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PREFACE 

This  i s  a f u r t h e r  p rog res s  r e p o r t  on t h e  work 
being done by t h e  Div i s ion  of  Bui ld ing  Research a t  t h e  
r e q u e s t  of C e n t r a l  Mortgage and Housing Corpora t i  on and 
i n  co-opera t ion  w i t h  t h e  F o r e s t  Products  L a b o r a t o r i e s  
of the  Department of Northern A f f a i r s  and Nat iona l  
Resources,  i n 4  connect ion wi th  t h e  problem of a s p h a l t  
s h i n g l e s  on wooden r o o f s o  

F i e l d  obse rva t ions  a r e  a l s o  being made i n t o  t h e  
performance o f  a s p h a l t  sh ing le s  on r o o f s  c o n s t r u c t e d  
w i t h  d i f f e r e n t  wid ths  o f  boards ,  t h e  o r i g i n a l  i n q u i r y  
having  a r i s e n  because of q u e s t i o n s  r e l a t i n g  t o  CMHC 
s t anda rds  r ega rd ing  such  board widths .  

A previous  r e p o r t  on work i n  t h i s  p r o j e c t  was 
DBR Report  No. 84, "The Effe ' c t  of Moisture on Asphal t  
Sh ing le sn .  Other r e p o r t s  w i l l  be i s s u e d  t o  d e s c r i b e  
o t h e r  pha'ses of  t h e  work, Comments on t h e  c o n t e n t s  of 
t h e  p re sen t  r epor$  w i l l  be welcomed. 

Ottawa, 
Oc tobe r 1956 

R o F o  Legget, 
Direc  t o p ,  



BUCKLING OF ASPHALT SHINGLES 

Po J, S e r e d a  and H, F, S l a d e  

Although t h e  b u c k l i n g  of s h i n g l e s  on wood r o o f  decks  
h a s  been obse rved  and r e p o r t e d ,  l i t t l e  h a s  been done t o  
e s t a b l i s h  t h e  f a c t o r s  r e s p o n s i b l e  f o r  t h i s  problem and t o  
s u g y ~ e s t  s o l u t i o n s .  'i'he as.[:hal t s h i n g l e  i n d u s t r y  h a s  con tended  
t h a t  t h e  use  of boards  no w i d e r  t h a n  6 i n c h e s  would minimize 
t h i s  problem. It was o f  impor tance  t o  t h e  lumber i n d u s t r y  
t o  show t h a t  t h e  w i d t h  o f  b o a r d s  was n o t  t h e  o n l y  p e r t i n e n t  
f a c t o r .  A s  a  r e s u l t  t h e  F o r e s t  P r o d u c t s  L a b o r a t o r i e s  and t h e  
D i v i s i o n  of B u i l d i n ?  E e s e a r c h  were asked  by a l l  t h e  p a r t i e s  
concerned t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p  between t h e  b u c k l i n g  
o f  s h i n g l e s  and t h e  w i d t h  of  r o o f  boards ,  

I n  a r e c e n t  r e p o r t  i t  h a s  been  shown t h a t  a s p h a l t  
s h i n g l e s  a r e  c o t  d i m e n s i o n a l l y  s t a b  l e  when exposed t o  c o n d i t i o n s  
o f  w e t t i n g  a n d  d r y i n g ,  The d i m e n s i o n a l  i n s t a b i l i t y  of  wood 
caused  b y  changes  i n  m o i s t u r e  c o n t e n t  i s  w e l l  known, From t h e  
e x i s t i n g  i n f o r m a t i o n  a b o u t  s h i n g l e s  and b o a r d s ,  i t  was p o s s i b l e  
t o  a n a l y s e  t h e  e x p e c t e d  movements of an assembly  o f  b o a r d s  
and s h i n g l e s  under  ext reme c o n d i t i o n s .  It was of i n t e r e s t  t o  
d e m o n s t r a t e  e x p e r i m e n t a l l y  whe the r  t h e  p r e d i c t e d  movements i n  
t h e  b o a r d s  and t h e  s h i n g l e s  d i d  o c c u r ,  The f o l l o w i n g  e x p e r f -  
ments  were d e s i g n e d  t o  p r o v i d e  t h i s  i n f o r m a t i o n ,  

