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PREFACE 

This doc~MMnt IS 1 reprOduction of the Washington State Energ.y Code, 
Chapter 51-12 WAC. The official copy of Chapter 51-12 WAC Is on file 
with the Washington State Code Reviser, legislative Building, AS-15, 
OlYJ11Ph, WashIngton 98504. In transcrl bl ng thiS copy of the WashIngton 
State Entrg.y Code, care hu been taken to Insure that a true and 
correct copy hiS been published. However. tr an error occurs between 
Chapter 51-12 WAC on file with tht Wuhl ngton State Code Reviser and 
this publication, the offlchl doc.-nt on file will govern. 

Atty reprint or use of portions of the uterhl contained herein shall 
be pt,..IUtd only after obtaining written approval frOM Wuhlngton 
Association of Building Offlchh • 

First Printing 
March 1986 

Wuhln9ton Association of Building Officials 
1322 lllrrl son Avenue Northwest 

P.O. Box 7310 
Ol}'llllh, Washington 98507 
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1986 EDITION 

100. TITLE. 

Ch1pter I 
ADMINISTRATION AND ENFORCEMENT 
SCOPE AND GENERAL REQUIREMENTS 

100-102 

Th1 s COde sha II be known as the "State Energy Code" and may be cited as 
such; and will be referred to hereIn as "thl s Code. • 

101. INTENT. 

The purpose of this COde Is to provide Minimum standards for new or 
altered buildings and structures o,. portions thereof to ach1eve eff1clent 
use of energy. 

It Is Intended that these provisions provide flexibility to perMit the 
use of lnnovlt he approlches and technl ques to a chi eve effect he 
utilization of energy. These provisions are structured to pennit 
compliance with the Intent of this Code by any one of the three paths of 
design. 

C011Pl IInce with 1ny one of these paths Meets the Intent of thf s Code. 
This COde Is not Intended to abridge any safety or health requirements 
requl red unde,. any othe,. app 11 cab 1 e cOdes or ordl nances. 

The provisions of this COde do not consider the efficiency of various 
energy fonos u they are delivered to the bul 'dlng envelope. A 
deter11lnatlon of delivered energy efficiencies In conjunction wlth this 
Code will provf de the most effl cf ent use of ava 11 ab 1 e energy In new 
buf ldlng construction. 

lOZ. SCOPE. 

This COde sets forth 10lnii1Uft1 requirements for the design or new 
buildings and structures that provide facilities or shelter for public 
assembly, educational, business, mercantile, Institutional, storage and 
residential occupancies, IS well as those portions of factory and 
Industrial occupancies designed prl011r1ly for hU!111n occupancy by regu lat ing 
their exterf or enve 1 opes and the se 1 ect 1 on of their HVAC, serv ice water 
heating, electrical distribution and illuminating syste•ns and equipment for 
effective use of energy. 

Buildings shall be designed to coonply with the requirements of enher 
Ch1pter 4, 5, or 6 of this Code. 

(1) Ex.-pt Buildings . Buildings and structures o,. portions thereof 
meeting any of the following criteria shall be exempt from the building 
envelope requirements of Sections 402 to 405 Inclusive, and Sections 601 
and 605, but shall COIIIPlY with 111 other requirf1M!nts for bufld fng 
1111chanlcal systems, service wate- heating 1nd lighting systems. 

1. Buildings and structures or portions thereof whose peak rles l gn 
rate of energy usage fs less than three and four tenths ( 3.4 ) 
Btu/h per square foot or one point zero ( 1.0) watt per square foot 
of rl oor area for 1ll purposes . 

2. Buildings and structures or portions thereof which are neither 
huted nor cooled by a depletable energy source, Including 
buildings heated with woOd with Installed backup or supplemental 
heating utiliZing a depletable energy source provf1ed that: the 
depletable energy use complies with the requ l rements of exemption 
(1) . 
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(b) Appl1Cit1on to Existing 8u11dtngs. 

I. Additions to Existing Buildings. Addit1ons to uhttng buildings 
or structures 10ay be mode to such bulldings or structures without 
lfti~ing the entire bu1lding or structure comply, provided that the 
new a ddt t ions sha 11 conform to the pro vis 1 ons of this Code. 

2. Historic Bu1ld1ngs. The Bu1ldlng Official Ny IOOdHy the spec1ftc 
require.,.nts of this Code for historic butld1"9S and require 1n 
11 eu thereof alternate rotqui rements which wtll resu 1 t 1 n a 
reasonable degree of energy efficiency. 

Thh llodtrtcation moy be allowed for those buildings which have 
been specifically designated as historically significant by the 
state or local governing body , or listed in "The National Register 
of Historic Places• or which have been determined to be eligible 
for listing . 

(c) Alterations and Repairs. Initial tenant alterations shall comply 
with the new construction requlrtMnts of this Code. Other alterations ano 
repairs uy be •ade to existing buildings without N~lng the entire 
building coooply with all of the requirements of this Code for new 
but I dings, provided the following rotqulrHlents are met: 

I. Build ing Ennlope. The result of the alterations or repairs (I) 
1111Proves the energy efficiency of the building and (2) coonplies 
with the overall average therul trans•lttance values of the gross 
area or the ele•nts of the exterior building envelope In Table 
4-2, 4-3, or 4-4 of Chapter 4 or the nominal R values in Taoles 
6-1 or 6-S and U values In Table 6-2 or glazing requtre,.nts in 
Table 6-5 of Ch apter 6. Where the structural el..,.nts of the 
altered port 1 ons of roof /cell I ng, wall or floor are not bet ng 
replaced , these el-nts shall be de....:! to c~ly with this Code 
H all txistlng fratolng cavities which are upond during 
construction are filled to the full depth with batt Insulation or 
Insulation havi ng an equivalent noootnal R value while, for 
roof/cetltngs , maintaining t he required space for ventilation. 
Existing roof/cetltngs , walls and floors without fre10lng cavities 
need not be insuhted. 

2. Building Mechanical SysteM. Those parts of systems which are 
altered or replaced shall coq~ly with this Code. Heating 
equt pNnt effictenclts for low-r ise residentIal occupancy 
butldings shall coq~ly with the Minlllllll efficiency requir-nts of 
Table 6-4. 

3. Servi ce Water Heating. Those parts of systems which are altered 
or replaced shall coq~ly with Section 420. 

4. Lighting. Those parts of system whi ch are altered or replaced 1n 
butldi ngs I nit hlly constructed subject to the requt re,..nts or 
this Code shall comply with Section 425. Other rtfOodels or 
rephcemtnts of lighting syste10s which are part or a substantial 
rellodel shall comply with Section 425. In addition, other 
rellodels or replace01ents which affect the lighting syste"' or an 
entire floor shall COf'C)ly with the lighting power budgets 
specified In Table No. 1-18. 

The Building Offlchl lftly approve designs of alterations or repairs 
which do not fully conforlft with all or the requirements or this Code where 
in his/her opinion full conforNnce Is physically Impossible and/ or econo­
•lcally impractical and: (1) the alteration or repair Improves the energy 
efficiency of the building; or (2) the alteration or repair is energy eff1-
ctent and Is necessary for the health, safety , and wei fare or the general 
publIc . 
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1986 EDITION 1D3-106 

103. CONFLICTS IIITH OTHER CODES • 

In addition to the requirements of this Code, buildings must confo1'111 to 
the provisions Included In the State Bu11d1ng Code (Chapter 19.27 RCW and 
Chapter 51-16 WAC). In case of confll cts between the Codes 11 s ted 1 n 
Chapter 51-16 WAC and this Code, the provt stons of the Codes 11 sted In 
Chapter 51-16 WAC shall govern. Provided, In the case of conflict between 
the vent 1 h1t 1 on requl reooents of this Code and vent 11at 1 on requt rements of 
Sections 605, 705, 905 and 1205 of the Untfo1'111 8u11dlng Code , and the duct 
tnsuhtlon requirements of this Code and the duct Insulation requirements 
of Section 1005 of the Uniform Mechanical Code, the ventilation and duct 
Insulation requirements of this Code, or where appltcable, a local 
jurlsdl ct I on's energy code shall govern. 

104. MATERIALS AND EQUIPMENT. 

(a) Identification. All materials and equipment shall be Identified 
In order to show cOflll)ltance with this Code. 

(b) Maintenance lnfo,..tlon. Required regular 1111intenance actions 
shall be clearly stated and Incorporated on a readtly accessible label. 
Such label uy be 11•1ted to Identifying, by title or publtcatlon number, 
the operation and ulntenance unual for that particular model and type of 
product. Maintenance Instructions shall be furnished for any equipment 
which requires preventive Nlntenance for efficient operation. 

105. ALTERNATE MATEUALS--ME'THOD Of COIISTRUCTIOII, DESIGN 011 INSULATING 
SYSTEMS. 

The provls 1 ons of thl s Code ue not 1 ntended to prevent the use of any 
INterhl, 1111thod of construction, design or Insulating system not 
specifically prescribed herein, provided that such construction, design or 
Insulating systN has been approved by the Bu11dlng Official as ,..etlng the 
1 ntent of the Code. 

The Building Official NY require that sufficient evidence or proof be 
sublftltted to substantiate any c laims that NY be Nde regarding performance 
capabilities • 

106. PLAIIS AND SPECIFICATIONS. 

(a) General . When required by the Building Offlcjal, plans and 
specifications shall be submitted with each application for a building 
permit. The Building Official may require plans and specifications be 
prepared by an engineer or architect licensed to practice by the state. 
All energy calculations submitted under the provisions of Chapter 5 for 
other than low-rise residential occupancy buildings shall be prepared by an 
engineer or architect ltcensed to practice by the state. All plans and 
speclfl catIons, to get her wl th support 1 ng data, shall be submt tted to the 
8u11d1ng Official prior to Issuance of a building permit. 

(b) Details. The plans and specifications shall show In sufficient 
detail all pertinent data and features of the building and the equipment 
and systems as herein governed Including, but not ll01lted to: design 
criteria, exterior envelope coooponent materials, U values of the envelope 
systems, R va 1 ues of I nsu lat I ng Nterh Is, s lze and type of apparatus and 
equlp,..nt, equipment and systems controls and other pertinent d.ea to 
Indicate conforunce with the requirements of this Code. 

{c) The Building Official may accept the professional stamp of an 
arch! teet or engIneer 11 censed to do bus 1 ness In the state 1 n 11 eu of a pI an 
and spec HI cat I on check If the eng1 neer or arch I teet stIpulates to the best 
of his know I edge, understandIng, and be 11 ef, the desIgn meets the 
requirements of this Code. 
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107. INSPECTIONS AIIO ENFOIICEHEIIT. 

(a) '-neral. All construction or >OOr~ for which 1 p~nolt Is ~qui rea 
shall be subj&et to Inspection by the Butlatng Offlclll. 

(b) Avthor1ty. Local legislative authorities are authorized and 
directed to enforce this Code. Local legislative authorities a~ 
authorized to prOIIUigau, adopt, and Issue those rules and regulations 
necessary to the eff&etive and efficient ldlllnlstritlon of this Code. 

(c) Inspections . All buildings constructed under the provisions of 
this Code a~ subject to 1 ft nal Inspect 1 on for COIIIP I lance wl th this Code. 
The Building Official hiS the authority to establish procedu~s for 
acceptIng substantlll cooopl lance with this Code In lieu of a final 
Inspect I on. 

108. SEVERABILITY. 

I r any provls I on of thl s Code or Its app liCit I on to any person or 
circUMstance Is held Invalid, the 1'81linder or this Code or the application 
of the provision to other persons or cl rt1111st1nces Is not aff&eted. 

109. VIOUTIOIIS. 

It shall be unltwful for 1111y person. fino, or corporation to erect or 
construct any building, or rwodel or ~hlbilltite any ulstlng building or 
structure In the state, or allow the s- to be done, contrary to or In 
violation or any of tht provisions of this Code. 

ElCE,TIOII: As provided In Section 3, Chapter 144, Ltws of 1ges, a 
city, town or county ••Y aaopt an alternative energy code If the 
conditions set forth In the statute a~ noet. If a less energy 
effl ctent alternate energy code Is adopted on the basts that this Code 
Is not cost-eff&ettve, the city, tOWt, or county shall su~lt 
doc~~~entatton of the relative cost-effectlveMSS to the State Building 
Code Council for review and c011111tnt prior to adoption. 

110. LIABILITY, 

Nothing contal ned In thl s Code Is Intended to be nor shall be construed 
to create or ro,.,., the basts for any liability on the part of any city or 
county or Its officers, emp l oyees or agents' for any Injury or dat~~age 
resulting from the failure of 1 building to confo"" to the provisions of 
this Code. 
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19B6 EDITION 

200. ;ENERAL. 

Chapter 2 
DEFINITIONS 

200-203 

For the purpose of this Code, certain abbreviations, ten~~s, phrases, 
words and thet r derivat hu sha II be construed as speci fled 1 n this 
section. Words used tn the singular include the plural and the plural the 
stn9uhr. Words used tn the Nscultne gender Include the fe,.tntne and the 
fe..intne the Nscu11ne • 

201. A. 

ACCESSIBLE (as applied to EqutptMnt). Allowing close approach, not 
guarded by locked doors, elevation or other effective means. (See READILY 
ACCESSIBLE.) 

