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A b s t r a c t :  

Window and d o o r  r e t r o f i t t i n g  u s i n g  s t a i n l e s s  s t e e l  w e a t h e r s t r i p p i n g  was 

f i e l d  e v a l u a t e d  i n  a 30-year o l d  home. Three  methods were  used i n  t h e  evalu-  

a t i o n :  t r a c e r  g a s - d i l u t i o n ,  d e p r e s s u r i z a t i o n  of t h e  e n t i r e  house and p r e s s u r -  

ization/depressurization of i n d i v i d u a l  windows. The windows were  of t h e  wooden 

double  hung d e s i g n .  The d o o r s  inc luded  a  p a i r  of F rench  d o o r s  i n  a d d i t i o n  t o  

f r o n t  and r e a r  d o o r s .  Storm windows were a l s o  a p p l i e d  t o  a  h i g h  p e r c e n t a g e  

of t h e  windows. The. s a v i n g s  i n  a i r  i n f i l t r a t i o n  from add ing  wea ther  s t r i p p i n g  

was shown t o  b e  10-14.7% f o r  t h e  windows/doors w e a t h e r s t r i p p e d  and dependent  

on t h e  t e s t  method. For  t h e  complete  r e t r o f i t ,  15.5% l e a k a g e  r e d u c t i o n  i s  

p r e d i c t e d  which r e s u l t s  i n  a n  e s t i m a t e d  4-6% energy s a v i n g s .  Weather s t r i p p i n g  

and s t o r m  windows i n  combinat ion r e s u l t e d  i n  20.6-23-.2% s a v i n g s  i n  a i r  i n f i l -  

t r a t i o n  l o s s e s  f o r  t h e  r e t r o f i t  measures t h a t  were t a k e n .  An e n t i r e  house  

r e t r o f i t  was p r e d i c t e d  t o  r e d u c e  a i r  i n f i l t r a t i o n  27 .5% and a c h i e v e  7-11% 

energy  s a v i n g s .  

A.  House D e s c r i p t i o n  

I n  o r d e r  t o  test  t h e  improvements t h a t  might be  expec ted  i n  a  window and 

door  seal r e t r o f i t  o f  a n  o l d e r  home t h e  f o l l o w i n g  c r i t e r i a  were set .  

1. The home would b e  a t  l e a s t  20 y e a r s  o l d .  

2. The windows would be  of t h e  double-hung d e s i g n ,  t h e  most p r e v a l e n t  
d e s i g n .  

3 .  The f raming  and window/door m a t e r i a l  would b e  of wood c o n s t r u c t i o n ,  
t h e  most cormnon m a t e r i a l .  

4.  The p r e i n s p e c t i o n  shou ld  i n d i c a t e  t h a t  a i r  l e a k i n e s s  o f  a t  least  
a v e r a g e  l e v e l s  d i d  e x i s t  so  t h a t  b e n e f i t s  shou ld  b e  r e a d i l y  observed .  



The p l a n  of t h e  house chosen f o r  t he  window r e t r o f i t  s tudy  i s  shown i n  

2  2  
F ig .  1. Floor  a r e a  i s  moderate,? 152 m (1635 f t  ) . The house w a s  b u i l t  i n  

t h e  l a t e  1940s and an  a d d i t i o n  ( see  c r o s s  hatched s e c t i o n )  was added i n  t h e  

mid 1960s. The house has  a  basement extending unde r  t h e  o r i g i n a l  s t r u c t u r e ,  

a  f i r s t  f l o o r  which c o n t a i n s  a  l i v i n g  room wi th  f i r e p l a c e ,  d in ing  room, s tudy ,  

ki tchen-pantry w i t h  c e i l i n g  ven t  and small  bathroom. U p s t a i r s  a r e  t h r e e  small 

bedrooms, h a l l ,  main bathroom, and,ma,ster bedroom wi th  a t t a c h e d  bathroom. The 

main bathroom i s  wi thout  windows but  does have a. powered ven t .  

