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Executive Summary

The American Society of Heating, Refrigeration, and Air-Conditioning Engineers Standards 62.1 and 90.1
provide the basis for building ventilation and provide proper energy efficiency standards to buildings. This
reportis to analyze the Steelstacks Performing Arts Centerand find out if it has met and exceed all of the
provided standards. The Steelstacks buildingisa 67,000 square foot buildinglocatedin Bethlehem,
Pennsylvaniaon the old Bethlehem Steel campus. The building has avariety of spacesincluding, two
Cinemas, amultipurpose Blast Furnace Room forsocial and corporate events, aswell alarge common area
torelaxand eat. Steelstacks will host a variety of events fromrock and jazz concertsto moviesto Arts &

Antique Markets and Musikfest.

The ASHRAE Standard 62.1-2007 compliance analysis showed that the Steelstacks buildingisin total
compliance withthe standard entirely. Section 5showed that Steelstacks has an acceptable indoor air
guality environment. Sections 6 calculations proved thatthe ventilation rates were of an acceptable

quality for ASHRAE standards.

The ASHRAE Standard 90.1-2007 compliance analysis showed that the Steelstacks buildingisin full
compliance with this standard. Itshowedithadample sizingforall of itsequipmentaswell as allowable

powerdensities within the building.

The Steelstacks Performing Arts Centerwas designed with LEEDin mind, and upon completion they are
expectingtoachieve LEED Gold. Due tothis, many areas of the building systems were takinginto account
when designingand many were overdesigned in such areas of insulation and building systems. Much of
thiswill be covered In Technical Report 2, but some relevantinformation will be described in this Report.

Thisis the mainreason that all of the standards were in compliance with both of the ASHRAE standards.
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Mechanical Overview

The Steelstacks Performing Arts Center has six Carrier packaged rooftop units which provide most of the
conditioning forthe spaces, ranging from 3-55 tons. Three of the packaged systems have energy recovery
wheels. Along with these systems, it also has a split AHU system to exclusively servethe Blast Furnace
Room (The blastfurnace room isa hall thatis used forlarge gathering, and looks out onto the previously
used Blast Furnaces of Bethlehem Steel). The Steelstacks also utilizes a mini-split system foradditional
temperature controls to the smallerareas of the buildings; these units are fed by 3 small condensing units
on the fourth floor. The Steelstacks building alsoincludes one make-up airunitforthe Kitchen areas due

to the large amount of exhaust coming from this area.

The domestichot watersystemis provided by two parallel gas fired water heaters located on the fourth
floor. Each water heater has capacity for 130 gallons of waterand can heat up to 349 gallons perhourof
100°F water. The heateroperates ata maximum supply temperature of 140°F and return temperature of

40°F. Water iscirculated throughthe buildingbya.167 HP and 7.5GPM pump.

Michael B Dean StephenTreado Ph.D
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ASHRAE 62.1-2007 Overview

ASHRAE 62.1 prescribes the minimum requirements for outside ventilation airand indoorair qualitiesfor
a building. Section5and Section 6 are applied below to the Steelstacks Performing Arts Centerin

Bethlehem Pennsylvania.

ASHRAE 62.1-Section 5- Systems and Equipment

Section 5.1- Natural Ventilation

Steelstacks does not have any rooms that have a natural ventilation option. The only windowsin

the buildingare large viewing windows that overlook the sites of Bethlehem.

Section 5.2- Ventilation Air Distribution

Specification 23.0093-1.6F statesthat the whenthe supplyfanisenable and the NTFC enthalpy
calculation determines that outdoor are conditions are unsuitableforusing atmosphericcooling,
the outside damperswill be held at their minimum of 15% to satisfy all minimum ventilation

airflow requirements.
Section 5.3- Exhaust duct Location

Exhaust ducts have a negative pressurerelative to the zones they are controlling; therefore they

preventany potential leakinginto the occupant spaces along with the propersealing.

Section 5.4- Ventilation System Controls

The mechanical ventilation for the buildingis primarily supplied by the six rooftop units. These
units are controlled by Building Management System (BMS) that is automatically putinto
operation during normal hours. Italso has manual overrides that can be controlled by the onsite
computer, but not limited to, because it has web capabilities which would allow for the building to

be manually controlled from anywhere with internet access.

Michael B Dean StephenTreado Ph.D
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Section 5.5- Airstream Surfaces

Specification Section 23.3113-2.2A states that the ducts shall “comply with SMACNA HVAC Duct
Construction Standards—Metal and Flexible” which specifies an acceptable resistance to both

mold growth and erosion.
Section 5.6- Outdoor Air Intakes

All of the outdoorintakes are in compliance with the distances listed on Table 5-1 of ASHRAE

Standards 62.1

TABLE 5-1 Air Intake Minimum Separation Distance

Object Minimum Distance, ft (m)

Significantly contaminated exhaust (Note 1) 15(5)

Noxious or dangerous exhaust (Notes 2 and 3) 30 (10)
Vents, chimneys, and flues from combustion appliances and equipment (Note 4) ' 15(5) .
Garage entry, automobile loading area, or drive-in queue (Note 5) 15(5)
Truck loading area or dock, bus parking/idling area (Note 5) 25 (1.5)
Driveway, street, or parking place (Note 5) 5(L.5)
Thoroughfare with high traffic volume 25(7.5)
Roof, landscaped grade, or other surface directly below intake (Notes 6 and 7) . 1(0.30)
‘Garbage storage/pick-up area, dumpsters 15 (5)
Cooling tower intake or basin ) 15 (5)
Cooling tower exhaust 25(7.5)

Note 1: Significantly contaminated exhaust is exhaust air with significant contaminant concentration, significant sensory-lmmmn intensity, or offensive odor.

