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PREFACE 

Authority: The Washington State Building Code Council adopted the 1994 
Washington State Energy Code pursuant to RCW 19.27A.020. This code 
provides mmimum level of energy efficiency, but allows nexibility in building 
design, construction and heating equipment efficiencies. The design of this code 
allows space heating equipment efficiencies to offset or substitute for building 
envelope thermal performance. 

Code Precedence: The 1994 Wa.~hington State Energy Code (WSEC) amends 
the 1991 WSEC Second Edition, Chapter 5t - l I WAC as published in the 
Washington State Administrative Code . 

Org:mization and Numhering: Chapters I through 10 of this code set forth the 
residential energy code requirements and follow the model Energy Code format. 
Chapters II through 20 of the code set forth the nonresidential energy code 
requi rements and follow the ASHRAE numbering system. 

Effective Date: These regulations shall be effective April I, 1994 . 

Copies and Comments: The Department of Community, Trade and Economic 
Development provides staff and administrative services to the Council. Copies of 
WAC 5 I- I I and information on amendments to codes adopted by the State 
Building Code Council may be obtained from: 

Department of Community, Trade and Economic Development 
Washington State Building Code Council 

906 Columbia Street SW 
P.O . Box 48300 

Olympia, Washington 98504-8300 
(206) 586-225 I 

First Edition Titled 
1994 Washington State Energy Code 

First Edition 
First Edition Based on: 

WSR 93-21-052 and 94-05-059 
Effective April I, 1994 

Printed March 1994 
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CHAPTER 1 
ADMINISTRATION AND ENFORCEMENT 

SECTION 101- SCOPE AND GENERAL REQUIREMENTS 

I 01.1 Title: Chapters I through I 0 of this Code shall be known as the 
"Washington State Residential Energy Code" and may be cited as such; and will 
be referred to herein as "this Code. • 

I 01.2 Purpoo;e and Intent: The purpose of this Code is to provide minimum 
standards for new or altered buildings and structures or ponions thereof to 
achieve efficient use and conservation of energy . 

The purpose of this Code is not to create or otherwise establish or 
designate any particular class or group of persons who will or should be 
especially protected or bene filled by the terms of this Code. 

It is intended that these provisions provide flexibility to permit the use of 
innovative approaches and techniques to achieve efficient use and conservation of 
energy. These provisions are structured to permit compliance with the intent of 
this Code by any one of the following three paths of design: 

I. A systems analysis approach for the entire building and its energy­
usmg sub-systems which may utili7e renewable energy sources; 
Chapter 4. 

2. A component performance approach for various building elements and 
mechanical systems and components; Chapter 5 . 

3. A prescriptive requirements approach; Chapter 6. 

Compliance with any one of these approaches meets the intent of this 
Code. This Code is not intended to abridge any safety or health requirements 
required under any other applicable codes or ordinances . 

The provisions of this Code do not consider the efficiency of various 
energy forms as they are delivered to the building envelope. A determination of 
delivered energy efficiencies in conjunction with this Code will provide the most 
efficient use of available energy in new building construction. 

101.3 Scope: This Code sets fonh minimum requirements for the design of new 
buildings and structures that provide facilities or shelter for residential 
occupancies by regulatinjftheir· exterior envelopes and the selection of their 
IIVAC and service water heating systems for efficient use and conservation of 
energy. 

Buildings shall be designed to comply with the requirements of either 
Chapter 4, 5, or 6 of this Code. 

101.3.1 Exempt Duildings: Buildings and structures or portions thereof meeting 
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any of the following critena shall be exempt from the building envelope 
requirements of Section 502 and Sections 602 and 605, but shall comply with all 
other requirements for building mechanical systems, and service water heating . 

101.3. I .1: Buildings and structures or portions thereof whose peale design rate of 
energy usage is less than 3.4 Btu/h per rt2 or 1.0 wall per n2 of floor area for 
space conditioning requirements. 

101.3.1.2: Buildings and structures or portions thereof which are neither heated 
according to the definition of heated space in Chapter 2, nor cooled by a non­
renewable energy source, provided that the non-renewable energy use for space 
conditioning complies with requirements of Section 101 .3.1.1. 

101.3.1.3: Greenhouses isolated from any conditioned space and not intended for 

occupancy. 

101.3.2 Application to Existing Buildings: Additions, historic buildings, 
changes of occupancy or use and alterations or repairs shall comply with the 
requirements in the subsections below. 

Exception: The building official may approve designs of alterations or 
repa1rs which do not fully conform with all of the requirements of this 
Code where in the opinion of the building official full compliance is 
physically impossible and/or economically impractical and: 

I . The alteration or repair improves the energy efficiency of the buildmg; 

or 
2. The alteration or repair is energy efficient and is necessary for the 

health, safety and welfare of the general public. 

In no case shall building envelope requirements or mechanical system 
requirements be less than those requirements in effect at the time of the initial 
construction of the building. 

101.3.2.1 Addilions to Existing Buildings: Additions to existing buildings or 
structures may be made to such buildings or structures without making the entire 
building or structure comply, provided that the new additions shall conform to 
the provisions of this Code. 

Exception: New additions which do not fully comply with the 
requirements of this Code and which have a floor area which 1s less than 
seven hundred fifty square feet shall be approved provided that 
improvements are made to the existing occupancy to compensate for any 
deficiencies in the new addition. Compliance shall be demonstrated by 
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either systems analysis or component performance calculations. The 
nonconforming addition and upgraded, existing occupancy shall have an 
energy budget or heat loss which is less than or equal to the unimproved 
existing building, with the addition designed to comply w1th this Code. 

101.3.2.2 llistoric Building_~: The building official may modify the spttific 
requirements of this Code for historic buildings and require in lieu thereof 
alternate requirements which will result in a reasonable degree of energy 
efficiency. This modification may be allowed for those buildings which have 
been specifically designated as historically significant by the state or local 
governing body, or listed in The National Register of Historic Places or which 
have been determined to be eligible for listing. 

101.3.2.3 Change of Occupancy or Use: Any Other than Group R Occupancy 
which is converted to Group R Occupancy shall be brought into full compliance 
with this Code. 

101.3.2.4 Alterations and Repairs: All alterations and repairs to buildings or 
portions thereof originally constructed subject to the requirements of this Code 
shall conform to the provisions of this Code without exception. For all other 
existing buildings, initial tenant alterations shall comply with the new 
construction requirements of this Code. Other alterations and repairs may be 
made to existing buildings and moved buildings without making the entire 
building comply with all of the requirements of this Code for new buildings, 
provided the following requirements are met: 

101.3.2.5 Building Envelope: The result of the alterations or repairs both: 
I. Improves the energy efficiency of the building, and 
2. Complies with the overall average thermal transmittance values of the 

elements of the exterior building envelope in Table 5-1 of Chapter 5, or the 
nominal R-values and glazing requirements of the reference case in Tables 
6-1 to 6-6. 

Exceplion!l: 
I. Untested storm windows may be installed over existing gla1ing for an 

assumed U-value of 0.90, however, where glass and sash are being 
replaced in Group R Occupancy, glazing with a maximum area weighted 
average U-value of 0.40 shall be install.ed where th~re is an electric 
resistance space heating system and glazing with a maximum U-value of 
0 .65 (Climate Zone I) and 0.60 (Climate Zone II) shall be installed where 
there IS any other space heating system. 

2. Where the structural elements of the altered portions of roof/ceiling, wall 
or floor are not being replaced, these elements shall be deemed to comply 
with this Code if all existing framing cavities which are exposed during 
construction are filled to the full depth with batt insulation or insulation 
having an equivalent nominal R-value while, for roof/ceilings, maintaining 

3 
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the required space for ventilation. Existing walls and noors without 
framing cavi11es need not be insulated . Existing roofs shall be insulated to 
the requirements of this Code if: 

a. The roof is uninsulated or insulation is removed to the level of the 
sheathing, or 

b. All insulation in the roof/ceiling was previously installed exterior to 
the sheathing or non-existent. 

101.3.2.6 Building Mechanical Systems: Those parts of systems which are 
altered or replaced shall comply with Section 503 of this Code. 

101.3.2.7 Service Woter Jlenling: Those parts of systems which are altered or 
replaced shall comply with Section 504 of this Code . 

101.3.2.8 : Reserved 

101.3.3 Mixed Occupancy: When a building houses more than one occupancy, 
each portion of the building shall conform to the requirements for the occupancy 
housed therein. Where approved by the building official, where minor accessory 
uses do not occupy more than 10% of the area of any noor of a building, the 
major use may be considered the building occupancy. 

101.4 Amendments By Locnl Government: Except as provided in RCW 
19.27A.020(7), this Code shall be the maximum and minimum energy Code for 
Group R Occupanctes m each town, ctty and county, no later than July I, 1991 . 

SECTION 102- MATERIALS AND EQUIPMENT 

102.1 Identification: All materials and equipment shall be identified in order to 
show compliance with this Code. 

102.2 Maintenance lnrormatlon: Required regular maintenance actions shall be 
clearly stated and incorporated on a readily accessible label. Such label may be 
limited to identifying, by title or publication number, the operation and 
maintenance manual for that particular model and type of product. Maintenance 
instructions shall be furnished for any equipment which requires preventive 

maintenance for efficient operation. 

SECTION 103- ALTERNATE MATERIALS-METHOD OF 
CONSTRUCTION, DESIGN OR INSULATING SYSTEMS 

The provistons of this Code are not intended to prevent the use of any 
material, method of construction, design or insulating system not specifically 
prescribed herein, provided that such construction, design or insulating system 
has been approved by the building official as meeting the intent of this Code. 
The building official may approve any such alternate provided he finds the 
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proposed ahernate meers or exceeds the prov1sions of this Code and that the 
material, method, design or work offered is for the purpose intended, at least the 
equivalent of that prescribed in this Code, in quality, strength, effectiveness, fire­
resistance, durability, safety and efficient use and conservation of energy. The 
building official may require that sufficient evidence of proof be submined to 
substantiate any claims that may be made regarding performance capabilities. 

SECTION 104- PLANS AND SPECIFICATIONS 

104.1 General: If required by the building official, plans and specifications shall 
be submilled in support of an application for a building permit. If required by the 
building official, plans and specifications shall be stamped and authenticated by a 
registered design professional currently licensed in the state of Washington. All 
plans and specifications, together with supporting data, shall be submitted to the 
building official prior to issuance of a building permit. 

104.2 Det~ils: The plans and specifications shall show in sufficient detail all 
pertinent data and features of the building and the equipment and systems as 
herein governed including, but not limited to: design criteria, exterior envelope 
component materials, U-values of the envelope systems, R-values of insulating 
materials, size and type of apparatus and equipment, equipment and systems 
controls and other pertinent data to indicate compliance with the requirements of 
this Code. 

The building official may accept the professional stamp of an architect or 
engineer licensed to do business by the state in lieu of a plan and specification 
check if the engineer or architect stipulates to the best of his knowledge, 
understanding and belief, the design meers the requirements of this Code. 

SECTION 105 -INSPECTIONS AND ENFORCEMENT 

105.1 General: All construction or work for which a permit is required shall be 
subject to inspection by the building official and all such construction or work 
shall remain accessible and exposed for inspection purposes until approved by the 
building official. 

105.2 Approvals Required: No work shall be'done on any· part of the building 
or structure beyond the point indicated in each successive inspection without first 
obtaining the approval of the building official. 

105.2.1 Required Inspections: The building official, upon notification, shall 
make the following inspection in addition to those inspections required in Section 
305(e) of the Washington State Uniform Building Code: 
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I. Wall Insulation Inspection: To be made after all wall insulation and 
air vapor retarder sheet or film materials are in place, but before any 
wall covering is placed. 

105.3 Reinspect ion: The building official may require a structure to be 

reinspected. 

SECTION 106- VIOLATIONS 

It shall be unlawful for any person, firm, or corporation to erect or 
construct any buildin~:, or remodel or rehabilitate any existing building or 
structure in the state, or allow the same to be done, contrary to or in violation of 
any of the provisions of this Code. 

SECTION 107- LIARILITY 

Nothing contained in this Code is intended to be nor shall be construed to 
create or form the basis for any liability on the part of any city or county or its 
officers, employees or agents for any injury or damage resulting from the failure 
of a building to conform to the provisions of this Code. 

SECTION 108- CONFLICTS WITH OTiffiR CODES 

Jn addition to the requirements of this Code, all occupancies shall conform 
to the provisions included in the State Building Code (Chapter 19.27 RCW) and 
Uniform Building Code and Standards Adoption and Amendment rules (Chapter 
51-20 and 51-21 WAC). In case ofconnicts among Codes enumerated in RCW 
19.27.031 subsections (1), (2), (3) and (4) and this Code, the first named Code 
shall govern over the following. Provided, in the case of conflict between the 
duct insulation requirements of1his Code and rhe duct insul:trion requirements of 
Section 1005 of the Uniform Mechanical Code (Chapter 51-22 WAC), the duct 
insulation requirements of this Code, or where applicable, a local jurisdiction's 

energy Code shall govern. 

Where, in any specific case, different sections of this Code specify 
different materials, methods of construction or other requirements, the most 
restrictive shall govern. Where there is a conflict between a general requirement 
and a specific requirement, the specific requirement shall be applicable. 
Wherever in this Code reference is made to the appendix, the provisions in the 
appendix shall not apply unless specifically adopted. 

SECTION 109- SEVERABILITY 

If any provision of this Code or its application to any person or 
circumstance is held invalid, the remainder of this Code or the application of the 
provision to other persons or circumstances is not affected. 
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CHAPTER 2 
DEFlNITIONS 

SECTION 201 - GENERAL DEF1NITIONS 

201.1 Application of Terms: For the purposes of this Code, certain 
abbreviations, terms, phrases, words and their derivatives, shall be as set forth in 
this chapter. Where terms are not defined, they shall have their ordinary 
accepted meanings within the context with which they are used. In the event 
there is a question about the definition of a term, the definitions for terms in the 
Codes enumerated in RCW 19.27.031 and the edition of Webster's dictionary 
referenced therein shall be considered as the sources for providing ordinarily 
accepted meanings. 

AAMA: American Architectural Manufacturers Association. 

ADDITION: Sec the Washington State Building Code . 

ADVANCED FRAMED CEILING: Advanced framing assumes full and even 
depth of insulation extending to the outside edge of exterior walls. (Sec 
Standard Framing and Section I 007.2 of this Code.) 

ADVANCED FRAMED WALLS: Studs framed on 24 inch centers with double 
top plate and single bottom plate. Corners use two studs or other means of fully 
insulating corners, and one stud is used to support each header. Headers consist 
of double 2X material with R-IO insulation between the header and exterior 
sheathing. Interior partition wall/exterior wall intersections arc fully insulated in 
the exterior wall . 

AF1JE ·ANNUAL FUEL UfiLIZATION EFF1CIENCY: Un like steady state 
conditions, this rating is based on average usage including on and off cycling as 
set out in the standardized Department of Energy Test Procedures. 

AIR CONDITIONING, COMFORT: The process of treating air to control 
simultaneously its temperature, humidity, cleanliness and distribution to meet 
requirements of the conditioned space . 

ASIIRAE: American Society of Heating, Refrigerating and Air-Conditioning 
Engineers, Inc. 

ASTM: American Society for Testing and Materials. 

At.rrOMATIC: Self-acting, operating by its own mechanism when actuated by 
some impersonal innuence, as for example, a change in current strength, 
pressure, temperature or mechanical configuration. (See M:mual.) 
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BELOW GRADE WALLS: Walls or the portion of walls which are entirely 
below the finished grade or which extend two feet or less above the finished 

grade. 

BUILDING, EXISTING: See the Washington State Building Code. 

BOILER CAPACITY: The rate of heat output in Btu/h measured at the boiler 
outlet, at the design inlet and outlet conditions and rated fuel/energy input. 

BUILDING ENVELOPE: The elements of a building which enclose conditioned 
spaces through which thermal energy may be transferred to or from the exterior 
or to or from spaces exempted by the provisions of Section 101 .3 . 1. 

BUILDING OFFICIAL: The official authorized to act in behalf of a jurisdiction 
code enforcement agency or its authorized representative. 

BUILDING PROJECT: A building or group of buildings, including on-site 
energy conversion or electric-generating facilities, which utilize a single 
submittal for a construction permit or are within the boundary of a contiguous 
area under one ownership. 

COMFORT ENVELOPE: The area on a psychometric chart enclosing all those 
conditions described in Standard RS-4, Figure No. I, as being comfortable. 

CONDITIONED SPACE: All spaces which are provided with heated and/or 
cooled air or which are capable of being maintained at temperatures over so•r 
during the heating season, including adjacent connected spaces separated by an 
uninsulated component (e,g. , basements, utility rooms, garages, corridors). 

COOLED SPACE: Space within a building which is provided with a positive 

cooling supply. 

COP - COEFFICIENT OF PERFORMANCE: The ratio of the rate of net heat 
output (heating mode) or heat removal (cooling mode) to the rate of total on-site 
energy input to the heat pump, expressed in consistent units and under designated 
rating conditions . (See Net Ileal Output, Net neat Removal, Totnl On-Site 

Energy Input.) 

DEADBAND: The temperature range in which no heating or cooling is used. 

DEGREE DAY, HEATING: A unit, based upon temperature difference and 
time, used in estimating fuel consumption and specifying nominal heating load of 
a building in winter. For any one day when the mean temperature os less than 
65 •F there exist as many degree days as there are Fahrenheit degrees difference 
in temperature between the mean temperature for the day and 65°F. 
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DOOR: An opernble opening area in the shell of a conditioned space. e)(cluding 
slldmg glass doors, wh1ch 1s designed and used as a means of mgress and egress A 
door may also mclude a double door one of which IS fi~ed and one of which IS 

opernble 

DOOR AREA: Total area of door measured using the rough opening and 
including the door and frame. 

DWELLING UNJT: See the Washington State Building Code . 

EER- ENERGY EFFICIENCY RATIO: The ratio of net equipment cooling 
capacity in Btufh to total rate of electric input in walls under designated operating 
conditions. 

EFF1CIENCY, rrv AC SYSTEM: The ratio of useful energy (at the point of 
use) to the energy input for a designau~d time period, e~pressed in percent. 

EMISSIVITY: The ability to absorb infrared radiation . A low emi~sivity 
implies a higher renectance of infrared radiation. 

ENERGY: The capacity for doing work; taking a number of forms which may 
be transformed from one into another, such as thermal (heat), mechanical (work), 
electncal and chemical; in customary un1ts, measured in kllowall-hours (Kwh) or 
British thermal units (Btu). (See New Enerjzy.) 

ENERGY, RECOVERED: (See Recovered Energy) 

EXTERIOR ENVELOPE: (See Ruilding Envelope.) 

li'J,OOR OVER UNCONDITIONED SPACE: A noor which separates a 
conditioned space from an unconditioned space wh1ch 1s buffered from exterior 
ambient conditions including vented crawlspaces and unconditioned basements or 
other simi lar spaces, or exposed to exterior ambient conditions including open 
parking garages and enclosed garages which are mechanically ventilated. 

F-VALUE: The perimeter heat loss factor expressed in Btu/h•ft•"F . 

GLAZING: All areas, mcludmg the frames, in the shell of a cond111oned space that 
let 111 natural hght 10clud10g wmdows, clerestones, skylights, slidmg glass doors and 
glass block walls TI1e daylight opemng area 1n all other doors shall be considered 
glaz10g for the purpose of calculatmg g lazmg area TI1e daylight opemng area 10 all 
other doors 1s mcludcd 10 the door U-value and shall not be cons1dered 10 
calculations of glv10g U-values . 
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GLAZING AREA: Total area of the glazing measured using the rou~;h opening, 
and includang the glazmg, sash and frame. For sliding gla~s doors the gla7mg area IS 

the rough opemng area For all other doors the glazing area is the dayhght openang 

area 

GROSS CONDITIONED FLOOR AREA: The horizontal projection of that 
portion of interior space which is cootaincd within eltterior walls and which is 
conditioned directly or indirectly by an energy-using system, and which has an 
average height of five feet or greater, measured from the eltterior faces. 

GROS..<; EXTERIOR WALL AREA: The normal projection of the building 
envelope wall area hounding interior space which is conditioned by an energy­
using system; includes opaque wall, window and door areas. The gross area of 
walls consists of all opaque wall area~. including foundation walls, between Ooor 
spandrels, peripheral edges of Ooors, window areas including sash, and door 
areas, where such surfaces are exposed to exterior ambient conditions and 
enclose a conditioned space including interstitial areas between two such spaces. 

GROSS FLOOR AREA: The sum of the areas of the several Ooors of the 
building, including basements, cellars, mezzanine and intermediate Ooored tiers 
and penthou~es of headroom height, measured from the exterior faces of eltterior 
walls or from the center line of walls separating buildings, but cltcluding: 
Covered walkways, open roofed-over areas, porches and similar spaces, pipe 
trenches, exterior terraces or steps, chimneys, roof overhangs and s1milar 
features . 

GROSS ROOF/CEIIJNG AREA: The sum of the areas of the roof/ce1ling 
assembly, consisting of the totalmterior surface area of all elements, including 
skylights, which enclose a conditioned space. 

GUEST ROOM: See the Washington State Building Code. 

IIEAT: The form of energy that 1s transferred by virtue of a temperature 

difference. 

lffiAT STORAGE CAPACITY: The physical property of materials (mass) 
located inside the building envelope to absorb, store and release heat. 

HEATED SPACE: Space within a building which is provided with a positive 
heating supply. Finished living space within a basement or registers or heating 
devices designed to supply heat to a basement space shall automatically define 
that space as heated space. (See Positive lleuting Supply.) 
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IISPF -IIEATTNG SEASON PERFORMANCE FACTOR: The total heating 
output (Btu) of a heat pump during its normal annual usage period for heating 
divided by the total electric power input (watt hour) during the same period, as 
determined by test procedures consistent with the U.S. Department of Energy 
"Test Procedure for Central Air Conditioners, Including Heat Pumps, • published 
in the December 27, 1979, Federal Register, Vol. 44, No. 24, 10 CFR 430. 
When specified in Btu per watt hour an HSPF of 6.826 is equivalent to a COP of 
2 .0. 

IIUMIDISTAT: A regulatory device, actuated by changes in humidity, used for 
automatic control of relative humidity. 

IIVAC: Heating, ventilating and air conditioning. 

IIVAC SYSTEM COMPONENTS: HVAC system components provide, in one 
or more factory-assembled packages, means for chilling and/or heating water 
with controlled temperature for delivery to terminal units serving the conditioned 
spaces of the buildings. Types of HV AC system components include, but are not 
limited to, water chiller packages, reciprocating condensing units and water 
source (hydronic) heat pumps. (See IIVAC System Equipment.) 

IIVAC SYSTEM EFFICIENCY: (See Efficiency, IIVAC System.) 

IIVAC SYSTEM EQtnPMENT: HVAC system equipment provides, in one 
(single package) or more (split system) factory-assembled packages, means for 
air circulation, air cleaning, air cooling with controlled temperature and 
dehumidification; and optionally, either alone or in combination with a heating 
plant, the functions of heating and humidifying. The cooling function may be 
either electrically or heat operated and the refrigerant condenser may be air, 
water or evaporatively cooled. Where the equipment is provided in more than 
one package, the separate packages shall be designed by the manufacturer to be 
used together. The equipment may provide the heating function as a heat pump 
or by the use of electric elements. (The word "equipment" used without 
modifying adjective may, in accordance with common industry usage, apply 
either to HV AC system equipment or HV AC system components.) 

ILLUMINATION: The density of the luminous nux incident on a surface; it is 
the quotient of the luminous nux by the area of the surface when the latter is 
uniformly illuminated. 

INFILTRATION: The uncontrolled inward air leakage through cracks and 
mterstoces in any building element and around windows and doors of a building 
caused by the pressure effects of wind and/or the effect of dofferences in the 
indoor and outdoor air density . 

II 
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INSULATION BAFFLE: A rigid material, resistant to wind driven moisture, 
the purpose of which is to allow air to flow freely into the attic or crawl space 
and to prevent msulation from blocking the ventilation of these spaces, or the loss 
of insulation. Example materials for this purpose are sheet metal or wax 

impregnated cardboard. 

LUMINAJRE: A complete loghting unit consisting of a lamp or lamps together 
with the parts designed to distribute the light, to position and protect the lamps 
and to connect the lamps to the electric power supply. 

MANUAL: Capable of being operated by personal intervention. 
(See Automatic.) 

NET HEAT OUTPUT: The change in the total heat content of the air entering 
and leaving the equipment (not including supplementary heat and heat from 

boilers). 

NET HEAT REMOVAL: The total heat content of the air entering and leaving 
the equipment (without heat) or the difference in total heat content of the water or 
refrigerant entering and leaving the component. 

NEW ENERGY: Energy, other than recovered energy, utilized for the purpose 
of heating or cooling. (See Energy.) 

NOMINAL R-VALUE: The thermal resistance of insulation as specified by the 
manufacturer according to recognized trade and engineering standards. 

NONRENEWABLE ENERGY SOURCES: All energy sources that are not 
renewable energy sources including natural gas, oil, coal, wood, liquified 
petroleum gas, steam and any utility-supplied electricity. 

OCCUPANCY: See the Washington State Uniform Building Code. 

OPAQUE ENVELOPE AREAS: All exposed areas of a building envelope 
which enclose conditioned space, except openings for windows, skylights, doors, 
glazing and building service systems. 

OPEN BLOWN: Loose fill insulation pneumatically installed in an unconfined 

attic space. 

OtrrDOOR AIR: Air taken from the outdoors and, therefore, not previously 
circulated through the system. 

PACKAGED TERMINAL AIR CONDITIONER: A factory-selected 
combination of healing and cooling components, assemblies or sections intended 
to serve a room or zone. (For the complete technical definition, see Standard 

RS-10.) 
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PACKAGED TERIIUNAL HEAT PU!'.fP: A factory-selected combination of 
heating and cooling components, assemblies or sections intended for application 
in an individual room or zone. (For the complete technical definition, see 
Standard RS-21.) 

PERMEANCE (PERM): The ability of a material of specified thickness to 
transmit moisture in terms of amount of moisture transmitted per unit time for a 
specified area and differential pressure (&rains per hour•ft2 • inches of HG). 
Permeance may be measured using ASTM E-96-12 or other approved dry cup 
method as specified in Standard RS-1 . 

POOL COVER: A vapor-retardant cover which lies on or at the surface of the 
pool. 

POSITIVE COOLING SUPPLY: Mechanical cooling deliberately supplied to a 
space, such as through a supply register. Also, mechanical cooling indirectly 
supplied to a space through uninsulated surfaces of space cooling components, 
such as evaporator coil cases and cooling distribution systems which are capable 
of maintaining air temperatures with in the space of 85°F' or lower' at the 
exterior design conditions specified in Section 302.1. To be considered exempt 
from inclusion in this definition, such surfaces shall comply with the insulation 
requirements of this Code. 

POSITIVE IffiATING SUPPLY: Heat deliberately supplied to a space by 
design, such as a supply register, radiator or heating element. Also, heat 
indirectly supplied to a space through uninsulated surfaces of service water 
heaters and space heating components, such as furnaces, boilers and heating and 
cooling distributions systems which are capable of maintaining air temperature 
within the space of 50"F, or higher, at the exterior design conditions specified in 
Section 302.1. To be considered exempt from inclusion in this delinn•on, such 
surfaces shall comply with the insulation requirements of this Code. 

POWER: In connection with machines, the time rate of doing work. In 
connection with the transmission of energy of all types, the rate at which energy 
is transmilted; in customary units, it is measured in waus (W) or British Thermal 
Units per hour (Btu/h). 

PUBLIC FACILITY REST ROOM: A rest room used by the transient public 
on a regular (rather than casual) basis. Examples include rest rooms in service 
stations, airports, train terminals and convention halls. Rest rooms incorporated 
with private guest rooms in hotels, motels or dormitories and rest room facilities 
intended for the use of employees and not usual! y used by the general public are 
not considered public facility rest rooms . 

13 
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RADIANT SLAB: A slab on grade conlllining heated pipes, ducts, or electnc 
heating cables that constitute a radiant slab or portion thereof for a complete or 
partial heating of the structure. 

READILY ACCESSIBLE: See the Washington State Mechanical Code. 

RECOOLJNG: The removal of heat by sensible cooling of the supply air 
(directly or indirectly) that has been previously heated above the temperature to 
which the air is to be supplied to the conditioned space for proper control of the 
temperature of that space. 

RECOVERED ENERGY: Energy utilized which would otherwise be wasted 
(i.e ., not contribute to a desired end use) from an energy utilization system. 

R":HEAT: The application of sensible heat to supply air that has been previously 
cooled below the temperature of the conditioned space by either mechanical 
refrigeration or the introduction of outdoor air to provide cooling. 

RENEW ABLE ENERGY SOURCES: Renewable energy sources of energy 
(excluding minerals) are derived from: (I) incoming solar radiation, including 
but not limited to, natural daylighting and photosynthetic processes; (2) energy 
sources resulting from wind, waves and tides, lake or pond thermal differences; 
and (3) energy derived from the Internal heat of the earth, including nocturnal 
thermal exchanges. 

RESET: Adjustment of the set point of a control instrument to a higher or lower 
value automatically or manually to conserve energy. 

ROOF/CEILING ASSEMBLY: A roof/ceiling assembly shall be considered as 
all components of the roof/ceiling envelope through which heat flows, thus 
creating a building transmission heat loss or gain, where such assembly is 
exposed exterior ambient conditions to and encloses a conditioned space. The 
gross area of a roof/ceiling assembly consists of the total interior surface of such 
assembly, including skylights. 

SEQUENCE: A consecutive series of operations. 

SERVICE SYSTEMS: All energy-using systems in a building that are operated 
to provide services for the occupants or processes housed therein, including 
HVAC, service water heating, illumination, transportation, cookmg or food 
preparation, laundering or similar functions. 

SERVICE WATER HEATING: Supply of hot water for domestic or 
commercial purposes other than comfort heating. 
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SHADED: Glazed area which is externally protected from direct solar radiation 
by use of devices permanently affixed to the structure or by an adjacent building, 
topographical feature , or vegetation . 

SHALL: Denotes a mandatory Code requirement. 

SINGLE FAMILY: One and two family residential dwelling units with no more 
than two units in a single building. 

SKYLIGIIT: A Jll37ing surface that has a slope of less than 60" from the 
horizontal plane 

SLAB-ON-GRAOJ~. EXTERIOR: Any portion of a slah Ooor in contact with 
the ground which is less than or equal to 24 inches below the final elevation of 
the nearest exterior grade. 

SLAR-BELOW-GRADE: Any portion of a s lab floor in contact with the ground 
which is more than 24 inches below the final elevation of the nearest exterior 
grade . 

SMALL BUSINESS: Any busmess ent1ty (includmg a sole proprietorship, 
corporation, pannerslup or other legal entity) wh1ch IS owned and operated 
mdependently from all other busmesses, wh1ch has the purpo~e of makmg a profit, 
and wh1ch has filly or fewer employees, or which has a m1lhon dollars or less per 
year in gross sales, of window products 

SOLAR ENERGY .SOURCE: Source of natural daylighting and of thermal, 
chemical or electncal energy derived directly from convers1on of incident solar 
ndiat1on. 

STANDARD FRAMING: All framing practices not defined as "intermediate" or 
"advanced" shall be considered standard. (See Advonced Frnmed Ceiling, 
Advonctd Framed Willis, Intermediate Framed Woll and Section 1005.2.) 

SUBSTANTIAL CONTACT: A condition where adjacent huilding materials are 
placed m a manner that proximal surfaces are contiguous, heing installed and 
supported as to eliminate vo1ds between materials, without compressmg or 
degnding the thermal performance of either product . 

SYSTEM: A combmation of central or term mal equipment or components and/or 
controls, accessones, interconnecting means and term1nal devices by wh1ch 
energy 1s transformed so as to perform a spec1fic function, such as HVAC, 
service water heating or illumination, 

TAPERING: Installation of a reduced level of ceiling insulation at the eaves, due 
to reduced clearance . 
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THERMAL BY-PAS.~: An area where the envelope surrounding the conditioned 
space is breached, or where an inefrec11ve application compromises the 
performance of a thermal or infiltration barrier, increasing the s tructure's energy 
consumption by expo~ing fimshc:d urfaces to ambient cond1tions and add itional 

heat transfer. 

THERMAL CONDUCTANCE (C): Time rate of heat now through a hody 
(frequently per unal area) from one of its bounding surfaces to the other for a unit 
temperature difference between the two surfaces. under steady cond1tions 

(Btu/h•fi' · • F). 

THERMAL RF-~ISTANCE Ot): The reciprocal of thermal conductance 

(hr•ft1• "F/Btu). 

THERMAL TRANSMITTANCE M: The coefficient ofheattran~mission (air 
to air) h is the 11me rate of heal now per unit area and unit tempemurc 
difference between the warm s11le and cold side ai r films (Btu/h•fi1• •F) The U­
value applies to the fractional combinations of d1freren1 matcnals u~L"<< an series 
alon& the heal now path. 

TIIERMAL TRANSMITTANCE, OVERALL (U.l: The overall (average) heat 
transm1~1on of a gro~ area of the exterior bu1ldang envelope (Btulh• fi1• "F). 
The u.-value applies to the combined effect of the time rate of heat nows through 
the various parallel paths, such as windows, doors and opaque construction 
area~. compnsang the gross area of one or more extenor hu1lding components, 
such as walls, noors or roof/ceiling 

THERMOSTAT: An automatic control device actu:ucd by temperature and 
dcsicned to be responsive to temperature. 

TOTAL ON-.SITF. •:NERGY INPUT: The combination of all the energy inputs 
to all elements a nd accessories as ancluded an the equipment components, 
includang hut not lim1ted to, compressor(s), compressor sump heater(s), 
c1rculating pump(s), purge dcv1cc(s), fan(s) and the IIVAC system comruncnt 
control circuit. 

TRANSMISSION COF.Fl'lCIENT: The ra110 of the solar heat gam through a 
gla1ing system to that of an unshaded single pane of double st rength window 
glass under the same set of conditions. 

U-VAT.UF.: (See Thtrmol Tron5millance.) 

UNlFORM BUII.OING CODE: The Washington State Una form Bu1lding Code 
as modified by the Washangton State Building Code Counc1l 
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UNIFORM MECHANICAL CODE: The Washington Stare Uniform 
Mechanical Code as modified by the Washington State Building Code Council. 

UNITARY COOLING AND HEATING EQUIPMENT: One or more factory­
made assemblies which include an evaporator or cooling coil, a compressor and 
condenser combination, and may include a heaiing function. as well. Where such 
equipment is provided in more than one assembly, the separate assemblies shall 
be designed to be used together. 

UNITARY JIEAT PUMP: One or more factory-made assemblies which include 
an indoor conditioning coil, compressor(s) and outdoor coi l or refrigerant-to­
water heat exchanger, including means to provide both heating and cooling 
functions. When such equipment is provided in more than one assembly, the 
separate assemblies shall be designed to be used together. 

VAPOR RETARDER: A layer of low moisture transmissivity material (not 
more than 1.0 perm dry cup) placed over the warm side (in winter) of insulation, 
over the exterior of below grade walls, and under floors as ground cover to limit 
the transport of water and water vapor through exterior walls, ceilings and 
floors . Vapor retarding paint, listed for this application, also complies with this 
Code. 

VAULTED CEILINGS: All ceilings where enclosed joist or rafter space is 
formed by ceilings applied directly to the underside of roof joists or rafters . 

VENTILATION: The process of supplying or removing air by natural or 
mechanical means to or from any space. Such air may or may not have been 
cond ttioned . 

VENTILATION AIR: That portion of supply air which comes from outside 
(outdoors) plus any recirculated air that has been treated to matntain the desired 
quality of air within a designated space. 

WALLS (EXTERIOR): Any member or group of members which defines the 
exterior boundaries or courts of a building and which have a slope of 6()• or 
greater with the horizontal plane, and separates conditioned from unconditioned 
space. Band joists between floors are to be considered a part of exterior walls . 

ZONE: A space or group of spaces wtthin a butldtng with heating and/or cooling 
requtrements sufficiently similar so that comfort conditions can be maintained 
throughout by a single controlling device. Each dwelling unit in residential 
buildings shall be considered a single zone . 
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CHAPTER 3 
DESIGN CONDITIONS 

SECTION 301 -DESIGN CRITERIA 

301.1 General: The criteria of this chapter establish the design conditions upon which 
the minamum thermal design requirements of the building envelope and the design of 
the HVAC system are to be based. 

301.2 Heating and Cooling: A building that is designed to be both heated and cooled 
shall meet the more stringent of the heating or cooling requirements as requ1red in this 
Code when requirements of the exterior envelope differ. 

SECTION 302- THERMAL DESIGN PARAMETERS 

302.1 Exterior ~sign Conditions: The heating or cooling outdoor design 
temperatures shall be selected from 0.6% column for winter and 0.5% column for 
summer from the Puget Sound Chapter of ASHRAE publication "Recommended 
Outdoor Design Temperatures. Washington State, ASH RAE. • (See also Washington 
State Energy Code Manual.) 

302.2 Interior ~~ign Conditions 

302.2.1 Indoor Design Temperature: Indoor design temperature shall be 70°F for 
heating and 78°F for cooling. 

Exception: Other design temperatures may be used for equipment selection if 11 
results 1n a lower energy usage. 

302.2.2 Humidification: If humidification is provided during heating, it shall be 
designed for a maximum relative humidity of 30%. When comfort air conditioning is 
provided, the actual design relative humidity within the comfort envelope as defined in 
Standard RS-4, listed in Chapter 7, shall be selected for minimum total HV AC system 
energy use. 

302.3 Climate Zones: All buildings shall comply with the requirements of the 
appropriate c li mate zone as defined herein. 

ZONE 1: Climate Zone I shall include all counties not included in Climate 
Zone 2. 

ZONE 2: Climate Zone 2 shall include: Adams, Chelan, Douglas, Ferry, 
Grant, Kiuitas, Lincoln, Okanogan, Pend Oreille. Spokane, Stevens 
and Whllman counties. 

SECTION 303 -MECIIANlCAL VENTILATION 

For all Occupancies, the minimum requirements for venti lation shall comply with 
the Washington State Ventilation and Indoor Air Quality Code (WAC 51-13). 
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CIIAPTER4 
BUILDING DESIGN BY SYSTEMS ANALYSIS 

SECTION 401 - SCOPE 

401.1 General: This chapter establishes design criteria in terms of total energy 
usc by a building, including all of its systems. Analysis of design for all Group 
R Occupancies shall comply with Section 402.1 to 402.6. 

SECTION 402- SYSTEMS ANALYSIS 

402.1 Special Requirements for All Group R Occupancies 

402.1.1 Energy Budgets: Proposed buildings designed in accordance with this 
section shall be designed to use no more energy from non-renewable sources for 
space heating and domestic hot water heat ing than a standard building whose 
enclosure clements and energy consuming systems are designed in accordance 
with Section 502.2 of this Code for the appropriate climate zone and heating 
system type. Energy derived from renewable sources may be excluded from the 
total annual energy consumption attributed to the alternative building. 

402.1.2 Calculation of Energy Consumption: The application for a building 
permit shall include documentation which demonstrates, using a calcu lation 
procedure as listed in Chapter 8, or an approved alternate, that the proposed 
building's annual space heating energy use does not exceed the annual space 
heating and water heating energy use of a standard building conforming to 
Chapter 5 of this Code for the appropriate climate zone. The total calculated 
annual energy consumption shall be shown in units of kWh/01/year or 
Btulft1/year of conditioned area: 

402.1.3 Input Values: The following standardized input values shall be used in 
calcu lating annual space heating budgets: 

Thermostat 

Thermostat set point,heating 
Thermostat set point,cooling 
Thermostat night set back 
Thermostat night set back period 

Internal Gain 

R-3 units 
R-1 units 

65"F 
78"F 
65"F 
0 hours 

3000 Btulh 
1500 Btu/h 

21 



WASHINGTON STATE ENERGY CODE 

PARAMETER 

Domestic llot Water llenter Set point 

Domestic llot Water Consumption 

Minimum Ileal Storage 

Site Weather Dnta 

Heating Equipment Efficiency 

Electric resistance heal 
Ileal Pumps 
Other Fuels 

120"F 

20 gallons/person/day. 

Calculated using standard 
engineering practice for the 
actual building or as approved. 

Typical meteorological year 
(TMY) or ersatz TMY data for 
the closest appropriate TMY 
site or other sites as approved . 

1.00 
6.80 HSPF 
0 .78 AFUE 

The standard building shall be modeled with glazing area distnbuled 
equally among the four card ina I directions. Parameter values that may be varied 
by the building designer to model energy saving options mclude, but arc not 
limited to, the following: 

I . Overall thermal transminance, u •. of building envelope or mdiVIdual 
building components. 

2. Ileal storage capacity of building. 
J. Glazing orientation; area; and shading coefficients. 
4. llcating system efficiency. 

402.1.4 Solar Shading and Access: Building designs using passive solar features 
with 8% or more south facing equivalent glazing to qualify shall provide 10 the 
buildin~: official a sun chart or othe r approved documentation depicting aciUal site 
shading for use in calculating compliance under this section. The building shall 
contain at least45 Btu/"F for each square foot of south facing glass. 

402.1.5 Infiltration: Infiltration levels used shall be set at 0 .35 air changes per 
hour for thermal calculation purposes only. 

402.1.6 llent Pumps: The heating season performance factor (IISPF) for heal 
pumps shall be calculated using procedures consistent with Section 5.2 of the 
U S. Department of Energy "Test Procedure for Central Air Conditioners , 
lncludmg Heal Pumps," published in the Dccember27, 1979, Federal Register, 
Vol. 44, No. 24 10 CFR 430. Climate data as specified above, the proposed 
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buildin&s overall thermal performance value (Btu/" F) and the standardi7ed input 
assumptions specified above shall be used to model the heat pump's HSPF . 

402.2 Energy Analysi~: Compliance with this chapter will require an analysis of 
the annual energy usage, hereinafter called an annual energy analysis. 

Exception: Chapters 5 and 6 of this Code establish criteria for different energy­
consuming and enclosure elements of the building which will eliminate the 
requirement for an annualsystems energy analysis while meeting the intent of this 
Code. 

A building designed in accordance with thts chapter will be deemed as 
complying with this Code if the calculated annual energy consumption is not 
greater than a similar building (defined as a "standard design") whose enclosure 
elements and energy-consuming systems are designed in accordance with 
Chapter 5. 

For an alternate building design to be considered similar to a "standard 
design, • it shall utilize the same energy souree(s) for the same functions and have 
equal floor area and the same ratio of envelope area to floor area, environmental 
requirements, occupancy, climate data and usage operational schedule. 

402.3 Design: The standard design, conforming to the criteria of Chapter 5 and 
the proposed alternative design shall be designed on a common basis as specified 
herein 

The comparison shall he expressed as klltu or kWh input per 
square foot of condtttoned noor area per year at the buildtng site. 

402.4 Analy~is Procedure: The analysis of the annual energy usage of the 
Mandard and the proposed alternative building and system design shall meet the 
following criteria· 

a. The huilding heating/cooling load calculation procedure used for annual 
energy consumption analysis shall be detailed to permit the evaluation 
of effect of factors specified in Section 402.5. 

b. The calculation procedure used to simulate the operation of the building 
and its service systems through a full-year operating period shall he 
detailed to permit the evaluation of the effect of system design, climatic 
factors, operational characteristics and mechanical equipment on annual 
energy usage. Manufacturer's data or comparable field test data shall 
be used when available in the simulation of systems and equipment. 
The calculat•on procedure shall be based upon 8,760 hours of operation 
of the building and its service systems . 
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402.5 Calculation Procedure: The calculation procedure shall cover the 

followang items: 
a. Design requirements-Environmental requirements as requ1red in 

Chapter 3. 
b. Climatic data-Coincident hourly data for temperatures, solar radiation, 

wind and humidity of typical days in the year representing seasonal 

variatiOn. 
c. Building data-OrientatiOn, size, shape, mass, air, moisture and heat 

transfer characteristics. 
d. Operational characteristics-Temperature, humidity, ventilation, 

illumination, control mode for occupied and unoccupied hours. 
e. Mechanical equipment--Design capacity, part load profile. 
f. Building loads-Internal heat generation, lighting, equipment, numher 

of people during occupied and unoccupied periods. 

Exception: Group R Occupancy shall comply with the calculation 
procedures in Chapter 8, or an approved alternate. 

402.6 Documentation: Proposed alternative designs, suhmitted as requests for 
exception to the standard design criteria, shall he accompanied by an energy 
analysis comparison report. The report shall provide technical detail on the two 
building and system designs and on the data used in and resulting from the 
comparative analysis to verify that both the analysis and the designs meet the 

criteria of Chapter 4 of this Code. 
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CIIAPI'ER 5 
BUILDING DESIGN DY COMPONENT 

PERFORMANCE APPROACH 

SECTION 501 -SCOPE 

501.1 General: Buildings that are heated or mechanically cooled shall be 
constructed so as to provide the required thermal performance of the various 
components. A building that is designed to be both heated and cooled shall meet 
the more s tringent of the heating or cooling requirements as provided in this 
Code when requirements of the exterior envelope differ. 

SECTION 502- BUILDING ENVELOPE REQUIREMENTS 

502.1 General 

502.1.1: The stated U- or F-value of any component assembly, listed in Table 5-
I or 5-2, such as roof/ceiling, opaque wall or opaque Ooor may be increased and 
the U-value for other components decreased, provided that the total heat gain or 
loss for the entire building envelope does not exceed the total resulting from 
compliance to the U-values specified in this section . 

The U-values for typical construction assemblies are included in Chapter 
I 0. These values shall be used for all calculations. Where proposed construction 
assemblies are not represented in Chapter 10, values shall be calculated in 
accordance w1th Chapters 19-27 in Standard RS-1 listed in Chapter 7, using the 
framing factors listed in Chapter 10 where applicable. 

For envelope assemblies containing metal framing, the U-value shall be 
determined by one of the following methods: 

I. Results of laboratory or field measure ments. 
2. Standard RS-25, listed in Chapter 7, where the metal framing is bonded 

on one or both sides to a metal skin or covering. 
3. The zone method as provided in Chapter 22 of Standard RS-1, listed in 

Chapter 7. 
4. Effective framing/cavity R-values as provided from the following table 

for metal stud walls: 

WALL FRAMING CAVITY INSULATION 
R-11 R-19 

2 X 4@ 16" O.C. 5.50 -
2 X 4@ 24" O.C. 6.60 -
2x6@ 16" o.c. - 7.60 
2 X 6@ 24" O.C. - 8.55 
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502.1.2: For consideration of thermal mass effects, see Section 402.4. 

502.1.3: When return atr cethng plenums are employed. the roof/cetling 
assembly shall: 

a. For thermaltransmillance purposes, not include the ceiling proper nor 
the plenum space as part of the assembly; and 

b. For gross area purposes, be based upon the interior face of the upper 
plenum surface. 

502.1.4 ln~ulation 

502.1.4.1 General: All insulating materials shall comply with Sections 1713 
and/or 1714 of the Uniform Building Code. Substantial contact of the insulation 
with the surface being insulated is required. All insulation materials shall be 
installed according to the manufacturer's instructions to achieve proper densities 
and maintain uniform R-values. To the maximum extent possible, insulation 
shall extend over the full component area to the intended R-value. 

502.1.4.2 ln~ulation Materials: All insulation materials tncluding facings such 
as vapor barriers or breather papers installed within floor/ceiling assemblies, 
roof/ceiling assemblies, walls, crawl spaces, or attics shall have a flame spread 
rating of less than 25 and a smoke density not to exceed 450 when tested in 
accordance with UBC Standard 42-l. 

Exceptions: 
l. Foam plastic insulafi<in shall comply·with Section·l713 of the Umform 

Building Code. 
2. When such materials are installed in concealed spaces of Types Ill, IV 

and V construction, the flame spread and smoke developed limitations 
do not apply to facing, provided that the facing is mstallcd m 
substantial contact wtth the unexposed surface of the ceiling, floor or 
walllinish. 

3. Cellulose insulation shall comply with Section 1714 of the Uniform 
Building Code. 

502.1.4.3 C learances: Where required, insulation shall be installed with 
clearances according to manufacturer's specifications. Insulation shall be 
installed so that required ventilation is unobstructed. For blown or poured loose 
lill insulation, clearances shall be maintained through installation of a permanent 
retainer 

502.1.4.4 Acce<;s Hatches :and Doors: Access doors from conditioned spaces to 
unconditioned spaces {e.g., allies and crawl spaces) shall be weatherstripped and 
insulated to a level equivalent to the insulation on the surrounding surfaces. 
Access shall be provided to all equipment which prevents damaging or 
compressing the insulation. A wood framed or equivalent baffle or retainer must 
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be provided when loose fill insulation is installed, the purpose of wh1ch is to 
prevent the loose fill insulation from spilling into the living space when the attic 
access is opened, and to provide a permanent means of maintaining the installed 
R-value of the loose fill insulation. 