An a t t i c  (used f o r  s to rage )  extends over t h e  e n t i r e  upper f l o o r .  Access 

2  
i s  through a  0.4mZ ( 4  f t  ) ha tch  cover i n  t h e  h a l l .  Other p o i n t s  of communi- 

c a t i o n  wi th  t h e  lower f l o o r s  i nc lude  t h e  previous ly  mentioned bathroom f a n  

which was shown t o  have minimum leakage.  The chimney i s  on t h e  o u t s i d e  of 

t h e  house and does n o t  communicate w i t h  t h e  a t t i c .  

The house has t h r e e  e x t e r i o r  doors ,  which c o n s i s t  of a  91 cm (36 i n c h j  

f r o n t  door ,  8 1  cm (32 inch)  r e a r  door ,  p lus  152 cm (60 inch)  wide FrenchCdoors  

between t h e  l i v i n g  room and back porch. A l l  of t h e  doors  were cons t ruc t ed  of 

wood and were weather s t r i p p e d  i n  t h e  r e t r o f i t  procedure,  

The window d e t a i l s  a r e  descr ibed  i n  Table 1. The window a r e a  r e p r e s e n t s  

15% of t h e  f l o o r  a r e a  (a va lue  common i n  a r c h i t e c t u r a l  d e s i g n ) .  I n  t h e  o lde r  

s e c t i o n  of t h e  house 13  of 17 windows were r e t r o f i t t e d .  This  r ep re sen ted  78 

* 
percent  of t h e  s e a l  l e n g t h  of a l l  t h e  o lde r  windows. The windows i n  t h e  newer 

s e c t i o n  were l e f t  untouched s i n c e  t e s t s  on ind iv idua l  windows ind ica t ed  t h a t  

they  r ep re sen ted  a  small f r a c t i o n  of t h e  leakage (see  s e c t i o n  D ) .  

"Neglecting t h e  basement windows 



T e s t s  on t h e  house  p r i o r  t o  r e t r o f i t t i n g  r e v e a l e d  i n f i l t r a t i o n  r a t e s  of 

j u s t  less t h a n  one a i r  exchange p e r  hour ,  T h i s  v a l u e  i s  c l o s e  t o  t h e  amount 

t h a t  would b e  c a l c u l a t e d  from s t a n d a r d  ASHRAE procedures .  1 

B. R e t r o f i t t i n g  Technique 

I n  o r d e r  t o  i n s u r e  long  term b e n e f i t s  from t h e  r e t r o f i t  p rocedure ,  a  

d u r a b l e  m a t e r i a l  was s e l e c t e d .  The s e a l s  used were of a f l e x i b l e  s t a i n l e s s  

s t e e l  d e s i g n .  A s  shown i n  F i g u r e  2 ,  t h e  s e a l s  were f i t t e d  t o  t h e  window 

frame f o l l o w i n g  a  g e n e r a l  r u l e  of s e a l i n g  a long  a  l i n e  p a s s i n g  v e r t i c a l l y  

through t h e  d o u b l e  hung window. Only a t  t h e  j u n c t u r e  between upper and 

lower s a s h  was i t  n e c e s s a r y  t o  add t h e  s e a l  t o  a  moving p o r t i o n  of t h e  window. 

For t h e  lower  s a s h  s e a l  a n  a d d i t i o n a l  wood s t r i p  and s e a l  was added a c r o s s  t h e  

s i l l  s o  t h a t  when t h e  window c l o s e d  i t  would d e p r e s s  t h i s  " l i p  s e a l " ,  e l imin-  

i n a t i n g  a i r  f low.  

The d e t a i l s  of t h e  r e t r o f i t t i n g  procedure  on b o t h  windows and doors  began 

w i t h  a thorough i n s p e c t i o n ,  n o t i n g  problems of a , d i m e n s i o n a l  n a t u r e .  The 

window s a s h e s  were removed from t h e i r  frames and wood s t r i p s  were added o r  

s a s h e s  were  shaved u n t i l  t h e  p r o p e r  s l i d i n g  f i t  w a s  o b t a i n e d .  A f t e r  t h e  

p roper  f i t  was obta ined,  t h e  p rocedure  was con t inued  and t h e  s e a l s  were added. 

