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PROLOGO

El presente proyecto considera los trabajos de Suministro e Instalacion de un
Sistema de Ventilacion para un Edificio de Oficinas de Consultaria, el cual consta
de un proyecto de Aire Acondicionado, Extraccion de Mondxido y Presurizacién de

Escalera.

El proyecto es interesante debido a que contempla los sistemas principales que
involucran el movimiento del aire en sus distintas aplicaciones, para el confort como
en el sistema de Aire Acondicionado, para la seguridad como en la Presurizacion de
Escalera y para la salud como en el caso de la Extraccion de Monédxido.
Encontrandose y solucionandose los distintos problemas que se dan en sus
respectivas instalaciones. Del mismo modo se indica la tendencia que se tiene en

su compatibilizacion con los otros sistemas al momento de ejecutarse en la obra.

A continuacién detallamos el contenido de los diferentes capitulos:

Capitulo 1ro hace referencia a una descripcion general de los distintos sistemas
que estaran tratandose en el presente proyecto, resaltando que el mundo moderno
ya considera su aplicacion debido a los beneficios que se generan producto de su

instalacion.

Capitulo 2do hace referencia a los sistemas y su aplicacion en los distintos niveles
del edificio, proporcionando a la vez los requerimientos de confort y seguridad

necesarios.



Capitulo 3ro nos proporciona los datos constructivos del edificio y las condiciones

generales del proyecto, asimismo los rangos de aire fresco a considerar.

Capitulo 4to hace referencia a las fichas de resumen, Interpretacion de los datos y
calculos mediante el ELITE CHVAC Software que calcula de forma rapida y precisa
el valor maximo de calentamiento y las cargas de enfriamiento para edificios
comerciales, utilizando para ello datos meteorolégicos de disefio segun la

ubicacién del local y basada en la norma ANSI y ASHRAE.

Capitulo 5to muestra el calculo para el Sistema de Presurizacion de Escalera y

Extraccion de Monédxido.

Capitulo 6to muestra las caracteristicas que deben tener los equipos para la

selecciéon de los mismos.

Capitulo 7mo muestra los criterios para la disposicion de la ducteria asi como

también la distribucion de las rejillas y difusores empleados.

Capitulo 8vo muestra las normas y estandares en donde se indican las

consideraciones que se adoptaron para el presente informe.

Capitulo 9no muestra el metrado y presupuesto base considerado en el proyecto
dandose asi mismo un pequefio analisis comparandolo con un sistema

convencional.

Como ultimos puntos se indican las conclusiones y recomendaciones producto de la
experiencia adquirida, asi como la tendencia que se tiene en la actualidad sobre la
supervision, seleccién y coordinacién que se tiene que tener en cuenta en la

construccién, con el fin de optimizar los recursos del proyecto.



CAPITULO |
INTRODUCCION

El presente proyecto se ha realizado para suministrar e Instalar un Sistema de
Ventilacion, el cual consta de un proyecto de Aire Acondicionado, Extraccion de
Monoéxido y Presurizacion de Escalera para las oficinas de Price Water House
Coopers que se encuentra ubicado en el Edificio “SANTO TORIBIO”, construido en
la Avenida N° 149, Manzana 94, Lote 3 y 4, Urbanizacion Fundo Conde de San

isidro, Distrito de San Isidro, Provincia y Departamento de Lima.

La Arquitectura ha sido definida por el Arq. Ricardo Martin de Rossi y contempla 8
niveles de piso, una azotea, cuatro (4) niveles de estacionamientos en Sétanos con
una capacidad total de 251 autos y teniendo en cuenta el tipo de edificacién, se ha
considerado ademas una escalera de escape para el caso de incendio la cual se ha

presurizado.

Debido a la enorme importancia que tiene el aire acondicionado y los sistemas de
ventilacion en el entorno en el que actualmente se desarrollan las personas, es que
estos sistemas han dejado de ser un lujo y han pasado a ser una necesidad diaria

los cuales brindan confort, salud y seguridad.



1.1 Antecedentes

Actualmente existen muchos paises en el que la utilizacion de éstos sistemas se
hacen una necesidad, debido a las temperaturas extremas a las cuales estan
expuestas, es por ello que destinan fuertes porcentajes de inversion en este rubro.
Esta necesidad del mundo moderno esta haciendo posible el desarrollo de la

ingenieria en la creacion de multiples sistemas de acondicionamiento y seguridad.

1.2 Objetivo

Suministrar e Instalar un Sistema de Ventilacion para las Oficinas Administrativas
ubicadas en el Peru del Consorcio Price Water House Coopers, compuesto por 2
unidades CHILLER de 125TON para la climatizaciéon del aire, un sistema de
Extraccion de Monodxido y Presurizacion de Escalera para mantener la seguridad y
salud del mismo, asi como también indicar la nueva tendencia en la construcciéon y

su forma de interactuar con la ingenieria mecanica.

1.3 Alcances

El informe comprende el desarrollo del proyecto y la ejecucion del mismo en la cual
nosotros hemos trabajado como SUB-Contratistas. De los cuales nuestros alcances

se detallan de la siguiente manera:

El Contratista de la Ventilacion Mecanica es el responsable de la correcta
ejecucion del presente proyecto, el cual comprende el suministro e Instalacion de
los Equipos y Materiales detallados mas adelante y de aplicar las mejores técnicas

de instalacion.



Para la instalacion de los sistemas de climatizacion y ventilacion mecanica se han

seguido las siguientes normas, reglamentos y codigos:

- ASHRAE (American Society of Heating, Refrigeration and Air Conditioning
Engineers), es una sociedad internacional técnica dedicada a mejorar la calidad de
vida a través de los avances tecnologicos relacionados al HYACR creando para ello
estandares, recomendando procedimientos y guias, investigando y publicando

articulos técnicos.

- SMACNA (Sheet metal and Air Conditioning Engineers), tiene como fin dar a
conocer los estandares de construccion de Ductos y todo lo relacionado a los
colgadores, soportarias y refuerzos para que el contratista o empresas de
ingenieria puedan especificar o fabricar evaluando siempre el beneficio econdmico

con apego total a los estandares aprobados por la ASHRAE.

- ASTM (American Society for Testing Materials), es una organizacion
internacional que desarrolla las normas mas grandes del mundo. Estas normas son
utilizadas y aceptadas mundialmente y abarcan areas tales como metales, pinturas,
plasticos, textiles, petroleo, construccion, energia, el medio ambiente, productos

para consumidores, dispositivos y servicios médicos y productos electronicos

- ASME (American Society of Mechanical Engineers), Es una asociacion
profesional, que ademas ha generado un codigo de disefo, construccion,
inspeccion y pruebas para equipos, entre otros, calderas y recipientes a presion.

Este codigo tiene aceptacion mundial y es usado en todo el mundo.

- NFPA (National Fire Protection Association, 92A, 101), es una organizacion
creada en Estados Unidos, encargada de crear y mantener las normas y requisitos

minimos para la prevencion contra incendio, capacitacion, instalacion y uso de



medios de proteccidon contra incendio, utilizados tanto por bomberos, como por el
personal encargado de la seguridad. En la actualidad, cada construccion, proceso,
servicio, diseno e instalacion estan afectados por codigos y normas desarrollados
por la NFPA. Por medio de los Cdodigos contra Incendios y sus publicaciones, la

NFPA establece solidos principios para la proteccion y seguridad

- RNE (Reglamento Nacional de Edificaciones, incluyendo adenda), Es la norma
técnica rectora en el territorio nacional que establece los derechos vy
responsabilidades de los actores que intervienen en el proceso edificatorio, con el
fin de asegurar la calidad de la edificacion. Establece requisitos técnicos para el

diseno y ejecuciéon de las Habilitaciones Urbanas y las Edificaciones

- HVAC (Heating, Ventilating and Air Conditioning), es un sistema de ventilacion,
calefaccion y aire acondicionado que analiza un conjunto de métodos y técnicas
que estudian y trabajan sobre el tratamiento del aire en cuanto a su enfriamiento,
calentamiento, deshumidificaciéon, calidad, movimiento, etc. Su finalidad es de
proporcionar una corriente de aire, calefaccion y enfriamiento adecuado a cada

ambiente de acuerdo al uso que va a tener.

- Los codigos y regulaciones nacionales sobre estas instalaciones en particular.

Los suministros y trabajos a ejecutarse incluyen pero no estan limitados a lo

siguiente:

-Suministro e Instalacién del equipo y accesorios que aparecen en los planos y/o
solicitan en las presentes especificaciones técnicas completos con todos los

elementos que sean requeridos para su correcta y normal operacion.

-Suministro e Instalaciéon de ductos metalicos



-Conexion eléctrica y drenaje de cada equipo.

-Conexion eléctrica de los controles.

-Pruebas, regulaciones y balance de todos los sistemas



CAPITULO Il
MEMORIA DESCRIPTIVA

El presente proyecto contempla la instalacién de (02) Equipos tipo Chiller Enfriados
por Aire con capacidad de 125 TON con su respectivo sistema de bombeo y una
distribucion interna de equipos fan coil que se encargaran de acondicionar cada
ambiente. Asi mismo se esta considerando un Sistema de Extraccién de Mondxido
para los 4 s6tanos con una capacidad total de 251 autos y teniendo en cuenta el
tipo de edificacion y para los piso del primero al octavo se ha considerado ademas
una escalera de escape para el caso de incendio la cual se ha presurizado,

teniendo ademas puertas del tipo contra incendio segun consta en arquitectura.

Para el desarrollo del presente Proyecto se ha tenido en cuenta las normas y
procedimientos de la ASHRAE, la NFPA 92A, la NFPA 101, el RNE , experiencia
local, datos de temperatura - humedad del Senamhi para la ciudad de Lima, zonas
o ambientes solicitados por el propietario a climatizar, asi como los Planos de

Arquitectura vigentes.



2.1 Requerimientos de Confort, Salud y Sequridad

Para el Confort, se ha considerado en el calculo de las ganancias térmicas de

los ambientes lo siguiente:

1. El Reglamento Nacional de Edificaciones (RNE) NORMA A.010, Capitulo IX
Requisitos de Ventilacidon y Acondicionamiento Ambiental en el Articulo 54,

donde nos indica la temperatura, humedad y Fluctuacion.

2. El Standard 62 de ASHARE para la consideracion de la limpieza de aire y la

renovacion de Aire por persona.

Esta Norma y Estandar nos indican valores cuyo registro son producto del estudio
del confort de las personas con el fin de desarrollar de una manera mas eficiente

sus labores.

Para la Salud, se ha considerado en la Extraccion de Monoxido en los

estacionamientos lo siguiente:

1. El Reglamento Nacional de Edificaciones (RNE) NORMA EM.030

INSTALACIONES DE VENTILACION, el punto 5 del Articulo 11.

2. El Reglamento Nacional de Edificaciones (RNE) NORMA A.010, Capitulo Xl

Estacionamientos en el articulo 69.
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Para la Seguridad, se ha considerado en la Presurizacion de Escalera lo

siguiente:

1. El Reglamento Nacional de Edificaciones (RNE) NORMA A.130 Sub
Capitulo IV Requisitos de los Sistemas de  Presurizacion

de Escaleras lo indicado en el Articulo 30 y Articulo 31.

2. El Reglamento Nacional de Edificaciones (RNE) NORMA A.010, Capitulo |

en el articulo 2.

3. La NFPA 92A y la NFPA 101 Cédigo de Seguridad Humana en los puntos
7.2.3.2 Diseno de Desempeno, 7.2.3.8 Ventilacion Mecanica 7.2.3.9

Presurizacion de las Escaleras .7.2.3.9.1*.

2.2 Situacion Actual

a. Condiciones E xteriores Maximas Segun SENAMHI:

Temperatura de bulbo seco 85 °F

Temperatura de bulbo humedo 75 °F

b. No cuenta con ningun Sistema de Extraccion ni Ventilacion Natural para el

monoxido generado en los sétanos del edificio proyectado.

c. No cuenta con ningun sistema de proteccion para la evacuacion del personal por

las escaleras de escape ante un siniestro.



CAPITULO Il
CONDICIONES GENERALES DEL PROYECTO

3.1 Materiales de Construccion

Coeficiente de conduccién de pared - 0.325 Btu/h.°F.pie? (ver figura 1)
Coeficiente de conduccién de piso = 0.35 Btu/h.°F .pie? (ver figura 2)
Coeficiente de conduccién de techo = 0.35 Btu/h.°F .pie? (ver figura 2)
Coeficiente de conduccién de vidrio = 1.04 Btu/h.°F.pie? (ver figura 3)

Factor de sombra 0.7 (ver figura 4)

Los datos indicados fueron obtenidos del Software Elite los cuales estan basados

en la ASHRAE., y aparecen en los siguientes cuadros.
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3.2 Datos para el Calculo Térmico

Para los presentes calculos se han tomado en consideracion lo indicado en las
Normas, Estandares (ASHRAE), en lo referente a los requerimientos de Confort,
datos de SENAMHI para las consideraciones exteriores y consideraciones
especiales por las actividades del proyecto. El dimensionamiento de los equipos se

ha realizado en base a los siguientes parametros:

a. Condiciones Exteriores Maximas:

Temperatura de bulbo seco 85 °F (ver figura 1)

Temperatura de bulbo humedo 75 °F (ver figura 1)

b. Condiciones Interiores:

Temperatura de bulbo seco : 71.6°F (ver figura 1)

Humedad relativa ; 55% (no controlada, ver figura 1)
c. Fluctuacion : + 2°F

d. Caudales de renovacion de aire : 15CFM / persona (ver figura 2)

e. Cargas Internas

Ganancia de calor por personas:

Ganancia sensible : 250 Btu/h. por persona (ver figura 3)
Ganancia latente ; 200 Btu/h. por persona (ver figura 3)
lluminacion : 20 Watt / m? = 1.87watt/ ft? (ver figura 4)

Equipo de Computo - 250 Watt / Eq. (Consumo dato)
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3.3 Datos para el Sistema de Ventilaciéon Mecanica y Aire Exterior

Para los presentes calculos se han tomado en consideracion lo indicado en las
Normas, Estandares, Codigos, etc. en lo referente a los requerimientos de Confort.
Seguridad y Salud. El dimensionamiento de los equipos se ha realizado en base a

los siguientes parametros:

Para el calculo del porcentaje de Aire Exterior

e Caudales de renovacion de aire debe ser por lo menos 15CFM / persona

Para el calculo de la Extraccion de Monoxido en los estacionamientos

e Larenovacion de aire no podra ser menor a un cambio completo de aire

cada doce minutos, es decir, como minimo se considerara 5 cambios /hora.

e En ningun caso, la renovaciéon de aire sera menor a doce metros cubicos por
hora y por metro cuadrado de superficie total de estacionamiento,

incluyendo las areas de circulacion.

Regulacion de caudal, variando el
damper instalado en los ductos de

concreto.
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Verificacion de pérdidas de caudal y
presion en el ambiente del extractor de

monoxido a fin de que se corrija.

Se considero tapa de concreto para

instalacion del damper de regulacion

e La concentracion debera ser menor o igual que 50ppm de monodxido de

carbono.

Para el calculo de la Presurizacion de Escalera:

e La diferencia de presion minima de disefio entre el interior y el exterior de la
caja de la escalera debe ser de 0.05 pulgadas de columna de agua (12.5PA)
y el maximo de 0.45 pulgadas de columna de agua (25PA) para edificios

protegidos al 100% con rociadores.(ver figura 1 y figura 2)
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Fig.1 Instrumento Dwyer para medicion de diferencial

Fig. 2 Registro de mediciones de los diferenciales de presion.

La maxima fuerza requerida para abrir cada una de las puertas de la caja de
la escalera no debera exceder las 30 Ibf. Equivalente a 13.6kgf o 133N.(ver

figura 3 y figura 4)



Fig. 3 Valor de la medicion de apertura de puerta

Fig. 4 Prueba de apertura de puerta de escape
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CAPITULO IV
CALCULO DE LA CARGA TERMICA

4.1 Usos de Software de Calculo

Para el calculo de la capacidad de enfriamiento del sistema de Aire Acondicionado
se utilizo el Software CHVAC ELITE que es un programa de calculo térmico basado
en procedimientos descritos en la ASHRAE, este software calcula de forma rapida y
precisa el valor maximo de calentamiento y las cargas de enfriamiento para edificios
comerciales, el calculo lo realiza tomando en cuenta la hora de mayor demanda la
cual depende de la latitud, altitud y longitud de la ciudad, esto se facilita debido a
que el programa CHVAC ELITE cuenta con una base de datos de las coordenadas
geograficas de la ciudad donde se realiza el calculo, para nuestro caso las

condiciones de Lima-Peru.

El software utilizado para calcular la capacidad de enfriamiento necesita de datos
constructivos del proyecto, datos de operatividad y completar las variables que
solicita el software antes de generar los reportes de calculo, el orden de ingresar la

informacion al proyecto es el siguiente:



1ro. General Project Data

En este cuadro se tienen que
ingresar los datos generales del
proyecto, como:

e Nombre del Proyecto y del
cliente.

e Ciudad de calculo

e Sistema de Unidades a
utilizar.

e Calor sensible y latente de las
personas.

e Ratios de iluminacién y de
equipamiento.

e Horas de operacion del
edificio.

e Nombre de la compania que
realiza el calculo

e Altura de las plantas y el nivel
del falso cielo raso si cuenta.

2do. Operating Load Profiles.

En este cuadro se tiene que ingresar
los perfiles de operacion de la carga,
como lo son:

e Horas de funcionamiento por
cada ambientes a calcular,
pudiendo tener varios perfiles
para diferentes ambientes.

e Se cuenta con la posibilidad
de rellenar hasta 10 perfiles
diferentes con una duracion
de 24 horas cada una.
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3ro. Indoor/ Outdoor Design
Conditions

En este cuadro se tiene que ingresar
las condiciones de disefio que se
requiere para el proyecto, asi como
las condiciones exteriores como lo

son:

Se tiene que cargar el
nombre de la ciudad a fin de
que el software cargue las
condiciones ambientales

Se debe seleccionar los
meses mas calurosos segun
la estacion de verano.

Se indica las condiciones
interiores de temperatura y
humedad requerida para el
proyecto

De ser necesario se pueden
editar los valores, segun los
requerimientos que se
tengan.

4to. Master Data.

En este cuadro se tiene que ingresar
los datos maestros del proyecto
como lo son:

Coeficientes de conduccion
térmica de las paredes,
muros, pisos, vidrios
particiones, pudiendo tener
hasta 10 tipos diferentes de
perfiles para cada caso en
particular.

Se ingresa coeficientes de
sombra, color de las paredes
y vidrios utilizados, para cada
perfil que creamos
conveniente crear.
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5to. Air Handler Data

En este cuadro se tiene que ingresar
los datos de las manejadoras de aire
del proyecto como lo son:

e Se dar un numero a cada
sistema y relacionarlo con un
nivel o nombre de la zona a
realizar el calculo térmico

e Para cada sistema se debe
indicar el tipo de calculo a
realizar, los perfiles a
seleccionar, los factores de
seguridad a tener en cuenta.

e Se muestra los valores de
condicion interior el ambiente
a considerarse.

e Se puede colocar de manera
manual el grado de limpieza
del aire, para la inyeccién de
aire fresco

6to. Zone Data

En este cuadro se tiene que ingresar
los datos de las zonas del proyecto
las cuales tiene que ser iguales en
nombre a los sistemas indicados
anteriormente, estos datos son:

e Dimensiones y area de las
zonas a calcular asi como
también la altura de la zona a
climatizar con el fin de
obtener el volumen.

e Se ingresa las dimensiones
de las paredes, piso y vidrio
con la orientacién geografica.

e Para cada zona se indica el
equipamiento y cantidad de
personas a considerar y
aquellos valores diferentes al
perfil creado anteriormente.
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7mo. Plenum Data.
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Finalmente el software brinda los reportes de acuerdo a las necesidades que

necesitemos presentar, entre los reportes que podemos generar tenemos:

Datos del Proyecto.

e Datos de las manejadoras.

e Resumenes de Carga por

Edificio y Manejadora indicando .m.... .
Inowt Reparts Hak Cloaw :] Load Summancs
age v Genmal ~ Zones ~ Bukdsg 2}
las formulas utilizadas. S vt [ P o Dt @) + ha Mo 6)
Othes Mah Cloa ‘.] Pie Chasts Matk Cha :J
@ Tase Poge W Piychvomeinc Repon 2) Buidding () ~ Zone
@ Bidg Envelopo P Poycteemctic Repot (6) Budding (6) P Giow
’ - W Pepchvaméuic Chast (2) A Harvdet 2)
e Reporte Pshycrométrico por © Porcomctic Chan (6) e s )
Load Profie Graphs ndi u‘.‘.‘%...m[: :J Load Protdos o “5.;5” - .]
Zona indicando los GPM a S g
As Handlos £} As Handlers 2}
. Ax Handiors (G} As Handless (6}
considerar. o e
v ahuatr Provgiom Bint. [ Cancel

e Gréfico por sectores, indicando
el sector que mayor valor aporta

a la carga.

e Perfiles Generales del Proyecto.



4.2 Fichas Resumen

Las fichas de reporte generadas para el presente proyecto son las siguientes:

La ficha Bulding Summary Loads muestra el
considerando la simultaneidad de toda las cargas en el edificio, asimismo se
pueden apreciar del porcentaje de aire fresco y el caudal total de aire inyectado

brindandonos los ratios de caudal por pulg.2 asi como el ratio de nivel de

enfriamiento por pulg.2

resumen total

Ficha: Resumen de Carga de la Edificacion
(Bulding Summary Loads)

{h

Duvalogrnent, ine.
EMikz0 Price Water Hause Coopess

[Building Summary Loads

Buiding peaks n Deasmber at Spm.

Sen %Tot Lat Sen Net FNet
Roof 14.480 0 0.00 (V] 177830 177.830 6.16
Wall 9,603 0 0.00 0 42,757 42,757 148
Glass 7984 0 0.00 0 580,507 586.597 2032
Floor Slab 0 0 0.00 0 0 0 0.00
Stan Loads D] 0.00 0 807,100 807,100 27.96
Lighting 93,724 0 0.00 0 351,781 351,781 12.18
Equipment 96.600 (V] 0.00 0 382 574 382 574 12.56
People 554 0 0.00 121.770 152213 273,083 0.40
Partiticon 41261 0 0.00 ] 158.855 158.855 5.50
Coal. Pret. 0 0 0.00 0 0 0 0.00
Heat. Pret 0 0 0.00 0 0 0 0.00
Coal Vent. 9225 0 0.00 320.635 118911 448,640 15.55
Heat. Vent. 0 0 0.00 0 0 0 0.00
Coal. infil. ] 0 0.00 D] D] 0 0.00
Heat. Infi. 0 0 0.00 ] D] 0 0.00
Ovaw-Thwu Fan 0 0 0.00 0 0 [} 0.00
Blow-Thru Fan D] 0 0.00 D] 131,268 131.268 455
Reserve Cap. D] 0 0.00 D] 0 (V] 0.00
Reheat Cap. D] D] 0.00 (V] 0 (V] 0.00
Supply Duct 0 0 0.00 0 117.520 117.520 407
Retum Dua ] (V] 0.00 0 235.052 235,052 8.14
Misc Supply 0 0 0.00 0 0 0 0.00
Misc. Retumn D] D] 0.00 D] 0 (V] 0.00
Buiding Totais D] 0.00 451,705 2,435,370 2,887.075 100.00
Building Sen %Tot Lat Sen Net Mm
Surmem Loss _Loss Gan i
~Ventistonm 0 000 320.635 118.911 448.646 15.55
Infivation 0 0.00 0 D] 0 0.00
Pretreated Ais 0 000 0 [} 0 000
Zone Loads 0 000 12+.770 1.832.613 1.854.383 67.80
Plenum Loads 0 0.00 0 0 0 000
Fan & Duct Laads 0 0.00 0 483,848 483,646 16.768
Busiding Totals 0 0.00 451,705 2435370 2.887.075 10000
[ T
Tota) Busldng Supply Air (hased on a 17° TD): 100.411 CFM
Total Buikiing Vent. Air (8.43% of Supply): 9.225 CFM
Total Conditianed Air Space: 50.120 Sq.ft
Supply Air Per Unit Area: 21830 CFM/Sq
Area Per Coolng Capaaty. 2083 SqfYTon
Coalfing Capadity Per Area: 0.0048 Tons/Sqft
Heating Capacty Per Area: 000 BadvSqft
Total Heating Required With Outside Ax: 0 Bhh
Total Codling Requared With Outside Ax: 24050 Tons

del
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La ficha Air Handler # 4-Piso 2, muestra la capacidad con la cual se seleccionara el
equipamiento asi como también se puede apreciar las férmulas utilizadas en el
calculo y las consideraciones de potencias aproximada de consumo considerando
para ello la base de datos de una marca en particular la cual puede ser cargado

posteriormente con el equipamiento que realmente se instalara.

Ficha: Manejadora de Aire — Resumen de Carga Total
(Air Handler- Total Load Summary)

| - Full Commertcal HVAC Losds Caiceinlion Progam &

Alr Handler #4 - Piso 2 - Total Load Summary ]
Air Handber Descrption: Piso 2 Constant Volume - Praportion

Supply Air Fan: Blow-Thru with program estamated horsepower of 13.65 HP

Fan nput: 65% motor and fan efficency with 2 in. water across the fan

Sensile Heat Ratio: 0.63 — This system ocaws 1 time(s) in the building. —
Air System Peak Time: S5pm in January.

Outdoar Cordfitions: 84° DB. 75° WB. 120.53 grains

Summer Ventiation controls outside air, — Winter: Exhaust camtrols outside ar

Zone Space sensible |oss: 0 Btuh

Infdtraton sensible loss: 0 Btuh 0 CFM

Outside Air sensible loss: 0 Btuh 0 CFM

Supply Duct sensitde lass: D Btuh

Returmn Duct sensble loss: D Btuh

Retum Plenum sensile loss: 0 Btuh

Total Systemn sensle loss: 0 Bwh
Heating Supply Ar- 0/ (877X 1.08 X 0) = 0 CFM

Winter Vent Outside Air (0.0% of supply) = 0 CFM

Zone space sensle gain: 484,866 Btuh

Infdtraton sensible gain: 0 Btuh

Oraw-thvu fan sensible gamn: 0 Btuh

Supply duct sensible gain: 30.306 Btuh

Reserve sensible gan: 0 Btuh

Total sensible gain on supply side of cod: 515,203 Buwh
Caoaling Supgly Air- 515203 / (877 X 1.1 X 17) = 28,213 CFM

Summer Vent Outsade Air (0.6% of supply) = 2,700 CFM

Retum duct sensible gain- 60.612 Btuh

Retumn plenum sensdle gain: 0 Btuh

Outside air sensible gain: 34.803 Btuh 2,700 CFM

Blow-thru fan sensible gain: 33.850 Btuh

Total sensible gain on retum sde of cod: 129.265 Btuh
Total sensible gain on air handling systermn: 644.468 Buwh
Zone space latent gain: 35.640 Btuh

Infdtraton Latent gain: 0 Btuh

Ousside air latent gan: 06.560 Btuh

Total latent gain on air handhng system: 132,206 Bwh
Total system sensible and latent gain: 776.674 Bwh
Total Ar Handler Supply Arx (based on a 17° TD): 28213 CFM

Total Air Handler Vent. Air (8.57% of Supplyy): 2,700 CFM

Total Conditiaved Air Space: 14480 Sqft

Supply Air Per Unst Area: 1.9484 CFM/Sq.fi

Area Per Caoéng Capaaty: 2237 SqfTon

Caooling Capadty Per Area: 0.0045 Tans/Sq.R

Heating Capaaty Per Area: 0.00 Btuh/Sq.fi

Total Heatng Required With Outside Ax™. 0 Btuh

Total Codling Required With OQutside Ax 6472 Tans

C VISR UMD IDYE N Price Water Howse Ononersl CHV
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La ficha P.E. Air System #1- Pshychometric Analysis, muestra los calculos
basados en los valores de la carta Psicométrica en el punto de analisis en
particular, en esta ficha se muestra el caudal (GPM) de agua helada necesaria para
acondicionar la zona. En esta ficha también podemos apreciar la capacidad de

enfriamiento total expresado en BTUH.

Ficha: Sistema de Aire — Analisis Psicrométricos
(Air System — Psychrometric Analysis)

Civec - Full Comumwdal HVAC Loads Ceicstalion Proposm Ells Software Inc.
ORAREr zm‘ EmmTI0 Price Waler Pase Conpers
HeR
[Air System #1 (Piso 8) Psychrometric Analysis |
Svstemn Load Anal Latent Grains Senadle Temp CFM|
Leaving Cail Candition 64370 55.000

Ovaw-Thru Fan 0 0.000 0
Misc Load on Supply Side 0 0.000 0
Supply Air Duct 41,728 1.000 2,285
Zone Loads 35,640 1.382 667,644 16.000 36.561
Sercdle Resarve 0 0.000 0
Zone Condstion 35,640 65.760 700,372 71.600 38.846
Retum Air Duct 83.458 2.000

Retum Air Plerusn 0 0.000

Misc Load on Retusm Side 0 0.000

Vent Air 2.700 CFM 96,560 3.750 34,803 0.695

Blow-Thru Fan 46,807 1.117

Entering Coil Condition 132,200 60.510 874,237 75.812 38,846

1P omelric : 5: ]

PR = (Baromethc pressure of site / Standard ASHRAE presswre of 20.921)

TSH = PRx 1.10 x CFM x (DB entering - DB leaving)

TLH = PRx 0.68 x CFM x (Grains entering - Grans leaving)

GTH = PRx 4.50 x CFM x (Enthalpy entering - Enthalpy leaving)

TSH = 0077 «x 110 x 38846 «x( 75.812 - 55000 )= 868437 Bwh

TLH = 0977 «x 068 x 38848 x( 69510 - 643790 )= 132,382 Bh

SUM = 1.000.769 Btuh

GTH = 0977 «x 450 x 38848 x( 20067 - 23184 )= 1,004.157 Bth

Total System Load = 985818 Bth
[Chilled Rates and Steam Requirement l
Caafing GPM = 1.004.157 /( 10.00 x 500 ) = 200.8 GPM
Heating GPM = D /( 2000 x 500 ) = 00 GPM
Steam Req. = D/ 870 = 00 bAw
[Entexing Cooling Coil Conditions Entering Hesting Cail Conditions ]
Dry bulb tesryperature: 7581 Dry bub temperatwe: .00

Wet bulb temperature: 63.41

Relative humidity: 51.05

Enthalpy: 20.07 BtuAbm

[Leaving Coofing Coll Conditions Leaving Heating Cod Conditions ]
Dry bulb testperature: 55.00 Dry bub temperatse: .00

Wet buib temperature: 54.61

Relative humedity: 97.67

Enthalpy: 23.18 BtuAbm
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La ficha Air System #1- Pshychometric Chart, las condiciones ambientales,
humedad relativa, caudal sensible y demas valores para cada uno de las zonas
consideradas en los casos, esta tabla esta basada en las condiciones iniciales del
proyecto (Ciudad Lima, altitud, longitud, etc)

Ficha: Sistema de Aire — Carta Pshicrométrica
Air System #1- Pshychometric Chart

- Conmeras HVAC Loada Caicutalion Progres
oo i

|Air System #1 (Piso 8) Psychrometric Chart

ZC Zone Candeton oC Owtdoar Corxdiion

LC Leaving Coil Conditon EC Entering Coil Candition

SD Supply Duct Temperature Rise RD Retumn Duct Temperahse Rise
DTF  Draw Through Fan Sensitde Gain BTF Blow Through Fan Sensible Gain
RE Reserve or Reheat Sensible Gan PL Retumn Air Plenum Sensible Gain
SM Supply Side Miscellaneous Sensible Gam RM Return Side Miscellarexarss Gain
PRE Pretreated Air Conditian HRV  Heat Recovery Ventilatar Conditon

i L

T
|

7e
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4.3 Interpretacion de los Datos Obtenidos

De los calculos observados se puede concluir que la capacidad de la unidad de
enfriamiento necesario para el edificio es de 240.59TON, por ello se ha considerado
2 unidades tipo Chiller de 125TON cada una, a fin de abastecer la demanda del

edificio.

En los calculos realizados se han tomado en consideracion las horas de
funcionamiento del edificio, orientacion, hora y dia mas critico donde ocurrira

simultaneamente las condiciones mas desfavorables de calentamiento.

La suma de los GPM de agua helada necesarios para acondicionar los ambientes
estan indicados en las fichas de las zonas, la suma de ellos no proporcionan el
caudal de la Bomba de Agua para su respectiva seleccion, para nuestro caso
suman 600GPM teniendo una configuracion de 2 Bombas Secundarias de 600GPM

cada una y de 3 Bombas Primarias de 300GPM cada una.

La temperatura de entrada y salida del agua en el enfriador (chiller) son datos que
necesitaran los fabricantes para la seleccion de la unidad, asi como también las
caracteristicas eléctricas que dependen del sistema eléctrico de todo el edificio, con

ello se procedidé a seleccionar los Chiller y Bombas de Agua Helada.



CAPITULO V
CALCULO DE VOLUMEN PARA EL SISTEMA DE
VENTILACION

5.1 Calculo de Extraccion de Monoxido

1.- Determinacion del Volumen del Sétano, sin incluir las escaleras, Hall ni

ascensores:

Areas de sotanos delantero (4) 908.20 m2 (A1)

Areas de so6tanos posterior (4) 935.49 m2 (A2)

Altura Promedio = 2.65m (H)

Volumen delantero (4) = A1 x H=908.20 x 2.65
Volumen delantero (4) = 2,406.73 m3

Volumen delantero (4) = 84,927.61 pied
Volumen posterior (4) = A2 x H=935.49 x 2.65
Volumen posterior (4) = 2,479.10 m3

Volumen posterior (4) = 87,480.00 pied
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2.- Determinacion del Caudal de Aire Minimo para Ventilar cada Sétano.

Se recomienda 5 cambios / Hora (minimo)

Caudal Delantero (4) = 84,927.61 xS /60
Caudal Delantero (4) = 7,078 CFM
Caudal Total por 4 Sétanos = 28,312 CFM
Caudal Posterior (4) = 87,480.00 x 5/ 60
Caudal Posterior (4) = 7,290 CFM

Caudal Total por 4 Sétanos 29,160 CFM

Se determina por lo tanto dos extractores centrifugos uno de 28,312 CFM y el otro

de 29,160 CFM por cada sector de extraccion.

3.- Calculo de Pérdidas en el Ducto de Extraccion.

1.5 mm de c.a.

Pérdidas en rejillas de toma de aire

Pérdidas en ducto critico:

Total de recorrido = 210 pies
Pérdidas por accesorios = 55 pies
Pérdidas 0.4"c.a./100pies = 26.92mm de c.a.
Rejillas de salida = 3.00 mm de c.a.

Ducto de descarga = 9.00 mm de c.a.
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Presion total del ventilador

40.42 mm c.a.

Factor de Seguridad = 1.50

Presion estatica de diseno 60.63 mmc.a. <> 2.39"c.a.
Asumimos una caida de presion total de 3.00” c.a.

4.- Calculo de Potencia del Ventilador.

De acuerdo a la distribucion del Sétano, se han considerado dos equipos, uno con
una capacidad de 28,312 CFM y el otro con una capacidad de 29,160 CFM, ambos

con una caida de presion de 3” de c.a. Las potencias seran:

Potencia(EC —01) = % = 20.60HP
Potencia de motor recomendado = 23HP220v 60hz 3¢
Potencia(EC - 02) = %15660:5—6050 =21.18HP
Potencia de motor recomendado = 23HP220v 60hz 3¢
5.2 Calculo del Sist. Presurizacion de Escalera
Calculo Justificativo
1.- Caudal Recomendado:
- Inyeccién de aire por cada nivel = 600 CFM
- Numero total de descargas = 7

- Cambios por hora = 20



Total de Inyeccién =

2.- Evaluacion de A.D.T. en mm de c.a.:

Pérdidas en ducto:

Total de recorrido =

Pérdidas por accesorios =

Pérdidas 0.10"c.a./100pies =

Rejillas de salida =

Rejilla en la succién del inyector =

Pérdidas en damper de descarga =

32

4,200 CFM

105 pies

38 pies

3.63 mm de c.a.

4.00 mm de c.a

10.00 mm de c.a

7.60 mm de c.a.

Sub-total

Presion total del ventilador =

Presion en el cajon de la escalera =

2523 mm dec.a

25.23 mm c.a.

70.00 mm c.a.

Presion recomendada en el Proyecto =

Se asume una pérdida de 2" c.a.
3.- Potencia del Ventilador:

4,200x2.00
6,356x0.60

35.23 mm c.a (1.39 “c.a.)

Potencia = ——— = 2.20HP

Potencia de motor recomendado = 3HP 220v 60hz 3¢



CAPITULO VI
SELECCION DE EQUIPOS

6.1 Equipos de Aire Acondicionado

UNIDAD ENFRIADORA DE AGUA (CHILLER ENFRIADO POR AIRE)

Suministrado por el cliente, el cual consta de (02) unidades de 125 TR (c/u).(ver

figura 1 y figura 2)

Para seleccionar el enfriador de agua (Chiller) se tuvo en cuenta los datos

Indicados por el programa ELITE donde aparecen los datos de simultaneidad de la

carga mas critica, con ello se obtuvo los siguientes parametros:

Calor sensible

Calor latente

Calor total

Caudal de agua

Temperatura de entrada del agua
Temperatura de salida del agua

Temperatura de entrada del aire al evaporador

Caracteristicas eléctricas



TABLERO DE PROTECCION Y CONTROL
Tiene incluido:
Microprocesador.
Borneros de proteccion para fuerza y control.
Interruptor de control ON/OFF.
Control de capacidad basado en |la temperatura de salida del agua fria.
Proteccion por pérdida de la carga de gas refrigerante.
Proteccién por bajo flujo de agua.
Proteccion por baja temperatura de agua.
Presostato de alta y baja presion regulable.
Proteccién contra falta de voltaje y fases.
Proteccion por baja presién de aceite.
Transformador para los controles.
Relee térmico para los motores.

Retardadores de arranque para los compresores.

CARACTERISTICAS ELECTRICAS
220V - 60HZ - 3 FASES.
CAPACIDAD

La capacidad total es de 250 toneladas de refrigeracion.