E x p e r i m e n t a l  P rocedure  and Samples 

T h i s  i n v e s t i g a t i o n  was concerned w i t h  + t a b  210-lb,  
a s p h a l t  s h i n g l e s  o n l y ,  An a p p a r a t u s  w a s  d e s i g n e d  t o  measure 
t h e  h e i s h t  o f  b u c k l e  produced i n  a  d r y  a s p h a l t  s h i n g l e  f o r  
v a r i o u s  r e l a t i v e  movements o f  t h e  s h i n g l e  n a i l s  a t  5 - inch  
c e n t r e s  as would o c c u r  when t h e  wood d e c k  s w e l l s  o r  s h r i n k s  w i t h  
changes  i n  m o i s t u r e  c o n t e n t ,  T h i s  a p p a r a t u s  c o n s i s t e d  of  a n  
assembly  of f o u r  rows o f  s h i n g l e s  w i t h  5 - inch  exposure  on two 
n i e c e s  o f  a - inch  plywood, I n  t h e  t e a t  assembly  ( F i g , l )  t h e  
two plywood decks  c o u l d  be  moved h o r i z o n t a l l y  r e l a t i v e  t o  
e a c h  o t h e r .  S h i n g l e s  were n a i l e d  on t h e  plywood deck f i r s t ,  
i n  t h e  manner f o l l o w e d  i n  p r a c t i c e ,  w i t h  t h e  s h i n g l e  t a b s  
s t a e g e r e d ;  t h e n  a new assembly  w a s  n a i l e d  w i t h  t h e  t a b s  
v e r t i c a l l y  a l i g n e d ,  A s  t h e  b r e a k  between t h e  two plywood decks  
w a s  l o c a t e d  between t h e  second and t h i r d  row o f  n a i l s ,  r e l a t i v e  
movement of t h e s e  two decks  produced a  b u c k l e  i n  t h e  second 
row of s h i n g l e s .  The h e i g h t  of b u c k l e  w a s  measured i n  t h e  
s l o t  between t h e  t a b s ,  The measurement w a s  made w i t h  a  d i a l  
gauge adap ted  f o r  t h i s  purpose  ( F i g - 1 ) .  

Assembl ies  of  a s p h a l t  s h i n g l e s  on wood d e c k s  s e r v e d  as 
samples ,  Lumber u.sed f o r  t h e s e  sample s c o n s i s t e d  of 1 - i n c h  



p ine  boards ,  6 s n d  12 inches  wide, These were n a i l e d  t o  
2- by !!-inch soruce  r a r t e r s  on 16- inch c e n t r e s ,  Two n a f l s  were 
used f'or t he  6- inch boards  and t h r e e  f o r  t h e  12-inch boards ,  
F ive  rows of 3-tab 210-lb, a s p h a l t  s h i n p l e s  were n a i l e d  on 
t h e s e  prepared wood decks  exposing 5 i nches  of t h e  s h i n e l e s  
t o  t h e  weather ,  The s h i n p l e  nail p o s i t i o n s  were marked and 
i n d i c a t o r s  were p l aced  a t  t h e  c o n t a c t  between boards  an(' r a f t e r s  
t o  ind- ica te  t h e  mc;varnent of tlzat p o i n t  of t h e  board r e l a t i v e  
t o  t h e  r a f t e r ,  The i n d i c a t o r s  c o n s i s t e d  of a  need le  t h e  end of 
which was he ld  i n  a  t i n y  ho le  provided by a  s t u d  d r i v e n  I n t o  
t h e  board,  The need ie  had a p i v o t  p o i n t  consist in;^ of a ho le  
4 i n c h  from t h e  board through which a  nai.1 was d r i v e n  i n t o  t h e  
r a f t e r ,  The o t h e r  end of t h e  4- inch needle  f n d f c a t e d  t h e  move- 
ment of  t h e  board m u l t i p l i e d  12 t imes ,  Tho manner of  i n s t a l -  
l a t i o n  i s  shown i n  photographs ('FIg,2), 