The s t a i n l e s s  s t e e l  l i p  seals were c u t  from long  r o l l s  of t h e  s e a l  m a t e r i a l  

and n a i l e d  i n t o  p l a c e .  Nails were p laced  40 p e r  meter  ( 1  p e r  i n c h )  i n  t h e  

way a  c o b b l e r  n a i l s  shoes .  A f t e r  t h e  weather  s t r i p p i n g  was e n t i r e l y  i n  p l a c e  

on a  g i v e n  window, a s p e c i a l  t o o l  was moved a long  t h e  f u l l  l e n g t h  of t h e  s e a l  

t o  p r o v i d e  a  p r e c i s e  a n g l e  t o  t h e  s t a i n l e s s  s t e e l  l i p .  I n  t h e  p r o c e s s  o f  

a t t a c h i n g  t h e  wea ther  s t r i p ,  s p e c i a l  c a r e  was t aken  i n  t h e  a r e a  around t h e  



window l a t c h  i n  t h a t  t h e  s e a l  was con toured .  A t  t h e  c o r n e r s  s m a l l  s q u a r e s  of 

f o a l  p l a s t i c  were  g lued  i n t o  p l a c e  s o  t h a t  no l e a k a g e  would occur  a t  t h o s e  

l o c a t i o n s  where t h e r e  was a  b r e a k  i n  t h e  m e t a l  s e a l .  

C.  T e s t  Methods 

Three  independen t  measurements of a i r  i n f i l t r a t i o n  l e v e l s  b e f o r e  and 

a f t e r  window/door r e t r o f i t t i n g  were  conducted.  These measurements were based 

on t h e  t r a c e r  g a s  - d i l u t i o n  method and t h e  p r e s s u r i z a t i o n - d e p r e s s u r i z a t i o n  

t e c h n i q u e .  I n  t h e  l a t e r  p rocedure  b o t h  t h e  o v e r a l l  house  and i n d i v i d u a l  

windows were  t e s t e d  s e p a r a t e l y .  

a )  T r a c e r  g a s - d i l u t i o n  

The t r a c e r  g a s  d i l u t i o n  method and t h e  a s s o c i a t e d  automated a i r  i n f i l -  

t r a t i o n  u n i t  (AAIU) have been used many t imes  i n  t h e  p a s t .  2-5 The equipment 

i s  shown i n  F i g .  4. The method i s  based upon t h e  u s e  of a  t r a c e r  g a s ,  i n  

t h i s  c a s e  s u l p h u r  h e x a f l u o r i d e  (SF ) ,  which is  i n j e c t e d  i n t o  t h e  warm a i r  
6 

d u c t  sys tem.  The amount of g a s  and t h e  method of i n j e c t i o n  a r e  c a r e f u l l y  

c o n t r o l l e d  t o  p r o v i d e  r a p i d  mixing and t o  a c h i e v e  c o n c e n t r a t i o n  l e v e l s  of 

approx imate ly  40 p a r t s  p e r  b i l l i o n  (ppb) w i t h i n  t h e  house .  With t h e  p a r t i -  

c u l a r  AAIU dep loyed  f o r  t h e s e  t e s t s ,  measurements of c o n c e n t r a t i o n  were  made 

every  f i v e  minu tes  u s i n g  t h e  e l e c t r o n  c a p t u r e  d e t e c t o r  and gas  chromatograph 

which are p a r t  of t h e  AAIU. The d a t a  were s t o r e d  on magne t ic  t a p e  c a s s e t t e s .  

Each c a s s e t t e  c o u l d  ho ld  up t o  one week of d a t a  b u t  was normal ly  changed on 

a f o u r  o r  f i v e  day s c h e d u l e .  

Each A A I U  h a s  a s l i g h t l y  d i f f e r e n t  c a l i b r a t i o n  f a c t o r  and t h e  u n i t s  a r e  

r e c a l i b r a t e d  p e r i o d i c a l l y .  The g e n e r a l  form of t h e  govern ing  r e l a t i o n s h i p  



is based upon Beers law 

where I is the current reading for the SF concentration present 
6 

I is the standing current (i.e. steady-state reading prior to sampling) 
0 

k is a constant 

C is the concentration 

and B is the concentration exponent which is the item checked in the 

calibration procedure. 

In determining air exchange rates one measures concentrations at two 

times, Ct and C 
t + At' where At is the time between tests. In this calcula- 

tion the air infiltration rate is simply 

and the k factor cancels out. 

Throughout the pre-retrofit testing and the post-retrofit testing the 

AAIU was placed next to the furnace in the basement, monitoring the duct air. 

