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A VIEW FROM THE PENTHOUSE: USEFUL INFORMATION FOR THE WORLD OF BOILERS 

Creep  F a i l u r e s  
Fo r  a l l o y s  used  i n  SH and RH, t h e  ope ra -  

t i n g  t e m p e r a t u r e  is o f t e n  i n  t h e  r a n g e - w h e r e  
f a i l u r e s  by c r e e p  are common. The  ASME 
B o i l e r  and P r e s s u r e  Vessel Code r e c o g n i z e s  
c r e e p  as a h i g h  t e m p e r a t u r e  d e s i g n  r e q u i r e -  
ment.  The Code sets a l l o w a b l e  stresses i n  
t h e  c r e e p  r a n g e  a t  t h a t  stress which w i l l  
c a u s e  1% d e f o r m a t i o n  i n  100,000 h o u r s .  What 
is c r e e p ?  Some t h o u g h t s  and  o b s e r v a t i o n s :  

C r e e p  may be  d e f i n e d  as  a t i m e  dependen t  
s t r a i n  o r  d e f o r m a t i o n  a t  c o n s t a n t  stress a t  
e l e v a t e d  t e m p e r a t u r e .  The t e m p e r a t u r e  a t  
which c r e e p  b e g i n s  depends  on t h e  a l l o y .  F o r  
example ,  t h e  common a l l o y s  used  i n  SH and RH 
c o n s t r u c t i o n  have  t h e  f o l l o w i n g  a p p r o x i m a t e  
t e m p e r a t u r e s  f o r  t h e  o n s e t  of  c r e e p :  

Carbon steel. .  ...................... .850°F 
T-11 ................................ 1000°F 
T-22. ............................... 1050°F 
S t a i n l e s s  S t e e l  (304 ,  321 ,  347 )  ..... l lOO°F 

B o i l e r  t u b e s  t h a t  have  f a i l e d  by c r e e p  e x h i b i t  
t h e  f o l l o w i n g  v i s i b l e  f e a t u r e s :  
1 )  b u l g i n g  o r  b l i s t e r s  i n  t h e  t u b e  
2 )  t h i ck -edged  f r a c t u r e s  and  l i m i t e d  d u c t i l i t y  
3 )  l o n g i t u d i n a l  "stress c r a c k s "  i n  e i t h e r / b o t h  

I D  and OD o x i d e  scales, and  
4 )  e x t e r n a l  and i n t e r n a l  o x i d a t i o n .  
The o p e r a t i n g  c o n d i t i o n s  t h a t  c a n  l e a d  t o  
t h e s e  f a i l u r e s  are: 
1 )  l o n g t e r m  o p e r a t i o n  a t  a s l i g h t l y  e l e v a t e d  

t e m p e r a t u r e  f rom d e s i g n  c o n d i t i o n s .  
2 )  i n t e r n a l  s c a l e / d e p o s i t s  impede h e a t  f l o w  

and  i n c r e a s e  metal t e m p e r a t u r e ,  see Vol. 1, 
No. 1 of  t h i s  n e w s l e t t e r  

3 )  e x c e s s i v e  f l u e  g a s  t e m p e r a t u r e ,  and  
4 )  d i m i n i s h e d  o r  impeded steam f low.  

On a m i c r o s t r u c t u r a l  l e v e l  t h e  c h a n g e s  
are e q u a l l y  d r a m a t i c ,  b u t  n o t  v i s i b l e  t o  t h e  
naked e y e .  The m i c r o s t r u c t u r e s  o f  c r e e p  
f a i l u r e s  are c h a r a c t e r i z e d  by: 
1 )  c r e e p  v o i d s  w i t h i n  t h e  m i c r o s t r u c t u r e ,  and  
2 )  g r a i n  boundary s e p a r a t i o n  o r  c r a c k s .  
Creep  f a i l u r e s  may be  c a u s e d  by o v e r h e a t i n g  
t h e  e n t i r e  t u b e ,  o r  a v e r y  l o c a l i z e d  area. 
F i g u r e  1 shows a t y p i c a l  c r e e p  f a i l u r e .  Note 
t h e  na r row f i s s u r e  and l a c k  o f  d u c t i l i t y .  