Figura 1.- Chiller Enfriados por Aire Figura 2.- Chiller Enfriados por Aire
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Figura 5. Ficha de Seleccion del Modelo de Chiller

35

A JOHNSOM CONTROLS COMPANY

Air Cooled Scroll
Performance Specification

Chiller

| Unit Tag Otv Model No. Capacity (Tons Volts/PhvHz Réfrigerane
YLAAO120SE28XA

_ A 1 YLAAO0120SE28 126.8 230/3/60 R410A
Pin No: YEAAD120SE28X A A SXTXXTXRE X CXX44 S XOOHICCKS ACCOOOCCOOK I XXX l

, Evapanw Dats | Candenser Data I! Perfamance Dara

| EWT CF) 54.0 Ambient Temp_ (°F) 86.0 EER 11.6
LWT CF) 44.0 |_Alorude (fr.) 0 NPLV 14.8
Design Flow Rate (zpm) 303.8 Physical Dana
Pressure Drop (fr.) 13.2 _Rigging Wt (bs.) 59209
Flud Water Operanng Wt (Ibs.) 6473.4
Fanline Factar 0.00010 |
Water Volume. (zal) 66.0 |

Elecmal Data
Circait 1 2 3 4

Comipressor RLA 109.6'109.6 109.6:109.6
Compressor Start Current (LRA) 599.0:599.0 599.0:599.0

| Fan F1A (each) 7.4 T4

L Pamt

Min. Cirant Ampadty 309.5 R il
Min. Nan-Fused Disconnect (Amps) 600
Min. Dusl Element Fuse Size (Anips) 600
Max_ Dusl Element Fuse Stze (Amps) 600
Min. Circuit Breaker (Amps) 600
Max Circuit Breaker (Amps) 600
Wire Lugs Per Phase*® 1

| W'ire Range (Lug Size) (1)=3 - 500

S AND

¢ Use Copper Conductars only

Toad % .
100.0
TS0 =
50.0
- 350
Project Name: Sold To:
Location: Customer Purchase Order No.:
Engineer: York Canmsct No.: .
Conrractor. Date: | Revision Date:
TLAAUIIUSEISNAA
Prinred. Unit Verstan: 9.31. FDW' (Data Sowrce: v5_34) Performmance
Unit Folder: A120SE28 YORKworks v.9.31. FDW Page ] of 2
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1.1. ELECTROBOMBAS CENTRIFUGAS DE AGUA HELADA PRIMARIA'Y

SECUNDARIA

La seleccién de una bomba se realiza en base a dos parametros: Caudal y Caida

de Presion con ello se obtienen:

Para la Bomba Primarias

Caudal: 300GPM

Caida de presion a vencer 55Pies

Para la Bomba Secundarias

Caudal: 600GPM

Caida de presion a vencer 90Pies

Para nuestro caso el maximo caudal de agua que debera bombearse desde el
enfriador de agua (chiller) hasta las unidades serpentin ventilador (fan coil) y las

unidades manejadoras de aire de todo el hotel es de 600 gpm.

El tipo de Bomba es centrifuga, eje horizontal de impelente rotativo, impulsada por
motor eléctrico siendo un paquete de volumen variable (secundaria) con (02)

unidades y otro de volumen constante (Primaria) con (03) unidades.

El liquido a bombear es agua helada.
El caudal sera de 300 G.P.M. para el sistema primario y 600 GPM para el
sistema secundario.

La velocidad de la bomba es de 1750 RPM maximo.
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La bomba esta construida de acuerdo a las normas internacionales
vigentes. Construccion de facil reemplazo de las partes, realizandose

todas las pruebas estrictas en fabrica de acuerdo con las normas.

La caja y el impelente estan construidos de fierro fundido de alta calidad y
resistencia a la tension, disenado para la maxima eficiencia de bombeo. Las
bombas de volumen variable estan disefadas para 300 PSI| de trabajo y las
primarias de 150 PSI. El impelente es maquinado y balanceado estatica y
dinamicamente. La bomba lleva conexiones de tuberias para la succion y descarga
con bridas segun especificaciones ANS| B16.5. Ademas esta provisto de una base

unido a la carcaza de la bomba, del mismo material para su instalacion.

Esta provisto de sello de prensa estopas con empaque de ceramica grafitada y

acero para temperaturas de trabajo de hasta 250°F.

Es resistente a la abrasion, corrosion y de facil mantenimiento.

Los rodamientos estan fijados en un block de fierro fundido y son del tipo de bolas,

lubricados con grasa y protegidos del polvo mediante sellos en las tapas.

Tiene un estricto acabado anticorrosivo y acabado final con esmaite.

El motor eléctrico, esta construido segun Standard NEMA en 220V-3F-60Hz.

El acoplamiento de motor a bomba es directo, tipo flexible, disenado
adecuadamente para la carga de la bomba y velocidad del motor y esta protegido
por una cubierta de seguridad. Las bombas son instaladas y alineadas sobre una
base de concreto montada sobre resortes aisladores de 1-1/2” de deflexion. La

base tiene dos veces el peso combinado de la bomba, motor y base que sostiene.
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Se han instalado conexiones flexibles dresser en la succion y descarga de bomba y
todos los acopios entre bombas y chillers o bombas de volumen variable flexibles

son del tipo groove.

El motor y la bomba estan montados sobre una base comun fabricada en acero,
provista de agujeros para anclaje. Tiene un tratamiento anticorrosivo y acabado en

esmailte.

El tablero de las bombas de presidén constante son Standard para un sistema triplex
un funcionamiento alternado y siempre funcionando dos cuando uno falla. Posee
contactores para arranque estrella triangulo, amperimetro, voltimetro, proteccion
contra sobrecarga, bajo voltaje, botoneras, lamparas indicadoras y borneras con

contactos secos para el control y supervision a distancia.

Cuentan con catalogos y especificaciones completas de cada uno de los equipos,
accesorios instalados, con las curvas de funcionamiento de la bomba y manuales
de operacién y mantenimiento de cada componente, disefio y recomendaciones de
montaje, catalogos de partes y lista completa de repuestos lo que debe asegura su

suministro.

BOMBAS PRIMARIAS BOMBAS SECUNDARIAS
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TABLERO DE BOMBAS SECUNDARIAS FRECUENCIA VARIABLE

Son una unidad para el control de (02) bombas que trabajara una en stand-by, en

caso de una falla se emite la sefal de alarma respectiva.(ver figura 5)

El equipo trabaja a 220V - 60 Ciclos — 3 fases. El sistema de control tiene un

transformador.

Incluye un variador de frecuencia el mismo que regula la velocidad de las bombas

cuando la presion de la red varia.

El equipo mediante un controlador trabaja en sincronizacion con los chillers y puede

detener la bomba cuando el caudal del sistema es menos del 8%.

El equipo cuenta con accesorios como:

Proteccion por sobre corriente y corto circuito y Proteccion por alto voltaje.
Arranque gradual.

Display indicador de frecuencia, corriente, tensién etc.

Control por la presion del sistema, programable.

Teclado para control manual y tecla de parada de emergencia.

Entrada para comando a distancia de arranque y parada y Entrada para el

control a distancia de todos los variables, con puerta abierta.

Figura 5.- Tablero de Bombas Secundarias
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Equipo de Expansion Directa.-

Los equipos de expansion directa utilizan el ciclo de refrigeracidon para llevar a cabo
la transferencia de calor entre el aire caliente de la sala y el refrigerante. El aire es
forzado por un ventilador para que atraviese el serpentin evaporador por donde
fluye gas refrigerante a baja temperatura. Para nuestro caso el proyecto también
contempla la instalacion de equipos independientes de aire acondicionado del tipo
split, cuya ubicacion de evaporadores es dentro de cada ambiente por acondicionar
y los condensadores es en los estacionamientos abiertos de los pisos superiores y
en los ductos abiertos al exterior detras de las escaleras, tal como se puede

observar en los planos respectivos.

En general de cada unidad evaporadora salen los ductos fabricados en planchas
galvanizadas debidamente aislados con colchonetas de fibra de vidrio de 1" de

espesor.

El suministro del aire es por medio de difusores de aire, debido a la altura se ha
previsto instalar rejillas de descarga en algunos puntos ubicados estratégicamente
de manera de distribuir adecuadamente el aire en todo los ambientes, el retorno al
equipo es por medio de rejillas de extraccion y ductos galvanizados, se ha previsto

considerar los FCR como plenums para el retorno del aire.

Entre la unidad evaporadora y la condensadora se traslada el gas refrigerante por
medio de tuberias de cobre aisladas con mangas de poliuretano, instalandose filtros

y visores tal como se indica en las especificaciones técnicas.

La toma de aire fresco se realiza por medio de inyector centrifugo el cual descarga
el aire que se requiera en cada ambiente, este equipo toma el aire directamente del

exterior y lo filtra antes de la inyeccion del aire.
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6.2 Equipo Extractor de Monoxido

La seleccion de extractores se realiza basicamente en funcion del caudal de aire y la
caida de presibn a vencer en el ducto y accesorios, para nuestro caso las
caracteristicas esta indicada en el calculo inicial. Teniendo en cuenta estas

aclaraciones se tiene que tener en consideracion |o siguiente:

Ventilador centrifugo totalmente equipado en fabrica, listo para funcionar una vez
instalado. El tipo es centrifugo simple entrada, eje horizontal, con los alabes curvados

hacia adelante segun se indica en los planos.(ver figura 1)

Las caracteristicas de capacidad, son las indicadas en el cuadro de caracteristicas de
equipos mostrado en planos. La caida de presion exterior indicada en el cuadro de

capacidades solo incluye pérdidas en ductos vy rejillas.

El ventilador es construido y aprobado de acuerdo con las normas internacionales
vigentes, tal como AMCA o similar y nacionales vigentes. Construccion de facil
reemplazo de las partes, contando con las pruebas estrictas de fabrica de acuerdo

con las normas.

La unidad esta compuesta por un ventilador, que incluye impelente y carcasa y una
armadura soporte de la unidad provista de tapas de proteccién, sistema de

accionamiento compuesto por el motor eléctrico, poleas, fajas y eje.

El ventilador es de bajo nivel de sonido y es fabricado integramente de planchas de

acero negro.

El impelente tiene hojas inclinadas hacia adelante y esta balanceado estatica y

dinamicamente en fabrica.
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La carcasa es del tipo de disefio aerodinamico, lleva collares integrados a la entrada y

salida de aire para una facil instalacién al ducto de entrada y descarga de aire.

Tiene ademas perfiles de refuerzo de acero negro, soldados.

El motor eléctrico es construido segun Standard NEMA, para conectarse a la red de
220 V, 60 Hz, 3 fases 6 1 fase, girando a 1750 RPM, cuya potencia sera mayor al
BHP requerido por el ventilador, es del tipo abierto con ventilacién incorporada, con

proteccion contra goteos y salpicaduras, el aislamiento sera clase F para uso tropical.

El accionamiento del rodete es mediante un sistema de poleas acanaladas, de paso
regulable para permitir variacién del caudal y fajas en V", seleccionadas de acuerdo a

la potencia y velocidad del motor con un factor de seguridad minima de 1.4.

Las poleas son fijadas al eje mediante chavetas de secciéon cuadrada.

El rodete esta fijado a un eje de acero de alta resistencia y estaa soportado por dos
chumaceras con rodamientos auto alineantes, de larga duracion, lubricados con

grasa, sellados para evitar contaminaciones.

El ventilador esta montado y empernado sobre un bastidor construido de planchas

dobladas y perfiles de acero soldadas entre si.

La base del motor esta soportada por unos rieles ubicados a media altura del bastidor

en los cuales se desplaza para efectos de su regulacion.

Asi mismo las chumaceras descansan sobre la parte superior del bastidor y estan
fijadas mediante pernos. El bastidor dispone en su base agujeros para ser anclados a

la cimentacion.
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El acabado final de las planchas y estructura es de dos manos de pintura

anticorrosiva y dos de esmalte final.

Las soldaduras y elementos no galvanizados son galvanizados previamente en frio

con base de zinc-epdxica.

Figura 1. Extractor de Aire

Acarreo del Equipo Extractor por todos los sétanos hasta su posicion definitiva, se
tuvo que retirar el motor, fajas y otros elementos a fin de aminorar el peso debido a la

carga que ejercia sobre la losa de los estacionamientos (ver figura2).

Figura 2. Traslado del Extractor de Monoéxido
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6.3 Equipo Inyector de Aire-Presurizacion de Escalera

Dentro de las principales caracteristicas, se ha tenido en cuenta primero lo indicado
en el RNE en la Norma A.130 Requisitos de Seguridad donde se esta cumpliendo con

los siguientes requisitos:

Listado o equivalente.

e El ventilador es impulsado por medio de fajas, el numero de es cuando menos

1.5 veces el numero de fajas requeridas para el servicio de diseno.

e El ventilador impulsado por medio de fajas tiene cuando menos dos fajas.

e EIl calculo para la seleccidén y la curva del fabricante formar parte de los

documentos entregados.

e El motor no operara por encima de la potencia de placa.

e El motor impulsor tiene factor de servicio mayor o igual a 1.15

e El ventilador cuenta con guardas protectoras para las fajas.

El ventilador cuenta con una base para aislar vibraciones.

Asimismo otras caracteristicas fisicas propias de su fabricacion son:

Ventilador centrifugo estuvo equipado en fabrica, listo para funcionar una vez
instalado. El tipo es centrifugo de Simple entrada segun lo indican los planos.(ver

figura 1).

Las caracteristicas de su capacidad, estan indicadas en el cuadro de caracteristicas
de equipos mostrado en planos. La caida de presion exterior indicada en el cuadro

de capacidades solo incluye pérdidas en ductos y rejillas.
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El ventilador ha sido construido y aprobado de acuerdo con las normas
internacionales vigentes, tal como AMCA o similar y nacionales vigentes. Su
construccion es para un facil reemplazo de las partes donde se han realizado las

pruebas estrictas en fabrica de acuerdo con las normas.

La unidad esta compuesta por un ventilador, que incluye impelente y carcasa y una
armadura soporte de la unidad provista de tapas de proteccidn, sistema de

accionamiento compuesto por el motor eléctrico, poleas, fajas y eje.

El ventilador es de bajo nivel de sonido sera fabricado integramente de planchas de

acero negro.

El impelente tiene hojas inclinadas hacia adelante y esta balanceado estatica y

dinamicamente en fabrica.

La carcasa es de disefno aerodinamico, lleva collares integrados a la entrada y salida

de aire para una facil instalacién al ducto de entrada y descarga de aire.

Tiene ademas perfiles de refuerzo de acero negro, soldados.

El motor eléctrico esta construido segun Standard NEMA, para conectarse a la red de
220 V, 60 Hz, 3 fases 6 1 fase, girando a 1750 RPM, cuya potencia es mayor al BHP
requerido por el ventilador, es del tipo abierto con ventilacion incorporada, con

proteccion contra goteos y salpicaduras, el aislamiento sera clase F para uso tropical.

El accionamiento del rodete es mediante un sistema de poleas acanaladas, de paso
regulable que permite variacion del caudal y fajas en "V", seleccionadas de acuerdo a

la potencia y velocidad del motor con un factor de seguridad minima de 1.4.

Las poleas estan fijadas al eje mediante chavetas de seccion cuadrada.
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El rodete esta fijado a un eje de acero de alta resistencia y éste esta soportado por
dos chumaceras con rodamientos auto alineantes, de larga duracién, lubricados con

grasa, sellados para evitar contaminaciones.

El ventilador esta montado y empernado sobre un bastidor construido de planchas

dobladas y perfiles de acero soldadas entre si.

La base del motor esta soportada por unos rieles ubicados a media altura del bastidor

en los cuales se desplaza para efectos de su regulacion.

Asi mismo las chumaceras descansan sobre la parte superior del bastidor y estan
fijadas mediante pernos. El bastidor dispone en su base para ser anclados a la

cimentacion.

El acabado final de las planchas y estructura es con dos manos de pintura

anticorrosiva y dos de esmalte final.

Las soldaduras y elementos no galvanizados han sido galvanizados previamente en

frio con base de zinc-epodxica.

Figura 1. Inyector de Aire de Simple Entrada



CAPITULO VII
DISENO DEL SISTEMA DE DISTRIBUCION DE AIRE

7.1 Dimensionamiento de Ductos de Inyeccion y Extraccion

Para llevar a cabo el confort o nivel de ventilacion requerida se debe de tener en
cuenta realizar un disefio de ducteria adecuado. Sin embargo, el disefio de la
estructura los requerimientos de la arquitectura afectan al disefio en general
respecto al conceptualizado inicialmente, dandose en muchos casos no instalar
ductos de seccion uniforme o simétrica, por ello para la conversion de las secciones
se tienen que tomar en cuenta las equivalencias de las secciones segun las tablas
de disefno proporcionadas (tabla 2 y 3), asimismo es de mucha ayuda el uso de un
Ductulador el cual es una herramienta que simplifica el trabajo de conversién de
dimensiones de los ductos ya que contiene todos los valores que utilizan las tablas

de la SMACNA, ASHRAE. (Ver figura 1).

Para el dimensionamiento de los ductos de aire se ha previsto la utilizacién del
método de igual caida de presion recomendada por la A.S.H.R.AE. (American

Society of Heating, Refrigeration and Air Conditioning Engineers).

La base de este método de dimensionamiento de conductos es que se selecciona
un valor para la pérdida de presion por friccion por longitud de ducto, y se mantiene
constante para todas las secciones de ducto del sistema. El valor que se selecciona
se basa en general en la velocidad maxima permisible en el conducto de salida y

que sale directamente del ventilador, con el fin de evitar demasiado ruido.



Este método consiste en:

» Seleccion de un valor de pérdida de presion por friccion por longitud de ducto,

para el disefo del presente proyecto se utilizé el valor de 0.10
» Seleccion de valor de caudal maximo permisible.

» Disefo de ducteria usando graficas, tablas y formulas.

Teniendo en consideracion lo indicado lineas arriba la tabla 1 muestra los rangos

“c.a. /100 pie.

adecuados de velocidad dentro de los ductos para el adecuado disenfo.

Tabla 1. Velocidades Recomendadas dentro de los ductos metalicos

Componentes Velocipli?:sc;z‘niwne';\dada Ve(lrc))ic;.sll\:lri:i.r)na
Conexiones de Succion 800 900
Descarga del Ventilador 1300-2000 1500-2200
Ductos Principales 1000-13000 1100-1600
Ramales de Ductos 600-900 900-1300

.

\ A—

Figura 1: DUCTULADOR
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Fuente: http://www_.hvaccharts.com/products/Ductulator.jpg




Tabla 2. Pérdidas por friccion de flujo de aire a través de ductos
Redondos de lamina ﬂalvanizada

—
§ s

g ["; v aiah

Tabla 3: Diametro equivalente de un conducto rectan 1ual peérdida de carga
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Fuente: http://www.solerpalau.es/formacion_01 27.html




50

7.2 Calculo de Difusores y Rejillas

Debido a la importancia que representan se discute la seleccidn y ubicacion de las
rejillas de suministro de aire y las rejillas de retorno de aire. Los criterios de confort
humano, movimiento y circulacion del aire pueden proporcionar informacion

importante para su planteamiento (ver tabla 4 y figura 2).

Los difusores se clasifican segun la posicion de instalacion como los difusores
cerca o en el techo que descargan el aire horizontalmente, los difusores cerca o en
el piso que descargan el aire verticalmente en forma dispersante o directa, los
difusores cerca o en el piso que descargan el aire horizontalmente y los difusores

cerca o en el techo que se proyectan el aire hacia abajo verticalmente. (ver Fig. 1)

La difusion del aire por medio de rejillas colocadas en el techo es muy popular en
aplicaciones comerciales y por esa razéon se encuentran en varios estilos. También
son especiales por su distribucién radial en todas las direcciones y su rapida
difusion permitiendo manejar grandes cantidades de aire y mayores velocidades

que la mayor parte de otros difusores.

Figura 1. Difusores y Rejillas convencionales
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1. DIFUSION DEL AIRE EN UN LOCAL

Las principales funciones de la difusion del aire en un local son:
- Introduccion del aire en el local

- Homogeneizacion

- Evitar estratificaciones

- Compensacioén de cargas térmicas

En cuanto a la temperatura, una vez establecidas la temperatura seca del local
(condiciones interiores), el sistema de distribucion de aire debe estar proyectado
para mantener la temperatura dentro de los limites deseables. En una habitacion se
admiten variaciones entre distintos puntos de 1°C y en un grupo de habitaciones

una diferencia maxima de 1.7°C.

En cuanto a la velocidad del aire, en la tabla | se incluyen las velocidades

recomendadas con las reacciones de los ocupantes.

Tabla 1. Velocidades Recomendadas de Inyeccién de Aire

Velocidad Incidencia Aplicacion
(m/s)
0+0.1 Desfavorable (Estratificacion) Muy rara
0,1 +0.2 |Favorable Confort
Desfavorable sentado (Vmax = 0.25 m/s) Confort
0,2+0.3 |Favorable erguidas Almacenes
Favorable movimiento lento (Vmax = 0.4 m/s) Bancos
>0 3 Climatizacion
' Desfavorable industrial

Sin embargo, hay que notar que estas velocidades no son las velocidades en la
boca de impulsién, sino en la zona ocupada (aproximadamente desde el suelo

hasta 2 metros sobre el suelo). En la tabla 2 se dan las velocidades recomendadas
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en las bocas de salida segun la aplicacion y en fa tabla 3 se brindan las

recomendaciones que se tienen que tomar en cuenta respecto al nivel sonoro.

Tabla 2: Velocidades recomendadas de acuerdo a su aplicacion

Aplicacion Velocidad (m/s)

Estudios de Radiodifusion 1.56+25
Residencias 25+4
Apartamentos 25+4
Dormitorios (hotel) 25+4
Teatros 25+4
Oficinas Particulares 25+4
Salas de Cine 5
Oficinas Publicas 5+6.5

Tabla 3 Ruidos. Valores maximos admisibles de niveles sonoros para el
ambiente interior

VALORES MAXIMOS
TIPO DE LOCAL DE NIVELES SONOROS
EN DBA
DIA NOCHE
Administrativo y de oficinas 45
Comercial =
Cultural y religioso 40
Docente 45
Hospitalario 40 30
Ocio 50
Residencial 40 30
Viviendas
Piezas habitables excepto cocina 35 30
Pasillos, aseos y cocinas 40 35
Zonas de acceso comun 50 40
Espacios comunes: vestibulos, pasillos 50
Espacios de servicio. aseos, cocinas, 55
lavaderos




Tabla 4. Seleccion de Difusores

2T NOMINAL OEL DIFUSOR EN mm
180 200 250 315 355 40Q
IAMANG
(3 3 10 1z V4 18
m=h s E, 0.0082 0,06158 0,0206 #0312 | 00388 0,0477
160 27.3 v, 3.0 2.0 1.3
X 0.9 K 0.6
P, 3.6 1.6 0.7
NR
120 33.3 v, 3.6 2.4 1.6
b4 1.1 0,9 0,7
P, 5.1 2,3 1.0
NR 4
140 38,9 v, 4.2 2.8 1.9 Tz
X 1.3 LR 0.9 0.7
F, 7.9 3. 1,4 0,86
NR 9
160 44,4 v, ER 3.2 2.2 1.4 L
X 1.6 2 1.0 0.8 0.7
P, 9.1 3.6 1, 0.8 0.5
NR 14 4
130 50.0 V., 5.4 3,6 2,4 1,6 1.3
x 1.7 1.4 11 0.9 0.8
F. 1.6 5.1 2.3 1.0 0.7
N 18 8
200 56,6 M 6.0 37 2.7 1,8 1.4 T2
X 1.8 1.5 1.2 1.0 0.9 0,8
P, 14,2 6.3 2,8 1.2 c.3 0.5
NR 22 12
250 69,4 V. 7.5 5,0 3.4 2,2 1,8 1.5
X 2.3 1,9 1,5 1,2 11 1.9
P, 22,2 9.9 4.4 9 1.3 ,
NR 29 19 10
300 83,3 V. g1 6,0 I70 2.7 2.2 1.7
X 2.8 2,3 1.8 1.5 1.3 1,2
P, 32,0 14,2 6.4 2.8 1.3 1.2
M 36 26 16
3590 97.2 V., 10,6 7.0 4.7 ST 25 2.0
X 3.2 2,6 2.1 1.7 1.6 1,4
P, 43,6 19,4 8.7 3.8 2.5 1,
MNH Q1 31 21 11 )
400 1111 v, S.1 5.4 3.6 ) 2.3
X 3.0 2,5 2,0 1.8 1.6
P, 2 .3 11,3 4.9 3.2 2.1
N 36 26 16 11 6

<10



Figura 2. Ubicaciones aceptables para la distribucion del Aire
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Rejilla de Retorno

La velocidad a través de rejillas de retorno depende de:
- La pérdida de presion estatica admisible.

- El efecto sobre los ocupantes o materiales del local.

Al determinar la pérdida de carga, deben basarse los calculos en la velocidad libre a
través de la rejilla, y no en la velocidad frontal, ya que el coeficiente de orificio debe
ser aproximadamente de 0.7. En general, pueden emplearse las velocidades

recomendadas en la tabla 1 y la tabla 2.

Tabla 1. Velocidades Recomendadas en Rejillas de Retorno.

Por encima de zonas ocupadas 4
Dentro de zonas ocupadas (no cerca de
asientos) 3-4
Dentro de zonas ocupadas (cerca de -
asientos) 2-3
Persianas de puerta o de pared 255
Aberturas o muescas en la parte inferior de
las puertas 3
Locales Industriales - 4 -
Locales Residenciales 2
1
ay | : !
SUTT e I 0 O N O o v | SN L |
| o
2. - mpefn-200 24

= L+ 20) v + 28 -

Figura1. Rejillas de Retorno.- Instalacion
Tabla 2 Seleccion de Rejillas de Retorno
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CAPITULO VIl
ESPECIFICACIONES TECNICAS

8.1 Normas y Certificaciones Solicitadas para el proyecto

Se ha realizado una seleccién adecuada de las normas y estandares para el
calculo, seleccion, construccion, instalacion y pruebas de funcionamiento de los
sistemas instalados en el presente informe a fin de conocer el origen de los valores

y la importancia de que se cumplan en su totalidad.

Nuestra legislacion no contempla estas pruebas tal como se aprecian pero si hacen
referencia a estas normas y estandares para que sean consideradas en la
construccion, prueba de ello es para otorgar los permisos de funcionamiento de un

local u edificio son requisitos indispensables contemplar estos sistemas.
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NFPA 101 CODIGO DE SEGURIDAD HUMANA
Life safety code
Edicién 2000

7.2.3 Cerramientos a Prueba de Humo
.7.2.3.1 Generalidades.

Cuando en otras secciones de éste Cédigo se requiera cerramientos a prueba de humo, los mismos deberan cumplir
con 7.2.3, con excepcion de los cerramientos a prueba de humo, cuando estén aprobados por la autoridad
competente.

7.2.3.2 Disefno de Desempeno.

El método apropiado de disefio debera ser cualquier sistema que cumpla con la definiciéon para cerramientos a
prueba de humo. Se debera permitir crear cerramientos a prueba de humo usando ventilacién natural, ventilacién
mecanica incorporando un vestibulo, o presurizando el cerramiento de la escalera

7.2.3.3 Cerramiento

Los cerramientos a prueba de humo deberan estar cerrados desde el punto mas alto hasta el mas bajo por barreras
que posean evaluaciones de resistencia al fuego de 2 horas. Cuando se use un vestibulo, debera encontrarse dentro
del cerramiento e valuado y debera considerarse como parte del cerramiento a prueba de humo.

7.2.2.4 Vestibulo.

Cuando exista un vestibulo, el vano de la puerta dentro del vestibulo debera estar protegido con un conjunto de
puertas contra incendio aprobado, con una evaluacion de proteccion al fuego de 1% horas, y el conjunto de puertas
desde el vestibulo hasta el cerramiento a prueba de humo debera tener una evaluacion de por lo menos 20 minutos
de proteccion contra el fuego. Las puertas deberan estar disefiadas para minimizar el escape de aire y deberan ser
autocerrantes o de cierre automatico mediante la activacion de un detector de humo dentro de los 10 pies (3 m) de la
puerta del vestibulo.

7.2.3.5 Descarga.

Todos los cerramientos a prueba de humo descargaran en un camino publico, en un patio o en un callején de acceso
directo a un camino pu blico o a un pasaje de salida. Dichos pasajes de salida no deberan tener aberturas diferentes a
la entrada del cerramiento a prueba de humo y la puerta al patio o camino publico. El pasaje de la salida debera estar
separado del resto del edificio por una clasificaciéon de resistencia al fuego de 2 horas.

7.2.3.6 Acceso.
El acceso a la escalera debera ser por medio de un vestibulo o por medio de un balcén exterior

Excepcién: Este requisito no debera aplicarse a los cerramientos a prueba de humo consistentes en un cerramiento
de escaleras presurizado, que cumplan con 7.2.3.9.

7.2.3.7 Ventilacién Natural.

Los cerramientos aprueba de humo que usen ventilacion natural deberan cumplir con 7.2 3.3 y con lo siguiente. (a)
Cuando el acceso a las escaleras sea por medio de un balcon exterior abierto, el conjunto de puertas hacia la
escalera debera tener una evaluacion de proteccion contra el fuego de 1% horas y debera ser auto cerrante o de
cierre automatico mediante la activacion de un detector de humo. Las aberturas adyacentes a dichos balcones
exteriores deberan estar protegidas de acuerdo con 7.2.2.6.5. (b) Todos los vestibulos deberan tener un area neta
minima de 16 pies 2
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(1,5 m2) De abertura en la pared exterior que enfrenta un callejon exterior, un patio o un espacio publico de por lo
menos 20 pies (6,1 m) de ancho. (c) Cada vestibulo debera tener una dimensién minima de por lo menos el ancho
requerido del corredor que conduce hacia él y una dimensiéon minima de 72 pulg. (183 cm.) en la direccion del
recorrido.

7.2.3.8 Ventilacion Mecanica

Los cerramientos aprueba de humo que usen ventilacion mecanica deberan cumplir con 7.2.3.3 y con lo siguiente. (a)
Los vestibulos deberan tener una dimensién minima de 44 pulg. (112 cm.) De ancho y 72 pulg. (183 cm.) en la
direccion del recorrido;

(b) El vestibulo debera tener por lo menos un cambio de aire por minuto y el escape de aire debera ser el 150% del
suministro. E! aire suministrado debera entrar y el aire usado debera ser descargado del vestibulo mediante
conductos separados solidamente construidos, usados unicamente para ese proposito. El aire suministrado debera
entrar en el vestibulo dentro de las 6 pulg. (15,2 cm.) del nivel del piso. La parte superior del registro del ventilador
debera estar ubicado a no mas de 6 pulg. (15,2 cm.) Desde la parte superior de la trampa y debera estar
enteramente dentro del area de la trampa de humo. Cuando las puertas estén abiertas no obstruiran las aberturas del
conducto. Se deberan permitir reguladores de tiro de control en las aberturas de los conductos si fueran necesarios
para cumplir con los requisitos del disefo.

(c) Para servir con una trampa para el humo y el calor y para proporcionar una columna de humo de movimiento
ascendente, el cielorraso del vestibulo debera ser por lo menos 20 pulg. (50,8 cm.) Mas al toque la abertura de la
puerta dentro del vestibulo. Se debera permitir que la altura sea menor cuando lo justifique el disefo de ingenieria y
el ensayo decampo.

(d) La escalera debera tener una abertura de descarga del regulador de tiro en la parte superior y debera estar
provisto mecanicamente con el aire suficiente para descargar por lo menos 2500 pies3 /min. (70,8 m3 /min.) a través
de la abertura de descarga mientras mantiene una presion positiva minima de 0,10 pulg. De columna de agua (25
PA) en la escalera que da al vestibulo con todas las puertas cerradas.

7.2.3.9 Presurizacion de las Escaleras.7.2.3.9.1*

Los cerramientos a prueba de humo mediante la presurizacion de las escaleras deberan utilizar un sistema de
ingenieria aprobado con una diferencia minima de presion de disefo a través de la barrera no menor que 0,05 pulg.
De columna de agua (12,5 PA) en edificios con rociadores o de 0,10 pulg. De columna de agua (25 PA) en edificios
que no tienen rociadores, y deberan ser capaces de mantener esas diferencias de presion bajo condiciones
probables de efecto pila o viento. La diferencia de presion a través de las puertas no debera ser mayor que aquella
que permita que la puerta comience a abrirse por una fuerza de 30 Ibf (133 N), de acuerdocon 7.2.1 4.5

72392

El equipo y los conductos para la presurizacion de las escaleras deberan estar ubicados como se especifica por uno
de los siguientes puntos:(1)

Exterior al edificio y directamente conectado a la escalera por la red de conductos incluidos en una construccion no
combustible (2)

Dentro del cerramiento de la escalera con los dispositivos de entrada y de salida directamente hacia el exterior o a
través de la red d e conductos cercados por una clasificacion de resistencia al fuego de 2 horas

Dentro del edificio si estan separados del resto del edificio, incluyendo otros equipos mecanicos, por una clasificacion
de resistencia al fuego de 2 horas

Excepcion: Cuando el edificio, incluyendo el cerramiento de las escaleras esté totalmente protegido por un sistema
de rociadores automaticos supervisado y aprobado, instalado de acuerdo con la Seccion 97, la clasificaciéon de
resistencia al fuego debera ser de por lo menos 1 hora.
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En todos los casos especificados en 7.2.3.9.2(1) a(3), las aberturas que estan dentro de la evaluacion requerida de
resistencia al fuego, deberan estar limitadas a las necesarias para el mantenimiento y el funcionamiento y deberan
estar protegidas por mecanismos auto cerrantes evaluados para resistencia al fuego, de acuerdo con 8.2 3.2 3.

7.2.3.10 Activacion de los Sistemas de Ventilacion Me canica.7.2.3.10.1

Para los sistemas de ventilacion mecanica y cerramientos de escaleras presurizados, la activacion de los mismos
debera ser iniciada por un detector de humo instalado en una ubicacion aprobada, dentro de los 10 pies (3 m) de la
entrada del cerramiento a prue ba de humo

7.2.3.10.2

Los sistemas mecanicos aprobados deberan operar frente a la activacion de los detectores de humo de 7.2.3.10.1, y
mediante controles manuales accesibles para el cuerpo de bomberos. El sistema requerido también debera ser
activado mediante lo siguiente, si lo hubiera:(1)

Una senal de flujo de agua de un sistema de rociadores automaticos completos (2)

Una senal de alarma para la e vacuacion general

(Ver9.6.3.7)

7.2.3.11 Cerradores de las Puertas.

La activacion de un dispositivo de cierre automatico en cualquier puerta del cerramiento a prueba de humo, debera
activar todos los dispositivos de cierre automatico re stantes de las puertas del cerramiento a prueba de humo

7.2.3.12 Energia Auxiliar.

La energia auxiliar para el equipo de ventilacion mecanica debera ser suministrada por un generador auto portante,
aprobado, dispuesto para operar siempre que haya una pérdida de energia en la corriente normal de la casa. El
generador debera ubicarse en una sala que tenga una separacion con clasificacion de resistencia al fuego de 1 hora
que lo aisle del resto del edificio. EI generador debera tener un suministro minimo de combustible adecuado para que
el equipo funcione durante dos horas.

7.2.3.13 Ensayo.
Antes que el equipo mecanico sea aceptado por la autoridad competente, debera ser ensayado para confirmar que

dicho equipo mecanico funciona de acuerdo con los requisitos de 7.2.3. Todas las partes operativas del sistema
deberan ser ensayadas semestralmente por personal aprobado y se debera mantener un registro de los resultados
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NFPA 92A - Smoke-Control Systems Utilizing Barriers and Pressure

Differences

5.2 Pressure Differences.
5.2.1* Pressure Differences Across Barriers.

5.2.1.1 Except as specified by 52.1.2, the pressure differences in Table 5.2.1.1 shall be used for designs that are
based on maintaining minimum pressure differences between specified spaces

5212 Where the system designer has determined that a higher minimum pressure difference is necessary to
achieve the smoke-control objectives, the higher minimum pressure difference shall be used.

Table 5.2.1.1 Minimum Design Pressure Differences Across

Smoke Barriers
Building Ceiling Design Pressure

Type Hejght Dyfference”
P s i
AS Any 0.05
N3 9 0.10
NS 15 0.14
NS 21 0.18

For Sl units, 1 ft=0.305m; 0.1in. w.g. =25 Pa.

AS: Sprinkiered. NS: Nonsprinklered.

Table A5.2.2.3 Maximmum Pressure Differences Across Doors

Doors Closer Door Width (in w.g.)

Force (Ibf) 32 36 40 44 48
6 0.45 0.40 037 0.34 0.31
8 0.41 0.37 0.34 0.31 0.38
10 0.37 0.34 0.30 0.28 0.36
12 0.34 0.30 0.27 0.25 0.23
14 .030 0.27 0.24 0.22 0.21

Figure A.5.2.2 Forces on a Door in a Smoke-Control System. [Existing A.2.2.2 from the 2000 edition, no
change]

When the maximum door opening force is specified at 30 |bf, Table A.5.2.2 can be used to determine the maximum
pressure difference across the door.
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RNE - NORMA EM.030 INSTALACIONES DE VENTILACION

NORMA EM.030
INSTALACIONES DE VENTILACION

Articulo 1°.- GENERALIDADES

En las edificaciones para viviendas, edificios industnales, comerciales, de recreacion, deben preverse las
necesidades de instalaciones con ventilacion natural mediante aberturas o ventanas al exterior, segun lo dispuesto
en los requisitos de ocupacion o mediante ventilacion mecanica.

El contenido de la presente norma se refiere principalmente a disposiciones para la ventilacion mecanica
La ventilacion mecanica es desde la simple renovacion del aire en un ambiente o conjunto determinado de ambiente s
sin ningun tratamiento, hasta la renovacion del aire y su tratamiento con procesos diversos simples o combinados de
limpieza, mezcla, hume ctacién, deshumectacion, calentamiento y enfriamiento

La variedad de instalaciones de ventilacion, los valores referenciales para la ventilacion referidos a temperatura,

humedad relativa y renovaciones por hora para locales de trabajo y especiales se presentan en el Anexo A

Articulo 2°.- NORMAS
En la instalacion de los equipos se debera tener en cuenta lo establecido en el Codigo Nacional de Electricidad, asi

como regirse por el Reglamento de Higiene Ocupacional del Sub-sector Electricidad

Articulo 3°.- DEFINICIONES

Para la aplicacion de lo dispuesto en la presente norma, se entiende por:

. VENTILACION MECANICA - E | procedimiento controlado de renovacién de aire en locales cerrados,
mediante elementos y dispositivos electromecanicos, a diferencia de la ventilaciéon natural variable y
aleatoria

- INSTALACION DE CLIMATIZACION .- Es la que puede mantener automaticamente durante todo el ano los
valores maximos y minimos de la temperatura y la humedad del aire de un local dentro de valores
prescritos.

U AIRE EXTERIOR - Aire tomado de la atmaosfera libre

L AIRE DE IMPULSION - Aire tratado y conducido a lo locales.

s AIRE PRIMARIO - Aire de impulsion a la salida de una planta central de tratamiento
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Articulo 11°.- EJECUCIONES ESPECIALES DE VENTILACION

Incluyen garajes de cualquier medida, edificios para estacionamiento de vehiculos y sétanos para estacionamiento

1 Garajes. Los garajes, cuya superficie de piso sea menor o igual a veinticinco metros cuadrados, se
ventilaran en forma natural, mediante aberturas, con un area libre de ventilacion, no menor a ciento
cincuenta centimetros cuadrados, ubicados cerca al nivel del piso, de preferencia en la puerta exterior

2. Garajes pequefios. Hasta cien metros cuadrados de superficie de piso. Seran dotados de ventilacion
natural, mediante aberturas uniformemente distribuidas en paredes opuestas, con un area libre total, no
menor a 0.2 metros cuadrados por cada espacio de estacionamiento; tales aberturas se situaran a cotas
cercanas al piso y encima de la cota correspondientes al terreno exterior, en una pared; y, a cotas
cercanas al techo en la pared opuesta. En caso contrario o de no lograrse ventilacion transversal
suficiente, seran provistas de ventilacion mecanica.