502.1.4.5 Roof/Ceiling Insulation: Open-blown or poured loose fill insulation 
may be used in attic spaces where the slope of the ceiling is not more than 3 feet 
in 12 and there is at least 30 mches of clear distance from the top of the bouom 
chord of the truss or ceiling joist to the underside of the sheathing at the roof 
ridge. When eave vents are installed, bafning of the vent openings shall be 
provided so as to deflect the incoming air above the surface of the insulation . 
Barnes shall be, rigid material, resistant to wind driven moisture. Requirements 
for barnes for ceiling insulation shall meet the Uniform Building Code Section 
3205(c) for minimum ventilation requirements. When feasible, the barnes shall 
be installed from the top of the outside of the exterior wall, extending inward, to 
a point 6 inches vertically above the height of noncompressed insulation, and 12 
inches vertically above loose fill insulation. 

502.1.4.6 Wall Insulation: Insulation installed in exterior walls shall comply 
with the provisions of this section. All wall insulation shall fill the entire cavity. 
Exterior wall cavities isolated during frammg shall be fully insulated to the levels 
of the surrounding walls. All faced insulation shall be face stapled to avoid 
compression. 

502.1.4.7 floor Insulation: Floor insulation shall be installed in a permanent 
manner in substantial contact with the surface being insulated. Insulation 
supports shall be installed so spacing is no more than 24 inches on center. 
Foundation vents shall be place<_l so that the top of the vent is below the lower 
surface of the floor insulation. 

Exception: Insulation may be omitted from floor areas over heated 
basements, heated garages or underfloor areas used as IIVAC supply 
plenums. See Uniform Mechanical Code Section 1008 for underfloor 
supply plenum requirements. When foundation walls are insulated, the 
insulation shall be attached in a permanent manner. The insulation shall 
not block the airflow through foundation vents when installed. When 
foundation vents are not placed so that the top of the vent is below the 
lower surface of the floor insulation, a permanently attached baffle shall be 
installed at an angle of 30°from horizontal, to divert a1r flow below the 
lower surface of the floor insulation. 

502.1.4.1! Slab-On-Grade: Slab-on-grade insulation, installed inside the 
foundation wall, shall extend downward from the top of the slah for a mmimum 
distance of 24 inches or downward and then horizontally beneath the slab for a 
minimum combined distance of24 inches. Insulation installed outs1de the 
foundation shall extend downward to a minimum of 24 inches or to the frostline. 
Above grade insulation shall be protected . 
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Exception: For monolithic slabs, the insulation shall extend downward 
from the top of the slab to the bouom of the footing. 

502.1.4.9 Radiant Slab~: The entire area of a radiant slab shall be thermally 
isolated from the soil with a minimum of R-IO insulation. The insulation shall be 
an approved product for its antendcd use. If a soil gas control system is present 
below the radiant slab, which results in increased convective now below the 
radiant slab, the radiant slab shall be thermally isolated from the sub-slab gravel 

layer. 

502.1.4.10 Below-Grade Walls: Below grade exterior wall insulation used on 
the exterior (cold) side of the wall shall extend from the top of the below grade 
wall to the top of the footing and shall be approved for below grade use. Above 
grade insulation shall be protected. 

Insulation used on the interior (warm) side of the wall shall extend from 
the top of the below grade wall to the below grade noor level. 

502.1.5 Glazing and Door U-Values: Glazing and door U-values shall be 
determmed m accordance with Sections 502.1 5.1 and 502 1.5 2. All products shall 
be labeled With the NFRC cert1fied or default U-value The labeled U-value shall be 
used m all calculations to determme compliance with th1s Code Sealed msulatmg 
glass shall confonn to, or be 1n test for, ASTM E-774-81 class A 
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Exceptions: 
I. Until December 31, 1994, the following products may be ass1gned a 

U-value ofOAO for the purposes of .determimng compliance with 
the electric res1stance component performance path as determmed 
by Equation 3 m thiS Chapter· 

A vinyl or wood double pane wmdow, excludmg shdmg glass 
doors, constmcted w1th a mm1mum tn mch a1r space between 
gla7ings and e1ther a low-e glazmg or an argon fill of no less 
than 90% 

The only labeling requ1rement for products usmg this exception 
shall be a descnption of the product and a label stating: "This 
product IS deemed to satisfy the electric resistance path in the 
Washington State Energy Code." 

2. Until December 31, 1994, the followmg products mny be ass1gned a 
U-value of 0 65 for the purposes of determining compliance With 
the other fuels component performance path as determined by 
Equation 3 m this Chapter· 

An alummum, double pane window, excludang sliding glass 
doors, constmcted with a mimmum 7/16 mch a1r space 
between glazmgs 
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Tite only labeling reqmrement for products usmg this exception 
shall be a description of the product and a label stating: "This 
product is deemed to satisfy the other fuels path m the Washington 
State Energy Code." 

3. Log homes, in addition to the exceptions above, may utilize the 
following: until December 31, 1994, the following products may be 
assigned aU-value of0.31 for the purposes of determming 
compliance with the electric resistance or other fuels component 
performance path as determmed by Equation 3 in tins Chapter· 

A vinyl or wood double pane wmdow, excludmg shding glass 
doors, constructed wllh a mimmum In inch air space between 
glazings and a low-e glazing and an argon fill of no less than 
90% 

The only labeling requirement for products usmg this exception 
shall be a description of the product and a label stating: "This 
product as deemed to satisfy either the electnc resistance path or the 
other fuels path for log homes in the Washington State Energy 
Code." 

502.1.5.1 Standard Procedure for Determinntion or Glazing U-Values: U­
values for glazing shall be determined, certified and labeled in accordance with 
the National Fenestration Rating Council (NFRC) Product Certification Program 
(PCP), as authomed by an andependent certification and mspection asency 
hcensed by the NFRC. Compliance shall be based on Model Size AA Product 
samples used for U-value determmations shall be production line unats or 
representative ofumts as purchased by the consumer or contractor Products 
that are listed in the NFRC Certified Products Darectory or certified to the NFRC 
standard shall not use default values 

Exceptions: 
I. Untested slazmg products may be assigned default U-values from 

Table 10-6A 
2. Overhead glazin& and units produced by a small business may be 

assigned default U-values from Table I 0-68 
3. Passave air inlets are not required to be part of the tested assembly. 
4. Compliance for tested overhead glazmg shall be based on NFRC 

Model Saze BB 

502.1.5.2 Standard Procedure for Determination or Door U-V•lues: llalf­
late and full-lite doors, mcludmg fire doors, shall be assigned default U-values 
from Table 10-60 All other doors, mcludmg fire doors, shall be assagned 
default U-values from Table 10-6C. 

Exceptions: 
I. U-valtaes detem1med, certafied and labeled m accordance with the 

National Fenestration Ratmg Council (NFRC) Product Certaficatlon 
Program (PCP), as authorized by an independent cenafication and 
anspectlon agency hcensed by the NFRC 
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2. The default values for the opaque port1ons of doors shall be those 
hsted in Table IO~C. prov1ded that the U-value hsted for a door 
w1th a thennal break shall only be allowed if both the door and the 
frnme have a thennal break 

3. One unlabeled or untested exterior swinging door with the 
maximum area of 24 square feet may be ins!Dlled for ornamental, 
security or architectural purposes. Products using this exception 
shall not be included in either the U-value or glazing area 
calculation requirements. 

502.1.6 Moisture Control 

502.1.6.1 Vapor Retarders: Vapor retarders shall be installed on the warm side 
(in winter) of insulation as specified in the following cases. 

Exception: Vapor retarder installed with not more than 1/3 of the nominal 
R-value between it and the conditioned space. 

502.1.6.2 Floors: Floors separating conditioned space from unconditioned space 
shall have a vapor retarder installed. The vapor retarder shall have a one perm 
dry cup rating or less (i.e. four mil [0.004 inch thick] polyethylene or kraft faced 

material). 

502.1.6.3 Roar/Ceilings: Roof/Ceiling assemblies where the ventilation space 
above the insulation is less than an average of 12 inches shall be provided with a 
vapor re!Drder. Faced batt insulation where usCd as a vapo~ retarder shall be 
face s!Dpled. Single rafter joist vaulted ceiling cavities shall be of sufficient depth 
to allow a minimum one inch vented air space above the insulation. 

502.1.6.4: Vapor retarders shall not be required in roof/ceiling assemblies where 
the ventilation space above the insulation averages 12 inches or greater. 

502.1.6.5: Vapor retarders shall not be required where all of the insulatiOn is 
installed between the roof membrane and the structural roof deck. 

502.1.6.6 Walls: Walls separating conditioned space from unconditioned space 
shall have a vapor retarder installed. Faced batt insulation shall be face stapled. 

502.1.6.7 Ground Cover: A ground cover of six mil (0.006 10ch thick) black 
polyethylene or approved equal shall be laid over the ground within crawl spaces. 
The ground cover shall be overlapped 12 inches minimum at the joints and shall 
extend to the foundation wall. 
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Exception: The ground cover may be omitted in crawl spaces if the crawl 
space has a concrete slab noor with a minimum thickness of3- tn inches . 
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502.2 Thermal Criteria for Group R Occupancy 

502.2.1 UA Calculotions: The proposed UA as calculated using Equations 2 and 
3 shall not exceed the Target UA as calculated using Equation I. For the 
purpose or determining equivalent thermal performance, the gla?ing area for the 
target UA shall be calculated using ligures in Table 5-1, and all the glazing shall 
be located in the wall area. The opaque door area shall be the same in the target 
UA and the proposed UA. 

502.2.2 Space Heat Type: The following two categories comprise all space 
heating types: 

I. Electric Resistance: Space heating systems which include baseboard 
units, radiant units and forced air units as either the primary or 
secondary heating system. 

Exception: Electric resistance systems for which the total electric 
heat capacity in each individual dwellin& unit does not exceed the 
greater of: I) One thousand watts ( I 000 W)per dwelling unit, or; 2) 
One watt per square foot (I W /ft')of the gross floor area. 

2. Other: All gas, wood, oil and propane space heating systems, unless 
electric resistance is used as a secondary heating system, and all heal 
pump space heating systems. (See EXCEP'I'ION, Electric Resistance, 
Section 502.2.2 above.) 

502 .3 Reserved 

502.4 Air Leakage 

502.4.1 General: The requirements of this section shall apply to all bui ldings and 
structures , or portions thereof, and only to those locations separating outdoor 
ambient conditions from interior spaces that are heated or mechanically cooled . 

502.4.2 Doors and Windows, General: Exterior doors and windows shall be 
designed to limit air lealcage into or from the building envelope. Site-constructed 
doors and windows shall be sealed in accordance with Section 502.4.3. 

502.4.3 Seals and Weatherstripping: a. Exterior joints around windows and 
door frames, openings between walls and foundation, between walls and roof and 
wall panels; openings at penetrations of utility servaces through walls, floors and 
roofs; and all other openings in the building envelope for all occupancies and all 
other openings in between units in R-1 occupancy shall be sealed, caulked, 
gaslceted or weatherstripped to limit air leakage. 

b. All exterior doors or doors serving as access to an enclosed unheated 
area shall be weatherstripped to limit leakage around their perimeter when in a 
closed position . 
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c. Site bu1ll windows are exempt from testing but shall be made tight 
fitting . Fixed lites shall have glass retained by stops with sealant or caulking all 
around. Operating sash shall have weatherstripping working against overlapping 
trim and a closer/latch which will hold the sash closed. The window frame to 
framing crack shall be made tight with caulking, overlapping membrane or other 

approved technique. 
d . Openings that are required to be fire resistive are exempt from this 

section. 

502.4.4 Recessed Lighting Fixtures: When installed in the building envelope, 
recessed lighting fixtures shall meet one of the following requirements: 

I . Type IC rated, manufactured with no penetrauons between the inside of 
the recessed fixture and ceiling cavity and sealed or gasketed to prevent 
air leakage into the unconditioned space. 

2. Type IC rated, installed inside a sealed box con~tructed from a 
minimum 112 inch thick gypsum wall board, or constructed from a 
preformed polymeric vapor barrier, or other air tight assembly 

manufactured for this purpose. 
3. Type IC rated, certified under ASTM E283 to have no more than 2.0 

cfm air movement from the conditioned space to the ceiling cavity. The 
lighting fixture shall be tested at 75 Pascals or 1.57 lbs/ft

1 
pressure 

difference and have a label attached, showing compliance. 

SECTION 503 - BUILDING J\.fECliANICAL SYSTEMS 

503.1 Generul: Th1s section covers the determination of design requ1rements, 
system and component performance, control requirements, insulating systems 

and duct construction. 
Exception: Special applications, including but not limited to, hospitals, 
laboratories, thermally sensitive equipment and computer rooms may be 
exempted from the requirements of this section when approved by the 

building official. 

503.2 Calculations of Heating/Cooling Loads and System Sizing Limits: The 
design parameters specified in Chapter 3 shall apply for all computations. 

503.2.1 Calculation Procedures: Heatmg and cooling design loads for the 
purpose of si7ing HVAC systems are required and shall be calculated in 
accordance with accepted engineering practice, including infiltration and 

ventilation. 

503.2.2 Spuce Heating and Space Cooling System Sizing Limits: Building 
mechanical systems for all buildings which provide space heating and/or space 
cooling shall be sized no greater than 150% of the heating and cooling des1gn 

loads as calculated above. 
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Exceptions: The following limited exemptions from the sizing limit shall 
be allowed, however, in all cases heating and/or cooling design load 
calculations shall be submilled . 
I . For equipment which provides both heating and cooling in one package 

unit, including heat pumps with electric heating and cooling and gas­
pack units with gas heating and electric cooling, compliance need only 
be demonstrated for either the space heating or space cooling system 
size. 

2. Natural gas- or oil-fired space heating equipment whose total rated 
space heating output in any one dwelling unit is 56,000 Btu/h or less 
may exceed the 150% sizing limit provided that the installed equipment 
has an annual fuel utili7.ation efficiency (AFUE) of not less than the sum 
of 78%plus I %for every 5,000 Btu/h that the space heating equipment 
output exceeds the design heating load of the dwelling unit. 

3. Stand-by equipment may be installed if controls and other devices are 
provided which allow redundant equipment to operate only when the 
primary equipment is not operating. 

503.3 Simultaneous Heating and Cooling: Each temperature control zone shall 
include thermostatic controls installed and operated to sequence the usc of heating 
and cooling energy to satisfy the thermal and/or humidity requirement of the 
zone. Controls shall prevent reheating (heating air that is cooler than system 
mixed air), recooling (cooling air that is warmer than the system mixed air) 
mixing or simultaneous supply of warm air (warmer than system return air mixed 
air) and cold air (cooler than sy~tem mixed air), or other simultaneous operation 
of heating and cooling systems to one zone. For the purposes of this section, 
system mixed air is defined as system return air mixed with the minimum 
ventilation air requirement by Section 303. 

Exceptions: 
I . Variable air volume systems designed to reduce the air supply to each 

zone during periods of occupancy to the larger of the following: 
a. 30% or less of the peak supply volume. 
b. The minimum allowed to meet ventilation requirements of 
Section 303. 
c. 0.5 cfmlfi1 of zone conditioned area before reheating, rccooling or 
mixing takes place. Consideration shall be given to supply air 
temperature reset control. 

2. The energy for reheating or providing warm air in mixing systems is 
provided entirely from recovered energy that would otherwise be 
wasted or from renewable energy sources. In addition, the system 
shall comply with Section 503.7 without exception . 

3. Areas where specific humidity levels are required to satisfy process 
needs. 

4. Where special pressurization relationships or cross-contammation 
requiremenls are such that variable air volume systems are impractical, 
supply air temperatures shall be reset by representative buildmg load or 
outside air temperature. 

33 



WASHINGTON STATE ENERGY CODE 

503.4 IIVAC Equipment Performance Requirements 

503.4.1 Equipment Components 

503.4.1.1 General: The requirements of this section apply 10 equipment and 
mechanical component performance for heating, ventilating and air conditionang 
systems. Equipment efficiency levels are specified. Data fum1 shed by the 
equipment supplier or cenified under a nationally recogni7ed certification 
program or rating procedure shall be used 10 satisfy these requirements. 
Equ1pment efficiencies shall be based on the standard rating conditions in Tables 
5-4, 5-S or 5·6 as appropriate . 

503.4.1.2 !\.~sembled Components: Where components from more than one 
manufacturer are assembled into systems regulated under this section, compliance 
for each component shall be as specified in Sections 503.4.2 through 503.4.6 of 
this Code. 

503.4.2 IIVAC System Healing Equipment, Heat Pump, Healing Mode: Heat 
pumps whose energy input is entirely electric shall have a coefficient of 
performance (COP) heating, not less than the ~alues in Tab)e 5-7. Heal pumps 
with supplementary backup heat other than electricity shall meet the requirements 

of Table 5-7. 

503.4.2.1 Application: These requirements apply to, but are not limited to, 
unitary (central) heat pumps (air source and water source) in the heaung mode, 
water source (hydronic) heat pumps as used in multiple-unit hydronic HVAC 
systems and heat pumps in the packaged terminal air conditioner in the heating 
mode. 

503.4.2.2: Reserved 

503.4.2.3 Supplementary Healer: The heat pump shall be installed with a 
control to prevent supplementary backup heater operation when the operating 
load can be met by the heat pump compression cycle alone. 

503.4.2.4 Heat Pump Controls: Requirements for heat pump controls are listed 
in Section 503.8.3.5 of this Code. 
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503.4.311VAC System Combustion Equipment: For Group R Occupancy, all 
gas, oil and propane central heating systems shall have a minimum AFUE of 
0 .78•. All other Group R Occupancy heating equipment fueled by gas, oil or 
propane shall be equipped with an intermittent ignition device or shall comply 
with the efficiencies as required in the 1987 National Appliances Energy 
Conservation Act (Public Law 100-12). 

• HV AC Heating system efficiency tradeo{)ffs shall be made 
using Chapters 4 or 6 of this Code. 

503.4.4 Packaged and Unituy IIVAC System Equipment, Electrically 
Operated, Cooling Mode: HVAC system equipment as listed below, whose 
energy input in the cooling mode is entirely electric, shall have an energy 
efficiency ratio (EER) or a seasonal energy efficiency ratio (SEER) cooling not 
less than values in Table 5-8. 

503.4.4.1 Application: These requirements apply to, but are not limited to, 
unitary (central) and packaged terminal heat pumps (air sou rce and water 
source); packaged terminal air conditioners . 

503.4.5: Reserved 

503.4.6: Reserved 

503.5: Reserved 

503.6 Balancing: The HVAC system design shall provide a means for balancing 
air and water systems. Balancing the system shall include, but not be limited to, 
dampers, temperature and pressure test connections and balancing valves. 

503.7 Cooling with Outdoor Air (Economizer Cycle): Each fan system shall be 
designed to use up to and including 100% of the fan system capacity for cooling 
with outdoor air automatically whenever its use will result in lower usage of new 
energy. Activation of economizer cycle shall be controlled by sensing outdoor 
air enthalpy or outdoor air dry-bulb temperature alone or alternate means 
approved by the building official. 

Exceptions: Cooling with outdoor air is not required under any one or 
more of the following conditions: 
I. The fan system capacity is less than 3,500 cfm or total cooling capacity 

is less than 90,000 Btu/h. 
2. The quality of the outdoor air is so poor as to require extensive 

treatment of the air and approval by the building official. 
3. The need for humidification or dehumidification requires the use of 

more energy than is conserved by the outdoor air cooling on an annual 
basis . 
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4. The use of outdoor air cooling may affect the operation of other 
systems so as to increase the overall energy consumption of the 
building. 

5. When energy recovered from an internal/external zone heat recovery 
system eltceeds the energy conserved by outdoor air cooling on an 
annual basis. 

6. When all space cooling is accomplished by a circulating liquid which 
transfers space heat directly or indirectly to a heat rejection device such 
as a cooling tower without use of a refrigeration system. 

7. When the use of 100% outside air will cause coil frosting, controls may 
be added to reduce the quantity of outside air. However, the intent of 
this exception is to use 100% air in lieu of mechanical cooling when 
less energy usage will result and this exception applies only to direct 
expansion systems when the compressor is running. 

503.8 Controls 

503.8.1 Temperature Control: Each system shall be provided with at least one 
adjustable thermostat for the regulation of temperature. Each thermostat shall be 
capable of being set by adjustment or selection of sensors as follows: 

503.8.1.1: When used to control heating only: 55"F to 75°F. 

503.8.1.2: When used to control cooling only: 70"F to 85"F. 

503.8.1.3: When used to control both heating and cooling, it shall be capable of 
being set from 55"F to 85"F and shall be capable of operating the system heating 
and cooling in sequence. The thermostat and/or control system shall have an 
adjustable dead band of not less than IO"F. 

503.8.2 Humidity Control: ff a system is equipped with a means for adding 
moisture to maintain specific selected relative humidities in space or zones, a 
humidistat shall be provided. Humidistats shall be capable of being set to prevent 
new energy from being used to produce space-relative humidity above 30% 

Exception: Special uses requiring different relative humidities may be 
permitted when approved by the building official. 

503.8.3 Zoning for Temperature Control 

503.8.3.1 One- and Two-Family Dwellings: At least one thermostat for 
regulation of space temperature shall be provided for each separate system. In 
addition, a readily accessible manual or automatic means shall be provided to 
partially restrict or shut off the heating and/or cooling input to each zone or 
noor. 
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503.8.3.2 Mulliramlly Dwellings: For muhifamily dwellings, each individual 
dwelling unit shall have at least one thermostat for regulation of space 
temperature. A readily accessible manual or automatic means shall be provided 
to partially restrict or shut off the heating and/or cooling input to each room. 

503.8.3.3: R~ned 

503.8.3.4 Control Setback and Shut-OfT: 
I . Residential Occupancy Groups. One- and Two-Family and 

Multifamily Dwellings--The thermostat required 10 Section 503.8.3.1 
or Section 503.8.3.2, or an alternate means such as a switch or clock, 
shall prov1de a readily accessible, manual or automatic means for 
reducing the energy required for heating and cool ing during the periods 
of non-use or reduced need, such as, but not limited to. unoccupied 
periods and sleeping hours. Lowering thermostat set points to reduce 
energy consumption of heat10g systems shall not cause energy to be 
expended to reach the reduced sen10g. 

2. Reserved 

503.8.3.5 Jleat Pump Controls: Programmable thermostats are required for all 
heat pump systems. The cut-on temperature for the compression heatin& shall be 
higher than the cut-on temperature for the supplementary heat, and the cut-off 
temperature for the compression heating shall be higher than the cut-off 
temperature for the supplementary heat. Heat pump thermo tats will be capable 
of providing at lea~t two programmable setback periods per day. The automatic 
setback thermostat shall have the capability of limiting the usc of supplemental 
heat during the warm-up period. 

503.9 Air Handling Duct Systtm Insulation: Ducts, plenums and enclosures 
installed 10 or on bu1ldings shall be thermally insulated per Table 5-11. 

Exctptions: Duct msulation (except where required to prevent 
condensation) is not required in any of the following cases: 
I When the heat gain or loss of the ducts, without insulation, will not 

increase the energy requ1rements of the building. 
2. Within the IIVAC equipment. 
3. Exhaust air ducts. 
4. Supply or return air ducts installed in unvented crawl spaces with 

insulated walls, basements or cellars in one- and two-family dwellings . 

503.10 Duct Construction: All duct work shall be constructed in accordance 
with Standards RS-15, RS-16, RS-17, RS- 18, RS-19 or RS-20, as applicable, and 
the Uniform Mcchan1cal Code. 

503.10.1 Ltllkogt Testing: High-pressure and medium-pre~sure ducts shall be 
leak tested in accordance with the applicable standards listed 10 Chapter 7 of this 
Code with the rate of air leakage not to exceed the maximum rate specified in 
that standard. 
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503.10.2 SHms and Joint~: When low-pressure supply air ducts are located 
outside of the conditioned space. all HV AC ductwork seams and JOints, both 
longitudinal and transverse, shall be taped and sealed with products approved hy 
the building official only Ductwork JOints shall be mechanically fastened with a 
minimum of three fasteners per JOint for a cylindrical duct. Use Table 5-11 for 
duct insulatton requirements. 

503.10.3 Dampers: Requirements for automatic or manual dampers are found in 
the Washington State Ventilation and Indoor Air Quality Code. 

503.11 Piping Insulation: All ptpmg mstalled to serve butldings (and within) 
shall he thermally insulated in accordance with Table 5-12. For service hot 
water systems see Section 504.7. If water ptpes are outside of conditioned space 
then the ptpe insulation requirement shall be R-3 minimum for non-recirculating 
hot and cold water ptpes. For recirculating service hot and cold water pipes use 
Table 5-12 for pipe st1es and temperatures. 

Exctplion: Piping insulation is not required within unitary IJVAC 
equipment. 

503.11.1 Other ln~ulotion Thickn~~: Insulation thickness in Table 5-12 is 
based on insulation having thermal reSIStance in the range of 4.0 to 4.6 per inch 
of thickness on a Oat surface at a mean temperature of 75•F. Minimum 
tnsulation thickness shall be increa~ for materials havmg R-values less than 4.0 
per inch or may be reduced for materials having R-values e.reater than 4.6 per 

inch. 
a . For materials with thermal resistance greater than R • 4.6 per inch, 

the minimum insulation thickness may be reduced as follows: 

4 6 x fTablc 5-12 TbtckMill =New Minimum Thickness 
Actual Resistance 

b. For materials with thermal resistance less than R 4.0 per inch, the 
mmtmum insulation thtckness shall be increased as follows· 

4 0 x fTable 5-12 Thickness} ~ New Minimum Thickness 
Actual Resistance 

c. Additional insulation with vapor barriers shall be provided to prevent 
condensation where required by the building oflicial. 

SECTION 504- SFRVlCE WATER HEATING 

504.1 Scope: The purpose of thts section is to provide criteria for design and 
equipment selection that will produce energy savings when applied to service 
water heating. 
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504.2 Water Heaters, Storage Tanks and Boilers 

504.2.1 Performance Efficiency: All storage water heaters shall meet the 
requirements of the 1987 National Appliance Energy Conservation Act and be so 
labeled. All electric water heaters in unheated spaces or on concrete floors shall 
be placed on an incompressible, insul3led surface with a minimum thermal 
resistance of R-10. 

504.2.2 Insulation: Heat loss from unfired hot-water storage tanks shall be 
limited to a maximum of 9.6 Btu/h/ft1 of external tank surface area. The design 
ambient temperature shall be no higher than 65"F. 

504.2.3 Combination Service Water Heating/Space Heating Boilers: Service 
water heatine equipment shall not be dependent on year round operation of space 
heating boilers. 

Exceptions: 
I. Systems with service/space heating boilers having a standby loss Btu/h 

less than: 
(13.3 pmd + 400)/n 

determined by the fixture count method where: 
pmd = probable maximum demand in gallons/hour as determined in 

accordance with Chapter 37 of Standard RS-11. 
n = fraction of year when outdoor daily mean temperature exceeds 

64.9"F. 
The standby loss is to be determined for a test period of 24 hours 
duralton while maintaining a boiler water temperature of 90"F above 
an ambient of 60"F and a five foot stack on appliance. 

2. For systems where the use of a single heating unit will lead to energy 
savings, such unit shall be utilized . 

504.3 Automatic Controls: Service water heating systems shall be equipped with 
au10matic temperature controls capable of adjustment from the lowest to the 
highest acceptable temperature senings for the intended use. Temperature selling 
range shall be set to I20°F or 49"C. 

504.4 Shutdown: A separate switch shall be provided to permit turning off the 
energy supplied to electric service water heating systems. A separate valve shall 
be provided to permit turning off the energy supplied to the main bumer(s) of all 
other types of service water heater systems. 

504.5 Swimming Pools 

504.5.1 Controls: All pool heaters shall be equipped with readily accessible 
ON/OFF switch to allow shuning off the operation of the heater without adjusting 
the thermostat senang. Controls shall be provided to allow the water temperature 
to be regulated from the maximum design temperature down to 65"F. 
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5()4.5.2 Pool Covers: Ilea ted swimming pools shall be equipped with a pool 
cover. approved by the building official. 

5G4.6 Pump Operntion: Circulating hot water systems shall be controlled so that 
the circulation pump(s) can be conveniently turned off, automatically or 
manually, when the hot water system is not in operation. 

SG4.7 Pipe ln~ulation: For recirculating and non-recirculating systems, piping 
shall be thermally insulated in accordance with Section 503.11 and Table 5-12 . 

504.8 Con~ervation ofllot Water 

5()4.8 .1 Shower~ and Luvatorles: Showers and lavatories used for other than 
safety reasons shall be equipped with now control devices or specially 
manufactured showerheads or aerators to limit the total water now rate as set 
forth in Chapter 51-26 WAC, as measured with both hot and cold faucets turned 
on to their maximum now. 

5G4.8.2 Lavatories in Rest Room~ or Public Facilities 

5G4.8.2.1 Control~: Lavatories in restrooms of public facilities shall be equipped 
with a metering valve designed to close by spring or water pressure when left 
unattended (self-closing) and limit the now rate as set forth in Chapter 51-26 

WAC. 
Exception: Separate lavatories for persons with disabilities shall not be 

equipped with self-closing valves. 

5G4.8.2.2 Tempernture: Lavatories in rest rooms of public facilities shall be 
equipped with devices which limit the outlet temperature to a maximum of 
ltO•F. 

SECTION 505: Reserved 
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EQUATION 1 -GROUP R OCCUPANCY 
TARGETUA 

UAT - UwAw+U8awABGw+UaAa+UFAF+URcARc+UccAcc+UoAo+FsPs 

Where: 

UAT the target combined thermal transmittance of the gross exterior 
wall, noor and roof/ceiling assembly area. 

Uw the thermal transmittance value of the opaque above grade wall 
area found in Table 5- 1 . 

Aw opaque above grade wall area. 

Uocw - the thermal transmittance value of the below grade opaque wall 
area found in Table 5-1. 

Anaw = opaque below grade wall area. 

the thermal transmittance value of the gla7ing area found in 
Table 5- 1. 

15% of the total noor area of the conditioned space. 

Ur the thermal transmittance value of the noor area found in 
Table 5-1 . 

noor area over unconditioned space. 

the thermal transmittance value of the roof/cei ling area found in 
Table 5-1. 

ARc roof/ceiling area . 

Ucc the thermal transmittance value of the cathedral ceiling area 
found in Table 5-1. 

Ace cathedral ceiling area . 

U0 the thermal transmittance value of the opaque door area found 
in Table 5- 1 . 

Ao 

Fs 

Ps 

opaque door area. 

concrete slab component F-value found in Table 5-1. 

lineal ft. of concrete slab perimeter. 
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EQUATION 2- ALL OCCUPANCIF.S 

u 
r. + R1 + R1 ... r, 

Where: 

U = the thermal transmittance of the assembly. 

r. =outside air film resistance. 

r. =- 0 .17 for all exterior surfaces. 

r, ~ inside air film res istance. 

r, = 0 .6 1 for interior horizontal surfaces, heat now up. 

r, = 0.92 for interior horizontal surfaces , heat now down. 

r, = 0.68 for interior verucal surfaces. 

R = 1 = X = measure of the resistance to the passage 
C K of heat for each element. 

C =conductance, the heat now through a specific matenal of specific 
thickness. 

K = insulation value of a materia l per inch. 

X =the thickness of the material in inches. 
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EQUATION J- GROUP R OCCUPANCY 
PROPOSEDUA 

UwAw + UoawAoaw + Uo Ao + UpAp + URcARc + UccAcc + UoAo + FsPs 

Whtrt!: 

UA lhe combined lhermaltransmillance of lhe gross exterior wall , Ooor and 
roof/ceiling assembly area. 

Uw lhe thermal lransmillance of the opaque wall area . 

Aw opaque wall area. 

Uoow = I he thermal 1ransmi11ance value of the helow grade opaque wall area. 

Aoow • opaque below grade wall area. 

Uo lhe lhermallransmillance of the glazing (window or skylight) area. 

Ao glazing area, including windows in exterior doors. 

Up the lhcrmallransmillance of the Ooor area. 

Ap Ooor area over unconditioned space. 

I he thermal transmillance of lhe roof/ceiling area . 

roof/ceiling area. 

Ucc I he thermal lransminance of lhe cathedral ceiling area. 

Ace cathedral ceiling area. 

lhe thermal lransmillance value of the opaque door area. 

A0 opaque door 11rea. 

Fs concrele slab component F-value. 

Ps lineal fl . of concrete slab perimeter . 

NOTE: Where more than one type of wall, window, roof/ceiling, door and skylight is used, 
the U and A terms for those items shall be expanded into suh-elemenl5 as· 
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EQUATION 4- RESERVED 

EQUATION 5- RESERVED 
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TABLE S-1 

• TARGET COMPONENT VALUES FOR GROUP R OCCUPANCY 

Electric Reststance Other Fuels 
Climate Zone Climate Zone 

Comoonent I 2 I 2 
Glazi!IJ! % Floor Area IS.% 15% 15 % 15 % 
Glazine U-Factor u = 0.400 u - 0.400 u = 0 .650 u = 0.600 

• Doors u = 0.200 u - 0 .200 u - 0.400 u = 0.400 
(R-5) CR-5) (R-2.5) (R-2.5) 

Cetlings 
Allie u = 0.031 u = 0.031 u = 0.036 u = 0.031 

(R-38) (R-38) (R-30) (R-38) 

Single Rafte r/ u = 0.034 u = 0.034 u = 0.034 u = 0.034 
Joist Vauhed (R-30) (R-30) (R-30) (R-30) 

• Walls u = 0.058 u = 0.044 u = 0.062 u = 0.062 
lR-19A) (R- 19+5A) (R-19) (R-19+5) 

Floors u ~ 0.029 u = 0.029 u = 0.041 u = 0.029 
lR-30) lR-30> CR- 19) CR-30> 

Slab on Grade F = 0.54 F - 0.54 F = 0.54 F = 0 .54 
Slab R-Value (R-10) (R-10) (R-10) (R-10) 

• Below Grade Inte rior 
Wall R-Value R-19 R-19 R-19 R-19 
2' Depth: Walls I u = 0.043 u - 0.043 u = 0 .043 u = 0.043 

Slab F = 0.69 F = 0.69 F = 0.69 F = 0.69 
3.5 ' Depth: Walls u = 0.041 u - 0.041 u ... 0.041 u = 0.041 

Slab F = 0.64 F = 0.64 F = 0.64 F = 0.64 

• 7' Depth: Walls u = 0.037 u = 0.037 u = 0.037 u = 0.037 
Slab F = 0.57 F .. 0.57 F = 0.57 F = 0.57 

Below Grade Exterior 
Wall R-Value R-IO R-12 R- IO R-12 
2' Depth: Walls u = 0 .070 u = 0.061 u = 0.070 u = 0.061 

Slab F = 0.60 F - 0.60 F = 0.60 F = 0 .60 
3.5 ' Depth: Walls u = 0.064 u = 0.057 u = 0 .064 u = 0.057 

• Slab F = 0.57 F .. 0 .57 F = 0 .57 F = 0.57 
7' Depth: Walls u = 0.056 u = 0.050 u = 0 .056 u = 0 .050 

Slab F = 0.42 F • 0.42 F = 0.42 F - 0.42 

• 
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TABLE 54 
HVAC SYSTEM HEATING EQUIPMENT (HEAT PUI\fPS) 

ELECTRICALLY OPERATED STANDARD RATING CONDITIONS 

TYPE 
CONDITIONS A1r Source Wa1er Source 
Air enterin£ eouipment "F 70"F(drv bulb) 70"F(dry bulb) 70"F(drv bulb) 
Outdoor unit ambient "F 47"F(dry bulb) 17"F(dry bulb) --·-----

/43"Flwel bulb) /l.S"F(wel bulb) 
~" waler temo. "F ---·-- -------- 60"F 
Water now rale ---------- -------- As used in 

cooling 

S1andard ralings are a1 sea level. 

TADLES-5 
HVAC SYSTEM EQUIPMENT, ELECTRICALLY DRIVEN 

STANDARD RATING CONDITIONS-COOLING 

TEMPERA TUIU:S 
Dry Bulb Wet Bulb Inlet Ou1le1 

Air enterin!! eouioment .... so· 67" -- ---
Conden~er ambient .... 95" 75" --- ---
(air cooled) 
Conden~er water OJj• ---- ---- &5" 95" 
(water cooled) 

S1andard ralings are a1 sea level. 
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TAULE 5-6 
APPLIED IIVAC SYSTEM COMPONENTS ELECTRICALLY DRIVEN 

STANDARD RATING CONDITIONS- COOLING 

ITEM Centrifugal or Self- Conden~erless 

Contained Reciprocating Reciprocating Water 
Water Chiller Chiller 

Water Temperature, "F 
Leaving Chilled 44" 44" 
Emering Chtlled 54" 54" 
Leaving Condenser 95" -
Entering 85" --
Fouline Factor, Water 
Nonferrous Tubes 0.0005* 0.0005 
Steel Tubes 0.0010* 0.00 10 
Refrigerant 0.0000* 0.0000 
Condenser Ambient 95 • (dry bulb) I --
{air/evan. cooled) "F 75" (wet bulb) 
Compres~or SnturJied 
Di~charge Temperature 
Water Cooled - 105" 

I (evap. cooled) "F 
Atr Cooled "F --- 120" 

Standard ratings at sea level. 
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TARLE 5-7 
MINIMUM HEAT I>UMP EFFICIENCIES, HEATING MODE' 

• SOURCE MINIMUM COl> MINIMUM liSP!? 
Air Source: 

Split System 3.Ql 6.8 
Sin11le Packaee System 3.Ql 6.6 

Water Source 3.8) -
Ground Source 3.0' ---

• 1 When tested at the standard rating specified in Table 5-4. 

'When tested@ 47°F(dry bulb)/4J°F(wet bulb) 

, @ 70°F entering 

'@ 50•F entering 

• TARLE S-8 
MINIMUM I~FFICIENCY FOR ELECTRIC IIVAC EQUIPMENT, COOLING 

• Air Cooled EvapfWater 
Cooled 

Standard Ratinl!. Canacitv SEER EER Jo:ER 
Under 65,000 Btu/h ( 19,050 watts) 

• A. Split System 10.0 --- -
B. Sin2le Pack31!eJ 9.7 - 9.J' 

65,000 Btu/h and over - 8.9' 10.51 

I @ 80°F (dry bulb) /67°F (wet bulb) 

' @ 95°F dry bulb 

• 1 Prior to January I , 199J a minimum value of 8.0 SEER may be used . 

• 
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Duct Location 

On roof or on exterior of building 

Auic, garage, crawl space, in 
walls'. in noor/ceilin~l 
Within the conditioned space or m 
heated basements 
In cement slab or in ground 

TADLE 5-11 
INSULATION OF DUCTS 

1994 FIRST EDITION 

Climate7-one Group R Occupancy 
Heating or Cooling 

Ducts 
I E and W 
2 Dand W 
I E 
2 E 

None Required 

B 

Note: Where ducts are used for both heating and cooling, the minimum in~ulation shall be as 
required for the most restrictive condition. 
1 Insulation may be omiued on that portion of a duct which is located within a wall or Ooor-

• 

ceiling space where both sides of this space are exposed to conditioned air and where this 
space is not ventilated or otherwise exposed to unconditioned air. 

2 Vapor barriers shall be installed on conditioned air supply ducts in geographic areas 

• 

• 

where the average of the July, August and September mean dewpointtemperature exceeds 
60•F. 

INSULATION TYPES: Minimum densities and out-of-package thickness . 
A. 0.5 inch 1.5 to 2 lb/cu. ft. duct liner, mineral or glass fiber blanket or equivalent to 

provide an installed total thermal resistance of at least R-2. 
B. 2 inch 0.60 lb/cu. ft. mineral or glass fiber blanket 1.5 inch 1.5 to 2 lb/cu. ft. duct liner, 

mineral or glass fiber blanket. 1.5 inch 3 to 7 lb/cu. ft. mineral or glass fiber board or 
equivalent to provide an installed total thermal resistance of at least R-5. 
3 inch 0.60 lb/cu. ft. mineral or glass fiber blanket 2 inch 1.5 to 2 lb/cu. ft. duct liner, 
mineral or glass fiber blanket. 2 inch 3 to 7 lb/cu. ft. mineral or glass fiber board or 
equivalent to provide an installed total thermal resistance of at least R-7. 

D. 4 inch 0.60 lb/cu. ft. mineral o r glass fiber blanket 3 inch 1.5 to 2 lb/cu. ft. duct liner, 

E. 

mineral or glass fiber blanket. 3 inch 3 to 7 lb/cu. ft. mineral or glass fiber board or 
equivalent to provide an installed total thermal resistance of at least R-10. 
3.5 inch 0.60 lb/cu. ft. mmeral or glass fiber blanket, 2.5 inch 1.5 to 2 lb/cu. ft. duct 
liner, mineral or glass fiber board or equivalent to provide an installed total thermal 
resistance of at least R-8. 
Vapor barrier, with perm rating not greater than 0.5 perm, all joints sealed. 
Approved weatherproof barrier . 
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TABLE 5-12 MThlML'M PIPE INSL'LA TION REQUIRE."'E.'l'S' 

INSULA TIOS TIIICKJ\"ESS f'OR GlVE.'II PIPE DIAMETERS' 

LESS 
THAN 1" 

PIPING fl..UIDTE."-fi' ll FOOT ASD 

SYSTEM RA.._GE (OF) PIPERU!\" LESS 
UPTOl" 

HEATING & HOT 

wAn& Sl:SIE."1S 
Sturn & Hot Water Pn:ssureltemJXrature 

Hi&h 306' F <=> 450' F 1.5" 2.5" 

Medium 251 ' F <=> 30S ' F I.S" 2.0" 

Low 201 ' F <=> 2SO' F 1.0" 1.5' 

All Other IOO' F <=> 200' F 0.5" 1.0" 

Steam 
Condensate Any 1.0" 1.0" 

(for feed water) 

~ 
~ 

Chilled Water 40' F <=> 55 ' F 0.5" 0.5" 

Refrigerantlbnne Below 40' F 1.0" 1.0" 

I For ptpang exposed to ambtent air, increase thiclcness by o.s·. 
' Pipe runouts not excecchn& 12 feet in length to individual uruts, wtth a pipe diameter of less 

than 2 anches. 
• Column headin&s for plJX diameters amended 5/30.'90 . 

• • • • 

GREATER GREATER 
THAN I" THA.'I/2" 

TOl" T04" 

2.5" 3.0" 
2.5" 2.5" 
u· 2.0" 
1.0" 1.5" 

1.5" 2.0" 

0.75" 1.0" 
I.S" 1.5" 

• • 

GREATER 
GREATER THAN 6" 
TiiAN 4" A-'1> 

T06" LARGER 

3.5" 3.5" 
3.0" 3.0" 
2.0" 2.0" 

1.5" 1.5" 

2.0" 2 .0" 

1.0" 1.0" 
I.S" 1.5" 

• 
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CHAPTER 6 
BUlLDJNG DESIGN BY 

PRESCRIPTIVE REQUIREMENTS APPROACH 

SECTION 601 -SCOPE 

601.1 Generol: This chapter establishes design criteria in terms of prescribed 
requirements for building const ruction. 

The provisions of this chapter are applicable to all Group R Occupancies. 
Occupancies shall comply with all the requirements of Chapter 5 except for the 
modifications herein specified . 

The building envelope requirements of this chapter may be met by 
installing one of the prescriptive packages in Tables 6-1 to 6-6. Installed 
components shall meet the requirements of Sections 602 and 605. Compliance 
with nominal R-vnlues shall be demonstrated for the thermal resistance of the 
added insulation in framing cavities and/or insulated sheathing only and shall not 
include the thermal transmiuance of other building materials or air films, but 
shall permit interruption by occasional framing members. 

SECTION 602 -BUILDING ENVELOPE REQUIREMENTS FOR GROUP 
R OCCUPANCY 

602.1 Roof/Ceiling: Ceilings below vented allies and s ingle-rafter, joist-vaulted 
ce1lings shall be insulated to not less than the nominal R-value spec1ficd for 
ceilmgs 1n Tables 6-1 to 6-6 as applicable. 

602.2 Exterior Wall~ lloth Above and nelow Grode: Above grade exterior 
walls shall be insulated to not less than the nominal R-value specified in Tables 6-
1 to 6-6 as applicable. The following walls should be considered to meet R-19 
without additional documentation: 

I. 2 x 6 framed and insulated with R-19 fiberglass balls. 
2. 2 x 4 framed and insulated with R- 13 fiberglass baus plus R-3.2 

foam sheathing. 
3. 2 x 4 framed and insulated with R-11 fiberglass balls plus R-5.0 

foam sheathing . 

602.3 Exterior Walls (llelow Grade): Be low grade exterior walls surrounding 
cond itioned space shall be msul:ued to not less than the nominal R·value speci fied 
for below grade walls 10 Tables 6-1 to 6-6 as applicable . 
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602.4 Slab-on-Grnde Floor~: Slab-on-grade noors shall be insulated along their 
perimeter to not less than the nominal R-values specified for slab-on-grade noors 
in Tables 6-1 to 6-6 as appl icable. Slab insulation shall be installed in 
compliance with Section 502.1.4.8. See Chapter 5, Section 502. 1.4. 9, for 
addit ional requirements for rad1ant slab heating. 

602.5 floors Over Unconditioned Space: Floors over unconditioned spaces, 
such as vented crawl spaces, uncond itioned basements and parking garages sha ll 
be insulated to not less than the nominal R-value shown for n oors over 
unconditioned spaces in Tables 6- 1 to 6-6. 

602.6 Exterior Door~: Doors shall comply w1th Sections 602.6 I and 602.6 .2 
Exception~: 

I . Doors whose area and U-value are included in the calculations for 
compliance with the requirements for glazing in Section 602.7 shall be 
exempt from the door U-value requirements prescribed in Tables 6-1 to 
6-6. 

2. One unlabeled or untested exter ior swinging door with the maximum 
area of 24 square feet may he installed for ornamental, security or 
:trchitectural purposes. Products using this exception shall not be 
mclud~d in either the U-value or gla1ing area calculation requirements. 

602.6.1 Exterior Door Area: For half-lite and full-lite doors, the gla1mg area shall 
be mcluded in calculating the allowed total glazmg area m Sect1on 602 7 I Smgle 
glazmg used for ornamental, security or architech1rnl purposes shall be calculated 
usmg the except ion to Section 602.7.2 

602.6.2 Exterior Door U-Value: Doors, mcludmg fire doors, shall have a 
maxmlUm area we1ghted average U-value not exceeding that prescnbed m Tables 
6-1 to 6-6 

602.7 Gln7ing 

602.7.1 Glazing Aren: The total gla1ing area as defined in Clmpter2 shall not 
exceed the percentage of gross conditioned noor area specified m Tables 6-1 to 6-6. 
Tlus area shall a lso include any glazmg in doors. 

602.7.2 Gl:t7lng U-Vnlue: The total g la7.ing area as defined in Chapter 2 shall 
have an area weighted average U-value not to exceed that spcci lied in Tables 6-1 
to 6-6. U-values for gla1ing shall be determined in accordance with Section 
502. 1.5.1. The~e areas and U-values shall also include any doors usong the 
exception of Section 602 .6 . 
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lf the U-values for all glazing products are below the U-vnlue specified, 
then no calculations are required. lf compliance is to be achieved through an 
area weighted calculation, then the areas and U-values shall be included in the 
plans submined with a building permit application. 

Exception: Single glazing for ornamental, security or architectural 
purposes shall have its area doubled and shall be included in the percentage 
o f the total glazing area as allowed for in Tables 6-1 to~. The maximum 
area (before doubling) allowed for the total of all single glazing is I % of 
the floor area. 

602.8 Air Leakage for Group R Occupancy: The minimum air leakage control 
measures shall be as speci fied in Section 502.4 as applicable. 

SECTION 603- BUILDING MECHANICAL SYSTEMS FOR GROUT' R 
OCCUPANCY 

603.1: Group R Occupancies that are space heated by air-to-air, ground-to-air or 
water-to-air heat pumps shall comply with Table 6-2 or 6-4 or 6-6 for other fuels . 
System sizing shall be determined by an analysis consiStent with Section 503.2 of 
this Code, or, when approved by the building o ffi cial , Chapter 9. All mec hanical 
equipment efficiencies and service water heating system efficie ncies shall comply 
with standards as stated in Sections 503 and 504 of this Code. 

SECTION 604 - RESERVED 

SECTlON 605 - RESERVED 

SECTION 606- RK<;ERVED 

SECTlON 607- RESERVED 

SECTION 608 - RESERVED 
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TAni,E 6-1 
I'RF$CRIPTIVE RF.QUIREMF.NTSI FOR GROUP R OCCUI'ANCY 

CLIMATE ZONE 1 •HEATING DY ELECTRIC RK"iiSTANCE 

Optoon Glazmg 

" 

Mmimum rc:q111remen1s for each ophon listed. For example, if a propoo;ed design has a 
glazing rallo ro the condo honed noor area of 19l!., 11 shall comply wuh all of the 
rc:qutrrmcnts of the 21 l!. gla>mg option (or higher). Propoo;ed designs which cannot meet 
rhe specir,c rc:qutremenrs of a listed option above may calculate compliance by Chapters 4 
or S of this Code. 

