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Abstract — Difference of failure modes was studied by finite element analysis for elbows with local
wall thinning area particularly at inner surface of intrados of the elbow. Longitudinal wall thinning length,
minimum thickness were kept constant but circumferential wall thinning width was varied to get 90°, 180°
and 360° thinning width. Elastic-plastic analysis were carried out under the combined loading conditions
of internal pressure and in-plane bending moment closing the elbow. Von Mises stress were obtained from
the outer surface central surface location in intrados, extrados and crown parts in elbow. The results showed
that the plastic deformation and failure started from the crown location when the thinning width small
(90~180°). However, plastic collapse started from the intrados location when the thinning width is
approaching 360°. This should be reflected to assess structural integrity of elbows after wall thinning
measurement is made.
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Table 1. Chemical composition of ASTM A234 WPB steel (%).

C Mn P omax | CLomax S, max

Si; min

\/; max Cb N AL max

0.30 0.29~1.06 0.050 0.40 0.058

0.10

0.18~0.25 0.06~0.10 0.03~0.07
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Fig. 1. Schematic diagram of elbow with intrados wall
thinning.
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Table 2. FEA conditions of various wall thinning cases

in elbow.
Thinning location | L/D, | t, (mm) | 25C (degree)
90
Intrados 1 2 180
360
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(i) crown center position

1190
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Inner pressure
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Fig. 2. Loading conditions for elbow: inner pressure and
closing bending loads.
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Fig. 3. Stress-strain behavior of ASTM A234 WPB steel
used in the analysis.
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Fig. 4. Elbow load-displacement diagram under closing
bending moment.
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Fig. 6. von Mises distribution from eleatic plastic analysis
for intrados wall thinning elbow under inner pres-
sure and closing mode bending load.
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Fig. 7. von Mises distribution from eleatic plastic analysis
for intrados wall thinning elbow under inner pres-
sure and closing mode bending load (when L/Dol-
2C360-tp2).
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