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Executive Summary

This document discusses the design requirements for the expansion of the Germantown
Campus of Montgomery College and includes information on Design Requirements for
Energy(Architectural, Mechanical, Electrical & Plumbing), Equipment Preferences,
Commissioning, Green Building Requirements and Operations & Maintenance. The
requirements for the central plant are also discussed.

For further information pleas contact:

J. Michael Whitcomb, P.E.
Energy Manager

Montgomery College

Office of the Director of Facilities
Central Administration

Rm 315

900 Hungerford Dr.

Rockville, MD 20850

Phone: 301.251.7375

Fax: 301.251.7379
e-mail:mwhitcom@mc.cc.md.us
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SECTION 1

INTRODUCTION



Introduction

Introduction: This document has been prepared by the Montgomery College Energy
Manager for the Owner, A/E and Construction Management team. It is a document,
intended to be used as the outline for discussions on the development of the
Germantown Child Care Center building and building systems and will be modified as
required to include details of the Germantown Campus expansion project. In order to
consolidate requirements, this document also contains specific lists of types of
equipment, specific brands and standards desired by the Office of Facilities.

Energy, Building Code Authority: The Montgomery County Code, Chapter 8, Section
8-14A, Building Energy Design Standards, requires that all buildings built with
Montgomery County Council funds meet minimum requirements for energy efficiency.
The code places enforcement responsibility with the Montgomery Department of
Environmental Protection and the Office of the Director of Facilities, Montgomery
College. Submission of the required documents, i.e. reports, drawings and specifications
and receipt of formal approval of those documents by the Montgomery College Office of
Facilities will constitute compliance with the code.

Background: Montgomery College has been building energy efficient buildings since
the mid 1980’s. In the early 1990’s the College completed Utility Master Plans for all
three campuses, and provided the basis for installation of the central plants. The central
plants provide both chilled and hot water using high efficiency equipment and demand
management techniques such as ice thermal storage and co-generation. The loads on the
central plant are based upon the buildings being as efficient as possible and include
proper design of envelope, lighting, daylighting, HVAC, controls, commissioning,
operations and maintenance. The resource conservation techniques implemented by the
College have resulted in a reduction in the utility operating budget in light of continued
increase in demand. The College is also a leader in the use of renewable resources, (solar
electric and solar thermal) and strives to reduce the environmental impact of its
operations.

Project Goals: The College goals are to provide facilities to meet the needs of the
College’s mission by providing a suitable environment for student success, while
minimizing operating cost and the impact on the environment. The project will attempt
to obtain a Silver LEED certification. The issues are many, i.e. occupant comfort, indoor
air quality, maintenance, environmental impact, recycling and electricity reliability. To
meet these goals the College asks its team members; College project representative, A/E
team members and Construction Managers to combine their talents and creativity to
optimize the design. An Energy Budget goal of 40,000 Btu/Gross Interior Square
Foot/yr is assigned to the Germantown Child Care building. The following provides
guidance on some of these issues.




Implementation of these Energy Design Guidelines: ASHRAE Std. 90.1-2001,

Energy Standard for Buildings Except Low-rise Residential Buildings, Ref. 1, is the
basis for the design of the College’s energy efficient buildings. Where necessary the
Montgomery County Energy Design Guidelines, Ref. 2, have been included to provide
design guidance. When the guidelines reference an ASHRAE standard the design team
will use the latest revision of the standard. For example, ASHRAE Std. 90-1, 1989 is
referenced extensively throughout the guidelines. The design team shall use ASHRAE
Std. 90-1, 2001 instead.

Overview, Attachment 1-1, provides design team guidance and describes the functions of
the design team. The design team will comply with this section and use the “roadmap” to
assure compliance.

References: The following references will be used as back-up documentation for the
project, the project team should obtain these documents:

1. ASHRAE Std. 90.1-2001 - Is the latest version of the Energy Standard for
Buildings and will be used to develop the Energy Cost Budget Method
(Energy Analysis) of compliance. Obtained from ASHRAE.

2. Montgomery County Energy Design Guidelines(EDG) - These guidelines as
refined by the Office of Facilities provide guidance on the requirements for
energy code compliance. EDGs have been incorporated in this document as
required by Montgomery College.

3. 90.1, User’s Manual - Is the user’s manual for the ASHRAE Std. 90.1-2001
and contains explanations on the use of the standard and compliance forms.
Obtained from ASHRAE.

4. Germatown Utilities Master Plan - This document was developed by Wiley &
Wilson and describes the plan for the utilities expansion on the campus.
Provided by Montgomery College.

5. Program Justification and Description.

6. ASHRAE Std. 62-(Latest Version), Ventilation for Acceptable Indoor Air
Quality. This document describes the requirements for the design of
acceptable indoor air quality. Obtained from ASHRAE.

7. ASHRAE Std. 15-(Latest Version) Safety Code for Mechanical Refrigeration,
Design of Mechanical Rooms, latest edition. This standard describes the
requirements for the design of refrigeration systems. Obtained from
ASHRAE.



8. ASHRAE Std. 11-(Latest Version), Commissioning Guidelines, latest
edition. This standard describes the requirements for system commissioning.

9. Installation of a 26 Kilowatt Solar Photovoltaic Thin Film Amorphous Silicon
electrical Generation System, Science and Applied Studies Building,
Germantown Campus. This document describes the design of a solar
electricity generation plant on the roof of the SAS building on the
Germantown Campus. Provided by Montgomery College.

10. ASHRAE Std 55-(Latest Edition), Thermal Environmental conditions for
Human Occupancy. Obtained from ASHRAE.

11. Leadership in Energy and Environmental Design(LEED), Green Building
Rating System.

12. ASHRAE Guideline OP — The Commissioning Process.



Overview

The Energy Design Guidelines forms an integral part
of the contract for design of an energy efficient
building as entered into by the Architect/Engineer and
the building Owner. The Guidelines provide very
specific directions on energy design elements for each
member of the design team. The Guidelines assume
familiarity with contract requirements for energy
analysis and performance requirements. Therefore,
each member of the design team will want to
thoroughly review and understand the following
elements of the contract, prior to using this manual:

"Articles of Agreement”

The contract main body forms agreements on the
overall design approach, including energy analysis
methods, life-cycle-cost approach, role of the energy
analyst, and the maximum design energy use of the
building, if required.

"Scope of Services”

The Scope of Services describes specific services and
levels of detail by phase of design for energy, lighting,
mechanical and electrical items.

"Energy Report Formats"

This exhibit provides detailed reporting requirements
for Schematic Design and Design Development
Energy Reports, including both form and contents of

the required reports.

After reviewing the contract, all players in the design
process should read this Overview Section. The design
Architect, his electrical and mechanical engineers, the
energy analyst, and the government engineer and
project managers must all be familiar with the process
and basic technologies presented here. The Overview

has four key sections:
= Role of the Energy Analyst

The design team must designate a qualified Energy
Analyst acceptable to the Owner. The Energy Analyst
is responsible for coordination of energy design
requirements on the design team. He will play a
pivotal role in successful implementation of energy
guidelines on this project.

Energy Design Guidelines
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The des:gn ‘process will

proceed  most smoothly
when all team members
follow the process
de'"s‘c’ribed here.

Overall, the Energy
Analyst must ensure
quality control for all
energy design aspects of
the project.

n Ground Rules

Important "ground rules” for the design effort are
described including the integrated design approach for
cost control.

u Management Road Map

Management strategy for efficient design is
summarized in a "management road map". The flow
chart serves to keep the design on track to energy
efficiency through a system of feedback and check
points. The design process will proceed most smoothly
and with minimum confusion when all members of the
design team understand and follow the process

described here.
L] Technology Application Matrix

the Overview presents a technology summary for
energy-efficient building design, indexed by building
size. A "Technology Application Matrix" is presented
to show the standards, technologies, and design
approaches appropriate to each building. All members
of the design team need to be informed of the
technological choices and requirements already
established for the building.

From here, different disciplines on the design team
will be directed to specific sections of the Guidelines

for detailed design guidance.

Role of the Energy Analyst

As part of contract requirements, the Architect must
designate a qualified Energy Analyst to coordinate
energy design requirements. The Energy Analyst on
the design team needs to review and become familiar
with all the material in these guidelines relevant to the
project under design. It is the responsibility of the
Energy Analyst to coordinate energy requirements
within the design team, including the Architect,
Mechanical designer and Electrical Designer.
Specifically, the Energy Analyst is responsible for:

1) Understanding all energy guidelines and
communicating them to the design team,

2) Making other team members aware of criteria
which affects their design and redirecting

design when necessary,

Energy Design Guidelines
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Energy

"Ground Rules"

3)

4)

5)

Attend all meetings where major Architectural
decisions will be made, and advise the designer
of impacts of such decisions on energy
consumption, meeting prescriptive criteria and
meeting the Energy Program of Requirements,

Performing the required energy analysis and
preparing detailed reports,

Reviewing plans and specifications for correct
and complete implementation of energy
features prior to each submission for review by
the Owner.

Overall, the Energy Analyst must ensure quality
control for all energy design aspects of the project.

Ground Rules

Energy ground rules are the guiding principles for
making decisions that affect energy use of the building.
The Architect and the design team must all be aware
of these rules in order for the design to proceed

» In teg rate ] Energy smoothly to the Owner’s acceptance. Some ground
features into the rules will be specific to a building. The general rules
design at the that apply to almost all our projects are as follows:
earliest phases. 1) Energy features must be integrated into the

' building from pre-design phases, not "added in"

o Make early at late phases. For example, daylit buildings
decisions as an must include appropriate roof monitors and
interdisciplinary tsl:;i buildin%rensust beAcorrlectly otrliented during

; ematic ign. At a later phase it may be
;?::gylgﬁ)a:?;;g by too late to achieve acceptable results.
2) Major decisions must be made as a team and

o Pursue cost trade- vased on energy analysis. Typically the
offs through an Architect works alone during schematic design
. . to configure the building shape and exterior
mtegrated dGSlgn elevation. This approach does not work well
approach. with advanced energy guidelines that limit glass

area and promote climate-responsive design.

. When cost conflicts The Architect neleds to in;;ite participation of

" the Energy Analyst in the early design to
eme,:ge’ use more ensure prgcriptivzs and program quuirergnents
thinking, not more are met and to help optimize design. Energy
money." analysis must be used to make informed

decisions since "intuition” is often mistaken
concerning commercial building energy use.
Overview Page 3
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3) The cost of the project must always be viewed
as_a whole. In new buildings, an energy
improvement almost never exists in isolation
and cost increases in one area will be balanced
by cost decreases in another. For example,
high-efficiency lighting fixtures with good
optical control are "expensive” per fixture, but
lower in total project cost because fewer
fixtures are needed, electrical distribution costs
are smaller, and total air-conditioning first
costs are often reduced by 20%.

4) Both the energy budget and project cost

budget must be met. Experience in our
projects and around the nation shows that

both energy and first-cost can be controlled
together. Conflicts emerge primarily when one
or more of the energy ground rules have been

i overlooked.

Energy Design Guidelines Overview Page 4



The process of producing

~an energy efficient
building - extends all the
way from drafting the
Program of Requirements
for the building through
construction and the initial
year of occuparcy.

Management Road Map

The process of producing an energy efficient building
extends all the way from drafting the Program of
Requirements for the building through construction
and the initial year of occupancy. We expect the
Architect/Engineer to be involved through most of this
process and to assume major responsibility for the
outcome. The overall process flow charts or "road
map" appear on the following pages.

In most cases, the design processes and standards
currently used by Architects and Engineers will not
suffice to meet our goals for energy efficiency. The
Architect must resist the tendency to proceed with
normal design approaches that assume energy
standards can be "added on" later. The best way to
avoid wasted effort and redesign is to carefully follow
the requirements for early coordination, briefings, and
reviews described in this section.

The following section on Responsibilities describes the
underlying role requirements for team members on the

road map.

Responsibilities

Owner’s Project Manager. The Project Manager
ensures that events occur in the proper order as
shown on the charts. Design should not be allowed to
proceed without required meetings and energy report
approvals at Schematic and Design Development.

Design _Architect. The Architect ensures that the
design team has appropriate expertise to carry out all
requirements indicated. The Architect ensures that all
disciplines follow the energy ground rules and work
together to achieve energy efficiency and cost control
in the design.

Energy Analyst. The Analyst provides analysis and
review internal to the design team on compliance with
energy requirements and optimization of design. He
also compiles energy reports and provides the
interface with  Energy Engineer. The Analyst
provides overall Quality Control of energy
requirements in the design process.

Owner’s Energy Engineer. The Energy Engineer
provides the Owner’s Quality Assurance of energy
efficient design. The Energy Engineer reviews
credentials of the proposed Energy Analyst and

Energy Design Guidelines
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approves or disapproves the appointment. The Energy
Engineer reviews required energy reports and checks
implementation on the plans and specifications. When
the designer’s quality control is found to be
inadequate, the Energy Engineer may require removal
and replacement of the Energy Analyst.

Design Mechanical Engineer. The Mechanical
Engineer provides implementation of all mechanical
system energy efficiency requirements, indoor air
quality and ventilation requirements, energy
management requirements, and mechanical
commissioning requirements. The Mechanical
Engineer participates in all meetings involving
functional zoning of the building, HVAC system types,
and location and size for mechanical rooms.

Lighting Designer. The Lighting Designer uses the
Owner’s requirements for design approach to create a
functional lighting system tailored to the individual
spaces of the building and meeting all wattage budgets.
The Lighting Designer uses furniture layouts provided
by the Architect in the process. The lighting designer
calculates the wattage budget and actual lighting
wattage for use by the Energy Analyst and Mechanical
and Electrical Engineers at Schematic Design and
Design Development. The lighting designer provides
complete specification of all lighting equipment and’
controls following the Owner’s Guide Specifications at
Design Development.

Design Electrical Engineer. The Electrical Engineer
provides implementation of all electrical system energy
efficiency requirements, and electrical commissioning
requirements. The Electrical Engineer participates in
all decisions involving distribution of electricity, and
location and size of electrical rooms.

Owner’s Maintenance Engineer. The Maintenance
Engineer provides requirements on maintainability and
accessibility of all mechanical and electrical systems at
the Pre-Design briefing and all subsequent review
meetings.

Owner’s HVAC Engineer. The HVAC Engineer
provides the Owner’s Quality Assurance of mechanical
systems, drawings and specifications in accordance the
Owner’s Design Guidelines. Where the designer
consistently fails to follow the Owner’s standards the
HVAC Engineer may recommend issuance of a
Contract Monitoring Report to restrict the designer
from further work with the Owner until problems are
resolved.

Energy Design Guidelines
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Process Flow

The "management road map" consists of several flow
charts portraying the different phases of design. In
front of each chart, an index provides detailed
description of the steps involved at that phase and a
listing of the players involved.

The process spans the following phases:

Selection
Pre-Design
Schematic Design
Design Development

Construction Documents

Please review the entire process now, then refer back
to this section as needed during the design process,
especially at the start of each new phase.

Energy Design Guidelines
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Energy Program of

Project

Overview

Requirements Manager
Energy Engineer reviews
project and existing buildings EEngrg y
and writes Energy P.O.R. for ngineer
design of the facility.
Request for Proposals Project
Manager
Issue RFP for design EE nergy
services including: ngineer
Energy P.O.R. |
Energy Rating Sheets
(mandatory submission forms)
Selection Project
Manager
Select Architect based on :
proposal scores. Energy CS elect'/ on
criteria should be weighted as ommittee
15 to 25% percent of total
points.:.
Negotiations Project
Manager
Architect and team members Owner’s
must become thoroughly
familiar with the Contract, Ein?rg y
Scope of Services and Program gineer
of Requirements for design. )
Architect
Preview the Energy Guidelines.
. Energy Analyst
Propose an Energy Analyst and
submit credentials for review.
Notice to Proceed Project
Manager
Successful conclusion of
negotiations will result in Notice
to Proceed on Schematic
Design.
Selection Page 8



6 | Transmit Guidelines Project
Manager
With Notice to Proceed on Architect
Schematic Design. Architect
read Overview and make
| copies for team members.

7 | Distribute Sections Architect
Each discipline must receive
guidelines affecting their
desigr.

8 | Read Sections All Team

Members
Each team member must
| become thoroughly familiar
with the guidelines affecting
their. design, prior to the Pre-
Design Briefing.

9 | Set Up Pre-Design Project
Meeting Manager
Notify the Architect that the
complete design team
attends this meeting. Notify
all members of the Owner’s
project team.

10 | Attend Pre-Design Project
Energy Meeting Manager
Energy Engineer to present Owner’s
process overview and answer | Project Team
any technical questions from
the design team. Design Team

Overview

Pre-Design

Page 9




“ Design Team Provides II Owner's Team Provides “

ARCHITECT
Continue from here

PROJECT

MANAGER
Continue from here

L

Receive Guidelines [ Guidelines ] [6]  Transmit
u Read OVERVIEW Bad Guidelines
u Make Copies to Architect
[7] Distribute | [8]  Read
Sections Sections

Complete Set to: " Energy Analyst
Envelope to:"  Architect

HVAC/EMS and -
Ventilation to:©  Mechanical Engineer
Lighting to:  Lighting/ _ [9] set Up

cal Engineer Pre-Design Meeting |

[ >

[10]
Attend Pre-Design Energy Meeting

OVERVIEW to: Everyone

Design Team: Owner's Team:
Architect Project Manager
Electrical Engineer Engineer

Mechanical Engineer Energy Engineer
Energy Analyst Maintenance Engineer
Agenda; ‘Process Overview"

Ground Rules: = Design Integration
s Budgets

Responsibilities of the & Coordination
Energy Analyst = Design Checks
u Reports

Energy Strategy: = Thermal Envelope
[Options to be w HVAC systems
Analyzed] = Lighting

N/ GO TO NEXT PAGE

Overview Pre-Design Page 10



11 | Prepare Minutes of Pre-

Design Meeting
Architect

Close the loop on important
initial directions with detailed
minutes of the meeting.

12 | Establish Boundaries of Architect

- Design
Energy Analyst

Determine all initial Electrical
prescriptive requirements the Engineer
design must meet as
described in the Schematic .
Energy Report format and MEGCh.a nical
detailed in ASHRAE 90.1 and ngineer
the Energy Guidelines.
The Energy Analyst reviews
this effort for completeness
and accuracy.

13 | Make the Major Design Architect
Decisions as a Team

Owner’s

Organize meetings with the
Energy Analyst, design team,
and Owner to come to an
initial design that solves the
major requirements of the
Program of Requirements.

Project Team

Design Team

Overview Schematic Design

Page 11



“ Design Team Provides

Attend Predesign Energy Briefing

ARCHITECT continue from here

A

Transmit to Owner

[11] Prepare Minutes of Pre-Design Meeting
Document major decisions, options, directions

[ Review ]

[ Minutes ]

Ownert’'s Team Provides

Owner's Energy
Engineer

>

L

[12] Establish Boundaries of Design

(Prescriptive Criteria)
Architect Mechanical Lighting / Electrical

Engineer Engineer
R-values {roof,wails] : Efficiencies nghting ‘Waitage
Glazing Properties Economizer Cycles : Budgets: L
Window/Wall Ratia Ventilation Interior
Exterior

Energy Analyst Receives and Reviews Values

Overview Schematic Design Page 12

U

[13] Make the Major Design Declisions
as a Team

Schematic Design Work Sessions and "Charrettes*

Design Engineers

Project Manager

Architect

Spece Layouts  ; Equipment Space (HVAC Engineer

Elevations i Solar Loads {Enetgy Engineer)
i HVAC zoning (Maintenance)

Energy Analyst Advises All Decisions affecting Energy Use

Orientation (Heat Recovery) Operating Hours
Windows/Monitors  (Daylighting)
Overhangs

L

GO TO NEXT PAGE

Project Manager
Continue from
Here

\I



14

Perform Energy Analysis

Analyze the proposed
building as & whole for

Designs that da not meet

annual energy use. Compare
fife-cycle-cost of designated
options in HVAC systems,
thermal envelope.

The Analyst may wish to have
the Owner’s Energy Engineer
review the input for the
computer analysis prior to
initial runs.

prescriptive or energy budget
requirements must be

Energy Analyst

Owner’s
Energy
Engineer

15

Generate Schematic
Documents

Once acceptable energy
design is achieved, prepare
schematic documents and
Schematic Energy Report.
The Energy Analyst reviews
the documents for
completeness and accuracy
of energy features.

Architect

Energy Analyst
Electrical
Engineer

Mechanical
Engineer

16

Owner Reviews

The Schematic Energy Report
will be reviewed by the
Energy Engineer against the
Program of Requirements,
Energy Guidelines and Report
Formats. Unacceptable
results will be retumned for
reanalysis or redesign before
proceeding to Design
Development.

Owner’s
Project Team

Overview Schematic Design

Page 13



Design Team Provides “ Owner’s Team Provides

Make Major Decisions as a Team

ARCHITECT continue from here

U

[14] Perform Energy Analysis

Review Comments

Enter Prescriptive Analyze Envelope
Criteria Options '([ Corrections ]
Analyze HVAC Energy Bar Charts Preview Input (Optional Step)
Options Energy Budget [ Copy of input ]> Energy Engineer
Modify NO Acceptable Results? YES

[15] Generate
Schematic Documents
Schematic Energy

Drawings
Report

Outline Certificate of
Specifications Compliance

[16]
Owner's
Reviews

[ S/D Report ]

Energy Analyst Reviews all Documents Acceptable Design? NO

Transmit To Owner

U

Notice to
Proceed for
Design
Development

U GO TO NEXT PAGE

Overview Schematic Design Page 14



17

Notice to Proceed
on Design Development

After approval of the
Schematic Energy Report and
acceptance of Schematic

Design by the Owner,

the Project Manager issues
Notice to Proceed on the next
phase of development.

Project
Manager

18

Develop the Design

Develop the design to the

fevelofdela]lmquiredbylhe

Scope of Services and

.Design Development Energy
Repo:t. T .

| Claniy all destgn Intent:ons in i

lighting, .
thermal envelope,
energy management, and

HVAC systems.

Architect

Design Team

19

Perform Energy Analysis

Analyze the proposed
building as a whole for
annusal energy use. Perform
optimization where required.

Designs that do not meet
prescriptive or energy budget
requirements must be
reconsidered.

The Energy Analyst may wish
to have the Owner’s Energy
Engineer review the input for
the computer analysis prior to
final runs.

Energy Analyst

Owner’s

Energy
Engineer

overview  Design Development Page 15
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20 | Generate Documents Architect

Energy Analyst

Once acceptable energy Electrical
design is achieved, prepare Engineer
design development
documents and the DGSIgn Mechanical

Development En Report. )
ergy Hiepo Engineer

The Energy Analyst reviews
the documents for
completeness and accuracy
' of each energy feature, prior
to submitting to Owner.

21 | Owner Reviews Owner’s
Project Team

The Qesfgn Development
reviewed by the Energy
Engineer agamst the Program
of Requirements, Energy
Guidelines and Report
Formats. - Unacceptable -
results will be returned for
reanalysis or redesign before
proceeding to Construction
Documents.

Overview  Design Development Page 16



Design Team Provides ﬂ Owner's Team Provides “

ARCHITECT continue from here
y. C

(NT-P] [17] Notice to Proceed

[18] Deveiop the Design

m Lighting Layouts and Control zones
m Single Line HVAC drawings

» Mechanical Control and Zoning

s Roof and Wall Construction

u Elevations:
(Fenestration, Overhangs, Roof Monitors)

<

’ [19] Perform Energy Analysis , (Review Comments]
Actual Lighting Actual Envelope; 4

Wattage Roof, Wall, Glass _‘:[ Corrections )
Actual HVAC Energy Controls Preview Input (Optional Step)
Equipment Energy Budget [ Copy of Input ] Energy Engineer
>
Modify NO Acceptable Results? YES ’

[20] Generate
Design Development Documents

Drawings Final Energy Report

Outline Certificate of

Specifications Design Compliance [21]
Owner’'s

[ O/D Report ]

Reviews

L

Notice to
Proceed for
Construction
Documents

:\ Z GO TO NEXT PAGE

~

Overview Design Development Page 17

Energy Analyst Reviews all Documents Acceptable Design? NO

Transmit to Owner




22 | Notice to Proceed Project
on Construction Manager
Documents

After approval of the Design
Development Energy Report
and acceptance of Design
Development by the Owner,
‘the Project Manager issues
Notice to Proceed on the next
phase of development.

23 | Finalize the Design Architect

Design Team

- Finalize the design to the
‘ Ievel of detail requ:red by the

Design Guidelines

Spec:fy and detail aII des:gn
elements m b

Lighting, .

Thermal Enveiope

Energy Management ‘and’
HVAC Systems.

24 | Verify Details Energy Analyst

Review the building design as Owner’s
a whole for compliance with: Energy
Thermal Envelope Integrity, Engineer
HVAC System Efficiencies and
Energy Management controls,
duct and pipe insulation,
Lighting fully specified and
layout coordinated with final
furniture and landscaping,
and Commissioning Plan.

Augment all details and
specifications as necessary to
fully cover energy design
requirements.

Overview Construction Documents Page 18



" 25 | Generate Documents Architect

Energy Analyst
Once acceptable energy Electrical
design is achieved, prepare Engineer
Construction Documents.
' Mechanical
The Energy Analyst reviews )
rgy Analy Engineer

the documents for
completeness and accuracy
of each energy feature, prior
to submitting to Owner.

26 | Owner Reviews Owner’s
Project Team

i The Construction Documents
will be reviewed by the
Energy Engineer for Quality
Assurance of all energy
requirements. Unacceptable
results wilf be returned for
increased Quality Controt
before proceeding to Bid.

overview Construction Documents Page 19



Design Team Provides “

ARCHITECT continue from here

[N-T-P ]

Owner’'s Team Provides

[22] Notice to Proceed

.

[23] Finalize the Design

m Lighting Layouts and Control zones

s Double Line HVAC drawings

a Mechanical Control and Zoning

s Roof and Wall Construction Details

u Elevation Detalls:

(Fenestration, Overhangs, Roof Monitors)

s

[Review Comments}

’ [24] Verity Detalis '
Co Thermal Envelope

mplete and
Correct Lighting Details (NIST);
Specification Air tightness,
No bridging
HVAC; Energy

Management Points
Commissioning
Specification

Sequence correct,
Efficiencies shown,
Duct Insulation

Acceptable Details? YES

Modify NO

[25] Generate

Construction Documents

Detailed Drawings

Complete
Specifications
[ Bid Documents }

Energy Analyst Reviews all Documents

Acceptable Design?

NO

<

Notice to
Proceed with
Bidding

END OF DESIGN
PROCESS

overview Construction Documents Page 20




Together, the matrix
elements address the
major energy problems in
government and
commercial buildings and
form a firm basis for
achieving desired energy
performance levels.

Guidelines Summary

This manual addresses the standard equipment, design
methods and design criteria required for new construction

and renovation projects of various sizes. A summary
matrix appears below. One enters the matrix by selecting
the size of building from the categories to the left, and
then reading across to review specific technologies for
Mechanical, Architectural and Electrical disciplines. To
these technologies one must add the criteria shown
across the top row for "ALL BUILDINGS".

The matrix represents decisions and selections made by
the. Owner in an organized and coordinated manner,
based on life-cycle-cost analysis, advanced national
standards, and research recommendations from a number
of sources. Together, the matrix elements address the
major energy problems in government and commercial
buildings and form a firm basis for achieving desired
energy performance levels. At the same time, the matrix
provides for modern standards of good lighting,
acceptable indoor air quality, and architectural creativity.

Review the matrix at this time familiarize yourself with
the intended direction of energy conservation desired by

the Owner. Technologies for individual buildings may be -

changed by the Energy Program of Requirements or at

the Pre-Design meeting.

After completing this Overview, members of the design
team should go on to study the detailed sections of the
Energy Design Guidelines relevant to their work.

Specifically:

Energy Analyst:
Architect:

Mechanical Engineer:

Electrical Engineer:

The Architect should provide copies of indicated sections

Read all Sections

Read
Read
Read
Read

Read

"Thermal Envelope”
"HVAC
" Energy Management"

"Ventilation/IAQ"

"Lighting"

to the indicated team members.

)M\\

Energy Design Guidelines

Overview
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Guidelines Summary

' Mechanical

‘Architectural

| Electrical

HVAC Equipment EfficienciesTable
Baseline Air Systems Design Criteria
ASHRAE 90.1 Sect. 9: HVAC Systems
ASHRAE 62: Ventilation for
Acceptable Indoor Air Quality

Premium Efficiency Motors

Condensing Boilers and Furnaces
(where gas is available)

ASHRAE 90.1 Section 8.5:
Envelope Component Packages

NIST Envelope Guidelines:

Thermal Integnty Details
Comprehensive Air Barrier

High-Performance Windows:
NFRC U < 0.39 Btu/hr-ft2-F
SC <0.55

Daylighting Basics
Light color Retractable Blinds
Glare Control (Overhangs)

ASHRAE 90.1 Section 6.6:
Wattage Budgets (x 65%)

IES Light Levels with
Localized or Task Lighting

T8-Lamps/Electronic Ballasts
CFL 13 for Task, Accent and
Downlights

HPS Exterior Cut-off Fixtures

Convenient, Flexible Switching
Occupancy Sensors ( > 300 W )
Switching zoned with Daylight

DDC Plant and Distribution Controls
DDC Terminal/Temperature Controls
VFD's on System Pumps/Fans
Draw-through Towers (Propeller)

HVAC System Options:

1 Water-Cooled Centrifugal Chiller
VAV Air-Handling/VFD

2 Water-Cooled Screw Chiller
VAV Air-Handling/VFD

3 Hydronic Heat Pump

Core Daylighting Analysis
Perimeter Daylighting/Controls

Tinted / Reflective Windows

Air-lock Vestibules

Automatic Daylight Controls:
Photocell Control in Non-Task Areas

Exterior Lighting Management
through DDC system

Interior Lighting Management
through DDC (zone by floors)

DDC Plant and Distribution Controis
DOC Terminal/Temperature Controls

HVAC System Options:

1 Central Screw Chiller
VAV Air-Handling/VFDs

2 Central Reciprocating Chiller
VAV Air-Handling/VFDs

3 Hydronic Heat Pump

Core Daylighting Analysis
Perimeter Daylighting/Controls

Tinted / Reflective Windows

Air-lock Vestibules

Automatic Daylight Controls:
Photocell Control in Non-Task Areas

Exterior Lighting Management
through DDC system

Interior Lighting Management
through DDC [zone by floors]

DDC Plant and Distribution Controls
DODC Terminal/Temperature Controls

HVAC System Options:

1 Central Chiller
VAV Air-Handling/VFDs

2 Split System Heat Pump

3 Split System w/ Gas Furnace

Perimeter Daylight / Windows

Air-Lock Vestibules

Exterior Lighting Management
through DDC system

Interior Lighting Management
through DDC [ 2 or 3 zones ]

DDC Package Control Interfaces
DDC Unitary Controller

o Smalk
. Buildings

Exterior Lighting Management
through DDC Unitary Controller

CFE = Compact Fluorescent Lamp
VAV = Variable Air Valume

: .. HVAC System Options:
i ’2'»?,00 “iz | 1 Packaged Terminal A/C
. te.
. ¥0,000 sf
o 2 Packaged Heat Pump
3 Split System w/ Gas Furnace
R . HVAC = Heating, Ventilating, and
: G!Ossary .. Air-canditianing

VFD = Variable Frequency Drive
DBC = Direct Digitat Control

A/C = Air Conditioning

IES = Hluminating Engineers Society

NIST = National Institute of Standards
and Technology

ASHRAE = Am:. Sac. of Heating;,

Refrigerating & Air-Canditioning Eng.

o07/98




SECTION 2
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REPORTS



Section 2 - Energy Analysis & Reports

Introduction

The Energy Analysis & Life Cycle Cost shall comply with the ASHRAE Std. 90.1-1999,
Energy Cost Budget Method and instructions in these sections. There are two reports
required, one at the schematic design phase and one at the design development phase.
Certification by a Registered Professional Engineer is required for code compliance.

Energy and Life Cycle Cost Analysis

The Energy Analysis shall comply with the ASHRAE Std. 90-1-1999, Energy Cost
Budget Method, the NIST Building Life Cycle Cost Analysis Program(BLCC) and as
prescribed in this section:

1. The Energy Cost Budget Method - requires that a baseline analysis(Energy Cost
Budget) be developed and compared to the actual building(Design Energy Cost). To
comply with the code, the actual building should more energy efficient than the baseline
building. At a minimum there will be an analysis presented at the Schematic Design
Submission and at the Design Development Submission as part of the Energy Reports. A
8760 hour simulation such as DOE-2 shall be used to simulate the building. The following
will be include in the simulation:

a. Occupancy Schedules — Occupancy schedules shall accurately reflect operation
of the building. The College buildings are generally occupied during the Fall and
Spring Semesters during the weekdays from 7:00 am to 11:00 pm, on Saturday
from 7:00 am to 12:00 noon and limited occupancy on Sunday. Summer
occupancy is reduced to about % to % of that during the Fall and Summer.

b. Specialty HVAC Items — Specialty HVAC items such as CO2 sensors, heat
recovery or outdoor desiccant pre-treatment units do not need to be simulated if a
canned routine is not available in the simulation package. Acurate assumptions on
the energy and cost reduction may be applied at the end and inserted in the life
cycle cost.

c. Daylighting and Daylighting Controls — To the maximum extent possible, the
analysis shall simulate the impact of daylighting and daylighting controls.

2. Determination of HVAC Size - Hourly simulation of the complete building allows
accurate determination of the minimum size and cost of HVAC systems. Oversized
equipment is not only more costly but creates environmental control problems. The
HVAC equipment shall be sized with a diversity based upon the predicted “normal”
building loads and not based upon the worst case conditions. Comparison of worst case
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and simulated HVAC loads shall be presented and compared in tabular form at the
Schematic Design and Design Development submission.

3. Envelope Optimizations - Placement of windows and overhangs may need to be
optimized to achieve acceptable energy consumption. Energy simulation provides a true
picture of annual total energy impacts to guide the optimization.

4. Overall Energy Budget — An energy goal of 40,000 Btu/Gross Interior Square
Foot/yr has been assigned to this building.

5. Life-Cycle Cost Analysis — Life-cycle cost analysis can be accomplished within many
of the energy analysis simulation programs, however, the College requests that the design
team use the NIST Building Life Cycle Cost(BLCC) Analysis program. The program is
available from the College or can be downloaded from the Web. The following economic
factors shall be applied:

a. Discount Rate: 7%

b. Down Payment: 100%

c. Inflation Rate: 4%

d. Fuel Escalation Rate: Electric — 4%, Gas - 4%

e. Analysis Term: 20 years

f. First Costs: Current Means or documented Manufacturer’s data

g. Maintenance Costs: Reputable Reference Data

h. Utility Rates: As Published by Utility Company, or in NIST Library file.

i. Equipment Lifetime — The majority of equipment being prescribed for this
project is of heavy duty industrial quality and is expected to have lifetimes in
excess of 20 years.

Submission

At the schematic design phase and the design development phase a package consisting of
one complete set of drawings, specifications and the report shall be delivered to the
College’s Energy Manager. The report shall contain a stamped certification by a
Registered Professional Engineer. Approval of these submittals is required before
proceeding onto the next design phase.” Formal approval by the College constitutes code
compliance. The following sections describe the report format.

Report Format

The reports shall be submitted in the following format.

1. General
a. The document shall be prepared in standard technical report format in a 3-ring
binder on 8.5 x 11 inch paper, using Times New Roman 12pt text, in MS Word
Format. Provide a copy of the report on a diskette. The report shall contain a
title page, executive summary, table of contents, introduction, discussion,



conclusions, appendices and a list of references. The discussion portion shall

contain the same numbering sequence as the format. It is requested that the
author use an “Avery Ready Index” indexing system. Examples of these
documents are available from the College. Pages shall be consecutively
numbered throughout the document and fully indexed in the Table of Contents.

b. All items described in the report format must be properly addressed in the
written report. If an item is "not applicable" to the project the consultant must
obtain the prior permission of the Owner's Energy Manager not to analyze the
item and must describe in the corresponding section of the report why the item
is "not applicable."

c. The following attachments list the format requirements for the schematic and
design development reports.
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Attachment 2-1, Format & Content, Schematic Design Energy Analysis

Report

Schematic Design Energy Analysis Report - Contents

1. Cover Sheet
Montgomery College
Office of the Director of Facilities
Campus Name(Takoma Park Campus)
Schematic Design Energy Analysis Report
Building Name
Energy Analyst Name’
Firm
Date

2. Executive Summary

3. Table of Contents

4. Introduction

a.

Description - Briefly describe the scope of the building project and the
eventual building functions. Describe the intended occupancy in the
building and the total projected area(GSF). If possible include a simple
diagram or a reduced sized drawing and include it in the Appendix as
reference.

Existing Conditions - Describe the existing conditions or site
constraints which affect energy conservation. For renovations,
thoroughly identify the HVAC distribution system(s), central plant
types, assess age and condition and describe the general condition of
the building thermal envelope.

Strategy and Options - Describe the overall energy and cost-reduction
strategies. State fuels availability and rate schedules. List the option
packages developed for evaluation, including a number and short title
for each package and a list of the elements involved. Elaborate where
necessary to clearly define special equipment or specific operating
strategies (e.g. thermal storage strategies, chiller and boiler staging,
heat recovery.)

5. Discussion

a.

Energy Analysis Summary - Provide a descriptive narrative and grand
summary table for the simulation results, ranking the packages by
annual energy consumption in BTU per gross interior square foot per
year. (The energy budget includes all metered energy to the site, not
just HVAC energy use.) The information on annual energy use of the
options must also be compared in a stacked bar-chart format.



b. Life-Cycle-Cost Summary - Provide a descriptive narrative and grand

C.

summary table for the Life-Cycle-Cost results, comparing the baseline
building with the design building and ranking them by Net Present
Value. Use the NIST BLCC program to document pollution reduction.
Include a copy of the data file from NIST BLCC in the documentation
diskette.

Energy Design Guidelines

Section 1 - Overview - Provide a brief description of the members
of design team and how they interact to iterate to a final design
solution. Refer to the listings of the design team members in the
Overview Section under Responsibilities. Amplify by describing
how the team has worked together to comply with Overview
Section.

Section 2 - Energy Analysis & Reports - Describe the energy
analysis. Provide a description of the simulations and use this
section to describe how the simulation meets the energy design
requirements. Provide any reference tables in an appendix. Provide
a diskette with DOE-2 input detail including schedules (occupancy,
lights, HVAC), loads, systems, and plant descriptions by
verification tables LV-A B,C,LV-G,SV-A, PV-A & PV-E and
output detail tables BEPS,PS-B,LS-A,LS-C,SS-D,SS-H,PV-A PS-
C. Provide tables showing equipment sizing and any tables required
by ASHRAE Std. 90.1-1999 to show compliance with the Energy
Cost Budget Method. Discuss how the analysis will be amplified in
the Design Development section.

Section 3 - Thermal Envelope Design - Describe in detail the
energy components of the building envelope. Discuss the
Architectural design elements such as orientation, massing, air-lock
vestibules, vegetation for wind breaks and shading, location of
buffer spaces, steps taken to minimize stack effects and location of
restrooms to use secondary air for both ventilation and conditioning
and any other passive design elements that will contribute to energy
conservation. Discuss those components as listed in the Thermal
Envelope Section, provide tabular values comparing the standards
with the proposed design. Discuss all of the envelope design
elements discussed in this section and how they are proposed to be
incorporated. Provide manufacturer catalog cuts as example of
materials to be specified. Provide hand sketches of the proposed
envelope elements, i.e. roof, wall, windows,etc. Discuss
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daylighting and daylighting controls and evaluate daylit atrium
applicability.

Elevator and other Conveyances - Discuss how the energy
requirements will be applied to the specification of the elevator and
conveyances. Discuss what steps will be taken to reduce stack
effects.

Green Building Technologies - Discuss and make recommendations
on how the requirements for the following Green Building features
will be addressed:
a. Renewable Energy Resources - Discuss how the design
team will propose incorporating building integrated
renewable resources into the design. -

b. Recycling - Make suggestion and establish attainable
goals on the recycling of building materials at the end of
their useful lives and for incorporating recycling of the
daily waste stream into the building design.

c. Indoor Air Quality - Discuss how the design team will
specify materials that will not introduce contaminants
and contribute to poor indoor air quality.

Section 4 - HVAC Design Guidelines

a. Provide a discussion on how the design team proposes

to meet the requirements of this section.

Section 5 - Building Automation Controls

a. Provide a discussion on how the design team proposes
to meet the requirements of this section.

Section 6 - Ventilation/IAQ
a. Provide a discussion on how the design team proposes
to meet the requirements of this section.
Section 7 - Lighting Design Guidelines

a. Provide a discussion on how the design team proposes



to meet the requirements of this section. Include the
following:
B Lighting Power Limits
Table of Spaces, Lighting Levels
Daylighting Measures
Fixture Cuts & Catalog Cuts for Lights &
Ballasts
B Narrative System Descripton

Section 8 - Commissioning

a. Provide a discussion on how the design team proposes
to meet the requirements of this section.

Section 9 - Miscellaneous Design Issues

a. Provide a discussion on how the design team proposes
to meet the requirements of this section.

d. Recommendations & Certifications - Provide recommendations on the
Schematic Design and actions that will be taken in the Design Development
Phase. Submit one of the following certification forms, signed and stamped by
a Registered Professional Engineer.

B Certification of Schematic Energy Budget Compliance

B Request for Variance from Assigned Energy Budget - Variance
from an assigned Energy Budget must be fully justified by the
specific analysis in this report. Conjecture is not acceptable. If
a Variance is requested, state request and supporting data in
this section of the report.
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Schematic Design Energy Budget Certification

Project Identification:

I hereby certify the schematic design with recommended options for the above project
complies with the ASHRAE Std. 90.1-1999, Chapter 11, Energy Cost Budget Method
and the Design Energy Cost is within 10 percent of the Energy Cost Budget.

Energy Cost Budget: kBtu per
Square Foot of Building Gross Interior
Area Per Year.

Calculated Building Energy Use: kBtu per
Square Foot of Building Gross Interior
Area Per Year.

SEAL

Signature

Registered Professional Engineer

Date:




Schematic Design Request for Variance
of Building Energy Cost Budget

Project Identification:

I hereby certify that the Energy Cost Budget and Design Energy Cost has been calculated
in accordance with ASHRAE Std. 90.1-1999, Chapter 11, Energy Cost Budget Method
and the Design Energy Cost exceeds the Energy Cost Budget by more than 10 percent. I
hereby request that a variance be issued in the Energy Cost Budget for this project. The
Energy Cost Budget cannot be met, for reasons described in the attached narrative, and
documented in the Schematic Design Energy Analysis Report.

Energy Cost Budget: kBtu per
Square Foot of Building Gross Interior
Area Per Year.

Calculated Building Energy Use: kBtu per
Square Foot of Building Gross Interior
Area Per Year.

SEAL

Signature

Registered Professional Engineer

Date:
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Attachment 2-2, Format & Content, Design Development Energy Analysis
Report

Note: This attachment will be delivered separately



Attachment 2-2, Format & Content, Design Development Energy Analysis
Report

DESIGN DEVELOPMENT ENERGY ANALYSIS

Cover Sheet
(Study Title, Building Project Identification, Energy Analyst and Firm)

Table of Contents
(Page numbers of Sections and Major Subsections)

SECTION 1: OVERVIEW
1.1 Introduction

Briefly describe the scope of the building project and the eventual building functions. List the space
programmed for each function in the building and the total project area.

1.2 Summary of Decisions from Previous Phase.

Describe the energy-related decisions made to date (based on the Schematic Energy Analysis), e.g.,
HVAC system selection, thermal envelope requirements, window types, etc.

1.3 Optimization Scope.
Describe the overall energy and cost-reduction strategies for the project. Describe the particular items

optimized for energy conservation during Design Development. At a minimum, optimization must
address Energy Management and Control strategies for HVAC and lighting.

SECTION 2: ENERGY ANALYSIS SUMMARY

2.1 Results of Energy Optimization.

Describe the results of energy optimization efforts during design development. Describe at a minimum
the following: optimization of fenestration (area, transmittance, shading), thermal envelope (thermal
mass, insulation position), HVAC zoning, and lighting management controls. Describe the type of HVAC
control system (DDC/electric), the energy management strategies to be implemented and the EMCS
hardware.

22 Comparison with Utility Rebate Baseline.

Describe the baseline systems used to run a comparison analysis for purposes of receiving a utility rebate
for the energy analysis. State the kw reduced and percent energy reduction between the recommended and
baseline packages, and any other analysis required by current rebate program guidelines.

23 Energy Certification.

For the recommended package, one of the following forms must be submitted (see attached):



a)Certification of Energy Budget Compliance or b) Request for Variance from an assigned Energy

Budget. Variance from an assigned Energy Budget must be fully justified by the analysis in this report.
Conjecture is not acceptable. If a variance is requested, state the request and supporting data in this
section of the report.

SECTION 3: LIGHTING DESIGN

3.1 Lighting Power Limits.

Provide a narrative summary comparing the design lighting wattage for the building with lighting power
budgets established at Schematic Design. Show separate limits for interior and exterior lighting. Include
the worksheet used to arrive at the design lighting wattage for the building, showing the number of
fixtures and the watts/fixture.

Note: the actual “watts/square foot” by fixture count as documented in this section must be used in all
energy analysis for this phase.

3.2 Daylighting.

Describe daylighting measures to reduce daytime use of artificial interior lighting. Describe coordination
of alignment and switching of lights with natural light where available. Provide data for sheets for
proposed controls.

For new buildings, describe method and results of optimizing building daylighting for least annual energy
consumption (combined heating, cooling and lighting).

33 Proposed Lighting Design.

Provide narrative describing task types and task surfaces encountered throughout the building. Update
and submit the spreadsheet IES.WK3 listing footcandle levels to be maintained on task surfaces.
Provide fixture cuts and photometric reports for all proposed fixtures. Be certain to follow the “Lighting
Design Guidelines” section in the Energy Design Guidelines in selecting each fixture.

Provide specifications for the ballasts and lamps used as the basis of design. Be certain to follow
“Lighting Design Guidelines” on lamps and ballasts.

Submit Zonal Cavity Worksheets where applicable for selection of number of fixtures (IES light level
Categories A, B, and C only).

Submit Point Calculations where applicable for lighting of task surfaces. (Light level Categories D and
higher).

Submit reflected ceiling plans showing proposed fixture schedule, locations, switching and automatic
controls.

SECTION 4: THERMAL ENVELOPE

4.1 For existing buildings describe any planned modification to thermal envelopes including, if
applicable, changes to windows and insulation levels (roof and wall). Provide manufacturer’s data sheets
on any glazing, (state U-value, shading coefficient and visual transmittance).

4.2 For new buildings show compliance with the envelope constraints determined by ASHRAE
Standard 90.1-1989 Section 8. Provide specific comparison between the ASHRAE 90.1 requirements and
the proposed building U-values for walls, roof, floor slab and maximum percent fenestration allowed.
Provide detail drawings to show required air barriers and avoidance of thermal bridging at susceptible
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areas as required by “Envelope Guidelines”.

SECTION 5: ENERGY ANALYSIS DETAIL

5.1 Input Detail

Print out complete input data for the Energy Certification run, including schedules (occupancy, lights,
HVAC), Loads, System, and Plant descriptions and building construction detail (Carrier “Simple (or
Complex) Space Descriptions” or DOE2 DBL files.) For DOE2 also provide the following verification
tables: (LV-A, LV-B, LV-C, LV-D, LV-H, LV-I); (SV-A), (PV-A, PV-E))

Enclose a copy of the computer diskette with all imput files for the Certification run (5 - 1/4" DD DS
floppy or 3 4" floppy in IBM format.)

52 Output Detail

Show the following output tables as produced by the analysis program:

DOE2.1C Qutput Report Title Carrier HAP Report Title
(BEPS) (Bldg. Energy Performance) “Energy Budget”
(PS-B) (Monthly Energy Use) “Electric Power Cost” and

“Natural Gas Cost”
(LS-A, LS-C) “Zone Cooling Load Summary”
(§S-D, SS-H) “Zone Heating Load Summary”
(PV-A, PS-C) “Maximum Block Load”

SECTION 6: HVAC DESIGN STANDARDS
6.1 System Standards
Design system in accord with ASHRAE Standard 90.1 Section 9 in full. Specifically state here how
compliance will be achieved for each of the following items. Use the same subsections and titles shown
below:

6.1.1  Load calculations and safety factors (ASHRAE Sec. 9.4.1)

Provide a table specifically comparing calculated loads with selected equipment size for chillers,
boilers, air-handling and packaged or unitary HVAC equipment. '

6.1.2  Off-hours Controls (ASHRAE Sec. 9.4.4) and isolation zoning and damper controls for
meeting rooms, auditoriums, gymnasiums, etc. (See also 2.3 Energy Management System above).

6.1.3  Duct and pipe insulation levels (ASHRAE Sec. 9.4.8)

6.1.4  Zone Controls (ASHRAE Sec. 9.5.2) avoidance of reheating.
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6.5.1 Economizer Controls (ASHRAE Sec. 9.5.3)
6.2 Equipment Efficiency Standards
Equipment efficiency shall comply with Energy Design Guidelines minimum efficiency requirements
listed in the section “HVAC System”. Find the minimum efficiency for each category of HVAC
equipment to be used on this project and list these efficiencies in this report section. Also list the

efficiency of the specified equipment to be shown on final drawings as the basis of design.

Provide a table specifically comparing the above minimum and actual design efficiencies of all equipment
covered by efficiency standards in Energy Design Guidelines.

Provide data sheets to support efficiency statements.
6.3 Ventilation and Air Balance
Provide a ventilation analysis per Energy Design Guidelines and ASHRAE Standard 62 indicating outside

air quantities to be introduced at each zone based on occupancy or appropriate criteria. Do not exceed the
maximum design occupancy listed in Standard 62. Take reductions for intermittently occupied spaces.



CERTIFICATION OF BUILDING ENERGY BUDGET COMPLIANCE

Project Identification:

I hereby certify that the final design for the above project complies with the design energy

budget.

Building Energy Use Budget:

Calculated Building Energy Use:

SEAL

KBTU per
Square foot of building gross
Interior area per year.

KBTU per

Per square foot of building gross
Interior area per year.

Signature

Registered Professional Engineer

Date:
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REQUEST FOR VARIANCE OF BUILDING ENERGY BUDGET

Project Identification:

I hereby request that a variance be issued in the building energy budget for this project.
The requested Building Energy Use Budget cannot be met, for reasons described in the
attached narrative, and documented in the Schematic Energy Analysis report.

Building Energy Use Budget:

Calculated Building Energy Use:

SEAL

Signature

Registered Professional Engineer

Date:

KBTU per
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Interior area per year.

KBTU per
Per square foot of building gross
Interior area per year.




SECTION 3

THERMAL ENVELOPE
DESIGN



Section 3-Architectural Elements

Introduction

This section discusses the issues concerning the Architectural Elements of the
design which the Thermal Envelope, Lighting System Design and Conveyances
and Green Building Technologies: Renewable Energy Resources, Indoor Air
Quality and Recycling.

Thermal Envelope Design

The building’s thermal envelope shall be designed to minimize environmental loads
and maximize occupant comfort. The designer shall consider in the thermal
envelope design the Architectural design elements such as orientation, massing,
air-lock vestibules, tightly fitting high performance entries, vegetation for wind
breaks and shading, location of buffer spaces, location of spaces such as restrooms
to use secondary air for both ventilation and conditioning and any other passive
design elements that contribute to energy conservation. Daylighting and
daylighting controls are a critical component of the design. The designer can also
improve indoor air quality by designing an envelope that minimizes air and
moisture infiltration. Passive envelope design techniques proved to be more cost
effective when properly integrated into the building’s design.