Reference p o i n t s  c o n s i s t i n g  of b r a s s  round-head n a i l s  
having a  1/61+-inch ho le  d r i l l e d  i n t o  t h e  heads were d r i v e n  
i n t q  t h e  boards a t  2-inch cbent res  t o  enab le  t h e  measurement 
of d imens iona l  changes due t o  w e t t i n g  o r  dry ing ,  A d i a l  
gauge was adapted  t o  se rve  a s  an extensometer ,  

Two sample assembl ies  c o n s i s t i n g  of 6- and 12- incn  wide 
boards  were made a f t e r  t h e  boards  had been cond i t i oned  i n  a  
room c o n t r o l l e d  a t  50 pe r  c e n t  r e l a t i v e  humidity,  Il'wcr o t h e r  
assembl ies  c o n s i s t i n g  of 6- and 12- inch  wide boards  werae made 
a f t e r  t h e  boards  had been cl7rlditioned i n  t h e  humid room con- 
t r o l l e d  a t  100 per  c e n t  r e l a t i v e  humidi ty ,  The c o n d i t i o n s  of 
mois ture  con ten t  3f t h e  boards and s h l n p l e s  a r e  g iven  i n  
Table 1, 

Thb samples  were cyc led  between c o n d i t i o n s  i n  one room 
c o n t r o l l e d  a t  50% RH and 7 3 ' ~ ~  and another  room c o n t r o l l e d  
a t  100% RH and 74O~', The samples were kep t  a t  each condition 
f o r  about one month a n d  each  sample was given t h r e e  cornpiete 
c y c l e s  o r  seven chanpes of c o n d i t i o n s ,  1"Ieasurements were 
made a t  t h e  beg inn ing  and t h e  end of each h a l f  cyc l e ,  The 
moi s tu re  c o n t e n t  of samr?les of  t h e  s h i n g l e s  was determined 
a f t e r  t h e  l a s t  cyc l e ,  

R e s u l t s  and Discuss ion  

The d a t a  from t h e  experiment designed t o  show t h e  
r e l a t i o n s h i p  between t h e  movement of s h i n g l e  n a i l s  and t h e  
cor responding  s i z e  of buckle  a1.e presen ted  i n  F ig03 ,  These 
show a  cons ide rab le  v a r i a t i o n  between t h e  f i r s t  c y c l e  and 
subsequent c y c l e s ,  This  car1 be accounted f o r  by t h e  f a c t  t h a t  
a f t e r  t h e  f i r s t  cyc l e  a plane of weakness was developed i n  t h e  
s h i n g l e  a long  t h e  l i n e  where t h e  s h i n g l e s  bent  t h e  most,, 



TABLE I -- 
SUMMARY OF DATA ON C O T u n I T ' I  J1.S 03' BOARDS AND YHIBGLES FOR T'EIE 

i71RST CYCLE 



During subsequen t  c y c l e s  t h e r e f o r e  t h e  s h i n g l e  would bend 
s h a r p l y  a l o n e  t h i s  c e n t r e  l i n e  and would show a  h ighe r  buck l e  
f o r  t h e  same-*re la t ive  movement of t h e  n a i l s ,  Thf s e f f e c t  
was n o t  observed i n  t h e  samples under  s t u d y  when t h e  s h i n g l e s  
buckled  due  t o  wet t in%:  o r  d r y i n g ,  

Data  p r e s e n t e d  i n  Fig,  3 were o b t a i n e d  w i t h  d r y  s h i n g l e s  
s u b j e c t e d  t o  r a p i d  ~ . e l a t i v e  movement of t h e  deck,  The re fo r e  
t h e s e  d a t a  shou ld  no t  be : ipp l i ed  d i r e c t l y  t o  p r e d i c t  t h e  buck le  
h e i g h t  c o r r e spond ing  t o  a g iven  movement i n  t h e  deck when t h e  
movement i s  caused  by  w e t t i n g  o r  d r y i n g  i n v o l v i n g  a  slow r a t e  
of change and when t h e  s h i n ~ l e s  a r e  a t  o t h e r  t h a n  t h e  d r y  
s t a t e ,  Only l a r g e  movements caused  a f a i r l y  r e p r o d u c i b l e  
b u c k l e ,  