AIR COHOITIONIIIG. The process of truttng at r so as to control 
s111Uitaneously its teq~erlture, hu~t~1d1ty, cleanliness and distribution to 
~~~eet requt r-nts of the cond1t 1 oned space • 

AIR TRAIISPCIIT FACTCII. The ratio of the rate of useful sensible heat 
rt1110val frooo the cond1t1 oned space to the energy input to the supply and 
return fan 1110tor(s), upresSitd 1n consistent units 1nd under the designated 
operating conditions. 

ANNUAl FUEL UTlllZATIOII EFFICIENCY (AFUE). The a110unt of energy 
delivered to the dwelling in the fon~ of useable heat, as a percentage of 
the total energy Input of the fuel consu•d . AFUE refers to a perfon~~~nce 
rating required under tl'ie provhion. of the National Energy Policy and 
Constrvltton Act (NECPA), Pub. L95·619. AFUE 's taken fr0111 the "Energy 
Gut de" published by the Gas Appl lance llinuhcturers ' Assocht 1 on (GAHA) 
meet this definition. AFUE's apply to all central residential sized 
furnaces (Inputs of Ius than 225,000 Btu/h). 

ASHAAE . AMr1can Society of Heating, Refrigeration, and Atr 
Conditioning Engineers , Inc • 

AUTOMATIC, Self-acting, operating by its own Mchanhm when actuated 
by SOIII 11111ersonal Influence, as for euiiiPlt, 1 chlnge tn current strength, 
pressure, ttiiiPtrlture or •chanicll configuration. 

202. I. 

BOILER CAPACITY. The rate of heat output tn Btu/h ~~~easured at the 
boiler outlet It the design pressure and/or temperature and rated fuel 
Input • 

IUILDIIIG ENVELOPE. The el~Nnts of a building which enclose 
conditioned spaces through which then~~~l energy may be transferred to or 
fr0111 the uteri or. 

IUILDIIIG OFFICIAL. The officer or other designated authority charged 
with the adllll nistrat 1 on and enforctftlent of this Code, or his duly 
author1 zed representative. 

203, c. 

CLERESTORY. A wtndow placed htgh 1n a wall or projecting fr0111 a roof 
plane, to admit daylight into the Interior of a butldlng. 

COEFFICIENT Of PERFMKANCE (COP). See Section •11 for vari ous 
definitions of COP. 

s 
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CONDITIONED SPACE. Arty horizontal or vertical projection or any 
comblnitlon of that portion of interior space which Is conulned within 
uteri or walls ana whl ch Is huted or cooled at rect ly or I ndl rect ly oy an 
ene~-uslng systM. 

204. D. 

DEGREE DAY, HEATING (DOH). A unl t, based upon tMPerature at fference 
and tiM, used In estl•atlng fuel conSUIIIptlon and specifying nOOtlnal 
heating load of a building In winter. For any one dey, when the ooean 
te.perature fs less than 65°F there ulst as •any Degree Days as there are 
Fahrenheit degrees difference In teoperature between the mean teoperature 
for the day and 65°F. 

DEPLETAIU ENERGY SOURCES. (See ENERGY SOURCES.) 

205. E. 

EFF ICIEIICY, OVERALL SYSTEM. The rat 1 o of the usefu 1 energy (at the 
point of use) to the thenul energy Input for 1 designated tllllt period, 
expressed 1 n percent. 

ENERGY. The capacity for doing work, taking a nll!llber of fo,..s which 
111y be transfonoed fi'OII one Into another, such IS the,..al (hut), 
11echantcal (work ) , electrical; In custooury units, Measured In 
kilowatt-hours (kWh) or British the,..al units (Btu) . 

ENERGY EFFICIENCY RATIO (EER). The ratio of net cooling upaclty In 
tltu/h to total rate of electric Input In watts under designated operitlng 
conditions. When International SystM of units are used this becomes equal 
to COP. (See COP.) 

ENERGY SOURCES. llondepletabh ene~ sources are sources of energy 
(excluding alnerals) derived fr0111: (I) lnc0111lng solar radiation, 
Including, but not lialted to, natural dayltghtlng end photosynthetic 
processes, (2) tne~ sources resulting fr0111 wind, waves ana tides, lake or 
pond thenul differences; and (3) energy derived from the Internal heat of 
the earth, Including nocturnal thtnul exchanges. Depletable ene~ 
sources are all other sources Including natural gas, oil, coal, llqulfled 
petroleUM gas, and any utll tty-supplied electricity. Wood Is 1 
nondepleUble energy source within the 11•1tat1ons of Section 102 (1)2. 

ENERGY, NEll. (Set HEll ENERGY.) 

ENERGY, RECOVERED . (Set RECOVERED ENERGY.) 

UFILTRATION. The uncontrolled outward atr leakage through cracks and 
Interstices In any building el-nt such as around soleplates, wall 
outlets, duct systtlftS, windows and doors of a building, caused by the 
pressure effects of wind and/or the effect of dt fferences In the Indoor and 
outdoor at r dens tty. 

EITEIIIOR ENVELOPE. (See BUILDING ENVELOPE.) 

206. F. (RESERVED.) 

207. G. 

GENERAL liGHTING. lighting designed to provide .., approxlaately 
unlfo,.. level of IllUMination tn an area. 

GLAZING AREA. Total area of glazing measured using the rough opening 
and Including the glass, the sash, and the fr-. 

6 

• 

• 
• 
• 
• 
• 
• 
• 



• • 

• 
• 
• 
• 
• 
• 
• 

1986 EDITION 207-212 

GROSS FLOOR AREA. Th SUIII of the areas of the floor-s of the building, 
including basements, mezzanin" and intermedhte-floorl!d t11!r-s and 
penthouses of headroom height, meuured from the exterior faces of exterior 
walls or from the centerline of walls separating buildings: PROVIDED, 
That: 

Covered wal kw~,ys, open roofed-over areas, porches and s1m11 ar spaces 
and features such u pipe trenches, exterior terraces or steps, 
ch1lltle}'3, roof overhangs, etc., shall be excluded. 

GROSS WALL AREA. The vertical projection of the exterior wall area 
bound! ng 1nteri or space which 1 s cond1t 1 oned by an energy-using system; 
Includes op~que wall, window, clerestory, and door areas. The gross area 
of exterior walls consists of all opaque wall areas, includ i ng fully 
Insulated foundation walls above and below grade, between floor spandrels, 
peripheral edges of floors, window areas, including sash, and door areu, 
where such surfaces are exposed to outdoor air and enclose a heated or 
mechanically cooled sp1ce Including 1nter-st1thl 1re1s between two such 
spaces. 

208. H • 

HEAT. The fof"'ll of l!nergy that h transferred by virtue of a 
tell!perature difference. 

HEAT STOIIAGE CAPACITY. The abi11 ty of aass to absorb heat dur1 ng 
overheated periods and store 1t for release during undl!rhuted periods, as 
calculated 1n Sec. 402 (d)6. 

HEATED SlAB. A slab on grade containing heated pipes, ducts, or 
electric heating cables that constitute 1 radiant slab or portion thl!rl!of 
for COIIIPltte or p1rthl heating of the structure. 

HEATED SPACE. Space, within 1 bu11d1ng, which h provided with a 
positive hut supply to •1intain 11r teooperature of so•F (10°C) or higher. 

HEATIII6 SEASON PERFORMANCE FACTOR (HSPF). The total hut1ng output ( 1n 
BTU) of 1 heat p...., during its normal 1nnual USige period for heating 
div1ded by the total (watt hour) electric power input during the sne 
period. When specified in BTU output per watt hour Input, an HSPF of 6.826 
Is equivtlent to an HSPF of 2.0 watt hour output per watt hour Input. 

HUMIDISTAT. An instrument which measures changes In h1111idi ty end 
controls a device(s) for maintaining a desired h1111idity. 

HYAC. Heating, vent1hting and air conditioning. 

HYAC SYSTEM. A S}'3ttto that provides either collectively or 
Individually the processes of comfort heeting, ventihting, end/o r eir 
cond1ti on1 ng wlthl n or associated with a bull d1 ng. 

209. I. 

IIIFILTRATJOII. The uncontrolled Inward a1 r leakage through cracks and 
Interstices In any bu11d1ng ~lement and around soleplates, wall outlets, 
duct systems, w1ndows and doors of a building, caused by the pressure 
effects of wind and/or the """ct of dHf,.rences 1n the Indoor and outdoor 
a1 r density. 

210. J. (RES£RYED.) 

211. lt. (RESERVED.) 

212. L. 

LOW-RISE RESIDENTIAL. S1 ngle and lllllt1f am11y occupancy ( R-3 and R-1) 
in buildings thrH stories or less. 
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213. M. 

MAIIUAI.. Capable of being operated by persona l i ntervention. 

214. II. 

NEll ENERGY. Energy, other than recovered energy, ut t It zed f or the 
purpose or heating or cooling. 

NOIClEPLETA8U ENERGY SOIJIICES. (See ENERGY SOUACES.) 

215. 0. 

OCCUPANCY. Set UBC deftnltton. 

OPAQUE AltEAS. All areas of a building envelope whi ch enclose 
condtt toned space, ucept openIngs for wl ndows, skyll gilts, doors and 
building service systttH. 

OUTSIDE AIR, Air taken fr0111 the outdoors and, therefore, not 
previously circulated through the HVAC syste11 of a building or structure • 

OVERALL SYSTEM EFFICIENCY. ( See EFFICIENCY, OVERALL SYSTEM. ) 

216. P. 

PACICAGEO TERMIIW. AIR..CONOITIONEII'. A factory-assembled coooblnatton of 
heatIng and coolIng tC~~~~~onents. asselllb 11 es or sectIons, Intended to serve a 
roo. or 1 zone. 

PASSIVE COOLING. Cooling, hu•ldlflcatlon, and/ or deh1111ldlf l catlon of a 
conditioned space using •tniNl III!Chante~l assistance. 

PERM. A •asur-nt of water vapor pe"-lbillty for 1 particular 
Mttrhl with 1 spec HIt thickness. One peno equals the transfer of one 
grain of water vapor tl'irough one square foot or Nterhl In one hour with a 
ont inch •rcury vapor pressure difference fr0111 one sldt of the material to 
tile other. 

PERMEABILITY. Water vapor per~~~eabil tty ts a lfttasure of the puuge of 
water vapor througn 1 substance. Wilen per•ablltty vartts wtth 
psychr081trlc conditions, the "spot" or "specific penneabiltty" defines the 
property at a sptclftc condition. Permeability Is measured tn penn inches. 

POSITIVE HEAT SUPPLY. Hut suppl ted to 1 space by design or by heat 
losses occurring fro. energy-consu11lng systems or coonponents assoc iated 
wlth that space. 

~R. In connection with Nchlnes, the tiN rate of doing work. tn 
connection with the transmission of energy of all types, the rate at which 
energy is transMitted; In customary units, it Is •asured i n watts (w) or 
British therNl units per hour (Btu/ h ) . 

217, Q. (RESERYEO.) 

218. R, 

READILY ACCESSIBLE. Capable of being ruth qui ckly for operat i on 
renewal, or I nspect Ions, without r&qut r l ng those t o wh001 ready access Is 
r&qutslte to c118b over or re.-,ve obstacles or to resort to portabl e 
ladders, cha1 rs, etc. (Set ACCESS! BLE .) 

RECOMEIIO. Suggest as appropriate; not requt red. 

RECOV£REO ENERGY. Energy utll tzed whi ch would otherwise be wasted f r001 
an energy ut t llut I on systttll. 
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REGISTERED ENGIIIEER. A prof@sslonal engineer licensed to practice In 
the State of WashIngton and knowl edgeab 1 e and sk 111 ed f n the use of the 
methods and practices associated with the specific engineering discipline 
being practiced. 

REHEAT. The application of sensible heat to supply afr that has been 
previously cooled below the t_...,erature of the conditioned space by either 
mechanical refrigeration or the Introduction of outdoor af r to provide 
cooll ng. 

RESTAURAIIT. A building or portion of a building principally used for 
the retlll preparatl on and servf ce of food or beverages. 

ROOF ELEMENT. A roof element shall be considered as a component of the 
roof/ceiling envelope, excluding clerestories, through which heat flows, 
thereby creating a building transmission heat loss or gain, where such 
assembly Is exposed to outdoor air and encloses a heated or mechanically 
cooled space. 

ROOF ELEMENT, GROSS AREA Of. The gross area of a roof element consists 
of the total Interior surface of such element, Including skylights, 
excluding clerestories, exposed to the huted or mechanically cooled space • 

RDOfl AIR COIIIITIDIIER. An encased assembly designed as a unit primarily 
for IIIOUntlng In 1 window or through a w11l, or as a console. It Is 
designed pri111rily to provide free delivery of conditioned afr to an 
enclosed space, rooa or zone. It Includes a prflllt source of refrigeration 
for cooling ~nd dehlllfdHfcltfon and 11111ns for ctrculltfng and cleaning 
1fr, lnd may Include ooeans for ventflltlng and heating. 

219. s . 
SEQUEIICE. A cons@cutfve series of operations. 

SERVICE SYSTEMS. All energy-using systems In a building that are 
operated to provide servf ces tor the occupants or processes housed the ret n. 
Including HVAC, service water heating, fllo.lnatlon, transportation, 
cooking or food preparation, hunderlng or sloofhr functions • 

SERVICE WATER HEATING. Supply of hot water for domestic or COIIIIM!rcf al 
purposes other than comfort heating. 

SERVICE WATER HEATING DEMAIIO. The maximum design rate of energy 
withdrawal from a service water heating system tn a designated period of 
time (usually an hour or 1 day). 

SHADED. External protection of glazing aru from direct solar 
radiation by use of devices perm1nently 1ffhed to the structure or by an 
adj1cent building, topographfcll feature or vegetation • 

SHALL. Where shall Is used In specific provision, that provision Is 
mandatory. 

SHOULD. llot 11andatory but desf rable as good practice. 

SKYLIGHT. A clear or translucent panel or slope set tn the plane of a 
root to admit daylight Into the Interior ot a building. 

SLAI Oil GRADE ( f n a huted space ) • Any port 1 on of a slab poured 1 n 
contact with the ground where the top of the finished slab Is less than 12 
Inches below the final elevation of the nearest exterior grade. 

SOUR EIIERGY SOURCE. Source of thermal, chemical or electrical energy 
derived directly frOifl conversion of Incident solar radiation. 

9 
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SUBSTANTIALLY REMODELED OR REHABILITATED. Any alteration or 
restorat f on of a buf I df ng or structure wf thin any 12 month perf od, the cost 
of which exceeds 60 percent of the current replacl!fM!nt value of the 
particular bufldfng or structure. 

SYSTEM. A combination of equipment and/or controls, accessories, 
Interconnecting means, and terminal elements by which energy fs transformed 
so n to perf om a spec iff c funct f on, such as HVAC , servf ce water heat f ng 
or 1111Mftfnatfon. 

220. T. 

TERMINAL ELEMENT. The means by which the transformed energy fr0111 1 
system fs finally delivered; f.e. , registers, diffusers, lighting fixtures , 
faucets, etc. 

THERMAL RESISTANCE (R). The resistance of a material to heat flow, 
measured as the Inverse of heat flow per unft area, per unft tfme, per unit 
tttllperature difference across the thickness of material considered. In 
this Code, R hu units of sq. ft. hr. •FtBtu. 

THERIIAL TRANSMITTANCE (U). Overall coefficient of hut transmf ssf on 
(air to air) expressed In units of Btu per hour per square foot per degree 
F. It Is the time rite of heat flow. The U value applies to combinations 
of different •aterfals used fn series along the hut flow path, single 
Materials that comprise a bufldfng section, cavity afr spaces, and surface 
air films on both sides of a bufldfng element. 

THERMAL TRANSMITTANCE (U0 ). Overall (average) heat transmfss1on of a 
gross area of the exterior building envelope, expressed In units of Btu per 
hour, per degree F per square foot of exterior bufldlng envelope. 

The U0 value applies to the combined effect of the tfme rate of heat 
flows through the various parallel paths, such as windows, doors, and 
opaque construction areas, coonprfsfng the gross area of one or more 
exterior building components such as walls, floors, or roof/ceflfng. 

THERMOSTAT. An Instrument which measures changes In temperature and 
controls devlce(s) for ma1ntafn1ng a desired temperature. 

221. u. 

U VALUE . See THERIIAL TRANSMITTANCE. 

UNIFORM BUILDING CODE. Regulations promulgated by the International 
Conference of Bufldlng Officials and covering the ffre, life and structural 
safety aspects of all bufldlngs and related structures. 

UNIFORM MECHANICAL CODE. Regulations promJlgated by the International 
Conference of Bufldfng Officials and contafnfng requirements for the 
Installations and maintenance of heating, ventilation, cooling and 
refrf geratfon systems. 

UNITARY COOLING ANO HEATING EQUIPMENT . One or more factory-made 
assembl fes which may Include an evaporator or cool fng coil, a compressor 
and condenser coooblnatlon, and may Include a heating function as well. 
Where such equipment 1s provided fn more than one assembly, the separate 
asstftlbl les shall be designed to be used together. 

UNITARY HEAT PUMP. One or more factory-made assemblies wnfch normally 
Include an Indoor conditioning cofl, compressor(s) and outdoor col l or 
refrigerant-to-water heat exchanger, Including '"eans to provide both 
heating and cooling functions. It fs designed to provide the functions of 
af r-ef rculatfng, al r cleaning, cooling and heating wfth controlled 
temperature, and dehumidifying, and may optionally Include the function of 
humidifying. When such equipment fs provided fn more than one assembly, 
the separate assemblies shall be desf gned to be used together. 

10 
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222. v • 

VAPOR BARRIER. See VAPOR RETARDER. 

VAPOR RETARDER. A vapor retArder Is a material, or a system of 
co10p0nents w1th1 n a bull dl ng e 1 ement, which restrl cts the trans fer of water 
vapor fr011 one side of the retarder to the other side with a rating of 1.0 
perm dry cup rat 1 ng or 1 ess. 

223. II X Y Z • 

WllllOW TliERIW. TESTING. U values for Class 75 or Class 60 glazing 
shall be the tested values for thenu 1 transml ttance due to conduct I on 
resulting from either the American Architectural llanufacturers Association 
(AAMA) IS03.1-lg8Q test procedure or the American Soc! ety for Testing 
Materials (ASTM) C236 or cg76 test procedures; testing shall be conducted 
under established 11lnter horizontal heat flo11 test conditions using the IS 
11ph wind speed and product sa!IIPle sizes specified under .MMA 1503.1-1980. 
Testing shall be conducted by a certified testing laboratory. Sealed 
Insulating gins, where used, shall confor• to ASTM E-774-81 level Cor 
better • 

ElCEPTIOII: U values for sl te built fhed lites shall use 11lndow 
thenul test results when available. If tested results are 
unavailable, tht Building Otrlchl shall require documentation based on 
1 tested value of a COIIPirlblt window. 

ZOIIE. A space or group of spaces 11fthl n a buildIng 111 th hut I ng and/or 
cooling requlrt~~tnts sufficiently slmtlar so that comfort conditions can be 
maintained throughout by a single controlling device • 

11 
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Ch•pter 3 
DESIGN REQUIREMENTS 

300. GENERAL. 

Thts Chapter establishes design criteria In tenns or the thennal 
perfonunce or the various COI!IPOnents of a building. 

301. MUTED All) COOLED BUILDINGS. 

A bufldfng designed to be both htlted and cooled shall •eet the more 
stringent of the hutlng or cooling requirements provided fn thfs Code. 

302. CLIMATIC ZONES. 

Clf1111tfc Zones are based on heating degree days; therefore, SOf!>l! local 
devhtfon ••Y be necesury to reflect actual conditions. Some count11s 
have cltfes/towns which are both above and below 6,000 Degree Day, Heating 
(DOH). They have been placed In thef r respect he zones on the basts of 
aver~e DOH IS derived by weighing DOH by each town's 1980 populltlon. 

The following shell be used for calculltlons and prescriptions required 
under this Code. 

(a) Zone t consists of the following counties: Asotin, Benton, 
Chelan, Chll.,, Clarft, Col'*>h, Cowlitz, Douglas, Franklin, Garfield, 
Grays Harbor, Island, Jefferson, King, Kltsap, Kl lckltat, Lewis, Huon, 
Pacific, Pierce, S.n Juan, Skagit, Sk11111nh, Snoh0111fsh, Thurston, W•ll• 
Walh, Wlhkhk ... , WhatcOIII, hkf1111. 

(b) Zone II consists of the following counties: Adams, Ferry, Grant, 
Kfttftls, Lincoln, Ohnogan, Pend Oreflle, Spokane, Stevens, Whitman. 

ElC£PTIOtl : The local jurisdiction 1111y euthorize an alternate zone 
for application of energy cOde requirt~~~tnts In arees where heating 
degree days are above 6,000 In Zone I and 6,000 heatIng degree days or 