Note 2: Lab v fume hood exhaust air outlots shall b in compliance with NEEA 45-1991% and ANSU/AIHA 79.5-1992.*

Note 3: Noxious or dangy is air with highly objectionable fumes or gases andafnr exhanst air with p i ntounoen-

- trations high enough to be considered harmful Information on ion criteria for ind | envi can be found in the ACGIH Industrial \kutllauon Ma.nual and in

the ASHRAE Handbook—HVAC Appli

Mote 4: Shorter separation dLsLmnesare penmﬂecl whsn dem'mmedm accordance with (a) Chapter 7 of ANSI 2223, 1/NFPA 54-20027 forfuel gas bumning apphaneesand equipment,
{b) Chapter 6 of NFPA. 31-2001° for oil burning appliances and equipment, or (c) Chapter 7 of NFPA 211-2003 for other comt and cquif

Note 5: Distance measured to closest place that vehicle exhaust is likely to be located.

Note 6: Normnunumsepamtlomdmmoe sppheslosnr&casthatareslopedmorethanﬁdegrees from hcmmnta! or that are less than 1 in. (3 cm) wide.

Note 7: Where snow is di listed shall be increased by the expected average snow depth.

P

Alsothe systemoutdoorairintake isin accordance with Part D of ASHRAE 62.1 Section 5.6.2 Rain
Entrapment. The only outdoorairintakeisfor AHU-1, which serves the Blast Service room; it
must be sixed forlessthan 500 fpm. | used the highest CFM possible forthis AHUto ensure thatit

would be safe at any condition.
Aopening= 60” * 48”= 2880 in’=20 ft’

CFM for Outdoor Air Intake = 5300 CFM
FPMopening =[CFMI]/Aqpening

Michael B Dean Stephen Treado Ph.D
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FPMopening = 5300 CFM / 20 ft
FPMopening= 265 FPM < 500 FPM

Rain Intrusion, Snow Entrainment and Bird Screens are also satisfied forthe outdoor units at the

Steelstacks.
Section 5.7- Local Capture of Contaminants

There is no non-combustion equipment that produces contaminants in the Steelstacks building;

therefore thissectionis notapplicable.
Section 5.8- Combustion Air

Combustion producing processes are designed to consume the properamount of combustion air

as well asthe products of combustion vented directly outdoors.
Section 5.9- Particulate Matter Removal

In Specification Section 23.4100-1.5D it states that all filters must comply with ASHRAE Standard

52.2 for methods of testing and rating.
Section 5.10- Dehumidification Systems

The BMS systemis designed to monitorand control room humidity. RTU-1through RTU-4 and
RTU-6 are setto start dehumidifying aroom that has a relative humidity of 55%, while RTU-5is set
at 40 %RH. Atthese setpointsthe system will enablethe DX system to dehumidify to the set

pointand modulate the hot gas reheat valve to maintain space temperature set point.
Section 5.11- Drain Pans

All drain pans are constructed of 16-gauge aluminized steel, and are packaged with the rooftop

and condensing units, with all the slopes, outlets, seal, and pan size conforming to ASHRAE 62.1.
Section 5.12- Finned-Tubed Coil Selection for Cleaning

Drain pansthat comply with section 5.11 are provided belowall condensate producing heat
exchangesinthe systems. All finned-coils have properallowances forcleaningandinstructions for

cleaning.

Michael B Dean StephenTreado Ph.D
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Section 5.13 Humidifiers and Water-Spray System

Thissectionsinnotapplicable due to the climate and usage of the Steelstacks buildingitdoes not

needto utilize any humidifiers or water-spray systems.
Section 5.14 Access for Inspection, Cleaning, and Maintenance

Equipmentaccess doors have beensized and located appropriately, and all of the proper
equipment clearances have been met. These access doors and clearances provide unobstructed

access forinspections, cleanings, and maintenance forall applicable equipment.

Section 5.15- Building Envelope and Interior Surfaces

The Steelstacks building complies with all three subsections of 5.15. The building has a weather
barrierto prevent liquid water penetrationsinto the envelope. Vaporretarderis applied to spaces
below grade to preventvapor water diffusion. Exteriorjoints and seams are caulked to prevent

leakage. All of these stepsalsorequire properverification and testing on of these materials.
Section 5.16- Building with Attached Parking Garages
Steelstacks does not have any attached parking, so this sectionis notapplicable.

Section 5.17- Air Classification and Recirculation

All of the spacesin Steelstacks are specified as beingaclass 1 space, exceptforthe kitchen. Class
1 air may be recirculated ortransferred to any space as specified in ASHRAE Standard 62.1 Section

5.17. The kitchenairis exhausted directly out of the building so the classification is not significant.

Section 5.18- Requirements for Building containing ETS Areas and ETS-Free Areas

Steelstacks does not have any designated smoking areas so this section does apply to this building.

Michael B Dean StephenTreado Ph.D
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ASHRAE 90.1-Section 6- Procedures

Section 6 of ASHRAE Standards 62.1 outlines the Ventilation Rate Procedure, which is designedtobe a
prescriptive procedure to determine outdoorairintake rates based on space type, occupancy and floor
area (ft’). These criteriaare taken into account along with a number of other restrictions and

considerationsto give valuesfor Ventilation.

