerto Rico
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SEPTEMBER 24, 2004

The Process of Forced Expropriation: Important Aspects
for Engineers and Land Surveyors - Johnny Coldén 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
Puerto Rico - Mayagiiez Campus, Mayagiiez, Puerto Rico

AUGUST 2003 TO DECEMBER 2003

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

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

AUGUST 2002 TO DECEMBER 2002

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

JANUARY 2002 TO MAY 2002

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

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

JULY 31, 2001

Addressing Lead-Based Paint Hazards During Renovation,
Remodeling and Rehabilitation in Federally Owned and
Assisted Housing -Benjamin Cintrén, Quantech - Fort
Buchanan, Guaynabo, Puerto Rico. Sponsored by HUD
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JANUARY 2001 TO MAY 2001

Photogrammetry I - José L. Flores Malavé, M.S.L.S.,
University of Puerto Rico - Mayagiiez Campus, Mayagliez,
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 - Mayagilez Campus,
Mayagiez, Puerto Rico

JANUARY 2000 TO MAY 2000
Geodesy I - José L. Flores Malavé, M.S.L.S., University
of Puerto Rico - Mayagiiez Campus, Mayagiez, Puerto Rico

JULY 14-16, 1998

Worksite Traffic Supervisor Training Course - James A.
Brandon, Jr., P.E., American Traffic Safety Services
Association. 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

Reglamentacidén y Procedimientos para el Desarrollo de
Terreno y Permisos de Construccidén 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, Mayagiez, 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
- Mayagliez 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 vy
Extensién La Concepcidédn, Inc., Cabo Rojo, Puerto Rico

NOVEMBER 1994 TO DECEMBER 1998

Tren Urbano Internship Program - coordinated by the Civil
Infrastructure Research Center, University of Puerto Rico
- Mayagliez Campus, Mayaglez, 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, Mayagiez, Puerto Rico

NOVEMBER 1995 TO AUGUST 1996

Member of the Academic Affairs Committee of the Civil
Engineering Department, University of Puerto Rico -
Mayagiez Campus, Mayagliez, Puerto Rico
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WORK DONE BY THE OFFICE IN RELATED FIELDS:
MAY 2003 TO PRESENT
Maintenance of Traffic Plans for projects to Dbe
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 Properties

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 Baez street, Pérez
Morris Housing Development, Universidad ward, San Juan,
Puerto Rico, for Asociacidn 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 1Institute of Engineers and
Surveyors of Puerto Rico
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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
El 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, Rincdén 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, Mayagiez,
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 Chardén
street, Rio ward, Mayagiez, Puerto Rico, for Mr. Eduardo
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 El1 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, Ponce,
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 Dby the Institute of Engineers and
Surveyors of Puerto Rico

MARCH 29 AND APRIL 5, 2003

Instructor - Review for the Professional Civil Engineer
Exam, sponsored Dby the 1Institute 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 1Institute 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, Bucanad Ward, Ponce,
Puerto 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 Dby 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,
Mayagiez, 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
Mayagliez housing development 1in the adjacent roads,
Sadbalos ward, Mayagiez, Puerto Rico, for Pulte Homes
Caribbean

SEPTEMBER 29 AND OCTOBRER 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
Solutions, P.S.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

JANUARY 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 Jjunction 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 El1 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 E1l Monte
project in the State Highway PR-2, Kms. 173.2 to 174.7,
Cain Alto ward, San Germéan, 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 1Institute 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. Rodriguez 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 1999

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
Beltrdn Rodriguez

OCTOBER 16, 1999

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

OCTOBER 1999

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

JULY 1997 TO JULY 1999

Maintenance of Traffic Plan for the Bayamdén 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.
Ismael 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 Daily 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), Boquerdn ward, Cabo
Rojo, Puerto Rico, for Dr. Ricardo Ramirez Ramirez

OCTOBER 17, 1998

Instructor - Review for the Professional Civil Engineer
Exam, sponsored by the 1Institute of Engineers and
Surveyors of Puerto Rico
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MAY 1998

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. Luis A.
Pérez Villanueva

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

depositions at public audiences), proposed at the State
Highway PR-3, kms. 33.0 to 35.0, Mata de Platano ward,
Luquillo, 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
S.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 - Candvanas, Puerto Rico), for
Behar-Ybarra Associates

OCTOBER 4, 1997

Instructor - Review for the Professional Civil Engineer
Exam, sponsored by the 1Institute 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, Esqg.

AUGUST 1996

Quality tests of the asphalt concrete used on the parking
of the Municipal Drop-0ff 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, Puerto 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 CSA
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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NOVEMBER 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 Lebrdédn Associates

JULY 1995

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

JULY 1995
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
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