below fn Zone II. The adoption of a spKiffc cl1mnlc zone shall be 
desIgnated •s part of the Ordinance adopted by the 1 ocal governing 
body. 

303. DEPARTURES. 

Departure from the crfterh of thfs chapter Is pennftted 1f the 
substitute dati Is doc1111ented and presented to the Building Ofricfal for 
hf s/her concurrence. 

304. D£SIGN PAilloHETERS. 

The following design parameters shall be used for calculations required 
under this Code. 

(a) Indoor design tmperature shall be 70"F for heating and 78"F for 
cooling. 

(b) Indoor design relative h1111fdlty for heating shall not e.ceed 30 
percent. 

(c) The heating or cooling outdoor design tt~~Peratures shall be 
selected fro. 0.6 percent col.., for winter and 0.5 percent col.- for 
s._r fro. the Puget Sound Chapter of ASIIIAE publication •RecOI!t!ltnded 
Outdoor Oesf gn Te..,eratures, Washington State , ASHRAE. • (Set also 
Wash! ngton State Energy Code Manual.) 
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lOS. VEMTllAT!DII . 

The outdoor air q111nt1t1es specified in Table 3-1 for each type of 
occupancy shall be used as a •tni.,• for design. Then quantities are for 
100 percent outdoor 11 r vent I lit 1 ng systMS, but a reduct I on to 33 percent 
of the spec1fted values for rectrcuhting HVAC syste111s Is pe,..1tted. In no 
case, shall the outdoor air quantities be less than 5 CF" per person. 

The •lnl.,• require•nts for openable area to provide natural 
ventilation are specHie in the 1985 UnHor. Building Code as adopted by 
the State of Washington. All kitchens and bathrooms without nitur'41 
ventilation in Group R Occupancy spaces shall be provided with exhaust fans 
or other ventilation syst..s approved by the building official having a 
capacity of not less than that specified In Table No . 3-1. (See USC 
Section 1205.) Venti latlon requt rements for other occupancy spaces 1111y be 
,.t using opertble openings u provided in the USC. 

Where a mechanical ventilation systet~ is Installed, the mechanical 
vent II at 1 on systttl shall be c.pab le of supp lyt ng to each zone vent t lat ton 
air with the •lnlftllll outdoor air quantities specHted in Table No. 3-1 
based upon the greater of the occupant dens 1 tIes In that table or the 
design occupant density. The outdoor air shall be ducted directly to very 
air handling unit in each zone not provided with sufficient openable area 
for nuurtl ventilation. The ~~~axt.,,. outdoor air quantities used as the 
basis for calculating the heating and cool tng design loads shal I not exceed 
three tl•s the quantities specified In Table No. 3-1. 

EXCEPT!DII: If outdoor air quantities other than those specified in 
Table No. 3·1 are used or required because or special occupancy or 
process requi rnents. source control of air cont111i nat ion, health, and 
safety or other standads, the required outdoor air quantities shall be 
YStd u the bnls for calcYlatlng the heating and cooling design loads • 

13 
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fable No. 3-1 u in ucerpt fr0111 ASHAAE Standard 62-73, "Natural and 
Mechanical Venttlat i on• published tn 1973. StandarG 62-73 tS no longer in 
prtnt. ..SHAAE now reCOI"fflenGs the use of Standard 62-81 ·vent t ht ton ror 
acceptable Indoor Air l)ualtty• for i~~proved venttlatton destgn. 

TABLE NO. 3-l 
AlA QUANTITIES FOR VENTILATION! 

Single Unit Dwellings 
Genertl II vI ng ueu, bedrooms 
Kltchens2 
Baths, tot let rooou2 
BueNnts, ut lllty rooms 

Multiple Unit Dwellings 
Genertl II vi ng ueu, bedroooos 
Kltchens2 
Baths, toll et rooou2 
8utMnts, ut 111 ty roo11s 

Mobile HOMS 

Ballrooas 
Public 

Banks 
Vaults 

Est tlllilted Occupancy • 
persons per 1000 ft' 
Use only when design 
occupancy Is not ~nown 

RES !OENTIAL 
(Private ~ell tng places, 
single or multiple units) 

COMMERCIAL 

100 

Barber, Beauty and Health Services 
Beauty shops (hal r dressers) 
Reducing salons (exercise rooms) 
Sauna baths and stea11 ro010s 
Btrber shops 

so 
20 

2S 

Bowling Alleys 
Seating area 

c-nlcatlon 

14 

TV /rtdlo oroadcut i ng booths, 
rtdlo stud I osB 

Motion picture and TV stages 
Pressrooas 
C~os i ng rooms 
Engraving shops 
Telephone swl tchboard r00111s 

(Nnual) 
ftltphone switchgear rooms 

(1Ut00\lt1C) 
Ttletypewrtter/facslmt le rooms 

70 

20 
20 

100 
30 
30 

50 

Outdoor At r 
Aequ i remen t s 

cfll/person 

s 
20 
20 
s 

s 
zo 
zo 
s 

cf•/ft2 floor 
I.S 

cf•/person 

15 

5 

25 
25 

5 
1 

IS 

30 
30 
IS 
1 
1 
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TABLE NO. 3·1 (cont.) 
AIR QUANTITIES FOR VENTILATION1 

Dry Cluners and 
COI!I!Ierctal6.7 
Storage/pickup 
Cot n-operated 7 

Drug Stores 

Laundrte:. 

areas 

Phar1111clsts' work rooms 

Est !maud Occupancy • 
persons per 1000 rt< 
Use only when des 1 gn 
occupancy 15 not known 

COIIIERC I AL 

10 
30 
20 

10 

Food Markets, Supe,..rkets, etc. 
Meat prousslng rooms3 

Food S.rvt c:u 
Ot n t ng Ro0411S 
Kttchens6 
Cafeterias, short-order, 

drive-Ins, seating ueas, 
and queut ng uus 

Bars (predominantly stand-up ) 
Cock tat 1 lounges 

Guages, Auto Rtpa t r Shops, 
Service Suttons 

Parking garages (enclosed ) 
Auto repair workroonos (general )g 

Service station otrtces 

~ut- and Arenas 
Playing rloors - 111lntmal or 

no seattng 

Locker r0001s 

Spectator areas 
Ra011ps, foyers and lobbies 

Hotels, llotels, Resorts 
Bedr0011s (single, double) 
Ltvtng rooes (suites) 
Baths, tot lets (attached to 

bedrooms )Z 
Corridors 
Lobbies 
Conference r001115 ( sn~all ) 
Assembly ro0111s ( large) 
Publ tc rest r00111S 
Cottages (treat as stngle-untt 

dwell ings) 

lce-sht t ng and Curlt ng Rt nks ll 

10 

70 
20 

100 
150 
100 

20 

70 

20 

150 
150 

5 
zo 

5 
30 
10 

140 
100 

10 

3-1 

Outdoor AI r 
Requ1 rements 

cf•/person 

20 
1 

15 

20 

10 
30 

30 
30 
30 

cf•/ft2 floor 
1.5 
1.5 

cftD/person 
1 

20 
cf•/locker 

30 
cf•/person 

20 
10 

7 
10 

20 
5 
1 

20 
15 
15 

10 

15 
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TABLE 110 . 3-1 cont. ) 
AIR QUANTITIES FOR YENTILATION1 

---------------------·-----· 

Merch1ndlst ng 
Sa les floo r s and snowro001s 

Est IIIIi ted Occup1ncy • 
persons per 1000 ft<. 
Use only wnen deSign 
occup1ncy 1 s not known 

COitERCIAL 

(buement 1nd s t reet fl oors l 30 
S1les floors 1nd snowro001s 

(upper f 1 oars ) 20 
Stora ge arus (serving sales 

floor s 1nd storeroO<fts l 
Oress 1 ng ro001s 
Ha lis 1nd arcades 40 
Shipping lnd receiving 1reas 10 
Warehouses 5 

Offtcu 
Genera 1 offl ce sp1ce 10 
Conference ro001s 60 
Or• ft t ng r0011s, lrt roc.s 20 
Ooctor 's consu 1 tat ton r0001s 
Watttng ro001s (doctors

1 
ttnploy-

.ent 1genctu , et).l 30 
L tthogrtph1 ng roOIIS 20 
Ot u o prtnt tng rooms 20 
COIIPUttr rOOIIS 20 
Ktypuncht ng ro001s 30 
Publ tc rest rooms 100 

Photo Studt OS 

C1mera rooms. stages8 10 
O~rkro001s 10 

Pool RoOIH 25 

Roller Rtnksll 70 

Shoe Rtpl t r Shops 10 

Spech 1 ty Shops 
Pet snaps 

Flor tsts 4 10 
Greenhouses 4 , 5 1 

Sw1•1ng Pools (tndoor)ll 25 

Tennis, Squuh, H1ndb1ll 
Courts ( t ndoor) 

16 

ilutdoor AIr 
~equ 1 remen t s 

5 
7 
7 

15 
7 

15 
25 

7 
10 

10 
7 
7 
5 
7 

15 

5 
10 

20 

10 

10 

Cfll/ ft 2 fl oor 
1.0 

cf•/ person 
5 
5 

15 

20 

. I 
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TABLE 110. 3-l (cont.) 
AIR QUANTITIES FDR VENTILATIDNI 

Est1Nted Dccupancy1 
persons per 1000 ft'. 
Use only when des1 gn 
occupancy 1s not known 

COitiERCIAL 

Theatres 
T1 cket booths 
Lobbies (foyers and lounges) 
Aud1tor1Ullls (in motion picture 

theat res, legitimate theatres, 
lecture, concert and ope ra 
halls - no s1110king) 

AuditoriUIIS (s1110king penoitttd ) 
Stages (with proscen1 um and 

curtains)B ,lO 
Green roo.s and workrooms 
Pub tic rest r0011s 

Transportat 1 on 
Waiting ro0111s 

Garages 
Ticket and baggage areas , 

corr1 dors and gate areas 
Control towers 
Hangers 12 
Pub 11 c rest rooms 
Platfono 
Concourses 
Repair shops 

ISO 

ISO 
ISO 

70 
20 

100 

50 

so 
so 

2 
100 
ISO 
ISO 

lNSTITUTIOIIAL 

Hosp1tlls, Nursing and Convalescent 
Foyers 
Hallways 
Single, dual bedr00111s 
Wards 
Food service centers 
Operat 1 ng r00111s, de 11 very rooms 14 
Ready rOOOM, recovery roooas 14 
Mphltheatres 
Physical therapy areas 
Autopsy rooms 
Incinerator service areasl5 

Milltlry and !laval lnstlllat1ons 
Barr~cks 

Toilets/washrooms 
Shower roOIOS 
Or111 halls 
Ready rOOIOS, MP stations 
Indoor target ranges 16 

Muse1111s 
Exhlblt halls 
Workrooms 
Warehouses 

Ho.s 
50 
so 
IS 
20 
20 

100 
20 
10 

20 
100 
100 
70 
40 
70 

70 
10 
5 

3-l 

Outdoor A1 r 
Requirements 

s 
20 

s 
10 

10 
10 
IS 

IS 
cf•lft2 floor 

I.S 
cf•/person 

IS 
2S 
10 
IS 
10 
10 
10 

cf11/person 

20 
20 
10 
10 
35 
zo 
IS 
10 
15 
30 

5 

7 
15 
10 
15 

7 
zo 

7 
10 

5 
17 
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TABLE NO. 3-1 (cont. ) 
AIR QUANTITIES FOil VENTILATION ! • Est , .. ted Occupancy~ 

persons per 1000 ft 
Use only when des i gn Outdoor Ai r 
occueancl 1 s not known Aegu l relll@nts 

INSTITUTIONAL 

cfM/person • Prl sons 
Cell blocks 20 7 
Eatt ng halls 70 IS 
Guard sut•ons 40 7 

Reset rch InstItutes 
Laboratories (11 ght -duty, 

nonchemi cal ) 13 50 I S • Laboratories (che11ical )13 so IS 
Laboratories (hea•y-duty ) l3 so IS 
Laboratories ( radi ol so tope, 

chemically and biolog i cally 
to•i c) l3 so IS 

Machine shops so IS 
O~rkr-s, sv~ctroscopy roOOH so 10 
An1 .. 1 r-s 20 40 

Schools • Clusrooms so 10 
Nultlple use ro0111S 70 10 
Laborator1 es 13 30 10 
Craft shops, voca! I onal 

training shops! 30 10 
Nus I c, rehea ru 1 rooms 70 10 
Audltorlu01s ISO 5 • GymnaslulllS 70 20 
Lt brarles 20 7 
Comton rooms , lounges 70 10 
Offices 10 7 
La•atori es 100 IS 

Locker ro001s 20 
cf•llocktr 

30 

Lunchrooms, dl n I ng hill s 
cf•/person 

100 10 
Corrl dors so IS • Ut Ill ty rooms 3 s 
Oorml tory bedrooms 20 1 

Vetertn~ry Hosptuls 
Kennels, sullsl4 20 25 
Oper1t l ng r~14 20 25 
ReceptIon ro0111s 30 10 

• 
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TABLE NO. 3-1 (cont.) 
AIR QUANTITIES FOR VENTILATION1 

EstiNted Occupancy• 
persons per 1000 ft'. 
Use only when design 
occupancy is not known 

Outdoor Air 
Requ i rement s 

Churches , Tnples (See Theaters, 
Schoo 1 s and Offices) 

Levhlathe Halls 
Legis lathe chambers 
COIMiittee rooms and conference 

rooms 
Foyers , corridors 
Offices 
Press 1 ounges 
Press/radio/TV bOoths 
Public rest rooms 
Prl vate rest rooms 

Pollee and Ft re Stations 
(See Prl sons and Mill tary 
Instal lit 1 ons) 

Sur~h•l Shelters14 

OR6ANIZATIONAL 

70 

70 
50 
10 
20 
20 
20 

20 

20 
20 
10 
20 
20 
15 
20 

1. Der~ved fr001 ASHRAE Standard 62·73, alphabetized for ease of use. 
2. Independent of r0001 size; Installed capacity for Intermittent use. 
3. Spaces maintained at low temperatures (·10"F. to +50"F.) are not 

co~ered by these requirements unless the occupancy Is continuous. 
Ventilation froon adjoining spaces Is pemlsslble . When the occupancy 
is lnterllllttent , Infiltration will noMMlly exceed the vent ilati on 
requl rement. 

4. Maximum allowable concentration (MAC) for sulfur di oxide • 30 
ml crograms/meter3. 

5. Ventilation to optimize plant growth may dictate requirements. 
6. Exhaust to outside; source control as required. 
1. Installed equipment must incorporate positive exhaust & control (as 

requl red) of undes i rab 1 e contaml nants (toxIc or otherwise). 
8. Ther~~al effects probably determine requirements. 
g , Distribution ooust consider worker location and concentration of 

running engines; stands where engines are run must Incorporate syste"'s 
for positive engine exhaust withdrawal. 

10. Speclil ventilation will needed to eliminate special stage effects 
(e.g., dry Ice vapors, Mists, etc.). 

11. The san~e for al r supported structures. 
12. Special solvent and exhaust probletOS handled separately. 
13. Special contaminant control systems may be required. 
14. Special requirements or cOdes may determine requ~rements. 
15. Spec Ia 1 exhaust systems requl red. 
16. Floor area behind firing line only • 

1g 



400-402 WASHINGTON STATE ENERGY COO£ 

Ch1pter 4 
BUILD ING DESIGN BY COMPO NENT PERFORMANCE APPROACH 

(STANDARD DESIGN) 

400. GENERAL. 

The crfterh of this Chapter establish the minimum requirl!f!M!nts for 
the,.,.al design of the exterior envelope of bui ldings and for HYAC systems 
and fts parts. 

401. (RESERVED.) 

402. OVERALL THERMAL PERFORMANCE AND BUILDING ENVELOPE REQUIREMENTS. 

(a) The stated U0 u l ue of any one element of a bull ding. such as 
roof/ceiling, wall or floor, may be increased and the U0 value for other 
coonponents decreased provided that the overall heat gain or loss for the 
entl re building envelope does not exceed the total resulting from the 
conformance to the stated U0 values. 

(b) Where return air ceiling plenums are l!ft1)1oyed, the roof/ceiling 
asselllbly area shall: 

1. For thenul transmittance purposes , not Include the ceiling proper 
nor the plen1111 space as part of the assembly; and 

2. For gross I rea purposes , be based upon the interior face of the 
upper plen1611 surface. 

(c) U0 values 1 is ted in Tables 4 -2 , 4-3, and 4-4 refer to componPnt 
assembly only. Credit for buffering from adJacent unheated spaces is not 
allowed when calculating U0 values. 

(d) Exemption for Passive Solar futures. Glazing areas which meet 
all of the following crfterh may be ex~ted from the U0 c alculat ions. 
Exempted glazing shall not be included In the gross wall area. 

20 

I. For buildings that have Electric Resistance heating systems , the 
glazing area must have a tested therma l transmittance (U) value of 
less than .61. For other heating systems, the glazing area need 
not be tested, but must be double glazed. (See Section 403(e).) 

2. The south glazing shall be o riented within 45 degrees of tnJe 
south. 

3 . The glazing shall be mounted at least 60 degrees up from the 
horl zont al. 

4. The glazing shall have a transmiss ion coefficient greater than or 
equal to 0.80 for visible light or greater than or equal to 0.73 
for total solar radhtion. 

5. Doc...,..ntation shall be provided in the fonn of a sun chart, a 
photograph, or approved evidence, demonstrating that the glazing 
area st11ll not be shaded for at least 4 hours bet.,.en 8 a.m. and 
4 p.m. standard tIme on J anuary 21 and March 21. 

6. The but ldlng shall contain a heat cap1clty equivalent to at least 
20 Btu/degree F-ft2 for each square foot of south glazing when the 
south glazing area is bet.,.en 10\ and 14S of the buildings gross 
floor area, and at least 45 Btu/degree F-ft2 for each square foot 
of south glazing when the south area glazing exceeds 14 percent of 
gross floor 1rea. This heat storage capacity shall be located 
Inside the insulated shell of the StnJcture and not covered with 
insulation materials, such as carpet, which yield an R value of 
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1.0 or greater. If the storage medium is not within the space 
containing the south glazing, an approved nnural or mechanical 
111eans of transferring the heat to the heat storage medium shal 1 tie 
provided. Heat storage capacity shall be calculated using the 
below equation and/or accepted analytical methods : 

HS • 0 x SH x V 
Where: 
HS • Heat Storage. The heat storage capacity available 

Inside the insulated space. 
V • Volu""' of heat storage components • 
D • Density of material i nside the Insulated shell of the 

building to a depth yielding a thermal resistance of 
R-1, except In the case of slab floors where only the 
slab Itself is credited . Mass located In conditioned or 
unconditioned basements without solar glazing shal I not 
be counted (lbs/cu ft ) . 

SH • Specific heat of the materi al (Btu/lb/"F}. 

Insulation • 

l. General. Thermal and acoustical Insulation located on or within 
floor /ceiling and roof/ceiling assemblies, crawl spaces, wall s, 
partitions, and Insulation on pipes and tubi ng shall comply with 
this section. Duct Insulation shall conform to Section 416 and 
Table 4-16. 

EXCEPTIONS: 

A. Roof Insulat ion shall comply with Section 3204 of the Uniform 
Building Code. 

B. Roof Insulation In vaulted ceilings over 3 I n 12 shall 
conform with Section 3204 of the Uniform Building Code. 

c. Exposed deck ceiling Insulation shall conform with Section 
3204 of the Uniforno Building Code • 

2. Insulation Materials. All Insulation materials Including fac ings 
such as vapor barriers or breather papers Installed within 
floor/ceiling assemblies, roof/ceiling assemblies, walls, crawl 
spaces, or attIcs shall have a flame-spread rat 1 ng not to exceed 
2S and a smoke density not to exceed 4SO when tested In accordance 
wi th USC Standard No. 42 -1. 

EXCEPTIONS: 

A. Foam plastic Insulation shall comply with Section 1717 of the 
Uniform Building Code . 

B. When such materials are Installed In concealed spaces of 
Types Ill, IV and V construction, the flame-spread and 
smoke-developed limitations do not apply to facing, provided 
that the facing Is instal led in substantial contact with the 
unexposed surface of the ceiling, floor or wall f inish . 

C. Cellulose Insulation shall conform to SectiOn 1713 of the 
Uniform Building Code • 

3. Ventllltlon. Enclosed joist or rafter spaces formed where 
eel lings are applied dl rect ly to the underside of roof JOists or 
ra fter s IIIUSt have joists or rafters of sufficient size to provide 
a min fOIJm of one Inch clear vented a1r space above the Insulation 
(See also Section 320S (c) of USC). Ceiling Insulation may be 
tapered or compressed at the perf meter to permf t proper ventIng . 

21 
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(f) 14ohture Cant ro 1 • 

l. Vapor retarders shall De 1nsulled on the..,.,.,. side ( in winter ) of 
1nsuht1on as spectfted 1n the follow"g cues: 

A. Walls, 

Wa 11 s separat t ng condlt i oned space from uncondl t I a ned space 
shall have a vapor retarder Installed when thermal Insulation 
Is i nsta lied. The vapor retarder shall have a one peno dry 
cup rn1ng or less. Inset supled bitts with a peno rat1ng 
less than one uy be tnsulhd if staples are placed not 1110re 
than (B) inches on center and gaps between the facing and the 
fra,.tng do not exceed (l/16) of an Inch. 

8. Roof /Cttl t ngs. 

t. Roof/ceiling assellblies where the ventilation space 
above the tnsuhtfon Is less than an average of t..,elve 
( 12) inches shall be provided with a vapor retarder 
hntng a dry cup perm rating of 1.0 or less. 

tt. Vapor reurders shall not be required in roof/ceiling 
assemblies where the ventilation space above the 
Insulation averages twelve (12) Inches or greater. 

t I I • Vapor rtUrders shall not be requt red where a 11 of the 
Insulation Is Installed between the roof memDrane and 
the structural roof deck. 

tv. Vapor retarders with a 1.0 or less dry cup perm rating 
polyethylene or an approved equal shall be Installed In 
roof/ceiling assellbltts where the Insulation Is 
COII!)rlsed of lnsuhtlon between the roofing ~rane and 
the structural roof decking and insulation Delow the 
structural roof decking. 

C. Ground Cover. 

A ground cover of 4 all (0,004 Inch thick ) polyethylene or 
approved equal shall be laid over the ground within crawl 
spaces. The ground cover shall be overlapped twelve (12) 
Inches minimum at joints and shall extend to the foundation 
wa 11. 

EXCEPTION : The ground cover aay be omitted 1n unheated 
crawl spaces if the crawl space has a concrete slab floor 
with 1 •Int.,,. thickness of 3-1!2 inches. 

403, THERMAL PERFORMANCE CRITERIA ANO ENVELOPE REQUIREMENTS FOR LOW-RISE 
RESIDENTIAL BUILDINGS. 

Criteria for Residential Buildings three (3) stories or less as defined 
1n UBC: Group R-3--detached one and two flatly dwellings; Group R-01v. 