2 Requtremenr appll~ 10 all ceilings except single rafter or joist vaulled ceo ling~. 'Adv' 
denotes Advanced Framed Ceo ling. 

:J Rc:quoremenl applicable only to smgle rafler or joist vaulted ceilings. 

4 Rclow grnde walls shall be mnolared eorher on the exrcroor to a mmomum level of R 10, or 
on the mrerior 10 the ume level as walls above grade. Exrenor insulauon imtalled on 
below grade walls shall be a water resistant material, manufactured for of! intended use, and 
onstalled accordmg 10 the manufacturer's spccir,calions See Secuon 602.2. 

S Floors over crawl spaces or expo!Cd to ambient air condoroons. 

6 Requored slab perimeter msulation shall be a water resistant malerial, manufactured for irs 
mrended use, and installed according ro manufacturer's spccir,caroons. See Section 602 4. 

7 The following opuons shall be applicable to buildings less than three stories: 0.35 maximum 
for gla1ong areas of 25" or less; 0.32 maximum for gla1ing areas of 30l!. or less. 

8 Tins wall onsularion requirement denotes R-19 wall cavity on<ularoon plus R·5 foam 
shea thong 

9 Unrol December 11, 1994, a vonyl or wood double-pane window, excluding slidong glass 
doors, consrnocred wolh a monomuon •;, inch aor space between glazongs, and euher a low-co 
glaung or an ar&on lill of no less than 90", shall be deemed 10 sallsfy the gla11n1: U·value. 
The only labehng requoremeno for producl5 using this exception shall be a description of the 
product, and a label stating "Thos product is deemed ro satisfY the electric resi<tance path on 
the Washongton Stale Energy Code • 

10 Doors, oncludong all lire doors, shall be a<sogned defaull U-values from Table 10 6C or 10~60 • 
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TARLE 6-2 
PRESCRIPTIVE REQUIREMENTSl FOR GROUP R OCCUPANCY 

CLIMATE ZONE I • HEATING llY OTHER FUELS 

Mmimum requ1rements for each op110n listed. For example, if a proposed design has a glazing 
rauo to the condit ioned Ooor area of 19", u shall comply wuh all of the requirements of the 21 ll\ 
glazing Oplion (or h1gher). Proposed designs wh1ch cannot meet the specific requ1rcmen1s of a 
lisred option above may calculate co1nphance by Chapten 4 or 5 of thiS Code . 

2 Requirement applies 10 all ceilings e~cep1 single rafter or joist vauHed ceilings. 'Adv' denotes 
Advanced Framed Ce1hng. 

3 Requ1remen1 applicable only 10 single raflcr or JOist vauHed ceilings. 

llelow grade walls shall be insula!ed either on the exterior to a minimum level of R-10, or on the 
mtenor 10 the same level as walls above grade. Ex tcrior 1nsulation installed on below grade walb 
shall be a water resostant material, manufactured for lis 1n1endcd usc, and installed according to the 
manufacwrer's specifications. See Sc<:uon 602.2. 

5 !'loon over crawl spaces or exposed 10 ambient air conditions. 

6 Requ1red slab perimeter insulation shall be a water resistant material, manufactured for 11s intended 
use, and installed according to manufacturer's specifications. See Section 602.4 

7 The following options shall be applicable to buildings less than three Slorics: 0.50 maxmlUm for 
glazmg areas of 2Sll\ or less; 0.45 maximum for gla11ng areas of 30" or less. 

8 Thos wall msulalion requirement denotes R-19 wall cavuy Insulation plus R-5 fo.1m sheathing. 

9 M1n1mum HVAC F.qu1pmen1 effic1cncy requirement 'Low' denOies an AFUE of0.74. ' Med.' 
denotes an AFUP. of 0.78. 'H1gh' denotes an AI'UP. of0.88. Minimum HVAC Equipment 
efficiency requirement for heat pumps. 'Low' denotes an IISPF of 6.35. 'Mcd' denotes an HSPI' 
of 6.8. 'High' an HSPF of 7.7. Water and ground ,.,uree heat pumps shall be considered as 
med1um eflicicncy and have a m1nomum COP as requ1red in Table 5·7. 

10 Unlit December 31, 1994, an alum1num, double-pane w1ndow, exclud1ng shding glass doors, 
constructed with a m1n11num 7/ 16 1nch aor space between glatongs shall be deemed 10 sausfy the 
gla>ong U-value. The only labehng rcquoremenl for products using this exception shall be a 
descripuon or the product, and a label staling: "This product is deemed 10 salisfy the other fuels 
path in the Washington State Energy Code.· 

II Doors, mcluding all fire doors, shall be assigned dcfauH U-values from Table 10·6C or 10-60. 
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TABLE 6-3 
PRF.SCRIPTIVE REQUIREMENTS! FOR GROUP R OCCUPANCY 

CLIMATE ZONE 2 •HEATING BY ELECTRIC RF~'>ISTANCE 

Option Glazing Glazing Doors" Cdlin11' Vauh<d Wall Wall• Wall• Floor' 
Ceilin5:1 1\hnve '"'4 ••r " U-Value U-value 

Floor Grade Below Below 

Area Grado Grade 

I. 10" 0.38 0.20 R-38 R-30 R-21 R-21 R-12 R-30 

II. 12" 0.4001 0.20 R-38 R-30 R·I9+R·5' R-21 R-12 R-25 

Ill .• IS" 0.40°0 0.20 R-38 R-30 R-19• R·S' R-21 R-12 R-30 

IV. 18" 0.38 0.20 R-38 R-30 R-19+R-S1 R-21 R-12 R-30 

V.' 21" 0.35 0.20 R-38 .... R-38 R· I9+R·5' R-21 R-12 R-30 

VI.' 2S" 0.30' 0.20 R-49A4v R-38 R· I9+R·5' R-21 R-12 R-30 

VII.' 30" 0281 0.20 R-60Aotv R-38 R-2t +R-7.S1 R-2 1 R-12 R-30 

• Reference Case 

Minimum requirements for each option l isted. For example, if a proposed design has a glazing 
ratio to the conditioned floor area of 19,., u shall comply with all of the requirements of the 
21" &lazont: opuon (or higher). P roposed destgns which cannot meet the sptetlic requtrements 
of a listed option above may calculate compliance by Chapters 4 or S of thts Code. 

2 Rcqutremcnt applies to all ceilings except single rafter or joist vaulted cetlings. 'Adv' denotes 

Advanced Framed Cetling. 

Requirement applicable only to single rafter or jotst vaulted ceilings. 

Below grade walls shall be insulated either on the exterior to a minimum level of R- 10, or on 
the tnterior to the same level as walls above grade. Exterior insulation installed on below grade 
walls shall be a water resistant matonal, manufactured for its tntended-use, and installed 
accordtn& to the manufacturer's spteificauons. See Secuon 602.2. 

5 Floors over cnwl spaces or exposed to ambient alf condittons. 

6 Rcqutred slab perimeter insulation shall be a water resistant material, manufactured for tts 
tntended use, and installed accordtng to manufacturer' s Sptetficalions. See Section 602.4. 

7 The followtng opttons shall be applicable to buildtngs less than three stones: 0 .33 maximum 
for gluing areas of25" or less; 0.31 maximum for glazing areas of 30" or les,, 

8 Thts wall insulation requtrement denotes R-19 wall cavi ty insulation plus R-5 foam sheathing. 

9 Thts walltnsulation requirement denotes R-2 1 wall eavtty insulauon plus R-7.5 foam sheathing . 

IOUntil December 31, 1994, a vinyl or wood double-p:1ne window, excluding sliding glass doors, 
constructed with a mtnomum 01> tnch llf space between glaztngs, and etther a low-e glntng or 
an argon lill of no less than 90", shall be deemed to sausfy the glaztng U-value. The only 
labeling requirement for products using thts exceplton shall be a dcscnplton of the product, and 
a label staling: •Thts product is deemed to sat tsfy the electric reSIStance path tn the Washington 
State Energy Code. • 

11 Doors, tncludtng all lire doors, shall be assi~:ncd default U-values from Table I0-6C or JQ-60 . 
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TABLE64 
PRF..SCRIJYTIVE REQUIREMENTSl FOR GROUl' R OCCUPANCY 

CLIMATE ZONE 2 • HEATING llY OTIIER FUELS 

Ope ... ltvAC" Glnma Clwnc Doon" c~•hn,l Vaulted Wall Wall• w.u. Floor' Slat.' 

I. 
II. 
Ill. 
IV.• 
v. 
VI. 
VII. 
VIII. 

F.qu1p " U· V•Iue U-Value Ce1hn11 Above "'" .... "" Ffh.:. Floor Grode Below Bclnw Grode 
A,.. G ...... Grode 

Mal. lOll 0 .70 0.40 R·ll R· lO R-19 R 19 R·l2 R-25 

Mal. 12ll 0.6510 0.40 R-38 R·lO R-19 R- 19 R-12 R·25 

I loth 17ll O.&S•• 0.40 R-31 R·lO R-19 R- 19 R-12 R·2S 

Mal. '"' 0.60 0.40 R-38 R-30 R- 19 R- 19 R-12 R·lO 

Low l?ll o.so 0.40 R-38 R·lO R-19 R-19 R- 12 R·lO 
Mal. 21ll o.so 0.40 R-38 R· lO R- 19 R- 19 R· l2 R-lO 
Mal 25ll 0.40' 0 .40 R-31 R-30 R-19 R- 19 R-12 R·lO 
Mal. 30ll 0.401 0.40 R-38 R-30 R- 19 R· l9 R- 12 R-30 

• Reference Case 

Minimum requirements for each option listed. l'or example, if a proposed design has a glazing 
ratio to the conditioned Ooor area of 19%, it shall comply with all of the requirements of the 21% 
gla>ing option (or higher). Proposed designs wh1ch cannot meet the specific requirements of a 
listed opt10n above may calculate compliance by Chapters 4 or 5 of thos Code . 

2 Requirement applies to all ceilings except single rafter or joist vauhed ceo longs. 'Adv' denotes 
Advanced Framed Ce1ling. 

3 Requorement applicable only to single rafter or joist vaulted ceilings. 

R· IO 
R-IO 
R-IO 
R· IO 
R- IO 
R- IO 
R-IO 
R·IO 

4 Below grade walls shall be insulated either on the exterior to a mimmum level of R-10, or on the 
1ntenor to the same level as walls above grade. Exterior onsulahon onstalled on below grade walls 
shall be a water res1stant material, manufactured for 1ts intended use, and installed accord1ng to the 
manufacturer's specoficauons. See Section 602.2. 

5 Floors over crawl spaces or exposed to ambient aor eondohons. 

6 Required slab pen meter onsulation shall be a water resistant material, manufactured for Its intended 
use, and installed accord1ng to manufacturer's specifications. See Section 602.4 . 

7 The following options shall be applicable to bu1ld1ngs less than three stories: 0.45 maxomum for 
glazong areas of 25% or less; 0.40 maximum for glazong areas orJO% or less. 

8 This wallonsulat1on requirement denotes R-19 wall cav1ty Insulation plus R-~ fo:u11 sheathing. 

9 M1nimum HVAC Bqu1pment efficiency requirement. 'Low' denotes an AI'Ul! of0.74 . 'Med.' 
denotes an AFUE of 0.78. 'High' denotesan A FUE of0.88 . 

IOUnhl December 31, 1994, an aluminum, double-pane window, exclud1ng sliding glass doors, 
constructed with a monimum 7116 inch air space between gla11ngs shall be deemed to satisfy the 
glazong U-value. The only labeling requirement for products usong th1s exception shall be a 
dC!Cnptoon of lhe product, and a label stating: "This product 1S deemed to satisfy the other fuels 
path on the Washongton State Energy Code. • 

11 Doors, 1ncluding all fire doors, shall be assogned derault U-values from Table 10-6C or 10-60 . 
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T ABLE 6-5 
LOG HOMES PRESCRIPTIVE REQUIREMENTS! 

HEATING BY ELECTRIC RF..SISTANCE 

Opt1on I Averagel Glazing 'llo Glazing Doors tO Ceilingl Vaulte<l4 Floor! Slab6 
Log Floor Area U-Value U-Value Ceiling on 

Thickness Grade 
Clima te Zone I 
1.7 I s.s· ISJo I 0.31' I 0.14 I R-60 Adv I R-38 I R-38 R- IO 
11.7 I 7.5" IS" I 0.40' I 0.20 I R-60 Adv I R-38 R-30 R- IO 
Ill.• I 9.6· IS" 0.40' I 0.20 I R-38 I R·30 I R-30 R- 10 
Climate Zone 2 
IV.7 6.7• 15" 0.31' 0.14 R-60 Adv R-38 R-38 R-IO 
V.7 8.7• 15'llo 0.40' 0.14 R-60 Adv R-38 R-38 R- IO 
VJ.7 9.8· 15" 0.40' 0.20 R 60 Adv R-38 R-30 R- 10 
v n .7 1o.s· 15'llo 0.40' 0.20 R-49 Adv R-38 R-30 R- IO 
VIII.• l3.s· IS'llo 0.40' 0.20 R-38 R-30 R-30 R- 10 

• Reference Case 

For Group R Occupancy use Table 6-5 for only the pon1on of noor area using IO&fsolld umber 
walls. Use Tables 6- 1 to 6-4 for all ocher pon1ons of the noor area. Min1mum requirements are 
for each opuon ll~e<l- Interpolations between oplions is noc permitte<l. Proposed designs which 
cannoc meet the \pecific requ~rements of a liste<l option above may calculate compliance by 
Ch.1pters 4 or 5 of this Code. 

2 Requ1red minimum average log thickness. 

3 'Adv' denotes Advance<! Frammg. Requirement applie~ to all ceiling~ except single raner joist 
vaulte<l ce1hngs. · 

4 Requirement applicable only to single rafter joist vaulte<l ceilings. 

FlooB over crawl spaces or exposed to amb1ent a~r cond11ions. 

6 ReqUired slab perimeter msulation shall be water res1stant material, manufactured for us mtended 
use, and installe<l according to manufacturer's spec11icauons. 

7 These options shall be applicable to buildings lc~s than three s1ories. 

8 Unti l December 31, 1994, a vinyl or wood double-pane wmdow, excluding sliding glass doors, 
constructe<! with a minimum 'h inch air space between glnings, and either a low-e glazmg or an 
argon fill of no less than 90'llo, shall be deeme<lto satisfy the g lazing U-value. The only labeling 
requ1remen1 for producu using th1s excepuon shall be a description of the product, and a label 
staung: •This product is deeme<l to satisfy the electnc res1stance path 1n the Washington State 
Energy Code. • 

9 Unul December 11, 1994, a vinyl or wood double-pane window, excludmg slldmg glass dooB, 
constructe<! w1th a mmimum 'h mch air space between glazmgs and both a low-e glazmg and an 
argon fill of no less than 90", shall be deeme<lto sausfy the glazing U-valuc. The only labeling 
reqturement for products using thiS exception shall be a description of the product, and a label 
stating: "ThiS product is deeme<l to salisfy ei ther the electric resistance path or the other fuels path 
for log bomes '" the Washington State Energy Code. • 

IODoors, includmg all lire doors, shall be assigne<l derault U-values from Table 10-6C or 10--60. 
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TABLE6-6 
LOG HOMES PRESCRIPTIVE REQUIREMENTS! 

HEATING BY OTiffiR FUELS 

Opt ton I A verage2 Ola210g ~ Glazing Doorstt Ceil~ngl Vaulted4 FloorS Slab6 
Log Floor Area U-Value U-Value Ceiling on 

Tiuckness Grade 
Climate Zone I 
1.7 3.5" 21~ 0.40 0.39 R-49 Adv R-38 R-30 R-IO 
II. 4.4" 21~ 0.40 0.40 R-38 R-30 R-19 R-IO 
Ill. 5.2" 21~ 0.50 0.40 R-38 R-30 R- 19 R- IO 
IV • 6.5" 21" 0.60 0.40 R-38 R-30 R- 19 R-10 
v . 7.0" 21" 0.60 0.40 R-38 R-30 R- 19 R- IO 
Vt.• 8.2" 21" 0.65' 0.40 R-38 R-30 R- 19 R-IO 
Clim111e Zone 2 
Vll.7 3.5" 17" 0.31'0 0.14 R-60 Adv R-38 R-38 R- IO 
v m .7,s 3.5" 17" 0.40 0.40 R-60 Adv R-38 R-30 R- IO 
IX.7 4.6" 17" 0.40 0.40 R-60 Adv R-38 R-30 R- IO 
X. 5.4" 17" 0.40 0.40 R-38 R-30 R-30 R-IO 
XI • 6.8" 17" 0.50 0.40 R-38 R-30 R-30 R- IO 
XII.• 9.0" 17" 0.60 0.40 R-38 R-30 R-30 R-10 

• Reference Case 

For Croup R Occup>ncy u•e Tahle 6-6 for only the portion of Onor area u•ing log/wlid timher walls 
Use Table> 6-1 to 6-<4 for all other portiOns of the tlc.or area Mintmum requiremen11 .-c for ....,h 
optKm list«!. lnterpolallnM hc.-twec:n options L• not rcrmllled. Proposed d~~igns which cannot mc:c::t 
the specific requirements nf a listed op1Hm ahove may cah:ut:uc comrliance fly Charuers 4 or S nf this 
CO<Ie . 

Required mimmum averu~:~ lo& chiclcness. 

'Adv' denotes Advan.:ed Framing Requtrement arplies 10 all e<tlin~ <XCI!f\1 single ratter joist vaulted 
ceilings. 

4 Requirement •rPiicable only to stngle rafter joiSt vaulted ceilinp . 

Aoors over crawl spaces or txpt)'ed 10 amhient air cond1110n5 

6 R~u1rt::d ~luh penme1er 1n.~ufatinn shall~ WMitr resi~tanl m;ueri.ll, m.anufactured fur it\ mtendetl use, 
and installed ac ... 'Ordlng to manul.tcturer's speciticatinn.\ 

Thdc! options shall M apphcahl.: to buildings l~s than thrc4: Jtories. 

For this optKln, mtnimum HVAC system efficiency Is an AFUI: nf 0. 88. 

9 Until December 31, 1994. an alumtnum. douhle-pane wtO<Iuw, telcludmg sli.ltng gla~< doors • 
constructed wnh a min1mum 7116 u'k:h air spxe hdwo=:n &luings shaH he deemed IU sausfy the 
glazing U·value. The only labeling rtquirement fl" productS u\lnJ: this exupuon 'hall he a descrirtton 
of the product, and a l•tltl $11ltn&: •This prnduct i.s deemed tn sausfy the other fuels p .. th in th" 
Waslungton Stato En<rgy Ctt<le. • 

tO Until December 31, 1994, a vtnyl or wood double pane wtnduw. ucluding sltd ing glas• dnors, 
constru\.1ed wuh a mintmum 1h inch atr space hetween gla7tng.s and hmh a lnw·e ghaing and an arcon 
fi ll of no less than 90", shall he d<emed to <atisfy the giving U-v•lue. The only laheltng requirement 
tor produel1 ustng this exception shall be a doscription of the prtl<luct, and a label <tallng. "Thl! 
product is deemed ttl satisfy either tht electric re.,iSI3nce path or the other fuels rarh fur IOJ: hom~ in 
the Washington State Energy Code. • 

II Doors, includtng all fire dt~trs, •hall he as."gned del•uh U-values fmm Tahle 10-6C or 10·60 
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CUAPTER 7- STANDARDS 

SECTION 701- STANDARDS 
The standards and portions thereof, which are referred to in 

various parts of this Code shall be part of the Washineton State Energy Code and 
are hereby declared to be a part of this Code. 

CODE 
STANDARD 

NO. TITLE AND SOURCE 

RS-1 1989 ASH RAE Handbook of Fundamentals. 

RS-2 Standard Method of Test for Rate of Air Leakage Through 
Exterior Windows, Curtain Walls and Doors, Specification E283-
84 of ASTM. 

Specifications for Aluminum Windows, ANSI Al34.1, 1972 

Specifications for Aluminum Sliding Glass Doors, ANSI 
Al34.2, 1972. 

Industry Standard for Wood Window Units, NWWDA IS-2-
87, Industry Standard for Wood Sliding Patio Doors, 
NWWDA IS-3-88 . 

RS-2B AAMA 1503.1-88, 1988 Voluntary Test Method for Thermal 
Transmittance of Windows, Doors and Glazed Wall Sections. 

RS-2C ASTM C236-87 Test for Thermal Conductance and Transmittance 
of Built-Up Sections by Means of a Guarded Hot Box; and ASTM 
C976-82 Thermal Performance of Building Assemblies by Means 
of the Calibrated Hot Box. 

RS-3 ASHRAE Standard 62-89 Ventilation for Acceptable Indoor Air 
Quality. 

RS-4 ASHRAE Standard 55-81 Thermal Environmental Conditions for 
Human Occupancy. 

RS-5 DOE Test Procedures for Water Heaters, 10 CFR Part 430 
Appendix E to Subpart B. 

RS-6 Household Automatic Electric Storage-Type Water Heaters, ANSI 
C72.1-1972 . 
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RS-7 Gas Water Heaters, Volume Ill, Circulating Tank, Instantaneous 
and Large Automatic Storage-Type Water Heaters, ANSI 
Z21.10.3, 1974. 

RS-8 JES Lighting Handbook, Illuminating Engineering Soceety, 1984 • Reference Volume, 1987 Application Volume. 

RS-9 ASHRAE Standard 90.1-1989, Efficient Design of New Buildings 
Except New Low-Rise Residential Buildings. 

RS-10 Standard for Packaged Terminal Air Conditioners, AR1 Standard • 310-87. 

RS-11 1987 ASHRAE HVAC Systems and Applications Handbook. 

RS-12 Energy Calculations 1: Procedures for Determining Heating and 
Cooling Loads for Computerizing Energy Calculations--
Algorithms for Building Heat Transfer Subsystems, ASHRAE • 1975. 

RS-13 Energy Calculations II: Procedur.es for Simul~ting the Performance 
of Components and Systems for Energy Calculateons, 3rd Edition, 
ASHRAE 1975. 

RS-14 Standard for Positive Displacement Refrigerant Compressor and • Condensing Units, ARI Standard 520-74. 

RS-15 1988 ASHRAE Equipment Handbook. 

RS-16 Heating and Air Conditioning Systems-Installation Standards, • SMACNA, February, 1977. 

RS- 17 SMACNA Duct Metal and Flexible Construction Standards, 1st 
Edition, Washington, D.C., 1985. 

RS-18 Same as Standard RS-17. 

RS-19 SMACNA Fibrous Glass Duct Construction Standards, 6th • Edition, Washington, D .C., 1990. 

RS-20 1990 ASHRAE Refrigeration Volume. 

RS-21 Standard for Package Terminal Heat Pumps, ARI Standard 380-
90. 

RS-22 ASTM E779-87 Standard Practice for Measuring Air Leakage by • the Fan Pressurization Method. 
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RS-23 ASTM E741 Standard Practice for Measuring Air Leakage by the 
Tracer Dilution Method . 

RS-24 Standard 24 CFR Part 3280 HUD. 

RS-25 Thermal Bridge in Sheet Metal Construction from Appendix E of 
Standard RS-9. 

RS-26 Super Good Cents Technical Reference . 
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ACCREDITED AuriiORITATIVE AGENCIF.S 

AAMA refers to the American Architectural Manufacturers Association, 35 East 
Wacker Drive, Chicago, IL 60601 

ANSI refers to the American National Standards Institute, Inc., 1430 Broadway, 
New York, NY 10018 

ARI refers to the Air Conditioning and Refrigeration IMtilute, 1815 North Fort 
Myer Drive, Arlington, VA 22209 

ASIIRAE refers to the American Society of Heating, Refrigerating and Air 
Conditioning Engineers, Inc. , 1791 Tullie Circle, N.E., Atlanta, GA 30329 

ASTM refers to the American Society for Testing and Materials, 1916 Race 
Street, Philadelphia, PA 19103 

IES refers to Illuminating Engineering Society, 345 East 47th Street. New York, 

NY 10017 

NESCA refers to the National Environmental System Contractors Association, 
1501 Wilson Blvd., Arlington, VA 22209 

NWWDA refers to the National Wood Window and Door Association, 1400 East 
Toughy Avenue, Suite G-54, Des Plaines, IL 60018 

SMACNA refers to the Sheet Metal and Air Conditioning Contractors National 
Association, Inc., 4201 Lafayelle Center Drive, Chantilly, VA 22021-1209 
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CHAPTER 8 

• SECTION 800- SUGGESTED SOFfWARE FOR CHAPTER 4 SYSfEMS 
ANALYSIS APPROACH FOR GROUP R OCCUPANCY 

PROGRAM NAME SOURCE 

CALPASJ BERKELEY SOLAR GROUP 

• 455 Santa Clara Ave . 
Oakland, CA 94610 
(415) 843-7600 

DATACAL SUNRISE ENERGY, INC. 
5708 43rd Ave E. 
Tacoma, WA 98443 
(206) 922-5218 

• DOE2 ACROSOFT INT'L., INC. 
9745 E. Hampten Av Suite 230 
Denver, CO 80231 
(303) 368-9225 

• F-LOAD F-CHART SOFTWARE 
4406 Fox Bluff Rd . 
Middleton, WI 53562 
(608) 836-8536 

MICROPAS ENERCOMP 

• 123 C Street 
Davis, CA 95616 
(916) 753-3400 

SUNDAY ECOTOPE 
2812 East Madison St. 
Seattle, WA98112 

• (206) 322-3753 

WATTSUN 5 WSEO 
925 Plum Street 
Building 4 
Olympia, WA 98504-3165 
(206) 956-2031 

• 
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CHAPTER 9 

SECTION 900- PRESCRIPTIVE HEATING SYSTEM SIZING 

When using the prescriptive approach in Chapter 6, if approved by the building 
official, design heat load calculations are not required to show compliance to this 
Code if the heating system installed is equal to or less than the following: 

Climate 7..om: 1 

Electric Resistance 

Electric Resistance (Forced Air) 

Other Fuels (Forced Air) 

Climate Zone 2 

Electric ReSIStance 

Electric Resistance (Forced Air) 

Other Fuels (Forced Air) 

Example: A 1500 01 
house in Zone I, heated with gas, would not have to 

submit a design heat load if the proposed furnace is 40,500 Btu or less. 

1500 X 27 = 40,500 

Disclaimer: All heating systems shall be designed and installed in accordance 
with Uniform Building Code Section 1211 . 

71 



WASHINGTON STATE ENERGY CODE 

• 
• 
• 
• 
• 
• 
• 

72 



• 
• 
• 
• 
• 
• 

1994 FIRST EDITION 

CHAPTER 10 

SECTION 1000- DEFAULT HEAT LOSS COEFFlCIF.NTS 

SECTION tOOt -GENERAL 

1001.1 Scope: This chapter includes tables of seasonal average heat loss 
coeffictcnts for specified nominal insulation. The heat loss coefficients may also 
be used for heatmg system sizing . 

1001.2 Description: These coefficients were developed primarily from data and 
procedures from Standard RS-1, and taken specifically from Standard RS-26, 
listed in Chapter 7. 

Coefficients not contained in this chapter may be computed using the 
procedures listed in these references if the assumptions in the followmg sections 
and Standard RS-26, listed m Chapter 7, arc used, along with data from the 
sources referenced above . 

SECTION 1002- DELOW GRADE WALl-<; AND SLADS 

1002.1 Genernl: Table 10-1 lists heat loss coeffictents for below-grade walls and 
noors . 

Coefficients for below-grade walls are given as U-values (Btu/h •ft' • "F of 
wall area). Coefficients for below-grade slabs are listed as F-values (Btu/h• "F 
per lineal foot of slab perimeter). 

Below-grade wall U-values are only valid when used with the 
accompanying below-grade slab F-value, and vice versa . 

1002.2 Component Description: All below-grade walls are assumed to be 8 inch 
concrete. The wall is assumed to extend from the slab upward to the top of the 
mud sill for the distance specified in Table 10- 1, with 6 inches of concrete wall 
extending above grade. 

Interior insulation is assumed to be fiberglass batts placed in the cavity 
formed by 2x4 framtng on 24 inch centers with rn inch gypsum hoard as the 
interior finish material. Exterior insulation is assumed to be applied directly to 
the exterior of the below-grade wall from the top of the wall to the footing. The 
exterior case does not a~sume any intcnor framing or sheetrock. 

In all cases, the entire wall surface is assumed 10 be insulated 10 the 
indicated nominal level with the appropriate framing and insulation application. 
Coefficients are hstcd for wall depths of2, 3-Jn and 7 feet below grade. 
Basements shallower than two feet should use on-grade slab coefficients. 
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Heat loss calculations for wall areas above grade should use above-grade 
wall U-values, beginning at the mudsill. 

1002.3 Insulation Description: Coefficients are listed for the following four 
configurations: 

74 

I . Uninsulated: No insulation or mterior finish . 

2. Interior insulation: Interior 2x4 insulated wall without a thermal 
break between concrete wall and slab. 

3. Interior in~ulation with thermo! brenk: lntenor 2x4 onsulated wall 
with R-5 rigid board providing a thermal break between the concrete 
wall and the slab. 

4. Exterior insulation: Insulation applied directly to the exterior 
surface of the concrete wall. 

• 
• 
• 
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TABLE 10-1 
DEFAULT WALL U-VALUES AND SLAn F-VALUES FOR BASEMENTS 

• flt>low Grade Below Grade 
Wall U-value Slab F-value 

2-Foot Depth 
Below Grade 
Uninsulated 0.350 0.59 
R- 11 Interior 0.066 0.68 
R- 11 Interior w/tb 0.070 0.60 

• R-19 lntenor 0.043 0.69 
R-19 Interior w/tb 0 .045 0.61 
R-1 0 Exterior 0 .070 0.60 
R-12 Exterior 0 .061 0.60 

3.5-Foot Depth 
Below Grade 

• Uninsulated 0 .278 0 .53 
R-11 lnrerior 0.062 0.63 
R-11 Interior w/tb 0.064 0.57 
R-19 Interior 0.041 0.64 
R-19 Interior w/tb 0.042 0.57 
R-1 0 Exterior 0.064 0.57 

• R-12 Exterior 0.057 0.57 

7-Jo'oot Depth 
Below Grade 
Uninsulated 0. 193 0 .46 

• R- 11 Interior 0.054 0.56 
R-11 Interior wlfb 0 .056 0.42 
R-19 lnrerior 0 .037 0.57 
R-19 Interior w/tb O.Q38 0.43 
R-1 0 Exlerior 0 .056 0.42 
R-12 Exterior 0 .050 0 .42 

• 
• 
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SECTION 1003- ON-GRADE SLAO FLOORS 

1003.1 Genernl: Table I 0-2 lists heat loss coefficients for heated on-grade slab 
noors, in units of Btu/°F•hr per lineal foot of perimeter. 

1003.2 Component Description: All on-grade slab noors arc assumed to be 6 
inch concrete poured directly onto the earth. The bouom of the slab is assumed 
to be at grade line. Monolithic and noating slabs are not differentiated . 

Soil is assumed to have a conductivity of0.75 Btu/h•ft2•°F. Slabs 2 feet 
or more below grade should use basement coefficients. 

1003.3 Insulation Description: Coefficients are provided for the following three 
configurations: 

Two Foot (or four foot} verticnl: Insulation is applied directly to the slab 
exterior, extending downward from the top of the slab to a depth of 2 feet (or 4 
feet) below grade. 

Two Foot (or four Fool} horizontal: Insulation 1S applied directly to the 
underside of the slab, and run horizontally from the perimeter inward for 2 feet 
(or 4 feet}. The slab edge is exposed in this configuration. 

Note: A hori7.ontal installation with a thermal break of at least R-5 at the 
slab edge should use the vertical-case F-values. 

Fully insulated slab: Insulation extends from the top of the slab, along the entire 
perimeter, and completely covers the area under the slab. 

TABLE 10-2 DEFAULT F-VALUES FOR ON-GRADE SLABS 

J nsulation type R-0 R-5 R-10 R-15 
Unh~at~d Slab 

Uninsulated slab 0 .73 - -- -
2-ft llorizontal (No thermal break) - 0.70 0.70 0.69 
4-ft Horizontal (No thermal break} - 0 .67 0.64 0.63 
2-ft Vertical - 0.58 0 .54 0 .52 
4-ft Vertical - 0.54 0.48 0.45 
Fu lly insulated slab - - 0 .36 -

Ileal~ Slab 
Uninsulated slab 0.84 - - -
Fully insulated slab - 0 .74 0.55 0.44 
R-5 Center (With perimeter insulation) -- - 0.66 0.62 
R-IO Center (W1th perimeter msulat1on) -- - - 0.51 
3-ft Vert1cal -- -- 0 .78 -
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SECTION 1004- CRAWLSPACE FLOORS 

1004.1 Gtntral: Tables 10-3 and 10-4 list heat loss coefficieniS for floors over 
crawlspaces in uniiS of Btulh•ft2•°F of floor . 

They are denved from procedures listed in Standard RS- 1, listed in 
Chapter 7, assuming an average outdoor temperature of 45°F, an average indoor 
temperature of 65°F and a crawlspace area of 1350 n> and 100 feet of perimeter. 
The crawlspace is assumed to be 2-112 feet high, with 24 inches below grade and 
6 inches above grade . 

1004.2 Crawlspace Dtscriplion: Four crawlspace configurations are considered: 
vented, unvented, enclosed and heated plenum. 

Vented crawlspaces: Assumed to have 3 air changes per hour, with at least I n> 
of net-free ventilation in the foundation for every :300 ft2 of crawlspace floor 
area. The crawlspace IS not actively heated . 

Floors over unheated areas, such as garages, may only use those values 
which have R.{) penmeter insulation. 

Unvented crawlspaces: Assumed to have 1.5 air changes per hour, with less 
than I ft2 of net-free ventilation in the foundation for every 300 ft2 of era wlspace 
floor area. The crawlspace is not actively heated. Floors over unheated 
basements may only use those values which have R.{) perimeter insulation . 

Heated-plenum crawlspaces: Assumed to have 0 .25 air changes per hour, with 
no foundatiOn vents. Heated supply air from central furnace is blown into a 
crawlspace and allowed to enter the living space unducted v1a holes cut anto the 
floor . 

Enclosed floors: Assumes no buffer space, and a covering of 112 inch TI-ll on 
the exterior of the cav11y exposed to the outside air. 

1004.3 Construction Description: Floors arc assumed to be either joisted floors 
framed on 16 centers, or post arid beam on 4 foot by 8 foot squares. Insulation is 
assumed to be installed under the subflooring between the joists or beams with no 
space between the Insulation and the subfloor. Insulation is assumed to be 
uncompressed . 

Perimeter insulation is assumed to extend from the top of the rim joist to 
the crawl pace floor and then inward along the ground (on top of the ground 
cover) for at least 24 inches. 

Floor coverings are assumed to be light carpet with rubber pad 
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TABLE IG-3 
DEFAULT U-VALUES FOR FLOORS OVER VENTED CRAWLSPACE 

OR UNHEATED BASEMENT 

Nominal R-value U-value 
Floor J>erimtter Post& Joists 

Beam 

0 0 0.112 0. 134 
II 0.100 0. 116 
19 0.098 0 114 
30 0.093 0.107 

II 0 0.052 0.056 
II 0.048 0.052 

19 0 O.Q38 0.041 
II 0.036 0.038 

22 0 0.034 0.037 
II 0.033 O.Q35 

25 0 0.032 0.034 
II 0.031 0.033 

30 0 0.028 0.029 
II 0.027 0.028 

38 0 0.024 0.025 
II 0.024 0.024 

TADLE 10-4 
DEFAULT U-VALUE..t; FOR FLOORS OVER IlEA TED PLENUM 

CRA Wl~c;PACES 

Nominal U-value 
R-valueJ>erimeter 

I-ll 0 .085 

1--- 19 O.Q75 
30 0 .069 

Note: Crawlspaces used as heated plenums have approximately 30~ 
h1gher heat loss rate than unvented crawlspaces wuh the same a~sumed 
ACH. Default U-values an Table 10-4 renectthis h1gher rate of heat loss . 

• 
• 
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SECTION 1005- ABOVE-GRADE WALLS 

1005.1 Genero~l: Table 10-5 lists heat loss coefficients for the opaque portion of 
above-grade walls (Btulh•ft'•"F). They are derived from procedures listed in 
Standard RS-1, I isted in Chapter 7, assuming exterior air films at 7 .5-mph wind 
speed. 

Insulation IS assumed to uniformly fill the entire cavity and to be installed 
as per manufacturer's directions. All walls arc assumed to he finished on the 
inside w1th In inch gypsum wallboard, and on the outside with either beveled 
wood siding over tn inch plywood sheathing or with 5/8 inch TI-ll siding . 
Insulated sheathing (either interior or exterior) is assumed to cover the enti re 
opaque wall surface. 

1005.2 Frnming Description: Three framing types are considered and defined as 
follows: 

Standard: Studs framed on 16 inch centers with double top plate and single 
bouom plate. Corners use 3 studs and each opening is framed using 2 studs . 
Headers consist of douhlc 2X or single 4X material with an air space left between 
the header and the exterior sheathing. Interior partition wall/exterior wall 
intersections use 2 studs in the exterior wall. 

Standard framing weighting fartors: 
Studs and plates 0. 19 
Insulated cavity 0. 77 
!leaders 0.04 

lnlermediate: Studs framed on 16 inch centers wilh double top plate and single 
bouom plate. Corners usc 2 studs or other means of fully insulating corners, and 
each opening is framed by 2 studs. Headers consist of double 2X material with 
R-IO insulacion between the header and exterior sheathing. Interior partition 
wallleltterior wall intersections are fully insulated in the exterior wall. 

I nlerrnediate framing weighting furtors: 
Studs and places 0.18 
Insulated cavity 0.78 
Headers 0.04 

Advanced: Studs framed on 24 inch centers with double lop plate and single 
bollom plate Corners use 2 studs or other means of fully insulating corners, and 
I stud IS used to support each header. Headers consist of double 2X material 
with R- IO onsulation between lhe header and e111crior shealhong. Interior partition 
wall/exterior wall intersections are fully insulated on the exterior wall. 
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Advanced Frnming Weighting Factors: 
Studs and plates 0.13 
Insulated cavity 0.83 
[leaders 0.04 

1005.3 Component Description: Default coefficients for three types of walls are 
listed: single-stud walls, strap walls and double-stud walls. 
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Single-Stud Wall: Assumes either 2x4 or 2x6 studs framed on 16 or 24 inch 
centers. lleaders are solid for 2x4 walls and double 2x for 2x6 walls, with 
either dead-air or rigid-board insulation in the remaining space. 

Strnp Woll: Assumes 2x6 studs framed on 16 or 24 inch centers. 2x3 or 
2x4 strapping is run horizontally along the interior surface of the wall to 
provide additional space for insulation. 

Double-Stud Wall: Assumes an exterior structural wall and a separate 
interior, non-structural wall. Insulation is placed in both wall cavities and in 
the space between the two walls. Stud spacing is assumed to be on 24 inch 
centers for both walls. 

• 
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TABLE lG-5 
DEFAULT U-VALUES FOR ABOVE-GRADE WALLS 

• 2 x 4 Single Wood Stud: R-11 Batt 

Siding Mnteriai/Framim! Type 
Laooed Wood Tl-11 

R-value 
ofFonm 

NOTE: Board STD ADV STD ADV 

• Nominal Ball R-value: 
R-11 at 3.5 inch thickness 

Installed Ball R-value: 

0 0.088 0.084 0.094 0.090 
I 0.080 0.077 0 .085 0.082 
2 0.074 0.071 O.Q78 O.Q75 
3 0.069 0.066 0.072 0.070 

R-1 1 in 3.5 inch cavity 4 0.064 0.062 0.067 0.065 
5 0.060 0.058 0.063 0.061 
6 0 .056 0.055 0.059 0.057 
7 0 .053 0.052 0.055 0.054 

• 8 0.051 0.049 0.052 0 .051 
9 0.048 0 .047 0.050 0.049 
10 0.046 0 .045 0.047 0.046 
II 0.044 0.043 0.045 0.044 
12 0.042 0.04 1 0 .043 0.042 i 

• 2 x 4 Single Wood Stud: R-13 llott 

Sidinl! MateriaiiFf".lming Type 
L:looo Wood TI-ll 

• NOTE: 

R-value 
of Foam 
Board STD ADV STD ADV 

Nomtnal Ball R-value: 0 0 .082 O.Q78 0 .088 0.083 
R- 13 at 3.63 tnch thickness I 0,075 0.072 0.080 0.076 

2 0.069 0.066 0.073 0.070 
Installed Ball R-value : 3 0 .065 0.062 0.068 0.065 

• R-12.7 tn 3.5 inch cavity 4 0.060 0 .058 0.063 0.061 
5 0.057 0 .055 0.059 0 .057 
6 0.053 0.052 0.056 0 .054 
7 0.05 1 0.049 0 .052 0 .05 1 
8 0.048 0.047 0.050 0 .048 
9 0 .046 0.045 0.047 0.046 
10 0.044 0.043 0.045 0.044 
II 0.042 0.041 0.043 0.042 

• 12 0 .040 0.039 0 .041 0.040 
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2 x 4 Single Wood Stud: R-15 n an 

Siding Material/Framing Type 
Lapped Wood TI-ll 

R-value • of Foam 
NOTE: n oard STD ADV STO ADV 

Nominal Ball R-value: 0 0.076 0.071 0.081 0.075 

R-15 al 3.5 inch lhickness I 0.069 0.065 0.073 0.069 
2 0.064 0.061 0.068 0.069 

3 0.060 0.057 0.063 0.059 
4 0.056 0.053 0.059 0.056 
5 0.053 0.051 0.055 0.052 

lnslalled Ball R-value: 
R-15 an 3.5 inch cavily • 6 0.050 0.048 0.052 0.050 

7 0.047 0.046 0.049 0.047 
8 0.045 0.044 0.047 0.045 
9 0.043 0.042 0.044 0.043 
10 0.04 1 0.040 0.042 0.041 

I I 0.039 O.Q38 0.041 0.039 

12 O.Q38 0.037 0.039 0.038 • 
2 X 6 Single Wood Stud: R-19 n a tt 

Sidinl! M nteriul/Frnming T voe 
L11 ooed Wood Tl-11 • !{-value 

of Foam 
NOTF.: noa rd STD INT ADV STD INT ADV 
Nommal Ball R-value: 
R-19 al 6 mch lhickness 

0 0.062 0.058 0.055 0.065 0.061 0.058 

1 0.058 0.055 0.052 0.060 0.057 0.055 

2 0.054 0.052 0.050 0.056 0.054 0 .051 • lnslallcd Ball R-value: 
R-18 1n 5.5 inch cavily 

3 0.051 0.049 0.047 0.053 0.051 0 .049 
4 0.048 0.046 o.o45 0.050 0.048 0.046 
5 0.046 0.044 0.043 0.048 0.046 0.044 I 

6 0.044 0.042 0.04 1 0.045 0.044 0.042 ' 

7 0.042 0.040 0.039 0.043 0.042 0.040 I 

8 0.040 0.039 O.Q38 0 041 0.040 o.o39 I 

9 O.D38 0.037 O.Q35 0.039 0.038 0.037 • 10 0 .037 0.036 O.D35 0.038 0.037 0.036 

II 0.036 O.o35 0 .034 0.036 O.Q35 0.035 
12 0.034 0.033 0.033 0.035 0.034 0.033 

• 
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2 x 6 Single Wood Stud: R-21 Butt 

• Sldinll Materiui!Framinll Type 
Lapped Wood Tt-11 

R-value 
or Foam 

NOTE: Roard STD INT ADV STD INT ADV 
Nomonal Ban R-value: 0 0.057 0 .054 0 .051 0.060 0.056 0.053 

• R-21 at S.S onch thickness 

Installed Ball R-value: 
R-21 on 5.5 inch cavuy 

I 0.054 0.051 0 .048 0.056 0.053 0.050 
2 0.050 0 .048 0.045 0.052 0.050 0 .047 
3 0.048 0 .045 0.043 0.049 0.047 0.045 
4 0.045 0.043 0.041 0.047 0.045 0.043 
5 0.043 0.041 0.040 0.044 0.042 0.041 
6 0.041 0.039 0 .038 0 .042 0.041 0.039 
7 0.039 0.038 0 .036 0.040 0 .039 0.037 
8 0.038 0 036 O.Q35 0 .039 0.037 0.036 

• 9 0.036 O.Q35 0 .034 0 .037 0.036 O.Q35 
10 O.Q35 0.034 0 .033 0.036 0.035 0.033 
II 0.033 0.033 0 .032 0.034 0.033 0.032 
12 0.032 O.QJI 0 .031 0.033 0.032 0.031 

• 2 x 6 Single Wood Stud: R-22 Ball 

Sidinll MateriaiiFraminll Type 
Lapped Wood Tl-11 

R-value 
of Foam 

• NOTE: 
Nomonal Ban R-value: 
R-22 at 6. 75 onch thockncss 

Board STD INT ADV STD INT ADV 
0 0.059 0 .055 0 .052 0.062 0 .058 0.054 
I 0.055 0 .052 0.049 0.057 0 .054 0.051 
2 0.052 0.049 0.047 0.054 0 .051 0.048 

Installed Ban R-value: 3 0.049 0.046 0 .044 0.050 0.048 0.046 
R ·20 on 5.5 onch cavity 4 0 .046 0.044 0 .042 0.048 0.046 0.044 

5 0 .044 0.042 0.041 0.045 0.043 0.042 

• 6 0.042 0.040 0.039 0.043 0.042 0.040 
7 0.040 0.039 0.037 0.041 0.040 O.Q38 
8 O.Q38 0.037 0.036 0.039 0.038 0.037 
9 0.037 0.036 0.035 0.038 0.037 O.Q35 
10 O.Q35 0.034 0.033 0.036 O.Q35 0 .034 
II 0.034 0.033 0.032 0.035 0.034 0.033 
12 0.033 0.032 0.031 0.034 0.033 0 .032 

• 
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2 x 6 Single Wood Stud: Two R-t t Ratts 

Sidim! Mnteriai/Framinr Type 
Laoped Wood Tl-11 • R-vnlue 

of Foam 
NOTE: Board STD JNT ADV STD INT ADV 
Nominal Dan R·value: 0 0.060 0.057 0.054 0.063 0.059 0.056 
R-22 at 7 onch thickness 

Jns121led Dan R-value: 
R-18.9 in S.S inch cavity 

I 0.056 0.053 0.051 0.059 0.056 0.053 

2 0.053 0.050 0.048 0.055 0.052 0.050 

3 0.050 0.048 0.046 0.052 0.049 0.047 

4 0.047 0.045 0.044 0.049 0.047 0.045 • 5 0.045 0.043 0.042 0.046 0.045 0.043 

6 0.043 0.041 0.040 0.044 0.043 0.041 
7 0.041 0.040 O.Q38 0.042 0.041 0.039 

8 0.039 O.Q38 0.037 0.040 0.039 O.Q38 

9 O.Q38 0.037 0.036 0.039 O.Q38 0.036 

10 0.036 0.035 0.034 0.037 0.036 O.Q35 

II 0.035 0.034 0.033 0.036 O.Q35 0.034 
12 0.034 0.033 0.032 0.034 0.034 0.033 • -

2 X 8 Single Stud: R-25 natt 

Sidlnl! Material/Framing Type • Lopped Wood Tl-11 
R-value or 
Foam 

NOTE: 
Nomonal Dan R·value: 
R-25 at 8 onch thickness 

Board STD INT ADV STD JNT ADV 
0 0.051 0.047 0.045 0.053 0.049 0.046 
I 0.048 0.045 0.043 0.049 0.046 0.044 • ·2 0.045 0.043 0.041 0.047 0.044 0.042 

lnsllllled Ball R-value: 3 0.043 0.041 0.039 0.044 0.042 0 .040 
R-23.6 in 7.25 onch cavity 4 0.041 0.039 0.037 0.042 0.040 O.Q38 

5 0.039 0.037 0.036 0.040 0.038 0.037 

6 0.037 0.036 O.Q35 O.Q38 0.037 0.036 
7 0.036 0.035 0.033 0.037 0.035 0.034 
8 O.Q35 0.033 0.032 O.Q35 0.034 0.033 • 9 0.033 0.032 O.QJI 0.034 0.033 0.032 
10 0.032 0.031 0.030 0.033 0.032 0.031 
II 0.031 0.030 0.029 0.032 O.QJI 0.030 
12 0.030 0.029 0.028 0.031 0.030 0.029 

• 
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2 x 6: Strap Wall 

• Sidine Material/Frame Type 
Lapped Wood Tl-11 
STD ADV STD ADV 

R-19 + R-11 Bans 0 .036 O.oJ5 O.Q38 0.036 
R-19 + R-8 Bans 0 .041 0 .039 0 .042 0 .040 

• 2 x 6 + 2 x 4: Double Wood Stud 

Sidinl! Matrrlai/Frame Type 
Batt Confie.urotion Laooed Wood Tl-11 

F.xterlor I Middle I Interior STD ADV STD ADV 
R-19 - R-11 0 .040 0 .037 0.041 0 .038 
R-19 -- R-19 0.034 O.QJI 0.035 0 .032 

• R-19 R-8 R-11 0.029 O.Q28 O.Q31 0 .029 
R-19 R- 11 R-11 0.027 0 .026 0.028 0 .027 
R-19 R- 11 R-19 0.024 0 .023 0 .025 0 .023 
R-19 R-19 R-19 0.021 0.020 0.021 0 .020 

• 2 x 4 + 2 x 4: Double Wood Stud 

Slidinl! Material/Frame Type 
Batt Configuration Laoped Wood Tl-11 

Exterior Middle Interior STO ADV STD ADV 

• R- 11 -- R-11 0 .050 0.046 0 .052 0.048 
R-19 - R-11 0 .039 0.037 0 .043 0.039 
R- 11 R-8 R-11 0 .037 O.QJ5 0 .036 0.036 
R-11 R- 11 R-11 0.032 0.031 0.033 0.032 
R-13 R-13 R-13 0 .029 0.028 0.029 0.028 
R- 11 R-19 R-11 0 .026 0.026 0 .027 0.026 

• 
• 
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Log Walls 

NOTE: 
R-value or wood: 
R-1 .25 per inch thickness 

Average wall thickness 
90% average log diameter 

Slress Skin P:mel 

NOTE: 
R-value or expanded 
polystyrene: R-3.85 per inch 

Framing: 6% 
Spline: 8% 

Avernge Log 
Diameter, 

Inches 

6 
8 
10 
12 
14 
16 

Panel 
Thickness, 

Inches 

3tn 
5tn 
7 114 
9 114 
II 114 

U-valut 

0 . 148 
0. 111 
0 .089 
0 .074 
0.063 
0.056 

U-value 

0.071 
0.048 
0.037 
0.030 
0 .025 

No thermal bridging between interior and exterior sphnes 
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Sin~:le Me1111 Stud 

• Nominnl Nominnl Effective Overall Assembly 
Wnll Insulntion Insulnlion U-Vnlue 

Thickness, R-Value R-Vnlue 
Inches 16" o.c. 24" o.c. 

