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THE CALIFORNIA RESIDENTIAL ENERGY STANDARDS 

PROBLEMS AND RECOMMENDATIONS RELATING 

I. EXECUTIVE SUMMARY 

A. HISTORY 

I n  November 1972, be fore  the  energy c r i s i s  was apparent, the  C a l i f o r n i a  S ta te  

Leg is la tu re  passed Senate B i l l  277, r e q u i r i n g  C a l i f o r n i a  communities t o  incorp-  

o ra te  i n t o  t h e i r  b u i l d i n g  codes minimum energy i n s u l a t i o n  standards f o r  a1 1 

new r e s i d e n t i a l  bui . ld ings which a re  heated and/.or mechanical ly cooled. . ' . 

Regulat ions i nco rpo ra t i ng  these standards were developed by t h e  Department o f  

Housing and Comnuni ty Development w i t h  ass is tance o f  a ,pu'bl i c adv isory  committee. 

The Commission o f  Housing and Comnuni t y  Development adopted the  standards i n  

February 1974, w i t h  an opera t ive  date o f '  February 22, 1975. 

The adopted standards es tab l  i sh maximum heat t ransmiss ion c o e f f i c i e n t s  (U f a c t o r s )  

f o r  each element o f  the b u i l d i n g  envelope, a long w i t h  p i p i n g  and weathers t r ipp ing  

requirements. The standards a l so  1 i m i  t the  g l a z i n g  area and r e q u i r e  i n s u l a t i n g  

g lass i n  co lde r  c l imates  o f  t he  State. 
. . 

I n  add i t i on ,  the  standards prov ide f o r  a1 t e r n a t i  ve designs , i n c l  uding designs 

u t i l i z i n g  nondeplet ing energy systems such as s o l a r  o r  wind, prov ided the  pro-  

posed design does n o t  use more dep le tab le  energy than would be used i f  the 

s p e c i f i c  requirements o f  the  standards were met. 

Overal l ,  the  standards are  p r e s c r i p t i v e ,  b u t  a1 low design f l e x i b i l i t y  when 

equivalency o f  dep le tab le  energy consumption c'an be e'stabl ished. 

B. OBJECTIVE 

The o b j e c t i v e  o f  t h i s  s tudy by the S ta te  o f  C a l i f o r n i a ,  Department o f  Housing 

and Community Development was t o  evaluate problems o f  implementation, enforce- 

ment, and the design .aspects o f  the Cal i f o r n i a  energy i n s u l a t i o n  standards f o r  



new res iden t i a l  bu i ld ings.  

C. METHODOLOGY 

To accomplish the ob jec t i ve  o f  the study, the fo l low ing  tasks were performed: 

1. Review o f  Publ ic  Documents and Materials. Documents r e  & ant  t o  the 

development and implementation o f  the Cal i f o r n i a  energy i nsu la t i on  standards 

f o r  new res iden t i a l  bui  1 dings were evaluated t o  provide a comprehensive account 

o f  the e n t i r e  process. Elements included l eg i s l a t i on ,  n o t i f i c a t i o n  and resu l t s  

o f  pub l i c  meetings, development o f  the standards and the design manual, enforce- 

ment and .implementation, t r a i n i n g  and plan checking. 

. . 
2. Survey. A survey was conducted t o  determine problems encountered i n  the 

implementation, enforcement, and desjgn aspects o f  the standards. Data was 

co l  1 ected by surveying those i nvol ved i n  the bui 1 d ing process, namely, enforcement 

o f f i c i a l  s, bu i  l de r s  and developers,, a rch i tec ts  and engineers, manufacturers and 

'suppl i e r s  , and consumers. Interv iews were selected t o  provide a representat ive 

cross section, considering the various sizes o f  c i t y  and county bu i l d i ng  

departments, c l  ima t i c  condi t ions and geographic iocat ions throughout the state. 

A pr iva te .  consu l t ing . f i r m  was re ta ined t o  ass i s t  i n  the co l l ec t i on  o f  data and 

the preparat ion,  o f  recomnendati ons ., 

D. CONCLUSIONS 

Within .the repo r t  are many f indings,  observations and recomnendations concerning 

the impact o f  the Ca l i f o rn i a  energy i nsu la t i on  standards on enforcement-agencies, 

designers, bu i lde rs  and developers, manufacturers and suppl iers, consumers and 

the bu i l d i ng  process i n  general. 

The impact o f  the. standards on construct ion costs and energy savings varies 
considerably because o f  the wide va r i a t i on  i n  p r i o r  i nsu la t i on  pract ices and 

c l i m a t i c  condi t ions i n  Cal i fo rn ia .  I n  m i l d  c l imate the estimated impact on a 

t yp i ca l  1500 square f o o t  house w i t h  only R-11 c e i l i n g  i nsu la t i on  would be , 

$335 add i t i ona l  cost  and 29 percent energy savings. I n  colder c l imate the 



est imated impact on the  same house, except w i t h  R-11 w a l l  i n s u l a t i o n  also, 

would be $1235 add i t i ona l  cos t  and 33 percent energy savings. 

The r e p o r t  concludes w i t h  a ser ies  o f  recomnendations cover ing  a1 1 l e v e l s  o f  

government and the  b u i l d i n g  process. Most recommendations are  d i r e c t e d  towards 

the Sta te  which promulgates the  regu la t i ons  and i s  responsib le f o r  t h e i r  

implementation. The more important  recommendations and conclusions are 

summarized as f o l  1 ows : 

1. FEDERAL LEVEL 

Educational Ma te r ia l  Development: The Federal government should sponsor the  

development o f  educational mater ia l  f o r  a l l  sectors o f  the  b u i l d i n g  i n d u s t r y  

i nc lud ing  b u i l d i n g  regu la to ry  personnel a t  a l l  l eve ls ,  a r c h i t e c t s ,  engineers 

and b u i l d i n g  designers, and cont rac tors  and subcontractors. Courses~should 
* .  

be developed a t  the  Federal l e v e l  because energy' conserva t ion ' i s  a na t iona l  need 

and 'must be r a p i d l y  implemented. 1t  i s  more economical f o r  one agency t o  

develop t r a i n i n g  courses, avo'id.ing d u p l i c a t i o n  o f  e f f o r t  a t  the  State.  l eve l .  

' 2. STATE LEVEL 

(a) Leg is la t i ve :  ~ e g i s l a t ' i o n  enabl ing the  development o f  energy conservat ion 

standards should s t i  pul a t e  t h a t  both p r e s c r i  p t i  ve and performance standards be 

devel oped. 

The l e g i s l a t i o n  'should a l so  provide funding f o r  a cont inu ing program o f  techn ica l  

assistance t o  l o c a l  bu i  l d i n g  departments f o r  enforcement o f  energy standards. 
. . 

( b )  Development o f .  Standards : A pub1 i c advisory committee represent ing.  a f f e c t e d  

groups should be used t o  provide i n p u t  and a s s i s t  i n  the  development o f  energy 

standards. 

~ o t i  f i c a t i o n  and'publ i c disseminat ion o f  proposed standards should be o f .  the 

h ighest  p r i o r i t y  t o  develop maximum i n t e r e s t  and input .  



(c )  Implementation of Standards: Extensive e f f o r t  must be made,to make the 
public aware of the standards. 

A comprehensive ongoing educational program with appropriate technical aids i s  
necessary for  uniform implementation and enforcement. 

(d) Improvement of California Standards: Studies should be conducted on the 
cost effectiveness of increasing existing insulation requirements and standards 
r e l a t ive  to  cooling. Reguirements should be divided,into smaller gradations, 
ra ther  than the present three degree day zones. Efficiency and sizing require- 

ments for  heating and cooling systems should be added. 

Performance standards. should be developed in addition to the present prescriptive 
standards to  provide more design f lexi  bi 1 i ty. 

Buyers should be provided w i t h  energy conservation information concerning the i r  
new home. 

3. LOCAL LEVEL * 

Administrative: Local government should provide adequate s t a f f  for  effect ive 
enforcement of energy standards. California legis lat ion allows recovery of 
enforcement costs through fees. 

Local enforcement o f f i c i a l s  should communicate with the State ,  contractors and 
designers t o  decrease implementation and enforcement problems. Staff personnel 

should attend available educational programs to  develop a thorough understanding 
of the standards.and f a c i l i t a t e  uniform enforcement. 

4. FURTHER RESEARCH 

Product Approvals: Standards for tes t ing,  cer t i f ica t ion ,  label ing, . instal la t lon,  
and f i r e  resistance of insulating products should be established to a s s i s t  
enforcement and provide needed consumer protection. 



NOTE: This report i s  concerned with residential  buildings only. . State  energy 

conservation standards for  new nonresidential buildings were to become effect ive 

on February 6, 1977, b u t  due to  l i t i ga t ion ,  implementation has been delayed. 

The 1 i t igation contends that  the standards are  prescriptive and not performance' 

standards as specified by the enabl ing legislation. 



11. BACKGROUND 

A. LEGISLATION 

Legislation was introduced i n  1972 by Senator Alquist mandating the 
Comnission of Housing and Community Development, by January 1, 1974, to  
adopt rules  and regulations establ ishing minimum standards of energy 
i nsul a t i  on for  new hotel s , motel s , apartment houses, homes, and other 

. resident ial  dwellings. The legis lat ion signed into law by Governor Reagan 
on November 22,  1972 i s  shown in Section F. 

The legis lat ion s t ipulated tha t  the following c r i t e r i a  be used in the 
development of the regulations: 

The Connnission of Housing and Community Development shall  adopt such 
rules and regulations establishing min,imum standards of energy insula- 
tion> which are  reasonably necessary to  conserve fuel resources. The 
rules and regulations adopted by the Commission shall  meet or exceed 
the standards which are  required by the Federal Housing Administra- 
tion i n  "Minimum Property Standards for  One and Two Living Units" 
which are in e f fec t  a t  the time the Commission adopts such rules and 
regulations. However, the Commission shall develop rules and regula- 
t ions independent of such standards for  hotels, motels, and apartment 
houses which are more than three s tor ies  in height. 

The Director of Housing and Comnunity Development shall  appoint an 
advisory comnittee to  a s s i s t  the Commission in the establishment o f  
energy insulation regulations. The advisory committee shall  consist 
of two archi tects  i n  private practice; two sc i en t i s t s  having pro- 
fessional and technical experience in the fie1 d 'of energy conserva- 
tlon or use; one general building contractor; three representatives 
from a c i ty ,  county, or c i ty  and county; the Secretary of the Human 
Relations Agency; the State  Architect; and the Secretary of the 
Resources Agency. 



The members of the advisory comrni t t e e  shall  serve without compensa- 

t ion, b u t  each member shall be reimbursed for  his necessary traveling 

and other expenses incurred in the performance of his duties. . 

3. The 'rules and regulations adopted by the Commission shall  apply in 

a l l  parts of the State ,  including b u t  not limited to, charter c i t i e s .  

4. Any State  agency, c i ty ,  county, or c i ty  and county may adopt stan- 

dards b f  energy insulation for  new buildings which are more res t r ic -  

t ive  than those adopted by the Commission ff: 

a. 'The governing body of a c i ty  or county makes an express finding 

that  such modifications are  reasonably necessary because of 

local conditions. 

, b. The finding be made available as a public record. 

5. ' The rules and regulations adopted by the Commission shall b e  enforced 

within i t s  jurisdiction by the building department of every c i ty ,  

county, or c i ty  and county. No ce r t i f i ca t e  of occupancy or  similar 

cer t i f ica t ion  shall be issued by such a building department unless 

the' s t ructure a t  l eas t  s a t i s f i e s  the minimum energy insulation 

standards adopted. 

6. Thel.energy insulation standards shall  apply only to. new hotels,  

motel s , apartmen t houses, homes, and ,other resi  den t i  a1 dwell i ngs on 

which actual s i t e  preparation and construction has not commenced 

prior to  the effect ive date of the rules and regulations adopted by 

the Conmission. 

7. Funding fo r  the development and implementation of these standards was 

$35,000. 

General Legislation Requirements 

The general requirements of the legis lat ion mandated tha t  the Commission 

of Housing and Comm~~nity Development adopt minimum energy insulation 



standards fo r  new resident ial  buildings and that  an advisory committee be 

appointed. t o  a s s i s t  , i n  the development of these standards. Specific 
l eg i s l a t ive  requirements will be noted where applicable in the following. 

Advisory Commi t t e e  Members 

In addition. to  'requiring tha t  an advisory comni t t e e  be appointed, the 
leg is la t ion  specified that '  the conmiittee consist  of two archi tects  in 
pr ivate  practice; two sc ien t i  s t s  having professional and technical ex- 
perience ,in the f i e l d  of energy conservation o r '  use; one general' building 
contractor; two special ty  contractors; three representatives from a c i ty ,  
county, o r  c i t y  and county; and three representatives from State  agencies, 
namely, the Secretary of the Resources Agency. 

During the same time period, a separate leg is la t ive  b i l l  was passed which 
required the Cornmi ssion of Housing and Comuni ty Development to  adopt 
minimum noise insulation standards fo r  a1 1 residential  bui 1 dings except 

fo r  detached, single-family dwellings. This legis lat ion also required 

tha t  an advisory committee be appointed. The makeup specified for  th i s  

committee was very similar to  that  required of the advisory committee for  
the energy insulation standards. Because of th i s ,  and the f ac t  tha t  both 

standards involved insulation and would be applicable to the same types of 
buildings, i t  appeared, a t  the time, tha t  i t  would be beneficial t o  form a 
combined advisory comrni t tee .  Therefore, the advisory committee which was 
appointed consisted of 16 members and was to  develop both the energy 
insulation standards and the noise insulation standards. As the develop- 
ment of the standards progressed, i t  became apparent that  energy and noise 
did not have much i n  common. The advisory committee had to  become familfar 
with the technical aspects of each subject,  which were completely different .  
Coup1 ing t h i s  w i t h  the general lack of needed information placed a fair-sized 
burden on the committee members. ~ v e n  though the corir~~i t t ee  meetings were 
divided into two sess.ions, one dedicated to  each subject,  a t  times, there was 
confusion among the .committee members and the audience attending the meetings 
as , t o  what. information, data, or discussion went .wi.th which subject. I t  

-probably would ,have been to  everyone's advantage i f  the two comni t t ees  had not 
been combined. 



The u t i l i z a t i o n  o f  an adv.isory comnit tee provided. an ,exce l l en t  opportun: i ty 

t o  ob ta in  the  exper t i se  needed f o r  the development o f  the  standards. The 
. . 

c o W i  t t e e  represented most o f  t he  var ious i n t e r e s t  groups a f fec ted,  namely 

the  designers, bu i lders ,  suppl i e r s ,  and enforcement o f f i c i a l s .  The 

comnittee chairman planned, led, and . con t ro l l ed  the  meetings, es tab l ished 
. . 

subcomnittees as necessary, and assigned s p e c i f i c  work tasks. Usual.ly, the 

committee meetings . . were r e l a t i v e l y  sho r t  compared t o  the.amount o f  work 

needed' t o  be done; therefore,  work was asked o f  t he  comni t t e e  members . . 

between meetings.. The data necessary f o r  the  development o f  the  standards, 

i n  many cases, was n o t  r e a d i l y . a v a i l a b l e ;  and a s u b s t a n t i a l  amount o f  work 

was necessary t o  research and c o l l e c t  the  required. in format ion.  . . . . 

. . 

Regul at ion-Adoption Process 

The development and adoption o f  energy i n s u l a t i o n  standards f o r  the  S ta te  
. . o f  Cal i f o r n i a  invo lved the  f o l  lowing: . . 

1. Publ i c advisory committee meetings. 

2. Publ i c  f a c t - f i n d i n g  seminars. 

3. Pub l ic  hearings. 

4. Pub l ic  hearings which were a l so  meetings o f  the  Comnission o f  Housing 

and Community Development a t  which standards could be adopted. 

5. Publ ic  meeting o f  t he  B u i l d i n g  Standards Commission. 

The advi,sory committee meetings were b a s i c a l l y  working comnit tee meetings 

t o  develop energy i n s u l a t i o n  standards f o r  r e s i d e n t i  a1 bu i  1 dings. The 

meetings were open t o  the  pub l ic ,  and p u b l i c  attendance and i n p u t  was 

encouraged. These meetings were held' both p r i o r  t o  and a f t e r  t he  fac t - .  

f i n d i n g  seminars and publ i c  hearings. 

The f a c t - f i n d i n g  seminars were informal ,  publ i c  meetings t o  ob ta in  add i t i ona l  

data and p u b l i c  i n p u t  on the  proposed standards. Two were held, one i n  the 

nor thern and one i n  the  southern p a r t  o f  t he  State. Un l i ke  the  regu la r  advisory 

committee meetings, these meetings were s t r i c t l y  f o r  p u b l i c  input .  

Adoption o f  regu la t ions  by a Sta te  agency i n  C a l i f o r n i a  i s  governed by the  

p r o v i s i o n  of the  Admin is t ra t ive  Procedures Act. This requ i res  formal, 



p u b l i c  hearings on the regu la t ions proposed f o r  adoption. The no t i ce  o f  
. . 

p u b l i c  hearing has t o  be publ ished i n  a newspaper o f  general c i r c u l a t i o n  

30 days p r i o r  t o  the hearings. The purpose o f  the pub l i c  hearings i s  t o  
'P ' 

ob ta in  testimony on the regul  a t i  ons , as proposed f o r  ' ;dopti on. Based on ' 

t h i s  testimony, the  adopting au thor i t y  decides whether o r  not  t o  adbpt the'' 

proposed regu la t ions.  The adopting au tho r i t y  f o r  the energy i nsu la t i on  
' . 

standards f o r  r e s i d e n t i a l  bu i ld ings  was the Conmission o f  Housing and 

Comnunity ~evelopment. '  Two such pub l i c  hearings were he ld  on t he  proposed 

energy i n s u l a t i o n  standards f o r  r es i den t i a l  bui ld ings;  one was i n  the 

nor thern  p a r t  o f  the Sta te  and the other, i n  the southern. I n  addi t ion,  , . a: 
c .  8 .. 

t h i r d  p u b l i c  hearing was he ld  i n  conjunct ion w i t h  a meeting o f  the Com- ., , . 

miss ion a t  which the energy i nsu la t i on  standards were proposed.for  adop- 

t i on .  However, due t o  inpu t  the Commission elected' not  t o  adopt ' . . 

the energy i n s u l a t i o n  standards a t  t h i s  meeting. This required more 

adv isory  committee meet ings and a f o u r t h  pub l i c  hearing held i n  conjunc- , 

t i o n  w i t h  a Commission meeting. A t  t h i s  meeting, the Commission d i d  a'dopt 

the eneCgy i n s u l a t i o n  'ita!dards. 

Since the energy i n s u l a t i o n  standards contained, bu i l d i ng  standards, 

approval was requ i red and ob ta ined  from the Bui 1 d ing standards commi i s i b n  

subsequent t o  adoption by the Comi ss ion o f  Housing and Comnuni t y  Develop- 

ment. Bas ica l ly ,  the f unc t i on  o f  the Bu i ld ing  Standards Commission i s ,  . . i n  
t h i s  case, t o  check f o r  over lap and c o n f l i c t  w i t h  other bu i l d i ng  standards 

contained i n  Sta te  regu la t ions.  
i 

Advi sory Commi t t e e  Meeti ngs . . 

The advisory committee appointed t o  a s s i s t  i n  the development o f  energy 

i n s u l a t i o n  standards he ld  t h e i r  f i r s t  meeting May 30, 1973. I n  the nine 

months which fol lowed, a t o t a l  o f  14 advisory comnittee meetings were 

held. Overal l  attendance o f  the meetings by the advisory committee was 

approximately 63 percent. The ind9vJdual attendance ranged from a high o f  

100 percent  t o  a low o f  11 percent. The l e g i s l a t i o n  spec i f i ed  t h a t  the 

committee would serve w i thou t  compensation f o r  t h e i r  t ime from the Sta te  

b u t  would be reimbursed f o r  t r ave l  and other expenses incur red i n  per for -  

mance o f  t h e i r  dut ies .  The lack  o f  compensation could have a t t r i b u t e d  t o  



the low-attendance record i v  some cases. . The ma jo r i t y  o f  t h e  comni t t e e  

members were e i t h e r  i n  business f o r  themselves o r  employed by a p r i va te  

business., Therefore, i n  a d d i t i o n  t o  l os i ng  the services o f  the i nd i v i dua l  

whi le  at tending meetings, the business probably pa id  the ind iv idua l  's  

sa lary  dur ing t h a t  time. A p o i n t  t o  consider when u t i l i z i n g  an advisory 

c o m i t t e e  i s  t h a t  some prov is ion should be made t o  replace members who 

are cons is tent ly  absent. Absent members are not  a bene f i t  t o  the com- 

m i t tee  o r  the standards being developed. 

Publ i c  attendance and inpu t  t o  advisory c o m i  t t e e  meetings i s  a1 so an 

important aspect i n  the development o f  standards. ' such development 

requires informat ion and data which i s  o f t en  no t  r ead i l y  'avai lable. Inpu t  

from the publ i c  can be o f  great assistance t o  an advisory comnittee, 

espec ia l ly  i npu t  from organizations o r  associat ions' representing the 

various i n t e r e s t  groups which u l t ima te l y  w i l l  be a f fec ted by the standards, 

such as bui lders,  product manufacturers, arch i tec ts ,  engineers, and the 

bu i l d i ng  o f f i c i a l s  who must enforce the standards. Idea l l y ,  w i t h  p a r t i c i -  

pat ion and inpu t  from these groups, the r e s u l t i n g  standards w i l l  be 

workable f o r  a l l  involved, thereby e l im ina t ing  some o f  the problems which 

occur a f t e r  the standards become e f fec t i ve .  

Publ i c n o t i f i c a t i o n  o f  the advisory comni t t e e  meetings t o  develop energy 

i nsu la t i on  standards f o r  res iden t ia l  bui 1 dings was accompl ished by adver- 

t i s i n g  i n  a trade newspaper and by ma i l i ng  t o  in te res ted  par t ies .  

The ma i l i ng  l i s t  was developed from the meeting-attendance sheets and 

ind iv idua l  requests t o  be placed on the ma i l i ng  l i s t .  The attendance by 

the pub l i c  a t  the comnittee meetings varied, increasing as the time f o r  

adoption approached. A t  the f i r s t  e i gh t  meetings, publ i c attendance 

averaged 10 people per meeting. During the per iod o f  the next  three 

advisory committee meetings, two f ac t - f i nd i ng  seminars and two pub l i c  

hearings on the proposed standards were a lso held. The seminars and 
0 

publ i c  hearings apparently increased?,exposure and i n te res t ,  f o r  publ i c 

attendance a t  the' advisory comni t t e e  meetings increased t o  an average o f  

27 persons per meeting; A t  t h i s  po in t  i n  time, the proposed standards 

were presented f o r  adoption a t  a meeting o f  the Commission o f  Housing and 

Community Development. However, the Comniss'i'on d i d  not  adopt the stan- 

dards presented; consequently, the advisory comni t t e e  held three. Inore 
meetings p r i o r  t o  the next Comission meeting. - A t  these three meetings, 

11 



the average public attendance per meeting was 48. 

The advisory committee meetings were held a t  various locations in order to  .' 
provide equal opportunity f o r  attendance of the meetings. The lack of public 
attendance a t  the advisory comi t t e e  meetings, eipecial  l y  a t  the i n i t i a l  
meetings, points out the need for  pub1 i c  notification and dissemination'of 
information to  obtain the in t e res t  of the public. This, possibly, could have' 
been accomplished to  a greater degree with assistance from the organizations 

or  associations which represent industry, building o f f i c i a l s ,  archi tects ,  and 
engineers, etc.  

Staff assistance to  the advisory cornnittee during development of the energy 
insulation standards was substantial .  A great deal of time and e f f o r t  was 
required t o  handle meeting accommodations, minutes, d ra f t  standards, corres- 
pondence and other essent ia l s ,  generally needed in a short  time 'period.. This 
element is  v i ta l  to  the functioning of an advisory committee. 

.1 . 
Development of the Standards 

Relative to  the content of the standards which were to  be.developed, the legis- 
la t ion mandated the following basic requirements: 

1. The Commission of Housing and Comnunity Development shall  adopt such 

rules and regulations establishing minimum standards of energy insula- 
tion for new hotels,  motels, apartment houses, homes, and other resi-  
denti a1 dwell i ngs  as the Commi s s i  on determines are  reasonably necessary 
to conserve fuel resources. 

2. The rules and regulation's. adopted by the Commission shall  meet or 

exceed the standards required by .the Federal ~ o u s i n i  ~dminis t ra t ion '  
in the.Minimum 'Property 'standards for  One. and Two Living Units in 
e f fec t  , a t  the time the ,Cohiss ion  adopts such rules and regulations. " ' 

3. 'The Commission shall  develop rules and regulations independent of 
such standards fo r  hotels,  motels, and apartment houses more than 
three s to r i e s  in height. I .  

. '  . 
The i ni t i  a1 advisory committee meeting basical ly  covered orientation and 



, . 
organizat ion.  I t  i s  important  t h a t  the  comnit tee members understand the  

ob jec t ives  w i t h  which they are charged, the  t ime frame i n  which the  objec- 

t i ves ,must  be accomplished, and the  process by which regu la t i ons  are 

adopted. Since the  members o f  t he  committee have. o the r  responsi b i  1 i ti es , 

i n  a d d i t i o n  t o  being on an advisory comnittee, the  frequency and l o c a t i o n  

o f  meetings should be discussed i n  order  t h a t  they may be planned fo r .  
c < . : .  

The f o l l o w i n g  are  some' o f  the  i n i t i a l  areas o f  quest ion and discussion: 

1. How many c i t i e s  o r  counties have e x i s t i n g  energy regu la t ions?.  

. . 2. . ' I f  l o c a l  regu la t i ons  e x i s t , .  t o  what ex ten t  .are they enforced? ' 
. . ' 

. . 
. . 

.. . , . 

3. Would the  standards developed pursuant , to t h i s  l e g i s l a t i o n .  be cor- 

r e l a t e d  w i t h  o ther  code-wri t i n g  a u t h o r i t i e s  i n  order  t o  achieve, . . . .  . 
u n i f o r m i t y ?  . . , . 

4. What a r e  the  cu r ren t  FHA standards? 
. , . .  . 

5. What standards, r e l a t i v e  t o  energy i n s u l a t i o n ,  a re  being used f o r  con- 

s t r u c t i o n  n o t  conducted under FHA'programs? 

6. Would the  comni t t e e  be requ i red  t o  prepare an environmental - impact 

r e p o r t  regard ing the  energy i n s u l a t i o n  standards? 
. - 

7. Should I the energy i n s u l a t i o n  standards be .concerned w i t h ,  the  mechani- 

ca l  sys.tems w i t h i n  the  bui. l.ding? . .  . . . 

I t  was r e a l i z e d  t h a t  more progress would be made i f  subcommittees were 

es tab l ished t o  concentrate the  e f f o r t s  o f  the  comni t t e e  members t o  speci- 

3 f i c  areas, The subcommittees would schedule t h e i r  own meetings and r e p o r t  

t h e i r  f i n d i n g s  and recomnendations a t  t he  r e g u l a r  advisory comni t t e e  

meetings. Eventual ly,  a t o t a l  o f  f o u r  subcomnittees were es tab l ished t o  

cover the  f o l  1 owing t o p i  cs : 

1. Data needs. 

2. Enforcement problems. 

3. Energy . i nsu la t i on  standards. 

4. Energy design 'manual. . ' 



The subcomni t t ees  dea l ing w i t h  data needs and enforcement problems were 

establ ished a t  the f i r s t  advisory comnittee meeting. The remaining two 

subcommittees were establ ished a t  subsequent meetings when t h e i r  need' . 

arose. 

Concerning the question o f  the environmental -impact repor t ,  i t  was deter- 

mined t h a t  the  comni t t e e  would no t  have t o  prepare one, since the. capacity 

o f  the comnittee was l i m i t e d  t o  recornendations on the proposed standards. 

The au tho r i t y  adopting the regu la t ions would be responsible f o r  determining 

i t s  necessity. ; , ,. , 

I n  developing the standards, the advisory committee had, i n  add i t i on  t o  

the . l e g i s l a t i v e  requirements, the fo l low ing  object ives i n  mind: 

1. The standards should subs tan l i a l l y  r e d k  the heat loss and heat gain 

o f  an insu la ted  bu i l d i ng  as compared w i t h  current, t yp i ca l  Ca l i f o rn i a  
- .  , . 

co'nstruction. 

2. The standards should be kept as simple as possib le t o  ease the 

imp1 ementation problems o f  the designer, bui 1 der, and the l oca l  

bu i  1 d ing department who must enforce them. 

3. The standards should,,whenever possible, a l low d e s i g n ' f l e x i b i l i t y .  

4. The standards should be compatible w i t h  present Ca l i f o rn i a  r e s i -  

dent ia l -const ruct ion techniques so as t o  minimize the impact on the 

bu i  lder. 

5. While energy conservation was the prime object ive,  the standards 

should, i f  possible, r e s u l t .  i n  a savings f o r  the homeowner. 

A f t e r  a ser ies  of advisory c o m i  t t e e  meetings, the f a c t - f i  nding seminars 

and pub1 i c  hearings, the Comni ssion - o f  Housing end Community Development 

d i d  adopt minimum energy i nsu la t i on  standards f o r  new res iden t i a l  bu i ld -  

ings i n  Cal i forn ia .  These standards, which were adopted o n  February 22, 
1974, are shown i n  Section G. 

The fo l low ing  covers the pe r t i nen t  considerat ions and problems encountered 

by the advisory comni t t e e  dur ing the development o f  the standards. 



One o f  t he  e a r l y  problems encountered concerned the  FHA Minimum Property 

Standards f o r  One and Two Family Dwell ings r e l a t e d  t o  thermal i nsu la t i on .  

It was learned from an FHA representa t ive  t h a t -  t he  enforcement- o f  the  

e x i s t i n g  standards was d i f f i c u l t  and they were being rev i sed  t o  the format 

o f  the  Minimum Property Standards f o r  Mu1 t i  f a m i l y  Housing. Since the  

l e g i s l a t i o n  requ i red  the  standards being developed t o  be a t  l e a s t  as 

s t r i n g e n t  as the  FHA standards i n  e f f e c t  a t  t he  t ime the  C a l i f o r n i a  

standards are  adopted, the  advisory comnit tee had a problem i n  the  sense 

they d i d  n o t  know what the  FHA standards would be a t  t h a t  time. The 

comnittee decided t o  f o l l o w  the  format o f  t he  M u l t i f a m i l y  Housing Stan- 

dards w i t h  the  hope t h a t  a t  a l a t e r  date they would be informed o f  the  

content  o f  the  rev ised FHA standard f o r  One and Two Family Dwell ings. 

The comnit tee then began a review o f  t he  .Minimum Property Standards f o r  

~ u l  t i  fami ly  Housing. They favored the  approach o f  speci fy ing maximum U 

values f o r  t he  var ious components o f  const ruc t ion  r a t h e r  than maximum 

a1 lowable heat- loss and heat-gain f i g u r e s  f o r  the  t o t a l  b u i l d i n g  which 

r e q u i r e  d e t a i l e d  energy ca lcu la t ions .  One o f  the  prime .concerns o f  

the  comnit tee was t h a t  t he  standards t o  be developed must de f i ne  energy 

i n s u l a t i o n  requirements i n  the  s imples t  and most s t ra igh t - fo rward  manner 

possible. This would be necessary t o  achieve e f f e c t i v e  implementation o f  

t he  standards, both from the design and enforcement aspects. 

There was agreement t h a t  i n s u l a t i o n  o f  wa l ls ,  c e i l i n g s ,  and f l o o r s  i n  

low-r ise, l ight- f ramed,  r e s i d e n t i a l  cons t ruc t i on  i s  the  most e f f e c t i v e ,  

s i n g l e  a c t i o n  t o  s i g n i f i c a n t l y  reduce thermal-energy requirements. I t  was 

determined t h a t  t h e  energy i n s u l a t i o n  standards developed fo r  t h i s  c lass  

o f  b u i l d i n g s  would n o t  i nc lude  regu la t i ons  f o r  the  mechanical systems 

necessary t o  heat o r  cool t he  bu i l d ing .  

Since the  l e g i s l a t i o n  s p e c i f i e d  the  standards f o r  r e s i d e n t i a l  b u i l d i n g s  

more than thre; s t o r i e s  i n  he ight  be developed independent o f  the  FHA 

standards, i t  was o r i g i n a l l y '  f e l t  t h a t  t he  standards developed f o r  high- 

r i s e  b u i l d i n g s  might be d i f f e r e n t  than those f o r  s ing le - fam i l y  dwel.1 ings  

and o ther  low-r ise  r e s i d e n t i a l  bu i ld ings .  The. comni t t e e  agreed t h a t  a 

performance standard f o r  h igh- r ise ,  r e s i d e n t i a l  b u i l d i n g s  ' i n  terms o f  

annual energy usage per  square f o o t  would provide the  maximum design 

f l e x i b i l i t y .  The need fo r  simple methods o f  c a l c u l a t i n g  energy usage was 



recognized from both  the  design and enforcement aspects. It was genera l ly  
agreed t h a t  the  thermal loads f o r  h igh- r ise ,  r e s i d e n t i a l  b u i l d i n g s  are 

dominated by the  b u i l d i n g  envelope; and poss ib ly ,  the  more s t r a i g h t -  

forward, peak-load energy c a l c u l a t i o n s  could be appl i e d  i f  i t  was poss ib le  

t o  c o r r e l a t e  the peak loads and the  annual b u i l d i n g  energy consumption. , 

A p r i v a t e  f i r m  was cont rac ted t o  per form a  study which would hope fu l l y  

provide,  w i t h i n  the  t ime and funding ava i l ab le ,  a basis f o r  the  comnittee 

t o  e s t a b l i s h  i n i t i a l  standards f o r  h igh-r- ise bu i ld ings .  However, the 

study proved t o  be too  l i m i t e d  by the  t ime arid fund ing  const ra in ts . .  The 

r e s u l t s  o f  t he  study ind ica ted,  tha t .  because o f  the  l i m i t e d  data. obtai'ned, .. 

c o r r e l a t i o n  e f f o r t s  were inconclus ive.  It a lso  i n d i c a t e d  t h a t  annual' . ' 

energy budgets apparent ly  could be developed f o r  s p e c i f l c  l oca t ions  ' . 

and b u i l d i n g  envelope descr ip t ions ;  and using these budgets, maximum 

peak-heating and c o o l i n g  loads could be establ ished. Since the  study d i d  

n o t  p rov ide  conclus ive r e s u l t s  and s ince the  m a j o r i t y  o f  the energy usage 

i s  dependent upon the  b u i l d i n g  envelope, the  c o m i t t e e ' d e c i d e d  the c r i - '  

t e r i a  es tab l  i sed  f o r  l ow- r i se  b u i l d i n g s  should a1 so be used f o r  h igh - r i se  

bu i l d ings .  This concept was €01 lowed, except f o r  g laz ing  areas which w i l l  

be discussed l a t e r .  

The energy i n s u l a t i o n  standards developed by.  the  Comi  t t e e  were d i v ided  

i n t o  subsect ions cover ing the  f o l l o w i n g  i tems: 

a. Purpose. 

b. App l i ca t i on  and scope. 

c. A1 t e r n a t e  mater i  a1 s  , method o f  const ruc t ion ,  design, o r  i n -  

s u l a t i n g  system. 

d. D e f i n i t i o n s .  

e. Thermal design standards f o r  c e i l i n g s  and wa l ls .  

f. Thermal design standards f o r  g laz ing.  

g. F loor  sec t ion ,  foundat ion w a l l  s  , and s l  abs-on-grade. 

h. ~ n f i l t r a t i o n .  

i. Loose f i l l .  

j. Design temperature. 

k. Pipe i n s u l a t i o n .  

1. Compliance. 



These subsections i nc lude  i n s u l a t i o n  items covered i n  the  FHA ~ i n i m u m  

Property Standards f o r  Mu1 ti f a m i l y  Housing, p lus  o the r  i tems t h e  advisory 

commi t t e e  f e l  t necessary. 

Subsection (a) def ines the  purpose o f  the  standards and s p e c i f i e s  which 

bu i l d ings  must conform t o  the standards. 

Subsection' (b) def ines the  e f f e c t i v e  date o f  the  standards. It a1 lowed 

one year a f t e r  t he  date o f  adoption f o r  the  standards t o  'become e f f e c t i v e .  

It a1 so s p e c i f i e d  t h a t  the  .standards would be app l i cab le  t o  a1 1  appl i ca -  

t i o n s  f o r  b u i l d i n g  permi ts  made subsequent t o  the  e f f e c t i v e  da te  o f  the  
. 

standards. . The l e g i s l a t i o n  s p e c i f i e d  t h a t  t he  standards apply t o  a l l  

dwel l ings on which ac tua l  s i t e  prepara t ion  and cons t ruc t i on  had no t  

commenced , p r i o r  t o  the  e f f e c t i v e  date o f  the standards. The advisory 

comrni.ttee. d i d  n o t  f avo r  t h i s  approach because o f  the possibi.1 i t y  a  b u i l d e r  

w i t h  ,approved, plans and a  b u i l d i n g  permi t may have t o  redesign h i s  

bui  l d i n g  because o f  t he  energy i n s u l a t i o n  standards becoming e f f e c t i v e .  

With the  approach taken, any redesign needed because o f  t he  energy i n -  

su la t i on .  standards would be made p r i o r  t o  the  plans being approved and the  

b u i l d i n g  permi t  issued. 
I 

subsect ion ( c )  was w r i t t e n  t o  a l l ow  f o r  a l t e r n a t e  p rov i s ions  w i t h  the  

approval o f  t he  B u i l d i n g  o f f i c i a l .  It was recognized t h a t .  there  would be 

cases when i t  would be d i f f i c u l t  t o  comply w i t h  a l l  o f  the  s p e c i f i c  

requirements o f  the  standards and t h a t  a  p r o v i s i o n  must be considered t o  

a l l ow  f o r  approval o f  a1 t e r n a t i v e  designs o r  const ruc t ion ,  i f  the  a1 t e r -  

n a t i v e  i s  equ iva len t  i n  ef fect iveness.  

Subsection (d)  conta ins d e f i n i t i o n s  which were be1 ieved necessary f o r  

understanding and imp1 ementing the  standards. 

Subsection (e)  conta ins , the thermal design standards es tab l ished f o r  w a l l  s  

and cei l . ings. The maximum U f a c t o r s  se lec ted were based on t y p i c a l  

wood-framed w a l l  and c e i  1  i n g  cons t ruc t i on  s ince i t  i s  representa t ive  o f  

the m a j o r i t y  o f  r e s i d e n t i a l  cons t ruc t i on  i n  C a l i f o r n i a .  The FHA Minimum 

Property Standards f o r  Mu1 t i fami ly  Hpusing a1 lowed h igher  U values for. 

f l a t  roof decks and masonry w a l l s  than f0.r framed const ruc t ion ;  however, 



i t  was decided tha t  these higher allowable U values should not be con- 
sidered, since the primary purpose of the standards being developed was to  

conserve ener.gy. Therefore, the maximum U values established should not . 
vary with the type of construction. The thermal lag ef fec t  for  walls with 
mass was discussed, but i t  was decided that  more study would be needed 
before a benefit  fo r  mass-type wall s would be considered. 

The requirements fo r  framed-wall and ceil  ing construction contained in the 
FHA standards varied depending upon the building location i n  specified 
heating or cooling zones. After reviewing these requirements, i t  was 
determined that  one s e t  of U values for  walls and ceil ings independent of, 
climatic zbnes would be established for  the en t i re  State. Elimination of 
dependency upon cl imati c zones would greatly simp1 i fy the standards fo r  
walls and ceil ings.  The maximum U values selected from the FHA Minimum 
Property Standards fo r  Multifamily Housing were 0.05 for  ceil ings and 0.07 
fo r  walls. However, the 0.07 value for  walls presented a problem, since 

the typical California residential  construction i s  2 x 4 studs with stucco 
exter ior  and gypsum wallboard in ter ior .  The problem was that  the 0.07, 
U value could not be attained with typical insulating materials in the 
cavity created by the studs. Considering the objective of not changing 
typical construction, a maximum U value of 0.08 was used for  walls as i t  
is  at ta inable  w i t h  the use of an R-11  insulation in the cavity. When 
the revised FHA Minimum Property Standards for  One and Two Family Dwel1.ings 
were l a t e r  pub1 ished, the maximum U value for  framed-wall construction was 
a l so  0.08. 

The 0.05 and 0.08 U values did not consider the e f fec ts  of occasional 
framing members such as studs and jo is t s .  This created considerable input 

and discussion. I t  was pointed out that  i f  the e f fec ts  of framing were 
considered in a typical wood-framed wall, the actual U value would be 

approximately 0.094; and therefore,  not considering the e f fec ts  of the 
framing members discriminates against walls constructed i n  such a manner 
tha t  the insulation i s  not penetrated by framing members. This would also 
be applicable to  ceil ings.  Consequently, an addition was made to the 

, proposed standards which allowed the higher U values of 0.095 for  walls 
and 0.06 for  cei l ings when the insulation i s  instal led so tha t  i t  i s  not 
penetrated by framing members. 



Subsection ( f )  i s  r e l a t e d  t o  the thermal design s t anda rds  f o r  g l az ing ,  
which was given cons ide rab l e  a t t e n t i o n .  I t  was f e l t  t h a t  t h e  FHA Minimum 

Property s t a n d a r d s  f o r  Mult i family Housing d i d  n o t  adequate ly  cover  t h e  

hea t  l o s s  and hea t  ga in  through t h e  g l az ing ,  s i n c e . t h e y  d i d  no t  p l ace  a 

limit on t h e  amount o f  g l az ing  used and only  r equ i r ed  i n s u l a t i n g  g l a s s  t o  

a l i m i t e d  e x t e n t .  In  e s t a b l i s h i n g  t h e  thermal design s t anda rds  f o r  

g laz ing ,  t h e  f o l  lowing po in t s  were considered and determined necessary  f o r  

energy conserva t ion :  

A b a s i c  limit f o r  g l az ing  a r e a  must be e s t a b l i s h e d ;  and when i t  is  ex- 

ceeded, t r s a tmen t  o f  t h e  bu i ld ing  must be r equ i r ed  t o  1 imit t h e  hea t  

l o s s  and hea t  ga in  of  t h e  e x t e r i o r  wa l l .  I t  was determined t h a t  a 

b a s i c  g l az ing  a r e a  limit o f  20 pe rcen t  of  t h e  ex te r ior -wal l  a r e a  f o r  

low-rise  bu i ld ings  t h r e e  s t o r i e s  o r  l e s s  would provide a r c h i t e c t u r a l  

freedom and not  pose any problem f o r  t h e  ma jo r i t y  of  bu i ld ings  i n  

t h i s  category.  I t  was suggested t h a t  h igh - r i s e  bu i ld ings  normally 

have more g l az ing ,  but  because mu1 t ip le -dwel l  i n g  u n i t s  a r e  contained 

i n  one bu i ld ing ,  they  a r e  more energy e f f i c i e n t .  A b r i e f  s t udy  of  . 
h igh - r i s e  r e s i d e n t i a l  bu i ld ings  i nd i ca t ed  t h a t  they d id  general  l y  

have more than 20 percent  o f  t h e  e x t e r i o r  wall  a r e a  i n  glazing.  

Subsequent ly ,  i t  was decided t o  set t h e  b a s i c  g l az ing  l i m i t  f o r  

h igh - r i s e  bu i ld ings  a t  40 pe rcen t  of  t h e  e x t e r i o r  wall a rea .  

2. Buildings l oca t ed  i n  a r e a s  over  4,500 degree days must be r equ i r ed  t o  

use s p e c i a l  g laz ing .  Special  was def ined  a s ' g l a z i n g  which has a 

maximum U f a c t o r  of  0.70. This  va lue  was set  j u s t  high enough t o  

inc lude  a1 1 i n s u l a t i n g  g l a s s  l i s t e d  i n  t h e  ASHRAE Handbook of  Funda- 

mental s. 

3. Rela t ive  t o  hea t  ga in ,  bu i ld ings  which a r e  cooled must use t i n t e d  

g laz ing  i f  t h e  bas i c  g l az ing  l i m i t  i s  exceeded. Walls wi th  a north-  

e r l y  o r i e n t a t i o n  were exempted from t h e  t i n t e d  g l az ing  requirement.  

The maximum shading c o e f f i c i e n t  accep tab l e  f o r  t i n t e d  g l a s s  was 

e s t a b l i s h e d  a t  0.75 and decreased t o  0.55 a f t e r  J u l y  1, 1976. The 

reason f o r  t h e  t ime de lay  before  r e q u i r i n g  t h e  0.55 va lue  was t o  

a l low time f o r  t h i s  product t o  become a v a i l a b l e .  A shading opt ion  t o  

t i n t e d  g l a s s  was a l s o  provided. 



Subsection (g) conta ins the  i n s u l a t i o n  requirements f o r  f l o o r  sect ions, 

foundat ion w a l l  s, and s l  abs-on-grade. The requ i  rements es tab l  i shed were 

b a s i c a l l y  the  same as those contained i n  the  FHA Minimum Property Stan- 

dards f o r  M u l t i f a m i l y  Housing w i t h  the f o l l o w i n g  exceptions: 

1. The FHA standards contained a t a b l e  o f  maximum u values f o r  f l o o r  sec- 

t i o n s  over  unheated spaces which varied, dependent upon f o u r  w i n t e r  

degree-day zones. Separate values were a l so  s p e c i f i e d  f o r  s t ruc -  

t u r a l  s labs  and wood o r  s tee l  framed f l o o r s .  It was determined 

the re  should n o t  be a d i f f e r e n t i a t i o n  between types o f  cons t ruc t i on  

and. t h a t  two degree-day ,zones .would simp1 i f y  t h e  standard t o  the  -. 

ex ten t  t h a t  e i t h e r  under f loor  i n s u l a t i o n  was required, o r  i t  was not. 

I n  add i t i on ,  i t  was f e l t  i t  wuuld cos t  on l y  s l i g h t l y  morc t o  i n s u l a t e  

to the lower 0.08 U vdlue 1tta1-I t he  l ess  e n e r g y - c f f i c i c n t  0.10 U 

value. 

2. The t a b l e  o f  maximum U values f o r  foundat ion w a l l s  o f  heated base- 

ments o r  heated crawl spaces was a l so  s i m p l i f i e d  t o  two degree-day 

zones, where i n s u l a t i o n  was e i t h e r  requ i red  o r  i t  was not. 

Subsection (h)  was e s t a b l i s h e d ' t o  l i m i t  a i r  i n f i l t r a t i o n .    he FHA Minimum 

Property Standard f o r  M u l t i f a m i l y  Housing d i d  no t  conta in  weather-st r ip-  

p ing  requirements. 

.i 
Subsection ( i  ) , concerning l o o s e - f i l l  i n s u l a t i o n ,  i s  the same as t h a t  

contained i n  the  FHA Minimum Property Standards f o r  M u l t i f a m i l y  ' ~ o u s i n g ,  

except f o r  t h e  angle a t  which s o f f i t  b a f f l e s  are t o  be i n s t a l l e d .  The FHA 

standards had 60 degrees, and the  comnit tee agreed t o  45 degrees. It i s  

l i k e l y  n e i t h e r  i s  cor rec t ,  because i f  the b a f f l e  i s  i n s t a l l e d  a t  a steeper 

angle than the  r o o f  sheathing, e i t h e r  the vent area i s  reduced o r  a 

p o r t i o n  o f  t he  c e i l i n g  nex t  t o  the  vent  i s  no t  insulated.  Which problem 

a c t u a l l y  occurs deper~ds urr Iiow c lose the b a f f l c s i s  placed t o  the  vent. 

A problem t h a t  arose w i t h  t h i s  subsect ion i s  t h a t  i t  s p e c i f i c s  1;hdl the 

baf f les  be i n  p lace a t  t he  t ime o f  the  framing inspect ion.  I n  some cases, 

the  i n s u l a t l o n  con t rac to r  i n s t a l l s  the  b a f f l e s  i m e d i a t e l y  p r i o r  t o  

p l a c i n g  the  i n s u l a t i o n ,  which i s  a f t e r  the  framing inspect ion.  

Subsection (j), r e l a t e d  t o  design temperatures, i s  t he  same as contained 

i n  the  FHA Minimum Property 'Standards f o r  Mu1 ti fami l y  Housing except the  



summer design temperature and the summer design dry bulb percent were 
raised to  be s l ight ly  less  stringent.  

Subsection ( k )  was written to  l imit  the heat loss  from steam and steam 

condensate piping and a1 1 continuously' circulating domestic or  heating 
. . .  0 

hot-water piping located i n  unconditioned spaces. This topic was not 
covered in the FHA standards. 

Subsection (1)  requires a card be posted i n  the building cer t i fying that  
the insulation 'has been instal  led in conformance with the requirements of 
the standards. 

A subsection to  cover the insulation of a i r  ducts was considered. I t  was 
agreed that  the requirements contained in the Uniform Mechanical Code 
should be used. Since the California State  Housing Law Regulations adopt, 
by reference, the Uniform Mechanical Code, the duct-insulation requirements 
contained in th is  code were already in effect.  Also, i t  would not be 
necessary to  repeat or reprint  these requirements in the energy insulation 
standards since enforcement o f f i c i a l s  and bui 1 ders were a1 ready farni 1 i a r  
with the Uniform Mechanical Code. 

The preceding basical-ly covers the content of the standards as they were 
adopted on February 22, 1974. , A t  t h i s  point in time, the advisory commit- 

. .  t eehad  fu l f i l l ed  i t s f u n c t i o n ' r e l a t i v e  to  the legis la t iverequi rements  . 
I .  

and no longer f i rma l l j  existed. However, the Energy Design ~ a n u a l  sub- 
comnittee did continue work in tha t  respective area. I t  was realized . . 

that  there was a heed for  a manual which would a s s i s t  building o f f i c i a l s ,  
designers, contractors, and others in the implementation and interpreta-  
tion of the energy ins'ulation standards which were adopted. 

. , 

In the period since the i n i t i a l  adoption date, several changes to the 
standards were also adopted by the Comission of Housing and Community 
Development. Section H contains the amended energy insulation standards 
effective on April 25, 1976. In some cases, the changes were made to in- 
corporate elements of the FHA Minimum Property Standards for  One and Two 
Family Dwellings regarding building insulation, which were published in the 
Federal Register of ~ovember 22, 1974. In other cases, changes were made 



based on be t te r  input data or to  ease design or enforcement problems. 

The pertinent contents of the changes were as follows: 

The second paragraph of Subsection ( a )  was eliminated because of possible 
,misinterpretation. I t  was a1 so detqrmined that  eliminating the paragraph , 

took nothing away from the standards. The intent  of the paragraph.was to 
point out tha t  a building which i s  both tieated and cooled would have to  . 

comply with the standards f o r  each condition. A possible misinterpretation 
was, for  example, i f  the condl t ions for a heated building were the most 
c r i t i c a l ,  the requirements for  cooled buildings would not have, . . to  be . .. . , . . 
considered , or vi ce-versa. 

Subsection ( b )  ,, concerning the appl ication and scope, was revised to  
specify the actual e f fec t ive  date of the standards. The change' was made 
simply fo r  c la r i f ica t ion .  

Subsection ( c )  , re1 ated to  a1 ternate  provisions , was ,changed to incl ude a 
, paragraph simil'ar to  tha t  contained in the FHA Standards which s tated tha t  

"Where , t he  s ta ted U value of any one component of roof deck, cei 1 ing, 

wall ,  o r  f loor  cannot be prac t ica l ly  obtained, such U value may be i n -  

creased t o  the minimum figure at ta inable  and the U value ,for other .corn- . 

ponents decreased' unt i l  the overall heat loss o f  the building dogs not 
exceed the total  resul t ing from conformance to  the s t a t e d  U values." This 
a l so  helped c l a r i fy  the intent  of th i s  subsection to allow trade-offs 
between the various components of construction. Also, the portion of th i s  
subsecti'on concerning approval of a1 te rna t i  ve designs was expanded to 
speci f i  cal ly  include c red i t  for  designs uti  1 i zi ng nondepl eting energy 
systems. This revision was made because of numerous inquiries as to  
the intent  of the i n i t i a l  wording of the subsection. I t  was agreed that  

the use of nondepleting energy systems should be encouraged; and when they 
are  used, the energy obtained from these systems could be used as a c redi t  
against  energy l o s t  or gained, for  exan~ple, through glaz ing .  

Subsection ( d ) ( 2 ) ,  which contains the definit ion for  degree day, was 
revised t n  c la r i fy  tha t  i t  i s  related to  the annual heating load and not 

ju s t  the winter season of the year. This was done by including the word 

"annual" and eliminating the word "winter" in the definit ion. The degree 



days for specif ic  geographical areas in California were also adopted in an 

appendix referenced by the degree-day definj t i  on. The degree days adopted 
were for  locations where specif ic  weather data was known. 

Subsection (d)(14) was added to provide a definit ion for basic glazing 
area. ,~he 'de f in i ton  i t s e l f  was added to simplify the wording of sub- 

section ( f )  which was also revised. The subject of glazing became a 
controversial . . topic and the basic l imits  for  glazing were changed twice 
before the adoption of the basic glazing area as 20 percent of the gross 
floor area for  low-rise buildings and 40 percent of the exterior wall area 
for  high-rise buildings. The other two changes were an attempt to  define 
the basic glazing area such that  the same c r i t e r i a  would be applicable to 
both low and high-rise buildings. The f i r s t  change defined the basic 

glazing area as 20 percent of the exterior wall area plus 10 percent of 

perimeter walls separating individual dwelling units. However, t h i s  
method involved a number of calculations, especially for a high-rise 
building with numerous configurations of dwelling units. Consequently, a 
second change to  simp1 i fy  the calculations was made, which defined the 
basic glazing area as 16 percent of the gross f loor  area for  both low and 
high-rise buildings. This was the basic glazing area c r i t e r i a  when the 
energy insulation standards went into e f fec t  February 22,  1975. How- 
ever, i t  d idn ' t  take long for  the building industry to express the i r  
concern tha t  the 16 percent figure was too res t r ic t ive .  The eventual 
resu l t  was the adoption of the basic glazing area as 20 percent of the 
gross floor area for  low-rise buildings and 40 percent of the exterior 
wall area for  high-rise buildings. This was based on two brief glazing 
studies and the standards i n i t i a l l y  adopted, which s e t  the basic l imits  
for  glazing a t  20 percent of the exterior wall area for  low-rise buildings 
and 40 percent of the exterior wall area for  high-rise buildings. I t  was 
desirable tha t  the l imit  for  low-rise buildings be in terms of gross floor 
area instead of the exter ior  wall area, since the gross floor area for  

single family dwellings i s  normally calculated and shown on the plans, 

while the exter ior  wall area i s  not. The glazing studies showed that  most 
residences had less  than 20 percent of the gross floor area in glazing and 
tha t ,  in general, 20 percent of the gross f loor  area was about 20 percent 
of the exter ior  wall area. I t  was also f e l t  that  the building industry 



cou ld  1  i v e  w i t h  the  20 percent  1  i m i t a t i o n  before having t o  consider 

o the r  t reatment  t o  l i m i t  t he  heat l oss  o f  t he .bu i l d ing .  

Subsection (d)(15)  was added t o  de f ine  g laz ing  area as i n c l u d i n g  the  sash . . .  . 

area. This was added t o  ob ta in  some consistency i n  c a l c u l a t i n g  the  basic 

g l a z i n g  area,' since'some inc luded i t  w h i l e  others d i d n ' t .  Since the  heat 

l o s s  through the  f raming i s  about the  same as the  heat l oss  through t h e  

glass, i t  was determined t h a t  the  framing o r  sash should be counted. i n  the 

bas ic  'g laz ing  area. . 

. . . . .  . . 

subsect ion (e)  con ta in ing  the  thermal design standards f o r  c e i  1  ings  ?nd 

w a l l s  was amended t o  i nc lude  h igher  maximum U values f o r  w a l l s  based on 

. cons t ruc t i on  weight. Th is  change was made based nn qfrrrlies performed, 
which showed t h a t  mass i n  w a l l s  provides a t h e r m i l  b e n e f i t  and t h a t  the  U 

' 

va l  ues speci f i e d  f o r  the var ious const ruc t ion  weights were equ iva lent  t o  

t h e  0.095 U fa.ctor o f  the  t y p i c a l  wood-framed wal l .  

Subsection ( f )  r e l a t e d  t o  the thermal design standards f o r  g laz ing  was 

a l s o  revised. The bas ic  l i m i t s  f o r  g laz ing  were removed from t h i s  sub- 

sec t i on  and de f ined  i n  the  d e f i n i t i o n s  as the  bas ic  g laz ing  area. Parts  

(1) and ( 2 )  were rev i sed  t o  conta in  the  g laz ing  standards f o r  heated 

b u i l d i n g s ~ l o c a t e d  i n  areas below and above 4,500 degree days, respec- 

t i v e l y .  Although reworded, the  requirements were b a s i c a l l y  the"same as 

before, except t h a t  f o r  bu i l d ings  located i n  areas over 4,500 degree days 

and the  bas ic  g laz ing  area i s  exceeded, treatment i s  requ i red  t o  l i m i t  the 

heat  l o s s  t o  t h a t  which would occur w i t h  the  basic g laz ing  apea i n  spec ia l  

g laz ing.  The i n i t i a l  standard f o r  t h i s  same b u i l d i n g  would have requ i red  . 

t reatment  t o  l i m i t  t he  heat l o s s t o  t h a t  which would haveoccur red w i t h  , 

t he  bas ic  g laz ing  area i n  s i n g l e  glazing. The d i f f e r e n c e  being the  s i n g l e  
. . g laz ing.  I t  d i d n ' t  make sense, when the  b u i l d i n g  requ i red  spec ia l  . . 

g laz ing,  t o  compare i t s  heat l oss  to '  the  heat l o s s  o f  a  b u i l d i n g  w i t h  

s i n g l e  g laz ing.  To do t h i s  would have the  same e f f e c t  as i nc reas ing  the  .' 

bas ic -g laz ing  area f o r  b u i l d i n g s  located i n  areas over 4,500 degree days. 

P a r t  (3) o f  t h i s  subsect ion concerns cooled bu i l d ings  and t i n t e d  g laz ing  

o r  shading requirements. This p a r t  was rev ised because i t  would be more 

equ i tab le  t o  the  b u i l d e r  i f  t i n t e d  g l a z i n g  o r  shading be requ i red  on ly  f o r  



the  p o r t i o n  of t he  g laz ing  i n  excess o f  the bas ic  g laz ing  area. Pre- 

v ious ly ,  one b u i l d i n g  might have requ i red  t i n t e d  g laz ing,  wh i l e  a b u i l d i n g  

o f  t he  same s i z e  located next  door d i d  not. Yet the b u i l d i n g  which d i d  

not  r e q u i r e .  t i n t e d  g laz ing  could have more g lass exposed t o  the  sun than 

I the b u i l d i n g  t h a t  requ i red  t i n t e d  g laz ing.  

Subsection (g),  conta in ing  the  i n s u l a t i o n  requirements f o r  f l o o r  sect ions, 

foundation wal ls ,  and slabs-on-grade was rev i sed  t o  i nc lude  maximum 

U-value requirements f o r  foundat ion w a l l s  of crawl spaces used as supply 

o r  r e t u r n - a i r  plenums, and a maximum al lowable edge heat l oss  f o r  heated 

slabs-onlgrade. These items were covered i n  the  rev ised FHA Minimum 

Property Standards f o r  One and Two Family Dwell ings. Re la t i ve  t o  the  

crawl-space plenums, the  FHA standards s p e c i f i e d  an a l lowable heat l oss  

per  l i n e a r  f o o t  o f  foundat ion wa l l ,  bu t  i t  was determined i t  would be 

s impler  t o  spec i f y  a maximum U value f o r  t he  foundat ion wa l l  which would 

be equivalent .  Table 17-B conta in ing  the  requirements f o r  f l o o r  sec t ions  

over unheated spaces was rev ised such t h a t  under f loor  was no t  requ i red  

under 3,000 degree days. The FHA standard d i d  no t  requ i re  under f loor  

i n s u l a t i o n  under 2,500 degree days; however, i t  was contended t h a t  under- 

f l o o r  i n s u l a t i o n  was n o t  cos t  e f f e c t i v e  i n  areas less  than 3,000 degree ' 

days. I n  areas above 3,000 degree days, t he  rev i sed  Table 17-B had the  

same requirements as the  FHA standards. FHA l a t e r  publ ished a l o c a l  

acceptable standard f o r  C a l i f o r n i a  which e s s e n t i a l l y  removed the  requ i re -  

ment f o r  under f loor  i n s u l a t i o n  i n  the  2,500 t o  3,000 degree-day range.. 

Subsection (h)  was amended t o  ,require t h a t  a l l  manufactured windows and 

s l  id ing-g lass  doors be c e r t i f i e d  and labe led as meeting the  a i r  i n f i  1  tra- 
t i o n  requirements o f  the  American Nat ional  Standards I n s t i t u t e .  

Subsection ( k )  concerning p ipe  i n s u l a t i o n  was amended t o  c l a r i f y  t h a t  the 

maximum heat l oss  o f  50 Btu lhour per  l i n e a r  f o o t  inc luded the 2- inch p ipe  

size. 

Subsection (m) c s n c e n ~ i n g  addl t i o n s  t o  e x i s t i n g  b u i l d i n g s  was added. 

Several i n q u i r i e s  were received as t o  whether o r  n o t  new add i t ions ,  

a1 t e r a t i o n s  , o r  re1 ocated bu i  1 dings were requ i red  to" meet the  requirements 

o f  t he  energy i n s u l a t i o n  standards. The l e g i s l a t i o n  s p e c i f i e d  t h a t  t he  



standards would be applicable to  a l l  new residential  buildings and did not 

address additions, a1 terat ions,  or re1 ocated buildings. I t  was determined \ 

t ha t  i f  the exis t ing building was required to be constructed in conformance 
with the standards, then i t  made sense that  an addition to that  building 
be required to  comply with the standards. 

C. ENFORCEMENT AND IMPLEMENTATION' 

a 
The legis lat ion specif ical ly  stated tha t  the energy insulation standards 
adopted by the Commission of Housing dr~d Comnunity Developmcnt shall  be 
enforced within i ts  jur isdict ion by the building department ot  every city, 

county, or c i t y  and county. The legis lat ion fur ther  s ta ted t h a t  no 

c e r t i f i c a t e  of occupancy or simi lar ce r t i  f lcat lon that  the residential  
building i s  habitable shall  be issued by such a building department unless 
the s t ructure a t  l eas t  s a t i s f i e s  the minimum energy, insulation standards. 

This enforcement procedure i s  fur ther  covered by the State  Housing Law , 

contained in the California ~ e a l t h  and Safety Code, Division 13, Part 1.5, 
and i s  typical f o r  a1 1 building regulations for  residential  buildings. 
Chapter 5 of .  t h i s  law re la tes  to administrative and enforcement of regula- 
t ions for  resldent lal  bul ld i r i ys .  Articles 1 and 2 ,  in par t ,  read as 
fol 1 ows : 

Chapter 5. Administration and Enforcement 

. Article 1. Enforcement Agencies 

17960. The building department of every c i ty  or county shall enforce 
within i t s  jur isdict ion a l l  the provisions of th i s  part  and rules and 
rcgul ski nns promul gatgtd thereund~r  pertaining t o  the erection, cons truc- 
t ion,  reconstruction,' movement, enlargement, conversion, a l te ra t ion ,  
repair ,  removal , demo1 i t ion, or arrangement of apartment houses, hotels, 
o r  dwellings. 

17961. The housing department or ,  i f  there i s  no housing department, the 
health department, of every c i t y  or county shall enforce within i t s  



j u r i s d i c t i o ' n  a l l  the  prov is ions  of t h i s  p a r t  and r u l e s  and regu la t i ons  

promulgated thereunder p e r t a i n i n g  t o .  the  maintenance, s a n i t a t i o n ,  ven- 

t i  1  a t ion ,  use, o r  occupancy o f  apartment houses, ho te l  s  , o r  dwel l  i ngs . 
17966. C i t i e s  o r  count ies may con t rac t  w i t h  t h e  department f o r  assis tance 

by the  department i n  the  enforcement o f  the  app l i cab le  p rov i s ions  o f  t h i s  

p a r t  and the  r u l e s  and regu la t i ons  promulgated thereunder w i t h i n  such 

c i t i e s  o r  count ies by the  department. Such cont rac ts  s h a l l  conta in  pro-  

v i s ions  f o r  the' payment o f  t he  costs o f  such enforcement,' o r  po r t i ons  there-  . 

o f ,  as may be determined by the  department. Y# 

A r t i c l e  2. Inspect ion .  

17970. Any o f f i c e r ,  employee, o r  agent o f  an enforcement agency may enter  

and inspect  any b u i l d i n g  o r  premises whenever necessary t o  secure compli- 

ance wi th ,  o r  prevent  a  v i o l a t i o n  o f ,  any p rov i s ion  of t h i s  p a r t  and r u l e s  

and regu la t i ons  promulgated thereunder which the  enforcement agency has 

the power t o  enforce. 

17971. The owner, o r  author ized agent o f  any owner, o f  any b u i l d i n g  o r  

premises may enter  the  b u i l d i n g  o r  premises whenever necessary t o  c a r r y  

o u t  any i n s t r u c t i o n s ,  o r  perform any work requ i red  t o  be done pursuant t o  

t h i s  p a r t  and r u l e s  and regu la t i ons  promulgated thereunder. 

17972. No person author ized by t h i s  a r t i c l e  t o  enter  b u i l d i n g s  s h a l l  

en ter  any dwel l  i n g  between the hours o f  6 o ' c lock  p.m. o f  any day ,and 8 

o ' c lock  a.m. o f  t he  succeeding day, w i thou t  the consent o f  the  owner o r  

the occupants o f  the  dwel l  ing, nor  en ter  any 'dwel l . i n g  i n  the  absence o f  

the occupants w i thou t  a  proper w r i t t e n  order  executed and issued by a  

c o u r t  having j u r i s d i c t i o n  t o  issue the order. 

I n  Ca l i f o rn ia ,  there  a re  over 500 c i t y  and county b u i l d i n g  departments 

which enforce bu i l d ing .  regu la t ions ,  i n c l u d i n g  the  energy i n s u l a t i o n  stand- 

ards f o r  r e s i d e n t i a l  bu i ld ings .  

Up t o  the  t ime o f  the  enactment o f  the  energy i n s u l a t i o n  standards, the  
regu la t i ons  enforced by b u i l d i n g  departments d e a l t  w i t h  h e a l t h  and sa fe ty  

i tems only. Most r e s i d e n t i a l  bu i  l d ings  constructed i n  Cal i f o r n i a  were 



prov ided w i t h  some i n s u l a t i o n  i n  the  r o o f / c e i l i n g  even though there.were 

no r e g u l a t i o n s  r e q u i r i n g  t h i s  i n s u l a t i o n .  I n  most' cases, the  i n s t a l  l a t i o n  

o f  e n e r g y ' i n s u l a t i o n  was n o t  checked dur ing  p lan  check o r  du r ing  the  

i nspec t ion  o f  t h e  bu i l d ing .  

Dur ing t h e  adv isory  committee meetings when the  energy i n s u l a t i o n . s t a n -  , 

dards were being developed, considerable i n p u t  was received regarding the  

enforcement o f  these standards by l o c a l  enforcement o f f i c i a l s .  This 

concern was shared by the  advisory committee t o  the  ex ten t  t h a t  an en- 

.forcement subcommittee was es tab l  ished t o  develop p o s i t i v e  steps i n  . 

a s s i s t i n g  the  enforcement o f  the standards and t o  foresee poss ib le  problem 

areas. 

The main concerns o f  t h e  enforcement subcommittee were: 

1. That the  standards would be implemented un i fo rm ly  throughout the 

State. 

2. That the  c o s t  o f  t he  enforcement o f  t he  standards would be minimal 

t o  t h e  consumer. 

3. That the  enforcement o f f i c i a l s  understand the  terminology used i n ,  

the  standards. 

The enforcement subcommi ttee,' a f t e r  consider ing a1 1 opt ions avai l a b l e  

recommended t h a t  an energy design manual ' be developed t o  a s s i s t  i n  the  

implementat ion o f  t he  standards. This manual would be made a v a i l a b l e  t o  

a1 1 enforcement o f f i c i a l s ,  f r e e  o f  charge, and t o  bu i l de rs ,  engineers, 

a r c h i t e c t s ,  and consumers f o r  a nominal charge t o  cover p r i n t i n g  and 

hand1 i n g  costs. The manual was t o  i nc lude  bas ic  hea t - t rans fe r  theory, 

recomnended i n s t a l l a t i o n  procedures, and C a l i f o r n i a  c l ima te  data. I n  * 

add i t i on ,  t he  manual was to. conta in  s u f f i c i e n t  basic data and theory ' ,  

t o  be used as a t r a i n i n g  aide. 

. The second recommendat i o n  o f  the enforcement subcommi t t e e  was. t h a t  the  

r e g u l a t i o n s  r e q u i r e  t h a t  a compliance c e r t i f i c a t e  be provided upon com- 

p l e t i o n  of the i n s t a l  l a t i o n  o f  . i nsu la t i on .  This compli'ance c e r t i f i c a t e  

s h a l l  be completed and executed by the  i n s u l a t i o n  a p p l i c a t o r  and by the  

b u i l d e r  c e r t i f y i n g  t h a t  the  i n s u l a t i o n  has been i n s t a l  l e d  i n  conformance 



w i t h  the  requ i  rements o f  these regu la t ions .  The i n s u l a t i o n  compl iance 

card s h a l l  be posted a t  a  conspicuous l o c a t i o n  w i t h i n  the  bu i l d ing .  

The t h i r d  recommendation o f  the  enforcement subcomi  t t e e  was t o  have the  

standards become e f f e c t i v e  one year a f t e r  the  date o f  adoption o f  the  

standards. This one-year pe r iod  would provide s u f f i c i e n t  t ime f o r  bu i lders ,  

engineers and a rch i tec ts ,  enforcement agencies, and consumers t o  become 

f a m i l i a r  w i t h  the  standards and t o  a l l ow  f o r  a smooth t r a n s i t i o n  per iod  

f o r  compl i ance w i t h  the  standards . 
. . 

D. ENERGY DESIGN MANUAL 

The Energy Design Manual f o r  Res ident ia l  Bu i l d ings  was developed f o r  t he  

purpose o f  a s s i s t i n g  bu i lders ,  enforcement agencies, engineers, a r c h i t e c t s ,  

and consumers i n  implementing the  energy i n s u l a t i o n  standards. 

The subcommittee members charged w i t h  p rov id ing  i n p u t  f o r  the development o f  
, I . '  

the manual consisted o f  representat ives o f  the  b u i l d i n g  indust ry ,  u t i l i t y  

representat ives,  suppl iers,  i n s u l a t i o n  cont rac tors ,  enforcement o f f i c i a l s ,  

and designers. Each o f  these subcomnittee members, having h i s  own f i e l d  o f  

expert ise,  provided s u f f i c i e n t  i n p u t  t o  the  department t o  develop a manual 

t h a t  has bas ic  heat - t rans fer  theory as we l l  as i n fo rma t ion  on the  i n s t a l l a -  

t i o n  o f  thermal mater ia ls .  

Due t o  the  l a c k  of s u f f i c i e n t  funding, t h i s  subcommittee had'several 
\ 

meetings and spent a g rea t  deal o f  t h e i r  t ime w i thou t  compensation. 
. 

The manual conta ins the  f o l l o w i n g  11 chapters dea l i ng  w i t h  such items as 

basic heat - t rans fer  theory, C a l i f o r n i a  c l ima te  design condi t ions,  g laz ing,  

i n s u l a t i o n  i n s t a l l a t i o n ,  and c a l c u l a t i o n  procedures. 

CHAPTER 1 

Chapter 1 inc ludes a b r i e f  d iscussion o f  the  purpose, a u t h o r i t y ,  and 
enforcement requirements of t he  l e g i s l a t i o n  and regu la t ions .  A copy o f  

the  standards a l so  are  provided i n  t h i s  chapter  t o  provide the  user w i t h  

a compl e t e  document. 



Chapter 2 discusses the  bas ic  p roper t i es  o f  heat, the  hea t - t rans fe r  pro- 

cesses, types o f  i n s u l a t i o n ,  i n s u l a t i o n  placement, and r e l a t e d  considera- 

t i o n s  such as vapor b a r r i e r s  and v e n t i l a t i o n .  

CHAPTER 3 

Chapter 3 provides a l i s t  o f  d e f i n i t i o n s  which are  necessary f o r  t he  user 

t o  understand t h e  standards and the  heat - t rans fer  process . i n  general .  

CHAPTER 4 

Chapter 4 l i s t s  the  U- fac tor  requ i rements 'o f  the  stdrldards fur  wdl ls ,  

f l o o r s ,  and c e l l  lngs.  A complete d iscussion i s  a l so  inc luded on the  term 

"U f a c t o r "  and i t s  r e l a t i o n s h i p  t o  the  thermal res i s tance  o f  d combination 

o f  mater ia ls .  A bas ic  example f o r  c a l c u l a t i n g  the  U f a c t o r  f o r  a w a l l  

w i t h  and w i t h o u t  i n s u l a t i o n  i s  a l s o  included. This chapter a l so  has 

r e p r i n t s  o f  t ab les  f rom t h e  1972 ASHRAE Handbook o f  Fundamentals 

con ta in ing  the  data needed t o  per form the c a l c u l a t i o n s  noted. 

CHAPTER 5 

Chapter 5 conta ins U- fac to r  and R-value. data r e l a t i v e  t o  some o f  the  more 

t yp i ca l  wa l l .  c e i l i n g ,  and f l o o r  assemblies used i n  r e s i d e n t i a l  sonstruc- 
t i o n  i n  Ca l i f o rn ia .  

The purpose o f  t h i s  chapter  i s  t o  prov ide  the  B u i l d i n g  O f f i c i a l  and 

designer w i t h  data r e l a t i v e  t o  some o f  the  more t y p i c a l  wa l l ,  c e i l i n g ,  and 

f l o o r  assembl i p s  ~rsed i n  r e s i d e n t i a l  cons t ruc t i on  i n  Ca l i  f o rn ia .  While 

i t  i s  impossib le t o  d e p i c t  every conceivable type o f  const ruc t ion ,  these 

assernbl i e s  are rep resen ta t i ve  o f  those commonly i n  use. The res i s tance  

values used a r e  ta.ken f rom the  tab les  contained i n  Chapter 4 o f  t he  

manual. Variations i n  th ickness o f  ma te r ia l s  o r  changes i n  ma te r ia l s  can 

be taken i n t o  cons idera t ion  us ing  the  technique o u t l i n e d  i n  Chapter 4. 