The ASHRAE Std 90.1-1999 and the attached EDG Section 3, Thermal Envelope
Design provide guidance for complying with thermal design of the envelope. The
designer shall disregard EDG references to ASHRAE Std 90.1-1989 and apply
ASHRAE Std. 90.1-1999. The designer shall ensure that the building envelope has
been optimized and discussed in both the Schematic and Design Development
Energy Reports. Appropriate details must be developed and included on the
design drawings. Building Construction Inspectors must insure that the details of
the envelope design have been correctly installed. The College requests that the
design team optimize the envelope by designing around a Brick & Block
construction with an air gap between the exterior brick and the block. Continuous
insulation and a continuous vapor barrier shall be installed on the interior face of
the block and properly incorporated into the interior surfaces.

Windows play a critical role in the quality of the indoor environment and are a
critical. The College requests that the designer optimize the window systems by
designing a “Punch Window” with operable casement side panels. The operable
casement shall have high performance seals, durable non-locking latches and clips
to limit the swing. The design team is also requested to evaluate the use of the
fiberglass framed windows as discussed in the EDG Section 3, at a minimum the
design team must select a “true thermally broken” metal frame window, provide
exact details and specifications and limit manufacturers to only those that can
comply. Roof monitors and skylights are also a desirable Architectural element



and a daylighting feature to be considered by the designer. If used the College
requests that the designer use a fiberglass style opaque panel of the Kalwall type
or equal.

Lighting System Design

The designer shall coordinate the use of both natural and artificial light and lighting
controls to optimize illumination of the task while minimizing the consumption of
electricity and loads placed upon the HVAC system. Section 9, Electrical Design
discusses these issues. Lighting sources shall be selected for their efficacy.

Conveyances

Elevator and other conveyances - Elevators and other conveyance methods shall
be specified to comply with the energy efficient requirements of other similar
mechanical and electrical systems in the building. For example, common elements
are premium efficiency motors, energy efficient/low maintenance cab lighting,
electronic motor starters, occupancy controls, BAC controls compatibility,
reliability and ease of maintenance. The elevator shaft shall be designed to
minimize building losses through stack effects. The design team shall include the
conveyances in the building’s commissioning specification.

Green Building Technologies

Renewable Energy Resources such as Solar Electricity and Solar Thermal Energy
Conversion are reliable and are being successfully integrated into many new
buildings. The College is a participant in the Federal Governments Million Solar
Roofs program and desires to integrate solar technologies into this building. The
College will assist the designer in determining the appropriate level of integration
of these technologies and assist in the design of these technologies. As part of the
Pre-design meetings these opportunities shall be discussed. Ideally the building
will be designed to incorporate the technologies into the construction of the
building. However, at a minimum, the building will be designed to incorporate the
infrastructure for these technologies to be integrated seamlessly at a later time. An
example of this would be to design the roof structural members to accept
additional loads and provide structural supports stubbed above the roof deck.

Adequate indoor air quality(IAQ) improves occupant comfort, contributes to
student success, and is considered to be a Green Building Technology. The design
team shall assist the College in identifying and specifying construction materials
and methods which minimize contamination of the indoor environment. As part of
the HVAC equipment the design team will also address IAQ in Section 6,
Ventilation/TAQ.



Recycling as a Green Building Technology minimizes the environmental impacts
for both the both the materials of building construction and the materials of
building operations. The design team shall assist the College in identify building
construction materials and set attainable goals for specifying those materials that
can be recycled at the end of useful life of the building. Furthermore the design
team shall work with the College to identify recycling needs for materials
generated during the operation of the building and ensure that adequate space and
infrastructure is included in the design. For example, recycling typically requires
that material is segregated into several types and adds to the number of containers
and storage space. Recycling may require that a loading dock be incorporated into
the building’s design. Additional ventilation and contaminant control may be
required.
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ASHRAFE 90.1 provides a
simple table of "Alternate
Component Packages" to
select for the envelope
criteria.

Thermal Envelope Design

New Buildings

In new buildings the designer shall follow ASHRAE 90.1
prescriptive requirements in full, for thermal envelope in
the following areas:

« Air tightness of windows, doors and sealing of
building joints and openings.

e Use of Overhangs and Maximum Percent
Fenestration using the prescriptive route and
"Alternative Component Packages" of Section 8.5,
Table 8A.

e Maximum thermal transmittances of walls, roof
and slab from table 8 A, including the effects of all
framing and thermal bridges. Use thermal network
analysis for calculating average thermal
transmittance, as shown in Section 8.4 of the
standard.

The most commonly needed sections are attached.

Prescriptive envelope criteria must be determined and
shown in the Schematic Energy Report. Compliance of the
actual envelope assemblies must be demonstrated in the

Design Development Energy Report.

Windows

In addition, the following window specification shall be
used, which has been calculated to have the lowest
life-cycle-cost for our buildings:

o Low-emissivity Glazing — Glazing assemblies
shall be double pane with low-emissivity coating
(the low-emissivity coating may be located on the
glass or on a plastic sheet between glass layers).

. Thermal Conductance less than 0.38 - The total
window assembly shall have an NFRC
conductance rating of less than 0.38 Btuw/hr-ft2-deg

F.

Energy Design Guidelines
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Product Standard

Aluminum ANSIVAAMA 101-

Windows & Doors 1988

PVC Window ASTM D 4099-89

Wood Window ANSI/NWMA 1.S.
2-87

Sliding Wood ANSI/NWMA LS.

Doors 3-83

Commercial 1.25 cfm/ft2 under

Swinging and ASTM E283-84

Revolving Doors

Residential 0.50 cfm/fi2 under

Swinging Door ASTM E283-84

o Shading Coefficient less than 0.55 - The
maximum shading coefficient of the glass shall be
0.55. The designer shall analyze the use of lower
SC in orientations with high solar gain, in order to
reduce air-conditioning load and first cost.

« Non-Metal Frames - Metal frames are NOT
permitted, even if “thermally broken™. Frame
material shall be wood, wood composite (e.g.
Andersen “Fibrex”) or fiberglass (e.g. Marvin
“Ultrex™). Exterior cladding may be aluminum or

fiberglass.

Major Renovations

Renovated buildings are generally not required to meet new
insulation requirements in walls.

If the roof is being replaced as part of the renovation
program then insulation shall be upgraded to ASHRAE
90.1 standards (R-17) or as close as is practical given
existing constraints of the roofing system.

If windows are being replaced due to wear or deterioration
then the same specification for new windows shall be
applied. Air tightness requirements shall also be applied.

Existing buildings with window percentages higher than 50
% of gross wall area shall have window area reduced
(covered and insulated) to meet ASHRAE 90.1 standards
for maximum percent fenestration from Table 8A.

Energy Design Guidelines

Thermal Envelope
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the intelligent approach

ALPEN, Inc.

Takes the Guesswork Out of Glazing Specification

GLAzING PERFORMANCE ANALYSIS

A Free Service for the Project Design Team

I. COMPARE Performance Characteristics:

« Shading Coefficient « Inner Surface Temperature
« R-Value / U-Value « Condensation Temperature
« Ultraviolet Transmission « Occupant Comfort Level

+ Light Transmission « Lighting Efficiency

Il. CONTRAST Thermal Simulations:

+ Peak Cooling and Heating Loads
« Annual Energy Consumption

» Hourly Temperature and Thermal | ]
Load Variations - - , ——

A

ill. ASSESS Project Economics:

« HVAC Equipment First Cost Comparison
- Glazing Investment Cost A

. : . : ALPEN
« Annual Utility Heating and Cooling Cost
- Payback and Life Cycle Costing

Alpen’s project-specihic computer anraiy-
sis caretully examines Heat Mirror > in.
sulated gtass with other giazing
. aiternatives in terms of pertormance ana
X economics. The results are bound into a
professional. 30-page. presentation-

For Additional Information and Appilication, Call SouthWall 1-800-365-8794 ready formai

YES, | am interested in ALPEN's free GLAZING PERFORMANCE ANALYSIS. Computer Optimized Glazing
Please contact me to answer my questions and/or arrange for this N

ACPENG. 43S LA A.PENGASS
service. - 55 eenc raig e
Name Title
Company

ALPENT A5S 4. PENGLASS

EIVESN - AR
Street Address Tuned by Orientation

) ) The best glazing type often aifters tor each side of
City State Zip a buidaing Five types of wavelength selective
Alpenglass.Heal Mirror allow customized perform

- 2 . ance without attecting visual appearance Alpen’s
Phone # ( ) Approx. Ft* Glazing computer simutation produces an optimal mix ol
glazing 'ypes
Project
SKS, Inc.

8 Sherman Aves® P.O. Box 5666
o. . 4™ ArAcA aaaa
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Good envelope joint
details are critical to
achieving thermal integrity
and air-tightness.

'S S )
bID:0.8 898 Los

|

Membrane
sir/vapor barrier

RRRAAN u“mmi

Masonry Wall Air Barrier

Design Details

Thermal Bridging

The Architect shall design to explicitly avoid
unintentional thermal bridging, for example, at the
juncture of floor slabs with walls and any penetrations
of the roof or wall insulation. The Architect shall
provide details of all places where bridging may occur,
to explicitly show how bridging will be avoided.

Air Tightness

To show compliance with envelope air-tightness
criteria, the Architect shall prepare details showing a
continuous air-barrier system.  Particular attention
shall be paid to joints, showing taping, sealing of air-
barrier, caulking, gasketing, or weather stripping of
each of the following areas:

L] around frames of windows and doors

n between wall and foundation

L between wall and roof

L] at roof parapets, overhangs, and edges

u between wall panels and at wall corners

. any penetration made in the envelope such as

vents, hatches, and utility service entrances.

Detail Guidance

In developing the details for air-tightness and avoiding
thermal bridges, the Architect shall consider the
principles and details for good thermal envelope
design contained in NIST report Thermal Envelope
Design Guidelines for Federal Office Buildings. The
implementation of these principles and any exceptions
must be submitted for approval in the Design
Development Energy Report.

The most commonly needed chapters of the NIST
report are provided at the end of this section. Other
construction types will require other sections from the

full NIST report.

Required Thermal Envelope details shall be included
in design submittals beginning with Design
Development Documents.

Energy Design Guidelines

Thermal Envelope Page 3
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Perimeter Insulation Detail

For best thermal performance perimeter insulation
should extend vertically from the top of the slab
to the foot of the foundation. The outside of the
foam insulation should be protected by a
continuation of the face brick and then block as

shown.
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Required Details

“Thermal envelope details must be complete*

Thermal Envelope

DESIGN/AIR BARRIERS PAGE 31-7

ACCEPTABLE

Curtain Walls: In curtain walls the air barner consists
of the-glass, metal pan and extrusions, insulation and
sealants. Figure 31.6 (Paerreauit 1989) shows the basic
approach to providing an air bamer in the system. The
metal pan behind the spandrel insulation and the vision
glass are the major elements of the air barrier; they
must both be joined to the mullion using appropnate
sealants to maintain the air barrier continuity.

Figure 31.6 Curtain Wall Air Barrier
(Perreault)

Metal Buildings: In metal building systems, the interior sheet steel liner serves as both an interior
finish and a combined airrvapor barrier. Since the metal liner is airtight, the panel joints are the
critical elements in the air barrier system. Care is also required in the design of wall/roof
intersections and at the bottom of the walls in these systems.

ACCEPTABLE
Masonry Walls: Vanous approacnes have been
used for air sealing masonry ‘walls. Factory-
made elastomeric membranes provide a reliable
air barrier. with the membrane Deing applied to
tne entire surface of the masonry backup wall as
shown in Figure 31.7 These membranes may
Ye thermofusible or peel-and-stick.
Thermaofusible membranes are adhered to the
backup wall by heating the membrane backing
with a propane torch. Insulation can be held in Membrane
piace with metal clips heat welded to the air:vapor barrier
membrane. A sketch of an elastomeric
membrane air barner applied to a masonry wall
is shown In the figure. The membrane runs
continuously past the floor siab providing good
continuity. Note the gap between the too of the . . .
oackup wall and the bottom ot the Hoor s!ab to Figure 31.7 N(lngrr;;yunl)all Air Barrier
accommodate geftection of tne floor slab or other
aifferential movement Detween the dackup wall

AUAIR XX A7

and the ourlcing structure.

Find complete details in NIST "Envelope Design Guidelines"




INTERIOR LIGHT LEVELS

Pnysical Models

A physical modei is the best design tool for as-
sessing the quantity and quality of tight. Light per-
torms in models exactly as it does in full-sized
environments, provided the architectural surfaces
and details are accurately replicated. These de-
tails include the scale and geometry of spatial
elements. window openings, texture, refiectivity,
ransparency. and opacity of key finishes. Color
1s important if reflective properties are concemed
Transmission properties of glazing can be simu-
lated or descnbed by numerical factors if open-
ings in the model are left uncovered.

The scale used for daylighting medels can range
from ¥ in. = 1 ft. {sutable for the study of single
rooms) to ¥s in. = 1 ft. (generally suitabie for larger
configurations). Smaller models are difficuit to de-
tail and are not recommended for room studies.
aithough they may be appropnate for large

spQces.

Daylighting
Perimeter Daylighting

All buildings shall have perimeter fenestration with
solar control appropriate to the use of natural daylight
in the space. The upper limit on fenestration area is
set by ASHRAE 90.1 Table 8A. The lower limit
should generally be considered 10% of wall area.
Additional design element should include:

. Use of light color, retractable blinds.

L] Use of overhangs and light surfaces to reduce
direct glare and reflect diffuse light high into
the space.

Core Daylighting

Natural lighting can produce a substantial reduction in
energy use of commercial buildings.

In new large buildings the Energy Program of
Requirements may direct core daylighting through use
of roof monitors, atrium or courtyard. Analysis shall
be provided by a qualified expert in daylighting
analysis using DOE2.1D and physical models to
optimize design and determine annual energy

consumption.

Energy Design Guidelines

Thermal Envelope
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Figure 4-3. Section through roof apertures, Mt. Airy Public Library

Successful daylighting designs shared a number of character-
istics. The most important aspect of the successful use of
daylighting was distribution. If daylight was well distributed, a
visually comfortable and largely glare-free environment was
attained. The most successful design solutions had the follow-
ing characteristics.

o Glare and contrast were controlled.

« Beam daylighting was not allowed to enter anoccu-
pied space directly. Baffles, diffusing reflecting sur-
faces. and/or diffusing glazing were used to break up
pbeam lighting

e Occupants were not able to see the light source directly
from the spaces they usually occupied.

e Light was admitted high on the wall plane or at the ceil-
ing plane.

e The view was retained.

e Anumberof smallerroof apertures (clerestories and roof
monitors) were used rather than a few large openings.

e Roof monitors and clerestories were designed with
south-facing glazing.

Satisfaction with the lighting environment was quite high. In
most buildings. daylight provided ambient or background il-
lumination, with artificial lighting used to provide task-specific
lighting. However, in three buildings — Mt. Airy Library, Security
State Bank, and St. Mary’s School Gymnasium — daylight pro-
vided the majority of the required task lighting. Daylight is a
principal contributor to the increased amenity of passive
buildings. Fewer than 5% of the occupants complained about
“too dim” or "too bright” conditions, across all buildings and
types of daylghting design. The many spontaneous com-
ments about the delightful qualities of the daylighting attest
to user satisfaction

"tm,\
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PREFACE

The exterior envelopes of office buildings perform a variety of roles including keeping the weather
outdoors, facilitating the maintenance of comfortable interior conditions by limiting the transfer of
heat, moisture and air, providing a visual and daylight connection to the outdoors, limiting noise
transmission, supporting structural loads, and providing an aesthetically pleasing appearance.
Although building envelopes are generally successful in meeting these requirements, there are
cases in which they do not perform adequately. Shortcomings in thermal performance are
manifested by excessive transfer of heat, air or moisture that can lead to increased energy
consumption, poor thermal comfort within the occupied space, and deterioration of envelope
materials. While some cases of poor performance occur due to the specification of insufficient
levels of thermal insulation or inappropriate glazing systems, other cases occur because of
discontinuities in the envelope insulation and air barrier systems, such as thermal bridges,
compressed insujation and air leakage sites. These discontinuities result from designs that do not
adequately account for heat, air and moisture transmission, are difficult to construct, do not have
sufficient durability to perform over time, or can not withstand wind pressures or differential
movements of adjoining elements. Other thermal envelope defects occur due to poor technique

during the construction phase.

Despite the existence of these thermal envelope performance problems, information is available to
design and construct envelopes with good thermal envelope performance. In order to bridge the
gap between available knowledge and current practice, the Public Buildings Service of the General
Services Administration has entered into an interagency agreement with the Building and Fire
Research Laboratory of the National Institute of Standards and Technology to develop thermal

envelope design guidelines for federal buildings.

The goal of this project is to take the knowledge from the building research, design and construction
communities on how to avoid thermal envelope defects and organize it into a form for use by
building design professionals. These guidelines are not intended to direct designers to choose a
particular thermal envelope design or a specific subsystem, but rather to provide information on
achieving good thermal performance for the design that they have aiready chosen. Given that the
designer has made decisions on the envelope system, materials, insulation levels and glazing
areas, the guidelines will provide specific information to make the building envelope perform as
intended through an emphasis on design details that avoid thermal defects. Much of the material in
these guidelines is in the form of design details for specific building envelope systems, both details

that result in thermal defects as well as improved alternatives.
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B GLOSSARY

The following glossary contains terms relevant to discussions of the thermal performance of
building envelopes. Many of the definitions are based on the glossaries of the documents

referenced at the end of this section.

Adhesion - the clinging or sticking together of two surfaces. The state in which two surfaces are
held together by forces at the interface.

Adhesive - a substance capable of holding materials together by surface attachment.
Adhesive Failure - type of failure characterized by pulling the adhesive or sealant loose from the
substrate surface.

Aging - the progressive change in the chemical and physical properties of a sealant or adhesive.

Air Barrier (sometimes referred to as Air Retarder) - an assembly or building element that provides
resistance to through-flow of air from inside to outside or vice-versa.

Air Infiltration - air leakage into a building. Conversely, air exfiltration is air leakage out of a
building.

Air Leakage - the passage of uncontrolled air through cracks or openings in the building envelope
or its components because of air pressure differences.

Alligatoring - cracking of a surface into segments so that it resembles the hide of an alligator.
Ambient Temperature - temperature of the air surrounding the object under construction.

As-built - pertaining to the as-constructed state of a finished product relating to size, shape,
materials, and finish regardless of drawings or specifications.

Asphalt - naturally occurring mineral pitch or bitumen.

Back-up - a compressible material used at the base of a joint opening to provide the proper shape
factor in a sealan.. This material can also act as a bond-breaker.

Bead - a sealant or compound after application in a joint irrespective of the method of application,
such as caulking bead, glazing bead, and so on. ‘

Bedding Compounds - any material into which another material such as a plate of glass or a panel,
may be embedded for close fit.

Bond-Breaker - thin layer of material such as tape used to prevent the sealant from bonding to the
bottom of the joint.

Bond Durability. a test cycle in ASTM C-920 for measuring the bond strength after repeated
weather and extension cycling.
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Building Envelope - the outer elements of a building, both above and below ground, that divide the
external from the internal environments.

Built-Up Roofing - a roof covering made up of alternating layers of tar and asphaitic materials.

Butt Joint - a joint having the edge or end of one member matching the edge, end, or face of
another member without overlap.

Butyl Rubber - a copolymer of essentially isobutene with small amounts of isoprene. As a sealant it
has low recovery and slow cure.

Capillary Migration - movement of water induced by the force of molecular attraction (surface
tension) between the water and the material it contacts.

Caulk (noun) - a material with a relatively low movement capability, usually
less than + 10%. Generally refers to oil-based caulks, and sometimes to butyl and acrylic latex

caulks.

Caulk (verb) - to install or apply a sealant across or into a joint, crack, or crevice in order to prevent
the passage of air or water.

Closed-cell Foam - A foam that will not absorb water because all the cells have complete walls.
Closed Cell - a cell totally enclosed by its walls and hence not interconnecting with other cells.

Cohesion - the molecular attraction that holds the body of a sealant or adhesive together. The
internal strength of an adhesive or sealant.

Cohesive Failure - failure characterized by rupture within the sealant, adhesive, or coating.

Compatibility - the capability of two or more materials to be placed in contact or close proximity with
one another and each material maintaining its usual physical or chemical properties, or both.

Compression gasket - a gasket designed to be used under compression.

Compression Seal - a preformed seal that is installed by being compressed and inserted into the
joint.

Compression Set - the amount of permanent set that remains in a specimen after removal of a

compression load.

Condensation - the change of state of a vapor into a liquid by extracting heat from the vapor.

Construction Joint - in the construction of members intended to be continuous, a predetermined,
intentionally created discontinuity between or within constructions and having the ends of the
discontinuous members fastened to each other to provide structural continuity.

Control Joint - a formed, sawed, touled or assembled joint acting to regulate the location and
degree of cracking and separation resulting from the dimensional change of different elements of a

structure.
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Crack - a flaw consisting of complete or incomplete separation within a single element or between
contiguous elements of constructions.

Crazing - a series of fine cracks that may extend through the body of a layer of sealant or adhesive.

Creep - the deformation of a body with time under constant load.

Cure - to set up or harden by means of a chemical reaction.

Dew-Point Temperature - the temperature at which condensation of water vapor begins for a given
humidity and pressure as the vapor temperature is reduced. The temperature corresponding to
saturation (100 percent relative humidity) for a given absolute humidity at constant pressure.

EIFS (exterior insulation and finish system) - non-load-bearing outdoor wall finish system consisting
of a thermal insulation board, an attachment system, a reinforced base coat, exterior joint sealant,

and a compatible finish.

Elasticity - the ability of a material to return to its original shape after removal of a load.

Elastomer - a macromolecular material that retuns rapidly to approximately the initial dimensions
and shape after substantial deformation by a weak stress and release of the stress.

Elastomeric - having the characteristics of an elastomer.

Epoxy - a resin formed by combining epichlorohydrin and bisphenols. Requires a curing agent for
conversion to a plastic-like solid. Has outstanding adhesion and excellent chemical resistance.

Expansion Joint - a discontinuity between two constructed elements or components, allowing for
differential movement (such as expansion) between them without damage.

Extrusion Failure - failure that occurs when a sealant is forced too far out of the joint. The sealant
may be abraded by dirt or folded over by traffic.

Flashing - strips, usually of sheet metal or rubber, used to waterproof the junctions of building
surfaces, such as roof peaks and valleys, and the junction of a roof and chimney.

Gasket - any preformed, deformable device designed to be placed between two adjoining parts to
provide a seal.

Glazing - the installation of glass or other materials in prepared openings.
Gunability - the ability of a sealant to extrude out of a cartridge in a caulking gun.

Heat Transfer - flow of heat energy induced by a temperature difference.

Conduction - heat transfer whereby heat moves through a material; the flow of heat due to
temperature variations within a material.

Convection - heat transfer by movement of a fluid or gas.

Radiation - heat transfer through space by electromagnetic waves emitted due to temperature.
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Humidity, Absolute - the weight of water vapor per unit volume.

Humidity, Relative - the ratio of water vapor present in air to the water vapor present in saturated air
at the same temperature and pressure.

Hypalon - a chlorosulfonated polyethylene synthetic that has been used as a base for making
soivent-based sealants.

Insulation - a material used in building construction to retard the flow of heat through the enclosure.
It is made from a variety of organic and inorganic fibers and foams, e.g., expanded/extruded
polystyrene, glass fiber, cellular glass, phenolic toam, perlite, polyurethane foam, polyisocyanurate
foam. It can be loose-filled, or used in batt, board, or block form..

Isolation Joint - a formed or assembled joint specifically intended to separate and prevent the
bonding of one element of a structure to another and having little or no transference of movement

or vibration across the joint.
Jamb - the side of a window, door opening, or frame.
Joint - the space or opening between two or more adjoining surfaces.

Lap Joint - a joint in which the component parts overlap so that the sealant or adhesive is placed
into shear action.

Latex - a colloidal dispersion of a rubber resin (synthetic or natural) in water, which coagulates ori
exposure to air.

Latex Caulks - a caulking material made using latex as the raw material. The most.common latex
caulks are polyvinyl acetate or vinyl acrylic.

Latex Sealant - a compound that cures primarily through water evaporation.

Lock-strip Gasket - a gasket in which sealing pressure is attained by inserting a keyed locking strip
into a mating keyed groove in one face of the gasket.

Masonry - construction, usually set in mortar, of natural building stone or manutactured units such
as brick, concrete block, adobe, glass block, tile, manufactured stone, or gypsum block.

Mastic - a thick, pasty coating.

Mechanical Connection - a joining of two or more elements by means of mechanical fasteners, such
as screws, bolts, or rivets but not by welding or adhesive bonding.

Metal Building System - a complete integrated set of mutually dependent components and
assemblies that form a building including primary and secondary framing, covering and
accessories, and are manufactured to permit inspection on site prior to assembly or erection.

Mullion - external structural member in a curtain-wall building. Usually vertical. May be placed
between two opaque panels, between two window frames, or between a panel and a window frame.

Open Cell - a cell not totally enclosed by its walls and hence interconnecting with other cells.
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Open-Cell Foam - a foam that will absorb water and air because the walls are not complete and run
together.

Panel - (1) a portion of a surface flush with, recessed from, or sunk below the surrounding area: (2)
a usually flat and rectangular piece of construction material made to form part of a surface (as of a

wall, ceiling, or floor).

Parapet - that portion of the vertical wall of a building which extends above the roof line.

Preformed Sealant - a sealant that is preshaped by the manufacturer before being shipped to the
job site.

Preshimmed Sealant - a sealant in tape or bulk form having encapsulated solids or discrete
particles that limit its deformation within a joint under compression.

Pressure-Sensitive Adhesive - adhesive that retains tack after release of the solvent so that it can
be bonded by simple hand pressure.

Primer - a compatible coating designed to enhance adhesion.
Purlin - a horizontal structural member which supports roof covering.

R-Value - a measure of the insulating value of a substance, or measure of a material’s resistance to
the flow of heat. It's reciprocal is referred to as an U-value.

Sandwich Panel - a panel assembly used as covering; consists of an insulating core material with
inner and outer panels or skins.

Seal (noun) - a material applied in a joint or on a surface to prevent the passage of liquids, solids,
or gases.

Sealant - a material that has the adhesive and cohesive properties to form a seal. Sometimes
defined as an elastomeric material with a movement capability greater than + 10%.

Sealant Backing - a compressible material placed in a joint before applying a sealant.
Sealer - a surface coating generally applied to fill cracks, pores, or voids in the surface.

Sealing Tape - a preformed, uncured or partially cured material which when placed in a joint, has
the necessary adhesive and cohesive properties to form a seal.

Shelf Life - the length of time a sealant or adhesive can be stored under specific conditions and still
maintain its properties.

Shop Drawing - a drawing prepared by the fabricator based on a working drawing and used in a
shop or on a site for assembly.

Shrinkage - percentage weight losc or volume loss under specified accelerated conditions.

Silicone Rubber - a synthetic rubber based on silicon, carbon, oxygen, and hydrogen. Silicone
rubbers are widely used as sealants and coatings.
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Silicone Sealant - a liquid-applied curing compound based on polymer(s) of polysiloxane structures.

Solvent - liquid in which another substance can be dissolved.
Solvent-release Sealant - a compound that cures primarily through solvent evaporation.

Spacer - a piece of resilient material placed to maintain space between a pane of glass or a panel
and its supporting frame.

Spalling - a surface failure of concrete, usually occurring at the joint. It may be caused by
incompressibles in the joint, by overworking the concrete, or by sawing joints too soon.

Stopless Glazing - the use of a sealant as a glass adhesive to keep glass in permanent position
without the use of exterior stops.

Stress Relaxation - reduction in stress in a material that is held at a constant deformation for an
extended time. -

Structural Glazing Gaskets - a synthetic rubber section designed to engage the edge of glass or
other sheet material in a surrounding frame by forcing an interlocking filler strip into a grooved

recess in the face of the gasket.

Structural Sealant - a sealant capable of transferring dynamic or static (“live” or “"dead”, or both,)
loads, or both, across joint members exposed to service environments typical for the structure

involved, as in stopless glazing.

Substrate - (1) a material upon which films, treatments, adhesives, sealants, membranes, and
coatings are applied; (2) materials that are bonded or sealed together by adhesives or sealants.

Tape Sealant - a sealant having a preformed shape, and intended to be used in a joint initially
under compression.

Thermal Bridge - a heat-conductive element in a building assembly that extends from the warm to
the cold side and provides less heat-flow resistance than the adjacent construction.

Thermal Conductance - the time rate of heat flow expressed in per unit area and unit temperature
gradient. The term is applied to specific materials as used , either homogenous or heterogeneous
for the thickness of construction stated, not per meter of thickness.

Thermal Conductivity - the time rate of heat flow, by conduction only, through a unit thickness of a
homogenous material under steady-state conditions, per unit area, per unit temperature gradient.

Tolerance - the allowabie deviation from a value or standard; especially the total range of variation
permitted in maintaining a specified dimension in machining, fabricating, or constructing a member

or assembly.
Tooling - the act of compacting and contouring a sealant in a joint.

Tooling Time - The time interval after application of a one-component sealant or after mixing and
application of multi-component sealant during which tooling is possible.
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U-Value - the capability of a substance to transfer heat. Used to describe the conductance of a
material, or a composite of materials, in construction. Its reciprocal is referred to as an R-value.

Vapor Retarder - a material or construction that retards water vapor migration, generally not
exceeding one perm for ordinary houses in non-extreme climates.

Wall - a part of a building that divides spaces vertically.
Bearing wall - a wall supporting a vertical load in addition to its own weight.

Curtain wall - a nonbearing exterior wall, secured to and supported by the structural members
of the building.

Nonbearing wall - a wall that does not support a vertical load other than its own weight.
Water-Repellent - a material or treatment for surfaces to provide resistance to penetration by water.

Waterproofing - treatment of a surface or structure to prevent the passage of liquid water under
hydrostatic, dynamic, or static pressure.

Weephole - a small hole allowing drainage of fluid.

Windows and doors -

Frame - an assembly of structural members that surrounds and supports the sash, ventilators,
doors, panels, or glazing that is installed into an opening in a building envelope or wall.

Glazing - a material installed in a sash, ventilator, or panel such as glass, plastic, etc.
Head - an upper horizontal member of a window or door frame.
Jamb - a vertical member of a window or door frame.

Mullion - a member used between windows or doors as a means of connection, which may or
may not be structural.

Muntin - a member used between lites of glazing within a sash, ventilator, or panel.
Operable - describing a sash, ventilator, or panel designed to be opened and closed.
Sill - a lower horizontal member of a window or sliding door frame.

Working Drawing - A detail drawing, usually produced by a draftsperson under direction of an
architect, engineer, or other designer showing form, quantity, and relationship of construction
elements and materials; indicating their location, identification, grades, dimensions, and

connections.

Working Life - the time interval after opening a container ot a single component sealant, or after
mixing the components of a multi-component sealant, during which application and tooling is

possible.
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2.4 DESIGN AND CONSTRUCTION PROCESS

These guidelines primarily consist of design guidance and details directed towards the avoidance of
air leakage and insulation system defects. While the use of sound design principles and details is
essential to achieving good thermal performance, their use is not sufficient without a commitment to
quality and performance in the design and construction processes. This commitment must begin in
the first stages of design and continue throughout the construction of the building. The design and
construction of office buildings is a complex process, involving building owners, architects,
engineers, consuitants, builders and subtrades, and all of these people have their individual
motivations, concemns and experience. The CSI Manual of Practice presents a good discussion of
these participants and the various relationships that exist between them. Sometimes the
motivations of these participants, conflicts among their goals, and a lack of familiarity with thermal
performance issues lead to some of the envelope performance problems that these guidelines are
attempting to address. This section discusses the design and construction processes and their

relationship to thermal envelope performance.

Motivations and Concerns

The design and construction of an office building is a very complex process involving numerous
players, each with their own particular motivations, concerns and experiences. The process and
the established roles of many of these players can contribute to the occurrence of thermal envelope
performance problems. While the reasons are as complex as the process, part of the problem is
that thermal envelope integrity is not emphasized and recognized as a critical factor throughout the
design and construction of an office building. To some designers and builders, simply requiring a
certain level of insulation, or the installation of an air barrier material or a quality sealant, is all that is
needed. The importance of purposefully designing the insulation and air barrier systems as integral
parts of the envelope is not recognized, nor is the need for a commitment to these systems from the
very beginning or the necessity to develop straightforward, buildable details in order to make these
systems work. Without a strong emphasis on thermal envelope integrity, decisions will be made or
not made that result in thermal defects, and it will be too late for any alternative details to be

developed to correct these defects.
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When the commitment to thermal envelope integrity is lacking, problems arise in many areas. For
instance, the efforts of the various design disciplines (architectural, structural, mechanical,
electrical) will not be coordinated with the continuity and integrity of the air barrier and insulation
systems in mind. Problems in these as well as other aspects of envelope performance will arise
when the activities of these separate disciplines are not considered in relation to one another. Poor
communication, a segregated approach to developing design details and a lack of commitment to
thermal envelope integrity in the development of these details can result in envelope system that
can not be effectively insulated or air sealed (Kudder). Kudder presents an example of such a
problem that concerns the edge of a floor slab, as shown in Figure 2.4.1. The structural drawing
showed only the spandrel beam supporting the floor slab, but did not show the wall. The
architectural drawing included the wall, but did not show the beam located just inside the wall. The
structural drawing implied that there was free access for the installation of fireproofing on both sides
of the beam, and the architectural drawing implied that there was free access to the wall for the
installation and finishing of the drywall all the way up to the floor slab. In fact, due to the location of
the beam, the drywall screws could not be installed and the drywall joints could not be taped,
leading to the leakage of interior air into the wall cavity. This problem occurred because their was
no commitment to an 3ir barrier system and because of poor coordination among the design

disciplines. -

STRUCTURAL DETAIL ARCHITECTURAL DETAIL COMBINED DETAIL

Figure 2.4.1 Example of Poorly Coordinated Detailing (Kudder)

It is important for the various participants in the design and construction process to understand
each others roles, motivations, limitations and abilities. While this is more easily said than done, it
is absolutely essential. Designers need to develop details with consideration of the fact that the
construction workers have no design background and should not be forced to guess the designer's
intention or play the role of designer. The role of construction worker should be to build as carefully
as the details were developed. Therefore, construction details need to be precise, easy to
understand and buildable, with no guesswork left to the workers (Perreault 1980). Too often, the
design process involves copying design details from previous jobs or published details that contain
no air barrier system and include significant thermal bridges, as opposed to designing the envelope
as a system and considering each detail in relation to this system.
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Similarly, the designer needs to recognize the importance of individual envelope elements and their
impact on performance, and not compromise essential requirements for aesthetic or other
considerations. For example, flashing must extend beyond the face of the facade in order to
function properly, despite the fact that it might conflict with certain aesthetic goals. Similarly,
designers will sometimes limit the width of sealant joints without an analysis of the relevant
performance factors to determine if the width they select will be effective (O'Connor). The designer
must understand that these thermal envelope design considerations and requirements are critical

and must be incorporated into the envelope design.

As discussed in the section on air barriers, the importance of air leakage is not always appreciated
in the design and construction of buildings. As stated throughout these guidelines, the contro! of air
leakage through the use of an air barrier system is essential to good thermal envelope
performance. There is an unfortunate lack of appreciation on the part of designers, builders and
material suppliers as to the importance of air leakage (Handegord). It is sometimes assumed that
simply by specifying a vapor retarder or an air barrier, one has dealt with the problem. In reality,
achieving airtightness requires that an air barrier system is designed into the wall from the very
beginning. Thereis also sometimes a resignation that air leakage is inevitable and in fact desirable.
To the contrary, air leakage can and must be controlled to prevent a variety of performance

problems.

The AAMA manual on the Installation of Aluminum Curtain Walls is an excellent reference on
communication and coordination in the design and construction process. Although much of the
discussion is specific to aluminum curtain walls, the manual discusses general issues relating to the
responsibilities of architects, contractors and field personnel. The architect needs to be aware of
field procedures and conditions and develop clear drawings and specifications based on this
awareness. The architect should work closely with the contractor in developing the details to
facilitate fabrication and installation. Inspection during construction is identified as critical to
insuring that the specifications and shop drawings are closely followed. Architects should clearly
define maximum permitted tolerances in the alignment of the building frame, and provide for these
tolerances in the wall installation. The general contractor must develop the construction schedule in
consultation with the other players in the project, allowing sufficient time for other steps in the
process such as the development of the shop drawings, the fabrication of custom components, and

the assembly and testing of a mockup.
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Air Barrier Systems

Because of the importance of including air barriers in building envelopes, and their common
omission in most buildings, this section gives special attention to how air barrier systems fit into the
design and construction process. Many architects and designers are either unfamiliar with air
barrier systems or do not consider them to be significant relative to the many other issues with
which they must deal. This lack of familiarity exists because most discussions of air barriers exist in
the technical literature, not in the publications to which designers are more often exposed. Also, the
promotion of most new ideas within the construction industry is largely product or sales driven.
Since an air barrier is a system as opposed to a single material, it is not promoted in new product

columns or by writers of architectural publications.

Designers are often unfamiliar with the importance of air barrier systems and how to incorporate
them into building envelope design. Before the design process even begins, it is relevant to
determine whether anyone on the design team is aware of or experienced with air barriers and able
to incorporate such a system into the envelope details and specifications. If not, it probably will not
happen. If such a person is part of the team, he or she still may not have sufficient influence to
pursue the issue. Once the design development phase has begun, the commitment to a
continuous, well-supported and buildable air barrier should already be in place. This commitment is
likely to be challenged with statements such as: “We have not done this before...We have a vapor
retarder, what do we need this for?...It is not in the budget.” The case for an air barrier must be
made strongly and clearly; its function and requirements must be explained. When a commitment
has been made to an air barrier system, its compatibility with the basic envelope design, the
structural system, and the thermal insulation and vapor retarder systems must be reconciled early
in the design process. An air barrier that is incorporated as an afterthought can not be effectively
integrated with these other systems and will not perform adequately. The compatibility of the air
barrier system and the major details, e.g., wall-floor, wall-window, corners, columns and parapets,

should be examined early in the process.

As the working drawings are being produced it is important that the air barrier is correctly and
consistently applied to all primary and derivative details. This is particularly important for masonry
walls where the working drawings are used for construction without the benefit of separate
construction drawings. All members of the design team must understand the principles of the air
barrier so that all details are developed consistently, and all details must be reviewed with respect
to the air barrier. As the specifications are developed, it is essential that they contain a requirement
tor an air barrier. The requirements should specify that the air barrier be identified on shop
drawings and should address the structural adequacy of the air barrier system.

PAGE 2.4-4



During the estimating and budgeting phase, it may become apparent that the construction
managers and owner's representatives do not understand the principles of air barriers. They may
regard them suspiciously as something they have never done before and a waste of money. The
owner and construction manager may be likely to listen to the contractor's claims that such an
elaborate air barrier system is unnecessary, and that they never include them in the walls they
build. If building or energy codes mandated the inclusion of an air barrier, it would certainly

strengthen the case of the air barrier proponent.

An air barrier will be incorporated into the shop drawings, and therefore into the building envelope,
only if a specific requirement for an air barrier system is made by the wall designer. Shop drawings
are generally not submitted for masonry walls, rather the working drawings are used during
construction. It is therefore very important that the masonry contract drawings and specifications
are thorough so that there are no questions regarding the existence of the air barrier, its location,
materials and its treatment at junctions. Since masonry contractors typically do not develop shop
drawings and design details in response to performance specifications, they are relying on the
designer to develop these details. In other curtain wall systems the specifications are generally
performance based and the manufacturer incorporates them into the engineering and shop
drawings, which become the construction drawings. The air barrier will be correctly incorporated
into the construction drawings only if the designer has included the system into their drawings and

included appropriate language in the specifications.

If the commitment to an air barrier has survived to the construction phase, there are two remaining
issues to deal with, education and supervision. All site personnel must be educated on the air
barrier system and its importance to the project. An inspection agent should be employed and an
inspection program developed to insure a proper installation of the entire wall, with special attention
given to items that are new to the site worker. A field mock-up of the wall is a very good way to
educate the site personnel and to identify construction problems with the system as designed.
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Requirements and Recommendations

These guidelines are not able to offer a redirection of the process by which office buildings are
designed and constructed. However, there are several essential design principles, stressed
throughout these guidelines, that need to be incorporated into the design and construction
processes. These include a modification of the rules stated by Brand for evaluating envelope

designs and all associated details:

+ Enclose the building in a continuous air barrier.
* Provide continuous support for the air barrier against wind loads.

- Ensure that the air barrier is flexible at joints where movement may occur.

- Provide continuous insulation.

« Design copings, parapets, sills and other projections with drips to shed water clear of the

facade.

* Provide the méans for any water that does penetrate the facade to drain back to the outside.

Thermal envelope design must also include a recognition that wall materials are not dimensionally
stable and will move difterentially from each other and from the structural frame. The location and
extent of this movement must be anticipated. The air barrier element at these locations, whether it
is an elastomeric sealant or a flexible membrane, must be designed to accommodate the
anticipated degree of movement. If such movement is not adequately dealt with, the air barrier will
fail at these locations and the continuity of the air barrier system will be lost. The need for continuity
of the air barrier system can not be stressed enough. This continuity must also be maintained over
wall areas, including those that are not readily accessible such as above suspended ceilings and

behind convector cabinets.

The distinction between the control of water vapor diffusion and air leakage must be clearly
understood. By definition a vapor retarder controls water vapor transport by diffusion, but not water
vapor transport that occurs due to convection. An air barrier system is required to control
convective moisture transport due to air leakage. The amount of water vapor transferred by air
leakage is much larger than the amount transferred by diffusion, making the installation of an air

barrier essential to the control of water vapor movement.
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Perreault points out the importance of the environmental conditions during construction and the
effect they can have on building components. Most building materials need to be protected trom
sun, heat, cold, wind and rain prior to their use and after they are installed, but before the exterior
cladding is erected. Many of these materials will be affected by such exposure, degrading their in-
use performance. These material issues can be dealt with through proper storage of construction
materials, protection of partially completed work and scheduling of construction activities.

The CMHC Seminar on High-Rise Buildings makes a very valuable point on design philosophy, i.e.,
the designer must always assume that some degree of imperfection will exist in wall components.
The design process must involve an evaluation of the locations and potential consequences of
these imperfections, such as the degree and duration of wetness at critical locations, and then
assure that the performance will not be compromised by these imperfections, or if it will, modify the
design to accommodate them. The aim of the designer should be to minimize gross defects in the
thermal envelope integrity and to tolerate the minor defects that inevitably occur.
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e I T B S

3.1 AIR BARRIERS

The purpose of an air barrier is too prevent airflow through the building envelope. This includes
both the prevention of outdoor air from entering the building through walls, roofs and foundations,
and the prevention of indoor air from exfiltrating through the building envelope to the outside. The
inclusion of an air barrier system in the envelope design is essential to controlling air leakage and
achieving good thermal envelope performance. Air leakage leads to excessive energy
consumption, poor thermal comfort and indoor air quality, condensation within the envelope and
the associated degradation of envelope materials, and interference with the proper operation of

mechanical ventilation and smoke control equipment.

Even if an air barrier is not specified in the envelope, those elements which are most impermeable
to airflow will be subjected to the envelope pressure differences. They will then “act” as the air
barrier, most likely a poor one. The material experiencing the pressure difference, and its means of
attachment, will probably not be adequate to withstand the pressure and it will be displaced. For
example, rigid insulation board may be forced out of position by wind pressures when there is no air
barrier system in the wall and the insulation attachment is not designed to withstand the wind

pressures.

The air barrier system must be designed with full recognition that envelope materials are not
dimensionally stable and that differential movements occur due to temperature effects and
structural loads. The elements of the air barrier at locations where differential movement is
expected to occur must be capable of accommodating this movement using systems and materials
that will retain the essential performance requirements of the overall air barrier system.
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Material and System Requirements

There are four basic requirements for an effective air barrier system: continuity, structural integrity,
airtightness and durability.

Continuity: Continuity throughout the entire building envelope is one of the most important
requirements of the air barrier system. It means much more than the various elements not having
holes; continuity requires that all of the air barrier components are sealed together so there are no
gaps in the envelope airtightness. The sealing of component connections is essential to air barrier
design and construction, and a common source of failures. Areas where air barrier continuity must
be given particular attention are at window frames, utility penetrations, wall-roof connections and

the intersections of different wall systems.

The air barrier in each envelope component must be clearly identified during the design, and the
manner in which they will be sealed together at component connections must be well thought out.
Air barrier continuity can also be violated at locations that are hidden by other envelope
components. For example when the interior finishing (e.g. gypsum) serves as the air barrier, if it is
sometimes not finished above suspended ceilings or behind convector cabinets, there will be large

gaps in the air barrier system’s continuity.

Example; The sketch in Figure 3.1.1 shows a failure in air barrier continuity due to a lack of interior
finishing (Kudder). It this wall the interior drywall served as the air barrier. However, due to the
obstruction of the spandrel beam, the drywall could not be finished and severe air leakage occurred
around the beam into the cavity behind the facade. Drywall screws were not installed behind the
beam, and the joints were not taped all the way up the height of the wall.

UNACCEPTABLE

l

L | Air leakage through
I ’ unfinished drywali

f

Figure 3.1.1 Failure of Air Barrier Continuity (Kudder)
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Structural Integrity: All elements of the air barrier must be able to resist the imposed pressure
loads or be supported by something that can resist these pressures. If the air pressure difference
across the building envelope is not able to move air, it will work to displace those materials that are
preventing this airflow. If the pressure exceeds the capability of the air barrier system to support
this pressure load, then the system will fail, permanently destroying its ability to provide airtightness.
In more specific terms, the air barrier system must resist peak wind loads, stack pressures and
(de)pressurization by ventilation equipment without rupturing or detaching from its support and must
not creep away from its supports or split at joints under sustained air pressures.

Example: A case ef inadequate structural
support of the air barrier in a parapet wall is
shown in Figure 3.1.2 (Quirouette 1989). The
wall consists of a brick veneer, an insulated steel
stud wall, a polyethylene sheet air barrier/vapor
retarder and an interior drywall finish. The
parapet consists of a brick veneer, rigid
insulation, polyethylene and concrete block
backup. The rigid board parapet insulation was
spot adhered to the polyethylene, which ran from
the top of the wall studs, past the steel beam,
and up the parapet where it was sealed to the
parapet top plate. Because the polyethylene
was not adequately supported, it moved back
and forth with the wind pressures and eventually
tore. The movement of the polyethylene pulled
the rigid insulation from its original location,
which in turn pulled the polyethylene further out
of place. The parapet air seal was rendered
totally ineffective, and the effectiveness of the
insulation was severely degraded.

UNACCEPTABLE

etachment of air barrier
and rigid insulation

Figure 3.1.2 Failure of Air Barrier
Integrity (Quirouette 1989)
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Airtightness: The materials comprising the air barrier system obviously must be airtight, but more
importantly these materials must be joined into a system such that the total assembly is equally
airtight (continuity). Many building materials are clearly impermeable to airflow, e.g. glass, sheet
metal and various membranes. Other materials are permeable to airflow, though this permeability
is not always recognized, as in the case of a single wythe of masonry construction.

UNACCEPTABLE

Example: The importance of air
impermeability, specifically that of concrete A

blocks, is demonstrated by the example Precast concrete SN )

depicted in Figure 3.1.3 (Quirouette 1989).  spandrelpanel  /“iggy  Alrleakage thiough o
The figure shows a precast concrete panel ,

wall with U-shaped column covers and C- Convector
shaped spandrel paneis on a cast-in-place o s _g— Cabinet
concrete frame with a concrete block infill ;.'.I |

wall. The blocks behind the convector - L A
cabinets were left exposed and untreated. \
Air passed through the blocks, into the )
space between the infill wall and the
spandrel panel, and up behind the column o
covers. Severe condensation, freezing and g

melting problems occurred.

Figure 3.1.3 Air Barrier Permeability
(Quirouette 1989) ,

Durability: The air barrier materials and the assembly must be known to have sufficient durability
and demonstrated longevity in the field. If not, the air barrier materials should be positioned in the
envelope such that they can be inspected and serviced as necessary. One must recognize that
durability is not an inherent material property but is a function of how the material reacts to
environmental exposures, i.e., temperature, moisture, radiation (UV) and adjacent materials.

Perreault and others have pointed out the use of inappropriate materials as air barriers:

« Insulation materials do not necessarily prevent the flow of air, unless specifically designed to
serve as part of an air barrier system that meets all of the above requirements.

« Mastic is often used in masonry walls as an insulation adhesive and can serve as an
adequate vapor retarder, but it cannot serve as an air barrier. As Perreault points out,
mastic does not have the material properties required to bridge gaps and fissures on
masonry surfaces, and therefore it cannot achieve the requirement of continuity.

- Polyethylene sheet or film is an eftective vapor retarder material, but because it is not strong
enough to withstand wind pressures, it is not suitable for controlling air leakage without
adequate structural support. Polyethylene will perform if well-supported on both sides, but it
is not strong enough to bridge openings. Another material could be used to bridge these
openings, but it must be sealed to the polyethylene. In addition, the long-term durability of

polyethylene has been questioned.
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Air Barrier Location within the Envelope

From the perspective of controlling heat transfer alone, the location of the air barrier within the
envelope is not important. However, from the perspectives of constructability, durability and

envelope condensation, the location is very important.

From the perspective of durability, it is preferable to have the air barrier within the exterior cladding
and outward of the structural frame. Having the air barrier within the cladding protects the air
barrier materials from the detrimental affects of weather, i.e., sunlight, rainwater and extreme
temperature fluctuations. The preferred approach to realizing this design is the use of a pressure-
equalized rain screen cladding, as discussed in the section on Rain Penetration Control. In this
approach a well vented cavity behind the facade controls pressure-driven rain penetration and a

well protected air barrier controls air leakage.

Keeping the structural frame of the building within the air barrier makes the air barrier system
design more straightforward in terms of maintaining continuity at penetrations associated with

structural elements.

In cold climates, positioning the air barrier on the interior side of the insulation protects the air
barrier from outdoor temperature fluctuations. Furthermore, the envelope elements to which it is
attached are similarly protected, minimizing the thermally induced movement of these elements and
the resultant physical stresses on the air barrier components. In this situation the air barrier can
also serve as the vapor retarder since it is on the warm side of the insulation. In warm climates, it
will generally be more advantageous to locate the air barrier outside the insulation from the
perspective of airborne moisture transport. If the air barrier is located interior of the thermal
insulation, special care is required to avoid infiltrating water vapor from condensing on the air

barrier.
As discussed in the next section on Vapor Retarders, if the air barrier is not also serving as a vapor

or not this is the case, the position of the vapor retarder should be based on an analysis of the
temperature and water vapor profiles through the building envelope, using the techniques
presented in the ASHRAE Handbook of Fundamentals. [f the two systems are separate, i.e., the air
barrier is on the low vapor pressure side of the envelope, then the water vapor permeability of the
air barrier must be well above the permeability of the vapor barrier. Recommendations on the
permeability ratio of the air barrier to the vapor retarder range from 5 to 20, however, each system

ineeds to be analyzed individually for its particular climate.
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Application Examples

The particular air barrier system approach employed in a building envelope necessarily depends on
the specific envelope system being used. Perreault (1989) has described the various air barrier
systems in use, and they are discussed below:

ACCEPTABLE

Air seal between
inner gypsum board

/ and floor

Accessible Drywall: In this approach, shown in
Figure 3.1.4 for a brick veneer/steel stud wall, the
interior (exposed) drywall is the main component of
the air barrier system. This approach relies on high
performance sealants (see section Design/Sealants)
to seal the drywall to other materials and to
accommodate the large tolerances associated with
commercial construction and the large differential
movements associated with long spans. There is
easy access to the air barrier from the building
interior, facilitating inspection and repair. This
system works well with concrete structures, as
shown in the figure, but its application can be quite . . ]
complicated inga steel structure. Figure 3.1.4 Accessible Drywall Air
Barrier (Perreault 1989)

Membrane
air seal

Non-accessible Drywall: In this approach, the exterior drywall sheathing serves as the main
component of the air barrier system as seen in Figure 3.1.5. Joints between drywall boards are
sealed with reinforced self-adhesive tapes, and joints between boards and other components are
sealed using strips of elastomeric membranes. This system has the advantage over the accessible
drywall approach of having fewer perforations of the air barrier from interior services such as
electrical outlets. Because the gypsum sheathing and the air seals are inaccessible after
construction, these materials must be durable and their attachment must be capable of long term
performance. This approach works well in steel structures because the air barrier can be extended
past steel columns and beams. The two details shown in the figure are examples of the application
of this approach to a wall with a panel facade, insulation and a stud wall with gypsum board on both

sides. The first case has a concrete frame and the second has a steel frame.

