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F i r s t  P r i n t i n g :  S e p t e m b e r  2 0 2 4
I S B N :  9 7 8 - 1 - 6 4 1 9 5 - 2 5 4 - 5

Th i s  do c u m e n t i s  th e  i n te l l e c tu a l  p ro p e rty  o f A CI a n d  t h e  c o s p o n s o r,  a n d  b o th  h a v e  c o p y ri gh t.  A l l  ri gh ts  re s e rv e d.  
Th i s  m a te ri a l  m ay  n o t b e  re p ro du c e d  o r co p i e d,  i n  w h o l e  o r i n  p a rt ,  i n  a ny  p ri n te d,  m e ch a n i c a l ,  e l e ctro n i c,  fi l m ,  o r 
o th e r di s tri b u t i o n  a n d s to ra ge  m e di a ,  w i th o u t  w ri tte n  co n s e n t .  A CI i s  t h e  l e a d s p o n s o r o f t h i s  j o i n t co m m i tt e e ,  a n d i ts  
o p e ra t i n g p ro c e du re s  w e re  fo l l o w e d.  A CI’s  i n fo rm a ti o n  i s  b e l o w ;  th e  c o s p o n s o r ’s  i n fo rm a ti o n  i s  o n  th e  i n s i d e  b a ck c o v e r 

o f th i s  do c u m e n t.

T h e r m a l  P r o p e r t i e s  o f C o n c r e t e  a n d  M a s o n r y  fo r  U s e  i n  D e t e r m i n i n g  E n e r g y C o d e  C o m p l i a n c e  
E x c e p t  fo r  L o w - Ri s e  Re s i d e n t i a l  B u i l d i n g s —C o d e  Re q u i r e m e n t s  a n d  C o m m e n t a r y

C o p yr i g h t  b y  t h e  A m e r i c a n  C o n c r e t e  I n s t i t u t e ,  F a r m i n g t o n  H i l l s ,  M I .  A l l  r i g h t s  r e s e r v e d .  T h i s  m a t e r i a l  m a y n o t  b e  
r e p r o d u c e d  o r  c o p i e d ,  i n  w h o l e  o r  p a r t ,  i n  a n y  p r i n t e d ,  m e c h a n i c a l ,  e l e c t r o n i c ,  fi l m ,  o r  o t h e r  d i s t r i b u t i o n  a n d  s t o ra g e  

m e d i a ,  w i t h o u t  t h e  w r i t t e n  c o n s e n t  o f AC I .

T h e  t e c h n i c a l  c o m m i t t e e s  r e s p o n s i b l e  fo r  AC I  c o m m i t t e e  r e p o r t s  a n d  s t a n d a r d s  s t r i v e  t o  a v o i d  a m b i g u i t i e s ,  
o m i s s i o n s ,  a n d  e r r o r s  i n  t h e s e  d o c u m e n t s .  D e s p i t e  t h e s e  e ffo r t s ,  t h e  u s e r s  o f AC I  d o c u m e n t s  o c c a s i o n a l l y  fi n d  
i n fo r m a t i o n  o r  r e q u i r e m e n t s  t h a t  m a y  b e  s u b j e c t  t o  m o r e  t h a n  o n e  i n t e r p r e t a t i o n  o r  m a y  b e  i n c o m p l e t e  o r  i n c o r r e c t .  

U s e r s  w h o  h a v e  s u g g e s t i o n s  fo r  t h e  i m p r o v e m e n t  o f AC I  d o c u m e n t s  a r e  r e q u e s t e d  t o  c o n t a c t  AC I  v i a  t h e  e r ra t a  
w e b s i t e  a t  h t t p : / / c o n c r e t e . o r g / P u b l i c a t i o n s /D o c u m e n t E r ra t a . a s p x .  P r o p e r  u s e  o f t h i s  d o c u m e n t  i n c l u d e s  p e r i o d i c a l l y 

c h e c k i n g  fo r  e r ra t a  fo r  t h e  m o s t  u p - t o - d a t e  r e v i s i o n s .

AC I  c o m m i t t e e  d o c u m e n t s  a r e  i n t e n d e d  fo r  t h e  u s e  o f i n d i v i d u a l s  w h o  a r e  c o m p e t e n t  t o  e v a l u a t e  t h e  s i g n i fi c a n c e  a n d  
l i m i t a t i o n s  o f i t s  c o n t e n t  a n d  r e c o m m e n d a t i o n s  a n d  w h o  w i l l  a c c e p t  r e s p o n s i b i l i t y  fo r  t h e  a p p l i c a t i o n  o f t h e  m a t e r i a l  

i t  c o n t a i n s .  I n d i v i d u a l s  w h o  u s e  t h i s  p u b l i c a t i o n  i n  a n y w a y  a s s u m e  a l l  r i s k a n d  a c c e p t  t o t a l  r e s p o n s i b i l i t y  fo r  t h e  
a p p l i c a t i o n  a n d  u s e  o f t h i s  i n fo r m a t i o n .

Al l  i n fo r m a t i o n  i n  t h i s  p u b l i c a t i o n  i s  p r o v i d e d  “ a s  i s ”  w i t h o u t  w a r ra n t y  o f a n y  ki n d ,  e i t h e r  e x p r e s s  o r  i m p l i e d ,  
i n c l u d i n g  b u t  n o t  l i m i t e d  t o ,  t h e  i m p l i e d  w a r ra n t i e s  o f m e r c h a n t a b i l i t y,  fi t n e s s  fo r  a  p a r t i c u l a r  p u r p o s e  o r  n o n -
i n fr i n g e m e n t .

AC I  a n d  i t s  m e m b e r s  d i s c l a i m  l i a b i l i t y  fo r  d a m a g e s  o f a n y  ki n d ,  i n c l u d i n g  a n y  s p e c i a l ,  i n d i r e c t ,  i n c i d e n t a l ,  o r  
c o n s e q u e n t i a l  d a m a g e s ,  i n c l u d i n g  w i t h o u t  l i m i t a t i o n ,  l o s t  r e v e n u e s  o r  l o s t  p r o fi t s ,  w h i c h  m a y  r e s u l t  fr o m  t h e  u s e  o f 

t h i s  p u b l i c a t i o n .

I t is  th e  re s p o n s ib ility o f th e  us e r o f th is  do c um e nt to  e s ta b lis h  h e a lth  a nd s a fe ty p ra c tic e s  a p p ro p ria te  to  th e  s p e c ific  c ir-
c um s ta n c e s  invo lve d with  its  us e .  AC I  do e s  no t ma ke  a ny re p re s e nta tio n s  re ga rdin g h e a lth  a n d s a fe ty is s ue s  a nd th e  us e  o f 
th is  do c um e nt.  Th e  us e r m us t de te rm in e  th e  a p p lic a b ility o f a ll re gula to ry limita tio n s  b e fo re  a p p lying th e  do c um e n t a n d  
mus t c o m p ly with  a ll a p p lic a b le  la ws  a n d re gula tio ns ,  in c ludin g b ut n o t limite d to ,  Un ite d S ta te s  O c c up a tio na l S a fe ty a nd  
H e a lth Adm in is tra tio n  ( O S H A)  h e a lth  a nd s a fe ty s ta nda rds .

P a r t i c i p a t i o n  b y  g o v e r n m e n t a l  r e p r e s e n t a t i v e s  i n  t h e  w o r k o f t h e  A m e r i c a n  C o n c r e t e  I n s t i t u t e  a n d  i n  t h e  
d e v e l o p m e n t  o f I n s t i t u t e  s t a n d a r d s  d o e s  n o t  c o n s t i t u t e  g o v e r n m e n t a l  e n d o r s e m e n t  o f AC I  o r  t h e  s t a n d a r d s  t h a t  i t  

d e v e l o p s .

AC I  d o c u m e n t s  a r e  w r i t t e n  v i a  a  c o n s e n s u s - b a s e d  p r o c e s s .  T h e  c h a ra c t e r i s t i c s  o f AC I  t e c h n i c a l  c o m m i t t e e  o p e ra t i o n s  
i n c l u d e :  
( a )  O p e n  c o m m i t t e e  m e m b e r s h i p
( b )  B a l a n c e /l a c k o f d o m i n a n c e
( c )  C o o r d i n a t i o n  a n d  h a r m o n i z a t i o n  o f i n fo r m a t i o n

( d )  T ra n s p a r e n c y  o f c o m m i t t e e  a c t i v i t i e s  t o  p u b l i c
( e )  C o n s i d e ra t i o n  o f v i e w s  a n d  o b j e c t i o n s

( f )  Re s o l u t i o n  t h r o u g h  c o n s e n s u s  p r o c e s s

Th e  t e c h n ic a l c o m m it te e  do c u m e n t s  o f t h e  Am e ric a n  C o n c re t e  I n s t it u te  re p re s e n t  th e  c o n s e n s u s  o f t h e  c o m m itt e e  a n d AC I .  
Te c h n ic a l c o m m it t e e  m e m b e rs  a re  in dividu a ls  wh o  vo lu n te e r t h e ir s e rvic e s  t o  AC I  a n d s p e c ific  t e c h n ic a l c o m m it t e e s .

3 8 8 0 0  C o u n t r y C l u b  D r i ve
Fa r m i n g t o n  H i l l s ,  M I  4 8 3 3 1
P h o n e :  + 1 . 2 4 8 . 8 4 8 . 3 7 0 0
Fa x :  + 1 . 2 4 8 . 8 4 8 . 3 7 0 1
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A C I - T M S  C O D E - 1 2 2 . 3 - 2 4  w a s  a p p ro v e d b y  th e  A C I  S ta n da rds  B o a rd fo r 

p ub l i c a ti o n  J a n u a ry  2 0 2 4 ,  a n d p u b l i s h e d S e p te m b e r 2 0 2 4 .  A p p ro v e d a s  a  s ta n da rd o f 

th e  A m e ri c a n  C o n c re te  I n s ti tu te  ( J a n u a ry  2 0 2 4 )  a n d T h e  M a s o n ry  S o c i e ty  ( J a n u a ry  

2 0 2 4 )  i n  a c c o rda n c e  w i th  e a c h  o rg a n i z a ti o n ’ s  s ta n da rdi z a ti o n  p ro c e du re .

C o p y ri g h t ©  2 0 2 4 ,  A m e ri c a n  C o n c re te  I n s ti tu te .

A l l  ri g h ts  re s e rv e d i n c l u di n g  ri g h ts  o f re p ro du c ti o n  a n d u s e  i n  a n y  fo rm  o r b y  

a ny  m e a n s ,  i n c l u di n g  th e  ma ki n g  o f c o p i e s  b y  a n y  p h o to  p ro c e s s ,  o r b y  e l e c tro n i c  

o r m e c h a n i c a l  de v i c e ,  p ri n te d,  w ri tte n ,  o r o ra l ,  o r re c o rdi n g  fo r s o u n d o r v i s u a l  

re p ro du c ti o n  o r fo r u s e  i n  a n y  kn o w l e dg e  o r re tri e v a l  s y s te m  o r de v i c e ,  u n l e s s  

p e rm i s s i o n  i n  w ri ti n g  i s  o b ta i n e d fro m  th e  c o p y ri g h t p ro p ri e to rs .

1

AC I - T M S  C O D E - 1 2 2 . 3 - 2 4

T h e r m a l  P ro p e r t i e s  o f  C o n c re t e  a n d  M a s o n r y  

fo r  U s e  i n  D e t e r m i n i n g  E n e rg y  C o d e  C o m p l i a n c e  

E xc e p t   fo r  L o w - R i s e  R e s i d e n t i a l  B u i l d i n g s — 

C o d e  R e q u i re m e n t s  a n d  C o m m e n t a r y

A n  AC I  a n d  T M S  S t a n d a rd

R e p o r t e d  b y  J o i n t  AC I - T M S  C o m m i tt e e  1 2 2

Ke v i n  C a v a n a u g h ,  C h a i r Ra j i v  P a t h a k,  S e c re ta ry

C h a rl e s  B .  C l a rk Jr.

D a rry l  E .  D i x o n

E m i l y  B .  L o re n z

H o n g y a n  M a

Wi l l i a m  M a rk M c G i n l e y

M a rt h a  G .  Va n G e e m

H o n g y u  Z h o u

C o n s u l t i n g  M e m b e r s

M a ri b e t h  S .  B ra df e l d J o h n  P.  Ri e s P h i l l i p  J .  S a m b l a n e t C h ri s ti n e  A .  S u b a s i c

Th i s  Co de  p re s c ri b e s  m i n i m u m  de s i gn  a n d c o n s tru c ti o n  re q u i re -

m e n ts  fo r e n e rgy  efc i e n c y  o f b u i ldi n g e n ve lo p e s  o f n e w  b u i ldi n gs  

a n d a ddi ti o n s  to  b u i ldi n gs .  It a p p li e s  to  b u i ldi n gs  h a v i n g c o n c re te  

w a lls ,  ro o fs ,  o r fo o rs ;  m a s o n ry  w a lls ;  a n d m a s o n ry  v e n e e r,  

i n c lu di n g v e n e e r a tta c h e d to  fra m e  w a lls  a s  p a rt o f th e  b u i ldi n g 

e n v e lo p e .  It a ls o  p ro v i de s  m i n i m u m  th e rm a l p ro p e rti e s  fo r th e s e  

a s s e m b li e s  fo r c o de  c o m p li a n c e .

Th i s  Co de  i s  a p p li c a b le  to  c o m m e rc i a l a n d m i d-  to  h i gh - ri s e  re s i -

de n ti a l b u i ldi n gs  th a t u s e  e i th e r e le c tri c i ty  fro m  a n y  ge n e ra ti o n  

s o u rc e  o r fo s s i l fu e l.  It c a n  b e  u s e d w i th  a p p li c a b le  e n e rgy  c o de s  

a n d s ta n da rds  s u c h  a s  A SHR A E 9 0 . 1  a n d th e  In te rn a ti o n a l En e rgy  

Co n s e rva ti o n  Co de  (IECC) .

Ke y w o r d s :  e n e rg y  efc i e n c y ;  s p e c i f c  h e a t;  th e rm a l  c o n du c t i v i ty ;  th e rm a l  

difu s i v i ty ;  th e rm a l  re s i s ta n c e ;  th e rm a l  tra n s m i tt a n c e .  

C O N T E N T S

C H A P T E R  1 —G E N E R A L ,  p .  3

1 . 1 —S c o p e ,  p .  3

1 . 2 —G e n e ra l ,  p .  3

1 . 3 —P u rp o s e ,  p .  3

1 . 4 —A p p l i c a b i l i t y,  p .  3

1 . 5 —I n t e rp re t a ti o n ,  p .  4

C H A P T E R  2 —N O TAT I O N  A N D  D E F I N I T I O N S ,  p .  5

2 . 1 —C o de  n o ta t i o n ,  p .  5

2 . 2 —C o de  de f n i t i o ns ,  p .  5

C H A P T E R  3 —R E F E R E N C E D  S TA N DA R D S ,  p .  7

3 . 1 —A m e ri c a n  C o n c re te  I n s ti tu t e  ( A C I ) ,  p .  7

3 . 2 —A m e ri c a n  S o c i e t y  o f H e a t i n g ,  Re fri g e rat i n g  an d A i r-

C o n di ti o n i n g  E n g i n e e rs  ( A S H RA E ) ,  p .  7
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A m e r i c a n  C o n c re te  I n s t i t u t e  C o p y r i g h t e d  M a t e r i a l —w w w. c o n c re te . o rg

2  T H E R M A L  P R O P E R T I E S  O F  C O N C R E TE  A N D  M AS O N RY  F O R  U S E  I N  D E TE R M I N I N G  E N E R G Y C O D E  C O M P L I A N C E

3 . 3 —A S T M  I n te rn a ti o n a l ,  p .  7

3 . 4 —I n t e rn a t i o n a l  C o de  C o u n c i l  ( I C C ) ,  p .  8

C H A P T E R  4 —G E N E R A L  R E Q U I R E M E N T S ,  p .  9

4 . 1 —M a t e ri a l  re qu i re m e n t s ,  p .  9

4 . 2 —C l i m at e  z o n e s ,  p .  9

4 . 3 —B u i l di n g  e n v e l o p e  c o m p l i a n c e ,  p .  9

C H A P T E R  5 —P R E S C R I P T I V E  M E T H O D ,  p .  1 0

5 . 1 —C o n c re t e  an d m a s o n ry,  p .  1 0

5 . 2 —O t h e r a s s e m b l i e s ,  p .  1 3

C H A P T E R  6 —B U I L D I N G  E N V E LO P E  T R A D E -

O F F   M E T H O D ,  p .  1 4

6 . 1 —B u i l di n g  e n v e l o p e  tra de - of m e t h o d,  p .  1 4

C H A P T E R  7 —W H O L E - B U I L D I N G  S I M U L AT I O N  

M E T H O D ,  p .  1 5

7 . 1 —W h o l e - b u i l di n g  s i m u l a ti o n  m o de l ,  p .  1 5

C H A P T E R  8 —T H E R M A L  P R O P E R T I E S  F O R  

D E T E R M I N I N G  C O M P L I A N C E ,  p .  1 6

8 . 1 —U-fa c to rs ,  C-fa c to rs ,  an d R-v a l u e s  o f a s s e m b l i e s ,  

p .  1 6

8 . 2 —T h e rm a l  c o n du c ti v i ty,  p .  9 4

8 . 3 —T h e rm a l  i n e rt i a i n c l u di n g  h e a t c a p a c i t y  a n d s p e c i f c  

h e a t ,  p .  9 5

8 . 4 —S o l a r refe c t an c e  a n d s o l a r refe c ta n c e  i n de x ,  p .  9 7

C O M M E N TA RY  R E F E R E N C E S ,  p .  9 8

A u t h o re d do c u m e n t s ,  p .  9 8

S o ft w a re ,  p .  9 9

A P P E N D I X  A —C L I M AT E  Z O N E  M A P S ,  p .  1 0 0

A P P E N D I X  B —T H E R M A L  C O N D U C T I V I T Y,  p .  1 01

B . 1 —T h e rm a l  c o n du c t i v i t y  o f c o n c re t e ,  c o n c re t e  m a s o n ry,  

an d c l a y  m a s o n ry,  p .  1 0 1

B . 2 —I nfu e n c e  of m o i s tu re ,  p .  1 0 2

B . 3 —T h e rm a l  c o n du c t i v i t y  o f ag g re g a te s  a n d c e m e n t  

p as t e ,  p .  1 0 2

B . 4 —T h e rm a l  c o n du c ti v i ty  o f c o n c re te  u s e d i n  C M U ,  

p .  1 0 3

B . 5 —P ra c t i c a l  th e rm a l  c o n du c t i v i t y,  p .  1 0 3

A P P E N D I X  C —T H E R M A L  I N E R T I A  

( T H E R M A L   M AS S ) ,  p .  1 0 5

C . 1 —T h e rm a l  m a s s  i n  w al l s ,  p .  1 0 5

C . 2 —T h e rm a l  m a s s  i n  b u i l di n g s ,  p .  1 0 6

A P P E N D I X  D —T H E R M A L  P E R F O R M A N C E  O F  

WA L L S  W I T H  M AS O N RY  V E N E E R ,  p .  1 0 7

P R E FAC E

T h i s  C o de  p ro v i de s  p ro c e du re s  th a t  c a n  b e  u s e d t o  m e e t  

th e  re qu i re m e n ts  of e n e rg y  efc i e n c y  c o de s  a n d s t an da rds  

th a t  h a v e  b e e n  a do p t e d b y  th e  a u th o ri ty  h a v i n g  j u ri s di c -

ti o n .  T h i s  C o de  h a s  t h re e  a l te rn at i v e  p a t h s :  1 )  a p re s c ri p ti v e  

p at h ;  2 )  a  b u i l di ng  e n v e l o p e  t ra de - of m e th o do l o g y ;  a n d 3 )  a  

w h o l e  b u i l di n g  e n e rg y  s i m u l a t i o n  t ra de - of m e th o do l o g y.
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C H A P T E R  1 —G E N E R A L

1 . 1 —S c o p e

1.1.1  T h i s  C o de  p ro v i de s  de s i g n  an d c o n s t ru c t i o n  re qu i re -

m e n t s  to  e s t a b l i s h  a  m i n i m u m  l e v e l  of e n e rg y  efc i e n c y  

i n  n e w  b u i l di ng s  an d addi t i o n s  t o  b u i l di n g s  c o n s t ru c t e d 

w i th  b u i l di n g  e n v e l o p e s  o f c o n c re te  o r m a s o n ry  c o n s t ru c -

ti o n .  T h i s  C o de  i s  o n l y  a p p l i c a b l e  to  c o m m e rc i a l  a n d m i d-  

to  h i g h - ri s e  re s i de n ti a l  b u i l di n g s .  F o r l o w - ri s e  re s i de n t i al  

b u i l di n g s ,  re fe r t o  A C I /T M S  C O D E - 1 2 2 . 2 ,  “ T h e rm a l  P ro p -

e rt i e s  o f C o n c re te  a n d M as o n ry  fo r U s e  i n  D e te rm i n i n g  

E n e rg y  C o de  C o m p l i an c e  fo r L o w - Ri s e  Re s i de n t i al  B u i l d-

i n g s —C o de  Re qu i re m e n ts  a n d C o m m e n t a ry. ”  T h i s  C o de  

al s o  l i s t s  th e rm al  p ro p e rt i e s  fo r th e s e  a s s e m b l i e s  fo r u s e  i n  

c o de  c o m p l i a n c e .  T h i s  C o de  s h a l l  b e  u s e d w i th  a l l  a p p l i c a b l e  

e n e rg y - efc i e n c y  c o de s  a n d s ta n da rds .

1 . 2 —G e n e ra l

1.2.1  T h e  p ro v i s i o n s  o f th i s  C o de  a p p l y  t o :

( a )   P o rt i o n s  o f b u i l di n g s  h a v i n g  a b o v e - g ra de  a n d b e l o w -

g ra de  w al l s  c o n s i s ti n g  of c o n c re t e ;  m a s o n ry ;  o r 

m a s o n ry  v e n e e r,  i n c l u di n g  v e n e e rs  a tt a c h e d t o  fra m e  

w a l l s

( b )   P o rti o n s  of b u i l di n g s  h av i n g  c o n c re te  fo o rs  a b o v e  

u n c o n di t i o n e d s p a c e  a n d s l ab - o n - g ro u n d fo o rs

1.2.2  T h e  p ro v i s i o n s  o f th i s  C o de  do  n o t  ap p l y  t o :

( a )   S i n g l e - fa mi l y  h o u s e s  a n d re s i de n t i al  s tru c tu re s  w i t h  

th re e  s t o ri e s  o r l e s s  a b o v e  g ra de

( b )  B u i l di n g s  th a t  do  n o t u s e  e l e c t ri c i t y  o r fo s s i l  fu e l

1 . 3 —P u r p o s e

T h e  p u rp o s e  o f th i s  C o de  i s  t o  e s t ab l i s h  th e  m i n i m u m  

e n e rg y  efc i e n c y  re qu i re m e n ts  fo r b u i l di n g s  w i th  c o n c re t e  

an d m a s o n ry  e nv e l o p e  c o m p o n e n ts .  T h i s  p u rp o s e  i s  a c c o m -

p l i s h e d b y  p ro v i di n g  t h e  fo l l o w i n g  fo r c o m p l i a n c e  w i t h  

e n e rg y  c o de s  a nd s t an da rds :

( a )   C ri t e ri a  fo r p re s c ri p t i v e  a n d p e rfo rm a n c e  m e t h o ds  

ap p l i c a b l e  to  c o n c re t e  an d m a s o n ry

( b )  T h e rm a l  p ro p e rti e s  o f c o n c re t e  an d m a s o n ry

( c )  A m e t h o d o f de t e rm i n i n g  t h e rm al  p ro p e rti e s  o f c o n c re t e  

an d m a s o n ry  b y  t e s t  o r c a l c u l a t i o n

1 . 4 —A p p l i c a b i l i t y

1.4.1  T h i s  C o de  s h a l l  n o t  b e  u s e d t o  c i rc u m v e n t a n y  

s a fe ty,  h e a l th ,  o r e n v i ro n m e n ta l  re qu i re m e n t s  c o n ta i n e d i n  

o th e r ap p l i c a b l e  c o de s  o r o rdi n a n c e s .

