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'A major  c o n c l u s i o a  of p r i n c e t o n "  r e s e a r c h  i n  Twin R i v e r s  townhol;ses was 
l 
i t he  q u a n t i t a t i v e  s i g n i f i c a , n c e  sf f a u l t y  b u t  g e n e r i c  c o n s t r u c t i o n  d e t a i l s  i n  

d e t e r m i n i n g  h e a t  l o s s ;  i n  one townhouse a 67% r e d u c t i o n  i n  a n n u a l  s p a c e  

h e a t  r e q u i r e m e n t s  was a c h i e v e d  by r e t r o f i t s .  We have now launched  a 

program t o  c a t a l c g u e  ""- " - e n e r g y - r e l a t e d  problems i n  o t h e r  major  

g e o m e t r i c  c o n f i g u ~  . ' ..,,,ican homes. O ~ l r  s ampl ing  s t r a t e g y  i n  t he  

f i e l d  emphasizes  huust :  V L L I L ~ ~ ~ ,  which (because ,  n a t i o n - w i d e ,  c o n s t r u c t i o n  

methods a ~ d  m a t e r i a l s  a r c  remarkab ly  un i fo rm i n  a g iven  y e a r )  s t r o n g l y  

a f f e c t s  i n s n l a t i o n  l eve l ,  u s e  of v a p o r  b a r r i e r s ,  and s h e a t h i n g  m a t e r i a l , .  
i 
C o r r e c t i v e  measures  f o r  problem d e t a i l s  w i l l  b e  d e v e l o p e d ,  

/ A 
S t y l e  e t  p e r i o d e  en t a n t  qce  d d t e r m i n a n t s  des  f a u t e s  c o u t e u s e s  dans  l e s  -p--. -- 
7 A a a t i r n c n t s  r f s i d e n t i e l s  ,311s E t a t s - U n i s  

Une coac lus i sn  rnajeure %e l a  r c c h ~ r c h e  2cccmp'EEe par 1 ' u n i v e r s i t 6  d e  
'r f - r l z a c e L x  o u r  Pes rnaisoxas 2 mars mltoycns 3e i a  v i l l e  d e  Twin Rivers k ~ r t  

J / que 135 d g t a l l s  d e  c o n s t r u c t i o n  d d i ~ c t u e u x  mais g e n e r i q u e s  o a t  uno s i g n k f i -  
J cac,i.on q u a ~ t i t a t i v e  dans l a  deterrnj .nat ion d e s  pertes de c h a i e u r ,  3nc 

~ $ I J C ; : : ~ ~ ; + I  $er; b e s s i n s  arnr-tels d e  c h a u f f a g e  d e  67% daxls lane des maisons  
/ i,;:f2yeilnes f r l k  accornpl ie  par de; s a n e l i o r a t i ~ n s  cl2 c o n s t r u c t i n n ,  XQUS ~ V U ~ S  

qL:zi .~ tqnant  :ancc I r n  proeramule pour  c a r a l o g u e r  ies problGmes gknebriqaes l i6s 
"' 
P " ir- . ~ 1 e  darls Les 2ut-r-es c o n f i g u r a t i . m s  gLometr iques  p r i n c i p a l e s  d e s  

d / 
m;. ~ m e ~ ; ~ d i n e ~ ,  .i<3tre strategic de cha i r ,  da3s ce domaine met une 

7 & \ c ~ ~ p l ~ ? ~ : ;  i s~ l r  1'892 de6 maisons ,  q u i  ( e a r ,  a t r a v e r s  l e s  E t a t s - U n i s ,  les  

metr.l:odzs e t  I e s  u7a:kriaux s3e c o n s t r u c t i o n  sor l t  r ~ n a r q u a b l e r r ~ e n t  u n i f  ormes 
/ pour  u7e ann6e donnee)  iroilche fnrtement Ze n i v c a u  d t  i s o l a n t ,  l ' u s a g e  d e s  

P b a t r i t r e s  v a r e u r ,  e t  d:s tna te r i aux  de r e v e t e m e n t .  Des mesures  c o r r e c t -  
/ i-ala> p o u r  l e s  d d z a i l s  p rob lemar fq i l es  s e r o n t  d e v e l o p p e s .  
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C e n t e r  f o r  Envi ronmenta l  and Energy S t u d i e s ,  School  o f  E n g i n e e r i c g  and 