ACCEPTABLE

Metal panel . .
facade
L

Membrane

Membrane
air seal |

air seals

Concrete Frame Steel Frame
Figure 3.1.5 Non-Accessible Drywall Air Barrier (Perreault 1989)
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DESIGN/AIR BAKRIERS

Curtain Walls: In curtain walls the air
barrier consists of the glass, metal pan and
extrusions, insulation and sealants. Figure
3.1.6 shows the basic approach to providing
an air barrier in the system. The metal pan
behind the spandrel insulation and the
vision glass are the major elements of the
air barrier; they must both be joined to the
mullion using appropriate sealants to
maintain the air barrier continuity.

Metal spandrel

ACCEPTABLE

panel

Metal pan

——— Air sealis

Figure 3.1.6 Curtain Wall Air Barrier
(Perreault 1989)

Metal Bulldings: In metal building systems, the interior sheet steel liner serves as both an interior
finish and a combined air/vapor barrier. Since the metal liner is airtight, the panel joints are the
critical elements in the air barrier system. Care is also required in the design of wall/roof
intersections and at the bottom of the walls in these systems.

Masonry Walls: Various approaches have been
used for air sealing masonry walls. Factory-made
elastomeric membranes provide a reliable air
barrier, with the membrane being applied to the
entire surface of the masonry backup wall as
shown in Figure 3.1.7. These membranes may be
thermofusible or peel-and-stick. Thermofusible
membranes are adhered to the backup wall by
heating the membrane backing with a propane
torch. Insulation can be held in place with metal
clips heat welded to the membrane. A sketch of
an elastomeric membrane air barrier applied to a
masonry wall is shown in the figure. The
membrane runs continuously past the floor slab
providing good continuity. Note the gap between
the top of the backup wall and the bottom of the

ACCEPTABLE

Membrane
air/'vapor barrier

1T

)
2%
oded

%
%

floor slab to accommodate detlectiun of the floor > wy,
slab or other differential movement between the
backup wall and the building structure. Figure 3.1.7 Masonry Wall Air Barrier

(Perreault 1989)
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DESIGN/AIR CARNIEND
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4.2 MASONRY

This section discusses wall systems in which a wythe (or wythes) of masonry constitutes the major
component of the wall. There are many systems, which may appear to be quite different, that can
be included under the general category of masonry walls. Such systems can range from a single
wythe with no exterior or interior finish to a double wythe cavity wall with brick veneer and an
interior finish of furring and gypsum. In general, most of the masonry walls of interest in commercial
buildings fall into two categories. First, there are single wythe masonry walls with one of several
different exterior and interior finishes. These exterior finishes include metal siding, stucco or paint,
while the interior finishes can range from furring and gypsum wallboard to just paint. The second
category of masonry walls are brick veneer walls which consist of a brick veneer, an air space, an
inner wythe of masonry, and an interior finish. A great deal of design and construction information
is available for brick veneer wall systems. This section does not cover brick veneer steel stud walls,

as these are covered in the next section.

Guidance on the design and construction of masonry systems is available from a variety of sources
including the Brick Institute of America (BIA), the National Concrete Masonry Association (NCMA),
the Masonry Advisory Council and the Portland Cement Association (PCA). The BIA Technical
Notes, the NCMA TEK series and the PCA Concrete Technology Today series provide very
practical information. While these materials do cover some issues of thermal integrity and envelope
airtightness, they tend to concentrate on material properties, structural issues, rain penetration and
construction techniques. While these issues are relevant to achieving good thermal performance in
masonry walls, these guidance documents do not emphasize the prevention of air leakage and

other thermal defects.

General Design Information

There is a great deal of design information available for masonry walls in publications such as the
NCMA manual of construction details by Elmiger and the PCA Concrete Masonry Handbook by
Randall and Panarese. These and other publications provide information on masonry units, mortar,
properties of masonry walls, finishes and construction techniques. Other sources of general design
information include BIA Technical Notes 21 and 21B. Grimm published a literature review on the
durability of brick masonry in 1985 that discusses the agents and mechanisms that cause
deterioration and how to increase durability through design, material selection, construction and

maintenance.

In most of these masonry design references, the discussions of thermal issues are generally not
extensive and do not stress problems of air leakage and thermal defects. While there is some
discussion of insulation systems and thermal bridging, air barriers are rarely mentioned. Some of
the guidance they provide is relevant to our discussion, including the issues of materials, crack
control, water leakage, and construction technique. This section on design information contains
brief discussions of materials and crack control, followed by a discussion of brick veneer walls since
they constitute a significant portion of commercial building masonry construction.
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Materials

The materials of masonry construction have been studied for many years, and the properties
necessary for good performance are well established (see BIA Technical Note 21, NCMA-TEK
No.85 and the PCA Concrete Masonry Handbook for more information). Quality materials are
necessary to achieve good performance, and even the best design and construction will be
compromised by poor materials. The materials of concern include the masonry units, mortar,
coatings, ties and anchors, flashing, shelf angles, and joint materials. Specifications for many of
these materials have been developed by ASTM and other organizations. Masonry unit
specifications include strength, durability and water absorption, and provide guidance on the
selection of units based on climate and anticipated loads. Specifications for masonry units are
provided in ASTM C 55 (concrete building brick), C 90 (hollow load-bearing concrete masonry), C
129 (non-load-bearing concrete masonry) and C 145 (solid load-bearing concrete masonry). The
important material properties of mortars include workability, water retentivity, strength, adhesion
and durability. The various types of mortars and their properties are described in ASTM C 270 and
C 476 for nonreinforeed and reinforced masonry respectively. Additional material requirements
exist for clear or opaque coatings used to provide watertightness or water resistance. The
materials properties of ties, anchors, shelf angles, flashing and joint materials relate to strength,

durability and corrosion resistance.

Crack Control

Cracking of masonry walls obviously impacts water and air leakage, and can lead to more serious
problems of structural integrity for facades or whole walls. Grimm published a literature review of
masonry cracking in 1986; the issue is also covered in BIA Technical Note 18 and NCMA TEK No.3
and No.53. Cracking occurs when the inevitable movement of building materials is restrained by
the material itself or by adjacent elements. Such movement is caused by a variety of forces
including temperature expansion and contraction, changes in moisture content, and structural

loads. The differential movement of building components can be anticipated and must be
accommodated for in design, otherwise cracking will result. Cracking can be controlled by the
specification of materials that limit moisture-induced movement, the use of reinforcement such as
bond beams, and the use of control joints or other devices to accommodate movement. In masonry
veneer walls, the design of shelf angles that can accommodate movement is of particular
importance and is described in Grimm and elsewhere. Crack control must be a part of the design of
masonry walls, otherwise cracks will develop and both water leakage and air leakage will increase.
As discussed in the section on water leakage, some fine cracking is inevitable, e.g. at mortar-unit
interfaces, and adequate means must be provided for the drainage of the water that leaks through

these cracks.
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Brick Veneer Walls

Brick veneer walls employ a two-stage approach to the control of rain penetration. Figure 4.2.1 s a
schematic of a brick veneer wall, showing the major components of the system. In this design
approach, the veneer is intended to shed most of the rain water, at the same time acknowledging
that some water will penetrate into the cavity. The veneer must still be designed and constructed to
provide wind and water resistance so that the watertightness of the backup wall is not continuously
tested. If the veneer is not at all watertight, then the backup wall really constitutes a single stage
system. The cavity must be flashed at appropriate locations so that any water that does penetrate
the veneer is drained to the outdoors. Ideally, the veneer should serve as a pressure-equalized
rainscreen in which openings in the veneer keep the cavity pressure close to the outdoor pressure,
preventing pressure driven rain penetration into the cavity. These openings must be designed to
limit rain penetration due to capillary and gravity-driven flows. For the pressure-equalized
rainscreen approach to be effective, the backup wall must be airtight.

= Air barrier

I L

I Brick tie
|
Flashing — | &
Weephole — [
Sealant Z |
Vent
Interior
finish
Shelf
angle

Figure 4.2.1 Brick Veneer Wall (CMHC 1989)

The design and performance of brick veneer walls is covered in BIA Technical Notes 21 and 21B,
the Canada Mortgage and Housing Corporation (CMHC) Seminar on Brick Veneer Wall Systems,
NCMA-TEK No.62 and No.79, and the PCA Concrete Masonry Handbook. The information in these
documents concentrates on materials, structural issues and water leakage control. BIA 21B
emphasizes structural issues and includes details of anchorage, expansion joints, foundations and
window connections. Except for the CMHC document, design issues related to thermal envelope

integrity are not emphasized in many of these guidance documents.
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Water Leakage

While water leakage does not relate directly to airtightness and thermal performance, the
interactions between the elements intended to control water and those intended to control air
leakage and heat transfer must be addressed. Also, water leakage can lead to the deterioration of

the elements controlling air leakage and heat loss.

Rain penetrates masonry walls through cracks at mortar-unit intertaces, unfilled mortar joints,
movement and shrinkage cracks, and interfaces of the masonry wall with other wall components.
The impact of raindrops directly on cracks is not a major contributor to water leakage, rather water
running down the face of the masonry leaks through cracks due to capillary action and air pressures
across the wall. Gravity can also be an important factor in larger openings that slant inwards. Itis
important to keep water off the wall through the use of properly designed drips on copings, ledges,
sills and balconies, because any wall will leak if it is continuously flooded with water.

For a solid masonry wall, or any masonry wythe, to be watertight the masonry units and mortar
must be compatible, the mortar joints must be completely filled and properly tooled, and the wall
must be sufficiently thick. Compatibility between the units and mortar is necessary to achieve a
good bond, otherwise there will be unbonded areas and cracks will be more likely to develop. In
addition, the mortar joints need to be properly tooled in order to compact the mortar against the
units and to close capillary cracks. If a masonry wall is sufficiently thick, then the water that does
penetrate the facade will generally not reach the interior face before it is able to dry out. This is the
approach that controlled rain penetration in older masonry construction, and it worked well in these
very thick walls. In modern construction, masonry walls are generally not load-bearing and are
therefore thinner and less forgiving of water leakage. In order to control water leakage in modern,
masonry walls, industry guidance on mortar and joint tooling should be followed, but given the miles
of mortar-unit interface it is unrealistic to expect to be able control all of the water leakage.
Therefore, good masonry construction for rain penetration should be supplemented by the use of a
facade or veneer that provides a second line of defense combined with a drainage system to
remove the water that penetrates the facade. Design for the control of water leakage requires an
understanding of how the cavity wall system is supposed to perform plus achieving the following
key performance elements: the brick veneer should be as watertight as possible, flashing must be
properly installed at all required locations, the cavity must be well drained and the backup wall must

be airtight and watertight.

ASTM E 514 provides a test method for determining a masonry wall's resistance to water
penetration subject to wind driven rain. This procedure involves a wall installed in a test chamber,

as opposed to a field test.
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Mortar Joints

Given compatibility between the mortar and the masonry unit, the joint must be full and properly
tooled to control water leakage. Construction issues related to joint tooling are discussed below,
but the type of mortar joint is key at the design stage (see NCMA-TEK 85 and the PCA Concrete
Masonry Handbook). Figure 4.2.2 shows acceptable and unacceptable mortar joints for water
leakage control. Concave and vee joints are generally recommended when the joint is exposed to
rain. There is less consensus on beaded and weathered joints, with both reports ot their providing
adequate performance and recommendations against their use. Therefore they are labelled as
marginally acceptable. Flush, raked, struck and extruded joints are not suitable unless
weathertightness is not an issue, such as in interior construction. They should not be used on the

exterior face of the inner wythe of a cavity wall.

MARGINALLY
ACCEPTABLE ACCEPTABLE

RAKED STRUCK EXTRUDED

Figure 4.2.2 Mortar Joints for Water Leakage Control
(Randall and Panarese)

Drainage and Flashing

Since it is practically impossible to make a watertight masonry wall, one must provide the means for
the drainage of water that penetrates the facade. This design feature is recognized in the design of
cavity walls, but drainage is also necessary in other masonry wall systems. Flashing is necessary
at a variety of locations to direct this water flow to the outdoors through weepholes or some other
such device. Good drainage requires the maintenance of an adequate space behind the facade,
through which water can easily flow downward. Construction technique is important for keeping the
cavity free from mortar droppings and installing the flashing such that it performs effectively, and
these are covered in the section on construction. Many of the design aspects of drainage, flashing
and weepholes are covered in available design guidance documents. Some of the key design
requir2ments are outlined below, based on material contained in BIA Technical Note No.21B,
NCMA-TEK No.13A and the PCA Masonry Construction Handbook.
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Flashing is required anywhere water i:ight ath:wise accumulate or tend to enter the building
interior. These locations include the failowing. ahave wall openings such as window heads, below
wall openings such as window siils, where the wali structure rests on the foundation, at shelf
angles, at wall-roof intersections and at parapei copings. A flashing material of good quality must
be specified in the design, based on the taltowing qualities: impervious to moisture penetration,
resistant to corrosion from the atmosphere or caustic substances in mortar, strong enough to resist
puncture, abrasion and other damage during installation, and both easily formed into the desired
shapes and able to retain these shapes in use. Preformed copper sheet flashing, with soldered
joints and expansion provisions, provides good performance. Galvanized sheet steel, aluminum
and lead can be corroded from substances in the mortar and must have protective coatings. The
flashing design must maintain continuity of the flashing at corners and other interfaces, and dams
must be employed where flashing terminates such as beyond window jambs. In order to achieve
the required continuity, flashing installations need to be carefully detailed at all interfaces such as
windows, corners and columns. Adjoining pieces of flashing should be overlapped and properly
sealed to each other. Potential interferences with other envelope elements that might damage or
puncture the flashing, such as shelf angle bolts or ties, must be avoided. In cavity walls, the
flashing should be carried up into a mortar joint of the inner wythe. And perhaps most important of
all, the flashing must extend beyond the exterior face of the building. Aesthetic considerations are
sometimes allowed to prevent this essential extension of the flashing, defeating its effectiveness.

Flashing will not be effective unless there are an adequate number of weepholes through which
accumulated water can drain, located immediately above the flashing. Recommendations for the
spacing of weephaoles range from 400 to 600 mm (16 to 24 inches) on center. Weepholes can be
provided by leaving mortar head joints open, using removable oiled rods or sashes, or installing
plastic or metal tubes in the head joints. Weepholes can become plugged with mortar during
construction, thereby losing their ability to drain. Construction techniques exist to prevent this
problem, and these are described below in the section on Construction Requirements. Other
weephole deficiencies include their complete omission or inadequate spacing or number.

UNACCEPTABLE ACCEPTABLE

Flashing terminated Flashing extended Flashing carried Into
“

clear of tacade Inner wythe

/\/ / on backup wall / _

Flashing too short SRR
to shed water

Sealant

Figure 4.2.3 Unacceptable and Acceptable Flashing and Sealant Details (CMHC 1989)
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Figure 4.2.3 shows unacceptable and acceptable flashing details at horizontal shelf angle joints. In
the unacceptable case, the flashing is not extended beyond the face of the brick veneer, decreasing
its ability to drain water to the outdoors. In the acceptable detail, the flashing is extended well
beyond the face of the brick and is positively sloped to the outdoors. The flashing must not be
terminated on the shelf angle because that will allow water to drain behind the sealant and into the
cores of the brick veneer. Nor should the flashing be terminated against the inner surface of the
backup wall, since water draining down the cavity will be able to get behind the flashing. Instead,
the flashing must be carried up over the shelf angle and anchored at least 20 mm (8 in.) into the
first course of the inner wythe. The relative positioning of the flashing and the anchor bolt must be
considered to avoid puncturing the flashing. The flashing is sometimes placed in the second
veneer mortar joint above the shelf angle for this reason. A compressible filler (e.g. neoprene) is

placed under the shelf angle to keep debris, especially mortar, out of this space. If mortar does get
under the shelf angle, differential movements result in unacceptable loads being imposed on the

veneer. -

ACCEPTABLE
Positive siope towards roof

Z
727

Figure 4.2.4 Flashing at Coping (CMHC)

Drip !

Through-wall
Hiashing

Parapet flashing is extremely critical because of the exposure of these elements. In order to keep
water out of the parapet and to prevent it from running down into the wall, through-wall flashing is

required below copings and near the base of the parapet. Figure 4.2.4 shows such through-wall
flashing below a pervious or segmental coping. Note that drips are included in the coping on both

sides of the parapet, and that the coping slopes towards the roof to prevent water from running
down the outer facade.
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Figure 4.2.5 shows metal cap flashing over the top of a parapet and the through-wall flashing at the
roof line. Figure 4.2.6 shows the flashing at a flashed curb at a roof edge.

ACCEPTABLE ACCEPTABLE

Metal cap flashing
Base flashing

Seal base flashing to

Metal cap
flashing roof membrane
Base flashing 7 = l 1,’1,' Ll
Metal counter 7 / -
Through-wall — flashing 2/
ashingn, A XA . K poon B
Seal b 4
\ flas:;! taos‘r’oof % | - ’
R membrane | -
EE Root insulation ’ —
= not shown
Figure 4.2.5 Parapet Flashing Figure 4.2.6 Flashed Curb
(CMHC 1989) (CMHC 1989)

The consequences of flashing deficiencies are well recognized, and as noted in the CMHC Advisory
Document on Exterior Wall Construction these deficiencies may arise from several causes. First,
flashing may not be called for in the design due to an oversight. In other cases, flashing is included
in the design but is inadvertently omitted during construction. In some designs, the flashing is
carried up a vertical surface to be tucked and sealed into a reglet or notch in the concrete structure
or in a raked-out mortar joint. [f this reglet is missing, the flashing may also be omitted or else not
sealed properly, resulting in ineffective performance. Deficient flashing performance also results
when the flashing is damaged during construction by wind or rough handling. A major cause of
poor performance is insufficient flashing details that are oversimplified and neglect interference with
other building elements. For example, flashing may interfere with the shelf angle bolt if the cavity is
too narrow. Detailing problems also occur when flashing intersections with columns and other

contiguous elements are ignored.
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Coatings and Sealants

A wide variety of coatings are available for waterproofing masonry walls, as discussed in NCMA-
TEK No.10A and the PCA Concrete Masonry Handbook. It is generally recognized that these
coatings alone will not prevent water leakage, although they are necessary when a single wythe of
concrete masonry constitutes the exterior facade. The other aspects of design and construction for
controlling water leakage discussed in this section, i.e., surface drainage, mortar joints and flashing,
must also be employed and in some cases can preclude the need for any surface coating. If these
control measures are not taken and the wall does not adequately control cracking, then coatings

alone will not prevent water leakage.

Surface coatings can be classified as opaque and clear. The opaque coatings can actually provide
waterproofing because of their higher content of solids. Clear coatings tend to be less effective
than opaque coatings, and are referred to as water repellents. Clear coatings employ a variety of
materials, and work-by changing the capillary angles of the pores in the masonry (see BIA
Technical Note 7E). They will not normally fill cracks in masonry walls, and it is these cracks that
are associated with most water leakage. Clear sealants do have their applications, but the
inappropriate use of such materials can lead to problems. The performance limitations of clear
sealants include an inability to stop moisture penetration through cracks and incompletely filled
joints, the potential for contributing to spalling and/or disintegration of units; the inability to stop
staining and efflorescence followed by interference with its removal; and making the wail almost
impossible to tuck point. BIA recommends against their use except under very specific
circumstances. Before considering their use for controlling water leakage, BIA recommends a
careful inspection of the wall to investigate other potential sources of water leakage. Such an
inspection should include the design and current condition of caps, copings, flashing, weep holes,
sealant joints, and mortar joints. Any defects should be corrected, and these actions may control
water leakage without the use of a coating. BIA Technical Note 7E provides a thorough checklist to
use in determining the appropriateness of using a clear sealant. Many of these BIA limitations on

the use of clear coatings also apply to opaque coatings.
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Thermal Insulation

The key aspect of thermal insulation syetem performance is maintaining continuity over the entire
building envelope. This involves placing and attaching the insulation so that there are no gaps
between insulation elements, and between the insulation and its substrate. Thermal bridges must
be avoided, and the insulation must remain in position over time. BIA Technical Note 21A
discusses insulation of cavity walls, covering topics of materials and their properties, and points out
two general criteria for cavity insulation. First, the insulation must allow the cavity to perform its
function of providing a barrier to rain penetration and allow moisture to drain back to the outdoors.
Also, its insulating properties must not be degraded by moisture in the cavity. Two other important
issues regarding insulated cavity walls are the manner in which the insulation is attached and the

position of the insulation, inside or outside the inner wythe.

The debate on whether to place insulation within the cavity or on the inside of the inner masonry
wythe has been going on for decades. Both alternatives have advantages and disadvantages as
discussed below. An advantage of interior insulation is that the insulation (and often the vapor
retarder and air barrier) can be installed from the floors after the masonry work is complete. The
installation can then be easily inspected and any defects repaired. One disadvantage of interior
insulation is that the entire building envelope, and perhaps elements of the structural frame, are
outside of the insulation and subjected to the full range of outdoor temperature fluctuations. This
exposure increases the associated dimensional changes and places more severe requirements on
materials. Also, the insulation (and again often the vapor retarder and air barrier) are not
continuous over the building envelope but are interrupted by floor slabs, beams, columns and
partition walls. These interruptions act as thermal bridges and require very careful attention in order
to maintain the continuity of the air barrier system. Finally, when services such as electrical are
installed they can end up being cut into the insulation and the air barrier.

Interior insulation often involves friction-fit batts installed between furring strips or studs. If this
approach is used, the batt must fill the entire space to restrict any airflow, since airflow through or
around the insulation will severely degrade its effectiveness. To this end, the spacing between the
furring or studs must be kept uniform so that the batts are held securely. The insulation must be
continuous over the entire interior surface, with no gaps at the floor or ceiling. If there is a dropped

ceiling, the insulation must be carried past the ceiling to the slab above.

Cavity insulation also has advantages and disadvantages. On the plus side, the insulation can be
applied over the entire backup wall, uninterrupted by floors, beams, columns and other elements,
greatly reducing thermal bridging. The structurat frame and the inner wythe are now separated
from the outdoors by the insulation, providing a more stable temperature environment. The concern
about electrical services, chases, ducts, etc. penetrating the insulation, vapor retarder and air
barrier are eliminated. One disadvantage of cavity insulation is that since the insulation and
masonry go up together, it is more difficult to inspect the work and repair any defects. The
installation must be applied from a staging, and weather conditions can interfere with construction
and affect the quality of the work. Also, the insulation must be worked around the veneer ties in a
manner that does not compromise the insulation system effectiveness. Care is required in
developing the flashing and insulation details so that they do not interfere with each other.
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When insulation is placed in the cavity, a secure means of attachment is critical. The insulation
within the cavity is subjected to outside wind pressures, and if it becomes displaced, it can interfere
with the drainage of water from the cavity and lose its effectiveness as an insulator. In addition,
there must not be any air gaps behind the insulation, otherwise air will then be able to flow around
the insulation, severely degrading its effectiveness. Rigid insulation boards are often used as cavity
insulation, and in order to be effective, these boards must be fixed tightly to the outside surface of
the backup wall. Depending on the condition of the backup wall surface, it may be necessary to
parge the backup wall to provide a flat surface for application of the insulation. Rigid insulation can
be attached to the backup wall with adhesives, mechanical fasteners or a combination of both.
When using adhesives it is important that the surface of the backup wall is clean and smooth. The
back of the board must be fully buttered with adhesive, since spot adhering will result in air gaps
behind the board. Weather conditions may restrict the use of some adhesives. One must also
address their compatibility with the insulation and their long term stability and effectiveness with
regards to aging, attack from biological organisms, and temperature and humidity cycling.
Mechanical attachment using the brick ties or screw and washer assemblies has advantages over
adhesives since they can be used under any weather conditions. Rigid, fibrous insulation is
sufficiently flexible that mechanical anchors will pull the insulation into close contact with the backup

wall.

When cavity insulation is used, the cavity must be wide enough to allow for the cleaning of any
mortar droppings from the cavity. One can use insulations specifically designed to fill the cavity and
allow for drainage, such as semi-rigid glass fiber boards. Such an approach also has the
advantages of preventing mortar droppings since the insulation is in place when the veneer is

installed.

In the case of rigid insulation boards, achieving secure attachment requires a solid surface for
affixing the insulation and a means of attachment that can withstand the environment to which it will
be subjected. Figure 4.2.7 shows an insulation adhesion failure caused when the brick ties
prevented the insulation from achieving full contact with the backup wall. As a result, very little of
the asphalt adhesive on the back on the rigid insulation actually contacted the block. Air moving
through the block wall, due to the lack of an air barrier system, was free to move through the
spaces on both sides of the insulation. In this case, severe condensation resulted on the outer
surface of the backup wall. This problem could have been avoided through the use of an air barrier

system and an alternative means of attaching the insulation.
UNACCEPTABLE

incomplete
attachment of
rigid insulation
to backup wall

Airflow through
backup wall and =
around insulation

Figure 4.2.7 Insulation Attachment Failure
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Figure 4.2.8 shows another case of insulation attachment failure (Quirouette 1989). In this case,
the insulation was simply spot adhered to the polyethylene air barrier/vapor retarder which was

attached to the top of the wall studs and the top of the parapet top plate. The insulation/
polyethylene was not adequately supported to withstand the wind pressures, and eventually it was

displaced and tore.

UNACCEPTABLE

!
)

.Detachment of air
barrier and rigid
insulation due to

inadequate support

Figure 4.2.8 Insulation Attachment Failure
(Quirouette 1989)

Given a well-attached insulation material, the concern over thermal bridges remains. Thermal
bridging is not given much attention in existing construction guidance documents. In fact, these
documents contain many examples of thermal bridges in their recommended design details.
NCMA-TEK No. 151 is an exception, showing several examples of thermal bridges in masonry
walls and pointing out the advantages of cavity insulation for avoiding such problems. Thermal

bridges are discussed below in the section Examples and Details.
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Air Barriers and Vapor Retarders

Masonry walls require air barrier systems to control air leakage as discussed in the section Design/
Air Barriers. Similarly, the design and installation of vapor retarders for masonry walls needs to
follow the guidance given in the section Design/Vapor Retarders. To make a masonry wall airtight,
one must reduce the permeability of the masonry wall itself and address the intersections between
the masonry and other building elements. Mortar joints can not be made airtight because
differential movements caused by temperature, moisture, shrinkage of blockwork and movement of
other building elements inevitably lead to cracks in mortar joints. Since masonry itself is ultimately
permeable to airflow, an air barrier material must be employed to seal the small openings at the
unit/mortar joints. Air barrier materials used in masonry construction include layers of mortar,
plaster, heavily textured paint or mastic, sheet material, interior gypsum board and various sealants
In order to achieve a continuous air barrier system, seams and joints must be meticulously sealed.
Air barrier elements are also required at the interfaces between the masonry construction and other
envelope components and must be abie to accommodate the differential movement at these

locations.

The following figures show air leakage defects in masonry construction, pointing out some of the
key points in achieving an effective air barrier in masonry wall. Figure 4.2.9 shows a situation
where air leakage occurred because the air barrier was omitted behind the convector cabinets
(Quirouette 1989). Because the block behind the convector cabinets was left unfinished, interior air
flowed through the unfinished block into the cold spaze behind the precast concrete spandrel
panels and the column covers, resulting in severe condensation, freezing and melting problems.
This case shows the importance of applying the air barrier continuously over the entire wall.

UNACCEPTABLE
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Precast concrete

spandrel pansi Air leakage through

unfinished concrete block
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Figure 4.2.9 Air Leakage Through
Unfinished Block (Quirouette 1989)
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Figure 4.2.10 shows air leakage at the intertace of steel columns and concrete block. The
exfiltrating interior eventually condensed on the cold metal siding, resulting in severe crumbling of
the block at the outer wythe. This case points out the need to provide an appropriate air barrier at
the intersection between steel columns and masonry. The air barrier element must be able to
compensate for construction tolerances, differential-movement of the block wall and the structural
elements, and block shrinkage. The intersection between masonry walls and other envelope
elements is a key area for achieving air barrier continuity.

UNACCEPTABLE

Outside
Metal

siding

Alr leakage
through joints

PLAN

Figure 4.2.10 Air Leakage at Block / Column Joint
(Quirouette 1983)

Figure 4.2.11 shows an example of an air barrier discontinuity at a window/wall intertace
(Quirouette 1983). In this case the wall air barrier and the window air seal are not in line with one
another, resulting in a major discontinuity in the air barrier. Similarly, the wall insulation is out of line
with the window thermal break. Quirouette points out that this design has been found to result in
condensation on the inside mullion surface and efflorescence on the outside surface of the brick
veneer.

As in the case of thermal insulation, the air barrier in a cavity wall can be placed either inside or
outside of the backup wall and the insulation. The advantages of an inner air barrier include
accessibility during construction and the associated ease of inspection and repair. In addition, if the
air barrier and associated seals are positioned inside of the insulation then they are protected from
outdoor temperature fluctuations, reducing the differential movement to which they are subjected
and easing the material requirements on the sealants. The disadvantages of an interior air barrier
involve the detailing required to seal the wall air barrier around columns, floor slabs and other
structural members. The advantages of positioning the air barrier outside of the backup wall
include having a continuous surface over which to apply the air barrier without having to work
around interruptions from structural members. Whether the air barrier is inside or outside the
insulat'on will determine the temperature environment to which it is subjected, aftecting the material
requirements for the air barrier.
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Figure 4.2.11 Air Leakage at Window/Wall Interface
(Quirouette 1983)

Vapor retarder design for masonry walls must follow the guidance in the section Design/Vapor
Retarders. The vapor retarder need not be absolutely continuous like the air barrier, but it must be
applied to all portions of the envelope. Areas that are sometimes neglected include walls above
suspended ceilings and behind convector cabinets. The position of the vapor retarder within the
wall depends on the climate and the placement of the thermal insulation, and needs to be
considered on a case by case basis as described in the section Design/Vapor Retarder. In some
designs the air barrier is also intended to act as the vapor retarder, and in these cases the same
analysis of vapor transport needs to be conducted.

There are several different options for providing a vapor retarder in terms of location and materials.
The CMHC Seminar on brick veneer wall systems describes options for heating climates. First, the
vapor retarder can be part of the interior finish, a necessity when the insulation is placed inside of
the backup wall. Appropriate materials include oil or alkyd paint over gypsum board, polyethylene
over the insulation, and impermeable insulation itself. If the insulation is positioned in the cavity, the
vapor retarder can be located on the inside face of the backup wall using paint or other vapor
retarding materials. A membrane on the exterior face of the backup wall can also serve as a
combination vapor retarder and air barrier. Self-adhesive and torched-on membrane materials are
effective. Since the membrane is serving as an air barrier, it must be continuous, able to
accommodate movement cracks and remain firmly attached over time despite air and vapor
pressures. When rigid insulation is applied to the external face of the backup wall, the mastic
adhesive will serve as a vapor retarder. To be effective, a full bed of mastic must be applied and

joints between insulation boards must be fully buttered.
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Construction Requirements

There are several key requirements for building a masonry wall with good thermal and airtightness
performance and with the ability to control water leakage. The following construction requirements

are from the CMHC Seminar on brick veneer wall systems:

Mortar joints must be completely filled and tooled on the exterior face to be resistant
to rain penetration.

Mortar joints on the backup wall must also be filled and properly tooled since it also
forms part of the wall’'s moisture resistance.

Mortar droppings within the cavity must be minimized and weepholes must be kept
open.

Securely anchor undamaged flashing to backup wall with properly lapped joints and

extend sufficiently to clear the exterior face of veneer.

Shelf angles must not tilt backwards. Sealant-and backer rod must be installed
below shelf angles to prevent water from entering the top of the veneer and cavity.

Ties must not provide a path to carry water to the backup wall. Seal perforations of
exterior components of backup wall caused by ties.

Ensure that cavity insulation is fastened tightly to the backup wall.

Avoid gaps between insulation units and gaps between wall insulation and insulation
in other wall components.

Maintain continuity in the insulation and air barrier systems, including intersections
with other building components.

Follow manufacturer’'s instructions for specified sealants
Do not substitute any materials without approval of designer.

Protect work in progress from damage due to weather and construction activities by
other trades.
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Several of these requirements are applicable to all wall systems. Those concerning mortar joints,
mortar droppings, weepholes, flashing, shelf angles and ties are specific to masonry walls, and
many of these are covered in industry guidance documents. Proper techniques for placing masonry
units and tooling mortar joints are contained in BIA Technical Note 21C, the PCA Concrete Masonry
Handbook and the PCA Concrete Information I1S220.01M. These include minimizing the movement
of the unit after placing in contact with the mortar, carefully filling head joints, covering newly
erected masonry with a tarpaulin at the end of the day, and wetting exposed mortar joints for four

days after filling or covering them with plastic.

Two key construction issues are keeping the cavity clean and reducing the impacts of weather on
construction. The referenced construction guidance documents describe procedures to keep the
cavity clean of mortar-droppings and other foreign materials. Mortar within the cavity will create
bridges that allow water to be carried across the cavity to the backup wall, preventing effective
drainage of the cavity. Mortar droppings can also plug weepholes. Mortar droppings can be
prevented by keeping a board in the cavity below the mortar application and progressively pulling
the board up as the work is done. This technique is described in detail in the referenced
documents. The impact of weather conditions on masonry construction are also covered in these
guidance documents since both hot and cold weather impact material properties. These
documents provide specific guidance on storage and handling of materials, and the construction of

temporary enclosures to protect walls during construction.

Construction also impacts the integrity of masonry construction when time schedules and cost are
allowed to compromise quality. As pointed out above, good construction technique is required to
ensure maximum resistance to rain penetration and other aspects of performance, and good
technique must not be sacrificed for speed. The use of good design and quality materials can not

overcome excessively fast masonry construction.
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Examples and Details

This section presents several examples of masonry construction with good thermal and air leakage
performance, in some cases accompanied by examples of thermally defective designs. These
examples involve the intersections between masonry walls and other envelope components, e.g.,
floors and windows. The connection between walls and roofs is covered in the section on Roofing

Systems

The connection between walls and floors is a location that can be associated with discontinuities in
the thermal insulation and air barrier system. Figure 4.2.12 shows an example of a thermal bridge
at this intersection in which the concrete floor slab penetrates the wall insulation (Grot). The steel
beam supporting the slab is insulated on the outside, but the beam still interrupts the insulation
layer. Heat flux transducer measurements on these beams revealed that this insulation was not
effective, if it was even installed. This detail also suffers from significant air leakage at the
intersection of the floor and wall because there is no air seal at this location. This design, i.e., the
floor slab penetrating the wall insulation, is a very common thermal bridge and appears in many
design guidance documents without any acknowledgement of the thermal consequences.

UNACCEPTABLE
) Thermal bridging of wall
R Insulation by floor slab

Alr leakage

Figure 4.2.12 Wall-FloorConnection (Grot)
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Figure 4.2.13 shows a typical floor/wall connection that suffers from thermal bridging and air
leakage. In this design an insulated stud wall is located inside the masonry backup, and the studs
act as thermal bridges through the insulation. There is no air barrier system in the wall to control air
leakage. The slab bridges the wall insulation, and the shelf angles add to the heat loss effects. In
addition, the “truss” type brick ties serve as an additional thermal bridge between the outside and
the backup. An improved design is shown in Figure 4.2.14. Rigid insulation is added between the
backup and the stud wall to reduce the thermal bridging from the studs. An air barrier is installed on
the exterior side of the backup wall to control air leakage. “Pintel” type ties are used to reduce
thermal bridging. The edge of the slab is insulated to reduce the thermal bridging effect of the slab,
although discontinuities in the insulation system remain. Finally, high density plastic shims are

used at the shelf angles to reduce the thermal bridging at this location.

i UNACCEPTABLE

Thermal bridge
at studs

Truss type
brick ties

Shelf angle extends

thermal bridge %
A

Floor slab bridges
wall insulation

Figure 4.2.13 Wall/Floor Connection
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brick ties :—% (1  Rigid Insulation to
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from slab edge

Insulate edge
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Figure 4.2.14 Wall/Floor Connection
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A variety of thermally improved designs of floor/wall connections can be used to avoid the thermal
bridging and the associated air leakage at this location. Additional alternatives are presented for
concrete frame and steel frame buildings in Figures 4.2.15 and 4.2.16 respectively (Brand and
Turenne). In both cases the insulation is positioned in the cavity to provide a continuous layer wall
insulation with no thermal bridging by the floor slab. In addition, an air barrier is included in the wall
to control air leakage. In the case of the concrete frame, the seal at the bottom of the floor slab and
the masonry must be flexible to accommodate movement, and sufficient clearance must be
provided at this location. In the steel frame case, the air barrier across the spandrel beam is
supported by gypsum board on metal studs. The connection of the air barrier at the bottom of the
beam must be flexible to accommodate movement., and sufficient space must be provided below
the beam for deflection. The beam can also be set back from the backup wall, in which case the
masonry is carried up to the floor siab. In this case the air barrier is instalied similarly to the

concrete frame case.

ACCEPTABLE
Rigid Insulation P2 % Membrane
outside of s, air barrier
backup wall g

Air barrier must be

able to accomodate

movement at this
location

Figure 4.2.15 Wall/Floor Connection - Concrete Frame (Brand)
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Membrane

i / air barrier
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Figure 4.2.16 Wall/Floor Connection - Steel Frame (Brand)

The thermally defective design in Figure 4.2.11 pointed out the need to maintain continuity of the air
barrier and insulation systems at window/wall intersections. Figure 4.2.17 shows an acceptable
connection between the wall and the window head (Brand). The flashing above the windows is
essential to control water leakage, and it must be straightforward to install to get good performance.
The flashing is carried behind the insulation and sealed to the fiexible membrane air barrier. In
order to keep the frame close to the indoor temperature, it is positioned interior of the insulation.
The wall air barrier is sealed to the window frame to maintain continuity. Compressible foam
insulation is used to keep the air barrier warm between the wall insulation and the window frame.

Compressible foam

ACCEPTABLE

Membrane

insulation

o,
H,

T A

air barrier

Air barrier sealed to

/ thermally broken

window frame

Figure 4.2.17 Wall/Window Head Connection (Brand)
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Figure 4.2.18 shows a typical window jamb connection that suffers from thermal bridging and air
ieakage. This wall contains an insulated stud wall inside of the masonry backup and has no air
barrier system. The cavity behind the veneer connects directly to the insulated stud space.

Thermal bridging occurs at the studs, the “truss” type brick ties and the window frame. An improved
design in shown in Figure 4.2.19. Rigid insulation is installed between the stud wali and the
backup, and this insulation is carried to the window frame thermal break. Compressible gasketing
is installed within the cavity to stop air movement from the cavity to the window frame. Also, “pintel”

type brick ties are used to reduce thermal bridging across the cavity.

UNACCEPTABLE
PLAN
Truss type Thermal bridge
brick ties at studs
Air leakge at Thermal bridge at
frame to cavity window frame

Figure 4.2.18 Wall/Window Jamb
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Pintel type n Rigid insulation
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Y

Figure 4.2.19 Wall/Window Jamb
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Figure 4.2.20 shows another window jamb/wall connection (Brand and Turenne). In this detail the
window thermal break is in line with the wall insulation. To maintain continuity of the insulation
system, compressible foam insulation is applied behind the return bricks. This insulation also keeps
the air barrier above the dewpoint temperature under heating conditions. This insulation must be

held very close to the barrier to be effective.

ACCEPTABLE

Compressible foam
insulation continuous
with rigid wall insulation

ZIk

A NS T N .-

ot Cectih Ty

\ Air barrier sealed to
thermally broken

window frame

Figure 4.2.20

Wall / Window Jamb (Brand)
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Many commercial buildings have fan coil units or convector cabinets installed wall-to-wall beneath
the windows. In many designs these metal enclosures act as significant thermal bridges through
the wall. While the concrete masonry behind the cabinet need not be finished, continuity of the air
barrier and insulation systems must be maintained in these areas. In addition, it is important that
the space behind the enclosure does not communicate with the room below through pipe chases
and conduits. Such airflow paths increase stack pressures and compromise attempts for smoke
control. Figure 4.2.21 shows a window sill with a convector cabinet. In this design thermal bridging
occurs through the cabinet and the anchor clips. Air leakage occurs at gaps in the interior finish
and continues into the cavity behind the brick veneer. Figure 4.2.22 shows a thermally improved
design in which an air barrier is installed on the outer face of the backup wall and is sealed to the
window frame by compressible foam. Rigid insulation is installed between the stud wall and the
masonry backup. Animproved arrangement is used to fix the cabinet in place, ending the direct

metal connection from the interior to the outside.

UNACCEPTABLE
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Figure 4.2.21 Wall/Window Sill Connection
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ACCEPTABLE
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Figure 4.2.22 Wall/Window Sill Connection

Figure 4.2.23 shows the connection between the window sill and the wall (Brand). It is similar to the
window head connection shown in Figure 4.2.17.
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7/// - window frame
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Figure 4.2.23 Wall / Window Sill (Brand)
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Figures 4.2.24 and 4.2.25 show the intersection of a structural column with the wall construction for
concrete and steel frame buildings respectively (Burn 1980). In both cases, the columns are in the
plane of the backup wall. The air barrier must be flexible in order to accommodate differential
movement between the column and the wall. A flexible membrane air barrier will perform well. In
the case of the steel column, a piece of sheet steel bridges the outer flanges of the column,
providing a structurally sound support for the air barrier. The columns can be set back from the
backup wall, reducing floor space by a small amount. Setting back the column can simplify the
design in the steel frame case, where the detail shown in Figure 4.2.25 requires an additional trade
to install the sheet metal support for the air barrier.
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Figure 4.2.24 Wall/Column Connection -
Concrete Frame (Burn 1980)
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Figure 4.2.25 Wall/Column Connection -
Steel Frame (Burn 1980)
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The connection of a masonry wall and a concrete foundation is shown in Figure 4.2.26 (Brand). In
this detail, the outer face of the backup walil and the outer face of the foundation wall are in the
same plane and support the air barrier. The insulation below the termination of the brick veneer

must be protected, for example with a cement coating.

ACCEPTABLE
ﬂ \L. Membrane
- ; =" air barrier
Plaster J—

coating \

Figure 4.2.26 Wall / Foundation Connection (Brand)
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4.8 ROOFING SYSTEMS

The design and construction of roofing systems is discussed in the NRCA (National Roofing
Contractors Association) Roofing and Waterproofing Manual. The NRCA manual contains a
thorough treatment of roofing issues such as basic design options, membranes, insulation,
sealants, flashing, drainage, and expansion joints This section concentrates on those issues that
are crucial to the heat, air and moisture transfer performance of roofing systems through the
maintenance of the continuity of the envelope insulation and air barrier systems.
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Roofing System Design

Roofing system design issues related to thermal performance include the provision of thermal
insulation, keeping rainwater out of the building, the prevention of condensation of water vapor
within the roofing system and the maintenance of insulation and air barrier continuity at the roof
edge and at roof penetrations. There are a wide variety of roofing systems and materials in use,
and the NRCA Roofing and Waterproofing Manual is a good reference to roofing systems and their
design. The manual discusses low-slope roofing systems with sections on decks, vapor retarders,
insulation, membranes and specifications. There is also a section devoted to design details of
flashings, joints, penetrations and drains for built-up and single-ply systems.

The basic roofing systems in commercial construction include so-called conventional systems in
which the deck is covered with a vapor retarder, thermal insulation and a roofing membrane (either
built-up or single-ply). This system has two disadvantages (Baker 1972). First, the membrane is
fully exposed to the degrading effects of weather such as sunlight, temperature extremes and
water. In addition, the insulation is contained between two membranes, the vapor retarder and the
roofing membrane, which can act as a so-called “vapor trap” for interior moisture that penetrates the
vapor retarder. Protected membrane systems, also referred to as inverted or upside-down roofs,
offer some advantages by combining the vapor retarder and roofing membrane into a single layer
with the insulation positioned outside of this membrane. Interior moisture that penetrates the
membrane from inside can more easily evaporate, and the membrane material is protected from the
elements. Of course the insulation must be durable given its exposure to weather. Also, the roof
slope and drainage is more critical than in a conventional roof, and insulation attachment requires
special consideration. Metal building systems, as well as other structures, employ standing seam

metal roofs. These systems are discussed in the referenced article.

Single-ply roofing membranes, both in sheet form and liquid applied, have advantages in durability
and installation (Brand, Laaly, and NRCA). A variety of single-ply materials and systems are
available, but they do not have the history of performance of built-up membranes. Special attention
is required in their attachment and in the sealing of lap joints, flashings and penetrations. Gish
addresses sealant issues in single-ply roofing systems including lap joints, water stops, pitch

pockets and night sealants.
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Moisture Control

There are two prime moisture considerations in roofing system design, rain penetration and the
condensation of water vapor within the roofing system (Handegord). Rain penetration is controlled
by trying to keep water off the roofing membrane with adequate sloping and drainage in conjunction
with carefully designed and installed flashing at roof edges and penetrations (Baker 1969, NRCA).
Water vapor condensation within the roofing system is controlled by preventing water vapor from
the building, or the outdoors in cooling situations, from entering the roof and reaching cold elements
within the system. The control of water vapor transport must address both diffusion and air
leakage. Diffusion can be controlled with a vapor retarder, but a vapor retarder is insufficient to
control the greater amounts of water vapor that can be transported by air movement. As in the
case with walls, the vapor retarder must be positioned in relation to the thermal insulation such that
it is maintained at a temperature above the dewpoint of the moist air.

The decision on the necessity for a vapor retarder is the source of much discussion. The basic
issue of concern is whether a sufficient quantity of water vapor will condense within the roofing
system beyond the absorptive capacity of the materials and whether these materials will have an
opportunity to dry out before any damage is done. An analysis of climate, conditions within the
building and the thermal resistance and moisture absorptive properties of the roofing system
elements is necessary to determine the need and appropriate position for a vapor retarder. Such
an analysis of the need for a vapor retarder and its position within the roofing system should be
conducted in all cases, following the examples contained in the NRCA manual. NRCA
recommends that a vapor retarder be considered when the average January temperature is less
than 5 °C (40 °F) and the interior relative humidity is at least 45% in the winter. While these general
guidelines are useful, Tobiasson points out that these guidelines will result in the use of vapor
retarders when they are not needed and their lack of specification when they should be used. He
instead recommends the consideration of condensation potential during the entire winter and the
drying potential during warm weather, and has developed a map of the U.S. that gives the relative
humidity above which a vapor retarder should be specified. This map allows for corrections based

on interior temperatures.

In order to control the great quantities of moisture transport due to air movement, a roofing system
vapor retarder needs tc be as airtight as the roofing membrane is watertight (Condren). As in the
installation of an air barrier, extreme care must be taken to insure that the vapor retarder is fully
continuous throughout the roofing system, including all seams, penetrations and roof edges.
Condren stresses the need to maintain airtightness at all seals and terminations through the
attention to detail during design and rigorous inspection during construction.

Regardless of how much care is taken in the design and construction of roofing systems, it is
inevitable that some moisture will migrate into the roofing system from precipitation and
condensation of water vapor. Some recommend the use of breather vents and air channels within
the roofing system to remove such moisture (Condren). Others state that it is extremely difficult to
ventilate a compact roof and that breather vents are apt to do more harm than good. Tobiasson
holds the latter viewpoint and has done experimental work that shows it can take decades to dry out
a compact roof with breather vents. He states further that he sees no evidence that unvented roofs

perform any worse than vented roofs.
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Roof/Wall Intersections

The intersection of the roof and the wall is a common site for discontinuities in the thermal insulation
and air barrier systems. The key issue for controlling air leakage is sealing the wall air barrier to the
roofing membrane, and doing so in a manner that will accommodate the differential movement that
generally occurs at this junction. To control condensation at this junction, the vapor retarder needs
to be kept warm by a continuous layer of thermal insulation. Continuity of the thermal insulation
system also serves to control heat loss at this location. This section presents details of roof/wall

intersections for various wall systems.

The first two examples, based on material in Riedel, are roofwall intersections in masonry wall
systems, although they relate to issues in other wall systems as well. These details concentrate on
air sealing issues and do not include thermal insulation. The first example in Figure 4.8.1 shows a
wall-roof connection consisting of metal edging extending from outside of the masonry wall over
wood plates and attached to the roof membrane. Air leaks under the metal edging and between the
wood plates, and camthen flow under the roof membrane and into the roof insulation and the
building interior. Riedel proposes a fix employing a vinyl membrane on the inside of the metal
edging that is sealed to the roof membrane and the outside of the masonry wall. The sealant
between the metal cap and the masonry wall must be able to accommodate differential movement

at this location.

UNACCEPTABLE ACCEPTABLE
£
| —— =
| /
Flexibl
metal odging under \ under metal cap ssled
roof membrane and ¢ to roof membrane

Into roof insulation

Figure 4.8.1 Air Leakage at Roof Edge (Riedel)

Air leakage at a steel roof deck with an overhang is shown in Figure 4.8.2. Air leaks into the
overhang through the bottom and outer edges. This air then passes over the top of the outside wall
and into the roof insulation. Air is also able to move past the building wall above the deck since the
deck flutes may at best be only loosely stuffed with glass fiber insulation, not an adequate air seal.
The suggested fix is to provide seals where the roof deck passes over the top of the outside wall, in
this case foam insulation. This foam insulation seal should be in the same plane as the wall
insulation. The top of the deck ribs should also be filled or sheathed to provide a flush surface for

cementing the roof insulation.
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UNACCEPTABLE : ACCEPTABLE

~a

Alr movement over top of
wall through deck flutes

\ Air leakage
through outer
dge of averhang

Glass fiber batt / Foam insulation

. o
J%_ J@_

Figure 4.8.2 Air Leakage at Roof Overhang (Riedel)

The intersection between flat roofs and setback walls, for example at rooftop penthouses, is another
location requiring careful detailing to maintain continuity. Figure 4.8.3 shows this intersection for a
concrete frame building (Brand). In this detail, the setback wall air barrier is sealed to the roof
membrane. There is no differential movement between the setback wall and the roof deck,
simplifying the attachment of the air barrier and roof membrane. In a heating climate, it is very
important that the air barrier insulation is completely continuous. The wall insulation below the
termination of the brick must be covered to protect it from ultraviolet degradation.

ACCEPTABLE

Inside ] Outside

N Protective
— - coating
Wall air barrier sealed
to roof membrane

Membrane /

air barrier

...............

Figure 4.8.3 Masonry Setback Wall/Roof Connection - Concrete Frame (Brand)
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A masonry setback wall/roof intersection in a steel frame building is shown in Figure 4.8.4
(Turenne). The roof membrane, located under the roof insulation, is sealed to the wall air barrier. A
loop in the membrane is provided at the roof wall gap to accommodate differential movement

between the roof and the walil.

ACCEPTABLE
Inside — Outside
Wall air barrier sealed
to roof membrane
Loop In roof membrane T
to accommodate
differential movement

Figure 4.8.4 Masonry Setback Wall/Roof Connection - Steel Frame (Turenne)

Figures 4.8.5 (Burn) and 4.8.6 (Turenne) show intersections between masonry walls and flat roof
edges in steel frame buildings. In the first case, Figure 4.8.5, the steel beam is in the plane of the
masonry backup. A gap is provided between the top of the backup and the spandrel beam so that
the beam can deflect freely without transferring any loads to the wall. The steel beam is faced with
drywall, and a continuous strip of a flexible membrane is installed along the edge of the deck,
sealing the drywall to the roof vapor retarder. Another strip of membrane is installed over the
drywall and seals the gap at the top of the backup wall.