Because winter weather was so consistently cold in the immediate post retrofit 

period, additional data were gathered late in the winter season so that a 

range of outside temperatures and the resultant air infiltration levels could 

be used in the comparisons. In these tests the data were collected for a range 

of wind conditions. However, for comparison with the other testing techniques, 

emphasis was placed on infiltration rates for winds less than 4.5 m/s (10 mph). 



This was because the pressurization/depressurization testing cannot tolerate 

high wind conditions and maintain accurate measurements. 

(b) Fressurization/depressurization for the whole house. 

Using a blower doordevice,6 the whole test house could be pressurized 

7 -8 
and depressurized according to well-established methods. The blower door 

is shown in Fig. 5 and is designed to tightly fit into a wide variety of door 

frames. The procedure is then to provide a differential pressure between in- 

side and outside the house under test. This pressure difference is completely 

adjustable using a variable-speed axial fan motor (d.c. motor and solid-state 

control). In the step-by-step changes in differential pressure the fan speed 

is read simultaneously. Within a matter of minutes a pressure-flow rate pro- 

file is established fcr the house. The flow is determined from previous labor- 

atory calibrations of the fan speed and flow rate. The technique used in this 

house also allowed internal door closure to provide an additional plot of 

pressure versus flow rate and isolation of leakage sties. 

c) Depressurization of individual windows 

In the case of individual windows the depressurization technique was used 

together with a plastic cover tightly taped to the window frame (see Fig. 6). 
I 

Depressurization was accomplished with a vacuum cleaner (suction side) and the 

flow was measured with a sensitive gas flow meter over a timed period. The 

differential pressure was measured as in the whole house tests using a sensi- 

tive pressure gauge (2 Fa, .O1 in. H 2 0 ) .  In order to minimize the chance for 

any leakage, other than through the window under test, the pressure in the 

house was lowered to the window pressure level using the blower door. In this 

procedure no differential pressure existed between window and house interior, 



hence even i f  a  small opening developed along the  taped p l a s t i c  a t  t h e  window 

frame edge o r  hoses ,  t h e  leakage would be n e g l i g i b l e .  9  

D.  Resu l t s  from Tes t ing  

1. Ind iv idua l  windows: 

The f i r s t  r e s u l t s  t o  b e  descr ibed  a r e  those  involv ing  t h e  t e s t s  on t h e  

i n d i v i d u a l  windows. These r e s u l t s  a r e  i n  F igure  7 .  The d a t a  i n  group I is  

f o r  s i x  windows p r i o r  t o  r e t r o f i t .  Group I1 i nc ludes  t e s t s  on two windows 

a f t e r  wea the r s t r i pp ing .  The improvement i n  leakage r a t e  i s  q u i t e  evi'dent 

w i th  an  approximate r educ t ion  of 75% wi th  r e t r o f i t t i n g  when measuring t h e  

a i r  l eakage  r a t e s  w i t h i n  t h e  window frame. This  p l o t  is  normalized f o r  c r ack  

l eng th .  

Also of i n t e r e s t  i n  such window comparisons is  t h a t  t h e  1960s windows 

i n  t h e  newer p o r t i o n  of t h e  house exhib i ted  approximately t h e  same leakage 

c h a r a c t e r i s t i c s  a s  t h e  r e t r o f i t t e d  windows wi th  p o s i t i v e  p re s su re .  (See 

window s i z e s  a s  l i s t e d  i n  Table 1 ) .  The 1960s windows had s e a l s  between " 

sashes  and where t h e  sa sh  met t h e  s i l l .  