Table  1 p r e s e n t s  t h e  expe r imen t a l  d a t a  of t h e  mo i s tu r e  
c o n t e n t  changes  and d imens iona l  changes  of t h e  boa rds  and t h e  
s h i n g l e s  i n  t h e  samples d u r i n g  f i r s t  c y c l e  of w e t t l n g  and 
d ry ing ,  It should  be  no t ed  t h a t  t h e r e  was c o n s i d e r a b l e  
v a r i a t i o n  i n  d imens i7na l  chsn ge s  of b o a r d s ,  The f a c t  t h a t  t h e  
p a r t  of t h e  s h i n g l e  n e x t  t o  t h e  boa rds  p icked  up more m o i s t u r e  
than t h e  p a r t  exposed t o  t h e  air i s  s i g n i f i c a n t ,  T h i s  may 
j u s t f f y  t h e  u se  o f  15- lb ,  a s p h a l t  f e l t  under t h e  s h i n g l e s ,  

F i g u r e  4 p r e s e n t s  t h e  d a t a  from t h e  f i r s t  exper iment  
d e mo n s t r a t i ng  t h e  s w e l l i n g  o f  a s p h a l t  shf  ngle  s on w e t t i n g ,  
I n  t h i s  exper iment  t h e  s h i n g l e s  were n a i l e  d  t o  a  m e t a l  b a s e  
s o  t h a t  no movement of s h i n g l e  n a i l s  was p o s s i b l e  and t.hen t h e  
assembly was l e f t  i n  a  room c o n d i t i o n e d  t o  PO0 p e r  c e n t  
r e l a t i v e  humid i ty  f o r  a month, The b u c k l i n g  of t h e  s h i n g l e s  
i s  shown g r a p h i c a l l y  and co r r e sponds  rough ly  t o  t he  s w e l l i n g  
of t h e  s h i n g l e  by 0 ,05 i n c h  i n  5 i n c h e s  o r  t h e  equf v a l e n t  of 
2 p e r  c e n t  change i n  a boa rd  2,s i n c h e s  wide, 

The expe r imen t a l  and computed d a t a  g i v i n g  t h e  movementis 
o f  t h e  s h i n g l e  n a i l s  w i t h  t h e  wood deck  and t h e  co r r e spond ing  
b u c k l i n g  o r  t e a r i n g  of  s h i n g l e s  a r e  p r e s e n t e d  i n  g r a p h f c a l  
form i n  F i g u r e s  5, 6 ,  7 and 8, 

F i g u r e s  5 t o  8 a r e  d r a t ~ n  t o  show t o  s c a l e  t h e  p o s i t i o n s  
o f  t h e  s h i n g l e s  and t h e i r  n a i l s  d e s i g n a t e d  ( a ) ,  ( b ) ,  ( e ) ,  I d ) ,  
and ( e )  w i t h  r e s p e c t  t o  t h e  boards  and t h e i r  c e n t r e  l i n e s  de s ig -  
n a t e d  1, 2, 3, 4, and 5 ,  The p o s i t i o n s  A, B, C, and D on t h e  
s h i n g l e s  deno te  t h e  l i n e s  between t h e  s h i n ~ l e  n a i l  p o s f t i o n s  
a l o n g  which b u c k l i n g  was measured and a r e  r e p r e s e n t e d  on t h e  
v e r t i c a l  s c a l e  a t  t h e  extreme l e f t  a s  t he  h e i g h t  of t h e  buck l e  
i n  i n c h e s ,  The changes i n  t h e  h e i g h t  o f  t h e  buck l e  d u r i n g  
r e p e a t e d  c y c l e s  a r e  r e p r e s e n t e d  by s u c c e s s i v e  l i n e s  d i s p l a c e d  
t o  t h e  r i g h t  and numbered 1 t o  3. A t  t h e  r i g h t  of t h e  d iagram 