1--All other resident u 1 butldl ngs three stories or l ess. 

(1 ) The overall average thenoal transmittance value of the gross area 
of the elttnents of the exterior building envelope of a low-nse residentl~l 
but ld1 ng shall not exceed the values given In Tab 1 e 4-2. EquatIons l a no 2 
In Sect I on 404 shall be used to deteral ne acceptab I e conob1 nat 1 ons of 
but ldfng COfllPOnents and therNI properties to 111tet thiS requirement. 

(b) Floors over unheated spaces, such as unheated basements , unheated 
garages, or vent 11ated crawl spaces, sha 11 be constructed to CQIIP 1 y with 
the required values as specified In Table 4-2. 
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EXCEPTION : Insulation Ny be omitted from floor areas over heated 
basements, heated garages, or under floor areas used as HVAC plenu"'s or 
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where openable foundation vents are used and when foundation walls are 
insulated. When foundation walls are insulated, the insulation shall 
be attached in a permanent manner. 

(c) Slab on Grade Floor. For slab on grade floors, the thermal 
reSIStant:e of the insulation around the peri meter of the floor shall not be 
less than the value given in Table 4-2. The insulation shall extend 
downward fr0111 the top of the slab for a minimum distance of 24 i nches or 
downward to the bottooo of the slab then horizontally beneath the slab for a 
alninou• total diStance of 24 int:hes. Insulation Installed outSide the 
foundation shall extend downward a mlnllnum of 6 i nches below grade but not 
less than to the frost It ne and need not extend deeper than to the top of 
the footing. 

(d) Windows and Doors and Air lukage. (See Set:tlon 405). 

(e) Spat:e Hut Type. The following two categor ies t:omprlse all spa~:e 
heatIng types: 

l. El~~:tric Rulstan~:e . Space heating systems which ln~:lude 
bueboard units, radiant units, and fort:ed air units as either the 
priury or se~:ondary heating system • 

EXCEPTIONS : Elet:trlc reststant:e elements which are integral to 
heat pump heatIng systems or when the tota 1 ele~:tri c heat cap~~: I ty 
in each Individual dwelling unit does not exceed the greater of: 
1) 1,000 watts per dwelling unit, or; 2) 1.0 watt per square foot 
of the gross floor a rea. 

2. Other. All gas, wood (not meeting the provisions of Section 102 
(a)2), oil, propane, and heat pump spa~:e heating systems, unless 
elutrlc resistant:~ Is used as a set:ondary heating system. (See 
EXCEPTIONS, Ele~:trlt: Reststant:e, Set:tion 403 (e) I. above. ) 

{f) Walls. Exterior wall sections, walls In finished basements, and 
Interior walls exposed to unheated spaces shall be ~:onstru~:ted to comply 
with the required values as spet:ifted In Table 4-2. 

EXCEPTION : Con~:rete or masonry foundation wall s of unfinished 
basements that have one-foot or less of the wall above grade need not 
be induded in the gross wall area nor meet the requirements of Table 
4-2 until finished, provided that: 

l. Any frame walls meet the requirements of Table 4-2: 

2. The rim-joist are properly Insulated; and 

3. A 11 walls that are more than an average of one-foot above grade 
meet the requl rements of Table 4-2 • 

(g) Glazing. Where aval lable, U values from the Window Thermal 
Testing results shall be used to t:alculate total Wall U0 • If untested , the 
following default U values shall be used for all types of glazing, 
includl ng skylights, ornamental, and se~:urtty glazing. 

l. For untested double glazing of any type , u • • 90; and 

2. For untested sl ngl e glazing of any type, u • 1.20. 

EXCEPTION: U values for site built fixed lites sha 11 use w1ndow 
thermal test results when aval \able. If tested results are 
unavailable, the Building Official shall require documentation based on 
a tlsted va 1 ue of a t:oonparab 1 e wl ndow. 
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(h) General lnsulltlon Requlret~ents for Loose Fill lnsuhtlon: Blown 
or poured loose fill I nsu ht 1 on may be used 1 n att t c spaces where the s 1 ope 
of the ce1l1ng Is not 1110re than 3 feet 1n 12 feet and thtre Is It hast 30 
Inches of clear distance from the top of the bottom chord of the truss or 
cell t ng jo1 st to the unders t de of the roof sheatht ng n the roof rt dge. 
When eave vents are Installed, baffling of the vent openings shall be 
provided so as to deflect the tnc01111ng a~r above the surface of the 
Insulation. 

404, T14£RMAL PERFORMAIIC£ CRITERIA FOR ALL OT14ER OCCUPAIICIES. 

(a) The overall average therNl trans•lttance value (U0 ) of the gross 
al'ea of ellftllnts of the exterior but ldlng envelope of all but ldtngs other 
than low-rise restdenthl buildings shall not exceed the values given tn 
T.lbles 4-3 and 4-4. Equations I and 2 shall be used to determine accep­
table cOOlbt nat tons of bull ding components and therma 1 propert t es to meet 
tt1ts requlre1111nt for heating. U values for windows used to calculat e total 
wall U0 shall be dettl'•tned tn accordance with accepted engtneel'lng prac­
tice. U0 and U,. are specified In units of: 

Btu 
hr. sq. ft. 6F 

(o) Floors over unheated spaces shall not exceed the U
0 

value given In 
Table 4-3 and 4-4, 

(c) Slab on ,,..de Floors. For slab on grade floor's the thermal 
resistance or the Insulation around the perimeter or the floor shall not be 
less than the value given In Table 4-3 and 4-4. 

lnsuht ton Installed Inside the foundation shall extend downward fr0111 
the top of the slab for a •tnt- distance of 24 Inches, or downward to the 
botto. of the shb; then horizontally beneath the slab for a •tnlfllUM total 
distance of 24 Inches. Insulation Installed outside the foundation shall 
extend downward 12 Inches below grade or frostltne or to the top of the 
footing. 

(d) Alternative Wall Allowance for Low-rise Nonresidential 
Occ:upanc t es , 

24 

I, For non rest dent ta 1 occupancy bull dt ngs, three stort es or 1 ess, the 
1Niifi1UM allowed value for average thermal transmittance (U0 ) of 
the ntert or walls may be t ncreased to the values gt ven t n Tab 1 e 
4-4 provided that at least one of the following cr1terta ts also 
Nt: 

A. Mechanical supply of outside atr and ooechantcal exhaust of 
bull dt ng 1 t r shall be aut0111t t cally shut off and the duct 
closed for at least eight hours per day during hours of non­
occupancy, or 

B. The prt111ry source or heat t ng for the bull dt ng shall be one 
or ~~are heat pu.ps roeettng the provisions of Section 411(b) 
or gas or oil cOilbustton heating equlpooent with a 111ni11Um 
cooobustton efficiency of 85 percent for central heat1ng 
phnts and 80 percent for r00111 and space heaters. Tttls effi­
ciency shall be dettr•lned In accordance with the provisions 
of Section 411(c). 

Provided furthor: that tt both criteria are met, ttte .,.,...,., 
allowed value for average ther1111l transmittance (U0 ) of the 
uterlor walls used In Table 4-4 may be Increased by 0.05 tn 
determl nt ng camp I I ance wl th the provt s tons of the Code. 
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2. For walls with 1 wall weight of at lust 30 lbs. per sq. ft . 

u 

( p rovlded that wells constructed of hollow masonry unl ts have 
cores filled with either grout, concrete , or with an Insulating 
111terhl with resistance per Inch (R) of at lust 2.25 sq. 
ft./ hr.-"F/8tu) the calculated thennal resistance of the wall sec­
tions •easured face to face on wall units which are txposed to 
Inside air tefr41eratures, not Including the thennal reslstence of 
air fl111s or additional txterior wall elements may be incrused by 
25 percent In detennlnlng c~llance with the provisions of the 
code provided that: 

Heating and cooling set-point temperatures In the condltlonl!d 
spaces or zones of the building shall be separated by at 
lust 5"F. The teqlerature control shall be designed to pre­
vent new energy frooo bel ng used to heat the space above the 
heating set-point tefr41erature or cool the space below the 
cooling set-point tefl"4lerature. 

EQUATION 1 

Where: 

u 

'o 

'o 

r, 
'I 

'I 

'I 

R 

c 

I( 

the thenul trans•lttance of the assembly 

outside al r fll• resistance, 

.17 for all exterior surfaces In winter 

.25 for all exterior surfaces In s...-r 

Inside air fll111 resistance, 

.61 for I nterlor horizontal surfaces, heat flow up 

.g2 for Interior horizontal surfaces, heat flow down 

.68 for Interior vertical surfaces 

1 • X • MISure of the resistance to the passage 
t' l' of heat for each element 

conductance, the heat flow through a spec HI c 111aterhl of 
specific thickness 

I nsuhtl on value of a materltl 

the thl ckness of the 11aterh 1 

EQUATION 2 

Uo UwAw + U9Ag + ud~ 

llhere: 

the average or con~blned transmittance of the gross exterior 
wall, floor or roof/ceiling asembly area (except slabs on 
grade) 

A the gross exterior wall, floor or roof/ceiling assembly area. 
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the then,.l trans10Htance of the components of the 
opaque wall, floor or roof/ ceiling assttnbly aru. 

opaque wall, floor or roof/ ceiling assttnbly area. 

the ther11al trans•ittance of the gluing (window or 
skylight) aru. 

glazing area. 

the the nul transmittance of the door, or si•il ar 
opening. 

door aru. 

Where 1110re than one type of wall, window, roof/ceil l ng, door 
and skylight 1s used, the U and A tems for those Items shall 
be expended into sub-el1111ents as: 

Uwl Awl • U..2Aw2 • UwJ AwJ • ••• etc. 

405. AIR LEAKA&£ FOR All BUILDINGS. 

The reqiJire.tnts of thh section shall apply to all buildings and 
struct urH and only to those locations separating outdoor ambient 
conditions fro. interior spaces that are heated or •chanically cooled. 
The requir-nts of thh section are not appliCAble to the separation of 
interior conditioned spaces fror. uch other . 

( a) Eater1or joints around windows and door fr-s, openings between 
walls and foundation, betlo•e.n walls and roof and between wall panels; 
openings at penetrations of utility services through walls, f1 oors and 
roofs; and all other such openings in the building envelope shall be 
sealed , CAulked. gasketed, or wutherstrlpped to lhdt air leakage. 

(b) All uter1or doors or doors serving as an access to an enclosed 
unheated area shall be weatherstrtpped to limit air leakage around thetr 
periMter when in 1 cl osed position. Doors 111eting the infiltration 
requi,..,..nts of Table 4-8 shall be deemed to co~ly. 

(c) All exterior windows shall be designed to 0111it atr leakage Into or 
frCJO the building envelope. Manufactured windows shall have air 
inftltration rates no greater than those shown in Table 4-8. 

COftiPltance with the cr1ttrh for ai r leakage of all types of doors 
shall be oetemined by Standard ASTH E 283- 73, Standard Method of Test for 
Rate of Air leakage through exte rior windows, curtain walls and doors. 

EXCEPTION : Site bu ilt windows are exempt from testf ng but shall be 
made tightly fitting. Fhed ltghts shall have glass retained by ~tops 
with sulant or caulking all around. Operating ush shall have 
weatherstripp ing worki ng against overlapping trl01, and a closert htcn 
which wfll hold the sash closed. The window fr- to fr.,.lng crack 
shall be •ade tight with caulking. overlappt ng MOIOrane, or other 
approved techn t que. 

(d) Openings required to be protected by fire resistive ISSMbltes are 
ex111pt fr0111 thfs sectton. 

406. BUILDING MECHANICAL SYSTEMS. 

The following sections cover the detemlnltlon of heating and cooling 
loads, design requl rtMnts , and equl ponent and c0111ponent performance a no 
control requirements. Requirements are establiShed f or Insulat i ng HVAC 
systems and for duct construction. 
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EXCEPTIONS: Special appl1 cat! ons, 1 ntl ud1 ng but not 11•1 ted to 
hospitals, laboratories, themally sensitive equtponent and computer 
roc.s t"'Y be exempted t roon the requ1 retnents of this sect 1 on when 
approved by the 8u1ld1ng Off1chl. 

407. CALCIJLATIOIIS Of HEATING Alll COOLING LOADS AJUI SYSTEM SIZING LIMITS. 

(a) Heating and cooling design loeds tor the purpose of sizing HVAC 
systi!IIS are requ1 red and shall be calculated In accordance with accepted 
engineering practice, Including 1nf1ltrat1on and ventilation • 

(b) The design par-ters spet1f1ed In Chapter 3 snail apply for all 
tOlliPUtlt 1 ons. 

(c) Space Heating and Spate Cooling System Sizing L1•1ts. 8u1ld1ng 
11ethanl cal systetiiS for all bu1ld1 ngs wh1 th provide space heat! ng and/or 
space cooling shall be sized no greater than ISO percent of the heating and 
cooling destgn loads IS calculated above. 

EXCEPTIONS: The following 11•tted ex'"'ttons frooo the s1z1ng limit 
shall be allowed, however, In all cases huttng and/or cooling design 
load talcullt1ons shall be submitted. 

1. For equ1 p~~ent ..tilth provides both heat! ng and cooling In one 
package unit, Including hut pu~~~~s with elettr1c heating and 
coo11ng and gas-pack units wtth gas heating and electric coo11ng, 
tOlliPlhnte need only be demonstr~ted for either the space heating 
or space cooling system size • 

2. Natural gas- or o11-f1 red space huttng equipment wllose total 
rated space heat! ng output In any one dWell! ng unit 1s 56,000 
8tu/h or less •'>' exceed the ISO percent sizing 1111lt provided 
that the Installed equlponent has an annual fuel ut111zatton 
eff1t1ency (AFUE) of not less than the SUII of 74 percent plus 1 
percent for every 5,000 8tu/h that the space heating equlponent 
output exceeds the design heating load of the dWelling unit • 

3. Stand-by equlpHnt "''>'be Installed 1t controls and other devtces 
are provided w111th allow redundant equtponent to operate only IOhen 
the pri•ary equipment 1s not operating. 

408. (RESERVED.) 

409, SIMULTANEOUS HEATING Alll COOLING. 

Each teMPerature control zone shall Include thenoostatlt controls 
Installed and operated to sequence the use of heating and cooling energy t o 
sattsfy the thel"lftal ¥td/or hllft1d1ty requ1 rement of tne zone. Controls 
shall prevent reheat! ng (hut! ng a! r that 1s cooler than system mhed at r ) , 
retooling (tooling a1 r that Is warmer than systeM 01hed at r ) , mhtng or 
sl.ul uneous supply of wan11 at r (wanMr than systn retum al r 111he<l at r ) 
and cold air (cooler than systm •hed air), or other simultaneous 
operation of heating and coo11ng systetliS to one zone. For the purposes of 
this section, system 10hed atr ts defined as system return air mhed with 
the mtntmu111 ventilation air requirement by Section 305. 

EXCEPTIONS: 

1. Variable air volume systems designed to reduce the air supply to 
each zone during periods of occupancy to the larger of the 
following: 
- 30 percent or less of the peak supply volume. 
-The •1n1nJm allowed to 111tet ventilation requirements of Section 

305 (Table No. 3-1 ) 
• 0.5 cf•/ ft2 of zone conditioned area before reneattng, retooltng 

or mhtng takes place. Conslderatt on shall be gt ven t o supply 
at r temperature reset control. 
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2. The energy for reheating, or providing wum air in mixing systems, 
Is provided entirely frOfll recovered eneNJ.Y that would otherwi se be 
wasted, or fro. nondepletablt eneNJY sources. In addition, the 
syste~~~ shall CCJII'4)1y with Section 414 without uc~ption. 

3. Areas ...,ere specific h.,.idf ty 1 evels are required to satIsfy 
process needs. 

4. Specfll pressurization relationships or cross-cont•fnatf on 
requf r-nts are such that varl able af r vol\Mie syste<WS are 
lllflriCtfcal (such as some areas of hospitals and 1 aboratorles ) . 
In these cases, supply af r tefl'lleratures shall be reset by 
representlthe buf I ding load or by outside air tetoperature. 

410. ENERGY RECOVERY. 

Consideration shall be given to the use of recovery syst.,.s which will 
conserve energy ( p rovlded the amount upended Is 1 ess than the amount 
recovered) when the energy transfer potential and the ope rat 1 ng hours are 
considered. (See Chapter 5.) 

411. HVAC EQUIPMENT PERFOIIIIANCE REQUIREMENTS. 

(a) The requfr.,..nt of this section applies to equipment and component 
performance for heatIng, vent I lit I ng and af r-condft I onf ng systems. Where 
equl c-ent effl clency levels are specified, approved data furnished by tne 
equlc-nt supplier or certified under a nationally recognized certification 
progr• or rating procedure shall be used to utlsfy these requirements. 
Equlponent efficiencies shall be based on the standard rating conditions 
sh01011 In Tables 4-9, 4·10 and 4-11. 

(b) HVAC-Syst• H11tln9 Equlc-ent Heat PU11PS•-Heatln9 Mode , Hut 
PUIIPS ...,ose tneNJy Input Is entirely electric shall have a Coefficient of 
Perfor.ance (COP heating, as defined herein) not less than the values sho"" 
In Table 4-12. 
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I. These requl rNtnts apply to, but are not ll•fted to, unitary hut 
PUIIIPS (al r source and water source) In the heating mode and to 
hut PUIIPS In the packaged ter.lnal air-conditioner and ro0111 
air-conditioner for.s In the hutfng IIOde. Field asstlll>led 
uniUry heat PUIIIPS, consisting of one or more c011'4)onents, shall 
c011'4)ly with this section. 

2. Coefficient of Perfor.MCe (COP) Heating. The ratio of the rate 
of net heat output to the rate of total energy Input, expressed In 
consistent units and under designated rating condltlcn, • 

The rate of net heat output shall be defl ned as the change In the 
total heat content of the al r entering and leaving the equipment 
(not Including suppl-ntary neat). 

Total energy Input shall be detel"lll ned by c0111bl nl ng the eneNJy 
Inputs to all el.,..nts, except suppl-ntlry heaters, of the heat 
p1111p, lncludln9, but not ll•lted to, coonpressor(s), pump(s). 
suppl y•al r fan( s). return- al r fan ( s), outdoor-a! r fan( s) , 
coolIng-tower fan( s), and the HYAC-syste~~ equipment control 
circuit. 

3. Suppl-ntlry Heater. The hut P'-'"P shall 1>t Installed with 1 
control to prevent supplementary heater operation when the heating 
load can be met by the heat pump alone. Supplementary heater 
operation Is pemltted during transient periOds, such as 
start-ups, following ro011 ther110stat set-point advance. and during 
defrost, when the outdoor air tetoperature Is below ss•F. 

• 
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A two-stage thennostat, which controls the supplementAry heat on 
its second stage, with outdoor air control, shall be accepted as 
meeting thts requirement. The cut-on te,.,erlture tor the 
compression heating shall be higher than the cut-on temperature 
tor the supplementary heat, and the cut-off temperature tor the 
C04ftPress 1 on hut I ng shall be h1 gher than the cut-off te,.,erature 
tor the supplementary heat. Supplementary heat may be derived 
fr0111 any source of electric resistance heating or combustion 
heating. 

(c) HYAC-Syst....Ca.bust1on Heating Equ1pMnt. All c011111erchl gas and 
o11-ttred central heating phnts sha11 show a minimum combustion efficiency 
ot not less thin those shown In Table 4-5. All residential gas, o11, and 
propane central heating systems must hne a minimum AFUE of .74. All other 
res1denthl heating equipment fueled by gas, o11, or propane ...,st be 
equipped with an lnten~~1ttent Ignition device. 

(d) Mechanical Yent11at1on. Each Mchan1cal ventilation system 
(supply and/or exhaust) shall be equipped with a readily accessible or 
aut01111tlc Mans for either shut-off or vol.- reduction and shut-off when 
ventilation 1s not required • 

(t) Packaged and unitary HYAC-syst .. equ1pMnt, tltctr1ca11y operated 
cooling .adt . HVAC-syste111 equ1pMnt IS listed below whose energy Input in 
the cooling IIIOde 1s entirely electric, sha11 show a Coefficient of 
Ptrforunce (COP) cooling IS dtf1ned herein not less than values shown In 
