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FOREWORD 

Th is  is .  one o f  a  s e r i e s  o f  r e p o r t s  t o  be pub l i shed desc r i b ing  research, 
development, and demonstrat ion a c t i v i t i e s  i n  suppor t  o f  t h e  Na t i ona l  
Program f o r  B u i l d i n g  Thermal Envelope Systems and I n s u l a t i n g  Ma te r i a l s .  
The Nat iona l  Program invo lves  severa l  f e d e r a l  agencies and many o t h e r  
o rgan iza t ions  i n  t h e  p u b l i c  and p r i v a t e  sec tors  who are  addressing t h e  
n a t i o n a l  o b j e c t i v e  o f  decreasing energy wastes i n  t h e  hea t i ng  and 
c o o l i n g  o f  bu i l d i ngs .  Resul ts  descr ibed i n  t h i s  r e p o r t  are p a r t  o f  
t he  Nat iona l  Program through de lega t i on  o f  management r e s p o n s i b i l i t i e s  
f o r  t he  DOE lead  r o l e  t o  t h e  Oak Ridge Nat iona l  Laboratory.  

The e f f o r t  descr ibed i n  t h i s  r e p o r t  was s t imu la ted  i n  p a r t  by ob jec t i ons  
. t o  var ious  i n fo rma t i on  conta ined i n  HCP/W2843-01: Minnesota R e t r o f i t  
I n s u l a t i o n  I n  S i t u  Test Program (June 1978). Inc luded as Appendix 2  
i s  an " E r r a t a  Sheet" which r e f e r s '  t o  t h e  o r i g ina l '  document. 

Other r e p o r t s  i n  t h i s  se r i es  in.clude t h e  f o l l o w i n g  which are  a v a i l a b l e  
f rom NTIS. 

1. DOE/CS-0059: The Nat iona l  Program Plan f o r  B u i l d i n g  Thermal 
Envelope Systems a n i n s u l  a t i n s  M a t e r i a l s  (January 1919). 

. . 
21 'ORNL/SUB-7556/1: Assessment of t h e  Corrosiveness o f  C e l l u 1 o s . i ~  

I n s u l a t i n g  M a t e r i a l s  (June 1979). 

3.  ORNL/SUB-7504/3: Recessed L i g h t  F i x t u r e  Test Fac i  1  i ty  ( J u l y  1979). 

4. ORNL/SUB-7559/I: Problems Associated w i t h  t h e  Use o f  Urea- 
Formaldehyde Foam f o r  Res iden t i a l  I n s u l a t i o n  (September 19/9).  

5. ORNL/Sub-7551/I:. I n t e r i m  Progress Report  on an I n v e s t i q a t i o n  
o f  Energy Transpor t  i n  Porous I n s u l a t o r  Systems (October 19/91. 

Ted S. Lundy 
Program Manager 
.Bui l d i n g  Thermal Envelope Systems 

and I n s u l a t i n g  M a t e r i a l s  
Oak Ridge Na t i ona l  Labora tory  

E. C, Freeman. 
Program Manager, B u i l d i n g s  D i v i s i o n  
A r c h i t e c t u r a l  & Engineer ing Systems 
Branch/BCS 
Department o f  Energy 



1.0 INTRODUCTION 

An i n s u l a t i o n t s  pe r fo rmance  i s  o f  p r i m a r y  c o n c e r n  t o  t h e  consumer who i s  

cons ide r ing  r e - i n s u l a t i n g  h i s  home. Few . s t u d i e s  o f  r e - i n s u l a t i o n  have  b e e n  

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

"Minnesota  R e t r o f i t  I n s u l a t i o n  I n  S i t u  T e s t  P r o g r a m v ,  p u b l i s h e d  by t h e  

Depar tment  o f  Energy i n  June 1978, d e t a i l e d  t h e  f i n d i n g s  of  an i n  s i t u  s tudy  o f  

var ' ious thermal i n s u l a t i o n s  i n s t a l l e d  i n  55 r e s i d e n c e s  i n  t h e  M i n n e a p o l i s / S t .  

P-aul: a r e a .  The s t u d y ,  c o n d u c t e d  i r i  Summer, 19'7'1, c o n s i s t e d  o f  f i e l d  

o b s e r v a t i o n s  and l a b o r a t o r y  ineasurements  o f  p r o p e r t i e s  c r i t i c a l  t o  t h e  

i n s u l a t i o n s t  p e r f o r m a n c e .  P r o p e r t i e s  s t u d i e d  i n c l u d e d  d e n s i t y ,  t h e r m a l  

r e s i s t a n c e ,  m o i s t u r e  c o n t e n t ,  s h r i n k a g e ,  f l a m m a b i l i t y ,  f r i a b i l i t y  a n d  

compression s t r e n g t h .  

This  s tudy ,  h e r e i n a f t e r  r e f e r r e d  t o  a s  Phase I ,  was extended wi th  a second phase 

t o  i n c l u d e  f u r t h e r  i n  s i t u  s t u d y  o f  r e t r o f i t  i n s u l a t i o n s .  Included i n  t h i s  

ex tens ion  work, h e r e i n a f t e r  r e f e r r e d  t o  a s  Phase 11, was a  f u r t h e r  s t u d y  o f  t h e  

m o i s t u r e  c o n t e n t  o f  i n s u l a t i o n s ,  t h e  c o r r o s i v e n e s s  o f  r e t r o f i t  l o o s e - f i l l  

c e l l u l o s e  i n s u l a t i o n ,  thermography and f i e l d  obse rva t ions  o f  s i d e w a l l s  f o r  s i g n s  

o f  s e t t l i n g  o f  r e t r o f i t  l o o s e - f i l l  i n s u l a t i o n s ,  a n a l y s i s  of  f u e l  consumption 

d a t a  f o r  a  number of  t h e  r e t r o f i t t e d  homes, and d e n s i t y  and t h e r m a l  r e s i s t a n c e  

r e t e s t s  of  l o o s e - f i l l  i n s u l a t i o n s .  Th i s  r e p o r t  d e t a i l s  t h e  f i e l d  and l a b o r a t o r y  

f i n d i n g s  of  Phase 11. 