1.4.2  T h i s  C o de  do e s  n o t a ddre s s  m o i s tu re  c o n t ro l  o r 

p ro v i de  c ri te ri a  t o  p re v e n t m o i s t u re  m i g ra t i o n .

R 1 —G E N E R A L

R 1 . 1 —S c o p e

R1.1.1  T h i s  C o de  a p p l i e s  t o  b u i l di n g s  h av i n g  c o n c re te  

w a l l s ,  ro ofs ,  o r fo o rs ;  m a s o n ry  w a l l s ;  o r m a s o n ry  v e n e e r,  

i n c l u di n g  v e n e e r a t ta c h e d to  fra m e  w a l l s .

T h i s  C o de  ap p l i e d to  c o m m e rc i a l  an d m i d-  t o  h i g h - ri s e  

re s i de n t i a l  b u i l di n g s  t h at  u s e  e i th e r e l e c tri c i t y  fro m  a n y  

g e n e ra ti o n  s o u rc e  o r fo s s i l  fu e l .  I t  c a n  b e  u s e d w i t h  a p p l i -

c a b l e  e n e rg y  c o de s  an d s ta n da rds  s u c h  as  A S H RA E  9 0 . 1  o r 

th e  I n te rn at i o n al  E n e rg y  C o n s e rv a t i o n  C o de  ( I E C C ) .

C ri t e ri a  c o v e re d i n c l u de s  ab o v e - g ra de  w a l l s ,  b e l o w - g ra de  

w a l l s ,  an d fo o rs  a b o v e  u n c o n di ti o n e d s p a c e  an d s l ab - o n -

g ro u n d fo o rs .

R 1 . 2 —G e n e ra l

T h e  c o de  c o m p l i a n c e  o f c o n c re t e  a n d m a s o n ry  w a l l s  an d 

fo o rs ,  w i t h  o r w i th o u t  i n s u l at i o n ,  i s  c o m p l e x  b e c a u s e  h e a t  

l o s s  a n d h e a t  g a i n  th ro u g h  t h e  b u i l di n g  e n v e l o p e  de p e n d o n  

th e rm a l  i n e rti a  ( t h e rm a l  m a s s )  a s  w e l l  a s  t h e rm a l  re s i s t an c e .

T h i s  C o de  do e s  n o t  c o n s i de r t h e  p o t e n t i al  fo r m o i s tu re  o r 

c o n de n s a ti o n  o n  o r w i th i n  t h e  as s e m b l i e s  th a t  c o m p l y  n o r 

do e s  i t  p ro v i de  c ri t e ri a t o  p re v e n t  m o i s t u re  m i g ra ti o n  o r 

c o n de n s a ti o n .  C o n de n s at e  h a s  th e  p o t e n t i al  to  a c c u m u l at e  

b e t w e e n  s o m e  di s s i m i l a r m a te ri a l s  i n  s o m e  c l i m at e  c o n di -

ti o n s .  I n  a ddi t i o n ,  s o m e  i n s u l a ti o n  m a te ri a l s  are  m o i s t u re -

s e n s i ti v e .  W h e n  t h e s e  i n s u l at i o n  m at e ri a l s  b e c o m e  w e t du e  

to  c o n de n s a ti o n  o r m o i s tu re  i n f l t rat i o n ,  th e i r ra t e d R- v a l u e  

m a y  de c re a s e ,  t h e  i n s u l a ti o n  m a y  de g rade ,  o r b o th .  A s e p a -

ra t e  a n a l y s i s  i s  re c o m m e n de d t o  e n s u re  t h a t th e  a s s e m b l i e s  

u s e d i n  de s i g n  do  n o t  h av e  th e  p o te n t i a l  fo r c o n de n s a t i o n  

o r m o i s t u re - re l at e d i s s u e s .  T h e  A SHR A E Ha n db o o k— 

Fundamentals  p ro v i de s  g u i da n c e  o n  m e t h o ds  o f a n a l y s i s .
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1.4.3  C o n s tru c t i o n  m e an s  a n d m e th o ds  a re  n o t  a ddre s s e d 

b y  th i s  C o de .

1 . 5 —I n t e r p re t a t i o n

1.5.1  T h e  ofc i a l  v e rs i o n  of th i s  C o de  i s  t h e  E n g l i s h  

l a ng u a g e  v e rs i o n  u s i n g  i n c h - p o u n d u n i t s  p u b l i s h e d j o i n tl y  

b y  t h e  A m e ri c a n  C o n c re t e  I n s ti tu t e  a n d T h e  M as o n ry  S o c i e t y

1.5.2  I n  c as e  of c o nfi c t b e tw e e n  t h e  ofc i a l  v e rs i o n  of 

t h e  s t an da rd a n d o t h e r v e rs i o n s  of th e  s t a n da rd,  th e  ofc i a l  

v e rs i o n  g o v e rn s .
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C H A P T E R  2 —N O TAT I O N  A N D  D E F I N I T I O N S

2 . 1 —C o d e  n o t a t i o n

T h e  t e rm s  i n  t h i s  l i s t  are  u s e d i n  th e  c o de  an d a s  n e e de d i n  

t h e  c o m m e n ta ry.

anp  =   fra c t i o n al  a re a  of m a te ri a l  h e a t  fo w  

p at h  n′  i n  t h e rm a l  l a y e r p  i n  th e  C M U ,  

ft 2

awallX =   a re a o f th e  w al l  a s s e m b l y  at t ri b u te d t o  

UwallX,  ft2

C =   C- fa c to r ( th e rm a l  c o n du c t an c e ) ,  

B tu /h · ft 2 · ° F

F =   F-fa c t o r;  t h e  p e ri m e t e r h e a t  l o s s  fo r 

s l a b - o n - g ro u n d fo o rs ,  B t u /h · ft· ° F

R  =   R- v a l u e  ( th e rm a l  re s i s t a n c e ) ,  h · ft2 · ° F /

B t u

Rmin  =   m i n i m u m  i n s u l a ti o n  R- v a l u e ,  h · ft2 · ° F /

B t u

R1 ,  R2 ,  …Rn  =   R- v a l u e  o f e a c h  i n di v i du a l  m a te ri a l  

l a y e r,  h · ft 2 · ° F /B tu

Ri  =   R- v a l u e  of t h e  i n do o r a i r f l m ,  h · ft2 · ° F /

B t u

Rnp  =   t h e rm a l  re s i s t an c e  of m a te ri a l  h e a t  fo w  

p a t h  n  i n  th e rm a l  l a y e r p  i n  t h e  C M U ,  

h · ft2 · ° F /B t u

Ro  =   R- v a l u e  o f t h e  e x t e ri o r o r o u t do o r a i r 

f l m ,  h · ft 2 · ° F /B t u

RT =   C M U  t h e rm a l  re s i s t an c e ,  i n c l u di n g  

s u rfac e  a i r f l m s ,  h · ft 2 · ° F /B tu

Rtotal =   t o t al  R- v a l u e  o f t h e  a s s e m b l y,  h · ft2 · ° F /

B t u

U =   U- fa c to r ( t h e rm a l  tra n s m i tt a nc e ) ,  

B t u /h · ft2 · ° F

Umax  =   maxi mum as s e mb ly U- fac to r,  B tu/h· ft2 · ° F

Umv  =   U- fa c to r o f t h e  c l a y  m a s o n ry  v e n e e r a n d 

ai r s p a c e  l a y e rs  fro m  Tab l e  8 . 1 d

Upp  =   are a - w e i g h t e d a v e ra g e  U- fa c t o r c a l c u -

l a t e d u s i n g  t h e  p a ra l l e l - p a t h  m e t h o d,  

B t u /h · ft 2 · ° F

UwallX =   U- fa c to r o f t h e  p o rti o n  o f t h e  w a l l  

a s s e m b l y  a tt ri b u t e d t o  awallX,  B tu /h · ft 2 · ° F

2 . 2 —C o d e  d efn i t i o n s

T h e  fo l l o w i n g  t e rm s  a re  de f n e d fo r g e n e ral  u s e  i n  th i s  

C o de .

a s s e m b l y —t h e  f n i s h e d c o n s tru c ti o n  c o n s i s t i n g  of o n e  o r 

m o re  c o m p o n e n t s  th a t  a re  f t te d t o g e th e r t o  fo rm  a  p o rt i o n of 

t h e  b u i l di n g  e n v e l o p e .

b u i l d i n g  e n v e l o p e —th e  w a l l ,  ro o f,  s l a b ,  o r o th e r 

c o m p o n e n t( s )  t h a t i n  c o m b i n a ti o n  s e p ara te  c o n di ti o ne d 

s p a c e  ( h e a te d,  c o o l e d,  o r b o t h )  fro m  o u tdo o r a i r o r u n c o n -

di t i o n e d s p a c e .

c o n c re t e —th e  p l a s ti c  o r h a rde n e d m a t e ri a l  c o m p ri s e d 

o f a g g re g at e ,  c e m e n t ,  a n d w at e r,  w i th  o r w i th o u t  o th e r 

m a te ri a l s .

R 2 —N O TAT I O N  A N D  D E F I N I T I O N S

R 2 . 2 —C o m m e n t a r y  d efn i t i o n s
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c o n t i n u o u s  i n s u l a t i o n  ( C I ) —i n s u l a ti o n  t h at  i s  c o n ti n u o u s  

a c ro s s ,  a n d i s  n o t  p e n e t ra t e d b y,  s t ru c t u ra l  m e m b e rs  o r o th e r 

t h e rm a l  b ri dg e s  e x c e p t fo r s e rv i c e  o p e n i n g s  an d fa s t e n e rs ,  

i n c l u di n g  v e n e e r t i e s .

fe n e s t r a t i o n —g l a s s  o r g l a z i n g  a s s e m b l i e s ,  i n c l u di n g  

fram e s  an d do o r a s s e m b l i e s  w h e re  th e  do o rs  a re  m o re  t h a n  

5 0 %  g l a s s .

h e a t  c a p a c i t y —a m o u n t o f h e a t re qu i re d t o  ra i s e  t h e  

t e m p e ra tu re  o f a  g i v e n  m a s s  o f m a te ri a l  b y  a  u n i t t e m p e r-

a t ure  dife re n c e  ( 1 ° F ) ;  h e at  c a p ac i ty  p e r u n i t a re a of w al l  

o r fo o r s u rfa c e  ( B t u /ft2 · ° F )  i s  c a l c u l a te d as  th e  s u m  o f t h e  

p ro du c ts  o f t h e  m a s s  p e r u n i t  o f s u rfa c e  a re a  o f e a c h  i n di -

v i du a l  m a te ri a l  i n  t h e  w a l l  o r fo o r s u rfac e  m u l t i p l i e d b y  i t s  

i n di v i du a l  s p e c i f c  h e a t .

i n t e g r a l  i n s u l a t i o n —i n s u l a t i o n  th a t  i s  n e i t h e r e x t e ri o r n o r 

i n t e ri o r t o  c o n c re te  o r ma s o n ry.

l o w - r i s e  re s i d e n t i a l  b u i l d i n g s —de ta c h e d o n e -  a n d tw o -

fa m i l y  dw e l l i n g s ,  t o w n h o u s e s ,  a p art m e n t s ,  c o n do m i n i u m s ,  

a n d do rm i t o ri e s  w i t h  t h re e  s to ri e s  o r l e s s  ab o v e  g ra de .

m a s o n r y —w a l l  c o n s tru c t i o n  c o n s i s ti n g  o f m an u fa c tu re d 

u n i t s  m a de  of m o du l a r C M U ,  f re d c l a y  o r s h a l e ,  o r n a t u ra l  

s t o n e .

m a s s  ( w a l l ,  r o o f,  o r fo o r ) —an  as s e m b l y  c o n s i s t i n g  

a t  l e a s t p a rt i al l y  o f c o nc re te ,  m a s o n ry,  o r m a s o n ry  v e n e e r 

w h e re  t h e  h e a t  c a p a c i t y  o f th e  a s s e m b l y  i s  e i t h e r:

( a )   G re a t e r t h an  o r e qu a l  t o  7  B t u /ft2 · ° F  w h e n  t h e  de n s i t y  

o f t h e  m a te ri a l  i s  g re at e r t h a n  1 2 0  l b /ft3 ,  o r

( b )   G re at e r t h an  o r e qu a l  t o  5  B t u /ft2 · ° F  w h e n  th e  de n s i t y  

o f t h e  m a t e ri a l  i s  n o t g re at e r t h a n  1 2 0  l b /ft3 .

c o n t i n u o u s  i n s u l a t i o n —i n s u l a t i o n  i n s t a l l e d b e tw e e n ,  a n d 

i n  t h e  s a m e  p l a n e  a s ,  w o o d o r s t e e l  fra m i n g  i s  n o t  c o n ti n u o u s  

i n s u l at i o n .

i n t e g r a l  i n s u l a t i o n —I nte g ral  i ns ul ati o n i nc l ude s  i ns ul ate d 

c o nc re te  mas o nry  uni t ( C M U ) ,  h o l l o w  c l ay  o r s h al e  uni ts ,  and 

c o nc re te  w al l s  h av i ng  c o nc re te  o r mas o nry  m ate ri al  o n b o th  

s i de s  o f th e  i ns ul ati o n.  A m as o nry  v e ne e r w i th  a m as o nry  

o r c o nc re te  b ac ki ng  v e ne e r w h e re  i ns ul ati o n i s  b e tw e e n th e  

m as o nry  v e ne e r and th e  b ac ki ng  i s  a w al l  w i th  e x te ri o r i ns u-

l ati o n b e c aus e  th e  mas o nry  v e ne e r i s  c o ns i de re d c l addi ng .

l o w - r i s e  re s i d e n t i a l  b u i l d i n g s —T h i s  C o de  a p p l i e s  t o  

c o m m e rc i a l  a n d m i d-  to  h i g h - ri s e  re s i de n ti a l  b u i l di n g s .  

Re fe r to  A C I /T M S  C O D E - 1 2 2 . 2  fo r th e  de s i g n  o f th e  

t h e rm a l  e n v e l o p e  o f l o w - ri s e  re s i de n t i a l  c o n s t ru c t i o n .

m a s s  ( w a l l  o r fo o r ) —W h i l e  t h e rm a l  i n e rt i a  ( th e rm a l  

m a s s  efe c t s )  i s  g e n e ra l l y  a  fu n c ti o n  of t h e rm al  difu s i v i t y  

( t h e rm al  c o n du c t i v i t y  di v i de d b y  t h e  p ro du c t  of s p e c i f c  h e a t  

a n d de n s i t y ) ,  i n  e n e rg y  c o de s ,  i t  i s  u s u a l l y  de f n e d a s  a  fu n c -

t i o n  of h e at  c a p ac i ty,  w h i c h  i s  a  fu n c ti o n  of s p e c i f c  h e a t  a n d 

de n s i ty.  F o r th i s  re a s o n ,  dife re n t th re s h o l ds  a re  p ro v i de d 

fo r l o w e r a n d h i g h e r de n s i t i e s  of c o n c re te  a n d m a s o n ry ;  th i s  

i s  a n  a p p ro x i m a ti o n  fo r th e i r dife re n t th e rm a l  difu s i v i t i e s  

( Va n G e e m  e t al .  2 0 1 3 ) .  T h e s e  v a l u e s  a re  c o n s i s te n t  w i th  th e  

v a l u e s  i n  A S H RA E  9 0 . 1  a n d th e  I E C C .  C M U  c o m p l y i n g  

w i t h  t h e  re qu i re m e n t s  o f A S T M  C 9 0  h a v e  t h re e  de n s i t y  c l a s -

s i f c a ti o n s  a s  fo l l o w s :

( a )  L i g h t w e i g h t C M U :  D e n s i t y  l e s s  th a n  1 0 5  l b /ft3

( b )   M e di u m w e i g h t  C M U :  D e n s i t y  e qu a l  t o  o r g re at e r t h a n  

1 0 5  l b /ft 3  a n d l e s s  th a n  1 2 5  l b /ft3

( c )   N o rm a l w e i g h t  C M U :  D e n s i t y  e qu a l  to  o r g re a te r t h a n  

1 2 5  l b /ft 3
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C H A P T E R  3 —R E F E R E N C E D  S TA N DA R D S

S tan da rds  c i t e d i n  th i s  C o de  are  l i s te d b y  n am e  a n d de s i g -

n a t i o n,  i n c l u di n g  y e a r.

3 . 1 —A m e r i c a n  C o n c re t e  I n s t i t u t e  ( AC I )

A C I  3 0 1 - 2 0 —S p e c i f c a ti o n s  fo r S t ru c t u ra l  C o n c re t e

3 . 2 —A m e r i c a n  S o c i e t y  o f  H e a t i n g ,  R e f ri g e ra t i n g  

a n d  A i r- C o n d i t i o n i n g  E n g i n e e r s  ( AS H R A E )

A S H RA E  9 0 . 1 - 2 0 1 9 —E n e rg y  S ta n da rd fo r B u i l di n g s  

e x c e p t L o w - Ri s e  Re s i de n ti a l  B u i l di n g s

A S H RA E  1 6 9 - 2 0 1 3 —C l i m a ti c  D a t a fo r B u i l di n g  D e s i g n  

S ta n da rds

2 0 1 7  A SHR A E Ha n db o o k—Fu n da m e n ta ls  

3 . 3 —AS T M  I n t e r n a t i o n a l

A S T M  C 5 5 - 2 2 —S ta n da rd S p e c i f c a t i o n  fo r C o n c re t e  

B u i l di n g  B ri c k

A S T M  C 6 2 - 2 3 —S t a n dard S p e c i f c a t i o n  fo r B u i l di n g  

B ri c k ( S o l i d M as o n ry  U n i ts  M a de  fro m  C l a y  o r S h a l e )

A S T M  C 9 0 - 2 2 —S ta n da rd S p e c i f c a ti o n  fo r L o a db e ari n g  

C o n c re t e  M a s o n ry  U n i t s

A S T M  C 1 2 6 - 2 2 —S t an da rd S p e c i f c at i o n  fo r C e ra m i c  

G l a z e d S t ru c t u ral  C l a y  F a c i n g  Ti l e ,  F ac i n g  B ri c k,  a n d S o l i d 

M a s o n ry  U n i t s

A S T M  C 1 2 9 - 2 2 —S t a n da rd S p e c i f c a ti o n  fo r N o n l o a d-

b e a ri ng  C o n c re te  M a s o n ry  U n i t s

A S T M  C 1 7 7 - 1 9 —S t a n da rd Te s t  M e th o d fo r S te a dy - S ta t e  

H e at  F l u x  M e a s u re m e n ts  a n d T h e rm a l  Tra n s m i s s i o n  P ro p e r-

t i e s  b y  M e a n s  o f t h e  G u a rde d- H o t - P l a te  A p p a ra tu s

A S T M  C 2 1 6 - 2 3 —S ta n da rd S p e c i f c a t i o n  fo r F ac i n g  B ri c k 

( S o l i d M a s o n ry  U n i t s  M ade  fro m  C l a y  o r S h al e )

A S T M  C 6 5 2 - 2 2 —S t a n dard S p e c i f c a t i o n  fo r H o l l o w  

B ri c k ( H o l l o w  M a s o n ry  U n i t s  M ade  fro m  C l a y  o r S h al e )

A S T M  C 7 4 4 - 2 1 —S t a n da rd S p e c i f c at i o n  fo r P refa c e d 

C o n c re t e  M a s o n ry  a n d C al c i u m  S i l i c a te  M a s o n ry  U n i t s

A S T M  C 1 3 6 3 - 1 9 —S ta n da rd Te s t  M e th o d fo r T h e rm a l  

P e rfo rm a n c e  o f B u i l di n g  M a te ri a l s  an d E n v e l o p e  A s s e m -

b l i e s  b y  M e a n s  o f a  H o t  B o x  A p p ara tu s

A S T M  C 1 3 7 1 - 1 5 ( 2 0 2 2 ) —S t an da rd Te s t  M e t h o d fo r 

D e te rm i n a ti o n  o f E m i tt a n c e  o f M a te ri a l s  N e a r Ro o m  

Te m p e ra t u re  U s i n g  P o rta b l e  E m i s s o m e t e rs

A S T M  C 1 4 0 5 - 2 3 —S ta n da rd S p e c i f c a t i o n  fo r G l a z e d 

B ri c k ( S i n g l e  F i re d,  B ri c k U n i t s )

A S T M  C 1 5 4 9 - 1 6 ( 2 0 2 2 ) —S t an da rd Te s t  M e t h o d fo r 

D e te rm i n a ti o n  of S o l a r Refe c t a n c e  N e a r A m b i e n t Te m p e ra -

t u re  U s i n g  a  P o rta b l e  S o l a r Refe c to m e te r

A S T M  C 1 6 3 4 - 2 3 —S ta n da rd S p e c i f c a t i o n  fo r C o n c re t e  

F ac i ng  B ri c k

A S T M  E 1 9 1 8 - 2 1 —S t a n da rd Te s t M e t h o d fo r M e as u ri n g  

S o l a r Refe c ta n c e  of H o ri z o n t al  a n d L o w - S l o p e d S u rfa c e s  

i n  t h e  F i e l d

A S T M  E 1 9 8 0 - 1 1 ( 2 0 1 9 ) —S t an da rd P rac t i c e  fo r C a l c u -

l a ti n g  S o l ar Refe c ta n c e  I n de x  of H o ri z o n ta l  an d L o w -

S l o p e d O p a qu e  S u rfa c e s
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3 . 4 —I n t e r n a t i o n a l  C o d e  C o u n c i l  ( I C C )

I E C C  2 0 2 1 —I n te rn a ti o n a l  E n e rg y  C o n s e rv a t i o n  C o de
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C H A P T E R  4 —G E N E R A L  R E Q U I R E M E N T S

4 . 1 —M a t e r i a l  re q u i re m e n t s

C o nc re t e  a n d m a s o n ry  m a te ri a l s  s h a l l  c o m p l y  w i th  o n e  

of t h e  fo l l o w i n g  s p e c i f c a t i o n s :  A S T M  C 5 5 ,  A S T M  C 6 2 ,  

A S T M  C 9 0 ,  A S T M  C 1 2 6 ,  A S T M  C 1 2 9 ,  A S T M  C 2 1 6 ,  

A S T M  C 6 5 2 ,  A S T M  C 7 4 4 ,  A S T M  C 1 4 0 5 ,  A S T M  C 1 6 3 4 ,  

o r A C I  3 0 1 .

4 . 2 —C l i m a t e  z o n e s

C l i m at e  z o n e s  u s e d t o  m e e t  t h e  re qu i re m e n ts  o f th i s  C o de  

s h a l l  b e  fro m  o n e  o f t h e  fo l l o w i n g :

( a )  2 0 2 1  I E C C  Tab l e  C 3 0 1 . 1

( b )  A S H RA E  1 6 9 - 2 0 1 3  Ta b l e  B - 1

( c )  A S H RA E  1 6 9 - 2 0 1 3  Tab l e  A - 5

( d)  A S H RA E  1 6 9 - 2 0 1 3  Ta b l e  A - 6

4 . 3 —B u i l d i n g  e n ve l o p e  c o m p l i a n c e

4.3.1  T h e s e  p ro v i s i o n s  ap p l y  to  th e  fo l l o w i n g  a s s e m b l i e s  

i n  n e w  b u i l di n g s ,  a ddi ti o n s  t o  b u i l di n g s ,  a n d a l te rat i o n s  to  

t h e  fo l l o w i n g  as s e m b l i e s :

( a )   P o rt i o n s  o f b u i l di n g s  h a v i n g  a b o v e - g rade  a n d b e l o w -

g ra de  w a l l s  c o n s i s ti n g  o f c o n c re t e ,  m a s o n ry,  o r 

m a s o n ry  v e n e e r i n c l u di n g  v e n e e rs  a tt a c h e d to  fra m e  

w a l l s

( b )   P o rt i o n s  of b u i l di n g s  h av i n g  c o n c re te  fo o rs  a b o v e  

u n c o n di t i o n e d s p a c e  a n d s l a b - o n - g ro u n d fo o rs .