Table 4-13. 

1. These rtqu1r-nts apply to, but art not 111111ttd to unitary 
cooling equipment (at r-cooltd, water-cooled and 
tvaporathely-cooled); the cooling IIIOde of unitary and packaged 
heat pu"'')s (a1r source and water source); packaged terminal 
a1r-cond1t1oners ; and room air-conditioner-s. 

EXCEPTION: These requirements do not apply to equipment used 
for refrigerated food or florists' and nurseries' coolers. 

2. Coeff1c1tn~ of PtrfoMUnce (COP) Cooling. The ratio of the rate 
of net heat ret10val to the rate of total energy Input, expressed 
In consistent units and under designated ra ting conditions. 

Tht rate of net hut remova 1 sha 11 be def1 ned as the change 1 n the 
total heat contents of the at r enter! ng and 1 eav1 ng the equ1 pment 
(without reheat). 

Total energy Input sha11 be deten~~1ned by c01ftb1n1ng the energy 
Inputs to all elements of the equipment, Including but not limited 
to compressor(s), pump(s) , supply-air fan(s), return-air fan (s). 
condenser-air fln(s), cooling tower fan(s), circulating water 
pump(s), and the HVAC-system equ1p~~~ent control circuit. 

(f) App11td HYAC-syst .. CO"'')Onents, electrically operated coollng-«lde. 
HVAC-system components, as listed In Table 4-14 whose energy Input is 
entirely electric, shall show a Coefficient of Performance (COP) cooling, 
u defined herein, and not less than the values shown In Table 4-14. 

1. Coefficient of Ptrforunce (COP) Cooling. The ratio of the rate 
of net heat removal to the rate of total energy tnput expressed 1n 
cons Is tent unl ts and under dest gnated ratIng cond1t 1 ons • 

The rite of net heat removal is defined as the difference In total 
heat contents of the water or refrigerant entering and leaving the 
component . 

2g 



.. 

411--414 WASHINGTON STATE EIIERGT COOE 

Totll energy Input shall be determined by combining the energy 
Inputs to Ill el-nts and accessories of the c001ponent, lncludl•g 
but not ll•lttd to, cooopressor (s), lnttrn•l circulating pu~ ( s). 
condenser-llr hn(s). evlporathe-condenser cooling wattr putop( s ). 
pur9f, 1nd the HYAC-systn c001ponent control cl rcutt, 

(g) HYAC-syst .. equlp.ent--htlt operated cooling .ode. Efficiency 
liMitation equipment: Heat operated cooling equipment shall show a (COP) 
cooling not less thln the ••lues shown In hblt 4-15, ThtSt requ~r-nts 
lPP ly to, but Ire not lt•l ted to, lbsorpt I on equl po~~ent, engIne drt ven 
equf pment, 1nd turbf ne driven equ1 pment. 

(h) Fireplaces. Fireplaces shall be provided with: 

I. Tightly f1ttfng flue dlropers, operated with 1 r .. dt ly accessible 
Nnual or approved lutONtfc control. 

EXCEPTION: Fireplaces with gas logs Installed In accordance 
with OI4C 803 shall be equipped with tightly fitting glass or metal 
doors. 

2. An outside source for cOMbustion air, The duct shall be at least 
s h square Inches In area, and shall bt provided wt th a read I 1 y 
operable da•r· 

412, £NEllil FOil AIR DELIVERY. 

The air transport factor for nonresidential all-air HYAC systtiH shall 
not bt less than 5.5. The hctor shall be biStd on design systtM at r flow 
for constant vol.- systeiiS. The hctor for varhble air volu1111 systems 
NY bt b.sed on avera91 conditions of operation. Energy for transfer of 
at r through heat recovery devIces shall not bt Inc 1 uded In dtttrMI nt ng the 
hctor; however, such energy shall be Included In the evaluation of the 
effectiveness of the heat recovery systn, 

Air Transport Factor • 

•Expressed In atu/hr. 

Space Sensible Heat Removtl• 
(Supply + Retum Fan(s) Power Input )• 

413. 11AU11C I NG. 

The HYAC system design shall provide means for blhncfng at r and water 
systems such n but not ltmfted to dampers, temperature tnd pressure test 
connectIons and balancf ng valves, 

414, COOliNG WITll OUT1lOOI AIR (ECONOMIZER CYCLE). 

Elch supply fln systtM shall bt designed to use up to end Including 100 
percent of the fin systtftl Clpacfty for cooling with outdoor 1tr 
•utouttcally. Activation of econOMizer cycle shall bt controlled by 
sensing outdoor at r dry-bulb tetiPtrlture or outdoor at r enthalpy or 
alternatf ve •ans approved by the aut ldfng Offfcfll. 
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UCEPTIOIIS : Cooling with outdoor air Is not required under any one or 
MOrt of the fo 11 owl ng condItIons: 

(a) Fan systtM capacity less than 3,500 CF" or 90,000 Btu/hr total 
cool fng capacity. 

{b) The qualt ty of the outdoor 1 I r Is so poor IS to requ1 rt I ntens tve 
treatNnt of the atr, 

(c) The nttd for hUIIfdtrfcatfon or dehumidification requires the use 
of MOrt energy than Is conserved by the outdoor air cool tng, 

(d) The use of outdoor air cooling m~y affect the operation of 
other systems so as to fncreue the overall energy consumption 
of the but ldfng, 

• 
• 
• 
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(t) Internal/external zone heat re<overy or other energy recovery 
Is used, which 1s 1110re efficient than using outdoor air. 

( f) When all spKe cooling Is acconop11shed by a c1rcuht 1ng liquid 
which tr~nsfer space heat dl rectly or lndl rectly t o a heat 
rejection dnlce such u a cooling tower without the use of 1 
refrlgeretl on systM. 

415. COIITROlS • 

( 1) Tllll!lerature Colltrol. Each HVAC system shall be provided wl th at 
least one thennostlt for the regulation of teft'!)erature. Where used to 
control both heating and cooling, each thermostat shall be capable of being 
set frot11 55-85'F and shall be capable of operatl ng the system heat! ng lnd 
cooling In sequence. It shall be adjustable to provide a temperature range 
of at least 10'F between full heating and full cooling . 

(b) Hu.fdfty Control. If an HVAC systetn Is equipped 10fth 1 means for 
adding MOisture to 011lnt1ln specific selected relative h1.111ld1t1ts In spaces 
or zones, a hiMIIdfstlt shall be provided. This device shall be capable of 
befog set to prevent nt~~ energy fi"OIII bel ng used to product space rel atfve 
hiMIIdlty (rll) above 30 percent rh. Where a h111ldistat Is used In an HVAC 
systM for controlling moisture removal to 111lnt11n specific s.lected 
rehtht hiMIIdltfes In spaces or zones, 1t shall be capable of being set to 
prevent new energy fro.. being used to produce a sp.ce relative hiJIIfdity 
below 60 percent relative htM~Idlty. 

EXC£PTIOII: Spechl occup~ncles requl rl ng dl fferent relative 
hu11fdltits 111y be penoltted by the Building Offlchl • 

(c) Zoning for TMI!pereture control. 

l. One llld Two-f•lly Dwellings. At least one thermostat for 
regulation of spKe ttt~Ptrature shall be provided for each 
separate HVAC systtll. In addition, a read11y accessible manual or 
aut0t11atfc 1111ns shall be provided to parthlly restrict or shut 
off the heating and/or cooling Input to each zone or floor not 
controlled by 1 thennostlt . 

2. ""ltlf•lly Dwellings. For 111Jlt1fam11y dwellings, each Individual 
dwelling unit shall be considered separately and shall meet the 
above requirements. Spaces other than lhlng units shall meet the 
requlr-nts of Section 415 (c) (3). 

3. All Other Types of Buildings or Occupancies. At least one 
thermostat for regulation of space teft'!)erature shall be provided 
for : 

A. Each separate HVAC systetn. 

B. Each separate zone. As 1 mini..,., each floor of a buf ldlng 
shall be considered as a separate zone. In a mul t 1- story 
bu11d1 ng where the perloneter systeoo offsets only the 
tr111SII1sslon losses of the exterior wall, 111 entire side of 
un1fon11 exposure 111y be zoned separately. A readIly 
accessible ounual or automat ic oneans shall be provided to 
restrict parthlly or shut off the heating and/or cooling 
Input ( for the exposure) to each floor • 

4. Control SetbKk and Shut-off. 

A. Residential Occupancy Groups. One-and- Two-F am11 y and 
l'lult1f~m11y dwellings--The thermostat required In paragraphs 
1 and 2 of this subsection (c) or an alternlte me1ns such IS 
1 switch or clod, shall provide a readily lccesslble, manual 
or automatic means for reducing the energy required for 
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heating and cooling during the peMoc:ts of non-use or reduced 
need, such as, but not 11 m1ted to unoccupl ed per I ods and 
sleeping hours. Lowering thennostit set po i nts to reduce 
energy cons1111ption of heating systems shall not cause energy 
to be expended to reach the reduced sett 1 ng. 

.. 

B. Other Buildings and Occupancies. Each HVAC systeftl shall be 
equipped with a readily accessible, autMatlc means of 
shutting off or reducing the energy used for HVAC during 
perloc:ts of non-use or alternate uses of the building spaces or 
zones served by the system. The following are UlftiPies that 
Met this requl rement: 

1. Manually adjustable automatic tlftllng devices. 

11. Aut0111atlc control systems. 

416. AIR HANDliNG OUCT SYSTEM INSULATION, 

All ducts, pltnUMS and enclosures Installed In or on buildings shall be 
thtnoally lnsullted to •et the requirements of Table 4-16. 

EXCEPTIONS: Ouct insulation (except where required to prev..,t 
condenut 1 on) h not requl red 1 n any of the fo 11 owl ng cases: 

(a) Supply or return air ducts installed In unvented crawl spaces with 
lnsullted walls, bas-nts or cellars In one- and two-h111ily 
dwellings. 

(b) When the heat gain or loss of the ducts, without Insulation, will 
not Increase the energy requlreNnts of the building. 

(c) Within the HVAC equipment. 

(d) Exhaust air ducts. 

417, DUCT CONSTRUCTION. 

All duct work shall be constructed and erected In accordance with the 
Unffor• Mechanical Code. 

418. PIPING INSULATION . 

All piping Instilled to serve buildings (and within) shall be thermally 
Insulated In accordance with Table 4-17, except as stated herein, (for 
recirculating service water heating systenos, see Section 4221. 

(a) Othtr Insulation Thickness. Insulation thickness In Table 4-17 1s 
based on I nsu lit I on havl ng therMal resistance In the range of 4 .0 to 4.6 
per Inch of thickness on 1 flat surface at a mean temperature of 75"F. 
Nlnl- I nsulatlon thickness shall be Increased for materials having "R" 
values less than 4.0 per Inch, or .. y be reduced for Materials having "R" 
values greater than 4.6 per Inch. 
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1. For 1111terhls with therMal resistance greater than R • 4.6 per 
Inch, the mini- Insulation thickness 1111y be reduced as follows: 

4.6 x Table 4-17 Thickness • New Nlnl""m 
Actual R Thickness 

2. For uterllls with thenul resistance less than R • 4.0 per Inch, 
the MlniiiUIII Insulation thickness shall be Increased as follows: 

4,0 x Table 4-17 Thickness • New Hlnl""m 
Xc:Eual R Thickness 

• 
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(b) Exceptions. P1plng Insulation 1s not requ1red In any of the 
following cases: 

1. Piping Installed within unitary HVAC equi pment. 

2. Piping at ttftlj)eratures between 55"F and IOO•f. 

3. When the heat loss and/or heat gain of the piping, without 
I nsu lat I on, does not Increase the energy requl rement s of the 
building or ts used as a coonponent of a designed Heating System • 

(c) Addltlonal Insulation with vapor barners shall be provided to 
prevent condensatIon where requl red. 

419. (RESERVED.) 

420. WATER HEATERS, STORAGE TANKS, BOILERS, AND PIPING. 

(a ) Perfol'llln" Efficiency • 

1. Gas, otl-ft red water heaters and e 1 ect rl c storage water heaters 
shall •et the requl rements of ASHRAE Standard 90A-80 and be so 
labeled. 

All electric water heaters In unheated spaces shall be placed on 
an lncoonpresslble, Insulated surface with a minimum thern~al 
resistance of R-10. Electric water heaters placed on floors 
Insulated to a •lnl.ua of R-IO shall be deetned to meet with this 
requlr-nt • 

(b) Tt~~~~erature Controls. 

1. Service water heating systeas shall be equipped with automatic 
temperature controls capable of adjustllll!nt fr011 the lowest to the 
highest acceptable temperature settings for the Intended use. 

2. Shutdown. A separate switch shall be provided to permit turning 
off the energy supplied to electric service water heating syste10s, 
A separAte valve shall be provided to peratt turning off the 
energy supplied to the 11111 n burner ( s ) of all other types of 
servt ce water heat 1 ng systems. 

3. Swl•lng Pools. 

Heated swl11111tng pools shall be equipped with: 

A. A pool cover at the surface of the water • 

8. A label on the pool heater that provides the follow1ng 
tnforaatlon: (The following recOIIIMndattons replace 
requt rellll!nts for teq~erature and on /off controls. ) Pool 
heat1ng-- 78"F ts the recommended healthful swtmmtng pool 
uq~erature for 1110st people. The water heater thermostat 
should be set at 78°F , ..arked to Identify that setting , and 
further adjust•nts should be discouraged. An Increase of 
4°F (such as from 78"F to sz•f) could Increase energy 
consuq~t 1 on by as much as 4D percent • 

Ft lter Systea--the time clock for operating the f t Iter system 
should be set to operate the ft lter system for the '"lnlmum 
number of hours of operation required to 1111 lnta ln clean and 
healthful pool water. 

Poo 1 Cover--t t ts recommended that the poo 1 be covered except 
when the pool Is t n use. Use of the cover can cut poo 1 
heating costs by as much as 70 percent. 
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421. PUMP OPERATION. 

Cl rcu let 1 ng hot weter syne-s shell oe errtnged so thet the c trcu lltl ng 
pu.-.p(s) un bt conveniently turned off, 1Ut01114t1CIIIy or unuelly, •ntn the 
not weter systM 1s not In operetlon. 

422. PIPE INSUlATION. 

For rec1rcul1tlng s,rnl!ftls, piping heat loss shell be limited to • 
Nxl1111a of 25 8tu/hr ftZ of external pipe surhce for 1bove ground piping 
end a mulmum of 35 8tu/hr ft2 of external pipe surface for underground 
piping. Mulmum heat loss shall be determined at a temperature 
dtfferenthl equ1l to the maximum weter temperature minus a design ambient 
teiiiPtrllture no higher then 65 degrees F. 

423. CONSERVATION OF HOT WATER. 

(1) Showers used for other than safety reasons shall be equipped with 
flow control devices to lhtit total flow to • maximum or 3 gPl'\ per sho..er 
head. 

(b) Lavetories In restroocas of publtc hclltt les shall be equipped 
with outlet devices which lt•lt the flow of hot weur to • mulmum or 0.5 
gp!l or equipped with self-closing valves. 

424. ELECniCAL POWER AHO LI&IITIHG. 

Electrical distribution end ltghtlng syste.s shall be designed for 
efficient distribution and use of electrical energy from the service 
ent renee to end It the pol nt s of use as provl ded herein. 

425, LUoKTIIIG SWITCHING. 

Switching for building light i ng systtiiS shell be designed and Installed 
to per•tt efficient use of energy and to permit mulmum flexibility In the 
use of the instilled ltghtlng. The following mandatory requirements 
represent the 11lni1111m ltghtlng controls to be Installed In any building • 
Addltlon1l controls should be provided where deemed epproprlate and where 
the I nstllllt I on of such cont rots can s I gnl fl c1nt ly reduce energy 
conSUfiPt I on. 

(a) All lighting controls, except automatic controls or those for 
spechl purpose applications which require trelned operators or thOse which 
would pose 1 ufety problem or a security haurd, shall be Installed sou 
to be reedlly eccessible to personnel occupying or using the lighting 
spece. 

(b) The maxhtU111 ltghtlng power that may be controlled from a single 
switch or eutomatlc control shall not exceed thet provided by 1 20 ampere 
circuit l01ded to no 110re thin 80 percent. A NSter control uy be 
tnsulled provided the Individual switches retlln their CIPiblllty to 
functIon Independently. 

(c) All lighted spaces enclosed by walls or ceiling height partitions 
end with floor 1re1 less than four hundred squert feet shall be provided an 
lndfviduel lighting control or en occupant-sensing eutOIIIlt lc cont ro l • 

(d) All lighted speces with floor llree gruter then four hundred 
squere feet shell be provided wi th controls to pel'lllt reducing the ltgntlng 
by not 110re then one hllf or occupent -sens 1 ng IUtOftllt I c cont ro Is. 

(e) All bu1ld1ng ereu greater then 200 squere fut where natural 
lighting ts evelllble shell be provided with individual controls or 
dlyltght- or occup1nt-senslng automatic controls which permit control of 
lights Independent of generel area lighting. Either lndtvldull controls 
shell be provided for eiCh row of luminaires parellel to a window wa ll or 
controls shall be provided to reduce the lighting In at least two steps to 
not more than one-half and to completely off In the n1turel lighting area. 
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For office and school occupancies, at a mfnln.tm, lfghtfng serving a 
zone wfthfn 12 feet of a wi ndow wall or the zone between an Interior wall 
and the window wall of less than 1Z feet shall comply wfth thfs provfsfon. 

For retail occupancies, at least the row of luminaires nearest the 
window shall co~ly wfth thf s provfsfon. 

(f) All display, exhfbftfon or specialty lighting shall be controlled 
Independently of general area 1 fghtfng. 

(g) All exterior bufldfng lighting tncludfng facade lighting, parking 
lots, drheways, walkways, shall be furnished wfth automatIc controls to 
reduce or tum off all lfghts during periods of non-use or day! fght hours, 
except those required tor safety and securf ty. Sf gn 1 f ghts sha 11 be exempt 
fr011 this provfsfon. 

426. LIGHTIIIG POWER BUDGET. 

A lighting power budget fs the upper lf111ft of the power to be available 
to provide the lfghtfng needs fn accordance wtth the crfterfa and 
calculation procedure specft'fed herein • 

The lfghtfng power budget for a building shall be the sum of the power 
lf111fts COIIPUted for all lighted fnterfor and exterior spaces and shall be 
deter.fned fn accordance wfth the procedures specfffed fn thfs section. 

EXCEPTION: One- and two-fl1111ly detached dwell f ngs and the dwell t ng 
portion of aoltfh111fly but ldfngs are exempt fr0111 the requf rH~~nts of 
Sectton 426 • 

(I) Budget Dlllvelop.ent. The Installed lfghtfng wattage for the 
bu1ldfng project shall not exceed the budget level calculated fn thfs 
section. The budget wattage level shall be the sum of the fnterfor budget 
calculated and the exterior budget. Lighting wattage Includes lamp and 
ballast wattage. 

(b) Butldfng Interi ors. The fnterfor lfghtfng budget shall be 
calculated by IIIUltfplyfng the gross conditioned floor area, fn square feet, 
by the appropriate unft power budget, in watts per square foot, specfffed 
fn Table llo. 4-18. 

For special condftfons when 1pproved by the Bufldfng Offtcfal, 
calculation based on tllumfnatfng Engfneerfng Society Unft Power Density or 
sf111flar nationally recognized standards lillY be used. 

The lfghtfng power budget shall be based on the primary occupancy for 
whfch the space wfthfn the bufldfng fs intended . If na.oltfple occupancies 
are Intended, the lfghtfng power budget for each type of occupancy shall be 
separately calculated and SUI!IIIId to obtain the lfghtfng budget for the 
fnterfor spaces ot' the bufldfng . If a c0111110n cfrculatfon area serves 
multiple occupancies or 0111ltfple retail spaces, the lighting power budget 
for the cOftiiOn circulation area shall be the weighted avuage of the 
lighting power budgets for all other areas on that floor. In cases where a 
lfghtfng plan for only a portion of a bufldfng fs submitted, the fnterfor 
lighting budget shall be based on the gross floor area covered by the plan. 

EXCEPTIONS: 

1. Where the following aut01111tfc lfghtfng controls are Installed, for 
calculations used to detennfne code compliance, the installed 
lighting wattage lillY be reduced by the following percentages: 