4 R-11 R-11 0.14 0.13 
4 R-13 R-12.7 0.13 0.12 

• 
6 R-19 R-18 0.11 0.10 

• 
• 
• 
• 
• 
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SECTION 1006- DEFAULT U-VALUK'i rOn GLAZING ANI) DOOnS 

1006.1 Unte~ted Glazing and Doors: Untested glazang and doors shall be 
assigned the U-valucs from Tables 10-6A, I0-6B, I0-6C or 10-60 as 
approprmtc. 
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2 

Description I ,2,3,4 

Son~le 

Double, < 1n· Clear 
Clear + Arl\on 
Low-e 
Low-e + Argon 

Double, 2. 112" Clear 
Clear + Argon 
Low-e 
Low-e+ Arl\on 

Tropic, Clear 
Clear + Ar2on 
Low-e 
Low-e + Argon 

TABLE I 0-6A 
W indow Defa ult Table 

Frame Type~.6 
A lu minum 

Aluminum Thermal 
Break7 

1.20 1.20 

0.92 0.75 
0.87 0 .71 
0.85 0.69 
0.79 0 .62 
0.86 0.69 
0.83 0.67 
0.78 0.61 
0.75 0.58 
0.70 0.53 
0.69 0.52 
0.67 0.49 
0.63 0.47 

1994 FIRST EDIT!ON 

Wood/Vinyl 

1.20 

0.63 
0.60 
0 .58 
0.53 
0.58 
0.55 
0.51 
0.48 
0.43 
0.4 1 
0.40 
0.37 

< 1n· • a minimum dead ai r space of less than O.S inches between the panes of glass. 
2,1 n· - a minimum dead air space of 0.5 inches or greater between the panes of glau. 
Any low-e (emossivity) coaling (0. 1, 0.2 or 0.4). 

e : s 
6 
7 

U-value! listed for a.rgon shall eonsost of sealed, gas-filled onsulated units for atJ:on, C02, SF6, 
atJ:on/SF6 mixtures and Krypton. 
"Glass block" assembhes may use aU-value of O.S I. 
Insulated fiberglass framed products shall use wood/vinyl U-values. 

• 
• 
• 

Aluminum clad wood windows shall use the U-value! hsted for woodlvonyl windows. 
Aluminum Thermal Break • An alumonum thermal break framed window shall oncorporate the followong 
m1nimum design characteriscics: 

a) The thermal conductivity or the thermal break material shall be not more than 3.6 Btu-in/htn2J• F; 
b) The thermal break material must produce a gap in the frame material of not less than 0.210 inches; and, 
c) All metal framong memben of the products exposed to onterior and exterior aor shall incorporate a 

thermal breal meetong the criteria on a) and b) above . 
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TABLE l 0-68 
APPROVED WINDOW AND SKYLIGIIT DEFAULT TARLE• 

• 
90 
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Footnotes to Table·l 0-68 

Subtract 0.02 from the listed default U-value for non-aluminum spacer. Acceptable 
spacer materials may include but is not limited to fiberglass, wood and butyl or other 
material with an equivalent thermal performance. 

2 1/4" ~a minimum dead air space of0.25 inches between the panes of glass. 
3/8" ~a minimum dead air space of0.375 inches between the panes of glass. 
112" = a minimum dead air space of 0.5 inches between the panes of glass. 
Product with air spaces different than those listed above shall use the value for the next 
smaller air space; i.e. 3/4 inch = 112 inch U-values, 7116 inch ~ J/8 inch U-values, 
5/16 inch • 1/4 inch U-values. 

Low-e4 (emissivity) shall be 0.4 or less. 
Low-e2 (emissivity) shall be 0.2 or less. 
Low-e I (emissivity) shall be 0.1 or less. 

U-values listed for argon shall consist of sealed, gas-filled insulated units for argon, 
C02, SF6, and argon/SF6 mixtures. The following conversion factor shall apfliY to 
Krypton gas-filled units: 1/4" or greater with kryflton is equivalent to 112" argon. 

Dividers placed between glazing: The U-value listed shall be used where the divider has 
a minimum gap of 1/8 inch between the divider and lite of each inside glass surface. 
Add 0.03 to the listed U-value for True Divided Lite windows. 

6 "Glass block" assemblies may use a U-value of 0.51 . 

7 Insulated fiberglass framed products shall use wood/vinyl U-values . 

8 Subtract 0.02 from the listed default values for solariums. 

9 Aluminum Thermal Break - An aluminum thermal break framed window shall 
incorporate the following minimum design characteristics: 

The thermal conductivity of the thermal break material shall he not more than 3.6 Btu­
in/hlfi2/F"; 

The thermal break material must produce a gap in the frame material of not less than 
0.210 inches; and, 

c) All metal framing members of the products exposed to interior and exterior air shall 
incorporate a thermal break meeting the criteria in a) and b) above. 

tO Aluminum clad wood windows shall usc the U-valucs hsted for Alummum Clad 
Wood/Reinforced Vinyl windows. Vinyl clad wood window shall u~c the U-values 
listed for Woodtvinyl windows. Any vinyl frame window with metal reinforcement in 
more than one rail shall use the U-values listed for Aluminum Clad Wood/Reinforced 
Vmyl wmdow . 

91 



WASHINGTON STATE ENERGY CODE 

TABLE10-6C 
TRANSMISSION COEFFICIENTS (U) FOR WOOD AND STEEL DOORS 

8tu/h•ft2•F 

Nominal DeKrlptlon No Wood Mtlal 
Door Storm Storm Storm 
TI1ickness, Door DoorC Doord 
Inches 
Wood 
Doorsb 
1-3/8 Pand door wuh 7/16 inch oanelsC O.S7 0.33 0.37 
t-3/8 Hollow core Oush door 0.47 0.30 0.32 
1-J/8 Solid core nush door 0.39 0.26 0.28 
1-3/4 Panel door with 7/16 inchpantlsC 0.51 0.33 0.36 
1-3/4 Hollow core !lush door 0.46 0.29 0.32 
1-)/4 Panel door w1th 3/4 1nch panclsC 0.40 0.27 0.29 
1-J/4 Panel door wuh 1- 1/8 1nch panels• 0.39 0.26 0.28 
1-3/4 Solid core Oush door 0.33 0.28 0 .25 
2-1/4 Solid core Ou.sh door 0.27 0.20 0.21 
Sttel 
Doorsb 
1-3/4 Fiberglass or mineral wool core w/ steel sllffcners, 0.60 --- --

no thcrnul breakr 
1-3/4 Parx:r honevcomb core wuhout thermal break' 0.56 -- --
1-)/4 Solid urethane foam core without thermal b~ka 0.40 -·- ---
1-J/4 Solid fire rated mmeral fiberboard core O.J8 -- -

without thermal breakf 
1·3/4 Polystyrene core without thermal break 

I (18 gage commercial steel)' 
O.JS - -

1-3/4 Polyurethane core without thermal break 0.29 -· --
I (I 8 _gage commercial stee!)f 

1-3/4 Polyurethane core without thermal break 0.29 -- --
I (24 gage commercial steet)f 

1-3/4 Polyurethane core w/thermal break & wood pen meter 0.20 - --
I (24 gage commerc1al steel)f 

1·3/4 Solid urethane foam core with thermal break 0 . 19 0.16 0.17 

Note: All U-values for exterior doors in this table arc for doors with no gtazm&, except for the Storm doors 
which are •n addition to the matn cxtenor door. Any gla~ing area'" exterior doors should be 1ncluded wuh 
the appropriate glass type and analyzed. lnterpolallon and moderate extrapotauon are pennoued for door 
thic~ncsses other than those specified. 

a Values arc based on a nommal 32 by 80 1n door siu wuh no &lazmg. 
b Outside air condition!' 15 mph wmd speed, o"F a.r temperature; ins1de 111 condalions: natural 

convectton, 70"F air temperature. 
c Values for wood storm door arc for approximately SOlll glass area. 
d Values for metal storm door arc for any percent glass area. 
e SS lll panel area. 
f ASTM C 236 hotbox data on a nommal J by 7 ft door Slle with no glazing. 

The U-values 1n Table 6C nrc for exterior wood and steel doors The values &iven for wood doors were 

• 

• 
• 
• 
• 
• 
• 

calculated, and those for steel doors were taken from hotbox tests (Sabine et at. 1975: Yellot 1965) or from 

manufacturer's test rcpons. An outdoor surface conductance of 6.0 Dtulh• ft2••F wu used, and the tndoor • 
surface conductance wu taken as 1.4 Dtulh• n2• •F for vcntcal surfaces with hori70ntal heat now. All valu~ 
gtven arc for extenor doors without glutng. If an exttrior door contains glazing, refer to Table 10-60. 
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TABLE 10-6D 
APPROVED GLAZED DOOR DEFAULT U-VALlJESl 

• Door Material 
lnsulaled6 Wood7 

Dcscriplion2,J,4,S Fuii·Lile4,9 Half·l.ilelO,ll Fuii·Lilel Hal f-Lole IO 

Double Clear 114 • 0.39 0.31 0.47 0.42 
Double Clear 114" + argon 0.37 0.30 0.45 0.41 
Double Low-e4 114" 0.36 0.30 0.44 0.41 
Double Low-c2 114" 0.35 0.29 0.43 0.40 
Double Low-e l 114" 0.24 0.28 0.41 0.39 
Double Low-e4 114 • + argon 0.33 0.28 0.41 0.39 
Double Low-e2 114 • + an! On 0 .31 0.26 0.39 0.38 
Double Low-e I 114" + ar~on 0.31 0.26 0.38 0.37 
Double Clear 3/8" 0 .37 0.30 0.45 0.41 • Double Clear 3/8" + arr.on 0.36 0.29 0.44 0.41 
Double Low-c4 318" 0.34 0.28 0.42 0.40 
Double Low-e2 3/8" 0.33 0.28 0.41 0.39 
Double Low-el 3/8" 0.21 0.26 0.38 0.37 
Double Low-e4 3/8" + arr.on 0.32 0.27 0.40 0.38 
Double Low-c2 318" + arRon 0.29 0.25 0.37 0.37 
Double Low-el 3/8" + argon 0.29 0.25 0 .36 0.36 
Double Clear 112" 0.36 0.29 0.44 0.41 • Double Clear In" + argon 0.34 0.28 0.42 0.40 
Double Low-e4 112" 0.32 0.27 0.40 0.38 
Double Low-<:2 112" 0.30 0.26 0.38 0.37 
Double Low-el 112" 0.29 0.25 0 .36 0.36 
Double Low-e4 112 • + argon 0.30 0.26 0.38 0.37 
Double Low-c2 112" + argon 0.28 0.25 0.36 0.36 
Double, Low-el 112" + argon 0.28 0.24 0.34 0.35 • Tnple Clear 114" 0.31 0.26 0.39 0.38 
Tnple Clear 1/4" + argon 0.29 0.25 0.37 0.37 
Triple Low-e4 114" 0.30 0.26 0.38 0.37 
Tnple l..ow-c2 114" 0.29 0.25 0.37 0.36 
Triple Low-e4 114 • + argon 0.27 0.24 0.35 0.35 
Triple Low-e2 114 • + argon 0.26 0.24 0.34 0.35 • 

• 
• 
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Footnotes to Table 10-6D 

Subtract 0.02 from the listed default U-vnlue for msulated spacers. Insulated spacer 
material mcludes fiberglass, wood and butyl or other material with an equivalent 
Thermal performance. 

2 114" = a minimum dead air space of 0.25 mches between the panes of glass. 
J/8" - a minimum dead air space of 0.375 inches between the panes of glass. 
1/2" a minimum dead air space of0.5 inches between the panes of glass. 
Products with atr spaces different than those listed above shall use the value for next 
smaller air space; i.e. J/4 inch = 1/2 inch U-vnlues, 7/16 inch = J/8 inch U-values, 
5/16 inch = 114 inch U-values. 

Low-e4 (emissivity) shall be 0.4 or less. 
Low-e2 (emissivity) shall be 0.2 or less. 
Low-e I (emissivity) shall be 0. I or less. 

4 U-values listed for argon shall consist of sealed, gas-filled, msulated units for argon, 
C02, SF6 and argon/SF6 mixtures. 
The following conversion factor shall apply to Krypton gas-filled umts: 
114 inch or greater airspace of Krypton gas-fill 1/2 inch air space Argon gas-fill. 

Divtders placed between gla1ing: The U-values listed shall be used where the divider 
has a minimum gap of 1/8 inch between the divider and lite of each inside glass 
surface. Add O.OJ to the listed U-value for True Divided Lite windows . 

6 Insulated .... Any urethane insulated foam core door with a thermal break. Thermal 
Break .. A thermal break door shall incorporate the following design characteristics: 
a) The thermal conductivity of the thermal break material shall be not more than 

3.6 Btu-in/h•fi2•"F; and 
b) The thermal break material shall not be less than 0.210 inches. 

7 Wood .. any wood door. 

8 Full-Lite = A door that consists of more than 50% glazing. 

9 Add 0.05 to the listed U-value for Full-Lite values if the insulated door does not have a 
thermal break. 

.. 

• 
• 
• 
• 
• 

10 Half-Lite = A door that consists of 50% or less glazing. • 

II Add 0.06 to the listed U-value for Half-Lite values if I he insulated door does not have a 
thermal break. 

• 
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SECTION 1007- CEILINGS 

1007.1 Genernl: Table 10..7 lists hear loss coefficients for the opaque port1on of 
exterior ceilings below vented allies, vaulted ceilings and roof decks in units of 
Bru/h• ft' ••r of ceiling. 

They are derived from procedures listed in Standard RS·I, listed in 
Chapter 7. Ceiling U-values are modified for the buffering effect of the a11ic, 
assuming an mdoor temperature of 65°F and an outdoor temperature of 45°F. 

1007.2 Component Descript ion : The three types of ceilings are characteri7ed as 
follows: 

Ceilings nelow a Vented Attic: Allie insulation is assumed to be hlown-in, 
loose-fill fiberglass with a K-value of2.6 h• ft1 • "F/Btu per inch. Full bag count 
for specified R-value is assumed in all cases. Ceiling dimensions for nat ceiling 
calculations are 45 by 30 feet, with a gabled roof having a 4/12 pitch. The 1111ic 
is assumed to vent naturally at the rate of 3 air changes per hour through soffit 
and ridge vents. A void fraction of 0.002 is assumed for all allies wuh Insulation 
baffles. Standard-frnmed, unbafned allies assume a vo1d fraction of 0.008. 

Allie framing is either standard or advanced. Standard framing assumes 
tapering of insulation depth around the perimeter with resultant decrease m 
thermal resistance. An increased R-value is assumed in the center of the ceiling 
due to the effect of piling leftover insulation. Advanced framing assumes full and 
even depth of insulation extending to the outside edge of exterior walls. 
Advanced framing does not change from the default value. 

U-values for nat ceilongs below vented a111cs with standard framing may be 
modified with the following table: 

U-V:1lue fo r 

Roof l'i tch 
.Siandacd Ernmim: 
R-30 R-38 

4112 0.036 O.oJ I 
5112 0.035 O.OJO 
6112 0.034 0.029 
7112 0.034 0.029 
8112 0.034 0.028 
9112 0.034 0.028 
10112 0.033 0.028 
11112 0.033 0.027 
12112 0.033 0.027 

Vented scissors truss allies assume a ceiling pitch of 2112 with a roof pitch of either 4112 
or 5112. Unbafned standard framed scissors truss a111cs are assumed to have a void 
fraction of 0.016. 
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Vnultt.>d Ceilings: lnsulatoon is assumed to be fiberglass balls installed in roof 
joist cavitoes. ln the vented case, at least 1.5 inches between the top of the balls 
and the underside of the roof sheathing is left open for ventilation on each cavity . 
A ventilation rate ofJ air changes per hour is assumed. In the unvented or dense 
pack case, the ceiling cavity is assumed to be fully packed with insulation, 

leaving no space for ventilation. 

Roof I>Kks: Rigid insulation is applied to the top of roof decking with no space 
left for ventilation. Roofing materials are all ached directly on top of the 
insulation. Framing members are often left exposed on the interoor side. 
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TABLE 10-7 
DEFAULT U-VALUES FOR CEILINGS 

• Ceilings Below Vented Attics 

SUindnrd Frame Advanced Frame 
Flat Ceilin1: named 

R-19 0.049 0.047 
R-30 0.036 0.032 
R-38 0,031 0.026 • R-49 0.027 0.020 
R-60 0.025 0.017 

Scissors Truss 
R-30 (4/12 roof pitch) 0.043 0,031 
R-38 (4/12 roof pitch) 0.040 0,025 
R-49 _(4/12 roofpjtchl 0,038 0.020 
R-30 (5/12 roof pitch) 0.039 0.032 

• R-38. (5/12 roofpitch) 0.035 0.026 
R-49 (5/12 roof pitch) 0.032 0.020 

Vaulted Ceilin~:s 
16" o.c. 24" o.c. 

Vented 
R-19 2xl0 joist 0.049 0.048 

• R-30 2xl2 joist 0.034 0.033 
R-38 2x 14 JOist 0.027 0.027 

Unvented 
R-30 2x I 0 joist 0.034 0.033 
R-38 2x 12 joist 0.029 0.027 

• R-21 + R-21 2xl2joist 0.026 0.025 
Roof Deck 

4x Reams, 48" O.C. 
R-12.5 2" Rigid insulation 0.064 
R-21.9 3.5" Ri~:id insulation 0.040 
R-37.5 6" Ri~:id insulation 0.025 
R-50 8" Rigid insulation 0.019 

• 
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SECTION 1008- AIR INF1LTRATION 

1008.1 General: Tables 10-8 and 10-9 list effective air change rates and heat capacities 
for heat loss due to infiltration. 

The estimated seasonal average infiltration rate m a1r changes per hour (ACH) is 
given for standard air-leakage control (see Section 502.4 of this Code for air leakage 
requirements). The effective air change rate shall be used in calculations for 
compliance under either the Component Performance or Systems Analysis approaches. 

Heat loss due to mfiltration shall be computed usmg the following equat•on: 

Q,.,. = ACH,, * HCP 

Where: 

O .. r., = Heat loss due to air infiltration. 

ACII,, = The effective air inti It ration rate in Table I 0-8. 

IICP 

Zone 

I 
2 
3 

98 

= The Heat Capacity Density Product for the appropriate elevation or 
climate zone as given below. 

TABLE 10-8 
ASSUMED EFFECTIVE AIR CIIANGES PER IIOUR 

Air-Leakage 
Coot rol P:u:k:u:e 

Standard 

Air Change~ per Jlour 
Naturnl Effective 

0.35 0.35 

TARLE 10-9 
DEFAULT HEAT CAPACITY/DENSITY I'RODUCT FOR AIR 

Avernge Elevation Heat Capacity/Density 

Mean Sea Level 
2000 
3000 

0.0180 Btu/h•"F 
0.0168 Btufh•"F 
0.0162 Btu/h•"F 

• 

' 
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SECI'ION 1009- MASS 

1009.1 General: Table 10.10 lists default mass-values for residential construction 
types. All calculations are based on standard ASH RAE values for heat-storage capacity 
as listed in Standard RS-1, Chapter 22. 

Thermal capacity of furniture is ignored, as is heat storage beyond the first 4 
inches of mass thickness. All mass is assumed to be in direct contact with the 
conditioned space. Concrete separated from the heated volume by other materials must 
multiply the listed concrete mass value by the result of the following formula: 

Ln(R-value) x (·.221) + 0.5 

Where: 

Ln -= Natural log 
R-value -= R-value of material covering concrete 

Note: All default values for covered concrete slabs have been adjusted 
according to this procedure. 

1009.2 Mass Description: Mass is divided into two types: structural and additional. 

Structural Mass: Includes heat-storage capacity of all standard building components of 
a typical residential structure, including floors, ceilings and interior and exterior walls 
m Btu/ft1 • •r of noor area. It also assumes exterior wall, interior wall and ceiling 
surface area approximately equals three times the noor area. 

Additionol Ma.ss: Includes any additional building material not part of the normal 
structure, which is added specifically to increase the building's thermal-storage 
capability. This category includes masonry fireplaces, water or trombe walls and extra 
layers of sheetrock. Coefficients are in Btulft1••F of surface area of material exposed 
to conditioned space. The coefficient for water is Btu/"F•gallon. 

1009.3 Component Description: Light frame assumes I inch thick wood flooring with 
5/8 inch sheetrock on ceilings and interior walls, and walls consisting of either 5/8 inch 
sheetrock or solid logs. Slab assumes a 4 inch concrete slab on or below grade, 
with5/8 inch sheetrock on exterior and interior walls and ceiling, and with separate 
values for interior or exterior wall insulation. Adjustments for slab covering is based 
on R-value of material. Additional mass values are based on the density multiplied by 
the specific heat of the material adjusted for listed thickness . 
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Structur.ll Mass M-value 

Light Frome: 

TADLE 10-10 
DEFAULT MASS VALUES 

Jo1sted/post & beam floor, sheetrock 
walls and ceilings 
Joisted/post & beam floor, Jog walls, 
sheetrock ceilings 

Slab With Interior Wulllnsulntion: 

Slab, no covering or tile, sheelrock walls and ceilings 
Slab, hardwood floor covering, sheetrock walls and ceilings 
Slab, carpet and pad, sheetrock walls and ceilings 

Slab With Exterior Wall Insulation: 

Slab, no covering or tile, sheetrock walls and ce1lings 
Slab, hardwood floor covering, sheetrock walls and ceilings 
Slab, carpet and pad, sheetrock walls and ceilings 

Additional Mass M-Value: 

Gypsum wallboard, In inch thickness 
Gypsum wallboard, 5/8 inch thickness 
Hardwood floor 
Concrete/Brick, 4 inch-thickness 
Concrete/Brick, 6 inch-lhickness 

30 

4.0 

10.0 
7.0 
5.0 

12.0 
9.0 
7.0 

0.54 
0.68 
1.40 

10.30 
15.40 

Btut•F•gnllon 

Water, I gallon 8.0 
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CIIAPTER II 
ADMlNISTRATION AND ENFORCEMENT 

SECTION 1100 -TITLE: Chapters II through 20 of th1s Code shall be known 
as the "Washington State Nonresidential Energy Code" and may be cited as such; 
and will be referred to hereafter as • this Code. • 

SECTION litO- PURPOSE AND INTENT: The purpose of this Code is to 
provide mimmum standards for .new or altered puildings an4 structures or 
portions thereof to achieve efficient use and conservation of energy. It is intended 
that these provisions provide flexibility to permit the use of innovative 
approaches and techniques to achieve efficient use and conservation of energy. 

The purpose of this Code is not to create or otherwise establish or 
designate any particular class or group of persons who will or should be 
especially protected or benefited by the terms of this Code. This Code is not 
Intended to abridge any safety or health requirements required under any other 
applicable codes or ordinances . 

The provisions of this Code do not consider the erficiency of various 
energy form~ as they are delivered to the building envelope. 

SECTION 1120- SCOPE: This Code sets forth minimum requirements for the 
design of new or altered buildings and structures or portions thereof that provide 
facilities or shelter for public assembly, educational, business, mercantile, 
institutional, storage, factory and industrial occupancies by regulating their 
exterior envelopes and the selection of their HV AC, service water heating, 
electrical distribution and illuminating systems and equipment for efficient u~e 
and conservation of energy. 

SECTION 1130- APPLICATION TO EXISTING BUILDINGS: Additions, 
alterations or repairs, changes of occupancy or use and historic buildings that do 
not comply with the requirements for new buildings shall comply with the 
requirements in Sections 1130 through 1134. 

E"ception: The building official may approve designs of alterations or 
repairs which do not fully conform with all of the requirements of Sections 
1130 through 1134 where in the opinion of the building official full 
compliance is physically imposs1ble and/or economically impractical and 
the alteration or repair improves the energy erficiency of the building. 

In no case shall energy code requirements be less than those requirements 
in effect at the time of the initial construction of the building. 

1131 Additions to E•r:i~ting Buildings: Additions to existing buildings or 
structures may be constructed without making the entire building or structure 
comply, provided that the new additions shall conform to the provisions of this 
Code. 
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Exception: New additions which do not fully comply with the 
requirements of this Code and which have a noor area which is less than 
750 n2 may be approved provided that improvements are made to the 
existing building to compensate for any deficiencies in the new addition. 
Compliance shall be demonstrated by either systems analysis per Section 
1141.4 or component performance calculations per Sections 1330 through 
1334. The nonconforming addition and upgraded existing building shall 
have an energy budget or target UA and SHGC that arc less than or equal 
to the unimproved existing building, with the addition designed to comply 
with this Code. 

1132 Alteration~ and Repairs: Alterations and repairs to buildings or portions 
thereof originally constructed subject to the requirements of this Code shall 
conform to the provisions of this Code without the use of the exception in Section 
1130. Other alterations and repairs may be made to existing buildings and 
moved buildings without making the entire build1ng comply with all of the 
requ1rements of lh1s Code for new buildings, provided the following 
requirements are met: 

1132.1 Duilding Envelope: Alterations or repairs shall comply with nominal R­
values and gla:zing requirements in Table 13-1 or 13-2. 

Exceptions: 
I. Storm windows installed over existing gla:zing. 
2. Glass replaced in existing sash and frame provided that gla:zing is of 

equal or lower U-factor 
3. For solar heat gain coefficient compliance, gl37ing with a solar heat 

gain coefficient equal to or lower than that of the other existing 
gla1ing. 

4. Existing roof/ceiling, wall or noor cavities exposed dunng 
construction provided that these cavities arc insulated to full depth 
with msulation having a minimum nominal value of R-3.0 per inch 
anstnlled per Sections 1311 and 1313. 

5. Existing walls and noors without framing cavities, provided that any 
new cavities added to existing walls and noors comply with 
Exception 4. 

6. Where the roof membrane is being replaced and 
a. The roof sheathing or roof insulation is not elltposed; or 
b. If there is existing roof insulation below the deck. 

In no case shall the energy efficiency of the building be decreased. 

1132.2 Building Methanical Systems: Those parts of systems which are altered 
or replaced shall comply with Chapter 14 of this Code. 

102 

• 
• 
• 
• 
• 
• 
• 



• 

• 
• 
• 
• 
• 
• 
• 

1994 FIRST EDITION 

1132.3 Lighting and Motors: Tenant improvemems, alterations or repairs 
where 60% or more of the fixtures are new shall comply with Sections 1531 and 
1532. Where less than 60% of the fixtures are new, the installed lighting wattage 
shall be mamtained or reduced. Where 60% or more of the lighting fixtures in a 
suspended ceiling are new, and the existing insulation is on the suspended 
ceiling, the roof/ceiling assembly sllall be insulated according to the provisions of 
Chapter 13, Section 1311.2. 

Where new wiring is being illstalled to serve added fixtures and/or fixtures 
are being relocated to a new cir~uit, controls s~all comply with Sections 1513.1 
through 1513.5. Where a new lighting panel with all new raceway and conductor 
wiring from the panel to the fixtures is being installed, controls shall comply with 
Section 1513.6. 

Those motors which are altered or replaced shall comply with Section 
1511. 

1133 Change or Occupancy or Use: Changes of occupancy or use shall comply 
with the following requirements: 

a. Any unconditioned space that os altered to become conditioned space 
shall be required to be brought into full compliance with this Code. 

b. Any Group R occupancy which is converted to other than a Group R 
occupancy shall be required to comply with all of the provisions of 
Sectoons 1130 through 1132 of this Code. 

1134 llistoric Buildings: The building official may modify the specific 
requirements of this Code for historic buildings and require in lieu thereof 
alternate requirements which will result on a reasonable degree of energy 
efficoency. This modificatoon may be allowed for those buildings which have been 
specifically designated as historically significant by the state or local governing 
body, or listed in The National Register of Historic Places or which have been 
determined to be eligible for listing. 

SECTION 1140- ENFORCEMENT: The building official shall have the 
power to render interpretations of this code and to adopt and enforce rules and 
supplemental regulations in order to clarify the application of its provisions. 
Such interpretations, rules and regulations shall be in conformance with the intent 
and purpose of this Code. Fees may be assessed for enforcement of this Code 
and shall be as set forth in the fee schedule adopted by the jurisdiction. 

1141 Plans and Specifications 

1141.1 General: If required by the buolding official, plans and specifications 
shall be submitted in support of an application for a building permit. If required 
by the building official, plans and srx=cifications shall be stamped and 
authenticated by a registered design professional currently licensed in the state of 
Washington. All plans and specifications, together with supporting data, shall be 
submotted to the buolding official prior to issuance of a building permit. 
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1141.2 Details: The plans and specifications shall show in sufficient detail all 
pertment data and features of the building and the equipment and systems as 
herem governed including, but not limited to: design criteria; exterior envelope 
component matenals, U-factors of the envelope systems, R-values of insulating 
materials; U-factors and shading coefficients of gla7ing; area weighted U-factor 
calculations; efficiency, economi1.er, si7e and type of apparatus and equipment; 
fan system horsepower; equ1pment and systems controls; lighting fixture schedule 
with wattages and controls narrative; and other pertinent data to indicate 
compliance with the requirements of this Code. 

1141 .J Alternate Materials and Method of Con~tructlon: The provisions of 
this Code arc not intended to prevent the use of any material, method of 
construction, design or insulating system not specifically prescribed herein, 
provided that such construction;design or insulating system has been approved 
by the building official as meeting the intent of this Code. The building official 
may approve any such alternate provided the proposed alternate meets or exceeds 
the provisions of this Code and that the material, method, design or work offered 
is for the purpose intended, at least the equivalent of that prescribed in this Code, 
in quality, strength, effectiveness, fire-resistance, durability, safety and energy 
efficiency. The building official may require that sufficient evidence of proof be 
submitted to substantiate any claims that may be made regarding performance 
capab11i11es. 

1141.4 Systems Analysis Approach for the Entire Building: In lieu of using 
Chapters 12 through 20, compliance may be demonstrated usmg the systems 
analysis option in Standard RS-29. When using systems analysis, the proposed 
building shall provide equal or better conservation of energy than the standard 
design as defined in Standard RS-29. If required by the building official, all 
energy comparison calculations submitted under the provisions of Standard RS-29 
shall be stamped and authenticated by an engineer or architect licensed to practice 
by the state of Washington. 

1142 Materials and Equipment 

1142. I Identification: All materials and equipment shall be identified in order to 
show compliance with this Code. 

1142.2 Maintenance Information: Maintenance mstructions shall be furnished 
for any equipment which requires preventive maintenance for efficient operation. 
Required regular maintenance actions shall be clearly stated and incorporated on 
a readily accessible label. Such label may be limited to identifying, by title or 
publication number, the operation and maintenance manual for that particular 
model and type of product. 
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1143 ln~pection~ 

1143.1 General: All construction or work for which a permit is reqUJred shall be 
subject to mspectlon by the buildmg official and all such construction or work 
shall remain accessible and exposed for inspectiOn purposes until approved by the 
buildmg official No work shall be done on any part of the huildmg or structure 
beyond the point in .. .hcated in each insp.:ction Without first obtaining the approval 
of the bu1lding official. 

J 143.2 Rrquired ln~pedions: The building official, upon notification, shall 
make the mspection requ1red m this Section, in addition to or as part of those 
msp.:ct1nns requ1red in Section 30S(e) of the Un1form Bu1ld1ng Code Inspections 
may be conducted by special inspection pursuant to Section 306(b) and 306(c) of 
the Uniform Building Code. Where applicable. 1nspeclloM shall include at least· 

1143.2.1 Envelope 
a. Wall Insulatio n Inspection: To be made after all wall insulation and 

air vapor retarder sheet or film mate rials are in place, but before any 
wall covering is placed. 

b. Gla71ng lnspect1on: To be made after gla1ing materials are installed 
m the building. 

c. Exterior Roofing Insulation: To be made after the installation of the 
roof msulation, but before concealment 

d . Slab' Floor Insulation: To be made after the installation of the 
slab!Ooor insulation, but before concealment • 

1143.2.2 Mechaninll 
a Mechanical Equipment Efficiency and Economi1er: To be made 

after all equipment and controls requ1red by th1~ Code are installed 
and pnor to the concealment o f such equipment or controls. 

b. Mechanical Pipe and Duct Insu lation: To be made after all pipe and 
duct insulation IS in place, but before concealment 

1143.2.3 Lighting and Motors 
a. Lighllng Equipment and Controls: To be made after the installation 

of all lighting equipment and controls required by this Code, but 
before concealment of the lighting equipment. 

h. Motor Inspections: To be made after Installation of all equ1pment 
covered by this Code, but before concealment. 

1143.3 Re-inspect inn: The building official may require a structure to be re­
inspected A re-inspect ion fee may be assessed for each inspection or re­
lnSpeCtlon when such portion of worl for which inspection IS called is not 
complete or when corrections called for nre not made. 

1144 Vinlo~tion~: It ~hall be a violation of this Code for any person, firm or 
corpor~tion to erect or construct any building, or remodel or rehabilitate any 
cx1~ting building or ~tructure in the state, or allow the ~arne tn he done, contrary 
to any of the provi~ions of this Code. 
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1150 CONFLICTS WITII OTHER COJ)JO:..'i: In ca~e of connicts among Codes 
enumerated in RCW 19.27.031 subsectiOn~ (1), (2), (3) and (4) and this Code, 
the first named Code shall govern . The duct insulation requirement• in this Code 
or a local jurisdiction's energy code, whichever is more smngent, ~upersede the 
requirements in the Uniform Mechanical Code. 

Where, in any specific case, different section~ of this Code specify 
different materials, methods of construction or other requirements, the most 
restrictive shall govern. Where there is a conOict between a general requirement 
and a specific requirement, the specific requirement shall be applicable. 

I 160 SF.VERARILITY & UA8JLITY 

1161 Severability: If any provis1on of th1s Code or its application to any person 
or Circumstance is held invalid, the remainder of this Code or the application of 
the provision to other persons or Circumstances IS not affected. 

1162 Li:1bility: Nothing contained in this Code 1S intended to be nor shall be 
con\! rued to create or form the basis for any liability on the part of any city or 
county or its officers, employees or agents for any injury or damage resulting 
from the failure of a building to conform to the provisions of this Cooe. 
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CHAPTER 12 
DEFINITIONS 

1201 Scope: The following definitions will apply to Chapters II throueh 20. 

SECTION 1210- APPLICATION OF TERMS: For the purposes of this 
Code, certain abbreviations, terms, phrases, words and their derivatives, shall be 
as set forth in this chapter. Where terms are not defined, they shall have their 
ordinary accepted meanings w1thin the context with which they are u~ed. In the 
event there is a ques110n about the definition of a term, the definitioM for terms 
in the Codes enumerated in RCW 19.27.031 and the edition of Webster's 
dictionary referenced therein shall be considered ns the sources for providing 
ordinarily accepted meanings. 

AAMA: American Architectural Manufacturers Association. 

ADDITION: See the Washongton State Building Code . 

ADVANCED FRAMED CEILING: Advanced framong u umes full and even 
depth of insulation extending to the outs1de edge of exterior walls. (See 
Standard Fl'llming and Section 2007.2 of this Code.) 

ADVANCED FRAMED WALLS: Studs framed on 24 onch centers with double 
top plate and single bonom plate Corners use two studs or other means of fully 
insulating comers, and one stud is used to support each header. Headers consist 
of double 2X material with R-IO insulation between the header and exterior 
sheathing. Interior partition wall/exterior wall intersccuon~ arc fully insulated in 
the exteroor wall. (See Standard Fruming and Section 2005.2 of this Code.) 

AFUE- ANNUAL FUEL UTILIZATION EFFICIENCY: Unlike <teady state 
condition~. this rating is based on average usage oncluding on and off cycling as 
set out on the slllndardi1ed Department of Energy Test Procedures. 

AIR CONDITIONING, COMFORT: The process of trcatong air to control 
simultaneously its temperature, humidity, cleanliness and di~lribution to meet 
requirements of the conditioned space . 

ARI: Air-Conditioning and Rcfngeration Institute. 

ASIIRAE: American Society of Heating, Refrigerating and Air-Conditioning 
Engineers, Inc. 

ASTM: Amerocan Society for Testing and Materials. 

AUTOMATIC: Self-:tcting, operaung by 11.> own mechani~m when actuated by 
some 1mpersonal influence, as for example, a change in current strength, 
pressure, temperature or mechanical configuration. (Sec Mnnuul ) 

BELOW GRADE WALLS: Walls or the portion of wall~ wh1ch arc entirely 
below the finished grnde or which extend two feet or le~s above the fini\h grade. 
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BOILER CAPACITY: The rate of heat output in Dtulh measured 11 the boiler 
outlet, at the de~ign inlet and outlet conditions and rated fuellenergy input. 

BUILDING ENVELOPE: The elements of a building which enclose conditioned 
~paces through which thermal energy may be transferred to or from the exterior, 
or to or from unconditioned spaces, or to or from semi-heated ~paces, or to or 
from spaces exempted by the provisions of Section 1301. 

BUILDING, EXISTING: See the Washington State Building Code. 

BUILDING OFFICIAL: The official authorized to act in behalf of a jurisdiction 
code enforcement agency or its authori7ed representative. 

UUILOING PROJECT: A building or group of buildings, including on-site 
energy conversion or electnc-generating facilities, which ut1li7e a single 
subminal for a construction permit or arc within the boundary of a contiguous 
area under one ownership. 

CONDITIONED FLOOR AREA: (See Gross Conditioned Floor Area.) 

CONDITIONED SPACE: A cooled space, heated space (fully heated), heated 
space (sem1-heated) or indirectly conditioned space. 

COOLED SPACE: An enclosed space within a building that is cooled by a 
cooling system whose sensible capacuy 

a. exceeds 5 Btu/(h. n2), or 
b. is capable of maintaining ~pace dry bulb temperature of 90 °F or less 

at design cooling conditions. 

COP- COEFFICIENT OF PERFORMANCE: The rat10 of the rate of net heat 
output (heating mode) or heat removal (cooling mode) to the rate of total on-site 
energy input to the heat pump, expressed in consistent units and under designated 
rating conditions.(See Net llellt Output, Net Ileal Removal, Total On-Site 
Energy Input.) 

OA YLJGIITED ZONE: 
a. Under overhead glazing: the area under overhead glanng whose 

horizontal dimension, m each d1rect10n, IS equal to the overhead 
gla11ng dimenSIOn in that direction plus either the Ooor tO ceiling 
height or the dimension to a ceiling height opaque parhllon, or one­
half the distance to adjacent overhead or vertical glumg, whichever 
is least. 

b. At vertical glumg. the area adjacent to vertical gla-zing which 
receives day lighting from the gla7ing. For purposes of this defimtion and unless 
more detailed daylighung analysis is provided, the daylightin&: 70ne depth is 
assumed to extend into the space a distance of 15 feet or to the nearc:~t ceiling 
hc:11:ht opaque partition, whichever is less The .daylighting zone width is assumed 
to be the: w1dth of the window plus either two feet on each side (the distance to an 
opaque partition) or one-half the distance to adjacent overhead or vertical 
gla1ing, whichever is least. 
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DA YLIGIIT SENSING COIIITROL (DS): A device that automatically regulates 
the power input to electric lighting near the glazing to maintain the desired 
workplace illumination, thus taking advantage of direct or indirect sunlight. 

DEADBAND: The temperature range in which no heating or cooling is used. 

DESIGN COOLING CONDmONS: The cooling outdoor design temperature 
from the 0.5% column for summer from the Pugct Sound Chapter of ASH RAE 
publication "Recommended Outdoor Design Temperatures, Washington State, 
ASHRAE." 

DESIGN HEATING CONDITIONS: The heating outdoor design temperature 
from the 0.6% column for winter from the Puget Sound Chapter of ASHRAE 
publication "Recommended Outdoor Design Temperatures, Washington State, 
ASHRAE." 

DOOR AREA: Total area of door measured using the rough opening and 
including the door and frame . 

DOOR: All operable opening areas, which are not glazing, in the building 
envelope including swinging and roll-up doors, fire doors, smoke vents and 
access hatches. 

DWELLING UNIT: See the Washington State Building Code . 

EER - ENERGY EFF1CIENCY RATIO: The ratio of net equipment cooling 
capacity in Btu/h to total rate of electric input in watts under desagnated operating 
conditions. 

ECONOMIZER, AIR: A dueling arrangement and automatic control system that 
allows a cooling supply fan system to supply outside air to reduce or eliminate 
the need for mechanical refrigeration during mild or cold weather. 

ECONOMIZER, WATER: A system by which the supply air of a cooling 
system is cooled directly, indirectly or both, by evaporation of water or by other 
appropriate nuid in order to reduce or eliminate the need for mechanical 
refrigeration . 

EFF1CIENCY, IIVAC SYSTEM: The ratio of useful energy (at the point of 
use) to the energy input for a designated time period, expressed in percent. 

EMISSIVITY: The ability to absorb infrared radiation. A low emissivity 
implies a higher renectance of infrared radiation. 

ENERGY: The capacity for doing work; taking a number of forms which may 
be transformed from one mto another, such as thermal (heat), mechamcal (work), 
electrical and chemical; in customary units, measured in kilowatt-hours (kWh) or 
British thermal units (Btu). (See New energy.) 

ENERGY, RECOVERED: (See Recovered Energy.) 
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EXTERIOR ENVELOPE: (See Building Envelope.) 

FACADE AREA: Vertical projected area including non-hori70ntal roof area, 
overhangs, com1ces, etc. measured in elevation '" a vertical plane parallel to the 
plane of the building face. 

FLOOR OVER UNCONDITIONED SPACE: A Ooor which separates a 
conditioned space from an unconditioned space which is buffered from e111erior 
ambient conditions including vented crawlspaces and unconditioned basements or 
other s1m1lar spaces, or exposed to exterior ambient conditions including open 
parking garages and enclosed garages which are mechanically ventilated. 

F-FACTOR: The perimeter heat loss f:~ctor expressed in Btu/h • ft • "F. 

F-VALUE: (See F-Factor.) 

GLAZING: All areas, including the frames, in the shell of a conditioned space 
that let in nntural light including windows, clerestories, skylights, sliding or 
swingmg glass doors and glass block walls. 

GLAZING AREA: Total area of the glazing measured using the rough opening, 
and including the glazing, sash and frame. For doors where the daylight opening 
area is less than 50% of the door area, the glazing area is the daylight opening 
area. For all other doors, the glazing area is the door area. 

GROSS CONDITIONED FLOOR AREA: The horizontal projection of that 
poruon of mterior space which is contained within exterior w:~lls and which IS 

conditioned directly or indirectly by an energy-using system, and wh1ch has an 
average height of five feet or greater, measured from the exterior faces . 

GROSS EXTERIOR WALL AREA: The normal projection of the building 
envelope wall area bounding interior space which is conditioned by an energy­
using system; includes opaque wall, vertical glazing and door areas. The gross 
area of walls consists of all opaque wall areas, including foundation walls, 
between noor spandrels, peripheral edges of noors, vertical glazing areas and 
door areas. where such surfaces are exposed to exterior ambient condillons and 
enclose a conditioned space including interstitial areas between two such spaces. 
(See Ilelow Grade Wall) 

GROSS FLOOR AREA: The sum of the areas of the several noors of the 
buildmg, including basements, cellars, me1.1anine and intermediate Ooorcd tiers 
and penthouses of headroom height, measured from the exterior faces of exterior 
walls or from the center line of walls separating buildmgs, but e11cludmg: 
Covered walkways, open roofed-over areas, porches and similar spaces, pipe 
trenches, exterior terraces or steps, chimneys, roof overhangs and similar 
features . 
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GROSS ROOF/CEILING AREA: A roof/ceiling assembly shall be considered 
as all components of the roof/ceiling envelope through which heat Oows, thus 
creatmg a huildmg transmission heat loss or gain, where such assembly is 
exposed to exterior ambient conditions and encloses a conditioned space. Tbe 
assembly does not include those components that are separated from a heated 
and/or cooled space by a vented airspace. The gross area of a roof/ceiling 
assembly consists of the total interior surface of such assembly, including 
overhead gla7ing. 

GUEST ROOM: See the Washington State Building Code. 

HEAT: The form of energy that is transferred by virtue of a temperature 
difference. 

!TEAT STORAGE CAPACITY: The physical property of materials (mass) 
located inside the building envelope to absorb, store and release heat. 

IlEA TED SPACE (FULLY IlEA TED): An enclosed space within a building, 
mcluding adjacent connected spaces separated by an un-insulated component 
(e.g., basements, utility rooms, garages, corridors), which is heated by a heating 
system whose output capacity is 

a. capable of maintaining a space dry-bulb temperature of 45 "For greater at 
des1gn heating conditions; or 

b. 8 Btu/(h. ft2) or greater in Climate Zone I and 12 Btu/(h. ft2) or greater 
in Chmate Zone 2 . 

I rEA TED SPACE (SEMJ-IIEATEJ)): An enclosed space within a budding, 
including adJaCent connected spaces separated by an un-insulated component 
(e.g., basements. uulity rooms. garages, corridors), which IS heated by a heating 
system 

a. whose output capacity is 3 Btu/(h • ft2) or greater in Climate Zone I and 5 
Btu/(h • ft2) or greater in Climate Zone 2; and 

b. IS not a Heated Space (Fully Heated). 

IISJ'Io'- HEATING SEASON PERFORMANCE FACTOR: The total heating 
output (Btu) of a heat pump during its normal annual usage period for heating 
div1dcd by the total electric power input (watt hour) during the same period, as 
determined by test procedures consistent with the U.S. Department of Energy 
'Test Procedure for Central Air Conditioners, Inc luding II eat Pumps, • published 
in Standard RS-30. When specified 10 Btu per watt hour an IISPF of 6.826 is 
equivalent to a COP of 2.0. 

IIUI\111)1STAT: A regulatory device, actuated by changes in humidity, used for 
automatic control of relative humidity. 

IIVAC: Heating, ventilating and air conditioning . 
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IIVAC SYSTEM COMPONENTS: HVAC system components provide, in one 
or more factory-assembled packages, means for chilling and/or heating water 
w1th controlled temperature for delivery to terminal un1ts serving the conditioned 
spaces of the buildings. Types of HVAC system components include, but are not 
limited to, water chiller packages, reciprocatmg condensing units and water 
source (hydronic) heat pumps. (See IJVAC System Equipment.) 

lfVAC SYSTEM EFFICIENCY: (See Efficiency, IIVAC System.) 

lfVAC SYSTEM EQUJPMENT: HVAC system equipment provides, in one 
(single package) or more (split system) factory-assembled packages, means for 
air circulation, air cleaning, air cooling with controlled temperature and 
dehumidifiCation; and optionally, either alone or in combination with a heating 
plant, the functions of heating and humidifying. The cooling function may be 
either electrically or heat operated and the refrigerant condenser may be air, 
water or evaporativcly cooled. Where the equipment is provided in more than 
one package, the separate packages shall be designed by the manufacturer to be 
used together. The equipment may provide the heatmg function as a heat pump 
or by the use of electric elements. (The word "equipment" used without 
modifying adJective may, in accordance wuh common industry usage, apply 
either to IIVAC system equipment or HVAC system components.) 