2.0 MOISTURE CONTENT 

The mo i s tu r e  con t en t  o f  an i n s u l a t i o n  can i n d i c a t e  problems wi th  vapor t r a n s f e r .  

High mo i s tu r e  con t en t  w i t h i n  a n  i n s u l a t i o n  oan  a d v e r s e l y  a f f e c t  i t s  t h e r m a l  

p e r f o r m a n c e  (Re f .  1 )  and  c a n  c a u s e  c o r r o s i o n ,  p a i n t  pee l i ng ,  degrada t ion  of  

b u i l d i n g  components and growth of  fungus and mold. 

T h e  P h a s e  I d a t a  i n d i c a t e d  v e r y  low m o i s t u r e  c o n t e n t s  f o r  a l l  l o o s e - f i i f  

i n s u l a t i o n ,  S ince  t h e  Phase I samples were taken  du r ing  t h e  summer months  when 

m o i s t u r e  c o n t e n t  may be e x p e c t e d  t o  be l ow ,  m o i s t u r e  c o n t e n t  s a m p l e s  were 

r e t a k e n  d u r i n g  t h e  s p r i n g  when i n c r e a s e d  m o i s t u r e  may be  d r i v e n  i n t o  t h e  

i n s u l a t i n g  m a t e r i a l s  (Ref. 1 ) .  

F o r t y  c e i l i n g  and 6 wall samples o f  c e l l u l o s e  and minera l  f i b e r  i f i s u l a t i o n s  were 

t a k e n  b e t w e e n  15 M a r c h  a n d  1 May 1978 .  The s a m p l e s  were  t a k e n  f rom a 

c r o s s - s e c t i o n  of  t h e  e n t i r e  t h i c k n e s s  o f  t h e  r e t r o f i t  i n s u l a t i o n ,  s e a l e d  i n  

th ick-wal led  po lye thy l ene  j a r s  and s e n t  Lo t h e  l a b o r a t o r y  f o r  t e s t i n g .  Wet bl.11.h 

and d ry  bu lb  r e a d i n g s  were t a k e n  f rom t h e  i n t e r i o r  and  e x t e r i o r  ( o r  a t t i c )  

e n v i r o n m e n t s  immediately a d j a c e n t  t o  t h e  sample l o c a t i o n .  The mois ture  con t en t  

was measu red  i n  t h e  l a b o r a t o r y  in t h e  same mafiner aa P ~ R B C  I ,  u s i n g  t .he 

p r o c e d u r e  o u t l i n e d  i n  Appendix 1.  D u r i n g  P h a s e  I ,  a l l  m o i s t u r e  c o n t e n t  

measu remen t s  were rounded  t o  t h e  n e a r e s t  whole  p e r c e n t a g e ,  w h i l e  Phase I1 

mois tu r e  con t en t  measurements are r e p o r t e d  t o  t h e  t e n t h  of  one pe rcen t  accuracy.  

Samples were removed from 6 s i d e w a l l  c a v i t i e s  I n  4 hrsules i n  A p r i l  o f  1978. , Two 

samples  were rock / s l ag  wool, and 4 samples w e r e ' c e l l u l o s e .  The mois ture  con t en t  

o f  t h e s e  r e t e s t e d  samples is shown i n  T a b l e  1.  A s  c a n  be  s e e n ,  t h e  m o i s t u r e  



con ten t  o f  t h e  o b s e r v e d  i n s u l a t i o n s  i n  P h a s e  I1 was s t i l l  q u i t e  low a n d  i s  

g e n e r a l l y  comparable t o  o r  s l i g h t l y  lower t han  t h e  measurements ob ta ined  d u r i n g  

Phase I. 

S a m p l e s  were r e m o v e d  f r o m  4 0  a t t i c s  b e t w e e n  1 5  Mar'ch a n d  1  ~a~ 1978.  

Twenty-three of t h e s e  samples were l o o s e - f i l l  g l a s s  f i b e r ,  14 were l o o s e - f  ill 

c e l l u l o s i c  f i b e r  and 3 were l o o s e - f i l l  r ock / s l ag  wool. The mois ture  con t en t  o f  

t h e s e  r e t e s t e d  samples is shown i n  Tables  2 through 4. A s  can be s een  f rom t h e  

d a t a ,  t h e  m o i s t u r e  c o n t e n t s  o f  a l l  t h e  g l a s s  and  r o c k / s l a g  f i b e r s  measured 

du r ing  Phase I1 i s  g e n e r a l l y  comparable t o  o r  lower t han  t h e  m o i s t u r e  c o n t e n t s  

f o u n d  d u r i n g  t h e  P h a s e  , I  w o r k .  The m o i s t u r e  c o n t e n t  o f  t h e  c e l l u l o s i c  

l o o s e - f i l l  m a t e r i a l s  measured d u r i n g  P h a s e  I1 was h i g h e r  t h a n  t h a t  measu red  

d u r i n g  P h a s e  I f o r  1 3  o f  t h e  14 s a m p l e s ,  and  r a n g e d  from 2.9 t o  11.1%. The 

Phase I1 c e l l u l o s e  samples had a  m o i s t u r e  c o n t e n t  on  t h e  o r d e r  o f  4% g r e a t e r  

t han  t h e  Phase I samples. 