U s e f u l  metals are made up o f  i n d i v i d u a l  
c r y s t a l s ,  which i n  t u r n  are made up o f  i n d i v i d -  
u a l  a toms.  The a toms  w i t h i n  a c r y s t a l  are 
a r r a y e d  i n  a r e g u l a r  p a t t e r n  a l o n g  s p e c i f i c  
c r y s t a l l o g r a p h i c  p l a n e s .  A t  room t e m p e r a t u r e s  
d e f o r m a t i o n  o c c u r s  by a mechanism c a l l e d  " s l i p " ;  
t h a t  is, o n e  p l a n e  o f  a toms  s l i d e s  o v e r  i ts  
n e i g h b o r .  M i c r o s t r u c t u r a l  a p p e a r a n c e  shows 
wavy l i n e s  w i t h i n  t h e  g r a i n s ,  b u t  no  v o i d s  
a p p e a r .  A s  d e f o r m a t i o n  c o n t i n u e s ,  t h e  s l i d i n g  
p l a n e s  o f  a toms  e v e n t u a l l y  r u n  i n t o  a g r a i n  
boundary .  F u r t h e r  d e f o r m a t i o n  d i s t o r t s  t h e  
g r a i n  boundary  and t h e  e n t i r e  g r a i n .  Thus  t h e  
m i c r o s t r u c t u r a l  f e a t u r e s  o f  room t e m p e r a t u r e  
d e f o r m a t i o n  would show: the  f o l l o w i n g .  
1 )  Up t o  a b o u t  15% e l o n g a t i o n ,  t h e r e  is l i t t l e  

change  i n  t h e  m i c r o s t r u c t u r e  ( a t  5 0 0 x ) .  
2 )  From a b o u t  15% t o  20%, s l i p  l i n e s  a p p e a r  

w i t h i n  i n d i v i d u a l  c r y s t a l s  w i t h i n  t h e  
s t r u c t u r e ,  see F i g u r e  2. 

3 )  A t  d e f o r m a t i o n  g r e a t e r  t h a n  20%, i n d i v i d u a l  
g r a i n s  w i l l  b e g i n  t o  show ( a t  500x)  e l o n g a -  
t i o n ;  n e a r l y  round g r a i n s  become o v a l .  

4 )  The h a r d n e s s  i n c r e a s e s  and t h e  material is 
s a i d  t o  have  "work hardened".  A l l  o f  t h i s  
p l a s t i c  f l o w m a k e s  t h e  material h a r d e r .  
h a r d n e s s m i g h t i n c r e a s e  f rom 7 0  t o  85 o r  R~ 

90, depend ing  on  t h e  material and  amount o f  
s t r a i n .  

I f  a metal is  deformed by c r e e p  its micro-  
s t r u c t u r e  may a p p e a r  n e a r l y  u n a f f e c t e d  by t h e  
d e f o r m a t i o n .  S p e c i f i c a l l y ,  s l i p  l i n e s  t h a t  
c h a r a c t e r i z e  d e f o r m a t i o n  a t  o r d i n a r y  tempera-  
t u r e s  are a b s e n t  and t h e  metal f a i l s  t o  work 
h a r d e n .  The b a s i c  mechanism o f  c r e e p  deforma- 
t i o n  is n o t  s l i p .  However, a n o t h e r  mechanism, 
g r a i n  boundary  s l i d i n g  d o e s  o c c u r .  S i n c e  t h e  
g r a i n  boundary is a z o n e  of  weakness  a t  e l e v a t -  
e d  t e m p e r a t u r e s ,  d e f o r m a t i o n  o c c u r s  more r e a d i -  
l y  by t h e  r e l a t i v e  mo t ion  o f  o n e  g r a i n  t o  
a n o t h e r  by g r a i n  boundary  s l i d i n g .  C r e e p  
d e f o r m a t i o n  may b e  t h o u g h t  of  as  who le  g r a i n s  
moving as  a b lock  r a t h e r  t h a n  as  i n d i v i d u a l  
p l a n e s  of a toms .  T h e r e  i s  l i t t l e ,  i f  a n y ,  
g r o s s  d i s t o r t i o n  t o  i n d i v i d u a l  c r y s t a l s .  

S i n c e  g r a i n  b o u n d a r i e s  are z o n e s  of  weak- 



n e s s ,  i t  f o l l o w s  t h a t  a c o a r s e - g r a i n e d  s t r u c -  
t u r e .  i s  s t r o n g e r  a t  e l e v a t e d  t e m p e r a t u r e s  t h a n  
a f i n e - g r a i n e d  material. I n d e e d ,  t h e  B o i l e r  
Code s p e c i f i e s  a minimum g r a i n - s i z e  f o r  321  
s t a i n l e s s  s tee ls  t o  a s s u r e  a d e q u a t e  c r e e p  
s t r e n g t h .  