a r e  shown m u l t i p l e  g r a p h s  which  r e p r e s e n t  t h e  movements o f  t h e  
s h i n g l e  n a i l  p o s i t i o n s  (a), (b)# ( c ) ,  ( d ) ,  and ( e )  w i t h  r e s p e c t  
t o  t h e i r  i n i t l a 1  p o s i t i o n s  cnd w i t h  r e s p e c t  t o  e a c h  o t h e r ,  
Thus at  any c y c l e  t h e  v e r t i c a l  rlovement of  t h e  s h i n g l e  a t  A ,  
w i l l  b e  d e t e r m i n e d  by t h e  d i r e c t i o n  and amount o f  movement o f  
n a i l  p o s i t i o r : ~  ( a ) ,  and (b), w i t h  r e s p e c t  t o  t h e  i n i t i a l  
y o s i t i o n  shown a s  z e r o ,  S i m i l ~ r l y  t h e  b e h a v i o u r  of  s h i n g l e s  
a t  B, C, and D, c a n  be p r e d i c t e d  f rom t h e  c o r r e s p o n d i n g  
movements o f  t h e  a p o r o p r i a t e  two s h i n g l e  n a i l  p o s i t i o n s  ( b ) ( c ) , ,  
Cc) (dS ,  and ( W e ) .  

I n  generaa l  t h o  changes  o c c u r r i n g  on t h s  f i r s t  h a l f  c y c l e  
were l a r p e  i n  compar ison  t o  t h o s e  i n  s u b s e q u e n t  c y c l e s ,  These 
changes  r e p r e s e n t e d  i r r e v e r s i b l e  s h i f t s  of  p o s i t i o n  due t o  
llneven y i e l d i n g  of n a i l s  o r  c r a c k s  d e v e l o p i n g  i n  t h e  b o a r d s ,  
The d i r e c t i o n  o f  movement d u r l n g  t h e  f i r s t  h a l f  c y c l e  was v e r y  
i m p o r t a n t  and o f t e n  d e t e r m i n e d  t h e  f u t u r e  b e h a v i o u r  o f  t h e  
sample,  lgor exarrple ,  i f  t h e  movement d u r i n g  t h e  f i r s t  h a l f  
c y c l e  was one of s e p a r a t i o n  o f  t h e  two rows of s h i n g l e  n a i l s ,  
t h i s  caused  t h e  t e a r i n g  o f  t h e  n a i l  h o l e s  i n  t h e  s h i n b ~ l e  and 
on t h e  r e v e r s e  c y c l e  t h e  movement c o u l d  t a k e  p l a c e  w i t h o u t  
a f f e c t i n g  t h e  s h i n p l e ,  

I n  r e a l i t y  t h i s  w a s  n o t  a lways  t h e  c a s e  p o s s i b l y  because  
t h e  n a i l  h o l e s  were n o t  e n l a r g e d  s u f f i c i e n t l y  d u r i n g  thd  f i r s t  
h a l f  c y c l e ,  when s t r e t c h i n g  o f  t h e  s h i n g l e  t o o k  p l a c e ,  t o  a l l o w  
f r e e  movement of t h e  n a i l  i n  t h e  n a i l  h o l e  on t h e  r e v e r s e  c y c l e  
and t h u s  some b u c k l i n g  was o b s e r v e d  i n  most  of s u c h  c a s e s ,  

The i n s t a n c e s  where small movements i n  t h e  wood d e c k  
were accompanied by a buck le  o f  c o n s i d e r a b l e  s i z e  a r e  f u r t h e r  
e v i d e n c e  t h a t  t h e  d i m e n s i o n a l  changes  i n  t h e  s h i n g l e  i t s e l f  
c o n t r i b u t e d  t o  t h e  b u c k l i n g ,  