Comparing t h e  r e s u l t s  wi th  t h e  d a t a  l i s t e d  i n  t h e  NBS Window Study, 
10 

shows t h a t  t h e  t e s t e d  windows a r e  s l i g h t l y  l e a k i e r  than  t h e  " t y p i c a l  window" 

3 3 
c i t e d .  Our a f t e r  r e t r o f i t  va lue  of 2.0 m /mh (21 f t  / f t h ) .  should be  compared 

3 3 
wi th  1 .8  m /mh (19 f t  / f t h )  a t  a  p re s su re  d i f f e r e n c e  of 12 .5  Pa (0.05 inches 

3 3 
of water )  .l0 The same comparison made before  r e t r o f i t  g ives  7.5 m /mh (80f t / 

3 3 
f t h )  f o r  our  t e s t e d  windows and 6.5 m /mh (69 f t  / f t h )  f o r  t h e  "NBS t y p i c a l  

window. The " t y p i c a l  window" shows a  70% reduc t ion ,  whi le  t h e  t e s t e d  

windows show a  75% reduc t ion  s t a r t i n g  from a  14% higher  va lue .  The problem, 



however, w i t h  t h e s e  windows i s  t h a t  a n  impor tan t  p a r t  of t h e  l e a k a g e  goes  

th rough  t h e  open ings  f o r  t h e  coun te rweigh t  c a b l e s .  For  a r e t r o f i t t e d  window 

t h i s  l e a k a g e  i s  a p p r o x i m a t e l y  35% of t h e  t o t a l  l e a k a g e  a t  12.5  Pa (0.05 i n c h e s  

of w a t e r )  ( s e e  F i g .  8 ) .  Without t h i s  l e a k a g e  t h e  p o s t  r e t r o f i t  v a l u e  would be  

3 3  1 . 3  m /mh (14 f t  / f t h ) ,  which i s  b e t t e r  t h a n  t h e  " t y p i c a l  c a s e  window", and 

r e p r e s e n t s  a n  81% r e d u c t i o n  based on s e a l  l e n g t h .  

2. E n t i r e  house  d e p r e s s u r i z a t i o n  

Using t h e  t e c h n i q u e s  p r e v i o u s l y  d e s c r i b e d  t h e  e n t i r e  house d e p r e s s u r i z a -  

t i o n  tests are d e s c r i b e d  i n  F i g u r e  9 .  T h i s  f i g u r e  i n c l u d e s  d a t a  from t h r e e  

test c o n d i t i o n s  from which comparisons  can b e  made. T a b l e  2  shou ld  b e  r e f e r r e d  

t o  i n  o r d e r  t o  a i d  comparisons  between t e s t  c o n d i t i o n  A (no weather  s t r i p p i n g  

and o r i g i n a l  d o o r s  and windows), t e s t  c o n d i t i o n  B (where wea ther  s t r i p p i n g  was 

added) and test  c o n d i t i o n  C (where b o t h  weather  s t r i p p i n g  and s to rm windows 

have been  added) .  Over t h e  r a n g e  of p r e s s u r e  d i f f e r e n c e  from 1 7 . 5  - 50 Pa . 

( .075 t o  ,200 i n c h e s  of w a t e r )  one o b s e r v e s  t h a t  t h e r e  i s  a n  a v e r a g e  14.7% 

d e c r e a s e  i n  whole house  a i r  exchange r a t e  f o r  t h e  a d d i t i o n  o f  t h e  weather  

s t r i p p i n g  and 20.6% f o r  wea ther  s t r i p p i n g  and s to rm windows. 

3. T r a c e r  g a s  r e s u l t s  

The l e v e l s  o f  a i r  i n f i l t r a t i o n  a s  r e c o r d e d  by t h e  automated A i r  I n f i l t r a -  

t i o n  U n i t  u s i n g  t h e  t r a c e r  g a s  method are p l o t t e d  a s  p o i n t s  i n  F i g .  1 0 .  The 

d a t a  have  r e s u l t e d  f rom t e s t i n g  immediate ly  b e f o r e  and a f t e r  t h e  p e r i o d  of 

r e t r o f i t t i n g  (second week of J a n u a r y  1978) and a d d i t i o n a l  d a t a  t a k e n  l a t e r  i n  

t h e  w i n t e r  of 1978 s o  t h a t  t h e  same range  of weather  p a r a m e t e r s  (low wind speed 

c 4 . 5  m e t e r s / s e c  110 mph] and t e m p e r a t u r e  d i f f e r e n c e s  from 15 - 20°C [27 - 36OF1) 

cou ld  b e  documented. Weather d a t a  were  s u p p l i e d  from t h e  U . S .  N a t i o n a l  Weather 
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A l l  d a t a  sets are based on a c o m p i l a t i o n  of f i v e  minute  d a t a .  The f i r s t  

d a t a  set was p r i o r  t o  r e t r o f i t t i n g  w i t h o u t  t h e  s to rm windows. The second 

d a t a  sets o c c u r r e d  a f t e r  r e t r o f i t t i n g  wi thou t  s torm windows. The f i n a l  d a t a  

set i n c l u d e d  r e t r o f i t t i n g  and s to rm windows. 

