ECF 8 FRACTURE BEHAVIOUR AND DESIGN OF MATERIALS AND STRUCTURES

AALYSIS OF FAILURE I BS0ILER sOWH-PIPES

A. Krajczyk* and R. Zuchowski*

The results of damave examination of boiler
down-nipe are presented. The investigation
program included: static tension test at
room temnerature, impact bend test, hardness
measurement and metallograpnic cxamination.
The obtained results lead to the conclusion
that camage parameter based on specific work
determined durinn static tension test can be
used as a material damaye measure. Coinci-
dence between fracture type and material da-
mage has been found.

The results of damage examination of boiler down-piones
mace of ferritic-perlitic steel are presented. These
cown-pipes were cut out of s failed boiler in one of
Polish power plants. The failure took place in one down-
-pipe at the convex portion of the pipe bend (knee). The
investigation progran includec: static tension test at
room temperature, impact send test, hardness measurement
and metallographic examination. Yield ncint (O0y.), ulti-
mate tensile strength (Or.), rupture elongatio%”(A ) and
specific strain work ¢ 3 were determined during static
tension test. Impact ref2istance (KU) and hardness (RV)
were also measured. Two down-pipes that had worked 56749
hrs (designated 1 and 5) a virgin one (designated A) as
well as specimens made of the failed cown-pipne (designa-
ted F) were used in the examination.

The mean values of the obtained results are listed in
Table 1. The specimens that were cut out in the vicini-
ty of the pipe bend (xnee) were designated K while those
cut out of the down-pipe portion located further from
the knee were designated P. The relative value of the
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difference of specific strain worxk hes been assuwcd DYy
7uchowski (1) to be the canage paraneter:
W -
p =95 _% (1
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where: W - specific strain work rocgquired for breaking
a specimeﬁ made of undamaged material, . - snecific
strain work required for yreaking a damajed specimen.
For undamageu material 3 = U while for failed one
b, = 1. ¥
W The damage parameter 3 was used for damage evalua-
+ion of the analysed down<pipes. It was assumed that mna-
terial of specimen mace of virgin cowun-pipe taken from
the portion located far from the »nipe kneec was undama-
ged. Thus for thesc snecimens (designated AP) damage
parameter was cqual to zero (D = 0). The values of
damage parameter O have neen Balculated (using eq.l)
for all examined sjecimens. The mean valuss of damsge
paraneter are alsc listed in Table 1. Analysis of tne
values of mechanical properties listeg in Table 1 show-
ed that majority of them are in nood agreenent with the
corresnonding Palish Stancard deinanus for unfailecd
down-nipe. unly the values of rupture elongation (AL)
for the specimens designated 1K and 5K were slightly
lower than those required by Pplish Standard. Ho infor-
mation on maximum hardness of cxaminec down-pipe mate-
rial can be found in Pplish Stancards, SO, mechanical
oroperties cannot be uscd for damage assessment in un-
failed down-pipe with sufficient reliability. Analysis
of damage parameter values obtainec for virgin and un-
failed douwn-pipes showed that the lower the cistance
tfrom pipe knese, tne higher the danage parameter value.
The damage sarameter values obtained for specimen desi-
gnated 1K and 5¢ are close to that obtained for speci-
nens made of failed down-pipe, S0, material of explo-
ited down-pipe is damaged to a high extent. It means
that exploited down-pine nust be withdrawn from service.
The conclusion was confirmed by the results of hardness
measurement of specimens made of pipe bends. The hard-
ness obtained for specimens macde of doun-pipe «nees Was
close to that obtained for failec down-pipe.
Fractography uas carried out on the fracture surface
of specimens which were broken during tension tests.
An essential difference setween the results obtained
for specimens made of virgin and exploited down-pipe
has been observed. pbuctile transcrystalline fracture
has been observed for ruptured specimens made of virgin
down-pipes (figl) and for exploited with low material
damage (fig.2). For specimens made of exploited down-
-pipes with high material damange a mixed fracture (duc-
tile transcrystalline and cleavage intercrystalline)
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has been found. It was founc that intercrystalline fra-
cture appeared in these specimins vvhose harcness was

higher than 170HV, rupture elonpation was lower than

22% and camnage asarameter Uq) g.35. The share of inter-
crystailine fracture in specimens made of exploited
down-pipe changed from G.5 - 5% &8s 8 function of mate-

rial cdamage (fig.3). higher share of intercrystalline
fracture (up to 10%) has been found for snecimens made
of failed douwn-pipe (fig.4). Coincidence oetueen frac-
ture tyoe ancd material damage has been found. The gre-
ater the value of damage narameler 0 the preater the
share of intercrystalline fracture.

TAnLE 1 - The mean values of Obtained results

3paciman 5 . .
cesignatiaon 0&5 OTS s kb B Dy
iPa wPa % J/cmZ
AP 354 5u3 29 144 162 G.00
A 347 496 27 140 164 0,06
1P 330 4669 26 131 132 0.16
14 345 474 20U 127 186 U.37
5¢P 335 450 24 124 180 0.30
S 366 472 19 133 177 0.40
F - 597 9 - 239 .56
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