The Steelstacks building consists of six packaged rooftop units along with one split system air-handling

unit. The building has one make-up airunitand fourenergy recovery ventilators.

The following calculation method is taken directly from ASHRAE 62.1- Section 6, and will be used to

calculated compliance with Section6:
BreathingZone Outdoor Airflow (V,,)
Vi: =R,*P, +R.*A, (Equation 6-1)
A, = zonefloorarea; the net occupiable floorarea of the zone (ft?)
P, =zone population:the largest number of people expected to occupy the zone during typical usage.
R, = outdoorairflow rate required per person as determined form Table 6-1
R, =outdoorairflow rate required perunitareaas determined form Table 6-1
Zone Air Distribution Effectiveness
The zone air distribution effectiveness (E,) shall be determined by using table 6-2.
E,=1.0 Ceiling supply of cool air
Zone Outdoor Airflow (V,,)
oz = Vi/E; (Equation 6-2)
Single Zone Systems

One air handlersupplies a mixture of outdoorairand recirculated airto only one zone thenthe V,;

should be found as follows

Vor = Vo, (Equation 6-3)

|
Michael B Dean StephenTreado Ph.D
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Primary Outdoor Air Fraction (Z,)
Z,=V./V,, (Equation 6-5)
V.= the primary zone airflow
Uncorrected Outdoor Intake (Vo)
Assume diversity Factorof 1 (D=1)
Vou = D3(R, +P,) + 3(R, + A,)
OutdoorAirintake(Vy)
Vor = Vou/E, (Equation 6-8)

The Chart in Appendix Cshows eachroom and its associated values. All zones have meet ASHRAE
efficiency standards and therefor have satisfied Section 6. The highvalue of Z, forall the unitsseemed to
come from the high population areas such as the theaters and the bar. This can be attributedtotheidea
the occupancy estimated is based onthe maximum possibly value of personsinthatspace, on most

occasions these zoneswill be atsome levelunderthis, and the Z, value will be much lower.

ASHRAE 62.1- Results and Conclusions

Steelstacks Performing Arts Centeris completely compliant with ASHRAE Standard 62.1 2007 Sections5
and 6. These standards have been designed with the quality of life in mindand by complying with them;
the Steelstacks building has setforth an example of good air quality conditions for Performing Arts

Centers.

Michael B Dean StephenTreado Ph.D
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ASHRAE 90.1 2007 Overview

ASHRAE 90.1-2007 prescribes minimum requirements for the building envelope, HVAC systems, service
water heating, power, lighting and electricmotor efficiency. The sections below are applied below to

Steelstacks Performing Arts Centerin Bethlehem Pennsylvania.

ASHRAE 90.1- Section 5- Building Envelope

5.1 General

The Steelstacks buildingislocated in Bethlehem, Pawhich fallsinto climate category 5A.

5.2 Compliance
Steelstacks fallsinto option Aandis able to use the Prescribed Building Envelope Options. Thisis
because the vertical fenestration area does not exceed 40% of the gross wall area foreach space
condition category and the skylight fenestration area does not exceed 5% of the gross roof area
for each space conditioning category. The Steelstacks fenestration complianceis shown below

with the total beinglessthan 40%.

Michael B Dean Stephen Treado Ph.D



Side Total Glass % Glass
South 12160 0 0%
North 12160 9676 80%

East 7040 2048 29%
West 7040 2048 29%

Total 38400 13772 S

Technical Report 1

The prescribed standard specifies that the envelope systems of nonresidential conditioned spaces

locatedin climate zone 5Ais in compliance with the entire individual requirements setforthin

Sections 5.4, 5.5, 5.7, and 5.8 of ASHRAE Standard 90.1. The table of these requirementsisin

Appendix D. Below isasummary of the requirements and if they were met.

Stephen Treado Ph.D

Michael B Dean

Minimum
Minimum Wall Fenestration | Fenestration
Value Roof Insulation Assembly Maximum

Insulation | R-Value for | Maximum U- SHGC

R-Value Mass Wall Value
Required R-20 R-11.4 0.45 40
Designed R-30 R-15 .40 35
Compliance YES YES YES YES
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ASHRAE 90.1- Section 6- Heating, Ventilation, and Air Conditioning

Steelstacks will have to be in compliance with Sections 6.4 Mandatory Provision, and 6.5 Prescriptive path.

The simplified approach insections 6.3is not applicable because Steelstacks is overtwo stories highand

has a gross floorareaover 25,000 ft*. Usingthe Table in Appendix C, it can be seen how Steelstacks has

performed compared to the ASHRAE standards.

6.4 Mandatory Provisions

Minimum
MBH ASHRAE
EER
RTU-1 214.7 10.8
RTU-2 58.9 11
RTU-3 116.6 11
RTU-4 665.4 10.8
RTU-5 617.7 110.8
RTU-6 33.3 11
AHU-1 291.2 10.8

Actual EER

11.6
14.8
12.0
12.9
12.4
11.4
12.2

Pass/Fail

Pass
Pass
Pass
Pass
Pass
Pass
Pass

All of all RTU and AHU units meetthe minimum requirements setin ASHRAE.

All of the Mechanical equipmentis covered by the US National Appliance Energy Conservation Act

of 1987; therefore they all carry a permanentlabel installed by the manufacturers stating that the

equipment complies with the requirements of Standard 90.1.

The BMS system controls all of the air temperatures within the building. Each zone has sensors for

temperature and humidity that report back to the BMS whichinturnsuppliesinformationtothe

respective air-conditioning units to condition the space to the properset points. The BMS also has

the capabilities of maintaining off hour controls of the HVAC system as well having automatic

shut-offs.

