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Integrity Evaluation of Thinned Elbow Based on TES Plastic Load
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Abstract

Wall thinning defect due to flow accelerated corrosion is one of major aging phenomena in most
power plant industries, and it results in reducing load carrying capacity of the piping systems. A
failure testing system was set up for real scale elbows containing various simulated wall thinning
defects, and monotonic in-plane bending tests were performed under internal pressure to find out the
failure behavior of thinned elbows. Various finite element models were generated and analysed to
figure out and simulate the behavior for other thinning shapes and loading conditions. This paper
presents the decreasing trends of load carrying capacity according to the thinning dimensions which
were revealed from the investigation of finite element analysis results. A mechanical integrity
evaluation model for thinned elbows was proposed, also. This model can be used to calculate the TES
plastic load of thinned elbows for general internal pressure, thinning location, and in-plane bending

direction.
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Fig. 1 Dimensions of a wall thinned elbow specimen
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Table 1 Specimens for combined load test

. Length Width Depth
ID No. Location /Dy 20 ()t
EX-1/IN-1 Notch 0.5 0.53
EX-2/IN-2| Bxirados | 0:25 0.5 0.53
EX-3/IN-3 or 1.0 0.5 0.77
EX-4/IN-4 1.0 0.5 0.53
EX-5/IN-5 | Intrados 1.0 1.0 0.53
EX-6/IN-6 1.0 0.5 0.38
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Table 2 Mechanical properties used in FEA

o, W] | g, [Ma] | g, [Ma] | E[CPa] -
291.1 481.6 583.1 210 0.3

800

ASTM A234 WPB
700 - ASTM A106 Gr. B 1

600 - o, = 583.1 MPa E

S0 F o, =481.6 MPa 7

True stress, o [MPa]
»
3

o, =291.1 MPa
200 a1

100 - 4

0.00 0.85 0.‘10 D.‘15 OA‘ZO 0.‘25 0.30
True strain, ¢
Fig. 4 True strain-stress curve used in elastic-

plastic finite element analysis

(c) extrados-close

(d) intrados-close

Fig. 5 Comparison of load distributions
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