3. Garajes medianos y grandes. Hasta mil metros cuadrados y mas de mil metros cuadrados, de superficie
de piso, respectivamente.

4. Sotanos para estacionamiento. Incluye también a los semi-sotanos cuyo, piso se encuentre a mas de
cincuenta centimetros por debajo de la cota correspondiente al terreno  exterior
Seran obligatoriamente provistos de ventilacion mecanica. los elementos de ventilacion se ubicaran dentro
de los limites de la propiedad, descargando los gases de extraccion, a una cota minima de 2.50 metros
sobre el nivel de la vereda. Los semis6tanos hasta con 1,50 m de diferencia de nivel con el terreno exterior
podran tener sélo ventilaciéon natural.

5. Caudal de aire. Es obligatorio la presentacion de los calculos, que fundamenten la determinacion del
caudal, en base a una maxima concentracion de cincuenta partes por millén, de monoéxido de carbono
(CO). En ningun caso, la renovacion de aire sera menor a doce metros cubicos por hora y por metro
cuadrado de superficie total de estacionamiento, incluyendo las areas de circulacion; ni, menor a un
cambio completo de aire cada doce minutos.

6. Alarmas de CO. Cuando la ventilacion de garajes grandes no sea permanente, debera proveerse la
instalacién de alarmas audio-visuales que conecten automaticamente la ventilacion, al sobrepasar el limite

permitido, en la me dida de la concentracién de carbono.

Velocidad maxima. En ningun caso, la corriente de aire en ductos principales sera mayor de doce metros por

segundo, ni excedera el limite acustico permisible
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TITULO II1.1
ARQUITECTURA

NORMA A.010 CONDICIONES GENERALES DE DISENO

CAPITULO | .
CARACTERISTICAS DE DISENO

Articulo 1.- La presente norma establece los criterios y requisitos minimos de disefo arquitectonico que deberan
cumplir las edificaciones con la finalidad de garantizar lo estipulado en el Art. 5° de la norma G.010 del TITULO | del
presente reglamento.

Articulo 2.- Excepcionalmente los proyectistas, podran proponer soluciones alternativas y/o innovadoras que
satisfagan los criterios establecidos en el articulo tercero de la presente Norma, para lo cual la alternativa propuesta
debe ser suficiente para alcanzar los objetivos de forma equivalente o superior a lo establecido en el presente
reglamento.

En este caso el proyectista debera fundamentar su propuesta mediante normativa NFPA 101 u otras normas
equivalentes reconocidas por la Autoridad Competente.

Articulo 3.- Las obras de edificacion deberan tener calidad arquitecténica, la misma que se alcanza con una
respuesta funcional y estética acorde con el propésito de la edificacion, con el logro de condiciones de seguridad, con
la resistencia estructural al fuego, con la eficiencia del proceso constructivo a emplearse y con el cumplimiento de ia
normativa vigente. Las edificaciones responderan a los requisitos funcionales de las actividades que se realicen en
ellas, en término s de dimensiones de los ambientes, relaciones entre ellos, circulaciones y condiciones de uso.

Se ejecutara con materiales, componentes y equip os de calidad que garanticen seguridad, durabilidad y estabilidad

En las edificaciones se respetara el entorno inmediato, conformado por las edificaciones colindantes, en lo referente
a altura, acceso y salida de vehiculos, integrandose a las caracteristicas de la zona de manera arménica.

En las edificaciones se propondra soluciones técnicas apropiadas a las caracteristicas del clima, del paisaje, del
suelo y del medio ambiente general.

En las edificaciones se tomara en cuenta el desarrollo futuro de la zona, en cuanto a vias publicas, servicios de la
ciudad, renovacion urbana y zonificacion.

Articulo 4.- Los parametros urbanisticos y edificatorios de los predios urbanos deben estar definidos en el Plan
Urbano. Los Certificados de Parametros deben consignar la siguiente informacion:

a) Zonificacion

b) Secciones de vias actuales y, en su caso, de vias previstas en el Plan Urbano de la localidad

c) Usos del suelo permitidos.

d) Coeficiente de edificacion.

e) porcentaje minimo de area libre.

f) Altura de edificacion
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Requisitos - Arquitectura

CAPITULO IX

REQUISITOS DE VENTILACION Y ACONDICIONAMIENTO AMBIENTAL

Articulo 51.- Todos los ambientes deberan tener al menos un vano que permita la entrada de aire desde el exterior
Los ambientes destinados a servicios sanitarios, pasajes de circulacion, depdsitos y almacenamiento o donde se
realicen actividades en los que ingresen personas de manera eventual, podran tener una solucién de ventilacion

mecanica a través de ductos exclusivos u otros ambientes.

Articulo 52.- Los elementos de ventilacion de los ambientes deberan tener los siguientes requisitos

a) El area de abertura del vano hacia el exterior no sera inferior al 5% de la superficie de la habitacién que se ventila
b) Los servicios sanitarios, almacenes y depédsitos pueden ser ventilados por medios mecanicos o mediante ductos

de ventilacion.

Articulo 53.- Los ambientes que en su condicion de funcionamiento normal no tengan ventilacién directa hacia el

exterior deberan contar con un sistema mecanico de renovacion de aire.

Articulo 54 - Los sistemas de aire acondicionado proveeran aire a una temperatura de 24 °C + 2 °C, medida en bulbo
seco Yy una humedad relativa de 50% * 5%. Los sistemas tendran filtros mecanicos de fibra de vidrio para tener una
adecuada limpieza del aire. En los locales en que se instale un sistema de aire acondicionado, que requiera
condiciones herméticas, se instalaran rejillas de ventilacion de emergencia hacia areas exteriores con un area
cuando menos del 2% del area del ambiente, o bien contar con un sistema de generacién de energia eléctrica de
emergencia suficiente para mantener el sistema de aire acondicionado funcionando en condiciones normales o hasta

permitir la evacuacién de la edificacién.

Articulo 56.- Los requisitos para lograr un suficiente aislamiento térmico, en zonas donde la temperatura descienda

por debajo de los 12 grados Celsius, seran los siguientes:

a) Los paramentos exteriores deberan ejecutarse con materiales aislantes que permitan mantener el nivel de confort

al interior de los ambientes
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Escaleras - Arquitectura - Norma A.010 - Condiciones Generales de Diseno

Articulo 26.- Las escaleras pueden ser

a) Integradas Son aquellas que no estan aisladas de las circulaciones horizontales y cuyo objetivo es satisfacer las
necesidades de transito de las personas entre pisos de manera fluida y visible

b) De evacuacion Son aquellas que son a prueb a de fuego y humos y pueden ser:

Con Vestibulo Previo Ventilado: Sus caracteristicas son las siguientes:

Presurizadas :Sus caracteristicas son las siquientes:

Abiertas:

CAPITULO VI
ESCALERAS

Las cajas de las escaleras deberan ser protegidas por muros de cierre.

No deberan tener otras aberturas que las puertas de acceso.

El acceso sera unicamente a través de un vestibulo que separe en forma continua la caja de la escalera
del resto de la edificacion

Los escapes, antes de desembocar en la caja de la escalera deberan pasar forzosamente por el vestibulo,
el que debera tener cuando menos, un vano abierto al exterior de un minimo de 1.5 m2.

La puerta de acceso a la caja de |la escalera debera ser puerta corta fuego con cierre automatico

En caso el vestibulo previo este separado de las areas de circulacion horizontal, la puerta cortafuego
debera ubicarse en al acceso al vestibulo ventilado. En este caso la puerta entre el vestibulo y la caja de
escalera podra no ser cortafuego pero debera contar con cierre automatico.

En caso que se opte por dar iluminacion natural a la caja de la escalera, se podra utilizar un vano cerrado

con blocks de vidrio el cual no excedera de 1.50 m2

Contaran con un sistema mecanico que inyecta aire a presion dentro de la caja de la escalera siquiendo
los parametros técnicos requeridos para estos sistemas.

Deben estar cerradas al exterior.

Este tipo de escaleras no estan permitidas en edificaciones residenciales.

Sus caracteristicas son las siguientes:

Estan abiertas al exterior en uno de sus lados con una superficie de al menos 1 m2 en cada piso
El vano abierto al exterior estara a una distancia de 3.00 m o mas de un vano de la edificacion a la que

sirve.
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f) Los pases desde el interior de la caja hacia el exterior deberan contar con proteccion cortafuego (sellador) no
menor a la resistencia contra fuego de la caja.

g) Unicamente son permitidas instataciones de los sistemas de proteccién contra incendios.

h) Tener cerramientos de la caja de la escalera con una resistencia al fuego de 1 hora en caso que tenga 5 niveles;
de 2 horas en caso que tengan 6 hasta 24 niveles; y de 3 horas en caso que tengan 25 niveles o mas.

i) Contar con puertas corta fuego con una resistencia no menor a 75 % de la resistencia de la caja de escalera a la
que sirven.

j) No sera continua a un nivel inferior al primer piso, a no ser que esté equipada con una barrera aprobada en el
primer piso, que imposibilite a las personas que evacuan el edificio continuar bajando accidentalmente al s6tano

k) El espacio bajo las escaleras no podra ser empleado para uso alguno.

1) Deberan contar con un hall previo para la instalacion de un gabinete de manguera contra incendios, con excepcion

del uso residencial.

Articulo 28.- El numero y ancho de las escaleras se define segun la distancia del ambiente mas alejado a la escalera

y el numero de ocupantes de la edificacion a partir del segundo piso, segun la siguiente tabla:

Uso residencial Ancho total requerido
De 1 a 300 ocupantes 1.20 m. en 1 escalera
De 301 a 800 ocupantes 240 m. en 2 escaleras
De 801 a 1,200 ocupantes 3.60 m. en 3 escaleras
Mas de 1,201 ocupantes Un modulo de 0.60 m por cada 360 ocupantes
Uso no residencial Ancho total requerido
_De 1 a 250 ocupantes 1.20 m. en 1 escalera
D—e251 a 700 ocupantes 2.40 m. en 2 escaleras
.De 701 a 1,200 ocupantes 3.60 m. en 3 escaleras
Mas de 1,201 ocupantes Un modulo de 0.60 m por cada 360 ocupantes
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Articulo 29.- Las escaleras estan conformadas por tramos, descansos y barandas. Los tramos estan formados por
gradas. Las gradas estan conformadas por pasos y contrapasos. Las condiciones que deberan cumplir las escaleras

son las siguientes

a) En las escaleras integradas, el descanso de las escaleras en el nivel del piso al que sirven puede ser el pasaje de
circulacion horizontal del piso

b)Las edificaciones deben tener e scaleras que comuniquen todos los niveles

c) Las escaleras contaran con un maximo de diecisiete pasos entre descansos.

d) La dimensién de los descansos debera tener un minimo de 0.90 m.

e) En cada tramo de escalera, los pasos y los contrapasos seran uniformes, debiendo cumplir con la regla de 2
Contrapasos + 1 Paso, debe tener entre 0.60 m. y 0.64 m., con un minimo de 0.25 m para los pasos y un maximo de
0.18 m para los contrapasos, medido entre las proyecciones verticales de dos bordes contiguos

f) El ancho establecido para las escaleras se considera entre las paredes de cerramiento que la conforman, o sus
limites en caso de tener uno o ambos lados abiertos. La presencia de pasamanos no constituye una reduccion del
ancho de la escalera

g) Las escaleras de mas de 1.20 m hasta 2.40 m tendran pasamanos a ambos lados. Las que tengan mas de 3.00 m,
deberan contar ademas con un pasamanos central.

h) Las puertas a los vestibulos ventilados y a las cajas de las escaleras tendran un ancho minimo de 1.00 m.

i) No podran ser del tipo caracol

j) Podran existir pasos en diagonal siempre que a 0.30 m del inicio del paso, este tenga cuando menos 0.28 m.

k) Las puertas de acceso a las cajas de escalera deberan abrir en la direccion del flujo de evacuacion de las
personas, y su radio de apertura no debera invadir el area formada por el circulo que tiene como radio el ancho de la
escalera.

1) Deberan comunicar todos los niveles incluyendo el acceso a la azotea.

m) Cuando se requieran dos o mas escaleras, estas deberan ubicarse en rutas opuestas.

n) Las escaleras deben entregar en el nivel de la caile, directamente hacia el exterior o a un espacio interior
directamente conectado con el exterior, mediante pasajes protegidos corta fuego, con una resistencia no menor al de
la escalera a la que sirven y de un ancho n o menor al ancho de la escalera

o) Las puertas que abren al exterior tendran un ancho minimo de 1.00 m

p) Para el cumplimiento de lo establecido en los incisos m), n) y o), se aceptaran las alternativas establecidas en

Codigo NFPA 101 para estos casos.

q) Las escaleras mecanicas, no deberan ser consideradas como rutas de evacuacion

Articulo 30.- Los ascensores en las edificaciones deberan cumplir con las siguientes condiciones
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Estacionamientos - Arquitectura - Norma A.010 - Condiciones Generales de
Diseno
CAPITULO XI
ESTACIONAMIENTOS

Articulo 60.- Toda edificacion debera proyectarse con una dotacién minima de estacionamientos dentro del lote en
que se edifica, de acuerdo a su uso y segun lo establecido en el Plan Urbano.
Articulo 61.- Los estacionamientos estaran ubicados dentro de la misma edificacién a la que sirven, y solo en casos
excepcionales por déficit de estacionamiento, se ubicaran en predios distintos. Estos espacios podran estar ubicados
en so6tano, a nivel del suelo o en piso alto y constituyen un uso complementario al uso principal de la edificacion.
Articulo 62.- En los casos excepcionales por déficit de estacionamiento, los espacios de estacionamientos
requeridos, deberan ser adquiridos en predios que se encuentren a una distancia de recorrido peatonal cercana a la
Edificacion que origina el déficit, mediante la modalidad que establezca la Municipalidad correspondiente, o
resolverse de acuerdo a lo establecido en el Plan Urbano.
Articulo 63 .- Los casos excepcionales por déficit de estacionamientos solamente se daran, cuando no es posible el

acceso de los vehiculos requeridos al inmueble que origina el déficit, por alguno de los siguientes motivos:

a) Por estar el inmueble frente a una via peatonal,

b) Por tratarse de remodelaciones de inmuebles con o sin cambio de uso, que no permitan colocar la cantidad de
estacionamientos requerida.

c) Proyectos o Programas de Densificacion Urbana.

d) Intervenciones en Monumentos historicos o inmuebles de valor monumental

e) Otros, que e stén contemplados en el Plan Urbano.

Articulo 64.- Los estacionamientos que deben considerarse son para automoviles y camionetas para el transporte de
personas con hasta 7 asientos. Para el estacionamiento de otro tipo de vehiculos, es requisito efectuar los calculos
de espacios de estaciona miento y maniobr as segun sus caracteristicas.

Articulo 65.- Las caracteristicas a considerar en ta provision de espacios de estacionamientos de uso privado seran
las siguientes:

a) Las dimensiones libres minimas de un espacio de estacionamiento seran:

Cuando se coloquen:

Tres o mas e stacionamientos continuos: Ancho: 2.40 m cada uno

Dos estacionamientos continuos: Ancho: 2.50 m cada uno

Estacionamientos individuales: Ancho: 2.70 m cada uno

En todos los casos Largo 5.00 m. Altura: 2.10 m.

b) Los elementos estructurales podran ocupar hasta el 5% del ancho del estacionamiento, cuando este tenga las

dimensiones minimas.
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c) La distancia minima entre los espacios de estacionamiento opuestos o entre la parte posterior de un espacio de
estacionamiento y la pared de cierre opuesta, sera de 6.00 m.

d) Los espacios de estacionamiento no deben invadir ni1 ubicarse frente a las rutas de ingreso o evacuacion de las
personas.

e) Los estacionamientos dobles, es decir uno tras otro, se contabilizan para alcanzar el niumero de estacionamientos
exigido en el plan urbano, pero constituyen una sola unidad inmobiliana.

f) No se deberan ubicar espacios de estacionamiento en un radio de 10 m. de un hidrante ni a 3 m. de una conexién
de bomberos (siamesa de inyeccion).

Articulo 66.- Las caracteristicas a considerar en la pro vision de espacios de estacionamientos de uso publico

a) Las dimensiones minimas de un espacio de estacionamiento seran:

Cuando se coloquen:

Tres o mas estacionamientos continuos: Ancho: 2.50 m cad a uno

Dos estacionamientos continuos Ancho: 2.60 m cada uno

Estacionamientos individuales Ancho: 3.00 m cada uno

En todos los casos: Largo:5.00 m. Altura: 2.10 m.

b) Los elementos estructurales podran ocupar hasta el 5% del ancho del estacionamiento, cuando este tenga las
dimensiones minimas.

c) La distancia minima entre los espacios de estacionamiento opuestos o entre la parte posterior de un espacio de
estacionamiento y la pared de cierre opuesta, sera de 6.50 m.

d) Los espacios de estacionamiento no deben invadir, ni ubicarse frente a las rutas de ingreso o evacuacion de las
personas.

e) No se deberan ubicar espacios de estacionamiento en un radio de 10 m. de un hidrante ni a 3 m. de una conexion
de bomberos (siamesa de inyeccion).

f) Debera considerarse en el acceso y circulacion, el ancho, altura y radio de giro de las unidades del Cuerpo de

Bomberos

Articulo 69.- la ventilacion de las zonas de estacionamiento de vehiculos, cualquiera sea su dimension debe estar
garantizada, de manera natural o mecanica. Las zonas de estacionamiento en s6tanos de un solo nivel, a nivel o en
pisos superiores, que tengan o no encima una edificacion de uso comercial o residencial, requeriran de ventilacion
natural suficiente para permitir 1a eliminacion del monéxido de carbono emitido por los vehiculos. Las zonas de

estacionamiento en sotanos a_ partir_del segundo sétano, requieren

monoxido de carbono, a menos que se pueda demostrar_una_eficiente ventilacion natural El sistema de extraccion

debera contar con ductos de salida de gases que no afecten las edificaciones colindantes.
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Generalidades y Sistemas de Evacuacion - Requisitos de seguridad
NORMA A.130
REQUISITOS DE SEGURIDAD

GENERALIDADES
SUB-CAPITULO IV
REQUISITOS DE LOS SISTEMAS DE PRESURIZACION
DE ESCALERAS

Articulo 29°.- El ventilador y el punto de toma de aire deben ubicarse en un area libre de riesgo de contaminaciéon

por humos, preferentemente en el e xterior o azotea de la ed ificacion

Articulo 30°.- No es permitida la instalacion del ventilador en soétanos o lugares cerrados, donde un_incendio

adyacente pueda poner en riesgo la extraccion de aire, cargando la escalera de humo. El sistema debe contar con

inyeccion de aire para cada piso. La diferencia de presion minima de disefo entre el interior y el exterior de |a caja de

la_escalera debe ser de 0.05 pulgadas de columna de agua y el maximo de 0.45 pulgadas de columna de agua para

edificios proteqgidos al 100% con rociadores.
Articulo 31°.- El calculo para el disefio de la escalera se debe realizar teniendo en cuenta como minimo |a puerta de

salida en el nivel de evacuacion y puertas adicionales dependiendo del numero de pisos, cantidad de personas

fuerza requerida para abrir cada una de las puertas de |la caja de |la escalera no debera exceder las 30 Ibf.

Articulo 32°.- La succion y descarga de aire de los sopladores o ventiladores debe estar dotada de detectores
de humo interconectados con el sistema de deteccion y alarmas del edificio de tal manera que se detenga
automaticamente en caso de que ingrese humo por el rodete.
El ventilador debera ser activado automaticamente ante la activacion de cualquier dispositivo del sistema de
deteccién y alarma. Como minimo debera activarse por medio de detectores de humo ubicados en cada acceso a las
escaleras de escape

a. a no menos de 3.0 m de las puertas de escape.

Articulo 33°.- La interconexion con el sistema de alarmas y deteccion (cables) debe tener una proteccion

cortafuego para minimo 2 horas.
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Articulo 34°.- La alimentacion de energia para los motores del ventilador debe contar con dos fuentes
independientes, de transferencia automatica. Las rutas de dichos suministros deben ser independientes y protegidos
contrafuego por 2 horas. La transferencia de la fuente de alimentacion primaria a la secundaria se debe realizar
dentro de los 30 segundos posteriores a la falla de fuente primaria. Se debe separar la llave de control de los motores
de presurizacion de forma que el contactor general no actue sobre esta alimentacion. Todos los cables de suministro
eléctrico desde el tablero de alimentacion hasta la entrada a motor del ventilador deben contar con una proteccion

cortafuego para minimo 2 horas.

Articulo 35°.- E! ventilador debera cumplir con los siquientes requisitos:

a. Listado o equivalente.
b. Preferentemente del tipo centrifugo radial.

ch En el caso de que el ventilador sea impulsado por medio de fajas el numero de estas debe ser cuando

menos 1.5 veces el numero de fajas requeridas para el servicio de disefo.

d. T ventil r impul r medi f ner ndo men faj

e. Los calculos para la seleccién y la curva del fabricante deben formar parte de los documentos entreqados.

f. ningun i | 3 nci I nci | nci
determinara mediante una medicion de campo con tres puertas abiertas.

g. El motor impulsor debe tener cuando menos un factor de servicio de 1.15

I

| ventilador debe contar con rd rotector. ral

i El ventilador debe contar con una base para aisiar vibraciones,

Articulo 36°.- Los dampers y los du ctos deberan cumplir con los siguientes requisitos:

b. Los dampers deben ser listados sequn UL 555S.

c. Los rodamientos de los dampers deben ser auto lubricados o de bronce.

d. Las hojas deben ser galvanizadas

e. Los ductos pueden ser de hierro, acero, aluminio, cobre, concreto, baldosas o mamposteria segun sea el
caso

f. Cuando los ductos se encuentren expuestos dentro del edificio deberan tener un cerramiento contrafuego

de 2 horas
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ASHRAE-Ventilation for Acceptable Indoor Air Quality, Standard 62

Este estandar resume los requisitos de ventilacion que se debe considerar para
obtener una calidad aceptable del aire en el interior, con el fin de que los
disenadores creen un clima interior aceptable para mantener la productividad de los
ocupantes y la salud. Esta estandar también hace referencia a las concentraciones
de CO2 como indicador de la actividad humana. Los estudios realizados en esta
norma han indicado que una tasa de ventilacion de 15 CFM por persona es

adecuada para diluir el olor corporal producido por el CO2. (ver Anexo)
ASHRAE- Enclosed Vehicular Facilities Chapter 15

En este capitulo se toma en cuenta los niveles de concentracion adecuado para los
estacionamientos, asi como también indica cuando se utiliza ventilacion mecanica,

cuando ventilacién natural y cuando ventilacidn mixta. (ver anexo)

ASHRAE - Fire And Smoke Management Chapter 53-Pressurized Stairwells

En este capitulo la ASHRAE recomienda un Sistemas de gestién de humo la cual
incluye la presurizacion de escalera y todos los otros métodos que pueden ser
utilizados por separado o en combinacidén para modificar y limitar el movimiento del
humo. También hace referencia a los valores de fuerza de apertura, tipo de pruebas

a realizar



CAPITULO IX
METRADO Y PRESUPUESTO BASE

9.1 Presupuesto Chiller y Extractores

Para la presentacion de este presupuesto se ha considerado indicar claramente
todos los accesorios a instalarse, asi como también las unidades de medidas
convencionales para los diferentes materiales considerados, a fin de poder

establecer en un futuro los ratios de instalacion que se consideraron.

PRICE WATER HOUSE Proforma N°07-11082
Fecha:23/01/2008

Empresa:
Proyecto: SISTEMA DE AIRE ACONDICIONADO

OFICINAS PRICE WATER HOUSE COOPERS
EQUIPOS Y ACCESORIOS NUEVOS

U | Punit | Total

Item Descripcion CANT. NI | (US$) | (US$)

,. |P1sos6,7v8

11 SISTEMA CHILLER (02) unid. DE 125 TON
ACCESORIOS PARA EL CHILLER

Tanque de expansién, marca TACO (USA), modelo PS- 1 u 400 400
40.
Tanque separador de aire en linea, conexiéon bridada 6", 1 u | 1,390 1,390
125 psi
Purgadores automaticos de aire, conexién 1/2" x 3/4", 2 u 20 40
marca TACO.
Valvula mariposa, 6", lug style 4 u 180 720
Manometro WINTERS (USA), 2.5"dial; 1/4" NPT, rango O 8 u

h 10 80
a 300 psi.

8 u 40 320

Termometro de columna WINTERS (USA), 6" largo;
Termo pozo 1/2" NPT. Rango -4 a100 °F.
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Flow switch modelo F61KB; conexién 1" 2 108 216
Uniones Flexible de neoprene 6", con bridas. 4 u 90 360
Unién Rigida tipo victaulic de 6". 4 u 42 168
INSTALACION DE EQUIPO CHILLER
Izaje de chiller G
Incluye acarreo, izaje y montaje sobre la base dejada por 1 | 1,740 1,740
la obra civil. b
Instalacion eléctrica de equipo chiller. 1 S 2,600 2,600
BOMBAS PRIMARIAS Y SECUNDARIAS
1,2 CENTRIFUGAS
BOMBAS PRIMARIAS
ot 3QO GPM @ 55
pies c.a. 3 "
Marca TACO (USA) 1,840 (5,520
- 7.5 HP, 220V-3ph-
Electrlc_ldad 60Hz
ACCESORIOS BOMBAS PRIMARIAS
Valvula multipropésito, marca TACO (USA), 3" bridada 3 Ul 300 900
Filtro Y, canastilla de inoxidable, mesh 20, 4" bridada. 3 Ul 180 540
Uniones Flexibles de neoprene de 4", con bridas. 3 U eo0 180
Uniones Flexibles de neoprene de 3", con bridas. 3 u | go 150
Valvula Mariposa, 3" lug style. 3 u| gs 255
Mandémetro WINTERS (USA), 2.5"dial rango 0 a 300 psi. 4 Uil 11 44
Termoémetro de columna 2 u | 40 80
Instalacién de bomba primaria G
Incluye acarreo, izaje y montaje sobre la base dejada por 1 bl 820 820
la obra civil
Instalacion eléctrica del sistema de bombeo primario. 1 SI 1,630 1,630
BOMBAS SECUNDARIAS
600 GPM @ 90
Caudal pies c.a.
Marca TACO (USA) 2 u | 2,980 5,960
- 20 HP, 220V-3ph-
Electrludad 60Hz
ACCESORIOS BOMBAS SECUNDARIAS
Valvula multipropésito, marca TACO (USA), 5" bridada 2 u 710 1,420
Filtro Y, canastilla de inoxidable, mesh 20, 4" bridada. 2 u 114 228
Uniones Flexibles de neoprene de 4", con bridas. 6 u 60 360
Uniones Flexibles de neoprene de 3", con bridas. 6 u 50 300
Valvula Mariposa, 4" lug style. 3 u 108 324
Manome.tro WINTERS (USA), 2.5"dial; 1/4" NPT, rango O 6 u 20 120
a 300 psi.
Termoémetro de columna 2 u 40 80
Variador de frecuencia, marca DANFOSS (USA), modelo 1 u | 1770 1770
FC-102P15KT2E21, voltaje 220V-3ph-60Hz. ' '
Transmisor de presion diferencial para agua M230, senral 1 7 590 590
4-20 mA.
Instalacién de bomba secundaria G
Incluye acarreo, izaje y montaje sobre la base dejada por 1 bl 650 650
la obra civil




Instalacién eléctrica del sistema de bombeo secundario.

1,3
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1.090

1.090

EQUIPOS Y ACCESORIOS (NUEVO)

FAN COIL DE AGUA HELADA
Capacidad: 12,000 BTU/h

Marca: York, TCM, Classic 6 Similar
Electricidad: 220V-1J-60Hz

49

186

9,114

FAN COIL DE AGUA HELADA
Capacidad: 18,000 BTU/h

Marca: York, TCM, Classic 6 Similar
Electricidad: 220V-10-60Hz

22

256

5,632

FAN COIL DE AGUA HELADA
Capacidad: 24,000 BTU/h

Marca: York, TCM, Classic 6 Similar
Electricidad: 220V-103-60Hz

FAN COIL DE AGUA HELADA
Capacidad: 36,000 BTU/h

Marca: York, TCM, Classic 6 Similar
Electricidad: 220V-10-60Hz

333

1,998

533

3,198

FAN COIL DE AGUA HELADACapacidad: 48,000
BTU/hMarca: York, TCM, Classic 6 SimilarElectricidad:
220V-19-60Hz

577

3,462

FAN COIL DE AGUA HELADA
Capacidad: 60,000 BTU/h

Marca: York, TCM, Classic 6 Similar
Electricidad: 220V-13-60Hz

24

722

17,328

INYECTOR CENTRIFUGO
Marca: Soler&Palau

Modelo: SA

Capacidad: 10,500 cfm @ 1.2"
Electricidad: SHP, 220V-303-60Hz

1,700

1,700

* Suministro e instalacién de valvulas solenoide
* Suministro e instalacién de valvula de servicio
* Suministro e instalacion de circuit setter

* Suministro e instalacion de termostato

* Instalacion de drenaje con tuberia de PVC-P

* Montaje de equipos fan coil nuevo

* Enchaquetado de tuberia de agua helada expuesta al
medio ambiente.

113

67

7,571

226

13

2,938

150

600

113

50

5,650

113

678

113

67

7,571

Slclelele|e]|e

1.200

1,200

Suministro é instalacién de tuberia de fierro con
mangueras flexible de espuma elastomérica tipo
armaflex

Tuberia de 3/4"Q

Tuberia de 19D

Tuberia de 1-1/4"Q

Tuberia de 1-1/2"@

5,637

5,637

4,219

4,219

8,226

8,226

5,367

5,367
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G
Tuberia de 2"Q9 bl 8,571 8,571
G
Tuberia de 2-1/2'0 b | 4142 | 4,142
G
Tuberia de 3"Q@ bl 3,923 3,923
G
Tuberia de 4"9 bl 2,917 2,917
G
Tuberia de 5"9 bl 2,520 2,520
G
Tuberia de 6"Q bl 758 758
G
Tuberia de 8"Q9 bl 7,560 7,560
1,4 | SISTEMA DE DUCTERIAS (NUEVO) B
Ductos metalicos fabricados en planchas de fierro G|l | - i
| galvanizado. bl | 22:000| 22,000
Aislamiento de ductos con lana de vidrio de 1.5" de G
espesor bl 11,400 | 11,400 |
Duct Liner de 1" de espesor g 5,200 5,200
Ducto flexible S 110,600 | 10,600
Suministro e instalaciéon de Difusores, pintado de color G |
blanco. bl RIS )
Suministro e instalacion de rejillas de retorno, pintado de G
color blanco. bl 5,093 5.093
Bandeja de condensado 8 3,164 3,164
Filtro lavable de malla de aluminio S 2,712 2,712
2. PISO 1-SALA DE CAPACITACION
21 EQUIPOS, ACCESORIOS E INSTALACION
EQUIPO SPLIT DUCTO (SOLO FRIO)
Capacidad: 60,000 BTU/h u | 1,320 3,960
Electricidad: 6 KW, 220V-33-60Hz
INYECTOR HELICOCENTRIFUGO
Modelo: TD 800
Caudal: 350 cfm @ 0.8"c.a » i 300
Electricidad: 180 W, 220V-102-60Hz
Protector eléctrico de inversion de fases u 33 99
Termostato ambiental u 47 141
Separador de aceite u 127 381
Instalacion de split ducto 6(5,-060 BTU/h
Montaje de equipo
Tuberia de cobre
Carga del sistema con gas refrigerante R-22
Instalacién de drenaje con tuberia de PVC-P (max. 1m) u | 1450 4350
Conexion eléctrica de control y fuerza (max. 1m) ' '
Puesta en marcha, pruebas y ajustes
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2,2

SISTEMA DE DUCTERIAS

Ductos metalicos fabricados en plancha de fierro
galvanizado.

21

1,152

Aislamiento de ductos con lana de vidrio de 1.5" de
espesor con foil de aluminio.

5.7

484.5

Aislamiento acustico con duct liner de 1" de espesor.

13

234

Ducto flexible

Suministro e instalacion de Difusores, pintado de color
blanco.

10.6

689

0.14

406

Suministro e instalacién de rejillas de retorno, pintado de
color blanco.

0.12

264

Bandeja de condensado

28

84

Filtro lavable de malla de aluminio

24

72

Instalacion electromecanica de equipo inyector

60

120

3.-

EXTRACCION DE OLORES

3,1

EQUIPOS EXTRACTORES

EXTRACTOR CENTRIFUGO DE SIMPLE ENTRADA
Marca: Soler&Palau

Modelo: SA

Caudal: 3450 cfm @ 0.7"c.a

Electricidad:2HP, 220V-303-60Hz

705

705

EXTRACTOR CENTRIFUGO DE SIMPLE ENTRADA
Marca: Soler&Palau

Modelo: SA

Caudal: 1600 cfm @ 0.7"c.a

Electricidad: 1 HP, 220V-30-60Hz

615

1,230

EXTRACTOR HELICOCENTRIFUGO
Modelo: TD 800

Caudal: 460 cfm @ 0.4"c.a
Electricidad: 180 W, 220V-13-60Hz

150

600

EXTRACTOR HELICOCENTRIFUGO
Modelo: TD 800

Caudal: 400 cfm @ 0.4"c.a
Electricidad:180W, 220V-13-60Hz

150

300

EXTRACTOR HELICOCENTRIFUGO
Modelo: TD 800

Caudal: 350 cfm @ 0.4"c.a
Electricidad: 180W, 220V-13-60Hz

150

300
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EXTRACTOR HELICOCENTRIFUGO
Modelo: TD 800

Caudal: 320 cfm @ 0.4"c.a
Electricidad: 180W, 220V-13-60Hz

150

150

EXTRACTOR HELICOCENTRIFUGO
Modelo: TD 800

Caudal: 300 cfm @ 0.4"c.a
Electricidad: 180W, 220V-103-60Hz

150

300

EXTRACTOR HELICOCENTRIFUGO
Modelo: TD 500

Caudal: 280 cfm @ 0.4"c.a
Electricidad:100W, 220V-10-60Hz

128

128

EXTRACTOR HELICOCENTRIFUGO
Modelo: TD 500

Caudal: 250 cfm @ 0.4"c.a
Electricidad:100W, 220V-13-60Hz

128

384

EXTRACTOR HELICOCENTRIFUGO
Modelo: TD 500

Caudal: 200 cfm @ 0.4"c.a
Electricidad: 100W, 220V-13-60Hz

128

256

EXTRACTOR HELICOCENTRIFUGOModelo: TD
500Caudal: 160 cfm @ 0.4"c.aElectricidad:100W, 220V-
10-60Hz

128

128

EXTRACTOR HELICOCENTRIFUGO
Modelo: TD 350

Caudal: 120 cfm @ 0.4"c.a
Electricidad:80W, 220V-10-60Hz

85

85

EXTRACTOR HELICOCENTRIFUGO
Modelo: TD 350

Caudal: 100 cfm @ 0.4"c.a
Electricidad:100W, 220V-13-60Hz

85

85

3,2

SISTEMA DE DUCTERIAS

Ductos metalicos fabricados en planchas de fierro
| galvanizado.

G
bl

2.1

5,447.62

Suministro e instalacion de Rejillas de extraccion.

G
bl

0.12

1,380

Instalaciéon electromecanica de equipo extractor.

G
bl

1,700

1,700

Total 1 US$
Total 2 US$

IGV (19%) US$
Total US$ 280,960

248,527
236,101.

44,859




9.2 Presupuesto Sistema de Presurizacion de Escalera

Cliente GyM

Atencion

Fecha

Ing. Karen Kawabata / Ing. Daniel Navarrete

24/08/2007

Referencia PRESURIZACION DE ESCALERA

Item

Descripcion

1.-

Equipo Inyector de Aire

Cant

Punit
(US$)

Total (USS)

VENTILADOR TIPO CENTRIFUGO DE
SIMPLE ENTRADA

Marca: Vent Tech

Caudal: 4 200 cfm @ 2"c.a.
Electricidad: 3 HP, 220V-30J-60Hz

850

850

ACCESORIOS E INSTALACION
MECANICA ELECTRICA

Ductos fabricados en planchas de fierro
galvanizado de 1/40" de espesor, incluye
anclajes y soporteria.

1 gbl

990

990

Rejillas de descarga fabricados en
planchas de fierro galvanizado de 1/40" de
espesor, pintados de color blanco
(fabricacion nacional)

1 gbl

252

252

Damper de alivio regulado por sobre
presion

210

210

Sensor de presion diferencial
Marca: Dwyer o similar

210

630

Variador de frecuencia

580

580

Filtro de malla de aluminio
Dimensiones: 42'"x30"

113.4

113.4

Instalacion de sensor diferencial

25

75

Instalacién de ventilador

Montaje de equipo

Base metalica

Conexion eléctrica de control y de fuerza
(max 1m)

Puesta en marcha, pruebas y ajustes

250

250

Sub Total US$
IGV (19%) US$
Total US$

3,950.4
750.58
4,700

80



9.3 Presupuesto Sistema de Extraccion de Monodxido

Cliente Gy M

Atencion

Fecha

24/08/2007

Ing. Karen Kawabata / Ing. Daniel Navarrete

Referencia EXTRACCION DE MONOXIDO DE CARBONO

31

Item

Descripcion

Cant P.U

USS$ P.total

1.-

EQUIPOS DE EXTRACCION DE
MONOXIDO

EXTRACTOR CENTRIFUGO
Marca: Vent Tech o similar
Capacidad: 28 180 cfm @ 3" c.a.
Electricidad: 220V-3J-60Hz

1u 4,000

4,000

EXTRACTOR CENTRIFUGO
Marca: Vent Tech o similar
Capacidad: 29 180 cfm @ 3" c.a.
Electricidad: 220V-30J-60Hz

1u 4,000

4,000

ACCESORIOS E INSTALACION
MECANICA ELECTRICA

Ductos metalicos fabricados en
planchas de fierro galvanizado,
incluye soporteria

1 gbl 1,650

1,650

Detector de monoxido de carbono
Marca: Macurco o SF Detection

16 u 390

6,240

Instalacion de detector de mondxido

16 u 50

800

Instalacion de extractor centrifugo
Montaje de equipo

Conexion eléctrica de control
Tablero de control y fuerza incluye:
01 arrancador estrella tridngulo
01 relé encapsulado, 01 llave
termom

01 lampara de senalizacién

01 puisador de arranque y parada
01 selector MOA

Puesta en marcha, pruebas y
ajustes

2u 1,350

2,700

Damper de regulacién ubicadas en
los ductos de mamposteria

28u 70

1,960

47 u 75

3,525

Rejillas de piso de 52"x14"
Rejillas de piso de 50"x12"

64 u 65

4,160

Sub Total US$
IGV (19%) US$
Total US$

29,035
5,516
34,551
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CONCLUSIONES

Las caracteristicas de los materiales, el uso de la infraestructura, la ubicacion
del local, etc. Son factores que impactan directamente en el calculo de carga
térmica que se tiene que considerar para climatizar el local, este conjunto de
datos ingresados de manera correcta en el Software nos brindaran valores de
disefio basados en la ASHRAE bajo los cuales nos basamos para realizar la
seleccion de los equipos de aire acondicionado y los demas equipamientos que
constituyen el sistema de aire acondicionado y su correspondiente renovacion

de aire.