6.5 Prescriptive Path

The firstitem of interestin this sectionis Economizers, Steelstacks has e conomizers on all of its

RTU, while ASHRAE only required them on four of the units based on cooling capacity. Once again

Michael B Dean

StephenTreado Ph.D
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the BMS has totally control of the economizers position, the BMS has sensorsin all the rooms as

well asoutside so thatit can determine the opening position of the economizers.

Table 6.5.3 found in Appendix F, shows the limitations for fan HP of the system, below, all of the
fans are compared against the ASHRAE standards.

hp CFM CFM*0.0011 Compliance
RTU-1 5 6800 7.48 YES
RTU-2 1 1650 1.82 YES
RTU-3 2 3050 3.36 YES
RTU-4 25 23485 25.83 YES
RTU-5 20 17500 19.25 YES
RTU-6 1.5 3000 3.30 YES
AHU-1 7.5 5300 5.83 YES

hp< CFM * .0011 for compliance

6.7 Submittals

The building will be commissioned using detailed commissioning manuals. This also is required for LEED®

NC certification.

Michael B Dean Stephen Treado Ph.D
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ASHRAE 90.1- Section 7- Service Water Heating

Domestichot water at Steelstacksis supplies by two parallel water heaterlocated onthe fourth floor of
the building. They are identical water heaters and have efficiencies well above the required 62% for their
size and fuel type. There are also 3 localized water heaters located throughout the building, but since they

are electricwaterheaters with an assumed efficiency of 100% they are left out of this analysis.

Type Fuel Input (MBH) Storage | Efficiency | Compliance
Capacity
Vertical Natural Gas 300 130 96% YES
Storage

ASHRAE 90.1- Section 8- Power

Section 8 prescribes the allowable voltage drop forabuilding’s power system. The building designer
designed based onthis standard and sized all feeders and branch circuits to comply with the required 2%

and 3% respective voltage drops at the design load.

ASHRAE 90.1- Section 9- Lighting

9.2 Compliance Paths
Compliance Path A: Building Area Method 9.5 will be used to analyze the lighting system. Thiswas
chosen becauseitisa more general approachtolighting systems power density.

9.4 Mandatory Provisions

The building lighting system s also integrated into the BMS of the building. To allow forautomatic
shut-offs of indoorand outdoor lights. The systemisrequiredto be programmed onaweekto

week basis, due tothe everchanging schedule of the Steelstacks building.

Michael B Dean StephenTreado Ph.D



9.5 Building Area Method Compliance Path
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Steelstacksis classified as a Performing Arts center which givesitaLighting Power Density

maximum of 1.6 W/ft*. On the table below | have calculated the lighting system power density on

afloorby flooranalysis. The building overall meetsthe requirement set out by ASHRAE, the

fourth floor does not comply due to the fact that it many of the lights on this floor shine down

ontothe third floor but count as wattage forthe fourth floor. Fora more in-depth chart of how

the Wattages were found look in Appendix G.

Floor SF Wattage | Watts/ft° | Acceptable | Compliance
wiit?
1 20015 11013 0.55 1.6 YES
2 18285 | 19742 1.08 1.6 YES
3 21057 14940 0.71 1.6 YES
4 7810 | 18120 2.32 16 NN
Total 67167 63815 0.95 16  YES

Steelstacks also takes advantage of the large curtain wall on the north side of the building for

natural light. The lightsinthe effected rooms are dimmable or have section controlled switches

that can be manipulated to lowerthe wattage inthe room and allow forthe natural ambientlight

to create a more natural entertainment environment.

Michael B Dean

StephenTreado Ph.D
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ASHRAE 90.1- Results and Conclusions

Afterathorough investigationinto ASHRAE 90.1 standards, itis apparent that the Steelstacks building was
designed with ASHRAE as a leading force. The building complied with all of the standards with ease. Alot
of this can be attributed to the fact that Steelstacks was designed to achie ve LEED Gold, to achieve this,

many areas of the building design had to be overdesigned.

Michael B Dean Stephen Treado Ph.D
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Appendix A

TABLE 6-1 MINIMUM VENTILATION RATES IN BREATHING ZONE
(This tahle is not valid in isolation; it must be used in conjunction with the accompanying notes.)