4.3.2  T h e  b u i l di n g  e n v e l o p e  s h a l l  c o m p l y  w i th  o n e  o f t h e  

fo l l o w i n g  c o m p l i a n c e  m e th o ds :

( a )  T h e  p re s c ri p ti v e  m e t h o d i n  C h ap t e r 5

( b )  B u i l di n g  e n v e l o p e  tra de of m e th o d i n  C h a p te r 6

( c )  A w h o l e - b u i l di n g  s i m u l a t i o n  m o de l  i n  C h a p t e r 7

R 4 —G E N E R A L  R E Q U I R E M E N T S

R 4 . 2 —C l i m a t e  z o n e s

C l i m at e  z o n e  m a p s  fo r u s e  w i t h  th e  I E C C  a n d 

A S H RA E  9 0 . 1  h a v e  b e e n  p ro v i de d i n  A p p e n di x  A fo r c o n v e -

n i e n c e .  T h e  c l i m a te  z o n e s  i n  t h e  I E C C ,  A S H RA E  9 0 . 1 ,  

a n d A S H RA E  1 6 9  c o n t a i n  th e  s a m e  re qu i re m e n ts  an d 

i n fo rm a ti o n .

A S H RA E  1 6 9  c o n ta i n s  c l i m a te  da t a fo r s o m e  l o c at i o n s  

o u t s i de  o f t h e  U n i te d S t at e s  a n d a  p ro c e du re  fo r de te rm i n i n g  

c l i m a te  z o n e  i n fo rm a t i o n  fo r l o c a t i o n s  th a t  a re  n o t  p ro v i de d.

R 4 . 3 —B u i l d i n g  e n ve l o p e  c o m p l i a n c e

C h a p te rs  5  th ro u g h  7  p ro v i de  t h re e  p a th s  fo r c o m p l i an c e .  

T h e s e  a re  c o n s i s t e n t  w i t h  t h e  c o m p l i a n c e  m e t h o ds  o f t h e  

I E C C  a n d n a t i o n a l  c o n s e n s u s  s t an da rds  fo r e n e rg y  efc i e n c y.  

T h e  p re s c ri p t i v e  c o m p l i a n c e  p a th  o f C h ap t e r 5  i s  o ft e n  t h e  

e a s i e s t  t o  a p p l y  i n  p ra c t i c e  b u t  i s  a l s o  th e  l e a s t fe x i b l e  an d 

t e n ds  t o  y i e l d l e s s  e c o n o m i c a l  re s u l t s .  T h e  t ra de of o p t i o n  

of C h ap t e r 6  ofe rs  m o re  fe x i b i l i t y  a n d re p re s e n t s  a  g o o d 

c o m p ro m i s e  b e tw e e n  e as e  an d a p p l i c a ti o n  fe x i b i l i t y  w h e n  

de m o n s tra ti n g  e n e rg y  efc i e n c y  c o m p l i a n c e .  T h e  w h o l e  

b u i l di n g  s i m u l a t i o n  m e th o d de ta i l e d i n  C h a p te r 7  i s  th e  m o s t 

fe x i b l e  of t h e  t h re e  c o m p l i a n c e  p a th s  b u t  t e n ds  t o  b e  u s e d 

o n l y  w h e n  p ro j e c t  c o m p l e x i ty  o r de s i g n  o b j e c t i v e s  w a rra n t 

t h e  a ddi ti o n a l  e x p e n s e  a s s o c i at e d w i t h  t h i s  de s i g n  a p p ro a c h .

T h e  i n t e n t  o f t h i s  C o de  i s  t o  addre s s  t h e  e n v e l o p e  th e rm a l  

re s i s t an c e  p o rt i o n  o f g o v e rn i n g  e n e rg y  c o de s .  O t h e r p o t e n -

t i al  re qu i re m e n t s  a do p t e d i n t o  g o v e rn i n g  e n e rg y  efc i e n c y  

c o de s  a re  n o t  a ddre s s e d i n  t h i s  C o de .  F o r i n s t an c e ,  t h e  a i r 

l e a kag e  re qu i re m e n ts  o f th e  I E C C  o r t h e  ap p l i c a b l e  s t a te  o r 

j u ri s di c t i o n al  e n e rg y  c o de  are  n o t  c o v e re d b y  th i s  C o de  b u t  

s h o u l d b e  ap p l i e d w h e re  re qu i re d.
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C H A P T E R  5 —P R E S C R I P T I V E  M E T H O D

5 . 1 —C o n c re t e  a n d  m a s o n r y

E ac h  o p a qu e  c o n c re t e  o r m a s o n ry  b u i l di n g  e n v e l o p e  th a t  

i s  an  a s s e m b l y  l i s t e d i n  Ta b l e  5 . 1  s h a l l  c o m p l y  w i t h  o n e  o f 

t h e  fo l l o w i n g  fo r th e  a p p l i c a b l e  c l i m a te  z o n e :

( a )   E qu al  t o  o r m o re  t h an  th e  m i n i m u m  R - v a l u e  o f t h e  

adde d i n s u l a ti o n  i n  fram i n g  c a v i ti e s  a n d c o n ti n u o u s  

i ns u l a t i o n .

( b )   E qu a l  to  o r l e s s  th a n  th e  m a x i m u m  U- fa c t o r,  C- fa c t o r,  

o r F- fa c t o r fo r th e  e n t i re  a s s e m b l y.  A re a - w e i g h te d 

av e ra g e s  o f U- fa c to rs ,  C- fac t o rs ,  o r F- fac t o rs  a re  

al l o w e d fo r c o m p l i a n c e  fo r e ac h  t y p e  o f as s e m b l y  

l i s te d i n  Ta b l e s  8 . 1 a  t h ro u g h  8 . 1 e .

( c )   E a c h  b u i l di n g  e n v e l o p e  a s s e m b l y  o f a  s e m i - h e a te d 

s p a c e  a s  de f n e d b y  A S H RA E  9 0 . 1  s h a l l  c o m p l y  w i t h  

th e  s e m i - h e a te d b u i l di n g  e n v e l o p e  re qu i re m e n t s  i n  

A S H RA E  9 0 . 1 .

R 5 —P R E S C R I P T I V E  M E T H O D

R 5 . 1 —C o n c re t e  a n d  m a s o n r y

M o s t  e n e rg y  c o de s  a n d s t an da rds  a c c o u n t  fo r th e rm a l  

i n e rti a  o f m a s s  w a l l s  b y  re qu i ri n g  l e s s - s tri n g e n t  c ri t e ri a  fo r 

R - v a l u e s  a n d U- fa c to rs  fo r m a s s  w a l l  a s s e m b l i e s  c o m p a re d 

to  fra m e  w al l  a s s e m b l i e s .  Re fe r t o  A p p e n di x  C  fo r a  m o re  

de t a i l e d o v e rv i e w  o f t h e rm a l  m a s s  a t tri b u t e s  a n d de s i g n  

c o n s i de ra t i o n s .  T h e s e  re qu i re m e n t s ,  de v e l o p e d u s i n g  

c o m p u t e r s i m u l a t i o n s ,  a re  de p e n de n t  o n  t h e  c l i m a t e  a n d 

b u i l di n g  t y p e  ( l o w - ri s e  re s i de n t i a l  v e rs u s  b u i l di n g s  o th e r 

th a n  l o w - ri s e  re s i de n ti a l ) .  M o s t  c o de  p ro v i s i o n s  de v e l o p e d 

to  da te  i n  th e  U n i te d S ta t e s  refe c t  t h e  c o s t  of a ddi n g  i n s u l a -

ti o n  to  t h e  w a l l  a s s e m b l y.

A b o v e - g ra de  w al l s  s h o u l d m e e t  th e  de f n i t i o n  of a  m a s s  

w a l l  t o  u s e  t h e  p a th  de s c ri b e d i n  5 . 1 .  F l o o rs  a b o v e  u n c o n di -

ti o n e d s p a c e  s h o u l d m e e t th e  de f n i t i o n  of a  m as s  fo o r to  u s e  

th e  p a th  de s c ri b e d i n  5 . 1 .

A S H RA E  9 0 . 1  h a s  s e p a rat e  re qu i re m e n t s  fo r b u i l di n g  

e n v e l o p e s  o f n o n re s i de n t i al  s p a c e s  an d th o s e  o f m i d-  to  h i g h -  

ri s e  re s i de n ti a l  s p ac e s .  S i n c e  th i s  di s ti n c ti o n  w a s  m a de  i n  t h e  

1 9 9 9  v e rs i o n  of A S H RA E  9 0 . 1 ,  t h e  dife re n c e s  i n  i n s u l a ti o n  

re qu i re m e n t s  fo r t h e s e  tw o  t y p e s  o f s p a c e s  h a v e  de c re a s e d.  

T h u s ,  fo r e a s e  o f u s e  o f t h i s  s ta n da rd,  o n l y  o n e  c at e g o ry  t h at  

c o v e rs  b o th  re s i de n t i a l  a n d n o n re s i de n t i al  s p a c e s  i s  i n c l u de d 

i n  th i s  C o de .  T h i s  i s  a  b e n e f t  to  th e  u s e rs  of th i s  C o de  

b e c a u s e  m a n y  b u i l di n g s  are  n o w  m i x e d- u s e  b u i l di n g s .

B e l o w - g ra de  w a l l s  are  p o rti o n s  o f w al l s  th a t  a re  b e l o w  

g ra de  l e v e l  a n d i n  c o n t a c t w i th  e a rth .  P o rti o n s  o f fo u n da ti o n  

w a l l s  an d c raw l  s p a c e  w al l s  t h a t a re  b e l o w  g ra de  l e v e l  a re  

c o n s i de re d b e l o w - g ra de  w a l l s .  D u e  to  o th e r de s i g n  o b j e c -

ti v e s  ( s t ru c t u ral ,  w a te r p e n e tra ti o n ,  c o n n e c ti o n  de t ai l i n g ) ,  

b e l o w - g rade  c o n c re t e  an d m a s o n ry  w a l l s  i n t ri n s i c a l l y  h a v e  

s ufc i e n t  th i c kn e s s  t o  b e  c o n s i de re d m a s s  w a l l s  a n d a re  

th e re fo re  de e m e d- t o - c o m p l y  w i t h  th e  m a s s  w al l  c ri te ri a .

( a )  Mi n i m u m  R- v a lu e  re q u i re m e n ts —W h e n  u s i n g  t h e  

m i n i m u m  R - v al u e  m e th o d fo r c o m p l i an c e ,  o n l y  t h e  R - v a l u e  

o f t h e  i n s u l a ti o n  i s  c o n s i de re d.  C o n c re t e ,  m a s o n ry,  a n d 

m a s o n ry  v e n e e r a re  n o t  i n s u l a t i o n  i n  th i s  c o n t e x t.  I n s u l a ti o n  

h as  a n  R - v a l u e  p ro v i de d b y  t h e  m a n u fa c tu re r o n  t h e  p ro du c t ,  

p ac ka g e ,  o r b u l k c o n ta i n e r.

A n  R - v a l u e  i s  a  s t e a dy - s t at e  p ro p e rt y  a n d do e s  n o t  i n c l u de  

th e rm a l  m a s s  o r dy n a m i c  efe c ts .  U- fa c t o rs ,  C- fa c t o rs ,  a n d 

F- fa c to rs  are  a l s o  s te a dy - s t a te  p ro p e rt i e s .

C o n t i n u o u s  i n s u l a t i o n  ( C I )  c a n  b e  o n  t h e  i n do o r s i de ,  t h e  

o u tdo o r s i de ,  o r i n t e g ra l  t o  t h e  c o n c re t e  o r m a s o n ry.  I n s u -

l a t i o n  o n  t h e  o u tdo o r s i de  o f t h e  c o n c re te  o r m a s o n ry  w i l l  

g e n e ra l l y  re du c e  h e at  l o s s e s  o r g a i n s ,  a n d i n c re a s e  e n e rg y  

s a v i n g s ,  c o m p a re d to  i n s u l a ti o n  o n  t h e  i n do o r s i de  o f t h e  

c o n c re te  o r m as o n ry.  H o w e v e r,  t h e  l o c a t i o n  o f i n s u l a -

ti o n  p l a c e m e n t s h o u l d b e  b a l a n c e d ag a i n s t th e  n e e d fo r a  

du ra b l e  o u t do o r s u rfac e .  W h i l e  i n c re a s e d e n e rg y  s a v i n g s  

m a y  b e  re al i z e d b y  p l a c i n g  i n s u l a t i o n  o n  th e  o u t do o r s i de  

o f th e  c o n c re te  o r m as o n ry,  t h e  p re s c ri p ti v e  p a t h  c o n t ai n e d 

i n  A S H RA E  9 0 . 1  a n d th e  I E C C  c o n s e rv a ti v e l y  a s s u m e s  

th e  i n s u l at i o n  i s  p l ac e d o n  t h e  i n t e ri o r s i de  o f t h e  m a s s ,  
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Ta b l e  5 . 1 —B u i l d i n g  e n ve l o p e  re q u i re m e n t s

O p a q u e  

a s s e m b l y

C l i m a t e  Z o n e  0 C l i m a t e  Z o n e  1 C l i m a t e  Z o n e  2 C l i m a t e  Z o n e  3 C l i m a t e  Z o n e  4 C l i m a t e  Z o n e  5 C l i m a t e  Z o n e  6 C l i m a t e  Z o n e  7 C l i m a t e  Z o n e  8

Umax Rmin Umax Rmin Umax Rmin Umax Rmin Umax Rmin Umax Rmin Umax Rmin Umax Rmin Umax Rmin

M a s s  w a l l s ,  

ab o v e - g ra de

N R o r 

U- 0 . 5 8 0
N R

N R o r 

U- 0 . 5 8 0
N R U- 0 . 1 5 1 R - 5 . 7  C I * U- 0 . 1 2 3 R - 7 . 6  C I U- 0 . 1 0 4 R - 9 . 5  C I U- 0 . 0 9 0

R - 1 1 . 4  

C I
U- 0 . 0 8 0

R - 1 3 . 3  

C I
U- 0 . 0 7 1

R - 1 5 . 2  

C I
U- 0 . 0 4 8 R - 1 9  C I

M a s o n ry  v e n e e r,  a b o v e - g ra de  w a l l s ,  m i n i m u m  s p e c i f e d t h i c kn e s s  of 2 - 5 / 8  i n .

M e ta l - fra m e d 

w a l l s
U- 0 . 1 3 3 R - 8 . 6 U- 0 . 1 3 3 R - 8 . 6 U- 0 . 0 8 9

R - 1 3  +  

R - 1 . 7  C I † U- 0 . 0 8 9
R - 1 3  +  

R - 2 . 1  C I † U- 0 . 0 6 9
R - 1 3  +  

R - 4 . 6  C I † U- 0 . 0 6 6

R - 1 3  +  

R - 5 . 3  

C I †

U- 0 . 0 6 7

R - 1 3  +  

R - 5 . 1  

C I †

U- 0 . 0 6 7

R - 1 3  +  

R - 5 . 1  

C I †

U- 0 . 0 3 8

R - 1 3  +  

R - 1 6 . 5  

C I †

Wo o d- fra m e d 

w a l l s
U- 0 . 1 0 6 R - 7 . 3 U- 0 . 1 0 6 R - 7 . 3 U- 0 . 1 0 9 R - 7 . 0 U- 0 . 1 0 0 R - 8 . 0 U- 0 . 0 6 6

R - 1 3  +  

R - 1 . 1  C I † U- 0 . 0 6 6

R - 1 3  +  

R - 1 . 1  

C I †

U- 0 . 0 5 3

R - 1 3  +  

R - 4 . 9  

C I †

U- 0 . 0 6 7

R - 1 3  +  

R - 4 . 9  

C I †

U- 0 . 0 3 3

R - 1 3  +  

R - 1 6 . 5  

C I †

M a s s  fo o rs  

a b o v e  

u nc o n di ti o n e d 

s p a c e

N R o r 

U- 0 . 3 2 2
N R

N R o r 

U- 0 . 3 2 2
N R U- 0 . 1 0 7 R - 6 . 3  C I U- 0 . 0 7 4 R - 1 0  C I U- 0 . 0 7 4 R - 1 0  C I U- 0 . 0 7 4 R - 1 0  C I U- 0 . 0 6 4

R - 1 2 . 5  

C I
U- 0 . 0 5 5 R - 1 5  C I U- 0 . 0 5 5 R - 1 5  C I

S l a b - o n - g ro u n d fo o rs

U n h e a t e d
N R o r 

F- 0 . 7 3 0
N R

N R o r 

F- 0 . 7 3 0
N R

N R o r 

F- 0 . 7 3 0
N R

N R o r 

F- 0 . 7 3 0
N R F- 0 . 5 4 0

R - 1 0  fo r 

2 4  i n .
F- 0 . 5 4 0

R - 1 0  fo r 

2 4  i n .
F- 0 . 5 4 0

R - 1 0  fo r 

2 4  i n .
F- 0 . 4 0 0

R - 1 5  fo r 

2 4  i n .
F- 0 . 4 0 0

R - 1 5  fo r 

2 4  i n .

H e a t e d
N R o r 

F- 1 . 0 2 0
N R

N R o r 

F- 1 . 0 2 0
N R F- 0 . 9 0 0

R - 1 0  fo r 

2 4  i n .
F- 0 . 8 6 0

R - 1 5  fo r 

2 4  i n .
F- 0 . 8 2 3

R - 2 0  fo r 

2 4  i n .
F- 0 . 6 8 8

R - 2 0  fo r 

4 8  i n .
F- 0 . 6 8 8

R - 2 0  fo r 

4 8  i n .
F- 0 . 6 7 1

R - 2 5  fo r 

4 8  i n .
F- 0 . 6 7 1

R - 2 5  fo r 

4 8  i n .

B e l o w - g ra de  

w a l l s

N R o r 

C- 1 . 1 4 0
N R

N R o r 

C- 1 . 1 4 0
N R

N R o r 

C- 1 . 1 4 0
N R

N R o r 

C- 1 . 1 4 0
N R C- 0 . 1 1 9 R - 7 . 5  C I C- 0 . 1 1 9 R - 7 . 5  C I C - 0 . 1 1 9 R- 7 . 5  C I C - 0 . 0 9 2 R- 1 0  C I C - 0 . 0 9 2 R- 1 0  C I

* P a rti a l l y  g ro u te d o r u n g ro u te d A S T M  C 9 0  C M U  w a l l s  a re  a l l o w e d to  m e e t th i s  re qu i re m e n t w h e n  u n g ro u te d c o re s  o p e n i n g s  ( c o re s  a n d c e l l s )  a re  f l l e d w i th  i n s u l a ti o n  m a te ri a l  w i th  a  th e rm a l  c o n du c ti v i ty  of 0 . 4 4  B tu · i n . /h · ft2 · ° F  o r g re a te r.

† Wh e re  th e  s u rfa c e  a dj a c e n t to  th e  a i r s p a c e  a n d o p p o s i te  th e  v e n e e r h a s  a n  e m i s s i v i ty  n o  g re a te r th a n  0 . 0 5  w h e n  m e a s u re d i n  a c c o rda n c e  w i th  A S T M  C 1 3 7 1 ,  th e  C I  re qu i re me n t i s  p e rm i tte d to  b e  re du c e d b y  R - 1 . 6  C I .  W h e re  s u c h  a  s u rfa c e  

i s  i n s ta l l e d a n d th e  C I  re qu i re m e n t i s  R - 1 . 6  C I  o r l e s s ,  n o  C I  s h a l l  b e  re qu i re d.

N o te s :  Um a x  i s  m a x i m u m  a s s e m b l y  U-fa c to r;  R m i n  i s  m i n i m u m  i n s u l a ti o n  R - v a l u e ;  N R i s  n o  i n s u l a ti o n  re qu i re m e n t;  a n d C I  i s  c o n ti n u o u s  i n s u l a ti o n .  U n i ts  fo r U- fa c to rs  a n d C- fa c to rs  a re  B tu / h · ft 2 · ° F.  U n i ts  fo r R - v a l u e s  a re  h · ft 2 · ° F /B tu .  U n i ts  

fo r F- fa c to rs  a re  B tu /h · ft· ° F.
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1 2  T H E R M A L  P R O P E R T I E S  O F  C O N C R E TE  A N D  M AS O N RY  F O R  U S E  I N  D E TE R M I N I N G  E N E R G Y C O D E  C O M P L I A N C E

CODE COMMENTARY

de c o u p l i n g  t h e  m as s  fro m  t h e  c o n di t i o n e d s p a c e .  W h e re  

b e n e f t s  of i n s u l a t i o n  p l a c e m e n t  a re  s i g n i f c a n t ,  t h e y  m ay  b e  

s e e n  w h e n  u s i n g  a n  e n v e l o p e  tra de of an a l y s i s  a c c o rdi n g  t o  

C h a p te r 6  o r t h e  p e rfo rm a n c e  p a t h  i n  C h a p t e r 7 .

( b )  Ma x i m u m  U - fa c to r,  C - fa c to r,  o r F - fa c to r re q u i re -

m e n ts —C u rre n tl y,  th e  m as s  w a l l  a n d b e l o w - g ra de  i n s u l a ti o n  

re qu i re m e n t s  i n  th i s  C o de  are  fo r c o n ti n u o u s  i n s u l a ti o n  a s  

i n  A S H RA E  9 0 . 1  a n d th e  I E C C .  W h e n  u s i n g  i n s u l a t i o n  t h a t 

i s  b e tw e e n  fra m i n g  o r fu rri n g ,  U- fa c to r ( a b o v e - g ra de )  o r 

C- fa c to r ( b e l o w - g ra de )  c o m p l i a n c e  i s  re qu i re d.

W h e n  u s i n g  t h e  m i n i m u m  U- fac t o r o r C- fa c t o r m e t h o d 

fo r c o m p l i a n c e ,  t h e s e  fa c t o rs  i n c l u de  a l l  o f t h e  c o m p o n e n t s  

o f th e  a s s e m b l y,  i n c l u di n g  th e  i n s u l a ti o n  a n d t h e  c o n c re t e ,  

m a s o n ry,  o r m as o n ry  v e n e e r.  I n  a ddi ti o n ,  U- fac t o rs  i n c l u de  

th e rm a l  re s i s t a n c e s  of t h e  i n s i de  a n d o u t s i de  a i r f l m s .  

C- fa c to rs  i n c l u de  th e rm a l  t ran s m i t t an c e s  b u t n o t  e a rt h  o r 

ai r f l m s .  F-fa c t o rs  fo r s l a b - o n - g ro u n d fo o rs  a re  b as e d o n  

an  R - v al u e  o f i n s u l a ti o n  an d de p th  o f i n s u l a t i o n ,  a n d are  

p ro v i de d i n  A S H RA E  9 0 . 1 - 2 0 1 9 ,  A p p e n di x  A .

A re a  w e i g h t e d a v e ra g e s  o f U- fa c to rs ,  C- fa c to rs ,  a n d 

F- fa c t o rs  fo r e a c h  t y p e  o f b u i l di n g  e n v e l o p e  as s e m b l y  a re  

al l o w e d fo r c o m p l i a n c e .  F o r e x a m p l e ,  i f o n e  m a s s  w a l l  m e e t s  

th e  re qu i re m e n t i n  Ta b l e s  8 . 1 a  t h ro u g h  8 . 1 e ,  b u t  a n o t h e r o n e  

do e s  n o t ,  t h e  are a  w e i g h t e d U- fa c t o r o f t h e  tw o  w a l l s  c a n  b e  

u s e d fo r c o m p l i a n c e .  T h e  fo l l o w i n g  e qu a ti o n  c a n  b e  u s e d

 

1 1 2 2 3 3

1 2 3
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w h e re  UA de s  i s  th e  de s i g n  are a - w e i g h t e d av e ra g e  U- fa c t o r 

fo r t h e  b u i l di n g  o r w a l l  a s s e m b l i e s  u n de r c o n s i de rat i o n  

( B t u /h · ft2 · ° F ) ;  a w a llX i s  a re a  o f t h e  w a l l  a s s e m b l y  a t tri b u te d 

t o  Uw a llX ( ft 2 ) ;  a n d Uw a llX i s  t h e  U- fa c t o r o f t h e  p o rt i o n  o f t h e  

w a l l  a s s e m b l y  a t tri b u te d t o  a w a llX ( B tu /h · ft2 · ° F ) .