El sistema centralizado “Unidad Chiller’ es el mas adecuado para las
caracteristicas de funcionamiento del edificio, asi como también la correcta
distribucion de la ducteria por zonas proporcionan el suministro de aire preciso
para controlar la temperatura, humedad y movimiento del aire, esto debido al

tiempo y modo de uso del edificio.

La correcta selecciéon de los ductos, método de calculo y ubicacion de los
accesorios de distribucion de aire y elementos de control (sensores de
monoéxido y transmisores de presion) garantizan que los sistemas de Extraccidon
de Monoéxido y Presurizacion de Escalera cumpliran de manera correcta y

oportuna ante cualquier eventualidad.
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4. En la actualidad se ha mejorado los conceptos de disefio tanto para el Sistema
de Extraccion de Monoxido y Presurizacion de Escalera que son facilmente
adaptables a los nuevos conceptos de arquitectura dispuestos, manteniendo
todos los conceptos de funcionalidad para lo cual ha sido creada. Para la
fabricacion, instalacion y pruebas de funcionamiento todas son basadas en
normas o estandares internacionales los cuales son aplicadas a nuestra

realidad, por ello en los proyectos se hacen referencia a estos puntos.

5. Los calculos y pruebas realizados para el Sistema de Extraccion de Monoxido
se realizaron con las normas vigentes del RNE 2008, fecha en la cual se ejecuto
el proyecto. Actualmente se cuenta con actualizaciones para este tipo de

instalacion.

6. Se realizé6 la observacion que los valores ingresados como condiciones
exteriores 85°F y 75°F que el programa carga automaticamente por que cuenta con
una base de datos para la ciudad de Lima-Peru segun la tabla de ASHRAE (en los
anexos se adjunta la ficha para Lima-Callao segun ASHRAE) difieren con la
condiciones actuales con las que se cuenta en Lima, pese a ello la capacidad de
240.59TON llegé a cumplir con las necesidades de confort solicitadas en el
proyecto. Posteriormente se realizé la seleccion colocando los valores actuales de
Lima en forma manual y se debieron necesitar 257.62TON para cubrir las
necesidades, valor muy cercano a la capacidad instalada, todo ello se puede
explicar debido a que se esta trabajando con valores de maximos simultaneos y a

los factores de seguridad que se cargan en el software.
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7. En la reuniones previas se dejaron en claro las recomendaciones que se
pueden generar debido a que en el medio existen varios tipos de sistemas de
enfriamiento, asi como debido a los altos consumos que se generan se pudieron
considerar tratamiento de agua con ablandadores, trabajar con un voltaje mayor,

etc. La toma de decision para estos puntos correspondieron unicamente al cliente.

8. EIl método utilizado para el dimensionamiento de los ductos y conexiones fue el
de caida de presion constante, ya que es un método practico que relaciona un
valor constante para todas las secciones de ducto y se basa en la velocidad
maxima permisible en el ducto principal que sale del ventilador a fin de evitar

generar demasiado ruido.

H‘é L

C Satte Cuir

9. La buena interpretacion de los valores que nos brindan las hojas de calculos y
software de calculos en este caso el CHVAC ELITE deben ser bien

interpretadas a fin de conseguir los resultados esperados.
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10. Durante la conceptualizacién del sistema de aire acondicionado, es necesario
reunirnos cada uno de los integrantes del proyecto como lo son el propietario,
arquitectos, ingenieros y personas de las otras especialidades con el fin de
compartir la informacién necesaria previa al diseno, a fin de prever lo necesario

y afectar en menor grado la arquitectura propuesta para el edificio.

11. Se debe evitar la instalacion de los equipos dentro de los falsos cielos rasos
sobre artefactos eléctricos o en lugares que puedan ser peligrosos para los

operarios al efectuar los trabajos de mantenimiento.

12. Es necesario realizar inspecciones peridédicas a los ductos metalicos a fin de
controlar las pérdidas de aire por fugas, asi también se debe garantizar la
buena instalacion del aislamiento térmico a fin de evitar perdidas de

temperatura a través de toda la ducteria.

13. Para realizar el proyecto se utilizé los resilentes MASON el cual es un elemento

que tiene como fin de evitar transmitir la vibracion a los elementos estructurales

del edificio.

14. El modelamiento y concepto BIM (BuldinginformationModeling) puede ser una
solucion para los nuevas edificaciones a ejecutarse. Es la informacion completa

del edificio traducida a un modelo computacional en tres dimensiones, y puede
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ir desde la arquitectura hasta el gasto de energia, pasando por instalaciones,
calculo estructural, costos de mantenimiento, acondicionamiento térmico, etc.
Es actualmente un enfoque emergente en los procesos de disefo, analisis y

documentacién arquitectonicos.

15. Con la palabra "informacion” nos referimos al conjunto de todos los datos que
intervienen en el disefio de un edificio: el numero de ventanas, los
presupuestos, el dimensionado de los equipos de calefaccién y refrigeracion, el
impacto medioambiental, etc. Toda esa informacion configura un modelo digital
que se puede presentar como un conjunto de documentos coordinados, se

puede compartir entre disciplinas y utilizar como herramienta de gestion

centralizada de diseno.
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Resumen de Experiencia Profesional

En la actualidad la construccidén esta creciendo en el pais cada dia con un ritmo
mayor, este crecimiento no esta acorde con el nivel de solucién de los problemas
cotidianos al que se enfrentan los disefadores, instaladores y operadores de
sistemas de acondicionamiento de aire u algun otro sistema electromecanico. La
instalacion del sistema de aire acondicionado para un edificio pasa por varias
etapas, que son: Diseno, instalacion, operacién y mantenimiento constante, servicio

al igual que todos los demas sistemas.

El diseno del proyecto para un edificio de grandes dimensiones es una tarea
extremadamente complicada. Puede requerir meses o anos, e involucrar a varios

grupos de personas.

El diseno para grandes proyectos es responsabilidad de los ingenieros mecanicos
ya que son ellos los que tienen que realizar la coordinacion del trabajo entre los
arquitectos y los ingenieros de las diferentes especialidades siendo una tarea
importante y dificil. Incluye la verificacidon de que el equipo y los materiales que van
a instalarse no interfieran fisicamente entre si (compatibilizar especialidades). Un
error en la coordinacion puede ocasionar sobre costos en la obra o retrabajos y

extension en el plazo de entrega.

El Sub contratista mecanico o ingeniero mecanico en este proyecto en particular
recibio los planos del proyecto y primero tuvo que compatibilizarlo con reuniones

extraordinarias antes de enviar los planos al taller de fabricacion.
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El ingeniero mecanico es una pieza importante en la obra debido a que realiza
estimaciones de costos, compatibiliza las instalaciones, realiza los requerimientos
para la instalacion del equipamiento, redisefa en varios casos manteniendo el
concepto del disefo (por ello la importancia de saber el uso del Software Elite),
revisa las especificaciones, supervisa las instalaciones asi como también realiza el

trabajo de prueba, ajustes y balanceo necesarios para dejar operativo el edificio.

Todo este concepto en resumen esta muy relacionado con la filosofia del
Moldeamiento con BIM. EIl concepto BIM engloba la gestidon de toda la informacion
que se genera a lo largo del proceso de proyecto, desde la fase de disefo
conceptual, el anteproyecto y la toma de decisiones constructivas hasta las fases
mas avanzadas de disefio de instalaciones, realizando simulaciones
constantemente y actualizaciones que ayudan de una forma mas rapida a detectar
cualquier problema que se pueda originar por el cambio de alguna caracteristica en

algun sistema.
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PLANOS

Sistema de Aire Acondicionado

Lamina IM-01 Plano de Distribucion en Piso 1

e Lamina IM-02 Plano de Distribucion en Piso 2

e Lamina IM-03 Plano de Distribucion en Piso 6

e Lamina IM-04 Plano de Distribuciéon en Piso 7

e Lamina IM-05 Plano de Distribucion en Piso 8

e Lamina IM-06 Plano de Distribucion Azotea, Tabla de Capacidades

e Lamina IM-07 Plano Detalles

e Lamina IM-08 Plano Tablas de Equipos DX, Leyendas y Detalles

e Lamina IM-09 Plano Detalles Base Flotante para Chiller y Bombas.

Sistema de Extraccion de Monoéxido.

e Lamina I-01 Plano de Sétano 4 Equipos, Rejillas y Sensores

e Lamina I-02 Plano de Sétano 2 y Sotano 3 Rejillas y Sensores

e Lamina I-03 Plano de Sotano 1 Rejillas y Sensores

Sistema de Presurizacion de Escalera.

e Lamina PC-01 Plano Plantas Piso 2- Piso 8, Planta Techos

e Lamina PC-02 Plano Cortes, Tablas y Leyendas
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SISTEMA DE AIRE ACONDICIONADO

W YORK

AIR-COOLED
SCROLL CHILLERS

STYLE A

YLRAADOTO - YLAADITO
12 - 130 TOK
46 — 456 kW
80 N2
R-3103



PROCOLOS DE PRUEBA CHILLER 1

wd York Pe ru

YCRKINTERNATIONAL, &

CHECK LIST - ARRANQUE DE CHILLER

Orden de compra N°*:

S N
Cliente: PRICEWATERHOUSE

Fecha: 19./07/2008

Direccion: Edificio Santo Toribio

ingeniero Inspector:

Chiller Modelo: YLAAO120SE28XAASXT

Compresor N® 1
N* Modelo: ZP385KCE-TW5-251
N°® Serie: 071148837

Compresor N°® 2
N°® Modelo: ZP385KCE-TW5-251
N?* Serie: 071148842

Compresor N® 3
N°* Modelo: ZP385KCE-TW 5-251
N°® Serie: 078153023

Previo al arranque:

O WN =

El Chiller se encuenitra libre de danos por transporte o una mala instalacion
Todas las tuberias de agua helada han sido termmadas y aisladas
No existen fugas en las tuberias de agua helada y el sistema puede cargarse completamente
La bemba de agua ha sido arrancada y hay presion de agua

Se ha purgado el agua suc:a del sistema y solo circula aqua limpia... .
La bomba de agua opera en las condiciones previstas. asi como se mma ndla de Ia canda de
presicn en el Cooler...................ccooiiiiiiiiiii.
7 Se ha instalado manometro para agua en la entrada y salida del ccoler
8 Se ha instalado termometro para agua en la entrada y salida del cooler {opcional)..

Chiller Serie: RBTM021991

Compresor N* 4
N* Modelo: ZP385KCE-TW5-251
N°® Serie: 07815302

Compresor N° S
N* Modelo: NO HAY
N*® Serie:

Compresor N° 6
N® Modelo: NO HAY
N°® Serne:

Se hainstalado y cableado interruptor de flujo a la salidadelcooler ... .....__..... ...
NOTA: Un flujo excesnvo de agua puede caxssar dafos irreparables en el equipo.

10 Versficar Ia operacion de los interruptores de suministro de voltaje
11 El panel de control se encuentra libre de matenales externos: cables sueitos, metales, etc

12  Inspeccydn visual del cabieado en los paneles de control y fuerza del tablero de suministro......._...
13 Los teminales de los cables se encuentran adecuadamente 3justados 3 los lados de las llaves
térmicas y la caja de terminales del tablero de fuerza del chiller ...,

14 Se verifico la conexiOn de las 3 fases y se toma nota del vohaje ...
15 Alimentar el equipo con el voltaje, y verfcarlo en las 3 lineas

18 Asegurarse de que los calentacores en cada compresorhan sido conectados por lo menos 24 horas
de anticipacion al aranque. para aseguramos que no haya refrigerante en el aceite del compresor

para el momento del amanque............._.......

17 Versficar punto de puesta a tierra
18 Vertficar que se tenga como manimo el &
chiller ..

e |a carga termica total seleccionada para el uab:qo del

Es mpoﬂanle conlar con caga termlca para poder programar y oomprobar la efucsenc»a al

100% de la capacidad del ch2er.

Es #mportante contar con carga térmica para comprobar la secuencia de operacion del chiller
Es mportante contar con carga térmica para verificar todos los parametros de operacon

Por favor rem1ir la hoja firmada a las ofcinas de York, en confirmacon de todos los puntos arriba

arda mencicnados

REFRICORP
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PROCOLOS DE PRUEBA CHILLER 2

CHECK LIST - ARRANQUE DE CHILLER

Ovden de comgea N°: Fecha: 19/07,2008

Cliente: PRICEWATERHOUSE Direccion: EGNGO 5anto 1onpio.
ingeniero Inspector:

Chilter Modelo: YLAAD12QSEPAXAASXT Chiller Sene: RBTMI219Q2
Carmpresor N° 1 Corgwesar N° 4

N° Modeto: ZP388KCE-TW5-251 N* Modelo: ZP385KCE-TW5-251
N° Senie: (7H1345(02 N° Sere: 071148841
Carmpresaor N° 2 Conmgwesar N° 5

N* Modeto: ZP385KCE-TYY5-251 N* Modelo: NO HAY

N° Serie: (7H134505 N® Sene:

Comgresor N° 3 N° 6

N* Modeto: ZP3B5KCE-TW5-251 N° Modelo: NO HAY

N° Serie: 07H134508 N° Sere:

Previo al ammanque:

preson en el cooler...

N OOhAWON=

El dullersee\aﬂm(hedemnosporn'zvspmeounamala rstEacion. ..
Todas |as tuberias de aga helad3 han sido temnadas y aridadas. ..

No existen fugas en las tuberias de agua helada y el Ssterma puede wrgase con‘pletrrnerﬁe
La bomba de agra ha sx0o0 arancads y hay presion de agua

Se ha purgado & agua sucia del sistema y solo circdla aga Bmpia.. ...
Labombodemopemmlasomdiciawesprevistas.asiemvosemmruadelacafdade

Se ha instalado rrammetmpaa agua en la ermada y silda del oooler ...........
Se ha instalado terrmameto para agua en |a entrada y s3da ded codles (opc:onal)
Se ha instalado y cableado mteﬁtptudeﬂt.palasdlda del cooler .. . .

NOTA 1 Lhﬂqoemswodeagjapuedemcanosnmaprablesenelemm
10 Vertficar la operacion de los sitEmuploes de suminstro de voltaje. ..

11 El panel de control se encusentra lbre de maRenakes extemos: c.ﬂ:iessueltos metaies.eta

12 I@mvm.ddelmomlospa\elesdewwyfverzade!tdiemdemnmstm
13 Los term:nales Ge los cables se enaEntan akearaxdanente 3justados a kos lados de las Ilaves
témicas y Iacqadetem\mdes del tablero de fuerza del

14 Se verifico la conexion de las 2 fases y se toma nota dd voitaje. .

15 Alimentar el equipo con el voltaje, y vesificario en las 3 lineas. ..

16 Asegnsedeqselosmlenmduesencacbmprewhmsndomec!adosporlomenosﬂhoras
de anticipacion al aranaque, pa'a&gmvsqnenoruyarefngerarmeene!aceltedelm

pPA3 e MOMETMDO del ATAINQL. ..
17 Vazﬁcxp\ntodepuestaatﬂra

18 Verficar que se tenga como minimo o 80% de Ia caga tenmca total sedeccionada | para o (rab:go
delchiller ...

Es mmportante contar con carga térmica para poder programar y comgvehar [a eficienca al

100% de |a capa=dad del chBer.

Es mpontante contar con carma térmica para comprobar la sevuenaa de operacion del chiller
Es mportarte contar con carga térmica para verifcar todos [0s paramedus de aperacion
NOTA 2: E] panel de cotrd de este equ po muestra una fala en o display, esto fue notificado al

Ing Jimmvy Cavero.

Por favor remitir Ia hoja firmada alas oficinas de York, en confirnac:on de todos |os puntos amiba

amba mencionaaos.

REFRICORP
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Pressure Drop {1t H20}
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Physical Data - English
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Ratings - 60 Hz - continued
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UNIDADES FAN COIL

Concealed Chilled Water Fan Coil Units

ODWX02 thru DWX20
200 CFM thru 2000 CFM



DIMENSIONAL DATA . COIL CONNECTIONS

MODELS DWX02, 03 & 02 (VERTICAL COIL)
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TYPICAL
SPECIFICATION

furnish and install gs shown con pians ¢n eddemol on sepaichon unt ccnuishng o a
steeltank __ . “dia x _____" long

The unit shail have * (NPI/AGNgea) inkst and outiel connections ond stralner
removal connection where specified. The remoable strainer sholl be of stainiess steal
with ¥." diameter pertoschons and o ee ateo o not less than e tknas tho Ccross-
sechonatl aiea of 1he connecting pipe. When strainer is specified. instollee shail iemove
and cieon strainet after 238 hours operation ond ofter 20 aays nperchion. Unit shall
nove separate tod Aings for connachan to sys'em expansion tark ond for ar vent
There sholk e a bottam connection tor blowdown cleaning. Unit must be constructed
In cccoraonce with the ASME boller and pressure vessel code ond stompad 125 psig
ocesign prassure Each alr separction unit shoti be Toco, Inc. Model No.

TYPICAL
PIPING DETRILS

3000, Ine “160 CI3io~ STeet (7an@Cn. Rhoags 18oNQ 02C20: INelncna (401) $£248(0) ek 927627
00 Saco (Ca@a00) Lid.. 1NC AMCo Bvd M 3mIQuga Oniaio L4 182 1ohehone (116) 8252160 1oew Do SENN TR
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<onvrgty © 10k
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Model 230

elra Systems Modet 2301s a high casput,

low gifferential pressute tramsgucer

deiigned for wetl 10 wet ifferential
feeisuie Messurements of biquids or Gases A
1330105000 5e LAPICRI VR sensDt anvd signal
cerdrioned 18t onic CCuIty £40V32 a highly
axutate, inear analog ouput Fropcrsonal to
feessure Both unidirecnonal and tidnecaonal
Frewaure ranges Me availahle for apphsanons
with ine presuse up to 250 piig

Aunique 150auon systeen transmns the motion
of the differential crevsure wensirg diaphiagm
from the Fagh ke presite envircarimerit {e g
CATOstee BRE31) 10 e dry {att) endosure where
n mowes one cf a pav of capacNance fiate:
pecponnnaly to the daphragm mesernent. Afl
Parts ¢vpOSAY W the pressute rmedia are stain
ess steel and elastcemer seals The 230 ras a
NEMA &4/1P65 rated paciage to with:tand
grvionmentatl effecty This syitam responds 1o

faesiurerwnges approamately 200me s fastes
than conwensonal fluld Atled transducers Tre
AeCUNIC ZTCUR ITmaaes O.ADUL vs psresise and
compenzates for hernal gffects of the %Nsie

ﬁg 3.VALVE MANIFOLD

The Modei 230 can te suociied with
an apeond 3vdke manibid auerntily rexe of
nstaliation ING maintenance. The 3.viive
manicid 13 & IMachined trais body I2@RINg ne
Intern3l pipe comMesnos, theredy, minding
the nsi of leabks The manifold’s rugged, yet
COMPACT. CONSITUTIN 1R 0S MEINiTesn e
for instaiation @ use. The 230 tlewd ports alow
for st ebrrenaoncd 3t 1y the e and pIrassige
cavittes ¥ the Model 230 15 ordered wmh the
Ivalve reurifols, the sy<iemn i shpped com.
pietely aembled and ready K wall O fipe
mouvng (Order a3 Peswure Frung Code 3VE

Pressure Ranges

Proed Proed
Prosuee Prewmse Proesawwe
High Sede’ | Lom Side”
(g1 (2.
Orwo ! 0 pX3
Ow2 L s
(273 ] 00 128
0Ot 10 100 25
01025 250 625
01050 250 125
0Oto 100 250 250

HOTE W0 JLRY A rEUFQ 7O X2 Ké D T
ANG TIAS T Tre < AT B o Oy Droeduc] 1 NST Sl v

UL Pame rca &R

159 Swanson Rd , Buxbotough, A 017197 Telephervs. 978263140/ Fax 57826402952



ACCESORIOS SISTEMA DE EXTRACCION DE MONOXIDO

Carbon Monoxide Detector and Controller

CM-21A
Leow mamterance. no penodic calibtation needed
SPDT faa relay switches S amps
Auromatic vennlaticn coatrolles
Dual zelavs: fan (SPDT) & alarm (N.O.)
Lights reflect system status
Micro computer coatrolled
Long l:fe (7 to 10 vears) Solid state senso:

e CM-21A 12 very pecific t0 cubon menoxide (CO). avends nuwitance alam:.

»« CM-21A provides CO datestion and awenwnie exhauz: fan conzel for autonsotive
mautesang2 fac:lines, encloled paking garage:, waretoute: with fmkhifts. etc.

o CM-21A meers tea tequuencent: of the Unuform Buwlding Code S encloted gazazes

« CN1-21A Meets or exceads UL 2034 standnd and OSHA ::anm :1: Zor CO 2xpose

o Fanrelavaznivate: ar 3¥ ppee 08 CO avesaged over 5 '“"'me. S ppwm s ;elacn‘\’

. Ai:u'c.: relayv acneates av 100 ppm of CO ater 30 numre: or 200 ppm after 1C minutes

:u::p SPD fan relay contols ttartes of exhsus: S

o I 2amp WO alam relay commectz to waning devices o1 conzol panels

« CM-21A mcumez o 3 standard 4x3 elec=ical box and beconses cover Jor the bex.

o Supeinizad 1vitem any nternal detectes problem wall cauce e fanelay 1o activate

« Opneonal calibrasion kit o» available. One sczew allows access for calibranon

Sprciﬁc:nious: Carboo tnonoxide exporure: ppin CO vy riine
Awer 3 wad Mo 1l 6 24 VA & VIXC SRipgm LUIFFS YIFFS e
Cassema. 12V - 0.0 sngs, 28 % L) 2 amugs =3 CQ C oot

Saggrew Wegll | e
:‘" 4 & < CAL.21A Sz, S s T wie [N
Kz AL2440 25 .
Fao Ralyy

ctm e o CAL21A e N 2706 =339

Yex. (et usloied) 633 cloanns. Al '52:‘-'

Vanszlar  Ssanp 260 VAL pix Sury. SEDY
Poan cTlay ditwitha. 3% om 25 jmen Co> wlaer C maa, Ve 2034 524 M e $dw.n PERIE] =334
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Moo selar o tuasts
TBI S5 e =zl SheTWA =zosd
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Typical multiple CM-21A installation
NSTALLATION NCTES
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Typical Connection to Alarm Control Panel
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ACCESORIOS SISTEMA DE PRESURIZACION DE ESCALERA

Transmisor de Presion Diferencial

L 1 O O Y 0 II."_‘

s Differential Pressure Transmitter
Sam: Site a5 Stadard Magnehelc© Differeatial Pressure Gage

=it e
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SPECIFICATIONS

Sornco: £y 3 ren CantGRLio, CCTTRNE JoT
Vittrmad Motavials Coxvsd Foatoey

AcCurycy o Y 1S ar 104

Stabilay 17 F S/

Tompordbao Limits: 2029 LR (ST o ds 9L
Prosy e Umits: 10 pag 1069 ber

Thaemai Effect: @I 0885, J R 0} QOP0NF 5 &
Powmn Rocureormsents: 10 35 V0T 12 weet
Ctgant Segaal 2420 A

2eto and Span Adpstmerns. Lot

Loep Resistance, DT S 1250 o rmane
Curmix Concarpton DU 33 ink mannern
Bectrical Connections: Scrow g taming’ Lo
Ousplay: 3 5 e LT, € 5 toha
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Variador de Frecuencia

User Manual

230V Scrics 400V Scrics
375 3/ H7% - 78
10 - WP 10 - NP



CHAPTER 1 RECEIVING AND INSPECTION

Tris WFD-3 AC drve mas gore through rigarals gualty corts
sh pment A'ter rezeiv ng the AC drive please chaeca ‘cr the (2 cang

Recenirgy

v Chesh 13 mars su-e 'hat the package i~cludes ar AC crive, tme Jser Manua, cuse
Zovers 3nc rudkar ousirgs
s In

¥ Make su‘e thal the o531 aumbar inc catzd on the ramep 3te cor-espencs wth the panr
aumter of your crce.

1.1 Nameplate Information:

AC Dege e — l-,agg_: JTOIITESIA I
arutloel o T IEw 03283/ 50 3Cm28 34
QuTELT 35 2-2307 SL0AELVA P

Oviout 2288 —e| 1 50 Carge 3 ‘asllwz

Ouiputfresveri) RN — - F":I:S‘laf TYSE

Enc

Siufe tyde —
S2ns Numter $ 5y Sode——=

1.2 Model Explanation:

VEZS 297 21 &
Meo JJ
T——‘.’ersior Tyoe

Input voitage

21:Sirgle phasa 220V 22:Three onase 230V
<2:Three phase <33V
3 Seres
Applicable moater capacity
: 2C7 1 H20 TRYW) TS0 20KP{ISRVY

Series Mams 15 2 HP{1.5kW) 185 25 HP(1B.5<N)
S22 3FP(22KW)  220: 20 HP(IZIKW)
C27 SEP(37RW) 300:40+=HP(20RW)
DEE T.ERP{SESKW, 370:5CHP(3TkWN;
075 1D HP{T SN, 450 S8OK2(45xW
11C 15 HP (1IN €E£3 TSRBPIEERW)

TEC 10DHP(7SKNY



l ~ [ Factory S=t

N3 ACH hegative b as cammard
G1 hheganve mas REY mouon ensoied
€2 liegauve oias REV mctoncsaned
L) FrC0s.00 ~C4.03 Pri4-11 ~ C2-72 are usec when the scurce of frequency ¢S~ ™mand s
the andicg s gnal Fe‘erto the ‘o' ovang examp es

Example 1
Max
Ouput #r02-00
sreq
[3s] ¥4 .....n..........-% :acf'af)’ LTH ngs
% 2:C1-00-22mz.-M3x CatputFreg
P DrL2.-14=0%--DI3s 33jueimert
: Pr 0412 =0--C138 £OII7y
: SrC2-131320% --001 freg Qan
l,/' i PrOi-12el. REVIIBATICIN FEGSLVR DS
(32 b4 :
oV sV 10
SmA 2mA 2TMA
Example 2

in this examoe witk the gotertiometer set 1 OV tke Cutout Freguency is 10 k2. Tre mud-pain
cf the porantematar bacomses € Hx Oroz the Maxmum Outpdt Frequsency s r2asned ary
curtrer iIncrease of the octenuomete” Will POt INcrease ouwpat fraguency (1€ ycu warticuse the
range of )z peasa refer 10 1he examsle 2.0 The vdue of extamal input voltagarcarrers
C-2.23V (2-13 23mA) ccrrespends to the seting “reguency 8-2Ckz.

2: 0.2 Max Quiput Freq

E.F:/ Faziory Serings
/ : O L 1-00=80r42--Max SuUpUl FraQ
i : o f3-11 =18 Th-- B3s 30, usiment
[ T Pr{3-12-0--piaspolarity
g H : D 54-13=120% -- pot eq. g3in
8135 L~ ' : OrC4-18=0-- REV MOLON QISITIE !N LEGIUne D IS
A:!jus:‘nefa:, . :

oMz TV oV
dra lmA 20mA
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| 84
308 N2AME Fs
CUSTOMER
LDS
CUSTOMER P.O JACK-UP
- ASSEMBLY
SSON il HOUSING
_lowe no e 1336
FLOOR IN
POURED
POSITION
TYPE FSN RATINGS (1336 Housing)
Floor °* Owerak
EAFM LDS Etement Load Capaty [Ibs kg)] Ar Gap The Heght
Duro- 0.2 De 0.3De |Casang A 8 c
Eement Color  meter S.0wrem 8 0Omm Color ot
Type | Sze | No Mark 5 Code Comvon |3 - Mrvrmum
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CHAPTER 1

INTRODUCTION TO BASIC CONSTRUCTION

1.1 DUCT SYSTEMS DESIGN

A ductsystem is an assembly whose primary function
i3 1o convey air between specified pomts. ASHRAFE
categurizes duct systems as esther single path or dual
path. Systems should be desigaed using accepted cn-
gineenng practice and data such as that in the four
ASHRAE Handbooks and the SMACNA HVAC Duct
Svstems Design mmanual. A duct systemn may contain
ducts under posative and negative pressuse. Air veloc-
ities will vary within the system. At coils and filters,
the velocity may vary from below 1600 fpin (3.08
n/3) 1o over 3000 fpin (13.24 m7s). Velocity in duct
mains and branches can be at constant (high or low)
o1 varying levels. With the many available systems
sizing methods {e.g., equal friction, stauc regain, ve-
locity teductson. total pressure) and system types, pet-
foriance cannat be cconvmically optimized unless
the designer selects construction details appropriate
for the given pressure and velocity.

Generally speaking, duct strength. deflection, and
leakage are mnese funcuons of pressure than of veloc-
ity. In conventional systems. poise. wibration, and
friction loss ane more related to velocity than to pres.
sufe.

Becsuse total presiure is less downstream than up-
stream, 3 duct construction pressuse clasification
equal to the fan outlet pressute (of to the fan wtal stat-
ic pressure rating) cannot economically be imposed
on the entire duct system.

Pressure in ducts neas room air tersminals is nearly al-
ways below 1,27 water gage (125 Pa).

For a clear interpretstion of requirements for ducts
and for economical attainment ol performance objec-
tives, itis ESSENTIAL THAT CONTRACT PLANS
IDENTIFY THE PORTION OF EACH DUCT SYS-
TEM TO BE CONSTRUCTED FOR A PARTICU-
LAR PRESSURE CLASSIFICATION OR THAT
THE ENTIRE SYSTEM BE ASSIGNED A PRES-
SURE CLASSIFICATION.

1.2 GENERAL PERFORMANGE
REQUIREMENTS FOR ALL AIR
DUCTS

In tulfilling the function of moving air, the duct as-
semnbly ust satisfy certamn fundamental performance

criteria. Elemicuts of the assembly are sheets, rein-
forcements. seams. and joints. Theoretical and or
practical lunits tor the following critena must be con-
siderced for the duct assembly and ats elements.

1. Diumenssonal swability (shape deformation
and strength).

[

Containment of the air boing conveyed
{leakage control).

3. Vibration (fatigue and appearance).

4. Noise (generation, ransmission, ar attenua-
tion).

A

Exposure (10 damage, weather, temperature
eatremes, flexure cycles, wind, cogrosive at-
mospheres. biological contanination. flow
interruption or reversal. underground or oth-
er encasemeut conditions, combustion, ar
other in-service conditions).

6. Support {ahignment and posation retention).

-3

Seismic restraint.

8 Themma) conductivity {heat gan or loss and
condenzaton control).

In establishing limitations for these factors, conssder-
ation must be given t elfects of the pressure ditferen
tial across the duct wall, aarflow fricaon losses, air ve-
locities, mfilrznon or exfiltration, as well ax the
inhereat stsength characteristics of the duct compo-
aents.  Cuonstruction  metheds  that  economically
achieve the predicted and dessred performance must
be determined and specificd. To the eatent that func-
tional requirements for ducts are not identified by tost
o1 rating criteris, the constructivn detals hese repre-
sent acceptsble practice in the industry except in spe-
cial service condstions. Where other construction de-
tails are needed to meet the specesl needs of a
particular system design, the dessgner should comply
with appropriate constuction standards

HVAC Duct Construction Standards Metal and Fiexible - Second Edition 1.3




1.0 DUCT CONSTRUCTION

Ductwork and supports shall conforin to the HVAC
Duct Construction Standards, Metal., and Flexible.
Second Edition. 1995. Where fittings of configura-
tions not shown in the HVAC-DCS are shown on the
contract drawings, they shall be constructed as though
they were therein.

1.1 DUCT DIMENSIONS

Duct dimensions shown on the contract drawings are
for airflow area. When ducts are accoustically lined,
their dimensions shall be increased as necessary.

1.2 DUCT PRESSURE CLASS

Duct pressure classes are identified on the contract
drawings.

1.3 DUCT SEAL CLASS
Ducts shall be sealed as specified in the HVAC- DCS

1.4 DUCT LEAKAGE CLASS

1.5 DUCT LINER

Metal nosing shall be used on leading cdges of each
piece of lined duct when the velocity exceeds 4000
fpm ( 20.3 m/s) otherwise, it shall be used on the lead-
ing edge of any lined duct section that is preceded bt
unlined duct.

1.6 FLEXIBLE DUCT AND
CONNECTOR

Where the specifications for connecting and support-
ing these in the HVAC-DCS are more stringent or re-
strictive, they shall supersede.

1.7 VIBRATION ISOLATION
CONNECTORS

Flexible isolation connectors shall not exceed 10
inches in length in direction of airflow and shall be
made of flame retardant fabric having a flame spread
rating not over 25 and a smoke developed rating not
over 50.

MODEL PROJECT SPECIFICATION

NOTES FOR SPECIFIER

Schedule the pressure classes here by fan system
number, or portion thereof, if they are ot shown on
the drawings

Review DCS pages 1- 7 to 1- 9.

Consult the HVAC- Air Duct Leakage Test Manual
and select appropriate allowable leakage. If field
leak tests are required, appropriate test pressures
and clear scope of testing must be specified.

See duct liner text and references in the HVAC-DCS
and specify the material, thickness, density, and
performance characteristics desired.

Consult the applicable codes, The U.L. Fire Resist-
ance Directory, references in the HVAC-DCS, the
Air Diffusion Council’s Flexible Air Duct Perfor-
mance and Installation Standards and identify the
products and performance characteristics desired.

@; HVAC Duct Construction Standards Metal and Flexible - Second Edition xvii



SYMBOL MEANING

POINT OF CHANGE IN DUCT
CONSTRUCTION (BY STATIC
PRESSURE CLASS)

DUCT (1ST FIGURE, SIDE
SHOWN 2ND FIGURE, SIDE
NOT SHOWN)

ACOUSTICAL LINING
DUCT DIMENSIONS FOR NET
FREE AREA

DIRECTION OF FLOW

DUCT SECTION (SUPPLY)

SYMBOL SYMBOL MEANING SYMBOL
{ L 1 SUPPLY GRILLE (SG) ! 2;30’; 1: r:aG
) RETURN (RG) OR EXHAUST
{ 20x 12 } (EG) GRILLE (NOTE AT FLR ! 20x 12 RG
OR CLG) 700 CFM
SUPPLY REGISTER (SR)
______ (A GRILLE + INTEGRAL VOL. | 20x12SR
= CONTROL) 700 CFM
EXHAUST OR RETURN AIR
F—1 INLET CEILING (INDICATE [ 20X20GR
TYPE) 700 CFM
<] saox 12 SUPPLY OUTLET. CEILING, = ”

SQUARE (TYPE AS SPECIFIED)
INDICATE ALOW DIRECTION

‘=" "700 CFM

DUCT SECTION (EXHAUST EORR
OR RETURN) 20x 12 SUPPLY OUTLEY. CEILING, 12x12
INCLINED RISE (R) OR DROP SQUARE (TYPE AS SPECIFIED) - 700 CFM
() ARROW IN DIRECTION OF { | R I } INDICATE FLOW DIRECTION c
AIR FLOW TERMINAL UNIT. (GIVE """"”‘-
TRANSITIONS: GIVE SIZES. TYPE AND OR SCHEDULE) S
NOTE F.O.T. FLAT ON TOP — _—
OR F.O.B. FLAT ON BOTTOM COMBINATION DIFFUSER anrmHHD
|F APPLIGABLE AND LIGHT FIXTURE gine
STANDARD BRANCH DG
FOR SUPPLY & RETURN {s %? 1 DOOR GRILLE 12x6
(NO SPLITTER) 7~

SOUND TRAP =f st }=<
WYE JUNCTION

T FAN & MOTOR WITH BELT
VOLUME DAMPER = GUARD & FLEXIBLE -
MANUAL OPERATION [ 1l } CONNECTIONS =
AUTOMATIC DAMPERS { Z } VENTILATING UNIT [ C:'D
MOTOR OPERATED sec T Bvon (TYPE AS SPECIFIED) cr
ACCESS DOOR (AD) { ORCY
ACCESS PANEL (AP) W—_Ao 3 UNIT HEATER (DOWNBLAST)
FIRE DAMPER:
SHOW —<« VERTICAL POS. {FD = /
SHOW —& HORIZ. POS. AD UNIT HEATER (HORIZONTAL) <
SMOKE DAMPER  /8\ { VI ]ifé UNIT HEATER
AD

(CENTRIFUGAL FAN) PLAN

THERMOSTAT

POWER OR GRAVITY ROOF
VENTILATOR - EXHAUST
(ERV)

POWER OR GRAVITY ROOF
VENTILATOR - INTAKE (SRV)

FIRE & SMOKE DAMPER - A\
SMOKE DAMPER - =0
RADIATION DAMPER - A

‘c
TURNING VANES e
FLEXIBLE DUCT Loy
FLEXIBLE CONNECTION £ I 1
GOOSENECK HOOD (COWL) [ E
BACK DRAFT DAMPER BDD

POWER OR GRAVITY ROOF
VENTILATOR - LOUVERED

LOUVERS & SCREEN

SMACNA SYMBOLS FOR VENTILATION & AIR CONDITIONING
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SYMBOL MEANING

POINT OF CHANGE IN DUCT
CONSTRUCTION (BY STATIC
PRESSURE CLASS)

DUCT (1ST FIGURE, SIDE
SHOWN 2ND FIGURE, SIDE
NOT SHOWN)

ACOUSTICAL LINING

DUCT DIMENSIONS FOR NET
FREE AREA

DIRECTION OF FLOW

DUCT SECTION (SUPPLY)

DUCT SECTION (EXHAUST
OR RETURN)

INCLINED RISE (R) OR DROP
(D) ARROW IN DIRECTION OF
AIR FLOW

><] s 762x 305

EORR
762 x 305

SYMBOL MEANING
SUPPLY GRILLE (SG)

RETURN (RG) OR EXHAUST
(EG) GRILLE (NOTE AT FLR
ORCLG)

SUPPLY REGISTER (SR)

(A GRILLE + INTEGRAL VOL.
CONTROL)

EXHAUST OR RETURN AIR
INLET CEILING (INDICATE
TYPE)

SUPPLY OUTLET. CEILING,
SQUARE (TYPE AS SPECIFIED)
INDICATE FLOW DIRECTION

SUPPLY OUTLET. CEILING,
SQUARE (TYPE AS SPECIFIED)
INDICATE FLOW DIRECTION

TERMINAL UNIT. (GIVE

SYMBOL
508 x 305 SG

I—
330 LPS

508 x 305 RG
330LPS

508 x 305 SR

}—
330 LPS

508 x 305 GR
330LPS

508 x 508
330 LPS

TRANSITIONS: GIVE SIZES. | TYPE AND OR SCHEDULE)
NOTE F.O.T. FLAT ON TOP _ =
ORF.O.B. FLAT ON BOTTOM COMBINATION DIFFUSER T
IF APPLICABLE AND LIGHT FIXTURE e
STANDARD BRANCH DG
FOR SUPPLY & RETURN is %ﬁ 1 DOOR GRILLE 305x152_
(NO SPUTTER)
SOUND TRAP
WYE JUNCTION
FAN & MOTOR WITH BELT
VOLUME DAMPER GUARD & FLEXIBLE
MANUAL OPERATION } CONNECTIONS
AUTOMATIC DAMPERS { } VENTILATING UNIT
MOTOR OPERATED ssc (TYPE AS SPECIFIED)
ACCESS DOOR (AD)
ACCESS PANEL (AP) LV— UNIT HEATER (DOWNBLAST)
FIRE DAMPER:
SHOW —d VERTICAL POS.
SHOW —& HORIZ POS. UNIT HEATER (HORIZONTAL) [D{-
SMOKE DAMPER /8\ UNIT HEATER
(CENTRIFUGAL FAN) PLAN
FIRE & SMOKE DAMPER - /A
SMOKE DAMPER - THERMOSTAT
RADIATION DAMPER - VN POWER OR GRAVITY ROOF
VENTILATOR - EXHAUST
TURNING VANES (ERV)
POWER OR GRAVITY ROOF
FLEXIBLE DUCT RO @™ VENTILATOR - INTAKE (SRV)
FLEXIBLE CONNECTION S ||

GOOSENECK HOOD (COWL)

BACK DRAFT DAMPER

BDD

POWER OR GRAVITY ROOF
VENTILATOR - LOUVERED

[—

LOUVERS & SCREEN

914 Hx 610 L

SMACNA SYMBOLS FOR VENTILATION & AIR CONDITIONING
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Use Drive Slip or Hemmed
"S* Slip on duct gage in

col

umn 2

— S

DRIVE SLIP

HEMMED "S" SLIP

READING GUIDE SUMMARY

Example: 54" x 18" duct, 5 ft joint spacing. On 54" sides use
F joints on 22 ga. On 18" sides flat slips or drives qualify per
column 2.