ACCEPTABLE

Roof vapor retarder
sealed to wall air barrier

’J\ Gypsum bridging outer flanges of

Fiexible seal to accommodate spandrel beam to support air barrier

differential movement -

%\Gap at top of backup wall to

allow for deflection of beam

I

Figure 4.8.5 Masonry Wall/Roof Edge - Steel Frame (Burn)
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in Figure 4.8.6 the steel frame is located inside of the masonry wall, again enabling the beam to
deflect freely. The roof vapor retarder is sealed to the wall air barrier by a flexible membrane that is
supported by a sheet metal closure supplied and installed by the steel deck contractor.

-3

ACCEPTABLE

Roof vapor retarder
sealed to wall air barrier

Flexible membrane air barrier
supported by sheet metal closure

Figure 4.8.6 Masonry Wall/Roof Edge - Steel Frame (Turenne)

Figure 4.8.7 shows the intersection between a masonry wall and a roof edge for a concrete frame
building. As in the steel frame case, a gap is provided at the top of the backup wall and a flexible
membrane is used to seal this gap.

ACCEPTABLE

Roof vapor retarder
sealed to wall air barrier

Air barrier must be able
to accommodate
differential movement

Figure 4.8.7 Masonry Wall/Roof Edge - Concrete Frame (Burn)
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The details in Figures 4.8.5 through 4.8.7 still contain discontinuities in the thermal insulation
system between the roof and wall insulation. Brand proposes the use of an insulated curb
assembly at this location to solve this problem, as shown in Figure 4.8.8 for a steel frame building.
The use of such a curb assembly is somewhat unusual, but it does have advantages. The
insulation keeps the air barrier beneath it warm. Also, the assembly allows the roofing and flashing
to be completed before the walls are erected.

ACCEPTABLE

Wall air barrier must be
able to accommodate
differential movement

Figure 4.8.8 Masonry Wall/Roof Edge - Concrete Frame (Brand)

Figure 4.8.9 shows a wall/roof intersection for a metal stud wall (Quirouette). The exterior gypsum
serves as the air barrier, running past the spandrel beam. Flexible membranes are used to seal the
air barrier at the top of the stud wall. The wall air barrier is sealed to the roof membrane to prevent
air leakage Shortened studs are used to allow deflection of the spandrel beam.

ACCEPTABLE
L i T Lo L b
K
Wall alr barrier must be (
able to accommodate
differential movement 1 Wall air barrier sealed

== to base flashing and
roof membrane

HOnr Tyt

T

T

Figure 4.8.9 Metal Stud Wall/Roof Connection (Quirouette)
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Similar details to those shown above can be developed for other wall systems. Examples of many
such details are given in Brand. ‘

Roof Penetrations

The continuity of the roof vapor retarder, thermal insulation and roofing membrane are inevitably
violated by various penetration including equipment supports and drains. These penetrations can
be the sites of both air and water leakage leading to a variety of problems, including thermal
bridging, air leakage, condensation, and wetted insulation. Penetrations must be carefully designed
and constructed with proper flashing, seals and thermal insulation. Flashing and sealant details for
a variety of penetrations are contained in the NRCA manual. The examples below address

primarily the continuity of the thermal insulation system.

The ORNL catalog of thermal bridges identified three common penetration designs that lead to
thermal bridging and contains improved alternate design details (Steven Winter Associates). The
first thermal bridge is at the penetration of the roof by a steel railing, which interrupts the thermal
insulation, leading to increased heat loss and the potential for condensation. The alternate design

substitutes glass fiber for steel in the railing and its connections to the deck.

Figure 4.8.10 shows a thermally bridging equipment support consisting of a column that extends
through the insulated roof deck. In the alternative design, insulation is attached to the outside of the

columns to reduce the heat transfer and decrease the condensation potential.

UNACCEPTABLE ACCEPTABLE
\/\ Steel column -] \A Flashing
| .~ support - | -
- E Rigid
E insulation

Steel flashing -

and grout _

Figure 4.8.10 Heavy Structural Support (Steven Winter Associates)
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A thermally bridging support for light equipment is shown in Figure 4.8.11. In the base case a steel
support plate is mounted on a steel pipe, acting as a thermal bridge and increasing the
condensation potential. In the alternative design, the outside of the pipe is insulated to reduce the

heat transfer. -y

UNACCEPTABLE ACCEPTABLE

C -]

| o —

Steel pipe Insulation

Protective

/ covering

Steel plate

Figure 4.8.11 Light Structural Support (Steven Winter Associates)

Figure 4.8.12 shows a roof drain with a severe insulation discontinuity, along with a thermally
improved alternative. In the base detail, the insulation stops far short of the drain and the space
around the hub of the drain is open. The alternate detail includes a thermal break between the
clamp and the slab, and the air space around the hub is filled with insulation.

UNACCEPTABLE ACCEPTABLE
I/ /i TiTaTaTiTI ks oooonnn

%lil Lililill °

..............

Open space Flll all voids with
around drain hub insulation

Figure 4.8.12 Roof Drain
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The last penetration thermal bridge, shown in Figure 4.8.13, is at a roof expansion joint. In the base
case the concrete block curbs on either side of thejoint are uninsulated, resulting in thermal
bridging. This is also a common situation in parapets, mechanical equipment curbs and various
other roof penetrations. In the alternate detail, insulation is installed completely around the curbs,

eliminating the thermal bridging except at the required fasteners.

UNACCEPTABLE ACCEPTABLE
Rigid Insulation

Concrete around curbs

block curbs

rd
Jase,

Figure 4.8.13 Roof Expansion Joint

Design and Construction Issues

The design and construction of a roofing system with good thermal performance and good air and
water tightness requires the careful development of details and specifications at all penetrations.

As the construction proceeds, all work needs to be carefully inspected. Special care must be
exercised to protect work at the end of the day to prevent moisture intrusion into roofing materials.
To that end, these same materials must be protected and kept dry prior to installation to keep water
out of the roofing system at the construction stage. As good as the design and construction might
be, a good roofing inspection and maintenance program should be established to identify and repair

any problems that develop over the life of the roofing system.
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Section 4

HVAC Design Guidelines

Introduction

This section discusses the issues concerning the design of the HVAC system. This
includes system sizing, types of air handlers, outdoor air pre-treatment/heat recovery
devices, filters, dampers, damper actuators, fans, motors, ductwork, terminal devices,
piping, pumps, insulation, valves, valve actuators, chillers, boilers, condensers, water
treatment and HVAC control interfaces. Specific central plant issues are discussed in
Section 9, Miscellaneous Design Issues.

HVAC System Overview

The College has standardized on low temperature Variable Air Volume(VAYV) air handling
systems with low noise series fan powered VAV terminal devices with hydronic reheats.
A natural gas outdoor air desiccant pre-treatment unit with enthalpy wheel heat recovery
unit will be used to remove moisture and latent load from the outdoor air stream and
recover heat from the building’s exhaust air stream. Low temperature chilled water(38F-
40F) and low temperature(200F) hot water is supplied from a central plant, located in a
remote building. In the case of the Health Sciences building, a portion of the central plant
capacity will be installed in a mechanical room in the building and eventually act as a
satellite plant to the larger plant intended to be installed in the new Student Services
building on the campus. A four-pipe distribution system will be used to distribute chilled
and hot water. Pumps and fans with variable loads will be driven with Variable Frequency
Drives and use premium efficiency motors.

Building Loads & HVAC System Sizing

The College’s building loads can vary considerably on both a daily and seasonal basis and
the HVAC System must be sized to accommodate this fluctuation. It has been the
College’s experience that low occupancies during the Summer months, combined with
HVAC systems sized for “worst case” design conditions contribute to occupant
discomfort and Indoor Air Quality(IAQ) problems.

In order to ensure that the HVAC units are sized properly the College requests that the
designer use moderate design conditions listed on Page 2, Attachment 4-1, EDG, HVAC
Guidelines and actual lighting loads to calculate the design loads and energy analysis loads
in DOE-2, size the equipment based upon a reasonable diversity and install outdoor air
pre-treatment systems with heat recovery to minimize latent summer loads.
Ventilation/TAQ are discussed in Section 6. The development of these loads and sizing
shall be reported and tabulated in the Schematic Design and Design Development Energy
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Analysis. Compliance with the specified equipment load shall be verified during the
Construction Submittal process.

Based upon the more moderate “diversified” load sizing the designer shall further ensure
that energy consumption is minimized in the distribution of the conditioned air by
complying with the Baseline HVAC Air System Requirements Table, after Page 4,
Attachment 4-1, EDG HVAC Guidelines.

The systems shall be appropriately zoned to optimize equipment operation, for load
diversity and occupancy. The designer shall optimize the use of secondary air streams for
conditioning and ventilating those areas such as restrooms, lobbies and hallways.
Coordination with Section 3, Architectural Elements is required.

HVAC System Details

1. Roof Top AHU - The designer shall provide premium quality, penthouse style, roof
top air handling units(RTU), mounted on a vibration isolated support structure. A list
of acceptable manufacturer, makes and models will be provide by the College and the
designer shall specify only those listed. The RTU shall have the following features:

a. Cabinet - The cabinet shall be of space frame design and house the entire
assembly of fan, motor, coils, plenums, VFDs, piping, maintenance hallways
and ductwork. Exterior panels shall rigid double wall construction, tightly
sealed, highly insulated and coated with a durable finish. Exterior access door
shall have camlock style, heavy duty door latches and be tightly sealed. An
interior maintenance hallway shall be provided for access to piping, VFDs and
the airside, all interior surfaces shall be galvanized. Panels separating the
maintenance hallway from the airside shall be galvanized, rigid double wall
construction, tightly sealed and highly insulated. Access to the airside shall be
from the maintenance hallway through tightly sealed, highly insulated, full size
access doors with heavy duty camlock style latches. Fluorescent lighting with
bulb shields shall be provided in all hallways and airside chambers.
Maintenance receptacles shall be provided.

b. Fan, VFD & Motor - There will be two fans, a supply air fan and a return air
fan in the exhaust position. The fans shall high efficiency for the application
and chosen to meet the optimum operating condition. Fan motors shall be
controlled with low loss Variable Frequency Drives(VFD) integrated to the
BAC via a Native BACnet interface. Motors shall be sized to meet the
optimum loads, not oversized, and be premium efficiency and VFD duty. The
designer shall evaluate the EDG requirement for blow through configuration.
The designer shall specify these requirements in the specification and drawings
and require Construction Submittal approval.
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c. Filters, Filter Module, Coils & Drain Pans - Final filters shall be high

efficiency Farr Rigiflo style bag filters with pleated media Farr 30/30 pre-
filters, mounted securely in a Farr filter module rack. Two Magnahelic style
differential pressure gages shall be provided to monitor pre-filter and final filter
status. Coils shall be copper with alluminum fins configured to provide
adequate pipe, valve and fitting access. Drain pans shall be stainless steel,
insulated to prevent condensation and sloped to provide positive drainage.
Provide a properly supported copper condensate drain to the nearest roof
drain. The condensate pipe shall have a p-trap properly sized to provide a seal
against the RTU static pressure and designed with a clean-out. Overall filter
and coil face velocities shall be designed to be 300 fpm or less.

d. Dampers - The unit shall have high quality, low leakage, rigid frame dampers
with pneumatic actuators. Gravity dampers are not allowed. The dampers
shall have stainless steel perimeter seals and either stainless or vinyl blade lip
seals. For more accurate control of outdoor air provide a minimum air damper
and a separate maximum air damper. Dampers communicating with the
outdoors shall have rain hoods or low pressure drop louvers and bird screens.

. Ductwork - Ductwork shall be designed to minimize pressure drop and noise. Comply
with Ductwork, Baseline HVAC Air System Requirements, Appendix 4-1, EDG
HVAC Design Guidelines. The exception to this is that the designer shall provide
“stealth” series fan powered VAV boxes with electronic fan speed controls.

Ductwork shall be appropriately insulated for the low temperature air distribution.
Insulation shall be specified with heavy duty vapor barrier with joints sealed with tape
overlaid with a coating of Fosters Sealant.

Outdoor Air Energy Control - Comply with both items 1& 2, Outdoor Air Energy
Control, Baseline HVAC Air System Requirements, Appendix 4-1, EDG HVAC
Design Guidelines. An ATS, Desiccant/Enthalpy outdoor air pre-treatment system
shall be specified with waste heat stream and natural gas desiccant regeneration
system. The College shall assist the designer in configuring this system.

. Exhaust Air Systems - Exhaust air streams shall be gathered and directed to the
appropriate outdoor air pre-treatment/heat recovery unit. Exhaust air fans shall be
designed for the optimal efficiency point, with premium efficiency motors and be
interlocked with its respective RTU. All exhaust fans shall have tightly fitting
dampers, pneumatically actuated, and interlocked with the fan.

Complete Air System - Comply with Complete Air System, Baseline HVAC Air
System Requirements, Appendix 4-1, EDG HVAC Design Guidelines. Design for low

temperature(40F) air distribution.

Piping, Pumps, Valves, Accessories & Insulation
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a. Piping - the piping system shall be configured as a four pipe system with primary,
secondary, tertiary loops and designed to minimize energy consumption. Tertiary

pumping shall be controlled 2-way valves and VFDs. The College will provide
details of their standard central plant piping distribution system. Details of this can
be found in Section 9, Miscellaneous Design Issues. Piping for primary pressure
systems shall be welded schedule 40 or sweat fit copper. Piping with mechanical
gland seals shall be specifically excluded in the HVAC system. Central plant
underground piping is discussed in Section 9, Miscellaneous Design Issues.

b. Pipe System Sizing - The designer shall design the piping system to meet the
required flow rates and minimize horsepower requirements by optimizing the pipe
size. Pumps shall be selected for optimum operation.

c. Pumps - Bell & Gossett base mounted end suction centrifugal pumps optimally
sized for the application. Vendor to submit VFD pump performance curves.
Fractional HP pumps may be in-line. Pumps should have matched end suction
diffuser/strainers and matching triple duty check/shutoff/balancing valves on the
discharge. High performance pressure gages shall be supplied and shall be
installed according to the College’s standard detail. Pumps shall be vibration
isolated and mounted on housekeeping pads with bases grouted. Chilled water
pumps shall be insulated with insulated sheet metal boxes, fabricated in a split
configuration fastened with clips to be easily removed for service.

d. Pump Motors - shall not be oversized, be speed controlled by VFDs, be VFD duty
and premium efficiency.

Pump VFD - Shall be high efficiency, noise filtered and be capable of Native
BACnet communications with the BAC.

Valves - Valves shall be DeZurik pneumatic actuated as necessary, full lug, ANSI
flange, butterflies for pipe 2” and larger. For 2” and smaller 2-way control bronze
body, pneumatic globe valves. Isolation valves 2” and smaller shall be full port ball
valves.

g. Accessories - Accessories such as in-line strainers, high point vent, low point
drains, and domestic water make-up shall be included.

h. Insulation - All piping and pumping components shall be insulated. Piping
insulation shall be optimized for the intended service and shall be formed fiberglass
with integral vapor barrier and formed vinyl covers on fittings. All interior
insulated piping shall be covered with a continuous(including fittings) canvas
jacket lagged with two coats of thinned Foster’s sealant and painted with two
coats of paint. All exterior piping will be insulated and covered with a continuous
aluminum jacket sealed with silicon.
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6. Chillers - Chillers shall be Frick Open Drive Rotary Screw machines using Ammonia
(R-717) as the refrigerant. The chiller shall use a plate and frame heat exchanger for
its evaporator and reject heat to the atmosphere using an evaporative condenser. The
College will assist the designer in establishing the details.
7. Condenser - The chiller shall use an evaporative condenser.

8. Boilers - Shall be Hydrotherm M-300 Pulse Combustion Boilers as indicated in
Attachment 4-1, EDG HVAC Design Guidelines.

9. Refrigerant - Refrigerant shall be Ammonia (R-717)
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Attachment 4-1, EDG Chapter 4, HVAC Design Guidelines
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HVAC Design Quality Control Sheet

The design team shall review all requirements at the start of each phase. Before submitting
the schematic design for review, the appropriate team member shall verify each point below
to ensure completeness and correct procedure.

PreDesign
Phase Design Element | Synopsis Method Section
P D Coordination ENERGY Analyst must meet with DESIGN | Pre-Design Energy | Design
TEAM for lighting, electrical, HVAC and Meeting Contract
architecture to review responsibilities by
phase listed here.
P D Syslerr; Select minimum of 3 systems for Use Technology Guidelines
Selection schematic Life-Cycle-Cost analysis. Application Matrix Overview
Schematic Design
Phase Design Element | Synopsis Method Section
S D Preliminary Calculate block loads for preliminary Hourly analysis Design
Loads equipment sizing and influence building program using Conditions
Calculation orientation, glass area and overhangs. prescriptive data on
thermal envelope HVAC
Produce the input and output reports and lighting Systems
specified in Schematic Energy Report walttage budget. Criteria
format Section 5.
S D Coordination HVAC Designer must enter the lighting Wit entry into Lighting
with Lighting wattage budget (65% of ASHRAE max.) as | Carrier HAP or Guidelines
and Electrical the lighting power density for cooling load | DOE2 block load A-3 & B-2
Design calculations.
ELECTRICAL Designer must size
electrical distribution based on the lighting
wattage budget (65% of ASHRAE) and the
HVAC power demand calculated by the
HVAC designer. Do not use rules of
thumb for these quantities.
ENERGY Analyst must make sure the
information is transmitted and used.
S D Equipment Equipment efficiencies for heating and Find minimum Equipment
Efficiency cooling equipment must meet minimum efficiency required | Efficiency
levels set by Energy Design Guidelines. for each type of Standards
equipment - Table 1




HVAC Design Quality Control Sheet

The design team shall review all requlremeri'fé at the start of each phase. Before submitting
design development for review, the appropriate team member shall verify each point below

to ensure completeness and correct procedure.

Design Development
Phase Design Element | Synopsis Method Section
D D HVAC System Design must now show compliance with ASHRAE 90.1- HVAC
Standards requirements for sizing, zoning, controlling | 1989 Section 9 Systems
and insulating HVAC system. Criteria
D D Specifications Provide draft specifications for each major Equipment
mechanical item to meet all guidelines or Efficiency
required equipment types.
Boilers
Cooling
Towers
D D Efficiency Demonstrate that actual equipment Compare actual Energy
Compliance efficiencies exceed the minimums set at equipment to Efficiency
i Schematic Design. List actual and minimum Standards
minimums in Design Development Energy | efficiencies
Report.
D D Coordination HVAC Designer must use actual lighting Enter actual W/ft2 Lighting
wattage for final cooling loads. room by room Guidelines
A-3
D D Commissioning | Commissioning and CQC to be included Edit standard CQC | 01440 -
and in specifications if Owner has decided to and cQc
Maintenance use them on this project. Maintenance Commissioning
Training training is normally part of Commissioning | specifications 15995 -
but will be provided separately if formal provided on Mechanical
Commissioning is not included on project. | diskette. 16995 -
Electrical
D D Refrigerant Use of R-11 and R-12 no longer Consult Owner’s Refrigerant
Selection permissable. Alternative refrigerants must Engineer for Types
be used due to ozone depletion and clean | refrigerant to
air act. specify by
equipment type




Table 1 - Minimum Performance of Heating and Cooling Equipment.

Cooling Condensing Cooliing Minimum Minimum
Equipment Type Capacity Cooling Heating
Efficienc
Air-Conditioners | Air-cooled 0 to 5 tons
11.0 EER
Heat Pumps
12.5
Split-Systems ~ SEER
> 65,000 > 5 tons 9.5 EER 2.2COP
Hydronic Heat | Water-Source | Al Al sizes 11.5EER | 4.0 COP
Pumps capacities
Chillers Air-Cooled < 150 tons <125
kW/ton
> 150 tons <0.63
Water-Cooled kW/ton
Heating Fuel Heating Minimum Minimum
Equipment Type Capacity Thermal Annual
Btu/hr Efficienc Efficienc
Boilers Gas < 300,000 90 %
A.F.UE.
Boilers Gas > 300,000 0.88
Furnaces Gas < 300,000 90 %

Service Water
Heating

Gas

All

0.90

AF.UE.




Equipment efficiencies
must appear on
drawings and
specifications

HVAC Systems

HVAC Plant and Systems Types

Selection of the HVAC system and plant shall be by
life-cycle-cost analysis at the schematic design phase.

Three permissable system types to be analyzed are
shown for each size of building in the Technology
Application Matrix in the Overview chapter, and on
the back cover the Energy Design Guidelines. These
selections may be modified with concurrence of the
Owner in the Program of Requirements for the
building or at the PreDesign meeting.

The following clarifications apply:

] Rooftop equipment is not permitted due to

extreme temperatures encountered on the roof
that reduce efficiency and equipment life, poor
accessibility to maintenance, noise and
vibration transmitted inside the building, and
roof leaks due to punctures and foot traffic.

L All variable-air-volume air-handlers will be
operated by Variable Frequency Drives to vary
fan speed.

L Chilled water systems shall be designed to be
drained for winter freeze protection. Glycol
shall not be used as the means of freeze
protection due to energy penalties in pumping
and chiller efficiency and higher costs for
larger coils, pumps and piping.

L Electric Resistance Heating is not permitted.
Equipment Efficiency Standards

Equipment efficiency shall comply with the attached
Table 1. The Energy Reports must show the
minimum and actual equipment efficiencies for each
item of HVAC equipment to be used.

Construction drawings and specifications must
explicitly require the efficiency levels of the selected
equipment.

Energy Design Guidelines

HVAC Systems
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Design Conditions

General design temperatures shall be as follows:

oy

u Indoor Cooling: 78 F
Indoor Heating: 70F

n Outdoor Summer: 1% (1997 ASHRAE)
Outdoor Winter: 99% (1997 ASHRAE)

Any exceptions to the above conditions must be justified by
ASHRAE Standard 55 analysis and receive the Owner's
approval at the PreDesign phase of the project. Winter
humidification and summer dehumidification are not
required.

HVAC Systems Criteria

Design of the HVAC system shall follow ASHRAE Standard
90.1 section 9 in full. Document specific compliance on the
following items:

1. Load calculations and safety factors (section 9.4.1).
In the Design Development Energy Report, provide
a table listing the calculated loads, allowed safety
and pick-up factors applied, and capacity of the
proposed equipment for heating and cooling.

2. Off-hour controls (section 9.4.4) and isolation
zoning and damper controls for meeting rooms,
auditoriums, gymnasiums, etc.

3. Duct and pipe insulation (section 9.4.8). In the
Design Development Energy Report state the
required insulation levels for pipes and ducts and
indicate the page number where these levels are
stated in the project specifications.

4. Zone Controls (section 9.5.2) - minimization of
reheating in VAV systems.

5. Economizer controls (section 9.5.3) - Use
differential sensible temperature type economizer
controls integrated with mechanical cooling. Note
exception. Do not use economizer controls on
syvstems less than 7 1/2 tons (90.000 Btu/hr) of

cooling capacity.

6. All Variable-Air-Volume air-handlers shall have
variable speeds drives to control fan capacity. Inlet
guide vanes shall not be used on any air handler.

Energy Design Guidelines HVAC Systems Page 2



High-efficiency towers with.
_ draw-through propeller

_ fans use only 1/5th as
 much fan energy as-

~ standard cooling towers.

Commissioning and Maintenance Training

All new buildings, and all major renovations, shall have a
comprehensive commissioning  specification, detailing
performance testing of all building mechanical systems by
the contractor and commissioning team over the first year of
operation. The designer shall adapt the Owner's standard
Commissioning specification to his design and coordinate it
in all respects with the complete drawings and specifications
for the project. Standard commissioning specifications are
contained in files 15995 and 16995 on the "Required
Specifications" diskette.

All buildings shall have a specification for Maintenance
training and Operation and Maintenance Manuals. The
designer shall adapt the Owner's Maintenance training and
manuals specification to be specific in all respects to his
design and include the entire text in the project specifications
at Design Development.

Heating Equipment

Life-cycle-cost analysis supports the use of heating
equipment more efficient than minimum ASHRAE
standards. We require condensing boilers, furnaces and
water heaters with minimum A.F.U.E. of 90 % or minimum
thermal efficiency of 88 %.

Heating plant design shall be modular to provide redundancy
with minimal total capacity and equipment room floor space.
Typical design should be 3 to 5 boilers or furnaces with a
maximum of 30% excess capacity compared to the calculated
heating load. Boilers shall be HydroPulse model M-300 or
approved equal. Furnaces shall be TRANE XE 90 or equal.

Cooling Towers

Life-cycle-cost analysis supports the use of high- efficiency
cooling towers on chillers larger than 150 tons. Tower type
shall be FRP (fiberglass reinforced polyester) with
draw-through propeller type fan and PVC fill. These towers
typically require only 0.03 Horse Power per ton of heat
rejection capacity, compared to 0.15 Horse Power per ton for
conventional blow-through towers utilizing centrifugal fans
A five-to-one energy savings is achieved.

A guide specification and cutaway view for a typical towe
are provided. A table of representative tonnages and fai
horsepower is also provided.

Energy Design Guidelines
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Maintenance-saving features and construction make
Thermal Care your best cooling tower investment

Process water out
with strainer

@ Rugged FRP shell resists corrosion

and the toughest weather conditions. It always
maintains its strength and appearance. The
upper shell is bolted together so that individual
panels can be removed for easy access.

@ FRP water basin features integral sump
and mounting feet for easy cleaning and low
cost installation. Standard towers have open-
ings for supply, return with strainer, overflow,
makeup water and drain.

@ 360 degree air intake eliminates tower
positioning problems due to prevailing winds
or nearby structures. Reduced inlet velocity
eliminates moist air recirculation problems.

@ PVC fill is impervious to corrosion, rot,
decay, and biological attack—designed for
maximum air/water contact for efficient heat
transfer.

@ Self-rotating sprinkler system provides
uniform water distribution—features non-clog
openings and corrosion resistant, water lubri-
cated construction for long service life.

@ Cast aluminum direct drive fan has no
belts or pulleys to align or replace—consumes
less horsepower, reduces operating cost
Adjustable pitch blades enable fine tuning of
capacity.

@ Fully enclosed drip proof motor is
designed for outdoor operation—stands up
to severe service duty.

FRP inlet louvers (optional on some
sizes} won't corrode and are easy to detach
for basin cleaning and fill inspection. They 're
designed to prevent “splash” and windage loss.

@ Galvanized motor mounts and dis-
charge grille resist corrosion, never need
painting. Grille promotes safety and prevents
entry of debris.

Convenient inspection port for ease
of sprinkler head checks, preventive mainte-
nance and flow observation.

@ Access ladder makes it 2asy to reach
the fan and motor.



THERMAL CARE/MAYER

Specifications - Fiberglass Cooling*Tower

T
! Approximate | [ f f
Nom Dimensions | Connection Sizes (Inch) ’ Fan | Weight(Lbs) | Reqd | o o o o
ToWer | Tong | (neh) | Motor | Pump | pinyiax
Model | ¥ : r , T ] HP Head | " GpM
W | D | ouet | met | O | prain | Make D Ty | (GPM)
| | O ouet| et | Fow | O | Ty | i |
T T
FT8110 2 53 T 30 112 | 112 1 12 172 [ 6™ | 70 [ 150 45 | 55
FTB120 3 54 3% 112 | 1R 1 1 172 | 16~ | 100 | 265 45 | &35
FTB130 5 63 34 112 | 112 1 1 172 | 6™ | 125 | 265 43 10/70
FT8140 7 63 34 112 | 112 1 1 72 | uat | 150 | 290 59 10/70
FT8150 0o 7 46 2 2 1 1 172 | V4t | 225 | 465 56 20/90
FT8160 15 71 46 2 2 1 1 172 172 300 | 620 59 20/90
FT8180 2 66 62 | 212 | 21R 1 1 172 1 375 | 1135 | 65 32/135
FT8210 0 70 75 3 3 1 1 4 2 600 | 1400 | 70 60/200
FT8220 - 74 75 3 3 1 1 ¥4 2 600 | 1475 | 70 60/200
FT8230 45 76 85 4 4 1 1 4 2 750 | 2020 | 80 90/340
FT8240 53 76 85 4 4 1 1 4 2 750 | 2060 | 8.2 90/340
FTB250 60 7 85 4 4 1 1 3/4 2 750 | 2100 | 938 90/340
FT8260 80 95 95 5 5 1 1 1 3 1250 | 2780 | 9.8 180500
FT8270 | 100 95 95 5 5 1 1 1 3 1300 | 2890 | 105 180/500
FT8310 120 97 129 6 6 2 2 11/4 5 2400 | 7165 | 105 270/750
FT8320 | 140 97 | 129 6 6 2 2 11/4 5 2500 | 7350 | 105 270/750
FT8330 | 160 107 | 148 6 6 2 2 11/4 5 2650 | 7850 | 120 330/750
FT8340 185 108 | 164 8 8 2 2 114 | 75 | 3400 | 9840 | 120 375/900
FTB350 | 200 108 | 164 8 8 2 2 114 | 75 | 3500 | 10000 | 12.0 375/800
FT8351 228 108 | 164 8 8 2 2 114 | 75 | 3500 | 10675 | 120 375/900
FTB353 | 228 108 | 1864 | 8 8 | 2 2 11/4 10 | 3700 | 11000 | 120 375/800
FTB355 | 253 108 | 164 8 8 | 2 2 11/4 10 | 3700 | 11475 | 120 375/900
FTe421 | 275 148 | 192 8 8 4 2 11/4 10 | 4200 | 12800 | 140 | 600/1300
FTBS10 | 325 153 | 220 8 | 8 4 2 2 15 | 5600 | 15500 | 150 | 650/1500
| FTBs11 367 153 | 220 8 | 8 4 2 2 | 15 | 5600 | 16460 | 150 | 650/1500
| Fres21 | 416 153 | 220 | 10 10 ' 4 2 2 | 15 | 5900 | 16350 | 150 | 1000/2000
FT8s523 | 416 153 , 220 | 10 | 10 4 2 2 20 | 6100 | 16600 | 150 | 1000/2000
FT8s25 | 457 183 { 220 i 16 ' 10 4 2 2 20 | 6300 | 17100 | 17.0 | 1000/2000
FT8531 526 164 | 258 10 ; 10 6 2 2 20 | 7900 | 25800 | 165 | 1200/2400
FTB541 532 164 | 258 10 [ 10 6 2 2 | 15 | 8200 | 26000 | 165 | 1200/2400
FT8543 577 164 | 258 10 ‘ 10 6 2 2 ' 20 | 8200 | 26200 165 | 1200/2400
FT8551 660 198 | 300 12 12 6 3 212 25 | 11000 | 34300 | 19.0 | 1650/3000
FT8553 | 689 198 | 300 12 1 12 6 3 2172 30 | 11300 | 35000 | 19.0 | 1650/3000
FTB585 | 734 | 198 g0 1 12 ; 12 8 3 212 40 | 11500 | 37000 | 190 | 1650/3000
FT8561 720 198 | 300 12 1 2 6 3 212 25 | 13100 | 35800 | 19.0 | 1650/3000
FT8S63 | 747 | 198 | 300 | 12 | 12 | 6 3 212 30 !13200 | 36100 | 205 | 1650/3000
FT8565 | 800 | 198 | 300 12 0 12 6 ! 3 212 | 40 | 13500 | 36500 | 220 | 1650/3000
FTese7 | 800 | 198 | 300 ' 12 | 12 l 6 | 3 | 212 30 | 14500 | 38000 | 220 | 1650/3000
FTeseg | 838 , 198 | 300 | 12 | 12 6 . 3 212 40 14700 ! 38500 | 220 | 1650/3000

*95°F/B5°F/78°F WB-3GPM/Ton
“*Single phase



New A. O.Smith
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Extra High 94% Thermal
Efficiency. Without The
Extra High Price Tag!

If commercial
water bealers are
vital to the success
of your business,
this new A.O. Smith
Cyclone XHE may
Je just what you've
been looking for.

XHE stands for
extra bigh efficiency,
in every sense of
the word. 94%
efficiency, in fact.

And notbing in
the commercial
water beater
marketplace beats
it for value and
low price!

A[fo;dable
High Efficiency For
Small Companies.

Until now, high prices have put
the vast majority of high efficiency
commercial water heaters out of
reach of many thousands of small
commercial companies that operate
on limited budgets.

But now, thanks to the new A.O.
Smith Cyclone XHE, these smaller
companies are able to enjoy the
very special benefits of a commercial
water heater that is not just in a high
efficiency category, but in an extra

.- high 94% thermal efficiency range.
" And without a prohibitive, stratos-

pheric price.

Good News For
Larger Companies,
Too!

For years, larger companies have
been willing to pay a premium for the
advantages of high efficiency in their
commercial water heaters.

But now. on many applications,
the Cyclone XHE can deliver that
extra high efficiency larger companies
are used to and prefer. Minus the
extra high price!

Cyclone XHE
Exceeds Federal
Requirements By
Wide Margin.

The Cyclone XHE exceeds the
federally mandated ASHRAE 90.1b-
1992 standard. requiring 78%
thermal efficiency and a standby
loss of 2.25%., by vast margins.
The 100-gallon tank. insulated top
to bottom with a thick 1-7/8" foam,
plus the sealed. submerged combus-
tion chamber, reduce heat loss to an
absolute minimum.

ASHRAE Reguirement ' Cyclone Performance
Stanaoy (955 21203 106%: 153% better:
Tnermai Etficierc, of 787 949, «21%, betten




Chillers

In addition to meeting minimum efficiency requirements, all
chillers shall be specified to have an electronic interface
package for remote monitoring and control through the
building Energy Management System. Package shall provide
continuous readout on internal chiller conditions, output, and
electrical performance. Package shall enable chilled water
temperature reset, ON/OFF control, and demand limiting
through EMS command.

Refrigerant Types

Due to the imminent phase-out of CFC refrigerants, DO
NOT specify R-11 or R-12 in any new chillers or air-
conditioning units.

Options for new refrigerants are changing rapidly.
Therefore, consult the Owner's Engineer for preferred
alternative refrigerants at the time of specification.

Air System Design

Correct design and detailing of the air-distribution system is
critical to achieving an energy-efficient building. The
designer is required to follow recommended practices of
ASHRAE "Energy Efficient Design and Retrofit of Air
Systems", including:

Air-Handling Units and fan type
Ductwork accessories and details
Terminal Devices and Diffusers
Overall Airflow Efficiency

The designer shall review all these details and standards prior
to starting air-system design. The design must be executed
in accordance with the details and to minimize pressure
losses throughout the air distribution system. The design
drawings must consistently show correct detailing to be
acceptable to the Owner.

The following table provides additional specifications
required by the Owner on air system design.

Energy Design Guidelines

HVAC Systems Page 4



BASELINE HVAC AIR SYSTEM REQUIREMENTS

Air Handler

Fan

3 2 o
3 § H P
ry 3 I v
Deenfilrtaiincon e

Blow Througii configuration.
Backward-curved airfoil ( unless CFM < 3,000)

Drive Variable Frequency Drive on all VAV AHU's.

Soft start on all constant volume AHU's.

Discharge Minimum length of four equivalent diameters before
any obstructions or take offs at discharge of fan.

Housing Double-wall construction.

IAQ drainpan design.

Motor Premium efficiency.

Outside Air Outside air must mix in the return air duct to

Intake eliminate temperature stratification prior to entering
the AHU.

Filter and Coil 300 fpm or less maximum design velocity.

Face Velocity

Filtration 65% dust spot efficiency minimum.

Provide filter module with pre-filters.
Duct work Type Main ducts to be Round spiral (preferred) or Oval
spiral. Do NOT use Rectangular.
Branch ducts to be round spiral.
VAV Boxes Full DDC boxes.
Do NOT use fan-powered boxes.

Diffusers Louvered cone diffusers, stamped one-piece
construction with coanda pockets - no mitered
pieces.

Do NOT use perforated diffusers.

Takeoffs Minimum straight, unobstructed duct run of 4 to
6 (preferred) duct diameters before any takeoffs
bends or transitions.

Takeoffs require 45 degree boots.

Transitions Expansions in duct diameter must include a transition
not exceeding 20 degrees divergence angle.

Lining No interior lining may be used unless contained in
double-wall construction.

Flex Duct Maximum run of 6 feet on flex duct connections.

Show hard duct up to 6 feet of any diffuser.
Show a segemented elbow detail for connection

between flex duct and diffusers.




On air handlers with greater than 3000 CFM outside

Outdoor Air
Energy air relief requirements, ONE of the following options
Control must be used:
1) | Energy Recovery | Dessicant wheel energy recovery system.
(Resize heating and cooling capacity to include effect
of energy recovery and reduce first cost.)
2) | CO2 Sensing Modulate AHU outdoor and return air dampers with
PID loop to maintain 1000 PPM CO2 in the return air.
Complete Air Overall Airflow VAV - Less than 1.0 HP per 1000 CFM
System Efficiency Constant Volume - Less than 0.6 HP per 1000 CFM
Controls Complete DDC for automatic temperature control,

valves and acutators, and energy management

functions.
Provide complete point list on drawings.

Sequence of
Operation

Use Owner's Standard Sequence of Operation for
VAV systems (see EMS section).

Provide logic diagram on drawings supporting the
verbal sequence of operation.




® The most energy-efficient
/ commercial modular gas-fired
hot water heating plant available today!
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¢ For space heating, volume
water heating or the com-
bination of both.

® [n light commercial, in-
dustrial & institutional
buildings.

® For new and replacement
installations.

It's a fact that the Multi-Pulse mod-
ular heating plant concept, deve-
loped by Hydrotherm more than
10 years ago, has been proven
throughout a wide variety of com-
mercial applications, saving our
customers thousands of doliars
annually in energy costs.

First, there has never been a more
fuel efficient commercial modular
hydronic gas heating system than
Multi-Pulse. With a seasonal effi- J
ciency of more than 90% (AFUE), Multi-Pulse heating plants use individual, low-water content, smaller capacity boilers, such
Multi-Pulse owners have cut their as this M-300 modular installation, where off-cycle losses are substantially reduced and
heating bills by up to 35% and dissipated heat from stored water is much less than large capacity, single input units.

more when replacing conventional

gast- f'%?%swg:"peplg (t:)i?‘ﬂeg?aaor:ﬁ virtually eliminates typical energy exhaust temperatures which can
;‘;f_’e door electric he:ting p%ants losses inherent in conventional be easily vented outdoors

) systems. Each module burns only through small diameter plastic
Multi-Pulse boilers employ the a smail amount of gas during pipe—thus eliminating the need
principle of pulse combustion. It's operation, resulting in ultimate for a chimney and the associat-
a sealed combustion process, fuel combustion. And the heat ed large up-the-chimney heat
without pilot lights or burners, that transfer process produces low losses.

Typlcal heat ioad distribution in 5600 degree days area How short cycling reduces boller afficiency
Full boiler capacty L 1 1_1]

1 requirad on 8 days i
* 80% boler capacity LT T 1] ) '
loo%-—ﬁ required on 24 days [e] 1
) L_75
60% boilar capacity 74 L’)
2 | required on 149 days —.73 uz,
75%— —_ uw
9 | 40% boiler capacity 72 2
g required on 65 days b 71 w
e = 50%—1 . 20% boiler capacity 70 o
) = required on 47 davs 69 5
b4 68 O
) ® 259,— . 67 %
; i . |66 °
( ‘ 0% —t ~
S T L | T T T T T
! R i . % ; S0 100 150 200 250 300 0 20 40 60 8 100
<
boovadlle ~ i <~ - o - Ll NO. OF HEATING DAYS % ON TIME

444444 . HOW HEAT LOAD DISTRIBUTION AFFECTS CONVENTIONAL BOILER EFFICIENCY




Second, Multi-Pulse heating plants
consist of individual self-contained
modules which provide the same .
unique, fuel-saving, step-firing
design pioneered more than 30
years ago by Hydrotherm in its
Muiti-Temp modular systems.

Each Multi-Pulse module operates
completely independent of the
other modules; this modular con-
cept permits the system to meet
low demand requirements more
efficiently as it eliminates the
energy-wasting “ali-on/all-off" fir-
ing characteristics of single input
boilers and it varies the input in
relation to the demand.

Individual heating modules are
step-fired, only as required to meet
the load. As the demand increases,
the number of modules fired in-
creases proportionately. And con-
versely, as the demand decreases,
the number of modules firing are
decreased proportionately.

Iin any boiler, maximum perfor-
mance is attained only when it
fires continuously. With typical
heating season load requirements
(as shown in the heat load distri-
bution chart on the previous page)
a single-input, large capacity boil-
er must operate intermittently—
without reaching its rated efficien-
cy during the major part of the
heating season. However, the
Multi-Pulse modular system
achieves its rated efficiency be-
cause it fires only the exact
number of modules required to
satisfy the heating load in long
operating cycles at full capacity.

And since they are designed as
condensing boilers, Multi-Pulse
heating plants are particularly well
suited for use in low water temper-
ature heat pump systems, too.
Because low water temperatures
increase flue gas condensation
which extracts more latent heat
from combustion, thus providing
even more efficiency and cus-
tomer fuel savings.

Altogether, Multi-”ulse aysters
represent a genuine owner
investment. With its energy sav-
ings, the payback for first-cost
installation expenditures of the
Muiti-Pulse heating plant is usually
within five years or less, depend-
ing on the amount of fuel being
used. And with every increase in
energy prices, customers save
even more money.

i

Model AM-150 modular installation, like all Multi-Pulse systems, provides built-
in, standby capacity without the need for excess equipmemt. Even if a module
requires service, the total Multi-Pulse heating plant continues to operate at or
near normal output capacity.

Provide installation
flexibility, cost-savings

JHEHE
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Since all modules are direct vent,
Multi-Pulse heating plants do not
require a chimney, providing sub-
stantial new installation savings.
And using 100% outside air for
combustion, they can be instalied
within a closed boiler room. In
addition to the usual water and
gas piping, installation of factory-
assembled, individually-cartoned
modules simply requires the addi-
tion of exhaust and combustion air
piping which can be vented
through the roof, through a dor-
mant chimney or through an out-
side wall. It is possible, under cer-
tain conditions, to manifold each
module’s air intake piping and
exhaust piping.

Plus, their relatively light weight
permits installation in any location
such as basements (without coc-
gxcavation), intermeciate floors
penthouses or rooftops, with a
minimum fioor load.

Heating plants can be tailored to
boiler room shapes and areas in
nearly any configuration as shown
in the adjoining schematic. And
for replacement, if desired, there is
no need to remove the existing
large single input boiler.
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Feature stéte-of-fﬁé-aif
Model S electromcconfrof

Designed for minimizing fuel
usage by specifically resetting
supply water temperature in rela-~
tion ta outdaor air temperature,
Hydrothermr's solid state Model S
cantrol equalizes individual boiler
usage within the modular system
far longer equipment life. The
micro-computer based Maodel €
control step-fires only the nuraber
of modules required to satisry the
system supply temperature. it can
control up ta eight input steps in
accordance with a pre-pro-
grammed operation.

N a—
L EfX. indicating lights forvisuat
irdicatiorr of steps that are firing;

- supply and air temperature digitat:
" read out; outdoor actuated system.

heat starter; power-off alarmv relay;.
contained system paower and cir-
culatar start contral; withr options:
suclr as night setback and baoiler-
service on-time and cycle counter:

And the Maodel S control can also.
be used for constant supply water
temperature control without out—
door reset when desirable.

NATURAL GAS PROPANE GAS
RATINGS (MBH) k RATINGS (MBH)
NO. OF AGA. HEAT : HEAT

—“_A_‘_
/| N = |

®

425 ADMIRAL BLVD, UNITS3&4: ;
MISSISSAUGA, ONTARIO CANADA L5T2N$
(416) 564-5990 FAX: (416) 564-6008

260 NORTH ELM STREET"
WESTFIELD, MA 01085 Hydro

(413) 568-9571 FAX: (413) 568-9613 CORPORATION
'"Tf‘ Copyright 1392 Hydratherm, Inc. MP1-92.
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Compact, low-profile boiler mocuies a-e less trar 4¢° nigh oy 19" wide and can
be wheeled on a hand truck through standard 30" doorways, which eliminates
expensive rigging and heavy equipment movement costs.

Supply volume water
heating more efficiently

Multi-Pulse modules may be piped
with a heat exchanger or a water
storage tank with an internal coil,
as shown in the diagram below, to
provide the most efficient system
available for any volume water
heating only or combination space
and volume water heating applica-
tion. Unique to the modular heat-
ing plant, combination Multi-Pulse

systems can usually meet the
capacity requirements of volume
water heating applications with
only a small increase (if any) in the
number of modules required for
space heating. Multi-Pulse boilers
with multiple heat exchangers or
tanks can be manifolded together
to satisfy large domestic hot water
heating demands.
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Work like no other boile

1. Each module draws air from
outside the building structure
through small diameter PVC pipe
which is mixed with gas and
passed into the combustion
chamber, where the mixture is
ignited by a spark plug on the
initial cycle only. Each air-gas mix-
ture/burn cycle, thereafter, is ignit-
ed by the residual heat from the
previous cycle.

2. Pressure resulting from the
combustion process forces hot
gases down through the heat
exchanger tubes inside the boiler.
And heat is transferred to the sur-
rounding boiler water, which is cir-

Supply Water

Combustion

Heat Exchanger

Hot Gases

Flue Box
Condensate
Dran _—

Economizer

MODEL AM-300
SCHEMATIC

L3 Environmentally clean. Because of

the high eﬂ" ciency of the puise

sions of 168s than 30 t6'40 p
(parta per million).

culated throughout the structure’s \Guud
heating system (or hot water heat :
exchanger coil) in the same

manner as with a conventional

heating plant.

3. As hot gases are cooled below
the dew point, condensation of
water vapor in flue gases takes
place, releasing the latent heat of
vaporization, which can amount to
an increase in efficiency up to
9-1/2% of the fuel input. The con-
densate is removed by a drain
located at the boiler's base. And
the low temperature exhaust is
safely veated outside through.
small diameter CPVC pipe.

B Supply water
Combustion

MODEL AM-150/AM-100
SCHEMATIC

Mutlti-Pulse heating plants can 7
be built up. toynrtually unlimited:




SECTION 5

BUILDING AUTOMATION
AND CONTROL (BAC)



Chapter S
Building Automation Controls(BAC)

Introduction

The College will be developing a Building Automation Control(BAC) Network(Net) that
will comply with ASHRAE Std. 135-1995, A Data Communication Protocol for Building
Automation and Control Networks(BACnet). The BACnet data communication protocol
is an open protocol that is capable of Internet communications.

BACnet System Overview

The College will begin the BACnet installation with the construction of the Health Science
Building and integrate the remainder of the Takoma Park Campus as future buildings are
constructed or renovated. The BACnet systems will be capable of stand alone operations
and be networked via the Internet through a server in the Computer Sciences Building on
the Rockville Campus. Global access to the system will be through desktop PCs via the
internet. Building systems will be Direct Digital Control with BACnet interconnections to
chillers, boilers, VFDs, elevators, fire, and security systems.

BACnet Design

The designer shall develop a DDC design, standard sequence of operations, a point list
and a schematic controls diagram for the equipment being controlled. The College will
assist the designer in defining the BACnet system and provide a standard BACnet
specification for the designer to include in his documents. Specific control issues shall be
addressed:

1. Lighting Control - The majority of spaces will have occupancy sensors
controlling the lighting. The designer specify auxiliary contacts from the
sensors and wire these contacts to the DDC terminal controllers in the spaces.
The occupancy sensor can then serve multi-purposes of light control, HVAC
control and Security.



Attachment S-1, Native BACNet Specification

Note: This specification is in “rough draft” form. Final form will be sent separately in hard
and electronic copy.



SECTION 6

VENTILATION/INDOOR
AIR QUALITY



Chapter 6

Ventilation/IAQ

Introduction

Ventilation and good Indoor Air Quality(IAQ) increase occupant productivity and
contribute to student success. It is the College’s goal to provide a clean indoor air
environment free from contaminants and odors. Proper design of the building envelope
will minimize infiltration of untreated air and minimize migration of moisture. Proper
design of HVAC systems will provide the proper amount of ventilation air and condition
that air to the proper temperature and humidity levels to meet the comfort conditions.
Pans and drains that collect condensate shall be properly designed to drain and eliminate
stagnant pools of water. This section discusses the requirements for meeting these goals.

Ventilation Rates

The designer shall use ASHRAE Std. 62(latest edition), A Standard for Indoor Air Quality
as the basis for determining the required amount of ventilation air. The designer shall
further calculate and apply the 50% diversity values allowable under the standard.
Ventilation systems shall be calculated to provide positive pressurization and be properly
balance in order to minimize infiltration of un-conditioned air.

Qutdoor Air Pre-Treatment System

The designer shall incorporate a desiccant outdoor air pre-treatment system with enthalpy
wheel heat recovery in to the design of his HVAC system. The College will assist the
designer in specifying an acceptable system. The system shall use both rejected heat from
a roof mounted micro-turbine and auxiliary natural gas heated air to regenerate the
desiccant. Ventilation air streams shall be collected from the appropriate zones and
directed into the enthalpy heat recovery wheel.

Carbon Dioxide(CQO,) Sensors

High quality CO, sensors shall be installed in the return air stream and control outdoor air
ventilation rates based upon concentrations of CO2.

Building Materials

Building materials shall be specified that do not contain harmful contaminants that will
degrade the quality of the indoor environment.

6-1



Attachement 6-1, EDG Ventilation/IAQ



Ventilation / IAQ

CFM Per Person

The''design CFM of outdoor air shall follow ASHRAE
62-1989 "Ventilation for Acceptable Indoor Air Quality”
Table 2. The most frequently needed sections are attached
for reference.

Determining Design Occupancy

When estimating occupants per room, attention must be paid
to paragraph 6.1.3.4 "Intermittent or variable occupancy”,
which states:

"Where peak occupancies of less than 3 hours
duration occur, the outdoor air flow rate may be
determined on the basis of average occupancy for
buildings for the duration of operation of the
system, provided the average occupancy used is not
less than one-half the maximum "

The above provision shall be applied to reduce the
ventilation requirements of the following types of spaces in
the Owner's facilities:

» Conference Rooms
] Auditoriums and Theaters
u Cafeteria dining space

= Assembly rooms

NOTE: Some code versions of Standard 62 do not include
the above reduction for intermittent use. In this case the
designer must take care to select a category for the space that
reflects actual average occupancy without the intermittent
use factor.

Filtration

Minimum filtration at all air-handling units for office space
shall be of 65% or greater "dust spot efficiency" per
ASHRAE Standard 52-76 methods. Filter type shall be
extended surface, cartridge, bag-type or electronic with
manually cleaned or replaceable media.

Energy Design Guidelines

Ventilation / IAQ Page 1



Additional Energy Control Measures

Use a CO, sensor to control outside air in air
handlers for Intermittent use, High-Occupancy areas
(see example areas quoted above) exceeding 3,000
CFM relief air requirements. A single CO, sensor
should be used in the return air duct.

Evaluate Energy Recovery, including dessicant
wheel type, for continuously occupied areas with
3,000 CFM or more of relief air requirements.

Directly exhaust high-contaminant areas such as
smoking lounges, restrooms, printing and photo
processes, locker rooms, and so on. Use transfer air
from other spaces for exhaust air in these

applications.

Inject 80% of Make-Up Air directly at Exhaust
Hoods to avoid the need to temper the air. Applies
to Kitchen hoods, Laboratory hoods, Painting
processes, etc.

NOTE: BOCA code does not require make-up air
for hoods to be conditioned if it does not enter the

occupied space.

Common Mistakes to Avoid

Do not assume more people than necessary in the
space:

Table 2 sets the Maximum Occupancy in Net Space.
Use a lower occupancy estimate if available. Use

net space rather than gross space.

Do not misclassify or lump spaces together that
have distinct classifications.

For example, the "Library” classification and

occupant density ( 20 people / 1000 fi? ) applies to
library stack areas and should not be used for staff

"Office" areas within a library which have much
lower densities ( 7 people / 1000 fi?).

Do not create HVAC zones that span areas with
high and low outside air requirements. This practice
will introduce unnecessary amounts of outside air to
some areas.

Energy Design Guidelines

Ventilation / IAQ

Page 2



CARBON DIOXIDE ( CO, ) SENSORS

A

Carbon Dioxide sensors shall be suitable for duct mounting. Sensing method shall utilize non-
dispersive infrared technology. Sensors shall have the following minimum performance and

application criteria:
1. Input range: 0 to 2000 PPM (0.2%) CO; .