I f t h e  a re a- w e i g h te d U- fa c to r m e e ts  th e  re qu i re m e n t i n  

Tab l e s  8 . 1 a  th ro u g h  8 . 1 e ,  t h e n  a l l  th e  w a l l s  i n c l u de d i n  th e  

a re a- w e i g h te d U- fac t o r c o m p l y.

Re fe r t o  8 . 1  fo r R - v a l u e s ,  U- fa c to rs ,  an d C- fa c to rs  fo r 

c o n c re t e  an d m a s o n ry  s y s t e m s ,  a s  w e l l  as  a c c e p t a b l e  te s t 

m e th o ds  a n d c a l c u l at i o n  m e t h o ds .

( c )  B u i ldi n g e n ve lo p e  a s s e m b li e s  o f s e m i - h e a te d s p a c e s —

A S H RA E  9 0 . 1  h a s  s e p a ra t e  i n s u l at i o n  re qu i re m e n ts  fo r 

b u i l di n g  e n v e l o p e  c o m p o n e n ts  t h a t are  p a rt  o f s e m i - h e at e d 

s p a c e s .  T h e  de f n i t i o n  of a  s e m i - h e a te d s p ac e  w a s  o ri g i n a l l y  

m e a n t t o  b e  fo r a  w a re h o u s e  h e a t e d t o  a p p ro x i m at e l y  5 0 ° F.  

H o w e v e r,  th e  t h re s h o l d fo r s e m i - h e a t e d s p ac e s  i s  i n  te rm s  o f 

h e a t  p ro v i de d p e r u n i t of fo o r a re a .  A s  m o re  b u i l di n g s  a re  

c o n s t ru c t e d th a t  u s e  v e ry  l i t tl e  e n e rg y,  i t  i s  c h a l l e n g i n g  to  

dife re n t i a t e  b e tw e e n  a  l o w - e n e rg y - u s e  b u i l di n g  a n d a m i n i -

m a l l y  h e at e d w a re h o u s e .  T h e re fo re ,  n o t m a n y  w a re h o u s e s  

o r s i m i l ar b u i l di n g s  w i l l  m e e t th e  de f n i t i o n of a  s e m i - h e a t e d 

s p a c e .  B u i l di n g  e n v e l o p e  i n s u l a t i o n  re qu i re m e n t s  fo r s e m i -

h e a t e d s p a c e s  a re  g e n e ra l l y  l e s s  th a n  th o s e  i n  Ta b l e s  8 . 1 a 

t h ro u g h  8 . 1 e .  T h e  I E C C  do e s  n o t  h a v e  s e p a ra t e  re qu i re m e n t s  

fo r s e m i - h e a te d s p a c e s .
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TH E R M A L  P R O P E R TI E S  O F  C O N C R E TE  A N D  M AS O N RY  F O R  U S E  I N  D E TE R M I N I N G  E N E R G Y C O D E  C O M P L I A N C E  1 3

CODE COMMENTARY

A S H RA E  9 0 . 1  a n d t h e  I E C C  de f n e  l o w - e n e rg y - u s e  

b u i l di n g s  o r e qu i p m e n t  b u i l di n g s  t h a t do  n o t n e e d t o  c o m p l y  

w i th  b u i l di n g  e n v e l o p e  i n s u l a ti o n  re qu i re m e n ts .  T h e  I E C C  

a l s o  e x e m p t s  g re e n h o u s e s .  T h e re  a re  s p e c i a l  c a s e s  s u c h  a s  

s m a l l  u t i l i ty  b u i l di n g s  t h at ,  fo r e x a m p l e ,  m i g h t o n l y  h a v e  a  

l i g h t a n d a  fa n .

R 5 . 2 —O t h e r  a s s e m b l i e s

Wo o d-  o r s t e e l - fram e  w a l l s  w i th  m a s o n ry  v e n e e r t h a t do  

n o t m e e t  t h e  re qu i re m e n t s  fo r m a s o n ry  v e n e e r i n  Ta b l e s  8 . 1 a  

t h ro u g h  8 . 1 e  s h o u l d m e e t t h e  re qu i re m e n ts  o f th e  I E C C  o r 

o t h e r e n e rg y  c o de  a do p t e d b y  th e  a u th o ri t y  h a v i n g  j u ri s di c -

t i o n  fo r w o o d-  o r s t e e l - fra m e  w a l l s ,  re s p e c t i v e l y.  C o n c re t e  

fo o rs  a b o v e  u n c o n di t i o n e d s p a c e  t h a t do  n o t  m e e t th e  re qu i re -

m e n t s  fo r a  m a s s  fo o r m u s t m e e t th e  o t h e r fo o r re qu i re -

m e n t s  o f A S H RA E  9 0 . 1 ,  I E C C ,  o r o t h e r a p p l i c a b l e  c o de s .

5 . 2 —O t h e r  a s s e m b l i e s

B u i l di n g  e n v e l o p e  a s s e m b l i e s  n o t  l i s t e d i n  Ta b l e s  8 . 1 a  

t h ro u g h  8 . 1 e ,  i n c l u di n g  a b o v e - g rade  w a l l s  t h a t a re  n o t  m a s s  

w a l l s  o r m a s o n ry  v e n e e r w al l s  an d fo o rs  a b o v e  u n c o n di -

t i o n e d s p ac e  t h a t a re  n o t m a s s  fo o rs ,  s h a l l  c o m p l y  w i t h  t h e  

e n e rg y  c o de  ado p t e d b y  th e  a u t h o ri ty  h a v i n g  j u ri s di c ti o n .
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CODE COMMENTARY

C H A P T E R  6 —B U I L D I N G  E N V E LO P E  T R A D E -

O F F   M E T H O D

6 . 1 —B u i l d i n g  e n ve l o p e  t ra d e - o ff  m e t h o d

B u i l di n g  e n v e l o p e  tra de of m e th o d s h a l l  c o m p l y  w i t h  t h e  

a p p l i c a b l e  e n e rg y  efc i e n c y  c o de  o r s ta n da rd.  T h i s  C o de  

do e s  n o t  a l l o w,  an d do e s  n o t  p re s c ri b e ,  l i m i ts  o n  th e  a m o u n t 

o f e n e rg y  l o s s  t h a t i s  a l l o c a te d t o  t h e  b u i l di n g  e n v e l o p e  i n  

b u i l di n g  e n v e l o p e  t ra de - of m e th o ds .

W h e n  u s i n g  th e  b u i l di n g  e n v e l o p e  tra de - of m e t h o d,  t h e  

fo l l o w i n g  b u i l di n g  e n v e l o p e  as s e m b l i e s  s h a l l  b e  u s e d t o  

de t e rm i n e  b as e l i n e  e n e rg y  s a v i n g s  fo r t h e  p ro p o s e d b u i l di n g .

( a)   T h e  ap p l i c a b l e  re qu i re m e n t s  fo r c o n c re t e  a n d m a s o n ry  

a s s e m b l i e s  fro m  5 . 1  o f th i s  C o de  s h al l  b e  u s e d.

( b )   T h e  a p p l i c a b l e  re qu i re m e n t s  fo r th e  b a s e  e n e rg y  c o de  

i n  t h e  j u ri s di c ti o n  s h a l l  b e  u s e d fo r b u i l di n g  e n v e l o p e  

a s s e m b l i e s  th a t  are  n o t c o n c re t e  a n d m a s o n ry.

W h e n  u s i n g  c o m p u t e r s o ft w a re  a s  p a rt  o f th e  b u i l di n g  

e n v e l o p e  tra de - of m e th o d,  w h e re  t h e  b a s e l i n e  e n e rg y  

s a v i n g s  o n  t h e  c o m p u te r s o ftw a re  re p o rt s t at e s ,  “ E n v e l o p e  

PA S S E S :  D e s i g n  0 . 0 %  b e tt e r t h a n  c o de ”  o r s i m i l ar s ta t e m e n t  

i n di c a t i n g  p a s s i n g ,  th e  b u i l di n g  e n v e l o p e  tra de - of m e t h o d 

p ro v i de s  a c c u ra te  re s u l t s  fo r t h e  p ro j e c t.  W h e re  th e  b as e -

l i n e  e n e rg y  s av i n g s  o n  th e  c o m p u te r s o ftw are  re p o rt  s t at e s ,  

“ E nv e l o p e  FA I L S :  D e s i g n  x x %  w o rs e  th a n  c o de , ”  o r s i m i l a r 

s t a te m e n t ,  th e  “ x x % ”  i s  th e  b a s e l i n e  fo r t h e  p ro j e c t  a n d m o re  

e n e rg y  s a v i n g s  th a n  th i s  b a s e l i n e  n e e d to  b e  de m o n s t ra t e d 

fo r th e  p ro j e c t.

F o r b u i l di n g  e n v e l o p e  c o m p l i a n c e ,  e i th e r t h e  a s s e m b l y  

U- fac to rs  o r C- fa c to rs  i n  a v ai l ab l e  i n  th e  b u i l di n g  e n v e -

l o p e  t ra de - of m e th o d c o m p u t e r s oftw are  o r th o s e  de t e r-

m i ne d u s i n g  8 . 1  o f th i s  C o de  s h a l l  b e  u s e d fo r th e  p ro p o s e d 

b u i l di n g .

R 6 —B U I L D I N G  E N V E LO P E  T R A D E -  

O F F   M E T H O D

R 6 . 1 —B u i l d i n g  e n ve l o p e  t ra d e - o ff  m e t h o d

C O M c h e c k,  s u p p o rt e d b y  th e  D e p a rt m e n t  o f E n e rg y,  i s  a  

c o m m o n l y  u s e d p ro g ram  u s e d to  m e e t  t h e  b u i l di n g  e n v e l o p e  

re qu i re m e n t s  o f A S H RA E  9 0 . 1  o r th e  I E C C ,  e v e n  t h o u g h  

i t i s  n o t  m e n ti o n e d i n  e i th e r.  I t i s  o fte n  u s e d w h e n  o n e  o r 

m o re  p re s c ri p ti v e  e n v e l o p e  m e a s u re s  c a n n o t  b e  m e t .  T h o s e  

e n v e l o p e - re l a te d e n e rg y  l o s s e s  as s o c i a t e d w i th  n o n c o m -

p l i a n t  s y s t e m s  c a n  o ft e n  b e  m a de  u p  b y  i n s u l a ti n g  an o t h e r 

c o m p o n e n t  b e y o n d th e  p re s c ri p ti v e  re qu i re m e n ts  o r b y  u s i n g  

m o re  efc i e n t fe n e s t ra t i o n .

T h i s  C o de  do e s  n o t  p ro v i de  l i m i ts  o n  t h e  a m o u n t  o f e n e rg y  

l o s s  th a t  i s  a l l o c at e d t o  th e  b u i l di n g  e n v e l o p e  i n  b u i l di n g  

e n v e l o p e  t ra de of m e t h o ds ,  s u c h  a s  t h o s e  th a t  m a y  o c c u r i n  

fu tu re  v e rs i o n s  o f A S H RA E  9 0 . 1  o r th e  I E C C .

C O M c h e c k a l l o w s  t h e  s e l e c t i o n  o f t h e  a p p l i c a b l e  e di t i o n  

o f th e  I E C C ,  A S H RA E  9 0 . 1 ,  a n d o th e r U . S . - b a s e d e n e rg y  

c o de s .  M a n y  s t at e s  a n d l o c al  j u ri s di c t i o n s  m o di fy  t h e  b a s e  

e n e rg y  efc i e n c y  re qu i re m e n ts  of t h e  m o de l  e n e rg y  c o de .  

M a n y  of th e s e  m o di f c a ti o n s  are  c a p tu re d b y  C O M C h e c k 

w h e n  s e l e c t i n g  a l o c at i o n - s p e c i f c  e n e rg y  c o de  w i t h i n  th e  

s o ftw are .  C O M C h e c k i s  w i de l y  u s e d fo r c o m p l i a n c e  fo r 

c o n c re t e  a n d m as o n ry  b e c a u s e  o f t h e  t h o u s an ds  o f p o s s i b l e  

c o n f g u ra ti o n s  of c o n c re t e ,  m a s o n ry,  a n d i n s u l a ti o n .

T h i s  s e c t i o n  p ro v i de s  th e  m e t h o do l o g y  fo r a dj u s t i n g  

C O M c h e c k fo r t h i s  C o de .  T h e  b as e l i n e  e n e rg y  u s e  fo r t h e  

b u i l di n g  e n v e l o p e  fo r t h i s  C o de  fo r t h e  a p p l i c a b l e  b u i l di n g  

p ro j e c t  n e e ds  t o  b e  de t e rm i n e d.  T h i s  i s  de t e rm i n e d b y  i n p u t-

t i n g  a l l  b u i l di n g  a s s e m b l i e s  a n d t h e i r are a s  fo r th e  b u i l di n g  

p ro j e c t  i n to  C O M c h e c k.  F o r c o n c re t e  a n d m a s o n ry  a s s e m -

b l i e s ,  t h e  a p p l i c a b l e  i n s u l a t i o n  re qu i re m e n t s  fro m  5 . 1  o f 

t h i s  C o de  a re  i n p u t .  F o r b u i l di n g  e n v e l o p e  a s s e m b l i e s  n o t 

c o v e re d b y  5 . 1  o f th i s  C o de ,  s u c h  as  ro o f i n s u l a t i o n ,  t h e  

a p p l i c a b l e  i n s u l a ti o n  re qu i re m e n t s  fro m  t h e  a p p l i c a b l e  b a s e  

e n e rg y  c o de  a re  i n p u t .  T h e  b a s e l i n e  e n e rg y  i s  de t e rm i n e d 

b y  th e  C O M c h e c k b u i l di n g  e n v e l o p e  re s u l t s .  I f th e  b u i l di n g  

e n v e l o p e  p a s s e s ,  t h e n  C O M c h e c k c a n  b e  u s e d w i t h o u t  m o di -

f c a t i o n .  If t h e  b u i l di n g  e n v e l o p e  fa i l s ,  th e n  t h e  p e rc e n t a g e  

t h a t t h e  e n v e l o p e  fa i l s  b y  i s  u s e d a s  th e  b a s e l i n e  e n e rg y  fo r 

t h i s  C o de .  F o r e x a m p l e ,  i f t h e  C O M c h e c k i n di c a t e s  th a t  t h e  

b u i l di n g  e n v e l o p e  fa i l s  b y  1 0 % ,  th e n  w h e n  th e  a c t u al  i n s u l a -

t i o n  fo r t h e  b u i l di n g  a s s e m b l i e s  fo r th e  b u i l di n g  p ro j e c t  a re  

i n p u t,  th e  b u i l di n g  s h o u l d p a s s  C O M c h e c k o r s h o u l d fai l  b y  

n o t  m o re  th a n  1 0 % .

Re fe r to  8 . 1  fo r R- v a l u e s ,  U- fa c to rs ,  a n d C- fa c to rs  fo r 

c o n c re t e  an d m a s o n ry  s y s te m s  a s  w e l l  a s  ac c e p ta b l e  t e s t 

m e th o ds  an d c a l c u l a t i o n  m e t h o ds .  C O M c h e c k a l s o  h as  p u l l -

do w n  m e n u s  t h at  p ro v i de  U- fac t o rs ,  C- fa c t o rs ,  a n d F- fac t o rs  

fo r m a n y  c o n c re te  a n d m as o n ry  s y s t e m s .
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CODE COMMENTARY

C H A P T E R  7 —W H O L E - B U I L D I N G  S I M U L AT I O N  

M E T H O D

7. 1 —W h o l e -  b u i l d i n g  s i m u l a t i o n  m o d e l

T h e  w h o l e - b u i l di n g  s i m u l a t i o n  c o m p l i a n c e  m e th o d s h al l  

b e  c o n du c t e d i n  c o m p l i an c e  w i t h  th e  a p p l i c a b l e  e n e rg y  ef-

c i e n c y  c o de  o r s ta n da rd.  T h e  a m o u n t o f e n e rg y  l o s s  th a t  i s  

a l l o c a t e d to  t h e  b u i l di n g  e n v e l o p e  c o m p o n e n ts  i n  b u i l di n g  

e n v e l o p e  t rade of m e t h o ds  s h al l  n o t b e  l i m i t e d.

R 7 —W H O L E - B U I L D I N G  S I M U L AT I O N   

M E T H O D

R 7. 1 —W h o l e - b u i l d i n g  s i m u l a t i o n  m e t h o d

W h o l e - b u i l di n g  s i m u l a ti o n  m e th o ds  re qu i re  m o de l i n g  o f 

t h e  e n t i re  b u i l di n g ,  i n c l u di n g  th e  b u i l di n g  e n v e l o p e ,  al l  t h e  

H VA C  s y s t e m s ,  a n d a l l  of t h e  l i g h t i n g  s y s t e m s .  S p e c i f c  ru l e s  

s h o u l d b e  fo l l o w e d.  W h o l e - b u i l di n g  s i m u l a ti o n  m e t h o ds  a re  

c o m p l i c at e d an d e x p e n s i v e  b u t  p ro v i de  a g re at  de a l  of fe x -

i b i l i ty  i n  th e  de s i g n  o f th e  b u i l di n g  e n v e l o p e .  F o r i n s t a n c e ,  

l e s s  i n s u l at i o n  c a n  b e  u s e d w h e n  th o s e  e n e rg y  l o s s e s  are  

m a de  u p  b y  m o re  efc i e n t m e c h an i c a l  s y s te m s .  W h o l e  

b u i l di n g  c o m p l i a n c e  m e t h o ds  a re ,  fo r e x a m p l e ,  de t ai l e d 

i n  C h a p t e r 1 1  o r A p p e n di x  G  i n  A S H RA E  9 0 . 1 - 2 0 1 9  o r 

S e c t i o n  4 0 7  i n  th e  2 0 2 1  I E C C .  T h e  w h o l e - b u i l di n g  s i m u l a -

t i o n  c o m p l i an c e  m e th o d s h o u l d b e  c o n du c t e d i n  c o m p l i a n c e  

w i t h  t h e  a p p l i c a b l e  e n e rg y  efc i e n c y  c o de  o r s ta n da rd.

T h i s  C o de  do e s  n o t a l l o w,  a n d do e s  n o t p re s c ri b e ,  l i m i t s  o n  

t h e  a m o u n t o f e n e rg y  l o s s  a l l o c a te d t o  t h e  b u i l di n g  e n v e l o p e  

i n  th e  w h o l e - b u i l di n g  s i m u l a t i o n  m e th o ds ,  s u c h  a s  th o s e  th a t  

m a y  o c c u r i n  fu t u re  v e rs i o n s  o f A S H RA E  9 0 . 1  o r th e  I E C C .  

T h e  l a n g u a g e  h e re  g i v e s  a rc h i t e c t s  an d de s i g n e rs  fe x i b i l i t y  

w h e n  m e e ti n g  re qu i re m e n ts .

W h e n  u s i n g  w h o l e - b u i l di n g  s i m u l a ti o n  p ro g ra m s  s u c h  a s  

D O E 2 - b a s e d p ro g ra m s  o r E n e rg y P l u s ,  i t  i s  i m p o rta n t  to  e n te r 

a c c u ra t e  t h e rm al  c o n du c t i v i ty,  s p e c i f c  h e a t ,  a n d de n s i ty  of 

t h e  b u i l di n g  e n v e l o p e  m a t e ri a l s  fo r t h e  th e rm a l  m a s s  efe c t s  

t o  b e  p ro p e rl y  c o n s i de re d.  I f o n l y  t h e  R- v a l u e  o f th e  b u i l di n g  

e n v e l o p e  c o m p o n e n ts  a re  e n te re d,  th e n  t h e  a n al y s i s  w i l l  b e  a  

s t e ady - s ta t e  an a l y s i s .

Re fe r t o  8 . 1  fo r R- v a l u e s ,  U- fa c to rs ,  a n d C- fa c to rs  fo r 

c o n c re t e  a n d m a s o n ry  s y s t e m s  a s  w e l l  a s  a c c e p t ab l e  te s t 

m e th o ds  a n d c a l c u l a ti o n  m e t h o ds .  F- fa c to rs  fo r s l ab - o n -

g ro u n d fo o rs  a re  b a s e d o n  th e  R- v a l u e  o f i n s u l at i o n  a n d 

de p t h  o f i n s u l a t i o n  a n d are  p ro v i de d i n  A S H RA E  9 0 . 1 - 2 0 1 9  

A p p e n di x  A .  Re fe r t o  8 . 2  fo r th e rm a l  c o n du c t i v i t y  a n d 8 . 3  

fo r s p e c i f c  h e a t  v a l u e s  th a t  a re  n e e de d fo r s i m u l a t i o n s .

T h i s  p a th  h a s  n o t  b e e n  m o di f e d t o  c o n s i de r a n y  dife r-

e n c e s  i n  p re s c ri p t i v e  i n s u l a ti o n  re qu i re m e n t s  i n  t h i s  C o de  

a n d t h e  b a s e  e n e rg y  c o de .  P e rfo rm a n c e  p a th s ,  i n c l u di n g  

A S H RA E  9 0 . 1 - 2 0 1 9  A p p e n di x  G ,  a re  o ft e n  n o t  a  o n e - t o -

o n e  m a p p i n g  o f e n e rg y  s av i n g s  o f th e  p re s c ri p ti v e  p a t h  

t o  e n e rg y  s a v i n g s  o f t h e  p e rfo rm an c e  p at h .  A l s o ,  s m a l l  

c h a n g e s  i n  i n s u l a ti o n  w i l l  n o t l i ke l y  h av e  a l a rg e  efe c t o n  

t h e  e n e rg y  p e rfo rm a n c e  o f a n  e n t i re  b u i l di n g .  I n  w a rm  a n d 

m i l d c l i m a t e s ,  s m a l l  c h a n g e s  i n  t h e  a m o u n t o f i n s u l at i o n  a re  

l i ke l y  n e g l i g i b l e .
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CODE COMMENTARY

C H A P T E R  8 —T H E R M A L  P R O P E R T I E S  F O R  

D E T E R M I N I N G  C O M P L I A N C E

T h e  p ro p e rti e s  fo r de t e rm i n i n g  e n e rg y  c o de  c o m p l i a n c e  

s h a l l  b e  de t e rm i n e d a c c o rdi n g  to  t h i s  s e c ti o n .

8 . 1 —U- f a c t o r s ,  C- f a c t o r s ,  a n d  R- va l u e s  o f  

a s s e m b l i e s

T h e  t h e rm a l  t ra n s m i t ta n c e  (U- fa c t o r)  o r t h e rm al  c o n du c -

ta n c e  (C- fa c to r)  o f t h e  c o n c re t e  o r m as o n ry  a s s e m b l y  u s e d 

fo r c o m p l i an c e  s h al l  b e  de te rm i n e d o r e s t ab l i s h e d u s i n g  o n e  

o f t h e  fo l l o w i n g :

( a )   T h e  a p p l i c ab l e  v a l u e s  l i s t e d i n  Ta b l e s  8 . 1 a  th ro u g h  

8 . 1 e  o r Ta b l e s  8 . 1 . 1 a  th ro u g h  8 . 1 . 1 v

( b )   A S T M  C 1 7 7 ,  A S T M  C 1 3 6 3 ,  o r a n o t h e r l ab o ra to ry  te s t  

p ro v i de d t h e  te s t i s  c a l i b rat e d fo r a  t h e rm a l  t ra n s m i t -

ta n c e  t h a t i s  s i m i l ar to  t h a t o f t h e  c o n c re te  o r m as o n ry  

a s s e m b l y

( c )   A p u b l i s h e d v a l u e  fro m  a  g u i de ,  s ta n da rd,  h a n d-

b o o k,  s p e c i f c a t i o n ,  g o v e rn m e n t  p u b l i c at i o n ,  o r p e e r-

re v i e w e d p u b l i c at i o n

( d)  A c a l c u l at i o n  m e t h o d as  de s c ri b e d i n  8 . 1 . 5

R 8 —T H E R M A L  P R O P E R T I E S  F O R   

D E T E R M I N I N G  C O M P L I A N C E

R 8 . 1 —U- f a c t o rs ,  C- f a c t o rs ,  a n d  R- va l u e s  o f  

a s s e m b l i e s

C h a p te r 8  p ro v i de s  p ro c e du re s  fo r de te rm i n i n g  t h e  

U- fa c to r o r C- fa c t o r o f t h e  e n ti re  a s s e m b l y  th a t  i s  u s e d fo r 

c o m p l i a n c e  w i t h  C h a p te r 5 .  A n  a s s e m b l y  c a n  b e  a s i m p l e  

s o l i d c o n c re t e  o r b ri c k w a l l ,  o r m ay  c o n ta i n  o t h e r m a t e ri a l s  

i n c l u di n g  i n s u l a ti o n ,  fra m i n g ,  s h e a t h i n g ,  w al l  t i e s  a n d l o a d-

b e a ri n g  o r v e n e e r,  m a s o n ry  u n i t s .

