
AN ORDINANCE relating to enerc~fv-effiQ'~eflcy, enez,.
_5y conserv

~ndcor air quality and ver.zJ'1atioi-.. 'r. ~Du~',~Jnq coy~struc-,~ion;

amending ~~ection 22.700.070 Seattle M-unic~pal Code
( "Szj~"

I

,

to adopt by reference the _1969 Model Energy c3d~l; a:~:end_ing
Sections 101, 1.~3, 1.04, 105, lo6, 201, 302, 303, 401, 402,
S02, 503, 504, and 505 and Chapters 4, 5 and 7, repealiri~;
Section 4D~, Cnapter 61 and the Appendix, adding new Secton
:;07, 103, 109, 202 -and new Chapters 8, 9 and 3J' to the Hodel
En~~rqy Code to iincorporate the mininu.~'. requirements of the

Washington State Energy Code (Cnapter 51-12, WAC) anc! th
riashinqton State ~ater Conservation Performance Standards
(SHB 139'? and IWAC 51-181, an~l to revise the require,-.er.ts for
other than Group R Occupancy; amen,_3,inq Sections 4,03, 41,4,

405, 40b, 4C3, 410, 415, 417, 420, 421, 422, 42--,, 424, 4-5,
426, 601, 602, a;id 604 of the Seattle Mecnanicai Code and
a:Ming a Cha~~ter 10.1 to tte Seattle Me~:-hanical code to

tl'.e 1991 W~~shinqton State Vent-"lation and ---ndc3r

ity Code (Chapter WAC) ; Secticns

CDs 1720 and 1721 to the ~~.at~,Ie 13'uildinq

cross-references to the Seattle Mechanical

pQrate provisJons of the 1991 Washingtcn S

',Jentilation anc Indoor Air Quality Code; and ar

Sections 22.1DO.010 and 22.4C~,_-,.010,



0 and 1721 to the-- Senttle Building Co

eferences to the Seattle Mechanical Code and

provisions of the 1991 Wasftington Szate

and IRdoor Air Quallty Code; and amend SMC

and 22.400.QIC.100.010
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AN ORDINANCE relating to energy-efficiency, energy conservation,
indoor air quality and ventilation in building construction;
amending section 22.700.010 Seattle Municipal Code (11SMC11)

to adopt by reference the 1989 Model Energy Code; amending
Sections 101, 103, 104, 105, 106, 201, 302, 303, 401, 402,
502, 503, 504, and 505 and Chapters 4, 5 and 7, repealing
Section 403, Chapter 6, and the Appendix, adding new Sections
107, 108, 109, 202 and new Chapters 8, 9 and 10 to the Model
Energy Code to incorporate the minimum requirements of the
1991 Washington State Energy Code (Chapter 51-11 WAC) and the
Washington State Water Conservation Performance Standards
(SHB 1397 and WAC 51-18), and to revise the requirements for
Other than Group R occupancy; amending Sections 403, 404,
405, 406, 408, 410, 415, 417, 420, 421, 422, 423, 424, 425,
426, 601, 602, and 604 of the Seattle Mechanical Code and
adding a new Chapter 10.1 to the Seattle Mechanical Code to
incorporate the 1991 Washington State Ventilation and Indoor
Air Quality Code (Chapter 51-13 WAC); amending Sections 605,
705, 905 and 1205 of the Seattle Building Code and adding new
Sections 1720 and 1721 to the Seattle Building Code to cor-
rect cross-references to the Seattle Mechanical Code and to
incorporate provisions of the 1991 Washington State
Ventilation and Indoor Air Quality Code; and amending SMC
Sections 22.100.010 and 22.400.010.

BE IT ORDAINED BY THE CITY OF SEATTLE AS FOLLOWS:

Section 1. As of July 1, 1991, Section 22.700.010, SMC, as

last amended by ordinance 113059, is further amended as follows:

22.700.010 Adoption of the Model Energy Code and State and local
amendments.

The Model Energy Code ((3926)) 1989 Edition, published by the
Council of American Building Officials, and the amendments
thereto adopted by Ordinance ((132059)) j45~41 incorporating
the Seattle Amendments the Washington State residential
requirements of RCW 19.27A.020 ((+144-4 and 444)) JAI and the
Washington State Energy Code and the Washington State Water
Conservation Performance Standards (RC 19.27.170 and WAC 51-18),
copies of which are filed with the City Comptroller in C.F.

are hereby adopted and by this reference
made a part of this subtitle and shall constitute the official
Energy Code of the City.

Section 2. As of July 1, 1991, Section 101 of the 1989 Model

Eiiergy Code is amended as follows:

CHAPTER I

ADMINISTRATION AND ENFORCEMEFT

11

SECTION 101 - SCOPE AND GENERAL REQUIREMENTS28
i

101.1 Title: This code shall be known as the ((Xodel)) Seattle
Energy Code, and may be cited as such. it is referred to herein
as "this code."

CS 19.2
- 1 -



101.2 Intent: The purRose of this code is to Rrovide miniM
standards for new or altered buildings ai~d- structures -or portions
thereof to achieve effigient Mse 2f energy.
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The provisions of this code shall regulate the design of
building envelopes for adequate thermal resistance and low air
leakage and the design and selection of mechanical, electrical,
service water-heating and illumination systems and equipment
which will enable effective use of energy in new building con-
struction and existin buildings to the extent that they are
regulated 12y Section 101.3.2 consistent with a healthful
environment.

It is intended that these provisions provide flexibility to
permit the use of innovative approaches and techniques to achieve
effective utilization of energy. These provisions are structured
to permit compliance with the intent of this code by ((a4*4-y one))
either of the following ((three)) two paths of design:

" A systems approach for the entire building and its energy-
using sub-systems which may utilize nondepletable sources,
Chapter 4.

" A prescriptiyeLcomponent performance approach for various
building elements and mechanical systems and components,
Chapter 5.

((-E specifi accepta practiGer Chapter

13 Compliance with ((a4;.y one)) either of these paths meets the
intent of this code. This code is not intended to abridge

14 safety, health or environmental requirements required under other
applicable codes or ordinances.

15
101.3 Scope: This code sets forth minimum requirements for the

16 design of new buildings and structures or portions thereof and
additions_, alterations and repairs to existing buildings that
provide facilities or shelter for public assembly, educational,
business, mercantile, institutional, storage and residential
occupancies, as well as ((those port-i4an&amp; of-)) factory and indus-

18 trial occupancies ((designed primarily for hurnan occupancy)), by
regulating their exterior envelopes and the selection of their

19 !IHVAC,
service water heating, electrical distribution and illumi-

i

nating systems and equipment for auxiliaries for effective use or
energy.

11
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Buildings shall be designed to comply with the requirements of
Chapter 4((-r)) gr 5 ((or- ra)) of this code.

This code is intended to supplement the Rrovisions of the
Seattle Buil Code, the Seattle Mechanical Code, and the
Seattle Electrical Code, and in case gf conflict between this
code and Any of those codeg, the provisions of those codes shall
apply. Additional efficiency standards for electrical energ use
May also appear in Seattle gity Light service requirements, which
~jhould be consulted.

101.3.1 Exempt buildings: Buildings and structures or portions
thereof meeting Any pf the following criteria shall be exg~mpt
fro tjhe requirements of Section 502, but shall be included in
Any analysis performed pursuant ±Lo Chapter 4 and shall comRly
with all other re~Wirements for building me ani systems,'~h7-
service water heating And lighting systems.

101.3.1.1: Buildings and structures or portions thereof whose
peak design rate of energy usage is less than 3.4 Btu/h per

2
CS 19.2
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square foot or 1.0 watt per square foot of floor area for ((a4.1

purjx;-r~)) space conditioning requirements.

101.3.1.2:
'

For
'

Group R occupancy only, ((-B))j2uildings and struc-
tures or portions thereof which are neither heated accordina to
the definition of heated space in Chapter 2, nor cooled,_ ]2y a
non-renewable energy source, p-rnyided that the non-renewable
energ qse for space conditioning complies with the reguirements
of Section 101.3.1.1.

101.3.1.3: Greenhouses isolated from Any conditioned space and
not intended foi~ ocglIpancy.

101.3.2 Application to existing buildings: Additions, historic
buildings, chanctes of occupancy or use, and alterations or
repairs shall comply with the reqqirements in the subsections
bglow.

Exception: The building official pay approve designs of
alterations or repairs which do not fully conform with all Qf
the requirements of this code where in the opinion of ti~e

building official full cgMliance is physically impossible
and/or economicall impractical and:

1. The alteration or repair inroves the energy efficiengy 2f
the building; or

2. The alteration or repair is energy efficient and is
necessary for the health, safety, and welfare of the
general publig.

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

101.3.2.1 Additions to existing buildings: Additions to exist-
ing buildings or structures may be made to such buildings or
structures without making the entire building or structure
comply((-))_._ provided that ((-T))the new addition shall conform to
the provisions of this code ((" t4ey rel ate tG now c~on txv~c~~
0AI-Y) ) -

Exception: New additions Khich do Dot fully cgmply with the
requirements of this code and which have a floor area which is

less than 750 sauqre feet shall be approve provided that
improvements are made to the existing occUangy jLo compensate
Lor Any deficiencies in the new addition. Compliance shall he
demonstrated ]2y either sat:ems q'palysis or component
performance calculations. The nonconforming additign ~~nd

uRgraded... existing occupancy shall have an,energy budget or
heat loss which is less than or e~Mal to ±Lhe jj~mr~oved

existing huilding, with the addition designed to comply with
this code.

101.3.2.2 Historic buildings: The buil official pAy modify
the ~j~if~ic requirements of this code for ((14))historic build-
ings ((are exempt from this anda)) And require in lieu thereof
alternate reguirements which will result in a reas nable degree
of energy efficigpcy. This ((exemption shall apply to))
iTo7dification May he 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. A certificate of a proval from the Landmarks

- 3 -
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Preservation Board may )2g reguired prior to alteration of the
building.

101.3.2.3 Change of occupancy or use: ((A change in t4he

or-r.upancy " use ot- an existing bu;LIding " st=i3aturs constrija
~f

under this coda "Jah wnWd require an Increass in demand t-"
Gith for,=j] flial " Q]Q0_t=jr_ energy supply r-hall not be

'ttacl jjpIQRR =jjab bUildin 4ar nadig :to c~omp_jy
"th the

. ;mt= 4af this nodia

1.. "n Other than GroLip LR occupancy which is presently
unconditioned where the occupanpy gr Ilse is changed to
require conditi,oniM shall be reguired to be brought into
full compliance with this code.

2. The use or occupancy of Any other than Group R Occupancies
which are presgntly conglitioLied pAy ]2e Changed without
complying Kith this code, provided additional heat or
cooling is not added.

Any Other than Group LR Occupanc which is converted to3. Y - -
GrouR R occuRancy shall be brought into full compliance
with this code.

4, ALiy Groi4p R Occupancy which is converted to Other than
Group R Occupancy shall be reguired -to cgmply with all of
the provisions of thi-s -code if either -new or increased
heating or cooling is provided.

5. All Occupancies, which are converted from a Group R
occupancy or an Other than Group R OccMancy_ or use, to a
new other than Group R occupancy 2r Ilse shall coMly with
the lighting standards set forth in this code unless the
existin lighting is not altered.

101.3.2.4 Alterations and repairs: All alterations and reRairs
to buildings or portions thereof originally constructed subject
to the requirements of this code sh4ll confor to the provisions
of this code without exception. For all other existing build-
ings, initial tenant alterations shall comply with the new
construction requirements of this code. Other alterations and
rep irs May )2e made to existing buildings and moved buildings
without making the entire building comply with all 2f the re-
quirements of this code for new buildings, provided the following
req irements of Subs~icti 101.3-2.5, 101.3.2.6, 101.3.2.7 and
101.3.2.8 are met:

101.3.2.5 Building enveloRe: The result of the alterations or
~rs both:rppAi22

23

24

25

26

27

28

1. Improves the energy efficiengy 2f the building, and

2. CQmplies with LaA the nominal R-values and glazing
requirements of the refgrence case in Table Nos. 6-1 to 6-6
gr 5-2, 2r JbI the overall average thermal transMittance
values of the elements of the exterior building envelope in
Table No. 5-1 or 5-2 of Chapter 5.

Exceptions

1. Untested storm windows ]2e installed over existing
glazing for an assumed U-value of 0.90, however, where
glass and sash are being replaced in Group R Occupangy_,
glazin with a maximum area weigh average U-value of

- 4 -
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0.40 shall be installed where there is An electric
resistange sRace heating system and glazing with a maximu
U-value of 0.65 shall be installed where ther@ is Any other
space heating system.

2. Where the structural elements 2_f th_e altered portions ~f
roof/ceiling, wall or floor are not being replaced, these
elements shall 1~e d7eem~ed to comRly Kith th-is cgde if ~g~ll

existing framing cavities which are exposed during
construction are filled to the full deRth with batt
insulation or insulation having An equivalent nominal R
value while, Lor rooflcgilings, maintainin the rgaLaired

space for ventilation. Existing walls and floors without
framing cavities need not he insul!1ted. Exigting rpofs
shall be insulated to the requirements of this code if:

L41 The roof is uninsulated or insulation is remoyed to
the level of the sheathing, gr

Ltl All insulation in the roof1ceili
-

was previousl
installed exterior to the sheathing 2r non-
existent.

3. For other than Group R occMancy, new glazing need not
coLnply with the shading coefficient as lmg As i-t is equal
to or lower than that of the other existing glazing. It
:s&amp; '~Qt he higher tha

'

n th-e _~_hadi~g coefficient ~af other
existing glazing unless the glazing area, U-~_alue and
.q~ding coefficient all conly Kith pne pf the packages
listed in Table No. 5-2.

101.3.2.6 Building Mechanical sy-stems: Those systems Pr pqrts
of systems which are altered or replaced shall comply with
Section 503.

101.3.2.7 Service water heating: Those
'

systems or parts of
systems which are altered or reRlaced shall cg=ly with Section
504.

18 1101.3.2.8 Lighting: Those parts of systems which are altered or
,replaced in buildings in-itially co-nstructed subject t-o the

19 requirements of this code shall gomply Ki~th Section 505. Other
remodels or replacements of lighting systems which are P~rt gf a

20
substantial remodel shall ggmply with Section 505. For any other
remodels, the installed watts per square foot shall be maintained
or reduced. Remodeling of Any sized area, with or without

21 putting in a new ceiling g]Z~id 2r gusipension system, when reuping
exis fixtures andlor adding new ones, shall not require

22 coMpliance with the lighting powgr budget as 19ng As the
installed lighting wattage is maintained or reduced. Remodeung

23 of an entire floor gr gntire tenant space that includes a new
lighting system, with or without a new ceiling g]~id 2r suspension

24
system, does reguirg compliance with the lighting power budget of
Section 505. Compliance with switching requirpments of aection
505 is pAly requirg Khen new wiring is being run relTted to

25 ladding fixtures andlor fixtures are being relocated to a new cir-
icuit.

26

27

28

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 minor
accessory uses do not occupy more than 10 percent of the area of
any floor of a building, the major use ((shall)) Ray be consid-
ered the building occupancy.

- 5 -
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Section 3: As of July 1, 1991, Section 103 of the 1989 Model

Energy Code is amended as follows:

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

The provisions 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 the code. The
building official may 4=0ve Any such alternate provided the
building official finds the propos d alternate meets or exceeds
the provisions of this code and that the material,,. Laethod, dggign
or work offered is for the purpose intended., at least the
equivalent of that Eescribed in this code, in ggality, strength,
effectiveness, fire-resistance, durability, safety, and efficient
use and conservation of gngrgy. The building official m4y
rgquire that sufficieiTt- evidence of proof be submitted to
substantiate Any claims that Mgly be Made regarding performance
gapabilities.

Section 4: As of July 1, 1991, Section 104 of the 1989 Model

Energy Code is amended as follows:

SECTION 104 - PLANS AND SPECIFICATIONS

104.1 General: With each application for a ((building)) permit,
for the codes listed in Section 101.3 ((and whgn required -by tho

Officlair)) plans., specifications and
calculations shall be submitted in accordance with the reference
code and showin information pertinent to the applicable sections
of this code. may require plans and((The bullZT49 of-eicia

specifica-t-10--n-S be prepare by an -

.

, 4@,r- a_=r_hitQQt 3_3cQnr.Qd

:t,G praotice by t44a state )) (Designs submitted under the provi-
sions of Chapter 4 shall be prepared by an engineer or architect
licensed to practice by the state.) Submission of all pertinent
information shall be a condition precedent to the processing of

Apy of the above permits and approval of the submitted
information shall be a co-ndition Rrgcedent to the issuance of Any
of the above ermits.

k04.2 Details: The plans and specifications shall show in suffi-
21 cient detail pertinent data and features of the building and the

equipment and systems as herein governed, including, but not lim-

22 11ited to: design criteria, exterior envelope component materials,
U-values of the envelope systems, R values of insulating

=4*'n ="A +- 'n r%4~ = ="A 'n "4 -men,-n* in "4 -M'n?1*
1") a 11 1 111 LIV 11 L, . 11 11

24

25

26

27

28

and systems controls and other pertinent data to indicate
conformance with the requirements of the code.

Section 5: As of July 1, 1991, Section 105 of the 1989 Model

Energy Code is amended as follows:

SECTION 105 - ENFORCEMENT AND INSPECTIONS

105.1 General: The building official is authorized and directed
to enforce this code. Construction or work for which a permit is
required shall be subject to inspection by the building official

- 6 -
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in connection with inspections performed Rursuant to the build-
ing_, mechanical ~jnd electrigal codes 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 suc-
cessive inspection without first obtaining the written approval
of the building official. No construction shall be concealed
without inspection approval.

105.2.1 RqqUired ingROctions: The building official, upon noti-
fication, shall make the following inspection in addition to
those inspections reguired _in Section 305(e) he Seattle
Buil!j "n code:

1. Wall insulation ins-oection: To be made after all wall
insulation and air vapor retarder sheet pr f~ilm materials
are in place, butbefore any wall covering is placed.

105.3 Final inspection: There shall be a final inspection and
approval for buildings when completed and ready for occupancy.

105.4 Reinspection: The building official may cause a structure
to be reinspected.

105.5 AmuthoritmL. The building official is authorized and
directed to promulgate, adopt, and issue those rules and

,regulations necessary to the effective and efficient
jadministration of this code, whic pay include:

0 "Building construction standards" to promulgate standardgi
which are acceptable as a method or as an,alternative
design for meeting code required performance criteria, pr
to edit.or Lapdate national standards ~Lhich are referenced
in this code.

0 "Director's rules" to interpret and clarify conditions or
language exRressed in the building construction codes.

construction materi4l or product, 2r_ A Particular coWonent
fabricator which has been found acceptable as meeting
building construction codes' required performance criteria.

The building official shall
'

promulgate, adopt and issue rules
according to the prgcedures as sRecified in the Administrative
Code of the City of Seattle, As amended.

Section 6: As of July 1, 1991, Section 106 of the 1989 Model

Energy Code is amended as follows:

SECTION 106 - VALIDITY

If a section, subsection, sentence, clause or phrase of this
code is, for any reason, held to be unconstitutional, such deci-
sion shall not affect the validity of the remaining portions of
this code. The legislative bQ~dy hereby declares that it would
have passed ihis'code, And each section, subsection, clause or
Rhrase thereof, irresRective- 2f ±,he fact that Any gne or more
sections,_ subsections, sentences, clauses, And phrases be
declared unconstitutional.

- 7 -
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If Any provisions of this code or Lts applipation to Any
persgn 2r circumstance is ii-eld invalid, the remainder of this
code or the Application of thg Rrovision to othgr persgns or
circumst:a:n:ces j_s not affected.

Section 7: As of July 1, 1991, a new Section 107 is added to

the 1989 Model Energy Code as follows:

SECTION 107 - LIABILITY

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 the City, 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, or by reason of or in

consequence of any inspection, notice, order, certificate,
permission of approval authorized or issued or done in connection
with the implementation or enforcement of this code, or by reason
of any action or inaction on the part of the City related in any
manner to the enforcement of this code or by its officers or
agents. The building official or any employee charged with the
enforcement of this code, acting in good faith and without malice
for the City in the discharge of his/her duties, shall not
thereby render himself/herself liable personally and he/she is
hereby relieved from all personal liability for any damage that
may accrue to persons or property as a result of any act required
or by reason of any act or omission in the discharge of his/her
duties.

Section 8: As of July 1, 1991, a new Section 108 is added to

the 1989 Model Energy Code as follows:

SECTION 108 - CONFLICTS WITH OTHER CODES

In 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 and (Chapter 51-16 WAC). In case of
conflicts 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 of this code and the
duct insulation requirements of Section 1005 of the Uniform
Mechanical Code, the duct insulation requirements of this 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 require-
ment, 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 9: As of July 1, 1991, a new Section 109 is added to

the 1989 Model Energy Code as follows:

- a -
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2

3

4

5

6

a

9

10

1 1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

io9.1 violations: It shall be a violation of this code for any
person, firm or corporation to erect, construct, enlarge, repair,

1~ove, improve, remove, convert or demolish, equip, occupy,
inspect or maintain any building or structure in the city,
contrary to or in violation of any of the provisions of this
code.

It shall be a violation of this code for any person, firm or

corporation to aid, abet, counsel, encouragef hire, commend,
induce or otherwise procure another to violate or fail to comply
with this code.

It shall be a violation of this code for any person, firm or
corporation to use any material or to install any device,
appliance or equipment which does not comply with applicable
standards of this code or which has not been approved by the
building official.

109.2 Civil penalty: Any person, firm or corporation failing to

comply with the provisions of this code shall be subject to a

cumulative penalty in an amount not to exceed $500 per day for
each violation from the date compliance is required by the

building official until compliance is achieved.

I 109.3 Criminal penalties

109.3.1: Anyone violating or failing to comply with any order
issued by the building official pursuant to this code shall, upon
conviction thereof, be punished by a fine of not more than $1,000
or by imprisonment for not more than 360 days, or by both such
fine and imprisonment. Each day's violation or failure to comply
shall constitute a separate offense.

109.3.2: Anyone violating or failing to comply with any of the
provisions of this code and who within the past five years has
had a judgement against them pursuant to Section 107.2, shall
upon conviction thereof be fined a sum not to exceed $500 or by
imprisonment for not more than 180 days, or by both such fine
and imprisonment. Each day's violation or failure to comply
shall constitute a separate offense.

109.4 Additional relief: The building official may seek legal or
equitable relief to enjoin any acts or practices and abate any
condition which constitutes a violation of this building code
when civil or criminal penalties are inadequate to effect
compliance.

Section 10: As of July 1, 1991, Section 201 of the 1989

Model Energy Code is amended as follows:

CHAPTER 2

DEFINITIONS

SECTION 201 - GENERAL DEFINITIONS

201.1 Application of terms: For the purposes of this code, cer-
tain abbreviations, terms, phrases, words and their derivatives,

- 9 -
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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 enumberated in RCW 19.27.031 and the edition
of Webster's dictiona referenced therein shall be considered as
the sources for providing ordinarily accepted meanings.

AAKA: American Architectural Manufacturers Association.

Accepted,analysis methods: Heatingicooling and lighting load
calculations performed in accordance with the most current

procegures devejopg~(j hy a nationally recognized professional
organization and approved 12y the building off-cial.

Ar- c Q_ S s 4-a-&amp; aPP119d :tG QqUipMent4-;- Admitting close -jppr_Q&amp;~h

ff th_,QC_-;a1Use P.Gt guarded by locked doorgs, GlQuation or- othgQr-

mean&amp; 4z4a-- "Readily i-acce

Addition: See the Seattle Building Code.

Advanced framed ceiling: Advanced framing assumes full and even
depth of insulation extending to the outside gA_qe ~~f exterior
walls Jgee "Standard framing") .

Advanced framed walls: Studs framed on twenty-four-inch centers
with double t plate and ~j~le bott -plate. Corners use two
studs or other means 2f fully insulatin corners and one stud is
used to support each header. Headers consist of double 2X
material with R-10 insulation between the header and exterior
sheathing. Interior partition wall/exterior wall intersections
are fullv insulated in the exterior wall.

AFUE - Annual fuel utilization efficiency: Unlike steady state
conditions, this ratinq 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 so as to
control simultaneously its temperature, humidity, cleanliness and
distribution to meet requirements of the conditioned space.

((A!-r- transport fagtor- Qaa ratio of- t4ia r-at~e of- useful stansible
ha" r-emova-l from t4iQ spaGa to th4a energy In~ t~o

t4a supply a4id return f-an motGr-1-1
F

ressed- in co-R-sle-t-a- 41nitg

'I-- ting Conditia-Rd undar- the designat 04g)er-t Qns_-)

ASHRAE: American Societ
-

of Heating, Refrigerating and Air
Conditioning Engineers, Inc.

ASTM: American Society for Testing and Materials.

Automatic: Self-acting, operating by its own mechanism when
actuated by some impersonal influence, as, for example, a change
in current strength, pressure, temperature or mechanical configu-
ration (see "Manual").

Ballast: A device used to obtain the necessary circuit
cgnditions (voltage. current, and wave form) for starting and
operating an electric-discharge lamp.2-7

28
Basement wall: The opaque portion of a wall which encloses a
basement and is partially or totally below grade.
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Below grade wall: A wall or the portion of a wall which Is
entirely below the finish grade or which extends two feet or more
below the finish grade Jage "Exterior wall").

I

Boiler capacity: The rate of heat output in Btu/h measured at the

rated fuel/energy input.

boiler outlet, at the design inlet and outlet conditions and

British thermal unit (Btu): See the Seattle Mechanical Code.

Budget Energy Consumption (BECON): The computed annual e

expenditure of a standard, either prototype -or reference,
building design (Btulft2-yr).

Building, existing: See the Seattle Building Code.

Building envelope: The elements of a building which enclose con-
ditioned spaces through which thermal energy may be transferred
to or from the exterior or to or from spaces exempted by the pro-
visions of Section 101.3.1.

Building official:
( (T414a 0 f f J a J R I R_ 13 t-h0- -r- I Z t4D a7f,-t !R bPh;a I f Of-

t4e respons! governme agency f4wr_ t4a onforcea of- th i g;

Qn-d-e-)) !he Director of th_e Department of Construction and Land
Use and authorized rep~esentatives of the Director of the
DeDartment of Construction and Land Use.

Puilding 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.

Building type: The classification of a building by usage as fol-
lows:

_(aL assembly: a building gr structure for the gathering
together of persons, such as auditoriums, churches, dance
halls, gyLunasiums, theaters, museums, passenger depots,
sports facilities, and public assembly halls

(b) health and institutional: a building gr structure for the
purpose of providing medical treatment, confinement or
care d alg~ facilities such as hospitals, sanitari-, gLj~_ -
ums, clinics, orphanages, nursing homes, mental institu-
tions, reformatories, jails, and prisons

(c) hotel or motel: a building ~gr structure for transient
occupancy, such as resorts, hotels, motels, barracks, or
dormitories

_L4~.L light manufactqrjA%.;_ a facility _where products are
assembled with minimal use of process energy and where
conditioning for human comfort is provided throughout the
majority of the facility.

(e) multifamily: a building or structure containing three or
more dwelling units (see "Dwelling unit")

JfJ office (business): a building ~9_r structure for off~Ice
professional, or service type transactions; such as medical
offices, banks, libraries, and governmental office
buildipqs
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restaurant: a building or a structure for the consumption
:t:: food, coffee shops, cafeof food or drink, includ~ing7f-q-s

terias, bars, and restaurants

IhI retail (mercantile): a building gr structure for the
display and sale (wholesale or retail) of merchandise such
as shopping malls, food markets, auto dealerships,
department stores, and specialty shops

ji ~L gohool IgAucational a building gr structure for the
purpose of instruction such as schools, colleges_, universi-
ties, and academies

Ij)- warehouse (storage): a building ]qr structure for storage,
such as aircraft hanqe~s

I garages, warehouses, storage
buildings, and fr d9R9t--s-

Clerestory: A window placed in a wall projecting fr a roof
plane at sixty 1601 degrees or more from the horizontal to admit
daylight into the interior of a I~u-ifding -Lsee "Skylight") .

( (C:nQff J r- i of htQara (GBU) ; T41a :r-;a t i 0 of- tbe
-11-3-T-R-ingus flux +~~ reaching a r-,"Or-if-JI-nd -X-4aa rectly t-rom -a

zj wr .9

f I nodiight 4Dr projector t~o the total beaTA 1331ninQlas flux ))

((Goeff-Jal ot- par-formance (GOP) &amp;ae t4e following sections
In Chapter -5 f4)rz the d-e-f-JR-it-dons 4af GOP a&amp; appropriate-

-R-19-c-triGally Operated UVAG SyStOM EqUIpRient

CQMPGPQP-+-&amp; - CGOlinci
1114eat-operatgd HITAC Syste EquIpMent - Cooling

Hgat Pump ~- Heating

F

;j

0 2 4 54

-4 6 1

-544-4-17-

a-Rd

VQQtnQtQ 4 of-

)Q2 4 7

-54a-4-4-2-) )

Coefficient of performance (COP) -- cooling: The ratio of the
rate of heat removal to the rate of energy input in consistent

lunits, for a coMplete cooling system or facto assembled equip-
ment, as tested under a nationally recognized standard or
designated operating conditions.

Coefficient of performance (COP), beat pump -- heating: The
ratio of the rate of heat delivered to the rate of energy
in consistent units, for a complete heat pump system under
designated operating conditions. Supplemental heat shall not be
considered when checking compliance with the heat pqm~p equipment
COPs listed in the tables in Section 503.

(Caeff -ic-A Ot- ut i I i 2 at +QU~~ T4-*e rtat-Io

flAIN (IUMGnS)- f-r-OM -a r-6;GQJIXQd 4DA t" 440r-k PlanG tO t4la

I 1 -3 me- 4aa~~ -by t4le IAR4inad-r-~' 1 aMP S R I On Q
) )

I

((CQIQr ren Altion* Genera expres-Ion for- t4i&amp; effeat Qt- a lightI z

9 Qj-3 r- Qn th4a col or appearan Qt- objects 4R Qr
------ 1-4an With tbQir- 00101=

refernep.4--e light lnurczQ
) )

Comfort envelope: The area on a psychrometric chart enclosing
all those conditions described in Figure No. 1 in Standard RS-4
listed in Chapter 7, as being comfortable.
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conditioned floor area: See "Gross conditioned floor area".

Conditioned space _LqKouR R Occupancy): All spaces ((uxithin a
LI-3dIdIng)) whic ((is)) are provided with heated and/or cooled
air or ((surfaQes -and-r Yj~ere requiredy. with hum-ld-1-f-Jr-ation or

meakias so as to b4a capable of a space
r-andition falling within th4a comfort zone se# forth in Standard
RS-4 1-iat.Gd in Chapter ~7-)) which are caRaLble of beinq maintained
at temperatures over 50 degrees F during the iieating season,
including adjacent connected spaces separated I?y An uninsulated
component (e.g., basements, utility rooms, garages, corridorsj.

Conditioned space (Other than Group R Occuvancy): A cooled
space, heated space, or indirectly conditioned space.

Connected lighting power (CLP): The power required to energize
non-portable luminaires and lamps permanently connected to the
building electrical service, in Watts.

9 continuous air barrier: A system of materials installed during
construction that is desi_qned to eifectively minimize the

10 ,transfer of air to or from the conditioned space though
I

Wnintentional openings in the building envelope.
I I

12

13

14

15

16

17

18

19

20
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22

23
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25
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27

28

Cooled space (Group R OccuRancy): Space within a building which
is provided with a positive cooling supply.

Cooled space (Other than Group R Occupancy): An enclosed space
within a building that is 'cooled hy A cooling §ygtem whose
sensible capacitv

AaL exceeds 5 Btu/(h-ft2) or

(b) is capable of maintaining ~jpace dry hulb temperature of 90

degrees F or less at design cooling conditions.

((Craywl space wall, T4ia opaque portion ot- -a wall which encloses
-a Qra:wl Space and 1&amp; partially or totally below qrada.))
Daylighted zone:

JaL under skylights: the area under each skylight whose
horizontal dimension in each direction is equal to the
skylight dimension in tha-E-direction plus either the floor
to cei height or the dimension to an opague partition-.-
or one~half the distance to an adjacent skylight or
vertical glazing, whichever is least.

11~1 at vertical glazing: the area adjacent to vertical gjqzinq
which receives daylightin from the glazing. For purposes
of this definition and unless more detailed davliahtina
analysis is pj~ovided, the daylighting zone depth is assumed
to extend into the space a distance of 15 feet or to the
nearest opaque partition, whichever is les~-.Th-e

- -
daylighting zone width is assumed to be the w7l-dth of the
window plus either two feet on each side Ithe distance to
an opaque partition) or one half the distance to an
adjacent skylight or vertical gjAzing whichever is least.

Daylight sensing control (DS): a device that automatically
regulates the power input to electric lighting 1jear the
fenestration to maintain the desired workplace illumination, thus
taking advantage of direct or indirect sunlight.
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Deadband: The temperature range in which no heating or cooling
is used.

Default assumption: The value of an input used in
,

a calculation
procedure when a value is not entered by the designer.

Degree 4Ay., cooling: A unit, based upon teMperature difference
and time, use in estimat cooling energy consuMption. For ~~ny

one day, when the mean temperature is more than a reference tem-
perature, typically §.5 degrees F,, there are as many Degree Days
as degrees Fahrenheit temper~jture difference between the mean
temperature for the day and the reference tgmperature. Annual
Cooling Degree DUs (CDD) are the sum of the degree days over a
calendar year.

Degree day, heating: A unit, based upon temperature difference
and time, used in estimating fuel consumption and specifying nom-
inal heating load of a building in winter. For any one day, when
the mean temperature is less than 65 degrees F. there exist as
many degree days as there are Fahrenheit degrees difference in
temperature between the mean temperature for the day and 65
degrees F.

Design conditions: the exterior and interior environmental
parameters specified for air-conditioning and electrical design
for a facility.

Desi energy consumption (DECON): The computed annual energy
expenditure of a propos d buildi design (Btulft

Door: All operable openings not included in the glazing area
(see "Glazing area".)

Door area: Total area of door measured using the rough opening
and 'including the door and frame.

Dwelling unit: ((A z4pAj-le housekeap4ng unit Q Q M Q -4 4af Q n e 40r-

more rooTas providing complete, independent living -fa-cil-It-I for_ZI

one G-r MG-re par-&amp;~ permanent P---- Onss t-" 44AX!41g_r

sleeping, eating, cooking a-nd See the Seattle
Building Code.

Economizer, air: A ducting arrangement and automatic control
system that ~_,_Iows a cooling supply fan syste to gqtside
air to reduce or eliminate the need for mechanical refrigeration
auring M~ild or cold weather.

Economizer, water: A syste j2y whigh the air of a cooling
system is cooled directly ~pr indirectly or both j2y evaporation of
water or by other appropriate fluid _Lin order to reduce or
eliminate the need for -mechanical refrigeration).

Efficiency, HVAC system: The ratio of useful energy (at the
point of use) to the energy input for a designated time period,
expressed in percent.

Emergency syste (back W system):. A aygitem that exists for the
purpose of operating in the event of failure of a primary

Emissivity: The abilit to absorb infrared radiation. A low
emissivity implies a higher reflectance of infrared radiation.

- 14 -

CS 19.2



2

3

4

5

9

10

I I

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

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), electrical and chemical; in customary
units, measured in kilowatt-hours (kWh) or British thermal units
(Btu)(see "New energy").

~Energy, recovered: See "Recovered energy."

I Energy efficiency ratio (EER): The ratio of net equipment cool-
ing capacity in Btu/h to total rate of electric input in watts
under designated operating conditions. Rhen consistent ]Inits Are
used, this ratio becomes equal to COP. Igee also "Coefficient of

performance".1

Energy management system: A control syst designe to monitor
the environment and the Rse ~gf energy in A facility ~jn_d jo adjust
the parameters of local control IOORs to conserve energy while
maintaining a sTl7t-able environment.

Enthalpy: A thermodynamic property of a substance defined as the
sum of its internal engrgy plus ±Lhe qu4ntity Pv/J, where P

"

is the
pressure of the substance, v is its specific volume, and J is the
mechanical eggivalent of he-a -f-ormerly called total heat and
heat content.

((Equivalq sphere 1-1-lum-inati on (991) -. Vie I evel of- sphere
which would produre task v-16-ib-i-I-ity equivale to

that produced by a specific lighting Pent ))

Exfiltration: The uncontrolled outward air leakage throug
cracks and interstices in Any building element such as around
soleplates, wall outlets, duct systems, windows in-d Eoors of a
building, ca:~_sed by jLhe pressure effects of wind andjor th
effect of differences in the indoor and outdoor air density.

!Existing buildinSU.
I - See the Seattle Building Code.

Exterior envelope: See "Building envelope."

Exterior lighting power allowance (ELPA): The calculated maximu
lighting power allowance for an 'exterior area of a building or
facility, in Watts.

Exterior wall: A w411 2r section thereof which is exposed to
outdoor air and encloses conditioned space jgee "Bp,lo grade
wall!j.

Fenestration: Any light-transmitting section in a building Kall
or roof. The fenestration includes glazing material (which MAY he
Lla_~s or plastic) and framing (mullions, muntins, and dividers).

Fenestration area: The total area of fenestration measured using
the rough opening gnd including tLhe glass or plastic.- sash, and
frame.

((FIGOdlighting: A 14ghtIng syst designat to light an area
u-slAq projeQtor-type IiJainair
In a-ny direction_,))

usually capable of being PoIntQd

Floor over unconditioned sRace; A floor which separates a condi-
tioned space from an unconditioned space which is buffered fr
exterior ambient conditions includi vented crawlspaces and
unconditioned basements or other similar s]paces, 2r gXpgsed to
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F-Value: The perimeter heat loss factor expressed in

Btulhr-ft-OF.

General liqhtinS~L. Lighting designed to provide an approximately
uniform level of illumination in an area.

Glazing: All areas, including the frames, in the shell of a
conditioned space that let in natural light, including windows,
clerestories, skylights, sliding or swinging glass doors and
glass block walls.

Glazing area: Total area of glazing measured usin the rough
opening, and including the glass, the sash and the frame. 'For

doors where the daylight opening area is less than fifty percent
of the door area, the glazing area is the daylight opening area.
For all other doors, the glazing area is the door area Iqee "Door

area").

Gross, conditioned floor area: The horizontal projection of that
portion of interior space which is contained within exterior
walls and which is conditioned directly or indirectly by an
energy-using system_, and which has an average height of five feet
~gr 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, window and door
area.

The gross area of walls consists of all opaque wall areas,
including foupdation walls, between floor spandrels, peripheral
edges of floors, window areas including sash, and door areas,
where such surfaces are exposed to ((nutdnor a4r-)) gxterior
ambient conditions and enclose a ((haated 4ar c b n n 4 - n I 1 1 r

cool )) conditioned space including interstitial areas between
two such spaces. ((For basement walls with an aver-age below-

arQa 3090 than 54 POVOGnt Q-f thQ tOtal Wa-11 arGa,
the ire wall, Inc.-II-Iding t4le below-gr

porit!4m, I&amp; as pa-rt ot- t" gross Youall area. Nonapaque
area (windows, doors, etc.) 4Df a44 basement waJlr. are included In
th4a gross wall area.))

Gross floor area: The sum of the areas of the several floors of
the building, including basements, cellars, mezzanine and inter-
mediate floored tiers and penthouses of headroom height, measured
from the exterior faces of exterior walls or from the center line
of walls separating buildings, but excluding:

Covered walkways, open roofed-over areas, porches and simi-
lar spaces.

0 Pipe trenches, exterior terraces or steps, chimneys, roof
overhangs and similar features.

Gross rooficeiling ((assembly)) area: A roof/ceiling assembly
shall be considered as all components of the roof/ceiling enve-
lope through which heat flows, thus creating a building transmis-
sion heat loss or gain, where such assembly is exposed to
((outdonr air)) exterior ambient conditions and encloses a
((hoatad 4@,r- onaled)) conditioned space. This does
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not include elements which are separated from a heated 4ndjor
mechanically cooled space by a vented air space. The gross area
of a roofIce ling assembly consists of the total interior surface
of such assembly, including skylights ((expose t~o the haated or
aeah Rically cQQI Ad space)) .. - -.-- a-

Guest room: See the Seattle Building Code.

Heat: The form of energy that is transferred by virtue of a tem-
perature difference.

Heat storage caRacity: The physical property of materials (mass)
located inside the buil envelope to absorb, store, and
release heat.

Heat trap: A bent piece of tubing which forms a lopp of 360
degrees; an arrangement of pipe fittings, such as elbows,
connected so that the. inTet and outlet piping make vertically
upward runs jqst before turning downward to connect to the water
heaterfs inlet and outlet fittinggL a commercially available heat
trap or Any other type which effectivgly restricts the natural
tendency ~gf hot water to rise in the vertical pine during standby
periods. When the water heater outlet is directly horizontal out
of the tank or

'

Is piped with an elbow on the vertical outlet and
~hen downward, this piping ~r~angement itself is effectively A
heat trap, and a separate heat trap is not then needed.

13 ((Reated slab- ion In which the heatin
4Dr- hot a4-rz sy_&amp;~ j&amp; or

14
plac witbin t4le slab 4ar tha subgrade_))

Heated space (Group R Occupancy)-: Space within a building which
15 is provided with a positive heat supply. Finished living space

within a basement with registers or heating devices designed to

16 supply heat to a basement space shall automatically define that
space as heated space (see "Positive heating aqpplyll~.

17
~Heated space (Other than Grogp R Occupancy)-: An enclosed space
within a building that is heated hy ~q hgAting system whose output

18 capacity

19 -(-!Al Exceeds 10 Btuj(h-ft2) but which is not gARable of
maintaining A space

11

d7ry~~:b~qlb tea:e:r:ature of more than 49

20 degrees F at design heating conditions (he-einafter
referred to as a semi-heated space), or

21 LbA Is capable of maintaining a space dry-bulb temperature of
.50 degrees F or more at dgsign heating conditions.

22
HSPF - Heating season Performance factor: The total h!gj~

23 output _Cin Btu, of a heat pump AqrLinq
'

its normal annual usage
period for heating divided by the total (watt hour)

24 power input during the same period, as determined by test
procedures consistent with the U.S. Department of Energy "Test

!Procedure for Central Air Conditioners m s"_, Including Heat P"25 ipublished in the December 27, 1979, Federal Register, Vol 44., No.

,24, IOCFR. 430. when specified in Btu p~gr watt hour an HSPF of
26 ,~6.826 is equivalei~t to a COP of 2.0.

27

28

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

HVAC: Heating, ventilating and air conditioning.
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HVAC system: A system that provides either collectively or indi-

vidually the processes of comfort heating, ventilating, and/or
air conditioning within or associated with a building.

HVAC 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 termi-
nal units serving the conditioned spaces of the building. Types
of HVAC system components include, but are not limited to, water
chiller packages, reciprocating condensing units and water source
(hydronic) heat pumps (see 11HVAC system equipment").

6 HVAC system efficiency: See "Efficiency, HVAC system."

7 HVAC system equipment: HVAC system equipment provides, in one
(single package) or more (split system) factory-assembled

8 packages, means for air circulation, air cleaning, air cooling
with controlled temperature and dehumidification; and optionally,

9
either alone or in combination with a heating plant, the func-
tions of heating and humidifying. The cooling function may be
either electrically or heat operated and the refrigerant con-

10 denser may be air, water or evaporatively cooled. Where the
,equipment is provided in more than one package, the separate

11 packages shall be designed by the manufacturer to be used
together. The equipment may provide the heating function as a

12 heat pump or by the use of electric or fossil-fuel-fired

lelements. (The word "equipment" used without modifying adjective

13 ~nay, in accordance with common industry usage, apply either to
1HVAC system equipment or HVAC system components.)

14 The density of the lumlpniis fli3x 44ic-Want on -a

si-irf-a-ce; it 4~g th4a quotient 4af tliQ luminous flux by th4a area of-

15 surf ace whan tlie I atter " uniformly ) )

16 Indirectly conditioned sRace: An enclosed space within the
building that is not a heated or.cooled space, whose area

17
weighted heat transfer coefficient to heated or cooled spaces
exceeds that to the outdoors or to unconditioned spaces.L or
through which air from heated or cooled spaces is transferred at

18 a rate exceeding three air changes per hour. Enclosed corriders
be~_ween conditioned spaces shall be considered as indi~~~tl~

19 conditioned space (see "Heated space", "Cooled space" and
"Unconditioned space"),.

20

21

22

23

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 in the indoor and outdoor air density.

Insolation: The rate of solar energy incident on a unit area
with a given orientation.

24
Insulation baffle: A rig~i:d material, resistant to wind driven
moisture, the purpose of which is to allow air to flow freely

25
into the attic or crawl space a~_d ~`o ~eyen_tin_sul~_t_ionfrom
blochinq the ventilWE1~oon of these spaces, or the loss of insula-
tion. Example materials for thjg purpose are sheet metal, or wax

26 limpregnated cardboard.

27

28

Integrated part-load value (IPLV): A single number figure of
merit based on part-load EER or COP expressing part-load
effigigncy for air-condition"n An4 heat Rqmp equipment on the
basis of weighted operation at various load capacities for the
equipment.
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Interior lighting power allowance (ILPA): The calculated maximu
lightin power allowed for an interior space of a building or
facility, in Watts.

((Light IQSS factor (LLF) ; A factor 13god 4R nalaulat-Ing the

!~Vql Qf 11luad4lati4m after a given period Qt- time a-nd under
given Conditions -It takor. into aar-cmint tejapQratura a4ld voltage
jXarj tjQnS, dirt aQQj3jAj31atjQn QR jII4Ajn;ajr-&amp;a- a-Rd rQQ Suvfacgsr
lamp depreciation, mainteniance aRd atmo her-ic

I Luminaire: A complete lighting 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
power supply.

manual: Capable of being operated by personal intervention. As
applied tgo gLn glpctric control nonautom control !joes not
necessarily imply A manual controller but only that personal
intervention js necessary (see "Automatic").

Marked rating: The design load operating conditions of a device
as shown by the manufacturer on the nameplate or otherwise marked
on the device.

Motor efficiency, nominal: The median efficiency occurring in a

RoRulation of motors of the same manufacturer and rating.

((Maltif-an"Y dywellinq4- A bu4441nq c4;ntalp-ing three 4ar more
dywel ing i1pits.

Net Heat OutRut: The change in the total heat content of the air
entering and leavin the equipment Jnot including supplementary
heat and heat from boilers).

Net Heat Removal: The total heat content of the air enterin and
leaving the eqqipment (without heat) or the difference in total
heat content of the water or refrige ant entering and leaving the
component.

New energy: Energy, other than recovered energy, utilized for

purpose of heating or cooling (see "Energy").

Nominal R value: The thermal resistance of insulation as

I.g~e
ified ]2y the manufagturgr, according to recognized trade and

enginggKing standards.

NondeRletable energy sources: See "Renewable energy sources."

Won-renewable energy sources: All energy sources that are not
renewable energy g_ources including natural gas, gjj_, coal, wood,
liquefied petroleum gas, steam, and any utility-gjj~lipqd
electricity (see "Renewable energy sources"),

occupancy: See the Seattle Building Code.

!Occuvancv sensor: A device that detects the presence or absence
:.pf people within an area and causes combination of lighting,
!equipment, or appli4nces to be adjusted accordingly.

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.
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open blown: Loose fill insulation pneumatically installed in an
unconfined attic space.
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orientation: The directional placement of a building on ~
building site with reference to the builTing,s, longest horizontal
axis, or if there is no longest horizontal axis then with
reference to the designated main entrance.

outdoor air: Air taken from the outdoors and, therefore, not

previously circulated through the HVAC system of a building or
structure.

((Overall thermal transfer value (OTTv) , T4e t h Q ra a I t rza n S; f Q r
JntQ t" building thr-Gugh dt,&amp; wal I r. or roof due :t;,G solar- heat

a4id outd-o-or-Ind-o-or temperatiirg differences " dete-r-MI-n- by
EGiuatiQns; 4 a4ld 4 4-&amp;~ GhaPtea; 44,))

Packaged terminal air conditioner (PTAC): A factory-selected
wall sleeve and separate unencased combination of heating and

cooling components, assemblies or sections intended for mounting
through the wall to serve a room or zone. It includes heating
capability by hot water, steam, or electricity. (For the com-

plete technical definition, see Standard RS-10 listed in Chapter
7

Packaged terminal heat pump: ((A faQtQrY-9QjQQtQd QQ=bJnRtjQn 4D-.f

I-Ag a-Rd Gooling G;GMPGnQntS_r 401r- 9Q4td-Qn-%

t-G~r applicat in a indiuidll-l r-00 zone.)) A PTAC capable
of using the refrigeration system in a reverse cycle or heat pump
mode to provide heat. (For the complete technical definition,
see Standard RS-21 listed in Chapter 7.)

Permeance (perm): The ability gf 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-ft2-in.HG). Permeance MAy he measured
using AST E-96-72 or other ~pRKoved dry pip, method as g~Recified
in Standard RS-1 listed in Chapter 7.

Piping: A system for conveying fluids including pipes, valves,
strainers,_ and fittinga.

Plenum: An enclosure that is pArt pf the air handling syste and
is distinguished by having A very low air velocity. A plenum
often is formed in p,~rt 2r in total 12y portions of the building.,

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

Positive cooling supply: Mechanical cooling deliberately sup-
plied 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 evapo-
rator coil cases and cooling distribution systems which
((oontdnuaily)) qre capable of maintaining air temperatures
within the space of 85 degrees F. or lower ((dur4nq normal

operatio )) 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 heating Supply: Heat deliberately supplied to a space
by design, such as a supply register, radiator or heating
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I

elements. 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

2 distribution systems which 11 are capable of
,maintainiLag air temperature within the space of 50 degrees F. or

3 higher ((during normal operat-Jo-DO) at t e exterior design
conditions specified in Section 302.1. To be considered exempt

4 from inclusion in this definition, such surfaces shall comply
with the insulation requirements of this code.

~j It

*
. -Ln connect.-Lon with mqs~,Idne~s the ti e rate of doing work.ro er

In connection with the transmission of energy of all types, the
6 11rate at which energy is transmitted; in customary units, it is

7

8

9

10

I I

12

measured in watts M or British thermal units per hour (BtuZh).

Prescribed assumptiono A fixed value of an input to the standard
calculation procedure.

Process energy: Energy consumed in support of a manufacturing,
industrial imercial process other than the maintenance of, or cor
comfort and amenities for the occupants of a building..

Process load: The calculated or measured time-integrated load on
a building resulting from the consumption or release of process
energy-,.

PrOROsed design: A prospective desig fg-r ~~ buildinq that is to
h- evaluated f-- compliance

13

Prototype building: A generic building design of the same size
14 and occupancy type as the proposed design which coMplies with the

requirements of this code and has prescribed assupptions used to
15 generate the energy budget congernin shape, orientation, HVAC,

and other system designs _(age "Reference building").
16

'Public facility rest room: A rest room used by the transient

17 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

18 rooms in hotels, motels or dormitories and rest room facilities
intended for the use of employees and not usually used by the

19 Igeneral public are not considered public facility rest rooms.

20

21

22
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Radiant slab: A slab on grade containing heating pipes ucts
or electric heating cables that constitute a radiant slab or
Eor~~ion thereof for a complete or partial heating of the struc-
ture.

Readily accessible: ((Capable ot- being reachad quiGkly flc~r

OperatiGn, re-neuxial Qr inspections, without requiring those to
whon ready a4z-~. I&amp; requisitQ tG al imb over 4D-r remove ob-sta-cle&amp;

4D-r t~o resort t~o portable ladders,. Ghairs, a-tg (see
"Accessible" )) See the Seattle Mechanical Code.

Recommend: Suggest as appropriate; nLot required.

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

Reference building; A specific building design that has the same
form, orientation and basic systems as the proposed design and
meets all the criteria of this code Lsee "PrgtotM in "

,q buildL_g__J_

Reflectance: The ratio of the light reflected by a surface to
the light falling upon it.

Reheat: 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 in excess of that required by 1~he Seattle au ldlngL_
Code and the Seattle Mechanical Code to provide cooling.

((Nondap1atn1;)JQ)) Renewable energy sources: Sources of energy
(excluding minerals) derived from incoming solar radiation,
including natural daylighting and photosynthetic processes; from
phenomena resulting therefrom, including wind, waves and tides,
lake or pond thermal differences; and 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.

Rooficeiling assembly: See "Gross roof/ceilincr area."

Room air conditioner: An encased assembly designed as a unit
primarily for mounting in a window or through a wall, or as a
console. It is designed primarily to provide free delivery of
conditioned air to an enclosed space, room or zone. It includes
a prime source of refrigeration for cooling and dehumidification
and means for circulating and cleaning air, and may also include
means for ventilating and heating.

(Rogm Gavity rat i Q (RCR) A wanber rel ated t_o room d- Inens;
13SP-d in average QRS.

Sash crack: The sum of all perimeters of all ventilators, sash,
or doors based on overall dimensions of such 'parts expressed in
1-ee-t (counting two adjacent lengths of perimeter as one).

Seasonal energ efficiengy X~atio (SEER): The total coolin
output of an air conditioner during its normal annual usage
period for cqg1L1nq,_ in Btu the total electric, divided b

energy input durin ~_he same RgriLod, in watt-hours, As determined
)2y 10 CFR, Part 430.

Seminheated gRAce: see "Heated space."

Sequence: A consecutive series of operations.

service systems: All energy-using or .-distributing systems in a

building that are operated to provide services for the occupants
or processes housed therein, including HVAC, service water
heating, illumination, transportation, cooking or food
preparation, laundering or similar functions.
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Service water heating: Supply of hot water for domestic or com-
mercial purposes other than comfort heating.
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Service water heating demand: The maximum design rate of energy
withdrawal from service water heating system in a designated
period of time (usually an hour or a day).

Shaded: GlaK"n area which is externally Rrotected from direct
solar radiation by Rse of devices permanently affixed to the
structure or by -an adjagent building~, toRographical feature or
vegetation.

Shading coefficient (SC): The ratio of solar heat gain through
fenestration, KiLth or without integral shading devices, to that
occurring through unshaded V8 in. thick clear double strength
glass.

Solar Heat Gain of Fenestration
SC = Solar Heat Gain

Note: To be compared under the same conditions. See Chapter
26 of Standard RS-1 listed in Chapter 7.

