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

CREEP AND REMAINING LIFE 

The high-temperature components, superheater 
and reheater tubes, f a i l  by a creep or  stress- 
rupture mechanism, a t  the end of the i r  
service l i f e .  Fuel-ash corrosion may have 
reduced the wall thickness so that  the onset 
of creep fai lures occurs sooner than expected. 
In any event, a determination of the useful 
remaining l i f e  or  material-condition 
assessment is  made t o  assure replacement i n  a 
timely fashion. The question is, "What are 
the metallurgical features tha t  indicate the 
in i t i a t ion  of creep damage well before 
potential  fai lures  are likely? l1 

Creep is defined as  the time-dependant 
deformation a t  elevated temperature (see Vol. 
111, No. 4 of t h i s  newsletter). The ASME 
Boiler and Pressure Vessel Code provides the 
allowable s tresses for  a l l  boi ler  materials 
used in the creep range. One of the c r i t e r i a  
used i n  the dete-&ination of these allowable 
s t ress  values is 1% creep expansion or  
deformation i n  100,000 hours of service. Thus 
the Code recognizes that  over the operating 
l i f e  some creep deformati.on w i l l  occur. 

Fuel-ash corrosion or  oxidation may reduce 
the wall thickness and increase the hoop 
s t ress .  Steam reacts with s t ee l ,  forms iron 
oxide, and c w e r s  the ID surface of a l l  
boi ler  tubes. Since the thermal conductivity 
of iron oxide is  much less  than s t ee l ,  these 
steam=si.de scales ac t  as an insulating 
barr ier  t o  heat flow (VOL I, No. 1). The net 
effect  is t o  ra ise  tube-metal temperatures. 
The combination of increased metal 
temperature and reduced wall thickness 
promotes early tube failures.  The local  heat 
flux also plays a significant role as the 
metal temperature is a function of heat flux. 
Thus there is a wide variation in  the 
metallurgical condition of a superheater or  
reheater. A tube close t o  the roof seldom 
f a i l s  by creep and often contains no ask 
corrosion wastage; the same tube a t  the 
bottom of a radiant superheater pendant 
usually f a i l s  f i r s t  and shows the most serious 
corrosion wastage. 

In any material-condition assessment, the 
most distressed tubes and highest heat-flux 
region should be examined f i r s t .  Any single 
tube can show wide differences i n  
metallurgical features. There are subtle 
changes within the microstructure tha t  occur 
during the creep deformation process. 
However, the f i r s t  sign of creep damage is 
often the appearance of longitudinal cracks 
within the steam-side scale, see Fig. 1. 

Figure 1 

Since the duct i l i ty  of the s t e e l  is greater 
than the duc t i l i ty  of the steam-side 
magnetite layer, longitudinal cracks within 
this steam-side scale form as the oxide 
cannot expand with the s tee l .  

Once a longitudinal crack forms in the ID 
oxide, the path between steam and s t e e l  is 
shortened. With continued tube expansion due 
t o  creep deformation, the ID scale reforms a t  
the crack. Locally a cusp forms a t  the 
scale/metal interface, see Fig. 2. 

Figure 2 



The sharp point ac ts  as a s t ress  ra iser  and 
intensif ies  the hoop s t ress  a t  the cusp 
point. The s t ress  is also sl ightly higher 
because the wall thickness is s l ight ly  l e ss  
a t  the cusp. Depending on the circumstances 
on the fireside, similar longitudinal cracks 
may appear i n  the f i reside scale. These OD 
cracks are more noticeable i n  gas-fired 
units,  as fuel-ash corrosion may obscure 
these effects.  

Often the f i r s t  signs of creep damage within 
the s t e e l  microstructure are  creep voids a t  
these cusps, see Fig. 3. 

Figure 3 

Less than 1/10 inch away from this damage, 
the microstructure shows no vis ib le  signs of 
distress .  As the creep deformation continues, 
these OD and ID cracks and creep damage fan 
out toward each other, see Fig. 4. Creep 
fai lures may then i n i t i a t e  a t  the ID as the 
s t ress  intensification a t  the cusp t i p  is a 
greater factor than the higher temperature a t  
the OD surface. 

Ultimately the effective cross section o r  
thickness of the tube w a l l  is reduced t o  the 
point where the strength of the material is 
inadequate t o  contain the internal steam 
pressure and fa i lure  occurs. The time 
between the appearance of the f i r s t  
longitudinal cracks within the I D  scale and 
f ina l  fa i lure  is, of course, variable. It 
depends on the tube-metal operating 
temperature and whether there is any OD tube 
wastage from ash corrosion o r  fly-ash 
erosion. The time is quite sensitive t o  
actual operating temperature. Heat flux w i l l  
be variable along the length of an individual 
tube. Thus one portion of the tube may show 
well-advanced creep damage; while 20' away in 
the same tube, the microstructure shows no 
evidence of creep damage, not even 
longitudinal cracks in the I D  scale. 
Thus the estimation of remaining l i f e  and 

the determination of creep damage is 
sensitive t o  the location within the boiler.  
Samples for  evaluation should be removed from 
the highest heat-flux regions of a 
superheater or  reheater. I f  fai lures have 
occurred, samples from similar locations 
known t o  be l1hotl1 should be included i n  the 
samples selected. Thermocouple measurement 
of steam temperature i n  individual tubes is 
helpful i n  evaluating the "hot" circui ts .  
Steam-side scale-thickness measurements by 
ultra-sonic techniques that do not require 
the removal of tube samples may also be 
useful. However, t o  accurately assess the 
overall metallurgical condition, it is 
imperative t o  remove tube samples for  careful 
metallurgical evaluation. Only by 
metallograpb can these stean-i-side scale 
cracks, cusps, and creep damage be accurately 
evaluated. Depending on the results,  pa r t i a l  
replacement of a few seriously degraded tubes 
rather than complete replacement may be the 
best course of action. 

Figure 4 The best number for  metallurgical advice! 
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