I n  most cases, these assemblies are  organized so t h a t  the  i n s u l a t i o n  r e s i s -  

tance requ i red  t o  meet t h e  standard i s  shown i n  the  r igh t -hand column. It 



i s  a n t i c i p a t e d  t h a t  plans submitted f o r  approval w i l l  show sec t iona l  

drawings o f  t he  proposed const ruc t ion  assemblies w i t h  the  type and R value 

o f  t he  i n s u l a t i o n  c l e a r l y  described. The p lan  checker.should thus be ab le  

t o  q u i c k l y  determine i f  a proposed t y p i c a l  cons t ruc t i on  assembly conforms 

t o  the  standards. 

CHAPTER 6 

Chapter 6 conta ins maps of t he  degree-day d i s t r i c t s  i n  C a l i f o r n i a  and pro- 

vides a l i s t  o f  t he  design cond i t ions  f o r  var ious r e p o r t i n g  s t a t i o n s  w i th -  

i n  those d i s t r i c t s .  The Sta te  has been separated i n t o  22 d i s t r i c t s  t o  

f a c i l  i t a t e '  p l o t t i n g  o f  the  var ious r e p o r t i n g  s t a t i o n s  w i t h i n  each d i s t r i c t .  

The energy i n s u l a t i o n  standards reference heat ing  degree-day zones which 

a re  important  i n  the  a p p l i c a t i o n  and enforcement 'o f  the  standards. 

The f i r s t  zone inc ludes those geographic areas which have 2,500 o r  less  

heat ing  degree days. Bu i ld ings  t o  be located i n  t h i s  zone w i l l  n o t  

r e q u i r e  t h e  i n s u l a t i o n  o f  foundat ion w a l l s  o f  heated basements o r  heated 
I 

crawl spaces pursuant t o  Sect ion 1094(g) and Table 17-C. Bu i l d ings  t o  be 

located i n  areas which have over 2,500 heat ing  degree days w i l l  r e q u i r e  

conformance t o  Sect ion 1094(g) and Table 17-C r e l a t i n g  t o  the  i n s u l a t i o n  

o f  foundat ion wa l l  s o f  heated basements o r  hea ted  crawl spaces. 

The second zone inc ludes those geographic areas which have 3,000 o r  l ess  ' 

heat ing  'degree days. Bu i ld ings  t o  be ' located . in  t h i s  zone w i l l  no t  

r e q u i r e  f l o o r  i n s u l a t i o n  pursuant t o  Sect ion 1094(g) and Table 17-8. 

The t h i r d  zone inc ludes those geographic areas whi.ch have between 3,000 

and 4,500 heat ing  degree days. Bu i l d ings  t o  be located i n  t h i s  zone w i l l  

r e q u i r e  f l o o r  i n s u l a t i o n  s u f f i c i e n t  t o  ob ta in  a maximum U value o f  0.10 

f o r  the  f l o o r  sec t ion  pursuant t o  sec t i on  1094(g) and Table 17-8. 

Sect ion 1094(d) (2) s ta tes  t h a t  t he  degree day f o r  s p e c i f i c ,  geographical 

areas i n  C a l i f o r n i a  s h a l l  be those i n s  Appendix T25-A. ,The s p e c i f i c  degree 
days f o r  t h e  r e p o r t i n g  s t a t i o n q  l i s t e d  have been adopted by the  Commission 

o f  Housing and Comuni ty  Development. However, t he  2,500, 3,000 and 



4,500 heating degree-day l ines  shown on the d i s t r i c t  maps may not be 

completely definable f 0 r . a  specif ic  location, boundary, or topographical 
a demarcation. In order to  bet ter  delineate these degree-day l ines ,  local 

enforcement agencies may develop local maps which will bet ter  define the 

exact location of the heating degree-day lines.  In many loca l i t i e s ,  
t h i s  has already been accomplished. 

The data contained,,fn t h i s  chapter were obtained from various sources 
w i t h  the purpose.o.f, obtaining the maximum number of reporting s tat ions for  
each d i s t r i c t .  The data l i s t ed  came from..two basic sources, the U.S. . 

Department of Commerce Cl imatography Pub1 ication for  the United States  and 
from u t i l i t y  company reporting stations.  All of the reporting s tat ions 
had a t  l eas t  10 years of data on which to base the i r  degree days. 

CHAPTER 7 ' 

Chapter 7 covers the thermal design standards for  glazing and includes 
tables of transmission coefficients for  glazing, shading coefficients for  
glazing and louvered sun screens, profi le  angles and solar  azimuths on 
August 21 for  various la t i tudes in California. 

Examples of determining compliance with the thermal design standards for  
glazing are  included for  both high-rise and low-rise residential  bui  1 dings, 
along with a graphical example for  determining the 'amount of shading pro- 
duced' by a roof overhang. 

CI.IAPTER 8 . . 

Chapter 8 provides a guide ' to  the proper ins ta l la t ion  of insulation. The 
chapter a l i o  1 i s t s  the Federal specifications appi icable to  various types 
o f  insulation material s.. These Federal specifications have not been 
adopted into. the California energy insulation standards, but are l i s t e d  in 
t h e  manual merely as. guide1 ines. I f  any one, single weaktiess ex is t s  in the 

present ,standards, i t  i s  the lack of any particular standards for  tes t ing 
the thermal properties of the jnsulati'on products. Even .adoption of the 

Federal specifications would only solve a portion of the problem since 

most of the Federal specifications allow several optional t e s t  standards to 
be used. 



This chapter a l so  provides guides t o  the i n s t a l l a t i on  of various types of 

insula t ion,  such a s  b a t t ,  r e f l e c t i ve ,  foam, and pneumatic insulation.  
, .. 

CHAPTER' 9 

Chapter 9 discusses pipe and duct insulat ion and includes tables  and a 

method f o r  calcula t ing the thickness of insula t ion required. Charts and 

tab les  f o r  determining insula t ion f o r  underground rec i rcu la t ing  hot-water 

piping i s  a l so  included i n  t h i s  chapter. 

CHAPTER 10 

Chapter 10 discusses weatherstripping as required by the energy insula-  

t ion standards. This chapter includes d e t a i l s  of the  basic types of 

weatherstripping most comnonly used i n  res ident ia l  types of construction 
i n  California. 

CHAPTER 11 

Chapter 11 discusses Section 1094(c) as  t h i s  section r e l a t e s  to  a l t e rna t e  

mater ia ls ,  methods of construction,  designs, or  insula t ing systems and 

provides examples of 'a1 t e rna te  calculations.  This chapter was not incl  uded 

i n  the i n i t i a l  manual. However, i t  became apparent t ha t  many d i d ,  not know 

how t o  approach' problems when a l t e rna t i ve  designs were ca l led  fo r .  When con- 

fronted w i t h  such s i tua t ions  as  open beam ce i l ings  or excessive glazing 

area,  many designers were unable t o  f ind solut ions  using a1 te rna t ive  

designs. Not un t i l  April,  1976, when Chapter 11 was incorporated i n to  the 

manual, did the f u l l  i n t en t  of the a l t e rna t i ve  design provisions get  con- 
1 

veyed t o  the  designer and enforcement o f f i c i a l s .  

The f i r s t  d r a f t  of the manual was completed i n  ea r ly  February, 1975, j u s t  

p r io r  t o  the  e f f ec t i ve  date of the standards. This delay of re leas ing the 

manual t o  building o f f i c i a l s ,  builders,  and the public presented problems . 

i n  both the  enforcement and design of new res ident i  a1 bui 1 dings. 

Even though this manual was only a guide, i t  soon became a basic tool i n  . 

the implementation of the  standards and remains so today. without t h i s  



document, impl ementati on of these standards may have been an impossible 

task. 

E. TRAINING AND PLAN CHECKING 

As the development of the energy insulation standards progressed, i t  
became apparent tha t  a training program for  enforcement o.ffi cia1 s , bui 1 d- 
e r s ,  engineers, and consumers would,be necessary i n  order to  have orderly 
impl ementati on o'f the standards. During pub1 i c ' heari ngs , concern was 
expressed over the .standards due t o  the lack of knowledge by. parties 
d i rec t ly  affected by the standards. 

I t  was decided t o  develop a training program using the Energy Design 

Manual as the main t raining tool. The Department was l e f t  with the 
task of developing a statewide training program w i t h  a very limited 

budget. 
@ 

The to ta l  funding available for  training was $5,000 including any costs 
f o r  printing of the Energy Design Manual. I t  was estimated that  approxi- 
mately 4,000 manuals would be needed t o  serve a l l  parties affected by 
these standards. The estimated cost for  printing 4,000 Energy Design 
Manuals was approximately $4,300, which would leave only $900 for  training 
i f  the manuals were distributed a t  no charge. Because of the costs 
involved in printing the manuals, i t  was decided t o  provide local enforce- 
ment agencies with manuals free of charge and t o  charge other interested 
part ies  a suf f ic ient  sum t o  cover printing, mailing, and handling costs. 

I t  was estimated tha t  approximately 1,000 manuals would be needed for  
local enforcement agencies, l ibrar ies ,  and governmental agencies. After 
subtracting the costs for these manuals about $4,000 remained for a train- 
ing program. 

Another problem was the timing of the training program. The standards 
were adopted on February 22, 1974, and would become effect ive one year 
thereafter. Work on the Energy Design Manual did not  begin until a f t e r  

the standards were adopted. I t  was estimated tha t  the manual would be 
completed in early September; and allowing time for  printing, the manual 



could be a v a i l a b l e  by October a t  t he  e a r l i e s t .  With an October d e l i v e r y  

date, the manual would be a v a i l a b l e  f o r  on l y  f o u r  months o f  t r a i n i n g  p r i o r  

t o  the  e f f e c t i v e  date o f  the  standards. , 

The Energy Design Manual d i d  no t  become a v a i l a b l e  t o  t h e  p u b l i c  u n t i l  

A p r i l  1975; however, 1,000 copies o f  a d r a f t  o f  the  manual were a v a i l a b l e  

i n  February 1975. This 'delay i n  the  a v a i l a b i l i t y  .of  ' the manual f u r t h e r  

compl i cated the  ~ r o ~ o s e d  t r a i n i n g  program. 

With these obstacles o f  funding and t i m i n g  o f  t r a i n i n g  documents being o f  

prime considerat ion,  t he  Department proceeded on the  development o f  a 

statewide t r a i n i n g  program. 

It was decided t h a t  the  f o l l o w i n g  c r i t e r i a  would be used i n  s e t t i n g  up 

the t r a i n i n g  program: 

1. The t r a i n i n g  sessions would begin no l a t e r  than September, 1975. 

2. The main emphasis o f  the  t r a i n i n g  would be d i r e c t e d  toward b u i l d i n g  

i n s p e c t o r s  who enforce the standards. It was f e l t  t h a t  i f  the  en- 

forcement o f f i c i a l  s could develop a thorough understanding o f  t he  

standards, uni form implementation would be obtained. In  add i t i on ,  

these t r a i n e d , o f f i c i a l s  could prov ide  assistance t o  b u i l d e r s  and 

consumers i n  t h e i r  j u r i s d i c t i o n s .  

3. The i n s t r u c t o r s  o f  these courses would cons is t  o f  Department s t a f f  

and advisory committee members. 

4. The Department would t ry  t o  n o t i f y  a1 1 groups and i n d i v i d u a l s  who 

would be' a f fec ted  by these standards. 

5. The Department would make an e f f o r t  t o  have a Department representa- 

t i v e  f a m l l i a r  w i t h  the  standards a t  any p u b l i c  meeting concerning 

energy. 

A f t e r  the  f i r s t  few t r a i n i n g  sessions were held, i t  became appare.nt t h a t  

the  f o l l o w i n g  changes would be needed i n  the  program: 

1. The sessions would have t o  s t a r t ' w i t h  'basic heat  t r a n s f e r  theory due 

t o  the  general l ack  o f  f a m i l i a r i t y  w i t h  heat t r a n s f e r  terminol'ogy. 

' Such subjects as U-value, R value, conduction, r a d i a t i o n ,  convection, 

3 5 



and degree day were, f o r  the most par t ,  not understood by most people 
who attended the sessions. 

# 

2. . The . t ra ining sessidns were too short  (2 to  4 hours). I t  was evident 
' 

tha t  very l i t t l e  could be accomplished during these short  sessions. 
The sessions should be extended to a minimum of eight hours. Possibly 
a two-day session woul d be more beneficial . This of course, became a 
problem due. to  timing of the implementation of the standards, lack of 
funding, and a llmi t ed  number of instructors.  

3. I t  was also learned tha t  builders, developers, and some consumers 
were very strongly opposed to  the energy insulation standards. The 
main objections appeared to be the add1 tlonal cosl Tor housing due 
to  the standards, sSnce prevlously lr~suldliun was not mandatory 
in Cal ifornia.  Also, design flexi bil  i t.y would be reduced especial ly 

i n  the amount of glazing used. Most people who attended the sessions 
were not famil iar  with the .development of the standards or the 
standards themsel ves. 

I t  soon became apparent tha t  the training program which had been developed 

was completely inadequate to  inform and t ra in  a1 1 affected part ies  to  under- 
stand and use the standards. Several a1 1 -day sessions were incorporated 
in to  the t raining program which eliminated some of the apparent problems; 

however, due to  the time available,  a suf f ic ien t  number of these sessions 
could not be provided. 

When the energy insu l ati'on standards became e f fec l  i ve, cevtai n imple- 
mentation problems s t i l l  existed; however, many of the problems concerning 
understanding of the standards had been par t ia l ly  eliminated. The major 
problems were concerned with the following areas: 

1. Unawareness of the starldards by the general publ i c ,  builders, and 
designers . J 

2. Design f l e x i b i l i t y  has been limited due to  the restrictions on gla- 

zing. 

3. Increased costs due t o  the standards. 

4. General reluctance on the part  of the publ i c  to  accept the need of 

such standards. 
3 6 



Most o f  these areas which were problems a t  the  t ime the  standards became 

e f f e c t i v e  have now been resolved and the  standards are genera l l y  accepted 

by the  pub1 i c .  There appears t o  be l i t t l e  oppos i t i on .  t o  the  standards; . . . .  . . . 
i n  fact,' many bu i  1 ders, especia l  l y .  on custom homes, are  'p rov id ing  energy- 

saving fea tures  i n  excess o f  t h e  standards. 

When t h e  Energy Design Manual became ava i lab le ,  t he  Department was 

beseiged w i t h  requests f o r  the  manual. The manual soon became a t r a i n i n g ,  

enforcement, and design t o o l  f o r  the  standards. About 5,000 copies o f  the  

manual were d is t r ibuted. .  
. . 



LEGISLATIVE BILL 

SENATE BILL NO. 277 

CHAPTER 1136 

An a c t  t o  add Chapter I1 (comnencing with Section 19870) to  Part 3 of Division 
13 of the Health and Safety Code, re lat ing to  energy insulation, and making 
an appropriation therefor. 

Approved by Governor November 22, 1972, Filed with Secretary o f  State  
November 22, 1972. 

LEGISLATIVE COUNSEL'S DIGEST 

SB 277, Alquist. Energy insulation. 

Requires the Commission 'of Housing and Comnunity Development, by January 1,  1974, 
to  adopt rules and regulations establ i shing minimum standards of energy in- 
sulat ion fo r  new hotel s ,  motel s ,  apartment houses, homes, and other resi-dential 
dwellings which shall  meet or exceed those prescribed by Federal Housing 
~dminis t ra t ion '  requirements a t  the time the cu~~lr~r.issl'ot~ adopts such rules and 
regulations. 

Requires the comnission to  develop rules and regulations independent of such 

standards for  hotels,  motels, and apartment houses more than 3 s tores  i n  
' 

height .  

Requires the Director of ~ o u s i n g  and Community Development to  appoint an 
advisory committee' of specified persons t o  ass , is t  the  comnl sslon .irr lhe 

. , 

establ ishment of energy insulation regulations. 

Requires the building department of every c i ty ,  county, or c i ty  and county 

to enforce .the provisions of th is  ac t  and rules and regulations adopted pur- 
suant thereto. 



Prohibits the issuance of a ce r t i f i ca t e  of occupancy or similar c e r t i f i -  
cation that  prescribed structures are habitable unless the s t ructure a t  
leas t  s a t i s f i e s  such minimum energy insulation standards. 

Appropriates $35,000 to the department for  the purposes of th i s  act. 

The people of the State  of California do enact as follows: 

SECTION 1. Chapter 11 (commencing with Section 19870) i s  added to  Part 3 
of bivision 13 of the Health and Safety Code, to read: 

CHAPTER 1 1 . ENERGY INSULATION REGULATION 

19870. As used i n  t h i s  chapter, "energy insulation" means the protection 
from heat loss or heat gain to conserve the fuel resources used to heat or 
cool residential  and comercial buildings. 

19871. By January 1, 1974, the c omission of Housing and Community ~evelopment 
shall adopt such rules and regulations establishing.minimum standards of 
energy insulation for  new hotels, motels, apartment houses, homes, and other 
residential dwell ings as the commission determines are reasonably necessary 

. t o  conserve fuel resources. The rules and regulations adopted by the com- 
mission shall  meet or exceed the standards which are required by the Federal 
Housing Administration in "Minimum Property Standards for  One and Two L i v i n g  

Units" which are  in e f fec t  a t  the time the.comrnission adopts such rules and 
regulations. However, the conmission shall develop rules and regulations 
independent of such standards for  hotels,  motels, and,apartment houses which 

are more than three s tor ies  in height. 

19872.. The Director of Housing and Community Development shall appoint an 
advisory committee to  a s s i s t  the commission in the establ ishment of energy 
insulation regulations.   he advisory comi t t e e  shall  consist  of two archi tects  
in private practice,  two sc i en t i s t s  having professional and technical ex- 
perience in the f i e l d  of energy conservation'or use, one general building con-. 
t ractor ,  as defined in Section 7057 of the Business and Professions Code, two 
specialty contractors c lassif ied in Chapter 8 (commencing with Section 700). 
of T i t l e  16 of the California Administrative Code, three representatives 



from a c i ty ,  county, or  c i t y  and county, the Secretary of the Human Rela- 
t ions Agency, the S ta te  Architect, and the Secretary of the Resources 
Agency. Members of the advisory comnittee shall  serve without compensa- . 

t ion,  but each member shall  be reimbursed for  his necessary traveling and 
other expenses incurred in the performance of his duties. 

19873. The provisions of t h i s  chapter and the rules and regulations adopted : 

by t h e  comission pursuant to  th i s  chapter shall apply i n  a l l  parts of the 
s t a t e ,  including, but not limited to,  charter c i t i e s .  

19874. Any s t a t e  agency, c i ty ,  county, or  c i ty  and county may adopt standards 
of energy insulation. fo r  new buildings which are s t r i c t e r  than those estab- 
1 ished under this chap.ter by the commission, except tha t  any such changes or 

-modi f icat ion shall  be adopted i n  accordance with  the requi rements prescribed 
in Sections 17958.5 and 17958.7. 

19875. The provisions of t h i s  chapter and the rules and regulations adopted 
pursuant t o  this chapter shall  be enforced within i t s  jurisdiction by the 

building department of every c i ty ,  county, or c i ty  and county. No ce r t i f i ca t e  
of occupancy or  s imilar  cer t i f ica t ion  that  a newly constructed hotel, motel, 
apartment house, home, or other residential  dwelling i s  habitable shall  be 
issued by such a building department unless the s t ructure a t  leas t  s a t i s f i e s  
the minimum energy insulation standards established pursuant to th i s  chapter. 

19876. The provisions of t h i s  chapter shall  apply only to new hotels, motels, 
apartment houses, homes, and' other residential  dwell i ngs on which actual s i t e  
preparation and construction has not comnenced prior to the effect ive date of 
rules  and regulations adopted pursuant to  th i s  chapter. Nothing.in th i s  
chapter shall  prohibit  the enforcement of existing energy insulation standards, 
adopted prior t o  the effect ive date of th i s  chapter, as to new hotels, motels, 
apartment houses, homes, and other residential  dwell ings on which actual s i t e  
preparation and construction has commenced prior to the effect ive date- of rules 
and regu l ations adopted pursuant to  th i s  chapter. 

19877. All rules and regulations adopted by the comnission under the 

authority of t h i s  chapter shall  be adopted pursuant to  Chapter 4.5 (commencing 

w i t h  Section 11371 ) of Part 1 of Division 3 of T i t l e  2 of the Government Code. 



SECTION 2. There i s  hereby appropri  ated from- the General Fund, t o  t h e .  

Department o f  Housing and Community Development the sum o f  t h i r t y - f i v e  .'.:. , 

thousand .do1 1 ars ($35,000) f o r  tt ie purposes o f  Chapter 11 (commencing w i t h  

Section 1-9870) o f  Par t  '3%of \-r Div is ion  13 o f  the Health and Safety Code. . - 

L. . 



G .  INITIAL STANDARDS (Adopted February 22, 1974) 

CALIFORNIA ADMINISTRATIVE CODE*: 

T i t l e  25, Chapter 1, Subchapter 1 

A r t i c l e  5. Energy Insu la t ion  Standards 

' 1094. Energy I nsu la t i on  Standards S .. 
(a) Purpose. The purpose o f  t h i s  a r t i c l e  i s  t o  es tab l i sh  minimum. 

uni form energy i n s u l a t i o n  standards. A1 1 new hotels, motels, apartment 

houses, lodging houses, dwell  ings, and other  r es i den t i a l  bui  ld ings which 
I 

are heated o r  mechanically cooled sha l l  be constructed t o  comply w i t h  the 

fo l low ing  regulat ions.  

A bu i l d i ng  which i s  both heated and cooled sha l l  be insu la ted against 

the most severe c l i m a t i c  condi t ion f o r  the loca t ion  and type o f  s t ruc tu re  

i nvo l  ved. 

(b) Appl ica t ion and Scope. These regu la t ions sha l l  apply t o  a l l  

app l ica t ions f o r  bu i l d i ng  permits made subsequent t o  the e f f e c t i v e  date o f  

these regulat ions.  

These regu la t ions sha l l  become e f f e c t i v e  one year a f t e r  adoption by 

the Commission o f  Housing and Community Development. 

( c )  A l ternate  Mater ia ls,  Method o f  Construction, Design o r  Insula-  

t i n g  System. The prov is ions o f  t h i s  a r t i c l e  are no t  intended t o  prevent 

the use o f  any mater ia l ,  method o t  const~uct lOt l ,  deslgn or I n s u l a t i n g  
system no t  spec i f i ca l  l y  prescribed herein provided t ha t  any such a1 ternate 

has been approved. . . 

The Bu i ld ing  O f f i c i a l  may approve any such a l te rna te  provided he f inds  , 

t h a t  the proposed design complies w i t h  the provis ions o f  t h i s  a r t i c l e  i n  

t h a t  the mater ia l ,  method o f  construct ion, design o r  i nsu la t i ng  system . 

o f f e red  is: f o r  the purpose intended a t  l e a s t  equivalent  i n  ef fect iveness 

t o  the requirements o f  - t h i s  a r t i c l e .  The ~ u i l d i n g  O f f i c i a l  sha l l  require.  

t h a t  s u f f i c i e n t  evidence o r  proof be submitted t o  substant iate any claims 

made regarding the i n s t a l  l a t i o n  and use o f  any such a1 ternate, i nc lud ing  

t e s t i n g  o f  the f i n a l  i n s t a l  l a t ion .  



. (d) Def i i l i t ions.  For the purposes o f  t h i s  sect ion, the f o l l ow ing  

d e f i n i t i o n s  sha l l  apply: 

(1) Cooling Systems - A system f o r  coo l ing a i r  by mechanical 

o r  o ther  means and djscharging such a i r  i n t o  a dwe l l i ng  un i t .  This 

d e f i n i t i o n  sha j l  no t  inc lude evaporat ive cool ing. 

( 2 )  Degree Day - A un i t ,  based upon temperature d i f fe rence  

and time, u,sed i n  es t imat ing f ue l  consumption and spec i f y ing  nominal 

heat ing load o f  a bu i l d i ng  i n  winter .  For any one day, when the 

mean temperature i s  less  than 65'~, there e x i s t s  as many degree 

days as there a re  Fahrenheit degrees d i f fe rence  i n  temperature be- 

tween the mean temperature f o r  the day and 65'~. The degree day 

f o r  s p e c i f i c  geographical areas i n  Cal i f o r n i a  sha l l  be those adop- 

t e d  by the Commission o f  Housing and Comnunity Development. 

(3 )  Exte r io r  Wall Area - The gross area o f  wa l l  surfaces ad- 

jacent  t o  heated o r  cooled spaces, i nc lud ing  g laz ing and doors, 

exposed t o  ambient c l  ima t i  c  temperatures, measured f o r  a dwell  i n g  ' 

u n i t  ,or group o f  u n i t s  served by a heati.ng o r  cool' ing system., 

(4)  Glazing - A l l  t ransparent o r  t rans lucent  mater ia ls  i n  

e x t e r i o r  openings. 

(5) High Rise - Any bu i l d i ng  contain ing f ou r  o r  more s t o r i e s  

o f  dwell  i n g  space, excluding basements and park ing o r  nonhabi t ab l e  

areas i n  subterranean.or ground levels.  

(6) Shading Coe f f i c ien t  - A r a t i o  o f  the so la r  heat .gain 

through an unshaded g laz ing system'to t h a t  o f  a -  s i ng l e  l i g h t  o f  

double s f  rength window glass under the. same se t  o f  condit ions. 

(7)  .Specia l  Glazing - Glazing which has a maximum U f a c t o r  

o f  0.70 f o r  a1 1 glazed surfaces. 

(8) Thermal Conductance (C-factor)  - The t ime r a t e  o f  heat . . 

f l o w  through a homogeneous mater ia l  o f  other than one-inch thickness 

o r  through a nonhomogeneous const ruc t ion such as an a i r  space. 

'expressed . i n  BTU/hr., square foot ,  degree',F temperature d i f ference.  

' . (9) Thermal Conduct iv i ty  (K-factor)  - The t ime r a t e  o f  heat 

f low through one square f o o t  o f  a homogeneous mater ia l  one inch  t h i c k  

when the re  i s .  a temperature .d i f ference o f  one degree F between the 

opposi te faces o f  the mater ia l  expressed i n  BTU/hr., square foot ,  

degree F per inch. 



(10) Thermal Resistance ( R )  - The measure of the resistance . 
of a material or  building component to  the passage of heat. The 

resistance ( R )  of mass-type insulations shall not include any value 

for  ref1 ect ive facing. 

(11) Tinted Glazing - Glazing which shall be permanently t inted 

or  permanently surface coated by the manufacturer of the glazing 

material and shall  provide a maximum shading coefficient as herein- 

a f t e r  speci f i ed. 

(12) U Factor - The to ta l  heat flow through a given construc- 

tion assembly, a i r  to  a i r ,  expressed in BTU/hr., per square foot; 

per degree F temperature difference. 

where R t  equals the sum of the resistance ( R )  for  the individual 

components of the assembly. U factors shall be calculated accord- 

ing to 'ASHRAE methods. 

(13) Unheated Spaces - Any space exposed to ambient tempera- 

tures and not provided with a heat supply capable of maintaining a 

minimum temperature of 50'~. . . 

(e)  Thermal' Design Standards for Ceiling and Walls. - The design of 

the opaque surfaces of the structure,  exposed to ambient conditions, s'hall 

provide a maximum U factor  of 0.05 for ceilings and 0.08 for walls and < 

spandrels and shall  not consider the effects  of occasional framing members 

such as studs and joists. When a l l  o f  the thermal insulation i s  installed' 
SO tha t  i t  i s  not penetrated by framing members, the U factor nf the walls , . 

shal l  not exceed 0.095 and 0.06 for  ceilings calculated to include a l l  

components of construction. 

( f )  ~hermal Design Standards for Glazing. 

(1) The basic 1 imits for  glazing, as a percentage of the area 
of exter ior  walls, shall be 20% for  low-rise buildings and 40% for  

high-rlsc bul ldlngs. t l a z l n g  she1 1 be i n  accordance with ~ubsecl,i&rr 
(2)," (3) ;  and (4)  below; or for  buildings exceeding the basic l imits ,  

treatment of the building may be ut i l ized which will l imit the design 

heat loss and heat gain for  each exterior wall to  that  which would 

be allowed for  the same exterior wall with not more than the basic 

l imit  of single glazing. 



( 2 )  Heated bu i ld ings  o r  s t r u c t u r e s  l oca t ed  . i n  0-4500 degree d a y ,  

a r e a s  s h a l l  be provided wi th  spec i a l  g l az ing  when t h e  g l az ing  exceeds 

t h e  b a s i c  l i m i t .  Bui ldings l oca t ed  i n  a r e a s  over  4500 degree days 

s h a l l  be provided wi th  spec i a l  g l az ing  i n  a l l  e x t e r i o r  wall a reas .  

( 3 )  Cooled bu i ld ings  s h a l l  be provided wi th  t i n t e d  g l az ing  when 

the  g l az ing  exceeds t h e  b a s i c  limit. This  provis ion  a p p l i e s  t o  a l l  

wall and roof  exposures  except  t hose  wall a r e a s  o r i e n t e d  w i th in  22% 

degrees  of  true North. Permanent ex t e rna l  shading t o  a1 low n o t  more 

than 50% d i r e c t  s o l a r  g l az ing  exposure,  taken on September 21 a t  

9:OO a.m., noon, and 3:00 p.m. s o l a r  t ime,  may be u t i l i z e d  i n  l i e u  

o f  t i n t e d  g laz ing .  

( 4 )  Tinted g l a s s  s h a l l  have a maximum shading c o e f f i c i e n t  o f  

0.75. This maximum s h a l l  be decreased t o  0.55 f o r  a l l  permit  a p p l i -  

c a t i o n s  f i l e d  a f t e r  J u l y  1, 1976. 

(g )  Floor Sec t ion ,  Foundation Wall s and Slabs-On-Grade. For f l o o r s  

over  unheated spaces ,  unheated basements, unheated garages ,  o r  ven t i  1 a t e d  

crawl spaces  wi th  operab le  l ouve r s ,  t h e  "U" values  o f  f l o o r  s e c t i o n  s h a l l  ; 

not  exceed t h e  va lue  shown i n  Table  No. 17-8. 

Foundation w a l l s  o f  heated basements o r  heated crawl spaces  s h a l l  be 

i n s u l a t e d  t o  provide a "U" value  n o t  t o  exceed t h e  va lues  shown i n  Table  

No. 17-C. I n s u l a t i o n  may be omi t ted  from f l o o r s  ove r  heated basement 

a r e a s  or ,  heated crawl spaces .  

. For, slab-on-grade f l o o r s ,  t h e  edge hea t  l o s s  around t h e  per imeter  of  

h e a t e d ,  spaces  sha l l .  no t  exceed a maximum va lue  pe r  1 i n e a r  f o o t  ,o f  .exposed ?, 

edge o f . 4 2  B.t.u.h. f o r  heated s l a b s .  Ca l cu l a t i ons  o f  hea t  l o s s  around 

s l a b  edges s h a l l  be made using t h e  foll.owing formula: ' . ,  

WHERE : , . 

H = Heat l o s s  o f  t h e  s l a b  edge i n  8.t.u.h. 

F = Heat l o s s  c o e f f i c i e n t  from ~ a b i e  ~ o .  17-D i n  8. t .u .h .  p e r  

1 i near '  f o o t  o f  exposed edge. 

P = Per imeter  o f  exposed s l a b  edge (1  i n e a r  f e e t ) .  
. . .  . . 



TABLE NO. 17-B 

Maximum "U" Values o f  Floor Sections Over 

Unheated Basements, Unheated Garage o r  Crawl Spaces 

. . 

HEATING DEGREE DAYS MAXIMUM 1 1 ~ 1 1  VALUE ' . 

2500 o r  l ess  No requirement , ;, 
- .... 

-Over 2500 '. 08 ..". - - -  

-- . 

NOTE: A basement o r  garage s h a l l  be considered unheated unless i t  i s  

provided w i t h  3 p o s i t i v e  heat supply t o  mainta in a minimum temperature 

o f  50'~. 

TABLE NO. 17-C 

Maximum "U" Values o f  Foundation Wall Sectfons . . 

o f  Heated Basement o r  Heated Craw! Spaces 

+ 

HEATING DEGREE DAYS MAXIMUM "u" VALUES 

2500 o r  l ess  No requ i remen t 
Over 2500 .15 

NOTE; A crawl space i s  considered heated when i t  has a pos i . t i ve  heat 

' supply t o  mainta in a minimum temperature o f  50'~. 



Slab Edge Heat Loss Coefficients. 

(Btuh .per Linear Foot) .. 

I I 

24 I 3 4 I 46 -30 or colder I I 

Winter Design 
Temperature 

- - I 24 I 75 38 I 3 5 
Zero t o  '- 4 24 24 36 32 48 1 

'where winter design temperatures are warmer than +15F, perimeter insulation i s  not 

Total Width of 
Insulation (inches) 

required. I f  instal  led in these areas (edge only), use values shown for  +15F to 

+11F above. If  not instal led,  use value of F = 45 for unheated and F = 60 for  

F for  Unheated Slab 
R=5.0 R=3.75 R=2.50 

heated slabs. 

F for Heated Slab 
R=5.0 R=3.75 R=2.50 

(h) A1 1 doors and windows opening to . the exterior .or to  uncondi tioned 
areas such as garages shall be ful ly  weatherstripped, gasketed, or otherwise 

treated t o  l imit  inf i l t ra t ion .  

( i  ) ioose Fi 11. Blown or poured type loose f i  11 may be used in a t t i c  

spaces where the slope of the roof i s  not less than 2% fee t  in 12 fee t  and 

there i s  a t  leas t  30 inches of clear  headroom a t  the roof ridge. ("Clear 

Headroom". i s .  defined as the distance from the top of the bottom chord of 

the truss or ceiling jo i s t s  to the underside of the roof sheathing.") When 

eave vents are instal led,  adequate baffling of the vent opening shall be 

provided , t o  deflect the incoming a i r  above. the surface of the material and 

shall be instal led a t  the s o f f i t  on a 45-degree angle. Baffles shall be in 

place a t  the time of framing inspection. When loose-fil l  insulation i s  pro- 

posed, the R yalue of the material required to meet these regulations shall  

be shown on the building plans. 



(j ) Design Temperature. I n s i d e  w i n t e r  design temperature s h a l l  be 

n o t  l e s s  than 7 o 0 ~ ,  and s u m & -  design temperature 'no t  than 78'~. 

Heat l o s s  and heat  ga in  c a l c u l a t i o n s  s h a l l  be made using the  w i n t e r  

design d r y  bu lb  a t  99 percent  and summer design d ry  bu lb  a t  2% percent  

shown i n  the  c u r r e n t  ASHRAE Handbook o f  Fundamentaqs. 

( k )  I nsu la t i on .  A l l  steam and steam condensate r e t u r n  p i p i n g  and 

a1 1  cont inuous ly  c i r c u l a t i n g  . . . . domestic o r  heat ing  h o t  water p i p i n g  which 
i s  l oca ted  i n  a t t i c s ,  garages, crawl spaces o r  unheated spaces o the r  than 

between f l o o r s  o r  i n  i n t e r i o r  w a l l s  s h a l l  be i nsu la ted  t o  prov ide  a  maxi- 

mum heat  l oss  o f  50 BTU/hr. per  1  i n e a r  ' f o o t  f o r  p i  p ing  up t o  2"' and 100 
. . 

B T U / ~ ~ .  p e r  l i n e a r .  f o o t  f o r  l a r g e r  sizes. 

(1) 'compliance. ~ ~ o n ' ~ o m ~ l e t i o n  o f  the  i n s t a l l a t i o n  o f  i n s u l a t i o n ,  

a  card  c e r t i f y i n g  t h a t  t he  i n s u l a t i o n  has been i n s t a l  1 ed i n  conforh ince w i t h  

the  requirements of these regu la t i ons  s h a l l  be completed and executed by 

t he  i n s u l a t i o n  a p p l i c a t o r  and b i  the  bu i l de r .  This i n s u l a t i o n  compliance 

card  s h a l l  be posted a t  a  conspicuous l o c a t i o n  w i t h i n  the  dwel l ing.  
, . 



H. AMENDED STANDARDS (Effective Apri 1 25, 1976) 

\ 

CALIFORNIA ADMINISTRATIVE CODE 

T i t l e  25, Chapter 1,  Subchapter 1 

Ar t ic le  5. Energy 1nsul ati'on 'Standards 

. .. 

1094. Energy Insulation Standards. Energy insula t ion standards stial I 
:, 

be i n  accordance w i t h  the applicable requirements of Cal i fornia-  Adminis- 

t r a t i v e  Code, T i t l e  24, Part  6, ~ i v i , s i o n  T25, Chapter 1, Subchapter 1, 

Ar t ic le  5 ,  Section ~25-1094, w h i c h  reads as  follows: 

T25-1094. Energy Insulation Standards. ( a )  ' Purpose. .The 

purpose of t h i s  Ar t ic le  is t o  es tab l i sh  minimum uniform energy 

insula t ion standards. All new hotels ,  motels, apartment houses, 

lodging houses, dwellings and other res ident ia l  buildings which a re  

heated or  mechanically cooled shal l  be constructed t o  comply w i t h  

t h i s  Article.  

(b)  Application and Scope. These regulations shal l  apply to  

a l l  applications f o r  building permits made subsequent to  the  effec- 

t i v e  date of these regulations. 

These regulations shal l  become e f f ec t i ve  on February 22, 1975. 

( c )  A1 te rna te  Materials, Method of Construction, Design or  

Insulating System. The provisions of this Ar t ic le  a re  not intended 

to  prevent the use of any material ,  method of construction,  design, 

o r  insula t ing system not spec i f i c a l l y  prescribed herein provided t h a t  

any such a l t e rna t e  has been approved. 

The U value of any component of ce i l ing ,  f l oo r ,  roof deck or  wall,  

including glazing, may be increased, and the U value fo r  other 

components, decreased unt i l  the  overall  heat gain or  heat loss  of the  

building does not exceed the t o t a l  resu l t ing  from conformance to  the  

s ta ted  U values. 

The Building Off ic ia l  may approve any a1 te rna te  design including 

, designs u t i l i z i ng  nonde'pleting energy systems such as  so l a r  or wind 



provided he finds tha t  the proposed design complies with the provi- 

sions of t h i s  Article in tha t  the material, method of construction, 
design or insulating system does not use more depletable energy than 
the requirements of t h i s  Article. 

The Bui 1 ding Official  shall require that  suf f ic ien t  evidence or 
documentation be submitted to  substantiate any claims made regarding 
the ins ta l la t ion  and use of any such al ternate  and may require 
tes t ing  of the f ina l  ins ta l la t ion .  

NOTE: Basic glazing area may be adjusted i f  i n  compliance with 
Subsection (c)  above. , a  

(d) Definitions. For the purpose of th i s  section, the follow- 
ing defini t ions shall  apply: 

(1) Cool inq Systems' - A system for  cooling a i r  by mechani- 
cal or other means and discharging such a i r  into a dwelling 
unit. This def ini t ion shall  not include evaporative cooling. 

(2)  Degree Day - A u n i t ,  based upon temperature difference 
and time,' used in estimating fuel consumption and specifying 
nominal annual heating load of a building. For any one day, 

when the mean temperature is less  than 65O~, there ex is t s  as 
many degree days as  there a re  Fahrenheit degrees difference in 
temperature between the mean temperature for  the day and 65'~. 
The degree day fo r  specif ic  geographical areas in California 
shall be those in Appendix T25-A. 

( 3 )  Exterfor Wall Area - The gross area of wall surfaces 
adjacent to  heated or cooled spaces, including glazing and 
doors, exposed to  ambient climatic temperatures, measured for  a 
dwell ing unit  or group of units served by a heating or cooling 

sys tem. 
( 4 )  Glazing - All transparent or translucent materials in 

exteri  or openi nqs . 
(6) High Rise - Any building containing four or more 

s to r i e s  of dwelling space, excluding basements and parking or 
nonhabi table  areas in subterranean or  ground level s .  

(6) Shading Coefficient - A r a t io  of the solar  heat gain 

through an unshaded glazing system to that  of a single l i gh t  of 

double strength window glass under the same s e t  of conditions. 



(7) Special Glazing - Glazing which has a maximum U factor  , 

of 0.70 for a1 1 .glazed surfaces. 

(8) Thermal Conductance (C-factor) - The time ra te  of heat 

flow through a homogeneous material of other than one-inch 
thickness or through a nonhomogeneous construction such as a i r  
space expressed in BTU/hr., square foot,  degree F temperature 
difference. 

(9)  Thermal Conductivity (K-factor) - The time ra te  of 
heat flow through one square foot of a homogeneous material one 
inch thick when there i s  a temperature difference of one degree ' 

F between the opposite faces of the material expressed i n  

BTU/hr., square foot,  degree F per inch. 
(10) Thermal Resistance. (R) - The measure of the resistance 

of a material or building component to the passage of heat. The 
resistance val ue (R) of mass-type insulations shall not i ncl ude 
any value for  reflecting facing. 

(11) Tinted Glazing - Glazing which shall  be permanently 
t inted or permanently surface coated by the manufacturer of the 
glazing material and shall provide a maximum shading coefficient 
as hereinafter specified. 

(12) U Factor - The total  heat flow through a given construc- 
tion assembly, a i r  to  a i r ,  expressed in BTU/hr., per square 
foot, per degree F temperature difference. 0 

Rt  equals the sum of the resistance (R) for  the individual 

components of the assembly. II  fact-ors shall  be calculated 
according to  ASHRAE Methods. 

(13) Unheated Spaces - Any space exposed to ambient tempera- 
tures and not provided with a heat supply capable of maintaining . .  . 

a minimum temperature of 50'~. 

(14) Basic Glazing Area - The basic .glazing area for  low-rise 
buildings shall be 20% of the gross f loor  area and 40% of ,the 
exterior wall area fp r  high-rise buildings. The gross f loor  area 

shall not include parking garages, unheated basements, corridors, 

or passageways exposed to exterior ambient temperatures. 



(15) Glazing Area. The area of glazing i n  ex te r io r  open- 

ings including the  sash area. 

( e )  Thermal. Design Standards fo r  Ceil ings and Walls. The 

design of the opaque surfaces of the s t ruc ture ,  exposed to  ambient 

condit ions,  shal l  provide a maximum u f ac to r  of 0.05 fo r  ce i l ings  and 

0.08 f o r  walls  and spandrals, when the e f f ec t s  of occasional framing 

members such a s  studs and j o i s t s  a re  not considered. In l i e u  of the 

above, when the  e f f e c t s  of a l l  elements of the wall o r  ce i l ing  con- 

s t ruc t i on ,  including occasional framing members such as studs and 

j o i s t s ,  a r e  considered o r  when a l l  of the thermal insula t ion i s  

instal ' led so t h a t  i t  i s  not penetrated by framing members, the U 

fac tor  shal l  not exceed 0.095 fo r  walls and 0.06 f o r  cei l ings .  

For buildings located i n  areas of 3500 degree days o r  l e s s  and the 

e f f ec t s  of a l l  ' elements of the  wall construction a r e  considered, the 

U f ac to r  shal l  not exceed 0.12 f o r  walls with a c o n s t r u c t i o ~  weight 

of 26 through 40 pounds per square foot  o r  a U f ac to r  not exceeding 

0.16 f o r  walls with a construction weight g rea te r  than 40 pounds per 

square foot .  

( f )  Thermal Design Standards fo r  Glazing. 

(1 )  For heated buildings located i n  areas of 4500 degree 

days or  l e s s ,  where the  to ta l  glazing area exceeds the  basic 

glazing area ,  treatment shal l  be required t o  l im i t  the  conducted 

design heat l%ss to  t ha t  which would occur w i t h  the basic 

glazing area s ing le  glazed. 

(2)  Heated buildings located i n  areas over 4500 degree 

days shal l  be provided w i t h  special glazing fo r  a'l 1 e x t e r i o r  

glazing. Where the t o t a l  glazing area exceeds the basic glazing 

area ,  treatment shal l  be required t o  l im i t  the conducted design 

heat loss  t o  t h a t  which would occur w i t h  the basic glazing ares 
in special  glazing. 

(3 )  Cooled buildings shal l  u t i l i z e  t i n t ed  qlazing when the 

t o t a l  glazing area exceeds the  basic glazing area. The glazing 

area on walls oriented w i t h i n  22% degrees of t r ue  North need not 

be included in the t o t a l  glazing area. The required t in ted  

glazing area shal l  not be l e s s  than the  di f ference between the 

t o t a l  glazing area and the  basic glazing area. Permanent 



external shading to  allow not more than 50% di.rect so l a r  ex- 

posure on the  glazing, taken on August 21, a t  9:00 a.m., noon 
and 3:00 p.m. so la r  time, may be u t i l i z ed  i n  l i eu  of t i n t ed  
glass.  Tinted glazing o r  permanent external shading on walls 
oriented w i t h  22% degrees of t rue  North shal l  not be considered 
as  par t  of the required t in ted  glazing area. 

(4)  Tinted glazing shal l  have a maximum shading coef f ic ien t  
of 0.75. This maximum shal l  be decreased to  0.55 fo r  a1 1 permit 

,appl icat ions  f i l e d  a f t e r  July 1, 1976. 

' (g) Floor ~ e c t i  on, Foundation wall s , Crawl Space. Plenum WaTl s 
and s labs-on-~rade.  For f loors  over unheated spaces, unheated 

basements, unheated garages, or  vent i la ted crawl spaces w i t h  operable 

louvers, t h e  "U" values of f l oo r  section shal l  not exceed the value 
shown i n  Table No. 17-B. 

Foundation walls of heated basements or  heated crawl spaces above 
, . . , 

grade shal l  be insulated t o  a "U" value not to  exceed the 
values shown i n  Table No. 17-C. Insulation may be omitted from 
f loors  over heated basement areas o r  heated crawl spaces i f ' founda-  
t ion walls  are insulated.  

When a crawl space i s . n o t  used as  a supply or  return plenum, the 
. . 

,crawl space perimeter wall shal l  be insulated t o  provide a maximum 
1 1 ~ 1 1  value of 0.:15. 

I 

4 
For slab-on-ground f loors ,  the edge heat loss  around the perimeter 

of heated spaces shal l  not exceed a maximum value pe r . l i nea r  foot  of 
exposed edge of 42 B.t.u.h..for unheated s labs  and 50 B.t .u.h.  f o r ,  
he,ated slabs.  Calculations of heat loss  around s lab  edges sha l l  be 
made using the  following formula: 

H = F x P  

WHERE: 

H = Heat loss  of the s lab  edge i n  B. t .u .h .  

F = Heat loss  coef f ic ien t  from ~ a b 1 e ' ~ o .  17-D in B'.t.u.h. per 

l inear  foot  of exposed edge. 
P = Perimeter of exposed . s l a b  edge ( l i n e a r  f e e t ) .  



TABLE NO. 17-B 

Maximum "U" Values o f  F loor  Sect ions Over 

unheated' Basements, Unheated Garage o r  Crawl Spaces 
I 

HEATING DEGREE DAYS MAXIMUM "U" VALUE 

3000 o r  l e s s  No requ i  rement . ...., - . 
3001 t o  4500 .10 

Ovcr 4500 .08 

NOTE: A basement o r  garage s h a l l  be considered unheated unless i t  i s  

provided w i t h  a p o s i t i v e  heat supply t o  main ta in  a minimum temperature 

o f  50'~. I 

TABLE NO. 17-C 

Maximum ''U" Va l ues o f  Foundation Wa'l l Sections 

o f  Heated Basement o r  Heated Crawl Spaces I 

HEATING DEGREE DAYS MAXIMUM "U" VALUES , . 

2500 o r  l e s s  No requ i remen t 
Over 2500 .15 

NOTE: A crawl space i s  consldered heated when i t  'has a p o s i t i v e  heat 

supply t o  main ta in  a minimum temperature o f  50'~. 



TABLE NO. 17-D 

Slab Edge Heat Loss C o e f f i c i e n t s  

( ~ t u h  per  L inear  Foot) 

requi red.  I f  i n s t a l l e d  i n  these areas (edge on ly ) ,  use values shown f o r  + 1 5 ~  t o  

+11F above. I f  no t  i n s t a l  led ,  use value o f  F = 45 f o r  unheated and F = 60 f o r  

Winter Design 
Temperature '  

-JU o r  co lde r  
-20 t o  -29 
-20 t o  -24 
-15 t o  -19 
-10 t o  -15 
- 5 t 0 - 9  

Zero t o  - 4 . , + 5 t o  + ll 
+10 t o  + 6 i  

i +15 t o  +11 

I 

heated slabs. 

(h )  A1 1 swinging doors and wtndows opening t o .  t he  e x t e r i o r  t o  . 

uncondi t ioned areas such as garages s h a l l  be f u l l y  weatherst r ipped,  

gasketed, o r  otherwise t r e a t e d  t o  1 i m i  t i n f i . 1  t r a t i o n .  A1 1 manufactured 

windows and s l i d i n g  g lass  doors s h a l l  meet t h e  a i r  i ' n f i l t r a t i o n  

standards o f  the  1972 .American Nat iona l  Standards I n s t i t u t e  (A134.1, 

A134.2, A134.3 and A134.4), when tes ted  i n  accordance w i t h  ASTM 
2 E283-73 w i t h  a pressure d i f f e r e n t i a l  o f  1.57 l b s / f t  and s h a l l  be 

c e r t i f i e d  and labeled.  

( i )  Loose F i l l .  Blown o r  poured type loose f i l l  may -be"used i n  

a t t i c  spaces where the  s lope o f  the  r o o f  i s  n o t  l e s s  than 24 f e e t  i n  

12 f e e t  and the re  i s  a t  l e a s t  30 inches o f  c l e a r  headroom a t  t he  r o o f  ' 

r idge.  ( "Clear  Headroom" i s  de f i ned  as the  d i s tance  f rom the  top  o f  

the  bottom chord o f  the  t r u s s  o r  c e i l i n g  j o i s t s  t o  t he  underside o f  , 

the r o o f  sheathing. ) When eave vents a re  i n s t a l  led ,  adequate b a f f l  i n g  

o f  t h e  vent  opening s h a l l  be p rov ided t o  d e f l e c t  the  incoming a i r  

above the  sur face  o f  t he  ma te r i a l  and s h a l l  be i n s t a l l e d  a t  the  

'where w i n t e r  design temperatures a re  warmer than +15F, per imeter  i n s u l a t i o n  i s  n o t  

To ta l  Width o f  
. I nsu la t i on  ( inches)  

24 
24 
24 
24 
24 
24 
24 
24 
18 
12 

F f o r  Unheated S lab  
R=5.0 ~=3.75  R=2.50 

34 
32 
3 0 
28 
27 40 
25 38 
24 36 

. 2 2  33 
21 31 42 
2 1 '  3 i  42 . . . .  

F f o r  Heated Slab 
R=5.0 R=3.75 R=2.50 

46 
44 

.41  
3 9 
37 
35 
32 48 
30 45 
25 38 5 0 
25 38 . 50 



soffit on a 45-degree angle. Baffles shall be in place at the time 

of framing inspection. When loose-fill insulation is proposed, the R 

value of the material required to meet these regulations shall be 

shown on the building plans. 
(j ) Design Temperature. Inside winter design temperature shall 

be not less than 7o0~, and summer design temperature not greater than 
78'~. Heat-loss and heat-gain calculations shall be made using the 
winter design dry bulb at 99 percent and summer design dry bulb at 2% 
percerit shown in the current ASHRAE Handbook of Fundamentals. . 

' 

( k )  Pipe Insulation. All steam and steam condensate return 
piping and .a1 1 continuously circulating domestic or heating hot water 
piping which is located in attics, garages, crawl spaces or unheated 
spaces other than between floors or i n  interiqr walls shall' be 
insulated to provide a maximum heat loss of 50 BTU/hr. per linear 
foot for piping up to and including 2" and 100 BTU/hr. per linear 
foot for larger sizes. 

(1) Compliance. Upon completion of the installation of in- 
sulation, a card certifying that the insulation has been installed in 
conformance wi th the requi rements of these regul ations shall be 

completed and executed by the insulation applicator and by the 
builder. This insulation compliance card shall be posted at a 
conspicuous location within the dwelling. 

(m) Additions to Existing Buildings. Additions to existing 
hotels, motels, apartment houses, lodging houses, dwell ings arid o l t l e r  

residentai buildings shall be constructed to comply with this Article 
if the existing building was required to be constructed in conformance 
with this Article. 



APPENDIX T25-A 

Heating Degree Day Table 

CITIES 
. . 

, A1,derpoint 
A1 pine 
A1 turas  
Antioch 
Auburn 
Bakersfield 

. i,: Barret t  Dam 
Barstow .. . . . 

Beaumont 
Berkel ey 
Bishop 
Blythe . 
Bonita. 
Borrego Springs 
Brawl ey 
Burney 
Cabril lo National Monument 
Calaveras Big Trees 
Campo : 
C h i  co 
Chula Vista 
Cloverdal e 
Colfax * 

Col usa 
Concord 
Corona 
Crescent City ' . 

Cul ver City 
Cuyamaca 

: Daggett 
Davis 
Death'Valley ' 

Oel ano 
Edwards A. F. B. 
El Cajon' 
El Capitan Dam 
El Centro 
El k Val 1 ey 
El s i  nore 
Encini t a s  
Escondi do 
Eureka 
Fa i r f i e ld  
Fai rmont 
Fi 1 1 more 
Fol som 



ANNUAL DEGREE DAYS 

F o r t  B idwel l  
F o r t  Bragg 
F o r t  Jones 
Fremon t 
Fresno 
G i  1 r o y  
Hanford 
Healdsburg 
Hens haw Dam 
Hetch Hetchy 
H o l l  i s t e r  
Hunt ington Beach 
Imper ia l  
Independence 
I nyo kern 
Ione 
Jaalcson 
J u l  i an Wynol a 
King City 
Laguna Beach 
Lake Arrowhead 
La kepor t  
La Mesa 
Lemoore 
Lindsay 
L i  vermore 

?, Lodi  +' Long Beach 
Los Angeles 
Los Banos 
Los Gatos 
Madera 
Mari  copa 
Mari  posa 
Markeevi 11 e 
Marysvi f f e 
McCl oud 
Mecca 
Mendota 
Merced 
Mineral  
Modes t o  
Mo j ave 
Monterey 
Napa 
Need1 es 
Nel 1 i e 
Nevada City 
Novato 
Oakdal e 
Oak Grove 



. . 
CITIES ' ' ' 

Oakland 
Oceanside 
Or1 and 
O r o v i l l e  
Oxnard 
Palmdal e 
Palm Springs 
Palo A1 t o  
Pal omar Mt .  Observatory 
Pasadena 
Paso Robles' 
Pat terson 
Peta l  uma 
P i t t s b u r g h  
P l a c e r v i l  l e  

, P o i n t  Loma 
Pomona 
P o r t e r v i  11 e 
P o r t o l a  
Qui  ncy 
Ramona Spaul d i  ng 
Red B l u f f  
Reddi ng 
Red1 ands 
Redwood City 
R i  c hmond 
Ri v e r s i  de 
Rosevi 11 e 
Sacramento 
St.' He1 ena 
Sal i nas 
San . Bernard i  no 
San Clemente 
San Diego 
San Fernando 
San Francisco 
San Jac in to  
San Jose 
San Juan Capistrano 
San L u i s  Obispo 
San Mateo 
San Rafael 
Santa Ana . 
Santa Barbara 
Santa Clara 
Santa Maria 
Santa Rosa 
Sco t i a  
S i e r r a v i l  l e  
Sonora 
South' San Francisco 

ANNUAL DEGREE DAYS 

2,906 
2,092 

' 2,830 
2,597 
2,352 
3,088 
1,232. 
2,869 
3,868 
1,694 
2,890 

' 2,368 
'2,966' 
2,633 
4,161 
1,860. 

. 2,166 
2,563 



CITIES 

Stockton 
Stony Gorge Res. 
Susanv i l l e  
Tahoe City 
Tahoe Va l l ey  
Thousand Oaks 
Tracy 
Truc kee 
Twentyni ne Palms 
Ukiah 
Vacavi 11 e 
Val 1 e j o  
V i  s a l  i a 
V i s t a  
Warner Springs 
Weaverv i l la  

, Wccd 
W i l l i t s  
W i ' l  lows 
Wood1 and 
Yosemi t e  
Y r e  ka 
Yuba City 

ANNUAL DEGREE DAYS 

2,690 
3,124 ) 

6 ,.248 
8,162 
8,198 - . I .  

, 2,425 
2,616 
8,208 
2,006 
3,030 
2,812 

.. 2,598 
2,546 
1,760 
3,470 
4,935 , , 

5,870 
4,160 
2,807 
2,447 
4,800 

,-. 5,393 
2,386 , 

. . 



111. SURVEY FINDINGS AND ANALYSIS 

A. INTRODUCTION 

The Cal i fornia residential  energy insulation standards were adopted on 
February 22, 1974, and became effect ive one year l a t e r , "  on February 22, 1975. 
These standards affected the various groups involved in the building process. 
To a s s i s t  these groups in the implementation and interpretation of the stand- 
ards, an energy design manual became available a t  approximately the same time 
the standards became effective.  

Studies were conducted to  determine the problems encoun'tered in the im- 
plementation, enforcement, and design aspects of the standards. ,Data was 
col lected by surveying those involved in the building process, namely, enforce- 
ment of f ic ia l  s ,  bui 1 ders and developers , archi tects  and engineers, manufactur- 
e rs  and suppl iers ,  and consumers. Interviews were selected to provide a 
representative cross section, considering the various s izes  of c i ty  and county 
building departments, various climatic conditions and various geographic 
locations throughout the s ta te .  

The consulting firm of Melvyn Green and Associates, Inc., El Segundo, Calif- 
ornia, was retained to  a s s i s t  in the collection of data and the preparation of 
recomnendations. Mr. Green's report ,  "The California Residential Energy 

Regulations -- Their Impact on the Building Process", discuss'es his, survey 
rr~ethodology and findings, and presents recommendations based on the findings. 

. . 

An independent survey was performed by the Department of Housing and Comnunity 
Development, a t  interview locations not covered by the consultant. This 
provided a broader data base and .the opportunity to compare the findings of 
the two surveys. 

The findings have been summarized and are  presented as follows: Prior insula- 
tion practices; enforcement agencies; builders and developers; archi tects  and 

engineers; manufacturers and suppliers; consumers. 



The f ind ings  represent the opinions and experiences o f  the ind iv idua ls  

interv iewed only, and' should not  be construed t o  mean t h a t  a l l  others agree 

w i t h  these opinions. 

B. PRIOR INSULATION PRACTICES 

P r i o r  t o  the standards becoming e f fec t i ve ,  i nsu la t i on  pract ices var ied ttibough; 1 
ou t  the state. Floors were not  insu la ted and i nsu la t i ng  glass general ly  was 

no t  used. I nsu la t i on  i n  the wal ls  and ce i l i ngs  varied' from no i nsu la t i on  i n  

e i t he r ,  i nsu la t i on  i n  the c e i l i n g  only, t o  some i nsu la t i on  i n  both. The 

l a t t e r  probably occurred on ly  i n  colder areas o f  the s ta te  o r  i n  higher p r i ced  

custom homes. The R values o f  the i nsu la t i on  used, ranged from R-7 t o  R-11 t o  

R-19. R-19 i nsu la t i on  was l i m i t e d  t o  use i n  the c e i l i n g  and then only i n  

the co lder  areas. 

The fo l low ing  tab les show what appears t o  have been the p r i o r  i nsu la t i on  

p rac t i ces  i n  C a l i f o r n i a  f o r  t r a c t  and custom homes. These tables are based on 

the survey data represent ing average construct ion, and should not  be construed 

t o  apply t o  a1 1  homes. 

PRIOR INSULATION PRACTICES FOR 
TRACT HOMES I N  CALIFORNIA 

Degree Roof-Cei 1  i ng Wall F loor Weather- Insulated 

Days I nsu la t i on  Insu la t ion  Insu la t ion  S t r i pp ing  Glanlng 
- - 

0-3000 None t o  R-7 None None None None 

3001-4500 R-7 t o  R-11 None None None None 

Above 4500 R-11 t o  R-19 R-1 1  None None None 
1 

PRIOR INSULATION PRACTICES FOR 
CUSTOM HOMES I N  CALIFORNIA 

Degree Roof-Cei 1  i ng  Wall F loor Weather- Insulated 

Days I nsu la t i on  Insu la t ion  Insu la t ion  Str ipping'  Glazing ' 

0-3000 R-7 t o  R-11 R-7 t o  R-11 None None' None 

3001-4500 R-7 t o  R-11 8-1 1  None None None 

Above 4500 R-1 1  t o  R-19 R-11 None 'None None 

. 



C. ENFORCEMENT AGENCIES 

The energy insulation standards for new residential buildings in California 
are enforced by the local city and county enforcement agencies, which generally 

b i s  the building department. The two principal functions of these agencies 
t o  assure compliance with the standards are plan review and field inspections. 
As a result, i t  i s  the local enforcement agency which has the daily contact 
with. the builders and designers and i s  confronted with the questions and 

probl ems. 

Most of the questions regarding the standards are answered a t  the building 
department level. The Energy Design Manual i s  used as a reference for infor- 
mation when needed. Sometimes, other enforcement agencies are consulted and 

occasionally questions are referred tb the State for answer. 

A t  this time, the standards i re  generally accepted by the public and are 
thought  t o  save energy.' Most of the init ial  resistance' has passed. Relative 

t o  the initial resistance, one agency suggested t h a t  the standards should have 
1 been eased into by f i r s t  requiring that wall s and ceilings be insulated, then 

a t  a later date implementing the glazing standards, and so forth. On the other 
hand, changes to the standards in the early stages caused confusion, for both 
the. enforcement agencies and the public. However, the changes made the standards 
less restrictive and decreased compliance problems. 

Plan Review 

Plans, and calculations when required, are checked for compliance with the 
energy insulation standards. Generally the R value of the insulation for the 
walls, roof and floor i s  required t o  be shown on the plans. Seldom i s  i t  
required on the plans t o  indicate that aluminum windows must be labeled to show 
compliance with the a i r  i,nfil tration requirements of ANSI 134.1 ; weatherstripping 

requirements; or the exact elements t o  be insulated, such as the wall between 
the garage and dwelling, dormers, etc. I t  i s  assumed chat  the field inspector 
will check these items. 



About 95 percent  o f  t he  .dwel l ings constructed meet the  s p e c i f i c  o r  p r e s c r i p t i v e  

requi"rements o f  t h e  standards. The remaining 5 pe rcen t  u t i  1  i ze the  a1 t e r n a t i  ve 

o f  p r o v i d i n g  heat  l o s s  ana lys is  c a l c u l a t i o n s  t o  show the  equivalency o f  the  

designed house. The most p reva lent  reason f o r  u t i l i z i n g  t h i s  a1 t e r n a t i v e  i s  

exc.essive. glazing.. Other reasons inc lude  open beam c e i  1 ings  and unconventi.ona1 

const ruc t ion ,  such as l o g  cabins, etc. 

General ly , .g laz ing areas i n  excess o f  t h a t  prescribed, which i s  20 percent  o f  

t he  gross f l o o r  area f o r  l ow- r i se  bu i l d ings ,  can be a t t r i b u t e d  t o  geographic 

areas w i t h  a view. A few agencies r e p o r t  having as much as 40 percent  designed 

bu i l d ings ,  w h i l e  o thers  have n o t  had any designed bu i ld ings .  I n  some cases, 

when.the b u i l d e r  o r  designer I s  confronted w i t h  the  need t o  per form ca lcu la t i ons  

because o f  excessive g laz ing,  he simply reduces the  g laz ing  area t o  the  pre- 

sc r ibed  amount. 

Some r u r a l  areas r e p o r t  t h a t  t h e  heat l oss  analyses submitted a re  poor l y  per- 

formed and people q u a l i f i e d  t o  do these ca lcu la t i ons  are hard t o  f i nd .  

I nspec t ion  

Approximately one-four th t o  one- th i rd  o f  t he  enforcement agencies do n o t  

i nspec t  the  i n s t a l  1 a t i o n  o f  i n s u l a t i n g  products. These agencies accept the  

c e r t i f i c a t e  o f  i n s t a l  l a t i o n  signed by t h e  b u i l d e r  and j n s t a l  l e r ,  w i t h  spot  

checks i n .  some cases. The ,ma jo r i t y  o f  t h e  enforcement o f f i c i a l s  f e e l  t he  

c e r t i f i c a t e  means f u  1 1 compl lance w i t h  the  starlddrsds, wl~er-eas i n  r e a l i t y ,  no 

one c e r t i f i e s  compliance w i t h  the  g laz ing  and weathers t r ipp ing  requirements. 

Reasons f o r  n o t  i nspec t ing  genera l ly  r e l a t e  t o  manpower and t ime involved. It 

waq f e l t  t h a t  s ince the c e r t i f i c a t e  o f  i n s t a l  l a t i o n  was required,  inspect ion  

was n o t  mandatory. One agency thought t h a t  b u i l d i n g  departments should not  be 

requ i red  t o  enforce i tems not  r e l a t e d  t o . h e a l t h  and safety.  H o s t i l i t y  toward 

s t a t e  mandated regu la t i ons  was a1 so mentioned. The. remainder o f  t he  enforcement 

agencies are  i nspec t ing  the  i n s t a l l a t i o n  o f  the  i n s u l a t i n g  products. The 

inspec t ion  requirements va r ied  somewhat throughout the  state.  About ha1 f o f  

enforcement agencies conduct ing inspect ions  r e q u i r e  a t  l e a s t  one add i t i ona l  

i n s u l a t i o n  inspect ion ,  usua l l y  between the  framing and sheetrock inspect ions. 

Add i t i ona l  inspect ions  may a l s o  be requ i red  f o r  under f loor  and open beam 

c e i l i n g  i n s u l a t i o n .  Agencies n o t  r e q u i r i n g  a d d i t i o n a l  inspect ions,  i n d i c a t e  



they cover these items dur ing  normal inspect ions,  which i n  cases i s ,  inspect  

what you can. Frequently a copy o f  the  signed c e r t i f i c a t e  .of i n s t a l l a t i o n  i s  

requ i red  p r i o r  t o  the  f i n a l  inspect ion.  - 

I The i n s u l a t i n g  products are  genera l ly  inspected f o r  l a b e l s  g i v i n g  the  R value 

o f  t he  mater ia l .  * R i g i d  board i n s u l a t i o n s  are no t  always so labeled. Some 

agencies were n o t  aware o f  the  requirements f o r  weathers t r ipp ing  o r  l a b e l s  on 

aluminum windows, and t h u ~ ~ w e r e  n o t  i nspec t ing  f o r  these items. The window 

labe ls  sometimes get  removed dur ing  c l  ean-up before  the f i n a l  inspect ion.  

S p e c i f i c  i nspec t ion  problems f o r  wood -frame bu i  1di.ngs j n c l  ude i n s u l a t i o n  

overlooked behind showers and tubs, behind and under stairways, and i n  plywood 

shear wal ls .  It i s  a l so  d i f f i c u l t  t o  i nspec t  the  supports (w i res  o r  s tap les)  

fo r  the  under f loor  i n s u l a t i o n  w i thou t  c rawl ing  under the  bu i l d ing .  A t t i c  eave 

vent  b a f f l e s  a re  n o t  always i n s t a l l e d  a t  the  framing stage. 

Many f i e l d  repor t s  note poor workmanship i n  the  i n s t a l l a t i o n  o f  i n s u l a t i o n  - 

and weatherst r ipping.  F r i c t i o n  f i t  i n s u l a t i o n  b a t t s  i n  w a l l s  have sometimes 

blown o u t  o r  sagged before being covered. Underf loor  i n s u l a t i o n  i s .  d i f f i c u l t  

t o  i n s t a l l  and must be supported o r  adequately s tap led i n  p lace and be protec-  

ted  from the  weather. I n  co lder  c l imates problems w i t h  condensation have 

occurred under i nsu la ted  f l oo rs .  F o i l  t y p e . i n s u l a t i o n  must be properly.expan- 

ded, and each. l a y e r  separated f rom the others. Poor workmanship o r  mishandl ing 

by o ther  t rades ( r e p a i r s  o r  changes t o  e l e c t r i c a l ,  p l  umbing, etc. ) may 

s i g n i f i c a n t l y  reduce the  e f fec t iveness o f  the  i nsu la t i on .  

Admin is t ra t ion  

Fee increases t o  o f f s e t  t he  increased p lan  check and inspec t ion  tasks required,  

va r ied  widely. Frequently the  enforcement agency ~ r e l  i e d  on the increased - 

va lua t i on  proviaed by the  i n s u l a t i o n  f o r  a d d i t i o n a l  income t o  cover the  requ i red  

services. Other c i t i e s  and count ies increased t h e i r  fees i 'n  vary ing  ways, such 

as :. 

a. $.02 per  square foo t .  

b. Lump sum fee - $20.00. 



c. Ten percent increase i n  fees. 

d. ' Seven d o l l a r s  per inspection. 

Although ex t ra  t ime i s  required t o  enforce the standards, few agencies reported 

h i r i n g  add i t i ona l  personnel. Local governing bodies appear r e l uc tan t  t o  a l low 

the bu i l d i ng  department t o  h i r e  ext ra  personnel because o f  .new standards, 

even- when income i s  adequate t o  support the posi t ion.  As a resu l t ,  when work 

i s  added, p r i o r i t i e s  on what gets done change. 

Adequacy o f  Standards 

Enforcement agencies general ly  f e l t  the standards were adequate.. Some thought 

they should a1 so cover add i t ions t o  e x i s t i n g  bui ld ings,  HVAC system$, water 
heat ing and other '  energy consuming elements w l  t h i n  the bui ld ing.  

Some enforcement agencies required addi t ions t o  be insu la ted even though the 

s ta te  standards do no t  requ i re  it. Generally the g laz ing area was not  considered 

i n  these cases. It was suggested t ha t  small addi t ions and glazing be exempt. 

I n  some areas, the requirements f o r  s lab and underf loor i nsu la t i on  were 

considered too r e s t r i c t i v e  because o f  the d i f f i c u l t y  o f  i n s t a l  l a t i on .  Con- 
versely, f l o o r s  over open spaces should always be insulated. (Canti levered 

o r  p i  1 e supported systems ) . 
I n  areas where degree day zones adjoin, the s i g n i f i c a n t  change i n  the requirements 

between zones i s  questioned. An example i s  along the E e l  River i n  ~ u m b o l d t  

County. One s ide o f  the r i v e r  i s  less than 4500 degree days, whi le  the other 

i s  s l i g h t l y  over 4500 degree days. The l oca l  enforcement agencies expressed 

the opinion t h a t  there i s  a s i g n i f i c a n t  increase i n  requirements i n  a shor t  

d istance and perhaps a more gradual scale would be appropriate. 
Q 

Product Standards and Acceptance 

Generally the enforcement agencies are not  fami 1 f a r  w l  t h  the i nsu la t i on  t es t i ng  

and l abe l i ng  procedure. Few were aware t ha t  i nsu la t i on  i s  labeled and tes ted 

under h voluntary standard as compared t o  the independent 1 aboratory t e s t i n g  

and inspect ion process f o r  t rad i t , i ona l l y  regulated bu i l d i ng  products. 
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Enforcement off i cia1 s are  concerned. over the 1 ack . of independent tes t ing and 

cer t i f icat ion of insulation. They are a1 so concerned about other standards, 

such as flammabi 1 i ty ,  that  a f fec t  insulation. T h u s ,  potentially acceptable 
. . products may be kept off the market because of lack of acceptance by l o c a l  

) . . , . off ic ia l s ;  and conversely, poor products may be inadvertently accepted. 

Consensus i s  tha t  a product cer t i f ica t ion  and labeling program would be very 
helpful for  plan checking and inspection, and also provide needed consumer 

protection. 

Educational 

Virtually a1 1 local enforcement, agencies interviewed received some training 
relat ive to  the regulations, usually a t  a state-conducted seminar or a 
building o f f i c i a l s  meeting. Some reported jo in t  meetings with contractors 
associations or architectural groups. The training was general ly  brief and 
related to  the regulations and the i r  content. Information received a t  seminars 

or c,lasses was used for  training of other personnel within the agency. Many 
who attended seminars stated that  the technical content of the class materials 
was not a t  the level they would have preferred. 

One-man enforcement agencies were frequently unable to attend any class o r  
seminar since they had no .one,.to relieve them. Traveling long distances to  
training sessions also presented attendance problems. because of the time 
invol ved. 

Training i s  s t i l l  needed for  both enforcement o f f i c i a l s  and the public, and 

, should include a review of the standards, heat loss calculations for  designed 
homes, and also re la te  to  f i e ld  practices and inspection problems. Training 
should also be 'provided i f  major changes are  made to  the standards. 

An area of significance i s  the manner in which the local agencies implemented 
the standards. The, bui lding. department seemed to be the principal vehicle 
fsr educating the contractors about the regulations. Some contractors associations 

. have sponsored seminars, b u t  most contractors learned of the standards through 
the.  local bul lding department. Several building departments met with the local 
contractors, t o  develop an inspection sequence to have the minimum construction 



c o s t  and t ime impact f o r  t he  cont rac tor ,  w h i l e  assur ing compliance w i t h  the  

standards. The i n i t i a l  s i x  months o f  the  program was the  most d i f f i c u l t  pe r iod  

f o r  implementation. Much o f  t h i s  r e l a t e d  t o  the  changing o f  g laz ing  l i m i t a t i o n s  

occur ing  du r ing  t h a t  per iod.  Local enforcement agencies resen t ' hav ing  t o  a c t  

as f r o n t  man f o r  the  State, and f e l t  the  Sta te  should take r e s p o n s i b i l i t y  f o r  

t h e  educat ion o f  a rch i tec ts ,  designers and contractors.  However, a f requent  

c o m e n t  was t h a t  the  energy conservat ion standards were the  eas ies t  t o  implement 

o f  a1 1 ' re=ent  S ta te  mandated regu la t i ons  s ince the  cont rac tors  and ,homeowners 

cou ld  see the  r e t u r n  on t h e i r  investment. 

Near ly  a l l  t he  enforcement agencies were f a m i l i a r  w i t h  the  Energy Design Manual 

f o r  r e s i d e n t i a l  b u i l d i n g s  and found i t  t o  be useful.  I n  a few cases, the  

manual i s  t r e a t e d  as the  law ins tead o f  a guidel ine,  and i f  a mater ia l ,  method, 

o r  assembly i s  n o t  contained i n  the  manual, i t  i s  n o t  permitted. The on ly  

complaint  r e l a t i v e  t o  the  manual was t h a t  i t  was no t  a v a i l a b l e  soon enough. 
- 

Suggested changes' t o  t h e  manual were: 

a. Provide a s i m p l i f i e d  version. 

b. Provide more data on i n s u l a t i n g  mater ia ls .  

c; Provide more examples f o r  'average construct ion.  

d. Provide example c a l c u l a t i o n s  f o r  l o g  cabin type bu i ld ings .  

e. Develop simple r u l e s  o f  thumb f o r  t rade-o f fs .  

f. Provide s p e c i f i c  i n s u l a t i o n  i n s t a l l a t i o n  d e t a i l s .  

g. Provide cons t ruc t i on  d e t a i l s  f o r  open beam c e i l i n g s ,  under f loor  

and s l a b  i n s u l a t i o n  and unvented r o o f  panels. 