The measured mois ture  c o n t e n t s  o f  b o t h  t h e  P h a s e  I and  I1 s a m p l e s  i n d i c a t e d  

r e l a t i v e l y  low m o i s t u r e  c o n t e n t  i n  t h e  t h e r m a l  i n s u l a t i o n s .  No m o i s t u r e  

problems were observed t h a t  could be r e l a t e d  t o  t h e  i n s u l a t i o n .  



C e l l u l o s e  i n s u l a t i o n  i s  compr ised  of products  such a s  newsprint  o r  wood f i b e r  

w i t h  chemica ls  added f o r  flame r e t a r d a t i o n .  It has  been suggested t h a t  c e r t a i n  

o f  t h e s e  f lame-re ta rdant  chemicals  may be d e l e t e r i o u s  t o  meta l s  such a s  copper ,  

aluminum and s t e e l  and can r e s u l t  i n  co r ros ion  (Ref. 3 ) .  Such c o r r o s i o n  c o u l d  

c a u s e  damage t o  e l e c t r i c a l  b o x e s ,  , w i r i n g  and  o t h e r  meta l s  commonly found i n  

w a l l s  and a t t i c s .  

C a l i b r a t e d  m e t a l  coupons nominally 2" x 2" were placed i n  12 a t t i c s  con ta in ing  

l o o s e - f i l l  c e l l u l o s e  i n s u l a t i o n .  One' coupon each of  s t e e l ,  copper and aluminum 

was p l a c e d  well below t h e  s u r f a c e  of  t h e  i n s u l a t i o n  and l e f t  undis turbed  f o r  12 

t o  13 months. The coupons were r e t r i e v e d  wi th  t h e  i n s u l a t i o n  t h a t  s u r r o u n d e d  

them,  p l a c e d  i n  p o l y e t h y l e n e  j a r s  and  s h i p p e d  t o  t h e  l a b o r a t o r y .  R e l a t i v e  

humidi ty  r ead ings  were taken  both dur ing  placement and r e t r i e v a l  of  t h e  coupons. 

The coupons  were c l eaned  and weighed before  placement i n  t h e  a t t i c  and weighed 

a g a i n  a f t e r  removal. The c o n d i t i o n  o f  t h e  coupons  a f t e r  r emova l  wa3 no. tcd.  

These r e s u l t s  can be found i n  Table  5. 

T w e n t y - f i v e  p e r c e n t  o f  t h e  aluminum coupons  and 17% uf' t h e  s t e e l  c o u p o n 3  

e x h i b i t e d  minor p i t t i n g  co r ros ion .  No p e r f o r a t i o n s  were observed on any of  t h e  

tes t  metals. D i s c o l o r a t i o n  was n o t e d '  i n  b o t h  s t e e l  a n d  c o p p e r  c o u p o n s ,  t h e  

l a t t e r  e x h i b i t i n g  t h e  g r e a t e s t  amount of  d i s c o l o r a t i o n .  The before  and a f t e r  

weights  o f  t h e  coupons d i d  no t  vary more than +- 2%. The r e l a t i v e  h u m i d i t y  o f  

t h e  a t t i c s  r a n g e d  f rom 28 - 92% a t  t h e  time of' placement and 40 - 71% a t  t h e  

time o f  r e t r i e v a l .  



The coupons exh ib i t ed  only minor changes i n  c o l o r  and w e i g h t .  The r e s u l t s  o f  

t h i s  p r o j e c t  d i d  n o t  i n d i c a t e  p rob lems  wi th  t h e  sampled c e l l u l o s e  i n s u l a t i o n  

r e l a t i v e  t o  t h e  co r ros ion  of  t h e  copper ,  s t e e l  o r  aluminum coupons  exposed  t o  

t h e  i n s u l a t i o n  i n  s i t u  f o r  a  per iod  o f  approximately 1 year.  



4.0 SETTLING 

Conce rn  h a s  been e x p r e s s e d  o v e r  t h e  p o s s i b i l i t y  o f  s e t t l i n g  o f  l o o s e - f i l l  

i n s u l a t i n g  m a t e r i a l s  (Ref. 3 ) .  I f  e x c e s s i v e  s e t t l i n g  o c c u r s ,  i t  c a n  a f f e c t  

d e n s i t y ,  thermal  r e s i s t a n c e  and o v e r a l l  performance of  t h e  i n s u l a t i o n  (Ref. 3 ) .  

Work was done du r ing  Phase I1 t o  e v a l u a t e  t h e  methods by which s e t t l i n g  might be 

observed and t h e  e x t e n t  t o  which s e t t l i n g  t a k e s  place.  

The p r o j e c t  employed i n f r a r e d  t he rmography  t o  o b s e r v e  p o t e n t i a l  a r e a s  o f  

s e t t l i n g .  Thermograms were made from t h e  i n t e r i o r  o f  t h e  homes dur ing  pe r iods  

when o u t d o o r  t e m p e r a t u r e s  r a n g e d  f rom 27 - 3 3  Deg. F. Areas o f  p o t e n t i a l  

i n s u l a t i o n  v o i d s  were i d e n t i f i e d  by t h e  t e c h n i c i a n  and noted on photographs of  

t h e  i n t e r i o r .  