When c a l c u l a t i n g  t h e  p r e d i c t e d  movements of  t h e  s h i n g l e  
n a i l  p o s i t i o n s  i n  t h e  wood d e c k  t h e  a s sumpt ion  was made t h a t  
a l l  movements o f  t h e  b o a r d  would o c c u r  s y m m e t r i c a l l y  about  t h e  
c e n t r e  l i n e  of  t h e  board ,  The e x t e n t  o f  t h e  movement w a s  b a s e d  
on t h e  measured d i m e n s i o n a l  changes  t h a t  o c c u r r e d  i n  t h e  b o a r d s  
d u r i n g  t h e  c y c l i n g ,  From t h e  d a t a  p r e s e n t e d  I n  F i g ,  5 i t  i s  
e v i d e n t  t h a t  s h i n p l e  n a i l  p o s i t i o n s  ( d )  and ( e )  d i d  n o t  move 
a s  p r e d i c t e d  b u t  r a t h e r  s h i f t e d  p o s l t i o n  r e s u l t i n g  i n  a  l a r g e  
b u c k l e  a t  D where a  b u c k l e  o f  t h e  s i z e  shown a t  A and R s h o u l d  
have o c c u r r e d ,  For  t h e  sRme r e a s o n  no b u c k l e  o c c u r r e d  a t  C 
a l t h o u g h  i t  s h o u l d  have been  t h e  same as a t  A and B, 

Examinat ion  o f  t h e  model of t h e  assembly  o f  s h i n s l e s  on 
6 - inch  wide  b o a r d s  shows t h a t  t h e  - r e l a t i v e  movement be tween 
any  two rows o f  s h i n g l e  n a i l s  w i l l  e q u a l  t h e  movement caused  by  



s w e l l i n g  o r  s h r i n k i n g  of one- inch w i d t h  of board,  In e v e r y  s i x t h  
row of  s h i n p l e s ,  however, t h e  r e l a t i v e  movement w i l l  c o r r e s p o n d  
t o  t h e  movement due t o  t h e  s w e l l i n g  o r  s h r i n k i n g  of 5 - i n c h  
w i d t h  of b o a r d  b e c a a s e  two rows of sh . ing le  n a i l s  w i l l  be l o c a t e d  
i n  t h e  same b o a r d ,  

The r e s u l - t s  from sample 13a  p r e s e n t e d  i n  E'ig, 7 ahow 
t h e  l a r g e  movements of  s h i n g l e  n a i l  p o s i t i o n s  which a r e  p o s s i b l e  
when 12-inch wide b o a r d s  a r e  b e i n e  w e t t e d  f rom t h e  d r y  s t a t e ,  
P o s i t i o n s  ( a )  and ( b ) ,  a l s o  ( c )  and ( d )  undergo a  r e l a t i v e  
mgvernent c o r r e s p o n d i n g  t o  t h e  change i n  d imension due t o  
swelling of a  7- inch wide board ,  T h i s  amounted t o  abou t  0 ,2  
i ~ c h  and produced a buck le  of a lmos t  $ i n c h ,  The movements and 
t h e  b u c k l i n p  i n  t h i s  c a s e  were alsproximately a s  predicted, 
The l a r g e  r e l a t i v e  s e p a r a t i o n  of  n a i l  p o s i t i o n s  ( b )  and ( c ) ,  
a l s o  ( d )  and ( e )  i n  F i g ,  7  caused b j  s w e l l i n g  of  5 - i n c h  w i d t h  
of board  caused  a t e a r i n g  of t h e  s h i n g l e  n a i l  h o l e s  by  a b o u t  
l /8  i n c h ,  