R e s u l t s  a r e  as f o l l o w s :  t h e  a v e r a g e  a i r  i n f i l t r a t i o n  r a t e  p r i o r  t o  

* 
r e t r o f i t t i n g  was .82 t .05 a i r  changes  p e r  hour ,  a f t e r  r e t r o f i t t i n g  w i t h  

weather  s t r i p p i n g  t h e  i n f i l t r a t i o n  r a t e  dropped t o  .74  k .06 a i r  changes  

p e r  hour ,  a % 10% improvement, and f i n a l l y  t h e  a d d i t i o n  of s to rm windows t o  

t h e  r e t r o f i t t e d  windows d r o p s  t h e  a i r  i n f i l t r a t i o n  r a t e  t o  .63 k .05 a i r  

exchanges p e r  hour  o r  a  23.2% improvement over  t h e  p r e r e t r o f i t  c o n d i t i o n .  

It should b e  remembered from Table  l t h a t  o n l y  60% of t h e  t o t a l  s e a l  a r e a  

i n  t h e  house  was r e t r o f i t t e d  and s to rm windows covered approx imate ly  t h e  

same p r o p o r t i o n  of window/door c r a c k s .  

T y p i c a l  of d a t a  g a t h e r e d  on  n a t u r a l  a i r  i n f i l t r a t i o n  t h e r e  i s  a  sp read  

i n  t h e  v a l u e s  of d a t a  p o i n t s .  However, t h e  s t a n d a r d  d e v i a t i o n  i s  s m a l l  enough 

so  t h a t  t h e  a v e r a g e  v a l u e s  of t h e  t h r e e  a r e  s i g n i f i c a n t l y  d i f f e r e n t .  Unfor- 

tunatelythepreretrofitcasewithstormwindowsinplacewaslostbecauseof 

a  t a p e  r e c o r d i n g  problem. 

*Value of a i r  exchange r a t e  p e r  hour w i t h  s t a n d a r d  d e v i a t i o n .  



Conclusions:  

The u s e  o f  h i g h  q u a l i t y  s t a i n l e s s  s t e e l  weather  s t r i p p i n g  t o  r e d u c e  a i r  

i n f i l t r a t i o n  i n  an o l d e r  home was shown t o  lower a i r  exchange r a t e s  by 1 0  t o  

14.7%. The r e d u c t i o n  i n  l e a k a g e  th rough  a  t y p i c a l  window t h a t  was r e t r o f i t t e d  

was of t h e  o r d e r  of 7 5 % ,  b r i n g i n g  t h e s e  o l d e r  wooden, double  hung windows t o  

a p p r o x i m a t e l y  t h e  same l e a k a g e  l e v e l s  a s  t h e  1960s  v i n t a g e  windows l o c a t e d  on 

t h e  newer a d d i t i o n  t o  t h e  house.  Approximately 60% of t h e  t o t a l  l i n e a l  l e a k -  

a g e  p a t h s  were  r e t r o f i t t e d  u s i n g  t h e  s t a i n l e s s  s teel  wea ther  s t r i p p i n g .  

Of i n t e r e s t  i n  t h e  s t u d y  i s  t h a t  t h e  p r e s s u r i z a t i o n  t e c h n i q u e  measured 

a 14.7% r e d u c t i o n  due  t o  w e a t h e r s t r i p p i n g  w h i l e  t h e  t r a c e r  g a s  t e c h n i q u e  

measured 10%.  When s to rm windows a r e  added t h e  t o t a l  r e d u c t i o n  becomes 20.6% 

and 23.2% r e s p e c t i v e l y .  Thus t h e  p r e s s u r i z a t i o n  approach  p o i n t s  t o  a  71% 

c o n t r i b u t i o n  i n  t o t a l  r e d u c t i o n  from t h e  w e a t h e r s t r i p p i n g ,  whereas  t h e  t r a c , e r  

g a s  t e c h n i q u e  shows a 43% c o n t r i b u t i o n  from t h i s  s o u r c e .  Although t h e s e  num- 
6 

b e r s  d i f f e r ,  t h e y  l i e  w i t h i n  t h e  s t a t i s t i c a l  s p r e a d  of t h e  measured q u a n t i t i e s .  

