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Prediction of Bending Angle of Bellows and Stability Analysis
of Pipeline Using the Prediction
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{Abstract)

In this study, the prediction of the bending angle for the 350 A bellows-type
expansion joints and the structural stability according to the load were determined.
The stability of the 2km piping system was predicted by applying the allowable
bending angle of the expansion pipe joint obtained from the analysis. The maximum
bending angle was calculated through bending analysis of the bellows-type expansion
joints, and the maximum bending angle by numerical calculation was about 1.8°, and
the maximum bending angle of the bellows obtained by comparing the allowable
strength of the material was about 0.22°. This angle was very stable compared to the
allowable bending angle (3°) of the expansion pipe joint regulation. By applying the
maximum bending angle, the allowable maximum deflection of the 2 km pipe was
about 3.8 m. When the seismic load was considered using regression analysis, the
maximum deflection of the 2km pipe was about 142.3mm, and it was confirmed that
the bellows-type expansion joints and the deflection were stable compared to the
allowable maximum deflection of the pipe system. These research results are expected
to present design and analysis guidelines for the construction of piping and the
development of bellows systems, and to be used as basic data for systematic research.
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Fig. 1 Bellows movement
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Fig. 2 Three-point bending test
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Table 1. Material property of bellows

i Material Tensile Yield strength | Poisson’s
1 Load A 1 strenght(MPa) (MPa) ratio
oa Load STS304 0 o =

Fig. 3 Boundary conditions for bending analysis

Mesh size 5Smm

Mesh size 10mm

Fig. 4 Boundary conditions and FE modeling Fig. 5 Deformation result of single bellows
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Table 2. Bending angle of bellows according to load

Bending angle(®)
Load(kN) - : .
7 axis deflection | Total deflection
19.3 0.22 0.38
18 0.21 0.35
15 0.18 0.29
10 0.12 0.2

16915
19032 Min

Fig. 8 Maximum bending angle of bellows
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Table 3. Results of structural analysis of pipeline
system without seismic effect

. Without earthquake
Pipe length(m) -
Deformation(mm) | Stress(MPa)
16.4 0.96829 55.839
30 1.6737 56.171
100 5.5056 67.498
150 8.2421 71.512
200 10.977 75.017
300 16.445 81.111
500 27.386 91.211
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Table 4. Results of structural analysis of pipeline
system with seismic effect

] With earthquake(0.3g)
Pipe length(m) 5
Deformation(mm) | Stress(MPa)
16.4 1.2481 57.024
30 2.1653 58.835
100 7.1473 72.787
150 10.705 78.287
200 14.261 83.082
300 21.37 91.39
500 35.595 105.08
140 142.3mm _~
//
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Fig. 10 Linear regression analysis for pipeline with
seismic effect
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