Appl ied  S c i e n c e ,  P r i n c e t o n  U n i v e r s i t y ,  P r i n c e t o n ,  New J e r s e y  03544, USA 

* I Much o f  t h e  h e a t  l o s s  of American h o u s e s  can be t r a c e d  t o  f a u l t y  d e t a i l s  

'of d e s i g n  and c o n s t r u c t i o n .  I n  one tovmhouse we a c h i e v e d  a  67% r e d u c t i o n  

i n  a n n u a l  s p a c e  h e a t  r e q u i r e m e n t s  b y  r e t r o f i t s  t h a t ,  a s i d e  f rom window 

i n s u l a t i o n ,  p r i m a r i l y  c o r r e c t e d  numerous d e t a i l s  t h a t  c o n t r i b u t e d  t o  a i r  

l e a k a g e  o r  p e r m i t t e d  b y p a s s e s  o f  e x i s t i n g  i n s u l a t i o n .  We b e l i e v e  t h e s e  

d e t a i l s  g e n e r a l i z e  t o  much of  r e c e n t  U.S. townhouse c o n s t r u c t i o n .  We a r e  

now examining o t h e r  k i n d s  o f  houses  and f i n d i n g  f u r t h e r  h e a t  w a s t i n g  

d e t a i l s  t h a t  o f t e n  a p p e a r  t o  b e  g e n e r i c  t o  house  t y p e s .  

i l 
To g i v e  coherence  t o  t h e  c a t a l o g u e  o f  such  d e t a i l s ,  i t  i s  u s e f u l  t o  s e t  

up a simpl-e c l a s s i f i c a t i o n  of h o u s e s  b y  v i n t a g e  and s t y l e .  Examina t ion  o f  

t h e  h i s t o r y  o f  house  b u i l d i n g  i n  t h e  U n i t e d  S t a t e s  i n  t h i s  c e n t u r y  r e v e a l s  

s e v e r a l  r e l a t e d  t r e n d s .  House s t y l e s  became l e s s  r e g i o n a l l y  p e c u l i a r  a n d v  

l e s s  d i v e r s i f i e d  a s  t h e  c e n t u r y  p r o g r e s s e d .  Houses a l s o  t ended  t o  beccrne 

g e o m e t r i c a l l y  s i m p l e r .  These  t r e n d s  may w e l l  b e  l i n k e d  t o  t h e  r i s e  of 

t r a c t  developments  and t h e  growing dominance o f  t h e  r e s i d e n t i a l  c o n s t r u c -  

t i o n  i n d u s t r y  by l a r g e r  n o n l o c a l i z e d  f i r m s  t h a t  used s t a n d a r d i z e d  .p roduc t s  

and methods.  Custom c o n s t r u c t i o n  gave  way t o  s p e c u l a t i v e  c o n s t r u c t i o n  

aimed a t  t h e  m a r k e t ' s  common d e n o m i n a t o r s  o f  t a s t e .  Thus t h e  p a r t  o f  t h e  

h o u s i n g  s t o c k  d a t i n g  f r o n  t h e  b e g i n n i n g  of t h e  c e n t u r y  i s  more i n d i v i d u a l  

and e c c e n t r i c  t h a n  t h e  l a t e r  s t o c k ,  which i s  o f t e n  d e p l o r e d  f o r  i t s  rnachine- 

l i k e  u n i f o r m i t y .  

A g r e a t  many changes  o f  s t y l e  and c o n s t r u c t i o n  p r a c t i c e  i n  t h e  U.S. 

c o i n c i d e d  a p p r o x i m a t e l y  w i t h  World War 11. C l a s s i f y i n g  h o u s e s ,  t h e r e f o r e ,  

i n t o  pre-war and pos t -war  v i n t a g e s  t e n d s  t o  s o r t  out . rnany f e a t u r e s  r e l a t e d  

t o  e n e r g y  u s e .  I n  1975 t h e  U . S .  h o u s i n g  s t o c k  comprised 67 m i l l i o n  u n i t s .  