People Outdoor Area Outdoor Default Values
Oceupancy Alr e Adr Rate Occupant Deusity  Combined Outdoor
Category ' a Notes  (sceNoted) AirRate (seeNote$) AV
cim/person Livpersan efm/fel  Lism® :f:jﬂ:mﬂ}ﬂ':z cfm/person Lispersan
Correctional Facilities
Cizll 5 25 012 G 25 10 49 2
Dayroom 5 15 0.06 13 30 7 R 1
Cruard siations 3 25 0.06 0.3 15 9 45 1
Bookingfwaiting 7.5 ik 006 03 Sl 9 4.4 2
Educational Facilities
Draycare (through age 4) 10 5 01 09 25 17 B5 2
Dayenre sickroom 10 5 018 0.9 25 17 B8 3
Clagsrooms (ages 5-8) 10 5 012 06 25 15 7.4 1
Classrooms (age 9 plus) 10 5 012 08 . kL] 13 6.7 1
Lesture classroom 7.5 18 0.06 03 65 B 4.3 1
Lecture hall {fixed seats) 7.5 18 006 03 150 ] 4.0 1
Art classronn 1n 5 018 09 20 19 9.5 2
Science laboratorics ] 5 0.1% 0.9 25 17 BA
::::;ffn‘”’ i 5 018 08 25 17 B6 2
Woodmetal shop 10 5 018 0.9 20 1% 95 2
Computer lab 10 5 012 06 5 5 74 1
Media center m 5 olz 0.ié A 25 15 T4 1
Music/theater/dance 1o 5 0.06 03 5 12 59 1
Multi-use assembly 1.5 18 0.06 03 100 ] 4.1 1
Food and Beverage Service
Restaurant dining rocms 15 18 018 0.9 T0 10 51
Calederia'fast-food dining 7.5 38 0ls8 0 100 9 47
Bars, cockiail lounges 15 R onis 0n.g 100 9 47 2
General
Break rooms 5 23 0,06 03 25 1 51 1
Coffee stations 5 15 0.6 0.3 0 11 55 1
Conference/mecting 5 15 0.06 03 50 6 il 1
Corridors - - 0,06 ] - 1
Storage rooms - - 012 0.6 B - 1
Hotels, Motels, Resorts, Dormitorjes
Bedroom/Tving room 5 2.5 0,06 0.3 1o 11 55 1
Barracks sleeping arcas 5 25 006 03 20 8 40 1
Laundry rooms, central 5 15 012 0.8 10 17 BE 2
;ﬁwwiﬁh 5 25 01z 0.4 10 17 &S I
Lobbies/prefunction 7.5 is LT 03 30 1o 4.5 1
Multipurpose assembly 5 25 006 03 120 & 28 1

Michael B Dean Stephen Treado Ph.D
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TABLE 6-1 MINIMUM VENTILATION RATES IN BREATHING ZONE (continued)
(This table is not valld In isolation; it must be used In conjunction with the accompanying notes.)

People Outdoor Area Outdoor Drefault Yalues
Occupancy ‘“’n“"“ ““’R“ﬂ‘-’ Oceupant Density ~ Combined Outdoor |,
Category p o Notes (sex Mote 4) Air Rute (see Note 5) Class
cfm/persen Lis-person efm/ft!  Lism® utjmﬂ:i cfm/person Lis-person
Oiffice Buildings
Oifice space 5 15 0.06 0.3 5 17 i85 1
Beception arsas 5 15 0.06 03 k] 7 15 1
Telephone/data entry 5 25 (.06 0.3 60 6 3.0 1
Main entry lobbiss 5 25 0.06 0.3 10 11 5.5 1
Miscellaneous Spaces
Bank vaults/safe deposit 5 15 .06 03 k] 17 85 2
Computer (not printing)y 5 15 0.06 03 4 20 10 1
P - - 006 03 B - 1
Elevator machine rooms - - iz L] B - 1
Pharmacy (prep. ares) § 2.5 018 09 1 23 11.5 2
Phasto studies 5 25 012 06 10 17 8.5 1
Shipping/receiving - - 0.12 (LX) B - 1
Telephone closets - - 0.00 0.0 1
Transportation waiting 7.5 38 0.06 03 100 & 4.1 1
‘Warchouscs - - 0De 03 B = 1
Public Assembly Spaces
Audilorium seating area 5 25 0.06 03 150 L1 27 1
x‘;‘;{ religious 5 23 006 03 120 8 2.4 1
Courtronms 3 235 (06 03 T 1] 19 1
Legislative chambers 5 25 0.06 03 S0 13 11 1
Lilsraries 5 2.5 012 & 10 17 B35 1
Lobbies 5 1.5 0.06 03 150 5 2.7 1
Mfuseumsa (childrens) 1.5 38 012 0.6 4 11 3.3 1
Museurns/galleries 1.5 38 06 03 40 9 4.6 1
Residential
Drovelling unit 5 25 DG 03 FG F 1
Common coridors - - 006 03 1
Retail
Sales (cxcept as below) 15 38 012 0.6 15 16 18 2
Mall eommon areas 7.5 kR 006 03 40 ] 4.6 1
Barbershop 15 ER. | .06 0.3 25 10 5.0 rd
Beauty and nail a_a.'lulm 20 I 0.1z (X1 15 15 12.4 2
Pet shops {animal areas) 7.5 38 0.1% 0.9 1 26 128 2
Supermarket 15 i 0.06 03 . 15 16 1
Com=operated laundries 7.5 3.8 0.06 03 il 11 53 2

Michael B Dean Stephen Treado Ph.D
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TABLE 6-1 MINIMUM VENTILATION RATES IN BREATHING ZONE (continued)
(This table is not valid in isolation; it must be used in conjunction with the accompanying notes.)

People Outdoor Ares Outdoor Default Values
Occupancy M'}Rm ”RE-’" Occupant Density  Combined Outdoor
Category " Notes (see Mote 4) Alfr Rabe {see Note 5) Cluss
efmiperson Ligperson cfm/ff Lism® nf:‘,?“n}ﬂ:# cfm/person Lfs'person

Sports and Entertainment

Sports arena (play arca) - - 0.30 1.5 E - 1
Gy, stadivm (play area) - - 0.30 L3 L] 2
Spectator areas 7.5 3B 0.06 0.3 150 & 4.0 1
Swimming (pool & deck) - - 048 24 C - 2
Diiscodfdance floors 20 10 006 03 100 21 103 |
ealth clublacroSics 20 0 006 03 a0 e 108 2
Health club/weight rooms 20 10 0.06 0.3 10 26 130 2z
Bowling alley (seating) 10 5 0.12 0.6 4i) 13 6.5 1
Gambling casinos 1.5 18 0.18 0.9 120 @ 4.6 1
Game arcades 75 38 0ig 0.9 20 17 83 |
Stages, stadics 10 bl 0.06 0.3 D 70 11 54 1

GEMERAL MOTES FOR TAELE 6-1

[N

Relmted requirements: The rates in this mble iz hised on all other applicatl i of i dand being mat.