C h a p te r 5  i s  b a s e d o n  th e  a dde d R- v a l u e  o f th e  i n s u l at i o n ,  

o r t h e  U- fa c to r o r C- fa c t o r o f t h e  e n t i re  as s e m b l y  de te rm i n e d 

fro m  C h a p te r 8 .  I n  C h a p te r 5 ,  w h e n  u s i n g  t h e  R- v a l u e  p a t h ,  

o n l y  t h e  R- v a l u e  o f t h e  i n s u l at i o n  i s  c o n s i de re d.

A n  R- v a l u e  i s  a  s t e a dy - s ta t e  p ro p e rt y  a n d do e s  n o t  i n c l u de  

th e rm a l  m a s s  o r dy n am i c  efe c t s .  U- fa c t o rs ,  C- fa c t o rs ,  a n d 

F- fa c to rs  are  a l s o  s te a dy - s t a te  p ro p e rt i e s .

U- fa c to rs ,  C- fac t o rs ,  a n d F- fa c t o rs  i n c l u de  a l l  o f t h e  

c o m p o n e n ts  o f th e  as s e m b l y  i n c l u di n g  th e  i n s u l a t i o n  a n d t h e  

c o n c re te ,  m a s o n ry,  o r m a s o n ry  v e n e e r.  I n  a ddi ti o n ,  U- fa c to rs  

i n c l u de  t h e rm a l  re s i s ta n c e s  o f t h e  i n s i de  a n d o u t s i de  a i r 

f l m s .  C- fac t o rs  i n c l u de  o n l y  t h e rm al  t ra n s m i t ta n c e s  o f t h e  

c o m p o n e n ts  of t h e  a s s e m b l y  b u t  do  n o t  i n c l u de  th e  efe c t s  of 

e a rth  o r a i r f l m s .

T h e  to t al  R- v a l u e  o f th e  a s s e m b l y  i s  th e  i n v e rs e  o f t h e  

U- fa c to r o f t h e  a s s e m b l y.  T h e  t o ta l  R- v a l u e  o f t h e  a s s e m b l y  

w i th o u t  a i r f l m s  i s  t h e  i n v e rs e  of th e  C- fa c to r o f t h e  

as s e m b l y.  H o w e v e r,  t h e  R- v a l u e  o f th e  a s s e m b l y  i s  n o t  u s e d 

fo r c o m p l i a n c e .

Ta b l e  8 . 1 a —As s e m b l y  U- f a c t o r s ,  C- f a c t o r s ,  Ru,  Rc,  a n d  h e a t  c a p a c i t y  ( H C )  fo r  c o n c re t e

D e n s i t y,  l b /ft 3 P ro p e r t i e s

C o n c re t e  t h i c kn e s s ,  i n .

3 4 5 6 7 8 9 1 0 1 1 1 2

2 0

U- fa c to r 0 . 2 2 0 . 1 7 0 . 1 4 0 . 1 2 0 . 1 0 0 . 0 9 0 . 0 8 0 . 0 7 0 . 0 7 0 . 0 6

C- fa c t o r 0 . 2 7 0 . 2 0 0 . 1 6 0 . 1 3 0 . 1 1 0 . 1 0 0 . 0 9 0 . 0 8 0 . 0 7 0 . 0 7

Ru 4 . 6 0 5 . 8 5 7 . 1 0 8 . 3 5 9 . 6 0 1 0 . 8 5 1 2 . 1 0 1 3 . 3 5 1 4 . 6 0 1 5 . 8 5

Rc 3 . 7 5 5 . 0 0 6 . 2 5 7 . 5 0 8 . 7 5 1 0 . 0 0 1 1 . 2 5 1 2 . 5 0 1 3 . 7 5 1 5 . 0 0

H C 1 . 0 1 . 3 1 . 7 2 . 0 2 . 3 2 . 7 3 . 0 3 . 3 3 . 7 4 . 0

3 0

U- fa c t o r 0 . 2 8 0 . 2 2 0 . 1 9 0 . 1 6 0 . 1 4 0 . 1 2 0 . 1 1 0 . 1 0 0 . 0 9 0 . 0 9

C- fa c t o r 0 . 3 7 0 . 2 8 0 . 2 2 0 . 1 8 0 . 1 6 0 . 1 4 0 . 1 2 0 . 1 1 0 . 1 0 0 . 0 9

Ru 3 . 5 8 4 . 4 9 5 . 4 0 6 . 3 0 7 . 2 1 8 . 1 2 9 . 0 3 9 . 9 4 1 0 . 8 5 1 1 . 7 6

Rc 2 . 7 3 3 . 6 4 4 . 5 5 5 . 4 5 6 . 3 6 7 . 2 7 8 . 1 8 9 . 0 9 1 0 . 0 0 1 0 . 9 1

H C 1 . 5 2 . 0 2 . 5 3 . 0 3 . 5 4 . 0 4 . 5 5 . 0 5 . 5 6 . 0

4 0

U- fa c to r 0 . 3 3 0 . 2 7 0 . 2 3 0 . 1 9 0 . 1 7 0 . 1 5 0 . 1 4 0 . 1 3 0 . 1 1 0 . 1 1

C- fa c to r 0 . 4 7 0 . 3 5 0 . 2 8 0 . 2 3 0 . 2 0 0 . 1 8 0 . 1 6 0 . 1 4 0 . 1 3 0 . 1 2

Ru 2 . 9 9 3 . 7 1 4 . 4 2 5 . 1 4 5 . 8 5 6 . 5 6 7 . 2 8 7 . 9 9 8 . 7 1 9 . 4 2

Rc 2 . 1 4 2 . 8 6 3 . 5 7 4 . 2 9 5 . 0 0 5 . 7 1 6 . 4 3 7 . 1 4 7 . 8 6 8 . 5 7

H C 2 . 0 2 . 7 3 . 3 4 . 0 4 . 7 5 . 3 6 . 0 6 . 7 7 . 3 8 . 0
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CODE COMMENTARY

D e n s i t y,  l b /ft 3 P ro p e r t i e s

C o n c re t e  t h i c kn e s s ,  i n .

3 4 5 6 7 8 9 1 0 1 1 1 2

5 0

U- fa c to r 0 . 3 8 0 . 3 1 0 . 2 6 0 . 2 3 0 . 2 0 0 . 1 8 0 . 1 6 0 . 1 5 0 . 1 4 0 . 1 3

C- fa c t o r 0 . 5 7 0 . 4 3 0 . 3 4 0 . 2 8 0 . 2 4 0 . 2 1 0 . 1 9 0 . 1 7 0 . 1 5 0 . 1 4

Ru 2 . 6 1 3 . 2 0 3 . 7 9 4 . 3 8 4 . 9 7 5 . 5 6 6 . 1 4 6 . 7 3 7 . 3 2 7 . 9 1

Rc 1 . 7 6 2 . 3 5 2 . 9 4 3 . 5 3 4 . 1 2 4 . 7 1 5 . 2 9 5 . 8 8 6 . 4 7 7 . 0 6

H C 2 . 5 3 . 3 4 . 2 5 . 0 5 . 8 6 . 7 7 . 5 8 . 3 9 . 2 1 0 . 0

8 5

U- fa c to r 0 . 6 5 0 . 5 6 0 . 5 0 0 . 4 4 0 . 4 0 0 . 3 7 0 . 3 4 0 . 3 1 0 . 2 9 0 . 2 7

C- fa c to r 1 . 4 3 1 . 0 8 0 . 8 6 0 . 7 1 0 . 6 1 0 . 5 4 0 . 4 8 0 . 4 3 0 . 3 9 0 . 3 6

Ru 1 . 5 5 1 . 7 8 2 . 0 1 2 . 2 5 2 . 4 8 2 . 7 1 2 . 9 4 3 . 1 8 3 . 4 1 3 . 6 4

Rc 0 . 7 0 0 . 9 3 1 . 1 6 1 . 4 0 1 . 6 3 1 . 8 6 2 . 0 9 2 . 3 3 2 . 5 6 2 . 7 9

H C 4 . 3 5 . 7 7 . 1 8 . 5 9 . 9 1 1 . 3 1 2 . 8 1 4 . 2 1 5 . 6 1 7 . 0

9 5

U- fa c to r 0 . 7 2 0 . 6 4 0 . 5 7 0 . 5 2 0 . 4 8 0 . 4 4 0 . 4 1 0 . 3 8 0 . 3 6 0 . 3 3

C- fa c to r 1 . 8 5 1 . 4 1 1 . 1 2 0 . 9 3 0 . 8 0 0 . 7 0 0 . 6 2 0 . 5 6 0 . 5 1 0 . 4 7

Ru 1 . 3 9 1 . 5 6 1 . 7 4 1 . 9 2 2 . 1 0 2 . 2 8 2 . 4 6 2 . 6 4 2 . 8 1 2 . 9 9

Rc 0 . 5 4 0 . 7 1 0 . 8 9 1 . 0 7 1 . 2 5 1 . 4 3 1 . 6 1 1 . 7 9 1 . 9 6 2 . 1 4

H C 4 . 8 6 . 3 7 . 9 9 . 5 1 1 . 1 1 2 . 7 1 4 . 3 1 5 . 8 1 7 . 4 1 9 . 0

1 0 5

U- fa c to r 0 . 7 9 0 . 7 1 0 . 6 5 0 . 5 9 0 . 5 4 0 . 5 1 0 . 4 7 0 . 4 4 0 . 4 2 0 . 3 9

C- fa c to r 2 . 3 8 1 . 7 9 1 . 4 3 1 . 1 8 1 . 0 1 0 . 8 8 0 . 7 9 0 . 7 1 0 . 6 5 0 . 5 9

Ru 1 . 2 7 1 . 4 1 1 . 5 6 1 . 7 0 1 . 8 4 1 . 9 8 2 . 1 2 2 . 2 6 2 . 4 0 2 . 5 4

Rc 0 . 4 2 0 . 5 6 0 . 7 0 0 . 8 5 0 . 9 9 1 . 1 3 1 . 2 7 1 . 4 1 1 . 5 5 1 . 6 9

H C 5 . 3 7 . 0 8 . 8 1 0 . 5 1 2 . 3 1 4 . 0 1 5 . 8 1 7 . 5 1 9 . 3 2 1 . 0

1 1 5

U- fa c to r 0 . 8 4 0 . 7 7 0 . 7 0 0 . 6 5 0 . 6 1 0 . 5 7 0 . 5 3 0 . 5 0 0 . 4 8 0 . 4 5

C- fa c to r 2 . 9 4 2 . 2 2 1 . 7 5 1 . 4 7 1 . 2 5 1 . 1 0 0 . 9 8 0 . 8 8 0 . 8 0 0 . 7 4

Ru 1 . 1 9 1 . 3 0 1 . 4 2 1 . 5 3 1 . 6 5 1 . 7 6 1 . 8 7 1 . 9 9 2 . 1 0 2 . 2 1

Rc 0 . 3 4 0 . 4 5 0 . 5 7 0 . 6 8 0 . 8 0 0 . 9 1 1 . 0 2 1 . 1 4 1 . 2 5 1 . 3 6

H C 5 . 8 7 . 7 9 . 6 1 1 . 5 1 3 . 4 1 5 . 3 1 7 . 3 1 9 . 2 2 1 . 1 2 3 . 0

1 2 5

U- fa c to r 0 . 8 8 0 . 8 2 0 . 7 6 0 . 7 1 0 . 6 7 0 . 6 3 0 . 6 0 0 . 5 6 0 . 5 3 0 . 5 1

C- fa c to r 3 . 5 7 2 . 7 0 2 . 1 7 1 . 7 9 1 . 5 4 1 . 3 5 1 . 2 0 1 . 0 3 0 . 9 8 0 . 9 0

Ru 1 . 1 3 1 . 2 2 1 . 3 1 1 . 4 1 1 . 5 0 1 . 5 9 1 . 6 8 1 . 7 8 1 . 8 7 1 . 9 6

Rc 0 . 2 8 0 . 3 7 0 . 4 6 0 . 5 6 0 . 6 5 0 . 7 4 0 . 8 3 0 . 9 3 1 . 0 2 1 . 1 1

H C 6 . 3 8 . 3 1 0 . 4 1 2 . 5 1 4 . 6 1 6 . 7 1 8 . 8 2 0 . 8 2 2 . 9 2 5 . 0

1 3 5

U- fa c to r 0 . 9 3 0 . 8 7 0 . 8 2 0 . 7 7 0 . 7 3 0 . 6 9 0 . 6 6 0 . 6 3 0 . 6 0 0 . 5 7

C- fa c to r 4 . 5 5 3 . 3 3 2 . 7 0 2 . 2 2 1 . 9 2 1 . 6 7 1 . 4 9 1 . 3 3 1 . 2 2 1 . 1 1

Ru 1 . 0 7 1 . 1 5 1 . 2 2 1 . 3 0 1 . 3 7 1 . 4 5 1 . 5 2 1 . 6 0 1 . 6 7 1 . 7 5

Rc 0 . 2 2 0 . 3 0 0 . 3 7 0 . 4 5 0 . 5 2 0 . 6 0 0 . 6 7 0 . 7 5 0 . 8 2 0 . 9 0

H C 6 . 8 9 . 0 1 1 . 3 1 3 . 5 1 5 . 8 1 8 . 0 2 0 . 3 2 2 . 5 2 4 . 8 2 7 . 0

1 4 4

U- fa c to r 0 . 9 6 0 . 9 1 0 . 8 6 0 . 8 1 0 . 7 8 0 . 7 4 0 . 7 1 0 . 6 8 0 . 6 5 0 . 6 3

C- fa c to r 5 . 2 6 4 . 0 0 3 . 2 3 2 . 6 3 2 . 2 7 2 . 0 0 1 . 7 9 1 . 5 9 1 . 4 5 1 . 3 3

Ru 1 . 0 4 1 . 1 0 1 . 1 6 1 . 2 3 1 . 2 9 1 . 3 5 1 . 4 1 1 . 4 8 1 . 5 4 1 . 6 0

Rc 0 . 1 9 0 . 2 5 0 . 3 1 0 . 3 8 0 . 4 4 0 . 5 0 0 . 5 6 0 . 6 3 0 . 6 9 0 . 7 5

H C 7 . 2 9 . 6 1 2 . 0 1 4 . 4 1 6 . 8 1 9 . 2 2 1 . 6 2 4 . 0 2 6 . 4 2 8 . 8

N o te s :  T h e  U- fa c to rs  a n d Ru  i n c l u de  s ta n da rd a i r f l m  re s i s ta n c e s .  T h e  C- fa c to rs  a n d Rc  a re  fo r th e  s a m e  a s s e m b l y  w i th o u t a i r f l m  re s i s ta n c e .

Ta b l e  8 . 1 a ,  c o n t . —As s e m b l y  U- f a c t o r s ,  C- f a c t o r s ,  Ru,  Rc,  a n d  h e a t  c a p a c i t y  ( H C )  fo r  c o n c re t e
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CODE COMMENTARY

Ta b l e  8 . 1 b —As s e m b l y  U- f a c t o r s  fo r  a b o ve - g ra d e  

n o r m a l we i g h t  c o n c re t e  wa l l s

F r a m i n g  t y p e  

a n d  d e p t h

Ra t e d  R-v a l u e  o f 

i n s u l a t i o n  a l o n e

As s emb ly U-facto rs  8  in.  no rmal-

weight 1 4 5  lb /ft3  s o lid co n crete walls

Co n ti n u o u s  m e ta l fra m i n g a t 2 4  i n .  o n - c e n te r h o ri zo n ta lly

1 . 0  i n .

R- 0 U- 0 . 4 1 4

R- 3 . 8 U- 0 . 3 2 5

R- 5 U- 0 . 3 1 4

R- 6 . 5 U- 0 . 3 0 5

1 . 5  i n . R- 1 1 U- 0 . 2 6 7

2 . 0  i n .

R- 7 . 6 U- 0 . 2 3 0

R- 1 0 U- 0 . 2 1 9

R- 1 3 U- 0 . 2 1 0

3 . 0  i n .

R- 1 1 . 4 U- 0 . 1 7 8

R- 1 5 U- 0 . 1 6 8

R- 1 9 . 0 U- 0 . 1 6 1

3 . 5  i n .

R- 1 1 . 0 U- 0 . 1 6 8

R- 1 3 . 0 U- 0 . 1 6 1

R- 1 5 . 0 U- 0 . 1 5 5

4 . 5  i n .

R- 1 7 . 1 U- 0 . 1 3 3

R- 2 2 . 5 U- 0 . 1 2 4

R- 2 5 . 2 U- 0 . 1 2 2

5 . 0  i n .

R- 1 9 . 0 U- 0 . 1 2 2

R- 2 5 . 0 U- 0 . 1 1 5

R- 2 8 . 0 U- 0 . 1 1 2

R- 3 2 . 0 U- 0 . 1 0 9

5 . 5  i n .

R- 1 9 . 0 U- 0 . 1 1 8

R- 2 0 . 9 U- 0 . 1 1 4

R- 2 1 . 0 U- 0 . 1 1 3

R- 2 7 . 5 U- 0 . 1 0 6

R- 3 0 . 8 U- 0 . 1 0 4

6 . 0  i n .

R- 2 2 . 8 U- 0 . 1 0 6

R- 3 0 . 0 U- 0 . 0 9 9

R- 3 3 . 6 U- 0 . 0 9 6

6 . 5  i n . R- 2 4 . 7 U- 0 . 0 9 9

7 . 0  i n . R- 2 6 . 6 U- 0 . 0 9 3

7 . 5  i n . R- 2 8 . 5 U- 0 . 0 8 8

8 . 0  i n . R- 3 0 . 4 U- 0 . 0 8 3

Co n ti n u o u s  i n s u la ti o n  u n i n te rru p te d b y  fra m i n g

N o  fra m i n g R- 1 . 0 U- 0 . 4 2 5

N o  fra m i n g R- 2 . 0 U- 0 . 2 9 8

N o  fra m i n g R- 3 . 0 U- 0 . 2 3 0

N o  fra m i n g R- 4 . 0 U- 0 . 1 8 7

N o  fra m i n g R- 5 . 0 U- 0 . 1 5 7

N o  fra m i n g R- 6 . 0 U- 0 . 1 3 6

N o  fra m i n g R- 7 . 0 U- 0 . 1 2 0
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CODE COMMENTARY

F r a m i n g  t y p e  

a n d  d e p t h

Ra t e d  R-v a l u e  o f 

i n s u l a t i o n  a l o n e

As s emb ly U-facto rs  8  in.  no rmal-

weight 1 4 5  lb /ft3  s o lid co ncrete walls

Co n ti n u o u s  i n s u la ti o n  u n i n te rru p te d b y  fra m i n g

N o  fra m i n g R- 8 . 0 U- 0 . 1 0 7

N o  fra m i n g R- 9 . 0 U- 0 . 0 9 7

N o  fra m i n g R- 1 0 . 0 U- 0 . 0 8 8

N o  fra m i n g R- 1 1 . 0 U- 0 . 0 8 1

N o  fra m i n g R- 1 2 . 0 U- 0 . 0 7 5

N o  fra m i n g R- 1 3 . 0 U- 0 . 0 7 0

N o  fra m i n g R- 1 4 . 0 U- 0 . 0 6 5

N o  fra m i n g R- 1 5 . 0 U- 0 . 0 6 1

N o  fra m i n g R- 1 6 . 0 U- 0 . 0 5 8

N o  fra m i n g R- 1 7 . 0 U- 0 . 0 5 4

N o  fra m i n g R- 1 8 . 0 U- 0 . 0 5 2

N o  fra m i n g R- 1 9 . 0 U- 0 . 0 4 9

N o  fra m i n g R- 2 0 . 0 U- 0 . 0 4 7

N o  fra m i n g R- 2 1 . 0 U- 0 . 0 4 5

N o  fra m i n g R- 2 2 . 0 U- 0 . 0 4 3

N o  fra m i n g R- 2 3 . 0 U- 0 . 0 4 1

N o  fra m i n g R- 2 4 . 0 U- 0 . 0 3 9

N o  fra m i n g R- 2 5 . 0 U- 0 . 0 3 8

N o  fra m i n g R- 3 0 . 0 U- 0 . 0 3 2

N o  fra m i n g R- 3 5 . 0 U- 0 . 0 2 8

N o  fra m i n g R- 4 0 . 0 U- 0 . 0 2 4

N o  fra m i n g R- 4 5 . 0 U- 0 . 0 2 2

N o  fra m i n g R- 5 0 . 0 U- 0 . 0 1 9

N o  fra m i n g R- 5 5 . 0 U- 0 . 0 1 8

N o  fra m i n g R- 6 0 . 0 U- 0 . 0 1 6

B ri c k c a v i ty  w a ll w i th  c o n ti n u o u s  i n s u la ti o n

N o  fra m i n g R- 0 U- 0 . 3 3 7

N o  fra m i n g R- 3 . 8 U- 0 . 1 4 8

N o  fra m i n g R- 5 . 0 U- 0 . 1 2 5

N o  fra m i n g R- 6 . 5 U- 0 . 1 0 6

N o  fra m i n g R- 7 . 6 U- 0 . 0 9 5

N o  fra m i n g R- 1 0 U- 0 . 0 7 7

N o  fra m i n g R- 1 0 . 5 U- 0 . 0 7 9

N o  fra m i n g R- 1 1 . 4 U- 0 . 0 7 0

N o  fra m i n g R- 1 5 U- 0 . 0 5 6

N o  fra m i n g R- 1 6 . 5 U- 0 . 0 5 4

N o  fra m i n g R- 1 9 . 0 U- 0 . 0 4 6

N o  fra m i n g R- 2 2 . 5 U- 0 . 0 4 1

N o  fra m i n g R- 2 8 . 5 U- 0 . 0 3 3

Ta b l e  8 . 1 b ,  c o n t . —As s e m b l y  U- f a c t o r s  fo r  a b o ve -

g ra d e  n o r m a l we i g h t  c o n c re t e  wa l l s
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CODE COMMENTARY

F r a m i n g  t y p e  

a n d  d e p t h

Ra t e d  R-v a l u e  o f 

i n s u l a t i o n  a l o n e

A s s e m b l y  U-fa c t o r s  8  i n .  

n o r m a l w e i g h t  1 4 5  l b /ft 3  s o l i d  

c o n c re t e  w a l l s

Co n ti n u o u s  i n s u la ti o n  u n i n te rru p te d b y  fra m i n g w i th  s tu c c o  a n d 

c o n ti n u o u s  m e ta l fra m i n g a t 2 4  i n .  o n - c e n te r h o ri zo n ta lly

1 . 0  i n .

R- 0 +R- 1 9 . 0  C I U- 0 . 0 4 7

R- 3 . 8 +R- 1 9 . 0  C I U- 0 . 0 4 5

R- 5 +R- 1 9 . 0  C I U- 0 . 0 4 5

R- 6 . 5 +R- 1 9 . 0  C I U- 0 . 0 4 5

1 . 5  i n . R- 1 1 +R- 1 9 . 0  C I U- 0 . 0 4 4

2 . 0  i n .

R- 7 . 6 +R- 1 9 . 0  C I U- 0 . 0 4 3

R- 1 0 +R- 1 9 . 0  C I U- 0 . 0 4 2

R- 1 3 +R- 1 9 . 0  C I U- 0 . 0 4 2

3 . 0  i n .

R- 1 1 . 4 +R- 1 9 . 0  C I U- 0 . 0 4 1

R- 1 5 +R- 1 9 . 0  C I U- 0 . 0 4 0

R- 1 9 . 5 +R- 1 9 . 0  C I U- 0 . 0 4 0

3 . 5  i n .
R- 1 1 . 0 +R- 1 9 . 0  C I U- 0 . 0 4 0

R- 1 3 . 0 +R- 1 9 . 0  C I U- 0 . 0 4 0

5 . 0  i n .