Of t h e s e ,  46 m i l l i o n  were  s i n g l e  f a m i l y  h o u s e s  and o f  t h ~  l a t t e r ,  30  

m i l l i o n  w e r e  o f  pos t -war  v i n t a g e .  
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I Taking  a c c o u n t  o f  b o t h  v i n t a g e  and s h a p e ,  we a r r i v e d  ac t h e  b r o a d  c l z s z -  

j i f i c s t i o n  o f  d e t a c h e d  h o u s e s  i n t o  t h e  seven  t y p e s  shovm i n  t h e  t a b l e  below.  

,The names wz have  a s s i g n e d  t o  t h e  c l a s s e s  f o r  c o n v e n i e n c e ,  w h i l e  n o t  v e r y  
I I 
: p r e c i s e ,  d o  c o r r e s p o n d  r o u g h l y  t o  common r e a l  e s t e t e  p a r l a n c e .  
l i 

S t o r i e s  Pre-War Pos t -war  

l "RarrS, l e r "  "Ranch" 

1% "Cape cod" 

l 2 "Old C o l o n i a l "  f"Net~ C o l o n i a l "  

1 > 2 " V i c t o r i a n "  m - 
! 
I . S p l i t  - - . .  " S p l i t "  . -. L I 

3: A t h i r d  c r i t e r i o n  t h a t  c l a s s i f i e s  h o u s e s  by e n e r g y  pe r fo rmance  i s  
I .- 

' c l  i m z t i c  r e g i o n .  Houses i n  C a l i f o r n i a  a r e  r a t h e r  d i f  f e r e n i .  f ro ;?  h o u s e s  i n  

N e w  J e r s e y .  On t h e  a v e r a g e ,  C a l i f o r n i a  h o u s e s  u s e  a s  much h e a t i n g  f u e l  p e r  

s q u a r e  mete r  of  f l o o r  s p a c e  as New J e r s e y  h o u s e s  even though t h e  c l i m a t e  

i s  much m i l d e r  i n  C a l i f o r n i a ,  C a l i f o r n i a  h o u s e s ,  a p p a r e n t l y ,  a r e  b u i l t  

more l o o s e l y .  M a t e r i a l s  a l s o  v a r y  s o n e b h a t  w i t h  r e g i o n .  Thus masonry i s  

more cornnor) i n  t h e  s o u t h w e s t  t h a n  e l sewhere ,  e x p r e s s i n g  c o s t s  r e l a t i v e  t o  

wood and t h e  b e n e f i t  o f  t h e r m a l  mass i n  a d e s e r t  c l i m a t e .  Our s t u d i e s  f o r  

i t h e  p r e s e n t  a r e  c o n f i n e d  t o  t h e  m o d e r a t e l y  c o l d  n o r t h e a s t .  E x t e n s i o n  o f  
1 
o u r  r e s u l t s  t o  o t h e r  ' r e g i o n s  w i l l  r e q u i r e  f u r t h e r  s t u d y .  

I n  view of  t h e  r e g i o n a l  d i f f e r e n c e s ,  i t  i s  n o t  s u r p r i s i n g  t o  f i n d  t h a t  + 

t h e  p r o p o r t i o n s  o f  h o u s e s  i n  o u r  seven  c l a s s e s  v a r y  w i t h  r e g i o n .  So f a r  a s  

we c a n  t e l l  f rom i n c o m p l e t e  d a t a ,  t h e  p r o p o r t i o n s  i n  t h e  n o r t h e a s t  a r e  

a p p r o x i m a t e l y  t h e s e :  

Rambler 7 % 

I Ran c h  18% 

Cape Cod 14% 

Old C o l o n i a l  18% 

N e w  C o l o n i a l  26% 

V i c t o r i a n  10% 

I n  o t h e r  p a r t s  oL t h e  c o u n t r y  o n e - s t o r y  h o u s e s  a r e  ~ u c h  more p r e v a l e n t .  

The n o r t h e a s t  a l s o  h a s  t h e  l o w e s t  p e r c e n t a g e  o f  newer h o u s e s ,  