Samuoking: This tahle applies 10 no-smaolking, areas. mmwm:mmuwwngmwmmhs.qmﬁ:y&nmhmmm
i amoling i,
-I'Idrl‘lﬂllh'lW|I-I-I'I1'H!'|MkﬂhNln#tmdmnnikullwﬂﬂmﬁlbu’ﬂ'[]lkm‘n}}Ihwhmmd:hd‘yauuubumwnﬂm[mlH'HH.;].
am wir bemnpearstare of TO°F (21%C), Bates may be adjusted for actm] denuiny bl such adj i ok reqquined for with this

Inefasll necipand denshty: lhﬂnﬁuhmplﬂdmnb’lhﬂhuundnhmﬂuwqu-umm

Inefwult commbhined swidsar alr rale (per persen): This mix is bused on the default ocoupant densiry.

6 Unlisted aceupanches: 1f e nocupancy category fir 3 proposed space o oo i mot listed, dbe ..- for the lisied nooupamey category that b most similss in teems of
mhmummmdhﬂhgmrudnnmllbeum
7 Heabth-care fucilitiess Ratos ghall b d ined in with Appendix E

ITEM-EFECIFIC NOTES POR TABLE -1

omEmEoOER

Fur high schioal and callegs Hbraries, use veluos shown for Public Assambly Spaces—Litraries.

Bate may not be sefficlent when siored materists imclds those baving polentialty bermial emissions.

Ente dosss mot allow for bemidicy contred. Additiosal vestilaton or deburmidificanon may be requised 1o sesiove moisiun:

Rie o it imhodie speecis] exhanst for sape effscts, «.p., dry ice vapars, smokm.

‘Whea combustion cgeipmest b5 atsaded b be used on the pliying micfice, additional dilution vestilation andor source control shall be peovided.
Diafirutt ceocupancry for dwelling uniis shall be two persoms for sudio and ene-badoom wmits, with one additiona] person for cach additional bedroom.
Adr from one nesidential dwelling shall not ke rezireulaed or marsferned w eny other space outside of that dwelling.

Michael B Dean
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Appendix B

Appendix C

TABLE G2 Zone Air Distribution Effectiveness

Air Distribution Configuration E,
Ceiling supply of coal adr, 1.0
Ceiling supply of warm air and floor return. 1.0
Ceiling supply of wanm air 15°F (8°C) or more above
space temperature and ceiling retum, LE
Criling supply of warm wir bess than 15°F (8°C) above
space lemperature and ceiling return provided that the
130 fipmn (0.8 m's) supply air jet reaches to within 4.5 ft 1.0
(1.4 m) of floor level. Mate: For lower velocity supply
air, £, = 0.5
Floor supply of cool air and ceiling retumn provided that
thee 150 fpm (0.8 mv's) supply jet reaches 4.5 ft (1.4 m) Lo
or more above the floor. Meter Most underfloor air dis- ’
tribution systems comply with this proviso.
Floor supply of ol air and ceiling retarn, provided
lear-velocity displacement ventilation achieves unidi- 1.2
rectional flow and thermal stratification.
Floor supply of warm air and floor retarn. 1.0
Floor supply of warm air and ceiling return, 0.7
Makeup supply drawn in on the opposite side of the 08
rosnm From the exhaust andior retam. !
Makeup supply drawn in near o the exhaust and’or 05

rebumn Iocation.

1. *Clirn] ix™ ig &r cogler than space temperature.

2. “Ware al™ & alr wasmer Then space kmperahum.

3. *Coiling”™ includes any polat phove the dreathing sone,
4, “Fliire™ includes amy point below the: breatbleg sose

3 Mumlvﬂﬂt&mﬂnlﬁt\mwhﬂ E, may bo regarded o5 equal #o iy clange

effiscti det
I]waimhubmm.ﬁgnhmmﬁqn mbdirect ol fiow,

with ANSHASHRAE Stmdsd 12919 for

Technical Report 1

RTU-1
Room Name Occupancy Category Az Pz | Rp Ra Vbz Ez  Voz Ev Vpz Zp
Kitchen Area Cafeteria/fastfood 4715 | 50 | 8 | 0.18 | 1249 | 1.0 | 1249 | 0.8 | 6600 | 0.19
Liquor Storage Cafeteria/fastfood 135 1 8 018 32 10 32 08 100 q
Storage Storage 190 O 0 | 0.12 23 1.0 23 0.8 | 100 | 0.23
Vou = 1303.8
Vot=1630

RTU-2

Room Name

Occupancy Category

| Az | Pz‘Rp| Ra|Vbz|Ez|Voz|Ev‘sz‘ Zp

Michael B Dean

Stephen Treado Ph.D
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Small Theater Music/theater/dance 11790 | 100 | 7.5 006 857 | 10 857 0.6 | 1650 RN
Vot=1428

Large Theater Music/theater/dance

Vot=2752

RTU-4
_Room Name  Occupancy Category |
Creative Commons | MultipurposeAssembly | 3595 | 104 | 5 | 006 | 736 10 736 06 3620 020
Office 250 1 10 20 06 210 010
Offic | Office | 185 | 1 | 5 006 16 10 16 06 | 150 011
| | 10 301 |
Concession Stand | Cafeteria/fastfood | 255 | 26 | 8 018 | 254 10 254 06 3720 007
Concession BOH  Cafeteria/fastfood |
(Giftshop | sales | 720 | 11 8 |012 167 10 167 06 320 [GISA
PodZone  lobby