Accuracy: 5% of reading from 1000 PPM to 2000 PPM and plus or minus 50 PPM
below 1000 PPM.

2.

3. Repeatability: 1% of full scale.

External power source: 24 AC or DC at 0.5 amps maximum.

4.
5.- Power consumption: 6 Watts maximum.
6. Output signal: 0 to 10 volts or 4 to 20 mA representing 0 to 2000 PPM linear scale.

7. Zero drift at constant temperature: Less than 100 PPM per year.
Zero noise at constant temperature: Less than 20 PPM peak to peak measured during

8:

any 10 to 20 second period.
9. Zero drift due to ambient temperature changes: Less than 10 PPM per degree C.
10. Operating range: 0 to 50 C (32 to 122 F) and 0 to 95% RH non-condensing.

Duct mounted sensor shall mount to duct surface and shall include a rubber gasket seal and
insulator. Sensor probe shall be approximately 1.125” diameter and 4” long.

Acceptable manufacturers: Valtronics, Johnson Controls.



Electronic Control Manual 216
Sensors & Stats Section S

-~ Product Bulletin CDS-2000
C Issue Date 0192

The CDS-2000 Carbon Dioxide Sensor
is designed to measure the

CO:2 concentration of air and is

intended for use as a CO2 monitoring

or high limit sensor. When used as part
of an indoor air quality control system,
it can also serve as a surrogate indicator
of occupancy for use in determining a
building's ventilation requirements.

Figure 1: CDS-2000 CO2 Sensors

Features and Benefits -
O Microprocessor-based offset Results in a uniquely stable and accurate
algorithm automatically (100 ppm/year) output signal.
compensates for drift
QO 0to 10 VDC proportional Provides compatibility with most monitoring and
output signal and controlling devices including Metasys ™ and other direct
SPDT alarm contacts digital and analog electronic controllers.
O Adjustabie alarm limit Allows tailoring of alarm indication to system
configuration or type of space being sensed.
Q Short response time of Enables system changes to closely track space needs.
20 seconds (maximum)
O Patented membrane filter Prolongs unit life and contributes to sensing accuracy.
protects sensor from dust,
moisture and smoke particles
QO Integral mounting base with Speeds and simplifies installation.
terminal-block wiring
connections

© 1992 Johnson Controls, Inc.
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systems should be treated to avoid microbial buildup. If the
relative humidity in occupied spaces and low velocity ducts
and plenums exceeds 70%, fungal contamination (for ex-
ample, mold, mildew, etc.) can occur. Special care should

be taken to avoid entrainment of moisture drift from cool- s

ing towers into the makeup air and building vents.

6. PROCEDURES

Indoor air quality is a function of many parameters
including outdoor air quality, the design of enclosed spaces,
the design of the ventilation system, the way this system is
operated and maintained, and the presence of sources of
contaminants and the strength of such sources. This Stan-
dard deals with the design of a ventilation system as it is
affected by all these factors, so that an acceptable level of
indoor air quality can be provided. Design documentation
shall clearly state which assumptions were used in the
design so that the limits of the system in removing contam-
inants can be evaluated by others before the system is
operated in a different mode or before new sources are
introduced into the space.

Indoor air should not contain contaminants that ex-
ceed concentrations known to impair health or cause
discomfort to occupants. Such contaminants include
various gases, vapors, microorganisms, smoke, and other
particulate matter. These may be present in makeup air or
be introduced from indoor activities, furnishings, building
materials, surface coatings, and air-handling and air treat-
ment components. Deleterious factors include toxicity,
radioactivity, porential to induce intection or allergies,
irritants, extreme thermal conditions, and objectionable
odors.

The Ventilation Rate Procedure (6.1) provides one way
to achieve acceptable air quality. This procedure prescribes
the rate at which ventilation air must be delivered to a space
and various means to condition that air. The ventilation
rates in Table 2 are derived from physiological considera-
tions, subjective evaluations, and professional judgments
(see Refs 12-18).

The Indoor Air Quality Procedure (6.2) provides an
alternative performance method for achieving acceptable

TABLE |
National Primary Ambient-Air Quality Standards
for Outdoor Air as Set by the
U.S. Environmental Protection Agency (Ref 19)

Long term Short term

Concentration Averaging Councentration Averaging

Contaminant
ug m' ppm us/m’ ppm

Sulfur dioxide 30 0.03 | vear 365 014 24 houry
Total Particulate =" — I vear 260 —  24hours
Carbon monoxide 40,000 33 | hour
Carbor monexde 10000 9 X hoursy
Oxidanss (ozone) 233 0 | hour
Nirrogen diovide 0 003 I vear

Lead N — 3 months

' Anthmetic mean
" Standard 1s attamned when expected number of days per calendar vear with max-
snahourhy averzesr concentrations atese 12 ppm 235 ug Mo egual oo fess
chan 1, as detesmined oy Appendin H o subchapters C 30 CFR 70
Three-month period is a calendar quartzr.

air quality. This proceduré uses one or more guidelines for
the specitication of acceptable concentrations of certain
contaminants in indoor air but does not prescribe venti-
lation rates or air treatment methods.

6.1 Ventilation Rate Procedure: This procedure prescribes:

¢ the outdoor air quality acceptable for ventilation

e outdoor air treatment when necessary

e ventilation rates for residential, commercial, institu-
tional, vehicular, and industrial spaces

e criteria for reduction of outdoor air quantities when re-
circulated air is treated by contaminant-removal equipment
e criteria for variable ventilation when the air volume in the
space can be used as a reservoir to dilute contaminants.

6.1.1 Acceptable Outdoor Air. This section describes
a three-step procedure by which outdoor air shall be evalu-
ated for acceptability:

Step 1: Contaminants in outdoor air do not exceed the
concentrations listed in Table 1 as determined by one of the
following conditions:

(a) Monitoring data of government pollution-control
agencies, such as the U.S. Environmental Protection Agen-
cy (EPA) or equivalent state or local environmental pro-
tection authorities, show that the air quality of the area in
which the ventilating system is located meets the require-
ments of Table 1. Conformity of local air to these standards
may be determined by reference to the records of local
authorities or of the National Aerometric Data Bank,
Office of Air Quality Planning and Standards, EPA, Re-
search Triangle Park, NC 27711, or

(b) The ventilating system is located in a community
similar in population, geographic and meteorological set-
tings, and industrial pattern to a community having accept-
able air quality as determined by authorities having
jurisdiction, or

(c) The ventilating system is located in a community
with a population of less than 20,000 people, and the air is

not influenced by one or more sources that cause substan-
tial contamination, or .

(d) Air monitoring for three consecutive months, as re-
quired for inclusion in the National Aerometric Data Bank,
shows that the air quality meets or exceeds the requirements
of Table 1 (as specified in Ref 19).

Step 2: It the outdoor air is thought to contain any
contaminants not listed in Table 1, guidance on acceptable
concentration levels may be obtained by reference to Ap-
pendix C.

Outdoor air requirements for ventilation of industrial
building occupancies not listed in Table 2 mayv be deter-
mined by procedures presented in /986 Industrial Venti-
tation—A Manual of Recommended Practice, 1986 ed.,
published by the American Conference of Governmental
Industrial Hygienists (ACGIH) (Ref 7).

Step 3: If after completing steps | and 2 there is still a
reasonable expectation that the air is unacceptable, sam-
pling shall be conducted in accordance with NIOSH pro-

S~



TABLE 2
OUTDOOR AIR REQUIREMENTS FOR VENTILATION*

2.1 COMMERCIAL FACILITIES (offices, stores, shops, hotels, sports facilities)

Estimated Maximum**

Outdoor Air Requirements

Application Occupancy cfm/ L/s cfm/ L:s/ Comments -
P/1000 ft* or 100 m’ person person ft’ s-m’ (
Dry Cleaners, Laundries Dry-cleaning processes may require
Commercial laundry 10 25 12 more air.
Commercial dry cleaner 30 30 15
Storage, pick up 30 s 13
Coin-operated laundries 20 s 8
Coin-operated dry cleaner 20 I 3
Food and Beverage Service
Dining rooms 70 20 10
Cafeteria, fast food 100 20 10
Bars, cocktail lounges 100 30 15 Supplementary smoke-removal
equipment may be required.
Kitchens (cooking) 20 s 8 Makeup air for hood exhaust may
require more ventilating air. The
sum ot the outdoor air and
transfer air of acceptable quality
- from adjacent spaces shall be suf-
- ficient to provide an exhaust rate
of not less than 1.5 cfm. ft* (7.5
L/s-m’).
Garages, Repair, Service Stations
Enclosed parking garage 1.30 T3 Distribution among people must
Auto repair rooms 1.50 750 consider worker location and con-

. centration of running engines;

' stands where engines are run must
incorporate systems for positive
engine exhaust withdrawal. Con-
taminant sensors may be used to
control ventilation.

Hotels, Motels, Resorts, Dormitories
cfm/room L/s-room [ndependent of room size. -
Bedrooms 30 15 (
Living rooms 30 15 <
Baths 35 18 Installed capacity tor intermittent use.
Lobbies 30 15 38
Conference rooms 50 20 10
Assembly rooms 120 13 8
Dormitory sleeping areas 20 15 8 See also food and beverage services,
merchandising, barber and beauty
shops, garages.
Gambling casinos 120 30 15 Supplementary smoke-removal
equipment may be required.
Offices
Office space 7 20 10 Some office equipment may
Reception areas 60 13 8 require local exhaust.
Telecommunication centers
and data entry areas 60 20 10
Conference rooms 30 20 10 Supplementary smoke-removal
equipment may be required.
Public Spaces
Corridors and utilities 0.0s 0.25
Public restrooms, cfm/wc
or urinal 50 25 Mechanical exhaust with no
Locker and dressing rooms 0.5 23 recirculation is recommended.
Smoking lounge 70 60 30 Normally supplied by transfer air,
local mechanical exhaust; with no
recirculation recommended.
Elevators 1.00 5.00 Normallv supplied by transfer air.

* Table 2 prescribes supply rates of acceptable outdoor air required for acceptable
inaoor arr quatity, These values itave been chosen to coniroi CO. and other con-
tamtnants with an adeguate margin of satety and (o account for health vanauons

cedures (see Refs 21 and 22). Local and national acrometric
data banks may contain information on some unregulated
pollutants. Finally, acceptable outdoor air quality should

among people, varied activity levels, and a moderate amount of smoking. Rational
07 CO, control is presenied i Arpendix D.
**Net occupravle space.

heevaluated using the definition for acceptable indoor air &
quality in Section 2.

ASHRAE STANDARD 62-1989



2.1 COMMERCIAL FACILITIES (offices, stores, shops, hotels, sports facilities)

Outdoor Air Requirements

Estimated Maximum**
Application Occupancy cfm/ L cfm/ L/s Comments
P/1000 ft° or 190 m’ person person ft* -m’
Retail Stores, Sales Floors, and
Show Room Floors
Basement and street 30 0.30 1.50
Upper floors 20 e 0.20 1.00
Storage rooms 15 0.15 0.75
Dressing rooms 0.20 1.00
Malls and arcades 20 0.20 1.00
Shipping and receiving 10 0.15 0.75
Warehouses 3 0.05 0.25
Smoking lounge 70 60 30 Normally supplied by transfer air,
local mechanical exhaust; exhaust
with no recirculation recommended.
Specialty Shops
Barber 25 13 8
Beauty 28 2 13
Reducing salons 20 3 38
Florists 8 bl 8 Ventilation to optimize plant growth
may dictate requirements.
Clothiers, furniture - 0.30 1.50
Hardware, drugs, fabric - 8 15 8
Supermarkets 8 13 8
Pet shops 1.00 5.00
Sports and Amusement
Spectator areas 150 l 8 When internal combustion engines
Game rooms 70 25 13 are operated for maintenance of
[ce arenas (playing areas) 0.50 2.50 playing surfaces, increased ventila-
' tion rates may be required.
Swimming pools (pool and
deck area) 0.50 2.50 Higher values may be required for
humidity control.
Playing floors (gymnasium) 30 20 10
Ballrooms and discos 100 25 13
Bowling alleys (seating
areas) 70 25 13
Theaters Special ventilation will be needed
Ticket booths 60 20 10 to eliminate special stage effects
Lobbies 150 20 10 (e.g., dry ice vapors, mists, etc.)
Auditorium 150 135 8
Stages, studios 70 13 3
Transportation Ventilation within vehicles may
Waiting rooms 19¢ 1z S require special considerations.
Platforms 100 15 b
Vehicles 150 13 3
Workrooms
3 Spaces maintained at low tempera-

Meat processing 10 v

tures (—10°Fto + S0°F, or -23°C
to + 10°C) are not covered by
these requirements unless the occu-
pancy is continuous. Ventilation
from adjoining spaces is permissi-
ble. When the occupancy is inter-
mittent, infiltration will normally
exceed the ventilation requirement.
(See Ref 18).

* Table 2 prescribes supply raie . of accertable outdoor mir requared tor acceptabie

ingoor an guahity. These values ha.e been chosen to control CO, ang other con
ot satety and ¢ accoun. for healtir vanauons

raminants with an adequate inarg:n

6.1.2 Outdoor Air Treatment. [f the outdoor air con-
taminant levels exceed the values given in 6.1.1 (Table 1), the

air should be treated to control tihe oftending centaminants.

Adr-cleaning svstems suitable for the particle stze en-
countered should be used. For removal of zases and vapors.

ASHRAE STANDARD 62-1989

among people, varted actuvity levels, and a moderate amount of smoking. Rattonal
0t CO, control 1s presented in Appendix D.
** Met occupiable space.

appropriate air-cleaning systems shouid be used. Where the
best available, demonstrated, and proven technology does
not allow tor the removal of contaminants, the amount of
outdoor air may be reduced during periods of high con-
taminant levels, such as those generated by rush-hour



TABLE 2
OUTDOOR AIR REQUIREMENTS FOR VENTILATION* (Concluded)

2.1 COMMERCIAL FACILITIES (offices, stores, shops, hotels, sports facilities)

Estimated Maximum**

Outdoor Air Requirements

Application Occupancy cfm/ L/s efm/ L/s/ Comments
P/1000 ft* or 100 m* person person ft s'm°
Photo studios 10 15 8
Darkrooms 10 0.50 2.50
Pharmacy 20 13 8
Bank vaults 5 15 8
0.50 2.50 Installed equipment must incorpo-

Duplicating, printing

rate positive exhaust and control
(as required) of undesirable con-
taminants (toxic or otherwise).

t9

.2 INSTITUTIONAL FACILITIES

Education

Classroom 50 15 8

Laboratories - 30 20 10 Special contaminant control

Training shop - 30 20 10 systems may be required for

Music rooms S0 IS 8 processes or functions including

Libraries 20 15 8 laboratory animal occupancy.

Locker rooms 0.50 2.50

Corridors 0.10 0.50

Auditoriums 150 15 8

Smoking lounges 70 60 30 Normally supplied by transfer air.

’ Local mechanical exhaust with no
Hospitals, Nursing and recirculation recommended.
Convalescent Homes

Patient rooms 10 25 3 Special requirements or codes and

Medical procedure 20 15 8 pressure relationships may deter-

Operating rooms 2 30 15 mine minimum ventilation rates

Recovery and ICU 20 15 8 and filter efficiency. Procedures
generating contaminants may
require higher rates.

Autopsy rooms 0.50 2.50 Air shall not be recirculated into
other spaces.

Physical Therapy 20 13 8

Correctional Facilities

Cells 20 20 10

Dining halls 100 15 8

Guard stations 40 15 8

* Table 2 prescribes supply rates of acceptable outdoor air required for acceptable
indoor air quality. These values have been chosen to control CO, and other con-
taminants with an adequate margin of safety and to account for health variauons

traffic. The need to control offending contaminants may
depend on local regulations that require specific control
measures.

6.1.3 Ventilation Requirements. Indoor air quality
shall be considered acceptable if the required rates of
acceptable outdoor air in Table 2 are provided for the oc-
cupied space.

Exceptions:

1. Where unusual indoor contaminants or sources are
present or anticipated, they shall be controlled at the source
or the procedure ot 6.2 shall be followed.

2. For those areas within industrial facilities not
covered by Table 2, rvefer to footnote 13 of Threshold Limit

Values and Biological Exposure Indices for 1986-87,
American Conference of Governmental Industnial Hvaien-
1sts (Ref 23).

Table 2 lists the required ventilation rates in ¢fm (L/s)
per person or cfm/ft- (L/s-m?) for a variety of indoor
spaces. In most cases, the contamination produced is pre-

among people, varied activity levels, and a moderate amount of smoking. Rationale,
for CO. control 1s presented in Appendix D.
**Net occupiable space.

sumed to be in proportion to the number of persons in the
space. In other cases, the contamination is presumed to be
chiefly due to other factors and the ventilating rates given
are based on more appropriate parameters. Where appro-
priate, the table lists the estimated density of people for
design purposes.

Where occupant density differs from that in Table 2,
use the per occupant ventilation rate for the anticipated
occupancy load. The ventilation rates for specified occu-
pied spaces listed in Table 2 were selected to reflect the con-
sensus that the provision of acceptable outdoor air at these
rates would achieve an acceptable level of indoor air quality
by reasonably controlling CO,, particulates, odors, and
other contaminants common to those spaces. (Appendix
D shows the outdoor air needed to control occupant-
generated CO, under various conditions.)

Human occupants produce carbon dioxide, water
\apor, particulates, biological aerosols, and other con-
taminants. Carbon dioxide concentration has been widely
used as an indicator of indoor air quality. Comfort (odor)
criteria are likely to be satisfied if the ventilation rate is



OUTDOOR REQUIREMENIS FOR Y ENTILATION UF RESIUE N ELAL PACILILIED
(Private Dwellings. Single. Multiple)

Applications Outdoor Requirements Comments

Living areas  0.35 air changes per hour but not
less than 15 ¢fin (7.5 L. s) per person

For calculating the air changes per hour, the volume of the living spaces shall include all
areas within the conditioned space. The venulation is normally satisfied by infiltration and
natural ventilation. Dwellings with tight enclosures may require supplemental ventilation

supply for fuel-burning appliances, including fireplaces and mechanically exhausted appliances.
Occupant loading shall be based on the number of bedrooms as follows: first bedroom, (wo
persons; each addigipnal bedroom, one person. Where higher occupant loadings are known,

they shall be used.

Kitchens” 100 cfm (50 L/s) intermittent or 25
ofm (12 L.s) continucus or openable  ton system.
windows

Baths, S0 ¢fm (25 L/s) intermittent or 20

Toilets” ofm (10 L.’s) continuous or openable
windows

Garages:

Separate for 100 ¢fm (50 L/s) per car

each dwell-
ing unit

Common for L5 ofm/tt’ (7.5 L/s/ft7)
several units

installed mechanical exhaust capacity’ Climatic conditions may affect choice of the ventila-

[nstatled mechanical exhaust capacity:

Normally satisfied by intiltrarion or natural ventilation

See “Enclosed parking garages,” Table 2.1

® In using this table, the outdodr air is assumed to be acceptable.
Climautic conditions may affect choice of ventilattion option chosen.
° The air exhausted from kitchens, bath, and toilet rooms mav utilize air supplied

set so that 1000 ppm CQ, is not exceeded. In the event CO,
is controlled by any method other than dilution, the effects
of possible elevation of other contaminants must be con-
sidered (see Refs 12-18).

6.1.3.1 Multiple Spaces. Where more than one space
is served by a common supply system, the ratio of outdoor
to supply air required to satisfy the ventilation and thermal
control requirements may differ from space to space. The
system outdoor air quantity shall then be determined using
Equation 6-1 (see Refs 24 and 25).

Y = X/[1 + X - Z] (6-1)
where
Y = V,/V, = corrected fraction of outdoor air in
system supply
X =V, /V, = uncorrected fraction of outdoor air in
system suppiy
Z =V, ./V . = fractionof outdoorair in critical space.
The critical space is that space with the
greatest required fraction of outdoor
air in the supply to this space.
V, = corrected total outdoor air flow rate
V., = total supply flow rate, i.e., the sum of all suppiy
for all branches of the svsiem
V,, = sumofloutdoorair flow rates for all branches on
svstem
v, = outdoor air flow rate required in critical spaces
V. = supply tlow rate in critical space

Equation 6-1 is plotted in Fig. 3. The procedure is as
follows:

1. Calculate the uncorrected outdoor air fraction by
dividing the sum of all the branch ourdocr dir requirerent,
bv the sum ot all the branch supply tlow rates.

ASHRAE STANDARD 62:1939

through adjacent living areas to compensate for the air exhausted. The air supplied
shall meet the requirements of exhaust systems a, Jescribed in 5.8 and be of suffi-
cient quantities to meet the requirements of this table.

2. Calculate the critical space outdoor air fraction by
dividing the critical space outdoor air requirement by the
critical space supply flow rate.

3. Evaluate Equation 6-1 or use Fig. 3 to find the cor-
rected fraction of outdoor air to be provided in the system
supply.

Rooms provided with exhaust air systems, such as
kitchens, baths, toilet rooms, and smoking lounges, may
utilize air supplied through adjacent habitable or occu-
piable spaces to compensate for the air exhausted. The air
supplied shall be of sufficient quantity to meet the require-
ments of Table 2. In some cases, the number of persons can-
not be estimated accurately or varies considerably. In other
cases, a space may require ventilation to remove contamina-
tion generated within the space but unrelated to human
occupancy (e.g., outgassing from building materials or
furnishings). For these cases, Table 2 lists quantities in
cfm/ft* (L/s-m") or an equivalent term. If human carcino-
gens or other harmful contaminants are suspected to be
present in the occupied space, other relevant standards or
guidelines (e.2., OSHA, EPA) must supersede the ventila-
tion rate procedure,

When spaces are unoccupied, ventilation is not gen-
erallv required unless it is needed to prevent accumulation
of contaminants injurious to people, contents, or structure.

Desizn documentation shall specify all significant assump-
tions about occupants and contaminants.

6.1.3.2 Recirculation Criteria. The requirements for
ventilation air quantities given in Table 2 are for 100% out-
Jdoorair when the outdoor air quality meets the specifica-
tions ror acceptable outdoor air quality given in 6.1.1. While
these quantities are for 100% outdoor air, they also set the
amount of air required to dilute contaminants to acceptable
jevels. Therefore, itis necessary that at least this amount of



air be delivered to the conditioned space at all times the
building is in use except as modified in 6.1.3.4.

Properly cleaned air may be recirculated. Under the
ventilation rate procedure, for other than intermittent
variable occupancy as defined in 6.1.3.4, outdoor air flow
rates may not be reduced below the requirements in Table
2. If cleaned, recirculated air is used to reduce the outdoor
air flow rate below the values shown in Table 2, the Air
Quality Procedure, 6.2, must be used. The air-cleaning
system for the recirculated air may be located in the recir-
culated air or in the mixed outdoor and recirculated
airstream (see Fig. 1).

The recirculation rate for the svstem 1s determined by
the air-cleaning system efficiency. The recirculation rate
must be increased to achieve full benefit of the air-cleaning
system. The air-cleaning used to clean recirculated air
should be designed to reduce particulate and, where
necessary and feasible, gaseous contaminants. The system

shall be capable of providing indoor air quality equivalent
to that obtained using outdoor air at a rate specified in
Table 2. Appendix E may be referenced for assistance in
calculating the air flow requirements for commonly used
air distribution systems.

6.1.3.3 Ventilation Effectiveness, Ev: Outdoor air
for controlling contaminant concentration can be used
for dilution or for sweeping the contaminants from their
source. The values in Table 2 define the outdoor air need-
ed in the occupied zone for well-mixed conditions (ven-
tilation effectiveness approaches 100%). The ventilation
effectiveness is defined by the fraction of the outdoor air
delivered to the space that reaches the occupied space.

Ventilation effectiveness may be increased by creating

Y = Corrected fraction of outdoor air
in total supply
X = Sum of all zone outdoor airflows

divided by total supply

Z = Outdoor air fraction required in
supply to critical space
1.0

0.8]

Y 0.6 Y = X/(1+X-2)
0.4
0.2
or v A2 —
0 0.2 0.4 0.6 0.8 1.0
X

Fig. 3
a Common Source

ventilation Reduction tn Muluple Zones Supplied from

a plug flow situation. If the flow pattern is such that the
ventilation air flows past the contaminant source and
<weeps the contaminant toward an exhaust, the contami-
nant concentration in the exhaust can be greater than that
for the well-mixed condition. Ventilation effectiveness can
then be greater than that which would be realized with
perfect mixing. Local exhaust systems operate in this way.
With perfect mixing between the ventilation air and the
air in a space, ventilation effectiveness is 100%. With per-
fect mixing, Ev = 1.0. It is, however, not uncommen to find
some of the ventilation air bypassing the occupants (mov-
ing from supply to exhaust without fully mixing in the occu-
pied zone) and achieving Ev values as low as 0.5 (see Ref
26). Such flow conditions should be avoided. The ability of
the ventilation air to mix in the occupied zone can be im-
proved through recirculation or active mixing of the air in
the space. Additional information about ventilation
effectiveness can be found in Appendix F.

6.1.3.4 Intermittent or variable occupancy. Ven-
tilating systems for spaces with intermittent or variable
occupancy may have their outdoor air quantity adjusted by
use of dampers or by stopping and starting the fan system
to provide sufficient dilution to maintain contaminant con-
centrations within acceptable levels at all times. Such
system adjustment may lag or should lead occupancy
depending on the source of contaminants and the variation
in occupancy. When contaminants are associated only with
occupants or their activities, do not present a short-term
health hazard, and are dissipated during unoccupied
periods to provide air equivalent to acceptable outdoor air,
the supply of outdoor air may lag occupancy. When con-
taminants are generated in the space or the conditioning
system independent of occupants or their activities, supply
of outdoor air should lead occupancy so that acceptable
conditions will exist at the start of occupancy. Figures 4 and
5 show lag or lead times needed to achieve acceptable
conditions for transient occupancy (see Appendix G for
rationale). Where peak occupancies of less than three hours
duration occur, the outdoor air flow rate may be deter-
mined on the basis of average occupancy for buildings for
the duration of operation of the system, provided the aver-
age occupancy used is not less than one-half the maximum.
Caution should be exercised for spaces that are allowed to
lag and may be affected, due to pressure differences, by con-
taminants entering from adjacent spaces, such as parking
garages, restaurants, etc.

6.2 Indoor Air Quality Procedure: This procedure
provides an alternative performance method to the Ventila-
tion Rate Procedure for achieving acceptable air quality.
The Ventilation Rate Procedure described in 6.1 is deemed
to provide acceptable indoor air quality, ipso facto. Never-
theless, that procedure, through prescription of required
ventilation rates, provides only an indirect solution to the
control of indoor contaminants. The Indoor Air Quality
Procedure provides a direct solution by restricting the con-
centration of all known contaminants of concern to some
specified acceptable levels. It incorporates both quan-
titative and subjective evaluation.

ASHRAE STANDARD 62-1989



6.2.1 Quantitative Evaluation. Table | furnishes informa-
tion on acceptable contaminant levels in outdoor air. This
table also applies indoors for the same exposure times. For
additional information on contaminants in the outdoor air:
see 6.1.1. Table 3 contains limits for four other indoor cen-
taminants. Three of these are limits set by other bodies as

indicated in the table. The limit for CO, was selected based )

on the rationale outlined in Appendix D. Other potentidl’
contaminants for which definite limits have not been set are
discussed in Appendix C. Tables C-1 and C-3 do not include
all known contaminants that may be of concern, and these
concentration limits may not, ipso facto, ensure acceptable
indoor air quality with respect to other contaminants.
Human occupants produce carbon dioxide, water
vapor, particulates, biological aerosols, and other contam-
inants. Carbon dioxide concentration has been widely used
as an indica:or of indoor air quality. A limit of 1000 ppm

PROCEDURE

CO, is recommended to satisiy comfort (odor) criteria. In
the event CO; is controlled by anv method other than dilu-
tion, the effects of the possible elevation of other contam-
inants must be considered.

[n recent vears a number of indoor contaminants have
received increased attention and emphasis. Some of these.
contaminants, such as formaldehyde or other vapor phase
organic compounds, are generated by the building, its
contents, and its site. Another important group of con-
taminants is produced by unvented indoor combustion.
The presence and use of consurer and hebby nroducts. as
well as cleaning and maintenance products, introduce a
range of largely cpisodic releases of contamunants to the
indoor environment (see Ref 30).

There are also complex mixtures, such as environmen-
tal tobacco smoke (see Ref 31), infectious and allergenic
biologic aerosols, emanations from human bodies, and

a. Compute the air capacity per person in the spacein ft' (m’).
b. Find the required venulation rate, in cfm (L/s) per person.
c. Enter Figure 2 with these values and read the maximum permissible

ventilation lag time after occupancy from the intersection of
aandb.

100

50

cfm/PERSON
o
[

1/s/PERSON

] 1 1 1111111

0.1 0.5 1.0

HOURS
PERMISSIBLE LAG TIME

Fig. 4 Maximurm: Perrnussible Ventilation Lag Time
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TABLE 3
GUIDELINES FOR SELECTED AIR CONTAMINANTS OF INDOOR ORIGIN

Contaminant Concentration Exposure Time ’ Comments
ppm
Carbon Dioxide 1.3 g/m" 1000* Conunuous See Appendix D
Chlordane Sugsm 0.0003 Continuous Reference 27 '9‘
Ozone 100 ug,‘m' 0.08 Conunuous Reference 28 A
Radon gas 0.027 WL Annual Average Reference 29, Paragraph 12.6
(background 0.002- 0.994W'L)

*This level 1s not considered a health nisk but is a surrogate for human comfort (odor). See Section 6.1.3 and Appendix D.

acceptable technology, and vigilance regarding adverse
influences of reduced ventilation, must therefore suffice.
Appendix C contains information on standards and
guidelines for selected air contaminants. Uniform govern-
mental policies regarding limits on exposure to environ-
mental carcinogens have not yet emerged.

emanations from food preparation. Precise quantitative
treatment of these contaminants can be difficult. To some
degree, adequacy of control must rest upon subjective
evaluation.
In the case of some odorless biologic aerosols, subjec-
tive evaluation is irrelevant. Application of generally
PROCEDURE

a. Compute the air capacity per person in the space in ft’ (m’).

b. Find the required ventilation rate, in ¢cfm (L/s) per person.

c. Enter Figure 3 with these values and read the minimum required
ventilation lead time before occupancy from the intersection of

aandb.

100

50

cfm/PERSON
P
|

, 1/s/PERSON

] Il 1 1 Lilli[ Il

0.1 0.5 1.0 5.0 10.0

HOURS ‘2})

REQUIRED LEAD TIME

Fig. 5 Mmunwm VYentduiion Time Requuired Before Occupancy of Space
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6.2.2 Subjective Evaluation. Various indoor air con-
taminants may give rise to odor that is of vnacceptable
intensity or character or that irritates the eves. nose, or
throat. In the absence of objective means to assess the
acceptability of such contaminants, the judgment of
acceptability must necessarily derive from subjective
evaluations of impar:ial observers. One method that may
be used for measuring subjective response is described in
Appendix C. Caution should be used in any subjective
evaluation procedure to avoid unacceptable concentrations
of other contaminants.

6.2.3 Air Cleaning. Recirculation criteria are defined
in 6.1.3.2 for use with the Ventilation Rate Procedure. Recir-
culation with air-cleaning systems is also an effective means
for controlling contaminants when using the Indoor Air
Quality Procedure. The allowable contaminant concentra-
tion in the occupied zone can be used with the various
system models in Appendix E to compute the required out-
door air flow rate. The air-cleaning system efficiency for the
troublesome contaminants present, both gaseous and par-
ticulate, may be adequate to satisfy the Indoor Air Quality
criteriaof 6.2.1 and 6.2.2. However, contaminants that are
not appreciably reduced by the air-cleaning system may be
the conirolling factor in design and prohibit the reduction
of air below that set by the Ventilation Rate Procedure.

6.3 Design Documentation Procedures. Design criteria
and assumptions shall be documented and should be made
available for operation of the system within a reasonable
time after installation. See Sections 4 and 6 as well as 5.2
and 6.1.3 regarding assumptions that should be detailed in

the documentation.
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Chapter 7

Electrical Design

Introduction

This section describes the designer’s responsibility to electrical design issues including,
electrical system design, lighting and on-site power generation.

Electrical System Design

The electrical system shall be designed to comply with the requirements of ASHRAE Std.
90.1-1999. The system shall be designed so that the College can independently measure
power consumed for lighting, hvac, central plant and other building loads.

The primary power to the building shall be designed to allow central point metering to be
installed on the campus in the future.

The College requests that the building be designed to be 480 Volt.

The designer shall include sub-metering pulse capability and monitor kW and kWh
through the BAC.

Lighting Design

An appropriately designed lighting system provides both natural and artificial lighting to
the desired task in a manner that optimizes efficacy and minimizes electrical and HVAC
loads. Controls shall be provided to shut-off or minimize electrical lighting loads when no
longer needed. Attachment 7-1, EDG Lighting Design Guidelines provides guidance. The
College will review these requirements with the design team and determine specific
applicability. The following details apply:

1. ASHRAE Std. 90.1-1999 sets maximum power limits. The designer shall
calculate the maximum power limit and design a system that will be 30% less
than the allowable limit. The designer should be able to design the system to
be less that 1.0 watt/GSF on a building wide basis.

2. Tllumination Levels - For normal tasks a design level of 50 footcandle(f.c.)
maintained provides adequate lighting. The designer shall provide a list of all
of the spaces, their task, and the illumination design level at the schematic
design phase.

3. Illumination Sources and Illuminaires - The highest efficacy illumination
sources and illuminaires are desired. Normal tasks shall be illuminated with
fluorescent lighting sources using high efficiency T-8 tubes and electronic



ballasts. Fluorescent illuminaires shall be 2-tube, parabolic, with deep cell

louvers. Other fixtures shall be coordinated with the College’s Energy
Manager. HID and Metal Halide shall be used for specialty lighting.
ASTRALITE LED exit signs shall be specified. Incandescent illumination
sources shall not be used without first coordinating their use with the College’s
Energy Manager.

4. Lighting Layout - The lighting system shall be designed to provide lighting on
the task. Fixtures shall be arranged according to the proposed furniture layout
in the space. Ceiling grids shall be designed to fit the lighting layout. Hallways
shall have 2-tube fixtures on 16 foot centers.

5. Controls and Switching - Motion sensors, daylighting controls, appropriate
switching and connections to the BAC shall be included to completely control
the building’s lighting system. All spaces shall have motion sensor controlled
lighting. Rooms with more that two fixtures shall have motion sensors with
auxiliary contacts which will be connect to the BAC through spare digital
inputs on the local terminal control devices. Exterior lighting shall be
controlled by the BAC. An exterior mounted photocell shall be connected to
the BAC to signal exterior lighting levels above 1 f.c.

6. Lighting Analysis - The designer shall provide a point-by-point lighting analysis
of all IES Category D and above spaces and a zonal cavity analysis of IES
Category A,B & C. The exception is hallways where the prescriptive layout
applies.

On-site Power Generation

1. Micro-Turbine with Heat Recovery - The design team shall include a 75-100
kW micro-turbine with exhaust gas heat recovery directed to the outdoor air
pre-treatment system. This system shall be mounted on the roof and run on
Natural Gas. The College will assist the designer in defining the systems
parameters.

2. Solar Photovoltaics - The design team shall include a building integrated
photovoltaic solar electricity generation system. The system shall be direct
connected to the building’s electrical grid. The College will assist the designer
in defining the systems parmeters.

7-2
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Lighting Design Summary Sheet

The Designer should review requirements at the start of each phase and before submitting
design for review to ensure completeness and correct procedure.

PreDesign
Phase Design Element | Synopsis Method Saction
P D Coordination ENERGY Analyst must meet with DESIGN Pre-Design Energy | Design
TEAM for lighting, electrical, HYAC and Meeting Contract
architecture to review responsibilities by
phase listed here.
Schematic Design
Phase Design Element | Synopsis Method Section
SD Wattage Budget | LIGHTING Designer: Your design is limited A-1
to 65% of the Wattage Budget calculated by
ASHRAE 90.1 Section 6 lighting program. ASHRAE LTGSTD Appendix
I Submit calculation. program One
S D Coordination HVAC Designer must use 65% of wattage W/t entry into A-3
with HVAC and | budget at SD to calculate cooling load. Carrier HAP or
electrical DOE?2 block load B-2
ELECTRICAL Designer must use it in
transformer calculations.
ENERGY Analyst must make sure the
information is transmitted and used.
SD Fixture Propose fixtures for "basis of lighting design* | Submit cutsheets of | Section B
Selection meeting Lighting Guidelines: proposed fixtures in
SD energy report.
] Parabolic troffers
= Electronic ballasts/ T8 lamps
L Compact Fluorescent downlights
d . Exterior Cutoff fixtures
= No incandescents anywhere
S D Light levels List proposed illumination levels by task. Complete Lotus Section C
[Do not perform any calculations or Spreadsheet for IES
design at this phase.] light level
selections

Jy




Lighting Design Summary Sheet

Design Development
Phase Design Element | Synopsis Method Section
D D Lighting Layout | Use zonal cavity calculation for IES Zonal Cavity D-1
categories A B,C (less than 20 fc).
Use Localized General Lighting for IES task Pre-approved D-2.1
Categories D and E for non-partitioned layouts.
desks and individual offices.
Built in task lighting | D-2.2
Use Task-Ambient Lighting for systems plus ambient.
- furniture, partitioned desks and carrels.
D D Specificab’ons You must use available Lighting Lighting standard Appendix
specifications verbatim for parabolic troffers, | specifications and 2
ballasts, lamps, occupancy sensors and guidelines; .
*EXIT* signs. Other specifications must be hardcopy and
provided to meet all guidelines. diskette provided.
D D Wattage Demonstrate that actual design lighting Compare actual A-1
Compliance wattage for the building falls below the 65% | wattage to budget
budget set at SD. :
D D Coordination HVAC Designer must use actual lighting Enter actual W/ft2 A-3
wattage for final cooling loads. room by room
D D ON/OFF All lighting must be subject to automatic Show controls in Section F
Controls ON/OFF control by either: room wiring.
] Occupancy sensors (> 300 Watts)
] Energy Management OFF signal
D D Daylighting Non-Task Daylighting: Provide Photocell Indicate photocell Section G
Controls ON/OFF control of fixtures within 8’ of wiring on plans.
windows in non-office areas.
Fixture group must exceed 300 Watts per
control.
D D Manual Provide wall switches for each room at each | Subdivide spaces F-1
Switching entrance. Switches for each task in space.
Maximum of 1 kW per switch. F-2
|




Section A - Wattage Budgets

A-1
- - |
Your design must use 65 %
or less of the calculated
ASHRAE wattage budgets.
.|
A-2

Wattage Budget at 65% of ASHRAE

Calculate the ASHRAE Standard 90.1 lighting

- power budget for the total building Interior

and Exterior, using the LTGSTD program in
Appendix One. Submit printouts with the
Schematic Design Energy report.  The
ASHRAE budgets are typically liberal in that
they allow for less efficient fixtures than these
Guidelines require. The actual design is
permitted to use 65% or less of the ASHRAE
wattage budget in each category.

Limited Decorative Lighting

The use of accent lighting and highlighting is
encouraged but must not bring the total design
lighting power above 65 % of the appropriate
ASHRAE Standard 90.1 level.

Energy Design Guidelines

A-3  Integration of HVAC and Lighting
The HVAC and electrical load calculations
depend directly on the assumed power density
of lighting. In order to control first-cost, the
correct lighting Watts/ft> must be known and
used from the earliest stages of design.
3.1 Communication. As soon as the 65%
T — Lighting Power Budget has been
At Schematic Design, all Energy calculated the LIGHTING Designer is
and Load calculations must be directed to send the budget in writing
based on 65% of ASHRAE to the designated Energy Analyst on
o doet the Consultant’s team. The Energy
Lighting Wattage budgets. Analyst is responsible for using the
) 65% lighting power budget at
At Design Development, all Schematic Design, and the actual
Energy and Load Calculations lighting wattage at Design
must be based on aptua] hghtlng Development’ in HVAC load’
wattage. ELECTRICAL and ENERGY
calculations.
Failure to coordinate will cause
rejection and rework of your 3.2 Review. Energy analysis and HVAC
submission. load sizing that is not coordinated with
lighting design wattage will be rejected
" during the Owner’s review.
Lighting Page 1



Section B |
. - Fixtures, Lamps and Ballasts

¢

Responsibilities B-1

' The Lighting Designer must:
. | 'Spqcify |
l‘ ?Veﬁfy »InStéllation

to meet alF requirements of
 Lighting Guidelines.

Quality Requirement

The standardized lighting selections in this
Section have been made on the basis of lowest
life-cyclecost to the Owner. The Owner
requires the selected fixtures to be used by the
LIGHTING Designer. "Cheaper” fixtures are
not permitted in design nor as bid alternates.

1.1 Lighting Designer. The LIGHTING
Designer is responsible for:

(1) designing with approved fixtures,
lamps, ballasts and diffusers as
described in this section,

(2) providing construction drawings
and specifications that require all
properties of lamps, ballasts, fixtures
and diffusers described in this section
verbatim and

(3) verifying all requirements on
Contractor’s submittals.

1.2 Energy Analyst =~ The ENERGY
Analyst on the Consultant’s team is
responsible for checking drawings and
specifications against these fixture
requirements prior to submission to
the Owner for review.

B-2  Required Specifications.
]
T I _ Appendix Two_contains _specifications for
Tha i ' permitted fixtures, along with approved
'Il;he D emgx,lexl'n;:;s; use manufacturers. A WordPerfect copy of the
the Owner’s lighting file is included on the enclosed "Required
specifications verbatim, Specifications” diskette, section 16515.
starting with Design
Development documents. These specifications must appear verbatim in
the Design Development documents for the
project. These specifications are complete and
consistent. Do not modify, add to or delete
from these specifications except where
directed. Do not try to modify your "standard”
lighting specifications to meet these
requirements.
Energy Design Guidelines Lighting Page 2



Light Fixtures

Required Specifications

“Use these specifications verbatim"

SECTION 16515 - INTERIOR LUMINAIRES

(** Note: Provide Part 1 - General **)

Part 2 - Products

2.01 Parabolic 2x4 Fluorescent Troffers

Fixtures shall be deep-cell true parabolic, including 3" deep specular or semi-specular
louver with parabolic cross section. Lamp placement shall correspond with the focal
points of the parabolas.

A

F.

Number of Cells:

2x4, 3-lamp fixtures shall have 18 cell louver.
2x4, 2-lamp fixtures shall have 12 cell louver.
1x4, 1-lamp fixtures shall have 6 cell louver.

Fixture efficiency, as measured by an independent photometric testing lab, shall
be greater than or equal to 70%.

Visual Comfort Probability (VCP) shall not be less than 75, either lenghtwise of
crosswise at 100 fc in a room 20 feet wide, 40 feet long and 8.5 feet ceiling
height, with reflectances of 80/50/20.

Contractor shall submit fixture cut sheets showing section through fixture and
photometric data from an independent testing laboratory using IES reporting
format.

Each fixture shall contain a single electronic ballast to fire the required number
of lamps.

Manutacturer shall be Lightolier, Columbia, Metalux, Lithonia, or Day-Brite.

2.02 Compact Fluorescent Fixtures:

(** NOTE: Edit to delete any types not used on this project and/or add additional
compact fluorescent fixtures. **)

A

Rec d Compact Fluorescent Downlight: Lightolier 8055CL-IF 713H or
Prescolite CFR813 series downlights with 2, 13W twin tube lamps and specular
clear alzak reflector. Minimum photometric efficiency of 70 %. Ballasts: Two 13
W encased and potted ballasts, High Power Factor. Maximum fixture input: 36
Watts.

Ceiling Surface Compact Fluorescent: American Scientific Lighting Corp.,

‘DIAMONLITE" catalog number HDI/26. Lens: 0.125° clear non-yellowing acrylic,
diamond cut. Metal Housing with bronze finish. Ballast: two PL13 lamp ballasts.

Find complete specifications under FILENAME: 16515.SPC
on the Diskette labelled REQUIRED SPECIFICATIONS.




B-2 First-C ost Control

The tugh =fficiency fixtures specified here
. . . need nof cost the project more than standard
1y . .
Which Fixture IS Really fixtures “when project expenses are viewed as a
Cheaper? whole. The superior optical control provided

O ., by parabolic diffusers and cut-off fixtures

allows ‘wider fixture spacing, localized lighting

Lamp: T8 T12 ] ;
Ballast:  Electromic Efficient design and fewer total fixtures, typically 25 %
Diffuser: Parabolic Acrylic less. The combined effect of fewer, lower-
wattage fixtures produces significant first-cost
Cost per Fixture S11! $60 reductions in air-conditioning systems and
# of Fixtures 750 1050 electrical distribution systems. The net effect
of high-efficiency lighting fixtures is first-cost
Total Fixture Cost $83,250 $63,000 reduction_for the overall project.
Total Watts 62 kW 173 kW B-3  Fluorescent Troffers

HVAC First Cost $442,000 $505,000

APPLICATIONS: Offices, conference rooms,

Total Project Cost $525,250 $568,000 _ S, cC
corridors, general office lighting.

[Based on 100,000 sf office building]
Deep-cell parabolic fixtures using electronic

T —— ballasts and 4-foot T8 lamps constitute the
office lighting system with the lowest life-cycle
cost as well as the lowest power density and
excellent potential for reducing peak cooling
capacity and project first cost. These
conclusions are based on a comprehensive
study of lighting alternatives conducted by the
Owner, comparing all types of lamps, ballasts
and fixtures on the basis of total project first-
cost and life-cycle cost in realistic situations.
The designer is required to use the selected
system for all fluorescent troffer applications.

6 O O O 3.1 Fixture: The fixture may contain 1, 2
L dr{ v v }\b or 3-T8 lamps, depending on the light
n ” | level sought. The parabolic louver

' shall be minimum 3" deep and contain

one row for each lamp, with the lamp
located at the focus of the parabolic

97 , curve. Fixture photometric efficiency
Q O must be 70% or higher.
Y 4\‘ 32 Diffuser: Parabolic Louvers provide

high fixture efficiencies with excellent
light distribution that assists the
"localized" lighting approach required
@) \ by these Guidelines. Properly

positioned, parabolic fixtures can
provide high-quality light that is free of
glare and veiling reflections. The high

Y
&
L
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Paralyte 2448

2'x4,2Lamp
Parabolic Troffer
Air Return/Static

PLA2G12LS240

Application .
*Areas where the low brightness appearance of a louver versus a lens is

desired. Also the appearance of a full size louver versus a floating louver.

«Areas where VCP is importantsuch as accounting, drafting, classrooms
and libraries. -

*Areas where maintained footcandle levels required are approximately:
62 maintained footcandles  8' x 10" fixture spacing ACA1
77 maintained footcandles  8' x 8' fixture spacing  RCR1

Features

1. Individual lamp compartments.

2. 81.9% efficient. 82 minimum VCP.

3. 51/2" deep embossed one-piece housing.

4. Precision contoured low iridescence aluminum parabolic louver.
8. Built-in automatic centering system.

Paralyte 2448
2'x4,3Lamp

_Parabolic Troffer
~Air Return/Static

PLA2G18LP340

Application
*Areas where the low brightness appearance of a louver versus a lens is
desired. Also the appearance of a full size louver versus a floating louver.

+Areas where VCP is important such as accounting, drafting, classrooms
and libraries.

*Areas where maintained footcandle levels required are approximately:
74 maintained footcandles 8 x 10’ fixture spacing RCR1
93 maintained footcandles 8’ x 8' fixture spacing  RCR1

Features

1. Individual lamp compartments.

2. 74.9% efficient. 86 minimum VCP

3. 51/2" deep embossed one-piece housing.

4. Precision contoured low iridescence aluminum parabolic louver.
5. Built-in automatic centering system.

1 3 5 3 1 5
i | | ; | | |
- — — — [)
/S OINS: T N L Nt N N
~ 5ve" %
oo { L H N i
| I
4 4
Spec Sheet Section 2/G50-62 Spec Sheet Section 2/G50-63
Specification Existing Paralyte 2448  Paralyte 2448 Specifications Existing Paralyte 2448  Paralyte 2448
10Year Old  with Standard  with Octron 10YearOld  with Standard  with Octron
Lens Troffer Lamps Lamps Lens Troffer Lamps Lamps
x4 4lamp 2'x 4 2lamp 2'x4,2lamp x4 4lamp 2 x4 3lamp 2'x4' 3lamp
NotCleaned  PLA2G12LS240LE PLA2G12L.52400C Cleanedt PLA2G18LP340LE PLA2G18LP3400C
New Lamps New Lamps
Ballast Type Standard ESB  FElectronic Octic Electronic | Ballast Type Standard ESB  Electronic Octic Electronic
Lamp Type 40w 40W 40W Octron Octron Lamp Type 0w AW 38w Octron Octron
Fixture Efficiency 38 819 819 789 189 Fixture Efficiency 55.6 743 749 733 73
Spacing to Mounting Ht. 1.4 17 11 17 1.7 Spacing to Mounting Ht.1.4 15 15 15 15
Maint. Footcandles 53 62 62 55 55 Maint. Footcandles 7 74 74 76 76
Average VCP 85 80 90 93 93 Average VCP 80 92 92 92 92
Input Watts/Fixture 188 88 72 10 61 Input Watts/Fixture 188 111 88 107 86
Watts/Sq. Ft 235 110 090 088 076 Watts/Sq. Ft 2.35 139 110 134 108
S Savings/Fixture/Year Base $35.00 S40.60  $41.30 S44.45 § Savings/Fixture/Year Base $26.95 $35.00  $28.35$35.70
Pay Back in Years*® Base 20 22 18 21 Pay Back in Years*® Base

Utility Rebate
*Does no: include utility company rebates or installation costs

Footcandles based on room size 56' x 56" x 8'6° celling
Fixtures 8 x 10" on centers. For 8' x 8' centers, multiply by 1 25
Savings based on $0.10/KWH, 3,500 hours per year.

28 27 3 28

Utility Rebate
*Does not include utility company rebates or installation costs.

Footcandles based on room size 56" x 56" x 8'6° ceiling.
Fixtures 8 x 10" on centers. For 8' x 8' centers, multiply by 1.25.
Savings based on $0.10/KWH. 3,500 hours per year.

tLens and interior surface of body cleaned when relamping.

© LIGHTOLIER
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12 CELL

18 CELL ) 6 CELL

Thick-Coat T8 Lamps are Superior 33
-] -

Design Fixture
Lamp Type CRI  Lumens Watts

F40 T12 60 2650/lamp (7
FAOTIZES 60 2300/lamp 7

F32T8(ITL.735 75 2600/lamp 62

F32T8/TL&35 85 2850/lamp 62
’ 34

[Based on 2-lamp fixture with electronic baflast}

—

Spacing Criterion of parabolic louvers
permits very wide fixture spacing
yielding uniform illumination with a
reduced number of fixtures. '

Specular vs. Semi-Specular. Specular
louvers offer better CRT glare
protection than semi-specular louvers,
but will appear to be darker in the
ceiling plane. Either type is
permissible.

Cell Depth and Number. The cell
depth of the parabolic louver must a
minimum of 3". The 3-lamp fixture
shall contain 18 cells, 2-lamp shall
contain 12 cells, and 1-lamp fixture
shall contain 6 cells.

The following louver types must not be
accepted as alternatives:  Specular
"egg-crate” louvers with less than 3"
cells, e.g., "paracube” diffusers (3/4 to
1" grid). These louvers provide an
unacceptably low fixture efficiency.

Use of Acrylic Prismatic Lenses.
Acrylic prismatic lenses may be used in
non-task areas where illumination of
walls is specifically desired, e.g. in
storage rooms or near bulletin boards.

Lamps: Thick-Coat T8 lamps are
economical, high-efficiency lamps with
superior maintained light output (2850
lumens). They cost about the same as
34 W, T12 "energy-saving" (ES) lamps,
yet produce far more light at less
wattage and have a superior Color
Rendering Index (CRI). Thick—coat
T8 (TL835) lamps are required in all
four-foot fluorescent applications.