INDIRECTLY CONDITIONED SPACE: An enclosed space within a building 
that is not a heated or cooled space, whose area weighted heat transfer coefficient 
to heated or cooled spaces exceeds that to the outdoors or to unconditioned 
spaces: or through which air from heated or cooled spaces is transferred at a rate 
exceeding three air changes per hour. Enclosed corridors between conditioned 
spaces shall be considered as indirectly conditioned space. {See Jle:~tcd Space, 
Cooled Space and Unconditioned Space.) 

INFILTRATION: The uncontrolled inward air leakage through cracks and 
interstices in any building element and around windows and doors of a building 
caused by the pressure effects of wind and/or the effect of differences m the 
indoor and outdoor air density. 

INSULATION RAFFLE: A rigid material, resistant to wind driven moisture, 
the purpose of which is to allow air to now freely into the attic or crawl space 
and to prevent insulation from blocking the ventilation of these spares, or the loss 
of insulation. Example materials for this purpose are sheet metal or wax 
Impregnated cardboard. 

INSULATION POSITION: 
3 . 

b. 

c. 

112 

Exterior ln~ulation Position: a wall having all or nearly all of its 
mass exposed to the room air with the msulation on the exterior of 

the mass. 
Integral Insulation Po~ition: a wall having mass exposed to both 
room and outside air, with substantially equal amounts of mass on 
the mside and outside of the insulation layer. 
Interior Insulation Position: a wall not meetmg either of the above 
definitions; particularly a wall having most of us mass external to the 
msulation layer. 
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IPLV -INTEGRATED PART-LOAD VALUE: A single number figure of 
merit based on part-load EER or COP expressing part-load efficiency for air 
conditioning and heat pump equipment on the basis of weighted operation at 
various load capacities for the equipmem as specified in the Air-Conditioning and 
Refrigeration JnstilUle (ARI) and Cooling Tower lns tilUle (CTI) procedures. 

LUMINAIRR: A complete lighting unit consisting of a lamp or lamps together 
with the parts dcstgned to distribute the light, to position and protect the lamps 
and to connect the lamps to the electric power supply. 

MANUAL: Capable of being operated by personal intervention . 
(See Automnlic.) 

NFPA: National Fire Protection Association . 

NFRC: National Fenestration Rating Council. 

NET HEAT OUTPUT: The change in the total heat content of the air entering 
and leaving the equipment (not including supplementary heat and heat from 
boilers). 

NET HEAT REMOVAL: The total difference in heat content of the air entering 
and leaving the equtpment (without heat) or the difference in total heat content of 
the water or refrigerant entering and leaving the component . 

NEW ENERGY: Energy, other than recovered energy, uttli~ed for the purpose 
of heating or cooling. (See Energy.) 

NOMINAL R-VALUE: The thermal resistance of insulation as specified by the 
manufacturer accordtng to recognized trade and engineering standard~ . 

NONRENEWABLE ENERGY SOURCES: All energy sources that arc not 
renewable energy sources including natural gas, oil, coal, wood, liquitied 
petroleum gas, steam and any utility-supplied electricity. 

NONRF-SIDENTIAL: All buildings and spaces in the Uniform Building Code 
(UBC) occupancies other than Group R . 

OCCUI'ANCY: See the Was hington State Building Code. 

OCCUPANCY SENSOR: A device that detects occupants within an area, 
caustng any combination of lighting, equipment or appliance~ to he turned on or 
shut off. 

OI'AQUE ENVELOPE AUF.AS: All exposed areas of a buildtng envelope 
whtch enclose conditioned space, except openings for doors, gla11ng and building 
service systems. 

OPF.N BLOWN: Loose till insulation pneumatically tnstallcd tn an unconfined 
atttc space. 
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Ot.rrDOOR AIR (Ot.rrSIDE AIR): Air taken from the outdoors and, therefore, 
not previously circulated through a building. 

OVl:RIIEAD GLAZING: A glazing surface that has a slope of less than 6()• 

from the horizontal plane. 

PACKAGED TERMINAL AIR CONDITIONER: A factory-selected 
combinatiOn of heating and cooling components, assemblies or sections intended 
to serve a room or zone. (For the complete technical definition, see Standard 

RS-10.) 

PERMEANCE O'ERM): The ability of a material of specified thickness to 
transmit moisture in terms of amount of moisture transmitted per unit time for a 
specified area and differential pressure (grains per hour•rt2•inches of HG). 
Permeance may be measured us ing ASTM E-96-72 or other approved dry cup 
method as specified in Standard RS-1. 

POOl, COVER: A vapor-retardant cover which lies on or at the surface of the 

pool 

POWER: In connection with machines, the time rate of domg work. In 
connection with the transmission of energy of all types, the rate at which energy 
is transmitted; in customary units, it is measured m watts (W) or British Thermal 
Umts per hour (Btu/h). 

I'ROCESS ENERGY: Energy consumed in support of a manufacturing, 
industrial or commercial process other than the mamtenance of building comfort 
or amenities for building occupants. 

RADIANT FLOOR: A noor assembly, on grade or below, containing heated 
pipes, ducts or electric heating cables that constitute a noor or portion thereof for 
complete or partial heating of the structure. 

REAniLY ACCESSinLE: See the Washington State Mechanical Code. 

nECOOLING: The removal of heat by sensible coolmg of the supply air 
(directly or mdirectly) that has been previously heated ahove the temperature to 
which the air is to be supplied to the conditioned space for proper control of the 
temperature of that space. 

RECOVEnED ENERGY: Energy utilited wh1ch would otherwise he wasted 
(i.e , not contribute to a desired end use) from an energy utllltauon system. 

REIIEAT: The application of sens1ble heat to supply air that has lleen previously 
cooled below the temperature of the conditioned space hy cuher mechamcal 
refrigeration or the introduction of outdoor air to prov1de cooling. 
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RENEWADLE ENERGY SOURCKc;: Renewable energy sources (cJCcluding 
minerals) derived from: (I) incoming solar radiation, including but not limited 
to, natural daylighting and photosynthetic processes; (2) energy sources resulting 
from wmd, waves and tides, lake or pond thermal differences; and (3) energy 
derived from the internal heat of the earth, including nocturnal thermal 
exchanges. 

RESET: Adjustment of the set point of a control instrument to a higher or lower 
value automatically or manually to conserve energy. 

ROOF/CEILING ASSEMBLY: (See Gros.~ Roof/Ceiling Area.) 

SEER- SEASONAL ENERGY EFFICIENCY RATIO: The total cooling 
output of an air conditioner during its normal annual usage period, in Btu's, 
divided by the total electric energy input in wau-hours, during the same period, 
as determined by 10 CFR, Part 430. 

SEMI-HEATED SPACE: Sub-category of Heated Space. (See Heated Space.) 

SEQUENCE: A consecutive series of operations. 

SERVICE SYSTEMS: All energy-using systems in a building that are operated 
to provide servtccs for the occupants or processes housed therein, including 
HVAC, servtcc water heating, tllumination, transportation, cooking or food 
preparation, laundering or similar functions. 

SERVICF. WATER HEATING: Supply of hot water for domestic or 
commercial purposes other than comfort heating. 

SHADED: Glazed area which is externally protected from direct solar radiation 
by use of devices permanently affixed to the structure or by an adjacent building, 
topographical feature or vegetation. 

SHADING COEFFICIENT: The ratio of solar heat gain occurring through non· 
opaque portions of the glazing, with or without integral shading devices, to the 
solar heat gain occurring through an equivalent area of unshadcd, 1/8 inch thick, 
clear, douhle-strength glass. 

Note: Heat gains to be compared under the same conditions. See Chapter 26 of 
Standard RS-27, listed in Chapter 17 of this Code. 

SHALL: Denotes a mandatory Code requirement. 

SKYLIGIIT: (See Overhea.d Glazing.) 

SLAn-DELOW-GRADE: Any portion of a slab noor in contact with the ground 
which is more than 24 inches below the final elevation of the nearest exterior 
grade. 
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SLAfi-ON-GRADE, EXTERIOR: Any portion of a slab noor in contact with 
the ground which is less than or equal to 24 inches below the linal elevation of 
the nearest exterior grade. 

SOLAR ENERGY SOURCE: Source of natural daylighting and of thermal, 
chemical or electrical energy derived directly from conversion of incident solar 

radiation. 

SOLAR HEAT GAIN COEFFICIENT (SIIGC): The ratio of the solar heat 
gain entering the space through the glazing product to the incident solar radiation. 
Solar heat gain includes directly transmined solar heat and absorbed solar 
radiation which is then reradiated, conducted or convected into the space. 

SPLIT SYSTEM: Any heat pump or air conditioning unit which is provided in 
more than one assembly requirmg refrigeralion piping installed in the lield. 

STANDARD FRAMING: All framing practices not delined as "intermediate" or 
"advanced" shall be considered standard. (See Section 2005.2 of this Code.) 

SUDSTANTIAL CONTACT: A condition where adjacent building materials are 
placed in a manner that proximal surfaces are contiguous, being installed and 
supported as to eliminate voids between materials, without compressing or 
degrading the thermal performance of either product. 

SYSTEM: A combination of central or term anal equipment or components and/or 
controls, accessories, interconnecting means and terminal devices by which 
energy is transformed so as to perform a specilic function, such as HV AC, 
service water heating or illumination. 

TAPERING: lnstallalion of a reduced level of ceiling insulation at the eaves, due 
to reduced clearance. 

THERMAL BY-PASS: An area where the envelope surroundang the conditioned 
space is breached, or where an ineffective application compromises the 
performance of a thermal or inlillration barrier, increasing the structure's energy 
consumption by exposing linished surfaces to ambient conditions and additional 
heat transfer. 

THERMAL CONDUCTANCE (C): Time ra1e of heat now through a body 
(frequently per unit area) from one of its bounding surfaces to the other for a unit 
temperature difference between 1he two surfaces, under s1eady conditions 
(Btu/h • rt2 • "F). 

TlffiRMAL RESISTANCE (R): The reciprocal of thermal conduclllnce 
(h • ft2. "F/Btu). 

THERMAL TRANSMITTANCE (U): The coefficient of heat transmission (air 
to air). It is the time rate of heat now per unit area and unit lemperature 
difference between the warm side and cold side air lilms (Btu/h • rt2 • "F). 
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TlffiRMAL TRANSMITTANCE, OVERALL (U0): The overall (average) heat 
transmission of a gross area of the exterior building envelope {Btu/h • ft2. 0 F). 
The U0 -factor applies to the combined effect of the time rate of heat flows 
through the various parallel paths, such as glazing, doors and opaque 
construction areas, comprising the gross area of one or more exterior building 
components, such as walls, floors or roof/ceiling. 

THERMOSTAT: An automatic control device actuated by temperature and 
designed to be responsive to temperature. 

TOTAL ON-SITE ENERGY INPtiT: The combination of all the energy inputs 
to all elements and accessories as included in the equipment components, 
including but not limited to, compressor(s), compressor sump heater(s), 
circulating pump(s), purge devices, fan(s) and the IIVAC system component 
control circuit. 

TRANSMISSION COEFFICIENT: The ratio of the solar heat gain through a 
glazing system to that of an unshaded single pane of double strength window 
glass under the same set of conditions . 

U-FACTOR: (See Thermal Transmittance.) 

U-VALUE: (See U-Factor.) 

UNCONDITIONED SPACE: Space within a building that IS not a conditioned 
space. (See Conditioned Space.) 

UNIFORM BUlLDING CODE (UBC): (See Washington Statt Uniform 
Building Code.) 

UNIFORM MECHANICAL CODE (UMC): (See Washington State Unirorm 
Mechanical Code.) 

UNIFORM PLUMnJNG CODE (UPC): (See Washington State Unirorm 
Plumbing Code.) 

UNITARY COOLING AND HEATING EQUIPMENT: One or more factory­
made assemblies which include an evaporator or cooling coi l, a compressor and 
condenser combination and may include a heating function as well. Where such 
equipment is provided in more than one assembly, the separate assemblies shall 
be designed to be used together. 

UNITARY lffiAT PUMP: One or more factory-made assemblies which include 
an indoor conditioning coil, compressor(s) and outdoor coil or refrigerant-to­
water heat exchanger, including means to provide both heating and cooling 
functions. When such equipment is provided in more than one assembly, the 
separate assemblies shall be designed to be used together . 
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VAPOR RETARDER: A layer of low moisture transmissivity material (not 
more than 1.0 perm dry cup) placed over the warm side (in winter) of insulation, 
over the exterior of below grade walls, and under floors as ground cover to limit 
the transpon of water and water vapor through exterior wall~. ceilings and 
floors. Vapor retarding paint, listed for this application, also meets this 
defin~llon . 

VAULTED CEILINGS: All ceilings where enclosed JOist or rafter space is 
formed by ceilings applied directly to the underside of roof joists or rafters. 

VENTILATION: The process of supplying or removing air by natural or 
mechanical means to or from any space. Such air may or may not have been 
condit1oned. 

VENTILATION Am : That portion of supply air which comes from outside 
(outdoors) plus any recirculated air that has been treated to maintain the desired 
quality of a1r within a designated space. 

VERTICAL GLAZI NG: A glazing surface that has a slope of 6()• or greater 
from the honzontal plane. 

WALLS (EXTERIOR): Any member or group of members which defines the 
e'terior boundaries or couns of a building and which have a slope of 6()• or 
greater wllh the horizontal plane, and separates conditioned from unconditioned 
space. Band joists between floors arc to be considered a part of exterior walls . 

WASIIINGTON STATE UNIFORJ\.1 BUILDING CODE (UDC): The Uniform 
Building Code as modified by the Washmgton State Building Code Council. 

WASIIlNGTON STATE UNIFORM MECHANICAL CODE (Ul't1C): The 
Uniform Mechanical Code as modified by the Washington State Building Code 
Council. 

WASIIINGTON STATE UNIFORM PLUMBING COD!': (UPC): The 
Uniform Plumbing Code as modified by the Washington State Building Code 
Council. 

ZONE: A space or group of spaces within a building with heating and/or cooling 
requirements sufficiently similar so that comfort conditions can be maintained 
throughout by a single controlling device. Each dwelling un 11 in res1dential 
huildings shall be considered a single ?.one. 
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CIIAI'TER 13 
BUILDING ENVELOPE 

1301 Scope: Conditioned buildings or portions thereof shall be constructed to 
prov1de the requ1red thermal performance of the various components according to 
the requirements of this chapter. Unless otherwise approved by the building 
official, all spaces shall be assumed to be at least semi-heated. 

Exceptions: 
I. Greenhouses isolated from any conditioned space and not intended 

for occupancy. 
2. As approved by the building official, spaces not assumed to be at 

least semi-heated. 
3. Unconditioned Group M occupancy accessory to Group R 

occupancy. 

1302 Space Ilenl Type: For the purpose of determining building envelope 
requirements, the following two categories comprise all space heating types: 

Elect ric Resi~tance: Space heating systems which use electric resistance 
elements as the primary heating system including hascboard, radiant and 
forced a1 r units where the total electric resistance heat capacity exceeds 1.0 
W /ft2 of the gross conditioned floor area . 

E'Cception: Ileal pumps and terminal electric resistance heating in 
variable air volume distribution systems. 

Other: All other space heating systems including gas, solid fuel, o1l and 
propane space heating systems and those systems hsted 10 the exception to 
e teet ric resistance . 

IJOJ Climate Zones: All buildings shall comply with the requirements of the 
appropriate climate 70ne as defined herein. 

ZONE I: Climate Zone I shall include all counties not included in 
Climate Zone 2 . 

ZONE 2: Climate Zone 2 shall include: Adams, Chelan, Douglas, 
ferry, Grant, Klltitas, Lincoln, Okanogan, Pend Orcille, 
Spokane, Stevens and Whitman counues . 
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SECTION 1310- GENERAl, REQUIREMENTS: The building envelope shall 
comply with Sections 1311 through 1314. 

1310.1 Condilioned Spaces: The building envelope for conditioned spaces shall 
also comply with one of the following paths: 

a. Prescriptive Building Envelope Option Sections 1320 through 1323. 
b. Component Performance Building Envelope Optton Sections 1330 

through 1334. 
c. Systems Analysis. See Section 1141.4. 

1310.2 Semi-Heated Spaces: All spaces shall he considered conditioned spaces, 
and shall comply with the requirements in Section 1310.1 unless they meet the 
following criteria for semi-heated spaces. The in\talled heating equipment 
output, 10 Climate Zone I, shall be 3 Btu/(h • rt2) or greater but not greater than 
8 Btu/(h • ft2) and in Climate Zone 2, shall be 5 Btu/(h • rt2) or grcat~r but not 
greater than 12 Btu/(h. rt2). Heating shall be controlled by a thermostat 
mounted not lower than the heating unit and capable of preventing heating above 
44" space temperature. For semi-heated spaces, the only prescriptive, 
component performance or systems analysis building envelnpc requirement shall 
he that: 
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Climate Zone I 
a. U=O.IO maximum for the roof assembly, or 
b. continuous R-9 insulation installed entirely outside of the roof 

structure. or 
c. R-11 msulation installed inside or within a wood roof structure, or 
d R-19 insulation installed inside or wtthin a metal roof structure. 

Climate Zone 2 
a. 
b. 

c. 
d. 

U = 0.07 maximum for the roof assembly, or 
continuous R-14 insulat1on installed entirely outs1de of the roof 
structure, or 
R-19 insulation installed inside or within a wood roof structure, or 
R-25 insulation installed inside or within a metal roof structure. 
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Figure 13A 
Building Envelope Compliance Options 

Component Systems 
Section Prest"rlptlve Perfonnance Analysis 
Number Suhiect Ootlon Ootlon Ootlon 
1310 General Requirements X X X 
1311 lnsulauon X X X 
1312 Glazing and Doors X X X 
1313 Moisture Control X X X 
1314 A or Lealaee X X X 
1320 Pre<enptove Buoldonc Envelope Optoon X 
1321 General X 
1322 Opaque Envelope X 
1323 Gla1one X 
1330 Component Perrormance lluildong 

Envelope Option X 
1331 General X 
1332 Component U· Factors X 
1333 UA CalculahoM X 
1334 Solar Heat Gaon Coerticient X 
RS-29 Systems Analysos X 

1311 Insulation 

131 I. 1 lnstallalion Requirements: All insulation materials shall be installed 
according to the manufacturer's instructions to achieve proper densities, maintain 
clearances and maintain uniform R-values. To the maximum extent possible, 
insulation shall extend over the full component area 10 the intended R-value. 

1311.2 Roof/Ceiling Ins ulation: Open-blown or poured loose-fill insulation may 
be used in attic spaces where the s lope of the ceiling is not more than 3/12 and 
there is at least 30 inches of clear distance from the top of the bottom chord of 
the truss or ceiling joist to the underside of the sheathing at the roof ridge. When 
eave vems are installed, baffling of the vent openings shall be provided so as 10 

deflect the incomtng air above the surface of the insulation. 

Where lighting fixtures are recessed into a suspended o r exposed g rid 
ceiling, the roof/ceiling assembly shall be insulated in a location other than 
directly on the suspended ceiling . 

Exception: Type JC rated recessed lighting fixtures. 

Where installed in wood framing, faced batt insulation shall be face 
stapled . 
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1311.3 Wall Insulation: E!xteroor wall cavataes isolated during framang shall l:>e 
fully insulated to the levels of the surroundang walls. When installed in wood 
framing, faced ban an~ulation shall be face stapled . 

Above grade exterior insulation shall be protected. 

131 I .4 Floor ln~ulation: Floor insulation shall be installed in a permanent 
manner in substantial contact with the surface being insulated. Insulation 
supports shall be ir.stalled so spacing is not more than 24 inches on center. 
Installed insulation shall not block the airnow through foundation vents. 

1311.5 Stab-On-Grade Floor: Stab-on-grade insulation installed inside the 
foundation wall shall extend downward from the top of the stab a mimmum 
distance of 24 inches or to the top of the footing, whichever is tess. Insulation 
installed outside the foundation shall extend downward a minimum of 24 inches 
or to the frost line, whichever is greater. Above grade insulation shall be 
protected. 

Exception: For monolithic slabs, the insulation shall extend downward 
from the top of the slab to the bottom of the footing. 

1311.6 Radiant Floors (on or below grade): Stab-on-grad~ insulation shall 
extend downward from the top of the slab a minimum distance of 36 inches or 
downward to the top of the footing and horizontal for an aggregate of not less 
than 36 inches. 

If required by the building oflicial where soil conditions warrant such 
insulation, the entire area of a radiant noor shall be thermally isolated from the 
soil. Where a soil gas control system is provided below the radiant noor, which 
results in increased convective now below the radiant noor, the radiant noor 
shall be thermally asolated from the sub-noor gravel layer. 

1312 Glazing and Doors 

1312.1 Standard Procedure for Determination of Glazing and Door U­
Fuctors: U-factors for glazing and doors shall be determined, certified and 
labeled in accordance with Standard RS-31 by a certified independent agency 
licensed by the National Fenestration Rating Council (NFRC). Compliance shall 
be based on Model Size AA or BB. Product samples used for U-factor 
determinations shall be production line unats or representative of units as 
purchased by the consumer or contractor. Unlabeled glazing and doors shall be 
assigned the default U-factor in Section 2006. 

1312.2 Solar Heat Gain Coefficient and Shading Coefficient: Solar Ileal Gain 
Coefficient (SI!GC), shall be determined, certafied and labeled in accordance 
with the National Fenestration Rating Council (NFRC) Standard by a certified, 
independent agency, licensed by the NFRC. 
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Exception: Shading coefficients (SC) shall be an acceptable alternate for 
compliance wtth solar heat gain coeflicient requirements. Shading 
coefficients for glazing shall be taken from Chapter 27 of Standard RS-27 or 
from the manufacturer's test data . 

1313 Moisture Control 

1313.1 Vapor Retarders: Vapor retarders shall be installed on the warm side (in 
winter) of insulation as required by this section. 

Exception: Vapor retarder installed with not more than 113 of the nominal 
R-value between it and the conditioned space. 

1313.2 Roof/Ceiling Assemblies: Roof/ceiling assemblies where the ventilation 
space above the insulation is less than an average of 12 inches shall be provided 
with a vapor retarder. Roof/ceiling assemblies without a vented airspace, where 
neither the roof deck nor the roof structure are made of wood, shall provide a 
continuous vapor retarder with taped seams . 

Exception: Vapor retarders need not be provided where all of the 
insulation is mstalled between the roof membrane and the structural roof 
deck. 

1313.3 Walls: Walls separating conditioned space from unconditioned space shall 
be provided with a vapor retarder . 

1313.4 F1oor~: Floors separating conditioned space from unconditioned space 
shall be provided with a vapor retarder. 

1313.5 Crawl Space..: A ground cover of six mil (0.006 inch thick) black 
polyethylene or approved equal shall be latd over the ground within crawl spaces . 
The ground cover shall be overlapped 12 inches minimum at the joints and shall 
extend to the foundation wall. 

Exception: The ground cover may be omitted in crawl spaces if the crawl 
space has a concrete slab floor with a minimum thickness ofJ-112 inches. 

1314 Air Leaknge 

1314.1 Building Envelope: The requirements of this section shall apply to 
building elements separating conditioned from unconditioned spaces. Exterior 
joints around windows and door frames, openings between walls and foundation, 
between walls and roof and wall panels; openings at penetrations of utility 
services through walls, floors and roofs; and all other openings 10 the building 
envelope shall be sealed, caulked, gasketed or weatherstripped to limit air 
leakage . 
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1314.2 Gl:ving lind Doors: Doors and operable glazing separnting conditioned 
from unconditioned space shall be weatherstripped. Fixed windows shall be tight 
fitting with glass retained by stops with sealant or caulking all around. 

Exception: Openings that are required to be fire resistant. 

1314.3 Building Assemblies Used liS Ducts or l'lenums: Building assemblies 
used as ducts or plenums shall be sealed, caulked and gasketed to limot air 
leakage. 
SECTION 1320 -PRESCRIPTIVE DUlLDING ENVELOPE OPTION 

1321 General: This section establishes building envelope design criteria in terms 
of prescribed requirements for building construction. 

1322 Opaque Envelope: Roof/ceilings, opaque exterior walls, opaque doors, 
Ooors over unconditioned space, below grade walls, slab on grade Ooors and 
radiant Ooors enclosing conditioned spaces shall be insulated according to Section 
13 II and Tables 13-1 or 13-2. Compliance with nominal R-values shall be 
demonstrated for the thermal resistance of the added insulation on framing 
cavities and/or insulated sheathing only Nominal R-values shall not onclude the 
thermal transmittance of other building materials or air films. 

Exceptions: 
I. Opaque smoke vents are not required to meet onsulation 

requirements. 
2. The perimeter edge of an above grade noor slab which penetrates 

the exterior wall may be left uninsulated provided that the wall 
Insulation is increased by R-2 above that required in Tables I3-l and 
13-2. 

1323 Glazing: Glazing shall comply with Sectoon 1312 and Tables 13- 1 or 13-2 . 
All gla:zong shall be, at a minimum, double gla7ing . 
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Exceptions: 
I. Vertical glazing located on the street level story of a ret:lil 

occupancy provided the gla1ing is double-glazed with a minimum 
112 inch airspace and docs not exceed 75% of the gross exterior wall 
area of the street level story which does not exceed 20 feet in height. 
When this exception 1s utilized, separate calculations shall be 
performed for these sections of the building envelope and these 
values shall not be averaged with any others for comploance 
purposes. The 75% area may be exceeded on the street level, if the 
additional glass area is provided from allowances from other areas of 
the building. 

2. Single glazing for ornamental, security or architectural purposes 
shall be included in the percentage of the total glazing area, U-factor 
calculation and SHGC as allowed in the Tables 13- 1 or 13-2 . The 
maximum area allowed for the total of all single gla:zing is I% of the 
gross exterior wall area. 
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1323.1 Area: The percentage of tOlal gla7ing (venical and overhead) area 
relative to the gross exterior wall area shall not be greater than the appropriate 
value from Tables 13-1 or 13-2 for the vertical glazing U-factor, overhead 
glazing U-factor and solar heat gain coefficient selected . 

1323.2 U-Factor: The area-weighted average U-factor of venical glazing shall 
not be greater than that specified in Tables 13-1 or 13-2 for the appropriate area 
and solar heat gain coefficient. The area-weighted average U -factor of overhead 
glazing shall not be greater than that specified in Tables 13-1 or 13-2 for the 
appropriate area and solar heat gain coefficient. U-factors for glazing shall be 
determined in accordance w1th Section 1312 . 

1323.3 Solar II eat Gain Coefficient: The area-weighted average solar heat gain 
coefficient of vertical giBZing shall not be greater than that specified in Tables 13-
1 or 13-2 for the appropriate area and U-factor. The area-weighted average solar 
heat gain coefficient of overhead glazing shall not be greater than that specified in 
Tables 13-1 or 13-2 for the appropriate area and U-factor. 

SECTION 1330- COMPONENT PERFORMANCE BUILDING 
ENVELOPE OM10N 

1331 General: Buildings or structures whose design heat loss rate (UAp) and 
solar heat gain coefficient (SHGCp) are less than or equal to the target heat loss 
rate (U At) and solar heat gain coefficient (SHGCt) shall be considered in 
compliance with this section. The stated U-factor, F-factor or allowable area of 
any component assembly, listed in Tables 13-1 or 13-2, such as roof/ceiling, 
opaque wall, opaque door, glazi.ng, floor over conditioned space, slab on grade 
floor, radiant floor or opaque floor may be increased and the U-faclor or F-factor 
for other components decreased, provided that the total heat gain or loss for the 
entire building envelope does not exceed the total resulting from compliance 10 

the U-factors, F-factors or allowable areas specified in this section. 

Exception: For buildings or structures utilizing the other space heat type 
(including heat pumps and VAV) compliance path, for the gross opaque 
wall, opaque door and glazing (vertical and overhead) area only, 
compliance may also be shown using the ENVSTD diskene version 2.1 or 
later of Standard RS-9 with the following additional requirements: 

I. 

2. 

3. 
4. 

Only the Exterior Wall Requirements portion of the ENVSTD 
computer program may be used under this exception. 
Overhead glazing shall be added to venical glazing, and shall be 
input as 114 north, 114 east, 114 south and 1/4 west facing. 
Lighting loads shall be determined according to Table 15-1. 
Equipment loads shall be determined from Table 3-1 of Standard RS-
29 . 
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1332 Component U-Factors: The U-factors for typ1cal construction assemblies 
are 1ncluded in Chapter 20. These values shall be used for all calculations. Where 
proposed constructiOn assemblies are not represented in Chapter 20, values shall 
be calculated in accordance with Chapters 19-27 in Standard RS-27 listed in 
Chapter 17, using the framing factors listed in Chapter 20. For envelope 
assemblies containing metal framing, the U-factor shall be determined by one of 
the following methods: 

I. 

2. 

3. 

4. 

Results of laboratory measurements according to acceptable methods 
of test. 
Standard RS-25, listed in Chapter 17, where the metal framing is 
bonded on one or both sides to a metal skin or covering. 
The 7one method as provided in Chapter 22 of Standard RS-27, 
listed in Chapter 17. 
Effective framing/cavity R-values as provided in Table 20-5A. 

When return air ceiling plenums are employed, the roof/ceiling assembly 
shall: 

a. 

b. 

For thermal transmittance purposes, not include the ceiling proper 
nor the plenum space as part of the assembly; and 
For gross area purposes, be based upon the interior face of the upper 
plenum surface. 

1333 UA Calculotlons: The target UAt and the proposed UAp shall be 
calculated using Equations 13-1 and 13-2 and the corresponding areas and U· 
factors from Table 13-1 or 13-2. For the target UAt calculation, the overhead 
giving shall be located in roof/ceiling area and the remainder of the glazing 
allowed per Table 13-1 or 13-2 shall be located m the wall area. 

1334 Solar lleot Coin Coefficient: Solar heat gain coefficient shall comply with 
Section 1323.3 
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EQUATION 13-1: 

UA, = u,.,Arat + Uogra~Aograt + UonAort + Uogc,nAogort + UwtAwt + Uv~:~Avgt 
+ u~,t\1, + UnAn + FSIP>I + ub&wtAbgwl 

UAt - The target combined specific heat transfer of the gross roof/ceiling 
assembly, exterior wall and noor area. 

Where: 

Urat = The thermal transmittance value for roofs over attics found in Table 
13-1 or 13- 2. 

Uograt *' The thermal transmittance for overhead glazing found in Table 13-1 or 
13-2 which corresponds to the proposed total glazing area as a percent 
of ~:ross exterior wall area. 

Uort = The thermal transmittance value for other roofs found in Table 13-1 or 
I3-2. 

Uogort = The thermal transmittance for overhead gla7ing found in Table 13-1 or 
13-2 which corresponds to the proposed total glazing area as a percent 
of gross exterior wall area. 

Uwt = The thermal transmittance value for opaque walls found in Tuble 13-1 
or 13-2. 

Uvgt = The thermal transmillance value for vertical glazing found in Table 
13-1 or 13-2 which corresponds to the proposed total gla7ing area as a 
percent of gross exterior wall area . 

= The thermal transmittance value for opaque doors found in Table 13-1 
or 13-2. 

Uft = The thermal transmittance value for noors over unconditioned space 
found in Table 13-1 or 13-2. 

Fst = The F-factor for slab-on-grade and radiant slab noors found in Table 
13-1 or 13-2 . 

Ubgwt = The thermal transmittance value for opaque walls found tn Table 13-1 
or 13-2. 

Adt = The proposed opaque door area, Ad. 

Aft = The proposed noor over unconditioned space area, Af. 

Pst = The proposed lineal feet of slab-on-grade and radiant slab noor 
perimeter, P5• 

Abgwt = The proposed below grade wall area, Abgw· 
and; 
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if the total amount of glazing area as a percent of gross exterior wall area does 
not exeed the max1mum allowed m Tahle 13-1 or 13-2: 

Arnt = The proposed roof over attic area, Ara· 

Aograt = The proposed overhead gla1ing area in roofs over attics, Aogra· 

Aort = The proposed other roof area, Aor· 

Aogort - The proposed overhead gla1ing area in other roofs, Aogor· 

Awt = The proposed opaque above grade wall area, Aw. 

Avgt = The proposed vertical gla7ing area, Avg· 

or; 

if the total amount of glazing area as a percent of gross exterior wall area 
exceeds the maximum allowed in Table 13-1 or 13-2: 

A rat = The greater of: 
the proposed roof over attic area, and 
the gross roof over auic area minus Aograt· 

Aogral = The lesser of: 
proposed overhead glazing area in roofs over allies, and 
the maximum allowed glazing area from Table 13-1 or 13-2. 

A0 rt = The greater of: 
the proposed other roof area, and 
the gross other roof area minus Aogort· 

Aogort = The lesser of: 
the proposed overhead glazing area in other roofs, and 
1hc maximum allowed glazing area from Tahlc 13-1 or 13-2 mmus Aograt 

Awt The greater of: 
proposed opaque above grade wall area, and 
the gross exterior above grade wall area minus Adt minus Avgt· 

Avgt The lesser of: 
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EQUATION 13-2 

Proposed UAp 

UAp = UraAra+ UorAor+ UogAog+UwAw+ UtJAtJ+UvgAvg+U rAr+FsPs+ UbgwAbgw 

Where: 

UAp = The combined proposed specific heat transfer of the gross 
exterior wall, noor and roof/ceiling assembly area . 

The thermal transmiuance of the roof over auic area. 
Opaque roof over auic area. 

Uor The thermal transmiuance of the other roof area. 
A0 r Opaque other roof area. 

Uog 
Aog 

Uw 
Aw 

Uvg 
Avg 

The thermal transmiuance for the overhead glazing 
Overhead glazing area. 

The thermal transmillance of the opaque wall area. 
Opaque above grade wall area (not including opaque doors). 

The the rmal transmiuance of the vertical glazing area. 
Vertical glazing area. 

The thermal t.ransmiuance value of the opaque door a rea. 
Opaque door area. 

Uf The thermal transmittance of the noor over unconditioned space 
area. 

Af Floor area over unconditioned space. 

F5 Slah-on-grade or radiant noor component F-factor. 
Ps Lineal feet of slab-on-grade or radiant noor perimeter. 

The thermal transmillance value of the below grade wall area. 
Below grade wall area as defined in Tables 13-1 or 13-2 . 

NOTE: Where more than one type of wall, window, roof/ceiling, door and 
skylight is used, the U and A terms for those items shall be expanded into sub­
e lements as: 

UwiAwl +Uw2Aw2+UwJAwJ+ ... etc . 
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TARLE 13-1 
DUILOING ENV~:LOPF. RFQUIRf.M F.NTS 

fOR CLIMATE ZONE 1 

MINIMUM INSULATION R-VALUE.() OR 
MAXIMUM COMPONENT U-FACTORS FOR ZONE 1 

8uildin1: c omponents 
Spare lltal Type Compon~nts 

Roofs All Other Opaque Opaque floor 
Over Roofs w au, l,2 Doors Over 
Allie Uncond 

Spate 
Llcclnc rest>tancc heal R-38 or R-30or R-19or U • O.bO R-30 or 

u-o.o3t u - o.OJ4 U • O.Q623 u - 0.029 
1\ II o1hers 1nclud1ng R-30or R-21 or R- 11 or u - 0 .60 R-19 or 
Ileal pumps and VA V U=0.036 u - o.o5o u - o.t4 u - o.os6 

MAXIMUM GLAZING AREAS AND U-FACTORS AND 
MAXIMUM GLAZING SOLAn HEAT GAIN COEFJ<,CIENTS 

FOR ZONE 1 

G lazing 

Slah On 
Gra~ 

R- IO or 
F•0.54 
R-10 or 
F=0.54 

r.tu.l•w•C;tuillll 0.,. to IS% >IS~ to 20 ... >209lt 10 30.,. >30% to 40% 
~t:!_lln"'.tWd 

~t:.. .... ..... t.t.._ __ .... M...-- I ~:::.t .. \1.u-- 1 ..... 
LJ...twlw SltGc' ~-roc 

\ll(t(.. ... ..... .,. ._. ...... -au;t ... 
vc oc VC oc VO oc 

I l!lcct,.; ra..sum:e lkal 040 010 I 0 040 010 10 PMP.SCA IPTIVE PAnl NOT ALLOWED 
l All o&hen WK!u..hnc 0901145 I 0 07S 1140 10 Ot.O IIJO IOM OJOII~,,O.ji 

llnt_IIUm~_•nd VAV 

footnoles 
I . Below Grade Walls: Below grade walls !hall be 1nsula1ed cilhcr on lhe inlerior or 1he 

cx1erior. Below grade walls insulaled on 1he cx1cnor shall use a m1namum of R-IO 
1nsulauon. Below grade walls insulaled on lhe 1n1crior shall u'IC opaque wall values. No 
ansulalton is required for !hose ponions of below grade walls and fooungs 1ha1 are more 
lhan 10 fc:el below grade. Below grade walls, however, shall nol be included in lhe gross 
exlcnor wall area unless insulaled 10 the levels given above. 

2. Concrete Masonry Walls: If lhe area weighled heal capaclly of lhe Iota! opaque above 
grade wall IS a min1mum of 9.0 Dlutrt2 • 'F, lhen lhe U-faclor may be increa'led 10 0.19 
for inlcnor insulalion and 0.25 for integral and ex1cnor insula! ion for msula1ion posi1ion 
as deli ned in Chap1er 12. Individual walls wilh heal capacilies le!' lhan 9.0 Blulfl2 • ' F 
and below grnde walls shall mce1 opague wall requ~remenl! hsled above. Glazmg shall 

I ' h h ~ II • comply w11 1 e 0 OWing; 
Mulmtua (~luill& • lO 10 ~ > IOtoiS"' > I.S.,to20' >10 .. 1.02$'"$ 
Am at '1. 61 Wall M.._" __ 

Mu. "'""-- ...... M-..-...- .. " ,,lllo_ I ~':::c. U.t aet ... suc:cC U·hrlllt' Stll :c-4 l'· l'lllft., ~IC:c-4 l ..... .,. 

vo oc vc 00 vc 00 YO 00 
I eM."'tnt tcutYft« ~ 040 010 I 0 040 010 I 0 040 010 I 0 NOT ALLOW~O 
'2 All .. , ...... WkludYIJ 090114, I 0 0711140 I 0 0611130 010 06011101 OM 

llc=al routnl'lll ud VAV 

3. Mel a I Slud Walls: !'or metal stud eonstmctton U - 0.1 1. 
4. SIIGC (Solar 11~1 Gain Coern<ienl per Section 1312.2): May substtlule Max1mum 

Shadmg Coefficienl (SC) for SHGC (See Scctton 1210 for dclint110n of Shadmg 
Coeflic1cnt). 

S. Radiant F1oors: Where 1n~ulatton as rcqu~red under lhe enure slab, rad1an1 Ooors s~Jall 
use a m1n1mum or R- IO 1nsulauon or F • 0.55 maximum. Where tnsulalton is nol 
required under lhe cn11re slab, rad1an1 Ooors shall u~ R 10 pen meier tnsulallon 
accord1ng 10 Secuon 1311.6 or Fc 0.78 ma .. mum. 

130 

• 
• 
• 
• 
• 
• 



• 
• 1. 

2. 

• 
• 
• 
• 
• 

1994 FIRST EDITION 

TADLE 13-2 
DUILDING ENVELOPE REQUIREMENTS 

FOR CLIMATE ZONE 2 

MINIMUM INSULATION R-VALUES OR 
MAXIMUM COMPONENT U-FACTORS FOR ZONE 2 

Opaque Opaque Floor 
O•er Roofs Wallsl,2 Doors O•tr 
AUk Uncond 

s « 
Electric resostance heat R·38 or R-30 or R·24 or u-o.60 R-30 or 

u-o.031 u-0.034 u - o.O«l U • 0.029 
All others Including R-38 or R-25 or R· l9or u - 0.60 R-21 or 
Heat um sand VAV u - o.031 U=0.040 U • O. II u - 0.047 

MAXIMUM GLAZING AREAS AND U-FACTORS AND 
MAXIMUM GLAZING SOLAR IIEAT GAIN COEFFICIENTS 

FORZONE2 

Glazin 

Slab On 
Gnode 

R· IOor 
F•0.54 
R·IOor 
F• 0.54 

M •• a.. ... c:lnU., 
Arnu'f.•fWd 

O'lflo IS% > IS'lfto 20'lf >20'-'oto 2S'lf >25% lo30'lf 

At ... f\o~ "'b'· M._..... 
f..."'-'-"'1!"---f "\IH;C" i-"'-'-"'1!"---f ~II(;(.• U-tw•.,. 

Mu. 
).l!;~~~SIII!c" 

Footnotes 
I. Below Gn~de Walls: Below grade walls shall be insulated either on the inlerior or the 

exterior. Below grade walb Insulated on lhe exterior shall use a minimum or R· l2 
tnsulatton. Below grade walls insulated on the interior shall use op.1que wall values. No 
insulation IS required for those port1ons of below grade walls and footings that are more 
than 10 feet below grade. Below grade walls, however, shall not be included in the gross 
exlenor wall area unless insulated to the levels given above. 

2. Concrete Masonry Walls: If the area weighted heat capacuy of the total opaque above 
grade wall is a minimum of9.0 Btulfl2 • "I', then the U-factor may be Increased to 0 .19 
lor Interior ~nsulation and 0.25 for integral and exterior insulation for Insulation position 
as delined in Chapter 12. Individual walls with heat capacities less than 9.0 Btufn2 • •r 
and below grade walls shall meet opague wall requirements lisled above. Gluing shall 
com I w11h the followin : 

> 1tJioi• IO ' > •• ,. lo 15'-' 

"-·-- ~-U.t.ner ~ut:c' 

::! All Olhcn ~kaJWI& 0 40 
ttcu &NIVAV 

3. Metal Stud Walls: For metal stud construction U • 0 . 10. 
4. SIIGC (Solar Ileal Gain Coefrtcienl per Section 1312.2): May substitute Maximum 

Shad1ng Coefficient (SC) for SHGC (See Section 12 10 for delin111on of Shad1ng 
Coeflic1ent). 

S. Radiant Floo~: Where ~nsulauon is required under the enure slab, r:1d1an1 noon shall 
use a mtmmum of R- IO insulation or F= 0 .55 maximum. Where 1nsula11on IS not 
required under the enllre slab, radoant noon shall use R· IO pen meter ~nsualtion 
according to Section 1311.6 or F= 0.78 maximum. 
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CHAPTER 14 
BUILDING MECIIANlCAL SYSTEMS 

1401 Scope: This section covers the determination of requirements, ~ystem and 
component performance, control requirements and duct construction. 

Exception: Special applications, including but not limited to hospitals, 
laboratories, thermally sensitive equipment and rooms designed to comply 
with the special construction and fire protection requirements of NFPA 75, 
"Standard for the Protection of Electronic Computer/Data Processing 
Equipment" may be exempt from the requirements of this section when 
approved by the building official. Exemptions shall be specific on a case­
by-case basis and a llowed only to the extent necessary to accommodate the 
special applications. 

1402 Mechanical Ventilation: The minimum requirements for ventilation shall 
comply with the Washington State Ventilation and Indoor Air Quality Code 
(WAC 51-13) . 

SECTION 1410- GENERAL REQUIREMENTS: The building mechanical 
system shall comply with Sections 1411 through 1415, Sections 1440 through 
1442 and Sections 1450 through 1454, and with one of the following paths: 

a . 

b. 
c . 

Simple Systems (Packaged Unitary Equipment) Sections 1420 
through 1424. 
Complex Systems Sections 1430 through 1438. 
Systems Analysis. See Section 1141 .4. 
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Figure 14A 
Mechanical Systems Compliance P:1ths 

Simple Complex Systems 

Section Systems Systems Analysis 

Number Subiect Path Path Ootion 

1410 General Requirements X X X 

1411 HVAC Equipment Performance Requirements X X X 

1412 Controls X X X 

1413 Air Economizers X X X 

1414 Ducting Systems X X X 

1415 Piping Svstems X X X 

1420 Simple Systems (Packaged Unuary Equipment) X 
1421 System Type X 
1422 Controls X • 1423 Economizers X 
1424 Separate Air Distribution Systems X 

1430 Complex Systems X 

1431 System Type X 

1432 Controls X 
1433 Economizers X 
1414 Separate Air Distribution Systems X 

1435 Simultaneous Heating and Cooling X • 1436 Heat Recovery X 
1417 Electric Motor Efficiency X 
1438 Variable Flow Svstcms X 

RS-29 Systems Analysis X 

1440 Service Water Heating X X X 
1441 Water lleater Installation · X X X • 1442 Shut Off Controls X X X 
1450 Heated Pools X X X 
1451 General X X X 
1452 Pool Water Heaters X X X 
1453 Controls X X X 
1454 Pool Covers X X X • 

• 
• 
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1411 JIVAC Equipment Performance Requirements 

1411.1 General: Equipment shall have a monimum performance allhe specified 
rating condotions not less than the values shown in Tables 14-1 through 14-3 . 

1411.2 Rating Conditions: Cooling equipment shall be ra1ed at ARI test 
conditions and procedures when available. Where no applicable procedures 
exist, data shall be furnished by the equipment manufacturer. 

1411.3 Combination Space and Service Water Heating: Equipment whose 
listed principal function is service water heating and which is used to provide 
additional functions (e.g . . space heating) as part of a combination system, shall 
comply with mono mum performance requirements for the principal function 
category. 

1411.4 Packoged Electric Heating and Cooling Equipment: Packaged electric 
equipment providing both heating and cooling with a total cooling capacity 
greater than 20,000 Btu/h shall be a heat pump . 

1412 Controls 

1412.1 Temperature Control~: Each system shall be provided with at least one 
temperature control device. Each zone shall be controlled by individual 
thermostatic controls responding to temperature within the zone. AI a minimum, 
each floor of a building shall be considered as a separate zone . 

1412.2 Deadband Controls: When used to control both comfort heating and 
cooling, zone thermostatic controls shall be capable of a deadband of at least 5 •p 
within which the supply of heating and cooling energy to the zone is shut off or 
reduced to a monimum . 

Exception~: 

I. Special occupancy, special usage or code requirements where 
deadband controls are not appropriate. 

2. Buildings complying with Section 1141.4, if in the proposed building 
energy analysis, heating and cooling thermostat setpoints are set to the 
same temperature between 70°F and 75°F inclusive, and assumed to 
be constant throughout 1he year. 

3. Thermostats that require manual changeover between heating and 
cooling modes . 

1412.3 Humidity Controls: If a system is equipped with a means for adding 
moisture, a humidistat shall be provided . 
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1412.4 Setb:Jck and Shut-Orr: JIVAC systems shall be equipped with automatic 
contro ls capable of accomplishing a reduction of energy use through control 
setback or equ opment shutdown during periods of non-use or alternate use of the 
spaces served by the system. The automatic controls shall have a minomum 
seven-day clock and be capable of being set for seven different day types per 

week. 

Exception~: 
I . Systems serving areas which require continuous operation at the 

same temperature set point. 
2. Equipment with full load demands of 2 leW (6,826 Btu/h) or less 

may be controlled by readily accessible manual o ff-hour controls . 

1412.4 .1 Dnmpers: Outside air intakes, exhaust outlets and relief outlets serving 
cond itioned spaces shall be equipped with dampers which close automatically 
when the system is off or upon power failure. Stair shaft and elevator shaft 
smoke relief openings shall be equipped with normally open dampers. These 
dampers shall remain closed in normal operation until activated by the fire alarm 
system or other approved smoke detection system. 

Exceptions: 
I . Systems serving areas which require continuous operaloon. 
2. Combustion air intakes. 

1412.5 Heat Pump Controls: Unitary air cooled heat pumps shall include 
microprocessor controls that minimize supplemGntal heat usage during start-up, 
set-up and defrost conditions. These controls shall anticipate need for heat and 
use co mpression heating as the firs t stage of heat. Controls shall indicate when 
supplemental heat ing is being used through visual means (e.g., LED indicators). 

1412.6 Combustion Heating Equipment Controls: Combustion heating 
equipment with a capacity over 225,000 Btu/h shall have modulating or staged 

combustion contro l. 

Exceptions: 
I . Boilers. 
2. Radiant Heaters. 

1412.7 Dalancing: E:lch air supply outlet or air or water terminal device shall 
have a means for balancing, including but not limited to, dampers, temperature 
and pressure test connections and balancing valves. 

1413 Air Economizers 

1413.1 Operation: Air economizers shall be of automatically modulating outside 
and return air dampers to provide 100% of the design supply a ir as outside air to 
reduce or eliminate the need for mechanical cooling. 
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1413.2 Control: Air economizers shall be controlled by a control system 
capable o f determining if outside air can meet part or all of the building's cooli ng 
lo:tds . 

1413.31ntegrated Operntion- Duilding Heating Energy: Air economi1ers shall 
be capable of prov1dmg panial cooling even when additional mechanica l cooling 
is requ ired to meet the remainder of the cooling load. Controls shall not preclude 
the economizer operation when mechanical cooling is required simultaneously. 

Exception: Economi1ers on individual, direct expansion, cooling systems 
with capacities not greater than 75,000 Btu/h may include controls that 
limit simultaneous operation of the economi7er and mechanical cooling for 
the purpose of preventing ice formation on cooling coi ls. 