Shall: Denotes a mandatory code requirement.

Should: Not mandatory hut desirable as qgod practice.

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

Skylight: A gj~j~zin surface that has a slope of less than 60

degrees from the horizontal plane.

Slab on grade exterior: Apy portign gf A slab floor in contact
with the ground which is less than or egual to 24 inches below
the ffn--al elevation of the nearest -exterior grade.

Slab-below-gr4de: Any portion of A gilab floor in contact with
the ground which is more than 24 inches below the final elevation
of the nearest exterior grade.

Solar energy source: Source of natural daylighting and of

11thermal,

chemical or electrical energy derived directly from con-
version of incident solar radiation.

Standard calculation prgcedure: An enercry simulation model and a
set of input assumptions that account for the dynamic thermal
Eer:formance of the building; it produces estimates of annual
energy consumption for heating, cooling, ventilation, lighting,
and other uses.

Standard framing: All fj,~~ practices not defined as
"intermediate" or IIiid-vancedII shall be.considered standard L:gee
"Advanced framg ceiling". "Advanced framed walls", and in
Chap 10_,_ "Intermediate framed wall").

Substantial contact: A condition where adjacent building
materials are placed in a manner that proximal surfaces are con-
tiguous, being installed and supported as to eliminate voids
between materials, without cg=ressing pr degrading the thermal
performance or either product.
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Substantially remodeled or rehabilitated: Any alteration or
restoration of a building or structure within Any 12 month
period, the cost of which exceeds 60 percent of the current

~tructure.replacement value of the particular building or

System: A combination of central or terminal equipment or compo-
nents and/or controls, accessories, interconnecting means, and
terminal devices by which energy is transformed so as to perform
a specific function, such as HVAC, service water heating or
illumination.

TaReKL1n_9_,' Installation of a reduced level of ceiling insulation
at the eaves, due to reduced clearance.

Terminal element: The means by which the the transformed energy
from a system is finally delivered; i.e., registers, diffusers,
lighting fixtures, faucets and similar elements.

Thermal by-pass: An area where the envelgpe surrounding the
conditioned space is breached, or where an ineffective
application compromises the performance of a thermal or
infiltration barrier, increasLng the structure's energy
consumption by exposing finished surfaces to ambient conditions
and additional heat transfer.

Thermal conductance: Time rate of heat flow through a body
(frequently per unit area) from one of its bounding surfaces to
the other for a unit temperature difference between the two
surfaces, under steady conditions (Btu/h-ft2.-F.).

14 IlThermal mass: Materials with mass heat capacity and surface area
capable of affecting building loads ]2y storing and releasin heat

15 las the interior and/or exterior temperature and radiant

16

17

18

19

20

21

22

23

24

1conditions fluctuate jqee "Wall heat cap4city!!J.

Thermal mass wall insulation position:

_[aL exterior insulation position: a wall having All or nearly
all of its mass exposed to the room air with Lhe insulation
on the exterior of that mass.

J_D~L integral insulation position: a wall having mass exRosed
to both room and outside air with substantially equal
amounts of mass on the inside and outside of the insulation
laver.

(c) interior insulation Rosition: a wall not meeting either of
the above definitions, particularly a wall having most of
its mass external to an insulation layer.

Thermal resistance (R): The reciprocal of thermal conductance
(h-ft2.-F./Btu).

j:

,Thermal
transmittance (U): The coefficient of heat transmission

11(air to air). It is the time rate of heat flow Der unit area and
25

!:unit temperature different between the warm side and cold side

.:air films (Btu/h-ft,2-OF.). ((T4iQ U value applies to y_on_hJ-t_i-oP,&amp;

26 ot- d-1-f-fer-Qnt zAatQr_i a _10WI-S 11szed in rzeriQs along the hQat f path,
:Mat&amp;zrials that GOMPrise a building section, cavity a4-r

27 spaGes and surfaoe a4-r films on both sides Qt- a bu-ild4nq
a-l-emep,t,)) (See Section 502 and Standard RS-1 for the different

:calculation procedures.)28
1
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Thermal transmittance, overall (Uo): The overall (average) heat
tranmission of a gross area of the exterior building envelope
(Btu/h-ft2.-F.) The Uo value applies to the combined effect of
the time rate of heat flows through the various parallel paths,
such as windows, doors and opaque construction areas, comprising
the gross area of one or more exterior building components, such
as walls, floors or roof/ceilings.

Thermostat: An automatic control device actuated by temperature
and designed to be responsive to temperature.

Total lighting power allowance: The calculated lightin power
allowed for the interior and exterior space areas of a building
or facility.

Total on-site energy input: The combination of all the energy
inputs to all elements and accessories as included in the
equipment components, including ]Zut not limited to
compressor(s), compressor suMp heater(s), circulatin p]LmpCs)__,

purge devices, fan(s), and the HVAC syste component control cir-
cuits

Transmission coefficient: The ratio of the solar heat g,~in
through a glazing syste to that of an unshaded single pane of
double strength window glass under the same set of conditions.

Unconditioned gpp,.ce: Space within a building that is not a con-
ditioned space J~jee "Conditioned spacell)t_

Unit lighting power allowance jRLF_AL_-. The allotted lighting
power for each individual building space in W/ft2-.

Unitary cooling and heating equipment: One or more factory-made
assemblies which include an evaporator or cooling coil, a com-
pressor 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 heat 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.

Vapor retarder: A layer of low moisture transmissivity material
(not more than 1.0 pe,m dry giA~ Rjaced over the warm side Li~n

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 ~gxterior walls, ceilings, and floors.
S~Eo~__retardinq paint, listed for this applicatio -also ggmplies
with this code.

Variable air volume IYAVL HVAC system: HVAC systems that control
the dry-bulb :t-imerature within a space by varying the volume of
supply air to the space.

Vaulted ceilings: All ceilings where enclosed joist or rafter
space is formed by ceilings applied directly to the underside of
roof joists or rafters.
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((VQi_Ii_PI(_f :r-QfIQQtions; Regular reflootions super
.

-posed upon
diff-lase rQflgr-Wons fram an ob~eGt that partial! Gr totally

th~e dQtal Is t-G b~e seen by reducing th4a contrast- This 47S

RonQtinAg oa-1-1-ad ------- glare.))

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 conditioned.

ventilation air: That portion of supply air which comes from
outside (outdoors) plus any recirculated air that has been
treated to maintain the desired quality of air within a desig-
nated space. (See ((Standard RS-3 listed in Chapter -7~ Ghapter 4
of- this code and)) definition of "Outdoor air"., the Seattle
Building Code and the Seattle Mechanical Code.)

Walls exterior): Any member of group of members which defines
the exterior boundaries or courts of a buildin and which have a
slope of 60 degrees or greater with the horizontal plane,- and
separates conditioned from unconditioned space. Band joists
between floors are to be considered a pgrt gf exterior walls see
"Rooficeiling assemblyn

Wall heat capacity_ The sum of the products of the mass of each
individual material in the wall p@,r unit area of wall surface
times its individual specific heat, au:zf F Isee "Thermal
massn.

Water-chilling package of absorption: A factory-designed and
prefabricated assembly (not necessarily shipped as a single
package) of one or more condensers, evaporators (water coolers),
absorbers and generators with interconnections and accessories
used for chilling water.

Water-chilling package, centrifugal or rotary: A factory-
designed and prefabricated assembly (not necessarily shipped as
one package) of one or more centrifugal or rotary compressors,
condensers and water coolers (evaporators) with interconnections
and accessories used for chilling water.

Water-chilling package, reciprocating: A factory-designed and
prefabricated assembly, self-contained or condenserless, of one
or more reciprocating compressors, condensers (self-contained
only), water coolers (evaporator) and interconnections and acces-
sories used for chilling water. The condenser may be air,
evaporatively or water cooled.

Watt (W): A unit of power. One watt is produced when one ampere
flows at an emf of one volt jqP1Lty power factor) Igee "Powgrn .

((WQrk plane; T-h4a plane at wh i ch wark is usuaII done a4ld at
fiAd a-Rd MaagurQdWh I G th4&amp; _1~ Spec UP_IQz1%

otherwise in-d-io-ated-r this 4-F, assumod tG be a _h-Q-_r__jZn-At_ plane -34

abnl~Q t-Ila floor.)

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 unit in residential buildings shall be
considered a single zone.

I
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Section 11: As of July 1, 1991, a new Section 202 is added

2

3

6

to the 1989 Model Energy Code as follows:

SECTION 202 - ABBREVIATIONS, ACRONYMS AND SYMBOLS

A area

Abgw area of below grade wall
Acc area of cathedral ceiling
Ad area of opaque door
Af area of floor over unconditioned space
Ag area of glazing
Arc area of roof ceiling
Aw area of opaque wall
AAMA American Architectural Manufacturers

AFUE
AHAM
AIA
ANSI

10

1
1
1
1
1
1
1 ARI

I I

I ~O

ASHRAE

ASME
A.qTm

BECUN
Btu/h

13
11 C
CFM

14 11 COP
D

15 DECON
DOE

16
EER
ELPA
Fs

17 GFA
Hc

18 hp
HS

19 HSPF

20

21

22-

23

24

25

26

27

28

HVAC
IES

Association
annual fuel utilization efficiency
Association of Home Appliance Manufacturers
American Institute of Architects
American National Standards Institute
Air-Conditioning and Refrigeration Institute
American Society of Heating, Refrigerating

and Air-Conditioning Engineers, Inc.
American Society of Mechanical Engineers
American Society for Testing and Materials
budget energy consumption
British thermal unit per hour
thermal conductance
cubic feet per minute
coefficient of performance
density in lbs./cu.ft.
design energy consumption
U. S. Department of Energy
energy efficiency ratio
exterior lighting power allowance
F-value for slab on grade floor
gross building floor area
heat capacity
horsepower
heat storage
heating seasonal performance factor
heating, ventilating and air conditioning
Illuminating Engineering Society of North
America

ILPA interior lighting power allowance
IPLV integrated part load value
K insulation value of a material per inch
n fraction of year when outdoor daily mean

temperature exceeds 64.9 degrees F.

,NFPA National Fire Protection Association
,pmd probable maximum demand in gallons per hour
.Ps perimeter of slab on grade floor in lineal

feet
PR pipe actual outside radius in inches
PTAC packaged terminal air-conditioner
r thermal resistivity
R thermal resistance
ri thermal resistance of inside air film
ro thermal resistance of outside air film
SC shading coefficient
SEER seasonal energy efficiency ratio

1SH specific heat of a material
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:1 Uo

SWH service water heating
t temperature in deg ees F.

th insulation thickngss in inches
TEFC totally enclosed, fan cooled
U thermal transmittance
Ybqw thermal transmittance of below grade wall
Ucc thermal transmittance of catiiedral ceiling

assembly
Ud thermal transmittance of pDAque door
Uf- thermal transmittance of floor over

unconditioned space assembly
1~yg
!

il thermal transmittance of glazing
overall thermal transmittance

Urc thermal transmittance of roof ceiling assem-

UW thermal transmittance of opaque wall

8 ~PA~ja proposed combined thermal transmittance
UAt target combined thermal transmittance
UFA usable floor area

t~ 11 TTT -0 -A I 1 1-14- 1 1

-SAJ_1L-- ~1 ng power al owanc;e
VAV variable air volume

10 11VLT transmittance of glazing material over visi-
ble portion ~gf solar spectrum

I;
W watts

i
WC

!,v thickness of a material in inches12 11

A

13
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Section 12: As of July 1, 1991, Section 302 of the 1989

Model Energy Code is amended as follows:

SECTION 302 - THERMAL DESIGN PARAMETERS

302.1 Exterior design conditions: The following design parame-
ters shall be used for calculations required under this code.

WINTER ((-I))

SUMMER ((-I))

water column

EXTERIOR DESIGN CONDITIONS

Design Dry-bulb

- Design Dry-bulb

I Design Wet-bulb

DEGREE DAYS HEATING

DEGREES NORTH LATITUDE

2 4 OF'.

820F.

660F.

4800

48

((-I Vaaa outdoor design temperature shal I b4a se lectedd f-ro tAie

t_G~,r_ Ygint_Qr- a4ld 2_5 PQ4;GQPt_ vallies
f-Gr SUMMQL= fr-Q= tajaj4&amp;&amp; 4.A StRnC];4rd 7DC:!-l

I J r. t Q d -in ChzqDter
Adjustme May b4Q jZ1aC3Q t-Q =Qf_jQQt jQQaj C414Rat446 Whir-b diffQ:r

thQ tabUlat9d t9MPGratUrQS, Qr I QQA1 WQRtbQr-
dQt-Qr:Mi M -by t4j4&amp; bUildin Off j Qj al

) )

302.2 Interior design conditions
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302.2.1 Indoor design temperature. Indoor design temperature
shall be ((44)) 70 degrees F. for heating and 78 degrees F. for
cooling.

Exception: Other design temperatures may be used for equipment
selection if it results in 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 percent. 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 HVAC system energy use.

Section 13: As of July 1, 1991, Section 303 of the 1989

8

10

I I
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Model Energy Code is amended as follows:

SECTION 303 - MECHANICAL VENTILATION CRITERIA

303.1 Ventilation: See the reguirements in the Seattle Building
Code &amp;md the Seattle Mechanical Cgde.. ((Ventilation aim shal
conform No Standard R&amp;-4 listed in chapter 2, The minimum CQ041uMan,

value of Standard R9-4 for each type of occupancy shall be used
for design- The vant-J-3at quantit specified in Section 4 of.

Stan R9-4 are for 044 percent outdoor air venthat
syst Section 4 of Standard RS-4 parmit-g- a roduation to 44
perc of the specifie minimum outdoor air requ for
rec-irculatin RVAC systems;w_

ameeptio 14 outdoor air quantiti other than those
spac-ifled in Standard RS-4 are used on required because Of
apennal occupancy or process _requirements.y source control Of
air contam.-inationy health and safety on other stan,dardsv the
required outdoor air quantities shall be used as the basis for
calaWatIng the heating and sooling design loads,))

I

Section 14: As of July 1, 1991, the heading of Chapter 4 of

the 1989 Model Energy Code is amended as follows:

CHAPTER 4

BUILDING DESIGN BY SYSTEMS ANALYSIS
((AND PF&amp;ST-a" OF 11TITIZING

ENZRGY SOURCUS))

Section 15: As of July 1, 1991, Section 401 of the 1989

Model Energy Code is amended as follows:

SECTION 401 - SCOPE

401.1 General: This chapter establishes design criteria in terms
of total on-site energy use by a building, including all of its
systems. Analysis 2f design for all GrouR R Occupancy shall
compl- with Sggtignq 402.1 to 402.6. The key GrouR R Occupancy
requirements are iR Section 402.6. Analypis of design for other
buildingg shall comply pith Sections 402.1 to 402.5.
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The building permit application for projects utilizing this
chapter shall include in one submittal ~1.11 hjj~~ and
mechanical drawings and information necessary to verify that the
design for the project corresponds with the annual energy qnaly-
sis.

Due to the various assumptions that are necessary, the results
of the ~~~l s~js shall not be construed as a guarantee of the
actual energy performance of _the project.

Section 16: As of July 1, 1991, Section 402 of the 1989

Model Energy Code is amended as follows:

SECTION 402 - SYSTEMS ANALYSIS

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

Exception: Chapter((.&amp;)) 5 ((a~nd 4)) of this code establishes
criteria for different energy-consuming and enclosure elements
of the building which, if followed, will eliminate the require-
ment for an annual energy analysis while meeting the intent of
this code.

13
A building designed in accordance with this chapter will be

deemed as complying with this code if the calculated annual
energy consumption is not greater than a similar building

14 (defined as a "standard, reference or prototype, design" and
defined in Section 402.1) whose enclosure elements and energy-

15 consuming systems are designed in accordance with Chapter 5 and
the reference or prototyDe dggiLSn building as defined in Chapter

16 9. However, building projects shall oply j;je g2~~te~d from those
reguirements in 9hapter 5 which have been accurately ~nd

17 icompletely modeled. Where variations from the Chagter 5
Irequire ents are not i~`ecificall analyzed, the buildin-y shall be
Idesigngd in accordance with Chapter 5, including control rgq34i
il

Lre-
18 ilments.

19

20

21
1

22

23

24

25

26

27

28

For an alternate building design to be considered similar to a
"standard_, reference or prototype, design," it shall utilize the
same energy source(s) for the same functions and have equal floor
area and the same ratio of envelope area to floor area, environ-
mental requirements, occupancy, climate data and usage opera-
tional schedule. jDputs to the energy analysis relating to
occupan and pgacje shall correspond to the e~ipected occupancy
.qnd ~j~ae, of the building.

Except as noted below, the systems identified, and, to the
extent possible, the assumptions made

-
in assigLdnq energy inputs

to each system, shall be the same for -Ehe standard design and the
proposed alternative design. When electrically driven hea~E
pumps,- other than multiple units cg_nnected to a common water
loop, Are loved to provide all or part oTt~e heat for the
alte native design, the standard design shall also, for the
purposes of the analysis, assume that electrically driven heat
pumps in conformance with Section 503 and having gqpAcity at
least as great as those used in the alternative design are
employ;d.
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402.2 Design: The standard, reference or prototype, design, con-
forming to the criteria of Chapter 5 ((4ar =iapt,&amp;r 4)) and the
proposed alternative design shall be designed on a common basis
as specified herein:

0 The comparison shall be expressed as Btu input per square
foot of gross floor area per year at building site.

0 If the proposed alternative design results in an increase
in consumption 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. if energy consumption
for heating provided by natural cia or oil increases
because of a decrease in lighting gr other electrical
internal loads, the amount of additional natural gas pr oil
energy reguired '~h-alY -bemultiplied hy the combustion
efficiency given in Table No. 5-6 as part of the conversion
into equivalent energy units.

402.3 Analysis procedure: The analysis of the annual energy
usage of the standard_, reference or prototype, and the proposed
alternative building and system d-esign shall meet the following
criteria:

The building 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 402.4.

0 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 evaluation
of the effect of system design, climatic factors, opera-
tional 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 sys-
tems and equipment. The calculation procedure shall be
based upon 8760 hours of operation of the building and its
service systems and shall utilize the design methods speci-
fied in Standards RS-1, -11, -12 and -13 listed in Chapter
7_, or on other programs approved by the building official.

402.4 Calculation procedure: The calculation procedure shall
cover the following items:

0 Design requirements--Environmental requirements as required
in Chapter 3.

0 Climatic data--Coincident hourly data for temperatures,
solar radiation, wind and humidity of typical days in the
year representing seasonal variation.

Building data--orientation, size, shape, mass, air moisture
and heat transfer characteristics.

Operational characteristics--Temperature, humidity,
ventilation, illumination, control mode for occupied and
unoccupied hours.

0 Mechanical equipment--Design capacity, part load profile.
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0 Building loads--Internal heat generation, lighting,
equipment, number of people during occupied and unoccupied
periods.

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

402.5 Documentation:
( (Rr~~ d'asigns, Sub-N-Ritted

a-&amp; requests t_o~ exceptio #o the standard design crlterla,) ) A-11

2g,~al sis submitted shall be accompanied by three copies of 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.

The calculation procedure for the standard, reference or Rro-
j_toty design and the proposed Aeqjcn shall separately iainiiiy

the calculated "~n_nu_~_ienergy consumRtion, for each different
occupancy type if possible.- for each of the followin end uses:

0 Interior lighting;

0 Parking lighting;

0 Exterior li_qhting_L

0 Space heating;

0 Space cooling;

0 Interior ventilation1fans;

0 Parkinq ventilationLfans-

0 Exhaust fans-

0 Service water heating;

0 Elevators;

0 Appliances.

Energy consumption of the following items shall be included
but is not reguired to be separated out )2y gA~qh individual item.

0 office equipment;

Refrigeration other than comfort coolina:

0 Cooking; ~jnd

An other energy-consuming eauiDment.

The specifications of the proposed building Rrpject used in
the anal shall be as similar as is -reasonabl prac ical to
those in the plans submitted for b-a ~Tlding permit.

Exception: Proposed alternative designs for one- and two-
family dwellings, multifamily buildings, other Grgup E
occupancy and for commercial and industrial structures having
an area of 25,000 square feet or less ((haAU;ag th4a Andoor
tem-atur-A QQntrQ1 I

.17
from a single point)) are exempted from
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the full-year energy analysis described in the second paragraph
of 402.3. However, comparison of energy consumption between
the alternative design and the standard design shall be pro-
vided based. on the ASHRAE TC4.7 simplified energy analysis
procedure usin the modified bin method or equivalent.

402.6 Special requirements for all Group R Occupancy

4
402.6.1 Energy hp4 gets: Proposed buildings -d-e-signed in
accordance with this section shall be designed to use no more

zj energy fro non-renewable sources for ~jp~ce heating, and domestic
hot water heating than. a standard buil whose enclosure

6 -~I-ements and energy consuming gj~tem~s are designed jn _4cqordance
with Section 502.2 of this code for the aDDroDriate heating

7 system type. Energ derived from renewable sources m~jy )je
!excluded from the total annual energ consuMption attributed to
I~the alternative building.8

402.6.2 Calculation of energy consumption: The application for a
9 buildiIng permit shall include documentation wi~lch demonstrates,

using calculation procedure -as listed in Chapter 8, or an
10 approved alternate, that the proposed buildipq_~s annual space

heat energy use does not exceed the annual space heating and
11 water heating energy use of a standard building conformin_ toq

Chapter 5 of this cod he-e. -total calculated annual energy
consumption shall be shown in units of kWh/ft2/year or12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Btulft Iyear of conditioned area.

402.6.3 Input values: The following standardized input values
shall be used in calculating annual space heating _budgets:

PARAMETER VALUE

Thermostat set point, hgAtiM 650F
Thermostat set point, cooling 78OF
Thermostat night set back 650F
Thermostat night '~et back period 0 hours

Internal Gain

R-3 units 3000 Btulhr
R-1 units 1500 Btulhr

Domestic Hot Water Heater Setpoint 120OF

Domestic Hot Water ConsumRtiO 20 gallons/person/day.

minimum Heat Storage Calculated using
standard engineering
practice for the
actual buildin- or as
approved.

Site Weather Data

Heating Ecruipment Efficiency
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Electric resistance heat 1.00
Heat PgmRs 6.80 HSPF.
Other Fuels 0.78 AFUE.

The standard build"n shall be modeled with glazing area
distributed egually amoM the four cardinal directions.
Parameter values that pay )Le varied hy the building designer to
model energy saving options include, but are not limited to, the
following:

1. overall thermal transmittance, Uo, of building envelope
or individual building componenf-s.

2. Heat atoraqe capacity of building;

3. Glazing orientation; area; and shad coefficient

4. Heatinq syst efficiengyL

402.6.4 Solar shading A,.nd access: Building designs using passive
solar features with 8 percent or more south facin eguivalent
glazing to qualify shall provide to the building official a sun
chart or other approy d documentation deRicting actual site
shading for use in calculatin compliance under this section.
The building shall contain at least 45 BtujOF for each square
foot of south facing glass.

402.6.5 Infiltration: Infiltration levels used shall be set at
0.35 air changes pgr hour for thermal calculation purposes only.

402.6.6 Heat pumps: The heating season performance factor (HSPF)
15 fo

-
r heat pqmps shall be calculated using procedures consistent

;i7ith Section 5.2 of the U.S. Department of Energy Test Procedure
1A for Central Air conditioners, including heat pumps published in

the December 27, 1979 Federal Register Vol. 44,_ No. ?4.1Q CFR

17
430. Climate data -as specified above, the proposed buildinggs
joverall thermal performance value (Btu/OF) and the standardized
input assumptions specified above shall be used to model the heat

18
1

pqmps HSPF.

19

20

21

22

23

24

25

26

27

28

Section 17: As of July 1, 1991, Section 403 of the 1989

Model Energy Code is hereby repealed.

Section 18: As of July 1, 1991, the heading of Chapter 5 of

the 1989 Model Energy Code is amended as follows:

CHAPTER 5
BUILDING DESIGN BY PRESCRIPTIYELCOMPONENT PERFORMANCE APPROACH

Section 19: As of July 1, 1991, Section 502 of the 1989

Model Energy Code is amended, Table Nos. 502.1.2.a, 502.1.2b,

502.1.2c, 502.2.1 and 502.4.2 and Equations 1-4 are deleted and
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new Table Nos. 5-1, 5-2, 6-1, 6-2, 6-5 and 6-6 and Equations 1-5

are added as follows:

SECTION 502 - BUILDING ENVELOPE REQUIREMENTS

502.1 General: The envelope design of an evaluated hqjj!~!~ is in
compliance with the requirements of this section when:

(a) compliance is achieved with the b~asic requirements and
required calculation procedures of Sections 502.1 and
502.4 and

(b) compliance is achieved with the criteria of one of the
follo alternate compliance paths:

1. Target UA criteria of Sections 502.2.1 and 502.3.1
using the equationa given, or for the gross exterior
wall area in Section 502.3.1, 11~in the ENVSTD
diskette version 2.1 or 2.2 from ASHRAEITES Standard
90.1.

2. Prescriptive criteria of Sections 502.2.2 and 502.3.2.

502.1.1; The stated U. or F value of any cMponent assembly-,_
listed in Table No. 5-1 or 5-2, such as roof/ceiling, opaque wall
or o ague floor may be increased and the U0 value for other com-
ponents decreased, provided that the total heat gain or loss for
the entire building envelope does not exceed the total resulting
from ((conformance)) compliance to the Uo values specified in
((Table Nos. Z-04-2-1 and 502 2 1)) thjg section. ((For Group R
bi3i I regulated -by -qQct-i4Dn 502.2, Figure N-o- 14 of Chapter- :7-

may b4a used -t-G dQt;;;r-mjnQ -a lower TJQ value t4r. the roof/ceil-i4l-q
assembly whgn t4e, jj,0 value of- t4aa wall does Pot Gopf-Grm t.'Q t4a UQ
vi-a-11-3a specit-i-ed in Erable No

The U-values for typ~ical construction assemblies are included
in Chapter, 10. These values shall be used for all calculations.
Where proposed construction assemblies are not represented in
Chapter 10_, values shall be calculated in accordance with
Chapters 19-27 in Standard RS-1 listed in Chapter 7, usjM the
framj= factors listed in Chapter 10.

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

1. Results of laboratorv or field mea;urements.

2. Standard RS-25 listed in Chapter 7 where the metal fr~in
is bo~-d-ed on

'

one or both sides to-i-ie~tai skin or cover-
ing,

3. The zone method as provided in ~9~te~r 22 of Standard RS-1
listed---17n Chapter 7.

4. Effective framing/cavity R-values as pro ided from the
follo table for metal stud walTs:
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WALL FRAMING CA-VTTY INSULA.TION

R-11 R-19

3

4

5

7

9

10

1 1

! x A _Q L6_11 0. c - 5.50
2 X 4 2411 o.c. 6.60

X k 1611 o.c. - 7.'~O

X ~j 2 4 11 o. c. 8.55

502.1.2: The proposed design may take into account the thermal
mass of the building components in considering energy conserva-
tion in accordance with Sections 402 and 502.3. ((For
r_Q=jdQntiRj jQQJ1djnGjS tAI4&amp; rQqUjrQ UW t-Qr- QXtQriQ= WallS, QthQr
than bazameAt a4ld r-rawl space wa-110, having a beat capacity
grQatgr than Or- SqUal t~Q 4&amp;.4 PtU~ft.210R ,

ShR11 b4a ]Qr~g than Qr-

equal to t4~e Ara 1 13es in a2abl a Nor, 502 1-2ar 5Q2.1.2br Qr-

5-0-2-1-2 T-he valu Q Q 4n Ta ?h 3 Q Ung =902-1-2ar 502.1.2b, 4Dr

502 1 2Q are tuR a-t I a -P. a 4of- th~e heating degree day.&amp; at t" building
la-cat-ion and the Uw dat4r4ain4ad by using Equation 4,

Xa4&amp;Gn~ry ow conar-Qts wa3ls havin a weight greater- than 4ar

equal t-G -1-0 4_b,4t_t,4 and salid wond walls. having a weight grtoat4ex-

than 4Dr- aqua-l t~o 2 0 1b - 11
have heat Capacit! equal arz

exceeding .6 0

12
Vor GtA49r uta-1-1 annst'viation, t4i4 heat capaGity 40-f t4l.0 wa I I

shall be dQt4mr_mjn by using HC = w x 'Q wbare.

13 RC = hQAt Capi-W-i-ty 4af th-Q Wal I
,

BtU~f-t-,2--R-P.

14 w = weight 4~f t4e wall, lja~4

15 G = SPQQjfjG bQRt 49t- t" Wa I I
I BtUj lb - O-F.

16
T410 spacifiG heat va3mes May bQ Qbta44~ad t4;om Chapter 24 of-

Standard RS-3 li=ted 4A Chapter

17
JI(Table Nos. 502.1.2a, 502.1.2b and 502.1.2c are deleted.j_

18 502.1.3: When return air ceiling plenums are employed, the
~roof/ceiling assembly shall:

19

20

21

22

23

24

25

26

27

28

" 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.

502.1.4 Insulation

502.1.4.1 General: All insulating materials shall comply with
Sections 1712 and 1713 of the Seattle Buil 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,
,qnd maintqin uniform R-values. To the maximum extent possible,
insulation shall extend over the full coMonent area to the
intended R-value.

502.1.4.2 Insulation mat~rials: All insulation materials
including facings such as vapor barriers or breather papers
installed within flooi~/jeiling assemLDlies, rooficei ing assem-
blies, walls, crawl spaces, or attics shall have a flame-spre_ad
rating ~pf less than 25 and a smoke density not ±~o exceed 450 when
tested in accordance with JLBC Standard No. 42-1.
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Exceptions

1. Foam plastic insulation shall coMply with Section 1712 of
~_he Seattle Building Code.

2. When such materials are installed in concealed spaces of
Types III, IV and V construction, the flame-spread and
smoke-developed limitations do not apply to facing,
provided that the fg,~in is installed in substantial
contact with the unexposed surface of the ceiling, floor
or wall finis~_._

3. Cellulose insulation shall gonform to Section 1713 of the
Seattle Building Code.

7
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9
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I I
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502.1.4.3 Clearances: Where required, insulation shall be
installed with clearances according to manufact-urers specifica-
tions. Insulation shall be installed so that required
ventilation is unobstructed. For blown or poured loose fill
insulation clearances shall be main~-a-ine-d-through installation of
a permanent retainer.

502.1.4.4 Access hatches and doors: Access doors from
conditioned spaces to unc)nditioned spaces (e.g., attics and
crawl spaces) shall be weatherstriDDed 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 be provided when loose fill insulation is
installed, the purpose of whi~_his to prevent the loose fill
insulation from sDillincf into the living f;~ace, when the attic
access is oiDened, and to provide a permanent means of maintainin
the installed R-value of the loose fill insulation.

502.1.4.5 Roof/ceil insulation: Open-blown or Rgured loose
fill insulation may be used in attic spaces where the g~oq of
the ceiling is not more than 3 feet in 12 feet and there is at
least 30 inches of clear distance from the top 2f the bottom
chord of the truss or ceiling joist to the underside of the roof
sheath~i~n at the roof ridge. When eave vents are installed
baffling ~gf the vent openings shall be provided so as to deflect
the incoming air above the surface of the insulation. Baffles
shall be rigid material, resistant to wind driven moisture.
Requirements for baffles for ceiling insulation shall meet the
Seattle Buil Code Section 3205(c) for minimum ventilation
reguirements. When feasible, the baffles shall be installed fro
the to of the outside of the exterior wall toR , extending inward,
A point 6 inches vertica above the height of non-compressed
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 cavH ~ Exterior wall cavities
isolated durijig framing shall be fully insulated to the levels of
the.surroundin 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 sqpports shall be installed so
sDa-cina is no more than 24 inches on center. Foundation vents
shall be Rl;~ced so that the "o af the vent is below the lower
surface of the floor insulation.
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Exception: Insulation may )?_e omitted from floor areas over
heated basements, heated garages, or underfloor areas used as
HVAC supply plenums. See aeattle Mechanical Code Section 1008
for underfloor supply plenum requirements. When foundation
walls are insulated, the insilation 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, ~ permanently attached baffle
shall be installed at an angle of 30 dgg.Lees from horizontal,
to divert air flow below the lower surface of the floor insula-
tion.

502.1.4.8 Slab-on-grade: Slab-on-grade insulation installed
inside the foundation wall, shall extend downward from the top 2f
the slab for A minimum distance of 24 inches or downward and then
iio'ri'zontally beneath the slab ~Lor minimum combined distance of 24
inches. Insulation installed outside the foundation shall extend
downward to a minimum of 24 inches ~gr to the frostline. Above
grade insulation shall be protected.

10 Exception: For monolithic slabs, the insulation shall extend
downward from the t-OR gf the slab ~_~_o__thebottom of the fogting.

11
502.1-4.9 Radiant slabs: The entire area of a radiant slab shall

12 ljoe
thermally isolated from the soil, Kith ~ minimum of R-10 insu-

lation. The insulation shall be an approved product for its
intended use.. If a soil g,~~s control syste js prgsent below the13 -1. - -

I A% I f-rnyn -Fhn c="'k-c2l nl~ -~-MTT I I

15

16

17

18

19

20

radiant slab, ch results in increased convective flow below
Ithe radiant slab, the radiant slab shall be thermal isolated

502.1.4.10 Below-grade walls:

1. Below grade exterior wall insulation used on the exterior
(cold) side of the wall shall extend from the tgp of the
below-grade wall to the top of the footing and shall be
approved for bJow--arade use. Above grade insulation
shall j?e protected.

2. Insulation used on the interior (warm) side of the wall
shall extend from the tpp 2f the below- ade wall to the
below-grade floor level.

Iqlazing and door U-values shall be determined in accordance with
502.1.5 Glaqjng and door U-yalues: For Grqup R Occupangy,

21 ';Section 502.1.5.1. For other occupancies, glazing and door U-
iIvalues shall be determined in accordance with either Section

22 1502.1.5.1 or 502.1.5.2.

23

24

25

26

27

28

502.1.5.1 Standard vrocedure for determination of alazin and
door U-values: U-values for glazing and doors, including all
fire doors, shall be the tested U-values for thermal
transmittance due to conduction resulting from either ~Lh_e AAMA
1503.1-88 test procedure or the ASTM ~Q36-87 or C976-82 test pro-
cedures, provided that testing shall be conducted under
established winter horizontal heat flow test conditions using
fifteen mile per hour wind speed directed perpendicular to the
exterior surface of the qglazin as specified under AAMA
1503.1-88.

AAMA 1503.1-88 testina. shall be conducted by A laboratory
accredited by to perform that test. ASTM C236-87 or C976-82
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test shall be conducted by an indeRendent laboratory
accredited by a nationally recognized accreditation pro Lamr-_,_
independent of that laboratory. All tested U-values reported for
listing by the State Building Code Council aftgr jApgar 1 1991,
shall include certification 12y the ma_nufacturer of gas content in
the sealed insulated -sunit used for testing ~~nd in the
production unit.

Product saMples tested shall be production line units or
represeotative of units as purchased by the consumer or contrac-
tor. Product sample sizes tested shall be in accordance with
AAMA 1503.1-88, except that skylights sh-all be tested with a
nominal two foot by fou-ri-o-ot size, or a nominal four foot hy
four foot size. The installation of the test sample s~-all be in
accordance with AAMA 1503.1- Section 8.4. All testipq
performed after January 1, 1991 shall not include screens. All
glazing and doors shall be identified with a label that states an
overall product U-value that is no Tes's than the actual tested U-
value. The labeled U-value shall be used in all calculations to
determine compliance with this code. Sealed insulating glass
shall jqonform, to_, pr !~e--in test for, ASTM E-774-81 level A.

Exceptions
1. The exterior frame dimensions of the product a4pple size

tested shall not deviate hy more than three inches from the
height and width specified, except that skylights are
allowed to be tested in the closest production line size to
that specified above.

2. Passive air inlets are not required to be part of the
tested assembly.

3. Products tested prior to December 31_, 1990, to AAMA
1503.1-80, ASTM C236-80 or C976-82 which are not in

comp4ance with the test g~ize requirement above,.and which
are in compliance with the product sample sizes in AA-MA
1503.1-80, shall be acciEtable until December 31.,_ 1994.

4. Untested glazing and doors shall be assigned the default U-
values listed in Chapter 10. The default values for the
opaque portions of doors ~hall be those listed in Chapter
10,- provided that the U-value listed for

'

a door with a
thermal break shall only j2_e allowed if bo*Eb the door and
the frame have a thermal break.

5. The U-value of an insulated glazing product which has a
'grille pattern' installed between the glazing jAyers shall

h~e deemed equal to the U-value of an insulated glazing
product which is tested without a 'grille pattern' in
between glazing layers, RKqyided a minimum V8 inch air
si~ace exists between the 'grille pattern' and both glass
lites.

6. Eor ~ glazing product which is manufactured with an
alternative -low-e coa ' than the -low-e coatina-of the

25 tested _qlazin product, the U-value shall be
.

deemed equal
provided that the alternative -low-e coati material has

26 ~~n equal or lower rated emissivity.

27 502.1.5.2 Alternate glazin and door U-values for other than
Group R~Oqcupanqy~,, Glazin U-values for other than Group R
OComnangy A-rim AIQ-

+-

I- +- Ir 4~ M 1-,'1 11 13 4~ fll~ 4-

28 1

" ~41 L. WILL CL %= %J at-) t--~L

,;~7 of Standard RS-1 listed in Chapter 7 or calcula ed in
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accordance with the procedures of !~hapter 27 of Standard RS-1
listed in Ch~er~7 qnd door U-- Svalues are al o allowed -to be
taken from Ta-ble 6 in Chapter 22 of Standard RS-1 listed in
Chapter 7.

502.1.6 Moisture control

Vapor retarders shall be installed on the warm side
-Li~n winter) of insulation as specified in the following cases.

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

502.1.6.2 Floors: Floors separat conditione space from
unconditioned space shall have a vapor retarder installed. The
vapor retarder shall have a one per dry gqp rating or less
(i.e., A mil. Polye hylene or kraft faced material).

502.1.6.3: Rooficeiling assemblies whgre the ventilation space
above the insulation is less than an average pf twelve L121
inches shall be provid-ed---v~ith -,~YA-Ror' retarder. Faced batt
insulation wh~-re used as a vapor retarder shall be face stapled.
Sinale rafter joist vaulted ceiling cavities shall be of
sufficient depth to allow a minimum one inch ~~-ented-qi-rspace
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 twelve (12) inches or greater.

502.1.6.5: Vapor retarders shall not be required ~ghere all of
the insulation is installed betweeii-Th-er-oof membrane and the
~-tru'ctural roof deck.

16 502.1.6.6 Wall insulation: Walls separating conditioned 5pace
from unconditioned space shall have a vapor retarder installed.

17
Faced batt insulation shall be face stapled,

502.1.6,7 Ground cover: A ground cover of 6 mil (0.006 inch
18 thicki black polyethylene -or approved equal shall be laid over

the ground within crawl spaces. The ground cover shall be
19 overlapped twelve JL2a inches minimum at the joints and shall

extend to the foundation wall.

20

21

22

23

24

25

26

27

28

Exception: The ground cover m~jy Le~gmitted in unheated crawl
5paLces if the crawl space has a concrete slab floor with a
minimum thickness of 3-IJ2 inches.

502.2 Criteria for Group R occupancy ((r-Asidential bWIdJ-ng'%))-
Compliance with the buildin envelooe requirements of this code
shall be demonstrated hy usin the Target UA Approach in Section
502.2.1 or the PrescLjRtj~Le Approach in Section 502.2.2..

For the purposes of this code, Group R Occupancy residential
buildings shall be subdivided )2y space heating
syste type. The followin two categories comprise all space
heatin types:

0 Electric resistance: S-Pace heating 5ygitems which include
baseboard units, radiant units, and forced air units as
either the pKinary or secondar heating system.
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Exception: Electric resistance systems for which the total
electric heat capacity in each individual dwelling unit does
not exceed the greater of: 11 1,000 watts per dwelling unit_,
or; 2) 1.0 ;;-a-tt p@r square foot of,the gross floor area.

502
- Heating a;id cooling r-r-iteria

0 Other:, All gas, wood, oil, and -propane space heatin gys-
tems, unless electric resistance is used as a secondary
heating system, and all heat p2LmR space heating systems.
(See Exceptions, Electric Resistance, above.)

Type A---I - Detached one- and t4vo-famil-Y C34-Aiellings; a4ld

2 Type A~-4 - A14 other resid-ontia-l bu I I d- i -ng~~ thrQQ at-or44ar,

or I-e-&amp;&amp; In height.

502.2 1 1 Wal I g - A build-ing a-&amp; hgrei n def-i ned that
j_% h4qat~ed 4Dr ~AQQhAnjQajjy COOlAd ShAll hRIrQ -a r-Q4PbjnQd t4jqr_VA-j
t ra n Sm i t.t a n 0- :s r a I I a LZ

-1,-U,04- ot- t4e gross area of Axteri or wa I I s P,~ot

444 Table N4@~, 50-2 2 1 Equatio.n. -1 Sh a I I

-ba aCGGptaI:).1'Q oombingt.iQns t~o :;AoQt thig
17

a;equ!rQp,ent--

592.2.1.2 Rggf-~G iling: A building that -is hented an4k~
ma-chanically r-QQIQd shall haum 'a onmbined thpraal transmittan4ae

tl" th4a gross area Qt- t4ie roof- assembiy 4o-t exceeding
t41-9 value given 4A Table No- 502 2 1 Equati 2, sbar~'I bG I I 5Z Q d
to d-QtQrmJne acceptab 004phinationg to IAAQt thig

Floors over unbeated
spa4oQ&amp;-;- F-" floQrg 4~~f hea4tad 4Dr

Epa-o4e~&amp; over unheated E+a-c~ t444B UQ ArRluQ
PGt eXr-GGGI t41-9 VaIIIA giVen In TRbIQ NG. -5jQ2-2-4- F-"

Over outdnQr air-, i.a., overhang&amp;, Tj,, Araluer. t-" heating
Shall NQP-t t4l.0 Same requirements ar, ghown t-Gr r-gofp: 14-4 !TabjQ. NO

5-0-2-2-3~4- S-]a-b--Q-p,=gxa4d4&amp; floor-s- For a-la-b-o-n-grado floors,, t4ie
th Q:r r-PR i Rtan Qt- th4a j n S13 1 2 t J around the perimete-V of- t4la

f I o- Q_r- R h a I I pot be less than tho value given 4rn TahlQ NGI
5022 1 In r-IjxnatQg b;;Ic3Ipx 6,QQQ annual heating
degr day-&amp; (HPD) ,

t414&amp; InS.1-3 I at J shall extgnd dQwnward F-r-Qxn #h4R

t,Qp Of #h4a Slab f-~ a TAjnjTA13= distanrQ of .2r4 inozheg or- dowmia-rd
to t" bottom of t4j~e slab and then hgrizont~lly beneath t4a slah
f-4@lr- a ZAjnjM13rA tQtal C3j9tRnQ-Q Of- 2,4 inr-bQr. a-Rd ghall b4a. an
approved type. -1-n GliTpates equal t-o or- groater than 6,QOQ annual

heating degree day-s (NDD) ,
t4ie gball extend

d own f-r-Oln th4g. trOp Ot- th4B 91 a b tQr- J nG-YAGS 4aU. .. I A%Z-a-rd a of 44
downward t4Q~ t4jo bgtto Qt- tAja glab and thgn hori:zontali-sr zf~ a
Tpi-nimum total digtanQQ of 44 !-PchQ-&amp;-

5 0- -2 - -2 . 1 ..5 Crawl space wa I I r,
- T-ha 4gXter-inr- Walls, of C-r-WAXI space-s.

below 41,ningula :F-IQC)r-R shall halrQ a -ther-TARI tranRmit+~ano-Q ualllp
144D-t QXQQQC3 j:M Ci tIIQ Th T a I

I
I Cm giVGR 4n TRW A N40-- 502 2 1 WbQI=A t_b,4&amp;

ground surfar'Q " JQSR :t4j'-tR -14 inchQr, bQjC)jq the Q13tRido

grouncl levei, orawi space Axall inglolat-i S h a 11 QxtAmd
4- 4 1

, ---4--0~ ffor- @+Az~y 4 QIP4tanr-A Gf
Ii-n-early from th4a ou _r finir~h ground 3Q3rQl

are vQntilat t~o

Qutr-ldo, t4i-9 vQnt area shall at a Ong
Gquar-46 f-QQt P4@-r I

,
5 0 0 SquaXe f- Q Q t ot- c sp a c, e f- I Q Q r- ax~ a-ad

t4le grQUnd r-UrfaC-Q (f-IGOr-) WithiM t4j4&amp; Q-r-RXAXI sparae sharI4 be
cove witli -a mgtQrjal having a por rating ~Gf one or- less
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R;a=QMQnt wa 1 1 g - T4a-Q OX-tQXd-Qr WRIIS G-f bASQQQntS, bQ1014
uninsul-at,G4 t-14MD-r~ shall haAX6; -a tr-apr.=ittRpOQ vaI13Q PGt 49-XreQd'--
t4a4a valum giVen In Tablo 4Q~, 502 2 3 tQ a dept~h 40-f- 4rG feist beloyj

t4Q QI]tSJdQ finigh gr-QUnd 1OV4R.-l-r G-r t4IQ 194VOI Qt t#e hRSQ:MQnt
'floor, "iChQAXQV IS IQgA

(Table No. 502.2.1 is deleted.)
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1502.2.1 Targgt RA approach: -The proposed UA as calculated using
Eauations 2 and 3 shall not exceed the Target IIA qs calculated
using Equation 1. For the purpose of determining equivalent
thermal perfoi~m7q~ice, the glazing area for the target UA shall be
calculated u figures in Table No. 5-1, and all the glazing
shall be located in the wall area. The opague door area shall be
the same in the target UA and the proposed UA.

I

(Table No. 5-1 is entirel new and is.not underlined.)
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TABLE NO. 5-1 (Section 502.2.1)
TARGET COMPONENT REQUIREMENTS FOR ALL

GROUP R OCCUPANCY

COMPONENT

Space Heating System Electric
resistance

TARGET REQUIREMENT

Heat pump, natural
gas, oil, steam

and other

Glazing % Floor Area

Glazing U-Factor

Doors

ceilings:
Attic

Single Rafter/
Joist Vaulted

Walls

Floors

Slab on Grade
Slab R-Value

Below Grade interior
Wall R-Value

21 Depth: Walls
Slab

3.51 Depth: Walls
Slab

71 Depth: Walls
Slab

Below Grade Exterior
Wall R-Value

21 Depth: Walls
Slab

3.51 Depth: Walls
Slab

71 Depth: Walls
Slab

15%

U = 0.400

U = 0.200

(R = 5)

U = 0.031

(R = 38)

U = 0.034

(R = 30)

U = 0.058
(R = 19A)

U = 0.029
(R = 30)

F = 0.54
(R = 10)

(R = 19)

U = 0.043
F = .69

U = 0.041
F = 0.64
U = 0.037
F = 0.57

(R = 10)

U = 0.070
F = 0.60
U = 0.064
F = 0.57
U = 0.056
F = 0.42

15%

U = 0. 650

U = 0.400
(R 2. 5)

U = 0.036

(R = 30)

U = 0.034
(R = 30)

U = 0.062
(R = 19)

U = 0.041
(R = 19)

F = 0.54
(R = 10)

(R = 19)

U = 0.043
F = .69

U = 0.041
F = 0.64
U = 0.037
F = 0.57

(R = 10)

U = 0.070
F = 0.60
U = 0.064
F = 0.57
U = 0.056
F = 0.42

502.2.2 Prescriptive approach

The building envelope requirements mAy be met by installing
one of the prescriptive packages in Table Nos. 6-1 to 6-6.
Compliance with nominal R-Values shall be demonstra~Eed or the
thermal resistance of the added insulation in fr.amin-q gavities
and/or insulated sheathing pply and shall not include the thermal
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4

transmittance of other buildin materials or air films, but shall
permit interruption hy occasional framing members.

502.2.2.1 Roof/ceiling: Ceilings below vented attics and
single-rafter, joist-vaulted ceilings shall be insulated to not
less than the nominal R-yalue specified for ceilings in Table
Nos. 6-1 to .6-6 as applicable.

502.2.2.2 Exterior walls both above and below grade: Above
grade exterior walls shall be insulated to not less than the

5 nominal R-value specified in Table Nos. 6-1 to 6-6 as applicable.
~IThe following walls should be consiaered'to meet R-19 without11-6
-ladditional documentation:

8

9

10

I I

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

1, a 2~ 6 framed and insulated with R-19 fiberglass batts.

2. 2 x 4 framed and insulated with R-13 fiberglass batts
p-Lus R-3.2 foam sheathing.

3. 2 x 4 framed and insulated with R-11 fiberglass batts
ii:y-s R-5.0 foam sheathipc..L_

502.2.2.3 Exterior walls (belo grade): Below grade exterior
walls surrounding conditioned space shall be insulated to not
less than the nominal R-yalue specified for below grade walls in
Table Nos. 6-1 to 6-6 as applicable.

502.2.2.4 Slab-on-grade floors: Slab-on-grade floors shall be
insulated al their perimeter to not less than the nominal R-
values specified -for slab-on-grade fl-oors in Table Nos. 6-1 to
6-6 as applicable. Slab insulation shall be i~-stalled in
comDliance with Section 502.1.4.8. See Section 502.1.4.9, for
additional requirements for r_adiant slab heating.

502.2.2.5 Floors over unconditioned space: Floors over
unconditioned q~ces~ such as vented crawl spaces, unconditioned
basements, and parking garages shall be insulated to not less
than the nominal R-value shown for floors over unconditioned
spaces, in Table Nos. 6-1 to 6-6.

11

502.2.2.6 Exterior doors: For all doors which are less than 50%
glazing, including f~ire doors, the opaque door area ~hall have a
maximum area weighted average u7---value not exceedin that shown in
Table Nos. 6-1 to 6-6 and the glazing shall comply with Spction
502.2.2.7. U-values for the opague door area shall be determined
in accordance with Section 502.1.5.1. For all doors which are
50% or more glazing, the entire door area shall cgDRly with the
~laz

.

rg~uirements in Section 502.2.2.7.

Exception: Doors whose area and U-value are included in the
calculations for compliance with the requirements for glazin
in Section 502.2.2.7 shall Loe exempt from the U-value
requirements stated above.

502.2.2.7 Glazing

502.2.2.7.1 GlaK"n area: The total glazing area as defined in
Chapter 2 shall not exceed the percent of gross conditioned
floor area specified in Table Nos. 6-1 to 6-6. This area shall
also include any doors using the exception -of Section 502.2.2.6.

502.2-2.7.2 Glazinq U-yalues: The total glazing area as defined
in Chapter 2 shall have an area weigh d average U-value not to
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exceed that specified in Table Nos. 6-1 to 6-6. U-values for
glazing shall be determined in accordance with Section 502.1.5.1.
These areas and U-values shall also include doors using the
exceRtion of Section 502.2.2.6.

If the U-values for all glazing products are below the U-
value specified, then no calculations are required. If
coMpliance is to be achieved through an area weighted calcula-
tion, then the areas and U-values shall be included in the plans
submitted with a building permit application.

included in the percentage of Lhe total glazing area as allowed
for in Table Nos. 6-1 to 6-6. The maximum area (before dou-
blingl allowed for the total of -all single glazing -is 1% of the
floor area.

Exception: single glazing for ornamental, security, ~r
architectural RurRoses shall have its area doubled and shall be

(Table Nos. 6-1, 6-2, 6-5 and 6-6 are,entirely new and are not
underlined.)
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TABLE NO. 6-1 (Section 502.2.2)
PRESCRIPTIVE REQUIREMENTS1 FOR GROUP R OCCUPANCY

HEATING B~ ELEdTh3fd_RiSI~bkkdE
- '

-

09
:4 0
H 0 9
0 0 rg

9

0 W
;rl :D

H *4

N 4

W
M :Z)

9009
0

0
Z
H
0

n 0
W 74

E-1 H
904
::) H
KW

0

W W
0 n

-64-04--
4 M 19

~t K 0

9
_1i ~t W
- 00
A 14 KAW94MM
D:

X
0 D: N
- On
A A 9
A P 94MQ
2:

to

9
0
0

W W
M Z a
9 0 K

10% 0.46 0.40 R-38 R-30 R-21 R-21 R-10 R-30 R-10

12% 0.43 0.20 R-38 R-30 R-19 R-19 R-10 R-30 R-10

12% 0.40 0.40 R-38 R-30 R-21 R-21 R-10 R-30 R-10

15% 0,40 0.20 R-38 R-30 R-19 R-19 R-10 R-30 R-10

18% 0.39 0.20 R-38 R-30 R-21 R-21 R-10 R-30 R-10

21% 0.36 0.20 R-38 R-30 R~-21 R-21 R-10 R-30 R-10

25% 0.327 6.20 R-38 R-30 R-19+ R-21 R-10 R-30 R-10
R-58

30-1. 0.297 0.20 R-38 R-30 R-19+ R-21 R-10 R-30 R-10
R-58

Reference Case (highlighted in boldface)
minimum requirements for each option listed. For example, if a pro-
posed design has a glazing ratio to the conditioned floor area of 191,
it shall comply with all of the requirements of the 211 glazing option
(or higher). Proposed designs which cannot meet the specific require-

ments of a listed option above, may calculate compliance by Chapter 4

or Section 502.2.1 of this code.

Requirement applies to all ceilings except single rafter or joist
vaulted ceilings. 'Adv' denotes Advanced Framed Ceiling.
Requirement applicable only to single rafter or joist vaulted ceilings.
Below grade walls shall be insulated either on the exterior to a mini-
mum level of R-10,or on the interior to the same level as walls above
grade. Exterior insulation installed on below grade walls shall be a

water resistant material, manufactured for its intended use, and
installed according to the manufacturer's specifications. See Section
502-2.2.2.
Floors over crawl spaces or exposed to ambient air conditions.
Required slab perimeter insulation shall be a water resistant material,
manufactured for its intended use, and installed according to
manufacturer's specifications. See Section 502.2.2.4.
These options shall be applicable to buildings less than three
stories: 0.35 maximum for glazing areas of 25k or less; 0.32 maximum
for glazing areas of 30% or less.
This wall insulation requirement denotes R-19 wall cavity insulation
plus R-5 foam sheathing.