RTU-5
| | |

| Ra |
Cafeteria/fastfood 7310 250 75 018 319110 3191 0914300 022
| 1006 | |

VIP Bar RestaurantDinning

Vot=4171

RTU-6 \

Michael B Dean Stephen Treado Ph.D
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Retail Storage

Storage 280 0 | O | 012 34 | 1.0 34 | 0.8 140/ 0.24

Corridor  Comidor 275 0
StoragePrep | Storage 495 0 0 012 59 10 59 08 280 021
Cortidor  Coridor

3% 0 0 006 21 10 21 08 100 021
Hal  Storage 170 0 0 006 10 10 10 08 100 010

| |
10 | 1.
(13 |
31|

160 0 0
80 /0 0 012
lobby 135 1 5 006
_GreenRoom | BreakRoom | 265 8 5 006 56 10
@LL
FaRiR

1
TR

Vou-1483

Vot=1854

Michael B Dean Stephen Treado Ph.D
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TABLE 555 Bullding Envelope Requirements For Glimate Zone 5 (4, B, C)*

Technical Report 1

Monresidential Residential Semibeated
Opague Elements Assembly Insulation Assembly Insulation Assembly Insulation
Maximum Min, B-Value Melnxiinanim Min. B-Value Maximum Min. B-Value
oyl
Insulstion Entirely ahove Deck L0048 R-20.0 24, U046 R-20.0 ¢, R 119 R
Mital Building L0065 R-19.0 L0065 R-19.0 L0057 R-100
Attic amd Other U-0.027 R-34.0 U027 R-34.0 U-0.053 R-19.0
Féialls, Abmve-Cirade
Mass L0090 Relldei U-0.060 R-13.3 ci. U-g.151* R:57 il
Metsl Building L0113 =130 U-0.057  R-1304R-13.0 U123 R-11.0
Steel-Frumed U064 R-130+R-TSel  U-D064  R-I30+R-TS5ci  U-0124 R-130
Wood- Framed snd Other Lfhied R-13.0+R-3.8 i U-0.051 R-13.0+ R-T.5 i, U-00089 R-13.0
Falls, Below-Grada
Below-Grads Wall CoL1 R-75ei C-0.119 R-7.5 ¢ C-1.140 NE
Filoors
bdass 0,074 R=10.4 g.i. T-0,064 R-12.5 ed. -0 137 R-4.2 ¢
Steel-Toist T-0L03E RE-30.0 L0038 R-30u0 LIS E-19.0
Wood-Framed and Other L0033 R-30.0 L0033 R-Sii 0051 R-12.0
Hab-On-Grade Flooes
Unhested F-0.730 M F-0.540 R-10 fior 24 im. F-0.730 MR
Heated F-0LR&0 R=15 for 24 in, F B E-13 for 24 . F=1.020 R-7.5 for 12 in.
Opeagrraer Dipare )
Swinging L ek Tl 50 V-0,
Honswinging 110,500 10,500 1-1.450
Peneatration Asgembly  Assembly Max.  Assembly  Assembly Max.  Assemibly  Assembly Max.
Maz, U SHGC Max. U SHGC Max. U SHEC
Fersical (lazing, % of Wall
MNonmeial framing (all)? 1U-0.35 11-0.35 U-1.20
Metal framin,
memwm;m&mf U055 shocamar U™ specosma U srocam all
Metal framing (entrance door)® U080 U-0.80 U-1.20
Metal framing {all other)® U-0.55 U-0.55 U-1.20
Shpdigrht wich Cuarb, Glass, % of Boof
09%-2.0% U117 SHG(;E“—l].dB Uggpt17 SHOC, 0.4 U198 MIU-HH'
1% 5.0% Ugy 117 SHGC, ;039 Uy Li7 SHGC ) 039 EPTREL] EETE]
Skligh with Curb, Flastic, % of Roof
[95-2.0% Ugyp-1.00 ST, LT Lr“n—:l.m BHGC,) 077 NTRE SHOC R
1% 5 0% ERT=RT] SHOC, 062 U110 SHGC ;06 grite SHGC ) R
Shplighe without Carb, AN, % of Roof B —
0156200 Uy 089 SHOC, -4 U262 SHLK.:B:" .45 U136 SHEGC, y-NE
21%-5.0% Uyl 057 e B T I3 Ugyriae SHGL |- HE

*The following definitions apply: ¢.i. = Gontinuoe: insulation (e Saction 3,.2), NE = 0o (insulstion) requirement.

“Exception o Section A3.1.3.1 spplics.

b}qmmmjﬁmmmﬁmmmmmmmarmm reinforcing of clhudiing.
"Ml Framing includes metal Friming with of withoul thermal break. The "ol ofer” sebeaiegory inchades operable windows, fived windows, and non-entrence doors.