Example: 54" x 30" duct, 22 gage. Use F at 5 ft. on 54". On
30" use D at5 ft. or E at 10 ft. If you put joints on the 30" side
at § ft. spacing, they must be D rated.

Comment: |f the table requires a letter code, all joints on that
side must qualify for the minimum code letter related to the
minimum gage and the spacing.

OR - Ouct Gage 28 to 22 20 18 6
/ Minimum Fiat Sip and Drive Gage T 24 v 2 20 18

Spacing refers to letter code: use joint-to-joint, joint-to-
intermediate or intermediate-to-intermediate. Columns 3to 10
are alternatives.

The drive slip is accepted as being A rated up to 20" length.

Sas page 1-15. Circles in the Tabke denotes onfy coiuinn numbers. For column 2. see Fig. 1-7. For
Columns 3 through 9, see Imroduction 10 Schadules. The numbar in the box is minimum duct gage; the
alphabel letter is the minimum reinfarcement grace for jonts and interMmediates occumng 8ta maxvmum
spacing imerval in the column heading. A ksting such as H18G means that the H may be downsized
1o Q with a be rod. At higher pressures and large widths. a renforcement such as Jt means that only
tde ronded Memiers are given.

Joint Option: Backup
member qualifies Hemmed
"S" Slip - Reinforced or
Drive Slip - Reintorced for
letter code when selected

from Table 1-10.

3" MAX
S

HEMMED °S" SLIP

OR

DRIVE SUP - REINFORCED

TABLE 1-11 TABLE 1-10
(Option) (Option)
TRANSVERSE JOINT INTERMEDIATE
1 (1] TABLE 14 A
RETANGULAR DUCT REINFORCEMENT -—— T
W.0, RERS-CRCEBENT COOE FOR OUCT GAGE MO. ’_
STATIC o V- "
POS.OR NEG. | reswonce- RENFORTERENT 3PACING OPTIONE n :
MENT )
pucT om0 i 3 REPE — =
w0 v . 5 . T na z - =
M NRU M
©) ONIOJIOIOMIONONONOIIO, ROOITY v1e -
STANDING 8 HxT (MDY v
107on 28¢ga
NOY REQURED er wr A | os UseC
1.1 .
r 26 ga war [T s | 1o —c
13, 1€ 24 ga. 828 B-28 828 B8-268 828 aA-20 A0 a2 A | os Use B
15, 16~ 22 ga. B.24 8> B2 8268 8-20 B8-20 [-5.] A2 [ ] 10 YiB®om oe c AL g:;c‘: g:
tr2gm os
17. 18 22¢ga. \B-2¢ 520 820 820 820 e-20 820 %] c | 1o o | 27 m:‘;ﬂ &:
19, 20¢ 20 ga. B(A cam ca c2e cas 8.20 82 820 o | 2r ;.- ALEE I T} e o TCiinizge 00
Hisi8 os
c2 C-24 c.28 cze c.2¢ 820 828 82 -
2.2z tege \ € | es VB2 1O y  1zg MM 12
23, 24 10 ga caa NC'“ ca c20 c» | c2e B-20 820
¢ |128  umc /) 11720 (k)
28, 26 16 ga o2 Ea ca c2e ce c-20 c2e 820 OR o | 158
° se 1%x18 13
27, 2" 16 a oz o0\ 0m | caw cm cmw cx ce > @ 11awe i
L] > x4 1
20, 30" 18 ga. ez NQae AC® om ce cm cm % R E:] )
' Py Qe 244
31-35" E-20 [3 m \2‘ D-2e o-20 c-2e w ce ' © 212518 21
374 Fie | r20 [N | €20 e [z( om c2e — o = "
\ e i 212518 ) 21
43-48° G1e [-21] F. Fz2 €26 E-28 [ ]
x | oo x | 10y 2V3330 n
49-54° (3L} n18 GD 22 ¥.24 E24 E-24 E-24 i
121w 41
ss-aor =18 G20 ez F24 F-24 E-24 24 L | o7 L | o
61-72° NOT +-180  H18G K226 F.24 24 F-2¢
73-84" DESIGNED 116G F18G 1206 W20 W26 Gz C angle is cold rolled.
8596 ot en t200  nzG  maG H angle is hot rolled.
97.108" +18G +-18G +10G 118G
109-1207 (3L B ~180

@Mgleii) HVAC Duct Construction Standards Metal and Flexible - Second Edition 1.15



1.62

T-1-DRIVE SLIP
T-3 - REINFORCED

—_————
—=
PLAIN "S" SLIP
T-5

T
L ]

ey

STANDING S
T-10

STANDING S
(ANGLE REINFORCED)
T-14

—

H

EM:i;

STANDING DRIVE SLIP

T-2

(76 mm)

MAX. ——1 3" i}a——

h

i

COMPANION ANGLES
(CAULK OR GASKET)
T-22

1)

T-6 HEMMED "S" SLIP
(T-6a REINFORCED)

T”"

ﬁ:

_

STANDING S (ALT.)
T-11

STANDING SEAM
T-15

T4,9,17,18, 19, 20, AND 23, OMITTED

DUE TO INFREQUENT USE, MAY STILL BE
USED PER THE FIRST EDITION IF ACCEPTABLE
TO THE SPECIFYING AUTHORITY.

16 GA.
(1.61 mm)

1" (25 mm)

Cme—— CA‘E

REINFORCED "S" SLIP
T-7

STANDING S (ALT.)
T-12

ANGLE REINFORCED

STANDING SEAM
T-16

SEE TIE ROD OPTIONS
AND JOINT SPECIFICATIONS

——-1 |--— 1/2" (12.7 mm)

T

H

Ky

A H
= - i A c — +
—_—) — i 1
FLANGED FLANGED
(WITH GASKET) (WITH GASKET)
T-24A T-25a

HVAC Duct Construction Standards Metal and Flexible - Second Edition S&MW

FIGURE 1-4 TRANSVERSE (GIRTH) JOINTS

H
e —y _L
FLANGED
(WITH GASKET)
T-25b

ngenginghgn |

[y

T-8 DOUBLE "S" SLIP
(T-8a REINFORCED)

STANDING S
(BAR REINFORCED)
T-13

T-21 WELDED FLANGE
(T-21a REINFORCED W.F.)

FLANGED
(WITH GASKET)
T-24

o, 4

GASKET
SLIP-ON
FLANGE
(CONSULT MFRS))



SEAM LOCATIONS

L
ALSO SEAL THIS © (A) (8) (c)
POCKET AT ENDS
L—1 WHEN SEALING SEAMS.

PITTSBURGH LOCK

(D)

(E)

]
L-2

| BUTTON PUNCH SNAP LOCK

(F

‘ NUMBER OF SEAMS AND LOCATION VARIES
WITH JOINT TYPE, SHEET ROCK AND
ASSEMBLY PLANS.

L-3
GROOVED SEAM
ALSO CALLED FLAT LOCK AND PIPE LOCK

E L
|
SEE L—1
SEALING
NOTE.
: SEE FIG. 1-6
ALSO
L—6 L—4 L—-5
DOUBLE CORNER SEAM STANDING SEAM SINGLE CORNER SEAM

FIGURE 1-5 LONGITUDINAL SEAMS — RECT. DUCT

1.68 HVAC Duct Construction Standards Metal and Flexible » Second Edition (§>I\g\%;flg§)



S

DUCT SIZES 19" (483 mm) WIDE AND LARGER WHICH HAVE MORE THAN 10 SQUARE FEET (0.93 SQUARE METER) OR UNBRACED
T PANEL SHALL BE BEADED OR CROSS BROKEN UNLESS DUCTS WILL HAVE INSULATION COVERING OR ACOUSTICAL LINER.

THIS REQUIREMENT IS APPLICABLE TO 20 GAGE (1.00 mm) OR LESS THICKNESS AND 3" W.G. (750 Pa) OR LESS.

IT IS UNNECESSARY TO BREAK OR BEAD ALL SIDES UNLESS EACH DUCT DIMENSION RQUIRES IT.

DUCTS FOR 4" W.G. (100 Pa) OR MORE
REQUIRE NO CROSSBREAKS

BEADS AT 12" OR BEADS.

(305 mm)

-
SPACING BEAD DIRECTION MAY BE RANDOM ON

FITTINGS.

— 2 (}\x
o

P, S * o
~ \/
TYPICAL BEADS

NOTICE: NEITHER BEADS NOR CROSSBREAKS AFFECT REINFORCEMENT SPACING SCHEDULE.

10NAa a3aav3g ANV NaMOH8-SSOHD 8- 3HNSOId

uonIp3 PuU0JaS . 3|qIXaj4 PUE |EIA SPIEPUBLS UOIINSUOD 19NA OVAH (PN

SL'L



TIE RODS LOCATED AT EQUAL
SUBDIVISIONS OF W BUT
NOT OVER 60" (1524 mm)

) L

JOINT TYPE

IS OPTIONAL

AMONG

T—8A, T—16,

T—21A, T-22,

T—24, T—25A

AND T-25B. REINFORCMENT SIZE / SPACING
1/2 TO 3” W.G. (125 TO 750 Pal)®@ 2 1/2’ (0.75 M)
4” W.G. (1000 Pa). . . . .. .. J:@.2 1/2. (0.75 M)
6" W.G. (1500 Po). . . . .. .. K®. 2" (0.60 M)

NOTES: 10" W.G. (2500 Pa). . . . .. .. L:® 2°. (060 M)

1. SEE TIE ROD TEXT.

2. USE 18 GAGE (1.31 mm) DUCT FOR 6" W.G. (1500 Pa) STATIC OR LESS AND 16 GAGE FOR

10" W.G. (2500 Pa).

3. ON 10" W.G. (2500 Pa) THE MAXIMUM TIE ROD INTERVAL ACROSS THE WIDTH IS 48" (1.2 M).

4. SEE REINFORCEMENT ATTACHMENT IN FIGURE 1—11.

5. SEE SUPPORT OF LARGE DUCTS IN FIGURE 4—6. DUCTS MUCH OVER 100" (2540 mm) WIDTH MAY

REQUIRE OTHER INTERNAL SUPPORTS FOR SHAPE RETENTION UNLESS THEY ARE SUPPORTED

AS SHOWN IN FIGURE 4-—6.

FIGURE 1-12 DUCT OVER 120” (3048 MM) WIDE

w |~/ HVAC Duct Construction Standards Metal and Flexible * Second Edition
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Form “M-UN" — Metallic, uninsulated Form ““M-I”"— Metallic, insulated

(Figure A) (Figure B)
Form “NM-UN"—Nonmetallic, uninsulated Form “NM-IL”"— Nonmetallic, insutated (lined)
(Figure C) (Figure D)

FIGURE 3-7 TYPES OF FLEXIBLE DUCT

3.16 HVAC Duct Construction Standards Metal and Flexible * Second Edition @y'ﬁ'elgg}



DUCT SHOULD EXTEND
STRAIGHT FOR SEVERAL
INCHES FROM A CONNECTION
| BEFORE BENDING.

L
MAX. SAG 1/2" PER “ e
FOOT (41.7 mm PER m)

OF SUPPORT SPACING

4

1

SEE WIRE HANGER
OPTION IN FIG. 3—10

FIG. B

AS A CONDITION OF U.L. LISTING, PARTICULARLY

|
[
L
CLOSER MAXIMUM INTERVALS MAY BE SPECIFIED
IN FIRE RATED FLOOR — CEILING ASSEMBLIES.
|

FIGURE 3-9 FLEXIBLE DUCT SUPPORTS

3.20 HVAC Duct Construction Standards Metal and Flexible * Second Edition Qgﬁz@
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Submittal
MODEL L-AVS2-90°
— lsessze 3R -
TEea— LI
AIR
-
AIR
-
. Detail A
Deflecting
Blade
A A
Listed Size
Listed Size — 796 ‘
! — T r
w[ L = e < |
! ]
2 B Blodes
(See Detoil A)
SECCIONA-A
Finish
White (Standard)
Other colors (Optionoal) Note: Avoiloble in sizes 6x6 to 48x48
Dimensions ore in inches
MODEL L-AVS2-90°
Extruded Aluminum
Job Name: Architect:
Location: Engineer:
Contractor:
|

Subject to change without notice V1 - 2009



Submittal
MODEL L-AVS3

Air P
Listed Size + 3 %.g r Pattern
AIR
I
- -»
AIR AIR
e
2]
+
Detail A
Deflecting
7oA A Blade
Listed Size
— Listed Size — T96
2 %" Blades
(See Detail
Finish
White (Stqndqrd) SECCION A -A

Other colors (Optionat) Note: Available in sizes 6x6 to 48x48

Dimensions are in inches

MODEL L-AVS3

Extruded Aluminum

Job Name: Architect:
Location: Engineer:
Contractor:

Subject to change without notice V1 - 2009



Submittal
MODEL L-AVS4

Air Pattern
Listed Size + 3 *—8 AR
-
AIR AIR
AIR
a2
[¢)
+ Detail A
™) Deflecting
Blade
A A
Listed Size
Listed Size - 196 —
Blades
- (See Detail
Finish SECCIONA - A
White (Standard)
Other colors (Optional) Note: Available in sizes 6x6 to 48x48

Dimensions are in inches

MODEL L-AVS4

Extruded Aluminum

Job Name: Architect:
Location: Engineer:
Contractor:

Subject to change without notice V1 -2009



ASHRAE-Ventilation for Acceptable Indoor Air Quality, Standard

ASHRAE STANDAR 62

David S. Dougan, President, EBTRON, Inc.
Leonard A. Damiano, V P. Sales & Marketing, EBTRON,

INTRODUCCION

ASHRAE Standard 62 is a short, but often misinterpreted, document outlining ventilation requirements for acceptable
in ir quality. The standard is being developed under a “continuous maintenance” protocol and is comprised
of a parent document and approved addenda. The parent document at the time of publication was ASHRAE
Standard 62-2001.

This paper is a comprehensive summary of ASHRAE 62-2001, Ventilation for Acceptable Indoor Air Quality (IAQ) and
approved addenda. Designers should provide an acceptable indoor environment to maintain occupant productivity
and health. They should also evaluate the IAQ risk of their design. Standard 62 has been incorporated into many
building codes. The International Mechanical Code has adopted a rigid interpretation of the Ventilation Rate
Procedure of the parent document and requires devices and controls to maintain per person ventilation requirements
at all load conditions. Regardless of local code requirements, designing and operating a building to this standard will
minimize IAQ hability and help assure an acceptable indoor environment. Unfortunately there is no “cookbook”
solution to ventilation for IAQ.

ANALYSIS AND RECOMMENDATIONS
PURPOSE

The purpose of ASHRAE Standard 62, as defined in Section 1, is to “specify minimum ventilation rates and indoor air
quality that will be acceptable to human occupants and are intended to minimize the potential for adverse heaith
effects.” If local building codes reference ASHRAE Standard 62 the Requirements of the standard become an integral
part of the code. Ventilation code enforcement has proven to be difficult because it is often misunderstood by the code
enforcement agency in the local jurisdiction. Present motivation to design to the standard has been driven mostly by
liability and risk management concerns and in some cases the desire of the design professionals to meet their
obligation by designing to national, professional standards. An area that only recently has received attention is the
owner-occupant's Motivation to increase productivity and reduce the adverse impact a poor indoor environment can
have on human health and well-being.

SCOPE

The scope of Standard 62 “applies to all indoor or enclosed spaces that people may occupy, except where other
applicable standards and requirements dictate larger amounts of ventilation than this standard.”
DEFINITIONS

Section 3 addresses definitions used within the standard. Noteworthy is the standard's definition of acceptable indoor
air quality. Acceptable indoor air quality is defined as

paopie do The majority of HVAC systems do not meet the minimum ventilation
rates prescribed during operation. The actual occupant dissatisfaction is exponentially greater in practice. It is not
uncommon for rates to fall below levels that result in occupant dissatisfaction significantly greater than 50%. Many
systems cannot meet the minimum airflow requirements
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at the occupied space during operation as a result of the dynamic nature of mechanical ventilation system and
external factors on the building envelope. The lack of specific guidelines to effectively overcome the effect of changing
system dynamics on ventilation rates and distribution for today's HVAC systems is partially to blame for design
deficiencies.

If properly executed, one out of five occupants may express dissatisfaction as a result of poor indoor air quality. Unlike
thermal comfort, the effect of indoor air quality is difficult to measure. Many believe that the outside air levels specified
by ASHRAE are too low and should actually be increased, as indicated by published research and reflected in
European standards (CEN Technical Committee 156 and th eir publication CR1752).

4 -CLASSIFIQTICN

ASHRAE Standard 62 specifies two procedures to obtain acceptable indoor air quality within Section 4, Classification,
of the document. Designers must choose and claim compliance under one procedure, not a combination of both.
Understanding and assessing the potential risk as well as the ability to provide a functional solution is the duty of the
design professional. In the Ventilation Rate Procedure, 4.1, “acceptable air quality is achieved by providing ventilation
air of the specified quality and quantity to the space (see 6.1)." In the alternative Indoor Air Quality Procedure, 4.2,
“acceptable air quality is achieved within the space by controlling known and specifiable contaminants (see 6.2)"

5.-SYSTBMS AND EQUIPMENT

Section 5 specifies the systems and equipment recommended under Standard 62. Addendum u was
approved for incorporation into the parent document at the ASHRAE winter meeting in January 2002 and adds a new
section, 5.3, that states, “Ventilation System Controls. Mechanical ventilation systems shall include either manual or
automatic controls that enable the fan system to operate whenever the spaces served are occupied. The system shall
be designed to maintain the supply airflow and minimum outdoor airflow as required by section 6 under any load
condition. Note: VAV systems with fixed outdoor air damper positions may not meet this requirement.” The standard
recognizes that changes in mixed air plenum pressure, up to 0.5 in.w.g. variation, on VAV systems can significantly
influence outside air intake flow rates. However, it neglects the significant influence of external pressure variations on
all systems that result from changes in wind and stack pressures, which often exceeds 0.5 in.w.g. Therefore,
maintenance of minimum outdoor airflow defined in section 6 essentially requires the use of permanent devices
capable of maintaining outdoor airflow rates for compliance.

Not requiring airflow measurement is analogous to ignoring the requirement for temperature measuring devices to
maintain automatic temperature control. Because many systems, especially VAV, have thermal load requirements that
differ from the ventilation requirements for acceptable IAQ, the requirements of this section can only be realized if the
multi-space equation (6-1) is calculated under design and minimum supply flows to individual zones using the
minimum outdoor air requirements to each zone. The designer must assume that the critical zone is at its minimum
supply airflow or use airflow measurement suitable for accurate monitoring in each zone which may go critical to
continuously calculate then reset outside air intake flow rates at the AHU. Note: airflow measuring devices provided
with commercial VAV boxes may not meet the accuracy requirement due to the inaccuracy of DDC controller pressure
transducers.

As a result of the requirements set forth in the standard for compliance “under any load condition”, section 5 should
require airflow measurement with automatic controls at the intake of all air-handling units that function to provide a
building or space with outside air, regardless of the size or the type of system. Acceptable airflow measuring devices
should have a “total installed accuracy” better than 5% throughout the measurement range. It must aiso include
individual sensor and transmitter uncertainties. In addition, the section should strongly encourage the use of airflow
measuring devices in critical zones of VAV systems for the continuous calculation and reset of the multi-space
equation defined in section 6. Although this may sound impractical to some designers, the productivity and health
benefits is far greater than the cost to satisfy the requirements for acceptable indoor air quality.
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SEDURES

Section 6, Procedures, is the heart of the standard. Designers must claim using either the Ventilation Rate Procedure
or the Indoor Air Quality Procedure. Great care should be given to the selection between these procedures.

The Ventilation Rate Procedure “prescribes the rate at which ventilation air must be delivered to a space and various
means to condition that air.” The key phrase is “prescribes the rate” which implies airflow measurement. The alternate
Indoor Air Quality Procedure “uses one or more guidelines for the specification of acceptable concentrations of certain
contaminants in indoor air but does not prescribe ventiation rates or air treatment methods.® Analysis of this
procedure clearly discusses airflow rate requirements based on various contaminant levels so it is unclear why the
statement “does not prescribe ventilation rates” is included.

According to the current parent document of ASHRAE 62 — 2001, the Ventilation Rate Procedure prescribes:

the outdoor air quality for acceptable ventilation outdoor air treatment when necessary ventilation rates for residential,
commercial, institutional, vehicular, and industrial spaces criteria for reduction of outdoor air quantities when
recirculated air is treated by contaminant removal equipment criteria for variable ventilation when the air volume in the
space can be used as a reservoir to dlute contaminants.

Section 6.1.1, “Acceptable Outdoor Air", describes a three-step process to evaluate outside air for acceptability. If the
outdoor air quality is not acceptable section 6.1.2, “Outdoor Air Treatment”, must be followed. Outdoor air treatment
must be utiized that can remove either the particulates and/or gases encountered, if the air was deemed
unacceptable per 6.1 .1.

VENTILATION RATE PROCEDURE

The Ventilation Rate Procedure is a rate based standard. Designers claiming this procedure must be able to
substantiate that rates are maintained during all load conditions. Rates can be determined either directly using airflow
measuring devices or indirectly by other means (i.e. temperature balance, mass balance, steady-state CO 2
concentration, etc.). However, the uncertainty of indirect techniques introduces a significant level of risk. The designer,
occupants, and facility owners should carefully consider the method employed prior to implementation.

Section 6.1.3 also attempts to clarify the misconceptions associated with CO 2 measurement. CO2 is an indicator of
human activities and hence *bioeffluents” and not a measure of indoor air quality. Studies have indicated that a
ventilation rate of 15 CFM per person is adequate to dilute body odor. Using the steady-state model described in
Appendix C of the Standard, 15 CFM per person would be the resulting quantity of outside air introduced into a space
if a.) steady-state conditions exist, b.) each person has the same CO2 generation rate (0.31 I/min), c.) the outside
CO2 level can be accurately determined, and d.) the indoor CO2 level can be accurately determined and maintained
at approximately 700 ppm above the outdoor CO2 level. The statement below merely indicates that human body odor
will most likely be acceptable if the conditions above are true. It does not state the “indoor air quality shall be
considered acceptable.”

“Comfort criteria, with respect to human bioeffluents (odor) are likely to be satisfied if the ventilation resuits in indoor

CO 2 concentrations less than 700 ppm above the outdoor air concentration.”
CO2 measurement, at best, can be used as an indicator of changes in occupancy. Its value as an indicator of actual

ventilation rates is questionable. Designers should be cautious when using CO2 measurement as the sole source of
verification of outdoor airflow rates. Especially in facilities with variable occupancy and activity levels.
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NFPA 92A - Smoke-Control Systems Utilizing Barriers and Pressure

Differences

5.2 Pressure Differences.

5.2.1* Pressure Differences Across Barriers.

5.2.1.1 Except as specified by 5.2.1.2, the pressure differences in Table 52.1.1 shall be used for designs that are
based on maintaining minimum pressure differences between specified spaces.

5.2.1.2 Where the system designer has determined that a higher minimum pressure difference is necessary to
achieve the smoke-control objectives, the higher minimum pressure difference shall be used.

Table 5.2.1.1 Minimum De sign Pressure Differences Across

Smoke Barriers
Building Ceiling Design Pressure

Type Hejght D/fference*
A N il
AS Any 0.05
NS 9 0.10
NS 15 0.14
NS 21 0.18
For Sl units, 1 ft = 0.305m; 0.1 in. w.g. =25 Pa.
AS: Sprinklered. NS: Nonsprinklered.
Table A5.2.2.3 Maximmum Pressure Differences . ; Doors
Doors Closer Door Width (inw.g.)
Force (Ibf) 32 36 40 44 48
6 0.45 040 0.37 0.34 0.31
8 0.41 0.37 0.34 0.31 0.38
10 0.37 0.34 0.30 0.28 0.36
12 0.34 0.30 0.27 0.25 0.23
14 .030 0.27 0.24 0.22 0.21

change]

Figure A.5.2.2 Forces on a Door in a Smoke-Control System. [Existing A.2.2.2 from the 2000 edition, no

When the maximum doo r opening force is specified at 30 Ibf, Table A.5.2.2 can be used to determine the maximum
pressure difference across the door.
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CHAPTER 15. ENCLOSED VEHICULAR FACILITIES

ENCLOSED vehicular faciliies include buildings and infrastructure through which vehicles travel, are stored, or are repaired, and can
include vehicles driven by internal combustion engines or electric motors. Ventilation requirements for these facilities are provided for
climate and temperature control, contaminant level control, and emergency smoke management. Design approaches for various natural
and mechanical ventilation systems are covered in this chapter.

The chapter is structured to address general tunnel issues first and then address the unique aspects of rail and road tunnels, rail
stations, bus garages, bus terminals, and enclosed spaces for equipment maintenance later in the chapter. Finally, information on
applicable ventilation equipment is presented.

TUNNELS

Transport tunnels are unique, in that vehicles travel at normal speeds, possibly carrying cargo (which may be unknown in road
tunnels), and may include the traveling public (as passengers and/or motorists) during both normal and emergency operations. A tunnel
is a linear-configured facility, as opposed to most buildings, which are typically more rectangular. This concept is important when
confronting the need to fight a fire within a tunnel. A tunnel cannot be compartmentalized as readily as a building, which means the fire
can only be fought from within the actual fire zone. Limited access and compartmentation create difficulties with containing and
suppressing a fire. This combination of circumstances requires unique design approaches to both normal and emergency operation.

Tunnel Ventilation Concepts

Tunnel ventilation must accommodate normal, congested and emergency conditions. In some cases, temporary ventilation may also be
necessary.

Normal Mode. Normal ventilation is required during normal operations to control temperature, provide comfort, or control level of
pollutants in the facility during normal operations and under normal operating conditions, primarily to protect the health and provide
comfort for the patrons and employees.

Congested Mode. Congested ventilation is required during service periods where traffic is slow moving, leading to a reduction or
elimination of piston effect. The goals are the same as for normal mode.

Emergency Mode. Emergency ventilation is required during an emergency to facilitate safe evacuation and to support firefighting and
rescue operations. This is often due to a fire, but it can be any nonnormal incident that requires unusual control of the environment in
the facility. This includes control of smoke and high temperature from a fire, control of exceedingly high levels of contaminants, and/or
control of other abnormal environmental condition.

Temporary Mode. Temporary ventilation is needed during original construction or while maintenance-related work is carried out in a
tunnel, usually durnng nonoperational hours. The temporary ventilation is typically removed after construction or after the maintenance
work is completed. Ventilation requirements for such temporary systems are specified by either state or local mining laws, industrial
codes, or the U.S. Occupational Safety and Health Administration (OSHA) and are not addressed spedifically in this chapter.

Tunnel Ventilation Systems

There are two categories of ventilation systems used in most tunnels: natural and mechanical.

Natural Ventilation. Naturally ventilated facilities rely primarily on atmospheric conditions to maintain airflow and provide a
satisfactory environment in the facility. The chief factor affecting the facility environment is the pressure differential created by
differences in elevation, ambient air temperature, or wind effects at the boundaries of the facility. Unfortunately, most of these factors
are highly variable with time, and thus the resultant natural ventilation is often neither reliable nor consistent. If vehicles are moving
through a tunnel-type facility, the piston effect created by the moving vehicles may provide additional natural airflow.

Mechanical Ventilation. A tunnel that is long, has a heavy traffic flow, or experiences frequent adverse atmospheric conditions
requires fan-based mechanical ventilation. Among the alternatives available are longitudinal and transverse ventilation.

Longitudinal Ventilation. This type of ventilation introduces or removes air from the tunnel at a limited number of points, primarily
creating longitudinal airflow along its length. Longitudinal ventilation can be accomplished either by injection, using central fans, using et
fans mounted in the facility, or a combination of injection and extraction at intermediate points.

Transverse Ventilation. Transverse ventilation uses both a supply duct system and an exhaust duct system to uniformly distribute
supply air and collect vitiated air throughout the length of the facility. The supply and exhaust ducts are served by a series of fixed fans,
usually housed in a ventilation building or structure. A variant of this type of ventilation is semitransverse ventilation, which uses
either a supply or exhaust duct, not both. The balance of airflow is made up via the tunnel portals.

Design Approach

General Design Criteria. The air quality and corresponding ventilation system airflow requirements in enclosed vehicular spaces are
determined primarily by the type and quantity of contaminants that are generated or introduced into the tunnel and the amount of
ventilation needed to limit the high air temperatures or concentrations of these contaminants to acceptable levels for the specific time
exposures.

Normal and Congested Modes. The maximum allowable concentrations and levels of exposure for most contaminants are determined by
national governing agencies such as the U.S. Environmental Protecion Agency (EPA), OSHA, the American Conference of Governmental
Industnal Hygienists (ACGIH).

The contaminant generators can be as varied as gasoline or diesel automobiles, diesel or compressed natural gas (CNG) buses and
trucks, and diesel locomotives. Even heat generated by air conditioning on electric trains stopped at stations and the pressure transients
generated by rapid-transit moving trains can be considered contaminants, the effects of which need to be mitigated.

https://handbook.ashrae.org/Handbooks/A 11/IP/all chl15/all _chlS_ip.aspx 22/06/2012
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Figure 13. Railroad Tunnel Aerodynamic Related Variables

- (15)
where Q,e/is the airflow rate relative to the train, ﬁ.3/s.

Typical values for Cpygand Cppare about 0.5 and 0.8, respectively. Because trains passing through a railroad tunnel are often more

than 1 mi long, the parameter that most affects the generated air pressure is the train skin friction coefficient. For dedicated coal or grain
trains, which essentially use uniform cars throughout, a value of 0.09 for the skin friction coefficient results in air pressure predictions
that conform closely to those observed in various railroad tunnels. For trains with nonuniform car distribution, the skin friction coefficient
may be as high as 1.5 times that for a uniform car distribution.

The wall surface friction factor corresponds to the coefficient used in the Darcy-Weisbach equation for friction losses in pipe flow.
Typical effective values for tunnels constructed with a formed concrete lining and having a ballasted track range from 0.015 to 0.017.

Tunnel Purge. The leading end of a locomotive must be exposed to an environment that is relatively free of smoke and diesel
contaminants emitted by preceding trains. Railroad tunnels are usually purged by displacing contaminated tunnel air with fresh air by
mechanical means after a train has left the tunnel. With the tunnel door closed, air is either supplied to or exhausted from the tunnel,
moving fresh air from one end of the tunnel to the other. Observations at the downstream end of tunnels have found that an effective
purge time is usually based on displacing 1.25 times the tunnel volume with outside air.

The time required for purging is primarily determined by operations schedule needs. A long purging time limits traffic; a short purging
time may necessitate very high ventilation airflow rates, and result in high electrical energy demand and consumption. Consequently,
multiple factors must be considered, including the overall ventilation concept, when establishing the purge rate.

PARKING GARAGES

Automobile parking garages can be either fully enclosed or partially open. Fully enclosed parking areas are often underground and
require mechanical ventilation. Partially open parking garages are generally above-grade structural decks having open sides (except for
barricades), with a complete deck above. Natural ventilation, mechanical ventilation, or a combination can be used for partially open
garages.

Operating automobiles in parking garages presents two concerns. The more serious is emission of CO, with its known risks. The other
concern is oil and gasoline fumes, which may cause nausea and headaches and also represent potential fire hazards. Additional concems
about NO, and smoke haze from diesel engines may also require consideration. However, the ventilation rate required to dilute CO to

acceptable levels is usually satisfactory to control the level of other contaminants as well, provided the percentage of diesel vehicles does
not exceed 20%.

For many years, the various model codes, ANSI/ASHRAE Standard 62.1, and its predecessor standards recommended a flat exhaust
rate of either 1.5 cfm/ﬂ:2 or 6 ach for enclosed parking garages. But because vehicle emissions have been reduced over the years,
ASHRAE sponsored a study to determine ventilation rates required to control contaminant levels in enclosed parking facilities (Krarti and
Ayari 1998). The study found that, in some cases, much less ventilation than 1.5 cfm/ft2 was satisfactory. The study’s methodology for
determining whether a reduced ventilation rate would be effective is included below. However, ANSI/ASHRAE Standard 62.1 and the
Intemational Code Council’s International Mechanical Code (ICC 2009a) allow 0.75 cfm/ft2 ventilation, whereas NFPA Standard 88A
recommends a minimum of 1.0 cfm/ftz, so the engineer must understand the specific codes and standards that apply. The engineer may
be required to request a variation, or waiver, from authorities having jurisdiction before implementing a lesser ventilation system design.

If larger fans are installed to meet code requirements, they will not necessarily increase overall power consumption; with proper CO
level monitoring and ventilation system control, fans will run for shorter time periods to maintain acceptable CO levels. With increased
attention on reducing energy consumption, CO-based ventilation system control can provide substantial cost savings in the operation of
parking garages.

https://handbook.ashrae.org/Handbooks/A11/IP/al1_chl5/al1 _chl5_ip.aspx 22/06/2012
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Ventilation Requirements and Design

ASHRAE research project RP-945 (Krarti and Ayan 1998) found that the design ventilation rase required for an enclosed parking facility
depends chiefly on four factors:

e Acceptable level of contaminants in the parking facility
e Number of cars in operation duning peak conditions
e Length of travel and the operating time for cars in the garage

e Emission rate of a typical car under various conditions

Con taminant Level Criteria. ACGIH (1998) recommends a threshold CO limit of 25 ppm for an 8 h exposure, and the U.S. EPA
(2000) determined that exposure, at or near sea level, to a CO concentration of 35 ppm for up to 1 h is acceptable. For parking garages
more than 3500 ft above sea level, more stringent limits are required.

In Europe, an average concentration of 35 ppm and a maximum level of 200 ppm are usually maintained in parking garages.

https://handbook.ashrae.org/Handbooks/A11/IP/all chl5/all_chl5_ip.aspx 22/06/2012
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Figure 14. Ventilation Requirement for Enclosed Parking Garage

Various agencies and countries differ on the acceptable ievel of CO in parking garages, but a reasonable solution is a ventilation rate
designed to maintain a CO level of 35 ppm for 1 h exposure, with a maximum of 25 ppm for an 8 h exposure. Because the time
associated with driving in and parking, or driving out of a garage, is on the order of minutes, 35 ppm is probably an acceptable level of
exposure. However, Figure 14 provides nomographs for 15 and 25 ppm maximum exposures as well, to allow the designer to conform to
more stringent regulations.

Number of Cars in Operation. The number of cars operating at any one time depends on the type of facility served by the parking
garage. For distributed, continuous use, such as an apartment building or shopping area, the variation is generally 3 to 5% of the total
vehicle capacity. The operating capacity could reach 15 to 20% in other facilities, such as sports stadiums or short-haul airports.

Length of Time of Operation. The length of time that a car remains in operation in a parking garage is a function of the size and
layout of the garage, and the number of cars attempting to enter or exit at a given time. The operating time could vary from as much as
60 to 600 s, but on average usually ranges from 60 to 180 s. Table 7 lists approximate data for average vehicle entrance and exit times;
these data should be adjusted to suit the specific physical configuration of the facility.

Car Emission Rate. Operating a car in a parking garage differs considerably from normal vehicle operation, including that in a road
tunnel. Most car movements in and around a parking garage occur in low gear. A car entering a garage travels slowly, but the engine is
usually hot. As a car exits from a garage, the engine is usually cold and operating in low gear, with a rich fuel mixture. Emissions for a
cold start are considerably higher, so the distinction between hot and cold emission plays a critical role in determining the ventilation rate.
Motor vehicle emission factors for hot- and cold-start operation are presented in Table 8. An accurate analysis requires correlation of CO
readings with the survey data on car movements (Hama et al. 1974); the data should be adjusted to suit the specific physical
configuration of the facility and the design year.

Design Method. To determine the design airflow rate to ventilate an enclosed parking garage, the following procedure can be used:

Table 7. Average Entrance and Exit Times for Vehicles

Level Average Entrance Time, s Average Exit Time, s
1 35 45
3t 40 50
5 70 100

Source. Stankunas et al. (1980).

:Average pass-through time = 30 s.

Table 8. Predicted CO Emissions in Parking Garages

Hot Emission (Stabilized), Ib/h Cold Emission, Ib/h
Season 1991 1996 1991 1996
Summer, 90°F 0.336 0.250 0.565 0.484
Winter, 32°F 0.478 0.447 2.744 2.508

Results from EPA MOBILE3, version NYC-2.2 (1984); sea level location.
Note.: Assumed vehicle speed is 5 mph.

Step 1. Collect the following data:

e Number of cars N in operation during peak hour use
e Average CO emission rate £ for a typical car, Ib/h
e Average length of operation and travel time B for a typical car, s

® Acceptable CO concentration CO_ . in the garage, ppm

e Total floor area of parking facility A, 2

Step 2. Evaluate CO generation rate:
(1) Determine the peak CO generation rate per unit floor area G, in Ib/h -ft2, for the parking garage:
(G = NI .'1’ (16)

(2) Normalize the peak CO generation rate using the reference value G, = 5.46 x 1073 Ib/h -2 and Eguation (17). This reference
value is based on an actual enclosed parking facility (Krarti and Ayari 1998):

/o 100G/G, (17)

Step 3. Determine the minimum required ventilation rate @ per unit floor area using Eigure 14, or the correlation presented by
Eguation (18), depending on CO,..¢

https://handbook.ashrae.org/Handbooks/A11/IP/all_chl5/all chl5_ip.aspx 22/06/2012
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Q- Cr0 (a8

where

€=12370 x 1074 cfm/ft2 *s for CO,ax = 15 pPPm

1.363 x 10™* cfm/ft?"s for CO,,,, = 25 ppm

-4 2. =
0.948 x 107 7 cfm/ft“-s for COmaX = 35 ppm
Example 1

Consider a two-level enclosed parking garage with a total capacity of 450 cars, a total floor area of 90,000 f’cz, and an average height of
9 ft. The total length of time for a typical car operation is 2 min (120 s). Determine the required ventilation rate for the enclosed parking

garage in c1‘m/ft2 and in air changes per hour so that the CO level never exceeds 25 ppm. Assume that the number of cars in operation
during peak use is 40% of the total vehicle capacity.

