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Abstract Based on high temperature isochronous stress-strain curves of P91 steel, the creep limit load of pipe bends with
inner local wall thinning defect was studied by finite element analysis. The results show that at the beginning of the creep stage,
the creep limit load has a sharp drop, afterwards, and it then declines gently, which shows creep degradation process of high
temperature material. The trends of the creep limit load variation according to different strain criterions are basically agreement.

Based on the finite element results, the time-independent creep expressions are proposed, and the safety assessment method of
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pipe bends with inner local wall thinning defect at high temperature is acquired.
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Tab.1 Dimension parameters of defect-free pipe bends
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Tab.2 Dimension parameters of pipe bends with local

wall thinning defects ( creep time, £ =100 000 h)

Eramgr  SEREE R
=) Dimensions N }j—:?;ﬁc j-%‘i:ﬁ‘ﬁ*.ﬂ.’.
ormalized creep  Normalized creep
Number limit pressure limit moment
a b 4 P/ Py M,/ M,
1# 0.05 0.1 0.1 0.993 0.978
24 0.05 0.25 0.25 0.989 0. 964
3# 0.05 0.5 0.5 0.985 0.901
44 0.05 0.75 0.75 0.571 0. 625
S# 0.125 0.1 0.25 0.991 0. 965
6# 0.125 0.25 0.1 0.992 0.974
T# 0.125 0.5 0.75 0.473 0. 648
8# 0.125 0.75 0.5 0.790 0. 865
O# 0.25 0.1 0.5 0.726 0.954
10# 0.25 0.25 0.75 0.730 0.924
11# 0.25 0.5 0.1 0.982 0.959
124 0.25 0.75 0.25 0. 844 0. 870
134 0.375 0.1 0.75 0.398 0.935
144 0.375 0.25 0.5 0. 643 0.931
15# 0.375 0.5 0.25 0. 882 0. 897
16# 0.375 0.75 0.1 0.973 0.917

TR ilhkAe
R/r /T
Dimensions/ ( mm X mm) Bend radius/mm
@323.9 x21.45 438.05 2.90 7.05
@323.9 x28.6 438.05 2.97 5.16
@323.9 x21.45 638. 05 4.22 7.05
@323.9 x28.6 638. 05 4.32 5.16
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Fig.1 Model of pipe bend with local wall thinning defect
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Fig.2 Finite element mesh
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Fig.3 Isochronous stress-strain curves of P91 steel (600°C )
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Fig.4 Normalized values of pipe bend without

defects with the creep time changes
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Fig.5 Normalized values of pipe bend under combined pressure and bending moment without defects with the creep time changes
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Fig. 6 Normalized values of pipe bend with local wall thinning defect with the creep time
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Fig.7 Normalized values of pipe bend with local wall thinning defect under combined pressure and bending

moment with the creep time changes
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