The s i d e w a l l s  of 7  homes were scanned i n  March, 1978. After c a r e f u l  a n a l y s i s  o f  

t h e  thermograms, 4 homes ( 1  r o c k / s l a g  wool and 3 c e l l u l o s e )  were opened  where  

t h e  k e c h n i c i a n  i n d i c a t e d  v o i d s  i n .  t h e  i n s u l a t i o n .  A t o t a l  of' 6 openings wcre 

made. The opening was made i n  such a way t o  confirm t h e  e x i s t e n c e . a n d  e x t e n t  of  

t h e  v o i d  and  t o  a l l o w  removal of  a sample o f  t h e  i n s u l a t i o n  f o r  t e s t i n g .  I n  1 

case, 2 openings were made i n  t h e  Same c a v i t y ,  1 a t  t h e  top (23WX1) aad 1 a t  taka 

b o t t o m  (23WX2); i n  ano the r  case, 2 openings were made, 1 a t  t h e  c a v i t y  showing 

an in.sl.11at.ion void (6WX2) and 1 a t  t h e  t o p  o f  an  a d j a c e n t  c a v i t y  ( 6 w X i ) .  The 

d e n s i t y  o f  t h e  6 samples was measured. The r e s u l t s  o f  t h e  d e n s i t y  tests can be 

found i n  Table  6. A d e t a i l e d  d e s o r i p t i o n  o f  l a b o r a t o r y  procedures  can be found 

i n  Appendix 1. 

The thermograms o f  t h e  homes scanned showed voids  i n  1  o r  more c a v i t i e s  i n  e a c h  



home. No c o n s i s t e n t  p a t t e r n  of  s e t t l i n g  was e v i d e n t ;  t h a t  i s ,  s i g n s  o f  v o i d s  

appeared randomly a t  t h e  t o p  of  a  few w a l l  c a v i t i e s  whi le  w a l l  c a v i t i e s  a d j a c e n t  

t o  t h e  void a r e a  appeared completely  f i l l e d .  

The  p h y s i c a l  o p e n i n g s  made i n  4 homes c o n f i r m e d  t h a t  t h e  thermogram had  

a c c u r a t e l y  p o r t r a y e d  t h e  v o i d s .  F i g u r e s  1 t h r o u g h  17 a r e  p h o t o g r a p h s ,  

thermograms  and  f i e l d  w o r k s h e e t s  i l l u s t r a t i n g  t h e  a r e a s  opened. I n  1 c a s e  

(~swx), t h e  void was caused by an o b s t r u c t i o n  i n  t h e  c a v i t y .  The e x i s t i n g  f o i l  

vapor b a r r i e r  was t o r n  and crumpled near  t h e  t op  of  t h e  c a v i t y  and prevented t h e  

i n s u l a t i o n  f-rom c o m p l e t e l y  f i l l i n g  t h e  c a v i t y .  I n  t h e  o t h e r  3  h o m e s ,  n o  

phys i ca l  b a r r i e r  was ev iden t .  

The f a c t  t h a t  i n s u l a t i o n  v o i d s  o c c u r r e d  i n  c e r t a i n  c a v i t i e s  w h i l e  a d j a c e n t  

c a v i t i e s  were completely  f i l l e d  r a i s e s  s p e c u l a t i o n  t h a t  t h e  c a v i t y  may not  have 

conta ined  s u f f i c i e n t  m a t e r i a l  t o  completely  f i l l  o r  t o  main ta in  complete f i l l  o f  

t h e  c a v i t y  a f t e r  s e t t l e d  d e n s i t y  ( R e f .  2 )  had occurred.  Observa t ions  of t h e  

d e n s i t i e s  measured i n  t h e  l o o s e - f i l l  c e l l u l o s e  s i d e w a l l s  are of  i n t e r e s t  i n  t h i s  

r e g a r d .  House 2 3  had a g r a n d  t o t a l  o f  3  o p e n i n g s  made i n  i ts  s idewa l l s :  1 

du r ing  Phase I ,  nea r  t h e  bottom o f  a c a v i t y ,  and 1 n e a r  t h e  t o p  and bo t tom o f  a 

d i f f e r e n t  c a v i t y  c o n t a i n i n g  a  v o i d  d u r i n g  P h a s e  11. The d e n s i t i e s  of t h e  2 

bottom openings were 3 . 7  and  3 . 8  l b s / c f ,  w h i l e  t h e  d e n s i t y  o f  t h e  m a t e r i a l  

r e m o v e d  j u s t  below t h e  v o i d  n e a r  t h e  t o p  was 2.7 l b s / c f .  I n  House 27 ,  2 

openings were made; 1 nea r  t h e  bottom of  a c a v i t y  du r ing  Phase I and 1 n e a r  t h e  

t op  o f  a  d i f f e r e n t  c a v i t y  con t a in ing  a void dur ing  Phase 11. The d e n s i t y  of t h e  

lower opening was 3 .8  l b s / c f ,  while t h e  d e n s i t y  o f  t h e  sample taken  from t h e  t o p  

of t h e  c a v i t y  w i t h  t h e  v o i d  was 3 . 0  l b s / c f .  Two openings were a l s o  made i n  

House 15; 1 nea r  t h e  bottom o f  a c a v i t y  d u r i n g p h a s e  I and 1 n e a r  t h e  t o p  o f  a 



different cavity containing a void during Phase 11. The density of the lower 

cavity was 3.9 lbs/cf, while the density at the top of the cavity containing the 

void was 2.7 lbs/cf. It must be remembered that this cavity had some physical 

blockage near the top of the cavity. 

The densities of the materials at the top of the rock/slag wool cavities (6WX1, 

6WX2) during Phase I1 exhibited'an unusual pattern. The density of the material 

at the top of the cavity containing the void was 7.6 lbs/cf, while the density 

at the top of the adjacent.ful1 cavity was 4.3 lbs/cf. 