CS 19.2



TABLE NO. 6-2 (Section 502.2.2)
PRESCRIPTIVE REQUIREMENTS1 FOR GROUP

"
R OCCUPANCY

HEATING BY'6THER FUELS

V
V

0

0

01 P; C;

a F~l

~ W N
..

Z a
H 0 9
tq 0 W
9 P4 9
P r4

0 \*

.........

Z ~3

H 0
M 09
P

:1~0

M P
P4 ~0
0
P

~1,

Z
H
14

H
P
0

M A
P H
14$4
0 H
4 rg

W W0
~09In

0:14 0

on
~114P4

A W 9
144 M U

ix

0
0
9

W Pq

M
:4

0
4 4
A 0 rA

Med. 10% 0.70 0.40. R-30 R-30 R-15 R-15 R-19 R-10

II. Med. 12% 0.65 0.40 R-30 R-30 R-15 R-15 R-19 R-10

III. High 21% 0;75 0.40 R-30 R-30 R-19 R-19 R-19 R-10

7 IV. Med. 21% 0.65 0.40 R-3 0 R-30 R-19 R-19 R-19 R-10

V . Low 21% 0.60 0.40 R-30 R-30 R-19 R-19 R-19 R-10

VI. Med. 2551. 0.457 0.40 R-38 R-30 R-19 R-19 R-25 R-10

Med. 30% 0.407 0.40 R-38 R-30 R-19 R-19 R-25 R-10

10

12

13

14

is

16

17

18

19

20

21

22

2-3

2-4

25

26

27

28

Reference Case (highlighted in boldface)
Minimum requirements for each option listed. For example, if a pro-
posed design has a glazing ratio to the conditioned floor area of 19%,
it shall comply with all of the requirements of the 21% glazing option
(or higher). Proposed designs which cannot meet the specific require-

ments of a listed option above, may calculate compliance by Chapter 4

or Section 502.2.1 of this code.

Requirement applies to all ceilings except single rafter or joist
vaulted ceilings~. 'Adv' denotes Advanced Framed Ceiling.
Requirement applicable only to single rafter or joist vaulted ceilings.
Below grade walls shall be insulated either on the exterior to a mini-
mum level of R-10,or on the interior to the same level as walls above

grade. Exterior insulation installed on below grade walls shall be a
water resistant material, manufactured for its intended use, and
installed according to the manufacturer's specifications. See Section
502.2.2.2.
Floors over crawl spaces or exposed to ambient air conditions.

Required slab perimeter insulation shall be a water resistant material--,
manufactured for its intended use, and installed according to
manufacturer's specifications. See Section 502.2.2.4.
These options shall be applicable to buildings less than'three stories:
0.50 for glazing areas of 25% or less7 0.45 for glazing areas of 30% or
less.

This wall insulation requirement denotes R-19 wall cavity insulation
plus R-5 foam sheathing.
Minimum HVAC Equipment efficiency requiremLt. 'Low-denotes an AFUE of
0.74 and an HSPF of 6,35. -Med.-denotes an AFUE of 0.78 and an HSPF of
6.8. 'High'denotes an AFUE of 0.88 and an HSPF of 7.4.

2

3

4

5

6

7

8

9

(Table Nos. 6-3 and 6-4 are reserved for numbering gonsiAtency.)_
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TABLE NO. 6-5 (Section 502.2.2)
LOG HOMES PRESCRIPTIVE REQUIREXENTS1

HEATING BY ELECTRIC RESISTANCE

OPTION AVERAGE2 GLAZING GLAZING DOORS CEILING3 VAULTED4 FLOORS SLAB6
LOG FLOOR U-VALUE U-VALVE CEILING ON

THICKNESS AREA GRADE

1.7 5.511 15% 0.31 0.14 R-60 Adv R-38 R-38 R-10

11.7 7.511 15% 0.40 0.20 R-60 Adv R-38 R-30 R-10

111.* 9.611 15% 0.40 0.20 R-38 R-30 R-30 R-10

Reference Case (highlighted in boldface)

For Group R occupancy use Table No. 6-5 for only the portion of floor
area using log/solid timber walls. Use Table Nos. 6-1 to 6-2 for all
other portions of the floor area. Minimum requirements are for each
option listed. Interpolations between options is not permitted.
Propc?sed designs which cannot meet the specific requirements of a
listed option above, may calculate compliance by Chapter 4 or Section
502.2.1 of this code.

I

2 Required minimum average log thickness.

'Adv' denotes Advanced Framing. Requirement applies to all ceilings
except single rafter joist vaulted ceiling.

Requirement applicable only to single rafter joist vaulted ceilings.

3

4

5 Floors over crawl spaces or exposed to ambient air conditions.

18

19

20

21

22

23

24

25

26

27

28 0

6 Required slab perimeter insulation shall be water-resistant material,
manufactured for its intended use, and installed according to
manufacturer's specifications.

7 These options shall be applicable to buildings less than three storie
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TABLE NO. 6-6 (Section 502.2.2)

LOG HOMES PRESCRIPTIVE REQUIREMENTS'
HEATING BY OTHER FUELS

OPTION AVERAGE2 GLAZING GLAZING DOORS CEILING3 VAULTZD4 FLOORS SLABG

LOG % FLOOR U-VALUE U-VALUE CEIL114G Oil

THICKNESS AREA GRADE

:r.
7 3.511 21% 0.40 0.39 R-49 Adv R-38 R-30 R-10

11. 4.4" 21% 0.40 0.40 R-38 R-30 R-19 R-10

111. 5.241 21% 0.50 0.40 R-38 R-30 R-19 R-10

IV. 6.511 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-10

V1. 8.2" 21% 0.65 0.40 R-38 R-30 R-19 R-10

Reference Case (highlighted in boldface)

I For Group R Occupancy use Table No. 6-6 for only the portion of floor

area using log/solid timber walls. Use Table Nos. 6-1 to 6-2 for all

other portions of the floor area. Minimum requirements are for each

option listed. Interpolations between options is not permitted.
Proposed designs which cannot meet the specific requirements of a

listed option above, may calculate compliance by Chapters 4 or Section
502.2.1 of this code.

2 Required minimum average log thickness.

-Adv' denotes Advanced Framing. Requirement applies to all ceilings
except single rafter joist vaulted ceiling.

I

3

4 Requirement applicable only to single rafter joist vaulted ceilings.

Floors over crawl spaces or exposed to ambient air conditions.5

6 Required slab perimeter insulation shall be water-resistant material,
manufactured for its intended use, and installed according to
manufacturer's specifications.

7 These options shall be applicable to buildings less than three stories.
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502.3 Criteria for all Other than Group R Occupancy
((buildingg)): Compliance with the building envelope
reguirements of this code shall be demonstrated hy using the
Target UA Approach in Section 502.3.1 based on the values in
Table No. 5-2 or_, or the gross exterior wall area, based on the
ENVSTD diskette version 2.1 or 2.2 of ASHRAEJIES Standard 90.1;
or by using the Prescriptive Approach in Section 502.3.2. These
requirements apply to all heated andjor cooled spaces, includipq
semi-heated spaces as defined in Section 201. Semi-heated g~ce~s
need pMly comply with the requirements of Footnote 8_, Table No.
5-2. Unless otherwise approved hy the Buildin Official, all
spaces shall be assumed to be at least semi-heated.

Exception: Skylights for which daylight credit is taken May );~e

excluded from the requirements and calculat-ions -of the roof
assembly (Urc) if all of the following conditions are met:

141 The opaque roof thermal transmittance value Urc does not
exceed the value in Table No. 5-2.

-Cbl Skylit areas, including fKqMjnq, qs ~ percentage of the
roof area do not exceed the values specified below where
Vi-sib-leLi-ght-Transmittance (VLT) is the transmittance of a

glazing material over tparticular he visi.b.le portion of the
solar spectrum. (Skylight areas shall be interpolated pnly
between visible light transmittance values of 0.75 and
0.50.)

0 Skylights over areas with a total lighting wattage of
less than 2.0 watts pgr square foot: Ill 4% where VLT
is 0.75 maximum and jal ~6-' where VLT is 0.50 maximum.

0 Skylights over areas with a total liqhting H~~~ta ~e of
2.0 watts per square foot ~n greater: Ill where VLT
is .0.75 maximum and 121 j?-0c, where VLT is 0.50 maximum.

-LcL All electric lighting fixtures within daylighted areas
under skylights are controlled 12y automatic daylighting
controls. Daylight areas under skylights shall be defined
as the daylight area beneath each skylight whose dimension
in each direction (centered on the skylight) is ggjLal to
±~hp q~i ~ht dimension in that di~ection plus the dimension
of the floor to ~q~lin~ height.

jdj Me overall thermal transmittance Uo value of the skylight
assemb includinq framing is equil-to or less than 0.70
Btujh-ft2--F.

_(el Skylit curbs have thermal transmittance U values less than
pr equal to 0.21 Btu/h-ft2--F.

-Cf Mhe infiltration coefficient of the skylights is less than
or equal to 0.05 cfrl/ft2.

((5542-43-1 Heating griterim

-502-4 11 wallg- A building other than a GrQup R building
26 --

V lated by SAr-tinn 502 2 that -j-S heRted shall bgvA a cGRjb-j4j4ad

thQ4~: tranqmittanr-p lirallaQ Q~-f t4le
gx4)-&amp;&amp;

area 4D-f exter-Jor

2-7 wall&amp; not trhe values given -in Table No. 502 3 1

Equation -1 shall b4a used #,G acGepta
!:PACQQt this requir ment-28
i
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502 3 1 2 Roof/ClAiling; A building that I&amp; heated and~or
GGGI Qd ShA I I h;aAXQ a QQ=bi n4QC3 t4jQrmia-l trzangmittanQQ

:%TR 113 Q 4-Ug4- t-or- the gross area 4D-f the rooe assembly not excti-4841-ag
t44-e value- give in Table No- 502 -2 3 Equati 2, Rhal I be ur~pci

to determine accepta to =LQCz-t thir, requ
I re-ent

-5 Q2 2 3 Floors over unheated SpaGese For t-IQQr--&amp; of heated
spaces over unheated spaces, t4i-e UO NxglijQ sbal I p,&amp;t Qx-f-,~ the
Va-11-IG giVeA in Table NG- 502 2 3 FLOr f-30ors over gutdoor air,
i-44-r TJQ values t-G~r- heating shall ineet the saras
requir-emepvt~&amp; a-&amp; shown t-or- ronfs in Table N-G- =902.3.1.

5Q2.3.1.4 Slab-on-glrade floors- For floors, the
thgkr resistanr-Q Qt- t4ia -insWati armund t4ae parimster ot- t4ie
-f-Ion-r- shall be PA~t -le-~ than the value given in TabIQ No-,
5022 1 In 9 1 j ZA R t P P bQ I CA 6

1
() () Q a:n:nl 3 a I Pahrenhe

degr day-g (14DD), the -insulati Shall eNtGnd dGWPWa-r-d fr-Q= t-he

top of- the plah t-4D4; a Ininimurn di-St'a4l/ge 4Df .24 jnQ!Apq 4D-r dQWpAqarrd
t~o thea hottom ot- tbe slah a44d then bengath the slab
~~ a ainim"m total d-iGta4I--a ot- -2,4 inches ax~d shall be of- aq
approvQd type. -In alimates equal t4D 4D~r greater then 47-QjG-G appual
Fahr-QnbcAit heating degree dayg (HDD) ,

the 4--n-Sula-t-i Sh a I I ex-~t~
downward from t4qe tc~p of t-he slab t-Q~r- a ninimurn ot- 44 anghes or
d-Q-W-n-Wa4;md t-Q the h0ttQ= Qt the 9IRb aRd thPn hori2nntally t-Or a
mi-niraup- total digtangA 4@t- 44 inr-hQsz

50-2.3.1.5 Crawl Spar-e Walls- T4a-e exter-lor walls ot- cra:wl spaGes
b6;1c) uningulatQd flci=g shall ha-g a ther-Tpal tr-aiggnittanao val~ue
P,ot aX c- c-; 4Q- d- in-

cj t4ie Nralue q4-ven in Table N-Q-- 502 2 1 WbQr-P #4g
i gr-C)URGI gji:rfagp 4-s Iggg than 44 innbPr, biplnu #he outside
i- qx-Gund level, crawl gpaGe wall Insillat'i &amp;h-a~ extend

inQbprand horizontally a minirau total diptanrtz Ot
-I , -early eroxn t4a-e nut s i ae :F- i n i sh ground le-v-e-j-

Where r-rawl &amp;P'-I~ below uningula f I Qnrr' are ;rQnt 4 1 ated to
the outside, t4le ITC;nt area shall be pr-Qvided a-t a ratio ot- opQ
square font PQ-r 1,500 SqUar-O f-P-Qt Of- Cr-WAXI SpaQ~Q f-100a= aLCOa, a444
th4a ground Rgxr~e (floor) ;,xithin the crawl space shall be
cove with a rpaterial havin a per rating ot- one Gr- less

50-2-2-11-4 waiis; T-he Qxterior- walls 4a-f :t4nje

19 0-W 41 n i n p I I I a :E1QQ:rS shall have -a tbprnal tranrmi-ttance Arallip

P.Q# ex-ce-e-d-ing t4la valluz given -in frable NO 502-3.1 to a depth Gt-

20
-I-Q f- P P t bQ I QIAX t4l4a OUt4&amp;j-de 4 j n i 9; h gr-QUnd 3 9-k I K4;~ I 40-r- tQ :t-ha ~j IgN Tp I 4D-f

21 i502.3.1 Target UA approach: The proposed UA as calculated 11~in
iEcruations 2 and 5 shall not exceed the Target UA as calculated
i22 lusing Equation 4. For the 'Purpose of determinin eau valent
~theripal performance, the
i

glazing area, U-value and shading
23 coefficient package for the Target UA shall be for a glazing area

which is. cfreater than the proposed design. The shading
icoefficient for the proposed design shall no~-exceed the Target24
i

Ishading coefficient. For the Target UA, all glazing shall beI- -
le-z)

11performed in accordance with the reguirements of Section 502.1.

26 As an alternate for the gross exterior wall area (including
window, door and opaque wall assemblies), compliance May also be

27 demonstrated usin the ENVSTD diskette version 2.1 or 2.2 of
ASHRAEIIES Standard 90.1 using Lhe requirement

'

s for calculations

28
in Section 502.1. When using this approach for spaces which are

lboth heated and cooled, compliance is gDly required with the
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11

total criteria, not the individual criteria for heating or for
cooling. it is acceptable to use this method to make tradeoffs
between heating and cooling crHerla in -the grogs gxterior wall
g1rea without performing the gnnual gpgr_qy analysis

'
in Chapter 4.

It is also possible to take credit for shading due ~o window set-
back.

ExCeRtion: Glazing which c9mPlies with all. the reguirements
for Section 502.3.2(e) exception 1 or 2 shall alsg he exeMpted
fr the Area _and U-value calculations of this section.

502.3.2 PrescriRtive aRRroach: The envelope design of the build-
"n being evaluated is in coLapliance with the prescriRtive grite-
ria, of Section 502.3.2 RroyidgLI thgt all of the folloH"n ~re
met:

I-al Ihe proposed desig meets the basic reguireLments of
Sections 502.1 and 502.4. The,calculation procedures of
Section 502.1 shall be used to demonstrate compliance with
the basic reqMirements.

10

I I

12

13

14

15

16

17

18

19

20
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23

24

25

26

27

28

_Lba A.11 roofs, walls above and below grade, floors over uncon-
ditioned spaces and slab 2n grade floors shall have
insulation with a nominal R-value no less than that
specified in the Rrescr,iptive approach of Table No. 5-2.
Slab-on-grade Hoor insulation shall be installed per
Section 502.1.4.5. For heated slabs, an R of 2 shall be
added to the thermal resistance reguirement.

_LgI L11 glazing and doors shall have An area-weicfhted U-value
not to exceed that specified in Table No. 5-2 for the
appropriate glazinq area and shading coefficient.

I-dj A-1-1 glazing qhall have an area-weicfhted shading coefficient
not to exceed that specified in Table No. 5-2 for the
appropriate glazin area and U-value.,

-LeL The percentage of total fenestration, includinq non-exempt
skylights, rel~jtive to the gross exterior wall area is less
than or equal to the appropriate value from Table No. 5-2
for the glazinq U-value and shading coefficient selected.

Exceptions:. Provided that the glazing is double-qjAZ_iLng with a
minimum 1/2 inch airsRace:

1. To make streets An enjoyable and pleasant place to he and
to RLovide visual interest, the maxi allowable total
glazing area May jje increased to 75 percent for that
portion of the gross area of the '~xterior wall of a street
lgvel story both which does not exceed 20 feet in height
,~nd which is within ten f!get of a street property line.

2. For the applicable portion of the building envelope, the
maximum alloKable total glazing area pa e increased to 15

percent above a minimum gJazin Rercentage which is
required by the Seattle Downtown Land Use Code or the
Neighborhood Commercial Areas Land use Code or is a
reguiremen:t for A downtown public benefit feature ;~hich has
been approved by the building official. The maximum
allowable total qjAZi~ng area so defined shall not exceed 75
percent.
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Vertical glazing pnl~ is exempt from the maximum shading
coefficient reguirements. When these allowances are utilized,
separate calculations shall be performed for these sections of
the buildin envelope and these values shall not be averaged
with ~~ others for com)liance purposes.

((502 2 COO14419 aritgri a

i

502-2-2-1- wal3g. A building that 4rg r-goled shal~
hauQ an ovQrml I thgrypml tran=fer- va4AtQ-r OTT-Vw-r f-Qr t~ho gross area
Of- QXtQr-jQI= IAXRIISZ abOITA gr-adQ, PQ-t thAa VaIUQr~ gj-V-Gn in
T-ah--IG No 502 2 1 Equat! 4 Shal I b-Q~ 13gAd to dater-mine
acceptable to ment thAge requirements

-50--2-3.2.2 Roof/ceiling; A bUllding thAt is an
'
ec-hanically r-ooled

J

rGh-a-11- haITA a r-nTAbInp-d thpr~nal t-r-a-D-Salt-tanc-64 IraIIIA -~Vo4- t-" th_jI.

roof/ceiling P'Qt that -i-n -TablA No 502 2 1

A bUlldln that -i-&amp; ShAll ha"A a44 Q:Var-all
t h 69 r tr-anqfQ:r value, ,~-r 90r- th4&amp; gross area Qt- a r-nof

assGMbIY P-Qt t4l4a val"A given in Table No. 502.3.1.
EqUa*jQn 4 Shall -ID6Q 135;ipd t-Q dQtQr-:Mjnja toaGceptable
=Qpt thASA requir-emen-t-g-

502-3.2.3 Exposed f-j-o~- A building that j-&amp; zngr-hapin 1:1y
QQQI Sball h;43TQ a r-n4nbinAd thgI=al trangmit

-
tanaQ IF2313A

QC) axpo~ t.G Qutdonr- that dQtQr-:mi:m by
-2 P- c t I Q- R -5 0- 2-

- -2 - I
)

(Table No. 5-2 Is entire new and is not underlined.)
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TABLE No. 5-2 (Section 502.3)
COMPONENT REQUIREMENTS FOR

OTHER THAN GROUP R OCCUPANCY

COMPONENT

BUILDING ENVELOPE - PRESCRIPTIVE APPROACH1,8
Roof/ceiling insulation

three conditioned stories or less
more than three conditioned stories

Exterior wall insulation
Floor insulation
Slab-on-grade insulation
Door U-value
Glazing area (max. %

of wall)

Glazin~
U-value

max. 1516

Glazing shading

0-20%

.72

0-30%

.60

REQUIREMENT

R-30 min.
R-19 min.
R-112,5,7 min.
R-19 min.
R-149 min.
0.473 max.

0-40%

.49

coefficient max.5,6 1.00 .60 .45

0-50% 0-70%

.39 .30

.40 .30

BUILDING ENVELOPE - TARGET UA APPROACHlr8tio
Roof/ceiling Uo-value

three conditioned stories or less U-.036 max.
more than three conditioned stories U-.064 max.

Opaque exterior wall U. value U-.142,5,7 max.
Floor Uo-value U-.056 max.
Slab on grade F-value F-.56 max.
Glazing area (max. %

of wall) 0-20% 0-30% 0-40% 0-50% 0-70%
Glazing U-value

15
11

max. 1516 .72 .60 .49 .39 .30

16

20

21

22

23

24

25

26

27

28

Glazing shading
coefficient max.5,6 1.00 .60 .45 .40 .30

2

R values are for installed insulation material only, Uo val-
ues include the entire heat flow path from inside to outside

,

including attics and crawlspaces.

R-9 minimum for below grade walls. No insulation is required I

for those portions of below grade walls more than ten feet
below grade. Below grade walls, however, shall not be
included in the gross exterior wall area unless insulated to
R-9 minimum.

See Section 201 for glazing and door definitions and Chapter
10 for examples.

The following glazing products are deemed to comply with the
U-value specified provided that all airspaces are each at
least 1/2 inch wide and all low-emissivity coatings have a
maximum emissivity of 0.15 (the U-values for glazing products
with airspaces less than 1/2 inch and low-E coatings with
emissivities higher than 0.15 shall be determined in accor-
dance with Section 502.1.5):
.72 - double glazing in any frame type.
.60 - double glazing in a frame having a thermal break or

double w/low-E in any type of frame.
.49 - double glazing in a wood or vinyl frame or double

w/low-E in a metal frame having a thermal break.
.39 - double w/low-E in a wood or vinyl frame or triple

w/low-E in a metal frame having a thermal break.
.30 - triple w/low-E in a wood or vinyl frame.
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For glazing areas of 40% or less only, if the wall insulation
is R-19 minimum or Uo - .11 maximum then either the maximum
glazing U-value or shading coefficient allowed may be
increased by .05.
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Where the glazing area does not exceed 30%, the glazing
U-value may be increased to 0.72 if the shading coefficient
does not exceed 0.45.

Where the glazing area does not exceed 40%, the glazing
U-value may be increased to 0.60, if the shading coefficient
does not exceed 0.30.

Where the glazing area does not exceed 50%, the glazing U-
value may be increased to 0.49, if the shading coefficient
does not exceed 0.25.

Where the glazing area does not exceed 70%, the glazing U-
value may be increased to 0.39, if the shading coefficient
does not exceed 0.20.

For thermal mass walls which have a heat capacity of 9.6
Btu/ft2.OF minimum and where either:
a. the glazing area does not exceed 15%, the glazing U-value

does not exceed 0.75 and the shading coefficient does not
exceed 1.00; or

b. the glazing area does not exceed 25%, the glazing U-value
does not exceed 0.60 and the shading coefficient does not
exceed 0.60;

Then the minimum interior insulation may be reduced to R-5
and the U-value increased to 0.19; or the minimum exterior
insulation may be reduced to R-3 and the U-value increased to
0.25; or for integral insulation concrete blocks shall have a
minimum thickness of eight inches, a maximum density of 110
pounds per cubic foot and all cores shall be filled with ver-
miculite insulation having an R-value of 2.2 per inch. See
Section 201 for definition of thermal mass wall insulation
position.

8 For semi-heated spaces as defined in Section 201, the only
building envelope requirement is that the roof/ceiling have a
U-0.10 maximum. Prescriptively, this can be achieved by:
a. for all buildings, R-9 minimum insulation where the insu-

lation is entirely outside of the roof structure and
installed in a continuous manner; or

b. for wood-frame roofs, R-11 minimum insulation where the
insulation is installed inside or within the roof struc-
ture and the framing material is wood; or

C. for metal-frame roofs, R-19 minimum insulation where the
insulation is installed inside or within the roof
structure.

If the slab insulation extends downward from the top of the
slab vertically for 24 inches, then the minimum insulation
may be reduced to R-7.

10 As an alternate for the gross exterior wall area (including
windows, doors and opaque wall assemblies), compliance may
also be demonstrated using the ENVSTD diskette version 2.1 or
2.2 of ASHRAE/IES Standard 90.1.

502.4 Air leakage for all buildings

502.4.1,. The requirements of this section shall apply to all
buildings and structures, or portions thereof, and apply to those
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locations separating outdoor ambient conditions from interior
spaces that are heated or mechanically cooled ((and are not

t'Q thQ sapar-a-t Ot intArJOr QQndJ*JQ spar_~ from
QaCh other)).

502.4.2: Exterior doors and windows shall be designed to limit
air leakage into or from the building envelope. (

doors. ,d windows. shall have a4r- infiltration rater. PQt exceading
thooe =haw-p In Tah]Q No 502 4 2)) Site-constructed doors and
windows shall be sealed in accordance with 502.4.3.

Lo_r Other than Grpup R OccuRangy:.

Ja)_ Fenestration shall meet pMe gf the following standards for
air leakage:

1. ANSIZAAMA 101-1988 Aluminum Prime Windows.

2. ASTM D 4099-89, Poly (ViLiyl ChlorideL (PVC) Prime
WI-n-dows.

10

1 1

12
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28

3. ANSIINWWDA I.S. 2-87 Wood Window Units (Ipproved
Performance Rating nia.

J.bJ Sliding doors shall meet one of the following standards for
air leak4_qe.

1. ANSIZAAMA 101-1988 Aluminum Sliding Glass Doors.

2.- ANSIINWWDA I.S. 3-83 Wood Sliding Patio Doors.

LcA Commercial entrance swinging or revolving doors shall limit
air leakage to a rate not to exceed 1.25 cfmlft2 of door
area, when tested at standard test conditions in accordance
with ASTM E283-84.

(Table No. 502.4.2 is deleted.)

502.4.3: Exterior joints ((In the building onvelope t4i" a7ra
sources 4awf alr leakage, such az)) around window and door frames;
((betwaan wall cavitins. a4ld window 4or door f_r_aMQG;)) openings
between walls and foundations, between walls and roof/ceilings
and ((bQtwQQn)) wall panels; openings at penetrations of utility
services through walls, floors and roofs; and all other ((surzh))
openings in the building envelope ~Lor All occupancies and all
other opening in between units in R-1 occupancy shall be sealed,
caulked, gasketed, or weatherstripped ((4@r- Q-therwissa r.4al-Qd in a~n

approved manner)) to limit air leakage.

All exterior doors or doors serving as an access to an
enclosed unheated area shall 12g weatherstripped to limit air
leakage around their Rerimeter when in a closed position.

Site, built windows are exempt from testing but shall be made
tight fitting. Fixed li shall have glass retained 12y stops
with seal4nt or caulking all around. Oper!ftting aash shall have
weatherstripping working against overlapping trim, and a
closer/latch which will hold the sash closed. Thp, Lwindo frame
to framing crack shall be made tight with ca lking, overlapping
membrane, ~~r other approved technique.
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openings,reguired to be protected by fire-resistive
assemblies are exempt from this section.

502.4.4 Recessed lighting fixtures: When installed in the
build"n envelope, recessed lighting fixtures shall meet one of
the following rgguirements:

Type IC rated, manufactured with no penetrations between
the inside of the recessed fixture and ceiljM cavity _and
sealed or gasketed to Eiient air leakage into the
uncondi:E71oned space.

2. Type IC or non-IC rated, installed inside a sealed box
constructed from a minimum one half inch thick gyRsum
wall board or constructed from a preformed polyMeric
vgpor barrier, or other air tight assembl manufactured
for this purpose, while maintaining reguired clearances
of not less than one half inch fro combustible material
and not less than three inches from insulation material.

3. Type IC rated, certified under ASTM E283 to have no more
than TO gfm air movement from the conditioned space to
the ceiling cavity. The lighting fixture shall be tested
at 75 Pagcals or 1.57 lbs1ft2 pressure difference and
have a label attached, showing cpmpliance.

(Equations 1-4 ~re deleted. H_ew equqtions
1-5 have been added but are not underlined.)

EQUATION I GROUP R OCCUPANCY (Section 502.2.1)

Target UA

UAt UWAW + UbgWAbgw + UgAg + UfAf + UrcArc + UccAcc + UdAd +

Fsps

Where:

UAt = the target combined thermal transmittance of the gross
exterior wall, floor and roof/ceiling assembly area.

Uw = the thermal transmittance value of the opaque above grade
wall area found in Table No. 5-1.

Aw = opaque above grade wall area.

Ubgw= the thermal transmittance value of the below grade opaque
wall area found in Table No. 5-1.

Abgw= opaque below grade wall area.

Ug the thermal transmittance value of the glazing area found
in Table No. 5-1.

Ag .15 (total floor area of the conditioned space).
Uf the thermal transmittance value of the floor area found in

Table No. 5-1.
Af floor area over unconditioned space.
Urc = the thermal transmittance value of the roof/ceiling area

found in Table No. 5-1.

Arc = roof/ceiling area.
Ucc = the thermal transmittance value of the cathedral ceiling

area found in Table No. 5-1.
Acc = cathedral ceiling area.
Ud the thermal transmittance value of the opaque door area

found in Table No. 5-1.

Ad opaque door area.
Fs concrete slab component F-value found in Table No. 5-1.
PS lineal ft. of concrete slab perimeter.

I
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EQUATION 2 ALL OCCUPANCIES (Section 502.2.1 and 502.3.1)
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1

ro + R1 + R2 ... ri

Where:

U the thermal transmittance of the assembly.
ro outside air film resistance;

C

ro = 0.17 for all exterior surfaces.
inside air film resistance;

ri = 0.61 for interior horizontal surfaces, heat flow up,
ri = 0.92 for interior horizontal surfaces, heat flow down,
ri = 0.68 for interior vertical surfaces.

1 X measure of the resistance to the passage
C K of heat for each element.
conductance, the heat flow through a specific material of
specific thickness.

K insulation value of a material per inch.
X the thickness of the material in inches.

EQUATION 3 GROUP R OCCUPANCY (Section 502.2.1)

Proposed UA

UAp UwAw + UbqwAbgw + U9A9 + UfAf + UrcArc + UccAcc + UdAd +

F'sps

Where:

UA p
= the proposed combined thermal transmittance of the gross

exterior wall, floor and roof/ceiling assembly area.
UW = the thermal transmittance of the opaque above grade wall

area.
Aw = opaque above grade wall area.

Ubgw= the thermal transmittance value of the below grade opaque
wall area.

Abgw= opaque below grade wall area.

U9 the thermal transmittance of the glazing (window or
skylight) area.

Ag glazing area, including windows in exterior doors.
Uf the thermal transmittance of the floor area.
Af floor area over unconditioned space.
Urc = the thermal transmittance of the roof/ceiling area.
Arc = roof/ceiling area.
Ucc = the thermal transmittance of the cathedral ceiling area.
Acc = cathedral ceiling area.
Ud the thermal transmittance value of the opaque door area.
Ad opaque door area.

Fs concrete slab component F-factor.
Ps lineal ft. 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 sub-elements as:

UwlAwl + Uw2Aw2 + Uw3Aw3 + ...etc.

EQUATION 4 OTHER THAN GROUP R OCCUPANCY (Section 502.3.1)

Target UA

UAt UwAw + UbgWAbgw + UgAg + UfAf + UrCArc + FSPS
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Where:

2

4

5

6

7

8

10

I I

12

13

14

TJAt
= the target combined thermal transmittance of the gross

exterior wall, floor and roof/ceiling assembly area.

Uw = the thermal transmittance of the opaque wall area from
Table No. 5-2.

opaque
'

wall area (gross exterior wall including doors
minus glazing area)

Ubgw= the thermal transmittance value of the below grade opaque
wall area.

-~Ibgw= opaque below grade wall area.

Ug the thermal transmittance of the glazing from Table No.
5-2 for a glazing area larger than that in proposed
design.

Ag = glazing area from Table No. 5-2 (shall be larger than
that in proposed design).

Uf = the thermal transmittance of the floor area over uncondi-
tioned space from Table No. 5-2.

Af = floor area over unconditioned space.
Urc = the thermal transmittance of the roof/ceiling area from

Table No 5-2

Arc = roof/ceiling area.
Fs = concrete slab component F-factor from Table No. 5-2.

Ps lineal ft. of concrete slab perimeter, same as proposed
design.

EQUATION 5 OTHER THAN GROUP R OCCUPANCY (Section 502.3.1)

Proposed UA

UAp UwAw + UbgwAbgw + UgAg + UfAf + UrcArc + UccAcc + UdAd
+ FSPS

Where:
16 UA the proposed combined thermal transmittance of the grossp

15

exterior wall, floor and roof/ceiling assembly area.

17 11
Uw = the thermal transmittance of the opaque wall area.
Aw = opaque wall area (not including doors).
UV, = the thermal transmittance value of the belo arade onaffue

Is Q 11 ~A VV

wa.L-L area.
Abaw= opaque below grade wall area.

19 111

II Ug the thermal transmittance of the glazing (window or
skylight) area.

20
11 Ag = glazing area, including skylights and windows in exterior

doors.
Uf the thermal transmittance of the floor area over uncondi-n 11

11

tioned space.
Af floor area over unconditioned space.

22
~ Urc = the thermal transmittance of the roof/ceilinq area.

Arc = roof/ceiling area.
23

11
Ucc = the thermal transmittance of the cathedral ceiling area.
Acc = cathedral ceiling area.

24 11
Ud = thermal transmittance value of opaque door area.
Ad opaque door area.
F conCroi-e:~ c_-1 A~h r-n nncini-

25 s -W
Ps lineal ft. of concrete slab perimeter.

26

27

28

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-elements as:

UwlAwl + Uw2AW2 + Uw3AW3 + ---etc-
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Section 20: As of July 1, 1991, Section 503 of the 1989

Model Energy Code is amended, Table Nos. 503.4.2, 503.4.2a,

503.4.3, 503.4.5, 503.4.5a, 503.4.6, 503.4.6a, 503.4.7, 503.9.1

and 503.11 are deleted, and Table Nos. 5-6, 5-7, 5-8, 5-9, 5-11

and 5-12 and Equation 6 are added as follows:

SECTION 503 - BUILDING MECHANICAL SYSTEMS

503.1 General: This section covers the determination of heating
7 and cooling loads, design requirements, system and component

performance, control requirements, insulating systems and duct

8 construction.

9

10

I I

12

13

14

15

16

17

18

19

20

Exception: Special applications, including, but not limited
to, hospitals, laboratories, thermally sensitive equipment
rooms, computer rooms where a minimum of 9 percent of the2-0

total cooling load is due to coLnputer equipment, and facilities
with open refrigerated display cases may be exempted from the
requirements of Section 503 when approved by the building
official. Exemptions shall be specific on a case-by-case basis
and allowed only to the extent necessary to accommodate the
special applications.

503.2 Calculations of heating and cooling loads and syste
sizing limits: The design parameters specified in Chapter 3

shall apply for all computations.

503.2.1 Calculation procedures: Heating and cooling design
loads for the purpose of sizing systems shall be determined in
accordance with one of the procedures described in Chapters 25
and 26 of Standard RS-1 listed in Chapter 7 or an equivalent com-
putation procedure.

503.2.2 Infiltration: Infiltration for heating and cooling
design loads shall be calculated for all buildings except one-
and two-family dwellings by the procedures in chapter 22 of
Standard RS-1 listed in Chapter 7. Calculations for one- and
two-family dwellings may use the methods identified above or
other accepted engineering practice.

503.2.3 Space heating and space cooling syste sizing limits:
41 Buildinq mechanical systems for all buildings whigh provide space

heating and/or space ~q~lin~ shall be sized no greater than 150
22 percent of the design load as calculated above. No additional

safety factor is allowed.

23

24

25

26

27

28

Exceptions: The following limited exemptions from the aizing
limit shall be allowed, however, in all cases heati q and/or
cooling design load calculations shall be submitted.

1. For a single piece of equipment which has both heating ftnd

cooling capability, pDly one function, either the heatipq
or the cooling, need meet the requirements of this section.-
Capacity for the other function shall be-, within available
equipment options, the smallest size necessary to meet the
load.
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7

9

2. Natural gas- or oil-fired space heqtLng equipment whose
total rated space heating output in ~ny gne dwelling unit
is 56,000 Btulh or less may exceed the 150 percent sizing
limit provided that the installed equipment has an annual
E_uel utilization efficiency (AFUE) of not less than the sum
of 78 percent plus .1 RgLrcent for ev7er_j__50_00 Btulh that the
space heating equipment output exceeds the design heating
load of the dwelling unit.

3. Stand- equipment p,~y be installed if controls ~Lnd devices
are provided which allow redundant equipment to operate
automatically only ;ihen the primary equipment is not oper-
ating.

4. Multiple units of the same equi ment type, such as multiple
chillers and boilers, with combined capacities exceeding
the design load May j2_e specified to operate concurrently
pn~l if controls are provided tha"~_sequence or otherwise
optimally control the operation of each unit based on load.

503.3 Separate air distribution systems, heat recover "stems
10

Iiland simultaneous heating and cooling: Use of -a single air
distribution syste for multiple zones and of simultaneous heat-

11 11ing and cooling by reheating or recooling supply air or by con-

12

13

current operation of independent heating and cooling systems
serving a common zone shall be restricted as delineated below.
Heat recovery systems shall be installed as indicated below.

503.3.1 separate air distribution systems: Zones with special
process temperature requirements, humidity requirements, or both,

14 1 V~ea A ; 4- 4 -f- 4- _P I.,

serving zones requiring pnly comfort conditions; gr shall include
PuPRlementary provisions so that the Primary systems p15 _Ay he

16

specifically controlled for comfort purposes only.

Exception: zones requiring pni~ comfort heating or comfort
coolin that are s-rverl h A c rzi-qnm -r- i -m = -r- i I "anA -Fe-N-r- _~_ r'% r~ In 1= C!

1-7 11
Z- J_ Z:: J_

&amp;~

zemperazure ana numialty control neea not De serveC by ~4

separate system if the total supply air to these comfort zones
18 is no more than 25% of the total system supply air or the total

19

20

21

22

23

24

25

26

27

28

conditioned floor area of the zones is less than 1000 ft~~.

503.3.2 Simultaneous heating And cooling zone controls: Zone
thermostatic and humidistatic controls shall be gqpable of
operating in seguence the supply of heating and cooling energy to
the zone. Such controls shall prevent:

Previousl-v mechanically heated and air that has been
previously cooled, either by mechanical refricferation or by
economizer systems.

0 Other simultaneous operation of heating and cooling g~tem~s
to the same zone.

All svstems which allow reheatin are therefore prohibited,
including, but not limited to, terminal reheat, dual duct and
multizone systems, unless they comply with one or more of the
following exceptions.
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2

3

4

5

6

8

10

I I

12

13

Exceptions: The foll systems or zones are exempt from the
requirements of Section 503.3.2, but shall com-pl with those in
Section 503.3.3:

1. Variable air volume g~teT~qs which have fan-powered terminal
units on the pei~lmeter zones controlled to utilize plenu
heat p new ene being

,
u

,

sed for morning war pRL
and which, during periods, of occupancy-, ~~re capable of
reducing the air supply to each zone to a minimu before
reheating, regooling, ~gr mixing takes place.

2. Zones where special pressurization relationships or cross-
contamination requirements exist such as some areas of hos-
pitals and laboratories, provided that the syste complies
with Section 503.3.4.

3. At least 75% of the energy for reheating or for providinq
warm air in mixiDq systems is provided from a site-
recovered or site-solar energy source.

4. Zones where specified humidity levels are required to
satisfv pr~cess needs, such ascoMputer rooms and museums
'Provided that the syste complies with Section 503.3.4.

5. Zones with a p- - pak supply air quantity of 300 cfin or less.

503.3.3 Syste temperature reset controls

503.3.3.1 Air systems: Systems supplying heated or cooled air to
multiple zones shall include controls which automatically reset

14 supply air temperatures by representative building loads or hy
TeMperature shall be reset 12y at least

I

outside air tepperature.
15 25% of the design supply-air-to-room-air temperature difference.

Zones which are expected to experience relatively constant loads,
16 Isuch as interior zones, shall be designed for the fully reset

supply temperature.

17
1 ExpeRtions

Systems which comply with 503.3.2 without using exceptions
1 or 2.

19

20

21

22

23

24

25

26

27

28

2. Where the supply air temperature reset increases overall
buildi annual energy consumption.

I

503.3.3.2 Hydronic systems: Systems supplying heated and or
chilled water to comfort conditioning g~tem~s shall include
controls which automatically reset supply water temperatures by
representative building loads (including return water teLftpera-
ture) qK )2y outside air temperature. Temperature shall be reset
joy at least 25% of the design supply-to-return water temperature
difference.

EXceptions

1. Where the supply temperature reset increases overall
building annual energy consumption.

2. Systems for which supply temperature reset controls cannot
be implemented without causing improper operation of heat-
jDg, cooling, humidification, or dehumidification systems.
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3.. Systems with less than 600,000 Btu/hr design capacity.

4

503.3.4 Heat recovery system: A heat recovery syste with a

design recovery effectiveness of a~ leas-t 50% shall be installed
for all fan systems which have both a capacity of 5000 cfm jgr
greater) and a minimum outside air supply of 75-0. _Lor greater) of
the total air oirculated.

Exceptions

1. Laboratory systems equipped with both variable air volume
supply and variable air volume exhaust fume hood controls.

7

8

9

10

1 1

12

13

14

2. Systems serving spaces heated to less than 60 degrees F.

3. Systems which can be shown to use as much energy with the
addition of heat recovery equiRment as without it.

4. Systems exhausting corrosive fumes making the installation
of heat recovery equipment impractical.

5. Type I commercial kitchen hoods.

( (
5 0 2 3 -1 R- e- Q- over Q-4 onergy; energy jA exGess of- th4&amp;

P,ew apar-gy expanded in t4ie recovery process may be used t-Or
C-Qnt 4D~f temperature a-ad humidity-

502 2 2 NOW. energy t-or humidity control -
N4&amp;W QnQL=Gjy May ba 13RQd

t-o prevent ralative humidity from visinq above 4Q percent t-c~r-

r- Q= f- control G-r to prevent Condensation Qq terminal 11nits

f-1-3nation,
I

special equipM8141---

15 502 2 2 Naw energy t-G~r temperatiire control - ue~p ener-gy Riay 1;,9

IjsPd t-or- temperature c-ontrol it =jnjrAjzQd In aoczQrdan with

16 Sec-t-iQlqq 503.3.3.1. through 502-2-2-5

1- in reheat and-

1 -7 11

- - - - . . -7 f- 7-

18
11
automat ic ally rgset t4e system cold-air supp1y #o t4le hirgha-st

pig gOnGS, Or-ngr Znan tnORQ qjRpjQyjnq Uar4abjcg aa-r ~~0113MLQ

t-&amp;r temperature control, shall be Provided with contral that will

temperature IQ:SrQI that will satisfy tha zone th4aA--
19 IIG-QQIQSt ail= Single-zone r4glaat gytgtoe-mg sha-ll b4 a c Q- -n- t. r- 0- 111 t-0

20

21

i5O3.3.3.2 Dual duct a-nd rAultixone systalus! These Systems, Gthar-

!than thQGQ 9mPlOying var-Jable a-i-r- vnlu~Ae f-Qr temperature cont-o'.
;shall be provided with r-ontrol that will aiitoxpat;iGa4-jy reset-

22 0 T41.6 r-old-der-k a4-r- supply to t4l4a highest teraperature that
WiI4 SatiSfy th4a ZORG r-001gst a4r-+ a-nd,

23

24

25

26

27

28

0 T41e hot-der-k a4-r- supply #o th4a lowast teraperatux-a that TAxill

th4a zQnQ requir-ing t4la Warmest air

-502-1-2-4 Reconling systems.- Systeras In whiab heated a4-r- Is
rer-GQIQd, directly 4D-r t4D maintain spaoe temperature
-1-1 1 b-a pro iided with c'-nntrol that will alatcxMiatically rgspt the
teMPIRr-AtIjr-Q t-0 ;,XhiQb t-h4a SUPPIY aj-r- d~g hQRtPd t~G t4IQ IGTJXQSt IQUG]
that will satisfy t4le zone ---

5-0-2-2-3-4~ Multiple zones; For systems with raultiple z-o~ on4&amp; or
more zones may b4a. chosen t~o represent a wunher Gt- zones with

A multiple zone Syste
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10

I I

12

13

14

15

16

17

18

that QMPIOYS re-heating or reconling for control Ot- RGt more th'an

5IQQG Gf-MI c~-r -24 per-cent Gt t~he total supply a4r- Qt- #hQ SYStem,
whichQuQr " less

I

ghgll b4a QX4aMpt f-r-OM t4l4a

tempgr-ature reset --- III-ORt 4Df- sGations, -502-2-2-1 throug

5Q3.3.3.5- Concurre Operatio Concurre operation of-

independe heating and C-001-Ing syr~~ &amp;eZV44ig common &amp;Pa-c~ a-nd

rla; t4a use 4Dt- ne anargy fio-r- heating 4a-r- Gooling shall be
minimized- -by one 4@,r- both Gf the fe n- 11 o TAx _J n_ g

0 By providing Sequenti temperature control 4D-E both heating
a-nd cooling capacity in enab zone.

By limiting th-9 hQat energy input through auto4natiG r_Qget

Qontrnl of- th-e heating =Qdilun temperature 4-Or engrgy input
rate) t-o ovly that neGessary #G of-fsQt beat Ings duQ to
tranR=jSSjQn a4ld infiltration aPA_r where applicabl4a-r It-0

boat 1099 t4a tra-n-sn-JR-si on a4l4d infliltra_tion and, wher-Q

applicable, t~o beat tAl4a ventailation air supply t-G th-9

503.4 HVAC equipment performance requirements

503.4.1 Minimum equipment efficiency: Equipment shall have a
minimum efficiency, at the specified rating conditions ot less
than the values shown in Table Nos. .5-6 through 5-9.

503.4.1.1: Equipment ratings certified under a nationally
recognized certification program or rating procedure or data
furnished 12y the equipment manufacturer shall be acceptable to
satisfy these requirements.

503.4.1.2: Integrated part load value JIFLVJ is the ARI
descriptor for part-load efficiency for certain types of equip-
ment. Compliance with minimum efficien requirements specified
for HVAC equipment shall include compliance with part-load
requirements where indicated as well as standard or full-load
requirements. The procedure for determining the IP is provided
in the referenc~TARI standards.

19 11503.4.1.3: Space heating or cooling eguipment used to provide
additional functions _Cg._~. service water heating) as part of a

20 combination (integrated) system shall coLnply with minimum

21

performance requirements for the approp iate space heatin or
cooling equipment category.

503.4.1.4 omissions: omission of minimum -performance
22 irequirements for certain classes of HVAC equipment does not

i

!I~preclude use of such equipment where appropriate.
23

24

25

26

27

28

503.4.2 Field assembled equipment and components

503.4.2.1: When components such as indoor or outdoor coils are
used from mo~_ethan one manufacturer as ~ts of air-conditioning
or heating equipment, component efficiencies shall be specified
based on data provided by the component manufacturers which shall
provide comp~nents that are in compliance with the requirements
of 503.4.1.

503.4.2.2: Total on-site energy input to the equipment shall be
determined by combining the energy inpu ~E`oall components.,
elemgnts_,_ and accessories such as compressor(s), internal
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1

2

3

4

6

7

9

circulating ppM (s), condenser-air fan(s), evaporative-condenser
cooling water pump(s), purge devices, viscosi control heaters,
and controls.

1503.4.2.3 Heat-operated water chilling packages: Double-effect,
lheat-opei~ated water chilling packages shall be u-tilized in I~ieu
i

lof single-effect equipment, except where the energy input is from

jLow tgm -heat or renewable energy sources.~erature waste

((502 4 1 Equipme a-nd compolaent-&amp;

)0_3 - 4 . 1. =1; T4;4a 41ts ot- thig =Qctiop app! t~G

a-nd 1;Apabanin Compone tior- heating, ventiliat-Ing axid

air_c_miqdit4Qni-p.q systems, Equipment efficiency le,T64ls are
Specified- Data --f-urnished by t4jQ t SUppligr- Qr nQr-tjfj~A
ijpdgr- a national graN or ratincjpr__

procedur shall b4a used t~o satisfy these requ'vements. EquijDme-nt
eff-ir-Jenaies shall b4a based 4D44 the standard rating Qopditin In
T_ablq NQr- 503.4-2ar 503.4-5ar 40-r 502 4 6a ap, appropria -

~502 4 1 2-;- Where componen frou more than one
10 liasse bled into zystAms regulated under this. sectlon~r Complian

sha I I1 503 4 :7
I __ ba a&amp; specified 4-n Sections 454a-4-2, throl

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

502
- HVAC aystAm heatincj equipment haa# pump-heat4;ig made-

NQat pumps whose enarcjy input 1,% eler-triG shall havQ a
co-eff-iQlent of- performance (GGP) heating, PGt less than t-119

:va I u In a2ahl A NQ _R4a_-4_2_

5-0-2-4 2 3- ThQgQ requ-mants apply tA;~.r but PQ# are limited #Q_r
Ian i t (GQ;4tra4 heat pumps 4a4-r sou-r4aa a-ad water sour-Ge) 4.n trhe

bQatlI-Rq mode, #0 watAr-golar-Ge (hydraniQ-~ boat PUMPS as used in
hydronic MIAG systems, and to IiQat pumps -i-n th4a

packa4j4ad tQr-pinal 144d rnn= gjr_QQnditiQnQr for-mg
In the heatinqj mndQ

15 0- 2- - 4 2 2 Cot~_t f f i o i of- performance (COP) heatincj: Qa4a r at i Q
Qt- t4l4a rRtQ of- piet beat output t4Q th4a rate of- total on-sitQ
energY lAput t4D th4a hent pump, exprGssed -in co-n-RiSte- upitg a-Rd

I-3-n-der designa rating conditions.

Qia ratQ ot- nat boat GUtpUt ShRII b4a dQfjnQd " tb~a c4a4iq,re In
t-h4&amp; tOtal bQRt QOntOnt 4Df th~&amp; aj45~ QntQr4nq and lGaViRg th49

__l-lpL7mQAt 4440t inGlUding SUPPIGmentarY heat).

TQtal Qn-r~itQ energy input to t4lQ boat pump sball ba
dPtOr_Ad_P.Qd by r_QZnhj:njnq :~,hQ qnQrgy j:npUtS tO a-1-1 GIGRIIQRtSr QX49ep-t

supplementar heaters, Ot- the beat PUMP, ingluding-r but PGt
I -i m i #o-r compress sump heater(s purap (S)

supply-air fan (s) ,
re-turn-a fan(s)

,
QlJ.tdQQr_-ai:_r fan(s)

,

fan(s) ,
aRd the W7AC Syat4&amp;M eqUjPMQnt OOntr-Ol

t
-

502-4-2.4 Supplementary heater; T40 heat pump shall be
installed with -a r-ontrol to prevent supplementary heater
operation when th4a operating load can " me-t by t~he heat pump
al QnQ_,

Supplementary hoatgr operation I&amp; permitted during tr_ansiant
fol I Owing r-00 thQ=Anstperaods, sue-b " start-upk_, set-point

~CIAF@_RGG a-nd durin dQfrog;t
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12
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14

15

16

17

A two-stago thQ=TnQstwt-r which controlsz the Supplementary hGat

4an 4A--s second stage, shall ba acoopted. a-&amp; meeting

b4a higher than tha cut-on temperature t-" tb~a suppleme aly
heat,. a~nd the cut-off temperature t-Gr- th4a compress heating
shall b4a higher than the outoff temperature f-4ar t4a-a supplementary
hgat- Supplementary heat may be der-ilged from

a-14-Y sourGe
but not limited to-r electric resistance, Qombllstion

heating " solar " stored-aner-gy heating.

-50-2-4-2- HITAG SySto Qorgbj3stj equipmelat - Gas-
C- Q:m heating equipment a&amp; listed below shall have -a zini-milm

combust i -n Sf E ic than thia vialues in Table Nonot lessI ORG Y ,=- - -

5 0 2 4 a

502 4 4 MQabapi ~;.Tpnt, i I at i nn - Ragh mac-h-aniaal vQntilation
s st Gd 4.Xith a rQad;LjUiQXhaUSt) gha3l b4a Qand/OrI(SUy y:Ppq-PP Y
accessible switch Gr other means t-c~r- shutoff 4ar Juale rec-b-acot-ign

a4;4 shlitoff- laban ventilation -i-&amp; Pot required- Automatir- 4Dr

gravi-ty darapers that close AAxhgp the gy-s~ -is not operating shall
bQ provided f-ar- Qutdoor a4-r intakes a-nd eX-b-a-ugtg- EvhQr-Q " no
standard at thig ti=Q t-" damper leakage Automaticz " manual

dampers t-or- t4i4a purpose Gf- shutting Qt-f- veatll;-It-iop

systems sylpall b4a designed with tight shutoff to
i9akage,

Exceptions

Manual daapQx-rr t-Gr outAoor a4-r lpvtakas may b4a Used -in t-he

cases;

ar, F4ar- singia famliy and muitif-jalp r-Qr~idQntial

b~- wh gn t-h4a t-a-n syste capacity " less than 5,000 c-fin

-a- Damper-&amp; are not required when ;Tantilatuon airflow is las's

than Ion n-fm

502 4 Ei RVAC Sustq gauipm9nt I t r 4 ~ Q 7 f~ V~Q -I- Q
2:

is
-ITV-AG- systo equipment as I J sted below, whose energy input

'in tdaa coc)1ing ande " entirely oleatrw-r shall have an avQrgy
19 --F4~4 - --,

,
ratio (EER) or a coefflciamnt of performance (GO12)

not 1ARR than the AxalllQg " mabla NQ 503 4 5

20
5024 5 1 - ThQv~Q --q'-

. ---BntS apply t4g-r bUt~ arG PiQt jiMitQd t-G-r

i-anita_vy (centra Gooling equipragnt -~~ cooled, water Cooled a~nd
21 par-atively cooled) ;-

t4io cooling made of unitary (cantral~ a-nd
.A

packaged torm-l-in-la-l- hGat p"ps 4alx source and water and
22 lpaGkaq4ad torminal alr- conditioners and room air conditioners.

23

24

25

26

27

28

Excaptio=--, do not apply to ---ent US4ad

4.n arear. such " sup4-r-mmark-0 having open refrigar-ated food

display Gases or compute or Other equipment contributing -a

!aVgQ a=llnt 4af hPat t-G th-l;~ arga SArVQd

5-02-4 Ei 2 CQQf:F-ic:!i ot- performance (GQP) cooling; The C012 I&amp;

t4ie ratio of the ratip Gf- pQt bcgat r-graQv;aj t~o thQ r-;,tQ Gt- totn'l

energy input to t4G a4-r expressed in
gonsiRt.c4ntr units and lancler designat rating conditions.