Us ing  h o u s e s  drawn f rom t h e  c l a s s e s  t a b u l a t e d  above ,  we a r e  u n d e r t a k i n g  

a s e r i e s  of  c a s e  s t u d i e s  i n  which c o r r e c t i v e  measures  f o r  e n e r g y  problems 

w i l l  b e  deve loped  and t e s t e d .  The c a s e  s t u d i e s  w i l l  s e r v e  a s  f o c i  f o r  a 

s e r i e s  o f  p u b l i c a t i o n s ,  one  f o r  e a c h  t y p e  of  h o u s e ,  i n  which t h e  r e s u l t s  o f  

t e s t s  on v a r i o u s  e n e r g y  c o n s e r v a t i o n  measures  w i l l  b e  r e p o r t e d .  D i s c u s -  
-P-- ---  - -  - - 
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s i o n s  of  problem d e t a i l s  t h a t  a r e  n o t  s s s o c 5 e t e d  with a p a r t L c u l a r  c l a s s  

o f  h o u s e s  ( e . g .  p a t i o  d o o r s )  w i l l  b e  e i t h c r  c r o s s - r e f e r e n c e d  o r  d u p l i c a t e d  

, i n  more t h a n  one  r e p o r t .  Tire hope  i n  t h l s  vley t o  reach a w i d e  a u d i e n c e  

w i t h  u s e f u l  i n f o r m a t i o n  o r g a n i z ~ d  i n  a  c o n v e n r e n t  way. 

A c l c n o w 1 . e n e n  t -- --p 

The a i l t h o r s  \.~i:ii? t:o aclcnor;?leGgc t h c  fu :~dFng  by t-hc O f f i c e  o f  C u i l d . i n g s  

and  Comrn~li i ty S y s t e m s ,  ConsezvatFon s n l  S o i ~ z  A p p l i c a t i o n s  o f  t h e  l i n i t z d  , 

S t a t e  D e p a r t r , e n t  o f  Energy  - C o n t r a c t  S o .  C3-S-02-4288. T'rLc s u p p o r t  and 

encouragement  on t h e  p a r t  o f  E - ; o T ~ ~ E ~ G  ROSS i s  g r e a t l y  a p p r e c i a t e d ,  

R c f e r e n c ~ ~ s s o  r e c e n t  P r i n c e t o n  s t u c ; l e s  

Energy and B u i l d i n g s  - S p e c i z i  I r i a c e t o n  I s s u e ,  V o l .  l ,  No. 3 ,  A p r i l  1978 ,  ' 

E l s e v i e r  S e q u o i a  S  . A .  L s u s a l ~ ~ e ,  S r ~ i t z e r l e - i l d ;  --U S a v i ~ g  En c r ~ v  S L-p i n  t h e  JJome 

ed .  Socolo1\7, R .  H . ,  B e l l i n g e r  P u S i i s h i - n g  Co., Cambridge,  3 iass .  1978. 

D u t t ,  Gautam S . ,  Beyea,  J . ,  S l n d c n ,  F .  W . ,  ".4ttlc B e a t  L o s s  a n 3  Conserva-  

t i o n  P o l i c y , "  ASIE p a p e r  78-TS-5, 1978  ( p r e s e n t e d  a t  E n e r g y  Techno logy  

C o n f e r e n c e ,  Hous ton ,  T e x a s ) .  

B l o m s t e r b c r g ,  2. K . ,  and I lar i - jc ,  D.  T ,  , Approcches  t o  E ~ a l u a t ~ o n  o f  A i r  

V I n f i l t r a t i o n  E n e r g y  L o s s e s  i n  B u i l d i n g s ,  AS!!RnE T r a n s a c t i o n s  1979 ,  

' Vol .  8 5 ,  P a r t .  i. 

f i a r r j e ,  David  T.  and T"llls, Thornas A .  Jr. ,  " A i r  I n f  i l - t r a t i o n  R e d u c t i o n  

Through R e t r o f i t t i n g , "  ASTX S ? c c i a l  P & l i c a t i o n ,  1379 ( p r e s e n t e d  a t  

ASTlsi K c e t i n g  on A i r  I n f i l t r a ' i i . c n ,  Karch ,  1 9 7 8 ) .  



r ea sons :  (1)  The band j o i s t  i s  u s u a l l y  n o t  i n s u l a t e d ;  
(2) t h e  hollow b lock  w a l l s  a l low t h e  formation of i n t e r n a l  
convect ion c u r r e n t s  t h a t  i n c r e a s e  h e a t  t r a n s f e r  t o  t h e  o u t s i d e .  
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Figure 2 .  Spaces  a d j o i n i n g  a t t i c s  a l l o w  c o l d  air t o  come i n  c o n t a c t  
w i t h  t h e  gypsum board ,  t h u s  i n c r e a s i n g  h e a t  l o s s .  
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