Solution:

Step 1. Garage data:

N =450 x 0.4 = 180 cars

E = 1.544 |b/h, the average of all values of emission rate for a winter day, from Table 8

CO o = 25 PPM

8=120s

Step 2. Calculate the normalized CO generation rate:

G = (180 x 1.544 Ib/h)/90,000 ft? = 3.09 x 1073 Ib/h - ft2

f= 100 x (3.09 x 1073 Ib/h-ft2) / 5.46 x 1073 Ib/h-ft2 = 56.6

Step 3. Determine the ventilation requirement, using Figure 14 or the correlation of Equation (18) for COmax = 25 ppm.

Q= 1.363 x 10-% cfm/s-ft2 x 56.6 x 120 s = 0.93 cfm/ft?

Or, for air changes per hour,

(0.93 cfm/ft? ~ 60 min‘h)9 1 — 6.2 ach

Notes:

1. If the average vehicle CO emission rate is reduced to £ = 0.873 Ib/h, because of, for instance, better emission standards or better
maintained cars, the required minimum ventilation rate decreases to 0.52 cfm/ﬂ:2 or 3.5 ach.

2. Once calculations are made and a decision reached to use CO demand ventilation control, increasing airflow through a safety margin
does not increase operating costs; larger fans work for shorter periods to sweep the garage and maintain satisfactory conditions.

CO Demand Ventilation Control. Whether mechanical, natural, or both, a parking garage ventilation system should meet applicable
codes and maintain acceptable contaminant levels. If permitted by local codes, the ventilation airflow rate should be varied according to
CO levels to conserve energy. For example, the ventilation system could consist of multiple fans, with single- or two-speed motors, or
vanable-pitch blades. In multilevel parking garages or single-level structures of extensive area, independent fan systems with individual
controls are preferred. The International Mechanical Code (ICC 2009a) allows ventilation system operation to be reduced from 0.75 to

0.05 cfm/ft2 with the use of a CO monitoring system that restores full ventilation when CO levels of 25 ppm are detected.

Fgure 15 shows the maximum CO level in a tested parking garage (Krarti and Ayari1998) for three car movement profiles (Figure 16)
and the following ventilation control strategies:

e Constant-volume (CV), where the ventilation system is kept on during the entire occupancy period
e On/off control, with fans stopped and started based on input from CO sensors

e Variable-air-volume (VAV) control, using either two-speed fans or axial fans with variable-pitch blades, based on input from CO
sensors

Hqure 15 also shows typical fan energy savings achieved by on/off and VAV systems relative to constant-volume systems. Significant
fan energy savings can be obtained using a CO-based demand ventilation control strategy to operate the ventilation system, maintaining
CO levels below 25 ppm. Wear and tear and maintenance on mechanical and electrical equipment are reduced with a CO-based demand
strategy.

Figure 16 is based on maintaining a 25 ppm CO level. With most systems, actual energy usage is further reduced if 35 ppm is
maintained.

In cold climates, the additional cost of heating makeup air is also reduced with a CO-based demand strategy. Energy stored in the mass
of the structure usually helps maintain the parking garage air temperature at an acceptable level. If only outside air openings are used to
draw in ventilation air, or if infiltration is allowed, the stored energy is lost to the incoming cold air.

https://handbook.ashrae.org/Handbooks/A 11/IP/all_ch15/all_chlS_ip.aspx 22/06/2012
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Figure 15. Typical Energy Savings and Maximum CO Level Obtained for Demand CO-Ventilation Controls

Ventilation System Configuration. Parking garage ventilation systems can be classified as supply-only, exhaust-only, or combined.
Regardless of which system design is chosen, the following elements should be considered in planning the system configuration:

e Accounting for the contaminant level of outside air drawn in for ventilation

e Avoiding short-circuiing supply air

e Avoiding a long flow field that allows contaminants to exceed acceptable levels at the end of the flow field

e Providing short flow fields in areas of high contaminant emission, thereby limiting the extent of mixing

e Providing efficient, adequate airflow throughout the structure

e Accounting for stratification of engine exhaust gases when stationary cars are running in enclosed facilites

Other Considerations. Access tunnels or long, fully enclosed ramps should be designed in the same way as road tunnels. When
natural ventilation is used, wall openings or free area should be as large as possible. Part of the free area should be at floor level.
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Figure 16. Three Car Movement Profiles

For parking levels with large interior floor areas, a central emergency smoke exhaust system should be considered for removing smoke
(in conjunction with other fire emergency systems) or vehicle fumes under normal conditions.

Noise. In general, parking garage ventilation systems move large quantities of air through large openings without extensive ductwork.
These conditions, and the highly reverberant nature of the space, contribute to high noise levels, so sound attenuation should be
considered in the ventilation system design. This is a pedestrian safety concern, as well, because high fan noise levels in a parking garage
may mask the sound of an approaching vehicle.

Ambient Standards and Contaminant Control. Air exhausted from a parking garage should meet state and local air pollution

control requirements.
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AUTOMOTIVE REPAIR FACILITIES

Automotive repair activities are defined as any repair, modification, service, or restoration activity to a motor vehicle. This includes, but
is not limited to, brake work, engine work, machining operations, and general degreasing of engines, motor vehicles, parts, or tools.

ANSI/ASHRAE Standard 62.1 recommends a ventilation rate of 1.5 cfm/ft2 for automotive service stations; the International Mechanical
Code (ICC 2009a) allows 0.75 cfm/ﬁ:z. The designer must determine which code is applicable. The high ventilation rate indicates that
contaminants are not related to the occupants, but are produced by the variety of tasks and materials used in the facility. Outdoor
ventilation is introduced into the space and an approximately equal quantity is exhausted through a dedicated exhaust system.

As repairs or maintenance are performed on vehicles, it may be necessary to operate the vehicle inside the facility to test and validate
the work. Additional mechanical ventilation is required to exhaust combustion by-products directly outdoors. An independent source
capture system that connects directly to the exhaust pipe of the vehicle must be installed in the facility. These systems are available in
either an above- or belowground configuration. Flow rates for individual service bays vary from 50 to 400 cfm for automobiles. A large
diesel truck will require considerably more airflow per service bay than an automobile.

The above-grade system consists of an exhaust fan, associated ductwork, and flexible hoses that attach to the tailpipe of the vehicle in
operation. Generally, the system is installed at a high elevation to maintain maximum clearances above floor level. The hose connections
are stored in reels positioned near each service bay. The service technician pulls the hose down and attaches it to the tailpipe by a
proprietary connection.

The below-grade system is similar in design to an overhead exhaust system. Care must be taken to select an appropriate corrosion-
resistant matenal to be installed underground, because the condensing products of combustion are corrosive to traditional duct materials.
The flexible tailpipe exhaust connectors are stored inside the underground duct. After sliding the flex back inside the duct, a hinged cover
plate covers the opening flush to the floor.

Although there is a diversity factor in the system capacity calculations, both systems must be designed to operate at 100% capacity. A
constant-volume fan is used, with all air being exhausted from the space. With a single outlet in use, some means of relief is provided to
maintain constant flow through the fan. This equipment can be set up to run continuously or intermittently. Intermittent use requires the
general exhaust system to vary between the maximum supply air delivered to the space when the capture system is in use and a lower
exhaust flow rate reduced by the amount of air exhausted through the capture system.

BUS GARAGES

Bus garages generally include a maintenance and repair area, service lane (where buses are fueled and cleaned), storage area (where
buses are parked), and support areas such as offices, stock room, lunch room, and locker rooms. The location and layout of these spaces
can depend on factors such as local climate, size of the bus fleet, and type of fuel used by the buses. Bus servicing and storage areas
may be located outside in a temperate region, but are often inside in colder climates. However, large bus fleets cannot always be stored
indoors; for smaller fleets, maintenance areas may double as storage space. Local building and/or fire codes may also prohibit dispensing
certain types of fuel indoors.

In general, bus maintenance or service areas should be ventilated using 100% outside air with no recirculation. Therefore, using heat
recovery devices should be considered in colder climates.

Tailpipe emissions should be exhausted directly from buses at fixed inspection and repair stations in maintenance areas. Offices and
similar support areas should be kept under positive pressure to prevent infiltration of bus emissions.

Maintenance and Repair Areas

ANSI/ASHRAE Standard 62.1 recommends a minimum ventilation of 1.5 cfm/ft2 and the Intemational Mechanical Code (ICC 2009a)
recommends 0.75 cfm/ft2 of floor area in vehicle repair garages, with no recirculation. The designer should determmine which code is
applicable. However, because the interior ceiling height may vary greatly from garage to garage, the designer should consider making a
volumetric analysis of contaminant generation and air exchange rates. The section on Bus Terminals contains information on diesel
engine emissions and ventilation airflow rates needed to control contaminant concentrations in areas where buses are operated.

Maintenance and repair areas often include below-grade inspection and repair pits for working undemeath buses. Because vapors
produced by conventional bus fuels are heavier than air, they tend to settle in these pit areas, so a separate exhaust system should be

provided to prevent their accumulation. NFPA Standard 30A recommends @ minimum of 1 <:fm/ﬁ:Z in pit areas and the installation of
exhaust registers near the floor of the pit.

Fixed repair stations, such as inspection/repair pits or hydraulic lift areas, should include a direct exhaust system for tailpipe emissions.
Such direct exhaust systems have a flexible hose and coupling attached to the bus tailpipe; emissions are discharged to the outdoors by
an exhaust fan. The system may be of the overhead reel, overhead tube, or underfloor duct type, depending on the tailpipe location. For
heavy diesel engines, a minimum exhaust rate of 600 cfm per station is recommended to capture emissions without creating excessive
backpressure in the vehicle. Fans, ductwork, and hoses should be able to receive vehicle exhaust at temperatures exceeding 500°F
without degradation.

Bus garages often include areas for battery charging, which can produce potentially explosive concentrations of corrosive, toxic gases.
There are no published code requirements for ventilating battery-charging areas, but DuCharme (1991) suggested using a combination of
floor and ceiling exhaust registers to remove gaseous by-products. The recommended exhaust rates are 2.25 cfm/f“t2 of room area at
floor level to remove acid vapors, and 0.75 cfm/ft2 of room area at ceiling level, to remove hydrogen gases. The associated supply air
volume should be 10 to 20% less than exhaust air volume, but designed to provide a minimum terminal velocity of 100 fpm at floor level.
If the battery-charging space is located in the general maintenance area rather than in a dedicated space, an exhaust hood should be

provided to capture gaseous by-products. Chapter 32 contains specific information on exhaust hood design. Makeup air should be
provided to replace that removed by the exhaust hood.

Garages may also contain spray booths, or rooms for painting buses. Most model codes reference NFPA Standard 33 for spray booth
requirements; this standard should be reviewed when designing heating and ventilating systems for such areas.
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CHAPTER 53. FIRE AND SMOKE MANAGEMENT

IN building fires, smoke often flows to locations remote from the fire, threatening life and damaging property. Stairwells and elevators
frequently fill with smoke, thereby blocking or inhibiting evacuation. Smoke causes the most deaths in fires. Smoke includes airborme
solid and liquid particles and gases produced when a material undergoes pyrolysis or combustion, together with air that is entrained or
otherwise mixed into the mass.

The idea of using pressurization to prevent smoke infiltration of stairwells began to attract attention in the late 1960s. This concept was
followed by the idea of the pressure sandwich (i.e., venting or exhausting the fire floor and pressurizing the surrounding floors).
Frequently, a building’s ventilation system is used for this purpose. Smoke control systems use fans to pressurize appropriate areas to
limit smoke movement in fire situations. Smoke management systems include pressurization and all other methods that can be used
singly or in combination to modify smoke movement.

This chapter discusses fire protection and smoke control systems in buildings as they relate to HVAC. For a more complete discussion,
refer to Principles of Smoke Management (Klote and Milke 2002). National Fire Protection Association (NFPA) Standard 204 provides
information about venting large industrial and storage buildings. For further information, refer to NFPA Standards 92A and 92B.

The objective of fire safety is to provide some degree of protection for a building’s occupants, the building and property inside it, and
neighboring buildings. Various forms of analysis have been used to quantify protection. Specific life safety objectives differ with
occupancy; for example, nursing home requirements are different from those for office buildings.

Two basic approaches to fire protection are (1) to prevent fire ignition and (2) to manage fire effects. Fiqure 1 shows a decision tree for
fire protection. Building occupants and managers have the primary role in preventing fire ignition. The building design team may
incorporate features into the building to assist the occupants and managers in this effort. Because it is impossible to prevent fire ignition
completely, managing fire effect has become significant in fire protection design. Examples include compartmentation, suppression,
control of construction materials, exit systems, and smoke management. The Fire Protection Handbook (NFPA 2008) and Smoke
Movement and Control in High-Rise Buildings (Tamura 1994) contain detailed fire safety information.

FIRE SAFETY
OBJECTIVES

PREVENT FIRE MANAGE FIRE
IGNITION EFFECT

CONTROL CONTROL
HEATENERGY ~ SQURCE/FUEL CONIROL
SOURCES _ _INTERACTIONS

“Note: Smoke management is one of many fire protection tools that can be
used to help manage the threat and exposure of fire.

Figure 1. Simplified Fire Protection Decision Tree

Historically, fire safety professionals have considered the HVAC system a potentially dangerous penetration of natura! building
membranes (walls, floors, etc.) that can readily transport smoke and fire. For this reason, HVAC has traditionally been shut down when
fire is discovered; this prevents fans from forcing smoke flow, but does not prevent ducted smoke movement caused by buoyancy, stack
effect, or wind. To solve the problem of smoke movement, methods of smoke control have been developed; however, smoke contro!
should be viewed as only one part of the overall building fire protection system.

FIRE MANAGEMENT

Although most of this chapter discusses smoke management, fire management at HVAC penetrations is an additional concern for the
HVAC engineer. The most efficient way to limit fire damage is through compartmentation. Fire-rated assemblies, such as the floor or
walls, keep the fire in a given area for a specific period. However, fire can easily pass through openings for plumbing, HVAC ductwork,
communication cables, or other services. Therefore, fire stop systems are installed to maintain the rating of the fire-rated assembly. The
rating of a fire stop system depends on the number, size, and type of penetrations, and the construction assembly in which it is installed.

Performance of the entire fire stop system, which includes the construction assembly with its penetrations, is tested under fire
conditions by recognized independent testing laboratories. ASTM Standard E814 and UL Standard 1479 describe ways to determine
performance of through-penetration fire stopping (TPFS).

TPFS is required by building codes under certain circumstances for specific construction types and occupancies. In the United States,
model building codes require that most penetrations meet the ASTM E814 test standard. TPFS classifications are published by testing
laboratories. Each classification is proprietary, and each applies to use with a specific set of conditions, so numerous types are usually
required on any given project.

The construction manager and general contractor, not the architects and engineers, make work assignments. Sometimes they assign
fire stopping to the discipline making the penetration; other times, they assign it to a specialty fire-stopping subcontractor. The
Construction Specifications Institute (CSI) assigns fire-stopping specifications to Division 7, which

e Encourages continuity of fire-stopping products on the project by consolidating their requirements (e.g., TPFS, expansion joint
fire stopping, floor-to-wall joint fire stopping, etc.)
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e Maintains flexibility of work assignments for the general contractor and construction manager

e Encourages prebid discussions between the contractor and subcontractors regarding appropriate work assignments

SMOKE MOVEMENT

A smoke control system must be designed so that it is not overpowered by the driving forces that cause smoke movement, which

include stack effect, buoyancy, expansion, wind, and the HVAC system. During a fire, smoke is generally moved by a combination of
these forces.

Stack Effect

When it is cold outside, air tends to move upward within building shafts (e.g., stairwells, elevator shafts, dumbwaiter shafts, mechanical
shafts, mail chutes). This normal stack effect occurs because air in the building is warmer and less dense than outside air. Normal

stack effect is large when outside temperatures are low, especially in tall buildings. However, normal stack effect can exist even in a one-
story building.

TOP OF BUILDING

-
5L_ NEUTRAL PLANE
w
e s
B
BOTTOM OF BUILDING
- !
NEGATIVE (-) 0 POSITIVE ()

PRESSURE DIFFERENCE
Figure 2. Pressure Difference Between Building Shaft and Outdoors Caused by Normal Stack Effect

When outside air is warmer than building air, there is a natural tendency for downward airflow, or reverse stack effect, in shafts. At
standard atmospheric pressure, the pressure difference caused by either normal or reverse stack effect is expressed as

1
Ap=T7064| — - = 1\h
! T, T ™

where

A p = pressure difference, in. of water

T, = absolute temperature of outside air, °R
T,= absolute temperature of air inside shaft, °R
h = distance above neutral plane, ft

For a building 200 ft tall with a neutral plane at midheight, an outside temperature of 0°F (460°R), and an inside temperature of 70°F
(530°R), the maximum pressure difference from stack effect is 0.22 in. of water. This means that, at the top of the building, pressure
inside a shaft is 0.22 in. of water greater than the outside pressure. At the base of the building, pressure inside a shaft is 0.22 in. of
water lower than the outside pressure. Figure 2 diagrams the pressure difference between a building shaft and the outside. A positive
pressure difference indicates that shaft pressure is higher than the outside pressure, and a negative pressure difference indicates the
opposite. Figure 3 illustrates air movement in buildings caused by both normal and reverse stack effect.

Figure 4 can be used to determine the pressure difference caused by stack effect. For normal stack effect, A p/h is positive, and the
pressure difference is positive above the neutral plane and negative below it. For reverse stack effect, A p/ £ is negative, and the pressure
difference is negative above the neutral plane and positive below it.

In unusually tight buildings with exterior stairwells, Klote (1980) observed reverse stack effect even with low outside air temperatures.
In this situation, the exterior stairwell temperature is considerably lower than the building temperature. The stairwell represents the cold
column of air, and other shafts within the building represent the warm columns of air.
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Figure 3. Air Movement Caused by Normal and Reverse Stack Effect
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Figure 4. Pressure Difference Caused by Stack Effect

If leakage paths are uniform with height, the neutral plane is near the midheight of the building. However, when the leakage paths are
not uniform, the location of the neutral plane can vary considerably, as in the case of vented shafts. McGuire and Tamura (1975) provide
methods for calculating the location of the neutral plane for some vented conditions.

Smoke movement from a building fire can be dominated by stack effect. In a building with normal stack effect, the existing air currents
(as shown in Figure 3) can move smoke considerable distances from the fire origin. If the fire is below the neutral plane, smoke moves
with building air into and up the shafts. This upward smoke flow is enhanced by buoyancy forces due to the temperature of the smoke.
Once above the neutral plane, smoke flows from the shafts into the upper floors of the building. If leakage between floors is negligible,
floors below the neutral plane (except the fire floor) remain relatively smoke-free until more smoke is produced than can be handled by
stack effect flows.

Smoke from a fire located above the neutral plane is carried by building airflow to the outside through exterior openings in the building.
If leakage between floors is negligible, all floors other than the fire floor remain relatively smoke-free until more smoke is produced than
can be handled by stack effect flows. When leakage between floors is considerable, smoke flows to the floor above the fire floor.

Air currents caused by reverse stack effect (see Figure 3) tend to move relatively cool smoke down. In the case of hot smoke, buoyancy
forces can cause smoke to flow upward, even during reverse stack effect conditions.

Buoyancy

High-temperature smoke has buoyancy because of its reduced density. At sea level, the pressure difference between a fire
compartment and its surroundings can be expressed as follows:
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(2)

where
O p = pressure difference, in. of water
Ts = absolute temperature of surroundings, °R
T,= average absolute temperature of fire compartment, °R

h = distance above neutral plane, ft
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Figure 5. Pressure Difference Caused by Buoyancy

The pressure difference caused by buoyancy can be obtained from Figure 5 for surroundings at 68°F (528°R). The neutral plane is the
plane of equal hydrostatic pressure between the fire compartment and its surroundings. For a fire with a fire compartment temperature
at 1470°F (1930°R), the pressure difference 5 ft above the neutral plane is 0.052 in. of water. Fang (1980) studied pressures caused by
room fires during a series of full-scale fire tests. During these tests, the maximum pressure difference reached was 0.064 in. of water
across the burn room wall at the ceiling.

Much larger pressure differences are possible for tall fire compartments where the distance A from the neutral plane can be larger. If
the fire compartment temperature is 1290°F (1750°R), the pressure difference 35 ft above the neutral plane is 0.35 in. of water. This is a
large fire, and the pressures it produces are beyond present smoke control methods. However, the example illustrates the extent to

which Equation (2) can be applied.

In sprinkler-controlled fires, the temperature in the fire room remains at that of the surroundings except for a short time before
sprinkler activation. Sprinklers are activated by the ceiling jet, a thin (2 to 4 in.) layer of hot gas under the ceiling. The maximum
temperature of the ceiling jet depends on the location of the fire, the activation temperature of the sprinkler, and the thermal lag of the
sprinkler heat-responsive element. For most residential and commercial applications, the ceiling jet is between 180 and 300°F. In
Equation (2), Teis the average temperature of the fire compartment. For a sprinkler-controlled fire,

VT
T Lt 3)
f 17,

where
H = floor-to-ceiling height, ft
Hj = thickness of ceiling jet, ft

Ti= absolute temperature of ceiling jet, °R

For example, for H= 96 in., Hj= 4in., 7 = 68 + 460 = 528°R, and 7}.= 300 + 460 = 760°R,

T, = [528(96 — 4) + 760 x 4)/96 = 538°R or T8I
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In Equation (2), this results in a pressure difference of 0.002 in. of water, which is insignificant for smoke control applications.

Expansion

Energy released by a fire can also move smoke by expansion. In a fire compartment with only one opening to the building, building air
will flow in, and hot smoke will flow out. Neglecting the added mass of the fuel, which is small compared to airflow, the ratio of
volumetric flows can be expressed as a ratio of absolute temperatures:

Quul 71"14(

0 T )

-1in m

where

Qpye = Volumetric flow rate of smoke out of fire compartment, cfm
QI.” = volumetric flow rate of air into fire compartment, cfm
Taut = absolute temperature of smoke leaving fire compartment, °R

7,, = absolute temperature of air into fire compartment, °R

For smoke at 1290°F (1750°R) and entering air at 67°F (527°R), the ratio of volumetric flows is 3.32. Note that absolute temperatures

are used in the calculation. In such a case, if air enters the compartment at 3000 cfm, then smoke flows out at 9960 cfm, with the gas
expanding to more than three times its original volume.

For a fire compartment with open doors or windows, the pressure difference across these openings caused by expansion is negligible.
However, for a tightly sealed fire compartment, the pressure differences from expansion may be important.

Wind

Wind can have a pronounced effect on smoke movement within a building. The pressure wind exerts on a surface can be expressed as

P, 0.00643C p,} 2 "

where

P, = pressure exerted by wind, in. of water

C, = pressure coefficient, dimensionless

P, = outside air density, Ibm/t‘t3
V = wind velocity, mph

The pressure coefficients Cware in the range of —0.8 to 0.8, with positive values for windward walls and negative values for leeward

walls. The pressure coefficient depends on building geometry and varies locally over the wall surface. In general, wind velocity increases
with height from the surface of the earth. Houghton and Carruther (1976), MacDonald (1975), Sachs (1972), and Simiu and Scanlan

(1978) give detailed information conceming wind velocity variations and pressure coefficients. Shaw and Tamura (1977) developed
specific information about wind data with respect to air infiltration in buildings.

With a pressure coefficient of 0.8 and air density of 0.075 Ibm/ft3, a 35 mph wind produces a pressure on a structure of 0.47 in. of

water. The effect of wind on air movement within tightly constructed buildings with all exterior doors and windows closed is slight.

However, wind effects can be important for loosely constructed buildings or for buildings with open doors or windows. Usually, the
resulting airflows are complicated, and computer analysis is required.

Frequently, a window breaks in the fire compartment. If the window is on the leeward side of the building, the negative pressure
caused by the wind vents the smoke from the fire compartment. This reduces smoke movement throughout the building. However, if the
broken window is on the windward side, wind forces the smoke throughout the fire floor and to other floors, which endangers the lives of

building occupants and hampers fire fighting. Wind-induced pressure in this situation can be large and can dominate air movement
throughout the building.

HVAC Systems

Before methods of smoke control were developed, HVAC systems were shut down when fires were discovered because the systems
frequently transported smoke during fires.

In the early stages of a fire, the HVAC system can aid in fire detection. When a fire starts in an unoccupied portion of a building, the
system can transport the smoke to a space where people can smell it and be alerted to the fire. However, as the fire progresses, the
system transports smoke to every area it serves, thus endangering life in all those spaces. The system also supplies air to the fire space,
which aids combustion. Although shutting the system down prevents it from supplying air to the fire, it does not prevent smoke
movement through the supply and return air ducts, air shafes, and other building openings because of stack effect, buoyancy, or wind.

SMOKE MANAGEMENT

In this chapter, smoke management includes all methods that can be used singly or in combination to modify smoke movement for the
benefit of occupants or firefighters or for reducing property damage. Barriers, smoke vents, and smoke shafts are traditional methods of
smoke management. The effectiveness of barriers is limited by the extent to which they are free of leakage paths. Smoke vents and
smoke shafts are limited by the fact that smoke must be sufficiently buoyant to overcome any other driving forces that could be present.
In the last few decades, fans have been used to overcome the limitations of traditional approaches. Compartmentation, dilution,
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pressurization, airflow, and buoyancy are used by themselves or in combination to manage smoke conditions in fire situations. These
mechanisms are discussed in the following sections.

Compartmentation

Barriers with sufficient fire endurance to remain effective throughout a fire exposure have long been used to protect against fire spread.
In this approach, walls, partitions, floors, doors, and other barriers provide some level of smoke protection to spaces remote from the
fire. This section discusses passive compartmentation; using compartmentation with pressurization is discussed in the section on
Pressurization (Smoke Control). Many codes, such as NFPA Standard 101 and the International Building Code® (ICC 2009), provide
specific criteria for construction of smoke barriers (including doors) and their smoke dampers. The extent to which smoke leaks through
such barriers depends on the size and shape of the leakage paths in the barriers and the pressure difference across the paths.

Dilution Remote from Fire

Smoke dilution is sometimes referred to as smoke purging, smoke removal, smoke exhaust, or smoke extraction. Diluton can
be used to maintain acceptable gas and particulate concentrations in a compartment subject to smoke infiltration from an adjacent space.
It can be effective if the rate of smoke leakage is small compared to either the total volume of the safeguarded space or the rate of
purging air supplied to and removed from the space. Also, dilution can be beneficial to the fire service for removing smoke after a fire has
been extinguished. Sometimes, when doors are opened, smoke flows into areas intended to be protected. Ideally, the doors are only
open for short periods during evacuation. Smoke that has entered spaces remote from the fire can be purged by supplying outside air to
dilute the smoke.

The following is a simple analysis of smoke dilution for spaces in which there is no fire. Assume that at time zero (6 = 0), a
compartment is contaminated with some concentration of smoke and that no more smoke flows into the compartment or is generated
within it. Also, assume that the contaminant. is uniformly distributed throughout the space. The concentration of contaminant in the
space can be expressed as

C wi
— (l
C (6)
'P)
The dilution rate can be determined from the following equation:
s/ ~
y L in <
[ - - 7
F ( @

where
Co = initial concentration of contaminant

C = concentration of contaminant at time 8

a = dilution rate, air changes per minute

t = time after smoke stops entering space or smoke production has stopped, min
e = base of natural logarithm (approximately 2.718)

Concentrations C_and C must be expressed in the same units, but can be any units appropriate for the particular contaminant being
considered.

McGuire et al. (1970) evaluated the maximum levels of smoke obscuration from a number of fire tests and a number of proposed
criteria for tolerable levels of smoke obscuration. Based on this evaluation, they state that the maximum levels of smoke obscuration are
greater by a factor of 100 than those relating to the limit of tolerance. Thus, they indicate that a space can be considered “reasonably
safe” with respect to smoke obscuration if the concentration of contaminants in the space is less than about 1% of the concentration in
the immediate fire area. This level of dilution increases visibility by about a factor of 100 (e.g., from 0.5 ft to 50 &) and reduces the
concentrations of toxic smoke components. Toxicity is a more complex problem, and no parallel statement has been made regarding
dilution needed to obtain a safe atrmosphere with respect to toxic gases.

In reality, it is impossible %0 ensure that the concentration of the contaminant is uniform throughout the compartment. Because of
buoyancy, it is likely that higher concentrations are near the ceiling. Therefore, exhausting smoke near the ceiling and supplying air near
the floor probably dilutes smoke even more quickly than indicated by Equation (7). Supply and exhaust points should be placed to
prevent supply air from blowing into the exhaust inlet, thereby short-circuiting the dilution.

Example 1

A space is isolated from a fire by smoke barriers and self-closing doors, so that no smoke enters the compartment when the doors are
closed. When a door is opened, smoke flows through the open doorway into the space. If the door is closed when the contaminant in the
space is 20% of the burn room concentration, what dilution rate is required to reduce the concentration to 1% of that in the burn room
in 6 min?

The time ¢ = 6 min and Co /C = 20. From Equation (7), the dilution rate is about 0.5 air changes per minute, or 30 air changes per
hour.

Caution about Dilution near Fire. Many people have unrealistic expectations about what dilution can accomplish in the fire space.
Neither theoretical nor experimental evidence indicates that using a building’s HVAC system for smoke dilution will significantly improve
tenable conditions in a fire space. The exception is an unusual space where the fuel is such that fire size cannot grow above a specific
limit; this occurs in some tunnels and underground transit situations. Because HVAC systems promote a considerable degree of air mixing
in the spaces they serve and because very large quantities of smoke can be produced by building fires, it is generally believed that smoke
dilution by an HVAC system in the fire space does not improve tenable conditions in that space. Thus, any attempt to improve hazard
conditions in the fire space, or in spaces connected to the fire space by large openings, with smoke purging will be ineffective.

https://handbook.ashrae.org/Handbooks/A11/IP/all ch53/al1_ch53_ip.aspx 22/06/2012



CHAPTER 53. FIRE AND SMOKE MANAGEMENT Page 7 of 35

Pressurization (Smoke Control)

Systems that pressurize an area using mechanical fans are referred to as smoke control in this chapter and in NFPA Standard 92A. A
pressure difference across a barrier can control smoke movement, as illustrated in Figure 6. Within the barrier is a door. The high-
pressure side of the door can be either a refuge area or an egress route. The low-pressure side is exposed to smoke from a fire. Airflow
through gaps around the door and through construction cracks prevents smoke infiltration to the high-pressure side.

HIGH-PRESSURE SIDE

LOW-PRESSURE SiDE

SO N AN ANNANANNANANANNNNNNNNNNNNANNNNN

Figure 6. Smoke Control System Preventing Smoke Infiltration to High-Pressure Side of Barrier

For smoke control analysis, the orifice equation can be used to estimate the flow through building flow paths:

Q  776CAS2Ap/ p (8)
where
@ = volumetric airflow rate, cfm
C = flow coefficient
A = flow area (leakage area), ft2
0 p = pressure difference across flow path, in. of water

p = density of air entering flow path, Ibm/ft:3

The flow coefficient depends on the geometry of the flow path, as well as on turbulence and friction. In the present context, the flow
coefficient is generally 0.6 to 0.7. For p = 0.075 Ibm/ft:3 and C = 0.65, Equation (8) can be expressed as

Q  20104JAp 9)

The flow area is frequently the same as the cross-sectional area of the flow path. A closed door with a crack area of 0.11 ft2 and a
pressure difference of 0.01 in. of water has an air leakage rate of approximately 29 cfm. If the pressure difference across the door is
increased to 0.30 in. of water, the flow is 157 cfm.

Frequently, in field tests of smoke control systems, pressure differences across partitions or closed doors have fluctuated by as much as
0.02 in. of water. These fluctuations have generally been attributed to wind, although they could have been due to the HVAC system or
some other source. To control smoke movement, the pressure difference produced by a smoke control system must be large enough to
overcome pressure fluctuations, stack effect, smoke buoyancy, and wind pressure. However, the pressure difference should not be so
large that the door is difficult to open.

Airflow

Airflow has been used extensively to manage smoke from fires in subway, railroad, and highway tunnels (see Chapter 15). Large
airflow rates are needed to control smoke flow, and these flow rates can supply additional oxygen to the fire. Because of the need for
complex controls, airflow is not used as extensively in buildings. The control problem consists of having very small flows when a door is
closed and then significantly increased flows when that door is open. Furthermore, it is @ major concemn that the airflow supplies oxygen
to the fire. This section presents the basics of smoke control by airflow and demonstrates why this technique is rarely recommended.

Thomas (1970) determined that in a corridor in which there is a fire, airflow can almost totally prevent smoke from flowing upstream of
the fire. Molecular diffusion is believed to transfer trace amounts of smoke, which are not hazardous but which are detectable as the
smell of smoke upstream. Based on work by Thomas, the critical air velocity for most applications can be approximated as

(10)

where

Vk = critical air velocity to prevent smoke backflow, fpm
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q.= heat release rate into corridor, Btu/h
W = cornidor width, ft
This relation can be used when the fire is in the corridor or when smoke enters the corridor through an open doorway, air transfer
grille, or other opening. Although critical velocities calculated from Equation (10) are general and approximate, they indicate the kind of
air velocities required to prevent smoke backflow from fires of different sizes. For specific applications, other equations may be more

appropriate: for tunnel applications, see Chapter 15; for smoke management in atriums and other large spaces, see Klote and Milke
(2002) and NFPA Standard 92B.

Although Equation (10) can be used to estimate the airflow rate necessary to prevent smoke backflow through an open door, the
oxygen supplied is a concern. Huggett (1980) evaluated the oxygen consumed in the combustion of numerous natural and synthetic
solids. He found that, for most materials involved in building fires, the energy released is approximately 5630 Btu per pound of oxygen.
Air is 23.3% oxygen by mass. Thus, if all the oxygen in a pound of air is consumed, 1300 Btu is liberated. If all the oxygen in 1 cfm of air
with a density of 0.075 Ibm/Ft3 is consumed by fire, 5850 Btu/h is liberated.

Examples 2 and 3 demonstrate that the air needed to prevent smoke backflow can support an extremely large fire. Most commercial
and residential buildings contain enough fuel (paper, cardboard, furniture, etc.) to support very large fires. Even when the amount of fuel
is normally very small, short-term fuel loads (during building renovation, matenal delivery, etc.) can be significant. Therefore, using
airflow for smoke control is not recommended, except when the fire is suppressed or in the rare cases when fuel can be restricted with
confidence.

Example 2

What airflow at a doorway is needed to stop smoke backflow from a room fully involved in fire, and how large a fire can this airflow
support?

A room fully involved in fire can have an energy release rate on the order of 8 x 10° Btu/h. Assume the door is 3 ft wide and 7 ft high.
From Equation (10), Vk = 5.68(8 x 106/3)1/3 = 790 fpm. A flow through the doorway of 790 x 3 x 7 = 16,600 cfm is needed to prevent
smoke from backflowing into the area.

If all the oxygen in this airflow is consumed in the fire, the heat liberated is 16,600 cfm x 5850 Btu/h - cfm = 9.7 x 107 Btu/h. This is
over 10 times more than the heat generated by the fully involved room fire and indicates why airflow is generally not recommended for
smoke control in buildings.

Example 3
What airflow is needed to stop smoke backflow from a wastebasket fire, and how large a fire can this airflow support?

A wastebasket fire can have an energy release rate on the order of 5 x 10° Btu/h. As in Example 2, V, = 5.68(5 X 105/3)1/3 = 310
fpm. A flow through the doorway of 310 x 3 x 7 = 6500 cfm is needed to prevent smoke backflow.

If all the oxygen in this airflow is consumed in the fire, the heat liberated is 6500 c¢fm x 5850 Btu/h-cfm = 3.8 x 107 Btu/h. This is still
many times greater than the fully involved room fire and further indicates why airflow is generally not recommended for smoke control in
buildings.

Buoyancy

The buoyancy of hot combustion gases is used in both fan-powered and non-fan-powered venting systems. Fan-powered venting for
large spaces is commonly used for atriums and covered shopping malls, and non-fan-powered venting is commonly used for large
industrial and storage buildings. There is a concem that sprinkler flow will cool the smoke, reducing buoyancy and thus the system
effectiveness. Research is needed in this area. Refer to Klote and Milke (2002) and NFPA Standards 92B and 204 for detailed design
information about these systems.

SMOKE CONTROL SYSTEM DESIGN

Door-Opening Forces

The door-opening forces resulting from the pressure differences produced by a smoke control system must be considered.
Unreasonably high door-opening forces can make it difficult or impossible for occupants to open doors to refuge areas or escape routes.

The force required to open a door is the sum of the forces to overcome the pressure difference across the door and to overcome the
door closer. This can be expressed as

S20AAp

(11)
where

F = total door-opening force, Ibf

Fae = force to overcome door closer, Ibg

W = door width, ft

A = door area, ft2

O p = pressure difference across door, in. of water

d = distance from doorknob to edge of knob side of door, ft
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This relation assumes that the door-opening force is applied at the knob. Door-opening force Fp caused by pressure difference can be
determined from Eigure 7 for a value of d= 3 in. The force to overcome the door closer is usually greater than 3 Ib; and, in some cases,
can be as great as 20 Ib;. For a door that is 7 ft high and 3 ft wide and subject to a pressure difference of 0.30 in. of water, the total
door-opening force is 30 Ibg, if the force to overcome the door closer is 12 Ibg.

30 esmmm——
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PRESSURE DIFFERENCE. in. of water

Figure 7. Door-Opening Force Caused by Pressure Difference

Flow Areas

In designing smoke control systems, airflow paths must be identified and evaluated. Some leakage paths are obvious, such as cracks
around closed doors, open doors, elevator doors, windows, and air transfer grilles. Construction cracks in building walls are less obvious,
but they are equally important.

The flow area of most large openings, such as open windows, can be calculated easily. However, flow areas of cracks are more difficult
o evaluate. The area of these leakage paths depends on such features as workmanship, door fit, and weatherstripping. A 3 by 7 ft door

with an average crack width of 1/8 in. has a leakage area of 0.21 ft2, However, if this door is installed with a 3/4 in. undercut, the
leakage area is 0.36 ftz, a significant difference. The leakage area of elevator doors is in the range of 0.55 to 0.70 ft2 per door.

For open stairwell doorways, Cresci (1973) found complex flow pattemns; the resulting flow through open doorways was considerably
below that calculated using the doorway’s geometric area as the flow area in Equation (8). Based on this research, it is recommended
that the design flow area of an open stairwell doorway be ha/fthe geometric area (door height x width) of the doorway. An altemative
for open stairwell doorways is to use the geometric area as the flow area and use a reduced flow coefficient. Because it does not allow
the direct use of Equation (8), this approach is not used here.