Tha r-;atg of- nat heat removal s4ball be doginAa a-S th4a change

t4l-Q.tQtal
hQRt Gontent ot t4a air- entering and jeaving th-s

F-Praent (without reheat) .
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I

5

6

TGtRI Qn-gitQ QnQVgy iRpUt ShRII bO by 0- 0-mb- -i -n- -J -n-g
the energy inputs :to a-1-1 a3aments, supplied with the pa4akage Ot
thQ

-

.

- -t llnwlucdling~r b" n4at I A a J ted to-, compressor (r.) ,

compressor SUMP heater(s)-r PUMP(S), supply-a fa-p-~ roturn-air
fan~f g N QQpcjQ

r--r-r - fan(s), Gooling-tower fan(s) and pump(s)
a-nd t4o MIAG syste equilment control r-jr-cuit

502 Applied WTAG syste componentar taler-tricalliy oper-ated-r
~Llii-nq modim- MTAC- zy-&amp;~ componant4&amp;r a~&amp; listed In Table No.
503 4.6, "moo energy input " entira!3y alcar-trac-r shall haArQ a-n

OnOr-gy riltiO (EER) Qr- a Qf- pQr-fQr-JUaA(;Q

(CGP)- G-001ing n0t 191436Z thian the ix;&amp;luQr. in Table No,. 5Q3.4.6

502 4 6 Gc3aff-icient 4@t- par-for-M&amp;A ce (GOP) Gooling: T-h4a COR is
7 Itha ratio ot- t4le ratn 4of pat ba;at ralnoAral :tG t4le r-ata 4ag tnt;jj

i

JQn.gjtQ enargy input, expressed in units and UXKI-ew

8

10

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

designated rating c-a--n-d-it-ions.

TUG r-;atQ of- not hQ;at rQmQVR1 f-=QTA -trhe campona !&amp; dQf-inQd ag
thQ diffQ=an in tQtMl h9lat GOntOnt 4OZ t4l.0 jAXatjQr Cr r-Qftrlq~-,-~-,Ilt

lQntQr4,l49 and leaving the oomponent-

Total (QR-Slte~ energy input to the component sball be
de-t-Ormin9d -by t4e the energy inputs t~o all alements a-nd

acce==Gries; l4w-lude4 In t4ie componanty including-r laut not
tG, compressor(s) ,

internial airculatIng pump(s) I

fan(&amp;) , evaporat -13ve-cond GAS or Cooling water
pump(z4--, purge devices, a4ld tUG MTAV- systa v.Qmponent aantro3
cixtcu4t~l

F503 HITAC syste equipment - beat opeated,. coolin mode,
QfflCiGnCy GqUiPMGnt--- 148at-OPOVatOd GGOI!n
equipment shall have a c4p coolin not IG&amp;&amp; tb;an the vallias in
Table N4o-- 503 4 7 MhQrm apply to-r ]wit are not

t,Q~r absor-pti iri:sx4mn equipment a4ld

u r- b drziuimn
I t TaLl m NG, 503 4 7 d Q f i t4va COP f-Gr-T squipme - -

HITA 0- System Gquipment in Footnote 2~r whia-b

1 jar-y inputs from t4le ca I all I at i an 4af C=
- --- - -- - -- - _x the

Systeras designer ghall include alentrina-I alawiliary 1-p4DUt&amp; in
calculating t4e tota3 WTAC sySt r-012

ZF

(Table Nos. 503.4.2,-,_ 503.4.2a, 503.4.3., 503.4.5. 503.4.5a.
503.4.6, 503.4.6a and 503.4.7 are deleted.)

(Table Nos. 5-6. 5-7, f~-8 and 5-9 are new and arenot Linderli
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TABLE NO. 5-6 (Section 503.4)
HVAC SYSTEM HEATING EQUIPMENT-

GAS- AND OIL-FIRED
MINIMUM STEADY STATE COMBUSTION EFFICIENCY AND AFUE6

TYPES OF EQUIPMENT

Forced-air furnaces
gas-fired
oil-fired

All other vented
heating equipment

FURNACES OF CAPACITY ALL OTHER
OF 225,000 BTU/H COMMERCIAL/

AND LESS, BOILERS OF INDUSTRIAL
CAPACITIES OF 300,000 FURNACES

BTUJH AND LESS 1,3 AND BOILERS2

Comb. Eff. AFUE Comb. Eff. or AFUE

800-.5 78% 80%
80%5 78% 81%

80-o.4 80%
80% 83%

80% 80%

When tested at the standard rating conditions in DOE Test
Procedure 10 CFR, Part 30 for gas- and oil-fired units for fur-
naces less than 2251000 Btu/h and for boilers less than 300,000

13 Btu/h;
2 Combustion efficiency of commercialfindustrial furnaces and

14
boilers is defined as 100 percent minus stack losses in percent
of heat input at. maximum rated capacity. oLack losses are:

Loss due to sensible heat in dry flue gas.
15

11
Loss due to incomplete combustion.
Loss due to sensible and latent heat in moisture formed by

16 combustion of hydrogen in the fuel.
For detailed definition, see ANSI Z21.47-83 for gas-fired
f" -rnA r-dn c-- Tj T~ 9f-_inrjA-i-r1 7)7-PA fn-r- ni I -fi-r-g:5A f"-r-nAe-a-rz A WT 0- T

17 F
. .

?

~1 Z21.13-87 and Hydronics Institute Heating Boiler Standard 86
for gas-fired boilers; and U.L. Standard 726-75 and Hydronics

18
11

Institute Heating Boiler Standard 86 for oil-fired (including
residual) boilers.

19 113 Group R Occupancy shall have a minimum AFUE of 78%. All other
Group R Occupancy heating equipment fueled by gas, oil, or pro-

20 11 pane shall be equipped with an intermittent ignition device.
HVAC Heating system efficiency trade-offs may be made using
ChaDter 4 or Table Nos. 6-2 or 6-6.

21
114 Gas-fired steam boilers shall have a minimum AFUE of 75%.
5 These requirements apply to combination units not covered by

22
11

the National Appliance Energy Conservation Act (3 phase power
or cooling capacity greater than 65,000 Btu/hr).

23 116 For other than Group R Occupancy, prior to December 31, 1991, a

minimum AFUE or combustion efficiency, as required, of 78% may
24 11

be used for compliance.

25

26

27

28
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TABLE NO. 5-7 (Section 503.4)
MINIMUM COP AND HSPF FOR HEAT PUMPS, HEATING MODE1,2

SOURCE AND TEMPERATURE (OF) MINIMUM COP MINIMUM HSPF

Air Source--47DB/43WB 3.0
Air Source--17DB/15WB 2.0 -

Air Source
Split system - 6.8

Single package system - 6.6
Water Source--70 Entering 3.8 -

Ground Water Source--70 Entering 3.4
Ground Water Source--50 Entering 3.0

When tested at the standard rating conditions in ARI Standard
210/240-89 for air-source heat pumps; ARI Standard 320-86 for
water-source heat pumps; and ARI Standard 325-85 for ground-
water-source heat pumps.

1;

2 For other than Group R occupancy, prior to December 31, 1991,
the following respective minimum values may be used for

compliance: 2.8 COP, 1.9 COP and 6.4 HSPF for air-source
heat pumps; 3.3 COP for water-source heat pumps; and 3.2 COP
and 2.8 COP for groundwater-source heat pumps.

TABLE NO. 5-8 (Section 503.4)
MI14IMUM EER AND COP FOR ELECTRICALLY

DRIVEN HVAC-SYSTEM EQUIPMENT--COOLING1,2

AIR-COOLED
EVAP. OR

WATER-COOLED
STANDARD RATING CAPACITY SEER EER IPLV EER IPLV

95DB 8ODB 8ODB/
67WB

Under 65,000 Btu/hr
Split system 10.0 9.5 8.5 9.3 8.5

Single package system 9.7 9.5 8.5 9.3 8.5

65,000 Btu/hr and over 8.9 8.3 10.5 9.7

When tested at the standard rating conditions in ARI Standard
210/240-89 for air-cooled units; ARI Standard 210/240-89 for
evaporatively-cooled units; and ARI Standards 210/240-89,
320-86 and 325-85 for water-cooled units. Temperatures are in
degrees Fahrenheit. For evaporatively-cooled equipment, indoor
temperatures are listed above, EER rating is at 95 DB/75 WB
outdoor temperature and IPLV rating is at 8ODB/67 WB outdoor
temperature. For water-cooled equipment, EER rating is at 85

degree entering water temperature.

2 Prior to December 31, 1991, the following respective minimum
values may be used for compliance: 8.9 SEER, 8.6 SEER, - SEER,
8.4 EER, 8.4 EER, 8.3 EER, 7.4 IPLV, 7.4 IPLV and 7.3 IPLV for
air-cooled units; 9.0 EER, 9.0 EER, 9.5 EER, 8.0 IPLV, 8.0 IPLV
and 8.5 IPLV for evaporatively- and water-cooled units.
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TABLE NO. 5-9 (Section 503.4)
MINIMUM COP AND IPLV FOR

WATER CHILLING PACKAGES - ELECTRICALLY OPERATED1,2
2

3

5

8

9

10

I I

12

13

14

15

16

17

18

COMPONENT MINIMUM COP MINIMUM IPLV

Air-cooled
with condenser 2.7 2.8
condenserless 3.1 3.2

Water-cooled
300 tons and less 3.8 3.9
over 300 tons 5.2 5.3

When tested at the standard rating conditions in ARI Standards
550-90 and 590-86.

2 Prior to December 31, 1991, the following respective minimum
values may be used for compliance: 2.6 COP, 3.0 COP, 2.6 IPLV
and 3.0 IPLV for air-cooled units; and 3.7 COP, 4.6 COP, 3.8
IPLV and 4.7 IPLV for water-cooled units.

503.5 Transport energy

((503.5.1 All-air systAms-;_ T4Q a-i-r transport f-aQtor- for t;g0_h

al ] - SyStO Shial I b4R PGt 1Q99 than Ei 5 T4449~ fA0_tQr Sh,--j-14 be
b_A_%SC_Qd 4an dQVj-gn SySt,&amp;M a-i-r- flQ~, t-Qr V_Qn=t;3nt A~Q11IMe systems. T41-e

:~ a r- t t-Gr Var-iahlP a4rr 140113=0 systamg May be hased on aver-age
condit-ions of operatio Energy t-Qr transfer ot- a4A; through ho-at

recovery devines sha4l not be i4qQ113dQd in t-h49 factor;
9430-h Gner-gy ghall b46 jPa111dQd in t-h4a 03rall3atj Qt- th-a

1.rQnQ9r, 4D-f th4a h9at recovery: system.

A4A; Transport Factor ns_R~ -sens-ible H-a" RgPAPAa4*

Supply 4 RQturn Fan(s) UQwer Input*

*Express 441 BtU/h Qr Wiattg

F-cw purposes of- thgse galQ131ations, space Sensible up-at

19 Is equivale to th~q V'Rx-lmum design sgnsibje
cooling load of- a4-1 spaces served for- which t4e syste provides

20 G001ing. Van PQW9r jnpUt 4-S th4a ratQ Qf- enGrgy dQ1jVQr-Qd tQ th4&amp;

ifa~n prinne MQI,Qr

21 503 5 2 QthQr- SyStQMG: Air a~nd Water, a-1-1-w-ater a_nd unitary
system~&amp; employing chilled, hot,

' ' I

perature 4@~r a- o- n-- d- Q_ _P R_ Q_ r
22 water-transp Systems to space tarM441als shall P'Qt requ

. re

grea transport energy (ingluding Central a4ld terninal tla-n

23 PQ~ pump pGwer) than an equivale all-air syste providing
th4a Sarae SpaGG 9Qn9Jb1Q hQAt rQMQjXAj a-ad haVing an a4rr tranS-Qrt
farzt, PQt Jess than 5 524

and

25

26

27

28

503.5.1 Pan system design criteria

503.5.1.1 General: The following desi_qn criteria apply to all
HVAC fan systems used for Any combination of comfort heating,
ventilating, or air conditioning. For the purposes of this sec-
tion, the energy deman of a fan syste is the sum of the demand
of all fans which are required to operate at design conditions to
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3

4

5

6

7

9

supply air from the heating or cooling source to the conditioned
space(s) And return it back to the source or 'exhaust it to the
outdoors.

Exceptions

1.- Systems with total fan system motor horsepower of 10 hR gLr

less.

2._ Unitary equipment for which the energy used j2y the Lan is
considered in the efficigDcy ratings of Section 503.4.

3. For the purposes of Section 503.5.1, total fan gpgr~
demand need not include the additional power reguired 12y
air treatment or filtering systems with final pressure
drops in excess of 0.6 in. W.C.

503.5.1.2 Constant volume fan systems: For fan systems which

,Iprovide
a constant air volume whenever the fans are ope~ating,_

:the power (brake horsepo;~er divided by motor efffciency at design
10 1conditions) required by the -motors for the combined fan §~;te~Tq

shall not exceed 0.80 W/cf of supply air. For water-source heat
11pump systems, the power for syste pumps shall be included in the

12

13

14

15

16

17

18

19

20

21

22

calculations.

503.5.1.3 Variable air volume (VAV) fan systems: For fan systems
which are able to vary syste air volume automatically as a
function of loaa, the power required j2y the motors f.or the
combined fan syste shall not exceed 1.25 Wjcf of supply air at
design conditions.

503.5.1.4 Variable speed: For all motors which are 15 horsepower
and larger, whenever variable output of a motor driven device is
required, there shall be variable speed '~P-4~r-ation rather than the
use of throttling, bypass, or similar devices.

Exception: Variable speed operation is not required for
variable air volume fan s which have inlet vane fans or- g~em~
equivalent wherever variable speed would have been K-p~qir~gd and
for which the fan power does not exceed 0.90 Wjcf when
calculated in accordance with Section 503.5.1.3.

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

I

503.7 Cooling with outdoor air (economizer cycle)

23 ((Raah fan sy-st~am Rhal I b4a designed t~o 12se jap t-0 and
4zo4~ percent ot- t4i4;i, t-a-n syste cap,-w-kty t-Gr GoOlin With Q3]tdQQr-

24
a4~r ~nuto-=-Otloally whe4iever- It.&amp; use will rgsult in 101wer usage Ot-

ne energy. Actli-,.rEatdo:p of- cycle shall ba
b-v nsina nutdnQr- a4x~ enthalpy or outdoor alr- drv-buib

25 means approved by t~he building
f f I g -i;-a I

26

27

28

Except-4--p-S. coolin- with autdoor a4-r 1&amp; rkot required under any
one or raore ot- t4e fol-low-ing cond-it-ions;

-I- Vi-e t-an Gapacity !a lesiz than =9,GGQ ct-m or- tnta3 Gooling
capacj.t~y 4,-&amp; less than 134,909 Btu~h.
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-2- T414&amp; qUality Of- th4a OUtdOOr- a!-r- 1-9 SO PO" aS tQ a--- -
x n_ S _J v a t r e a t nt of- t h4a a1r- a4id approval by t4le building

Q:e;e i a i a
.

2

3

4

6

7

9

10

I I

12

43, T4:1-e d t4)~r hu _f I c -a t- I n- A 4Dr- d- a hu n__ I c-3 _j 4 j c_;a t j Qn r
the u-&amp;s of- mGr-a an4agg~~ than " Gonserved by t4le nutdggr- a1r_

Cooling on an apTlual basis.
~op

4- T4a4a use 4@t- outdoor a4-r coolin vta-y affoot the operal-41 Q~f

Other
Sy-&amp;tQM&amp; SQ as to !PQr4~a~ tha QuGrall energy

COnSUMpti= Of th4&amp; bUilding.x

57- WhQn GR9Vqy VGCOVQrGd frOg aR ZORe hQat

reGover-y syste exQQQds t4s energy conserved by outdoor a1r-

C.001ing on an annual bagig
:0

-66-_ Annual haa;t44ig dQ4gir-" days ar-A less than 1,200.

-7- WhGn a4-1 space Gooling 1&amp; acgomplishad by a Wraul at'
- 1419

liquid which triansfer&amp; spac:iq haat44ig diroGtly Gr- indireQtly
t-Q a hQat rejectiGn dQuip.Q suah as a Gooling tcg.xQr- without
t#e use Ot- -a ref-rige-Ation sy_&amp;~

WhQn Outdoor wQt-bIjI dazIgn Conditin QXQQQd ;4 degrees
F-_ a44d Rnnllill heating degr-" day-&amp; are IQRR than

27-944-

13 11

-9, W-b6;p t4e use Qt- 10-a percent Qutg444 a4-r wi I I r-ause r-gi I

c:Q-1-trols may be added to r4a~~ th4a quantity of
Qutgide air- 140WOVOr-, th4a intQnt Ot- thig QXr-9ptign j-S t~G

use Ica per-cent a4-r in likQ-11 Ot- TnQahania C.001ing when less
Gnergy Usage will r_Qr.IjIt a44d thir,

15
, - - 0 n aj)f~ S OP-1-Y #4D

d'r-Mr-t "PanSiOR GYStQ;Mg WhOn #hO GQMPr-GSSQU(S) 1S r4anni4lq_

16

17

18

19

20

21

22

23

24

25

26

27

28

qrg- When trhe f,@4i sy-F~ wi I I regularly ba operated f-4&amp;r I ess
than -3-9 hQui=s pe~ uxecak

11 WhO t4Q tOtal dOSIgR 98ngiblA GQQIi4Ig IQRd " 11ass than
6 2 Btu/h~ft_:2- of- floor area.

-12- F4)r- SIRgIG-faMily a4lid multifan-Ji-, ri;gid ntial

503.7.1 Economizer controls

503.7.1.1: Each fan system shall be designed and capable of
being controlled to take advantage of favorable weather condi-
tions to reduce mechanical cooling requirements.

The system shall include either of the following:

jal a temperature or enthalpy air economizer system which is

capable of automatic modulating outside air and
return air daMpers to provide 85% or more of the design
supply air qqqDtity as outside air for cooling; or

a water economizer syste which is capable of cooling
supply air j2y direct evaporation, indirect evaporation,
or both. Such a syste shall be designed and c4pable of
being controlled to provide 100% of the expected syste
coolinq load at o~_tside air temperat-ures of 50 degrees F

dry-bulb/ 4_5 degrees F wet-bulb and below. For this cal-
culation, all factors including solar and internal loads
shall be the same as those used for pg~ak load calcula-
tion except for the outside air temperatures.
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1. Individual fan-gpg~lin units with a supply capacity of less
than 3000 cfm or a total cooling capacity less than 20_,_QOO

Btu/h. The total capacity of all such units cgMlying by
use of this exception shall not exceed 60:0::000 Btulh per
I~u-11~17ng or 1DI of the total installed coolin capacity,
whichever is larger.

2, Systems with air or evaporatively cooled condensers and for
which one of the following is true:

a. the gygtem includes extensive filtering equipment
provided in order to meet the requirements of 6.1.2 of
ASHRAE Standard 62-1989.

10

I I

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

b. it can be shown that the use of outdoor air cgDling
affects thg operation of other systems (such as humidi-
fication, dehumidification, ~nd supermarket
refrigeration systems) so as to increase overall
building energy consui~tion.

3. The overall building ~~~r ~ consUmption resulting from
alternative designs, such as internal to external zone heat
recovery s can be si~o~n to be less than those.~j~em~ - - - - - -
resulting fro an economizer system.

4. Systems that serve gnyg_l~oe dominated spaces whose sensible
cooling load at design conditions, excluding transmission
and infiltration loads, is less than or egual to
transmission and infiltrati~_n_io_sses Tt an outdoor
teMerature of 60 A@_qrges F.

5. 5yatemq q~yinq residential spaces and hotel or motel rooms.

6. Systemq for which at least 75% of the annual energy ii-sed

for mechanical cooling js Rrgyided from a site-recovered or
site-solar energ source.

7. The zone(s) served by the syste each have pperz~Lble
openings (windows.- doors., etc.) with an openable area
greater than 5% of the conditioned floor area. This
exception qpplic~s pDly to spaces open to and within 20 feet
of the operable openings. Automatic controls shall be
provided which lockout syst mechanical cooling to these
zones when outdoor air tgmperatures are less than 60
degrees F.

8. Hydronic heat pqm~ systems in buildings which both have a
breakeven outdoor tgMperature of 40 degree F or lower and
which are provided with a partial economizer gyqle-.- The
R~jrtial economizer cycle shall be capable of supplying
outdoor air quantities equivalent to 100% ~_f the total air
supplied to meet the interior load at the design drybulb
supply teLnperatur~_bu_t not less than 55 degrees F. The
partial economizer shall be controlled based on outside air
temperature andZor perimeter heating load.

503.7.1.2: Economizer systems shall be capable of providing
pg,rtial cooling even when additional mechanical cooling is
reguired to meet the remainder of the- cooling load.
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Exception: Direct expansion systems May include controls to
reduce the quantity of outdoor cCir ~~s required to prevent coil
frosting at the lowest step of coMpressor unloading. Controls
shall not cut economizer out of system when refrigeration
syst ei4ae:S.

503.7.1.3: System design and economizer controls shall be such
that economizer operation does not increase the buildina heating
energy Ilse durLn~ normal operation.

Exception: At least 75% of the energy for heatirG is provided
from a site-recovered or site-solar energy source.

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 to 75 degrees
F.

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

503.8.1.3: When used to control both heating and cooling, it
shall be canable of beina set from 55 to 85 degrees F and shall

I -) R be capable of operating Ithe system heating and cooling in
sequence. The thermostat and/or control system shall have an

14
~ adjustable dead band of ((up to)) not less than 10 degrees F.

( (G-r m0r9 GKGGPt as a I I Q;.xQd by tha sgannd subpar-agraph of- SQct i nii

15
11

5 0 2 -
2

-
2

-
5

- ) %

16

17

18

19

20

21

22

23

24

25

26

27

28

503.8.2 Humidity control: If a system is equipped with a means
for adding moisture to -maintain specific selected relative
humidities in spaces 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
percent. When a humidistat is used in a system for controlling
moisture removal to maintain specific selected relative
humidities in spaces or zones, it shall be capable of being set
to prevent new energy from being used to produce a space-relative
humidity less than 60 percent.

Exception: Special occupancies requiring different relative
humidities may be permitted 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 floor.

503.8.3.2 Multifamily dwellings: For multifamily 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. Spaces
other than living units shall meet the requirements of Section
503.8.3.3.
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503.8.3.3 Other types of buildings or occupancies: At least one
thermostat for regulation of space temperature shall be provided
for:

Each separate system.

Each separate zone as defined in Chapter 2. As a minimum,
each floor of a building shall be considered as a separate
zone. In a multistory building where the perimeter system
offsets only the transmission losses of the exterior wall,
an entire side of uniform exposure may be zoned separately.
A readily accessible manual or automatic means shall be

provided to partially restrict or shut off the heating
and/or cooling input to each floor.

503.8.3.4 Control setback and shutoff:

a. Residential occupancy groups - one- and two-family and
multifamily dwellings: The thermostat required in Sections
503.8.3.1 and 503.8.3.2 or an alternate means, including,
but limited to, a switch or a clock, shall provide a read-

ily accessible manual or automatic means for reducing the

energy required for heating and cooling during periods of

non-use or reduced need including, but not limited to,
unoccupied periods and sleeping hours. Lowering thermostat
set points to reduce energy consumption of heating systems
shall not cause energy to be expended to reach the reduced
setting.

b. Other ((building&amp; a-nd)) occupancies: Each system shall be

equipped with a readily accessible automatic means of shut-

ting off or reducing the energy used during periods of non-
use or alternate uses of the building spaces or zones
served by the system. Acceptable means include, but are
not limited to:

0 Manually adjusted automatic timing devices with a seven
d,qy minimum clock mechanism capable of being set for
seven different d~jy types par week;

Manual davd-G4a-&amp; f-or ura by operating ------ 1+ -and)

0 Automatic control systems.

Exceptions

21
11 -1.

22

23

24

25

26

27

28

-For -other than the dwelling ijnit portions of g;r~u E
Occupancy, systems serving areas expected to operate
continuously at the same tenerature setpoint.

2. Equipment with full load demands of 2 kW (6826 BtuZhr) or
less may be controlled by readily accessible manual off-
i~our controls.

503.8.3.4.1: Outdoor.air supply and exhaust systems shall be
provided with motorized or gravity dampers or other means of
automatic volume shutoff or reduction during periods of non-use
or alternate use of the spaces served )2y the system.

Exceptions

1. Systems serving areas expected to operate continuously.
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2._ Gravity and other non-electrical ventilation systems May j2e

controlled by KgAdily accessible manual damper controls.

3. Where restricted by code such as at combustion air intakes.

503.8.3.4.2: Systems that serve zones which can be e2~.pected to

pperate non-simultaneously for more than 750, hours -per year,
includinq retail and restaurant areas in office buildings-,- shall
include isolation devices and controls to shut off or set back
the suRply of heating and cooling to each zone independent
Isolation is not reguired for zones expected to operate
continuously p_r expecte to be inoperative only when all other
zones are inoperative.

For buildings where occupancy pAtterns are not known at the
time of system design such as speculative buildings, isolation
areas M~~y jae predesiq~ated._

Zones may be grouped into a single isolation area provided
that the total conditioned floor area does not exceed 25,000 ft2

per group nor include more than one floor.

503.8.3.5 Heat pgn controls: Programmable thermostats are
required for all heat pump systems. The cut-on teMerature for
the compression heating shall be higher than the cut-on
.~emperature for the supplementary heat, and the cut-off
temperature for the compres ion heating shall be higher than the
cut-off temperature for the supplementary heat Heat PUMP
thermostats will be Eaj of -providing aZ -1east two
programmable setback R!g~ ~iodq pgr dAy. The automatic setback
thermostat shall have the capability of limiting the use of
supplemental heat during the warm-up pgri~gd.

503.9 Air-handling duct system insulation: Ducts, plenums and
enclosures installed in or on buildings shall be thermally insu-
lated

((a~&amp; follows-)) to meet the requirements of Table No. 5-11.

Dijgt systems, 4a-r- po:r-tlons thereof-,, shall ba installe
to provide a thormal res-1--t-anc-e-, exclud-ing film r_Qr~iqtancas, of__

R

who-re --A~t = t4e design temperature differential hetween t" aIr
in t'he di3at a-Rd tha di3ot Rurfar-a 444 degrees F-_) )

Exceptions: Duct insulation, except as required to prevent
condensation, is not required in the following cases:

( (-I- Wh-On -At -j-&amp; -2-&amp; dQ4jr-64&amp;S F Or IQ R S

-2-) )1- When supply- or return-air ducts are installed in
basements, cellars or unventilated crawl spaces having
insulated walls in one and two-family dwellings.

When the heat gain or loss of the ducts, without
insulation, will not increase the energy requirements of the
building.

((4))3. Within HVAC equipment.

Exhaust air ducts.
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r-QQf-&amp; QAXQ= att-i4--&amp;((For r-Q=Jdeknt_JR__I bllilding&amp; With I'MinSWil
Containing ducts, the a-i-r- tompOraturgs IR TRh]Q NO 503-9-1
shall be us"ad

(Table No. 503.9.1 is deleted.1

-50-3--Q 2- Additional insulation with vapor barrier shall be pro-
vided to prevent condensation.

Exception: May be omitted when it can be demonstrated that
condensation is not a problem.

(Tgqble No. ji-1.1 is new and is not underlined.)
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TABLE NO. 5-11 (Section 503.9)
INSULATION OF DUCTS

4

5

6

7

8

9

10

1 1

12

13

GROUP R
INSULATION INSULATION OCCUPANCY

TYPES TYPES HEATING OR
MECHANICALLY HEATING COOLING

DUCT LOCATION COOLED ONLY DUCTS
on roof or

on exterior C and W C and W E and W
of buildina

Attic, garage and
crawl space,
in wallsl, within B B E

floor-ceilincr spacesl

Within the conditioned
space or in basements
and the temperature
difference2 is:
0 less than 15 degrees F N.R. N.R. N.R.
0 15 to 40 degrees F A A N.R.
0 more than 40 degrees F B B N.R.

In cement slab or A B
in ground

Note: Requirements apply to both supply and return. Where ducts

are used for both heating and cooling, the minimum insulation
14

11
shall be as required for the most restrictive condition.
1 See the requirements for ducts within the conditioned space for

15 that portion of a duct which is located within a wall or floor-

ceiling space where both sides of this space are exposed to

16 1
conditioned air and where this space is not ventilated or
otherwise exposed to unconditioned air.

2 The temnerature difference is that at design conditions between
I / R the space ithin which Ulle UUCL LS located and the design air

temperature in the duct.
18

11
INSULATION TYPES: Minimum densities and out of package thickness
Nominal R-values are for the insulation as installed and do not

19 11
include film resistance.
A. 1.0-inch 1.5 to 2 lb/cu. ft. duct liner, mineral or glass

1i fiber blanket or equivalent to provide an installed total20 i

I

thermal resistance of at least R-3.3.
B. 2-inch 0.60 lb/cu. ft. mineral or glass fiber blanket,

21 i

11
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

22
11

fiber board or equivalent to provide an installed total ther-
mal resistance of at least R-5.

23 11

C. 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
1-%l nn1rg=A- I +-n 7 ff- ninal-;;41 n-r- IAC2-- fi'hsz-r ~hnA-rrl

24
or equivalent to provide an installed total thermal resistance
of at least R-7.

25 11 n A - 1 1, A --A 'I I- -P+- I I I -F 1 11 V"I 1- 4- 1- 1,
Ilk- / ~-LA . . 'M ltj'~-J- GL W.L ~j q;;..L "ALI ~

I

1.5 to 2 lb/cu. ft. duct liner, mineral or glass fiber
26

J~ blanket, 3-inch 3 to 7 lb/cu. ft. mineral or glass fiber board
or equivalent to provide an installed total thermal resistance

27 of at least R-10.
E. 3.5 inch 0.60 lb/cu.ft. mineral or glass fiber blanket, 2.5

28
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.

W. Approved weatherproof barrier.
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503.10 Duct construction: Ductwork shall be constructed and
erected in accordance with Standards RS-15, RS-16, RS-17, RS-18,
RS-19 or RS-20 listed in Chapter 7, ((4a-r)) as applicable-, and
((-~))the Seattle Mechanical Code ((Gt- t44~e jurisdiction))).

503.10.1 Leakage tests: Group R Occupancy, high-pressure and
medium-pressure ducts shall be leak tested in accordance with the
applicable standards in Chapter 7 of this code with the rate of
air leakage not to exceed the maximum rate specified in that
standard.

For Other than Group R Occupancy, ductwork which is designed
to operate at static pressures in excess of

-

3 in W.C. shall be
Teak tested and be in conformance ;~~ith se~ti~ng qf the HVAC Duct
Leakage Test Manual, as follows: the tested duct leakage class
at a tes. pressure equal to the desig Auct pressure class rating
shall be equal to or less than leakage class 6 as defined in 4.1
of Standard RS-18 listed in Chapter 7. Leak ja- - __

age testing a be
-f7imi7ted to representative sections of the duct syste 12ut in no
case shall such tested sections include less than 25% of the
total installed duct area for the designated pressure i~lass.

503.10.2 Additional sealing: For Group R Occupangy., when low-
pressure supply air ducts are located outside of the conditioned
space, ((except tbose lor-ated within return air plenums,)) all
HVAC ductwork seams and joints, both longitudinal and transverse-,,
((joints)) shall be sealed ((using mast!G, tape, 4ar ma-r~ plus
tape- F-Gr fibr-Q11s; glass ductwork, tap4a May be
u-sed-)) with products approved by the building official only.
Ductwork joints shall be mechani~Lqlly fastened with a minimum of
three fasteners pgr joint for a cylindrical duct. See Table No.
5-11 for duct insulation requirements.

For Other than Group E Occupancy, where supply ductwork and
plenums that are designed to operate at ~qtatic pressures from jL4
in. to 3 in. W.C. inclusive are located outside of the
condl-ti-on-ed space or

....

in return plenums I joints ~ghall he sealed in
accordance with Seal Class C as defined in the SMACNA manuals
referenced above. Pressure sens shall not be used asItive t
the primary sealant where such ducts are designe t~o t
'~tatic pressures of 1 in. W.C. or greater. All material used
within the air plenqM shall comply Hith the Seattle Mechanical
Code. Duct leakage shall not exceed 10 percent of the air vol-
ume.

503.10.3: Automatic or manual dampers installed for the purpose
of shutting off outside air intakes for ventilation air shall be
designed with tight shutoff characteristics to minimize air
leakage. See also the Seattle Building Code and the Seattle
Mechanical Code.

503.11 Piping insulation: Piping installed to service buildings
and within buildings shall be thermally insulated in accordance
with Table No. 5-12 ((BO2 11)). For service water heating
systems, see Section 504.

If water pipes are outside of conditioned space then the pipe
insulation requirement shall be R-3 minimum for non-recirculating
hot and cold water pipes. For recirculating service hot and cold
water pipes see Table No. 5-12 for pipe sizes And temperatures.

Exceptions: Piping insulation is not required in the following
cases:
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1. Piping installed within HVAC equipment.

2. Piping at fluid temperatures between 55 degrees F and 105

((1-2.4)) degrees F when not required for energy conservation

purposes.

3. When the heat loss and/or heat gain of the piping without
insulation does not increase the energy requirement of the

building.

4.
( (When piping 1&amp; in ba-S~Pt_r Q44-1~~ Gr

u:n:;.rgknti1a-t,ad crawl spacer. having insulatQ walls 4,R one-
a~nd twQ-falni dwelling)) Pipin that conveys fluids which
have not been heated or cooled through the use of fossil
fuels o-r '~-lect-rig_ity.

(Table No. 503.11 is deleted.)

11alple No. 5-12 is new and is not underlined.)
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TABLE NO. 5-12 (Section 503.11)
MINIMUM PIPE INSULATION (in)l

INSULATION
CONDUCTIVITY

FLUID Btu-in/h-ft2.OF NOMINAL PIPE DIAMETER (in.)
DESIGN
OPERATING CONDUC- MEAN 1 1 2 4 6
TEMPERATURE TIVITY RATING RUN- and to to to and

RANGE, -F RANGE TEMPOF OUTS2 less 2 4 6 up

Heating Systems (Steam, Steam Condensate, and Hot Water)

Above 350 0.32-0.34 250 1.5 2.5 2.5 3.0 3.5 3.5
251-350 0.29-0.31 200 1.5 2.0 2.5 2.5 3.5 3.5
201-250 0.27-0.30 150 1.0 1.5 1.5 2.0 2.0 3.5
141-200 0.25-0.29 125 0.5 1.5 1.5 1.5 1.5 1.5
105-140 0.24-0.28 100 0.5 1.0 1.0 1.0 1.5 1.5

Domestic and Service Hot Water SystemS3

105 and 0.24-0.28 100 0.5 1.0 1.0 1.5 1.5 1.5
Greater

Cooling Systems (Chilled Water, Brine

&
a
m

p
; Refrigerant)4

40-55 0.23-0.27 75 0.5 0.5 0.75 1.0 1.0 1.0
Below 40 0.23-0.27 75 1.0 1.0 1.5 1.5 1.5 1.5

For minimum thicknesses of alternative insulation types, see
Section 503.11.1.
Runouts to individual terminal units not exceeding 12 ft. in

length with nominal pipe diameter not exceeding 2 inches.
Applies to recirculating sections of service or domestic hot
water systems and, for other than Group R Occupancy, first 8

ft. from storage tank for non-recirculating systems.
The required minimum thicknesses of not consider water vapor
transmission and condensation. Additional insulation and/or
vapor retarders may be required to limit water vapor trans-
mission and condensation.
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503.11.1 Alternative insulation types: Insulation thicknesses in
Table No. 5-12 are based on insulation with thermal
conductivities within the ran_qe listed in Table No. 5-12 for each
fluid operating temperature range, rated in accordance with ASTM
C335-84 at the mean teMerature listed in the tqble. For
insulation that has a conductivity outside the range shown in
Table No. 5-12 for the applicable fluid operating temperature
range at the mean rating temperature shown (when rounded to the
nearest 11100th Btu inch.Lh-F-ft2), the minimum thicknesses shall
be determined in accordance with Equation 6.

EQUATION 6 (Section 503.1L.1

T = PR L(l ± th/PR)K/k

Where:
T = minimum insulation thickness for material with

conductivity K, in.

PR = pipe actual outside radius, in.

th = insulation thickness from Table No. 5-12,_ in.

K = conductivity g_f alternate Material at the mean rating
temperature indicated in Table No. 5-12 for the
applicable fluid teMerature range, Btu.in./(h-F-ft2)

k = the lower value of the conductivity range listed in Table
No. 5-12 for the applicable fluid temperature range,
Btu.in./(h-F- ~

( (
Q t h Q r- _1 -n s 11 Ii-4 t- _J Tn'qu 3 at i thir-knQRSes in Tablo

un are haRtzkd 4D44 lnr.Wati having thermal resistiv"Y 4~n

t4e ra4ige of 4--Q t~G 4_6 pa-r i nab of on a
f-I at surface a# a mean temperature Qt- :74S degrees F-_

Q_ r
xiniTAIjI;A rjjarj_j Jae jpr r9a d f-4Qr- MatAar-ja4.9

ha-ving valuGs Iggs than 4.0, or may be rediacg;d for-

having valugas greater than 4 6 a-&amp; t4qIow,&amp;_-

yiior riQRigtiv, greater than 4-6--r th-9

Alay b'Q rQdI3r_LQ_d a&amp; f_QIIQTAxS-

4 6 x Talnl Q N4D- 502 33 ThigknQs&amp;
- 4ew M!4ai-mum Th!-Qk4~~

19 Ar_tiial Res-ist-livity

20

21

rl!Qr m-at-gri aal-&amp; wl-th thar-m" r_Qszisztivi-+_y less than 4.0, tha
imura 4-n-sulation thick-n-a-R&amp; shall lae Incre-a-se as followg'

4 0 x TahIQ No. 503 11 Thiak~~g~
-- uc;;q mini=13= Tbio-knQr,-N)

22 1
gopigtiu'

.1

Actual

23

24

25

26

27

28

503.11.2: Additional insulation with vapor barriers shall be
provided to prevent condensation((-)) unless

((Exception- Vapors barrierr, may be omitted when)) it can be
demonstrated that condensation is not a problem.

Section 21: As of July 1, 1991, Section 504 of the 1989

Model Energy Code is amended, and Table No. 504.7 is deleted as

follows:
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SECTION 504 - SERVICE WATER HEATIWG

504.1 Scope: The purpose of this section is to provide criteria
for design and equipment selection that will produce energy sav-
ings when applied to service water heating. Water supplies to
ice-making machines and residential refrigerators shall be taken
from a cold-water line of the water distribution system.

504.2 Water heaters, storage tanks and boilers

504.2.1 Performance efficiency: The thermal efficienc (energy
factor) ~qf water heaters shall not be less than the following:

(a) Gas water heater: .62 - (.0019 x rated storage volume
in crallons).

_Cbj Oil water heater: .59 - (.0019 x rated storage volume
in gallons)

Ich Electric water heater: .95 - 1.00132 x rated jq_tora_%g in

ga lons)

The thermal efficiency of pqol heaters shall not be less than
28 percent.

All 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, insulat-id- -Surface
with a minimum thermal resistance of R-10.

15 ((504.2-11-1 Rlczgtria T.Alatgr_ hQatQr_6z' 3tQma glectr-Ja storageAu - - ___ __

watgr_ h4patQr-S having a storage capacity 4at- 12'4~ ga440p~&amp; or less

16 and an input rating Qt- 12k orz jess shall have a Standby loss PGt
eNGGeding 4 0 watts/ft_-2~ of- tank sux-f-ac-e area or 44 watts,

17
1&amp; greater,. wben tQgtQd in aacardian uxitb Standard

RS-5 1jstQd _j4j Chapter- -7. a_r~d Qalnulat at an -@-Q d-e~~ F-_

18

19

20

21

22

23

24

25

26

27

28

temperature d-li-f-feran 0.

Auteonantic elect-r-lic storage watgr heatQrs having either a
stQra-ge capacity greater than 1-2-Q ga-11orwi, G-r a-n input rate
grea than 12k shall have a4-1 storage taan,,k

insulat t-o at Iea-st R-10 4ar- havQ a standby loss PG#
exceeding 4_4 watts~ft_4 when tested in ar-cor-dan w4t~h st~~~
RS-6 44-8;~ in Chapter 47-

504
-

2 1 2 Cas- a4ad oil-fir uxatgr hgatQrg- czag= and oil-fir_Qd
al-Itoxnatic: storage YjxRtQr hQatArg havin a-A input rating Of- :~5,000
Btu/ or- less shal a hava a recovery efflo-JenGy 4-Er4- PGt legs than
-~-5 percent a4ld standby loss 4-94- not

&amp;

- 2.3 + 67p4

WhL=rQ-

9 per-cent pwe-r hour of stered therual Gnergy

V rat6;d ArnlurAQ In Gjallons

These storage water heaters aha4-1 be tested 4-n wi th
-Sta-M-dard in GhapteL= -7,
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f-fialenrOther as-fir_Qd water hQatQrr, =haI3 ha'XQ a thQrmal G -Yg -

+E ~ 4at not less than 7 4 ercent whQP tQstgd IR @Goardan uxi t7h
_t_

- - - p -

Standar d RS-7 I i sted in Cha ter -7- p --

a ad ut rate overan Inni I =firlad water heaters havin- pg
;Z5,099 Btu/ IaUt I QRR than 4,000 Btu~-h fmxr ga-1-14an 4@t- --- _RtQr_Qd

watA r~13all q)- not Qwczaedln _-also have -a standb loss -( g ~y ,
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2 - 2. 8 + 67~V

WhQr_Q__

P4&amp;r,
hQjjr_ thQr_ZA;a1 QPeX-4j~y

:ratQd uQ1431:AQ In, gallons

Natural gas- a_nd gil-f-jr- watQr_ hQatc4rg having an input rate
ot- raoret than 4,000 Btu/h p4ar gallon 4Df stored water and havin a
pilot input ratQ gr-~~ t~h~ Q 6 pQr-Gent 4D-f tb~&amp; max-iaum heater
input rate 44Dut not QxgQQdixi_ 75G Btu/-h4- shall be equippead with
an lcjnl~t~ synst~em which is ~~ a Gontj-nllgllsly burning pilot
light-) )

504.2.2 Insulation: Heat loss from unfired hot-water storage
tanks shall be limited to a maximum of ((13.6)) 2.6 Btu/h/ft.2 of
external tank surface area. The design ambient temperature shall
be no higher than 65 degrees F.

504.2.3 Combination service water heating/space heating
equipment ((boi3ers)): Combination space and service water
heating equipment m~jy pnl~ he used when at least one of the
following conditions is met:

(a) The annual space heating energy is less than 50% of the
annual service water heating ene gy.

JbL The gpprgy jMqt gr storage volume of the combined boiler
or water heater is less than twice the energy input or
storage volume of the ~m~a`ller_of the separate boiler'sor

Iwater heaters o~_he_rwis'e requi ed.

jcj !he combined syste uses no more energy than separate
systems that -meet the requirements of Sections 503.4 and
504.2.

jftj Where the input to the combined boiler is less than 150,000
Btulh.

Exception: For Group R Occupancy. service water-heating equip-
ment shall not be dependent on year-round operation of space
heating boilers; that is, boilers that have as another function
winter space heating((-)) other than

((Exception-&amp;))

1. Systems with servicefspace heating boilers having a standby
loss (Btu/h) less than:

13.3 pmd + 400
n

determined by the fixture count method where:
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pmd = probable maximum demand in gallons/hour as determined
in accordance with Chapter ((4:7-)) 5_4 of Standard RS-11
listed in Chapter 7.

n = fraction of year when outdoor daily mean temperature
exceeds 64.9 degrees F.
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The standby loss is to be determined for a test period of
24-hour duration while maintaining a boiler water tenpera-
ture of 90 degrees F. above an ambient of 60 to 90 degrees
F. and a 5-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.

504.2.3.1: Service water heating equipment used to provide
additional functions (e.g. Uace heatinqJ as part of a
combination (integrated) syste shall coLnply with minimum
performance requirements for water heating equipment.

504.3 Automatic controls: Service water-heating systems shall be

equipped with automatic temperature controls capable of adjust-
ment from ((t4a-Q lowest)) 90 degrees F to the highest acceptable
temperature settings for the intended use. Temperature setting
range shall be in accordance with Table No. ((-2.)) 2 in Chapter
((-3-7-)) 54 of Standard RS-11 listed in Chapter 7. For Group R

Occup~j ~c temperature setting r4Dge shall be set to 120 deqrees
F.

Exception: Service water heating systems serving residential
dwelling units May be equipped with controls capable of

adj.j~me~nt down to 110 dg_qrees E only.

504.3.1: Where temperatures higher than 120 degrees F are
reguired at certain outlets for a particular intended use,
separate remote heaters or booster heaters shall be installed for
those outlets.

Exception: Where it can be shown that the energy used over the
life of the- equipment is not reduced.

504.3.2 Circulating hot water systems and heated pipes: Systems
desigEed to maintain Ils e temperatures in hot water pipes, such
as circulating hot water systems, shall be equippeq K~ith
automatic time switches or other controls that can be set to turn
off the system when use of hot water is not required

i_*_

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 burner(s) of all other types
of service water heating systems.

504.5 Swimming pools

504.5.1: All. pool heaters shall be equipped with an ON-OFF
switch mounted for easy access to allow shutting off the opera-
tion of the heater without adjusting the thermostat setting and
to allow restarting without relighting the pilot light. Controls
shall be provided to allow the water temperature to be regulated
from ti~e_ maximum design t-emDerature down to 65 degrees F.
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504.5.2 Pool covers: Heated swimming pools shall be equipped
with a pool cover,_ approved ]2y the buildin official.

((ExGeptio Outdoor pools deriving over 2,0 perGant 04 the
energy 4Gr- heating from nondepletable sources (GQMPUt4Qd OV4@X- aR
operating season) are exempt from this

-

.

ant ))

504.5.3 Time clocks: Time clocks shall be installed so that the
pump can be set to run in the off-peak electric demand period and

~an be set for the minimum time necessary to maintain the water
in a clear and sanitary condition in keeping with applicable
health standards.

504.6 Pump operation: Circulating hot-water systems shall be
arranged so that the circulation pump(s) can be conveniently
turned off, automatically or manually, when the hot-water system
is not in operation.

504.7 Pipe insulation: For Group R Occupancy recirculating and
non-recirculating systems. piping shall be tLiermally insulated in
accordance with Section 503.11 and Table No. 5-12. For Other
than Group R Occupancy age the requirementg below. ((F-G~r

rer-Arculat.-Ing systems piping heat Joss shall be linited t~o a
:m;a X 4at- 37 5 Btu~h p4ar linear foot ot plpQ in ayzaordan with
Table No.- -544--7-r wh44h 1&amp; hRGQGI 40IR dOSigR G-aXtQ8=BRJ ;Ur-Q PIG

-30-4-XQ than
A&amp;&amp; dQgr-QQS -F, Oth4Qr- deSign ares must be

Ca I CI-31 Rt-Qd
-

Exceptia pipin Insulat'i is viot require when tha heat
IQ" of- t~hs piping, without -Jnr.W;atJo;:i-r does PvDt Increase th4a
annual energy 4af th4a

504.7.1 Circulating systems: Piping insulation shall conform to
the reguirements of Table No. 5-12 or an equivalent level as
calculated in accordance K~1_th Equation 6.

504.7.2 Non-circulati systems: The first 8 feet of outlet
piping from a storage syst that is Maint4ined ~t a constant
teLaperature and the inlet pipe between the storage tanh and a
heat trap shall be i ~sulated ~js provided in Table No. 5-12 or to

1,ftn eg1jivalent level as calculated in accordqncg Kith Rqgation 6.

!Systems without a he4t tXap to prevent circulation due to natural

I

convection shall be considered circulating systems.

(Table No. 504.7 is deleted.1

504.8 conservation of hot water

22 1504.8.1 Showers: Showers used for other than safety reasons
shall ((be Qquj-ppad with flow contral dQvirzeg to)) limit the max-

23
imum ((bot-))water discharge to ((4)) 2.5 gpm as reggired by 9H-B
1397 and WAC 51-18 rated at distribution pressures from 20 to 80

24
psi en tested according to ANSI A112.18.lM-1989. Showerheads
should not use flow restrict inserts to meet this criterion.

25 Exqgpj~ion: Until June 30, 1993, the maxim flow rate allowed
is 3.0 qRm.

26

27

28

504.8.2: Lavatories in rest rooms of public facilities-,
including those in service stations, airports,.- train terminals
and 'convention halls, shall meet All pf the following require-
ments:
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504.8.2.1: Be equipped with outlet devices which limit the flow
of hot water to a maximum of ((4,&amp;)) Z.5 gpm ((or-)) and be
equipped with self-closing valves as required by .5EB 1397 ~~nd HAC
51-18 that limit delivery to a maximum of 0.25 gallons per cycle
of hot water for ((rza))circulating systems and to a maximum of
0.50 pgLr cycle gallons for non-((r-a))circulating systems.

Exceptions:

1._ Separate lavatories for physically handicapped persons
((=hall)) need not be equipped with self-closing valves.

1993, the maximum flow rate allowed is 3.02. Until June 30
CfPM

7
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504.8.2.2: Be equipped with devices which limit the outlet tem-
perature to a maximum of 110 degrees F.

504.8.3: All other bathroom, lavatory and kitchen faucets and
replacement aerators'shall limit the maximum discharge to 2.5
gallons per minute as required by SHB 1397 and WAC 51-18.

Exception: Until June 30, 1993, the maximum flow rate allowed
is 3.0 gpm.

Section 22: As of July 1, 1991, Section 505 of the 1989

Model Energy Code is amended, Table Nos. 505.3.2.1a, 505.3.2.1b,

505.3.2.1c and 505.3.3.3 are deleted and Table No. 5-13 and

Equations 7 and 8 are added as follows:

SECTION 505 - ELECTRICAL POWER AND LIGHTING

505.1 General: Electrical power and lighting systems shall be
designed to conserve energy as provided herein.

505.2 Electrical energy consumption

!

505.2.1: ( (-14-4 MU 3 t I -f a= "Y dwe 13 A i =hall be mada to
dotQrminn t4le energ I by each tonant by
separately metering iinitr.

MQtQ16r h0tQ19, C011890

505.2.2 Electrical motors: All permane wired polyphase
motors of 1 hR gr more serving the building shall meet the
rea irements of 505.2.2. See Section 503.5 for reguirements for
vari speed control for jEAC systems.

505.2.2.1: Motors expecte to operate more than 500 hours pgr
yesj~r shall have a nominal full-load motor efficiency Ro less than
the corresponding values -for energy-efficient motors provided in

MG1-12.54 and MGI-12.55.

505.2.2.2: The motor nameplates shall list the minimum nominal
full-load motor efficiengy.

505.3 Lighting power allowance ((budget)): A lighting power
allowance ((budget)) is the upper limit of the power to be avail-
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able to provide the lighting needs in accordance with the crite-

g Lria and calculation procedure specified herein. Lightin dAttaqe
includes. lamp and ballast wattage.

A buildin or facility total lighting power allowance will
consist of the exterior lighting power allowance and the
interior lighting R~gwer allowance (ILPA).

The exterior lighting power allowance (ELPA) shall be

calculated in accordance with Section 505.3.4. The interior
lighting power allowance (ILPA) shall be calculated in accordance
with Section 505.3.2.

((T4;~e lighting power budget t-or a building &amp;ha4-1 be th4a s Qt-

th4a pGwer I ini ts Gomputed f-c~r- a4-1 lighted Anterjor and QxtQr-iQr-

s-ar-es and bG dQtArTnin In ar-r-Qr-dan with the procedur
'fio-d in this PeQtinn

Exception: One- and two-family detached dwellings and the
dwelling portion of multifamily buildings are exempt from the

requirements of Section 505.3. For other rooms, spaces, areas
and lighting equipment which are exempt from the requirements,
see Section 505.3.3.

505.3.1 Allowance ((bud4jet)) development

505.3.1.1 Compliance: A building shall be considered in

compliance with this section if all of the following conditions
are met:

LaA the exterior lighting power to be installed is not greater
than the exterior lighting power allowance based on Section
505.3.4.

_(bj the interior lighting power to be installed is not greater
than the interior lighting power allowance based on Section
505.3.2.

The controls in the Proposed desicfn shall comply with the
requirements in Section 505.4 and no credit towards compliance
with the lighting power allowances shall be given for the use of

,4~n additional controls, automatic or otherwise.

Trade-off of interior lighting power allowance to gA~in
exterior lighting power allowance is allowed. Trade-off of
exterior liqhtin power allowance to gA~in interior lighting power
allowance is NOT allowed. Trade-offs of the interior lighting
power allowances among interior spaces are allowed within an
individual tenant space Djj~l .4s Igng as the total connected
lighting power for the 'entire individual tenant space does not
exceed the interior lighting power allowance. Trade-offs of
exterior lighting allowances among exterior areas are allowed as
I_g~n qs the total connected lightin power of exterior lighting
does not exceed the exterior lighting power allowance.

((T-h-e c-r~~ specifi below sball be utilize f-" camputation
Q-f- light!Rg PGWGV bUdgQtv C ;_R I a- 13 1 i4 t I Q_A -9 9 h a 1 -1 b4a IR c Q_r d- a n

; 4T i t h 9 Q Q t J n n -545-3-5-r C -a I c u I -a t J nn 32 r C-1 n- Q_ 43 11 Ir ) )

505.3.1.2: When insufficient information is known about the spe-
cific use of the building space (e.g., ((nwaber- Gt- oGGQpants-r))
space function, ((Incation c~f- partitio )) size of

'

retail
tenants), the ((budget)) allowanog shall be based on the apparent
intended use of the building space.
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505.3.2 Building interiors: The interior lighting power
allowance (ILPA) shall be calculated 12y multiplying ±,he gross
floor area (GFA), in square feet, hy the appropriate unit
lighting power allowance (ULPA), in watts p~gr square foot
specified in Table No.- 5-13. In cases where a lighting ;tan for

gDly ~ portion of the floor is submitted, the interior lighting
power allowances shall be based on the gross floor area covered
]2y the Rjan. Partial plans loi -com-mon areas only shall not
exceed the unit licfhting power allowance for common areas.