The r e s u l t s  f rom sample 13b a s  shown i n  F i g ,  8 i l l u s t r a t e  
t h a t  t h e  s h r i n k a g e  of  b o a r d s  t h a t  are n a i l e d  when wet  can c a u s e  
c r a c k s  t o  d e v e l o p  w i t h  t h e  r e s u l t  t h a t  moverrents o f  s h i n g l e  n a i l  
p o s i t i o n s  can  be  v e r y  d i f f e r e n t  f rom what t h e y  a r e  p r e d i c t e d  
t o  be.  A good example i s  t h e  s h i n g l e  n a i l  p o s i t i o n s  ( b )  and 
( c )  i n  F ig ,  8 b ~ h e r e  a  l a r g e  b u c k l e  a t  B shou ld  have o c c u r r e d ,  
The board  c r a c k e d  a t  about  t h e  m i d - p o s i t i o n  c a u s i n g  l i t t l e  
movement a t  t h e  s h i n g l e  n a i l  p o s i t i o n s ,  There s h o u l d  n o t  have 
been b u c k l i n g  of s h i n g l e s  a t  A and C a s  i s  shown, This  b u c k l i n g  
a t  A and C can o n l y  b e  e x p l a i n e d  by c o n s i d e r i n g  t h a t  p a r t  of 
i t  i s  due t o  t h e  s w e l l i n ?  o f  t h e  s h i n q l e  and p a r t  due t o  t h e  
g r i p p i n g  of t h e  n a i l  i n  t h e  sh in [< le  a t  t h e  new ex tended  p o s i t i o n  
c o r r e s p o n d i n g  t o  t h e  f i r s t  h a l f  c y c l e .  

Summarv and Conc lus ions  

These e x p e r i m e n t s  have d e m o n s t r a t e d  t h a t  a s p h a l t  s h i n g l e s  
w i l l  buck le  a s  a  r e s u l t  o f  t h e  r e l a t i v e  movement due t o  s w e l l i n g  
o r  shrinkin:? of  t h e  b o a r d s  t o  which t h e  s h i n g l e s  a r e  n a i l e d  and 
a l s o  a s  a  r e s u l t  o f  s w e l l i n g  o f  t h e  s h i n g l e  i t s e l f  when t h e  
m o i s t u r e  c o n t e n t  i s  changed,  

It h a s  been  shown t h a t  t h e  c h a n c e s  o f  l a r g e  b u c k l e s  
b e i n g  produced a r e  g r e a t e r  w i t h  12- inch  wide h o a r d s  then 1.rTl-t? 

6- inch wide b o a r d s ,  It i s  a l s o  e v i d e n t  when 1 2 - i n c h  wide 
b o a r d s  a r e  used  and t h e  f i r s t  $ c y c l e  i n v o l v e s  a  d r y i n g  of 
t h e  i n i t i a l l y  wet  b o a r d s  (a c a s e  most l i k e l y  t o  o c c u r  i n  p r a c t i c e )  
t h a t  t h e r e  i s  a  good chance  t h e  b o a r d s  w i l l  c r a c k  l o n g i t u d i n a l l y  
and w i l l  not  produce  t h e  b u c k l i n g  t h a t  would b e  e x p e c t e d ,  



The r e s u l t s  i n d i c a t e  t h a t  boa rds  n a i l e d  t o  r a f t e r s  w i t h  
two o r  t h r e e  n a i l s  cannot  be expec t ed  t o  s w e l l  o r  s h r i n k  
symm e t r i c a l l y  abou t  t h e i r  c e n t r e  l i n e s ,  The l o n g i t u d i n a l  
c r a c k i n g  and uneven y i e l d i n g  of n a i l s  c o n t r i b u t e s  t o  t h i s ,  

I n  c o n c l u s i o n  i t  c a n  be s a i d  t h a t  some deg ree  of b u c k l i n g  
o f - s h i n g l e s  i s  t o  be expec t ed  where t h e  s h i n g l e s  a r e  n a i l e d  
w i t h  two rows of n a i l s  a s  l o n g  a s  b o t h  t h e  s h i n g l e  and t h e  
wood deck a r e  d i m e n s i o n a l l y  u n s t a b l e  w i th  c h m g e s  i n  m o i s t u r e  
a e o n t en t ,  
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D%aP gauge used f o p  measwing the 
buckle height, 

Apparatus used fop  %%ndfng the relatlsnskip 
between buckle hefght and corresponding 
change in the 5-fnch span between two rows 
of shingle 13~3118, 
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F h o t o ~ a p k s  showfng %he foup assemblfes used as samples and 
the i n d i c a t o r s ,  
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