The d e t a i l e d  mechanisms of how a i r  f l o w  t a k e s  p l a c e  th rough  window open ings  

and t h e  c o n t r i b u t i o n  of p o s s i b l e  dynamic p r e s s u r e  e f f e c t s  may h o l d  t h e  answer.  

More r e s e a r c h  i s  needed on t h i s  s u b j e c t .  

The problems of  o l d e r  window r e t r o f i t t i n g  a r e  c l e a r l y  e v i d e n t  i n  t h i s  

s t u d y .  The double  hung d e s i g n  p r e s e n t s  problems i n  s e a l i n g  which r e s u l t  i n  

t i m e  consuming and hence c o s t l y  r e t r o f i t t i n g  p r o c e d u r e s .  When t h e s e  p rocedures  

a r e  s k i l l f u l l y  a p p l i e d ,  s i z e a b l e  r e d u c t i o n s  i n  a i r  i n f i l t r a t i o n  a r e  ach ieved .  

Also ,  one  a c h i e v e s  f u l l  u s e  o f  t h e  windows f o r  i m p o r t a n t  v e n t i l a t i o n  and s a f e t y  



f u n c t i o n s  s i n c e  s a s h e s  f r e e l y  move i n  t h e  newly weather  s t r i p p e d  channe l s .  

The s t a i n l e s s  s t e e l  seals shou ld  pose  no problems i n  d u r a b i l i t y .  

Looking a t  t h e  economics of r e t r o f i t t i n g  one must a lways keep i n  mind 

t h a t  home energy  l o s s e s  a r e  made up of many components. For t h e  house i n  

q u e s t i o n ,  depending upon t h e  o u t s i d e  wea ther ,  we would .expec t  t h e  a i r  i n f i l -  

t r a t i o n  component t o  f a l l  i n  t h e  25-40% c a t e g o r y .  (The remaining energy 

l o s s e s  would b e  of t h e  c o n d u c t i v e  t y p e ,  through windows, d o o r s ,  w a l l s ,  c e i l -  

i n g  and f l o o r s ) .  Using t h e  d a t a  f o r  a l l  o l d  window r e t r o f i t s  a s  o u t l i n e d  i n  

Appendix A we f i n d  t h a t  f o r  t h e  wea ther  s t r i p p i n g  r e t r o f i t  4-6% s a v i n g s  would 

be  expec ted .  For  wea ther  s t r i p p i n g  and s torm windows 7-11% s a v i n g s  would b e  

expec ted .  I n  a d d i t i o n  t o  such s a v i n g s ,  however, t h e  e l i m i n a t i o n  of window 

and door  d r a f t s  shou ld  a l l o w  o v e r a l l  house t empera tu res  t o  be  lowered.  D r a f t s  

from windows and d o o r s  make t h e  i n s i d e  c l i m a t e  l e s s  comfor tab le  c a u s i n g  thermo- 

s t a t s  t o  b e  s e t  a t  h i g h e r  l e v e l s  t o  compensate f o r  t h e s e  l o c a l  comfor t  problems. 

With d r a f t s  e l i m i n a t e d ,  reduced t h e r m o s t a t  s e t t i n g s  a r e  p o s s i b l e  w i t h  no l o s s  i n  

comfor t ,  indeed  t h e  more uniform tempera tu res  should p r o v i d e  more s a t i s f a c t o r y  

l i v i n g  c o n d i t i o n s .  A 1°C (1.8OF) r e d u c t i o n  of t h e r m o s t a t  s e t t i n g  r e s u l t s  i n  

%9% energy  s a v i n g s  which i s  a v e r y  impor tan t  a d d i t i o n a l  f a c t o r  t o  c o n s i d e r  when 

weighing t h e  economics of payback of such weather  s t r i p  r e t r o f i t t i n g .  