EQUATIO 7 (Section 505.3.al
ILPA = ULPA x GFA

Exception: in cases where a lighting plan ~Lp-r pD_ly a portion
of a floor is submi:Et FZ-he interior lighting power allowance
(ILPA) May be based on the usable floor area (UFA) as defined

12y the Buildijig Owners and Managers Association with a
multiplier for a proRortionate share of the common area and

gross floor area (such as elevator space, lobby area,
restrooms, exterior building wall thickness) and the interior

lighting allowance may be calculated as follows:

EQUATIO 8 (Section 505.3.21
ILPA = ULPA x UFA x 1.1

Where lighting criteria are not listed in Table No. 5-13, the

lighting power allowance shall be based ]~po the Seattle Buildinq
Code copparable occupancy type or as specified in the
Illuminating Engineering Society Lighting Handbook Application
Volume, latest edition.

(T4a4g allowabiq Qlgrztrir- power- t-or- lighting shall b4a Q-. st -Js

by using t4e ariteria and th4a I r-- ul-atio pr-Gc dures specif! in
2QQtiQ4q 505 2 5 T4ia uali3o r~hall b4a hagad on t4a-e f-Gr whd.-f--h

the Spa~Qe W4.J_-~-R th4e. bui-141nq is -i-n-tend-A-d-

505 2 2 1 llluainatiQn lgviRl c;r-itQr-ja:- Rnr the pur-pQH&amp;e 4af QZta-b-

-1-ishIng -a budget, I evels of Illumination shall bo thQszQ listed
in 2tandard RS-2 I i sted in Chapter -7- ThoRG I P:sxQl R vha4rl b4a used
a-F, f-Q I I QIAM -

_a Task Lighting- In Most cases, th-e le'relp 4at- 111-1-Imina.tion

listgd are f,--r- specific taQk= MhQr~p IQIrQIp, are f-C~r- t,46
ta9k a-r-e~ dQt-j-P,46d In Sqtinda4~d RS-2 in Chapte-r -7-r

or-r where not defined, at a~ll usabl Q portions 4ot- task
S13reaces. 4~n some Gases, the IQ44QIR 40~f illuminatJQA are
I i gtRd f-&amp;r locm-t-inp=- T4ia" levels a-ra t.G b4a Go-nsidar-ed as
averaq Level s

_~, In ar-GaS 913rr-043nd-2. General Lightin4 ta4g-k IGQa-td-Gm~-r tile

averag lavel of- general lightingr f-G~r- budget purposes
only, shall b4a one-thi t4le IQIKQI f-G-r- t~hq tasks performed
-in the area bu-t in no GasQ IQSSZ than #4e IQAXQI t-orm t4e
ta,&amp;" performed in t4is ax~ bu-+- 4-n no ca-s-e less than .24

f QQt-ca-pd I QR WhQrQ ;RQr-Q than one tAsk IQA4QI OGGurs 444

Gpa-e~ tb4a general lavel sha44 b4a one-th--i t4la wa-~~
aver-age 4D-f t4e specific task lavels

-2~ -No-p-o-r-itical Lighting- In a4Dd seating areas
wh,mr-Q nG speGifiG visual tiasks oGcur, t4i-G average- level of

shall b4a on-a-th-Jr Gf #he aver-age general
lighting In th4a adjacent task spaces b" In n-o case I-e~
than 4r4 footaRzIdIgg-
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-2- Lightin SyStQA Qrit~Qria' FQr t4jQ pUrPOGGS 40-f Q9tR"j8h4Mg
a power budgety op-1-y laap aAd caeffic-zlantr. 4Dt-

ut-JI-i-gat J on (CU)
,

specif ied in TaW a No= 505
-

3
-

2

shall be arzeumed ))

(Tables Nos. 505.3.2.1a and 505.3.2.1b are deleted.)

(Table No. 5-13 is new and is not underlined.)

TABLE NO. 5-13 (Section 505.3.2)
UNIT LIGHTING POWER ALLOWANCE

I

OCCUPANCY
DESCRIPTION1

Retail Stores3
less than 6000 s.f '

4

6000 to 20,000 s.f '

over 20,000 s.f.10

Sport tournament court (indoor)5

LIGHTING
POWER

ALLOWANCE2
(watts/ft2

4.2
3.0
2.0

2.6

Painting, carpentry and machinery shops 2.3

Wholesale stores,, laboratories,
tailoring, barber and beauty parlor,
hotel banquet/conference/exhibition hall4f5 2.0

gRestaurant6, bar6, fastfood6, cafeteria6 1.8

Libraries6 1.7

School buildings 1.5

Daycare centers, institutions6, factories and
workshops, handling and loading areas,
welding shop, auto repair shop, gasoline
service station, aircraft repair hangars 1.5

Mall concourse 1.4

office buildings6, administrative support areas6,
museums, hospitals, church/chapels, police and
fire stations7, banks3,6,8 1.35/1.59

Laundry 1.3

Assembly8, auditoriums, theatres, atrium,
gymnasium, recreation 1.1

1.0

0.5

0.4

See Section 505.3.4

Process plants, locker room/shower room

Storage structures, warehouses

Aircraft storage hangers

Parking garages (indoor/outdoor)
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common area corridor and lobby (except mall
concourse), restrooms 0.9/1.09

1 In the case of an occupancy type not specifically mentioned,
the unit lighting power allowance in watts per square foot
shall be determined by the building official. Such determina-
tion shall be based upon the Seattle Building Code for the most
comparable occupancy type specified. See Section 505.3.3 for
exempt areas.

2 Watts per square foot of room may be increased by two percent
per foot of ceiling height above twenty feet except where other
footnotes reference a different ceiling height.

3 These allowances include all storage within the tenant space.
4 Watts per square foot of room may be increased by two percent

per foot of ceiling height above twelve feet.
5 For all other spaces, such as seating and public areas, use the

unit lighting power allowance for assembly.
6 Watts per square foot of room may be increased by two percent

per foot of ceiling height above nine feet.
7 For the fire engine room, the unit lighting power allowance is

1.0 watts per square foot.
8 Bank teller areas and airport ticket counter/inspection areas,

such as customs baggage inspection, are allowed up to 2.5 watts
per square foot.

9 Where these uses are not located in building projects with a

new construction area of fifty thousand (50,000) or more square
feet of gross conditioned floor area of other than Group R

Occupancy, the unit lighting power allowance is 1.5 watts per
square foot. The common area limit for partial floor plan sub-
mittals shall be: 0.9 watts per square foot where the overall
unit lighting power allowance is 1.35 watts per square foot;
and, 1.0 watts per square foot in all other cases.

1OFor retail apparel and accessories, cosmetics, jewelry, china,
crystal and similar areas in a department store setting, the
unit lighting power allowance is 3.0 watts per square foot of
those areas. This does not apply to general merchandise areas,
such as food stuffs, hardware, books, sporting goods, consumer
electronics, household goods, furniture or off-floor storage
areas.

50S.3.3 Exceptions to building interior and exterior criteria:

Rooms, spaces, areas, and lighting equipment exempt from the
lighting criteria in Section 505.3 include:

jai Outdoor manufacturing, commercial greenhouses,,, and
processing facilities.

LbA Lighting power for theatrical productions, television
broadcasting (including sports facilities), audio-visual
Dresentations, and those portions of entertainment
facilities such areas in hotel ballrooms, pi_qht
clubs_,, discos, and casinos where lighting is an essential
technical element for the function perform7ed. Separa e

switching is required.

Ich Lighting in areas where medical and dental tasks are per-
formed..

JdJ Outdoor athletic facilities.
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(e) Display lighting required for art exhibits, displays and
inspection and restoration -in galleries, museums and monu-
ments.

In _Exterior lighting Lor public monuments.

_(_q)_ Special lighting needs for research.

Aj2l Lighting to be used solely for indoor plant growth during
the hours of 10:00 p.m. to 6:00 a.m.

_(al Emergency lighting that is automatically OFF durin normal
building operation.

jjj_ High risk security areas or any area identified b local
ordinances or re ulations or by security ~r safety
officials as re uiring additional lighting.

IhI spaces specifically designed for primary use by the
visually iMpaired, hard of hearing (lip-reading) gr by
senior citizens.

L11 Ligbtinq ~Lor signs, walkways and pathways.

Iml Food preparation area.

_Lnl plug in portable display fixtures, show case lighting and
lighting that is part of machines, equipment or furniture.

jol Electricallmechanical equipment rooms.

T4io QvitQrIA ot- 506 3 2 shall PQt apply to t4e
15

11
:t'he Joad-follow- ar-G~ whQn r-alr-411at

16

17

18

19

2-0

21

22

23

24

25

26

27

28

Residgntial-type gpa'OSS in
hQtQIS, .

:F-1344Qr-Al hQ;aGS, GhUUQ:hQSr MUSGUMS, Otc-, QthQr- than

k-ItCzhQpx'r bathroon laundry areas and public spa4aas-r

i4ig !Qbbies, haiis, stairway&amp;-r hageaent areas a4id

Utility rooms.

pr-esentationS4 a~nd motion picture a4ad gtild i QS
WhIMr-A th4fa lighti.Rg " a,14 2_1 al-emaInt f-G-r-

th-Q f-I3nCtiQII pQr-fQr-MG4d_

T41e r_r-jtQr-JR 4af t4le f0llrth SUbpaUagraph Qt- 50-5-2-2-1-

P.Q# apply to t4Q f Q-110;hd ng laTAPS ax~d I hGwever,
u" shaQ4 be accounted tar In t4e c-a-Ir-1-11-8ation ot- task

llght4-ng loads f-Gr specific tasks T4i-o i-a-l-lowa-b-le load shall b4a

based Qn t4l-Q 11-3ninai Wattage t-0 achl4w-s the -IQV484-S of
a-&amp; C-QATQr-Qd in SQr_tiQn -40ES 2 2 using the Point

r-alc-i3latian =Qthnd given in Standard RS-2 listed 144 Chajxt~ -~L_

0 li_gpipairer~ tor- Medical a-Rd dental purposes;~-

-2.

1-1-amin-R-1-res -f-Gr highlight44ig appliGations, such
&amp;&amp; sculpture

a4;t exhlbitsr a~nd Ind-i3vidual itgas of- display

14:914ting applications (color
where eleatrin jntQr_fQL=enGe r_RpnQt lag

tnleratad' etc,) .
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Th4a CritCkria Qt- MahjQ NO, =hall PGt apply
in spacer. wbere -it I&amp; impraruti to control raflectances and
wbere a dirty atmosphe cannot be avaidad uboro tbi= Qonditim
exists, t~hs values, f4r reflecta_ncas a~nd light jorr. factors yball
b4a those expected to be found aPA shall b4a approved by the

offir-jal- T_hQ 0a1Q!j_31RtiMn =hRll MakA 430tCh Qt- thiS
dQvi op,

(Table No. 505.3.3.3 is deleted.)

5-0-5-3-3-4: Wh4an t" use 4D9 HID lamps undar 250 W 4ar t-1-U W-QZQAMt
lamps undar 4-OW Fkte" a 1a;AP officacy Qt- 24 Z-M-~W shall
b,G ur-ed

Exception-- A I-amp efficacy 4Df 5-15. -1~ sball be used when the
following conditions exist-

-L Uia power budget exaseds I W4t-:f,-2r In spaces undor 444 fa,-l

The QwQr- budget ';mr-Gods. 404 W 1A SpaGGS bQtwQQn 44~4 a~nd
1"JD~ t_t1_4_

I I

12

13

14

Ths power budget QXQQQd= a 5 in spaces over 3000

f-t-4) )

505.3.4 Building exteriors: In exterior spaces, the lightinq
power ((budget)) allowance shall be based on the use for which
the space is intended. Tradegff of interior lighting power
allowance to gAiLn exterior lighting power allowance is allowed.
Tradegff ~af_ exterior lighting power allowance tgo gAiLn interior
lighting power allowance is NOT allowed.

15 11505.3.4.1: The eLcterior lighting allpwance for other than resi-

9-Fne'=A~ 'kir n OR

4~

* -r., v,+-, -F ~ Tr ~'q

gentlai uses, snaii be caicuiatea py muitipiving tne buiiaing

16
1

- I ~d A~d Wj_

17

18

19

20

21

22

23

24

25

26

27

28

i,parking, open parking and outdoor uses shall be calculated at
0.20 watts per square foot.

((505-3-4-1 QrjtQrja;_ The SaMq QrjtQrjR
a~&amp; tha=Q t4DW intQrio=

Spac" apply fl" J1343mination a~nd jjqhtjng~ systems with t~ha

-a d- d- -it i an ot- 1i-mn 3 n a a r- f4;~r floodlighting. For power budg"
purposes, lumln.aur shall have a greater- parcentag4a 4ot- tlieir

heam rQgtrint tG thO &amp;r-Q&amp; tG b4&amp; I-j4jht4&amp;d aPA hRVQ% MjPjM1J:M

a-t 3Qa=t aS great; " thQga 3jrtQd In Standa=d RS-2
Chapt" -7-

595-3-4--a Facade lighting; rZaaade lighting t4r budget purposes
V.h;ajl- be nQ greater- than 4 Pergent 4D-f the total intQ=ior_ load of-

the 1- 1 1 A, __

-5 -0 -5 - 3 -- 4-3. 12r -0c A-d13 r a-:- 41-n e- _Q t -a b I i s h44ig a 11 glat i ng ID 4a w er budg e t;

t4aa _followlng procadur shall be usnd-

CArQr-hQ Lighting-, T414&amp; Specif i in S;Qati an
_505-3-5 rzhall be fol3mxa~ t-" Overhead lighting but

as flound-

r jyw~.~
&amp;&amp;

in Standard
RS-2 I i =tQd in chapter -~t a4ld a of- bQam
Ut-11-1-Ration (CBTJ) :75 gh;113 be used t-G~r floodlighting
COR-1culationg-
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3 -Fi Cal Prm-c-ad-urg- TO a-stah-l-ish a lighting. pGwer
QTX in proc-odur gbRII b4a IIRQd- dQtQr-Mjn

arnd areas; determins I-i4jht-lng VYgtem data;
ap le wattage-
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and areas:

a

-E

DQt-Qrxni t4aa vislial taRks t4a-art a~rQ exPectGd tQ b4
Perform in each space 4the common-ly found tagks a# Gac-b

work station) aad t~ha number Qt- planned :roxork IQQat-i-Gns

"Qr-Q ta4gks will ba perfor-rae -1~ an assump#i 4rs made,
jt~&amp; basig shall b,&amp; indiQatQd-

SQIQQt thQ 11-1-1-Imination level, 4rn -+-hGse

ex-ected tagkg in aaccord-Lance with t4e first subparagraph of-

total task areas to ba illu=ina to thQ gzaTAQ

~QvQl by multiplyi-ng tha nuabi;r at work I nnatj~ by
t-t-2- per Work location (Total task area shall not QWQQQd
actual total spaGo ar-ea.4- -It- ar-tual tiask area 4.&amp; greater
thap --54 #t-~,~ actual area shall b4a ufi-~ if special task
licjht!RQJ Or- li4jht4ng 1S tO b4a GMPIGYGdr USe th-a

ActuAl tarzk areas a-nd p0j:Rt aalr-ulat, 131=Qgion proc

ulate tha vel of- general lighting by inultiplyi4ag tho
task lighting Ievel by one third, whgre tha~re dr-, opl-y one
task level, or by taking one third 4D-f thQ s Gf- th4&amp;

produc 4o-f t4e tagk IQ3rQls apA thgjr- areas dividg4l by t~ho

total tar'k areas in With th~a st4nand --bp-- ryL=a

ot- E-S 0- 54
-

-2
- -2 -

1-1

with the third subparagraph of-

Far area de-te--rmd-nations of- general a~nd RQj4Qr4t4rGal

1:j qht i
p,4;f -r a-;-a I r-- 1-3 1- a-- t-

-

I Q- -n- -g s li a I I b4a based on B-3b, Atta-czh-m-e

B-r 4D-f PS-9 I J sted in Chapter -7-

505. 3 .5.2 uneterlnlinkng lightin syste

0 DQtQ4==i light sour-Ge and li-an-in-a-ir types to use.

Dot Qr-xn i -I-aMp 143=QnR p4r 3~XAtt a~nd

of- 13 t i I i ga t (C:Uls) f-Gr roo liam.-in-a-I MGUV-t~ hQ49"
d i zp Q n g i on g Liminaing Clllg g:hall b4a ro-lQr-tQd f-r-Q= Standa:rd
RS-2 I I sted in Chapter -'A or- f-" types
P,49~t fOlInd !A RS-2 4G luminairne Rhall hauQ a CU
IQAR than by TRhlQ N40-- 5CE-2-2-" t-or the
room cavity ratio calo-ulated,

D4~terminin- allowable wattage:-

0 da-ta from SQ-r--~ 505-3.5.2, above, t4o illumination
IQI,Qlr. a~nd al=Qag dQtQr-pin in Soation 5QEi 2 5- - - - - - E -

I and the
c V I t Q r- 4af- Tabl o No 505 2 2 3-r cialaulate t4o allowahl

wattag using t4le lll=QP ;AQthod

-2- calculatea th4G~ total space wattage by adding th4a task,
gener-al and noncriti lighting loads

-E Add the wattage ot- lum-i-n-a-ir iallowQcl in Section -5-0-5-3-3-2-,
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- v5054 4 SwItch-ing sha I I b,&amp; provided t-Or- Qnch
!ight44i4;f Gix-Gu4-t--, 4ar -for portions of- Q;av-b roil;Guit, CNG that th4a

par-U lighting r9qUired t_" r-ustodia 4Dr t-" cA f f 4; Gis - - ___ -4
COMPIOMOntary USO With llatl=al lighting, M&amp;Y b4a OpGr-atOd
Selectively.))

505.4 Lighting switching: Switching for building lighting
systems shall be designed and installed to permit efficient use
of energy and to permit maximum flexibility in the use of the
installed lighting_,- The following mandatory requir ments
represent the minimum lighting coptrols to he installed in Any
building. Additional controls should be provided where deemed
appropriate and wherg the ins allation of such

'

controls can
significantly reduce energy consumption.

The maximum lighting power that May 12e controlled from a

single switch or automatic control shall not exceed that provided
by a 20 ampere circuit loaded to not more than 80 percent. A
master control p~jy I~Le installed provided the individual switches.
retain their capability to function independently.

505.4.1 Local control and accessibility: Each qp,~ce gnclosed by
walls or ceiling-height partitions shall be provided with
lighting controls located within that space. The lighting con-
trols, whether one or more, shall be capable of turning off all
lights within the space. The controls shall be readily accessi-
ble, at the po of entryZexit, to personnel occupyin or usin1~gjj_g

the space.

Exceptions: The followin lighting controls May be centralized
in remote locations:

1. Lighting controls for gpaq2pq which must be used as a

whole..

2. Automatic controls.

3. Programmable controls.

4. Controls reguiring trained ORerators.

5. Controls for safety hazards and security.

505.4.2 Daylighted zone control: All daylighted zones as
defined in Chapter 2 both under skylights and adjacent to
vertical glazing shall be provided with individual controls or
daylight- or occupant-sensing automatic controls which permit
control of lights indeDendent of neral area lighting.

505.4.3 Hotel and motel quest room controls: Hotel and motel
quest rooms excluding bathrooms shall have one or more master
switches at the main entry door that turn off all permanently
wired lighting fixtures and switched receptacles. For multiple
room hotel suites, switches at the entrv pf eac~ room, in lieu of
the switch at the main door, shall be acceptable to meet these
requirements.

505.4.4 Exterior lighting controls: Exterior lighting not
intended for 24-hour cgntinuous use shall be automatically
switched by timer, Rhotocell,_ gr A combination of timer and Rho-
tocell. All time-controllers shall be, eguipped with backup
provisions to keep, time duripg power outage of at least four
hours.

- 94 -

CS 19.2



I

2

3

4

5

6

8

9

10

I I

12

13

14

15

16

17

18

19

20

21

22

23

Section 23: As of July 1, 1991, Chapter 6 of the 1989 Model

Energy Code is hereby repealed.

Section 24: As of July 1, 1991, Chapter 7 of the 1989 Model

Energy Code is amended and Figure Nos. 1-13 are deleted as

follows:

CHAPTER 7

STANDARDS

701.1: The standards, and portions thereof, which are referred
to in various parts of this code ((shal I b-e parl_ o-f tb~&amp; Model

Ene:rgy Gode a4id)) are hereby declared to be part of this code.

CODE
STANDARD

NO. TITLE AND SOURCE

RS-1 ((IQ25))1989 ASHRAE Handbook, ((Gt-)) Fundamentals
Volume.

RS-2 Standard Method of Test for Rate of Air Leakage
Through Exterior Windows, Curtain Walls and Doors,
specification E283-((-7-4)),~4 of ASTM.
Specifications for Aluminum Windows, ANSI A134.1,
1972.
Specifications for Aluminum sliding Glass Doors,
ANSI A134.2, 1972.
Industry Standard for Window Units, NW((M))KDA
IS-2-87. Industry Standard for Wood Sliding Patio
Doors, NW((M))KDA IS-3-88.

RS-3 ASHRAE Standard 62-(('12 Natural and Machanic-al
1989 Ventilation for Acceptable

Indoor Air Quality.
RS-4 ASHRAE Standard 55-((-7-4))1981 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 Storaqe-Type Water

Heaters, ANSI C72.1-72.
RS-7 Gas Water Heaters, Volume III, Circulating Tank,

Instantaneous and Large Automatic Storage-Type
Water Heaters, ANSI Z21.10.3-1974.

RS-8 IES Lighting Handbook, ((5th R-d-lition, 197 )) 1984
Reference Volume, 1987 Application VolumeF
Illuminating Engineering Society.

RS-9 ASHRAE Standard ((90A-199G, Energy Consar-vatd_Gn In
NQ;o Building Design)) 90.1-1989, Energy Efficient

~gn of New Buildings Except New Low-Rise
ResidentiaY Buildings.

RS-10 Standard for Packaged Terminal Air Conditioners,
ARI Standard 310-((-;-4))90.

RS-11 ((1224)) 1987 ASHRAE Handbook HVAC Systems and
Applications Volume.

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

NO. TITLE AND SOURCE

RS-13 Energy Calculations II: Procedures for Simulating
the Performance of Components and Systems for
Energy Calculations, 3rd Edition, ASHRAE 1975.

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

RS-15 ((3922)) 1988 ASHRAE Handbook, Equipment Volume.
RS-16 Heating and Air Conditioning Systems--Installation

Standards, SMACNA, February, 1977.
RS-17 SMACNA ((Low Pressure Duct Construction Standards-,

-5t~h Edition, Washington, D G )) HVAC Duct
Construction Standards,--Metal and Flexible,
Vienna, VA, 1985.

RS-18 SMACNA ((H4~gh Pressure Pact Gonst-=Uction Standards.,
4r-4 Edition, Washington, P Q )) Duct Leakage Test
Manual, Vienna, VA, 1985.

RS-19 SMACNA Fibrous Glass Duct Construction Standards,
((4t4a)) 6th Edition, Washington, D.C., ((3979))
1990.

RS-20 ((1922)) 1990 ASHRAE Handbook_, ((and Product
Dir-e-t-ory Appil ations)) Refrigeration Volume.

RS-21 Standard for Package Terminal Heat Pumps, ARI
Standard 380-((-74))20.

RS-22 ( (1922 DOE Building FQW6j-P-d--a-t- airQR DQsIgn HAPdbGQk)
ASTM E779-87 Standard Practice for Measuring Air
Leakage by the Fan Pressurization Method.

RS-23 ASTM E741 Standard Practice for Measuring Air
L~ A~ae 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 RS-9.
RS-26 Super Good Cents Technical Reference.

ACCREDITED AUTHORITATIVE AGENCIES

AAMA refers to the American Architectural Manufacturers
Asso~~:~ation-, 2700 River Road, Des Plaines, IL 60018.

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

ARI refers to the Air Conditioning and Refrigeration Institute,
((1215 North Fort My-or Drcive-)) 1501 Wilson Boulevard, Suite 600,
Arlington, VA 22209.

ASHRAE 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.

DOE refers to the United States Department of Energy, Washington
D.C., 20545.

IES refers to Illuminating Engineering Society, 345 East 47th
Street, New York, NY 10017.
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NESCA refers to the National Environmental System Contractors
Association, 1501 Wilson Blvd., Arlington, VA 22209.

NW((M))KDA refers to the National ((Woodwork Manufmatur-Qrg)) Wood
Window and Door Association, Inc., ((4-04 Xadi-&amp;~ Avenue, Chicago,
-IL 60606)) 1400 E. Toqhy Avenue, Suite G-54 Des Plaines, IL
60018.

SMACNA refers to the Sheet Metal and Air Conditioning Contractors
National Association, Inc., 8224 Old Courthouse Rd., Tysons Corner
Vienna, VA 22180.

(Figure Nos. 1-13 are deleted.)
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9

10
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Section 25: As of July 1, 1991, the 1989 Model Energy Code

is amended by adding a new Chapter 8 as follows:

CHAPTER 8

SUGGESTED SOFTWARE FOR CHAPTER 4 SYSTEMS ANALYSIS APPROACH
FOR GROUP R OCCUPANCY

Program Name:

CALPAS 3

DATACAL

DOE 2

F-LOAD

MICROPAS

SUNDAY

WATTSUN

Source

BERKELEY SOLAR GROUP
455 Santa Clara Ave.
Oakland, CA 94610
(415) 843-7600

SUNRISE ENERGY, INC.
5708 43rd Ave E.

Tacoma, WA 98443
(206) 922-5218

ACROSOFT INTERNATIONAL, INC.
9745 E. Hampten Ave. Suite 230
Denver, CO 80231
(303) 368-9225

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

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

ECOTOPE
2812 East Madison St.

Seattle, WA 98112
(206) 322-3753

WASHINGTON STATE ENERGY OFFICE
809 Legion Way SE.

Olympia, WA 98504
Attn: Hank Date
(206) 956-2031
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Section 26: As of July 1, 1991, the 1989 Model Energy Code

is amended by adding a new Chapter 9 and Table Nos. 9-1, 9-2,

9-3a to 9-3j and 9-4 as follows:

CHAPTER 9

5

7

9

10

I I

12

13

14

15

16

17

I B

19

20

21

22

23

24

25

26

27

28

ASSUMPTIONS TO BE USED
WITH CHAPTER 4 SYSTEMS ANALYSIS

The following requirements are based on Section 13 of ASHRAE
Standard 90.1-1989 and addenda. They are similar but not identi-
cal to that standard.

Group R Occupancy shall comply with Section 402.6 without
exception. In case of conflicts between Section 402.6 and
Chapter 9, Section 402.6 shall govern.

SECTION 901 - DETERMINATION OF THE ANNUAL ENERGY CONSUMPTION

Annual energy consumption shall be determined in accordance with
the general assumptions in Section 901.1 and either the prototype
building method in Section 901.2 or the reference building method
in Section 901.3.

901.1 General assumptions for both the prototype and reference
building: The form, orientation, occupancy, and use profiles for

:a prototype or reference building shall be the same as the pro-
posed design. Envelope, lighting, electrical systems, and HVAC
systems shall meet the respective prescriptive or system perform-
ance requirements of Chapter 5 and are standardized inputs. For
building projects with a new construction area of fifty thousand
(50,000) or more square feet of gross conditioned floor area of
other than Group R Occupancy, all HVAC Systems in the prototype
and reference building shall have optimum start/stop controls.

901.2 Prototype building procedure: The prototype building pro-
1cedure is an option for all building types listed below. For
mixed-use buildings, the floor space of each building type is
allocated within the floor space of the prototype building. For
buildings not listed below, the reference building procedure of
Section 901.2 shall be used. Prototype buildings include:

(a) assembly
(b) health/institutional
(c) hotel/motel
(d) light manufacturing
(e) multifamily
(f) office (business)
(q) restaurant
(h) retail (mercantile)
(i) school (educational)
(j) warehouse (storage).

901.2.1 Use of the prototype building to determine the energy
consumption: The designer shall determine the building type of
the proposed design using the categories presented in Section
901.2. Using the appropriate prototype building HVAC system
C~aracteristics from Table No. 9-4, the building shall be
simulated.
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901.3 Reference building procedure: The reference building pro-
cedure is acceptable for compliance but shall be used when the
proposed design cannot be represented by one or a combination of
the prototype buildings listed in Section 901.2 or the assump-
tions inherent in the prototype building description, such as
occupancy and use-profiles, cannot reasonably be altered to accu-
rately represent the proposed design.

901.3.1 Use of the reference building to determine the energy
budget: The HVAC system and zoning of the reference building
shall be as in the proposed design. The proposed design HVAC
system shall comply with Section 503.

SECTION 902 - STANDARD CALCULATION PROCEDURE

The standard calculation procedure consists of methods and
assumptions for calculating the Budget Energy Consumption (BECON)
for the prototype or reference building and the Design Energy
Consumption (DECON) of the proposed design. In order to maintain
consistency between the BECON and the DECON, the input assump-
tions in this section shall be used.

"Prescribed" assumptions shall be used without variation.
"Default" assumptions shall be used unless the designer can dem-
onstrate 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 prototype
or reference building and the proposed design unless the designer
demonstrates a clear cause to do otherwise.

902.1 orientation and shape: The prototype building and the ref-
erence 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 geo-
metric form shall be the same as the proposed design.

902.2 Internal loads: Internal loads for single-family and
multifamily buildings are presented in Table No. 9-1. These
assumptions shall be prescribed assumptions. Internal loads for
other building types shall be modeled as noted in the following
parts of Section 902.2. The systems specified for calculating
the BECON in Section 902.2 are intended only as constraints in
calculating the BECON. They are not intended as requirements or
recommendations for systems to be used in the proposed building
or for the calculation of the DECON.

902.2.1 occupancy: Occupancy schedules shall be default
assumptions. The same assumptions shall be made in computing
design energy consumption as were used in calculating the budget
energy consumption. occupancy levels vary by building type and
time of day. Table No. 9-2 establishes the density presented as
ft2/person of conditioned floor area that will be used by each
building type. Table No. 9-3 establishes the percentage of the
people that are in the building by hours of the day for each
building type.

902.2.2 Lighting: The interior lighting power allowance (ILPA)
for calculating the BECON shall be determined from Section
505.3.2. The lighting power used to calculate the DECON shall be
the actual lighting power of the proposed lighting design.

Lighting levels in buildings vary based on the type of uses
within buildings, by area and by time of day. Table No. 9-3 con-
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tains the lighting energy profiles which establish the percentage
of the lighting load that is switched ON in each prototype or
reference building by hour of the day. These profiles are default
assumptions and can be changed if required when calculating the
BECON to provide, for example, a 12 hour rather than an 8 hour
work day or to reflect the use of automatic lighting controls.
The lighting schedules used in the BECON and DECON shall be iden-
tical 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 505.4 and no credit shall
be given for the use of any additional controls, automatic or
otherwise.

902.2.3 Receptacle: Receptacle loads and profiles are default
assumptions. The same assumptions shall be made in calculating
design energy consumption as were used in calculating the energy
consumption budget. 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. Table No. 9-2 establishes the density
in W/ft2 to be used. The receptacle energy profiles shall be the
same as the lighting energy profiles in Table No. 9-3. This pro-
file establishes the percentage of the receptacle load that is

switched ON by hour of the day and by building type.

902.3 Envelope

902.3.1 Insulation and glazing: The insulation characteristics
and glazing area of the prototype and reference building envelope
shall be determined by using the component performance require-
ments from Table No. 5-1 for Group R Occupancy and the 1120%

glazing" case component performance requirements from Table No.
5-2 for Other than Group R Occupancy in Chapter 5, with no
assumed overhangs, shading coefficient of 0.65 and light weight
walls. The U-value of the fenestration shall be that specified
for the appropriate space heating system type using the component
performance requirements from Table No. 5-1 for Group R Occupancy
and the 1120% glazing" case component performance requirements
from Table No. 5-2 for Other than Group R Occupancy in Chapter 5.

The insulation characteristics and glazing area are prescribed
assumptions for prototype and reference buildings for calculating
the budget energy consumption (BECON). In the calculation of the
design energy consumption (DECON) of the proposed design, the
envelope characteristics of the proposed design shall be used.

902.3.2 Infiltration: For prototype and reference buildings,
infiltration assumptions shall be equal to the proposed design
building.

902.3.3 Envelope and ground absorptivities: For prototype and
reference buildings, absorptivity assumptions shall be default
assumptions for computing the budget energy consumption (BECON)
and default assumptions for computing the design energy consump-
tion (DECON). 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).

i
902.3.4 Window management: No draperies or blinds shall be mod-
eled for the prototype and reference buildings. No draperies
shall also be the default assumption for computing the design
energy consumption (DECON).
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Draperies or blinds may be modeled for the design energy con-
sumption (DECON), if they are included on the plans. If they are
manually operated, the DECON shall be calculated by assuming they
are effective over one-half the glazed area in each zone.

902.3.5 Shading: For prototype and reference buildings and the
proposed design, shading by permanent structures and terrain 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 pro-
posed design.

902.4 HVAC systems and equipment: The specifications and
requirements for the HVAC systems of prototype buildings shall be
those in Table No. 9-4, HVAC systems of prototype buildings, and,
for reference buildings, shall be the same HVAC system type as
the proposed design. For the calculation of the design energy
consumption (DECON), the HVAC systems and equipment of the pro-
Dosed desian shall be used. The svstems Dresented in Table No.

~:l
11 Q_A , 4- A 14 1 4- , 4- 1 1 1 4- 4-1, 1, 14 4-

CL.L ~_ 11 C__Al = ka" I cl._~ L CL " -) " ~.ICL %., " C&amp; 11~j " "J ~_

energy consumption (BECON). They are not intended as either
10

11
requirements or recommendations for the systems to be used in the

proposed building or for the calculation of the design energy
consumption (DECON).

12 902.4.1 HVAC zones: HVAC zones for calculating the budget energy
consumption (BECON) and design energy consumption (DECON) shall

13
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 fifteen feet in width or one-third

14 the narrow dimension of the building when this dimension is
between 30 and 45 feet inclusive or half the narrow dimension of

15 the building when this dimension is less than thirty feet.

16

17

Exceptions

1. For multifamily buildings, there shall be at least one zone
per dwelling unit.

18 2. Building types such as assembly or warehouse may be modeled
as a single zone if there is only one space.

19
3. Thermally similar zones, such as those facing one orienta-

20
tion on different floors, may be grouped together for the
purposes of either the BECON or DECON simulation.

21

22

23

24

25

26

27

28

902.4.2 Process equipment sizing: Process loads shall be mod-
eled in calculating both the budget energy consumption (BECON)
and the design energy consumption (DECON). The designer shall
document the installation of process equipment and the size of
process loads.

902.4.3 HVAC equipment sizing: The equipment shall be sized in
accordance with the methods of Section 503 to include the capac-
ity to meet the process loads. For calculating the design energy
consumption (DECON), actual air flow rates and installed equip-
ment 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 design and the designer
shall not use equipment sized automatically by the simulation
tool.
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902.5 Service water beating: The service water heating loads for
prototype buildings are defined in terms of Btu/person-hour in
Table No. 9-2. The values in the table refer to energy content
of the heated water. The service water heating loads from Table
No. 9-2 are prescribed for multifamily buildings and default for
all other buildings. The same service-water-heating load assump-
tions shall be made in calculating design energy consumption
(DECON) as were used in calculating the budget energy consumption
(BECON). The service water heating system for the prototype or
reference building shall be modeled as closely as possible as if
it were designed in accordance with the ASHRAE Handbook, 1987
HVAC Systems and Applications Volume and meeting all the require-
ments of Section 504. The Service Water Heating equipment type
for the prototype or reference building shall be either natural
gas (fuel oil if natural gas is not available at the site) or an
electric heat pump. The same fuel or fuels shall be used in the
prototype or reference building as are used in the proposed
design.

Exception: If temperatures equal to or greater than 145 degrees
F are required for a particular application, the type of serv-
ice water heating equipment may be electric resistance.

902.6 Controls

902.6.1: All occupied conditioned spaces in prototype,
reference, and proposed design buildings in all climates shall be
simulated as being both heated and cooled.

Exceptions

1. If a building or portion of a building is to be pro-
vided with only heating or cooling, both the prototype or
reference building and the proposed design shall be simu-
lated using the same assumptions. If such an assumption is
made for a prototype building, the analysis shall show that
the building interiortemperature meets the comfort criteria
of ANSI/ASHRAE 55-1981, at least 98% of the occupied hours
during the year.

2. If warehouses are not intended to be mechanically cooled,
both the BECON and DECON shall be modeled assuming no
mechanical cooling.

902.6.2: Space temperature controls for the prototype or refer-
ence building, except single- and multifamily, shall be set at 70
degrees F for space heating and 75 degrees F for space cooling,
with a deadband in accordance with Section 503.8. The system
shall be OFF during off-hours according to the appropriate sched-
ule in Table No. 9-3, except that the heating system shall cycle
ON if any space should drop below the night setback setting 55
degrees F. There shall be no similar setpoint during the cooling
season. Lesser deadband ranges may be used in calculating the
DECON.

Exceptions

1. Setback shall not be modeled in determining either the
BECON or DECON 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 dur-
ing the heating season.
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2. If deadband controls are not to be installed, the DECON
shall be calculated with both heating and cooling thermo-
stat setpoints set to the same value between 70 degrees F
and 75 degrees F inclusive, assumed to be constant for the
year.

902.6.3: when providing for outdoor air ventilation when calcu-
lating the BECON, controls shall be assumed to close the outside
air intake to reduce the flow 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 Seattle Building Code and the Seattle Mechanical
Code.

902.6.4: If humidification is to be used in the proposed design..
the same level of humidification and system type shall be used in
the prototype or reference building. If dehumidification requires
subcooling of supply air, then reheat for the prototype or refer-
ence building shall be from recovered waste heat such as con-
denser waste heat.

TABLE NO. 9-1

ASSUMPTIONS FOR GROUP R OCCUPANCY ANALYSIS

See Section 402.6.
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TABLE NO. 9-2 (Section 902)
ACCEPTABLE OCCUPANCY DENSITIES,
RECEPTACLE POWER DENSITIES AND
SERVICE HOT WATER CONSUMPTION1

BUILDING

OCCUPANCY
DENSITy2
Ft2/Person

RECEPTABLE
POWER DENSITy3
Watts/Ft2

SERVICE
HOT WATER
QUANTITIES4

TYPE (Btulh ft2) (Bt jh-ft2) BtuZh-person

Assembly 50 (4.60) 0.25 (0.85) 215

Health/
Institutional 200 (1.15) 1.0 (3.41) 135

Hotel/Motel 250 (0.92) 0.25 (0.85) 1,110

Light Manufac-
turing 750 (0.31) 0.2 (0.68) 225

Of f ice 275 (0.84) 0.75 (2.56) 175

Parking Garage N. A. N.A. N.A.

Restaurant 100 (2.30) 0.1 (0.34) 390

Retail 300 (0.77) 0.25 (0.85) 135

School 75 (3.07) 0.5 (1.71) 215

Warehouse 15000 (0.02) 0.1 (0.34) 225

The occupancy densities, receptacle power densities and serv-
ice hot water consumption values are from ASHRAE Standard
90.1-1989 and addenda.

2 Values are in square feet of conditioned floor 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 Watts per square foot of conditioned floor area.
Figures in parentheses are equivalent Btu per hour per square
foot. These values are the minimum acceptable. If other proc-
ess loads are not input (such as for computers, cooking,
refrigeration, etc.), it is recommended that receptacle power
densities be increased until total process energy consumption
is equivalent to 25% of the total.

4 Values are in Btu per person per hour and were developed to be
used with the occupancy density listed and the schedules which
follow.
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TABLE NO. 9-3a

ASSEMBLY OCCUPANCY'

4

6

7

10

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

SCHEDULE FOR

OCCUPANCY

SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR

LIGHTING,

RECEPTACLE

HVAC SYSTEM SERVICE

HOT WATER

ELEVATOR

Percent of Percent of Percent of Percent of

Maximum Load Maximum Load Maximum Load Maximum Load

Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun

5 5 5 OFF OFF OFF () 0 0 0 0 0

5 5 5 OFF OFF OFF 0 0 0 0 0 0

5 5 5 OFF OFF OFF 0 0 0 0 0 0

5 5 5 OFF OFF OFF 0 0 0 0 0 0

5 5 5 OFF OFF OFF 0 0 0 0 0 0

5 5 5 ON OFF OFF 0 0 0 0 0 0

40 5 5 ON ON ON 0 0 0 0 0 0

40 30 30 ON ON ON 0 0 0 0 0 0

40 30 30 ON ON ON 0 0 0 0 0 0

75 50 30 ON ON ON 5 5 5 0 0 0

75 50 30 ON ON ON 5 5 5 0 0 0

75 50 30 ON ON ON 35 20 10 0 0 0

75 50 65 ON ON ON 5 0 0 0 0 0

75 50 65 ON ON ON 5 0 0 0 0 0

75 50 65 ON ON ON 5 0 0 0 0 0

75 50 65 ON ON ON 5 0 0 0 0 0

75 50 65 ON ON ON 5 0 0 0 0 0

75 50 65 ON ON ON 0 0 0 0 0 0

75 50 65 ON ON ON 0 0 0 0 0 0

75 50 65 ON ON ON 0 65 65 0 0 0

75 50 65 ON ON ON 0 30 30 0 0 0

75 50 65 ON ON ON 0 0 0 0 0 0

25 50 5 ON ON ON 0 0 0 0 0 0

5 5 5 OFF OFF OFF 0 0 0 0 0 0

1155 800 845 1800 1700 1700 70 125 115 0 0 0

HOUR Percent of

OF Maximum Load

DAY

(Time) __Wkdy Sat Sun

1 (12- lam) 0 0 0

2 (1 -2am) 0 0 0

3 (2-3am) 0 0 0

4 (3-4am) 0 0 0

5 (4-5am) 0 0 0

6 (5-6am) 0 0 0

7 (6-7am) 0 0 0

8 (7-8am) 0 0 0

9 (8-9am) 20 20 10

10 (9-10am) 20 20 10

11 (10-118m) 20 20 10

12 (11-12prn) 80 60 10

13 (12-lpm) 80 60 10

14 (1-2pm) 80 60 70

15 (2-3pm) 80 60 70

16 (3-4pm) 80 60 70

17 (4-5pm) 80 60 70

18 (5-6pm) 80 60 70

19 (6-7pm) 20 60 70

20 (7-8pm) 20 60 70

21 (8-9pm) 20 60 70

22 (9-10prn) 20 80 70

23 (10-llpm) 10 10 20

24 (11-12am) 0 0 0

Totat/Day 710 750 700

TotaL/Week

TotaL/Year

1

50.50 hours 74.20 hours 124.00 hours 5.90 hours 0.00 hours

2633 hours 3869 hours 6465 hours 308 hours 0 hours

Schedules for occupancy, Lighting, receptacle, HVAC system and service hot water are

from ASHRAE Standard 90.1-1989 and addenda, 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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TABLE NO. 9-3b

HEALTH OCCUPANCY'
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SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR

OCCUPANCY LIGHTING, HVAC SYSTEM SERVICE ELEVATOR

RECEPTACLE HOT WATER

HOUR Percent of Percent of Percent of Percent of Percent of

OF Maximum Load Maximum Load Maximum Load Maximum Load Maximum Load

DAY

(Time) Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun

1 (12- lam) 0 0 0 10 10 5 ON ON ON 1 i 1 0 0 0

2 (1 -2am) 0 0 0 10 10 5 ON ON ON 1 1 1 0 0 0

3 (2-3am) 0 0 0 10 10 5 ON ON ON 1 1 1 0 0 0

4 (3-4am) 0 0 0 10 10 5 ON ON ON 1 1 1 0 0 0

5 (4-5am) 0 0 0 10 10 5 ON ON 0.9 1 1 1 0 0 0

6 (5-6am) 0 0 0 10 10 5 ON ON ON 1 1 1 0 0 0

7 (6-7am) 0 0 0 10 10 5 ON ON ON 1 1 1 0 0 0

8 (7-8am) 10 10 0 50 20 5 ON ON ON 17 1 1 2 2 0

9 (8-9am) 50 30 5 90 40 10 ON ON ON 58 20 1 75 46 2

10 (9-10am) 80 40 5 90 40 10 ON ON ON 66 28 1 100 70 2

11 (10-11am) 80 40 5 90 40 10 ON ON ON 78 30 1 100 70 2

12 (11-12pm) 80 40 5 90 40 410 ON ON ON 82 30 1 100 70 2

13 (12-lpm) 80 40 5 90 40 10 ON ON ON 71 24 1 75 51 2

14 (1-2pm) 80 40 5 90 40 10 ON ON ON 82 24 1 100 51 2

15 (2-3pm) 80 40 5 90 40 10 ON ON ON 78 23 1 100 51 2

16 (3-4pm) 80 40 5 90 40 10 ON ON ON 74 23 1 100 51 2

17 (4-5pm) 80 40 0 30 40 5 ON ON ON 63 23 1 100 51 0

18 (5-6pm) 50 10 0 30 40 5 OKI ON ON 41 10 1 100 25 0

19 (6-7pm) 30 10 0 30 10 5 ON ON ON 18 1 1 52 2 0

20 (7-8prn) 30 0 0 30 10 5 ON ON ON 18 1 1 52 0 0

21 (8-9p(n) 20 0 0 30 10 5 ON ON ON 18 1 1 52 0 0

22 (9-10pm) 20 0 0 30 10 5 ON ON ON 10 1 1 28 0 0

23 (10-llpm) 0 0 0 30 10 5 ON ON ON 1 1 1 0 a 0

24 (11-12am) 0 0 0 10 10 5 ON ON ON 1 1 1 0 0 0

TotaL/Day 850 380 40 1060 550 160 2400 2400 2400 783 249 24 1136 540 16

TotaL/Week 46.70 hours 60.10 hours 168.00 hours 41.88 hours 62.36 hours

TotaL/Year 2435 hours 3134 hours 8760 hours 2184 hours 3251 hours

I schedules for occupancy, Lighting, receptacle, HVAC system and service hot water are

from ASHRAE Standard 90.1-1989 and addenda, 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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TABLE NO. 9-3c

HOTEL/MOTEL OCCUPANCY'

SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR

OCCUPANCY LIGHTING, HVAC SYSTEM SERVICE ELEVATOR

RECEPTACLE HOT WATER

HOUR Percent of Percent of Percent of Percent of Percent of

OF Maximum Load Maximum Load Maximum Load Maximum Load Maximum Load

DAY

(Time) Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun Wk~y Sat Sun

I (12-1am) 90 90

2 (1-2am) 90 90

3 (2-3am) 90 90

4 (3-4am) 90 90

5 (4-5am) 90 90

6 (5-6am) 90 90

7 (6-7am) 70 70

8 (7-8am) 40 50

9 (8-9am) 40 50

10 (9-10am) 20 30

11 (10-11am) 20 30

12 (11-12pm) 20 30

13 (12-1pm) 20 30

14 (1-2pm) 20 30

15 (2-3pm) 20 30

16 (3-4pm) 30 30

17 (4-5pm) 50 30

18 (5-6pm) 50 50

19 (6-7pm) 50 60

20 (7-8pm) 70 60

21 (8-9pm) 70 60

22 (9-10pm) 80 70

23 (10-11pm) 90 70

24 (11-12am) 90 70

70 20 20 30 ON ON ON 20 20 25 40 44 55

70 15 20 30 ON ON ON 15 15 20 33 35 55

70 10 10 20 OKI ON ON 15 15 20 33 35 43

70 10 10 20 ON ON ON 15 15 20 33 35 43

70 10 10 20 ON ON ON 20 20 20 33 35 43

70 20 10 20 ON ON ON 25 25 30 33 35 43

70 40 30 30 ON ON ON 50 40 50 42 40 52

70 50 30 40 ON ON ON 60 50 50 42 32 52

50 40 40 40 ON ON ON 55 50 50 52 45 65

50 40 40 30 ON ON ON 45 50 55 52 45 65

50 25 30 30 ON ON ON 40 45 50 40 42 53

30 25 25 30 ON ON ON 45 50 50 51 60 60

30 25 25 30 ON ON ON 40 50 40 51 65 53

20 25 25 20 ON ON ON 35 45 40 51 65 51

20 25 25 20 ON ON ON 30 40 30 51 65 50

20 25 25 20 ON ON ON 30 40 30 51 65 44

30 25 25 20 ON ON ON 30 35 30 63 65 64

40 25 25 20 ON ON ON 40 40 40 80 75 62

40 60 60 50 ON ON ON 55 55 50 86 80 65

60 80 70 70 ON ON ON 60 55 50 70 80 63

60 90 70 80 ON ON ON 50 50 40 70 75 63

80 80 70 60 ON ON ON 55 55 50 70 75 63

80 60 60 50 ON ON ON 45 40 40 45 55 40

80 30 30 30 ON ON ON 25 30 20 45 55 40

TotaL/Day 1390 1390 1300 855 785 810 2400 2400 2400 915 930 900 1217 1303 1287

TotaL/Week 96.40 hours 58.70 hours 168.00 hours 64.05 hours 86.75 hours

TotaL/Year 5026 hours 3061 hours 8760 hours 3340 hours 4523 hours

Schedules for occupancy, Lighting, receptacle, HVAC system and service hot water are

from ASHRAE Standard 90.1-1989 and addenda 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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TABLE NO. 9-3d

LIGHT MANUFACTURING OCCUPANCY'

SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR

OCCUPANCY LIGHTING, HVAC SYSTEM SERVICE ELEVATOR

RECEPTACLE NOT WATER

HOUR Percent of Percent of Percent of Percent of Percent of

OF Maximum Load Maximum Load Maximum Load Maximum Load Maximum Load

DAY

(Time~ Wkdy Sat Sun Ady Sat Sun Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun

1 (12-lam) 0 0 0 5 5 5 OFF OFF OFF 5 5 4 0 0 0

2 (1 -2am) 0 0 0 5 5 5 OFF OFF OFF 5 5 4 0 0 0

3 (2-3am) 0 0 0 5 5 5 OFF OFF OFF 5 5 4 0 0 0

4 (3-4am) 0 0 0 5 5 5 OFF OFF OFF 5 5 4 0 0 0

5 (4-5am) 0 0 0 5 5 5 OFF OFF OFF 5 5 4 0 0 0

6 (5-6am) 0 0 0 10 5 5 OFF OFF OFF 8 8 7 0 0 0

7 (6-7am) 10 10 5 10 10 5 ON ON OFF 7 7 4 0 0 0

8 1.7-8am) 20 10 5 30 10 5 ON ON OFF 19 11 4 35 16 0

9 (8-9am) 95 30 5 90 30 5 ON ON OFF 35 15 4 69 14 0

10 (9 - 1 Oam) 95 30 5 90 30 5 ON ON OFF 38 21 4 43 21 0

11 (10- 11 am) 95 30 5 90 30 5 ON ON OFF 39 19 4 37 18 0

12 (11-12pm) 95 30 5 90 30 5 ON ON OFF 47 23 6 43 25 0

13 (12-lpm) 50 10 5 80 15 5 ON ON OFF 57 20 6 58 21 0

14 (1-2pm) 95 10 5 90 15 5 ON ON OFF 54 19 9 48 13 0

15 (2-3pm) 95 10 5 90 15 5 ON ON OFF 34 15 6 37 8 0

16 (3-4pm) 95 10 5 90 15 5 ON ON OFF 33 12 4 37 4 0

17 (4-5pm) 95 10 5 90 15 5 ON ON OFF 44 14 4 46 5 0

18 (5-6pm) 30 5 5 50 5 5 ON ON OFF 26 7 4 62 6 0

19 (6-7pm) 10 5 0 30 5 5 ON OFF OFF 21 7 4 20 0 0

20 (7-8pm) 10 0 0 30 5 5 ON OFF OFF 15 7 4 12 0 0

21 (8-9pm) 10 0 0 20 5 5 ON OFF OFF 17 7 4 4 0 0

22 (9-10prn) 10 0 0 20 5 5 ON OFF OFF 8 9 7 4 0 0

23 (10-Ilpm) 5 0 0 10 5 5 OFF OFF OFF 5 5 4 0 0 0

24 (11-12am) 5 0 0 5 5 5 OFF OFF OFF 5 5 4 0 0 0

Totat/Day 920 200 60 1040 280 120 1600 1200 0 537 256 113 555 151 0

Totat/Week 48.60 hours 56.00 hours 92.00 hours 30.54 hours 29.26 hours

Totat/Year 2534 hours 2920 hours 4797 hours 1592 hours 1526 hours

1 ScheduLes for occupancy, Lighting, receptecLe, HVAC system and service hot water are

from ASHRAE Standard 90.1-1989 and addenda except that 5% emergency Lighting has been

added for atk off hours. ELevator scheduies, 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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TABLE NO. 9-3e

OFFICE OCCUPANCY'

SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR

OCCUPANCY LIGHTING, HVAC SYSTEM SERVICE ELEVATOR

RECEPTACLE HOT WATER

HOUR Percent of Percent of Percent of Percent of Percent of

OF Maximum Load Maximum Load Maximum Load Maximum Load Maximum Load

DAY

(T i me) Wkdy Sat Sun Wkdy $at Sun Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun

1 (12- lam) 0 0 0 5 5 5 OFF OFF OFF 5 5 4 0 0 0

2 (1-2am) 0 0 0 5 5 5 OFF OFF OFF 5 5 4 0 0 0

3 (2-3am) 0 0 0 5 5 5 OFF OFF OFF 5 5 4 0 0 0

4 (3-4am) 0 0 0 5 5 5 OFF OFF OFF 5 5 4 0 0 0

5 (4-5am) 0 0 0 5 5 5 OFF OFF OFF 5 5 4 0 0 0

6 (5-6am) 0 0 0 10 5 5 OFF OFF OFF 8 8 7 0 0 0

7 (6-7am) 10 10 5 10 10 5 ON ON OFF 7 7 4 0 0 0

8 (7-8am) 20 10 5 30 10 5 ON ON OFF 19 11 4 35 16 0

9 (8-9am) 95 30 5 90 30 5 ON ON OFF 35 15 4 69 14 0

10 (9-10am) 95 30 5 90 30 5 ON ON OFF 38 21 4 43 21 0

11 (10-11am) 95 30 5 90 30 5 ON ON OFF 39 19 4 37 18 0

12 (11-12pm) 95 30 5 90 30 5 ON ON OFF 47 23 6 43 25 0

13 (12-1pm) 50 10 5 80 15 5 ON ON OFF 57 20 6 58 21 0

14 (1-2pm) 95 10 5 90 15 5 ON ON OFF 54 19 9 48 13 0

15 (2-3pm) 95 10 5 90 15 5 ON ON OFF 34 15 6 37 8 0

16 (3-4pm) 95 10 5 90 15 5 ON ON OFF 33 12 4 37 4 0

17 (4-5prn) 95 10 5 90 15 5 ON ON OFF 44 14 4 46 5 0

18 (5-6pm) 30 5 5 50 5 5 ON ON OFF 26 7 4 62 6 0

19 (6-7pm) 10 5 0 30 5 5 ON OFF OFF 21 7 4 20 0 0

20 (7-8pm) 10 0 0 30 5 5 ON OFF OFF 15 7 4 12 0 0

21 (8-9pm) 10 0 0 20 5 5 ON OFF OFF 17 7 4 4 0 0

22 (9-10pm) 10 0 0 20 5 5 ON OFF OFF 8 9 7 4 0 0

23 (10-Ilpm) 5 0 0 10 5 5 OFF OFF OFF 5 5 4 0 0 0

24 (11-12am) 5 0 0 5 5 5 OFF OFF OFF 5 5 4 0 0 0

TotaL/Day 920 200 60 1040 280 120 1600 41200 0 537 256 113 555 151 0

TotaL/Week 48.60 hours 56.00 hours 92.00 hours 30.54 hours 29.26 hours

TotaL/Year 2534 hours 2920 hours 4797 hours 1592 hours 1526 hours

ScheduLes for occupancy, Lighting, receptacLe, HVAC system and service hot water are

from ASHRAE Standard 90.1-1989 and addenda except that 5% emergency Lighting has been

added for att 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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TABLE NO. 9-3f

PARKING GARAGE OCCUPANCY
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SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR

OCCUPANCY LIGHTING, HVAC SYSTEM SERVICE ELEVATOR

RECEPTACLE HOT WATER

HOUR Percent of Percent of Percent of Percent of Percent of

OF Maximum Load Maximum Load Maximum Load Maximum Load Maximum Load

DAY

(Time) Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun

1 (12-lam) 100 100 100

2 (1-2am) 100 100 100

3 (2-3am) 100 100 100

4 (3-4am) 100 100 100

5 (4-5am) 100 100 100

6 (5-6am) 100 100 100

7 (6-7am) 100 100 100

8 (7-8am) 100 100 100

9 (8-9am) 100 100 100

10 (9-10am) 100 100 100 Based IncLuded

11 (10-11am) 100 100 100 on with

12 (11-12pm) N.A. 100 100 100 likety N.A. other

13 (12-lpm) 100 100 100 use occupancies

14 (1-2pm) 100 100 100

15 (2-3pm) 100 100 100

16 (3-4pm) 100 100 100

17 (4-5pm) 100 100 100

18 (5-6pm) 100 100 100

19 (6-7pm) 100 100 100

20 (7-8pm) 100 100 100

21 (8-9pm) 100 100 100

22 (9-10pm) 100 100 100

23 (10-llpm) 100 100 100

24 (11-12am) 100 i0o 100

TotaL/Day 2400 2400 2400

TotaL/Week 168.00 hours

TotaL/Year 8760 hours
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TABLE NO. 9-39

RESTAURANT OCCUPANCY'

SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR

OCCUPANCY LIGHTING, HVAC SYSTEM SERVICE ELEVATOR

RECEPTACLE HOT WATER

HOUR Percent of Percent of Percent of Percent of Percent of

OF Maximum Load Maximum Load Maximum Load Maximum Load Maximum Load

DAY

(Time) Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun Wkdy-Sat Sun

1 (12-lam) '15 30 20 15 20 20 ON ON ON 20 20 25 0 0 0

2 (1-2am) 15 25 20 15 15 15 ON ON ON 15 15 20 0 0 0

3 (2-3am) 5 5 5 15 15 15 ON ON ON 15 15 20 0 0 0

4 (3-4am) 0 0 0 15 15 15 OFF OFF OFF 0 0 0 0 0 0

5 (4-5am) 0 0 0 15 15 15 OFF OFF OFF 0 0 0 0 0 0

6 (5-6am) 0 0 0 20 15 15 OFF OFF OFF 0 0 0 0 0 0

7 (6-7am) 0 0 0 40 30 30 OFF OFF OFF 0 0 0 0 0 0

8 (7-8am) 5 0 0 40 30 30 ON OFF OFF 60 0 0 0 0 0

9 (8-9am) 5 0 0 60 60 50 ON OFF OFF 55 0 0 0 0 0

10 (9-10am) 5 5 0 60 60 50 ON ON OFF 45 50 0 0 0 0

11 (10-11am) 20 20 10 90 80 70 ON ON ON 40 45 50 0 0 0

12 (11-12pm) 50 45 20 90 80 70 ON ON ON 45 50 50 0 0 0

13 (12-lpm) 80 50 25 90 80 70 ON ON ON 40 50 40 0 0 0

14 (1-2pm) 70 50 25 90 80 70 ON ON ON 35 45 40 0 0 0

15 (2-3pm) 40 35 15 90 80 70 ON ON ON 30 40 30 0 0 0

16 (3-4prn) 20 30 20 90 80 70 ON ON ON 30 40 30 0 0 0

17 (4-5pm) 25 30 25 90 80 60 ON ON ON 30 35 30 0 0 0

18 (5-6pm) 50 30 35 90 90 60 ON ON ON 40 40 40 0 0 0

19 (6-7pm) 80 70 55 90 90 60 ON ON ON 55 55 50 0 0 0

20 (7-8pm) 80 90 65 90 90 60 ON ON ON 60 55 50 0 0 0

21 (8-9pm) 80 70 70 90 90 60 ON ON ON 50 50 40 0 0 0

22 (9-10pm) 50 65 35 90 90 60 ON ON ON 55 55 50 0 0 0

23 (10-11pm) 35 55 20 50 50 50 ON ON ON 45 40 40 0 0 0

24 (11-12am) 20 35 20 30 30 30 ON ON ON 25 30 20 0 0 0

Total/Day 750 740 485 1455 1365 1115 2000 1800 1700 790 730 625 0 0 0

Total/Week 49.75 hours 97.55 hours 135.00 hours 53.05 hours 0.00 hours

Total/Year 2594 hours 5086 hours 7039 hours 2766 hours 0 hours

1 Schedules for occupancy, Lighting, receptacle, HVAC system and service hot water are

from ASHRAE Standard 90.1-1989 and addenda 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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TABLE 9-3h

RETAIL OCCUPANCY'

SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR

OCCUPANCY LIGHTING, HVAC SYSTEM SERVICE ELEVATOR

RECEPTACLE HOT WATER

HOUR Percent of Percent of Percent of Percent of Percent of

OF Maximum Load Maximum Load Maximum Load Maximum Load Maximum Load

DAY

(Time) Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun

1 (12- lam) 0 0 0 5 5 5 OFF OFF OFF 4 11 7 0 0 0

2 (1 -2am) 0 0 0 5 5 5 OFF OFF OFF 5 10 7 0 0 0

3 (2-3am) 0 0 0 5 5 5 OFF OFF OFF 5 8 7 0 0 0

4 (3-4am) 0 0 0 5 5 5 OFF OFF OFF 4 6 6 0 0 0

5 (4-5am) 0 0 0 5 5 5 OFF OFF OFF 4 6 6 0 0 0

6 (5-6am) 0 0 0 5 5 5 OFF OFF OFF 4 6 6 0 0 0

7 (6-7am) 0 0 0 5 5 5 ON ON OFF 4 7 7 0 0 0

8 (7-8am) 10 10 0 20 10 5 ON ON OFF 15 20 10 12 9 0

9 (8-9am) 20 20 0 50 30 10 ON ON ON 23 24 12 22 21 0

10 (9-10am) 50 50 10 90 60 10 ON ON ON 32 27 14 64 56 11

11 (10-11am) 50 60 20 90 90 40 ON ON ON 41 42 29 74 66 13

12 (11-12pm) 70 80 20 90 90 40 ON ON ON 57 54 31 68 68 35

13 (12-1pm) 70 80 40 90 90 60 ON ON ON 62 59 36 68 68 37

14 (1-2pm) 70 80 40 90 90 60 ON ON ON 61 60 36 71 69 37

15 (2-3pm) 70 80 40 90 90 60 ON ON ON 50 49 34 72 70 39

16 (3-4pm) 80 80 40 90 90 60 ON ON ON 45 48 35 72 69 41

17 (4-5pm) 70 80 40 90 90 60 ON ON ON 46 47 37 73 66 38

18 (5-6pm) 50 60 20 90 90 40 ON ON OFF 47 46 34 68 58 34

19 (6-7pm) 50 20 10 60 50 20 ON ON OFF 42 44 25 68 47 3

20 (7-8pm) 30 20 0 60 30 5 ON ON OFF 34 36 27 58 43 0

21 (8-9pm) 30 20 0 50 30 5 ON ON OFF 33 29 21 54 43 0

22 (9-10pm) 0 10 0 20 10 5 OFF ON OFF 23 22 16 0 8 0

23 (10-Ilpm) 0 0 0 5 5 5 OFF OFF OFF 13 16 10 0 0 0

24 (11-12am) 0 0 0 5 5 5 OFF OFF OFF 8 13 6 0 0 0

TotaL/Day 720 750 280 1115 985 525 1500 1600 900 662 690 459 844 761 288

Total/Week 46.30 hours 70.85 hours 100.00 hours 44.59 hours 52.69 hours

Totat/Year 2414 hours 3694 hours 5214 hours 2325 hours 2747 hours

1 ScheduLes for occupancy, lighting, receptacLe, HVAC system and service hot water are

from ASHRAE Standard 90.1-1989 and addenda except that 5% emergency Lighting has been

added for alt 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%. THE~E VALUES MAY BE USED ONLY IF ACTUAL SCHEDULES ARE NOT KNOWN.
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TABLE NO. 9-3i

SCHOOL OCCUPANCY1

4

5

6

8

10

12

13

14

15

16

17

18

19

20

SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR

OCCUPANCY LIGHTING, HVAC SYSTEM SERVICE ELEVATOR

RECEPTACLE HOT WATER

HOUR Percent of Percent of Percent of Percent of Percent of

OF Maximum Load Maximum Load Maximum! Load Maximum Load Maximum Load

DAY

iLimo-- Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun

1 (12- 1 am) 0 0 0 5 5 5 OFF OFF OFF 5 3 3 0 0 0

2 (1-2am) 0 0 0 5 5 5 OFF OFF OFF 5 3 3 0 0 0

3 (2-3am) 0 0 0 5 5 5 OFF OFF OFF 5 3 3 0 0 0

4 (3-4am) 0 0 0 5 5 5 OFF OFF OFF 5 3 3 0 0 0

5 (4-5am) 0 0 0 5 5 5 OFF OFF OFF 5 3 3 0 0 0

6 (5-6am) 0 0 0 5 5 5 OFF OFF OFF 5 3 3 0 0 0

7 (6-7am) 0 0 0 5 5 5 OFF OFF OFF 5 3 3 0 0 0

8 (7-8am) 5 0 0 30 5 5 ON OFF OFF 10 3 3 0 0 0

9 (8-9am) 75 10 0 85 15 5 ON ON OFF 34 3 5 30 0 0

10 (9-10am) 90 10 0 95 15 5 ON ON OFF 60 5 5 30 0 0

11 (10-11am) 90 10 0 95 15 5 ON ON OFF 63 5 5 30 0 0

12 (11-12pm) 80 10 0 95 15 5 ON ON OFF 72 5 5 30 0 0

13 (12-1pm) 80 10 0 80 15 5 ON ON OFF 79 5 5 30 0 0

14 (1-2pm) 80 0 0 80 5 5 ON OFF OFF 83 3 5 30 0 0

15 (2-3pm) 80 0 0 80 5 5 ON OFF OFF 61 3 3 30 0 0

16 (3-4pm) 45 0 0 70 5 5 ON OFF OFF 65 3 3 15 0 0

17 (4-5pm) 15 0 0 50 5 5 ON OFF OFF 10 3 3 0 0 0

18 (5-6pm) 5 0 0 50 5 5 ON OFF OFF 10 3 3 0 0 0

19 (6-7pm) 15 0 0 35 5 5 ON OFF OFF 19 3 3 0 0 0

20 (7-8pm) 20 0 0 35 5 5 ON OFF OFF 25 3 3 0 0 0

21 (8-9pm) 20 0 0 35 5 5 ON OFF OFF 22 3 3 0 0 0

22 (9-10pm) 10 0 0 30 5 5 ON OFF OFF 22 3 3 0 0 0

23 (10-11pm) 0 0 0 5 5 5 OFF OFF OFF 12 3 3 0 0 0

24 (11-12am) 0 0 0 5 5 5 OFF OFF OFF 9 3 3 0 0 0

TotaL/Day 710 50 0 990 170 120 1500 500 0 691 80 84 285 0 0

Total/Week 36.00 hours 52.40 hours 80.00 hours 36.19 hours 14.25 hours

TotaL/Year 1877 hours 2732 hours 4171 hours 1887 hours 743 hours

2 1 1 Schedules for occupancy, Lighting, receptacle, HVAC system and service hot water are

from ASHRAE Standard 90.1-1989 and addenda except that 5% emergency Lighting has been

22 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

23 occupancy is 0%. THESE VALUES MAY BE USED ONLY IF ACTUAL SCHEDULES ARE NOT KNOWN.

24

25

26

27

28
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TABLE NO. 9-31

WAREHOUSE OCCUPANCY'
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SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR SCHEDULE FOR

OCCUPANCY LIGHTING, HVAC SYSTEM SERVICE ELEVATOR

RECEPTACLE HOT WATER

HOUR Percent of Percent of Percent of Percent of Percent of

OF Maximum Load Maximum Load Maximum Load Maximum Load Maximum Load

DAY

(Time) Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun Wkdy Sat Sun

1 (12- lam) 0 0 0 5 5 5 OFF OFF OFF 2 2 2 0 0 0

2 (1 - 2am) 0 0 0 5 5 5 OFF OFF OFF 2 2 2 0 0 0

3 (2-3am) 0 0 0 5 5 5 OFF OFF OFF 2 2 2 0 0 0

4 (3-4am) 0 0 0 5 5 5 OFF OFF OFF 2 2 2 0 0 0

5 (4-5am) 0 0 0 5 5 5 OFF OFF OFF 5 2 2 0 0 0

6 (5-6am) 0 0 0 5 5 5 OFF OFF OFF 7 2 2 0 0 0

7 (6-7am) 0 0 0 5 5 5 OFF OFF OFF 7 2 2 0 0 0

8 (7-8am) 15 0 0 40 5 5 ON OFF OFF 10 2 2 0 0 0

9 (8-9am) 70 20 0 70 8 5 ON ON OFF 30 6 2 0 0 0

10 (9-10am) 90 20 0 90 24 5 ON ON OFF 36 12 2 0 0 0

11 (10-11am) 90 20 0 90 24 5 ON ON OFF 36 12 2 30 0 0

12 (11-12pm) 90 20 0 90 24 5 ON ON OFF 46 17 2 0 0 0

13 (12-lpm) 50 10 0 80 5 5 ON ON OFF 57 4 4 0 0 0

14 (1-2pm) 85 10 0 90 5 5 ON ON OFF 43 4 4 0 0 0

15 (2-3pm) 85 10 0 90 5 5 ON ON OFF 38 2 2 0 0 0

16 (3-4pm) 85 io 0 90 5 5 ON ON OFF 40 2 2 40 0 0

17 (4-5prn) 20 0 0 90 5 5 ON OFF OFF 30 2 2 0 0 0

18 (5-6pm) 0 0 0 30 5 5 OFF OFF OFF 18 2 2 0 0 0

19 (6-7pm) 0 0 0 5 5 5 OFF OFF OFF 3 2 2 0 0 0

20 (7-8pm) 0 0 0 5 5 5 OFF OFF OFF 3 2 2 0 0 0

21 (8-9pm) 0 0 0 5 5 5 OFF OFF OFF 3 2 2 0 0 0

22 (9-10pm) 0 0 0 5 5 5 OFF OFF OFF 3 2 2 0 0 0

23 (10-llpm) 0 a 0 5 5 5 OFF OFF OFF 3 2 2 0 0 0

24 (11-12am) 0 0 0 5 5 5 OFF OFF OFF 3 2 2 0 0 0

TotaL/Day 680 120 0 915 180 120 1000 800 0 429 91 52 70 0 0

TotaL/Week 35.20 hours 48.75 hours 58.00 hours 22.38 hours 3.50 hours

Totat/Year 1835 hours 2542 hours 3024 hours 1193 hours 182 hours

1 Schedules for occupancy, Lighting, receptacle, HVAC system and service hot water are

from ASHRAE Standard 90.1-1989 and addenda 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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TABLE NO. 9-4
HVAC SYSTEMS OF PROTOTYPE BUILDINGS2

BUILDING19PACE OCCUPANCY SYSTEM NO.

1. Assembly
a. Churches (any size) 1
b. &lt; 50,000 ft2 or

&
l
t
; 3 floors 1 or 3 Note 1

c. 50,000 ft2 or 3 floors 3

Health
a. Nursing home (any size) 2

b.

&
lt
; 15,000 ft2 I

c. 15,000 ft2 and &lt; 50,000 ft2 4 Note 2

d. 50,000 ft2 5 Note 2, 3

Hotel/Motel
a. &lt; 3 stories 2 Note 5
b. 3 stories 6 Note 6

4. Light Manufacturing 1 or 3

5. Of f ice
a. &lt; 20,000 ft2
b. 20,000 ft2 and either

&lt; 3 floors or

&
l
t
; 75,000 ft2

c. 75,000 ft2 or 3 floors

.
Restaurant

7. Retail
a. &lt; 50,000 ft2
b. 50,000 ft2

Schools
a. &lt; 75,000 ft2 or &lt; 3 floors 1
b. 75,000 ft2 or 3 floors 3

Note 1

Note 1

Note 1

. Warehouse Note 4

20 Footnote to Table No. 9-4: The systems and energy types pre-
sented in this table are not intended as requirements or recom-

2-1 mendations for the proposed design. Floor areas in the table are
the total conditioned floor areas for the listed occupancy type

2.2 in the building. The number of floors indicated in the table is
the total number of occupied floors for the listed occupancy

2-3
type.
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TABLE NO. 9-4 (cont.)
HVAC SYSTEM DESCRIPTIONS FOR PROTOTYPE AND REFERENCE BUILDINGSa,b

HVAC COMPONENT

System Description

SYSTEM #1

Packaged rooftop
single zone, one
unit per zone

Fan System
Design supply Note 9

circulation rate

Supply fan
control

Return fan
control

Cooling System

Heating System

Remarks

Constant volume

N.A.

Direct expansion
air cooled

Furnace, heat
pump, or electric
resistance

SYSTEM #2

Packaged terminal air
conditioner with space
heater or heat pump, heat-
ing or cooling unit per
zone

Note 10

Fan cycles with call for
heating or cooling

N. A.

Direct expansion air
cooled

Heat pump with electric
resistance auxillary or
air conditioner with space
heater

Drybulb economizer No economizer, if not
per Section 503.7 required by Section 503.7
(barometric relief),
heat recovery if

required by Section
503.3.4.

Footnotes to Table No. 9-4:

a.

b .

The systems and energy types presented in this Table are
not intended as requirements or recommendations for the
proposed design.

For numbered notes see end of Table.
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TABLE NO. 9-4 (oont.)
HVAC SYSTEM DESCRIPTIONS FOR PROTOTYPE AND REFERENCE BUILDINGSa,b

2
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HVAC COMPONENT

System Description

Fan System
Design supply
circulation rate

Supply fan
control

Return fan
control

Cooling System

Heating System

Remarks

SYSTEM #3

Air handler
per zone with
central plant

Note 9

Constant volume

Constant volume

Chilled water
(Note 11)

Hot water
(Note 12)

Dry bulb econo-
mizer per Section
503.7, heat
recovery if re-
quired by Section
503.3.4

Footnotes to Table No. 9-4

a. The systems
intended as
design.

b.

1i

SYSTEM #4

Packaged rooftop VAV with
perimeter reheat and fan-

powered terminal units

Note 9

VAV with forward curved
centrifugal fan and varia-
ble inlet vanes

VAV with forward curved
centrifugal fan and dis-
charge dampers

Direct expansion
air cooled

Hot water (Note 12)
or electric resistance

Dry bulb economizer per
Section 503.7
Minimum VAV setting per
Section 503.3.2 Exception
1, Supply air reset by
zone of greatest cooling
demand.

and energy types presented in this Table are not
requirements or recommendations for the proposed

For numbered notes see end of Table.
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TABLE NO. 9-4 (cont.)
HVAC System Descriptions for Prototype and Reference Buildingsa,b

HVAC COMPONENT SYSTEM #5 SYSTEM #6

System Description Built-up central Four-pipe fan coil
VAV with perimeter per zone with central
reheat and fan- plant
powered terminal
units

Fan System
Design supply Note 9

circulation rate
Note 9

Supply fan VAV with air-foil Fan cycles with call for
centrifugal fan heating or cooling
and AC frequency
variable speed drive

Return fan VAV with air-foil N.A.
control centrifugal fan

and AC frequency
variable speed drive

Cooling System Chilled water Chilled water
(Note 11) (Note 11)

Heating System Hot water (Note 12) Hot water (Note 12)
or electric resist- or electric resistance
ance

Remarks Drybulb economizer No economizer, if not

per Section 503.7 required by Section
Minimum VAV setting 503.7
per Section 503.3.2
Exception 1 Supply
air reset by zone of
greatest cooling
demand.

Footnotes to Table No. 9-4:

a. The systems and energy types presented in this Table are
not intended as requirements or recommendations for the
proposed design.

b. For numbered notes see end of Table.
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TABLE NO. 9-4 (cont.)
HVAC System Descriptions for Prototype and Reference Buildingsa,b

HVAC COMPONENT

system Description

Fan System
Design supply
circulation rate

Supply fan

Return fan
control

Cooling System

Heating System

I

Remarks

Footnotes to Table No. 9-4:

a.

b.

SYSTEX#7

Water source heat pump

Note 10

Fan cycles with control call for

heating or cooling

N.A.

Closed circuit, centrifugal
blower type cooling tower sized

per Note 11. Circulating
pump sized for 2.7 gpm per ton.

Electric or natural draft fossil
fuel boiler

Tower fans and boiler cycled to
maintain circulating water
temperature between 60 degrees F

and design tower leaving water
temperature.

The systems and energy types presented in this Table are
not intended as requirements or recommendations for the
proposed design.

For numbered notes see end of Table.

- 119 -

CS 19.2



1

2

3

4

5

6

9

10

I I

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Numbered Footnotes for Table No. 9-4

HVAC System Descriptions for Prototype Buildings

1. For occupancies such as restaurants, assembly and retail that
are part of a mixed use building which, according to Table No.
9-4, includes a central chilled water plant (systems 3, 5, or 6),
chilled water system type 3 or 5 shall be used as indicated in
the table.

2. Constant volume may be used in zones where pressurization
relationships must be maintained by code. Where constant volume
is used, the system shall have heat recovery if required by
Section 503.3.4. VAV shall be used in all other areas, in accor-
dance with Section 503.

I

3. Provide run-around heat recovery systems for all fan systems
with minimum outside air intake greater than 75%. Recovery
effectiveness shall be 0.60.

4. If a warehouse is not intended to be mechanically cooled, both
the BECON and DECON may be calculated assuming no mechanical
cooling.

5. The system listed is for guest rooms only. Areas such as pub-
lic areas and back-of-house areas shall be served by system 4.
Other areas such as offices and retail shall be served by the
systems listed in Table No. 9-4 for these occupancy types.

i

it).
The system listed is for guest rooms only. Areas such as pub-

Ilic areas and back-of-house areas shall be served by system 5.

10ther areas such as offices and retail shall be served by the
I

!1systems listed in Table No. 9-4 for these occupancy types.

. Reserved.

8. Reserved.

9. Design supply air circulation rate shall be based on a supply-
air-to-room air temperature difference of 20 degrees F. A higher
supply air temperature may be used if required to maintain a min-
imum circulation rate of 4.5 air changes per hour or 15 cfm per
person to each zone served by the system, at design conditions.
If return fans are specified, they shall be sized for the supply
fan capacity less the required minimum ventilation with outside
air, or 75% of the supply fan capacity, whichever is larger.
Except where noted, supply and return fans shall be operated con-
tinuously during occupied hours.

I

10. Fan energy when included in the efficiency rating of the unit
as defined in Section 503.4, need not be modeled explicitly for
this system. The fan shall cycle with calls for heating or
cooling.

11. Chilled water systems shall be modeled using a reciprocating
chiller for systems with total cooling capacities less than 175
tons, and centrifugal chillers for systems with cooling capaci-
ties of 175 tons or greater. For systems with cooling capacities
of 600 tons or more the BECON shall be calculated using two cen-
trifugal chillers, lead/lag controlled. Chilled water shall be
assumed to be controlled at a constant 44 degrees F. Chiller
water pumps shall be sized using a 12 degrees F temperature rise,
from 44 degrees F to 56 degrees F, operating at 65% combined
impeller and motor effeciency.
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Numbered Footnotes for Table No. 9-4 (cont.)

HVAC System Descriptions for Prototype Buildings

Condenser water pumps shall be sized using a 10 degrees F temper-
ature rise, operating at 60% combined impeller and motor
efficiency. The cooling tower shall be an open circuit, centrif-
ugal blower type sized for the larger of 85 degrees F leaving
water temperature or 10 degrees F approach to design wetbulb
temperature. The tower shall be controlled to provide a 65

degrees F leaving water temperature whenever weather conditions
permit, floating up to design leaving water temperature at design
conditions. Chilled water supply temperature shall be reset in
accordance with Section 503.3.3.2.

I

12. Hot water system shall include a natural draft fossil fuel or
electric boiler. The hot water pump shall be sized based on a 30

degrees F temperature drop, from 180 degrees F to 150 degrees F,
operating at a combined impeller and motor efficiency of 60%.
Hot water supply temperature shall be reset in accordance with
Section 503.3.3.2.

Section 27: As of July 1, 1991, the 1989 Model Energy Code

is amended by adding a new Chapter 10 and Table Nos. 10-A and

10-1 to 10-10 as follows:

CHAPTER 10

DEFAULT HEAT-LOSS COEFFICIENTS

SECTION 1001 - GENERAL

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

1001.2 Description: These coefficients were developed primarily
from data and procedures from Standard RS-1 and taken specifi-
cally 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 assump-
tions in the following sections and Standard RS-26 listed in
Chapter 7 are used, along with data from the sources referenced
above. Calculations using information from "Catalog of Thermal
Bridges in commercial and Multifamily Residential Construction"
published by Oak Ridge National Laboratory, Oak Ridge, Tennessee
37831 (ORNL/Sub/88-SA407/1), December 1989 are also acceptable.
This publication provides a list of typical thermal bridges and
offers examples of better construction practices which will
improve energy performance.

1001.3 Compression of insulation: Insulation which is compressed
shall be derated in accordance with Table No. 10-A or the reduc-
tion in value may be calculated in accordance with the procedures
in Standard RS-1 listed in Chapter 7.
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TABLE NO. 10-A (Section 1001.3)
R-VALUE OF FIBERGLASS BATTS THAT ARE COMPRESSED

IN VARIOUS DEPTH CAVITIES
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INSULATION R-VALUE AT STANDARD THICKNESSI
38 30 22 21 19 15 13 11 8 5 3

NOMINAL ACTUAL
LUMBER DEPTH OF Insulation "R11 Values When Installed
SIZES CAVITY In A Confined Cavity

211 x 1211

211 x 101,

211 x 81'

211 x 611

211 x 411

211 x 311

211 x 281

211 x 111

11-1/411 37 --

9-1/4" 32 30

7-1/4" 27 26
5-1/21' -- 21 20 21 18 -- -- --

3-1/21' 14 -- 13 15 12.7 11

2-1/211 -- 9.8 --

1-1/211 -- -- -- -- -- -- 6.3 6.0 5.7 --

1-1/2" 3.2 3.0

The standard thicknesses are as follows: 1211 for R-38, 9-1/211
for R-30, 6-3/411 for R-22, 3-5/811 for R-13, 2-1/211 for R-8,
1-1/211 for R-5, 3/411 for R-3.

SECTION 1002 - BELOW GRADE WALLS AND SLABS

1002.1 General: Table No. 10-1 lists heat-loss coefficients for
below-grade walls and floors.

Coefficients for below-grade walls are given as U-values
(BTU/OF-hr per square foot of wall area). Coefficients for below
slabs are listed as F-values (BTU/OF-hr 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 No. 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 framing on 24-inch centers with
1/2-inch of 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 insu-
lated to the indicated nominal level with the appropriate framing
and insulation application. Coefficients are listed for wall
depths of 2, 3.5, and 7 feet below grade. Basements shallower
than 2 feet should use on-grade slab coefficients.

Heat-loss calulations for wall areas above grade should use
above-grade wall U-values, beginning at the mudsill.
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1002.3 Insulation description: coefficients are listed for the
following four configurations:

a. Uninsulated: No insulation or interior finish.

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

C. Interior insulation w/thermal break: Interior 2x4 insu-
lated wall with R-5 rigid board providing a thermal break
between the concrete wall and the slab.

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

TABLE WO. 10-1 (Section 1002)
DEFAULT WALL U-VALUES AND SLAB F-VALUES FOR BASEMENTS

Below 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 Interior 0.043 0.69
R-19 Interior 0.045 0.61

R-10 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 Interior 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-10 Exterior 0.064 0.57
R-12 Exterior 0.057 0.57

7-Feet Depth Below Grade

Uninsulated 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 0.57
R-19 Interior w/b 0.038 0.43

R-10 Exterior 0.056 0.42
R-12 Exterior 0.050 0.42
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SECTION 1003 - ON-GRADE SLAB FLOORS
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1003.1 General: Table No. 10-2 lists heat-loss coefficients for
heated on-grade slab floors, in units of BTU/OF-hr per lineal
foot of perimeter.

1003.2 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 differentiated.

Soil is assumed to have a conductivity of 0.75 Btu/h-OF-ft2.
Slabs 2 feet or more below grade should use basement
coefficients.

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

a. 2-Foot (or 4-foot) vertical: 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.

b. 2-Foot (or 4-foot) horizontal: Insulation is applied
directly to the underside of the slab, and run horizon-
tally from the perimeter inward for 2-feet or 4-feet.
The slab edge is exposed in this configuration.

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

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

TABLE NO. 10-2 (Section 1003)
DEFAULT F-VALUES FOR ON-GRADE SLABS

Insulation type R-0 R-5 R-10 R-15

Uninsulated slab 0.73 --

2-ft Horizontal (No thermal break) -- 0.70 0.70 0.69
4-ft Horizontal (No thermal break) -- 0.67 0.64 0.63

2-ft Vertical (or Horiz. w/T.B.) 0.58 0.54 0.52
4-ft Vertical (or Horiz. w/T.B.) 0.54 0.48 0.45

Fully insulated slab -- 0.36 --

SECTION 1004 - CRAWLSPACE FLOORS

1004.1 General: Table Nos. 10-3 and 10-4 list heat-loss coeffi-
cients for floors over crawlspaces in units of BTU/OF-hr per
square foot of floor.

They are derived from procedures listed in Standard RS-1 listed
in Chapter 7 assuming an average outdoor temperature of 450F, an
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average indoor temperature of 650F, and a crawlspace area of 1350
ft2 and 150 ft of perimeter. The crawlspace is assumed to be
2.5-feet high, with 24-inches below grade and 6-inches above
grade.

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

Vented crawlspaces: Assumed to have 3 air-ohanges per
hour, with at least I ft2 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-0 perimeter insulation.

b. Unvented crawlspaces: Assumed to have 1.5 air-changes
per hour, with less than 1 ft2 of net-free ventilation in
the foundation for every 300 ft2 of crawlspace floor area.
The crawlspace is not actively heated. Floors over
unheated basements may only use those values which have
R-0 perimeter insulation.

c. Heated-plenum crawlspaces: Assured 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 via holes cut
into the floor.

d. Enclosed floors: Assumes no buffer space, and a covering
of 1/2-inch T1-11 on the exterior of the cavity exposed to
the outside air.

1004.3 Construction description: Floors are assumed to be
either joisted floors framed on 16-inch centers, or post and beam
on 4 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 crawlspace 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 NO. 10-3 (Section 1004)
DEFAULT U-VALUES FOR FLOORS OVER VENTED CRAWLSPACE OR

UNHEATED BASEMENT
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Nominal R-value U-Value
Floor Perimeter Post

&
a
m

p
; Beam Joists

0

11

19

22

25

30

38

0 0.112 0.134
11 0.100 0.116
19 0.098 0.114
30 0.093 0.107

0 0.052 0.056
11 0.048 0.052

0 0.038 0.041
11 0.036 0.038

0 0.034 0.037
11 0.033 0.035

0 0.032 0.034
11 0.031 0.033

0 0.028 0.029
11 0.027 0.028

0 0.024 0.025
11 0.024 0.024

TABLE NO. 10-4 (Section 1004)
DEFAULT U-VALUES FOR FLOORS OVER HEATED PLENUM CRAWLSPACES

Nominal R-value
Perimeter U-value

11 0.085
19 0.075
30 0.069

Note: Crawlspaces used as heated plenums have approximately
30-percent higher heat-loss rate than unvented crawlspaces
with the same assumed ACH. Default U-values reflect this
higher rate of heat loss.

SECTION 1005 - ABOVE-GRADE WALLS

1005.1 General: Table No. 10-5 lists heat-loss coefficients for
the opaque portion of above-grade walls (BTU/OF-hr per square
foot). They are derived from procedures listed in Standard RS-1
listed 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 are
assumed to be finished on the inside with 1/2-inch gypsum
wallboard, and on the outside with either beveled wood siding
over 1/2-inch plywood sheathing or with 5/8-inch T1-11 siding.

- 126 -

CS ; 9.2



I

3

4

5

7

8

10

I I

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Insulated sheathing (either interior or exterior) is assumed to
cover the entire opaque wall surface.

1005.2 Framing description: Three framing types are considered,
and defined as follows:

a. Standard: Studs framed on 16-inch centers with double top
plate and single bottom plate. Corners use 3 studs and
each opening is framed using 2 studs. Headers consist of
double 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.

Framing weighting factors: Studs and plates .19

Insulated cavity .77

Headers .04

b. Intermediate: Studs framed on 16-inch centers with double
top plate and single bottom plate. Corners use 2 studs or
other means of fully insulating corners, and each opening
is framed by 2 studs. Headers consist of double 2X mate-
rial with R-10 insulation between the header and exterior
sheathing. Interior partition wall/exterior wall inter-
sections are fully insulated in the exterior wall.

Framing weighting factors: Studs and plates .18
Insulated cavity .78
Headers .04

c. Advanced: Studs framed on 24-inch centers with double top
plate and single bottom plate. Corners use 2 studs or
other means of fully insulating corners, and 1 stud is
used to support each header. Headers consist of double 2X
material with R-10 insulation between the header and exte-
rior sheathing. Interior partition wall/exterior wall
intersections are fully insulated in the exterior wall.

Framing weighting factors: Studs and plates .13

Insulated cavity .83

Headers .04

1005.3 Component description: Default coefficients for one type
of metal-stud wall and for three types of wood-stud walls are
listed: single-stud walls, strap walls, and double-stud walls.

a. 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 either dead-air or
rigid-board insulation in the remaining space.

b. Strap wall: 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.

C. 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 cen-
ters for both walls.
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Default coefficients are also listed for masonry walls assum-
ing 8 inch block 115 lb. density with minimum reinforcing and
grout. This wall is then shown with four types of insulation:
integral, cavity wall, exterior and interior. For the calcula-
tions expanded polystyrene is assumed to have an R-value of 3.8
per inch, extruded polystyrene 5.0 per inch and polyisocyanurate
7.2 per inch.

TABLE No. 10-5 (Section 1005)
DEFAULT U-VALUES FOR ABOVE-GRADE WALLS

Single Metal Stud

Nominal Nominal Effective Stud Spacing
Wall Insulation Insulation

Thickness R-Value R-Value 1611 O.C. 2411 O.C.

4 inch R-11 R-11, .14 .13

4 inch R-13 R-12.7 .13 .12

6 inch R-19 R-18 .11 .10

Pre-Engineered Metal Buildings

Uncompressed Insulation R-Value Overall Assembly U-Value

R-6 0.17
R-10 0.15
R-13 0.11

2X4 Single Wood Stud: R-11 Batt

Siding Material/Framing Type

R-value Lapped wood T1-11
of Foam
Board STD ADV STD ADV

NOTE:
Nominal Batt R-value: 0 .088 .084 .094 .090
R-11 at 3.5-inch
thickness

1 .080 .077 .085 .082
Installed Batt R-value: 2 .074 .071 .078 .075
R-11 in 3.5-inch cavity 3 .069 .066 .072 .070

4 .064 .062 .067 .065

5 .060 .058 .063 .061
6 .056 .055 .059 .057
7 .053 .052 .055 .054
8 .051 .049 .052 .051

9 .048 .047 .050 .049
10 .046 .045 .047 .046
11 .044 .043 .045 .044
12 .042 .041 .043 .042
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2X4 Single Wood Stud: R-13 Batt
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NOTE:
Nominal Batt R-value:
R-13 at 3.63-inch
thickness

Installed Batt R-value:
R-12.7 at 3.5-inch
cavity

2X4 Single Wood Stud: R-15 Batt

Note:
Nominal Batt R-value:
R-15 at 3.5-inch
thickness

Installed Batt R-value;
R-15 in 3.5-inch
cavity

Siding Material/Framing Type

R-Value Lapped Wood TI-11
fo Foam

Board STD ADV STD ADV

0 .082 .078 .088 .083

1 .075 .072 .080 .076
2 .069 .066 .073 .070
3 .065 .062 .068 .065
4 .060 .058 .063 .061

5 .057 .055 .059 .057
6 .053 .052 .056 .054
7 .051 .049 .052 .051
8 .048 .047 .050 .048

9 .046 .045 .047 .046
10 .044 .043 .045 .044
11 .042 .041 .043 .042
12 .040 .039 .041 .040

Siding Material/Framing Type

R-Value Lapped Wood TI-11
f Foamo

Board STD ADV STD ADV

0 .076 .071 .081 .075

1 .069 .065 .073 .069
2 .064 .061 .068 .069
3 .060 .057 .063 .059
4 .056 .053 .059 .056

5 .053 .051 .055 .052
6 .050 .048 .052 .050
7 .047 .046 .049 .047
8 .045 .044 .047 .045

9 .043 .042 .044 .043
10 .041 .040 .042 .041
11 .039 .038 .041 .039
12 .038 .037 .039 .038
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2 x 6 Single Wood Stud: R-19 Batt

R-value
of Foam
Board

NOTE:
Nominal Batt R-value 0

R-19 at 6-inch
thickness 1

2

Installed Batt 3

R-Value: R-18 in 4

5.5-inch cavity

2x6 Single Wood Stud:

5

6

7

8

Siding Material/Framing Type

Lapped Wood

STD INT ADV

.062 .058 .055

T1-11

STD INT ADV

.065 .061 .058

.058 .055 .052

.054 .052 .050

.051 .049 .047

.048 .046 .045

.046 .044 .043

.044 .042 .041

.042 .040 .039

.040 .039 .038

.038 .037 .035

.037 .036 .035

.036 .035 .034

.034 .033 .033

.060 .057 .055

.056 .054 .051

.053 .051 .049

.050 .048 .046

.048 .046 .044
1

.045 .044 .0421

.043 .042 .0401

.041 .040 .0391

.039 .038 .037

.038 .037 .036

.036 .035 .035

.035 .034 .033

R-21 High Density Batt Systera

R-value
of Foam
Board

NOTE:
Nominal Batt R-value: 0

R-21 at 5.5-inch thickness
1

Installed Batt R-value: 2

R-21 in 5.5 inch cavity 3

4

5

6

7

8

Siding Material/Framing Type

Lapped Wood

STD INT ADV

T1-11

STD INT ADV

.057 .054 .051

.054 .051 .048

.050 .048 .045

.048 .045 .043
.045 .043 .041

.043 .041 .040

.041 .039 .038

.039 .038 .036

.038 .036 .035

.036 .035 .034

.035 .034 .033

.033 .033 .032

.032 .031 .031
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2 x 6 Single Wood Stud: R-22 Batt
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siding Material/Framing Type

R-value
of Foam
Board

NOTE:
Nominal Batt R-value: 0
R-22 at 6.75-inch thickness

1

Installed Batt R-value 2

R-20 in 5.5-inch cavity 3

4

5

6

7

8

Lapped Wood

STD INT ADV

.059 .055 .052

.055 .052 .049

.052 .049 .047

.049 .046 .044

.046 .044 .042

.044 .042 .041

.042 .040 .039

.040 .039 .037

.038 .037 .036

TI-11

STD INT ADV

.062 .058 .054

.057 .054 .051

.054 .051 .048

.050 .048 .046

.048 .046 .044

.045 .043 .042

.043 .042 .040

.041 .040 .038

.039 .038 .037

.038 .037 .035
.036 .035 .034
.035 .034 .033

.034 .033 .032

2 x 6 Single Wood Stud: 2 R-11 Batts

Siding material/Framing Type

.037 .036 .035

.035 .034 .033

.034 .033 .032

.033 .032 .031

R-Value
of Foam
Board

NOTE:
Nominal Batt R-value: 0

R-13 at 3.63-inch thickness
1

Installed Batt R-value: 2

R-12.7 in 3.5-inch cavity 3

4

5

6

7

8

Lapped Wood

STD INT ADV

.060 .057 .054

.056 .053 .051

.053 .050 .048

.050 .048 .046

.047 .045 .044

.045 .043 .042

.043 .041 .040

.041 .040 .038

.039 .038 .037

.038 .037 .036

.036 .035 .034

.035 .034 .033

.034 .033 .032
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.036 .035 .034
.034 .034 .033
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2 x 8 Single Wood Stud: R-25 Batt

Siding Material/Framing Type

R-value Lapped Wood
of Foam
Board STD INT ADV

NOTE:
Nominal Batt R-value:

0 .051 .047 .045

R-25 at 8-inch thickness 1

2

Installed Batt R-value: 3

R-23.6 in 7.25-inch cavity 4

5

6

7

8

2 x 6: Strap Wood Wall

R-19 + R-11 Batts
R-19 + R-8 Batts

2 x 6 + 2 x 4: Double Wood Stud

Batt Configuration
Exterior Middle Interior

R-19 ------ R-11
R-19 ------ R-19
R-19 R-8 R-11
R-19 R-11 R-11
R-19 R-11 R-19
R-19 R-19 R-19

.048 .045 .043

.045 .043 .041

.043 .041 .039

.041 .039 .037

.039 .037 .036

.037 .036 .035

.036 .035 .033

.036 .033 .032

.033 .032 .031

.032 .031 .030

.031 .030 .029

.030 .029 .028

TI-11

STD INT ADV

.053 .049 .046

.049 .046 .044

.047 .044 .042

.044 .042 .040

.042 .040 .038

.040 .038 .037

.038 .037 .036

.037 .035 .034

.035 .034 .033

.034 .033 .032

.033 .032 .031

.032 .031 .030
.031 .030 .029

Siding Material/Frame Type

Lapped Wood
STD ADV

TI-11
STD ADV

.036 .035

.041 .039
.038 .036
.042 .040

Siding Material/Framing Type

Lapped wood
STD ADV

T1-11
STD ADV

.040 .037

.034 .031

.029 .028

.027 .026

.024 .023

.021 .020
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2 x 4 + 2 x 4 : Double Wood Stud

2
Siding Material/Framing Type

Lapped Wood TI-11
STD ADV STD ADV

5

6

7

10

I I

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Batt Configuration
Exterior Middle
R-11 ------
R-19 ------
R-11 R-8
R-11 R-11
R-13 R-13
R-11 R-19

Log Wall

Average Log
Diameter U-value

NOTE:
R-value of wood: 6-inch 0.148
R-1.25 per inch thickness 8-inch 0.111

10-inch 0.089
Average wall thickness 12-inch 0.074
90% average log diameter 14-inch 0.063

16-inch 0.056

Stress Skin Panel

NOTE:

Panel U-value
Thickness

3 1/2-inch .071
R-value of expanded 5 1/2-inch .054
polystyrene: R-3.85/inch 7 1/4-inch .037

9 1/4-inch .030
Framing: 6% 11 1/4-inch .025
Spline: 8%
No thermal bridging between interior and exterior splines.

Masonry Walls

integral Insulation cases:

Core
Insulation

Base Wall uninsulated
Vermiculite K=.44
Perlite K = .34
Korfil 1 lb.

interior
R-11 .050 .046 .052 .048
R-11 .039 .037 .043 .039
R-11 .037 .035 .036 .036
R-11 .032 .031 .033 .032
R-13 .029 .028 .029 .028
R-11 .026 .026 .027 .026

Core
Conductivity R_-Value

0.449 0.558
0.037 0.479
0.028 0.477

0.49
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Cavity Wall Insulation Insulation
R-value U-Value
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ill expanded Polystyrene
ill extruded Polystyrene
1~11 expanded Polystyrene
11,11 extruded Polystyrene
211 expanded Polystyrene
211 extruded Polystyrene
211 Polyisocyanurate
2.511 Polyisocyanurate
311 Polyisocyanurate
3.511 Polyisocyanurate

3.8 0.179
5.0 0.147
5.7 0.133
7.5 0.108
7.6 0.106

10.0 0.085
14.4 0.062
18.0 0.051
21.6 0.043
25.2 0.037

Exterior Insulation Cases:

wall Insulation

3/411 Insulating Stucco
ill expanded Polystyrene
111 extruded Polystyrene
211 expanded Polystyrene
211 extruded Polystyrene
211 Polyisocyanurate
2.511 Polyisocyanurate
311 Polyisocyanurate
:3.511 Polyisocyanurate

Insulation
R-value U-Value

Interior Insulation:

1.0 0.358
3.8 0.179
5.0 0.147
7.6 0.106

10.0 0.085
14.4 0.062
18.0 0.051
21.6 0.043
25.2 0.037

Note: 1.511 furring at 1611 OC = 12.5% of area
Added R-value Calculated using Isothermal Planes
Method

Insulation Furring
Section Section

R-Val U-Val Thick

2.181 0.458 0.750 1.067
4.684 0.213 0.750 1.067
7.600 0.132 2.000 0.400

10.000 0.100 2.000 0.400
14.400 0.069 2.000 0.400
18.000 0.056 2.500 0.320
21.600 0.046 3.000 0.267
25.200 0.040 3.500 0.229

Insulation
Laver Wall

U-Value
U-Val U-Val R-Val Total

0.534 1.871 0.273
0.320 3.124 0.203
0.165 6.056 0.127
0.138 7.273 0.110
0.111 9.028 0.092
0.089 11.285 0.076
0.074 13.542 0.065
0.063 15.799 0.057

SECTION 1006 - DEFAULT U-VALUES FOR GLAZING AND DOORS

1006.1 Untested Glazing and Doors: Untested glazing and doors
shallbe assigned the following U-values:

a. Manufactured glazing products:

single glazing (all): U = 1.20;
double glazing:

aluminum or steel framed: U = 0.90;
wood or vinyl framed: U = 0.75;
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b. Non-manufactured site built fixed lite glazing products
with a minimum of one-half inch airspace in a wood frame
only. (All products supplied by manufacturers, such as
kits for solariums, shall use the default U-values for
manufactured glazing products cited above.)

air-filled: U = 0.60;
argon-filled: U = 0.55;
low-e, air-filled: U = 0.50;
low-e, argon-filled U = 0.40;

Products which do not comply with all of these criteria
shall use the default U-values listed under manufactured
glazing products.

C. For doors, see Table No. 10-6 on the next page.

TABLE NO. 10-6 (Section 1006)
TRANSMISSION COEFFICIENTS (U) FOR WOOD AND STEEL DOORS

Btu/h-ft2-OF

Nominal
Door No Wood Metal
Thickness, Storm Storm Storm
Inches Description Door Doorc Doord

Wood
13 IDoorsa,b

11-3/8 Panel door with
14 7/16-in panelsO 0.57 0.33 0.37

1-3/8 Hollow core flush door 0.47 0.30 0.32

15 1-3/8 Solid core flush door 0.39 0.26 0.28
1-3/4 Panel door with

16 7/16-in panelse 0.57 0.33 0.36
1-3/4 Hollow core flush door 0.46 0.29 0.32
1-3/4 Panel door with

17
1-1/8-in panelse 0.39 0.26 0.28

1-3/4 Solid core flush door 0.33 0.28 0.25
18 12-1/4 Solid core flush door 0.27 0.20 0.21

19

20

21

22

23

24

25

26

27

28

Steel
Doorsb
1-3/4 Fiberglass or mineral wool

core with steel stiffeners,
no thermal breakf 0.60

1-3/4 Paper honeycomb core
without thermal breakf 0.56

1-3/4 Solid urethane foam core
without thermal breaka 0.40

1-3/4 Solid fire rated mineral
fiberboard core without
thermal breakf 0.38

1-3/4 Polystyrene core without
thermal break (18 gage
commercial steel)f 0.35

1-3/4 Polyurethane core without
thermal break (18 gage
commercial steel)f

*

0.29
1-3/4 Polyurethane core without

thermal break (24 gage
commercial steel)f 0.29
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Polyurethane care with
thermal break and wood
perimeter

(24)yauge
com-

mercial steel .20 ---- ----
Solid urethane foam core
with thermal breaka 0.19 0.16 0.17

Note: All U-factors for exterior doors in this table are for
doors with no glazing, except for the storm doors which are in
addition to the main exterior door. Any glazing area in exterior
doors should be included with the appropriate glass type and
analyzed. Interpolation and moderate extrapolation are permitted
for door thicknesses other than those specified.

a Values are based on a nominal 32 by 80 in. door size with no
glazing.

b Outside air conditions: 15 mph wind speed, OOF air

temperature; inside air conditions: natural convection, 70OF
air temperature.

Values for wood storm door are for approximately 50 percent
glass area

d Values for metal storm door are for any percent glass area.

13 11

e_ 55 percent panel area.

f ASTM C 236 hotbox data on a nominal 3 by 7 ft door size with
14 no glazing.

15 The U-factors in Table No. 10-6 are for exterior wood and steel
doors. The values given for wood doors were calculated, and

Ithose for steel doors were taken from hot box tests (Sabine et16
al. 1975: Yellot 1965) or from manufacturer's test reports. An

17
outdoor surface conductance of 6.0 Btu/h-ft2.OF was used, and the
indoor surface conductance was taken as 1.4 Btu/h-ft2_0F for ver-
tical surfaces with horizontal heat flow. All values given are

18 for exterior doors without glazing. If an exterior door contains
1glazing, the glazing should be analyzed as a window.

19

20

21

22

23

24

25

26

27

28

SECTION 1007 - CEILINGS

1007.1 General: Table No. 10-7 lists heat-loss coefficients for
the opaque portion of exterior ceilings below vented attics,
vaulted ceilings, and roof decks in units of Btu/OF-hr per square
foot of ceiling.

They are derived from procedures listed in Standard RS-1
listed in Chapter 7. Ceiling U-values are modified for the buff-
ering effect of the attic, assuming an indoor temperature of 650F
and an outdoor temperature of 450F.

1007.2 Component description: The three types of ceilings are
characterized as follows:

a. Ceilings below a vented attic: Attic insulation is
assumed to be blown-in, loose-fill fiberglass with a K-
value of 2.6 hr-OF-ft2/Btu per inch. Full bag count for
specified R-value is assumed in all cases. Ceiling dimen-
sions for flat ceiling calculations are 45 x 30 feet, with
a gabled roof having a 4/12 pitch. The attic is assumed
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to vent naturally at the rate of 3 ACH through soffit and
ridge vents. A void fraction of 0.002 is assumed for all
attics with insulation baffles. Standard-framed, unbaffled
attics assume a void fraction of 0.008.

4

5

6

8

10

I i

12

13

14

15

16

17

18

19

20

Attic 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 ceil-
ing 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 flat ceilings below vented attics with
standard framing may be modified with the following table:

U-Value for
Standard Framing

Roof Pitch R-30 R-38

4/12 .036 .031
5/12 .035 .030
6/12 .034 .029
7/12 .034 .029
8/12 .034 .028
9/12 .034 .028
10/12 .033 .028

11/12 .033 .027

12/12 .033 .027

Vented scissors truss attics assume a ceiling pitch o

2/12 with a roof pitch of either 4/12 or 5/12.
Unbaffled standard framed scissors truss attics are
assumed to have a void fraction of .016.

b. Vaulted ceilings: Insulation is assumed to be
fiberglass 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 ACH 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.

2-1 C. Roof decks: Rigid insulation is applied to the top of
roof decking with no space left for ventilation.

22 Roofing materials are attached directly on top of the
insulation. Framing members are often left exposed on

23 the interior side.

24
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TABLE NO. 10-7 (Section 1007)
DEFAULT U-VALUES FOR CEILINGS

Wood Frame Ceilings Below Vented Attics

Flat Ceiling
R-19
R-30
R-38
R-49
R-60

Scissors Truss
R-30 (4/12
R-38 (4/12
R-49 (4/12

R-30 (5/12
R-38 (5/12
R-49 (5/12

Standard Frame

Baf f led
0.049
0.036
0.031
0.027
0.025

Advanced Frame

0.047
0.032
0.026
0.020
0.017

roof pitch) 0.043 0.031
roof pitch) 0.040 0.025
roof pitch) 0.038 0.020

roof pitch) 0.039 0.032
roof pitch) 0.035 0.026
roof pitch) 0.032 0.020

wood Frame Vaulted Ceilings
160' O.C. 2411 O.C.

Vented
R-19 2x10 joist 0.049 0.048
R-30 2x12 joist 0.034 0.033
R-38 2x14 joist 0.027 0.027

Unvented
R-30 2X10 joist 0.034 0.033
R-38 2x12 joist 0.029 0.027
R-21 + R-21 2X12 joist 0.026 0.025

Wood Frame Roof Deck
4x Beams, 4811 O.C.