The density range of the cellulose material at the top of the void cavities 

compared with the density of the material found lower in the cavity raises the 

speculation that installation, coupled with a tendency of the insulating 

material to naturally reach a settled density, could be responsible for the 

voids at the top of the observed cavities. If insufficient material was 

installed in the cavity to assure a density range of +- 2.7 - 3.0 lbs/cf at the 

top of the cavity and +- 3.8 lbs/cf at the bottom of the cavity, the material 

might naturally settle to such a state over time. On the other hand, 

installation of sufficient material in the cavity to compensate for this effect 

may alleviate any tendency for voids to occur at the top of the cavity. 



The a c t u a l  e f f e c t i v e n e s s  of r e t r o f i t  i n s u l a t i o n  on fue l .  consymption has  r e c e n t l y  

been q u e s t i o n e d  (Re f .  4 ) .  Phas,e I1 o f  t h i s  p r o j e c t  c o l l e c t e d  a c t u a l  f u e l  

consumpt ion  d a t a  on a  number of  r e s idences  whose r e t r o f i t  i n su l a t i o f l s . had  been 

t e s t e d .  

The f u e l  consumption r eco rds  of 19 homes were analyzed.  Where p o s s i b l e ,  monthly 

f u e l  consumption d a t a  f o r  each r e s idence  was co l l ec t ed '  f o r  1-2 y e a r s  b e f o r e  and  

a f t e r  t h e  r e t r o f i t  d a t e .  The d a t a  was c o r r e c t e d  f o r  degree day and f u e l  Btu 

conten t  f o r  t h e  major hea t ing  months of  t h e  year  (November, December,  J a n u a r y ,  

, , F e b r u a r y , M a r c h )  and t h e  average consumption per  season 'was compared before  and 
' 

~. a f t e r  t h e  r e t r o f i t . .  Table  7 i n d i c a t e s  t h e  percent  change i n  consumption b e f o r e  

r e t r o f i t t i n g  t o  as te r  r e t r o f i t t i n g  f o r  t h e  19 homes d iv ided  between t h e  va r ious  
.!. 

i n s u l a t i o n  r e t r o f i t s .  Change i n  f u e l  consumpt ion  r a n g e d  f rom a  r e d u c t i o n  o f  ' '' 

49.9% t o  an i n c r e a s e  of  30.42, wi th  an average  r educ t ion  i n  f u e l  consumption o f  

15% after  r e i n s u l a t i n g .  

The a n a l y s i s  d o e s  n o t  account f o r  a  wide v a r i e t y  of  fackors  t h a t  may i n f l u e n c e  

f u e l  consumption i n  an i n d i v i d u a l  r e s i d e n c e ,  e s p e c i a l l y  t h e  l i f e s t y l e  o f  t h e  

o c c u p a n t s  and o t h e r  m e a s u r e s  t hey  may have t aken  (wea the r s t r i pp ing ,  cau lk ing ,  

e t c . )  t o  r e d u c e  t h e i r  e n e r g y  u s e .  It n o n e t h e l e s s  i n d i c a t e s  a p o s i t i v e  

c o r r e l a t i o n  between r e i n s u l a t i o n  and a r educ t ion  i n  f u e l  use. 



6.0 DENSITY AND THERMAL RESISTANCE RETESTS 

The d e n s i t y  v a l u e s  o f  g l a s s  f i b e r  a t - t i c  samples r epo r t ed  i n  t h e  Phase I r e p o r t  

were ques t i oned  by members o f  t h e  i n s u l a t i o n  i n d u s t r y  as being i n c o r r e c t .  E i g h t  

s amples '  o f  l o o s e - f i l l  g l a s s  f i b e r  were  r emeasu red  f o r  d e n s i t y  and  t h e r m a l  

r e s i s t a n c e  i n  Sp r ing ,  1979. The samples were randomly s e l e c t e d  f rom t h e  d a t a  

b a s e  e s t a b l i s h e d  i n  P h a s e  I .  The r e s u l t s  can be found i n  Table  8. F i e l d  and 

l a b o r a t . o r y  p r o c e d u r e s  were t h e  same a s  P h a s e  I e x c e p t  t h a t  d e n s i t y  was  

c a l c u l a t e d  i n  t h e  f i e l d  as w e l l  as i n  t h e , l a b o r a t o r y .  Laborator-y procedures  can 

be found i n  Appendix 1. I n  a l l  cases, an  a t tempt  was made t o  t a k e  t h e  P h a s e  

I1 sample ,as  c l o s e  a s  p o s s i b l e  t o  t h e  l o c a t i o n  of  t h e  Phase I sample. 

I n  e v e r y  case, t h e  P h a s e  I1 r e s u l t s ,  a s  i n d i c a t e d  i n  T a b l e  8 ,  d i f f e r  

c o n s i d e r a b l y  f rom t h e  P h a s e '  I r e s u l t s .  Whereas t h e  i n  s i t u  d e n s i t y  r e p o r t e d  

d u r i n g  Phase I were cons ide rab ly  h igher  than  would have no rma l ly  been  e x p e c t e d  

f o r  l o o s e - f i l l  glass f i b e r  m a t e r i a l s ,  t h e  P h a s e  I1 measured  d e n s i t i e s  were 

cons ide rab ly  iower and g e n e r a l l y ,  In l i n e  with expected va lueo .  P h a s e  I f i e l d  

a n d  l a b o r a t o r y  p r o c e d u r e s  were c a r e f u l l y  s c r u t i n i z e d  f o r  p o s s i b l e  e r r o r  i n  

measurement 'and i d e n t i f i c a t i o n .  No e x p l a n a t i o n  c o u l d  be  found  f o r  t h e  g r e a t  

d i f f e r e n c e  be tween  P h a s e  I and  11. Beoause o S , t h e  errar-3 d i o c o v e r e d ,  a l l  

r e f e r e n c e s  t o  i n  s i t u  d e n s i t y ,  and t h u s ,  thermal  r e s i s t a n c e ,  o f  l o o s e - f i l l  g l a s s  
8 

f i b e r  a t t i c  i n s u l a t i o n s  should be d e l e t e d  from t h e  Phase I reyur-l;. The Phase 

I1 r e s u l t s  contained i n  Table  8 should be used i n  l i e u  o f  a l l  r e p o r t e d  d e n s i t y  

and thermal  r e s i s t a n c e  f i g u r e s  f o r  l o o s e - f i l l  g l a s s  f i b e r  c e i l i n g  samples i n  t h e  

Phase I r e p o r t .  