A. For occupant-sensf ng dev f ces, energy savf ngs of 30 percent 
shall be allowed for any single space up to 400 square feet 
and enclosed by ceflfng height partitions; class rooms, 
conference rooms t computer rooms, storage areas. corridors. 
or wafting rooms. 
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B. For dayltghti ng controls , energy sa. l ngs of 30 pe rcent for 
continuous di ..,lng and 20 percent for stepped cont rols shall 
be all owed for any day 1t t space. 

C. For l ~MM~n 1111i ntenance controls, energy sav i ngs of 10 percent 
shall be allowed for any space. 

D. For dayltghtlng controls with occupant- sensing devices , 
energy savings of 44 percent shall be all owed for any s i ngle 
space up to 400 square feet wi thl n daylt t spaces , and 
tncl osed by ctfl i ng height partitions. 

E. For occupant-sensing devices wl th lumen maintenance controls, 
energy savings of 37 percent shall be allowed fo r any s i ngle 
space up to 400 square feet and enclosed by ceiling he ight 
partitions. 

2. Lighting for the following applications shall be exe..,ted from 
inclusion in the calculation of lighting power budgets : 

A. Stlge lighting, entertlinment, or audiovisual presentations 
where the lighting Is an essential technical element for the 
function perfonoed. 

B. Light i ng for Mdlcal and dentll usks. 

C. Lighting In ueas specifically designed for viSually 
handlupped people. 

0. For restlurant occupancl es, 11 ghti ng for ki t chens and food 
prepuation ueas. 

(c) lulldlng Exteriors . The exterior lighting budget shall be 
calcuhted by IIUltiplylng the buf\ding perimeter In feet by 7. 5 watts per 
foot. Lighting for parking structures shall be calculated at 0.3 watts per 
gross square foot of parking area. kl allowance for outdoor surface 
parking and circulation lighting may be added at 0.05 watts per square foot 
of area. Lighting for signs that are not an Integral part of the building 
shall be txeftiPted fran Inclusion In these calculations. 

TABLE 4-1 
CLASSIFICATION OF BUILDING OCCUPANCIES 

Three conditioned 
stories and less 

Mort than three 
condit I onttd stories 

36 

All Group R 
Occupancy Space 

Table 4-2 

Table 4-4 

Other than 
Group R 
Occupancy Space 

Table 4-3 

Table 4-4 

,• 
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Hut Type 

TABLE 4-2 
LOW-USE RESIDEIITIAL 8UILDIIIGS 

MAXIMUM ALLOWED Uo VALUES 
All) MINIMUM ALLOWED R VALUES 

Walls Slab 
Cltutlc Roofs Ctthedral (Inc ludes on 

Zone Cel lings Cel lings Glazing) Floors Gradel 

Uo Uo Uo Uo Installed 
R 

Value 

Electrl c Resistance I 0.026 0. 035 0.144 0.055 8 
Other I 0 . 035 0.035 0.203 0.055 8 
Electrl c Resistance 11 0. 026 0.035 0.144 0.043 10 
Other 11 0.035 0.035 0.203 D.055 10 

11nsulatlon shall bt water-resistant uterhl unufactured for this 
use • 

Zone 

I 
II 

TABLE 4-3 
NONRESIDENTIAL OCCUPANCIES 
BUILDINGS 3 STORIES OR LESS 

MAXIMUM ALLOWED Uo VALUES Alll 
MINIMUM ALLOWED R VALUES 

Cel It ngs Walls Floors 
(Includes 
Gluing) 

Uo Uo Uo 

0.035 0.25 O.D5 
0.035 o.zo 0.05 

Slab 
on 

Gradel 

Installed 
R Value 

8 
10 

11nsulatlon shall be water-resistant Nterhl manufactured for this 
use. 

Zone 

I 
II 

TABLE 4-4 
ALL OCCUPANCIES 

BUILDINGS OVER 3 STORIES 
MAliiUI ALLOWED Uo VALUES AHD 

MIMIIUI ALLOWED R VALUES 

Cel 1 lngs Walls Floors 
(Includes 
Glazing) 

Uo Uo Uo 

0.08 0.30 0.08 
0.06 0.25 0.08 

Sl ab 
on 

Gradel 

Installed 
R Value 

8 
10 

I Insulation shall be "ater-reslstant material manufactured for this 
use. 
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TAIL£ 4-5 
NONRESIDENTIAL HVAC SYSTEM HEATING EQUIPMENT­

GAS- AIIO OIL-fiRED 
MINIMUM STEADY STATE COieUSTION EFFICIENCY 

Types of EqulP411tnt 

Forced-at r furn•ces and 
1 ow-pressure steam or 
hot-water boilers 

Gravity 
centra l furnlctS 

A 11 other vented 
heating equl~nt 

Furuces of CapacIty of 
225,000 Btu / h and Less 

Boll ers of Capac it 1 es of 
300,000 Btu/ h and Less 

Percent I 

74 

69 

69 

All Other 
Coftllllrcfal / 

Indust ri a l Furnaces 
1nd Boi lers 

Percent2 

75 

lcOIIbustlon efficiency for furnaces of upacltles of 225,000 Btu/ h and 
less and boilers of capacities of 300,000 Btu/ h and less Shill be 
tested In accordance with the appllcablt U.S. Dtpart.ent of Energy 
furnace test procedures. 

2co.bustlon efficiency of c-rchl/lndustrfll furnaces and boilers 
1s deft ned u 100 percent •1 nus stick losses 1 n percent of heat input. 
Stick 1 osses are: 

38 

Loss due to sensible heat In dry flue gas. 
Loss due to lnc01111l tte co.bustlon. 
Loss due to sensible and latent heat in .,hture fo,.,..d by 
colllbust 1 on of hydrogen 1 n the rue 1. 

IIINOOIIS 

(cf• per 
11 neal foot 
of operable 
suh c rack) 

o.s 

TAaLE 4-6 
(RESERVED) 

TAaLE 4-7 
(RESERVED) 

TAaLE 4-8 
ALLOWABLE AIR IIIFIL TRATIOII RATES 

RESIDENTIAL DOORS 

Swinging 
and Sl1d1ng 

(cf• per 
square foot 
of door) 

o.s 

COMHERC IAL DOORS 

Swinging, 
Sl1d1ng, Revolvi ng 

(c ho per 
llnul foot 
of crack) 

11.0 

When tested at • pressure di fferential of 1.567 lb / ft,2• wh ich i s 
equf valent to the hpact p,.essure of • zs !llf!h wl nd. 

• 
• 
• 
• 
• 
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TABLE 4-9 
HYAC SYSTEM HEATING EQUIPM£MT (HEAT PWS) 

STANDARD RATING CONDITIONS 

TYPE 

CONDITIONS AIR SOURCE 

At r entert ng equt pMnt "F. 7008 7008 

4-9 - 4-11 

WATER SOURCE 

7008 

Outdoor untt ambient "F. 4 7D8/43W8 17D8/15W8 

Enter! ng water t!l!fl!!rature "F. 

Water flow rate 

TABLE 4-10 
HYAC SYSTEM EQUIPMENT 

STAIIDARD RATING COIIDITlONS -- COOLING 

60 

As used 1 n 
coo 11 ng mode 

TEMPERATURES 

DB WB llt.ET OUTLET 

At r enter! ng equt e-nt 

Condenser ~mbtent (at r cooled 

Condenser water (water cooled) 

Standard ratings are at sea level. 
Note: db • dry bulb 

wb • wet bulb 

"F. 80 67 

"F. 95 75 

"F. 

TABLE 4-11 
APPLIED HYAC SYSTEM COMPONENTS 

STAIIDARO RATING COIIliTIONS -- COOLING 

ITEM 

Leaving cht 1 led water tMIJ. "F. 
Enter! ng cht 11 ed water tnp. "F. 
Leavt ng condenser water temp. *F. 
Entering water temp. "F. 
Foultng factor, water 

Non-ferrous tubes 
Steel tubes 

Foultng factor, refrigerant • 
Condenser ambt ent 

(Atr or evap. cooled) "F. 

Compressor 
saturated 
discharge 
temp. 

Water cooled 
(or evap. 
cooled) "F. 

Atr cooled "F. 

Standard ratings are at sea level. 

• h.ft.2•F. / Btu 

CE NTR I FUGAL 011 
SELF-CONTAINED 
RECIPROCATING 
WATER-CHILLER 

44 
54 
95 
85 

o.ooos 
0.0010 
o.oooo 

95DB{7SWB 

85 95 

CONDENSERLESS 
RECIPROCATING 
WATER-CHILLER 

44 
54 

0.0005 
0.0010 
0.0000 

105 

120 
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TABLE 4-12 
HYAC-SYSTEM HEATING EQUIPMENT (HEAT PUMPS) 

MINIMUM COP I HSPF fOR HEAT PUll'S, HEATIIIG MOOE 

SOURCE ANO OUTDOOR TEIIPERATURE ( •F) MINIMUM COP M I HI MUM HSPF 

At r Source--47DB/43W8 
Air Source--17DB/15WB 
At r Source 

Water Source--6D Enter! ng 
Ground Source 

2. 7 
1.8 

3.0 
3.0 

6.35 

!when tested at the standard ratt ng specified tn Table 4-9 

TABU 4- 13 
MINIMUM EEit AND COP-COOLING FOR 

EUCTitiCAllY ORIYEN HYAC SYSTEM EQUIPMENT-COOLIIIGI 

AIR-COOLED 
STAIIOARD RATING CAPACITY EER tOP 

Under 65,DOO 8tu/hr (19,050 lfatts) 7.8 2.28 

65,000 Btu/ hr (19,050 lfatts) and o•er 8.2 2.40 

EVAP. OR 
WATER-COOLED 
HR COP 

8.8 2.58 

9.2 2.69 

1The U.S. DepartMent of Energy has utabl lshed requt red test procedures 
for single-phase, alr-cooltd, residential centr1l air-conditioners under 
19 Kll (65,000 Btu/h) capacity , lfhlch hue been incorporated Into ARI 
Standard 210-79. EER 1nd COP ••lues In Table 4-13 are based on Test A 
of DOE Test Procedures. 

4D 
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• TABLE 4-14 
MINIMUM EER AICD COP FOR ELECTRICALLY 

DIUVEII KVAC-SYSTEM COMPO~IITSI 

WATER CHILLING PACKAGES 

CONDENSING MEANS 

• AIR WATER EVAPORATIVE 

COMPO~ NT TYPE EER COP EER COP EER COP 

Condenser Centrifugal 
1 ncl uded or rotary 8.00 2.34 13.80 4.04 

Reciproctting 8.40 2.36 12.00 3.51 

• Condenserl!Hs Reel procatl ng 9.90 2.90 12.00 3. 51 

Compressor and 
condenser units 
65,000 8tu/hr 
( 19,050 watts) Posit he 
and over2 displacet~ent 9.50 2.78 12.50 3.66 12.50 3.66 

• HYDRONIC HEAT PUHPS 

COMPONENT TYPE EER COP 

Water source 
under 

• 65,000 Btu/h Centri fuga 1 
(19,000 watts) or rotary 9.00 2.64 

Water source 
65,000 Btu/h 
(19,000 watts) Centrifugal 
and over or rotary 9.4D 2. 75 

!when tested at the standard rating conditions specified in Table No. 

• 2ailln~s 1?A :2~o~dHce w1th Standard for Positive Displacement Refrig-
erant Compressor and Condensing Units, ARI Standard 520-74 as appllca-
ble. COP based on condensing unit standard rating capacity and energy 
Input to the unit, all at sea level • 

• 
41 
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TABLE 4-15 
HYAC-SYSTEH HEAT ..OPERATED COOLING EQUIPMENT 

HEAT SOURCE 

Dtrtct ftred (gas, ot I) 
lndt rect ftred (steam, hot water ) 

DUCT LOCAT I ON 

TABLE 4-16 
INSULATION OF DUCTS 

INSULATION 
TYPES 

ME CHAN I CALLY 
COOLED 

CLIMATE 
ZONE 

MINIMUM COP 

0.48 
0.68 

INSULATION TYPES 
HEATJ NG ONLY 

On root or 
on exterior 
of but ld1ng 

C, y2 and II 
0, y2 and w 

I 
II 

C and W 
0 and W 

Att t cs, garages and 
crawl spfces, 
tn walls , wtthtn 
floor-cet ltng spaces I 

B and y2 
C and y2 

I 
II 

B 
c 

Wtthtn the condtttoned 
space or tn basements 

None 
Requt red 

None 
Requt red 

Cetnent slab or 
wt tht n ground 

A 8 

Note: Where ducts are used for both heat t ng and cool t ng, the mt n I mum 
tnsulatton shall be as requtred for the most restrtcttve condttton. 

I Insulation may be omitted on that portton of a duct whtch ts 
located wtthtn 1 wall or floor-cetltng space where both stdes of 
th1s space are exposed to condtttoned atr and where thts space ts 
not vent t !a ted or otherwise exposed to uncondtt toned at r. 

42 

2 Vapor barriers shall be Installed on condtttoned air supply ducts 
tn geographic areas where the average of the July, August , and 
September •an dewpot nt te~erature exceeds 60"F. 

INSULATION TYPES: 
A. 0.5-tnch 1.5 to 2 lb/cu. ft. duct ltner, mtneral or glass ttoer 

blanket or equivalent to provtde an Installed thermal resiStance 
of It least R-2. 

B. 2-tnch 0.60 lb/cu. ft. mtneral or glass tt~r blanket 1.5-tnch 1.5 
to 2 10/cu. ft. duct liner, mtneral or glass ftber blanket. 
1.5-tnch 3 to 7 lb/cu. ft. ottneral or glass ftber board or 
equivalent to provtde an Installed thermal resistance or at least 
R-6 . 

C. 3-tnch 0.60 lb/cu. ft. 11tneral or glass fiber blanket 2-tnch 1.5 
to 2 lb/cu. ft. duct ltner, mtneral or glass ftber blanket. 
2-tnch 3 to 7 lb/cu. ft. tllneral or glass ftber board or 
equivalent to provtde an Installed thermal resistance or at least 
R-8. 

,. . 
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• D • 4-lnch 0.60 lb/ cu. ft. 11ineral or glass fiber bhnket 3-lnch 
1.5 to 2 lb / cu. ft. duct liner, 11lneral or gl us fiber 
bhnket . 
3-lnch 3 to 7 lb/ cu. ft. 11lneral or glass fiber boud or 
equivalent to provide an Installed thennal resistance of at 
least R-12. 

v. Vapor barrier, "fth perm rating not greater than 0.5 perm, all 

w . 
joints sealed. 
Approved watherproof barrier. 

• TABLE 4-17 
IUMIIUI PIPE IIISUUTIOM 

INSULATION THICKNESS IN 
INCHES FOR PIPE SIZES2 

FLUID RUN-
TEMPER- OUTS 1" 1.25" 2. 5" 5" s· 

• ATUR£ UP TO AND TO TO TO ANO 
PIPIIIG SYSTEN TYPES RANGE, •F 2·1 LESS 2" •• 6" LARGER 

HEAT! NG AND HOT 
WATER SYSTEMS 

Shill and hot lOiter 

HIgh pressure/top. 306-450 1.5 2.5 2.5 3.0 3.5 3.5 

• Ned. pressure/tup. 251-305 1.5 2.0 2.5 2.5 3. 0 3.0 

La.. pressure/tMP. 201 - 250 1.0 1. 5 1. 5 2.0 2.0 2.0 

low te~~Perature 100-200 .5 1.0 1.0 1.5 1.5 1.5 

Ste .. condensate 

• !for feed "ater) Anz 1.0 1.0 1.5 2.0 2.0 2.0 

COOL! NG SYSTENS 

Chi ll td "a tar 40-55 .5 .s .75 1.0 1.0 1.0 
Ref rf 9erant 1 or brf ne Bela.. 40 1.0 1.0 1.5 1.5 1.5 1.5 

1 Run outs not .. cHdf ng 12 fHt In length to Individual te,.l na 1 units. 

2 For piping exposed to outdoor al r, I ncreue thf ckness by .5 Inch. 

• 
• 
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TABLE 4-18 
INTER I DR Ll GHTI NG POWER BUDGET 1 

GADUP OCCUPANCY DESCRIPTION 

A Assltlbly w/ stage 
Stage I I ght I ng 
Assembly w/o stage: other than 8 and E 

Gasoline service station 
Stortge garages 
OffIce butldl ngs 
Who 1 tSilt stores 
Po 1 I ct and ft re statIons 
Ret111 Storts: 

less than 6000 s. f. 
6000 to 20,000 s. f. 
over 20,000 s. f. 

Drtnklng and dtnlng tstabl lsh~~tnts 
Food preparation task light 
At rcraft hangars - storage 
Process phnts3 
Factories and work shops3 
Storage structures 

Schools and daycare centers 
Audt o-vtsua 1 presentatIon 1t ght I ng 

H Storage structures 
Handlt ng areas 
Pat nt shops 
Auto rtpat r shops 
At rcraft repat r hangars 

lnst 1 tut 1 ons 
Adllltntstrattve support areas 
Ot agnost 1 c, treat11111nt, food 

servtce task ltghttng 

Dwelltng units 
Food prtparat 1 on task 11 ght1 ng 

LIGHTING 
POWER 
BUDGET2 
(W/ sq ft ) 

1.1 
Exempt 
1.1 

1.7 
0.3 
1.7 
2.0 
1.7 

4.0 
3.0 
2.0 
1.85 
Exempt 
0.7 
1.0 
1.7 
0.7 

1.7 
Exempt 

0.7 
1.7 
z.s 
1.7 
1.7 

1.7 
1.7 

Exempt 

Exempt 
Exempt 

lwat ts/sq. ft. of room Ny be Increased by two percent per foot of 
hal ght above 20 feet . 

2E•rgency exit ltght lng ts uttnpt fr011 Interior ltghtlng budget. 

lLightlng that ts p1rt of Nchlnes or equiPftllnt ts .. tmpt rr0111 this 
budget. 

44 
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Chapter 5 

BUILDING DESIGN BY SYSTEMS ANALYSIS AND BUILDINGS UTILIZING 
NONOEPLETABLE ENERGY SOURCES 

500. GENERAL. 

This chapter establishes design criteria In tei'Wis of total energy use 
by a bull dl ng Inc I udl ng all of Its systet~~s • 

501. ENERGY ANALYSIS. 

COIIIP I lance wl th this sect I on will requl re an annua I energy analysIs. 

A building designed In accordance with this c:hapter (the "alternative 
desIgn buildIng') will coq» ly wl th this Code If the annua I energy 
consuq~tlon Is not greater than that of a building of similar design (a 
'standard design') whose enclosure elements and energy consuming systems 
are designed In accordance with Chapter 4 or Chapter 6. The calculated 
energy consllftiPt I on of the alternat lve desIgn shall be subject to a 
li•ltatlon In the l~rovement credited to any Individual building systlfll as 
outlined In Section 503. 

'Building of si•llar design' shall Man a building utilizing the same 
energy source( s) for the ume functl ons and havl ng equal t1 oor area, 
envlronnoental r~ulrements, occupancy, climate data and usage schedule. 
Inputs to the energy analysis relating to occupancy and usage shall 
correspond to the expected occupancy and usage of the building • 

The al ternat lve desIgn shall Incorporate the appll cab 1 e pro vi sl ons of 
Section 415 (Mchanlcal system controls), Section 420(b) (water temperature 
control), and Section 425 ( lighting switching). 

502. DESIGN. 

The stlndard design, confol"lllng to the criteria of Chapter 4 or Chapter 
6 and the proposed alternative design shall be designed on a co11100n basis 
u spec:lf1ed herein. The glazing area to be used 1n the standard design of 
low-r1Se residential occupancy buildings shall not exceed ISS of the floor 
area. 

The co..,arlson of total energy usage shall be expressed In Btu per 
square foot or In KWH per square foot of gross floor area per year for the 
standard design and the alternative design. Coq~ar1son of s1mllar 
tltt~~tnts, syste111s or ca.tponents shall be expressed 1n dhoenslons or terms 
accepted by standard engineering practice • 

If the proposed alternative design results In an Increase In 
consU~~Pt I on of one energy source and a decreue In another energy source, 
even though sl•llar sources are used for sl111l hr purposes, the difference 
In each energy source shall be converted to equivalent energy units for 
purposes of ca.tparlng the total energy used. 

503, ANALYSIS PROCEDURE, 

The analysis of the annual energy usage of the standard desIgn and the 
proposed alternative building and system design shall meet the following 
criteria: 

(a ) The building heating/cooling load calculation procedure used for 
annual energy cons\llll)tlon analysis shall be of sufficient detail to permit 
the eYaluatlon of effect of factors specified In Section 504. 
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(b) Hoe e~lculation procedure used to si..,late the operltion of tne 
building and its service systems through a full year operat ing period shall 
be or suH1Cient detail to penoit the evaluation of the effect of systlfll 
oestgn , cliNtlc flctors, oper.elona l ch~ractertstlcs, 1nd Mchanlcll 
equl~nt on 1nnu1l energy uuge. M1nufacturer's d1t1 or c0111parable ftelo 
test diU shill be used when avalhble in tne sl..,htion or 111 systems 1nd 
equlpNnt. The calcuhtion procedure shall oe based upon operltlon of the 
building and Its service systems through a typical year. Yarhtlons in 
cll1111tlc data shall be represented. 

(c) The c1l cu ht ion procedure for the standard desIgn 1nd the proposed 
11 terll1t he design shall sep1r1tt ly I dent 1 fy the energy input to .. ch of 
the following syste11s: hut1ng, cooling, ventilat ion, and lighting. The 
energy input to 1ny other system using ove r ten percent or the total energy 
Input Shill also be separately Identified. The energy use for tht standard 
and llttrnathe designs sh1ll be ulculated by su"'"tng the energy Inputs 
assigned to e1ch identified syste11 and 1ll other energy Inputs not 
separately Identified. The syste•s Identified, and, to the extent 
poss I b 1 e, the assu~t 1 ons made in ass I gnl ng energy Inputs to each system, 
shall be the 511111 for the standard des t gn and the proposed a 1 tern at I ve 
design. When electrically driven heat pumps are e~loyed to provide al l or 
part of the hut for the alttrnltlvt design, the st1ndard design shill 
also, for the purposes of the 1nalysts, usuae thlt electrlcllly driven 
hut PUIIIPS In confonoance with Section 411 and having capat1ty at lust as 
grut IS those used i n the alternative design are employed. 

(d) The energy use usi gned touch building systH in the proposed 
alternative dtsi!ln shall be IS calculated In subsection (c) or eighty 
percent of the use calcuhted for the SIM systlll In the sundard design In 
subsection (c) , Whichever ts greater. 

504. CALCULATION PROCEDURE . 

The calculation procedure shall cover the following lttas: 

(a ) Ots1gn requir~~~tnts : Otsign par11oeters required In Cht pter 3. 

(b) C11Nttc d1ta : Coincident diU for te~erltures, solar r adiation, 
wind 1nd hUIIIidity of typiul days In the year representing suson1l 
varhtion. 

(c) Building dati: Orientation, she , shape, mass, air, moisture and 
hut transfer characteristics. 

(d ) Operationtl characteristics: Temperature, humidity, ventilltion, 
I llUIIIInltion, control 110de for occupied 1nd unoccupied hours. 

(e) Mtchuic1l equiPIIfnt : Otslgn upaclty, part load proft le • 

(f) Building lo1ds : Internal heat generation, lighting, equipment, 
number of people during occupied 1nd unoccupied periods. 

50S. DOCIJEIO'A Tl ON • 

A proposed 1ltern1tlve design suO.Itted under this Chapter shall be 
•cc0111panied by an energy Ina lysis co~arison report. The report shall 
provide sufficient technical detail on the two buildings and the ir systems 
and on the data used in and resulting fr.,. the COOIParathe analysis to 
certify that both the analysis and the designs Mtt the criteria of this 
Code. 

The Ooc-ntation shall demonstrate that the 1nalysis used is 
cons Is tent with accepted techniques and procedures . 

46 

• 
• 
• 
• 
• 
• 
• 



•• 

• 
• 
• 
• 
• 
• 
• 

1986 EDITION 505-507 

EXCEPTION: Proposed alternative designs for single famf ly and two 
h01fly dwellings and for c~rchl and fndustrhl structures having 
the Indoor tenoperature controlled from a single point need not prov1de 