R-12.5 211 Rigid insulation 0.064
R-21.9 3.511 Rigid insulation 0.040
R-37.5 611 Rigid insulation 0.025
R-50 811 Rigid insulation 0.019

Pre-Engineered Metal Buildings
NOTE: Based on 5 foot purlins spacing

Standard Insulation Laid out Parallel
Installation - to and between Purlins and

22 11uncompressed Insulation Not Compressed, Plus R-

23

24

25

26

27

28

Insulation Laid over Purlins Thermal Block Separating
R-Value and Compressed Purlins from Roof Deck

R-6 0.20 0.12
R-10 0.14 0.09
R-13 0.12 0.08
R-19 0.09 0.07

SECTION 1008 - AIR INFILTRATION

I 1008.1 General: Table Nos. 10-8 and 10-9 list effective air-

change rates and heat capacities for heat loss due to
infiltration.
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Estimated seasonal average infiltration rates in air changes
per hour (ACH) are given for the two levels of air-leakage con-
trol (see Section 4.6 of the Technical Specifications). The
energy-effective air-change rate shall be used in calculations
for compliance under Thermal Performance or Energy Budgets.

Heat loss due to infiltration shall be computed using the fol-
lowing equation:

Qinfil = ACHeff * HCP

Where: Qinfil = Heat loss due to air infiltration

ACHeff = the effective infiltration rate as
given in Table No. 10-8

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

TABLE NO. 10-8 (Section 1008)
ASSUMED EFFECTIVE AIR-CHANGES PER HOUR

Air-Leakage Air-Changes per Hour
Control Package Natural Effective.

Standard 0.35 0.35

TABLE NO. 10-9 (Section 1008)
DEFAULT HEAT CAPACITY/DENSITY PRODUCT FOR AIR

Average Elevation Heat CapacitylDensity

Mean Sea Level 0.0180 Btu/Hr- OF

SECTION 1009 - 14ASS

1009.1 General: Table No. 10-10 lists default mass-values for
residential construction types. All calculations are based on
standard ASHRAE values for heat-storage capacity as listed in
1989 Handbook of Fundamentals, 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:

27

28

Ln = Natural log
R-value = R-value of material covering
concrete
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Note: All default values for covered concrete
slabs have been adjusted according to this
procedure.
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1009.2 Mass description: Mass is divided into two types:
structural, and additional.

a. Structural mass: Includes heat-storage capacity of all
standard building components of a typical residential
structure, including floors ceilings, and interior and
exterior walls in Btu/OF-ft~ of floor area. It also
assumes exterior wall, interior wall, and ceiling surface
area approximately equals three times the floor area.

b. Additional mass: Includes any additional building mate-
rial not part of the normal structure, which is added spe-
cifically 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 Btu/OF-ft2 of surface area of material
exposed to conditioned space. The coefficient for water
is Btu/OF-Gallon.

11 ~11009.3 Component description: Light frame assumes 1-inch thick
wood flooring with 5/8-inch sheetrock on ceilings and interior
,un:4 I I a n "A T.Y~~ I T~- 4 ~4- 4 f 1 4- 1, V 0_4 11 'k 4- 11 1 4 A

19 H
I a

2,J
%a 1~;.L .1 L I.- =0 = = L LJ%_ %J ~L =. U

logs. slab assumes a 4-Inch concrete slab on or below grade,
with 5/8-inch sheetrock on exterior and interior walls and

K 11:~ 9 4 -1 4 A
A_t:_1 11',J, CL11 w th separate values for interior or exterior wall
insulation. Adjustments for slab covering is based on R-value of

14
11material. Additional mass values are based on the density multi-
plied by the specific heat of the material adjusted for listed

15 11thickness.
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TABLE NO. 10-10 (Section 1009)
DEFAULT MASS VALUES

Structural Mass X-Value Btu/op-pt2 floor area

Light frame:
Joisted/post and beam floor, sheetrock

walls and ceilings
Joisted/post and beam floor, log walls,

sheetrock ceilings

3.0

4.0

Slab with interior wall insulation:
Slab, no covering or tile, sheetrock walls

and ceilings 10.0
Slab, hardwood floor covering, sheetrock

walls and ceilings 7.0

Slab, carpet and pad, sheetrock walls and
ceilings 5.0

Slab with exterior wall insulation:

Slab, no covering or tile, sheetrock walls
and ceilings 12.0

Slab, hardwood floor covering, sheetrock
walls and ceilings 9.0

Slab, carpet and pad, sheetrock walls and
ceilings 7.0

Additional Mass M-Value
Btu/OF-FT2 surface area

Gypsum wallboard, 1/2-inch thickness
Gypsum wallboard, 5/8-inch thickness
Hardwood floor
Concrete/Brick, 4 inch-thickness
Concrete/Brick, 6 inch-thickness

Water, 1 gallon

0.54
0.68
1.40

10.30
15.40

Btu/*F-gallon
8.0

Section 28: As of July 1, 1991, the Appendix of the 1989

Model Energy Code is hereby repealed.

Section 29: As of July 1, 1991, Section 403 of the Seattle

Mechanical Code as adopted by ordinances 113702 and 113703 is

amended by adding definitions as follows:

Sec. 403.

Al TRANSFER is the movement of indoor air from one space to
another.
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AIR, VENTILATION is that portion of supply air that is outdoor
air pLus g~t recirculated air that has been treated for the

purpose of maintaining acceptable indoor air quality.

AMCA is Air Movement and Control Association, Inc.

ASHRAE is American Society of Heating_, Refrigeration, and Air
Conditionin Engineers, Inc.

AUTOMATIC is self-acting, operating hy its own mechanism when
actuated by some impersonal influence, as for example, A change
in current strength, pressure, teLftperature or mechanical configu-
ration.

I

Section 30: As of July 1, 1991, Section 404 of the Seattle

Mechanical Code as adopted by Ordinances 113702 and 113703 is

amended by adding definitions as follows:

See. 404. BACK-DRAFT DAMPER is a dapper installed to restrict
introduction of unconditioned air from an unconditioned space to
a conditioned space.

BAROMETRIC DAMPER is Any listed non-manual device that freely
allows the flow of air in one direction, but does not allow

~Eoconditioned air escape. Any installed combustion air damper
shall meet the installation requirements of the manufacturer.

Section 31: As of July 1, 1991, Section 405 of the Seattle

Mechanical Code as adopted by Ordinances 113702 and 113703 is

amended by adding the following definition:

Sec. 405.

CFM is cubic feet per minute.
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Section 32: As of July 1, 1991, Section 406 of the Seattle

Mechanical Code as adopted by Ordinances 113702 and 113703 is

amended by adding the following definition:

See. 406.

DEHUMIDISTAT is an automatic control device which measures
changes in humidity And controls a device(s) for maintaining q
maximum speci ied humidity range or level.

Section 33: As of July 1, 1991, Section 408 of the Seattle

IMechanical Code as adopted by Ordinances 113702 and 113703 is

lamended as follows:

Sec. 408.

FIREPLACE ((is an open fire chamb4wr Twith a hearth, 4o~r- similarly-
prepared regess f-o-r Qoptainipq a firze a# t4a hase ot- a chimney.

Firepla -is a f ireplace compQ4;~G4 of 14-s~
fact arrQ:mh1Qd In anc=rdan with th4a tQr-rAPGry-built Gompone
of- listing t-o f orn t4a-e completed f ireplao

Masonry Fireplace " -a hearth a-nd fire Chamber of solid Mason-ry
I-]nits punh a-&amp; briGks, stonesf listQd raasonry units, Qr- reinfor-r-

concrete, provide with a silitable ohimney,. in aGroor-
TAXitb appliGab nodg reqwreaents.))

See SOLID FUEL BURNING APPLIANCE.

Section 34: As of July 1, 1991, Section 410 of the Seattle

Mechanical Code as adopted by Ordinances 113702 and 113703 is

amended by adding definitions as follows:

See. 410. HABITABLE SPACE (ROOM). Space in a structure for

liyinq sleeping, eating or cooking.,_ Bathrooms, toilet gpmpart-
ments, closets, halls storage or utility space and similar areas,
are not considered habitablg space. For the purpose of this
Eode', A single habitable space may consist of adjoining rooms
when one half of the area of the common wall is open and
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unobstructed and provides an opening of not less than one-tenth
of the floor area of the ii~t-erior roo-mo-rtw-enty five sguare
Y-ee-t, whichever is greater.

HEAT RECOVERY VENTILATION SYSTEM is a device or combination of
devices appligd to provide the outdoor air for ventilation in
which energy is ~-ransferred between the intak!g and exhaust
airstream.

HVAC is heating, ventilating ~.nd air conditioning.

HVI is Home Ventilating Institute of America, Inc.

Section 35: As of July 1, 1991, Section 415 of the Seattle

Mechanical Code as adopted by Ordinances 113702 and 113703 is

amended by adding the following definition:

Sec. 415.

MANUAL. Capable of being operated by human intervention.

Section 36: As of July 1, 1991, Section 417 of the Seattle

Mechanical Code as adopted by Ordinances 113702 and 113703 is

amended by adding the following definition:

See. 417.

OCCUPIED ZONE is the region within an occu ied space between
,Rjanes 3 and 72 1-nc-hes -5 and 1800 pC2- -ml above the floor and in

Ithan 2 feet (600 mml from the walls of fixed air-condit~ionipg
P;e-;~t (see ASHRAE Standard 55-1981, Ref.

Section 37: As of July 1, 1991, Section 420 of the Seattle

Mechanical Code as adopted by Ordinances 113702 and 113703 is

amended by adding the following definition:
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See. 420. R VALUE., (See THERMAL RESISTANCE (R)).

Section 38: As of July 1, 1991, Section 421 of the Seattle

Mechanical Code as adopted by ordinances 113702 and 113703 is

amended as follows:

See. 421.

( (201.T-D 1211:RT R13QIR in solid fo];Al' li:mited #0 natilral WQGd a-Rd

r-Qal- charcoal, artific
lo45-&amp;

a-nd other
a-r-O PA;~t ingluded ))

SOLID FUEL BURNING APPLIANCE is Any factory-built or site built
appliance degigned to provide heat for a structure j2y burnin
solid fuels.

SOURCE SPECIFIC VENTILATION SYSTEM is a mechanical ventilation
system including All fans, controls and ducting, which is
dedicated to exhausting contaminant-laden air to the exterior of
the building from the room or space in which.the contaminant is

generated.

SYSTEM is a combination of eguipment and/or controls.- accesso-
ries, interconnecting means, and terminal elements by which air
is transferred.

Section 39: As of July 1, 1991, Section 422 of the Seattle

Mechanical Code as adopted by ordinances 113702 and 113703 is

amended by adding definitions as follows:

Sec. 422. TERMINAL ELEMENT is the means 12y which the
transferred air from a syste is finally delivered; i.e.,
registers diffusers, through-the-wall vents, roofs caps, etc.

THERMAL RESISTANCE (R) is the resistance fo a material to heat
flow, measured as the

'

inverse of heat flow per unit area, per
unit time, R~gr ~ini temperature difference across the thickness
of material considered. In this Code, R has units of sq.ft.lhr-L
~_FZ_Btu.

I

- 145 -

C5 1 Q.P_



2

3

4

5

6

8

9

10

I I

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

Section 40: As of July 1, 1991, Section 423 of the Seattle

Mechanical Code as adopted by ordinances 113702 and 113703 is

amended by adding the following definition:

Sec. 423.

UNCONDITIONED SPACE. (See CONDITIONED SPACE).

Section 41: As of July 1, 1991, Section 424 of the Seattle

Mechanical Code as adopted by Ordinances 113702 and 113703 is

amended by adding definitions as follows:

See. 424.

VENTILATION is the process of supRlying ~nd KpMgving air ]?Y
natural or mechanical means t and from ~n~ space. Suci~ air M~iy
or mav not be conditioned.

; VENTILATION EFFECTIVENESS is the fraction of the outdoor air
Idelivered to the space that reaches the occupied zone.

I VENTILATION, MECHANICAL is the introduciton and distribution of
11outdoor air and the removal of indoor air by mechanical means.

VENTILATION, NATURAL is ventilation other than ty mechanical
means.

Section 42: As of July 1, 1991, Section 425 of the Seattle

Mechanical Code as adopted by Ordinances 113702 and 113703 is

amended by adding definitions as follows:

See. 425.
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WHOLE HOUSE VENTILATION SYSTEM is a mechanical ventilation gys-
tem, including fans, controls, and ducts, which replaces, by
direct or indirect means, air from the habitable rooms with
outdoor air.

WOOD STOVE. Jaee SOLID FUEL BURNING APPLIANCE).

Section 43: As of July 1, 1991 Section 426 of the Seattle

Mechanical Code as adopted by ordinances 113702 and 113703 is by

adding the following definition:

9
Sec. 426. Zone is a space or group 2f spaces within a buildina

with heating =and o-rc-ooling requirements sufficiently similar so
that comfort conditions can be maintained throughout 12y ~j single

10 controlling device.

I I
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Section 44: As of July 1, 1991, Section 601 of the Seattle

Mechanical Code as adopted by ordinances 113702 and 113703 is

amended as follows:

Sec. 601. (a) Air Supply. Fuel-burning equipment shall be
15 assured a sufficient supply of combustion air. The methods of

providing combustion air in this chapter do not apply to direct

16 'vent appliances, appliances listed as having separated combustion
systems, enclosed furnaces, listed cooking appliances, refrigera-
tors and domestic clothes dryers. ((FirepiaGa con-buist-i a4-r-

17
supply shall b4a du4ated directly from t4e outside ot- t4ia

matprial a7nd sizg o~f ac)mbugti adA; dl]Qt t-G-r a f ir-Oplaca Sha 1 1

18 Gomply with SQction 694(a) a-ad 2QatiQn 50:~ 4 6 of the SQattlQ
Rntz_r Code.)) Fireplaces and solid fuel burning appliances

19 shall comply K~ith Chapter 10.1 Combustion air shall be obtained
Ifrom outside.

20

burning appliances, where existing equipment is beipg replaced
EXCEPTION: For other than fireplaces and solid fuel

21 with other equipment of eaual or smaller size, all or a Rgrtion
of the combustion air for fuel-burning applianc es mav be obtained

22 from infiltration when the requirement for 50 cubic feet p~gr 1000
Btu/h input is met.

23

24

25

26

27

28

(b) ((Volune -I- Adequate vollime -It- t4j4&amp; VGIURIe Of t4le

rGQ G-r space In which fuel-hurznIng appliano are ingtallo
1&amp; GqUal trG Or- GjrQatGL= tLAn 51 r-11hiC- fQ64t p4ar JGQQ Btu~h 4ot-

aggregat.e input rating 4at- applianGe-s, infiltration may be
regarded a-% adequate to provide r_

_
_

Exr-111aQ f_r_Q;A

t4l-G th4R. jRPUt ratings of- I J sted d1r~ vent
appliances, enc-10--sed GQQ4":.~ applianGez_r

a-nd doNestic clotbes dryers.

2- 1 R SS 13 f f I C__ I Q n tv 4,40 1 IJO Q R 0 f 13 P I RQQ=R 4ar Spar-GS
r-Ontaining snlid fue-11-h-u-r-ning appiiances whiQh do not haixQ t4le

volume specified 4rn subsec-ti 4Aa)- -1 abolre shall be Provided
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-w-i-t-h 1-3nahRtruotod openings equal -1--o -2 Square inches t-ar each
1000 Btu~h r-nabined Input rating wityn a mi4iiaum total f-r-PQ

ar0a Qt- 200 sguare inchas arranges a-&amp; sper-iflad 4~n sey-tions
442~ a7nd 4.04 o-f this aodg

-3- 1-p-sufficle-Rt volume--gas a7nd liquid. Roovs 4a~r spac-e-&amp;

nq qa~~ Qri:n i ___ appliances which d~G no-t

a's specifled 4R sub-sect-i 4b4- 47 above zha-1-1

be provided wath mi4i1mum obstruct onmhu=ti a4r-

a or-if-iQC3 in Segtion 444L a-nd arranged a-&amp; sper-ified -in SqeGiinnr,P E

602 and 4-04 4af tLig QQdQ

4-)) Existing buildings. When fuel-burning appliances are
installed in an existing building containing other fuel-
burning equipment, the room or space shall be provided with
sufficient combustion air for all fuel-burning equipment con-
tained therein.

Section 45: As of July 1, 1991, Section 602 of the Seattle

Mechanical Code as adopted by Ordinances 113702 and 113703 is

amended as follows:

Sec. 602. (a) Location. Approximately one half of the
required combustion air opening area shall be located within the
upper 12 inches of the enclosure and approximately one half of
the opening area shall be located within the lower 12 inches of
the enclosure.

EXCEPTION: Where an existing furnace is being replaced
15 with another furnace of equal or smaller size and the room

is not being remodeled, one opening location may be
16 provided.

17
(b) Dampers prohibited. Combustion air openings shall not be

installed so as to pass through construction where fire dampers
are required. Volume dampers shall not be installed in combus-

18 tion air openings.

19

20

21

22

23
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28

EXCEPTION: Fireplaces and soli-d -fuel burning appliances
shall comply with Chapter 10.1

(c) Screening. Combustion air openings shall be covered with
corrosion-resistant screen of 1/4-inch mesh, except as provided
in Section 604(c).

Section 46: As of July 1, 1991, Section 604 of the Seattle

Mechanical Code as adopted by Ordinances 113702 and 113703 is

amended as follows:

Sec. 604 (a) General. Combustion air ducts shall:

1. Be of galvanized steel complying with Chapter 10 or equiva-
lent corrosion-resistant material approved for this use:
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EXCEPTION: In Group R, Division 3 occupancies,
unobstructed stud and joist spaces may be used, provided not
more than one required fire stop is removed.

3
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i

2. Have a minimum cross-sectional dimension of 3 inches.

3. Terminate in a space at least 3 inches in depth open to the
front or firebox side of the appliance. Such space shall extend
from the floor to the ceiling of the appliance enclosure.

4. Have the same cross-sectional areas as the free area of the
openings to which they connect.

7

8

9

10

I I

12

13

14 1i

5. serve a single appliance enclosure.

6. Serve only upper or lower combustion air openings; the sepa-
ration between ducts serving upper and lower combustion air open-
ings shall be maintained to the source of combustion air.

(b) Dampers. Combustion air ducts shall not be installed so as
to pass through construction where fire dampers are required.
Volume dampers shall not be installed in combustion air ducts((,
p-r~~ that vo!Qme dampers shall -1ae In-stalle in t4io combusti
a4-r- ducts f-Gr a-1-1 f ireplac ) ) .

EXCEPTION: FirgRlaces and solid fuel burning appliances
shall comply with Chapter 10.1.

c) Screen. Neither end of ducts which terminate in an attic
shall be screened.

15
11

Section 47: As of July 1, 1991, the Seattle Mechanical Code

16 as adopted by Ordinances 113702 and 113703 amended by adding a

17
new Chapter 10.1 and Table Nos. 10.1-A, 10.1-B, 10.1-C and 10.1-D

18

19

20

21
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28

as follows:

CHAPTER 10.1
VENTILATION AND INDOOR AIR QUALITY

SCOPE AND GENERAL REQUIREMENTS

Sec. 10.101 (a) Purpose. The purpose of this chapter is to
provide minimum standards for the design and installation of
mechanical ventilation systems and the selection of structural
materials used within the conditioned space for new construction.

It is intended that these provisions provide flexibility to per-
mit the use of innovative approaches and techniques. These pro-
visions are structured to permit compliance with the intent of
this chapter by demonstration of performance through on-site
testing or through engineered design. This chapter is not
intended to abridge any safety or health requirements required
under any other applicable codes or ordinances.

I

(b) Scope. This chapter sets forth minimum requirements for

iventilation in all occupancies, including the design of new
,construction.
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APPLICATION TO EXISTING BUILDINGS

See. 10.102 (a) Additions to Existing Buildings. Additions to
2 existing buildings or structures may be made without making the

entire building comply, provided that the new addition shall con-
3 form to the provisions of this chapter.

4

5

6

I!

EXCEPTION: Additions that do not include kitchens,
bathrooms, water closets, indoor swimming pools, spas and
other areas where excess water vapors are produced and are
less than 500 square feet are exempt from Sections 10.103 and
10.104.

(b) Alterations and Repairs. All substantial alterations and
7 ~repairs may be made to existing buildings or moved buildings

built or permitted prior to the enforcement of this Chapter with-

8 11

out making the entire building comply with the provisions of this

9

Chapter, provided the alterations or repairs comply with this
Chapter.

I

(c) Historic Buildings. Buildings which are designated as his-
10 1torical landmarks are exempt from this Chapter only to the extent

inecessary to preserve those features essential to their histori-
11 ~

c
a
l

appearance or function.
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MINIMUM VENTILATION CRITERIA POR ALL GROUP R OCCUPANCIES

See. 10.103 (a). This section shall apply to all Group R occu-
pancies as defined by the Building Code. Compliance with this
section shall be demonstrated through engineering calculations or
performance testing. Documentation of calculations shall be sub-
mitted to the building official where required. Performance
testing shall be conducted in accordance with recognized test
methods.

(b) Minimum Ventilation Performance. Each dwelling unit or
guest room shall be equipped with source specific and whole house
'ventilation systems designed and installed to satisfy the venti-
lation requirements of this chapter.

EXCEPTION: All public corridors shall meet the ventilation
requirements in Section 1205 of the Building Code.

(c) Source Specific Ventilation. Source specific exhaust ven-
tilation shall be required in each kitchen, bathroom, water
closet, laundry facility, indoor swimming pool, spa, and other
rooms where excess water vapor or cooking odor is produced.

The minimum source specific ventilation effective exhaust capac-
ity shall be not less than levels specified in Table No. 10.1-A.

(d) Whole House Ventilation Systems. Each dwelling unit shall
be equipped with a whole house ventilation system which shall be
capable of providing at least 0.35 air changes per hour, but not
less than 15 cubic feet per minute per bedroom plus an additional
15 cubic feet per minute. Whole house ventilation systems shall
be designed to limit ventilation to a level no greater than 0.5
air changes per hour under normal operation conditions. Whole
1house ven-tilation systems shall supply outside air to all habita-
ible rooms through individual outside air inlets, forced-air heat-
ing system, ducting or equivalent means. Doors and operable
lites in windows are deemed not to meet the outside air supply
intake requirements.
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(e) Controls. All ventilation system controls shall be readily
accessible. Controls for whole house ventilation systems shall
be capable of operating the ventilation system without energizing
other energy-consuming appliances.

EXCEPTION: Continuously operated whole house ventilation
systems switch shall not be readily accessible by the
occupant.

A. Source Specific Ventilation Systems. Source specific
ventilation systems shall be controlled by manual
switches, dehumidistats, timers, or other approved
means.

B. Intermittently Operated Whole House Ventilation Systems.
The intermittently operated whole house ventilation sys-
tems shall be constructed to have the capability for
continuous operation, and shall have a manual control
and an automatic control, such as a clock timer.

(f) Noise. Whole house fans located four feet or less from the
10 11interior grille shall have a sone rating of 1.5 or less measured

at 0.1 inches water gauge. Remotely mounted fans shall be acous-
11 tically isolated from the structural elements of the building and

!

from attached duct work using insulated flexible duct or other

12 approved material.

13

14

15

16

17

18

EXCEPTION: Whole house ventilation systems which are inte-
grated with forced-air heating systems or heat-recovery ven-
tilation systems are exempt from the sone rating requirements
of this section.

(g) Ventilation Ducts. All ducts shall terminate outside the
building. Exhaust ducts in systems which are designed to operate
intermittently shall be equipped with back-draft dampers. All
exhaust ducts in unconditioned spaces shall be insulated to a
.minimum of R-4. All supply ducts in the conditioned space shall
be insulated to meet a minimum of R-4. For all other ducts, see
the Seattle Energy Code, Table 5-10.

(h) Outside Air. A. General. A mechanical system shall supply
19 outside air as required in subsection (d). The mechanical system

Im
a
y

consist of exhaust fans, supply fans, or both.

20

21

22

23

24

25

26

27

28

B. Outside Air Inlets. Inlets shall be screened or otherwise
protected from entry by insects, leaves, or other material.
Outside air inlets shall be located so as not to take air from
the following areas:

Closer than 10 feet from an appliance vent outlet, unless
such vent outlet is 3 feet above the outside air inlet.

(ii) Where it will pick up objectionable odors, fumes or flam-
mable vapors.

(iii) A hazardous or unsanitary location.

(iv) A room or space having any fuel-burning appliances
therein.

(v) Closer than 10 feet from a vent opening of a plumbing
drainage system unless the vent opening is at least 3 feet
above the air inlet.
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(vi) Attics, crawl spaces or garages.

C. Individual Room Outside Air Inlets. Individual room out-
side air inlets shall have a controllable and secure opening and
be capable of a total opening area of not less than four square
inches and tested by a nationally recognized standard or approved
agency and located to avoid drafts.

D. Ventilation Integrated with Forced-Air Systems. The out-
side air connection to the return air stream shall be located to

prevent thermal shock to the heat exchanger.

6
1 E. Distribution. Outside air shall be distributed to each
habitable room by individual inlets, separate duct systems, or a

7 Iforced-air system. Where outside air supplies are separated from
exhaust points by doors, provisions shall be made to ensure air

8 l'iflow by undercutting doors, installation of grilles, transoms, or

9

10

I I

12

13

14

15

16

17

similar means where permitted by the Building Code.

MECHANICAL VENTILATION CRITERIA AND MINIMUM VENTILATION
PRESCRIPTIVE REQUIREMENTS FOR ALL GROUP R OCCUPANCIES

See. 10.104 (a) General. This section establishes minimum pre-
scriptive design requirements for intermittently operated
systems. Continuously operated systems shall comply with Section
10.103. System characteristics not addressed in the following
sections shall comply with Section 10.103. A system which meets
the requirements of this section shall be deemed to satisfy the
requirements of this chapter.

(b) Source Specific. Exhaust fans providing source specific
ventilation shall have minimum fan flow rating not less than 50
CFM at 0.25 inches water gauge for bathrooms, laundries or simi-
lar rooms and 100 CFM at 0.25 inches water gauge for kitchens.
Manufacturersf fan flow ratings shall be determined as per HVI
Standard No. 916 (July 1989) or AMCA Standard No. 210.

(c) Whole House. Whole house ventilation systems may consist
lu l'of whole house exhaust, integration with forced-air systems or

1!

0dedicated heat recovery ventilation systems. Whole house exhaust
19 systems shall meet the following requirements:

20

21

22

23

24

25

26

27

28

A. Exhaust fans providing whole house ventilation shall have a
flow rating at 0.25 inches water gauge as specified in Table No.
10.1-B. Manufacturer's fan flow ratings shall be determined as
per HVI Standard No. 916 (July 1989) or AMCA Standard No. 210.
Table No. 10.1-B shall not be used for dwelling units with more
than four bedrooms.

B. Integrated forced-air ventilation systems shall have a 6

inch diameter or equivalent outside air inlet duct connecting a
terminal element on the outside of the building to the return
plenum of the forced-air system. The outside air inlet duct
shall be equipped with a damper or other device that regulates
!air flow to a minimum of 0.35 air changes per hour but not

jgreater
than 0.50 air changes per hour under normal operating

,conditions.

C. All duct work in heat recovery ventilation systems shall be
not less than 6 inch diameter., Balancing dampers shall be
installed on the inlet and exhaust side. Flow measurement grids
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shall be installed on the supply and return. System minimum flow

rating shall be not less than that specified in Table No. 10.1-B.
maximum flow rates in Table No. 10.1-B do not apply to heat
recovery ventilation systems.

(d) Source Specific and Whole House Exhaust Ducts. Exhaust
ducts shall meet all requirements of Section 10.103(g). Duct
diameter length and number of elbows shall not be less than four
inches and duct length shall not exceed levels specified in Table
No. 10.1-C. Terminal elements shall have at least the equivalent
net free area of the duct work.

MECHANICAL VENTILATION CRITERIA AND
MINIMUM VENTILATION PERFORMANCE FOR ALL OTHER OCCUPANCIES

Sec. 10.105. outside Air Requirements for Ventilation. Where a

mechanical ventilation system is installed in lieu of natural
ventilation as required by sections 605, 705, 805, 905 and 1005
of the Building Code, the system shall be capable of supplying,
or exhausting where allowed by Table No. 10.1-D, the rate of out-
side air specified in Table No. 10.1-D to the occupied zone dur-

ing all times that the space is occupied. occupant density shall
be taken from Table No. 10.1-D.

outside air shall be ducted in a fully enclosed path to every air

handling unit in each zone not provided with sufficient openable
area for natural ventilation.

EXCEPTION: Ducts may terminate within 12 inches of the
intake to the HVAC unit provided they are physically fastened
so that the outside air duct is directed into the unit intake.

To consider higher occupant densities, desires for higher outside
air quantities per person, and HVAC systems with a ventilation
effectiveness of less than 100%, the maximum total air quantities
used as the basis for calculating heating and cooling design
loads and for sizing HVAC equipment shall not exceed three times
the quantities specified in Table No. 10.1-D.

SOLID FUEL BURNING APPLIANCES AND FIREPLACES

Sec. 10.106 (a) General. solid fuel burning appliances and
fireplaces shall satisfy one of the following criteria:

(b) Solid Fuel Burning Appliances. Solid fuel burning appli-
ances shall be provided with the following:

1. Tight fitting glass or metal doors.

2. An outside source of combustion air directly connected, to
the fire box, or tested and listed to the performance require-
ments of the carbon monoxide test required by the Department of
Housing and Urban Development Mobile Home Construction and Safety
Standards.

EXCEPTION: If existing construction prohibits the intro-
duction of outside combustion air directly to the appliance
or the solid fuel burning appliance is part of the central
heating system and is installed in an unconditioned space,
combustion air may be supplied to the room in which the solid
fuel burning appliance is located in lieu of direct ducting.
The combustion air terminus shall be located as close to the
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solid fuel burning appliance as possible and shall be pro-
vided with a barometric damper or equivalent. The combustion
air source shall be no less than four inches in diameter or
the equivalent in area or as approved.

(c) Fireplaces. Fireplaces shall be provided with each of the
following:

1. Tightly fitting flue dampers, operated by a readily acces-
sible manual or approved automatic control.

2. An outside source for combustion air ducted into the
firebox. The duct shall be at least six square inches, and shall
be provided with an operable outside air duct damper.

3. Tightly fitting glass or metal doors, or flue draft induc-
tion fan or as approved for minimizing back-drafting.

EXCEPTION: Fireplaces with gas logs shall be installed in
accordance with Chapter 8.

MINIMUM SOURCE SPECIFIC VENTILATION CAPACITY REQUIREMENTS
TABLE 10.1-A

Bathrooms Kitchens
Intermittently operating 50 cfm 100 cfm
Continuous operation 20 cfm 25 cfm

WHOLE HOUSE EXHAUST FAN PRESCRIPTIVE REQUIREMENTS
TABLE 10.1-B

CFM CFM
Bedrooms minimum Maximum
2 or less 50 75

3 80 120
4 100 150

PRESCRIPTIVE EXHAUST DUCT SIZING
TABLE 10.1-C

maximum Maximum Maximum
Fan Tested Flex Length Smooth

CFM.@0.25 W.G. Diameter Feet Diameter
50 4 inch 25 4 inch
50 5 inch 90 5 inch
50 6 inch Over 100 6 inch
80 4 inch Not Allowed 4 inch
80 5 inch 15 5 inch
80 6 inch 90 6 inch

100 5 inch Not Allowed 5 inch
100 6 inch 45 6 inch
125 6 inch 15 6 inch
125 7 inch 70 7 inch

Maximum
Length
Feet

70
100

Over 100
20

100
Over 10 0

50
Over 100
Over 100
Over 100

maximum
Elbows*

3

3

3

3

3

3

3

3

3

3

*For each additional elbow subtract 10 feet from length.
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12

13

14

15

16

17

Application

Dry Cleaners, Laundries3
cfm/person

Commercial laundry 10 25
Commercial dry cleaner 30 30
Storage, pick up 30 35

Coin-operated laundries 20 15

Coin-operated dry cleaner 20 15

Food and Beverage Service
Dining rooms 70
cafeteria, fast food 100
Bars, cocktail lounges4 100
Kitchens (cooking)5 20

Garages, Repair, Service Stations6
Enclosed parking garage
Auto repair rooms

Hotels,Motels,Resorts, Dormitories7

20
20
30
15

CfM/ft2 floor
1.50
1.50

For Group R Occupancy, see
requirements in Sections 10.103 and 10.104

Lobbies 30
Conference rooms 50
Assembly rooms 120
Dormitory sleeping areas 20
Gambling casinos4 120

18 11officeslo
Office space 7

19 11 Reception areas 60

20

21

22

23

24

25

26

27

28

Telecommunication centers and
data entry areas 60

Conference rooms4 50

Public Spaces
corridors and utilities

TABLE 10.1-D
AIR REQUIREMENTS FOR VENTILATION1

Estimated Maximum
Occupancy, Outdoor

persons per 1000 ft2 Air
of net occupiable- space Requirements

COMMERCIAL

155 -

cfm/person
15
20
15

15
30

20
15

20
20

Cfm/f t2

0.05

cfm/wc
or urinal
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Application

TABLE 10.1-D (continued)
OUTSIDE AIR REQUIREMENTS FOR VENTILATION1

Estimated Maximum
Occupancy '

persons per 1000 ft2
of net occupiable space

COMMERCIAL (cont.)

Public restrooms1l

Locker and dressing rooms

Smoking lounge12

Elevators13

Retail Stores,Sales Floors, and
Show Room Floors

70

Basement and street 30
Upper floors 20
Storage rooms 15

Dressing rooms
Malls and arcades 20
Shipping and receiving 10
Warehouses 5

Smoking lounge
11) 70

Specialty Shops
Barber 25
Beauty 25
Reducing salons 20
Florists14 8

clothiers, furniture
Hardware, drugs, fabric
Supermarkets

Pet shops

8

8

Sports and Amusements15

Spectator areas 150
Game rooms 70

Ice arenas(playing areas)
swimming pools(pool

&
a
m

p
; deck area)16
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Outdoor
Air

Requirements

50

cfM/ f t2
0.5

cfm/person
60

cfm/ft2
1.00

CfM/ f t2

0.30
0.20
0.15
0.20
0.20
0.15
0.05

cfm/person
60

15

25
15

15

cfm/f t2

0.30
15

15
OfM/ft2

1.00

cfm/person
15
25

cfm/ft2
0.50
0.50

cfm/person
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TABLE 10.1-D (continued)
OUTSIDE AIR REQUIREMENTS FOR VENTILATION1

Estimated Maximum

3
Occupancy, Outdoor

persons per 1000 ft2 Air
Application of net occupiablg gp~~ce Requirements_

COMMERCIAL (cont.)

5
Playing floors (gymnasium) 30 20
Ballrooms and discos 100 25
Bowling alleys (seating areas) 70 25

Theaters17
Ticket booths 60 20

8 Lobbies 150 20
Auditorium 150 15

Stages, studios 70 15
9

10
Transportation18

waiting rooms 100 15
Platforms 100 15

11 Vehicles 150 15

12 Workrooms
Meat processing19 10 15
Photo studios 10 15

13

Darkrooms 10
cfm/ft2

0.50
14

cfm/person
Pharmacy 20 15

15 Bank vaults 5 15

16 Duplicating, printinq20
cfm/ft2

0.50

17

18 Education

INSTITUTIONAL
cfm/person

Classroom 50 15
19 Laboratories2l 30 20

Training shop 30 20

20 music rooms 50 15
Libraries 20 15

21 Locker rooms
cfm/ft2

0.50
corridors 0.10

22 cfm/person
Auditoriums 150 15

23 Smoking 1ounges12 70 60

24

Hospitals, Nursing and
Convalescent HomeS22 cfm/person
Patient rooms 10 25
Medical procedure 20 15

2 5 Operating rooms 20 30
Recovery and ICU 20 15

26 cfm/ft2
Autopsy rooms 0.50

27 cfm/person
Physical Therapy 20 15

28
Correctional Facilities

Cells 20 20
Dining halls 100 15
Guard stations 40 15
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TABLE 10.1-D (continued)
OUTSIDE AIR REQUIREMENTS FOR VENTILATIONI

From ASHRAE Standard 62-1989. This table prescribes supply
rates of acceptable outside air required for acceptable indoor
air quality. These values have been chosen to control C02 and
other contaminants with an adequate margin of safety and to
account for health variations among people, varied activity
levels, and a moderate amount of smoking. Rationale of C02
control is presented in ASHRAE Standard 62-1989.

Independent of room size; installed capacity for intermittent
use.

Dry-cleaning processing may require more air.

Supplementary smoke-removal equipment may be required.

Makeup air for hood exhaust may require more ventilating air.
The sum of the outside air and transfer air of acceptable
quality from adjacent spaces shall be sufficient to provide an
exhaust rate of not less than 1.5 cmf/ft2.

Distribution among people must consider worker location and
concentration of running engines; stands where engines are run
must incorporate systems for positive engine exhaust
withdrawal. Contaminant sensors may be used to control
ventilation.

7 See also food and beverage services, merchandising, barber and

beauty shops, garages.

Independent of room size.

9 Installed capacity for intermittent use.

10 some office equipment may require local exhaust.

11 Mechanical exhaust with no recirculation.

12 Normally supplied by transfer air, local mechanical exhaust
with no recirculation recommended.

13 Normally supplied by transfer air.

14 Ventilation to optimize plant growth may dictate requirements.

15 When internal combustion engines are operated for maintenance
of playing surfaces, increased ventilation rates may be

required.

16 Higher values may be required for humidity control.

17 Special ventilation will be needed to eliminate special stage
effects (e.g., dry ice vapors, mists, etc.)

18 Ventilation within vehicles may require special
considerations.

19 spaces maintained at low temperatures (-100F to +500F) are not
covered by these requirements unless the occupancy is

continuous. Ventilation from adjoining spaces is permissible.
When the occupancy is intermittent, infiltration will normally
exceed the ventilation requirement.
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TABLE 10.1-D (continued)
OUTSIDE AIR REQUIREMENTS FOR VENTILATION1

20 Installed equipment must incorporate positive exhaust and con-
trol (as required) of undesirable contaminants (toxic or
otherwise).

21 Special contaminant control systems may be required for proc-
esses or functions including laboratory animal occupancy.

22 special requirements or codes and pressure relationships may
determine minimum ventilation rates and filter efficiency.
Procedures generating contaminants may require higher rates.

23 Air shall not be recirculated into other spaces.

Section 48: As of July 1, 1991, Section 605 of the Seattle

Building Code as adopted by Ordinances 113700 and 113701 is

amended as follows:

Sec. 605. All enclosed portions of Group A Occupancies custom-
arily used by human beings and all dressing rooms shall be pro-
vided with natural light by means of exterior glazed openings
with an area not less than one tenth of the total floor area, and
natural ventilation by means of openable exterior openings with
an area of not less than one twentieth of the total floor area or
shall be provided with artificial light and a mechanically oper-
ated ventilating system. The mechanically operated ventilating
system shall comply with the requirements set forth in ((Segtion
202)) Chapter 10.1 ((of- t4e SeattlA Energy Ggde)) and applicable
requirements of the Seattle Mechanical Code. ((Sugh system sball
b4a k-e~ con-t-i-ni-3ously in operation dur-Ing sur-h tirne as thrat.Z

port ot- th-a building is occupied-))

Toilet rooms shall be provided with a fully openable exterior
window at least 3 square feet in area; or a vertical duct not
less than 100 square inches in area for the first toilet
facility, with 50 additional square inches for each additional
facility; or a mechanically operated exhaust system capable of
providing a complete change of air every 15 minutes. Such sys-
tems shall be connected directly to the outside, and the point of
discharge shall be at least 5 feet from any openable window.
There shall be provided in an approved location at least one lav-
atory for each two water closets for each sex and at least one
drinking fountain for each floor level. For other requirements
on water closets, see Sections 510 and 511.

Section 49: As of July 1, 1991, Section 705 of the Seattle

Building Code as adopted by Ordinances 113700 and 113701 is

amended as follows:

See. 705. In Group B Occupancy buildings, all enclosed por-
tions customarily occupied by human beings, other than rooms and
areas for which requirements are specified elsewhere in this
section, shall be provided with natural light by means of exte-
rior glazed openings with an area equal to one tenth of the total
floor area of such portions, and natural ventilation by means of
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exterior openings with an openable area not less than one twenti-
eth of the total floor area of such portions, or shall be pro-
vided with artifical light and a mechanically operated
ventilating system. The mechanically operated ventilation system
shall comply with the requirements set forth in ((SQntinn 4-04))

Chapter 10.1 ((Gt- t4ao -Seatt-l-e Energy Code)) and applicable
requirements of the Seattle Mechanical Code.I

In all buildings or portions thereof where Class I, II or III-A
liquids are used, exhaust ventilation shall be provided suffi-
cient to product four air changes per hour. Such exhaust venti-
lation shall be taken from a point at or near the floor level.

In all parking garages other than open parking garages as
defined in Section 709(b), used for storing or handling of auto-
mobiles operating under their own power and on all loading plat-
forms in bus terminals, ventilation shall comply with the
requirements set forth in ((Sectinn 202)) Chapter 10.1 ((Gt- t4le

Seattle Energy Code)) and applicable requirements of the Seattle
Mechanical Code. The building official may approve an alternate
ventilation system designed to exhaust a minimum of 14,000 cfm
for each operating vehicle. Such system shall be based upon the
anticipated instantaneous movement rate of vehicles but not less
than 2.5 percent (or one vehicle) of the garage capacity.
,Automatic CO sensing devices may be employed to modulate the ven-
Itilation system to maintain a maximum average concentration of Co
of 50 ppm during any eight hour period, with a maximum concentra-
tion of not greater than 200 ppm for a period not exceeding one
hour. Connecting offices, waiting rooms, ticket booths, etc.,
shall be supplied with conditioned air under positive pressure.

i

Section 50: As of July 1, 1991, Section 905 of the Seattle

Building Code as adopted by Ordinances 113700 and 113701 is

amended as follows:

19 Sec. 905. In Group H Occupancy buildings, all enclosed portions
~customarily occupied by human beings, other than rooms and areas

20
R for which requirements are specified elsewhere in this section,
Ishall be provided with natural light by means of exterior glazed
openings with an area equal to one tenth of the total floor area

21 of such portions, and natural ventilation by means of exterior
openings with an openable area not less than one twentieth of the

22 total floor area of such portions, or shall be provided with
artificial light and a mechanically operated ventilating system.

23 The mechanically operated ventilation system shall ((b4a caikibIe
ot- supplying a mininum Qt- -5 cubiv- feet permit niniite 4D-f nutside

24
a4-r with a tQtal 0-irgi-Ilat of POt IQSS than Q:r~5 cubin feet per
1minute p4ar occupant in a4-1 occupied portions Qt- th-9 building))
,comply with the requirements set forth in Chapter 10.1 and

25
japplicable requirements of the Seattle Mechanical Code.

26 In all buildings or portions thereof where Class I, II or III-A
Iliquids are used, mechanical exhaust ventilation shall be pro-

27 vided sufficient to produce four complete air changes per hour.
Higher ventilation rates may be required by the Fire Code. Such

28
exhaust ventilation shall be taken from a point at or near the
floor level.
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In all buildings used for the repair or handling of automobiles
operating under their own power, mechanical ventilation shall
comply with the requirements set forth in ((Rection 202)) Chapter
10.1 ((4af t4e Seattle Energy CQdQ)) and applicable requirements
of the Seattle Mechanical Code. Additionally, each engine repair
stall shall be equipped with an exhaust pipe extension duct,
extending to the outside of the building, which, if over 10 feet
in length, shall mechanically exhaust 300 cubic feet per minute.
Connecting offices and waiting rooms shall be supplied with con-
ditioned air under positive pressure.

6 Section 51: As of July 1, 1991, Section 1205 of the Seattle

7 lBuilding Code as adopted by ordinances 113700 and 113701 is

8 amended as follows:

Sec. 1205. (a) Light and Ventilation. All guest rooms, dormito-
ries and habitable rooms except kitchens within a dwelling unit
shall be provided with natural light by means of exterior glazed

10 11openings with an area not less than one tenth of the floor area
of such rooms with a minimum of 10 square feet. All bathrooms,

11 11,water closet compartments, laundry rooms and similar rooms shall
be provided with natural ventilation by means of openable exte-

1 5~
~~ W CLil CL~L t--CE LIU ess than one twentieth oL the

11floor area of such rooms with a minimum of 1~ square feet.
I

13 All guest rooms, dormitories and habitable rooms within a

dwelling unit shall be provided with natural ventilation by means
14 of openable exterior openings with an area of not less than one

twentieth of the floor area of such rooms with a minimum of 5

15 square feet.

16

17

18

19

20

21

22

23

24

25

26

27

28

Mechanical ventilation shall be provided as required by Chapter
10.1 of the Seattle Mechanical Code. This system may serve in
lieu of required exterior openings for natural ventilation. ((-r a

vontilat4nq syste Rtay b~&amp; provided- Such syste shall
am-L- witb t4ae --- III-entR G~at fQr-th 1A 2QQtion 444 of t4e

Energy CQC34- a-Rd appliGab ot- t~he MQQ7haniQ
Code in a-11 rJuest rooms, dormitories, "habitabLe r-GOMS a4ld -in

publ corridg-r-&amp;- -1-n ba-th-rooms-r water closet compartments,
la-0-3-n-dr-y rooms a444 sii:p1lax: roGms a ineahani- AxQnt i I at syste
CQnnQQtQd direCtly :tQ t4l4a GUtS149, Shall -1aQ pr-OVIded.))

For the purpose of determining light and ventilation
requirements, any room may be considered as a portion of an
adjoining room when one half of the area of the common wall is

open and unobstructed and provides an opening of not less than
one tenth of the floor area of the interior room or 25 square
feet, whichever is greater.

Required exterior openings for natural light and ventilation
shall open directly onto a street or public alley or a yard or
court located on the same lot as the building.

EXCEPTION: Required windows may open into a roofed porch
where the porch:

1. Abuts a street, yard or court; and
2. Has a ceiling height of not less than 7 feet; and
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3. Has the longer side at least 65 percent open and
unobstructed.

Section 52: As of July 1, 1991, a new Section 1720 is

added to the Seattle Building Code as adopted by Ordinances

113700 and 113701 as follows:

Sec. 1720 (a) General. The criteria of this section establish
minimum radon resistive construction requirements for all Group R
occupancies.

(b) Radon Monitoring. A three month etched track radon moni-
tor, installation instructions, and radon information sheets
shall be provided by the builder at the final inspection to all
single family residences and to all first floor dwelling units in
multi-unit residential structures. It is not the responsibility
of the builder to administer the radon test.

(c) crawl spaces. All crawl spaces shall be ventilated as
specified in Section 2516 (c).

13 If the installed ventilation in a crawl space is less than 1

square foot for each 300 square feet of crawl space area, or if
14 the crawl space vents are equipped with operable louvers, a radon

vent shall be installed from a point between the ground cover and

15 soil. The radon vent shall be installed in accordance with
1ISection 1720 (d) Item 5.

16

17

18

19

20

21

22

23

24

25

26

27

28

(d) Crawl Space Plenum Systems. 1. General. In crawlspace
plenum systems used for providing supply or return air for an
HVAC system, aggregate, sealings, a soil gas retarder membrane
and a radon vent pipe shall be installed in accordance with this
section.

In addition, a radon vent fan shall be installed and activated.
The fan shall be located as specified in this section. The fan
shall be capable of providing at least 100 CFM at one inch water
column static pressure.

2. Aggregate. A layer of aggregate of 4-inch-minimum
thickness shall be placed beneath the concrete slab. The
aggregate shall be continuous to the extent practical. Aggregate
shall:

I

A. Comply with U.B.C. Standard No. 26-2 and shall be No. 67
or larger size aggregate as listed in Table 26-2-A,
Grading Requirements for Concrete Aggregates; or

B. Meet the 1988 Washington State Department of
Transportation specification 9-03.1 (3) "Coarse Aggregate
for Portland Cement Concrete", or any equivalent successor
standards. Aggregate size shall be of Grade 5 or larger
as listed in section 9-03.1 (3) C, "Grading"; or

C. Be screened, washed and free of deleterious substances in
a manner consistent with U.B.C. Standard No. 26-2 with 100

- 162 -

CS 19.2



I

2

4

5

7

8

10

I I

12

13

14

15

16

17

percent of the gravel passing a one inch sieve and less
than 2 percent passing a 4-inch sieve. sieve
characteristics shall conform to those acceptable under
U.B.C. Standard No. 26-2.

EXCEPTION: Aggregate shall not be required if a
substitute material or system, with sufficient load
bearing characteristics, and having approved capability to

provide equal or superior air flow, is installed.

3. Soil-Gas Retarder membrane. A soil-gas retarder membrane,
consisting of at least one layer of virgin polyethylene with a
thickness of at least 6 mil, or equivalent flexible sheet material
shall be placed directly under the concrete slab. The flexible
sheet shall extend to the foundation wall or to the outside edge
of the monolithic slab. Seams shall overlap at least 12 inches.

4. Sealing of Penetrations and Joints. All penetrations and
joints in concrete slabs or other floor systems and walls below
grade that will not be accessible at the time the certificate of

occupancy is granted shall be sealed by an approved sealant to
create an air barrier to limit the movement of soil gas into the
indoor air.

Sealants shall be approved by the manufacturer for the intended
purpose. Sealant joints shall conform to manufacturer's specifi-
cations. The sealant shall be placed and tooled in accordance
with manufacturer's specifications. There shall be no gaps or
voids after the sealant has cured.

Concrete block walls connected to below grade areas shall be
considered unsealed surfaces. All openings in concrete block
walls that will not remain accessible upon completion of the
building shall be sealed at both vertical and horizontal sur-
faces, in order to create a continuous air barrier to limit the
transport of soil gas into the indoor air.

J!

5. Radon Vent. One continuous sealed pipe shall run from a
18 1point within the aggregate under each concrete slab to a point

'loutside the building. Joints and connections shall be gas tight.
I

19
The continuous sealed pipe shall terminate no less than 12

20
inches above the eave, and more than 10 horizontal feet from a
woodstove or fireplace chimney, or operable window. The
continuous sealed pipe shall be labeled "Radon Vent". The label

21 Ishall be placed so as to remain visible to an occupant.

22

23

24

25

26

27

28

The minimum pipe diameter shall be 3 inches unless otherwise
approved. Acceptable sealed plastic pipe shall be smooth walled,
and may include either PVC schedule 40 or ABS schedule of
equivalent wall thickness.

The entire sealed pipe system shall be sloped to drain. The
exterior pipe opening shall be protected from blockage by snow
accumulation.

The sealed pipe system may pass through an unconditioned attic
before exiting the building; but to the extent practicable, the
sealed pipe shall be located inside the thermal envelope of the
building in order to enhance passive stack venting.
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EXCEPTION: A radon vent shall not be required if a fan-
forced sub-slab depressurization system is installed. A
fan-forced sub-slab depressurization system includes:

1. soil-gas retarder membrane as specified in section (d)

3;

2. sealing of penetrations and joints as specified in
section (d) 4;

3. a 3 inch continuous sealed radon pipe which shall run
from a point within the aggregate under each concrete
slab to a point outside the building;

4. joints and connections which shall be gas tight, and

may be of either PVC schedule 40 or ABS schedule of
equivalent wall thickness;

5. a label of "Radon Vent" which shall be placed on the
pipe so as to remain visible to the occupant;

10 6. and fan circuit and wiring as specified in section (d)
11

6 and a fan.

1 1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

If the sub-slab depressurization system is exhausted
through the concrete foundation wall or rim joist, the
exhaust terminus shall be a minimum of six feet from operable
windows or outdoor air intake vents and shall be directed
away from operable windows and outdoor air intake vents to

prevent radon re-entrainment.

6. Fan Circuit and wiring and Location. An area for location
of an in-line fan shall be provided. The location shall be as
close as practicable to the radon vent pipe's point of exit from
the building, or shall be outside the building shell. It shall
be located so that the fan and all downstream piping is isolated
from the indoor air.

Provisions shall be made to allow future activation of an in-
line fan on the radon vent pipe without the need to place new
wiring. A 110 volt power supply shall be provided at a junction
box near the fan location.

7. Separate Aggregate Areas. If the 4 inch aggregate area
underneath the concrete slab is not continuous, but is separated
into distinct isolated aggregate areas by a footing or other bar-
rier, a minimum of one radon vent pipe shall be installed into
each separate aggregate area.

EXCEPTION: Separate aggregate areas may be considered a

single area if a minimum 3 inch diameter connection joining
the separate areas is provided for every 30 feet of barrier
separating those areas.

Section 53: As of July 1, 1991, a new Section 1721 is added

to the Seattle Building Code as adopted by ordinances 113700 and

113701 as follows:
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See. 1721. Formaldehyde Reduction Measures. In all Group R
occupancies all structural panel components of the structure such
as softwood plywood, particle board, wafer board, and oriented
strand board shall be identified as "EXPOSURE 111,1 "EXTERIOR" or
"HUD APPROVED".

Section 54: As of July 1, 1991, Section 22.100.010 SMC, as

last amended by ordinance 113700, is further amended as follows:

22.100.010 Adoption of Uniform Building Code.

The Uniform Building Code, 1985 edition, except Chapters 1, 2

and 3, published by the International Conference of Building
officials, one (1) copy of which is filed with the City
Comptroller (C.F. 295997), is adopted and by this reference made
part of this subtitle and together with the amendments adopted by
Ordinances 113701 and shall constitute the Seattle
Building code.

I

Section 55: As of July 1, 1991, Section 22.400.010 SMC, as

:!last amended by Ordinance 113702, is further amended as follows:

22.400.010 Adoption of Uniform Mechanical Code.

standards and appendices, and except for Chapters 1, 2 and 3,

The uniform mechanicai code, 1985 Edition, together with its

14 published by the International Conference of Building Officials
and the International Association of Plumbing and Mechanical

15 Officials, one (1) copy of which is filed with the City
Comptroller (C.F. 295995), is adopted and by this reference made

16 11part of this subtitle and together with the amendments adopted by

17

18

Ordinances 113703 and , shall constitute the Seattle
Mechanical Code.

Section 56: The amendment of SMC 22.700.010, SMC 22.100.010

19 land 22.400.010 shall not affect any right accrued, any time limit

for compliance, any penalty incurred or any proceeding commenced20 il

21

22

23

24

25

26

27

28

under or by the superseded provisions.