Michael B Dean
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Appendix E

TABLE 6.8.1B Electrically Operated Unitary and Applied Heat Pumps—

Minimum Efficiency Requirements
Equipment Heating Subeategary or Il i Test
Size mum
Type e Category Section Type Rating Condition Efficicncy® ';“"“f;
e
) " 10.0 SEER (before 1/23/2006)
- Split system
[ r.::-E Dﬁ?ﬂﬂ} e Al Pty 13.0 SEER (ns of 1/723/2006)
Bl i 9.7 SEER [befors 1/23/2008)
i Single package 1 o SEER (as of 1123/2008)
10.0 SEER (before 1/23/2008)
Sphit system 10,9 SEER (a5 of 1/23/2006) ARl
- 12 5EE
 Through-the-wall 230,000 BigP Al SEER {as of L23/2010)  210v240
(air coled, cooling maode) 9.7 SEEM. (before 1/2372006)
Bingle package 106 SEER. {ps of 1/23/2006)
12.0 SEER. {as of 1/23/2010)
Senall-duct bigh-velocity oo g py e Al Split system 10 SEER

(nir epoled, cooling mode)

Electric resiatance (or none) Split system and 10.1 EER (before 1/1/2010)

265,000 Biw'h and single package 110 EER (as of 1/1/2010)
<135,000 B All other Split systemand 9.9 EER (before 1/L2010)
single package 10.8 EER. {as of 1/1/2010)
. Splitsystemand 9.3 EER (hefore 1/1/201
135,000 Bawh and 2 e {or noac) mr"uzb: packnge 10.6 EER (2t of L.-'lﬂmgjj
Air cooled <240, 100 Bha'h Al odhae Splitsystemand 9.1 EER (before U1/2010)  ARI
{coaling mode) single packnge 10.4 EER (as of 171/2010) 03460

. 9.0 EER. {befors 1/12010)
Electric resistance (ornone) DL BYSRIAIA g e of 1/12010)

singhs packags
9.2 IPLV
240,000 Btu/h
000 ol wmg B8 EER (before 101/2010)
All othes ’ 1':”‘“‘ 9.3 EER fas of 1/1/2000}
ingle package 9.0 IPLY
<17,000 Btu/h Al 86°F entering water 11.2 EER 150-
’ : 13256-1
Waler source 217,000 Biwh and " , 150-
i wier J
{cooling mode) 65,000 Btwh Al S°F entering IZOEER 13256-1
65,000 Btwh and ] 150-
<135,000 Buah All 36°F cntering water 120 EER 13256-1
Cinpundwales Source 150-

- 132561
oooling mods) <135,000 Bowh All 59°F entering waber 162 EER Sl
Ciround souree . I30-

< All 7 ;
{cooling modc) 135,000 BroT _ T°F enbering water 13.4 EER 13256-1
. 6.8 HSPF (before 1/23/2006)
Air cooled <65,000 B Split system 7.7 HSPF (as of 1/23/2006)
(heating mode) {ronling capacity) - Single package .6 FISPF {before 1/2Z3/2006)
R 7.7 HSPF (s of 1/23/2006)
.8 HEPF (hefors 1/23/2006)
Split system 7.1 HSPF (85 of LZAR006)  ARI 2100
Through-the-wall, <M),000 Biwhk® 7.4 HSPF (as of LA232010) 240
(it cooled, beating mode)  (cooling capacity) 6.6 HEPF (hefore 1/23/2008)

Single package 7.0 H3FF (as of 1/23/2006)
7.4 HSPF (nas of 1/23/2010)

— Split system 6.8 HSPF

Small-dart high-velocity < 63,000 Buwh®
{air cooled, heating mode)  (cooling capacity)

|
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Appendix F

TABLE 6.5.3.1.1A Fan Power Limitation®

Limit Constant Volume Variable Volume
Option [: Fan System .
Motor Nameplate hp Allowable Nameplate Motor hp hp < CFMg- 0.0011 hp = CFMg - 0.0015
Option 2: Fan System bhp Allowable Fan System bhp bhp < CFMe - 0.00094 + 4 bhp < CFM - 0.0013 + 4
Lwhere

CFMg = the maxinmum design supply airflow rate to condiioned spaces served by the system in cubic fet per minute
hp = the maximum combincd motor nameplate horsepower
bhp = the maximum combined fan brake borsepower
A = gum of (PD = CFMp/4131)
where
P = each applicable pressure drop edjustment from Table 6.53.1_1B in in. we.
CFMp = the design airflow through cach applicable device from Table 6.5.3.1.1B in cubic fect per minuts

TABLE 6.5.3.1.1B  Fan Power Limitation Pressure Drop Adjustment

Device Adjustment

Credits

Fully ducted return and/or exhanst air systems 0.5 in, w.c.

Return and/or exhaust airflow control devices 0.5 in. w.c.

Exhaust filters, scrubbers, or other exhaust treatment The pressure drop of device calculated at fan system design condition
Particulate Filtration Credit: MERV 9 through 12 ' 0.5 in. w.c. '

Particulate Filtration Credit: MERV 13 through 15 0.9 in. w.c.

Particulate Filtration Credit: MERV 16 and greater Pressure drop calculated at 2x clean filter pressure drop at fan system
and electronically enhanced filters design condition

Carbon and other gas-phase air cleaners Clean filter pressure drop at fan system design condition

Heat recovery device Pressure drop of device at fan system design condition

Evaporative humidifier/cooler in series with another cooling coil Pressure drop of device at fan system design condition

Sound Attenuation Section 0.15 in. w.c.

Deductions )

Fume Hood Exhaust Exception

—1,0 m, w.c.

(required if 6.5.3.1.1 Exception [c] is taken)

|
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Appendix G
Light Wattage | 1st Floor | 1st Floor | 2nd Floor | 2nd Floor 3rd 3rd 4th 4th
fixture Quantity | Wattage | Quantity Wattage Floor Floor Floor Floor

Michael B Dean Stephen Treado Ph.D