1414 Ducting System~ 

1414. 1 Sealing: Duct work which is designed to operate at pressures above In 
inch water column static pressure shall be sealed in accordance with SUlndard 
RS-18. Extent of sealing required is as follows: 

I. Static pressure: In inch to 2 inches; sea l transversejomts. 
2. Static pressure: 2 inches to 3 inches; seal all transverse joints and 

longitudinal seams. 
3. Static pressure: above 3 inches; seal all transverse joint~. longitudinal 

seams and duct wall penetrations . 

1414.2 ln~ulation : Ducts and plenums that 
are constructed as part of the building envelope shall meet the require ments 
of C hapter 13 . Other ducts and plenums shall be thermally insulated per 
Table 14-5 . 

Exception~: 

I. Within the HVAC equipment. 
2 . Exhaust air ducts not subject to condensation. 
3. Exposed ductwo rk within a space that serves that space only. 

141 5 Piping Sy~tems 

1415. t ln~ulation: Piping shall be thermally insulated in accordance with Table 
14-6. 

Exception: Piping installed within unitary IJVAC equipment. 

Water p1pes outside the conditioned space shall be insulated in :tccordance 
with Washington State Plumbing Code (WAC 51-26) 
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SECTION 1420- SIMPLE SYSTEMS O'uckaged Unitary Equipment) 

1421 System Type: To qualify as a simple system, systems shall he one of the 
following: 

a. 

b. 

c. 

Air cooled, constam volume packaged equipment, which provide 
heating, cooling or both, and require on ly e~terna l connection to 
duct work and energy services. 
A1r cooled, cons tant volume split sys1ems, which provide healing, 
cooling or bolh, with cooling capacily o f 54,000 BIU/h or less. 
llcatmg only systems which have a capacity of less than 5,000 cfm 
or which have a minimum ou1side air supply of les~ I han 70% of I he 
tolal air circulation. 

All o1her sys1ems shall comply wilh Sccllons 1430 lhrough 1438. 

1422 Controls: In addilion 10 1he conlrol rcquiremenls in Sec1ion 1412, wllere 
separale heating and cooling equ ipmenl serve 1he same 1emperature 70nc, 
1hermosta1s shall be interlocked to prevenl simultaneous healing and cooling. 

1423 Economizers: Economi7ers meeling I he rcquiremenls of Sec110n 1413 shall 
be installed on packaged roof lop fan-cooling unils having a supply capacily of 
grealer 1han 1,900 cfm or a 1o1al cooling capacily grcaler lhan 54,000 Bluth. 

The total capacily of all unils withoul economi7ers shall nol exceed 
240,000 Bluth per building. 

1424 Separate Air Distribution Sy~em~: Zones wilh special process 
lemper:llure requiremenls and/or humidity requiremenls shall be served by 
separale air dislrihulion sys1ems from !hose serv ing ?ones requiring only comfort 
condilions 

SECTION 1430 - COMPLEX SYSTEMS 

1431 System Type: All sys1ems not qualifying for Sections 1420 through 1424 
(Simple Syslcms), including field fabricalcd and cons1ruc1ed of sys1cm 
componenls, shall comply with Sections 1430 through 1438. Simple systems 
may also comply with Sections 1430 through 1438. 

1431.1 J;"jeJd-A$Semhled Equipment and Components: Field-assembled 
equipment and components from more than one manufacturer shall show 
compliance with 1h1s section and Sec lion 141 1 lhrough calculalions of 101al on-silc 
energy mpul nnd oulpul. The combined componcnl c fficiencics as measured per 
Sec1ion 1411.2, shall he in compliance wilh 1hc requirements of Seclion 1411.1. 

Tolal on-sile energy inpul 10 lhe equipmenl sh:JII be delermincd by 
com bin 1ng I he energy in puis 10 all componenls, clements and accessories such as 
compressor(s), inlernal circulating pump(s), pu rge devices, visco~oty comrol 
healers and conlrols. 
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1432 Controls 

1432.1 Setback and Shut-OfT: Syslems 1ha1 serve zones wilh differenl uses, as 
defined in Table I 5-J, 

I. shall be served by separare syslems, or 
2. shall include isolarion devices and conlrols lo shu1-off or set back the 

supply of heating and cooling lo each zone independenlly. 

Exception: Isolation or separate systems are not required for zones 
expected lo operale conlinuously or expected lo be moperative only when 
all Olher zones are inoperative. 

1432.2 System~ Temperature Reset Controls 

1432.2.1 Air Systems for Multiple ?..ones: Systems supplying healed or cooled 
air 10 multiple zones shall include conlrols which aulomarically resel supply air 
remperarures by representative building loads or by outside air lemperature. 
Temperature shall be reset by al Jeas1 25% of the design supply-air-to-room-air 
lemperature difference. 

Exception: Where specified humidily levels are required to satisfy process 
needs, such as compuler rooms or museums. 

1432.2.2 llydronic Systems: Systems wilh a design capacily of 600,000 Blu/h or 
grea1cr supplying healed water to comfort condilioning sysrems shall include 
conlrols which au1oma1ically rescl supply waler lemperalures by reprcsentalive 
building loads (including reiUrn water temperature) or by outside air temperaiUre. 
Temperature shall be reset by al leasl 25% of the design supply-to-relurn waler 
1emperature differences . 

1433 Economizers: Economizers meeting rhe requiremenls of Section 1413 shall 
be installed on 1he following sys1ems: 

a. Packaged roof lop fan-cooling unils with a supply capacily of grea1er 
than I ,900 cfm or a total cooling capacity grealcr lhan 54,000 Bru/h. 

b. Olher individual fan-cooling units wilh a supply capacily of grealer 
than 2,800 cfm or a total cooling capacily grealer lhan 84,000 Blu/h . 

The rota I capac1ty of all unirs wilhoul economizers shall not exceed 
240,000 B1u/h per building. 

Exceptions: 
I. Sys1ems with air or evaporalively cooled condensers and 1ha1 eilher 

one of lhe following can be demons1ra1ed to I he salisfaclion of 1he 
enforcing agency : 
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a. Special outstde air filtration and treatment, for the reduction 
and treatment of unusual outdoor contaminants, makes an atr 
economizer infeasible . 

b. The use. of outdoor air cooling affects the operation of other 
systems (such as humidification, dehumidification and 
supermarket refrigeration systems) so as to increase the 
overall building energy consumption. 

2. Systems for which at least 75% of I he annual energy used for 

3. 

mechanical cooling is provided from site-recovery or site-solar 
energy source. 
A waler economizer system, which is capable of cooling supply air 
by indirect evaporation. Such a system shall be designed and capable 
of being controlled to provide 100% oflhe expec1ed system cooling 
load at outside air 1emperatures of 50"F dry-bulb /45"F wet-bulb 
and below. For this calculalion, all factors including solar and 
internal load shall be the same as those used for peak load 
calcula1ions, excepl for 1he outside air temperatures. 

1434 Separate Air Distribution System~: Zones with special proces~ 
temperature requirements and/or humidity requirements shall be served by 
separate air distribution sys1ems from those servmg 70nes requtring only comfort 
conditions; or shall include supplementary control provisions so that the primary 
systems may be specifically controlled for comfort purposes only. 

Exception: Zones requiring only comfort heating or comfort cooling that 
are served by a system primarily used for process lemperature and 
humidity control provided that: 
I. The total supply air to those comfort 70nes is no more than 25% of 

the tolal system supply air, or 
2. The Iota I conditioned noor area of the zones is less than I ,000 n2 . 

1435 Simultnneou~ Heating and Cooling: Sys1ems which provide heating and 
cooling simultaneously 10 a zone are prohibiled. Zone 1hermos1n1ic and 
humidtstatic comrols shall be capable of operattng in sequence the supply of 
healing and cooling energy to the zone. Such con1rols shall prevent: 
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a. Reheating for lemperature control. 
b. Recooling for temperature control. 
c. Mtxing or simultaneous supply of air that has been previously 

mechanically heated and atr that has been previously cooled, either 
by economif.er systems, for all air in excess of that required by the 
Washmgton State Vcnttlation and Indoor Air Quality Code (WAC 
51-13) or by mechanical refrigeration. 

d. Other simultaneous operation of heating and cooling systems to the 
same ?One. 

• 
• 
• 
• 
• 
• 



• 

• 
• 

• 
• 
• 
• 

1994 FIRST EDITION 

Exceptions: 
I. Variable air volume systems which have fan-powered terminal units 

on the perimeter zones controlled to utili7e plenum heat prior to new 
energy bein& used for morning warm-up; and which, during periods 
of occupancy, are designed to reduce the air supply to each zone to a 
minimum before rehe:uing, recooling or mixing takes place. The 
minimum volume of air from the mam supply duct shall be no 
greater than the minimum required to meet ventilation requirements 
of the Washington State Ventilation and Indoor Air Quality Code 
(WAC 51-13). 

2. Zones having special pressurization relationships or cross­
contamination requirements. 

3. Where at least 75% of the energy for reheatmg or for providing 
warm air in mixing systems is provided from a site-recovered or 
site-solar energy source. 

4 . 
5. 

Zones where specific humidity levels are required . 
Zones w1th a peale supply air quantity of300 cfm or less. 

1436 Heat Recovery: Fan systems which have both a capacity of 5,000 cfm or 
greater and which have a minimum outside air supply of 70% or greater of the 
total air circulation shall have a heat recovery system with at least 50% recovery 
effectiveness. Fifty percent heat recovery effectiveness shall mean an increase in 
the outside air supply temperature at design heating conditions of one half the 
difference between the outdoor design air temperature and 65 •F. Provision shall 
be made to bypass or control the heat recovery system to permit air economizer 
operation as required by Section 1433. Heat recovery energy may be provided 
from any site-recovered or site-solar source. 

Exceptions: 
I. Laboratory systems equipped with both variable air volume supply 

and variable air volume or two-speed exhaust fume hoods . 
2. Systems serving spaces heated to less than 60 •F. 
3 . Systems which can be shown to use as much energy with the 

addition of heat recovery equipment as without it. 
4. Systems exhausting toxic, flammable, paint exhaust or corrosive 

fumes making the installation of heat recovery equipment 
impractical. 

5. Type I commercial kitchen hoods . 

1437 Electric Motor Efficiency: Design A & 8 squirrel-cage, T-frame induction 
permanently wired polyphase motors of I hp OF more having synchronous speeds 
of 3,600, 1,800 and 1,200 rpm shall have a nominal full-load motor efficiency no 
less than the corresponding values for energy efficient motors provided in Table 
14-4 . 
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Exceptions: 
I. Motors used in systems designed to use more than one speed of a 

multi-speed motor. · 
2 . Motors used as a component of the equipment meeting the minimum 

equipment efficiency requirements of Section 1411 and Tables 14·1 
and 14-2 provided that the motor input is included when determining 
the equipment efficiency. 

3. Motors that are an integral part of specialized process equipment. 
4 . Where the motor is integral to a listed piece of equipment for which 

no complying motor has been approved. 

1438 Variable Flow Systems: For fans and pumps greater than 10 hp, where the 
applicatoon onvolves variable now, there shall be variable frequency drives or 
variable now devices installed. Acceptable variable now devices include 
variable onlet vanes, variable blade potch and variable fan geometry. Throttling 
valves (dampers), scroll dampers or bypass circuits shall not be allowed. 

SECriON 1440- SERVICE WATER HEATING 

1441 Water Heater Installation: Elect roc water heaters in unconditioned spaces 
or on concrete noors shall be placed on an incompressible, insulated surface with 
a minimum thermal resistance of R-10. 

1442 Shut OIT Controls: Systems designed to maintain usage temperatures in hot 
water pipes, such as circulating hot water systems or heat traced pipes shall be 
equipped with automatic time switches or other controls to turn off the system 
during periods of non-use. 

SECTION 1450 -lffiATED POOLS 

1451 General: The requirements in this section apply to "general and limited use 
pools" as defined in the Washington Water Recreation Facilities Regulations 
(WAC 246-260). 

1452 Pool Water Heaters: Pool water heaters using electric resistance heating as 
the primary source of heat are prohibited for pools over 2,000 gallons. 

1453 Controls: All pool heaters shall be equipped with a readily accessible 
ON/OFF switch to allow shuttong off the operauon of the heater wothout adJustmg 
the thermostat setting. Conrrols shall be provided to allow the water temperature 
to be regulated from the maximum design temperarure down to 65 "F. 

1454 Pool Cover~: lleated pools shall be equipped with a vapor retardant pool 
cover on or at the water surface . Pools heated to more than 90 "F shall have a 
pool cover with a minimum insulation value of 
R-12. 
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TARLE 14- 1 
Standard Rating Conditions and Minimum Performance for 

Air Cooled Unitary Air Conditioner~. llrat Pump~. 

Packaged Terminal Air Conditioners, 
Warm Air Furnaces, Duct Furnaces and Unit Heater~ 

Cat•cory Sul>-nltJ:Ory & Minimum Rallnr. 
Rutlnt: Cnndil ions s r ... dy SIMie Sd.!'+OO~I or 

fllirt l.owd 

.s_6S,OOO Utulh Splol Sysrems NA IOOSHR 
Cooling Capaclly Singlo Pockage NA 9.7 SI"'ER 
>65,000 and .s_IJ5,000 All Unnary 1.9 EER I .J II'I.V 
lltulh 
Coulon& Can•.:ny Standard Jbtinl!\ 9~°F ~b 80"f' db 
> 115,000 •"" 
.S. 760,000 Btulh I 

Air Cun4Jthon<~ 851•ER 1.5 II'LV 

c;'mlon~ Can•cnv He.r Pumps 8.S rER 7.5 IPLV 
> 760,000 Utu/h A If Ct11l4,.h11HO~:r) 8.2 EI'K 7.S ll'LV 
CcM>Iong C'ara<IIY H<at Purnr< 8 7 Ff'R 7 S IPLV 
All c .. p .. cuu!~ Atr Cunthllt'I1C.(S 100-(0 Ill• 12.2 - (0.~0. 

o~nt..l Ht::at Pump~ C•piiOOO)l Cap/1 OOO)U 
EER l'I'R 

StandMd/l .. uw T<mp: 9S'F sz·r 
.!,65,000 lltulh Spirt SySiems 6 8 IISI'I 
CcM>Ione Cana<llv Sanele Pa.:ka •e 6 .6 liSP! 

>65,000 •"" All Unuary 30COP 2 OC011 

s. ns.ooo nrulh 
C'c•>long C•r•caty Sr.n<l•rd Rallng> 47•f db/41"1' 17' f <lhl l ~ "I• 

.. h "'h 
> llS,OOO lltulh 2.9 COP 20COP 
C'a••lant C'a~acuv S!an<l•rd Ratan~<: 47 ·1' 11 ·r· 
All C•r><ataes 11<.11 l'ump> vJ - <O 021>• t'•r" 000)· 

EIR 
Standard R>ling<· 47'F dh/4l'F wb 

< n~.ooo llrufll a.s •"" Orl 1-ared 80~ "'. 78'11. AIUI· 
~e.a.~Hnal Raune_~: 

Lns.ooo urulh a._,, Ma. RJIIngb Wllo E1
4 NA 

a._, Man Raun ,6 78'1fo E 4 NA 
'> 225,000 lloullo Oal, Ma• Raung6 &I !f. E1• NA 

01l M1n R.tlln ,6 81'1fo p4 NA 
All Sb< Ga. Oucl M•• Rated Cara<rty0 7H'Ifo F1

4 NA 
rurnacd 

Mrn Rated Capaciry6 75'~ E 4 NA 
All Sat< a.._, llnat M•• R.aoed C'Jpaci tyb 78'1fo F14 NA 
H!!Jitr' 

M rn Rated Ca~oa<rt y6 74" E 4 NA 
All S11< Orl Unat Mu Ratt..-d CapJ~o:lly6 81 "1. r,:r-- NA 
lttJicn 

Man Rated CJ~J<IIy6 81'11. p4 NA 
1. l·or unll\ that hav~ a healing se<:llon, deduct 0.2 I rom all requaretl LU('s and 11'1 V > 

Standard 

ARI2101240· 
1989 

ARI 160 19116 

ARI 110 1'~10 

ARI 2101240-
1989 

AR116S-1986 

AR13W 1990 

DOli IOCIR 
P•n410 Ao~N 
ANSI Z21.47-
1983 
UL 727-1986 

ANSI/.83.9-
1986 

ANSI/.83 8-
19llS 

liL 731-1988 

1 For muha-cap.1cicy equapment the manamuan performance shall apply 10 each sl<"p provrded Muhr­
cap.1coly refers co manulacturer published r:uong for more lhan one capactiY mode allowed by the 
product's controls 

l , 

4 . 

5. 

6. 

Capac11y (Cap) mtans the rated cooling capac11y of the produce on lltulh an accordance w11h the c11ed 
ARI standard If lhe una!'~ cap."\CIIy as l"'s than 7,000 Olu/b, use 7,000 lltu/h an the calculatron. If lhe 
un11 's cap.1caty IS greater th•n 15,000 Btulh, use 15,000 Blu/h in the calcul.uron 
"l'he\C Vdlues apply 10 non NAfCA equopment. s~ referenced ;t~ndard lnr deliniiHlO of Thermal 
ellicaency (LI), ( 100% - nue losses) 
To be conmccnt with National Appliance [nergy Conservauon Acl (NAf'CA) llf 1987 (l'ublic l.aw 100-
12). Thc>e value; apply to furnace and combmauon umts covered by NAECA 
Mommuan and maxamum raungs as provided for and allowed by I he unit's cnntroh 
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TARLE 14-2 
Standard Ra ting Condition~ and Minimum Performance for 

Water and Evaporatively Cooled Unita ry Air Conditioners, Ileal Pumps, 
Water Source and Ground Source Ileal Pumps, Conden~ing Units, and • 

Water Chilling Packllges 

~-r------=-----r--::--:----::--T---:-:-:-:---::~~ Clt"'(ory 

I Standard Indoor Conduions: 80"F dry bulb and 67"1· wet bulb. 
2. ewl Entering Water Tem~rature for water cooled he:n pumps and air rond1t1oners. 
3. Condensmg unu requirc=nts are based on s1ngle - num~r mung defined '" 

paragr:~ph 5. I 1.:! of ARI Standard 365. 
4. l hcse requ1rements are ruduced to 4.7 COl' and 4 .8 II'LV, "'here n:frigerants 

wuh ozone deplet1on facton of 0.05 or less are used No r~'tluc11on 1s allowed for 
standard deSign systems analy1ed under Standard RS ·29. 
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TABLE 14-3 
Srandnrd Raring Condilions ond Minimum Performance, 

Gn~- nnd Oil-Fired noilers 
R.tftretl<'C' C.t~ury RJil lnK CoHldllloo Minimum 

Pt-rronna,... 
DOL Too Procedure Gas·hred Sea.«•nal AI'UE 

10 CfR, Pan 430 < J00 000 Bou/h Ralonr 80" 1,) 
A(lllN Ool-l'ired s~asnn..J AFUE 

< 300 000 Bou/h Raunr 80" I 
ANSI a 1 13-81 G.u-Fired I Max Rooed Cap•cnyl Ec· 

Il l Ill& llooltr Sod. 86 ~300,000 Alu/h So..Jv-Soao• 80" 
ASME I'TC4 1-04 2 Min. R11ed C•p..:ny' ~:c• 

U.l.. 19S·1J Soeadv·Soaoe 80" u L n6-1~ Ooi-Firc.t I Mu Raoed CapJcny2 t!c• 
Ill lllg llmlor Sou 86 ~300,000 Blu/h Soc.ldv-S•••• 83" 

ASM E I'TC4 I 64 2. Mon R11ed Cap•cnyl Ec· 
So.,...v-S•••• 83" 

H.l Ill~ llmlor Sill 86 Ooi-Fored (R<-sodual) I. MJx RJied Cap•cny' Ec• 
So..Uv-Soaoe KJ!IIo 

ASME PTC4 I 64 ~300.000 llou/h 2. Mon. Raled Capacny- Ec· 
Soeadv-Soao• 83!10 

I. To be consosu~n t wuh Natoonal Apphance Energy Con..ervauon Act ot 19H7 (I'.L. 100-12). 
2 Provoded and allowed by the controls . 
.'1. Excl-pt for gas fired steam boilers for which monomum AFUE is 75 'ft. 
4 . I'< • combustion efficoency. 100!10 - Oue losse(. s~.., reference document for detaoled 

onformallon 

TABLE 144 
Energy Efficient Electric Motors 

Minimum Nominal Full-Load Efficiency 
Ooen Motol"!l Closed M otors 

Syn~.:hmnuu' 3,1100 1,800 1,200 3.(.00 1,800 1,200 
Spe<-d 
(RPM) 

HI' Etli~itncv Eftkooo~<:y Ellicoency F'ttk•cn..:y Hli"ency Etficocncy 
1.0 82.5 MO.O 15.5 82.5 80.0 
1.5 M2.5 84.0 84.0 82.5 84 .0 85 .~ 

2.0 84.0 84.0 85.5 84.0 84.0 86.5 
3.0 84.0 86.5 86.5 8~.5 87.5 87.5 
5.0 85.5 875 87.5 K7.5 87.5 87.5 
7.5 87.5 88.5 8U 88.5 89.5 89.5 
10.0 885 89.5 90.2 89.5 89.5 89.5 
1~.0 89.5 91.0 90.2 90.2 91.0 90.2 
20.0 90.2 91.0 IJI.O 90.2 91.0 90.2 
25.0 91.0 91.7 91.7 91.0 \1~.4 91.7 
)0.0 91.0 92.4 ')2:.L_ 91.0 92.4 \11.7 
40.0 91.7 93.0 '.13.0 91.7 no 93.0 
50.0 9~.4 91.0 93.0 92.4 91.0 93.0 

1- 60.0 93.0 9J.b 91.6 9l0 91.1i 93.1> 
7~.0 93.0 94.1 93.6 93.0 94.1 93.6 
100.0 9J.O 94.1 94.1 93.6 94.5 94 I 
125.0 93.6 94.5 94.1 94.5 9U 94 I 
150.0 9J.6 95.0 94 5 945 9~.0 95.0 
200.0 94 5 95.0 94.5 95.0 9~.0 95.0 
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TAilLE14-S 
Duct ln~ulntion 

Duct Locution 

Not wtthtn condtUoned space: On exterior of 
butlding, on roor, in auic, in enclosed ceiling 
snace tn walls in garage in crawl spaces 
Not wtthin condilloned space: 1n concrete, in 
2round 
Supply atr ducts withtn condttioned space wtth 
HVAC equtpment supply atr temper.uure < SS or 
> 105°F 

Insulation R-Value 

R-71 

11.-5.3 

R-:u 

Notr: Reqturentents apply to hoth supply and return ducts, 
whether hcnttd or mechanically cooled. Mechanically cooled 
ducts requinng insulation shall have a vapor rctnrder, w ith a 
perm rating not g re:uer than 0.5 and all joint~ sealed. 

I . With approved weatherproof harrier 

INSULATION TYI'F.S: Minimum densities and out of package 
thickness. Nommal R-values are for the insulation as installed 
and do oot mclude air lilm resistance 

IN!.'TALJ.EU: 
R-3 .3 1.0 mch I 5 to :\.0 lb/cu.ft. duct liner, mineral or glass 

fi ber blanket or equivalent to provide an onstalled total 
thermal resistance of at lea~t R-1.1. 

R-5.3 2.0 onch 0 .75 lh/cu. ft.mineral or glass Iiller blanket, 1.5 
inc h 1.5 to 3.0 lh/cu.ft duct liner, mtneral or g lass fiber 
hlnnket, 1.5 inch 1 0 to 7 0 lh/cu ft mineral or g lass 
fiher hoard or eqUivalent to provtde an tnstnllecltotnl 
thermal resistance of at least R 5.1 

R-7 :\.0 inch 0.75 lh/cu. ft minernl or glass fiber blanket, 2.0 
inch 1.5 to 3.0 lh/cu .ft duct liner, minernl or glass filter 
hlanket, 2.0 inch 3.0 to 7 0 lh/cu ft minernl or glass 
fibcr board or equivalent to provtdc an installed totnl 
thermal resistance of at least R 7. 

• 
• 
• 

• 
• 



• 
• 
• 
• 
• 
• 
• 

1994 FIRST EDITION 

TAilLE 14-6 
Minimum Pi pe Insulntion (inches) I 

FlUid Des1a:n lnsulauon Conducuvity Nommal P1pe L>1ameter 1n.) 
Operating ConductiVIty Range Mean Runouts2 I and >I >2 > 4 
Temp. Rance. Btu • 1n./(h. n2 . ' F) Rating up to2 less to2 to4 to 6 
OF Temp. ° F 

Healing systems (Steam, Steam Nommal lnsulauon Th1ckness 
Condensate and Hot water) 
Above 350 0.32.0.34 250 1.5 2.5 2 .5 3.0 3.5 
251 -350 0.29 0.31 200 1.5 2.0 2 .5 2.5 3.5 
201 ·250 0.27.0.30 ISO 1.0 I.S 1.5 2.0 2.0 
141· 200 0.25.() 29 125 0.5 1.5 1.5 1.5 1.5 
105· 140 0.24.() 28 100 0.5 1.0 1.0 1.0 1.5 
Domesuc and Service Hot Water Systems 
105 and Greater 0.24·0 .28 [ 100 I o.s lt.O 1.0 lu 1.5 
Coohn2 Svstems CCh•lltd Water Dnne and Refri2eranll 
40·55 0.23.0.27 75 o.s 0 .5 0 75 1.0 1.0 
llelow 40 0 .23-0.27 75 1.0 1.0 1.5 1.5 1.5 

I . Ahemauve tnsulauon Types. lnsulauon th1cknesse~ 1n Table 14·6 are based on 
1nsulauon with thermal conducu vities withm the range listed 1n Table 14·6 for each 0111d 
operaung temperature range, rated 1n accordance wuh ASTM C 335-S.J at the mean 
temperature listed 1n tbe Ulble. For msulauon that has a conduc11v1ty outs1de tbe range 
shown in Table 14·6 for the applicable fluid operaung temperature range at the mean 
rating temperature shown (when rounded 10 I he nearest 0.01 Diu • in ./(h. ft2. 'F)), the 
m1nimum thickness shall be determmed in accordance wllh the followmg t-qua110n 

2. 

T = PR[(I + t/PR)K/k . I J 
Where 

T • Mimmum insulation thickness for malenal with conducrivuy K , inches. 
PR Pipe actual outside radius, mches 
t • lnsulahon 1h1ckness from Table 14·6, mches 
K • Conducllvlly of ahemare marerial at the mean raring remperarure ind1ca1ed in 

Table 14-6 for rhe applicable flmd remperalure range, lltu • 1nl(h • ft2 • 'F) 
k • TI1e lower value of the conducrivuy range lisred 1n Table 14 6 for rhe 

appl icable nuid remperarure range, BJu • in/(h • n2. • ' F) 

Runours co ind•vidualrerminal unirs not exceeding 12 fl . in lcngrh . 
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CHAPTER IS 
LlGIITING AND MOTORS 

1501 Scope: Interior and exterior lighting and electric motors shall comply with 
the requirements of this chapter. 

SECTION 1510- GENERAL REQUIREMENTS: Lighting and motors shall 
comply with Sections 1511 through 1513. Lighting systems shall comply with 
one of the following paths: 

a. 

b. 

Prescriptive Lighting Option: 
Interior Section 1521, or 
Exterior Section 1522. 

Lighting Power Allowance Option: 
Interior Section 1531, or 
Exterior Section 1532. 

c. Systems Analysis. See Section 114 1.4 . 

The compliance path selected for interior and exterior lighting need not be the 
same. However, interior and exterior lightmg cannot be traded. 

Figure ISA 
Lighting and Motor Compliance Options 

Lighting 
Prescriptive Power Systems 

Section Lighting Allownnce Analysis 
Numher Subject Option Option Option 
1510 General Requirements X X X 
1511 Electric Motors X X X 
1512 Exempt Lighting X X X 
1513 Li~thtinlt Controls X X X 
1520 Prescriptive Llghllng Optoon X 
1521 Prescnptive Interior Lighting Requorements X 
1522 Prescriptive Extenor Loghting Requorements Sec. 1532 
1530 Lighting Power Allowance Option X 
1531 Interior Lighting Power Allowance X 
1532 Exterior Li~thtinl! Power Allowance X 
RS-29 Systems Analysis X 
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1511 Electric Motors: All permanently wired polyphase motors of I hp or more, 
which are not part of an HVAC system, shall comply with Secuon 1437. 

Exceptions: 
I. Motors that are an integral part of specialind process equipment. 
2. Where the motor is integral to a listed piece of equipment for which 

no complying motor has been approved. 

1512 Exempt Lighting 

1512.1 Exempt Space~: The following rooms, spaces and areas, are exempt 
from the lightmg power requirements in Sections 1520 and 1530 but shall comply 
with all other requirements of this chapter. 

I. 
2. 

3. 

4. 
5. 
6. 
7. 
8 

Areas in which medical or dental tasks are performed. 
High risk security areas or any area identified by safety officials as 
requiring additional lighting. 
Spaces designed for primary use by the visually impa1rcd, hard of 
hearing (lip-reading) or by sen10r citi1ens. 
Food preparation areas. 
Outdoor manufacturing, greenhouses and processing areas. 
Electrical/mechanical equipment rooms. 
Outdoor athletic facilities. 
Inspection and restoration areas in galleries and museums. 

1512.2 Exempt Lighting Equipment: The following lighting equipment and 
tasks are exempt from the lighting requirements of Section 1520 and need not be 
included when calculating the installed lighting power under Section 1530 but 
shall comply with all other requ1rements of this chapter. All other lighting in 
areas that are not exempted by Section 1512.2, where exempt taslcs and 
eqUipment are used, shall comply with all of the requirements of thi~ chapter. 
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I. 
2. 

3. 

4. 
5. 

6. 

7. 

8. 

Special lighting needs for research. 
Emergency lighting that is automatically OFF durmg normal 
building op.:ration . 
Lighting for signs, and ballasted lighting for walkways :md 
pathways. 
Lighting that is part of machines, equipment or fu rniturc. 
Lighting that is used solely for indoor plant growth during the hours 
of 10:00 p.m. to 6:00a.m. 
Lighung for theatrical productions, television broadcasting 
(including sports facilities), audio-visual presentations and special 
effects lighting for stage areas and dance floors in entertainment 
facilities . 
Lighting for art exhibits, non-retail displays, portable plug in display 
fixtures and show case lighting. 
Exterior lighting for public monuments. 

• 
• 
• 
• 
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1513 Lighting Control~ 

1513.1 Local Control and Acces~ibility: Each space, enclosed by walls or 
ceiling-heigh! partilions, shall be provided with hghling controls located within 
that space. The lighling controls, whether one or more, shall he capable of 
IUrning off all lights within the space. The controls shall be readily accessible, at 
the point of entry/exit, to personnel occupying or using the space. 

E'Cception~: The following lighting controls may be centrali7ed in remote 
locations: 

I. 
2. 
3. 
4. 

Lightmg controls for spaces which must be used as a whole. 
Automatic controls. 
Controls requiring trained operators. 
Controls for safety hanrds and sccurity. 

1513.2 Areo Control~: The maximum lighting power !hat may be controlled 
from a single switch o r automatic control shalt not exceed !hat which is provided 
by a 20 ampere circun loaded to not more than 80%. A master control may be 
installed provided the individual switches retain their capability to function 
independently Circuit breakers may not be ustd ,1s the sole means of switching. 

E'Cctption~: 

I. lndustnal or manufacturing process areas, as may be required for 

produCtiOn. 
2. Areas less than 5% of the building foolprint for foo1prin1~ over 

100,000 ft2. 

1513.3 Daylight Zone Control: All dayhghted 70ncs, as delined in Chapter 12, 
both under overhtad glazing and adjacent to vcrtlcal~:la7in&. shall be provided 
with individual controls, or daylight- or occupant-sensing automatiC controls, 
which control the lights independent of general area lighling. 

1513.4 Oi~play, E'hihition and Specialty Lighting Controls: All display, 
exhibition or specialty lighting shall be t'Ontrolted independenlly of general area 

lighting. 

1513.5 Automatic Shut-off Control~. Exterior: Exterior lighting not intended 
for 24-hour continuous use shalt be automatically swilched hy timer, photocell or 
a combmat1on of timer and pho1ocell. Automatic time switches shalt also have 
program back-up capabilities, which prevent the loss of program and time 
senmgs for at least 10 hours, if power is mtcrrupted. 

1513.6 Automatic Shut-Off Control~. lnh•rior: Oflice buildings greater than 
25,000 ft2. and all school classrooms shall be equipped with separate automatic 
controls to shu! off the lighting during unoccupied hours. Automatic controls may 
be an occupancy sensor, time switch or other dcvit'e capable of automatically 
shutting off lighting. 
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Except ions: 
I . Areas that must be continuously illuminated, or illumtnated in a 

manner requiring manual operation of the lighting. 
2. Emergency lighting systems. 
3. Switching for industrial or manufacturing process facilities as may 

be required for production . 

1513.6.1 Occupancy Sensors: Occupancy sen~ors shall be capable of 
automatically turning off all the lights in an area, no more than 30 mtnutes after 
the area has been vacated. 

1513.6.2 Automatic Time Switches: Automatic time switches shall have a 
minimum 7 day clock and be capable of being set for 7 different day types per 
week and incorporate an automatic holiday "shut-ofr feature, which turns off all 
loads for at least 24 hours and then resumes normally scheduled operations. 
Automatic time switches shall also have program back-up capabilities, which 
prevent the loss of program and time settings for at least 10 hours, if power is 
interrupted 

Automatic lome switches shall incorporate an over-ride swotchtng device 
whoch: 

a. 
b. 

c. 
d . 

e. 

os readily accessible; 
is located so that a person u~tng the device can see the lights or the 
areas controlled by the swotch, or so that the area t>etng illuminated 
is annunciated; 
is manually operated; 
allows the lighting to remain on for no more than 2 hours when an 
over-ride is initiated; and 
controls an area not exceeding 5,000 n2 or 5% of footprtnt for 
footprints over I 00,000 rt2, whichever is greater. 

SECTION 1520 - J>RF..SCRII"'' IVE LIGIITING OM'ION 

1521 Prescriptive Interior Li~htin~ Requir~nwnts: Spaces for which the Unit 
Lighting Power Allowance in Table 15- 1 is 0.80 W Jft2 or greater may use 
unlimilcd numbers of lighting fixtures and lighting energy, provided that the 
installed lighting fixtures are one- or two-lamp (but not three- or more lamp) non­
lensed, nuoreseent fixtures fitted with type T-5, T-6, T-8 or PL type lamps from 
5 to 50 watts and electronic ballasts. 

Exception: Up to a total of 5% of tn\lalled loghttng fixtures need not be 
ballasted and may use any type of lamp. 

1522 Prescriptive Exterior Lightin~ Requircmenls: See Section 1532. 
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SECTION 1530- LIGIITING POWER ALLOWANCE OPTION: The 
installed lighting wattage shall not exceed the lighting power allowance. Lighting 
wauage includes lamp and ballast wattage. Wattage for nuorescent lamps and 
ballasts shall be tested per ANSI Standard C82.2-1984 . 

The wattage used for any unballasted fiJtture shall be the maximum UL 
listed wanage for that fixture regardless of the lamp installed. The wattage used 
for track lighting shall be the maximum of actual lumina ire wanage or 50 wans 
per lineal foot of track. 

No credit towards compliance with the lighting power allowances shall be 
given for the use of any controls, automatic or otherwise . 

1531 Interior Lighting Power Allowance: The interior lighting power allowance 
shall be calculated by multiplying the gross interior noor area, in square feet, by 
the appropriate unit lighting power allowance, in walls per square foot, for the 
use as specified in Table 15-1. Accessory uses, inc luding corridors, lobbies and 
toilet facilities shall be included with the primary use . 

If multiple uses are intended, the lighting power allowance for each type of 
use shall be separately calculated and summed to obtain the interior lighting 
power allowance. 

In cases where a lighting plan for only a portion of a building is submined, 
the interior lighting power allowance shall be based on the gross noor area 
covered by the plan. Plans submitted for common areas only, including 
corridors, lobbies and toilet facilities shall use the lighting power allowance for 
common areas in Table 15-1. 

When insufficient information is known about the specific use of the space, 
the allowance shall be based on the apparent intended use of the space . 

1532 Exterior Lighting Power Allowance: The exterior lighting power 
allowance shall be the sum of the calculated allowances for parking, outdoor 
areas and building exteriors. The lighting allowance for covered parking, open 
parking and outdoor areas shall be 0.20 Wlft2. The lighting allowance for 
building exteriors shall be calculated either by multiplying the building facade 
area by 0.25 Wtrt2 or multiplying the building perimeter in feet by 7.5 watts per 
lineal foot. 

Exception: Group M occupancy accessory to Group R occupancy . 
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TAnLE 15-1 
Unit Lil!hline Power Allownnce_{!_. PAl 

LJ'AZ 
Use I {Wlfll) 
Painting, welding, carpentry, machine shops 2.30 • Barber shops beauty shops 2.00 
Hotel banquct/confcrcncc/exhibilion hall3,4 2.00 
Laboratories 2.00 

Aorcrara repair hangars 1.50 
Cafeterias fast food cstablishmcntsS 1.50 
Fac1ories workshops handling areas 1.50 
Gas stations au1o repair shops6 1.50 
Institutions 1.50 • Libraries!l 1.50 
Nursing homes 1.50 
Wholesale stores (pallet rack shelving) 1.50 

Mall concourses 1.40 

School buildings, school classrooms, 1.35 
day care centers 

Laundries t:\0 • Office buildings, oflice/adm inistratove areu on 120 
faco lities of 01her use 1ypes (includong but nol 
limited to schools, hospitals, instilulions, 
museums banks churchcs)S, 7 

Police and fire s1a1ionsll 1.20 
Atroa (atriums) 100 • Assembly spaccsll, auditoriums, gymnasia9 , 1.00 
theaters 
Process plants 1.00 
Reslaurantslbars!l 100 
Retail AJO 1.00 
Retail BIU, re tail banking 1.50 

Locker and/or shower facolities 0.80 
Warehouses II , storal(e areas 0.50 
Aircrara storage hanl(ars 0.40 

Parking garages See Section 
1532 

Plans Submitted ror Common /\reo~ Onty7 • Common area, corridors, lotobies 0.110 
(e•cefl( mall concourse) 
Toilet facilities washrooms 0.80 

• 
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Footnotes for Table 15-J 

In cases in which a use is not mentioned specifically, the Unit Powu 
Allowanct shall be determined by the building official. This determination 
shall be based upon the most comparable use specified in the table. See 
Section I 512 for exempt areas. 

2. The watts per square foot may be increased, by 2% per foot of ceiling 
height above 20 feet, unless specifically directed otherwise by subsequent 
footnotes . 

3. The walls per square foot of room may be increased by 2% per foot of 
ceiling height above 12 feet. 

4. For all other spaces, such as seating and common areas, use the Unit Ught 
Powu Allowance for assembly. 

5. 

6. 

7. 

The walls per square foot of room may be increased by 2% per foot of 
ceiling height above 9 feet. 

Includes pump area under canopy. 

In cases in which a lighting plan is submitted for only a portion of a noor, 
a Unit Lighting Powtr Allowonct of 1.35 may be used for usable office 
noor .area and 0.80 W /ft2 shall be used for the common areas, which may 
include elevator space, lobby area and rest rooms. Common areas, as 
herein defined do not include mall concourses. 

8. For the fire engine room, the Unit Lighting Powtr Allowanct is 1.00 
Wlfl2 . 

9. 

10. 

For indoor sport tournament courts with adjacent spectator seating, the 
Unit Lighting Power Allowonct for the court area is 2.60 Wlfl2. 

For both Rttoil A and Retail 8, light for free-standing display, building 
showcase illumination and display window illumination installed within 2 
feel of the window are exempt. 

Rttoil A allows a Unit Lighting Powu Allowance of 1.00 W lfl2. Ceiling 
mounted adjustable tungsten halogen and HID merchandise display 
luminatres are exempt. 

Rttoil 8 allows a Unit Lighting Powu Allowance of 1.5 Wlfl2, including 
all ceiling mounted merchandise display luminaires. 

II. Provided that a noor plan, indicating rack location and height, is 
submilled, the square footage for a warehouse may be defined, for 
computing the inter ior Unit Lighting Powtr Allowonct, as the noor area 
not covered by racks plus the vertical face area (access side only) of the 
racks. The height a llowance defined in footnote 2 applies only to the noor 
area not covered by racks. 
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CIIAPTER 17 
STANDARDS 

1701 Scope: The following standards shall apply to Chapters II through 20 . 

The standards and portions thereof, which are referred to in various pans 
oft his Code shall be part of the Washington State Energy Code and are hereby 
declared to be a part of this Code. 

CODE 
STANDARD 
NO. TITLE AND SOURCf: 

RS-1 through RS-8 (Re~erved) 

RS-9 ASIIRAE/IES Standard 90.1-1989, Efficient Design of Buildings 
Except New Low-Rise Residential Buildings. 

RS-10 Standard for Packaged Terminal Air Conditioners, ARI Standard 310-87 . 

RS-11 through RS-17 (Reserved) 

RS-18 SMACNA Duct Metal and Flexible Construction Standards, 1st Edition . 

RS- I 9 through RS-24 (Reserved) 

RS-25 Thermal Bridges in Sheet Metal Construction from Appendix E of RS-9. 

RS-26 Super Good Cents Buider's Field Guide . 

RS-27 1993 ASIJRAE Fundamentals Handbook. 

RS-28 1992 ASIIRAE HV AC Systems and Equipment Handbook. 

RS-29 Commercial Building Design by Systems Analysis. 

RS-30 Title I 0, Code of Federal Regulations (CFR), Part 430 (March 14, 1988) . 

RS-31 Natoonal Fenestration Rating Council (NFRC) Standard 100-91. 
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ACCRF.DITED AUTIIORITATIVF. AGENCIES 

ANSI refers ro rhe American Narional Srandards lnsriture, Inc ., 1430 Broadway, 
New York, NY 10018 

ARI refers to the Air Conditioning and Refrigeration Jnsrirure, 4301 North 
Fairfax Drive, Suite 425, Arlington, VA 22203 

ASIIRAE refers to the American Society of Heating, Refrigerating and Air 
Conditioning Engineers, Inc., 1791 Tullie Circle, N .E., Arlanla, GA 30329 

ASTM refers to the American Sociery for Tesring and Marerials, 1916 Race 
Slreer, Philadelphia, PA 19103 

CTI refers 10 rhe Cooling Tower lnstirure, P.O. Box 73383, Houston, TX 77273 

NFRC refers to rhe Narional Fenesrration Rating Counci l, 1300 Spring Srreer, 
Suire 120, Silver Spring, MD 20910 

SMACNA refers 10 rhe Sheer Metal and A1r Conditioning Contractors National 
Association, Inc., 4201 Lafayette Center Drive, Chanrilly, VA 22021-1209 
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CHAPTER 20 
DEFAULT lffiAT LOSS COEFFICIENTS 

2001 General 

2001.1 Scope: The following defaults will apply to Chapters II through 20. This 
chapter includes tables of seasonal average heat loss coefficients for specified nominal 
insulation. The heat loss coefficients may also be used for heating system sizing. 

2001.2 Description: These coefficients were developed primarily from data and 
procedures from Standard RS-27, and taken specifically from Standard RS-26, listed 
in Chapter 17. 

Coefficients not contained in this chapter may be computed using the 
procedures listed in these references if the assumptions in the following sections and 
Standard RS-26, listed in Chapter 17. are used. along with data from the sources 
referenced above . 

2001.3 Air Films: Default R-values used for air films shall be as follows: 
~ Condition 
0. I 7 All extenor surfaces 
0 .6 1 Interior hori7.ontal surfaces, heat now up 
0 .72 Interior hori7ontal surfaces, heat now down 
0 .68 Interior vertical surfaces 

2001.4 Compression or Insulation: insulation which is compressed shall be rated in 
accordance with Table 20-A or reduction in value may be calculated in accordance 
with the procedures in Standard RS-27, listed in Chapter 17. 

TABLE20-A 
R-Value of Fiberl!lass Batts Compressed within Various f>epth Cavities 

Insulation R-Value at Standard Thickness 
R-Value 38 L 30 J. 22 I 21 19 I IS I 13 II I 8 I 5 3 

Standord Thickness 12" I 9-'h" I 6-%" I s-'h" .s-•r.• I 3-'1>" 3-sn" 3-'h" I 2-'h" I t-'1>" ,A .. 

Nomonal Actual 
Lumber Depth of Insulation R-Values when Installed in a Confined Cavity 
Sizes, Cavity, 
Inches Inches 
2 X 12 11-t/4 37 - - .. - - - - - .. .. 
2 X JO 9-1/4 32 30 - - - .. - - - - -
2x8 7-1/4 27 26 - - - - - - -- - .. 
2x6 .S-1/2 - 21 20 21 18 - - - - - -
2x4 3-1/2 -- .. 14 - 13 15 13 II - .. .. 
2 X 3 2-1/2 - .. .. - -- - 9.8 - .. - .. 

2"x2" 1-1/2" .. .. .. -- .. .. 6.3 6.0 5.7 .s.o -
2" X I" 3/4" .. .. - -- - - .. - .. 3.2 3.0 
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2002 Below Grade Walls And Slabs 

2002.1 General: Table 20-1 lists heat loss coefficients for below-grade walls and 
noors. 

Coefficients for below-grade walls are given as U-factors (Btulh • n2 • "F 
of wall area). Coefficients for below-grade slabs are listed as F-factors 
(Btulh • n • "F per lineal foot of slab perimeter). 

Below-grade wall U-factors are only valid when used with the 
accompanying below-grade slab F-factor, and vice versa. 

2002.2 Component Description: All below-grade walls are assumed to be 8 inch 
concrete. The wall is assumed to extend from the s lab upward to the top of the 
mud sill for the distance specified in Table 20-1, with 6 inches of concrete wall 
extending above grade. 

Interior insulation is assumed to be fiberglass bans placed in the cavity 
formed by 2x4 framing on 24 inch centers with 112 inch gypsum board as the 
interior finish material. Exterior insulation is assumed to be applied directly to 
the exterior of the below-grade wall from the top of the wall to the footing. The 
exterior case does not assume any interior framing or sheetrock. 

In all cases, the entire wall surface is assumed to be insulated to the 
indicated nominal level with the appropriate framing and insulation application . 
Coefficients are listed for wall depths or2, 3-112 and 7 feet below grade. 
Basements shallower than 2 feet should use on-grade slab coefficients. 

Heat loss calculatious fur ·wall areas above grade shonld use above-grade 
wall U-factors, beginning at the mudsill. 

2002.3 ln~ulation Description: Coefficients are listed for the following four 
configurations: 

164 

I . Uninsulated: No insulation or interior finish . 

2. Interior insulation: Interior 2x4 insu lated wall without a thermal 
break between concrete wall and slab. 

3. Interior insulation with thermal break: Interior 2x4 insulated wall 
with R-5 rigid board providing a thermal break between the 
concrete wall and the slab. 

4. Exterior insulation: Insulatio n applied directly to the exterior 
surface of the concrete wall . 
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TABLE 20-1 
Default Wall U-Factors and 

Slab F-Foctors for na~ements 

lklow Gnde Below Cnde 
W RII U-rartor Slab F-fort or 

2-Foot Deplh 
Below Grade 

Unonsulated 0 .350 O.S9 
R-11 lnt<rior 0 .066 0.68 
R-11 Interior w/tb 0 .070 0.60 
R-19 Interior 0 .043 0.69 
R-19 Interior w/ob 0.045 0.61 
R-IO Exterior 0.070 0.60 
R-12 Exterior 0 .061 0.60 

3.5-Foot Depth 
Below G rade 

Unonsulated 0.278 0.53 
R-11 lnten or 0.062 0.6J 
R-11 lnten or w/tb 0.064 O.S7 
R- 19 Interior 0.041 0 .64 
R- 19 Interior w/tb 0.042 0.57 
R-IO Extenor 0.064 O.S7 
R- 12 Exterior 0.051 O.S7 

7-~·oot Depth 
Below Grade 

Unonsulated 0. 193 0 .46 
R- 11 Interior 0.054 0.56 
R- 11 Interior w/tb 0.056 0 .42 
R- 19 Interior 0.037 O.S7 
R-19 lntenor w/tb 0 .038 0.43 
R- IO Exten or 0 .056 0.42 
R- 12 Exterior 0 .050 0.42 
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2003 On-Grade Slab Floors 

2003.1 General: Table 20-2 lists heat loss coefficients for unheated and heated 
on-grade slab floors, in units of Bru/h. •F per lineal foot of perimeter. 

2003.2 Component Description: All on-grade slab floors are assumed to be 6 
inch concrete poured directly onto the earth. The bottom of the slab is assumed to 
be at grade line. Monolithic and floating slabs are not dtffcrcntiated. 

Soil is assumed to have a conductivity of 0 .75 Btu/h. n2. •F. Slabs 2 feet 
or more below grade should use basement coefficients. 