Section 57. The provisions of this ordinance are declared to

be separate and severable. The invalidity of any clause,

sentence, paragraph, subdivision, section or portion of this

ordinance, or the invalidity of the application thereof to any

person, owner, or circumstance shall not affect the validity of

the remainder of this ordinance, or the validity of its

!application to other persons, owners or circumstances.
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Section 58. This ordinance shall take effect and be in force

thirty days from and after its passage and approval, if approved

by the Mayor; otherwise it shall take effect at the time it shall

become a law under the provisions of the city charter.

Passed by the City Council the day of . . ,
19.%/,

and signed by me in open session in authentication of its passage

AP i. .... 19!-proved by me this...~. -;-4 ..... day of .... !'.

Attest: ............. ................
City Comptroller and City Clerk.

(SEAL)

18 Published ....................... By

19

20

21

22

23

24

25

26

27

28
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CAY Of Seattle

Executive Department-Off ice all Management and Budget
Andrew J. Lofton. Director

Norman B. Rice, M~yor

April 1, 1991

The Honorable Mark Sidran

City Attorney
City of Seattle

-.00001-

sl~

Dear Mr. Sidran:

The Mayor is proposing to the City Council that the enclosed legislation be adopted.

REQUESTING
DEPARTMENT Construction and Land Use

SUBJECT: AN ORDINANCE
relating to energy-efficiency, energy consmation, indoor air quality and

ventilation in building construction; amending Section 22.700.010 Seattle Municipal Code

("SMC") to adopt by reference the 1989 Model Energy Code; amending Sections 101, 103,

104, 105, 106, 201, 302, 303, 401, 402, 502, 503, 504, and 505 and Chapters 4, 5 and 7,

repealing Section 403, Chapter 6, and the Appendix, adding new Sections 107, 108, 109,

202 and new Chapters 8, 9 and 10 to incorporate the minimum requirements of the 1991

Washington State Energy Code (Chapter 5 1 -11 WAC) and the Washington State Water
Conservation Performance Standards (SHE 1397 and WAC 51-18), and to revise the

requirements for Other than Group R Occupancy; amending Sections 403, 404, 405, 406,

408, 410, 415, 417, 420, 421, 422, 423, 424, 425, 426, 601, 602, and 604 of the Seattle

Mechanical Code and adding a new Chapter 10.1 to the Seattle Mechanical Code to

incorporate the 1991 Washington State Ventilation and Indoor Air Quality Code (Chapter

51-13 WAC); amending Sections 605, 705, 905 and 1205 of the Seattle Mechanical Code
and to incorporate provisions of the 1991 Washington State Ventilation and Indoor Air

Quality Code; and amended SMC Sections 22.100.010 and 22.400.010.

Pursuant to the City Council's S.O.P. 100-014, the Executive Department is forwarding
this request for legislation to your office for review and drafting.

After reviewing this request and any necessary redrafting of the enclosed
legislatiolft,"; return

the legislation to OMB. Any specific questions regarding the legislation can be di~pqtedlo
Victoria Runkle at 4-8088.

Sincerely,

Norman B. Rice

Mayor

by

___1
e ~'.

ANDREW J. LOFT
Budget Director

AL/vr/rsf

Enclosure

cc: Director De
partment

of
Constructiorban a

sFg
at#eOffice of Managemeni and udget 300 Municipal Buildm s~q~g 8104 (206) 684-8080 An equal opportunity employer

"
Printed on Recycled Paper"



191-04-30 13:2H, EXECUSER"VE E:'lTr-~.ELL IQ~;P

Date:
4/30/91

FAX No.:
628-5067

Company:
UNICO

Atleft6on; Bob Messer

subjwt; 1991 Seattle Energy Code

M Ilib No.:

I %,, rson Elder Inc.

MechArAcal Systems Exioneers

Phone 206-483-1250
FAX 206-4-87-1825

We are
trarisn-utting

I page(s) including this transmittal cover. If you do not receive all of the

pages, I
ackas io6n as possible at 483-1250.

Bob,

I hope it's not too late to give you a comment for Sam Smith at the hearing. In addition to our
discussion the other day, if I was'tlicrt: tomorrow I would try to emphasize that the 1991 code is

first of all based on ASHRA-E Standard 90.1, which is a national, 11consensus" standard. In other

words, this represents our best consensus in the engineering community of what current energy
efficiency should be. Whille the standard was controversial, it was developed over a period of
almost ten years (1980 to late 1989) and went through three (3) national public review drafts,
DCLU co&lt;iified this national consensus standard, and then our various committees met literally
dozens of times and had hundreds of conversations and discussions, OuTmeerings were ope~l to
the public, and when we. encountered areas in the draft code that might be controversial with a

particular group, we invited them to participat,~, and give input. An example of this is the issue of

insulating warehouses that arekept at lower temperatures than normal comfort heating conditiors.
The new standaid would have n~quired fully insulating these buildings, which some of the
contractors argued would increase the costs dramatically. In response to their concerns and a
considerable arriount of cost analysis, provided by them and the commercial committee, we
achieved a compron-iise which resulted in a new code definition of "serni-heated space," which
allows for the uniqueness of warehouses, but is not as stfingent as nornially conditioned space,
This is Just one examplt (and I know you have many from your siibcoiri-nitteel of the kind of

community input that went into this document. So even more than the original standard developed
by ASHRAE, we believe this code substantially represents a Seattle community consensus, I

believe a lot of the cooperazion was a~:hieved b~cause the computer modeling requirement has been
removed. That Was PreViOUSIV the most controversial part of the code. Some of us would have
gone along with anything to get rid of that. The longer code implementation is delayed, the longer
we have to do computer modeling- Not pushing this de through Could ultimately be most
controversial thing that could occ~,ir!

Copy till

Telev,lpy-Q2futor

Susan Huntley



ADDENDUM TO ESTIMATES OF COST IMPACTS
FOR AMENDMENTS TO THE 1991 SEATTLE ENERGY CODE

(AND ACCOMPANYI140 CHANGES TO THE SEATTLE MECHANICAL CODE
AND THE SEATTLE BUILDING CODE)

15 March 1991

This addendum provides cost estimates due.to adoption of the
1991 Washington State Energy Code and the 1991 Washington
State Ventilation and Indoor Air Quality Code. These costs
are in addition to those included in the December 1990
Estimate of Cost Impacts. There are projected additional
one-time or first year costs in items 1, 6, 7 and 10e for a
total of $35000. Ongoing costs are included in item 10c for
a total of $30000 and approximately 0.25 FTE staff.

Task Hours Costs

1. TK!11~
C. Receive training

Staff training
Sgl. family plans examiners (8 x 1hr) 8 568
Multi fam. plans examiners (5 x 1hr) 5 355

6. Public Information
a. Revised bulletin preparation

303 Plan Reqlments for Single Family 10 710

7. New Forms
a. Revise forms

Target UA Form (4 pp) 10 710
Plan Cover Sheets (3 pp @ 24 x 36) 10 710

b. Copy forms
4 pages x $0.04/page x 500 copies 80
3 pages x $1.00/page x 500 copies 1500

10. Plan Review Time
C. Additional review

More careful checking of window
specifications, new review for
mechanical ventilation, radon and
formaldehyde requirements

New sgl family (700 x 5 min/proj) 58 4118
New multi fam (180 x 5 min/pro*) 15 1065
Existing resid (2100 x 10 min/proj) 350 24850

e. Learning curve (first-year costs)
Assumed to be double additional
review time above for first year

Thus additional time and cost 23 0033

TOTAL ADDITIONAL
a. One-time or first-year costs 466 34666
b. Ongoing costs/year 423 30033



Task

Existing buildings (2511 x 3 min/project)
Mechanical permits (780 x 3 min/project)
Electrical permits

(6 major projects x 30 min/project)
e. Learning curve (first-year costs)

First year time for review is assumed
to be double the ongoing time cited
above under More Complex Rules

(for all projects except new major

projects).
Thus the additional time and cost

Hours Costs

126 8946
39 2769

3 213

183 12993

11. DCLU Automated System
a. New or revised screens

Add new screen for major projects under
address code so plans examiners and

inspectors can quickly identify what
standards to use for main building per-
mit and all tenant improvement plans

(especially for lighting) which will
follow. Also generate monthly reports
summarizing project activity.

New screen 50 5000
Monthly reports 4 284

b. New Codes

12. Enforcement

a. Caseload increase

None

b. Effects on Municipal Court
None

13. InsT)ections Impacts
a. New special inspections

None
b. More items to input

See new type of inspection
C. New type of inspection

The ten major projects (2 million

square feet) per year have currently
had a variety of special features

requiring inspection. We expect that
the majority of these projects will
now follow more of a standard path,
thereby reducing the overall number of
new types of inspection. This will be
offset by new requirements for varia-
ble speed drive for some large motors
and for minimum motor efficiency, and
lower~allowed office lighting wattages
for major projects. Net impact:

- 6 -



Task Hours Costs

Mechanical inspections (100 x 5 min/project) 8 568
Electrical inspections (600 x 5 min project) 50 3550

14. Records Management/Microfilm
Will it require substantially more filing space?

None

15. New Types of-Permits

None

16. Space and Equipment Costs
a. Space costs for new staff or equipment

None

b. Cost of new equipment
None

JH: rm

901129

1:90-ENERGY.CPT/estim.1 - estim.7
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TO: Andrew
RECEIVED C

MAR 2'8 199Office of Management and Budget

ATTN: Victoria Runkle, Budget Analyst

FROM: Dennis J. McLerran, Directoe'-;Z:-_).q.-Wk.
e

SUBJECT: Revised Transmittal of Proposed Revisions to the
Seattle Energy Code

DATE.0 March 29, 1991

On January 3, 1991, we forwarded to you proposed revisions
to the Seattle Energy Code. Attached is a revised package
of nater-Lal. State law mandates that certain of these
requirements be enforced no later than July 1, 1991. We
hope that it is now possible to forward the proposal to the
City council quickly.

The proposal includes a substitute ordinance and
supplementary material for the cover memo, summary of code
changes and the cost report.

The proposed ordinance has been revised based on comments
from the Law Department. Also included are minimum
requirements from the Washington State Energy Code and the
Ventilation and Indoor Air Quality Code. This ordinance is
a replacement for the one you received earlier.

Supp'iementary material in the cover memo, summary of code
changes and cost report provides information on the impacts
of the Washington State Code changes which we are required
to enforce. This material should be forwarded in addition
to, not instead of, the previous information.

John Hogan of our Code Development and Coordination staff
has spoken with Mona Goode on the January 3, 1991 package
and Victoria Runkle on this package. He remains the DCLU
project manage for this proposal. If you have any
questions, please call him at 386-9145 or his supervisor
Kermit Robinson at 386-9146.

Included with this material is a memorandum to the Law
Department. Please make sure this goes with your
transmittal of this proposal to the Law Department as it
will help expedite its review.

X-) eqaj
of=o:,",_;r) ty

- ali-~mp~ilve r~c-_n

Saal [~e [1,9pa.ntF-, ar! t of Cc., arld a,-d 98104

id Land Use

Lofton, Director
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SUBJECT: Amended Version of Proposed Revisions to the
Seattle Energy Code

rtment of Constructio", n,,::::a -1. U Ulse

TO: Mark Sidran, City Attorney

ATTN: Pat Schneider

FROM: Dennis J. McLerran, Direct

DATE: March 28, 1991

Attached for your review is an amended version of the
proposed revisions to the Seattle Energy Code (and
accompanying changes to the Seattle Mechanical Code and the
Seattle Building Code) which were initially forwarded on
January 3, 1991. This package includes certain Washington
State Energy Code and Ventilation and Indoor Air Quality
Code requirements that we must enforce July 1, 1991.

John Hogan of our Code Development and Coordination staff
has been working with Margaret Klockars on this proposal.
We believe that we have responded to her concerns, both in
the initial proposal and in the development of this amended
proposal.

To allow adequate time for printing, staff and public
training, etc., we are anxious to have the City Council
consider this material as soon as possible. If you have any
questions, please call John Hogan at 386-9145 or his
supervisor Kermit Robinson at -386-9146.

Ar ie~~ua~ e.-P:Oyme~~; 2.c!or. ar".r..Oval'.

e

J
~ I . '0

Seatt'E De.,-a-:mem of Ccrslr~cdcn --ano -ard Use, A00 V---! a-,7a~ Seaille~ IdVasll-gt n 98104

- R-~-:2c
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TO ;

via Andrew Lofton, OMB

FROM:

SUBJECT: Adoption of Minimum Requirements in the
Washington State Energy Code and
Ventilation and Indoor Air Quality Code

Mayor Norman B. Rice

Randall W. 11ardy, Superintendent,,(,-
fl/."-Seattle City Light 111F-

Dennis J. McLerran, Director,e"
Department of Construction an

DATE: March 27, 1991

With this memorandum we are transmitting to you revisions to
the Seattle Energy Code (with accompanying modifications to
the Seattle Mechanical Code and the Seattle Building Code)
to comply with changes to State law. This proposal
incorporates the requirements of the Washington State Energy
Code and Ventilation and Indoor Air Quality Code.

State law requires that these revisions be enforced no later
than July 1, 1991. The ordinance proposed establishes an
effective date of July 1, 1991. Because of public
information needs, we would appreciate consideration and
action as soon as possible.

The State law changes primarily affect residential (Group R
occupancy) buildings. Major features include:

Better windows for all Group R Occupancy.

More floor insulation and insulated doors for
Group R Occupancy with electric heat.

Many more prescriptive options for simpler
building envelope compliance.

Higher minimum efficiencies for furnaces and heat
pumps.

Mechanical ventilation for all Group R Occupancy.

saade Cons~a;clla C Sand a n U 'e ;1
:1d;na, sea"Lle''Ala§-Jrg=~ 98104

r. i:lad o, Fecyde~ Pa--



Memorandum to Mayor Norman B. Rice
March 27, 1991, page 2

Minimum requirements for radon mitigation and
limits on formaldehyde in building materials.

Stringent requirements for change of occupancy and
use.

Strictly interpreted, one subsection of the State law
requires that when there are changes of use (such as from
commercial to residential or vice versa or adding mechanical
cooling), then the building must be brought up to the energy
standards for new construction. Another subsection requires
that initial tenant alterations comply with the new
construction requirements. In fact, however, the
controlling section allows the building official under
certain conditions to approve changes when the energy-
efficiency is improved and the change is necessary for the
welfare of the general public. We believe that this section
gives us the authority we need to address special cases so
as to achieve continuing utilization of existing buildings.

More detail on the State law changes only is contained in
the attached Section by Section Summary and Cost Report.
The Cost Report estimate is for an additional one-time or
first-year costs of $35,000, and an ongoing cost of $30,000
and approximately 0.25 FTE staff.

The attached ordinance, however, includes both these changes
and other changes which primarily affect commercial
buildings. Those changes are discussed in our earlier cover
memo (January 3, 1991), Section by Section Summary (December
1990) and Cost Report (December 1990).

State law requires that the Bonneville Power Administration
provide a payment to builders who construct electrically-
heated residential structures. This payment is made through
the local utility. DCLU and Seattle City Light are
exploring the most satisfactory means to accomplish this.

As indicated in our January 3, 1991 cover memo, a
declaration of non-significance was issued in October 1990
for our earlier proposal and no appeals were submitted.
This amended proposal is required by State law and thus is
exempt as an administrative action.

To allow adequate time for printing, revising forms,
preparing public information, staff and public training,
etc., we are anxious to have the City Council consider this
material as soon as possible. Please call John Hogan at
386-9145 if you have any questions.



RECENLw ~,,

TO: Andrew Lofton, Director
Office of Management and Budget

JAN

ATTN: Mona Goode, Budget Analyst

FROM: Dennis J. McLerran, Director"-7~

DATE: January 3, 1991

RE., Transmittal of Proposed Revisions to Energy Code

Attached for your review is the proposed readoption of the
Seattle Energy Code. The proposal was developed by this
department in conjunction with City Light. We hope you will
forward the proposal to City Council at your earliest
convenience.

The attached memorandum summarizes the proposal and includes
a summary of the budgetary impacts of the proposal. This is
followed by two ordinances. The shorter will adopt the
Model Energy Code by reference. The longer ordinance adopts
the local amendments to the model code. (Two extra copies
of the ordinances are also included.) This two ordinance
format is required by the Law Department when adopting and
amending model codes.

John Hogan of our Code Development and Coordination staff
has spoken with Mona Goode on this proposal. He will be the
DCLIT project manager for this proposal. If you have any
questions please call him at 386-9145, or his supervisor,
Yermit Robinson at 386-9146.

included with this material is a memorandum to the Law
Department. Please make sure this goes with your
transmittal of this proposal to the Law Department as it
will help expedite its review.

z-111111".

S3'a~"Is 9SIC4



TO: Mark Sidran, City Attorney

ATTN: Pat Schneider

FROM: Dennis J. McLerran, Director

DATE: January 3, 1990

RE: Proposed Revisions to the Seattle Energy Code

Attached for your review in preparation for submittal to
city Council is the proposed readoption of the Seattle
Energy Code. This proposal was developed jointly by this
Department and City Light.

Kermit Robinson of our Code Development and Coordination
staff has spoken with Pat Schneider about this proposal.

The proposal is in the two ordinance format with the first
ordinance adopting the model code by reference and the
second adopting the local amendments to the ordinance. The
ordinances are also prepared in the repeal and adoption
style.

If you have any questions regarding the proposal, please
contact John Hogan, project manager for the proposal at 386-
9145 or Kermit at 386-9146.

'a n:-

~,u'idog, Sea.,~Ie, V)asnington 98101;
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TO: Mayor Norman B. Rice
via Andrew Lofton, OMB

FROK: Dennis J. McLerran, Director, Department of ConstructiowzD,
and Land Use

Randall W. Hardy, Superintendent, Seattle City LightA

DATE: December 26, 1990

SUBJECT: Proposed Update of the Non-residential Energy Code

SUMMARY

With this memorandum we are transmitting to you our proposal for revisions
to the energy code for non-residential buildings. The proposal incorpo-
rates upgraded energy efficiency standards and other revisions based on the
latest versions of national model codes and standards. Particular atten-
tion has been paid to the types of buildings and energy conservation meas-
ures appropriate for Seattle. The proposal is based on a recommendation of
DCLU's Building Code Advisory Board (BCAB).

The proposal is based on newly updated versions of several regional and
national standards, as modified by an extensive review by City staff and
subcommittees of the BCAB energy committee. Major features of the proposal
include:

Elimination of the modeling requirement for major projects and
reduction of the additional stringency required of major projects
from 10% to about 1%.

Extension of insulation requirements to all heated spaces.

Simplified prescriptive approaches for building envelope and fan

power requirements.

Higher minimum efficiencies for beating and cooling equipment.

Higher-efficiency lighting for some uses.

Increase in stringency over current (1986) Seattle Energy Code.

The proposal is less stringent than the updated regional and national

standards in lighting requirements and in warehouse insulation.
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We believe that this proposal provides a good balance between Seattle's
needs for energy conservation, in the context of renewed regional electric

power deficits, fuel price instability, and global warming concerns, and

the building community's legitimate request that codes be practical and be

based on proven technologies.

Background.

The first steps toward this proposal originated in late 1987, in response
to concerns raised by the building community that the Major Projects
Requirement (MPR) of the current Seattle code was too complicated. (Major
Projects are commercial buildings over 50,000 square feet; the MPR requires
computer modeling of major projects and an additional 10% reduction in

energy use below ordinary Seattle code standards.) As a first step to deal

with this concern, DCLU published a Director's Rule offering a simple set
of measures as an alternative to the major project computer modeling
requirement. This set of measures was based on the most typical ones
selected by designers in earlier major projects.

These prescriptive alternatives were intended to simplify code administra-
tion for major projects until a more comprehensive update of the commercial

energy code could be proposed and adopted.

The commercial energy code update process began in mid-1989 in an environ-
ment of change in building standards and regional and local energy needs.
Since adoption of the first Seattle Energy Code in 1980, Seattle's energy
codes have been based on two national standards developed by ASHRAE.

ASHRAE/IES Standard 90 defines criteria for energy-efficient design. The
lighting criteria in Standard 90 were developed by the Illuminating
Engineering Society (IES). ASHRAE Standard 62 defines criteria for accept-
able ventilation. In 1989, new revisions of these standards had just
received national approval. The Federal Department of Energy (DoE) also
released a new standard for the design of new federal buildings which was
similar to ASHRAE/IES 90.1-1989 but was somewhat more stringent for

lighting.

In addition, the Northwest Power Planning Council (NPPC), the agency desig-
nated by Federal law to oversee electric energy resource planning in the

region, had just updated its commercial Model Conservation Standard (MCS).
The new commercial MCS is based on the updated ASHRAE/IES 90.1-1989 stan-
dard except for lighting allowances, where the DoE standard was used.

The new ASHRAE/IES and DoE standards are more stringent overall than
current codes and standards, but the exact amount is hard to determine. In

several important cases the fundamental form of an efficiency criterion was

changed--for building envelope insulation and glazing, for example, or -for

ventilating fan power limits. The resultant new standards are more

stringent than the older versions in most areas but are less stringent in
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some. Based on computer modeling of typical prototype buildings, the

ASHRAE/IES and DoE standard appears to be about 10% more stringent than the
current Seattle Energy Code.

The Bonneville Power Administration recently released its 1990 Resource

Program and associated planning studies. Based on these studies,
Bonneville concluded that the regional electric power surplus is over, and
that acquisition of both generation and conservation resources should begin
anew. Bonneville's need to make resource expenditures in the region in the

range of $200 million annually to meet projected load growth reinforces
Seattle's concern that new buildings be constructed as efficiently as

feasible.

In addition, Bonneville is studying potentially serious limitations in

transmission capacity to Seattle and the Puget Sound region. Conservation
investments could also offset the need for additional generation or trans-
mission to avoid blackouts in the Puget Sound area.

Code Review.

The public review draft of the commercial code update issued by DCLU in

September 1989 was based on the ASHRAE/IES and DoE standards as incorpo-
rated into the new commercial MCS. To review the proposed changes to the
Seattle Energy Code, the Building Code Advisory Board established an energy
committee and several subcommittees on envelope, lighting, and HVAC

(heating, ventilating, and air-conditioning) equipment. The subcommittees

thoroughly reviewed the draft, accepting many of the changes from current
code and suggesting modifications to the draft in other areas. Those sec-
tions of the code which were extensively revised to reflect conceptual
changes made by ASHRAE were reviewed particularly carefully. The BCAB

adopted recommendations on the code update in early 1990.

Unfortunately, an analysis of the energy savings secured by the code was
not available until after BCAB had made its recommendation. When the

energy savings analysis was completed it raised concerns. Our prototype
analyses of the office and retail sector showed no significant increase in

stringency.

An increase in overall code stringency should be feasible because of known
improvements in building technologies since our last code update in 1986.
The importance of energy conservation has increased during that period. A

growing awareness of global warming and of the disruptions possible in the
supply and price of fuels, are examples of factors which have heightened
conservation's importance. Staff therefore asked the BCAB to reconsider
their code recommendation in the light of the lower-than-expected energy
savings results. The BCAB subcommittees met several more times and made
recommendations which both Departments support.
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Comparison with ASHRAEZIES and DoE.

Our proposal stops short of the ASHRAE/IES and DoE requirements in a few

significant areas:

Retail lighting allowances, particularly in spaces less than 20,000

square feet, are higher than either the new IES standard (incorporated
in ASHRAE/IES 90.1) or in the DoE standard.

The DoE standard has lower lighting power allowances for almost all

occupancies than the Seattle proposal.

Warehouse insulation limits are less stringent than the ASHRAE/IES and
DoE levels, although the warehouse requirements are substantially more
stringent than in previous codes.

Comparison with Washington State Engrgy Code.

Compared with the current Washington State Energy Code (WSEC) for non-
residential buildings, the 1986 Seattle Energy Code had similar require-
ments for small buildings and was 10% more stringent for major projects.
This proposal complies with State law which requires that all non-
residential energy codes be at least as stringent as the WSEC.

State Environmental Policy Act

A declaration of non-significance was issued for the proposal in October
1990. No appeals were submitted.

Format of the Proposed Code.

The format of the proposed code matches the proposed numbering for the

Washington State Energy Code. The specific language of the code require-
ments is based on the current national Model Energy Code. The concepts
used in the model code and in the proposed Seattle code are principally
derived from the most recent update of Standard 90.1 of the American
Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE)
and the Illuminating Engineers Society (IES).

In our proposed code, language from the Model Code which is not used in the
proposed Seattle code is presented and stricken out. The stricken sections
therefore do not necessarily represent all the changes from the current
Seattle code. All notable changes from the current Seattle code are dis-
cussed in the attached section-by-section summary.
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This proposal revises only those sections of the Seattle Energy Code (and
related codes) which apply to non-residential buildings. Local government
authority to adopt new residential energy code standards was preempted by
new state legislation enacted in the 1990 session. The legislation also
directs the State Building Code Council to upgrade the residential provi-
sions of the State Energy Code; the code language embodying these changes
was approved on November 9, 1990. Local governments are required to
enforce the new language no later than July 1, 1991. When the new residen-
tial language has been incorporated into the Seattle Energy Code format it

will be separately forwarded by DCLU.

Code ImDlementation.

Code implementation will require training and other tasks to account for
the new code requirements. A summary of significant changes from the cur-
rent energy code and a cost report are also attached. While some costs
will be incurred to change to the new code, no increase in staff appears to
be required.

We recommend an implementation date two months from final approval.

This code proposal represents the contributions of many in our community
and in the region. We appreciate and commend the many hours of time which
has been given by members of BCAB and its subcommittees, and the assistance
offered by the Bonneville Power Administration and the Northwest Power
Planning Council on code issues.

We would be pleased to provide you with briefings or more information on

our recommendation.

901220
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ESTIMATES OF COST IMPACTS OF 1990

AMENDMENTS TO THE SEATTLE ENERGY CODE
December 1990

The cost estimates which follow can be subdivided into two categories: one-time or
first-year costs, and ongoing costs. One-time or first year costs include publishing
the new code, training for staff and the public, revising director's rules, public
information and forms and additional plan review and inspection time attributed to
the learning curve expected when all codes change. ongoing costs are those over and
above the current code which are expected to continue.

There are projected one-time or first-year costs in items 1, 2, 3, 5, 6, 7, 10a, 10e
and 11. Ongoing costs are included in items 10d and 13c. Staff time is converted to
cost at the rate of $71/hour. The overall estimate is for $56,000 in one-time or
first-year costs and no net increase in ongoing costs (increases offset by benefits).
The Bonneville Power Administration is projected to reimburse Seattle for $26,000
(items 1, 3, and 6), so the net cost to the City would be $30,000. A detailed break-
down follows the table.

Estimated Cost Impacts of 1990 Code Amendments
to the Seattle Energy code

Task Hours

Training
a. Prepare materials 24

b. Give training 31

C. Receive training 66

2. Copying
a. Cost for Ordinance

3. Publishing

a. Cost for Code pages

4. Map changes

a. Cartographer's time

b. New map copying costs

Costs

$ 1704

2201

4686

173

492

5. Revise Director's Rules

a. New or revised rule(s) 80 5680
b. Rescind rule(s) 4 284
C. Process rule(s) 40 2840

6. Public Infg!rmation
a. New bulletin preparation 190 13490
b. Copy costs
C. More Information for public (phones)

7. New Forms

a. Develop forms

b. Copy forms
30

3200

2130

200
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Task

8. Code Clarification Committees

a. More problems to be resolved

9. Procedural Changes
a. New or revised procedure(s)
b. Process procedure(s)
C. Create new admin. process
d. New plans routing
e. New fees

f. Additional time to process plans

10. Plan Review Time

a. Vesting impact
b. New type of decision

C. Additional review

d. More complex rules

e. Learning curve

11. Automation

a.

b.

New or revised screen(s) needed
New codes

12. Enforcement

a.

b.

Caseload increase

Effects on Municipal Court

13. Inspections Impacts
a.

b.

C.

New special inspections
More items to inspect
New type of inspection

14. Records Management/Microfilm
Will it require substantially more filing space?

15. New types of Permits

16. Space and equipment costs

a. Space costs for new staff or equipment
b. Cost of new equipment

17. Total for amendment

Hours Costs

5 355

-57 -4047

183 12993

54 5284

58 4118

a. One-time or first-year costs2
- Gross 707 55712
- EPA reimbursable (projected) 311 25763
- Net 396 29949

b. Ongoing costs/year3 1 71

I Costs are based on $71/hour of staff time.
2 One-time or first-year costs include all costs except on going costs.
3 Ongoing costs are from items 10d and 13c.
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Notes on Line Item Cost Impacts Estimate for 1990 Seattle Energy Code

Training Hours Costs
a. Prepare materials

Staff training: John Hogan/Terry Ross/Robby Liem 16 $ 1136
Public training: John Hogan/Terry Ross/Robby Liem 8 568

b. Give training
Staff training: John Hogan/Terry Ross/Robby Liem 23 1633
Public training: John Hogan/Terry Ross/Robby Liem. 8 568

C. Receive training
Staff training (*most during regular staff meetings)
Energy/mechanical section (4 staff x 15 hours) 60 4260
Building plans examiners (20 x 0.5 hours)*
Intake staff (15 x 0.5 hours)*
Electric plans examiners (2 x 1 hour)*
Building inspectors (15 x 1 hr.)*
Mechanical inspectors (3 x 2 hrs.) 6 26

Electrical inspectors (15 x I hr.)*
Boiler inspectors (5 x 0.5 hrs.)*
Code development and coordination (12 x 0.5 hrs)*
City Light (20 x 1 hr)*

23 hrs.

Public training
General (50 x 2 hrs.)
AIA (20 x 2 hrs.)
ASHRAE (40 x 2 hrs.)
iES (30 x 2 hrs.)

8 hrs.

2 Copying
Cost for ordinance

150 ordinance pages x $0.035/page = $5.25/copy x 31

Distribution (in same order as for training above)
(4) Liem, Chiu, Go, and Parast
(5) Kinsman, Kimball, Pfeiffer, Siu and Wong
(1) Blazina

(1) Blackburn

(1) Weller

(1) Westman

(2) Zempel
(1) Gentry
(4) Hogan, Robinson, Ross

(4) Pool, Fiddler, Holt and Rekhi

(6) Garcia, Gilbert, Hairston, Herzfeld and Lampe
(1) Hansen

(1) Bossart

(1) Anton

173

- 3 -



Task Hours Costs

3. Publishing
Cost for code pages

150 ordinance pages x 2/3 code

pages/ordinance page x $0.04 = $4.00/copy
x 123

(111) All listed under staff training
(6) DCLU Division Directors

(6) Fire, Water, Health, Law, OMB and Mayor 92

4. MaR CLianges

None required

5. Revise Director's Rules

a. New or revised rules

Revised:

3-87 Energy Consumption for Environmental
Review 20 1420

40-88 Standard Design for Energy Analysis 20 1420
25-90 Additions, Alterations and Repairs 20 1420

New:

?-91 Ventilation Effectiveness 20 1420
b. Rescind Rules

45-88 Minimum Pipe Insulation 1 71
46-88 Energy-Efficiency for Boilers and

Furnaces 1 71
6-89 Prescriptive Path for Major Projects 1 71

24-90 1990 State Energy Code Component
Performance Revisions 1 71

C. Process Rules

8 Rules x 5 hours/rule 40 2840

Public Information

a. New bulletin preparation
Revised:

303A Common Single Family Code Items (7pp) 5 355
304 Prefab Steel Buildings (I pg) 5 355
403 Glazing Test Values (64 pp) 50 3550
404 True Seven Day Programmable Thermostats (2pp) 5 355
405 Efficient Lighting Equipment (9pp) 10 710
406 Outdoor Air Quality and Ventilation (4pp) 5 355
407 Computer Guidelines: TRACE 500 (14 pp) 15 1065
408 Computer Guidelines: DOE-2 (15 pp) 15 1065
409 Computer Guidelines; ESAS (22 pp) is 1065
410 Computer Guidelines: HAP (17 pp) 15 1065

155 pp
New

4-- Motor Efficiency (5 pp) 10 710
Visual specialist time: 160 pagesx.25 hours/page 40 2840

b. Copy costs
160 pages x $0.04/page x 500 copies 3200

c. More information for public (phones)

- 4 -



Task Hours Costs

7. New Forms

a. Develop forms

Revised:

Heating Load Calculation Form (4 pp) 10 710

Lighting Power Allowance Form (2 pp) 10 710
New:

Cooling Load calculation Form (4 pp) 10 710
b. Copy forms

10 pages x $0.04/page x 500 copies 200

8. Code Clarification Committee
More problems to be resolved

Energy and mechanical code clarifications are
discussed every week at normally scheduled
one-hour meetings. The percent of time devoted
to each code varies from meeting to meeting. For
the first year, there will likely be more time
devloted to energy code clarification and less to
mechanical code. Building and electrical inspectors
who usually don't attend may need to attend some

meetings at first. No long-term increase.

9. New Procedures

None required.

10. Plan Review-Time

a. Vesting impact
50 projects x 6 min/project to check 5 355
date of application

b. New type of decision
None

C. Additional review

See More Complex Rules for ongoing
costs and Learning Curve for first-

year costs

d, More complex rules (ongoing costs)
Increases in the number of options for

demonstrating compliance, increases in

the number of exceptions, checking for
heat recovery and integrated-part-load-
value for mechanical equipment; offset

by reductions in the use of component
performance method, simplification of the
fan system efficiency calculations and
elimination of computer modeling requirement
for major projects.

New major projects (6/yr x -40 hrs) -240 -17040
New small commercial (60 x 15 min/project) 15 1065

- 5 -



SECTION BY SECTION SUMMARY OF
PROPOSED REVISIONS TO THE SEATTLE ENERGY CODE

(WITH COMPANION CHANGES TO THE SEATTLE BUILDING CODE
AND THE SEATTLE MECHANICAL CODE)

December 1990

The following summary addresses notable changes only
and provides a brief explanation.

Section Subject Comment
----------------------------------------------------------------
101.3.2.1 Additions The language from Director's Rule

(DR) 25-90 is included here. More
specific guidelines are provided
for calculating compliance for
either the addition alone or for
the addition plus existing
building.

101.3.2.4 Alterations The language from DR 25-90 is
and substituted here. Compliance is

Repairs allowed either with Chapter 4 or 5

or with the requirements here.
For the building envelope, the
requirements are based on the pre-
scriptive approach in Table Nos.
5-1 and 5-2. For other than Group
R occupancy, new glazing need not
comply with the shading coeffi-
cient as long as it is equal or
better than that of the other
existing glazing.

107 violations Completely revised to match
and Section 205 of the Seattle

Penalties Building Code.

201.1 Definitions Definitions are added or replaced
for about 50 terms, mostly per
ASHRAE/IES 90.1. Also references
made to the Seattle Building and
Mechanical Codes where possible
to avoid conflicts.

202 Abbreviationst New section with more than 60
Acronyms, elements added per ASHRAE 90.1.
and Symbols

302.2.1 Indoor Design Cooling temperature reduced to
Temperature 750F per ASHRAE 90.1

- 1 -



Section Subject Comment
---------------------------------------------------------------
303.1 Ventilation Ventilation requirements deleted

here, to be incorporated in the
Seattle Building Code and Seattle
Mechanical Code. See discussion
below.

401.1 Systems Major projects no longer required
Analysis to use Chapter 4.

402.1 Energy Major projects no longer required
Analysis to show 10% energy-efficiency

improvement. Reference is made
to Chapter 9 for modeling assump-
tions. See discussion below.

402.4 Calculation Modeling assumptions deleted here.
New assumptions generally per
ASHRAE 90.1 in Chapter 9.

502.1.1 Required Calculation procedures are more
Calculation explicitly stated per ASHRAE.
Procedures Zone method or correction factors

to be used for metal framing.
Examples in Chapter 10 shall be
used as the basis for all
calculations. This intent here is
for greater accuracy, more easily
achieved and better consistency.

502.1.5 Glazing For other than Group R occupancy,
U-Values glazing U-value calculations to

correspond with new area-weighted
procedure for center-of-glass,
edge-of-glass and frame components
from 1989 ASHRAE Fundamentals
Handbook.

502.2 Criteria for 1990 Washington State Energy Code
Group R amendments which have been enforced
Occupancy through Director's Rule 18-90

(and 24-90) are now incorporated
in the text.

502.3 Criteria for Standards revised to match ASHRAE
All Other 90.1, cooling loads now part of
occupancies the criteria. Primary change is

in treatment of glazing. Credit
given for thermal mass. Exception
allowed for skylights with
daylighting controls. Separate

- 2 -



Section Subject Comment
---------------------------------------------------------------
502.3 (cont.) criteria for semi-heated buildings

(i.e., warehouses) which requires
improvement over current
situation, but does not require
full insulation as ASHRAE 90.1
does.

502.3.2 Prescriptive A range of glazing percentages
Approach (20-70% max.) are listed as pre-

scriptive options. The higher
glazing percents require double-
glazing with a low-emissivity
coating or better in a frame with
a thermal break and with the glaz-
ing to have a low shading
coefficient.

502.4 Air Leakage
for All
Buildings

For other than Group R Occupancy,
revised for consistency with
ASHRAE 90.1.

503.3.1 Separate Air
Distribution
Systems

503.3.2 Simultaneous
Heating and
Cooling Zone
Controls

503.3.3 Supply
Temperature
Reset
Controls

503.3.4 Heat
Recovery
Systems

Separate air distribution systems
required for areas with special
process temperature or humidity
requirements per ASHRAE.

Exceptions have been modified.
VAV systems required to have fan-
powered terminal units and to be
capable of reducing the flow to
the minimum for outside air before
reheating takes place. Constant
volume systems and areas with
specified humidities required to
have heat recovery if system and
outdoor air percent are large.

Supply temperature reset controls
required for both air and hydronic
systems per ASHRAE.

Heat recovery required for systems
over 5000 cfm if outdoor air
supply is 75% of the total air,
per a combination of DR 6-89 and
ASHRAE 90.1 systems analysis pro-
totype HVAC system assumptions.
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Section Subject Comment
---------------------------------------------------------------
503-14.1 Minimum HVAC Minimum HVAC efficiencies revised

Equipment per a condensation of ASHRAE 90.1
Efficiencies and the National Appliance Energy

Conservation Act, includes both
1989 and 1992 efficiency tiers,
and integrated part-load values.

503.5.1 Fan System Transport efficiency now determined
Design in watts/cfm per ASHRAE. Value
Criteria ranges from 0.8 for constant

volume systems to 1.25 for VAV
systems. Calculation of space
sensible cooling load is no longer
required. Systems with 10 hp, or
less are exempted. Variable speed
capability required for motors 15

hp and larger per ASHRAE systems
analysis prototype HVAC system
assumptions. Exemptions allowed
for systems with inlet vane fans
and 0.90 watts/cfm.

503.7.1 Economizer Either an air or water economizer
Controls system is required for 'most

buildings per ASHRAE. Economizer
systems shall be capable of pro-
viding partial cooling even when
additional mechanical cooling is
required to meet the load.
Exemption for heating systems with
a partial economizer in buildings
with breakeven temperature of
400F.

503.8.3.4 Off-hour Per ASHRAE 90, areas with non-
Controls simultaneous use for over 750

hours/year required to have
isolation devices to independently
control each zone.

503.9 Duct Ducts required to be insulated when
Insulation difference between temperature

in duct and surrounding air is
more than 15 degrees per ASHRAE
90.

503.11 Pipe Revised per ASHRAE 90.
Insulation

4



Section Subject Comment
------------------------------------------------------------------------

504.2.1 Water Heater
Performance
Efficiency

Standards updated to match
National Appliance Energy Conser-
vation Act.

504.2.3

504.7.2

504.8.

505.2.1

505.2.2

505.3.1

505.3.2

Combination
Water Heating/
Space Heating
Equipment

Pipe
Insulation

conservation
of Hot Water

Electrical
Distribution
System

Electrical
Motors

Criteria revised per ASHRAE 90 as
to when these systems are accep-
table. They must comply with both
space heating and water heating
efficiency requirements.

Pipe insulation now required for
first 8 feet of non-circulating
service water heating systems per
ASHRAE 90.

Both flow rate and controls
revised to match SHB 1397 and
ASHRAE 90.

Requirements not added for sub-
metering (presumed included in
City Light requirements).
Requirements not included for
transformer loss calculation
estimates.

Requirements added for minimum
motor efficiency as ASHRAE/IES
90.1 has now done. Requirements
cited here for energy-efficient
motors as defined by NEMA.

Lighting No trade-offs of exterior lighting
Budget to gain interior lighting. Credits
Development for automatic lighting controls

deleted.

Building Two compliance variations now
Interiors allowed: gross floor area and

usable floor area. Space-by-space
IES 90.1 method not included.
Separate categories established
for libraries, schools, mall con-
course and food service. current
format retained with only one unit
lighting power allowance (ULPA)
for each occupancy description,
except that retail has three
ULPAs. ULPA is higher for small
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section Subject Comment
----------------------------------------------------------------

505.3.2 (Cont.)

505.3.3 Exceptions
to Interior
and Exterior
criteria

505.3.4

505.4

701.1

901 and
902

Building
Exteriors

Lighting
Switching

Standards

Assumptions to
be used with
Chapter 4

Systems
Analysis

retail spaces, lower for schools,
workshops, office-type spaces
(major projects with special
requirements) and warehouses.
Other values similar. Threshold
for height bonus generally
lowered. Special merchandise
bonus added for retail spaces over
20,000 square feet. ULPA's gener-
ally comply with IES 90.1, except
for retail. Most ULPA's do not
comply with the Commercial Model
Conservation Standards.

Exceptions completely revised and
expanded per IES 90.1 and BCAB.

Exterior lighting power allowances
comply with IES 90.1, lower for
parking garages, higher for
facade, surface parking and
circulation.

Lighting switching requirements
almost completely revised per
IES 90.1. Daylight zone require-
ments retained but modified so as
to allow single-level switching.

List of reference standards updated.

The assumptions listed here would
replace those currently in Chapter
4 and in Director's Rule 40-88.
The material is drawn primarily
from Section 13 of ASHRAE/IES
Standard 90.1. Two options are
now allowed for the base case
building: the prototype and the
reference building. The key dif-
ference is that prototype building
would have the HVAC system type
listed here while the reference
building would use the same HVAC
system type as the proposed
design.

- 6 -



Section Subject Comment
-----------------------------------------------------------------

1001 to Required This chapter corresponds with
1009 Assumptions Appendix C of the Model Energy

for U-Value Code but is totally revised
Calculations paralleling the Washington State

Energy Code and is new to the
Seattle Energy Code. It provides
total assembly U-values for a
variety of roofs, walls, floors,
and doors. The residential assem-
blies are taken from the BPA ref-
erence manual for the Super Good
Cents program. The commercial
assemblies and correction factors
are based on ASHRAE Standard 90.1.
By providing this reference with
the code and requiring its use,
the preparation and review of cal-
culations ought to be easier and
more consistent.



SEATTLE BUILDING CODE REVISIONS

Section Subject Comment
----------------------------------------------------------------
416 Definitions Add definition of "occupied zone"

per ASHRAE Standard 62-1989.

423 Definitions Add definition of "ventilation
effectiveness" per ASHRAE Standard
62-1989.

514

605

705

905

Outdoor Air Add a new section and new Table
Requirements No. 5-F to incorporate outdoor air
for Ventilation requirements from ASHRAE Standard

62-1989. This standard was
recently adopted by the Washington
State Building Code Council.
Current outdoor air requirements
are based on the 1973 version of
this standard and do not reflect
current knowledge about indoor air
quality.

Ventilation Change reference to Section 514.

Ventilation Change reference to Section 514.

Ventilation Change reference to Section 514.



SEATTLE MECHANICAL CODE REVISIONS

Section Subject Comment
-----------------------------------------------------------------
403 Definitions Delete "appliance, solid fuel

burning".

408 Definitions Revise "fireplace" per WSEC,
delete "fireplace insert" and
"fireplace, zero clearance".

421 Definitions Delete "solid fuel", add "solid
fuel burning appliance" per WSEC.

425 Definitions Add "wood stove" per WSEC.

514 Fireplaces Add a new section with the
and Solid Fuel requirements from Section 411 (h)

Burning and (i) of the WSEC.
Appliances

601 Combustion Add references to Section 514,
Air Supply delete conflicting language.

602 Dampers Add reference to Section 514.

JH: ik
901016
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ADDENDUM TO
SECTION BY SECTION SUMMARY OF

PROPOSED REVISIONS TO THE SEATTLE ENERGY CODE
(WITH COMPANION CHANGES TO THE SEATTLE BUILDING CODE

AND THE SEATTLE MECHANICAL CODE)
18 March 1991

The following summary is a supplement to the December 1990
summary. This summary addresses notable changes only and
provides a brief explanation. Some material here may supersede
that in the previous summary. These requirements are mandated by
State law. For the actual proposal, refer to the ordinance.

Section Subject Comment
------------------------------------------------------------

101-3.2.1 Additions compliance allowed to be calculated
with existing building if addition
is less than 750 sf per 1991
Washington State Energy Code
(WSEC).

101.3.2.3

101.3.2.5

201.1

402.6

Change of

Occupancy
or Use

New stringent requirements for
change of occupancy or use to
comply with new construction
requirements per 1991 WSEC.

Roof insulation required if
roofing is removed to the
level of the sheathing per 1991
WSEC.

Building
Envelope
Alterations

Definitions

Systems
Analysis
for Group R
Occupancy

502.1.4 Insulation
Installation

Definitions added or revised per
1991 WSEC.

New section with detailed
modeling assumptions provided
for annual energy analysis for
residential-type spaces per 1991
WSEC.

More detailed specifications -

attic hatches to be insulated, wall
insulation to be face-stapled,
floor insulation to be in contact
with floor, radiant slabs to have
R-10 insulation under entire slab
per 1991 WSEC.



Addendum to Section by Section Summary
18 March 1991, page 2

Section Subject Comment
------------------------------------------------------------

502-1.5 Glazing Testing methods updated, some
U-Values new sizes listed, transition

periods specified per 1991 WSEC.

502.2 Criteria for Multiple prescriptive path
Group R compliance options offered
Occupancy for 10-30% glazing area range

(current code has only one
prescriptive path), base case for.
Target UA tradeoff compliance
option has 0.65 glazing U-value for
gas/oil/heat pump and 0.40 glazing
U-value and insulated doors and R-
30 floor insulation for electric
heat per 1991 WSEC.

502.4 Air Leakage Lighting fixtures recessed in the
building envelope to meet air
leakage requirements per 1991 WSEC.

503.4.1 Minimum HVAC Furnace efficiency raised to 78%
AFUE, heat pump HSPF raised to 6.6
for single package and 6.8 for
split systems per 1991 WSEC.

503.8.3.5 Heat Pump Programmable thermostats
Controls required for heat pumps per 1991

WSEC.

503.9 Duct R-8 insulation for ducts on
Insulation exterior or in unconditioned spaces

for Group R Occupancy per 1991
WSEC.

503.11 Pipe R-3 insulation for all pipes,
Insulation both hot and cold water, which are

located outside of the conditioned
space per 1991 WSEC.

801 Computer Suggested software for Group R
Software Occupancy annual energy analysis

per 1991 WSEC.



Addendum to SecLion by Section Summary
18 March 1991, page 3

Section Subject

ACCOMPANYING SEATTLE MECHANICAL CODE CHANGES
(Supersedes December 1990 Summary)

Comment
-----------------------------------------------------------------

403-426 Definitions Add approximately 30 definitions
per 1991 Washington State
Ventilation and Indoor Air Quality
Code (WSVIAQC) and 2 per ASHRAE
Standard 62-1989.

601

602

604

10.101-
10.106

-----------------------------------------------------------------
.ACCOMPANYING SEATTLE BUILDING CODE CHANGES

(Supersedes December 1990 Summary)

section Subject Comment

Combustion
Air supply

Location

Location

Ventilation
and Indoor
Air Quality

Add references to Chapter 10.1 and
delete conflicting language.

Add reference to Chapter 10.1.

Add reference to Chapter 10.1.

Add a new Chapter 10.1 which
specifies mechanical ventilation
for all Group R occupancy and
adopts the 1989 version of ASHRAE
Std. 62 for all other occupancies
per 1991 WSVIAQC (with slight
revisions to text for other than
Group R Occupancy per DCLU Building
Code Advisory Board
recommendations).

-----------------------------------------------------------------

605,705,
and 905

Ventilation Change reference to Chapter 10.1 of
the Seattle Mechanical Code.

1205

1720

1721

Ventilation

Radon

Formaldehyde

Require compliance with mechanical
ventilation requirements in Chapter
10.1 of Seattle Mechanical Code.

Add requirements for minimum radon
resistive construction per 1991
WSVIAQC.

Add limitations on formaldehyde in
building materials per 1991
WSVIAQC.



Office of the Mayor
C1tV of Seattle

Na r man B. R~ i c e,
M a y or

April 12, 1991

The Honorable Paul Kraabel, President

Seattle City Council

City of Seattle

01-11-01

Dear Councilmember Kraabel:

SI
10

I am pleased to send to you a proposed comprehensive update of the Seattle Energy
Code. This is the first major rewrite of the City's energy-related code provisions since

1986. 1 see these initiatives as a good beginning for a very ambitious goal: to make
Seattle the most energy-efficient city in the nation. Every citizen today will benefit

from reduced energy bills for heating, cooling and lighting -- and the benefits will

continue for decades. These improvements will also help the nation and the world meet
ever more pressing environmental problems.

The new code provisions will upgrade energy efficiency requirements for most of the

important energy-using components of new buildings, will bring the Seattle code into

conformance with national model codes and standards, and will simplify code

administration. Taken together with new conservation initiatives, the new code

complies with the updated requirements of the Northwest Power Planning Council's

Model Conservation Standards. The code also brings the Seattle residential energy
code into compliance with new provisions of state law. The code provisions were

developed by the Seattle Department of Construction and Land Use, working closely
with the Building Code Advisory Board, Seattle City Light, the Bonneville Power
Administration, and the Northwest Power Planning Council.

This proposed code is only one of several important new energy conservation

initiatives, for both new and ex
-

isting buildings, underway in Seattle today. Seattle City

Light has brought forward several new programs in the last 18 months, usually in

cooperation with Bonneville, the federal regional electricity supplier. In 1989 the

Lighting Design Lab was opened to provide advocacy and design service for efficient

and innovative lighting designs. In addition, Seattle City Light has recently added
dollar incentives to its Energy Smart Design program for new commercial buildings.

An equal emo.pioyment opportunity
- affirmative action employer.
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The Honorable Paul Kraabel

Page Two

April 12, 1991

These incentives will provide about half of the additional cost of electricity

conservation measures which go bQLond the requirements of the energy code. More

than $3 million annually is budgeted for investment in the energy future of new Seattle

buildings through this program -- an investment which will also boost the local

economy. More new initiatives are in planning. We hope soon to be able to expand

this program to provide an additional $3 million per year for a comprehensive incentive

program to conserve electricity in existing commercial buildings, and to upgrade the

lighting in multifamily residential buildings.

The new code provides a crucial underpinning for incentive programs, by assuring

ratepayers that the additional features represent a real improvement on the status quo.

The code also qualifies builders of new residences to receive payments to cover their

extra costs in the early years of the new code.

I want to thank the citizens and members of the building community who have helped

us develop the provisions of this new energy code proposal.

Sincerely,

cc: Randall W. Hardy, Superintendent, Seattle City Light

Andrew Lofton, Director, Office of Management and Budget
Dennis McLerran, Director, Department of Construction and Land Use

Tom Tiemey,Deputy Chief of Staff, Mayor's Office

Lawrence G. Gunn, Director, Energy Management Services Division, Seattle

City Light



SEATTLE CITY ATTORNEY
MARK H. SIDRAN

F-MMORMDUN

TO: Andrew J. Lofton, Budget Director

FROM: Margaret Klockaro-Assistant City Attorney

RE: Review of Proposed Energy Code Amendments

DATE: April 3, 1991

We have completed review of the proposed Energy Code

amendments. Because of the technical nature of the subject
matter of this legislation, the Law Department's review and

approval is limited to form.

VIK/ks
Energy.mov



TIME AND DATE STAMP

SPONSORSHIP

THE ATTACHEO DO~~~~SPONSQM-06--'~OrFILING WIT~JT
1 9#OiRY"COUNC L Y

FOR CITY COUNCIL PRESIDENT USE ONLY

COWMEE(S) REFERRED TO:

f- c In ?,q

PRESIDENT'S SIGNATURE



STATE OF WASHINGTON - KING COUNTY

No.

Affidavit of Publication

The und'orsigned, on oat'i ;,iates that he is an

authorized ~qpresentaliv,-- of T11-- Da-'.'.-y JuiArna", of Comm,,--i-ce, a

daily rmxspaper, A.Thii-h nevvspap~,- i~,
-., lc~gai nev.rspaper of geileral

MuIahon and A is now and has moi,,- ;han AX raonths

Prim to am date of puMcwkn hoeinaftei, t ~~d io. pubhshedin

the E-, language Continuously as a daily newspan,,i- ii~ Scatfk,_g

King Con.inty. Washington, nuid it hnww and durig At A said Me
was Qaed in an office -.-,a~,.:qtained at the aforwaid place of

pubficati,or, of i-his nexspaper. 71-c-
D~.-tily

R-)urnfal of Commf-'3-~,~e

was on, Vic 12th day of Jun? 1941, a-p-,woved as a lega, n~~ws

by We Supuior Cont of Mg Wumy.

'rhc notic- in -hc exact forin annexed, waspublis~i,.--d in regialar

issws of The DAly Journal .-)f Commercc, whht -as regWarly

disobuted to iis a-ming the Orlu-,,v siaicd pcriod. Tl.-t:

annexed nodec, a

was published on

The amount of the fee charged for the foregoing publication is

am surn of whjch?arno-.-~ytQ~as iotc~l in !'u1L

Subscribed and swof n to before me on

Vbtary llublli~~ '.'~-iv -thc S~,z-,,, o~

rVivag ja QM'~C

Al-fidw, it of Publication



......... .

177-

-"Zan

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

8

ONE, am= 4 Sw

Ask No
'Tw0val c

-WWI logWSW

jam

Am F,~;.

it

SAM

oj~.a hm

,w. ISI

apt

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

of seattle'"

ow nq 4""JMA,

ago MIS

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

t,o

Mz

.......
040.t

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

.......

.......... kaa~kl'

d.
yo.q .0*enn

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

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

"know
.. ...............

....

tib
to 'MAP

the

mwp;

Am.XAM
-M&amp; UWE

6"u ...........

_~~Jyz 0 'go
MOM

. . .... . ...

wood R

Mu..