Ballasts: Electronic Ballasts are a
proven technology that boosts lighting
efficiency 25% over standard ballasts.
Discrete T8-ballasts provide a fixed,
lower amperage appropriate to T8
lamps. The reduced electrical load is
permanent and can be confidently used
in electrical and cooling load
calculations.

Energy Design Guidelines Lighting

Page 4
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TL 80 Series Fluorescent Lamps

Definition ¢ Recduced ¢ Increased lumnaire efficiencies
Diameter (T-8} (2 5% higher) due to optics
¢ Reduced transportaton, invertorv ara
sicrage cosis
e £ase of handhng and .~s:allaticn

A plerd of rare-earth phospnors comeoinea n a one- ncn diameter uee,
m™akes it possible for the Philios TL 80 :amp 0 orccuce @ ght outcut of
3050 lumens, efficacies of more than 1C0 L°\W*° anrc a ccror "enderng
rcex of 88

. L. Applications
Description - s o . . .
_ 30 amps are gear “or office pulicings, retan Stores, NOSPIalS a~C
Thre TL 80 s avaiacie n-curs.zes 2° 37 4 agmcf 37¢ - "mre2 igol 3*mer 3C0nCAlONS Wwrere energy Savings Ard cuanty igr- ng are -
remperatures *ZC00K. 350CK ang 4100K ~Co-arca
Tne new 7L 80 arp coreines The Sesif2sllres 3T gn Lmen Suins Tre Z'778arc F3273 TL 20 amcs are qeally suitec ‘or use ana
‘LMEN Mainterance, anc 2107 endenng, Tawirg TUne oreteres etrcfit © corvertora 2«2 and 2' < 4’ luminarres, rescectively T
IGRUING CIOICE *O7 New IOPSTUCLON ANG 27077 20T 54T 0TS S10T2 T30 a0 S GES.GNed "Or 5 GOt CONSTUCLON ~EauIeSs T a
~ee: re 1500 ~m univarsal siancars length
Features" Benefits A arD szes ara pertect as task ignting ‘or mogular of ce furtture
¢ Reducea Sysiem @ Recuced coe7eirg o35S arc corcinations of the four sizes 2. 3 4 anc 371 car ce useq -
Wattage 0 10 43% savirgs raIrec:. 5tnp ara cove Ignting applications ard aoolicarons wners
g “t.rg e space” s i moerarce
« Cver 100 OV o \lore siciens se ar anaray rg--e space’ sci mcerarc
_3mo cicacy ® LZner 2r2igy 1IvT3
TL 80 System Circuitry
e .~creasec Lgrr .

T_ 3C &ros, because of trerr 0 265 amp cperanrg turtent, regur
scel:a ca'asts ~natsre aifferert trar corvertoral T2 cailasts Tt s s
ToToziereter @™

Qutput .
3080 Lurers

> <L

*rcnrs . : -
Zecscrors o o 21770 I Cenesis I ire U2 g oner o oo T20 anu
c
CRl 25 . 277wCt it rPLts 22 v .abIE INfough severar Tanutsciurers

2 torr affcacy cerformarce of over "CC LPW s
. 2Cerzieg e 7L 80 amrp onocarate 2.8CirIte Dailastl v
ngtcm L 80 amc-eeciroTc natale

-

s 7L 30 Sysiam

PHILIPS

yJ



Lam No. U Ca Input Watts Line Min. | Wiring
Typ: La?r: VO“:?O Nu:fa"bogf Std. Lamps E.S.Lamps Amps 1_3‘3‘1- ’9’;25 Notes
- FIXT | ANSI | FixT ] ANsT | Nem. | Max. | °™ | 9810
OCTIC Foruse with OCTIC type (265 mA) T8 lamps, 2 to 5 feet in length..
120 B2321120 - 30 | .34
Foirts | 2 |21 82321277 32s| 34 93] 15]0°F | 8 | ab
. 120 B3321120 45 | .50
2'orU 3 o
((17 n; 277 B3321277 48 | S0 1 9] 21]9°F | 9 | ab
wa
120 B4321120 56 | .63
* [ B4321277 80 | &2 | [ 24| 27 ]0°F| 10 | ab
120 B2321120 27 ] .30
;
277 B23aizzy | 22 | %0 [ q2] 13]9F | 7 [ a.b
F025T8 120 B232120 | [ 43 | 48 L [
@ orv) 2 o B2321277 6 | q9] 21]9F [ 8 | ab
i 120 B3321120 61| .68
(@5wat) | 3 57 83301277 66 | 68 1 25 ooF [ 9 | ab
— [ 120 B4321120 81 ] 91
‘- z B4321277 87 { 90 351 39 S0°F| 10 | ab
120 B2321120 34 | .38
' o7 B2321277 37 | 3 5] 47]%°F | 7 | ab
F032T8 120 B2321120 54 | 60
@ o) 2 o7 B2321277 % | & 24] 27| 0| 8 | ab
5 | 120 B3321120 78 | 871 | o
(32 watts) 277 B3321277 86 | 8 34] 380 a.b
B432 00 | 1.
4 T Raer ] 109 | 114 T 50°F | 10 | ab
2321120 39 |44
FosoTs | | [277 B2321277 42 | 44 a7 19 9°F | 7 | ab
120 B2321120 64| 72
: 2
) 277 B2321277 Sl B 28] a1]9°F | 8 | ab
(40watts) | 5 | 120 B3321120 95 | 1.06
277 B3321277 104 | 108 ] 46]°F | 9 | @b
COMPACT For use with 18 to 40 watt biaxial compact lamps.
120 B2321120 31] 35 .
F188X | 2 [77 B2321277 34 |35 14 | 16 |20°F| 12 | abi
(18watts) | 5 | 120 B3321120 46 | 52 |
2r7 83321277 50 | 31 o T 25]50°F | 13 | abi
120 B2321120 36| 40 .
rerex | 2 277 B2321277 B 16| .18 |20°F| 12 | abi
(27 watt) 120 B3321120 54 | .60 . .
° Iem B3321277 60 | ot 3T 25| 50°F | 13 | abi
120 B232i120 46 | 52 4
F39BX 2 77 82321277 51 | 52 S0 1 22 150°F | 12 |ab.ei
(39 watt) 3 53 8332“27(7) 76 77 '6822 :7262 50°F | 13 jab.e,i
120 B2321120 39 | .43 .
' om B2321277 a] s 97 | 19 |0°F| 11 | abd
F40BX 120 B2321120 63 | .70 .
Gowaw | - 27 B2321277 nre 27 [ 30 |90°F| 12 | abi
92 | 1.03 .
3 ;g‘; gﬁ:?fg 103 | 105 201 ag50°F | 13 | abii
s
Notes:

a. Parallel lamp connections allow remaining lamps to stay fully lit if companion lamps fail.
b. CSA (Canadian Standard Asociation) certified (120 voit model only).
. This lamp/ballast combination yields approximately 70% light output due to difference in lamp current rating. All others in this

family yield full light output or more.
i. Consult factory for information regarding other compact types (18 to 40 watt).



® Ceiling downlights

® Wall sconces

® Hailway lighting

® Entrance

® Under-counter lighting
® Desktop task lighting
@ Post lamps

@ Decorative fixtures

9 CELL

B-4

53

54

4'X4 BLAA fiXTUure Upuon

APPLICATIONS: Use of 2'x2' fixtures is
discouraged due to the high replacement cost
of non-4-foot lamps. BIAX fixtures may be
used only in areas where space does not
permit alternatives.

Use 9-cell deep parabolic fixtures with three
BIAX lamps. U-tube lamps are not an
acceptable alternative to BIAX lamps.

A compatible 3-lamp electronic ballast is
required.

Compact Fluorescent Fixtures

APPLICATIONS: Compact fluorescent lamps
and ballasts must be used in all downlights,
wall-washers, sconces, and surface-mounted
compact fixtures.

Downlights. Downlights shall be compact
fluorescent type with 2 PL-13 S twin-tube
lamps on separate ballasts. Minimum
photometric efficiency shall be 70%. Reflector
shall be clear ALZAK aluminum. No tints,
baffles or louvers are permitted.

Dimming Substitute. Rooms requiring
variable light levels from downlights shall be
provided with compact fluorescent downlights
with two lamps on separate ballasts and
separately switched to provide three light
levels [OFF-ON-ON].

Surface Rounds. Surface-mounted round lights
shall be compact fluorescent type with 2 PL-13
S twin-tube lamps. Reflector plate shall be
white enameled aluminum. Diffuser shall be
clear prismatic glass or polycarbonate. No
opal or non-transparent diffusers are
permitted.

Sconces. Wall-mounted decorative and accent
lights shall be compact fluorescent type with 2
PL-13 S twin-tube lamps.

Task Lights. Task lights located under
cabinets or shelves on typing stands shall be
compact fluorescent type with 1 or 2 PL-13 S
twin-tube lamps.

Energy Design Guidelines

Lighting Page §



SIMPLUX/8

PAGE1-18’.

recessed compact fluorescent downlight/wallwasher 'PAGE

FEATURES

Simplux/8 is a highly efficient 8" aperture low brighmess downligh,
designed for use with \wo 1 3.watt twin-tube compoct flucrescent lamps. The
fixiure provides shielding angles of 35" parallel 1o and 40" perpendicviar
10 the lomps. Recess dep is only 5 5/8”.

One housing cllows imerchangecbilv use of downlight and wallwosh
reflectors, permilling housings lo be inswolied first ond reflectors 1o be
insiailed or chonged ot ony time.

Simplux/8 uses two 13-wah twintube lomps providing 1800 lumens (more

than o 100-wott incandescend, ond it consumes only 34 wans when

operared at 120 volls. Twinube lomps have a 10,000-how lifs, a color

rendering index (CRl) of 85, ond are ovailable in o range of color

‘emperolures os warm os 2700°K, nearly duplicaling the color quoliies of

incandescent.

Reflectors ore ovoiloble in:ciear notural aluminum or champagne goid

Alzok® with ColorChek® anodizing, viruaily eliminoting iridescence.

Wollwosh reflectors available are: wallwosh 120"} and dovble wallwash

{21207 for corridor lighting.

APPLICATIONS

Fixture is suitcble for downlighting o wallwashing in offices, stores,
lobbias, corridors, resiooms ond public areas. The shallow recess depth
allows mounting in consiricled plenum situalions,

Fixivre is U listed for Domp Location (may not be suitabie for some ouldoor
environments). Fixture is union made IBEW ond in compliance with the
component based efficiency standards of the 1991 New York State Energy
Conservation Code. Fixture is prewired with high power factor Closs
P ballasts and approved for eight #12 wire 75°C branch circuit

pull-through wiring. Removol of the refecior ollows access to the

balless and junction box.

§ A de ;
9V2'QWCI
334 x W7/ 298 x T

QA CHLIE (FOIG OF § W Tmw
PRODUCT CODE
fora le product code, [ist the basic vnitand seiactone coce item ““om
eoch of the lollowing boxes.
[ Basic Uit ._...coovveiecer e Simplux/8 q
Reflactor Type Downlight ._................. no suffix

Chompogne Gold .. GO e GFL
Shndudvmbngommn nl-w 'M Whm pumtd ond custom painted
[cusrom color o).

flonges ore gvoilabls an special order. Add WF [whire Range) o¢ C

Example: Snmplux/& WW 277 COL WF is the complera product code for o
woltwash fixturs with o cleor reflactor and while painted overlap flange, suitoble

for 277 volt operation.

OPTIONS

Specify by adding 1o the basic unit.

Emergency baitery pock operales one lomp in the svent

of power oulage. Not available with DWW reflacror. Recess
depth increases to 7 5/16" {186mm|, plus an additional

2 1/4" (57mm|} 10 remove EM pack rhrough opertura.

Notfor outdoor application ... . ceeerervrenaeen. = EM
1/8° {3mm) !hnckd-oro:ryliﬂheld spnng—mounred

within reflector ... ceccerereeeens = PS

409 EAST SO STREET, NEW YORKINY 10022 TEL2128385212 FAX212888798!
Copyrgri, Edisos Prce (ghting 1991 ®S mpua u o requaered vademark of Edion Price Lghnag 13

1 b

S—



SIUVIFLUX/S

PHOTOMETRIC REPORT BALLAST INFORMATION
Independent Testing Laborofories Report No. 38342 Volroge 120 277
lamps ..o, two 1 3-watt compact Ruorescent (PLor TT), GX-23 base, Input Was M4 44
900 lumens ecch » line Currens (A} .28 a7
Efficiency .................... 72.1% = Power Factor (%] >90 >90
Spacing Criteria .......... 0%.1.9, 90%-1.8, 180-1.7 Min. Sioming Temp.('F} 32 32
Axis orientalion............. 0" plone is parallel to lamps, opposite sockers
ZONAL LUMEN SUMMARY CANDLEPOWER DISTRIBUTION (Condeios) -
le [ lwmens  Xlomp  Xfxure J Verscol | Horimmiargls |
Argle | 00 | 9001800 ]
0-30° 516 28.7 397
0-40° 948 527 730 0 477 477 47
0-40° 1298 721 100.0 10 548 | 489 | 510
0-90° 1298 72 100.0 20 713 552 578
30 806 876 643
40 768 611 536
50 216 145 a5
LUMINANCE DATA (Condelos/ ) &0 2 2 0
Verticol|  Awerage Averoge Aweroge 70 0 0 0
| S | |l | | o) g
45 21468 19313 10650
35 1980 625 (73]
63 [¢] 0 0
75 0 0 o
85 0 . 0 0
To convert cd/m2 1o fookombens muitiply by 0.2919.
COEPFICIENTS OF UTIUZATION - ZONAL CAVITY METHOD
Effective Floor Cavity Reflectance 20%
Cailiag Raflectonce (%) 80 70 50 30 10 0
Wall Reflecionca (%) 70 0 30 10 70 50 30 10 50 30 10 50 30 10 50 30 10 0
Room Covity Ratio
0 86 86 86 86 84 B4 84 84 80 80 80 7 77 77 74 74 74 72
1 81 79 77 75 79 77 75 74 74 73 N1 71 70 69 69 68 67 66
2 76 72 68 &3 74 70 & 65 68 65 63 & 64 62 64 62 60 59
3 71 65 6V 57 69 64 60 57 62 359 S 60 58 55 59 56 54 53
4 8 59 55 351 4 59 54 S5 57 53 SO 55 52 49 54 51 49 47
5 62 54 &9 & 6 54 49 &5 52 48 4S5 51 47 44 50 46 « 43
é 57 50 44 40 56 49 44 40 48 43 40 47 43 4« 46 42 39 38
7 54 45 40 36 52 45 40 36 4 39 36 43 39 36 42 38 36 34
8 50 42 3 33 49 4 36 N 40 36 32 39 3§ N 39 35 32 31
9 47 38 233 30 4 38 33 30 37 33 29 36 32 29 6 32 29 28
10 44 35 30 27 43 3§ 30 27 34 30 27 34 30 27 33 2% 27 25
WALLWASH INFORMATION
Digtonce 2°6" From Woll: 26~ O.C. 3’ from Wal; 3 O.C. 4’ From Wall; 3'6” O.C.
Fixdure Fixtures Poowe Fixrures Fixhure Fixtore
1 18 \7 12 n é é a
2 19 20 13 13 8 8 i
3 27 27 14 |74 9 9
4 26 25 19 19 1 10
5 il 3l 8 17 12 12
é 16 16 15 15 12 12 { -
7 12 12 12 12 n n 3
8 9 9 10 10 9 10 %
9 7 7 8 8 8 8 L
10 6 6 7 7 3
1 5 5 6 6 B
12 4 4 5 5 :
All verticol foolcandles are initial values with no cantribution from calling or floor reflectances. Computation }
(9

performad with a rotel of fva wallwashers.




5.5

5.6+

B-6

6.1

6.2

PL Lamp Type. The compact lamp type
should be limited to PL 13 twin tube only, for
economy of lamp replacements and simplicity

of stocking.

PL_Ballast. Ballasts for 13 Watt compact
fluorescent lamps shall be "High Power Factor”
type in all downlights.

Wall Lighting Fixtures

APPLICATIONS: Lighting vertical surfaces
along walls such as bulletin boards, marker
boards, directories, merchandise, bookcase, and

SO on.

Use a recessed fluorescent wall-lighting fixture
such as the Lightolier "Wal-Lyter" (see
descripuon sheet following) utilizing BIAX
lamps. This fixture produces more uniform
lighting of wall surfaces more efficiently than
either fluorescent or incandescent round "wall-
washer” fixtures or spots or floods.
Significantly fewer fixtures are required,
reducing first cost as well as energy costs.

The BIAX lamps also have a 20,000 hour
rated life, greatly reducing maintenance over
smaller compact fluorescent lamps (10,000
hours) or incandescent bulbs (1,000 to 3,000
hours). Also, far fewer total lamps are needed
since each F40BX BIAX lamp produces as
much light as three PL-13 Watt lamps or two
100 Watt incandescent lamps.

BIAX Lamp Type. Use a two-foot BIAX lamp
with 3500 color temperature, equivalent to

Phillips PL-L 40W/35.

BIAX Ballast Type. Use a discrete electronic
ballast designated for BIAX lamps. Tandem-

wire fixtures using 2- or 3-lamp ballasts where
feasible.

Energy Design Guidelines

Lighting

Page 6



WLRN124120B

WAL-LYTER _
RECESSED WALLWASHER/ACCENT LIGHT

PHOTOMETRY MODEL NO. WLRN124120BX
coefficients of utliization— zonal cavity method
l
| - RF ] ¢ 20 20 30
RC | 80 50 30
~ AW | 70 50 30 50 30 10 50 30 10
h 1 74 n 68 66 64 62 64 62 60
| 2 67 61 57 58 54 51 55 52 49
1 23 61 54 48 st 46 42 49 45 41
E 4 56 a7 a1 45 39 35 43 38 35
0-ec g 5 S1 41 35 39 34 29 38 33 29
3 6 46 37 30 35 29 25 33 29 25
! 7 42 32 26 31 25 21 30 25 21
! 5 8 39 29 23 27 22 18 26 2 18
=9 35 %6 19 24 19 15 24 19 15
\ R 10 33 23 17 22 17 13 21 16 13
0-0EC
O-CEC
FOOTCANDLES ON WALL Fixtures: 3 feet from wall to outside trim on lamp side of fixture
INDIVIDUAL WAL-LYTER MULTIPLE UNITS CONTINUOUS ROW
0 112 3 4 5 6 7 8 fp——a | 6 ~ 0 12 3 4 5 6 7§
Cering_| N SN
8 76 67 46 25 14 8 S5 4 3 107 104 102 104 107 86 79 63 S0 63 79 86 204 204 209 208 212 208 209 204 204
7 64 60 46 29 17 10 7 S 4 102 104 106 104 102 78 75 67 58 67 75 78 201 203 208 208 212 208 208 203 20!
6’ 47 44 36 24 17 12 8 6 4 85 86 88 86 85 63 62 57 48 57 62 63 165 166 173 172 177 172 173 166 165
5 33 34 29 24 14 10 8 6 5§ 66 74 74 74 66 49 50 48 48 48 50 49 132 142 140 148 145 148 140 142 132
4 26 28 23 20 14 11 8 6 5 59 65 62 65 59 42 45 42 40 42 45 42 . 113 124 121 130 126 130 121 124 113
3 19 21 20 17 12 9 8 6 5 48 53 5% 53 48 35 36 37 34 37 S 35 96 100 104 106 109 106 104 100 96
2 15 16 15 13 11 9 8 6 5 42 44 46 44 42 31 31 31 26 N NN 80 82 88 88 93 88 88 82 80
N 13 12 11 11 10 8 7 6 5 38 37 36 37 38 27 26 26 22 26 26 27 67 68 74 74 79 74 74 68 67
Fioor.
ORDERING INFORMATION
Explanation of Catalog Number Exampie: WLRN124120BXGLR
WAL-LYTER: REFLECTOR: LENGTH: VOLTAGE: OPTIONS:
Non-indescem N =Nm4ndescemw 2=24 120 or 277 Ag# appmon‘ate
specular specular, standard to catalog
wallwash BALLAST/LAMP:  no., re: (GLR)
RECESSED LAMPS WATTS: h 40 Watt Lamp)
4 =40 watts X = Biax Type
SB = Electronic Biax

OPTIONS/ACCESSORIES
FUSING Internal fast-blow fusing SUFFIX GLR

Internal slow-blow fusing SUFFIX GMF

RADIO INTERFERENCE FILTER 120 or 277 voit
60 or 50 Hz One per fixture standard SUFFIX RF
ELECTRICALWIRING Consuit factory
FLUORESCENT EMERGENCY LIGHTING SYSTEM
Factory-installed emergency power battery nack
with charger and inverter SUFFIX EM
DRYWALL FRAME. Catalog Number WL20F

optional drywail irame (WL20F) -

SPECIFICATIONS

MATERIALS. Chassis parts are die-formed 20 gauge cold rolled steel
with integral adjustable hanger clamp Reflectors are Gerisal 1 non-

indescent specular aluminum laminate.

FINISH: Chassis extenor —phosphate undercoating, baked white

acrylic enamel Reflector —non-indescent specular 1s standard

ELECTRICAL. Rapid start HPF. thermally protected class "P" ballast
(Biax type) If K. O's are within 3" of ballast, use wire suitable for at

least 90°
LABELS 1.B EW Listed by Underwriters Laboratories

LIGIHT

OLIER

a GENIYT= company

INDUSTRIAL WAY, WILMINGTON, MA 01887 «
100 LIGHTING WAY, SECAUCUS. NJ 07094 -

PintedinUSA  10M

(508) 657-7600
(201) 864-3000

191



WLRN124120BX

WAL-LYTER
HIGH PERFORMANCE

RECESSED WALLWASHER/ACCENT LIGHT

ONE BJAX TYPE LAMP

B Non-iridescent specular reflector system for
precise controlled light output.

B Evenly lights vertical surfaces or displays

B 87% energy savings vs. Incandescent.

B 3,150 lumen Biax type lamp-requires
fewer fixtures to provide the same wall
llumination as a 150 watt incandescent
wallwasher.

B 20,000 hours lamp life requires less
maintenance than incandescent

B Fits all lay-in gnd ceifing systems.

B One-piece body and integral hanger for
easy, quick installation

B UL-Listed access plate.

B Meets NYC Code requirements.

FEATURES DIMENSIONS
Ballast —wal All K.O:s are 78" unless otherwise noted.
- 23-3/8"
7 20.000 hour
Biax type lamp
- (221127 long) e
4-Genisal 1 non-ricescent specular
aluminum iaminate reflectors -- 17-5/87 e ® ’
2" x 3" access plate -~ 10-13/16" —= n
MOUNTING METHODS N ;.
- T 4.7116" I l
narrow grid slot grid i 2-7/8'l and | i I
‘ .
- - 22-116" —— == ~—7316" —~
Soening openng L]
|
I FIXTURE SCHEDULE \J
TYPE CATALOG NO. VOLTS
' I-
standard gnd - B _ L
U B |
REMARKS T
] SR \
—— " .
SO A S I
L
SECTION 5/ Folio K10-10

e

a GENIYTE company



B-7 Pendant Direct/Indirect Fixtures

APPLICATIONS: Classrooms, library stacks,
partitioned office areas, and areas without a
normal drop ceiling due to daylighting, roof

monitors, etc.

Parabolic Direct/Indirect Fixtures provide
exceptionally high fixture efficiency, high-
quality glare-free lighting and very wide fixture
spacing. = The uniformity of lighting is
convenient in large areas with movable task
surfaces such as desks and low partitions.

7.1 Fixtures: 4-foot _pendant-mounted with
Parabolic Louver: Lightolier Paralyte S/P
PLM/PLJ series UPLIGHT/DOWNLIGHT or
approved equal. PERFORMANCE: In an
installation with a room cavity ratio of 1, with
reflectance of 80% ceiling, 50% wall, and 20%
floor, the luminaire shall have a minimum
Coefficient of Utilization of 0.83. Minimum
Visual Comfort Probability (VCP) shall be 94

at 100 fc.

7.2 Diffuser: Semi-specular 8-inch wide parabolic
louver, made of Coilzak or equal.

73 Lamps: Thick-Coat T8, 4-foot 3500 K.

7.4 Ballast: Electronic discrete T8 ballast by a
manufacturer listed in the Lighting System
Specifications, Appendix Two. Tandem wire
pendant fixtures to avoid 1-lamp ballasts.

Energy Design Guidelines Lighting Page 7



PARALYTE S/P

UPLIGHT/DOWNLIGHT PENDANT

4%" DEEP, 10" WIDE,

48" OR 96" NOMINAL LENGTHS

SAME AS 18121
18123
18133

1 LAMP RAPID START OR T8

B Uplight/downiight pendant.
B Softly rounded corners and edges create
a subtle architectural appearance.

B No visible fasteners.

B Self-aligning ends for harirline joints in
continuous row mounting.

B Efficiency 87.3% (48" length).

B Spacing ratio 2.4.

B Transverse mounted ballast (eliminates
unbalanced side-to-side linear weight
distribution.

B 20 gauge body

B Die-cast aluminum end caps.

B Pre-anodized low indescence semi-
specular aluminum parabolic louver with
protective film dust bag (standard).

B Spring-loaded latches.

B Bead safety chain allows louver to be
suspended safely for relamping.

MOUNTING METHODS/FEATURES

DIMENSIONS

ing stem sets (op
Catalog Number: 10048,

‘end cap (2 provided with PLM, none
provided with PLJ). Catalog Number: 18002.

Stem sets

Quick-mount
bracket

10"

- 4919/32"  —

o

joiner spi
Cataiog Number: 18030.

p stem
Catalog Number: 18148.

ine (1 provided with PLJ).

a1 12 1112

-

-—"

- 3
-

-y

4’ SECTION (witnout ena cap).
add 74" for each end cap

companv

K

- 2"

=~ 24-51/64" —~

49-19/32"

-99-3/16"

- 4"

-.—2

a G=NLYT

£}

) T ) E)

8’ SECTION (without end cap). ada 74" tor each end cap
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FAHALI I & d/F
4%," DEEP, 10" WIDE, 48" OR 96" NOMINAL LENGTHS

MODEL NO. PLM8P10L.X140
coefficients of utilization — zonal cavity method

r RF 20 20 20
RC 80 90 30
o L o RW 70 50 30 50 30 10 50 30 10
scorraot. Az e3i6e [eaTIva-1eTL 1 [ 86 eg g S :‘1 g; 54 53 52
o 2 79 7 48 46 4
———— o g 3 77 & 59 52 48 45 “ 41 38
AT SLBPIGLII G TR 10 GOl SERTSPECVIAR LovER >4 66 58 51 48 42 38 39 38 33
1) PEOTIICW LANP. & L) ADVANCE MA~|40-4-TP BALLAST ; 5 6‘ w 44 41 “ & 3‘ 31 28
CANDLEPOWER SUTWAT romL oorm 9 6 56 45 38 36 31 28 30 27 24
ANGLE ALCNG 22.3 43 67.3 ACYOSS LUmENS 5 7 51 40 33 32 27 23 27 23 20
e oW o e w c 8 46 35 28 2 23 2 24 20 17
jos e v meo e w 9 42 31 25 25 20 17 21 17 14
HATE PR O - B o 10 39 28 22 pr 18 14 19 15 12
192 e 2 an 09 4)2
21om ee e 8 2 visual comfort probability (VCP) average 100 fc: reflectances 80/50/20
: : ¢ s ; s room size ceiling hexght cerling height
I T R R ] 85 100 130 160 ) 85 100 130 160
@ 13 uer e ;o ey 9t a8 83 92 90 89 81 7
:;: ;:: 1 s Jer 17 91 91 85 84 91 91 77
92 91 85 86 92 91 80
81

93 92 86 86
9 91 85 86
91 92 a7 79
93 92 a7 82
93 93 87
93 93 88

I Em

335 s s s s

TABULATION OF LURDNS (¥ MAJOR IOWES
I0ME  LUWENS 0 LANP b LUBINAIR
7 10.0

— ]
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20
30 8s
40 88
50 93 88
20 90 8
0 91 86
40 93 8g
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g::: n1¢ ‘:: ¢::s :g g 5 o o :3 E : x :
0-% 1146 2. 9.0 - 73
Rt 0 |92 92 e 8 |8 o 92 8 78
e ePrICIERCY - 87.3 4 o0 40 7 9 92 89 84 2 93 92 %0 81
CIE CLASSIFICATION: DIAECT-INDIRECT m s g 93 89 8‘ ﬁ 9‘ 93 w 82
T WATIS. 496 80 € 94 93 90 85 € 94 93 9 82
LANP LMZE RATING: 3130 100 :E, 94 93 90 8 | g 94 93 91 82
PPN M ke LiceTing LsgmaSCE sveway - FooTLumERTS 30 =9 92 89 83 =792 92 88 81
LAISTOR. R = ruoms nomoss 40 94 92 89 86 93 92 90 84
BC(ALONG) =L. 2, SC(ACROSS =3 . ¢ :: :ﬂ m: ";1‘; 60 94 93 89 86 94 93 90 84
L e s 22 80 94 93 91 86 94 93 91 84
rEs ocT o8, 1986 - A 100 95 93 90 86 94 94 91 85
=YD 18 wite 123 FOR RELATIVE PROTONETRY VEERS 100 40 94 92 89 86 94 93 90 84
LN® I8 SATED AT LANP RANUFPACTURERS LUNEN OUTPUY. ABBOLUTE LUWENS WAY 1m w 9‘ 94 w 86 9‘ 9‘ m 8‘
8K OF A DIFFEACNT VALUE FOR LARP-SALLAST COMSIMATION AKD SWOULD ST 100 80 o5 94 91 86 94 94 92 84
100 100 95 94 91 87 94 94 92 85
ORDERING INFORMATION Explanation of Catalog Number Exampie: PLM8P10LX140120LEGLR
(pe ][ {8 [P fl1o]| J[x|{1 ][ J[ [ J[ ]
T [ l [ [ [
Plﬂsil\;m BODY FIXTURE LOUVER T0P r%ﬁs BALLAST
. STYLE: MOUNTING: FINISH:*  REFLECTOR: . TYPE: .
Surtace/ M= indvidual P =Pendant L=tow  X=None p o VOUTAGE ey o
Pendant Module NUMBER  |ngescence LAMP_ 40 (Naminal VIng  aporopnate
with2®  y= joiner 8" WIDE OF CELLS:  sem- QuanTITY 48 0C=0ctc ol
Deep. Module LOUVER 10(48" Length)  specular 42=(Nominal SS=Electronc a0
Paraboic {standard) %) SO=Electronic 1y e
Precision § =Specular 248* Octic (GLR)
Contoured P=Low Lamps in
Pre-anodized Indescence tandem
Aluminum Specular
Louver
“Consult factory for avaiabiity of louver hnishes
OPTIONS/ACCESSORIES
ELECTRICAL/WIRING OPTIONS. Consult

STEM SETS: 2" diameter tubing. 18" long.
chrome plated fimsh. CATALOG NUMBER:
18048.

STEM EXTENSION KIT: 18" extension
CATALOG NUMBER: 18148.

tactory

FUSING.
Internai fast-biow fusing. SUFFIX. GLR.

Internal slow-blow fusing. SUFFIX. GMF

SPECIFICATIONS
PERFORMANCE: In an installation of 1 lamp 40W luminaires
with a room cavity ratio of 1, with reflectance 80% ceiling, 50%
wall, 20% floor, the C.U. shall be ~ci essthan .82 TCrec.ce
glare the VCP shall be not less thz - =+ =:ther leng:~ -2 . ‘ross-
wise (at 100fc level) and the average orightness at 63 * snail not
exceed 163 footlamberts. To control vetling reflections, luminaire
output in the 30°-90° zone shall be not less than 90%.
MATERIALS: Chassis parts are die-formed 20 gauge code cold

FINISH: Louver — low iridescence semi-specular anodized
aluminum (standard). Chassis exterior — semi-gloss off-white
baked enamel. Cavity — white baked enamel. Phosphate
undercoating

ELECTRICAL. Rapid start HPF, LE (energy saving where
applicable) thermally protected class *'P" ballast C.B.M.
certified by E.T.L. If K.O.1s within 3" of ballast, use wire sutable

for at least 30°C.
LABELS. I B.E.W. Listed by Underwriters Laboratories.

rolted steel. End caps are die-cast aluminum with soft rounded
corners. Louver — pre-anodized aluminum (Coilzak® or equal).

We reserve the nght o change design, matenais and firish in any way that witi not aiter nstalied appearance or reduce function and performance.

l I <~ l-l T <>I I I= l:® INDUSTRIAL WAY, WILMINGTON, MA 01887 « (508) 657-7600
- - 4 - 3

100 LIGHTING WAY, SECAUCUS, NJ 07094 . (201) 864-3000
a GENLYT= company

PRINTED INUSA 10M 1/92



F—m-o{

)o o ¢

EXIF)

125" .

T

B-8

ad -

B-9

Exterior Lighting

8.1

82

82

Use HPS Lamps. High Pressure
Sodium (HPS) lamps shall be used for

all parking lots, walkways and site
lighting. Metal Halide lamps may be
used for lighting building entrances
and facades.

Exterior Fixtures. Use fixtures with
high-quality optics to maximize fixture
spacing and minimize the number of
fixtures. A spacing-to-mounting-height
ratio of 5 to 1 should be possible.

Pole fixtures shall be vertical burn for
best optics, Quality Lighting Design 123
or equal. Mounting height should be
10’ to 25'.

Wall Fixtures shall be Sylvania
AlleyKat for maximum spacing with
lowest total cost.

Glare Control. All exterior fixtures
shall have a cut off angle of 75 degrees
or less to prevent glare and inefficient

light distribution.

This criteria eliminates the use of
"Wall-pak”, globe, ground-mounted and
bollard fixtures.

"Tilt up" of any fixture head is

prohibited due to glare and "light
pollution” liabilities.

Exit Signs

Exit signs shall be of LED type, UL listed, 7
Watts or less power consumption for single-
faced signs, 20 year warranty, solid state
design. Use Guide specifications verbatim.

Energy Design Guidelines

Lighting

Page 8
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Photometric Data

Luminaires: Designs 123,124,125,126

Distribution Pattern: Type VS
Lamp: 400W MH (40,000 lumens)
Bulb/Base: BT-37/Mogui

Report Number: L9433

Transverse Drstance To Mounting Hesgnt

0 1 2 3T
Longituding Drstance To Mounting Hergnt

Luminaires: Designs 123,124,125,126
Distribution Pattern: Type VS

Lamp: 400W HPS (50,000 lumens)
Bulb/Base. E-18/Mogul

Report Number: L9488

s

Transverse Distance To Mounhing Height

N - N T s

0 ' 2 3 4
Longiuding Distance To Mounting Hexgh!

Transverse Distance To Maouniing Heigiv

Luminaires: Designs 123,124,125,126
Distribution Pattern; Type 3

Lamp: 400W MH (30,000 fumens)
Bulb/Base: BT-37/Mogul

Report Number: LA3159

~

w

-~

Longuuding! Drstance To Mounting Hewght

Luminaires: Designs 123,124,125,126

Di

stribution Pattern: Type 3

Lamp: 400W HPS (50,000 lumens)
Buib/Base: E-18/Mogul
Report Number: L3316

Tianswerse Distance To Mounning Heugnt

Footcandle Conversion Chart — Footcandles are initial

R*p
} =)

e
T
i R

9 1 2 3 4
Langitugina: Drsiance 1o Mountng Hexgnt

Luminaires: Designs 123,124,125,126
Distribution Pattern: Type F

Lamp: 400W MH (40,000 lumens)
Bulb/Base: BT-37/Mogul

Report Number: 128485A

Transverse Dislance 1o Mounling Heigni
- =
o
Zal

X

)

L
|
L

Longiudings Drstance 10 Maunting Hergn!

Luminaires: Designs 123,124,125,126

Distribution Pattern: Type F

Lamp: 400W HPS (50,000 lumens)
Bulb/Base: E-18/Mogul

Report Number: L5898

¥

I
2
Y

Transverse Usstance Tu Mounhing Height
I3

~

0 1 2 3 [

1 InG1uCina: Orsiance 15 Mour:.ag He- g

PhAna (7TARV AR .NNAN FAY (7NAY AR 8700

A 1125 720 5.00 365 280 220 1.80 130

B 6.75 432 3.00 2.19 168 132 1.08 0.80

C 450 2 88 200 146 112 088 072 050

D [ 225 144 1.00 073 056 044 036 030

E 113 072 050 037 028 022 018 010

F 1 056 . 0.36 0.25 019 014 on 0.09 006
W IQL/MWC' 11530 Melrose Av. Frankiin Park, IL 60131 ’A SUBSIONARY OF JAC JACOBSEN INDUSTRIES (NC




Powerlite | ey

AlleyKat

B More Light, Fewer Fixtures... W Prewired and Prelamped for
Coordinated reflector and refractor system provide fast installation...
a highly efficient, controlled light distribution...
Allows spacing of up to 8 times mounting height.

B All hardware included for 3

B Energy Efficient... versatile mounting positions...
Optics designed to deliver maximum lumens to The basic unit comes complete with mounting
the task. Pay only for light you use. hardware to accommodate all three mounting

positions; vertical, horizontal or pole.

Powerlite Inc. .
Emergi Lane * P.O.Box 548 « Westbrook, CT 06498 « Phone (203) 399-7991 ¢ Fax (203) 399-0082 POWCI‘llte



the difference AlleyKkat® optics make:

Figures 1 and 2 clearly show the
dilterence AlleyKal® optics make for a
lypical application. Both lixtures use an
ellicient 70-walt, 6,3004umen, medium
base high pressure sadium lamp powered
by a 12-wall ballast system. Other than
appearance and weighl, there are three
importanl points ol dillerence:

(1.) Fixture A costs 18% less than the
AlleyKat®

AlleyKat® has a precision optical
system which will save the user 30
to 50 percent on electricily.

)

Haorizontal Ic

Figure 1

Asca B s 1t

Mounting Hcight non

Average Imual lllumination

8 Verhicat . 1 3 Honzontal Ic

Energy Consurncd 0 110 walls/sg Nt

" Fixture A — A standard wall pack 70 watls HPS.

Fixture A drops a pool of light under
the fixture with little spreading to
the right and left. AlleyKal* pro-
vides unilorm smooth coverage over
a much larger area. It covers wice
the area at strong illumination levels
at hail the energy per-square-toot

rate.
Pay for only the light

you need!

Only the Sylvania AlleyKat® lighting
system gives you the sophicticated
optical performance and lowest energy
cost to illuminate your specific task. No
waste, no blinding glare, as i1s found with
typical dusk-lo-dawn lixtures.

)

When you make your decision on the
basis ol reducing your monthly power bill
while providing sufficient illumination,
you'll choose the Sylvania AlleyKat®
lighting system.

There is no other lixture like it. You
see the result in uniform light dis-
tribution without wasteful glare

@ 1688 0y Q16 Prgnem (e Oumeers s
Figure 2 QUICSPEC 2

Hornizonial Ic

Area 1600 sq I

Mounting Heighit 1agn

Average imtial hlumination

1 5 Vertical . 1 2 Horizonial tc

Energy Consuimed 0 055 walts/sg 1t

AlleyKat® — 70 Watt HPS

© 19U wy OTE Frcmum Carp. G, 2ea

Use QuikSpec™ for lighting task solutions

QuikSpec™ is an innovalive melhod to
lay out task-maiched precision HID
lighting tor lowest possible insiallation
and operating costs. It is a laster way o
do a better hghting job reliably

=7




The Desxgner must snbmxt
_thef'_»proposed IES Category

IES UGIH‘ING HAN‘DKX)K VISUAL COMFORT

. The target values of illuminance
for mummance ‘Categories A to C are
average maintained iltuminance, and the
lumen method, using mnal-amty
calculated coefficients of utilization for
Tuminaires, or for daylighting, predicts
such average illuminance values. The
target values of illuminance obtained for
“visual displays in the last six categories
(D through I) are Tocalized values, that
is, maintained ittuminance on the task and
point calculations methods are
appropriate. - In either case the
procedure -for. determining light loss
factors should be used in calculating
maintained average or point illuminance.

Section C
- Lighting Levels

Lighting energy is directly proportional to the lighting
level provided. Too often, designers apply high light
levels uniformly to all areas of building. This
approach results in a uniform “"checkerboard” layout of
fixtures with a high power density. Using moderate
light levels and layouts tailored to each task in a
building results in dramatically lower lighting energy.

In fact, of all energy guidelines, the single most

important is simply to apply IES footcandle

recommendations literally and completely. Total
building energy consumption will typically be reduced
20%, and the first cost of construction will actually be
reduced.

C-1  Footcandle Requirements

Use the maintained illumination levels
recommended in the most recent IES Lighting
Handbook. A copy of IES recommendations
appears on the following pages for your
reference. To demonstrate compliance, the
LIGHTING Designer must complete the
spreadsheet "TESWK3" on the diskette
labelled "Supplemental Software".

1.1 Non-task areas. Areas without work
tasks, including lobbies, reception
areas, corridors, lounges and rest
rooms shall be lit to Category A, B or
C general illumination levels, not to
exceed 20 fc maintained illuminance.

1.2 Task Surfaces. Office desks and
reading-task surfaces should meet
Category D requirements, not to
exceed 50 fc, maintained point
illuminance on the task surface.
Category E should only be applied
where more exacting tasks, listed by
IES as Category E, will frequently
occur.

Note that Category D and E (reading)
recommendations are for illumination on the
work surface, and are not intended to be
average illumination levels. Do not use
average illumination calculations such as the
zonal cavity method for Category D and E.

Energy Design Guidelines

Lighting Page 9



Chart for Determing llluminance Values, Maintained, in Lux, for a Combination of llluminance Categories
and User, Room and Task Characteristics (For liluminance in Footcandles, Divide by 10).

a. General Lighting Throughout Room

Weighting Factors

k]

iuminance Categories

Average of Occupants Average Room Surface l A / 8 [ c
Ages Retlectance (percent)
Under 40 | Over 70 | 20 | 50 | 100
[ 30-70 [ 20 [ 50 | 100
| Under 30 | 20 | 50 | 100
40-55 [ Over 70 | 20 | 50 | 100
[ 30-70 | 30 [ 75 | 150
| Under 30 | 50 | 100 | 200
Over 55 Over 70 | 30 | 75 | 150
30-70 | 50 | 100 | 200
- Under 30 | 50 | 100 | 200
b. llluminance on Task
Weighting Factors lluminance Categories
LTl N E B B
. Accuracy*® (percent)
Under 46 Ni Over 70 200 500 1000 2000 5000 10000
30-70 200 500 1000 2000 5000 10000
Under 30 300 750 1500 3000 7500 15000
| Over 70 200 500 1000 2000 5000 10000
30-70 300 750 1500 3000 7500 15000
Under 30 300 750 1500 3000 7500 15000
~ Cc Over 70 300 750 1500 3000 7500 15000
30-70 300 750 1500 3000 7500 15000
Under 30 300 750 1500 3000 7500 15000
40-55 NI Over 70 200 500 1000 2000 5000 10000
30-70 300 750 1500 3000 7500 15000
Under 30 300 750 1500 3000 7500 15000
| Over 70 300 750 1500 3000 7500 15000
30-70 300 750 1500 3000 7500 15000
Under 30 300 750 1500 3000 7500 15000
C Over 70 300 750 1500 3000 7500 15000
30-70 300 750 1500 3000 7500 15000
Under 30 500 1000 2000 5000 10000 20000
Over 55 Ni Over 70 300 750 1500 3000 7500 15000
30-70 300 750 1500 3000 7500 15000
Under 30 300 750 1500 3000 7500 15000
| Over 70 300 750 1500 3000 7500 15000
30-70 300 750 1500 3000 7500 15000
Under 30 500 1000 2000 5000 10000 20000
c Over 70 300 750 1500 3000 7500 15000
30-70 500 1000 2000 5000 10000 20000
Under 30 500 1000 2000 5000 10000 20000
* NI = not mportant, | = mportant, and C = critical

** Obtained by a combination of general and supplementary lighting.
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ILLUMINANCE CATEGORIES AND VALUES

2-5

Fig. 2-1. Currently Recommended llluminance Categories and llluminance Values for Lighting Design—
Targeted Mgip.tained Levels

The tabulation that follows is a consolidated listing of the
Society's current illuminance recommendations. This listing
is intended to guide the lighting designer in selecting an ap-
propriate illuminance for design and evaluation of lighting
systems.

Guidance is provided in two forms: (1), in Parts |, Il and I}l
as an /lluminance Category, representing a range of illumi-
nances (see page 2-3 for a method of selecting a vaiue within
each illuminance range); and (2), in parts IV, V and VI as an
llluminance Value. liluminance Categories are represented by
letter designations A through . llluminance Values are given
in lux with an approximate equivalence in footcandles and as
such are intended as target (nominal) values with deviations
expected. These target values also represent maintained

values (see page 2-23).

This table has been divided into the six parts for ease of
use. Part | provides a listing of both llluminance Categories
and llluminance Values for generic types of interior activities
and normally is to be used when llluminance Categories for
a specific Area/Activity cannot be found in parts Il and Ill. Parts
IV, V and VI provide target maintained llluminance Values for
outdoor facilities, sports and recreational areas, and transpor-
tation vehicles where special considerations apply as discuss-
ed on page 2-4.

In all cases the recommendations in this table are based
on the assumption that the lighting will be properly designed
to take into account the visual characteristics of the task.
See the design information in the particular application sec-
tions in this Application Handbook for further recommenda-

tions.