D. BUILDERS AND DEVELOPERS 
. . 

The b u i l d e r  i s  t h e  i n d i v i d u a l  i n  the  design/construct ion process who must 

u l t i m a t e l y  execute the  work requ i red  by t h e  standards and rep resen ted ' i n  the  

drawings and spec i f i ca t i ons .  Bu i l de rs  must understand b o t h ' t h e  requirements 

and t h e  i n t e n t  o f  the  standards i n  order  t o  p u t  them i n t o  e f f e c t i v e  p rac t i ce .  

Bu i l de rs  o f t e n  f e e l  they are  no t  r e c e i v i n g  enough assistance from the State. 

Many feel  t h a t  i n s u f f i c i e n t  e f f o r t s  are made t o  comunica te  w i t h  them. 



In general, it i s  the builder who a1 so acts  as developer who expresses need 

for  h e l p  with design information. Builders who ~ e r f o r m  o n l ~ . ~ e n e r a l  contrac- 

ting services are  l ikely to  only follow the drawings and not par t ic ipate  in 

decisions regarding the i r  contents. 
I 

Design 

~. 

Bui 1 ders reported that  almost a1 1 houses comply with the prescriptive design 
requirements. Where compliance problems ari,se, the design i s  general1,y changed 
to meet the prescriptive requirements. Builders of higher qua1 i ty  t r ac t s  and 
custom houses use al ternat ive heat loss.  calculations more frequently; especially 
in areas where the view i s  a saleable comnodi ty. A few use the a1 ternative 
method fo r  a1 1 houses. 

. . 

Design practice has been affected, and various minor problems and compl ai  nts 
were voiced with respect to  this .  Some problem has been encountered in 
satisfying the requirements where open beam ceilings are  used. Conflicting 
calculations for  heat loss have been provided by d i f fe rent  individuals, 
resulting in trouble and confusion for  builders. Design problems are also 
occurring i n  areas of high humidity; the specified de ta i l s  may resu l t  i n  

s ignif icant  moisture problems. Builders are not typically ins ta l l ing  smaller 
HVAC units,  even though the buildings are be t te r  insulated. 

Construction 

Most builders had no trouble with implementation of the regulations. Variation 
in enforcement and interpretations among enforcement agencies made the job 
d i f f i cu l t .  Compliance with the standards did not cause any d i f f i c u l t i e s  due 
to schedul ing problems. Occasional ly ,  delays in inspecti on were experienced. 

In general, product ava i lab i l i ty  appears to be good, although some complaints 
of shortages and profiteering were made. Some of the window manufacturers 
had not been able to  deliver on schedule. Some insulating materials have been 

in short supply, specifical ly  fiberglass and rockwool. 



W i t h  respect t o  labor avai labi l  i ty ,  there were no complaints about insuff ic ient  

numbers of subcontractors, a1 tho'ugh there was some grumbl'i . . ng about I1sloppy 
work". Predictably, areas with a limited construction season have more 
problems with 'delays and schedul ing than do those where construction i s  possible 
year-round. 

Adequacy of Standards 

\ The standards are  general l y  f e l t  to  be acceptable, a1 though typical complaints 
recur within environmental zones, showing patterns which point to  deficiencies 
in regional appl icabi l i ty  of the standards. In the coastal area, one builder 
said tha t  the standards a re  too r e s t r i c t ive  i n  the immediate vicini ty  of the 
ocean and too lax inland; and another tha t  they are  generally too lax. In the 
central  area, glazing limitations are  f e l t  to  be too r e s t r i c t ive ,  but the r e s t  
of the standards a re  well accepted. More complaints.occurred i n  the severe-climate 
zones; the general consensus in mountain areas i s  that  insulation requirements 

a re  inadequate, and in deser t .  areas, tha t  the glazing and orientation provisions 
do not rea l ly  address the problem; and tha t  the insulation requirements are  

designed t o  save on heating energy rather than a i r  conditioning. 

Most builders were not en t i re ly  sa t i s f i ed  with the standards, b u t  few had 
suggestions f o r  changes. The suggestions received show no pattern or consensus. 
Opinions ranged from advocacy of a la issez-faire  policy on the part  of govern- 
ment to  a be1 ie f  tha t  the standards should be made more r e s t r i c t ive  in selected 
areas. 

Product labeling i s  considered sat isfactory,  and builders generally consider 

the performance of labeled products to be consistent with manufacturers claims. 
Some var iab i l i ty  in window qua1 i t y  was noted. 

A t  high a1 t i  tudes, double-glazed windows have disintegrated- or exploded due 
to  pressure differences. Other problems have been encountered statewide with 

deterioration of urethane insulation, inadequate performance of blown-in 



insulation and unrel iabi l i ty  of solar products. This l a s t  problem i s  so 
, severe tha t  most builders would not consider ins ta l l ing  solar  energy devices 

until independent and re l iab le  tes t ing for  such products i s  in i t ia ted .  Many 

builders would l ike  to see independent tes t ing and cer t i f ica t ion  of a l l  energy 
- conservation products. 

Educati onal 

Very few builders attended training sessions re la t ive  to the standards. In 
some areas i t  was available and others not. Accessi bi 1 i ty of--the 'small amount 

of training offered was a complaint. Relative to the need fo r  additional 
training, emotions were mixed. 

The severe-cl imate zones were characterized by need for  considerable training 
and education. In one mountain 'area th i s  has been provided. The bu i  1 ding 
department and the contractors association both conducted s&i nars for  contrac-. 
tors ,  and various manufacturers also provided training. 

Most of the builders interviewed were not familiar w i t h  the Energy Design 
Manual, or did not use i t  because ibwas not needed. Either the building 

, compl ied with the standard design requirements , or the necessary information 
was'obtained'from the building department, or the designs were done by archi tects  
or ,engineers. 

E. ARCHITECTS AND ENGINEEKS 

The architectural and engineering profession i s  marked by a wide range.of 
a t t i tudes  and practices regarding the standards. For the most part ,  they are 
now well acquainted with the standards and have made the appropriate adjustments 
in the i r  practice. Some feel comfortable working with the standards while 
others feel tha t  the standards r e s t r i c t  the range of potential solutions to 
design and energy problems. The involvement of an archi tect  or engineer i n  the 
design of single-family dwellings i s  quite minimal. I t  i s  estimated tha t  
the i r  services are  used fo r  less  than 20 percent of the single-family dwell- 
ings constructed. However, the i r  services are  generally used in the design 

of mu1 ti-fami ly  dwell ings. 



Des i gn 

Most a rchi tec ts  and engineers make use of the al ternat ive-heat  loss analysis. 
I t  was found consistently tha t  the reason for  u t i l iz ing  a1 ternative design 

provisions was to  provide more glass area -- for  view, feelings of openness, 

and natural l igh t .  Some designers have developed consistent approaches to  ' 

design-trade-offs when glass areas exceed twenty percent of the f loor  area; 

Some go to  double glazing, while others find i t  more economical to  insulate 
under f loors  to  compensate f o r  increased window area. 

The most frequently mentioned design problem imposed b.y the standards invol ves 
the detai  1 ing of an open-beamed (vaulted, cathedral ) cei 1 ing. Concrete block 
i s  rarely used now because of the d i f f icu l ty  in achieving wall insulation 
requirements. In the mountain areas, underfloor insulation posed s ignif icant  
problems due to  moisture accumulation; a l ternat ive design de ta i l s  were called 

for. The archi tec t  of a high-rise hotel noted d i f f icu l ty  in developing a 
system to  sa t i s fy  the roof insulation requirement. 

Design problems and confusion were caused by changes made to the standards in 
the ear ly stages of implementation. Problems were also created by nonuniform 
interpretat ion by enforcement agencies, probably caused by,inadequate training 

r e l a t ive  to  the standards. I t  was suggested tha t  the State publish interpretations 
to achieve more uniform enforcement. 

In a.smal1 number of instances, new solutions t o  energy conservation are  being 
sought through so lar  energy and other unconventional systems dealing with very 
sophisticated calculations. These designs, which operate independently of 
conventional heating and cool ing -systems, usual ly f a r  exceed the energy 
conservation levels achieved by those designs which conform to the minimum 
requirements of the standards. However, there i s  concern that  solar  systems 
are  not approved'by anyone and may not work as they should. Few enforcement 
agencies understand them. Plans and calculations for  solar  systems should be 

signed by a professional. 



Adequacy of Standards 

Most agreed that  the standards are  generally adequate. Several f e l t  tha t  
additions t o  existing buildings should be included. Some f e l t  tha t  under- , 

floor and slab on grade insulation should be required in areas beiow 3,000 
degree days because of s ignif icant  'potential energy savings. A majority agreed 
that  the square footage allotment of glazing areas for  both the heating and 
cooling seasons i s  adequate,'despite the fac t  most architects increased window 
area over the prescriptive design maximums. This apparent contradiction might 
be explained by the difference between professional judgment vs. the i r  c l ien ts  
demands. . . Exfil t ra t ion  provisions were suggested. Fans, perhaps, could be 
required to  use positive closing devices. ~ i r ' e ~ l a c e s '  could be required to  
obtain a i r  "directly from outside the building envelope, thereby reducing a i r  : 
inf i  1 t ra t ion 1 oss created by negative pressures. Despite. reported energy 

savings, smaller mechanical systems generally are  not used. I t  was therefore,  

suggested that  the standards include requirements re la t ive  to the sizing of the 
mechanical systems. . , 

Several who work frequently with heat loss analyses feel a performance standard 
would be more desirable than the prescriptive standards now in force. If  the 

State is  trying to  promote energy conservation, a performance approach would 
yield a c learer  picture as to which structures are energy e f f i c i en t  and which 

are not. A performance approach would also allow designers to take advantage 
of many environmental design constraints currently ignored - s i t i n g ,  orientation, 
window placement, building massing, micro climate, etc. The regulations as now 
written do not recognize the fac t  that  windows are  the greatest  friend as well 
as the greatest  foe of internal thermal s t ab i l i t y .  When window area and 
orientation are  thoughtful ly designed, greater energy savings can be real i zed. 
As now written, the standards seem to say "the less  glass the bet ter" ,  and have 
spawned such "no-think" solutions as using single pane up  to the a l lo t ted  
twenty percent and double pane for  the glass areas exceeding the l imit .  Or, 
more commonly, designers assume an energy-conscious design will resul t from 

limited glass area regardless of window orientation. The prescriptive nature 

of the standards has caused design decisions which are not cost beneficial. 



On the  o ther  hand, the opin ion was 'expressed t h a t  the standards are p r e t t y  good 
. . 

now, so do n o t  make them more complicated by adding l i f e  cyc le  cost  analysis, 

etc. 

I n s u l a t i n g  Products 

, . 

Apart from an occasional i n su la t i on  shortage, products needed t o  meet the 

standards are. genera l ly  ava i lab le .  Bat ts.  and r i g i d  i n s u l a t i o n  are usua l ly  

labeled, wh i le  b lown- in i n s u l a t i o n  o f ten  i s  not. Blown-in i n s u l a t i p n  a1 sp i s  
, . 

sub jec t  t o  care1 ess appl i cat ion  and' consequent reduced . . "R". va l  ues . Some 

in terv iewed were no t  f a m i l i a r  w i t h  window l abe l i ng  pract ices.  Other problems 

mentioned inc luded the d i f f i c u l t y  o f  operat ing double-paned s l i d i n g  glass 

doors, and de te r i o ra t i on  o f  aluminum-frame window seals which r e s u l t  i n  ' 

increased a i r  i n f i l t r a t i o n .  Except f o r  remote areas, the data r e l a t i v e  t o  the 

thermal p roper t ies  o f  i n s u l a t i n g  mater ia l  has general ly  been r e a d i l y  avai lable. 

General ly the data and f i gu res  furnished by manufacturers are r e l i e d  on, as no 

a1 t e r n a t i v e  t e s t  data are  avai lable.  

Educational . , 

Many a r ch i t ec t s  learned about the energy i nsu la t i on  standards when apply ing f o r  

a b u i l d i n g  permit; one a r c h i t e c t  was t o l d  by h i s  developer-cl ient.  As a r esu l t ,  

many designs had t o  be re-worked t o  ad jus t  glass areas when the standards f i r s t  

went i n t o  effect. The A I A  i s  looked t o  b.y many a rch i tec ts  t o  provide not 
i f i c a t i o n  o f  re levan t  new laws as we l l  as seminars and t ra in ing ,  i f  necessary.. . . 
The AIA has s ta ted  t h a t  i t s  membership was n o t i f i e d  o f  the standards i n  advance 

and was o f fe red  seminars on. the topic.  However, w i t h  one 'exception, none o f  

the a r ch i t ec t s  interv iewed received any t r a i n i n g  d i r e c t l y  re. lated . t o  . the 

standards. Most read e i t h e r  the Energy Design Manual o r  the standards i n  order 

t o  become acquainted w i t h  the new law. Others have attended seminars on 

general energy conservation top ics  given by various bu i  I d l  ng trade organizat ions 

a.nd the AIA. A rch i tec ts  doing so l a r  design r e l y  on ASHRAE pub1 i ca t i ons  and. 
. . 

mechanical engineers as t h e i r  pr imary sources o f  information.. 



Most were familiar with the Energy Design Manual and found i t  useful. However, 
they frequently complained that  the manual was not circulated within the 
profession and many did not know where to obtain a copy. Suggested changes t o  
the Energy Design Manual were: 

? 
a. Expansion of the materials l i s t .  

b. Expansion of the l i s t ing  of California c i t i e s  to  include a l l  c i t i e s ,  

preventing errors  in assigning degree-day val ues to  small conununi t ies .  

c. Replacement of current shade angle calculations with page 442 of 
ASHRAE Handbook of Fundamentals (1 972). 

d.  Development of a1 ternative high-rise roof insulation systems. 

e. Development of a1 ternative underfloor insulation systerns for  

moisture-prone climates. \. 

F. MANUFACTURERS AND SUPPLIERS 

The effects  of the standards on the insulation and glazing industries were 
very different .  The window manufacturers said they already had windows which 
met the performance c r i t e r i a  before the effect ive date of standards. Problems 
arose with lower quality models, which were dropped or  redesigned. The insulation 
manufacturers and subcontractors, on the other hand, were not required to  
change the i r  products -- they only had to  cer t i fy  tha t  t he i r  products were 
capable of certain levels of resistance and label them accordingly. Glazing 

and insulation manufacturers do not make products for  specif ic  geographical 
areas, b u t  ra ther  manufacture f a i r l y  uniform products which are adapted to  

various regions. Certain specifications,  par t icular ly on glazing products, may 

be more common i n  certain areas; i.e.,  solar  bronze glass in a hot summer area 
requiring a i r  conditioning. B U ~  for  -the most par t ,  regional differences in 
product use are  determined more by designers and contractors than by the 
manufacturers. 

Insulation subcontractors 1 i ked the standards, and were we1 1 prepared fo r  the i r  

implementation. Insulation industry associations were a s igni f icant  force in 
formulating the content .and scope of the standards, and in the i r  adoption. 
The industry as a whble has not experienced any unusual shortages of materials, 



b u t  increased demand has caused an a l l o c a t i o n  system t o  be set-up i n  order  t o  

d i s t r i b u t e  t h e  products statewide. P r i o r  use o f  i n s u l a t i o n  by general contrac 

and b u i l d e r s  was e r r a t i c  enough t o  a l l ow  i n d i v i d u a l  subcontractors t o  order  as 

much as'they thought  they  needed. However, some i n s u l a t i o n  subcontractors i n  

the southern p a r t  o f  t h e  Sta te  expect shortages i n  the  near f u t u r e  i f  a shortage 4 

o f  energy reduces product ion o f  i n s u l a t i o n ,  o r  i f  an increase i n  the  housing 

s t a r t s  s t r a i n s  suppl i e s  a1 ready being a1 located. Complaints seem t o  be centered 

around compet i tors '  products. . . . , 

Window manufacturers were genera l ly  opposed t o  the  standards and any new r e s t r i c -  

t ions .  The loudest  complalnts were i n  the  area o f  equ i t y  o f  compliance; i.e., 
- they were complying but  t h ~ i r  compcti t i o n  was not.  I nspec t iu~ r  pr-dcl icer  regard- 

i n g  windows and t h e i r  l a b e l s  are  very i ncons is ten t  -- many l o c a l  enforcement 

agencies were n o t  i nspec t ing  f o r  labe ls ,  and the window manufacturers noted 

t h a t  " inequal i nspec t ion  creates an u n f a i r  market". Most i n d i c a t e d  t h a t  they 

a l ready had, o r  would have windows u t i l i z i n g  dual glazing. Demand f o r  dual 

g l a z i n g  has increased because o f  the  standards, b u t  i n  some cases, consumers 

request  i t  f o r  energy conservat ion. 

' A mechanical con t rac to r  and s u p p l i e r  r e p o r t s  t h a t  i t  i s  standard p r a c t i c e  

t o  design t h e  HVAC system f o r  the  most c r i t i c a l  home i n  a t r a c t .  The home 
' w i t h  t h e  c r i t i c a l  o r i e n t a t i o n ,  and g rea tes t  heat l oss  i s  used f o r  s i z i n g  the  

equipment i n  t h e  r e s t  o f  the  homes i n  the  t r a c t .  This means t h a t  most o f  the 

homes would have overs ized equipment. Heating equipment s izes  usua l l y  cannot 

be reduced s ince the  standard equipment s i z i n g  i s  c o n t r o l l e d  by the a i r  cond i t ioner  

size. Therefore, t he  heat ing system i s  genera l ly  overs ized because o f  the a i r .  

cond i t i on ing  u n i t .  

Adequacy o f  Standards 

Window manufacturers c o n s i s t e n t l y  regarded the  g laz ing  standards as too  r e s t r i c -  

t i v e .  They observed t h a t  an a i r  cond i t ioned house w i t h  windows which e l im ina ted  

heat  gain t o  reduce coo l i ng  loads, worked t o  the  det r iment  o f  the  heat ing  

system i n  the  w in ter .  One suggestion, t o  remedy t h i s  s i t u a t i o n ,  a l so  heard 



from some bui 1 ders , was to  el imi nate the original.  cool ing. , res tr ic t ions,  leaving 

only heating requirements; and instead'place a.performance specification on the 
cooling u n i t - i t s e l f .  . , . .  . t t  

! Among the insulation subcontractors, there was general agreement a s . t o  the 
adequacy of the standards. Suggestions for  changes include requiring new 
additions to  conform to  the minimum standards, as we1 1 as a requirement for  
underfl oor insulation in areas with lower degree-day ratings ., : 

Product Standards 

Both the insulation and glazing jndus t r ies  were concerned with the i r  competitors 
product. 

There was a general desire fo r  standardization in the test ing and labeling 
procedures and more s t r ingent  inspection and ce r t i  ficat.ion methods to ,help 5 

eliminate fly-by-night operations which r e f l ec t  poorly on. the- industry. *-,, 

Educational 

Training was received through various industry associations.   he need was 
expressed for  more uniform education for  building inspectors concerning ins t a l l -  
ation of products, because of the wide variation of opinion among building 
o f f i c i a l s  as. t o  what methods constitute a proper instal  la t ion on the s i te . .  
More education was also requested for  the .building industry as a,whole; again, 
because of genera1.confusion concerning heat loss calculations and a i r  condition- 
ing specifications. 
. 

The Energy Design Manual was used' t o  advise customers. Complaints were tha t  

the manual was not available soon enough, and i t  needs some c l a r i f i c a t i o n ' f o r  
less  sophisticated.personnel. , .  

. . . . 

G. CONSUMERS 

The Cal i fornia  Residential Energy Insulation Standards were designed to reduce 

energy consumption in the heating and cooling of residential  buildings -- and 



t o  benef i t ,  u l t imate ly , .  the consumer as we1 1 , as the State as a who1,e. There- 

fore,  i n  t h i s  study, i t  was thought important t o  conduct several representative 

in terv iews w i t h  occupants o f  r es i den t i a l  bui  1 dings constructed , a f t e r  the 

e f f e c t i v e  date o f  the standards, recogniz ing. that  the in format ion thus gathered 

might  be l i m i t e d  by. the average consumer's lack o f  technical  soph is t i ca t ion  i n  

the f i e l d . o f  energy conservation, as we l l  as h i s  l a t e  en t ry  i n t o ,  and lack o f  

con t ro l  i n  the bui ld ' ing process. Exceptions t o  these pat terns would mo.st 

1 i kel'y occur i n  cases o f  custom-home b u i  1 ding, where an ea r l y  and :o f ten  .. more . 

a c t i v e  co l labora t ion  e x i s t s  between the bui 1 der and homeowner. 

With some exception, homeowners d i d  not  have a c lea r  cu t  awareness. o f  the 

standards pe5 s$-. Most, however, d i d  have observations on the enerqy-conserving 

(or, more of ten,  consuming) charac te r i s t i cs  o f  t h e i r  homes. 

I 

Cei l ings and Wal 1s 

I n  general, the t r a c t  home and condominium buyers had t o  i nqu i r e  o f  the bu i l de r  

as t o  the type o f  c e i l i n g  and/or wa l l  i n su la t i on  t h a t  was i n s t a l l e d  i n  the 

bu i ld ing.  This in format ion was no t  r ou t i ne l y  p a r t  o f  the sales pitch., perhaps 

due t o  the f a c t  t h a t  the housing market i n  Ca l i f o rn i a  today i s  l a rge l y  a s e l l e r s  

market. None ,of the homeowners intended t o  upgrade the val  ue o f  t h e ,  ce i  1 i ng 

and/or wal l  i n s u l a t i o n  a t  the present time. One homeowner complained t h a t  'the 

inspect ion procedures had f a i l e d  t o  force the cor rect ion o f  inadequate wa l l  

i n su la t i on  i n  the f i r s t  three houses o f  the t r a c t  i n  which he had purchased h i s  

home. Also, he and another expressed d i ssa t i s f ac t i on  w i t h  the unevenness o f  

the blown-in c e i l i n g  insu la t ion.  Another t o l d  o f  plans t o  i n s t a l l  an a t t i c  

vent fan t o  r e l i e v e  overheating i n  the summertime. 

Windows, Doors, Weatherstripping 

Windows and doors presented d i f f e r e n t  problems. I n  general, they were not  

i n i t i a l l y  perceived a t  the time o f  purchase as p a r t  o f  the t o t a l  i nsu la t i on  . 

picture,. Yet, problems w i t h  a i r  i n f i  1 t r a t i on ,  excessive heat t ransfer ,  and 

window placement were f requent ly  reported. A desert  area homeowner was forced 

t o  add shade screens t o  c le res to ry  windows t o  reduce summer heat ing o f  the 

house. She a lso  remarked on the inadequacy o f  t i n t e d  windows i n  the summertime. 



"They feel hot a l l  over unless you keep the a i r  conditioning on". .Another 
. . . ' > remarked tha t  her south-facing s l iding doors and windows resulted in additional 

needed warmth'in the winter, b u t  these same windows and doors had to be heavily 
- ,  shaded (with venetian-type blinds) in the sunmer to reduce excessive heat. 

\ Another had to  ask the i r  builder to  ins ta l l  weatherstripping around the double - 

' front doors -- and they complain of continued a i r  leakage where the double 
doors meet: Cold spots were reported a t  single glazed window and door openings. 
I t .  iS.unclear whether th i s  i s  a'ti .ansfer of cold through' the thin glass,  a i r  

. leakage, or simply a greater awareness of cold spots in a house with insulated 
walls versus a house with non-insulated walls. A mountain area contractor reported 
a homeowners observation of fewer cold spots in his new home which was not only 
insul ated, b u t  double-gl azed throughout. 

r 

Heating and Air Conditioning 

Several interest ing comments emerged on the subject of heating and a i r  condition- 

ing. The desert  area homeowner keeps the a i r  conditioning a t  88 degrees i n  the 
summertime when the house i s  unoccupied, and she estimates that  the cooli'ng 

operates constantly a t  t h i s  sett ing. One homeowner has instal led dampers 

on the heating vents leading t o . t h e  second f loor  as ample heat r i s e s  from 
the f i r s t  floor. According to  t h i s  homeowner, heating b i l l s  are less  than 
those'of similar neighboring homes. Another a lso commented on the lack of 
need for  second-floor heating. I t  was d i f f i c u l t  for most of the homeowners 
to  assess whether the standards had resulted in reduced HVAC costs. This 
was due, primarily, t o  the non-comparability of the i r  current homes and the 
homes previously occupied. A mountain area homeowner, however, had lived in 

a similar but less  insulated home previously, and he reported'substantial 
energy savings. The desert area homeowner f e l t  that  the standards resulted i n  

no HVAC savings. 

Adequacy of Standards 

All of the homeowners interviewed f e l t  tha t  the regulations could be strengthened. 
vindows, doors, and weatherstripping -- the most vis ible  features of the insul- 



at ing package -- were most often mentioned as problem areas. The standards 

are  passive and obscure w i t h  regard to the i r  ultimate beneficiaries,  the 

consumer/homeowner. Enforcement of some elements of the standards appears 
weak in areas. The standards seem not to  address the special cooling need of 

i 
homes in very hot summer areas. There appears to  be a consumer readiness for  
home energy conservation, but t h i s  i s  tempered by the consumers lack of 
sophistication in energy conservation matters. 



IV. IMPACT ANALYSES 

A. COST IMPACT 
. - 

, . 

The cost impact of the Cal i fornia energy insulation standards affected many 

groups i n  'the construction industry, enforcement agencies, and consumers to  
varying degrees. 

Enforcement agencies were burdened with additional plan checking and i n ~ ~ e c t i . 6 ~  
costs. Time and manpower was needed to  become familiar'  with the standards; 

Contractors and developers had to learn the standards, and i n  some cases change 

designs to  comply with the requirements of the standards. Obtaining the 
necessary materials and supplies, and delays in the obtaining plan approval 

a1 so caused probl ems and increased costs. 

Suppliers had to obtain products which would meet the standards, and pro- 
vide data to  the enforcement agencies and contractors which would allow ttie hse 
of these products. 

Architects and engineers had to  become familiar with the standards and develop 
designs which would meet the standards.. . 

The consumer had to pay fo r  the insulating products and the additional costs b f  

design and enforcement. However, the energy savings over the l i f e  of the 
structure will more than of fse t  these i n i t i a l  costs. 

All of these groups were affected to  some degree with additional costs due to 
these standards. The cost impact on each group will be covered separately. 
Many of the costs cannot be defined by exact dol lar  amounts, b u t  are discussed 
in general terms.. 

Enforcement Agencies 

The cost impact on enforcement.agencies varies depe.nding on the degree of 



enforcement, i nsul a t i o n  requirements based on c l  ima t i  c  condi t ions,  and the 

types o f  r es i den t i a l  bu i ld ings  constructed w i t h i n  the j u r i s d i c t i o n .  
. 

The two p r i n c i p a l  regu la to ry  funct ions t o  assure compliance w i t h  the energy 

i n s u l a t i o n  standards are. p lan review and inspection. 

General ly  the add i t i ona l  p lan review time requ i red was absorbed i n t o  the 

workload of the  e x i s t i n g  staff .  It was estimated t h a t  the add i t i ona l  time 

requ i red  was approximately 15 minutes, depending on the complexity o f  the 

s t r uc tu re  and whether o r  n o t  the design would meet the p resc r i p t i ve  po r t i on  o f  

the  standards. If the s t ruc tu re  had excess g laz ing o r  some other feature  req- 

u i r i n g  a l t e r n a t i v e  design heat loss  ca lcu la t ions,  the p lan check time would be 

~ncreased  conslderably. However, based on data trom the survey, the a l t e r n a t i v e  

design p rov is ion  was used on less  than 5 percent o f  the homes constructed. 

The most s i g n i f i c a n t  cost  t o  l oca l  enforcement agencies was f o r  lnspect ion o f  

the s t ruc tures for ,compl iance w i t h  the approved plans and the standards. 

Over two-th i rds of the enforcement agencies are  performing const ruc t ion inspec- 

t i o n s  w i t h  the remainder accepting the C e r t i f i c a t e  o f  I n s t a l  1 a t i o n  signed by 

the b u i l d e r  and i n s u l a t i o n  i n s t a l l e r .  The reason given f o r  no t  inspect ing 

f requen t l y  r e l a t e d  t o  budget , 's ta f f  and workload. 

Where inspect ions are  conducted, approximately one-ha1 f o f  the agencies requ i re  

a t  l e a s t  one add i t i ona l  i n s u l a t i o n  inspect ion a f t e r  the framing inspection. 

- When under f loor  o r  r i g i d  r o o f  i n su la t i on  i s  required, add i t i ona l  inspect ions 

may be necessary. Ce i l i ng  insu la t ion ,  windows, duct  and p ip ing  i nsu la t i on  

and weatherstr ipping are usua l ly  inspected dur ing the f i n a l  inspect ion, , therefore 

an add i t i ona l  inspect ion i s  not  required. 

It i s  estimated t h a t  each add i t i ona l  inspect ion costs the local  .enforcement 

agency an average o f  $7.00 t o  $1 0.00, depending on durat ion and the t r a v e l  

i nvol ved. Estimated costs t o  the enforcement agency per s i ng l e  fami l y  dwell  i ng 

t o  ob ta in  compliance w i t h  the standards are: 

. , 



The t o t a l .  average enforcement cos t  t o  v e r i f y  compl i.ance w i t h  the  energy standards 

Average Plan 

Checking Cost 

$5.00 
q: ' 

per  s i n g l e  f a m i l y  dwel l  i n g  i n  areas having less  than 3000 degree days would be 

Inspect ions 

Be1 ow 3000 Above 30.00 

Degree Days Degree Days . - 

$10.00 $20.00 
. . 

$1 5.00 and f o r  areas having more than 3000 degree days would be $25.00. 

Fee increases t o  o f f s e t  these costs var ied  widely. ' Frequently the  enforcement. 

agency r e l i e d  on the  increased va luat ion  provided by the i n s u l a t i o n  f o r  a d d i t i o n a l  

income t o  cover the  requ i red  services. Other c i t i e s  and counties increased 

t h e i r  fees i n  vary ing  ways, such as: 

a. $.02 per  square foo t .  

b. 'Lump sum fee - $20.00 

c. Ten percent  increase i n  fees. 
, '  I 

d. Seven d o l l a r s  per inspect ion.  

Most enforcement agencies r e l i e d  on increased va lua t ion  t o  help cover costs. 

Based on the  b u i l d i n g  permi t  fees using t o t a l  va lua t ion  as l i s t e d  i n  the  1973 

Uniform B u i l d i n g  Code, an increase o f  $1000.00 i n  va lua t ion  would mean a  $3.00 

increase i n  the  b u i l d i n g  permi t  fee. This increase i s  based on a  t o t a l  

va lua t ion  o f  $25,000 t o  $50,000. The b u i l d i n g  permi t  fee  would be $11 2.00 f o r  

the  f i r s t  $25,000 p lus  $3.00 f o r  each add i t i ona l  $1,000 o r  f r a c t i o n  thereof ,  t o  

and i n c l u d i n g  $50,000. On an average the  enforcement agency, us ing the  t o t a l  

va lua t ion  method would ob ta in  an add i t i ona l  $3.00 f o r  v e r i f y i n g  compl iance w i t h  

the  energy i n s u l a t i o n  standards. 



Using the to ta l  val uati on 'method would therefore only cover approximately 20 

percent of the costs incurred in enforcing the standards. The other fee 
increases noted previously would jus t  cover the costs of enforcement. Few of 
the agencies interviewed had authority to  increase personnel, and most simply 
s tated that  the increased workload simply "added to the burdeni1 and the new 

work was performed a t  the expense of other work. 

Contractors and Developers 

The cost impact on the contractor and developer i s  d i f f i c u l t  to  assess and 
r e l a t e  a precise dol la r  value. The cost  of housing was usually increased to 
cover the addition of insulating materials. The increase i s  passed on to the 
consumer which in turn may af fec t  his ab i l i t y  to  qualify for  a loin or  make the 
increased' loan. payment for  the home.. The number of home buyers affected by 
t h i s  i s  d i f f i c u l t  t o  assess, but i t  di.d undoubtedly drop some consumers out of 
the home buying market. This in turn reduces the contractors and developers 
market for  homes. 

Another cost,  which i s  d i f f i c u l t  to  evaluate, i s  the possible necessity of 
changing designs to  comply with the standards. Many contractors and developers 
used large amounts of glazing, open beam ceilings. and other features which 
would not meet the specifics of standards without changes i n  design. Some 
reduced glazing areas and dropped the open beam cei l ing option from t h e i r "  

standard designs. Others are staying.with the i r  basic designs, but are now 
using heat loss  calculations and increasing the amount of insulation to  comply 
with t he  standards. 

The i n i t i a l  confusion of interpretations among various enforcement jurisdictions 
has some cost impact on bui 1 ders. This problem appears to have been eliminated 

and no longer i s  a serious cost factor.  ' 

Another potential problem i s  product avai labi l i ty .  Some builders are  
experiencing d i f f i cu l ty  i n  obtaining insulating products. If  a shortage of 
insulation products 'develops, increased costs and construction delays could 

r e su l t ,  which in turn increases the cost of housing and' reduces the market. 



. . . . 
. . 

Manufacturers and Suppl i e r s  . . 

. / . .  

E f f e c t s  o f  t h e  standards were found t o  have been very d i f f e r e n t  f o r  the  

i n s u l a t i o n  and g laz ing  i ndus t r i es .  I n  most cases, the  standards created an 

addi t i o n a l  demand f o r  t h e i r  products. 

The window manufacturers, i n  most cases, were requ i red  t o  re-eval  uate t h e i r  

products f o r  compliance w i t h  the  standards. The amount o f  revamping necessary 

depended on the  l e v e l  o f  product q u a l i t y  maintained before the  standards 

became e f f  e c t i  ve. 

The standards created a new market f o r  i nsu la ted  g lass i n  C a l i f o r n i a .  P r i o r  

t o  the  standards, t he  use o f  i nsu la ted  g laz ing  was almost unheard o f ;  however, 

demand,has,increased. t o  the  p o i n t  where a t  l e a s t  two window manufacturers have 

s e t  up p l a n t s  t o  produce insu la ted  g lass only. One window supp l i e r  in terv iewed 

s ta ted  t h a t  75 percent  o f  h i s  business i s  now insu la ted  glazing. 

A1 1 w i  nd0.w manufacturers repor ted  increases i n  costs , both research and develop- 

. ment, and f i n a l ,  wholesale and r e t a i l  costs, which i n  t u r n  has r e s u l t e d  i n  

s t i f f e r  competi t ion. . Manufacturers a l so  observed t h a t  the small window manufac- 

tu rers ,  .unabl.e t o  develop f i n a n c i a l  c a p i t a l  necessary' t o  research and develop 

new l i nes ,  a r e  forced o u t  o f  t he  market. Most window manufacturers i n d i c a t e d  

t h a t  costs were passed on t o  the  consumer. 

. - . . 

The impact on the  i n s u l a t i o n  manufacturers and supp l ie rs  was most ly  p o s i t i v e ,  

due t o  the  increased demand f o r  i n s u l a t i o n  products and i n s u l a t i o n  i n s t a l l e r s ;  

however, c e r t a l n  problems d i d  develop. I n s u l a t i o n  subcontractors found t h a t  

w i t h  the  implementation o f  t he  standards, demand ou ts t r i pped  supply, and 

manufacturers were fo rced t o  e s t a b l i s h  quotas f o r  areas and i n d i v i d u a l  subcon- 

t rac to rs .  Cap i ta l  margins shrank, and t h e  smal ler  subcontractors found i t  

d i f f i c u l t  t o  meet s t i f f e r  competi t ion. 

. . 

Some i n s u l a t i o n  manufacturers hqve had t o  t e s t  t h e i r  products t o  determine 

i t s  thermal cha rac te r i s t i cs .  

However, o the r  than the  above noted problems, the  cos t  impact o f  t he  standards 

was n l in in~al  fur manufacturers and suppl i e r s  o f  i n s u l a t i n g  and window products. 



Architects and Engineers 

The cost impact on archi tects  and engineers varied depending on prior practices. 
Many archi tects  incorporated insulation in the i r  designs prior to  the standards, 

therefore the standards had minimal impact. However, where designs had excess 
glazing, open beam cei l ings or other unique features,  the a rchi tec t  was faced 
with redesigns or a1 ternative heat loss calculations. 

Few of the a rchi tec ts  have. raised t h e i r  fees or specif ical ly  ident i f ied a fee 
fo r  designing a s t ructure to comply with the sta'ndards. 

Consumer 

The cost impact on the consumer varies depending on the climatic condi.tions, 
pr ior  insulation practices of the contractor, type of insulation used, design 

options requested by the consumer, and enforcement costs. All of these. items 
play an important role in estimating f i r s t  costs and pay back period for  the 

consumer. 

Taking these factors into account, i t  i s  possible to  estimate the cost, impact 

of the energy insulation standards on the consumer for  a given home. I f ,  for  
example, a 1500 square .Foot s ingle  family residence with no insulation was 
considered typical ,  then the estimated cost impact on the consumer to  comply 
with the standards in the various degree days areas would be as follows: 

AVERAGE COST IMPACT OF ENERGY INSULATION 
STANDARDS FOR A 1500 SQ. FT. SINGLE FAMILY RESIDENCE* 

Degrae Wall ~dof-Ceil  ing Underfloor Weather- Insulated Enforce- Total 
Days Insulation Insulation Insulation stripping Glazing ment 

0-3000 $175 $375 0 $3 0 0 $10 $590 
3001 -4500 $1 75 $375 $325 $3 0 0 $10 $915 
over 4500 $175 $375 $375 $30 $700 $10 $1665 

- 



This t a b l e  i s  based on a 1500 sq. ft. un insu la ted  s i n g l e  f a m i l y  ,residence w i t h  

the  f o l l  owing : 

1. Conventional cons t ruc t i on  w i t h  f i f t e e n  percent  o f  the  gross f l o o r  area i n  

g l  a z i  ng . 

' 2. Wood f l o o r  w i t h  vented crawl space. 

3. Enforcement cos ts  are average. 

The c o s t  impact o f  the  w a l l  i n s u l a t i o n ,  roo f - ce i  1 i ng i n s u l a t i o n  and weather- 

, s t r i p p i n g  are' shown constant  s ince the requirements are  the  same throughout the  

s ta te .  Over 3000 degree days costs increase due t o  the requirement o f  under- 

f l o o r  i n s u l a t i o n .  The nex t  breakpoint  which a l s o  increases cos ts  considerably 
,, . y 

i s  the  area over 4500 degree days, due t o  the  requirement f o r  increased under- 

f l o o r  i n s u l a t i o n  and i n s u l a t e d  g laz ing.  The requirement f o r  i n s u l a t e d  'g laz ing  

i s  the most c o s t l y  f o r  the consumer. 

'It should be noted t h a t  these costs a re  average cos ts  and are  based on b r i n g i n g  
. * 

a  un insu la ted  home i n t o  compliance w i t h  the  standards. I f  the  home was i n s u l a - ,  .. ;; 
ted  p r i o r  t o  the standards,. the costs impact would be reduced considerably. 

The cos t  data inc ludes con t rac to r  markup. However, the f i g u r e s  w i l l  vary 

depending on the  type o f  i n s u l a t i o n  used.' Duct i n s u l a t i o n  was no t  inc luded i n  

the  costs s ince  i t  was requ i red  p r i o r  t o  the  energy i n s u l a t i o n  standards. 

The f i r s t  cos t  t o  t he  consumer i s  a l so  a f f e c t e d  by the  design op t ions  which 

he may request. Such i tems as open beam c e i l i n g s ,  g l a z i n g  i n  excess o f  the  

amount a l lowed by the  standards, unique cons t ruc t ion ,  such as log,  adobe, 

and masonry, may increase the  f i r s t  cos t  t o  the  consumer. However, the i n d i c a -  

t i o n  i s  t h a t  these design opt ions a f f e c t  l ess  than 10 percent  o f  the  homes 

constructed i n  the s ta te .  Therefore the  cos t  impact can be considered as 

m,inimal. 



B. ENERGY IMPACT 

The impact of these standards on energy savings i s  d i f f i c u l t  t o  assess due ' to  
the  wide variance in const ruc t ion~techn iques,  pr ior  insula t ion pract ices ,  and 

the.  degree  day c l  imati c range in Cal i forni  a ,  which var ies  from approximately 

900 degree days i n  t h e  deser t  areas t o  a maximum of over 8000 degree days i n  

the higher e levat ion areas.  

Typical construction f o r  low r i s e  'apartment buildings and single-family dwell ings 

i s  l i g h t  frame construction w i t h  '718 inch stucco ex t e r i o r ,  no sheathing and 112 
inch gypsum wa l 1 board i n t e r l o r .  Based ur~ lilt! 'irs 1;erviews conducted, i t '  appears 

t h a t  thc average t r a c t  home in  California hefnre the standards. was insulated 
only i.n 'the ce i l i ng  w i t h  e i t h e r  R-7 o r  R-11' insulat ion.  l 'ract h 0 k $  located I n  

the  higher degree day areas were insulated in both the wall s and. cei  1 ,i ny. Most 

custom homes i n  California were previously insulated in both, the  walls and 

ce i l ing .  . 

In order t o  develop estimated savings fb heating, considering' p r io r  insulat ion 
/ 

pract ices  and a dwelling which i s  insulated t o  comply with the present standards, 

the  following prototypical s ing le  family dwell ing w i  11 be used in three . 

d i f f e r en t  degree day zones: 

Configuration: 30' x 50' 

"Iota1 Area: 1500 sq. fl;. 

Number of Floors: 

Total Height: 13 f t .  

Exterior Wall Construction: 718'' stucco over wire backed paper; 2x4 stud 

framing @ 16" O.C.; varying insula t ion;  112" gypsum wallboard. 

Fenestrat ion:  15% of the gross f loor  area. 

Roof Construction: Asphalt shingles;  112" plywood sheathing; varying' insulat ic 
1/2" gypsum wallboard; vented a t t i c ;  roof slope: 4 in 12. 



Floor  Construct ion:  2 x j o i s t s  @ 16" O.C.; va ry ing  i n s u l a t i o n ;  518" plywood ' 

sub f loor ;  114" p a r t i c l e b o a r d  underlayment and l inoleum. - 

C  he‘ heat  l o s s  f o r  the  p r o t o t y p i c a l  dwel l  i n g  cons t ruc ted  i n  conformance w i t h  the 

C a l i f o r n i a  energy i n s u l a t i o n  standards i s  shown i n  Table IV-A. 

TABLE IV-A 

CALIFORNIA -TYPICAL DWELLING 

. . 

R of I nsu ' l a t i on  ------------- Heat Loss - B t u l h r  F------------- 

wa l l  - ~ e i l  ing-  lo or <3000 DD 3001 -4500 , DD >4500 DD* 

821, 
. . 11-19-0.. ' . .  . 

71 8 11-19-7 

11-19-11 6 00 
i 

*With i n s u l a t e d  g laz ing.  

Table IV-B shows the  est imated energy savings f o r  hea t i ng  o f  t he  C a l i f o r n i a  

t y p i c a l  dwel l  i n g  i n  each o f  the  degree day zones noted. 
/ 

Table IV-B a l s o  shows the  heat  l o s s  o f  t he  p r o t o t y p i ~ a l  d w e l l i n g  cons t ruc ted  

w i t h  va ry ing  degrees o f  i n s u l a t i o n ,  r e f 1  e c t i  ng p r i o r  i n s u l a t i o n  p rac t i ces .  

The est imated saving was de r i ved  by comparing these losses t o  t h e  heat  l o s s  o f  

the  C a l i f o r n i a  t y p i c a l  d w e l l i n g  shown i n  Table IV-A.  



TABLE IV-B 

ESTIMATED SAVINGS 

[R o f  I n s u l a t i o n  
'Wall -Cei 1  i ng -  ------- Heat Loss - Btu/hr  F------ ----Savings (Heating) %-------  I' I 

l ~ l  oor  <3000 DD 3001-4500 DD >4500 DD* <3000 DD 3001-4500 DD >4500 DD f 

"Without i n s u l a t e d  g laz ing.  

It should be c l e a r l y  noted t h a t  t he  percent  savings i n  Table IV-B app l i es  t o  

heat ing  o n l y  and n o t  the  o v e r a l l  energy savings. Duct losses have not  been i n -  

cluded i n  t h e  heat l o s s  ca l cu la t i ons  s ince the  requirements f o r  duc t  i n s u l a t i o n  

have n o t  been a f f e c t e d  by the energy i n s u l a t i o n  standards. 

Table IV-B c l e a r l y  shows the energy impact o f  t he  energy i n s u l a t i o n  standards and 

provides a  comparison as t o  the  e f f e c t  o f  standards w i t h  p r i o r  i n s u l a t i o n  p rac t i ces  

i n  C a l i f o r n i a .  



. V .  RECOMMENDATIONS 

The f o l  lowing recommendations r e s u l t  f rom ana lys i s  o f  the  data c o l  1 ected. 

The r e s u l t  i s  a . s e r i e s  o f  recornendations cover ing  a l l  l e v e l s  o f  government 

and the b u i l d i n g  process. Most recomnendations are  d i r e c t e d  towards the  

Sta te  s ince  i t  , i s  the promulgator of t he  regu la t ions ,  and has o v e r a l l  

r e s p o n s i b i l i t y  f o r  the implementation o f  energy conservat ion standards. 
- .  . . . . 

A. FEDERAL ROLE 

The Federal Government should prov ide  funds f o r  the development o f  educa- 

t i o n a l  ma te r i a l  t h a t  may be deployed through both  the  p u b l i c  and p r i v a t e  

sectors. Courses should be developed f o r  a l l  sec tors  o f  the  b u i l d i n g  i n d u s t r y  

i n c l u d i n g  r e g u l a t o r y  personnel a t  a l l  l eve l s ;  a r c h i t e c t s ,  engineers, b u i l d i n g  

designers, and con t rac to rs  and subcontractors. This.program should make the  

p u b l i c  aware o f  the  need f o r  energy conservat ion. The goal would be t o  minimize 

res is tance t o  the  standards by those a f f e c t e d  and i nvo l ved  i n  the  b u i l d i n g  

process. 

Funding f o r  t r a i n i n g  should be prov ided a t  the Federal l e v e l  s ince  energy 

conservat ion i s  'a. na t i ona l  p r i o r i t y .  Fur ther ,  c e r t a i n  elements o f  energy 

conservat ion standards have a negat i  ve 'impact upon c e r t a i n  i n d u s t r y  groups, 

thereby e l i m i n a t i n g  any i n c e n t i v e  f o r  the p r i v a t e  sec tor  t o  develop adequate 

t r a i n i n g  courses. This  may be v e r i f i e d  by the  number o f  seminars, and pub- 

l i c a t i o n s ' e f f o r t s  presented by i n s u l a t i o n  manufacturers and the l a c k  o f  broad 

based i n fo rma t ion  r e l a t i v e  t o  l a b e l i n g  o f  windows and g laz ing  l i m i t a t i o n s .  

B. STATE GOVERNMENT 

1. L e g i s l a t i v e :  L e g i s l a t i o n  enab l ing  the  development o f  energy conservat ion 

standards should s t i p u l a t e  t h a t  both p r e s c r i p t i v e  and performance standards 

be devel oped. 

P r e s c r i p t i v e  standards should n o t  be l i m i t e d  t o  the  envelope o f  t he  b u i l d i n g ,  

b u t  should i nc lude  energy standards f o r  plumbing, e l e c t r i c a l ,  and c l ima te  



control systems as well. 

Performance standards should be developed as an al ternat ive to prescriptive 
standards, s t ipulat ing the maximum a1 lowable energy consumption per gross 

' 

square foot of f loor  area, per square foot of envelope area 'or some similar 
measurement. 

The. leg is la t ion  should f u n d  continuing technical assistance to  local building 
departments which enforce the standards. This program should include training 

. in enforcement procedures, forms and procedures for review of building plans 
and specif icat ions,  the development of an energy conservation manua I, and the 

establishment of a plan review section. 

2. Development and Adoption of Standards: The uti 1 ization of an advisory 

committee to  a s s i s t  in the development of energy standards provides an ex- 

ce l len t  opportunity to  obtain the necessary expertise and data on current 
construction practices and the e f fec ts  of such standards on housing in general. 

The committee should represent the various groups affected by the standards 
such as designers, builders, suppliers, enforcement o f f i c i a l s ,  f inancia l .  

representatives, and consumer groups. The members should be familiar with 
energy conservation techniques and heat-transfer terminology and should be 
currently practicing in the i r  f i e ld  of expertise. The members, prior to  the i r  
appointment, should be briefed as to the amount of time which will be required 
during the development of the standards. 

There should also be funding for consultants to the advisory committee. 

Even i f  the advisory comi t t ee  concept i s  not used, funds for  consultants 
should be provided, Due to the lack of funding, most of the data used .in the 
development of the California standards were obtained by Department s t a f f  or by 
advisory committee members themselves. There were instances where consultants 

with expertise in a par t icular  area could have supplied additional information 
eliminating some of the problems in the f i r s t  s e t  of standards developed. 

I Con'sul tan ts  would also have allowed the advisory comnittee members more time to 
'review the standards as they progressed. 



The l a c k  of publ i c  attendance a t  adv isory  committee meetings p o i n t s  ou t  the  

need fo r  a d d i t i o n a l  n o t i f i c a t i o n  and d isseminat ion o f  i n fo rma t ion  t o  ob ta in  the  

i n t e r e s t  o f  the  pub l ic .  This  poss ib l y  cou ld  be accomplished t o  a  g rea te r  

degree w i t h  ass is tance f rom organ iza t ions  represqnt ing  i ndus t r y ,  b u i l d i n g  

o f f i c i a l s ,  a r c h i t e c t s ,  engineers, consumer groups, and f u l l ,  newspaper coverage. 

I n  add i t i on ,  publ i c  meetings should be he ld  a t  var ious geographic l o c a t i o n s  t o  

p rov ide  g rea te r  a c c e s s a b i l i t y  t o  the meetings by the  pub l i c .  I n p u t  f rom the 

p u b l i c  can be o f  g rea t  ass is tance , . t o  an,,advi,sory committee, .espec.i.aldy f rom 

organ iza t ions  o r  assoc ia t ions  represent ing  the  var ious groups u l  t i m a t e l y  

a f f e c t e d  by the standards. I d e a l l y ,  w i t h  p a r t i c i p a t i o n  and i n p u t  from these 

groups, the  r e s u l t i n g  standards w i l l  be workable f o r  a l l -  involved,  thereby 

e l i m i n a t i n g  some o f  the problems occur ing  a f t e r  the standards become e f f e c t i v e .  

3. Admin is t ra t i ve :  Improve d isseminat ion o f  standards and techn ica l  a i d  

t o  a l l  sec tors  o f  the  b u i l d i n g  indus t ry .  A number o f  comments were rece ived 

from a r c h i t e c t s  and cont rac tors  t h a t  t h e  f i r s t  they heard o f  the standards was 

when they went t o  the  b u i l d i n g  department f o r  a  permit .  The S ta te  should work 

w i t h  o the r  S ta te  regu la to ry  agencies t h a t  can communicate t o  the  broad b u i l d i n g  

sector,  i n c l u d i n g  the  Boards o f  R e g i s t r a t i o n  f o r  A r c h i t e c t s  and Pro fess iona l  

Engineers, and the  Contractors '  S ta te  License Board. Each o f  these boards'  

newslet ters reaches a l l  l i censed i nd i v idua ls .  Liason should be mainta ined w i t h  

p ro fess iona l  s o c i e t i e s  and con t rac to rs '  organizat ions.  

4. Support ing Implementation' In fo rmat ion :  There i s  a  t o t a l  l a c k  o f  i n fo rma t ion  

f o r  l o c a l  enforcement agencies r e l a t i v e  t o  the  cos ts  o f  implkmenting energy 

standards. The Sta te  should study, i d e n t i f y  and make a v a i l a b l e  f o r  the  i n -  

format ion and use by l o c a l  agencies, i n fo rma t ion  r e l a t i v e  t o  the, f o l l o w i n g :  

(a )  Cost ,  impact o f  the  standards - How much w i  11 the  a d d i t i o n a l  inspec- 

t i o n  and p lan  rev iew cos t  the  c i t y .  

(b )  , Plan check and i nspec t i on  a ids  f o r  the several geographic regions 

o f  t he  Sta te  t o  a s s i s t  l o c a l  agencies. i n  implementat ion o f  the  standards. 

I 

5. Communication Channel s: Two-way comnunication between S ta te  and l o c a l  

enforcement agencies should be es tab l i shed  by a  t o l l  f r e e  phone ?umber, s t a f f e d  

by i n d i v i d u a l s  competent t o  answer techn ica l  quest ions. Local agencies, now 

r e l u c t a n t  t o  c a l l  long distance, could ob ta in  ass is tance from a  c e n t r a l i z e d  

i n fo rma t ion  source. 



6. Implementation and Enforcement: 

( a )  Pub1 i c  'Awareness. An extensive e f f o r t  must be made t o  make the  pub1 i c  

aware o f  energy standards p r i o r  t o  t h e i r  implementation. The need f o r  energy 

conservat ion measures must a l so  be addressed. The goal i s  t o  minimize 

res i s tance  t o  the  standards by those af fected.  Resistance t o  Cal i f o r n i a ' s  

standard dec l ined as t ime passed, probably due t o  increased awareness o f  the 

standards and need f o r  energy conservation. 

( b )  Education and Train ing.  A comprehensive educational and t r a i n i n g  program 

i s  necessary f o r  un i fo rm imp1 ementation and enforcement o f  energy standards. 

Such a program must be made a v a i l a b l e  t o  a l l  a f f e c t e d  by the  standards, i n -  

c l u d i n g  enforcement o f f i c i a l s ,  a r c h i t e c t s ,  engineers, developers, contractors,  

manufacturers and supp l ie rs .  Th is  i s  espec ia l l y  needed by the  o f f i c i a l s  who 

enforce the standards and have the  d a i l y  contac t  w i t h  those who must comply 

w i t h  them. The t r a i n i n g  sessions should be conf ined t o  small geographic areas 

t o  minimize t r a v e l .  

Energy r e l a t e d  i tems are new t o  many. Therefore, a t r a i n i n g  program must begin 

w i t h  basic p r i n c i p l e s  o f  heat t rans fe r .  I t  should cover the  requirements o f  
I 

the  standards and a l s o  r e l a t e  t o  f i e l d  p rac t i ces  and inspect ion  problems. 
. , 

The Energy Design Manual r e l a t e d  t o  C a l i f o r n i a ' s  energy standards proved t o  be 

a needed and usefu l  t oo l .  I t  doubles as a t r a i n i n g  a i d  and a gu lde l l ne  f o r  
t h e  enforcement o f f i c i a l s  and o thers  involved. The.purpose o f  t he  manual i s  

t o  f a c i  1 i t a t e  a b e t t e r  understanding o f  t he  standards, show example c a l c u l a t i o n  

methods, and h o p e f u l l y  produce un i fo rm i n t e r p r e t a t i o n s  o f  the  standards. 

A simp1 i f i e d  handout should be developed, d e p i c t i n g  conventional const ruc t ion  

and what i s  requ i red  f o r  conformance w i t h  the  p r e s c r i p t i v e  requirements o f  the 

standards. The f i n d i n g  o f  the survey i n d i c a t e d  t h a t  about 95 percent  o f  the 

r e s i d e n t i a l  cons t ruc t i on  i n  Cal i f o r n i a  compl i e s  w i t h  the p r e s c r i p t i v e  requ i re-  

ments o f  the  standards. I n  many of these cases, much o f  the  i n fo rmat ion  con- 

ta ined  i n  the  Energy Design Manual i s  n o t  needed by the bu i l de r .  To him, the 



manual i s  too  complicated,. s ince what he needs t o  know could be p i c t u r e d  on two 

o r  th ree  pages. Such a handout would g r e a t l y  a s s i s t  both the  enforcement 

agency and the  bu i l de r .  I f  the  p r e s c r i p t i v e  requirements o f  t he  standards 

are n o t  met, then the  Energy Design Manual can be used t o  ob ta in  the  more 
B d e t a i l e d  informat ion.  

A 

There i s  a l so  a need f o r  education r e l a t e d  t o  good cons t ruc t i on  p rac t i ces  

and d e t a i l s  f o r  the  i n s u l a t i o n  o f  open beam c e i l i n g s ,  f l o o r s ,  s labs and 

unvented r o o f  panels. I ndus t ry  research and development o f  new and/or b e t t e r  

methods are needed. 

7. Improvement o f  Standards: 

(a)  Comprehensive Requirements. The standards now i n  e f f e c t  deal p r imar i  l y  

w i t h  the envelope o f  the bu i l d ing .  They should be broadened t o  i nc lude  standards 

f o r  HVAC and s o l a r  energy systems, thereby p rov id ing  the  consumer w i t h  a more " 

complete energy package. Such items as equipment s i z ing ,  equipment e f f i . c iency ,  i 

and the  design o f  supply and r e t u r n  a i r  ducts should be incorporated. 

( b )  B u i l d i n g  Addit ions. Addi t ions t o  e x i s t i n g  b u i l d i n g s  should be requ i red  

t o  comply w i t h  the  standards. 
. . 

( c )  I n s u l a t i o n  Requirements. I n s u l a t i o n  should be requ i red  f o r  can t i l eve red  

and o ther  f l o o r  systems which are  d i r e c t l y  exposed t o  e x t e r i o r  condi t ions.  

The cos t  e f fec t i veness  o f  increas ing e x i s t i n g  i n s u l a t i o n  requirements should be 

studied. 

(d) Performance Standards. I n  a d d i t i o n  t o  the  so-cal 1 ed p r e s c r i p t i v e  standards, 

performance standards should a l so  be developed. One complaint  expressed by 

designers i s  t h a t  t he  present  C a l i f o r n i a  standards are p r e s c r i p t i v e  and do no t  

p r p v i  de design f l e x i  b i  1 i ty. The present  standards prov ide  f o r  a1 t e r n a t i  ve 

designs, bu t  even w i t h  t h i s  prov is ion ,  designers c la im  unnecessary c a l c u l a t i o n s  . 

are required. Performance standards i h o u l d  the re fo re  be developed t o  s t i p u l a t e  

the  maximum al lowable energy consumption per  gross square f o o t  o f  f l o o r  area, 

per  square f o o t  o f  envelope area, o r  some s i m i l a r  measurement. Presently,  very 

few designers use the  a l t e r n a t i v e  procedure except t o  ob ta in  more g laz ing  area 



than ,prescribed, or . t o  ut i  1 ize unconventional construction. The a1 ternative- . 

design procedure i s  used on less  than 10 per.cent of the s t ructures;  therefore, 

the prescriptive standards are the dominant design method. I t  i s  essential  
t o  have simp1 e ,  c lear  and workable prescriptive standards. ~, 

( e )  Desert. Regions. Glazing and, insulation requirements are inadequate to  ., 

meet special cooling needs of desert  regions. Window placement and orienta-.'. 
t ion,  s i t i ng ,  and sun angles need to  be considered. 

( f )  Sliding Scale of Requirements. Rather than group insulation requirements 
to  three d is t inc t ive  degree-day categories, a practice which creates arbi t rary 

discont inui t ies  i n  the -standards, a system for  ins t l tu t lng  Insulation require- 
ments in smaller gradations should be considered. 

. . .  

.(g) Requirements for Certificate.  of .Compl iance. The Cert i f icate  of Compl iance 
should be modified to  include cer t i fying compliance with glazing, labeling, and 
weatherstripping requirements, or eliminated as a requirement since i t  has only 
confused f i e ld  enforcement personnel. 

(h)  User Information. So that  buyers and owners of new homes be made aware 
of the regulations and the i r  energy conserving imp1 ications,  the standards 
should require th i s  information, perhaps as part  of a general energy conservation 
information packet, t o  be given to the consumer. Information concerning devices 
and equipment requiring maintenance to assure energy conserving efficiency 
should bc included. 

( i )  Degree Days. Technical advice should be available to  local enforcement 
agencies, par t icular ly counties, to enable them to develop the i r  own degree 

day data for d i f fe rent  areas of the county. 

C. LOCAL GOVERNMENT 

1. . Staffing: Local government o f f i c i a l s ,  elected and managerial, should 
understandl the need fo r  energy conservation and tha t  i t s  effect ive implementation 
will re ly on the e f fo r t s  of local government. The lack of adequate s t a f f  to 

inspect construction was cited by a number of c i t i e s  ( large and small), as the 



. reason they accepted a c e r t i f i c a t e  o f  compliance i n  l i e u  o f  f i e l d ' i n s p e c t i o n  

o f  energy conserving b u i l d i n g  elements. 
. . 

r2. Communications : Local enforcement agencies should be encouraged t o  
1 develop b e t t e r  communication w i t h  con t rac to rs  and designers t o  ease implementation 

o f  energy standards. Some communities developed t h e i r   inspection procedures i n  . 

concer t  w i t h  con t rac to rs  groups, others keep con t rac to rs  informed o f  pending . 

standards. This should he lp  i n  secur ing compliance. 

3. Relat ions w i t h  the  Sta te :  Local enforcement agencies should be encouraged 

t o  prov ide input ,  bo th  f o r m a l l y  and i n f o r m a l l y ,  t o  t he  S ta te  regard ing  standards, 

implementat ion problems and techn ica l  problems (see S ta te  suggest ions) . 

4. Equal Enforcement Needed: Local enforcement agencies should u n i f o r m a l l y  

enforce the  standards. Mater ia l  manufacturers complained o f  complying w i t h  the  

standards o n l y  t o  see t h e i r  competi tors, who know t h a t  a s p e c i f i c  c i t y  may n o t  

be i nspec t i ng  f o r  complying windows, underbid them by supp ly ing  noncomplying 

windows. 

5. Technical : 

(a)  Inspect ion  Sequence. Local enforcement agencies should be encouraged 

t o  r e q u i r e  a minimum o f  one a d d i t i o n a l  c a l l e d  i nspec t i on  a f t e r  rough-in. t o  

inspect  i n s u l a t i o n .  Add i t i ona l  c a l l  ed inspect ions  f o r  f l o o r  and r i g i d  r o o f '  

i n s u l a t i o n  should be s p e c i f i e d  when appropr iate.  

(b) Types o f  Energy Conservation Mater ia ls . .  Local enforcement agencies should 

be encouraged t o  develop reference l i b r a r i e s  o f  a v a i l a b l e  products. This  would 

prov ide  i n fo rma t ion  f o r  p lan  reviewers and inspectors  as w e l l  as con t rac to rs  .. 

and homeowners. 

( c )  Educational. S t a f f  personnel a t  a1 1 l e v e l s  should be encouraged t o  take 

educat ional o f f e r i n g s  re1 a t i v e  t o  energy conservat ion. Local o f f i c i a l s  should 

be encouraged t o  p rov ide  t i m e . o f f ,  t u i t i o n  reinbursement, etc., a s - r e q u i r e d  

fo r  personnel t o  a t tend  such classes. S t a f f  should understand n o t  o n l y  t he  . '. 

' .  



standards, b u t  the basic software concepts of energy conservation such as 

s i t i n g ,  or ientat ion,  shading, etc.  

FURTHER RESEARCH 

The following topic which needs immediate study and development to  a s s i s t  in 
providing viable implementation and enforcement of any ,energy conservation 
standards. . . . . 

. .  

Product Approval and Standards: This aspect must be strengthened to improve 
acceptance of energy conservation products. Testing, cer t i f ica t ion ,  labeling, 
ins ta l  1 ation and f i r e  resistance of insul atimg products has been overlooked 
i n  the California standards and should be considered in any e,nergy standard 
developed. 

The R value for  various insulating materials i s  open to se l f -cer t i f ica t ion  by 
.the manufacturer, or i t  i s  based on R values l i s t ed  in engineering handbooks. 

Insulation producers have used various t e s t  standards to  determine the i r  products 
insulating value. Similar products are  advertised and sold with a wide range 

of R values. Uniform t e s t  procedures and cer t i f ica t ion  methods need to  be 
establ 1 shed. 

Also, some products are  not properly labeled, creating f i e ld  inspection 
problems. ' ~ a b e l  ing c r i t e r i a  needs t o  be established. 

Instal la t ion of insulating products i s  also important to  the effectiveness of 
product. Instal la t ion instructions should be required. 
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P R E F A C E  

This energy design manu'al has been written to assist the implementation 
of energy insulation standards for new residential buildings which become 
effective on February 22, 1975. 

Senate B'ill 277, which mandated these standards, was authored by Senator 
Alfred E. Alquist in 1972 before the energy crisis had become a major economic 
factor in the lives of the citizens of California.. Senator Alquist's fore- 
sight has made California a leader in developing energy conservation standards 
in the United States. 

We have attempted to present the material in the simplest possible lan- 
guage. The manual discusses up-to-date methods for calculating required 
insulation, installation' procedures and typical insulation systems. It is 
not intended to solve all the problems relating to insulation but is written 
to provide basic knowledge. . 

Costs of installing insulation to conform to these standards has not 
been discussed in this manual. However, in all cases and in all geographic 
areas of California the savings to the consumer in energy costs will more 
than offset the cost of insulation amortized over the economic life of the 
building. The payback period varies from seven to ten years depending on 
geographical location. In addition, the savings in energy will allow more 
housing to be constructed in the future. 

The Department of Housing and Community Development wishes to express 
- its gratitude to the members of the advisory committee who spent many hours 
acsisting,the nepartment in the development of these standards. These 
members include: 

Cabell Gwathmey 
Donald Hardison 
Thomas k .  Campbell 
Ronald Doctor 
Jerome Weingart 
Ian M. Williamson 
I. "Bud" Hardesty 
Wayne E. Mullin 

Bob Renz 
Alfred Goldberg 
Charles Gyselbrecht 
Frank H. Ogawa 
Earl W. Brian 
Fredrick B. Hodges 
Norman B. Livermore, Jr. ' 

John C .  Worsley 



In addition, the Department wishes to thank the following members of 
the Energy Design Manual Subcommittee who also donated many hours in 
gathering data for this manual: 

Thomas C. Campbell Tony Di.Angelo 
Bob Renz J. R. Roberson 
Cabell Gwathmey Robert Nelson 
Charles Gyselbrecht Dan ~i-ns 

. . ; Ed. Schleiger . ,. John T. Malarky . , .  
., J. C. Penka Larry Mneller . . . . I. 

. .. . . 
The Department staff which assisted in the development of this manual 

are Roger Lorenz, Martin Pohll and Cal Jepsen. 



CHAPTER 1 

SCOPE 

This chapter includes the purpose, authority, enforcement, regulations and 
discusses the other chapters included in this Energy Design Manual., It 
should'be noted that this manual is only a guide to assist in the imple- ---- 
mentat ion .of -- the En,ergy 1nsul;t ion standards . 

PURPOSE 

The purpose of these regulations is to establish' minimum uniform energy 
insulation standards for all - new hotels, motels, apartment houses, lodging 
houses, dwellings, and other residential buildings which are heated or 
mechanically cooled. The regulations apply only to new residential buildings 
and to new additions to existing residential buildings if the existing 
building was required to be constructed in conformance with these regulations. 
The regulations do not apply to alterations'to existing buildings or to 
relocated buildings. Sections 103(b) and 103(c) of the 1973 Uniform Housing 
Code and Sections 104 and 105 of the 1973 Uniform Building Code would not be 
applicable' for the Energy 1nsulation.Standards. 

AUTHORITY 

Senate Bill 277, authored by Senator Alquist, approved by the Governor and 
filed with the Secretary of State on November 22, 1972, required the  om- 
mission of Housing and Community Development to adopt rules and regulations 
establishing minimum standards of energy insulation for new hotels, motels, 
apartment houses, homes and other residential dwellings as the Commission 
determines are reasonably necessary to conserve fuel resources. These regu- 
lations were adopted by the Commission on February 22, 1974 and became effec- 
tive on February 22, 1975. The regulations shall apply to all applications 
for building permits made subsequent to the effective date of the 'regulations. 

ENFORCEMENT 

The regulations shall be enforced by the building departments of every city, 
county, or city and county, and no certificate of occupancy shall be issued 
unless the struc.ture at least satisfies such minimum energy insulation 
regulations. 

Any state agency, city, county or city and county may adopt standards of 
energy insulation for new buildings which are more restrictive than those 
established by the Commission, except, that any such changes or modifications 
shall be adopted in accordance with the requirements prescribed in Sections 
17958.5 .and 17958.7 of the Health and Safety Code which states'the following: 



17958.5 In adopting the' ordinances or regulations ~ursuant to Section .' . ' 

17958, a city or county may make . such . changes or modifications 
in the requiremeits contained in regulations adopted pursuant ,to . , 

Section 17922 as .it determines are reasonably necessary because , '  :, 
of' local conditions. 

.: j .. ' , . 
, . 

17958.7 The governing body of a city of county before making 'any modif i- '. 

cations or changes pursuant to Sectioh 17958.5 shall'bke an - .  
express finding that such modi£ications or changes are'needed. * - 

Such a finding shall be available as a public record and a copy,' 
together with the modification or change, filed with the'depart- 
ment . ~othiz;~ contained 1x1 this part shall be construed to .tejquire 
the governing body of any city or county to alter in any vay'$uild- 
ing regulations enacted on or"before November 23, 1.970. 

ENERGY INSULATION STANDARDS , 
. . 

The Energy Insulation Standards have been adopted in the California 
Administrative Code, Title 25, Chapter 1, Subchapter 1 (State Housing Law 
Regulations), Article 5, Section 1094, and in the California Administrative 
Code, Title 24, Part 6, Division T25, Chapter 1, Subchapter 1 (State 
Housing Law Regulations), Article 5, Section T25-1094. 

, I 

California Administrative Code, Title 25 
Chapter 1, Subchapter 1 

Article 5. Energy Insulation Standards 

LUY4. Energy Insulation Standards. Energy insulation standards shall be , 

in accordance with the applicable requirements of California Administrative 
Code, Title 24, Part 6, Division T25, Chapter 1, Subchapter 1, Article 5, 
Section T25-1094, which reads as follows: 

T25-1094. Energy Insulation Standards. (a) Purpose. The purpose 
of this Article is to establish minimum uniform energy insulation stand- 
ards. All new hotels, motels, apartment houses, lodging houses, dwell- 
ings, and other residential buildings which are heated or mechanically 
cooled shall be constructed to comply with this Article. 

(b) Application and Scope. These reglll.ations shall apply tn all 
applications for building permits made subsequent to the effective date 
of these regulations. 

These regulations shall become effective on February 22, 1975. 
(c) Alternate Materials, Method of Construction, Design or Insula- 

ting System. The provisions of this Article are not intended to prevent 
the use of any material, method of construction, design or insulating 
system not specifically prescribed herein provided that any such alter- 
nate has been approved. 



The U value of any component of ceiling, floor, roof deck or wall, 
including glazing, may be increased, and the U value for other components 
decreased until the overall heat gain or heat loss of the building does 
not exceed the total resulting from conformance to the stated U values. 

The Building official may approve any alternative design. including 
designs utilizing nondepleting energy systems such as solar or windpro- 
vided he finds that the proposed design complies with the provisions of 
this Article in that the material, method of construction, design or insu- 
lating system does not.use more depletable energy than the requirements 
of this Article. 

The Building Official shall require that sufficient evidence or docu- 
mentation be.submitted to substantiate any claims made regarding. the 
installation and use of any such alternate and may require testing of the 
final installation. 

NOTE: Basic glaziqg area may be adjusted if in colgpliancG with 
subsection (c) above. 

( d  Definitions. For the purposes of this section, the following 
definitions shall apply: 

(1) Cooling Systems - A system for cooling air by mechanical or 
other means and discharging such air into a dwelling unit. This 
definition shall not include evaporative cooling. 

(2) Degree Day - A unit, based:upon temperature difference and 
time, used in estimating fuel consumption and specifying nominal annual 
heating load of a building. For any one day, when the mean temperature 
is less than 65'~, there exists as many degree days as there are Fahr- 
enheit degrees difference in temperature between the mean temperature 
for the day and 65OF. The degree day for specific geographical areas 
in California shall be those in Appendix T25-A. 

(3) Exterior Wall Area - The gross area of wall surfaces adjacent 
to heated or cooled spaces, including glazing and doors, exposed to 
ambient climatic temperatures, measured for a dwelling unit or group 
of units served by a heating or cooling system. 

(4) Glazing - All transparent or translucent materials in 
exterior openings. 

(5) High Rise - Any building containing four or more stories of 
dwelling space, excluding basements and parking or nonhabitable areas 
in subterranean or ground levels. 

(6) Shading Coefficient - A ratio of the solar heat gain through 
an unshaded glazing system to that of a single light of double strength 
window glass under the same set of conditions. 

(7) Special Glazing - Glazing which has.a maximum U factor of 
.70 for all glazed surfaces. 

(8) Thermal Conductance (C-Factor) - The time rate of heat flow 
through a homogeneous material of other than one inch thickness or 

, . 
through a nonhomogeneous construction such as an air space expressed 
in BTU/hr., square foot, degree F temperature difference. 

(9) Thermal Conductivity (K- actor) - The time rate of heat 
flow through one square foot of a homogeneous material one inch thick 
when there is a temperature difference of one degree F.between the 
opposite faces of the material expressed in BTUIhr., square foot, 
degree F per inch. . . 



(10) Thermal Resistance (R) - The measure of the resistance of a 
material or building component to the ,passage of heat. The resistance 
value (R), of mass-type insulations shall not include any value for 
reflective facing. 

(11) Tinted Glazing - Glazing which shall be permanently tinted 
or permanently surface coated by the manufacturer of the glazing 
material and shall provide a maximum shading coefficient as herein- 
after specified. 

(12) U Factor - The total heat flow through a given construction 
assembly, air to air, expressed in BTU/hr., per square foot, per degree 
F temperature difference. 

J u = -  
Rt where 

Rt equals the sum of the resistance (R) for the individual component6 
of the dssembly. U factors shall be ralculated according to A S H U E  
Met hods,. I 

(13) Unheated Spaces - Any space exposed to ambient temperatures 
and not provided with a heat supply capable of maintaining a minimum 
temperature of 50°F. 

(14) Basic Glazing Area - The basic glazing area for low rise 
buildings shall be 20% of the gross floor area and 40% of the exterior 
wall area for high rise buildings. The gross floor area shall not 
include parking garages, unheated basements, corridors, or passageways 
exposed to exterior ambient temperatures. 

(15) Glazing Area. The area of glazing in exterior openings 
including the sash area. 
(e) Thermal Design Standards for Ceilings and Walls. The design of 

the opaque surfaces of the structure, exposed to ambient conditions, shall 
provide a maximum U factor of 0.05 for ceilings and n.n8 for wallo and spau- 
drels, when che ettects of occasional fram,ing members such as studs and 
joists are not considered. In lieu of the above, when the effects of all 
elements of the wall or r e i l i n g  construction, iucl-udiflg occasional framing 
members such as sti~ds and joi~tc, are corlsidered or when all of the thermal 
insulation is installed so that it is not penetrated by framing members, the 
U factor shall not exceed 0.095 for wall-s and 0.06 for ceilings. 

For buildings located in areas of 3500 degree days or less and the 
effects of all elements of the wall construction are considered, the U factor 
shall not exceed 0.12 for walls with a construction weighC of 26 through 40 
pounds per square foot or a U factor not exceeding 0.16 for walls with a 
construction weight greater than 40 pounds per square foot. 