R- 1 9 . 0 +R- 1 9 . 0  C I U- 0 . 0 3 7

R- 2 5 +R- 1 9 . 0  C I U- 0 . 0 3 6

R- 3 2 . 5 +R- 1 9 . 0  C I U- 0 . 0 3 5

5 . 5  i n .
R- 1 9 . 0 +R- 1 9 . 0  C I U- 0 . 0 3 6

R- 2 1 . 0 +R- 1 9 . 0  C I U- 0 . 0 3 5

Ta b l e  8 . 1 b ,  c o n t . —As s e m b l y  U- f a c t o r s  fo r  a b o ve -

g ra d e  n o r m a l we i g h t  c o n c re t e  wa l l s

Ta b l e  8 . 1 c —As s e m b l y  U- f a c t o r s  fo r  a b o ve - g ra d e  wa l l s  w i t h  n o m i n a l  4  i n .  c l a y  m a s o n r y  ve n e e r

B a c ki n g  

m a t e r i a l

S t u d  g a u g e  

t h i c kn e s s

S t u d  w i d t h  x  

d e p t h ,  i n .

S t u d  

s p a c i n g ,  i n . S h e a t h i n g

S t u d  c a v i t y  

i n s u l a t i o n

C o n t i n u o u s  

i n s u l a t i o n *

A i r s p a c e ,  

i n .

A s s e m b l y  

U-fa c t o r

C o l d- fo rm e d 

m e ta l  fra m e
1 8 1 - 1 / 2  x  6 1 6

5 / 8  i n .  t h i c k f b e rg l a s s -

fa c e d g y p s u m
R-2 1 N o n e 2 0 . 0 9 4

C o l d- fo rm e d 

m e ta l  fra m e
1 8 1 - 1 /2  x  6 1 6

5 / 8  i n .  t h i c k f b e rg l a s s -

fa c e d g y p s u m
R-2 1 R-1 0 3 0 . 0 4 8

C o l d- fo rm e d 

m e t a l  fra m e
1 8 1 - 1 /2  x  6 1 6

5 / 8  i n .  th i c k f b e rg l a s s -

fa c e d g y p s u m
N o n e R-1 0 3 0 . 0 8 5

Wo o d fra m e N A N o m .  2  x  4 1 6
7 /1 6  i n .  th i c k o ri e n te d 

s tra n d b o a rd
R-1 3 N o n e 1 0 . 0 6 8

* I n  a i r s p a c e .

N o te s :  N A i s  n o t a p p l i c a b l e ;  N o m .  =  n o m i n a l .

Ta b l e  8 . 1 d —U- f a c t o r  fo r  c l a y  m a s o n r y  ve n e e r  a n d  a i r  s p a c e  l a y e rs  o f  wa l l  a s s e m b l y  ( B t u /h · ft 2 · ° F ) *

M i n i m u m  w i d t h  c l a y  m a s o n r y  v e n e e r,  i n . A i r s p a c e A i r  s p a c e  w i t h  refe c t i v e  s u r fa c e  o p p o s i t e  v e n e e r †

2 - 5 / 8 0 . 7 0 3 0 . 3 3 2

3 - 1 / 2 0 . 6 4 1 0 . 3 1 8

* D o e s  n o t i n c l u de  a i r f l m .

† Refe c ti v e  s u rfa c e  s h a l l  h a v e  a n  e m i s s i v i ty  n o  g re a te r th a n  0 . 0 5  w h e n  m e a s u re d i n  a c c o rda n c e  w i th  A S T M  C 1 3 7 1 .
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CODE COMMENTARY

8 . 1 . 1  A b o v e - gra de  w a ll a s s e m b li e s —Ta b l e s  8 . 1 . 1 a  

t h ro u g h  8 . 1 . 1 v  p ro v i de  th e  U- fa c t o rs  fo r c o n c re t e  a n d 

m as o n ry  a s s e m b l i e s  o r m as o n ry  v e n e e r.  W h e re  i n di c at e d 

t h e y  i n c l u de  i n s u l a ti o n ,  i n te ri o r f n i s h e s ,  a n d e x te ri o r 

f ni s h e s .  C- fa c t o rs  an d h e a t  c a p ac i ty  ( H C )  a re  a l s o  p ro v i de d 

fo r s o m e  a s s e m b l i e s .

To  de t e rm i n e  th e  R- v a l u e s  o f a s s e m b l i e s  w i th  a ddi t i o n a l  

c o n t i n u o u s  i n s u l a ti o n ,  ai r s p a c e s  o f u n i fo rm  t h i c kn e s s ,  o r 

a ddi t i o n a l  f n i s h e s ,  t h e  R- v a l u e s  o f t h e  addi t i o n a l  c o n ti n u o u s  

i n s u l a t i o n ,  a i r s p ac e s ,  an d f n i s h e s  a re  a dde d t o  th e  R- v a l u e s  

o f t h e  as s e m b l i e s  i n  th e  t a b l e .  T h e  U- fa c to r fo r c o m p l i a n c e  i s  

t h e  i n v e rs e  o f th i s  t o t al  R- v a l u e .  U n l e s s  o t h e rw i s e  i n di c at e d,  

t h e  v a l u e s  i n  th e  t ab l e s  i n c l u de  a i r f l m  re s i s t a n c e s .

Ta b l e  8 . 1 e —As s e m b l y  C- f a c t o r s  fo r  b e l o w - g ra d e  

wa l l s

F r a m i n g  t y p e  

a n d  d e p t h

Ra t e d  R- v a l u e  o f 

i n s u l a t i o n  a l o n e

S p e c ife d  C- fa c t o r s  ( w a l l  o n l y,  

w i t h o u t  s o i l  a n d  a i r fl m s )

N o  fra m i n g R- 0 C- 1 . 1 4 0

Ex te ri o r i n s u la ti o n ,  c o n ti n u o u s  a n d u n i n te rru p te d b y  fra m i n g

N o  fra m i n g R- 5 . 0 C- 0 . 1 7 0

N o  fra m i n g R- 7 . 5 C- 0 . 1 1 9

N o  fra m i n g R- 1 0 . 0 C- 0 . 0 9 2

N o  fra m i n g R- 1 2 . 5 C- 0 . 0 7 5

N o  fra m i n g R- 1 5 . 0 C- 0 . 0 6 3

N o  fra m i n g R- 1 7 . 5 C- 0 . 0 5 4

N o  fra m i n g R- 2 0 . 0 C- 0 . 0 4 8

N o  fra m i n g R- 2 5 . 0 C- 0 . 0 3 9

N o  fra m i n g R- 3 0 . 0 C- 0 . 0 3 2

N o  fra m i n g R- 3 5 . 0 C- 0 . 0 2 8

N o  fra m i n g R- 4 0 . 0 C- 0 . 0 2 5

N o  fra m i n g R- 4 5 . 0 C- 0 . 0 2 2

N o  fra m i n g R- 5 0 . 0 C- 0 . 0 2 0

Co n ti n u o u s  m e ta l fra m i n g a t 2 4  i n .  o n - c e n te r h o ri zo n ta lly

3 . 5  i n . R- 1 1 . 0 C- 0 . 1 8 2

3 . 5  i n . R- 1 3 . 0 C- 0 . 1 7 4

3 . 5  i n . R- 1 5 . 0 C- 0 . 1 6 8

5 . 5  i n . R- 1 9 . 0 C- 0 . 1 2 5

5 . 5  i n . R- 2 1 . 0 C- 0 . 1 2 0

R8 . 1 . 1  A b o v e - gra de  w a ll a s s e m b li e s — C a l c u l a t e d 

U- fa c t o r s  ( b a s e d  o n  t h e  s e r i e s - p a r a l l e l  m e t h o d )  fo r  v a r i o u s  

s i n g l e  w y t h e  c o n c r e t e  m a s o n r y  w a l l  a s s e m b l i e s  a r e  l i s t e d 

i n  Ta b l e s  8 . 1 . 1 a  t h r o u g h  8 . 1 . 1 v.  T h e  w a l l s  i n  Ta b l e s  8 . 1 . 1 a  

t h r o u g h  8 . 1 . 1 g  a r e  s i n g l e  w y t h e  w i t h  n o  i n t e r i o r  o r  e x t e -

r i o r  i n s u l a t i o n  a n d  n o  f n i s h e s .  T h e  w a l l s  i n  Ta b l e s  8 . 1 . 1 h  

t h r o u g h  8 . 1 . 1 n  a r e  s i n g l e  w y t h e  w i t h  c o r e  i n s u l a t i o n  a n d 

n o  f n i s h e s .  T h e  w a l l s  i n  Ta b l e s  8 . 1 . 1 o  t h r o u g h  8 . 1 . 1 v  

a r e  s i n g l e  w y t h e  w a l l s  w i t h  c o r e  i n s u l a t i o n ,  i n s e r t s ,  a n d 

n o  f n i s h e s .

To  de t e rm i n e  c a l c u l a te d U- fa c to rs  fro m  Ta b l e s  8 . 1 . 1 a 

t h ro u g h  8 . 1 . 1 v,  g ro u t p e rc e n t a g e  a n d n o rm a l i z e d w e b  a re a  

i s  re qu i re d.  E x a m p l e s  of v a ri o u s  C M U  c o n f g u ra ti o n s  w i t h  

dife re n t  n o rm a l i z e d w e b  a re a s  a re  i l l u s tra te d i n  F i g .  R8 . 1 . 1 .  

T h e s e  c a n  b e  c a l c u l at e d u s i n g  Ta b l e s  R8 . 1 . 1 a  a n d R8 . 1 . 1 b .  

R- v a l u e s  of an y  c o re  o r e x t e ri o r i n s u l a t i o n  o r f n i s h  s y s te m  

a re  s i m p l y  a dde d to  th e  R- v al u e  o f th e  c o n c re te  m a s o n ry  

w al l  fro m  Ta b l e s  8 . 1 . 1 a t h ro u g h  8 . 1 . 1 v  t o  o b ta i n  th e  t o ta l  

R- v a l u e  o f t h e  t o t al  a s s e m b l y.

T h e  t h e rm a l  re s i s ta n c e  (R- v a l u e )  a n d t h e rm al  tra n s m i t-

t a nc e  (U- fa c t o r)  o f a n  i n di v i du a l  c o n c re t e  m a s o n ry  u n i t i s  

l a rg e l y  g o v e rn e d b y  th e  de n s i ty  o f th e  m a t e ri al ,  a n d i n  t h e  

c a s e  o f h o l l o w  m a s o n ry  u n i t s ,  th e  t o ta l  a re a  a n d l e n g th  o f 
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2 2  T H E R M A L  P R O P E R T I E S  O F  C O N C R E TE  A N D  M AS O N RY  F O R  U S E  I N  D E TE R M I N I N G  E N E R G Y C O D E  C O M P L I A N C E

CODE COMMENTARY

w e b ( s )  c o n n e c t i n g  th e  fa c e  s h e l l s  o f th e  u n i t ,  w h i c h  i n  t u rn  

ac t  as  a  t h e rm al  b ri dg e  a s  i l l u s t ra t e d i n  th e  s e ri e s - p a ral l e l  

h e a t  fo w  m o de l  i n  F i g u re  R8 . 1 . 5 .  T h e  l o c a t i o n  of th e  w e b ( s )  

w i th i n  t h e  c ro s s  s e c ti o n  o f t h e  u n i t h a s  n e g l i g i b l e  i m p a c t o n  

a u n i t ’ s  th e rm a l  p ro p e rt i e s .  T h e  re s u l ti n g  t h e rm a l  p ro p e rti e s  

of a  m as o n ry  a s s e m b l y  a re  i n  t u rn  i nfu e n c e d b y  th e  t h e rm al  

p ro p e rt i e s  o f th e  m a s o n ry  u n i ts  u s e d i n  i t s  c o n s tru c ti o n ,  t h e  

p re s e n c e  a n d l o c a ti o n  o f i n s u l a ti o n  ( i n te ri o r,  e x t e ri o r,  o r 

i n t e g ra l ) ,  a n d p re s e n c e  o f g ro u t w i t h i n  t h e  c e l l s  o f t h e  u n i t s .

T h e  o v e ral l  U- fa c t o r o f a  p a rti a l l y  g ro u t e d m a s o n ry  w al l  

i s  c a l c u l a t e d fro m  th e  a re a - w e i g h t e d a v e ra g e  o f t h e  U- fa c t o r 

o f t h e  g ro u t e d a re a a n d t h e  U- fa c to r o f t h e  u n g ro u t e d a re a  

as  fo l l o w s

 

)( ( ( ) )()gr gr ungr ungr

Avg

un ungr

a U a U
UA

a a

+

=

+

w h e re  agr i s  a re a  o f th e  w a l l  a s s e m b l y  t h a t i s  g ro u t e d ( ft2 ) ;  

aungr i s  a re a  o f t h e  w a l l  as s e m b l y  th a t  i s  u n g ro u t e d ( ft2 ) ;  

Ugr i s  U-fac t o r o f th e  g ro u te d p o rti o n  o f th e  w a l l  a s s e m b l y  

( B tu/h · ft2 · ° F ) ;  Uungr i s  U-fa c t o r o f th e  u n g ro u te d p o rti o n  o f 

t h e  w a l l  a s s e m b l y  ( B t u /h · ft2 · ° F ) ;  a n d UAAvg i s  a re a - w e i g h t e d 

av e ra g e  U-fa c t o r o f t h e  w a l l  a s s e m b l y  ( B t u/h · ft2 · ° F ) .

P ro p o rti o n a te  are a s  fo r t y p i c a l  g ro u te d a n d u n g ro u t e d 

c o n c re t e  m a s o n ry  u n i t  as s e m b l i e s  a re  p ro v i de d i n  

Tab l e  R8 . 1 . 1 a .
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Ta b l e  8 . 1 . 1 a —4  x  8  x  1 6  i n .  c o n c re t e  m a s o n r y  a s s e m b l y  w i t h o u t  i n s u l a t i o n  U- f a c t o r s  ( B t u /h - ft 2 - ° F )  a n d  h e a t  c a p a c i t y  va l u e s  ( B t u /ft 2 - ° F )

N o r m a l i z e d  

w e b  a re a ,  

i n . 2 /ft 2

D e n s i t y  

C M U ,  

l b /ft 2

G ro u t  p e rc e n t a g e

0 % 1 0 % 2 0 % 3 0 % 4 0 % 5 0 % 6 0 % 7 0 % 8 0 % 9 0 % 1 0 0 %

U H C U H C U H C U H C U H C U H C U H C U H C U H C U H C U H C

6.5

85 0.455 2.6 0.477 3.1 0.500 3.5 0.523 4.0 0.545 4.4 0.568 5.1 0.590 5.5 0.61 3 5.9 0.635 6.4 0.658 6.8 0.681 7.3

95 0.471 2.9 0.495 3.3 0.519 4.0 0.543 4.4 0.567 4.8 0.591 5.3 0.61 5 5.7 0.639 6.2 0.663 6.6 0.687 7.0 0.711 7.5

105 0.487 3.3 0.512 3.7 0.537 4.2 0.562 4.6 0.588 5.1 0.61 3 5.5 0.638 5.9 0.663 6.4 0.689 6.8 0.714 7.3 0.739 7.7

11 5 0.503 3.5 0.529 4.0 0.555 4.4 0.582 4.8 0.608 5.3 0.634 5.7 0.661 6.2 0.687 6.6 0.71 3 7.0 0.739 7.7 0.766 8.1

125 0.519 3.7 0.546 4.2 0.573 4.6 0.600 5.1 0.627 5.5 0.655 5.9 0.682 6.6 0.709 7.0 0.736 7.5 0.763 7.9 0.790 8.4

1 35 0.535 4.0 0.563 4.4 0.591 5.1 0.619 5.5 0.646 5.9 0.674 6.4 0.702 6.8 0.730 7.3 0.757 7.7 0.785 8.1 0.81 3 8.6

7.5

85 0.455 2.6 0.478 3.1 0.500 3.5 0.523 4.0 0.545 4.6 0.568 5.1 0.590 5.5 0.61 3 5.9 0.635 6.4 0.658 6.8 0.680 7.3

95 0.472 3.1 0.496 3.5 0.520 4.0 0.543 4.4 0.567 4.8 0.591 5.3 0.61 5 5.7 0.639 6.2 0.662 6.6 0.686 7.0 0.710 7.5

105 0.489 3.3 0.514 3.7 0.539 4.2 0.564 4.6 0.589 5.1 0.614 5.5 0.639 5.9 0.664 6.4 0.689 6.8 0.714 7.3 0.739 7.7

11 5 0.505 3.5 0.531 4.0 0.557 4.4 0.583 4.8 0.609 5.3 0.635 5.7 0.661 6.2 0.687 6.8 0.71 3 7.3 0.739 7.7 0.765 8.1

125 0.522 3.7 0.549 4.2 0.576 4.6 0.603 5.1 0.629 5.7 0.656 6.2 0.683 6.6 0.710 7.0 0.737 7.5 0.763 7.9 0.790 8.4

1 35 0.540 4.2 0.567 4.6 0.594 5.1 0.622 5.5 0.649 5.9 0.676 6.4 0.704 6.8 0.731 7.3 0.758 7.7 0.785 8.1 0.81 3 8.6

8.5

85 0.456 2.6 0.478 3.1 0.501 3.7 0.523 4.2 0.546 4.6 0.568 5.1 0.590 5.5 0.61 3 5.9 0.635 6.4 0.657 6.8 0.680 7.3

95 0.473 3.1 0.497 3.5 0.520 4.0 0.544 4.4 0.568 4.8 0.591 5.3 0.61 5 5.7 0.639 6.2 0.662 6.6 0.686 7.0 0.710 7.5

105 0.490 3.3 0.51 5 3.7 0.540 4.2 0.565 4.6 0.589 5.1 0.614 5.5 0.639 5.9 0.664 6.4 0.689 6.8 0.71 3 7.5 0.738 7.9

11 5 0.508 3.5 0.533 4.0 0.559 4.4 0.585 4.8 0.611 5.3 0.636 5.9 0.662 6.4 0.688 6.8 0.714 7.3 0.739 7.7 0.765 8.1

125 0.526 3.7 0.552 4.4 0.578 4.8 0.605 5.3 0.631 5.7 0.658 6.2 0.684 6.6 0.711 7.0 0.737 7.5 0.763 7.9 0.790 8.4

1 35 0.544 4.2 0.571 4.6 0.598 5.1 0.625 5.5 0.652 5.9 0.678 6.4 0.705 6.8 0.732 7.3 0.759 7.7 0.786 8.1 0.81 3 8.6
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N o r m a l i z e d  

w e b  a re a ,  

i n . 2 /ft 2

D e n s i t y  

C M U ,  

l b /ft 2

G ro u t  p e rc e n t a g e

0 % 1 0 % 2 0 % 3 0 % 4 0 % 5 0 % 6 0 % 7 0 % 8 0 % 9 0 % 1 0 0 %

U H C U H C U H C U H C U H C U H C U H C U H C U H C U H C U H C

10

85 0.457 2.9 0.479 3.3 0.501 3.7 0.524 4.2 0.546 4.6 0.568 5.1 0.590 5.5 0.612 5.9 0.635 6.4 0.657 6.8 0.679 7.3

95 0.475 3.1 0.498 3.5 0.522 4.0 0.545 4.4 0.568 4.8 0.592 5.3 0.61 5 5.7 0.639 6.2 0.662 6.6 0.685 7.0 0.709 7.7

105 0.493 3.3 0.517 3.7 0.542 4.2 0.566 4.6 0.591 5.1 0.61 5 5.5 0.640 6.2 0.664 6.6 0.689 7.0 0.71 3 7.5 0.738 7.9

11 5 0.511 3.5 0.537 4.0 0.562 4.6 0.587 5.1 0.61 3 5.5 0.638 5.9 0.663 6.4 0.689 6.8 0.714 7.3 0.739 7.7 0.764 8.1

125 0.531 4.0 0.556 4.4 0.582 4.8 0.608 5.3 0.634 5.7 0.660 6.2 0.686 6.6 0.712 7.0 0.738 7.5 0.764 7.9 0.789 8.4

1 35 0.551 4.2 0.577 4.6 0.603 5.1 0.629 5.5 0.655 5.9 0.682 6.4 0.708 6.8 0.734 7.3 0.760 7.9 0.786 8.4 0.81 3 8.8

12

85 0.458 2.9 0.480 3.3 0.502 3.7 0.524 4.2 0.546 4.6 0.568 5.1 0.590 5.5 0.612 5.9 0.634 6.4 0.656 6.8 0.678 7.3

95 0.477 3.1 0.500 3.5 0.523 4.0 0.546 4.4 0.569 4.8 0.593 5.3 0.616 5.7 0.639 6.4 0.662 6.8 0.685 7.3 0.708 7.7

105 0.496 3.3 0.520 3.7 0.544 4.2 0.568 4.8 0.592 5.3 0.616 5.7 0.641 6.2 0.665 6.6 0.689 7.0 0.71 3 7.5 0.737 7.9

11 5 0.516 3.7 0.541 4.2 0.566 4.6 0.590 5.1 0.61 5 5.5 0.640 5.9 0.665 6.4 0.689 6.8 0.714 7.3 0.739 7.7 0.764 8.1

125 0.537 4.0 0.562 4.4 0.587 4.8 0.61 3 5.3 0.638 5.7 0.663 6.2 0.688 6.6 0.71 3 7.0 0.739 7.7 0.764 8.1 0.789 8.6

1 35 0.559 4.2 0.584 4.6 0.610 5.1 0.635 5.5 0.660 6.2 0.686 6.6 0.711 7.0 0.736 7.5 0.762 7.9 0.787 8.4 0.812 8.8

14

85 0.460 2.9 0.481 3.3 0.503 3.7 0.525 4.2 0.547 4.6 0.568 5.1 0.590 5.5 0.612 5.9 0.633 6.6 0.655 7.0 0.677 7.5

95 0.479 3.1 0.502 3.5 0.525 4.0 0.548 4.4 0.570 5.1 0.593 5.5 0.616 5.9 0.639 6.4 0.661 6.8 0.684 7.3 0.707 7.7

105 0.500 3.5 0.523 4.0 0.547 4.4 0.570 4.8 0.594 5.3 0.618 5.7 0.641 6.2 0.665 6.6 0.689 7.0 0.712 7.5 0.736 7.9

11 5 0.521 3.7 0.545 4.2 0.569 4.6 0.594 5.1 0.618 5.5 0.642 5.9 0.666 6.4 0.690 6.8 0.71 5 7.5 0.739 7.9 0.763 8.4

125 0.543 4.0 0.568 4.4 0.592 4.8 0.617 5.3 0.641 5.9 0.666 6.4 0.690 6.8 0.71 5 7.3 0.739 7.7 0.764 8.1 0.788 8.6

1 35 0.567 4.4 0.592 4.8 0.616 5.3 0.641 5.7 0.665 6.2 0.690 6.6 0.714 7.0 0.739 7.5 0.763 7.9 0.788 8.4 0.812 8.8

16

85 0.461 2.9 0.482 3.3 0.504 3.7 0.525 4.2 0.547 4.6 0.568 5.3 0.590 5.7 0.611 6.2 0.633 6.6 0.654 7.0 0.676 7.5

95 0.481 3.3 0.504 3.7 0.526 4.2 0.549 4.6 0.571 5.1 0.594 5.5 0.616 5.9 0.639 6.4 0.661 6.8 0.683 7.3 0.706 7.7

105 0.503 3.5 0.526 4.0 0.549 4.4 0.572 4.8 0.596 5.3 0.619 5.7 0.642 6.2 0.665 6.6 0.688 7.0 0.712 7.7 0.735 8.1

11 5 0.525 3.7 0.549 4.2 0.573 4.6 0.597 5.1 0.620 5.7 0.644 6.2 0.668 6.6 0.691 7.0 0.71 5 7.5 0.739 7.9 0.762 8.4

125 0.549 4.2 0.573 4.6 0.597 5.1 0.621 5.5 0.645 5.9 0.669 6.4 0.693 6.8 0.716 7.3 0.740 7.7 0.764 8.1 0.788 8.6

1 35 0.575 4.4 0.599 4.8 0.622 5.3 0.646 5.7 0.670 6.2 0.693 6.6 0.717 7.0 0.741 7.5 0.764 8.1 0.788 8.6 0.812 9.0