Typical leakage areas for walls and floors of commercial buildings are tabulated as area ratios in Table 1. These data are based on a
relatively small number of tests performed by the National Research Council of Canada (Shaw et al. 1993; Tamura and Shaw 19764,
1976b, 1978; Tamura and Wilson 1966). Actual leakage areas depend primarily on workmanship rather than on construction materials,
and in some cases, the flow areas in particular buildings may vary from the values listed. Data concerning air leakage through building
components are also provided in Chapter 16 of the 2009 ASHRAE Handbook—Fundamentals.

Table 1. Typical Leakage Areas for Walls and Floors of Commercial Buildings

Construction Element Wall Tightness Area Ratio
A/A,,

Exterior building walls® Tight 0.50 x 1074

(includes construction cracks and cracks around windows and doors) Average 0.17 x 1073

Loose 0.35 x 1073

Very Loose 0.12 x 1072

Tight 0.14 x 1074

Stairwell walls?

(includes construction cracks but not cracks around windows or doors) Average 0.11 x 1073
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Loose 0.35 x 1073
Elevator shaft walls® Tight 0.18 x 1073
(includes construction cracks but not cracks around doors) Average 0.84 x 1073
Loose 0.18 x 1072
A/Af
Foors? Tight 0.66 x 1072
(includes construction cracks and gaps around penetrations) Average 0.52 x 1074
Loose 0.17 x 1073

A = |leakage area; A, = wall area; Ag= floor area

Leakage areas evaluated at 20.3 in. of water; b0.1 in. of water.

Because a vent surface is usually covered by a louver and screen, a vent’s flow area is less than i area (vent height x width).
Calculation is further complicated because the louver slats are frequently slanted. Manufacturer’s data should be used for specific
information.

Effective Flow Areas

The concept of effective flow areas is useful for analyzing smoke control systems. The paths in the system can be in parallel with one
another, in series, or a combination of parallel and series. The effective area of a system of flow areas is the area that gives the same
flow as the system when it is subjected to the same pressure difference over the total system of flow paths. This is similar to the effective
resistance of a system of electrical resistances. The effective flow area A, for parallel leakage areas is the sum of the individual leakage

paths:
n

(12)
where nis the number of flow areas A/in parallel.
For example, the effective area A, for the three parallel leakage areas in Figure 8 is

l‘ A ;| (13)
If A,;is 1.0 ft and Aj,and A;are each 0.5 ftz, then the effective flow area A,is 2.0 ft2.

The general rule for any number of leakage areas in series is
0s

A, Z Tzl 14)

where nis the number of leakage areas A,in series.
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Figure 8. Leakage Paths in Parallel

Three leakage areas in series from a pressurized space are illustrated in Figure 9. The effective flow area of these paths is
0.5
| |
(15)

A, e
‘ Af A3 A7)

In smoke control analysis, there are frequently only two paths in series, and the effective leakage area is

I /t l.‘f:
e e (16)
,\/.4‘* b 5
A, | —» 0O,
Qy
A3 — Q,
A1
PRESSURIZED
SPACE

Figure 9. Leakage Paths in Series

Example 4
Calculate the effective leakage area of two equal flow paths in series. Let A= A, = A,=0.20 f2. From Eguation (16),

A IR

Example 5
Calculate the effective flow area of two flow paths in series, where A,=0.20 ft2 and A,=20 ft2. From Equation (16),
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Example 5 illustrates that when two paths are in series, and one is much larger than the other, the effective flow area is approximately
equal to the smaller area.

Developing an effective area for a system of both parallel and series paths requires combining groups of parallel paths and series paths
systematically. The system illustrated in Figure 10 is analyzed as an example. The figure shows that A2 and AJ are in parallel; therefore,

their effective area is

(/‘Zg)‘ :l: ! ‘1

Ay

PRESSURIZED
SPACE

Figure 10. Combination of Leakage Paths in Parallel and Series

Areas A¢ Ag and A6 are also in parallel, so their effective area is

These two effective areas are in series with A, Therefore, the effective flow area of the system is given by

(-'{ $
Example 6
Calculate the effective area of the system in Figure 10, if the leakage areas are A;=A,=A;=02 ft2 and Ayg=Ag=Ag= 0.1 ft2.
(.‘f:x]‘. o4
(yse), D307
4. = 015 ns

Design Weather Data

Litde weather information has been developed specifically for smoke control system design. Design temperatures for heating and
cooling found in Chapter 14 of the 2009 ASHRAE Handbook—Fundamentals (on the CD-ROM accompanying that volume) may be used.
Extreme temperatures can be considerably lower than the winter design temperatures. For example, the 99% design temperature for
Tallahassee, Florida, is 28°F, but the lowest temperature observed there was —2°F (NOAA 1979).
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Temperatures are generally below the design values for short periods, and because of the thermal lag of building materials, these short
intervals of low temperature usually do not cause problems with heating. However, there is no time lag for a smoke control system; it is
therefore subjected to all the extreme forces of stack effect that exist the moment it operates. If the outside temperature is below the
system’s winter design temperature, stack effect problems may result. A similar situation can occur with summer design temperatures
and reverse stack effect.

Extreme wind data for smoke management design are listed in Chapter 14 of the 2009 ASHRAE Handbook- Fundamentals.

Design Pressure Differences

Both the maximum and minimum allowable pressure differences across the boundaries of smoke control should be considered. The
maximum allowable pressure difference should not cause excessive door-opening forces.

FRESH AIR =———

SUPPLY
FAN
OPEN DAMPER.
CONTINUOUS
AIRFLOW
CLOSED DAMPER
STAIRWELL - NO AIRFLOW
WITH FIRE

DOORS

@
()
I

PRESSURE

©

LOW
PRESSURE

Note: If fans are off, all dampers should be closed.

Figure 11. Smoke Control System Damper Recommendation

The minimum allowable pressure difference across a boundary of a smoke control system might be the difference such that no smoke
leakage occurs during building evacuation. In this case, the smoke control system must produce sufficient pressure differences to
overcome forces of wind, stack effect, or buoyancy of hot smoke. Pressure differences caused by wind and stack effect can be large in
the event of a broken window in the fire compartment. Evaluation of these pressure differences depends on evacuation time, rate of fire
growth, building configuration, and the presence of a fire suppression system. NFPA Standard 92A suggests values of minimum and
maximum design pressure difference.

Open Doors

Another design concern is the number of doors that could be opened simultaneously when the smoke control system is operating. A
design that allows all doors to be open simultaneously may ensure that the system always works, but often adds to system cost.

The number of doors that may be open simultaneously depends largely on building occupancy. For example, in a densely populated
building, it is likely that all doors will be open during evacuation. However, if a staged evacuation plan or refuge area concept is
incorporated in the building fire emergency plan, or if the building is sparsely occupied, only a few of the doors may be open during a
fire.

FIRE AND SMOKE DAMPERS

Openings for ducts in walls and floors with fire resistance ratings should be protected by fire dampers and ceiling dampers, as required
by local codes. Air transfer openings should also be protected. These dampers should be classified and labeled in accordance with
Underwriters Laboratories (UL) Standard S55. Figure 11 shows recommended damper positions for smoke control.

A smoke damper can be used for either traditional smoke management (smoke containment) or smoke control. In smoke
management, a smoke damper inhibits passage of smoke under the forces of buoyancy, stack effect, and wind. However, smoke
dampers are only one of many elements (partitions, floors, doors) intended to inhibit smoke flow. In smoke management applications,
the leakage characteristics of smoke dampers should be selected to be appropriate with the leakage of the other system elements.

In a smoke control system, a smoke damper inhibits the passage of air that may or may not contain smoke. A damper does not
need low leakage characteristics when outdoor (fresh) air is on the high-pressure side of the damper, as is the case for dampers that
shut off supply air from a smoke zone or that shut off exhaust air from a nonsmoke zone. In these cases, moderate leakage of smoke-
free air through the damper does not adversely affect control of smoke movement. It is best to design smoke control systems so that
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only smoke-free air is on the high-pressure side of a closed smoke damper.

Smoke dampers should be classified and listed in accordance with UL Standard 555S for temperature, leakage, and operating velocity.
The velocity rating of a smoke damper is the velocity at which the actuator will open and close the damper.

At locations requiring both smoke and fire dampers, combination dampers meeting the requirements of both UL Standards 555 and
555S can be used. The combination fire/smoke dampers must close when they reach their UL Standard 555S temperature rating to
maintain the integrity of the firewall.

Fre, ceiling, and smoke dampers should be installed in accordance with the manufacturers’ instructions. NFPA Standard 90A gives
general guidelines on locations requiring these dampers.

The supply and return/smoke dampers should be a minimum of Class II leakage at 250°F. The return air damper should be a minimum
of Class I leakage at 250°F to prevent recirculation of smoke exhaust. The operating velocity of the dampers should be evaluated when
the dampers are in smoke control mode. To minimize velocity build-up, only zones adjacent to the fire need to be pressurized.

The exhaust ductwork and fan must be designed to handle the temperature of the exhaust smoke. This temperature can be lowered by
making the smoke control zones large or by pressurizing only the zones adjacent to the fire zone and leaving all the other zones
operating normally.

Fans Used to Exhaust Smoke

Understanding building code requirements for high-temperature fans in smoke control systems is important for both designers, who
must select fans that can operate satisfactorily at elevated temperatures, and manufacturers, who can then design suitable off-the-shelf
fans rather than customizing fans for each application. Only fans designed for use under elevated temperatures should be used in smoke
management applications; other types may fail, or their performance may change because of component deformation or altered
clearances among components. Also, some smoke exhaust applications (e.g., transit tunnels) require that smoke-handling fans reverse
direction repeatedly on demand. Until recently, standards did not address reversibility or airflow performances of high-temperature fans
at ambient and elevated temperatures. To allow manufacturers to provide suitable off-the-shelf products, a standard method of test
(MOT) and ratings scale have been developed.

ANSI/ASHRAE Standard 149 provides testing laboratories with standard testing methods for fan characteristics specific to smoke
exhaust functions, including (1) aerodynamic performance, (2) operation at specified elevated temperature, (3) reversal, and (4) damper
performance (for dampers included with the fan).

AMCA Publication 212 establishes ratings to allow consistent comparison among catalog test data. Model code requirements for
elevated temperature and duration of operation are charted on a graph, which is divided into several fan performance groups.
Manufacturers can request that laboratories test fans according to ANSI/ASHRAE Standard 149; those data can then be incorporated into
catalogs for off-the-shelf products according to AMCA Publication 212 ratings, allowing designers to select the most appropnate models
and performances for their specific applications. This allows designers and code officials to compare different manufacturers’ products
more easily, and enhances confidence that products will perform as intended; it also allows manufacturers to provide more cost-efficient
off-the-shelf products rather than custom-designing fans for each application.

PRESSURIZED STAIRWELLS

Many pressurized stairwells have been designed and built to provide a smoke-free escape route in the event of a building fire. They
also provide a smoke-free staging area for firefighters. On the fire floor, a pressurized stairwell must maintain a positive pressure
difference across a closed stairwell door to prevent smoke infiltration.

During building fires, some stairwell doors are opened intermittently during evacuation and fire fighting, and some doors may even be
blocked open. Ideally, when the stairwell door is opened on the fire floor, airflow through the door should be sufficient to prevent smoke
backflow. Designing a system to achieve this goal is difficult because of the many combinations of open stairwell doors and weather
conditions affecting airflow.

Stairwell pressurization systems may be single- or multiple-injection systems. A single-injection system supplies pressurized air to
the stairwell at one location, usually at the top. Associated with this system is the potential for smoke to enter the stairwell through the
pressurization fan intake. Therefore, automatic shutdown during such an event should be considered.

For tall stairwells, single-injection systems can fail when a few doors are open near the air supply injection point, especially in bottom-
injecion systems when a ground-level stairwell door is open.

For tall stairwells, supply air can be supplied at a number of locations over the height of the stairwell. Eigures 12 and 13 show two
examples of multiple-injection systems that can be used to overcome the limitations of single-injection systems. In these figures, the
supply duct is shown in a separate shaft. However, systems have been built that eliminated the expense of a separate duct shaft by

locating the supply duct in the stairwell itself. In such a case, care must be taken that the duct does not obstruct orderly building
evacuation.
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Figure 12. Stairwell Pressurization by Multiple Injection with Fan Located at Ground Level
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Figure 13. Stairwell Pressurization by Multiple Injection with Roof-Mounted Fan

Stairwell Compartmentation

Compartmentation of the stairwell into a number of sections is one alternative to multiple injection (Figure 14). When the doors
between compartments are open, the effect of compartmentation is lost. For this reason, compartmentation is inappropriate for densely
populated buildings where total building evacuation by the stairwell is planned in the event of fire. However, when a staged evacuation
plan is used and the system is designed to operate successfully with the maximum number of doors between compartments open,
compartmentation can effectively pressurize tall stairwells.
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Note: Each four-floor compartment has a least one supply air injection point.

Figure 14. Compartmentation of Pressurized Stairwell

Stairwell Analysis

This section presents an analysis for a pressurized stairwell in a building without vertical leakage. This method closely approximates the
performance of pressurized stairwells in buildings without elevators. It is also useful for buildings with vertical leakage because it yields
conservative results. For evaluating vertical leakage through the building or with open stairwell doors, computer analysis is
recommended. The analysis is for buildings where the leakage areas are the same for each floor of the building and where the only
significant driving forces are the stairwell pressurization system and the indoor-outdoor temperature difference.

The pressure difference Apsb between the stairwell and the building can be expressed as

By

Aoy = AP ! - (17)

where

A Pgpp = Pressure difference between stairwell and building at stairwell bottom, in. of water
B=7.64(1/ To -1/ Ts) at sea level standard pressure

y = distance above stairwell bottom, ft

Asb = flow area between stairwell and building (per floor), ft2

Apo = flow area between building and outside (per floor), ft2

T, = temperature of outside air, °R

T, = temperature of stairwell air, °R
For a stairwell with no leakage directly to the outside, the flow rate of pressurization air is
32 A, 32
(/\,)\I)I - '\,)\['/)

\
|
O 1740 N1, |
L 3'l)\llr ‘\l)\lxlrj

(18)

where

Q@ = volumetric flow rate, cfm
N = number of floors

A Pgpp = Pressure difference from stairwell to building at stairwell top, in. of water
Example 7

Each story of a 15-story stairwell is 10.8 ft high. The stairwell has a single-leaf door at each floor leading to the occupant space and
one ground-level door to the outside. The exterior of the building has a wall area of 6030 ft2 per floor. The exterior building walls and
stairwell walls are of average leakiness. The stairwell wall area is 560 ft2 per floor. The area of the gap around each stairwell door to the
building is 0.26 ft2. The exterior door is well gasketed, and its leakage can be neglected when it is closed.

Outside design temperature 7, = 474°R; stairwell temperature 7, = 530°R; maximum design pressure differences when all stairwell
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doors are closed is 0.35 in. of water; the minimum allowable pressure difference is 0.052 in. of water.

Using the leakage ratio for an exterior building wall of average tightness from Table 1 A, = 6030(0.17 x 10_3) = 1.025 ft2, Using the
leakage ratio for a stairwell wall of average tightness from Table 1, the leakage area of the stairwell wall is 560(0.11 x 10‘3) = 0.06 ft2.
The value of Ay, equals the leakage area of the stairwell wall plus the gaps around the closed doors: A , = 0.06 + 0.26 = 0.32 ft2. The
temperature factor B is calculated at 0.00170 in. of water/ft. The pressure difference at the stairwell bottom is selected as A Pspp = 0.080
in. of water to provide an extra degree of protection above the minimum allowable value of 0.052 in. of water. The pressure difference A
psb,is calculated from Equation (17) at 0.331 in. of water, using y = 15(10.8) = 162 ft. Thus, A Pgpedoes not exceed the maximum
allowable pressure. The flow rate of pressurization air is calculated from Egquation (18) at 5585 cfm.

The flow rate depends strongly on the leakage area around the closed doors and on the leakage area in the stairwell walls. In practice,
these areas are difficult to evaluate and even more difficult to control. If flow area Agpin Example 7 were 0.54 ft2 rather than 0.32 ftz,

Equation (18) would give a flow rate of pressurization air of 9500 cfm. A fan with a sheave allows adjustment of supply air to offset for
variations in actual leakage from the values used in design calculations.

Stairwell Pressurization and Open Doors

The simple pressurization system discussed in the previous section has two limitations regarding open doors. First, when a stairwell
door to the outside and building doors are open, the simple system cannot provide enough airflow through building doorways to prevent
smoke backflow. Second, when stairwell doors are open, pressure difference across the closed doors can drop to low levels. Two systems
used to overcome these problems are overpressure relief (Tamura 1990) and supply fan bypass.

Overpressure Relief. The total airflow rate is selected to provide the minimum air velocity when a specific number of doors are open.
When all the doors are closed, part of this air is relieved through a vent to prevent excessive pressure build-up, which could cause
excessive door-opening forces. This excess air should be vented from the stairwell to the street-level floor. Fire and relief dampers should
be the low-leakage type. Stairwell doors should have gasket seals at sides and top, leaving the bottom gap open for relief.

ROOF LEVEL

VENT TO /

BUILDING @
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Y

Notes: 1. Vents to building have barometric damper and fire damper in series.
2. Roof-mounted supply fan is shown: however. fan may be located at any level

3 Manually operated damper may be located at stairwell top for smoke purging
by fire department.

Figure 15. Stairwell Pressurization with Vents to Building at Each Floor

Barometric dampers that close when pressure drops below a specified value can minimize air loss through the vent when doors are
open. Fqure 15 illustrates a pressurized stairwell with overpressure relief vents to the building at each floor. In systems with vents
between stairwell and building, the vents typically have a fire damper in series with the barometric damper. To conserve energy, these
fire dampers are normally closed, but they open when the pressurization system is activated. This arrangement also reduces the
possibility of the annoying damper chatter that frequently occurs with barometric dampers.

An exhaust duct can provide overpressure relief in a pressurized stairwell. The system is designed so that the normal resistance of a
nonpowered exhaust duct maintains pressure differences within the design limits.

Exhaust fans can also relieve excess pressure when all stairwell doors are closed. An exhaust fan should be controlled by a differential
pressure sensor, so that it will not operate when the pressure difference between stairwell and building falls below a specified level. This
control should prevent the fan from pulling smoke into the stairwell when a number of open doors have reduced stairwell pressunzation.
The exhaust fan should be specifically sized so that the pressurization system performs within design limits. A wind shield is
recommended because an exhaust fan can be adversely affected by the wind.

https://handbook.ashrae.org/Handbooks/A11/IP/all _ch53/all_ch53_ip.aspx 22/06/2012



Sabado 12 de abril
Preparacion de los materiales y
winche electrico
Llegada de Equipos a Izar

Preparacion de equipos a subir
al piso 7

Inicio del izaje del UPS al piso 7
Ubicacion del equipo Cerca del
area del centro de computo
Inicio del izaje del Gabinete de
Baterias al piso 7

Ubicacién del gabinete Cerca
del area del centro de computo
Inicio del Izaje de la Unidad
Evaporadora al piso 7
Ubicacion del equipo Cerca del
area del centro de computo
Inicio del izaje de las baterias al
piso 7

Ubicacion de las baterias cerca
del centro de computo

[Tzaje de Ta unidad
Condensadora al piso 8
Ubicacion de Ta unidad
condensadora en la zona de
escalera al Techo

Reubicacion de la wincha

Plan de maniobra de izaje de los equipos Proyecto Price WaterHouse
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Izaje de la unidad
Condensadora al techo
Ubicacion de Ta unidad
condensadora en el Techo




|REFRI[L ]IS

ALERTA FRIA SAC.

CLIENTE :GYM

Obra : Edificio Santo Toribio

Atencion :Ing. Enrique Mendoza- Ing. Karen K.
Fecha . 25-04-08

Referencia : Mantenimiento Preventivo

Proforma N°MANT08-032504-01

N° UBICACION Marca MODELO TIPO CAPAC. PRECIO PRECIO

BTU/HR UNIT.US$ | TOTAL US$
1 CBH17-135V SPLIT

UMA-1/UC-1 LENNOX HS29-120-3Y DUCTO 120,000 90.00 90.00
CBH17-135V SPLIT

2 LENNOX HS29-120 DUCTO 120,000 90.00 80.00

UMA-2/ UC-2

CBH17-95Vv SPLIT

3 LENNOX HS29-090-3Y DUCTO 90,000 70.00 70.00

UMA-3.1/ UC-3.1

CBH17-60 SPLIT

4 UMA-3.2/ UC-3.2 | LENNOX | HS29-060-13Y DUCTO 60,000 50.00 50.00
CBH17-135V SPLIT

5 UMA-4/ UC-4 LENNOX HS29-120 DUCTO 120,000 90.00 80.00
CBH17-95Vv SPLIT

6 UMA-5/ UC-5 LENNOX HS29-090 DUCTO 90,000 70.00 70.00
CBH17-95Vv SPLIT

7 UMA-6/ UC-6 LENNOX HS29-090 DUCTO 90,000 70.00 70.00

Sub Total $ 510.00

IGV US$ 96.90

Total $ 606.90

Condiciones Generales

Inicio del Trabajo : 02 dias utiles despues de aprobada la proforma.

Tiempo Entrega : 03 dias utiles.

Esta proforma no incluye repuestos ni reparaciones adicionales, de ser necesario se

proformara por separado.

El precio de esta cotizacién es por cada mantenimiento.
Los trabajos dominicales y de amanecida tendran un recargo del 30%.

De Aceptar nuestra proforma agradeceremos reenviarla con su firmay sello de aprobacion
u orden de Compra al TeleFax 241-0255 anexo 205, o bien a nuestro mail ( mant@refricorp.com)

para la ejecucion de la obra.

Luis Descalzi
Divisidn Técnica
Nextel 417*2549

UNA EMPRESA

WF CALLE CHINCHA ALTA NRO. 185 (PARQUE INDUSTRIAL SAN PEDRITO II)
Tel.: 719-6226 / 719-6227 Nextel: 817*3144 Mail: mant@refricorp.com

GROUP




Gy M: AIRE ACONDICIONADO
PROGRAMA DE MANTENIMIENTO PREVENTIVO TRIMESTRAL

IREFRI

INGENIERIR EN CLIMATIZACION Y REFRIGERACION

2009
1. Unidad condensadora Nov | Dic | Ene | Feb | Mar | Abr |
- Desarmado parcial de la unidad.
-Lavado de los serpentines con hidrolavadora y con producto quimico,
si fuera necesario
- Lavado de bandejas de condensado
- Lubricacién de motor ventilador Ty
- Medicion de parametros de funcionamiento (presion, amperaje, temperatura). g;""
- Verificacion de posibles fugas. - R
- Pintado con anticorrosivo y pintura sintética de bases si fuera necesario ;%f Z
- Armado de la unidad, pruebas, ajustes y puesta en marcha. .2t
2. Unidad evagora.dora . I — I

- Desarmado parcial de la unidad i)
- Lavado de serpentines con producto quimico presurizado si fuera necesario irits
- Lavado de filtros de la unidad evaporadora.
- Lubricacion de motor ventilador
- Lavado de rodetes difusores con producto quimico presurizado.
- Lavado y clorado de bandeja de condensado y tuberias de drenaje.
- Medicién de temperatura de suministro, retorno y amperaje del motor difusor. LML
- Armado de la unidad, pruebas, ajustes y puesta en marcha. li’ =
- Limpieza de rejillas de suministro y retorno. e

|3. Sistema Eléctrico I : ]:

- Verificacion de voltaje de Operacion ol .I

- Verificacion de cableado eléctrico y ordenamiento de los mismos

- Ajuste de conexiones eléctricas.

- Limpieza de contactores con solventes eléctricos y verificacion funcionamiento.

- Limpieza de tarjetas 6 elementos electronicos con solventes electronicos

- Chequeo y verificacion de funcionamiento de sistema automatizado (termostatos, ’ s |
controles remotos, etc). 5

Atentamente,

Luis Descalzi
Division Técnica



G y M: EQUIPOS DE VENTILACION MECANICA
PROGRAMA DE MANTENIMIENTO PREVENTIVO

ALERTA FRIA SAC.

2008 2009
UNIDAD MECANICA Jul |Sep |Oct [Nov [Dic [Ene [Feb [Mar [Abr |
.|Verificacion general del estado del equipo. | b Ak
.|Desmontaje de motores eléctricos para verificacion de rodamientos.
.|Lubricacién de rodamientos de motores eléctricos y chumaceras.
.|Alineamiento de fajas.
.|Limpieza de rodetes o alabes axiales.
.|Limpieza externa de ductos.
.|Pruebas y ajustes finales.

NOOOE WDN -

SISTEMA ELECTRICO Ago [Sep [Oct |[Nov |Dic |Ene |Feb [Mar |Abr
.|Ajuste de conexiones eléctricas. S Vit e

.|Verificacién de voltaje de operacion. i =
.|Medicion y registro de amperaje de operacién de motor.
.|Limpieza de contactores con solventes y verificacion de operacion. s
.|Verificacion de cableado eléctrico y ordenamiento de los mismos. e
.|Cambio de terminales eléctricos cuando fuera necesario.
.|Chequeo y verificacion del sistema automatizado. : l y :]
.|Presentacion de informe sobre el estado actual del equipo.
.|Atencién permanente y servicios de emergencia.

Pintura General

W 0O NO O & WN -

Y
o

Luis Descalzi C.
Division Técnica
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Chvac - Full Commercial HVAC Loads Calculation Program Elite Software Development, Inc.

pReJkEr Edificio Price Water House Coopers
Hell Page 2
General Project Data Input

General Project Information

Project file name: C:\Users\Rudy\Desktop\Edificio Price Water House Coopers3.CHV
Project title: Edificio Price Water House Coopers

Project date: 23 de abril 2008

Weather reference city: LIMA, PERU

Client name: Price Water House

Client city: Lima - Peru

Company name: REFRICORP

Company city: Lima - Peru

Company phone: 241-0833

Barometric pressure: 29.219 in.Hg.

Altitude: 656 feet

Latitude: -12 Degrees

Mean daily temperature range: 15 Degrees

Starting & ending time for HVAC load calculations: 9am - 7pm

Number of unique zones in this project: 4

Building Default Values

Calculations performed: Cooling loads only

Lighting requirements: 1.87 Watts per square foot

Equipment requirements: 0.00 Watts per square foot

People sensible load multiplier: 250 Btuh per person

People latent load multiplier: 200 Btuh per person

Zone sensible safety factor: 10 %

Zone latent safety factor: 10 %

Zone heating safety factor: 10 %

People diversity factor: 90 %

Lighting profile number: 1

Equipment profile number: 1

People profile number: 1

Building default ceiling height: 8.90 feet

Building default wall height: 11.00 feet

‘el b be he he he he e hr hr he. hr hr| he| hr, hr hr|  he| e he hr hrl hro hr
1 2 3 4 =3 5] 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1 o0 o o 0 0 0 i} 0 € G G € G C (5 E G G G 0 0 0 0 0
2 0 0 0 0| | © €| ¢| ¢c| ¢c| ¢| ¢c| c| ¢| ¢| ¢c| ¢l ¢c¢| ¢| c| €| ¢ci ¢c| C
al ¢| c| €& e €] | € <c| cy c| ¢c| c¢| ¢l ¢| ¢l ¢y ¢| ¢c| ¢ ¢c| ¢} cl c| ¢
4] c| c| el e e| €| €| c| c| c| c| ¢c| €| ¢| ¢y ¢cf c| ¢c| ¢| cf €| €| c| ¢C
s| ¢| c! e| | e| | €| c| c{ c| ¢c| ¢| ¢c| ¢| ¢/ ¢, ¢| ¢ c| ¢ ¢} ¢ciI c| ¢C
6| ¢! c| ¢ e €| e © <c| c| c| ¢| ¢| ¢/ ¢| ¢} ¢ ¢| ¢c| ¢| ¢ ¢} €| €| C
71 ¢| cj e el | el € ¢| c{ ¢| ¢ ¢| ¢| ¢| ¢y ¢| ¢c| ¢c| c| ¢/ c ¢cI ¢Cc| C
sl c| c| e| e¢| e| | @€ <c, c| c| ¢c| ¢| ¢{ ¢| ¢| ¢/ ¢| ¢/ ¢, ¢4 ¢} ¢ C| C
9| ¢| c| e e| e| €| € ¢| ¢ef ¢c| ¢c| ¢f c| c¢| ¢! ¢, ¢l ¢| c| ¢cf ¢ ¢c| C| C
1wl cl ¢l el el e| e/ ¢ c| ci c| ¢] c| ¢l cf ¢l cl ¢}l ¢! ¢!l ¢; cl ¢ciI cj C
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[Chvac - Full Comm« Elite Software Develooment, Inc. |
pReJkEr Edificio Price Water House Coopers
Hell Page 3

General Project Data Input (cont'd)
|Building-Level Design

Design Outdoor Outdoor Indoor Indoor Grains In/Outdoor
Month Dry Bulb Wet Bulb Rel.Hum Dry Bulb Diff Correction
December 85 75 55% 72 53.11 -1
January 85 75 55% 72 53.11 -1
February 85 75 55% 72 53.11 -1
March 85 75 55% 72 53.11 -1
Winter 0 0

Master Roofs

Roof ~ ASHRAE Roof Dark Susp.
No. Roof# U-Fac Color Ceil
1 8 0.350 Si Si
Master Walls

Wall ASHRAE Wall Wall

No. Group U-Fac Color

1 A 0.325 M

Master Partitions

Partition Partition Cool Heat
No. U-Factor T-D T-D
1 0.350 10 0

Master Glass

Glass Summer ~ Winter Glass Interior ~Interior
No. U-Factor U-Factor Shd.Coef. Shading Shd.Coef
1 1.040 1.040 0.700 2 0.640

C:\Users\Rudy\Desktop\Edificio Price Water House Coopers3.CHV sabado, 24 de noviembre de 2012, 09:58 a.m



Chvac - Full Commercial HVAC Loads Calculation Prograrri Elite Software Development, Inc.

E'ReJkEr Edificio Price Water House Coopers |
el Page 4
Building Summary Loads

Building peaks in December at 5pm.

Bldg Load Area Sen %Tot Lat Sen Net %Net
Descriptions Quan Loss Loss Gain Gain Gain Gain
Roof 14,480 0 0.00 0 177,836 177,836 6.16
Wall 9,693 0 0.00 0 42,757 42,757 1.48
Glass 7,984 0 0.00 0 586,597 586,597 20.32
Floor Slab 0 0 0.00 0 0 0 0.00
Skin Loads 0 0.00 0 807,190 807,190 27.96
Lighting 93,724 0 0.00 0 351,781 351,781 12.18
Equipment 96,600 0 0.00 0 362,574 362,574 12.56
People 554 0 0.00 121,770 152,213 273,983 9.49
Partition 41,261 0 0.00 0 158,855 158,855 5.50
Cool. Pret. 0 0 0.00 0 0 0 0.00
Heat. Pret. 0 0 0.00 0 0 0 0.00
Cool. Vent. 9,225 0 0.00 329,935 118,911 448 846 15.55
Heat. Vent. 0 0 0.00 0 0 0 0.00
Cool. Infil. 0 0 0.00 0 0 0 0.00
Heat. Infil. 0 0 0.00 0 0 0 0.00
Draw-Thru Fan 0 0 0.00 0 0 0 0.00
Blow-Thru Fan 0 0 0.00 0 131,268 131,268 4.55
Reserve Cap. 0 0 0.00 0 0 0 0.00
Reheat Cap. 0 0 0.00 0 0 0 0.00
Supply Duct 0 0 0.00 0 117,526 117,526 4.07
Return Duct 0 0 0.00 0 235,052 235,052 8.14
Misc. Supply 0 0 0.00 0 0 0 0.00
Misc. Return 0 0 0.00 0 0 0 0.00
Building Totals 0 0.00 451,705 2,435,370 2,887,075 100.00
Building Sen %Tot Lat Sen Net %Net
Summary Loss Loss Gain Gain Gain Gain
Ventilation 0 0.00 329,935 118,911 448,846 15.55
Infiltration 0 0.00 0 0 0 0.00
Pretreated Air 0 0.00 0 0 0 0.00
Zone Loads 0 0.00 121,770 1,832,613 1,954,383 67.69
Plenum Loads 0 0.00 0 0 0 0.00
Fan & Duct Loads 0 0.00 0 483,846 483,846 16.76
Building Totals 0] 0.00 451,705 2,435,370 2,887,075 100.00
Check Figures : e

Total Building Supply Air (based on a 17° TD): 109,411 CFM

Total Building Vent. Air (8.43% of Supply): 9,225 CFM

Total Conditioned Air Space: 50,120 Sq.ft

Supply Air Per Unit Area: 2.1830 CFM/Sq.ft

Area Per Cooling Capacity: 208.3 Sq.ft/Ton

Cooling Capacity Per Area: 0.0048 Tons/Sq.ft

Heating Capacity Per Area: 0.00 Btuh/Sq.ft

Total Heating Required With Outside Air: 0 Btuh

Total Cooling Required With Outside Air: 240.59 Tons

C:\Users\Rudy\Desktop\Edificio Price Water House Coopers3.CHV sabado, 24 de noviembre de 2012, 09:58 am



Chvac - Full Commercial HVAC Loads Calculation Program
pReJkEr
Hell

Air Handler #1 - Piso 8 - Summary Loads

Zn Description Area Htg.Loss
No Zone Peak Time People Htg.CFM
oo, b sty Volume CFM/Sqgft

1 Piso 8 14,480 0
6pm February 180 0
128,872 0.00

Zone Peak Totals: 14,480 0

Total Zones: 1 180 0

Unique Zones: 1 128,872 0.00

C:\Users\Rudy\Desktop\Edificio Price Water House Coopers3.CHV

Sen.Gain
Clg.CFM

CFM/Sqaft

672,594
38,846
2.68

672,594
38,846
2.68

Elite Software Development, inc.
Edificio Price Water House Coopers
Page 5

Lat.Gain Htg.O.A. Clg.O.A.
S.Exh Req.CFM Req.CFM
‘W.Exh Act.CFM Act.CFM

39,600 None 15/P
0 0 2,700
0 0 2,700
39,600
0 0 2,700
0 0 2,700

sabado, 24 de noviembre de 2012, 09:58 a m



[ Chvac - Full Commercial HVAC Loads Calculation Program
pReJKEr
Hell

Air Handler #1 - Piso 8 - Total Load Summary

Air Handler Description:
Supply Air Fan:

Fan Input:

Sensible Heat Ratio: 0.95

Air System Peak Time:
Outdoor Conditions:

5pm in February.

Piso 8 Constant Volume - Proportion
Blow-Thru with program estimated horsepower of 18.80 HP
65% motor and fan efficiency with 2 in. water across the fan

84° DB, 75° WB, 120.53 grains

Elite Software Development, Inc.
Edificio Price Water House Coopers
Page 6

--- This system occurs 1 time(s) in the building. ---

Because of the diversity in zone, plenum and ventilation loads, the zone sensible peak time in February at 6pm is different
from the total system peak time, hence the air system CFM was computed using a zone sensible load of 667,644.

Summer: Ventilation controls outside air, ----- Winter: Exhaust controls outside air.
Zone Space sensible loss: 0 Btuh

Infiltration sensible loss: 0 Btuh 0 CFM
Outside Air sensible loss: 0 Btuh 0 CFM
Supply Duct sensible loss: 0 Btuh

Return Duct sensible loss: 0 Btuh

Return Plenum sensible loss: 0 Btuh

Total System sensible loss:

Heating Supply Air: 0/ (.977 X 1.08 X 0) =
Winter Vent Outside Air (0.0% of supply) =

Zone space sensible gain: 657,018 Btuh

Infiltration sensible gain: 0 Btuh
Draw-thru fan sensible gain: 0 Btuh
Supply duct sensible gain: 41,728 Btuh
Reserve sensible gain: 0 Btuh

Total sensible gain on supply side of coil:

Cooling Supply Air; 709,372/ (.977 X 1.1 X 17) =
Summer Vent Outside Air (7.0% of supply) =

Return duct sensible gain: 83,456 Btuh
Return plenum sensible gain: 0 Btuh
Outside air sensible gain: 34,803 Btuh
Blow-thru fan sensible gain: 46,607 Btuh
Total sensible gain on return side of coil:

Total sensible gain on air handling system:

Zone space latent gain: 35,640 Btuh
Infiltration latent gain: 0 Btuh
Outside air latent gain: 96,566 Btuh
Total latent gain on air handling system:

Total system sensible and latent gain:

Check Figures g
Total Air Handler Supply Air (based ona 17° TD):
Total Air Handler Vent. Air (6.95% of Supply):

Total Conditioned Air Space:
Supply Air Per Unit Area:
Area Per Cooling Capacity:
Cooling Capacity Per Area:
Heating Capacity Per Area:

Total Heating Required With Outside Air:
Total Cooling Required With Outside Air:

C:\Users\Rudy\Desktop\Edificio Price Water House Coopers3.CHV

38,846
2,700

2,700

38,846
2,700

14,480
2.6828
174.5
0.0057
0.00

82.98

0 Btuh

CFM
CFM

698,746 Btuh

CFM
CFM

CFM

164,866 Btuh
863,611 Btuh

132,206 Btuh
995,818 Btuh

CFM
CFM

Sq.ft
CFM/Sq.ft
Sq.ft/Ton
Tons/Sq.ft
Btuh/Sq.ft

Btuh
Tons

sabado, 24 de noviembre de 2012, 09:58 a.m



Chvac - Full Commercial HVAC Loads Calculation Program

pReJkEr
Hell

Air Handler #2 - Piso 7 - Summary Load

Zn Description Area
No Zone Peak Time People
e Volume

2 Piso 7 14,480
5pm January 180

128,872

Zone Peak Totals: 14,480

Total Zones: 1 180
Unique Zones: 1 128,872

Htg.Loss
Htg.CFM
CFM/Sqft

C:\Users\Rudy\Desktop\Edificio Price Water House Coopers3.CHV

Sen.Gain
Clg.CFM
CFM/Sqft

497,959
28,685
1.98

497,959
28,685
1.98

Elite Software Development, Inc.
Edificio Price Water House Coopers

Page 7
Lat.Gain Htg.O.A. Clg.0.A.
S.Exh Req.CFM Req.CFM
W.Exh  Act.CFM Act.CFM
39,600 7/P 15/P
0 0 2,700
0 0 2,700

39,600
0 0 2,700
0 0 2,700

sabado, 24 de noviembre de 2012, 09:58 a.m.



Chvac - Full Commercial HVAC Loads Calculation Program

pReJKEr
Hell

Air Handler Description:
Supply Air Fan:

Fan Input:

Sensible Heat Ratio:

Air System Peak Time:
Outdoor Conditions:

Air Handler #2 - Piso 7 - Total Load Summary

Elite Software Development, Inc.
Edificio Price Water House Coopers

Page 8 |
Piso 7 Constant Volume - Proportion

Blow-Thru with program estimated horsepower of 13.88 HP

65% motor and fan efficiency with 2 in. water across the fan

0.93 --- This system occurs 1 time(s) in the building. ---

5pm in January.
84° DB, 75° WB, 120.53 grains

Summer: Ventilation controls outside air, ----- Winter: Exhaust controls outside air.