(f) Thermal Design Standards for Glazing. 
(1) For heated buildings located in areas of 4500 degree days or 

less, where the total glazing area vxceeda the basic glazing area, 
treatment shall be required to limit the conducted design heat loss to 
that which would occur with the basic glazing area single glazed. 

(2) Heated buildings located in areas over 4500 degree days shall 
be provided with special glazing for all exterior glazing. Where the 
total glazing area exceeds the basic glazing area, treatment shall be 
required to limit the conducted design heat loss to that which would 
occur with the basic glazing area in special glazing. 



(3) Cooled buildings shall utilize tinted glazing when the total 
glazing area exceeds the basic glazing area. The glazing area on walls 
oriented within 22% degrees of true North need'not be included in the 
total glazing area. The required tinted glazing area shall not be less 
than the difference between the total glazing area and the basic glazing 
area. Permanent external shading to allow not more than 50% direct 
solar exposure on the glazing, taken on August 21, at 9:00 a.m., noon 
and 3:00 p.m. solar time, may be utilized in lieu of tinted glass. 
Tinted glazing or permanent external shading on walls oriented within 
22% degrees of true North shall not be considered as part of the required . I tinted glazing area. 

(4) Tinted glazing shall have a maximum shading coefficient of 
0.75. This maximum shall be decreased to 0.55 for all permit applica- 
tions filed after July 1, 1976. 
(g) Floor Section, Foundation Walls, Crawl Space Plenum Walls and 

Slabs-On-Grade. For floors over unheated spaces, unheated basements, 
unheated garages, or ventilated crawl spaces with operable louvers, the "U" 
values of floor section shall not exceed the value shown in Table No. 17-B. 

Foundation walls of heated basements or heated crawl spaces above grade 
shall be insulated to provide a "U" value not to exceed the values shown in 
Table No. 17-C. Insulation may be omitted from floors over heated basement 
areas or heated crawl spaces if foundation walls are insulated.' 

When a crawl space is used as a supply or return plenum, the crawl space 
perimeter wall shall be insulated to provide a maximum "U" value of 0.15. 

For slab-on-ground floors, the edge heat loss around the perimeter of 
heated spaces shall not exceed a maximum value per linear foot of exposed 
edge of 42 B.t.u.h. for unheated slabs and 50 B.t.u.h. for heated slabs. 
Calculations of heat loss around slab edges shall be made using the following 
formula : 

H = F X P  
WHERE : 
H = Heat loss of the slab edge in B.t.u.h. 
F = Heat loss coefficient from Table No. 17-D in B.t.u.h, per linear 

foot of exposed edge. 
P = Perimeter of exposed slab edge (linear feet). 

TABLE. NO. 17-B 
Maximum "UV Values of Floor Sections Over Unheated Basemenes, 

Unheated Garage or Crawl Spaces 
. . 

Heating Degree Days Maximum "U" Value 

3000 or less No requirement 
3001 to 4500 .10 
Over 4500 .08 - 
NOTE : A basement or garage shall be considered unheated unless it 

is provided with a positive heat supply to maintain a minimum tempe;ature 
of 50'~. 



TABLE NO. 17-C 
Maximum "U" Values of Foundation Wall Sections of Heated 

Basement or Heated. Crawl. Spaces 

Heating 'Dexree-'Days Maximurd . "U" Valde 

. 2500 or less No requirement 

. . over 2500 ' .15 - 

NOTE: A crawl space is considered heated when it has a positive heat 
supply to maintain a minimum temperature of 50' F. 

TABLE NO. 17-D 
Slab Edge Heat Loss Coefficients (Btuh per Linear ~oot). 

- .  ..om,------- 

1. I ~otal width of I 7 
Winter. Design 
~emperature 
-30 or colder 

'where winter design temperatures are warmer than +15F perimeter insulation 
is not required. If installed in these areas (edge only) uee values sliown 
for +15F to +11F above. If not installed, use valltc of B = 45 for unheated 
and F = 60 for heated slabs. 

- 

-25 to -29 
-20 to -24 
-15 to -19 
-10 to -15 
- 5 t 0 - 9  
Zero to -4 
+ 5  t o + l  
410 to + 6l 
4-15 to +111 

(h) All swinging doors and windows opening to the exterior to uncondi- 
tioned areas such as garages shall be fully weatherstripped, gasketed or 
otherwise treated to limit infiltration. All manufactured windows and 
sliding glass doors shall meet the air infiltration standards of the 1972 
American National Standards Institute (A134.1, A134.2, A134.3 and A134.4), 
when tested in accordance with ASTM E 283-73 with a pressure differential 
of 1.57 lbs/ft2 and shall be certified and labeled. 

(i) Loose Fill. Blown or poured type loose fill m y  be usad In attic 
spaces where the slope of the roof is not less than 2% feet in 12 fee.t and 
there is at least 30 inches of clear headroom at the roof ridge. ("Clear 
~eadroom" is defined as the distance from the top of the bottom chord of the 
truss or ceiling joists to the underside of the roof sheathing.) When eave 
vents are installed, adequate haff3,ing of the vent opening shall be provided 
to deflect the incoming air above the surface of the material and shall be 
installed at the soffit on a 45-degree angle. Baffles shall be in place at 
the time of framing inspection. When loose fill insulation is proposed, the 
R value.of the material required to meet these regulations shall be shown 

, on the building plans. 

l~sulation 
(Inches) 

2 4 
24 ' 
24 
2 4 

-.. - 
2 4 
24 
2 4 
2 4 
18 
12 

P far  U ~ ~ h e a ~ e ! .  Slab 
.~=8:00 .~=3.7S Re2.50 . 

34 

v tar Heated. Slab 
R=5.00 R=3.75 R12.50 

4 6 
3 2 
30 
28 
27 4 0 
25 38 -- 
24 3 6 
22 3 3 
2 1 3 1 4 2 
2 1 3 1 42 

64 
- 3 1  
3 9 
3 7 
35 
- . - .  - 
32 4 8 
3 0 4 5 
2 5 38 50 
2 5 38 5 0 



(j) Design Temperature. Inside winter design temperature shall be not 
less than 70°F, and summer design temperature not greater than 78OF. Heat 
loss and heat gain calculations shall be made using the winter design dry 
bulb at 99 percent and summer design dry bulb at 2% percent shown in the 
current ASHRAE Handbook of Fundamentals. 

(k) Pipe Insulation. All ste& and steam condensate return piping and 
all continuously circulating domestic or heating hot water piping which is 
located in attics, garages, crawl spaces or unheated spaces other than 
between floors or in interior walls shall be insulated to provide a maximum 
heat loss of 50 BTU/hr. per linear foot for piping up to and including 2" and 

' 100 BTU/hr. per linear foot for larger sizes. 
(1) Compliance. Upon completion of the installationto£ insulation, a 

card certifying that the insulation has been installed in conformance with 
the requirements of these regulations shall be completed and executed by the 
insulation applicator and by the builder. This insulation compliance card 
shall be posted at a conspicious location within the dwelling. 

(m) Additions to Existing Buildings. Additions to existing hotels, 
mot~ls, apartment houses, lodging houses, dwellings and other residential 
buildings shall be constructed to comply with this Article if the existing 
building was required to be constructed in conformance with this Article. 

. . APPENDIX T25-A 
Heating Degree Day Table 

ANNUAL 
CITIES 

Alderpoint 
Alpine 

. Alturas 
Antioch 

' Auburn 
Bakersfield 
Barrett Dam 
Bars tow 

i Beaumont 
Berkeley 
Bishop 

- Blythe 
Bonita 
Borrego Springs , . 

Brawley 
Burney 
Cabrillo National Monument 
,:Calaveras Big Trees , 

Camp0 
. Chico . . 

Chula Vista 
Cloverdale 
Colf ax 
Colusa 
Concord , .  

Corona 
Crescent City 
Culver City 

DEGREE DAYS 



CITIES 

c u y a i a c a  
Dagge t t 
Davis 
Death  V a l l e y  
Delano 
Edwards A. F . B. 
E l  Cajon 
E l  C a p i t a n  Dam 
E l  C e n t r o  

. .  . E l k  V a l l e y  
E l s i n o r e  
E n c i n i t a s  
Escondido 
Eureka 
F a i r f i e l d  
Paimsnt  
F i l l m o r e  
Folsom 
F o r t  B idwel l  
F o r t  Bragg 
~ o r t  J o n e s  
F r  emon t 
F r e s n o  
G i l r o y  
Hanf ord  
Healdsburg 
Honshaw D a m  
Hetch Hetchy 
Hol . l i s  ter 
Hunt ing ton  Beach 
I m p e r i a l  
Independence 
Iny  okern  
I o n e  
Jackson  
J u l i a n  Wynola 
King C i t y  
Laguna Beach 
Lake Arrowhead 
Lakepor t 
La Mesa 
'Lemoore 
Lindsay 
Livermore 
Lodi  
Long Beach 
Los Angeles  
Los Sanos  
Los Gatos  

. . 
Madera 
Maricopa 

ANNUAL 
DEGREE DAYS 

4,649 
2,203 
2,819 
1 ,205  
2,220 
3 ,123 
1 ,920  
1 ,397 

. 1,216 
5,404 

I 2,101 
1 ,952 
7,052 
4,679 
2,434 
3,327 
2,377 

; 2,899 ; 
6,365 
4,424 
5,614 
2,906 
2 ,611  
2,808 
2,642 
2,700 
3,652 
4,797 

, 2 , 7 2 5  
2 ,361  
1,060 
2,995 
2,570 

, 2,728 
2,760 
4,085 
2,655 
2,262 
5,200 
3,716 
1 ,492 
2,960 
2,619 
2 ,781  
2,785 
1 , 8 0 3  
2 ,061 
2,267 
2,794 
2,485 
2,165 



CITIES 

Mariposa 
Markleevil le  
Marysvil le  
McCloud 
Mecca 
Mendo t a  
Merced 
Mineral 
Modes t o  
Moj ave 
Monterey 
Napa 
Needles 
Nellie 
Nevada Ci ty  
Nova t o  
Oakdale 
Oak Grove 
Oakland 
Oceanside 
O r  land 
Orov i l l e  
Oxnard 
Palmdale 
Palm Springs 
Palo  Al to  
Palomar M t  . Observatory 
Pasadena 
Paso Robles 
Pa t t e r son  
Pe taluma 
P i t t sburgh  
P l a c e r v i l l e  
Po in t  Loma 
Pomona 
P o r t e r v i l l e  
Pur Cola 
Quincy 
Ramona Spaulding 
Red Bluff 
Redding 
Redlands 
Redwood Ci ty  
Rl chmond 
Rivers ide  
Rusevl l le  
Sacramento 
S t .  Helena 

Sa l inas  
San Bernardino. 

. ANNUAL 
DEGREE DAYS, 



CITIES 

San Clemente 
San Diego 
San Fernando 
San Francisco 
San Jacinto 
San Jose 
San Juan Capistrano 
San Luis Obispo 
San Mateo 
San Rafael 
Santa h a  
Santa Barbara 
Snnta Clara 
Santa Maria 
Santa Rosa 
Scntia 
Sierraville 
Sonora 
South San Francisco 
Stockton 
Stony Gorge Res. 
Susanville 
Tahoe City 
Tahoe Valley 
Thousand Oaks 
Tracy 
Truckee 
Twentynine Palms 
Ukiah 
Vacaville 
Vallcju 
Visalia 
Vista 
Warner Springs 
Weaverville 
Weed 
Willits, 
Willows 
Woodland 
Yosemite 
Yreka 
Yuba City 

ANNUAL 
DEGREE . DAYS 

1,877 
1,439 
1,800 
3,080 

. . 
2,376 

. . 2,656 
1,646 
2,582 
2,655 
2,619 
1,496 

. 2,290 , 

2,566 
2.985 
2,980 
3,954 
6,953 
3,086 
3,061 
2,690 
.3,124 
6,248 
8,162 
8,198 
2,425 , 

2,616 
8,208 
2,006 
3,030 
2,812 
2,598 , 

2,546 
i,SW ' 

3,470 
4,935 
5,870 
4,160 
2,807 
2,447 
4,800 
5,393 
2,386. 

Again it should be pointed out that the Energy 1nsulation;Standards are 
minimum for the State of California. The intent of these standards 2s not to 
limit types of building practices or design but to conserve energy. Section> 
1094 ( c )  allows the Building Official the flexibility of approving any alter- 
nate materials, method of construction, design or insulating system provided 
he finds that the proposed design is at least equivalent in the conservation 
of energy as the requirements of the Energy Insulation Standards. 



The state-of-the-art of energy conservation standards are progressing so 
rapidly that some information found in engineering association publications, 
manufacturers specificat.ions, and regulatory agency regulations may be more ' 

up-to-date than information contained in this manual. Every effort will be 
made to incorporate into this manual new developments as they are promulgated. 

The following chapters of this manual cover specific elements which form the , 

nucleus of the Energy Insulat'ion Standards. A brief summary of each chapter 
is listed below. 

Chapter 2 

Chapter 2 discusses the basic properties of heat, the heat transfer processes, 
types of insulation, insulation placement and related considerations such as 
vapor barriers and ventilation. 

Chapter 3 

Chapter 3 includes definitions and an explanation of the terminology used in 
the Energy Insulation Standards. 

. .. .. . 

Chapter 4 

Chapter 4 discusses the term "U" Factor which is the basic criteria of the 
standards. This chapter includes sample heat transfer calculations and 
tables from the 1972 ASHRAE Handbook of Fundamentals, which contain the data 
needed to perfoi-m the calculations noted. 

Chapter 5 

Chapter 5 contains U Factor data relative to some of the more typical wall, 
ceiling, and floor assemblies used in residential construction in California. 
While it is impossible to depict every conceivable type of construction, 
these assemblies are representative of those normally.used. . ,  

Chapter 6 contains maps of the Degree Day Districts in California and provides 
the design conditions for various reporting stations within those Districts. 

Chapter 7 

Chapter 7 covers the thermal design standards for glazing included in the 
regulations. This chapter includes sample basic glazing area calculations 
and tables from the.1972 ASHRAE Handbook of Fundamentals relating to shading 
coefficients and shading devices. 

Chapter 8 I . 

Chapter 8 provides a reliable guide to the proper installation of insulation, 
and includes the types of materials available, common application practices 
and suggested inspection procedures. 



Chapter 9 I 

Chapter 9 discusses pipe and duct insulation and includes tables and a method 
for calculating the thickness of insulation required. 

1 
Chapter 10 

Chapter 10 discusses weatherstripping as required by the Energy Insulation 
Standards. This chapter includes details of the basic types of weather- 
stripping most commonly used in residential type construction in California. 

. - - Chapter 11 . 
. . I' 

Chapter 11 discusses Section. 1094 (c) as. this section relates to alternate 
materials, methods of construction, designs or insulating systems and pro- 
vides examples of alternate-.calculations. 



THE PROPERTIES OF HEAT 

, . > .  
" .  - .  

GENERAL 

Heat is energy. Through locked doors, closed windows, solid walls and 
ceilings, it comes and goes. This seemingly impossible feat is not aecom- 
plished by illusions or sleight of hand,. but in accordance with tpe basic . . 

laws of physics. Worst of all, this loss of energy happens, withou,t regard 
to economic values or the scarcity of precious energy resources. 

' 

Heat is measured in British Thermal Units (BTU). A BTU is the amount of 
heat required to raise the temperature of one pound of water (about one 
pint) one degree Fahrenheit. This is approximately equivalent to the amount 
of heat generated by burning an ordinary wooden kitchen match. 

Heat is mobile. It always moves 3n one direction - warm to cold. The - .  

actual rate of this flow depends on the size of the temperature difference 
and the amount of-resistance offered to this flow by materials such as those 
in a building's wall. 

Heat travels in one or a combination of three different ways: conduction, 
convection, and radiation. By conduction, heat flows directly through solid 
materials such as wood, plaster, glass, etc. The handle of a saucepan - 
becomes hot because heat is conducted from the bottom of the pan to the 
handle. Thermal conductivity varies greatly among various substances and 
thicknesses of solids. ~ b r  example, the conductivity of copper is 2,300 
times that of asbestos sheeting. 

By convection, heat moves on air currents from a warm zone to a cold zone, 
cven inoidc the small spaces of tightly sealed walls. Air touching the warm 
side of a wall is heated, and the air rises. Air near the col,d side of the 
wall is cooled, and that air sinks. In the circulation process, heat is 
transferred. Unaided circulation of air over a heated surface is known as 
natural convection. If the heated air is circulated by a fan or other 
mechanism, the process is called forced convection. 

By radiation, heat may be transmitted from a heat source to a surface, even 
across a perfect vacuum. Radiated .energy waves do not heat the space in 
which they move, but when they encounter a cooler surface these waves are 
converted to heat. In this mode, radiant energy of the sun crosses millions 
of miles of space to warm the earth. Similarly, heat may enter or leave a 
structure by radiation. 

d l  three of the heat transfer processes are involved (~igure 2-1) as heat . 
passes through a wall. In the typieal wall shown, heat is transferred from 
the room to the interior finish by radiation/convection and through 

. . 
2-1 117 



the interior finieh by conduction. It is transferred across the etud epace 
by radiation and convection. Convection ie aleo a factor,'eince air warmed 
on the interior eide, movee upward on the warmer eide, and air cooled by the 
eheathing, movee downward on the cooler eide of the etud epace, Conduction, 
again, tranefere heat through the eheathing/exterior finieh materiale and 

i 
the etude. Heat then leavee the outer eurface of the eheathing by a com- J 

bination of radiation to cooler surroundings and convection ae outeide air 
moves across the surface. . . , ,, . .7c a 

- >  i 

?' 

FIGURE 2-1 

i  allb board I-. Sheathing 

The transference of 
heat by air currents w 

Building paper 

from a .warm to a colder Siding 

zone. 

A 
a; 

.%. . 
CONDUCTION ,; I , CONVECTIQN 

\ '  .; 1 RADIATION The transmission of' heat 
through a solid material. 

.. . . 

RADIATION 

Waves do not heat space in 
which they move.but.when they 
come in. contact with' colder 
surface, the waves are converted 
tn heat. 

INSULATION 

Insulation is designed to keep heat in and aleo to keep unwanted heat out. 
Mase type ineulation material fille the air epacee in walls, ceiling8 and 
floore, greatly reducing heat tranefer by convection. Air in the epacee 
no longer can move freely, so heat has no large convection curFente to fol- 
low. Other forms .of ineulation materials are applied over the etude lowering 



I 

heat transfer by conduction. The degree of insulating, efficiency of a 
,material is mainly a function of the number of air cel.1~ it contains -- an 
exception to this is aluminum foil which insulates by reflecting radiant heat 
only. The addition of a reflective surface (such as metal foil) to mass type 
insulation material will. enable it to resist radiation provided the foil is 
facing an air space. It'is important 
tions. the resistance value (R) of ma 

All insulation materials, except the reflective type, use the principle of 
entrapped air to retard the flow of heat. Non-reflective or "mass type" 
materials are manufactured in several forms: loose fill, flexible batts and 
blankets, and rigid boards. Reflective insulation is almost exclusively 
aluminum foil. 

Loose fill insulation consists of particles, granules, or fibrous.materials 
that are poured or blown into place. This material is generally made from a 
mineral wool (rock, glass, or slag) or a cellulose material (wood pulp or 
macerated paper) and consists of randomly piled fibers that form small voids 
or air spaces. 

Flexible insulation, made from the same materials as loose fill, is manu- 
factured in batts (short sections) and in blankets (continuous rolls) usually 
faced on one side with a vapor barrier material such as asplialt-coated kraft 
paper or an-aluminum foil. Flanges along the edges of the roll allow the 
insulation to be nailed or stapled to the studs or joists. 

\ 

Rigid insulation is available in structural panels ranging from 2 by 8 to 4 
by 12 feet, and from 112 to 3 inches thick. Many rigid insulation panels 
double as structural material, as wall sheathing or decking for built-up 
roofing, and is practically the only material that can be used to insulate an 
open-beamed ceiling with no attic. Many of the rigid panels offer a variety 
of finishes on one side so they can be laid directly on the beams to form a 
finished ceiling or applied to the inside of existing walls. The panels are 
usually tongue and groove to assure a tight fit, and they often have a vapor 
barrier under the finish on the inner side. 

Reflective insulation is frequently used alone, usually in. rolls of two or 
more layers separated by air spaces when expanded to fit between studs. This 
type of insulation differs from the "mass-type" in that it does not use air 
entrapped in small cells to retard heat flow. Instead, it takes advantage of 
the insulating value of enclosed air spaces coupled with reflective surfaces. 

' INSULATION R VALUES 

mat amount of insulation is necessary to meet the required standards? In 
the past, inches of insulation were used to indicate the effectiveness of an 
insulation material. But as already mentioned there are a number of differ- 
ent insulating materials possessing a wide variety of physical characteris- 
tics. This required thac another system of comparison had to be developed 
and it logically was based on how much resistance to heat flow each material 



offered.  ~ h e s e  res i s tance  values a r e  termed R values. The R number takes. 
i n t o  account t he  f ac to r s .o f  thickness. and thermal conductivity (K). The 
g rea t e r  the  R value,  the grea te r  the  insulat ing value. 

1 
R value labe l ing  i s  required by Federal Specifications HH-I-521E and HH-I- 
515B. A l l  b a t t s  and blankets have R values printed on the  vapor ba r r i e r  and 
t h e  package. Blown and poured insu la t ions  a r e  packaged i n  bags, labeled 
with t he  recommended in s t a l l ed  dens i t i e s ,  thicknesses, and corresponding 
maximum coverages per bag required t o  m e e t  specified res is tances .  

INSULATION PLACEMENT 
. . 

Insu la t ion  i n  t he  home can only be e f f ec t i ve  when properly placed. The 
following lo 'cations should be insu la ted . (F igure  2-2). The numbers below 
correspond ' to  those indicated i n  Figure 2-2. , 

1. Exter ior  ~ 2 ~ 1 1 s .  Sometimes portions of wal ls  aurrounding 
heated spaces a r e  overlooked such as :  the wall  between a 
l i v i n g  space and an unheated garage o r  s torage room; dor-. 
mer walls;  t he  portion of wall  above. the  ce i l i ng  of an 
adjacent sec t ion  of a sp l i t - l eve l  home. Insulat ion should 
a l s o  be placed between jambs and framing. . . 

2. Cei l ings  with cold spaces above, and dormer ce i l ings .  Each 
a t t i c  access panel should be insulated by s tap l ing  a' piece 

, , . ,  
of blanket insu la t ion  t o  i t s  top. 

3. Knee walls  when adjacent t o  heated spaces. 

4. Between c o l l a r  beams, leaving open space above f o r  vent i la-  
t ion. 

5 .  Around the  perimeter of a s lab  on grade. 

6. Floors above,vented crawl spaces. When a crawl space i s  
used a s  a plenum, insu la t ion  is applied t o  crawl space 
wal ls  ins tead of the f l o o r  above. 

7. Floors over an unheated o r  open space such a s  over a 
garage o r  a porch. The canti levered portion of a f loor .  

8. Walls of heated basements above grade. 

9. I n  back of header j o i s t s .  . . 

. . 

" .  
. e 



FIGURE 2-2 ' 

The application of insulation in apartments follows the same general guide- 
lines as those used for a single family home. In addition, there are some 
other locations which should be insulated such as: walls of unheated stair- 
wells common to living unite; floors of living units over boiler or other 
heat producing mechanical equipment rooms; floors of conditioned spaces over 
unheated entrances or halls; and walls of living units which are adjacent t~ 
incinerator and elevator shafts, 

Thermal insulation also has some desirable acouetical properties, When utaed 
in apartment application8 it contributes to the reduction of airborne and 
impact noise. 



Besides the insulation itself there are other related factors which should 
be considered when insulating a home. 

vapor barriers can be important. Homes should: be protected from. molsture 
produced within. 'Vapor 'barriers 'ate.'not'reQuited '&.rhese'stafidards .and - .  
the : f oliowing .are recomelldafidna 'oaly. - - 
A vapor barrier or vapor barrier-faced insulation should not be installed 
over existing insulation when installing additional insulation in an attic 
floor. 

In all homes, the activities of living produce great amounts of water . 
vapor. Steam from cooking pots, moist air from shower stalls and bathrooms, 
and exhaust from clothes dryers contribute to the rise in humidity inside a 
house, especially in winter. d his water vapor easily penetrates plaster and ' 

other interior finishes, and if it is allowed to enter the construction 
assembly, it is likely to be cooled below its dew-point. The resulting 
condensation can saturate the insulation or exterior sheathing, possibly 
damaging the wall assembly, and reducing the effectiveness of the insulation. 

Vapor barriers are placed on the side of the wall, ceiling or floor that is 
warm in winter. Most blanket forms of insulation usually have vapor bar- -- 
riers already,attached. If no vapor barrier is supplied on the insulation, 
then the following materials may be substituted: 

\ 
1. .Polyethylene sheeting: 2 mils or thicker in walls and 

ceiling, and 4 milsor thicker as ground covers under 
slabs or,over crawl space earth. 

2. . Foil-backed-~ypsum board. 

3. Waterproofed laminated - .  asphalt coated paper. 

4, Similar film, sheets, or materials with comparable vapor. resistant 
qualities. 

Vapor barriers are not needed on the warm side of ceiling insulation where 
the attic ie ventilated. 

Exterior Openings=-windows and doors contribute to heat loss by conduction 
through the door, the glaas, the frame and also by leakage between openable 
window panes and between the frame and structure. They should be weather- 
st/ripped and the building siding should be carefully sealed to the frames. . 
Factory built insulated windows in which two or more panes are separated by 
hermetically sealed air spaces, or storm windows and doors will reduce 
conduction heat losses. This will be discussed in greater detail in Chapter 
10. 

mct insulation is required to prevent heat loss or gain from a duct when 
the air passing through it is warmer or cooler than the air surrounding it. - 
supply air ducts installed in unconditioned spaces, such as crawl spaces, 
attached garages, etc., shall be'insulated as described in'chapter 9. 8 



Attic Ventilation--the need for attic ventilation is two-fold: the reduc- 
tion of summer heat build-up and prevention of winter moisture condensation. 

The principal source of summertime attic heat, is direct sunlight on the. roof 
of the home. This is radiated heat,, and even on a cloudy day there is an 
appreciable amount transmitted to a roof. This 'solar heat on'the roof 
material is transmitted, in turn, to the attic f lbor -- or to the surface of 
the ceiling insulation. The portion of the heat that reaches the living 
area through the. attic is proportional to the dif'ference between attic floor 
and room ceiling temperatures. Adequate attic veritilation can substantially 
reduce this temperature difference. 

Besides attics, ventilation is recommended in rooflceilings and crawl spaces. 

Where determined necessary by the Building Official due to atmospheric or 
climatic conditions, enclosed attics and enclosed rafter spaces formed where 
ceilings are applied direct to the underside of roof rafters, shall have 
cross ventilation for each spearate space by ventilating openings protected 
against the entrance of rain an$ snow. The net free ventilating area shall 
be not less than 11150 of the area of the space ventilated, except that the 
area may be 11300 provided at least 50 percent of the required ventilating 
area is provided by ventilators located in the upper portion of the space 
to be ventilated at least 3 feet above eave or cornice vents with the balance 
of the required ventilation provided by eave or cornice vents. 

Experience has shown it is preferable to provide half of the required'area 
at the ridge and one quarter at each soffit or eave. 

Crawl Space Ventilation--underfloor areas shall be ventilated by %an approved 
mechanical means or by openings in. exterior foundation walls. Such 'openings 
shall have a net area of not less'than 1 112 square feet for each 25 linear 
feet of exterior wall. Openings shall.be located as close to corners as 
practicable and shall provide cross ventilation on at least two approximately 
opposite sides. They shall be covered with corrosion'resistant wire mesh 
not less than 1/4 inch nor more than 112 inch in any dimension. 
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CHAPTER 3 

DEFINITIONS 

The following definitions are provided as assistance to the user of this 
manual who may be unfamiliar with some.of the specialized terminology. 

AIR, AMBIENT: Generally speaking, the air surrounding an object. 

AIR,'OUTSIDE: External air; atmosphere exterior to refrigerated or con- 
ditioned space; ambient (surrounding) air. 

BASIC GLAZ1NG.AREA: The basic glazing area for low rise buildings shall be 
20% of the gross floor area and 40% of the exterior wall area for high rise - 

buildings. The gross floor area shall not include parking garages, unheated 
basements, corridors, or passageways exposed to exterior ambient temperatures. 

BRITISHTHERMAL UNIT'(BTU): The Btu is a measure of heat. It is, approxi- 
mately, the heat required to raise the temperature of a pound of water from 
59F to 60F. 

CONDUCTION: The process of heat transfer through a material by direct 
molecular contact of the particles of the material. 

CONVECTI0N;'NATURAL: Circulation of gas or liquid (usually air or water due 
to differences in density resulting from temperature changes. 

COOLING'SYSTEMS: A system for' cooling air by mechanical or other means and 
discharging such air into a dwelling unit. This definition'shall not include 
evaporative cooling. 

DECLINATION OF SUN: The angle above or below the equatorial plane. It is 
plus if north of the plane, and minus if below. Celestial objects are 
located by declination. 

DEGREE DAY: A unit, based upon temperaLure difference and time, used in - .-.- 
estimating fuel consumption and specifying nominal annual heating load of a 
building. For any one day, when the mean temperature is less than 65 deg. F, 
there exists as many degree days as there are Fahrenheit degrees difference 
in temperature between the mean temperature for the day and 65 deg. F. The 
degree day for specific geographical areas in California shall be those 
shown in Appendix T25-A. 

. EFFECTIVE EMISSIVITY (E): A term denoting the ability of an air spaCe to 
transmit radiant energy based upon the characteristics df the surf aces of 
the air space. 

EMISSIVITY'.(e): The capacity of a material to emit radiant energy. Emit- 
tiice is the ratio of the total radiant flux emitted by a body to that 
emitted by an ideal black body at the same temperature. 



EXTERIOR WALL AREA: The g r o s s  a r e a  of w a l l  s u r f a c e s  ad j acen t  t o  hea ted  o r  
cooled  spaces ,  i nc lud ing  . g l az ing  and doors ,  exposed t o  ambient c l i m a t i c  
tempera tures ,  measured f o r  a dwel l ing  u n i t  o r  group of u n i t s  served by a 
h e a t i n g  o r ' c o o l i n g  system. 

4 
FAHRENHEIT: A thermometric s c a l e  i n  which 32 deg. denotes  f r eez ing  and 212 
deg. t h e  b o i l i n g  p o i n t  of water  under normal p re s su re  a t  s e a  l e v e l  (14,696 
p s i ) .  

GLAZING: A l l  t r a n s p a r e n t  o r  t r a n s l u c e n t  m a t e r i a l s  i n  e x t e r i o r  openings. 

GLAZING AREA: The a r e a  of g l az ing  i n  e x t e r i o r  openings inc luding  t h e  sa sh  
a r e a .  

HEAT TRANSMISSION (Q):  The t ime-rate  of h e a t  f low usua l ly  r e f e r s  t o  
conduct ion ,  convect ion and r a d i a t i o n  combined. Usual ly expressed i n  BTU/hr. 

HIGH-RISE: Any b u i l d i n g  conta in ing  f o u r  o r  more s t o r i e s  of dwell ing space,  
exoluding  basements and park ing  o r  no rhab i t ab l e  a r e a s  i n  subter ranean  nr 
ground l e v e l s .  

INFILTRATION: A i r  f lowing inward a s  through a w a l l ,  c rack ,  a t c .  

INSULATION, FILL: Granulated,  shredded, o r  powdered m a t e r i a l ,  prepared 
from vege tab le ,  animal ,  o r  minera l  o r i g i n .  

INSULATION (THERMAL): A m a t e r i a l  having a r e l a t i v e l y  h igh  r e s i s t a n c e  t o  
h e a t  flow, and used p r i n c i p a l l y  t o  r e t a r d  t h e  flow of h e a t .  

SHADING COEFFICIENT: A r a t i o  of t h e  s o l a r  h e a t  ga in  through an  unshaded 
g l a z i n g  system t o  t h a t  of a s i n g l e  l i g h t  of double s t r e n g t h  window g l a s s  
under t h e  same set of condi t ions .  

SPECIAL GLAZING: ' Glazing which has  a maximum U f a c t o r  of .70 f o r  a l l  
g lazed  surfaces. 

SURFACE FILM CONDUCTANCE, (f, o r  f i ) :  The time r a t e  of h e a t  flow per  u n i t  
a r e a  under s teady  cond i t i ons  between a s u r f a c e  and a f l u i d  ( a i r )  f o r  u n i t  
t empera ture  d i f f e r e n c e  between t h e  s u r f a c e  and t h e  f l u i d  ( a i r ) .  

THERMAL CONDUCTANCE (C-FACTOR) : The time r a t e  of h e a t  f low through a homo- 
geneous m a t e r i a l  of o t h e r  than  one inch  th ickness  o r  a homogeneous construc-  
t i o n  such a s  a i r  space  expressed i n  BTU/hr. , square  f o o t ,  degree F tempera- 
t u r e  d i f f e r e n c e .  

T I I E W L  CONDUCTXVITY (K;FACTOR): The t i m e  r a t e  of h e a t  flow through one 
squa re  f o o t  of  homogeneous m a t e r i a l  one inch  Chick when chere  is u tem- 
p e r a t u r e  d i f f e r e n c e  of one degree F between t h e  oppos i t e  f a c e s  of t h e  
m a t e r i a l  expressed i n  BTU/hr., square  f o o t ,  degree F per  inch.  

I 

THERMAL RESISTANCE (R): The measure of t h e  r e s i s t a n c e  of a m a t e r i a l  o r  
b u i l d i n g  component t o  t h e  passage of hea t .  The r e s i s t a n c e  va lue  (R) of 
mass-type i n s u l a t i o n s  s h a l l  n o t  inc lude  any va lue  f o r  r e f l e c t i v e  f ac ing .  

TINTED GLAZING: Glazing which s h a l l  be permanently t i n t e d  o r  permanently 
s u r f a c e  coated by  t h e  manufacturer of t h e  g l az ing  m a t e r i a l  and s h a l l  pro- 
v i d e  a maximum shading c o e f f i c i e n t  as h e r e i n a f t e r  s p e c i f i e d .  



TRANSMISSION: In thermodynamics, a general term for heat travel; properly, 
heat transferred per unit of time. 

TRA~~MITTANCE, THERMAL (U FACTOR): The time rate of heat flow per unit area ' 
under steady conditions from the fluid on the warm, side of a barrier to the 
fluid on the cold side, per unit temperature difference between the, two 
fluids . ) 

U FACTOR: The total heat flow through a given construction assembly, air to 
air, expressed in BTU/hr'., per square foot, per degree F temperature difference. 

1 
U =  - Rt where 

Rt equals the sum of the resistance (R) for the individual components of the , 

assembly. U factors shall be calculated according to ASHRAE Methods. 

UNHEATED SPACES: Any space exposed to ambient temperatures and not provided 
with a heat supply capable of maintaining a minimum 'temperature of 50 deg. 

. F. 

VAPOR BARRIER: A moisture-impervious layer applied to the surfaces enclosing 
a humid space to prevent moisture t'ravel to a point where it may condense 
due to lower temperature. 

! .  . .-, ".I  

VENTILATION: The process of supplying or removing air, by natural or . -, . . . ,;ti 
mechanical means, to or from any space. Such air may or may not have been . . 
conditioned. 

WALL SECTION: Cross section of wall arranged'chiefly to reveal conductivity 
characteristics. ,, t $  

. k .  . ',; . . 
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CHAPTER 4 .' 

"U" FACTORS 

' REQUIREMENTS 

Section 1094(e) and 1094(g) of the regulations establish the maximum U fac- 
tors for building sections. Following are the maximum U factors established 

1 

for the building sections listed. Refer to Chapter 1 for the specific require- 
ments of the regulations and the applicability of the following. 

Walls and spandrels 
Ceilings 
Walls and Spandrels 
Ceilings 
Walls (26 to 40 psf) 
walls (over 40 psf) 

,Floors 
Floors 

WHY THE U FACTOR 

0.08 1 7. . q(1nsulation between framing and 
0.05 i L the effects of framing not considered) 

(Insulation not penetrated by framing 
0.06 0*095H or the effects of framing considered) 

(Areas with 3500 0.r less degree days 
and all elements,on construction 
considered) 

0.10 (Areas with 3001 to 4500 degree days) 
0.08 (Areas over 4500 degree days) 

Let us discuss br0iefly the significance of the term, U factor. 

By definition: "U Factor - (is) the total heat flow through a given construc- 
tion assembly, air to air, expressed in BTU/Hr.,-per square foot, per degree 
F temperature difference. 

1 where u. = - 
% 

RT equals the sum of the resistances (R) for the individual components of 
the ass&ably." Thus, the total heat flow is inversely proportional to the 
total resistance of the assembly. 

The objective of the regulations is to conserve energy in new buildings in 
California. The Heat Loss (Q) in any building is a function of its size 
and shape,(areas of floors, walls and roofs), the design temperature and 
the components of the floor, walls and roof. 

The Heat Loss (Q) ,through a particular section of a building is'proportional 
to the U Factor (U), the Area (A) of the section and the Temperature 
Difference (A,T or ti - to) and may be calculated from the formula: 

Q = ~ . ~ . ( t ~ - t ~ )  or,. ..................... (Formula 4-1) 
Q = U - A - A T  ............................... Formula 4-2) 
Note: The formulas used .in this discussion are based upon 

appropriate sections of ASHRAE 1972 Handbook 
of ~undamentals, 



 his calculation is :dot - -required for a residential building which meets the' 
specific requirements of these regulations, but.vould'be needed to substan- 
tiate an alternative .design which is at leaat equivalent in the conservation , , 
of energy. In analyzin~ the terms of Formula 4-1 or.4-2, the Area (A) of 

\ 

the particular surface, (wall or roof) is determined by the architectural 
size and shape of the building. 

It is important to remember that about 90 percent of the total heat loss (or 
I 

gain) in any residential building takes place at the exterior building. 
surf aces. 

The Temperature Difference t i  or AT) is pretty much beyond our control 
as it is based upon the geographical location of the 'building site where 
outsfde temperature (ti) is- a function of the climate. The inside tempera- 
ture (ti) is the constant design temperature as established in Section 1094(j) 
of the regulations. 

Therefore, the most direct way to decrease the neat Loss ( 6 )  is to decrease 
the U Factor of the exterior building sections. In other words, if we lower 
the U Factor, we lower the heat loss. This is the reason these regulations 
specify maximum U. Factors, rather than requiring a heat loss calculation for 
buildings which meet the specific requirements of these regulations. 

WHAT MAKES UP A U FACTOR 

If we look at a typical wall section (Fig. 4-1) we realize that in losing 
heat through the wall, the heat must flow through each of the materials in 
the assembly in turn (series), and the loss of heat is retarded, depending 
on the insulation value (K factor) of the material and its thickness (x). 
The heat flow through a specific material of a specific thickness is known 
as ~onduodanac (C). 

The conductance values for many common construction materials are,listed in 
Table 4-3; and when they are not listed for the actual thickness involved, 
they may be calculated using the K Factor values in Table 4-3 as -follows: 

- K (Btulhr sq ft F) ...................... Formula 4-3) c - -  
X 

where : K = K Factor (Btulhr sq F .in.) 

x = Thickness (Inches) 

In addition to flowing through each of the structural components, heat must 
also flow through three components of the wall (Fig. 4-1) which, retard its 
passage. These are: 

................................. . Inside Air Film (f i) (From Table .4-1) 
Air Space (Ca) (w' thick) ..-........................... (From Table 4-2) 
Outside Air Film (fo) ...........................( FromTable.4-1) 



Every surface exposed to air has a layer of "dead air" clinging to it known 
as the "air film." The air film has insulation properties which vary with 
the orientation of the surface and the reflectiveness of the material 
involved, and the air velocity along the surface. There is a higher insu- 
lat.ion value for an inside air,film than on.e.qn.the outside 'of the building 
as the action of .the wind wipes away some of the outside air film reducing 

. its insulation properties. 

  he insulation value of air films and air spaces is also determined by the 
orientation and the reflectiveness of .the film or air space. Reflectiveness 

. . is', measured by the term "Surface Emissivity" (e) . Most building ,materials 
are dull or dark colored and have e = 0.90. Aluminum foils and glossy white 
surfaces have e = 0.05. Values for air 'films are given in Table 4-1. 

Similarly, air spaces have insulation values which are dependent on their 
orientation, thickness, a.nd reflectiveness. Values for the Conductances (C) 
and Resistances.(R) of air spaces are given'in Tab,les 4-2A, 2B and 2C. 

It is not possible to determine the value of the U Factor by adding up the 
values of the Conductances (C). Instead the U Factor is computed, as in 
electricity by sumining up the reciprocals of the conductances, as follows : 

These terms 1 etc., are known as Resistances (R1) etc., so that: - 
c1 

Substituting in the above: 

1 ................. .......( Formula 4-5) .. u = 
R1 + R2 + R3 + R4 

Many resistance values &ay be take* directly from Tables 4-3A and 4-3s or 
may be calculated from,the R Factors and thicknesses: 

Therefore,. in order to calculate a U  actor, one merely needs to know the 
resistance value (R) of the component or its.K Factor (K) and,its thickness 
(XI 

Again, referring to Fig. 4-1, and using Formula 4-4, we find that the U 
  actor is: 



or, using Formula 4-5: 

u = .  1 = 1 - 
Ri + R1 + Ra + R2 + R3 + R0 Rt 

where : 

1) - 1 = Ri = Resistance of Inside Air. Film (Table 4-1) 
fi . .. . 

2) X-J = .R1 = Resistance of 112" gypsum board (Table 4-3) 

K1 

3) 1 = Ra = Kesistance of 3-112" vert, air space (Table 4-2C) 

C a 

4)' 3 = R2 = Resistance of building paper (Table 4-3) 

K2 

5) 3 = R3 = Resistance, of 718" stucco (Table 4-3) 

K3 

6) 1 = Ro = Resistance of outside air film (Table 4-1) 
£0 

Example: Resistance of an Air Space 

To determine the,Therrnal Resistance (R) of a 4" vertical air space, use 
Table 4-1 and Table 4-2C. 

Step 1 See Table 4-1, Section B. 

Step 2 Select type of surface (aluminum foil, light; building materials; 
etc,): For our example determine the thermal resistance of a 4" 
alr spacr.ln a 2 x 4 stud wall (exterior - stucco with building 
paper; interior - gypsum board). Type of surface will be - 
"building Materials." 

Step 3 Determine Emissivity (E). Both surfaces in the example have an 
emissiviey of .90. Therefore, the effective emissivity will be 
.82. 

I See Tablc 4 - 2 C .  

Step 5 Position of Air Space - Determine position of air space - in our 
example the air space is vertical. 

Step 6 Direction of Heat Plow - If the air space is vertical, the heat 
flow will be horizontal. 

Step 7 Air Space Mean Temperature - For Southern California, a mean tem- 
perature of approximately 50'~ is reasonahle, as is a temperature 

i 

difference of either lo0 or 30°. These two figures will vary 
according to the local climate. Using a mean temperature of 50'~ 



and a temperature d i f fe rence  of 10°.and moving hor izon ta l ly  t o  
t h e  v e r t i c a l  column headed by a value  of E of .82, one a r r i v e s  
a t  a Thermal Resistance f o r  a 4" a i r  space of 1.01. 

Note: Table 4-1 i s  Table 1, sec t ion  E, Page 357, and Table 4-2 i s  
Table 2B, Page 359, both from ASHME 1972 Handbook of ,Funda- 
mentals. 

I n  ca lcu la t ing  t h e  U Factor f o r  the.wall ,shown i n  Figure 4-1, keep i n  mind 
t h a t  a U = 0.08 maximum i s  required and is  equal t o :  

RT = 1 ~ ' 1 2 . 5  u n i t s  
0.08 

FIGURE 4-1 

. '$ . 
Construction . . tZesistance (R)  

1) Ins ide  A i r  ~ i l m '  ( s t i l l .  a i r ,  e = 0.90) , R = , 0.68 

'2) Gypsum Wallboard (112") R1 = 0.45 

3) 3-112" A i r  Space (E = 0.82) Ra - =  1.01 . . ,  

4) Building Paper R2 ' = ; 0.06 
- .  i 

5) 718" Stucco R3 = 0.18 
. . 

6)  ou t s ide  A i r  Film (15 mph wind), , Ro = ' 0.'17 - 



, This U Factor does not meet the regulations so changes to the assembly must 
be made, such as adding insulation in the cavity. By adding R-11 insulation 

i ,  in the stud space, the value of the air space is lost, because the cavity is 
filled with insulation resulting in the following: 

# 

Original Total Resistance RT = 2.55 

Subtract: Air Space 

Add r 

This U Factor is less than 0.08'and meets the requirements of the regula- 
tions. 

'These calculations may be performed with any combination of materials, add- 
ing in or taking out the appropriate R values for the materials. 

It should be noted that most of the regulation is written in such a way that 
it is not necessary to calculate the average U Factor of the wall, taking 
into account the heat flow through the framing members. If it is desired, 
or required by the regula.tion, to consider the effects of 'all elements of 
rhe wall or ceiling construction, including occasional framing members such 
as studs and joists, the principles presented in the ASHRAE Handbook of 
Fundamentals should be used. Figure 4, page 350 of the 1972 ASHRAE Hand- 
book of Fundamentals contains a method for calculating the average U vallle 
adjusted for the effects of framing based on the U value of the insulated 
section, the U value at. the framing and the percentage of framing in the 
sect ion. 

Several commonly used wall, ceiling, and floor assemblies have been' worked 
out and are in Chapter 5. 

It should be pointed out that in the typical wall, ceiling and floor assem- 
blies in,Chapter 5, only the resistance values for permanent building compo- 
nents may be considered in ~alculatin~'~ factors. While other interinr 
coverings such as carpeting, draperies, etc., may provide some insulation, 
there is no reasonable assurance that such non-permanent materials or equip- 
ment will be maintained for the life of the building, and for this reason, 
the value of linoleum or asphalt tile is used in the sample calculations. 



........ Table 4-1. Surface Conductances and Resistances for Air 

All conductonce wluor e x p n c n d  in Btu p r  (hr)  (sq HI IF d.g hmp dim 

. SECTION A. Surface C o n d K t o ~ e a  and Reaiatoncer 11 SECTION B. R&&lvity and b h a ~  Voluea of VO~IOUS Surfocea0 and 
H i b e  b n i a  of Afr Spocar 

S p c a  of uniform thickmu bo+ py m,&n(tly pmmlh surfacen. 
b Interpobtion between f and 4mch ttuck au s vm valuer of conductance %bat am within.= 5.0 percent of the d a b  except for t b m  v d u a  M indiated 

by the tab e of maximum depart- lolloarins T ~ ~ K P  or more precise values. the relerenca should be coasu~bd. 
O laterpoltion. .od moderate a n p o b t i o n .  of conductanw values am permiraible for other valuer of m a n  tempratum. temperature diEemee, and e6mtIw 

em*vity E. Conduotaaae d u a  lor 0,and -60 F mean tamperaturea wem utmpolated from the eq+riprpatal data uain a dimemsiodeu cornlation. 
EEce* ernbiri ty of s-. E. LO Oven by' l / E  - 1/a  + I / n  - 1, where .I and n are the ermsllvltiaa of the su&es  of rhs air .me.  (See Seotio. B of 

Tabla 4 - 2 ~ . .  ... Thermal Conductances and Resistances of .a Planea.b.g Air Space* (* in. Air Spcsce) 

# See test d o n ,  Caution. re BMS 191. 

Reprinted by permission from ASEIRAE Handbook of Fundamentals '1972. 

A*.mgo 
Emiuiviw 

0.05 
0.12 

0.20 
0 2 5  
0.50 

Ethdivo Emiuivity E 
of Ab Space 

Podtian 
of 
Air 

Spa- 

H o k .  

4 5 O  
mope 

Vertical 

4b0 
a b  

Reflectivity 
in Ponwnt 

-- 
92 to 97 
80 to 95 

55 to 84 
70 to 80 
30 to 70 

With one 
wrfoce hov- 

Ing emla- 
Jvity c and 
other 0.90 

0.05 
0.12 

0.20 
0.24 
0.47 

0.82 
(for.winter) 

74 mph Wind 
(for Sum- 

mer) 

S u r f a a  

Aluminum foil, bright. ... 
I Aluminum sheet.. ....... 
I Alurnjnurn coated paper, 

pollshed.. ............ I Steel, galvan@ed, bright.. 

With bolh 
rurfocer of 
mnlaairify r 

0.03 
0.06 

0.11 
0.15 
0.35 

0.82 

MOWXG A!R 
(Any Pos~t~on)  

D i d o n  

Up' 

Up 

Horis. 

Down 
. 

5 to 15 1 0.90 l imph Wind 

Any For ventilated attics or apmcs abovr c a i b g .  under aummcr condition# (best 
flow down see Table 7 ~ o ~ d u c t a o ~ m  &&for ewfacm of the sa tad  emi+vity, focin virtual black-body 
rumounbnsa a t  tbe u m e  temperature as the ambleat a ~ r .  va?ues,are bosed on o 
surface-air tun n t u m  dilTucnce of 10 deg and'for surface t.cmpsntum of iO F. 

See also CKptcr 2,  able 4. 

f. 

Any 

Air 

Mean 
Tamp: 

p 

90 
5 0 '  
50 
0 
0 

-50 
-50 

90 
50 
50 
0 
0 

-50 
-50 

DO 
50 
80 
0 
0 

-50 
-50 

90 
50 
50 
0 
0 

-50 
-50 

R 

S v o n  

Temp 
Diffec 
p deg 

in 
30 
10 
20 
10 
20 
10 

10 
30 
10 
20 
10 
20 
10 

10 
30 
10 
20 
10 
20 
10 

--- 
10 
3 0 .  
10 
20 
10 
20 

-10 

6.000.17 

3 In. 

Thermal Conductance - C 

nonmetallic painta.. 

f. 

Ihkkmsab 

Thennol ReaiatonceC- R 

0.03 

o..43 
0.58 
0.43 
0.55 
0.45 
0.58 
0.47 

0.%3 
0.50 
0.34 
0.4G 
0.36 
0.50 
0.38 

0.28 
0.34 
0.27 
0.31 
0.25 
0.32 
0.24 

0.29 
0.29 
0.26 
0.26 
0.23 
0.25 
0.21 

- - -  
R 

0.82 - 
0.78 
0.78 
0.87 
0.93 
1.08 
1.05 
1.18 

0.81 
0.83 
0.94 
1.01 
1.13 
1.14 
1.93 

0.84 
0.06 
1.01 
1 .lo 
1.88 
1.44 
1.84 

0.84 
1-01 
1.09 
1 . m  
1.31 
1.81 
1.78 

0.05 

0.44 
0.GO 
0.45 
0.56 
0.46 
0.59 
0.48 

0'.36 
0.51 
0.36 
0.48 
0.37 
0.51 
0.39 

0.31 
0.36 
0.29 
0.82 
0.27 
0.33 
0.25 

0.31 
0.31 
0.28 
0.27 
0.25 
0.26 
0.22 

0.03 

8.39 
1.78 
8.33 
1.83 
8.83 
1.73 

- 8 . 1 1  

3.01 
6.06 
8.94 

.8.18 
8.81 
1.99 
8.68 

3.64 
8.96 
3.78 
3.23 
3.98 
3.16 
4.83 

8.61 
3.47 
3.88 
3.8.9 
4.88 
4.05 
4.84 

f. 

Value of Eead 

0 . 2  

0.61 
0.73 
0.59 
0.66 
0.56 
0.66 
,0.55 

--------. 

0.53 
0.65 
0.50 
0.58 
0.47 
0.58 
0.46 -------- 
0.48 
0.49 
0.43 
0.42 
0.37 
0.40 
0.32 

0.48 
0.44 
0.42 
0.37 
0.35 
0.33 
0.29 

Voluo 03 Ed 

0.05 

8 . m  
1.87 
8.83 
1.79 
9.16 
1.71 
O.07 

8.81 
1.95 
8.78 
O . S  
8.71 
1.08 
8.69 

3.W 
8.80 
3.48 
8.10 
3.78 
3.06 

. 4 . M  

9.24 
3 . m  
3.67 
3.85 
4.04 
3.90 
4.83 

0.2 

. i . s 3  
1.37 
1.71 
1.69 
1.78 
1.66 
1.81 

1 
1.64 
8.08 
1.74 
6.13 
1.7E 
2.19 

2.10 
8.04 
8.38 
8 .  
Z.73 
8.61 
3.16 ---- 
8.09 
8 . S  
8.40 
8.87 
8.88 
3.06 
3.& 

R 

0 . 5  

0.96 
1.0 
0.86 
0.86 
0.76 
0.60 
0.70 

'0.87 
0.0'2 
0.77 
0.78 
0.67 
0.72 
0.60 

0.82 
0.76 
0.70 
0.62 
0.57 
0.54 
0.46 

----. 
0.82 
0.71 
0.69 
0.58 
0.55 
0.47 
0.43 

0.5  

1.05 
1.0 
1.18 
1.18 
1.31 
1 .  
1.44 --- 
1.15 
1.09 
1.30 
1 . 9  
1.49 
1.38 
1.87 -- 
1.88 
1 . 3  
1.43 
1.60 
1.76 
1.86 
8.18 

1.61 
1.+41 
1.46 
1.74 
1.82 
8.13 
8.33 

Aluminum pamt.. ....... 
Buildingmateriale: wood, 

paper, glass, masonry, 
. . .  

0.82 

1.32 
1.24 
1.15 
1.07 
0.98 
0.95 
0.85 

1.24 
1.20 
1.06 
0 
0.88 
0.88 0.75 

1.19 
1.04 
0.99 
0.84 
0.78 
0.69 
0.61 

1.19 
0:99 
0.98 
0.79 
0.76 
0.62 
0.58 



Table 4-2B' . . . . Thermal Conductances and Resistances of a Planea.b,a Air Space* 
(f 1 a, and 4 in. Air Space, Heat Flow Down) 

Reprinted by permission from ASHRAE Handbook of Fundamentals 1972. 

Podtion 
of  

, Air 
S p o a  

Boris. 

Table 

Position 
of 
Air 

SF- 

Hork 

45. 
slow 

V d c a l  

45' 
f i ~  

DImdfom 
of 

Hwt 
F l w  

' 

. . 

Down' 

4 - 2 ~ .  . . . . . Thermal Conductances and Resistances of a Plane Air Space* (4 in. Air Spa& 

Air S p o ~  
Ditedion Thennol Conductance - C 

Mean Temp 

f irsporn 

Thermal Resistance* - R 

Value of Ed 

. 
% inch ~ h h b  

Thick- 
nns, 
k 

1% 

0.12 
0.11 
0 
0.08 

0.82 

1.24 
1.17 
1.07 
0.98 
0.89 
0.84 
0.75 

1.21 
1.14 
1.04 
0.93 
0.85 
0.79 
0.71 

1.17 
1.07 
0.99 
0.87 
Q.81 
0.72 
0.67 

1.11 
0.98 
0.83 
0.78 
0.74 

0.03 --------- 
1.94 
2 . 1  
1.88 
8.28 
8.77 
8.17 
8.84 

3.P2 
2.39 
3.18 
8.60 
3.09 

. 8 . 3 9  
9.97 

3.79 
8.74 
3.89 
8.98 
8,6@ 
8.89 
9.46 

4.84 
8.81 
4.79 
3.98 
4.87 

Temp.L Diff,c Value of F * 
F F deg 

0.03 1 0 . 0 5  0.2 1 0.5 
I 

1 0 8 8  
0.89 1 O R  

GP 0.75 
0.67 
0.68 / 0.00 

Meon 
Temp, 

F - - .  
90 
50 
0 

-50 

90 
50.  
0 

-50 

UP 

Rqrir 

D o n  

- 
-50 

, 

Thermal Conductance - C 

Value of E 

0.30 
0.25 
Oi10 
0.15 

9.08 
10.7 
18.4 
14.0 

0.03 

0.28 
0.26 
0.23 
0.21 --- 
0.17 
0.16 
0.14 
0.12 

T h m o l  R . J d o n a  - R 

' Value of e 

3 . a  
4.09 
6 . a  
6.67 

8.08 
8.94 

10.1, 
18.3 

0.82 

0.80 
0.86 
0.94 
1.09 
1.18 
1 .N 
1.33 

0.8$ 
0.88 
0.M 
1.08 
1.17 
1 . ~  
1.41 

0.91 
0.84 
1.01 
1.18 
1.B4 
1 . S  
1.60 

0.80 
1.H 
1.08 
1.97 

::g / ::g 
e9.24 1-87 : 1 : 1 3 . 8  4 . m  

90 
50 
50 
o 
0 

-50 
-50 

90 
50 
50 
0 
0 

-50 
-50 

90 
50 
So 
0 
0 

10 

0.64 
0.52 
0.30 
0.29 

0.5 

1.14 
1.13 
1.89 
1.33 
1.48 
1.46 
1.66 

1.18 
1.17 
1.34 
1.40 
1.67 
1.66 
1.79 

8 
1.M 
1.45 
1.63 
1.89 
1.18 
1.96 

1.84 
. 1 . 4 4  

1.67 
1.76 

8.98 
3 . m  

0.05 1 0 .2  

: 1 : 1 : 1 : 
0.22 0.23 0.30 0.45 

0.05 

0.31 
0.28 
0.25 
0.22 

0.19 
0.17 
0.15 
0.13 

1.01 
0.81 
0.61 
0.45 

0.03 

3.68 
3.80 
4.88 
4.84 

6.88 
8.41 

' 7 . 1 8  
8.83 

1.68 
1.91 
9.64 
5.40 

1.76 
1.06 
8.73 
8.21 
8.87 
$3.19 
D.67 

I - - - - - - -  
3.00 
9.89 
9.00 
e.48 
8.97 
e.39 
8.89 

9 .U 
9.88 

: 
: 
9.94 

4.98 
3.99 
4.4l 
9.73 
4.39 

10 
30 
10 
20 
10 
20 
10 

10 
30 
10 
20 
10 
2% 
I0 

10 
30 
10 
20 
10 

0.2 

8.08 
8.39 
8.88 
3.48 

8.78 
3.81 
3.97. 
'4.9s 

0.05 

3.86 
3.66 
4-04 
4.83 

6.84 
6.74 
8.69 
7.63 

0.89 
1 . n  
1.86 
9.84 

1.87 
1.61 
1.99 
1.81 
8.11 
1.84 
8.18 

1.98 
1.71 
8.19 
1.86 
e.48 
8.00 
C.40 

8.18 
1.94 
1.34 
. 
4 6 6  
I.36 
8.70 

8.60 
8.33 
8.76 
8.71 
3.06 

. 0.2 

0.48 
0.42 
0.35 
0.29 

0.36 
0.31 
0.25 
0.20 - 

0.31 
0.43 
0.31 
0.40 
0.32 
0.42 
0.34 

0.27 
0.36 
0.27 
0.34 
0.28 
9.35 
0.29 

0.21 
0.28 
0.21 
0.26 

0.5 

1 . 1  
1.44' 
1.88 
8.33, 

1 
.1.71 
1 
Q.90 ---- 

0.5 

0.82 
0.69 
0.55. 
0.43 

0.71 
0.59 
0.45 
0.34 

0.82 . 

0;84,,1 
1.M.r 
131  

81.78 

0.93 
1.14 
1.60 
8.W 

0.33 
0.45 
0.33 
0.41 
0.34 
0.43 
0.35 -- 
0.29 
0.38 
0.29 
0.35 
0.28 
0.30 
0.30 

0.23 
0.29 
0.23 
0.27 

0.82 

1.19 
0.98 
0.76 
0.58 

1.07 
0.88 
0.67 
0.50 

0.51 
0.58 
0.47 
0.51 
0.44 
0.50 
0.42 

0.46 
0.52 
0.43 
0.45 
0.39 
0.43 
0.37 

0.40 
0.43 
0.36 
0.37 

0.85 
0.85 
0.74 
0.71 
0.04 
0.64 
0.56 - 
0.81 
0.78 
0.70 
0.05 
0.59 
0.57 
0.51 

0.74 
0.70 
0.64 
0.67 



ble 4-3A. . . . . . Conductivities, Conductances, and Resistances of Building and Insulating Materials-(Design Valu& 
- - -  . - 

(For lndudriol Indation Design Valwa, m ToMe 38) 
Them condank am e x p r e d  in Btu per (hour) (square foot) (Fahrenheit dogroo tempamturn difference). ~onductkiticr {kj inch thickmu, ond " 

conductoneor (C) ore f w  thiclrmu or condrvction stated, not per inch thickmrr 

Material 

BUILDING BOARD8 
BOARDS, PANELS, 
SUBFU)ORINQ, 
SHEATHING, 
WOODBMED PANEL 
P R O D U ~ ~  

Dasription 

BUILDING PAPER 

Asbestoscement board. . . . . . . . . . . . . 
Asbestoscement board. . . . . . . . . . in. 
Asbe3toswnient boa* . . . . . . . . . !n., 
Gypsum or plaster board. . . . . . . . # m. 
G sum or plaster board. . . . . . . . ) in. 
~Pywood . . . . . . . . . . . . . . . . . . . . . . . . . . 
Plywood. . . .. . . . . . . . . . . . . . . . . . . f in. 
Plywood. . . . . . . . . . . . . . . . . . . . . . t  jn. 
Plywood. . . . . . . . . . . . . . . . . . . . :. ) In. 
Plywoqd or wood panels.. . .. . . . : .$ in. 
Insulating board 

Shea tbg ,  regular density. . . . . i  in. 

Denu'ty 
(Lb per 
Cu H )  

- - -.... in. 
s p s a t b g  in t e -h t e  amity!! in. 
lad-baw shea tbg .  . . . . . . . . . . ) in. 
Shingle backer :. . . . . . . . . . . . . .# in. 
Shingle backer. . . . . . . . . . . . in. 
S?und deadening board.. ,. . : : 9 in. 
Tile and lay-in panelj, phln or 

acoustic. . . . . . . . . . . . . . . . . . . . . . . 

Mean 
Temp 

F 

. . . . . . . . . . . . . . . . . . . . . t i n .  

. . . . . . . . . . . . . . . . . . . . . .  ~ n .  
Laminated paperboard. . . . . . . . . . . . 
Homo eneous board from 

repiped paper.. . . . . . . . . . . . . . . . 
Hardbprd 

JIedium density siding. . . . . . . & in. 
Other medium density. . . . . . . . . . . . 
High de~~sity,  service temp. service, 

underlay . . . . . . . . . . . . . . . . . . . . . .  
High density, std. tempered. . . . . . . 

Particleboard 
Low density. . . . . . . . . . . . . . :. . . . . . 
Medium density.. . . . . . . . . . . . . . . . . 
High density.. . . . . . . . . . . . . . . . . . . 
Underla rnent.. .. . . . . . . . . . . . $ in. 

Wood subimr . . . . . . . . . . . . . . . . . f  in. 

Reprinted by permission from ASHRAE Handbook of . . Fundamentals 1972. . 

18 75 
18 75 
30 75 

30 75 

40 75 
50 75 

33 75 
63 75 

37 76 
50 75 
62.6 75 
40 75 

75 -- 
Vapor-permeable felt. . . . . : . . . . . . . . 
Yapor-seal, 2 layem of mopped 
15 Ib felt. . . . . . . . . . . . . . . . . . . . . . . 

Vapor-senl, plastic film.. . . . . . . . . . . . 

Sdc 
Hoot, 

8)v p.r ub) ( ~ ~ ~ ~ 1  

Conduc- 
tivity 

(k) 

~es i r toRc.~  ( R )  

75 

- 75 
- 7.5 

Canduct- 
a m  

' (C) 

. 
Per hch 
t h i c k m ~  

( I / k )  

For thick- 
nor* lidd 

( l / C )  



Table 4-3A. ........ Conductivrties, Conductances, and Resistances of Building and Insulating Materials- 
(Design Values). (Confinuad) 

Carpet and fibrow pad.. ............ ............ Co t and rubber pad.. 
Cor T tile.. ................... .tie. 

FISISH 
FLOORISG 
.\t\TERIAIS ..................... I Temuzo. 1  in. 

T i l ~ s p h a l t .  linoleum, vinyl, rubber. 

l l i ~ w n l  Fiher, fibrous form p r o d  
from rock, slag, or glass 

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

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

.............. appnx.. 5+6) in.. 

75 
75 
75 - 
75 
75 
75 

75 

75 

75 
75 
iii 
"- 
13 

75 
75 
55 

75 

75 
75 
75 

75 
75 
75 
, . .> 
13 - 
75 
a .  -. 
13 
75 
75 

75 
75 
75 
75 
75 
75 
95 

- -- 

Cellular g b .  ..................... 
GLPs fiber o aic bonded.. ........ 
~xparded ;ub% (rigid). ............ 

p-ne m d d ,  
plaia ........................... 

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

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

........... a m  or mof ind.tion. 
A~)&orl tile .................... 
A m d a l  tile... ................. 

M i d  Bberbprd, r s t  moldad 
Aoo&crl tile.. ................. 

Wood or --fiberboard 
Acoustacal11~.. ... ,. ........ 
Awustiod ti]@. .............. 

.......... Interior @lank, tib) 
Insul~ti~lq roof deck 

Appromrrr~tely ............. . I  ) in. ............. Apptoxh~tdp.  - 2  in. 
Appruxbmtely.. ............ .3 in. 

.Wood shredded (amantad in 
p r i f u r d  dsln). ................ 

Callulaw insulation (milled paper or 
wood pulp). ..................... 

hndust UP bhlvinge. ............... 
Wood fiber, aofhroods.. ............. 
QeetkAa$tjed.-; ..&. ;._ ...&. .... 

appnu:D iu... ................... 
appm.* 4) in.. .................. 
appmn.. 6 in.. .................. t appmx.. 7, in.. .. .: ............. 

Silicp.azrpgel ................. ;. .... 
VermtcuLta (expanded). ............ 

Preformed, for use above deck 
Appmsimately ............... ) in. 
Appmx+tdy.. ............ . l  jn. 
Apprs?omkly.. ........... . l )  ru. 
Appmximately.. ............ .2 in. 
Auvmxirrmtaly.. ..........; .9 j  in. 
Ap mximatcly.. ............ :3 in. 

ceuU&r gJaa. ..................... 
................... >14SO?;RY Cement mortar.. 116 

MATERIALS C>psu=fiber concrete 87)% gypsum, 
................. C o s c m  12fro.woodchips 51 

Lightwe1 ht -tea including ex- 120 
pandecfshak, day or slate; expanded 100 
slags; cinders; pumice; vtnniculite; SO 
nLw d u l a r  coneretcs 60 

40 
30 

! 20 0.70 

iteprinted by pe lmiss ion  from ASHRAE Handbook o f  Fundamentals 1972 



MASOSRY UNITS 

Table 4-3A. ...... Conductivities, Conductances, and Resistances of Building and Insulating Materials- 
(Design  value^)^ (Continued) 

. . . . . . . . . . . . . . . . . . .  Brick,  common^. 
Brick, face'. . . . . . . . . . . . . . . . . . . . . . . .  
Clay tile, hollow: 

l' cell deep.. . . . . . . . . . . . . . . . .  . 3  in. 
1 cell deep.. . . . . . . . . . . . . . . . . .  .4 in. 
2 cells deep. . . . . . . . . . . . . . . . .  .6 in. 
2 cells deep. . . . . . . . . . . . . . . . .  .8  in. 
2 cells deep. . . . . . . . . . . . . . . .  .10 in. 

. . . . . . . . . . . . . . .  3 cells deep. .12 in. 
Concrete blocks, three oval core: 

Sand and gravel aggregate.. .. .4 in. 
. . . . .  Sin.  . - ... .12 in. 

Cinder aggregate. . . . . . . . . . . .  .3  jn. 

Drnrily 
(Lb per 
Cu Ft) 

MASONRY Sand and eravel or stone aggregate 

. . . . . . . . . . . .  . 4  in. 

. . . . . . . . . . . .  .8 in. 

........... .12 in. 
Li htweight a gregate 3 in. 

?expanded sfale, clay, slate 
or slag; pumice) S in. 

12 in. 
Concrete blocks, rectangular core., .. 

Sand and gravel a gregata 
2 core, 8 in. 36 kk. . . . . . . . . . . . .  

. . . . . .  Same with filled cored.. 
Lightwei h t  aggregate (expanded shale, 

clay, skate or sla , purmce): 
. . . . . . . . . . . . . .  3 wre, 6 in. 197b.~. 

Same with filled cores'. . . . . . . . . .  
2 core, 8 in. 24 Ib.k. . . . . . . . . . . . .  

. . . . . . . . .  Same with filled cores'. 
. . . . . . . . . .  1 3 core, 12 in. 38 lb.k.. 
.......... Same with Wzd coresl. 

. . . . . . . . . . . . . . . .  Stone, lime or sand. 
Gypsum partition tile: 

. . . . . . . . . . . .  3 X 12 X 30 in. solid. 
3 X 13 X 30 jn. 4-ceU.. . . . . . . . . . . .  

. . . . . . . . . . .  4 X 12 X 30 In. %cell.. 

Conduct- 
once 
(C)  

- 
- 
, - 

METALS I (See Chapter 30, Table 3, 1972 ASHRAE Handbook of ~undamentals) I 

M w n  
Temp 

F 

-- 

PLASTERING 
MATERIAIS 

Condue- 
tivily 

(k) 

MATERIALS (oven dried). . . . . . . . . . . . . . . . . . . . .  140 
COYCRETES Sand and gravel or stone aggregate 
(Continued) (not dried). . . . . . . . . . . . . . . . . . . . . .  140 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Stucco 116 

Rsdatond ( R I  sp.clflc 

Cement plmter, sand aggregate. . . . . .  
Sand aggregate. . . . . . . . . . . . . . .  f in. 
Sand ag regate.. . . . . . . . . . . . .  . 3  in. 

G sum p L t e t :  
Eghtweight aggregate. . . . . . . .  ) in. 
Lightweight aggregate. . . . . . . .  # in. 
Lightweight agg. on metal lath. 3 In. 
Perlite aggregate. . . . . . . . . . . . . . . . .  
Sand aggregate.. . . . . . . . . . . . . . . . .  

. . . . . . . . . . . .  Sand aggregate.. .A in. 
Sand aggregate.. . . . . . . . . . . . .  . %  In. 
Sand aggregate on metal lath. . ?. in. 
Vermiculite qgregste .  . . . . . . . . . . . .  

9.0 

12.0 
5.0 

Per inch 
thicknru 

k 

0.11 

0.08 
O.le0 

ROOFISG 

- 
H w t ,  For thick- 

per near l iatd deO) 
( J / C )  ---- 
- 
- - 

SIDING I i 
XIATERIALS 1 s h s t o e e n t . . . .  . . . . . . . .  1 120 4.76 1 - L 0.21 

. - (On FLAT SURFACE) \rood, 16 in., 74 exposure. . . . . . . . .  : 1.1.5 I . -  0.87 0.31 

. . . . . . . . . . .  Aebestos-cement shingles. 
Asphalt, roll roofing. . . . . . . . . . . . . . . . . .  
Asphalt shingles.. . . . . . . . . . . . . . . . . . .  
Builbup roofing. . . . . . . . . . . . . . .  .i in. 

-- . -.- ..-..-- 
leprinted by p e r m i s s i x m  ASHRAE Handbook of Fundamentals 1972, 

120 
TO 
70 
70 

Slate.. . . . . . . . . . . . . . . . . . . . . . . . .  ) in. - 
Wood shingles, plain n plastic film 1 

. . . . . . . . . . . . . . . . . . . . . . . . .  faced.. I - 



.... Conductivities, Conductances, and Resistances of Building and Insulating Materials- 
Table 4-3A (Design Values)B (Concluded) 

I 

Moterid Description 

SIDING. 
MATERIALS 
(0s FLAT SURFACE) 

- - . -- - - - - - 

\Trood, double, lBin., Gin .  exposure j 
\\'ood, plus insul. backer board. fg in. ; 

Siding I 

Asbestoscement, t in., lapped.. . . . .  f 
. !  . . . . . . . . . . . . . . .  Asphalt roll siding. 

Asphalt iusulating siding (f in. bd.) ; 
Wood, drop 1 x 8 1n.. . . . . . . . . . . .  I 
Wood, berej, 1 X 8 in., lapped.. . .  1 
. 'ATood, bevel, 3 X 10 in., lap d 
wood, plyrood, t In., lapp$. : : : : ) 
Aluminum or Steel=, over sheathing f 

Hollow-backed.. . . . . . . . . . . . . . . .  i 
' Insulating-board backed n o m i d  . 

$ i n  ........................... 
Insulating-board backed nominal 

j in. fod backed. ............... 
................ Arcbitectud g h . .  

! 
I Denrify 
; ( lb  p r  
I CuFf) 
! 

- - 

WOODS 
, . 

Maple, oak, and similar hardwoods. .. 
Fir, pine, and similar softwoods. ..... 
Fir, pine, and, 6 i a r  wftcRds. . .  in. 

. .1  t in. 

Mean 
Temp 

F 

. . z j  b. 

. .31 in. 
- -- 

Nokr fa Table 4-3A 
Ibgrasntat i re  vduss for dry nhatuinla is dated by the ASHR.4.E .Committee 2.4 on Iosubtion. They are intended M d&' (not -tion) values fir  

matermla of b u i l b g  constructaon m normal uee. For oonduct~vlty of a part~cular product, the uw may ohtam the V ~ I K  m p p M  by the manufacturer or m u r e  the 
neults of u n h h d  tests. 

R e t a n c e  valuw &the rseipraals of C before rounding oE C to two dccimal places. 
0 Ses .lao Inadsting Materials Board. * Includcs pqpcr +itinn and (Ling if any. In c a w  r h w  the insulation forms a boundary Olighly rcflcctive or othariaise) of an air space, refer to Tables 1 and 

2. to oblain the ~nsulatmg value of alr space for the appropnate effective emssirity and temperature conditione of the space. 
Conductirity -ria alm yi th 6+ +meter: See nlm FacLors Meeting Thermal Conduct.ivity and Fig. 1,Chapter 17. Insulation is produwd by diUerent 

ddtisa. therefore. them 13 a arde vanatlon in thickness for the same R-value k t r e e n  vanoru manufacturers. Eco c.Eort should lm made to  relab any spscSo R- 
value to m y  specific thickness. The wmmarcial thicknesses generally available range from. 2 to 7 in. 

f TbQe a n  valued for eged board atoek. For d+ussion on the change in anductivity with age of Refrigrrnt 11 aqknded urethane sse C h p t a t  17. Facton 
ABecting Tbumal Conductrvitp. 

I o d a t i n g  valuas of rcoustical tile vary depending on dsPsity of the bard and on tbe type, s k ,  and depth of the perforations. An swap e o n d ~ t i v i t y  k wlue 
is 0.40. 