2003.3 Insulation Description: Coefficients a re provided for the following three 
configurations: 

Two Foot (or Four Foot) vertical: Insulation is applied directly to the slab 
exterior, extending downward from the top of the slab to a depth of2 feet 
(or 4 feet) below grade. 

Two Foot (or Four Foot) horizontal : Insulation is applied directly to the 
underside of the slab, and run hori7ontally from the perimeter inward for 2 
feet (or 4 feet). The slab edge is exposed in this configuration. 

Fully ins ulated slab: Insulation extends from the top of the slab. along the 
entire perimeter and completely covers the area under the slab. Thicker 
pen meter insulation ~overs the slab edge and extends 2 feet under the slab. 

TABLE20-2 
Derault F-Fnctors ror On-Grade Slnhs 

ln,ulation IYDe R..O R-5 R-IO I R·t5 
Unht-utt'd Sl•h 

Un~nsul>led sloh 0.13 - .. .. 
2·11 llurizontal (No th•rmal hreak) 0.70 0.70 0.69 
4· ft Horizontal (No tllermal hreak) .. 0.67 064 0.63 
2·h Venical - O.S8 O.S4 O.S2 
4-ft V<nlcaJ .. O.S4 0 48 0.4S 
Fullv Insulated slob .. - 0 36 -

llt'111t'd Sluh 
Untnsulated slah 0.84 - - -
l·ullv tnsulated slah - 0.74 O.SS 0.44 
R·S Center !With oerimeter insulotiOn - - 066 0.62 
R-IO Center tWuh ncttmeter tnsulationl - - O.S I 
3-ft V<ntcal - - 0.71 -
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2004 Floors Over Unconditioned Sp!lce 

2004.1 General: Tables 20-3, 20-4 and 20-4a list heat loss coefficients for Ooors 
over unconditioned spaces in units of 
Btu/h. rt2. "F. 

They are derived from procedures listed in standard RS-27, listed in 
Chapter 17, assuming an average outdoor temperature of 45"F, an average 
indoor temperature of65"F, and a crawlspace area of 1350 n2 and 100 feet of 
perimeter. The crawlspace is assumed to be 2-ln feet high. with 24 inches below 
grade and 6 inches above grade . 

2004.2 Category Description: Four configurations are considered: vented 
crawlspace, unvented crawlspace, heated plenum crawlspace and exposed Ooor. 

Vented crawlspaces: Assumed to have 3.0 air changes per hour, with at 
least I .0 ft2 of net-free ventilation in the foundation for every 300 ft2 of 
crawlspace Ooor area. The c rawlspace os not actively heated. 

Floors over unheated areas, such as garages, may only use those 
values which have R-0 perimeter insulatoon. 

Unvented crawlspaces: Assumed to have 1.5 air changes per hour, with 
less than 1.0 ft2 of net-free ventilation in the foundation for every 300 n2 
of crawlspace Ooor area. The crawlspace is not actively heated. Floors 
over unheated basements may only use those values which have R-0 
perimeter insulation. 

Heated-plenum crawlspaces: Assumed to have 0.25 air chances per hour, 
with no foundation vents. Heated supply air from central furnace is blown 
into a crawlspace and allowed to enter the living space unducted via holes 
cut into the noor . 

Expo<;ed Ooor~: Assumes no buffer space, and a covering of 1/2 inch of 
T 1-11 on the exterior of the cavity exposed to the outside air or risod 
insulation below a concrete noor. such as over parking garages. 

2004.3 Construction Description: Floors are assumed to be either joisted Ooors 
framed on 16 inch centers, or post and beam on 4 foot by 8 foot squares . 
Insulation is assumed to be installed under the subOooring between the joists or 
beams with no space between the insulation and the subOoor. Insu lation is 
assumed to be uncompressed. Exposed noors nlso include concrete woth 
continuous rigod msulation assumed. 

Perimeter insulation is assumed to extend from the top of the rim joist to 
the crawlspace noor and then inward along the ground (on top of the ground 
cover) for at least 24 inches . 

Floor coverings are assumed to be light carpet with rubber pad. 
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TABLE20-3 
Default U-Factors for Floors 

Over C rawlspace or Unheated Basement 

Nominal R-value U-Farlor 
~1oor J•erimelt r Post & Joists 

~am 

0 0 0 . 112 0 . 134 
II 0.100 0 . 116 
19 0 .098 0 . 114 
30 0 .093 0 . 107 

II 0 0 .052 0 .056 
II 0 048 0 .052 

19 0 0 .038 0.041 
II 0 .036 O.G38 

22 0 0 .034 0.037 
II 0 .033 0.035 

25 0 0 .032 0.034 
II 0 .031 0 .033 

30 0 O.Q28 0.029 
II 0.027 0 .028 

38 0 0 .024 0 .025 
II 0 .024 0 .024 

TABLE20-4 
Default U-factors for Floors Over 

Heated Plenum Crawlspace 

Nominal R-value U-Foctor 
Perimeter 

II 0.085 
19 0.075 
30 0.069 

Note: Crawlspaces used as heated plenums have approximately 
30% higher heat loss rate than unvented crawlspaces with 
the same assumed ACII. Default U-factors in Table 20-4 
reflect this higher rate of heal loss. 

Nominal 
R·YI1ue 

R- 11 
R- 15 
R- 19 
R-21 
R-25 
R-30 
R-38 

TABLE204A 
Exposed Floors 

U-far1or 
Contreft: Wood 

J olsl 
0077 0 08M 
0059 0076 
0048 0062 
0043 0057 
0 037 0051 
0031 0040 
0 025 0 034 

Mtlal J oist 

0 14 
0 12 
0 II 
011 
0 10 
009 
008 
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2005 Above Grade Walls 

2005. 1 General: Tables 20-5, 20-5A and 20-58 list heat loss coefficients for the 
opaque portoon of above-grade wood stud frame walls, metal stud frame walls 
and concrete masonry walls (Btulh • rt2 • "F) respectively. They are derived 
from procedures listed in Standard RS-27, listed in Chapter 17. 

2005.2 Framing Description: For wood stud frame walls, three framing types 
are considered, and defined as follows: 

Standa rd: Studs framed on 16 inch centers with douhle top plate and 
single bottom plate. Comers use J studs and each opening is framed using 
2 studs. Headers consist of douhlc 2X or single 4X material with an air 
space left between the header and the exterior sheathing. Interior partition 
wall/exterior wall intersections use two 2 in the exterior wall. 

Standard framing weighting factors: 
Studs and plates 0. 19 
Insulated cavity 0.77 
Headers 0.04 

Intermediate: Studs framed on 16 inch centers with double top plate and 
songle bottom plate. Corners use 2 studs or other means of fully insulating 
corners, and each openong is framed by 2 studs. Headers consist of double 
2X material with R-IO insulation hetwccn the header and exterior 
sheathing. Interior partition wall/exterior wall intersections arc fully 
onsulated in the exterior wall. 

Intermediate framing weight ing factors: 
Studs and plates 0.18 
Insulated cavity 0. 78 
Headers 0.04 

Adv:mced : Studs framed on 24 inch centers with douhlc top plote and 
single bottom plate. Corners use 2 studs or other means of fu lly insulating 
corners, and one stud is used to support each header. Headers consist of 
double 2X material with R-IO insulation between the header and exterior 
sheathing. Interior partition wall/exterior wall intersections arc fully 
insulated in the exterior wall. 

Adv>l nced Framing Weighting Facturs: 
Studs and plates 0.13 
Insulated cavity 0 .83 
Headers O.Q.I 
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2005.3 Component Description: For wood stud frame w~ll~. default coefficients 
for three types of walls are listed: single-Mud walls, strap wall~ and double-stud 
walls 

170 

Single-Stud Wall: Assumes either 2x4 or 2x6 studs framed on 16 or 24 
inch centers. Headers are solid for 2x4 walls and double 2X for 2x6 walls, 
with tither dead-air or rigid-board insulation on the remaining space. 

Strap Wall: Assumes 2x6 studs framed on 16 or 24 inch centers. 2xJ or 
2x4 strapping is run horizontally along the interior surface of the wall to 
provode additional space for insulation. 

Double-Stud Wall: Assumes an exterior structural wall and a separate 
interior, non-structural wall. Insulation is placed in hoth wall cavities and 
in the space between the 2 walls. Stud spacing is assumed to he on 24 inch 
centers for both walls. 

, 
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TABLE 20-S 

• Deroult U-ractors ror Above-Grade Walls 

• 2 x 4 Single Wood Stud: R-1 1 Ball 

Sidinl! Material/Framin2 Type 
Lapped Wood Tl-11 

R-value 
or Foam 

NOTE: Board STD ADV STD ADV 
Nominal Batt R-value: 0 0.088 0.084 0.094 0.090 • R-11 at 3.5 inch thickness 

Installed Batt R-value: 

I 0.080 0.077 0.085 0.082 
2 0.074 0.071 O.o?8 O.o?5 
3 0.069 0.066 0.072 0.070 

R- 11 in 3.5 inch cavity 4 0.064 0.062 0.067 0.065 
5 0.060 0.058 0.063 0.061 
6 0.056 0.055 0.059 0.057 
7 0.053 0 .052 0.055 0.054 
8 0.051 0.049 0.052 0.051 • 9 0.048 0.047 0.050 0.049 
10 0.046 0.045 0.047 0.046 
II 0.044 0.043 0.045 0.044 
12 0.042 0.041 0.043 0.042 

• 2 x 4 Single Wood Stud: R-13 Ball 

Sidinl! Materiai!Framinl! Type 
l ..apped Wood TI-ll 

R-value 
or Foam • NOTE: 

Nominal Batt R-value: 
R-13 at 3.63 mch thickness 

noard STD ADV STD ADV 
0 0.082 0.078 0.088 0.083 
I 0.075 0.072 0.080 0.076 
2 0.069 0.066 0.073 0.070 

Installed Batt R-value: 3 0.065 0.062 0.068 0.065 
R-12.7 in 3.5 inch cavity 4 0.060 0.058 0.063 0.061 

5 0.057 0.055 0.059 0.057 

• 6 0.053 0.052 0.056 0.054 
7 0.051 0.049 0.052 0.05 1 
8 0.048 0.047 0.050 0.048 
9 0.046 0.045 0.047 0.046 
10 0.044 0.043 0.045 0.044 
II 0.042 0.041 0.043 0.042 
12 0.040 0.039 0.04 1 0.040 

• 
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2 x 4 Single Wood Stud: R-15 Ball 

Sid ins:: Materiai/Framin2 Type 
Lapped Wood Tl-11 

R-vnlue • or Foam 
NOTE: Board STD ADV STD ADV 

Nominal Ball R-value: 0 0.076 0.071 0.081 O.Q75 

R-15 at 3 .5 inch thickness I 0.069 0 .065 0.073 0.069 
2 0.064 0.061 0 .068 0.069 
3 0.060 0.057 0.063 0.059 
4 0.056 0.053 0.059 0.056 
5 0 .053 0.051 0.055 0.052 

Installed Ball R-value: 
R-15 in 3 .5 inch cavity • 6 0.050 0.048 0.052 0.050 

7 0.047 0.046 0.049 0 .047 
8 0.045 0.044 0.047 0 .045 
9 0.043 0.042 0.044 0 .043 
10 0.041 0.040 0.042 0.041 
11 0 .039 0.038 0.041 0.039 
12 O.o38 0.037 0.039 0.038 • 2 x 6 Single Wood Stud: R-19 Ball 

Siding Material/fi'raminl! Tvoe 
Lllooed Wood Tl-11 

R-value • or Foam 
NOTE: Board STD INT ADV STD INT ADV 

Nominal Ball R-value: 
R-19 at 6 inch thickness 

Installed Ball R-value: 

0 0.062 0.058 0.055 0.065 0.061 0.058 
I 0.058 0.055 0.052 0.060 0.057 0.055 
2 0 .054 0 .052 0.050 0.056 0.054 0.051 
3 0.051 0.049 0.047 0.053 0.051 0.049 • R-18 in 5.5 inch cavity 4 0.048 0.046 0.045 0.050 0.048 0 .046 
5 0.046 0.044 0.043 0.048 0.046 0 .044 
6 0 .044 0.042 0.041 0.045 0.044 0 .042 
7 0 .042 0.040 0.039 0.043 0.042 0 .040 
8 0 .040 0.039 0,038 0.041 0.040 0 .039 
9 0 .038 0.037 0.035 0.039 0,038 0 .037 

10 0 .037 0.036 O.o35 0,038 0.037 0 .036 • II 0.036 O.o35 0.034 0.036 O.Q35 O.Q35 
12 0.034 0.033 0.033 O.Q35 0.034 0.033 

• 
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2 x 6 Single Wood Stud: R-21 Batt 

Sid in~: Moteriai/Fromin2 T ype • Lapped Wood Tl-11 
R-volue 
of Foam 

NOTE: Boord STD INT ADV STD INT ADV 
Nominal Ban R-value: 0 0.057 0.054 0.051 0 .060 0.056 0.053 
R-21 al S.S inch lhickness I 0.054 0.051 0.048 0.056 0.053 0.050 

2 0.050 0.048 0.045 0.052 0 .050 0.047 

• lnslalled Ban R-value: 
R-21 in S.S onch cavuy 

3 0.048 0.045 0.043 0.049 0.047 0.045 
4 0.045 0.043 0.041 0.047 0.045 0.043 
5 0.043 0.041 0.040 0.044 0.042 0.041 
6 0.04 1 0.039 O.D38 0.042 0.041 0.039 
7 0.039 O.D38 0.036 0.040 0.039 0.037 
8 0.038 0.036 O.Q35 0.039 0.037 0.036 
9 0.036 0.035 0.034 0.037 0.036 O.D35 
10 0.035 0.034 0.033 0.036 0.035 0.033 

• I I 0.033 0.033 0.032 0.034 0.033 0.032 
12 0.032 O.oJI 0.03 1 0.033 0.032 0.03 1 

2 x 6 Single Wood Stud: R-22 Ba tt 

• Sidinl! Materiai/Fra minl! T voe 
Laooed Wood Tl-11 

R-volue 
of Foam 

NOTE: Board STD INT ADV STD INT ADV 
Nominal Ban R-value: 0 0.059 0.055 0.052 0.062 0.058 0.054 

• R-22 al 6.75 onch lhockness 

Jnslalled Ban R-value: 

I 0.055 0.052 0.049 0.057 0.054 0.051 
2 0.052 0.049 0.047 0.054 0.05 1 0.048 
3 0.049 0.046 0.044 0.050 0.048 0.046 

R-20 in S.S onch cavuy 4 0.046 0.044 0.042 0 .048 0.046 0.044 
5 0.044 0.042 0.041 0.045 0.043 0.042 
6 0.042 0.040 0.039 0.043 0.042 0.040 
7 0.040 0.039 0.037 0.041 0.040 O.oJ8 

• 8 O.D38 0.037 0.036 0.039 0.038 0.037 
9 0.037 0.036 0.035 0.038 0.037 0.035 

10 O.oJ5 0.034 0.033 0.036 O.Q35 0.034 

II 0.034 0.033 0.032 O.oJ5 0.034 0.033 
12 0.033 0.032 0.03 1 0.034 0.033 0.032 

• 
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2 x 6 Single Wood Stud: Two R-11 Balls 

Sidinl! Materioi/Framing Type 
Laoned Wood Tl-11 

R-value 
of Foam • NOTE: noard STD INT ADV srn INT ADV 

Nominal Oat! R-value: 0 0 .060 0 .057 0.054 0.063 0.059 0.056 
R-22 at 7 inch thickness I 0.056 0.053 0.051 0.059 0.056 0 .053 

2 0 .053 0.050 0.048 0.055 0.052 0.050 
Installed Batt R-value: 
R-18.9 in 5.5 inch cavity 

3 0 .050 0.048 0.046 0.052 0.049 0.047 
4 0 .047 0.045 0.044 0.049 0.047 0 .045 
5 0.045 0.043 0.042 0.046 0.045 0 .043 • 6 0 .043 0.041 0.040 0.044 0.043 0 .041 
7 0 .041 0.040 0.038 0.042 0.041 0 .039 
8 0 .039 O.o38 0.037 0.040 0.039 O.Q38 

9 O.Q38 0.037 0.036 0.039 O.Q38 0 .036 
JO 0 .036 O.o35 0.03.4 0.037 0.036 O.Q35 
II 0.035 0.034 0.033 0.036 O.Q35 0 .034 
12 0.034 0.033 0.032 0.034 0.034 0 .033 • 2 x 8 Single Stud: R-25 Batt 

Sidinl! Materiai/Framin~: Type 
Lapped Wood TI-ll 

R-value 
of Foam 

NOTE: noord STD TNT ADV STD INT i\DV 
Nominal Oat! R-value: 0 0 .05 1 0.047 0.045 0.053 0.049 0.046 
R-25 at 8 inch thickness 

Installed Batt R-value: 

I 0 .048 0.045 0.043 0.049 0.046 0.044 
2 0.045 0.043 0.041 0.047 0.044 0.042 
3 0.043 0.041 0.039 0.044 0.042 0.040 • R-23.6 in 7 .25 inch cavity 4 0 .041 0.039 0.037 0.042 0.040 0.038 
5 0.039 0.037 0.036 0.040 0.038 0.037 
6 0 .037 0.036 0.035 0.038 0.037 0.036 
7 0.036 O.Q35 0.033 0.037 O.Q35 0.034 
8 O.Q35 0.033 0.032 O.Q35 0.034 0.033 
9 0.033 0.032 0.03 1 0.034 0.033 0.032 
10 0.032 0.031 0.030 0.033 0.032 0.031 
11 0.031 0.030 0.029 0.032 O.Q31 0 .030 • 12 0.030 0.029 0.028 O.Q3l 0.030 0 .029 
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~ 2 x 6: Strap Wall 

• Sidinll Material/ 
Lap~ Wood 
STD AD 

FrameT 
Tl-11 

V STD ADV 
R-19 + R-11 Batts 0.036 5 O.QJ8 0 .036 0 .03 
R-19 + R-8 Balls 0.041 O.oJ 9 0.042 0.040 

• 2 x 6 + 2 "4: Oouble Wood Stud 

Si 
Bait Configuration 

Exttrinr J Middle I lnttrlor STO ADV Sro ADV 
R-19 - R-11 0.040 0.0~7 0.041 O.QJ8 
R-19 -- R-19 0.034 O.QJ I 0.035 0 .032 
R-19 R-8 R-11 0 .029 0.028 0.03 I 0.029 

• R-19 R-11 R- 11 
R-19 R- 11 R-19 
R-19 R- 19 R-19 

0.027 0.026 0 .028 0 .027 
0 .024 0.023 0 .025 0 .023 
0.021 0 .020 0 .021 0 .020 

2 x 4 + 2 x 4: Double Wood Stud 

• Sl 
Jlalt Confieurotion 

Exterior I Mlddl• L lnttrlor Sl"D ADV SrD ADV 
R- 11 -- R-11 0.050 0 .046 0 .052 0 .048 
R-19 -- R- 11 0.039 0.037 0 .043 0 .039 

• R-11 R-8 R- 11 
R- 11 R- 11 R- 11 
R- 13 R-13 R- 13 

0 .037 0.035 0 .036 0 .036 
0 .032 0.03 I 0.033 0 .032 
0 .029 0.028 0 .029 O.D28 

R- 11 R-19 R- 11 0 .026 0.026 0 .027 0 .026 

• 
• 
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Log Wall~ 

NOTE: 
R-value of wood: 
R-1 25 per inch thickness 

Average wall thickness 
90% average log diameter 

Stres.~ Skin Panel 

NOTE: 
R-value of expandetl 
poly~tyrcne: R-3.85 per inch 

Framing: 6% 
Spline: 8% 

Averuge Log 
Diameter, 

Inches 

6 
8 
10 
12 
14 
16 

Panel 
Thickne!i~, 

Inches 

3 1n 
s 1n 
7 114 
9 1/4 
II 1/4 

U-value 

0.148 
0.111 
0 .089 
0 074 
0 .063 
0.056 

U-vulue 

O.o71 
0 .048 
0 037 
0 .030 
O.Q25 

No thermal bridging between mtenor and exterior srlines 
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M etnl Stu d Walls: The nominal R-values in Table 20-SA may be used for 
purposes of calculating metal stud wall sec tion U-factors in lieu of the 
ASH RAE zone calcu lation method as provided in Chapter 22 of Standard 
RS-27. 

T ADLF: 20-SA 
Defa ult U -Factor s a nd E ffective R-Values for M etnl Stud Walls 

OVERALL ASSEMBLY U-FACTORS FOR METAL STUD WALLS 

Nominal Nominal Overall Assembly 
Wall Insulation U-Factors 

Thickness, R-Value 
Inches 16" o.c. 24" o.c. 

4 R- 11 0 . 14 0.13 
4 R-13 0. 13 0 . 12 
4 R-15 0. 12 0 . 11 
6 R- 19 0 . 11 0. 10 
6 R-21 0. 11 0 .09 
8 R-25 0. 10 0 .09 

EFFECfiVE R-VALUES FOR METAL STUD AND INSULATED CAVITY ONLY 

Cavity Insulation 

Effecttve R-value 
Nominal Depch, Accual Depch, Nom mal 16" o.c . 24" o.c. 

Inches Inches R-Value 
4 3- ln R- 11 5.5 6.6 
4 3- ln R-13 6.0 7.2 
4 3-112 R- 15 6.4 7.8 
6 5- 112 R- 19 7.1 8.6 
6 5-112 R-21 7.4 9.0 
8 7- 114 R-25 7.8 9.6 
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Concrete Masonry Walls: The nominal R-values in Table 20-58 may be 
used for purposes of calculating concrete masonry wall section U-factors in 
lieu of the ASH RAE isothermal planes calculation method as provided in 
Chapter 22 of Standard RS-27. 

TARLE 20-Sil 
Default U-Factors for Concrete and Masonry Walls 

8" CONCRETE MASONRY 
WALL DESCRIP110N CORE TREATMENT 

Panial Grout with Ungrouted Cores 
Empty Loose-fill insulated Solid Grout 

Perine Vermiculite 
Exoosed Block Both Sides 0 .40 0.23 0 .24 0.43 
R-5 Interior Insulation Wood Furring 0.14 0. II 0 .12 0.15 
R-6 Interior Insulation Wood Purring 0. 14 0.11 0 . 11 0.14 
R-10.5 Interior Insulation Wood Furring 0. II 0.09 0.09 0. 11 
R-8 lntenor Insulation Metal Clips 0. II 0.09 0.09 0. II 
R-6 Exterior lnsulallon 0. 12 0 . 10 0. 10 0. 12 
R- IO Extenor Insulation 0.08 0.07 O.o? 0.08 
R-9.5 Rtgtd Polystyrene Integral 
lnsulallon Two Webbed Block 0. 11 0 .09 0.09 0. 12 

12" CONCRETE MASONRY 
WALL DESCRIPTION CORE TREATMENT 

Panial Grout With Ungrouted Cores 
Empty Loose-fill tnsulated Solid Grout 

Perhte Vermiculue 
Exposed Block Both Sides 0.35 0. 17 0. 18 0.33 
R-5 lntenor lnsulallon Wood Furrint 0. 14 0. 10 0. 10 0. 13 
R-6 Interior Insula loon Wood Furring 0. 13 0.09 0. 10 0. 13 
R- 10.5 Interior lnsulatton Wood Fumng 0. II 0.08 0.08 0 . 10 
R-8 lntenor Insula loon Metal Chps 0. 10 0.08 0.08 0 .09 
R-6 Exterior lnsulatton 0. II 0.09 0.09 0 . II 
R-IO Exterior Insulation 0.08 0.06 0.'06 0.08 
R-9.5 R•gid Polystyrene Integral 
Insulation Two Webbed Block 0 . 11 0.08 0 .09 0. 12 
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8" CLAY BRICK 
WAU. DESCRJPTION CORE TREATMENT 

Panial Groutwoth Unorouted Cores 
Empty Loose-fill insulated Solid Grout 

Perlite Vermiculite 
Exposed Block Both Sides o.so 0.31 0 .32 O.S6 
R·S lntenor lnsulauon Wood Fumno O. IS 0. 13 0 . 13 0.16 
R·6 lntenor Insulation Wood FumnR O. IS 0. 12 0 . 12 O. IS 
R· IO.S Interior Insulation Wood Furrino 0. 12 0.10 0 . 10 0. 12 
R· 8 lntenor lnsulauon Metal Clops 0. 11 0. 10 0 . 10 0.11 
R-6 Exterior Insulation 0. 12 0.11 0 . 11 0. 13 
R·l 0 Exterior Insulation 0.08 0.08 0.08 0.09 

6" CONCRF.TE POURED OR PRECAST J 

WAU. DESCRJPTION CORE TREATMENT 
Panial Grout with Unorooted Cores 

Empty Loose-fill insulated Solid Grout 
l'erllte Vermiculite 

Exposed Concrete Both S•des NA NA NA 0.61 
R·S Interior lnsulauon Wood Fumno NA NA NA 0. 16 

R-6 lntenor Insulation Wood Furrino NA NA NA O. IS 
R· IO.S Interior lnsulauon Wood Furring NA NA NA 0. 12 
R-8 lntenor lnsulauon Metal ChPS NA NA NA 0.12 

R·6 Exterior Insulation NA NA NA 0.13 

R·IO Exterior lnsulatiOII NA NA NA 0.09 

Notes for Default Table 20-SB 

I. Grouted cores at 40" x 48" on center vertically and horizontally in partial 
grouted walls. 

2. 
3 . 

4. 

Interior insulation values include 112" gypsum board on the inner surface. 
Furring and stud spacing is 16" on center. Insulation is assumed to fill 
furring space and is not compressed . 
Intermediate values may be interpolated us ing lhis table. Values not 
contained in this table may be computed using the procedures listed in 
Standard RS-27 . 
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2006 Default U-Factors for Glazing and Doors 

2006.1 Unte.«ed Glazing and Doors: Untested gl3ling and doors shall be 
assigned the following U-factors: 

TADLE 20-6 
Default U-Factors for Vertical Glazing, Overhead Glazing and Opaque Doors 

Vertical Glazin2 
U-Fador 

Single 1.45. 
Double 0.90 
1/2 Inch Air Fixed 0.75 
I /2 Inch Air Low-e(0.40J Fixed 0.60 
1/2 Inch Ar2on, Low-e<O.tOJ, Fixed 0.50 

Overhead Glozine 
U-Factor 

Any Frame VlnyVWood 
Frame 

Sin!!lc 2. 15 2.15 

Double 1.45 1.00 
Low-e<O 40) or Arl!on 1.40 0.95 
Low-(!(040) + Arl!on 1.30 0.85 
Low-e(O 20) Air 1.30 0.90 
Low-et0.20) + Ar2on 1.25 0.80 

Tnole 1.25 0.80 

Opaque Doors 
U-Factor 

Uninsulated Met.al 1.20 
Insulated Metal (Including Fire Door 0.60 
and Smoke Vent) 
Wood 0.50 

NOTC:S: 
Where a gap width is listed (i.e.: In mch), thatos the minimum allowed. 
Where a low-emissivity emittance is listed (i.e.: 0.40, 0.20, 0. 10), that is the maximum allowed . 
Where a gas other than aor is listed (i.e.: argon), the gas fill shall be a minimum of90". 
Where an operator type is listed (i.e.: fixed), the default is only allowed for that operator type. 
Where a frame type os listed (i.e. : wood/vonyl), the default is only allowed for that frame type. 

Wood/Vonyl frame oncludes reonforeed vinyl and alumonum-dad wood. 
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2007 Ceilings 

2007.1 General: Table 20-7 lists heat loss coefficients for the opaque portion of 
exterior ceilings below vented allies, vaulted ceilings and roof decks in units of 
Btu/h • rt2 • °F of ceiling. 

They are derived from procedures listed in Standard RS-27, listed in 
Chapter 17. Ceiling U-factors are modified for the buffering effect of the a11ic, 
assuming an indoor temperature of 65 •F and an outdoor temperature of 45 •F. 

2007.2 Component Description: The three types of ceilings are characteri7ed as 
follows: 

Ceilings Relow a Vented Attic: Allie insulation is assumed to be blown-in, 
loose-fill fiberglass with a K-value of 2.6 (h • rt2 • °F)/Btu per inch. Full 
bag count for specified R-value is assumed in all cases. Ceiling 
dimensions for Oat ceiling calculations are 45 by JO feet, with a gabled 
roof having a 4112 pitch. The auic is assumed to vent naturally at the rate 
of J.O air changes per hour through soffit and ridge vents. A void fraction 
of0.002 is assumed for all allies with insulation baffles. Standard-framed, 
unbafOed a11ics assume a void fraction of 0.008. 

Auic framing is either standard or advanced. Standard framing 
assumes tapering of insulation depth around the perimeter with resultant 
decrease in thermal resistance. An increased R-value is assumed in the 
center of the ceiling due to the effect of piling leftover insu lation. 
Advanced framing assumes full and even depth of insulation extending to 
the outside edge of exterior walls. Advanced framing does not change 
from the default value. 

U-factors for Oat ceilings below vented allies with standard framing 
may be modified with the following table: 

Roof Pitch 

4112 
5/12 
6112 
7112 
8112 
9/12 
10/12 
11112 
12/12 

U-Factor for Standard Framing 

R:.JQ &l8. 

0.036 
O.D35 
0.034 
0.034 
0.034 
0.034 
0 .033 
0.033 
0.033 

0 .031 
0 .030 
0 .029 
0 .029 
0.028 
0,028 
0 .028 
0 .027 
0.027 

Vented scissors truss allies assume a ceiling pitch of2112 with a roof 
p1tch of either 4112 or 5112. UnbafOed standard framed scissors truss 
a11ics are assumed to have a void fractiol'l of 0.016. 
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Vaulted Ceilings: Insulation is assumed to be fiber&lass batts installed in 
roof joist cavities. In the vented case, at least 1.5 inches between the top 
of the batts and the underside of the roof sheathing is left open for 
ventilation in each cavity. A ventilation rate of 3.0 air changes per hour is 
assumed. In the unvented or dense pack case, the ceiling cavity is assumed 
to be fully packed with insulation, leavin& no space for ventilation. 

Roof Decks: Rigid insulation is applied to the top of roof decking with no 
space left for ventilation. Roofing materials arc attached directly on top of 
the insulation. Framing members are ofien len exposed on the interior 
side. 

TADLE20-7 
Default U-fndors for Ceilings 

Ceilings Below Vented Attics Standard Advonced 
Frome Frome 

Flat Ceiling Bnffied 
R-19 0.049 0.047 
R-30 0.036 0.032 
R-38 0.031 0.026 
R-49 0.027 0.020 
R-60 0.025 0.017 

Scissors Truss 
R-30 (4112 roof pitch) 0.043 0.031 
R-38 (4/12 roof pitch) 0.040 0.025 
R-49 (4112 roof pitch) 0.038 0.020 
R-30 (5112 roof pitch) 0.039 0.032 
R-38 (5112 roof pitch) 0.035 0.026 
R-49 (5/12 roof pitch) 0.032 0.020 

Vaulted Ceiling.q 
16" o.c. 24" o.c. 

Vented 
R-19 2xl0 joist 0.049 0.048 
R-30 2x l2 joist 0.034 0.033 
R-38 2x l4 joist 0.027 0.027 

Unvented 
R-30 2xl0 joist 0.034 0.033 
R-38 2x l2joist 0.029 0.027 
R-21 + R-21 2xl2 joist 0.026 0.025 
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2008 (Reserved) 

2009 Mass 

1994 FIRST EDITION 

TABLE 20-7 {Continued) 
Default U-factors for Ceilings 

Roofi>Kk U-factor 
R-15 Rigid Insulation 0.063 
R-21 Rigid Insulation 0.045 
R-2S Rigid Insulation 0.038 
R-30 Rigid Insulation 0.032 
R-38 Rigid lnsulallon 0 .02S 
R-50 Rigid Insulation 0.019 

2009.1 General: Table 20-10 lists default mass values for concrete masonry 
construction. Calculations are based on standard ASH RAE values for 
heat-storage capacity as listed in Standard RS-27, Chapter 22 . 

TABLE20-10 
HEAT CAPACITY 

Pllrtial Grout 
8" CMU 9.65 
12" CMU 14.5 
s· Brick 10.9 

6" Concrete NA 

Solid Grout 
15.0 
23.6 
16.4 
14.4 
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REFERENCE STANDARD 
COMMERCIAL BUILDING DESIGN BY SYSTEMS 

ANALYSIS 

SECTION 1 - SCOPE 

1.1 General: This Standard establishes design criteria in terms of total energy 
consumption of a building, including all of its systems. General principles and 
requirements are outlined in Section 2. Specific modeling assumptipns are listed 
in Section 3. 

The building permit application for projects utili7ing this Standard shall 
include in one submittal all building and mechanical drawings and all information 
necessary to verify that the design for the project corresponds with the annual 
energy analysis. If credit is proposed to be taken for lighting energy sav ings, then 
electrical drawings shall also be included with the building permit application . 

Due to the va rious assumptions that are necessary, the results of the 
analysis shall not be construed as a guarantee of the actual energy performance of 
the project. 

SECTION 2 - GENERAL PRINCIPLF.S AND REQUIREMENTS 

2.1 Energy Analysis: Compliance with this Standard will require an analysis of 
the annual energy usage, hereinafter called an annual energy analysis. 

A building designed in accordance with this Standard will be deemed as 
complying with this Code, if 

a. The calculated annual energy consumption is not greater than that of 
a corresponding "standard design,' as defined below and in Section 

3. 

b. 

and; 

Whose enclosure elements and energy-consuming systems comply 
with Sections 1310 through 1314, 1410 through 1415, 1440 through 
1442, 1450 through 1454 and 1510 through 1513. Buildings shall 
only vary from those requirements in Sections 1330 through 1334, 
1432 through 1438 and 1530 through 1532 where those variations 
have been accurately and completely modeled. Where variations are 
not specifically analyzed, the building shall comply with these 
requirements . 
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For a proposed building design to be considered similar to a "standard 
design, • it shall utilize the same energy source(s) for the same functions and have 
equal noor area and the same ratio of envelope area to noor area, environmental 
requirements, occupancy, climate data and usage operational schedule. Inputs to 
the energy analysis relating to occupancy and usage shall correspond to the 
expected occupancy and usage of the building. 

Except as noted below, the systems identified, and, to the extent possible, 
the assumptions made in assigning energy inputs to each system, shall be the 
same for the standard design and the proposed design. When electrically driven 
heat pumps, other than multiple units connected to a common water loop, are 
employed to provide all or part of the heat for the proposed design, the standard 
design shall also, for the purposes of the analysis, assume that electrically driven 
heat pump, in conformance with Chapter 14 of the Code and having capacity at 
least as great as those used in the proposed design are employed. 

2.2 Design: The standard design and the proposed design shall be designed on a 
common basis as specified herein: 

a. The comparison shall be expressed as kBtu input per square foot of 
conditioned noor area per year at the building site. Buildings which 
use electricity as the only fuel source, comparisons may be 
expressed in kWh. When converting electricity in kWh to kBtu a 
multiplier of3.41J kWhlkBtu shall be used. 

b . If the proposed design results 10 an increase in consumpt•on of one 
energy source and a decrease in another energy source, even though 
similar sources are used for similar purposes, the difference in each 
energy source shall be converted to equivalent energy units for 
purposes of comparing the total energy used. 

2.3 Ann lysis Procedure: The analysis of the annual energy usage of the standard 
and the proposed building and system design shall meet the following criteria: 

2 

a . The building heating/cooling load calculation procedure used for 
annual energy consumption analysis shall he detailed to permit the 
evaluation of effect of factors specified in Section 2.4. 

b. The calculation procedure used to simulate the operation of the 
building and its service systems through a full-year operating period 
shall be detailed to permit the evaluat ion of the effect of system 
design, climatic factors, operational characteristics and mechanical 
equipment on annual energy usage. Manufacturer's data or 
comparable field test data shall be used when available in the 
simulation of systems ami equipment. The calculation procedure 
shall be based upon 8, 7(1J hours of operation of the building and its 
service systems and shall utili7e the design methods, specified in 
Standards RS-27. - II, -12 and -13 listed in Chapters 7 and 17 of the 
Code or in other programs approved by the buildmg official. 
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2.4 Calculation Procedure: The calculation procedure shall cover the following 
items: 

a. 

b. 

Design requirements-Design heating conditions and design cooling 
conditions as defined in Chapter 12 of the Code . 
Climatic data--Coincident hourly data for temperatures, solar 
radiation, wind and humidity of typical days in the year representing 
seasonal variation. 

c. Building data-Orientation, size, shape, mass, ai r and heat transfer 
characteristics. 

d. Operational characteristics--Temperatu re, humidity, ventilation, 
illumination and control mode for occupied and unoccupied hours. 

e. Mechanical equipment--Design capacity and part load profile . 
f. Building loads-Internal heat generation, lighting, equipment and 

number of people during occupied and unoccupied periods. 
Exception: Proposed designs having an area of 25,000 square feet or less 
are exempt from the full-year energy analysis described in Section 2.3(b). 
However, comparison of energy consumption between the proposed design 
and the standard design shall be provided based on one of the programs 
suggested in Section 4.2 for these buildings . 

2.5 Documentation: All analyses submilled shall be accompanied by an energy 
analysis comparison report. The report shall provide technical detail on the two 
building and system designs and on the data used in and resulting from the 
comparative analysis to verify that both the analysis and the designs meet the 
criteria of Section I . 

The calculation procedure for the standard design and the proposed design 
shall separately identify the calculated annual energy consumption for each 
different occupancy type, if possible, for each of the following end uses: 

a. Interior lighting; g. Parking ventilation/fans; 
b. Parking lighting; h . Exhaust fans: 
c. Exterior lighting: i. Service water heating; 
d. Space heatmg; j. Elevators: 
e. Space cooling; k. Appliances. 
f. Interior ventilation/fans: 

Energy consumption of the following items shall be included but is not 
required to be separated out hy each individual item . 

a. Office equipment; 
b. Refrigeration other than comfort cooling; 
c. Cooking; and 

d. Any other energy-consuming equipment. 

The specifications of the proposed building project used in the analysis 
shall be as similar as is reasonably practical to those m the plans submiued for a 
building permit. 

3 
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SECTION 3- SPECIFIC MODELING ASSUMPTIONS 

The specific modeling assumptions consist of methods and assumpt1ons for 
calculating the standard energy consumption for the standard building and the 
proposed energy consumption of the proposed des1gn In order to mamtain 
conststency between the standard and the proposed design energy consumptions, 
the mput assumptions in this section shall be used. 

"Prescribed" assumptions shall be used without variallon. "Default" 
assumptions shall be used unless the designer can demonstrate that a different 
assumption better characterizes the building's use over its expected life. Any 
modification of a default assumption shall be used in modeling both the standard 
building and the proposed design unless the designer demonstrates a clear cause 

to do otherwise. 

3.1 Orientation and Shope: The standard building shall consist of the same 
number of stories and gross floor area for each story as the proposed design. 
Each floor shall be oriented exactly as the proposed design. The geometric form 
shall be the same as the proposed design. 

3.2 Internal Load~: Internal loads shall be modeled as noted m the following 
parts of Section 3.2. The systems specified for calculating the standard energy 
consumption in Section 3.2 are intended only as constraints in calculating the 
consumption. They are not intended as requirements or recommendatiOns for 
systems to be used in the proposed building or for the calculation of the proposed 
energy consumption. 

3.2.1 Occupancy: O.:cupancy schedules shall be defaullassumpuons. The same 
assumptions shall be made in computing proposed energy consumption as were 
used in calculating the standard energy consumption. Occupancy levels vary by 
building type and time of day. Table 3·1 establishes the density presented as 
rt2tpcrson of conditioned noor area that will be used by each bu1lding type. Tahle 
3·2 establishes the percentage of the people that are in the building by hours of 
the day for each building rype. 

3.2.2 Lighting: The interior and exterior lighting power allowance for 
calculating the standard energy consumption shall be determined from Sect1ons 
1531 and 1532. The lighting power used to calculate the proposed energy 
consumption shall be the actual lighting power of the propo~ed lighting design . 
Exempt lighting in the standard design shall he equal to the ~xcmpt lighting in the 

proposed design. 

Lightmg levels in buildings vary based on the type of uses withm 
bulldmgs, by area and by lime of day . Table 3·2 contains the lighting energy 
profiles wh1ch establish the percentage of the lighting load that i~ switched ON in 
each prototype or reference buildmg by hour of the day. The~e profiles are 
default assumptions and can he changed if requ1red when calculating the standard 
energy consumption to provide, for example, a 12 hour rather than an 8 hour 
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work day or to reflect the use of automatic lighting controls. The lighting 
schedules used in the standard and proposed designs shall be Identical and shall 
reflect the type of controls to be installed in the proposed design. The controls in 
the proposed design shall comply with the requirements in Section 1513 and no 
credit shall be given for the use of any additional controls, automatic or 
otherwise. 

3.2.3 Receptacle: Receptacle loads and profiles arc default assumptions. The 
same assumptions shall be made in calculating proposed energy consumption as 
were used in calculating the standard energy consumption. Receptacle loads 
include all general service loads that are typical in a building. These loads should 
include additional process electrical usage but exclude HVAC primary or 
auxiliary electrical usage. TableJ-1 establishes the density in W/ft2 to be used. 
The receptacle energy profiles shall be the same as the lightmg energy profiles in 
Table 3·2. This profile establishes the percentage of the receptacle load that is 
switched ON by hour of the day and by building type. 

3.3 Envelope 

3.3.1 Insulation and Glazing: Gla7ing area and U-factor of the standard building 
envelope shall be determined by using the Target UA requ1rements of Equation 
13-1 and U-factor values in Table 13-1 or 13-2. The glazing solar heat gain 
coefficient (SHGC) or shading coefficient of the standard building shall be the 
lesser of 0.65 and the SHGC required by Table 13-1 or 13-2 for the vertical or 
overhead glazmg area for the appropriate wall type. The opaque area U-factors 
of the standard buildmg shall be determined by using the Target UA requirements 
from Equation 13-1 mcluding the appropriate mass for walls. The msulation 
characteristics and glazing area are prescribed assumptions for the standard 
bu1lding for calculating the standard energy consumption. In the calculation of the 
proposed energy consumption of the proposed design, the envelope 
characteristics of the proposed design shall be used. The standard design shall 
usc the maximum glazing areas listed in Tables 13-1 or 13·2 for the appropriate 
use. The distribution of vertical glazing in the gross wall area of the standard 
design shall be equal to the distribution of vertical gla7ing in the proposed design 
or shall constitute an equal percentage of gross wall area on all sides of the 
standard building. The distribution of overhead glazing in the gross roof/ceiling 
area of the standard design shall be equal to the distribution of overhead glazing 
in the proposed design. The distribution of doors in the gross opaque wall area 
of the standard design shall be identical to the distribution of doors in the 
proposed design. 

3.3.2 Infiltration: For standard and proposed buildings, inliltration assumptions 
shall be equal. 

3.3.3 Envelope nnd Ground Absorptivities: For the standard building, 
absorptivity assumptions shall be default assumptions for computing the standard 
energy consumptiOn and default assumptions for computmg the proposed energy 
consumption. The solar absorptivity of opaque elements of the building envelope 
shall be assumed to be 70%. The solar absorptivity of ground surfaces shall be 
assumed to be 80% (20% reflectivity). 

5 
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3.3.4 Window Treatment: No draperies or blinds shall be modeled for the 
standard or proposed building. 

3.3.5 Shading: For standard building and the proposed design, shadang by 
permanent structures and terrain shall be taken into account for computing energy 
consumption whether or not these features are located on the building site. A 
permanent fixture is one that is likely to remain for the life of the proposed 
design. Credit may be taken for external shadi~g devices th?t are part of the 
proposed design. 

3.4 JIVAC Systems and Equipment: For the standard building, the HVAC 
system used shall be the system type used in the proposed design. Ir the proposed 
IIVAC system type does not comply with Sections 1432 through 1438, the 
standard design system shall comply in all respects with those sections. 

Exception: When approved by the building official, a prototype IIVAC 
system may be used, if the proposed design system cannot be modified to 
comply with Sections 1422 and 1432 through 1438, as a standard design. 
Use of prototype HV AC systems shall only be permiued for the building 
types listed below. For mixed-use buildings, the noor space of each 
building type is allocated within the floor space of the standard building. 
The specifications and requirements for the HV AC systems of prototype 
buildings shall be those in Table 3-3. 

I. assembly 6. restaurant 
2. health/institutional 7. retail (mercantile) 
3. hotel/motel 8. school (educational) 
4 . light manufacturing 9. warehouse (storage) 
5. office (business) 

3.4.1 IIV AC Zones: HV AC zones for calculating the standard energy 
consumption and proposed energy consumption shall consist of at least four 
perimeter and one interior zone per floor, with at least one perimeter zone facing 
each orientation. The perimeter zones shall be fiOeen feet in width or one-third 
the narrow dimension of the building when this dimension is between 30 and 45 
feet inclusive or half the narrow dimension of the building when this dimension is 
less than 30 feet. 

Exceptions: 
I. Building types such as assembly or warehouse may be modeled as a 

single zone if there is only one space. 
2. Thermally similar zones, such as those facing one orientation on 

different floors, may be grouped together for the purposes of either 
the standard or proposed building simulation. 

3.4.2 Process Equipment Sizing: Process sensible and latent loads shall be equal 
in calculating both the standard energy consumption and the proposed energy 
consumption. The designer shall document the installation of process equipment 
and the size of process loads. 
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3.4.3 IIV AC Equipment Sizing: The equipment shall be sized to include the 
capacity to meet the process loads. For calculating the proposed energy 
consumption, actual air now rates and installed equipment size shall be used in 
the simulation. Equipment sizing in the simulation of the proposed design shall 
correspond to the equipment intended to be selected for the desien and the 
designer shall not use equipment sized automatically by the simulation tool. 

Equipment sizing for the standard design shall be based on the same as the 
proposed design or lesser sizing ratio of installed system capacity to the design 
load for heating and for cooling. 

Chilled water systems for the standard building shall be modeled using a 
reciprocating chiller for systems with total cooling capacities less than 175 tons, 
and centrifugal chillers for systems with cooling capacities of 175 tons or greater. 
For systems with cooling capacities of 600 tons or more the standard energy 
consumption shall be calcu lated using two centrifugal chillers, lead/lag 
controlled. Chilled water shall be assumed to be controlled at a constant 44°F 
temperature rise, from 44°F to 56°F, operating at 65% combined impeller and 
motor efficiency. Condenser water pumps shall be sized using a I0°F 
temperBture rise, operating at 60% combined impeller and motor efficiency. The 
cooling tower shall be an open circuit, centrifugal blower type sized for the 
larger of 85•F leaving water temperature or 10•F approach to design wetbulb 
temperature. The tower shall be controlled to provide a 65°F leaving water 
temperature whenever weather conditions permit, noating up to design leaving 
water temperature at design conditions . 

3.4.4 Variable Speed: The energy of the combined fan system per air volume at 
design conditions (w/cfm) of the proposed design shall be equal to that of the 
standard design. Variable air volume fan systems in the standard building shall 
be variable speed . 

3.5 Service Wuter Heating: The service water heating loads for prototype 
buildings are defined in terms of Btu/person-hour in Table 3-1. The values in the 
table refer to energy content of the heated water. The service water heating loads 
from Table J-1 are default for all buildings. The same service-water-heating load 
assumptions shall be made in calculating proposed energy consumption as were 
used in calculating the standard energy consumption. The service water heating 
system for the standard building shall be modeled as closely as possible as if it 
were designed in accordance with the ASH RAE Handbook, 1987 HV AC Systems 
and Applications Volume and meeting all the requirements of Sections 1440 
through 1442. 

3.6 Controls 

3.6.1: All occupied conditioned spaces in standard and proposed design buildings 
in all climates shall be simulated as being both heated and cooled . 

7 
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Exception~: 
I. If a building or portion of a building is to be provided with only 

heating or cooling, both the standard building and the proposed 
design shall be simulated using the same assumptions. 

2. If warehouses are not intended to be mechanically cooled, both the 
standard and proposed energy consumption shall be modeled 
assuming no mechanical cooling. 

3.6.2: Space temperature controls for the standard building, shall be set at 70°F 
for space heating and 75°F for space cooling, with a deadband in accordance 
with Section 1412.2. The system shall be OFF during off-hours according to the 
appropriate schedule in Table 3-2, except that the heating system shall cycle ON 
if any space should drop below the night setback setting ss•F. There shall be no 
similar setpoint during the cooling season. Lesser deadband ranges may be used 
in calculating the proposed energy consumption. 

Exceptions: 
I . Setback shall not be modeled in determining either the standard or 

proposed energy consumption if setback is not realistic for the 
proposed design such as a facility being operated 24 hours/day . For 
instance, health facilities need not have night setback during the 
heating season. 

2. If deadband controls are not to be installed, the proposed energy 
consumption shall be calculated with both heating and cooling 
thermostat setpoints set to the same value between 70•F and 75•F 
inclusive, assumed to be constant for the year. 