Ta b l e  8 . 1 . 1 a ,  c o n t . —4  x  8  x  1 6  i n .  c o n c re t e  m a s o n r y  a s s e m b l y  w i t h o u t  i n s u l a t i o n  U- f a c to rs  ( B tu /h - ft 2 - ° F )  a n d  h e a t  c a p a c i t y  va l u e s  ( B tu /ft 2 - ° F )
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N o r m a l i z e d  

w e b  a re a ,  

i n . 2 /ft 2

D e n s i t y  

C M U ,  

l b /ft 2

G ro u t  p e rc e n t a g e

0 % 1 0 % 2 0 % 3 0 % 4 0 % 5 0 % 6 0 % 7 0 % 8 0 % 9 0 % 1 0 0 %

U H C U H C U H C U H C U H C U H C U H C U H C U H C U H C U H C

1 8

8 5 0 . 4 6 2 2 . 9 0 . 4 8 4 3 . 3 0 . 5 0 5 3 . 7 0 . 5 2 6 4 . 4 0 . 5 4 7 4 . 8 0 . 5 6 9 5 . 3 0 . 5 9 0 5 . 7 0 . 6 1 1 6 . 2 0 . 6 3 2 6 . 6 0 . 6 5 3 7 . 0 0 . 6 7 5 7 . 5

9 5 0 . 4 8 4 3 . 3 0 . 5 0 6 3 . 7 0 . 5 2 8 4 . 2 0 . 5 5 0 4 . 6 0 . 5 7 2 5 . 1 0 . 5 9 4 5 . 5 0 . 6 1 6 5 . 9 0 . 6 3 9 6 . 4 0 . 6 6 1 6 . 8 0 . 6 8 3 7 . 3 0 . 7 0 5 7 . 7

1 0 5 0 . 5 0 6 3 . 5 0 . 5 2 9 4 . 0 0 . 5 5 2 4 . 4 0 . 5 7 4 4 . 8 0 . 5 9 7 5 . 3 0 . 6 2 0 5 . 7 0 . 6 4 3 6 . 4 0 . 6 6 6 6 . 8 0 . 6 8 8 7 . 3 0 . 7 1 1 7 . 7 0 . 7 3 4 8 . 1

1 1 5 0 . 5 3 0 4 . 0 0 . 5 5 3 4 . 4 0 . 5 7 6 4 . 8 0 . 5 9 9 5 . 3 0 . 6 2 3 5 . 7 0 . 6 4 6 6 . 2 0 . 6 6 9 6 . 6 0 . 6 9 2 7 . 0 0 . 7 1 5 7 . 5 0 . 7 3 8 7 . 9 0 . 7 6 1 8 . 4

1 2 5 0 . 5 5 5 4 . 2 0 . 5 7 9 4 . 6 0 . 6 0 2 5 . 1 0 . 6 2 5 5 . 5 0 . 6 4 8 5 . 9 0 . 6 7 1 6 . 4 0 . 6 9 5 6 . 8 0 . 7 1 8 7 . 3 0 . 7 4 1 7 . 7 0 . 7 6 4 8 . 4 0 . 7 8 7 8 . 8

1 3 5 0 . 5 8 2 4 . 4 0 . 6 0 5 4 . 8 0 . 6 2 8 5 . 3 0 . 6 5 1 5 . 7 0 . 6 7 4 6 . 4 0 . 6 9 7 6 . 8 0 . 7 2 0 7 . 3 0 . 7 4 3 7 . 7 0 . 7 6 6 8 . 1 0 . 7 8 9 8 . 6 0 . 8 1 2 9 . 0

2 0

8 5 0 . 4 6 4 3 . 1 0 . 4 8 5 3 . 5 0 . 5 0 6 4 . 0 0 . 5 2 7 4 . 4 0 . 5 4 8 4 . 8 0 . 5 6 9 5 . 3 0 . 5 9 0 5 . 7 0 . 6 1 1 6 . 2 0 . 6 3 2 6 . 6 0 . 6 5 3 7 . 0 0 . 6 7 4 7 . 5

9 5 0 . 4 8 6 3 . 3 0 . 5 0 8 3 . 7 0 . 5 2 9 4 . 2 0 . 5 5 1 4 . 6 0 . 5 7 3 5 . 1 0 . 5 9 5 5 . 5 0 . 6 1 7 5 . 9 0 . 6 3 8 6 . 4 0 . 6 6 0 7 . 0 0 . 6 8 2 7 . 5 0 . 7 0 4 7 . 9

1 0 5 0 . 5 0 9 3 . 5 0 . 5 3 2 4 . 0 0 . 5 5 4 4 . 6 0 . 5 7 6 5 . 1 0 . 5 9 9 5 . 5 0 . 6 2 1 5 . 9 0 . 6 4 4 6 . 4 0 . 6 6 6 6 . 8 0 . 6 8 8 7 . 3 0 . 7 1 1 7 . 7 0 . 7 3 3 8 . 1

1 1 5 0 . 5 3 4 4 . 0 0 . 5 5 7 4 . 4 0 . 5 8 0 4 . 8 0 . 6 0 2 5 . 3 0 . 6 2 5 5 . 7 0 . 6 4 8 6 . 2 0 . 6 7 0 6 . 6 0 . 6 9 3 7 . 0 0 . 7 1 5 7 . 5 0 . 7 3 8 7 . 9 0 . 7 6 1 8 . 6

1 2 5 0 . 5 6 1 4 . 2 0 . 5 8 4 4 . 6 0 . 6 0 6 5 . 1 0 . 6 2 9 5 . 5 0 . 6 5 1 5 . 9 0 . 6 7 4 6 . 6 0 . 6 9 7 7 . 0 0 . 7 1 9 7 . 5 0 . 7 4 2 7 . 9 0 . 7 6 4 8 . 4 0 . 7 8 7 8 . 8

1 3 5 0 . 5 9 0 4 . 6 0 . 6 1 2 5 . 1 0 . 6 3 4 5 . 5 0 . 6 5 6 5 . 9 0 . 6 7 8 6 . 4 0 . 7 0 0 6 . 8 0 . 7 2 3 7 . 3 0 . 7 4 5 7 . 7 0 . 7 6 7 8 . 1 0 . 7 8 9 8 . 6 0 . 8 1 1 9 . 0

2 2

8 5 0 . 4 6 5 3 . 1 0 . 4 8 6 3 . 5 0 . 5 0 6 4 . 0 0 . 5 2 7 4 . 4 0 . 5 4 8 4 . 8 0 . 5 6 9 5 . 3 0 . 5 8 9 5 . 7 0 . 6 1 0 6 . 2 0 . 6 3 1 6 . 6 0 . 6 5 2 7 . 0 0 . 6 7 3 7 . 5

9 5 0 . 4 8 8 3 . 3 0 . 5 0 9 3 . 7 0 . 5 3 1 4 . 2 0 . 5 5 2 4 . 6 0 . 5 7 4 5 . 1 0 . 5 9 5 5 . 7 0 . 6 1 7 6 . 2 0 . 6 3 8 6 . 6 0 . 6 6 0 7 . 0 0 . 6 8 1 7 . 5 0 . 7 0 3 7 . 9

1 0 5 0 . 5 1 2 3 . 7 0 . 5 3 4 4 . 2 0 . 5 5 6 4 . 6 0 . 5 7 8 5 . 1 0 . 6 0 0 5 . 5 0 . 6 2 2 5 . 9 0 . 6 4 4 6 . 4 0 . 6 6 6 6 . 8 0 . 6 8 8 7 . 3 0 . 7 1 0 7 . 7 0 . 7 3 2 8 . 1

1 1 5 0 . 5 3 9 4 . 0 0 . 5 6 1 4 . 4 0 . 5 8 3 4 . 8 0 . 6 0 5 5 . 3 0 . 6 2 7 5 . 7 0 . 6 4 9 6 . 2 0 . 6 7 1 6 . 8 0 . 6 9 4 7 . 3 0 . 7 1 6 7 . 7 0 . 7 3 8 8 . 1 0 . 7 6 0 8 . 6

1 2 5 0 . 5 6 7 4 . 4 0 . 5 8 9 4 . 8 0 . 6 1 1 5 . 3 0 . 6 3 3 5 . 7 0 . 6 5 4 6 . 2 0 . 6 7 6 6 . 6 0 . 6 9 8 7 . 0 0 . 7 2 0 7 . 5 0 . 7 4 2 7 . 9 0 . 7 6 4 8 . 4 0 . 7 8 6 8 . 8

1 3 5 0 . 5 9 6 4 . 6 0 . 6 1 8 5 . 1 0 . 6 3 9 5 . 5 0 . 6 6 1 5 . 9 0 . 6 8 2 6 . 4 0 . 7 0 4 6 . 8 0 . 7 2 5 7 . 3 0 . 7 4 7 7 . 7 0 . 7 6 8 8 . 4 0 . 7 9 0 8 . 8 0 . 8 1 1 9 . 2

1 .  B o th  fa c e  s h e l l  th i c kn e s s :  3 /4  i n .  

2 .  M o rta r j o i n t th i c kn e s s :  3 /8  i n .  

3 .  U n g ro u te d c e l l s  a re  f l l e d w i th  a i r.  

4 .  S p e c i f c  h e a t of c o n c re te  ma s o n ry  u n i t:  0 . 2 2  B tu /l b · ° F.  

5 .  To  c a l c u l a te  th e rm a l  re s i s ta n c e  (R-v a l u e ) :  R  =  1 /U ( h - ft 2 - ° F /B tu ) .  

6 .  To  de te rmi n e  g ro u t p e rc e n ta g e ,  re fe r to  Ta b l e  R8 . 1 . 1 a .  

7 .  To  de te rmi n e  n o rm a l i z e d w e b  a re a  fo r ty p i c a l  c o n c re te  ma s o n ry  u n i t,  re fe r to  Ta b l e  R8 . 1 . 1 b .  

8 .  L i n e a r i n te rp o l a ti o n  c a n  b e  do n e  to  c a l c u l a te  U-fa c to r a nd h e a t c a p a c i ty  v a l u e s  fo r i n te rm e di a te  g ro u t p e rc e n ta g e .  

9 .  M o rta r de n s i ty :  1 2 5  l b /ft 3 .  

1 0 .  G ro u t de n s i ty :  1 4 0  l b /ft 3 .

Ta b l e  8 . 1 . 1 a ,  c o n t . —4  x  8  x  1 6  i n .  c o n c re t e  m a s o n r y  a s s e m b l y  w i t h o u t  i n s u l a t i o n  U-f a c to rs  ( B tu /h - ft 2 - ° F )  a n d  h e a t  c a p a c i t y  va l u e s  ( B tu /ft 2 - ° F )
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A m e r i c a n  C o n c re te  I n s t i t u t e  C o p y r i g h t e d  M a t e r i a l —w w w. c o n c re te . o rg

2 6  T H E R M A L  P R O P E R T I E S  O F  C O N C R E TE  A N D  M AS O N RY  F O R  U S E  I N  D E TE R M I N I N G  E N E R G Y C O D E  C O M P L I A N C E

CODE COMMENTARY

Ta b l e  R 8 . 1 . 1 a —C o n c re t e  m a s o n r y  a s s e m b l y  g ro u t  p e rc e n t a g e * ,  %

S p a c i n g  o f 

h o r i z o n t a l l y  

g ro u t e d  

c o u r s e s ,  i n .

S p a c i n g  o f v e r t i c a l l y  g ro u t e d  c e l l s ,  i n .

N o n e 1 2 0 1 1 2 1 0 4 9 6 8 8 8 0 7 2 6 4 5 6 4 8 4 0 3 2 2 4 1 6 8

None 0 6.7 7.1 7.7 8.3 9.1 10.0 11 .1 1 2.5 14.3 16.7 20.0 25.0 33.3 50.0 100

120 6.7 12.9 1 3.3 1 3.9 14.4 15.2 16.0 17.0 18.3 20.0 22.2 25.3 30.0 37.8 53.3 100

112 7.1 1 3.3 1 3.8 14.3 14.9 1 5.6 16.4 17.5 18.8 20.4 22.6 25.7 30.4 38.1 53.6 100

104 7.7 1 3.9 14.3 14.8 1 5.4 16.1 16.9 18.0 19.2 20.9 23.1 26.2 30.8 38.5 53.9 100

96 8.3 14.4 14.9 1 5.4 16.0 16.7 17.5 18.5 19.8 21 .4 23.6 26.7 31 .3 38.9 54.2 100

88 9.1 1 5.2 1 5.6 16.1 16.7 17.4 18.2 19.2 20.5 22.1 24.2 27.3 31 .8 39.4 54.6 100

80 10.0 16.0 16.4 16.9 17.5 18.2 19.0 20.0 21 .3 22.9 25.0 28.0 32.5 40.0 55.0 100

72 11 .1 1 7.0 17.5 18.0 18.5 19.2 20.0 21 .0 22.2 23.8 25.9 28.9 33.3 40.7 55.6 100

64 12.5 18.3 1 8.8 19.2 19.8 20.5 21 .3 22.2 23.4 25.0 27.1 30.0 34.4 41 .7 56.3 100

56 14.3 20.0 20.4 20.9 21 .4 22.1 22.9 23.8 25.0 26.5 28.6 31 .4 35.7 42.9 57.1 100

48 16.7 22.2 22.6 23.1 23.6 24.2 25.0 25.9 27.1 28.6 30.6 33.3 37.5 44.4 58.3 100

40 20.0 25.3 25.7 26.2 26.7 27.3 28.0 28.9 30.0 31 .4 33.3 36.0 40.0 46.7 60.0 100

32 25.0 30.0 30.4 30.8 31 .3 31 .8 32.5 33.3 34.4 35.7 37.5 40.0 43.8 50.0 62.5 100

24 33.3 37.8 38.1 38.5 38.9 39.4 40.0 40.7 41 .7 42.9 44.4 46.7 50.0 55.6 66.7 100

16 50.0 53.3 53.6 53.9 54.2 54.6 55.0 55.6 56.3 57.1 58.3 60.0 62.5 66.7 75.0 100

8 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

*P e rc e n ta g e  of g ro u t v a l u e s  a re  b a s e d o n  a  u n i t c o n f g u ra ti o n  c o n s i s ti n g  of tw o  c e l l s  a n d th re e  fu l l - h e i g h t w e b s .  S i m i l a r v a l u e s  c a n  b e  c a l c u l a te d fo r o th e r u n i t c o n f g u ra ti o n s .

Fi g R 8 . 1 . 1 —Ex a m p le s  o f CMU w e b  c o nfgu ra ti o n s  p e rm i tte d u n de r A STM C9 0 .

Full document details: ACI-TMS CODE 122.3-24
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Ta b l e  8 . 1 . 1 b —6  x  8  x  1 6  i n .  c o n c re t e  m a s o n r y  a s s e m b l y  w i t h o u t  i n s u l a t i o n  U- f a c t o r s  ( B t u /h - ft 2 - ° F )  a n d  h e a t  c a p a c i t y  va l u e s  ( B t u /ft 2 - ° F )

N o r m a l i z e d  

w e b  a re a ,  

i n . 2 /ft 2

D e n s i t y  

C M U ,   

l b /ft 2

G ro u t  p e rc e n t a g e

0 % 1 0 % 2 0 % 3 0 % 4 0 % 5 0 % 6 0 % 7 0 % 8 0 % 9 0 %

U H C U H C U H C U H C U H C U H C U H C U H C U H C U H C

6.5

85 0.424 3.5 0.438 4.4 0.453 5.1 0.467 5.9 0.482 6.6 0.497 7.5 0.511 8.1 0.526 9.0 0.540 9.9 0.555 10.6

95 0.441 4.0 0.456 4.8 0.472 5.5 0.488 6.4 0.503 7.0 0.519 7.9 0.535 8.6 0.550 9.5 0.566 10.1 0.582 11 .0

105 0.457 4.4 0.474 5.1 0.491 5.9 0.507 6.6 0.524 7.5 0.541 8.1 0.557 9.0 0.574 9.7 0.591 10.6 0.608 11 .2

11 5 0.473 4.6 0.491 5.5 0.508 6.2 0.526 7.0 0.544 7.7 0.562 8.6 0.579 9.5 0.597 10.1 0.61 5 11 .0 0.632 11 .7

125 0.489 5.1 0.507 5.9 0.526 6.6 0.544 7.5 0.563 8.1 0.581 9.0 0.600 9.7 0.618 10.6 0.637 11 .2 0.655 12.1

1 35 0.504 5.5 0.523 6.2 0.542 7.0 0.562 7.7 0.581 8.6 0.600 9.2 0.619 10.1 0.638 10.8 0.658 11 .7 0.677 12.5

7.5

85 0.424 3.5 0.438 4.4 0.453 5.3 0.467 5.9 0.482 6.8 0.496 7.5 0.511 8.4 0.525 9.0 0.540 9.9 0.554 10.6

95 0.441 4.0 0.456 4.8 0.472 5.5 0.488 6.4 0.503 7.0 0.519 7.9 0.534 8.6 0.550 9.5 0.565 10.1 0.581 11 .0

105 0.458 4.4 0.474 5.1 0.491 5.9 0.507 6.6 0.524 7.5 0.541 8.4 0.557 9.0 0.574 9.9 0.591 10.6 0.607 11 .4

11 5 0.474 4.8 0.492 5.5 0.509 6.4 0.527 7.0 0.544 7.9 0.562 8.6 0.579 9.5 0.597 10.1 0.614 11 .0 0.632 11 .7

125 0.490 5.1 0.508 5.9 0.527 6.6 0.545 7.5 0.563 8.1 0.582 9.0 0.600 9.9 0.619 10.6 0.637 11 .4 0.655 12.1

1 35 0.506 5.5 0.525 6.4 0.544 7.0 0.563 7.9 0.582 8.6 0.601 9.5 0.620 10.1 0.639 11 .0 0.658 11 .7 0.677 12.5

8.5

85 0.424 3.7 0.438 4.4 0.452 5.3 0.467 5.9 0.481 6.8 0.496 7.5 0.510 8.4 0.525 9.0 0.539 9.9 0.553 10.6

95 0.441 4.0 0.456 4.8 0.472 5.5 0.488 6.4 0.503 7.3 0.519 7.9 0.534 8.8 0.550 9.5 0.565 10.3 0.581 11 .0

105 0.458 4.4 0.475 5.3 0.491 5.9 0.508 6.8 0.524 7.5 0.541 8.4 0.557 9.0 0.574 9.9 0.590 10.6 0.607 11 .4

11 5 0.475 4.8 0.492 5.5 0.510 6.4 0.527 7.0 0.545 7.9 0.562 8.8 0.579 9.5 0.597 10.3 0.614 11 .0 0.632 11 .9

125 0.491 5.3 0.510 5.9 0.528 6.8 0.546 7.5 0.564 8.4 0.582 9.0 0.601 9.9 0.619 10.6 0.637 11 .4 0.655 12.1

1 35 0.508 5.5 0.527 6.4 0.546 7.0 0.564 7.9 0.583 8.6 0.602 9.5 0.621 10.3 0.640 11 .0 0.658 11 .9 0.677 12.5
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N o r m a l i z e d  

w e b  a re a ,  

i n . 2 /ft 2

D e n s i t y  

C M U ,   

l b /ft 2

G ro u t  p e rc e n t a g e

0 % 1 0 % 2 0 % 3 0 % 4 0 % 5 0 % 6 0 % 7 0 % 8 0 % 9 0 %

U H C U H C U H C U H C U H C U H C U H C U H C U H C U H C

10

85 0.423 3.7 0.438 4.4 0.452 5.3 0.466 6.2 0.481 6.8 0.495 7.7 0.510 8.4 0.524 9.2 0.538 9.9 0.553 10.8

95 0.441 4.2 0.457 4.8 0.472 5.7 0.487 6.4 0.503 7.3 0.51 8 7.9 0.534 8.8 0.549 9.5 0.564 10.3 0.580 11 .0

105 0.459 4.4 0.475 5.3 0.491 6.2 0.508 6.8 0.524 7.7 0.541 8.4 0.557 9.2 0.573 9.9 0.590 10.8 0.606 11 .4

11 5 0.476 4.8 0.493 5.7 0.511 6.4 0.528 7.3 0.545 7.9 0.562 8.8 0.579 9.5 0.597 10.3 0.614 11 .0 0.631 11 .9

125 0.493 5.3 0.511 5.9 0.529 6.8 0.547 7.7 0.565 8.4 0.583 9.2 0.601 9.9 0.619 10.8 0.637 11 .4 0.655 12.3

1 35 0.511 5.7 0.529 6.4 0.548 7.3 0.566 7.9 0.585 8.8 0.603 9.5 0.622 10.3 0.640 11 .0 0.659 11 .9 0.677 12.8

12

85 0.423 3.7 0.437 4.6 0.452 5.3 0.466 6.2 0.480 6.8 0.494 7.7 0.509 8.4 0.523 9.2 0.537 10.1 0.552 10.8

95 0.441 4.2 0.457 5.1 0.472 5.7 0.487 6.6 0.502 7.3 0.518 8.1 0.533 8.8 0.548 9.7 0.563 10.3 0.579 11 .2

105 0.460 4.6 0.476 5.3 0.492 6.2 0.508 6.8 0.524 7.7 0.540 8.6 0.557 9.2 0.573 10.1 0.589 10.8 0.605 11 .7

11 5 0.478 5.1 0.495 5.7 0.512 6.6 0.529 7.3 0.546 8.1 0.563 8.8 0.580 9.7 0.597 10.3 0.614 11 .2 0.631 11 .9

125 0.496 5.3 0.514 6.2 0.531 7.0 0.549 7.7 0.567 8.6 0.584 9.2 0.602 10.1 0.619 10.8 0.637 11 .7 0.655 12.3

1 35 0.51 5 5.7 0.533 6.6 0.551 7.3 0.569 8.1 0.587 8.8 0.605 9.7 0.623 10.3 0.641 11 .2 0.659 12.1 0.677 12.8

14

85 0.423 4.0 0.437 4.6 0.451 5.5 0.465 6.2 0.480 7.0 0.494 7.7 0.508 8.6 0.522 9.2 0.536 10.1 0.550 10.8

95 0.442 4.2 0.457 5.1 0.472 5.9 0.487 6.6 0.502 7.5 0.517 8.1 0.532 9.0 0.547 9.7 0.563 10.6 0.578 11 .2

105 0.460 4.6 0.476 5.5 0.492 6.2 0.508 7.0 0.524 7.7 0.540 8.6 0.556 9.5 0.572 10.1 0.588 11 .0 0.604 11 .7

11 5 0.479 5.1 0.496 5.9 0.51 3 6.6 0.530 7.5 0.546 8.1 0.563 9.0 0.580 9.7 0.596 10.6 0.61 3 11 .2 0.630 12.1

125 0.499 5.5 0.516 6.4 0.533 7.0 0.551 7.9 0.568 8.6 0.585 9.5 0.603 10.1 0.620 11 .0 0.637 11 .7 0.654 12.5

1 35 0.519 5.9 0.537 6.6 0.554 7.5 0.572 8.1 0.589 9.0 0.607 9.9 0.625 10.6 0.642 11 .4 0.660 12.1 0.678 13.0

16

85 0.423 4.0 0.437 4.8 0.451 5.5 0.465 6.4 0.479 7.0 0.493 7.9 0.507 8.6 0.521 9.5 0.535 10.1 0.549 11 .0

95 0.442 4.4 0.457 5.1 0.472 5.9 0.487 6.6 0.502 7.5 0.517 8.4 0.532 9.0 0.547 9.9 0.562 10.6 0.577 11 .4

105 0.461 4.8 0.477 5.5 0.493 6.4 0.509 7.0 0.524 7.9 0.540 8.6 0.556 9.5 0.572 10.3 0.588 11 .0 0.603 11 .9

11 5 0.481 5.3 0.498 5.9 0.514 6.8 0.530 7.5 0.547 8.4 0.563 9.0 0.580 9.9 0.596 10.6 0.61 3 11 .4 0.629 12.1

125 0.502 5.7 0.519 6.4 0.535 7.3 0.552 7.9 0.569 8.8 0.586 9.5 0.603 10.3 0.620 11 .0 0.637 11 .9 0.654 12.5