The 0.5. -at of C;ommacs. Simptie Roclice -mcndotion !or Thermal Cadudonaa Factors for Perfamed Ab&k Roof I n d d i a ,  No. 
R 257-56. rseogpu- the spec16ca*1on of mof lnsulat~on on the baars of the C value + o m .  Roof insulation,is made in tpielmaaks ta meet thsss ~ l l u e a .  Thuafore, . 
thiJrPas ~ p p l l d  by diaerrnt manufact- may vary dependmg on the conductlnty k value of the part~cular matenaL 

Face brick and common brick do not always have theae spsi6c densities. m e n  the density is die-t from that shorn, the& ail) be s in thr thnrm.1 
wnductivity. 

j Lnts on rst.npulsrcore eonmete blocks diftue from the above data on om! core hlocka due. to core rmn6guration. diaetcnt m- tam-tuns and possibly 
diti-es in unit weights. Weight &La on the o w l  core blocks tested is not arailable. 

Conduc- 
tivity 

( k )  

k W c i g h ~  of u n i t s ~ ~ ~ r o x i x i a t e l ~  7t  in. high and 1st in. long. Theae rcipbra are given 8s a msnns of dascribing the.blocks W, but aonduot.nas valued am 
dl for ow .quare foot of area. 

I Vermiculite, perlite or mineral wool hulation. Where insulation is uped vapor barrien or other ~,rso)utions must be eonsidered % keep insulation dry. 
Vduss for metal udmg a plied over flnt surf- vary mdely d,epen+g u p q ~  the am,ount of ventllatton of air~pace beneath t h q m b ~  whether the .pace u reflective or  nonreflee!ive, anaon the thickness, type, and npphcat~on of lnsulatpg backmg-board used. Valuee even are av laten ed for uk DO dangn w d e  

.nd were obtamed from eeversl guarded hotbox tub (.9ST31 C236) on, nollow-backed typed and on t- made =ka-board of rood-fiber, foamed 
p l ~ t i c ,  m d  gtss fikr. Departures of f 50 percent. or more. from the vnluu mren may occur. 

. Reprinted by permission from ASHRAE Handbook of Fundamentals 1972. 

Table 4-3A ... Supplement 
Resistance (R) 

Ma tcrial Deecripef on tor thickness listed 

Conduct- 
once 
(C) 

Wood Roofing Assemblies Shingles (% in. avg. butt thickness) 0.94 

(Resistances listed are Tapered medium shakes with 30 lb. felt 1.15 
for the total assembly) shingled between each course. (518 in. 

avg. butt thickness) 

Resirtoned (R) ( specific Heot 

Tapered heavy shakes with 30 lb. felt 
shingled between each course. (1 in. avg. 
butt thickness) 

4- 12 

Per inch 
fhickne~r 

(1/k) 

For thick- 1 Btu per .> 

o;;.;;)d f,b) (F 



Table 4-38.. . . . . Thermal Conductivity'(&) of Industrial Insulation (Design Value* (For Mean Temperatures Indicated) 

j a Expnrad  In B k  p r  (hour) ( q u o n  f w t )  (FohmnMt d o g m  hrnpmtvm d i f f o m n ~  per in.) 

Ac- 

rypical Typical C o w  k. of Mean Tamp F 

Fern Mohriol (Cornpoution) 

BLAXKETS MINERAL FIBER 
& FELTS Rock 3La . or GI?) 

blankit. &fetal Ranforced 1200 0-12 
lo00 2.54 

Mineral Fiber GLssg 
Blanket ~lexible FinbFibar 350 . 0.85 

or& ~ o n d e h  0.75 
1.0 
1.6 
2.0 
3.0 

Blanket Flexible, Textile-Flbar 350 0.85 
or-c ~ o n d e d  0.75 

1.0 
1.6 
3.0 

Felt. Semi-Rigid Organio Bbnded 400 
8.50 
1200 7.5 

BLOCKS ASBESTOS 
BOARDS'& Laminated Asbestos Paper 700 30 
PIPE Corrugated & &amhated Asbestos 
INSULATIOH Pa er 

ZPlY 300 11-13 
SP~Y 300 15-17 
SPIY 300 ~ s e o  

MOLDED AMOSITE & BINDER 1500 15-18 
057 MAGNESIA 800 11-12 
C A ~ I U M  SILICATE 1200 11-13 

1800 12-15 ' 
CELLULAR GLASS 800 9 
DIATOMACEOUS SILICA 1800 21-22 . 

1900 23-25 
MINERAL FIBER 

Cbas 
. 0 r d c  Bonded, Block and Boar& 400 

Non-Punkiqg B~nder lo00 
Pipe Insulntron. slag or glass 350 

500 3-10 
Inorganic Bonded-Biock ,1000 10-15 

la00 15-24 
Pipe I ~ u l a t i o n  slag or glass lo00 10-15 

MINERAL FIBER 
Reain Binder 15 

Ri d Pol 
@truded%?exp 170 
Extruded, R12 up 170 
Extruded . 170 
Molded Beads 170 
Polyumthan@ 
R-11 exp 

RUBBER Ri 'd Foamed 150 4.5 
V E G E T A B ~ &  . ~ I M A , L  FIBER 

\Vml Felt (Papa Insu!atlon) 180 20 

INSULATING MINERAL FIRER 
CEMENTS Rork Slag, or Clara) 

&/ t i  kolloldal Clay Binder 1800 24-30 
Wrth Hydraulic Settmg Brnder 1200 30-40 

LOOSE FILL Cellulose insulation Mllled pulverbed 
paper or wood pulp)' 2.- 

Mlnerai f ibr ,  slag, rook or glass 
Perlite (expanded) 
Siliaa aerogel 
Vermiculite (expanded) 7-8.2 ' 

Representative values for dry materials as selcctd by the ASHRAE Tshnical Committee 2.? on Insdotion. They are intended.83 design Inot sp~ificatibn) 
values for materials of building construc!lon for normal use. For the thermal rwutaoce of 8 ~ar tou la r  product. the user may obtarn the ralue supplled LY the 
manufacturer or secure the results of unblased tests. 

These temperatures are generally accepted as maximum. When operating temperature approaches these limits the m a n u i a c t u r e r ' ~ ~ o r n m e n d n t i ~ n ~  should 
be followed. ** T h e e  are values for nged board stock. For discussion on the: change in conductivity u.ith ngc of Refrigerant I 1  expanded uretbae  xs s-tion on Factun 
ARectina Thrrnlal Conductivity, Chapter 17. 

Reprinted by permission from ASHRAE Handbook of Fundamentals 1972. 



Table 4 - 3 ~ .  . - .- . Coefficients of Transmission (U) of Windows, Skylights, a n d  Ught Transmitting Partitions ' 

Bbr per (hr)  (q HI (F 0.8) 

PART A-VERTICAL PANELS (EXTERIOR WINDOWS, SUDING PATIO PART B--HORIZONTAL PANELS (SKYUGHTS)---Fur G U S ,  
DOORS, AND PARTITIONS)-fLAT GLASS, G U S  BLOCK, AND GLASS BLOCK, AND PLASTIC BUBBES 

PWTlC SHER 

See Part C for adjustment for vnrious window and aiicling pntio door types. 
b Double and tri le refer to the number 01 lights of glass. 

Coating on eider d~as surface facing air space; all other dasr s w f l r e  

u m f ~ e u i o n a  are nominal. 
For heat flow up. 

f For hest Bow d m .  
8 Based on area of opening. not total surface area. 
b Refen to windows with neplimble o q u e  area 
8 Vnlue becom- 1.00 when srorm sad ir spaeratad from prime aiadow by 

a thermal break. 

E x t e r w  
Description Interior 

Winter Summer 

Flat  Glass 
@ k b  d-9 
insulating ~ o u b l e b  *. in. air space 

" .  +r space 
in. rur space 
In. alr apace, low 
e e q t y  coatin 
e,U = 0. d 
emrsnvlty = 0.40 
emissivity = 0.60 

ins+tinp &ss-tripleb 

t m. au spaces 
in. nit spn- 

storm windows 
1 i n . 4  in. air space 

Glass Blockd 
6 x 6 X 4 in. thick 
8 x 8 x 4 in. thick 

-with cavity divider 
12 x 12 X 4 in. thick 

-with cavity divider PART C-ADJUSTMENT . FACTORS FOR VAWOUS "WINDOW AND 
SllDlNG PATIO DOOR TYPES (MULTIPLY U VALUES IN PARK A 

AND B BY THESE FACTORS) 

Dedptiocl 

Flnt Glass 
single glsJs 

i n s ~ ~ t i n ~ ~ o u b l e h -  . 
in. u r  space 

jn. &r space 
~ n .  alr space 
in. air space, low . . i" 
emissivlty coating. 
smissivity P 0:20 
e n k i v i t y  0.40 
ernissivity 7 0.60 

Glass Blockd 
11 X 11 X 8 in. thick with 

mvlcy dldder . 
12 X 12 X 4 in. thick with 

cavity divider 

Plastic Bubbles 
single d e d  
do~thle w d e d  

12 x 12 X 2 in. thick 

Single Plastic Sheet 

1.13 

0.69 
0.65 
0.58 

0.38 
0.45 
0.52 

0.47 
0.36 

0.56 

0.60 
0.56 
0.45 
0.52 

Reprinted by permission from ASHRAE Handbook of Fundamentals 1972. 

Deuription 

- - - 
\\'indows 

AN Glass5 
\Vod Ssh--liO% Gloss 
\\'ood sadh--00% NLWS 
.\fetid + h - , ~ ~ ~  GLIM 

Sliding Pstto Doors 
\irood Fr~me 
Metal Frsme 

Intsrbr* 

0.95 

0.62 
0.5Q 
0.56 

0.30 
0.45 
0.50 

0.41 

0.42 

- - 

Lt* 

1.M 

0.64 
0.61 
0.56 

0.36 
0.44 
0.50 

0.45 
0 

0.54 

0.57 
0.54 
0.46 
0.50 

W t W  

1-22 

0.75 
0.70 
0.66 

0.46 
0...53 
0.60 

0.53 

0.61. 

1.15 
0:70 

0.73 

0.51 
0.49 
0.46 

0.32 
0.38 
0.42 

0.38 
0.30 

0.44 

0.46 
0.44 
0.38 
0.41 

-- 
1.00 1.00 1.00 

Summerf -- 
, . 

0.83' 

0.19 
0.46 
0.44 

0.31 
0.36 
0.40 

0.35 

' 0.34 

0.80 
1 0.46 

0.90 I 0.9.; 
0.m 
1 .  I 2 
0.95 I 1 1.00 
1-00 11.10 

0.90 
0.N 
1.m 

- - 



TYPICAL ASSEMBLIES 

i 

. - -,. - SCOPE ' . . b ,' - 
(.. . . 

The purpose of this chapter is to provide the Building Official and Designer 
 with'"^" Factor data relative to some of the more typical wall, ceiling, and 
floor assemblies used in residential construction in California. Resistance 
values used herein,are taken from tables in the ASHRAE Handbook of Fundamen- 
tals (1972) reproduced in Chapter 4 of this inanual. 

6 .  

' . 
While it 1s impossible to depict every conceivable type of construction', - -  
these assemblies are representative of those commonly in use. Minor ~aria- 
tions in thickness of materials or changes in materials can be taken into 
consideration using the technique outlined -in Chapter 4. 

In mast cases;these assemblies are organized so that the'"Insu1ation Re- 
eistance Required" to meet the standard is shown in the righthand column. . 
It is anticipated that plans submitted for approval will show eectional 
drawings of the proposed construction assemblies with the type and R value 
of the insulation clearly described. The plan checker should thus be able 
to quickly determine that a proposed "typical" construction assembly con- 
forme to , . the regulations. . . 

. .. . . 
. . . . 



VALL 5 ZCTIOM 

1. Interior 

2 .  112" gypsum 0.45 

5. Exterior 
air film . 

CONSTRUCT ION 

1. Interior 

,wallioard 

3. Air space* 

4.. Wood sh'ingles 0'. 87 

5. Exterior 

*No credit given for air space 





WALLS 

G 
Ch 

. 

* 

WALL SECTIOY 

5 
U =0.16** 

% = 6.25 

**Note: Wall 
weight greater 
than 40 lbsl 
sq ft; less 
than 3500 
degree days. 
See page 5-14 
for other 
conditions. 

6 
p = 0.16 ** 
RT = 6.25 

**Note: Wall 
weight greater 
than 40 lbsl 
sq ft; less 
than 3500 
degree days. 
See page 5-14 
for other 
conditions. 

TNSULATION * 
RESISTANCE 
REQUIRED; Ri 

4.47* 

3. OO* 

MSIC WALL WITH %" 
GIPSUPIWALLBOARD + ***STRUCTURAL - - R 
IFTERIOR FINISH 

CCNSTRUCTION R 
1. Interior 0.x8 

a x  film 

2. S" gypsum 0.45 
wal lboard 

3. Insulation --- 
required 

4. Structural *** 
wzll 

5. Exterior 0.17 
air film 

R = 1.30 

CO%STRUCTION R 
1. Interior 0.68 

air film 

2. %" gypsun! 0.45 
wallboard 

3. Insulation --- 
required 

4. Structural *** 
wall 

5. Exterior 0.17 
air film 

R = 1.30 

WALL 

6" Structural 
concrete (R=0.48) 

3-314" common brick 
2-114" grout, 3-3/4" 
common brick (R=1.95) 

*If the insulation is penetrated by furring, the 
effects of the furring must be considered. 

1.78 

3.25 

8" concrete block (100 
pcf 
Grouted cells (140 pcf) 
Vertical at 32" O.C. 
Horizontal at 48" O.C. 

Other cells filled ~ 2 t h  
vermiculite, R=2.13/in 
(R12.51) **** 

8" concrete block (120 pcf) 
Grouted cells (1,40 pcf) 
Vertical at 24" O.C. 
Horizontal at 48" o.c. 

Other cells-no insulction 
(R11.30) **** 
*If the insulation is penetrated by furring, the 
effects of the furring must be considered. 

**** See Page 5-11 for calculation method. 

3.81 

2.60 

2.44* 

3.65* 



FLOOR SECTION FLOOR COMPONENTS 

CONSTRUCT ION 

1. Interior a ir  film 

2 .  5/16" particle board 
and linoleum 

3. 518" plywood subf loor 

4.  Exterior air  film 
( S t i l l  a ir ,  heat 

1. Interior a ir  film 

2. 5/16" particle board 
and linoleum 

3.  2x6 Subf loor 

4 .  Exterior air  film 
( S t i l l  a ir ,  heat 

Heat flow down 

FLU ?IS 



FOR INSULATION REQUIREMENTS FOR SLABS OP1 GRADE 

SEE TABLE NO. 17-D 03 'IHE REGULATIONS 



1. Interior air film 

2. Linoleum on building 

3. 3" Concrete 

4 .  Insulation required 

5. Exterior zir film 
(Still air, heat flow 

1. Interior air film 

2. Linoleum on building 

3. 1-112" lightweight 
concrete 

4. 518" plywood subfloor 
5. Insulation required 
6. 4" dead air space 
7. 518" gypsum wallboard 
8. Exterior air film 

(Still air, heat flow 

FLOORS 



FLCSRS 

FLOOR SECTION 

, 7 ,  
A 1 1  SPAC'. 

FLOOR COMPONENTS + AN11 U and RT U 

A CONSTRUCTION - R 

1. I n t e r i o r  0.92 
a i r  f i l m  
( S t i l l  a i r )  

I 

A -Kraft  paper  - b r i g h t  aluminum 
f o i l  bo th  s i d e s  

B -Kraf t paper  - b r i g h t  aluminum 
f o i l  top  s i d e  

C -Kraf t paper - b r i g h t  aluminum 
f o i l  bottom s i d e  

INSULATION (NON-MASS TYPE) 

EXTERImIR SURTACE 

I( CONSTRUCT ION - R 

4 .  4" r e f l e c t i v e  8.94 
a i r  space 
(E f f .  E=.35, 
Heat f low down 

5. Ex te r io r  a i r  4.55 
f i lm ,  r e f  l e c t i v z  
( S t i l l  a i r ,  
h e a t  f low down, 
e=. 05) 

Ri:-13. 49 

B CONSTRUCT ION R 
4. 4" r e f l e c t i v e  8.34 

a i r  space 
(E f f .  E= .15 ,  
h e a t  flow down) 

1 5. Ex te r io r  a i r  f i l m  0.92 
non-ref le: t i v e  

I 
( S t i l l  a i r ,  hea t  
f low down, e=. 911) 

R i  '9.86 

: C CONS7RUCTION R 
; 4. 4" non-r sf l e c t  i ve l . 73  

2. 5/16" p a r t .  0.46 
t d .  & 1ir.oleum 

3. 5/8" plywood 0.78 

R ~ 2 . 1 6  

B CONSTRUCTION - R 

SAME 2.16 

C CONSTRUCTION - R 

SAME 2.16 

I 

a i r  spac? f o r  U10.08 
(Eff .  E=3.82, J=O. 126 3r U=O. 1 0  
h e a t  flow down) 

, 5. Ex te r io r  air  4.55 RT=7.94 
f i l n ,  r e f l e c t b e  . 
( S t ~ l l  a i r ,  h e a t  
f low d o n ,  eXc35) 

:U=O. 064 

RT=15.65 

U-0.083 

RT=12. 02 

Complies 
f o r  U 

=O. 08 and 
u=o. 10  

Complies 
For U=0.10 

e 

Does no t  
comply 

f o r  U=0.08 
, 
! 

l o e s  no t  # 
comply 





ROOF SECTION ROO? COMPONENTS 

1. I n s i d e  a i r  f i l m  

2 .  Wood deck ( - I * " )  

3. I r - s u l a t i o n  r e q u i r e d  

4 .  3/8" B u i l t - ~ p  roo f  

5. 9 u t s i d e  a i r  f i l m  

n s u l a t i o n  n o t  

QOF/ CEILINGS 



CONCRETE BLOCK WALLS 

The thermal resistance (R) of concrete block walls, with standard 8" ' x  8" x 16" 
blocks may be determined using the following procedure and tables. See.Wall 
Section 6 on Page 5-4 for the addition of the thermal resistances of the 
interior and exterior air films and other surface materials. 

1. Determine the percent of ungrouted and grouted wall area in the construc- 
tion from Table 5-1. 

2. Calculate the overall thermal conductance (C) and resistance (R)  of the 
: concrete block wall as follows: 

' .  C = (percent of ungrouted wall x C factor of ungrouted wall). + 
(percent of grouted wall x C factor of grouted wall) Equation 5-1 

1 .  R = -  Equation 5-2 
C 

Where the C factors for the ungrouted and grouted wall construction. are 
taken from Tables 5-2 and 5-3 respectively. 

TABLE 5-1 
PERCENT UNGROUTED k PERCENT GROUTED 

WALL AREA 

Grouted Cell Spacing (Inches) 
Hori- Vertical 
zontal 4 8 4 0 32 . 2 4 16 . 



From Table 5-1, t h e  pe rcen t  of ungrouted and grouted w a l l  a r e a s  can  be de t e r -  
mined f o r  a t y p i c a l  conc re t e  b lock  w a l l  f o r  which t h e  v e r t i c a l  and h o r i z o n t a l  
g rou ted  c e l l  spac ing  i s  known. The number above t h e  d iagonal  l i n e  is  t h e  
p e r c e n t  of ungrouted w a l l  a r e a  and t h e  number below t h e  d iagonal  l i n e  is  t h e  
p e r c e n t  of grouted  w a l l  a r e a .  This  d a t a  is  necessary  t o  c a l c u l a t e  t h e  over- , 

a l l  conductance (C) of t h e  conc re t e  b lock  wa l l ,  s i n c e  t h e  C f a c t o r s  of t he  
ungrouted and grouted p o r t i o n s  of t h e  w a l l  a r e  no t  t h e  same. 

. . TABLE 5-2 
C FACTORS' - 8" CONCRETE BLOCK 

UNGROUTED CELLS 

TABLE 5-3 
C FACTORS - 8" CONCRETE BLOCK 

GROUTED CELLS 

I Block. 
j Densi ty  
i ( l b l c u  f t )  
__I.. 

I 
GO 

8 0  

100 . 

120 I 

Block 
D ~ n s i . t y  

( l b s l c u  f t  
C e l l  Grout Densi ty  ( l b s l c u  f t )  

.-- 

A 

I40  120 100 8 0 . 60 - . -.- 

.463 .391 .336 2 8 8  .241 

.588 .478 .405 .342 .285 

.713 a 571 -1176 .An2 ,333 
i. 

C e l l  Tzeatment 

The d a t a  i n  Tables  5-2 and 5-3, which a r e  a p p l i c a b l e  t o  t h e  s tandard  
8" x 8" x 16" b lock ,  were de r ived  us ing  t h e  R v a l u e s  and t h e  p a r a l l e l  and 
s e r i e s  hea t  f low methods presented  i n  t h e  ASHRAE Handbook of Fundamentals. 
The C f a c t o r s  do n o t  i nc lude  t h e  thermal  r e s i s t a n c e  of t h e  i n t e r i o r  and 
e x t e r i o r  a i r  f i l m s  o r  o t h e r  s u r f a c e  m a t e r i a l .  See Wall Sec t ion  6 on 
Page 5-4 f o r  t h e  a d d i t i o n  of  t h e s e  va lues .  

Vrz l r~ icu l i te  I- I n s u l a t i o n  
, - .... i 

,388 i -1.39 

-.474 .169 

.565. ,207 
I 

.680 1 .265 

P c r l i t e  
F i l l  

(R=2.7O(Rn) 

,129 

.I57 

Polyurethane 
F i l l  

( ~ = 6 . 2 5 / i n )  

,104 

. I32 

-198 I 
I .168 

.253 .225 



1nterpolation.may be used to obtain the C factors of walls for which the R 
.. value of ,the cell treatment or the density of the cell grout is different 

than those shown in Tables 5-2 and 5-3. . 

TABLE 5-4 
PERCENT OF GROUTED WALL AREA REQUIRED 

FOR A CONSTRUCTION WEIGHT OVER 40 LBSISQ FT 

pursuant to ~ection'l094(e) of the regulations, buildings located in areas 
of 3500 degree days or less and the effects of ail elements of the wall . 
construction are considered, the U factor shall not exceed 0.12 for walls 
with a construction weight of 26 through 40 pounds per square foot or a U 
factor not exceeding 0.16 for walls with a construction weight greater than 
40 pounds per square foot. 

4 

8" Concrete 
Block Density 
(lbslcu ft) 

60 (17)* 

80 , (22) 

100 (28) 

120 (33)' 

Table 5-4, which is applicable to walls with standard 8" x 8" x 16" blocks, 
provides the minimum percent of grouted wall area required to obtain a 
construction weight over 40 lbslsq ft for various concrete block and grout 
densities. The weight of the surface treatment is not included. If the 
percent of grouted wall area obtained from Table 5-1 is greater than that , 

'required by Table 5-4, the construction weight of the wall is over 40 lbslsq 
ft, therefore, the maximum allowable U factor is 0.16. If the'percent of 
the grouted wall area is less than that shown in Table 5-4, the construction 
weight of.the wall is between 26 and 40 lbslsq ft and the maximum allowable 
U factor is 0.12. 

EXAMPLE I 

*Approximate block,weight (53% solid block, oven dry) 

.Cell.Grout Density (lbslcu ft) 

8" concrete block (100 lbslcu ft) with grouted cells (140 lbslcu f t ) ,  verti- 
cal at 32" o.c., horizontal at 48" O.C. Other cells filled with vermiculite 
(R = 2.13lin). The building is located in an area wkth less than 3500 
degree days. 

- 
140 

47.6. 

32.2 

16.9 

1.5 

From Table 5-1, the wall is 62;5 percent ungrouted and 37.5 percent grouted. 

The overall thermal conductance (C) and resistance (R) are calculated using 
Equations 5-1 and 5-2 as follows: 

C = (.625 x .207) + (.375 x .719) = .399 

120 

55.5 

37.6 

19.7 

, 1.8 

80 

83.2 

56.4 

29.5 

2.7 

, 

100 

66.6 

45.1 

23.6 

2 ;1 

6 0 

-- 

75.2 

39.4 

3.5 



From Table 5-4, it can be determined that the concrete block wall used in 
this example has a construction weight over 40 lbslsq ft, since the per- 
cent of grouted wall area is greater than the 16.9 percent obtained from 
Table 5-4. Therefore, the maximum allowable U factor of the overall wall 
construction is 0.16 pursuant to Section 1094(e) of the regulations. 

When this wall is used as shown in Wall Section 6, Page 5-4, an insulation 
resistance of 2.44 is required to comply with Section 1094(e) of the regu- 
lations. This may be accomplished with an insulating board with an appro- 
priate R value or with foil backed gypsum wallboard furred to provide a 
314" reflective air space which provides an air space R value of 2.54 
considering the furring. 

EXAMPLE 11. . . 

8" concrete block (120 lbslcu ft) with grouted cells (140 lbslcu ft), verti- 
cal at 24" o.c., horizontal at 48" 0 . c .  No insulation in the other cells. 
The building is located in an area with less than 3500 degree days. 

From Table 5-1, the wal1.i~ 44.4 percent grouted and 55.6 percent ungrouted. 

The overall thermal conductance (C) and resistance (R) are calculated using 
Equat,ions 5-1 and 5-2 as follows: 

From Table 5-4, it can be determined that. the concrete block wall used in 
this example has a construction weight over 40 lbslsq ft, since the per- 
cent of grouted wall area is greater than the 1.5 percent obtained from 
Tnh1.s 5 - 4 .  Therefore, the maximum allowable U factor of tho ovprall wall 
construction is 0.16 pursuant t o  Section 1094(c) uf the xogulati~ns. 

DESIGN CONDITIONS 

Pursuant to Section 1094(e) of the regulatiorls, rhe roarimum U factor fnr 
'walls of mass type construction is dependent upon consideration of the 
thermal effects of all elements of the wall construction, including occa- 
sional framing members, the degree day area and the construction weight 
of the wa;11. 

The maximum U factor and required total resistance (Rt) for walls with a 
construction weight over 26 lbslsq ft under various design conditions are 
as follows: 



. . 
~ e s i ~ n  Condition Maximum U R t - 

1. Areas less than 3500 degree days; ' 0.16 6.25 
wall weight than 40 lbsl , . '  

sq ft; effects of all elements of 
construction considered. 

2. Areas less than 3500 degree days; 0.12 8.33 . . , . 
wall weight 26 through 40 lbslsq ' 
it; effects'of all elements of con- 
struction considered. ' 

3. Areas over 3500 degree days; all wall 0.095 10.52 
weights; effects of all elements of 
construction considered. 

4. Any of the above cases, when the 0.08 12.50 
effects of all elements of construc- 
tion,' such as occasional framing 
members, are not considered. 

The design conditions for Wall Sections 5 and 6 shown on Page 5-4 are for 
a building located in an area with less than 3500 degree days and the wall 
construction weight is greater than 40 lbslsq ft. For these examples, the 
effects of all elements of the wall construction have been considered, 
therefore, if the insulation required is penetrated by furring, the effects 
of the furring must be considered. If the effects of the furring are not 
considered, the maximum U factor for the wall would be 0.08 instead of 
0.16. 

: 1.  

.. .., , , . .. . . 
The thermal effects of the furring can be determined by calculating the ~, . 

., < '  .'a 
r > 

overall thermal conductance (C) and resistance (R) as folfows: , ' . . , .. 
I 

= percent of area furred + percent of area insulated Equation 5-3 
R of furring R of insulation 

1 R = -  Equation 5-4 
C 

  or example, with 2". x 2" furring (1%" x 1%". net) at '16" on center, the 
percent of area furred would be 1.5116 = ,094. 'Therefore, the percent of 
area. insulated would'be 1.0 - .094 = '.906. The R value of' the furring 
would be 1.5 x 1.25 (R value per inch of wood) = 1.88. The R value of the 
insulation would depend on the type of.insulation used. The overall ther- 
mal resistance  of the'insulated area can be calculated using Equations 
5-3 and 5-4.' 

The insulation resistance required (Ri) with other design conditions for 
Wall Sections 5 and 6 can be determined by subtracting the total R value 
of' the construction from the required total resistance (Rt), which is 
dependent upon the'design conditions. The calculation of the total R value 
of the construction is the same as shown on Page 5-4, since the wall 
section did not cbnge. 



CHAPTER 6 

CALIFORNIA - -  - DESIGN CONDITIONS - 
Chapter 6 conta ins  maps of t h e  Degree Day D i s t r i c t s  i n  Cal i fornia  and pro- 
v ides  a l ist  of t h e  design condit ions f o r  var ious  repor t ing s t a t i o n s  within 
those d i s t r i c t s .  The s t a t e  has been separated i n t o  22 d i s t r i c t s  t o  f a c i l i -  
t a t e  p l o t t i n g  of t h e  var ious  repor t ing s t a t i o n s  wi th in  each d i s t r i c t .  

The Energy Insu la t ion  Standards reference  heat ing degree day zones which a r e  
important i n  t h e  app l i ca t ion  and enforcement of t h e  standards.  

The f i r s t  zone includes those geographic a r e a s  which have 2,500 o r  less 
heating degree days. Buildings t o  be located i n  t h i s  zone w i l l  not  r equ i re  
t h e  i n s u l a t i o n  of foundation wal ls  of heated basements o r  heated crawl 

, spaces pursuant t o  Sect ion. l094(g)  and Table 17-C. Buildings t o  be located 
i n  a r e a s  which have over 2,500 heating d.egree days w i l l  r equ i re  conformance 
t o  Section 1094(g) and   able' 17-C r e l a t i n g  t o  t h e  insu la t ion  of foundation 
wa l l s  of heated basements o r  heated crawl spaces. 

The second zone includes those geographic a r e a s  which have 3,000 o r  less 
heating degree days. Buildings t o  be located i n  t h i s  zone w i l l  not  r equ i re  
f l o o r  i n s u l a t i o n  pursuant t o  Section 1094(g) and Table 17-B. 

The t h i r d  zone inc1ud.e~-those geographic a r e a s  which have between 3,000 and 
4,500 heat ing degree days. Buildings t o  be located  i n  t h i e  zone w i l l  
r equ i re  f l o o r  i n s u l a t i o n  s u f f i c i e n t  t o  ob ta in  a maximum U value of 0.10 f o r  
t h e  f l o o r  sec t ion  pursuant t o  Section 1094(g) and Table 17-B. 

The four th  zone includes  those geographic a r e a s  which have over 4,500 heat ing 
degree days, Buildings t o  be located i n  t h i s  zone w i l l  r equ i re  f l o o r  insu- 
l a t i o n  s u f f i c i e n t  t o  obta in  a maximum U value  of 0.08 f o r  t h e  f l o o r  sec t ion  
pursuant t o  Section 1094(g) and Table 17-B and w i l l  a l s o  requ i re  s p e c i a l  
glazing pursuant t o  Section 1094(g)(2). 

Section 1094(d)(2) states t h a t  t h e  degree day f o r  s p e c i f i c  geographical 
a reas  i n  Ca l i fo rn ia  s h a l l  be those i n  Appendix T25-A. The s p e c i f i c  degree 
days f o r  t h e  repor t ing  s t a t i o n s  l i s t e d  have been adopted by the  Commission 
of Housing and Community Development. However; t h e  2,500, 3,000 and 4,500 
heat ing degree day l i n e s  shown on t h e  d i s t r i c t  maps may not  be completely 
def inable  f o r  a s p e c i f i c  locat ion,  boundary, o r  topographic demarkation. I n  
order t o  b e t t e r  d e l i n e a t e  these  degree day l i n e s ,  l o c a l  enforcement agencies 
may develop l o c a l  maps which w i l l  b e t t e r  de f ine  t h e  exact  loca t ion  of t h e  
heat ing degree day l i n e s ,  I n  c e r t a i n  l o c a l i t i e s  t h i s  has already been 
accomplished. 



CALIFORNIA 'DEGREE DAY DISTRICTS 

D i s t r i c t  1 . .  - Del Norte, Siskiyou, Modoc 
. . 

D i s t r i c t  2  - Humbold-t, T r i n i t y  
, . 

D i s t r i c t  3  - Shasta,  Lassen, Tehama, Plumas 

D i s t r i c t  4 - Mendocino, Lake 

D i s t r i c t  5 - Glenn, Butte, Colusa, S u t t e r ,  Yuba 

D i s t r i c t  6 - Sierra, Nevada, P lacer ,  E l  Uorado 

, D i s t r i c t  7 - Sonoma, Marin 

D i s t r i c t  8 - Napa, Yolo, Solano, Sacramento 

D i s t r i c t  9  - Contra Costa, Alameda 

D i s t r i c t  10, ll-  an Francisco, San Mateo, Sant'a Cryz 

D i s t r i c t  12 -  an. ~ o a ~ b i n ,  S tan i s l aus ,  Merced 

D i s t r i c t  13  - Amador, Alpine, Calaveras, Tuolumne, 

Mariposa, Madera, Mono 

D i s t r i c t  14 - Santa Clara ,  San Benito 

D i ~ t r i o t  15 - Monterey, San Luis nbispo 

D i s t r i c t  i6 - Fresaa, Lings, Tulare 

D i s t r i c t  1 7  - Inyo 

Distr ict  18 - Kern, Los Angeles 

D i s t r i c t  19 - Santa Barbara, Ventura 

Diotr ic t  20 - San Bernardino 

D i s t r i c t  21 - Orange, Riverside 

D i s t r i c t  22 - San Diego, Imperial  



STATE OF CALIFORNIA 

Desien Condit ions 

DISTRICT NO. 1 -- 
Annual Heating Winter 

Degree Days Design - 9S2 
Summer 

~ e s i ~ n  - 2%% Del Norte County. - - 
Crescent  C i t y  
Elk Val ley  

Siskiyou County 

Fo r t  Jones  . , 

McCloud. 
Weed 
Yreka . , 

Modoc County 

A l t u r a s  
F o r t  Bidwell  

DISTRICT NO. 2 

Humboldt County 

Alderpoin t  
Eureka 
Scot  i a  

T r i n i t v  Countv 

Weavervi l le  

DISTRICT NO. 3 

Shasra County 

' Burney 
Redding 

Lassen 'County 

S u s a n v i l l e  

'Tehma County 

Mineral  
Red Bluff  



Annual Heating . Winter Summer 
Degree Days Design - 99% Design - 2%% 

Plumas County 

Portola 
Quincy 

DISTRICT NO. 4 

Mendocino county 

Fort Bragg 
Ukiah 
Willits 

Lake County 

Lakeport 

DISTRICT NO. 5 

Glen County 

Or land 
Stony Gorge Res. 
Willows 

Butte County ' 

Chicn 
Orovi 1 1 P. 

Cdlusa Cuunty 

Colusa 

Sutter County 

Yuba City i o o  

Yuha C o u ~ J y  

Marysville 

DISTRICT. NO'. 6 .  

Sierra County 

Sgerravil le  



Summer 
Design - 2%% 

Annual Heating Winter 
Degree Days Design - 99% 

Nevada County 

Nevada C i ty  
Truckee 

P l a c e r  County 

Auburn 
Colf ax 
Rosev i l l e  
Tahoe C i ty  

E l  Dorado County 

P l a c e r v i l l e  
Tahoe Val ley 

DISTRICT NO. 7 

Sonoma County 

Cloverda le  
Healdsburg 
Pe taluma 
Santa  Rosa 

Marin County 

Nova t o  
San Ra fae l  

DISTRICT NO. 8 

Napa County 

,Naps ' 
S t .  Helena 

Yolo County 

Woodland 
Davis 

Solano County , 

F a i r f  i e l d  
~ a c a v i i l e  
V a l l e j o  

Sacramento County 

~ o l s o m  
Sacramento 



Annual Heating Winter Summer 
Degree Days Design - 99% Design - 2Y% 

DISTRICT NO. 9 

Cont ra  Costa  County 

Antioch,  
Concord 
P i  t t s b u r g  
Richmond 

Alameda County 

Berkeley 3,850 
Fremont 2,906 
1 . ivemore  2,781 
Oakland 2,90G 

San Franc isco  County 

n . San Franc isco  

DISTRICT NO. 10 

San Mateo County - 
Redwood C i t y  
Sao M a ~ e o  
South San Franc isco  

S a u ~ a  C r u o  County 

DISTRICT NO. 12 

San Joaquin County 

Lodi 
Storkton 
Tracy 

S t a n i s l a u s  County 

Modes to 
Oakdale 
P a t t e r s o n  



" Annual Heating Winter Summer 
Degree Days Design - 99% Design - .2$% 

Merced County 

Los Banos 
Merced 

DISTRICT NO. 1 3  ' 

Amador County 

Jackson 
I one 

Alpine County 

Markleevil le  

Calaveras County 

'Calaveras Big Trees 5 , 7 3 6  

Tuolumne County 

Hetch Hetchy 
Sonora 

Mariposa County 

MariPosa 
Yosemite 

Madera County 

Madera 2 ,485  

DISTRICT NO. 14 

Santa C la ra  County 

Gi l roy 
Los Gatos 
Palo  Al to  
Santa Clara  
San Jose  

San Benito County 

H o l l i s t e r  2 ,725  



Annual Heating . Winter Summer 
Degree ~ a ) ; s  ~ e s i g n  - 99% Design - 2$% 

DISTRICT NO. 15 

Monterey County 

King C i t y  2,655 
Monterey 2,985 
S a l i n a s  2,959 
Soledad 2,920 

San L u i s  Obispo County 

P.aso Robles 
San L u i s  Obispo 

Fresno County 

Fresno 
Mendo t a  

Kings County 

Hanf o rd  
Lemoore 

Tula re  County 

L i i ~ d s a y  
P o r t e r v i l l e  
V i c a l i n  

DISTRICT NO* 17 

Inyo County 

b i shop  4,275 16 
Death Valley 1,205 3 5 
Independence 2,995 19 

DISTRICT NO. l a  

Kern County 

Bake r s f i e ld  
Delano . 
I n  yokern 
Maricopa 
Mo j ave  



Los'-Angeles County 

Culver C i t y  
,Edwards A.F.B. 
Fairmont 
Long Beach 
Los Angeles 
Palmdale 
Pasadena 
Pomona 
San Fernando 

~ n n b a l  Heating 
Degree Days 

Winter 
Design - 99% 

DISTRICT NO. 19 . 

Santa Barbara County 

Summer 
Design - 2$% 

Santa Barbara 
Santa  Maria 

Ventura County 

F i l lmore  
Oxnard 
Thousand Oaks 

DISTRICT NO. 20 

San Bernardino County 

Bars tow 2,496 24 102 ' 

Dagget t 2,203 24 . 103 * 
Lake Arrowhead 5,200 20 8 4 
Needles 1,072 .33 110 
Redlands 2,052 34 , 9 6 
Snn Bernardino.  2,018 3 2 100 
Twentynine Palms 2,006 2 8 104 

DISTRICT NO. 21 
i 

.Orange County 

Huntington Beach 2 ,.361 40 
Laguna Beach. 2,262 3 7 
San Juan Capis t rano  1,646 . 39 
Santa  Ana 1,496 . . 3 3 



Rivers ide  County , 

Beaumont 
Blythe 
Corona 
E ls inore  
Palm Springs 
Rivers ide  
San J a c i n t o  

' Annual Heating Winter 
Degree Days Design - 99% 

DISTRICT NO. 22 

San Diego County 

Alpine 
B a r r e t t  Dam 
Bonita 
Borrego Springs 
C a b r i l l o  National Monument 
Campo 
Chula Vis ta  
Cuyamaca 
E l  Cajon . . . . 
E l  Capitan D a i ~  
Encini  tas 
Escondido 
Henshaw Dam . 
J u l i a n  Wynola 
La Mesa. . , .  

, . 
Mecca 
Nei l  i e  
Oak Grove 
Oceanside 
Palomar M t .  Observ. 
Point  Loma 
Ramona Spaulding 
San Clemente .. . 
San Diego 
Viuta 
Warner Springs . 

Imper ia l  County 

Brawley . 1,161 
E l  Centro 1,216 
Imper ia l  1,060 

. .  . .  . . \ .  

Sunrmer " 
Design - 2v% . 





a m m ~  ctrv 

S I S K I Y O U  M O D O C  

A4 r & ! S  

I" = 20 MI. 

DISTRICT 3 
A L ~  ABOVE 4500DD 



ALL ABOVE 4500DD EXCEPT AREA OUTLINED 

. . DISTRICT 2 



ALL ABOVE 4500DD EXCEPT. AREA OUTLINED 

STRICT 3 





C O L U S A  

. 

DISTRICT I 



S I E R R A  

TRUCXEE ,__-------- 
NEVADA 

P L A C E R  

. mrrr7 HILL. \ 

~ A U O E  VALLEY 

E L  D O R A U O  

PL ACERYILLE 

OM0 RANCH 

ALL ABOVE 4SOODD EXCEPT AREA OUTLINU). 

I" 11.7 MI. 



I" = 8.8 MI. 

S O N O M A  

DISTRICT 7 





ALL ABOVE 2SOODD 
ALL BELOW '3000DD 









SUNNYVALE 

JAN JOSE 

C A H M L  

S A N T A ' . C L A R A  

1'' = 12.9 MI. 

ALL ABOVE 2500DD 
ALL BELOW 3000DD 

6-24 DlSTF?lCT 14 



ALL ABOVE 2500DD 
ALL BELOW 3000DD 

6-25 







. . 

SAN FERNANDO 

ALL BELOW 2500DD ' . 

EXCEPT AREA OUTLIMEDi 
ALL BELOW 4500DD 

DISTRICT 18 



S A N T A  B A R B A R A  

LOS ALAMOS 

ALL BELOW 3000DD 
ALL BELOW  SOO ODD EXCEPT AREA OUTLINED DISTRICT '19 







DISTRICT 22.- 
ALL BELOW 2500DD EXCEPT AREA OUTLINED 



CHAPTER 7 

GLAZING 

PURPOSE 

The Ca l i fo rn ia  regu la t ions  recognize t h e  importance of glazing a s  i t  relates 
t o  energy conservation. There a r e  very s p e c i f i c  l i m i t s  placed upon t h e  
amount and type of glazing f o r  heated and cooled buildings, ,and add i t iona l ly ,  
f o r  heated bu i ld ings  i n  the  more severe c l ima t ic  a r e a s  of 4500 degree days 
and higher. 

.9: 
'i 

REGULATIONS 

The S t a t e  Regulations r e l a t i v e  t o  g laz ing are :  

1094 (d) (14) Basic Glazing Area -.The bas ic  glazing a r e a  f o r  low r i s e  
bui ld ings  s h a l l  be 20% of the  gross  f l o o r  a r e a  and 40% of the  e x t e r i o r  
wal l  a r e a  f o r  high rise buildings.  The gross  f l o o r  a rea  s h a l l  not  
include parking garages, unheated basements, co r r idors ,  o r  passageways 
exposed t o  e x t e r i o r  ambient temperatures. 

1094 ( f )  Thermal Design Standards f o r  Glazing. 
(1) For heated bui ld ings  located  i n  a r e a s  of 4500 degree days o r  

l e s s ,  where t h e  t o t a l  glazing area  exceeds t h e  bas ic  glazing a rea ,  
t reatment s h a l l  be required t o  l i m i t  t h e  conducted design heat  l o s s  t o  
t h a t  which would occur with the  bas ic  g laz ing area  s i n g l e  glazed. 

(2) Heated bui ld ings  located i n  a r e a s  over 4500 degree days s h a l l  
be provided with s p e c i a l  glazing f o r  a l l  e x t e r i o r  glazing.  Where t h e  
t o t a l  g laz ing a rea  exceeds the  bas ic  g laz ing a rea ,  treatment s h a l l  be 
required t o  l i m i t  t h e  conducted design hea t  l o s s  t o  t h a t  which would 
occur with t h e  bas ic  g laz ing area  i n  s p e c i a l  glazing. 

(3) Cooled bui ld ings  s h a l l  u t i l i z e  t i n t e d  glazing when t h e  t o t a l  
glazing a r e a  exceeds t h e  bas ic  g laz ing area.  The glaz ing a r e a  on wa l l s  
or iented  wi th in  22% degrees of t r u e  North need not be included i n  t h e  
t o t a l  glazing area .  The required t i n t e d  g laz ing a rea  s h a l l  not  be less 
than t h e  d i f fe rence  between the  t o t a l  g laz ing a rea  and t h e  b a s i c  glaz- 
ing  area .  Permanent ex te rna l  shading t o  al low not more than 50% d i r e c t  
s o l a r  exposure on t h e  glazing,  taken on August 21, a t  9:00 a.m., noon 
and 3:00 p.m. s o l a r  t i m e ,  may be u t i l i z e d  i n  l i e u  of t i n t e d  g lass .  
Tinted glazing o r  permanent ex te rna l  shading on wa l l s  or iented  within 
22% degrees of t r u e  North s h a l l  not  be considered a s  p a r t  of t h e  
required t i n t e d  glazing area .  

(4) Tinted glaz ing s h a l l  have a maximum shading c o e f f i c i e n t  of 
0.75. This maximum s h a l l  be decreased t o  0.55 f o r  a l l  pena i t  applica-  
t i o n s  f i l e d  a f t e r  Ju ly  1, 1976. 

A procedure and examples which may be followed t o  determine whether t h e  pro- 
posed bui ld ing meets t h e  g laz ing requirements of t h e  regu la t ions  are shown 
later i n  t h i s  Chapter, s t a r t i n g  on Page 7-14. 



Table 7-1 . . . . Coefficients of Transmission ( U )  of Windows, Skylights, a n d  Light Transmitting Partitions 

Btu per (hr) (sq H i  (F Dog) 

PART A-VERTICAL PANELS (EXTERIOR WINDOWS, SLIDING PATIO PART &HORIZONTAL PANELS (SKYLIGHTS)-FLAT GLASS, 
DOORS, AND PARTITIONSkFLAT GLASS, GLASS BLOCK, AND GLASS BLOCK, AND PlASTlC BUBBLES 

Flat G l a s  
single g l w  

PLASTIC 

Description 

Flat Glass 
single glass 

insuhting glassdoubleb 
' in. air space 

t in. n!r space , , 

f in. a ~ r  space 
'f in. air space, low ' 

emissivity coating 
emissivity = 0.20 
ernissj*ty = 0.40 
emisslvlty = 0.60 

insulating glas4--tripleb + !n. spaces 
) ~n. alr q a m 3  

storm windows 
1. i n . 4  in. air space 

0 1 m  Blookd 
. 6 X 6 X 4 in. thjck 

X l j  X 4 in. thlck 
-with czvity divider 

12 x 12 X 4 in. thick 
' 

-with cavity divider 
12 x 12 X I! in. thick 

Single Plastic Sheet 

i m i d ~ t i n g , g h i - d o u b l e ~ -  
& In. slr space 
! in. air space 
4 jn. air Space 
In. air space, low 
emissivity coatingo 
emissivity = 0.20 
emkivi ty = 0.40 . 
ernissivity = 0.60 

Glass Block* 
11 X 1 1  X 3 in. thick wit.h 

cavity divider 
12 x 1'1 X 4 in. thick with 

c ~ v i ~ y  divider 

SHEET 

Plnatir Fl.rbb!ow 
single walled 
dor~hle rrdled' 

Exterior 
Descriptim 

(I 
Interjor 

-- 
0.73 

0.51 
0.49 
0.46 

0.32 
0.38 
0.42 

0.38 
0.30 

0.44 

0.46 
0.44 
U.38 
0.41 
0.36 
0.46 

0.70 

. 

Winter 

1.13 

0.69 
0.65 
0.35 

0.38 
0.45 
0.52 

0.47 
0836 

0.56 

0.60. 
0.36 
0.J-i 
0.32 
0.44 
0.60 

1 .on 

PART C-ADJUSTMENT FACTORS FOR VARIOUS WINDOW AND 
SLIDING PArlO DOOR TYPES (MULTIPLY U VALUES I N  PARTS A 

AND B B Y  THESE FACTORS) 

ExterioC 

Summer 

1.06 

0.64 
0.61 
0.36 

0.36 
0.44 . 
0.50 

0.45 
0.35 

0.54 

0.37 
0.54 
0.46 , 

0.50 
0.42 
0.37 

1 . ~ n  
Single Or Storm 
Glass I Windows 

" See Pnrt C for nrljt~stment for vnrious window nod siiding patio door types. 
b Dcruble and triple refer to the number of !inhts o i  glurj. 

Coariog on ei:her glass suri:tce facing air $pace; a11 other glarj suriaees 
uaeontzd. 

Description 

d ~[menaions are nominal. 
For hesr flow up. 
Fur heat How down. 

R Based on nrpn of opening, not total surface area. 
h Refers to windows with nrylicible npaque area. 

Value becomer 1.01) when storm dnsh is snear:~ted from nrime window bv , . 
a thermal break. 

Table 7-2 . . . . shading Coefflciellh for Single Glass a n d  
insulating C l a s ~ ~  

B. Insulating C l o d  A. Single G lau  

of 

Regular Sheet 
Regular Plate/ 

Float 

Grey Sheet 

Heat-Absorbing 
Plateflloatd 

' Refers to factory-fabricated u n i b  with &. #, or 1 in. air apace or to  prima 
windom plus etorm window. 

Refer to manufacturer's literature for v3lue.. 
T h i c k n e ~  of each pane of ~IM. not thickness of assembled unit. 
Refen to grey, bronze. qnd green tinted hestaborbing plate/8oat 

Type of Glau 

Regular Sheet Out, 
Regular Shoot, In } 
Regular PlnteFloat Out, 1 
Regular PlateFlont In  J 

Heat-Abs Plate/Float Out,) 
.RegularPlate/Floatln ; 

Reprinted by permission from ASHRAE Handbook of Fundamentals 1972.  

Nominal 
~ h ; ~ k ~ ~ ~ b  

3%; i 

i 
b 

ik 
h 
ST, 
t 
ik 

f a 
f 

Nom* 
in01 

:'$ 

21'1 

1 

Solar Tronsb 

0.87 
0.80 
0.75 
0.71 

0.59 
0.74 
0.4.5 
0.7L 
0.67 

0.52 
0.47 
0.33 
0.24 

Shading Coefflcienf 

ho = 4.0 

1 .OO 
0.05 
0.91 
0.88 

0.78 
0.90 
0.66 
0.88 
0.86 

0.72 
0.70 
0.56 
0.50 

Shading 
Coeffident 

ho 
=4.0 

0.00 

0 .S? .31 

0.56 
a,-..-..-- I 

Solor Tromb 

Outer 
Pone 

0.87 

0.80 

0.46 
....- 

Inner 
Pane ---- 
0.87 

0.80 

0.80 



Table 7-3. ..... Solar Position 

32 Degree North Latitude I 
Date Solar Time A.M. Altitude Azimuth Solar Time P.M. 

Aug. 21 6 6.5 100.5 6 
7 19.1 92.8 5 
8 31.8 84.7 4 
9 44.3 75.0 3 
10 56.1 61.3 2 .  
11 66.0 38.4 - 1  
12 70.3 0.0 12 

40 Degree North Latitude 

Date Solar Time A.M. Altitude Azimuth Solar Time P.M. 

Aug. 21 6 7.9 99.5 6 
7 19.3 90.0 5 
8 - 30.7 79.9 4 
9 41.8 67.9 3 
10 51.7 52.1 2 
11 , 59.3 29.7 1 
12 62.3 0.0 12 

. . . . Sh'ading Coefficients for Louvered 
Table 7-4 Sun Screens 

Profile Angle, 
Trans- 

mittance mittance 

deg 
' - mittonce mittonce 

10 
20 
30 
40 and above 

same as Group 3: 
- 

U-valw-0.85 Btuh/(sp ft)(F deg) for all groups wben u d  with single 
glazmg. 

0.23 0 .35  

:::: 0.17 
0.1.5 

0.01 0.15 

10 
20 
30 
40 and above 

neprinted by permission from,ASHRAE Handbook of Fundamentals 1972. 

7-3 

0.15 
0.11 
0.12 
0.11 

r 
Group 1. Black. aidth over spacing ratio 1.15/1.23 IOU\-er: per inch. 
Group 1. Light color, high reflecrance. otberwiae same as C;roup 1. 
Group 3. Black or dark color, =/a ratio 0.8ji1, 15 louvers per iuch. 
Group I. Light eobr or unpainted aluminum. LaL rekc-ce. otherulse 

0.10 
0.32 
0.11 
0.  O i  

0.33 
0.23 
0.21 
0.20 

0.51 
0.42 
0.31 
0.1s 

0.45 
0.39 
0.25 
0.20 . 

0.59 
0.50 
0.38 
0.30 



Table 7-5.. . . Periods for Which Lowered Sun Screens Will Completely Shade Window (see explanation below1 

Latilvde Month 

June 8+ A 
8+ A* 

S.d* 8+ 8-4 to 4 
S.S 8+ 10 + 10-2 to I t o 4  

Applies fcn Scpten~ber nlso. ee .\pplies fur Sovenrber rlsa 
Explmntian of Clrurt 

* -  - 5 )  nieana vnlue of O.:? Ppylies from 7 n.ru. ru 5 p.m. . (S.S.) rncans no nun on \\.indo*. , 

&+) nietms value applies from 8 a.na. to sunset. (A) ~~~r.arw \-ulue applies for all hours. 
(ta 5)  means value npplies from. aunrise to 5 p.m. (S)  ,means value does not apply formy h o u s  

EXTERNAL SHADING DEVICES 

In general, external shading devices which eliminate all direct 
radiation. and stil'l permit free.air movement at the outer fenestration 
surf.ace wil1:reduce 'the solar,heat gain.by as much as 80 percent. In 
this category are found architectural treatments su.ch as overhangs, . 

wings, screen walls, as well 'as horizontal and vertical louvers, and 
vented awnings. 

The ability of 'horizontally louvered devices to intercept the 
direct component of solar radiation depends upon their geometry and 
the profile or shadow-line angle A between 'the line normal to the 
plane of the slats and the projection of the solar ray in the plane 
perpendicular to the slate. Fig. 7-A ehows the geometry of slat-type 
sunshades, while the definition of the profile angle is explained by 
Fig. 7-B. The.profile angle can be calculated by: 

T a n n  = Tan @ /COS T 

For slat-type sunshades, the transmitted solar radiation consists 
of straight-through and transmitted-through components. When the 
profile angle fi is above the cutoff angle (see Fig. 7-A), straight- 
through transmission of direct radiation is completely eliminated but 
the 'transmitted diffuse and the reflected-through direct components ' 
remain. Their magnitude depends upon the reflectance of the surfaces 
of the em-ahade. :Table 7-4 gives Shading Coefficients for sereral 
types of louvered sun screens. Commercially available louvered sun. 
screens.wil1 exclude direct solar radiation when the profile anglle 
exceeds approximately 20 deg (Groups 1 and 2) or 30 deg (droups 3 and 4). 
Table 7-5 lists the hours of the day when this occurs for various 
latitudes and months. 

Reprinted by permission from ASHRAE Handbook of'Fundamentals 1972. 
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L no. WALL- 90LAR Y I Y V I N .  T 
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Fig. 

\.. \ 
CUT-OFF \' 

7-B.. . . Geometry of Slat-Type Sunshades 

. . . . Profile Angle for South-Facing 
. Fig ' 7-A Slot-Type Sunshades 

ROOF OVERHANGS AND HORIZONTAL PROJECTIONS 

During c e r t a i n  seasons of the  year  and f o r  some exposures, 
hor i zon ta l  p ro jec t ions  can r e s u l t  i n  considerable reduct ions  i n  
s o l a r  heat  ga in  by providing shade. This is  p a r t i c u l a r l y  app l i cab le  
$0 South, Southeast ,  and Southwest exposures during the  l a t e  sp r ing ,  
summer, and e a r l y  f a l l .  On East  and West exposures during t h e ' e n t i r e  
year ,  and on souther ly  exposures during the  winter ,  t h e  s o l a r  a l t i t u d e  
i s  genera l ly  so  low t h a t  hor i zon ta l  p ro jec t ions ,  i n  order  t o  be ef fec-  
t i v e ,  would have t o  be excess ively  long. 

Table 7-6 lists the  required p ro jec t ions  t o  produce a  shadow 
height  of 10 f t .  on a  window o r  wa l l  during the  period from Apri l  11 
through ~ e ~ t e r n b e r  1. The p ro jec t ion  required f o r  o the r  shadow he igh t s  
can be found by d i r e c t  r a t i o .  The choice of a  hor i zon ta l  p ro jec t ion  
must be based on a r c h i t e c t u r a l  p r a c t i c a b i l i t y  and a  f u l l  understanding 
of i t s  l i m i t a t i o n s  a s  well  a s  i t s  ' a-fi ts .  

. . . . Length of Horizontal Proiection Required for Shading Windows and Walls 
Table 7-6 . - 

(For shading 10 ft down from proiection for April I I through September I )  

Ptojection in Feet 
AM+ Sun Time 

Reprinted by permission from ASHRAE Handbook of Fundamentals 1972. 



GRAPHICAL SHADING METHOD 

The following illustrates a graphical method of determining the amoun't of 
shading produced by a roof overhang on August 21 at 9:00 a.m., noon and 
3:00 p.m.. Figures 7-C, 7-D, and 7-E follow the procedure outlined below. 

a? 
The same technique can be used to determine the shading effects of other 
projections, such as walls. 

For this example, assume the building is located in Stockton, which is 
1ocated.at approximately 38' North Latitude, and the elevation orienta- 
tion is S 10°~. 

STEP 1. Determine from Table 7-7c the profile angle and solar azi- 
muth on August 21 at 9:00 a.m., noon and 3:00 p.m. solar time as 
follows : 

9:00 a.m. Profile angle = 61.1" 
Solar azimuth = 69.7' 

'Noon Profile angle = 64.6' 
Solar azimuth = 0' 

3:OO p . m .  Profile angle = 78.9' 
Solar azimuth = 69.7O 

STEP 2. Draw to scale, the section, elevation and plan views of the 
wall as shown. 

STEP 3. On the section view, draw the profile angle line (Line 1) 
through Point A, the lower edge of the overhang. The lower extent 
of the shadow occurs where the profile angle line intersects the 
wall surface (Point B). 

STEP 4, Draw the lower extent of the shadow line on the elevation 
view (Line 2), which is a horizontal line across .the elevation view 
starting ar Poinr B .  

STEP 5. On the plan view, draw the solar azimuth line(s) (Line 3) 
through the edge(s) of the overhang (Point C). The lateral extent 
of the shadow is determined by where these lines intersect the wall 
surface (Point D). 

STEP 6. Project a vertical line (~ine 4) from Point D up to Line 2. 
This determinec Point E, 

STEP 7. On the elevation view, Line 5 from Point E to the edge of 
the overhang (Point F) is the shadow line. 

The area of window shaded can be calculated from dimensions scaled off 
the elevation view. 



For compliance with Section 1094(£)(3) of the regulations, the a=tual . . 
shaded window area must be equal or greater than the required shaded area 
at each of the three designated times, which are 9:00 a.m., noon, and 
3:00 p.m. on August 21. 

In this example, the smallest shaded window area occurs at 9:00 a.m. How- 
ever, since shading on all elevations (except those oriented within 22% 
degrees of true North) is considered concurrently at each designated time, 
9: 00 a.m. may not be the critical time when all elevations are considered. 

/ . .  

ELEVATION 

! *  

"i h0 
' I 
I 

' I  
i I  
i' 

orientatio;, 

solar a z i m u t h  

Figure 7-C . . . . Shading at 3:00 a.m. 
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1 
Table 7-7a. ; . . Profile Angle and Solar Azimuth on August 21* (~egrees) 

*Note: Elevation orientations which have a 90° profile angle are oriented 90' from 
the solar azimuth and are completely shaded. Elevation orientations for which the 
profile angle is not given are oriented more than 90° from the solar azimuth and are, 
therefore, completely shaded. 

I Elevatio ' 32O North Latitude 
Orientation) a.m. 12 noon 3 p.m. 

330 North Latitude 
9 a.m. 12 noon 3 p.m. 

75.8 - - 
67.1 - - 
59.9 - - 
54.2 - - 
50.0 - - 
47.0 - - 
45.1 90.0 - 
44.2 86.2 - 
44.1 82.6 - 
44.9 79.3 - 
46.6 76.3 - 
49.4 73.9 - 
53.4 71.9 - 
58.7 70.5 - 
65.7 69.6 83.9 
74.2 69.3 74.2 
33.9 69.6 65.7 
- 70.5 58.7 - 71.9 53.4 
- 73.9 49.4 
- 76.3 46 .6  
- 79.3 44.9 
- 82.6 44.1 
- 86.2 44.2 
- 90.0 45.1 
- - 47.0 

- - 50.0 
- - 54.2 
- - 59.9 
- - 67.1 
- - 75.8 

S 74.1 E 0 S 74.1 W 

9 a.m. 3 p.m. 

(Degrees) 

S 150 E 
S 140 E 
S 130 E 
S 120 E 
S 110 E 
S 100 E 
s 90 E 
S 80 E 
E 70 E 
S 60 E 
S 50 E 
S 40 E 
S 30 E 
S 20 E 
S 10 E 
S 
S 10 W 
S 20 W 
S 30 W 
S 40 W 
S 50 W 
S 60 W 
S 70 W 
S 80 W 
S 90 W 
S 100 W 
S 110 W 
S 120 W 
S 130 W 

34O North Latitude 
9 a.m. 12 noon 3 p.m. 

76.7 - - 
67.6 - - 
60.2 - - 
54.4 - - 
50.0 - - 
47.0 - - 
11/1.9 90.0 
43.9 86.0 - 
43.7 82.2 - 
44.5 78.7 - 
46.1 75.7 - 
48.8 73.0 - 
52.7 71.0 - 
57.9 69.5 - 
64.7 68.6 82.9 
73.2 68.3 73.2 
82.9 68.6 64.7 
- 69.5 57.9 
- 71.0 52.7 
- 73.0 48." 
-., 75.7 46.- 
- 78.7 44.5 
- 82.2 43.7 
- 86.0 43.9 
- 90.0 44.9 
- - 47,O 
- - 50.0 
- - 54.4 
- - 60.2 
- - 67.6 
- - 76.6 

S 73.2 E 0 S 73.2 W 

9 a.m. 3 p.m. 

S 15.0 W S 15.0 E S 15.9 W S 15.9 E 

75.1 - - 
66.6 - - 
59.6 - - 
54.1 - - 
50.0 - - 
47.1 - - 
45.3 9n.n - 
44.4 86.4 - 
44.4 03.0 - 
45.3 79.9 - 
47.1 77.0 - 
50.0 74.7 - 
54.1 72.8 - 
59.6 71.4 - 
66.6 70.6 84.9 
75.1 70.3 75.1 
84.9 70.6 66.6 
- 71.4 59.6 
- 72.8 54.1 
- 74.7 50.0 
- 77.0 47.1 
- 79.9 45.3 
- 83.0 44.4 
- 86.4 44.4 
- 90.0 45.3 
- - 47.1 
- - 56.0 
- - 54.1 
- - 59.6 

S 16.8 W S 16.8 E 

S 140 W 1 - - 66.6 
S 150 W - - 75.1 
Solar 

Azimuth S 75.0 E 0 S 75.0 W 

3 p.m. 



Table 7-7b. . . . Profile Angle and Solar Azimuth on August 21* (Degrees) 
D 

*Note: Elevation orientations which have a 90° profile angle are oriented 900 from 
the solar azimuth and are completely shaded. Elevation orientations for which the 
'profile angle is not given are oriented more than 90' .from the solar azimuth and are, 
therefore, completely shaded. 

Elevation 
Orientation 

(Degrees) 

S 150 E 
S 140 E 
S 130 E 
S 120 E 
S 110 E 
S 100 E 
S 90 E 
S 80 E 
S 70 E 
S 60 E 
S 50 E 
S 40 E 
S 30 E 
S 20 E 
S 10 E 
S 
S 10 W 
S 20 W 
S 30 W 
S 40 W 
S 50 W 
S 60 W 
S 70 W 
S 80 W 
S 90 W 
S 100 W 
S 110 W 
S 120 W 
S 130 W 
S 140 W 
S 150 W 
Solar 

Azimuth 
Elevation 
Orientation 
for 900 
profile 
angle 

35O North Latitude 
9 a.m. 12 noon 3 p.m. 

77.3 - - 
68.1 - - 
60.5 - - 
54.6 - - 
50.1 - - 
46.9 - - 
44.8 90.0 - 
43.7 85.8 - 
43.4 81.9 - 
44.1 78.2 - 
45.6 75.0 - 
48.2 72.2 - 
52.0 70.1 - 
57.1 68.5 - 
63.8 67.6 81.9 
72.2 67.3 72.2 
81.9 67.6 63.8 
- 68.5 57.1 
- 70.1 52.0 
- 72.2 48.2 
- 75.0 45.6 
- 78.2 44.1 
- 81.9 43.4 
- 85.8 43.7 
- 90.0 44.8 
- - 46.9 
- - 50.1 
- - 54.6 
- - 60.5 
- - 68.1 
- - 77.3 

S72.3E 0 S 7 2 . 3 W S 7 1 . 5 E  

9 a.m. 3 p.m. / 

36' North Latitude 
9 a.m. 12 noon 3 p.m. 

78.0 - - 
68.6 - - 
60.8 - - 
54.7 - - 
50.1 - - 
46.8 - - 
44.6 90.0 - 
43.4 85.6 - 
43.1 81.5 - 
43.7 77.6 - 
45.2 74.2 - 
47.7 71.4 - 
51.3 69.2 - 
56.4 67.6 - 
63.0 66.6 81.0 
71.3 66.3 71.3 
81.0 66.6 63.0 
- 67.6 56.4 
- 69.2 51.3 
- 71.4 47.7 
- 74.2 45.2 
- 77.6 43.7 
- 81.5 43.1 
- 85.6 43.4 
- 90.0 44.6 - - 46.8 
- - 50.1 
- - 54.7 
- - 60.8 
- - 68.6 
- - - 78.0 

0 S 7 1 . 5 W S 7 0 . 6 E  

9 a.m. 3 p.m. 

(S 17.7 W S 17.7 E ~ S  18.5 W S 18.5 EIS 
8 I 

19.4 W S 19.4 E 

37O North Latitude 
9 a.m. 12 noon 3 p.m. 

78.7 - - 
69.1 - - 
61.1 - - 
54.8 - - 
50.1 - - 
46.6 - - 
44.4 90.0 - 
43.1 85.4 - 
42.7, 81.1 - 
43.2 77.0 - 
44.6 73.5 - 
47.0 70.6 . -  
50.6 68.3 - 
55.5 66.6 - 
62.0 65.6 80.0 
70.2 65.3 70.2 
80.0 65.6 62.0 
- 66.6 55.5 
- 68.3 50.6 
- 70.6 47.0 
- 73.5 44.6 
- 77.0 43.2 
- 81.1 42.7 
- 85.4 43.1 
- 90.0 44.4 
- - 46.6 
- - 50.1 , 

, 

- - 54.8 1 
- - 61.1 
- - 69.1 
- - 78.7 

0 *S70.6W 

9 a.m. 3 p.m. 



Table 7-7c. . . . Profile Angle and Solar Azimuth on August 21* (Degrees) 

*Note:  levat ti on orientations which have a 90° profile angle are oriented 90° from 
the solar aiiquth.and are completely shaded. Elevation orientations for which the 
profile angle -is not given are oriented more than 90° from the solar azimuth and are,, 
therefore, completely shaded. 

. . 

Elevation 
Orientation 

(Degrees) 

S 150 E 
S 140 E 
S 130 E 
S 120 E 
S 110 E 
s ~ n n  E 
8 90 E 
S 80 E 
S 70 E 
S 60 E 
S 50 E 
S 40 E 
S 30 E 
S 20 E 
S 10 E 
S 
S 10 W 
S 20 W 
S 30 W 
S 40 W 
S 50 W 
S GO W 
S 70 W 
S 80 W 
S 90 W 
S 100 W 
S 110 W 
S 120 W 
S 130 W 
S 140 W 
S 150 W 
Solar 

Azimuth 
Elevation 
3rientation 
for BOO 
profile 
pnnle 

3g0 North Latitude 
9 a.m. 12 noon 3 p.m. 

80.4 - - 
70.4 - - 
61.9 - - 
55.3 - - 
50.2 - - 
46.6 - - 
44.1 30.0 - 
42.6 85.0 - 
42.1 80.2 - 
42.4 75.9 = 

43.7 72.1 - 
45.9 68.9 - 
49.2 66.5 - 
53.9 64.7 88.7 
60.2 63.7 77.9 
68.2 63.3 68.2 
77.9 63.7 60.2 
88.7 64.7 53.9 
- 66.5 49.2 
- 68.9 45.9 - 72.1 43.7 - 75.9 42.4 
- 80.2 42.1 
- 85.0 42.6 
- 90.0 44.1 
- - 46.6 - - 50.2 - - 55.3 - - 61.9 - - 70.4 - - 80.4 

S 68.8 E 0 S 68.8 W 

9 a.m. 3 p.m. 

S 21.2 W S 21.2 E 

38O North Latitude 
9 a.m. 12 noon 3 p.m. 

79.5 - - 
69.7 - - 
61.5 - - 
55.0 - - 
50.1 - - 
46.6  - - 
44*.2 30.0 - 
42.9 85.2 - 
42.4 80.7 - 
42.8 76.5 e! 

44.1 72.8 - 
46.4 69.8 - 
49.9 67.4 - 
54.7 65.7 89.7 
61.1 64.6 78.9 
69.2 64.3 69.2 
78.9 64.6 61.1 
89.7 65.7 54.7 
- 67.4 49.9 - 69.8 46.4 - 72.8 44.1 - 76.5 42.0 
- 80.7 42.4 - 85.2 42.9 
- 90.0 44.2 - - 46.6 - - 50.1 
- - 55.0 - - 61.5 - - 69.7 - - 79.5 

S 69.7 E 0 S 69.7 W 

9 a.m. 3 p.m. 

S 20.3 W S 20.3 E 

400 North Latitude 
9 a.m. 12 noon 3 p.m. 

81.3 - - .* ' 
71.0 - > - 
62.4 - .  - 
55.5 - - 
50.3 - - 
46.5 - - 
44.0 30.0 T 

42.4 84.8 - 
41.8 79.8 - 
42.1 75.3 = 

43.2 71.4 - 
45.3 68.1 - 
48.6 65.5 - 
53.1 63.7 87.7 . 
59.3 62.7 76.8 
67.2 62.3 67.2 
76.8 62.7 59.3 
87.7 63.7 53.1 
- 65.5 48.6 - 68.1 45.3 - 71.4 43.2 - 75.3 42.1 , - 79.8 41.8 - 84.8 42.4 
- 90.0 44.0 - - 46.5 - - 50.3 - - 55.5 - - 62.4 - - 71.0 , - - 81.3 

S 67.9 E 0 S 67.9 W 

9 a.m. 3 p.m. 

S 22.1 W S 22.1 E 



Table 7-7d. . . . Profile Angle and Solar Azimuth on August 21* (Degrees) 
P 

*Note: Elevation orientations which have a 90' profile angle are oriented 90' from 
the solar azimuth and are completely shaded. Elevation orientations for which the 
profile angle is not given are oriented more than 90' from the solar azimuth and are, 
therefore, completely shaded. 

Elevation 
Orientation 

(Degrees) 

S 150 E 
S 140 E 
S 130 E 
S 120 E 
S 110 E 
S 100 E 
S 90 E 
S 80 E 
S 70 E 
S 60 E 
S 50 E 
S 40 E 
S 30 E 
S 20 E 
S 10 E 
S 
S 10 W 
S 20 W 
S 30 W 
S 40 W 
S 50 W 
S 60 W 
S 70 W 
S 80 W 

S 9 0 W  
S' 100 W 
S 110 W 
S 120 W 
S 130 W 
S 140 W 
S 150 W 
Solar 

Azimuth 
Elevation 
Orientation 
for 90' 
profile 
+angle 

410 North Latitude 
9 a.m. 12 noon 3 p.m. 

82.0 - - 
71.6 - - 
62.7 - - 
55.6 - - 
50.3 - - 
46.4 - - 
43.7 90.0 - 
42.1 84.6 - 
41.4 79.4 - 
41.6 74.7 - 
42.7 70.6 - 
44.7 67.2 - 
47.9 64.6 - 
52.3 62.8 86.7 
58.4 61.7 75.8 
66.2 61.3 66.2 
75.8 61.7 58.4 
86.7 62.8 52.3 - 64.6 47.9 
- 1 67.2 44.7 
- 70.6 42.7 
- 74.7 41.6 
- 79.4 41.4 - 84.6 42.1 
- 90.0 43.7 - - 46.4 
- - 50.3 
- - 55.6 - - 62.7 - - 71.6 - - 82.0 

S 67.1 E 0 S 67.1 W 

9 a.m. 3 p.m. 

S 22.9 W S 22.9 E 

42' North Latitude 
9 a.m. 12 noon. 3 p.m. 

82.7 - - - 
72.0 - - 

, 62.O - - 
55.7 - - 
50.2 - - 
46.2 - - 
43.5 90.0 - 
41.8 84.3 - 
41.1 79.0 - 
41.2 74.1 - 
42.2 69.9 - 
44.1 66.4 - 
47.2 63.7 - 
51.6 61.8 85.9 
57.5 60.7 74 ..9 
65.3 60.3 65.3 
74.9 60.7 57.5 
85.9 61.8 51.6 
- 63.7 47.2 
- 66.4 44.1 
- 69.9 42.2 
- 74.1 41.2 
- 79.0 41.1 
- 84.3 41.8 
- 90.0 43.5 
- - 46.2 
- - 50.2 
- - 55.7 
- - 62.9 - - 72.0 
- - 82.7 

S 66.4 E 0 S 66.4 W 

9 a.m. 3 p.m. 

S 25.6 W S 25.6 E 



PROCEDURE 

In order for the 'designer or the Building Official to.determine whether the 
proposed building meets.the requirements of the regulations, there are cer- 
tain steps which should be followed. These are: 

1. Determine basic glazing area for the building based upon the architec- 
-tural drawings. 

2. ~etermine the degree day zone for the building.site. ' 

3. Determine if the building is heated only, or if it is both heatedsand 
cooled. 

4. For a heated building 'located in an area .of 4500 degree days or'less, 
determine compliance with 1094(f)(l). 

5. For a heated building located in an area over 4500 degree days, deter- 
mine compliance with 1094(f) (2). 

6 .  For a cooled building, determine compliance with 1094(f)(3). 

EXAMPLE 1 . .  . 

Sample calculations for this example will be based upon: 

A four-story, rectangular, heated and air-conditioned, thirteen unit 
apartment building with an enclosed basement to be located in 
Sacramento, California. 

Figure 7-F details highly simplified basement and above grade floor 
plans. Note that there is one two-bedroom apartment unit in the base- 
ment area, and two two-bedroom units and one three-bedroom unit on each 
of the four floors above grade, for a total of thirteen units. In 
addition, we will assume the height above grade to be forty-six feet 
(ten feet for each floor and six feet of basement above grade), and a 
foundation four feet 'below grade. All finished ceiling heights are 
8'-0". The construction weight of the exterior wall exceeds 40 pounds 
par squrnrc foot. Clear window glass has been specified for this 
building. 

STEP 1. Determine the basic glazing area. Since this building is over 
three stories, it is a high rise building pursuant to Section 109t(d)(5) 
and the basic glazing area is 40% of the exterior wall area. 

1-A. Calculate the exterior wall.;area adjacent to heated or cooled 
spaces exposed to ambient climatic temperatures. . 

.. . . . 

The basement exterior wall area is: 

6(39 + 27 + 15 + 16 + 5) + lO(25 + 18 + 17) = 1,212 sq ft 

The exterior wall area for each floor above grade is: 



Figure 7-F North 

Two Bedroom Dwelling Unit 
Dwelling .Unit . + 

Three Bedroom Dwelling Unit. 