. .  . 

TABLE 1 PHASE I AND I1 SIDEWALL MOISTURE CONTENT RESULTS AND . . 

OBSWVATIO#S . . 

INSUL 
SAMPLE TYPE 
NUMBER 

* Phase I sample was c e l l u l o s e ;  comparison no t  a p p l i c a b l e  

b 

6WX1 

6WX2 

15WX 

23WX1 

23WX2 

27WX 

SAMPLE DATE 

Rock/Slag Wool 

Rock/Slag Wool 

C e l l u l o s e  

C e l l u l o s e  

C e l l u l o s e  

C e l l u l o s e  

PHASE 
I 

6/23/77 

6/23/77 

7/27/77 

8/17/77 

8/17/77 

8/22/77 

PHASE 
I1 

--ppp-, 

4/15/78 

4/15/78 

4/15/78 

4/8/78 

4/8/78 

4/8/78 

% MOISTURE CONTENT 
PHASE 

I 

i 

* 

4 

2 

2 

2 

PHASE 
I1 

<0 .1  

< 0.1 

1.2 

1.4 

1.2 

1 ;3 



TABLE 2 PHASE I AND IT LOOSE-FILL GLASS  FIB^ I~ISTIJRE CONTENT 
RESULTS AND OBSERVATIONS 



TABLE 3 PHASE I AND I1 LOOSE-FILL CELLULOSE MOISTURE CONTENT 
RESULTS AND OBSERVATIONS 



TABLE 4 W E  I AND JI UX)Sl3-FIU WOL MOISTURE CONTENT 

SAMPLE. DATE 
SAHPLE PHASE PHXSE 
NUMBER I I1 

t 

8 CX 7/73/77 5/2/78 

14CX 7/27/77 -I/ 13/78 

42CX 8/26/7" 4/ 13/73 
7 

- 
% M3ISTURE CONTENT 

PHASE 
I 

<1 

2 

<1 

PHASE I1 
% RELATIVE 

HUMIDITY 
PHASE 

I1 

0.2 

0.3 

0 3 

H O U S E ~ A T T I C  

28.0 

32.0 

39.0 

37.0 

57.0 

51.0 



11 1.4921g 1.4919g I I 1.69693 1.6940g I I .6234g .6225g I I 

13 1.5074g 1.5085g 1.6637s L.6650g . .6123g .6130g I I I I 

14 1;5106g 1.5113g 'I I 1.6697g 1.6709s I I .6741g .6755g some pitting 

TABLE 5 SUMMARY OP LABORATWtY WEIGHTS AND OBSERVATIONS OF CORROSION 
CODPONS 



TABLE 6 PHASE I BM) I1 SIDEWALL DENSITY RESULTS 

1 

s- 

m 

PHASE 
I I 

4.3 

7 -6 

2.7 

2 9 

SAMPLE 
NUMBER - 
~ W X  a/ 

6WX2 

15WX 

23WXl 

3.7 

3.0 

23WX2 

27WX 

* Phase I samplz was c e l l u l o s e ;  no t  a p p l i c a b l e  f o r  cornparisor 

INSULATION 
TYPE 

Rock!Slag W30l 

Rock!Slag Wool 

Cell l l o s e  

Ce l lu lo se  

Ce l lu lo se  

C s l l u l o s e  

AGE 
YEARS 

PHASE I1 

12 + 

12 + 

2.75 

2.10 

DENSITY 
PHASE 

I 

i 

3 9 

3.8 

2.10 

1 .75 

3.8 1 

3.8 



TABLE 7 CHANGE IN FUEL CONSUHPTION AFTER APPLICATION OF RETROFIT 
INSULATION 



TABLE 8 LABORATORY PROPERTIES OF LOOSE-FILL GLASS FIBER SAMPLES 
PHASE I AND P W E  I1 

b - "  - 

* Tes ted  as r ece ived  and machine-f luffed because of  t h e  unusua l ly  low 
va lue  measured wi thout  f l u f f i n g  

** Sample was machine-fluffed f o r  thermal  r e s i s t a n c e  t e s t  i n  o r d e r  
t o  ach i eve  t h e  removal d e n s i t y  

- 

PHASE I 
SAMPLE 
NUMBER 

20C 

35C 
36C 

43C* 
43c 

45C 

46C 

47 C 

50C 

B 

AGE 
YEARS 

3 0 

2.0 
1 .O 

3.5 

3.17 

2.00 

3.00 

3.00 

DENSITY 
LBS/CF 

2.10 

2.35 
4.20 

1.70 

2, 40 

1.40 

2.30 

2.95 

R PER I N C H  
H SF F/BTU 

2.25 

2.20 
2.15%" 

1.7(as r e c t d )  
2.4 ( f l u f f e d )  