the ener~ usage analysis for a full year. A comparison of ener~ 
consumption between the alternathe design and the standard design In a 
manner ...,fch follows approved engineering practices and standards, as 
approved by the Bu11dlng Official, shall be provided. 

506. BUILDINGS UTILIZING 11)110EPUTABLE ENERGY. 

(a) Bu11dlngs utilizing solar, geothermal, wind or other nondepletable 
ener~ sources for all or part of Its ener~ source shall meet the 
requf rements of thf s Chapter of thiS Code. The ener~ derl ved from the 
nondepletable source onay be excluded from the total annual ener~ 
consumpt f on attrl buted to the a 1 ternate des! gn bu 11 dl ng by thf s chapter. 

(b) This section shall also apply to passhe cooling processes In lieu 
of tner~ consuming processes. 

(c) All other crt terh covered l n this Chapter and Chapter 4 sha 11 
apply to the proposed altern at he des! gns ut11 fzf ng nondep 1 etab 1 e sources 
of ener~. 

507. DOCIJIENTATIOII·-IUILDIIIGS USING II)II)EPLETABU ENERGY SOURCES. 

Proposed alternathe designs, submitted as requests for exception to 
the standard design crfttrh shall be acc01111anled by an ener~ analysis, as 
specified In this Chaphr. The report shall provide sufficient technical 
detail on the alternative building and systttl designs and on the data 
~loyed In and resulting fr011 the COIIParatfve analysis to verify that both 
the analysts and the designs •et the crfterh of Chapter 4 and this 
Chapter. 

The ener~ derhed fr0111 nondepletable sources and the reduction In 
conventional ener~ requfr-nts derived fron nocturnal cooling shall be 
separately 1dent1fftd from the overall bu11d1ng ener~ use. Support! ng 
doc-ntatlon, on the basts of the performance estlonates for the 
aforeNntfoned nondepletable ener~ sources or nocturnal cooling means, 
must be subef tttd. 

Ener~ usage nut be calculated In accordance with the design 
conditions and Nthods specified In this Code • 
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Chapter 6 

PRESCRIPTIVE REQUIREMENTS APPROACH 

600, GENERAL. 

(a) This Chapter establishes design criteria in terms of prescribed 
requirements for building construction . 

(b) The requirements contained in th1s Chapter are applicable only to 
bu1ldings less than 10,000 square feet in gross floor area or low-rise 
residential buildings. Other methods may be used provided a satisfactory 
design is submitted showing compliance with the performance standards of 
this Code . 

(c) Instilled insulation having a minimum R value as specified in this 
Chapter shall be accepted as providing the corresponding required U value. 

601, LOW-RISE RESIDENTIAL BUILDING ENVELOPE REQUIREMENTS. 

For all c.,..,onents except for walls, the A values specified in Table 
6-1 are for installed insulation materhl only. R values for construction 
are defined u any combination of rigid-sheathing, loose fill, or batt 
insulation that achieves the prescribed R value. Where insulation ts 
I nsta 11 ed In a cant I nuous manner and 1s not interrupted by occu I on a 1 
framing ....Cers, Its R value may be increased by 20S In determining 
complhnce with the requirtt~~tnts of this table. This allowance does not 
apply to 1 nsu lit I on of slab on grade or walls. 

(a) Walls. The total assembly of opaque exterior wall sections, walls 
in fl n1shed basements, and the I nterl or walls exposed to unheated spaces 
shall have 1 therul resistance A value not less than the values specified 
In Table 6-1. Total wall assembly A values Include values for Insulation, 
sheathing, gypsuoo-board, alr-flhos, concrete, etc. The following walls 
shall be considered to meet the A-19 total assembly criteria without 
additional documentation: 

1. 2' x 6' with Installed A-19 batt. 

2. 2' x 4' with an installed A-13 batt and R-5 Insulating sheathing. 

3. 2' x 4' with an 1 nsta ll ed R-11 batt and R-5.4 Insulating 
sheatM ng. 

EXCEPTION: Concrete or masonry foundation walls of unfinished 
basements that have one foot or less of the wall above grade need not 
be Insulated until finished, provided what: 

A. Any frame walls comply with the requirements of Table 6-1; 

8. The rh•·Jolsts are properly insulated; 

C. All walls that are 1110re than an average of one foot above 
grade are insulated to meet the requl rements of Table 6-1. 

(b) Aoof/ul11ng. The roof/ce1llng assembly shall have a thermal 
resistance A value not less than the value specified for the I nd1cated type 
of construct I on 1 n Tab 1 e 6-1. 
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EXCEPTION: Insulation levels in the case of single rafter or joist 
vaulted ceilings. These types of ceilings may be Insulated to a level 
of R-30, regardless of space heat type. 

(c) The1'1111 Design Standards for Floors. 

I. Slab on Grade Fl oars. For slao on grade fl oars, the therma 1 
resistance of the Insulation around the perimeter of the floor 
shall not be less than the value given In Table 6-1. 

.-4 .. 
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Insulation Installed t nstde the foundation shall extend downward 
from the top of the slab for 1 mlnl1111• distance of 24 inches; or 
downward to the bottom of the slab, then horizontally beneath the 
shb for a •lnt1111m total distance of 24 Inches. Insulation 
Installed outside the foundation shall extend downward a •lntiUift 
of 6 Inches below grade but not less than to the frostltne and 
need not extend deeper than to the top of the foot t ng. 

z. Floor Sections. Floor sections over unheated spaces, such as 
unheated basements, unheated garages or vent lhted craw I spaces, 
sha 11 be constructed to comply with the requt red va 1 ues IS 
specified tn Tlble 6·1 • 

(d) 

I. 

2. 

J. 

(e) 

I. 

EXCEPTION: lnsuhtton may be omitted from floor areas over 
heated basements, heated garages, or under floor arus used as 
HVAC plenums or where openable foundation vents are used and when 
foundation walls are Insulated. When foundation 11alls are 
Insulated In accordance with Section 601(a), the insulation shall 
be attached t n a p~tnnanent nwtnner. 

TheMMl Design Standards for Openings • 

At 1 mtnti'Utl, all windows 1111st be double glazed, and are classed 
according to U values as shown on Table 6-Z. Ghztng requirements 
are listed In Table 6-4. 

At 1 •tnt-, all skyltghts IIIJSt be double glued. Th• area of 
Class 90 skyltghts and Class 90 utertor windows sloped 1110re than 
Jo• fr011 the vertical shall be doubled and thts ar•a Included tn 
the peruntage of the total glazing area as allowed for tn Table 
6-4. Class 75 or Class 60 glazfng tn skylights or Class 75 or 
Class 60 windows sloped 1110re than Jo• frOM the vertical need not 
be doubled. 

Stngl• gluing for orn~mental, security or architectural purposes 
shall have Its area doubled and shall be Included In the percentage 
of the total glazing area IS allowed for t n Tible 6-4. The nwtxtmum 
area (before doubltng ) allowed for the total of all single glazing 
t s ll of the floor area • 

Air Leakage. 

VI ndows and Doors. A 11 wf ndows wlth1 n a wall and doors sha 11 
confot'!ll to the atr Infiltration requirements specified In Section 
405. Site built windows shall be constructed to mtntmtze leakage. 

EXCEPTION: Openfngs required to be protected by ftre reststfve 
u setllb 11 es ar• exempt f r0111 tht s sect ton • 

z. Extert or jot nts around windows and door frames, openIngs between 
walls and foundatIons, between walls and roof and between wa 11 
pan~tls; open! ngs at penetrat tons of ut Ill ty servl ces through 
walls, floors and roofs; and a 11 other such open! ngs In the 
building envelope shall be sealed, caulked, gasketed, or 
wutherstrlpped to lh1ft atr leakage. 

(f ) Moisture Control. Vapor retarders shall be Installed on the wann 
stde (In winter) of Insulation as specified tn the following cases: 

1. Walls separating conditioned space from unconditioned space shall 
have a vapor retarder Installed when thermal Insulation ts 
Installed. The vapor retarder shall have a one per. dry cup 
rating or less. Inset stapled batts with a facing with a perm 
rating less than one Ny be Installed If staples are placed not 
more than (8) Inches on center and gaps between the facing and the 
fra10tng do not exceed (1/16) of an Inch. 
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Roof/ceilings. 

A. Roof/ceiling assemblies where the ventilation space above 
the Insulation Is less than an average of twelve ( 12) Inches 
shall be provided with a vapor retarder having a dry cup perm 
rating of 1.0 or less. 

B. Vapor retarders shall not be required In roof/ceiling 
usemlles where the ventilation space above the Insulation 
uer~gu twe 1 ve ( 12) 1 nches or greater. 

C. Vapor retarders shall not be requl red where all of the 
Insulation Is Installed between the roof membrane and the 
structura 1 roof deck. 

o. Vapor retarders with a 1.0 or less dry cup perm rating shall 
be Installed 1 n roof /ceilI ng usemb 11 u where the 1 nsu la t 1 on 
Is coeprlsed of I nsulation between the roofing membrane and 
the structural roof decking and Insulation below the 
structural roof deckIng. 

3. Ground Cover. 

A ground cover of 4 11111 (0.004 Inch thick) polyethylene or 
approved equal shall be hid over the ground wl thl n crawl spaces . 
The ground cover shill be overlapped twelve (12) Inches minimum at 
jol nts and shall extend over the top of the footIng. 

EXC£PTIOII: The ground cover NY be 0111ltted In unheated crawl 
spaces If the crawl space has a concrete slab floor with a mlnl""m 
thl ckness of 3-1/2 Inches. 

(g) Genaral Requtr-nts for Loose Fill Insulation. Blown or poured 
loose fill Insulation may be used In attic spaces where the slope of the 
celll ng Is not 1110re than 3 feet In 12 feet and there Is at least 30 Inches 
of cletr distance fr0111 the top of the bott0111 chord of the truss or ceiling 
joist to the underside of the roof sheathing at the r-oof ridge. When eave 
vents ~re Install~. baffll ng of the vent openIngs shall be provided so as 
to deflect the Incoming al r above the surf1ce of the Insulation. 

(h) SpiCe Heat Type. The following four categories comprise all space 
heatIng types: 

l. Electric Resistance. Space heating systems which Include 
baseboard unl ts, radiant unl ts, and forced al r unl ts as either the 
prl111ry or secondary hutlng system. 

EXCEPTIONS: Electric resistance elements which are Integral to 
either heat pump or passive sohr heating systems (as defined 
below), or when the total electric heat capacity In each 
Individual dwelling unit does not exceed the greater of: 1) 1, 000 
watts per dwelling, or; 2) 1.0 watt per square foot of the gross 
floor area. 

2. Electric, Pushe Solar. Electric resistance space heating 
systMS which utilize solar energy to provide a portion of the 
building's heating load. A Passive Solar System Is required to 
have at least ten (10) percent of the building's gross floor area 
In glazing that Nets the specifications of Section 601(1 ) • 

3. Other. Includes all gas, wood (not meeting the provisions of 
Section 102 (a)2), oil, propane, and electric heat pump space 
heating syste11s, unless electric resistance Is used as a secondary 
heating syste10. (See EXCEPTIONS, Electric Resistance, Section 601 
(h) l. above. ) Nonelectric heat pump heating systems are also 
Included In this category. 
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4. Other, Pushe Solar. Other types of space heating systtms which 
ut 11 he solar energy to provl de a port 1 on of the bull dl ng • s 
heating load. A Passive Solar System 1s required to have at least 
ten (10) percent of the building's gross floor area in glazl ng 
that meets the specifications of Section 601(1 ). 

(1) Pushe Solar Gluing. Glazing areas are required to ~neet the 
following criteria In order to be considered Pushe Solar Glazing. 

1. Ghzlng areas. art required to-t the "Electric, Passive Solar" 
and "Other, Passive Solar" glazing requlreMnts of Table 6-4 • 

2. The south gluing shall be oriented within 45 degrees of true 
south. 

3. The glazing shall be 110unted It lust 60 degrees up from the 
horizontal. 

4. The glazing shall have a trans•1ss1on coefficient greater than or 
equal to 0.80 for visible light or greater than or equal to 0.73 
for total solar radhtlon • 

5. Docu.ntatlon shal 1 be provided In the font of a sun chart, a 
photograph, or approved evidence, deMOnstrating that the glazing 
aru shall not be shaded for at lust 4 hours between 8 •·•· and P·•· standard tiM on January 21 and March 21. 

6. The building shall contain a heat capacity equal to a four 1 nch 
concrete slab, Th~ heat capacity shall be equivalent to at least 
20 Btu/degree F-ft2 for each square foot of south glazing when the 
south glazing area 1s between lOl and 141 of the building's gross 
floor area, and at least 45 Btu/degree F-ft2 for each square foot 
of south ghzlng when the south area glazing exceeds 14 percent of 
gross floor area. In buildings with south glazing area between 
lOS and l4l of gross floor area, the heat capacity provided by a 
four inch concrete slab shall be deeMd sufficient. This heat 
storage capacity shall be located inside the insulated shell of 
the structure and not covered w1th lnsuhtlon Nterlals, such as 
carpet, which yield an R value of 1.0 or greater. If the storage 
MdiUM 1s not within the space contain! ng the south glazing, an 
approved natural or mechanical means of transferring the heat to 
the heat storage medium shall be provided. Heat storage capacity 
shall. be calculated usIng the be I ow equat 1 on and/ or accepted 
analytical methods: 

HS•DxSHxV 
lfhere: 
HS • Heat Storage. The heat storage capacIty 

available Inside the lnsuhted space • 
V • VolUfllt of heat storage c.,..,onents. 
D • Density of 1111terhl inside the insulated 

shell of the build! ng to a depth yielding 
a ther~~~~l resistance of R-1, except In 
the cue of slab f1 oors where only the 
slab itself is credited. Mass located in 
condltl oned or uncondl tl oned basements 
without solar glazing shall not be 
counted (1 bs/cu ft) • 

SH • Specific heat of the material (Btu/ lb/°F) . 

(j) Ventilation . Enclosed joist or rafter spacu ro,...,.d where 
ceilings are applied directly to the under side or roof joists or rafters 
IINSt have joists or rafters of sufficient sl ze to provide a minimum of one 
Inch clear vented air space abOve the Insulation (see also Section 3205 (c ) 
of UBC). Ceiling insulation NY be tapered or compressed at the perimeter 
to permit proper vent 1 ng. 
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LOW-RISE RESIDENTIAL BUILDING MECHANICAL SYSTEMS. 

All HVAC devices, components and thei r elements shall conform to the 
requirements of this section. 

(a ) Heating and Mechanical Cooling Devices. 

I. All heating and mechanical cooling devices shall meet the requi red 
efficiency factor specified herein or fn Tables 4-12, 4-13, 4-14, 
and 4-15, 6-3, and 6-4, for the specf fi c type of device. 

2. COIII>ustion Heating Equipment. All gas and ofl-fired heating 
equipment shall meet the minilllJm combustion efficiencies as 
specified in Table 6-4. 

3. Fireplaces shall be provided with: 

A. Tightly fitting flue da..,ers, operated with a readily 
accessible manual or approved automatic control. 

EXCEPTION: Fireplaces with gas logs installed in 
accordance with UHC 803 sha 11 be equipped with tightly 
fitting glass or metal doors. 

B. An outside source for combustion air. The duct sha 11 be at 
lent stx square inches in area, and shall be provided with a 
readily operable da..,er. 

4. Calculation of Heating and Cooling Loads. Heating and cooling 
design loads for the purpose of sizing HVAC systems are required 
and shall be ca 1 cu 1 a ted in accordance with accepted engi neering 
practice. The design parameters specfffed in Chapter 3 shall 
apply for all computations. HVAC equipment for low-rise 
residential buildings shall be sized no greater than ISO percent 
of the design load as calculated above. 

EXCEPTION: The following exe..,tion from the sizing lfmft shall 
be allowed, however, in all cases heating and/ or cooling design 
load calculations shall be submitted. For equipment which 
provides both heating and cooling in one package unit, inc 1 ud f ng 
heat pu..,s with electric heating and cooling and gas -pack units 
with gas heattng and electric cooling, compliance need only be 
demonstrated for either the space heating or space coollng system 
size. 

(b) Tet~ptrature Control. 

Each heating system shall be provided "ith at least one thermostat for 
the regulation of teqlerature. Each thermostat shall be capable of being 
set as follows: 
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Where used to control heating on 1 y--55-75°; 
Where used to control cooling only--70-85•; 
Where used to control both heating and cooling, it shall con­
form to the requirements of Section 415. 

(c ) Zoning for Ttnperature Control. 

I. Group R-3 Occupancy 

At least one thermostat for regulation of space te..,erature sha l l 
be provided for each separate HVAC system. In addition, a readily 
accessible manual or automatic means shall be provided to 
part fa 11 y restrict or shut off the heating or cooling i nput to 
each zone or floor. 

EXCEPTION: Noncondftf oned basements and garages. 
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2. &roup R-1 Occupancy. 

For Nlt1ta111ly dWellings, each lndhldual dwelling unit shall be 
considered separately and shall aoeet the requirements of Section 
602. Spaces other than ltvlng units shall meet the requirements 
of section 415 (c) 3. 

3. Control S.tbuk and Shutoff: Group R-1 and R-3. 

4. 

The ther1110stat requ1 red In (a ) and (b) or an alternate means such 
u a switch or clock, shall provide a readily accessible, manual 
or automatic Nans for reducing the energy required for heating 
and cooling during periods of nonuse or reduced need such as, but 
not 1t•lted to, unoccupied periods and sleeping hours. lowering 
thermostat set points to reduce energy consumption of heating 
syste11s shall not cause energy to be expended to reach the reduced 
setting. 

Duct lns11latlon . 

All ducts, plenuors and enclosures Installed In or on buildings 
'hall be then~~ally insulated and constructed In accordance wl th 
Section 416. 

5. Pipe lns11latlon. 

All piping Installed to serve buildings or wtthln buildings shall 
be thel'llally Insulated In accordance with Table 4-17. 

ElCEPTION: For service water heatIng systeniS, see Sect I on 603 • 

603. lOW-liSE RESIDEICTIAL IIUilDIII& SERVICE WATER HEATIIIG. 

Water heating stortge tanks, boilers and piping for all water heating 
systeors shall be Installed In accordance wl th the fo 11 owl ng: 

(a) T...,erat11re Controls • 

Service water heating systems shall be equipped with automatic 
teMperature controls capable of adjustment from the lowest to the highest 
acceptable t~erature settings for the Intended use. 

(b) Swl•lng Pools. 

Heated swhnlng pools shall be equipped wtth : 

1. A pool cover at the surface of the water • 

2. A label on the pool heater that provides the following 
lnfonoatlon (the following rec011111endatlons replace requirements 
for teooperature and on/off controls): 

Pool heatlng--78"F ts the recoonnended healthful swl11111lng 
pool tetollerature for IIWJSt people. The water heater 
ther'IIOstate should be set at 78°F, our~ed to Identify 
the setting, and further adjustments should be 
discouraged. An Increase of 4°F ( such as from 78°F to 
82"F ) could Increase energy consuii!Ptlon by as IIIJCh as 40 
percent • 

Filter system--the tlllll! clock for operat ing the fllter 
system should be set to operate the filter system for 
the mt ntii'IJIII number of hours of operatl on requIred to 
~~~alntaln clean and healthful pool water. 