North 

TYPICAL ABOVE GRADE FLOOR. PLAN 
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BASEMENT FLOOR PLAN 



The e x t e r i o r  w a l l  a r e a  f o r  t h e  4  f l o o r s  above grade is: 

4 x  2,760 = 11,040 sq  f t  

The t o t a l  e x t e r i o r  w a l l  a r e a  of t h e  b u i l d i n g  is:  

1-B.  C a l c u l a t e  40% of t h e  a r e a  determlned i n  S tep  1-A. 

This  i s  t h e  b a s i c  g l a z i n g  a r e a  f o r  t h e  e n t i r e  bu i ld ing .  

STEP 2.  Determine t h e  degree day zone f o r  t h e  b u i l d i n g  s i t e .  By r e fe rence  
ro Chapter 6 - C a l i f o r n i a  Design Condit ions - we f i n d  t h a t  Sacramento has 
2782 hea t ing  degree days. s he-design of t h i s  bu i ld ing  w i l l ,  t h e r e f o r e ,  be 
governed by Sec t ion  1 0 9 4 ( f ) ( l )  r a t h e r  than  1094(£) (2) .  Winter d e s i  n  tem- % p e r a t u r e  f o r  Sacramento i s  2 9 ' ~  and summer des ign  temperature is 97 F. 

STEP 3. By d e f i n i t i o n  i n  t h i s  example, t h e  b u i l d i n g  is  both heated and 
cooled.  

STEP 4. Determine compliance wi th  1 0 9 4 ( f ) ( l ) .  

4-A. The planned g l az ing  a r e a  (assumed f o r  t h i s  example) i s  a s  fol lows:  

North e l e v a t i o n  - 1200 sq  f t  
East  e l e v a t i o n  - 1000 s.q f t  - 
SuuLlr r levaLlun - 3208 sq f e  
Wes' e l e v a t i o n  - 1000 sq  f t  

T o t a l  - 6400 sq TL  

4-B. The planned g l az ing  a r e a  of 6400 sq  f t  is g r e a t e r  than t h e  b a s i c  
g l az ing  a rea .  Therefore,  a s  s p e c i f i e d  i n  Sec t ion  1 0 9 4 ( f ) ( l )  " t reatment  
s h a l l  be r equ i r ed  t o  l i m i t  t h e  conducted des ign  h e a t  l o s s  t o  t h a t  which 
would occur  w i t h  t h e  b a s i c  g l az ing  a r e a  s i n g l e  glazed." 

Some of t h e  v a r i o u s  methods by which t h i s  may be accomplished a r e  as 
50!,3 ouo : I 

a .  Reduce t h e  planned g l az ing  a r e a  t o  t h e  b a s i c  g l az ing  
a r e a  of 4901 sq  f t .  

b. Use i n s u l a t i n g  g l a s s  w i th  an  accep tab le  U f a c t o r  f o r  
t h e  e n t i r e  planned g l az ing  a rea .  

c. .Use a combination of s i n g l e  g l a s s  ( ~ = l . l 3 )  and i n s u l a t i n g  
g l a s s  wi th  an accep tab le  U f a c t o r .  

d .  Use an  ,acceptab le  cornhinetinn of reduced planned g l az ing  
a r e a  and i n s u l a t i n g  g l a s s .  

e .  Some o t h e r  combination of m a t e r i a l s  i n  keeping wi th  t h e  
p rov i s ions  of Sec t ion  1094fc)  of t h e  r egu la t ions .  



,4-C. Calculate.the allowable heat. loss. 

The heat loss (Q) through a.particular section of a building is pro- 
portional to the U factor (U) , the area (A) of the section and. the 
f emperature difference ( AT) between the indoor and outdoor design 
temperatures; or: 

The planned glazing area exceeds the basic glazing area'by: 

The allowable heat loss (the heat loss which would occur with the basic 
glazing area single glazed) for the 6400 sq ft would be equal to the 
allowable heat loss through 4901 sq ft basic glazing area plus the 
allowable heat loss through the 1499 sq ft of wall which was replaced 
by the excess planned glazing. 

The allowable heat loss (Q) through the basic glazing area single 
glazed is: 

Q = (U factor of single glass) (basic glazing area) (AT) 
Q = (1.13) (4901) (AT) = 5538 (AT) Btu/hr 

Since the building is located in an area having less than 3500 degree 
days and the exterior wall construction weight exceeds 40 psf, the max- 
imum allowable U factor of the wall is 0.16. (See Section 1094(e) of 
the regulations.) The allowable heat loss (Q) of the wall area replaced 
by the excess planned glass is: 

Q = (Allowable U factor of wall) (wall area) ( 1 T) 
Q = (0.16) (1499) ( AT) = 240 ( AT) Btu/hr 

The total allowable heat loss for the 6400 sq ft of planned glazing 
area is: 

5538 ( AT) + 240 ( AT) = 5778 ( AT) ~tu/hr 

Therefore, in order to be in compliance with Section 1094(f)(l), the 
actual design heat loss through the 6400 sq ft of planned glazing area 
cannot be greater than 5778 ( AT) ~tulhr. 

Note that .AT (the difference between the indoor and outdoor design 
temperatures) is the same for both the actual and the allowable heat 
loss calculations and, therefore, is not required in the calculations.' 

4-D. One method of obtaining compliance is to use insulating glass fot 
the entire planned glazing area. (Method b on page 7-16.) The U fac- 
tor required for the insulating glass can be calculated by equating the, 
actual design heat loss to the allowable heat loss as follows: 



. . 
, 

. Actual Heat Loss = Alloyable Heat LOSS 

(U factor of the insulating glass) (glass area) = 5778 
(U). (6400) = 5778 
U. = 0.902 

Check the actual heat loss through the 6400 sq ft of insulating glass 
with a maximum U factor of 0.902 as.follows:. 

  his is less than the allowable heat loss, therefore, compliance with 
Section 1094(f)(l) could be obtained by using insulating glass with a 
U factor not greater than 0.902 for the entire 6400 sq ft of planned 
glazing area. Glazing with the appropriate U factor may be selected 
from either Table 7-1 or the manufacturer's technica'l data. 

4-E.  Another method of obtaining compliance 9s to use a combination'of 
single glass and insulating glass. (Method c on Page 7-16.) For this 
example, the insulating gla'ss will be do.uble glass with a ')t inch air 
'space. (U = 0.65 from Table 7-1) 

The area of insulating glass required could have been determined by 
estimating the area required, then calculating the actual design heat 
loss and comparing it.to the allowable heat loss calculated in 4-C; or 
it can.be calculated by equating the actual heat loss to the allowable 
heat loss as follows:. 

Actual Heat Loss = Allowable Heat Loss 
Single Glass + Insulating Glass = Allowable 
1.13 ASG + UIG ATG = 5778 
Where: L1 

ASG = Area of single glass (sq ft) 
AIG - Area of inoulating glans (oq ft) 
UIG = U factor of insulating glass 

Since the total planned glass area is 6400, 
then ASG = 6400 - A=G 
1.13 (6400-AIG) + 0.65 AIG = 5778 
7232 - 1.13 AIG + 0.65 AIG = 5778 . 

0.48 A ~ G  = 1454 
AIG = 3029 sq ft = Area of insulating glass 

,- 
The area' of noninsulating or single glass woul'd be: 

6400 - 3029 = 3371 sq ft 

The actual heat loss of .the planned glazing area should be 
checked as follows: . .  . 

, Q 5 . 1 3  (3371) + .O. 65 :(3029) 
= 5578 ~tu/hr F 



Comparing t h e  a c t u a l  l o s s  t o  t h e  a l lowable  h e a t  l o s s  shows t h a t  they  
a r e  equal .  Therefore,  3029 s q  f t  of i n s u l a t i n g  g l a s s  w i th  a  maximum 
U f a c t o r  of 0.65 would be  necessary  t o  comply w i t h  Sec t ion  1 0 9 4 ( f ) ( l ) ;  

STEP 5. Determine compliance w i t h  Sec t ion  1 0 9 4 ( f ) ( 2 ) .  Since t h i s  b u i l d i n g  
is  i n  Sacramento and t h e r e  a r e  l e s s  than  4500 degree days ,  t h e s e  p rov i s ions  
do not  apply. 

STEP 6. Determine compliance wi th  Sec t ion  1 0 9 4 ( f ) ( 3 ) .  

6-A. For cooled bu i ld ings ,  t i n t e d  g l a z i n g  i s  r equ i r ed  when t h e  t o t a l  
g l az ing  a r e a  exceeds t h e  b a s i c  g l az ing  a r e a .  However, t h e  g l az ing  a r e a  
on wa l l s . o r i en t ' ed  w i t h i n  22g0 of t r u e  North need no t  be included i n  t h e  

. .  . 
t o t a l  g l az ing  a r e a .  

Basic  g l az ing  a r e a  = 4901 sq  f t  (See 1-B). 
Planned g l az ing  a r e a  = 6400 sq  f t  (See 4-A) 
Glazing a r e a  on North w a l l  = 1200 sq  f t  (See 4-A) 

The t o t a l  g l az ing  area as r e l a t e d  t o  t h e  t i n t e d  g l a z i n g  requirement  is  
. ca l cu la t ed  by s u b t r a c t i n g  t h e  g l a z i n g  a r e a  on t h e  North w a l l  from t h e  
planned g l az ing  a r e a .  

\ 

Tota l  g l az ing  a r e s  = 6400 - 1200. = 5200 sq  f t  

S2nce t ~ i s  ' t o t a l  g l a z i n g  a r e a  exceeds t h e  b a s i c  . g l a z i n g  a r e a ,  some 
t i n t e d  :glazicg w i l l  be  r equ i r ed  f o r  t h e  bu i ld ing .  The a r e a  of t i n t e d  
g l az ing  requi red  s h a l l  n o t  be l e s s  than t h e  d i f f e r e n c e  between t h e  
t o t a l  g l az ing  a r e a  and t h e  b a s i c  g l az ing  a r e a .  

Required t i n t e d  g l az ing  a r e a  = 5200 - 4901 = 299 sq  f t  

Therefore,  a  t o t a l  of 299 sq  f t  of t i n t e d  g l az ing  must be provided on 
e l e v a t i o n s  no t  o r i e n t e d  wi th in  22%' of t r u e  North (Eas t ,  South o r  West). 
The r equ i r ed  t i n t e d  g l az ing  may be placed e n t i r e l y  On one of t h e s e  
e l e v a t i o n s  o r  i t  may be  d i s t r i b u t e d  among t h e  t h r e e .  

The t i n t e d  g l az ing  s h a l l  have a  maximum shading c o e f f i c i e n t  of 0.75 
(0.55 a f t e r  J u l y  1, 1976).  The c l e a r  window g l a s s  s p e c i f i e d  f o r  t h e  
bu i ld ing  is  n o t  i n  compliance, s i n c e  c l e a r  window g l a s s  has  a  shading 
c o e f f i c i e n t  g r e a t e r  than  0.75. (See Table 7-2) 

6-B. The r e g u l a t i o n s  a l s o  o f f e r  t h e  des igne r  an op t ion  t o  t i n t e d  . 
glaz ing .  They s t a t e  t h a t  permanent e x t e r n a l  shading which w i l l  a l l ow 
no more than  50% d i r e c t  s o l a r  exposure on t h e  g l az ing  a t  9:00 a.m., 
noon, and 3:00 p.m. s o l a r  t ime August 21, may be u t i l i z e d  i n  l i e u  of 
t i n t e d  g l a s s .  

This  can be accomplished i n  s e v e r a l  ways. One method i s  t h e  use ,of 
overhangs which w i l l  shade t h e  g l az ing  from t h e  sun'. The 'da t a  given 
i n  Table 7-6 o r  . the  g raph ica l  shading method presented  on Page 7-6 
may be u t i l i z e d  t o  determine t h e  shaded a r e a  produced. 



Other options include permanent slat type sun shades and patented 
louvered sun screens. Values.for these dev.ices may be calculated 
from Tables 7-4 and 7-5 and the accompanying explanation. 

Note: It is reconnnended that-the glass manufacturer be consulted when 
.unusual shading techniques are being considered. The introduction of 
various shadow patterns or glare-reducing films to.certain types of 
glass may result in abnormal thermal stress concentrations within. the 
glass, which may in turn increase the possibility of glass failure. 

. < A  _ .  

EXAMPLE I1 

Sample calculations for this example will be based upon: 

A one-story , heated and air-conditioned single family dwelliag 
1,ocated in sacramento, California. 

Figure 7-6 details a highly simplified floor plan of the one-story 
single family dwelling. All finished ceiling heights are 8'-0''. 
The construction weight of the exterior wall is less than 26 pounds 
per square foot and is of light frame construction. Clear window 
glass has been specified for this building. 

STEP 1. Determine tbe basic glazing area. Pursuant to Section 1094(d)(14) 
the basic glazing area is 20% of the gross floor area. 

1-A, Calculate the gross floor area. 
(30 x 40) + (20 x 20) = 1600 sq ft 

1-B. Calculate 20% of the 'gross floor area determined in Step 1-A. 
The basic glazing area is then: 

STEP 2. Determine the degree day zone for the building site. By reference 
to Chapter 6 - California Design Conditions - we find that Sacramento has 
2782 heating degree days. The design of this building will, therefore, be 
governed by Section 1094(f)(l) rather than 1094(f)(2). The winter design 
temperature for Sacramento is 2g°F and the summer design temperature is 
97OF. 

STEP 3. By definition in this example, the building is both heated and 
cooled. 

STEP 4. Determine compliance with .1094(f)(l). 

4-A. The planned glazing area (assumed for this example) is aa 
follows : 



North E leva t ion  - 40 s q  f t  
Eas t  E leva t ion  - 150 sq  f t  
South E leva t ion  - 140 s q  f t  
West Eleva t ion  - 80 sq  f t  

T o t a l  410 sq  f t  

4-B.. The planned g l az ing  a r e a ,  410 sq  f t ,  is g r e a t e r  than  t h e  b a s i c  
g l az ing  area. Therefore,  as s p e c i f i e d  i n  s e c t i o n '  1 0 9 4 ( f ) ( l )  " t re i i t -  
ment s h a l l  be  r eqq i r ed  t o  l i m i t  t h e  conducted des ign  hea t .  l o s s  t o  
t h a t  which would occur  w i t h  t h e  b a s i c  g l az ing  a r e a  s i n g l e  glazed." 

Some of t h e  v a r i o u s  methods by which t h i s  may be accomplished a r e  a s  
fo l lows  : 

a. Reduce t h e  planned g l a z i n g  ' a rea  t o  ' t h e  b a s i c  g l az ing  a r e a  
of 320 s q  f t .  

b .  U s e  i n s u l a t i n g  g l a s s  w i t h  an  accep tab le  U f a c t o r  f o r  t h e  
e n t i r e  planned g l az ing  a r e a .  

c'. Use a combination of s i n g l e  g l a s s  (U =, 1.13) and i n s u l a t i n g  
. g l a s s  w i th  an accep tab le  U f a c t o r .  

d. U s e  an  accep tab le  combination of reduced p'lanned glazing '  a r e a  
and i n s u l a t i n g  g l a s s .  

e .  Some o t h e r  combination of m a t e r i a l s  i n  keeping w i t h . t h e  
p rov i s ions  of .Section 1094(c) of t h e  r e g u l a t i o n s .  

Examples of  v a r i o u s  methods of complying wi th  t h e  s t anda rds  a r e  d i s -  
cussed i n  d e t a i l  i n  Example I of t h i s  chap te r  and t h e  examples given 
i n  Chapter 11. 

STEP 5. Determine compliance wi th  Sec t ion  1094( f ) (2 ) .  Since t h i s  b u i l d i n g  
is i n  Sacramento and t h e r e  a r e  l e s s  than  4500 degree days, t h e s e  p rov i s ions  
do no t  apply. 

STEP 6. Determine compliance wi th  Sec t ion  1094( f ) (3 ) .  

6-A. For cooled bu i ld ings ,  t i n t e d  g l a z i n g  i s  r equ i r ed  when t h e  t o t a l  
g l az ing  a r e a  exceeds t h e  b a s i c  g l az ing  a r e a .  The g l az ing  a r e a  o n ' w a l l s  
o r i e n t e d  w i t h i n  22%' of t r u e  North need no t  be included i n  t h e  t o t a l  
g l az ing  a rea .  

Basic  Glazing Area = 320 s q  f t  ( s e e  I-B) ' 

Planned Glazing Area = 410 s q  f t  ( s ee  4-A) 
Glazing Area on North Wall = 40 s q  f t  ( s ee  4-A) 

The b u i t d i n g  f o r  . t h i s  example i s  o r i e n t e d  a s  shown i n  Figure 7-G. The 
North w a l l  is  - not  o r i e n t e d  wi th in  22%' of t r u e  North, t h e r e f o r e ,  t he  
g l az ing  a r e a  on t h e ' N o r t h  w a l l  must be included i n  t h e  t o t a l  g l az ing  
a r e a  a s  r e l a t e d  t o  t h e  t i n t e d  g l az ing  re'quirements. 

Sinc.e t h e  b u i l d i n g  f o r  t h i s  example has  no w a l l  o r i e n t e d  " i thin '224O ' 

of t r u e  North, t h e  t o t a l  g l az ing  a r e a  as r e l a t e d  t o  t h e  t i n t e d  g l az ing  
requirement is t h e  same a s  t h e  planned g l az ing  a r e a ,  which is- 410 sq  f t .  



This t o t a l  g laz ing  a r e a  exceeds t h e  bas ic  g laz ing a rea ,  the re fo re ,  
t i n t e d  g laz ing  w i l l  be requi red  f o r  the  build.ing. The a r e a  of t i n t e d  
g laz ing requi red  s h a l l  no t  be  l e s s  than t h e  d i f fe rence  between the  
t o t a l  g laz ing a r e a  and t h e  b a s i c  g laz ing area .  

Required t i n t e d  g laz ing a r e a  = 410 - 320 = 90 sq f t  
( 

Therefore,  a  t o t a l  of 90 sq f t  of t i n t e d  g laz ing must be provided f o r  
t h e  bu i ld ing .  Since the  bu i ld ing  does not  have a  wal l  o r i en ted  
wi th in  22-112' of t r u e  North, t h e  required 90 sq f t  of t i n t e d  g laz ing 
may be placed e n t i r e l y  on any wal l  of t h e  bui ld ing o r  d i s t r i b u t e d  on 
a  combination of w a l l s .  

The t i n t e d  g laz ing s h a l l  have a  maximum shading c o e f f i c i e n t  of 0.75 
(0.55 a f t e r  J u l y  1, 1976). The c l e a r  window g l a s s  spec i f i ed  f o r  the  ' 
bu i ld ing  is  not  i n  compliance, s ince  c l e a r  window g l a s s  has a  shading 
c o e f f i c i e n t  g r e a t e r  than 0.75. (See Table 7-2). 

6-B. Note t h a t  i f  t he  North wal l  of the  building was o r i en ted  wi th in  
22-1/20 of t r u e  North, t h e  40 sq f t  of g laz ing on the  North wa l l  
could be sub t rac ted  from t h e  planned glaz ing area .  The t o t a l  g laz ing 
a r e a  a s  r e l a t e d  t o  t h e  t i n t e d  g laz ing requirement would be 410 - 40 

' o r  370 sq. f t .  The required t i n t e d  g laz ing a r e a  would then be 370 - 
320 o r  50 sq P t ,  t o  be placed on e ' levat ions not  o r i en ted  wi th in  22- 
112' of t r u e  North. 

6-C. The r e g u l a t i o n s  a l s o  o f f e r  the  designer an opt ion  t o  t i n t e d  
g laz ing.  They s t a t e  t h a t  permanent ex te rna l ' shad ing  which w i l l  allow 
no more than 50% d i r e c t  s o l a r  exposure on the  g laz ing a t  9:00 a.m., 
noon, and 3:00 p.m. s o l a r  time August 21, may be u t i l i z e d  i n  l i e u  of 
t i n t e d  g l a s s .  

For t h i s  example, t h e  graphica l  shading method presented on Page 7-6 
w i l l  be  used. To comply wi th  Sect ion  1094(f ) (3)  of the  r egu la t ions ,  
t h e  a c t u a l  shaded glaz ing a r e a ' a t  each .of t h e  t h r e e  designated t i m e s  
must be  a t  l e a s t  50% of t h e  required t i n t e d  g laz ing a rea ,  which i s  
0.50 x 90 o r  45 sq ft. 

6-D. For t h i s  example, t h e  bui ld ing is  i n  Sacramento, which is  
loca ted  a t  approximately 38O 30' North Lati tude.  The bui ld ing has 
1'-6" overhang on t h e  North and South e leva t ions  only. 

. . , . 
From Table 7-7c, determine the  p r o f i l e  angle  and s o l a r  azimuth on 
August 2 1  a t  9:00 a.m., noon and 3:00 p.m. solar time. The Tables 
have been e s t a b l i s h e d  f o r  each degree of l a t i t u d e .  For sim l i c i t  
t h e  n e a r e s t  whole degree of l a t i t u d e  could be used t o  determine t e - ---- -- - 
p r o f i l e  angle  -- and s o l a r  azuth. However, f o r  t h i s  example, i n t e r -  
po la t ion  between 38O and 39O w i l l  be used t o  determine t h e  more exact  
p r o f i l e  angle  and s o l a r  azimuth a s  fol lows:  



. . 

. South Elevation. (S 300 W) 

For 380 

9:00 a.m. . ' Profile angle - 
Solar Azimuth S 69.7 E 

noon Profile angle 67.4 
' Solar Azimuth 0 

3:00 p..m. Profile angle , 49.9 * 
Solar Azimuth 

'? ' 

S 69.7 W 

For 39@ . 

9:00 a.m. Profile angle - 
Solar Azimuth S 68.8 E 

. ' noon Profile angle 66.5 
Solar Azimuth 0 

3:00 p.m. Profile angle . 49.2 
, Solar Azimuth S .68.8 W 

For 38O 30' (by interpolation) 

9:00 a.m. Profile angle - 
Solar Azimuth S 69.3 E 

noon Profile angle 67.0 
Solar Azimuth 0 

. . 3:00 p.m. Profile angle 49.6 
Solar Azimuth . . .. . I S 69.3 W 

North Elevation (S 150°.~) 

Fnr 380 . .. 

9:00 a.m. Profile angle 79.5 
Solar Azimuth S 69.7 E 

noon Profile angle 
Solar Azimuth 

3:00 p.m. Profile angle - . , , - 
Solar Azimuth S 69.7 W 



For 39' ' 

9:00 a.m. Profile angle 80.4 
, Solar Azimuth S 68.8 E 

noon Profile angle 
solar Azimuth 

3:00 p.m. Profile angle - 
' Solar Azimuth G 68.8 W 

For 38O 30' (by interpolation) 

9:00 a.m. Profile angle 80.0 
Solar Azimuth 3 69.3 E 

noon Profile angle 
soiar Azimuth 

Profile angle , . 3:08 p.m. - 
' Solar Azimuth S 69.3 W 

From the above data and Figure 7-G, the elevations which are completely 
shaded, or completely unshaded, can be determined. 

From the shading diagrams shown in Figures 7-H, 7-5, and 7-K, the area of 
glazing shaded on the North elevation at 9:00 a.m. and t.he South elevation 
at 12:OO noon and 3:00 p.m. can be determined. 

For this example, the area of glazing shaded on each elevation at 9:00 a.m., 
12:OO noon, and 3:00 p.m. is summarized as follows: 

ELEVATION NORTH EAST SOUTH WEST TOTAL 

Area of Glazing (sq ft) 40 150 140 80 410 

Area of Glazing Shaded (sq ft) at: 

9:00 a.m. 4 0 0 14 0 80 260 
* 12:OO noon 4U 0 77 8 0 197 
3;00 p.m. 4 0 150 28 0 218 

The most critical time for shading in this example is at 12:00 noon, when 
197 sq ft of glazing is shaded. This exceeds the required shadad glazing 
area 6f 45 sq ft (see Step 6-C), therefore, the building~complies with 
Section 1094'(f)(3) of the regulations. 

~ o t &  that for this example, the shading diagrams are not really needed, 
since, at each of the designated times, the area of glaling on thc 
completely shaded elevations would be sufficient to,comply with Section 
1094(£)(3) of the regulations. 
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Figure 7-H . . . ., Shading at  f2:00 Noon (South Elevation) 
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CHAPTER '8 

INSTALLATION OF INSULATION' 

PURPOSE 

To provide architects, designers, builders and building officials with a 
.reliable guide to the proper installation of insulation. This chapter 
will include types of materials available, common application practices 
and suggested inspection procedures. 

GENERAL 

Insulation comes in many forms and many types of.materials. We will dis- 
cuss in this chapter, the most commonly used materials which you will 

. . encounter in residential construcfion. ~hey'are batts and blankets, rigid 
insulation, reflective insulation, loose fill, and 's~rayed insulation. For 
your information, we have compiled a list of all of the various types of 
materials and the Federal Specifications governing their characteristics. 

Cork Board.... .................................... FS HH-I-561E 
cellular "Glass.. .................................. .FS HH-I-551E 
Duct Insulation......... ..................... FS HH-I-558B 
Expanded, Polystyrene ~nsulation Board. ............ FS HH-I-524B 
Fiberboard......... ............................... FS LLL-I-535A 

or ASTM C-208 
Q 

Class C 
Insulation Board (Urethane) ................... ;.,..FS HH-I-530A . . 
Insulation, Thermal (Perlite) .............. ;..;'...Fs HH-I-574B 
Mineral Fiber, Pneumatic or Poured.....;.. ........ FS HH-I-1030A 
Mineral Fiber, Insulation Blanket ................. FS HH-T-521E 
Perlite........................ .................... FS HH-I-52'6A 
Perimeter Insulation ....................... :. ..... FS HH-I-524~ 

Type 11 
FS HH-I-558B 
Form A, Class 1 
or 2 

Reflective, Thermal... ............................ FS HH-1-1252, 
Amend. 3 

. Structural Fiberboard Insulation Roof Deck........AIMA IB 
Spec. No. 1 

. Cellulose; Vegetable or Wood Fiber ................FS HH-I-515B-25 
Vermiculite ....................................... FS HH-I-585C 
Vermiculite, Water Repellent Loose Fill...........FHA UM-30 
Mineral Fiber, Roof Insulation .................... HH-I-5m 



BATTS AND BLANKETS 

Batts and blankets are the most commonly used insulation materials.in the 
residential market. They are generally made of mineral wool which includes 
both rock wool and glass fiber and are available in various widths to 
a&commodate standard framing spacing. Batts and blankets are available 4 
either unfaced, kraft faced, foil faced, or foil enclosed. 

These materials, which conform to Federal Specification HH-I-521E or HH-I- 
515B, are identified both on the package and on the vapor barrier facing 
with their "Rut values. Under the Federal Specification, there are three 
standard products identified as R-7, R-11 and R-19. These values are 
based on the insulation value of the mass only and no credit is given for 
reflective facings. Some manufacturers offer other products such as R28, 
R-13 and R-22. The specific thickness of insulation required for a specific 
"R" value may vary from one manufacturer to another due to differences in 
base materials and manufacturing processes. The key point for the field 
Inspector is to identify the product by the "R" value on the package ur on ' 

the facing material. 

General Guidelines 
. ~. ....,:A*"- 

1. Install insulation so the facing material, if present, faces the 
, interior of the home - that is, the area that is heated in winter. 
2. Asphalt coated kraft or foil facings should never be left as exposed 

f inishe-s. 

3. Insulate all spaces of the building section including small spaces 
over 1" wide. 

4. Place insulation on the cold side (An winter) o f  pipes and ducts. 

5 .  Apply blanket flanges snuggly against the sides of the framing 
members. 

Ceilings 

There are three methods of installing blanket insulation in ceilings: 

1. Fastening from below (Fig. la and lb). 

2. Installing unfaced pressure-fit blankets (Fig. 2). 

3 .  Laying the ii~sulation in from above when the ceiling finish 
material is in place. 



ff Wth insulation 

' " I  1 1 ' '  Fig. lb 

Fasten flanges to the ceiling joists as shown in Fig. lb. Extend the 
insulation entirely across the top plate, keeping the blanket as close to 
the plate as possible. If necessary, stuff the gap between blanket and 
plate with loose inaulation as shown in Fig. lb. When eave vents are used, 
the insulation should not block air movement from eave to space above 
insulation. 

Fig. 2 

Wedge unfaced, pressure-fit blankets between ceiling joists (Fig. 2). 
Allow insulation to overlap the top plate of thc exterior wall, but not 
enough to block eave ventilation. The insulation should touch the top of 
the plate to avoid heat loss and wind penetration beneath the insulation. 



A separate vapor barrier is unnecessary under some conditions. For instfhlc, 
no separate vapor barrier is necessary if the net free ventilating area is 
not less than 1/150 of the area of the space ventilated, except that the 
area may be 1/300 provided at least 50 percent of the required 
area is provided by ventilators located in the upper portion of the spac 
to bd ventilated at least 3 feet above eave or cornice vents with the 
balance of the required ventilation provided by eave or cornice vents. 

Walls - 

PwsB blenkate intrn stud spaces so that they touch the sheathing nr the aid- 
ing. Working from the top down, atapla through flarhges of faced ;Lnoulattan 
into the sides of the studs, to hold insulation in place. Cut blankets 
slfghtly over leagrlr LU assure contact with the top and bottom plates. 
(Fig 3 4  

Type I insulation blankets conformlllg to Federal Bpaaificetlnn 1M-I-521E do 
not have membrane coverings, but have dimensions and physical properties to 
be self supporting when placed between structural members having standgrd 
spachgs. The oversizing of the blanket results in a pressure fit which 
sugportn the blanket without additional fastening. (Fig. 3b) 

u Fig. 4 

push insvlation behind (cold side in winter) pipes, ducts, and electrical 
boxes (Fig. 4). As an alternate, the space may be packed with loose insu- 
lation or a piece of insulation of the proper size can be cut and fit into 
place. 
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.tuff a l l  craclrrr (wer  1") 
annmd doors and viadarn 

Fig. 5 

Stuff small spaces between rough framing and door and window heads, jambs, 
and sills with pieces of insulation (Fig. 5). 

art I" wider 
than stud spa- non-rundard 

stud sprea width 

Iqe,g$ate non-standard-width stud or joist apace6 by cutting the insulation 
a d  vapor barrier an inch or so wider than the space to be fill@ (P*. &a. 
Fastv uncut flange ae usual. Pull the vapo* barrier on the cut side fo t&e 
other stud, compressing the insulation behipd it, and fasten through vapor 
barrier to stud (Fig. 6b). Unfaced blankets are cut slightly oversize and 
W g e d  into place. 



Masonry Walls 

Masonry w a l l s  may be insulated using furring s t r i p s  at  16 o r  24 inches 
0.c. depending on thickness and type of wal l  f in ieh  (Fig, 7a and 7b). Ineu- 
l a t ion  is  placed between furr ing s t r ip s .  Refer t o  typical  drawings i n  
Chapter 5. 

Floors and Crawl Spaces 

hul.at ion 

Floors over ,crawl spaces (Fig. 8a) may be insulated e i the r  by insulating 
the foundation walls i f  the crawl space is unvented, or  i f  the crawl space 
i s  vented by placing insulation between the jo is t s .  
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Floors over vented crawl spaces (Fig. 8b) can be insulated by installing. 
insulation between the joists and holding it in place by: 

1. Using heavy-gage wires pointed at both ends and made especially for 
this purpose. Bow the wires and wedge them under insulation and 
between joists. 

2. Lacing wire back and forth between nails placed in bottom of joists. 

3 .  Nailing chicken wire to bottom of joists. 

In all cases, the vapor barrier side of the insulation should face the 
floor above - that is, be adjacent to the warm side in winter. Poly- 
ethylene may be used as a vapor barrier to cover the ground. If it is 
desired to protect the insulation from the weather, nail standard, interior 
grade softwood plywood, nail-base insulation board, or similar covering to 
the bottom of floor joists. 

Dropped Soffits - KitchenIBath 
Insulation of dropped soffits over kitchen cabinets, bathtubs, or showers 
may need special attention when they are exposed to the attic. If the 
dropped soffit is framed before ceiling finish material is applied, a 
"board" (plywood, hardboard, gypsumboard, etc.) needs to be installed over 
the cavity to support blown insulation. The dropped soffit area is no prob- 
lem with blanket insulation or when blown attic insulation is used and the 
ceiling finish material extends over the cavity. When using blanket insu- 
lation, stuff it between trusses or rafters to extend over and span the 
dropped soffit cavity. 

In apartments with back-to-back kitchens or baths, it is-preferable to 
extend ceiling finish material over dropped soffits to the party wall to 
avoid acoustical short circuits. 

RIGID INSULATION 

Rigid ifisulation' is available in boards of various sizes and thicknesses 
made of polystyrene, polyurethane, cork, cellular glass, mineral fiber 
(glass or rock wool), perlite and wood or cane fiberboard. They are com- 
monly used as insulation for masonry construction, as perimeter insulations 
around concrete slabs, as exterior sheathing under the weather barrier, and 
as rigid insulations on top of roof decks. 

 any of the board insulations are not identified with the "R" value infor- 
mation. To determine that the proper thickness is being installed, you 
should either refer to the approved plans and specifications which would 
show the type and thickness of board insulation, or you may request a 
certification from the supplier that the particular product and thickness 
supplied, provides the required "R" value. 



Installation Procedures 

Masonry Walls: Rigid insulations are applied to either face of a masonry 
wall (Fig. 9a and 9c) or are used as a cavity insulation between two courses 
of masonry (Fig. 9b) . When applied to the face of masonry walls, they are 
generally installed with adhesive and/or mechanical fasteners. The manufac- 
turer's recommendation should be followed. 

Fig. 9c 
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Frame Construction: When rigid insulation is used with frame construction 
(Fig. 10). It is normally applied as sheathing to the outside of the framing, 
and mechanically attached with nails to wood studs or to metal studs with 
screws or clips. Here again, the manufacturer's instructioas should be 
followed . 

i 
Roof Insulation: Roof insulation boards are usually installed with a fire 
retardant adhesive, hot asphalt, or may be nailed to the roof sheathing. 
The manufacturer's instructions should be followed. 

Slab-on-Grade: Rigid insulation is frequently utilized as insulation around 
the perimeter of concrete slabs on grade (Fig. llb & llc) and also may be 
used on the inside of foundation walls adjacent to heated crawl spaces or 
basements (Fig. lla). Installation to crawl space or basement walls is 
normally accomplished with adhesive and/or mechanical fasteners. Perimeter 
insulation is usually installed against the footings and extended into the 
edge of the building at the time the concrete is poured. The manufacturer's 
recommended installation instructions should be followed, 





LOOSE FILL INSULATION 

The. most commonly used materials of this type are those made from mineral 
fibers (rock or glass), or cellulose materials (wood fibers or macerated 
paper). 

The state regulations require that where loose fill insulation 'is to be 
used, that the "R" value of the installed insulation be shown on .the build- 
ing plans. 

BLOWN ATTIC INSULATION . 

There are several variable factors pertaining to blown attic insulation 
that can cause differences in its installed resistance value (R).' For a 
given manufacturer's insulation, the installed resistance depends on thick- 
ness and weight of insulating material applied per square foot. For that 
reason, Federal Specification HH-I-1030A for insulation requires that each 
bag of insulation be labeled to show the minimum thickness, the maximum net 
coverage, and the minimum weight of (that particular) insulation material 
required per square foot to produce resistance'values of R-30, 22, 19 and 
11. A specimen bag label for pneumatic insulation is shown in Fig. 12. 

The number of bags of blown insulation required to insulate an attic of a 
given size may be calculated from data provided by the manufacturer. 

If only the thickness of blown attic insulation is specified, and the den- 
sity or number of bags is not, the desired or assumed thermal resistance. 
value may not be- achieved. 

The important characteristic is weight per square foot. Thickness is the 
minimum thickness, not the average thickness experienced in the field. 

When eave vents are installed, adequate baffling of the vent opening must ' .  

be provided so.as to deflect the incoming air above the surface of the ' 

installed blown or poured insulation. Baffles should be made of wood or 
other durable material and should be installed at the soffit QR a 45 degree 
angle. Baffles must be in place at the time of framing inspection. 

The regulatidns require a "U" factor of 0.05 for ceilings and when blown 
insulation is installed in a vented attic, it will be necessary that the 
insulation provides a minimum "R" = 19. For your information, three com- 
monly used blown insulations to provide R-19 are: 

~inimum . Maximum Net 
Material . Thickness CoverageIBag 

~ags/1000 Minimum Wt./ 
S q  Ft Sq Ft 

Cellulose 5" 51.9 sq ft (40 lb bag) 19.3 0.77 

Glass Fiber 8-314" 51 sq ft (24 lb bag) 2 0 0.489 

Rock" Wool 6-112" 26 sq ft (27 lb bag) 38 1.03 



BLOWING WOOL 
Manufactured By 

The manlifacturer recommends these maximum coverages at these minimum 
thicknesses to provide the levels of installed insulation resist.ance (R) values 
shown: (based on 25 Ib. nominal weight bag). 

. 'fi ,3'*$S 3'" Ifi?:*"'!.'%: a r .  a""':"anee 
'Height contents: not less than 24 Ibs. ,w.n ASTM C-687 an3 C-228 

Fig. 12 . . 

REFLECTIVE INSULATION 

Reflective insulations are composed of aluminum foil in one or more layers 
either plain or laminated to one or both sides of kraft paper for structural 
strength. As a result of the requirements in the State regulations for 
floor insulation,reflective insulations will undoubtedly become more 
widely used. 

The insulation value for re'flective air spaces, which this type of ,insula- 
tion provides, varies widely depending on the direction of heat flow. They 
are much more efficient when .the heat flow is down. For this. reason, reflec- 
tive insulations comply with the requirements when used in a floor, but may 
not be satisfactory in walls or ceilings, where the heat flow is horizontal 
and upward respectively. 



Reflective insulations are only effective in controlling radiant heat energy 
and must be installed so that they face an air space. Note: Aluminum foil 
installed so thif it is in contact with two building materials such as between 
a sub-floor and the finished floor will provide no insulation value. Values 
for reflective air spaces are found in Chapter 4 and for reflective insulation 
in chapter 5. 

Care must be taken that the insulation is installed in all cavities in such 
a qanner that it is continuous,'without tears or rips. The insulation must 
be installed in such a manner that it creates an air space. 

SPRAYED INSULATION 

There are several types of insulation which are sprayed against the surface 
of the.building. .Some of these are Cellulose with binder, mineral wool with 
binder and cellular foams such as polyurethane. 

They may be sprayed directly on concrete, masonry or metal panels or may be 
sprayed between the framing members against the exterior sheathing. Manu- 
facturer's recommended instructions should be followed exactly. In order to 
determine that the proper thickness is installed, you should either refer to 
the approved plans and specifications, or you may request a certification 
from the supplier that the insulation installed provides the required "R" 
value. 

VAPOR BARRIERS 

First ofi all, it should be clearly pointed out that vapor barriers are not 
required by these standards and the following are recommendations only. 

Vapor barriers are used in conjunction with insulation'to decrease the 
chance of moisture inside a building section in winter. Vapor barriers are 
placed on the side of the wall, ceiling or floor that is -- warm in winter. 

Condensation occurs when the dewpoint is reached. For example, in a wall 
without insulation and without a vapor barrier, more moisture vapor reaches 
the inside surface of the siding or sheathing. However, with insulation, 
the temperature of the siding or sheathing surface is lower so a vapor 
barrier is used to reduce the amount of moisture vapor from reachiag the 
siding or sheathing surface. Vapor barriers are not needed on the warm 
side of ceiling insulation where the attic is ventilated. 

For equal vapor pressures, moisture vapor penetration through holes or,tears 
in the insulation vapor barrier is proportional to the size of the' opening. 
Rips or tears should be repaired.by taping or stapling polyethylene or other 
vapor barrier over the tear or'by taping the blanket vapor barrier back into 
place.' Snug fit of blanket. flanges against the framing is necessary to avoid 

' bypassing the vapor barrier. 

The .importance of the vapor barrier increases as the winter .design tempera- 
ture becomes lower. In addition to the vapor barrier on the blanket, in f 

cold climates consider using one of the following additional vapor barriers: 



1. Two c o a t s  of a pa in t  r e s i s t a n t  t o  vapor pene t ra t ion  on t h e  i n s i d e  
s u r f a c e  of e x t e r i o r  w a l l s  and insu la ted  c e i l i n g s .  Many i n t e r i o r  
v i n y l  l a t e x  p a i n t s  have good vapor pene t ra t ion- res i s t an t  proper- 
ties, bu t  i t  i s  suggested t h a t  advice be sought from the  p a i n t  
manufacturer.  

2 .  Foil-backed gypsumboard on the  i n s i d e  su r face  of e x t e r i o r  wa l l s  
o r  polyethylene appl ied  a c r o s s  t h e  i n s i d e  face  of t h e  s tuds .  , 

Some exper t s  suggest  a sepa ra te .vapor  b a r r i e r  when the  winter  design temp- 
e r a t u r e  i s  -100F. o r  lower. Local experience i s  t h e  bes t  guide t o  t h e  need 
f o r  a s e p a r a t e  vapor b a r r i e r .  

CERTIFICATIONS 

A s  r equ i red  by t h e  S t a t e  r egu la t ions ,  bbfh the buildcr and Llle ! l ~ ~ u l a t i o l i  
appl .drat~r mnnt a i g ~ l  a e a ~ d  c e r t i f y i n g  t h ~ t  t h e  proper "R" vaiues  f o r  a l l  
i n s u l a t i o n  1acaLlons have been i n s t a l l e d .  An example of a c e r t i f i c a t i o n  

' 

ca rd ,  which i s  furnished hy the bui1de.r o r  ithsulation app l i ca to r  i s  shown 
i n  Fig. 13. 



INSULATION CERTIFICATION . . 

This is to certify that, in conformance with the current energy regulations (California Adminis- 
trative Code,.Title 25, State of California*) and approved plans, insulation has been installed in 
the building located at: 

Shad No. (If Anilable) 

DESCRIPTION OF .INSTALLATION 

Manufacturer-. T h i c k n e s s R  Value*'-.-. 

EXTERIOR WALLS 
-- - Manufacturer T h i c k n e s s - R  Value'*-. 

(Or Trade Name) 

T h i c k n e s s - - R  Value**- 

Sg. Ft. C o v e r e d  

R Valuew- 

SLAB ON GRADE 
- Manufacturer 

(Or Tnda Name) 
Width of Insulation Inches 

. FOUNDATION WALLS (if required) 
Thickness-R Value"-- 

(Or Trade Name) 

REMARKS (if desired) 

License Number 

Sub-Contractor (Insulation Applicator) 
(ImulaUm, M a m w ,  Etc.) (Stab "SAME" if  n m a  as 6.nml Conhda)  

fmColifornio Administrotire Coda. Enorgy Insulation Slondotds, derloras: EXCEPn  horn Sor. 19875 of the H e o M  and hkty Coda of the Stat* 
"bmpllont.. Upon corn~l * t ia  of he ins)ollolion of Insulollon, o mrd of bl l fornlai  

.. - . . . . . . - . . .  

Fig. 13 
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. CHAPTER 9 

PIPE AND DUCT INSULATION. 

PIPE INSULATION 

Pursuant to Section 1094(k), typical. circulating systems which would re- 
quire insulation when located in vented attics, vented crawl spaces, the 
ceilings of garages which are not enclosed and not heated, or on the roofs 
or outside walls of a building are: 

1) Steam and condensate return piping 
2) Heating hot water circulating piping 
3) Domestic (plumbing) hot water circulating piping 

Systems which would not require insulation are: 

1) Any of the above three (3) systems located between floors, in 
shafts, in walls, or chases in the building 

2) Piping (non-circulating) from a boiler or water heater to a 
fixture 

3) Branch run-outs (non-circulating) from a circulating main to 
a fixture 

Insulation, when required, shall be continuous including all pipes, valves 
and fittings except unions and flanges. Insulation for piping may be mold- 
ed (pre-formed cylinders) insulation made to.fit the various pipe sizes or 
flexible insulation wrapped around the pipe. If flexible insulation is 
used, it must.be at least twice the.nomina1 thickness of molded insulation 
specified in Table 9-B. 

Fittings shall be insulated with mitered sections of molded pipe insulation, 
insulating cement or flexible insulation. 

Insulation shall be finished with a jacket or facing with the laps sealed 
with adhesive or staplee so as to secure the insulation on the pipe, In 
lieu of jackets, inertlation may be secured with 16 ga. galvanized wire ties 
at not more than 9" on center, 

Section 1094(k) requires that the insulation be of a thickness to llmit the 
heat loss to 50 Btulhr. per lineal foot for pipe sizes up to and including 
2"; and ,100 Btulhr. 'per lineal foot for larger sizes. 

Plans and specifications submitted for approval shall indicate the type and 
thickness of insulation to be used for compliance with the.regulations. 

Thickness (molded insulations) of calcium silicate, fibrous glass, or flexible 
cellular rubber tubing insulations may be selected from Tables 9-A and 9-B in 
conjunction with design temperature data from Chapter 6; or thickness of any 
insulation may be calculated from the.formula: ., 



'(tp - to) ' ()r -3) 
Q = 

6 
Equation 9-1 

where Q = Btulhr, lineal foot 
= Pipe Temp, OF :: = Winter Design Air Temp, OF (from Chap. 6) 

r l =  Ineide radius of ineulation, inches 
= Outside radius of insulation, inches 

'6 - K factor of insulation, Btulhr, OF, sq. ft./inch (Table 9-D) 
f = Outside air film coefficient (usually 1.65) 

TABLE 9-A 

TEMPERATURE DIFFFJtENCES (AT) 

Pipe System 

Domestic Hot Water 

Heating Hot water 

Low Pressure Steam 

Temp. 
Range 

120-150 

170-180 

225-230 

" - 4"- . R l . " l \ . I Y .  

6 
Winter Design Temp. F (from Chap. 6) 

below 
loop 

150 

180 

230 

,,A-20°F, AIIst,.,- 

140 

170 

220 

--,20-30~~ . , . . 

130 

160 

210 

30°F & above 

120 

150 

200 



H.L.  - Heat Lose ,DTU/Hr . ,L .I: .  
. ' TABLE 9-0 

'I'EW. 
3IFF. 
$ a n  

230 

220 

P O  

200 

180 

170 

INSULATION 

Calcium 
Si1ic.t. 

Fibrous 
G la r s  

C ~ l c i u m  
S i l i c a t e  

Fibrouo 
Glass  

PIPE SIZE 

T 
B.L. 

T 
B.L. 

T 
B.L. 

T 
B.L. 

Calcium 
S i l i c a t e  

F i b r o w  
Glaee 

Calcium 
S i l i c a t e  

Fibrour 
Glass  

Fibrour 
Glaeo 

F l ex ib lb  
Tubing 

P i b r o w  
Glaoe 

F l d b l e  
Tubing 

IRON PIPE SIZE 

T 1 1 1 4 1 1  1 I 1  1 1  
B.L. 24.  24 31 33 39 

T 
B.L. 

T 
B.L. 

T 
B.L. 

I I 

T 
H.L. 

T 
H.L. 

T 
B.L. 

T. 
B.L. 

I 

112 

1 1  
32 

4 
32 

1 1  
30 

4 
31  

COPPER TUBING SIZE (~omina l )  
318 

1 1  
26 

4 
23 

, I  
1 1  
25. 

4 . 4  
2 2 ,  

314 

39 

4 
32 

37 

4 
31  

112 

27 

4 
24 

' 2 6  

23 

314 

1 1  
33 

4 
27 

1 1  
32 

4 
26 

1 1 1 

1 4 1 4 1 4 1  
42 

314 
44 

41  

3 / 4 3 / 4  
42 

1 
4 1 '  

4 
43 

1 

36 

4 
35 

34 

4 
34 

37 

4 
47 

i 9  1 50 

4 4 
42 1 4 5  

lk 

1 1  
42 

4 
36 

1 1  
41 

4 
35 

2 3 

1 1  

2% 1% 

44 

b 
46 

43 

4 
44 

4 

48 

1 
43 

6 

2 
99 

3/4 
71 

2 

1 4 . 1  
43 

314 
43 

1 4 1  
41 

4 
50 

85 
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98 

24 
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60 
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50 
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95 
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67 
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74 

4 

83 
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71 

80 

4 
94 

4 
80 
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1 
66 

4 
68 

98 
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70 

1 
94 

4 
97 

1 
80 

4 1 4  
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I 

90 

314 
82 

1.4 
86 

3/4 
79 



TEtG-. 
DIFF. 
( AT) 

160 

i 

150 

140 

130 

120 

1 

PIPE SIZE 
IRON PIPE SIZE INSUSATION COWER TUBING SIZE (Nominal) 

Fibrcua. 
Claas 

F lex f i l e  
Tubitg 

Fibrcua 
Glaee 

Flexible 
Tubing 

Fibrous 
Glaas 

Flexible 
Tubing 

Fibroue 
Clasv 

Flexible 
Tubing 

Fibroue 
Glaae 

Flexible 
: Tubin8 
f 

1 / 2 1 3 / . 4  1 i l k  14 2 2!5 3  ! 4  ' 6  318 1 /2  3/4 L 14 2  2 4  3 34 4  5 6 

T. 
H.L. 

T 
H.L. - 
T 
H.L. 

T 
H.L. 

T 
H.L. 

T 
H.L. 

I 

T 
H.L.. 

T 
H.L.. 

T 
B.L.. 

T 
1i.L. 



TABLE 9 4  

IPS 

112 

314 

1 

1-114 

1-11 

2 

2-112 

3 

.3-112 

4 

6 

Ins. 
Inner 
rad. r 

0.420 

0.525 

0.657 

0.830 

0.950 

1.187 

1.437 

1.750 

2.000 

2.250 

'3.312 

Pipe  
Dim. 

0.840 

1.050 

1.315 

1.660 

1.990 

2.375 

2.875 

3.500 

4.000 

4.500 

6.625 

r2*1&2 
r1 

1.77 

1.44 

1.71 

1.31 

1.49 

1.43 

1.38 

1.29 

167 

1.28 

1.13 

112" Thiek 314" Thick 

r 
2'l+ 

1 

0.72 

0.69 

0.65 

0.63 

0.53 

0.62 

r2 

2.00 

2.00 

2.25 

2.50 

2.50 

2.78 

2.78 

3.31 

3 

3.81 

8 

1-1/2" Thick 

'2*la+1 * 
1: 

3.U 11.05 

'2 

2.50 

2.50 

2.78 

2.78 
. , 

2.78 

3.31 

3.31 

3.81 

;3.81 
. . 
4.31. 

I .$,  

1" Thick 

f2'$2 

4.46 

3.90 

4.01 

3.36 

2.98 

3.39 

2.76 

2.96 

2.46 

2.80 

2.60 

2.67 

2.77 

.2.76 

2i42 

2.37 

1.84 

2.11 

1.67 

2.01 

1.79 

r2 

118 

1.18 

. 1.44 

1.64 

1.75 

1.99 

2.24 

2.48 

i 2.78 

ir2a&. 
'1 

1.21 

0.96 

1.11 

1.29 

1.06 

1.02 

0.99 
' 

0.87' 

0.89 

A A 

-48 

.54 

-61 

.70 

.63 

.90 

2" Thick. 

A , 

1.31 

1.1 

1.46 

1.46 

146 

1.73 

1.73 

2.00 

2.00 

2.26 

2.0l 

1.05 

i.16 

1.31 

131 

1.46 

1.46 

1.73 

173 

2.00 

2.52 

A 

.62 

.62 

.75 

.86 

-92 

1.04 

1.17 

1.29 

1.46 

'2 '2 

.92 

1.03 

1.16 

1.33 

1.39 

1.71 

1.25 

0.83 

1.94 
, 

2.25 

2.48 

2.78 

3.90 

!' 

I ' 

1.72; 3.29 

2.13 i 4.06 
! 

1.44 ::: I 1.49 

0.58 

0.56 

0.52 

0.59 

0.64 

.92 

.92 

105 

1.18 

1.31 

1.46 

1.73 

173 

2.26 

' 1.02 

1.18 

1.29 

1.46 

2.05 

1.75. 

1.75 

2.00 

2.25 

2.50 

2.78 

3.31 

3.31 

4.31 



Table 9-D . . . . Thennal Conductivity (k) of Industrial Insulation (Design Valuer)' (For Mean Ternperabres Indicated) 

E x p n d  in B k  prr ( h a d  I q m m  foot) (Fahrrnhit dogm t.mpmmhrm diffe- per inJ 

F w m  

P.'-%sKETS 
& FELTS 

BLOCKS. 

Moterml (~ompodtkm) 

PI?E 
I S 5 U W n O N  

- 
I.SS~L%TT?.IC 
C E h I E S n  

LOOSE FILL 

for 
( I b / c ~  f t )  

Use,* F 

hIlPiER4L FIBER 
(Rock. Slaa. or Ll-) 
Blanket, :'natal &inforred 1200 6-12 

lo00 2.5-6 

M i n e d  Fiber. Clsrr  
Blanket, Fle~ible.  FincFibm ,350 0.85 

Or& Bondad 0.75 
1 .o 
1.5 
2.0 
8.0 

Blank&, Fluibls.  T a r t i l c F i b r  350 0.6.5 
Or- Bonded 0.75 

1 .o 
1.5 
3.U 

Fell. SamGRivid Or& Bonded 400 
8Go 

LaluLukrl .b F c l d  , lPWl 
Without Bmder 

VEGETABLE & ,ANIM.iL F I B E R  
Hair Felt o r  H s u  Felt plus J u b  180 10 

ASBESTOS 

Ac- 

Temp 

. . 
~ y p i c o ~  
Density 

rm 30 
C o m p s t d  & Lpminarrl hbsstoa 

Paper 
~ - P I Y  3M) 11-13 
SP~Y 300 1517 
b@ly  300 18-20 

MOLDED AhlOSI'ITI & BINDER 1500 15-18 
MAGNESIA 600 11-12 

CAlCIUSI  SILICATE 1200 11-13 
1800 12-15 

CELLULAR CLASS 800 9 
D1.STO.MACEOUS SILICA 1600 21-22. 

1900 23-25 
M I N E R A L  FIBER 

GLU. 
Or&c Bonded. Block and B o v d r  400 

Non-Punking B~nder loo0 
Flya I u r ~ L i u u .  ~ l r g  uk &I& 360 

500 3- 10 
Inormnio Bonded-Block 10-15 . 

1800 
looO 

IS24 
Pipe Inrulation or g l a r  loo0 10-15 

MINERAL FIBER 
Resin Binder 15 

Rigid Pol- 
170 

hlolded Beads 
P o l y u m t h m C  
R-11 exp 

RUBBER. R i n d  Foamed 
VEGETABLE & ANIMAL FIBER 

Wool Felt (Pipe I~ruhLlon)  180 20 
- - A -  --- 

MINERAL FIBER 
Rock, Slag. or C l a d  k-. ~ t h  Colloidal Clay Binder 1800 24-30 

With Hydraulic Setting Binder 1200 3040 

Cellulwe imulalion (SIiUed pulverixed 
paper or wood pulp) 2.54 

h l ~ n a n l  6 k r .  slag. rock or glaa 2-5 
Perlite (expanded) 
Gilira avoail  
Vermiculite (expanded) 7-8.2 

96 

Typical CondDdi.ib k at M w n  Temp F i 

~ . ~ ~ r r m t a t i v e  valuw for dry materi?lr as s d e c t d  by the .iSHR.%E Terhnical Committes2.4 on Insulation. They s re  intended as  d s ~ i m  (not ,pcci5catibn) 
v,!cl,  for n . a l e n ~ I ~  of bu~ldtna corutruetlon for normal use. For the thermal reslatancc ol a pa~Lc.dlr  product. the user may the value supplied by the  
clnulrrrt-r o r  secure the results of unbisxd teats. 

= ~h~~ c e m ~ t u m  ere acnerally accepted aa maximum. When operating t e m p n ~ t u r e  s p p m u b n  thew limit, t h t  n a n ~ f u t u r ~ r ' s  r n o m m e n J ~ t i o n s  should 
b !q!io,wd. 

-8 ~ b - r  are v a l u e  lor axed board stock. For dixlurion on thm change in conductivity with of P.efriRmnt 1 1  e<,m<I& umthme us -tion on Fsctoo ,\:stiz~g Thrm,r l  Conductivity. Chapter 17. 

~ e ~ r i n t e d  by p e r m i s s i o n  from ASHRAE Handbook of  F u n d a e n t a l s  1972. 
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UNDERGROUND RECIRCULATING HOT WATER PIPING 
b I 

In many multifamily projects, recirculating hot water systems are used to 
supply domestic hot water instead of individual water heaters. In those 
cases where these systems are used, the recirculating hot water 1oops.may 
require insulation depending on the following factors: . 

(1) Buried depth of the pipe or tube. 
(2) Design temperature of the area. 
(3) Size of pipe or tube. 
( 4 )  Water temperature of the system. 

> ' 

. . 
Table 9-E and Figure 9-G list heat losses of various tube sizes buried 18 
inches.for several temperature differences between the water in the tube 
and the ambient air. 

Table 9-F and Figure 9-H list heat losses of various tube sizes buried 30 
inches for several temperature differences between the water in the tube 
and the ambient air. 

~ectibn 1094(k) requires that insulation be of a thickness to limit the heat 
loss to 50 Btu/hr per lineal foot for pipe.or tube sizes up to and including 
2" and 100 Btulhr per lineal foot for larger sizes. 

When insulation is required due to heat losses in excess of those 'listed in 
section 1094(k), the following can be used to calculate the thermal conduc- 
tivity of the insulation required' to reduce the heat loss to meet the 
requirements of Section 1094(k), 

TABLE 9-E 

HEAT LOSS OF TUBE BURIED ,18 INCHES (~tulhr ft) 

TUEE 
T)TAMETER 
(nominal) 

1-114" 
1-112" 
211 
2-112" 
3 I' 
3-112" 
4" 

7 

TWERATURE DIHFERENCL HE'l'WEEN WATER IN 
TUBE & AMBIENT AIR, F 

50° 

22.6 
23.5 
25.2 

. 26.7 
28,l 
29.4 
30.6 

110° 

50.2 
52.3 
56.1 
59.6 
62.6 
66.0 
68.3 

150° 

68.8 
71.6 
76.8 
81.4 
85.6 
89.7 
93.6 

200° 

92.1 
95.9 
102.7 
109.2 
114.9 
120.4 
125.6 1 



* - 8 .  ' t . . ' . ,  
TABLE 9-F 

' 

HEAT LOSS OF TUBE BURIED 30 INCHES (Btulhr f t )  

TUBING BURIED BENEATH CONCRETE SLABS ADJACENT TO WUTED SPACES 

TUBE 
DIAMETER 

(nominal) 

1-114" 
1-112" 
2 " 

2-112" 
3 " 
3-1/21' 
k " 

Where tubing is buried beneath concrete s l abs  adjacent t o  heated spaces i n  
t h e  building,  the  tubing would not  need t o  be insula ted when t he  space 
over t h e  buried pipe  is  maintained a t  approximately 70 degrees. . Under 
t he se  condit ions,  a heat  l o s s  of less than 50 Btulhr per l i n e a l  foot  of 
tube f o r  tube s i z e s  up t o  and including 2" and 100 Btulhr per l i n e a l  foot  
f o r  l a r g e r  s i z e s  is obtained when using Equation 9-2. 

TEMPERATURE DIFFERENCE BETWEEN WATER I N  
TUBE & AMBIENT AIR,  F 

50° 

20.5 
21.2 
22.6 
23.8 

5 24.9 
25.9 

- 26,8 

110° 

45.4 
47.0 
50.0 
52.7 
55.1 
57.4 
59.6 ..,.. 

150° 

62.0 
64.2 
68.4 
72.1 
75.4 
78.5 

c. --..-.-. 81.4 A 

200° 

a 82.8 , 

85.8 
91.5 
96.4. 

- 100.7 
105.0 
108.9 & 



FIGURE 9-G 

HEAT LOSS OF TUBE BURIED 18 'INCHES 'BELOW 'THE SOIL SURFACE 

Temperature Difference Between Water In Tube & Ambient Air, F 



,, , . :  Temperature .~ifference Between Water In Tribe 6 Ambient Air, F 

11 NOTE: Nominal tube diameters are shown. 



Tables 9-E and 9-F and Figures 9-G and 9-H were based on a soil conductivity 
2 'of 0.3 Btu/hr ft F/ft and the following equations, which are applicable 

to pipes or tubes. 

I (1) Heat loss from a horizontal pipe buried in the ground is: 

k (ti-t") 2% 
= ln (4x1 ID) 

Equation 9-2 

Where 2 
k = the-thermal conductivity of the soil (Btulhr ft Flft) 
ti= the temperature of the pipe ( F) 
t p  the winter design temperature ( F) 
I x = the effective depth of pipe (ft) 

D != outside pipe diameter (ft) 

(2)  The effective depth of the pipe is obtained from: 

x = The distance from the surface of the soil to the center of 
the pipe (ft) 

' I  

The addition of a layer of thermal insulation on the outside of the pipe 
will: 1) increase the effective pipe radius used in Equation 9-2, and 2) 
make invalid the assumption that the outer surface of the pipe-insulation 
combination is close to the fluid temperature. The temperature of the outer 
wall of the insulation may be obtained from the following equation: 

. .+ . *  . 
Where q = the heat flow through the insulation (Btulhr) .. 

n, 

'!ci = the thermal conductivity of the insulation (~tulhr ft2 Flit) 

L = the length of the pipe (ft) . 

ti = the,temperature.of the pipe surface ( F) 

to = the temperature of the outer insulat3on . ( F) 
surf ace 

ro = the outside radius of the insulation (ft) 

ri = the inside radius of the insulation (ft) ' 

Assuming that the inside surface of the insulation is at the same tempera- 
ture as the pipe and selecting a unit length of one foot yields: 

Equation 9-4 



~~uation 9-2 is restated using the temperature of the outside of the insu- 
. lation as the surface 'temperature of the buried cylinder: 

. K (to - t,) .2?T 
9 = Equation 9-5 

In (4 xf/2ro) 

Equations 9-4 and 9-5 form a set of two simultaneous equations with two 
unknowns, to and q. They may be solved by standard algebraic techniques 
to yield the anticipated heat loss, q. , 

The Energy Insulation Standards are incorporated into Subchapter 1, Chapter 
1, Title 25, California Administrafiv~ code nr more simply stated, "'l'he 

\ State Housing Law." The State Housing Law in California adopts by reference 
\ kurrent model building codes such as the UxiiIoru Building Code, Uniform 
Mechanical Code, Uniform Plumbing Code and National Electrical Code. Duct 
insulation is included in the Uniform Mechanical Code and is part of the 
Energy Insulation Standards, Every conditioned air supply duct and plenum 
except for ducts and plenums used exclusively for evaporative cooling 
systems shall be insulated pursuant to Section 1005 of the 1973 Uniform 
Mechanical Code, which states the following: 

Insulation of Ducts 

Section '1005. Every conditioned air supply duct and plenum shall be 
insulated wi.th not less than the amount of insulation set forth in 
Table 9-J, except for ducts and plenums used exciusively for evapora- 
tive cooling.systems. Nonmetallic ducts shall have not less than the 
insulating value required in Table 9-J. 

Only approved materials shall b,e,used within the ducts and plenums for 

. . 
insulating, sound deadening or other purposes. All such meerials  
shall have a mold, humidity and erosion resistant face that has met the 
requirements of U.M.C. Standard No, 10-1. Such materials shall be 
allowed in occupancies as for Class 1 and Class 2 air ducts based upon 

- their flame-spread and smoke developed ratings. Duct systems operating 
at veloc.ities in excess of 2000 feet per minute shall be fastened with 
both adhesive and mechanical fasteners, and all exposed edges shall 
have adequate treatment to withstand the operating velocity. 

Insulations applied to the exterior surface of metal ducts located in 
buildings of Types I and I1 construction shall have a flame spread of 
not more than 25 and a smoke development rating of not more than 50 
when tested as a composite installation, including insulation, facing 
materials, tapes and adhesives as nawlly applied. 

Section 25999 of the Health and Safety Code related to air duct systems and 
the use of asbestos fibers states the following: 



. 
Section 25999, If asbestos-containing materials are used in an air duct 
system which is installed in any building in the state, such material shall . 
be overcoated with a sealant adequate to preclude erosion of asbestos 
fibers . 

TABLE 9-J--INSULATION OF DUCTS 

I 

DUCT LOCATION 

Roof or Exposed to Outside Air 

Attics . 

Between Floor Spaces, Underfloor 
Spaces, and Basements 

0 Through 
70 Feet 

C and W 

' LENGTH (IN 

71 Feet 
Through 
150 Feet 

C and W C and W 1 

Wi.thin the Conditioned space1 

l~nsulation may be omitted on that portion of a duct which is located 
within a vertical wall space if the wall space is directly adjacent 
to the occupied portion of the building. 

NONE REQUIRED 

Cement Slab or Within Ground 

Insulation Types , 

NONE REQUIRED 

A. One-half inch of fiber glass or rock-wool insulation with 
a minimum density of 0.65 pound per cubic foot or %-inch 
air cell asbestos or $-inch air cell foil. 

B. One inch of fiber glass or rock-wool insulation with a min- 
imum density of 0.65 pound per cubic foot or two layers of 
%-inch air cell asbestos or air cell foil. 

r 

.C. Two inches of fiber glass or rock-wool insulation with a min- . 
imum density of 0.75 pound .pe.r cubic foot or four layers 'of 
%-inch air cell asbestos or $-inch air cell foil, or 1-inch 
fiber glass insulation with a minimum density of one and one- 
half pounds per cubic foot. 

W. Approved weatherproof vapor barrier. 
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CHAPTER 10 

The purpose of this chapter is to provide architects, builders, designers, 
and building officials with additional information to help implement Section 
1094(h) which calls for the weatherstripping of windows and doors on all 
residential construction. 

The purpose of weatherstripping is to minimize the amount of infiltration, 
which is the leakage of cold air into the dwelling and a leakage of an 
equal amount of warm air out of the dwelling. Heat must be supplied to 
warm the cold air which leaks into the building. Air infiltration in a 
well insulated house ma9 account for as much as 35% of the total heating 
load, whereas infiltration in the same house, with weatheretripped doore 
and windows, may be reduced to 15% of the total heat load with a correcl- 
ponding saving in energy consumption. 

DOORS LEADING TO UNCONDITIONED AREAS 

There are three basic types of weatherstripping most commonly used for. 
doors on residential type construction. 

1. Interlocking weatheratrip where the head and jambs are growed our 
and metal is inserted +so ae to interlock with rrimifar metal on the 
door itself when closed. (See Fig . 10-1.) In inspection of thir 
type of weatharstripplng, care should be taken to see that the weather- 
stripping is nailed and affixed to the door jambs, head and the door 
itself. (Nailing no more than 6" on center.) 

Fig. 10-1 

10-1 



This type weatherstripping for  head and jambs is often used i n  conjunc- 
t ion  with an interlocking type threrhold. (See Fig. 10-2A and 10-2B.) 
Another type threshold i e  carmnaaly known a r  a combo sill; a complete 
door a a e d l y  instal led with a neoprene gasket that  meets the bottom 
of the door. 

Fig. 10-2A Fig. 10-2B 

2. Gasket weatherstripping, Thi6 type of weatherstripping ie placed on 
the head and jambs and consists of an extruded o r  rolled piece of 
metal with a neoprene garket that i r  ecrewed or nailed t o  the head and 
jamb and is v i r i b l e  when the door is  clored. (See Fig. 10-3A through 
10-3E.) Tha extruded metal ham olotted na i l  or  rcrew holer so that  
should the door warp, the screws may be loosened and readjusted to  
maintain the proper seal. 

Fig. 10-3A 



Fig. 10-3B F ig .  10-3C 

Fig. 10-3E 

3. Preaeure weatherstripping. This type of weatherstripping although 
not co~lmonly used today, u t i l i zes  a piece of spring metal nailed i n  
the jamb and the head of the door that provider a seal  as the door 
i e  clored. (See Fig. 10-4A and 10-4B.) 



Fig. 10-4A 

I 7 

METAL DOOR SPRING BRONZE EQUIPMENT k 

dl- 

Fig. 10-4B 

WINDOWS AND SLIDING GLASS DOORS FOR RESIDENTIAL CONSTRUCTION 

There are many types of windowe end eliding glaee doors that are commonly 
ueed in reeidential construction today. The regulations raquire that 
theee products be certified and labeled for compliance with American Nation- 
al Standard Inetitute M34.1, 134.2, 134.3 and 134.4. The regulations call 
for the teeting procedure in accordance with the American Society of Testing 
Materiale E283-63. 



CHAPTER 11 

ALTERNATE DESIGN EXAMPLES 

> 
PURPOSE 

The California Energy Insulation Standards recognizes the importance of 
allowing the .designer flexibility and innovation in the design of the 
structure, provided that the material, method .of construction, design or 
insulating system is at least equivalent in the conservation'of depletable 
energy as the specific requirement of the standards and - is approved - the ' 

Building Official, 

The regulations relative to alternatives are: 

1094(c). Alternate Materials, Method of Construction, Design or 
Insulating System. The provisions of this article are not intended 
to prevent the use of any material, method of construction, design or 
insulating system not specifically prescribed herein provided that 
any such alternate has been approved. 

The U value of any component of ceiling, floor, roof deck or 
wall, including glazing, may be increased, and the U value for other 
components decreased until the overall heat gain or heat loss of the 
building does not exceed the total resulting from conformance to the 
stated U values. 

The Building Official may approve any alternative design includ- 
ing designs utilizing nondepleting energy systems such as solar or 
wind provided he finds that the proposed design complies with the 
provisions of this Article in that the material, method of construc- 
tion, design or insulating system does not use more depletable energy 
than the requirements of this Article. 

The Building Official shall require that suffucient evidence or 
documentation be submitted to substantiate any claims made regarding 
the installation and use of any such alternate and may require test- 
ing of the final installation. 

NOTE: Basic glazing area may be adjusted if in compliance with 
Subsection (c) above. 

The following examples are typical of the types of alternatives that may 
be considered when confronted with a design which will not meet the speci- 
fic requirements of the standards. 

It is emphasized that the following are only examples and not to be construed 
to be the only method that can be used. 



EXAMPLE I 

Sample calculations for this example will be based upon: 

(A) (1) A one-story heated and air-conditioned single family dwelling 
located in Red Bluff, California. (see Chapter 6 for-design condi- 
tions). 

Annual Heating Degree Days - 2688 . 

Winter Design Temperature - 31'~ 
Summer Design Temperature - 101"~ 

(2) The simplified floor plan of the house is shown on Figure 11-1. 

(3) Exterior wall construction will be as shown on Page 5-2, Wall 
Eeetion 1 uoing 318" exterior plywood ~iding, R=1.77 (without inou- 
lation); with R-11 insulation, R=12.77, U=0.078. 

( 4 )  Garage wall construction between the house and the garage i s  
similar to the other exterior wall construction except 518" Type X 
gypsum wallboard is used in place of the plywood siding and .still air 
may be considered for the exterior air film. 

(5)   lo or construction will be as shown on Page 5-6, Floor Sectibn 3, 
R=3.29 without insulation, U=0.304. 

(6) Clear window glass has been specified, U=1.13. 

(7) The ceiling construction will be as shown on Page 5-5 ,  Roof/ 
Ceiling Section 1, Rt1.67 (without insulation); with R-19 insulation, 
Rm20.67, U=0,048, 

(8) The finished ceiling heights for this example are 8'-0". 

(B) Since this house is air-conditioned, compliance with Section 1094(f) 
(3) must also be verified, however, it 'is not.considered in this 
example. See Chapter 7 for examples of the procedure to determine 
compliance with Section 1094(£)(3). 

(C) For this example the planned glazing areas are as follows: 

North Elevation - 80 sq ft 
South Elevation - 200 sq ft 
East Elevation - 80 sq ft 
West Elevation - 50 sq ft 

Total Glaz Tng - 410 sq ft 



. Figure 11-1 

20' I# 40' 

1 

Single Family Dwelling 
Croee Floor Area - 1600 sq i t  

P L A N  

Foundation Wall 

Area - 1.5 (60 + 20 + 

Interior Air F i l m  

6" Concrete 

Exterior Air F i l m  

~ o t a l  R 

4 .  

1 U - -  
1.33 

. . 



STEP 1. Determine the basic glazing area. Since this.building is less than 
four stories, it is a low rise building pursuant to section 1094(d)(5) and 
the basic glazing area is 20% of the gross floor area. 

1-A. From-Figure 11-1, the gross floor area'of the dwelling unit is 
1600 sq ft. 

1-B. Calculate 20% of the area from Step 1-A. 
1600 x 0.20 = 320 sq ft , 

This is the basic glazing area for the entire building. 

STEP 2. Determine compliance with 1094(f)(l). 

2-A. The planned glazing area of 410 sq ft is greater than the basic 
glazing mea. Theref ore, as syec l I l ed  f 11 Section 1094 (f ) (1) "treatment 
shall be required to linlit the conducted deefgn heat loss to that which 
would occur with the basic glazing area single glazed." 

. . 

some of the various methods by which this may be accomplished are as 
follows: . , . . . , 

a. Reduce the planned glazing area to the basic glazing area 
of 320 sq ft. 

b. Use insulating glass with an acceptable U factor for the 
entire planned glazing area. 

c. Use a combination of single glass (U = 1.13) and insulating 
glass with an acceptable U factor. 

d. Use an acceptable combination of reduced planned glazing 
area and inoulating glass. 

e. Some other combination of materials in keeping with the 
provisions of Section 1094(c) of the standards. For 
instance, Section 1094(c) allows that when approved by the 
Building Official, the allowable amount of glazing in excess 
of the h a d c  glazing area may be adjusted if the proposed 
design, construction or insulating system does not use more 
depletable energy than the specific requirements of the 
standards. This may be accomplished by insulating other 
elements of the building (such as floor, wall or roof) in 
excess of specific requirements of the standards, thereby 
increasing the allowable glazing area by an amount such that 
equivalency in energy conservation is obtained. 

STEP 3.  The approach that: wlll be used Eor this example vill be baeed on 
Section 1094(c) - Alternate Materials, Method of Construction, Design or 
Insulating System. 

STEP 4. Calculate the exterior wall area of the building. (Assume 8' wall --- 
height.) The area of the garage wall construction could be calculated sepa- 
rate from the other exterior wall construction, however, in this example it 
is not necessary to do so, since the U factor of the garage wall construc- 
tion is lower than the other exterior wall construction. The benefit of 
calculating these areas separately would be minimal since the garage wall 
area is only about 3% of the total exterior wall area. Therefore, in this 



example, the areas will. not be considered separately and the U factor of. the 

\, garage wall construction between the house and the garage will be considered 
to be the same as the U factor of the other exterior wall construction. 

Wall Area = 8 (60 + 20 + 20 + -10 +' 40 + 30) = 1440 sq . f,t 
# 

Less Planned Glazing Area = 1440 - 410 = 1030 sq ft 

Note: The exterior wall area of the garage is not included, however,. the 
garage wall between the house and the garage is-included. 