3.30 

2.55 

3.15 

2.65 

PHASE I1 
R PER I N C H  
H SF F/BTU 

3.05 

3.00 
3.70 

3.25 

3 = 70 

3.25 

3.45 

3-70 

AGE 
YEARS 

5.03 

3.83 
2.82 

4.93 

5.02 

3.83 

4.82 

4.74 

DENSITY 
LBS/CF 

76 

*78 
63 

73 

98 

1.11 

1.85 

1.16 



MINNESOTA ENERGY AGENcV 
INSULATION TEST WORKS T 

s ~ ~ . ~ ~ .  6 Wall Ic1  
DATE 1978 
SOURCE OF LEAD 

i 

GENERAL 
ACE: retrofit w e t  12 house ORIENTATXON north 
HEAT SYSTEM INSTALLER & DATE &- 

L 

, FIELD OBSERVATIONS 
plan location(s 1 bedroom-north venting n/a 
framing type 2 X 4 stud condition of structure good 
condition of wiring n/a 
ORIGINAL: insulation type 0 vapor barrier type 0 
RETROFIT: insulation type mineral fiber vapor barrier type ' 

retrofit instal lation procedures/problems made second opening east of f irst' 

( dif f isulty of opening/closing sample multiple layerslodd framing-second opentng I 
PRESENCE OF: moisture, corrosion, odor, vermin, fungus I none I 
pacE~p, excellent/good friability n/a 
REPLACEMENT: i.nsulation fiberglass vapor barrier none 

FIELD TESTS I 2-67'' 
insulation thickness see below flame n/a 

SKETCHES (elevation/plan/section) 
(siding, sheathing, building paper, existing insulation, new insulation, 
insulation thickness(es), vapor barrier(s), ceiling materials, flooring, , 

gables, stops & firebreaks, ventilation, wiring, paint, installation 
procedures, general notes) -- 

old wood ' siding 

. , . . . - - . . . .. : : . . 

woad e.hea.ching 

buildlag papet. 

- - -  - -- - - - - - 
Pig. 1. Field worksheet, sample 6WX1, full cavity. 



MNWeSOTa ENERGY AGENrV 
XWSUUTION TEET WORKS T 

SAMPLE NO. 6 Wall X-2 
DATE 5 April 1978 
SOURCE OF LEAD 

; w e r  12- 
( HEAT SYSTEU 
6 

plan location 

- 

'IONS 
,) Dearom 

- 

house RRIENTATION Imrtb 
INSTALLER & DATE unbowa 

mrtn venting n/a 
condition of structure& 

- 
framing type 2 X 4 
condition of wirii _ 
ORIGINAL : insulation type- 
RETROFIT: insulation type n 
retrofit installation procedures, 

0 vapor barrier type o 
aineral fiber vapor barrier type 

/problems made second o~e- af 

. . 
difticulty ot opening/cloring sample multiple laverslodd f r a * - a e c m  

PRESENCE OF: moisture, corrosion, ado+ vermin, fungus 
none 

pack2qg excellentlgood friability n/a 
REPLACEMENT: insulation-f iber glass vapor barrier none 

, FIELD TESTS 
insulation thickness 2-84" flame n/a 

1 

.. Pui3.dhwwk .-.-: 
, i l i  

. . . . .- . . - . 

Fig. 2. F i e l d  worksbeet, sample 6WX2, partial' void cavity. 



MINNESOTA ENERGY AGENCV 
INSULATION TEST WORK!i T 

s m m . ~  NO. 15 Wall X 
DATE - 
SOURCE OF LEAS) 

FIELD OBSERVATIONS 
' plan location!~) kitchen venting none 
framsng type 2 2 4 stud condition of structure- 
coudition of wiring 
ORIGINAL : insulation type vapor barrier type foil 
RETROFIT: insulation type cellulose vapor barrier type abve 
retrofit installation procedures/problems foil torn- blocked complete cavitv 

difficulty of openiug/closing sample shahs tight 

PRESENCE OF: moisture corrosion, odor, vermin, fungus of the three obaervere, 
one thought sample to be eoPlerrtLat moist, ta9 thought it to be dw. 
packtqg ~ood friability n/a 
REPLACEMENT: insulation f iberd.aes vapor barrier none - 

, FIELD TESTS -- - 
inwlatioa thickness 3.5" flame not 

I- - 
SKETCHES (elevation/plan/section) 
(siding, sheathing, building paper, existing insulation, new insulation, 
insulation thicknesa(es), vapor barrier(s1, ceiling matetials, flooring, 
gables, stops & firebreaks, ventilation, wiring, paint, installation 

Fig. 3, Field wor'ksheet, sample 15W, partial void cadty. ' . 



MINNESOTA ENERGY ACENCV 
INSULATION TEST W m  T 

SAMPLE-NO.23 W d l  X 
DATE 8 bril 1978 
SOURCE OF LEAD 

GENERAL 
ACE: retrofit house ORIENTATION 
HEAT SYSTEM INSTALLER & DATE 

- . 
, FIELD OBSERVATIONS 
plan location(s) rear stair venting n/a 
framing type 2 X 4 stud condition of structure good 
condition of wiring nla 
ORIGINAL: insulation type none vapor barrier type none 
RETROFIT: insulation type cellulose vapor barrier type none 
retrofit installation procedures/problems none 

difficulty of opening/closing sample could not open from outside, selective cuts 
from inoida 

PRESENCE OF: moisture, corrosion, odor, vermfn, fungus 
none 

packt~g OK fricbility n/a 
REPLACEMENT: insulation fiber glaes batevapor barrier none 

FIELD TESTS 
insulation thickness 3.5" f 1-e none taken 1 

r, existing insulation, new insulation, 

- . . . - . 

. . .  

Fig. 4. Field worksheet, sample 23WX, partial void M t y .  



MINNESOTA ENERGY AGENPv 
INSULATION TEST WORKS T 

SAMPLE NO. 27 Wall X 
DATE 8 April 1978 
SOURCE OF LEAD 

Fig. 5. Field worksheet, sample 27UX, partial void cavity. 