Pool cover--It 1s reconnended that the pool be covered 
except when the pool 1s In use. Use of the cover can 
cut pool heatIng costs by as IIIJCh as 70 percent . 
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1 l>u., Operation. 

.lrcuhtlng hot water systems shall be arranged so that the circulating 
, i! ( S) can be conveniently turned oft, automatically or manually, when the 
hot water systt• h not In operation. 

(d) Pipe Insulation for Recirculating Syste•s. 

All recirculating system piping Installed to serve buildings (and 
within} shall be thermally Insulated In accordance with Section 422 • 

(e) Showrs. 

Showers used for other than safety reasons shall be equipped with flow 
control devices to l1m1t total flow to a maximum of 3 gpm per shower head. 

(f) Vater Heaters. 

Gas, oil-fired water heaters, and electric storage water heaters must 
meet the requlr-nts of ASHRAE Standards 90A-80, and be so labeled • 

All electric water heaters In un~eated sptces shall he placed on an 
Incompressible, Insulated surface with a mlnlmu111 thermal resistance of 
R-10. Electric water heaters placed on floors Insulated to a minimum of 
R-10 shall be dHMd to IIIHt with this requirement. 

604, lOll-fUSE RESIDENTIAL BUilDIIIG ElECTRICAl !>OVER AIIO liGHTING. 

The electrical power distribution and lighting systems shall confoMI! to 
the requlret01nts of section 424, et seq, 

EXCEPTION: One and Two-family detached dwellings and the dwelling 
port I on of IIJ 1 t H 1111ily buildIngs are exeft'C)t from the requl rements of 
this section. 

605, BUILOIIIG ENVELOP£ REQUIREMENTS FOR OTHER TliAN LOW-RISE RESIDENTIAL 
BUILOIIIGS. 

(a} Opaque Envelope Crlterh. Roof / ceilings, uterlor walls, fl oors 
over uncondlt I oned space, be I ow grade walls and slab on grade f1 oors 
enclosing heated spaces shall be Insulated to not less than the nominal 
value specified for roof/ceilings, exterior walls, floors over 
unconditioned space, below grade walls and slab on grade floors, 
respectively, In Table No. 6-5. Roof/ceilings enclosing mechan ically 
cooled spaces shall be Insulated to not less than the nomIna 1 R value 
specified for roof/ceilings In Table No. 6-5. Cornplhnce with nominal R 
values shall be demonstrated for the thermal resistance of the added 
Insulation In fra111lng cavities and/or Insulated sheathing only and shall 
not Include the ther111al transmittance of other building materials or a ir 
films, but shall peMI!ft Interruption by occasional framing members. 

Installation of materials shall comply with Section 402 (d ) and (e ) . 
In addition, below grade wall Insulation shall extend from the top of the 
wall to the top of the footing or floor slab. Slab on grade floor 
Insulation shall be Installed along the entire perimeter of slab on grade 
floors, except for any part of slab which extends Into an unconditioned 
space such u a garage, and shall extend downward from the top of the slab 
to the top of the footing or to the bottom of the thl ckened edge of a 
monolithic slab or for 1 mlnlnou111 distance of 24 Inches or downward to tne 
bottom of the slab then horizontally beneath the slab for a minimum total 
distance of 24 Inches and sha 11 be an approved type. 

(b) Gluing Crlterf&. All glazing shall be, at a minimum, double 
glazing. Insulating glass with at least 1/4 Inch a ir space or approved 
storm sash will be considered as co,.,lylng. The total glazing area shall 
not exceed the percentage of gross exterior wall area specified In Table 
No. 6-5. 

54 

• 
• 
• 
•• 
• 
• 
• 



• 
• 
• 
• 
• 
• 
• 

1986 EDITION 605 - 6-1 

£XCEPTION: Single glazing in doors may be Installed provided that 
the glazing area Is doubled for the purpose of demonstrating compliance 
with the glazing area requlreo~ents. 

(c) Air leakage . All buildings shall comply with the air leakage 
requirement of S.ctlon 405. 

606. BUILDING NECKANICAL SYmMS REQUIREMENTS FOR OTHER TKAN LOW-RISE 
RESIDENTIAL BUILDINGS. 

A 11 bull dl ng mechanl cal systems shall comply wl th the requl rements of 
Sections 406 to 418, Inc lusive. 

607. SERVICE WATER HEATING REQUIREMENT FOR OTHER TKAN LOll-RISE 
RESIDENTIAL BUILDINGS. 

All service water heating systems shall co~ly with the requirements of 
Sections 420 t o 423, Inclusive . 

608. ELECTRICAL POWER AIID li&HTING REQUIREMENTS FOR OTHER TKAN LOW-RISE 
RESIDENTIAL BUILDINGS • 

All electrical power and light Ing systems shall comply with the 
requlr-nts of S.ctlons 424 to 426, Inclusive. 

TABU 6-1 
LOW-RISE RESIDENTIAL BUILDINGS 

Nl lllllll! (AVERAGE ) ALLOWED R VALUES! 

ROOF 
SLAB 
ON CLIMATIC 

SPACE HEAT TYPE ZONE CEILIN&S2 DECKS WALLS FLOORS GRADEl 

Electric Resistance 38 38 19 19 
Electric, Passive Solar 30 30 19 19 
Other 30 30 19 19 
Other, PassiYe Solar 30 30 19 19 

Electric ResIstance II 38 38 19 25 
Electric, Passive Solar II 30 30 19 1g 
Other I I 30 30 19 19 
Other , Pusive Solar II 30 30 19 19 

1R values, except for walls, are for Insta lled Insulation material 
only. 

8 
8 
8 
8 

10 
10 
10 
10 

2R.JO In single rafter, joist vaulted ceilings. 
)Insulation shall be water-resistant 111terhl 1111nutactured tor this 
use • 
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TABLE 6-2 
LOW-RISE RESIDENTIAL BUILDINGS 

CLASSES OF GLAZING 

CLASS U-VALUE 
WINDOW THERMAL 

TESTING REQUIREMENT! 

90 
90 
75 
60 

.90 
Greater than • 75 

.61 to .75 
less than .61 

Untested 
Tested 
Tested 
Tested 

1See DEFIIHTIONS, Section 223. WINDOW THERMAL TESTING. 

SOURCE AND OUTDOOR 
TEMPERATURE ("F) 

TAIL£ 6-3 
LOW-RISE RESIDENTIAL BUILDINGS 
HEAT PUMP MINIMUM EFFICIENCIES 

CLASS 1 
COP HSPF COP 

Air Source - 47 dB/43 WB 2. 7 2.5 
Air Source - 17 dB/ 15 WB 1.8 1.5 
Air Source 6.35 
Water Source - 60 entering 3.0 2.5 
Ground Source 3.0 3.0 

TAIL£ 6-4 
LOW-RISE RESIDENTIAL BUILDINGS 

GlAZING AND FURNACE 
EFFICIENCY REQUIREMENTS 

MAX !MUM PERCENTAGE 

CLASS 2 

CLIMATIC OF FLOOR AREA GLAZING 
SPACE HEAT TYPE ZONE IN GLAZING CLASS 

Electric Resistance 21 :r. 60 
Electric, Passive 
Solar 2t :r. 60 

Other 2l:r. 75 
Other 21:r. 90 
Other , Passive Solar 2l:r. 90 

Electric Resistance ([ 17:r. 60 
Electric, Passive 
Solar ([ 17:r. 60 

Other It 17:r. 75 
Other It 17:r. 90 
Other , Passive Solar II 17:r. 90 

HSPF 

5.60 

AFUE• 

n/ a 

n/ a 
.65 
• 74 
.65 

n/a 

n/ a 
.65 
.74 
.65 

HEAT 
PUMP 
CLASS 

n /a 

n/ a 
2 
1 
2 

n/a 

n/ a 
2 
I 
2 

•AFUE applies only to central heating equipment. All other types or 
heating equipment fueled by gas, oil , or propane must be equipped with 
an intenolttent ignition device in order to use Class 90 gluing. 
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TABLE NO. 6-5 
All OTliER TitAN LOW-RISE RESIDENTIAL BUILD! NGS 

COMPONENT REQUIREMENTS 

CO!IPONENT ZONE 

Space Condi tioning Any 
System Type 

Opaque Enve I ope 
Nini11111 N0111tnal R Value 

Roof / Ceil t ngs R- 30 
Exterior Walls A-ll 
Floors over 

Unconditioned Space A-ll 
Bel'* Grade Wa llsl A-4 
Slab on Grade Floorsl A-B 

Gluing 

Type Double 

Naxift.lll Tot 
(Percent 
Exterior 321 

ZONE 11 

Any 

R-30 
A-ll 

A-ll 
A-5 
R-IO 

Doubl e 

221 

ltnsuhtlon Shill be water-resistant uterhl Nnuflctured for t n· ' 
use • 
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