1 35 0.523 5.9 0.540 6.8 0.557 7.5 0.574 8.4 0.592 9.2 0.609 9.9 0.626 10.8 0.643 11 .4 0.661 12.3 0.678 13.0

Ta b l e  8 . 1 . 1 b ,  c o n t . —6  x  8  x  1 6  i n .  c o n c re t e  m a s o n r y  a s s e m b l y  w i t h o u t  i n s u l a t i o n  U- f a c t o r s  ( B t u /h - ft 2 - ° F )  a n d  h e a t  c a p a c i t y  va l u e s   

( B tu /ft 2 - ° F )
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2
9

C
O
D
E

C
O
M
M
E
N
T
A
R
Y

N o r m a l i z e d  

w e b  a re a ,  

i n . 2 /ft 2

D e n s i t y  

C M U ,   

l b /ft 2

G ro u t  p e rc e n t a g e

0 % 1 0 % 2 0 % 3 0 % 4 0 % 5 0 % 6 0 % 7 0 % 8 0 % 9 0 %

U H C U H C U H C U H C U H C U H C U H C U H C U H C U H C

1 8

8 5 0 . 4 2 2 4 . 0 0 . 4 3 6 4 . 8 0 . 4 5 0 5 . 5 0 . 4 6 4 6 . 4 0 . 4 7 8 7 . 0 0 . 4 9 2 7 . 9 0 . 5 0 6 8 . 8 0 . 5 2 0 9 . 5 0 . 5 3 4 1 0 . 3 0 . 5 4 8 1 1 . 0

9 5 0 . 4 4 2 4 . 4 0 . 4 5 7 5 . 3 0 . 4 7 2 5 . 9 0 . 4 8 6 6 . 8 0 . 5 0 1 7 . 5 0 . 5 1 6 8 . 4 0 . 5 3 1 9 . 0 0 . 5 4 6 9 . 9 0 . 5 6 1 1 0 . 8 0 . 5 7 6 1 1 . 4

1 0 5 0 . 4 6 2 4 . 8 0 . 4 7 8 5 . 7 0 . 4 9 3 6 . 4 0 . 5 0 9 7 . 3 0 . 5 2 4 7 . 9 0 . 5 4 0 8 . 8 0 . 5 5 6 9 . 5 0 . 5 7 1 1 0 . 3 0 . 5 8 7 1 1 . 0 0 . 6 0 2 1 1 . 9

1 1 5 0 . 4 8 3 5 . 3 0 . 4 9 9 6 . 2 0 . 5 1 5 6 . 8 0 . 5 3 1 7 . 7 0 . 5 4 8 8 . 4 0 . 5 6 4 9 . 2 0 . 5 8 0 9 . 9 0 . 5 9 6 1 0 . 8 0 . 6 1 2 1 1 . 4 0 . 6 2 9 1 2 . 3

1 2 5 0 . 5 0 4 5 . 7 0 . 5 2 1 6 . 6 0 . 5 3 7 7 . 3 0 . 5 5 4 8 . 1 0 . 5 7 1 8 . 8 0 . 5 8 7 9 . 7 0 . 6 0 4 1 0 . 3 0 . 6 2 0 1 1 . 2 0 . 6 3 7 1 1 . 9 0 . 6 5 4 1 2 . 8

1 3 5 0 . 5 2 7 6 . 2 0 . 5 4 3 7 . 0 0 . 5 6 0 7 . 7 0 . 5 7 7 8 . 6 0 . 5 9 4 9 . 2 0 . 6 1 1 1 0 . 1 0 . 6 2 7 1 0 . 8 0 . 6 4 4 1 1 . 7 0 . 6 6 1 1 2 . 3 0 . 6 7 8 1 3 . 2

2 0

8 5 0 . 4 2 2 4 . 2 0 . 4 3 6 4 . 8 0 . 4 5 0 5 . 7 0 . 4 6 4 6 . 4 0 . 4 7 7 7 . 3 0 . 4 9 1 7 . 9 0 . 5 0 5 8 . 8 0 . 5 1 9 9 . 5 0 . 5 3 3 1 0 . 3 0 . 5 4 7 1 1 . 2

9 5 0 . 4 4 2 4 . 6 0 . 4 5 7 5 . 3 0 . 4 7 1 6 . 2 0 . 4 8 6 6 . 8 0 . 5 0 1 7 . 7 0 . 5 1 6 8 . 4 0 . 5 3 0 9 . 2 0 . 5 4 5 9 . 9 0 . 5 6 0 1 0 . 8 0 . 5 7 4 1 1 . 4

1 0 5 0 . 4 6 3 5 . 1 0 . 4 7 8 5 . 7 0 . 4 9 4 6 . 6 0 . 5 0 9 7 . 3 0 . 5 2 4 8 . 1 0 . 5 4 0 8 . 8 0 . 5 5 5 9 . 7 0 . 5 7 1 1 0 . 3 0 . 5 8 6 1 1 . 2 0 . 6 0 2 1 1 . 9

1 1 5 0 . 4 8 4 5 . 5 0 . 5 0 0 6 . 2 0 . 5 1 6 7 . 0 0 . 5 3 2 7 . 7 0 . 5 4 8 8 . 6 0 . 5 6 4 9 . 2 0 . 5 8 0 1 0 . 1 0 . 5 9 6 1 0 . 8 0 . 6 1 2 1 1 . 7 0 . 6 2 8 1 2 . 3

1 2 5 0 . 5 0 7 5 . 9 0 . 5 2 3 6 . 6 0 . 5 3 9 7 . 5 0 . 5 5 6 8 . 1 0 . 5 7 2 9 . 0 0 . 5 8 8 9 . 7 0 . 6 0 4 1 0 . 6 0 . 6 2 1 1 1 . 2 0 . 6 3 7 1 2 . 1 0 . 6 5 3 1 2 . 8

1 3 5 0 . 5 3 0 6 . 4 0 . 5 4 7 7 . 0 0 . 5 6 3 7 . 9 0 . 5 8 0 8 . 6 0 . 5 9 6 9 . 5 0 . 6 1 2 1 0 . 1 0 . 6 2 9 1 1 . 0 0 . 6 4 5 1 1 . 7 0 . 6 6 2 1 2 . 5 0 . 6 7 8 1 3 . 2

2 2

8 5 0 . 4 2 2 4 . 2 0 . 4 3 5 5 . 1 0 . 4 4 9 5 . 7 0 . 4 6 3 6 . 6 0 . 4 7 7 7 . 3 0 . 4 9 1 8 . 1 0 . 5 0 4 8 . 8 0 . 5 1 8 9 . 7 0 . 5 3 2 1 0 . 3 0 . 5 4 6 1 1 . 2

9 5 0 . 4 4 2 4 . 6 0 . 4 5 7 5 . 5 0 . 4 7 1 6 . 2 0 . 4 8 6 7 . 0 0 . 5 0 1 7 . 7 0 . 5 1 5 8 . 6 0 . 5 3 0 9 . 2 0 . 5 4 4 1 0 . 1 0 . 5 5 9 1 0 . 8 0 . 5 7 3 1 1 . 7

1 0 5 0 . 4 6 4 5 . 1 0 . 4 7 9 5 . 9 0 . 4 9 4 6 . 6 0 . 5 0 9 7 . 5 0 . 5 2 5 8 . 1 0 . 5 4 0 9 . 0 0 . 5 5 5 9 . 7 0 . 5 7 0 1 0 . 6 0 . 5 8 5 1 1 . 2 0 . 6 0 1 1 2 . 1

1 1 5 0 . 4 8 6 5 . 5 0 . 5 0 2 6 . 4 0 . 5 1 7 7 . 0 0 . 5 3 3 7 . 9 0 . 5 4 9 8 . 6 0 . 5 6 4 9 . 5 0 . 5 8 0 1 0 . 1 0 . 5 9 6 1 1 . 0 0 . 6 1 1 1 1 . 7 0 . 6 2 7 1 2 . 5

1 2 5 0 . 5 0 9 5 . 9 0 . 5 2 5 6 . 8 0 . 5 4 1 7 . 5 0 . 5 5 7 8 . 4 0 . 5 7 3 9 . 0 0 . 5 8 9 9 . 9 0 . 6 0 5 1 0 . 6 0 . 6 2 1 1 1 . 4 0 . 6 3 7 1 2 . 1 0 . 6 5 3 1 3 . 0

1 3 5 0 . 5 3 4 6 . 4 0 . 5 5 0 7 . 3 0 . 5 6 6 7 . 9 0 . 5 8 2 8 . 8 0 . 5 9 8 9 . 5 0 . 6 1 4 1 0 . 3 0 . 6 3 0 1 1 . 0 0 . 6 4 6 1 1 . 9 0 . 6 6 2 1 2 . 5 0 . 6 7 8 1 3 . 4

1 .  B o th  fa c e  s h e l l  th i c kn e s s :  1  i n .  

2 .  M o rta r j o i n t th i c kn e s s :  3 /8  i n .  

3 .  U n g ro u te d c e l l s  a re  f l l e d w i th  a i r.  

4 .  S p e c i f c  h e a t of c o n c re te  m a s o n ry  u n i t:  0 . 2 2  B tu /l b · ° F.  

5 .  To  c a l c u l a te  th e rm a l  re s i s ta n c e  (R-v a l u e ) :  R  =  1 /U ( h - ft 2 - ° F /B tu ) .  

6 .  To  de te rm i n e  g ro u t p e rc e n ta g e ,  re fe r to  Ta b l e  R8 . 1 . 1 a .  

7 .  To  de te rm i n e  n o rm a l i z e d w e b  a re a  fo r ty p i c a l  c o n c re te  ma s o n ry  u n i t,  re fe r to  Ta b l e  R8 . 1 . 1 b .  

8 .  L i n e a r i n te rp o l a ti o n  c a n  b e  do n e  to  c a l c u l a te  U-fa c to r a nd h e a t c a p a c i ty  v a l u e s  fo r i n te rm e di a te  g ro u t p e rc e n ta g e .  

9 .  M o rta r de n s i ty :  1 2 5  l b /ft 3 .  

1 0 .  G ro u t de n s i ty :  1 4 0  l b /ft 3 .

Ta b l e  8 . 1 . 1 b ,  c o n t . —6  x  8  x  1 6  i n .  c o n c re t e  m a s o n r y  a s s e m b l y  w i t h o u t  i n s u l a t i o n  U- f a c t o r s  ( B t u /h - ft 2 - ° F )  a n d  h e a t  c a p a c i t y  va l u e s   

( B tu /ft 2 - ° F )
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3 0  T H E R M A L  P R O P E R T I E S  O F  C O N C R E TE  A N D  M AS O N RY  F O R  U S E  I N  D E TE R M I N I N G  E N E R G Y C O D E  C O M P L I A N C E

CODE COMMENTARY

Ta b l e  R 8 . 1 . 1 b —N o r m a l i z e d  we b  a re a :  Ty p i c a l  C M U

U n i t  c o nfg u r a t i o n We b  a re a  p e r  u n i t ,  i n . 2 N o r m a l i z e d  w e b  a re a ,  i n . 2 /ft 2

3  fu l l - h e i g h t w e b s :  F i g .  R8 . 1 . 1 ( 1 a ) 1 7 . 1 6 1 9 . 3

3  re du c e d- h e i g h t  w e b s :  F i g .  R8 . 1 . 1 ( 1 b ) 5 . 8 5 6 . 6

1  w e b  do u b l e  o p e n - e n d,  fu l l - h e i g h t  w e b :  F i g .  R8 . 1 . 1 ( 1 c ) 5 . 8 0 6 . 5

1  w e b  do u b l e  o p e n - e n d,  re du c e d- h e i g h t w e b :  F i g .  R8 . 1 . 1 ( 1 d) 6 . 0 0 6 . 8

2  fu l l - h e i g h t  w e b s :  F i g .  R8 . 1 . 1 ( 1 e ) 1 1 . 4 4 1 2 . 9

Full document details: ACI-TMS CODE 122.3-24
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Ta b l e  8 . 1 . 1 c —8  x  8  x  1 6  i n .  c o n c re t e  m a s o n r y  a s s e m b l y  w i t h o u t  i n s u l a t i o n  U- f a c t o r s  ( B t u /h - ft 2 - ° F )  a n d  h e a t  c a p a c i t y  va l u e s  ( B t u /ft 2 - ° F )

N o r m a l i z e d  

w e b  a re a ,  

i n . 2 /ft 2

D e n s i t y  

C M U ,   

l b / ft 2

G ro u t  p e rc e n t a g e

0 % 1 0 % 2 0 % 3 0 % 4 0 % 5 0 % 6 0 % 7 0 % 8 0 % 9 0 % 1 0 0 %

U H C U H C U H C U H C U H C U H C U H C U H C U H C U H C U H C

6.5

85 0.399 4.4 0.408 5.5 0.417 6.6 0.426 7.7 0.435 8.8 0.444 9.9 0.453 11 .0 0.462 12.1 0.471 1 3.2 0.480 14.3 0.489 15.4

95 0.417 5.1 0.427 6.2 0.437 7.3 0.447 8.4 0.456 9.5 0.466 10.6 0.476 11 .7 0.486 12.8 0.496 13.9 0.505 15.0 0.51 5 16.1

105 0.435 5.5 0.445 6.6 0.456 7.7 0.467 8.8 0.477 9.9 0.488 11 .0 0.498 12.1 0.509 13.2 0.519 14.3 0.530 15.4 0.540 16.5

11 5 0.452 5.9 0.463 7.0 0.474 8.1 0.486 9.2 0.497 10.3 0.508 11 .4 0.519 12.5 0.531 1 3.6 0.542 14.7 0.553 15.8 0.565 16.9

125 0.468 6.4 0.480 7.5 0.492 8.6 0.504 9.7 0.516 10.8 0.528 11 .9 0.540 13.0 0.552 14.1 0.564 15.2 0.575 16.3 0.587 17.4

1 35 0.483 6.8 0.496 7.9 0.509 9.0 0.521 10.1 0.534 11 .2 0.546 12.3 0.559 13.4 0.571 14.5 0.584 15.6 0.596 16.7 0.609 17.8

7.5

85 0.399 4.6 0.408 5.7 0.417 6.8 0.426 7.9 0.435 9.0 0.444 10.1 0.453 11 .2 0.462 12.3 0.470 13.4 0.479 14.5 0.488 15.6

95 0.417 5.1 0.427 6.2 0.437 7.3 0.446 8.4 0.456 9.5 0.466 10.6 0.476 11 .7 0.485 12.8 0.495 13.9 0.505 15.0 0.514 16.1

105 0.435 5.5 0.445 6.6 0.456 7.7 0.466 8.8 0.477 9.9 0.487 11 .0 0.498 12.1 0.508 13.2 0.519 14.3 0.529 15.4 0.540 16.5

11 5 0.452 5.9 0.463 7.0 0.474 8.1 0.486 9.2 0.497 10.3 0.508 11 .4 0.519 12.5 0.530 13.6 0.542 14.7 0.553 15.8 0.564 16.9

125 0.468 6.4 0.480 7.5 0.492 8.6 0.504 9.7 0.516 10.8 0.528 11 .9 0.540 13.0 0.552 14.1 0.563 15.2 0.575 16.3 0.587 17.4

1 35 0.484 6.8 0.497 7.9 0.509 9.0 0.522 10.1 0.534 11 .2 0.547 12.3 0.559 13.4 0.571 14.5 0.584 15.6 0.596 16.7 0.609 17.8

8.5

85 0.399 4.6 0.407 5.7 0.416 6.8 0.425 7.9 0.434 9.0 0.443 10.1 0.452 11 .2 0.461 12.3 0.470 13.4 0.479 14.5 0.488 15.6

95 0.417 5.1 0.427 6.2 0.436 7.3 0.446 8.4 0.456 9.5 0.465 10.6 0.475 11 .7 0.485 12.8 0.494 13.9 0.504 15.0 0.514 16.1

105 0.435 5.5 0.445 6.6 0.456 7.7 0.466 8.8 0.477 9.9 0.487 11 .0 0.497 12.1 0.508 13.2 0.518 14.3 0.529 15.4 0.539 16.5

11 5 0.452 6.2 0.463 7.0 0.474 8.1 0.486 9.2 0.497 10.3 0.508 11 .4 0.519 12.5 0.530 13.6 0.541 14.7 0.553 15.8 0.564 16.9

125 0.469 6.6 0.481 7.7 0.493 8.8 0.504 9.9 0.516 11 .0 0.528 12.1 0.540 13.2 0.551 14.3 0.563 15.4 0.575 16.5 0.587 17.6

1 35 0.485 7.0 0.498 8.1 0.510 9.2 0.522 10.3 0.535 11 .4 0.547 12.5 0.559 13.6 0.572 14.7 0.584 15.8 0.596 16.9 0.608 18.0
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N o r m a l i z e d  

w e b  a re a ,  

i n . 2 /ft 2

D e n s i t y  

C M U ,   

l b / ft 2

G ro u t  p e rc e n t a g e

0 % 1 0 % 2 0 % 3 0 % 4 0 % 5 0 % 6 0 % 7 0 % 8 0 % 9 0 % 1 0 0 %

U H C U H C U H C U H C U H C U H C U H C U H C U H C U H C U H C

10

85 0.398 4.6 0.407 5.7 0.416 6.8 0.425 7.9 0.433 9.0 0.442 10.1 0.451 11 .2 0.460 12.3 0.469 13.4 0.478 14.5 0.487 15.6

95 0.416 5.3 0.426 6.4 0.436 7.5 0.445 8.6 0.455 9.7 0.465 10.8 0.474 11 .9 0.484 13.0 0.494 14.1 0.503 15.2 0.51 3 16.3

105 0.435 5.7 0.445 6.8 0.455 7.9 0.466 9.0 0.476 10.1 0.487 11 .2 0.497 12.3 0.507 13.4 0.518 14.5 0.528 15.6 0.538 16.7

11 5 0.452 6.2 0.463 7.3 0.475 8.4 0.486 9.5 0.497 10.6 0.508 11 .7 0.519 12.8 0.530 13.9 0.541 15.0 0.552 16.1 0.563 17.2

125 0.470 6.6 0.481 7.7 0.493 8.8 0.505 9.9 0.516 11 .0 0.528 12.1 0.540 13.2 0.551 14.3 0.563 15.4 0.575 16.5 0.586 17.6

1 35 0.487 7.0 0.499 8.1 0.511 9.2 0.523 10.3 0.536 11 .4 0.548 12.5 0.560 13.6 0.572 14.7 0.584 15.8 0.596 16.9 0.608 18.0

12

85 0.397 4.8 0.406 5.9 0.415 7.0 0.424 8.1 0.432 9.2 0.441 10.3 0.450 11 .4 0.459 12.5 0.468 13.6 0.477 14.7 0.486 15.8

95 0.416 5.3 0.425 6.4 0.435 7.5 0.445 8.6 0.454 9.7 0.464 10.8 0.473 11 .9 0.483 1 3.0 0.493 14.1 0.502 15.2 0.512 16.3

105 0.434 5.7 0.445 6.8 0.455 7.9 0.465 9.0 0.476 10.1 0.486 11 .2 0.496 12.3 0.506 13.4 0.517 14.5 0.527 15.6 0.537 16.7

11 5 0.453 6.4 0.464 7.5 0.475 8.6 0.486 9.7 0.496 10.8 0.507 11 .9 0.518 1 3.0 0.529 14.1 0.540 15.2 0.551 16.3 0.562 17.4

125 0.471 6.8 0.482 7.9 0.494 9.0 0.505 10.1 0.517 11 .2 0.528 12.3 0.540 13.4 0.551 14.5 0.563 15.6 0.574 16.7 0.586 17.8

1 35 0.489 7.3 0.501 8.4 0.51 3 9.5 0.525 10.6 0.537 11 .7 0.548 12.8 0.560 13.9 0.572 15.0 0.584 16.1 0.596 17.2 0.608 18.3

14

85 0.396 4.8 0.405 5.9 0.414 7.0 0.423 8.1 0.431 9.2 0.440 10.3 0.449 11 .4 0.458 12.5 0.467 13.6 0.475 14.7 0.484 15.8

95 0.415 5.5 0.425 6.6 0.434 7.7 0.444 8.8 0.453 9.9 0.463 11 .0 0.472 12.1 0.482 13.2 0.491 14.3 0.501 15.4 0.510 16.5

105 0.434 5.9 0.444 7.0 0.455 8.1 0.465 9.2 0.475 10.3 0.485 11 .4 0.495 12.5 0.506 13.6 0.516 14.7 0.526 15.8 0.536 16.9

11 5 0.453 6.4 0.464 7.5 0.475 8.6 0.485 9.7 0.496 10.8 0.507 11 .9 0.518 1 3.0 0.529 14.1 0.539 15.2 0.550 16.3 0.561 17.4

125 0.472 7.0 0.483 8.1 0.495 9.2 0.506 10.3 0.517 11 .4 0.528 12.5 0.540 13.6 0.551 14.7 0.562 15.8 0.574 16.9 0.585 18.0

1 35 0.491 7.5 0.503 8.6 0.514 9.7 0.526 10.8 0.538 11 .9 0.549 13.0 0.561 14.1 0.573 15.2 0.584 16.3 0.596 17.4 0.608 18.5

16

85 0.395 5.1 0.404 6.2 0.41 3 7.3 0.422 8.4 0.430 9.5 0.439 10.6 0.448 11 .7 0.457 12.8 0.465 13.9 0.474 15.0 0.483 16.1

95 0.415 5.5 0.424 6.6 0.434 7.7 0.443 8.8 0.452 9.9 0.462 11 .0 0.471 12.1 0.481 1 3.2 0.490 14.3 0.500 15.4 0.509 16.5

105 0.434 6.2 0.444 7.3 0.454 8.4 0.464 9.5 0.474 10.6 0.485 11 .7 0.495 12.8 0.505 13.9 0.51 5 15.0 0.525 16.1 0.535 17.2

11 5 0.453 6.6 0.464 7.7 0.475 8.8 0.485 9.9 0.496 11 .0 0.507 12.1 0.517 1 3.2 0.528 14.3 0.539 15.4 0.549 16.5 0.560 17.6

125 0.473 7.0 0.484 8.1 0.495 9.2 0.506 10.3 0.51 8 11 .4 0.529 12.5 0.540 13.6 0.551 14.7 0.562 15.8 0.573 16.9 0.584 18.0

1 35 0.493 7.7 0.504 8.8 0.516 9.9 0.527 11 .0 0.539 12.1 0.550 13.2 0.562 14.3 0.573 15.4 0.584 16.5 0.596 17.6 0.607 18.7

18

85 0.394 5.1 0.403 6.2 0.412 7.3 0.421 8.4 0.429 9.5 0.438 10.6 0.447 11 .7 0.455 12.8 0.464 13.9 0.473 15.0 0.482 16.1

95 0.414 5.7 0.423 6.8 0.433 7.9 0.442 9.0 0.452 10.1 0.461 11 .2 0.470 12.3 0.480 13.4 0.489 14.5 0.499 15.6 0.508 16.7

105 0.434 6.2 0.444 7.3 0.454 8.4 0.464 9.5 0.474 10.6 0.484 11 .7 0.494 12.8 0.504 13.9 0.514 15.0 0.524 16.1 0.534 17.2

11 5 0.454 6.8 0.464 7.9 0.475 9.0 0.485 10.1 0.496 11 .2 0.506 12.3 0.517 1 3.4 0.527 14.5 0.538 15.6 0.549 16.7 0.559 17.8

125 0.474 7.3 0.485 8.4 0.496 9.5 0.507 10.6 0.518 11 .7 0.529 12.8 0.540 13.9 0.551 15.0 0.562 16.1 0.573 17.2 0.583 18.3

1 35 0.495 7.9 0.506 9.0 0.517 10.1 0.529 11 .2 0.540 12.3 0.551 1 3.4 0.562 14.5 0.573 15.6 0.585 16.7 0.596 17.8 0.607 18.9

Ta b l e  8 . 1 . 1 c ,  c o n t . —8  x  8  x  1 6  i n .  c o n c re t e  m a s o n r y  a s s e m b l y  w i t h o u t  i n s u l a t i o n  U- f a c t o r s  ( B t u /h - ft 2 - ° F )  a n d  h e a t  c a p a c i t y  va l u e s  ( B t u /ft 2 - ° F )
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