Zone Space sensible loss: 0 Btuh

Infiltration sensible loss: 0 Btuh 0 CFM

Outside Air sensible loss: 0 Btuh 0 CFM

Supply Duct sensible loss: 0 Btuh

Return Duct sensible loss: 0 Btuh

Return Plenum sensible loss: 0 Btuh

Total System sensible loss: 0 Btuh
Heating Supply Air: 0/ (.977 X 1.08 X 0) = 0 CFM

Winter Vent Outside Air (0.0% of supply) = 0 CFM

Zone space sensible gain: 493,009 Btuh

Infiltration sensible gain: 0 Btuh

Draw-thru fan sensible gain: 0 Btuh

Supply duct sensible gain: 30,813 Btuh

Reserve sensible gain: 0 Btuh

Total sensible gain on supply side of coil: 523,822 Btuh
Cooling Supply Air: 523,822 /(977 X 1.1 X 17) = 28,685 CFM

Summer Vent Outside Air (9.4% of supply) = 2,700 CF™m

Return duct sensible gain: 61,626 Btuh

Return plenum sensible gain: 0 Btuh

Outside air sensible gain: 34,803 Btuh 2,700 CFM

Blow-thru fan sensible gain: 34,416 Btuh

Total sensible gain on return side of coil: 130,845 Btuh
Total sensible gain on air handling system: 654,667 Btuh
Zone space latent gain: 35,640 Btuh

Infiltration latent gain: 0 Btuh

Outside air latent gain: 96,566 Btuh

Total latent gain on air handling system: 132,206 Btuh
Total system sensible and latent gain: 786,873 Btuh
Check Figures > e L =, == a — bl 8

Total Air Handler Supply Air (based ona 17° TD): 28,685 CFM

Total Air Handler Vent. Air (9.41% of Supply): 2,700 CFM

Total Conditioned Air Space: 14,480 Sq.ft

Supply Air Per Unit Area: 1.9810 CFM/Sq.ft

Area Per Cooling Capacity: 220.8 Sq.ft/Ton

Cooling Capacity Per Area: 0.0045 Tons/Sq.ft

Heating Capacity Per Area: 0.00 Btuh/Sq.ft

Total Heating Required With Outside Air: 0 Btuh

Total Cooling Required With Outside Air: 65.57 Tons

C:\Users\Rudy\Desktop\Edificio Price Water House Coopers3.CHV sabado, 24 de noviembre de 2012, 09:58 a.m



pReJkEr Edificio Price Water House Coopers

Chvac - Full Commercial HVAC Loads Calculation Program m Elite Software Development, Inc
Hell Page 9

Air Handler #3 - Piso 6 - Summary Loads

Zn Description Area Htg.Loss  Sen.Gain Lat.Gain Htg.O.A. Clg.O0.A.
No Zone Peak Time People Htg.CFM Clg.CFM S.Exh Req.CFM Req.CFM
Volume CFM/Saft CFM/Sqft W.Exh Act.CFM Act.CFM
3 Piso 6 6,680 0 236,927 16,500 7/P 15/P
10am January 75 0 13,665 0 0 1,125
59,452 0.00 2.05 0 0 1,125

Zone Peak Totals: 6,680 0 236,927 16,500
Total Zones: 1 75 0 13,665 0 0 1,125
Unique Zones: 1 59,452 0.00 2.05 0 0 1,125

C:\Users\Rudy\Desktop\Edificio Price Water House Coopers3.CHV sabado, 24 de noviembre de 2012, 09:58 a.m



Chvac - Full Commercial HVAC Loads Calculation Program

Elite Software Development, Inc.

pReJKEr ‘ Edificio Price Water House Coopers
Hell R Page 10
Air Handler #3 - Piso 6 - Total Load Summary

Air Handler Description: Piso 6 Constant Volume - Proportion

Supply Air Fan: Blow-Thru with program estimated horsepower of 6.61 HP

Fan Input: 65% motor and fan efficiency with 2 in. water across the fan

Sensible Heat Ratio: 0.94 --- This system occurs 1 time(s) in the building. ---
Air System Peak Time: 10am in January.

Outdoor Conditions: 77° DB, 73° WB, 119.91 grains

Summer: Ventilation controls outside air, ----- Winter: Exhaust controls outside air.

Zone Space sensible loss: 0 Btuh

Infiltration sensible loss: 0 Btuh 0 CFM

Outside Air sensible loss: 0 Btuh 0 CFM

Supply Duct sensible loss: 0 Btuh

Return Duct sensible loss: 0 Btuh

Return Plenum sensible loss: 0 Btuh

Total System sensible loss: 0 Btuh
Heating Supply Air: 0/ (.977 X 1.08 X 0) = 0 CFM

Winter Vent Outside Air (0.0% of supply} = 0 CFM

Zone space sensible gain: 234,865 Btuh

Infiltration sensible gain: 0 Btuh

Draw-thru fan sensible gain: 0 Btuh

Supply duct sensible gain: 14,679 Btuh

Reserve sensible gain: 0 Btuh

Total sensible gain on supply side of coil: 249,544 Btuh
Cooling Supply Air: 249,544 / (.977 X 1.1 X 17) = 13,665 CFM

Summer Vent Outside Air (8.2% of supply) = 1,125 CFM

Return duct sensible gain: 29,358 Btuh

Return plenum sensible gain: 0 Btuh

Outside air sensible gain: 6,042 Btuh 1,125 CFM

Blow-thru fan sensible gain: 16,395 Btuh

Total sensible gain on return side of coil: 51,796 Btuh
Total sensible gain on air handling system: 301,340 Btuh
Zone space latent gain: 14,850 Btuh

Infiltration latent gain: 0 Btuh

Outside air latent gain: 39,674 Btuh

Total latent gain on air handling system: 54,524 Btuh
Total system sensible and latent gain: 355,864 Btuh
!Check Fi.gues

Total Air Handler Supply Air (based on a 17° TD): 13,665 CFM

Total Air Handler Vent. Air (8.23% of Supply): 1,125 CFM

Total Conditioned Air Space: 6,680 Sq.ft

Supply Air Per Unit Area: 2.0457 CFM/Sq.ft

Area Per Cooling Capacity: 225.3 Sq.ft/Ton

Cooling Capacity Per Area: 0.0044 Tons/Sq.ft

Heating Capacity Per Area: 0.00 Btuh/Sq.ft

Total Heating Required With Outside Air: 0 Btuh

Total Cooling Required With Outside Air: 29.66 Tons
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Air Handler #4 - Piso 2 - Summary Load

Zn Description Area Htg.Loss Sen.Gain Lat.Gain Htg.O.A. Clg.0.A.
No Zone Peak Time People Htg.CFM Clg.CFM S.Exh Req.CFM Req.CFM
Volume CFM/Saft CFM/Saft W.Exh Act.CFM Act.CFM
4 Piso 2 14,480 0 489,846 39,600 7IP 15/P
5pm January 180 0 28,213 0 0 2,700
128,872 0.00 1.95 0 0 2,700

Zone Peak Totals: 14,480 0 489,846 39,600
Total Zones: 1 180 0 28,213 0 0 2,700
Unique Zones: 1 128,872 0.00 1.95 0 0 2,700

C:\Users\Rudy\Desktop\Edificio Price Water House Coopers3.CHV sabado, 24 de noviembre de 2012, 09:58 a.m



Chvac - Full Commercial HVAC Loads Calculation Program Elite Software Development, Inc.

pReJKEr o ' Edificio Price Water House Coopers
Hell 2 Page 12
Air Handler #4 - Piso 2 - Total Load Summary

Air Handler Description: Piso 2 Constant Volume - Proportion

Supply Air Fan: Blow-Thru with program estimated horsepower of 13.65 HP

Fan Input: 65% motor and fan efficiency with 2 in. water across the fan

Sensible Heat Ratio: 0.93 --- This system occurs 1 time(s) in the building. ---
Air System Peak Time: 5pm in January.

Outdoor Conditions: 84° DB, 75° WB, 120.53 grains

Summer: Ventiiation controls outside air, ----- Winter: Exhaust controls outside air.

Zone Space sensible loss: 0 Btuh

Infiltration sensible loss: 0 Btuh 0 CFM

Outside Air sensible loss: 0 Btuh 0 CFM

Supply Duct sensible loss: 0 Btuh

Return Duct sensible loss: 0 Btuh

Return Plenum sensible loss: 0 Btuh

Total System sensible loss: 0 Btuh
Heating Supply Air: 0/ (.977 X 1.08 X 0) = 0 CFM

Winter Vent Outside Air (0.0% of supply) = 0 CFM

Zone space sensible gain: 484,896 Btuh

Infiltration sensible gain: 0 Btuh

Draw-thru fan sensible gain: 0 Btuh

Supply duct sensible gain: 30,306 Btuh

Reserve sensible gain: 0 Btuh

Total sensible gain on supply side of coil: 515,203 Btuh
Cooling Supply Air: 515,203/ (.977 X 1.1 X 17) = 28,213 CFM

Summer Vent Outside Air (9.6% of supply) = 2,700 CFMm

Return duct sensible gain: 60,612 Btuh

Return plenum sensible gain: 0 Btuh

Outside air sensible gain: 34,803 Btuh 2,700 CFM

Blow-thru fan sensible gain: 33,850 Btuh

Total sensible gain on return side of coil: 129,265 Btuh
Total sensible gain on air handling system: 644,468 Btuh
Zone space latent gain: 35,640 Btuh

Infiltration latent gain: 0 Btuh

Outside air latent gain: 96,566 Btuh

Total latent gain on air handling system: 132,206 Btuh
Total system sensible and latent gain: 776,674 Btuh
 Check Figures : —ewl oy ub i _ s

Total Air Handler Supply Air (based on a 17° TD): 28,213 CFM

Total Air Handler Vent. Air (9.57% of Supply): 2,700 CF™M

Total Conditioned Air Space: 14,480 Sq.ft

Supply Air Per Unit Area: 1.9484 CFM/Sq.ft

Area Per Cooling Capacity: 223.7 Sq.ft/Ton

Cooling Capacity Per Area: 0.0045 Tons/Sq.ft

Heating Capacity Per Area: 0.00 Btuh/Sq.ft

Total Heating Required With Outside Air: 0 Btuh

Total Cooling Required With Outside Air: 64.72 Tons
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‘Zone Detailed Loads (At Zone Peak Times)
Load Unit -SC- CLTD U.Fac Sen. Lat. Htg. Htg.
_Description o Quan CFAC SHGF  -CLF- Gain Gain Muilt. Loss

Zone 1-Piso 8 peaks (sensible) in February at 6pm, Air Handler 1 (Piso 8), Group 0, 724.0 x 20.0,
Construction Type: 1 (Light)

Roof-1-8-Susp.C-D 14,480 1.00 36.4 0.350 184,475 0.000 0

Wall-1-E-A-M 363 0.83 18.0 0.325 2,122 0.000 0

Wall-2-S-A-M 1,276 0.83 8.4 0.325 3,503 0.000 0

Wall-3-W-A-M 371 0.83 13.8 0.325 1,670 0.000 0

Wall-4-N-A-M 765 0.83 7.6 0.325 1,892 0.000 0

Partition-5-1 3553 10/0 0.350 12,436 0.000 0

Gls-W-1-90-Tran 1,113.8 1.000 11 1.040 12,625 0.000 0
0%S-0-NS-Solar 1,113.8 0.700 204 0.610 97,017

Gls-E-1-90-Tran 891.0 1.000 11 1.040 10,100 0.000 0
0%S-0-NS-Solar 891.0 0.700 204 0.190 24,175

Gls-S-1-90-Tran 208.9 1.000 11 1.040 2,368 0.000 0
0%S-0-NS-Solar 208.9 0.700 39 0.840 4,790

Gls-N-1-90-Tran 104.4 1.000 11 1.040 1,184 0.000 0
0%S-0-NS-Solar 104.4 0.700 40 0.360 1,053

Lights-Prof=1 27,078 1.000 92,393

Equipment-Prof=1 33,600 1.000 114,648 0

People-Prof=1 180.0 1.000 45,000 36,000

Sub-total 611,449 36,000 0

Safety factors: +10% +10% +10%

Total w/ safety factors: 672,594 39,600 0

Zone 2-Piso 7 peaks (sensible) in January at 5pm, Air Handler 2 (Piso 7), Group 0, 724.0 x 20.0,

Construction Type: 1 (Light) = TNy .

Wall-1-E-A-M 363 0.83 17.6 0.325 2,073 0.000 0

Wall-2-S-A-M 1,276 0.83 12.6 0.325 5,224 0.000 0

Walli-3-W-A-M 371 0.83 12.6 0.325 1,520 0.000 0

Wall-4-N-A-M 765 0.83 6.4 0.325 1,583 0.000 0

Partition-5-1 3553 10/0 0.350 12,436 0.000 0

Partition-6-1 7500 10/0 0.350 26,250 0.000 0

Gls-W-1-90-Tran 1,113.8 1.000 12 1.040 13,784 0.000 0
0%S-0-NS-Solar 1,113.8 0.700 200 0.640 99,792

Gls-E-1-90-Tran 891.0 1.000 12 1.040 11,027 0.000 0
0%S-0-NS-Solar 891.0 0.700 200 0.220 27,443

Gls-S-1-90-Tran 208.9 1.000 12 1.040 2,585 0.000 0
0%S-0-NS-Solar 208.9 0.700 58 0.790 6,699

Gls-N-1-90-Tran 104.4 1.000 12 1.040 1,292 0.000 0
0%S-0-NS-Solar 104 .4 0.700 39 0.430 1,226

Lights-Prof=1 27,078 1.000 92,393

Equipment-Prof=1 30,000 1.000 102,364 0

People-Prof=1 180.0 1.000 45,000 36,000

Sub-total 452,690 36,000 0

Safety factors: +10% +10% +10%

Total w/ safety factors: 497,959 39,600 0

Zone 3-Piso 6 peaks (sensible) in January at 10am, Air Handler 3 (Piso 6), Group 0, 334.0 x 20.0,
Construction Tvpe: 1 (Liaht)
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Load
Description
Wall-1-E-A-M
Wall-2-S-A-M
Wall-4-N-A-M
Partition-5-1
Partition-6-1
Gls-E-1-90-Tran
0%S-0-NS-Solar
Gls-S-1-90-Tran
0%S-0-NS-Solar
Gls-N-1-90-Tran
0%S-0-NS-Solar
Lights-Prof=1
Equipment-Prof=1
People-Prof=1

Sub-total
Safety factors:

Total w/ safety factors:

Unit
Quan
363
567
438
2255
6680
891.0
891.0
104.4
104.4
34.8
34.8
12,492
12,000
75.0

-S6:L
CFAC
0.83
0.83
0.83

1.000
0.700
1.000
0.700
1.000
0.700
1.000
1.000
1.000

Zone Detailed Loads (At Zone Peak Times) (cont'd)

CLTD
SHGF
12.6
12.6
556
10/0
10/0

S)

200

3

58

3

39

U.Fac
-CLF-
0.325
0.325
0.325
0.350
0.350
1.040
0.570
1.040
0.630
1.040
0.340

Elite Software Development, Inc.
Edificio Price Water House Coopers

Page 14
Sen. Lat. Htg. Htg.
Gain Gain Muit. Loss
1,486 0.000 0
2,319 0.000 0
789 0.000 0
7.893 0.000 0
23,380 0.000 0
2,687 0.000 0
71,102
315 0.000 0
2,671
105 0.000 0
323
42,623
40,946 0
18,750 15,000
215,389 15,000 0
+10% +10% +10%
236,927 16,500 0

Zone 4-Piso 2 peaks (sensible) in January at 5pm, Air Handler 4 (Piso 2), Group 0, 724.0 x 20.0,

Construction Type: 1 (Light)

Wall-1-E-A-M
Wall-2-S-A-M
Wall-3-W-A-M
Wall-4-N-A-M
Partition-5-1
Partition-6-1
Gls-W-1-90-Tran
0%S-0-NS-Solar
Gls-E-1-90-Tran
0%S-0-NS-Solar
Gls-S-1-90-Tran
0%S-0-NS-Solar
Gls-N-1-90-Tran
0%S-0-NS-Solar
Lights-Prof=1
Equipment-Prof=1
People-Prof=1

Sub-total
Safety factors:

Total w/ safety factors:
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363
1,276
371
765
3240
14480
1,113.8
1,113.8
891.0
891.0
208.9
208.9
104.4
104.4
27,078
21,000
180.0

0.83
0.83
0.83
0.83

1.000
0.700
1.000
0.700
1.000
0.700
1.000
0.700
1.000
1.000
1.000

17.6

12.6
12.6
6.4
10/0
10/0
12
200
12
200
12
58
12
39

0.325
0.325
0.325
0.325
0.350
0.350
1.040
0.640
1.040
0.220
1.040
0.790
1.040
0.430

0.000

2,073 0
5,224 0.000 0
1,520 0.000 0
1,583 0.000 0
11,340 0.000 0
50,680 0.000 0
13,784 0.000 0
99,792
11,027 0.000 0
27,443
2,585 0.000 0
6,699
1,292 0.000 0
1,226
92,393
71,655 0
45,000 36,000
445,315 36,000 0
+10% +10% +10%
489,846 39,600 0
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Air System #1 (Piso 8) Psychrometric Analysis

System Load Analysis Latent Grains
Leaving Coil Condition 64.379
Draw-Thru Fan

Misc Load on Supply Side
Supply Air Duct

Zone Loads

Sensible Reserve

35,640 1.382

Zone Condition

Return Air Duct

Return Air Plenum

Misc Load on Return Side
Vent Air 2,700 CFM
Blow-Thru Fan

35,640 65.760

96,566 3.750

Entering Coil Condition 132,206 69.510

_General Psychrometric Equations Used In Analysis:
PR

(Barometric pressure of site / Standard ASHRAE press_ure of 29.921) o

Elite Software Development, Inc.
Edificio Price Water House Coopers

Page 15

Sensible Temp CFM
55.000

0 0.000 0

0 0.000 0

41,728 1.000 2,285

667,644 16.000 36,561

0 0.000 0

709,372 71.600 38,846
83,456 2.000
0 0.000
0 0.000
34,803 0.695
46,607 1.117

874,237 75.812 38,846

TSH = PR x 1.10 x CFM x (DB entering - DB leaving)

TLH = PR x 0.68 x CFM x (Grains entering - Grains leaving)

GTH = PR x 4.50 x CFM x (Enthalpy entering - Enthalpy leaving)

TSH = 0.977 x 1.10 x 38,846 x( 75.812 - 55.000 )= 868,437 Btuh
TLH = 0.977 «x 0.68 x 38,846 x ( 69.510 - 64.379 )= 132,362 Btuh
SUM = 1,000,799 Btuh
GTH = 0.977 x 450 x 38,846 x ( 29.067 - 23.184 )= 1,004,157 Btuh

Total System Load

Chilled and Hot Water Flow Rates and Steam Requirement

995,818 Btuh

Cooling GPM = 1,004,157 /( 10.00 X 500 ) = 200.8 GPM
Heating GPM = 0 /( 20.00 x 500 ) = 0.0 GPM
Steam Req. = 0/ 970 = 0.0 Ib./hr
Coil Conditions Enterin Coil Conditions
Dry bulb temperature: 75.81 Dry bulb temperature: .00
Wet bulb temperature: 63.41
Relative humidity: 51.05
Enthalpy: 29.07 Btu/lbm
_Coil Conditions SR Coil Conditions _ r
Dry bulb temperature: 55.00 Dry bulb temperature: .00
Wet bulb temperature: 54.61
Relative humidity: 97.67

Enthalpy: 23.18 Btu/lbm
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Leaving Coil Condition
Draw-Thru Fan

Misc Load on Supply Side
Supply Air Duct

Zone Loads

Sensible Reserve

Zone Condition

Return Air Duct

Return Air Plenum

Misc Load on Return Side
Vent Air 2,700 CFM
Blow-Thru Fan

Entering Coil Condition

General Psychrometric Equations Used In Analysis:

Latent

35,640

35,640

96,566

132,206

Piso 7) Psychrometric Analysis

Grains
63.859

1.871

65.730

5.081

70.811

Sensible

0

0
30,813
493,009
0

523,822
61,626
0

0
34,803
34,416

654,667

PR = (Barometric pressure of site / Standard ASHRAE pressure of 29.921)

TSH = PR x 1.10 x CFM x (DB entering - DB leaving)

TLH = PR x 0.68 x CFM x (Grains entering - Grains leaving)

GTH = PR x 450 x CFM x (Enthalpy entering - Enthalpy leaving)

TSH = 0.977 «x 1.10 x 28,685 «x ( 76.058 - 55.000
TLH = 0.977 «x 068 x 28,685 x ( 70.811 - 63.859
SUM =

GTH = 0.977 x 450 x 28,685 x( 29.331 - 23.104

Total System Load

Chilled and Hot Water Flow Rates and Steam Requirement

Cooling GPM = 784,893 /( 10.00 x 500 )
Heating GPM = 0 /( 20.00 x 500 )
Steam Req. = 0/ 970

Coil Conditions
Dry bulb temperature: 76.06
Wet bulb temperature: 63.77
Relative humidity: 51.56

Enthalpy:

_Coil Conditions
Dry bulb temperature:
Wet bulb temperature:
Relative humidity:
Enthalpy:

29.33 Btu/lbm

Leavin

55.00
54.49
96.93
23.10 Btu/lbm
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Temp
55.000
0.000
0.000
1.000
16.000
0.000

71.600
2.000
0.000
0.000
0.941
1.117

76.058

648,867
132,416
781,283
784,893
786,873

N -
nn

~157.0
0.0
0.0

Coil Conditions

Dry bulb temperature:

.00

.00

Page 16

CFM |

0

0
1,687
26,998

28,685

28,685

Btuh
Btuh

Btuh
Btuh
Btuh

GPM
GPM
Ib./hr
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Air System #3 (Piso 6) Psychrometric Analysis
Latent Grains Sensible Temp CFM

Leaving Coil Condition 64.109 55.000

Draw-Thru Fan 0 0.000 0
Misc Load on Supply Side 0 0.000 0
Supply Air Duct 14,679 1.000 804
Zone Loads 14,850 1.636 234,865 16.000 12,862
Sensible Reserve 0 0.000 0
Zone Condition 14,850 65.745 249,544 71.600 13,665
Return Air Duct 29,358 2.000

Return Air Plenum 0 0.000

Misc Load on Return Side 0 0.000

Vent Air 1,125 CFM 39,674 4.381 6,042 0.247

Blow-Thru Fan 16,395 1.117

Entering Coil Condition 54,524 70.126 301,340 75.364 13,665
General Psychrometric Equations Used In Analysis: o L

PR = (Barometric pressure of site / Standard ASHRAE pressure of 29.921)

TSH = PR x 1.10 x CFM x (DB entering - DB leaving)

TLH = PR x 0.68 x CFM x (Grains entering - Grains leaving)

GTH = PR x 4.50 x CFM x (Enthalpy entering - Enthalpy leaving)

TSH = 0.977 «x 1.10 x 13,665 x( 75.364 - 55.000 )= 298,924 Btuh

TLH = 0.977 x 068 x 13,665 x( 70.126 - 64.109 )= 54,600 Btuh

SUM = 353,524 Btuh

GTH = 0.977 x 450 x 13,665 x ( 29.054 - 23.143 )= 354,966 Btuh

Total System Load = 355,864 Btuh
Chilled and Hot Water Flow Rates and Steam Requirement

Cooling GPM = 354966 /( 10.00 x 500 ) = 71.0 GPM
Heating GPM = 0 /( 20.00 x 500 ) = 0.0 GPM
Steam Req. = 0/ 970 = 0.0 Ib./hr

: u » Coil Conditions Entering,  uw - =

Dry bulb temperature: 75.36 Dry bulb temperature: .00

Wet bulb temperature: 63.39

Relative humidity: 52.27

Enthalpy: 29.05 Btu/lbm
_Leaving Cooling Coil Conditions ___ L eavin summmeeesrs— i

Dry bulb temperature: 55.00 Dry bulb temperature: .00

Wet bulb temperature: 54.55

Relative humidity: 97.30

Enthalpy: 23.14 Btu/lbm
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J Psychrometric Analysis
Latent Grains Sensible Temp
Leaving Coil Condition 63.826 55.000
Draw-Thru Fan 0 0.000 0
Misc Load on Supply Side 0 0.000 0
Supply Air Duct 30,306 1.000 1,660
Zone Loads 35,640 1.902 484,896 16.000 26,554
Sensible Reserve 0 0.000 0
Zone Condition 35,640 65.728 515,203 71.600 28,213
Return Air Duct 60,612 2.000
Return Air Plenum 0 0.000
Misc Load on Return Side 0 0.000
Vent Air 2,700 CFM 96,566 5.166 34,803 0.957
Blow-Thru Fan 33,850 1.117
Entering Coil Condition 132,206 70.894 644,468 76.074 28,213

General Psychrometric Equations Used In Analysis:

PR = (Barometric pressure of site / Standard ASHRAE pressure of 29.921)

TSH = PR x 1.10 x CFM x (DB entering - DB leaving)

TLH = PR x 0.68 x CFM x (Grains entering - Grains leaving)

GTH = PR x 4.50 x CFM x (Enthalpy entering - Enthalpy leaving)

TSH = 0.977 x 110 x 28,213  x( 76.074 - 55.000 )= 638,668 Btuh
TLH = 0.977 x 068 x 28,213 x( 70.894 - 63.826 )= 132,419 Btuh
SUM = 771,087 Btuh
GTH = 0.977 x 450 x 28,213 x( 29.347 - 23.099 ) 774,709 Btuh

Total System Load 776,674 Btuh

Chilled and Hot Water Flow Rates and Steam Requirement

Cooling GPM = 774,709 /( 10.00 x 500 ) = 1549 GPM

Heating GPM = 0 /( 20.00 x 500 ) = 0.0 GPM

Steam Req. = o/ 970 = 0.0 Ib./hr
Coil Conditions = Coil Conditions

Dry bulb temperature: 76.07 Dry bulb temperature: .00

Wet bulb temperature: 63.79

Relative humidity: 51.59

Enthalpy: 29.35 Btu/lbm
Coil Conditions ISR NNY.

Dry bulb temperature: 55.00 Dry bulb temperature: .00

Wet bulb temperature: 54.48

Relative humidity: 96.87

Enthalpy: 23.10 Btu/lbm
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Alr System #1 (Piso 8) Psychrometrlc Chart

Zone Condition
LC Leaving Coil Condition
SD Supply Duct Temperature Rise
DTF  Draw Through Fan Sensible Gain
RE Reserve or Reheat Sensible Gain
SM Supply Side Miscellaneous Sensible Gain
PRE Pretreated Air Condition
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Air System #2 (Piso 7) Psychrometric C
ZC Zone Condition

LC Leaving Coil Condition

SD Supply Duct Temperature Rise

DTF  Draw Through Fan Sensible Gain

RE Reserve or Reheat Sensible Gain

SM Supply Side Miscellaneous Sensible Gain

PRE Pretreated Air Condition
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Alr System #3 (Piso 6) Psychrometric Chart

Zone Condition
LC Leaving Coil Condition
SD Supply Duct Temperature Rise
DTF  Draw Through Fan Sensible Gain
RE Reserve or Reheat Sensible Gain
SM Supply Side Miscellaneous Sensible Gain
PRE Pretreated Air Condition
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Air System #4 (Piso 2) Psychrometric Chart
ZC Zone Condition oC Outdoor Condition
LC Leaving Coil Condition EC Entering Coil Condition
SD Supply Duct Temperature Rise RD Return Duct Temperature Rise
DTF  Draw Through Fan Sensible Gain BTF  Blow Through Fan Sensible Gain
RE Reserve or Reheat Sensible Gain PL Return Air Plenum Sensible Gain
SM Supply Side Miscellaneous Sensible Gain RM Return Side Miscellaneous Gain
PRE Pretreated Air Condition HRV  Heat Recovery Ventilator Condition
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Air System #4 (Piso 2) Psychrometric Chart

ZC Zone Condition oC
LC Leaving Coil Condition EC
SD Supply Duct Temperature Rise RD
DTF  Draw Through Fan Sensible Gain BTF
RE Reserve or Reheat Sensible Gain PL
SM Supply Side Miscellaneous Sensible Gain RM
PRE Pretreated Air Condition HRV
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LIMA-CALLAO/AEROP., Peru WMOs 846280
Ltat 12.00S Ltong 77.12W Elev 43 StdP 14.67 Time Zone -5.00 (SAP) Period 82-06 WBAN 99999
Coldest Heating DB l;iumldlflcauon DP/MCDB and HR Coldest month WS/MC DB MCWSIPCWD
¥ onth 99 6% 99% 0 4% 1% 1o 99 6% DB
996% [ 99% DP | HR [ MCDB pp | HR | MCDB wS | MCDB WS | MCDB | MCWS T PCWD
8 57.1 568.2 53.3 60.6 60.9 53.8 61.6 61.0 21.9 63.1 19.2 63.6 4.0 170
gt Hottest Cooling DB/MCWB Evaporation WB/MCDB MCWS/PCWD
Month Month 0 4% 1% 2% 0 4% 1 1% 2% to 0 4% DB
TN Nines DB | mMCwB DB | mMcws DB | MCwB wB | mcbB | wsB | MCDB wB | mcDB [ MCWS T PCWD
2 11.4 84.8 74.5 82.7 73.0 80.9 72.0 75.6 81.9 74.6 80.5 73.4 79.5 12.3 170
Dehumidification DP/MCDB and HR Enthalpy/MCDB Hours
0 4% | 1% 2% 0 4% 1% | 2% 8to4a&
P | =R | mcCDB | pP | HR | MCDB DP | HR | MCDB Enth | MCDB Enth | MCDB | Enth | MCDB 55/69

73.5 125.0 80.2 723 119.6 79.6 713 115.6 78.9 39.2 83.3 38.3 79.8 37.0 79.5 1594

Extreme Annual Design Conditions

Extreme Annual WS Extreme Extreme Annual DB n-Year Return Period Values of Extreme DB
Max Mean Standard deviation n=5 years n=10 years n=20 years n=50 years
1% | 25% | 5% WB Min | Max Min | Max Min | Max Min | Max Min | Max Min | Max
21.0 18.1 16.0 84.6 539 86.6 3.5 23 51.4 88.3 493 89.7 47.3 91.0 448 92.7
Annual | Jan ]| Feb | Mar [ Apr [ May T Jun | Jul | Aug T Sep | Oct | Nov | Dec
Tavg 68.2 73.8 75.1 74.2 70.9 67.3 64.8 63.5 63.0 63.4 65.0 67.5 71.0
Sd 2.87 2.74 3.24 3.49 3.85 3.92 3.20 2.67 2.42 2.18 2.43 2.80
Temperatures, HDDS0 0 0 0 0 0 0 0 0 0 0 0 0 0
Degree-Days HDD65 297 0 0 0 0 15 47 68 76 59 27 5 0
and CDD50 6657 737 703 750 626 537 443 418 401 403 464 524 651
Degree-Hours CDD65 1480 272 283 285 176 87 40 21 13 12 26 79 186
CDH74 4715 1002 1294 1223 472 185 86 23 6 6 5 46 367
CDH80 620 120 189 205 57 17 5 0 0 0 1 0 26
e DB 86.2 87.3 87.5 84.6 824 80.4 77.0 75.0 74.9 73.8 77.7 82.7
Monthly Design MCWB 75.8 76.2 75.8 74.8 72.4 71.2 67.6 66.8 66.8 65.5 68.6 72.7
Dry Bulb 2% DB 82.8 84.4 84.5 81.6 78.6 76.6 73.1 711 71.0 71.7 75.2 79.6
and MCWB 73.1 74.2 73.9 72.8 70.3 69.1 66.4 65.1 64.3 64.4 66.9 70.8
Mean Coincident o DB 80.7 82.3 82.4 78.7 75.5 73.4 701 68.3 68.4 70.0 733 77.4
WGBETLD >% Mcws | 716 727 728 712 689 67.0 646 626 627 634 656 692
Temperatures o OB 788 805 800 767 733 702 679 664 672 683 717 756
0% —cwe | 712 720 718 699 666 643 622 611 618 625 651 684
e WB 76.6 77.1 77.2 76.0 739 71.7 68.5 67.8 67.3 66.4 69.9 73.5
Monthly Design MCDB 84.5 85.4 84.8 82.7 79.9 78.3 74.7 72.6 73.4 72.7 74.5 81.4
Wet Bulb - WB 75.0 75.6 753 73.9 71.8 69.7 66.9 65.5 65.5 64.8 68.0 71.9
and MCDB 81.0 81.4 81.6 79.7 76.9 75.7 72.7 70.9 70.1 70.3 73.9 77.7
Mean Coincident o WB 73.5 745 74.0 72.0 69.0 67.5 65.1 63.1 63.3 63.8 66.5 70.7
Dry Bulb o% MCDB 78.9  80.1 804 776 756 735 704 677 679 688 718 764
Temperatures R WB 716 728 724 699 670 642 625 613 618 630 654  69.2
0% =51 783 793 789 755 724 694 667 652 660 676 706 750
MDBR 10.6 11.4 11.6 10.5 9.2 7.0 6.2 6.2 7.2 8.0 8.9 9.8
Mean Daily AT MCDBR 12.3 12.7 134 12.2 1.7 10.0 9.1 8.1 8.9 9.3 10.3 1.1
Temperature MCWBR 5.0 4.9 5.2 5.0 5.1 4.5 4.2 3.9 4.1 4.5 4.7 4.9
Range 5% WB MCDBR 10.8 1.4 12.8 10.6 10.9 9.2 8.7 7.4 8.6 8.9 9.7 10.6
) MCWBR 4.8 4.8 5.3 4.6 4.9 4.3 4.4 3.8 4.4 4.5 4.8 5.0
taub 0.603 0.610 0.601 0.546 0484 0457 0446 0507 0586 0.611 0.612 0.638
Clear Sky taud 1715 1.710 1734 1862 2.042 2117 2150 1953 1.760 1.705 1676 1633
Irr:t;,:r:ce Ebn,noon 244 241 238 240 246 248 255 247 237 238 240 234
- Edh,noon 80 80 76 64 50 46 45 57 73 80 83 86
CDDn Cooling degree-days base n°F, "F-day Lat Latitude Period Years used to calculate the design conditions
CDHn Cooling degree-hours base n°F, °F-hour Long Longitude, Sd Standard deviation of daily average temperature, F
0B Dry bulb temperature, ‘F MCDB Mean coincident dry bulb temperature, F StdP Standard pressure at station elevation psi
oP Dew point temperature, °F MCDBR Mean coincident dry bulb temp range, °F taub Clear sky optical depth for beam irradiance
Ebn,noon } Clear sky beam normal and diffuse hori- MCDP Mean coincident dew point temperature, F taud Clear sky optical depth for diffuse irradiance
Edh,noon } zontal irradiances at solar noon, Btu/h/ft2 MCWB  Mean coincident wet bulb temperature, 'F  Tavg Average temperature, F
Elev Elevation, ft MCWBR Mean coincident wet bulb temp range, F Time Zone Hours ahead or behind UTC, and time zone code
Enth Enthalpy, Btu/ib MCWS  Mean coincident wind speed, mph WB Wet bulb temperature, F
HDDn Heating degree-days base n°F, ‘F-day MDBR Mean dry bulbtemp range, F WBAN  Weather Bureau Army Navy number
Hours 8/4 & 55/69 Number of hours between 8 am PCWD Prevailing coincident wind direction, WMO# World Meteorological Organization number
and 4 p m with DB between 55 and 69 °F 0 = North, 90 = East WS Wind speed, mph

HR Humidity ratio, grains of moisture per Ib of dry air
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The top part of the table contains station information as follows:

o Name of the observing station, state (USA) or province (Canada), country.

o World Meteorological Organization (WMO) station identifier.

e Weather Bureau Army Navy (WBAN) number (—99999 denotes missing).

e |atitude of station, °N/S.

e Longitude of station, °E/W.

e Elevation of station, ft.

e Standard pressure at elevation, in psia (see Chapter 1 for equations used to calculate standard pressure).
e Time zone, h £ UTC

e Time zone code (e.g., NAE = Eastern Time, USA and Canada). The CD-ROM contains a list of all time zone codes used in the
tables.

e Period analyzed (e.g., 82-06 = data from 1982 to 2005 were used).

Annual Design Conditions

Annual climatic design conditions are contained in the first three sections following the top part of the table. They contain information
as follows:

Annual Heating and Humidification Design Conditions.

e Coldest month (i.e., month with lowest average dry-bulb temperature; 1 = January, 12 = December).
e Dry-bulb temperature corresponding to 99.6 and 99.0% annual cumulative frequency of occurrence (cold conditions), °F.

e Dew-point temperature corresponding to 99.6 and 99.0% annual cumulative frequency of occurrence, °F; corresponding
humidity ratio, calculated at standard atmospheric pressure at elevation of station, grains of moisture per Ib of dry air; mean
coincident dry-bulb temperature, °F.

e Wind speed corresponding to 0.4 and 1.0% cumulative frequency of occurrence for coldest month, mph; mean coincident dry-
bulb temperature, °F.

e Mean wind speed coincident with 99.6% dry-bulb temperature, mph; corresponding most frequent wind direction, degrees from
north (east = 90°).

Annual Coollng, Dehumidification, and Enthalpy Design Conditions.

o Hottest month (i.e., month with highest average dry-bulb temperature; 1 = January, 12 = December).

e Daily temperature range for hottest month, °F [defined as mean of the difference between dally maximum and daily minimum
dry-bulb temperatures for hottest month].

e Dry-bulb temperature corresponding to 0.4, 1.0, and 2.0% annual cumulative frequency of occurrence (warm conditions), °F;
mean coincident wet-bulb temperature, °F.

e Wet-bulb temperature corresponding to 0.4, 1.0, and 2.0% annuai cumulative frequency of occurrence, °F; mean coincident
dry-bulb temperature, °F.

e Mean wind speed coincident with 0.4% dry-buib temperature, mph; corresponding most frequent wind direction, degrees true
from north (east = 90°).

o Dew-point temperature corresponding to 0.4, 1.0, and 2.0% annual cumuiative frequency of occurrence, °F; corresponding
humidity ratio, calculated at the standard atmospheric pressure at elevation of station, grains of moisture per Ib of dry air; mean
coincident dry-bulb temperature, °F.

e Enthalpy corresponding to 0.4, 1.0, and 2.0% annual cumulative frequency of occurrence, Btu/ib; mean coincident dry-bulb
temperature, °F.

o Number of hours between B AM and 4 PM (inclusive) with dry-buib temperature between S5 and 69°F.

Extreme Annual Design Conditions.

e Wind speed corresponding to 1.0, 2.5, and 5.0% annual cumulative frequency of occurrence, mph.
e Extreme maximum wet-bulb temperature, °F.
e Mean and standard deviation of extreme annual minimum and maximum dry-bulb temperature, °F.

e 5-, 10-, 20-, and 50-year return period values for minimum and maximum extreme dry-bulb temperature, °F.

Monthly Design Conditions

Monthly design conditions are divided into subsections as follows:

Temperatures, Degree-Days, and Degree-Hours.
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