T a b l e  1 - Window Data 

Window No. 
(See F i g u r e  1 )  

Doors 

A F r o n t  

B Rear 

C French  

S i z e ,  Cm ( i n c h e s )  S e a l  l e n g t h ,  Cm ( i n c h e s )  

127x91 (50x36) 

127x79 (50x31 

127x81 (50x32 

97x61 (38x24) 

92x61 (36x24) 

114x79 (45x31) 

114x91 (45x36) 

127x76 (50x30) 

81x41 (32x16) basement 

203x152 (80x60) 915 (360) 

T o t a l  14,112 (5556) 

R e t r o f i t t e d  8 ,456  (3329) 

* Not r e t r o f i t t e d ,  used i n  t o t a l  c r a c k  l e n g t h  d e t e r m i n a t i o n  

** Newer windows, n o t  r e t r o f i t t e d ,  used i n  t o t a l  c r a c k  l e n g t h  d e t e r m i n a t i o n ,  
1 9 6 0 ' s  i n s t a l l a t i o n .  
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Appendix A 

S i n c e  o n l y  a p o r t i o n  of t h e  windows were r e t r o f i t t e d ,  a c a l c u l a t i o n  w i l l  

b e  made h e r e  t o  a d j u s t  f o r  t h e  remaining windows. Data from T a b l e  1 i n d i c a t e  

t h a t  of t h e  14 ,112  cm (5556 i n )  of s e a l  s u r f a c e ,  8,456 cm (3329 i n )  were r e t r o -  

f i t t e d .  The remainder  c o n s i s t s  of ( a )  1933 cm (767 i n )  of o l d e r  windows, (b) 

731 cm (288 i n )  of basement windows and ( c )  2992 cm (1178 i n )  of newer windows 

(1960s a d d i t i o n ) .  

For t h e  wea ther  s t r i p p i n g  r e t r o f i t ,  w i t h  t h e  two test  methods, l e a k z g e  reduc- 

t i o n s  were  10% and 14.7% o r  12.35% average  r e d u c t i o n .  For  t h e  c a s e  of group ( a )  

o l d  windows, t h i s  shou ld  s c a l e  p r o p o r t i o n a t e l y  and r e s u l t  i n  a n  a d d i t i o n a l  2.8%. 

For t h e  (b)  group,  even though t h e s e  basement windows a r e  n o t  i n  t h e  l i v i n g  s p a c e  

t h e r e  i s  a h i g h  d e g r e e  of communication between t h e  two a r e a s  ( i n  many p r e s s u r i -  

z a t i o n  tests no d i f f e r e n c e s  cou ld  be  seen  when t h e  basement door  was c l o s e d )  and 

hence f u l l  b e n e f i t  of  r e t r o f i t  w i l l  b e  a s s i g n e d ,  o r  .4%. S i n c e  t h e  newer windows 

based on F i g u r e  7  and Appendix A show minimal d i f f e r e n c e s  i n  l e a k a g e  from t h e  

r e t r o f i t t e d  windows we w i l l  a s s i g n  no a d d i t i o n a l  c o n t r i b u t i o n  i n  t h i s  c a s e .  Note, 

i f  t h e s e  had been o l d e r ,  more l e a k y  windows, t h e n  our  o r i g i n a l  i n f i l t r a t i o n  r a t e s  

would have been  above t h e  norm and q u e s t i o n s  abou t  t h e  c h o i c e  of house  cou ld  have 

been r a i s e d .  

I n  t o t a l ,  t h e  a n t i c i p a t e d  r e d u c t i o n  i n  a i r  i n f i l t r a t i o n  r a t e  from r e t r o f i t -  

t i n g  t a k i n g  i n t o  a c c o u n t  a  complete  window r e t r o f i t  would b e  % 15 .5%.  I n  t h e  

c o n c l u s i o n s  s e c t i o n  t h i s  number i s  used i n  t h e  d e t e r m i n a t i o n  of economic b e n e f i t .  

I n  a similar way we can  s c a l e  t h e  b e n e f i t s  of t h e  s t o r m  window p l u s  weather  

s t r i p p i n g .  The r e v i s e d  v a l u e  would be  a 27.5% r e d u c t i o n  i n  a i r  i n f i l t r a t i o n .  





FIGURE 2 CROSS - SECTION OF A WINDOW WITH DEXAILS ON THE 
RETROFITTED CEILING STRIPS 
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