S i n c e  c r e e p  o c c u r s  a t  e l e v a t e d  tempera-  
t u r e s ,  t h e r e  are o t h e r  c h a n g e s  i n  t h e  micro-  
s t r u c t u r e .  F o r  f e r r i t i c  s teels  (SA-210, T-11, 
T-22, e tc . )  t h e  a p p e a r a n c e  o f  t h e  i r o n  c a r b i d e  
p h a s e  o r  p e a r l i t e  i s  a l t e r e d .  I n  new material 
i r o n  c a r b i d e  i s  i n  t h e  fo rm o f  b l a d e s  o r  p l a t e -  
l e t s .  A t  e l e v a t e d  t e m p e r a t u r e s  t h e s e  b l a d e s  F i g .  1. F a i l e d  RH t u b e ,  T-22. 

become s p h e r i c a l  and  t h e  material i s  s a i d  t o  
have  s p h e r o i d i z e d .  Thus t h e  m i c r o s t r u c t u r e  o f  
a sample  t h a t  h a s  f a i l e d  by c r e e p ,  w i l l  con- 
t a i n  b o t h  s p h e r i c a l  c a r b i d e  p a r t i c l e s  and 
c r e e p  v o i d s .  

F o r  t h e  s t a i n l e s s  s teels  (304 ,  321 ,  347)  
t h e r e  i s  no p e a r l i t e  and  t h e  c a r b i d e  phase  
a p p e a r s  as t i n y  p a r t i c l e s  a l o n g  t h e  g r a i n  
b o u n d a r i e s .  The m i c r o s t r u c t u r e  o f  t h e s e  a l l o y s  
w i l l  show v o i d s  o r  g r a i n  boundary  s e p a r a t i o n .  
F i g u r e s  3 and  4  show t h e s e  changes  i n  t h e  F i g .  2 .  20% d e f o r m a t i o n  i n  304H, 500x.  
m i c r o s t r u c t u r a l  a p p e a r a n c e .  

The c r e e p  damage i t s e l f  may b e  c o n f i n e d  
t o  a small area, f o r  example ,  pendan t  s t y l e  
e l e m e n t s  t h a t  have  e x p e r i e n c e d  e x f o l i a t i o n  of  
t h e  steam s i d e  s c a l e .  P a r t i c l e s  o f  i r o n  o x i d e  
c o l l e c t  a t  t h e  low p o i n t  o f  t h e  pendan t .  The 
The i r o n  o x i d e  acts  as a n  i n s u l a t i n g  b a r r i e r  
t o  t h e  t r a n s f e r  o f  h e a t  a n d ,  on a  l o c a l  b a s i s  
o n l y ,  raises t h e  t u b e  metal t e m p e r a t u r e  t o  
t h e  p o i n t  where c r e e p  f a i l u r e s  o c c u r .  The 
damage i s  c o n f i n e d  t o  t h e  area where t h e  i n t e r -  
n a l  s c a l e  t h i c k n e s s ,  d u e  t o  t h e  e x f o l i a t i o n ,  F i g .  3. Creep  v o i d s  & s p h e r o i d i z a t i o n ,  T-22- 
is  t h i c k ,  5 0  m i l s ,  w h i l e  s e v e r a l  i n c h e s  away 500x.  
t h e  scale t h i c k n e s s  is c o n s i d e r a b l y  less;  e . g .  
2-5 m i l s .  Wrapper t u b e s  may a l s o  s u f f e r  c r e e p  
damage as t h e y  are exposed  t o  t h e  g a s  p a s s  
where  h e a t  t r a n s f e r  i s  h i g h e r .  

C reep  damage may a l s o  b e  w idesp read  where  
i n t e r n a l  s c a l e  h a s  r a i s e d  t u b e  metal tempera-  
t u r e s  50' o r  60°F f rom d e s i g n .  T h i s  i s  e s p e c i -  
a l l y  t r u e  i n  b o i l e r s  t h a t  h a v e  been  i n  s e r v i c e  
f o r  20 o r  25  y e a r s  and have  n e v e r  had t h e  SH 
o r  RH c h e m i c a l l y  c l e a n e d .  I n  any  case, com- 
p e t a n t  m e t a l l u r g i c a l  a d v i c e  i s  needed  t o  s o r t  F i g .  4 .  C reep  v o i d s ,  304H, 5 0 0 ~ .  
o u t  t h e  r o o t  c a u s e s  o f  t h e  f a i l u r e .  
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