3.6.3: When providing for outdoor air ventilauon when calculating the standard 
energy consumption, controls shall be assumed to close the oulSide air intake to 
reduce the now of outside air to 0 .0 cfm during "setback" and "unoccupied" 
periods. Ventilation using inside air may still be required to maintain scheduled 
setback temperature. Outside air ventilation, during occupied periods, shall be as 
required by the Washington State Ventilation and Indoor Air Quality Code (WAC 

51-13). 

3.6.4: If humidification is to be used in the proposed design, the same level of 
humidification and system type shall be used in the standard building. 
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TABLEJ-1 
Acceptable Occupancy Densities, Receptacle Power Densities 

and Service llot Water Consumplionl 

Occupancy Receptable Suvic:e 
Buildinc ~nsityl Power Densityl llol Water 
Type Sq. Ft./Person Watts/Sq. Ft. Quantlties4 

(Btufh·lll) (Btufh· lll) Btufh ·~rson 

As5emblv so 14.601 0.25 (0.8S) 215 
Healthllnstotutoonal 200 (1.151 1.00 (3.41) 135 
Ho1el/ Mocel 25010.921 0.25 (0.85) I 110 

Loght 7SO (0.31) 0.20 (0.68) 225 
Manufacturin2 
Office 275 10.841 0.75 (2.56) 175 

ParkonR Gara2e N.A. N.A. N.A. 

Restaurant 10012.301 0.10 (0.34) 390 
Retail 300 (0.77) 0.25 !0.851 135 
School 75 13.071 0.50 (1.71) 215 

Wan: house 15,000 10.021 0.10 (0.34) 225 

I . The occupancy densities, receptacle power densities and service 
hot water consumption values are from ASHRAE Standard 90.1-
1989 and addenda. 

2. Values are in square feet of conditioned noor area per person. 
Heat generation in Btu per person per hour is 230 sensible and 
190 latent. Figures in parentheses are equivalent Btu per hour per 
square foot. 

3. Values are in Walls per square foot of conditioned noor area. 
Figures in parentheses are equivalent Btu per hour per square 
foot. These values are the minimum acceptable. If other process 
loads are not input (such as for computers, cooking, refrigeration, 
etc.), it is recommended that receptacle power densities be 
inc reased until total process energy consumption is equivalent to 
25% of the total. 

4. Values are in Btu per person per hour . 
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TABLE3-2A 
A.~sembly Occupancy! 

~hedule for & hedule for ~hedule for & hedule for ~hedule for 
Ottup~~ncy Llchllnc IIV AC Sys1em Servke llol Elenlor 

R<ftplacle Water 
II our or ~~entor Percent or Percent or Percent or 

Day Mulmum Load Maximum Load Maximum Load Maximum LoRd 
(Il-l Wk Sal Sun Wk ·sat Sun Wk "Sat Sun Wk Sat Sun Wk Sal 

I (12- hm) 0 0 0 s s s off off off 0 0 0 0 0 
2 (1·2am) 0 0 0 s s s orr orr off 0 0 0 0 0 
3 (2-Jam) 0 0 0 s s s off orr orr 0 0 0 0 0 
4 (3~am) 0 0 0 s s s off orr orr 0 0 0 0 0 
S (4-Sam) 0 0 0 s s s off off off 0 0 0 0 0 
6 (S-6am) 0 0 0 s s s on orr off 0 0 0 0 0 
7 (6-7am) 0 0 0 40 s s on on on 0 0 0 0 0 
8 (7-8am) 0 0 0 40 30 30 on on on 0 0 0 0 0 
9 (8-9am) 20 20 10 40 30 30 on on on 0 0 0 0 0 
10 (9- IOam) 20 20 10 7S so 30 on on on s s s 0 0 
II (10-llam) 20 20 10 7S so 30 on on on s s s 0 0 
12 (11· 12pm) 80 60 10 1S so 30 on on on 35 20 10 0 0 
13 (12- lpm) 80 60 10 75 so 6S on on on s 0 0 0 0 
14 ( l-2pm) 80 60 70 7S so 6S on on on s 0 0 0 0 
IS (2-3pm) 80 60 70 7S so 6S on on on s 0 0 0 0 
16 (3-4pm) 80 60 70 1S so 6S on on on s 0 0 0 0 
17 (4-Spm) 80 60 70 1S so 6S on on on s 0 0 0 0 
18 (S-6pm) 80 60 70 75 so 6S on on on 0 0 0 0 0 
19 (6-7pm) 20 60 70 75 so 6S on on on 0 0 0 0 0 
20 (7-8pm) 20 60 70 7S so 6S on Oft on 0 6S 65 0 0 
21 (8-9pm) 20 60 70 7S so 6S on on on 0 30 30 0 0 
22 (9- IOpm) 20 80 70 1S so 6S on on on 0 0 0 0 0 
23 (10-llpm) 10 10 20 2S so s on on on 0 0 0 0 0 
24 (11· 12am) 0 0 0 s s s orr orr orr 0 0 0 0 0 

Total/Day 710 7SO 700 IISS 800 84S 1800 1700 1700 70 12S liS 0 0 
Tool/Week SO.SO hour 74.20 hours 124 hour 5.9 hours 0 
rotai/Year 2633 hours 3869 hours 6465 hour 308 hours 0 

Wk • Weekday 

I . Schedules for occupancy, lighting, receptacle, IIVAC system and service hot 
water are from ASHRAE Standard 90. 1-1989 and addendums, except that 5% 
emergency lighting has been added for all off hours. Elevator schedules, except 
for restaurants, are from the U.S. Department of Energy Standard Evaluation 
Techniques except changed to 0% when occupancy is 0%. THESE VALUES 
MAY BE USED ONLY IF ACTUAL SCHEDULES ARE NOT KNOWN . 
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Sth~dule r or 
<kn.panc:y 

~runt or 
II our or O.y M .. lmumi..Aiold 

(lime) Wk Sal Sun 
I (12- lam) 0 0 0 
2 (1 ·2am) 0 0 0 
3 (2-Jam) 0 0 0 
4 (3-4am) 0 0 0 
5 (4-Sam) 0 0 0 
6 (~·6am) 0 0 0 
7 (6-7am) 0 0 0 
8 (7-8am) tO 10 0 
9 (8·9am) 50 30 5 
10 (9- IOam) 80 40 5 
II (tO· I tam) 80 40 5 
12 (tt- 12pm) 80 40 s 
13 (12- tpm) 80 40 s 
14 (1·2pm) 80 40 s 
15 (2-3pm) 80 40 s 
16 (3-4pm) 80 40 5 
17 (4 5pm) 80 40 0 
18 (S 6pm) so 10 0 
19 (6-7pm) 30 tO 0 
20 (7·8pm) 30 0 0 
l:!t (8·9pm) 20 0 0 
~2 (910pm) 20 0 0 
123 (10- ltpm) 0 0 0 
~4 (I 1· 12am) 0 0 0 

~otal/Day 850 180 40 
fro~al/Week 46.70 hour 

Olal/Year 2435 hour. 
Wk • Weekday 

TADLE3-2D 
lleallh Occupancy 1 

Sth~ule ror Schedule for 
Uchlinc IIVAC System 

Rtcep(Kie 
l'floc:ent or 

M n lmum Load 
Wk Sat Sun Wk Sal Sun 
10 10 5 on on on 
10 tO 5 on on on 
tO tO 5 on on on 
10 10 s on on on 
tO 10 5 on on on 
tO 10 5 on on on 
tO tO 5 on on on 
50 20 5 on on on 
90 40 tO on on on 
90 40 10 on on on 
90 40 10 on on on 
90 40 tO on on on 
90 40 10 on on on 
90 40 10 on on on 
90 40 10 on on on 
90 40 tO on on on 
30 40 s on on on 
30 40 5 on on on 
30 tO 5 on on on 
30 tO s on on on 
30 tO s on on on 
30 10 5 on on on 
30 tO 5 on on on 
tO tO s on on on 

1060 550 160 2400 2400 2400 
60. 10 hour 168 houn 
3134 houn 8760 hour 

1994 Edition 

Sth~ule for Scohedule ror 
St,...lte llol FJe•ator 
Wll~r 

~rrenl or ~-nl or 
M .. lmum Load Mnlmumi..Aiold 
Wk Sal Sun Wk Sat Soon 

I I I 0 0 0 
I I t 0 0 0 
t t 0 0 0 
t t 0 0 0 
I I 0 0 0 
I t 0 0 0 
t t 0 0 0 

17 I 2 2 0 
58 20 15 46 2 
66 28 100 70 2 
78 10 100 70 2 
82 30 100 70 2 
7 1 24 7'i 51 2 
82 24 tOO Sl 2 
78 23 100 St 2 
74 23 100 Sl 2 
63 23 tOO 5 1 0 
41 tO t 100 25 0 
18 I t 52 2 0 
18 t t 52 0 0 
18 I t 52 0 0 
tO I I 28 0 0 
t t t 0 0 0 
I I I 0 0 0 

783 249 24 t 136 540 16 
41 88 houn 62.36 houn 
2148 houn 3251 houn 

1. Sched ules for occupancy, lighling, receptacle , HVAC syslcm nnd service hot 
waler are from ASIIRAE Standard 90.1- 1989 and addendum~. excepl lhat 5% 
emergency lighling has been added fo r all off hours . Elevalor schedules, except 
for restaura n1s, are from I he U.S . Departmenl of Energy Standard Evalu:uion 
Techniques exccpl changed to o .... when occupancy is 0 .... . TIIESE VALUES 
MAY BE USED ONLY IF ACTUAL SCHEDULES ARE NOT KNOWN . 
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TARLEJ-2C 
Jlotei/Motel Occupancy I 

& hedule ror Schedule ror &hedult ror &hedul~ ror Schedule ror 

O«:upancy U&htlnc IIVAC System Sf'nke n ot Elevator 

Rr«pta<le W11er 

~rttnl or ~runt or ~rnnt or ~rttnl or 

!lour or Day Mulmum Load Maximum Load Mulmum Load Maximum Load 

Ill~) Wk Sat Sun Wk Sat Sun Wk Sat Sun Wk Sal Sun Wk Sal Sun 

I (12- lam) 90 90 70 20 20 30 on on on 20 20 25 40 44 ss 
~ (1 ·2am) 90 90 70 IS 20 30 on on on IS IS 20 33 35 ss 
l (2-3am) 90 90 70 10 10 20 on on on IS IS 20 33 )S 4) 

~ (.J.4am) 90 90 70 10 10 20 on on on IS IS 20 33 35 43 

~ (4 -~am) 90 90 70 10 10 20 on on on 20 20 20 33 35 43 

~ 
(56am) 90 90 70 20 10 20 on on on 25 25 30 33 35 43 

(l>-7am) 70 70 70 40 30 30 on on on so 40 so 42 40 52 

~ (7 Ibm) 40 so 70 so 30 40 on on on 60 so 50 42 32 52 

~ (89am) 40 50 so 40 40 40 on on on ss so so 52 45 65 

10 (9-IOam) 20 30 50 40 40 30 on on on 45 so 55 52 45 65 

II (10 I lam) 20 30 50 25 30 30 on on on 40 4' so 40 42 53 

12 (11 · 12pm) 20 30 30 2S 25 :m on on on 45 so 50 Sl 60 60 

ll (12· 1pm) 20 30 30 25 2S 30 on on on 40 so 40 51 65 53 

14 (1·2pm) 20 30 20 25 25 20 on on on 35 45 40 51 65 Sl 

IS (2·3pm) 20 30 20 25 25 20 on on on :m 40 30 Sl 65 50 

Ia (3-.Jpm) 30 30 20 25 25 20 on on on 30 40 30 51 65 « 
17 (4·Spm) so 30 30 25 25 20 on on on 30 35 30 63 65 64 

18 (S-6pm) so so 40 25 25 20 on on on 40 40 40 80 15 62 

19 (l>-7pm) so 60 40 60 60 so on on on ss s~ 50 86 80 6S 

po (7 8pml 70 60 60 80 70 70 on on on (1() 55 so 70 80 63 

t21 (8-9pm) 70 60 60 90 70 80 on on on so 50 40 70 75 63 

p2 (9·10pm) 80 70 80 80 70 60 on on on 55 55 50 70 15 63 

j;!J (IO.IIpm) 90 70 80 60 60 so on on on 45 40 40 45 55 40 

p4 (11· 12am) 90 70 80 30 30 lO on on on 25 30 20 45 55 40 

fot.ti/Day 1390 1390 noo 8SS 785 810 2400 2400 2400 9 15 930 900 1217 1303 1287 

fot11/Weck 96.40 hours 58.70 houn 168.0 houn 64.05 hour1 86.75 hours 
4523 hours o1.li/ Year 5026 hours 3061 hours 8760 houn J340 hours 

12 

Wk • Weekday 

I. Schedules for occupancy, lighling, reccplacle, IIVAC syslem and service hoi 
waler are from ASHRAE Slandard 90.1-1989 and addendums, except that 
5% emergency hghung has been added for all off hours Elevator schedules, 
except for reslllu rants, are from the U.S Dtpanmcnt of Energy Standard 
Evaluation Techniques except changed 10 Q'Jf, when occupancy is Q'Jf, . 

THESE VALUES MAY BE USED ONLY IF ACTUAL SCHEDULES ARE 
NOT KNOWN 

• 

• 

• 
• 
• 
• 
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TARLE3-2D 
Light Mnnufacuring Occupancy I 

1994 Edition 

Schedule for Schedule for Schedule ror Schtdule for Schtdult for 
O<:cupancy Llchllnc JIVAC S)"'tm Service not FJeutor 

Receplacle Wattr 

Ptn:tnt or Ptrctnt or Ptl"<'tnl of Ptn:tnt or 
Hour of Day Maximum Load Maximum Load Maximum Load Maximum Load 

(tlnlf) Wk Sat Sun Wk Sat Sun Wk Sat Sun Wk Sat Sun Wk Sat Sun 

I (12- lam) 0 0 0 s s s off off off s s 4 0 0 0 

~ (l -2am) 0 0 0 s s s off off off s s 4 0 0 0 
(2-3am) 0 0 0 s s s off off off s s 4 0 0 0 

~ (3-4am) 0 0 0 s s s off off off s s 4 0 0 0 
(4 -Sam) 0 0 0 s s s off off off s s 4 0 0 0 

~ (5-6am) 0 0 0 10 s s off off off 8 8 7 0 0 0 
(6-7am) 10 10 s 10 10 5 on on off 7 7 4 0 0 0 
(7-8am) 20 10 5 30 10 5 on on off 19 II 4 35 16 0 

~ (8-9am) 95 30 s 90 30 s on on off 35 15 4 69 14 0 
10 (9- IOam) 95 30 .s 90 30 5 on on off 38 21 4 43 21 0 
II (IC>-IIam) 95 30 5 90 30 5 on on off 39 19 4 37 18 0 
12 (ll -12pm) 95 30 5 90 30 5 on on off 47 23 6 43 25 0 
13 (12- lpm) so 10 5 80 15 5 on on off 57 20 6 58 21 0 
14 (l-2pm) 95 10 5 90 15 s on on off 54 19 9 48 13 0 
15 (2-3pm) 95 10 5 90 15 5 on on off 34 IS 6 37 8 0 
16 (3-4pm) 9S 10 s 90 IS s on on off 33 12 4 37 4 0 
17 (4 Spm) 95 10 s 90 IS 5 on on off 44 14 4 46 s 0 
18 (5-6pm) 30 s s so 5 5 on on off 26 7 4 62 6 0 
19 (6-7pm) 10 s 0 30 5 5 on off off 21 7 4 20 0 0 

120 (7-8pm) 10 0 0 30 s 5 on off off IS 7 4 12 0 0 
121 (8-9pm) 10 0 0 20 5 5 on off off 17 7 4 4 0 0 
~2 (9-IOpm) 10 0 0 20 s s on off off 8 9 7 4 0 0 
t23 (IC>-Ilpm) s 0 0 10 5 5 off off off 5 5 4 0 0 0 
124 (ll -12am) s 0 0 s s s off off off s s 4 0 0 0 

920 200 60 1040 280 120 1600 1200 0 S37 2S6 113 S5S lSI 0 ~otai/Day 
!rot~I/Weck 48.60 hours S6.00 houn 92.00 hour 30.54 houn 29.26 hourl 

~otai/Year 2534 houn 2920 hour 4797 hou 1592 hours 1526 hours 

Wk • Weekday 

I. Schedules for occupancy, lighting, receptacle, HVAC system and service 
hot water are from ASHRAE Standard 90.1-1989 and addendums, except 
that S% emergency lighting has been added for all off hours. Elevator 
schedules, except for restaurants, are from the U.S. Department of Energy 
Standard Evaluation Techniques except changed to 0% when occupancy is 
0%. THESE VALUES MAY BE USED ONLY IF ACTUAL SCHEDULES 
ARE NOT KNOWN . 

13 



Systems Analysis 

~hfllule for 
()r(upanc:y 

~r«nt or 
llour or Day Mulmum Load 

(lime) Wk Sat Sun 
I (12- lam) 0 0 0 

(1·2am) 0 0 0 
(2·3am) 0 0 0 

~ (3-4am) 0 0 0 
(4·5am) 0 0 0 

f'i (Ham) 0 0 0 
~ (6-7am) 10 10 s 
~ (7-Sam) 20 10 s 
~ (8-9am) 95 30 s 
10 (9-IOam) 9S 30 5 
II (10-llam) 9S 30 5 
12 (11-12pm) 9S 30 s 
13 (12- lpm) so 10 s 
14 (1·2pm) 9S 10 s 
IS (2·3pm) 9S 10 s 
16 (3-4pm) 9S 10 s 
17 (4 Spm) 95 10 s 
18 (S·6pm) 30 5 5 
19 (6-7pm) 10 5 0 
~0 (7·8pm) 10 0 0 
t11 (8·9pm) 10 0 0 
t12 (9- IOpm) 10 0 0 
~3 (10 llpm) s 0 0 
t.!4 (11-12am) 5 0 0 

trotat/Day 920 200 60 
fotal/Week 48.60 hours 

trol:ll/Year 2534 hours 
Wk - Weekday 

TARLEJ-2E 
Office Occupancy I 

~hfllule for ~hfllule for 
Uchlinc IIVAC S~iem 

Re(tplade 

l'frt'tnl or 
llfaxlmum Load 
Wk Sat Sun Wk Sot Sun 
5 5 5 olf off off 
5 5 5 off off orr 
5 5 5 off orr orr 
5 5 5 orr orr off 
s 5 s off off orr 
10 s 5 orr orr orr 
10 10 s on on off 
30 10 s on on orr 
90 30 s on on orr 
90 30 5 on on orr 
90 30 s on on off 
90 30 s on on orr 
80 IS s on on orr 
90 IS s on on orr 
90 IS 5 on on off 
90 15 5 on on off 
90 IS 5 on on off 
50 5 5 on on off 
30 5 5 on orr orr 
30 5 s on orr off 
20 5 5 on off orr 
20 5 5 on off off 
10 5 5 off off off 
5 s 5 orr off orr 

1040 280 120 1600 1200 0 
S6.00 hours 92.00 hours 
2920 hours 4797 hours 

~htdule for ~hfllule for 
~rvk-e llol Elevator 

Wottr 

Ptrt'tnt or l'frt'fnt or 
Ma.lmum Load Maximum Load 
Wk Sal Sun Wk Sat Sun 
5 5 4 0 0 0 
5 5 4 0 0 0 
5 5 4 0 0 0 
5 5 4 0 0 0 
s s 4 0 0 0 
8 8 7 0 0 0 
7 7 4 0 0 0 
19 II 4 35 16 0 
3S I~ 4 69 14 0 
38 21 4 43 21 0 
39 19 4 37 18 0 
47 23 6 43 2S 0 
S7 20 6 S8 21 0 
S4 19 9 48 13 0 
34 IS 6 37 8 0 
33 12 4 37 4 0 
44 14 4 46 5 0 
26 7 4 62 6 0 
21 7 4 20 0 0 
15 7 4 12 0 0 
17 7 4 4 0 0 
8 9 7 4 0 0 
5 5 4 0 0 0 
5 s 4 0 0 0 

537 256 113 555 lSI 0 
30.S4 hour 29.26 hours 

1 ~92 houn 1526 hours 

I . Schedules for occupancy, lighting, receptac le, HVAC system and service hot 
water are from ASHRAE Standard 90. 1-1989 and addendums, except that 5% 
emergency lighting has been added for all off hours. Elevator schedules, except 
for restaurants, are from the U.S. Department of Energy Standard Evaluation 
Techniques except changed to 0% when occupancy is 0%. T IIESE VALUES 
MAY BE USED ONLY IF ACTUAL SCII EDULES ARE NOT KNOWN . 
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Schedule ror 
Occ:upaM)' 

Perunl or 

TABLE3-2F 
Parking Carnge Occupancy I 

&hedule ror Schedule ror 
U&hlln& IIVAC System 

R«epta<le 

Perttnl or 
llour orDoy Mulrnum Lood Moxlmum Lood 

(time) Wk Sot Sun Wk Sot Sun Wk Sot Sun 

I (12- lam) 100 100 100 
~ (1-2am) 100 100 100 
p (2-3am) 100 100 100 
~ (3-4am) 100 100 100 
~ (4-Sam) too 100 too 
~ (Ham) 100 100 100 
p (6-7am) 100 100 100 
~ (7-8am) 100 100 100 
~ (89am) 100 100 100 
10 (9- IOam) 100 100 100 Based 
II (IQ-IIam) tOO 100 100 on 
12 (ll-12pm) N/A 100 100 100 lolrly 
13 (12- lpm) 100 100 100 use 
14 (l-2pm) 100 100 too 
IS (2-Jpm) 100 100 100 
16 (3-4pm) 100 100 100 
17 (4-Spm) 100 100 100 
18 (5-6pm) 100 100 100 
19 (6-7pm) 100 100 100 
20 (7-8pm) 100 100 100 

I (8-9pm) 100 tOO 100 
2 (9-l()pm) 100 100 100 
J (IQ-IIpm) 100 100 100 
4 (ll-12am) 100 100 100 

rotai/Day 2400 2400 2400 
root/Week 168 hour:! 

otai/Yrar 8760 hour:! 

Wk • Weekday 

1994 Ed ition 

Schedule ror !Khedule ror 
Sen!« 1101 Ele¥11or 

Wot~r 

Percent or i>ert'fnt o( 

MIXImum Load Mulmum Lood 
Wk Sat Sun Wk Sot Sun 

Included 
woth 

N/A other 
OCCUpoRrleS 

I . Schedules for occupancy, lighting, receptacle, IIVAC system and service hot 
water are from ASHRAE Standard 90.1-1989 and addendums, except that 5% 
emergency lighting has been added for all off hours. E!levator schedules, except 
for restaurants, arc from the U.S. Department of Energy Standard evaluation 
Technoques except changed to 0% when occupancy is 0%. T IIESE VALUES 
MAY BE! USED ONLY IF ACTUAL SCHEDULES ARE NOT KNOWN . 

IS 



Systems Analysis 

TABLE 3-2G 
Restj)uranl Occupancyl 

Schedu~ ror Schedu~ ror Schedule ror Schedule ror Scheduteror 

O«upa.xy U&hllna liVAC System Servke Hot Elnator 
Receptacle Water 

~rcent or ~rcent or ~r«nt or ~rcent or 

nour or Day ~lmumLoad Maximum Load Mu lmum Load Maximum Load 

(tlnM') Wk Sat Sun Wk Sat Sun Wk Sat Sun Wk Sat Sun Wk Sat 

I (12- lam) IS 30 20 IS 20 20 on on on 20 20 2S 0 0 

~ (1 ·2am) IS 2S 20 IS IS IS on on on IS IS 20 0 0 
p (l·3am) s s s IS IS IS on on on IS IS 20 0 0 

~ (3-4am) 0 0 0 IS IS IS orr off off 0 0 0 0 0 

~ (4-Sam) 0 0 0 IS IS IS off off off 0 0 0 0 0 
~ (S-6am) 0 0 0 20 1S IS off off off 0 0 0 0 0 
17 (6-7am) 0 0 0 40 30 30 orr off off 0 0 0 0 0 
~ (Ham) s 0 0 40 30 30 on off off 60 0 0 0 0 
~ (8-9am) s 0 0 60 60 so on off off ss 0 0 0 0 
10 (9-IOam) s s 0 60 60 so on on off 4S so 0 0 0 
II (IG- IIam) 20 20 10 90 80 70 on on on 40 4S so 0 0 
12 (ll · llpm) so 4S 20 90 80 70 on on on 4S so so 0 0 
13 (12- lpm) 80 !10 2.S 90 80 70 on on on 40 so 40 0 0 
14 (l -2pm) 70 ~0 2.S 90 80 70 on on on 3S 4S 40 0 0 

IS (l·3pm) 40 :IS IS 90 80 70 on on on 30 40 30 0 0 
16 (3-<lpm) 20 30 20 90 80 70 on on on 30 40 30 0 0 
17 (4-Spm) 2S 30 2.S 90 80 60 on on on 30 JS 30 0 0 
18 (S-6pm) so 30 JS 90 90 60 on on on 40 40 40 0 0 
19 (6-7pm) 80 70 ss 90 90 60 on on on ss ss so 0 0 

~0 (7·8pm) 80 90 6S 90 90 60 on on on 60 ss so 0 0 
t;!t (89pm) 80 70 70 90 90 60 on on on so so 40 0 0 
tn (910pm) so 6S 3S 90 90 60 on on on ss 5S so 0 0 
~3 (IG-IIpm) JS ss 20 so so 50 on on on 4S 40 40 0 0 
~4 (II llam) 20 )S 20 30 30 30 on on on 2S 30 20 0 0 

trotaVDay 7SO 740 48S I4SS 136!5 IllS 2000 1800 1700 790 no 625 0 0 
tr01alfWeek 49.7S houn 91.SS houn I;IS houn SJ.OS houn 0 
tr01aVYear 2S94 hour S086 houn 7019 houn 2766 houn 0 

Wk- Weekday 

I. Schedules for occupancy, lighting, receplllcle, HVAC system and service hot 
water are from ASHRAf! Standard 90 1-1989 and addendums, except that S% 
emergency lighting has been added for all orr hours. Elevator schedules, except 
for re~taurants, are from the U.S Department of Energy Standard I! valuation 
Techniques except changed to 0% when occupancy is 0% . TIIESE VALUES 
MAY BE USED ONLY IF ACTUAL SCHEDULES ARE NOT KNOWN . 
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Sc:hedule ror 
<Xcup!I~Y 

~"'ent or 
Jlour or Day Maximum Load 

(time) Wk Sat Sun 

I (12- lam) 0 0 0 
12 (1-21m) 0 0 0 
p (2-3am) 0 0 0 

14 (3-4ami 0 0 0 
~ (4-Sam) 0 0 0 
~ (S-6am) 0 0 0 
t1 (6-7am) 0 0 0 
~ (7-8am) 10 10 0 
~ (8-9am) 20 20 0 
10 (9-IOam) so 50 10 
II (10- llam) 50 60 20 
12 (ll - 12pm) 70 80 20 
13 ( 12-lpm) 70 80 40 
14 ( l-2pm) 70 80 40 
IS (2-3pm) 70 80 40 
16 (3-4pm) 80 80 40 
17 (4-Spm) 70 80 40 
18 (S-6pm) 50 60 20 
19 (6-7pm) so 20 10 
bo (7-8pm) 30 20 0 
~I (8-9pm) 30 20 0 
~ (9- IOpm) 0 10 0 
In (10-llpm) 0 0 0 
124 (ll-12am) 0 0 0 

lrotai/Day 720 750 280 
trotai/Week 46.30 hour1 
h'oUti/Ycar 2414 hour. 

Wk • Weekday 

TABLE 3-211 
Retail Occupancy I 

Sc:hedule ror Sc:hedule ror 
Uchlinc IJVAC System 

Rettpta~le 

~rcmt or 
Ma•lmum Lolld 
Wk Sat Sun Wk Sat Sun 

s s s orr off orr 
s s s orr off off 
s 5 s orr orr o rr 
s 5 s orr orr orr 

5 5 s off orr off 

5 5 5 orr off off 
5 5 5 on on off 

20 10 s on on off 
so 30 10 on on on 
90 60 10 on on on 
90 90 40 on on on 
90 90 40 on on on 
90 90 60 on on on 
90 90 60 on on on 
90 90 60 on on on 
90 90 60 on on on 

90 90 60 on on on 
90 90 40 on on off 
60 50 20 on on orr 
60 30 s on on orr 
so 30 s on on orr 

20 10 s orr on off 

s s s off off off 
5 s 5 off off orr 

1115 985 525 1500 1600 900 
70.85 hour1 100 hour 
3694 hours 5214 hou~ 

1994 Edition 

Sc:hedule ror Sc:hedule ror 
Sc:tvke llot Elevator 

Water 
~~nt or ~"'ent or 

Maximum Lolld Maximum Lolld 
Wk Sat Sun Wk Sat Sun 

4 I I 7 0 0 0 
s 10 7 0 0 0 
s 8 7 0 0 0 
4 6 6 0 0 0 
4 6 6 0 0 0 
4 6 6 0 0 0 
4 7 7 0 0 0 
15 20 10 12 9 0 
23 24 12 22 21 0 
32 27 14 64 56 II 
41 42 29 74 66 13 
57 54 31 68 68 35 
62 59 36 68 68 37 
61 60 36 71 69 37 

50 49 34 72 70 39 
45 48 35 72 69 41 
46 47 37 73 66 38 
47 46 34 68 58 34 
42 44 2S 68 47 3 
34 36 27 58 43 0 
33 29 21 54 43 0 
23 22 16 0 8 0 
13 16 10 0 0 0 
8 13 6 0 0 0 

662 690 459 844 761 288 
44.59 houn 52.69 hours 
2125 hour 2747 hours 

I. Schedules for occupancy, lighting, receptacle, JIVAC system and service hot 
water are from ASIIRAE Standard 90.1-1989 and addendums, except that 5% 
emergency lighting has been added for all off hours. Elevator schedules, except 
for restaurants, are from the U.S. Department of Energy Standard Evaluation 
Techniques except changed to 0% when occupancy is 0%. THESE VALUES 
MAY BE USED ONLY IF ACTUAL SCHEDULES ARE NOT KNOWN . 
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Systems Analysis 

Sd!edule ror 
<Xcupanc.-y 

Perc:ent or 
llour or Day Maximum Load 

(time) Wk Sat Sun 
I (12- lam) 0 0 0 

(1-lam) 0 0 0 
(2-3am) 0 0 0 
(3-4am) 0 0 0 
(4-Sam) 0 0 0 

6 (5·6am) 0 0 0 
(6-7am) 0 0 0 
(7-8am) s 0 0 

9 (8·9am) 7S 10 0 
10 (9- IOam) 90 10 0 
II (10-llam) 90 10 0 
12 (11 · 12pm) 80 10 0 
13 (12-lpm) 80 10 0 
14 (l -2pm) 80 0 0 
IS (1·3pm) 80 0 0 
16 (3-<lpm) 4S 0 0 
17 (4-Spm) IS 0 0 
18 (S-6pm) s 0 0 
19 (6-7pm) IS 0 0 

120 (7-8pm) 20 0 0 
~I (8·9pm) 20 0 0 
~2 (9- IOpm) 10 0 0 
In ( 10-1 t pm) 0 0 0 
~4 ( l l-12am) 0 0 0 

~otai/Day 710 so 0 

~~/Week 36.00 hourl 
otai/Year 1877 houn 

Wk • Weekday 

TARLE J -21 
School Occupancy l 

Schedule ro r Schedule ror 
U chllnc llVAC System 

Receptacle 

Pen:ent or 
Maximum Load 
Wk Sat Sun Wk Sat Sun 
s s s orr orr orr 
s s s orr orr orr 
s s s orr orr orr 
5 s s orr orr orr 
s s s orr off off 
5 5 5 off orr orr 
5 s 5 off off off 

30 s s on orr orr 
8S IS s on on off 
9S IS s on on orr 
9S IS s on on orr 
9S IS s on on orr 
80 IS 5 on on orr 
80 s s on orr orr 
80 s s on orr orr 
70 s s on orr orr 
50 s s on orr off 
so s s on orr orr 
3S s s on orr off 
3S s s on orr orr 
3S s s on off off 
30 s s on off orr 
s s s off orr off 
s s s orr orr orr 

990 170 120 ISOO SOO 0 
S2.40 hour 80.00 houn 
2732 hour 4171 hourl 

Schedule ror Schedule ror 
Se"'ke n ot Ele•ator 

Water 

Ptl"l'tnt or Pt ru nt or 
Maximum Load Maximum Load 
Wk Sat Sun Wk Sat Sun 
5 3 3 0 0 0 
5 3 3 0 0 0 
s 3 3 0 0 0 
5 3 3 0 0 0 
5 3 3 0 0 0 
5 3 3 0 0 0 
s 3 3 0 0 0 
10 3 3 0 0 0 
34 3 s 30 0 0 
60 s s 30 0 0 
63 s s 30 0 0 
n s s 30 0 0 
79 s s 30 0 0 
83 3 s 30 0 0 
61 3 3 30 0 0 
6S 3 3 IS 0 0 
10 3 3 0 0 0 
10 3 3 0 0 0 
19 3 3 0 0 0 
25 3 3 0 0 0 
22 3 3 0 0 0 
22 3 3 0 0 0 
12 3 3 0 0 0 
9 3 3 0 0 0 

691 80 84 28S 0 0 
36. 19 hour 14.2S hours 
1887 hour 743 hours 

I . Schedules for occupancy, lighting, receptacle, HVAC system and service hot 
water are from ASHRAE Standard 90. 1-1989 and addendums, except that 5% 
emergency lighting has been added for all off hours. Elevator sched ules, except 
for restaura nts, are fro m the U.S. Department of Energy Standard Evaluation 
Techniques except changed to 0 % when occupancy is 0%. THESE VALUES 
MAY BE USED ONLY IP ACTUAL SCHEDULES ARE NOT KNOWN . 
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Schedule for 
O«upancy 

~runlof 

llour or Day Maximum Load 
(lime) Wk Sat Sun 

I (12-lam) 0 0 0 
~ (l-2am) 0 0 0 
~ (2-3am) 0 0 0 
~ (3-4am) 0 0 0 
IS (4-Sam) 0 0 0 

" (Hram) 0 0 0 
f. (6-7am) 0 0 0 
~ (7-8am) IS 0 0 

(8-9am) 70 20 0 
10 (9- IOam) 90 20 0 
II ( 10-llam) 90 20 0 
12 (ll-12pm) 90 20 0 
13 (12- lpm) so 10 0 
14 (l-2pm) 8.5 10 0 
IS (2-3pm) 8S 10 0 
16 (3-4pm) 8S 10 0 
17 (4·.5pm) 20 0 0 
18 (.5-6pm) 0 0 0 
19 (6-7pm) 0 0 0 
~0 (7-8pm) 0 0 0 
b1 (8·9pm) 0 0 0 
~ (9· 10pm) 0 0 0 
~3 (10-llpm) 0 0 0 
~4 (ll-12am) 0 0 0 

~otallDay 680 120 0 
h-otallWeek 3.5.20 houn 
h-w11Year 183.5 houn 

Wk =Weekday 

TARLE3-2J 
Wa rehouse Occupancy I 

Schedule ror Schedule ror 
U&hlln& OVAC Systnn 
R~plade 

Perren! or 
Maximum l,oad 
Wk Sat Sun Wk Sat Sun 

s s s off orr off 
s s s orr off off 
s s s orr orr off 
s s s off off off 
s s s off off off 
s s s off off orr 
s s s orr orr off 
40 s s on orr orr 
70 8 s on on off 
90 24 s on on orr 
90 24 s on on orr 
90 24 s on on off 
80 ~ s on on orr 
90 s s on on orr 
90 s s on on orr 
90 s s on on off 
90 s s on off off 
30 s s orr orr orr 
s s s orr orr orr 
s s s orr orr orr 
s s s orr orr off 
s s s orr orr orr 
s s s orr orr orr 
s s s orr orr orr 

91.5 180 120 1000 800 0 
48.7.5 houn .58.00 houn 
2.542 hour 3024 hours 

1994 Edillon 

Schedule for Schedule for 
Scnke llol Ele•ator 

Water 

~runt or ~runt or 
Mulmum Load Mulmum Load 
Wk Sat Sun Wk Sat Sun 
2 2 2 0 0 0 
2 2 2 0 0 0 
2 2 2 0 0 0 
2 2 2 0 0 0 
s 2 2 0 0 0 
7 2 2 0 0 0 
7 2 2 0 0 0 
10 2 2 0 0 0 
30 6 2 0 0 0 
36 12 2 0 0 0 
36 12 2 30 0 0 
46 17 2 0 0 0 
S7 4 4 0 0 0 
43 4 4 0 0 0 
38 2 2 0 0 0 
40 2 2 40 0 0 
30 2 2 0 0 0 
18 2 2 0 0 0 
3 2 2 0 0 0 
3 2 2 0 0 0 
3 2 2 0 0 0 
3 2 2 0 0 0 
3 2 2 0 0 0 
3 2 2 0 0 0 

429 91 .52 70 0 0 
22.88 houn 3 . .50 houn 
1193 hour 182 houn 

I. Schedules for occupancy, lighling, receplacle, IIVAC system and service hot water 
are from ASHRAE Standard 90.1-1989 and addendums, except that 5% 
emergency lighting has been added for all off hours. Elevator schedules, except for 
restaurants, are from the U.S. Department of Energy Standard Evalualion 
Techniques excepl changed 10 0% when occupancy is 0% ._ THESE VALUES 
MAY BE USED ONLY IF ACTUAL SCHEDULES ARE NOT KNOWN . 
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TADLE3-3 
IIV AC S)stems or Prototype Duilding~3 

Use S•Sltm I RtmRrks 

I, Assembly 
a. Churc~ (an{ size) I 
b. ~ SO,OOO ft or .s... 3 noon I or 3 No1e2 

c. > SO 000 n2 or > 3 noors 3 

2. Heahh 
a. Nursing Home (any SllC) 2 
b. ~ IS,OOO f12 I 
c. > 1s.ooo f12 and~ ~o.ooo n2 4 NOIC 3 

1-:-- do > so 000 rt2 s Nou: 3 4 

3. lloteliMOlel 
a. ~ 3 Stories 2 Note 6 
b. > 3 Stories 6 Nntc7 

4. Lor.ht Manuractunnr. I or 3 
5. Office 

a . ~ 20.000 n2 I 
b > 20,000 rt2 and either 

.5. 3 floors or~ 7S,OOO rt2 4 

c. > 7S 000 ft2 or > 3 noors s 
6. Restaurant I or3 NOle2 

7 Retail 

• .!>. so.ooo ft2 I nr 1 Note 2 
b. >so 000 rt2 4 or S No1e2 

8. Schools 

• ~ 7S,OOO rt2 or~ 3 noors I 
b. > 7S 000 n2 or > 3 noon 3 

9. WarehouU! Note.:'i 

Footnote to TADLE 3-3· The syMems and energy tyres presented in 
this 1able are not in1ended as requiremen1s or recommendalions for 
the proposed design. Floor orcas in the table are lhe Iota I conditioned 
noor areas for the listed use in the building The number of noors 
indicated in the table is the total number of occuptcd noors for the 

listed use. 

• 

• 

• 
• 
• 
• 
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TABLE 3-3 (cont.) 

• IIVAC System Description~ for Prototype Building~ I 

• IIVAC ComJ)Cintnl Svsttm II s~st~n 

Syllem Descnpllon Packaged roof1op songle l'ackaged lermonal aor 
zone. one unit per zone. condolloner wuh space 

healer or heal pump, 
healing or coohng unil per 
zone. 

fan Sys1em 
Design Supply Nole 10 Nole II 
fircu Ia Iion Ra1e 

• Supply Fan Constant volume Fan cycles wolh call for 
Conorol - heaung or coohng. 
Relum Fan N.A. NA 
Conlrol 

Coolong Sys1em Direc1 expansion air Direct expan5oon aor 
cooled cooled. 

Heaung System Furnace, heat pump, or Heal pump with electric 
electric resistance. reso~l<lnce auxiliary or air 

conditioner woth space 

• healer . 
Remarks Drybulb economozer per No economozer, of not 

Section 14:\3, heal n:quored by Secuon 1433. 
recovery if required by 
Sec1oon 1436 . 

• TARLE 3-3 (cont.) 
IIVAC System Descriptions for Prototype Buildings I 

IIVAC Compontnt Systtm 13 Systtm 14 

System O.scropuon A or handler per 1one wolh 1-'ackaged rooflop VA V wolh pen meter 

• central plant . reheat and fan-POwered lcrmonal unus. 
Fan System 

Desogn Supply Note 10 Nole 10 
Circulation Ra1e -
Supply Fan Constant volume. VA V wilh forward curved centrifugal 
Control - fan and varoable inlet_ fans_. 
Return Fan Constant volume. VA V wuh forward curved cen1ri fugal 
Control fan and doschar~e dampers. 

Coolong Syslem Choll"" wa1er (Note 12} Oorect expansoon a or coolod . 

• Healing Sy~lem Hot waler (Note 13) I lot water (Note IJ} or electric 
rc$tStance. 

Remarks Drybulb economi2er per Drybulb econom11er per Section 1433. 
Section 1433, heat Monimum VA V seuong per Seclion 
recovery if n:quored by I43S Exception I, Supply air reset by 
Section 1436. 1one of gre.11e~l coolong demand, heat 

recovery of requored by Section 1436 . 

• 
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T ABLE J-J (cont.) 
IIVAC System Descriptions for Prototype Buildings I 

IIVAC Component Svsttm IS Svsttm 16 

System Descnphon Buolt-up central VA V woth Four-pope fan cool per tone woth 
peri meter reheat and central plant. 
fan-powered termonal unots 

Fan System 
Design Supply Note 10 NotelO 

~ircula~Rllte 
Supply Fan VAV with air-foil ccntnfugal Fan cycles woth call for heating or 

Control fan and AC frequency variable cooling. 
speed drive. 

Return Fan VA V with air-fool centnfugal NA 

Control fan and AC frequency variable 
soecd drive. 

Cooii~System Cholled water (Nooe 12) Chilled water (Note 121 

lleatong System Hot waoe r (Note 13) or elecoric Hot water (Note 13) or electric 
resistance. resistance. 

Remarks Drybulb economizer per No economiter, of not requorcd by 
Section 1433. Mono mum VA V Sectoon 1413. 
scuong per Section 1435 
Exception I, Supply aor rcso by 
zone of greatest cooling 
demand, heat recovery if 

I required by Section 1436. 

Numbered FootnoltS for TARLE 3-3 
II VAC Systtm !Hsrriptions for Prototype 

Buildings 

I. The sysoems and energy types presented on thos Table arc not ontended as 
requirements or recommendations for the proposed dcsogn. 

2. For occup.1ncies such as restaurants, assembly and retail that arc part of a mixed 
usc buildon& whoch, according oo Table 3-3, oncludes a central cholled waoer 
plant (systems 3,5, or 6), chilled water sysoem type 3 or S shall be used :u 
ondocaoed on the table. 

3. Constant volume may be used in 7ones where prcssuritation relatinn\hips must 
be maintained by code. Where consoano volume os u<ed, ohe sysocm shall have 
heat recovery of required by Section 1436. VA V •hall be used on all uohcr areas, 
on accordance with Sections 1432 throu&h 1438. 

4. Provide run-around heat recovery sysoems for all fan sysoems wuh a minimum 
ou~Side a or onoake greater than 70". Recovery effectiveness shall be 0. ~0. 

S. If a warehouse: os not intended to be mechanically cooled, both ohe soandard and 
proposed desogns >hall be calculaoed usunung no mechanical coolong. 

6. The sy>tem liMed is for guest rooms only. Areas such as public area• and back­
of house areas shall be served by system 4. Other areas such as offices and 
reoail shall be served by systems listed in Table 3-3 for obese occupancy types 

7. The system hMcd o~ for gueso rooms only. Areas such as public are>U and back­
of· house arc.1S shall be served by sysoeon 5. Other arcas such as offices and 
retail shall be served by sysoems hsoed on Table 11 for ohcsc occupancy types. 

8. Reserved. 
9 Reserved. 
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10. 

II. 

12. 

1994 Edition 

Design supply air circulaoion rale shall be based on a supply-air·lo-room air 
1empera1ure difference of2o" F. A higher supply aor 1empera1ure may be used 
of rcquored lo maintain a monimum circulatoon rale of 4 . .S air changes per hour 
or I.S cfm per person 10 each zone served by lhe sysoem, al design condo lions. If 
reoum fans are specified, they shall be sized for the supply fan capacily less the 
rcquored monomum ventilation with ouoside air, or 7S" of lhe supply fan 
capacoly, whichever is larger. Except where noled, supply and retum fans shall 
be operaled contonuously during occupied hours. 
Fan energy when included in 1he efficoency raoing of 1he unol as defined in 
Secoion 1411 , need 1101 be modeled explicitly for lhos syslem. The fan shall 
cycle wilh calls for healing or cooling. 
Chilled waoer sysoems shall be modeled using a reciprocaling chiller for systems 
wilh total cooling capacilies Ienihan 17.S tons, and centrifugal chillers for 
sysoems wioh cooling capacities of 17.S Ions or greater. For sysoems wilh cooling 
capacilies of 600 Ions or more, the standard design energy consumpolon shall be 
calculated using 1wo cenorifugal chillers, lead/lag conuolled. Chilled water shall 
be assumed 10 be conlrolled a.l a con~lanl 44° F. Choller waler pumps shall be 
sized using a 12° P lemperalure rise, from 44° F to SffJ F, operaling al 65" 
combined impeller and mooor efficiency. Condenser water pumps shall be sized 
using a 10° F 1empera1ure rise, operaling at 60" combined impeller and motor 
efficiency. The cooling tower shall be an open circuli, cenlrifugal blower 1ype 
sized for lhe larger of 85° F leaving waler 1empera1ure or to" F approach 10 
design welbulb 1empera1ure. The tower shall be conlrolled 10 provode a 65° F 
leavong waler lemperalure whenever wealher condilions permo I, noaoing up 10 
design leavong water temperatures at desogn condotions. Cholled water supply 
rem perature shall be reset in accordance wirh S«tion 1432.2 .2 . 

13. Hot wa1er sysoem shall include a nalural drafl fossil fuel or elecoric boiler. The 
hOI wa1er pump shall be sized based on a Jo" F 1empera1ure drop, from t8d" F 
10 I .So" F, operaung a1 a combined impeller and mooor efficiency of 60". HOI 
water supply temperalure shall be rescl in accordance wolh Secuon 1432.2.2 . 
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SECTION 4- SUGGFSfED SOFTWARE FOR SVSI'EMS ANALYSIS 
APPROACH 

4.1 Programs Acceptable for Projects for Full-Year Hourly Analysis 

Progrum Name 

ADM-DOE 

Micro-Axcess 10. 1, PC 

Blast 3 .0 (Level 193) 

DOE2.1 

ESAS 

ESP-II 

!lAP 2.02 

24 

Source 

ADM Associates 
3299 Ramos Circle 
Sacramento, CA 95827 
916-363-8383 

Edison Electric Institute 
PO Box 1235 
Roswell, GA 30077 
404-993-2406 

Blast Support Orlice 
University of Illinois 
Dept. of Mechanical and Industrial Engineering 
1206 W . Green Room 30, MEB 
Urbana, 1161801 
1-800-842-5278 

Energy Science and Technology Software Center 
PO Box 1220 
Oakridge, TN 37831-1020 
615-576-2606 

Ross Meriweather Consulting, Engineering 
331 5 Out rider 
San Antonio, TX 78247-4405 
5 12-490-7081 

Automated Procedures for Engineering Consultant~. Inc . 
Miami Valley Tower, Suite 2100 
40 W. 4th St 
Dayton, OH 45402 
513-228-2602 

Carrier Air Conditioning 
655 S. Orcas, Suite 10 
Seanle, W A 98108 
206-767-6340 

_, 

• 
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MICRO-DOE 

ULTRA 600 Version 11.9 

1994 Edition 

Acrosoft International, Inc. 
9745 E. Hampden Ave, Suite 230 
Denver, CO 80231 
303-368-9225 

The Trane Co. 
3600 Pammel Creek Rd. 
Lacrosse, WI 5460 I 
608-787-3926 

4.2 Programs only Acceptable for Commercial Buildings 25,000 Square Feet 
or Less 

Program Name 

ADM.2 

A SEAM 

Building Energy 
Analysis and Easy DOE 

ESE 

Trakload 4.0 
Load Shaper 
Market Manager 

XENCAP4.5 

Source 

ADM ASSOCiates 
3299 Ramos Circle 
Sacramento, CA 95827 
916-363-8383 

Advanced Sciences Inc. 
2000 N. 15th St., Suite 407 
Arlington, VA 22201-2627 
703-243-4900 

Elite Software 
PO Drawer 1194 
Bryan, TX 77806 
409-846-2340 

Sea Gate 
500 I W. 80th St., Suite 204 
Bloomington, MN 55437 
612-844-8000 

SRC Systems 
1300 Clay St., Suite 850 
Oakland, CA 94612 
510-839-2700 

X ENERGY 
492 9th Street, Suite 220 
Oakland, CA 94607 
510-891-0446 
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