STEP 5. Calculate the heat loss of the basic house which will exactly meet 
the specific requirements of the standards. The heat loss (Q) through a 
particular section of a building is proportional to the U factor (U), the 
area (A) of the section and the temperature difference (AT) between the 
indoor and outdoor design temperatures; or: 

Q = U  A *AT Equation 11-1 

Since T (the difference between the indoor and outdoor design temperatures) 
is the same for the basic house and the house we want to construct.,.it can be 
dropped from the equation; or: 

Q = U 0 A  Equation 11-2 

5-A. A basic house which exactly meets the specific requirements of 
the standard is: 

Ceiling U = 0.05 
Walls U = 0.08 
Glazing U = 1.13 
Floor (used) U = 0.304 

Note: The calculation for the floor can be dropped from the calcula- 
tions since the same floor system must be used for both the basic house 
and the proposed house. 

STEP 6. Calculate the heat loss for the basic house using Equation 11-2. 

HEAT LOSS - BASIC HOUSE 
COMPONENT AREA HEAT LOSS 

1600 Ceiling .05 . 80.0 Btu/hr F 
Wall 1120 .08 89.6 . 
Glazing 320 1.13 361.6 

' .Total 531.2 Btu/hr F 



STEP 7. Calcula te  the' heat  l o s s  f o r  t h e  .proposed house using Equation 11-2. 

HEAT LOSS - PROPOSED HOUSE 

COMPONENT AREA U - .  HEAT LOSS 

Ce i l ing  1600 .048 76.8 Btulhr F 
Wall 1030 .078 80.3 
Glazing 410 1.13 463.3 

Tota l  620.4 'Btu/hr F 

The, heat  l o s s ' f o r  t h e  proposed house exceeds t h e  heat  l o s s  f o r  the  bas ic  
houoc by 89.2 Btulhr F, thc rc fo re ,  some a l t e r n a t i v e s  w i l l  have t o  be explored 
t o  ob ta in  equivalency. i n  energy conservation. 

ALTERNATIVES 

A l t e r n a t i v e  1. The e a s i e s t  a l t e r n a t i v e  t o  ob ta in  equivalency i n  hea t  l o s s  
would be t o  reduce t h e  amount of glazing.  Some a d d i t i o n a l  g laz ing over 
t h e  b a s i c  g laz ing  a r e a  (320 sq  f t )  could be used s ince  t h e  c e i l i n g  and wa l l s  
have U va lues  lower than those required by t h e  standard.  

The a r e a  of g l a s s  t h a t  could be used can be determined by using a t r i a l -  
and-error procedure: o r  ' i t  can be ca lcu la ted  by equating the  a c t u a l  heat  

- l o s s  through t h e  c e i l i n g ,  g laz ing and w a l l ' t o  the  t o t a l  allowable heat  l o s s  
f o r  t h e  bas ic  house a s  follows: 

Cc i l ing  .+ . Cloning + Wall - Allowable 
.048 (1600) + 1.13 AG + 0.078 (1440-AG) 531.2 
76.8 + 1.13 AG + 112.3 - 0.078 & = 531.2 

1.052 AG = ,  342.1 . . 
AG. = 375 .7  aq f t  Use 325 sq f t  , 

. . 

The a d d i t i o n a l  g laz ing over t h e  b a s i c  g laz ing a r e a  t h a t  would be acceptable 
.is, the re fo re ,  5 sq f t .  The hea t  l o s s  f o r  t h e  proposed house can be 
checked as.. fo l lows : 

COMPONENT 

Cei l ing  
Wall 
Glazing : 

AREA - U - HEAT LOSS 

325 1.13 367.3 
Tota l  531..1 Btulhr F 

The hea t  l o s s  of 531.1 ~ t u / h r  F is l e s s  than t h e  531.2 Btu/hr F obtained 
f o r  t h e  bas ic  house. The amount of g laz ing acceptable,  the re fo re ,  i s  325 
sq  f t  ins tead  of t h e  320 sq f t  allowed f o r  t h e  bas ic  house. 

A l t e r n a t i v e  2. The next  a l t e r n a t i v e  which w i l l  be explored is  t o  increase  
t h e  c e i l i n g  i n s u l a t i o n  from R-19 t o  R-24 and t o  add , l /2"  of f iberboard 
under t h e  318" e x t e r i o r  plywood. 



WALL 

CEILING 

R = 1.67 + 24 = 25.67 U = 1125.67 ='0.039 

HEAT LOSS - PROPOSED HOUSE 

COMPONENT - AREA - U HEAT ., LOS S 

Ceiling 
Wall 
Glazing 

1600. -039 . 62.4 Btulhr F 
1030 . ,071 . . 73.1 
410 1.13 463.3 

Total 598.8 Btulhr F 

This alternative still exceeds the heat loss for the basic house by 67.6 
Btu/hr F. Some additional glazing over the basic glazing limit could be 
used but not the full 410 sq ft which was planned. By trial and error or 
using the technique shown,in Alternative l,.it can' be determined that the 
glazing area can be increased- from 320 sq f t '(basic glazing area) to 346 sq 
ft. The heat loss for the proposed house with 346 sq ft of glazing would 
be checked as follows: 

HEAT LOSS - PROPOSED HOUSE 
COMPONENT AREA - u .  - HEAT LOSS 

Ceiling 1600 .039 62.4 Btulhr F . 

Wall 1094 .071 . 77.7 
Glazing 346 1.13 391.0 

Total 531.1 Btulhr F 

The heat loss of 531.1Btulhr.F is less than the 531.2 Btulhr F obtained 
for the basic house. 

The amount of glazing acceptable, therefore, is 346 sq ft instead of the 
320 sq ft allowed'for the basic house. 

Alternative 3. -Another possibility to consider would be to use some insu- 
lating glass in order to comply with the standards. 

For this example, the following heat losses are applicable: 

(a) The allowable heat loss for the basic house is 531.2 Btu/hr F 
(see Step 6, Page 11-5.) 
(b) The heat loss for the proposed house with 410 sq ft of glazing 
is 620.4 ~tu/hr F (see Step 7, Page 11-6). 
(c) The heat loss difference = 620.4 - 531.2 = 89.2 Btulhr F. 



The next  s t e p  is  t o  c a l c u l a t e  t h e  amount of i n s u l a t i n g  g l a s s  necessary t o  
reduce t h e  hea t  l o s s  of t h e  proposed house t o  531.2 Btu/hr F and ob ta in  
equivalency i n  d e p l e t a b l e  energy conservation.  This i s  done by equating the  f 
hea t  l o s s  through t h e  c e i l i n g ,  g laz ing and wa l l s  of the  proposed house t o  the  

I 
t o t a l  al lowable hea t  l o s s  f o r  t h e  bas ic  house a s  follows: 

Cei l ing  + Sing le  Glass + Insu la t ing  Glass + Wall = Allowable 
.048 (1600) + 1.13 ASG + ' 1 ~  A ~ c  + .078 (1030) = 531.2 

Where : 
ASG = Area of s i n g l e  g l a s s  (sq f t )  
AIG = Area of i n s u l a t i n g  g l a s s  (sq f t )  
U~~ = U f a c t o r s  of the  i n s u l a t i n g  g l a s s  

1 . 1 3 A s ~  + U 1 ~ A I G = 3 7 4 . 1  

Since t h e  t o t a l  g l a s s  a rea  i s  410 sq i t ,  then ASG = (410 - AIG), there-  
'fore, . 
1.13 (410 - AIG) + U I ~  AIG = 374.1 
1 .13  AIG - UIG.AIG = 89.2 

The va lue  on t h e  r i g h t  s i d e  of t h e  equation tu rns  out  t o  be t h e  hea t  l o s s  
d i f f e r e n c e  a s  ca lcu la ted  i n  (c) above. Therefore, t h e  genera l  equation t o  
c a l c u l a t e  the  amount of i n s u l a t i n g  g l a s s  requi red ,  knowing the  heat  l o s s  
d i f f e r e n c e  is: 

AIG (1.13 - UIG) = Heat Loss Difference Equation 11-3 

For t h i s  example, i n s u l a t i n g  g l a s s  wi th  a U f a c t o r  of 0.65 (1/4 i n .  a i r  space 
from  able 4-3c) is  used. 

Using Equation 11-3, we hovcr 

. AIG (1.13 - UIG) = Heat Loss Dif ference  
AIG (1.13 - .U. b5)= 89.2 
0.48 AIG = 89.2 

= 185.8 sq f t  AIG 

The amount of i n s u l a t i n g  g l a s s  with a U f a c t o r  of 0.65 needed t o  reduce the  
heat  l o s s  of the-proposed house t o  equal  t h e  heat  l o s s  i n  t h e  b a s i c  house 
would be 185.8 sq f t .  The amount of s i n g l e  o r  non-insulating g l a s s  would 
be : 



The heat loss for the proposed house should then be checked as follows: 
. . 

HEAT'LOSS - PROPOSED HOUSE . . 
- .  

COMPONENT . . AREA - U HEAT LOSS 

Ceiling 1600 .048 76.8 Btulhr F 
Wall 1030 .078 80.3 

(410) Glazing 
224.2 1.13 253.3 Single 

. . ,  Insulated 185.8 0.65 120.8 
Total ,531.2 Btu/hr F 

The above heat loss of 531.2 Btu/hr F for the proposed house will match 
the heat loss of the basic house and comply with the alternative provisions 
of the standards. 

Alternative 4. Another alternative which may be considered is to insulate 
the underfloor area in order to obtain the'desired glazing in the proposed . . 

hduse. Since the proposed house is to be located in an a;ea (Red Bluff) 
which has less than 3000 degree days, no specific insulation requirement 
exists for floor sections over unheated crawl spaces and the amount of 
reduced heat loss by insulating the floor section can be credited. 

The heat loss from heated rooms to unheated spaces must be based on the ' 

estimated or assumed temperature in such unheated spaces. This tempera- 
ture will lie in the range between the indoor and outdoor design tempera- 
tures, depending on the relative areas of the surfaces adjacent to the 
heated room and those exposed to the outside. In addition to the U factor 
and area of the floor, such items as the area of the ground, temperature 
of the ground,.area of foundation wall, U factor of the foundation wall, . 
and amount of ventilation should be considered.. 

One document which provides a method of estimating the crawl space tempera- 
ture is a National Bureau of Standards document "Retrofitting Existing 
Housing for Energy Conservation." The 1972 ASHRAE Handbook of Fundamentals 
also provides a method to calculate the crawl space temperature, except 
this method doe5 not consider the ground eemperature or ventilation. 

However, for simplicity, when all factors including ventilation and ground 
temperature are considered, the following methods of estimating the crawl 
space temperature may be used. 

1. The temperature in an unheated crawl space with an insulated -- 
floor may be estimated to be the mean of the indoor and outdoor 
design temperatures. 

2. The temperature in an unheated crawl space with an uninsulated - -. - 
floor may be estimated to be the mean of the indoor and outdoor 
design temperatures plus 5 degrees. 

If, for instance in this example, the .mean of the indoor and outdoor design 
temperatures were used, the following estimated crawl space temperatures 
would be obtained: 



31+70 + 5 = 55.5OF 1. Uninsulated Floor - 
' 2  

31+70 - 50.50F 2. Insulated Floor - - 

For this example, however, the method provided in the National Bu'reau of 
Standards Document "Retrofitting Existing ~ous'in~ for Energy Conservation," 
will be used for calculating the crawl space temperature (tc) with an unin- 
sulated and insulated floor as follows: 

70 Af Uf + to (Aw U,+ 1.08 Af V) + 0.3 A, tg tc = - - Equation 11-4 
Af Uf + A w  Uw + 1.08 Af V + 0.3 Ag 

- 
Of = Af Uf 

70 - tc Equation 11-5 
70 - to - 

Where : 
Af = 
Uf = 
Ag .' 

to = 
- 

tg - 
A, = 
u, = 
tc = 

Qf = 
v = 

Area of floor 
U factor of floor 
Area of ground 
Winter design temperature 
Temperature of ground 
Area of foundation wall 
U factor of foundation wall 
Crawl space temperature 
Heat loss through the floor 
Ventilatinn rate 

TABLE 11-1 
Temperatureiof G r u u l g  

2000 and helow 
3000 
4000 
5onn 
6000 
7000 
8000 
9000 

Temgerature of Ground 

For this example the floor over the unheated crawl space will be insulated 
with R-11 insulation giving a total R value for the floor section of 
R = 3.29 + 11 = 14.29, U = 0.070. 



For this example: 

1600 sq ft 
0.304 (uninsulated) . . ,  

0.070 (insulated with R-11) 
1600 sq ft 
31°F (Winter design temperature,'from Page 6-3) 
61.6OF (From Table 11-1, for 2688 degree days by 
interpolation) 
270 sq ft'(From Page 11-3) ' . 

0.752 (From Page 11-3) 
0.1 cfmlsq ft 

Calculate the crawl space temperature and heat loss through the floor using 
Equations 11-4 and 11-5 as follows: 

Before insulating the floor 

After insulating the floor with R-11' insulation 

Calculate the heat loss for the basic house without underfloor insulation 
using Equation 11-2. 

HEAT LOSS - BASIC HOUSE 

COMPONENT AREA - u . HEAT LOSS 

Ceiling 
Wall 
Glazing 
Floor 

1600 .05 80.0. Btulhr F 
1120 .08 89.6 
320 1.13 361.6 . . 

1600 (Page 11-11) 174.5 
Total 705.8 Btu/hr F 

Calculate the heat lbss for the proposed house with underfloo= insulation . 
using Equation 11-2. 



HEAT LOSS - PROPOSED HOUSE 
COMPONENT AREA U - HEAT .LOSS 

Ceiling 
Wall 
Glazing 
Floor 

1600 ,048 76.8 Btu/hr F 
1030 .078 80.3 
410 1.13 463.3 
1600 (Page 11-11) 55.7 

Total 676.1 Btu/hr F 

The heat loss in the proposed house with underfloor insulation is less than 
the heat loss in the basic house. Therefore, the proposed house with under- 
floor insulation is an acceptable alternative, which is at least equivalent 
in the conservation of depletable energy. 

EXAMPLE 11 

Sample calculations for this example will be based upon: 

(A) (1) A one-story heated and air-conditioned single family' dwelling 
located in Sacramento, California (See Chapter 6 for design conditions). 

Annual Heating ~ e ~ r e e  Days - 2782 
Winter Design Temperature - 2 9 O ~  
Summer Design Temperature - 97'~ 

(2) Tlie simplified floor plan of the house is shown on Figure 11-2. 

(3) Exterior wall construction will be as shown on Page 5-2, Wall 
Section 1, using 3/8" exterior plywood siding, R=1.77 (without insu- 
lation); wlL11 R-11 lnsiilation, R=12;77 and U=0.078. 

( 4 )  Garage wall construction hetween the houoc and the garage is slm- 
ilar to the other exterior wall coentruotion cxeept 5/0" Type X gypsum 
wallboard is used in place of the plywood siding and still air may be 
considered for the exterior air film. 

(5) The knee wall construction between the.open beam ceiling area and 
the attic is similar to the exterior wall construction, except the 
exterior sheathing is not used and still air may be considered for the 
exterior air film. 

(6) Floor construction will be as shown on Page 5-6, Floor Section 3, 
R = 3.29 without insulation, U = 0.304. 

(7) Clear window glass has.been specified, U = 1.13. 



Figure 11-2 

8 ' -0'' Furred 
Ceil ing Area 

P L A N  

Gross Floor Area = 1600 sq  f t  

I.. # 



(8) The ceiling construction will consist of two, types: 

1. Roof/Ceiling Section 1, Page 5-9, R=1.67 (without insula- 
tion); with R-19 insulation, R=20.67, U=0.048 (1000 sq ft). 
The finished ceiling height for this area is 8.0 ft. 

2. Roof/Ceiling Section 3, Page 5-10, R~3.0 (without insula- 
tion), U=0.333 (632.5 sq ft); with R-6 insulation not 
penetrated by framing members, Rt9.0, U=0.111. 
See Figure 11-2. 

(B) Since this house is air-conditioned, compliance with Section 1094(f)(3) 
must also be verified, however, it is not considered in this example. 
See Chapter 7 for examples of the procedure to determine compliance 
wfth Section 1094(f)(3). 

, ,: . .. ( . .. - .  . 
(C) -For this example the planned glaning,area is as fnI..lows: . . . :  

, . 

North Elevation - 80 sq ft 
South Elevation - 110 sq ft 

\ East Elevation - 80 sq ft 
West Elevation - 

Total Glazing - 
STEP 1. Determine the bas'ic glazing area. Since this building is less than 
four stories, it is a low rise building pursuant to.Section 1094(d)(5) and 
the basic glazing area is 20% of the gross floor area. 

1-A. From Figure 11-2, the gross floor area of the dwelling unit is 
1600 sq ft. 

1-B. Calculate 20% of the area from Step 1-A. ' 

1600 x 0.20 = 320 sq ft 
This is the basic glazing area Of the entire hnibding,  

STEP 2. Determine compliance with Section 1094(f)(l). 

2-A. The planned glazing area of 320 sq ft is equal to the basic 
glazing area, therefore, it is in compliance with Section 1094(f)(l). 

STEP 3. Since the open beam ceiling area does not comply with the specific 
requirements of the Energy Insulation Standards (U=0.06), the alternative 
approach showing equivalency of energy conservation will be used. 

STEP 4. Calculate the exterior wall.and ceiling area of the building. 
(Assume 8' wall height.) The area of the garage wall construction could be 
calculated separate from the other exterior wall construction, however, in 
this example it is nor necessary to do so, since the U factor of the garage 
wall construction is lower than the other exterinr wall construction, The 
benefit of calculating these areas separately would be minimal since the 
garage wall area is only about 3% of the total exterior wall area. There- 
fore, in this example, the areas will not be considered separately and the 
U factor of the'garage wall construction between the house and the garage 
will be considered to be the same as the U factor of the other exterior wall 
construction. 
266 11-14 



Since the knee wall construction has a U factor identical to. that of the 
exterior wall construction, its area will not be .considered separately. 

Wall Area = 8 (60' + 20 + 20 + 10 + 40 + 30) = 1440 sq ft plus end 
and knee wall area where open beam ceiling occurs. 

End or Knee Wall = 5 x 15 x 112 x 2 = 75 sq ft 

Total Wall Area = 1440 + 75 x 2 = 1590 sq ft 

Less Planned Glazing Area = 1590 - 320 = '1270 sq ft 

Ceiling Area: Open Beam = (15~ + 52))i x 2 x 20, = 632.5 iq ft 
Furred = (40 x 30) - (20 x 10) = 1000 sq ft 

STEP 5. Calculate the heat loss of the basic house which will exactly meet 
the speciiic requirements of the standards, using Equation 11-2. 

Q = U m A  

5-A. A basic house which exactly meets the specific requirements of the 
standard is: 

Ceiling 
' Open beam U =  0.06 
~urred U = 0.05 

Walls U = 0.08 
Glazing U = 1.13 
Floor (used) U = 0.304 

Note: The calculation for the floor can be omitted since'the.same 
floor system must be used for both the basic house and the proposed 
house. . . 

STEP 6. Calculate the heat loss for the basic house using Equation 11-2. 

HEAT LOSS - BASIC HOUSE 
COMPONENT AREA - HEAT LOSS 

Ceiling 
Open beam 632.5 .06 . , . 38.0 Btulhr F 
Furred ,1000 .05 50.0 

Wall 1270 .08 ,, 101.6 
Glazing 320 1.13 361.6 

Total 551.2 Btu/hr F 



STEP 7. Calculate the heat loss for the proposed house using   qua ti on 11-2. 

HEAT LOSS - PROPOSED HOUSE 
COMPONENT AREA - U HEAT LOSS 

ceiling 
Open beam 632.5 0.111 70.2 Btulhr F 
Furred 1000 0.048 48.0 

Wall . 1270 0.078 99.1 
Glazing 320 1.13 361.6 

Total 578.8 Btulhr F 

The heat loss for the proposed house exceeds the heat loss for the basic 
house by 27.6 Btu/hr -F, therefore, some chan.ge. will have to be made to 
obtain equivalency in energy conservation. 

The alternative which will be used to obtain equivalency in heat loss is 
the use of insulating glass with a U factor of 0.'65 for a portion of the 
Rouse. 

The amount of heat loss which must be made up by the insulating glass is 
equal to the difference between the heat loss of the proposed house and 
the heat loss of the basic house. 

Heat Loss Difference = 578.8 - 551.2 = 27.6 Btu/hr F 

Using Equation 11-3 with UIG = 0.65 

AIG (1.13-UIG) = Heat Loss Difference 
ATG (1.13-0.65) = 27.6 
0148 AIG = 27.6 

*IG = 57.5 sq ft = Area of insulgting glass required 

Check heat loss for the proposed house as'follows: 

HEAT LOSS - PROPOSED HOUSE 
COMPONENT AREA 

. - U - HEAT LOSS 

Ceiling . . 

Open beam 632.5 0.111 70.2 Btulhr F , 

Furred 1000 0.048 48.0 
Wall 1 L i O  U.U/8 . 99.1 
C.1 A P . " ~ ~ E  

Insulated 57.5 0.65 37.4 
Single 262.5 . 1.13 296.6 

551.3 Btu/hr F 

The heat loss for the proposed house now compares with the heat loss for the 
basic house and meets the requirement of equivalency in energy conservation. 
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ABSTRACT 

In support of the energy conservation efforts of the united 
States Energy Research and Development Administrat.ion and the 
California Department of Housing and Community Development, a 
study of various building sectors impactedby statewide energy 
regulations has been conducted. 

More than eighty interviews 'were conducted with local building 
code enforcement officers, architects and engineers, builders 
and developers, building material suppliers and manufacturers, 
and homeowners. The various groups identified problems en- 
countered with energy regulations and their response. 

The report contains recommendations for action by all levels 
of government and the building sector. Recommendations are 
directed towards current administrative ~ r a r - . ~ i c e s ;  the tech- 
nical aspects of the regulations, including product approval 
and certification, and educational needs. 

Key words: building regulations, building standards, codes, 
energy conservation. 



EXECU.T IVE SUMMARY 

In support of the ongoing efforts to implement energy con- 

serving.,regulations by the State of California and the .Energy ~ 

..Research and Development Administration, a survey of the various 

sectors of the building industry was conducted to determine 

problems and recommendations relating to' the implementation, 
. . .  , .  

design, and enforce.ment aspects of the California Residential 

Insulation Standards. 

Interviews were conducted with more than eighty local enforce- 
. r 

ment officials, architects, contractors and developers, material 

suppliers and product manufac,turers, and homeowners. These 

interviews were conducted using a structured interview guide. 

Interviews were conducted in all geographic regions of the 

State, including south coastal, north coastal, mountain, desert, 

and cen,tral valley. Included were the major metropolitan areas, 

San Francisco Bay Area, and Los Angeles'. 

Each sector interviewed identified problem areas relative to 

the regulations. Building officials were concerned with in- 

creased workloads, inability to add personnel, inadequate 

educational opportunities, and poor product certification and 

approval. There was significant variation in the degree of 

enforcement .and the understanding of the r.egulations across 

the State. 

Architects were concerned with the prescriptive nature of the 

regulations and the lack of flexibility in the regulations. 
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Builders and contractors identified the communication problem 

as the primary obstacle to implementing the regulations7, but 

once an understanding of the regulations was achieved, imple- 

mentatibn foilowed with little difficulty. Window manufacturers 

and suppliers were concerned with market pressures and adjuit- - 

ments resulting from the regulations, while the insulation sector 

experienced few problems in this area. Homeowners were usually 

not aware of the energy'conserving features of their homes. 
. . . . i -  

The report dbnclbdes with recommendations for ali levels of 

ind building sectors. principal recommendatioris 

are dirkcted towards revisions in current administrative 

practice, the technical aspects of the regulations, including 

product approval and certification, and the educational needs 

of enforcement personnel and members of the building industry. 



INTRODUCTION 

Under contract to the State of California, Department of 

Housing and Community Development (H.CD) , . a study.. has. been 
conducted relative to the problems encountered in the imple- 

mentation, enforcement, and design aspects of the California 

Energy Insulation Standards for Residential Buildings. This 

study is part of a large project, "The California Residential 

Energy Insulation Standard: Problems and,Recommendations Re- 

lating to Implementation, Design, and Cost Impact", funded by 

The United States Energy Research and Development Agency. This 

research will assist other states which are in the early stages 

of implementing energy conservation regulations. Feedback from 

the study will also provide guidance for revisions to the 

California,Residential Regulations as well as give direction 

to the implementation of the State's non-residential energy 

conservation regulations. 

The California residential energy insulation regulations are 

a product of State enabling legislation; passed in 1972, which 

mandated the development of such regulations by the Department 

of Housing and Community Development. The regulations were 

adopted on February 22, 1974, and were implemented one year 

later, on February 22, 1975. Since that time, they have been 

revised on four occasions to introduce new concepts and to 

provide clarification of problem areas. The last change in the 

regulations occurred in January 1976. 



The regulations set forth the minimum requirement for the 

insulation of a residential building's exterior envelope, as 

well as thermal design standards for glazing, weatherstripping, 

ducts, and piping. To assist in .the dissemination of these regula- 

tions, the Department of Housing and Community Development 

issued a Residential Energy Design Manual and conducted seminars 

for building enforcement officials at various locations through- 

out the State. 

~hese' regulations af fected, in different ways, the various 

sectors of the building process -- a process encompas,sing 
diverse elements which are vulnerable to change and constraint. 

Each sector of the building process felt immediate effects as 

a result of the implementation of the regulations. 

It is towards a description and evaluation'of the effects of 

the regulations on t.hese sectors -- and the people that comprise 
t h e m  -- that. *.his study is directed, Through structured inter- 

views, experiences of individuals throughout the State who 

have been affected by the regulations -- enforcement officials, 
builders and developers, architects and ~engineers, manufact- 

urers and suppliers, and consumers -- have been documented 
(see appendix for interview guide). 

The following report details and evaluates the findings 

generated by the interviews and concludes with recommendations. 



METHODOLOGY 
- .  

The methodology used to accoinplish'the project goals involved 

a series of field interviews relative to the impact of the 

adopted laws and regulations. Interviews were conducted on .a 

statewide basis with individuals and agencies. ' The findings 
.were evaluated by the project team, and the report was prepared, 

utilizing feedback by the team members at various stages in 

the report's development. 

.Interview Guide: An interview guide, developed in consultation 

with HCD staff,was utilized in conducting the field research. 

'It contained both general and role-specific questions designed 

to elicit responses concerning the effect of the regulations 

on the various sectors of the building process. 

The general questions were divided into the following 

categories: ' 

a. Plan Review and Inspections 

b. Functional ~spects 

c. Product Standards 

d. Education and Training 

Role-specific questions were designed for the following groups: 

a. Building Official 

b. Architect and Engineer 

c. Builder/contractor 

d. Manufacturer/supplier 

e. Homeowner/consumer 



. The general category questions were asked of interviewees 

when appropriate to.their work and experience. Generally, 

the interview guide was utilized as just that: a flexible 

guide for interviewer and interviewee, which often led to 

valuable input in areas not covered explicitly by the guide 

but nonetheless relevant to the inquiry. 
I '  

Sector. and Geographical Distribution: .In.excess of eighty 
. , 

interviews of individuals involved .in varj ol,~s sectors of the 

building process were conducted by th.e project teamr In each 

:' sect,or category, the break-down, by number of interviews, was 

as fo.llows: . . 

a. Local Enforcement Agency 37 

b. Builder/developer 22 

c. Architect and Engineer 12 

d. Manufacturer/supplier 7 

e.. Homeowner/consumer 6 

Region was a factor in selecting individuals for interviews. 

A geographical cross-section was sought, utilizing as guide- 

lines the St,atels four major climatic zones: coastal, central, . .  # 

r 

mountain, and desert. In this way, problems particular to a 

region .were pinpninted. 

Wherever possible, all sectors relating to, a specific project 

or development were interviewed in order to obtain depth by 

analyzing the process in toto.rather than piecemeal. 



DATA COLLECTION AND FINDINGS 

LOCAL ,ENFORCEMENT. AGENCIES 

The, role of the local enforcement agency 2s 'to .assure compli- 

'ance'with health and safety regu'lations. The degree to which 

this is a c ~ o ~ ~ l i s h e d  in the field is influenced by a number of 

factors, including: 

a. Understanding of the regulations. 

b. The techniques by which the goals may be implemented. 

c: Und,erstanding. the need for the regulations.. . . 

The manner in which the regulations were implemented on the 

local level are discussed below. Data collection findings are 

discussed first with a statewide overview followed by any unique 

geographic findings. 

A. ADMINISTRATIVE 

The two principal regulatory functions to assure implementation 

of the regulations are the plan review and the inspectional 

functions of .the local enforcement agencies. 

1. plan Review: The overwhelming rnaj,ority o f  agencies 

interviewed stated the plans were checked' for compliance with 

the regulations. Upon closer examination, this meant that the 

"R" value for insulation materials 'required within the various 

building elements; i.e., walls, floors, and roof/ceiling, were 

specified on the building department approved plans. Few agencies 

required a statement: on the plans. that aluminum windows be label'ed 

to show. compliance with ANSI 134.1, or 'any statement relative 

to weatherstripping of openings. ,In addition, drawings were 



seldom required to show the exact elements to be insulated 

such as walls between garage 'and dwellings, dormers, etc. It 

was assumecl that the field inspector would check the install- 
4 

ation of insultaion. 

. . 

The California regulations require low-rise buildings exceed- 

ing twenty percent of the gross floor area in glazing (basic 

glazing area) to be designed by heat loss analysis. The local 

cnforccmcnt agcncies rcported few buildings exceed twenty per- 

c c 1 1 ~  gluzi~lg. Muvt r epor t ed  f rom one p e ~ e e n t  to five perceaL f 

exceeded twenty percent glazing. Only those geographical areas 

with significant views (ocean, hillside, etc.) had a number of 

"designed" buildings. Many agencies reported never planchecking 

a designed building. There were a few agencies that responded 

that "they had no trouble getting compliance with the twenty 

percent glazing limitation"; identifying a significant mis- 

understanding of thc regulations. Some local agencies  lucaLed 

:in rural areas reported poorly performed heat loss analysis 

and upon thorough checking, signif icanr design deficiencies , 

were uncovered. ' 

2 . .  Inspection: Approximately'one-third of the a.gencies 

contacted are not i n s p e c t i n g  for complia ,ncn with the regulations, 

but are accepting the Certificate of Installation signed by 

the contractor and installer. The reasons given by these 

agencies vary, but frequently relate to budget staff, and work- 

load. Hostility towards state-mandated regulations was also 

. . mentioned. 



Agencies that did inspect frequently reported that they re- 

quired.a copy, of the signed certificate prior to final inspect- 

ion of the building. Others reported they feel the fact that , 

the certificate signed the installer and contractor en- 

courages the contractor to be more responsible. Local enforce- 

ment agencies in Southern California were significantly more 

active in inspection for energy conservation with only one 

local agency interviewed reported acceptance of the certificates 

in lieu of inspection. One city in Northern Cali,fornia reported 

initially inspection for compliance, but now is,accepting the 

certificates after finding the workload excessive and, being 

unable to increase staff. 

The inspection requirements varied somewhat across the State. 

Where inspections were conducted, approximately one-half of 

the agencies interviewed required an additional called insul- 

ation inspection. After the rough-in inspections (framing, 

electrical, plumbing and mechanical), the building is wrapped . 
for stucco, siding, etc.; then the insulation installation 

inspection was generally conducted. It is made from within . 

the building and ,is of s h o r r  duration compared to the rough-in 

inspection. Inspection of wall insulation is easily accomp- 

lished', but deficiencies in ceiling insulation installation 

were not readily detected. Specifically noted was whether the 

insulation lapped the top plates, and,whether the insulation 

blocked the eave vents. A significant number.of departments re- 

quired blocking to be installed .to assure functioning of the 

eave vents'. This blocking wqs usually checked at 'the rough 

framing stage. Ventura County reported that changing the con- 



ventional framing methods to add blocking was a difficult 

process, and as 'a result they simply required the total attic - 
ventilation to be provided at the gab.le ends of the roof. 

Inspection procedures for multi-family buildings did not have 

the same impact on workload since these buildings are inspected 

at different stages and phases; thus, an additional called 

inspection was not required. 

Specific inspection problems for wood frame buildings included 

insulation frequently overlooked behind prefabricated showers 

as well as conventional showers and tubs; behind and under 

stairways, and in plywood shear walls. Insulation was,fre- 

quently not fastened (stapled) . Attic eave vent blocking was 

required but may not be installed at the framing stage. 

Another inspection problem occurred with floor insulation. In 

this case, the insulation is exposed to the weather since it is 

installed before the floor sheathing is in place and is unpro- 

tected from rain and dampness. It is difficult to Inspect the 

supports (wires or staples) for the floor insulation without 

crawling under the building. 

All agencies reported no problem with insulation and labeling. 

Field inspectors were instructed to check the bags and wrap- 

pings to verify the "R" value of the material. 

The whole issue of windows and weatherstripping requirements 

was apparently not clearly understood by many building depart- 



merits. Approximately two-thirds of those interviewed were not 
. . 

aware of the fact that aluminum windows were to be labeled as 

complying with ANSI 134.1, and thus were not inspecting for 

them. ~ v e n  those enforcement agencies that inspected reported 

it was frequently difficult to find the label. As a result, 

these agencies requested independent certification or a letter 

stating compliance from supplier or manufacturer. This problem 

occurs because the windows are checked for labels at the final 

inspection. Often the contractor is in the process of final 

clean-up which includes washing the windows, thereby removing 

labels. Weatherstripping, duct and pipe insulation require- 

ments were usually not known to the great majority of agencies. 

3. Agency Operations: 'Fee increases to offset the in- 

creased plan check and inspection tasks required varied widely. 

Frequently the agency relied on the increased valuation provided 

by the insulation for additional incbme tb cover the required 

services. other cities' increased their fees as follows : 

a. .OZ/sq.ft. 

. Lurrip sum' fee  - $ ~ u . U U  

c. Ten percent increase in'fees (this included other 

State mandated regulations such as noise transmission); 

Few agencies reported authority to increase personnel, and 

most stated that the increased workload simply "added to the 

burden"; and the new work was performed at the expense of 

other work. 



B. TECHNICAL 

1. Adequacy of' Regulations : . Enforcement agency petsonnel 

interviewed generally felt the regulations adequate. Most 
4 

admitted that they had nothing to compare with and that these a 

regulations were the law, so they enforced it. The few inter- 

iriewees with extensive understanding'of energy conservatiofi 

principles felt the standards did not go far enough since they 

did not cover HVAC systems, water heating and other energy- 

consuming elements within the building. A couple of agencies 

felt additions to existing buildings should be regulated, and 

some including Los Angeles County had extended their authority 

to effect this. 

2. Prior Insulati6n Practice: Insulation practices prior 

to the enactment of the regulations varied statewide. The 

mountain areas, such as the Lake Tahoe area, had insulated 

walls and .roofs prior to the standards, but at generally lower 

"Rff values than present regulations require. Floors generally 

wore not insulated, nor were windows double glazed. In other 

areas of the State, insulation was generally installed in 

custom homes and "some of the better tract homes". In these 

cases the insulation was usually limited to R-11 insulation in 

the ceiling. No conflicts were noted between energy and other 

standards although concern over the potential flammability of 

some types of insulation was expressed by a number of agencies. 

3. Implementation: An area of significance is the manner 

in which the local agencies implemented the regulations. The 

building department seemed to be the principal vehicle for educa 



ting the contractors about the regulations. Some contractorst 

associations have sponsored seminars, but most contractors 

learned'of the regulations through the building department. 

. Several building departments met with the local contractors, to 
I 

develop an inspection sequence to have the minimum construction 

cost and time impact for the contractor, while assuring compli- 

ance with the regulations. The most significant general comment 

received was that the energy conservation regulations were the 

easiest to implement of all recent State mandated regulations 

since the contractors and homeowners could see the return on 

their investment. Some agencies responded that thc initial six 

months of the program was a difficult period for implementation. 

Much of this related to the changing of glazing limitations 

occuring during that period. Local enforcement agencies re- 

sponded that they act as the front man for the State, and that 

the State should take responsibility for the education of 

architects, designers and contractors. 

C . PRODU.CT STANUAKDS 

Few building officials inferviewed had studied the manner in 

which insulation and windows are tested and labeled. Few were 

aware that insulation is labeled and tested under a voluntary 

standard as dompared to the independent laboratory and inspect- 

ion process for traditionally regulated building products.' Each 

agency was queried regarding who should approve energy conserv-.. 

ing products. Most responded that XCBO would be the agency . . 

looked to for approval with Underwriters Laboratory next. Others 
I. 

felt the State Energy.Commission or HCD might be appropriate ' 

in certain situations. 



No communities reported any local standards for products or 

. solar comp.onents, although Los Angeles County has some solar 

pr.oduct standards und,er consideration.' 

D. EDUCATIONAL 

Virtually all local enforcement agencies inte'rviewed received 

some sort of training relative to the regula.tions. 

usually this training was received at a state-conducted seminar, 

or lcss formally, at a building officials' chapter meeting. 

Some reported joint meetings with contractors1 associations or 

architectural groups. The training was related to the regula- 

tions and t.he'ir content. None'received specific training related 

to the concepts of energy conservation. It appears that some 

course material should be to acquaint all sectors af 

the building community with good design principles in addition 

to th'e methodology of implementation of the regulations'. 

The information-received at seminars or class'es was used for 

training of other. personnel within the agency., The onea-man 

enforcement agencies were frequently unable to attend any class 

or seminar since they reported they were unable to get away 

from the office, and had no one to relieve them. .Many that 

have attended seminars stated that the technical content of the 

.class materials was not'at the level they would have preferred. 

Only the ~ollege'of the Redwoods was reported to. have offered 

a semester-,long evening course in the residential energy 

regulations. 



E.' FIELD PROBLEMS . . . 

The data c~'llec.ti'on findings of field problems encountered by 

building officials fell within three general areas. These 

: include: 

1. Administrative problems 

2. , .  Technical problems 

3. Product acceptance, approvals and.standards 
, \ 

1. Administration: The significant findings relative to 

the building regulatory, agencies is that most consider the 

regulations an insulation standard only. Thus, when they plan 

check and/or inspect for .insulation, the requirements of the - 

regulations are believed to. have been met. Only about one-third 

of the local agencies interviewed reported inspecting.for comply- 

ing windows. One reason for this could be the required'certi- 

ficate.of Compliance. The form of certificate contained in the 

Energy Design ~anual relates only to insulation, and is signed 

by the insulation installer. As a result, upon receipt of the 

certificate and inspection of insulation, most enfo.rcement 

agencies feel they have performed their job in a proper manner 

and are not.aware of the other requirements. . . , 

Other administrative problems noted were: 

a staffing was frequently inadequate. Many local. agencies 

report they are unable to add personnel to accomplish the man- 

dated State regulations. 
# 

b. Agencies questioned the need for posting the Certi- 

ficate of Compliance within the building. Several required a 



signed copy of the certificate to be submitted to the enforce- , 

ment agency prior to final inspection. This copy is maintained 

with the office copy of the permit. 

c. Acceptance of certificate of Compliance in lieu of 

inspection i s  a common ~ractice; Many local agencies 'that accept 

the certificate report they still inspect to varying degrees for 

compliance, which would include labeled windows. But the major-, 

ity feel the signing of the certificate was the total job, whereas 

in reality, no one certifies cv~iplia~lce with glazing, weather- 

stripping, piping and ducts requiremeilt. 

d. ' ~ont'inuity of requirements ' is. difficult to assure. 

Los Angeles City found it necessary to develop a new tracing 

system to assure ongoing compliance for additions and alterations 

to .buildings constructed after the implementation'of the'regula- 

tion. This particularly applies to buildings to which air 

conditioning is being added, and a permit applied for. Few 

other agencies reported they were prepared for such events, but 

it could.develop into significant future enforcement problems. 

e. verification of the regulations is ~ometimes difficult 

to obtain. Local ,enforcement agenci.es reported being given 

information by insulation contractors, and being told by them 

that, "that's the way the State says to do i't";. 'I'he local 

agency reports being unable to verify and frequently going 

along with the contractor. 

f. The Energy Design Manual was sometimes -confused with 

the letter of' the law. One' local official commented that the 



Energy Design.Manua1 is treated as the law, and if a material, 

method, or assembly is not contained in the manual, it is not 

permitted. 

g. Some 'local agencies were not.permitting glazing to 

exceed twenty percent of the floor area, and not accepting 

design by ..heat .loss analysis. 

.h. Some rural areas reported poorly done heat loss 

analysis, and only through rigorous checking were significant 

deficie.ncies uncovered. 

i. ,Increased time for plan check and inspection was noted. 

Ventura County reported an additional 15-20 minute average 

increased plan check time. This 'figure was developed by 
. . 

averaging time over an extended.period; it includes both tract . . 

and custom . . homes, requiring a heat loss analysis. Inspection 

time increases usually amounted to the one additional called 

inspection but areas exceeding.4500~ days, reported as many as 

three additional requ'ired inspections. 'Those included .the 
. . 

under-floor insulation, the inspection after rough-in, and a 

rigid roof insulation inspection in open beam ceiling situations. 

. . 

j .  Several agencies reported poorly trained workmen. , . 

They also noted the workers were "paid by the pieceW,,and only 

spee.d coun,ted. . . 
,, . 

k. Areas in which air conditioning is the principal 

energy consuming system had many prpblems with the regulations. 

Palm springs is proposing different and more restrictive 



requirements locally. Most felt that glazing requirements 

, were too loose and that the standards were based on "degree 

days heating" which was not appropriate. They' feel that the 

requirements have virtually eliminated the use of masonry wall 

buildings in the desert regions, previously the principal type 

of construction. 

1: .In areas where two zonal requirements are adjacent to 

each other, the significant construct'ion requirements of the 

standard are questioned. An example is along the ~ e i  River in 

Hu111bul'dL County. One side of the river is less than 4 5 0 0 ~  days, 

while the o t h e r  i s  slightly over 4 5 0 0 ~  days. The lo.cal agencies 

expressed the opinion that there is a significant increase in 

requirements in a short geographical distance and perhaps a 

sliding scale of requirements would be more appropriate. 

2. Technical Problems: The technical problems might 

best be divided in the following manner: 

a. insulation 

b. Winilnw restification roquircments 

c. Weatherstripping 

a. Insulation: The insulaf'ion requirements have resulted 

in several difficulties: 

1 Workmanship: Many field reports involved poor install- 

ation of insulation.. This usually involved the fact that the 

insulation was not stapled, but simply a "friction fit". Local 

agencies reported that the insulation frequently sagged, or 

came down or out of the stud space. 

2 9  - 18 - 



Under floor insulation creates still another problem. It must 

be supported or adequately stapled in place and be protected 

from the weather (rain or 5og). The City of South Lake Tahoe 

has required wire support for the insulation with specific 

requirements for the supports for the wires. Foil type insul- 

ation-creates another series of problems. The foil must be 

properly expanded, and each layer separated from the others. 

Poor workmanship here, or mishandling by other trades (repairs 

or changes to electrical, plumbing, etc. ) may significantly 

reduce the effectiveness of the insulation. 

2) Product Standards: . Another difficulty relates to the 

products themselves, many of them,new on the market.. These 

products fall into two groups. The first respond to the need 

to cut costs. Since standards do not require a vapor barrier, 

products meeting the minimum requirements of the regulations are 

appearing in the field. These products are "conventional" insul- 

ation, but without a vapor barrier.' Inspectors accustomed to 

seeing batts or blankets with the. llR" value printed on the vapor 

barrier were confused by these products. 

The second group includes innovative insulation materials and 

the specific products designed to meet special field problems. 

Enforcement officials report the need for products which.meet 

the special construction requirements for slab-on-grade con- 

struction, as well as wood floors, insulated under-floor space,, 

masonry and concrete walls, and open beam roof/ceilings. New 

materials being sold and utilized include paper products, expan- 

sive foams and similar products. Enforcement officials, accust- 

omed to ICBO Research Recommendations, Underwriters Laboratory 
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.'2" , ,  

labels and similar approvals, are not familiar with the volun- 

tary industry standard in effect for insulation. As a result, 

some agencies have accepted and others rejected new products. 

b. Window Certification Requirements: Windows also have 

several problems. The fact the standards call for a limited 

glazing area leads many enforcement agenci'es to believe that is 

all they are required to check. Most agencies appear not to be 

aware of the window infiltration requirements. The fact that 

aluminum frame windows are covered by the regulations (in 

accordance with ANSI 134..1), and wood sash windows are not, has 

caused confusion among those that have been inspecting windows 

for certification. 

Where certified windows were installed, the labeling was not 

often clear. Some labels include all r~ugh-in dimensions and 

assembly instructions, as well as a statement certifying compli- 

ance with ANSI 134.1. Other recent installations have had a 

separate label affixed to the slider. Con.cern h .a s  been. ex- 

pressed over the durability of the additional material within 

the window frame to limit infiltration. 

A couple cases of double glazed assemblies cracking because of 

the pressure differential at high altitudes were reported. Re- 

placement glazing for broken windows has been difficult to 

obtain, and some departments have given final approval to dwell- 

ings with single glazed temporary windows before the repla'cement 

glass arrives. 



c. Weatherstripping: Few agencies responded to questions 

relative to weatherstripping, and it appears that compliance / 

. . .. . 
. . 

is minimal at best. No comments were received about pipe or 
. . .  

duct insulation. 

3) Product Acceptance and Approvals and Standards : The 

last area of field problems involves the product acceptance 

system. Traditionally, regulated building materials are in- 

spected, labeled, certified, tested, etc. at various points 

in their assembly by independent agencies. New building pro- 

ducts may be approved by the model code groups, State regulatory 

agencies, or major city ongoing product approval process. Energy 

conservation products are labeled under voluntary standards. 

, Local enforcement officials are concerned over the lack of 

independent testing and certification of insulation. They are 
. .  . 

concerned about other standards, such as flammability, that 

affect insulation. Thus, potentially acceptable products may 

be kept off the market because of lack of acceptance by local 

officials; and poor products may be inadvertently accepted by 

local officials. 

F. CONCLUSION 

'The calif ornia' Residential Energy Insulation Standards are 

enforced with'varying degrees of success by local enforcement 

agencies. In general, of all the regulations, the wall and 

ceiling insulation requirements are best understood by the 

agencies, and no major enforcement problems are perceived 

although inspection procedures vary. The whole issue of windows 

and weatherstripping, pipe and duct insulation, is apparently 



not clearly understood by many local enforcement agencies. 

Most notable is the widespread ignorance of the required 

labeling of aluminum windows. 
. . . .  . ,  

. . .  
Building officials are most often concerned with the increased 

. . . . 

workload generated by the regulations, the inability. to add 

personnel, inadequate educational opportunities, and poor 

product certification and approval standards. Thorough imple- 

mentation of the regulations awaits solutions in these 'areas. 



ARCHITECTS AND ENGINEERS 

As a key'participant in the building process, the architect 

is charged with translating written regulations and codes into 

working plans for a structure. In theory, he or she interprets 

these legal requirements. But, most often, in practice, the 

architect simply (and mechanically) incorporates these regula- 
. . 

tions into a 'final design. 
. . 

The architectural profession is marked by a wide range of 

attitudes and practices regarding the California Residential 

Energy Insulation Regulations. For the most part, architects 

are now well acquainted with the .regulations and have made the 

appropriate adjustments in their practice. Some feel comfortable 

working with the regulations wh'ile others feel that the regula- 

tions restrict the. range of potential solutions to'design and 

energy problems. A small number of architects,. seeking ne,w 

solutions through solar energy and other unconventional systems, 

deal with very sophisticated calculations.. Their designs, which . 

operate independently of conventional heating and cooling systems, 

usually far exceed the energy conservation levels achieved by 

those designs which conform to the minimum requirements of the 

regulations. 

A. . TECHNICAL 
1. Adequacy of Regulations: Most of the architects inter- 

viewed agreed that the regulations are generally adequate. In 
\ 

specific categories, everyone felt the insulation requirements 

for ceiling and walls are adequate. Some felt that under floor. 



and slab-.on-grade insulation should be required'in areas below. 

3,000 degree-days/year because of significant potential energy . 

savings. A majority agreed that that square footage allotment ' 

of glazing areas for both the heating and cooling seasons is 

adequate, despite the fact that elsewhere in the interview, niost 

architects indicated that they generally increased.window area :. 

over the standard design maximums. This apparent contradiction., 

might be explained by the difference between the architectst 

professional judgment vs. their clients1 demands. Some arch- 

itects felt that energy savings resulting from infiltration 

provisions are negated by inefficient building operations (i,e, 

opening doors and windows.). Exfiltration ~ ~ O V ~ S ~ O P ~ S  were 

suggested as a possible addition to the regulations.. Fans, 

perhaps, could be required to use positive closer devices; flue 

combustion air requirements could be incorportatd, etc. Piping 

insulation standards were felt to be adequate.. Several arch- 

itects expressed the opinion that additions to residences should 

be covered by.the regulations. 

Several architects who work frequently with heat loss analyses 

feel a performance standard would be more desirable than-tke 

prescri,ptive regul'ations now in force. If the Sta'te is trying 

to ,promote energy conservation, a performance approach .would 

yield a clearer picture as to which structures are energy 

efficient and which ar.e not.. A performance approach ,would 

,also allow designers to take advantage of many environmental 

design constraints currently ignored - siting, orientation, 

window placement, building massing, micro climate, etc. The 

regulations as now written do not recognize the fact' that' 



windows are the.greatest friend as well as the greatest' foe 

of internal .thermal.,stability. When window area and orient' 

ation .are thoughtfully designed, greater energy savings can 

be realized. One interviewee described a situation where. the: 

same floor plan used throughout a tract was turned 180 degrees, # .  

causing the addition of one extra ton,of air conditioning. As. 

now written, .the regulations seem to say "the less g1a.s~' the 

betterw, and have spawned. such "no-think" solutions as using 

single pane up to t.he allotted twenty percent and double pane 

for the glass areas,exceeding the limit. .Or, more commonly, 

designers assume an energy-conscious design will result from 

limited glass area .regardles's of window orientation. The 

prescriptive nature of the regulations has caused design 

. . decisions which are not cost 'beneficial'. . . . . 

2. V n  vs. Heat Loss Analysis: Most of the 

architects interviewed make use of heat loss analysis, parti- 

cularly those involved in single family residential design. It 

was found consistently that the reason for utilizing alternative 

design provisions was to provide more glass area - -  for view, 

feelings of openness, and natural light. Some de.signers have 

developed consistent approaches to design trade-offs when glass 

areas exceed twenty . . percent 0.f the. floor area. Some go to double 

glazing, while others find it more ecbnomical to insulate under. 

floors to compensate for increased.window area. 

3. Design Problems: The most frequently mentioned design 

problem imposed by the regulations involves the detailing of an 

open-beamed (vaulted, cathedral) ceiling. It was also observcd , 



that concrete block is rarely-used now because of the difficulty 

in achieving wall insulation requirements. In the mountain areas, 

it was reported that under-floor insulation posed significant 

problems due to moisture accumulation; alternative design de- 

tai'ls were called for. The architect of the high-rise hotel 

noted difficulty in developing a system to satisfy the roof 

insulation requirement. 

4. Energy Design Manual: Most architects contacted were 

familiar with the Energy Design. Manual and found it useful. 

Ho'wever, they frequently complained tha t .  th.e'ma.n.ua.1 wa's not 

circulated within the profession and many did not know where 

to obtain a copy.' Suggested changes to the Energy Design Manual 

were : 

a. Expansion of the materials list. ' 

b. Expansion of the listing of California cities to 

include all cities, preventing errors in assigning - 
degree-day values to small communities. ' 

c. .Replacement of current shade angle calculations with 

page 442 of ASHRAE Handbook of Fundamentals (1972). 

d. Development of alternative high-rise roof insulation 

e. Development of alternativ'e under-floor insulation 

s)rstems for moi3tu~c-prone clialales. . 

. .  5 .  Prior Insulation Practices: Prior to the effective date 

of the regulations, architects report they frequently used insul- 

ation in ceilings and walls, but rarely under floors.' -Few arch- 

itects used either heat-absorbing tinted glass or double glazing. 



Acoustical , . . . -insulation requirements , . in mu1t.i--residential 

structures often coincided with thermal insulation consider- 

ations. 

6. Impact on HVAC Unit Size: Despite the reported energy 

savings,under, the regulations, few o.f the architects interviewed 

are using smaller mechanical system units. A decrease in unit 

size seems appropriate only in larger structures covered by the 

regulations. Unit sizing for single family dwellings seems to 

be done by rule of thumb. One architect suggested that the 

regulations .be, changed to include a 'clearer tie between heating 

load and mech,anical unit size. In this .way, the regula,t.ions 

would relate to the system, not just to the envelope. 

For a single family dwelling the cost of a larger unit is in- 

significant. This results in mechanical unit sizes often.being 

twice what they.could be for meeting the heating.requi-rements. 

7. Economic Impact: Accordingt~ the architects inter- 

viewed, the cost impa.ct of*the regulations for buyers of new 

homes involves an ,. increase , of $100.00 to $300.00' per home (more 

in areas of severe climate). At the same time, the majority felt 

the resulting energy savings were substantial. -Most architects 

are not aware of an increased burden on building departments as 

a result of the regulations. ,Few architects have raised their 

fees or specifically identified a fee for designing a structure 

to comply with the regulations. Those operating on an hourly 

fee are not always able to itemize costs for separate services. 

According to the director of technical services of the Sheet 

Metal and.Air Conditioning Contractors National Association 



(Oakland office), the fee charged by the association for a - ..x 

complete heat load calculation is currently $3.00/100ft. 2 for 

a custom house; $2.00/ft.~ for a tract house. The actual 

costs of doing the calculation is reportedly in excess of 

these figures but the industry subsidizes the costs. 

B. PRODUCT STANDARDS 

Apart from an occasional insulation shortage, architects report 

that products required to.meet the regulations are generally 

available. Batts and rigid insulation are usually labeled, 

while blown-in insulation. often is not. Some of .the .architects 

interviewed were not familiar with window labeling practices. 

Some report that b1own:in insulation is subject to careless 

application and consequent re,duced "Rw values. One respondent 
( .  

noted that rigid insulation degrades with age. Other problems 

mentioned included the difficulty of operating double-paned 

(glazed) sliding glass doors, and deterioration of aluminum- 

framed window seals which result in increased air infiltration. 

Most architects report that data relative to the thermal 

properties of insulating material has been readily availab-le. 

They generally rely on the data and figures{furnished by 

manufacturers as no alternative test data are available. Only 

the Tahoe area architect reported any difficulty in locating 

relevant and reliable data. Few respondents had investigated 

the manner in which energy products are tested or 1abele.d.; one 
. . .  

architect observed a lack of consistency in'testing standards 

for windows. and insulation. 



No major conflicts have been found between the Residential 

Energy Regulations and any other standards such as flammability. 

ICBO, UL, and the State Fire Marshal were most frequently ment- 

ioned as possible acceptable sources of energy product approvals. 

C. EDUCATION 

Many.' architects stated that they learned about the Residential 

Energy Insulation Regulations when applying for a building 

permit; one architect was told by his developer-client. As a 

rksult of such patterns, many designs had to be re-worked to 

adjust glass areas when the regulations first went into effect. 

The AIA'is' looked to by many architects to provide notification 

of relevant 'new laws as well as seminars and training, if necess- 

ary. The AIA 'has stated that its membership was notified of the 

.regulations in ;advance and was offered seminars on the topic. 

~ow.ever, 'with' one exception, none of the architects interviewed 

re'ceived any training directly related to the regulations. Most 

read either the Design Manual or the regulations in order to 

become acquainted with the new law. Some had received relevant 

training at various points in their academic careers. Others 

have attended seminars on general energy conservation topics 

given,by various building trade organizations and the AIA. 

Architects, doing solar design rely on .ASHRAE publications and 

' 'mechanical engineers a~'their.~rimar~ sources of information. 

Only the Tahoe area architect reported receiving training 

directly related to the regulations - -  from the City of 

South Lake Tahoe. 



Few of the architects interviewed reported a need to contact 

the Department of Housing and Community Devleopment for tech- 

nical information, or help of any kind. However, there exists 

a sentiment among architects that notification of enactment of 

the regulations should have come directly from the State, along 
I 

with full explanation as to what would be requirkd for compli- 

ance. Most comp1ai"nts about the problems caused by the State's 

actions in the implementation of the regulations were in refer- 

ence to the initial lack of information and notification, the 

speed with which the law took effect, and the unavailability 

of the Design Manual. Almost all architects interviewed felt 

training is now needed to provide technical information pertain- 

ing to the regulations in particular, and energy conservation 

in general. Several architects strongly recommended the need 

for better training of building enforcement 'bff ic~als. Plan 

checkers, for example, are not always able to evaluate the 

technical information contained in non-standard residential 

desi~n. 

The upcoming non-residential regulations have created a great 

deal of apprehension and confusion in the profession. Most 

architects. realize they arein -danger' of being denied a permit 
. . 

after these, new regulations become effective, in much the same 

way as they were. when the residential regulationswere enacted 

two years ago. ' There exist many questions regarding time' table, 

content of the regulations, availabi.lity of a Design Manual, 

and legal ramifications. 



D. CONCLUSION 

For most architectural offices the regulations are seen as 

another constraint to which a finished design must conform. 
I 

, . After the des'ign is completed, glass areas are adjusted arid 

walls insulated with proper thicknesses of insulation to 

, comply with the Residential regulations. The regulations do 

. . . not force consideration of energy -efficiency .during the early 

stages of design development. As one architect described,: , . 

there is .a lack of discipline among architects to recognize 

and address the very real problem of dwindling.energy supplies. 

M0r.e often, stylistic solutions take precedence over important 

functional, and in this case, energy concerns. In the past, 

architects had no need to consider natural environmental con- 

trols to achiev,e thermal stability. If it took an extra.two 

tons of air conditioning for a design to retain an unshaded 

south facing glass facade, it was of no concern to the architect. 

Mechanical systems could bail out any environmentally poor 

design. 

Currently, there is Generally a lack-of basic information 

ahout environmental controls within the profession. simple 

considerations such as window orientation, shading of summer 

sun while allowing penetration of winter suh, natural venti- 

lation, etc. , are not recogniied in the regulations as poten- 
. . .  . . 

tial energy savers. This coupled with a lack of consumer 

awareness and consumer demand for energy efficient design has 

provided the architecture profession with no impetus to achieve - 
energy efficient design., 



111. BUILDER-DEVELOPERS 

The builder is the individual in the design/construction pro- 

cess who must ultimately execute the work required by the law 

and represented in the drawings and specifications. Builders 

must understand both the .requirements and the intent of the 
. . 

law in order to put it.into effective practice. This presents 
. .. . 

difficulties, since. the State has no channels of communication I 

with the building industry as such; nor is it practicable to 

develop such channels, since builders are generally independent, 

diverse, and competitive with one another, and therefore 

difficult to organize or reach. 

Nevertheless, res'entment has occurred among builders, who often 

feel that they are not receiving enough from the State. Many 

feel that insufficient efforts are.made to communicate with them. 

In general, it is the builder who also acts as developer who 

expresses need for help with design information. Builders who 

perform only general contracting services are likely to follow 

the drawings only and not participate in decisions regarding 

their contents. 

A. . TECHNICAL . 

1 ,  Aneqiiacy of Regulations: The regulations are generally 

felt to be adequate although typical complaints, recur within 

environmental zones, showing patterns which point to defici- 

encies in regional applicability of the regulations. In the 

coastal area, one builder said that the regulations are too 
', 



restrictive in the immediate vicinity of the ocean and too . . ,  

lax inland; and another that they are generally too'lax. 

Another who feels that regulations are inadequate stated that 

insulation regulations would be difficult to upgrade for.,re- 

troactive enforcement since retrofit of.walls for increased 

insulation is technically difficult. In the central area, 

glazing limitations are felt to be too restrictive, but the 
. , . .. ' 

re-st of the regulations are well accepted. More complaints 

occurred in the severe-climate zones; the general consensus in 

mountain areas is that insulation requirements are inadequate, 

and in desert areas, that the glazing and orientation provisions 

do not really address the problem; and that the insulation re- 

quirements are designed to save on heating energy rather than . . 
., .. 

air conditioning. . .. 

I .  

. , 

Most builders were not quite satisfied with the regulations 

but few had suggestions for changes. ' The suggestions which 

were received show no pattern or consensus; in fact, no two 

builders wanted the same thing. Opinions ranged from advoc.acy 

of a laissez-faire policy on the part of the government to a 

belief that the regulations should be made more restrictive 
' ,  

in selected areas. One builder who advocates tightening the 

regulations believes that they should still not be promulgated 
. . 

by government. One favors the elimination of the standard 

design and the requirement of heat loss analysis f.or all 

Whether.or not the regulations have resulted in energy savings 

is considered debatable by mamy contractors. Responses con- 
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ce'rning the efficacy of the. regulations ran the gamut .from 

compIetely favorable to completely unfavorable, with numerous 

intermediate shades of doubt, assumption, or indecision. One 

bui.1de.r commented that no true comparisons have been made, since 

no two build.ings. would have the same energy consumption char- 

acteristics anyway. Most contractors believe that the existing 

regulations are accepted by the public - -  insofar as the public 

thinks about them at all. 

2. Design: ' Rui.3ders reported that almost all- ,houses 

complied with the standard design requirements. Whe.re compli- 

an~e~problems arise,, the.design is generally changed to meet 

the standard requirements. Builders of higher quality tracts 

and houses use heat. loss calculations more frequently, especially 

if their developments are in areas where the view; is a 'saleable 

commodity. For example, in mounta.in'areas builders 'often make 

a .practice of compliance with standard design requirements, but 

the view in such areas is likely to warrant the.trouble of dev- 

kating from the standard design, and a 'significant.number of 

heat loss calculations, are performed. une builder used rhe 

heat loss calculation method on all his houses. 

3. Technical and Design Problems: None of the builders 

was having overwhelming problems in dealing with the regulations., 

but most were having some. Design practicc has been affected, 

'and . , various minor problems .and complaints were voiced wi,th re- 

spect' t.o .this. Some problem has been encountered in satisfying 

the.requirements . ,  . where open beam ceilings are, used, especial.1~ 

in,mountain areas.. Several builders complained. that the regnla- 



tions do not give proper consideration to siting and shading. 

This problem is p.art,icularly acute.in desert areas. Conflict- 

ing calculations for heat loss have been provided by different 
0 

mechanical engineers, and this results.in trouble and confusion 

for builders. Design problems are also occurring' in areas of 

:$-high humidity;. the specified details may result in significant 

'moisture problems. 

, ' :  . . . , _  . . . :, 

4. Energy Design Manual: In almost all cases, builders 

were not familiar with the Energy Design manual, or did not use 

it because it was not needed. Some builders in the mountain 

area felt.it is too confusing. In general, builders do not 

refer their'.questions to the State, but work through the local 

building department. Some rely on subcontractors, or VA, or 

FHA .standards . 

.5. Prior Practices: As compared to 'previous p,ractices 

almost all~contractors agreed that insulation has been upgraded 

and glazing brought under control. The majority had been using 

insulation prior to the regulations, but they were not using as 

much insulation, and some were using none at all. For most, the 

regulations introduced the first sense of a need for glazing 

control. . 

Few new relationships .appear'to be developing.between mechanical 

engineers and contractors. Some contractors do not work directly 

with mechanical engineers; others always have., but among those 

who did not previously do- so; impetus. for' development of this 

relationship has only rarely been provided by the energy stand- 

ards. 



6. Field Problems: Most contractors had no trouble 

with implementation of the regulations. One complained that 

confusion of interpretation*among various jurisdictions in 

which he works had made his job difficult. For most, compli- 

ance with regulations did not cause any scheduling problems. 

One coastal zone contractor said that some delays in inspection 

had been experienced. 

.In general, product availability appears to be good, although 

some complaints of shortages and .accusations of 

were made. Snme o f  the %window manufacturers had not been able 

t o  expedite deliveries properly. Some insulating materials 

have been in short supply, specifically fiberglass and rockwool. 

With respect to labor availability, there were no complaints 

about insufficient numbers of subcontractors, although there 

was some grumbling about "sloppy workff. Predictably, areas 

with a limited construction season have more problems with 

delays and scheduling than do those where construction is 

possible year-round. 

7. Economic Impact: Even tfioligh contractors generally 

agree that the regulations are I I W ~  too restrictive, many feel 

that they are not cost-effective for the consumer. All builders 

agreed that costs to consumers have increased, but none mentioned 

a substantial figure #in terms of percentage of building cost. 

Estimates of cost impact for conformance varied from one-half 

of one percent of building cost to ten percent of building cost, 

with most contractors approximately in agreement w.ith the lower 
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figure. One builder stated that industry ,had opport.unistically 

raised prices for materials required to meet the regulations. 

Another believed that no impact had been felt, because he had 
. . . . 

f 

been design.ing buildings equivalent to those specified in the 

standard design all along. The' anticipation that initial costs 

for insulation would be partially offset by reduced -HVAC system 

costs has not proved to be realistic. Builders are not typically 

installing smaller HVAC systems, and at least one .is under the 

impression that .the Uniform Building Code does not permit re- 
. *  

duction of size of HVAC units below that appropriate for a 

house not conforming with the regulations. 

In the mountain area, it was stated that windows complying with 

the regulations were twice as expensive as those formerly used, 

and that insulation costs had increased by about twenty percent. 

In this area, smaller size HVAC equipment is being used due to 

the additional insulation required by the energy regulations; 

however, the initial savings effected by this size reduction 

is not substantial. Estimated overall additional materials 

costs for compliance varied considerably with a figure of about 

$500.00 frequently mentioned. One builder estimated the total 

additional cost for meeting the regulations at $800.00 to 

$1,000.00 for a $40,000.00 house. Most contractors felt that 

the additional cost was small and quickly paid back by decreases 

in winter heating bills. 

B. PRODUCT STANDARDS 

Product labeling is considered satisfactory, and builders 

generally consider the performance of labeled products to be 



consistent with manufacturers' claims. Some variability in 

quality windows was noted. 

At high altitudes', some double-glazed windows have disintegrated 

or exploded due to pressure differences. Other problems have 

been encountered . 'statewide . with deterioration of urethane insula- 

ti~n,~,inadequate performance, of blown-in insula,tiion and unreali- 
. 8 

. / .  . . 
I .  , ! .  . .  , 

ability of solar products. This last problem is so severe that 

most builders would not consider installing solar energy devices 

until independent and reliable testing for such products is 

initiated. Many builders would like to see illdependent tcsting 

and certification of - all energy conservation products. ., 

In general, builders have not pursued development of their own 

products or product standards. A few exceptions were found: 

one builder is investigating the use of solar panels as roofing, 

and another is engaged'in a five year. research project to develop 

a minimum energy dwelling. One mountain area contractor is 

heavily involved in research and testing of solar i~~stallations. 

EDUCATION , 

Builders and contractors reported receiving various degrees of 

training relative to the regulations. 

One builder in the coastal area attended training sessions run 

by the Building 1ndustry ~ssociatibn, and it is reasonable to 

assume that training was made available to,'builders in the area. 

No builder in the coastal area expressed a desire for further 

training. However, central California builders expressed de- 
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sire for formal training programs' in addition to the information 

already distributed by trade associations, and manufacturers. 

The severe-climate zones were characterized by need for con- 

siderable training and education. 'In the mountain area, 

this has been provided.   he building 'department and the 

contrac'tors' association both 'conducted seminars for contractors, 

and various manufacturers1 also provided training. ' -In the 

desert area, no comprehensive local efzorts of this type 

have been made, and builders complain that the small amount 

of'training which has been offered is not convenient or 
. - 

accessible .: 

D. CONCLUSION 

where concerted attempts have beeri made to communicate 'with 

the builder, regulations have been realized' in'. the' field 

with a minimum of technical difficulty. This has typically 

occurred in areas subject to more severe climatic conditions, 

where the need for close cooperation at all levels of the 

building process is most obvious. 

Results of a lag between implementation of energy standards 
and response of market forces have been disadvantageous to 

many builders, resulting in inflation and lost time. These 

problems may not be preventable and are temporary in nature; 

nevertheless, they are not conducive to positive attitudes 

towards building regulatory processes on'tbe part of con- 
. ., 

tractors .\ 



IV. MANUFACTURERS AND SUPPLIERS . 

The California Residential Energy ,Insulation Standards regulate 

m.anufacturing and labeling requi,rements for most glazing products 

(aluminum frame windows and sliding doors) utilized'in residential ' 

construction. And although the standards do not regulate insula- 
. .. 

tion manufacture.and labeling, -they do regulate its installation. 

The manufac ture rs ; suppl ie r s ,  and subcontractors of glazing and 

'insulation materials are therefore two sectors of the building 

industry.which are most directly af.fected by these regulations. 

When looking at the insulation and glazing industr.ies separately, 

the effects of the regulations were found to have been very 

different. The window manufacturers, in most cases, were re- 

quired to re-think their, individual products in order to bring 

them into compliance with the various performance standards in 

the law. The amount of revamping necessary depended on the level 

of product quality maintained before the law became effective; 

but in all cases, those contacted indicated that at least some 

changes were necessary.. The insulation manufacturers and sub- 

contractors, on the other hand, were not'required t o , c h a r ~ g e  their 

products - -  rhey orlly l iad,to ccrtify that their products were 

capable of certain levels of resistance and' label them accord- 

ingly. ~laz'in~ and insulation manufacturers do not make produr;l;s 

for specific geographical areas, but rather manufacture fairly 

uaiLorm prndlicts which are adapted to various regions. Certain 

specifications, particularly on glazing products, may be more 

common in certain areas; i.e.,, solar bronze glass in a hot summer 

area requiring air conditioning. But for the most part, regional 

differences in product utilization is determined more by architeci 

and contractors than by the glazing and insulation industries 



per - se: Any unique geographical findings will, however, be noted. 

, . .  . t 

D . .. A. INSULATION SUBCONTRACTORS 

All the insulation subcontractors interviewed expressed a high 

. . degree of acceptance of the regulatians. It should be noted 

that the industry was well prepared for the implementation of 

the regulations. The various insulation industry associations 

to which the subcontractors belong were'a significant force 

behind the regulations - -  both in formulating the content and 

scope of the regulations, and in its final passage. 

. .  . . 

1. Adequacy of Regulations :   here' was .generalg agreement 

as to the adequacy of the regulations. Suggestions for changes 

include requiring new additions to conform to the minimum s.tdnd- 

. . ards, as well as a requirement for under-floor insulation.in 

areas of low degree-day ratings. 

2. Energy Design Manual: '.Insulation subcontractors. 

reported familiarity with the Energy Design Manual. It was 

commended as a good.first effort, and does not seem to present 

any major difficulties to the subcontractors themselves. How- 

ever, some respondents expressed the wish for some clarification 

to facilitate the Manual's use by less sophisticated pqrsonnel. 

3. Economic Impact: Insulation subcontractors report 

that the regulations have resulted in stiffer competition. 

Accustomed as they were to ordering as much insulation as they 
. . .  

wanted, insulation subcontractors found thatwith the implement- 

ation- of the regulations, demand' outstripped supply, and manu- 



facturers were forced to establish quotas for areas and individ- 

ual subcontractors. Capital margins shrank drastically, and the 

smaller subcontractors, unable to endure the squeeze of less 

materials in stock and more competition in the marketplace, 

foundered.. Ins,ulation subcontractors agree that the cost im- 

pact of additional insulation for the final housing product is 

bprne by the consumer; but the consensus of opin5on in the in- . -. 

sulation industry seems to be that monies spent for insulation 

are the best spent energy.conservation dollars. Actual figures 

were hard.to. quote, but a general amount' of one-half of one 

percent of the. total cost of structure was commonly heard as 

the actual c m t  increase to the homeowner. 

4. Product Standards: All testing, assigning "R" values, 

and labeling of insulation products is done at the factory 

level, and the. subcontractors merely apply appropriate amounts 

and types of the product as required by individual jobs. The 

industry as a whole has not experienced any unusual shortages 

of materials since.the law's creation, but increased demand 

has caused an allocation system to be set up in order to 

distribute the products statewide. Prior to the law's creation, 

use of.insulation by general contractors and builders was 

erratic enough to allow individual subcontractors~to order as 

much as they thought they needed. However, some insulation 

subcontractors in the southern part of thc Statc mcntioncd that 

they were expecting further shortages in the near future for 

a couple of reasons: 

a. A shortage of energy supplies which could cause reduct- 

ion in the gross 0utpu.t of fiberglass insulation (making glass 
. . 

fiber is an industry which required large amounts of heat); and, 
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b. The increase in the number of housing starts which 

' would strain supplies which are already being allocated. 

One major area. of complaint centered around subcontractors who 

are taking liberties in applying "R" values to rigid insulation. 

  he' rigia' insulation installers are using a 'foamed in place' 

"Rt1 value although the sheets of insulation are a'ctually factory 

produced. During storage, the llR1l"value is much reduced due 

to natural deterioration, especially'when exposed to the ult-ra- 

violet radiation of the sun. This deterioration factor (up to 
. . 

50% of original "R" value loss) is not considered in calculations, 

resulting in less than adequate insulation being installed. It 

is significant that none of the subcontractors contacted handled 

rigid insulation'. Rigid insulation seems to have been left to 

the roofing subcontractors. This problem could become signifi- 

cant as architects and engineers learn more about these products 

and their convenience in applicatibns to vaulted or cathedral 

ceilings. 

Another problem concerns blown-in insulation - -  in particular, 

that some small companies make exaggerated claims.'for the 

capabilities of blown-in cellulose. Inferior quality materials, 

little better than 'shredded newspaper, are used in such cases, 

and they may create a very real fire hazard. The insulation 

people contacted almost unanimously requested more stringent 

inspection and certification methods to help eliminate these 

fly-by-night dperations, which reflect poorly on the industry 

as a whoie. 



5. Education: The insulation sector noted the need for 

more uniform education for building inspectors concerning in~bl- 

ation because 'of the wide variation of opinion among building 

officials as to what methods constitute a proper installation 

of insulation on the site. More educa'tion was also requested 

for the building industry as a whole, again, because of genekal 

confusion concerning heat loss calculations and air conditioning 

require'ments. 

B. WINDOW MANUFACTURERS 

Window manufacturers as a group were generally characterized 

by a low dogroo of acccptanco of thc regulations, and wcrc 

opposed to the imposition of any new restrictions. The loudest 

complaints were in the area of conformance; i.e., "how much of 

what they were doing to comply was their competition doing". 

Inspection practices regarding windows and their labels are 

very inconsiqtent - -  many local enforcement agencies were not 

inspecting for labels, and the window manufacturers noted that 

"unequal inspection creates an unfair market". 

1. Adequacy of Regularions: Window manufacturers .consist- 

ently regarded the regulations as too restrictive with respect 

to glazing requirements. They observed that building an air 

conditioned house with windows which eliminated heat gain, 

while helping to reduce cooling loads, worked to the detriment 

of the heating system in the winter. One suggestion' to remedy 

this situation, also heard from some builders, was to eliminate 

the original cooling restrictions, leaving only heating require- 

ments, and instead place a performance specification on the . 

cooling unit itself. 