, 

GENERAL 
AGE: retrofit house ORIENTATION 
HGAT SYSTEM INSTALLER & DATE 

FIELD OBSERVATIONS 
plan location(s) dinins room tienti- 
framing type ~tud/balloon/stovwd condition of structure& 
condition of wiring nla 
ORIGINAL: insulation type none vapor barrter type none 
RETROFIT: insulation type cellulose vapor barrier type none 
retrofit installation procedures/problems inside .access 

difficulty of opening/closing sampla inside access 

PRESENCE OF: moisture, corrosion, odor, verfiin, fungus 
none 

~ a c u q g  OK friability n/a 
REPLACEMENT: insulation fiber glass vapor barrier none 

, FIELD TESTS -- 
insulation thickness 2-25'' flame none taken 

7 -- 



Fig. 7 *  Thermogram of void area 6WX fkm ineide. 



Big EE,   photograph of ins%& 6W, marking area of votd. 

pig. 9. 15WZL opened from autside, 



Ffg. 20. Thermograrn of 15W area 2rck idk3d&, 

~ i g .  ii. Photogaph of ins ide  1 5 ~ ~ .  nuLing miid aratla. dtea 
opened was void t o  upper right of window. 



Fig.  12. Top opening from inside 23WXl showing void. 

Fig. 13. Them..-dram of inside of 23WX area showing numerous voids. 



Fig. 14. Ph.oeograph of inside of 23WX mazldag v i a  a&as. Dotted 
l ine  shows approximate locatian of 23WX1 opening. 

Fig. 15. Thermography equipment. 



F i k .  16. Thermogram of inside of 27WX showing voids. 

Fig. 17. Photograph of inside of 27WX marking void area. 
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APPENDIX 1 

LABORATORY EXPERIMENTAL PROCEDURES 

Densi ty  

The d e n s i t y  o f  t h e  l o o s e - f i l l  m a t e r i a l s ,  both c e l l u l o s e  and minera l  f i be r . ,  were 

determined from t h e  volume of t h e  sample  measured  and  r e c o r d e d  d u r i n g  s ample  

r emova l .  A c r o s s - s e c t i o n a l  a r e a  of e i t h e r  w a l l  o r  c e i l i n g  was marked o f f  and 

measured. The average t h i c k n e s s  o f  t h e  a r e a  was t h e n  d e t e r m i n e d  by a d e p t h  

g a u g e .  T h e  s a m p l e  was p l a c e d  i n  d o u b l e  p o l y e t h y l e n e  b a g s  and  s e n t  t o  a  

commercial t e s t i n g  l a b o r a t o r y .  A t  t h e  l a b o r a t o r y ,  t h e  s amp le  m a t e r i a l  was 

weighed and t h e  d e n s i t y  c a l c u l a t e d  from t h e  mass and t h e  volume g iven  by t h e  - i n  

s i t u  recorded l e n g t h ,  width and dep th  a s  shown below: - 

where D = density 
m = mass of  material submitted in polyethylene bags 
1 = length of selected cavity section 
w = width of  cavity 
d = average depth of  insulation section 

Thermal Res i s t ance  

T h e  t h e r m a l  r e s i s t a n c e  o f  t h e  l o o s e - f i l l  c e l l u l o s i c  and  m i n e r a l  f i b e r  

i n s u l a t i o n s  was d e t e r m i n e d  i n  a c c o r d a n c e  w i t h  ASTM C518-76, " s t e a d y - S t a t e  

T h e r m a l  T r a n s m i s s i o n  P r o p e r t i e s  by Means o f  a Heat Flow Meter", u s i n g  a  



commercially a v a i l a b l e  hea t  flow meter appara tus .  The upper and lower p l a t e s  of 

t h e  i n s t r u m e n t  w e r e  24 x 24  i n c h  blackened aluminum s i n k s ,  con ta in ing  h e a t e r s  

w h i c h  were t e m p e r a t u r e  c o n t r o l l e d  w i t h  p r o p o r t i o n a l / r e s e t  t e m p e r a t u r e  

c o n t r o l l e r s .  Bo th  p l a t e s  were instrumented wi th  a c a l i b r a t e d  i n t e g r a t i n g  hea t  

f low t r ansduce r .  The tempera ture  of  t h e  upper and lower p l a t e s  were c o n t r o l l e d  

a t  5 0  a n d  100 Deg. F r e s p e c t i v e l y .  The samples were placed wi th in  i n s u l a t i n g  

containment  r i n g s ,  3.5 i n c h e s  t h i c k  f o r  wal l  m a t e r i a l s  and  6 i n c h e s  t h i c k  f o r  

c e i l i n g  m a t e r i a l s .  A t  e q u i l i b r i u m ,  t h e  t h e r m a l  r e s i s t a n c e  p e r  i n c h  was 

c a l c u l a t e d  as above. 

Mois ture  Content 

D u p l i c a t e  100 gram s a m p l e s  o f  t h e  l o o s e - f i l l  i n s u l a t i o n  were placed i n  t a r e d  

e v a p o r a t i n g  d i s h e s  and weighed. The sample  was p l a c e d  i n  a n  a i r  c i r c u l a t i n g  

o v e n  a t  110 Deg. C f o r  48 hours ,  removed, placed i n  a d e s s i c a t o r  u n t i l  coo l  and 

reweighed. The pe rcen t  mass l o s s  assumed t o  be moisture  conten t  was c a l c u l a t e d  

"l, mois ture  c o n t e n t  = (mi - mf> (100) 

where m. = initial mass 
1 

mf = final weight  
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