I. lluminance Categories and Illuminance Values for Generic Types of Activities in Interiors

Ranges of Illuminances
Reference Work-Plane

- lluminance
Type of Activity
Cat
og0ry Lux Footcandles

Public spaces with dark surroundings A 20-30-50 2-3-5
Simple orientation for short temporary B 50-75-100 5-75-10 General lighting

visits throughout spaces
Working spaces where visual tasks are C 100-150-200 10-15-20

only occasionally performed
Performance of visual tasks of high con- D 200-300-500 20-30-50

trast or large size
Performance of visual tasks of medium E 500-750-1000 50-75-100 llluminance on task

contrast or small size
Performance of visual tasks of low con- F 1000-1500-2000 100-150-200

trast or very small size
Performance of visual tasks of low con- G 2000-3000-5000 200-300-500

trast and very small size over a pro-

longed period llluminance on task,
Performance of very prolonged and ex-  H 5000-7500-10000 500-750-1000 Jpained by acom

acting visual task g

and local (supple-
| 10000-15000-20000 1000-1500-2000 mentary lighting)

Performance of very special visual tasks
of extremely low contrast and small

size
Il. Commercial, Institutional, Residential and Public Assembly Interiors
Area/Activity "'é‘:;:;’:g‘ AreasActivity "'é;’::;’:s‘
Accounting (see Reading) Churches and synagogues . .(see page 7-2)*
Air terminals (see Transportation terminals) Club and lodge rooms
Armones ...... ..., c' Lounge and reading ...................... )
Art galleries (see Museums) Conference rooms
Conferring. ... ........................... D
Mg‘;::;;?; ........................... c! Critical seeing (refer to individual task)
Social activity . ...... ... . B Court rooms
Banks (also see Reading) Seatingarea............................. 03
~bby Court activity area .. ................... . E
General ... .... .. . . . . Cc
Writing area. . . ...... o D, Dance halis and discotheques . ... ....... .. B
Tellers'stations . ........... E Depots, terminals and stations
sarber shops and beauty pariors . E (see Transportation terminals)

For footnotes, see page 2-20.
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2-6 LIGHTING SYSTEM DESIGN CONSIDERATIONS

Fig. 2-1. Continued
Il. Continued

ArealActivity ”'(‘:‘a"t';’;”';‘ [ Area/Activity '"ga""l';;":‘
Drafting Health care facilities
Mylar Ambulance (local) ................... .. E
High contrast media; India ink, plastic Anesthetizing ........................... E
leads, soft graphite leads . .. . . .. .. e’ Autopsy and morgue'” '
Low contrast media; hard graphite leads. . . . P Autopsy, general ... .................... E
Vellum Autopsy table . ......................... G
Highcontrast .. ........................ S Morgue, general ....................... D
Lowcontrast .......................... Museum ............... ..., E
Trac{ng paper - 3 Cardiac functionlab ...................... E
Highcontrast .. ........................ E Central sterile supply
Lowcontrast .......................... F Inspection, general . .................... E
Overlays Inspection .......................... . F
Lighttable .............................. C ALSINKS ... E
Prints Work areas, general ................... D
Blueline.............................. E Processed storage . ..................... D
Blueprints. ............................ E Corridors'’
Sepla pAants . .......... ... F Nursing areas—day . .. .................. C
Educational facilities Nursing areas—night ................... B
Classrooms Operating areas, delivery, recovery, and
General (see Reading) laboratory suites and service . .. . .. E
Dratting (see Drafting) Critical care areas’
Home economics (m Md."c“) Genefal P C
Science laboratories .................... E Examination .................. ... E
Lecture rooms Surglcal mk llghtlng .................... H
mg?::ra(:::m.d"'g) . ngx;ysm?nﬂw ..... ’E:
Music rooms (see Reading) Dental suite'”
Shops (see Part lll, Industrial Group) General .............................. D
Sight savingrooms . .................... F Instrument tray. ........................ E
Study halls (see Reading) Oralcavity ............................ H
Typing (see Reading) Prosthet@c laboratory, general .. ........... D
Sports facilities (see Part V, Sports Prosthetic laboratory, work bench ......... E
and Recreational Areas) :rosthetic laboratory, Io.cal ............... g
Cafeterias (see Food service facilities) ecovery room, general .................
Dormitories (see Residences) _ Reqovery room, emergency examination.... E
Elevators, frelght and passenger ... ... c Blevators - g
Exhibition halls .. .......................... c' EKG and specimen room"’
Filing (refer to individual task) O omtpment :
Financial facllities (see Banks) Emergency outpatient”
Fire halls (see Municipal buildings) E':cnelral .............................. ’E:
|
Foo(_i service faclliities Endoscopy rooms'” 8
Dining areas General ........................ ..., E
gﬁ;"’:ie; ------------------------- g Peritoneoscopy ...................... . D
Dining — .1 g g udoscopy . 0
Food displays (see Merchandising spaces) e reament fooms b
Kitchen . ........... ... ... ... .. ... ..... Local ... ... .. o E
Garages—parking . . ......... ... (see page 14-28) Eye surgery'” 1'7' .......................... F
Gasoline stations (see Service stations) Fraét:r::f;loom E
Graphic design and material LOCAI . ..o oos e F
Color selection .. ......................... F! Inhalation therapy ........................ D
Charting and mapping. . ......... ......... F Laboratories'’
Graph; ............................ . E Specimen collecting .................... E
Keylining............ ..... ... ... F Ti;sue laboratories . ....... ........ ... F
Protographs, moderai detai v Gross specimen revew .11 7
s . SS specimen review . . .. ............ . F

For footnotes, see page 2-20. For illuminance ranges for each Illuminance Category, see page 2-5 or inside of back cover.
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Fig. 2-1. Continued

Il Continued
Area/Activity '"c‘:’:'""’"cf_ Area/Activity “'(':‘;’t':;"r;’
Chemistry rooms . . ..................... E Radiological suite'”
Bacteriology rooms Diagnostic section
General. . ... E General™ ... ... ... ... .. .. . ... . . A
Reading culture plates ................ F Waitingarea........... .......... A
Hematology . .......................... E Radiographic/fluoroscopic room ...... .. A
Linens Filmsorting .......... ... ........... F
Sorting soiled linen . .......... .. .. ..... D Barium kitchen. . ... ... ... ... .. ..., E
Central (clean) linenroom ............... D Radation tgerapy section
Sewing room, general . .................. D General ™ ........................... B
Sewing room, work area . . .. ............. E Waitingarea......................... B
Linencloset . .......................... B Isotope kitchen, general ............ .. E
LOBBY .. oot c Isotope kitchen, benches ........... ... E
Locker rooms ...................c.ciii... o Computerized radiotomography section
Medical illustration studio™ ™. .. ... ... ... F Scanning room.. ... ... L. B
Medical records . . . . . .. ... E Eqmpment maintenance room . ........ E
Nurseries'” - Solarium
18 General .............................. (o]
General ™ ...... .. ... .. Cc Local for readin o
Observation and treatment ... ............ E Stairwa G- c
Nursing stations" Surg'ca,yssmteﬂ ...........................
General .................... ... ... D Operating room. qeneral’® F
DOSK . . ...t E Operating taple (see page 7-15)
CorTidors, day ............oooiiiee c Serub room® . PR TR
Soez:g:t‘;nng::io'n """""""""""" 2 Instruments and sterile supply room . ... ... D
. . SO 2 Clean up room, instruments . . ............ E
Obstetric delivery suite Anesthesia storage ..................... C
Labor rooms Substerilizingroom ... ................ . C
General............................. Cc Surgical induction room™ ® .. E
Llocal........... E, Surgical holding area'” ® . ... ... .......... E
Birthingroom.......................... F Toilets . . ... .. ... c
Delivery area Utility room . . ... ......................... D
Scrub, general ................. .. .... F Wait?ég areas
General............... ... G General ........................... .. C
Delivery table . . ...... -(see page 7-19) Local forreading ................... . D
Resuscitation . .......... el G
Postdelivery recovery area ............... E Homes (see Residences)
Substerilizing room . ... ... . B Hospitality facilities (see Hotels, Food service
Occupational therapy'’ facilities)
Work area, general . ................. .. D Hospitals (see Health care facllities)
Work tables or benches ............. .. .. E Hotels
Patients' rooms'’ Bathrooms, for grooming . . ................. D
General™® ... . ... ... .. .. .. . ........ B Bedrooms, for reading . . . .................. D
Observation .. ... .... - Corridors, elevators and stairs .. ............ Cc
Critical examination . ....... ..... .. .. E Frontdesk ............c.oooiiiiiiiiii. g?
Reading ................ ............. D Linen room
Toilets . . ................. e D Sewing . ................. L F
Pharmacy'’ General . ... ... e c
General .................. ... E Lobby
Alcohol vault .. ....... ............... D General lighting .. ...................... o]
Laminar flowbench ... .. ............ ... F Reading and working areas . ............. D
Nightlight ............ ............. A Canopy (see Part IV, Outdoor Facilities)
Parenteral solutionroom . .. .. ........... D Houses of worship . ... . ... ... .. .. (see page 7-5)
Physical therapy departments Kitchens (see Food service facilities or
Gymnasiums ............. ......... D Residences)
Tankrooms ........... ..... ...... D Libraries
Treatmentlcubccles G e D Reading areas (see Reading)
Postanesthetic recovery room Book stacks (vertical 760 millimeters (30 inches)
General'® e .. E above fioor)
Local ... .. ....... ..., . H Active stacks .......................... D
Pulmonary function jaboratories'’ . E Inactive stacks . . ....................... B

For footnotes, see page 2-20. For illuminance ranges for each Illuminance Category, see page 2-5 or inside of back cover.
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Fig. 2-%:Continued
Il. Continued
. llluminance - Hiuminance
Area/Activity Category [ Area/Activity Category
Book repair and binding ................... D3 Thermal copy, poor copy ... ....... ... 3
Cataloging .................. ... iun.. D Xerograph D
Cardfiles ............................... E e ’
Carrels, individual study areas (see Reading) Xerography, 3rd gen_erauon and greater ... E
Cifcu'alion des‘G ......................... E'emmn'c data pmess'ng taSKS '2 ,3
Map, picture and print rooms (see Graphic 'C RT ;creer:s """"""""""""" 8
design and material) mp:od p.'l’;;:'
Audiovisual 8reas. . ....................... D 9 "Tbbo Mo D
Audio listening areas . . .................... D 203' n rbon. S oreatar E
Microform areas (see Reading) nd carbon and greater. .. ............. E
Ink jetprinter .......... ... ...... D
Lockerrooms. .. ....... ... .. ..... ... .. .... c Keyboard reading ................ ..... D
y Machine rooms
M"‘"‘"”M"g spaces Active operations . ... ..... .. ........ .. D
Alterationroom. .......................... F Tape storage D
Fitting room pe ¢ 90,
. Machinearea .. ........ ...... .. .. .. C
Dressingareas ........................ D Equi . 10
Y quipment service . .. ................. E
Fittingareas........................... F .
Thermalprint . .. ....................... E
Lockerrooms .. ............ ... ... .. ... C Handwri ks
Stock rooms, wrapping and packaging ....... D a;zwrmef: tasd tor lead D
Sales transaction area (see Reading) 3 pencg' and softer leads ............... g3
Circulation . .................... (see page &7)° #4 pencg' i herdor oada. LI =
Merchandise ................... (see page &7)° B "pen_c:t ana harder 1eads. .............. b3
Feature display ................. (see page 8-7): F:It-t‘i):l;er‘:en """"""""""""" o
Show windows . ................. (see page 8-7) Handwritten carbon copies . ... ... ........ E
Motels (see Hotels) Non photographically reproducibie colors . . . f-'3
Minicipal bulldings—tire and police ‘Chalkboards ........................... E
Police Pnnted.tasks 3
Identification records . .. ................. F g po:a%ype it bvog gs
Jail cells and interrogation rooms ... ...... D an POINtIYPe . ... 13
. Glossy magazines .. .................... D
Firehall ........................... D
Maps ...... ... ... .. E
Museums Newsprint. . .......... ....... ........ D
Displays of non-sensitive materials. . . .. ...... D Typed originals ... . .................... D
Displays of sensitive materials . . . . (see page 7-34)2 Typed 2nd carbon and later .. ... ........ E
Lobbies, generai galiery areas, corridors . . . . .. o Telephone books . . ..................... E
Restoration or conservation shops and
laboratories .................... E Residences
Nursing homes (see Health care facilities) General lighting , ,
Conversation, relaxation and entertainment.. B
Offices Passage areas ......................... B
Accounting (see Reading) Specific visual tasks 2°
Audio-visual areas ........................ D DiMING. ..o C.
Conference areas (see Conference rooms) Grooming
Drafting (see Drafting) Makeup and shaving . .. ............... D
General and private offices (see Reading) Full-length mirror . .................... D
Libraries (see Libraries) Handcrafts and hobbies
Lobbies, lounges and reception areas .. ... ... C Workbench hobbies
Mailsorting ............................. E Ordinary tasks ..................... D
Off-set printing and duplicating area . ... . . ... D Difficult tasks ... ... ...\ E
Spaces with VDTs ... ........... (see page 5-13) Criticat 1asks . . . . .. o F
Parking facllitles . . .............. (see page 14-28) Easel hobbies ....................... S
Ironing . ........... ... ... .. .. i,
Post offices (see Offices) Kitchen duties
Reading <iichen counter
Copied tasks Criticalseeing ...... ... .......... E
Ditto COPY. .. .oo oo g3 Noneritical . . . ... ..o D
Micro-fiche reader .......... ......... g2 1 Kitchen range
Mimeograph . .. ...... ...... ...... D Difficult seeing . .... .............. E
W Noncritical . . ......... ............. D

For footnotes, see page 2-20. For illuminance ranges for each Illuminance Category. see page 2-5 or mside of back cover.
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Fig. 2-1. Continued

Il. Continued
Area/Activity ”'g‘;’t’;’;“‘?. Area/Activity lllc\::::;';r::e
Kitchen sink Safety ... .................... (see page 2-45)
Difficultseeing ... ... ............... E
Noncrttical 2 5 Schools (see Educational faciiities)

Laundry Service spaces (see also Storage rooms)
Preparation and tubs . . .. ............. D Stairways, cornidors . ... ................... c
Washeranddryer ................ D Elevators, freight and passenger ... ......... c

Music study (piano or organ) Toilets and washrooms . .................. c
Simplescores .......... ......... D
Advanced scores ........ ...... . E Service stations
Substand size scores . ... .. F Service bays (see Part lil, Industrial Group)

Reading Sales room (see Merchandising spaces)

In a chair sh ind
Books, magazines and newspapers .. . D ow windows ... ... ... ... ... ... (see page 8-7)
Handwriting, reproductions and poor
Pl £ Stairways (see Service spaces)
Inbed .~ Storage rooms (see Part Ili, Industrial Group)
Normal ........................... D
Prolonged serious or critical . . . . . .. E Stores (see Merchandising spaces and Show
Desk windows)
Primary task plane, casual D .
Primary task plane. study . . . E Television . ... .. ... .. .. .. (see Section 11)
Sewing Theatre and motion picture
Hand sewing houses . ... .. ......... (see Section 11)
Dark fabrics, low contrast
Tollets and washrooms .. ... .... .. ..... .. .. Cc

F
Light to medium fabrics. . ... . E
Occasional, high contrast . . .. D

F

Transportation terminais

Machine sewing o
Dark fabrics, low contrast #:.l‘t::%orzzgr:nd lounge .. ..o g
Light to medium fabrics. ......... .. E Baggage checki.n.é Lo D
Occasional, highcontrast .. ... .... D Rest rooms o c
Tale games ... ... 0 Concourse ...\ 8
Restaurants (see Food service facilities) Boardingarea ... . ............... .. ... C
iit. Industrial Group
. llluminance - lHluminance
Area/Activity Category Area/Activity Category
Aircraft maintenance . (see page 9-13)°' maeﬁganical """"""""""""" : g
Aircraft manufacturing . . . (see page 9-13)21 Scales and thermometers . . . ... .... ... .. D
mbly Wrapping .. ... e e .. D
Simple . ...... . . .. D Book binding
Moderately dnfﬂcult e E Folding, assembling, pasting ... .... . D
Difficult . C S F Cutting, punching, stitching ................ E
Very difficult . . S G Embossing and inspection . ............. F
Exacting ........ .. .... R . H
Breweries
Automobile manufacturing . . .. .. .. (see page 9-17)%" Brew house 0
Bakeries Boiling and keg washing . . ... ..... ... ... D
Mixingroom .. .. ...........  ..... D Filling (bottles, cans, kegs) ............ . . D
ﬁ,a;;: eozf ::I:‘zsg .b.o.v»)I. o _ T o 8 Building construction (see Part {V, Outdoor
Fermentationroom............ ..... . D Facilities)
Mage'uz room o Building exteriors (see Part IV, Outdoor Facilities)
read .. ... ..
Sweet yeast-raised products ............ D Candy making
Proofing room .. . . D Box department .. . ... ... ... .. R D
Ovenroom . .... ..... e D Chocolate department
Fillings and other mgredxents .............. D Husking, winnowing, fat extraction, crushing

Decorating and icing

and refining, feeding. . ... .. ...... D

For footnotes, see page 2-20. For illuminance ranges for each [lluminance Category, see page 2-5 or inside of back cover.
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Fig. 11-1. Continued
IV. Continued
Area/Activity Lux Footcandles Area/Activity Lux Footcandies
Sawmills (see also Logging) Service areas ......... 70 7

Cutoffsaw.............. 100 10 Landscape highlights . .. 50 5

loghaul................ 20 2

Log hoist (side lift). .. .. ... 20 2 Ship yards 50 s

Primary log deck . ........ 100 10 b wawe T

Barker infeed ........... 300 30 Y o mvens o0 -

Green chain® ... ....... 20010300 201030 | T TSR

Lumber strapping® ...... 15010 200 1510 20 Signs

Lumber handling areas . ... 20 2 Advertising (see Bulletin and

Lumber loading areas . . . .. 50 5 poster boards)

Wood chip storage piles . . . 5 05 Externally lighted roadway

Service station (at grade) (see chapter 24)

Dark surrounding Smokestacks with advertising
Approach .. ........... 15 15 messages (see
Driveway ............. 15 15 Bulletin and
Pump istand area . . . ... 200 20 poster boards)

Building faces (exclusive Stora ards
of glass)'* ... 100 10 oo o oSN 200 20
Service areas ......... 30 3 Inactive................. 10 1
Landscape highlights . . . 20 2
Light surrounding Streets (see chapter 24)
Approach ............. 30 3
Driveway ............. 50 5 Walkways (see chapter 24)
Pump island area . ... .. 300 30 Water tanks with advertising
Building faces (exclusive messages (see Bulle-
of glass)'* ... ... 300 30 tin and poster boards)
V. Sports and Recreational Areas
Area/Activity Lux Footcandies Area/Activity Lux Footcandies
Archery (Indoor) Junior league (Class | and

Target, tournament™ . ... . .. 500 50 Class Il

Target, recreational* . ... . .. 300 30 Infield ................. 300 30

Shooting line, tournament ... 200 20 Outfield................ 200 20

Shooting line, recrational . ... 100 10 On seat during game.. . . ... .. 20 2

Archery (outdoor) . On seats before & after game 50 5

Target, tournament™ ... .. 100 10 Basketball

Target, recreational™ ... . ... 50 5 College and professional .... 500 50

Shooting line, tournament ... 100 10 College intramural and high

Shooting line, recreational . . . 50 5 school ............ 300 30

Badminton Recreational (outdoor) . . . ... 100 10

Tournament............... 300 30 Bathing beaches

Club .................... 200 20 Onland.................. 10 1

Recreational .............. 100 10 150 feet from shore™ ... ... 30 3

Baseball Billiards (on table)

Major league Tournament .. ............. 500 50
infield . ................ 1500 150 Recreational . . ............ 300 30
Qutfield. . .............. 1000 100 Bowll

AA and AAA league owling
Infield . ................ 700 70 Tournament
Outfield................ 500 50 Approaches ............ 100 10

A and B league Lane's: ................. 200 20
Infield . ... ............ 500 50 Pins™ ................ 500 50
Outfield. ............... 300 30 Recreational

Cand D |eague Approaches ............ 100 10
Infield . ................ 300 30 Lgne'i ................. 100 10
Outfield. ............... 200 20 Ping™® ... .. ... ... 300 30

Semi-pro and municipal league Bowling on the green
Infield ................. 200 20 ot oreen 100 10
Outflgld """""""" 150 15 Recreational .. ............ 50 5

Recreational
Infield ................. 150 15 BoxIng or wrestling (ring)

Outfield. . .............. 100 10 Championship ............ 500

For footnotes, see end of table.
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Fig. 11-1. Continued

V. Continued
Area/Activity Lux Footcandles Area/Activity Lux Footcandles
Professional .............. 2000 200 Golf
Amateur ................. 1000 100 Te® ..................... 50 5
Seats during bout. . . ....... 20 2 Fairway“ ................ 10-30 1-3
Seats before and after bout. . 50 5 Green ................... 50 5
- g g Driving range
O pioror dock I WY o0 10 At 180 meters [200 yards]™ 50 5
Target (at 24 meters {80 feet] M.Qver tegarea........... 100 10
for bait casting and 15 iniature . . e 100 10
meters [50 feet] for wet or Practice putting green . . . ... 100 10
dry-fly casting)* ....... 50 5 Gymnasiums (refer to individual
Combination (outdoor) sports listed)
Baseball/football General exercising and
infield . ................ 200 20 recreation ......... 300 30
Outfield and football ... .. 150 15 Handball
Industrial softbali/football Tournament . .............. 500 50
Infield ................. 200 20 Club
Outfield and football . .. .. 150 15 Indoor—four-wall or squash 300 30
Industrial softball/6-man foot- Outdoor—two-court .. .... 200 20
ball Recreational
Infield ................. 200 20 Indoor—four-wall or squash 200 20
Outfield and football ... .. 150 15 Outdoor—two-court ... ... 100 10
Croquet or Roque Hockey, fleld ............... 200 20
Tournament............... 100 10 Hockey, ice (Indoor)
1 ’
Recreational .............. 50 5 College or professional ... .. 1000 100
Curling Amateur ................. 500 50
TouTmament 500 50 Recreational .............. 200 20
R?:: 300 20 Hockey, ice (outdoor)
Recreational College or professional . . ... 500 50
ToOS . ... 200 20 Amateur ................. 200 20
RiNK ... 100 10 Recreational .............. 100 10
Horse shoes
Fencing
Exhibitions ............... 500 50 fournament .........ooo s "
Recreational .............. 300 30 ecreational ..............
Football Horse shows ............... 200 20
Distance from nearest side- Jai-alal
line to the farthest row Professional .............. 1000 100
of spectators Amateur ................. 700 70
Class | Over 30 meters (100
foot]........... DR 1000 100 Lacrosse ................... 200 20
Class Il 15 to 30 meters [50 Playgrounds . ............... 50 5
to 100 feet] ............ 500 50 Quolts..................... 50 5
Class Il 9 to 15 meters [30 i
to50feet ............. 300 30 Racing (outdoor)
Claw IV Under 9 meters Slilct:c.lé ................... 2w 20
[30feet] .............. 200 20
Class VvV No fixed Seating TOurnarT)?nt ............ - % gg
facilities .............. 100 10 Competitive ............ p 20
It is generally conceded that the distance between the Recreational . ........... 200 Bt
spectators and the play is the first consideration in deter- gog R R
mining the class and lighting requirements. However, rasgstr!p 100 0
the potential seating capacity of the stands should also Azagllng area 400 motors”
be considered and the following ratio is suggested: 1°° °'f°"°"' meters 200 20
Class | for over 30,000 spectators;Class If for 10,000 to 0[922? °?tl' : t : 200 s
30,000; Ciass Il for 5000 to 10,000; andClass IV for eleration, first
under 5000 spectatofs. meters [660 feetl ....... 150 15
Deceleration, second 200
Football, Canadian—rugby meters [660 feet] ....... 100 10
(see Football) Shutdown, 250 meters
Football, six-msn [8B20 feet] ............. 50 5
High school or college.. . . . .. 200 20 Horse ................... 200 20
Jr. high and recreational .... 100 10 Motor (midget of motorcycle) . 200 20

For footnotes, see end of table.
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k)

Fig. 11-1. Continued

For footnotes, see end of table.

. V. Continued
Area/Activity Lux Footcandles Area/Activity Lux Footcandles
Racquetball (see Handball) Infield ................. 300 30
Rifle 45 meters [50 yards]—out- n dcu):ttrf:::dleague """""" 2000 20
door) "
Ontargets™ ............. 500 50 Infield ................. 200 20
F"lng pOInt 100 10 Outfield................ 150 15
RANGE ... 50 5 Recreational (6-pole)
""""""""""" Infield ................. 100 10
Rifle and pistol range (Indoor) Outfield................ 70 7
On targegs‘ .............. 1000 100 Slow pitch, tournament—see
Firing point . . ............. 200 20 industrial league
Range ................... 100 10 Slow pitch, recreational
Rodeo (6-pole)}—see recreational
Arena {6-pole)
Professional ............ 500 50 Squash (see Handball)
Amateur ............... 300 30
Recreational .. .......... 100 10 SwéTr:::ir:%&ndoor) 500 50
Pens and chutes ........ 50 5 Recreational .............. 300 30
Roque (see Croquet) Underwater—1000 [100] lamp
lumens per square meter
Shutfleboard (indoor)
Tournament............... 300 30 {foot] of surface area
Recreational .............. 200 20 swémr?gf‘ﬂ (outdoor) 200 2
xhibitions ...............
Shuffleboard (outdoor) Recreational . ............. 100 10
Tournament ............... 100 10 Underwater—600 [60) lamp
Recreational . ............. 50 5 lumens per square meter
Skating [foot] of surface area
Rollerrink ................ 100 10 Tennis (indoor!
Ice rink, indoor ............ 100 10 Tourrsament.) .............. 1000 100
Ice rink, outdoor ... ... 50 5 Club .......cooiiiii... 750 75
Lagoon, pond, or flooded area 10 1 Recreational .............. 500 50 -
‘ Skeet “ Tennis (outdoor) 4
Targets at 18 meters [60 feet]~ 300 30 Tournament . . ............. 300 30 :
Firing points .. ............ 50 5 Club .................... 200 20
Skeet and trap (combination) Recreational .............. 100 10
Targets at 30 meters [100 feet] Tennis, platform. ... ... .. ... 500 50
for trap, 18 meters {60 feet) ;
for skeet™ . ........... 300 30 Te'}“"’ table 5 50 ;
Firing points .. ............ 50 5 cgzanament """""""" 338 % :
Skislope .................. 10 1 Recreational .............. 200 20 -
Soccer (see Football) Trap
Targets at 30 meters {100 feet]'* 300 30
Softbal! Firi int 50 5
Professional and championship Iring poimts ..............
Infield ................. 500 50 Volley ball ¥
Outfield. . .............. 300 30 Tournaments . . ............ 200 20 i
Semi-professional Recreational .. ............ 100 10 ;
VI. Transportation Vehicles ;
Area/Activity Lux Footcandles Area/Activity Lux Footcandles %
Alrcraft Fare box (rapid transit train) 150 15 '
Passenger compartment Vestibule (commuter and in-
General................ 50 5 tercity trains) . .......... 100 10
Reading (at seat) .. ...... 200 20 Aisles ................... 100 10
Advertising cards (rapid tran-
Alrgom 10 } sit and commuter trains) 300 30
angar apron............. Back-lighted advertising
Terminal building apron cards (rapid transit and
Earl;ng ared. e 28 g's commuter trains)—860
oading area = ......... cdim? (80 cdift?) average
Rall conveyances maximum.
Boarding or exiting. ... .. ... 100 10 Reading® ... ............ 300 30
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V. Continued
Area/Activity Lux Footcandles Area/Activity Lux Footcandles
Cargo handling {weather Motor generator rooms
deck) ............. 50" 5' (cargo handling) .... 100 10
Control stations (except Pump room ... .. o 100 10
navigating areas) Shaftalley ............. 100 10
General Shaft alley escape .. ... .. 30 3
Control consoles .. .. .. 200 20 Steering gear room .. .. .. 200 20
Gauge and control . . . .. 300 30 Windlass rooms ....... .. 100 10
boards ............ 300 30 Workshops
Switchboards ......... 300 30 General .............. 300 30’
Engine rooms. .. ........ 200" 20'"® On top of work bench .. 500" 50'
Generator and switchboard Tailor shop ........... 500 50'
rooms ............ 200'® 20" Cargo holds
Fan rooms (ventilation & air Permanent luminaires . . 30™ 3'
conditioning) . ... ... 100 10 Passageways and trunks 100 10
Motorrooms............ 200 20

'include provisions for higher levels for exhibitions.

2gpecific limits are provided to minimize deterioration effects.

Mask subject to veiling reflections. lluminance listed is not an ES! value. Currently, insufficient experience in the use of ESI
target values pracludes the direct use of Equivalent Sphere lllumination in the present consensus approach to recommend
illuminance values. Equivalent Sphere lllumination may be used as a tool in determining the effectiveness of controliing veiling
reflections and as a part of the evaluation of lighting systems.

“Iluminance values are listed based on experience and consensus. Values relate to needs during various religious ceremonies.

5Degracla,ﬂon factors: Overlays—add 1 weighting factor for each overlay; Used matenial—estimate additiona! factors.

SProvide higher level over food service or selection areas.

7Supplememary iflumination as in delivery room must be available.

Siiluminance values developed for various degrees of store area activity.

®0r not less than 1/5 the level in the adjacent areas.

'°0nly when actual equipment service is in process. May be achieved by a general lighting system or by localized or portable
equipment.

"For color matching, the spectral quality of the color of the light source is important.

12Velllng reflections may be produced on glass surfaces. It may be necessary to treat plus weighting factors as minus in order
to obtain proper illuminance.

“Especially subject to veiling reflections. It may be necessary to shield the task or to reorient it.

4vertical

Syluminance values may vary widely, depending upon the effect desired, the decorative scheme, and the use made of the room.
10Supplememary lighting should be provided in this space to produce the higher levels required for specific seeing tasks
involved.
7Good to high color rendering capability should be considered in these areas. As lamps of higher luminous efficacy and higher
color rendering capability become available and economically feasible, they should be applied in all areas of health care facilities.
“\variable (dimming or switching).

"Svalues based on a 25 percent reflectance, which is average for vegetation and typical outdoor surfaces. These figures must
be adjusted to specific reflectances of materials lighted for equivalent brightness. Levels give satisfactory brightness patterns
when viewed from dimly lighted terraces or interiors. When viewed from dark areas they may be reduced by at least 1/2; or
they may be doubled when a high key is desired.
2General lighting should not be less than 1/3 of visual task illuminance nor less than 200 lux [20 footcandles}.
z'lndustry representatives have established a table of single illuminance values which, in their opinion, can be used in preference
to employing reference 6. llluminance values for specific operations can also be determined using illuminance categories of
similar tasks and activities found in this table and the application of the appropriate weighting factors in Fig. 2-3.
”Special lighting such that (1) the luminous area is large enough to cover the surface which is being inspected and (2) the
luminance is within the limits necessary to obtain comfortable contrast conditions. This involves the use of sources of large
area and relatively low luminance in which the source luminance is the principal factor rather than the illuminance produced
at a given point.

BMaximum levels—controlled system.

24pdditional fighting needs to be provided for maintenance only.

2Color temperature of the light source is important for coior matching.

265elect upper level for high speed conveyor systems. For grading redwood lumber 3000 lux [300 footcandies] is required.
THigher levels from focal fighting may be required for manually operated cutting machines.

2841 color matching is critical, use Hluminance category G.
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low. These levels reflect both traffic and pedestrian
activity and are illustrated by, but not limited to, the
following examples:

High activity:

= Major league athletic events
« Major cultural or civic events
- Regional shopping centers
Fast food facilities

Medium activity:

< Community shopping centers

« Office parks

» Hospital parking areas

« Transportation parking (airports, commuter
lots, etc.)

 Cultural, civic or recreational events

Residential complex parking

Low activity:

» Neighborhood shopping
Industrial employee parking
Educational facility parking
Church parking

If the level of nighttime activity involves a large num-
ber of vehicles, then the examples above for low and
medium activity properly belong in the next higher
level.

Covered Parking Facilities. Four critical areas can be
identified within covered parking facilities: general
parking and pedestrian areas; ramps and corners; en-
trance areas; and stairways. These critical areas can
require lighting both day and night. The first of these
areas is considered to be the same as for an open
parking facility. The second area is self-explanatory.
The third area (entrance) is defined as the entryway
into the covered portion of the parking structure from
the portal to a point 15 m (50 ft) beyond the edge of
covering on the structure. The fourth area again is
self-explanatory.

Hlluminance Recommendations. Recommendations
have been established for both open parking facilities
(outdoor) and covered parking facilities (structures), as
shown in figure 24-23. These recommendations are
given to provide for the safe movement of traffic, for
satisfactory vision for pedestrians and for the guidance
of both vehicles and pedestrians. They are the lowest
acceptable levels consistent with the seeing task in-
volved and the need to deter vandalism while at the
same time meeting energy constraints. Customer con-
venience, closed circuit television surveillance and cus-
tomer attraction may require a higher level of lighting
in some circumstances.

In open parking facilities, a general parking and
pedestrian area is defined as one where pedestrian
conflicts with vehicles are likely to occur. A vehicular
use area (only) is defined as one where conflicts with
pedestrians are not likely to occur. These are areas
such as service areas or access roads.

It should be noted that, whereas figure 24-23 speci-
fies average levels for the vehicular area in open park-

Fig. 24-23. Recommended Maintained Horizontal llluminances for Parking Facilities

(a) Open Parking Facilities

General Parking and Pedestrian Area

Vehicle Use Area {only)

Footcandles Footcandles
Level of Lux (Minimum (Minimum on Uniformity Ratio Lux (Average on (Average on Uniformity Ratio
Activity on Pavement) Pavement) (Average:Minimum) Pavement) Pavement) (Average:Minimum)
High 10 09 41 22 2 31
Medium 6 0.6 4:1 11 1 3:1
Low* 2 0.2 4:1 5 05 4:1
(b) Covered Parking Facilities
Day Night
Lux (Average Footcandles Lux (Average Footcandies
on (Average on (Average Uniformity Ratio
Areas Pavement)t on Pavement)t on Pavement) (Average:Minimum)
General parking and
Pedestrian areas 54 5 54 5 4:1
Ramps and corners 110 10 54 5 41
Entrance areas 540 50 54 5 41
Stairways

* This recommendation is based on the requirement to maintain security at any time in areas where there is a low level of nighttime activity.

1 Sum of electric lighting and daylight.
See chapter 11, llluminance Selection.




Corridors

2-lamp parabolic troffers
16 feet O.C. spacing

15 fc avg. illumination

Section D
- DESIGN APPROACH

A combination of design approaches is required to
meet lighting requirements under different

circumstances.

The Owner requires uniform, average illumination at
low light levels for ambient lighting in IES Categories
A, B and C. Zonal cavity calculations are appropriate.

For task light levels, IES categories D and E, we
require a "Localized General" lighting approach with
careful attention to fixture positioning.  Point
illuminance calculations may be required.

Where partitions or systems furniture interferes with
overhead lighting, we require a task-ambient lighting
approach utilizing task lighting mounted in furniture.

This overlay of design approaches permits excellent
lighting design meeting all IES illuminance
recommendations with very low power densities. This
Section provides specific guidance to the designer in
application of each method to meet Owner approval.

D-1 General Illumination
- IES Categories A, B, C

Zonal-cavity calculations shall be used to select
the number of fixtures needed for general
illumination of activities in IES Categories A,
B, and C, including:

Corridors
Stairways
Lobbies
Rest Rooms
Lounges
Cafeterias

1.1 Corridors: Corridors shall generally
be lit by 2-lamp parabolic troffers with
the long axis perpendicular to the
length of the corridor. The Spacing
Criteria of 1.6 for this fixture permits
a spacing of fixtures at 16 feet on
center with uniform illumination of the
corridor floor at 15 fc.

Energy Design Guidelines

Lighting Page 10



FIGURE ONE -

Localized-General Lighting

Fixtures are Localized to the task to provide high light levels while avoiding
veiling reflections. The same fixtures also provide the General lighting of the
room. Hence the name Localized-General Lighting.

/

725 fc “s9 fC 67 fc
59 61 fc
AVOID AVOID

Footcandles are measured on the desk (task) surface. IES recommended light
levels above 20 fc need only be met at the task surfaces.

Fixtures shown are parabolic, 2-lamp, T8 fluorescent in the ceiling grid.
Using 1-lamp parabolic fixtures instead would provide 30 footcandles (IES

Category D) and also meet IES recommended practice for maximum luminaire
luminances in areas with computer screens.



1.2 Dormitories: Dormitory areas with
multiple bunks such as fire stations
shall provide a compact fluorescent
task light on flexible "gooseneck"
fixture at each bunk for reading.
Ambient light shall be provided at 15
fc by compact fluorescent downlights
to light common areas and walkways.
No 2x4 troffers shall be used since
they produce excess illumination that is
blinding to people being woken for
emergency calls.

D-2 Lighting for Tasks
- IES Categories D, E, F

Individual Office: A large portion of office
space rests in individual offices in the range of
100 to 150 square feet. A localized general
lighting approach is appropriate in these
spaces. Such offices will have one primary
work plane and should generally not require
more than two fixtures for combined task and
general lighting. Figure One shows sample
layouts using 2-lamp fixtures that will produce
50 to 75 fc (IES category E tasks) on the work
plane without unnecessarily high average
illumination throughout the space.

Use of two 1-lamp fixtures (tandem-wired to
one ballast) in the same locations will produce
30 fc on the work plane, meeting IES category
D. Category D covers most common office
tasks, including reading print from impact or
inkjet printers, pencil tasks, and

reading 8-point type or newspaper print as shown here.

The 1-lamp parabolic fixture also provides
superior glare control for VDT applications,
meeting IES Recommended Practice 24 direct
luminance limits above 55 degrees.

22  Areas without Partitions: The designer shall
use a Localized General Lighting approach to
meeting illuminance requirements in
Categories D and E, as recommended by IES
in open offices and multi-use areas without
partitions. The designer must tailor the
lighting layout to task locations and types
within the space. The Architect must provide

Energy Design Guidelines Lighting Page 11
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cal screens partly surroundmg the

" systems furmture s used havmg

the lighting designer with furniture layouts and
task function descriptions prior to performance
of lighting layouts at Design Development.
Localized General Lighting will generally be
accomplished by three steps in each room to
be designed as follows:

Initial Layout: Locate the task surfaces in the
room. Select one of the acceptable luminaire
layouts and locate fixtures correctly to the
task. Select the number of lamps per fixture
(1, 2 or 3) to meet approved IES footcandle
levels on the task. Then combine all the
individual layouts into an initial layout for the
complete room.

Eliminate Overlap: After initial layout of the
complete room, some fixtures may overlap or
fall adjacent to one another due to close
proximity of different task surfaces. At this
time, eliminate one in each pair of duplicate
fixtures and allow the other to do "double
duty" serving both task areas. In some cases,
a point illuminance printout may be required
for the room to minimize the number of
fixtures and optimize locations.

Review General Illumination: Review the
room design or point illuminance printout to
ensure that illuminance ratios do not exceed
5:1 between task and non-task areas. Provide
the minimum necessary supplemental light in
the form of a 2-lamp troffer, compact
fluorescent downlight or wall sconce.

work area or cabmets over the work 2.3 Areas with System Furniture and Partitions:
which ‘may cause f_adows local task

: hghtmg may be necessary to ehmmate The designer shall use a task-ambient lighting

shadows on the task area. o approach where overhead lighting is limited by

“If Iocal task lighting is used, the partitions or system furniture.

general !1ghtmg do,gs,_ not have to provide

the required illuminance for the task. It Built-in task lighting to meet IES

 may ‘be designed with  a lower recommended illumination levels should be

 illuminance appropriate for cxrculatmn provided in open offices with systems furniture

for casual viewing of tasks and to designs, study carrels or half-height partitions

provide the recommended liminance between desks. Ambient lighting shall be

ratios “between the task-and other “areas limited Cat C (5 f .

within the field of view. 1m'1t ; to ategory L ( c) averag

maintained illumination in rooms where the

, furniture is located. Task lights must be of a

C quality to eliminate direct glare, avoid

excessive luminance ratios and must use lamps

and ballasts allowed by Guidelines.
Energy Design Guidelines Lighting Page 12



24 Vertical Surfaces and Book Stacks:

Provide point illuminance calculations of
vertical surface footcandles to meet IES
recommended light levels on book stacks or
shelves.

D-3 Light Loss Factor

For all Illuminance Categories, the Light Loss
Factor (LLF) is a necessary component of IES
methods. For parabolic luminaires with T8
lamps, use & minimum LLF of 0.75.

Energy Design Guidelines Lighting Page 13



() Exterior Don’ts

Interior Don’ts

Section E - Don’ts

E-1

E-3

E-8

Bollard and Ground Mounted Fixtures. Don’t
use pedestrian accessible bollard light fixtures
and ground mounted or recessed fixtures (e.g.
step lights). These fixtures have poor light
control, limited durability, and are frequently
damage by pedestrians, lawn mowers, weather
and vandals. Pole or building-mounted fixtures
shall be used for all exterior illumination.

Fluorescent Fixtures in Cold Areas.
Fluorescent sources are not permitted in
unheated areas and exterior applications,
including parking garages, due to inefficiency
and low light output at reduced temperatures.

Exterior Fixture Wall-Packs and Globes. Do

not use exterior fixtures with a cut off angle
greater than 75 degrees. Such fixtures cause
severe problems with direct glare and much of
the light output is wasted. Eliminate all globe
fixtures, "wall-pak"” and bollard-type fixtures.

are not permitted in any
application. = Use fluorescent or compact
fluorescent or HID sources as appropriate.
This restriction applies to lobbies, hallways and
closets, conference rooms, storage rooms, etc.
Conference rooms which would normally be
provided with incandescent downlights for
dimming, shall be provided with tri-level
compact fluorescent downlights.

Quartz or Halogen Sources are also

incandescent sources and shall not be used.

U-tubes U-tube fluorescent lamps are not
permitted due to low efficiency, high lamp cost
and breakage problems.

Opal Diffusers are not permitted in any
application, including fluorescent, incandescent
and HID fixtures, due to inherent inefficiency.

Dark Painted Louvers are not permitted for

use as diffusers in any application, due to
inherent inefficiency.

Energy Design Guidelines

Lighting

Page 14






Section F
- ON/OFF Controls

F-2

Standard Switching

Standard occupant switching must be within
the room containing the switched lighting
circuits, near each point of egress, and within
view of the lights controlled. = Multiple
switching shall be used for large spaces with
more than one point of egress.

Large Spaces to be Subdivided

Large (multi-purpose) spaces must be switched
to accommodate a variety of simultaneous
activities within the space and the use of
appropriate lights during partial use of space.
In no case shall more than 1 kW of lighting be
on a single switch.

Interior Time Controls

Automatic timed switching must be provided
through the Energy Management System for
all spaces without occupancy sensors.
Automatically turn off interior building lighting
off on night and weekends.

3.1 Schedule. The following schedule will
be nominal but must be adjusted to
the actual building occupancy pattern
on a zone by zone basis:

Lights OFF at 11:00 PM on weckdays

Lights ENABLED at 6:00 AM on
weekdays

3.2 Zoning. Separate control and
schedules must be provided for each
group of spaces that will typically be
used together. Minimum separation

includes:
@) each wing of each floor of the
building and

(ii) each agency or department
within each floor.

Energy Design Guidelines

Lighting
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Required Specifications

Light Fixtures *Use these specifications verbatim*

SECTION 16915 - OCCUPANCY SENSORS

PART 1 - GENERAL

1.04 GENERAL PROVISIONS

A. Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division-1 Specifications sections, apply to the
work of this section.

B. The sensors shall be installed in rooms according to the Contract drawings, and
shall be compatible with all features of the balance of the lighting system.

1.02 WORK INCLUDED:

A. Occupancy sensors to control lighting in rooms specified by the Contract
documents.
B. Survey to determine appropriate type, number and location of sensors to

achieve performance requirements. Documentation of survey using the
Occupancy Sensor Commissioning form provided in these specifications.

C. Associated wiring, power packs, relays, switch-packs and all labor and
accessories as may be needed to provide a complete and fully functioning
occupancy sensor system in conformance with all performance requirements.

D. Signage at switches to notify personnel of the presence of an occupancy
sensor.

E. Sensor Commissioning to obtain specified performance.

F. Provide One-year service on the installed sensors, including reinspection and

on-call services as described in this section. Provide 3-year warranty on parts.
Provide 3% warranty stock of each part to the Owner for the warranty period.

1.03 QUALITY CONTROL:

A Time Delay Test: Sensor shall deactivate lighting after a time interval within the
range specified for the type of space. Sensor will be tested by leaving the room
and timing the interval to deactivate lights. Test shall be conducted with HVAC
systems in operation.

B. Entry Test: Sensors shall activate lighting within 2 seconds of entrance by a
person beyond 3 feet into the space at each door to the space covered. Sensor
shall not activate when person passes room with door open but does not enter.

C. Hand Motion Test: Sensor shall provide 100% coverage and maintain lighting
at all times that a fixed work station or desk or stationary task is occupied.
Sensor must pick up hand motion of one foot distance back and forth, either
parallel or perpendicular to the work surfaces. Test may be conducted by
observing red LED indicating sensor triggering.

Find complete specifications under FILENAME: 16915.SPC
on the Diskette labelled REQUIRED SPECIFICATIONS.



33 Switching Over-ride. Automatic timed
switching controls must include
over-ride switching using two- hour
twist timers. Constant-burn lighting
must be placed to illuminate over-ride
controls.

3.4 Warning Sequence. Five minutes prior
to turning off the lights, the EMS shall

blink the lights off for 1 second to
warn any occupants. Occupants then
may engage the over-ride timer before
lights are turned off.

F-4  Exterior Lighting Control
B SR Exterior lighting shall be placed under control
Parkmg Lot lights must be qf the Energy Management System. Separate
lled bv Ener timers or photocells shall not be used. The
: (;.o_ntro M gy Energy Management System shall compute
G Management to be turned off f sunrise and sunset times each day. The
- at Midnight. : ot following schedule will be nominal, but should
. i be adjusted to the actual occupancy of the
building:
ON OFF
Passive Infrared Sensors Parking Sunset Midnight
All objects give off heat, also Security Sunset Sunrise
known as infrared radiation. Passive
infrared sensors (PIRs) sense the F-5  Occupancy Sensors
difference in temperature between
objects and the background. Because Automatic Occupant-Sensing Switching shall
: be used for all rooms with variable occupancy,
¢ including individual offices, with at least 300
L Watts combined on the switched circuits. Use
the attached Guide Specification Section
. ; 16915 for sensing units.
"\ Mounting and Location. Do not use Wall-
: . . / mounted occupancy sensors designed to
J replace wall switches, due to susceptibility to
Lo damage and inadequate field of view around
vy furnishings.
i /
L ; J Ceiling or corner-mounted sensors should be
(‘_) used in all applications of occupancy sensors.
humans are warmer than surround-
ing surfaces, passive infrared
devices sense the presence of people
in the room.
Energy Design Guidelines Lighting Page 16



Cl Passive Infrared Sensor

¢ Fresnel lens with a choice of 3 patterns for
coverage of large areas

¢ Part of a complete integrated system of
lighting control

¢ Built-in light-level sensor
¢ Adjustable sensitivity & digital time delay

+ Contains an isolated relay contact for use
with HVAC or other control systems

+ 5 year warranty

3ystem Information The Watt Stopper’s new CI occupancy sensor
(CI-100) utilizes advanced passive infrared technology to control lighting in a wide

variety of applications. It can be used as part of an integrated system of Watt Stopper
lighting control or as a stand-alone product. The CI-100's superior coverage and high
degree of accuracy provide users with flawless lighting control and huge energy savings.

Operaﬁon The CI-100 is a 24 VDC occupancy sensor which controls lighting systems through a

' Watt Stopper Power Pack. The unit operates by turning lighting (or HVAC) on when it
detects a change in infrared heat radiated within the controlled area. After the area is
vacated and after a user-adjustable time delay, lighting automatically turns off.

Features The CI-100 features adjustable time delay and unit sensitivity . The time delay functions
through a highly accurate digital timer with a tolerance of + 2%. With a 6 position dip
switch, the time delay can be programmed from 15 seconds to 30 minutes with 2 minute
increments (see chart). The CI-100 also features a unique light-level sensor output
which can be used to prevent sections of lights from turning on if natural light levels are
above a user specified level (adjustable from 2.5 to 430 footcandles). Adjustable controls
are accessible beneath a swing cover. Also with the CI-100, a choice of three different
lens patterns is provided. This enables you to customize the sensing pattern for each
room to achieve the best possible coverage. The CI-100 contains an isolated relay
contact that can be used to interface with HVAC, EMS systems, monitoring systems, or
with an additional light circuit. It has normally open and normally closed contacts.

Applicaﬁons The CI-100 is the ideal sensor for larger areas and can cover up to 1500 square feet. By
choosing the proper lens patterns for each application the sensor can effectively cover
large offices, utility areas, computer rooms, open office spaces, classrooms, aisleways,
and warehouses. By customizing the coverage pattern to each use, occupancy detection
can be extremelv accurate and energy savings will therefore increase. The additional
amount of savings you receive from the built-in daylighting and from interfacing with
HVAC or other building systems gives paybacks well within 2 years.

Specm cations ¢ Dual-element pvroelectric sensor

' ¢ 3.38"x 3.35" x 2.05" {86mm x 85mm x 52 mm
The Watt Stopper, Inc.

Santa Clara, €A 95050 + Red LED indicates motion detection

TEL: (408) 9885331 + Digital Time-delay - adjustable from 15 seconds to 30 minutes; £ 2% tolerance
FAX: (408) 9885373 . .
Plano. TX 75023 o Integrated light level sensor — works from 2.5 to 430 footcandles
13008798585 o Available in White




C1-100 Technical Information

Time
Delay 1 2 3 4 5 6
. Catalog No. Description 15sec | 1 0 0o 0 0 o
Ordering 2mnj 0o | 1] 0| o] o] o
. CI-100 Passive Infrared Sensor amin | 0 0 1 0 0 0
Information & smin | 0 | 1| 1] o o] o
: CM-100  Ceiling Mounting Attachment Bracket 8min | 0 0 0 1 0 0
Time-delay Chart omn | o | 0|10 o
~ . min
WM-100  Swivel Wall Mounting Bracket 14min | 0 1 1 1 0 0
16min | 0 0 0 0 1 0
" . 18 min 0 1 0 0 1 [
Notes: Dense Wide Angle lens is standard 20min | 0 0 1 0 1 0
(see Coverage Patterns below) gz min | 0 1 1 0 1 0
4
Add -! after Catalog No. for Long Ra.nge lens 26 ::: g ? g : : g
Add -2 after Catalog No. for Extra Wide Angle lens 28min | 0 0 1 1 1 0
e : < 3 - ¢+ 30 min 0 1 1 1 1 o !
All Units are white and use Watt Stopper Power Packs L om | x X | x X « N
1 =ON 0= OFF X = Not Applicable
Installation Top of wal |
CM-100 Ceiling —
_ Ceiling Mounting Bracket
CI-100 ‘ \
sensor - B
mounting Gl
back panel .
WM-100 Swivel
) Wall Mounting
e Bracket
\ Standard wall
**Each bracket can also
:il)— r:‘o;)af‘e:r,\sor Corner - 90 degrees be used separately
WI rl n g White / Neutral
Schematic & L Red (Line) Lghting
N White Power Pack Load
Product Controls S S ( < |
i
Hot /Jj Black % - Red (Load) j‘gi
N
Isolated Retay Outputs Cabie
3 L Closure upon Occupancy | _ Wires
T | ~_Normally Closed Contact 1-Bwn
& Common 2-Red
Slave Pack : Normall y
Control Qutput 24VDC  4-Yiw
Control Return __ 5-Gi
O » LED
Blue White Light Level Output 24VDC__ 6-Blu _| /
: _‘| ~ o) +24VDC  7-Prpl .
Black o Common _ 8.Gry | ® — Sensitivity
Light Level
Hot OFF switch Light l Mounting
© o Level Time-Delay Setting Screw
Red (load) Lighting oni123456]
Blfiie
N ] off !
% ‘
Coverages ]
i
I
18
|
i
Angl Long Range Extra Wide Angle .
Denfse:awngjm)nge (Cl-100-1) (CI-100-2) —
101t
The Watt Stopper, Inc. \
Santa Clara, CA 95050 Sfo14ft.  28H 48 . 51416 . 50 tt. 80 ft. 90 ft. 301t

Pub. No. 3301

Note: Coverages shown are maximum coverages and represent haif-step walking motion.



System information

Operation

Features

Applications &
Economics

Specifications

The Watt Stopper, Inc.
Santa Clara, CA 95050
TEL: (408) 988-5331

FAX: (408) 988-5373

Plano, TX 75023
1-800-879-8585

¢ Proven 30% to 60% savings; Turn
lights on only when needed

+ 500, 1000 and 2000 sq. ft.
coverages available

¢ Adjustable sensitivity & time delay

¢ Fully-integrated product line

¢ UL & CSA Listed; Five-year warranty

Watt Stopper Ultrasonic Sensors are part of an integrated system of lighting control
products. Sensors are available to control almost any application, and can work as
stand-alone products or as part of a larger lighting control system.

Watt Stopper Ultrasonic Sensors utilize advanced omni-directional ultrasonic doppler
technology to sense occupancy. When ceiling mount sensors detect movement in con-
trolled areas, they switch lighting systems on through a Watt Stopper Power Pack. The
sensor controls the power pack through low-voltage wiring. As long as movement is
sensed, the lights remain on. Lighting systems are switched off when no movement is
detected after a user-adjustable period of time (from 15 seconds to 15 minutes).

Watt Stopper Ultrasonic Sensors are designed to work across a wide variety of applica-
tions, both individually and as part of a larger system. All Watt Stopper Ultrasonic sen-
sors feature adjustable time delay, adjustable sensitivity, logic key/ON bypass and
omni-directional ultrasonic technology. An LED indicator makes sensitivity adjust-
ments easier, In addition, Watt Stopper Ultrasonic sensors are UL and CSA Listed and
have a five-year warranty.

Ultrasonic sensors come in coverages of 500 sq. ft., 1000 sq. ft. and 2000 sq. ft. They're
designed to work together to effectively control small offices, utility areas, open office
spaces and even warehouses. The W-500A is perfect for offices, conference rooms,
bathrooms and other areas up to 500 sq. ft. The W-1000A is ideal for larger spaces like
classrooms and storage areas. The W-2000H is ideal for hallways, while the W-2000A is
ideal for large open areas such as warehouses and can control partitioned open office
spaces when configured in highly-versatile zone patterns. The W-120C and W-277C
are wall switch replacement units that are ideal for small storage areas, bathrooms and
enclosed rooms. All the units are designed to pick up people writing, reaching for
phones, typing, etc. They slash utility costs by turning lights off when they’re not
needed. And, unlike sweep systems, they don’t impair the work environment in any
wav. Also. easy installation and low initial cost provide fast paybacks.

¢ Solid State, crystal-controlled (25 kHz+ 0.005%)

¢ Omni-directional transmission (360° coverage)

¢ Temperature and humidity-resistant 25 kHz Microphone Receivers
¢ Logic Key/ON bypass

* 45"x45"x 1.25" (115mm x 115mm x 32mm) (Wx Lx D)

¢ Time delay adjustable from 15 seconds to 15 minutes

¢ Available in White or Ivory



Ordering
Information

Wall Switch
Installation &
Schematic

Ceiling Sensor
Placement and
Schematic

Ceiling Sensor
Coverage

The Watt Stopper, Inc.

Santa Clara, CA 95050
Pub. No. 0104

Ultrasonic Sensor Technical Information

Catalog No.  Description/Type Voltage Current/Load Coverage Notes
W-500A Ceiling Sensor 24 VDC 20 mA 500 sq ft-360° 1,2
W-1000A Ceiling Sensor 24 VDC 20 mA 1000 sq ft -360° 12
W-2000A Ceiling Sensor 24 VDC 20 mA 2000 sq ft ~360° 1,2
W-2000H Hallway Sensor 24 VDC 20 mA 900 sq ft ** 1,2
W-120C Wall Switch 120 VAC 150-800 Watts 500 sq ft - 180°
W-277C Wall Switch 277 VAC 150-1000 Watts 500 sq ft ~ 180°

!
!
; Fixtures Fietures
Sensor

Notes: 1 - Used with Watt Stopper Power Pack

2 - Available for half-wave pulse, low-voltage lighting systems, add -24 to Catalog No.

All models are White, add an -I to Catalog No. for Ivory.

“\ Eusting Switch Box
(Singla or Doubte)

Mounting Plate

Adjustments lor ime and
sansitivity are in back of unit

[ BallasuLight ] ' Ballast/Light ]

Neutral

Hot
Automatic
Wall Switch

+24 VOC - Red
Comman Black

N White
Hot Black

O

Red ! 24 VOC - SL Blue
Red
’ Power Pack Occupancy Sensor
I
Figure A Figure B
Sensor

Incorrect

Correct

For enclosed spaces sensors should be placed as
in Figure A. Sensors placed as in Figure B would
see out the door, resulting in false triggering.

! W-2000A
3 oo
W-1000A
29'
12
W-500A
24 [ T

C g \

QS' 25 |20 5 s 15207 25 4§

y 10’ /

N o
\_ Lo

[l sensor

Coverages shown represent half-step walking motion. Actual cov-
erages can vary for each application depending on shape and use

of space and obstacles present.

**The W-2000H drawing is not drawn to scale. Coverage is 10" x
90" in a hallway, walls are necessary for this coverage pattern.

For standard installation use toggle bolts
attaching mounting plate to ceiling tile.
Always try to attach sensor to a vibration
free surface.

Example of open

- - office overlap
e
- =
30 X3

“*W-2000H

For open office space the W-2000A is the
most often used because of its true 360°
coverage and capability to bounce off of
partitions, walls, floors and other reflect-
ing objects to sense motion. A typical
layout for open office space is for the
ultrasonic sensors to control the office
area in zones that overlap. The coverage
can be for a 20' x 20' zone and up to a
maximum of 40' x 40'. A typical zone is
about 25" x 25' for the lighting fixtures
and an overlap on the sensor coverage
that picks up to 30' x 30".