2. Energy Design Manual : Window manufacturers reported 

a significant time lag between the effective date of the regula- 

tions and distribution of the ?4anual. Most said they consulted 

it only to obtain "Ul1 values for dual glazed windows and the 

various spacings of the panes of glass. Otherwise, not too 

much comment, and no real suggestions for changes were made. 

3. Economic Impact: All window manufacturers reported 

increases in costs, both R & D and final wholesale.and.retai1 

costs, and this, in turn, has resulted in stiffer competition. 

They observed that the small window manufacturer, unable to 

develop financial capital in amounts necessary to research and 

develop new lines of windows which meet specifications or im- 

prove existing lines, is forced out of the market. 

Despite the rising cost of making windows conform, no manufact- 

urer contacted felt that there had been a marketplace invasion 

by wood window manufacturers, whose products are exempt from the 

regulations but.still comply. The primary reason for this is 

the initial wood window cost, which is still substantially 

higher than the cost of aluminum windows. Another factor may 

be the spectre of high maintenance att6ached to wood windows, 

which would tend to deter many buyers. 

Most window manufacturers indicated that they had raised prices - -  

costs they felt were immediately passed,on to the consumer. 

These increased costs were felt to be non-recoverable by the 

average original owner through heating bill reductions. However, 

all agreed that over the average life-span of a house, the in- 

'creased efficiency would eventually pay its way. 
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' 4. Product standards: Despite their resistance to the 

regulations, all window manufacturers said they already'had 

windows which met the - performance "criteria before .the effective 

date .of...regulations.. The problems arose ,in the lower quality 

models, which. were.dropped or re-engineered to upgrade them. 

This is where,all the money,is being spent: trying to maintain 

a series of model lines of various quality. One engineer for a 

quality brand of windows indi~ated'tha~ in upgrading certain 
C 

. . madeJs, new stresses were created which caused new leaks ,and 

made the re-engineering more complicated than first expected. 

. . .. . , . .  . .  . . 
All manufacture'rs indicated . . that they already had, or would 

be initiating a new line of windows utilizing dual glazing. 

All manufacturers contacted indicated that they did supply 

labels specifying conformance with the basic requirement of 

the' law. Most of those contacted said they thdught that some 

manufacturers were getting away with non-conforming products, 

but would not, or,could not identify these manufacturers. 

There was a general consensus regarding the desire for stand- 

ardization in the tes'ting and labeling procedures. It was 

noted that label placement was not standardized - -  some were 

in jambs, some on the ,glass, and others slipped between sash 

and frame. Inspectors who do inspect for the labels are not 

always able to find them - -  labels are often removed (ur fall 

off) during the building process. 

5. Education: Window manufacturers received most of their 

education and information concerning the regulations from the 



various. window associations to, which they belong. ~ l l  manu- 

facturers wanted.more education and information - -  they also 

indicated they were very.unprepared .for the law (with some 

minor exceptions), which caused some corporate heartaches in 

the beginning. None reported receiving assistance from the 

Department of Housing and Community Development. 

C. CONCLUSION 

When asked for a general opinion on the overall effectiveness 
. . 

of the regulations, the insulation and glazing industries are 

diametrically opposed. Window manufacturers are characterized 

by their lack of enthusiasm for the ' regulations and point to 

higher energy use on the manufacturing end of spectrum. The 
. . 

insulation peopl$ praise the law, not only because it is good 
. . .  

for business, but because the cost of the lqw to the,consumer 

is small and a valid savings will be realized in a short time. 



V. HOMEOWNER-CONSUMERS 

The California Residential Energy Insulation Regulations were 

designed to reduce energy consumption in the heatin.g and cooling 

of residential buildings - -  and to benefit, ultimately, the con- 

sumer as well as the nation as a whole. Therefore, in this study, 

it was thought important to conduct several representative inter- 

views with occupants of residential buildings constructed after 

the effective date of the regulations, recognizing that the 

information thus gathered might be limited by the average con- 

sumer's lack of technical .sophistication sin the field of energy 

conservation, as well as his late entry into (and lack of control 

in) the building process. Exceptions to these patterns would 

most likely occur in cases of custom-home building, where an 

early and often more active collaboration exists between builder 

and homeowner,. The decision was made to interview owner-occupants 

of single-family and multi-family residences - -  rather than 

renter-occupants on the assumption that home-ownership creates 

a more aware consumer. 

With the exception of one homeowner (who worked as a plan checker 

in South Lake Tahoe), none of the homeowners interviewed had a 

clear cut awareness 0.f the Residential Energy Insulation Regula- 

tions per - se. Most of them, however, did have observations on 

the energy-conserving (or, more often, consuming) characteristics 

of their homes and therefore-, by implication, on'the Tns111at . ion  

Regulations as implemented in their new homes. 

A. TECHNICAL 

1. Insulation: In general, the tract home and condominium- 

buyers reported that they had to inquire of the builder as to 
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the type of ceiling and/or wall insulation that was installed 

in the building; This information was not routinely part of the 

sales pitch; .perhaps due to the fact that the housing market in 

Californiatoday is largely a sellers1 market. None of the home.- 

owners indicated their intention to upgrade the.value of the 

ceiling and/or wall insulation at the present time. The Clovis 
~0 

homeowner, however,' complained that the inspection 

had failed to force the.correction of inadequate wall insulation 
. . 

' in the first three houses of the tract in which he had purchased 

his home (his home was one of these three). The insulation in 

question was a reflective foil-type, with layers which had been 

poorly installed thereby eliminating air pockets. Also, he 

.expressed dissatisfaction with the unevenness of the blown-in 

ceiling insulation in his house - -  as did the San Jose homeowner. 

The Walnut Creek homeowner told of plans to install an attic 

vent fan to relieve overheating in the summertime. 

2. Windows, Doors, Weatherstripping: Windows'and doors 

presented different problems. In.genera1, they were not initially 

pe;ceived (at the time of purchase) as part of the total insula- 

tion picture. Yet, problems with air infiltration, excessive 

heat transfer, and window placement were frequently, reported. 

The Palm Springs homeowner was forced to add shade screens to 

clerestory windows to reduce summer heating of the house. She 

also remarked on the inadequac.~ of tinted windows in the summer- 

time. "They feel hot all over unless you keep the air cond- 

itioning on." The Walnut Creek homeowner has added weather- 

stripping around a door leading to the garage and underneath 

an exterior garage entry door to reduce cold air infiltration. 



She also remarked that her south-facing sliding doors and 

windows resulted in additional needed warmth in the winter, 

but these same windows and doors had to be heavily shaded (with I 

venetian-type blinds) in the summer to reduce excessive heat. 

The San Jose homeowners had to ask their builder to install 

weatherstripping around the double front doors - -  and they 
*! 

complain of continued air leakage where the double doors meet. 

~ o t h  the San Jose and Irvine homeowners reported cold spots 

at their single glazed window and door openings. It is. unclear 

whether this is a transfe'r of cold through the thin glass, air 

leakage, or simply a greater awareness of cold spots in a house 

with insulated walls vs. a house with non-insulated walls. A 

Tahoe contractor repo.rted a homeowner's observation of fewer 

cold spots in his new home which was not only insulated, but 

double-glazed throughout. 

3. Heating/Air Conditioning: Several interesting comments 

emerged on the subject of heating and air conditioning. The 

Palm Springs homeowner keeps the air conditioning at 88 degrees 

in the summertime when,the house is unoccupied, and she.estimates 

that the cooling operates constantly at this setting. Oddly r 

enough, 'she remarked that the coolest place in the house in 

the summer is outdoors - -  the north-facing covered entryway. 

The Walnut Creek homeowner has installed dampers on the heating 

vents leading to rhe second floor as ample heat rises from the 

first floor, According to this homeowner, her heating bills are 

less than in similar neighboring homes. The.San Jose family 

also commented on the lack of need for second-floor heating. 



G .  

4. Impact on HVAC Operating- Cost: It.was difficult for 
. . 

most of the homeowners to assess whether the Insulation Stand- 

ards had resulted in reduced HVAC costs. This was due, prim- 

arily, to the non-comparability of their current homes and the 

homes previously occupied. The Tahoe.homeowner, however, had 

lived in a similar but less insulated home previously, and he 

reported substantial energy savings. The Palm Springs home- 

owner felt that the Regulations resulted in no HVAC savings. 

5. Adequacy of Regulations: All of the homeowners inter- 

viewed felt 'that the regulations could be strengthened. Windows, 

doors, and weatherstripping - -  the most visible features of the 

insulating package - -  were most often mentioned as problem areas. 

B. CONCLUSION 

The California Energy Insulation Standards.are passive and 

obscure with regard to their ultimate beneficiaries, the con- 

sumer/homeowner. Enforcement of the regulations is often weak. 

Furthermore, the regulations appear inadequate for special 

heating.and cooling needs. They often result in oversized 
- 

heating units in relation to the insulating potential of many 

new homes. And the regulations seem not to address the special 

cooling need of homes in very hot summer.areas. There appears 
.. .. 

to be a consumer readiness for home energy conservation, but 
. .  . 

this is tempered by the consumer's lack of sophistication in 

energy conservation matters. 



RECOMMENDATIONS 

'This series of recommendations are derived from an analysis of the 

data collection, coupled with the project team's experience in energy 

regulations and implementation, and knowledge of the building design 

and regulatory process. The result is a series of recommendations 

covering all' levels of government and several portions of.'the building 

industry. Most recommendat'ions are directed towards the State 'sin;e 

it promulgates the regulations and has constitutional responsibility 

for public health and safety. 

I. FEDERAL LEVEL 

A. EDUCATIONAL MATERIAL DEVELOPMENT 

The Federal government should undertake to sponsor the development 

of educational material that may be deployed through both the public 

and private sectors. Such courses should be developed for all sectors 

of the building industry including building regulatory personnel at 

all levels, architects, engineers and building designers, and con- 

tractors and sub-contractors. 

Courses should be developed at the Federal level because energy con- 

servation is a national need and must be rapidly implemented. In 

addition, it is more economical for one agency to do this than fifty 

States each developing courses individually. Further, certain elements 

of energy conservation regulations have a negative impact upon some 

industry groups, thereby, eliminating any incentive for the private 

sector to develop such courses. This may be verified by .the number 

of seminars, and publications efforts, presented by insulation manu- 

facturers and the lack of broad based information relative to labeling 

of windows and glazing limitations. 



Course material should cover not only the technical enforcement of 

the regulations, but an understanding of design principles that create 

an energy-conserving building. 
b 

B. IMPLEMENTATION AIDS 

The Federal Government might also develop certain of the implementation 

. aids recommended for the State in this report since the basic principles 

and concepts of energy conservation are .appropriate for all of the 

States. 

C. DEMONSTRATION PROJECTS 

The Federal Government might consider the following demonstration 

projects: 

1. Inspection Personnel: Fund additional local inspection and 

plan check personnel to determine if more,inspection results in proper 

implementati.on of the energy conservation regulations. 

2. Homeowner Information: Provide guidance to.the consumer re- 

garding the proper use and maintenance of the building. 

TI. STATE LEVEL 

A. ADMINISTRATIVE , 

Improve dissemination of regulations, design, and technical aid to all 

sectors of the building industry. A number of comments were received 

from.architects and contractors relative to the fact that the first 

they heard of the regulations was when they went to the building depart- 

ment for a permit. 

The State should work with other State regulatory agencies that can 

communicate to the broad building' sector. This would include the Boards 



of Registration for Architects and Professional Engineers, and the 

Contractorst State License Board. Each of these boardst newsletters 

reaches all licensed individuals, rather than the limited number who 4 

may belong . . to a professional society or contractorst organization. 

Concurrent with the above, continuing liason should be maintained . 

with the professional societies and contractorst organizations. 

B . SUPPORT IMPLEMENTATION 

Develop supporting implementation information for local agencies. 

There is a total lack of information for local enforcement agencies 

relative to the costs of implementing the regulations. The State 

should study, identify, and make available for the information and 

use by local agencies, information concerning: 
. . 

1. Cost Impact of the regulations: How much will the additional 

inspection and plan review cost the city or county? 

2. Plan check and inspection aids: Inspection and plan checking 

aids for the several geographic regions of the State would assist local 

agencies in implementation of the regulations. 

3. Two-way communication: Establish two way communication 

channels between State and local enforcement agencies. A toll free 

phone number, staffed by individuals competent to answer technical 

questions should be established. Local agencies, now reluctant to 

'call long. distance, could obtain assistance from a centralized inform- 

ation source. 

4 .  Encourage dissemination of the California Energy Design Manual 
. . 

t o  other States:  his document should serve as an important guide to 
other states in the process of developing their own residential energy 

regulations. 
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. . 
c. . TECHNICAL , ~ 

Augnient prescriptive provisi.ons of the regulations with standards 

giving great flexibility of design. The regulations should have 

performance- type language to permit a total enveldbe design .' .  his 
could be accomplishe'd in a manner similar to"ASHRAE 90-75, based on 

the current level of knowledge, or similar envelope energy budget 

concepts as they are developed. Based on comments received during 

the interviews, the current regulations should be re-evaluated for 

adequacy,i.n the following .areas: 

1. Desert Regions: Gla'zing and insulation requirements may be 

inadequate to meet special cooling needs of desert regions. Window . 
placement and orientation, siting, and sun angl'es need to be considered. , 

2. Sliding Scale of Requirements: Rather than group insulation 

requirements in three distinctive degree-day categories, a practice 

which creates potentially arbitrary discontinuities in the regulations, 

a system for instituting insulation requirements in smaller gradations 

should be considered. 

3. Additions : New additions to residential buildings should be 

covered by the regulations (insulation as a minimum). 

. . 

HVAC Requirements: Sizing of HVAC units should tied 

a given residential building. Most buildings have oversized heating 

units installed. The proper size unit operates most efficiently for 

energy uti.lization. 

5. Requirement for Certificate of Compliance: The certificate of 

Compliance should be modified to certify compliance with glazing, 

labeling, and weatherstripping requirements, or eliminated altogether 
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as a requirement. It has only confused field enforcement personnel and . 

focused attention on insulation only. 

6. Conform to ASHRAE 90-75: The level of required insulation, 

should be equal to those proposed.in ASHRAE 90-75. 

7. User Information: So that buyers and owners of new homes he 

made aware of the.regulations and their energy-conserving implications, 

the regulations should require a transmittal of'this information, per- 

haps within the context of a general energy conservation information 

packet, to the,consumer. -Information concerning devices and equipment 
.' 

requiring maintenance to assure.energy conserving efficiency should be 

included. For example, this would explain closable underfloor vents 

and why they must be opened during certain times of the year. 

8. Degree days: Technical advice should be available to local . . . . 

enforcement agencies, particularily.counties, to enable,them to develop 

their own degree day zone for different areas of the county. 

D. PRODUCT APPROVAL AND STANDARDS 

The entire area of product approvals must be strengthened to provide 

acceptance of energy conservation products. To accomplish this, con- 

sensus standards must be developed and existing standards strengthened 

to include traditional aspects of building code acceptance such as 

durability, fire resistance, etc. A system o f  1.ahelin.g conforming 

products through independent- testing and certification should be in- 
. . 

stityted. This shou'ld be accomplished in close coordinat'ion with the 

model code group's ~ational Research Board, and regional approval system 
t' 

of the model code groups. The system currently used in Oregon wherein 

there is a State approval system, including product testing, should be 



studied for applicability to the needs of other States including 

California. This.system permits a manufacturer to secure statewide 

approval if this is his'market area but to use the more regional 

approval mechanism where it is appropriate. Such a system would 

solve the problem of labeling of the windows which are generally 
. . 

marketed within a small geographic region. 

An ongoing educational program for all levels of personnel within 
/ 

local enforcement agencies should be established. NCSBCS currently 

has such courses under development. There should be a statewide de- 

ployment plan which would include seminars on a regional level; such 

a plan could involve the State university system, State college system, 

and the junior colleges. Courses should be directed at' the major city 

building .departments, sma1,ler and one-man agencies, and the field 

inspector. Course material should.result in understandhg of the 

regulations and the fundamental concept of energy conservation in- 

cluding 'siting, orientation, shading and similar passive factors. 

111 .  LOCAL LEVEL 

A. ADMINISTRATIVE 

1. Staffing: Local government officials, elected and manager- 

ial, should understand the need for.energy conservation and that its 

effective implementation will rely on the efforts'of, local govern- 

ment.. The lack of adequate staff to inspect construction was cited 

by a number . . of cities (large and small) as the reason they accepted 

a Certificate of Compliance in lieu of field inspection of energy 

conserving building elements. 

2. Communications: Local enforcement agencies should be en- 



couraged to develop better lines of communication with contractors 

and designers in their area to ease implementation of energy regula- 

tions. Some communities developed their inspection procedurks in 

concert with contractors groups', others keep contractors informed 

of pending regulations. This should help in securing compliance. 
. . . . 

, . 

3. ReLations with the State: Local enforcement agencies should 
. . .,.- ' - 8 .  

be encouraged to p.rovide input,, both formally and informally, to the 

state regarding regulations, implementation problems and technical 

problems (see State suggestions]. 

4. Equal enforcement needed: l'here is a need for local enforce: 

ment agencies to understand and equally enforce the regulations. 

Material manufacturers complained of complying with the standards only 
. .  . 

to see their competitors, who know that a specific city may not be 

inspecting for ,complying windows, underbid them by not supplying comply- 

ing windows. 

1. Inspection sequence: All local enforcement agencies should 

be encouraged to require a minimum of one additional called inspection: 

after rough-in, to inspect for insul.ati.on. Additional called inspect- 

ions for floor and rigid roof insulation should he spe'cj,fjed. when 

appropriate. 

2. Types of Energy Conservation Materials: Local enforcement 

agencies should be encouraged to develop reference libraries ,of avail- 

able products. This would provide a ready source of information for 

plan reviewers and inspe~ctors as welt as provide information to 

contractors and homeowners. 



. , . . . . 
. . . . 

C . EDUCATIONAL 

Staff personnel at all levels should be encouraged to take educational 
. . 

offerings relative to energy conservation. ~ o c a l  officials should be 
. , , . . .  

encouraged to provide time off, tuition reinbursement, etc., ,as re- 
. ( .' . 

quired fir personnel to attend such classes. Staff should understand 

not only the regulations', but the basic software concepts of energy 
. .  . . .  

-conservation such as siting, orientation, Shadini, etC. . ' A  number of 

local agencies have been limiting glazing to 20% and not accepting 

any other design options. 



IV. . PRIVATE SECTOR 

A. ADMINISTRATIVE 

Architects and c.ontractors need channels for structured input into 

State development of. building regulations and into the process of 

maintaining currency of regulations. 

Both in the initial development phase and in the transmission 

of feedback from the field, architects and contractors could 

contribute significant information concerning design and 

technical aspects of regulations. This could include ongoing 

information relative to product perloriila~ice aad ideulif lca t ion 

of research needs for development of new products. 

B. TECHNICAL 

Manufacturers should develop communication with architects and con- 

tractors to derive information with respect to research and develop- 

ment needs for new products. A number of new product needs have been 

identified in this study. 

C . EDUCATIONAL 

Ongoing professional education should be made available through arch- 

itects' and contractors' associations. 

Both of these groups felt that significant difficulties 

had been encountered due to initial unfamiliarity with the 

regulations. Without good understanding of energy conservation 

during de'sign and execution of the work, regulation3 .lose much 

of their effect. The existing professional association's are 

probably the best vehicle for communicati'on and education re- 

ltive to State enacted regulations because'they already have 

good lines of communication with their memberships. Attendance - 



at enforcement personnel courses is another option that should 

be made available. 

. ,  . 

-,Manufacturers should be providing technical information concerning 

their products to all sectors in the.building process. . 

,Such information should be comprehensible, accurate, and 

. . ,  .readily available.. . . . 

Utility companies should provide technically accurate information 

to consumers, contractors, and professionals. 

This information should not be provided through public re- 

lations representatives of the company, but through individuals 

with specific technical training in energy conservation. 

Homebuyers should receive user information relative to,energy conserv- 

, *. ... ation ~haracte.~f st'ics of their. new homes. ( .  ' . '  

Such information, analog~us to the owner's manual which is 

provided when an automobil,g is purchased, would explain the 

practical meaning of the regulations from the consumer's point 

of view. 

Genera1,information relative to energy conservation regulations and 

their impact should be available to the public. 

D. PRODUCT APPROVAL AND STANDARDS 

Energy product approvals and certification should be developed. 

Most of the California contractors, building officials, and 

design ~p~ofession~ls stated that a product approval and certi- 

fication s,ystem should be developed.. 



~anufacturers should cooperate in an industry-wide consensus with 

respect to standards and certificati.on. 
. . 

Independent recognized testing laboratories using nationally -. 

' I 

accepted test me,thods and standards are necessary for .product 
. ~ 

credibility. 



APPENDIX A 

LIST OF INDTVIDUALS INTERVIEWED 
> .. ENFORCEMENT O F F I C I A L  L I S T  

D o u g l a s  E. H a r r i s  E d  Wachter Jr.  
C i t y  of A r c a t a  M e c h a n i c a l  E n g i n e e r  
A r c a t a ,  CA. L.A. C o u n t y ,  B l d g .  D e p t .  

* 
1 0 8  W. 2 n d  S t .  

L o u i e  H. T a n ,  P . E .  L o s  A n g e l e s ,  CA 9 0 0 1 2  
C i t y  of A n a h e i m  
2 0 4  E . .  L i n c o l n  A v e .  W a l t  B r u g g e n ,  A s s t .  D i r e c t o r ;  
A n a h e i m ,  CA 9 2 8 0 5  A 1  A s h m a n ,  C h i e f  of R e s .  P .C .  

L o s  A n g e l e s  C i t y  
M r .  R o b i n s o n  L o s  A n g e l e s ,  CA 9 0 0 1 2  
C h i e f  Inspector 
C i t y  B l d g .  D e p t .  M r .  M c C o n n e l  
533 P o l l a s k y  A v e .  M e c h a n i c a l  P l a n  C h e c k e r  
C l o v i s ,  CA C o n t r a  costa C o u n t y  B l d g .  fieptl 

M a r t i n e z ,  CA 
M a c  D a l g l e i s h  
D i r e c t o r  of B u i l d i n g  & S a f e t y  Fred N. O d g a a r d  
C i t y  of E l  Segundo P lan  C h e c k e r  
3 5 0  Main S t .  C i t y  of O r a n g e  
E l  Segundo, CA 9 0 2 4 5  3 0 0  E .  C h a m p a n  A v e .  

O r a n g e ,  CA 9 2 6 6 6  
G e o r g e  W. K e a t i n g  
P l a n  C h e c k e r  R i c h a r d  M i y a h i r a  
H u m b o l d t  C o u n t y  B l d g .  D e p t .  Adm. of B u i l d i n g  & ~ a t e t y  * 

5 2 0  E a s t  S t .  C i t y  of O x n a r d  
E u r e k a ,  CA O x n a r d ,  CA 

C l i n t  S w a n s o n  J i m  H i l l  
B u i l d i n g  O f f i c i a l  D i r e c t o r  of B l d g .  & Safe ty  
C i t y  of E u r e k a  B l d g .  D e p t . ,  P a l m  D e s e r t  
6 t h  and K  S t .  4 5 - 2 7 5  P r i c k l y  P e a r  L a n e  
E u r e k a ,  CA P a l m  D e s e r t ,  CA 9 2 2 6 0  

M a r v i n  May 
C h i . e f  B l d g .  Inspector 
C i t y  of Folson 
5 0  N a t o m a  S t .  
Folson, CA 

W. Wang & L i n c h o n i  
C h i e f  Inspector & Ihspector 
Fresno C i t y  B l d g .  D e p t .  

. Fresno, CA 

M r .  Weaver 
C h i e f  Inspector  
Fresno  C o u n t y  B l d g .  D e p t .  
F r e sno ,  CA 

S. E.  S u m m e r s  
C h i e f  B l d g .  Inspector 
B l d g .  D e p t .  
3 2 0 0  E .  T a h q u i t z  ~ c ~ a l l d m  
Pa lm  S p r i n g s ,  CA 9 2 2 6 2  

R. C .  S m i t h  
B u i l d i n g  D i r e c t o r  
R i v e r s i d e  C o u n t y  
4 0 8 0  L e m o n  S t .  
R i v e r s i d e ,  CA 

H r i s t a  S t a m e n k o v i c  
P l a n  C h e c k  E n g i n e e r  
R i v e r s i d e  C i t y  
3 8 7 0  M u l b e r r y  
R i v e r s i d e ,  CA 9 2 5 0 2  

John  B. V o g e l s a n g  
A s s t .  D i r e c t o r  of B l d g .  
C i t y  of H u n t i n g t o n  B e a c h  
2 . 0 0 0  Main Street  
H u n t i n g t o n  B e a c h ,  CA 9 2 6 4 8  



Enforcement Official (cont', ) 

Clarence Johnson 
Chief Inspector 
Sacramento County Bldg. Dept. 
7th St. 
Sacramento, CA 

Mr. Sullivan 
Chief Inspector 
Sacramento City Bldg. Dept. 
915 I St. 
Sacramento, CA 

J. C. Rosebraugh, San Bern. County 
Chief Building Inspector 
1111 East Mill St. 
San Bernardino, CA 92415 

C~iillsky & Clwy 
Chief Inspectors 
San Francisco Dldg. Dept. 
450 McAllister St. 
San Francisco, CA 

Frank Brown 
Chief Inspector 
San Jose Bldg. Dept. 
130 Park Center Plaza 
San Jose, CA 

William Parissenti 
Asst. Manager , 

Santa Clara County Bldg. Dept. 
West Hedding 70 
San Jose, CA 

Floyd G. McIlel.'l.an, Sr. 
Chief Inspector 
County of Orange 
Civic Center 
Sallta Ana, CA 

Ray Nokes 
Director of Building & Safety 
Santa Barbara, CA 

William Rome 
Building Officer 
City of Santa Monica 
1685 Main St. 
Santa Monica, CA 90405 

Harry Ross 
Chief Building ~nspector 
City of Santa Paula 
Santa Paula, CA A 

Richard Jon 
Chief Inspector 
Sausalito Bldg. Dept. 
Sausalito, CA 

Wm. Martin, Plan Checker 
Wm. Niles, Bldg. Inspector 
City of South Lake Tahoe 
P.o. Box 12.10 
SouLh Lake Tahoe, CA 95705 

Ralph Grippo 
Building ~e~ulations Administration 
City of Torrance . 

3031 'l1orrance Blvd. 
Torrance, CA 

Lee Leerhmor, ~irector 
County of Ventura 
Ventura, CA 

Mr. Lassel 
Bldg. Inspector 
County Bldg. Dept. 
Tulare County 
Vlsalia, CA . ,, 

Mr. McLeod 
Chief Inspector 
Walnut Creek Building Dept. 
Walnut Creek, CA 

Alex Craighton, Chief Bldg. Pnsp. 
Edward Lee, Plan Checker 
Yolo County Bldg. Dept. 
292 W. .Beamex 
Woodland, CA 

Robert Murdock 
Bldg. Inspector/Plan Checker 
City of Woodland 
200 1st St. 
Woodland, CA 95695 



ARCHITECT AND ENGINEER LIST 

Hashim Al-yassin, 
316 Broadway Avenue 
Millbrae, CA. 

J. Bulkley 
Bulkley 6 .  Associates 
1154 Clement Street 
San Fragcisco, CA. - * 

Jim ~evers 
Interactive Resources 
Richmond, CA. 

Jim Boulware 
Mission Viejo Corporation 
Mission Viej'o, CA. 

John Boyd 
Boyd 6 Associates 
454 Forest Street 
Palo Alto, CA. 

Robert Mason 
976 Edgwood Circle , 

South Lake Tahoe, CA. 

Rains 
Saroyan 6 Associates 
West Shaw Avenue 
Fresno, CA. 

Phil Trafton . 

Donald Dickerson Engineers 
Van Nuys, CA. 

I. Kurt Weber 
233 Wilshire Boulevard 
Santa Monica, CA. 

Allen Wicks 
Sheet Metal 6 Air Conditioning 
8301 Edgewater Drive . 
Oakland, CA. 

Carl Groch 
1.939 Ad.d.ison 
Berkeley, CA. 

David Kaech 
Morris-Lohrback 6 Associates 
17848 Sky Park Boulevard 
Irvine, CA. 



Mr. Armbrust 
Armbrust Construction Co. 
6701 Mission Street 
Daly City,. CA. 

Bayfield Enterprises Ltd. 
3834 Telegraph Avenue 
Oakland, CA. 

Jim Boulware 
Mission Veijo Corporation 
Mission Veijo, CA. 

Andrew Cresci 
Bay Area Contractors 
Sa.n Fra.nci  scn, CA . 

Dan Doyle 
General Contractur 
South Lake Tahoe, CA. 

Robert Fey 
Fey's Canyon Estates, Inc. 
2499 S. Palm Canyon Drive 
Palm Springs, CA. 92262 

Gordon French 
French Construction 
5758 Broadway 
Oakland, CA. 

Sherman B. Given/Bert Levitt 
Morley Construction 
7700 Sunsct Boulcvsrd 
Los Angeles, CA. 90046 

George Hayes 
Hayes Construction Inc. 
759 Sheldon Street 
El Segundo, CA. 90245 

Ken Hoffman 
Ken Hoff~~kan Masu~iry , 

Box- 11556 
Tahoe-Paradise, CA: 95705 

Michael B. Jager , 

Frank H. Ayres 6 Son . 
Construction Co. 
20951 Rrookhurst St.reet 
Huntington Beach,' CA. ' 92648 

Vurn $Kimble 
Builders .Fore Inc. 
800 Jones Street 
Berkeley, .CA. 

Ray Kope 
K & I Homes 
P. 0. Box 11968 
Tahoe-Paradise, CA., 95705 

Jim Lange 
Contractor 
Ta.hne ~:g.r.y, . CA. 

Lawrence Lapham 
Lawrence Lapham & Associates 
Alan Ladd Bldg., Suite 207 
500 S. Palm Canyon Drive 
Palm Springs, CA. 92262 

E. V. Levitch 
Levco Builders 
Berkeley, CA. 

B. Mayta 
Mayta & Jensen 
Wilson Strcct 
San Francisco, CA. 

Richard W. Shay 
Bren 6 Company ' 

N. California street' 
Walnut Creek, CA. 

K. Kives ~ a i  Construction 
833 Williams Street 
San Leandro, CA. 

Bob Volmer/Dave McAllister 
Broadmoor Construction 
17802 Irvine Boulevard 
Tustin, CA. 



. . 

~ u i l d e r / ~ e v e l o ~ , e r  (con t . ) 
Donald- Tate  
Donald Tate  6 ~ s s o c i a t e s  
4 8 0 .  N .  F i r s t  S t r e e t .  
San' Jose ,  . CA. .  . , 

M r .  Wilson 
Wilson 6 Shah1 Homes 
West Shaw Avenue ' 

Fresno, CA. 



tlANUFACTURER AND SUPPLIER LIST 

Ador Hilite Windows/Do'ors 
2401 W. Commonwealth 
Fullerton, California 

Advanced Installations (213) 998-0411 
,21029 Itasza 
Chatsworth, California 91311 5?,:) 

Arcadia (213) 964-6511 
Northrop Architectural Systems 
999 S. Hatcher Avenue 
City of Industry, California 91749 

Cel Spray 
3613 Pendlcton Avenue 
Santa Ana, ~alifornia 

,International Window 
San Antonio Road 
.Hayward, California 

Premiere Aluminum Products 
18233 S. Hoover 
Gardena, California 

Wipple Building Supply 
McKinleyville, Caiifofnfa 



HOMEOWNER L'I ST 

City 

Irvine 

Paam Springs 

S. Lake Tahoe 

San Jose 

Walnut Creek 

Clovis 

Developer/ Approx. 
Builder Price 

Broadmoor ' $ '50,000 

Fey $110,000 

Custom N.A. 

McKeon $ 50,000 

Bren $ 60,000 

N. A .  N. A.  

Type of 
~weliing 

"Patio home" 
Single-family 
detached two-story 
zero lot line 

Condominium, single- 
story attached 

Single-family 
detached 

Condominium, Townhouse 
two-story attached 

Single-family detached 
two-story 

.Single-f amily 



690 NORTH SEPULVEDA BOULEVARD 
SUITE 120 
EL SEGUNDO. CALIFORNIA 90245 
(213) 32243491 

For 

MELVYN GREEN 
& Associates, Inc. 
Consulting Structural 
and Civil Engineers 

APPENDIX B 
INTERVIEW GUIDE 

State of California 
Department.of Housing 
and Community ~eveiopment 

. . 

RESIDENTIAL ENERGY INSULATION STANDARDS 

INTERVIEW QUESTIONNAIRE -,--..,."-- -- 

Date: Interviewer: 

Name : 
. . 

Title: 

Organization: 

Street Address: 

City: Zip Code: 

) Telephone: ( 

Enforoement Official . 
Builder or Developer 

Consumer 

Manufacturer or. Supplier - 
Architect or Engineer 

County: . - . ~ n n u a l  -Degree Day Range: 
I .  



'. .. , 
.PLAN REVIEW AND INSPECTIONS 

. : . 
, . 

l(a) . What % of the buildings comply with the standard design 
vs. those that are designed by heat loss analysis? 

, -  , 

(b). For what reason are the alternative design provisi,ons 
generally utilized? 

(c) Have you increased,fees to cover PC and inspections for 
energy? If so, how much? 

(d Do you charge an extra plan check fee for designed buildings? 

(e Do you.plan check (1) designed buildings? 

(2) special requirements for: 

(a) single-family detached 
(b) multi-family 
(c) high-rise. 

(f Do you have any design, plan check, or inspect.ion.aids, 
etc.? (obtain 2 copies) 

2(a). What type of field inspections do you conduct relative 
to energy insulation? 

(1) Inspected w/rough-in? 
. . (2) Additional 'inspecfion required? 

. . 

(b). How many inspections are needed per building to..,assure 
conformance with the Standards? 

(c). How many of these are extra inspections made specifically 
for the Standards? 

(d). Is certificate of installation accepted in lieu of any 
inspections? 

(e). Are different procedures ,required for multi-family and 
high rise vs. single family, detached? If so, explain. 

3. What has been the cost impact on your.functions as a 
result of the residential energy standards? (discuss) 

(a) any extra personnel required? 
(b) Have you increased fees to cover the 

additional work? 

4(a). Do you have any special requirements for seasonally used 
residences? (vacation houses) 

Summer? 
Winter? 



(b). What is your policy relative to building alterations 
and additions? 

(1) Voluntary or public information? 
(2) Mandatory? 

(c). Any change of procedure in the period since standards 
have been adopted? How have your procedures changed 
since February 19753 

(d). 'DO you inspect for baffles in attics of buildings with 
blown-in insulation? 



FUNCTIONAL 

What has been the cost impact of residential energy , 
standards as you see it: 

(a) to consumers 
(b). to A & E 
(c) to building departm6nt 

In the following areas, are the Standards: 

Ceilings 

Walls 

Glazing (heating) 

Glazing (cooling) 

Floors 

Slabs-on grade 

Infiltration 

Piping 

Additions 

Compliance 

Too . Too 
Adequate Restrictive Lax Comments 

Prior to the Standards becoming effective, what were the 
common practices used relative to: 

single-family dwellings multi-family high-rise 

Ceilings 
/.,- -b 

Walls 

Floors 

Glazing 

Are you acquainted with the State's Energy Design Manual? 

(a) has it been useful? 
(b) any recommended changes, new sections, etc. 

What problems have you encountered in the implementation, 
enforcement and design aspects of the Standard? 



6. How have your procedures changed since the Standard was 
first implemented? (develop chronology) 

7(a). Are there any specific provisions in the standard that 
cannot be met? (i.e., slab insulation, labeled windows?) 

(b). Any specific design provisions,caused problems or 
complaints? 

8. Are you able to obtain adequate technical assistance 
from Department of HCD? 

9 (a). What change would you,.like to see in the residential 
energy standards? 

(b) in the design manual? 
(c) in the educational program? 

IIow do you handle questions from A & E and the public, 
as well as technical questions and problems in the 
field? 

(a) answer by department? 
(b) have consultant? 
(c) refer to state? 
(d)  ask other building departments? 
(e) professional organization? 

How do you plan to enforce the non-residential standards? ~ 

. . 



PRODUCT STANDaRDS 

l(a). Are the products required to meet the residential 
energy standards readily available? 

(b) . Have these been labeled or otherwise identified'? 

(c). Do you inspect for labels on products? 

( 1) windows 
. (2) insulation .. . - -rig,id . . .'.,.. i 

. . 
.. : 

- batt 
- blown-in 

2. Is 'data relative to the thermal properties of insulating 
materials readily available? 

3 (a) . Do you accept manufacturer certification of thermal 
properties of insulating materials? 

(b), Is the available data reliable? 

4(a). What problemshave you had with the products currently 
available?. 

(1 ) windows 
.. 2 insulation 

(b). ~ a v e  you investigated the way energy products are 
tested or labeled? 

(c). Have you developed any energy standards or acceptance 
criteria of your own (including solar)? 

5. Have you found ;my conflict between the energy standard 
and any otherstandards, i.e., flammability, etc.? 

Who would you look to for energy product approvals? 

UL? 
State Fire Marshal? 
ICBO? , 
State HCD? 
Energy Commission? 



1. Did you or your organization receive any training 
relative to the Energy Insulation Standards? 

2. If yes, from whom? 

3. What did the training consist of? 

4 .  What educational efforts have you made, conducted, od 
attended'regarding energy conservation in building 
construction? 

(a) for technical personnel 
(b) for staff (such as with City Hall) 
(c) public awareness .(service clubs, etc. ) 

5. Have there Been adequate educaLiona1 offeringo for you 
relative to energy .conservation (i.e., with the technical 
content you would like)? 

Is training needed now? What type3 

I f  major changes are made to the Standards, should 
training be provided? 



In your opinion, has this standard resulted in any 
energy savings? 

i 

Has the installation of insulation and 1abeled.windows 
.resulted in reduced HVAC construction costs (smaller 
size units installed) ? 

Are there sufficient qualified sub-contractors and 
mechanics to perform the required work? 

\ 

What are the additional material costs for energy 
conservation in this area? 

(a) insulation? 
(b) windows? 
(c) caulking? 

Are the existing Energy Insulation Standards generally 
accepted? 

In general, are .the Standards adequate, too restrictive, 
or too lax? 

What problems were enc0untered.h the implementation of 
this Standard by the state& actions? 

(a) .S.tandards 
(b) ~anuai 
(c) Training 
(d) Other 

Building Official: 

(a) Are you conducting any energy research or collecting 
any data? 

(b) Have you .dopted standards more restrictive than 
the State'$ ;elative to residential energy conservation? 
(explain) 

(c) Do you have any requirements for s'olar energy 
utilization? 

(d) Do you have any solar easement requirements? 
(under consideration?) 

. , 

(e) Anyone else..in city hall involved in energy . .  , 

conservation?. 

(f) Has. your energy: experience assisted any other 
s ,  department in your governmental agency? 



9. Architect and Engineer: 

(a) Have you designed any buildings using the design 
options for energy conservation? 

(b) -Is there now earlier collaboration between the 
architect and mechanical engineer in the design 
process? . , 

(c) What has been the impact onL fee structure for 
A & E's for residential energy'standards (try to 

.. discuss separately single-family detached,' multi- 
family, and high rise)? 

(d) What is the additional design fee for single-family 
detached? 

Contractor: 

(a) Do energy standards add to the construction time 
or costs in any of the following: 

(1) insulation installation 
(2) delivery of materials (windows, etc.) 
(3) delays in inspection 
(4) material shortage and delays 
(5) other cost and time factors 

(b) Do you now work directly with 'the mechanical engineer? 

supplf err: 

(a) Where do the' windows, insulation, etc., come from? 
How far are they transported? What means of 
transportation is used? 

(b) Have shortages in energy conservation products 
been experienced since the standards became 
effective? 

(c) Have the energy standards resulted in significant 
cost impact's for energy conservation products? 

Homeow~n~~'Consumer: (note t y p e  of residential building) 

(a) Has adequate information concerning energy 
conservation standards been available to you? 

(bj Does heat-conserving insu1at.i on result in heat 
retention in the building when this' is undesirable? 
(i.e., does A/C have to be used at night to remove 
heat accumulated during the 'day?) 



(c) Do you think the residential energy standards 
result in energy and/or money savings? If so, 
do such savings offset the cost of installation? 

(d) What changes, if any, do you think are needed? 

'(e) When you purchased this 'house were you aware that 
it was an energy conserving building? 

(.f), How were the features presented to you? 

(g) ' Has the implementation of this standard reduced 
.building operating costs in your opinion? 



A P P E N D I X  C 
E X H I B I T S  

C I T Y  AND COUNTY OF SAN FRANC I S C O  
DEPARTMENT OF PUBLIC WORKS 

Bureau o f  B u i l d i n g  Inspec t ion  

February 1 1 ,  1975 

CODE RULING NO.. 73-14 . SUBJECT: Energy I n s u l a t i o n  
Regulat ions - Mandatory 
S ta te  Requirements - 

, . New Res iden t ia l  Bu i l d ings  

REFERENCES: 1. S t a t e  Admin i s t ra t i ve  Code; T i t l e  25,  Chap. 1 ,  
Subchaptcr 1 (commencing w i t h  Sect i on  1094). 
P r i n t e d  i n  C a l i f o r n i a  Admin i s t ra t i ve  Code, 
R e g i s t e r  74, MU. 12  

. z. Regulat ions adopced by Comrriiss ion  or1 1-lous ing  
and Community Development on February 2 2 ,  
1974, and amended i,n August, 1974 (copy at tached)  

D I S C U S S I O N :  The S ta te  regu la t i ons  r e q u i r i n g  energy i n s u l a t i o n  
become e f f k c t i v e  f o r  a l l  p lans  f o r  resident. ta1 b u i l d i n g s  f i i e d  
f o r  permi ts  a f t e r  February 22 ,  1975. A copy o f  the regu la t i ons  
as adopted on February 22, 1974 and amended i n  August 1974 are 
a t tached hereto.  

San Francisco, by the  s t a t e  eva lua t ions ,  i s  i n  a  3000+ degree 
day area i n s o f a r  as the  appl  i c a t  i on  o f  the  energy i n s u l a t i o n  
p rov i,s ions a r c  concerned. 

RULING: PLAN CHECKERS s h a l l  r e q u i r e  t h a t  a1 1 plans f i l e d  a f t e r  
t h e b r u a r y  22,  1975 e f f e c t i v e  date s h a l l  c o n t a i n  a t  l e a s t  the 
f o l  lowing in format  i on  i n  conformance w i t h  a t tached r e g u l a t  tons: 

1.  Ca lcu la t i ons  o f  the area o f  q l s z i n g  and the  percent  g l a z i n g  
f o r  each face o f  the b u i l d i n g  and the  o v e r a l l  area o f  each 
b u i l d i n g  face. 

2. Type o f  e x t e r i o r  i n s u l a t i o n  t o  be used, t y p i c a l  w a l l ,  roof  
and foundat ion d e t a i l s ,  "U" fac to rs  o f  m a t e r i a l s  and as- 
sembl ies.  

3. Plan view o f  a l l  heated and unheated areas shown i n  r e l a t i o n  
t o  the  severa l  wali segments. 

4. Ca lcu la t i ons  o f  equ iva len t  w a l l  system e f f e c t i v e n e s s  where 
g l a z i n g  areas exceed s t a t e d  percentages o r  where "U" f a c t o r  
o f  w a l l  system i s  more than the s t a t e d  pe rm iss ib le  values. 

PROCEDURE: The S ta te  Department o f  Housing and Community De- 
velopment i s  charged b y . i t s  Commission t o  prepare a  manual t o  



Code Ru l ing  No. 73-14 . 
February 1 1 ,  1975 
Page Two 

accompan the  regu la t i ons  enacted. Said manual i s  t o  be used 
by t h i s  gureau i n  checking compliance w i t h  these requirements 
f o r . i n s u l a t i o n .  I n  the  absence o f  the manual from the State,  
a t tached herewi th  ( t o  D i s t r i b u t i o n  A o n l y )  a re  Chapters 4 and 
5 o f  the  proposed manual which a r e  the  d r a f t  vers ions  o f  these 
p rov i s ions  which a re  the key elements w i t h  regard t o  "U" fac -  
t o r  and t y p i c a l  design and analyses o f  design. These should 
be used u n t i l  such t ime as the  Sta te  manual i s  a v a i l a b l e .  

U n t i l  such t ime as t h i s  Bu'reau has a.mechanica1 engineer on 
i t s  s t a f f ,  a l t e r n a t e  systems o f  conserving energy w i l l  not  be 
accepted i n  l i e u  o f  complying w i t h  these . regu la t i ons .  ' I f  sub- 
m i t t ed ,  t h i s  Bureau w i l l  n o t  process such presenta t ions  bu t  
w i  1 1  r e q u i r e  the desiqn p ro fess iona l  t o  appeal t o  the  Board o f  
'Examiners as an a1 t e r n a t e  method o f  cons t ruc t  ion. 

~. 
I .  . : 

i l f r e d  Goldberg, Superintendent 
Bureau o f  B u i l d i n g  Inspec t ion  

. . 

AG:WK:cg 

Attachments: Chapters 4 G 5 o f  proposed manual 
CAC,  T i t l e  25, Chapter 1,  Subchapter.1, 

A r t i c l e  5 

D i s t r i b u t i o n  A ( w i t h  at tachments):  

PAD (4 )  
A I A  
D a i l y  P a c i f i c  B u i l d e r  
ASHRAE 
Homebu i 1 ders 

D i s t r i b u t i o n  8 (w i thou t  a t tachments) : .  

counter  (50) 
PAD ( 5 0 ) .  



C I T Y  L I D  COU;.TTY QF SAY F'FRP2~TCISCO 
DEPABTlllDIJT OF PUBLIC ?7OXKS 

Bureau of  Eui ld ing  Inspect ion  
. . 

February 23, 1976 

ADr.!!I?ISTF??TI~ BULLETIN SU9JECT': Energy. I n s u l a t i o n  
i?o. A-39 C e r t i f i c a t e  of  ' Compliance 

REFEPE:JCES: 1. S t a t e  Administrat ive Code; T i t l e  2 5 ,  Chap- I, .- 
Subchapter 1 (comaencing wi th  Sect ion  1084).  
P r i n t e d  i n  C a l i f o r n i a  a d m i n i s t r a t i v e  Code, 
Reg i s t e r  74, Eo. 1 2  . 2 .  'Regulations alr.opted by Commission on liousing 
and Community Development on February 22 ,  1974!, 
and. amended i n  augus t ,  1 9  74. 

D1SCUSPIO:J: The S t a t e  r e g u l a t i o n s  f o r  energy i n s u l a t i o n  o f  new 
r e s i d e n t i a l  b u i l d i n g s  r e q u i r e  t h a t  t h e  c o n t r a c t o r  provide a  
C e r t i f i c a t i o n  o f  Compliance as evidence t h a t  he has con?lied wi th  
t h e  i n s u l a t i o n  r e g u l a t i o n s .  This  card  is requ i red  to  he posted i n  
t h e  bu i ld ing .  

RULIi'7G.: B U I L D I g G  INSPECTOPS s h a l l ,  2 r i o r  t o  i s s u i n g  a  C e r t i f i c a t e  of  
F i n a l  Completion (CFC) 2 ,  v e r i f y  khat  a  f u l l y  executes  " C e r t i f i c a t i o n  
o f  Com:?lianceU has been permanently a t t ached  wi th in  t h e  bu i ld ing  
a d j a c e n t  to  t h e  main e l e c t r i c a l  switch loca t ion .  A sample of such 
C e r t i f i c a t i o n  o f  Compliance i s  a t t ached .  I t  s h a l l  be f i l l e d  i n  
completely s o  a s  t o  cover  a l l  a r e a s , r e q u i r e d  t o  be i n s u l a t e d  a s  
shorn on t h e  approved p lans .  

The RUILPI!!IC IYSP3CTOR s h a l l  p r i n t  h i s  nane and s i q n  on t h e  bottorr. 
of t h e  C e r t i f i c a t i o n  of  Com;>liance on t h e  job wi th  h i s  f u l l  name 
and t h e  d a t e  and s h a l l  i n d i c a t e  same as having been done on the ' job  
c a r d  and t h e  CFC, us ing  t h e  fo l lo t .~ ing  t e x t s  ITSOLATICXJ CR2TIFICRTE 
POSTED AND VERIFIED . -_._ :.,__i ..., --- 

d a t e  
This  procedure has  been l e g a l l y  mandatory i n  C a l i f o r n i a ' s i n c e  
February 22 ,  1975, and a l l  pernkit a p p l i c a t i o n s  f i l e d  a f t e r  t h a t  d a t e  
are requ i red  to comply wi th  t ! !e energy conservat ion r e g u l a t i o n s  and 
t h e  c e r t i f i c a t i o n  p rov i s ions .  

AlfreZ Goldberg, Superintendent  
Bureau of Eui ld ing  Inspect ion  

AG:bEZ: j p  
Attachment = Sample C e r t i f i c a t e  o f  Compliance 

D i s t r i h i ~ t i o n :  
Counter ( 4 0 )  
3ldg.  Insp .  (25)  
PCI? (30) 
PAD (29) 
DPBp hIA; SEA; P o t t  



BUILDING CODE MANUAL 

Resjdential Addition - Energy Conservation (Section 80.01 ) 

Building Code Section 80.01 sets forth energy conservation regulations 
for additions to residential type buildings. 

This section allows approved alternate methods of energy conservation 
based upon the State regulations for addition to hotels, motels, apartment 
houses, homes and other residential dwellings constructed prior to State 
energy conservation regulations. The following shall be considered an 
'approved alternate methcd for addjtions 600 sq. ft. or less: 

, 1. Insulate th2 walls and ceilings of the addition to the re- 
quired U value per T25-1094e. 

2. Weather strip all swinging windows and door openings of the 
addition per T25-1904h. , 

The following shall be considered an approved alternate method for 
additions over 6C0 sq. ft.:. 

.* . .. 
1. Insulate the walls and cei'lings of the addition to the re- .I .. . 

' 

quired U value per T25-1094e: . , .  . .  
r . 

2. Weather strip all windows and door openings of the addition' 
and all manufactured windows to be labeled pcr T25-1094h. 

'. , . , I.. 

If this. addition is over 50% of the value of the existing stricture, the _ .  (. , , , accessible attic of the existing dwelling shall be insulated to the . . . (I . . required U value per T25-!094e and all swinging windows and doors to the .. ,+:J:., A , .  

exterior shall be weather stripped per T25-1094h. . . ,. , 

Plans for add1 tions to regulated residential buildings constructed 
pursuant to State energy Conservation regulations shall show.that the 
addition complies in total to, the State regulations. 



* 
San Bernardi no 

NOUNT A 
County 

'ERGY INSIJLATION 

Vapor b a r r i e r s  
must be i n s t a l l  
on warm side'. 

Surface  a t t i c  
Tnsulatj.on req. 
1/2" Sheetroclc 
I n t e r i o r  Surfac  

I I 

D e t a i l  A 
C e i l i n ~  9 req. = 20 

De ta i l  C 
Floor R. req.  = 1 2 . 5  

1 2 3 4 '  

--- 1. I n t e r i o r  Surface 
2. 5/8" Subf loor  
3. I n s u l a t i o n  
4. E x t e r i o r  Surface 

*Heated Area 

l 7  means r e s i s t a n c e  t o '  hea t  l .oss 
Common M a t e r i a l  R. Values 

A t  t i c Sur f  a c.e----------- . f,l 
E x t e r i o r  Surface-------- .17 

t i .  B I n t e r i o r  SurCace-------- .68 
'Val1 R rea .  = 12.5 hominal 2" '1'&(.; Deckiilg--1.. ~Y 3/8" plp~ood ------ ---l-- .47 

1. E x t e r i o r  Surface  ,. 5 /gv P l.ywood------------ . ,'78 
2. Plywood 3/8" Asphalt Shinqles-------- .44 

. 3 .  Tnsula t ion  !rlood Shake s------------- . 87 
Sheetrock 1/2" 1/21f. Sheet roc k---------- .4? 
T n t c r i o r  Surface  Tnsulat,i.on Soard - Per  Manuf. S ~ e c  

Notes: 
1. Weather s t r i p  a l l  doors  a.nd ~ i . n d c r w s  between heated and unheated a r e a s ,  
2. Window a r e a  s h a l l .  no t  exceed.  20% o-f g r o s s  f l o o r  a r e a  u n l e s s  s p e c i a l  

requi rements  a r e  met. (See l o c a l  i n s p e c t o r )  
3. A c e r t i f i c a t e  s t a t i n c  t h a t  t h e  i n s u l a t i o n  has  been i n s t a l l e d  must be 

s igned by t he  i n s t a l l e r  and b u i l d e r ,  and posted i n  t h e  bu i ld ing .  
4. I n s u l a t i o n  must 1)e inspec ted  before  coverinp.  
5.  Unheated a r e a s  w i t h  r.!al-1.5 and/or ."loors common t o  heated  a r e a s  

r e q u i r e  t h e  same i n s u l a t i o n  a s  c x t e r i o r  wa l l s  and f l o o r s .  



* MOUNTAIN ERET!C;Y INSULATION RSQUTRE?J'3NT.CI 
1 

San Bernardino County 

1-Exterior  Surf. 
2-Wood Shakes 
3-$ Sheetrock 
4-Plywood 3/ew 
5-Insulation Board 
6-T8G Beck 2** 
7-In te r io r  Surf. 

!%ere i n s u l a t i o n  i s  
.no t  t n t e r rug ted  by 

!. frarninp members 

9 r e a m  = 10.5 

Slab In su l a t i on  
R means r e s i s t ance  t.o heat. l o s s  i n  B ~ E  Sear Area 
Common i f a t e r i a l  R Values 

~ t t i c  Surface---------- .61 
E x t o ~ i o r  Surface------- .17 
Tnte ri o r  Surface------- - 68 
Nomi nnl  2" ~ 8 m . G  ffeclci no-1 I45 
3 / $ " ,  Plyvjood----------- -47  
5/Gw Plywood----------- .78 1" maximum 
Asphalt Shinples------- . 44 
IJood Shakes----------- *87 
1/2'* ~ h e e  t rock--------- . 45 
Insu la t i on  Board---Pcr Manuf a c t u r e r t  s 

Snec i f ica t ion  
Notes: 

I., k a t h e s  c t r i n  51.1 doors and windows between 
h e a t e d  and unhe,zt,od a r r a s .  

2.   fin dot^ area  shs l . 1  not exceed 20% o f  gross  
Tl-oor area u n l e s s  spec i a l  reauirementri a r e  
me.%. (See local. inspec tor )  Tnsulat ion.  

3.  A cer t i f ica tv+ s t a t i ng  tha t  tho  in su l&t l an  hen 
been i n s t a l l e d  must be signed by the  i n s t a l l e r  
and builder, and pos ted  I n  t h e  build in^. 

L c .  T n s t ~ l n t . i n n  m i i s t  he inspected before cover inr ,  - 

5 .  Unhent nd a reas  with rral ls  and/or f l o o r s  common t o  
heat.ed a reas  renui re  t h e  same i n s u l a t i o n  as axt ,er ior  
trall s ?nd floo1*3. 



1. I'urposc is t.o c s t a l~ l i sh  rlinini~nn u~i.form energy jnsulation standards for  ncw 
11otcls , n~otels , aj~artmcnts nncl d\iellj.ngs \vl~ich hcated or  mcc11,micolly 
cooled and shall. bc insulated against tllc most st!vcre climatic conditions, 

2. Cooling sys terns : blccl~anica1 Incans docs not include evaporate cooling. 

3. ncgrec Day: Average mean degrees i n  a day tha t  is  lcss  than 65'. 

4. Slxxial glazing has a mruti.nrun U factor  of .70. 

5. R: Ixesistance material t o  the passage of heat. 

6. U factor:  Total hcat flolv through given construction assembly, a i r  t o  a i r ,  
expressed i n  13'111/11r., per square foot,  per degr-e 12 temperature difference. 
U = l / R t .  R t  cqual sum of the resistance of i n d i v i d ~ ~ r ~ l  c o q ~ o n c ~ ~ t s ,  

7. Unhcated spaccs: cxl)osed arca unable t o  maintain a nlinimum temperature of SO0 F. 

8. Basic glazing arca sha l l  be 209; of the gross f loor  arca, excluding garages, Lm- 
heated bascments and arcas exposed t o  exter ior  illiil>icnt: tclnperatures. 

9. Tlic~mal k s i g n  Standards f o r  ceil ing and walls. A U of .05 (R of 20) for  ceilings- 
a U.  08 (R of 12.5) for  walls, studs and jo i s t s  not t o  bc considered. I\lhen a l l  
thc~mal  insulation is  insta l led so tha t  it is not pcnctrated 1,y framing t h e  U 
factor  of walls sha l l  not etcecd U=. 095 (R of 10.52) and a U of ,06 (11 of 16.66) 
f o r  ceilings. A s t iucture  of 63 degrees or  24.12 pitch would be designed as  a wall. 

10. blaxinltun allo~vcd 13'IlJ per  11r hcat loss  fo r  windows is 20% of gross heated f loor  area 
ti~ilcs a "lJ" of 1.13 for  f l a t  single glass. 

11. Cooled d\velli.ngs more than 20% glazing sha l l  use t inted glass,  o r  permanent shading 
50% of window excel~t windows 22-l/ZO of t rue north need not be treated. 

12. In arcas over 2500 heat degree days, floors over unl~cated haqemcnts, garages or  
crawl. spaces t o  l~ave a U value of .08 (R of 12,s)  , 

13. In areas over 2500 heat degree days foundation wall section of heated basements 
o r  crawl spaces a U value of .15 (R of 6.66). 

14. Slab edge loss for  Big near requires 24" wide insulation wit11 a R of 3.75 [winter 
design of 0 t o  -4). 

15. A l l  s\vinging doors and windows opening t o  the extcrios o r  garages sha l l  ha fillly 
t#Gathcrstripped. 

16. Blow1 br pourcd imul.ation may be used i n  a t t i c s  of 2-1/2 :12 o r  more pitch with 
a t  lest 30" llctld room. 

17, FVhen cave vents are ins ta l led,  bafflcs are t o  be insta l led @ 45' angle t o  dcflect  
incoming a i r .  These are t o  be in place a t  time of frame inspection, 

18. The insulation applicator and builder sha l l  post within the dwelling, i n  a con- 
spicuo~ls location 3 card cert ifying insulation has bcen insta l led per rccluire- 
n~cnts of thcsc rcgul a t  ions. 

19. h s i g n  l'cnrpcrat.urcs: Tnsidc winter design tcmperatul-e sha l l  bc not lcss th'm 70°F 
and siniullcr design tcr:~peratIlre not gwa tc r  than 78'1:. 



1. x . 1 1 c :  '1.575 Sq. I t . Iio11:ic riitll 325 Sy. ft . \iinh\clrs. 
1375 :i 20'; = 270 sq. fr  \iiiulur.~ pci i~ l i t tcd,  glass 1.13 
525 =: . 2 50 .39 x 325 - 127 sq. f t .  of .69 glass 
1- j;7j 3'5 - - 127 = 198 sq. ft of 1.13 glass 

2. E ~ a l i p l c :  l!i?0 scl. f t .  Iiousc, ,548 sq. ft. windows 
1920 x 205 = 354 s:~. 1.t. window permitted, glass 1.13 
548 = . 2 Y S  .77  x 548 = 422 sq. ft. of .69 glass 
'11i3o 548 - 422 = 126 sq. It. oZ 1.13 glass 

3. I :  3315 q. it.  I~UIISL' wi t l ~  485 sq. ft. glass 
I I I ~  11. 405 '(1. 1:t. windows 1)cnri.ttccl of 1.13 !!lass 
485 :: .108 x 485 = 43 sq. ft.  of .O!) g lass  
2.525 485 - 49 = 43tj sq. ft of 1.13 glass 



[XIUNTY QF SAN BEIN?SU3INO 
ETJVIPIX!?AL IMP- 

EEP- BUlXJ3ING AND SAFEPY 

GLAZING NaMX;RAPH 

(To detefinine the maximrm permissable 
u e a  of single glazed wt.ldaws) 

Thexnal Design Standards f o r  Glazing 

For heated buildings located i n  areas of 4500 degree days or 
less, where the total glazing area exceeds the basic glazing 
area, treatrent sha l l  be required t o  l i m i t  the conducted 
design heat loss  to t ha t  whid~ would occur w i t h  the basic 
glazinq area single, gla7d. 

EXWPWi 1: Tn a 1747 sq.ft. how with 400 sq. fk. af 
trindmq h m  ma& single glazing is prndtted i n  ambin- 

ation with special glazing tha t  has a U-factor of 0.603 

=1.747, (2) -=229 ,  ~~~~: (3.1 lo(,(, 1.747 
(3) Enter namgraph ordinate a t  229 and go to the 
r igh t  u n t i l  you intersect the U = 0.60 line. Then go 
down and read 82. 

(4) M l t i p l y  82 x 1.747 = 143 sq. ft. s ingle  

(5) 400 -143 = 257 sq. f t .  of U= 0.60 glazing, 

E>[AMPI;E 2: In  a 1400 sq. ft. house with 250 
sq. ft. of windows the awner proposes to in- 
stall 200 sq. ft. of single glazing. What 
U-factor w i l l  he need for the 50 sq. f t .  of 
special  glazing? 

1.4, 2 )  150 , 1.18, 
1.4 

ordinate a t  178 and abscissa a t  143. 
These two l ines  intersect above the 
'U = 0.55 line. Therefore use 

, Max. single glazed area in sq. ft. per 1000 sq. ft. of floor areaf 1 

3& 8 8 



> 

ESWFJE . 4 6 x D = O  D = Dist;ulce from roof overhang to oenter of 
W/E 1.03 windcw. 
SE 1.00 
SW .30 0 = &@red roof crverharYg bo amer 50% of -. 
S .42 

I 

I 

I 

I 

. EWmple #3 

EXAMPLE 1. 6 O  x So window, the vertical distance frcm roof overhang to center of windm 24". South elevation 
24" x -42 = 10.08" roof overhang require& If east or west elevation 24" x 1.03 = 24.72" required. 

MAMPLE 2. 6O x 6'-6" s l i d e r ,  the vertical distance fron roof overhang to center of s l i d e r  36". South e levat ion  
36" x .42 = 15.12" roof overhang require& If e a s t  or west elevation 36" x 1.03 = 37.08" overhang requirec. 

' EXAMPLE: 3. 6' x 4P window, the vertical distance fran roof overhang to center of window 60". South e levat ion  
60 x .42 = 25.2" roof overhang required. If east or west e levat ion  60 x 1.03 = 61.8" overhang required. 

3 I 



ENERGY INSULATION STANDARDS 
CITY OF TORRANCE 

DERARTMENT . OF BUlLDlNQ AND SAFETY 

LUT*T#WB: 

TO UTlLlZC TutSE CCWVcNTlONAL CONSTRUGTION ASSIMIL ILS lHC fOLLOW1W LIMITATIONS APPLY: 
I. WIWN6 WILL NOT CWCCED THE MSlC BUZIN6 EOA OC 00% ff NI O&OSS r L c e a  An-. 
S. SUtLDIN6 WLL W C I S T  ENTIRELY QC CLWSTRUGTION ACSIMCYICI $UWN UEEQN. 

NOW . AL.tblUUTt CONSTRUCTION HCTUODS ARC fERMlTlCD AS ARt GIIUTEa OLAZIN6 AREAS PROVIDED A U U T  LOIS WLYSIS  
SHiCIQWlN6 CONfOWANCE TO 6TATC STANOAkDS IS SUbMlTTCD AND AWROVED 67 THIS DCPARTMCNT. 

ROOC/CNLING ASSEMBUES 

O C l N  ,Ew"l. 

WIILAL IYTMlm ClYlW wuwuq 
L *WPSLRI w- 
I. U;N AN0 ?LAsna 

W L  A.%SFIIRI *I1 WPICU II(T~Q& #dtw d~thm# 
I. OYPSUM WALLM*ILD 
2.  LATH AND P L A S T I h  
d. Yb'MlN. N O 0 0  PANnLlNE 

111000 9IDlN. 

UTT IWSYLATION 
kll 1WO INOUWION 

WCY VINI Ih  fflT8RtOR ?ININ- 
a# o&*#nl 

WILDIN6 

NOT. : 
WTAILS You(N A U  % IflOULITIOH WLTHODO AND A U  YCT CQUPLITI CON*TAUCTION DCTAILI . 

STANDIRD DETAIL: 

11s 975 

b 
ANBawclY 

ENERGY INSULATION STANDARDS 
AwnovmW 

#&J!4kw...- Q*IUrr*r 



AREAS REQUIRING INSULATION                                            / 37

f                      ......                            ..
-- - HYONO:t ) -

U.A.      S&  11 11
.

tINWEAT,0 6PACE ATTIC *4*4#4              n

-ti-1 1 1:
GAAAGE                                 4

I sub Aw,ee,&A     -'i ' 1 \»06*  PA W-0 -R.dz=Ir
iNSATHIN) - \ PUSH BLANKETG INTO

-S   =   -JTUO *PACES 50 TIAT CUT I' MIDEA THAN

THSY TOUGH TWE --,TUO .nCE FOA
1 611§ATMIM OA GIDIMe                                           fr& -           3. NUG FIT\ 1                                         11\: >\ .., .TUO                                                                      11

...  .... «„--i--= .=-Ii'*li-. 11 NOTES:

<,                           I                                      I.  Ir LOOSE FILL INSULATION 15
1            _                                                                             USED THE "4' vALWE OP THE

FLOOL·-            :It                                                                        
           

INSTALLED INSULATION IS TO

61 6WOY#N ON THE SUILOING/ VAPOR BAKKIEA
  PUSH INSULATION      '  

PLAN 0.
7%5 6106 1&814'NO PIPES, OULTS ' i

AHM 81·ECTRICA£ DOZES 2. BOK AROUND RECESSED LIGHT
FIXTURES TO PROVIOE
VENTILATION.

TYPICAL eTUD SPACE PLAN OETAIL AT MPES W WALL NON·STANDARD STUD SPACE

INSTALLATIOM DETAI LS KEEP OPEN ./
*TUPP WITH INSULATION

*TUPP ALL CUCKQ .'Yrrie#T 2 N£609AKY Te Winal  UNPACIO,/RS#SURE -
(OVER. 19 AIOUNO

/221-ts"ESS>-\.DI·ANKST                             (6900  GA,0                                               C flT  *LANKET*  lifvwUM190OM #D WINOOWS .: 0»,1," IATY INGUKTION
CeILING .1019TS.

24    1» &- . -                                 aILINO .0167

\,,r '3
»=«    11 v»»If Nuka UP   rIP" .."•"Ci h.1-

«1'11 6 111.11            '=%:!tz: 4<65:2**41 *---- 41UD

 

HI          '   ..0'..«"'4*20,«   11 f
lip'&: ' VENT

1<* IN*i,ILATION feR. AOEQUATi
AMHW THIKOUGH GAVE 441.

INTSAIOA. PINIGH -..
KGEP IN MIHO:

 
NOTE:

TWAT IS WALM IN WINTEA, bUT THGY ABE NOT 14210060 ON TRE WAKI
VAPOK DARLIEAS ARR FLACED ON THE SIDE M T,42· WALL AND CBILINe

,      %1010 INGULATION--
STUD--b Ae 0WEATHINe 10

HOKMA66¥  AF,61 69 5109 90  CRILIN, IN 6ULATION  NHEAS TWE ATTIC  10 VENTILATSO.

ALI. 4"1(Ne/Ma QOOKS AND WINOOvve OPEMINO To THE E,TERIOR- 94TH; PUT,108  'P THE

,   FAAMIN" . UNCONOITIONZO  AKEAS (GAKAGES) l UST  DE  rliATHIL STRIFPRO, eASKETEBO,
OL #TWEBISR  TREATED TO LIMIT  INFILTWATION O/ 6060 AIL,

1 111        1'),1 9        . ..,01'10
ATTIC  VENTILATION l0  NSCSSSAKY  Pul TNO ZEASONS:   THE

UOUCTION Of 5 UMBS£ He,4T BUILD -WP ANO FR-EVENTION OP ININTEA
MO'4TWAa CONORMSATION.

WIlla CATTS ARE SHOIWN bLANKET TYPE INSULATION MAY
/ BE· USEO.

 |    INSTALLATION  M
1131 0 INSULATION

THE ENEAGY  INSULATION STANDARDS HAVE 6EEN ADOPTED IN THE CALIFOANIA ADMINISTAATIVE  CODE, TITLE 26, CHAPTER I,
SU6CHAPTER I   (STATE HOUSING LAW REGULATIONS),AATICLE 6, eaCTION 1094, AND IN THE CALIFOKNIA ADMINISTIATIVE
COOE, TITLE 24, PART G, DIVISION T 26,  CHAPTER. I, SU6CUAPTER  I (STATE HOUSING LAN  KEGULATIONS), ARTICLE 5, SECTION
T 26 -1094  THROUGW  THE  AUTHORITY OF SENATE  BILL  217  AUTWOZED BY SENATOR ALQUIST. THESE REGULATIONS NEKE
ADOPTED  BY THE COMNIISSION  OF HOUSINe AND  COMMUNITY  DEVELOPYIENT  ON FEbAUAKY 22,1914  AND BECAME EFFECTIVE
FeaWARY 22, IqlS . THE KEGULATIONS SWALL APPLY TO ALL APPLICATIONS FOR· RESIDENTIAL uUILDING PERMITS MADE
SU65EQUENT TO THE EFFECTivE DATA Of REGULATIONS.

68171,ICATIOH OF COMPLIANCE  WITH TH541 4'rANDALOS 16 REQUIKED *1 TIE INGULATION APPLICATOK ANO eY TRS 6611608/t . TWIS INSULATION
COMPLIANCS CAZO 5*4466 85 FO5TED AT A CONSPICIOUS LOCATION WITHIN TUE OrliLLING.

AU.  S\NINGING    DOOKS   A!40 WWOMS    OPENING   TO TME   EXTER.IOL OK TO UNCONDITIONED  AUAS   SUCM   AS  GAUGES   SMALL BE  FULLY  WEATMERSTAIPPE D,
GASKATeD OK OTHELWISE TRLATED TO LIMIT INFICTIATION· ALL MANUFACTUAEO WINOOWS  AND SLIDING GLASS DOOKS SMALL MEET  TME  Ath
INFILTIATION    GTANDAIDS  OF   THE  1912  AMETICAN  NATIONAL  61hNDARDS  INSTITUTE  (Al,4.1,.2..3,.4 Wlet TE•DTED IN  ACCOADANCE  Win+  THE    ASTM

i 8 283-13 W 1714   A  PKESSUKE  OIFFEKENTIAL  0*   1.61  LBS/FT.2   ANO  eHALL  Se  teRTIFIED   AND  LA8665O.

© MELVYN GREEN & ASSOCIATES, INC.,1975

- 91 -
365



RESIDENTIAL ENERGY INSULATION WORKSHEET
DETERMINE HEATED FLOOR AREA: If the answer to each

floor subarea # 1 F= SF question below is yes,„ „                                     then the residence has# 2= SF
"     "       #3=       SF

acceptable energy
„ „                          insulation. If not,#4= SF continue to next section          -TOTAL FLOOR AREA = SF (D

ALLOWABLE WINDOW AREA = .2 X(D = SF  0    Is ®> ep
ACTUAL WINDOW AREA           =       SF ®  Is ®> 12.52
ACTUAL MIN. "R" VALUE OF WALL = @      Is  @>   20.0 2
ACTUAL MIN. "R" VALUE OF CEILING = *    USE 16.67 FOR OPEN BEAMCEILINGS INSTEAD OF 20.0

DETERMINE ALLOWABLE HEAT  LOSS   (BTU/°/ HR): Using values of
Wall Perimeter (Ft )  X Wall Height (Ft) () and ®,   8-51-

X = SF
ENERGY CHART I

X          =       SF shows the total
allowable heat
loss is equal

TOTAL WALL AREA SF ® to
BTU/°/HR                       9

less   20 %   of (D SF 0
wall area -.2 floor area = *-® SF ®
DETERMINE ACTUAL HEAT LOSS (BTU/°/HR): WORK AREA
USE 8-52, ENERGY CHART H.

ITEM AREA U OR R (BTU /0/HR):
i    HEAT LOSS

ceiling subarea #1=           X
"            "      # 2=              X
" " #3=  X

wall "    # 1=         X" " #2=  X" "      # 3=               X
window " #1=                 X" "      # 2=               X" " #3=  X

TOTAL ACTUAL HEAT LOSS = BTU/°/HR
THE ACTUAL HEAT LOSS SHALL NOT EXCEED TOTAL ALLOWABLE HEAT LOSS.
WORK AREA

BUILDING and SAFETY BaS
STD 8-50COUNTY of VENTURA DATE: 4-75

APPROVED BY 9ifiL REVISED:

366 - 92 -



ENERGY CHART 1 - ALLOWABLE HEAT LOSS (BTU) 

TOTAL AREA OF WALLS - .20 FLOOR AREA (S.F. ) 

BUILDING and SAFETY 
COUNTY of VENTURA - APPROVED BY 

 as 
SSD 8-51 

1 

DATE: 4-75 
REVISED: 
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BN FORM 116 
BIA FORM 1486 

I N S U L A T I O N  C E R T I F I C A T I O N  
This is  to certify that, in conformance with the current energy regulations (California Adminis- 
trative Code, Title 25, State of California*) ond approved plans, insulation has been installed in 
the building located at: 

-- 
Cwnty 

-- - -- - .. - 
Sheet No. (I f  Avelleble) St- La( Mumkr  ma NB. 

- T h i c k n e s s  R Value" 

SLAB ON GRADE 
Manufacturer T h i c k n e s s -  R Value'*- 
(Or Tnde Inma) 

Width of Insulation Inches 

REMARKS (If desired) .- ~ L 

General Contractor (Builder)- - License Number 

SubContractor (Insulation Applicator)-- License N u m b e r - . .  
(ImuleUen. Mewnq, Cb.) ( S b h  "SAME" if n m n L s  Cnml Conhda)  

tho Insulation aDDllcotor and bv the bul ldv. Thls Insulolion cem~llanc. slructsd holsl, mol.1, o~artmenl hour., her.. ff alhr r.sidenliol 
cord sholl k ~os led at 0 ~ o n l ~ l r u o u #  locotlen r i l h i n  dr.lling.") drol l ing I s  hobilobla sholl be issud by rurh 0 bullding dsmrlmmt 

unla%$ the strvctu- at 10s l  solisfi.t Me mlnimum onormy insul~l ion 
I " U  Volu. I* lh* m m l u n  of the r.lllt.lnce sf o mahrb l  or bullding ~ b n d o r d l  .slobllshd purtuont ID this c h o ~ t r . "  
comoanmnt to Ih. DOlSaO. of heal. The r.slslanc. rolu. ( 1 )  ef mws.hpo 
insulations lholl not inrlud. on" rolu. lor nflectlv. toling.) 

. . 

*US. GOVERNMENT PRINTING OFFICE:19 7 7 -7 4 0 -0 6 21 1 0 4 7 

Fig. 13 