Section G - Daylighting Controls

G-1

Non-task areas

In all buildings, provide photometric ON/OFF
controls to turn off lights in response to
natural light availability for fixtures meeting
the following criteria:

(1)  Spaces without assigned work areas,
and 20 fc or less maintained
illumination, IES categories A, B and
C, including:

Corridors

Stairways

Lobbies

Vestibules

Lounges
Multipurpose rooms
Cafeterias

(2) Fixtures within daylighting zone
defined by rectangle 8 feet deep from
a window and 3 feet to either side.

(3) Minimum of 300 Watts connected
lighting per photocell. = Combine
spaces where feasible to meet this
wattage.

2.1 Control Sequence. Photocell shall
measure interior light level at a
representative point in the daylit space,
generally 4 feet away from the
window/wall. Photocell shall have an
adjustable dead band, with initial
settings OFF at 50 fc and ON at 15 fc.

Task areas

Do not use ON/OFF photocell controls in task
areas characterized as IES categories D, E or

higher.

Energy Design Guidelines

Lighting
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System Information

Operation

Features

Applications

Economics

The Watt Stopper, Inc.

Santa Clara, CA 95050
TEL: (408) 988-5331
FAX: (408) 988-5373

Plano, TX 75023
1-800-879-8585

LightSaver Controller

¢ Turns lighting systems on and off
according to natural light levels

¢ Part of a fully-integrated system

¢ User-adjustable settings:
10 to 1000 footcandles

¢ User-adjustable Deadband feature
prevents lighting system cycling

¢ Easy installation; Five year warranty

The LightSaver is part of a fully integrated lighting control system. It automatically
switches lighting systems off when enough natural light is available and turns them back
on again when lights are needed. The LightSaver sensor also works with other lighting
control systems or as part of a larger lighting control system.

The LightSaver is a self-contained 24 VDC light level sensor which controls lighting sys-
tems through Watt Stopper Power Packs. The LightSaver uses an internal photo conduc-
tive cell to measure light levels. The sensor turns lighting systems off when natural light
levels reach from 10 to 1000 footcandles (setting adjustable by user). Lighting systems
come back on when natural light levels have fallen far enough to warrant it. A deadband
feature prevents lighting system from cycling on partly cloudy days. The LightSaver also
has an adjustable time delay of three seconds to five minutes which helps prevent
cycling.

The LightSaver is available in two models—the LS-100XA and the LS-100XB. The LS
100XA operates at light levels from 10 to 200 footcandles, while the LS-100XB works from
50 to 1000 footcandles. The time delay and adjustable deadband features prevent cycling
during partly cloudy days. A dual color LED displays the LightSaver’s current triggering
status. All units have a user logic key ON/bypass.

LightSavers can be used to control virtually any area through the use of Watt Stopper
power and slave packs. Any type of lighting can be controlled: fluorescent, HID and
incandescent. LightSaver sensors work in peripheral offices, areas with skylights, cafeter-
ias, warehouses and any other area with natural light access. Other applications include
turning off lighting in outdoor parking facilities, car lots, repair and storage facilities, ser-
vice stations, food establishments, billboard systems, outside signs, and security lighting
applications. The LightSaver can be integrated into a system with Watt Stopper occu-
pancy sensors so lighting systems are on only when areas are occupied and artificial light
is necessary. Sensors are also an ideal supplement to existing security systems.

LightSaver sensors slash utility costs by turning lights off when they're not needed. Easy
installation and advanced design keep unit costs down and paybacks fast.



LightSaver ’
Specifications |

Ordering Information

Deadband Feature
Information

Installation
and Electrical
Schematics

The Watt Stopper, Inc.

Santa Clara, CA 95050
Pub. No. 0203

Ld

LightSaver Technical Information

¢ Completely integrated with the rest of the Watt Stopper line of lighting control

¢ Solid state system
¢ Adjustable “ON” light level setting and adjustable “OFF” deadband feature

¢ Adjustable time delay (three seconds to five minutes)

¢ Dimensions: 2.5" x 2.5" x .75" (64mm x 64mm x 21mm) ( Length x Width x Depth)
¢ Control output: 120 mA current maximum

¢ Logic key/ ON bypass; Dual color LED displays unit status

¢ Five-year Warranty

Deadband
Catalog No. Voltage Footcandle Range Range
LS-100XA 24 VDC 10-200 10 to 300 %
LS-100XB 24VDC 50-1000 10to 300 %
Used with Watt Stopper Power Packs.
"OFF" Level (Green LED)
75 FC
3
2
Deadband
S
9 55 FC
8 ¢ “ON" Level (Red LED)
W
50 FC
10% (minimurm) Deadband Level (in percent) 50%

If lighting levels drop below the ON level (here set to 50 Footcandles), the LED will
turn red and the lights will go on after the user-adjustable time delay has expired. Light
levels will increase after the lights are turned on, but the lights will remain ON until the
OFF level is reached. Should light levels climb above the OFF level, the signal LED will
turn green, and the lights will turn off when the time delay has expired. This deadband
feature prevents lighting systems from cycling.

Low voltage cable

—— Wire Nuts mlte—':g +24 VDC - Red
HotBlack | Common Black
®ea | 1 24 VDC - SL Biue
Red
1" R
2 hole in Power Pack LightSaver Sensor
ceiling tile
Light Sensor

— e e e




Appendix One

Lighting Compliance Program

(ASHRAE 90.1-1989 Appendix B)



B.1 Introduction

The microcomputer Lighting Prescriptive and System
Performance Compliance Calculation Program calcu-
lates requirements in ASHRAE/IES Standard 90.1-
1989, “Energy Efficient Design of New Buildings ex-
cept Low-Rise Residential Buildings”. The program
may be used for performing the calculations required
for the lighting requirements and compliance calcula-
tions in 6.4, 6.5, and 6.6 of the standard. The calcu-
lations performed by the lighting program are an exact
duplicate of the requirements and the compliance cal-
culations contained in 6.4, 6.5, and 6.6 of the standard.

The lighting program does not calculate power ad-
justment factors for automatic control devices, as de-

scribed in 6.4. Hsostminitimtonsidon-thosseadiustment
faclarssopasaioln

The microcomputer program is provided as a con-
venience in determining lighting requirements and cal-
culating if a building design is in compliance with those
requirements. The program will perform calculations
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for a maximum of 500 spaces in g building and 100
exterior illumination areas.

This appendix contains instructions for using the pro-
gram and a list of building type, space type, and exterior
area codes incorporated into the program. A diskette
containing the program is included with this standard.
If you requested a 3.5 in., 720-kybte format diskette,
vou will receive a single diskette with two directories—
ENVELOPE and LIGHTING. The lighting program
is under the LIGHTING subdirectory. If you requested
5-1/4 in., 360-kbyte format diskettes, you will receive
two diskettes, one containing the lighting program and
one containing the envelope program.

B.2 Using The Program
The lighting program has been written in the C com-
puter language. The compiled version of the program
provided on the diskette will run on virtually any MS-
DOS compatible microcomputer, requiring only the
MS-DOS 2.0 or later operating system.
In order to run this program, you will need the fol-
lowing equipment:
* an IBM-DOS or other MS-DOS compatible mi-
crocomputer with:
—at least 384K RAM memory, and
—a double sided, double density disk drive or a
double sided, double density disk drive and a hard
disk.
* a monochrome or color monitor
* a math coprocessor (optional)
* MS-DOS operating system; 2.0 or later version

B.2.1 Users with Two Diskette Drives. To run the
program. insert the operating system (DOS) diskette
in Drive A and turn on the computer. After providing
the time and date information requested on the screen,
the screen will show an A> prompt; at this point replace
the operating system diskette in Drive A with the light-
ing program diskette. Type Dir and then press the Enter
key. A list of the files on the diskette will appear on
the screen. The diskette includes the following files:

LTGSTD21.EXE
LIGHTING.DOC

Compiled Lighting Program
Users’ guide documentation

Three additional files are included on the diskette as
example data files:

BANK.LTG Example branch bank building. 2.250
ft?, single story.

CHURCH.LTG Example church building. 12.920 fi*.
single story.

MEDOFFIC.LTG Example medium office building.

48.664 ft*. three stories.

To start the lighting program, type LTGSTD21 and
press Enter. After the title screen appears, press any
key to continue and the Main Input Screen shown in
Fig. B-1 will appear. Before using the lighting program,
first make a copy of the original diskette. See your DOS
Reference Manual for instructions on formatting and
copying diskettes.
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B.2.2 Users with Hard Disk Drives. If you have a
hard disk drive, it is recommended that the lighting
program be copied onto the hard disk. The instructions
given below assume that the DOS is already on the hard
disk and the hard disk is designated as Drive C.

The first step in copying the lighting program files to
your hard disk is to create a directory for those files.
Directories allow the user to organize files into related
groups. You should put all the files from the lighting
program diskette into the same directory. The following
instructions assume the directory name is LIGHTING,
but the user can name the directory anything.

* Make sure the C> prompt is on the screen. (Type

C: and press Enter).

* Type MKDIR \LIGHTING and press Enter. This
DOS command creates a directory on the hard disk
called LIGHTING under the main root directory.

* Type CHDIR \LIGHTING and press Enter. This
DOS command makes LIGHTING the current di-
rectory. Your DOS manual contains more infor-
mation about creating and using directories.

Now copy the files from the lighting program diskette

to the hard disk. .

* Make sure the C> prompt is on the screen. (Type
C: and press Enter).

* Place the Lighting Program diskette in Drive A
and close the door.

* Type COPY A:*.* and press Enter. This DOS com-
mand copies every file from the diskette in Drive
A to the current directory on the hard disk Drive
C.

To start the lighting program, type LTGSTD21 and
press Enter. After the title screen appears, press any
key to continue and the Main Input Screen shown in
Fig. B-1 will appear.

B.3 Main Input Screen

The cursor control keys, special function keys, and
data required for the Main Input Screen are described
below. The Main Input Screen is shown in Fig. B-1.
The user enters information about the building types,
the gross area of the building, interior and exterior
lighting power design watts, and an optional description

BUILDING

BUILDING TYPE AREA 2
DATE

NA 0 ft

NA 0 hz
WA 0 ft 2
0 Gross ft

BUILDING DESIGK 2

Interior Lighting Power ow 0 W/Gross ft
Exterior Lighting Power ow

PRESCRIPTIVE CRITERIA 2
Unit Lighting Power Allowance NA MW/Gross ft
Interior Lighting Power Allowance NA W

SYSTEM PERFORMANCE CRITERIA 2
Unit Power Density 0 W/Gross ft
Interior Lighting Power Allowance oW

EXTERIOR LIGHTING CRITERIA
Exterior Lighting Power Allowance ow

F1 Load | F3 Clear FS Space Screen F7 Help F9 Calculate
F2 Save F4 Directory F6 Bldg Type Codes F8 Ext. Screen | Esc Exit to Dos

Fig. B-1 Main Input Screen
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and date. The program automaticatly calculates the
compliance values for Interior Lighting Power Allow-
ance (ILPA) and Exterior Lighting Power Allowance.
(ELPA) If the design lighting power is less than the
compliance values, the building design complies.

B.3.1 Cursor Control Keys. The following keys al-
low the user to move the cursor around the Main Input
Screen.

<BACKSPACE> Delete the last character of a
column.

Move the cursor one column
to the left. or, if at the left-
most column. move the
cursor to the last column of
the previous entry.

Move the cursor one column
to the right. or if at the right-
most column. move the
cursor to the first column of
the next entry.

Move the cursor up one row
to the start of entry above it,
or if on the top row, move
the cursor to the bottom row.
Move the cursor down one
row to the start of the entry
below, or if on the bottom
row, move the cursor to the
top row.

<LEFT ARROW>

<RIGHT ARROW>

<UP ARROW>

<DOWN ARROW>

B.3.2 Special Function Keys. Special function keys
allow the user to calculate compliance, save and recall
lighting compliance calculations, and other features.

List all LTGSTD data files in the current
default directory (all files with .LTG
extension). The user is then prompted for a
filename to load into the LTGSTD program.
Any filename acceptable to DOS can be
used (up to eight characters in length with a
three character extension). The program wil]
read up to twenty characters to allow the
use of disk drive and directory designations.
Enter the disk drive, directory path, and
filename without the .LTG extension.
Save a LTGSTD data file to disk. The files
are saved as ASCII files. allowing the user
to print them later. Enter the disk drive,
directory path, and filename without the
.LTG extension.
Clear all data from the Main Input Screen.
the Space Data Input Screen, the Controls
Data Input Screen, and the Exterior Data
Input Screen. Initialize all values to zero.
List all LTGSTD data files in the current
default directory with an .LTG extension.
Move from the Main Input Screen to the
Space Data Input Screen.
Display the building type descriptions and
codes in a window. The user selects a space
type by pressing the Enter key when the
cursor is moved over the desired building
type. To return to the Main Input Screen,
press Esc or the space bar.

<F1>

<F2>

<F3>

<F4>

<F5>

<F6>
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<F7> Display a help context-sensitive message for
the information required at the current
cursor position. Press any key to return to
the Main Input Screen.

Move from the Main Input Screen to the
Exterior Data Input Screen.

Calculate the interior lighting power
allowance for both the Prescriptive and
System Performance compliance path, and
the exterior lighting power allowance. The
program also shows if the design vajues
comply with these requirements.

Exit from the program.

<F8>

<F9>

<Esc>

B.3.3 Input Requirements for Main Input Screen.
The Main Input Screen has two required entries: Build-
ing Type Code or Codes and the gross area or areas of
the buildings. The other two entries, building descrip-
tion and date, are optional.

BUILDING TYPE If the Prescriptive Compliance Path in
6.5 will be used, enter a character
from A to K to designate the
appropriate building occupancy.
Alternatively, press F6. move the
cursor to the appropriate building
type/area code and press Enter. The
Prescriptive Path is available only for
the building type/area codes listed.
This option is intended primarily for
use with core and shell buildings or
during the preliminary design phase.
The building type codes are also listed
in Table B-1.

Enter either the gross area of the
entire building or if significant
amounts of different building/
occupancy types are present. the gross
area of each. The program and the
standard require that different
building/occupancy types must be at
least 10% of the gross building area to
be considered. The units are ft* and
the allowable range is 0 to 99,999.999.
Use this space to identify the project
being evaluated. The name or
description of the building is limited
to 30 characters.

Use this space to record the date and
other information such as the initials

AREA

BUILDING

DATE

Table B-1
Building Type Codes

Building
Type Code

Building
Type

Fast Food/Cafeteria
Leisure Dining/Bar
Offices

Retail

Mal!l Concourse
Service Establishment
Garage
Pre/Elementary School
High School
Technical/Voc. School
Warehouse/Storage

RCTTIOMMUOUO®E >
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of the individual conducting the
evaluation. A maximum of 30
characters may be entered.

INTERIOR Enter the total interior lighting power

LIGHTING for the building as it has been

POWER designed. Include the power required
for supplemental and task related
lighting provided by plug-in luminaires
as well as permanently installed
lighting. Allowable values are 0 to
999,999,999 W.

EXTERIOR Enter the total exterior lighting power

LIGHTING for the building as it has been

POWER designed. Inciude all power used for

illumination of roads. grounds. and
building exteriors that is energized
through the building electrical service.
Allowable values are 0 to 999.999.999
w.

B.4 Space Data Input Screen

The cursor control keys, special function keys, and
input requirements for the Space Data Input Screen are
described below. The Space Data Input Screen is shown
in Fig. B-2. The user enters information about the space
-space number designation (optional), space type code,
ceiling height, area or dimensions. and number of
spaces. The space type description shown at the top is
for the line where the cursor is currently pointing. The
program automatically calculates the Area Factor
(AF), Unit Power Density (UPD), Base Unit Lighting
Power Allowance (Pb), Lighting Power Budget (LPB)
based on the space data, and Total Lighting Power
Budget (TOTAL LPB).

B.4.1 Cursor Control Keys. The foliowing keys al-
low the user to move the cursor around the Space Data
Input Screen.

<BACKSPACE> Delete the last character of a
column.

Move the cursor one column
to the left or if at the left
most column, move the
cursor to the first column of
the same row.

Move the cursor one column
to the right or if at the right
most column. move the

<LEFT ARROW>

<RIGHT ARROW >

SPACE TYPE DESCRIPTION: TOTAL AREA:
SPACE NO TOTAL
NO. TYPE DIMENSIONS AREA CLG HT SPACES AF UPD Pb LP8 LPB

Arrows, Pgup, PgDn, and Home Move
Ins Insert Record / Del Delete Record
F5 Controls Screen

F6 Space Type Codes
F7 Help / F8 Main Screen
Ctri-F10 Copy Down (CLG HT)

Fig. B-2 Space Data Input Screen

cursor to the last column of
the same row.

Move the cursor up one row
in the same column, and if
on the top row of the Space
Data Input Screen, scroll
records up one row.

Move the cursor down one
row in the same column, and
if on the bottom row of the
Space Data Input Screen,
scroll the records down one
row.

Insert a blank record line at
the current position of the
cursor. This function can be
used at any record line of the
space data.

Delete a record line at the
current position of the
cursor. This function can be
used to delete any record line
of the space data.

Move the cursor up 17 record
lines or if near the beginning
of the space input data,
advance the cursor to the
first record line.

Move the cursor down 17
record lines.

Move the cursor to the first
record line.

<UP ARROW>

<DOWN ARROW>

<Ins>

<Del>

<PgUp>

<PgDn>

<Home>

B.4.2 Special Function Keys. The special function
keys allow the user to move from the Space Data Input
Screen to the Controls Data Input Screen or Main Input
Screen, view and select space type codes, and get help
on the required data.

<F5> Move from the Space Data Input Screen to
the Controls Data Input Screen.

Display the space types and their
descriptions in a window when the cursor is
in the space type entry column. Allows the
user to cursor through the types and select
one by pressing the Enter key. If no space
tvpe is desired, press the space bar or Esc
kev to return to the Space Data Input
Screen.

When in the space type code window. the
user can search for a specific space type by
pressing the F1 key. entering a character
string and then pressing Enter. By pressing
F1 and Enter again, the program will search
for the next occurrence of the character
string.

Display a help context sensitive message for
the information required at the current
cursor position. Press any key to return to
the Space Data Input Screen.

Move from the Space Data Input Screen to
the Main Input Screen.

Copy the Ceiling Height on the line where
the cursor is currently located down to all
lines where data has been entered.

<Fé6>

<F7>

<F8>

<Ctrl>
<F10>
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B.4.3 Input Requirements for Space Data Input
Screen. The Space Data Input Screen allows the user
to enter information about the building spaces: space
type, dimensions or area, ceiling height, and number
of spaces. Up to 500 spaces can be entered for a single
building. Records do not have to be completely entered
before moving to a new record, but incomplete records
are not included in the compliance calculations.

SPACE NO. Enter space numbers to identify
individual spaces within the
building. Combinations of up to
four characters and numbers are
allowed.

Enter an integer from 1 to 131
to designate the appropriate
space type code. Alternatively,
press F6, move the cursor to the
appropriate space type code,
and press Enter. If the space
type or activity is not
represented by the list, select
the code with the most similar
space type or activity. The space
type codes are also listed in
Table B-2.

Enter the length and width of
the space, in ft. The program
will automaticaliy calculate the
floor area. Alternatively, the
length and width of the space
can be left blank. and the area
entered directlv. Allowable
values are 0 to 999 ft.

Enter the floor area of the
space. in ft2. Alternatively. the
length and width of the space.
in ft. can be entered under the
Dimensions column and the
floor area will be calculated
automatically. Allowable values
are 0 to 999,999 ft*.

Enter the height of the ceiling,
in ft. The program uses the
ceiling height to calculate the
Area Factor (AF) for each
space. Allowable values are 0 to
500 ft.

Alternately. enter all other
data, then return to the first
data line and enter the typical
ceiling height. Then, press
<Ctrl><F10>. The program
will automatically copy the
ceiling height to all lines with
data.

Enter the number of spaces in
the building that are like the
one described. This value serves
as a multiplier. allowing the user
to enter multiple similar spaces
in a single entry. The allowable
range is 0 to 99.

SPACE TYPE

DIMENSIONS

AREA

CLG HT

NO. SPACES
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B.5 Controls Data Input Screen

The cursor control keys, special function keys, and
input requirements for the Controls Data Input Screen
are described below. The Controls Data Input Screen
is shown in Fig. B-3. The user enters information about
the number of tasks or groups of tasks, and the type
of controls installed in the space. The requirements for
minimum number of equivalent control points and the
credits for various control types are in 6.3.2 of the
standard. The program automatically calculates the to-
tal controls points required for each space based on the
data entered. The Space No., Description, and Area
are brought forward by the program from the Space
Data Input Screen.

B.5.1 Cursor Control Keys. The following keys al-
low the user to move the cursor around the Controls
Data Input Screen.

<BACKSPACE> Delete the last character of a
column.

Move the cursor one column to the
left or if at the left most column.
move the cursor to the first column
of the same row.

Move the cursor one column to the
right or if at the right most column,
move the cursor to the last column
of the same row.

Move the cursor up one row in the
same column, and if on the top
row of the Controls Data Input
Screen., scroll records up one row.
Move the cursor down one row in
the same column. and if on the
bottom row of the Controls Data
Input Screen. scroll the records
down one row.

Move the cursor up 17 record lines
or if near the beginning of the
space input data, advance the
cursor to the first record line.
Move the cursor down 17 record
lines.

Move the cursor to the first record
line.

<LEFT ARROW>

<RIGHT ARROW>

<UP ARROW>

<DOWN ARROW>

<PgUp>

<PgDn>

<home>

B.5.2 Special Function Keys. The special function
keys allow the user to move from the Controls Input

TOTAL EQUIVALENT
CONTROL POINTS
INSTLD.  REQD.

SPACE ——————————— NO. CONTROLS —Mm8M—8———
NO. DESCRIPTION AREA TASKS TYPE NO. TYPE NO.

F6 Controls Type Codes
F7 Help
F8 Main Screen

Arrows, Pg Up, Pg Dn, and Home Move

FS Space Screen

Fig. B-3 Controls Data Input Screen

123




Table B-2 Table B-2
Space Type Codes " Space Type Codes
Space Space
Type Code Description UPD Type Code Description UPD
Auditorium Common Activity Areas
1 Auditorium 1.6 35 Conference/Meeting Room 1.8
36 Computer/Office Equipment 2.1
Corridor 37 Inactive Filing 1.0
2 Corridor 0.8 38 Mail Room i8
Classroom/Lecture Hall ) s?gprv&?]?;,musma” 25
3 Classroom/Lecture Hall 20 40 Electrical/Electronic 25
Electrical/Mechanical Equipment Room jl .1,(;
4 General 0.7 43 .1.7
5 Control Room 1.5 ; -
) Storage & Warehouse
Food Service ' 44 Inactive Storage 0.3
6 Fast Food/Cafeteria 1.3 45 Bulky Active Storage 0.3
7 Leisure Dining 2.5 46 Fine Active Storage 1.0
8 Bar/Lounge 25 47 Material Handling 1.0
9 Kitchen 1.4
Unlisted Space
Recreation/Lounge 48 Unlisted Space 0.2
10 Recreation/Lounge 0.7
Airport. Bus & Rail Station
Stair 49 Baggage Area 1.0
11 Active Traffic 0.6 5(]) go?(couclj'se/Main Thruway 0.9
: 51 Ticket Counter 2.5
12 Emergency Exit 04 52 Waiting & Lounge Area 1.2
Toilet and Washroom Bank
13 Toilet and Washroom 0.8 53 Customer Area R
54 Banking Activity Area 2.8
Garage
14 Auto and Pedestrian Circulation 0.3 Barber & Beauty Parlor
15 Parking Area 0.2 55 Barber & Beauty Parlor 2.0
Laboratory Church. Synagogue. Chapel
16 Laboratory 23 56 Worship/Congregational 25
i 57 Preaching & Sermon/Choir 2.7
Library N
17 Audio Visual 11 Dormitary
< edroom 1.1
18 Stack Area L. 59 Bedroom with Study 14
19 Card Filing & Cataloging I.6 60 Study Hall y 1’8
20 Reading Area 1.9 y :
Fire & Police Department
Lobby (General) N 61 Fire Engine Room 0.7
21 Reception and Waiting 1.0 62 lail Cell 0.8
22 Elevator Lobbies 0.8
Hospital/Nursing Home
Atrium (Multi-Story) 63 1.3
23 First 3 Floors 0.7 64 Dental Suite/Exam/Treatment 1.6
24 Each Additional Floor 0.2 65 2.3
66 1.9
Locker Room and Shower 67 Lounge/Waiting Room 0.9
25 Locker Room and Shower 0.8 22 Medical Supplies %?)
Offices (Partitions > 4.5 ft below ceiling) Enclosed offices. all open ;(]] gume/g;]atlpnl Th 2.1
plan offices without partitions or with partitions lower than 4.5 ft 7 chu. Rysnca erapy 1.6
below the ceiling. 73 atient Room 1.4
26 Reading. Typing & Filing It ;Z

27 Drafting
28 Accounting

D=
— 0o

Offices (Partitions 3.5-4.5 ft below ceiling) Open plan offices 900

ft* or larger with partitions 3.5 to 4.5 ft below the ceiling.

29 Reading. Typing & Filing
30 Drafting
31 Accounting

191 —
£ C O

Offices (Partitions < 3.5 ft below ceiling) Open plan offices 900 ft*

or larger with partitions higher than 3.5 ft below the ceiling.
Offices less than 900 ft* shall use types 26, 27, or 28.

32 Reading, Typing & Filing
33 Drafting
34 Accounting
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Surgery & O.B. Suites
75 General Area

76 Operating Room
77 Recovery

N~
wo—

Hotel/Conference Center

78 Banquet/Multipurpose Room
Bathroom/Powder Room
80 Guest Room

79

81
82

83

85

Exhibition Hall
Conference/Meeting
84 Lobby

Reception Desk

[
SO BN N
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Table B-2 r Table B-2
Space Type Codes Space Type Codes
Space Space
Type Code Description UPD Type Code Description UPD
Laundry Basketbatl/Volleyball
86 Washing 0.9 110 Intramural 0.8
87 lroning & Sorting 1.3 111 College 1.3
112 Professional 1.9
Museum & Gallery
gg IGCSCZ?: E/xlglizi:)i?;ion Zlig Bowling
nspeclio . 1 A h
90 Inactive Artifacts Storage 0.6 13 Approach Area 0.3
: [ 114 Lanes 1.1
91 Active Artifacts Storage 0.7
Post Office Boxing/Wrestling (Platform)
92 Lobby 1.1 [15 Amateur 2.4
93 Sorting & Mailing 2.1 116 Professional 4.8
Service Station/Auto Repair Gymnasium
94 Service Station 1.0 117 General Exercise & Recreation 1.0
Theater Handball/R /
95 Performance Arts 1.5 “zgnClib acquetball’Squash 1.3
96 Motion Picture 1.0 119 Tournament 26
97 Lobby 1.5
Retail Establishments Ice Hockey
(Merchandising & Circulation Area) Applicable to all lighting. 120 Amateur ) 1.3
including accent and display lighting, installed in merchandising 121 College/Professional 2.6
and circulation areas.
98 Type A (Mass Merchandising) 5.6 Skating Rink
99 Type B (Service Retail) 3.2 122 Recreational 0.6
100 Type C (Mixed Use Retail) 33 123 Exhibition/Professional 2.6
101 Type D (Specialty Shop) 31
102 Type E (Fine Merchandise) ‘;’.8 Swimming
103 Type F (Service Establishment) 27 124 Recreational 0.9
104 Mall Concourse 1.4 125 Exhibition 1.5
. 126 Underwater 1.0
Retail Support
105 Tailoring 2.1 Tennis
106 Dressing/Fitting R 1.4 cnnt
ressing/titting Rooms 127 Recreational (Class 11I) 1.3
128 Club/College (Class I1) 1.9
All Sport
107 Seating Area 04 129 Professional (Class 1) 26
Badminton Table Tennis
108 Club 0.5 130 Club 10
109 Tournament 0.8 131 Tournament 1.6

Data Screen to the Space Data Input Screen and Main
Input Screen, view and select controls codes and get
help on the input data.

<F5§> Move from the Controls Data Input Screen
to the Space Data Input Screen.
<F6> Display the lighting controls types and their

descriptions in a window when the cursor is
sitting in the controls type columns. The
user can cursor through the controls tvpes
and choose one by pressing Enter or return
to the Controls Data Input Screen by
pressing Esc or the space bar.

<F7> Display a help context sensitive message for
the information required at the current
cursor position. Press any key to return to
the Controls Data Input Screen.

<F8> Move from the Controls Data Input Screen
to the Main Input Screen.

B.5.3 Input Requirements for Controls Data Input
Screen. The Controls Data Input Screen allows the user
to enter information about the types and number of

ASHRAE/IES STANDARD 90.1-1989

lighting controls installed in each of the spaces entered
on the Space Data Input Screen.

NO. TASKS

CONTROL TYPE

NO. CONTROLS

Enter the number of separate tasks or
groups of tasks in the space. The

program uses the number of tasks to
calculate the number of control points

required for the space.
Enter one of the lighting system control
types codes:

0 None

1 Manual

3 Three-Level

O Occupancy Sensor

T Timer

4 Four Level

A Automatic or continuous dimming
The program defauits to no controls

Enter the number of controls installed

in the space for the controls type

entered in the column to the left. The

allowable range is 0 to 99.
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EXTERIOR LIGHTING REQUIREMENTS Table B-3

AREA AREA EA OR ALLOWANCE ;]
COoE DESCRIPTION F::ucru UATTS Exterior Area Codes
Area Area
Type Code Type

Exit (with or without canopy)
Entrance (without canopy)
Entrance (with canopy) High Traffic
Entrance (with canopy) Light Traffic
Entrance (with canopy) Loading Area
Entrance (with canopy) Loading Door
Building Exterior Surface Facade
Arrows, Pg Up, Pg Dn. and fome Hove £6 Area Codes Storage and non-manufacturing work area
Ins Insert Record / Del Delete Record F7 Help Other activity areas for casual use
F8 Main screen 10 Private driveway/walkways
11 Public driveways/walkways
Fig. B-4 Exterior Data Input Screen 12 Private parking lots
13 Public parking lots

R =lie oI B R N N S

B.6 Exterior Data Input Screen

. The cursor control keys, spec1_al function keys, and low the user to move the cursor around the Exterior
input requirements for the Exterior Data Input Screen Data Input Screen

are described below. The Exterior Data Input Screen P )

is shown in Fig. B-4. The user enters an area code from <BACKSPACE> Delete the last character of a
Table B-3, and an area or length. The program auto- column.

matically calculates the total watts allowed for each <LEFT ARROW> Move the cursor one column to

exterior illumination area based on the data entered. the left or if at the left most
column. move the cursor to the

B.6.1 Cursor Control Keys. The following keys al- first column of the same row.
F1 F2
LOAD SAVE
FILES FILES
F3 F4
CLEAR DIRECTORY
SCREEN (*.LTG)
3 F6
SPACE/
CONTROLS TobEs
SCREENS
F7 F8
EXTERIOR
HELP SCREEN
F9 F10
CALCULATE
Function Keys
ENVELOPE SYSTEM PERFORMANCE COMPLIANCE CALCULATION PROGRAM
VERSION 2.1 October 1989  ASHRAE/IES Standard 90.1

Fig. B-5 Template for 10-Function-Key Computers
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Move the cursor one column to
the right or if &t the right most
column, move the cursor to the
last column of the same row.
Move the cursor up one row in
the same column, and if on the
top row of the Exterior Data
Input Screen, scroll records up
one row.

Move the cursor down one row
in the same column, and if on
the bottom row of the Exterior
Data Input Screen, scroll the
records down one row.

Insert a blank record line at the
current position of the cursor.
This function can be used at any
record line of the exterior data.
Delete a record line at the
current position of the cursor.
This function can be used at any
record line of the exterior data.
Move the cursor up 17 record
lines or if near the beginning of
the space input data, advance
the cursor to the first record
line.

Move the cursor down 17 record
lines.

Move the cursor to the first
record line.

<RIGHT ARROW>

<UP ARROW>

<DOWN ARROW>

<Ins>

<Del>

<PgUp>

<PgDn>

<Home>

B.6.2 Special Function Keys. The special function
keys allow the user to view and select exterior area
codes, get help information for the required data, and
move from the Exterior Data Input Screen to the Main
Input Screen.

<F6> Display a window with exterior area type
codes and descriptions. The user can cursor
through the codes and select a code by
pressing the Enter key. Pressing any other
key brings the user back to the Exterior
Data Input Screen.

Display a window on the screen with help
information on the input data where the
cursor is currently located. When any key is
pressed. the Exterior Data Input Screen will
reappear.

Move from the Exterior Data Input Screen

to the Main Input Screen.

<F7>

<F8>

B.6.3 Input Requirements for Exterior Data Input
Screen. The Exterior Data Input Screen allows the user
to enter information about exterior illumination of the
building. Up to 100 exterior illumination areas can be

ASHRAE/IES STANDARD 90.1-1989

entered for each building. Records do not have to be
completely entered before moving to a new record, but
incomplete records are not included in the exterior cal-
culations.

AREA CODE Enter an integer from | to 13
indicating the appropriate code for
each illuminated exterior area.
Alternatively, press F6, move the
cursor to the appropriate area code.
and press Enter. If the exterior area
or activity is not represented by the
list, select the code with the most
similar area or activity, The exterior
area codes are also listed in Table
B-3.

Enter either the area or the length
corresponding with the illuminated
exterior area or surface. For exterior
area codes 1, 2 and 6, the values are
in linear ft; for other area codes. the
values are in ft’. The allowable range
for this input is 0 to 999,999,999, The
program uses the area or length in
calculating the allowance wattage for
each exterior illumination area.

AREA OR
LENGTH

B.7 Function Key Templates

A template that can be copied and cut out for use
with 10-function-key computers is shown in Fig. B-5
and a template for use with 12-function-key computers
is shown in Fig. B-6.

B.8 Example Input Files

Example input and calculations are shown for a
branch bank (file BANK.LTG on diskette) in Fig. B-7.
To review the example with the program, press the
<F1> key, then type the name of the file (BANK) and
press the Enter key. The data contained in the file will
then be loaded by the program.

B.9 Building, Space, and Exterior Type Codes
Building type codes are based on the list of building
occupancies/types in Table 6-6 and have been incor-
porated directly into the program. Table B-1 lists the
Building Type Codes for use in the lighting program.
The space type codes are based on the list of spaces/
functions in Table 6-7. The UPD values for each space
type have also been incorporated directly into the pro-
gram. In Table B-2, the Space Type Codes are listed
for the lighting program. The exterior type codes are
based on the list of roads, grounds, and other exterior
illumination areas in Table 6-5. Table B-3 lists the Ex-
terior Type Codes for use in the lighting program.
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Appendix Two

Lighting System Specifications




SECTION 16515 - INTERIOR LUMINAIRES

(** Note: Provide Part 1 - General **)

Part 2 - Products
2.01  Parabolic 2x4 Fluorescent Troffers

2.02

Fixtures shall be deep-cell true parabolic, including 3" deep specular or semi-specular louver
with parabolic cross section. Lamp placement shall correspond with the focal points of the
parabolas.

A

F.

Number of Cells:

2x4, 3-lamp fixtures shall have 18 cell louver.
2x4, 2-lamp fixtures shall have 12 cell louver.
1x4, 1-lamp fixtures shall have 6 cell louver.

Fixture efficiency, as measured by an independent photometric testing lab, shall be
greater than or equal to 70%.

Visual Comfort Probability (VCP) shall not be less than 75 either lengthwise or
crosswise at 100 fc in room 20 feet wide, 40 feet long and 8.5 feet ceiling height, with
reflectances of 80/50/20.

Contractor shall submit fixture cut sheets showing section through fixture and
photometric data from an independent testing laboratory using IES reporting format.

Each 2- or 3-lamp fixture shall contain a single electronic ballast to fire the required
number of lamps. 1-lamp fixtures shall be tandem wired to avoid single lamp ballasts
where indicated on drawings.

Manufacturer shall be Lightolier, Columbia, Metalux, Lithonia, or Day-Brite.

Compact Fluorescent Fixtures:

(** NOTE: Edit to delete any types not used on this project and/or add additional compact
fluorescent fixtures **)

A

Recessed Compact Fluorescent Downlight: Lightolier 8055CL-IF 713H or Prescolite
CFR813 series downlights with 2, 13W twin tube lamps and specular clear alzak
reflector. Minimum photometric efficiency of 70 %. Ballasts: Two 13 W encased and
potted ballasts, High Power Factor. Maximum input wattage 36 Watts.

Ceiling Surface Compact Fluorescent: = American Scientific Lighting Corp.,
"DIAMONLITE" catalog number HDI/26. Lens: 0.125" clear non-yellowing acrylic,
diamond cut. Metal Housing with bronze finish. Ballast: two PL13 lamp ballasts.



2.03

2.04

2.05

C. Pendant Compact Fluorescent Swag: KAMRO ES 7 Catalogue No. 10350, Grey
finish.

D. Wall Surface Compact Fluorescent Sconce: Lightolier wall mounted compact
fluorescent, 40998, Polished Brass finish.

E. Pendant Compact Fluorescent Downlight: Lightolier Calculite premium downlighting,
Catalogue No. 8018. Specular clear ALZAK reflector. Housing seamless aluminum

with no visible hardware. Matte white finish.
Fluorescent Wallwashers

High performance recessed wallwasher/accent light using one BIAX type lamp. Lightolier
WLRN 124 120/277 BX SB. Ballast: MagneTek electronic BIAX ballast. REFLECTOR:
Low-iridescence specular aluminum.

Pendant Indirect/Direct Fluorescent

4-foot pendant-mounted with Parabolic Louver: Lightolier Paralyte S/P PLM/PLJ series
UPLIGHT/DOWNLIGHT or approved equal. Provide new pendant mounting stems and
accessories by the fixture manufacturer as needed to achieve proper support and leveling.
BALLAST: MagneTek Triad electronic ballast and T8 lamps meeting applicable
specifications. DIFFUSER: Semi-specular 8-inch wide parabolic louver, made of Coilzak or
equal. PERFORMANCE: In an installation with a room cavity ratio of -1, with reflectance
of 80% ceiling, 50% wall, and 20% floor, the luminaire shall have a minimum C.U. of 0.83.
Minimum VCP shall be 94 at 100 fc.

BIAX Fluorescent 2x2 parabolic fixture

Fixtures shall be deep-cell true parabolic, including fixture housing and 3" deep specular or
semi-specular louver that together form a parabola. Lamps shall have individual
compartments defined by white reflectors. Lightolier Paralyte 2424 PLA2GS9LP3U4BX
120/277 X3. BALLAST: MagneTek Triad electronic ballast and BIAX lamps meeting
applicable specifications. DIFFUSER: Low-iridescence, 3-inch deep parabolic louver, made
of pre-anodized aluminum.

A Number of Cells: 3-lamp BIAX fixtures shall have 9 cell louver.

B. PERFORMANCE: In an installation with a room cavity ratio of 1, with reflectance
of 80% ceiling, 50% wall, and 20% floor, the luminaire shall have a minimum C.U.
of 0.76. Minimum VCP shall be 74 at 100 fc. Fixture efficiency, as measured by an
independent photometric testing lab, shall be greater than or equal to 70%.

C. Contractor shall submit fixture cut sheets showing section through fixture and
photometric data from an independent testing laboratory using IES reporting format.

D. Each fixture shall contain a single electronic ballast to fire all lamps.

Manufacturer shall be Lightolier.




206 Fluorescent Lamps

All new fluorescent lamps used in fixtures shall meet the following specifications according
to lamp length and output type.

A

2.07 Ballasts

A

FO32 4-foot Lamp type: Lamps shall be four-foot thick-coat T8 type with a
manufacturer specified color temperature of 3500 deg Kelvin. Lamp shall be one of
the following:

Osram/Sylvania FO32/835
Phillips F32T8/TL835
General Electric F32T8/SPX35.

Initial lumen output shall be 3000 lumens or greater with a mean lumen output of
2800 lumens or greater at 40 % of rated lamp life. Minimum CRI of 82.

2-foot BIAX Lamp type: Lamps shall be 22 1/2" biaxial type with a manufacturer
specified color temperature of 3500 deg Kelvin. Lamp shall be Phillips PL-L 40W/35
or equivalent by Sylvania or General Electric.

Lamp life: All straight fluorescent lamps shall be rated at 20,000 hours or greater
average lamp life, based on 3-hour burn cycles, unless otherwise specified.

Compact Fluorescent Lamps: Lamps shall have a color temperature of 2700 K. All
compact fluorescent lamps shall be rated at 10,000 hours or greater average lamp life,
based on 3-hour burn cycles. Lamp CRI shall be 80 or greater. All lamps shall be
13 Watt, Twin Tube with GX23 base, similar to Phillips 13W PL-S.

Acceptable Manufacturers: Phillips, General Electric, or Osram/Sylvania, NO
SUBSTITUTES.

Ballast for T8 lamps and BIAX lamps: Ballast shall be discrete electronic type, UL
listed, Class P thermally protected, and sound class A. Average ballast life shall be
rated at 60,000 hours or greater based on 3-hour average burn cycles. Input Current
Total Harmonic Distortion (THD) shall not exceed 20 %. Minimum power factor of
0.90. Ballast shall instant-start lamps on parallel circuits, allowing remaining lamps to
maintain full output if companion lamps fail or are removed. The ballast shall be
designed for T8 lamps and BIAX lamps only and shall not adjust output current or
voltage for T12 or T10 lamps. Ballast manufacturer shall have been producing
electronic ballasts for the U.S. market for at least 5 years with a failure rate less than
2%. Warranty: Ballast shall carry a non-prorated parts and labor warranty against
failure due to defects in material or workmanship for at least FIVE YEARS from the
date of acceptance by the Owner. Ballast shall withstand line transients as defined
in IEEE Publication 587, Category A.

Acceptable Manufacturers: the manufacturer shall be MagneTek or ADVANCE.
SUBSTITUTES ARE NOT PERMITTED.




2.08

Ballast for Compact Fluorescent lamps: Ballast shall be core and coil, Class P thermal
rating, UL approved, and a Class A sound rating. High Power Factor (HPF) type
where indicated on drawings. Rated lifetime shall be 24,000 hours or greater.

Input Wattage: For all fluorescent ballasts, the ANSI standard input Wattage with
specified lamps shall not exceed the following maximum values:

Maximum
Lamp type # of Lamps Input wattage

4-foot T8 4-lamp 116 Watts
4-foot T8 3-lamp 89 Watts
4-foot T8 2-lamp 64 Watts
Compact 13 Watt 1-lamp 18 Watts
Compact 13 Watt 2-lamp 36 Watts
F40 BIAX 3-lamp 105 Watts

EXIT signs

A

All EXIT signs for interior use shall be of the Light-Emitting-Diode (LED) type.
Unit shall be UL listed and meet NFPA Life Safety Code 101. Unit shall be
electronically protected from voltage surges, brown outs, and short circuits.

LED’s shall be red on black background with white faceplate. Unit shall be enclosed
in a textured black metal case. Sign faces shall be protected with minimum 1/8" clear
Lexan shield.

Maximum line wattage draw with or without battery installed shall be 7 Watts for
single-face signs and 11 Watts for double-face signs.

Battery Back-up units shall have a UL listed rechargeable battery with a 7-year full
warranty. Electronics shall protect the battery against brown-out conditions,
overcharge and deep-discharge hazards. Battery shall provide a minimum of 2-hours
of sign operation in the event of a power failure. Derangement lights shall be located
on the face of the unit with a battery test button on the bottom of the unit.

Acceptable Manufacturers: Trace Lite Corporation or Exitronix, Exitron Series.

Unit shall carry a 20 year full warranty on the electronics, LED’s, transformers, case,
and all parts except the battery.

(** NOTE: Provide Part 3 - Execution **)




SECTION 16915 - OCCUPANCY SENSORS

PART 1 - GENERAL
1.01 GENERAL PROVISIONS

A

Drawings and general provisions of the Contract, including General and
Supplementary Conditions and Division-1 Specifications sections, apply to the work
of this section.

The sensors shall be installed in rooms according to the Contract drawings, and shall
be compatible with all features of the balance of the lighting system.

1.02 WORK INCLUDED:

A

B.

Occupancy sensors to control lighting in rooms specified by the Contract documents.

Survey to determine appropriate type, number and location of sensors to achieve
performance requirements. Documentation of survey using the Occupancy Sensor
Commissioning form provided in these specifications.

Associated wiring, power packs, relays, switch-packs and all labor and accessories as
may be needed to provide a complete and fully functioning occupancy sensor system
in conformance with all performance requirements.

Signage at switches to notify personnel of the presence of an occupancy sensor.
Sensor Commissioning to obtain specified performance.

Provide One-year service on the installed sensors, including reinspection and on-call

services as described in this section. Provide 3-year warranty on parts. Provide 3%
warranty stock of each part to the Owner for the warranty period.

1.03 QUALITY CONTROL:

A

Time Delay Test: Sensor shall deactivate lighting after a time interval within the
range specified for the type of space. Sensor will be tested by leaving the room and
timing the interval to deactivate lights. Test shall be conducted with HVAC systems
in operation.

Entry Test: Sensors shall activate lighting within 2 seconds of entrance by a person
beyond 3 feet into the space at each door to the space covered. Sensor shall not
activate when person passes room with door open but does not enter.

Hand Motion Test: Sensor shall provide 100% coverage and maintain lighting at all
times that a fixed work station or desk or stationary task is occupied. Sensor must
pick up hand motion of one foot distance back and forth, either parallel or
perpendicular to the work surfaces. Test may be conducted by observing red LED
indicating sensor triggering.



Occupancy Sensor Commissioning Form Building Name:

Sheet ___ of

¥

to 12 Min

T

Number of Fixtures:

Type:

Total Watts:

Wiring Diagram Number:

RS
:

4 "”’52

Hand Motion Test at Task

1/2- Step Perimeter Test

CQC Manager (Initial and Date):

SCALE: 1/4" = FEET

Ceiling Height: FEET

Quality Assurance (Initial and Date):
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D. Perimeter half-step test: Sensors shall provide coverage of a minimum of 75% of
non-task with a sensitivity to 1/2-step motion. Test by walking around the perimeter
of the room and noting any cut-off points to detection where the red, LED indicator
does not respond to 1/2-step motion. Draw the coverage pattern on Occupancy
Sensor Commissioning form provided and estimate the percentage coverage.

E. Sensor Commissioning: Contractor shall perform sensor commissioning to verify and
document performance of sensors for each room covered prior to requesting
substantial completion inspection. Complete Occupancy Sensor Commissioning form
for each room and submit with request for inspection.

F. Warranty: Sensors and accessories shall carry a manufacturer’s warranty against
defects in materials and workmanship for FIVE years.

G. Service Contract: Sensors shall be provided with on-call service contract for one year
from the date of substantial completion of each building. The service contract shall
include:

1. Service Calls: A repair technician must come to the site within the same or
next business day of a service call from the Owner during business hours.
Business hours are defined to be Monday through Friday, 8 a.m. to 4 p.m.,
including holidays. All labor costs, including travel and tools, shall be covered
under the service contract provided.

2. Component Replacement: The service provider shall replace, at no additional
charge, failed sensors with new sensors of identical specifications and
manufacturer.

3. Coordination with Warranty: The provider of the service work shall be
authorized by the manufacturer to determine and provide warranty work
under the first-year of warranty. Coordination of responsibilities and costs
between the warranty and the service agreement is the responsibility of the
service provider and shall be transparent to the Owner. The Owner shall not
be liable for any additional expenses or handling or collection responsibilities
for warranty work during the first year.

4. Reinspection: After two months, and again after 11 months past Substantial
Completion of each building, the contractor will survey the building to find
and replace any sensors which have failed or are not performing satisfactorily
according to the specifications. This inspection is in addition to on-call service
during the first year described above. The inspection will be witnessed by a
designated Owner representative. The contractor will provide manpower to
conduct the inspection within 2 hours at each building. The contractor will
provide a written check off of sensors using floor plans and fixture counts
conducted prior to installation. All noted deficiencies must be repaired within
14 days.

1.04 SUBMITTALS:

A. Submit shop drawings and product data in accordance with Section 01340 Submittals
and the General Conditions.




G.

V

SUBMIT complete performance and dimensional data along with manufacturing
details and wiring diagrams and photograph.

SUBMIT manufacturer’s installation instructions and wiring diagram.

SUBMIT parts and labor warranty.

SUBMIT completed Occupancy Sensors Commissioning form with all preliminary
survey information and drawings, proposed sensors and layout, and approval signature
from the sensor manufacturer.

SUBMIT total quaatities of each type for each building.

SUBMIT completed room-by-room survey forms noting all changes in quantities and
describing all visible existing damage to switches and ceilings.

Failure by the contractor to submit any of the above materials will cause rejection of the
submittal. The Contractor is responsible for delays so incurred.

PART 2 - PRODUCTS

ACCEPTABLE MANUFACTURERS:
Sensor shall be manufactured by:

2.01

2.02

The Watt Stopper
Unenco

Novitas

SUBSTITUTE MANUFACTURERS ARE NOT PERMITTED.

SENSOR REQUIREMENTS:

A Sensors shall be of passive infrared type or ultrasonic type.

B. Sensor shall be designed for mounting to the ceiling or on the wall above 8 feet high.
Sensors designed to replace wall switches are NOT acceptable.
Ultrasonic sensors shall be crystal controlled to within 0.005 %.

D. Sensor shall have a red LED indicator that flashes each time motion is detected by
the sensor. This indicator will be used in commissioning the sensor.

E. Sensor shall have a field-adjustable, continuously variable sensitivity setting.

F. Sensor shall have a field-adjustable time-out setting that is either continuously

adjustable or has a maximum of 2 minute increments within the range of 6 to 12
minutes.

All sensors shall be U.L. listed.



2.03

3.01

3.02

3.03

Signage

A

Signs shall be engraved lamacroid material, professionally cut and beveled. Sign shall
blue background with white letters with the following wording:

Lights are controlled by a motion sensor

when this switch is "ON".

B. Signs shall have double-side foam tape for mounting to walls.

C. Sign shall be approximately 6 inches wide by 2 inches high.

D. SUBMIT a sample for acceptance.

E. Manufactured by Advanced Designs of Rockville (301) 762-0155 or approved equal.

T N

INSTALLATION

A Instructions: Install in accordance with manufacturer’s written installation instructions
and wiring diagrams.

B. Do not mount ultrasonic sensors within 6 feet of an HVAC diffuser or grill. Do not
mount where forced air will blow directly by or at the sensor.
Do not mount sensors higher than 12 feet above floor.

D. Mount a sign on the wall slightly above each switch bank that control lights on motion
Sensors.

APPLICATION

A Provide all sensors as required for the Work defined in Section 01000 Part 2 -
PROGRAM.

B. Quantities: Contractor shall verify required sensor types and quantities for all
buildings prior to ordering.

C. Voltages: The Contractor is responsible for determining correct voltages prior to
ordering and installation.

SENSOR COMMISSIONING

A Contractor shall adjust aiming, sensitivity, and minimum cycle time of sensors to
achieve the performance requirements stated in Quality Assurance.

B. Where necessary, the Contractor shall change sensor to one with different coverage,

view angles or placement to achieve the performance requirements stated in Quality
Assurance, at no additional cost to the Owner.
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The Contractor will test each sensor against the Performance requirements prior to
placing the sensor into use.

Contractor shall provide documentation of sensor commissioning of each room with
request for substantial completion inspection by the Owner.

Final adjustments to actual occupancy will be made on a call back basis when

requested by the Owner during the first year of operation, at no additional cost to the
Owner.

END OF SECTION




SECTION 8

COMMISSIONING



Chapter 8
Commissioning

Introduction

The design team shall develop a commissioning plan that spans the design, construction
and operation of the building. During the design the team shall ensure that all necessary
design elements are included and coordinated to ensure that the construction of the
building proceeds smoothly. During the construction, the commissioning process shall
include proper inspections and contractor coordination to ensure that the building is
constructed and is properly placed in operation and the maintenance staff are trained and
oriented in the proper operation of the building. The College will provide the design team
with draft commissioning standards and work with the design team to ensure proper
commissioning.

8-1



Attachement 8-1, Commissioning Specification

Note: A sample commissioning specification will be provided by the College.

8-2
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